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Chapter 1

1-1
AT = w =625°C
(0.2)(0.6)
1-2
9 _ 00985 _ ) e I/s-m?
A 0.13
= 82,386 J/h-m?
1-3 |
dx nr q

r=ax+b; x=0; r=0.0375
x=03, r=0.0625
r=0.0833x +0.0375

f dx __ (204)(93 - 540)
m(0.0833x +0.0375)2 q
-1 ( 1 0% (204)(-a47)
7(0.0833)0.0833x +0.0375 | _, q
q=2238W
1-4
407937585 508 W/m?
A 0.15
1-5
A= 2 q=—kam? L = '4”’1‘%1— L)
r W
-4
g =42 ><110 )(121 *196) | 10w
026 ~ 0.285
1.617 s
ted = =0.813x107> kg/s
mass evaporate 199,000 g/

=0.702 kg/day
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1-7
izl L-T, _ 30 +20 1189 W/
n(ry/r;) - =11. m
L ——207[7(— + h—”ldo— l“(%%)—3 41
2m(7)(1073) ~ 97(0.6)
1-8

Like many kinds of homespun advice, this is bad advice. 4// types of heat transfer;
conduction, convection, and radiation vary directly with area. The surface area of the
head is much less than that of the other portion of the body and thus will lose less heat.
This may be shown experimentally by comparing exposure in cold weather wearing
heavy clothing and no hat, to that wearing a heavy hat and only undergarments!



1-9

q_ (0.161)(200 - 100) =322 W/m2
A 0.05

-1

[y
[

_ KAAT
q
-3 _W
_ (10x107 Zi)(500)
400 ¥
m
=0.0125m=1.25cm
1-11

&

2.158 = (2.7)(4:r£)(g)(0.3048)2 AT

AT =0.632°C

1-12

% = (5.669 x 107®)[(1073)* - (523)*1=70.9 @'2—
m

1-13
% = (5.669 x1078)[(1373)* — (698)*1=188 l(mﬂz

1-14

g = (5.669 x10~8)(47)(0.35)[(300)* - (70)*1=704.8 W

1-15
a. g=(5.669x107)[(773)* - 373)*1=1.914 x10* W/m?
b. g=(5.669x10~8)[(773)* - (Tp)4]
= (5.669 x 10'8)[(Tp)4 -373)4
T,=641K

q=8474-3 W/m?
Reduced by 44.3%
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1-16

q= hA(T,, — Tﬂuid )

From Table 1-2 h=3500 — C
m .
q= (3500)77dL(40) = (3500)7:(0.025)(3)(40) =32987 W
q= mcpATﬂuid
32,987 W =(0.5 kg/s)(4180 J/kg-°C)AT
AT =15.78°C
1-17

hy =2257 KI/kg
. kJ KJ
g = rithy, = (378 kg/h)(2257 K/ke) = 8531 = =237 - = 237 kW

From Table 1-2 h ~ 7500

q= hA(T,, - Tﬂuid )

2370 W = (7500)(0.3)*(T,, —100)
T, = 96.5°C

m2 .°C

1-18

q = hAAT
Bt§t2 = (232 - 212)°F

h=1500 — = 8517
hr-ft

3x10%

m? -°C

1-19

g =ceAl(T)* — (1))

2000 W = (5.669 X 10-8(0.85)(0.006)3(T)* - 298)*]

T, =1233K

1-20

% _ oT* = (5.660 x 1078)(1000 +273)" =1.489 105 >
m

1-21

4q_ o1
A

54 %10° = (5.669 % 107814
T =5556 K
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1-22

q = eA(Ti* - T*) = (5.669 x 1078)(0.6)(47)(0.04)*(473* - 293%) = 29.19 W

1-23

AT
=kA—=hA(Ty - T,
q Ar (T )

1.4)315-41)
0.025
h=5114

= h(41-38)
%%
m2.°C

1-25

100-T,,
q=01.6)——"L=10(T,, - 10)
T,, =35.7°C

w
q =10(35.7-10) = 257 "

1-26

From Table 1-2 h=4.5

m*“-°C
g = hAAT = (4.5)(0.3)>(30) =12.15 W
Conduction

AT
—kASL
=55

k for air = 0.03 w

. 0

m
_(0.03)(0.3)%(30)
- 0.025

=324 W

1-27

025
_ U057 1.25°F

T =100-1.25=98.75°F
1-28

700 = (11)(T,, — 30)
T, =93.6°C

Y for AT =30°C



1-29

9 = 4conv t 9rad
deonv = hA(T,, - T.,)

W
m?2 .°C

dconv = (180)7(0.05)(1)(200 — 30) = 4807 w length
m

From Table 1-2 h=180

Graa = AT - 1Y)
= (5.669 x 108)(0.7)m(0.05)(1)(473* — 283%)
=272 w length

m

Giotal = 4807 + 272 = 5079 w

m
Most heat transfer is by convection.

1-30
q = Gconv T drad
Aconv = hA(T,, - T..)

From Table 1-2 h=4.5 L

m? -°C
dconv = (4.5)(0.3)*(50 —20) (2 sides)
=243 W
Gead = OEA (T* — To*) = (5.669 x 1078)(0.8)(0.32)(323* - 293%)

=28.7TW
Grotal =243 W +287W=53W

Convection and radiation are about the same magnitude.

1-31

q = qeony + 9rad =0 (insulated)
dconv = hA(Tw -T.)

From Table 1-2 h=12 2W
m*-°C

draq = OEA(Ti* = To*), €=1.0, T =35°C =308 K
0 = hA(T; - T.,) + 0eA (T - To*)

0 = (12)(T; — 273) + (5.669 x 10~8)(1.0)(T;* - 308*)
Solution by iteration:

T, =T, =285K=12°C

Chapter 1

(2 sides)
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1-32
(100)(353 - T;, ) = (5.669 x 1078(T,, * - T;, %)= 15(T;,, —293)
15(T,,, —293) - (5.669 x 10~)[(397 - 0.15T,, )* - (T;,,)*1=0= f(T,,,)

T, f@,)
320 15841
350 907.22
310 -77.03
313.3 0.058
Tw, =397-(0.15)(313.3)=350 K
1-36
h=4.5 late
2 .°C (plate)
h=6.5 (cylinder
m2 oC Y )

T, =20°C =293 K
RA(T - T.)) = 0eA(T* - T.%)

Plate

(4.5)(T - 293) = (5.668 x 1078 )(T* — 293%)

T = no realistic value (T = 247 K, heat gained)
Cylinder

(6.5)(T - 293) = (5.668 x 1078 )(T* - 293%)

T =320 K = 47°C

1-37

The woman is probably correct. Her perceived comfort is based on both radiation
and convection exchange with the surroundings. Even though a fan does not blow
cool air on her from the refrigerator, her body will radiate to the cold interior and
thereby contribute to her feeling of “coolness.”

1-38

This 1s an old story. All things being equal, hot water does not freeze faster than
cold water. The only explanation for the observed faster cooling is that the
refrigerator might be a non-self defrost model which accumulated an ice layer on
the freezing coils. Then, when the hot water tray was placed on the ice layer, it
melted and reduced the thermal insulation between the cooling coil and the ice
tray.
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1-39

A
As in problem 1-3@, it must be observed that a person’s comfort depends on total
heat exchange with the surroundings by both radiation and convection. In the
winter the walls of the room will presumably be cooler than the room air and
increase the heat loss from the bodies. In the summer the walls are probably hotter
than the room air temperature and thereby increase the heat gain or reduce the
heat loss from the people in the room.

1-40
q = 4conv t 9rad
Geonv = PA(T,, — T.,) = ()m(1)(6)(78 - 68) = 377 Btu/hr
For T, = 45°F = 505°R
Graa = A (T - 1Y)
= (0.1714 x 1078)(0.9)7(1)(6)(538* — 505%)
= 544 Btu/hr
Grotal = 377 + 544 = 921 Btu/hr
For T, = 80°F = 540°R
Gead = (0.1714 X 1078)(0.9)m(1)(6)(538* — 540%) = -36.4 Btu/hr
Groa = 377 — 36.4 =340.6 Btu/hr
Conclusion: Radiation plays a very important role in “thermal comfort.”
1-41
T,=0°C=273K £ =095
A = (12)(40) = 480 m” T,=25C=298K T, =22°C
Grad = OEAI(T,* — T%) = (5.668 x 1078)(0.95)(480)(298* — 273%) = 60262 W
Geonv = hA(T, — T;) = (10)(480)(22 — 0) = 105,600 W
Grotal = 60,262 +105,600 = 165,862 W
For ice if, =80 cal/g=3.348x 10° J/kg

Mass rate melted = -—1-6-—5—89—2—5 =0.495 kg/sec
3.348x10
density of ice ~1000 kg/ m3

volume rate melted = 0—04—(?65 =495%x107 m3/s

Volume = A x thk = (480)(0.003) = 1.44 m®
1.44 m3

=2909 sec = 0.808 hr
495x107* m’/s

Time to melt =



1-42
The price of fuel and electric energy varies widely with time of year and location
throughout the world, so individual answers can differ substantially for this problem.
1-43
Kgjass wool = 0.038  thickness =0.15 m
A =144 + (4)(5)(12) = 384 m®
T (inside building surface) = -10 + 30 = 20°C
q lost (without insulation) = hAAT = (13)(384)(30) = 149,760 W
q lost (with insulation) = AAT/[Ax/k + 1/h]
= (384)(30)/[0.15/0.038 + 1/13] = 2862 W
Energy saving by installing insulation = 146,897 W
This number must be combined with the energy costs obtained in Problem 1-42 to obtain
the cost saving per hour (or per day, etc.
1-44

This problem is quite open-ended and the answers will strongly depend on the
assumptions cot/bunk materials etc.

Mech.MuslimEngineer.Net



Chapter 2

2-1

g= iR 1830 = 5300~ 30
m)w + m)m 13 To3s

Ax=0.238 m

22

Assume Linear variation: k = ko(1+ BT)

9=-24/1, g LR R LS 1)

L,=95°C, T, =62°C, T; =35°C, Ax=0.025

2[62 —35+-§—(622 —352)]= [95-35+ B (952 —352)]

2
B=-468x1073
-3

1000 = 4 - k0.1 95_35_M(952 -352)

0.025 2
ko = 5.988

3.0 W
k=15.988(1-4.68x10 T) ——
m-°C

2-3
q _ 560 _ l
A 0025 32107 005 49 m2

386 0.16 0038

|O

ol olaiyl - clilsuall disl



v L
Tk

0.025

(150)(0.1)
RB = —0_075_ =0.05
(30)(0.05)

_005

Re = (50)(0 D =0.01

Rp=—2975 02143

(70)(0.05)
R=R, +R T =2667x107
Ry TR,
_AT _ 370-66
R 2667x1072

2-5

44,000  250-35

A=1347m?
= 005, 0.005
A 386 T 0.038

R, = =1.667x1073

=11,400 W

= 0.10 o005 = 38.76 W/m?

300  175-80

= 004 L0015
A 3 +0038

A=1247m?

2-8
Assume one directional no heat sources

ar 2 2dl
=—kA— = —kyA[l + —=—k A—— AT
q l 0All+ fT7] 0 ko8, !

Integrating: gAx = —kyA J'T dr — Aky 8 JT T2dT
1 1

A
q= *%[(Tz - 7i)+§(7§3 - 7"13)}

"

Mech.MuslimEngineer.Net
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29
1 1

mA;  (1500)7(0.03)

In(ry/5) _ In(0.017/0.015)

0.000433
2k 271(46)
L _ ! =0.0475
hoAy  (197)m(0.034)
Y R=00s502 =™
42857 3017 Wim
L~ 0.05502
2-10
9T _ 300x-30
ox
0T 10T | .
=5 =300=—— heat
ox a9z CoHneup
.8—7-: =-30 at x=0
gx
P60 at x=03
ox
4 = —0.04)-30)=+12 X a1 x=0
A m
2 = —0.04)(60) =24 X a1 x =03
A m
2-11

d=0.000025; k=16 L= 0.8m; h=500; T.=20°C;
m = [(500)(4)/(16)(0.000025)]"* = 2236

80 =6"L =200 20 = 180

9= -2kA(00°/0x)o = -2kA(-m6’)

= (2)(16)7(0.000025)*(2236)(180)/4 = 0.0063 W

(2

oYl alaiyl - uilSuall dinl

=0.00709 1p =0.015+0.002 =0.017

To = Ty = 200°C



2-12

0.02 s
=—==535x10
Reu 374
Ry, = 0003 _ 0181
0.166
Rp; = 006 _, 579
0.038
g 500 w
L=—=313 5
A IR m?
2-13
&
=t —0.72]
(1.2)(0.5778)
2
Rp=—rr 1l 759
 (0.038)(0.5778)
0.13275
Rp=—-—"l2 082
5 (0.05)0.5778) 8
1 1
R =—= 0.5 = — =
=30 R, ~=0.143
q_72-20 Btu
= =5.18
A 2R hr - ft2
1
U =—=—=0.0996
R
2-14
Ax  0.004
R _——— = —
s = =~ = 0.0025
Royerall = — = — =0.00833
verall U 120 =0V.
ATy _ R, 0.0025 03

A]Zwerall - Roverall - 0.00833 -
ATSS = (0.3)(60) =18°C

>
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2-15
Iceat0°C  p=999.8 kg/m?

V =(0.25)(0.4)(1.0) = 0.1 m>
m =100 kg

=(100)(330x10%)=3.3x107 J
A; =(2)(0.25)(0.4) + (2)(0.4)(1.0) + (2)(0.25)(1.0) = 1.5 m?
A = (2)(0.35)(0.5)+ (2)(0.5)(1.1) + (2)(0.35)(1.1) = 2.22 m?>
A, =1.86 m?
RS

=£=.*O_Q5_ =0.8146
kA (0.033)(1.86)

Ry =——=0.045
hAo

R =0.8596
Q0 _33x107 _25-0

AT AT 0859
AT =1.135x10° sec
=315hr

=13 days

2-16

q (noins.) =hA(T,, - T.) = (25)(47:)(0.5)2(120 —-15)=8247W
ke 18 mw

-°C
=—7172 = hdmy*(Ty - T..)

47(T; - Ty)

L n

©o18)d 2090 _ 2sy240-15)

)
=0.5023 m
thk =r -7 =0.023 m

g (W/ ins) = (25)(47)(0.5023) (40 — 15)=1982 W

2-17
-~ To) k=204 —
o h
_@r04100-50) o
002~ 004

|4

wodwYl olaiYl - cliilsyall dinl



2-18

_ar
7 >R
1 _ 1

=002_0% _ 9755193
Ralum 47(204)

1 1
0.04 ~ 0.05
=204 005 _ 5958
Rins 47(0.05)
1 1

Roopy =—=

hA  (20)(47)(0.05)2

= 10010 =941 W
0.00975 +7.958 +1.592

=1.592

q

2-19
d;=290in. dy=350in k=43
m-°C
Ry = In(3.5/2.9)
T em@
- _ In(5.5/3.5)
" (2m)(0.06)(1)
R, =1 _ 1

™ hAy  (10)7(5.5)(0.0254)
Ry =1.427

_ AT _250-20 w

—=161.1 —
R 1.427 m

=6.96x1074

=1.1999

=0.2278

229

ka=0166  k;=00485

m-°C
315-T;,  T;,-38
In(31.4/25) ~ In(56.4/31.4)

0.166 0.0485
0.7283(315 - T;) = 0.0828(T; — 38)

T; = 286.7°C

13
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q,(i - i) = —Am(Ty - T)

h rn
_ —4nk(Ty - T)

=

(L_L)
noor
R, =12
th 47k

q

~Y

2-22

5=05mm=5x10"m
r(,=§=5><10*‘+2><10“‘=7><10~4

k=(7x107%)(120) = 0.084 —"__

m-°C
q(bare wire) = 7(0.001)(120)(400 — 40) = 135.7 W/m
g(insulated) = (135.7)(0.25) = 33.93 W/m
~ 400 - 40
" In(rp /5x10%)
27(0.084) T Z2)y120)7
By iteration: ry =135 mm

thickness = 134.5 mm

=33.93

2-23
= DAD) 02
(30)7(2.067)
R, = IN23752067) o\ o0 o4
P 27(27)
R =1nG3752375) .
2m(0.023)
Ry=—002) < oo 10!
27(3.375)
9_.320-70_,, . B
I ZR hr - ft

16

eVl alxiyl - lilSyall @il



2-24

. ,dl_kAm(Ty—T)
q——k4ﬂ7’ ';———————_1-__1_ L

nh &

T,-T,

q_;(L_L)Jr 1
amk\r, n) " 4mplh
Take @-=O

dro

Resultis: ry = 2%

2-25

M,, at 90% full = (0.9)(970)7(0.8)>(2) = 3511 kg

_(3511)(419D)(2)
7773600
A =27(0.8)? + 7(0.8)(2) = 9.048 m?
Fiberglass boards with k =40 mW/m-°C

at 2°C/hr =8174 W

_3 _
Ax = (40 x107°)(9.048)(80 — 20) =266 x 10_3 m
8174
2-26
ror 1 m length
_ In(9.1/8) »
R(pi =——"""7"7-4363x10
(Pipe) == a7)
Rins(1)) = BCTIPD _ 6 3474
27(0.5)
R(@ins(2)) = 11—1-(—3—5-—-@ =0.8246
27(0.25)
R(tot) =1.172
AT _250-20_ 0w
R 1.172 m
2-27
Fiberglass k =0.038 Ax=12cmx2
Asbestos k=0.154 Ax=8.0cm
brick k=0.69 Ax=10.0 cm
1 w
U= =0.684
2, (2)0012) | 0.08 , 0.1 2,
12t 70038 T 0.154 T 069 m”-°C
1

= kdnry? (Ty - T..)

h

15
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2-28
R=-
k
k R
Fiberglass 0.046 21.74
Urethane 0.018 55.6
Mineral Wool 0.091 11.0
Calcium Silicate 0.058 17.2
2-29
M| F
1 2 3
T; =1000°C
T, = 400°C
T, = 55°C
k=90 22 s Y
m-°C m* -°C
kp = 42 W T, =40°C
m-°C
%: h(T3 ~ T..) = (15)(55 - 40) = 225
m
4 _ (1000-400) Ax, =024 m
A Ax,,
_‘i-_-ka Axp =0.0644 m
A Axp
(8

oMl aliyl - elgilgall dial
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Uniformly distributed heat sources

d*T g
-Zd-’c—z"l'%:() T=Ti at

x=-L

T=T, at x=+L

-2

gx
T=-"—+cx+c

.12

qrL
i=—-=—-¢lL+c
1 2k 1 2

-2

qL
L =—"—+cL+c
2 2k 1 2

h+T

r=9q2_+2-0,
2k

2L
2-31

n=25 rn=35
R = In(n/n) _In(3.5/2.5)

0.22Q2r) 0.22(2m)
R, = In(n/n) _ 1.642
0.06(2r)

1 1
R,=—-=

hA  (60)(2)(0.065) 0.

Y R=1.9262 C.m

_LAT _ (20)(400 - 15)
1= 7% 1.9262

2

r3 =6.5
0.2433

0408

=3997 W

A

Mech.MuslimEngineer.Net
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&’T g4 .

jd;z‘+;= q=4q,0+B(T-T,)]
T=T,at x=%L

General solution

e

From boundary conditions

CZ = 0 Cl = 1 =
ﬁcos(wfgl—ﬁ-L)
k
cos g‘;—ﬁx
T-T,= :
- PBcos Q%EL
2-33

k=43 1,=0015 1r,=004; To=250°C; T.=35°C; h=43
L =0.025
L. = 0.0255
12 = 0.0405
111 =2.7
LA (WkAm)'? =0.825
Fig. 2-12 ms=0.59

T

q = (f}g)(;)n(o.mosz - 0.015%)(250 - 35)(0.59) =5.08 W

2-34

q=0.30 —M—W-g— Same as half of wall 15 cm thick with convection on each side.

- r2 6 2
g% _ (030%10%0.060° _ 5 7oc
2k 2)21)
0.30 x 10%)(0.060) .
gLA = hA(T,, - T.,) Tw—Tw=( 570) =31.6°C

Ty = Typgx = 93+25.7+31.6=150.3°C 20

TO_TW=

Yl alaiyl - elilaall dinl




2-35
1 40
e
/' y FLUX
T —
1\
T;
X <«
- d’T  —goe™
qdx = q0¢€ = dx2 = k
ax

do_ -
T=c+cx——5—-¢
G a’k
Boundary conditions:
(1) T=T at x=0
(2) T=Tyat x=L

. T, — ._ﬂ_(l_e—al')

4o 0~ % 2%
aq=T+—- c) =
1 i a2k 2 L

. _7_ 9 (q_,9L .
T=T + 4d0 +T0 T; azk(l € )x+-q0 e—-ax

P dk L a*k
Z|

Mech.MuslimEngineer.Net
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2-36
———

g9 <3

LT T W Ny
v ray flux

AN

q0 -
Adiabatic
e
T, —¢

|—->x

ax T _ =Gy -ax
_2 = —¢
dx k

‘?O —-ax
T=c+cyx——5—e
1 2 a2k
Boundary conditions:
€)) at x=1L % =0 (adiabatic)

) atx=0 T=T

q=qoe

90 90 -aL
=T+ ) =——e¢
1= a*k 2 ak
. —al .
T=T+20 _90° ;90 ,-ax
a‘k ak a‘k
12
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[ B : 1
T-T, =cjcos qW;x+czsm qng—ﬁ

T'=T at x=%L ¢ =0

h-T,+%
—kA%Z =hAL,-T.) ¢=—— P
Xlx=L cos,/qw gL
7 41
PPN S B, 1

w T ——F—=—cos_|q, —x——
coswqu %L kB

Solving for a—T
ox

x=L

e L

T 1 hT,,
1-h B k\/qwgtan\/qng

2-38
GAL =hPL(T, - T,.)

(35.3%10%)(0.025)? = (4000)(4)(0.025)(T;,, — 20)
T, =75.16°C

2-39
2 . .
IT | docostan) _ AT _ 240 gin(ax) +.;
dx k dx  ak
T=T,at x=%*L s =0 =—q29-1;cos(ax)+c1x+c2
a
T, =12 cos(al) + ¢, T-T,, =2 [cos(ax) - cos(aL)]
a’k a‘k
9o 8 - k90 in(ary) = 290 sinar)
A dxl_y ak ak
%

Mech.MuslimEngineer.Net
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2-40

k=0.0124 w =1.24 w
cm-°C m-°C

p=l.5x10'3Q-cm

R=(1.5% 10“3)(%) =45%x1073

g=I*R=(50%(4.5x1073)=11.25W

g 1125 MW q 2

=== =375 — T=-—x"+cx+c
V. 3x10° m kT AT

L=15cm=0015m T =300 at x=-0.015

T =100 at x =+0.015
300 -100 = ¢;(-0.015-0.015) ¢ =—6667

00 = C375% 109)(0.015)2

—(6667)(—0.015) + =540.2
2)(1.24) (06670013 + ¢, K

at x=0 T =cy =540.2°C

2-41
k = constant g = gy at x =0 Assume one directional with no heat storage.
d*T g 2 3

;2—4-;:0 T—Ti=(]:7_—7-i)(C1+C2x +c3x )

T =T +(T, - T))(c; + cx* + c3x°)

d’T

? = (T2 - 71)(26‘2 + 3c3x)

T=Tatx=0 T=Tatx=L g=qpatx=0

q =—k(Ty — T})(2cy + 3c3x)
so: ¢; =0 = do L do

——— e Cr = +.—_
2K -T) > D 2kUT-T)

R 3do
qx=40—[F(T2-T1)+—2'Z]x

T

%
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2-42

k=25 m =75 (left) h, =50 (right)
Th.. = 50°C Ty, = 30°C

)

T=—g§—-+clx+cz
2k

T=T; at x=-004 T=T, at x=+0.04

QI-:—EE“"CI

ox k )

T =Ty =300 at x=c13

JT|

0x |;=-0.04

—ka—T\ =h(T, - T..)
0x |x=10.04

2
AP [ .'s},c
=——lc<| taja 2
0 Zk{lq} q

' +3(0.04)
75[50 + 5‘1-’;(0.04)2 +¢,(0.04)— cz] = —k(_‘l———)

(T = ) =k

2k

. 2
_k[:@m]zso[:g@&ﬂ,m.wﬂz-30]
2k 2k

3 Equations, 3 Unknowns, €1, €2, q
3
Solve for § = 2.46x10° W/m

2-43

d=005, L=002 AT=200°C; k=204
shim 0.025 mm = 0.001 inch

Table 2-3 ; 1/h,=3.52x10™

Bars: Ax/kA = (4)(0.02)/n(0.05)* = 10.19
Joint: 1/h.A =0.179

TR = (2)(10.19) + 0.179 = 20.559
ATjoim = (200)(0.179/20.559) = 1.74°C

25
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2-44

Use solution from Prob. 2-28

T=Tyat x=0
. S 2
T0=—Q-L2+T1+T2 ___(5><10 )(0.015) +220+45 _136°C
2k 2 (2)(16) 2
2-45

Use solution from Prob. 2-28

. 6 2

T, = 49,2, T +T, _ (500 x 10°)(0.005) N 100 + 200 — 462.5°C
2k 2 (2)(20) 2

26
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Chapter 2
2-46

Behaves like half a plate having a thickness of 8 mm. Max Temp is at x =0
)
qL
Ty="—+T,
0 2%k w
L=0.004m T,=100°C

_ (200 10%)(0.004)
(2)(25)

A +100 = 164°C

2-47
2 - E? _ (10)*7(0.16)*
R (7x107%)30)

_ (10)?7(0.16)? _ 1557 MW
(7% 107)(30)(0.3)m(1.6 x 1073)? 3

qnr

q

m
.2 9 -35\2
7bqu_’_Tw___(1.587><10 )1.6%x1077) +93=138.1°C
4k (4)(22.5)
2-48
(2()0)2 (0.099) = (5700)7(3 x 10'3)(1)(Tw -93)
T, =166.7°C Ty =16.6 +166.7 = 183.3°C
2-49
q = EI = gn(ny? - )L = h2nrL(T; - Ty)
2 . .
fl—g+££+£=0 T=ﬂ+cllnr+c2
dr rdr k 4k
T=T,at r=r Q—Oatr—r T—:ﬂ+clnr +c
0 0 dr 0 0 4k 1 0 2
. .2 - .2
dr 2k np - 2k 4k 2k

.2 .2 . .2

—qrn- 9% 9.2 2y, 9% n
T, =—""—+"—"—Inp+ T.=Ty-——(r°—n°)+—In—| (a
0=yt mote Ti=Tmg (n R, (ro)()
EI
= (b
9= =L (b)
Insert (a) and (b) in EI =2nrLi(T; — Tf) and solve for h.

21
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Chapter 2

2-50

q uniform T =T,, at r =R steady state, T varies only with r.

12T, 1 a(smear) 1T g_10T
2
;

+
r or? rZsin@ 96 00 sin 9892 k oot
this reduces to:

19%(¢T) L4 (T —gr —gr? c
——>—+==0 = Integrating T = +o +-2
roor k or? k & & 6k oy
Boundary conditions: qinRZ' = —k47rR2£
3 Tlr=R
ar qr
R T o
2
3) ar =0 then ¢ =T, +gR_ c; =0
drl—r 6k

q .2 2
T-T,=——(R"-r
v 6k(
2-51
{0

From Prob. 247
q .2 2
T-T. =2 (R*-r
w ﬁk( )

6 2
Io-T, = (1x109(0.02)* _, o
(6)(16)
g=qV = q%m@ = hanr*(T, - T,.)
6
T,-T. _ (1x107)(0.02) _ 444 4oc
3)15)

Ty —T.,=444.4+4.17=448.6°C
Ty = 448.6 + 20 =468.6°C

2-52
-6

R__p 29107 4 1x107 L ogixi0 2

L my? m(.5) cm m
2 -5

_I'R (230) (4.1x107) _ 200103 __VYB_

v 7(0.015) m
(3.07x10%)(0.015)

+ 180 =180.0009°C

TO =
(4)(190)

28
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Chapter 2

2-53

g=a+br i(rg)z_ﬂ=_ar+br2
k k

dar 1{ ar? br3 1{ ar? br3
r—=-—l—+—|4¢ T=-= Eare +cylnr+cy

r
T'=T atr=pn T=Tyat r=rp
Solving for constants gives:

la(rz_’zz) b(r3—r;~3)
E—To-r[ Tt

r
In{2)
1| atn®=r2) | blr-r3)
1 ar02 br03 Li-To _7[ Tt
Cy = TO + ;{— 4 + 9 +

Also g =g; at r=r,=a+br

C1=

In n

2-54
\\Y
m?2 .°C
W

Iy =150°C =1.67 uQ- k=386 ——
0 Pe HQ-cm m-°C

d =2 mm I, =100°C  h=5000

TZ) Ty =
q=§(nR*)L = h2ARLY(T, - T..)
- 2
gR
T,-T,=1—
v 2h
_4R® 4R
4k 2h
0.001% L0001
(4)(386) (2)(5000)

-1,

. g W
] q=4.97X10 -3
m

150100 = ¢

L .
q=12/)ez=qAL

2 GA° _ (4.97x10%)(m)*(0.001)*
P 1.67x1078
I'=542 amp

19

Mech.MuslimEngineer.Net



Chapter 2

2-55
r,=0.0125m 1 =0.0129 m
Assume inner surface is insulated
£=—ﬂ+—c-l-=0 atr=r
dr 2k r
-2
qr;
= a
1= (@)
—gr* ~4r?
T= . +cInr+c I = 4kt alnr +c¢;
-2
—qn
1o = calnp +c
0 P SN
T-Ty=—2(r? -2 +cIn| & (b)
4k "0

Heat Transfer is:

q=4V =gn(n* - r*)=hnQ2r)Th-T.) ()
Inserting (a) in (b) gives

-2
9,2 2\, 9% Ui

T-T,=—* -r9)+-—In| + d

i— Ty 4k(ro %) oy [’o) (d)
We take: T, =250°C h =100 2W T., =40°C k=24 w

m* -°C m-°C
Inserting the numerical values in Equations (c) and (d) and solving gives:
q=5326 —-
m

Tp = 249.76°C

2-56

k=43 w

m-°C
U = L - I
i~ 77 In(TA451257(0.025) . 0025/ 1) =3 =35 =3
et i + 00 (ﬁ) 2%x107 +4.31x10™ +71.84 x10
=13.54 2W
m*“-°C
2-57
p=X=218 o15m=15cm
h 12
(@) rp=125+0.05=13cm Increased
b)) rp=125+1.0=225cm Decreased

30
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Chapter 2

2-58

1 1 w
Us—=——— _ __-13211
R 3.114x1072 m? .°C

2-59

A=130.4 m?

v=-9_-___ 44000 —152 2
AAT ~ (130.4)(260 — 38) m? .°C

2-60

For L=1m 1 = 1 =0.1959

mA;  (65)m(0.025)
In(ry/r) _ In2.58/2.5) 0 o4
27k 27(18)
1 1
hdy  (6.5)m(0.0258)
1
UA=<—=209%
4 - (2.094)120-15)=219.9 ¥
L m

=1.898

2-61
A=1m? g, _Ax_0005

glass =57 =T og

Ax  0.004
L= —=—"""=0.1538
R k  0.026
1 1
=—=—=0.0833
RCOHV] h 12
1
Rconv2 :§=0'02
— 1 I =3.705 ———— W
(2)(64l><10 )+0.1538 +0.0833+0.02 _ 0.2699 m? .°C

R=0.2699
single glass plate: R=6.41x107> +0.0833+0.02 = 0.1097

v-L gy W _
R m*-°C

=6.41x1073

El
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2-62

0.001 -6 -6 —40

Reu =g =259X10™  ATg, =(52)2.59x107) = 1.35x10~*C

R, = 9'%& =93x107 ATy =(52)9.3x1077) = 4.84 x107>°C

Ry, =21 _0.0602 AT, = (52)(0.0602) = 3.13°C
0.166
0.1

Rp=——=2.632 ATy = (52)(2.632) =136.9°C

F = 0038 F =(52) )
Y R=2.692 =Lo03m1 Y
R m* -°C
q = UAT = (0.371)(150 — 10) = 52 l”f
m

Inside of copper = 150°C

26}

., =9.015 L. =0.02 +0.00035 = 0.02035

n. =0.03535 ne/n =2.357

1/2 1/2

132 P~ (0.020352 524 =0.896
kA, (386)(0.0007)(0.02035)

1y =055

q=17hABp = (0.55)m(0.03535% - 0.0157)(2)(524)(200 — 100) =186 W

32
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Chapter 2

2-64

The general solution of eq. 2-19 (b) is:
0=T-T,=ce”™ +ce™ (1)

boundary conditions:

(1) atx=0 0=0,=T,-T,
2) atx=L 0=0,=T1,-T,
from:

(1) 01=C1+C2 C1=61“C‘2
2) 92 = cle_mL + CzemL
6, =6, —cr)e ™ + cre™ = Bie™™L — oy (el — Ly

6, — ™™k
== __ (3
2 ML _ ,~mL @)

6, — 6, ™
q=6-c,=6-%2-%¢""

emL _ e—mL
mL
¢ = 02 —Hle (3)
e L _ emL

Then eq. (1) becomes

L -mL
- 62-01e'" o 02—916 m mx

6 oL _ L Tl mL ¢
g &6, - B1e™) + ™ (61 - 0,)
e ML _ emL
Part heat lost by rod:
dx x=0 dx x=L

6 _ m[-e"""‘(e2 - ele'"LL) rem @™k - 92)]
dx e ML _ oM

_ kAm[—e"" (0, - 61e™) + ™ (617 - 9,))
9= L _ L

| kAm[=(6, —6,e™) + B1e™™" ~ )]
e ML _ emL

_ kAm[(6, — 6,e™)(1 - e ™) + (0, — 81 L)1 - e™E)]

9= e ML _ omL

33
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2-64
Part A:
d*T

JA = —kA=— + hP(T - T..)
? dx?
2
4T P r-1)+d=0
dx* kA
let @=T-T,
(Dz__@ =4

kA k
0= ce“hp/ +cre ~VhP/kA

hP

hP
let J——:m

kA

gA

=0y at x=0 o= @n 38 _
0 Boa X 0 WP Cz

—kAﬂl =hA(T-T,) _, =hA6,

g g2

et +e'"’L mL 4 g~mL hP
Part B:
=j [hP(T - T.)Mx + hA6;
_ 2h0
6, - 44 (emL mL)+ L
hP h9L ( 0 hP) k”l .
=;l— 0 + L il +gAL+hAf;
Part C:

—kAﬂl =0=qo
dxx:O

0 =[c;me™ — come ™ ]9
SO =0
gA
2c; =6y ——
1=Y0 hP

_hp[, . 2h8,
T=7417° " tom(e™ — &Ly

34
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Chapter 2

2-66
2

49 Py 0tet m= ,"—P

& KA KA

T.=38 d=125mm L=30cm h=17

O=cie™ +cye ™ at x=0 6=200-38=162 k=386
2

P=md A=”‘% x=03 9=93-38=55
AN 0.0125)4) 1/

m= - 5| =3.754 162=c;+c,
(386)(0.0125)

55 = 3.084c; +0.324c, ¢ =091 ¢, =161.09

0 =0.91e"™ +161.09¢"™
L
gl hPOdx= npL10.91em™ - 161.09¢ ™ 1% = JRPKA[0.91e™ —161.09¢ ™13
0 m 0 0
=[(17)7(0.0125)(386)1(0.0125)* 1'% x[0.91¢™ —161.09¢ 133

=1227W
2'68 ;

w LC=L+£=12+—2-=12.5 Ty =250°C T, =15°C
m-°C 4 4

2
h=12 — A= pom
m 4

1/2
,,,4@{%&@] _343
kA (204)7(0.02)
mL, = (3.43)(0.125) = 0.429 g = \hPkAG, tanh(nL_)
(0.02)2
4

k=204

.°C

1/2
q= |:(12)7F(0-02)(204)7F ] (250 —15)tanh(0.429) = 20.89 W

2-69

e s o[ om g PPOO | e _
g= _[0 hP(T T“)dx—fo hpedx_hpjo e dx = ™™ I = JRPRAG

35
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Chapter 2

2-70

0 =cie”™ +cye™ Incase Il the end of the fin is insulated.

a 0 the boundary conditions are 8 =6, at x=0
dx x=L
do cosh{m(L - x)]

— =0 at x=L then =6,
dx cosh(mL)
dqcony = hPdx(T - T.,) or hPdx6
L L hP@cosh[m(L — x))dx
= ["hPax= j
Teonv jo 0 cosh(mL)
hP@,

__hP6 1. il =
deony = cosh(mL) m [sinh(m(L - x))]g = v hPkAGy tanh(mL)

2-

2 /2
q = NAPRA 8 = I:(20)71:(0.0005)(372)7r(0.0005) ] (120-20)=0.152 W

4
2-72
(3.5)7(0.025)(372)7(0.025)* 2
q= thA90=[ . . A - ] (90-40)=112W
2-73
Ty =150°C T,=15°C px=135cm L=60mm ¢=15mm
h=20 2W k=210 W
m*-°C m-°C

L =L+%=6.0+0.75=6.75 mm

rme=n+L, =135+0675=2025cm  2¢=150
7

A, =, — 1) = (0.0015)(0.00675) =1.012 107 m?

h 172 20 1/2
L 2(—) = (0.00675)”/ 2[ — ] =0.0538
KAy, (210)(1.012x107%)

From Fig. 2-11 ny= 97%
Gmax = 2hn(n.? = 72)(Tp - T..) =3.86 W
q=(0.97)(3.86)=3.75W

3
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Chapter 2

2-74
L.=23+1=24 mm

L L " = (0.024)3’2[ 25 " =0.717
¢ K4, (14)(0.002)(0.024) '

q=n thOO =(0.77)(25)(0.024)(2)(220 - 23) = 182 W/m

2-75
L.=3+0.1=3.1cm Be=15+3.1=4.6cm

n=15  2c-3067
i

1/2 1/2
L> 2(—"—) =(0.031)¥ 2[ 08 ] =0.77
kA,

(55)(0.002)(0.031)

q=17hABy = (0.58)(68)(27)[0.046% — 0.01521(100 — 20) = 37.49 W

2-76
N = total efficiency Ay = surface area of all fins 7 ¢ = fin efficiency

A =total heat transfer area including fins and exposed tube or other surface.
Tj) = base temp T, = environment temp

Gact = A - Ap)Tp - T) + NAsh(Ty - T..)
Gigeal = hA(Ty - T.,)

Gact _ A=A+ Ay
Gideal A

Af
= =1-“La-np)

277
Ip=460  t=64mm L=25cm T.=93C h=28
1/2
k=163 A, = L(i) =8x10™5 m? Lc3/2(—h—) =0.579
2 KA,
q = (0.85)(28)(1)(2)(0.025)(460 — 93) = 437 W
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2-78
Ip=200°C T,=93°C L=12.5mm t=08mm r=125cm
k =204 I, =129 mm h=110 me=254 22203
n
h 172
A, =1.03x107> m? Lﬁ“[m) =0.335 Ny =087

No. of Fins = 10__ 105.3
0.0095

Tube surface area = (105.3)7(0.025)(9.5 — 0.8)(10>) = 0.0719 m?

Tube heat transfer = (110)(0.0719)(200 — 93) = 846.6 W

f,i = (0.87)(2)7(110)(0.02542 — 0.01252)(200 — 93) = 31.46 W
m

Total fin heat transfer = (31.46)(105.3) = 3312 W

Total heat transfer = 846.6 +3312=4159 W

2-79
n=10cm L=5mm t=25mm k=25 Ty = 260°C
T.=93°C k=43 L, =5+125=625mm  r=1625cm

2 21625 A, =(0.0025)(0.00625) = 1.56 X105 m?
il

h 172 25 1/2
LC3’2(—-—) =0.00625> 2[ — ] =0.095 Ny =97%
kA, (43)(1.56 x10™)

g =(0.97)(25)(2)m(0.01625% - 0.012)(260 - 93) = 4.17 W
2-80
k=43 t=2cm h=20 L, =15cm

h 1/2
L 2(——) =0723 ;=075
kAy,

q =(0.75)(20)(2)(0.15)(200 — 15) = 833 W/m depth

%8
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Chapter 2

2-81

t=1.6mm r=125cm L=12.5mm Ty = 200°C

T. =20°C h=60m7‘—¥% k=204m-l°c L, =133 mm

ne =2.58cm -’fla =2064 A, =(0.0016)(0.0133)=2.128x10~> m?
L 3’2[—”—Jm =0.18 ns=95%

<\, ‘ f

g =(0.95)(60)(2)7(0.0258 — 0.0125%)(200 — 20) = 32.84 W
2-83

4
x El x
A=2y== =2y="
Y=T Y17

—kA%—thx(T ) — [kAiZ i(kAﬂ ]

d(, dT
ME ) -hP(T-T)=0  0=T-T.
A )-ea-T
kix d%0 ket d
K2 _hpe=0
Tal L
2
(40 d0 WLy
il dx
2-84 |
=005 =02 L=0.15
L,=01+0001=0.101 7, =020l
Be _y4
i
1/2 1/2
L |~ 01012 60 = 2388
KA, (120)(0.101)(0.002)
q=17hABp = (0.16)(60)7(0.2012 — 0.05%)(2)(120 — 23) = 222 W
2.85
k=16 h=40 Ty = 250°C T.. =90°C

P=(4)0.0125)=0.05m  A=(0.01250 =1.565x10~% m2
q =VhPkAG, = [(40)(0.05)(16)(1.565 x 10 )]¥2(250 - 90) = 11.31 W

%9
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2-86

t=21mm L=17mm h=75 k=164 Ty =100°C
T.=30°C L,=17+1.05=18.05mm

A,, =(0.0021)(0.01805) = 3.79 x 1075 m?

1/2
h 75
L3?|—| =(0.01805)*? =0.266 =94%
¢ (kAm) ( ™| denar9x10) g =24%

g = (0.94)(75)(2)(0.01805)(100 — 30) = 178.2 W
2-87

L, =0.0574 ft 7. =2.688 in.

A, =(0.125)(0.688) = 0.081 in> =5.97x 10~ 2

1/2
Be - 134 Lc-’*’z(—k:‘—mJ =0329  7,=87%

G
Gumax = 2h7e(r5,2 - 12)(450 —100) = 591 %E‘i
r

g=(0.87)(591) = 514 Ehir“_

2-88

Calculate heat lost (not temp. at tip)

d=15mm k=19 L=12mm Tp=45°C T, =20°C
h=500

Use insulated tip solution

L.= L+§-= 12+0.375=12.375 mm

o (yj)" 2 =[ (500)7(0.0015) }” 2
kA (19)7(0.0015)*(4)

mL, = (0.012375)(264.9) = 3.278

q = VhPkAG, tanh(mL)

=264.9

1/2
= [(500);:(0.0015)(1 9)7:(0.0015)(%)] (45-20)tanh(3.278) = 0.177 W
For h =200 mL, =2.073 tanh(mL,) = 0.969
1/2
g= (@9) 0.177 °'_962) ~0.109 W
500 0.997
For h =1500 mlL, =5.677 tanh(mL,) =1.0
1/2
g= (@) 0.177 ﬁ-) =0307 W
500 0.997
40
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2-89
k=204; T,=20°C; To=70°C
L=25mm
h=13.2; d=2mm; N=225pins
m = [(13.2)(4)/(204)(0.002)]"* = 11.38
L. =0.025 +0.002/4 = 0.0255
o/pin = (hPkA)"” Botanh(mL.)
= [(13.2)m(0.002)(204)1(0.001)*]"? (70 - 20)tanh[(11.38)(0.0255)]
= 0.1029 W/ pin fin

total = (225)(0.1029) =23.1'5 W

Al
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2-90

k=204, N=8; To=100°C; T,=30°C;h=15L=0.02;t= 0.002
P = (2)(0.15 + 0.002) = 0.304
A = (0.002)(0.15) = 0.0003
m = [(15)(0.304)/(294)(0.0003)]'* = 8.632
L. = 0.02 + 0.001 = 0.021
g/fin = (hPkA)"? 6, tanh(mL.)
= [(15)(0.304)(204)(0.0003)]"*(100 - 30) tanh[(8.632)(0.021)]
= 6.62 W/fin

Total = (8)(6.62) = 53 W

2-91
Surface area from Prob. 2-90 = (8)(0.304)(0.02 = 0.04864
Area per circular fin = (2)n(0.0325 - 0.0125%) = 0.00565
Number of circular fins = 0.04865/0.0565 = 8.6 Round off to 9 fins
1 =00125, r,=0.0325; L.=0.02+0.001=0.021
e = 0.0335; 12/11 =2.68
S (WkAm)'? =0.1273
ne=0.98
For 9 fins;
q = (9)(0.98)((15)m(0.03357 - 0.0125)(100 ~30)(2)

=562W

42
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Chapter 2

2-92
O=cie™™ +cret™
6=100-20=80 at x=0
60=35-20=15 at x=0.06
\/ﬁ
m= |—
kA
80 =c; +c, (b
15= ¢ e—m(0.06) +c, e+m(0.06) (2)
—keie O ) + e OO (k) = h(15)  (3)
o [hzz(o.oz)@)]” 2
k(0.02)*
4 Equations, 4 unknowns, ¢, ¢, m, h.
Solve, and then evaluate g from Eq. (2-37) or (2-36) using L,

Q)

2-93
W
m-°C

L=25cm t=15mm k=50
Ty =200°C

L. =0.025+0.00075 = 0.02575
Gmax = (2)(500)(0.02595)(200 - 20) = 4635 W/m
A,, =(0.0015)(0.02575) = 3.863 X 1070

1/2
Lc3’2(L)=(O.02578)3/2[ 200 _5] =21
KA, (50)(3.863x10°)

T, =20°C

q = (0.36)(4635) =1669 W
2-94
L=35cm t=1.4 mm L.=357cm

Gmax = hA 6y = (500)(2)(0.0357)(150 — 20) = 4641 W/m

1/2
mL,. = (ﬁ’-] L>'? =4.068
kA,

m

_ tanh(mlL.)

mL,.

ny =0246 g, =(0.246)(4641)=1140 W/m
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2-95
k=43 h=100 n=25cm nr=75cm L=5cm
T.,=20°C t=2mm ne.=751lcm L.=5.1cm
h 172
L3 =—| =174 2e 23 =027
c (’(Am) n nf

q="1;2hm(n2 - 12)8 = (0.27)(100)(2)m(0.0751% - 0.025%)(150 — 20)
=110.6 W

2-96
n=15cm L=2cm rn=35cm t=1mm h=280
k =200 L, =2.05cm e =3.55cm
h 1/2
L ——| =041 22237 =0.81
(4 (kAm ) n nf
g = (80)m(0.0355% — 0.0152)(2)(200 — 20)(0.81) = 75.9 W
2-97
h=50 k=20
1/2 1/2
. (@) _ (50)7:(0.01)(421) 3162
kA (20)7(0.01)
mL = (0.2)(31.62) = 6.324
e =557.8 e =0.00179
e™ = 2362 e™™ =0.0423

6, =50-20=30 6, =100-20 =80
Using solution from Prob 2-61
_(0.0423)[80 — (30)(557.8)] +(23.62)[(30)(0.00179) — 80]

0. =
(x=10 cm) 0.00179 - 557.8
_ —704.46 —1888.33

-557.8
=4.65°C
T =20+4.65=24.65°C

d4
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2-98

k =386 n =0.625 cm L=0.6cm h=55
t=03mm L =0.6+0.015=0.615cm
me =0.625+0.615=1.24

Be 124 _,,
n 0625
172 1/2
L2 | - (0006152 >3 =0.134
kA, (386)(0.00615)(0.0003)

q="shA6y = (0.95)(55)7(2)(0.0124% — 0.00625%)(100 - 20)=3.012 W
2-99

t=2cm L=17cm k=43 h=23 L.=18cm
h 1/2
LY Z(EJ =093 Ny =0.64
g = (0.64)(2)(23)(0.18)(230 — 25) = 1086 W/m
2-100
L=5cm L.=5cm t=4mm k=23 h=20
h 1/2
Lf’z(k—A—m—) =1042 ;=068 g=nshAl,
2
A=(2)(0.0022 +0.05%)/2 = 0.10008 —=
m depth
g = (0.68)(20)(0.10008)(200 — 40) = 217.8 W/m
2-101
t=1.0mm n=127cm L=127cm L.=132cm rn =254 cm
1/2
. h
”e =2.59 cm h=56 k =204 LCW(E) =0.219

22204 np=093
n

g = (0.93)(2)7(0.0259% - 0.0127> )(56)(1 25-30)=15.84 W
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2-102
t=2 mm n=20cm nrn=100cm L=8cm L.=81lcm
|2
1, =10.2 cm h=20 k=17 LQ’Z(—-) =1.96
kA,

Be_sy  np=019
g

4 =(0.19)20)(0.102% —0.02%)(2)(135-15) = 28.7 W

2-103
L=25cm t=lLlmm k=55 h =500 L ,=2555cm
L 1/2
L 2[——) =2.32 17 =033
kAp,
g = (0.33)(2)(0.02555)(500)(125 - 20) =885 W/m
2-104
t=1.0 mm n=125cm rn=25cm re.=2.55cm
h=25 k=204 L=125cm L.=13cm

h 1/2
Lf’z(am—) =0.249 ny =091

g = (0.91)(2)(75)7(0.0255 — 0.0125%)(100 - 30) = 4.94 W
2-105

d=1cm L=5cm h=20 k=0.78 T, =180
T, =20

L. =L+%=5+0.25=5.25 cm

1/2 1/2
() =m=[@1<20_!l<:‘22] _1013
kA (0.78)m(0.01)’

mL, = (101.3)(0.0525) = 5.317
tanh(5.317)=1.0

2
2 = (HPKAY2 85 tanh(mL,) = [(20)7:(0.0 1)(3.78);:(0.01)

1/2
] (180 -20)(1.0)

=0993 W
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2-106
1/2

A=1x1cm? L=8cm  I.=85cm m=[ﬁk§] =31.62

mL, =2.688 ny =200 _ 6369
mL,

g = (0.369)(45)(0.085)(4)(0.01)(300 — 50) = 14.11 W

2-107

t=1.0 mm n=125cm L=12 mm Ty =275°C
T, =25°C h=120 k =386

L. =0.012 +0.0005 = 0.0125 Pe=0025 2¢=20

n
A,, =(0.0125)(0.001) =1.25x 107>

1/2 1/2
1,32 [LJ = (0.0125) 2[ e ] =0.22
KA, (386)(1.25% 10-5)

g =(0.93)(120)7(0.025> — 0.0125%)(2)(275 - 25) = 82.12 W
2-108
k=17 h=47 L=5cm t=25cm  L,=625cm

h 1/2
LY 2(—) =0657  71;=038
kA,

g = (0.8)(47)(2)(0.0625)(100 — 20) =376 W/m

2-109
n=15cm L=2cm n=35cm t=1mm ne.=3.55cm
172
h=80 k =204 L,=205cm L,_.W(L) =0.453
kAm

22237 ;=079
4

g = (0.79)(80)(2)(0.0355% — 0.015%)(200 - 20) = 74 W
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2-110
n=15cm nr=45cm t=10mm h=50 r.=4.55cm
L, =3.05cm k =204 np=06 =3

n

h 1/2
Lﬁ’z(am—] =0.78

k= 1 0305 —= = 76.5 il

(0.001)(0.0305) (0.78) m-°C
2-111
t=10mm L=20cm r=10cm h =150 k=204
L, =2.05cm e =3.05 cm e _305 Ty=150

it
T.. =20
1/2 1/2
L3? ] = (0.0205)2 150 =0.556
kA, (204)(0.001)(0.0205)

q= (0.75)(150)(2)7:(0.03052 —0.012)(150-20)=763 W

2-112

2
ky=kp=17 A =00014 AT=300°C A=—n—i—=5.067x10‘4m2

L
—13x10%m  k;=0035 Ly=Lg=7.5cm

2
b, = _L[.AL(_Z—"AEL}-’%@} ~19,986

Lg A kA+kB m2‘°C
! = L v 0.0987 °C/W
h A (19,986)(5.067 X 1077)
300 )
q= =17.31 W w/no contact resistance
__O07@)__ 40,0987
(17)(5.067><10 )
-4
q= kAéZ: _ (17)(5.067 x 10 )(300) 17228 W
Ax 0.15

48
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2-114
-3
Ry, _Ax_SX107 5 45%10° R =——=088x107*
kA~ 204 hA
Y Ry = @)245% 105)+0.88+10™* =1.37x107*
4
AT, = (80)(0.88x1_3 ) _ s1.40C
1.37x10
2-115
t=1x107> r,=0.0125 L=0.0125 L, =0.0130
ry, = 0.0255 B_204  A,=(0.001)0.0130)=13x10"> m?
o
h 1/2 1
L3 ——| =0322 n;=086  —=0.88x 1074 Ty = 200°C
kA, h,
T, =20°C
1
= =2.997 °C
Ron = 2nyatn — W W
1
= ——=1.1205 °C/W
R, hA /
q= _% . 43772 W  w/o contact resistance
Ren + R,
g=-20-60.06 W % Reduction = 60.06-43.72 | 100% =27.2%
Rein 60.06
2-116
711-=o.9><10‘4 A, =0.5cm? g =300 mW

(o
Assume fin at 27°C
g=(300x 1073)= 6_._1___
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2-117
2L=20cm=02m T., =50°C

Chapter 2

% = §(2L) = (2 X 10°)(-0.2) = 40,000 W/m? = 2i(T,, — T..) = (400X(T,, — 50)(2)

T, =100°C

g2 (2x10%)0.1)
2k (2)(20)

Ty =150°C

2-118 2

=50°C

Tb—Tw

1 . i .
3 heat generated, max temperature at insulated surface which is the same as in

1H"
Problem 2-111.

2-119
L.=0.03+0.001=0.031 k=204 h=220

1/2 1/2
Lc3’2(i] =(0.031)> 2{ 220 ] =0.715
kA,

(204)(0.031)(0.002)
1y =0.69
q=17hAB = (0.69)m(0.061% —0.03%)(2)(220)(120 - 20) = 269 W
2-120
\/ \/
=0008 k=204 h =45
L. =0.00 m.-°C m2.°C
1/2 1/2
132 |~ (00082 (45)2) =0.119
kA, (204)(0.008)(0.002)

g = (2)(0.97)(0.008 +0.0012)"2(45)(200 - 25) =123.2 W/m

50
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2-121

n=125cm n=225cm t=2.0 mm ne. =235cm
Z2c_18 I .=llcm Ty = 180°C T,, =20°C

"

h =50 2W k=204 —

m“-°C m-°C
Loftube=1.0m
bare length =1.0 - (100)(0.002) = 0.8 m
1/2 1/2
L3 L (0.011)%2 >0 =0.122
kA, (204)(0.002)(0.011)

77f =0.95

(100 fins) = (100)(2)(0.95)7(0.0235% — 0.01252 )(50)(180 —20) =1869 W
g(bare tube) = (50)7(0.025)(0.8)(180 — 20) = 503 W
q(total) = 1869 + 503 = 2372 W

2-122

k:]_OO—“L_. q:kAﬂ
m-°C Ax

A=(17-15)cm =22 20002 m?/m
100

) b4
Ax = circumference at r =1.6 cm for =

Ax = (2)(1.6)(%) =2.513cm=0.02513 m

S&x_ 00513, 1) sgoct
kA~ (100)(0.002)

4__0 598 W/m

L 0.1256

=

|
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2-123
=0
x / 20cm
1.0cm
3 4.0cm R
< >
k =386 “: r=ax+b r=001 at x=0
m-°C

r=0.02 at x=0.04
001=» a=0.25
0.02 =(0.04)a +0.01

r=0.25x+0.01 A =27rr(0.0005)
q=-k2m(0.25x + 0.01)(0.0005)%

0.04
[ o f —27k(0.0005) 4L

0 0.25x+0.01 q

! ln[(0'25)(0'04) h 0.01] = 2.773 = 21(386)(0.0005) 2L = 1.2134L
0.25 0.01 q q
g=2L  R-2087
2287
For AT=300°C  g=—2 _1312wW
2.287

2
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2-124
Tube d; =1.25cm =12.5 mm Tinsige =100°C thk =0.8 mm
dy =14.1 mm T, =20°C
Fins: T=0.3 mm L=3 mm L.=3+0.15=3.15mm
r=6.25+0.8=7.05 mm re =7.05+3.15=10.20 mm
h=50 2W k=386 w
m*”-°C m-°C
300
No. of fins = o = 50 for 30 cm length
1/2 1/2
L 2 Z(0.00315)3"2 >0 = 0.0654
kA, (386)(0.00315)(0.0003)
r2c 10.2
= =_"-1447 =0.98
n 705 s
Riupe _ In(14.12.5) =4.97x107 Reopw 1 =0.4515
L 27(386) L (50)7(0.0141)
RCOI]V
o—AMWA—o0—
Ruube T
AW—
Rfin
For 6 mm length
Lyjpe =6-0.3=5.7 mm
4.97x107 3 0.4515
=——=8.72x10 =—=79.2
Reube =5 5057 Reonv = 5.0057
9fin = r_ (0.98)(50)(27)(0.01022 — 0.00705> JAT =0.01672AT

in

Ry =59.78

-3 1
Rovemn =8.72x107° + —lﬁ— =34.07
792 * 59.78
100-20

=2.348 W/6 mm length
34.07 /6 mm lengt

For 30 cm length
q=(2.348 3—22) =1174 W R
For 1 m length

1
=1174) — =392 W
7= 0.3)

_100-20
117.4

=0.6814
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2-125

For 6 mm length total surface area
= Aype + Afin = 7£(0.0141)(0.0057) + (2)7(0.01022 - 0.007052)

=5939%x10~% m?
4._238 3953 W/m?
A 5939%10

_ AT
R - value

R-value = 100 -20

=0.0202

2-126

1/2 1/2
k=204 — L>"? L (0.0654)(3—86-) =0.09
m-°C kA,, 204

ng =0.96
For 6 mm length
Rype =8.72%1073

Reony =79.2
R = (59.78)(

0_98) =61.03
0.96
1

Ryyerayy =8.72%1072 + T =347
79.2 " 61.03
_100-20

= 2.32 W/ 6 mm length
3447

For 30 cm length

q=(2.32 %)=116W

R= 100 - 20
116

For 1 mlength ¢ = (116)(-(—)—15-) =387 W

=0.6896

2-127
9q_ _ﬁz__4 =3906 W/m? = AT
A 5.939x10 R- value
R-value=19-20 _ 0.0205
54
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2-128
w
h=100 — d=2mm I,=20°C Tp=100°C L=10cm
m* -°C
k=16 — 0=cie™™ +cye™
m-°C
o (E)W _[aoomo00]” _ .
kA (16)(0.001)> '
0=100-20=80 at x=0 and x=0.1
80 = ) t+c

80 =1.395x1075¢; +71,682c,

€ =79.999 ¢, =1117x1073

q = VhPkA[-cie™™ + c,e™]

~hPKA = [(100)7(0.002)(16)7(0.001)*1/2 = 5.62 x 1073

go =—(5.62x107)(=79.999 +1.12x 10 3) = 0.45 W = —q;
Grotal = (2)(0.45)=0.9 W

2-129

T.., =20°C h =100 2W k=16 w d=2mm
m*-°C m-°C

Ty =100°C

0=cie™ +ee™
For very long rod ¢, =0
Acts like two long rods 100°C on each end

q = 2+/hPkAB, = (2)[(100)7(0.002)(16)7(0.001)*12(100 - 20) = 0.9 W

2-130

A=(0.017-0.015)(1) = 0.002 m?/m depth

k=100 —V_ h=175 2W T.=30°C T =100°C
m-°C m”-°C

T, =50°C L= %’(0.016) =0.02513 m

0=T-T,=cie™ +cpe™

1/2 1/2 3 1/2
m=(£) =(2_h) ={__(2L751_] 2739
kA kt (100)(0.002)

mL = 0.6882
100-30=c; +c,

50 — 30 = ¢;e 06882 (06882
5%
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c; =80.2 c; =—-10.2

4y = —kAm(—cie™™ + cpe™)

dr—0 =—(100)(0.002)(27.39)(-80.2 — 10.2) = 495 W

gy=1, = —(100)(0.002)(27.39)[-(80.2)(0.5024) — (10.2)(1.99)] = 332 W
Gnet lost = 495 —332 =163 W/m depth

2-131
F=30mm k=204 — h=50 —~ p=2707 kg/m?
m-°C m~ -°C

Take L=2cm
Rect. Fin L.=2+0.15=2.15cm
1/2 1/2
L3? L - (0.0215)%2 >0 =0.1943
KA, (204)(0.003)(0.0215)

Aguf = (2)L. =0.043

For same weight A,, =same
#(0.0215) = %L(triang)
L(triang) = 0.043

1/2

(triang)Lc3/2(—h——] =0.5496

kA,
Ny =0.85
q ~ AsurfNy
Ay (triang) = 2(4.3% +0.15%)2 = 8.6 = 0.086 m>
AgrfN(triangle) = (0.086)(0.85) = 0.0731
AgyreN(rect) = (0.043)(0.96) = 0.0413
Triangle fin produces more heat transfer for given weight.

5T
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2-132
w w
n=10 =20cm h=160 k =204
: & m?.°C m-°C
1.0 mm Fin
L.=105cm
172 1/2
h 160
L3? — | =(0.0105)*2 =0.294
¢ (kAm] ( ) (204)(0.001)(0.0105)
g =(6)(160)(0.02052 - 0.012)(2)(AT)(0.88) = 1.7AT
2.0 mm Fin
h 172
L.=l1lcm Lﬁ’{am—) =0.218 N7 =092
g = (3)(160)7(0.021 - 0.012)(2)AT(0.92) = 0.95AT
3.0 mm Fin
h 1/2
L,=1.15cm Lﬁ’{m) =0.186  7;=095

g=)1 60)71:(0.02152 -0.01% )(2)AT(0.95) = 0.69AT
Conclusion: Several thin fins are better than a few thick fins. More heat transfer
for the same weight of fins.

2-133

i

L=5cm d=2,5 10 mm T.. =20°C h=40 5
m*-°C

W Tp = 200°C LC=L+%

k=204 —

2.mm pin
L, =5+0.05=5.05cm =0.0505 m

1/2
N _(@)1/2 () (ﬂ)‘” _ [_ﬁléﬁ’l__]m _10
“\ka) T k,,dT’ kd) | (204)(0.002) '
mL, = (19.8)(0.0505) =1.0

n="13000mL0) _ 6 762
mL,

q =(0.762)(40)7(0.002)(0.0505)(200 - 20) =1.74 W

S mm pin
L.=5+0.125cm=0.05125m m=12.52  mL.=0.6419

n= tanh(mL_) =0.882
mL,
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q= (0.8§2)(40)ﬂ(0.005)(0.05 125)(200-20)=5.11 W

10 mm pin
L =5+0.25cm=00525m m=8856  mL,=046495
n="2000mLe) _ 6 934

mL,

g =(0.934)(40)7(0.01)(0.0525)(200 - 20) = 11.09 W

dmm)  qW) 3 (glm) % (per weight)
2 174 087 0.435
5 511 1022 0.2044
10 11.09 1.109 0.1109

Conclusion: Smaller pins produce more heat transfer per unit weight.

2-134}
See conclusion at end of Problem 2—1.@’.
2-137

Once an insulation material is selected for this problem a commercial vendor must
be consulted to determine the cost, as no cost figures are given in the problem
statement. Cost figures will also have to be determined for the material with
reflective coating. When the reflective material is installed it may have an
emissivity of 0.1, but after a period of time the surface may oxidize or become
coated with foreign matter such that its emissivity will increase. In that case the
economic benefit of the coated material will be reduced.

2-138

For this problem, the net heat generated in the tube will be equal to the heat which
will be delivered to the fluid by convection. The temperature gradient at the other
surface of the tube will be zero. The problem does not state whether the fluid is on
the outside or inside of the tube so both cases must be examined. In either case the
maximum tube temperature will occur at the insulated surface. To effect the
design one might first assume a surface temperature for the tube surface in contact
with the fluid. This will then determine the surface area. Suitable combinations of
tube length and diameter may then be examined to equal the total surface area.
The heat generation equation for a hollow cylinder may then be solved for the
other tube surface temperature if a tube wall thickness is assumed (i.e.,
establishing the other diameter). The resultant value of temperature must be
reasonable, i.e., low enough. Obviously, there are many combinations which will
be satisfactory.

-1
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2-145

+ d*T/dx? - (eoP/KAXT* - T =0
Boundary conditions:
Base: T=0atx=0

Tip: -kA(dT/dx)y -1 = 08 A(T =, — Ts")

2-146
Insulated tip: dT/dx=0atx=L

Very long fin: T - Tsas x = ©

2-147

Set T; = 0 in differential equations

59
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f—w— *
T=Taty=0 T'=Tatx=0 T=Tatx=W
T=T,at y=H=XY For 22 =0 X=c+cyx
Y=c3+cyyat y=0
“T=T=(c +cx)[c3 +0(cy)]=60= Ohence c3=0

at x=0 ¢ =0 also =0 I - =[0+(0)x](0 + ¢4, H) = 0 which isn’t
true

For #<0:0=T-7

T-T,= (c5e_ax + c(,ez'Jr )7 cos(Ay) + cg sin(Ay)]

6=0at y=0 0= (cSe_A‘x + c6ezx)(c7) e =0

0=0 at x=0 0= (cs +cg)[cg sin(Ay)] - either c5+cg=0
or cg =0 If cg =0 then have trivial soln. then,

¢s+cg =0 and c5 = —cq 0=0at x=W

0= (c5e“'1w + c6e)'W)[c8 sin(4y)] . x=0 but it was stated that 12 <0
3-2
T T ( 1)n+l nTIIX Sinh(n ) W
1 Z 1 at y=H x=—
W smh(""H) 2
77;_ T =1 (Ref Fig 3-2) Also, non-zero terms for n = L, 3, 5, ... First four
2~ 4
terms: n=1, 3, 5, 7
T-T, 2[ . 2 . 3r 2 5 2.77:]
T =—|2sin—+=sin— + Zgsin — + Zgin =
L-T, = 2 3 2 5 2 7 2
-5 o9 Error is (1.00 - 0.92) x 100% = 8%
L-T
3-3
2z(1) =2.128

" cosh-1(1.2/0.125)
q=KSAT = (2.128)(1.8)(67—15) = 199.2 W/m length

bo
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g=kSAT AT =210-15=195°C
r=008  D=0225 k=137
S
In@0/r) _ n©0.9/0.03) 7
g=(1.37)(1.847)(195) = 494 W/m

35

Taeam = 100°C, 1=0.0125; D=0.025 T,=27°C, h=51,
>R =1/kS+ 1/hA

A—> oo for inf plate

S = 2n/In(0.1/0.0125) = 3.022

q = 0.1)(3.022)(100 — 27) = 22.06 W/m length

3-6
k=11 —2%_ _ 1904 —
hr-ft-°F m-°C
W
k =0.038
glass m-°C
300 - 40

9= @515 . W25 89.38 W/m

77(19.08) | 27(0.038)

3-8’
L=05ft=0.1524 m

2
= ———[(0.3)(0. 3)(0. 6)(0.9)]=12.992
Swalls = 57522 [(0.3)(0-6) +(0.3)(0.9) + (0.6)(0.9)]

Sedges = (4)(0.54)(0.3+0.6+0.9) = 3.888

Scomers = (8)(0.1524)=1.219

Sioral = 18.099

g = kSAT = (0.5)(1.73)(18.099)(500 — 100) = 6262 W

Mech.MuslimEngineer.Net
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3.9

D=35-10=25cm L=5cm A =(0.25)% =0.0625 m>
W A
k = 104 -;n—-:;(-:- Swa" = —I:' = 125 Sedge = 059D = 0135

Secomer =0.15L=7.5x107

S = 6(1.25)+12(0.135) + 8(7.5 x 1073)=9.18
g = kSAT = (1.04)(9.18)(500 — 80) = 4009.8 W -

3-10
W
n=4cm  p=150cm D=10cm k=14 —
m-°C
§=— 1?42 =241
cosh [ D@L

q = ksAT = (1.4)(2.411)(200 - 35) = 556.8 W/m

v
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Chapter 3

3-11
w o
q = kSAT k=12 °C r=5cm AT =30-0=30°C
m.
D=24cm
4nr _ 4m(0.05) =0.7013

T1-720 1-548
g =(1.2)(0.7013)(30) = 25.24 W

312
w
S=4mr=125Tm k=0.038 ——

m-°C
q =(1.257)(0.038)(170 - 20) =7.165 W

3-12

w
=1 k=15
r m m.°C

q=(1.5)(12.56)(20-0) =377 W

S=4nr=12.56 m

3-15

k=0.04; Tgeam=100°C; L=2m; T.=27°C;h=5.1
r=0.0125, W =0.05

S = 2r(2.0)/In[(0.54)(0.05/0.0125)] = 16.318

1/hA = 1/(5.1)(2.0X0.05)(4) =0.4902

2R = 1/(0.04)(16.318) + 0.4902 = 2.022

q=(100-27)/2.022=36.1 W

>
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3-16

D>3r 92012901025 _ 445 W/m=I?R=1*(1.1x107%)
L ln[a)a.s)
0.04

I=1181amp

3-17

S=4nr

q = (1.3)(47)(0.02)(70 - 12) = 18.95 W

3-18

n=0025m r»=00lm D=0055m S= 27:[' P

cosh'l(ﬁ—%’%’;—)
k=25 AT =100 -20 S= =641
m-°C cosh—l(a+_lo;§g_)

2(2.5)(10)

q = kSAT = (2.5)(6.41)(100 - 20) = 1282 W/m

4
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3-19
§=—— 4(2);’ S =174
cosh ( 200)(4.5) '\)

9 - (1.74)(1.1)(200- 100) = 191.4 W/m

3-2p

47(0.75)

1- 0.75
2)(3.75)

g =(10.47)(1.2)(300-30)=3393 W

S= =1047

3-21 W
r=125cm L=1m T, =55°C T, =10°C k=17 —C
2nL 27(1.0)
S= = =1.238
2L (2)(.0)
ln( r ) 1“[ 0.0125
g=(1.238)1.7)(55-10)=94.7T1 W
3-22
. W
k=08 — n=5cm n=14cm D=12cm
m-°C
5= 27 =2.813

-1{122-1.42-5%
cosh (“‘“’(2)(1.4)"‘(5)_)

g =(2.813)(0.8)(300 —15)=641.4 W/m

3-23
w
m-°C

" D=5m r=10m k=15
o dmr _4n(L0)

-5 1-15
g=(13.96)(1.5)(25—5) = 4189 W

=13.96

324
: 2r
S= ey = 16278
cosh (“ )10)(20) )
n =10 ry =20 D =100

q = kSAT = (3.5)(1.6278)(120 — 20) = 570 W/m

6s
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3-25
r=5cm L=100m D=23cm
=2 A 2847
cosh (7) cosh (?)
q=kSAT = (1.2)(284.7)(150 - 15) = 46,120 W

3-26

Tsteam = 150°C, T. =20°C r=0.025, D=0.075
k=0.65

S = 27/In(0.3/0.0125) = 1.977

q = (0.65)(1.977)(150 — 20) = 167.06 W/m

3-27
Toeam = 100°C;  Tourtace =25°C; k=12; D=0.05; r= 0005
1=0.03

S = 27/In[(0.03/7:x0.005)sinh(27x0.05/0.03)] = 0.603

q = (1.2)(0.603)(100 — 25) = 54.24 W/m

(1A
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3-28
w
m-°C

n=5cm n=25cm D=20cm k=0.15

S= _lzif Sy = 1857
cosh [ @O

q =(0.15)(1.857)(110 - 3) =29.81 W/m

3-29 )
W
m-°C

=3.353

r=1.5cm D=5cm k=15.5

2n 27

- cosh'l(%) - cosh—l(%)

q =(15.5)(3.353)(135 - 46) = 4626 W/m
3-30

AT =30-0=30°C k=0.2 D=85m r=125m

§= 4nr _ 4r(1.25) ~16.95

1- 1-L25
2D 17

q = kSAT =(0.2)(16.95)(30) =101.7 W

S

3-31
W
m-°C
S= W w(1.0)
T 1 (AW 1.(400
in(4%) (%P
g = kSAT = (0.74)(1.511)(120-15)=117.4 w

k=0.74

D=0 W =100 cm L=50cm

=1.511

3-32
Taisk = 40°C; k=0.8; Tsurface = 15°C
r=0.009; D=0.02

S = 47(0.009)/[n/2 — tan™'(0.009/0.04)] = 0.0795

q = (0.8)((0.0795)(40 — 15) = 1.591 W oL

1Y
3-33 8 \
\

14
n=1r,=0025 AT=115°C k=004 |, \

0.05<D<;large

8

6

S = 2n/cosh™[(0.5)(D/0.025)* —0.5] :
0

/L = 0.04S(115) = 4.6S o oos 01 o015 02
%

0.25

03
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Chapter 3

3-34
L=5cm
Sualls = (2)(0.6)(0.7) + 2((()).8;(0.8) +(0.7)(0.8) —534

Sedges = (4)(0.54)(0.6 +0.7 +0.8) = 4.536
Scomers = (8)(0.15)(0.05) = 0.06

Stotal = 62.996
3-35
° 0 w
n=75cm T;=150°C T, =5°C k=07 C rn=25cm
m .
D=15cm
S=—7 15%71:7 S 298
cosh [ )7.5)2.5)
q =(0.7)(2.928)(150 - 5) =297.2 W/m
3-36
‘I'he temperature gradients are written:
a_T_ - Tm+l, n,p~ Tm, n, p QT_ - Tm, n, p -Tm—l, n, p
0%l n, p Ax 0%y i n p Ax
_a_]_" - Tm, n+l, p— Tm, n, p _a}_: - Tm, np~ Tm, n-1, p
9 b, ned, p Ay 9 lm, n—4, p Ay
Qz - Tm, n, p+1 Tm, n, p 8_7: - Tm, np- Tm, n, p-1
aZ m, n, P+'2L AZ az m, n, p_% AZ
For 3 dimensions 2g places eqn. is
2 2 2
oT T oT =0 also if Ax = Ay = Az, the finite difference

+ +
oxZ o 9
approximations become:

Tm+l, n, p + Tm—l, n, p + Tm, n+l, p + Tm, n-1, p + Tm, n, p+l1 + Tm, n, p-1— 6Tm, n, p
=0

3-37

the Temp. gradient is written:

_dl ~ Tm+l, n _Tm, n ﬂ - Tm, n~im-1,n
dxlm+, n Ax dxlp—1, n Ax

2
for 1 dimension: Efdx_g =0 and the finite difference approximation is:

Tnst, n+ Tpet, n =20, n =0

6o
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3-38
Tm—l — Tm - _ - ) 1
M A —T)=0 AL hAAT
then:
h h To
*
Ax
3-39
da*r hP d’T Tm+l, n=Tm n— Tm, nt Tm-l, n
— - (T-T.)=0 ;= 2
& A a?| (A%)

Substituting 7, for T above:
hP(Ax)? hP(Ax)? _
Tm[T + 2] —l: A w = (L1 + Tps1) =Gy,

3-40

Tm, ne1t Tm, n-1 +2Tm-l, n— 4Tm, n= qm, n
hA(Tm—l, n~ Tm, n) + hA(Tm, n+l Tm, n) + hA(Tm, n-1" Tm, n) =7
Ax 2Ay 240y ™
‘ for Ax=Ay: T i+ T pi + 2Tn1, n=4Tm, n =m, n
3-42

S S S S S
m+1,n

8
3

m+1,n-1

~ ANNMARNRNNNNNNNNNNNNNNNNNN
=
|
[

]

, n—1+ Tm+l, n— 2Tm, n= ZI-m, n

3-37

k k ” bl
k(Tm—l, n~— Tm, n)+5(Tm, n+l— Tm, n)+5(Tm, n-1-" Tm, n)+q Ax = dm, n

69
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3-46

k=204

A

b 4

1 _ kA _(204)4.91x107%)
0.05

Ry Ax
1

—— = hA, = (17)m(0.025)(0.05) = 0.0668

R_..
1
Ry ..

J

1 1
—=(2)(2.003)+0.0668 = 4.0728 = » —
A o

_ m(0.025)
4

T, =38°C

= (%)(0.0668) +

(17)7(0.025)?
4

EL =2.003+0.0417 = 2.045

Ryj

7, = (2:003)(300+T3) +(0.0668)(38)

2

=491x107¢

=2.003=—
R

L=15cm

=0.0417

Chapter 3

T; =300°C

Ax=005m h=17

4.0728
I = (2.003)(T, + T3) + (0.0668)(38)
4.0728
T, = (2.003)T5 +(0.0417)(38)
4 2.045
A B
1 [T2= =(2.003*(300+B2)+0.0668*38)/4.0728
2 |T3= =(2.003*(B1+B3)+0.0668*38)/4.0728
3 |T4= =(2.003*B2+0.0417*38)/2.045
Solution:
A B
1 |T2= 279.5847538
2 |T3= 267.2265034
3 |T4= 262.5130984

g= _%(T2 —300) = —(2.003)(279.5848 — 300) = 40.89 W

70
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3-48
30 4] s| 6]
|
1
Ax=Ay=05m Al internal nodes k =1.4
A B
1 |[TlI=  |=(2*B2+800)/4
2 [T2=  |=(B1+B3+800)/4
3 |T3=  |<(B2+B4+300)/4
4 [Ta=  |<(B3+B5+800)/4
5 [Ts=  |=(B4+B6+800)/4
6 [T6=  |=(2*B5+800)/4
A B
1 |T1= 379.2663
2 |T2= 358.5327
3 |T3= 254.8644
4 |T4= 360.9250
5 |T5= 388.8357
6 |T6= 394.4179

q (inside) = 6781.2 W/m depth
q (outside) = 6187.2 W/m
q (avg) =6484.2 W/m

3-49

1

6

7 18

11

12

13

N/
14 650°C

Ax=Ay=05m k=14 h=17

Cond l=-—
R Ax

kA

=0.7 conv. —1- =hA=8.5
R

71
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Chapter 3

1
Node R;j
1 9.9
2,3,4,5,6,11,13 11.3
Using the Gauss Seidel format:
The Equations:
A B
1 |T1= =(0.7*(B2+B6)+(8.5*38))/9.899999
2 |T2= =(0.7*(B1+B3)+(1.4*B7)+(8.5*38))/11.3
3 |13= =(0.7*(B2+B4)+(1.4*B8)+(8.5*38))/11.3
4 |T4= =(0.7*(B3+B5)+(1.4*B9)+(8.5*38))/11.3
5 |T5= =(1.4*(B4+B10)+(8.5*38))/11.3
6 |T6= =(0.7*(B1+B11)+H1.4*B7)+(8.5*38))/11.3
7 |17= =(B2+B6+B8+B12)/4
8 |T8= =(B3+B7+B9+650)/4
9 |T9= =(B4+B8+B10+650)/4
10 |T10= =(2*B9+B5+650)/4
11|T11= =(0.7*(B6+B13)+H1.4*B12)+(8.5*38))/11.3
12 |T12= =(B7+B11+B14+650)/4
13 |T13= =(1.4*(B11+B14)+(8.5*38))/11.3
14 |T14= =(2*B12+B13+650)/4
The Solution:
A B
1 |T1= 40.96808
2 |T2= 59.00557
3 |T3= 76.51266
4 |T4= 82.08207
5 |T5= 83.26541
6 |T6= 58.97151
7 |T7= 186.80459
8 |T8= 316.30837
9 |T9= 351.91623
10]T10= 359.27447
11|T11= 75.96281
12 |T12= 312.93290
13 |T13= 79.99096
14 |T14= 338.96419

Ma
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3-51
1
L1 M 1
Ry Ry Ax Node R;
=g 1 73
R 2 14.6
1 =42 4 104
R_..
1 55
Ry s
The Equations:
A B
1 |T1= =(2.6*B2+2.6*B4)/7.3
2 |T2= =(2.6*B1+2.6*10+5.2*B5)/14.6
3
4 |T4= =(2.6*B1+2.6*38+5.2*B5)/10.4
5 |T5= =(10+38+B2+B4)/4
The Solution:
A B
1 |T1= 12.11864
2 |T2= 11.24257
3
4 {T4= 22.78283
5 |T5= 20.50635
3-53
The Equations:
A B
1 |T1= =(1100+B3+B4)/4
2 |T2= =(600+B3+B4)/4
3 |T3= =(900+B1+B2)/4
4 |IT4= =(800+B1+B2)/4
The Solution:
A B
1 |T1= 487.5
2 |T2= 362.5
3 |T3= 437.5
4 |T4= 412.5
13
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3-55
1 2 3 4
5 (6 |7 |8
9 110 j11 [12
\
T =50°C
h =40 T, =300°C k4 =20 kg=12
1 1 1
—=25 —=80 —_-05 Ll _gs
Ryp Ry R_. Ry ..
1 1 1 1
=0.7 =04 —=2095 =0.70
o Rs_o. Rse -10
R5_9 = 08 R10_50 = 05 R9_50 = 025
The Equations:
A B
1 |T1= =(0.5*300+2.5*B2+40*B5)/43
2 |12= =(0.8*300+2.5*B1+2.5*B3+80*B6)/85.8
3 |13= =(0.8*300+2.5*B2+2.5*B4+80*B7)/85.8
4 |T4= =(0.5*300+2.5*B3+40*B8)/43
5 |15= =(40*B1+2.95*B6+0.8*B9+0.4*300)/44.15
6 [T6= =(80*B2+2.95*B5+2.95*B7+1.6*B10)/37.5
7 |17= =(80*B3+2.95*B6+2.95*B8+1.6*B11)/87.5
8 |T8= =(40*B4+2.95*B7+0.8*B12+0.4*300)/44.15
9 |T9= =(0.25*50+0.8*B5+0.7*B10+0.7*300)/2.45
10 {T10=_ [=(0.5*50+1.6*B6+0.7*B9+0.7*B11)/3.5
11|T11=_ |=<(0.5*50+1.6*B7+0.7*B10+0.7*B12)/3.5
12|T12=  |=(0.25*50+0.8*B8+0.7*B11+0.7*300)/2.45
The Solution:
A B
1 [T1= 254.9386
2 |m2= 250.6814
3 |m3= 250.6819
4 |T4= 254.9397
s j15= 254.6422
6 |T6= 250.0561
7 IT7= 250.0565
8 |T8= 254.6434
9 |T9= 234.0597
10 [T10= 210.3326
11|T11= 210.3329
12{T12= 234.0603

14
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3-56
L o_o2s Loos Loogp 2o33=YL-3 1
Rz R_.. R_s Ry Ry Ry
1 =0.6 1 =04 ——l—=0,5 —1-=1,o
Ry_.. Ry .. Rs ¢ Ry g
Ry R Rs “R, Rg
T'he Equations:
A B
1 |T1= =(75+0.25*B2+2*B5+16)/3.3
2 |12= =(0.25*B1+0.25*B3+2*B6+16)/3.3
3 |13= =(0.25*B2+0.25*B4+2*B7+16)/3.3
4 I1a= =(0.25*B3+B8+12)/1.85
5 |15= =(150+0.5*B6+4*B1)/5
6 |T6= =(0.5*B5+0.5*B7+4*B2)/5
7 |17= =(0.5*B6+0.5*B8+4*B3)/5
8 [T8= =(0.5*B7+2*B4+8)/2.9
The Solution:
A B
1 [T1= 101.594256
2 |T2= 45.79543347]
3 I13= 28.45020861
4 |T4= 23.35101566
5 |T5= 116.4060956
6 |T6= 51.30691016
7 |17= 30.29954059
8 [T8= 24.08682814
357 1
1ne Equations:
A B
1 |T1= [=(1.5+2%(B2/0.1)+B3/0.2)/25.15
2 [T2=  [=(2.25+B1/0.1+B4/0.4Y12.725
3 |13=  |=(B1/0.2+2%(B4/0.05)+B5/0.2)/50
4 |T4=  |=(B2/0.4+B3/0.05+B6/0.4+3)/25.3
5 |T5=  |=(B3/0.2+2%(B6/0.05)+B7/0.2)/50
6 |T6=  |=(B4/0.4+B5/0.05+B8/0.4+3)/25.3
7|T7= [=(B5/0.2+2*(B8/0.05)+B9/0.2)/50
8 |T8=  [=(B6/0.4+B7/0.05+B10/0.4+3)/25.3
9 [T9=  |=(B7/0.2+2*(B10/0.05)+B13/0.2)/50
10|T10= |=(B8/0.4+B9/0.05+B14/0.1+B11/0.3+3.75)/36.2}
11|T11=  |=<(B10/0.3+B15/0.08+B12/0.2+3.75)/21.21
12]T12=" |[<(B11/0.2+B16/0.2+1.5/10.15
13 |T13=  [=<(B9/0.2+2*(B14/0.05)+1000)/50
14|T14=  |=(B10/0.1+B13/0.05+B15/0.15+2000)/46.67
15]T15=  |=(B11/0.08+B14/0.15+B16/0.1+2500)/41.67
16 |T16=  |=(B12/0.2+B15/0.1+1000)/20

75
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The Solution:

(25)(0.125)=3.125

A B
1 |T1= 109.7101
2 = 108.9655
3 = 115.6835
4 |14= 114.8946
5 |T5= 127.9737
6 |T6= | 127.1008
7 [T7= 147.2517
8 |T8= 146.3765
9 IT9= 173.5343
10 |T10= 175.0162
11|T11= 184.3020
12 |T12= 185.5951
13]T13= | 187.9629
14 [T14= 188.2619]
15 |T15= 191.5146
16 |T16= 192.1561
3-58
1 (2.3)(0.125) —115= 1 1
Ri» 0.25 R4 R_..
2—1— 5.425
R j
The Equations:
A B
1 |T1= =(5*3.125+1.15*B2+1.15*B4)/5.425
2 = =(1.15*B1+1.15*B3+6.25*5+2.3*B5)/10.85
3 |T3= =(1.15*B2+115+6.25*5+2.3*B6)/10.85
4 |14= =(1.15*B1+2.3*B5+1.15*B7)/4.6
5 |T5= =(B2+B4+B6+B8)/4
6 |T6= =(B3+B5+B9+100)/4
7 IT7= =(1.15*B4+115+2.3*B8)/4.6
8 |T8= =(BS+B7+B9+100)/4
9 |T9= =(B6+B8+200)/4
The Solution:
A B
1 |T1= 17.86873
2 |T2= 19.51926
3 |T3= 29.93323
4 |T4= 51.18759
5 |T5= 54.59206
6 |T6= 67.86016
7 |17= 71.69751
8 |T8= 79.80123
9 |T9= 86.91535

7¢
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3-59
1 1 1.5)(0.125
—=(12)(0.25)=3 =( X )=0.75
R_., Ry, 0.25
The Equations:
A B
1 |T1= =(0.75*B2+37.5+45+1.5*B3)/6,
2 |T2= =(0.75*B1+37.5+45+1.5*B4)/6
3 |13= =(B1+B4+B5+50)/4
4 |1a= =(B2+B3+B6+50)/4
5 |15= =(B3+B6+100)/4
6 IT6=  [=(B4+B5+100y4
The Solution:
A B
1 |T1= 27.6
2 |12= 27.6
3 [13= 416
4 |Ta= 41.6
5 |T5= 472
6 [T6= 472
3 -0
1 10)(0.005 1 1
= (10X ) =5 —=(125)(0.0)=125 —
Ry 0.01 Ri_o Ri_s
1 1 40)(0.005) 10
Y=2125 1 _49 - (40)(0.005) 10
Rsq Rs_¢ 0.01
The Equations:
A B
1 [T1= =(10*B2+12.5+10*B5)/21.25
2 IT2= =(5*B1+5*B3+12.5+10*B6)/21.25
3 [13= =(5*B2+5*B4+12.5+10*B7)/121.25
4 |T4=  |=(5*B3+12.5+5*B8)/11.25
5 |T5= _ |=(10*B1+12000+50*B6)/100
6 |T6=  |=(25*B5+12000+10*B2+25*B7)/100
7 |T7=__ |=(25*B6+10*B3+25*B11+10*B8)/70
8 |T8= =(10*B7+5*B4+5*B12+12.5)/21.25
9
10 ]
11{T11=  |=<(12000+25*B7+10*B12+25*B14)/100
12[T12=  |=(10*B11+12.5+5*B8+5*B15)/21.25
13
14|T14= | <(50*B11+10*B15+12000)/100
15|T15=  |=(10*B14+10*B12+12.5)/21.25
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The Solution:
A B
1 [T1= 253.5476
2 [T2= 249.8672
3 |13= 236.6211
4 [T4= 211.4409
5 [15= 287.6715
6 |T6= 284.6335
7 |17= 270.9157
8 |T8= 236.6211
9
10
11{T11= 284.6335
12 T12= 249.8672
13
14 |T14= 287.6715
15T15= 253.5477
3-61

Ry,

]—co

z% = (2)(0.5498) + 0.05027 = 1.1499
1

1 = (40)[7(0.01)% + 7(0.01)(0.02)] = 0.0377

Chapter 3

1
— =0.5498 RL =0.05027 g = (50 x10%)7(0.01)2(0.02) = 3.142

Rs_.,
The Equations: The Solution:
A B ‘ A B

1 |T1= =(200*0.5498+0.5498*B2+1.257+3.142)/1.14 1 |Ti= 172.9506
2 |1T2= =(0.5498*(B1+B3)+1.257+3.142)/1.1499 2 [T2= 153.723
3 |T3= =(0.5498*(B2+B4)+1.257+3.142)/1.1499 3 |13= 140.5582
4 I14= =(0.5498*%(B3+B5)+1.257+3.142)/1.1499 4 |T4= 132.2515
5 |T5= =(0.5498*B4-+0.0377*25+1.571)/0.5875 5 |15= 128.0432
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3-62
1 1 1 1
—=0.2 —=005 —=025 =0.5
Ry, Rig ]~oo, R
1
Z—- 1.0
R_ j
The Equations: The Solution:
A B A B
1 |T1= =(10+5+0.2*B2+0.05*B6)/1 1 |T1= 25.497
2 |T2= =(0.2'Bl+0.2‘B3+0.l‘B7+10)/l 2 = 38.959
3 |T3= =(0.2*B2+0.1*B4+0.15*B8+15)/1.2 3 |T3= 50.304
4 |T4= =(0.l‘B3+0.1‘BS+0.2‘B9+20)/1.4 4 |T4= 59.435
5 |IT5= =(0.2*B4+0.2*B10+20)/1.4 5 |T5= 61.412
6 |T6= =(0.05*Bl+0.05‘Bll+0.4‘B7+20)/l.5 6 |T6= 54.101
7 |T7= =(0.4‘B6+0.4*BS+0.1"‘B2+0.1‘BIZ)/1 7 = 137.990
8 |T8= =(0.4‘B7+0.15*B3+75+0.2‘B9)/0.9 8 |T8= 210.866
9 |T9= =(0.2‘B8+0.2‘B4+100+0.2"BIO)/0.8 9 |T9= 260.187
10T10=__ |=(0.4*B9-+0.2*B5+100)/0.8 10 |T10= 270.446
11|T11=__ |<(0.4*B12+0.05*B6+0.05*B13+20)/1.5, 11[T11= 93.603
12|T12=  |<(0.4*B11+0.1*B7+0.1*B14+200)/1 12|T12= 281.077
13 |T13= =(0.2*B11+0.4*B14+20)/1.5 13 |T13= 105.378
14|T14=__ |=<(0.4*B13+0.2*B12+200)/1 14 |T14= 298.367
3-63
1 4.0)(0.00125 1
= (4.0 ) =0.5 —=(75)(0.01)=0.75
Ry 0.01 R_..
1 4.0)(0.01
=( X )=16 > =17.75
Ri3 0.0025
The Equations: The Solution:
A B A B
1 [T1= =(0.5*B2+50+16*B3+0)/17.75 1 |T1= 71.2456
2 |T2= =(0.5*B1+50+16*B4)/17.75 2 IT2= 71.2458
3 [13= =(1*B4+100+16*B5+16*B1)/34, 3 |T3= 73.6871
4 |T4= =(1*B3+100+16*B6+16*B2)/34 4 |T4= 73.6873
5 |T5= =(0.5*B6+50+16*B3)/17 5 |T5= 74.4844
6 |T6= =(0.5*B5+50+16*B4)/17 6 |T6= 74.4846
3-64
I (20)(0.005) —10= 1
R 0.01 R4

@1 = (90)(10%)(0.005)(0.005) = 2250

1

e (100)(0.005)=0.5

1—oco
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Chapter 3

The Equations: The Solution:
A B A B
1 [Ti= | =(10*B2+10*B4+10+2250)/20.5 1 [T1= 1923.864
2 [T2=  |<(10*B1+10*B3+20*B5+20+4500)/41 2 |T2= 1723.906
3 [T3=  [<(10*B2+1000+20*B6+20+4500)/41 3 |T3= 1120.150
4 |T4=  |5(10*B1+10*B7+20*B5+4500/40 4 |T4= 1994.015
5 |T5=  |<(20*(B4+B2+B6+B8)+9000)/80 5 |T5= 1786.001
6 |T6= =(20*(B3+B5+100+B9)+9000)/80 6 |T6= 1158.355
7 |T7= [=(10*B4+10*B10+20*B8+4500)/40 7 |17= 2030.197
8 |T8=  |<(20*B5+B7+B9+B11)+9000)/80 8 [T8= 1817.727
9 |T9=_ |<(20*(B6+B8+100+B12)+9000)/80 9 |T9= 1177.269
10|T10=_ |=(10*B7+10*B11+2250)/20 10 [T10= 2041.320
11 |T11=  [<(10*B10+10*B12+20*B8+4500)/40 11|T11= 1827.442
12 [T12=  |<(10*B11+1000+20*B9+4500)/40 12|T12= 1182.995
3-65
r=15cm D=80cm D> 5r
§= 3 -t4ntl xr = 7t(47r)((?-.1151?‘) =1.3605
F-tan”(5) F-tan(R)
q = kSAT =(3.4)(1.3605)(120 — 34) = 398 W
3-67
dy=4 mm dy =5mm k=20 g =500x10% W/m>
® ©
1 2 3 4
!
r=2mm r=2.5mm
1 1 1 q;
node r — o — AV !
R, R_ R
1 2 1508 0 1508  105x107° 525

2 21667 1634 1508 3142 556,106 1130
3 23333 1760 1634 3394  540.10-6 1220

4 25 0 1760 1760 ;31x10~6 654

8o
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_ (20)@2mr)(1)
Ar

=7.54%10%r

The Equations:

A B
1 |T1= =(525+1508*B2)/1508
2 |T2= =(1130+1508*B1+1634*B3)/3142
3 |I3= =(1220+1634*B2+176000)/3394

3-68
Inside surface, node 1

% = hA = 27rh = 27(0.002)(40) = 0.503

Z% =0.503 +1508 = 1508.503

Must specify convection temperature
set at 100°C

Equation for node 1 becomes

T = 525 +0.503(100) + 15087,

1508.503

Other nodal equations are the same as in Prob. 3-61

The Equations:

A B

Tl= =(525+(0.503*100)+1508*B2)/1508.503

1
2 |T2= =(1130+1508*B1+1634*B3)/3142
3

= =(1220+1634*B2+176000)/3394

B

The Solution:

Ar =0.16667 mm

AV =2nrAr

B

102.994

N o

102.646

101.633

The Solution:

A

B

TI=

102.992

N

T2=

102.645

T3=

101.633
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3-69
The Equations: The Solution:
A B A B

1 |T1= =(20*B2+5*B3+1.5)/25 1|T1= 207.2562
2 = 410*B1+2.5‘B4+2.25)/12.5 2 iT2= 207.3315
3 |T3= =(40*B4+5*B1+5*B5)/50 3 |T3= 206.6584
4 |T4= =(20*B3+2.5*B2+2.5*B6+3)/25 4 |T4= 206.7337
5 |T5= =(40*B6+5*B3+5*B7)/50 5 |T5= 205.4644
6 |T6= =(20*B5+2.5*B4+2.5*B8+3)/25 6 |T6= 205.5389
7 |T7= =(40*B8+5*B5+5*B9)/50 7 |T7= 203.6795
8 = =(20"'B7+2.5*Bﬁ+2.5‘B10+3)/25 8 |T8= 203.7402
9 IT9= =(40*B10+5*B7+5*B13)/50 9 |T9= 201.4115
10|T10=  |=(20*B9+(10*B11/3)+10*B14+3.75)*(3/100) 10 |T10= 201.2273
11|T11=  [=((10*B10/3)+5*B12+12.5*B15+3.75)/20.8333 11|T1= 200.8919
12 |T12=  |=(5*B11+2.5*B16+1.5)/7.5 12]T12= 200.9536
13 |T13=  |=(5*B9+1000+40*B14)/50 13 |T13= 200.6177
14|T14=  |=(20*B13+10*B10+2000+(10*B15/1.5))/46.6667 14 |T14= 200.5958
15(T15=  |=((10*B14/1.5)+12.5*B11+2500+10*B16)/41.6667 15 |T15= 200.4772
16 |T16=  [=(10*B15+2.5*B12+500)/15 16 |T16= 200.4771

3-70
1 (40)(0.005) _ 20 = 1 1 (40)(0.01) _ 40

Ry_10 0.01 Rio-13 Ry_5 0.01

The Equations: The Solution:

A B A B

1 |TI= =(10*B2+12.5+10*B5)/21.25 1 |T1= 253.5476
2 [T2= =(5*B1+5*B3+12.5+10*B6)/21.25 2 |T2= 249.8672
3 |T3= =(5*B2+5*B4+12.5+10*B7)/21.25 3 [T3= 236.6210
4 |T4= =(5*B3+12.5+5*B8)/11.25 4 |T4= 211.4409
5 |T5= =(10*B1+12000+50*B6)/100 5 |15= 287.6715
6 |T6= =(25*B5+12000+10*B2+25*B7)/100 6 |T6= 284.6335
7 |17= =(25*B6+10*B3+25*B11+10*B8)/70 7 |T7= 270.9156
8 |T8= =(10*B7+5*B4+5*B12+12.5)/21.25 8 [T8= 236.6210
9 {T9= =(40*B5+40*B10+3)/80 9 IT9= 286.5163
10{T10=  |=(40*B6+20*B9+20*B13+40*B11+3)/120 10 [T10= 285.2861
11|T11=  |=(12000+25*B7+10*B12+25*B14)/100 11]111= 284.6335
12|T12=  |<(10*B11+12.5+5*B8+5*B15)/21.25 12 [T12= 249.8672
13 |T13=  |=(40*B10+40*B14+3)/30 13 |T13= 286.5163
14|T14= |=(50*B11+10*B15+12000)/100 14|T14= 287:6715
15|T15=  [=(10*B14+10*B12+12.5)121.25 15 |T15= 253.5476

82
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3-71

Add nodes 13, 14, 15, 16 on right side

13 = (500)(0.005) +2250 = 2252.5= g,

Q14 =35+4500 = 4505 = g; 5

Equations fornodes 1, 2,4, 5,7, 8, 10, 11 remain the same as in Prob. 3—58

The Equations: The Solution:
A B A B
1 [T1= =(10*B2+10*B4+10+2250)/20.5 1 |T1= 27024.76
2 |T2= =(10*B1+10*B3+20*B5+20+4500)/41 2 |T2= 27024.80
3 |T3= =(10*B2+10*B13+20*B6+20+4500)/41 3 |T3= 27024.92
4 |T4= =(10*B1+10*B7+20*B5+4500)/40 4 |T4= 28149.96
5 |T5= =(20*(B4+B2+B6+B8)+9000)/80 5 |T5= 28150.01
6 |T6= =(20*(B3+B5+B9+B14)+9000)/80 6 |T6= 28150.13
7 |T7= =(10*B4+10*B10+20*B8+4500)/40 7 [17= 28825.09
8 |T8= =(20*(B5+B7+B9+B11)+9000)/30 8 |T8= 28825.13
9 |T9=  |=(20*(B6+B8+B12+B15)+9000)/80 9 |T9= 28825.25
10 |T10=  [=(10*B7+10*B11+2250)/20 10 |T10= 29050.13
11|T11=_ |=(10*B10+10*B12+20*B8+4500)/40 11 [T11= 29050.17
12|T12=_ |<(10*B11+10*B16+20*B9+4500)/40 12|T12= 29050.29
13 [T13= |<(10*B3+10*B14+2262.5)/20.5 13|T13= 27025.12
14|T14=  |<(10*B13+20*B6+10*B15+4505)/40 14 |T14= 28150.33
15|T15=  |=(10*B14+20*B9+10*B16+4505)/40 15|T15= 28825.46
16 {T16= |=(10*B12+10*B15+2252.5)/20 16 |T16= 29050.50

3-72
Take resistance in terms of mean areas between nodes.

k=210—-—W— h =200 W n=05cm r=025cm
°C

m- m*-°C
T.=10°C 1 =0.375cm n =0.4375 cm 7 =0.3125 cm

Ag = (0.005)* =7.85x107°

= (0.004375)% = 6.013 %10~ m?
A, = 1(0.00375)% = 4.418 X107
Az = (0.003125)%> =3.068 x10™ m?

Ay = m(0.0025)2 =1.963 %107
Assume convection areas are dAx at node.
L_ _ké _ (210)(6.013+7.85)(10'5)

=0.9704
Ro Ax (2)(0.015)
-5
1 _ (210)(6.013+4.418)(10™°) =0.7302
Ry, (2)(0.015)
Also,
&3

Mech.MuslimEngineer.Net



Chapter 3

1 _ (210)(4.418 +3.068)(10~)

=0.524
Ron (2)(0.015)
-5
1 _(210)(3.068+1963)107) _ 1o,y
Roy (2)(0.015)
LI
Ry

E}— = 71(2)(0.4375)(0.015)(200)(0.01) = 0.0825

1—oo

1
2 —o0

—Is—l— = 1(2)(0.3125)(0.015)(200)(0.01) = 0.0589
3—oo

1

= 1(2)(0.375)(0.015)(200)(0.01) = 0.0707

= 1(2)(0.25)(0.0075)(200)(0.01) = 0.0236

-—00

0.9704(200 — T;) + 0.7302(T; — T;) + 0.0825(10 - T;) = 0
0.7302(T; — T) + 0.524(T; — T,) +0.0707(10 - T,) = 0
0.524(T, — T3) +0.3522(T — T3) + 0.0589(10 — T3) = 0
0.3522(T; — Ty) +0.0236(10 — T;) = 0

~1.7831T; +0.7302T, =-194.905
0.7302T; —1.3249T, +0.524T, =-0.707
0.524T,  —09351T; +0.3522T, =-0.589

0.35221;  -0.3758T7; =-0.236
Solution:
T, =167.45°C T, =141.99°C T; =124.32°C T, =117.14°C

3-73

(1) Bl +T+T—(Bi+2)T; =0
) 2Bl +T,+T;-2Bi+1)T =0

(3) T +2T;+100-4T; =0

@) 2BiT, +(2)(100)+2T; + Ty — 2(Bi + 2)T; = 0

4) BiT,, +%(200+T4+7},)—(Bi+2)T5 =0

(6)  BiT, +%(200+T5 +T;)—(Bi+2)T; =0
(7)  Tg+100—(Bi+2)T; =0

84

oMl aliyl - elgilgall dial



Chapter 3

3-74
Initial Equations:
140+T2 +T3'4T1 =0
T1+T4+T5+100—4T3=0
40+T1+T4-—4T2 =0
T2+T3+T6—4T4=0
200+ T3 + T —4T5 =0
100+T4+T5—4T6=0

Matrix Form:
T I (! Ty Ts Te C
—4 1 1 0 0 0 -140
1 -4 0 1 0 0 —40
1 0 -4 1 1 0 -100
0 1 1 -4 0 1 0
0 0 1 0 -4 1 -200
0 0 0 1 1 -4 =100

Solution:

T, =61.615 T, =35.528 T, =70.932 T, = 40.969

Is= 55.528°C

3-75

Node:

ey 100+2T2+T4—4T1=0
) Tl+100+T3+T5—4T2=0
3 T2+150+T6—4T3=0
() T1+T7+2T5—4T4=0
(&) T4+T2+T6+T3—4T5=0
©) T5+T3+50+T9—4T6=0

) %[T4+T8—2T7]+ q"ézx—=0

|&

(8) 'I;'(T’/ +2T5+T9 —'4T8)+Q” 2 =0
©) 1‘2-[1"8 £ 2T, +50 - AT+ q"é"z— -0
L. X3
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3-76
Node:

Chapter 3

) Az/yza‘s To+h—(T -+ 8/2r, ~1)=0

Ts - Tl+f‘-A—y-(T _T)+5-T,=0
rr5+T2+"§y
l'-""'_—_——_
LetBi=@-y-
k
k=10——vz—- h=30 — T =15°C
°C m* -°C
Bz—f‘%’i_oos
> T T, + 235 + BIT,,
2= 2+ Bi
6 T T, + 251 + BiL.,
37 2+Bz
B ves Y
4 2+ Bi
T + Ty + 2T,
) L=t
T +T + T + T
(6) T6= 5 2 47 10
T+ T+ Tg + T
(7) '1';7= 6 348 11
T + Ty +100+ T4
8 Ty=— 4 ; 12
To + T,
9) T9=_i_§_.1.0_
To + Tiy + 2T,
10) To=—t——"
Too +Tjp + 2T
(11) Tll= 10 ;2 7
T, +150 + 27T;
12) Tp=-1— 8

86
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3-77
X%+ y2 =100 circle, r=10

at x=6, y=8cm 6+bAy=8 b:%

at y=6, x=28 and a=%

3
at y=9, x=+/19 =4.359 cm 9-8=1=cAy c=%
Using Table 3-2(f) for node 4
2 2 2 2 3 3
0=—s T+l +=Ts+ e~ 2 =+ |L
2Yy5) 3 26T 35T 2\(s ( )4
B)° 3° 3 (3)3) \2 2

Using Table 3—2(g) for node 3
hAx _ (30)(0.03) ~0.09
k 10

1/2 1/2
1Y 22 (2Y
+(0.09>{[(§) AT }m)
— [Insert values of a, b, ¢, etc.]T3 =0

3-78
b = -l— a= l Cc= _3_
2 2
Nomenclature fits Table 3-2(f, g) exactly. Insert above values for final equations.

3-79

v
Same as Prob. 3—70 except that insulated surface is equivalentto £ =0, inserted

in the equations.

3-80
(7
The same as Prob. 3-7@except that T, would be inserted for 7} and T5.

81
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3-81

Assume Ax = Ay

Nodes 3 and 6 correspond to Node m, n of Table 3-2(f) but for different media.
The correspondence with the equations in Table 3-2(f) is as follows:

Node 3. Material A

ANUMY s o ——

a=0.5 b=0.5 Ty n= £ Ty n1= T, Tp+,n™ h
hLh=14 h=Ts

Node 6. Material A

a=0.5 b=05 Ty w=Ts Tnn1=T Twnn=T
=14 h=T

For nodes 4 and 5, the connectmg re31stances between the two materials must be
taken into account a = E , b= E , C= —2- for Material A.

Node 4, Material A

2 1/2 2 2.1/2
+
Ry, = 2b RwA=uc+D RﬁAzxa b%)
k A (a+ D bk A bk A
Node 4, Material B
1 1 1
a=— b=~ c=—
2 2 2
Rag. = 2a 22 +1)M? 2a? +bH)V?
5 (1+bkp > bkg 8 bkg
1 1
Raslror = 10 P Rag Raskror =~ . Ras
Ry,  Raog Risy — Rasp

Nodal Equation for Node 4:

Te—Ta T3 T4 T9 T4 T5 T,
Ry, Ra3, Ry9 Rys
Similar equation for Node S in terms of nodes 3, 4,10, and 11.

3-82

=0

W>L W =50cm L=25cm
27rW _ 27(0.5) _1511

ln(4W/ L) 1n(200/25)
q = kSAT = (1. 511)(2.8)(78—15)= 266.5 W

2%
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3-83

L=02m S=824L =1.648
q = kSAT =(2.3)(1.648)(80 —10) = 2653 W

Sphere
S=4nr=4r(0.1)=1.2567

q = kSAT = (2.3)(1.2567)(80 — 10) = 202.32 W
V(cube)=(0.2)> =8x107> m>

V (sphere) = %75(0. 1)’ =4.189x1073 m3

4 (cube)= 265'313 =33,162 W/m3

\%4 8x10

q 202.32 3
—~ (sphere) = ——— = =48,300 W/m
v P 4.189%1073 /
3-84

r=5cm D=15cm

3.2 2529

L In@4D/r) In(60/5)
% = kSAT = (10)(2.529)(100 — 20) = 2023 W

3-86

W=90cm L=10cm D=20m AT =50-10=40°C
D>2W W>>L
2w 2m(0.9) _

) w3

q = kSAT =(1.5)(1.17)(40) =70.19 W

1.17

3-87

AT =75-15=60°C r=5cm S=4r=02m
q = kSAT = (3)(0.2)(60) =36 W

82
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3-88
AT =60°C W=L=0.1
oW m©.1)
Use S= = =
(%) In4)
g = kSAT = (3)(0.227)(60) = 40.86
g _4080_ 4086 W/m?

Asquare (0 1)
g (36)(4) = 4584 W/m?
Agisc 71?(0 1)

3-89

2L r=5cm L=20m W =20cm

_ 2w(20)
- ln((0.54)(20)) =163.2
5

q = kSAT = (50X 1073)(163.2)(200 — 35) = 1346 W

3-90
w
q = kSAT AT =100-24 k= 076——36 r=5cm
D=35cm L=1m
2r 2r(1)

BENED) @)(033)]
ln( r ) 1 [_'0"(')'5'_]
= (0.76)(1.886)(100 24)=1089 W
3-91
A = 2mrt (conduction) AV =2nrArt
T, = base temperature T.=

Base node (adjacent)
2m Art + BT AT = T

Ar
k(Ty - Tm)(rm > )X; +q(2m)r,

Ar\ 2mt
=k(T,-T, +— || —
(T, m+l)(rm > Ar)

Middle node
KT,_y—Tp

Acony = 270F Ar(2)

- B2 sm ) + K@ AN =)

Ar 2mt
=k(Tp, — Tm+l)(rm 2 Ar)

90
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Tip node

Ar\2m . Ar Ar
k(Tp—y — T )(rm - —2—)—&- + q(27r)rm(-i-) + h(2)(27rrm)—2—(T°° -T,)
= hQnar, T, — T..)

3-92
Acond = 27t r=0.25x+0.01 x =0 at top of cone

kt(zmx_el)Zm_:lA_;_Z'_". + kt(2mx+%&)z~m.t2x_:_1l"_ =0

[O.ZS(x - %"-) + 0.01](T,,,_1 ~T,)+ [0.25(): + %) + 0.01](7,,,+1 ~T,)=0

393
L,=50K Tg=0K rl=l§=o,7scm r2=.1'2_7

r. = ntn AQ = r rd=r,A8 A=(rn-n)1) per unit depth

=0.85cm

k=100 w_
m-°C
Node 1
kAIO_._E + kA —-=———
rd@ rd6 ‘
r=-h*h r,=1*h r Dt =Tt Ts
2 2
Solution
TO = 50
T, = 41.667
T, =33.333
;=25
T, =16.667
Ts = 8.333
T =0
Because outside surface is insulated a linear temperature distribution results.

3-94
§=8246 L=03

=2.472
q = kSAT = (1.8)(2.472)(30-10) = 88.99 W

9
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Chapter 3

3-95)

D=02 r =0.025

| 4m0075)  _
S= g o) 0.5367
2 04

q =kSAT = (2.7)(0.5367)(87—13) = 1072 W

3-96
anl _ 2108 _ o c1ng

s = =
o)l
q=kSAT = (3.4)(0.5734)(50 - 20) = 585W

3-97

T,=323K Tg=373K TL,=303K q:l'zi =

ntn
v, =
)
k=100 h=15
Node 1
=T a2 =N oprde)T. - 1) =0
rdf rd@
2
Let C= 2hr,,(AB)
kA
_ TO + T2 +CT,,
! 2+C
_h+G+ CT,
2 2+C
T2 + Ty + CT,
="/
2+C
_L+T5+CT
4 2+C
T, +Tg + CI,
Tg=—"—F—
2+C
Solution
T, =330.7
T, =338.6
T; =346.7
T4 = 3551
T =363.9
Analytical solution is obtained from temperature equation of Example 2-10 with
g=0 and

rd0=r,A0 A= -1’-’5 A=(r,—)1) per mdepth

92
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Chapter 3

hP 172
m=(—kz) P=2[(r2—r1)+l] 91=T0—T°° 92=T6—T°° xl=rmA9

xy =2r,A8; etc.
Numerical solution agrees with analytical solution.

3-99
g= AT
Rovcrall
Ryverall = Rinside convection Ryan + Routside
1
Rinside convection =
hAinside

_ Ax

Rwall -
kAwall mean
_ Ainside + Aoutside
Awall mean — )
1
Routside = S
soil

S = shape factor from outside wall to soil which must be estimated by considering
several different geometries.

3-100

For this problem the overall thermal resistance will be the sum of the resistance of
the pipe wall plus the resistance resulting from the shape factor for a buried pipe.
From a practical standpoint one might want to use several small pipes operating in
series to minimize pressure losses due to fluid friction, but that is not a
consideration in this problem. Properties of plastic pipe may be taken as that of
PVC from the appendix. The overall temperature difference may be taken as the
mean water temperature minus the soil temperature at depth. To start the selection
process take the outside wall temperature as that of the water and choose some
convenient depth for the pipe. Then select a standard diameter (1 inch, 2 inch) and
determine the shape factor per unit length. Then determine the required surface
area and pipe length. Then refine calculation by including pipe wall thermal
resistance. Repeat the calculation for several pipe sizes for both steel and plastic.
If possible, obtain some cost information for the pipe as a function of diameter
and examine the influence on the total cost. Something like copper tubing is
probably not a viable alternative because of the high cost. PVC pipe will probably
represent the lowest installed cost option.

9%
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3-101

For this problem only consider conventional electric burners which have spiral
heating coils. Halogen and radiant burners have different characteristics. To
simplify the study, one might consider just the aluminum layer for an initial
calculation. The major spreading effect is caused by this layer. After the heat
spreads, the stainless steel acts mainly as a series thermal resistance and the
objective here is to evaluate the effectiveness of the aluminum in bringing about
uniform heating. Although the pan is circular, an initial study could consider just
the spreading effect of approximately 6 mm heater elements spaced 18 mm on
centers in intimate contact with an infinite aluminum plate exposed to the given
convection condition on the top surface. The objective is to determine the
uniformity of the surface temperature in contact with the water. The analysis can
then be refined to include a contact conductance between the heater element and
the pan, but this should mainly be evidenced as a lowering of the effective burner

temperature. Keep in mind that the given value of & =1500 2W c could vary by
m* -°

+40% or more, so elaborate numerical models are not necessary.

3-103

The analysis of this problem requires that the heat gained by the building from all
sources be equal to the cooling supplied by the refrigeration system. The heat
gained from the ground passes through two thermal resistances: that of the
concrete slab and that resulting from the shape factor of the slab in contact with
the ground. In addition, of course, there is an internal convection resistance. The
heat gained from the outside environment air passes through thermal resistances
of the outside convection, concrete wall, inside convection, and whatever
resistance results from installation of the outside insulating material. Note that the
heat gained through the floor slab will not depend on the outside insulation, as
long as the interior conditions are maintained constant.

94
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4-1
I.=T,+A,sinor

Energy balance: g = hA(T-T,)= pcv(g)
T

Let K = ﬂV along with initial condition T = Tpat T=0;
pc
Solution is:
T-T, =Ty -T,)e X" +(—2KALK2 (e X" —coswr) + Ksinwr]
0+

4-2

o =18x10"% m?/sec 2L=2.5cm T;=150°C T =30°C

2
T=1min =60 sec E=£;(l) at =1.705
2L 2 \2L

1st four nonzero terms n = 1, 35 7

T;Ti-=i[0.1818—7.22x10‘8+6.15x1028]=0.231
L-T, =
o (041 00
T =30+ (0.231)(150 — 30) = 57.8°C L—2=0.69 9-:0.25
i
4-3
2L 2 2L 2
—T“—TL=i(sinf+1sin3‘-+1sin5—”+lsin7—”)=o.9216
T-T, n\" 2 3 2 5 2 75
correct value is 1.0  Error = 7.84%
44
q=0A(T* - T.*)+ hA(T-T_) = —chZ—:
9%
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4-5
Ty =250°C T =90°C T, =35°C

_IfAx)_(1y__005 | -3
Rin z(kA) (21(0.2)2(370)] 16910

C,, = pcV = (8900)(380)(0.05)(0.2)? = 6764
1

=0.0875

Rthcth

T=Te _ oyp(-0.08757) = —0=33 _ 02558

To-T. 250 - 35

T =15.58 sec

4-6

m=pV p=2707 kg/m> =896 ]
kg-°C

i;-m3 (2700) =6 r=0.0807 m
A=4nr? = 0.0822 m>

hA _(5B)0082D) _ oo\ a4
pcV . (6)(896)

20-20 _ . p(-8.87x10%7)=0.25
300-20
T =1563 sec

49

q 4 54 dr
4 _ 6e(T* - T,%) = —pc(2L) 2=
A ( s =P )dr

dl ot d
4 T
TA-T%  2pcL

T
T 4T 1 |n+1] 1 T
J e zlo +—ztan | —
ntA-1 |47 n-1] 27 %)),

Toedt _ o€t

=— (b
02pcL 2pcL

Chapter 4

(a)

Setting (a) = (b) produces an equation for T as a function of 7. For specific
problems the answer is more easily obtained with numerical methods.

C1A
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4-10
o] O, W
Ty=25°C T, =150°C h=120 — T =120°C
m~--°C
p=7817 =460 d=6.4mm
A_4
VvV d
M _____R0@) e
pcV  (0.0064)(7817)(460)
T-T, hA
=exp| ———7
Iy -T, pcV
120-25 _ 26 — ,~0.02086
150-25
T=13.16 sec
4-11
T.=20°C Ty =200°C h=28 d=5cm T =90°C
p=8954 =383
e
V 5
pemm R0 8 8 B
pcV  (0.025)(8954)(383)
200-20
T =964 sec
4-13
Lumped Capacity p =28954 c=383
2
hA _ (15)(4m)(0.015) =875x10~
PV (8954)(383) 4 m(0.015)°]
M — '—8.75)(10—41' T= l 121 sec
50—10
4-14
p=2707  ¢=896 OAT* = —pcv%T— Tin °K
T
dar _—cA 1 1 oAt
" pev T3 T3 pev
T=-240+273=33K Ty =40+273=313K T=9.9x10% sec
91
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4-15

p=999.8 c=4225 L=2d A=25md*

d =6.06 cm A=288.5cm?
RA _ (15)(288.5)(107%)

pcV (999.8)(4225)(350)(10-6)
15-20 _ -2927x107¢
1-20

4-16

h(V/A) _ (10)(0.006)

k (3)(204)
lumped capacity p=2707 c =896

200-20 _ ooz
400 - 20
4-17

h(V/A) ﬂ _ (20)(0.02)

k 3k (3)(380)
lumped capacity c =383 p=8954
80-30 [ -
220 30
4-18
90 -35

=2.927x107%

T =456 sec

=9.8x107°

=0.4737 T =362 sec

=35x10~*

] =0.263 7 =1494 sec

A=

a=7x10"" m?/sec n=29 i 1111x1073
min

—3. /2
x= [P =05 ZLLAOD T _ 5 55
o 7x10
2nmr = 27(1.1111x 10)(2)(3600) = 50.26

2mT —x ) =46.734 radians = 2677.66°
o
c08(2677.66) = —-0.925 sin(2677.66) = 0.3801

= kAeﬁJE[\/% )[cos(2677.66) +51n(2677.66)]

> e

98
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=7 5@ x=5cm=0.05m k=1.37

= (1.37)(27.5)(e>*31)(~0.925 +0.3801) = ~0.601 W/m?

A%
m-°C

cyc/sec

Chapter 4
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4-19
Maximum points when sine function is max, i.e.:
,nn /4 /4 1
2mTt—x|—== at x=0 T=—1—=_
a 2 4 4n

in
v/ x‘\/_ ’
atx:xl 'z'_—__+_—a=_l_+_;. _L
on

4 2mn 4n

AT = i _1_
2 Vrom
4-20
. o w .
I; =54°C I.=10°C  h=10 > x=7cm 7 =30 min
m*-°C
a=7x10"" m%/sec k=137 W
m-°
- = 0986 =1 o021
Aot 2[(7x1077)(30)(60)]2 T.-T,
-7 172
maz _ (10)[(7.7x1077)(30)(60)] | - - - silbsec
k 1.37
4-21

I; =300°C T, =35°C x=75cm  7=4 min =240 sec
o =11.23x10" m?%/s

x = P75
et 2[(11.23x1075)(240)]

erf X=02533=L_10 T =102.1°C

L -Ty
4-22
a=7x10"" m?/s T,=55°C  Ty=15C T=25°C
x=5cm
T—%=25—15=0.25=eer X=02253=—=%
T,-T, 55-15 2Jar
7=17,589 sec = 4.89 hr

59
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4-23

%0=0.5><106 W/m? T=300s T,=20°C k=386
@=1123x10" m?/s
x=0
(2)(0.5x 10° )[ a "23"10_5)‘3"0’]1/2
T=20+ o r ¢® = 288.3°C
x=15cm
X 0.15
X = - =0.4086
2Var  2[11.23x10°3 )(300)}"/2
2
:—T =0.167 erf X=04173
104
s 1/2
20.5x 106)[ (11.23x10 )(300)] 6
T-T= i 0167 _ (05X ;‘;6)(0‘15) (1-0.4173)
=113.8
T =133.8°C

4-24 All cases remain at 20°C because x/2(at)"? is so large.

4-26
w
m-°

T; =90°C Ty =30°C x=75cm  7=10sec k =386
a=1123x10"> m%/s

2
]
9 _HE-T) 7
A ot
4___ (-386)90-30) ~(0.075) }z_m.s kW/m?
A [m(11.23x1075)(10)]72 e’(p[zt(u.:n x 107°)(10)
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Chapter 4

427
T, =30°C %:15,000 W/m? x=25cm  T=120sec

k =204 a=842x107

r 1/2
_ 15,000/ (8.42x 107)(120) o —(0.025)%
204 n 4(8.42 x 107°)(120)

T-T,

~ (0.025) 1 -erf 002
| (2¢842x107°(120)

=6.59
T =36.59°C

4-30

nv/a) _ o3 _ 8%
k k 204
Therefore: Lumped capacity p =2707, ¢ =896
hA = 3h = (3)(78) =0.00345
pcV  rpc  (0.028)(2707)(896)

73-23 ~0.003457

=0.00357

355-23
T =549 sec
4-31
T-Ty -1-(=b x
= =0.5263 = erf
T,-T, -20-(-1) 2ot
X
=0.5267
24at

1 [(0.015)(3.2808)

2
T= =0.04547 hr =163.7 sec
0.048 2(0.5267)

lel

Mech.MuslimEngineer.Net



Chapter 4

----- ' 4-32
%:900 W/m?  T,=20°C x=10cm  7=9hr=32400sec

k=137 —_ a=7.5%x10"" m%/s
m-°C
_ 1/2
. (2)(900){(7.5x10 7)3240] 0.1
=20+
1.37 Pl 4(7.57x1077)(32,400)
(900)(0.1) 0.1
- |1-ed =7 172
1.37 (2)(7.5% 1077)(32,400)
=81.5°C
4-33
T,=300°C Ty=100°C  x=003m T=200°C
200-100 _ 5 erf(——x—) o =0.444x107°
300 — 100 2ar
; (28]
=048 7= A0 — 2200 sec
War 0444 %107 A
4-34
O W (o] O,
T,=40°C  h=25 — T.=2°C  x=008m T(x)=20°C
m- -°C
a=52%10"" k=060 —
m-°C
T-T, 20-40 x
= =0.5263 =04
T.-T, 2-40 2ot
[ 0.08 ]2
7=1@OD]__ 19231 sec

52x10"

o2

oMl alaiyl - dyilSall dial



Chapter 4

4-35
T,=30cc 4
A

k=232 —_ a=92x10"" m?/s
m-°C

=3x10* 7 =10 min = 600 sec x=3cm

23 x104[(9.2 x 1077y 62]"/ —(0 032
T=30+( X )[( ) - expl: 0.03) ]

2.32 (4)(9.2x1077)(600)

(3x10%)(0.03) 0.03
- 1—-erf
2.32 (2)(9.2 x1077)(600)

=30+ 228 =258°C

4-36
From symmetry same as inf. plate 6 cm thick
T=360sec L=30cm a=1123x10"° k=370 %:44.92
6ycr _ 150-100 _ ..
;' 250100
Iterative Solution: 1
L3 % 9 12 8 _ 0.33
hL ) 8 6; )
100 0.65 1.0 0.65 0.32
50 0.42 0.98 041 0.08
45 0.38 0.98 0.37 0.04
40 0.34 0.98 0.33 0
he— 370 _3083 TW‘
(40)(0.03) m~*-°C
4-37
L=5cm  h=1400 k=230 T; = 400 0 =842x107
T.=90  Ty=180 =320 %_020 L_sp
hL . L
2
T= 0057°6) (5_)5 =148 sec
8.42x10
[o2
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4-38
T;=350°C T,=80°C Tp=150°C =6 min=360 sec
k=374 ——  g=1123x10°  L=0im L-404
m-°C 5
S _150-80 _70 40 =10 X 40
6, 250-80 170 L hL
h=i4_._=935 2VV
(4.0)0.1) m? -°C
4-39
o W
L=5cm  T;=400°C  T,=90°C  h=1400 —
m”-°C
k=204 —_ a=84x10"> m?/s o _180=90 _; 59
m-°C 6, 400-90
2
Ao _2M s L_yy o UDOON_ps
KL~ (1400)(0.05) 8.4x10"
4-40
W
L=0015m T, =500°C  T,=40°C  h=150 —
m--°C
w -5 2 k 6.3
k=163 ——  a=044x107 m%}s — = ____7:
m-°C / KL~ (150)(0.015)
aX=10 L-09
L 6
For 02120290 4190 2T _y39
6, 500-40 2
2
T=w=7llsec
0.44 %10
For £=017a 0T _q1g 2043
6, 6, 093 2
2
T=-(-mli_)5—=665 sec
0.44 %10

o4
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4-41

Hh=5cm L=5cm T, =250°C T, =30°C h =280 2W
m--°C
k=43 VZC a=1172x107 m2/sec T =2 min =120 sec
m .
F=%0se3 -k _309
L ro hL hro
. 6o 6 0,
cylinder: — =0.86 plate: —=0.93 —==0.86
6; 6; 6o
center: 9£ =(0.86)(0.93)=0.8 T =175°C
i
End center: —g— =(0.86)(0.93)(0.86) = 0.688 T =151°C
i
4-42
2
-X
T — Tl' — _QO“M_ exp —_—
Apc(rar) 4ot
q oT '
q_ ;22
A o0x

__ Q —x2 (—Zx)
k[Apc(mxr)l/ 2 }exl{%n') 4ot

_1x[ o —x’
27 {A(rcar)“ 2 JCXP[MHJ

4-43

Assume behaves like center of 20 cm thick wall with T; = 15°C,
€ =900, p=2200, k=232, a.=1.17x10%

h=65, 60/0;=(5-(-10))/(15-(-10)) = 0.6
k/hL = 0.356

Fig. 4-7(b) ot/L?=0.48

T=(0.48)().1)%/1.17x10° = 4100 sec

los
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4-44

Q/A=10MJ/m*; T;=20°C; x=0.023; 1=18s
a = 8.4x10°; p=2700; c=896

Eq. (4-13b)

T =20 + {10°/(2700)(896)[n(8.4x 10°°)(1.8)]"* }exp[-0.023°/(4)(8.4x 10°)(1.8)]

=27.91°C
4-45
p=7817 ¢ =460 o =0.44%x107° x =001 =3
L _107 3/m? T, = 0°C
A
10’ —(0.01)2

r-0= Sz OXP =

(7817)(460)[7(0.44 X 107)(3)] (4)(0.44 X 107)(3)
T =431.9¢7 1894 = 64.99°C
4-46

2

64.99 = 431'97 (@) exp —(E) (1.894)

1x10'\ A 1

% =23x107 J/m?

oG
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4-47
From Prob. 440

1x —x2
1.2 _& 177 [exp| ==
A 27| A(nar) 4ar

_0.01 (107) 01894
(2)(3) [7(0.44 x 1075)(3))1/2

4-48
p=2700 c =896 a=842x107 x =0.002 7=0.2
T, =30°C T =600°C
2
600 -30= Qo/A —= 77 ¥ exp[ —(0'002_) 5 J
(2700)(896)[7(8.42 x 10 )(0.2)] (4)(8.42x107°)(0.2)
( [ ) o~0.0594
570 =

17,596
% =10.64 MJ/m?

4-49
p=4000  ¢=760 a=120x10"7 x=0.0002 7=02
T,=40°C T =900°C
2
900 - 40 = Qo/A — 75 €XPp “(0‘000_27)
(2700)(760)[7(120 x 10~7)(0.2)] (4)(120 x1077)(0.2)
860 = (QO/A)e—O.0042
8347
% _q, MI/m?
A
4-50
p=2700 =840 o=34x10"7 x=0.0002 7=02
900 - 40 = Q/A exp ~(0.0002)°
(2700)(840)[7(3.4 x107")(0.2)]*% | (4)(3.4x107)(0.2)
1048
D _ o4 MJ/m?

A

(01
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4-51
n=55cm T;=300°C T_=50°C h=1200 2W < To=80C
m .
p=2707 =896 —> k=204 —_ a=84x10" m?/s
kg-°C m-°C
L=_20_4___=3,09 9 _ 80-50 =0.12 %:3,7
hry  (1200)(0.055) 6;,  300-50 T
2 2 2 -5
.o (3.7)(0.05_55) 133 s h ar _ (1200) (8.4x120 )133) _ 2o
8.4x10 k (204)
" 0304 2 _oss
k Q

Qo = pcV6; = (2707)(896)(300 — 50)7(0.055)° = 5.76 MJ
0=1(0.85)(5.76)=4.9 MJ

4-52
-7 2 w

=9.5%x10"" m?/s n =125cm k=152 —
m-°C

T,=25°C T, =200°C h=110 ZWC 7 =3 min =180 sec

m*-°
_k_=__1'_52_.=1_105 L=g§i=0.51
hry  (110)(0.0125) n 125
-7
o 0310 Y0 1094 fogra  froog
N (00125) 9,- 90

center T =(25-200)(0.12)+200=179°C r=6.4 mm
T =(25-200)(0.12)(0.89) + 200 = 181.3°C

4-53
T,=300°C T, =120°C d=15mm 1, =0.75 mm T.. =100°C
h = 5000 — k=35 o =234x10" m%/s

m*-°C m-°C
LN 2 =9.33 G _120-100_,
hry  (5000)(0.00075) 6, 300 -100

2

213 ¢ = TINO000T9” _ 175 e
% 2.34x10

(o8
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4-54
n=5cm  T,=10°C T, =250°C h=280 a=1.172x107
Ty=150°C k=43 o _150-10 _ g5
6 250-10
L:-L:&(ﬁ a_§=0'75
hry  (280)(0.05) %
2
T= (Oﬂ(()_O_S_)? =160 sec =2.67 min
1.172x10
4-55
Ao w
T, =200°C  T.=20°C h=14 — % =0.0075 m
m*-°C
Ty=50°C k=078 —V_ a=34x10""
m-°C
L0718 .45 b _0-20_ ..o
hry  (14)(0.0075) 6; 200-20
2
B=45 1= —————-(4'5)(0‘0‘)Z? =744 sec
) 34x10
4-56
(o] W O,
1 =0.0075 m T, =200C  h=5000 — < TL.=100°C
m .
Ty =120°C k=35 0 =234x107
m-°C
L 2> =9.33 % 120100 _,,
hry ~ (5000)(0.00075) 6;  200-100
2
D=5z 0O _ 4, 105 e
% 2.34x10
4-57
T;=250°C T,=30C h=570 T=120sec L =I,=125cm
Ly=375cm k=43 Vic a=1.172x10" m?/sec
m .
i' =6.035 i' =201 24 =900 “—gl =1.00
KL, , KLl Il , *l;
%l _02s % —07  Center 20— (0.25)%(0.07) = 0.0438
6: 1y 5 615 0;
T =39.6°C
109
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4-58

T, =30°C T=120sec T;=220°C h=570

m? .°C

w L =L, =0.025

m-°C

o =1.17x107 m?/s k=43

L;=0.075
at _ (1.17x107°)(120)

L2 (0.025)?

% =025

=2.246

k 43

= =3.02
hL;  (570)(0.025)

(—J =0.54 (2—0) =092 (2—0) =(0.54)2(0.92) = 0.268
L Ly bar

i i

Tp =30 +(0.268)(220 — 30) = 81°C

4-59
W

m? .°C

k=204 ——  @=842x10"° m%s Loass Do,
m-°C hL L

—=0.7 —-==09 Center of face: —0— =(0.7)(0.9) =0.63

6, 8 0,

T = (0.63)(300 — 100) + 100 = 226°C

L=5cm I; =300°C T,=100°C h=900 T =60 sec

l

tio
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4-60
n=75cm L=15cm T; =25°C T, =0°C Ty =6°C
h=17 — a=7x10"7 m%s k=137 % u
m*-°C m-°C hL
* 1075 9_0=£‘_0_=o.24=(5"2J (ﬁ’g)
hry 6, 25-0 6; oyl ?) plate
Iterative Solution:
T LA S| p | cr
ro L
3600 0.448 0.65 0.112 1.0 0.65
7200 0.896 0.28 0.224 0.9 0.252

T=T7200sec=2hr

4-61
2
1 _ 1 _ _kﬁ _ (0.8)7(0.02) ~0.02513
Rm+l Rm—l Ax (4)(0-01)

i = hA = (50)7(0.02)(0.01) = 0.031416

3 <= 008168
R
C,, = (2700)(840)m(0.01)*(0.01) = 7.125
7.125
= =87.2
Fmax = 508168 sec
p+1 — AT
" 7.125
+1,,P
4-62
3
k =290 h(V/A) _ _(120)(0.04)

k  (6)(0.04)%(240)
Lumped capacity: p=2707 ¢ =896
hA _ (120)(6)(0.04)> 742 %103

pcV  (2707)(896)(0.04)°
250-100 o742x107%1

450-100

T=114 sec

=33x10"3<0.1

Mech.MuslimEngineer.Net
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4-63
O, (¢} W
L=55cm T;=400°C T_,=85C h=1100 3 T =60 sec
m .
k=204 W _ @ =84x107 m?/s k___ 204 .4
m-°C hL  (1100)(0.055)
-5
_0%= 8.4x10 %(60) —1.67 Qg= 0.7
L (0.055) 0;
x e 7] 3
at —=1.0 —=0.86 — at center of face =(0.7)°(0.86) = 0.295
L 6y 6;
T =(0.295)(400 — 85) + 85 =178°C
4-64
W
L=0.025 I,=100°C T, =25°C k=20 Toe Iy =50°C
m .
k=204 W _ a=84x10"> m?/s
m-°C

h(V/A) _ (20)0.05)°
k (6)(0.05)%(204)

- _ 2
Lumped Capacity: 150*25--“ [ (20)(6)(0.05)“ 7 ]

=8.16x107%

00-25 | (2707)(896)(0.05)>
T=1111sec
4-65
T;=200°C T, =30°C 7=600sec k=200 ZWOC d=10cm
m .
L=15cm Ty,=100°C k=163 a=044x10"3 p=17817
c =460
k163 k__ 163 o
hry  (200)(0.05) hL ~ (200)(0.075)
& =1.056 & 047
ro L
! _ 045 S| _p9 bo_ (0.45)(0.9) = 0.405
6; 6; 6;
T = (0.405)(200 — 30) + 30 = 98.8°C
Plate
2
Koo %39
k k
lta
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Cyl
o _ 61

k
21 _oss L2 _o2
QO cyl QO plate
2 =0.55+0.2(1-0.55)=0.64
QO total

Qp = pcV; = (7817)(460)m(0.05)%(0.15)(200 - 30) = 0.72 MJ
0 = (0.64)(0.72) = 0.46 MJ

4-66
w
L=0.15 p=0075  T;=300°C T,=20C h=35—
m~“-°C
T=120°C k=23 p =300 kg/m> =840 —
m-°C kg-°C
_Ii.=__2;§___=()_44 _’£_=0'88
KL~ (35)(0.15) hry
9 _120-20_ 4 a=%—912x107
6;  300-20 pc

Geometric Center

At 7 =300 sec

(N /Oi)cyl =0.7
(6o/6; )plate =0.96

-6
%r_ _ (01210 2)(300) ~0.12 g’;’_ —0.36
L (0.15) )

} g-: 0.67 therefore T is too small
i

At 7 = 500 sec Loo6  L-04
n i
Therefore 7 = 500 sec
Center of Face
X=10 9 _om
L 0y
[0—0) X (9—0) x0.43=0.36 (—OQ) X (QQ) =0.84
6, cyl 6; plate 6; cyl 6; plate
T =250 sec
3
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4-73
1 _KM_Q00) g0 L
R, Ax 00025 Ry

-l—=hA=70(l)=70
R

]—oco

SR )0 NP
Ry 0.0075 Rys
1050 s 1
Rsg 001 Rg;

G = (7800)(1)(%2)(460) = 4485
G, =(2)(4485)=8970

0.015
C3 = 4485 +(1600)(1 —4—)(850) =9585
C4 =(2)(5100) =10,200
Cs = 5100 + (2500)(1)(0.005)(800) = 15,100
Ces = (2)(10,000) = 20,000

C; =10,000
1 1 1
— =8070 — =16,600 — =8000 +160 = 8160
27 2% 2%
1 1
— =(2)(160) =320 —=160+50=210
R, = (@060) D %
1 1
— =(2)(50) =100 — =50
X% X%
Nodes L‘l
X%
1 4485/8070 = 0.5558 sec
2 8970/16,000 = 0.5606
3 9585/8160=1.175
4 10,200/320 = 31.88
5 15,100/210 =71.9
6 20,000/100 = 200
7 10,000/50 =200

Use A7 =0.5558 sec
Compute for 2, 20, 120 time increments.

l 4
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The Equations

A B C D
1 |Tl= =(70*(10-C1)+8000%(C2-C1))*$C$9/4485+C1
2 |T2= =(8000*(C1-C2)+8000*(C3-C2))*$C$9/8970+C2
3 |T3= =(8000*(C2-C3)+160*(C4-C3))*$C$9/9585+C3
4 |T4= =(160*(C3-C4)+160*(C5-C4))*$C$9/10200+C4
5 |T5= =(160*(C4-C5)+50*%(C6-C5))*$C$9/15100+C5
6 |T6= =(50*%(C5-C6)+50*(C7-C6))*$C$9/2000+C6
7 |T7= =(50*(C6-C7))*$C$9/2000+C7
8
9 |Dt= 0.5558
The Solution
ls
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LL

SHUUEIEEEN

SJEHEEEE

=I813Id RIS 1318082 (2 |82 8 8 e s le el [vlele s |a s |alslals o

i

818SIR/R[R|8I8/2 /823380l

109}
10
ni
112)
ns

4
s
16
u?
118

90.19218 |
90.0854/

3939073 | £9.97904|

36.77419
$6.38301

$6.39317,
86.29875

26.11089
26.01748

5.
25.83134

5.
23.33%03
2546352

$9.87309 |
997753
5. 13
99.55768
99.45334,

$9.3494
89.24588
$9.14269
$9.03991
38.93752
88.83552

3863263
$3.53178
$3.43124/

83311
38.23133
$8.13191

8s.
87.93416

26.0181

95.70m2
”:‘§1|,
93532528

95.1989|
9597313
94.94M1

9469918
94.57363
54.45266
9433022
9420831
$4.08693
93.96611

$7.44316)
$7.34809
87.25334,
£7.15893
57.06433
86.97106

86.78448

165
$6.5%16
36.50697
86.41509,

95.71819] 99,9883
99.67046] 95.58506
99.64347] 994

%.61975| 998177

9936613 ] 99.97%94 |
9. 9.

$9.50991] 99.97200
99,

99.43103 | 99.96653
9. 99

9918969 99.96042|
99.35813 | 95.95712

97.79929| 99.68828
91.74287{ 9967753
97.69624] 99.66664
97.6494] 99.63552
97.60236 | 99.64421

97.3077] 99.62101
97.4
97.412]99.59703
9736433 | 99.58474
9131619 99.57227
97.26789] $9.5396
9721942 99.34673
97.1708] 99.

9.4 99.

97.07309] 99.50699
97.02402| 99.49336
96.97481 | 99.47953
96.92346 | 99.46352

99.99999 100
99.99997 100}

3!§! 8

99.83271 | 99.95741/
99.82747] 99.95367,

99.80352} 99.94829|

99.73016 | 99,9284 ] b
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— 4-74
p=2000 kg/m®  c=960 —3 k=104
kg-°C m-°C

L k1090005 o
R, Ax 0.02

L _ 10400 _, o
R 0.01
G = piciV;
Node Vi G 1 ATax

R;j

1 0.0001 192 3.6 533
2 0.00005 96 2.05 46.8
3 00002 384 5.2 73.8
4 0.0001 192 3.1 61.9

1
——=(50)(0.02)=1.0
R_..

L (500,015 =075

2 —oc0

=(50)(0.01)= 0.5

I _ 0900y _ .,
Ry, 0.02

1 _(0900) _,
Ry, 0.01

LA
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k=204 c =896 p=2707 1, =20°C d=25cm
Ax=4cm h =50

1 _ KA _ (204)7(0.0125)
R, Ax 0.04

=hA = 50[7:(%5)(0.025) + 7:(0.0125)2] =0.1031

Z% =2.6065

C=pcAV = (2707)(896)71'(0.0125)2(0.02) =23.812

23.812
At ==2812 g 1356 e
max = o 065 ©

AT AT
PHl = 2" 12,5037, P +0.1031(20 +(1— )T P
m 23812 m-1 (20)] 9.1356 ) ™

=2.503

1 _ kA _(232)001)
Ry Ax 001
1 (048)(0.01)
Rs 001

2.32

0.48

1 A= (50)(0.01) = 0.5
Ry ..

Zi =2324048+05=33
Ry

C3 =(3000)(0.005)(0.01)(840) + (1440)(0.005)(0.01)(1000) = 198

ATy = 13% =60 sec

TP = [2.32(57 - 15P) + 0.48(T5P - T3P) + 0.05(40 - TyP)] 2% 4 7,
3 1 3 5 3 3 198

(8
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..... 4-77
1L _k_1,_ 1
R, Ax 2 R,_
Lot Lcna=nar
R, R+
T, oP= A7 [-If(Tm_L nP +Tpyy P +2T, ,,_IP)+hAxT°°]
Cp, L2 ,
+[1———M ]T,,, P
ATpax |
4-78
L) KM _Q000)_,, I —3ec L _Q00O0D
Ryp|, Ax 0.02 R;3 0.04
1) _d20002 _,, 1 _a200_,
R12 B 0.02 R14 0.04

L hA=(40)0.02)=038
R_..

1

G= Z pcAV = (7800)(460)(0.01)(0.02) + (1600)(850)(0.01)(0.02) = 989.6

rmx=—9§8%56—=36.25 sec

AT AT
TP = ZZ[ST:P +21.2T5P + 0.3T,P + (0.8)(30 +[1— ]TP
1 Cl[ 3 2 27 +(0.8)(30)] 36.25 |1

g

Mech.MuslimEngineer.Net



Chapter 4 !

4-79

L _(2)00225) .
Ry 0.02

L| _a200_
R_7|, 003

L _05)0005) oo
R 9. 0.03

L] _a2x001 08
Ryl 0015

L| _Q0x00s) _
R_|, 0015

L] @005 _ o
Ri_4|, 0.01

L| _ 050015 .
Ri_4). 0.01

2-1;— =25.05

1
C=Cy+Cp+Cc= (7800)(460)(0.005)(0.0075) + (1600)(850)(0.0225)(0.01)

+(2500)(800)(0.005)(0.015)

=590.55
_590.55

AT =
max = 95.05

hPt = 59%15 3 (T3P = T1P)(1.35) + (TP — ;7 )(0.4833) + (7.4667)(T,” — T;P)

+(15.75(Ty? - T;P)] + ;P

=23.57 sec

lig
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p C k
A 1440 840 048

B 2787 883 164
I _ (048)(0.005) , (164)(0.005)
Rs, 0.02 0.02

1 _ (0.48)(0.02) ~0.96 A _ 0.12 1 _ (164)(0.005)

1 1
—— =(35)(0.005+0.01) = 0.525 —=83.725
—— = (35X ) 2%

5—co
Cs = (1440)(840)(0.02)(0.005) + (2787)(883)(0.01)(0.005) = 244.006
244.006
= =2.914 sec

1‘ =
max - 83725
TsP* = [41.12T,P + 0.96 57 +0.12T,” + 41T,P + (55)(0.525)]5—

T
Cs
+(1- = )TSP
2914

=41.12

=41

4-81

Node 1

1 _ (1.04)(0.02)
R, 001

1 (1.04)(0.01)
R; 002

3 1= @208 +@(0.59=52

C; =(2000)(960)(0.01)(0.02) =384
Node 2

cz=3%=192

1

2—c0
1 _ (1.04)(0.005)

Roq 0.02
z% =2.08+(2)(0.26)+1.2=3.8

=2.08

=0.52

=(60)(0.02)=1.2

=0.26

L2
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Node 3
G= (2000)(960)(0.01)(0.015) = 288

L _ 10490015 _
Ry 0.01

1 _ (1.04)0.01)
Rss 0.01

Z% = (2)(1.56)+1.04 +0.52 = 4.68

Node 4
C4 =(2000)(960)[(0.005)(0.015) + (0.005)(0.01)] =240
1 _ (1.04)(0.005) —026

Ry, 0.02
= (60)(0.02)=1.2

1.04

Ry
I _ Q090015 _
Ryg 0.01

Z%:0.26+o.26+1.56+1.56+1.2=4.84

Node 5
R 0.01

2%:4.16

Cs =(2000)(960)(0.01)(0.01) =192

1.04

1
Node C ZE ATrax, sec.

1 384 5.2 73.85

2 192 3.8 50.53

3 288 4.68 61.54

4 240 4.84 49.59

5 192 4.16 46.15
|1t
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4-82

1 _(500025) _ 1 _,g7s
Ras 0.02 Ry

1 _(1500) _ L (25)(002)=05
Ry  0.005 Ry

2% =64.25
5 U7+ Ty)+ 60T, +0.5T,,

3 64.25

4-83

Fraction liquified = (1/ugpAV)Z [(T; - Ti)/R;

4-84
1 _(16)00125) 1| _a6)0.005) _,
Rz6 0.01 Ry, 001
1 _ (100000125 _ 1| _ o000y _, .o
Ryg 0.02 Ryalp 0.01
1| _6)0.005) .., 1| _ 0000 _
Ri_1p, 0015 Rp_joly 0015
2—1— =262.5
R7_j
C; = (7800)(800)(0.005)(0.0125) + (2600)(500)(0.01)(0.0125) = 390 +162.5
=552.5
552.5
ATmax = 5—6—2—5 =2.1048 sec
4-85
L _d090009) _,5 1 _2_g5 1 jo42=12
Ry 0.02 Ry; 4 Ry5
1 1
= (40)(0.02)=0.8 —=158
—— = (40)0.02) 2

G, =(6500)(300)(0.01)(0.005) + (2000)(700)(0.01)(0.005) =167.5
ATnax =10.601 sec

AT AT
TP =[2.5TiP + 0.5TxP +12T-P + (0.8)(20 +(1— )TP
27 =250 3 57 + 0.8 10.601 )

{13
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4-86 .
p C k
A 1440 840 0.48
B 2787 883 164

C 7817 460 16.3

1 _(048)(0.01)

=048
Rs, 0.01
L _ 048)0.005)  (164)0.005) . 4
Rs, 0.01 0.01
L _ (048)(0.005)  (163)0.005) _ .
Rsg 0.01 0.01
I _(164+163)0005) _o
Rsg 0.01
Z% =181.26
Cs = (1440)(840)(0.01)(0.005) + [(2787)(883) + (7817)(460)](0.005)(0.005)
=211.90
211.90
= =1.169
max = 181.26 se¢
4-87
I _(20)0.005) _ I _@ooon_.
Ry 0.01 Rz 001
I _(2)0.005) 1 0,200y _
Ris 002 Ry 0.01
1
= (50)(0.01+0.005) = 0.75 —=43.25
—— = (50X ) 2%
C4 = (7800)(500)(0.01)(0.005) + (1600)(800)(0.005)(0.01) = 259
259
ATy = -—43.25 = 5.988 sec
+1 At At
T,P*! = [10T,7 + 20T +0.5TP + 12757 + OISO = +|1- 5 TP
4 .

lay
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4-88
L _ (20000005 _,
Ria 0.01
L _(30)0005)
Rs 0015
L _ (200)0005) , (B0)0.0075) _
Ry 0.01 0.01
El— = hA = (50)(0.0125) = 0.625
]—o0

Zi= 233.125
Ry

G, =(2700)(900)(0.005)(0.005) + (7800)(800)(0.005)(0.0075) = 294.75
294.75

= =1.264
max = 533,125 e
At
TP = 100(T4P — i)+ 10(TP - T;P) +122.5(T,P - T;P
1 294.75[ (T4 17)+10(T5 17)+122.5(T, 17)
+0.625(10 - T;P)] + T;?
4-89
L] @009 _ . 1] _@o00s)
Ryl,  0.02 Rysl, 001
L] _@oo_, L] _@oo0s) _
Rys|, 001 Rysl, 001
L hA=(120)0.005)=06 1 231 wpee
R, .. Ry_j
C, = (1600)(800)(0.005)(0.01) + (7800)(500)(0.005)(0.005) = 161.5 J/°C
161.5 |
A max = ﬁ— =6.991 sec
P = 2175 [0.5(Ty? — TyP) + 10(T3P — TyP) +12(T5P — T,P) +0.6(10 — TyP)]
+ TP
4-90
k=163 p=T7817  C=460  see Table 4-2(d)
pi= 18 COOID 4 364 R=22C R@G+B)<>
k 16.3 (A%) 4
oy
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16.3 -6 %
= =4.53x10 < =0.24697
(7817)(460) 3.0368
0.24697)(0.01)2
A< ( X v ) =5.452 sec
4.53x10
4-91
For A7 =1942 sec
17, =11912 I; =11.097 Ty =22.532 T5 =20.329
The Equations
A B ] C D
1 |T1= =(((2.6*C2+2.6*C4)*$CS87)/14175+(1-$CS 7/1942)*C1)
2 |T2= =((2.6°C1+26+5.2*C5)*$CS§7)/28350+(1-$C§7/1942)*C2)
3
4 |T4= ((2.6°C1+2.6*38+5.2*C5)*$CS§7)/28350+(1-5C$ 7/2726)°C4)
s |T5= =(5.2%((C2+C4+38+10)*SCS7)/56700+(1-SC$7/2726)*C5)
6
7 |b= 1942
The Solution
G H 1 J - K L
1 |Time T1= T2= T4= T5=
2 fincr
3 0 10 10 10 10
4 1{ 7.124092| 7.124092 14.98696| 14.98696
s 2| 7.87606] 8.388266 17.68539] 16.7972
6 3| 9.287557| 9.167008 19.24021| 18.02358
7 4/ 10.11878] 9.85524 20.3756| 18.7919
8 5] 10.76837| 10.27696 21.12387] 19.33766
9 6| 11.18512{ 10.58706 21.64916 19.703
10 7| 11.48269| 10.79142 22.0046| 19.95685
1 8] 11.68209 10.93484 22.25025] 20.12956
12 9! 11.82068] 11.03187 22.41793| 20.24853
13 10| 11.91497] 11.09893 22.53321] 20.32989
14 11] 11.97992( 11.14471 22.61214| 20.38577
15 12| 12.02434| 11.17618 22.66631| 20.42405
16 13| 12.05485| 11.19773 22.70344| 20.45031
17 14 12.07575| 11.21251 22.72891] 20.46831
18 15| 12.09009| 11.22265 22.74637| 20.48066
19 16| 12.09992| 11.2296 22.75834| 20.48913
20 17| 12.10666] 11.23437 22.76655] 20.49493
21 18] 12.11128] 11.23764 22.77218] 20.49891
22 19} 12.11445} 11.23988 22.77604| 20.50164
23 20} 12.11663| 11.24141 22.77869] 20.50351
24 21} 12.11812] 11.24247 22.7805| 20.5048)
25 22] 12.11914 11.24319 22.78175| 20.50568
26 23| 12.11984/ 11.24368 22.7826| 20.50628
27 24/ 12.12032] 11.24402 22.78318] 20.50669
28 25| 12.12065] 11.24426 22.78359| 20.50698
29 26| 12.12087] 11.24442 22.78386| 20.50717)
30 27| 12.12103| 11.24453 22.78405] 20.50731
31 28] 12.12113] 11.2446 22.78418] 20.5074
32 29| 12.12121] 11.24465 22.78427| 20.50746
33 30| 12.12126] 11.24469 22.78433| 20.5075
| s
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4-92
The bquations
A B C D

1 |T1= =(1100+C3+C4)/4
2 |T2= =(600+C3+C4)/4
3 |13= =(900+C1+C2)/4
4 |T4= =(800+C1+C2)/4

The Solution

G H 1 f] K

1 [Time Ti= T2= T3= T4=
2 lincr
3 0 1000 1000 1000 1000
4 1 775 650 725 700
5 2| 631.25] 506.25| 581.25| 55625
6 3| 559.375] 434.375] 509.375| 484.375
7 4| 523.4375) 398.4375| 473.4375| 448.4375
[] 5] 505.4688| 380.4688| 455.4688| 430.4688
9 6| 496.4844| 371.4844| 446.4844| 421.4844
10 7| 491.9922| 366.9922| 441.9922} 416.9922
11 8| 489.7461| 364.7461| 439.7461| 414.7461
12 9| 488.623] 363.623| 438.623] 413.623
13 10| 488.0615| 363.0615| 438.0615| 413.0615
14 11| 487.7808| 362.7808| 437.7808| 412.7808
15 12| 487.6404| 362.6404| 437.6404| 412.6404
16 13| 487.5702| 362.5702| 437.5702| 412.5702
17 14| 487.5351| 362.5351] 437.5351] 412.5351
18 15| 487.5175| 362.5175| 437.5175| 412.5175
19 16| 487.5088| 362.5088| 437.5088| 412.5088
20 17| 487.5044| 362.5044] 437.5044] 412.5044
21 18| 487.5022| 362.5022| 437.5022| 412.5022
22 19] 487.5011] 362.5011] 437.5011] 412.5011
23 20| 487.5005| 362.5005 437.5005| 412.5005
24 21| 487.5003| 362.5003| 437.5003| 412.5003
25 22| 487.5001| 362.5001| 437.5001| 412.5001
26 23| 487.5001| 362.5001| 437.5001] 412.5001
27 24| 487.500| 362.500] 437.500| 412.500
28 25| 487.500| 362.500] 437.500| 412.500
29 26| 487.500| 362.500] 437.500] 412.500
30 27| 487.500| 362.500] 437.500] 412.500
31 28| 487.500| 362.500] 437.500| 412.500
32 29| 487.500| 362.500, 437.500| 412.500
33 30, 487.500! 362.500] 437.500] 412.500
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Chapter 4

4-94

AT ax
G =89.7 3.5666
C, =44.85 3.8114
C;=1794 3.5880
C; =89.7 3.5455
Cs=179.4 3.5880
Ce = 89.7 3.5455
C;=179.4 3.5880
Cg =89.7 3.5455
Cy=1794 3.5880
Co =224.25 6.6527
Gy =224.25 10.5737
Gy =89.7 8.8374
Ci3=179.4 3.5880
Ci4 =358.8 7.6885
G5 = 448.5 10.7639
Cie =179.4 8.9700

The Equations

[ A B | C D
1 |Ti= =C1+(SC$18/29.7)*(((C3-C1)/0.2)+2%((C2-C1)0.1y{(10-C1)/6.67T))
T2= =C2+{(SC$18/44 85)*(((C1-C2)0. 1)H{(CA-C2)/0 4){(10-C2)4.44))

3= =C3H($CS18/179.4)*(((C1-C3)/0.2)+2%((C4-C3)/0.05yH(C5-C3)/0.2))

C
=CAH(SCS18/89.7)*(((C2-CAY0.4)H(C3-CAY0.05)+{((C6-C4Y0.4yH( 10-C4)3.33))

o frlafuln
gar]

~CSHSCSIA/IT9.4)*(((C3-CSY0 2+ 2%(CE-CIYD.0){(CT-C5)0.2))

=CEH{(SC$18/89.7)*(((CA-CEY0 AYH(C5-CE)/0.0SyH(CB-C6Y0 4yH(10-CEY3 33))
=C7+(SCS18/179 4)*((C5-CT)0.2)+2°((C3-CTV0.05H((C5-CTV0.2))
~C8+(SC318/89.7)°(((C6-CBY0.4)H(C7-C8)/0.05)H(C10-CBY0.4)+(10-CB)3 33))

SRRARER

=COHSCSI8/179 4)*(((CT-CY0.2)+2%((C10-C9)/0.0S)H(C13-CO)0.2))

'ClMw:lm‘ﬁ)‘jﬂmloﬂAij&ClOW‘OSMCIMIO)IO.l)*«CI 1-C10)/0.3)((10-C10)2.6'

Th= =C11+H{SCS18/224.25)%((C10-C11Y0.3p(C15-CI1)Y0.08)/(C12-CI1)Y02)(10-C11)2 67))
Tiz= =C1 18/89.7)%(((C11-C12)0.2H(C16-C12)/0.2yH(10-C12)/6.67))
13]T13= =C13+(SCS18/179 4)*(((CO-C13)0.2)+2*((C14-C13)0.08)+(200-C13/0.2))
[14]Tie= =1 18/358.8)*(((C10-C14)/0. 1 H((C13-C14)/0.05)H(C15-C14)/0.15)H(200-C14)/0.13)
15]T15= =C15+(SC$18/448.5)°(((C11-C1510.08y(C14-C15/0.15)+((C16-C15)/0.1)+((200-C15)/0.08))
16]Ti6= =CI6HSCS18179.4)°((C12-C16)0.21(CI5-CIE/0.1)HZ00-C16)0.2))
17
[18]or= 35455

The Solution
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H 1

J

Ti= T2=

T

Té=

X

TS=

M N

o

Te=__ [T7=

To=

P
T9=

Q

S

[Ti0~

R
Th=

Ti2=

Ti3=

Tié=  [Ti5=

:

200/ 200}
198.8741] 1966171

196.1932{ 195.3015|

192.8196] 191.6322

!
2
3] 194.7629| 193.0799
4
k.

191.3581 | 189.8908|

_kI: -

6] 189.7361] 188.4583)
7| 188316] 1869397,
8] 186.8554| 185.5574
9] 183.489%4] 184.1606)
10] 184.1259] 182.8311

=g

lelefaps

M
jou)

11} 182.8104] 181.5146]
12} 181.5175] 180.2337|
13] 180.2497] 178.9785;
14 179.0119] 177.72418
1S} 177.7869] 176.5383
16] 176.5981) 175.3426
17} 175.4132] 174.1852
18] 174.2686] 173.0282
19} 173.1221] 171.9131
20} 172.0186] 170.7934]
21} 170.909] 169.7179
22} 169.8442] 168.6343
23| 168.7705] 167.5962
24} 167.7425| 166.5478
25) 166.7038] 165.5453
26/ 165.7108] 164.5311
27} 164.7062} 163.5627
28] 163.7469] 162.5819
29| 162.7755| 161.6463
30! 161.8486] 160.6981
31] 160.9096] 159.794
32{ 160.0139} 158.8776
33| 159.1064] 158.0039)
34] 1582417 157.1184
35] 157.3642] 156.2742
36| 156.5279] 155.4187
37§ 155.6809] 154.603
154.873] 153.7766|
154.0549] 152.9886)
53.2743| 152.1905;

ans l:

152.4843 | 151.4292
31.7303] 150.6586]
15096751 149.9232,
150.2392] 149.1792
149.5029/ 148 4689
148.7994 1 147.7508

147.4093 | 146.3717
46.7234 ] 145.7092

e

t

46.0674] 145.0403
1454056 | 144.4007
44.7722} 143.7553
441335 143.1377)

BE2R358

lelelel= iR REREERERERE

sfelslelz]

&

143.522] 142.5149)
142.90591 141.9187|
142.3155] 141.318]
37] 141.7211] 140.7424
58] 141.1513] 140.1629
59| 140.5779] 139.6074
60] 140.028] 139.0483
61/ 139.4749] 138.5122
62] 1389441] 137913
63/ 138.4107] 137.4556
64] 137.8985] 136.9356|
65] 137.334] 1364363
66 136.8898] 135.9347
67] 136.3936] 135.453
68/ 135.9168] 134.9693
69/ 135.4383] 134.5043
70] 134.9782] 134.0381
71{ 134.5168] 133.5896)
72§ 134.0729] 133.1398
73] 133.628] 132.7072
74} 133.1998] 132.2735
75} 132.7708] 131.8561
76] 132.3577] 131.438]
771 131.9441] 131.0353
78| 131.5456] 130.6322
79] 131.1468] 130.2438
80/ 130.7624] 129.8551
81] 130.378] 129.480S
82] 130.0072] 129.1058
83| 129.6366] 128.7444)
84] 129.279] 128.3832
85] 128.9216] 128.0346
86/ 128.5767} 127.6364
87/ 128.2322] 127.3502|
88] 127.8996] 127.0145
99} 127.5675] 126.6903
90} 127.2467] 126.3666|
91} 126.9265] 126.0539
92} 126.6171] 125.7419]
93] 126.3085] 125.4404
941 126.0101 | 125.1396,
95| 125.7126{ 124.8488]
96/ 125.4249] 124.5589)]
97 125.1381/ 124.2785
98] 124.8606] 123.999
99| 124.5842] 123.7286|
4. 1234

38
39
40
41
42
43
“
45
46
471 148.0887] 147.0648
43
49
50
sl
52
s3
)
55
36

200

200} 197.7448
198.1059} 197.1877
97.202] 195.5163
195.6559] 194.4343
192.9804
193.0504] 191.7403
191.7774] 190.3809
19043821 189.1138|
189.1676] 187.5088|
137.875| 186.5606|
196.6333| 185.2976|
185.3807] 184.0836
184.1764] 182.8592
182.9621] 181 6835
181.7969] 180.4968
180.6202| 179.3599|
179.4939] 1782103
178.3544] 177.1115|
177.2657} 175.9986|
176.1629| 174.936S|
175.1107] 173.8597|
174.0439] 172.8332,
173.0269| 171.7918
171.9954] 170.7996|
171.0123] 169.7928
170.0152| 168.8338|
169.0631] 167.8607|

194.4582

168.1016] 166.9339]

167.1833| 165.9936|

166.2524] 165.0979|

165.365| 164.1895

164.4658] 163.324]

163.6083 | 162.4467
162.7399] 161.6103
161.9115] 160.7631
161.0729] 159.9552)
160.27261 159.1372

159.4629| 158.3566 |
157.567

158.6899

157.9084] 156.8131
157.1617] 156.0508

156.4074] 155.3228]

1556864 154.5871

154.9584

153.384

154.2621] 153.17241
153.5597] 152.4952
152.8874 151.8102
152.2096] 151.1548

151.5606} 150.4939

150.9067| 149.8611
150.2802/ 149.2235'
149.6494] 1486127

149.0447] 147.9977

143.4362/ 147.4082

147.8526] 146.8149)
146.246

147.2657|

146.7024 145.6738

146.1363| 145.1247
145.5928| 144.5728

145.0469)

144.5224] 143.5108
143.9959/ 142.9995

144.043

143.4898 142.4863
141.993
142.4939] 141.4981
142.0043 | 141.0222

1429821

141.5333

140.545
141.0612/ 140.0859
140.6068] 139.6258
140.1516] 139.1828

139.7133] 138.7392

139.2744] 1383119

138.8516] 137.8842
1384285] 137.4721

138.0206] 137.0597

137.6127] 136.6621

137.2192] 136.2646 |

136.826] 135.8811

136.4455] 135.4978
135.128
135.7014] 134.7585)
135.3359] 134.4018,
134.983| 134.0456
134.6306] 133.7016

136.0674

134.2902] 133.3582

133.9508] 133.0265
133.6222] 132.6954]
133.2948] 1323755
132.9782| 132.0564|
132.6626| 131.7478
1323573] 131.4402
132.053] 131.1427]

131.7586] 130.8462
131.4653] 130.5592

131.1814] 1302734

130.8987] 129.9967
130.6249] 129.7212
130.3524] 129.4544
130.0884/ 129.1888

200]

200}
1982172
197.4804
196.1444
195.1335
193.9629
192.8584
191.7581
190.6352
189.5742
188.4649
187.4342
186.3521
185.3496
184.3003
183.3261
1823116
181.3661
180.3864
179.4698
178.5246
177.6369
126.7252
175.8662
174.9869|
174.1562
173.3084
172.5055
171.688
1709122
170.1241
169.3748
168.6149
167.8915
167.1589
166.4605
165.7542)
165.0802
164.3993
163.7488
163.0925
162.4649|
161.8322
161.2266 |
160.6168
160.0326
159.4447
158.8812
1583146
157.7171
157.2248
156.7005
156.1741
155.6684
155.161
1346733,
154.1842
153.7139)
153.244
152.7889
152.3345
151.8971
151.4592
151.0374
150.6153
150.2083
149.8017
149.4095
149.0173
148.6391
1482612
147.8965
147.5322
147.1806
146.8295
146.4904
146.152
145.8251
145.4989
145.1837
144.869%¢
144.5654
144.264
143.9693
143.6T1
143.3947
143.1133
142.8408
142.5695
142.3063
142.0454
141.7921
141.5401
141.2959
141.053
1408175’
140.5834
140.3564
140.1307
9

200 200
197.7448 200]
197.2991] 198.2172]
195.3017] 197.668
194.9044] 196.3229
193.6777] 195.6088|
1926152 194.48]
191.4944] 193.1171
190.3832] 192.7134
189.313] 191.9435
188.2024] 191.0215]
187.1655] 190.261
136.07%6S| 189.398)
135.0681] 188.6542
184.0096] 187838
183.0292] 187.1139
182.0046] 186.3372
181.0524] 185.6346
180.0625| 184.8928
179.1388] 184.2123
178.1834] 183.5024
177.2084 ] 1828445
176.3668] 182.1641
175.5004] 181.5287
174.6116] 180.8761
1B.7734] 180263
1729163 179.6366
172.106] 179.0454
171.2796] 178.4439)
170.4%65] 177.8742
169.6997] 177.2964
168.9432] 176.7475
168.175] 176.1924
167.4445] 175.6638
166.7038] 175.1303
165.9986] 174.6212
165.2846] 174.1084)
164.6038/ 173.6182
163.9154] 173.1252
163.2584] 172.6532
162.5%49] 172.1791
161.9609] 171.7247|
161.3212] 171.2687|
160.7095] 170.8312
160.093] 170.3927
159.5028] 169.9714
158.908S| 169.5495!
158.3391] 169.1439)
157.7663 168.7379)
157.2171] 168.3474
156.6649] 167.9567
156.1352] 167.5807
155.6029] 167.2047,
155.092] 166.842S
154.579] 166.4806
154.0863] 166.1318
153.5918] 165.7835
153.1166] 165.4475
152.6399} 165.1122
152.1316] 164.7886
151.7223| 164.4657
151.2803] 164.154
150.8375] 163.8431
150.4113] 163.5428
149.9846] 163.2435
149.5736] 162.9542
149.1622] 162.6659
148.7659] 162.3872
1483695 | 162.1093
147.9873] 161.841
147.6052] 161.5735
147.2367] 161.3148
146.3684] 161.0572
146.513] 160.8079)
146.15811 160.5598
145.8135] 160.3195
1454733 | 160.0805
145.1429] 159.849
144.8132] 159.6187
144.4946| 159.3956
144.1768] 159.1738)
143.8697| 158.9588'
143.5634/ 158.7451
143.2672] 158.5378
142.972] 158.3319
142.6364] 158.1322
142.4018] 157.9338|
142.1265{ 157.7413
141.8522] 157.5502
141.5868] 157.3646
141.3224] 157.1804
141.0663! 157.0016,
140.8117] 156.8241
140.5649| 136.6518
140.3193] 156.4807
140.0814/ 156.31
139.8447] 156.1498'
139.6153] 155.9896
139.38711 155.3308
139.166] 155.6765

200
197.7448
197.4108
195.8952

198.251
194.0394
193.3017
1922518
191.4907
190.5399
189.7815

188.899|

188 154
182.3232
186.5964

185.308
185.1017

184.35
183.6654
1829467

1822842
181.5959
180.9357
1802958
1796779
179.0447
178.4486
177.8408
177.2662
176.6825
176.1288
175.5681
175.0348
174.4959
173.9823
173.4544
172.9699

172472
171.9958
1715171
171.0587,
170.5983

170.137
169.7142
169.2992
168.8633
168.4541
168.0443
167.6504
167.2561
166.8767
166.4973
166.1319
165.7667
165.4149)
165.0634
164.745
164.3861
164.0597
163.7339
1634196
163.1059

159.3519
159.3108
1590173

158.845
158.6201
158.3963
1581795
157.9639

157.755]
157.5473
157.3459
157.1458
156.9517
156.7589
156.5719
156.3861
156.2058
156.0268

155.853
135.6803

155.513
1553468,
135.1833
155.0251
154.3695
134.7151

(%9

200

200]
199.1106
198.4263
197.8498
197216
196.7025
196.1412
195.6391
195.1497
194.6927
194.221
193.7866 |
193.3448
192.9315
192.515
192.1215
191.7275
191.3528
190.9793
190.6225
190.2679
189.928
189.5909
189.2671
188.9465
1386378/
188.3326
188.0382
187.7474
187.4666 |
187.1893
196.9212
186.6568
186.4007|
186.1482
185.903$
185.6623
185.4284
183.1978
184.9741
184.7535
184.5394
184.3283
184.1233
183.9212
183.7247
1835311
183.3429
183.1573
1829768
182.7989)
182 6257
1824551
1822889
182.1252
181.9657
181.8085
181.6553
181.5044
1813572
181.2123
181.0709
180.9316
180.7957
190.6619
180.5313
180.4026
180277
180.1532
180.0325
179.9135
179.7973
179.6828
179.5711
179.4609]
179.3534,
179.2474
179.1439
179.0419
178.9423
178.8441
178.7482
178.6537
178.5614
178.4704
178.3815
178.294
1782083
178.124
178.0415
177.9603
177.8309
177.8027
177.7262
177.6509
177.5772]
177.5046
177.4336
177.3637

200
198.8749]
198.2455
197611
197.0137
1964878
195.9548
195.4767,

194.995
194.5498
194.1051
193.6865
193.2708
1928734
192.4843
192.1099]
191.7407|
191.3857)
191.0363
190.6998
190.3683
190.0485
189.7344
189.4306
189.1323
188.8435
188.5601
188.2852
138.0157
187.7541
187.4975
187.2483

187.004
186.7664
186.5334
186.3068
186.0846
185 8683
185.6561
185.4495
185.2469
185.0494
184.3557
184.6669
184.4815
184.3009)
184.1235
183.9505
183.7807
183.6151
183.4524
183.2936
183.1377
1829854
182.8359
182.6899|
182.5465
182 4064
182.2687
182.1342
182.0021
181.8729
181.2461

181.622
181.5001
181.3809)
181.2638
181.1493
181.0367
180.9266
1808184
180.7125
180.6084
180.5066
180.4065
180.3086
180.2123
180.1181
180.0255
179.9348
179.3456
179.7584
1729.6726
179.5886

179.506 |
179.4252
179.3457
179.2678
179.1913
179.1164
179.0427
178.9705
178.8995

178.83
178.7617|
178.6547
178.6289
178.5644

178.501
178.43%9)|

200}
198.8749
197.9788
197.2571

196.651
196.1256)
195.6613
195.2416

194.858
194.5024
194.171)
193.8597
193.5662
193.2882
193.0245 |
192.7733
192.5341
192.3055
192.0871
191.8779
191.6776
191 4853
191.3007
191.1233
190.9527
190.7835
190.6303
190.4778
190.3307
190.13%6
190.0515/
189.9189)
189.7907
189.6667
189.5466
189.4302
189.3175
1892081
189.1021
188.9991
188.8992

188.802
138.7077
1886159
188.5267
188.4398;
188.3553

188.273
188.1929)
188.1148
188.0387
187.9645
187.8921
187.8215
187.7527
187.6854
1876198
187.5558
187.4932
187.4321
187.3724

187314

187.257
187.2012
187.1467
187.0933
187.0412
186.9901
186.9402
186.8913
186.8435
196.7967
186.7509

186.706
186.6621

186.619
186.5769
186.5356
1364952
186.4556
186.4167
186.3787
186.3414
186.3049
186.2691

186.234
186.1996
186.1658
186.1328
186.1003
186.068S
186.0374
186.0068
185.9768
185.9474
185.9186
185.8903
185.8625
185.8333
185.8086 |
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200
1988741
197.9775 |
197.2418

196.623
196.0903
193.6214
195.2017
194.8206

194.471
194.1473

193.846
193.5639
193.2989
193.0499
192.8127]
192. 5889
192.3766
192.1746
191.9824
191.7991
191.6242

191.457
191.2971
19).1439
190.9972
190.8564
190.71212
190.5912
190.4663

190.346
190.2301
190.1184
190.0107,
189.9068
189.8064
189.72093
189.6155
189.5247
189.4368
189.3516
189.2691
189.189)
189.1115
189.0361

188963
188.8919
1888229
188.7557
188.6504

188.5651
188.5049
138.4462
188.3891
188.3334
188.2791
188.2262
188.1746
188.1242

188.075

188.027
187.9802
187.9344
187.3897

187.846
187.8033
187.7616
187.7208
187.6809
187.6419
187.6037
187.5664 |
187.5299
187.4941
187.4591
187.4249
1873914
187.3586,
187.3264
187.2949|
187.2541
187.2339,
187.2043
1871753
187.1469
187.1191
187.0918
187.0651
187.0389
187.0132
186.9881
186.9634
186.9392
186.9155
1968922
186.8694
186.8471
186.8251
186.8036

200

200

200
199.0242
199.6522
1994523
199.2263
199.0019]
198.7626
198.5299
198.2917
198.0613
197.8306
197.6078
192.3873
197.1746
196.9653
196.7633
196.5653
196.3741
196.187
196.0062
1958295
195.6586
195.4917
195.33
195.1721
195.0191
194.8698
194.7249
194.5833
194.446
1943118
194.1814/
194.054
193.9302
193.8092
193.6915
193.5764
193.4644
193.3548 |
193.2481
193.1437,
193.042
192.9425
1928454
192.7504
1926578
192.5671
192.4786
192.3919
192.3072
192.2243
192.1434
192.064
191.9863
191.9106
191.8364
191.7636
191.6925
191.6227
191.5545
1914877
191.4223
191.3581
191.2954
191.2338
1911736
191.1145.
191.0566
190.9999
190.9443
190.8898
190.8364
190.784
190.71327
190.6823
190.633
190.5846
190.5372
190.4906
190.445
190.4003
190.3564
1903133
190.2711
190.2297
190.1891
190.1492
190.1101
190.0717,
190.0341
189.9971
189.9609 |
189.9253'
189.8905
189.8562
189.8227
189.7897
189.75713

194.8991] 195.5283
194.7586] 1954318
194.62211 195.3387
194.489] 195.2488
194.3597] 195.162
194.2335] 195.0781
194.1108] 194.9969|
193.9912] 194.9184
193.8746] 194.8424
193.761] 194.7687
193.6502] 194.6973
193.5421] 194.6281
193.4368] 194.561
193.3339] 194.4958
193.2335] 194.4328
193.1355] 194.371
193.0399] 194.3113
192.9465| 194.2532
192.8553] 194.1967
192.7661] 194.1417
192.679] 194.0882
192.5939] 194.0361
192.5107] 193.9854
192.4293] 193.936
192.3498] 193.8878 |
192.272| 193.8408,
192.1959] 193.795
192.1214] 193.7504
192.0486] 193.7068/
191.9773] 193.6642
191.9076| 193.6227
191.8393] 193.5822
191.7725] 193.5426
191.707] 193.5039|
191.643] 193.4661
191.5802] 193.4292
191.5188] 193.3931
191.4586] 193.3578]
191.3996] 193.3233
191.3419] 193.2896|
191.28531 193.2566
191.2298] 193.2243
191.1755| 193.1927|
191.1222] 193.1618
191.07] 193.131S
191.0189} 193.1019)
190.9687] 193.0729)
190.9196] 193.0445
190.8714] 193.0167
190.8241 192 9895
190.7778] 192.9629]
190.7324] 192.9367|
190.6878] 192.9112
190.6441/ 192.8861
190.6013] 192.8615
1905593 | 192.8375
190.5181] 1928139
190.4777] 192.7908
190.438] 192.7681
190.3991 192.7459
190.361] 192.7242
190.3235| 192.7028|
190.2868| 192.6819
190.2508] 1926614
190.2155] 192.6413
190.1808] 192.6216
190.1468] 192 6022
190.1134 192.5833
190.0807] 192.5647
190.0485| 192 5464
150.017] 192.5286
189.986] 192.511



Chapter 4

4-95
Atmax

C; =37,500 6912

G, =75,000 6912

C; =75,000 6912

C4 =75,000 16,304

Cs =150,000 16,304

C¢ = 150,000 16,304

C; =175,000 16,304

Cg =150,000 16,304

Co =150,000 16,304

The Equations
A B C D

1 |TI= =((5*(5-C1)+1.15%(C2-C1)+1.15%(C4-C1))*$C$11)/37500+C1
2 |T2= =((1.15%(C1-C2)+1.15%(C3-C2)+6.25*%(5-C2)+2.3%(C5-C2))*$CS11/75000+C2)
3 |T3= =((1.15%(C2-C3)+1.15%(100-C3)+6.25%(5-C3)+2.3%(C6-C3))*$CS11/75000+C3)
4 |T4= =((1.15%(C1-C4)+1.15%(C7-C4)+2.3%(C5-C4))*$CS11/75000+C4)
5 |T5= =((2.3%(C2+C4+C6+C8-4*C5))*$C$11)/150000+C5
6 [T6= =((2.3%(C3+C5+100+C9-4*C6))*$C$11)/150000+C6
7 |17= =((1.15%(C4-C7)+1.15%(100-C7)+2.3*%(C8-C7))*$C8§11/75000+C7)
8 |18= =((2.3%(C5+C7+100+C9-4*C8))*$C$11)/150000+C8
9 |T9= =((2.3*(C6+C8+200-4*C9))*$CS11)/150000+C9
10
11 |Dt= 6912

1%
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The Solution

Chapter 4

G H 1 J K L M N 0 P

1 TI= T2= T3= T4= T5= T6= T7= T8= T9=
2 |Time
3 Jincr 100 100 100 100 100 100 100 100 100}
4 0 12.448 45.28 45.28 100 100 100 100 100 100|
5 1] 31.10148] 30.19794| 39.47705] 90.72089| 94.20056| 94.20056 100 100 100
6 2| 19.49224| 30.32963| 36.64893| 86.1232| 87.66316] 89.63004] 99.01656 99.38535| 99.38535
7 3| 22.557| 27.41379] 35.6939] 80.7543| 82.87434] 85.93939| 97.83247] 98.16904| 98.48173
8 4| 19.74192| 26.62213| 34.60251| 76.84571] 78.71756| 83.10881| 96.32353| 96.73957| 97.44113
9 5| 19.71833| 25.32695| 33.91854] 73.25473| 75.37334| 80.81171| 94.73702] 95.20534 96.39018
10 6| 18.69077| 24.54301| 33.29432| 70.30658| 72.52294] 78.95012 93.1173] 93.68756] 95.3787
11 7] 18.25474| 23.7637| 32.8166| 67.7235| 70.12722| 77.40228] 91.55006| 92.23226 94.43787
12 8| 17.69269| 23.15899| 32.40588| 65.51535] 68.0725| 76.10637] 90.06499] 90.87419] 93.5776
13 9] 17.29066| 22.62032 32.06707| 63.59082] 66.30944| 75.00737] 88.6876 89.62552| 92.80076
14 10| 16.90746| 22.16806| 31.77701] 61.91986| 64.78394| 74.06918| 87.42549| 88.49104| 92.10443
15 11] 16.58981| 21.77331| 31.53019| 60.45955| 63.46045] 73.2625| 86.28086| 87.46826] 91.48363
16 12} 16.30636| 21.43293| 31.31735| 59.1828] 62.30754| 72.56557| 85.24991] 86.5517| 90.93211
17 13| 16.06152| 21.13593| 31.13353| 58.06362] 61.30099] 71.9609] 84.32643| 85.7338] 90.4434
18 14| 15.84594| 20.87712| 30.97387| 57.08173| 60.42029| 71.43462| 83.50245 85.00628] 90.0111
19 15] 15.65744/ 20.65066| 30.83488| 56.21924| 59.64858] 70.97537| 82.76952| 84.3607] 89.62919
20 16| 15.49175| 20.45235/| 30.71352| 55.46115| 58.97152] 70.57381] 82.11905] 83.78886] 89.29209
21 17| 15.34628| 20.2784| 30.60738| 54.79443] 58.37696] 70.22214| 81.54278] 83.28302| 88.99473
22 18] 15.21835| 20.1257| 30.51439] 54.20784] 57.85448] 69.91378] 81.03293| 82.83602| 88.73255
23 19] 15.10584| 19.99152| 30.43284| 53.69158| 57.39508| 69.64313 80.5823| 82.44132| 88.50146
24 20| 15.00685| 19.87357| 30.36124! 53.23712] 56.99099] 69.40539| 80.18433] 82.09301] 88.29783

4-96
Node AT ax

¢ =70,312 1 11,719

G, =70,312 2 11,719

C; =140,625 3 23,438

C4 =140,625 4 23,438

Cs =140,625 5 23,438

Ce =140,625 6 23,438

The Equations
A B C D

1 [T1= =((0.75%(C2-C1)+3*(15-C1y+0.75%(50-C1)+1.5%(C3-C1))*$SC$8V70312+C1

2 [T2= =((0.75*(C1-C2)+3*(15-C2)+0.75%(50-C2)+1.5*(C4-C2))*$C$8)Y70312+C2

3 |T3= =(1.5*(C1+C4+C5+504*C3)*$C$8)/140625+C3

4 |T4= =(1.5%(C2+C3+C6+50-4*C4)*$C$8)Y/140625+C4

S |Ts= =(1.5*(C3+C6+100-4*C5)*$C$8)/140625+C5

6 |T6= =(1.5%(C4+C5+1004*C6)*SC$8)/140625+C6

7

8 |Dt= 11719

13
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Chapter 4

The Solution
G H 1 J K L M
1 Tl= T2= T3= Té= T5= T6=
2 |Time
3 Jincr 50 50 50 50 50 50
4 1] 32.4995] 32.4995 50 50 50 50
5 2] 30.31238 30.31238] 47.81239] 47.81239 50 50
6 3] 29.49212| 29.49212] 46.17176] 46.17176| 49.72654| 49.72654
7 4] 2897944/ 28.97944| 45.00966] 45.00966] 49.35055| 49.35055
3 5| 28.62483| 28.62483] 44.17227| 44.17227] 48.97029] 48.97029
9 6| 28.37116| 28.37116] 43.55704 43.55704| 48.62796| 48.62796
10 7| 28.18565| 28.18565| 43.09803| 43.09803| 48.3371] 48.3371
11 8 28.04771| 28.04771] 42.75161] 42.75161] 48.09794] 48.09794
12 91 27.94386| 27.94386| 42.48795| 42.48795] 47.90516] 47.90516
13 10| 27.86497| 27.86497] 42.28609| 42.28609] 47.75171] 47.75171
4-98

p =7600 C =450 k=35
G, =(7600)(450)7(0.01)2 (0.02)=21488=C,=C3=C,

Cs =10.744
21.488
ATpax, 1 = ———— =18.687 sec
’ 1.1499
10.744
ATpax, 5 = ——— =18.288 sec
’ 0.5875
The Equations
Al B C D
1T1 =(0.5498‘(200—Cl)+0.S498‘(C2-Cl)+0.05027‘(25-€l)+3.142)‘SC$7/21.488+CI
2 T2 =(0.5498‘(Cl-C2)+0.S498‘(C3-Cz)+0.05027‘(25-CZ)+3.142)‘SC$7/21.483+C2
3|73 =(0.5498‘(CZ-C3)+0.5498‘(C4-C3)+0.05027‘(25-C3)*3.142)‘8087121.488+C3
4 IT4 =(0.5498‘(C3-C4)-00.S498‘(C5-C4)-0-0.05027‘(25-C4)+3.142)‘3C$1/21.488+C4
5 |TS =(0.5498’(C4-C5)+0.0377‘(25-CS)+1.571)‘3037/10.744+CS
6
7 |Dt

KR
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The Solution

G H 1 ] K L M N 0 P Q R s
1 i 2 B T4 T
2 |Time
3 |ina 200 200 200 200 200
1 1]195.1869] 195.1869] 195.1869] 195.1860] 191.4441
S 2] 192.8319] 190.5798 190.5798| 188.8284]  186.94
3 3] 190.6258| 187.2236] 185.3502] 184.4292] 180.9895 ]
7 4]189.0082] 183.6725] 181.6095] 179.1037] 176.8725 Dt=18.288 s ]
3 5| 187312]181.0894177.3761] 175.3132] 171.8888 i
g 6]186.0671] 178.2596] 174.3032] 170.9193] 168.3415 200 I
10 7]184.7163]176.1787] 170.8574] 167.7276| 164.2296 ]
1 8]183.71381173.8898| 168.3166] 164.123] 161.2427 190 4 ]
2 91 182.6213]172.1829] 165.5046] 161.4594] 157.8694 180 ]
3 10]181.7993]170.3194] 163.3995] 158 5082] 155.3768 170 — i
4 11]180.9097] 168.9099] 161.1016| 156.2938] 152.615 N i
5 12| 180.2312] 167.3883 | 159.3567] 153.8789] 150.5426 160 1 N, — i
6 13]179.5047] 166.2218] 157.4775) 152.0412] 148.2837 150 - ~ i
7 14]178.9434] 164.9776] 156.0316] 150.0651| 1465629 140 ]
3 15| 178.3492] 164.0118] 154.4938| 148.5415| 144.7136 130 ~— i
9 16| 177.8845] 162.9936] 153.2961] 146.9241 143.2879 i
20 17]177.3982] 162.194] 152.0373] 145.662| 141.7742 120 i
21 18]177.0136] 161.3602] 151.0456] 144.3377] 140.5931 110 |
2 19]176.6153] 160.6985| 150.0146| 143.2927] 139.3538 . . . . ]
23 20] 176.2971]160.0155] 149.194] 142.208| 138.3758 20 60 %0 ]
24 21] 1759707 159.468] 148.3493| 141.3432] 137.3608 0 No of e incr
25 22 175.7076] 158.9084] 147.6705] 140.4546| 136.5515 . . r , I I
4-9¢
Node AT hax
C; =600 1 600
C, =1200 2 1200
C; =1800 3 1500
C4 = 2400 4 1714
Cs = 2400 5 1714
Ce =1200 6 800
C; = 2400 7 2400
C8 = 3600 8 4000
Cy =4800 9 6000
Cyo = 4800 10 6000
G =1200 11 800
Cyp = 2400 12 2400
Gi3 =1200 13 800
Cy4 = 2400 14 2400
|* 3
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Chapter 4

The Equations

A

B

C D

Ti=

=(02%(C2-C1)+0.05%(C6-C1)+0.75%(20-C1))*SCS 16Y/600+C1

T2=

=(0.2%(C1-C2)+0.2%(C4-C2)+0.1%(C7-C2)+0.5%20-C2))*$CS 16Y 1200+C2

T3=

=(0.2%(C2-C3)+0.1%(C4-C3)+0.1 S5*(C8-C3)+0.75%(20-C3))*$CS16V1800+C3

Ta=

=(0.1*(C3-C4)+0.1 *(C5-C4)H0.2%(C9-C4)H20-C4))*$CS1 6)/2400+C4

T5=

H(0.2%(C4-C5)+0.2*(C10-C5yH20-C5))*$CS1 6)/2400+CS

Té=

=(0.05%(C1-C6)+0.05*(C1 1-C6)+0.4*(C7-C6)+(20-C6))*$CS16)/1200+C6

=(04*(C6-CT7)+0.4%(C8-CT+0.1*(C2-CT)+0.1 *(C12-C7))*$C$16)/2400+C7

T8=

=((0.4‘(C7-CB)+O.15’(C3-CG)+0.2‘(C9-C8)+0.]5‘(500-CS))‘$C$I6)/3600-0-C8

VioiNinfwniafwivo]-

To=

=((0.2‘(C8-C9)+0.Z’(C4-C9)+0.2‘(C10-C9)+0.2‘(500-C9))‘$C$l6)/4800+C9

10

Ti0=

=(04%(C9-C10)+0.2%(C5-C10)+0.2%(500-C10))*SCS 16Y4800+C10

11

Tli=

=(0.4%(C12-C11)+0.05*(C6-C11)+0.05%(C13-C1 1+(20-C11))*$CS$16)/1200+C11

12

Ti2=

=(04*C11C 12)-0-0.1‘(C7-ClZ)+0.l‘(Cl4-C12)+O.4‘(500-C12))‘$C$l6)/2400+C12

13

T13=

~(0.8*(C11-C13)+0.4*(C14-C13)H20-C1 3))*$C816)/1200+C13

14

T14=

=(0.4%(C13-C14)+0.2%(C12-C14)+0.4%(500-C14))*$C$16)2400+C14

15

16

Dt=

The Solution

G

H 1

J X L M N (0] P Q R S T U

Tl= T2~

T3= T4= TS= Té6= T7= T8= T9= Ti0= Til= Ti2= Ti3= Ti4=

Time

incr

500 500

500 500 500] 500 500) 500 500 500] 500, 500 500 500|

140 380

380 380, 380) 260 500, 500, 500 500 260 500 260 500]

104 272

296, 296 296 185 473 497 497 497, 188 476 188 476

78.65| 204.65

63.8375] 160.9775

23545| 237.05] 237.05] 158.15] 441.65| 49045 492.05] 492,05 161.525] 449.525 161.6 449.6
192.3375| 195.4975| 195.5375] 143.8719] 4124519 4811138, 485.8338| 485.8738]  148.28] 425.5775| 148.37 425.8363|

54.38909] 132.0448

161.7066] 166.0619| 166.1679] 133.7613] 386.5013] 469.9464 478.8125| 478.9665] 139.4915/ 404.9683| 139.6423| 405.4931

4809703/ 112.3926

139.8597, 145.0777] 145.2606| 125.5876] 363 6721 457.7243 471.3056 471366477T .32.7016/ 387.4753| 132.931] 3883324

she

43.7579] 98.69738

124.1308] 129.9938] 130.2565] 118.6513] 343.582] 445.0171 463.5367| 464.195, 127.1334] 372.6767 127.454| 373.9162

40.67204| 88.90296

112.6423| 119.0325] 119.3762| 112.6515] 325.8377] 432.2245] 455.6632 456.7088' 122.4713] 360.1583] 122.8912] 361.8164)

000N DA W N

38.41317| 81.71382

104.0912) 110.9547| 111.3816] 107.409] 310.0924] 419.6182 447.796| 449.30<4] 118.5381] 349.5572] 119.0627 351.6593)

-
=

36.71321| 76.29832

11} 35.39939 72.11289

97.58171] 104.8972] 105.411] 102.7945] 296.0538 407.3771; 440.0134] 442.042] 115.2078] 340.5655] 115.8408 343.1286)
92.50101/ 100.2587| 100.8645| 98.70741] 283 4791 395.6141] 432.3701] 434.9803| 112.3809] 332.9245] 113.1247 335.9588|

ol

12| 34.35795] 68.79621
13] 335126/ 66.10435

8843079, 96 62078] 9732387/ 95.06718| 272.1674| 384,3954] 424.9044| 478, 1226] 109.9759] 326 4174] 110.6317] 3399378

85.08535 936926| 94.49767| 91.80862] 261.9522] 373 7549] 417 642+ 421.4884] 107.9249] 320.863] 108.8928] 324.8499)

14] 32.8113] 63.8703

822691 91.27189| 92.18254| 88.87852] 252.6946 63.7037, 410.60°6] 415.0842| 106.1714] 316.1098] 107.2507 320.5699)]

15} 32.21799] 61.9782

79.847| 89.2181 90.23645] 86.23313] 244.2787| 354.2379) 403.7929| 408.9104] 104.668] 312.0311] 105.8575] 316.9579)

16] 31.7073] 60.34664

77.72591] 87.4335] 88 56012] 83.83617] 236.6064] 3453434 397.27:28) 402.9649| 103.3755| 308.5211] 104.6731] 313.9058]

slzlz

17] 31.26114] 58.91772

75.84027; 85.85006]  87.084] 81.65739] 229.5944 36.9995| 390.5.941] 397.2436] 102.2608] 305.4911] 103.664, 311.3227,

18] 30.86641] 57.6497

74.14366/ 84.42035| 85.75928| 79.67128| 223.1717| 329.1817 384.807| 391.741| 101.2965| 302.8674] 102.8025] 309.133

19] 30.5135| 56.51211

72.60261] 83.11115] 84.5516| 77.85624] 217.277 321.8631| 378.9599| 386.4512 100.4594] 300.5878] 102.0649] 307.2733

20| 30.19523] 55.48237

4-101

71.19256] 81.8991! 83.43666] 76.19379] 211.8572] 315.0158 173.3495] 381.36791 99.73045{ 298.6005] 101.4319] 305.6909

G =4125
G, =4125

C3=

825

Cy =825
Cs =412.5
Co=412.5

Node ATimay

1 23.23
2 23.23
3 24.26
4 24.26
5
6

24.26
24.26

/34
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The Equations

Chapter 4
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A B C D
1 |T1= =((0.5%(C2-C1)+16%(C3-C1)+0.5*(100-C1)+0.75*(0-C1))*$C$8)/412.5+C1
2 |T2= =((0.5%(C1-C2)+16%(C4-C2)+0.5*(100-C2)+0.75%(0-C2))*$C$8)/412.5+C2
3 |T3= —((C4-C3+100-C3+16%(C5-C3)+16*(C1-C3))*$C$8)/825+C3
4 |T4= =((C3-C4+100-C4+16%(C6-C4)+16*(C2-C4))*$C$8)/825+C4
5 |T5= =((0.5%(C6-CS)+0.5%(100-C5)+16*(C3-C5))*$C$8)/412.5+C5
6 |T6= —(0.5*(C5-C6)+0.5*(100-C6)+16%(C4-C6))*$C$§8)/412.5+C6
7
8 |Dt= 23.23
The Solution
G H I J K L M
1 Ti= T2= T3= T4= T5= T6=
2 |Time
3 |lincr 100 100 100 100 100 100
4 1] 95.77636| 95.77636 1000 100 100 100
5 2| 95.65572| 95.65572| 98.09716| 98.09716 100 100
6 3] 93.93774| 93.93774| 97.90809| 97.90809| 98.28546| 98.28546
7 4| 937183 93.7183| 96.34828| 96.34828| 97.99371| 97.99371
8 5] 92.30658] 92.30658| 96.00754| 96.00754] 96.5676| 96.5676
9 6| 91.95924| 91.95924| 94.70492| 94.70492| 96.15961| 96.15961
10 71 90.7756] 90.7756] 94.2724] 94.2724| 94.95701| 94.95701
11 8! 90.35207| 90.35207| 93.16672| 93.16672| 94.48215| 94.48215
12 9| 89.34371| 89.34371| 92.6837| 92.6837| 93.45226/ 93.45226
13 0| 88.87968| 88.87968| 91.73122{ 91.73122| 92.94412| 92.94412
13¢



Chapter 4

4-102
Node AT ax
¢ =874 1 4.263
G =174.8 2 4.263
C;=174.8 3 4.263
Cy=1748 4 4.37
Cs =349.6 5 4.37
Ce =349.6 6 4.37
C;=174.8 7 4.37
C3 =349.6 8 4.37
Co =349.6 9 4.37
Co=874 10 4.37
G1=174.8 11 4.37
G, =174.8 12 4.37
The Equations
A B C D
1 |TI= =((10%(C2-C1)+10*(C4-C1)+0.5%(20-C1)+2250)*$C$14y/87.4+Cl1
2 |12= =((10*(C1-C2)+10*(C3-C2)+20*(C5-C2)+(20-C2)+4500)*$CS14)/174.8+C2
3 |13= =((10*(C2-C3)+10%(100-C3)+20*(C6-C3)+(20-C3)+4500)*$C$14)/174.8+C3
4 |T4= =((20%(C5-C4)+10*(C1-C4)+10*(C7-C4)+4500)*$C$14)/174.8+C4
5 |T5= =(20*(C2+C4+C6+C8-4*C5+450)*$C$14)/349.6+C5
6 |T6= =(20%(C3+C5+100+C9-4*C6+450)*$C$14)/349.6+C6
7 |17= =((20*(C8-C7)+10*(C4-C7)+10%(C10-C7)+4500)*$C$14)/174.8+C7
8 |T8= =(20%(C5+C7+C9+C11-4*C8+450)*$C$14)/349.6+C8
9 |T9= =(20%(C6+C8+100+C12-4*C9+450)*$C$14)/349.6+C9
10|T10= =((10%(C11-C10)+10*(C7-C10)+2250)*$C$14)/87.4+C10
11|T11= =((10%(C10-C11)+10%(C12-C11)+4500)*$C$14)/174.8+C11
12T12= =((10*(C11-C12)+10*(100-C12)+4500)*$C$14)/174.8+C12
13
14 |Dt= 4.263

13¢
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The Solution

Chapter 4

G

H

1

J

K

L L

M'lN o

P

Q R

S

Ti=

T2=

T3=

T4=

TS=

T6=

TI=  |T8=

o=

T10= Til=

T12=

Time

100

100

100

100

100

100

100 100

100 100 100 100|

207.7944

207.7944

207.7944

209.7454

209.7454

209.7454

209.7454| 209.7454

209.7454

209.7454] 209.7454] 209.7454]

3139115

313.9115

287.6228

319.015

319.015

292.2505

319.4908] 319.4908

292.7263

319.4908] 319.4908] 292.7263]

418.9784

412.5671

353.7527

427.6319

421.1046

360.6248

429.1202{ 422.5929

361.8811

429.2363| 422.709| 361.9972

520.0872

504.1228

411.1692

5324461

515973

420.1895

535.3472] 518.7892

422.2876] 535.7413| 519.2399| 422.6534

615.878

589.0655

462.5564

631.8501

604.1731

473.5189

636.405| 608.4612

476.5462

637.2459| 609.4543

477.2659]

705.8037

667.9876

509.2889

7253115

686.1659

522.0996

731.6148| 692.0467

526.0685

733.0256| 693.7396

5272421}

789.8938

741.3159

552.2365

812.7431

762.4467

566.7599

820.8674] 769.9421

571.7017] 822.9209] 772.4608| 573.3975]

868.3139

809.5113

591.9073

894.365

833.4091

608.0596

904.2931] 842.5468

613.9641

907.0524| 845.9651

616.2386]

O[NNI S WIN -

941.396

872.9303

628.6868

970.4467

899.4628

646.3588

982.173| 910.2095

653.2258

985.6561| 914.583

656.1098]

10] 1009.446] 931.9475

662.8376

1041.344

960.9432

681.9505

1054.807| 973.2781

689.7527

1059.036| 978.6255

693.268]

1072.819

986.8653

694.5941

1107.377

1018.193

715.0525

1122:534 1032.057

723.7703

1127.498] 1038.389] 727.9206)

1131.82

1037.995

724.1362

1168.891

10715

745.866

1185.663) 1086.846

755.4621

1191.359| 1094.149

760.2461]

1186.768

1085.594

751.638

1226.183

1121.153

774.5545

1244.509] 1137.912

784.9983

1250.911] 1146.17

790.4035)

1237.935

1129.926

777.2423

1279.556

11674

801.2767

1299.353| 1185.513

812.5265

1306.446| 1194.696

818.5381}

1285.596

1171.21

801.0901

1329.274

121048

826.1675

1350.474| 1229.88

838.1878

1358.225| 1239.958

844.7843]

1329.988

1209.669

823.3015

1375.598

1250.625

849.359

1398.119] 1271.238

862.1076

1406.504} 1282.172

869.2671)

1371.346

1245.494

843.9949

1418.756

1288.027

870.9663

1442.53| 1309.788

884.4064

1451.515| 1321.54

892.1032)

1409.874

1278.874

863.273

1458.973

1322.877

891.1018

1483.923| 1345.724

905.1927

1493.482| 1358.253

913.4021}

1445.775

1309.973

881.2366

1496.447

1355.353

1522.507] 1379.221

924.5706

1532.606] 1392.488

933.2658}

1479.226

1338.953

8979745

1531.371

1385.617

927.3511

1558.471] 1410.446

26304

d =0.0125

0

1

_kA _ (43)m(0.0125)°

R, M
1

1

4—o0

G

Cs

_ (7800)(470)7(0.01 25)%(0.05)

p=7800

2 3 4

C=470

(4)(0.05)

7 = hA = (35)(0.0125)(0.05) = 0.0687
1—oo

=0.1055

G

Node

4

—=11.247
2

X

=22.494

Ax=5cm

- (35)[7(0.00625)? + 1(0.025)(0.0125)] = 0.0387

HOW N -

0.2797
0.2797
0.2797
0.1442

l

4|
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w

1569.082] 1424411}

951.7901)
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Chapter 4

Excel solution for AT =25 sec and 75 sec shown below
T, =190°C occurs at six, 25 sec time increments.

Time = (25)(6) =150 sec

Steady state reached at about (30)(75) = 2250 sec

The Equations

A B C
1 T1= 250 =(0.1055%(250-B1)+0.1055%(B2-B1)+0.0687%(30-B1))°*SES1/22.494+ B1
2 |T2= 250 =0.1055*(B1-B2)+0.1055%B3-B2)+0.0687*(30-B2))*$ES 1/22.494+B2
3 IT3= 250 =(0.1055%(B2-B3)+0.1055*(B4-B3)+0.0687%30-B3))*SES 1722 494 B3
4 1T4= 250 =(0.1055*(B3-B4)+0.0387*(30-B4 nml/ 11.247+B4
The Solution A7 =25 sec
E F G H 1 J

1 25|T1= T2= T3= Ta= NO. time

2 250 250 250 250 0

3 2332021872 233.202] 233.202] 231.075 1

4 219.6565517| 217.687] 217.438| 214277 2

5 208.5025058] 203.558] 202.785| 199.166 3

6 199.1591519] 190.795| 189.258| 185.462 1

7 191.2238042| 179.318] 176.833] 172.979 5

3 184.4095428] 169.022] 165.462] 161.584 6

9 178.5062724] 159.794] 155.081] 151.174 7

10 173.3560731] 151.525| 145.625| 141.666 3

11 168.8373313| 144.114| 137.025| 132.989 9

12 164.8543305] 137.469| 129211 125.076 10

13 161.3302817] 131.506] 122.119] 117.867 11

14 158.2025554] 126.152| 115.688] 111.306 12

15 155.4193442] 121341 109.858] 105.339 13

16 152.9372761] 117.017| 104.577]| 99.9179 14

17 150.7196685] 113.126] 99.7953| 94.996 15

18 148.7352253| 109.624] 95.4665| 90.5303 16

19 146.9570465] 106.47| 91.5491] 86.4809 17

20 1453618616] 103.629| 88.0049] 82.8108 18

21 143.9294278| 101.069] 84.7989| 79.4859 19

22 142.6420506] 98.7601| 81.8995| 764749 20

23 1414841976 96.6784] 792777| 73.7491 21

24 140.4421843] 94.8006] 76.9072| 71.2822 22

25 139.5039146] 93.1064] 74.7642| 69.0501 23

26 138.6586669| 91.5776] 72.827| 67.0309 24

27 137.8969134] 90.1977] 71.0759] 652046 25

138
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Chapter 4

T'he Solution AT =75 sec

F G H I J

1 |Ti= T2= T3= T4= NO. time §
2 250 250 250 250 0
3 199.6065617| 199.607| 199.607| 193.225 1
4 178.4827185| 160.756| 158.511] 155.591 2
5 163.3926051| 136.251| 128.837| 125235 3
6 153.7552402] 118.852| 107.538] 103.192 4
7 146.9853904| 106.797| 92.2282| 87.3609 5
8 142.2884591| 98.2178| 81.3868] 75.9821 6
9 138.9538804| 92.1736| 73.6354] 67.9179 7
10 136.60297| 87.8665 68.15| 62.1549 8
11 134.9294051| 84.8196] 64.2379| 58.0744 9
12 133.7448107| 82.6494| 61.4671] 55.1655 10
13 132.9015472| 81.1117| 59.4936| 53.1044 11
14 1323038016 80.0172| 58.0947| 51.6368 12
15 131.8785075] 79.2411] 57.0992| 50.5963 13
16 131.5768177| 78.689| 56.393| 49.8559 14
17 131.3622656| 78.2972| 55.8908| 49.3307 15
18 131.2100006| 78.0187| 55.5343| 48.9572 16
19 131.1017517] 77.821| 55.2809| 48.6921 17
20 131.0249059| 77.6804| 55.1011] 48.5036 18
21 130.9702875| 77.5806| 54.9732| 48.3698 19
22 130.931506] 77.5097| 54.8824| 48.2748 20
23 130.9039466| 77.4594| 54.8179| 48.2072 21
24 130.8843754| 77.4236| 54.7721| 48.1593 22
25 130.8704692| 77.3982| 54.7395[ 48.1252 23
26 130.8605927| 77.3801] 54.7164] 48.101 24
27 130.8535756| 77.3673 54.7| 48.0838 25
28 130.8485916| 77.3582| 54.6883| 48.0716 26
29 130.8450507| 77.3517 54.68| 48.0629 27
30 130.8425356| 77.3471| 54.6742| 48.0567 28
31 130.8407489| 77.3439 54.67| 48.0523 29
32 130.8394797] 77.3415| 54.667| 48.0492 30
33 130.8385781| 77.3399| 54.6649| 48.047 31
34 130.8379376| 77.3387] 54.6634| 48.0455 32
35 130.8374826| 77.3379| 54.6623| 48.0443 33
36 130.8371594] 77.3373| 54.6616| 48.0435 34
37 130.8369298| 77.3369| 54.661| 48.043 35
38 130.8367668| 77.3366| 54.6606| 48.0426 36
39 130.8366509] 77.3364| 54.6604| 48.0423 37

(32
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20

21

2

2] 0 e e R s —

g 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

26 Ne of 7S sec time increments

27

28 T T T T T I T | T T T

2 | | I | | | 1 | ] ] |
4-105

(0.15)*
mg -1 AT oy = ——4—= =436 sec
(Ax): 4 1.29x10

Cl = Cz = C3 = C4 = 78,488
The Equations

A B C D
1 |T1= =(45*(C2+C3+100+30-4*C1)*$C$6)/78488+C1
2 |T2= =(45*(C1+C4+30+100-4*C2)*$C$6)/78488+C2
3 |T3= =(45*(C1+C4+200-4*C3)*$C$6)/78488+C3
4 IT4= =(45*(C2+C3+200-4*C4)*$C$6)/78488+C4
5
6 |Dt= 436

4o
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The Solution

G

I

T

Tl=

T2=

T3= 1T4=

Time

mtr

500

500

500

500

282.5222

282.5222

300.0204

300.0204

178.1463

178.1463

195.6463

195.6463

125.9535

125.9535

143.4535

143.4535

99.85439

99.85439

117.3544

117.3544

86.80353

86.80353

104.3035

104.3035

OVl QA |[niL]wiN] -

80.27743

80.27743

97.77743

97.77743

77.01405

77.01405

94.51405

94.51405

75.38219

75.38219

92.88219

92.88219}

74.56618

74.56618

92.06618

92.06618

QOIO[(R| AN B]|WIN| =

[y

74.15813

74.15813

91.65813

91.65813

4-106

G, =350
C, =700
C; =700
Cy =350
Cs =700
Ce = 1400
C; =1400
Cg =700

The Equations

E

00 N O U A W N

AT ax
16.83
17.16
17.16
16.83
17.16
17.16

17.5
17.5

Chapter 4

A

B C

D

Tl=

=((10*(C2-C1)+10%(C5-C1)+0.8*(300-C1))*$C$8)/350+C1

T2=

=((10*(C1-C2)+20*(C5-C2)+0.8*(300-C2))*$C$8)/700+C2

=((10*(C1-C5)+20*(C6-C5)+10*(50-C5))*$C$8)/700+C5

Té6=

=((20*(C2-C5)+50-3*C6)*$C$8)/1400+C6

IV | IWIN]—~

Mech.MuslimEngineer.Net
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Chapter 4

The Solution 10 sec
G H I K L M

1 [Dt=0.25 [TI= T2= T5= T6=

2 |Time

3 lincr 50 50 50 50
4 1]/ 50.14286| 50.07143 50] 49.98214
5 2{ 50.2841] 50.14258 50.00038| 49.96455
6 3} 50.42376| 50.21346 50.00114| 49.94722
7 4| 50.56185| 50.28406 50.00226| 49.93015
8 5| 50.69841| 50.35439 50.00373| 49.91334
9 6! 50.83345| 50.42444 50.00556| 49.89678
10 7| 50.96699| 50.49422 50.00772| 49.88047
11 8| 51.09907] 50.56372 50.01021] 49.86442
12 9| 51.2297} 50.63294 50.01302| 49.84861
13 10| 51.3589| 50.70189 50.01614| 49.83305
14 11} 51.48669| 50.77057 50.01957| 49.81773
15 12| 51.61311] 50.83897 50.0233| 49.80265
16 13| 51.73816] 50.9071 50.02732| 49.78781
17 14| 51.86186] 50.97495 50.03162] 49.77321
18 15| 51.98425| 51.04253 50.0362| 49.75884
19 16| 52.10533{ 51.10984 50.04104] 49.74471
20 17| 52.22513] 51.17687 50.04615| 49.73081
21 18] 52.34366| 51.24363 50.05152| 49.71713
22 19] 52.46095| 51.31012 50.05713] 49.70368
23 20| 52.57701| 51.37633 50.06299| 49.69046
24 21| 52.69186| 51.44227 50.06908| 49.67746
25 22| 52.80552| 51.50794 50.0754| 49.66468
26 23} 52.91801| 51.57334 50.08195] 49.65212
27 24} 53.02933| 51.63847 50.08872| 49.63977
28 25} 53.13952} 51.70333 50.0957{ 49.62765
29 26| 53.24858| 51.76792 50.10288| 49.61573
30 27| 53.35654| 51.83224 50.11027] 49.60402
31 28| 53.4634| 51.89629 50.11785| 49.59253
32 29 53.56919{ 51.96007 50.12563| 49.58124
33 30| 53.67392| 52.02358 50.13359| 49.57016
34 31| 53.7776| 52.08682 50.14173] 49.55928
35 32} 53.88025| 52.1498 50.15005| 49.54861
36 33} 53.98189] 52.21251 50.15854| 49.53814
37 34| 54.08252( 52.27496 50.1672| 49.52786
38 35| 54.18217] 52.33713 50.17602] 49.51779
39 36| 54.28084] 52.39905 50.185| 49.5079
40 37| 54.37855| 52.4607 50.19413| 49.49822
4] 38| 54.47532| 52.52208 50.20341| 49.48873
42 39] 54.57116| 52.5832 50.21283| 49.47942
43 40| 54.66607| 52.64406 50.2224| 49.47031

14
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The Solution 1 min

G H 1 J K L M

1 |IDt=5§ Tl= T2= T5= Té6=

2 |Time

3 lincr 50 50 50 50
4 1| 52.85714| 51.42857 50| 49.64286
5 2| 55.06939| 52.74694 50.15306| 49.39158
6 3| 56.83448] 53.95515 50.38451| 49.22623
7 4| 58.28076] 55.0567 50.65229| 49.13243
8 5| 59.4929| 56.05746 50.93347| 49.09918
9 6 60.528| 56.96481 51.21614| 49.11769
10 7| 61.42553| 57.78686 51.49463| 49.18062
11 8| 62.21358| 58.53195 51.76664| 49.2817
12 9| 62.91278| 59.20827 52.03167| 49.41549
13 10| 63.53868| 59.8236 52.29003| 49.57722
14 11| 64.10342| 60.38518 52.54239| 49.76272
15 12| 64.61663| 60.89959 52.78948| 49.96832

The Solution 1 sec
G H 1 J K L M

1 [Dt=0.25 |Tl= T2= T5= Té6=

2 |Time

3 lincr 50 50 50 50
4 1| 50.14286| 50.07143 50{ 49.98214
5 2| 50.2841| 50.14258 50.00038{ 49.96455
6 3| 50.42376| 50.21346 50.00114| 49.94722
7 4| 50.56185| 50.28406 50.00226| 49.93015

The Solution Steady state

|47
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Chapter 4

[T G H 1 ] X L M
[ oe=15_[Ti= - TS= [T~
.2 JTime
P 50| 50 0
1] 5857143 Sa.2m571 o[ 48
2] 61.33878] 57.579%) 5137733
3] 63.64127] 59.88289 52.11631] 49.1
4] 65.19508]_61.4761 52.84225] 49.72732)
5] 66.35762] 62.66179 53.54526] 50.31
6] 67.29328] 3 61512 54.23228] 51.38033]
T 7] 68.09796] 6443446 54.90199] 522751
m ] 68.82336] 65.17237 53,5348 3.173%;
m 9] 69.49762] 65.857%6| 56.18693] 54.061
10/ 70.13612] 66.50702 36.90237] 54.931
1 11[70.74738] 67.12829 57.40015] S5.78111]
s 12] 71.33619] 67.72669 57.98065] 56.608¢
13]71.90536] 6830511 3854433 57.01
17 14] 72.45663 | 6386531 59.09165] S.I
15| 72.99113] 69.40848 59.62306] 58.9544
9 16]73.5097] 69.93544 60.13902] $9.
17] 74.01296] 7044635 60.63998] 60.40836]
m 18] 74.50148] 70.94377 61.12636] 61.10385
o] 19/ 74.97572] 7142518 61.59839 61.77914
23} 201 75.43612] 71.89304 62.05708] 62.4
21[75.88312] 72.34727 62.50223] 63.071
22| 76.3171] T2.78827 62.93444] 63 68945,
B 7673004 73 21603 63.35406] 64
4] 77.14753] 1363214 63.76148] 64.87217
28 5] 77.54471] 74,0357 54.15704] 65.4
29 6] 77.93033] 7a.42761 4.54109] 65.
% 271 78.30474] 74.80807 4.91397] 6652031
m 28(78.66825] 75.17746| 65.276] 61.03800)
3] 29[ 75.02118]_75.5%1 65.6275] 67.
3 30] 79.36384] 7588431 63.96876] 63.02873)
31]79.69653] 76.22239 66.3001] 68.
35 32/ 80.01955] 76.55063 66.6218] 68.96262)
331 80.33316] 76.86932 "66.93414] 69.
34] 80.63765] T7.17873 67.23739] 69.84295)
35] 80.93328] 71.47915 6753182
36 81.22031| 77.77082 67.81768] 706
37/ 81.49899] 78.05401 68.09522] 71.06971]
4 381 81.76956] 78.328% 68.36469] 71.45:
m 39] 82.03226] 78.5959 68.62632] 71.82921
%) 0] 82.28731] T8.85508 68.88033] 72.1
) 82.53454] 79.10672 69.12696] 7234513,
45 82.77537] 7935104 69.3664] 72.
83.0088] 79.58825 69.59889] 73
1) 4] 83 23544 79.81856) 69,8246 7354284
43 83.45545] 80.04216 70.04375] 73 85623
49 45| 83.66913] 80.25926 70.25653] 74.16051
7] 83.87636] 80.47003 70.46311] 74.45594
48] 84.07795| 80.6747 70.66368] 74.74277)
49] 84.27348] 90.87339) 70.85042] 75.021
3 50| 84.46333] 81.06631 04749] 75.29164
51] 84.64764 ] 81.25361 23106[ 755541
52| 84.8266] 81.43546] «0928] 75.80903)
53] 85.00035] 81 61202 58233] 76,0363,
5T 54 85.16904 | 81.78345 75033 76.29676|
55] 8533283 81.54988 91345] 76.53003
56] 85.49185] 82.11147) 72.07183] 76.75651
57] 85.64624] 82.26837 72.22559] 7697641
61} 58] 85.79615] 82.42065 72.37488] 711
62} 59] 85.94169] 82 56859 7251983 77.3971
63} 60| 86.08299] 8271218 72.66056| T1.59844
4] 61| 86.22018] 8285159 72.79719] 1.
62| 86.35339] 82.98695 72.92985] 77.98353)
63] 86.48271) 83.11837 73.05863 | 78.16774)
64] 86.60828] 83.245%| 73.18371 | 78.34657]
8 65] 86.73019] 8336985, 73.30512]T8.5200]
66] 86.84855] 83 45012 73.423] 60878
67 86.96347]_83.6069) 73.53745] T8.85243]
7 68] 87.07504] 83.72028 73.64857] 79.01136]
(7] 9] 87.18337] £3.83037 73.75646] 79.16363|
(73] 70| 87.28855) 83.93724] 3.86121 79.31
71] 87.39067] 84.04101 73.96291] 79.46009)
75 72| 87.48981] 84.14176 74.06165]_ 796021
73] 87.58607] 84.23958 74.15752] 79739
7 74] 87.67953] 84.33455 74.2506] 98T
78 75| 87.77027] 84.42676 34097 30.00154
7 76| 81.85837] 84.51629 42872] 80.12702]
77| 87.94391] 84.60321 1391 80.
78] 88.02696] 846876 59662| 80.36713)
m 79 88.10759] 8476954 4.67692] 8048197
(53] 80| 8818588 84.84909 4.75489] 0.
(4] 811 88.26189] 84.92633 4.83059] 80.70172]
%2 88.33568] 5.00132 4.90408 | 30.80682)
3 3] 88.40733| 85.07413 4.97544] 30.90887)
] 84| 88.4769] 85.14482 75.04472] 31.00793|
85] 88.54444] 8521346 75.11199] 81.10414]
0 36 88.61001 | 85.28009 751773 81.19754]
50} 87| 88.67368] 85 34479 75.2407] 81.28822)
m 88" 887355 85 40761 75.30227] 1.
(9] 89] 88.79551] 85.46859) 7536204 81.46173
53] 90! 88.85378] 85.52781 75.42007] 81.50473
91] 88.91036] 855853 75.47642] 81625
[ 92| 88.96525] 8564111 75.53112] 81.7035)]
931 89.01862] 8569531 75.58424] 81,
94| 89.0704] 85.74752 75.63581] 81.85324]
95] 99.12067) 85.79901 75.68587] 81.92484)
96] 89.16948] 85.34361 75.73448] 81.99435
971 89.21687] 85.99%77 7578168} 82.06185]
101 98] 89.26288] 85.94352 75.8275| 82.1
991 89.30755] 85.98892 7587199] 82191
100] $9.35092] 86.03 7591519

14¢
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4-112
. w
Wall thickness = 0.25 m T., =600°C h=100 — C
m .
k=016 —_ a=35x10"" m?/s
m-°C
Approximate as inf. plate with 2L = 0.5
Center plane is insulated
k 0.16 -3 2
—=——=64x10 A=(6)(1.0)=60m
hL  (100)(0.25)
V=10-(0.5)° =0.875 m*
E(VT/@- =546.9 Not lumped capacity
b _10-000_4759 2T _g2
6,  30-600 L
2
r=02V 0D _ 557,104 sec=9.92 hr
3.5x10
4-114
k=1.07 0=54x10"" :=20°C  x=20cm
(2 ‘1_0) at
9 _4500 W/m? Ty=T,+ 21"
A k
T Ty
0 20
100 54.87
300 80.4
900 124.61
1500 155.05
1400 150.47
1390 150
2000 175.94
l4s
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Chapter 4

at x=2cm 71=1390

2499 fa —x? —x? —2~x) 90 —x? 1 )
= —_ exp, — = x| —exp| —
A YV r&mldar 4at \dart A 4ar \2\ar

(e

=1180 W/m?
4-117
-7
L=__i2_=0,122 a_;z (13x10 )(221)(6O)=0.291
hry  (350)(0.075) o (0.075)
L=_ﬁ=o,6 9_°=o.65 _(2_:0_59
ro 75 ; 90

1
T = (0.65)(0.59)(120 — 30) + 30 = 64.5°C
Kar _ (350)2(13 x1077)(21)(60)
k? (3.2)
k
=0.92 =—
pe o

=8.2 =19.6

T Sl ~|5

(0.92)(3.2)

4 3 5
120 -30)=7(0.075)3 =3.6 x10° J
13x10~7 ( , )3 ( )

|44
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Chapter 4

kA _ (20)(0.01)

0.01

R
1

2 —=#)(20)=80

C 400

a=X —5x107
pc

C=pcAV = §(Ax)2

=20
_(20)0.01)* _
5x107°

=5 sec

ATpax =

Ix

T, =100°C

80

ar_

C

5 1

400 80

Excel solution shown for At =5 sec
1 minute = 12 time increments

The Equations

A

B

Ti=

T2=

T3= _|T4=

T5=

T6=

100

100

100 100

100

100

<(140+B2+C2)/4

=(40+A2+D2)/4

=(100+A2+E2+D2)/4 |=(B2+C2+F2)y4

=(200+C2+F2)/4

=(100+D2+E2y4

=(140+B3+C3)/4

=(40+A3+D3V4

=(100+A3+E3+D3y4 [~(B3+C3+F3V4

=(200+C3+F3y4

=(100+D3+E3y4

=(140+B4+C4 )4

=(40+A4+DaY4

=(100+A4+E4+D4y4 |=(B4+C4+F4V4

=(200+C4+Fay4

—(100+D4+E4Y4

=(140+B5+C5V4

=(40+AS+DSY4

=(100+AS+ES+D5V4 |=(BS+C5+F5)4

=(200+C5+F5)y4

=(100+D5+ESy4

=(140+B6+C6)/4

=(40+A6+D6)4

=(100+A6+E6+D6)Y/4 | =<(B6+C6+F6)/4

=(200+C6+F6)/4

=(100+D6+E6)4

=(140+B7+C7V4

=(40+A7+D7y4

=(100+A7+E7+D7V4 |<(B7+C7+F7)/4

=(200+C7+F7)/4

=(100+D7+E7y4

A2 C R -y O . L (8] B

=(140+B8+C8)4

=(40+A8+D8)4

=(100+A8+E8+D8)4 | ~(B8+C8+F8V4

=(200+C8+F8y4

=(100+D8+E8)4

=(140+B9+C9V/4

=(40+A9+D9)4

=(100+A9+ES+DOY4|=(BI+CO+F9y4

=(200+C9+F9)/4

<(100+D9+E9)y4

=(140+B10+C10y4

=(40+A10+D10y4

=(100+A10+E10+D1(=(B10+C10+F10y4

=200+C10+F10)/4

=(100+D10+E10)/4

=(140+B11+C11)/4

=40+A11+D11)4

=(100+A11+E11+D1]=(B11+C11+F11)/4

=200+C11+F11y4

=(100+D11+E11Y4

=(140+B12+C12)/4

=(40+A12+D12)/4

=(100+A12+E12+D13=<(B12+C12+F12)4

=(200+C12+F12)/4

=(100+D12+E12)/4

=(140+B13+C13V4

=(40+A13+D13y4

=(100+A13+E13+D13=<(B13+C13+F13V4

=(200+C13+F13y4

=(100+D13+E13)/4

=<(140+B14+C14)/4

=(40+A14+D14)4

=(100+A14+E14+D14=<(B14+C14+F14)/4

=(200+C14+F14)/4

=(100+D14+E14)4

=(140+B15+C15y4

=(40+A15+D15y4

=(100+A15+E15+D1=(B15+C15+F15)4

=(200+C15+F15)/4

=(100+D15+E15)/4

=<(140+B16+C16)/4

=(40+A16+D16)4

=(100+A16+E16+D14=(B16+C16+F16)/4

=(200+C16+F16)/4

~(100+D16+E16)4

=(140+B17+C17y4

=(40+A17+D17)4

=(100+A17+E17+D17=(B17+C17+F17)/4

=~(200+C17+F17)/4

=(100+D17+E17)/4

=(140+B18+C18y4

=(40+A18+D18y4

=(100+A18+E18+D1§=(B18+C18+F18)/4

=(200+C18+F18)4

~(100+D18+E18)4

140+B19+C19V4

=(40+A19+D19)4

=(100+A19+E19+D14=(B19+C19+F19)4

=(200+C19+F19)4

=(100+D19+E19)/4

=(140+B20+C20)/4

=(40+A20+D20y4

=(100+A20+E20+D2(=(B20+C20+F20)/4

=(200+C20+F20)/4

=(100+D20+E20y/4

=(140+B21+C21)/4

=(40+A21+D21)/4

=(100+A21+E21+D2]=(B21+C21+F214

—(200+C21+F21)/4

—(100+D21+E21¥4

[=(140+B22+C22)/4

=(40+A22+D22)/4

=(100+A22+E22+D23=(B22+C22+F22)/4

=(200+C22+F22/4

=(100+D22+E22)/4

=(140+B23+C23)/4

=(40+A23+D23y4

=(100+A23+E23+D21=(B23+C23+F23)4

=(200+C23+F23)/4

=(100+D23+E23V4

=(140+B24+C24Y4

=(40+A24+D24y4

=(100+A24+E24+D24=(B24+C24+F24)/4

=(200+C24+F24)4

=(100+D24+E24y4

=<(140+B25+C25)/4

=(40+A25+D25)4

=(100+A25+E25+D29=(B25+C25+F25)/4

=(200+C25+F25y4

=(100+D25+E25)/4

=(140+B26+C26)/4

=(40+A26+D26)/4

=(100+A26+E26+D24=(B26+C26+F26)4

=(200+C26+F26)/4

=(100+D26+E26)/4

=(140+B27+C27)/4

=(40+A27+D27V4

=(100+A27+E27+D2{=(B27+C27+F27)/4

=(200+C27+F27y4

=(100+D27+E27)/4

=(140+B28+C28)/4

=40+A28+D28V4

=(100+A28+E28+D24=(B28+C28+F28)/4

=(200+C28+F28)4

~(100+D28+E28)4 |

1 41
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Chapter 4

The Solution

A B C D E F
Ti= T2= T3= T4= T5= T6=
100 100 100 100 100 100
85 60 100 75 100 75
75 50 90 58.75 93.75 68.75

70 43.4375| 81.875]| 52.1875] 89.6875| 63.125
66.3281| 40.5469|77.96875| 47.1094 86.25| 60.4688
64.6289| 38.3594|74.92188| 44.7461| 84.6094| 58.3398
63.3203| 37.3438|73.49609| 42.9053| 83.3154| 57.3389

62.71] 36.5564|72.38525| 42.0447| 82.7087] 56.5552
10} 62.2354| 36.1887|71.86584| 41.3742| 82.2351| 56.1884
11} 62.0136] 35.9024|71.46118] 41.0607| 82.0135] 55.9023
12] 61.8409| 35.7686|71.27197| 40.8165] 81.8409] 55.7686
13] 61.7601] 35.6643]71.12456] 40.7023| 81.7601] 55.6643
14} 61.6972| 35.6156|71.05564| 40.6133] 81.6972] 55.6156
15] 61.6678] 35.5776/71.00194} 40.5717| 81.6678| 55.5776
16] 61.6449| 35.5599|70.97683| 40.5393| 81.6449] 55.5599
17] 61.6342] 35.546)70.95727| 40.5241| 81.6342] 55.546
18] 61.6258| 35.5396|70.94813| 40.5123| 81.6258] 55.5396
19] 61.6219| 35.5345| 70.941| 40.5068| 81.6219] 55.5345
20 61.6189] 35.5322|70.93767| 40.5025| 81.6189] 55.5322
21] 61.6175| 35.5304|70.93507( 40.5005{ 81.6175| 55.5304
22| 61.6164| 35.5295)70.93386| 40.4989| 81.6164] 55.5295
23] 61.6158| 35.5288|70.93291| 40.4982] 81.6158] 55.5288
24 61.6154| 35.5285|70.93247| 40.4976| 81.6154| 55.5285
25] 61.6152| 35.5283|70.93213| 40.4974] 81.6152] 55.5283
26] 61.6151| 35.5282|70.93197| 40.4972] 81.6151] 55.5282
27] 61.615| 35.5281]70.93184| 40.4971| 81.615] 55.5281
28] 61.615| 35.528/70.93178] 40.497| 81.615] 55.528
29| 61.615| 35.528/70.93174| 40.497| 81.615] 55.528

Cleolanjwn]alwin]-—-

4-134
Plate
kA kA k
. ) k x
From figure — =0.98 for — =20 and —=1.0 worst case
0o hL L
Cylinder
ﬂ:lhﬂ<01 ZO_<O2
kKA 2 k k
. 0 k r
From figure — =0.91 for — =5 and — =1.0 worst case
6o 0 o
Sphere
ﬂ:l_’}rﬂ<01 i"0_<03
kKA 3k k
From figure 6 =0.85 for * =3.333 and — =1.0 worst case
90 hro n
|49

oMl aliyl - elgilgall dial



Chapter 4

4-135

Aluminum & =204 o =84x107 m?%/s T; = 200°C
T, =25°C h = 5000 zw Ty=90°C L=5cm=0.05m
m”-°C

9_0_—. 90-25 =0.37 _’f.=—&—=0.82
6, 200-25 hL (5000)(0.05)

2
Fromchat Z5=13  ¢={3000
L 8.4x10™

=38.7 sec
4-136

—k—=0 for h— =
hL

% _037  From chart % =05

_(0.5)(0.05)>
0, =

o =149 sec

4137

Lumped capacity p=2707 kg/ m> c =896

hA (5000)A _
pcV  (2707)(896)A(0.05)
0-25 _ 00417 _ 3y
200-25
T =242 sec

4-138

Suddenly exposed plate

90 - 25 X X
=0.37 =erf =0.34
200-25 (2«/0{1’ )

0.05
r= (2)(0.34)

kg-°C
0.041

]2
82510 =64.4 sec
4%

Convectively exposed plate

ﬁx_ _ (5000)(0.05) —122 _a_;' -
k 204 L

e (7)(0.05)

—_8—41—_{0—_5=208 s€C
4 X

|42
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Chapter 4

4-139
h=23 k=137 a=75x10"" L=18cm
T, =30°C T.. =0°C T,—o=5°C
a. Back side insulated
QL:ﬂ:(),]m L=_1-3_7_= )
6; 30-0 hL (23)(0.18)

At —z- =1.0, using infinite plate Heisler chart oi =0.355
0

By iteration, Fy = % =07 1=84h

b. Semi-infinite solid
Iterative solution of Eq. (4-15) yields 7=13.7 h

4-140
T, =70°F 1., =350°F h=25 k,=0.395 p=59.6
cp =10 a =0.00663 V =0.084 ft> (assume spherical roast)
r=0271ft=ry,  ——=0583 % _o.536 & =03
hro ei A
4-145

nH=15in=38lcm k=0.585 a=14x10"" p =999
c=4195
Take T =3°C at outside of orange to prevent frostbite

k038 3 9 o033

hry  (45)(0.0381) 6y

6, 25-0 6;

% _0364 —» %035

i (v
2
r= (0.35)(0.03_87 D” _ 3888 sec
1.3x10
2 2 -7
hry _ 293 h (217 _(457°a.3x10 2)(3888) ~299
k k (0.585)
Q. 0.84
Qo

For 100 oranges:
0= (100)(999)(4195)271'(0.038 1)3 (0.84)(25-0)=1.19x 10 J=1125 Btu

[Se
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Chapter 4
4-147

The thermal resistance between the slab in contact with the ground may be
determined from the shape factors of table 3—1. This information may be used in
conjunction with properties of the insulation to determine the steady state
temperature distribution. For the transient analysis a numerical model must be
formulated.

4-149
Polyethylene & =0.33 p =960 c=2100 a=1.64x10""
Particle board & =0.17 p=1000  ¢=1300 a=131x10"7
Assume all heat flux absorbed

7

Z

7

%
1 0262 [ % [ ¥ ®5 96

7

7

7
2 mm 2.5cm

Because polyethylene is so thin it can be neglected in comparison to other
material
Node 2

0.17
0.025

p+l _ TP

1300 + (P -T,P) = (1000)(1300)(0.0125)TLT

ptl_Tp
= 16, ZSOTL__.TL.
At
AT.x = 2390 sec, and the same value results for other nodes. Choosing
AT = 2390 sec for the time increment, the nodal equations are
TP =1912+ TP

T3p+l = (TZP + T4p)
2
ryp+t = 00 T5)
2
T5P+1 = w
2
TP = ToP

Time to reach 50°C = 5.8 time increments = (5.8)(2390) = 13,860 sec =3.85 h

151
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Chapter 4

4-150

A, = surface area for radiation
A, = surface area for convection

m = mass
¢ = specific heat
h=AT-T.)"

Grad = 0&4,(T4 - Too4)
9eonv =hAA(T -T.,)
+q, = -mcg
qr 4. a7
ptl_rp

onf{,[(Tp)4 ~-T 41+ RA(TP -T_ )= T_ZT_— 1)

TP measured as function of time during cooling process. Calculate values of &
from Eq. (1) for time increments. Plot

log h

log (T - T)
Determine values of A and n from graph or from least squares analysis of
logh=1logA+nlog(T -T.)

Js2
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Chapter 5

5-2
22 iJ‘é(u —wudy = du
v, 8 Pacdy M=M= R
y=0
d 5( y}‘ y Li d1l 5o pu
#=AC )V sl a6 5
sa5 < &Y 4 52 12w 5o 347x
Ue, U, Re,
5-3
172
s A64x il M =3u_°°_u;.o(y)3
JRe, Uy, 2 2 \6
. 3u°,,yx1/2 u“,y3x1/ 2 ou  dv _ ou _ ov
= 5 3 > o _ ou__9
. u \/2 ox Jy ox dy
2[4 64(:25) ] 2[4.64(;3) ]

-1 -1.3 _ 3
_8_1£=_3u,,°x y+3u°°x3y v=J‘ 3u°°4.64(__yz_)+ 3u,4.64( y° dy
ox 46 46 4,/Re, \6 46,/Re, | &

2 4 2.32u,,(3
Re, |4\6 8\é Re,
at x=6in=1524cm
Re = (0.99)(30)(0. }5524) — 213,000
2.13x10

at x=12in. Re=426,000

(2.32)(30)(2 2.32)(30)(2
12 =——)(—)l(ﬁ2l=0.0566 m/sec v=(—-L)1£/§22=0.0400 m/sec

(213,000) (426,000)

(63
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Chapter 5

54
u |y ou ov 3.47x
U, 06 ox dy Re,
Y|P 172 ou y 2
—u, =—u_ JR
B VTR R o 234Vt
ov y 1 ¥ o1
—=u,—2—— R = Uy —2——[R
¥y <2347y 2V o a3a7) 2 Vo
at x=61in ___34730) 777 = 0.0563 m/sec
(4)(213,000)
(3.47)(30)
at x=121 = =0.040 m/sec
T Y 26,0007 i
5-5
*_Yy 6 _T-T, 3y 1fy
U, & 6. T,-T, 26, 25
d ¢H dT d (H
Ex"jo (T, - Tudy = o o). EI .. G)udy—a(
3
H
_d_J. gw_ngl.,.gf: Y udy=ale
dx Jo 28, 21§, dy ),
0°°u°°i _6_i =q .41 é’:i
10 dx\ & dy ), o
O..u. d 2 ar
e L ) =of & W
dT) 3 3y? 306,
o} — = 0 =
dy ), 26, 26, b 20
Ou. d 0. 306,
(-] OO_ 6
10 %) 26,
d 2. 1 2,0dl 3 déj
— Uy, — (6 )= — w| 20°C°—2+£°6 =
5% %07 15"( St
d (% du
= —wWudy = yus=
deo(uw wudy #dyy=
4 zé)_ i(l‘:_y_)
p(u2 w5,
| 4
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Chapter 5

sd5=SK s =121,
pu,, pu..
1 (24;1 gz dg . 6u 43)
15\ pu., puo°
d¢ .3 _15x 2df _ 3)
4x 2———+ =—
e (3
4 3 121
(C) (C )= v n
3/443 45 A g . &= Ba, o34
24 v 6 v
15
¢ at x = xg c < on

1/3
-5 fisef ()"
o) 6 v x
1/2
5=[12ny =3.47x

T
T80 2 347x 3413
]
J

k 347713
h,=03195 [Re, Pr“?’[l-(f!’-)
X

x -
5-6
p=2x10* N/m? T=5C=278°K  Air
0=125cm=0.0125m u=1.5 m/sec
2x10* 3 s kg
=" — __-0251k =1.864x107° —=—
P= 281278 g/m # m - sec
2 2
_ pue, ( 5 ) _ (0.25)(1.5_)5 (0.01_25) 0147 m
u \4.64 1.864 x10 4.64
L&s”
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Chapter 5

5-7
-6
0, at 2 atm T; =250 K v =-2&§—’2‘& k =0.0307
Pr =0.702 Re=wﬁ)%=1.442x106
20.8x10
7= 2097 10.037)1.442 x106)0% 871](0.702)3 =123 — ¥
0.5 m*-°C
q = (123)(0.5)%(127 - 27) = 3080 W
5-8
L4
Yo
y
du
2yp-2yp-2yp=-2rdx= —Z(u——
dy
du
ydp = pdx—
dy
1 dp , l1dp ,
=—Fy2, ty= =0 =——=
uZudxyc at y=Yyo u ¢ 2#dx)’o
_Lldp > 5
u_Zudx(y Yo©)
1 dp 2
t y=0 = = — (-
at y U=y =2, 27 Y07
2
-u_=(1_l§_)
Uo Yo
15 e
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Chapter 5

5-9
_0_= T-T, _y o
0. T.-T, o u=u, = const
aT - q oT k
= — ===k =h(Tw-—T°°) h=—
g’w 6[ A ayw t
d H t y d(é 0o
— T.-T =— O uo| 1 — = |dy | = Ot —| =+ | = =—
R I e R
590 _2a
P dx U,
6,=0at x=0
52 = dox
t "
172 172
(")
U, Ue,
6 2\ax
e x(u 2?1 (u x\V? v
I C/
kK 2\ox 2\ «a Pr
1(ux . W2 1
Nuxz—(——-Pr) =—(RePr)"/?
2\ v
5-11
Pu_1f,u, u
a2 v ox oy
a3 2 2 2 2
ou_1f ow  oudy 9w dvou) L 0w dufdy ov) du
dy> v\ oyox dy ox dy> dy dy) v| oyox odylox oy oy?
3
u=v=0at y=0 g—z+%=0 i;—y—':%=0at y=0
(51
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5-13
S _ 1
8 1.026Pr"3
Pr o
o
Air 0.709 1.093
H,0 7 0.5095
He 0.705 1.095
NH; 2.02 0.771
Glycerine 12.5 0.42
5-14

T.=15C  wu.=3m/s x=5cm  pu=113x10"3 X&
m-s

p=999.8 kg/m> Re= (999'8)(3)«1'?5) =1.33x10°
1.13x10
5= 6005 _ o) 104 m

(1.33x10%)}2

, o
mass flow = J;) pudy = g pu..6 =1.19 kg/sec for 1 m depth.

5-15
5
p=L JLOZXIOT_ o5 o/ T, =363°K
RT  (287)(363)
p=2.13x10"5 —X& _
m-sec
Re— 09B0005) _, o PRI B
2.13x10 (34,860)

I5'3
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5-16
1, =220 _4750c=3205K #=194x1073
4
=20 _0517  k=0028 Pr=07
(287)(320.5)
Re, = Q21DQOX _ ) 1054
19410

3473
h, = (0.332)(0.028)(0.7)"/3(2.24 x 105)1/2 1/ 2[1 - ("—0) }

X

3.904 x
hy = —n q=fxo he dx(T,, - T..)
J\71/2[1 _ (_EQ ) ]
w
X h
* m?.°C
0.08 38.18
0.19 1127
0.3 8.24
jhx dx=3.79 q=(3.79)(75-20) = 208.6 W
5-17
-3 kg
6=75mm=00075m  p=1000  p=15x10"> —&_
m-sec
2 2
o Pl ( S ) _ (1000)(1.3)(0.0075) —26lm
u \4.64 1.5x10 4.64
5-18
1, =220 _goec =333 v=19.09x10°  k=0.0288
Pr=0.7 Re:—im)(o—'6)_6=6.z9x105
19.09 x 10
i = 22288 (0. 7)1131(0.037)(6.29 x 10%)°8 — 871) = 31.5 W
0.6 m< -°C

g =(31.5)(0.6)>(90 — 30) = 681.3 W

159
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5-19
p=7 kN/m? T.=35°C L=03m  u_, =75 m/sec
T, = 65°C 1, =243 _spec =323
7000 3 -5 kg
=——— =0.0755 k =2.025%x10"° —&_

P= 28ncm) g/m a m - sec
k=002798 —_ Pr=071 Re= (0'0755)(7'5)f?'3) = 8390
m-°C 2.025%10

= 0.02798 1/3 172 w
h= 0.71)"°(8390)2(0.664) = 5.04
05 O7D7E390)%(0.664) =504
g =(5.04)(0.3)%(65-35)=13.6 W
5-20
T, =90°C U, =60 m/sec L=60cm T, =10°C
5
T; =50°C=323K p= L0132 X107, 1o, u=1716x10"5
(287)(323)
k =0.0241 Pr=0.71
Re = '093)(60)(‘_)56) =2.292x10°
1.716 x10
p=l g 641 (0.71)"3[(0.037)(2.29 x 105)°8 _ 877
h=131.1 ZWOC g = (131.1)(0.6)%(10 - 90) = 3776
5-21
-6
N, at 2 atm T; = 400 K v= QSL“;‘L k=0.03335
Pr=0691 Re= w% =7.78x10° turbulent
25.74 10
j = 20335 [0.037(7.78 x 10°)%® — 871}(0.691)!/3 = 76.4 W
0.4 m? -°C

q=hA(T,, - T,.) = (76.4)(0. 4)%(500 — 300)=2446 W

lGo
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523
L=02 T.=35C p=14,000 N/m?> T, =250°C u. =6 mfsec
1 =204 _1ps-ai6k p=200__g445
2 (287)(416)
L=2349x10"  k=003474 Pr = 0.685
Re= QLINO0) _ (o,
2349 %10
(0.3474)(0.664) 2 3 W
h= 5977)12(0.685)/% = 7.86 ——
0.2 ( a ) m*“-°C

q=(7.86)(0.2)*(250 - 35) = 676 W

524

T, =55C T,=20°C p=20,000N/m®> x=03m

u,, =30 m/sec u=22.5 m/sec 1, =242 _375c=310K

20,000 3 -5
=" _025k =2.001x 10
P = 287310) g/m®  p
Re = 02206003 _, 5,405 5= 08D _ 4 38%107 m
2.001x10 (1.01x10°)
u 225 3 y) 1(y)3 y 3

LA L IpAN b Y =056 =245%x103 m

v 30 2 (5 2\8 5 Y

525

c
~£=0332Re, M2 at x=15cm  Re,=0.5005x10° Cp, =2.968x107

[b1
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5-26
Te=°C=315K
v=17.2x10%2 =8.6x10°
k=00274;, Pr=0.7
L = 10%8.6x10°)/30=0.287 m
Nu = (0.7)"3[(0.037)(10%)** -871] = 1299
h = (1299)(0.0274)/0.287 =124.1

q = (124.1)(0.287)%(57 -27) = 30T W

5-27
Eq. (5-95); & = (0.287)[0.381(10%)*2 — 10256/10°]

0.00396 m = 3.96 mm

[e
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5-28
T; =308 K =00 __590  p=2x107
(287)(308)
k =0.0268 Pr=0.7 Re,, = OPDOOLY _ 55 40
0 2x10

Use Eq. (5-43) and numerically integrate: Rejgs = %(35, 640) = 38,610

_ 0.0268
16257 01625

374713
(0.332)(38,610)”2(0.7)”3[1—(-161—525) } =24.64

1/2
h17 5= 1998('@) = 1925
: 17.5

1/2

_ 1/3( 400 1 1
h, =(0.332)kPr ( 2 ) xl/z[ 534 1/3
(%))

Ax "7 m?2.oC
g =(27.85)(0.025)(65—-5) = 41.8 W
5-29

=542 lec—314K v=17.94x10°  k=0.0273

Pr=0.7 Re, = —ﬁw_z
17.94 x10
0.0273

h= TS-(OJ)” 3[(0.037)(3.76 x 10)°8 _ 8711 = 9.48

g =(9.48)(15)(55-27)=3980 W/m
5-30

Ty

=3.76 x 10°

_300+400 . o _ 75,000
2 (287)(350)

U=2.075x10"> k = 0.03003 Pr=0.697

Re = {07475 ) _ 162108

2.075% 10

= 005003 (5 697)1310.037)(1.62 x 1092 _ 871 = 68.25 -
1.0 m*-°C

q = hA(T,, - T.,) = (68.25)(1)*(400 — 300) = 6825 W

Ty =0.747 kg/m>

L3
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5-31
Tj = 0+10 _ 3000 —303k p=—§-0—’%=0.575 kg/m?>
(287)(303)
pn=185%x107> k=0.0263 Pr=07
Re = 03790.5Q20) _ 1. 105
1.85%107°
7= 29263 (0.664)(3.11 1052073 =173 —~
) m*-°C
q=hA(T, - T.) = (17.3)(0.5)%(50 - 10) = 172.9 W
5-32
5
1, =200%10 _ssecompgx p- XY
(2)(287)(328)
pn=1974x107> k =0.0284 Pr=0.7
e, =00ONOD 57954 Reat x=10cm=13,627
1.974x10
— _ awlL/k
¥ 0.6795Re; V2 prl/3
1/2 1/3
4., = (100X0.6795)27,254) (0.1 (0.0284) _ 1414 vy /2
0.2
b _0.453Re, 2 pr1
k
at x=10cm =228 (0.453)13,627)2(0.7)" =13.33 —
1 m“ -°C
5-33
v u (/s)
H,0 9.8x1077 9.8
Air 1.53x107° 153
F-12 0.198x107° 1.98
NH; 0.359x107° 3.59
He 122.2x1078 1222
7
w=10Y_ 107y
14
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5-34
L=10m Re, =10’
v k Pr P
H,0 9.8%10~"7 0.6 6.8 15,750
Air 1.53%10-5 0.026 0.7 320
F-12 0.198 x 105 0.073 35 1536
NH; 0.359 x 10‘6 0.521 2.02 9127
He 122.2 e 10—6 0. 147 0.72 1825
k= k[0.037(107)%® - 8717Pr"/3 = 13,859% Prl/3
5-35
L=1om 2- 0.381Re; "V/5- 10,256
L ReL
5= .O)[(O.381)(107)"°'2 - 5)1’0%59] =0.0141 m for all fluids
5-36
Evaluate properties at 350 K v=20.76 x107° k =0.03003
Pr = 0.697 Re, =—20D) __ 36,5
20.76 x 10
a,,L/k (800)(0.25)/0.03003
T, -T.=

o = = = 5816°C
0.6795Re; V2 Pr!3  (36,127)12(0.697)3(0.6795)
T, =25+58.16 = 83.16°C

at x=25cm
h=K0453 Re Y2pf/3 = M(0.453)(36,127)” 206973 =9.17 2W

x 0.25 m? -°C
or Nu, =76.34

T T - wX __ (800)0.25)
Y T kNu, (0.03003)(76.34)
T,, = 87.24+25=112.24°C

=87.24°C

Iy
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5-37
Uoo =20 m/s Air at 1 atm T.=217°C T, =127°C
L =34 cm square
-6
T; =350 K v= &7-%’;—10- k = 0.03003 Pr = 0.697
Re = EVO3NOY) _ ) 35,107
20.76 x10
= 0.03003 1/3 5.1/2 w
h= 0.664)(0.697)"/3(1.638 x10°)"/2 = 21.04
034 000NN ) m? -°C
q=hA(T, - T.,) = (21.04)(0.34)%(127 - 27) = 2433 W
5-38
-6
7, =B34 _gpec_ze6x v 138XI07 160 W
3 m-°C
Pr=0.71
ey = EDOD) _5 55510
173.6 x10
i = 219 0 664)(3.02 x 105)/2(0.71)1"3 = 157.4 l
0.35 m2.°C
q=hAT, - T.) = (157.4)(0.35)2(113-73) = 771 W
5-39
T =350 K v=20.76x10"°  k=0.03003 Pr = 0.697
5
o = %Q-X— =4.57 m/sec xp =25cm
347713
h,=X0332P 3 ReY 2[1 - ("—0) ]
X X
w
x (cm) h (———)
*\m?.°C
26 36.7
35 13.81
44 9.50
50 7.92
L —
h.dx = 3.844 F=384 153 2W
%o 0.25 m?2.°C

g =h(L-xp)L(T,, — T.,) = (15.38)(0.5 — 0.25)(0.5)(400 — 300) = 192.2 W

lee
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5-40
U, =150 m/sec T, =150°C L=1m T, =20°C
n=211x10">
Tf=150+20=85°C=358K p=L - 14000 _, 3¢ kg/m>
2 RT  (287)(358)
k = 0.03060 Pr = 0.695 Re = (0136005 (1)5(1) =9.67x10
2.11x10
Pl 03060 (0.695)'[(0.037)(9.67 x10)*® — 8711 = 38.00 WOC
m .
q._ —90) = 2
~ = (38.00)(150 - 20) = 4939 W/m
5-41
<23 _Cr ~1s_Ap. -1
StPr®’” =—-=0.074Re; ">~ =Re,
2 2
Re i Eq. (5-85) becomes
3x10° Pr!/3(0.037Re ;08— 528)
5%10° Pr/3(0.037Re ;08— 871)
10° Pr/3(0.037Re, 98- 1670)
5x10° Pr!/3(0.037Re ;08— 4420)
5-42
hy = x5
_ L
7= ij x5 gy =1.2507Y5
LJo
StPr’’3 = (1.25)(0.0296)Re, V'S = 0.037Re, V5
5-43
1, =3010 _ s5ec p=990  p=6x107* k=0.64
Pr=481  MaxTemp. at x=L ReL=(—9-z0—)(12—0)—(_¥)-=3.3x105
X
Nu, =0.453Re /2 Pr'’? = (0.453)(3.3x10%)2(4.81)V/3 = 439

g =k g, 7y - B3O8 010y 197x105 W/m?
X
g=q,A=(197x10%)(0.17 = 1968 W

(1
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5-44

Take properties at 350 K.  v=20.76x10"° &k =0.03003
Pr=0697 Re,=—00D 1445

2076 x107°
Nu, =(0.453)(14,451)"2(0.697)"/3 = 48.28
=" Ty = (48'28)(()01'03003) (80—10) = 1015 W/m?
X .

q=3.,A=(1015)0.1 =10.15 W

5-45
7, =200 400k v=2029%100  k=0178  Pr=072
= B0 ___; 46105

202.9x 10

h= %0.664 Re!/2pr!/? = 9#(0.664)(2.46 x10%)/2(0.72)!/3 = 52.5 —* <
m .

q=hA(T, - T..) = (52.59)(1)*(500 — 300) = 10.52 kW

4. 64
9 632 §=—DEO D =00094 m
L Re, (2.46x10°)
5-46
. =10 mi/h=447 m/s T, =27°C 1' =347 W/m?

sun
L=61m  k=00262 Pr=071  u=198x107 p=1.177
Re, = LTDEADED | 65100
1.98x10 |

i = 20202 (0. 71)/31(0.037)(1.62 x 106)° — 871 = 9.81 2W

6.1 m- -°C
T, — T, = 22) =354°C

9.81
T, = 62.4°C
s
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5-47
T, =400°C T, = 420°F U, =1 ft/sec =0.3048 m/sec

L=10ft=3048 m Re= QUGN _ , o45x10°
2x10
0.12 W

h = —==-(0.664)(4.645 x 105)2(40)"/3 = 60.93
3.048( ) ( ) ©(40) 7 oC

q =(60.93)(3.048)(3)(0.3048)(420 - 400)(3) =1887 W

(3.048)(4.64)
Sy o5,z = 0.0208 m

5-48

27477 =57°C=325K v=18.23x107% k =0.0281

(40)4)
18.23x107°
Nu; =Pr'3(0.037Re, 03 850)

w

- 0-04281 (0.7)[(0.037)(8.78 x10°)°% - 871) = 77.4 —7 .
m .

q=hA(T, - T.,) = (77.4)4)*(77- 27) = 6.19x 10* W

Tf =

Pr=0.7 Re; = =8.78 x10°

Ty =————=287K v=14.51x10"% k=0.0252 Pr=0.71
U, =5 mi/hr =7.33 ft/sec =2.235 m/sec

ey = Z2CD _, 65106
14.51x10

Nu; =Pr/3(0.037Re ;08— 871)
w

7 =2922 0.71)13(0.037)(4.62 x 1098 — 8711 = 5.30 —,
30 m*-*C

q=hA(T,, - T.,) = (5.30)(30)(60)(300 — 273) = 2.58 X 10° W

5-50

at 300 K v=15.69x10"°

- UOOLY _ g 56104
15.69x10

= 8 =(0.15)(9.56 x 10)/2(4.64) = 0.00225 m

(9
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5-51
T;=350K v =20.69x107° k=00318 Pr=07
e; = _B3306) _g57x10°>5x10° — Turbulent
20.69 % 10
7= Q0318 (11310 037(9.57 x10%)°° ~ 871] =65.08 —5
0.6 m” -°C

q=hAT, - T.)= (65.08)(0.6)(0.3)(400 - 300)=1171'W

5-52
T=303K, V= 128x10%; uo=15
L= (250000)(128)(10’6)/15 =213 m

5= (2.13)(5)/(250000)”2 ~00213m=21.3 mm

5-53
T,=45°C=318K; k= 0.155, Pr=07
h= (0.155/2.13)(0.664)(250000)”2 (0.7)"? =2145

q = (2145)213)(60-30) = 1371 W/m depth

|10
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T, = 25+150 _ g7 50c=360.5K p=2.119x10  k=00308
6
Pr = 0.693 p=02X10__) 933 kg/m’
(287)(360.5)
ey = d ‘933)(60)((_)55) =274 %108
2.119x10

Nu = Pr/3(0.037Re*8- 871)

1/3
h= @%—(0.0308)[(0;037)(2.74 x106)08 —871]=238.6

. m? -°C
q=hA(T, -T.)= (238.6)(0.5)%(150 - 25) = 7424 W
5-55
T, =100°C T, =20°C T, = 20+100 _ hoc =333 K
p=150 kPa u,, =50 m/sec 1 =216x10"" k=0.15
Pr=0.7
150 x 10° 3

- 22X -0.217 kg/m
P = 2078)(333) g/

er _ BODOAT _ 4 g8 x 10°

21610~
h= 0.664«’1%Re J2pe? = (0.664)91'165(4.98 % 105)12(0.7) = 62.4

m?2 -°C
q=hA(T, - T.)= (62.4)(1)2 (100 — 20) = 4993 W

11t
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5-56
T; =300 K 1=18462x107  k=0.02624 Pr=0.71
=_4M_=0.465 kg/m> e =@ﬁ65)(—20)(_2_52=1,01x106
(287)(300) 1.8462x10
k= %Pr” 3(0.037Re %8 871) = @%6&(0.71)“ 3[(0.037)(1.01 x 10%)%8 — 871]
173V
m* -°C
q=hA(T, - T.) = (17.3)(2)*(350 - 250) = 693 W
5-57
T; =350 K p=1991x10"°  £=0.0298 Pr=0.7
50000 _ o el kg/m? _ (0.481)(1.2)(}20) —2.0x106
(287)(350) 19.91x10
f = 90298 ©0.7)3[(0.037)(2.9x 106)%8 — 8711 = 101.4 —.

1.2 m2 . °C
q=hA(T,, - T..) = (101.4)(1.2)(400 — 300) = 1.22 x 10* W/m

5-58
T, =219 ggec_350 % 1=9954x10°  k=0.206
5
Pr = 0.697 = @A0IxXI0%) _ 59 kg/m>
(4157)(350)
oy - QLNOW o
9.954 x10
h= %0.664 Re; /2 pr!/3 = &%%(0.664)(83, 592)"/2(0.697)"/3 =35.14 2W %
m .
q=hA(T, - T..) = (35.14)(1)* (139 ~ 15) = 4357 W
5-59
1, =10430_300c v=0349x10°  £k=0507  Pr=201
L —M_g=5.73x106
0.349x 10
h= %Prl/ 3(0.037Re 08~ 871) = %(2.01)” 31(0.037)(5.73x10%)°8 — 871
= 13,698 —
m*-°C

g =hA(T, - T.,) = (13,698)(0.4)*(50 — 10) = 87,670 W
172
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5-60
3
=20 _g3eco3e6k p=—23X10" 0507 kg/m?
(2078)(366)

U =230.5x10""7 k=0.1691 Pr=0.71

= (0‘0592)(1)(_570) =1.28x10°
230.5x 10
F=%0664Re, 112 prl/3 = M(O.664)(1 28x107)12(0.71)1/3
L L 1
=35.88 2W
m* -°C

q =hA(T,, - T.,) = (35.88)(1)*(136 — 50) = 3086 W

5-61
1, = 200+10 5500 - 358 v =(18.53x107%)(10) =18.53x 107
k =0.0284 Pr=0.7
= ——-—-(300)(0'835 =1.295x%10°
18.53x10
h= %Pru 3(0.037Re 98- 871) = 0—‘3-28ﬁ(0.7)“ 3[(0.037)(1.295 x 106)°8 _g77]
=63.04 2W
m*“-°C
q=hA(T,, - T..) = (63.04)(0.8)*(100 — 10) = 3631 W
5-62
1, =245 3750 p =993 1 =6.82x1074 k =0.63
Pr=4.53 L=03 U, =6 m/s
e, = ———(993)(6)(0;:’) =2.62x10°
6.82x10
7 =293 (4.53)131(0.037)(2.62  106)°® — 871) = 14,500 W
0.3 m< - OC

q=hA(T, - T,,) = (14,500)(0.3)%(54 — 21) = 43,080 W

113

Mech.MuslimEngineer.Net



Chapter 5

5-64

V7 s s A7 8/7°
u _(y : y U Y 7

—— ) I = = -_— = — = - °°5
- (6) " -[o pudy Io p““’(a) B=P T gy| ~g™
v=2076x10"° m?/s at350K  p=0.998 kg/m?

.= 10°)(20.76 % 1075)

30
8 = x[(0.381)Re, "V/~10,256Re,~1]=9.54 x 103 m

rh= %(0.998)(6)(9.54 x1073) = 4.998 x1072 kg/s

At Re, =10° =0.692 m

At Re, =10’ x=692m §=0.0979 m
rh = %(0.998)(6)(0.0979) =0.513 kg/s

5-65

T, = 610.;3;‘0 =450K  p=2484x10"°  k=0.03707

Pr=0683 p= 50,000
(287)(450)

e, = (0.387)(6)(0—.52) - 18,703
2.484 x10
Nu, =0.453Re, 2 Pr'/3 = (0.453)(18,703)"/2(0.683)"/3 = 54.56
g, = KNu(T, ~T.) _ (0.03707)(54.56)(600~300) _, .. /m?
x 0.2
q=q,A=(3034)(0.2)> =121.3 W

=0.387 kg/ m>

17y
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5-66
_l_i(___'aT)_la_T o _wdlr ¢
ur or\_ or a ox or oodx2 r
2
uy oT r 9!
T=—"——+c¢/Inr+ = = aq=0
a ax 4 1 Cz r f(x) 4 l
oT r?
at r=0 T=1, I.=c then T=%ET+TC
]
[ pemrdruc, |
I, = oro =8ﬂ7023_T+72‘ T=T,atr=n
J' pQrrdiuc, % %
0
_x[9T
ug 0T 5 k( or )’“'o
w="—="n"+T; h=
4o ox Tw - Tb
ol _udT 2| _ upr OT
or r=r. o ox 4 r=ny 200 ox
Ugly 9T Ul 9T
_ —k 20? ox ——k 2a° ox =—4k
Y 29T
h =-8£ or Nu, =8.0
do
5-68
Air T, = 211127 10000 =375 %
-6
v __23'3?;10 k =0.03184 Pr = 0.698
ey = ENOO0D) _; 5345105 Turbulent
23.33x10
]7—_-0‘%3;84(0.693)1/3[0.037(1.234x106)0'8—871]=38~85 > o
. m )

q=hAT, -T.)= (88.85)(0.6)*(179 — 27)=4798 W

15
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5-69
p:%atm 1, =28 _y70c=300K
v=(15.69x107%)(2)=31.38 x 1076 k = 0.02624
= _CV0D 4 78x105<5x10° Laminar
31.38x10
P =222 0,664 78x10%)20.71! = 21.5 WOC
m .
q= EA(TW ~T,,)=(21.5)(0.5)2(77+23) =537 W
5-70
101 -6 -5
v={ 550 1346X107) =6.8x10 k=0.152
Re; = —(M-—Z% = 88,235 Laminar
6.8x10
7= 2152 6 664)(88,235) 2(0.7)"3 =88.7 W
‘03 m? .°C
q=hA(T,, - T..) = (88.7)(0.3)*(93 +18) = 886 W
5-71
"0 b4-)
v - Ty
\ 5,
177
u r 0.316 49
—_— l-—-— = — = — =O.816u
U, ’"0] ! Re, /4 tom 60 e ¢
dp I _u, 2 dp T,
—=f—-p= iy dp = T,,(2nrydx —=2-2
dx f d P ) 0 ap w( 0 ) dx
du Hu
T, = 'u— T= lub =
w dy - 5L6/7r01/7
Assume Linear profile in sublayer u=a+bratr=rp,
5 177
r —
=-b =1-2"L| =_p§ b= ——
a r Uc [ Yo ) L 8,571,177
dp _ 0.316 (0.816)%u,
dx  [p(0.816)u.(2r)]'* 2r0 2
176
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1/4
5607 - 2Hu [(0-816)P“c(2’0)] (21)(2)
T p¥70.316) u (0.816) pu, 2
3/4 /6
5, = 43( ﬂ] 328
Ucp

7/8 5
6L = 81( L ) roug or =L = 124Red"7/8
Ucp i)

5-72
2 Apr du u r
nr =1(2nr)Ax T="L—=p(v+e,)— = =|1-=
dpr? = 2(2m) 2L bt e uo[ro
/ -
u__du_ (1 1__’__67__1_ du_u (Y
dy dr ‘\7 ) ) dy Tny )
dr .
sm“pzu—v= dx 2 77—V U, = _n‘:z 0°27rrudr
du "
v P, (1—7:)—) 0
1t Y7 ) N 7
Uy =—> | 2mmu|1-—| dr=—=Qmu,) - | = | =0.816
m mbz o c( '0] r 02( c)(s)(l5)r0 Uc
2 -1/4 -1/4
d_ 1w’ 0.316(2.4,,;0) _ 0.316(2(0.816)ucr0)
dx 27'0 2gc 1 1%
d v V' 1 0s16u)?
L -0316 ——J 1 ,0816u)"
dx \ 2(0.816)u.ny 2y 28,
(1 )6/77
- %
£, =0316 —~ " o 0816, r —v
2(0. 816)ucr0 2 28 2 pu,
6/7
£, =0.162 J 3/4( J [1——) -v
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Chapter 5

5-74
Re = 1500 = P4m?
u

p =993 kg/m3 pn=724x10"" k=0.627

_ (1500)(7.24 x107%)
" (993)(0.025)

ug = 2u,, =0.0875 m/sec

_ (4.364)(0.627) _ w

=109.4 —
0.025 m? -°C

T =35°C d=0.025m

=0.0437 m/sec

5.75
oT

u = const — =const
ox

d ( BT) ur oT

or\ or) a ox

JoT _ ur® 3T
o

or 2 ox
oT wur dT ¢

or 2adx r
-E:z—a—T+c Inr+c
400 ox 2

T=T,(x) atr=rand r=n
2
ury* 0T

T,(x)= 40 o Famnte

2

un” oT
T ————-—+clnr +c
w(X) 5 fan+e

uln® ~n?) T '12) o, o2 |=0
40 Ox rl

_—un®-r?)orT| 1
© 4a ox|In(n/n)

woT| 2 o In@n) 5 o
r=1,0= aax[(r ) 1n(r2/r1)(r2 ")]

1%
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Chapter 5

5-76

Airat m =4 p =3 psia T, =0°F Plate: 18 in long

T, =200°F ¥y =1.402 d = ./y.RT =1052 ft/sec

U, =m, =151x10’ ft/hr P.. =0.0176 U, =0.0394
Re;_ =-=X=998x10

©0o

Ty = 1;,(1 + VT'IM,P) (laminar portion) = 1940°R

Pr=0.681 (Assume) r=Pr2-0825 r=lm T
To-T.
T,,, =1680°R T" =T, +0.5T,, — T,.) +0.22(T,,, — T..) = 829°R
p =0.00977 1 =0.061 k™ =0.0218 c, =0.2444
Turbulent portion: Pr = 0.682 r=Pr*=0882 T, =1800°R
T =855°R .. Pr=0.681 (close enough)
p =0.00947 1 =0.0626 ¢, =0.245
U, =1.51x107 x=15ft
Laminar Heat Transfer: x, = —R—;‘%t#— =0.206 ft Nu = hk),c.f

Nu =0.664(Re ;" )2(Pr*)3 = 416
q = hA(T,, — T,.) = 9250 Btu/hr
Turbulent Heat Transfer:

* -1/5
he=@r)? 3(p*cp*u°°)(0.0288)[p “rx) = 69x71/5
u

1.5
j hdx _
F=20208 733 B q=hA(T, - T..)=—108,000 Btu/hr
J S hr-ft2 . °F
0.206

Total Cooling =—-117,250 Btu/hr

119
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Chapter 5

5-77
T,, =65°C  u. =600 m/s T. =15°C =288 K
p=7000 N/m? L=1m a=[(1.4)(287)(288)]"/? =340.2 m/s
600 2

M=—""—"=1764 Ty = 288[1+ (0.2)(1.764)%] = 467 K

3402 0 8[1+(0.2)( )1
Assume Pr=0.7  Laminar: r=(0.7)/2 = lax =288 T,, =438K

467 - 288
T =288+ 0.5(467 — 288) + 0.22(438 — 288) = 346 K
7000 3
=———— =0.0705 kg/m
P= 287336 g/
p=207%x107 k =0.02973 Pr=0.7
5 -5
_Gx10007x107) _ o
(0.0705)(600)
Turbulent: r = Pr/3 = (0.7)13 = Jaw =288 T,, =347K
467 — 288

p=—10%0___ 0701 pL=2.07x10"> c,=1009  k=0.0298

(287)(347)
Pr=0.7

5 s
20710 |15 _ gy p4yS
(0.0901)(600)

h,, = (0.0701)(600)(1009)(0.7)/ 3(0.0296)[

J'L h.dx = (87.24)(2—)[(1)4/ 5 - (0.245)*31=73.66

Laminar heat transfer coeff. 7 = (0'66‘:))(;:5’2973) (5x10°)Y2(0.7)3 = 50.59
For entire plate: / = J' hydx _ (50.59)(0.245) +73.66 _ 86.05 2W
L 1 m* -°C
5-78
Pr=0.69 Ty = 233[1+(0.2)(4)*]=979 K
T, —233
=(0.69)/% = Zaw — <22 T, =853K
r=069) " = o0 a3 aw
|ge
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5-79

T, =-40°C =233 K a =[(1.4)(1)(287)(233)1? =306 m/s
U, = (2.8)(306) = 856.7 To = (233)[1+(0.2)(2.8)*1=598 K

T" =450 K Pr=0.69

Chapter 5

Laminar: r=pPr'/2=0.83 T,,, = (0.83)(598 — 233) + 233 = 536 K
Turbulent:  r=Pr'3=0.88 T,,, = (0.88)(598 — 233) + 233 = 555 K

5-81
T. =30°C =303 K p=1258 L=03m  c,=2445
u, =1.5 m/sec Pr=5380 D=89N =1,A (both sides)
T, = 89 5 =49.44 N/m? = M
2(0.3) (1258)(1.5)?
C
stpr?/3 = Tf st=2 0;’49 (5380) 23 = 5.689 x 1075
h = (5.689 x107°)(1258)(1.5)(2445) = 262 2W
m
5-83
1;=60°C=333K p=1046  c,=1042  p=19.22x107°
k =0.02858 Re = LUOCOAI _, 19551075
19.22x10
p=? 0285 8 (0.664)(2.122 x10°)2(0.7)1/3 = 5.97

q=C. 97)(1 3)2(100 - 20)=807.2 W
C =(2)(0.664)(2.122x10%) V% = 2.883x1073

18)
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Chapter 5

5-84

L
=l-— Ap = f T PHn’

peto () _d

Lpu,,” Pt 28,
dp_2udu_tp
dc rdr L

f= 2—”(@)—5-— du = —2rdr{i‘-°2—)
r \dr Py, /ch 1]

-d—u——2r f=(&‘. —zmoj d

dr r A n’ ) pun’/2e.
n ) 2
I 2rudr 2uoj (1—'—2)rdr
u. =20 - 0 o
" )’ o’
_4 . p_04s. _ 64
T T d ke,
u
5-85
oilat 10°C 15 cm square plate
g,, =10 kW/m?
Oilat20°C  v=9x10"* m?%/s k =0.145 —lc- Pr =10,400
m.
hox qwx _ 0.4637Re, Y2 Pr'/3 2
I R Y UL
[1+( Pr ) ]

qw = hx(Tw - Too)

T —T = 9w _ qwx
¥ " kNu, kcRe,!

_1 J‘ __ 9wL/k
(pu x)1/2 (1/2)cRe;?

3
qw = ’2— x=L(Tw - Too)

(0.5)(0.15)
0.0009

At Ty =20°C Re; = =83.33

\8a
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Chapter 5

_ (0.145) (0.4637)(83.33)2(10,400)"/

x=L 174 - 92.76
0.15 [1 . ( 0'0207)2/3]
10,400
T =200 _ g5 180c
(3/2)(92.36)
Recalculate T, =10+ 772 =46°C
Evaluate properties at 40°C
v =0.00024 k=0.144  Pr=2870
e; = w =312.5
0.00024
_ 0.144 (0.4637)(312.5)/2(2870)/3 _ 12
x=L = 1/4 -
[l +(5%9) }
ey L L R
Ban)
Check Ty =10+ -5-95'-6- =39.8°C = 40°C
Close enough
— (3 w 10,000
h={Z|112)=168 T,y = Too)yer = —— =89.3°C
(2)( ) m?.°C o Tt =5
5-86
T.=10°C T, =10+89.3=993°C  T;=55°C  v=0.000123 m?/s
k=0.141 —2_  Pr=1505 Re, =00 _4g
m-°C 0.000123
_ (0.141/0.15)(0.3387)(610)/2(1505)V/3 001 W
x=L= 00268123 T4 7 mZec
[“’( 52) }
_ w
h =(2)(90.1) = 180.2
(2)(90.1) e

q=hA(T, - T..) = (180.2)(0.15)%(89.3) = 362 W

| 83
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Chapter 5

5-87

v=15.51x10"° m?/s
45x

Re; =5x10° =——> x=0.172m
15.51x10
Rep =108 = — %X x=34.46Tm
15.51x 10
5 =L 1 22%10% m

1= (5% 105)1/2

8, = (34.467)[0.381(108)°1/ - 1%] =0.326 m
5-88

5
x= X107V U, =20 m/s

uoo

8 =5x(5%10%)"V2 = 5‘1(5 x10%)1/2 = 3536 = 1768y
U

‘00 oo

(@) v=142x10"% m?/s §=0.025m

() v=131x107° §=0.0023m

(€ v=99.69x107° 5§=0.176 m

(d) v=0.368x107° §=65x10"*m
(&) v=0203x10° 5=3.59%10"*m
5-89

~ 1¢L 1¢L, (pu.' nai 1 pu. ) ' h,y
hp==| hdx=—| k= | x"fPr)dx = — Ckf(Pr)| Pl | 2= =
L=2] n Lfoc{#)x SPryds = 7 Chf(eo| o | =

hy
hx:L

S |-

\84
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Chapter 5

5-90

v =0.0009 m?/s Pr = 10,400
Eq. (5-44)  Nu, =(0.332)(10,000)"/2(10,400)!/3 = 724.7
(0.3387)(10,000)"/2(10,400)"/3

Eq.(5-51) Nu, = — =7393
[l + (o 0468) ]
10,400
5.91
T; =325K v=18.23x10"° k =0.02814 Pr=0.7
p=1.086
- OB _; g5x106
18.23x10
h=l 327814 (0.7)13[(0.037)(1.85x10%)°® - 871]=98.3 WOC
q = (98.3)(0.75)*(350 — 300) = 2764 W
g, - 0.0746 - 1055 = 0.00356
(1.85%10%°%2  1.85x10
2 2
D (0.00356)(0.752) (L0845 _, 5
5 -6
Laminar Portion: L= (5x10 )(15523 x10 ) =0.203m
= 0523;4 0.7Y3(5x10%)12(0.332) = 28. 96 W
g = (28.96)(0.203)(0.75)(350 — 300) = 220 W
5-92
x,=0.203 m
(5)(0.203)
= 2R —0.0014 m
© T (5x10%)12
10,256
8, =(0.75)| (0.381)(1.85 x 10%)V/3 —-—’——]=0.0118 m
L=( )[( X ) 1.85%10°
All turbulent & = ﬂ?)ﬂ% =0.0159 m
(1.85x10%)
|85
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Chapter 5

593
T, =500 K Ty =400 K

(@) Propeties at ., =300 K: v=15.69x 1075, k =0.02624, Pr =0.708
(b) Propeties at Ty =400 K: v=259x107%, k = 0.03365, Pr = 0.689

(c) Propetiesat 7,, =500 K: v=37.9x107%, k= 0.04038, Pr=0.68

_ (45)(0.75)

T 15.69%10°

p=l 327‘;24 (0.708)3[(0.037)(2.15 x 10%)°8 —871] =107.2

= (107.2)(0.75)*(500 - 300)=12,053 W

(a) =2.15%x10°

_(45)(0.75)
25.9x107°

0'(()’373565 (0.689)3[(0.037)(1.303 x 10%)% — 871] = 79.82

= (79.82)(0.75)*(500 — 300) =8979 W

(b) =1.303x10°

h=

_(45)(0.75)
37.9x107°

0'8‘2(238 [(0.037)(8.9 x10%)%% — 871](0.68)"> = 59.5

= (59.5)(0.75)% (500 — 300) = 6694 W
Properties rather strongly dependent on temperature.

(©) =89x10°

h=

196
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Chapter 5

5-94

9, =700 W/m?> L=03m

Properties at 300 K

v=15.69x107° k =0.02624 Pr = 0.708

at x=15cm Re=—DO1D _ o5 600
15.69 x10

Nu, = 0.453(95,600)"2(0.708)!/3 =124.8
T, = (700)0.15)  _ 320C
(124.8)(0.02624)
300 K is close to average film temperature.

at x=1cm Re =6373 Nu, =322
T, — T, =8.3°C T, =2583K
at x=5cm Re = 31,865 Nu, =72.1
T,-T,=18.5°C T, =2685K
at x=10cm Re = 63,730 Nu, =101.5
T, - T.. = 26.3°C T, =276 K
at x=20cm Re =128,670 Nu, =144.8
T, - T.. = 36.8°C T, =286.8 K
at x=30cm Re =191,200 Nu, =176.5
T, - T.. = 45.3°C T, =2953K
5-95
at 30°C = Ty v =0.00057 k=0.144 Pr = 6635

0.00057

0.144 1/2 1/3 W

h =———(0.664)(3509)"“(6635)"'~ =532

02 ( )(3509)“(6635) T o0
g =(532)(0.2)%(40 —20) = 426 W
at 20°C v =0.0009 p =888.2
Re = gE)LO% = 2228

C
Tf =0.664(2228)"V2 = 0.0141
D =(0.0141)(0.2)%(888.2)(10)2 = 50.1 N

181
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5-96 pter 5

5-96
1, =227 _spec =325k v=1823x10"  k=0.02814
Pr=0.7 Uo =44 ft/s=13.4 m/s
Re; =—(l3'ﬂ)¥=2.94><106
18.23x10
7= 222 0.7)10.037)2.94 x 10,8 _8711= 2.1 ¥ =
m .
q=(29.1)(4)(1)(77 - 27) = 5820 W
6,0.8 1/3
oy = 0.0296)2.94 109307 0.02814) _ ., 2W
4 m*-°C
%: (27.64)(50) = 1383 W/m?
at x=50 cm Re; =3.68x10°
h, = 0'%2?4 (0.332)(3.68 x10°)2(0.7)!/3 = 10.06
-} = (10.06)(50) = 500 'W/m?
5-97
at Ty =350 K v=2076x10° £ =0.03003 Pr=0.697
(30)(0.1) 5
Re; =——2") _1445x%10 X =0.05m
L2076 %107 0
347713
x Re, 1- (f(l) Nu, hy
P
006  .867x10° 1.985 171.8 8598
0.075 | 084x10° 1.562 1512 60.54
0.1 14454105 1.351 151 4534
e [85.98 6054 | 015y 60.54+45.34 ©0.02 5)] L 056 2W
2 2 0.04 m* -°C

q =(60.56)(0.1-0.05)(0.1)(400 — 300) = 30.3 W

138
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Chapter 5

5-98
at x=5cm Re, =72,250
he = 202 (0.332)(72,250) 2(0.697)! = 47.52 d =
. m .
g = (47.52)(0.1)(0.005)(400 - 300) = 2.38 W
5-99
v=15.69x107° ReL=—(l—5—)£(L22-_g=l.9lx105
15.69 x 10
=002 600229m=023cm
(1.91x10°)%
No interference
5-100
Ty =26.7°C U, =2 mfs x9=0.1m x=0.105m
pL=86x10" k=0.614 p =996 Pr=>5.85
12 3147713
0332k Pr3 (B [1 - () ] dx W
h==2 =40,450 —
Xp — Xo m* -°
g =hA(T, - T..) = (40,450)(0.2)(0.005)(37.8 - 15.6) = 898 W
5-101
;=300 350k L=0im  T,=400K 4, =35 m/s
-6
y=2076X10 ~ _ 5191076 m?/s k = 0.03003 —¥
m-°C
Pr =0.697
Rey = b=l = OO _674510°
v 5.19x10
h= %Pr" 3(0.037Re %8 871)
1/3
_ (0.697) 5 (10‘03003) [(0.037)(6.74 x10°)°% - 871]
=222 2W
m* -°C

q=hA(T, -T,)= (222)(0.1)% (400 — 300) = 222 W

(39
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Chapter 5

5-102

For same flow properties

Re; =6.74 x10°

h(const heat flux) =1.04 (h isothermal)
At x=L (T=c)

Nu = Pr'/3(0.0296)Re ; 08 = (0.697)1/3(0.0296)(6.74 x 10%)°8 = 1208

h= (1208)(0.03003) =363 2W
0.1 m*-°C

Minimum 4 and max AT will occur at Re g, =5 X 10° and L=0.074 m

0.03003 5\1/2 /3 W
h= 0.453)(5x10°)2(0.697)/3 =115.3
0072 (049X ) 0.697) m? -°C
q/A 1000
AT, =22 =" -8 68°C
mxh 1153
Tyax = 300 + 8.68 = 308.68°C
5-103
Reggy =108 Re; =5x10° U, =10 m/s T =350 K
v=20.76x10"% m?/s k = 0.03003 Pr=0.697
6 1o)L
5x10% = ——— L=1038m
20.76 %10
— 0074 A
Cr=—re—— A=3340
f Re;> Re,

C
stPr23 = 2L = 0.037Re, V5~ 1670Re !
2
AL _ pel3(0 037Re, %8-1670)
k L
At Re; =5x10°

— 0.03003 /3 6.0.8 A\
h= 0.697 0.037)(5x10 -1670]1=17.41
1038 ( )l X ) 1 70
q=hA(T,, — T..) = (17.41)(10.38)(400 — 300) = 18,080 W
m - depth
5-104
- 0.03003 /3 6,0.8 W
h= 0.697 0.037)(5x10 -871]1=1947
10.38 ( ) I( X ) ] T o0
q = hA(T,, - T..) = (19.47)(10.38)(400 — 300) = 20,207 W
m - depth

[90
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Chapter 5
5-105
_10+30

2
k=0286 —%—  Pr=125x103 Re, =
m-°C

=20°C L=30cm u.=2m/s v=000118 m%/s

(2)(0.3)
0.00118
<, _ (2(0.338NRe; 2 pr (2)(0.3387)(508.4)2(12,500)"/3

Nug 174 174
0.0468\2/3 0.0468\%/3
[1""( BeE) ] [“(12,500)
(354.5)(0.286) —138 2VV
m* -°C

q=hA(T, - T..) = (338)(0.3)>(30 — 10) = 608 W

Iy

=508.4

=354.5

h=

5-106
T.. = 20°C T, =0°C Ty =10°C L=02m
Re; =1x10° k=0.246 Pr=410
m-°C
1/2 p.1/3 5.\1/2 1/3
Nop = (2)(0.3387)Re le3 11;: _ (2)(0.3387) (1% 10233 15;110) 1591
0.0468 0.0468
[H( Pr ) ] [”( 410 ) ]
= (1591)(0.246) _ - ZW
) m* -°C
g =hA(T, - T..) = (1957)(0.2)>(0 - 20) = -1566 W
5-107
7 -6
v=15.7x107° Re =107 = %=X 2= 800ASTXI0T) _ 505y
v 30
at u=17m/s x=224m

u=12 m/s x=13.08m

197
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5-109
1, = 2410 3500 _ gop p=803x10"*  k=0619
Pr=541  p=995
4 (10*)(8.03x107%
at Re=10 Uy, = =0.027 m/sec
(995)(0.3)
at Re=10" u,, =27 m/sec
atRe=10* 7 =289 0 664)102(5.41)% = 240 5 il
0.3 m?* -°C
q = (240.5)(0.3)(50 - 10) = 866 W
at Re=10" h= g663#9(5.41)” *[(0.037)(107)%8 - 871 = 49,956 — %
. m -

q=(49,956)(0.3)>(50 ~10) = 1.80 x 10° W
5-110

For laminar flow

1/2 /3
(tJosn( 2] (3]
L i) k

Pr ~ constant which implies u ~ k

For ideal gas p ~ % (T = abs. temp.)

u~T?% (a=const)
Therefore, for constant u_ and L
1/2 172 _
h = const X Ta(l) (L) = const X T%L
T T¢
For airat 350 K a=0.74 and % = const x T 013
or, not a strong function of absolute temperature

(92
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Chapter 6
6-1

For L=20cm §=4O at 120°C Pr=175

¢p=2307  p=(0.124x107%)(829)
Ist iteration

1/3
h= 925-(1.86)(175,000)" 3(%) =821.3

0.005
m(0.005)(4)

Re =1000 = > =
7(0.005)(0.124 x 107*)(829)
m =0.0404 kg/sec

k=0.135

(0.0404)(2307)(120 - T,)=(821 .3)7:(0.005)(2)(60 + % - 50) (a)

T; =118.1°C Small change in temp.
at T,, = 50°C v =0.00057

_40\0.14

0.124 x10 ] 4806
0.00057

Recalculating 7, from eq. (a) gives T, =118.9°C

g =1(0.0404)(2307)(120-118.9) = 104.8 W

6-2

h= (821.3)(

P =996 cp, =4180 k=0.614 Pr=5.85
d =3 mm u,, =0.04 m/s L=2m
2
= (996)7[(0.(‘)103) (0.04) ~282x10~ ke/s
Re, = (996)(0.04)(0.003) =139 Laminar
a 8.6x107
Gzl = 2 =0.82
(0.003)(139)(5.85)
For T,, = const Nu - 3.66
h= w =749 2W
0.003 m*-°C

q= EA(TW — 1) = (749)7(0.003)(2)(180 — 80)(3) =784 W

L9y
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6-3
d=0.025 T=300K
Hair = 1.846x 107
Uwater = 8.6 x 107

Re = 15000 = 4m/rdp

Mair = 0.0054 kg/s  Muater = 0.253 ket/s

6-4
Nuj =247 k=0.521
@)(1)(2)(0.866)
Dy=24_ )(23?( =0.5744 cm
p
po@40052) 0 W
0.005744 " m?.°C
% = (222.9)(0.03)(50 - 20) = 200.6 W/m
6-5
Dy = 53)%(19_) = 6.667 mm k=06 Nuy =3.657
peBOSDO6) o
6.667x1073
% =(329.1)(30 x107%)(60 ~ 20) = 394.9 W/m
6-6
q=(3)(4175(15-5)=125850 W at 10°C p=131x1073
k=0585  Pr=940 Re= (0"2)5)(3)(4) ——=58,316
7(0.05)2(1.31x1073)
= _ 0.585 0.8,0 4104 w
h = ——(0.023)(58,316)°8(9.4)%4 = 4283
0.05 02X o4 m?.°C
q=125,850 = (4283)m(0.05)L(90-10) L =2338m
6-7
g =(0.8)(4221)(40 - 35) = 16,884 W 1L=6.82x10" p =993
k=0.63 Pr=453 Re= (0'0755)(0'8)(4) ——=59,741
7(0.025)%(6.82 x 10~%)
h=002063) 741)%8(4.53)%4 = 7024 Y
0.025 m?.°C
9=16,884 = (7024)7(0.025)L(90-37.5) ~  L=0583m

oMYl alaiVl - lyilsyall dial
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Chapter 6

6-8

=O—i)%=60 1, = 2420 _ 3500 at20°C p=998
c=4180  at35°C Pr=545 10= (998)M%5_)2_h
U, =2.04 m/sec 7000 = ;’(60)@”%0-‘-‘)—2 f=0.0562
St (0.0562);5.45)‘2’ }_ 2268 x10->
7 = (2.268 x 1073)(998)(4180)(2.04) = 19,297 —V

m?2 .°C
Tb +20
q =(19,297)7(0.025)(1.5){ 50 — —%2— = l.()(4180)(Tbout -20)
Tb =32.83°C
out
6-9

Tb =80°F = 26.67°C k=0.614 Cp =4179 U= 8.6 X 10—4
Pr=585  Rey= "4 _ (1.3)(;).025)(4)_4
L 7(0.025°(8.6x107%)
k

0.023Re, 28 Pr04 = 2012 4 093)(76,990)08(5.85)°* = 9289 il
d 0.025 m? -°C

q=rc,(Ty, =Ty, ) = hmdI(T,, - Tp)

= 76,990 > 2300

h=

=(1.3)(4179)(100 — 60)(-3—) = (9289)7(0.025)L(40 — 26.67)

L=1242m
6-10
by =X 2325C g=1.0(4170)(50~ 15)= 145,950 W
Pr=5.1 p=77x10"* k=0.623
___QOA0@) o0
7(0.025)%(7.7x107%)
i = 002006) 6 141085 1)04 = 7901
0.025 m? -°C
q = 145,950 = (7901)7(0.025) L(14) L=168m

194
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6-11
Assume Qavg about 50°C p=870 cp =2000 u,, =30 cm/s
k=0.139  v=124x10"* m?/sec Pr =1960
Re = w =30.24

1.24x 10

1/3 0.14
Nu= 1.86[(30.24)(1960)( 0.0125 ) (-1—21) =12.59
3 0.723

p= 2590139 .94 2W

0.0125 m? .°C

2
g= (139.9)7:(0.0125)(3)(65 - -75:0- - %) = (870)@(:1—29-(0.3)(2000)(7; -38)
49.839=1287T,  T.=44.16°C g=394.6 W
6-12
7.5x15cm L=18m air at 1 atm
T, =120°C T, (inlet) =15°C T, (exit) =25°C
- DOOTHOI5) _q ) o A, =(0.075)(0.15) = 0.01125 m?
(2)(0.075+0.15)

T =% _apec=203k

A=2(0.15+0.075)(1.8) = 0.81 m?
¢, =1005  Pr=07 1=183x107 k=0.026
q=rc,(Ty, —T,) = hA(T,, - Tp)

. 0.8
h = -L(O.O23)(—m—DH—) pro4 Assuming turbulent
Dy Al

q = m(1005)(25-15) =

(0.026)(0.023)[ (0.1) T‘S 0704
0.1 (0.01125)(1.83x107°)

m=0.141 kg/s

q=(0.141)(1005)(25-15) = 1417 W

Re py = 68,500 so turbulent assumption was correct.

19¢
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6-13
p=131x10" k=0585  Pr=94
. 09009 ___ 4 43
71(0.025)%(1.31x10™>)
p = QO2NOI89) 16 436089 4104 _ 3557 w
0.025 m? -°C

q = (3557)m(0.025)(15)(15) = (0.5)(4190)AT,, AT}, =30.01°C

Tou =40.01°C
14

L u,’ 27+55

Ap=fop 2:; at Ty = =41°C Prp =423  p=996
p=86x10""* k=0614  Pr=585  c,=4179

Uy = 07 _143 ms f=E00000)) _g 16102

(996)m(0.0125) (6)(996)(1.43)
Stb Pl'f2/3 = %
-3
p = B16X107)O6)UANAITY) o023 _ 505 w
8 m” -°C
q = hA(T,, — Ty) = mc, AT,
AT, = @320mOQ025)(O)S5-27) _ 0 1o
(0.7)(4179)

Toxit = 27+ % =32.24°C

6-15

Re = 000029) _, o9 RePr = (4.69)(1960) 22> = 38.28

1.6x10 L 60
n=-21 1 638283 351 — W = Prk _ _(1960)0.149)
0.0025 m? -°C P (1.6x107%)(860)
2
¢, =1994 — i = B0 O3) _y 5661073 ke/sec
kg-°C 4
-3 T,-20
q = (1.266 X 107>)(1994)(T, - 20) = (35)(0.0025)(0.6)| 120 — ~£——
T, = 69.36°C q=120.67W
{91
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Chapter 6

- A=

6-16
= 0.4 kg/sec T, = 10 ’; 38 _ 2a0c p =605.6
v=0.355x10"° k=0515 c,=4840  Pr=2.02
_ (;).025)(0.4)(2 —10x10°
7(0.025)%(0.355 x 106)(605.6)
h= 8—5—15(0 023)(1.0 x10°)%%4(2.02)%* = 6277 W
m

4 = (0.4)(4840)(38 - 10) = 54,200 W = (6277)7(0.025)(2.5)(T,, — 24)
T, =68°C

6-17
Freon 12 p=1364 k=0.073  v=0203x10"° Pr=3.6

_ (3)(0.0125_)6 184700

0.203 x 10
= 0073 4 023)(184,700)°8(3.6)4 =3663 — W

= 00125
water p =999 u=131x 10"3 k=0.585 Pr=94
Re = £20. 0_1325) =57,195

1.31x10

h=2385 6 003)(57,195)° 89.4)04 = 16,870 W

0.0125 m? -°C
6-18
Tf=50+10=3O°C L=6m d=25cm  m=04 kg/s
Ap=3000 N/m*  at 10°C p=999 ¢, =4195

2
at 30°C Pr=522 04=927 (04025 )t
2
Uy =0816 mjs  Ap=flptn”  p CUODOI)
D" 2 (6)(0.816)%(999)
-2/3
St, Pr;?/3 = g- St, = (0'0376)(85 22) "7 _156x1073
h = (1.56 X 1073)(999)(4195)(0.816) = 5338 2W
m

q = (5338)(0.025)(6)(50 — 10) = (0.4)(4195)AT,
q =100,600 W AT, = 60°C Ty = %9 +10 =40°C

199
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6-19
g =(0.4)(4175)(71-32) = 65,130 W T, =51.5°C=125°F
u=538x10"% k=0647 Pr=347 p=987
(@) 125mm=d = (0'4)(2'0125)(4) ——=75,731
7(0.0125)%(5.38x107%)
0.647 0.8 0.3 W
= 0.023)(75,731)°%(3.47)%3 = 13,843
00125 023X 4D m? .°C
g =65,130 = (13,843)7(0.0125)L(51.5 — 4) L=252m
= (0'4)(;‘) =33 m/s £=0019
7(0.0125)%(987)
2.52 Y987\ . .5
=(0.019 —2)3.3)> =20.6 kP

fp=( )(0.0125X 2 )( ) y

() d=25mm T, = 20°C Re = 37,866
0.8 0.3
= 06490.023)37,866)*°3.47%> _
0.025

65,130 = (3932)7(0.025)L(51.5 - 20) L=67m

f=0.024 u= 34;3 =0.825

Ap= (0.024)(6.7)(987)(082 52 =216 kPa

0.025 2
6-20
T, =550 K L=2848x10"  k=0.0436 Pr=0.68
1.4 %108 3
=1.039 =——""" _-887k
‘r P = 287550 g/m
_ (o.ozs)(4)(0.5) - 298,000
7(0.075)*(2.848 x 10)
d 0.0555
Nu =0.036Re’ 8 PrV/ 3(2)
0.0555

h =228 (6 036)(298,000)°8(0.68)" 3(%) =346.5 —

0.075 6 m? -°C

q = (346.5)m(0.075)(6)(550 — 500) = (0.5)(1039)AT;, = 24,493 W
AT}, = 47.15°C

(79
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6-21
Neglect conduction resistance
At 100°C (373 K) k = 0.032; Pr = 0.693
hinside = (0.032/0.012)(0.023)(15000)*#(0.693)* = 120
At tube outside Tr~ 65°C =338 K; k = 0.029; v=20x10° ; Pr=0.7
Re = (20)(0.014)/20x10° = 14000
houside = (0.029/0.014)(0.193)(14000)*°3(0.7)" = 130
U= 1/[1/120 +(1/130)(0.012/0.014)] = 67
g/cm = (67)(m)(0.012)(0.01)(100 — 30) = 1.768W
= mcy(AT/cm)
At 100°C p =2.2x10%; m = (15000)m(0.012)(2.2x10°)/4 = 0.00311 kg/s

¢ =1010; AT/cm = 1.768/(0.00311)(1010) = 0.56°C/cm

200
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6-22

T,=90°F  u=7.65x107* k=0623  Pr=5.12
p =995 c, =4174

. 2
Redzlm,sz%Afld. Aczg;—

m_z (100 000)(7.65x10™*) = 60.08 m =60.08(d) = 0.3

d
q= mcpATb = hndL(T,, - Tp,)

(0.3)(4174)(120 - 60)(—;-) =h fc(0.00S)L(SO)(?-)

i =X 0.023Re08 pr04 = 0623 5.005 (0:023)(100, 000)8(5.12)%4 = 55,075 W
d 0.00 m? -°C
L=2.89%m
6-23

Tp=30°C v, =1394x10° k=0252 Pr=148  c,=2428
v, =298x10°  p=1109 Dy=5-4=1cm=00lm
= pAu,, = (1 109)%‘-(0.052 ~0.042)(6.9) = 5.409 kg/s

q = ric ATy, = (5.409)(2428)(40 — 20) = 2.627x10° W
_(6.9)(0.01) |

ep = = 4950
Pu " 13.94%107°
0.14
q= 9252 oo O 027)(4950)°4(148)" 3(13'94) = 4033 —Y
0.0 2.98 m? -°C
q=h ﬂd,-L(Tw -T,)
2.627 %107 = (4033)m(0.04)L(80 — 30) L=1037m
6-24
At300K and 1 atm. v=15.69x107° p=11774  k=0.02624
Pr=0.708 Dy= w—&) cm=0.6 m
(2)(45 +90)
- 090 _587x105  Fi= 002624 (0.023)(2.87 x10°)°5(0.708)°
15.69x10 0.6
2
R =2035 — dp=f= L ”'" f£=00145
m
L‘
Ap = (0. 0145)( )%) =0.8 Pa
&-2
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6-25

Assume T about 38°C=100°F  p =993 cp, =4.174
1=682x107* k=0.63 Pr; =29

Re = 2m _ 15 - 2O u=229 mjsec pu=

u 6.82x10
f=0.0255 Sty Pry?/? = Jé
5 =292 2574y 4174)2.9) 23 = 14,878 —
8 m? -°C

6-26

Tp=10°C T, =40°C ¢, =09345 at0°C v=0214x10"°
p=1397  700= 4005 u=0.0428 m/sec

0.214x10

q= (1397)(934.5)(0.0428)1:-(0.0035)2 (20-0)=10.75 W
At10°C k=0073  Pr=36

q = hA(T,, - T,) = h(0.0035)L(40 - 10) = 10.75
RL=3259 Gz=Re Pr% = (7()0)(3.6)% = 2520%

Nua =Exi=(§£§2)d 44642
k L \0.073
From Figure:

L L

L 4 Nug 44642
Gz L L
0.1 0.00397 43 1.771
0.01 0.0397 7.5 17.72
0.03 0.0132 54 5.89
0.035 0.0134 5.2 5.06
4 0035 =200 _4im
L 0.035
2o
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Chapter 6

62
T, = 27477 _ spoc =325 K 1 =1.96x107 k = 0.0282
Pr=0.7 c,=1007 L=30cm p=1.088
2 -5
_ (4)(0.003°/2 _ 0.002 Re = (0.002)2(5 x10 )(_25) 1134
(3)(0.003) (0.003)%(1.96 x107)
q = e, AT, = (5x107°)(1007)(77 - 27) = 2.518 W
RePr< = (1134)(0.7 9&) =5.292
L 0.3
From Figure for L = 1 =0.189
Gz 5.292
Nug = 4.0 and flow is nearly developed.
Assuming ratio for Nuz from table
— 4.0
Nup, =(247)——=2.7
up, = (24N 35
po 2700028) o 2W
0.002 m? -°C
_ _ _ 2.518
=hAT, - T, T,-T, = =24.5°C
9=hA, = 1p) ¥ 7 b = (38.1)(3)(0.3)(0.003)
T, =24.5+52=76.5°C
6-28
At 27°C=300K  p=18462x10"  k=0.02624 Pr =0.708
-5
p=—0___ 045 kg/m®  Re=—0)TX10 ) __;5p
(287)(300) 7(0.004)%(1.8462 x107>)
Gz= (1207)(0.708)(%‘0%) =28.48>10
At T,, =27+70 = 97°C =390 K = 400 K 1, =2.286x107
0.14 0.14
n=Rase)ca 3 £ | =29262% ) g6y 28.48)" 3(@3)
d N 0.004 ' 2.286
=36.16 2W
m* -°C

q = hA(T,, — Tp)) = mc ,AT,,
(36.16)m(0.004)(0.12)(70) _

(7% 107°)(1007)
T, =54.15+27=81.15°C

AT, = 54.15°C

<o
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Chapter 6

- 6-29
At 40°C=313K  p=1906x10"  k=00272 Pr=07

3 -5
p=10x10 _; 25 kg/m? __QU06)Ex10 ) __ g9,
(287)(313) 7(0.006)(1.906 x107%)
Gz = (891)(0.7 M) —2673  —=00374 Nug =5.2
0.14 Gz

p= B200272) g 5y ;’V

0.006 m?2 -°C
q=hA(T, - Tp) = mc,(T,, —Ty,)

T;
(23.57)m(0.006)(0. 14)(140 -20- ; ) = (8x 107°)(1005)(T;, —40)
T, =95.8°C
6-30
3 kJ
At 40°C p =876 kg/m c, =1.964 v = 0.00024
kg-°C
too144  Pr=2870 Re=50=2C0D _12 mys
0.00024
2
e (876)(1.2375(0.01) — 0.0826 kg/sec
Gz = (50)(2870 9'91) =1.794 x10*
0.08
at T,, = 80°C v, =0375x107*
N 86)(1.794 x 1043 22 2 eas
=(1. 794 x — =64.
ba = (186X ) (0.375)

po 6430144 o0

0.01
g= (926)7:(0.01)(0.08)(80 ~20- _ng) = (0.0826)(1964)(T, — 40)
T, =40.57°C

30+
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6-31

T,=25C=71F p=99 ©=896x107* k=0.611

Pr=6.13 c,=4180 Re= OB _; 75 10°
8.96x10
h=(0. 023)0_6_1_1(1 78 x 10°)%-8(6.13)%4 = 23,003 WOC
m .
q=hAT, - T,) = me, AT,
— (0.02)?
(23,003)7(0.02)(10)(T,, — 25) = (996)(8)7 . (4180)(10)
T, =32.2°C
6-32
At 20°C p =888 ] v=0.0009 k=0.145
kg-°C
Pr = 10,400 Re _@90—0@ 2.67
0.0009
Gz = (2.666)(10, 400)(0 (102) 55.47>10 -Gl— =0.018
Z
Nug =6.1 h=_(_6_'.ll(_w5_).=442
0.002
q = (442)7(0.002)(1.0){ 60 —10 — %) = (888)(1 .2)%(0.002)2(1880)(7; -20)
=34.46°C
6-33
Tp = 40°C = 104°F p =993 U=6.55x10"* k =0.633
Pr=433  c,=4175 Re= O9HMDOO2)3) _; 14x 105
6.55%10
p= 0633 (0 023)(1.14 x 10°)°8(4.33)4 = 11,600 W
0.025 m?2 -°C
q = ric ,AT, = hA(T,, - Tj,)
2
(993)7 (0‘035) (3.0)(4175)(50 - 30) = (11,600)7(0.025)L(20)

L=67m
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6-34
Liquid NH; T, =10°C T, =30°C u,=5m/s d=0025

Chapter 6

L=125 Ty =20°C v=0.359x107° k=0.521 Pr=2.02

- OO _385x10°  €=00266 n=0805
0.359%x 10
= 0.521 5.0.805 1/3 W
= —222(0.0266)(3.48 X 10 2.02)3 = 20,653
0.025( X )(202) m2 -°C
g =hA(T, - T.) = (20,653)7(0.025)(1.25)(30 — 10) = 39,788 W

6-35
Ty = 21‘;32 = 26.5°C p =996 1=8.6x107
4
Re=go0=Pd - (600B6XI0 ) 4 155 1y
7 (996)(0.003)
2
i = pAu = (996) (0'023) (0.173) = 0.00122 kg/s
6-36
Tp =26.5°C p =996 p=86x10"* k=0.614

Pr=35.85 cp, =4180 e= (O'Oz)(l 0 —- =49,350
7(0.03)“(8.6x10 )

p = (Q023)O819) (4 350)05(5 85)04 = 5423 —
0.03 m? -°C

q = rc ,ATy, = hA(T,, — Tb)

(1.0)(4180)(38 — 15) = (5423)7:(0.03)L(60 — 26.5)

L=561m

206
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6-37
At Tp =20°C p=1264 c,=2386  k=0286
Pr=12.5x10> v=0.003 Re=10="4
\%
(10)(0.003)
= ————— 6
0.005 m/sec
2
= pAu = (1264)n (0'025) (6)=0.149 kg/sec

g = riic ,AT;, = (0.149)(2386)(30 - 10) = 7106 W
= hA(T,, — Tp) = hm(0.005)L(40 — 20)

hL =22,619 h= 22’219

1/3 0.14
hd _ 1.86(Re Pr 1) (L)
k r) (i

At T, =40°C v,, =0.00022

(22,619)(0.005) _ o 6[(10)(12,500)(0.005)]”3( 0.003 )"-14
0.286L ' L 0.00022

23 =17.25 L=71.66m
Gz = (10)(12, 500)(0 005 ) 8.72<10

Below range of equations: 1.1 . 0.115
Gz 8.

From Figure: Nug = 4.2

h=£4_'%2ﬁ)£§9_).=240,2 L= 22,619 =942 m

0.005 240.2

New —1— =(0.115 —912—)=0.15
Gz 66
New iteration: Nug = 4.0 h=228.8 L=988m

Close enough to fully developed tube, could take Nug =3.66.

107
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6-38
100+10

Ty = =55°C =328 K p=19%x107° k =0.0282

_(2)(.01x 105)
(297)(328)
_@ 08)(5)(0_?55) ~27.377
19.0x10

h=XcRrenpr!3 =
d

Pr=07 .08 kg/m>

C=0.193 n=0.618

0. 0282 W

.°C

(o 193)(27,377)°618(0.7)/3 = 53 4

% =hmd(T,, - T,.) = (53.4)7r(0.05)(100 -10)=755 W/m
6-39
54+0

Tf = =27°C=300K v=15.69x107° k = 0.02624
(25)(0.04)

Pr=0708 Re=2%4_ )
15.69 % 10

=63,735 C =0.0266

n = 0.805

K open pel/3 o 002624

= ECRe DD2022 0.0266)(63,735)°89%(0.708)/° =114.6

h
2 .oC

% =hmd(T,, - T..)=( 14.6)7(0.04)(54 —0) =778 W/m

6-40

80+10 _ 450c=318K p=1929x10"  k=0.0276

Tf =
3
Pr=07 p=M=2.191 kg/m>
(287)(318) |
ReoPud _ 2 191)(20)(0 2) _ 5 68x10°

u 1.929x107
Churchill Equation:

(0.62)(5.68 x10%)2(0.7)!/3 5.68x10°
Nu, =03+ 1+ =769.7
td e 282,000
+ (67)

_ k Nu= (0.0276)(769.7) _ 106.2 2W
d 0.2 m”-°C

= hrd(T,, — T,,) = (106.2)7(0.2)(80 — 10) = 4672 W/m

=

r«la

2oy
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Chapter 6

From Figure Cp =03

- pu? _ (0.3)(0.2)(2.191)(25)? — 41.1 N/m Length

p=Cp 2. > .
6-41
Tf=7l+43=57°C=135°F Prp=315 p, =991 c=4174
p=6.16x10"* - 0O _;48x10°  f=0014

7(0.05)2(6.16 x 10™%)

) (6)(4) s _ f

m= pAu =~ =308 m/sec St, Pr ==
P ™ (991)7(0.05)2 / b>f 8

(0.014)(991)(3.08)(4174) w
h= 8)3.15273 =10,388 ¢
q = hA(T,, — Tp) = mc,AT,

(10,388)71.'(0.05)(9)(71 -21.5- %) =(6)(4174)(T, — 43)

™ =55.7°C
6-42
At 38°C p=993  p=682x10"* k=0.63 Pr=4.53
c,=4180 Re= 69100964 _ 13 975
6.82x10
0.055
h=-283_0.036)13,978)°3453)" 3(9%) =10,213 —
0.0064 0.15 m? -°C

q =(10,213)m(0.0064)(0.15)(28) = (993) % (0.0064)2 (1.5)(4180)(T, —38)

=862.5W
T, = 42.31°C

Te9
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Chapter 6
6-43

p=1094  c,=2518 Kk=0258 Pr=72 v=672x107°

_ (1094)(10)7(0.03)*
4

q=(7.733)(2518)(65 — 40) = 4.867x 10> W
- U0DO0B) _4s64x10* v, =19.18x107°
6.72%10
— 0.14
h= 92f‘-(o 027)(4.464 x10)°8(72) 3( 672 ) = 4375 —
0.0 19.18 m? -°C

(4375)7(0.03)L(52.5 — 20) = 4.867 x 10° L=363m
6-44

=7.733 kg/sec

__7000 __
(287)(293)

=32,687 Cp=12

T=200C=293K p=191x107 p=

_ (0.832)(15)(0.05)
1.91x107°

15y

Fp = (1.2)(0.05)(0.832
p = (1.2)(0.05)( )(2)(10)

5.62 N/m length

----- 6-45

T, = -‘20—“2'1-3—23 ~3875K v=2462x10°  k=0.0327

(30)(0. 025)
24.62x107°

(0.193)(30,463)%613(0.69)"/3 = 131. 6

Pr =0.69 Re =
_0 0327
©0.025

= hmd(T,, - T..) = (131.6)7(0.025)(450 — 325) =1293 W/m

=30,463 C=0.193 n=0.618
W

T,=24°C T,=0°C u. =30 mi/h=134 m/s Ty=285K

d=03m L=18m v=143x10"° m’}s W
m-°C
Pr=0.71
14.3%10
h= S—CRe" prt/3 = 9025 5 O 0266)(282,000)°3%5(0.71)!/3 = 48.3 —C

q= hAT,, -T,)= (48.3)7:(0.3)(1.8)(24 0)=1967 W
20
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Chapter 6

6-48
Tp =21.11°C p =997 c,=4179  k=0604 Pr=6.78
U=98x10"*
Re, = (997)(0‘3)(9;,002) =610 < 2300
9.8x10
Try fully developed Nu = 3.66 7 = 3:600(0604) 1105
0.002

q = ric,AT;, = (997)(0.3)m(0.001)> (4179)(26.67 — 15.56) = 43.6 W

= hmdL(T;, - Ty)
43.6 = (1105)m(0.002)L(48.99-21.11) — L=0.225m

z7l= 0.225 =0.0272

(610)(6.78)(0.002)

Fig. 6-5, Nu~58 - h =1751— L =0.142
Gz1=0017->Nu=63

L= 3;%(0.225) =0.131 —» Gz '=0.16
L=0.13m
6-50
1, =140 _ ) soc - 3455 p=—b000 __ 0544
2 (287)(345.5)
u=2.07%x107> k =0.03 Pr=0.7
Re = (0.544)(0.0001_32(230) 7866
2.07x10
= —28_0,683)(786.6)466(0.7)3 = 3129 W
0.00013 m?.°C
g = (3129)7(0.00013)(0.0125)(175 +30) = 3.275 W
6-51
1, = 2410 p0ec=303k p=0s899 1=2.256x10"
f
k = 0.0331 Pr=0690  Re= 28990001 f5)(6) =359
2.256 x10
~0.0331 W

(0.683)(359)*%°(0.69)* = 206.5 —

h
0.0015 m?2 -°C
% = (200.3)7(0.0015)(150 — 90) = 58.4 W/m

2,
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6-52
d =0.025 mm L=0.15m Pe =70x107° Q.cm
a =0.006°C! R=Ry[l+a(T - Ty)] R=§
U =10 m/s T.. =20°C T,, = 40°C
-6
Ry =Pl _ (7010 )(1_2)2 =2.14x10° Q
A 7m0.0125x107%)
At T = 40°C R=(2.14 x10%)[1+ 0.006(40 - 20)] = 2.4 x 10° Q
At T; =30°C v=15.7x10"° k=0027  Pr=07
-3
Re < (10)(0.025 _12 ) _ 1500
15.7x10

Nu=CRe"Pr'®  C=0911 1n=02385
= 0.027 0385,y \1/3 W
h=———2"_(0.911)(15.92 0.7)"3 =2536

0.025x10"3( M2 m? -°C

q=hA(T, -T,.)=I’R
Ie [(2536)7:(0.025 x1073)(0.15)(40 — 20)

2.4%x10°
E=1IR=(4.99x107#)(2.4 x 10%) = 1197 Volts

1/2
} =4.99x10~* Amp

Chapter 6

6-53
Q:%:WSK v=1814x10°  k=0192  Pr=071
Re=—0B)0) _ 1458 C=0683 n=0618
181.4x10

=_0.192 0.618 13 w
R ==~ (0.683)(148.8)°!3(0.71)/3 = 85.86

T (0.683)148.85(0.71) 7
T = Fmd(T,, - T..) = (85.86)7(0.003)(425 — 325) = 809 W/m

2L
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6-54
1, =820 _ 4y sec=3155%
5
Ain p= P20 g h01x107 k=00274
(287)315.5)

Pr=0.7 C=0911 n=0385
Re = L:119)(6)(0.025x1073)

2.012x107

= 0—%(091 1)(8.342)°%%(0.7)1"3 = 2006

h
% = (2006)7r(0.025 x 102)(65 — 20) = 7.091 W/m
Water: p =991 H=62x107% k=0.635
Pr=4.1 C=0683 n=0466

Re = 991(6)(0.025x1073)

6.2x107%

= -(m—z()s'@lsoj(o.ssz,)(zsas)"-““m.1)” ?=357x10°
. X

=(3.57x10°)7(0.025 x 1072)(65 - 20) = 1261 W/m

=8.342

w
m? .°C

=239.8

w
m?.°C

N S

el
At 90°C Pr=1978
Eq.(6-17) Nu=CRe"Pr'3?  prl/3 1255
Eq.(6-18)  Nu=(0.35+0.56Re®52)p03 Pro3 =1.227

Re C n Nu [Eq. (6-17)] Nu [Eq. (6-18)]
103 0.683 0.466 21.44 25.38
104 0.193 0.618 71.81 83.04
105 0.0266 0.805 353.6 274.0
T »3
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Chapter 6
6-56

50 - 35
2
_ 1.0132x10° _ (1.259)(13)(0.5)

——————=1.259 k=0.0247 Re
(287)(280.5) 1.79x107

C=0.266 n=0805
p=l 02 (0 0266)(457,000)°8950 71)1/3 = 4221

=75C=2805K  Pr=071  p=179x10=

Tf =

=457,000

w
2~°C

% = (42.21)7:(0.5)(50 +35)= 5636 W/m
6-57

=38.5°C=3115K v=17.74x%10°

(20)(0.04)
17.74x107°

(0.0266)(4.51x104)0895( 7)1/3 _ gg 35

50+27
T, =
f 2

k=0.02711 Pr=07 Re = =4.51x10%

0.02711
0.04

circ. tube: h=

0.02711 4\0.675  1/3
0.102)(4.51x10 0.7 =85.04
004 010X oD m? .°C

%(Circ.) =(89.32)m(0.04)(50 — 27) = 258.1 W/m

sq. tube: h=

%(sq.) =(85.04)(4)(0.04)(50 - 27) =312.9 W/m

6-58

T, = 2°°2+ 2 - 125°C =308 v=1435x10"

k=0.0246 Pr=074  Re==C__BOX00%) .. 4
v 1435x10

C=00266 n=0.805

0.024 0.805 1/3 W
h= 0.0266)(83,624 0.74 =181
0.03 ( )( ) "7°(0.74) o0

—=hmd(T,, -T. )= (181)7(0.03)(200 - 50) = 814 W/m

2t 4
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Chapter 6

Compare Churchill Equation

172 173 172
Nu, = 03+ (0:62)(83,624)!/(0.74) [1 +( 83,624 ) J_ 220.8

0412/374 282,000
[+ (84
= (220.8)(0.0246) ~18] 2W
0.03 °C
Very close check. No need to use more complicated relation.

6-59
K =682x10"* k =0.63 Pr=453  ¢,=4174 T,=378°C

Re, = 100,000 = % Pty = 5456
2

= A= (5456)7:;0.0125)

mcpm;, = hA(T,, - Tp)

i (o 023)(100,000)*3(4.53)%4 = 21 200

=0.67 kg/sec

h=

0. 0125
(0.67)(4174)(AT,) = (21,200)7(0.0125)(1.5)(160 — 100)( )
AT}, = 14.89°C
Ty (exit) = 37.8 + (%)(14.89) =45.25°C

6-61
Ty = 100;20 =60°C=333K  u=216x10"" k=0.159
3
Pr=07  p=_120x10" .. - - O 2INC003) _ 5108
(2078)(333) 216 x 10
C=0.0266 n=0.805
h= Oi(o 0266)(1.5x10%)*805(0.7)3 = 184.3 2W <

q= hn’dL(Tw 1.)=(184. 2)7t(O 3)(6)(100 - 20) = 83 360 W

Churchill Equation

Nu, = 0,34 (0:62.5x10°)20.7)/3 15x105Y)"® " _3233
4= [1 (0 4)2/3]1/4 282,000 '
0.7

he (323.3)(0.159)
0.3

or about 7% less.

=1714
m2

Mech.MuslimEngineer.Net



Chapter 6

6-62
;=200 1150388k v=1362x10  k=00236
Pr=0.742 Re= (0'25)(0'0254_)?5) =16,318 C=0.193 1n=06I8

13.62x10
0.0236 0.618 3 w
= —————(0.193)(16,318)*¢!8(0.742)!/3 = 260.6
025)(0.0258) 0193 y0742) m?.°C
q = hmdL(T,, - T..) = (260.5)(0.0254)(0.25)(4.5)(300 — 30) = 6316 W
6-63
Tf=300+400=350K v=1L19x10  k=0.02047
Pr=0755 Re= —(—Sﬂ)foﬁ_g 8.94x107
11.19x10
Churchill Equation:
5/874/5
Nu, =03+ 0:62)8.94x 10°)"20.755)¥3 | (8.94x10° 1151
04 213714 282,000
1+ (0 755)
po SDO0247) 2W
0.2 m* -°C
-Z- = hd(T,, - T..) = (117.8)7(0.2)(400 — 300) = 7401 W/m
6-64
;=2 _5250=355K  u=196x10°  k=00281
5
Pr=0.7 p=0ONA0IXI0Y) o, kg/m3 C=0.102
(287)(325.5)
n=0675 Re=09 1)02)(0304) =15,937
1.96 x10~
n=20281 4 10205, 937)%75(0.7)!/3 = 43.68 W
0. m? -°C
% = hrd(T,, - T,,) = (43.68)m(0.04)(85 — 20) = 356.7 W/m
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Chapter 6

6-65
At 38°C £ =993 H=682x10"% k=0.63 Pr=453
At 93°C U=3.06x10"% Re_ = (993)(0'003_)455) =21,840
6.82x10
0.63 0.54 (6.82)0'25 03
.6-20 h= 1.2 +0.53(21,840)054)( 8821 , o100
Eq 0.003 [ ( )] 306 (4.53)
h = 47,640 2W
m*-°C
9 =(47,640)47(0.0015)2(93 - 38) = 74.08 W
6-66
T, =293K v=1596 k=002 Pr=07] T, =313K
v=1786  Re=—(0® — =1.5x10°
1596 x 10
/4
p=002),, [(0.4)(1.5x10%)"2 + (0.06)(1.5 x 106)%/ 3](0.71)0-4(%)
4.0 17.86
=7.045 ZW
m~--°C
g =(7.045)47(2)%(40 - 20) = 7082 W
6-68
At T =20°C U=975x10"% k=0.6 Pr=6.7
p =997
At T,, = 90°C K, =32x107%

0.25
Nu Pr'°‘3(ﬂ—"’) =12+0.53Re 0.5
u

Re = (997)(3.5)(0.03)

o 7sx 108 =1073x10°
JIX

0.25
h=2811,4 0.53(1.073 x 103)0-54 ](&7—5) 6.7 =12,957 2W
0.03 3.2 m?.°C

q = hanr? T, -T,)= (12,957)(4)7:(0.015)2(90 —20)=2564 W

217
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6-69

220+20 _ 1o0oc = 303K v=2256x10"° k =0.0331

4 _ (200.006) =5319 hd _ 0.37Re®
k

Tf=

Pr=0.69  Re=1’ .
vV 2256x10"
_o0. 0331

=351.1 2W
.°C

q= h47tr T, -T,)= (351.1)(4)71'(0.003)2(220 -20)=7.94W

6-70

200 +30
2

T, = =115°C =388 K M=2.235%x1077 k =0.0328

5
Pr=0.69 p=w=2_73 kg/m3

(287)(388)
———(2'73)(75)(_15) =9.15x10°
2.235x10
h= %Pr” 3(0.037Re%8-871) = g013ﬁ(0.69)1’-”[(0.037)(9. 15x10%)%8 _g713
W
m?. °C
9=hA(T, - T..) = (372)(1)3(200 - 30) = 6.33 x 10* W

Re =

=372

6-71
3.5x10° 3
At 38°C ==""_"" _392k
P=28n61D g/m
1= (39.2)(9)(1.5)(20)(0.025) = 264.7 kg/sec
200 + 38 3.5x10° 3
T, ~ =119°C=392K =" __31.1ke/m
f f = 287)(392) g/
J
=225%107> ks =0.0331 Pr, =0.69 ~1010
#f X f f CP kg .oC
S, ( 2.5 ) .S, Sp
=u, =9 =18 m/sec <=2 =3
Hmax =1 (s,, —d) 25-125 / d d
Re . =8 1'1)“8)(0'(_)5125) = 311,000 C=0488 n=0.562
2.25%10
= 9.331 (0.488)(311,000)%%2(0.69)/3 = 1395 W
= 00125 m2.°C

q =mc,AT = hA(T,, - Tavg)

i g
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Chapter 6

g =(264.7)(1010)(T, - 38) = 1395(400)7(0.0125)(1 .5)(200 _L ;38)

T, = 56.76°C q=5.016 MW

6-72

S, 19 Sy

A L £ -3 =4. =29
40653 " U, =4.5 m/sec T, 3K
p=latm  p_=1.18 kg/m> Tf=90+20=55°C=328K

p=1077 U=2.034x107 k=0.0284 Pr=07 cp =1007

Upax = uN(S S d] Umax =(4.5)(1.5) =675 m/sec
-

Re = (1:077)(6.75)(0.00633)
2.034x107

B 006?)2683‘; (0317)(2262)°°%(0.7)%(0.94) = 131.4
T 20)

% =(131 4)(6)(50)7:(0.00633)(90 -5 >
= (1.18)(50)(0.019)(4.5)(1007)(T, — 20)

= 2262 C=0317 n=0.608

A%
m? -°C

h

T, =30.03°C % = 50,944 W/m
(7.27)(0.00633)
Re,,, = =2262
2034107
kg Ibm
Gmax =(1.077)(6.75) =727 —2__ _ 5361
max m? - sec ft? - hr

p=0.0737 Ibm/ft>

f= [0.044 + (02'323(73) 2262)15 = 0.0569

At 90°C My, =2.17x1073
At 20°C 1=198x1073
_ (0.0569)(5361)%(6) (2.17
~ (0.0737)(2.09 x 10%) (1.98
Ap =30.89 N/m?2

0.14
) =0.645 Ibf/ft2

219
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6-73
v=15.69x10~% k=0.02624 Pr=0.71

Chapter 6

Umax = (10)(%) =20 m/s

S
eq=—2000) _ 55 404 Sn g C=0.254
15.69 10 d d

n=0.632
—  0.02624 0.632 /3 w
R= 0.254)(25,494)°632(0.71)/3 = 181
0.02 ( X ) 7(0.71) 7 oc
6-75
s
Sn_2p_ys 1, =20%35 o) soc 3655k p=5226
d d
5
~OO 1) 4404 Ac3FC=308K  c, =021
(189)(365.5)
1 =17.82x107° Pr; =0.75 ky=0.0218
1.875
15 C=0278
tmax = (5 )(1 875-1 25) /s
- QA0DANO0125) _ e 239, _0.620

Re
Cmax S 1076

- 8'33? (0.278)(46,339)°620(0.75)1/3 = 344 2

q =(344.2)(100)7(0.0125)(0. 6)(150 - 35)

=(5.226)(10)(0.6)(0.01875)(5)(921)(T, - 35)
=62.35°C q=74,059 W

2320

w
m?2.°C
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L2

6-76
T; =55°C=328K U =12 m/s Pr=0.7
k=0.0284 v=19.04x10~° d=25cm
5 (24)(0.025) 4
=(12)———=24m Re, ., =—-—2""2 _315x%10
Umax = (12) 55 /s Cmax = 19 04 %100
c=0.112 n=0702 5 =20284 (0.112)(3.15x104%792 (0 7)1/3(0.96)

0.025
h =156 2W C % = (156)7(0.025)(15)(7)(90 — 20) = 9 x 10* W/m

m? -
(0.08)(1.5)
1

f= [0.044 + ](3.15 x104)015 =3 468 x 1072

_ 1.013x10°

= =1.076 Gmax = (1.076)(24) =25.83 o =1.205
P= 287328 max = (1.076)(24) P

(2)(3.468 x 1072)(25.83)(7) ( 2. 12)‘“4 5 .
= =272 N/m? = 0.033
4p 1.205 1.96 /m pst
6-77
T =15_°“2“ﬂ=3251< v=1823x10"°  k=00281 Pr=07
5 (20)(0.025)
=(10) == |=20 Re, . =222 _ 97427
Hmax = ( )(2.5) max " 18.23x107°
S
Ji=“"'—"=i=2.o C=0254 n=0.632
d d 25
p = 00281 (0.254)(27,427)°932(0.7)!/3 = 161.8 W

0.025 m? -°C
correction for S tubes = 0.92

h=(161.8)(0.92)=148.8 2W
m--°C
Zukauskas C=0.27 n=0.63 and h =166.9 correction for 5 tubes = 0.92

h=(166.9)(0.92) =153.5

2W only 3% difference
m”-°C

W
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6-78
5
1, =220 _ 5500 =328K p= LOXIO” _y 76
(287)(328)
1=2035x107 k =0.0284 Pr=07
Re=Y '076)(0'05)_(; ) _39656 C=0.102 n=0675
2.035x10
0.0284 0.675 1/3
h= 0.102)(39,656 0.7)V3 =65.34
005 010X oD m? -°C

% = (65.34)(4)(0.05)(90 — 20) = 915 W/m

6-79
Ty = 870+20 _ y450c=718K  Pr=0.685 1 =3386x107
5
p= M =0.492 k=0.053 Re= (0'492)(2)(0?? 6) =174.37
(287)(718) 3.386x10
C=0.228 n=0.731 (Approximate values)
0.053 0.731 /3 W
h=——=(0.228)(174.37 0.685)"" =77.2
0.00 6( X ) ) T oC
q = (77.2)(7)(2)(0.006)(0.35)(870 — 20) = 1929 W
This value is probably low because of the range of Table 6-2.
6-80
1, =220 _gpec=313k p=2007x10°  k=00272
5
pro07  p=lOXIC i oo LIBOOD 44, 465
(287)(313) 2.007 %10
C=0.102 n=0.675
0.0272 W

0.102)(101,165)%675(0.7)3 =19.63
05 (0:102)(10L165)°°7(0.7) e

% = (19.63)(4)(0.3)(50 — 30) = 471 W/m

h=

0.675
If velocity halved: hy/, = (19.63)(-;—) =12.29 g reduced by 37.3%

L Wi g
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6-81

u=u, =const T., = const
oT 3’1
— =0

3’ o ox

Analog to semi-infinite plate
y~x

xX~7T

Uso

, 1
a o

Boundary Conditions

Solid Boundary Layer
T(x, 0)=T; I(y, 0)=T,
TO, 1)=Ty fort>0 TO, x)=T,
Solutions

Solid Boundary Layer

T(x, T)—T0=erf( X ) T(y, x)-T, _

= erf| —
I, -T, 2VJar I.-T, 2 g_f

6-82

Bismuth at 400°C  p=9950 kg/m>  pu=147x10"3 —XB_
m-sec

cp =015 —= k=163  Pr=0013 RePr=450.4
kg-°C
- Q020 ___ s, s
7(0.025)*(1.47 x107%)
=103 15 0+0.025(450.4)7%] = 5423 ud
0.025 m? -°C
T, — 400

g = (1))(150)(T, - 400) = (5423)m(0.025)(0.6) 450 —

T, = 445.98°C q=6898 W

1t}
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----- 6-83
Sodium at 134.5°C  p =900 1L=045%x107> c, =1345
k=82 Pr=008  g=(2.3)(1345)(149 - 120) = 151.6 kW
= (0‘0‘225)(2‘3)(4)_3 = 260,300 Re Pr = 2082
(0.025)2(0.45x107>)
8.2 w

h= ———[4 82 +0.01825(2082)%82771 = 49,500
0.025 m2.°C
151,600 = (49,500)7(0.025)L(200 —149) L =0.765m

6-84

h=X053Re V2PrV2 = Cx 12
X

h=2h_; h—kL—=mL=1.0<5ReL1’21>r”2
6-85
Ar  Tp=22 B _s4c=327K =203%x107 k =0.028
1.01x10° _ 3
Pr=07 =" =108 kg/m
P=8nE2n g/
_ (108)5)(. (_)216) 41163
2.03x10

0.028 0.805y /3 w

h, = 0.0266)(41,163)>895(0.7)1/3 = 66.44
« = 5oa1g 00266)4L163)°50.7) o
Water at 93°C p=306x10"* k=0678  Pr=1.90
_ (0.025)(0.3)(4) 66,574
(0.05)2(3.06 X 107%)
0.8 0.4
h = (0.678)(0.023)(66,574)°%0.9°* _ | 2W
0.5 m?2 -°C
q_ (93 15)7(1) _ 831 W/m
L (66. 44)(0 0516) (2911)(0 05)
‘\.«4
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6-86
m 0.035

TA 7006257
Properties at 325 K u=1.96 x 107 ke

m-s
k=0.02813 v

m-°C
Pr=0.7

_dG _ (0.0125)(2.852)

U 1.96 107

RePr 4 =(18 19)(0.7)( 0.0125
L 12

_002813, (0.0668)(1.332)/3 830 2vv
0.0125 1+ (0.04)(1.33) m?-°C
q = rc, AT, = hA(T,, - T5) = (0.035)(1005)(T, — 300)

Re =1819 Laminar

)=1.33

h

= (8.32)1:(0.0125)(12)(350 ~150- %)

T, =3053K
g = (0.035)(1005)(305.3 — 300) = 186 W

6-87

71+20 _ 485°C=321.5K

Tf=

Properties v =17.87x107 k=0028 Pr
u.d _ (20)(0.05)

0.7

Re=-="= e = 55,960
Y 17.87x10
C =0.0266 n=0.805
0.028 0.805 3 w
h=—"0.0266)(55,960 0.7 =87.8
0.05( X ) (0.7) " arys

% = hmd(T,, - T,.) = (87.8)7(0.05)(77 —20) = 786 W/m

218
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6-88
Properties at 20°C ~ v=0.0009 m?/s  Pr=10,400

k = 0.145 —W— p =888 kg/m> ¢, =1880 !
.°C kg-°C

- 0@ 4)(4) =1273

 7(0.02)
Re o 4G _ (0020273 _

u (888)(0.0009)
Re Pr—— =(31.9)(10, 400)9Q =829 Gz ' =1.21x1073
From Fig. 6-5 Nu=16 p= 100149 o —TW—
0.02 m* -°C
q = mdLh(T,, — Tp) = mc,AT,,
= 1(0.02)(8)(1 16)(80 -10- —Tée-) = (0.4)(1880)(T, — 20)
19,120 = 7817,
T, =24.5°C
6-89
at 325 K, properties  k =0.02814 —W—C v=1823x10 m
m .
Pr=0.7 p=196x10" p=1.09 kg/m>
=02 ¢33 Dy = B0.12)02) _ 5

(0.12)(0.2) (2)(0.12+0.2)

e DuG _(0158333) _ 0

U 1.96x107>

0.028

h= 0—-(0 023)(63,770)%3(0.7)%4 26 W

.°C

q = mcpATy, = hA(T,,, - Tb)

= (0.2)(1005)(T, — 300) = 26(2)(0.12 + 0.2)(2.5)(400 —-150 - %)

5.382T, = 1700
T, =3158K
q=3175.8W
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6-90
constant temperature tube
Pr=0.7 d=1.5mm k = 0.02624 —W—C
m .
Re Pr = (1200)(0.7) = 840 RePrd=1.26
Use Fig. 6-5
— - W
X, m Gz ' =Z(RePr Nu h,
d ( ) 4 m? -°C
0.01 704%10-3 79 138
0.1 704 % 102 45 78.8
0.2 0.159 4.0 70
1.0 0.793 3.66 64.1
6-91
at 15°C c,=4180  p=999 p=1.12x10"3
k=0595 — Pr=7.88
m-°C
Re = 50,000
AI 2.5 sin 60° = 2.165
l—
2.5
A= (%)(2. 165)(2.5) = 2.71 cm?
g = D27 1.443 cm =0.01443 m
(3)(2.5)
h=—2292_(0,023)(50,000)%3(7.88)04 = 12,438 il
0.01443 m?-°C
— Dy 7?‘
q=1hcpATb = hA(T,, — Tp) Re = p <

-3 -4

= (50,000)(1.12x1077)(2.71)(107™) —1.052 kg/sec
0.01443

q =(1.052)(4180)(10) = (12,438)(3)(0.025)L(15) = 43,961 W

L=3.14m

Checking Fig. 6-6 fully developed flow is present

11
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6-92
Re=10*  k=0026 —"—  Ppr=07
m-°C
Geom C n Nu, h A q~hA
O 0.193 0618 508 50.85 d  159.6k
0.102 0675 454 45.45 4d  181.6k
6-93

Pr=07 k = 0.026
Eq. (6-25)  Nu=(0.37)(50,000)%% = 244

Eq.(6-26)  Nu=2+[0.25+(3x107)(50,000)! 612 = 101.5
Eq.(6-30)  Nu=2+[0.4(50,000)"2 +0.06(50,000)%/31(0.7)°* = 150.1

6-94

at 10°C Pr=94 H=131x1073 k=0585  p=999
at 60°C i, =0471x10> Re= (999)(4)(0‘935) =76,260
1.31x10
Use Eq. (6-29)
1.31 0.25
Nu= (9'4)0'3(6;1_71) [1.2 +(0.53)(76,260)%5%] = 584
p = (584)0.585) 3,647 2W
0.025 m?-°C

2
q=hA(T, -T,)=(13, 647)47:(%25-) (60-10)=1340 W

178

oMl aliyl - elgilgall dial



Chapter 6

6-95
u (6)( 2 ) 24 m/s
max 2-15
Take T;=325K p=1.09 pn=196x107
k =0.02814 Pr=0.7 ¢, =1005
Re < Pt _ (L 09)(24)(0_(;15) 20,020
u 1.96 x10
S
Sno2p 2 1.33
d d 15
From Table 6.4, by interpolation
n=0597  C=0.364
= 202814 (9 364)(20,0200°%97(0.7)13 = 224 l
0.015 m*-°C
q=hA(T,, — Te) = riic ) AT,,
A= (144)1(0.015)(1.0) = 6.786 m>
= (1.18)(6)(12)(1.0)(0.02) = 1.69 kg/s
(224)(6.786)(350 -150 - %) = (1.69)(1005)(T, — 300)
8.14 x10° = 2458T,
T, =330.9K
q=52,500 W
6-96
k=0026 ——  Ppr=07
m-°C
(@) h= O—O%E(o 0266)(50,000)%8%(0.7)1/3 = 37.2 W
m? -°C
(b) h= M(O 023)(50,000)°8(0.7)%4 = 29.8 W
0.1 m? -°C
€ h= 05’26 (0.664)(50,000)/2(0.7)"3 = 34.3 WOC
m .
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6-97

p =999 c,=4186  p=1.12x10" k =0.595
Re, = (999)(13)1(5)3(1)3233(0.025) _67.967

~ 0.595 w

h= m(0.023)(67,967)0'8(7.88)0'4 =9178 ——

= pu,A, = (999)(10)(0.3048)%(0.025)2 =1.495 kg/s

q =rc,AT, = hA(T,, - Tb)

(1.495)(4181)(10) = (9178)m(0.025)L(150 - 60)(—;-)

L=174m
6-98
. 08
h==(0.023) | Pro
d ud“u
Pr ~ const =0.7
h = cky 08
T (K) k 1x10° k08
300 0.02624 1.8462 161
400 0.03365 2.286 174
500 0.04038 2.671 184
800 0.05779 3.625 206
Comment:

h varies approximately as [T(K)]o‘25 for constant mass flow.
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6-99

Helium-Same relation as Prob. 6-92

T (K) k ux10° k08
255 0.1357 1.817 842
477 0.197 2.75 877
700 0.251 3.475 927
Comment:

h varies approximately as [T(K)]o'1 for constant mass flow, i.e., not strongly
dependent on temperature.

6-100
d=5mm Tr=300K
Re, = 50,000 L =50 mm %:%‘Lw Pr=0.708
k=002624 —Y_
m-°C
g d 0.055
Nu =0.036Re®8 Prl/ 3(—5) = (0.036)(50,000)°-3(0.708)/3(0.1)%9%5 = 162.4
7= (1624)0.02624) _ ., 2W
0.005 m2 .°C
6-101
Water d=5mm L=50mm Pe=1000=RePr
T,, = 49°C = const Tp =15.6°C p =999 cp =4186
k=0595  pu=112x10"3 Pr=7.88
Gz = RePr% = (1000)(%) =100 Gz~ =0.01 Nug =7.35
7o (1350595 oo, 2W Reo Pe_1000 .. _dG
0.005 m?2 .°C Pr 7.88 L
G- 1282000112) l;g
0.005 m<-s
2
= @BDEO005° Ke/s

4
q=hmdL(T,, - Tp) = mc,AT;
_ (874)7(0.005)(0.05)(49-15.6) _

AT, =9.71°C
b (5.64 x 10~%)(4186)

231
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6-102
At 300 K: U, =7.5 mfs L=30m T,=325K
k =0.02624 p =1.006 Pr=0.706 ¢, =1006
u=18462x10"
30x60 cm; H=W=40cm=0.4m
(2)(30+60)
_ (1.006)(0.4)(7.5)

=1.63x10° (turbulent)
Dy =1 846 %1073

= pu,,A = (1.006)(7.5)(0.3)(0.6) = 1.358 kg/s
Nu = 0.023Re%8 Pr®4 = (0.023)(1.63 x10°)%8(0.706)°4 = 296

= (296)(0.02624) _ w = =\

h = o4 =194 T oc q=hA(T,, - Tp) = mcpAT}
AT, = (19.4)(30)(2)(0-3+0.6)(325 - 300) _ 19.2°C

(1.358)(1006)

6-103

Glycerine at 10°C L=1m

1x8 cm duct Re =250 T,, = const
DH=M=1.78 cm  Pr=310x10° k=0284 —V_

2(1+8) m-°C

L 562

Dy

Gz =Re Pr—% = (250)(3 1,000)(0'01178) =1.38x10°

(0.0668)(1.38 X 10°)

Chapter 6

Nu=3.66+ ) =888
1+0.04(138 x10%)
,;=M2_8;4)= 1417 2W
00178 m? -°C
6-104
Air  T.=300k T,=600K d=6mm L=50cm Re=15000
1, =020 450K Pr=0683  k=003707

Nu=CRe"Pr’> C=0228 n=0.731
Nu = (0.228)(15,000)%-731(0.683)!/> = 227

7 221003707 _ 0. 2w

0006 m* - °C

q = hA(T,, - T.,) = (1401)(2)(0.006)(0.5)(600 — 300) = 2521 W

O 8
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6-105

C=0.102 n=0.675

Nu = (0.102)(15,000)%73(0.683)"/3 = 59.2
7 = 592(003707) _ 6 2w
0.006 m?2.°C

q=hA(T,, - T..) = (366)(4)(0.006)(0.5)(600 — 300) = 1316 W
610

Nu =0.664Re!’? Pr!’3 = 0.664(15,000)1/2(0.683)"/3 = 71.6
_L6)003707) _ - 2w
0.006 m2 .°C

q=hA(T, -T.)= (442)(2)(0.006)(0.5)(600 — 300) = 796 W
6-107

=

d=6 mm in-line tube bank
L=50cm 20 x 20 tubes
Sy =84 =9 mm T_, enter at 300 K

Rhax at inlet = 50,000 T,=400K T;=350K k=0.03003
Pr=0.697 p=0.998 K =2075%x107> cp =1009

_dﬂz—"z—-zl.SO C=0.278 n=0.62

Nu = (0.278)(50,000)°62(0.697)!/3 = 201.9
_ (201.9)0.03003) _ 2W
0.006 m? .°C
_ Pumaxd
u
_ (50,000)(2.075x1075)

ax (0.998)(0.006)
u, = (9;—6 173)=57.7 m/s

For 1-m depth, = pu,,A = (0.998)(57.7)(20)(0.009) = 10.76 kg/s
Tube area = (400)7(0.006)(1) = 7.54 m>

q= EA[TW - (300 + %T-)] = (10.36)(1009)AT

Re nax

=173 m/s

AT =53.4°C
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6-108
U, =57.7 m/s from Prob. 6-103

T, o 12
Diagonal dimension = [@) + 92] —6=4.06 mm

Normal space is still minimum flow area so Re,,, = 50,000
For staggered arrangement C=0.511 n=0.562

Nu = (0.511)(50,000)°%%(0.697)"/3 = 198
7 _ (198)(0.03003)

=992
0.006
Mass flow is same as before so energy balance is
(992)(7 .54)[400 - (300 + %)] = (10.36)(1009)AT
AT =52.8°C
6-109
Air Pr=0.7 at 300 K
Nu = 0.023Re?8 pr04 (a)
Nu = 0.021(Re®®~100)Pr%* (b)
Nu = 0.012(Re®%7 - 280) pr%* (©)
Re Nu

50,000 114.5 (a)

50,000 102.8 (b)

50,000 124.5 (¢)

100,000 199.4 (a)

100,000 180.3 (b)

100,000 230.0 (¢)
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6-110
Water Pr=6.78 at 21°C
Nu = 0.023Re?8 p04 (a)
Nu = 0.021(Re%4- 100) pr04 ()
Nu = 0.012(Re®” - 280) pr04 (©)
Re Nu
50,000 284.0 (a)
50,000 254.9 (b)
50,000 308.8 (c)
100,000 494.5 (a)
100,000 447.1 (b)
100,000 570.4 (c)
6-111
T; =350 K Pr =0.697
Nu = 0.0266 Re"-205 pr1/3 (a)
n2p13f \5/8743
Nu =03+ 262Re P_rm 1+ —Re (b)
[ 0.4\2/3 282,000
_1 + (F) | 5
125 13 ( 12
Nu =03+ 262Re P_rl |1+ Re ©)
[ (0.4\2/3 282,000
1+ (W) J N
1/4
Nu = (0.4Re%5+ 0.06 Re?/ 3)1@,"-“(%) ()
w
Calculated values of Nu
Equation Re = 50,000 Re = 100,000
a 143 249.8
b 136.5 213.8
c 153.5 243.6
d 1415 211.1
Agreement within +7%
235
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6-112
water Pry =5.842 Pr,, =6.772 Mo =9.789x107*
M, =7.629x107 "

Same equations as Problem 6—-L97

Calculated values of Nu

Equation Re =50,000 Re = 100,000
a 290.4 507.4
b 303.7 4759
c 341.6 5423
d 390.9 585.0

Agreement within £12%
6-113

0.5x0.5 m plate L=0.5 Ty =425°C=3155K p=1.12

k=0028 pu= 191><10‘5 Pr=0.7 g=850 W
850 _ _
_(3400)2) soq W
x=L = oo o> =4 —
(3)(65-20) m* -°C
Nu= % _ (50405 _ o
k 0.028

For Re = 5x10° max Nu will be Nu = 0.453(5 x 10%)/2(0.7)/3 = 284
so turbulent flow must be used and would be about same (+4%) as for const wall
temperature

Nu=Pr'3(0.037Re  *8-871) =900, and Re; =7.65x10° =

dw =

pu..L
u
_ (7.65x10°)(1.91x107%)

1.12)(0.5)
Radiation I,=338K T,=293K

% = 0e(T,,* - T..*) = (5.668 x 1078)(1.0)(338* - 293*) =322 W/m?

eony = 3400 — 322 = 3078 W/m?

=26.1 m/s

(=]

Required = (900)( 32(7)3) 815=(0.7)"3(0.037Re  *8-871)
5 -5
Re, =7.17x105 = P4=L y, = LATONAINXIOT) _ o) 5
1 (1.12)(0.5)
236
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6-114

Gas at700K p=0503 kg/m>  u=3332x107°
g

k=0.0523 Re=—C0DNOB®) __; 510
7(0.025)%(3.332x107)

hy = Q.0523X0.023) _ (1 22 x106)°8(0.684)°2 = 3176 l
0.025 m? .°C
Water at 150°C=423K  u=1.86x10"% p=918
Pr=1.17  Dy=5-25-2(0.16)=2.18cm
e= 1Hd.5) ——=1313x10°
7(0.05+0.0282)(1.86 x 10~%)
(0.684)(0.023) 5,0.8 0.4 W
=———"""7(1.313x10°)%8(1.17)%4 = 9555
& 00218 D m?.°C
Neglect conduction resistance q=17.5kW

175,000 = 7100 -423 _ (700 — 423)L

;1 I n ]
heA; " h,Ay  (BIT6)7(0.025) * (9555)7(0.0282)
L=0.328m

6-118

- 0.8
M = const(pu—”'d) Pr0‘4
k u
For constant mass flow and diameter

pu,, = const

For air as ideal gas Pr ~ const which implies u ~ k
over modest temperature range

p~T¢

a = const, T' = abs. temp.

0.8
Thus, & = const x T (71‘1—) = const x 7024

Pr=0.684

k=0.684

For air at 300 K, @ =0.74 and & ~ const x T%1*8 or modest variation with

temperature
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6-119

One must recognize that significant amounts of energy are transmitted by
radiation. For the radiation calculation assume that Eq. (1-12) is applicable and
that the food has € =1.0. The area for radiation transfer is the surface area of the
food, the same as for convection. Although there are times when the radiant
heaters in the oven are substantially above the control temperature for the oven, a
reasonable assumption for the radiation temperature of the oven is probably at the
control temperature because that is the temperature maintained by the walls which
have the large area for radiation. A simple geometry to consider would be that of a
sphere having the same mass as the turkey, for that part of the problem. For
cooking pies or other “flat” objects some other assumption must be made. To
make an assumption for the flow velocity, one might visit the oven display section
of a local appliance store. In performing an analysis it is prudent to consider only
a steady state operation of the oven, after it has reached the set point temperature.

13%
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7-3

Show that =% for an ideal gas.

v\ar ), p ), p
1 {nR 1

. B = W(—) =—

p\p) T
7-4
T; =40°C=313K p=1.128  L=0.3048m
£=1906x10"  Pr=0905 p=1.13 k=0.027
B =0.00319 Gr=1.558x108
8 = 1{0.393Pr Y2(0.952 + P4 Gr V41=0.014 m

1 4
U= Up,, at %=§=Eu" =0.722 m/s
Nu =0.508Pr"2(0.952+ Pr) /4 Gr'/* = 42.0
h= %Nu% =50 msz v (Free convection)
Forced Convection
Pumax L

Re, = ~M8==13,000  Laminar

= k

i =0.664Re /2 PrV/ 3(-L-) = 6.03 —

m?2 -°C

h (Forced) _ 6.03

h (Free) 5.0
Conclusion
Heat transfer is strongly influenced by velocity of fluid over the heated surface

=1.206

7-5
Te=325K, Pr=0.7, v=182x10% §=0.02m
Gry = (9.8)(1/3250950)x°/(18.2x10) = 4.455x10°x°

Eq. (7-202):  0.02 = (4.55x10%y"4(3.93)(0.7)"1"%(0.952+0.7) /x4

x=09m
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7-6
X
| Y
AR\

y= 6

&
y=0 y=§- maxuoccursaté

3 3
2

y y 4 4~ m

Upax =Uy| — | 1——| =—u, =—0C
max "(3y)( 3y) 27 "7
7-7
Spacing ~ 26
-i— =3.93Pr V/2(0.952 + Pr)V/* Gr, "1/
1= 822 _ 4sec L=03m  Pr=39
10 36a_

Gr, = (4.5x10 );0.93) (65-25) _ 1.25 %101
Outside of laminar fange but use above equation for estimate of B.L. thickness

5= 0.3(31%)(0.952 +3.9)41.25x10'%)7* = 0.0026 m

Spacing should be at least 1 cm.
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7-8

Tr =100°F  k=0.63

Gr, Pr = (3.3x10'%)(0.02)>130 - 70)(-;-) =8.8x10°
1

Nu = C(GrPr)" C=0.53 n= 1
10.\1/4
p o (053)@88x10)14 2W
0.02 m2.°C
}q: = hmd(T,, - T.,) = (909)7(0.02)(130 — 70)(3) =1904 W/m
7-9 |
L=30cm T;=575°C=3305K v=19.23x107°
(9.8)(555<)(100 - 15)(0.3)°
= OVEs0-1903°
19.23x10
=069 _01x102 m=9.01cm
(1.84 x10%)
7-10
1, =204 162 50 =436 K v=30.Ix10°  k=0.036
(9.8)( 44 )(300 — 25)(1)*(0.68
Pr=068  GrPr= ko) s ) _ 4.64x10°
(30.1x1070)
h= M(O.l)(4.64 x10°)3 =6.0 2W
1 m*“-°C
g =hA(T,, - T..) = (6.0)(1)%(300 — 25) = 1650 W
7-11
/4 1/4
5~ xt/4 O _ (2—4) 84 = (1.0)(3) =1.14 in.
5.4 \14 14
241
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7-12

H=02;, W=3.0 T¢=60°C=333K

v=233x10% Pr=0.7;, k=0.028; p=1.06

Gr, =3.47x10"; Eq. (7-20a) §=0.0139

Eq. (7-20b); ux= 2.74 m/s

Umax = (0.148)(2.74) = 0.41 m/s

m = (9/16)(1.06)(0.41)(0.0139) = 0.0034 kg/s
GrPr=2.43x10"; h=(0.028)(0.59/0.2)(2.43x10")"*=5.8

q = (6.8)((0.2)(3.0)(100 — 20) =278 W

7-13

Tr=300K; H=0.1, W= 20, k=061, Pr=585 p= 996
AT =20°C; GrPr = (1.91x10'%)(0.1)*(20) = 3.82x10°

Gry = 6.53x10

h = (0.61/0.1)(0.59)(3.82x10%)"* = 503

q = (503)(0.1)(1.0)(20) =1006 W

Eq. (7-20a), §=0.00292m

Eq. (7-20b), v =8.63x10"

Unmax = (0.148)(8.63x107/0.1)(5.17)(0.952 + 5.85)1%(6.53x10")"?

=0.02 m/s

= (9/16)((996)(0.02)(0.00292) = 0.0033 kg/s

261
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7-14
93 +30

=61.5°C =334.5K B=——=299x10">

T, =
f 3345

v=19.19x107° k=00289 Pr=0.7
-3 3
(9.806)(2.99 x 10 )(_963 30)(1.8) (0.7 = 2,05 x 1010
(19.19 x 1070)2
W

h= (0.1)(2.05x10'%1/3 — 4 3094
m -°C
q = (4.394)m(0.075)(1.8)(93-30)=117.4 W

GrPr=

0.0289
1.8

7-15
%:1100-95:1005 W/m?at 300 K B=333x1073
v=1568x10"° - Pr=0.7 k =0.02624

-3 4
Gr* = (9.806)(3.33 x_lGO )(1005)(6) ~6.59%10%5
(15.68x10 ) (0.02624)

n="292624 4 17)6.59x 101513 = 6.7 2W
m* -°C
AT = % =150°C Toyan = 150 +20 =170°C

This does not take into account radiation which would lower the temperature
substantially.
7-16

AT =24-20=4°C h=(095)4)"3 =1.508 —-
m

q =(1.508)7(0.3)(2.0)(4.0)=11.3 W

74%
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7-17

20

0.3)

k =0.02624 B=333x1073 v=15.68x10° Pr=0.71

Gt = 9:806)3.33 1073)(222.2,,0.15)*
(0.02624)(15.68 x 1079)?

Gr =9.11x10° at30cm

0.02624 S irs W
015 OONG694 10907 =551
0.02624 9 15 w
0.6)[(9.11x 10°)(0.7)5 = 4.796
22 08¢ 0.7)] —
i—hx= L =(1.25)(4.796) = 6.0 — "

Qy = 5 =222.2 W/m? Take properties at 300 K

=5.694x10% at 15cm

at 15cm h=

at 30 cm h=

m? -°C

L=03 T,=55°C T,=20°C T;=37.5°C=3105K
v=16.7x10° k=0027  Pr=07
9-8)(353)(55 - 20)(0.3)(0.7)

(16.7 x1075)?

C=0.59 =l
4

0.027 w
0.3 m2 .°C
q=2hA(T,-T,)= (2)(4.94)(0.3)2(55 -20)=31.1W
7-19 ‘
_100+20

GrPr= =7.48x10’

h= (0.59)(7.48 x 1014 = 4.94

Tf =60°C=333K  p=2.16x10"

_(2)(1.01x10°)
"~ (333)(2078)
1 2100 3
Py (9.8)(345)(0.293) (100—72;))(0.61) (0.7)
(2.16x1077)
(0.159)(0.59)(6.87 x 107)V/4- W
h= =14 —
061 m<- °C
q = hA(T,, - T..) = (14)(0.61)*(100 — 20) = 417 W

=0.293 kg/m> k=0.159  Pr=0.7

=6.87x10’

244
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7-20

T+4 _305°C=303.5K  v=16.1x10-5

k=00265 Pr=07
_ 08)(5555 )57 - 6.0°0.7)

1} =

GrPr 1.04 x10!2
(16.1x107)?
1/4

Nul/2=0825+— 22878 _ 3344

0.492\9/16

l+( Pr )
Nu=1118 p= 1118)(0.0265) _, o 2W
6.1 m* -°C

q=hA(T, -T,)=(4.86)(6.1)(1.22)(57-4)=1907 W
Using C=0.1 and m =%

Nu = 0.1(1.04 x10'%)1/3 = 1012 9.5% lower

7-21
T, =222 _350c-308k  v=165x100  k=00268
Pr=0.7
9.8)(355)(49 - 2D)(1)*(0.7
Grpr=_ (s _6)(2)( ) —227x10°
(16.5%107)
1/4
Nu/2 =0825+— 230 K& _ 1359 Nu=158.1
9/16

[+ (02"

poUSBDO0E) W
1 m*-°C

q=hAT, -T,)= (4.24)(1)*(49 - 21)=118W
Using C=0.1 and m =%

Nu = (0.1)(2.27x10°)3 =131 17% lower

7-22

Take properties at 300 K

v=15.69%x107° k =0.02624 Pr=0.7
o2 (9-8)(355)10(0.7)

(15.69 x 1079)?
L=10.35m

145
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7-23

2
Take properties at 15.56°C  k=0595  5PP2 _ | 08 x 1010

Ge* pr = (108X 1019(1000)(0.25)*

=7.09 %100
0.595
_0.595 10,1/5
h 0.6)(7.09 10 =211
x = 025 ——(0.6)( )
h =1.25h, =264 ;’V
m- -°C
AT = 2w 1000 _ 5 200
h 264

Tw=379+15=18.79°C itis very nearly isothermal.

| /4
cylinder: h=1 32( [ZT)

AT 1/4
Vert. plate: h=1 42( 7 )

AT V4 54
Leyl: q= —(1 32)( - ) mdAT =2.073d>*AT
1/4
Plate: g=a 42)(ALT) ”Zd AT =1.992434AT5/4
Very close
246

oMl aliyl - elgilgall dial
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T, = 310—;529 =160°C  NaK,22% Na
k=244 Pr=0019 d=002m p=04x107 L=04m
p=2830
11
B ~690] 8080 |-25x107*
760 - 93
-4 2 1500y 3
G, Pr= (9.8)(2.5 x 1074)(830) (20(33 2120)(0.02) 0019) _ | 5e 105
0.4%107)
1/4 5\1/4
Nu 036+ 0.518(Gr91:)6 036+ 0.518(1.28 >;I11(‘)5 1/9 _431
0.559 0.559
[l +( Pr ) ] [1 + (0.0'1'9' ) ]
h= @__32@1) =5264 2W
0.02 mZ-°C

q=hAT, -T.)= (5264)7(0.02)(0.4)(200 — 120) = 10,580 W

7-26

Te=299K; L=0.15 W=05,p= 2.2 atm; p=0.36

v =128x10%/2.2 = 58x10%;, k=0.149; Pr=0.7, AT=52°C

Gr = (9.8)(1/299)(52)(0.15)*/(58x10°)’ = 1x 10

GrPr =7x10°

h = (0.149/0.15)(0.59)(7x10°)* =17

q=(17)(0.15)(0.5)(52) = 66.2 W

Eq. (7-20b);  Umax = (58x106/0.15)(0.148)(0.952+0.7)'1/2(106)”2 (5.17)

=0.23 m/s

Eq. (7-20a); &=(0. 15)(3.93)(0.7) V%(0.952 + 0.7)4(10%*

=0.025m

i = (9/16)(0.23)(0.025)(0.36) = 0.0016 kg/s

41
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7-27
70+ 20

Ty = =45°C=318K v=0335x10"°

Pr=20 B=245%x10"

-3 3
©(9.8)(2.45%x107°)(70 — 20)(0.03)°(2) =578 %10°

(0.335%107%)?
C=053 m=1

4
- 9.@(0 53)(5.78 x108)V/4 =1328
m

GrPr=

h= W

q= hn’dL(Tw T..) = (1328)m(0.03)(1)(70 - 20) =6260 W

7-28

1/4
h=(1.32)(120 20) =798 —
0.075 m? -°C

q=29,300 W = 7.987(0.075)L(120 - 20)
L=1559m

MYl alaiyl - clyilsFaf@ial
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7-29
7,=2%8 _655c k=065
GrPr = (7.62 x10%)(93 - 38)(0.0004)° = 268.2
From Fig. 7-8 logNu =0.41 Nu=2.57
p= 2310659 _ s 2W

0.0004 m?-°C

q = (4235)m(0.0004)(0.1)(93-38) =29.27 W
7-30

Laminar:

o174
h= 1.32(85 20) =9.006 —~

0.03 m*-°C
g =(9.006)7(0.03)(15)(85 - 20) = 827.6 W
7-31
T =202 gy 50c=356K  v=254x10"
Pr=0.697
9.8)( 3¢ (140 — 25)(0.08)%(0.697
Grpr=_ s 562) ) - 2.54x106
(21.1x107)
C=053 m= 1
4
n=22100 532,54 x 1054 = 8.2 w
0.08 mZ-°C

% = hmd(T,, - T..) = (8.2)m(0.08)(140 — 25) = 237 W/m

7-32

1/4
250'20) =15.38 2W
0.0125 m? -°C

= (15.38)7(0.0125)(250 - 20) =138.9 W/m

h= 1.32(

q
L

49
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7-33
Ty = 0+ _12155c v=0.124x10~4 k=0.135  Pr=175
-3 _ 3
B=07x10" Grpr = 0807 7(: 2 5 4)(1':’3.4)923)(0'025) =6.96x10°
. X
h= 9—12(0 53)(6.96 x 10%)/4 = 147 W
0.025 m -°C

% = (147)r(0.025)(150 — 93) =658 W/m =200.6 W/ft

7-34
0.3 m square duct T,=156°C T,=27°C AT =114°C
1/4 1/4
Bottom h=1. 32(AT =(1 32)(ll 4) =3.28 2W
L 0.3 m*“-°C
1/4 1/4
Sides h=1 42(AT =(1 42)(11 4) =3.53 2W
L 0.3 m--°C
T h=0.5 =(0.59 =1.46
— 7)) “O953 mZ -°C

= zhAAT =(0.3)1)(11.4)[3.28 +(2)(3.53) + 1.46] = 40.4 W/m - length

7-35
Ty = 200410 _ 1h50c-308 K v=6.76x10" k=0.178
Pr=0.71

(9.8)(5<)(240 — 10)(2.54 x 107°)? _
GrPr= )(398)(6 76 x 107)? (0.71)=1.42x107

-5.\1/4
Nu =036+ 0219042 :/ig 0384
0.559
[1 + ( 0.7 ) ]
h= M(_‘U_jsﬁ — 2691
2.54%10

% = (2691)m(2.54 x107)(240 — 10) = 49.4 W/m

28e
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7-36
Heatlatm L=2m d=0.1m
T, = 93°C =366 K T, =-18°C =255K T; =310.5K
v=134.6x10"° m?/s k=0.1524 —V—  pr=07
m-°C
9.8)(+L<)(366 — 255)(0.1)3(0.7
Grpr =" arts) 4)(2 "OD _ | 3s6x109
(134.6 x1079)
C=053 me
4
g = 01524 (0.53)(1.356 x 10%)/4 = 15.5 W

_ 01 m? .°C
q=hA(T, - T..) = (15.5)m(0.1)(2)(366 — 255) = 1081 W
7-37
Ty =135°C = 408 K v=2683x10"°  £=00342 Pr=0688
(9-8)(305)(250 - 20)(3)°(0.688) _
(26.83x107°)? -

GrPr= 1.43x 10!

1/6

1.43 x 10!

. (%%%3)9/16]16/9

_(565.3)(0.0342)
a 3.0

% = (6.44)m(3.0)(250 - 20) =13.97 kW/m

7-38
T; =40°C=313K v =0.00022 k =0.286
B=05x10"3 Pr =245
(9.8)(0.5 x 107>)(60 — 20)(0.02)>

(0.00022)?
(0.518)(79.37)/4

(]

p=L6770286) ;o
0.02

q =(23.98)7(0.02)(0.6)(60 — 20) = 36.15 W

Nul’? = 0.6 +0.387 =23.78

Nu =565.3 h =6.44

GrPr=

(2.45)=179.37

Nu=0.36+ =1.677

15
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7-39
q 2 1 q
==1500 W = — = =(1500)7(0.035) =165 W
. /m* B 53 7 = (1500)7(0.035) /m
Properties at 35S0 K AT = 100°C v=20.76 x 10‘6 k =0.03003

Pr=07  6=65° Take L=1m
_ 9.8)(545)(100)(1.0)*

GrPr 0.7)=5.4x10°
(20.76 x 107%)? ©7)

1oL in 6)!73 =0.32
4 12
Nuy, =[0.6 - (0.488)(sin 65°)!%31(5.4 x 10%)°32 = 206.9
h= (206.9) (?'03003) =6.21 h is insensitive to L because of 0.32 exponent.
AT =19 5 420c

6.21
With properties at 400 K and AT = 242
v=259x10"6 k =0.03365 Nu; =237.6
GrPr=8.32x10° h=8.0 AT = 1—5;-’9 =187.5°C

T, =20+187.5=207.5°C = 480.5 K
T, =386 K close enough

7-40
Ty = 2D+20 5y sc=2955K v=153x10"% k = 0.0259
9.8)( 5552 (25 — 20)(0.3)%(0.7)

Pr=07  GrPr=- i3k 4(2 =1.34x10’
(15.3x107%)
C=0.53 m=1
4
0.0259 w

(0.53)(1.34x 1074 = 277

h
0.3 m?.°C
% =hmd(T,, - T..) = 2.77)7(0.3)(25 - 20)=13.04 W/m

25t
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7-41
260 + 20

Tf =
k=0.035  Pr=0.687
. 8)( )(260 20)(0.125)%(0.687)

(27.2x107°)2

C=0.53 m=l
4

29 035(0 53)(1.03x107)V4 =8 41 W
7 0.125 m? -°C

q=37,000 W = (8.71)7(0.125)L(260 — 20)
L=46.7m
There will also be substantial radiation heating.

GrPr= =1.03x10’

7-42

180+ 60 gBp’c,

=120°F k=0.644 =4.89 %100

I, =

GrPr = (4.89 x10'2)(0.05)3(180 — 60)(3) =4.075x 108

C=0.53 m=l
4

0.644

h= —O-——(O .53)(4.078 x 108)4 = 970 W

m?2.°C
q = hmdL(T,, — T_,) = (970)7(0.05)(3)(180 — 60)(5) =3.047x10* W

2953
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7-43
1, =727 _spec =325k v=1283x10°  k=0.0281
9.8)\ 533577 - 27)(2)*(0.7
Pre07  Grpre O _i( 2) O 2s4x100
(18.23x1075)
176
Nu'’? = 0.6 +0.387 OrPr 1 _17.008
0.559)/16
1+( 5 )

Nu=3239
p=CBO008Y o W

2 m*-°C

9 =hmd(T,, - T..) = (4.55)7(2)(20)(77 - 27) = 2.86 x 10* W
Using C=0.13 and m =%

Nu=(0.13)(2.54 x10'%93 = 2937 = 99 Lower
7-44

90 +20

Ty = =55°C=328K B=3.049x107  v=1852x107°

k =0.0284 Pr=07
Grpr = -806)(3.049 x 10 )5202 20)(0.3)
(18.52x10°9)

= 2 1 +0.43(1.153 x 1084 = 4.407 w
0.3 m* -°C

g = (4.407)7(4)(0.15)%(90 — 20)=87.23 W

(0.7)=1.153x108

h

7-45

35+10 _ ) 5o k = 0.604

Tf =

GrPr = (1.46 x10'%)(35 - 10)(0.025)° = 5.703 x 10°

h= .O'Lg“s.[z +0.43(5.703x 106)!/4] = 556 —

0.0 m<-°C
q= (556)47!'(0.0125)2 (35-10)=273

LS54
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o

7-46

T; =-25°C=248K p=—nl___| 967107 Pr=0.72
(287)(248)

p=1488x10"  B=4032x107  k=00223

(9.8)(4.032 x 107)(1.967 x 1072)(50)(2.4)°

(1.488 x 107)?
[2+0.43(3.44 x107)V41=0.325

GrPr= (0.72) = 3.44x 10’

w
m2 -°C

h= 0.0223

q =(0.325)r(4)1 .2)2 (50)=294 W
Forced Convection:

(1.967 x 1072)(0.3)(2.4)
Re = =
1.488 x10

0.0223 0.6 W
= 0.37)(952)"" =0.211
22 037052) —

g =(0.211)(47)(1.2)*(50) =191 W
7-47

=952

h

38+15

Ty = =26.5°C k=0.614

GrPr = (1.91x10'%)(38 —15)(0.04)> = 2.81x 10’

h= 0'614[2 +0.43(2.81x107)41 =511 2W
0.04 m? -°C

qg=(51 1)(47:)(0.02)2 (38-15)=59.1W
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7-48
L= % C=0.52 m= l
hlz 3
-(k—2) = O.52{const X (—) ]
hd ’ 3 1/4
~ =Nuy = (0.52)(;)[(5) } (Gry Pr)V'* = 0.464(Gr, PnV/*  (a)
Compare to
Nu = 2 +0.43(Gr, Pp)/4 (b
GrPr Nu (a) Nu (b)
10 4.64 6.3
103 8.25 9.64
106 14.67 15.6
7-49
Flat plate
1/4
h= 5(0.59)(Gr P4 = 1.42(£)
L L
Egq. (7-50)

h=2k, 0.43% Gr pp)l/4
d d

1/4 1/4
0.43:’;-(GrPr)1/ 4_q .42)%(%1) - 1.03(A—dT-)

0.59
/4
h= 25 + 1.03(£)
d d

56
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7-50
T, = 204; 2 s sc=a215K He at 3 atm
-6
v=221%53x10—=73.8x10"6 k=0.183  Pr=071

Grpe = O-Nahs)204 - 93)0.3%0.71)

(73.8x1075)2
1

=9.08 x10°

C=0.53 m==
—  0.183 6u1/4 W
h=——2(9.08x10%)/4 =33 5
03 ( ) ]'n2 . °C

q=hmd(T, -T.) = (33.5)7(0.3)(10.4)(204 — 93) = 36,435 W
751
Ty = 20 “;120 =70°C =343 K v=20.05x10"6 k =0.0295
Pr=0.7

9.8)(52= (120 - 20)(0.3)3(0.7
Grpr = &Iz _)6(2 A - 134x108 < 10°

(20.05 x1075)
C=0.53 =1
4

i = 00295 (0.53)(1.34 x108)14 = 5.1 _ W

0.3 m2 .°C
q= EA(TW -T1.)= (5.61)7((0.3)(100)(1 20-20)=52,847 W

Tf =
k =0.0306 Pr=0.7

GrPr = (2:806)(2.793 x1073)(150 - 20)(0.15)°
(21.58 x1075)?

= 0.0306 (0.15)(1.806 x107)3 = 8.03 — ¥
0.15 m*° -°C

q=(8.03)m(0.075)%(150 -~ 20) = 18.4 W

150 + 20
2

0.7)=1.806 x 107

h

wy
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7.53
1, =822 _s0oc v =0.00024 k=0.144
Pr = 2870 B=0.7x1073
G py = 9-8X0.7x107°)(60 - 2;))(0.3)3(2870) _360x10°

0.144 (00(;012,? w
h="020.153.69x10%! =516 —

q= (51.6)(0.3)%(60 — 20) =185.8 W

7-54

laminar: L=6 mm AT =500 -20 qg=2kW

480 /4 W
Top: h=132 — | =222
100 (0.006) mZ -°C
1/5

Bottom: h=0.61 480 5 =16.23 ;W

R (0.006) m2 -°C

g = 2000 = (16.23 + 22.2)(0.006)L(480) L=18.07m
7-55

Ty = 25+28 _ ¢ s0c=2995K v=16.84x107

Pr=0.71

(9.8)(ek < )(3)(10)3(0.71
GrPr= g} — ) 24210
(16.84 x 1070)
p = 002624 (0.15)(2.42 x 10! HY3 = 2.454

g =(2.454)(10)’(3) =736 W

15%

oMYl alaiVl - lyilsyall dial

Chapter 7

k =0.02624



Chapter 7

[ 7'56
7, =240 _ 3 socZ3055% v=1625x10"°  k=0.0267
Pr=0.7
9.8) 3555 )(50 — 15)(4)3(0.7
Grpr=_ o) _6)(2)( )=1.9><10”
(16.25x107°)
Upper: h =20 67(0 15)1.9x10'"H)3 = 575 ZWOC
m .
Lower: h,=°'0 027)1.9x10M)!4 =119 W
4 m*.°C
9=(575+1.19)4)*(50 - 15) = 3886 W
7-57
Tf=400;300=3501< v=2075x10"° £ =0.03003
L
Pr=0.697 x=2. L(2)=£=4—=7.5cm
P 6 6
9.8)(355)(400 - 300 0.0753 0.697
Grpr="_ ato) )(_6 : Al ) 1o1x108
(2.075x107)
0.03003 8,173 w
h= 0.15)(1.91x10%)13 = 34,58
0.075 1N ) m?.°C
q=(34. 58)(0 49" (400 - 300) = 350 W
7-58

L, =40°C  T,=20C T,=40-(0. 25)(40-20)=35°C  k=0.626
GrPr = (2.89%10')(0.2)3(40 - 20) = 4.624 x 10°

6 = 30° P 6 (o 56)[(4.624 x10%)cos 30°]/4 = 440

m2. °C
g =(440)(0.2)%(40 — 20) =3527W
7-59
6 = -30°
Nu, = (0.14)[(4.624 x 10%)/3 _ (2 x 10°)M314.0.56[(4.624 x 1093 cos30°]1/4

Nu, = 56.85+140.87 = 197.72

p= 020009772 _ W
0.2 m* -°C

g = (168.9)(0.2)%(40 — 20)=495.1W
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7-60

Assume T = 20°C inside

T, =20+3—20=35°C=308K B=3247x1073

v=16.49x107° k=0.0268 Pr=07
(9.8)(3.247 x 1072)(30)(0.0125)

Grg Pr = 0.7) = 4803
(16.49 x 1079)2 ©7)
b~k _ (0.0268)1.8)1.2)30) _, 389 W
0.0125
7-61
T, = 160; 0 _100°c=3713K  B=268x10" k=0.0317
4
Pr=069 p=_0X10"_ 506 pL=2.172x1075
(287)(373)
-3 2160 _ 3
G Pr = (9.8)(2.68 X 1073)(0.946) (1§§) - 40)(0.08°(0.69) _, |, 104
(2.172x107%)
6 = 20° C=0212 n=%
];—e =(0.212)[(2-11x10%)cos20°14 = 2,516
g =(2.516)(0.0317)(1)>(160 — 40) = 9.57 W
7-62
9y =700 W/m?> L=Im 6=60° at30°C  v=15.98x10"%
Pr=0.7 k=0027 B=33x10"3
-3 4
G = 9-9B33x10 )(70(_)2(12) 3286 x 1012
(0.027)(15.98 x107%)
h= 90—27-(0 17)[(3.286 x10'2)(0.7)]4 = 5.65 W
m?.°C
AT = 700 =123.8°C T,, =123.8+30 =153.8°C
5.65
7-63

oeA(T,* - T,*) = hA(T, - T,)
(5.669 x 107%)(0.5)(308* — 303*) = (6.5)(303 — T,)
T, =300.5 K = 27.5°C

2857
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7-64
1 1
=80 -—(80-20)=65°C =338 K =
e ) F=30
k =0.0291 Pr=07
Downward facing 0 =45°
9.8 80— 20)(0.1)*(0.7
Gepr = O8N iz)( ) 352105
(19.54x107%)
ny =2 0291 (0.56)(3.5x10° x0.707)/* = 6.46 W
m

Upward facmg

Gr, =1.05x10° Gr, Pr=7.35x10%

_0.0291
0.1

q = (2)(6.46)(0.1)*(80 — 20)=7.752 W
7-65

x0.707)V* = 6.46

v=19.54x107°

W
m? .°C

T, = 50-%(50- 20) = 42.5°C p =990 p=62x107*

k=0.635 Pr=041  0=30° cos@ = 0.866
-4 3 2
Gepr = ©-8)(2.07x107)(50 - 2(_)2((2) 05°4.D90 _ . 0. 107
(6.2x107%)
hy = %_62(0 56)(7.95x107 x 0.866)V/4 = 647.8 WOC
Since Gry <Gr, h, =hy
g = (2)(647.8)(0.05)%(50 = 20)=97.2 W
7-66
=38°C=311K T, = 540°C L=30cm

d =6.5 mm —fi—' =46 fully developed
Air u,, =30 m/s v=16.6x10"° k=0028  Pr=0.7

(3—0)(990—(322 =11750 turbulent

16.6x10
Nu = 0.023Re %8 Pr¥ = (0.023)(11,750)%3(0.7)%4 = 35.95
7o (35.95(0.028) _ 2W

0.0065 m?-°C

260
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7-67
Tp= 100+15 _ ss0c=328K v=18.7x107° k =0.0285
Pr=0.7 L=(2 ?)w 7.5cm=0.075m
_ 3
Gepy = 9:8)(328)(100 15)_(3;)75) ©7) _ 5 15%106
(18.7x107%)
C=052 m =%
R=l 0285 5 (0.52)(2.15x 10914 =756 w
0.0 m .°C
A= (2.5)2 (2) +(4)(2.5)(5) = 62.5 cm?
q=hA(T, - T.) = (7.56)(62.5x107)(100 - 15) = 4.02 W
7-68
A= -1-(40)2 $in60° = 692.8 cm? p=(3)(40) =120 cm
L_i__6_9£.8.=577 1= 238 _ gooc=313K
p 120
B=3195x10">  v=17x107° k =0.0272 Pr=
-3 3
Gepy = O-8)(3:195x10 )(5_56 225)(0 0511 07y = 437x10°
(17 x107)
p= 20272 —(0.54)(4.37 10°)V4 = 6.546 w
g= (6.546)(0.0693)(55 25)=13.61 W
7-69
T; =40°C=313K B=3.195x10"  v=17x10"°
k =0.0272
A d
Characteristic length = 7 = 1 =0.02 m

Pr=0.7 GrPr=

(9.8)(3.195 x1073)(50 — 30)(0.02)3(0.7)

(17x107%)?

A\

0.0272 a4 _
J=(0.54)121x109 1 =771 ——

h=

= (7.71)7:(0.04)2 (50 -30)=0.775 W

o !
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770
T, = 400; 2 - 2135°C = 4865 K v=36.23x105
Pr =0.681 ﬂ=# —l-=-1—+l L=522cm

4865 L 1538
L 3
Gope - OB a53)400 - 27)0.0522)% 0.681)

(36.23 x1079)2

= 20998 615,54 x105)4 = 1238 >
0.0522 m? -°C

A= (2)(15)% + (4)(15)(8) = 930 cm?
q=(12.38)(930 x 10™*)(400 - 27) = 429 W

=5.54x10°

h

7-71
i1 1 L=0.075m v=17x10"5
L 0.15 0.15
Pr=0.7
9.8)(345)AT(0.075)3(0.7)
Grpr = O9abo) _62)( =334 x10*AT
(17x1070)

A=6(0.15)% =0.135 m2

h= g'g%(o.é)(&u x 1044 ATY4 = 5 oo ATV

50 = (2.92)(0.135)(AT)>'4 AT = 48.2°C
T, =48.2+20 = 68.2°C

7-72

Oe(T;* ~T,%) = h(T, - T;)

(5.669 x107%)(0.95)(303* - 283%) = 5(T, - 303)
T, =325 K =52°C

e~
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7-73
45+ 20

L=30+15=45cm Tf=

v=16.5x107¢ k=0.0268 Pr=07
GrPr= (9830 (45— 20)(045°(0.7)

(16.5x107%)2

C=0.52 m=-1—
4

09268 0.52)1.88 x108)4 = 3.62 il
045 m*-°C

=1.88 x10%

T, = = k=0644  Pr=3.64

Grs Pr = (4.89 x10*V)(60 - 38)(0.0125)° = 2.1x 10°

Re - 0.42)2.1x109)4(3 64)0'012(—3&)—03 =6.26
k ’ ' ' 1.25 '
_ 2
o= (6.26)(0.644)(60 3803 _ 10 <
0.0125
7-75
Tm=80;20=50°c=3231< k=0.156
-6
v=1%19—=1.102x10‘4 Pr=07
9.8)(=1=)(80 — 20)(0.02)3(0.7
Gry pr=_ (shs) )54 S YO _g30
(1.102 x107%)
k, =k
2 —
o= (0.156)(04)°B0=20) _ ./ ooy

0.02

1¢3
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(T, - T..) = (3.62)(2)(0.3 + 0.15)(45-20) = 81.5 W/m
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7-76
T,, =30°C k=0.62
Grs Pr =(2.25x10'%)(40 - 20)(0.02) = 3.6 x 10°

C=0.40 n=0.20 ’;—e =(0.40)(3.6 x10%)%2 = 8 191
g = @ME.191)(0.62)1)(40 - 20)

= 2860 W
10
In()
1-11
_ 5
7,=30710 0o nerre p= QON0Ix10% _
2 (287)(283)
k =0.0249 B=353x1073 1£=1814x10"°  pr=07
2 -3 3
G Pr = O-8X0.0624(3.53 x 1?5 A0 (71 1 asa
(1.814x107)
% =(0.228)(1454)%226 _ 1 18
g = 4m1.182)(0.0249)(1)(1.05)(40) _ 3107 W
1.05-1
778
T, = 204190 _ o 0op 13220 = 405 K v=262x10"

2
k=0.034  B=247x10"3 Pr=0.7

(9-8)(2:47 x 107°)(400 - 140)(3)(0.03)?
(26.2x107°)?

C=0.197 n=l m=—l
4 9

-1/9
ke _ (0.197)(9.63 x 104! 4(?) =2.64

Grs Pr= (0.7)=9.63x10*

k
2.64)(0.034)(400 — 140)(3

g _ (2:64)(0.034)( )(9)=432 W/m?

A 0.03

269
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7-79
T, = 200490 _1450c=418K  v=2697x10°  k=0.0349
B=239x10"3 Pr = 0.685
-3 _ 3
Grg Pr = (9.8)(2.39 x107>)(200 9_2)(20.025) (0685 _ 2 19104
(26.97x107%)
C=0197 n=4 me=—a
4 9
k

aysaf 30Y°
f =(0.197)(3.79x10™) (E) =2.086

200 -90
= (2.086)(0.0349)(0.3 2(-————) =28.83 W
qg=( X )(0.3) 0.025
7-80
165 .
T, =90+ - = 172.5°C = 4455 K Pr = 0.684

B=2245x10"  v=2859x10"°  k=0.0368
_(9.8)(2.245x1073)(165)(0.0016)

GrgPr= 0.684) =12.45
o (28.59 x1075)? (0.689)
k, =k 1=W=37g5 W/m?
A 00016
7-81
at172.5°C  k=0.669  GrsPr=(10.11x10'°)(165)(0.0016)
Grs Pr=6.83x10% C=013  n=03 m=0
% =(0.13)(6.83 x10*)%3 =367
k, = (3.67)(0.669) = 2.453 9 _C2IE) _; 535105 W/m?
A 00016
26s
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7.83

T, =0 ; 20 _ 350¢ p=994  p=72x10"* k =0.626
2

Pr=482 PP % _5e0.100

Gty Pr = (2.89 x10'%)(0.04)3(30) = 5.55 x 107
'Z—e =(0.046)(5.55x10")3 =17.55

_ 2(50-20
g =(17.55)(0.626)(0.5) ( o1

) =2060 W

7-84

’;—e =(0.057)(5.55x107)13 = 21 .74

_ 2(50-20
q =(21.74)(0.626)(0.5) ( 0.04

): 2552 W

7-87
Assume 20°C inside
T, =20+122=28.5°C =302 K /3=3.32x10‘3 Pr=0.71

v=15.68x10"°% k=0.0262
(9.8)(3.32x10™)(17)(0.1)3(0.71)

— _ 6
Grs Pr = (15.68x10_6)2 =1.598x10
C=0.073 = l m= —l
3 9
k 1/9

—2 =(0.073)(1.598 x 10%)V 3(62?) =6.118

k
49 _ (6.118)(0.0262)(17)
A 0.1

=27.25 W/m?

66
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7-88
-6
T,, =350 K v=£762"*10 k=003003 p=2am Pr=07
(9.8)( 535 )(400 — 300)(0.06)3(0.7)(2)>
Gry Pr= sl )_6 2) @ 3 03x108
(20.76 x107%)
C=0.073 m=l n=-l
3 9
3 -1/9 W
k, = (0.03003)(0.073)(3.93 x 10%)"/ 3(——) =0.224
0.06 m-°C
q= kﬁ% = (0.224)(3)(2)(3(?)—‘3@) =2240 W
7-9)
~100+20 k =0.0287

T, S——=60°C=333K v=19.04x107°

Pr=07
(9-8)(333)(100 - 20)(0.08°(0.7)

Grs Pr = =2.33x10°
o (19.04 x 10752
C=0073 _1 =1
3 9

ke eusf 1 YV
—==(0.073)(2.33x10%) —_— =7.304
k 0.08

= (0.0287)(7.304)(1)2(100 -20)

0.08

=209.6 W

i

oMl olaiyl - eyilSyall dial



Chapter 7

7-91

Take properties at 300 K v=15.69x107° k=0.02624 Pr=0.7

9-8)(385)(30)(0.01*(0.7)

=2787
(15.69 x1076)?
For horizontal plate C=0.059 n=04

Gr5 Pr=

’;—e =(0.059)(2787)%4 =1.41
2

.= a .41)(0.023141)(0.3) B0 _ 508w
For 30 cm vertical plate

303 . 1
GrPr= (2787)(—1—) =7.52x10"7 C=0.59 m==
p= 202624 (0.59)(7.52 x10")4 = 4.806 2W

3 m*“ - °C

q=hA(T,, - T,,,,)(4.806)(O.3)2(30) =129.8 W
the 9.98 W is a reduction of 93%

7-92

T, = ‘2°2+ 20 _70°C=343K  p=204x10" k =0.0295

Pr=0.7 d=lcm
p?(9.8)(355)(120 - 20)(0.01)>(0.7)
(2.04x107)?

p?=03537 p=0.595
At1atm p=1023

Grg =1700 =

Thusat 6 =1cm p= (1)—(5)% =0.582 atm (58.96 kPa)
For the other spacings:
o (cm) p2 p p (atm, kPa)
2 0.0442 0.2103 0.2056, 20.83
5 0.00283 0.0532 0.052, 5.27
10 3.537 10~ 0.0188 0.0184, 1.86

we

Mech.MuslimEngineer.Net



Chapter 7

««««« 7_94
1/4
q = hdLAT h=1 32(AdT) g~ ATY*
q 83-27\"4
175 = (55 —27 983 =416 W
7-95
1, =247 _ 105or = d06°C =314 K
v=17.11x10"% m?/s k =0.0273 Pr=0.7
1 5).3
GePr— 10° — (9.8)(517)140 - 70)(3)x 07
(17.11x107%)2
x=0.701 m

- 00273 ——2(0.59)(10°)* = 4.09 W
~ 0.701 m? -°C

% = hAT = (4.09)(140 — 70)(3) =159 W/m?

U=uUpy,, at y=§=0.148ux

u, = Cxl’?

-112[ (9.8)(L )70)(3) ]
cl=(5.17)(17.11><10‘6)(§—(1)+o.7) [( (ata) )(9)] =443

(17.11x1079)2

u, = (4.43)(0.701)Y2 = 3.71
Urnax = (0.148)(3.71) = 0.55 m/s

X3
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7-9%
5=0.025m T; =50°C=323K v=18.02x107% m?/s
k = 0.02798 Pr=0.7
(9.8)(4:)(70 — 30)(0.025)3(0.7)
() — = 40,878
(18.02x1075)
%’- =(0.212)(40,878)4 =3.014
k, =0.0843 W
m-°C
9= (0.0843)( 70— 30) =135 W/m?
A 0.025
For 6 =0.01 m Grg Pr= 2616
% =0.059(2616)%* =1.374

70 -30
0.01

GI'aPI':

% = (1.374)(0.02798)( ) =154 W/m?

7-97

2
Grs Pr=1700 = 40,878( P ) since p=-£-  p=0.204 atm
1 atm RT

7-98
_120+80

Ty =100°F =37.8°C=311K

@ Air v=16.81x107° k =0.02707 Pr=0.7
(9.8)(317)120 - 80)(3)(0.025)3(0.7)
- (16.81x107) -

n=20279705 1 0.43(27,100)4) = 8.14 ul
0.025 m?-°C

q = hAAT = (8.14)47(0.0125)? (40)(%) =036 W

GrPr

27,100

270
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gbp’c,

(b) Water =3.3x10!0 k=0.630

GrPr = (3.3x10'%)(0.025)>(120 - 80)(3) =1.146 x 10’

0.63 7.1/4 w
= 2+0.50(1.146 x 10 =783
0.025[ ( ] m? .°C

g = hAAT = (783)4%(0.0125)2(40)(3) =342W

7-99

h

T, =350K v =20.76 x1076 k =0.03003
r =0.04 r =0.05 6=0.01

(9-8)(345)(400 - 300)(0.01°(0.7) _

Grg Pr = = 4548
o (20.76 x 105)?
% =(0.228)(4548)°226 =153
k, = (0.03003)(1.53) = 0.0459
g = 40.0459)(0.04)(0.05)100) _ 1 o,
0.05-0.04
7-100
d=L=0.08m C=0775 m=0.21 Ty =287.5K
v=14.6x107° k =0.0252 Pr=0.71
(9.8)(525<)(300 - 275)(0.08)3(0.71)
GrPr= zsts) — =1.45x10°
(14.6 x1070)
h=2222 0.775)(1 45 x 106)°2! = 481 W

hA = (4.81)[27:(0.04)2 + 7(0.08)(0.08)] = 0.1452
pcV = (999)(4180)7(0.04)? (0.08) =1679

A _ 01452 o o s
pcV 1679
290 - 275

- —exp[-8.65%x107%1]
300 - 275
7T =5905 sec =1.64 hr

T
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7-101
_A_md _d
p 4rnd 4
1, =120480 _ 100op = 37.80C
2
8P0Cp _ 3 35100 k=063

3
GrPr=(3.3x 10‘0)(0—‘495) (120 - 80)(%) =1.43x10°
1

Upper surface C=0.54 m= Z
0.63 6\1/4 w
h=——-—(0.54)(1.43x%10 =942
0.05/4 ( X ) m2 .°C

q= (942)7:(0.025)2(40)(_;.) —411W
1

Lower surface C=0.27 m=
h=471 2W
m*-°C
q=206 W
7-102
0 =45° L=0.1m Tf=350K

T, = 400 — 0.25(400 — 300) = 375 K
v=2333x10"° k=00318 Pr=0.69

(98335400 - 300)(0.1)*(0.7)(0.707)

Gr, Pr, cosf = =2.54x10°
e e (23.33x1079)2

Eq. (7-43)

h=2218 0 56)2.54 x106)4 = 7.11 .
0.1 m° - °C

q = hAAT = (7.11)(0.1)*(400 — 300)=7.11W
7-103

Upward facing surface
Because Gr, < Gr, 1st term of Eq. (7-46) drops out and the result is the same as

in Prob. (7-98).

1T
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7-104
D_ 35

‘Z_W L=SOcm=O.5m Tf=350K
v=20.76 x10° k =0.03003 Pr=0.7

(9.8)(=1=)(400 — 300)(0.5)>
Gry, = (sko) —+>——=8.12x10°
(20.76 x107°)

diin =(0.5)(35)(8.12x108)™4 = 0.104 m

7-108
Const heat flux, T, =65°C =338 K T, =20°C=293K
L=05m

1, =242 _ 50316

v=173x10"° Pr=0.7 k=0.0275

For laminar % = %hxz L

9.8)(<1-)(65 - 20)(0.5)%(0.7
_ )(31(61);3“0_);)2 ) )=4.08X108

Nu, =0.6(Gr, Nu, Pr)/> = 75.05
b, = 750900275 _, ;zv
0.5 m* -°C

— (5 w

h = (3)(4'13) =5.16 — X%

deony = RA(T,, — T.,) = (5.16)(2)(0.5)%(65 - 20) = 116.1 W

draa = OEA(T,,* - T*) = (5.668 x 1078)(2)(0.5)2(338* = 2934) =161 W
Groal =116.1+161=277.1 W

GrPr

7-109
L=02m T,=30C  T,=10°C T,;=22210_50c
v=0.00118 k =0.286 Pr=12.5x103 B=05x10"3
3 -3v20y_ 3 3
GePs = gBAZTL pr _ 9:8)(0.5x107%)(30 10)(20.2) 12.5x10%) _ 2o 106
v (0.00118)
Nu = C(GrPr)™ = (0.59)(7.038 x 10%)"/4 = 30.39
7= 3039)0286) _ . 2W
0.2 m* -°C

q=hA(T,, - T.) = (43.46)(2)(0.2)2(30 — 10) = 69.53 W

173
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71-110
T, = 43.3°C T. =10°C T; = 26.65°C

2

C
8PP Ch _ | 91101 Pr=5.85 k=0614

Gry Pr=(1.91x10'%)(0.3)?(43.3-10) =1.72 x 10°
1.72 x10'0
5.85

—7 =0.15 %=1.0>0.15

Gr, = =2.94x10° =Gr,

Treat as vertical plate
Sides C=0.1 m= %

- 0614

h= —6——(0 1)(1.72x 10193 = 528 W

m? -°C
q= hA(TW - T.,)=(528)m(0.3)(0.3)(43.3-10) = 4974 W

Top and Bottom L= % = -;i =0.075m

10
Gr, Pr= uz(:);_o =2.69x108

Bl W=
]
[\S]

Top C=0.15 m

Bottom CcC=0.27 m=

h(Top) = 0—61&(0 15)(2.69 x 108)/3 = 792

h(Bottom) = ?i(o 27)(2.69 x 108)/4 = 283

m- -°C
W

m? -°C

q(Top + Bottom) = (792 + 283)
q(Total) = 4974 + 2530 = 7504 W

”(043) (43.3-10)=2530 W

17¢
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Second Method

Treat solid as vertical plate with characteristic dimension = L + (2)(%) =0.6 m

1040.6Y’ 11
GrPr=(1.72x10 )6—3 =1.38x%10

Cc=0.1 m=l
3

Nu =(0.1)(1.38 x 10! )13 =516

Fo L0610 W
0.6 m* -°C

MZ
A(total) = mdL + Z(T) = ﬂ[(0.3)(0.3) +

(0.3)

] =0.424 m?
g(total) = hA, (T, — T..) = (528)(0.424)(43.3 - 10) = 7457 W

Good agreement between the two methods
7-111

-6
T, =350 K V___20.8x10
L5

0, k=00307 Pr=0.702
(9.8)(545)(400 - 300)(0.01)%(0.702)

=10,222
(20.8 x107%)?

C=0.53 m=1
S

00397 4 53)(10,222)/4 = 16.36 il
0.01 m*-°C

g = hA(T,, - T..) = (16.36)7(0.01)(1.25)(400 — 300) = 64.25 W

GrPr

h=

275
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7-112
o
—{ 2cm f—

A=2cm=002m=1L
I1=400K ¢ =0.1
I,=300K & =0.15
oy =0y =0.9
k =0.03003 W Pr=0.7 y=14
m-°C
AT:Z—a 2y iTi—]"z—ZATz(_l._l_ _2_&)(0.02)(400—300—-2AT)
a yY+1Pr L 09AN24 N 0.7 0.02
=40.15°C
_ k(?}-—Tz - 2AT 400 — 300 - (2)(40.15)

) = (0.03003)[
cond L 0.02

_o(G* - Th*) _ (5.668 x1078)(400% — 300%)

1.1 A .1
rad g+l ortors !

] =29.59 W/m?

=63.31 W/m?2

=29.59+63.31=92.89 W/m?
Total

7-113

1, =400 K I, =20°C=293 K d=04m

2

Bl 2l b

v=205x10"° k=0.03 Pr=0.7

9.8)(52= (400 — 293)(0.4)3(0.7) .

O 8 5i7) 4)(2 A 3.23x108
(20.5%x1079)

Nu=2+0.5GrPn"* = 2+(0.5)(3.23x 108)1/4 = 69.0
o 69003 o 2w

04 m* -°C

q=hAT,, - T.,) = (5.18)47(0.2) (400 — 293) = 279 W

Grad = OBA(T,* — T_*) = (5.668 x 1078)(0.9)(47)(0.2)2 (400% — 203%) = 467 W

GrPr=

7¢
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7-114
L=02m T, =350K T, =400 K §=002m
T:ﬁ‘%ﬂ: 375 K
Helium at p = 2 atm
-6
=-1—81—x21—°—-_-90.5><1o*5 k=0171  Pr=0.71
3 (9.8 (400 — 350)(0.02)° 071)
Gry Pr=$PATS p, _ Xats) jﬁ ( <2000
v (90.5x10 )
Therefore kf: 1.0 g=k Aéaz—(o.lﬂ)(O.Z)z(M):U.l \/
7-115
T, =125°C =398 K T, =25°C =298 K T; =348 K
v=20.7x10"° k=0.03 Pr=0.7
2
Characteristic =—/-‘- = £— = £—-0.075 m
P 4L 4
9.8 125 —25)(0.075)3(0.7
GrPr=" i) )_(6 . AL =1.94 %108
(20.7x107%)
Top C=054 m=%
Bottom C=0.27 m =%
Top =003 20750540 94 x10%)14 = 8.06 W
0.0 m2.°C
- 02 w
Bott h=—22(8.06 403
Bottom 05 4( )=

g(total) = (8.06 + 4.03)(0.3)>(125 — 25) =108.8 W

77
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7-116
T, =134°C =407 K T, =20°C =293 K d=0.00l m
T; =350 K k =0.03003 Pr=0.697 v=20.76x10"°
9.8)( =L~ )(134 — 20)(0.001)3(0.697
Grpr=_ o) )(_62)( =516
(20.76 x 107%)
C=1.02 m=0.148  Nu=C(GrPn)™ = (1.02)(5.16)*148 =1 3
7 = 13)(0.03003) _ ) ;’V
0.001 m<-°C

2
q=hA(T,, - T..) = (39.05)7(0.001)(1)(134 - 20) = 15.21 W = gV = q(ﬁj—)l,

= —(li'zl)%”—)— =1.94x10" W/m>
7(0.001)%(1)
_grt  (1.94x107)(0.0005)

4k (4)(16)

=0.076°C

From chap. 2 Iy-T,

T =134.076°C
L _ (70x1075)(100)(4)

=089 Q
A 7(0.1)

Relec = Pe

2
g=E —1521w
R

E =[(15.21)(0.89)]Y? = 3.68 Volts
7117

L=03m d=0.105m T..=15°C=288 K

T, =100°C =373K Ty =330.5K v=18.7x107°

k=0.029 Pr=0.7
o (9.8)(3355)(100 - 15)(0.3)°

(18.7x107%)?

4 = 0.105 =0.35 —isl-/-z- =0.296 < 0.35 treat as vertical plate
L 03 Gr

Gry Pr = (1.95x10%)(0.7) =1.365 x 10°
C=0.59 m= 7} Nu = C(GrPr)™ = (0.59)(1.365 x 10%)/4 = 63.77

(63.77)(0.029) ~6.16 A

0.3 m?.°C
q=hA(T,, - T.) = (6.16)7(0.105)(0.3)(100 — 15) = 51.9 W

=1.95x108

h=

78
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7-118

T, = 865K T, =300K d =0.025 mm T =582.5K

v=489x107° k=0.0455 Pr=0.683

gBATA3 Pr _ (9.8)(3555)(865 - 300)(0.025 x1073)(0.683)
v oo (48.9 x1076)2

C=0675 m=0.058 Nu=C(GrPr)" =(0.675)(4.24 x1075)0058 _ ¢ 376
e (0.376)(0.04_535) 685 2W
0.025x%10 m?2 .°C
eony = RA(T,, — T.,) = (685)7(0.025 x 10~3)(865 — 300) = 30.4 W/m - length
Graq = OAE(T,* — T.*) = (5.668 x 10~8)7(0.025 x 1072)(0.9)(865* — 300%)
=2.21 W/m-length

7-119

GrPr= =4.24x107°

T,=400K T.=300K 7;=350K v=20.76x107 k =0.03003
A Pr =0.697 A=—;-L(§L)=?L2 L=02m

L
ﬁLz L
characteristic dimension = —=-4—_ =~ _— 0.144L =0.0288 m
P 3L 43
9.8)(=L~)(400 — 300)(0.0288)3(0.697
Grpr =" et )(45 > YOO _ 1 09x10°
(20.76 x107%)
C=0.54 m= % Nu = C(GrPr)™ =(0.54)(1.09 x 10°)4 = 9.81
7o 9081003003 .. 2W
0.0288 m2 .°C

q=hA(T, - T..) = (10.23)(0.2)° {3—(400 -300)=17.7W

119
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7-120
Water d=10cm T,, =49°C T., =10°C Tf =29.5°C
characteristic dim = =0.025m

~ >
AW

2
8PP Ch _ 551010 k=0.618

GrPr = (2.2 x109)(0.025)3(49 - 10) = 1.34 x 107
C=0.15 m= % Nu = C(GrPr)™ = (0.15)(1.34 x107)13 =356
_(56)0618) _ o0, 2w
0.025 m?2 .°C
q = hA(T,, - T,.) = (881)m(0.05)% (49 — 10) = 270 W

=

7-125

15-10_ 5 sec=276 v=135%10"% m?/s k = 0.0243

Pr=0.71 §=0.025m L=10m
9.8)(=1-)(0.025)3(0.71)(15 + 10
Gy pr N3 ) COTASH10)_ oy
(13.5x107%)

C=0.197 n=l -
4 9

Tf=

k. yaf 1 Y
—<£ =(0.197)(54,231) —_— =1.995
k 0.025

W

k, °C

0.0485

m.
AT _ AT

q
A R Ok,
R

=0 0055 56
k, 0.0485

For fiberglass blanket, k = 0.04

R= 0025 _ 0.625
0.04

w
m-°C

20
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Chapter 7

7-126
12
For %=I.O Grg Pr <2000
Worst condition AT =200°C
v~20x107° p=-L Pr=0.7
373
3
Grs Pr= EPATOPT _ 5300
(9.8)(555)(200)53(0.7)
(20x107%)%
6 =0.006 m

For smaller values of AT (multiple layers) the spacing would be larger.
7-127

The apparent “leakage” of the window in the winter is in reality the downward
free convection flow of cool air from the vertical window surface. In the summer,
the free convection flow is upward so Aunt Maude feels no draft. An estimate of
the draft velocity may be made by calculating the free convection velocity at the
bottom of a vertical plate under typical winter conditions. The window might be
about 3 ft high and a typical temperature difference mi ght be 20°C, although it
would obviously depend on weather conditions.

7-128

Neglect resistance of steel duct. Also, forced convection % is much larger than free
convection 4 so that T,, = 5°C

;=222 _125c=286K  a=018m v=145x10"
Pr=0.71 k = 0.0251 L=30m

9.8)(1-)(20 — 5)(0.18)°(0.71
Grpr =" zis) )(.6 2) O7D _g08x10°

(14.5%x107%)

C=053 m =% Nu = C(GrPn)™ =(0.53)(9.98 x 10%)/4 = 29.79
7= 297900251 _, 2W

0.18 m?.°C

q=rc,(Ty -T) = EA(T“, - %ﬁ)
= pA ., (1.27)m(0.09)%(7.5) = 0.242 kg/s

(0.242)(1005)(T; — 5) = (4.15)7(0. 18)(30)(20 SEAs Tz)
T, =8.8°C

28
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7-129
d =5 mm and 50 mm range
AT ~ 30 to 210°C
~ L Pr=0.7 v=20x10"°
373
Low limit
gBATA*Pr _ (9-8)(20)(545)(0.005)%(0.7)
GI'PI' = ) = ) = 1 5
v (20 x107%)
High limit
(9.8)(210)(=L-)(0.05)%(0.7
rPr= )(373)(_6 2)( ) 121108
(20x1079)
7-130

The general idea in this problem is to determine the surface temperature necessary
to dissipate the same amount of energy in forced convection as in free convection.
Because the forced convection value of h is larger than the value for free
convection a lower surface temperature is required, and thereby produces the wind
chill effect. The key assumption required is that of the surface temperature under
still air conditions, and that obviously depends on the clothing the person is
wearing! Although body temperature is about 98.6°F, the skin temperature can be
much cooler; certainly when exposed to winter weather. Take 75°F as a first
~assumption for skin temperature, and then work through for other assumed values.

292
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8-1
(a)

(b)

(©

(d)

82
(a)

(b)

(©

@

Chapter 8

T =800°C =1073 K AT =(0.2)(1073) = 214.6
AT = (4)(1073) = 4292 Eppp, =0 Ey, 3, =0.53131

E, = (5.669 x1078)(1073)* = 7.515x10* W/m?
Greans = (0.53131)(0.9)(7.515x10%) = 35,933 W/m?

T =550°C=823K AT =(4)(823) = 3292
Ep, =(5.669 x 1078 )(823)4 =26,007 Ebo—kz =0.33834
Ebo—/'L, =0

Girans = (0.33834)(0.9)(26,007) = 7919 W/m?

T =250°C =523 K A,T = (4)(523) = 2092
E, =(5.669x107%)(523)* =4241  E,, ; =0.08182

Girans = (0.08182)(0.9)(4241) = 312.3 W/m?

T=70°C=343K A,T = (4)(343) = 1372
Ey, =(5.669x107%)(343)* =784.7  E,, ; =0.0069
Girans = (0.0069)(0.9)(784.7) = 4.87 W/m?

T =(551073)=59015  E,,_; =0.72921
Girans = (0.72921)(0.85)(75,150) = 46,580 W/m’

T = (5.5)(823) = 4527 Ep,3, =0.5684
Greans = (0.5684)(0.85)(26,007) = 12,565 W/m?

A,T = (5.5)(523) = 2877 Epo_2, = 024497
Gueans = (0.24497)(0.85)(4241) = 883 W/m?

AT =(5.5)(343) = 1887 Epo—y, =0.05059
Girans = (0.05059)(0.85)(784.7) = 33.74 W/m?

28>
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83
@) AT =(52)(1073)=55796  E,, ; =10
Girans = (1.0)(0.92)(75,150) = 69,138 W/m?

(b) A,T =(52)(823) = 42,796 Ey,_, =0.998
Girans = (0.998)(0.92)(26,007) = 23,880 W/m?

() AT =(52)(523)=27,196 Epy_3, =0.993
Girans = (0.993)(0.92)(4241) = 3874 W/m?

) AT =(52)(343)=17,836 Ep,_3, =0.97912
Girans = (0.97912)(0.92)(784.7) = 706.8 W/m?

84
MT = (4)(560) = 2240 u-°R 2,T = (15)(560) = 8400 1 -°R
E, o1, E, oo
“bO-4) _ 00306 “b0-4) _ 5890
Ep 0-) b (0—e0)
Ep3, -1y = (714X 107)(560)(0.5890 - 0.00306) = 98.9. — o’
1 hr-ft
Btu 2
E; _5,=(0.6)(98.9)=59.3 =187 W/m
86
T=300K T =1000 K T =5000 K
A o AT frac AT frac AT frac
0 005| o 0 0 0 0 0
1.2 05 | 360 0 1200 00021 | 6000  0.7377
3 04 | 900 074x10™* | 3000 0273 | 15000  0.969
6 02 | 1800 0.039 6000  0.7377 | 30,000  0.995
20 0 |[6000 07377 20,000 0.9855 | 100,000 1.0
(=<} 0 — - —_ —_ —_— -
84
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A o
0-1.2 0.05
1.2-3 0.5

3-6 0.4
6-20 0.2
20—oo 0

ZaFrac =

87

T=5795K

A AT
0 0

0.2 1159
0.4 2318
1.0 5795
2.0 11,590

8-10

T=1073K
A AT(u—k)
1 1073
2 2146
3 3219
4 4292
5 5365
6 6348

T=300K T =1000 K
Frac o x frac
0 0.0021
0.74x107* 0.271
0.039 0.465
0.699 0.248
0 0
0.155 0.371
Frac A
0-0.2
0.0015 0.2-04
0.125 0.4-1.0
0.721 1.0-2.0
0.94 over 2.0
1.0
fraction 0— AT

Chapter 8

T =5000 K

0.7377

0.231
0.026
0.005

0.164

Frac contained
0.0015
0.1235

0.596
0.219
0.06
1.0

fraction 11T — A,T

7.74x1074 —
9.13x1072 8.35x1073
0.32233 0.23103
0.53131 0.20898
0.67651 0.1452
0.76538 0.08887
T8y
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8-11
T=1373K
fraction AT A(W)
0.25 2897 2.11
0.5 4100 2.99
0.75 6149 4.48
0.98 18,222 13.27
8-12

E, = 0(1400)* = 2.177x10° W/m?

A AT Fraction
0.6 840 0.00008
5 7000 0.80807

E=Q2.177x 105)[(0.08)(0.00008) +(0.4)(0.80807 — 0.00008)
+(0.7)(1-0.80807)]

=1.000x10° W/m?

8-13
E= J:sAEbldzl T=2000K E,=907x10°  T5=32x10'"
A AT g E,, £,E,,
0 0 0 0 0
0.5 1000 0.25 6752 1688
1.0 2000 0.5 281,145 140,573
1.5 3000 0.5 410384 205,192
20 4000 0.5 329,366 164,683
25 5000 0.5 228,371 114,186
3.0 6000 0.4 153,907 61,563
35 7000 0.3 104,573 31372
4.0 8000 0.2 22,467 14,493
45 9000 0.1 19,363 1936
5.0 10,000 0 0
8¢
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10 2
E= jo £2EppdA = ALY €, Eyy = (0.5)(735,686) = 367,843 W/m

€ (avg)= —E- = -3:—67—8 = 0.406
E, 9.07

By =K 3+Fk,
F_3 =017

B1=FK 3 -F 3=008

AlFl—2 = A2F2—l . Fi_z =0.105

(b)

Find F_,

1
H_,= X[A1,4(F1,4-3,2 — R 4-3)+ A4(Fy_3 - F3_3))]
|

Yoy _3_45 Z _3_ 495 Na_y5
X 2 X 2 X
L_, L, L, L 3 _925
X X X 2
Fi’4 =0.19 Fi’4_3 =0.18 F4_3 =0.23 &_3,2 =0.24

K= —;-[6(0.19—0.18)+ 4(0.23-0.24)] = 0.01

81
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Chapter 8

1
H_,= Z[A1,4(Fi,4-3,2 = R4-3)+ Ay(Fy_3 — F4_33)]

)2 Z
32 1133 214 0.666 .Yl=1 Zy _1

X X X X 3
Fi,4_3 = 026 1’:1_3 = 035 E;_:;,z = 036 Fi’4_3,2 = 027
H_,= %[6(0.27 —0.26) + 3(0.36 — 0.35)] = 0.03

@
, 1 Z3, Z; 1

B3 =Fhi3+K,, 2=-= —= =0.666 e

2-31 =3+ X3 X X 3
Fy_3; =032 F_3=0.26 F_, =0.06

APk =AF, F_ ;=006
8-15
n L
n=5cm n=25cm L=10cm E=O.25 —=20
i

A=20 F,=006 F;=F,1=0.12
15

n 2

288
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8-16

>1wm

F21 =10 —om? =(Qm(25)% =981 Ay =m? =m(5)* =785
=(1.0 ﬁs—) 0.08 Ay =7(125% -5%)=4123
981.7
4123
Fy=10  F4=F3=10 0.42
41 14 13 — (981 7)
Fp+F+F;3=10 F;=10-0.08-0.42=0.50
Summary

Pil = 050 Fiz = 008 Fi3 = 042 le = 10 F23 - 0
By =FK=0 F3=10
8-17

=5.0cm n=125cm L=7cm
openends =3 & 4

=056 L1=04 Fy =018 F;=0.19
6) n

Ay = Ay = (1252 - 5.0%) = 412.3 cm?
Ay = m(25)(7) = 549.8 cm?

= n(10)(7) = 219.9 cm?
B+ FBy+ B3+ Fy =10 F3=Fy

Fy = 1—0.12—0.18 ~ 0315

F, =0. 19(23 ) 0.475

Fy+F3+F4=10 F3=F4  Fy=—"F7—=0263
F;=(0.263) -1 Al . 263)( 220) 0.140
A 2

A 550
Fa, =(0.315) =2 |= 0.315)(—)=0.421
32 = ( )(Al) ( 412

B+ B+ =10
F34 =1-0.140-0.421=0.439

L9

oMl aliyl - elgilgall dial



Chapter 8

8-19

@)

dz—d3-50 =10

Two large dlSkS =—=50
x 10

F_51=065=F_;

Large disktohole 1=10_709  L_10_,,
L 10 n 25
Ay =m(25% -10%) Ay = (25%)

Fél =0.15 I%l +F§2 = Fé—Zl 1;32 =0.65-0.15=0.5

A 252
F3=H, (7‘-23—) = (0.5)(m] =0.595

8-20
(a) F21=l.0
ﬁz=ﬁ=-d—d=3=o.637
A 5w
Ri=1-22_1_2_¢363
AI /4
®) F,= =0.637
pening

K, =1-0.637=0.363
F1 =0 because Ay — oo

(c) Parallel disk i = —f— = bottom = 2
X
F3=0.37 F1=1-0.37=0.63 A By = AR,
2
R, = TM70.63) _ 315 Fs
m(2)(1)
Hi+F+F3=10 K1 =1-0.63=0.37

280

Mech.MuslimEngineer.Net



@

A =m(0.5)? = % Ay =2m(1.5)% =457
T
ZY(1.0)
By = (3) =0.0555
4.5m
Agpen = T(1.5)* =225 Fopen-2 =1.0
Agpenfopen-2 = AyF, —open
Ry open = 220D _05- py, + s

Fy3 = 0.5—0.0555 = 0.4444
B+ +F3=10

Fyp =05
(e) Parallel Disks
n=05 =15 L=20
L 4.0
n
F3 =035 K, =1-035=0.65
Ay, =(3)(2) =67 Ay =m(1.57% =2.257
F3 =0.28 Top = surface 3' % = %

®

Fyp=1-028=0.72
Ay — By =AFy

2.25
Py =( )(0-72> =027 = B_poom

6
ARy = AR
By =% 0.65=0.0271

123
B+ Fyp +F3=10

Fy3 =0.27+0.27-0.0271=0513
Fy; =1-0.0271-0.513=0.46

F2=05
F1 — 0 because Ay — o

a9

Chapter 8

A B = AR

B3_-075
L

A =7(0.5)% =
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Chapter 8

(8 A =+20.5)=2.121 A, for opening = 2.121 A =30
By symmetry B =F3=05 Alfip = A,
3
Fp = ——(0.5)=0.707
12257510

(h) Perpendicular Rectangles

Y Z

X X
§ 12%)
0.6 0.23
04 0.25
0.2 0.27
0.1 0.285

F,=0293=F,
F3 = Fp3 =1-0.293=0.707

() Ay =47(0.5° =7 A =2m(1.5)* = 4.5%

F;=05 Ay = A B, F12=%=0.1111

Ay = tangential frustrum of cone plus portion of sphere top

0=1947° tangent =1.5cos0 =1.414
r at tange;nt =0.5sin0 = 0.1667
cone area = 27:(M)(1.414) = 7.404

%Z) ~03398

Portion of sphere area = 47(0.5)* (2)(
360

Ay =7.404+0.3398 =7.744
K_,=10 Ay F_=AR 3
_(1.0)(7.744)

Ay ="———=0548=F, +F;

Fj3=0.548—-0.1111=0.4369
F+F,+F3=10 F;=1-0.1111-0.4369 = 0.452

9%
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8-21
F; =0
Perpendicular sides  F; =0.2
Parallel sides F;j=02
8-22
1
F;=0 Fj=-
il ij 3
8-23
T; = 260°C = 533 K Ep, =4575 W/m’
T, =90°C = 363 K Ej, =984
A1=A2 =16 Fiz =0.27 81=82=1.0
_ (16)(4575—984) _
9= er6-)ae)02n ~ 0483 W
16-(16)(0.27)?
8-24
A=Ay =(12)% =1.44 m® T, =800 K T, =500 K
Ej, =23,220 W/m® Ej, =3543 W/m® Fjp =0.2
a1 = (1.44)(0.2)(23,220 - 3543) = 5667 W
8-25
T; = 540°C = 813 K T, =300°C = 573 K g =07
£ =0.5 Ty =100°C =373 K A = Ay =0.2827 m?
Fp=06  F3=F3=04 Ey, =24,767 W/m’ Ep, =6111
Eb3 = 1097 = J3
128 _ 1516 128 _3537 L 53896
g4 &4 AFpp
L __ 1 g 24,767-J)  Jy=Jy 10970y _
AF; AFn 1.516 5896  8.843
J=Jdy (1097-0, 6LI-T, o
5896 8843 3.537
J; =19,089 W/m? Jp =9002 W/m?
0= 24,767-19.089 _ypiswy 4 - 6111-9001 _ o1
1.516 3.537
293
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8-26
1
Jop =&E, =3.056 pr3 =05 ————=11.79
b A Fp(1-p23)
3.056
— 2090 ] —
1 1769 24,767-J; %05 —h  478-11
Ay Fy3(1 = pa3) 1.516 11.79 8.843
J;=19,719 W/m? q = 24’76175_1169’719 =3330 W
g, = SLLL=19.719 6111-478 _ o o
11.79 17.69
8-27

E, =459 W/m®>  E, =401 W/m®>  F;=025 A =A=9

81 = 0.8 82 = 0.8
4= (9)(459 - 401)
= -ON025) ; (L _
9-(9)(0.25)° +(2)(°-8 l)

=248.6 W

From symmetry J3 = %(Ebl +Ep )=E, =430

E 1/4
T =[;‘3] =295 K =22.1°C
(o}

8-28

T; =800°C = 1073 K Ej, =0T* =75,146 W/m’

£ =08 g =0.1 T; =300 K Ey, = oT3* = 459
d =50 cm x=125cm -‘1:4

X

F;=061=F; Fi3=0.39 = F3

A = Ay =7(0.25)% =0.1963 m?

l-g __ 02  _ .0 1 1 _g

g4,  (0.8)(0.1963) AF, (0.1963)(0.61)

L o 1 _j3062=—2 128 L0
AlFi3 0. 1963)(039) A2F23 83A3
294
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75,146 13.062 459
o— AV —G—WA
1.272
8.351 13.062

J
| 75146-459 74,687
=122+

= =T7958 W
1

I 1 — 9.385
o062 H TT062 T8I

8-29
T; =350 K T, =22°C=295K p=1.7atm
[ _ 2076 107
1.7
9.8)(325)127 - 27)(0.5)*(0.697)(1.7)*

(20.76 x 107°)2
c=0.1 m= -l—

3
003003 (4 1y(1.64 x10%)!3 =7.07 —o.
0.5 m? -°C
Geonv = MA(T, — T..) = (1.07)(2)(0.5)>(127 - 27) = 353.6 W
Grad = CAE(T,* = T*) = (5.669 x 1078)(2)(0.5)2(1.0)(400* - 295*) = 5109 W
Groral = 864.5 W

k =0.03003 Pr=0.697 =10

GrPr=

=1.64x10°

h=

8-30
A=A =(1.57=225m? T; =800°C = 1073 K T, =553K
g =05 £ =08 T,=0K Fpy=0.7  F3=F3=03
Ej =75146 W/m’ Ej, =5302 W/m®
1
Ep, gy A Eyp,
o—AMW——Q— AMN—0
1 — €1 1 — 1>
eidr | 24
AF; ArFps3
.13 =0
29¢
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Chapter 8

Node Jl -
75046- 0, S =y 0-d g

0.4444 0.6349 1.481
Node J

B

J=Jp 0-J 5302-D
06349 1481  0.1111

J;=41,070 W/m? J, =9992 W/m?
0= 75,146-4L070 o o0 0= 5302-9992 _ _4» 910 W
0.4444 0.1111
8-31
A, = Ay =(0.9)(0.6) = 0.54 m’ g =0.6 Ej, =23,220 W/m?
E, =401 W/m’ Ay —> oo F,=025 F3=0.75=F;3
1
AF _
Eb] Jl 1£13 J3 = Eb3
o—W——_—W
1 - &1
31A1 1 1
AFyp ArFp3
J2 = Ebz
=& 135 Lol o460 ——=7407
€4 AR3 Ay ARy
= 233220—4?1 7108 W= 23,1222(;; 7
' T+ TATAT ’
J, = 14,441 W/m2 14,441- J, ___12—401
7.407 2.469

J, =3911=E, =oh* T, = 512.5 K =239.5°C
8-32

% = (5.669 % 10~8)1(0.05)(0.6)(366* —293*) = 56.5 W/m =17.22 W/ft

Mech.M@&@neEngineer.Net



8-33

AT =100 -27 =73°C; k= 0.04; W=0.05; r= 0.0125; L=20
Table 3-1: S =2m(2)/1n[0.54(0,05)/0.0125] = 1.632

R, = 1/kS=15.318

Reonv = 1/hA = 1/(5.1)(4)(0.05)(2) = 0.49

ead= o(T+300)(T*+300%)

heot = Draa + 5.1

q= (373 - T)(0.04)(1 632) = (T —300)5.1+ h,)(4)(0.05X2)

Solve by iteration for T. The resultis: T=301K

q= 469W

8-34

q=0cA&(T* -, = _
(T - Ty*) = (5.669 X 107#)(0.6)(0.3)(0.8)(368* ~ 293*) = 89.55 W

91
syl olaiyl - Elyilsyall dinl



Chapter 8

8-35
T, =150°C =423 K I,=20°C=293K T, =38°C=311K
d=0.125m L=6m

Free convection
14 _Anl/4
h= 1.32(£) = (1.32)(150 20) =75 2W
d 0.125 m?.°C
g(conv) = hA(T,, — T.,) = (7.5)(0.125)(6)(150 — 20) = 2296 W
Radiation
g(rad) = 6€A(T;,* — T,*) = (5.669 x 10~8)7(0.125)(6)(423% = 311%) = 3027 W
g(total) = 2296 + 3027 = 5323 W

8-36
Aj = heater Ay = side walls A4 =r100mM — 0 A; =belt
J,=E, T; =698 K T, =393K T, =298 K
Ep =13,456 W/m? Ej, =1352 E,, =447
£ =07 £=0.8 Ay = Ay =3 m? A, =1.8m?
Fp=F;=028  F;=F;3=067 F4=F,=1-067-0.28=0.05
By = (0.04)(2) = 0.08 L 110 L 04975
33, AF3

L 119 L _ 6944 L 6667
AlFi2 A2F24 AlFi4

L 6667 L& _0.1429 128 _ 0.0833
AsF3y &4 As€3
134560y J=Jy J-J MT-4_,

0.1429 1.19 04975 6.667
Ni=Jy J3=dy  44T-Jy

119 119 6944
Ji=Jy, =)y 1352-U5 447-J3 _
04975 1.19 = 00833  6.667
Solving: J, =10,515 J, =6185 J3 = 2841
gy = 1345610515 _ 0 0w
0.1429

293
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Chapter 8

8-37

T, =1200 K &=075  £=03 g3=0 T, =293K

Ey, =0T, =1.176x10°  E, =ofi*=417.8
1

Ey, B AFa g =E,

A3F3)
Eb3
=& _ 4544 L 16753 L 53052
&4, Ay B3 A B
L —361.84
A3By)
Req.=42.44 + — ! =307.44

53052 T 167.53+361.84
_ 1176 x10° - 477.8 1.176 x10° - J,

=382 W= J, =1.014x10°
307.4 42.44
1.014x10° - E 5_
b, _1.014x10%-477.38 Ey, =6.946 x 10°
167.53 167.53+361.84
T, =1052 K
8-38
A; = (0.02) = 0.06283 Ay = 1(0.06) = 0.1884
E, =0Ti* =32,922 W/m? Ep, =0T3* =459 F=10
1-& _ 0.6 3874 Z&2__ 08 ., .5
£4; (0.4)(0.06283) &4, (0.2)(0.1884)
L 15916 L 5308
A, Ay Fy3
4= 32,992 — 459 3716 W/m
23.874+15.916 + (2)(21.231) + 5.308
32,992 E, 32,992 B,
T 23874+15916+21.231  61.021
Ep =10,317 W/m? T, = 653 K = 380°C
99
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8-39

L=30cm n=4cm F, =038 nF =nH,
Iteration Solution

K L r
r 4 — 123 Fy=FK% 08-F
6) 6) n
8 0.5 3.75 0.45 09 -0.1
10 04 3.0 0.35 0.87 -0.07
12 0.33 25 0.27 0.81 -0.01
16 0.25 1.875 0.18 0.72 +0.08
12.44 0.3215 241 Interpolated 0
8-40
Ep1 = 117500
Ew; =3543

Ew=459; A;=A;=n(0.3)%4=0.0707; d/x=3.0
Fig. 8-13 F1,=052; Fi3=F,; =048

qi2= (0.0707)(0.52)(117500-3543) = 4190 W

q13 = (0.0707)(0.48)(117500-459) = 3971

q1 =8161W

Q21 =-4190

23 = (0.0707)(0.48)(3543-459) = 105W

- q2 = 14085 W; Check q;+qy+q;=0

8-41

(Eb1 — Er2)(0.52) = ().48)(Ebz — Eu) (1.0(Esz — Eis)

Ery=30890; T, = 859K

q1= 0.0707)[(0.52)(117500 — 30890) +(0.48)(117500 — 459)]
= 7456 W

Mech.MuslimEngineer.Net



842

d=75cm x=50cm £=l.5 1' = 7000 =08
X A 1
£,=06  T,=400K Fy=Fy; =03 Fz=F3=07
2
Eb2 =1451 A=A = 75(-(%5—) =0.4418 A= 7(0.5)(0.75) =1.178
By =Fy=0263 F3=1-(0.2)0263)=0474
1-8& _ 05659 1=8 _ 1500 L 7545
&4 £4, AR
1 = 1 =3.234
AlF3 APy
J, — (FgJy + F3J3) = 7000 Jy —0.4(FyJy + Fy3J3) =871

J3(1-0.474) = (F31Jy + FpJp) =0

J; =7000+0.3J, +0.7J5 = 16,795 W/m?

J, =871+0.12J, +0.28J, = 6075 W/m?

J3 =0.498J; +0.498], =11,389 = E;, = oT;*

Ej, 16,795

1-0.8
0.8

Ej, =18,545=0T;* T, =756 K

T; =669 K = 7000

wnaduwl alaiyl - dglsyall Ginl



Chapter 8

8-43
/(D @
S
T, =1253 K T, =288 K F3=05  F,=05
B=2a sina = 37755— o =8.627° B=17.25°
Aq =2(0.25¢cos@) + 7:(0.075)(52%) =0.5056 Fi3=10
(0.5056)(1.0)
A3 =m(0.25)=0.7854 B, = + Fy =————==0.6437
3 = (0.25) 3 =B+ B 07854
A = 1(0.025) = 0.2356 = QM =0.15
0.7854
Fy =0.6437—0.15 = 0.4937
1
AF
MW——— W—p—AN—0
1 - ] 1 — &
ey 824
AlF)3 A3F3
J3
1-¢ =1.061 1 = 8.489 1 =2.579 L = 8.489
£4 A Fp A3Fy, A Fi3
E, =139,736 W/m? Ej, =390 W/m?
9=7 06152’736 =0 23,758 W/m
' a5+ EAm TS

q wlo reflector = £ A(Ep, — Ep, ) = 26,264 W/m

3o

Mech.MuslimEngineer.Net



Chapter 8

840
0)
]:2.5 cm
L 7.5cm
- 7l

T,=823K £=05 T,=0K

A = m(1.25)(1.25% +7.52)1'2 = 29.86 cm?

Ay =n(125°=491cm? F;=10
(5.669x10~8)(823)* - 0

5% : =1097 W
A4
(0:5)(0.002986) * 4.91x10~2
Eapp = 2T ——=0.859
(5.669 x107°)(823)*(4.9x107™)
8-45
1
Ep, 5 At g, Ep,
o—AWA Q A p—AN—>o0
Alel 1 1 A282
AjFy;3 AxFps
J3
1 - 82
Ases
o
Eb3
T; = 260°C = 533 K T, = 425°C = 698 K
83 =10 82 =0.5 81 =0.07 7}, =0K F23 =0.04
By =0.96 A = m(2.5)(7.5) = 58.9 cm?
2 2 Ay 491
A2 = A3 = 75(125) =491 cm Fiz = Fi3 = A—Fél = (096) % =0.08
1 .

E, =4575 E, =13,456

103

oMl aliyl - elgilgall dial



Chapter 8

Node J 1
4575- J,

Jo -

2256
Node J,

13,456~ J,  Ji=J,

2121

0-

0-J,
+ =
2122

J2

2037 2121
_ 4575-4484

B=""2756
s =2.287 W

8-46

=0.0403

(S N
< 2

I

|

]

[}

E,

50,916

Jy = 4484

7 2037

Ji

rat

_ 13,456 —8879

J, = 8879

=2.247

J2=Eb2=0

\J

A
1 — 81
Alsl

F=1

T [0Ce)A, + A,
AjAr€)

]151,,l A, ( 1

A= A% alx = %

] }

w +

2 4
SURFACE

T .8
SIVITY

1
3
4
1
4
0
9

-
(=)

S5 .6
EMIS

Jeod
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Chapter 8

v 8-47
/@) 1 1 —¢
3 g E AIF13 J3 8A3 Eb3
4
a ; M A5
\J \\\
Yk | 1
x
AxFy3
Ebz
&=¢ Ep =Ep, = &=¢=10 H3=F3=1-H,
md? 1(Ep, —0)
A2=A1=T A3=TDCd q1=1_£3 4 1
&4;  A|(I-F3)+A(1-F3)
1
q1 2
Eppl = Eappl = € 2 =7
T AE, e (178)(%) + ‘2(1—1F,2)

F is obtained from Fig. 8-13. Note that €,pp approaches 1.0 as 3 —> oo,

As 3——> 0 &pp—0
8-48
n=0.5 L=10 rn =10 q, =0 T, =800 K
T, =300 K £=065 L=05 L_i0 Fy; =035
r2 6]
Fyy =0.23 F3=1-035-023=042 Fr=FK 1[%] =07
1
F3=1-07=03 A =rl)1)=3.142 A, =27 =6.284
1
Ep, n o Afiog,

7og
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Chapter 8

E, =o0Ti* =23,216 W/m? Ey, =0T3* = 459 W/m?
178 _ 01714 L 061 L 0455
§4 1F13 AR,
L 0379
Ay B3
=7 171243;216—4fg =35650 W
' o1t omioass
8-49

L=01m  h =(1.42)(100/0.1 YW =7099
h = (1.42)[(T, - 300)/0.17"
Fig. 8-12; Fi,=04 F;;=0¢
2
(0.1)°(400*-T%(0.4) = (0.1 )[o(T* - 300%)0.6 + 1.0) +(1.42)(2)(T-300)"4/0.1"4
Solve for T by iteration, T =327.5K
q1=(0.1)°[6(400"-T% (0.4) + 0.65(400%-300%) + (7. 99)(400-300)]
= 171W

3e¢

Mech.MuslimEngineer.Net



8-50

T,=973K  Ej =50,811 W/m? g =08 A =2)3)=6m’
()  Surface = side walls Ay =(10)(2) =20 m’
(3)  room T, =303K Ej, =478 W/m?
1
Ep, 5 AF3 i =E,

X Y
A_10 215 F.=025 F,=075
D D 13 12
By = —2%(0.75) =0.225 Fy; =0.225
178 _4.1666x107 L —0.6667 =0.2222
g4 AF; 1712
L _o222
Ay By
50,811 478 =1633x10° W’

1

q =
0.0417 +
& 277X r7 7]

Yo q
waluwyl alaiyl - diilsyall dial



Chapter 8

8-51

T =1273K E, =1489x10° W/m*>  £=06 T, =303K
Surface (2) is sphere in radiant balance.  Ej, =478 W/m’
dl =0.03 dl =0.09 & = 0.3

Ep, Ji Joi Ey, J2 Ep,

o—AW—7o0—AN—O0—AN—O—AN—O—AN—>0

1 - 81 1 l - 82 1 - 82 l
£14) AFpp %) g4, AxFy;
A =42 =2.83%107> m? A, = 47,2 = 0.0254 m?
1- 81 1
Fp=10  .By=10  —L1=2356 =353.4
§4 AR

1-8 _91.36 1 3937

&4 A By

=B _ 148,900 — 478 18T W

YR 235.6+353.4+(2)(91.86)+39.37
8-52
T,=873  §=065 g,=0 ,=303K F,=02
Fs=Fp =08 A=A =067=036  =5l-1496
£lAl
1 1 1
=3472= —=13.889 Eb, =32,928

AR3 A B3 AR,

Eb3 =478

o—AN—@—A WA

1.496
13.889 3.472
J2 = Ebz
' B (CRRER Cre ) '

J,=21,868 W/m? 21,868 J, _ 21,868-478
13.889 13.889+3.472
.’2 =4756=Eb2 Tz"—‘S38K

$o8
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Chapter 8

8-53
n=>5cm rn=10cm L=10cm T7;=973K T3=303K
£ =06 £ =0.7 g =0 A-05 L_10
r n
F;=025 F;=050 Fp=022 F3=05  Fy3=053
Ay = 7(0.1)2 = 0.03146 Ay =m(0.2)(0.1) = 0.06283 1- A€1 =21.19
4
1 1 1
=63.57 =63.57 =30.03
AR A K3 Ay B3
Eb] Jl 63.57 J3 = Eb3
O—AN——CQ— W
21.19
63.57 30.03
12 - Eb2
.= 50,811-—4178 g W
2019+ ——L
TARI AR TRIET )
8-54
A=A =25m?> A =(4)(5)(4)=80 m? T;=301K T;=293K
Ej, =4653 Ej, =417.8 W/m? £=062  &=075
XY 125 F3=035 F,=065 1-%1-002452
D D elAl
1- &y 1 1 1
=0.01333 =0.06154 = =0.01428
€343 Ay Al AR3
Ep, J1 J3 Ey,
o—\MW——"— A NWN—p—AN—0
0.02452 0.01428 0.01333
0.06154 0.06154
Jy
_ E, -J, J-E
1= 0.02452+ — — To01333 B IW= 013245; B 0301332
' ool IooETSey ' '
309
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J1=4533 W/m?  J;=4243 W/m?

From Symmetry: J, = Aty

T, =296.6 K =23.6°C

=438.8 W/m? = oTy*

Chapter 8

8-55
! ©)
i d = 50 cm
I
T, =1000 K T,=300K ¢£=07 F;=05
Fy=F,=05%8_ o.s[id) =0.3183
Al 75‘2~
Ejp =56,690 W/m? E, =459 W/m?
For unit length A} = 7d =1.571
1-g 1 Ep, J1 Jp = Ep,
=0.2728 =20 o
€14 AR, o—W—o—W—-o0
0.2728 2.0
q_36690-459 _, 0 10w
L 02728+20
8-56
Ey =0(673)* =11,630  E, =0(873)* =32,928 W/m?
1_81=1—O'6=0.6667=1_£3 1—82=gg=9
& 0.6 &3 & 0.1
11 o
Ry B3
For unit area
4= 32,928 - 11,630 —998.3 W/m?
0.6667 + 1+ (2)(9) +1+0.6667
1l
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Chapter 8

8-57
Al = A2 =1.0 A3 —> o0
E, =23216 W/m?2 E,, =459 W/m?
bl - ? m b3 - m
Fiz = 02 Fi3 = 08 = 1‘2231,0', F‘23B = 10
Ey, J1 Jor Eyp, Jop Ey, =
O— MW —— AMN— 00— AN—O0— ANA—O0—ANA—
1 — g 1 1 — ¢ 1 — & 1
£14] A(Fp €4, %Y AxFo3,
1.0 5.0 4 4 1.0
W
= 1.25
AxrFory
AN
1
= 1.25
AFy3
E, —E -
q= by by =23,216 459=ll,l7OW
>R 1.0373
8-58
4.0 _40 F,=059  Fj3=Fy3=041
x 125
A=A =m(0257=01963m?> g=¢£=08 T, =1000 K
T, =500 K T, =300 K Ej =56,690
E, =3543 W/m? E, =459 A _178_,,
2 g4 54
1 1 1
=8.634 = =12.425
ARy AF3  AFy
Eb1 Jl JZ Ebz
o— \W——Q@— W—p—AN—o0
1.274 8.634 1.274
12.425 12.425
J3 = Eb3

56,690~Jy  Jy=J  459-Jy _
1.274 8.634 = 12.425

v
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Chapter 8

L=Jy 459-Jy 3543-J, _

0
8.634 12425 1274
J, = 46,373 W/m? J, =8346 W/m?
56,690 — J; 3543 - J.

g =——"—"—"1 -8098 W =22 -_3770W
h="1om 2=

8-59

. . d_50
Disk=(1) ~ Shield=(2) Room=(3) —=>-=20 F3=0.28

X
F;=072 T, =873K £§=055 &=0.1 T; = 30°C
E, =32,928 W/m? E, =478 W/m®> A =7(0.25)* =0.1963 m’
Ay = 71(0.5)(0.25) = 0.3927 m? By =F, % =0.36 = Fy; (inside)
2
Py (inside)=10 =814 168 1% 2018
€14 &4
L 7075 1 18194 L 7074 (inside)
1F2 AFy3 Ay B3
1 = 2.546 (outside)

Ay Fy3
Ep, J1 Joi Ey, J20 J3 = Ep,

o—MW— AN—o——0 .

4.168 7.075 22918 22.918 2.546
W
7.074
ANA
18.194

g=nB 1 : -

R R (22.918)(2)+2.546 7.074
1 D R=4.168+R, R =6.1716
R, R +7025 18.194
R, =7.648 Y R=11817

_32928-478 6w =32928—J Jy =21,482 W/m?

11.817 4.168

21482~ Jy; _ Joi — 478 Jp; =10,264 W/m? Jop =993
7.075 6.1716

Joi—=Jo _ J2i—478 g =2t
(2)(22.918)  48.382
T, = 561 K = 288°C

=5628 W/m? = oT,*

3
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Chapter 8

8-61
1500a = goT* £=a T =4033K =130.3°C
8-62
(a) Dark Side
6.45 1
V AF
E J stse  Ep
/695 O— AN —QG—AAN—0°
1 — g
SSAS 1 1
AJ‘FSS Aerp
Ebsp
. 645
at equilibrium J; = Ep sing = 595
¢=170.3°
cos® =0.3367
solid angle = 1= ‘;"s"’ =03316=F, F,=06684  Fg,=~10

A=n)*=n m?  E, =(5.669x1078)(288)* =390 W/m?

Ey, =0 390-J;, 0-J; _ J;=129.3=E, = oT,*
1/0.3316 ' 1/0.6684

T, =218.5K = —54.5°C

(b) Bright Side
1

2 n
Aview = n(-z—) = 2 for sun

For polished Aluminum ¢ = 0.048
g absorbed = (0.048)(%)(1400) =52719 W

Ey—Js 50779 527794 3901- S, 0~
EsAs 7(03316)  7(0.6684)

1-€
(52.779)(1 - 0.048)
(0.048)r

=0

J, =146.1 Ep, =146.1+ =479.3 W/m?

T, =( 479.3

174
W) = 3032 K = 302°C
. X

33
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8-63

d=0.02;, x=0.03

A, = 1[().02)(0.03) + (0.02)*/4]

Ao =(0.02)%4; AJA;=0.143
Table A-10; &= 0.44 freshly turned
Fig. 8-32; €,=0.88

Heat to 930°C = 1700°F, &; ~0.65

Fig8-32 &,=0.94

8-64

Black shiny lacquer, & ® 088, £=099

314
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Chapter 8

8-65
A} = Ay =0.09 m? T, =423K £=6=08
AT 1/4
T, =293K h= 1.42(7) F3=055  Fj3=Fy; =045
53R = 10

—q, net rad = g, conv
JoL — Ep, = hp - E

b2 = 2hAy (T, - 293)

1—82

&4,
128 _, 978 L 5020 1-8 _5 178
§4 AR, £4
L 4e9=—1 L _nn E, =1815 W/m?
AR3 A FBys; Ay Fy3g

Jop—E
2 2R
E, =418 W/m = by =£,4) (418~ E, )
£4;

) 1815-Jy  Jyp —Jy , 418-J, o

2.778 2020 = 24.69

_ _ E_ -1
(12) Jl J2L+418 J2L+ b2 2L=0

2020 24.69 2778
Jy=1489.5+0.11J,;

E
Jor =0.11J,+3344 + —2_ = 50434 + 0.3644E,,
2.778

504.34 - 0.6356Eb2

2.778
Solution by iteration: E, = oh* T, =304.8 K=31.8°C

1/4
+(0.8)(0.09)(418 - E;, ) = (2)(1 .42)(%) (T -293)%/4

35
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Chapter 8

8-66

To—»qx—> —»qx+dx

L— 4
—>» X
" dT dT  d*T

dx = Gxidx +dAE0T —kA-d—x =— E + _dx2 dx |+ PdxeoT?

2 2
kA%—PeoT“=O %—%ET4=
Boundary conditions
1) atx=0 T=T,
2 atx=L —kA%xZ = AeoT*

8-67

G =1200K T=300K E, =11755x10° E, =459

81 =0.2 82 =0.5 83 =0.8 Fiz = 53 =1.0 . =4.0
1
& 10 15 025
& &
Ep, Ji Jaor Ep, Jor J3 E,
O—AM—O0—AN—O— AN —O— AN —O—AAA—O— A0
4 1 1 1 1 0.25

117,550~ E,, 117,550 — 459
4+1+1 44+1+1+1+1+0.25
E,, =32,393 W/m? = oTy* T, =869 K

EAIA
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Chapter 8
8-68

T,=900K =03

T3 =400 K & = 0.5 & = 0.05
E, =37,194 Ej, =1451 W/m’
@ L (wjo shield) = 222211 _gr48 wi/m?
A 03 + 5~ 1
18 5333 =f2.y 128 10
& ) &
Ep, J1 Jar Ey, J2r J3 Ep,
o—W—0—-AW—0—AN—0—AN—O0—W—O0—W—0
2.333 1 19 19 1 1

) =2l _oh 3 W/m2  areduction of 90%
42.333

37,194 - E,
() g=———2=8443
2.333+1+19

E, =18,338 W/m” = oT*

T, =754 K
8-69
OO
@
A=Ay = Ay =1.44 m? £ =04 & =0.6 Ay —> o0
T,=1033K T,=573K

£=005 T,=313K
@) Ep, 2 J2 Eyp,
o—W——-=Q
1.042

0.8681

Jo = Eyp,
E;, =64,552 E, =6111 Ey, =544
F;=02 F4=F4 =08
303
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Chapter 8

(b)

Node Jl
64,552—J;  Jy—J; . S44-J,
+ + =

1.042 3472 0.8681
Node J,

J =26,791 W/m?

Ji=J, 544—17,  6l11-J, )
N N -0 J,=5984 W
3472 08681 = 04630 2 /m
g SES2-26791 L, < SILL=598E
1.042 0.463
B, I I3 Ey, Iy 7 E,,
Rl R5
Js = Ep,
Fy =042 Fy3 =042 Ry =Fy =0.58
R, =1.042 R, =1.653 R, =1.653
Rg=R, = Ry =1.197 Ry =13.194 Rs = 0.4630
g 802N o (ST e s
1042 1653 1197
Jp By Jxoh (S0 60
1653 (2)(13.194) © 1.197
Jy Bl Hody STy o g gss
2)13.198) T 1653 1197
gy Bl OUI-Jy 54Ty o ) 4105
1653 = 04630 1197
o SEI2IE L BUL-As
1.042 0.463
J3 +J3' 4 0
By = = 6729 = oT; T, = 587 K = 314°C

38
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Chapter 8

8-70
o ?
o)

T,=713K T,=298K £ =08 £ =02 % =0.07854

A _0.9425 Ep, =20,241 W/m? Ey, =447 1=8 _3183
L 81A1

178 _ 4944 1L 12732 L _ 1061

£4) AR, Ay B3

18 .0 wioshield L=202-%7 _ 150 Wim

344 L 3.183+12.732

w/shield: L= 20,241 - 447 =777 W/m

L 3.183+12.732+(2)(4.244) +1.061
20,241- E;, 3.183+12.732+ 4.244
=— Ej,, =4571

20,241-447  3.183+12.732+ (2)(4.244) +1.061

4571 = oTr* T, =533 K = 260°C
8-71

T, =1073K T, =373K g =038 £3=04
dy=4cm dy; =8 cm dy, =6cm & =03

Ej, =75146 W/m’ Ej, =1097 W/m®
w/o shield

Ay = mdy; = 0.1257 (per unit length)

_ 0.12157(75,14? ~1097) _ 4654 W/m
a2 +05(¢-1)

with shield

A, =0.1886 A; =0.2514 m%/m Fp=F3=10

128 _ 989 1 _70s5 L 5302

€14 AR Ay Fa3

128 _12371 178 _ 5967

€4 €343
Ey, J1 Joi Ep, J20 J3 Ep,

o— AW —0—-AN—0—AN—O0—AN—O—AW—O0—AN—O

1.989 7.955 12.371 12.371 5.302 5.967
E, —E _

q_Sn =l T5146-1097 4, W/m a reduction of 65%

L IR 45.953

w9

oMl aliyl - elgilgall dial



Chapter 8

8-73
E, =0(1073)* = 75,133 E, =0(673)* =11,628 E,, =0(23)* ~0
A =01963 A, = % =0.0491 Ay > oo & =06 £ =04
1=025  5=0125 Lr=025 L_;p 2_-05

il ~ L

F2=012  F3=088 B =(4)F,=048 F;=1-048=052
J1 = (1-0.6)[0.12J, +0.88(0)) = 0.6(75,133)
J = (1-0.4)[0.48J; +0.52(0)] = 0.4(1 1,628)

J; = 45,938 J, =17,881 W/m? 128 _ 3306
€14
Ep — N 75133-45,93
9=—%—= 396 8 _8so7w
A, °
8-75

d=0.03; x=0.06

d/x=0.5, F=12+=0.021; T; =373K; T,=273K: T3;=264K
A = 7(0.03)%/4 = 0.000707

21 = (0.000707)(0.021)5(273* - 373*) = - 0.01162 W

q23= (0.000707)(0.979)c(273* - 263%) = 0.03022

Q2= 0.0186 W; 1 percent =0.186 mW
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8-77

d =03 dy =0.6 £ =05 £, =03 T, =1033K
T,=643K A =n(0.3)= 0.9425 Ty = 0.7
Ay =m(0.6)=1.885 ot = €5 =03 F,=10
Rg=Fg= 1.0 Resistance shown on figure
E;, =64,552 E,, =9691
Ep, Ji Js Ey,
O
1.061
3.537
Epg
— +64,5521— 9691+1 __-1577 W
' setmTe
15,773:64’552"1l _ 12 =99 Jy = 41,816 J, =29,218
1.061 1.238
47,816 - E .
by___ 3397 Epg = 35,416 = 0T,

47.816-29,218 3.537+1.768
T, =889 K =616°C

32
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8-79
T, =1033K I, =643K Ep = 64,550 E,, = 9690
£=0.5 £ =03 Fp=10  F,=10  F=10
Q,=€,=03 7,=0.7
Consider per unit area, A} = A, = Ay =1.0
1-8 _10 lZ22_533; _ U 1 14
g & Fo(l-¢g,) 0.7
L1 L33
Fge, Fge, 0.3
Ey —Ep,
q—1—£1+1—£2+ 1
& & 1 iR.a-e)
1 12(1- £
Ryt~ Pyt
64,550 —9690
= 1
1+2.333+ ———
= 54,860 =12,160 W
4.5097
q=12,160 = 64,550-J, _ J, ~9690 J; =52,385 J, = 38,063
1.0 2.333
Epo=TT2 4s20a-01*  T,=945K=672°C
8-80
Same network as 8-61 Re = (1'6)(6)(()'6:50'3) =53,330
54x10
-5
Pr= (1670)(5.4x10°7) _ 0.82
0.11
hy = %1-(0.023)(53,330)0'8(0.82)0'4 =47.11
1 5
h=-h=2355 T,=1313K Epg =2.015%10
— — 5 —
) 64,5520y  Jp =7  2015x10°—J; _ J, =95,980
1.061 1.516 3.537
— 5 — —
(Jz) Jl J2 +2015X10 Jz +9691 Jz -0 J2 =91,051
1.516 1.768 1.238
Inner Surface:
cooling = 95,980 64,552 +(47.11)m(0.3)(1373-1033) = 44,717 W/m

1.061

72
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Chapter 8

Outer Surface:
. 91.051-
cooling = —%{ﬁ +(23.55)m(0.6)(1373 - 643) = 98,124 W/m
8-81
A Ay
E, =37,194 E, =14,513 A -0.157 2 - 03142
L L
128 _g 548 128 510 L _som
SIAI 82A2 A1F2g£g
L o122 L 40
A2F2g8g AIFiZ(l - eg)
R=9.548 + — 1 ——=18.37

7480 T 2244+3122
- 37,194 - 14,513 —1235 W/m~length _ 37,194—]1 _ J, —14,513

18.37 9.548 21.22
Jy = 25,406 J, =17,134

Epe =17,134 + -;—(25,406 -17,134) =19,891 T,=710K

8-82

Assume large number of pins so that array behaves like single pin

cavity area = Ag A =7n())’ =7 mm? =3.416
A=’ -1=16-7=12858 Az = Ay +(4)(@)(12) + m(2)(12) = 472.256
e = Ay __ 472256¢
A A +e(A3—A) 12.858+459.398¢
Sal Al + €Ay
Al + A2

(472.256)(12.858)
_EaqM s [m](os)

A] +A2 16

Energy emitted / area = b

Eeff =0.8145

323
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8-83
Assume array behaves same as single cell
A, = (6)(6) =36
A; =36+ (4)(6)(10) = 276
E = 0.1
. - &:A; __(0.n@276) _
T A, +6(A-4A,)  36+(0.1)(240)
8-84
A, = 1(12.5)* = 490.87 mm? x = depth
A; =132 +mB+12.5)[x + (12.5-3)*12 = 2[9+15.5(x% +90.25)/2]
g, = — Gtk £,=098 =09
A, +&i(A; — Ap)
0.98 = 0.94;

490.87 + (0.9)(A; — 490.87)
A; =2672.52 = 79 +15.5(x* +90.25)2]

x =153.46 mm
8-85
3
%s
sin@ = % =0.2 6=11537° A, =7n(3)* =28.274
E = 0.5
A; = 4nr® — Anr?(1- cosB) = 4mr’ cos 6 = 4n(15)* cos(11.537°) = 2770
E:A; _ (0.5)(2770) —0.9899

fa= A, +€(A—A,)  28.274+(0.5)(2770 — 28.274)

3214
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8-86

7,=05 £,=04 po =0.1 £ =06 A, =(25)% =625 cm?

E; 0.6
. =625+ (4)(25)(10) = 1625 k= L = =0.85714
A (4)25)(10) 1-04.52& 0.5+0.2

£0
(%,)(1 —g)+k (%)(1 —e)+k  (Z)a-0.6)+0385714

& =

5934

8-87

Ai(F13 t pasFi2)3) AsFp3(1 — pog)
J3 = Eb3

T,=813K £=03 T,=533K T=293K pp, =02
Fi(z)z =0.6 Pi(z)l =0.37 Fi(2)3 =0.23 Ps2 = 04 & = 1- P = 0.4
A = Ay = m(0.05)? = 7.854 107> m? F3;=04  F;=04

l1-¢
E, =24,767 W/m? E, =4575 E, =418 —1=2971
—-l---—— =3537 1 =258.8
A F2(1- pas) A(A3 + prsFey)
— PP 061 1 =530.5
£4,(1- prg) Ay F3(1- pag)
JZ' = JD2
1-pos
24,767-.,1 +Jz' —Jl +418-’]l =0 Jl=9878 w/m2
297.1 353.7 258.8
Ji—=Jy +418—J2v +4575—.12- -0 J, = 5081 W/m2
353.7 530.5 106.1
ql=w=5o.11w q2=w=_4,7ﬁw
297.1 106.1

jzg
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SM: Heat Transfer, 9e Chapter 8

8-88
1
J A1F (1 — pag)
1D
i Eb) 1= pis / J, = Ep,
E o— W o< M
i D7
- g1 Ad — pis)
2 1 owy s —
A3(Fy3 + p1sFa1)3)
AfFi3 + (1) g =,
=823K & =06 T3=283 K plD=0 plS=O‘4
A=A =054m> Fp=F;=025 F3=075  Jip=£E, =15,604
D _ 26,007 W/m? 1 12346 1 _ais
1-pis A F,(1- pys) A F3(1- pys)
1 =2.281
Ay (F3 + p1sF1y3)
_ 26,0071—- 363.6 — 7985 W
st
26,007-J, _ 12.346

= J, = 4362 = oTy*
26,007 —363.6 12.346+2.281

T, = 526.7 K = 253.7°C

3-89

Jip
Ey, 1 —pis Ep,
o—AWA 0—'\/\/‘_@ ANN——-0

0
p\D 1 1 - &

eiA( — piy) AF( — o) pihs

=1
Ep —Ep, o(li* - B
§A(I-ps)  AU-pis)
_ Ao(-p)T* - B

Pip
€+l

1
Same answer with diffuse

3%
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8-90

&= 0.6
p2p=0.1
F23R = 075

—_— —=7407
AR (1= pas)
1

A((F3 + pasF2)3)

1 =18.52
Ay B3 (1- pas)

= 6.006

A, =(0.3)(0.6) = 0.18 m?
& = 0.2

T, =363 K
F,=F;=025  F3=075

Fiays = By =0.25 126 _3704

P2D
£45(1- pas)

£14
=9.259
1
Ay Fy3p(1= Pas)
Ep, =9691 W/m?

=24.69

E; =984 W/m?

Jop
1 — pys

Ep —Ep, _9691-984
R 9.33

q:

=933 W

w/o Reflector: g = (0.6)(0.18)(9691—984) = 940.4 w

9691-J, _ 3.704
9691-984  9.33
6234 — 22D

I—p,; _ 1407
6234-984  74.07+14.84
1859-E,,  9.259

1859-984 37.038

Ej, =1640 = oT,*

Jy = 6234 W/m?

b _ 1859

1-pas
T, = 412K =139°C

37
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Chapter 8

8-91
| 2
®
8.5cm
@
f———
S5cm
Tl=533K 81=0.6 p25=0.l T3'—‘-293K p2D=0‘1
T,p=03  T,5=03  £=02 Ej, =4575 W/m?
Ej, =418 W/m’
A =75cm? =7.5x107 m? Ay =25cm? =2.5x107° m?
25 l1-¢
Ay —> o0 F=10 F,==-=03333=FK 1 -88.89
3 21 12 =75 13 oA,
1 =1333.3 ——!-—— =1333.33= ———L——
Ay Fysr(1-175 — Pas) AF3T)s AFR2E31T2p
1 =13333 P2p = 666.6
A Fp(1-75 — pas) €A, (1-T7 — Pas)
q= 4575418 =6.295W w/o window: g = M =8.503 W
660.32 88.89+400
JapB JapT
Eé’;‘ I 1 — 7 = ps Ep 1L =7 = pas

Ja = E
3 b3 ,
8-92 ;
_ L 6666 L =1000 P2p =1000
AH3T)s AF(1-175 = pas) £A5(1- 13 — pPas)
! — 1000 g=PP8 (95w
A2F23T(l — Ty — pzs) 660.32
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8-95
® ® 06
T,=1073K T;=308K ¢ =05 £=08 pap =0.4
l1-¢ 1
£ =02 F,=F3=10 etc. —A=10 ———=167
£ Ry(1-pas)
—Pap_3333 18 _o25 Ep =75146 W/m®
&1 - pas) £
Ep, =510 W/m?
Jop Jop
Ep, Jy 1= pas Ey, 1 = pos J3 Eyp,
GWCWCWCWCWCWO
1.0 1.667 3.333 3.333 1 0.25
Fo3(1 — pag)
with shield: L= 75,146~ 510 = 6634 W/m?
A 1+1.667+(2)(3.3333)+1.667+0.25
wioshield:  L=12146=510 _ 5 10 /2
A 1+1+025
same for diffuse shield
8-96
A A
K;=10 By=-  F;=0 Fp=1--1
Ay Ay

J1(A-0)-(A-&)(Fp)2) = & Ep

12|:1 - (1 - %)(l - 82)]— (1- 81)([721.’1) = 82Eb2
2

For Ay &> o, F5 —1.0,and F5; =0, and

- (l - 81).’2 = 81Eb] Jz[l - (1 - 82)] - (1 - 82)(0).]1 = 82Eb2
Thus, J2 = Eb2
Jl =(1- el)Ebz + lebl
A
q= i-li -J)= 81 1 [E,,l €E), — (- &)Ey, 1= £A|(Ep, — Ep,)

This agrees with Eq. (8—43a)

329
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8-100
dy=d, =30cm x=5cm —=6 Fy=F;=0.7
X
F3=Fy;=03 T, =293K ‘%:1x105 W/m?
g =09 g =0.5 J - FoBr =10°
Jor — a- 05)(F23Eb3 + FZI‘II) = OSEbz
Jor +J2p
Jog—(1-0.5)(E, )=0.5E E, =-£—=t=
28— ( NEp,) b, b, >
Solution: E, =4678 I, =953K  J,7r =69,961
s s Ep —149x10° s
J; =1.49x10 107 = 100 E,,1 =10.49x10
09
T, =2074 K
8-101
/N
3
T,=90K £=06 T =150K £, =08
i' =1000 W/m? £5=0.7
Al
Ry=HR3=F)=F3=FK =F; =05 E, =37,190
Ji-04(FyJy + F3J3)=06E,  J;=111,479
Jy =0.2FyJy + Fo3J3)=08E,  Jp =259,391
13—(61.,1 +F32]2)=1000 J3 =186,435
il 310 A o L115%10°
Aly 06
i| = 287’00?_"0 359’391 =+1.105x10°
Al 08
E;, — 186,435 s
1000 = —2———— E, =1888x10° T;=1350K
0T
330
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8-102

A=A, =1m? T, =573K £.=0.5 Ej =6111

g =0 £,=07 T, =303 K Ej,, =478

Fy=F=02 F3=F3=08 Fy=F=0 By =F;=0

F§3 =1.0 Eb3 = J3

J1 = (1-0.5)(0.2J; +0.8E;, ) = 0.5E,,

J—(0.2J;+0.8E,)=0

Solution:

J=3352 W/m?  J,=1053=0* T,=369K
_Ep -J1 (0.5)(6111-478)(1)

Q=1 = 03 =5633 W
£§4A;

8-103
dy =d, =60 cm x=15cm T;=813K T,=573K £=07
& =05 T;=303K A =4, =0.2827 m? F,=06=F,
F3=F; =04 Ej, =24,767 W/m® E, =6111
K, =F;=0 By =F;=0 By —>10  Ep =J3=478
J1=(1-0.7)(0.6J, +0.4E},)+0.7E, J; =18,980 W/m?
Jo =(1-0.5)(0.6J, +0.4E;, ) +0.5E;, Jo = 8840 W/m?

A (E, —J -
g = 141(Ep, — 1) _ (0.7)(0.2827)(24,767 ~18,980) _ 401w

1- 81 03

£A(E, —J3)  (0.5)(0.2827)(6111—8840)

@ =—" b2 = ())5 =-T11W
- & .
I
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8-104
d
d1=d2=lm x=0.25 —=4 FiZ=Fél=0'6
X
F3=Fy3 =04 A = Ay = 71(0.5)% =0.7854 T, =573K
T,=303K g =05 E, =6111 Ey, =478
1-8 _ 973 L 212 1 __ 1 _3183
g4 AR, AF3 AF3
Ep, J1 Jr
o—AAN——@— WA
1.273 2.122
3.183 3.183
.13 = Eb3
q=12736+1“_4718 =121 w
' Tt
§-105
d1=d2 =500m x=lOcm Fiz=F21=0.65 Fi3=F23 -"—'035
Ti =350 K 81 = 82 =0.6 Ebl =850.7
il =10,000 W/m? il =0 F=Fy=0 Fy3 >1.0
Al Alz

A=Ay =m(025)? =0.1963m? Ay = 7(0.5)(0.1) =0.1571 m?
Fy=F,= 0.35(%) =0.4373 Fy3 =1-(2)(0.4373) = 0.125
3

Jy=(1-0.6)(0.65], +0.35])+0.6E,  J;=751431 W/m’

Jo =(0.65J; +0.35J3) +10,000 J, =19,632.83 W/m?
Jy = — (043737, +04373J,) J3 =13,566.78 W/m?
1-0.125
]3 1/4
I =E = —=2——| =6994K
3Tk 3 (5.669 xlO‘g)

Ey, =J,+ (1 ;2'6)(10,000) =26,299.5 W/m?

5.669x107°

1/4
E
T, = (—”2——-) =8253K

37+
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8-106

,=900K ¢&=05 E, =37,194 A =(0.5)% =0.7854
Ay =212 =2513m?>  T,=300K &,=08 E, =459
g;=0 A3 =722 -0.5%)=11.781 m2 Fy=Fp=10

Fy=102L)200313  Fy=10{4)-04688 =8 _1,73
Ay %)

128 _ .00995 L 1273 L 0.0849 l o
&4, Ak, A3F5 AR
Eb[ J] J3 Ebz
O— AW —Q— AWN—o—ANA—0
1.273 1.273 0.00995
% 0.0849
J3
ge—3T1%4-459 oW
1.273+1.273 + 0.00995
Jry—Ep 2
== J, =602 W
0.00995 2 /m
q4=4A(Gy - Jp) G, =1174 W/m?
8-107
94 10 Fy=017 (1)disk (2)room  (3) shield
X
F3=083 g=10 £ =03 L=713K  Ej, =20,241 W/m?
Ty =313K E, =544 A =n(0.05) = 0.007854 m?
A3 = 71(0.1)(0.1) = 0.03142 By = 0.83(%) =0.2075=F;,
3
1-g _ 0 1-& _ 74.26 1 749 1. 153.4
&4 €343 AFpp AFj3
1 1 .
=153.4 F (out)=1.0 (outside) = 31.83
AsF3, A3F

333
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Chapter 8

Eb| J3l Eb3 130 Ebz
—W——— AW—O0— AN—O—AN—
153.4 I 74.26 74.26 31.83 /
M
153.4
AW
749
LI SN 1 R =828 L=55671x1073
R, 1534 74.26+74.26+31.83 R
Ep —Ep, -3 .
g= =5 = (5:5671x107)(20,241 - 544) =109.7 W
8-108
410 Fy=017 (1)disk (2) room T, =1273K
X
T, =293K £=055  E, =1489x10°  E, =418 W/m’
F3=0.83 A =7(0.25)% =0.1963 Ay = 1(0.5)* =0.7854
Fy = Fy =238 02075 128 _ 4168 1 29966
4 £4 A Fyp

.12 = Ebz

6.137

148,900 — 418

=11,532' W

q= 1
41684+ ——————
565+ TGy

3a
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8-109
— 4 _ 2 —
E, =oTi* =23,200 W/m E, =459
2
Ay =TI 396 cm?
@
1- & _ 0.55

4, (0.45)(0.0156) 13 =112

AlF3=A3F) = A3
_23,220-459

q= T~ =68.79 W
78.35+ 0.00396

8-110

Bottom = (1) Sides=(2) Room=(3) A} =7.854 x 1073

Ay =m(0.005 +0.01)[(0.01% — 0.0052) + 0.0321/2 = 0.001433

L=713K E, =20,241 E, =478=J;  T=303K

g = 0.6

For figure: % =0.167 L =3 open hole A3 =3.142x 107

n
F3=(0.05)2)% =08 128 _ gygs Fy3 =1-0.05=0.95
€14
F,=1-02=08 1 63662 L 15015
1113 ARy
1 =735
Ay B3
Ep, J1 J3 = Ep,
()
8488
15,915 735
Ja
L B
8488 + ———
F6er T SIS

2344
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Chapter 8

8-111

ON

|

® 9
@ '
———t - 4

@ .
T, =373K T, =313K £ =07 £ =05

E3=6,=65=64=0.6 L=T,=343K Is =Ty =60°C =333 K
E, =1097 W/m® E, =544 E, =E, =785  E, =E, =735
K, =02 K3 =F4=Fs=F¢=0.2 All shape factors are 0.2
A;=0 From symmetry Jy3=Jy Js=Jg

J1 —(1=0.7)(0.2)(J, +2J5 +2J5) = (0.7)(1097)

Jy = (1-0.5)(0.2)(J; + 2J3 + 2J5) = (0.5)(544)

J3 = (1-0.6)(0.2)(J; + J, + J3 +2J5) = (0.6)(785)

Js—(1-0.6)(0.2)(J; + J5 + J5 +2J3) = (0.6)(735)

Solving:
J; =995.215 W/m? J, =682.195 W/m? J3 =74 =790.51
Js = Jg =762.68 W/m?
18 _ 0.4286 -8 _10 1785 eic. = 0.6667
§4 £4, E34;
N ="0.4286 2

E, —J3 Ey, —Js

= = 3 = —83 W = = 3 = —415 W
B=94=" 6667 95 =96 = 6667
8-112
r2 L
rn=10cm »n=5cm L=10cm “4=0.5 —=1.0
L 41
K, =0.11  (3) room HK3=1-0.11=0.89 Beoon = 10
T,=700K & =038 g =04 T, =298 K
By =(0.11)(2)% =0.44 E, =13,611 Ej =447
Fy =1-0.44=0.56 A =0.007854 Ay =0.001963 m?
-8 _19; -8 _ 1y L _910 L 1157
g4 &4 Al Afip
1 a3 L 17
AF3 AFs,
3
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Eyp, Jr Ji Eyp, I Lvottom J3 = Ey,

143
AN
910 :
1 1 1
—_—= + =0.008958 R =111.6
Ry 143 (2191 +127
1 1 1

2.1, R, =5299 R=127+R, =656.9
R, 910 1157+R, 2 ?

Ep, —Ep, 13,611 447

= = 2004 W
TR 656.9
8-113
=813K £=063 r=r=25cm g2 =80 kW/m?

£=075 d=125cm ,=303K E, =32,928 W/m?

Eb3 = 478 = .13 Fiz = 06 };13 = 04

A=A =7(0257=01963m>  Fy =06  Fy=04

J1 = (1-0.63)[0.6J, +(0.4)(478)] = (0.63)(32,928) J; = 44,552 W/m?
J, - [0. 612 +(0.4)(478)] = 80,000 Jp = 106 900

q = iT—(Ebl Jl) =-3885W qr = 1_ (Ebz - J2) 15,700 W
E,, =1.3356x10° = oT* T, =1239 K—966°C

q (room)=g; +g, =11,815 W
8-114

—[0.6J, +(0.4)(478)] = 100,000 Jy —[0.6J; +(0.4)(478)] = 80,000

Solution

J1=2317x10° W/m? ], =2.192x10° W/m?

@ =I“:—1A?1(E,,l -J1)=19,630 W E, =2.904x10° W/m? = oT;*

€
T = 1504 K =1231°C
5 2

4 = 1- 2 (Ey, — J;)=15,704 W Ep =2.459x10° W/m? = oT,*
T, =1413 K =1170°C

q (room) = q; + g5 = 35,064 W

3¢

oYl alaiyl - yilsyall dial



Chapter 8

8-115
Heater surface (3) Roomis(4) d;j=10cm ¢ =04 d, =20 cm
£ =06 L=10cm & =0.8 %{ =90 kW/m? T, =303K

3
A = m(0.1)? = 0.03142 m? A, =0.06283 m?
Ay = m(0.1% - 0.05%) = 0.02356 m? B;=032 F,=023
By +F3=1-032-0.23=045 By = B3 =0.225
Fy = (2)(0.32) = 0.64 F3=Fy; = %(1 ~0.64)=0.18 B, =06

F34 =04 Fél = 0.24
Both inside and outside of cylinder exchange heat with room and are in radiant
balance

open ends of (1) F=0175 Ay =0.007854 m>
Eznd—(l) =0.825 Fil)—end =0.2065 Fi4i = (2)(0206) =0413

E,, =478 W/m?
1 — &3
&

Ey, 343

AFy3

1‘81

Ey, €141

l—SIJli

€14

311
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Chapter 8

1- -
8 _ 4774 128 _ 1061 1 17638
€14 £4 AR
1
=70.74 L 1763 L 7706 ! 4973
Ay B3 A Fyy, AiFyy; A Fyp
L 1061 L _7074 L 150
AsF3y Ay By, Ay Py,
g = (%)A3 = (90,000)(0.02356) = 2120 W
Node ]3
2120+ Je =3  Jai=Js 47805
1768 7074 = 106.1
Node J;,,
Nizhe (J3=he A18=Jip  Joi=Jip _
(2)47.74) 1768 = 176.8 49.73
Node J;;
No=Ju , 418=Jy _
(2)47.74)  77.06
Node Jzo
Joi=Jzy  418=05 _
(2)10.61) 1592
Node J,;
Joo=Doi  Tio=Toi  J3=Joi  AT8—Jpi _
(2)10.61) 4973 7074 70.74
Solution
Jip = 81,792 W/m? Jy; = 36,584 W/m? Jop = 47,927 W/m?
Jp; = 111,173 W/m? J3 =142,337 W/m?
then E, =‘]l"—;ﬁi=07‘14 =59,188 W/m? T;=1011K
E, =220%%i _op4_ 79 550 W/m? T, =1088 K
2 2
Ej, —142,337 s .
Q3=2120=—1:'0—8—— Eb3 =1.648x10 =0’1}, 73=1306K
(0.8)(0.02356)
8-116

4
GAO1ar = Elow tempAo'(T - Too4)

(1500)(0.15) = (0.04)(5.669 x 10~8)T*
T =561K =288°C

378
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Chapter 8

8-117.

T, =-70°C =203 K Olgopar = 0.46 o temp = 0.95

(1070)(0.46) = (0.95)(5.669 x 1078 )(T* - 203%) T =322.6 K = 49.6°C
8-118

@(950) = oe(T* - 300*) + 12(T - 300)
f(T)=0=-902.5+(0.6)(5.669 x 10~8)(T* - 300%)

T A7)
350 —67.6
360 +113.3
T=3537 0
8-119
Ogotar = 0.94 Olow temp = 0-21

(800)(0.94) = (0.21)(5.669 x 10~8)(T* - 298%)
T =516 K = 243°C
8-120

hA(T,, - T,) + eA(T,* - T,*) =0
T, =105°C=378 K T, =98°C=371K
Solving 7, =305 K =32°C

8-121
w
=43K T,=698K £=043 =150 —__
m .
(5669 x107%)(0.43)(698* — 443%) = (150)(443 - T

T, =410.7K =137.7°C

8-122

T, =—40°C =233 K £=08

hA(T,, = Ty Dtam + PA(T,, = Ty urty = —CAE(T,* — T,%)

laminar: h=56.26 x.=0.222 m T, =584 K
turbulent: h=87.45 0.222t00.7m 1,, =605 K

(56.26)(0.222)(T,, — 584) +(87.45)(0.7 — 0.222)(T,, — 605)

= —(5.669 x1078)(0.7)(0.8)(T, % — 233%)
T,, = 549 K = 276°C
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Chapter 8

8-123

(28)A(T, - 273) = (5.669 x 10) A(1.0)(273% - 203%)
T, =280.8 K = 7.8°C

8-124

AT 174
h= 1.32(—(1—) Ty =650°C=923 K T, =560°C =833 K

q 1 1/4
-' =1.32(AT)* 4(—)
A conv d

(5.669 x1078)(0.6)(923% - T,4) = 1.32(

V4
) (T, —833)5/4

0.0032
3.4014x1078T;% + 5.55(T, —833)5/4 _ 24,687 =0 T, =911 K = 638°C
8-125
T., =20°C =293 K T, =32°C=305K d=0.0032 m

/4 1/4
£=06 h= 1.32(£) = 1.32(M)
d d

1’ =1.32(AT)" 4(1)1/4 | i‘ - 1{
A conv d A conv A rad

— 1 174
5.669 x1078)(0.6)(305* - T;*) = (1.32)(T, - 293 5/4( )
( )(0-6)( ) =01.32)(T; ) 570032
T, =297 K = 24°C %

8-126
T, =373K Town =673 K £,=06  assume Ty =350 K
p=0998  u=2075x10"  k=0.03003 Pr=0.7
Re = (0'998)(7)(0'?503) =1010 C=0683  n=0466
2.075x10

h =295 4 683)1010)°466(0.7)3 = 152.5 il

0.003 mZ .°C
(0.6)(5.669x107°)(673* - 373%) = (152.5)373 - T,)
T, =331.5K = 58.5°C T; =352 K

340
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8-127

Chapter 8

AR, =A K, B = (0.86)(%) =0.43 F,=1-043-0.24=0.33

J1— (- &)(RaJp; + F3Ep)) = &1y,

Joill = Fpo(1 - €)1 (1= £2)(FayJy + Fp3,Ep. ) = €Bp,
Jao = (1= &) Fa3,Ep,) = £2Ep,

Ey, =20, Ep, = I

hAz(’Ié - Té) = 1—82 1—82

&4, €Ay

282 29)
N-T,)= E, - Jr, + Jo;
(3 2) 1—82 b, 1—82(20 21)
Solution yields:
T2 = 406 K Ebz = 1540 ]2,' = 23,644
Jy = 4943
56,690 — 4943
= 108 =1824 W
0.8(0.06283)
8-128
W
,=973K h=20 — °C T.=923K
m .

(5.669 x1078)(0.7)(T* — 973%) = (20%973 - 923)
Ty =980 K = 707°C

8-129
w
T,=328K h=30 — T, =363K
m* -°C
(5.669 x 1078)(0.94)(363* — 328%) = (30)(328 - T,)
T, =318 K = 45°C

4/
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Chapter 8

© tAan

8-130
«u+150

=85°C =358 K v=21.58x107° k = 0.0306

_(25)(0.5)
21.58x10°°

5/8 4/5
_ (0.62)(5.79 x 10°)1/2(0.7)}/3 5.79 x10°
Nu, =03+ e 52000 =601.7
[1+(89°"] |

= (601.7)(0.0306) _ . 2w
0.5 m* -°C

g = (36.82)m(0.5)(150 — 20) = 7519 W/m

g, = (5.669 x1078)(0.7)7(0.5)(423* - 293*)=1536 W/m

Grotal = 7519 +1536 = 9055 W/m

8-131

Tf=

Pr=07 =5.792 x10°

MT =(0.4)(3400) = 1360 - K = 24481 - °R
AT =(0.7)(3400) = 2380 - K = 4284 -°R
Ej, =(0— 4,T) = 0.00644
E,=(0-2,T)=0.13626

Fraction between 0.4 and 0.7u = 0.12982
8-132

Ej, = 5.669 x1078(3400)* = 7.576 x10® W/m?

Between 0.4 and 0.7y = (7.576 x10%)(0.12982) = 9.835 x 10°
400 W = A(7.576 x10°)

A=5286x10" m? =0.5286 cm?®

8-133

Ej, =5.669 x1078(3400)* = 4.592 x10° W/m?

A £ AT Fraction
0 0

2 0.6 6000 0.73777
8 0.2 24,000 0.99075

E = (4.592 x 10%)[(0.6)(0.73777) + (0.2)(0.99075 — 0.73777)]
=2.265%10° W/m?
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873 s
812>
T =5800 K
A AT Fraction
0.25 1450 0.0099
0.5 2900 0.25055
1.5 8700 0.88066
2.5 14,500 0.96604

Chapter 8

Fraction transmitted through plain glass = (0.9)(0.96604 — 0.0099) = 0.86053
Fraction transmitted through tinted glass = (0.9)(0.88066 —0.25055) = 0.56710

8-136
h=12 —~ T.. =400 K

m* -°C
For T, =510K E=1100 W/m?
Ep,, = oT,,* =3835 e=L —0287

Ey

AG-J)=hA(T, -400)  G=2200 W/m?  J=450+¢0T,*
2200 — 450 — (0.289)0T,,* = 12(T;, — 400) T, =475K

7 =450 +(0.287)(5.669 x 10~8)(475) = 1278 W/m?
813,

T, =550 K g =05 T, =300 K £, =0.7
A=A =(3)?=9 F,=02
Eq. (8-41)

(5.669 x 1078)(9)(550* —300*) _ 42,555

B (e ) 03

=13,750 W

143
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8-138
T, =700 K £ =06 A = 1(0.05)* =7.85x107> m?
T, =300 K & =03 Ay =27(0.05)* =0.0157 m?
E, =0T* =13,611 E, =0T* =459 W/m’
d 10 2
f=—== F,=0.12 F3=1-0.12=0.88
x 15 3 12 13
178 _g493 176 _ 1486 L 1062 L 14438
€14 €4 A Fp A F3
1
= 1448 Fz-_z = 10 Fz_z- = 05 Fzz = 05
Ay Fy3
By = %(0.12) =0.06 Fy3 =1-0.5-0.06 = 0.44
13,611 Ji I 459
o— W ——Q— \W——p—W+—>0
84.93 1062 148.6
144.8 144.8
J3
1= %4.93 +13’61 i 459+ PTY
7T petonden '

8-139
Ep =23,220 E, =459 W/m’

Per Unit Length:
-Z— = 7(0.05)(0.7)(23,220 — 459) = 2503 W/m

with shield, as surface 3, Fj3=10 & =02
1- & 1 1- &3

=2 —=6.37 =12.73
£7r(0.05) 7(0.05)(1.0) &71(0.1)
L__ 3.18
7(0.1)
g with shield per unit length
4q_ 23,220 - 459 — 603 W
L 273+637+(2)(12.73)+3.18
Reduced by 76%
‘¢e
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Chapter 8

,,,,,,, 8-140
T, =450 K g =05 A = 1(0.25)2 =0.1963 m” = A
T, =600 K £, =0.6
T, =1000 K £5=07  Ay=m(0.5(0.5=07854 m’
4d_10 Fp=0.17=F, F3=0.83=Fp3

X
0.1963

Ry = Fap = (0.83

31 =3 =( )(0.7854

Ej =2325 W/ m? =E, =7347 W/m’ Ep, = 56,690 W/m?
(J; - 0.5[0.17J, +0.83J3] = 0.5(2325)

17, - 0.4[0.17J; + 0.83J3] = 0.6(7347)

| 7311 - 0.585(0.3)] - 0.3(0.2075J; +0.2075J,) = 0.7(56,690)

(J, —0.085J, —0.415J3 =1162.5

~0.068J, + J, —0.332J3 = 4408.2

|-0.06225.; — 0062257, +0.8245J3 = 39,683

Solving,

Jy =24,614 W/m? J, = 23,261 J3 =51,744
q = %‘%(0.1963)(2325 —24,614) = 4375 W = 0.1963(J; - G))
G, = 46,901 W/m?

Q= %6‘-(0.1963)(7347 -23,261) = —4686 W =0.1963(J, - G,)

) =0.2075 F33 =1-(2)(0.2075) = 0.585

A

G, = 47,133 W/m?

q3 = %%(0.7854)(56,690 —51,744) = 9064 W = 0.7854(J3 — G3)

G, = 40,203 W/m?

34y
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8-141
Behaves asif T, =300K G, =1.0 E, =459 W/m® = J,

Do not need Eqn. for surface 2. Inserting J, =459 in Eqns. for 1 and 3 gives
J;—0.415J3 =1201.5 -0.06225J, +0.8245J5 = 39,712
Solving, J; = 21,875 J3 =49,817

q = —8—'%(0.1963)(2325 —21,875)=-3838 W =0.1963(J; - Gy)
G, = 41,427 W/m?
g = %%(0.7854)(56,690 — 49,817) = 12,595 W = 0.7854(J5 — G3)

G; =33,781 W/m*?
gy =-12,595+3838 =-8757T W
G, — 0 because Ay —

R o)

7, =300K I, =85K £ =& =0.11 & =0.04
All F factors = 1.0

Work problem per unit area

1—81=1—82=8.091 1—€s=0.96=24

g & & 0.04

4 space resistances = 1.0
Total resistance = (2)(8.091)+ (4)(1.0) +(6)(24) =164.2

8-142

-8y2nd _ o4 _
g= (5.669 <10 °)(300" —85™) ~2779 W/m2 — kg 300 -85
164.2 0.008
o o2
kegr =1.034 %107 _W_ R=774 CM
m-°C W

34c
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Chapter 8

8-143
T, =750 K §=075 A =m(0.2)*=0.1256
T, =600 K & =04 A, =1(0.22 - 0.1%) = 0.09425
g5 =0 Ay = m(0.4)(0.3) = 0.377 m? Apore = 70(0.1)? = 0.03146
4 _20_ 33 F_y =025

x 30

30 10 1

To hole —=1.5 == F_pole =0.07=F

0 hole 20 30 3 1-hole 14
F,=025-0.07=0.18 F3=1-025=075

T, =room =300 K

Fyy = Q1X01256) _ 4 s Fy; =1-(2)(0.25)=0.5

0.337
- (0.1256)(0.18) _ Fo = (0.1256)(0.07) _ 1 e
0.09425 0.03146
Fole—3 =1-0.28=0.72 By pole = Faa = (0.72)(0.03146) _ ; g
0.377
F, =0.25-0.06=0.19 By = QI9O377) _ ;76
0.09425
E, =17,937 W/m® E, =7347 Ey, =459=1J,
(J; —0.25[0.18J, +(0.07)(459) + 0.75J3] = 0.75(17,937)
{J3(1-0.5)—[0.25J; +0.19J, + (0.06)(459)] = 0
|7, —0.6(0.24J; +0.76J3) = 0.4(7347)
(J; —0.0457, —0.1875J3 =13,461
1-0.25J; —0.19J, +0.5J5 = 27.54
—0.144J; + J, — 0.456J3 = 2939
Solving,
J; =16,264 W/m? J, =10,904 W/m?
J3=12,330 W/m? =G, J3=E, =oT* T, = 683K

g1 = 9;7%(%?1239(17, 937—16,264) = 630.4 W = 0.1256(J; - G,)

G, =11,245 W/m?
)= @;‘9(—3'(6’—94—2-53(7347 —10,904) = —223.5 W = 0.09425(J, — G,)

G, =13,275 W/m?
s =630.4-223.5=4069 W

%47
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8-144
q = EO’(Ti“ - T24) = 05714 ;7124)
A g + —87 -1
1
E=17
H &
£ =8 E
0.9 0.818
0.8 0.667
0.5 0.333
0.2 0.111
0.1 0.0526
0.05 0.0256
8-145

For large plates, % — 1.0 and F; — 1.0. Substituting these values gives the
1
desired result.

8-146
=015 =05 L=2 g =02 £, =04
T, =800 K T, = 400 K (3)isroom T3 =300 K
A-03 L_40 Fy =055  Fp =0.265
n n
0.5
Fip = 5=-(0.265)= 0.883 F3=1-0.883=0.117
Fy3 =1-0.55-0.265=0.185 F,=0

Assume only inner surfaces exchange heat

343
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Chapter 8

(a) 1
Ep, o Afroy, Ep,
o—\W——Qq M O MM——-
1 — ¢ 1 — &
SIAI 1 1 82A2
A(Fy3 AxFy3
]3 = Eb3
Ay =m(0.3)(2) =1.885 A, =m(1)(2)=6.283
| 2

E, =oT*=23,216 W/m>  E, =oh*=1451 W/m’
E, =0T =459 W/m’
Jy = (A=) F2Jy + F3J3) + & Ep

1

Jy = —————[(1— & )(FJ; + Fp3J3) + &E,
2 1_},22(1_82)[( 1(Fi2Jy + Fy3J3) + &,Ep, ]
J3 = Eb3 = 459
J; =0.7064J; + 4686 Jo = (1.4925)(0.159J; +631)
Which have the solution:
Jy = 6428 W/m? J, =2467 W/m?
€A (0.2)(1.885)
=N (B, - J)=—270(23,216 - 6428) = 7911 W
aq 1_81( b, —J1) T 032 ( )
0 =222 (B, _J)= 0.4)6.283) 451 — 2467) = —4256 W
l-g, 2 1-0.4

(b) Ends insulated, J3 floats and # Ej,

128 512 =82_0m
&4 &4,

L 06008 ——=4534 L 08603
Ak AR; Ay B3
=512+ 23’21? —= Toz3e 02V

' o A creny v S
349

Mech.MuslimEngineer.Net



Chapter 8

8-147
d=20cm dy=10cm T,=500K & =06 T, =700 K
& = 0.2
Surface 3 =sides, €3 =0.8
A} =0.03142 Ay, =0.007853 A; =0.05269
F,=012 F;=0 F3 =088 [F =048 Fp=0
Fy3; =0.52 Fy_y =0.525 Fy_p =0.0775 Fy_3; =0.397
Fpy_g =10 E;, =3543 E, =13,609 Ey, =459
J1 = A= &)(FipJy + F3J3) + §Ep, ()
J2 = (= &)y Jy + Fo3i3) + § By, (b)
Energy balance on surface 3
Ep, —J5
(AFi-3;)(Jy = J3i) + (A Fysi) (U = J3) = — =+ —=0 ©
O52)+ ke

Solution of equations is

J1=2960  J,=4585  Jy; =1745 W/m?

Q= -f‘i;(lsbl —J)=2748W g, =222
-

q (total) =27.48+17.72=452 W
8-148

(Ep, =Jp)=1772 W
- & 2

See problem 8-137. Equations (a) and (b) remain the same, convection loss term
must be added to Eq. (c) for surface 30. (outside of cone)

w
deonv = hA3,(Ty — 1) h=25 m?2.°C
The energy balance on surface 3 is then
(AFi3)(y = J3) + (A Fy3)(J, — J3)
+ (A30F30-4)(Ep, = J3,) + s, (Ty = T3) = 0 ©
E 1/4
. b
In addition, we have T; = (—3) d
c
£343
and by (Ty = T5) = 722 (By, = J3o = J3) €)
-3
The original two equations are
Ji = (A-&)(FpJy + B_3;)3) - € Ep =0 ()
J2 ~ (- &) By + B_3i)3) - &E, =0 (b)
The solution to the nonlinear set of equations may be obtained with Excel solver.
The results are J; = 2677 J3; =1009  E, =727 2W
m“-°C

3@
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Chapter 8

1/4
J,=4155  J3, =673 a:[—ﬁ) =337K
(o}

The heat transfer rates are thus

L O (B~ = 4081 W 0 = 82“‘

q = (Eb —.’2) 18.56 W

q (total) 59 37TW

As a check this value must equal the energy lost by convection and radiation from
the outside of surface 3.
&34

430, rad = l——£—3( by -J3,)=1138 W
930, conv = hAs3o (T - Ty) = (25)(0.05269)(337 —300) =48.74 W
g (total) =60.1 W

The difference in the two values for total heat transfer results from roundoff in the
solution.

8-149
©)
T, =T, =800°C=1073K T3 =20°C=293K
=0.5 & =038 d=10cm

2
A=A = mr” - =271(0.05)? = 0.01571 m?
q=0eA(T* - T5")
g1 = (5.668 x 1078)(0.5)(0.01571)(1073* - 293*) = 587 W

g, = (5.668 x 1075)(0.8)(0.01571)(1073* —293*) =939 W
Gror = 587 +939=1526 W

8-150

a (solar) = 0.94 Tour = 25°C =298 K o (low temp)=0.21=¢
G (solar) =700 W/ m?

G (solar)e (solar) = oe(T* —298%)

(700)(0.94) = (5.668 x1078)(0.21)(T* - 298*)
T =501 K = 228°C

75

Mech.MuslimEngineer.Net



Chapter 8

8-151
G (solar)a (solar) = gragq + Gcony

(700)(0.94) = (0.21)(5.668 x 10~ 8)(T* — 298*) + (7.5)(T — 298)
Solving, T =369 K =96°C

8-152
copper sphere p =8954 c=383 =038 d=5cm
A = 47(0.0025)* =7.85x 1073 m? V= %7:(0.025)3 =6.54%107° m3
o 4 4 ar
T,=0°C=273K OeA(T,” -T )=pcVE
TP = Ar(i’f‘i)(r,“ ~TP' Y+ TP
pcV
T(initial) = 300°C =573 K T (final) = 50°C =323 K
-8 -3

O€A _ (5.668 x107°)(0.8)(7.85 ><_§O ) = 1.586 %1012

pcV (8954)(383)(6.54 x107°)
Choose AT =100 sec

TP = 158610102734 —TP'y 4 TP
At T=200°C=473K 9 time increments = 900 sec
At T=100°C =373 K 34 time increments = 3400 sec
At T=50°C=323K 70 time increments = 7000 sec

Excel printout follows en nert pegs.

8-153

Teo=293K; Twan =313 K; U =3 m/s; Assume gojoec= 1.0
Assume d = 0.006 m e

v=15x10%, k=0.026; Re=(3)(0.006)/15x10° = 1200
h = (0.026)/0.006)(0.683)(1200)°5!% = 24

Assume half radiation to wall; half to surroundings
(24)(T: - 293) =0.50(313* + 293* 2T,

Solve by iteration, T, =295 K = 22°C

?5’1—
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Time incr. (100 sec)| Temp, K
0 573
1 556.7839
2 542.4226
3 529.574
4 517.9809
5 507.4447
6 497.8094
7 488.9505
8 480.7665
9 473.1744
10 466.105
11 459.5002
12 453.3107
13 447.4945
14 442.0155
15 436.8423
16 431.9476
17 4273075
18 422.9007
19 418.7088
20 414.715
21 410.9046
22 407.2642
23 403.7819
24 400.4469
25 397.2496
26 394.1809
27 391.2328
28 388.3981
29 385.6698
30 383.0419
31 380.5087
32 378.0649
33 375.7056
34 373.4265
35 371.2234
36 369.0925
37 367.03
38 365.0329
39 363.0978

40 361.222
41 359.4028
42 357.6375
43 355.9238
44 354.2595
45 352.6425
46 351.0708
47 349.5425
48 348.0559
49 346.6093
50 345.2011
51 343.8299
52 342.4944
53 341.193
54 339.9246
55 338.688
56 337.4821
57 336.3057
58 335.1578
59 334.0375
60 332.9439
61 331.8759
62 330.8329
63 329.8139
64 328.8182
65 327.8451
66 326.8939
67 325.9638
68 325.0542
69 324.1645
70 323.2942
71 322.4425
72 321.6091
73 320.7933
74 319.9947
75 319.2127
76 318.4469
77 317.6969
78 316.9621
79 316.2423
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Chapter 8

8-159

T; = 600 K F2=10  E, =7347 W/m? & =0.75
(3) room Ep, =447 W/m? £ =0.8 T, =298 K
Per unit length: A; = 7(0.02)=0.06283 A, =0.1571 T, =308 K
128 _ 5305 L 15916 128 _ 501

€14 Ak &4

L 6365 |
Ay B3

_ (5.669x1078)(600* — T,*)
5.305+15.916 +1.591
_ (5.669 x1078)(Ty* - 298%)

+ 7(0.05)(180)(T, — 308)

1.591+6.365

By iteration: 7, =318 K q=297 W/m

8-160

T,=500K T;=300K =08 & =04 Ejp =3543 W/m?

A =003 A =004 E, =459 W/m> F;=018 F;=082

Fy=076 1=8_g333 L 13889 L 4386
€14 ARy AFy3
L 3049
Ay Fy3
Ep, J1 Jp = Ep,
O—AW——CQ— WA
8.333 138.89
43.86 30.49
.13 = Eb3
- E, —J
4=3 3333;543 B —Ti4aw-= —821-33—; Jy=2948 W/m?
' T8 TRE 0 '

2948-J, = 2948 -459

138.89  138.89+30.49
T, =356 K = 83°C

J, =907 W/m? =E, =oTh*

3y
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8-163

Re = 34,562 T., =27°C =300 K

i = 008O02749) 3 s62y172(0.7)13 = 10,04 il
0.3 m~--°C

(1100)(0.6) = (10.04)(T —300) + (0.09)(5.669 x 10~8)(T* - 3004)
T =316.5K =43.5°C

8-167

The temperature of the walls obviously depends on the wall insulation. The
radiation exchange also depends on sunlight through the windows if applicable.
For comparison purposes any sunlight load should be neglected. To start the
analysis some worst case conditions might be assumed with a winter wall
temperature of 5°C and a summer wall temperature of 30°C. Regardless of the
paint the walls will act as a blackbody enclosure. The people may be assumed to
also radiate as black surfaces for worst case conditions. Assume a body surface
temperature of 75°F for the radiant and convection exchange to compute the total
heat loss/gain. Other assumptions may be made to examine the effects of different
temperatures. The radiation shape factor from the people to the cool/hot walls
depends on interception by other people, but for the worst case may be taken as
1.0.

8-169

Assume some convenient size of building wall (5 m high by 30 m long). The
concrete slab might be assumed to be insulated or part of a semi infinite solid
having the properties of concrete. The shape factor between the wall and concrete
slab is that for a perpendicular rectangle with a common edge. Convection from

the building might be assumed to have 4 =15 2W v as a first approximation,
m .

with a like value from the concrete slab. Worst case conditions will be

experienced with a black building and ¢ is about 0.6 for concrete. Solar

irradiation might be taken as about 650 W/ m?, although it could be higher. For
the grass, assume that the temperature is substantially lower than for the concrete.
Assume summer conditions for air temperature at about 33°C. Recall that the
irradiation is calculated from the emissive power and the radiosity from

G= Eb -J.

35
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8-170

The open side of the box should be assumed to be a black surface with
temperature equal to the room temperature. The maximum exchange per unit
heater surface area is obtained with no walls at all and this fact may be used to set
an upper limit to the size of the heater surface (area). As higher and higher walls
are added the net heat transfer with the room will decrease and the surface area
must be increased to maintain the net exchange value of 15 kW. The
configuration of the heater surface (long and slim, square, etc.) may be a factor in
a final design selection because it can influence the radiant coverage in the
warehouse floor space. If time permits you may wish to influence the radiant
coverage in the warehouse floor space. If time permits you may wish to examine
several configurations with this fact in mind.

8-171

While there will be temperature gradients in the electronics package itself, there is
no information given to determine these gradients. Therefore, one should just
assume an outside temperature for the package as 80°C. The package will lose
heat by both radiation and free convection to the surrounding enclosure space and
containing box. The best case for radiation transfer is for black surfaces so that
should be assumed (because they can be painted black). To start the desi gn
assume typical values of & for free convection from the outside of the package, to

the inside of the enclosing box, and outside of the box. / = 7 — 10 2W C might
m .

be reasonable. From these assumptions an estimate may be made for the size
(area) of the enclosing box. One can then work backward, refine the values for A
using the relations of Chap. 7, and make a new determination of the area and
shape of the enclosing box. The calculations may be refined further by assuming
different values for £ for the electronics package and enclosing box in the event
that black surfaces cannot be obtained. If interested, the calculation might also be
made for forced convection dissipation from the outside of the box, but that is not
asked for in the problem.

35
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8172

Designate the black panel as surface 1, the shield as surface 2, and the room as
surface 3. It is reasonable to assume that the shields will occupy a view area equal
to the projection parallel to the black surface. For the inside of the shield

F31 =1.0 and the value of Fj, is obtained by reciprocity. Then Fj3 =1- Aj.

Using either a network approach or numerical formulation the problem may be
treated as one with four surfaces (1) the black plate, (2) the inside of the shield,
(3) the outside of the shield and (4) the room which may be treated as black

because A; — <. Only two equations for the inside and outside shield surfaces

are required because of the black conditions for surfaces 1 and 3. For the
conditions where free convection must be considered, assume some average value
of h which might be experienced with a vertical flat plate as calculated from the
relations of chapter 7. Non-linear equations for the free convection case will
result. The radiant heat transfer is calculated from the usual relations once values
of the radiosity are determined. All of the radiant energy lost by the black panel is
eventually delivered to the room, whether by direct radiation, radiation from the
shield, or free convection from the shield. The convection loss from the black
panel is dissipated directly, independent of the radiant loss.

(8-173

Best conditions can be represented when all the solar energy is trapped inside the
collector, i.e., no transmission out through the glass. The solar irradiation may be

taken as about 650 W/ m? for an initial calculation. You will need to consult

chapter 9 for condensation coefficients but a value of 4 =10,000 ZW C might

m
be reasonable. The energy to evaporate unit mass of water is the enthalpy of

vaporization which may be taken as about 2.3 x 10° J/kg.
8-174

Because of the shadowing effect of the fins the assembly will probably radiate as
if it had a surface area equal to that of a surface enclosing the outer periphery of
the fins. The apparent emissivity of the assembly will then be given by the
relation in Prob. 8-129, which will turn out to be close to that of a blackbody. The
assembly may be assumed to convect with an area equal to the total area exposed
to the air. The assembly may be heated and allowed to cool as a lumped capacity
in room air. By a transient numerical procedure the value of / may be obtained as
a function of surface temperature during the cooling process. The behavior will
depend on orientation of the assembly but the convection might be expected to
follow a relation like

h = const X (Tgyrface — Toom )"
where the constant and exponent n are obtained from a plot of logh vs AT.

Correlation in terms of Grashof and Nusselt numbers is difficult because of the
uncertain characteristic dimension of the fin assembly surface.

351
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8-175

From the problem statement the radiation shape factor from the person to each of
the walls is taken as 1/6. The outside wall temperatures (interior surface
temperature) will probably be rather cold; about 10°C. The two interior walls and
floor should be assumed at the room air temperature. A reasonable value for A

Because the room area is

from the person to air will be about 7 - 10 2W .
m*-°C
large compared to the person, it will behave as a black surface. The objective is to
obtain the same energy transfer to the person by radiation as would be obtained by
convection in a typical forced air heating situation. Note that the net radiation to
the person is that received from the ceilin g less that dissipated to the floor and
walls. Note that only the radiation exchange with the person is to be considered
for comfort. The heating requirements for the space would also have to take
accannt of losses to the outside from the exterior walls, etc.

8-176

The total energy dissipated to the room will be influenced by the free convection
loss from the outside surface of the covering. The radiant loss to the room is also
governed by the temperature of the surface cover. Minimum energy transfer will
be obtained at the cavity low temperature limit of 350 K. A value of 7=1 might
be selected for this condition with decreasing values as the cavity temperature is
increased. No information is given as to the balance between a, P, and 7 for the
cover. The easiest design is one for which P =0. Zero transmissivity then
becomes that for o =1. Assume & = ¢r. The calculation can then be performed for
the minimum value of 7 at the high temperature of 500 K. Variation of radiation
properties between the temperature limits may then be determined. The
calculation may be refined by assuming different values of surface reflectivity. It
is suggested that the initial analysis be made neglecting the free convection losses
because of the non linear factors introduced into the equations.

8-179

This problem obviously involves the assumption that € = 1.0 for both heater
surfaces. Otherwise the analysis is the same as Problem 8 - 161.

58

Yl alaiyl - lilayall dial



Chapter 8

8-180

The total heat lost is obviously a strong function of the strip temperature. If a
large value of the strip temperature is selected the major portion of heat loss will
be by radiation. As a start choose a rather high temperature of 800°C and a strip
width of 6 mm. Compute the convection loss using the relations of Chap. 5 (flow
will be laminar). Be sure to compute convection for both sides of strip. Calculate
radiation as if exchange is by openings between strips to large room. Select € for
strip as about 0.6. (Material with other value may be selected from appendix.)
Large room behaves as a blackbody. These calculations will yield a heat transfer
value per unit length of strip(s). Then choose a configuration of strips (height and
length) based on a total length required to dissipate 3 kW. Refine the calculation
by taking account of fact that outer surfaces of top and bottom strips will
exchange more heat than inner surfaces. Various values of strip temperatures and
material properties may be examined as desired, as well as different strip widths.
The wider the strip, the less heat that will be dissipated by the inner surfaces by
radiation with the room.

8-181
w
T, =25°C =298 K T, =20°C=293K h=8 >
m*“-°C
£, ~10

(@) T,=0°C=273K

4 = hAT =(8)(25-20) = 40 W/m?
A conv
% = £0(T,,2 - T,*) = (5.668 x 1078)(298% - 273%) = 132 W/m?
rad
41 =40+132=172 W/m?
AlTotal
(b) T, =20°C=293K
4 ~40 W/m?
A conv
4 = (5.668x1078)(298* — 293%) = 29.3 W/m?
A rad
4 =40+29.3=69.3 W/m?
A Total

(c) Because wall is large A — « and l;Tg —» 0 so same result as for large

value of €y,-

%59
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(d) If emissivity of man reduced to £ =0.1

AtT,=273K 4 =0.)0132)=132 W/m?
A rad
% =40+132=532 W/m?
A Total

At T, =293K 2 =(0.1)(29.3)=2.93 W/m?
A rad
4 =40+2.93=4293 W/m?
A Total

3¢o
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9-1

( #fz
kf*ps’g
(w2 )
ki*ps’e

B (00077)1/ 0.6
- ]1/1.8

v 1/3
=0.0077Re f°'4

=|

1/3 —
4hI(T, - T,,)

hyghis
]2/ 3

= 0.0077[

=

hygiy

=

[4L(Tg ~T,)

s
kpfig
]2/3

0.0077)96
ks

[4L(Tg -T,)
bty

_4hL(T, - T,)

Re
f
hygliy

;

Ky
kipsie

=
\»Ih'

=Nu= ( )1/1.8

— (0.0077)1/0.6 L5/3kf2/3[4(Tg _ Tw)]2/3(pf2g)5/9

. 1221 2/3
Ky ““he

9-2

Flat plate
pf2 53

m=

_ 4ps°g
3[1f2

ghrps”
prek LT, - T,)

4u kL(T, - T,
Ref [ﬂf (g W)

]3,

4 ckL(T, - T,,)

8=
ghyeps”

4

Re,=3.77
f 5, 3
[ My hfg

-,

3]1/4

P el
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9-3
Turbulent Film
0.0077Re ;04 4

S \I/3 Rejs =
Hy
("f/’fzg )

. hA(T,-T,) RLW(T,-T,) 7 mhy,
m= = = —
hse hp LW(T, - T,,)
i 04
. —am
iy 00077 512
LW(Tg _ Tw) ﬂfz 1/3
kipse

h=

5/3
m= 1.07
Ky

9-5
80+100

Ty = =90°C L=12 pr=964  pp=315x107*

ky = 0.676 hy, =2255 ki/kg
- “3[(964) (9-806)(2.255 x 10°)(0.676) ] _cozz W

(1.2)(3.15x107*)(100 - 80) m2 .°C
g = (6082)(1.2)(0.3)(100 — 80) = 43,790 W

43,790
=——"——=0.0195 kg/sec =69.9 ke/hr
2.255%10° ¢/ &/

9-6
L=04m $=90-30=60° T,=98C T,=100°C p=2960
hfp =2255x10% k=068  u=282x10"*

1/4
7 =113 969)°(9.806)(2.255 x 108)(0.68) sin 60° 14150 W
- —4 -0 2 o
(0.4)(2.82x107*)(2) m?-°C

q=(14152)(04*(2)=4528W  m=2.008x10> kg/sec = 7.23 kg/hr

3¢t
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9-7
k=0684  u=30x10"* p =962

7 _ 113 962°(9.8)(2.255x10°)(0.684)°
(0.5)(3x107*)(100 - 95)
g =(10,930)(0.5)%(100 - 95) = 136,510 W

136,510
= —"——=0.0606 kg/sec =217.9 kg/hr
2.255x10° g/ g/

9-8

w
m*-°C

:I =10,930

. w _
T; =47.5F k=0583 ——  u=137x10 3 p =999

1/4
6
h=1.1 [(999) (9.8)(2.376 x10°)(0.583) } — 4576 —Y

(1.5)1. 37x10‘3)(15>( ) m?2-°C

g = (4576)(1.5)*(1 5)(5) =8.58x10%

m=-L =0.0361 kg/sec =130 kg/hr
hfg
9-9
38+30

T,=38°C  T;= =34°C p=590  v=0345x10"°
hg =1111kl)kg ~ k=0.501

w
m- -°C

(0.4)(0.345 x 1070)(8)
q = hAAT = (5877)(0.4)*(8.0) = 7522 W

= ;"— =0.00677 kg/sec = 24.38 kg/hr
18

6
_—p [(590)(9 8)(1.111x10%)(0.501) } _ 5877

£ 1%
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9-11
Assume laminar condensation T = 328°F hs, =889 Btu/lbm
Pear = 100 psia T,=280°F T;=304°F p,=57.29 lbm/ft’
lbm Btu
=0.44 k=0395 ————— Pr=1.15
# hr-ft hr-ft-°F

Ps>pr = Pr(pr—p,)=p,?

2,0 13 1/4
i =0725 PL8MEE | _gss _B#_.
pd(T, - T,,) hr- ft* - °F

o 4 _ hmdL(Ty - T,) m_(A855n)48) _ . ., lbm

ks, hs L (12)(889) " hr-ft
9.12
35°C = 95°F P, =08237psia  p, =(0.8)(0.8237) = 0.659 psia
T, =88°F =31.1°C hs, =1043 Btu/lbm = 2426 kJ/kg

31.1+2 0 _
Ty = =16.55°C  p=998 1 =11x107 ks =0.596
PI'f =78

2 6 3/4
h =072 (998) (9.8)£23.426 x107)(0.596) — 5425 2W
(1.1x1077)(0.05)(31.1-2) m*~-°C
q =(5425)7(0.05)(7.5)(31.1-2) = 185,970

185,970
m=——"————=0.0767 kg/sec =276 keg/hr
2.426x10° e/ ¢/

9-13

Assume laminar film and heat transfer area =1 ft2

h:  Tp=154F  pp=61.1  p;=102  k;=0.382

3 hr-ft“-°F

hQI Tf =177°F pf =60.6 hfg =092.1 [Jf =0.86 kf =0.388

— Btu
=838 ———
& hr-ft - °F

g =mMAAT =1.02x10° Bw/hr g, = B AAT =1.37x10° Btu/hr

27N _ 344 34.4% increase
41

I 4
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9-14
Peat = 690 kPa hp =2.07x10° J/kg T,=164°C T, =138°C
Ty =151°C pr=915  p;=186x10""  k;=0.683
Sat. Steam
IL Condensate R
< L |
Assume laminar flow:
2 hek 3 1/4
R=0728 L2 | 10,450 — Check Rej =73.6
psd(T, - T,) m?2.°C
.. Laminar
AT T . g kg
q=hA(T, - T,,)=22,231 W/m m=——=387
hg sec - m length
9-15
k=0684  p=30x107* p =962
7 = 0729 962 (9.8)(2.235x10 )0.684)° I _ o 2W
(3x107)(0.3)(5) m? -°C

q = hmd(T, — T,,) = (7962)7(0.3)(15)(5) = 5.628 x 10° W

m=-L =0.2496 kg/sec =898 kg/hr
hfg

Ty
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9-16
CO, hg =153.2 ki/kg at 20°C d=0Im L=10m
T,=15C  T,=20°C  T;=175°C p=795 kg/m’
k=0.0807 —_  y=0,0935x10"
m-°C

U =(735)(0.0935%107) = 6.87 x 107> Pr=3.78

_ ) 3 1/4

7 <0729 (199°0.8)1 53.2x10°00897) | _ oo w

(6.87x107°)(0.1)(20 - 15) m?-°C
g = (1532)7(0.1)(1.0)(20 - 15) = 2406 W
= mhg, =m(153.2x10%)

m=0.0157 kg/sec = 56.5 kg/hr
9-17

n=20 1, = 38100 _ g 400 ps=963.2

d =0.25 in. = 0.00635 m Bp=3.06x10""  k;=0.627

hy, =2255 kl/kg

7 (963)%(9.8)(2.255 x 10%)(0.627)>
=0.725 -
(3.06 x 10%)(20)(0.00635)(100 — 88)

% = (400)7(0.00635)(7845)(100 — 88) = 7.51x 105 W/m

5
=20 333 kg /sec = 1200 K
2.255x10 hr-m

9-18
d=005  T,=100°C  T,=98°C L=15m p=960
k=068  p=28x10"  hj ~hy =2255x10°

2 3 16 174
(960)(9.8)(0.68)°(2.255x 10 )] 12,117 W

/
] = 7845 —"
m~“-°C

h =0.555
[ (2.82x107%)(0.05)(2) m?.°C

q=(12,117)7(0.05)(1.5)(2) = 5710 W

EES;‘%O‘; =2532x1073 kg/sec =9.12 kg/hr

3¢cC
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9-19
p =962 u= 3.0x107 k= 068 n=10 d =0.0254 m

[(962) (9.8)(2.255 x 106)(0.68) ] w
2 = 8264 —
(10)(0.0254)(3.0 x 10~4)(5) m2.°C
g = (8264)(100)7(0.0254)(2)(0.3048)(5) = 2.01x 10° W

= h—q- =0.0891 kg/sec =320.9 kg/hr

fe
9-20
o -4 W
Tf =98.5°C p =960 u=282x10 oC
n=10 d=0.0254 m

6
F o {(960) (9.8)(2.255x 10 )S) 68) ] _ 0526 2W
(10)(0.0254)(2.82 x10~%)(3) m? .°C

g = (9526)(100)7(0.0254)(3)(0.3048)(3) = 2.085 x10° W
m=-1=0.0925 kg/sec = 332.9 kg/hr

hyg
9-22
by =1135 Kijkg Ty =2t 52— g6°F = 30°C p =59
v=0349%x10°%  k=0507 n=20 d =0.00635 m

1/4
(596)(9.8)(1.135 x 10%)(0.507)° _so0q W
-6 5 - 2.0
(20)(0.349 x 1076)(0.00635)(90 — 82)(3 m?-°C

q = (5904)(400)7(0.00635)(0.3048)(90 — 82)(%) =63,817W

m=-9 =0.0562 kg/sec =202 kg/hr
he

361
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923
m=10,000 kg/hr = 2.778 kg/sec hy =130.09 ki/kg
q=mhg =361400W T, = 99%%0 _g5p_ 350c

w

p=1276  v=0193x10"% k=007 —— n=25
m-°C
d=0.012
1/4
5 3
25[ (1276)(9.8)(1.3x 10°)(0.07) )} _gpa W

(25)(0.0125)(10)(3)(0.193x 1078 m?-°C
q = hAAT = hnrdLAT

361,400 = (823.4)(625)7(0.0125)L(1 0)(3)

L=322m

924

d=0012m T, = 32'2—;26_-2 =29.45°C p=1295

k=007  v=0194x10® =984 3 hy =133.65 kI/kg
kg-°C

, 5
hf, =133.65+ (0.68)(0.984)(10)(5) =137.4 kJ/kg

6 3 1/4
P 0.555[(1295)(9.8)(0.137x10 )(0.07) ] a4 W

(0.194 x107)(0.012)(5.5) m2.°C

% = hndAT = (1446)7:(0.012)(10)(3) =303 W/m
9-25
AT, =107-100 = 7°C 7fi-=7.96(7)“ =19.11 kW/m?

g =(19,110)(0.3) = 5734 W

768
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9-26

Surface tension of H,O at 212°F = 58.8 dyne/cm

r? (p, — p;) = pressure force 2nro = surface tension force

H,0 at 212°F p; =14.696 r=—2%_ -0.00226 in.
Dyv— P
9-28
AT, =119-100=19°C ¢y =0.013 %:1 2 MW/m?
g=(1.2x10%)(0.3)> =108,000 W
9-32
2 h k3 1/4 : L
Ref=£ hx=_p_g_f8___ ;7:_.‘[ h,dx
#f 4u(Tg - Tw) LJo
1/4
’7:le nghfgk3 }_l=i LangkShfg =i(h )
LJo 4quT 3 L44[lfAT X x=L
h:Anzqzhfgr‘ I-«___hAn
hfg
Re, = £ - 4hATL Re_1/3 _ “fhfg 1/3 -7 .u'fhfg 1/3
I us  wphy 4hATL 4hATL
2 3 4/3 1/3
g =(i)4 Ps 8hgk” (i) / Re, /3 = | —L
3) | 4LuAT 3 P2k g
1 1/3
1.466Re ;13 = h| —L
f [pfzkf3g
9-33
AT, =10°C %: 1.9 MW/m?

3%
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9-34

T, =110°C Ty avg =96°C AT, =10°C d=125cm
u, =1.2 m/sec

Brass Cy =0.006 for plat < =25x10% _B™_ —73885x10% W/m?
of A hr - ft

1‘ =(7.885%10%
A Brass

q
‘ L boiling
Forced Convection

At 96°C p =960 pn=296x10"* k =0.68 Pr=1.83
_ (960)(1.2)(0.0125)

3
9'23) =8.02x10° W/m?
0.006

=(8.02x 105)72'(0.0125) =31,494 W/m

Re ——— =48,650
2.96 x10
0.68 0.8 0.4 W
h= 0.019)(48,650)%3(1.83)%4 = 7396
0.0125( X ) a83) m?.°C

%’ =(7396)7(0.0125)(14) = 4066 W/m
conv

41 =31,494+4066 = 35,560 W/m
total

9-35
q=(2.3)(2.255x10%) = 5.187x10® J/hr =1441 W
9. —1-3441—2 =20,382 W/m?>  ZL=556(AT,)* AT, =7.78°C
A 7(0.15) A
T, =107.8°C

9-36
Cu-H,0 p=1latm d =0.005m T, - T, =11°C

Csf =0.0128 = Csf (plat)
From Fig. 9-8 at AT, =11°C

%:0.11 MW/m?

For L=10m A = 1(0.005) = 0.01571 m?
g=(0.11x10%)(0.01571) =1728 W/m length

310
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9-37

AT, =11°C 4
A

hr-ft

=%| = 4000 22 =126,160 W/m?
plat Cu

% = (126,160)7(0.005) = 1982 W/m

9-38
AT, =10°C p=3 MN/m?>=435psia d=0.02 L=1m
h=2.5410¢¥1551 217,576 —~

m”-°C

g = (17,576)m(0.02)(1)(10) = 11,042 W
hy, at 435 psia = 771.3 Btu/lbm =1.794 x10® J/kg

11,042 3
m=—"""_=615x10" kg/sec = 22.16 kg/h
1.794 % 106 ¢/ g/hr
9-39
%:0.2 MW/m? =200 kW/m? d=0003 L=75cm
p=16atm h=5.56(AT,) %: hAT,

200 x10° = 5.56(AT,)*(1.6)%4
AT, =13.14°C at l.16 atm  p =23.52 psia Tg, = 236.5°F =113.6°C
T, =113.6+13.14 =126.7°C

9-40
d=25cm  p=101+34=135kPa AT, =4°C
Assume: horizontal / = 5.56(4)? =355.8 — %

m -

% = hAT = (355.8)(4) = 1.423 kW/m?2

above relation does not apply

h=1042(4)"3 = 1654 —~ 2 - hAT = 6.616 kW/m?
m*-°C A

m=908 kg/hr=0252 kg/sec  g=(0.252)(2.255x10°) = 66164

A=85.96 m* = mdL L=1095 m

3
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9-41

AT, =15°C 2 083 (i) =2x10° 2%
hy, A water hr - ft

S
(i) =6.308x10° W/m?2 h, = 8308107 _ 45 050 2W
A water 15 m-- OC

W
Filycerine = (083)(42,050) = 34,900 ———

9-43
Btu
AT, =30°F C,=0008 Forplat L=25x10° —%_
x of rplat e, hr - ft2

3
i' =(2.5x105)(ﬂ-) =1.073x10° 22— 3383 MW/m?
Alys 0.008 hr-ft

9-45
AT, =110-100=10°C
From Figure % =0.7 MW/ m?

g= (%)ML = (0.7x10°)m(0.001)(0.12) = 264 W

9-46
1, =210 g go004m p=962 k=068
u=3x107* hg =2.255%x10° J/kg

2 6 3 1/4
e 0_725[(962) (9.8)(2.255 x 10%)(0.68) ] 12533 Y

(3%x1074)(0.04)(100 - 94) m?.°C

Z = hrdAT = (12,533)7(0.04)(100 — 94) = 9450 W/m

37%
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9-47

4t
Alotat  Alpc  Alboiling
4 Btu

AT, =110-98=12°C = 21.6°F i’ =4x10 >=1.26x10° W/m?
p]at hl"fl

At 100°C k=0.68 Pr=1.7

h= 5(0.019)(40, 000)%3(1.7)%4 = 3070 w

m?2 .°C

3
C
il =(1.26x105)(—"‘—“‘—] =12.8x10° W/m?
brass

Cbrass

q

A 5

h,,=—|b@-=12‘8xw ~ 10,670 —Y
AT ~ 110-98 m? -°C

h (total) =10,670 + 3070 = 13,740 2W

m*-°C

9-49

hyy =2.255%10° J/kg p, =15 kg/m> p; =998 kg/m3
0 =70 mN/m

(0.07)(9.8)(996)}1/4(1 +L5)V2 =1.85 MW/m?

q _ l 6
Z‘max =2 (2.255x10°)(1 .5)[

(1.5) 998
9-51
hg =2.255x10° J/kg T, =813K Tu =373K
@ Ty= M =320°C=593K  p;=960  p,=0365
kg =0.042 1, =20.6x107 cp, =2000
AT, =440
1/4
b = 0.62 (0.042)3(0.365)(960)(9.8)(2.255 x 10° + 2000)(0.4)(4000)
b (0.0125)(20.6 x 10-5)(440)
=171.5 2W
m*-°C
-8 4 b
= (5.669x10~)0.9)@813* 373" _ . .,
813-373

373
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h=071.5"30713 1+ 43,04 = 2047 — 2
m*-°C

% = hAT, = (204.7)(440) = 90,068 W/m>
9-52
T,, = 280°C T, =100°C v=3 m/sec d =0.0004 m
at 25°C flow =1 L/hr =1000 %107 x 996 = 0.996 kg/hr = 2.767x10™* kg/s
280+ 100 . 6 _
Ty = =———=190°C=463K hg =2.255x10 pr. =996
Py =0.478 c,, =1980 0 =58.8 mN/m

A=2255%10° + (1980)(280*;109) =2.433x10% J/kg

0.341

Omax _ 3 3 6, (996)2(3)%(0.0004)

_drop =(1.83x107°)(996)(0.0004) (2.433x10 )[ (0.478)(0.0588)(1)] .
=0.0156 J/drop

A - (996)(%7:)(0.0002)3 =3.338x1078 kg

drop

2.767x107* kg/sec

3.338x107® kg/drop
Omax =(0.0156)(8290) = 129.3 W

# of drops = = 8290 drops/sec

9-53
1, = 100192 _g6c d =0.0125 n=+196 =14
p =961 kg/m> U=296x10"* k=0.68 hg = 2255 kI/kg

2 3 3 1/4
B = 0725 (961) (38)(2255 x107)(0.68) — 8088 2W
(2.96 x1077)(14)(0.0125)(100 — 92) °C

m .
g = (8088)(196)7r(0.0125)(2.0)(100 — 92) = 9.96 X 10° W = rin(2255 x 103)
m=0.442 kg/s

374
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9-54
100+91

=95.5°C p =961 kg/m> p=297x107*
k=068 hg, = 2255 kl/kg
_ 4hL(100-91)
2255x10%(2.97x107%)
29 3 3 1/4
(961)°(9.8)(2255x10°)(0.68)° | 134
(2.97 x107*)(100 - 91)
4 =4.234 L=6.85m
m _ (1800)(2.97x107%)
p 4
9.55
Cyr =0.008 Cyf plat =0.013 AT, =15°C

il =27x105 2% =851 kW/m>
plat

Tf —

hy =33,487 = 1.13[

=0.134 kg/s-m depth

hr-ft

3
1| =(851)(0'—013) =3.65 MW/m?
Alss 0.008

9-56
p =15 atm = 0.507 MPa

% =2.253(AT,)>% =2.253(10)>% = 20,550 W/m?

q
h=-A-=2055 W/m?
AT

9-57

Chapter 9

p=lam d=03m T,=94°C T;=97°C p=28x107"

k=068  p=961 hp =2.26x10° J/kg

(961)2(9.8)(2.26 x 10%)(0.68)> /4 N
h e : ] =17706

R =0.725 as .
(2.8x1074)(0.3)(100 - 94) m? -°C

=(7706)7(0.3)(100 — 94) = 43,750 W/m

~ e

15
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9-58

100+ 93
Tf=

=96.5°C hg =2255%10° J/kg p =961 kg/m3
u=296x10"* k =0.68

1/4
_ (961)%(9.8)(2255 x 10%)(0.68)> w
h=1.1 > =12,605 —
(0.2)(2.96 x10™#)(100 - 93) m? -°C
g =(12,605)(0.2)*(100 — 93) = 3530 W = (2255 x 10°)
m=0.00156 kg/s

52 [(4)(2.96 x 107)(0.68)(0.2)(100 — 93)

1/4
J =86x10" m

(9.8)(2255%10%)(961)?
9-59
1/2
With & = 5000 2W L 1 _o6sa 1Ny =0.76
m*-°C kA,

(No. of fins) X (Area of tube + fin) = (5.9 x 10™4)(50) = 0.0295 m>
Average AT ~ 0.76AT (base)
Toyater = 100°C

T (base) AT (avg) % (Fig 9-8) q
108 6.1 0.01x10° 295 W
111 8.4 0.03x10° 885 W
117 13 0.15x10° 4425 W
9-60
2
AT, =104-100=4 A=7r(0°is) =0.049 m?

% =1042(AT,)"® =1042(4)"® = 1654 W/m? g =(1654)(0.049) =81 W

9-61
AT, =104 —100 = 4°C %=l654 W/m?
2
A= ”—(O';ﬂ +71(0.05)(0.125) = 0.0319 m? g =(1654)(0.0319) = 52.8 W
31
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9-62

AT, =17°C Fig. 9-8 iq =0.95x10% W/m?
plat

-Cyf (plat) = 0.013 Cy (teflon) = 0.0058

3
q_ (1
A (Cy

4 _(0.95%10°
A

3
—Oﬂi) =1.07x107 W/m?

A = mdL = 7(0.01)(1) = 0.0314 m*
g=(1.07x107)(0.0314) =3.37x10° W

9-63
1o of tubes = (10)(20) = 200 d=12 mm n=15
T, =86°C T, =100°C Ty =93°C
_ 6 _ W _ -4
hg, =2.26x10° J/kg kp =0.678 —— ps=3.06%10
ps =963
1/4 1/4
pPghpk® (963)2(9.8)(2.26 x 106)(0.678)°

h=0725| —2L| =0.725 5

nud(T, - T,,) (15)(3.06 x 10~4)(0.12)(100 — 86)

= 6920 ;N -

m

Al . =2007(0.012)(1) = 7.54 m?

meter

g =hA(T, - T,) = (6920)(7.54)(100 - 86) = 7.31 x10° W

311
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9-64

T, =85°C T, =100°C  L=50cm W=25cm T;=925°C

pr=964  pr=31x10"* kp=0.677  hg, =2.26x10° J/kg
Assume laminar

2 3 1/4 6 3
el 1]{ P-ghgk } 11 [(964) (9.8)(2.26 x 10°)(0.627) ]

Li(T, - T,,) (0.5)(3.1x107*)(100 - 85)
=773 —
N m*-°C
q = hAAT = (7723)(0.25)(0.5)(100 - 85) = 14,480 W = rirh,
14,480
=—————=0.0064 kg/sec =23.1 kg/h
226x10° &/ g/hr

4m _ _ (4)(0.0064)
Py (0.25)3.1x107%)
Laminar assumption OK

5o [4pkL(T -7, )} [(4)(3.1><10“‘)(0.677)(0.5)(100-85)]”4

Re =

ghyp* (9.8)(2.26 x 10°)(964)>
=13%x10% m=0.13mm
9-65
m=1.3 kg/s d=125cm Sp=19cm T,, =93°C
T, = 100°C n = number of rows T, = 96.5°C

hg =2255 kI/kg ~ p=962 p=296x107* k =0.68

Creom [(962)2(9 8)(2.255 x 10%)(0. 68)3] 16,186
(2.96 x1074)(0.0125)(7)n alE

g=(13)2255x10%)=2.932x10° W = hA(T, - T,,)

x = side of square array 3x =length x=n(0.0125)+(n-1)(0.019)

A = n?nd(3x) = 0.00371n° - 0.00224n2

2.932x10°% = ”3],3402(0 00371n° - 0.00224n°)

- By iteration n = 25 x=0.769 3x =2.306
" number of tubes = n? = 625

378
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9-66
=600 kg/hr =0.1667 kg/s q = rithg, = (0.1667)(2.255x10°)
q=375x10°W  T;=985°C p =960 p=282x10"*
k=0.68 — n=20 d=001m

m-°C

! 1/4
_ (960)%(9.8)(2.255 x 10°)(0.68)° N
R =0.725 - =10,123 —5—
(20)(0.01)(2.82 x 10™4)(3) m?-°C
q = hnmd(T, - T,,)
3.75%10° = (10,123)(400)7(0.01)L(3) L=0983m

719
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10-1

Pipe nearly constant temperature T,=82°C T,=30°C €£=08
1/4

h= 1.32(82 . 30) =127 2W
0.0564 m2.°C

deony = (7.27)m(0.0564)(15)(82 — 30) = 1005 W

Grad = (5.669 x 1078)7(0.0564)(15)(0.8)(355* — 303%) = 898 W

dior =1903 = (0.6)(4175)AT,, AT,, =0.76°C

T,, (exit) =82 —0.76 = 81.2°C

10-2
q = m,c, AT, = (2)(4180)(90— 60) = 2.508 x 10° W
AT, = i'%g" = 44.81°C q = UAAT,,
In($3)
5
_2508x10° o0 W w
(20)(44.81) m?-°C
By NTU method
=3 _os Cmin 30 _ 75
80 Crax 40
Cpax = C,, = (2)(4180) = 8360 Crmin = C,, = (0.75)(8360) = 6270
From Fig. 10-13 NTU =09= vA
min
y = 0NO270) _ 0, 2W
20 m”-°C
10-3
Inside Tube
T=473K d=0025 u,=6 m/sec p=258x10"
5
=271 _1525  k=00385 ¢, =1030 Pr=0.68l
(287)(473)

= (1.525)7(0.0125)*(6) = 4.491x 1073 kg/sec
(1.525)(6)(0.025)

Re = —— = 8866
2.58x10
= 20383 (2866)08(0.681)0 = 45.4 W
0.025 m? .-°C
Conduction resistance negligible.
3 &0
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Chapter 10

Outside Tube
1~ 2020 _j10ec=383K v, =25.15x10°  k; =00324
Pr;=0.69  dy=0.025+0.0016 = 0.0266 Re = %'026_66) =12,691
25.15x10
c=0.193 n=0.618 from Chap. 6
(0.0324)(0.193) 0.618/m cnl/3 w
= 12,691)%618(0.69)/3 = 71.36
o 00266 )7 069) m?
Base U on A;
1 w 2
Ui =— 5 =2841 —— A; = (0.025)(3) = 0.236 m
354 T (0.0266)(71.36) m*-°C
Cpnin = (4.491x1073)(1030) = 4.626 Cmin _
max
nry = 284D0236) _, £=0.78
4.626
AT; = (0.78)(200-20) = 140.4°C T, =200 —140.4 = 59.6°C
If reduce air flow in half, NTU = (2)(1.45)=2.90 =095
AT; = (0.95)(200— 20) =171 Toyi = 200 —171=29°C
10-5
Water in tube
Up, =4 mfs Tb=90°c d=25cm  p=965 p=3.15x10"*
k =0.676 =1.98
(965)(4)(0 929 ~3.06x10°
3.15x10
= 0—929(0 023)(3.06 x10°)*(1.98)° = 20,000 2W =

: Qil across tube
- T=20°C u=7 m/s Tr =40°C d =0.0266 m p =876

(7)(0.0266)
v =0.00024 m?> Pr=2870 k=0.144 Re;=-——r?
v =0.00024 m%/s r €q 0.00022

=776
- C=0.683 n = 0.466 Nu = CRe" Pr!/3

5 0.144 0.466 1/3 w
h = 0.683)(776 2870 =1167
° " 0.0266 (0.683)(776)™"(2870) m?.°C
In(%80
R—-conduction = M =2.74 % 10"4
— 2n(36)
R—inside = —— = I =16.36x107*

hA;  (20,000)7(0.025)

38
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1

R-outside = = =0.0103
———  hA, (1167)m(0.0266)
D R=00112
vA = I =89.2 ——A— = 7(0.0266) = 0.0836
- mlength 0.0112 m length
0= 89.2 =1067 ————2W
0.0836 m* -°C
10-6
- Water at 90°C: p = 965 u=316x10"* k=0676  Pr=196
Re = (965)(4)(0'(_’35) =3.05x10°
‘ 3.16x10
0.676 5,0.8 03 w
- h; =———(0.023)(3.05x10 1.96 =18,590
& 0.025 02X )1.96) m?.°C
Engine oil at 20°C: v =0.0009 k=0.145 Pr=10,400
Dy =0.0375-0.0266 = 0.0109 m Re = -(1)(0—0122 =84.78
| 0.0009
- RePr =(84.78)(10,400) = 8.82 x 10° h, is smaller compared to #; so

-approximately h, can be obtained from const. Temp. eq.
d _ (8.82x10%)(0.0109)

'Re Pr- - =1602.3  at90°C v, =0.289x107*
0.14
= 2145 (1.86)(1602.3)"3(L) =468.6 —~
2700109 0.289 m? -°C
Basedon A;: U; = — ! 0035 =485.6 2W S
18,590 T (0.0266)(468.6) m”-°C
38+
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10-7

d,=1.3151in. d; =0.957 in. k=43 — -
‘ m* -°C

n(3)

For 1 m length: —- =1.176x107>
2mkL

1 _ ! =0.05294
oA, (180)m(1.315)(0.0254)

L _ 1 =0.20146
hA;  (65)m(0.957)(0.0254)
UA = ! ~
0.05294 +0.20146 +1.176 X 10
3.9127 5100 W

LT (0.957)(0.0254) 7 mZ-°C

=3.9127

10-8

(@) 200 AT, = (200—85)1-;5(93—35) —83.3°C
ln( )

58

p=0.303 R=20"5_514  F=09
85-35

g = (2.5)(4175)(85 - 35) = (180)A(0.92)(83.3) = 521.8 kW
. A=378m?
()  myc (200 -93) = (2.5)(4175)(85 - 35) mgCy = 4877 = Cpmin

Cunin _ 4877 _ (467 £ 200-93 AU _ 14

Cax 10,437 200 - 35 Ciin

A= A.4)(4877) _ 37.9 m2

180
El1]
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10-11
m,, =230 kg/hr T,=35C A=14 m? Tg inler = 120°C
c, =2100 !
kg-°C
T,,(exit max) = 99°C T, (exit min) = 60°C U =280 2W °C
m .
120
w_—: min
Nl
max 35
=m,.c,AT, = —2-§9—(4180)(99 -35)=17,090 W
9max wwlw = 350 )
230
C, =——(4180) =267
w=3 600( )
AT (max, oil) =120-60 =60 AT (max, water)=99-35=64
Water is potentially minimum fluid, so that NTU = uA _(280)d4) 1.47
Chin 267
€= =0.753
120-35
For counterflow, double-pipe this can be accomplished with Comin 0.2
max
CW

Co = 52 =1335 = myc, = m,(2100)

m, =0.636 kg/s=2290 kg/hr

T, exit =120 17,090 _ 107.2°C which is-greater than the allowed value of 60°C
’ 1335

I84-
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10-12
q = (2500)(2202)(1000)/3600 = 1.53 MW
AT =(90-80)/In(90/80) = 84.9°C

A = (1.53x10%)/(84.9)(47) = 383 m’

10-13

Cair = 1.53%10%/(40-30) = 153000
New Cair= (0.6)(153000) = 91800

Conn/Conax = 0; NTU = (47)(383)/91800 = 0.196
g= 1—exp(-0.196) =0.178
q = (0.178)(120-30)(91800) = 1.49 MW

Only 2.6 % drop in condensation rate for 40% drop in
air flow rate.

10-14
A=4.64m° U =280 i, =045 kegfsec  €q =1009
¢, = 4175 g =(m.),,(93-20)= (0.45)(1009)(260 — T,.)

(260 -93) — (T, ~20) By iteration: T, =45.4°C
g =(280)(4.64) 1n(2 60_93) y e

T,—20
_ (0451009260 -454) _ ¢ 37 kg/sec
M =7 (4175)(93 - 20)

38y
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10-15
C, =(5)(4180)=20,900  C, =(8)(2100)=16,800 Cmin _ 0.8038
max
yo UA _1200000) .,
Coin 16,800
From Fig. 10-13  £=041=—>fo__
ATmax Hx
AT, = (0.41)(100 — 50) = 20.5°C T, (exit) = 100 — 20.5 = 79.5°C
q = C.AT, = (16,800)(20.5) = 3.44 x 10° W

10-16-

g =(0.7)(4175)(90 - 35) = (0.95)(2100)(175 - T,) = 160,740 W
: 160,740

T, =94.4°C ATm=8—5-_—§5—9—'i=71.44 A=——2"" _=5294 m?

e In(53;) (425)(71.44)
Oil is min fluid: £ = L2224 _ 0,575

175-35

j175\

9 94.4

10-18

, 4500
Glycol cp=2742  q=1-"-(2742)(140 - 80) = 205,650 W

g=rm, (4175)85-35)  m, =0.985 kg/sec U=850 —~ =
l 7
C,=4112 C, S 00CMD) _ 3458 Lumin - 0,834

! 3600 Conax

;:=140'80=0.571 U la=13 A=524m?

140-35 min

e
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10-19
UA _ 2.6 Crmin_ _ 0.417 £=0.82
Cmin max
. 3428
AT, = (0.82)(146-35)=86.1°C g =(86.1) =)= 147,575 W
reduction of 28.2% in q. AT, = 1‘:71’ 15275 =359°C T, =709°C
10-20
AU
Crin = C, =4877  Cpax =C,, =(10,437)(0.7) = 7306 =14
min
. AT
Cmin _ 3877 _ 4 667 £=062=—% AT, =102.3°C
Cmax 7306 200-135
q = (4877)(102.3) = 498.9 kW 4.5% reduction
10-21
AT, =83.3°C
(a) P=0303 R=2.14 F=0.86
521.8 10> = (180)A(0.86)(83.3) A=40.5m?
(b) Crin _ 0.467 £=0.648 UA _1is5
Cmax min
A= Wﬂ =40.6 m?
180
10-22
AU 15 Cmin 0,934 £=0.53 AT, =87.45
Cmi max
q = (4877)(87.45) = 426.5 kW % reduction = 52_1-5%%2 =18.3%

781
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10-23

175\

93

myc, = @30C100) _ 3, 45 m,c,, = @300AIT3) _ 5467

| 3600 3600

| 266.7 o
AT, =(93-35)(m)=115.3 T, ou =175-1153=59.7°C
AT, = §_2_:_822‘L7 =47.75°C g =(266.7)(93-35)=15,469 W

In(;5%)

| 15,469 )

Ex.1 A=—>2""__=0568 tl h

: X (570)(4775) m not large enoug

15,469 2 2.
Ex.2 A=—=0876m 0.94 m“ is large enough
(370)(47.75) ge enoug

1 10-24

p=83 kN/m?=12psia T, =204°F = 95.6°C

hg, =976 Btu/lbm =2.27x10° J/kg g=0227x10° )(9%) =28,753 W

AT, = $2:6-38:6 ;5368’6 =59°C a=—2 __BT3 44302

In($3¢) UAT,, (3400)(59)
\95.6
IV'—_ 37
388

oMl alxiyl - elgilgall dial



28,753 = (3400)(0.143)AT,, AT, =59°C
AT, = 856=30-056-1T,,) _ 59 By iteration 7,,, = 42.6°C
m In[ 656
"( 95.6—Tw,)
28,753 = g = m,,(4175)(42.6 - 30) m,, =0.5466 kg/sec
28,753

= =0.1465 kg/sec
(4175)(57-10)
0.5466 - 0.1465

% increase = 0.1265 =273%

10-26

20
=30-35_ ° = UAAT, A=i'00—-=4.11m2

AT, = 1n( %) =4206°C  ¢=UAAT, (340)42.00)
10-27

—_ 120

/100

30
AT, = % 3020 = 46.54°C

In(39)

g=m,c,AT, = (2.5(4180)(100~30) = 7.315x10° W
g _ 7.315x10°

A= = =7.86 m?2
UAT,,  (2000)(46.54)

10-28
q = (120-95)(1900)(3700)/3600 = 0.488 MW

Coater= 488000/30 = 16300; C,y = 488000/25 = 19520
Comin/Conax=25/30 = 0.833; & = 30/(120-20) = 0.3

Fig. 10-15: NTU = 0.45

A =(0.45)(16300)/55 = 133 m?
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10-29

ATwater = 10°C; Cuumser =(3)(16300) = 48900
Coit= Cpin = 19520; Copin/Crnay = 0.4

NTU = (55)(133)/19520 = 0 375

Fig. 10-15: £~03

q = (0.3)(120-40)(195200 = 0.468 MW

Heat transfer has only dropped by 4.1 percent so no adjustments may be necessary

10-30
1 1 W
= U =143
0.0002 U 2000 m2.°C
NTU < VA _ (143)(7.86) _ 0.1076
C,, = Cpin = (2.5)(4180) = 10,450 == 10.4%
AT,
=1- 01076 _ = w AT, =9.18°C
e=l-e 0.1020 5050 "
T, exit =30+9.18 = 39.18°C
10-31
C=10 Ciin = Cmax =(0.5)(1006) =503  n=0.903
N=@l@=1.19 £=0.50 AT = (0.50)(400 — 20) = 190°C
503
T., =190+ 20 =210°C T, = 400-190 = 210°C
10-32
80
37\_ﬁ8
\10
1.013x10° 3
= =" _1247 ke/m
@=1005 " Pa= e ey ¢/
my = (1500)(1.247) = 1871 kg/min =31.19 kg/sec
Both fluids unmixed 8048 1710
=$B-38_ o =——=1.18 P=2""_0385
AT, = ln(%) =4045°C R 10 0 0
F=0.96 g =muc AT, = (31.19)(1005)(37 —10) = 8.46 x 10° W
5
g _  846x10 4357 2

A= UFaT, = (50)(0.96)(40.45)

390
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Chapter 10

10-33

Both fluids unmixed

AT,,,=30‘25=27.42°C R=D=H_15  pB=20_ 455
In(32) 45-20 75-20
F=091 A=—9 - 35000 002
UFAT,, (50)(0.91)(27.42)
10-34
¢, =1920 ¢,=4180 C,= @)%9-@ =3040  (min)
C, = (55)(4180) _ 3832 Chmin _ 0.793 NTU = (250)14)
60 Conax 3040
AT,
=0.5= —=2 AT, = 45°C T,, =120-45=75°C
¢ 12030 o oe
g = C,AT, = (3040)(45) =1.368 x10° W
3040
AT, =45 =—— |=35.7°C T,,. = 30+35.7=65.7°C
v (3832) we
10-35
60

C,, =(5)(4180) = 20,900

C, = 4800

q=20,900(60 - T,,,) = (4800)ri, (30 ~ 10)
20,900(60 - T,,,) = UAAT,, = (800)(30) > 2ue * 10

Solve by iteration: T,,, =31°C

in{72255)
- _ (20,900)(60 - 31)
27 (4800)(20)

319,
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Chapter 10

10-36
100
U=150 —~ A=30m? e=—"la_—0g8s
m*-°C 100-10
AT, = 76.5°C T, =765+10=865°C AT, = &9%3‘—5- =40.32°C
In(3%s)
q = UAAT,, = (150)(30)(40.32) =1.81 % 10° W
10-37 ’
N=(2)(1.59)=3.18 n=0.775 £=0.693 T,, =283.3°C
T, =136.7°C AT = (0.693)(400 — 20) = 263.3
N= %(1.59) =0.795 n=1.052 £=0416 AT =158.2
T, =178.2°C T, =241.8°C
10-38
C, = %(1006) =1090 W/°C g =(1090)(45-30)=16,350 W
U=52 A=8.0 T, =90°C  Assume air min. fluid
e=2730_ 455 N=028) _ 35
90-30 1090
Unable to match on graph so C,, is min. Iterative: C = Sw
a
C N n £, AT, AT, =CAT,, | AT,-15

06 | 0.636 | 1.104 | 0.405 243 14.6 -0.42

048 | 0.795 | 1.052 | 0.48 28.8 13.82 -1.17

0.50 | 0.764 0.4664 | 27.98 13.99 -1.008

0.7 | 0546 | 1.143 | 03574 | 2144 15.01 1 +0.01

T, =90-21.44=68.6°C

29
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Chapter 10

10-39
4 _90-70 _
Cpniry = (5)(4180) = 20,900 n= =2
e " & 05 _g c=10
1+(n-De, P nl-g)+e 40.5)+05
1/2

_ 2y J10-1-1-@"2) sy _UA
N=-+D ><1n[10— -1+@7| 7 20,900
A= (20’9053(()0‘253) =6.6 m> Aroral = (4)(6.6) = 26.4 m*

10-41

& = (120-90)/(120-30) = 0.333

Same for parallel and counterflow

10-42

Chnin/Cmax= 10/30 = 0.333
€=0.333

Parallel flow : NTU ~ 0.45

Counterflow: NTU~ 0.47

10-43

Cuin/Cmax =0; €=10/(10-30)=0.11111

10-44

NTU =-In(1 - €) = 0.1178 for both cases
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10-45

1

my, =2.6 kg/s m, =13 kg/s AT, = -2-ATC = %(32 -4)=14
AT, = 67 ‘678 1_7378 4= (1.3)(4175)(32 - 4) = (830)A(73.78)
in(§7)
A=248 m> e=32’4 =29.5%
994
99

32\85
\4

10-46
T, -T,
g, =—=2—1L dg = UdA(T;, - T,) = mcc.dT;
Ty, -1,
dT, _ UdA UA‘A T, - T, e
== ~In(T}, - Tc)ﬁ == 2 =g M
T,-T. mcC, meCelo T, - Tcl
UA UA
1—-—-———-7;2 1o _ o e £= Loy 1o _y_ g mece
T, - T T,-T.
10-47

AT, =75-30=45°C

Water is minimum fluid.

AT, =48 -25=23°C
AT, __ 45 _q9

€= = =0.
AT o 15-25

%94
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Chapter 10

10-49
od=L1-1  pyoi1u A=(2.45)(&)=5.78 m?
U 340 144 |
with original area, oil is min fluid ¢ =1900
= 29,000 _¢73.6 C,= 29,000 _ ;160 Cmin _ 0714
90— 55 50-25 ax
nTU = W3DCA) _ 6 406 £=029=_20
828.6 90 - 25
AT, =18.85°C q=(828.6)(18.85)=15,619 W
reduced by 46%
10-50
90
Qm
5
g=60kW  U=1100 2w
m*-°C
Cold fluid is minimum fluid &= 60-5 =0.647 Conin = @ =0.364
- Cpax 55
60,000 (1091)(1.5) 2
NTU=15 C,, =———=1091 A=—2""" =149
min =605 1100 m
10-51
NTU =19 Cnin _ (2)(0.364) = 0.728 £=0.69 = 2lmin
max 80-5
AT, =51.75°C g =(51.75)(1091) = 56,460 W only reduced by 6%
10-52
29,000 = C,(25—-15) = C,,(70 — 40) C, =966.7
Sw _Cmin 10 333 o230 _gsss UA 10
C, Cuax 30 70-15 Chin
A= (1.0)(966.7) =21.5 m?

45

59¢

Mech.MuslimEngineer.Net



Chapter 10

10-53
C, = 2667 33 Cmin _ 0333 _ 113
3 Cinax 3
NTU = vA = @5)21.5) =3.0 €=092= AT,
Chin 3222 ‘ 70-15
AT, =50.6°C q=C,AT,, =16,303 W
10-54
For parallel flow assume m_. = my,
q9= mhcph (7;11 - Th2 )= mCCPc (7:?1 - Tcz) CP;. = cPc h =m,
T, —-T
u=eprA _l +,1 =exp—, -
Thl - ];l thh thh m C
T, —T T. -T
e I T exp| -2 _UA consider cold fluid: & = —2—°L
];‘1 - TC[ McCp, -,
T, -T T, -2T. +T
hy 2 _ hy 2 ° Th2=7}, +(7;: '"]:‘)
T, -T, T, - T, : S
- - —2UA
(I, D+ Tcz)"‘(Tc, TCZ):l—Zg ezl—e
For counter flow: mycpdTy, = m.c.dT, = dq dq =UdA(T;, - T,)
q=UA(T;, ~T,) |
— T, -T T. -T
g=tat o VAT _ vy T "2 | vyl 1422720 | 2 Nrpa - g
Qmax mc(T;’ll - Thz ) ];’ll - T(i‘z T}ll - ]2'2
_ NTU
1+ NTU
1055
C, 25 90-55
_ 88y — ) —-w _ £ C.=C.. £= =53.8%
C,,(90-55)=C,(50-25) C. "3 w = Crin 90=25 o

396
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Chapter 10

10-56
C, = (3428)(0.6) = 2056.8 Cmin _ 2957 _ 500
Crax 4112
UA _(850)524) _, . -

Chi 2057

g =(2057)(0.77)(140 - T,, ) = (4112)(85 - T,,) T,,, =50.54°C
Preheater heats water from 35°C to 50.54°C

q=(4112)(50.54 - 35) = 63,900 W

AT, = H5=93 _jo7°c a=—9390 __ ;599 m?
In(443) (2000)(107)
At T =150°C = 302°F hg =910 Btu/lbm
63,900
hy, =2.117x10% J/k m,=——""__=0.03 kg/sec
T8 /ke ST 2.117x10° e/
150
10-58
2 w
m, =5.0 kg/sec A=110m* U=50 — mg =5 kgfs
m* -°C
mg,
375°C
m, — >
(a) Both unmixed Cmin _ 1 o nry = UOOD 495
Cinax (5)(1005)
£=0.49 AT = (0.49)(375-27)=170.5
T, =170.5+27=197.5°C T, =375-170.5=204.5°C
g =(5025)(170.5) =8.57x10° W "'
(b) £€=048 one fluid mixed about same results

391
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Chapter 10

10-59
m,, =30 kg/s C,, = (30)(4174) = 125,220 T, =20°C
T, =40°C T,, =200°C U =275
g = (125,220)(40 — 24) = 2.504 x 106 W N=—Lln( 8‘1)
c—1 ce-1
T, AT, C, C € NTU
190 10 |250,440| 0.5 0.1111 | 0.1212
180 20 |125220] 10 | o1111 ) 0.125
140 60 | 41,740 | 0333 | 0333 | 0432
80 120 | 20870 | 0.167 | 0667 | 1.177
10-60
m,, =50 kg/s T, =60°C T,, =90°C U = 4500
T, =200°C C,, = (50)(4174) = 208,700 C=0
e=—30 _ _02143 N =—In(1-0.2143) = 0.2412
200 - 60
T. —60
4 = (0:2412)(208,700) _ | 1.18 m? e=_2 =0.2143
4500 T. - 60
T,,-=0.2143T, +47.1
10-61
(@) ¢=(5.0)(4180)(80 - 30) =1.045x10° £= 1%%‘ 33((’) =0.7143
N=-In(1-¢£)=1.253 a=125390)4180) _ g g 2
900
) N=002509)_, 40 e=1-eN =0992
(1.3)(4180)
AT, =(0.992)(100-30) = 69.4°C T, =69.4+30=99.4°C
10-62
C,, = (0.48)(4180) = 2006 C,, = (1.0)(1005) = 1005
c=1005 _5s nTU = 890 _ 4 £=0.55
2006 1005

AT, =(0.55)(80 -10) = 38.5°C
AT, =(0.5)(38.5) =19.25°C

T, exic = 10 +38.5 = 48.5°C
T, exit = 80 —19.25 = 60.75°C

398
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Chapter 10

10-63
60 — 40 .
AT, = mEY = 49.33°C g = 600,000 = UAAT,,, = (300)A(49.33)
M40
A =40.55 m? g=160-90_ 70 _ ¢3¢
160-50 110
10-64
180
4&140
20
W ] .
U =130 C, =2100 =30k
m?-°C o kg°C g/sec
C, =(3)(4180)=12,540  g=C,AT, = C,AT, =2.508x10° W
C,=(2, 54@(.&.%9.) =6270 ﬁ =05 €= M =0.25
180—140 Crax 180 —120
NTU =035 a=(039)(6270) _ ¢ o8 m2

130
if water flow cut in half C,, = 6270

q=(2.508x10°)(0.5)=1.254x10° W
Qil flow will be reduced so it will still be min. fluid.

(180 —40) - (17,, —20)
q=c,(180-T, )=(130)(16.88) 2
2 In[ 140
Ty, —20

Solve by iteration: 7, =36°C  C,(180-36)=1.254x 10° C,=870.8
Flow is reduced by 86%.

399
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Chapter 10
10-65

m, =08 kgfsecc T, =30°C T, =7°C T, =3°C
W

U=55 oG m,, =0.75 kg/sec  C, = (0.8)(1005) = 804
30-7 Con 804
C, =(0.75)(4180)=3135 &= =0.85 —min - -0256
w = (0.73)(4180) 30-3 Crax 3135
NTU=24 a=CPCM _ s 0gm?
55
Water cut in half: ~ -Cmin_ _ (2)(0.256) = 0.512 NTU =24
Cmax
£=0.76 = 2la AT, =20.52°C
30-3
% reduction = (l - 22%) x100=10.8%
10-66
e==9=7 _03813 NTU = -In(1 - €) =1.675
30-1.7
A= %’—4—) =10.77 m? Reduce air flow by %
Nt =182 25512 e=1-¢N =0919= AT, =26°C
2 30-1.7
Initial q=(804)(30-7)=18,492 W
Reduced q= (804)(%)(26) =13,936 W
Reduced by 24%

400
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Chapter 10

10-67

m, = 4000 kg/hr =1.111 kg/sec C, = 2000 - JOC

g .
C, = Cpin = (2000)(1.111) = 2222 - AL, _ 80240 _, 667
AT, 100-40
N=-In(l-g)=1.099 =24 A= L099N2222) _ 5 43, 12
Crnin 1200
When oil flow cut in half:
_ AT
NTU = (2)(1.099) = 2.198 =1-¢N=0889= o
2009 e=iTe 100— 40
2222 .
AT, =53.34°C g=C,AT, = ——2—(53.34) = 59,260 W = hy,
59,260 '
=—"""_ =0.0262 kg/sec
*2.255%10° e/
10-68
AT,
£=075= W, AT, =37.5°C N =—In(1-¢€)=1.386
100 - 50
42 (1386)(5)4180) o
1200
10-69
o 1.386
Reduce water flow in half NTU = W =2.772
e=1-¢N =0937= 2l AT,, = 46.9°C
100 - 50

T, =46.9+50=96.9°C q = C,AT,, =(5)(0.5)(4180)(46.9) = 4.901 x 10° W
10-70

AT, =80—52=28°C AT, =40-7=33°C
Air is minimum fluid: E= 33 =0452
807

10-71
g =m,,C,,(28) = m,C,(33) m,, =150 kg/min = 2.5 kg/sec
q =(2.5)(4180)(28) =2.926 x10° W %— = %g =0.848

w
NTU =08=U4 4= OD2SA180)0848) _ o 2

C, 50
4° 1
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Chapter 10

10-72
n, =10 k n, =15 k C,=2420 C,=4180 —
my = g/sec m,, = g/sec g = W = kg °C
C, =24,200 C,, = 62,700 Cmin _ 0,386
max
Glycol is minimum fluid ~ £=22"20_o4  NTU= 0.6=_A4
70 - 20  in
A= (0.6)(24,200) =363 m?
40
10-73
w Coin 24,200
C, =(10)(4180)=41,800 U=35 —min _ ~ > _(.579
= (10)(4180) o = 1500
AT,
N1y =808 _ 4 55 £=038=——2¢ AT, =19°C
24,200 70-20
T, =20+19=39°C
10-74
C, =(4)(4180)=16,720= Cpjy, = Cppax U =800 n=3
0= 466667  Cmin_pg
80-20 ax
£
From next to last entry of Table 10-3 for C=1 £= "
1-(n-1e,
€
Solving for €, £, = ———— =04
olving for €,, £, n—(i—De
. UA
From Fig. 10~-17,at C=1 ¢£=04 N,=08=—
w
(0.8)(16,720) 2
A,= 1672 m? Aiora = (3)(16.72) = 50.16 m
10-75
Water is minimum fluid
g=800x10% = C,,(30-25) C, =1.6x108 U =2000 2W°c
m .
e=ALhw _30-2 _,c667 N =—In(l— &)= 0.069 = 24
AT, .« 100-25 'min
8
4= 006906x10% _ (0 2

2000

4o
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Chapter 10

,,,,,, 10-76
Water flow in half ~ C,, =0.8x10% NTU =0.138
g=1-¢N =0.1289= 2Tw AT, =9.67°C
100 - 25
q=C,AT,, =7.73x10® W =rirshy, hy, =2.255%10° J/kg
. 7.73x108 6
m, = —— =343 kg/sec =1.235x10” kg/hr
*225%10% ef e/
10-77
T, =25°C T, =65°C  C,=2474 m, =12 kg/s T,, =95°C
O, —_— W —
T,,, =55°C U=600 ——— AT, = AT,
C, = (1.2)(2474) = 2969 = C Cmin _1 9 e=—20 __os71
g w x| 95-25
NTU =14=-"A 4= 4D _ (g3 2
min
10-78
p=1.1774 kg/m> ¢, =1005 —> Pr=0.708
P kg-°C
1=1.846x107 a=0.697=% Dj, =0.0118 ft = 0.0036 m
Frontal area = (0.3)(0.6) = 0.18 m? A, =(0.697)(0.18) = 0.1254 m?
GoPueA | (L1T74A0) o ng
A, 0.67 m*-s
Re 26C _ (0‘0036)(12'_557) =3426 StPr2/3 = 0,004 = " pr?/3
L 1.846x10 Ge,
-2/3 W
h=(0.004)(17.57)1005)(0.708)"* = 88.09 ——
m .

This coefficient is controlling
Volume = (0.3)%(0.6) = 0.054 m*

2
Heat Transfer Area = (0.054)a = (0.054)[229 %? x3.28 ;fnt-) =40.56 m?

T, =93.93°C
4o3
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Chapter 10

q=143x10° W = it hy, hg =2.255%10% J/kg

m, =-1 =0.63 kg/s
hfg

10-81

Cg = 2382 —J——
kg-°C
qg=m,c,AT,6 = mgchTZg =(0.6)(4180)(80 - 60) = (O.8)(2382)A7§ =50,160 W
=UAAT,,
AT:g =26.3°C
£ = 26.3
80-20
Assume counterflow

AT, = %‘}} =36.76°C 0190 ___} 36 m?

e ~ (1000)(36.76)

=0.439

80

46&60
\ 20

10-82

g =m,c, AT, = m,c,AT, = (0.6)(4180)(50 — 20) = (1.2)(2100)(100 - T,,,)
=75,240 W
AT, =29.86 T,, = 70.14°C

Water is min. fluid and mixed
Qil is max fluid and unmixed.

e=—2 __0375 Cmin _ 2986 _ ) 995

100—20 Coor 30

1 UA

N = ——_In[1+0.995In(l — 0.375)] = 0.634 =

0.995 -
42 Q606180 _

250

10-83

Water is min fluid and unmixed
QOil is max fluid and mixed

N= —-ln{l + L In[1- 0.995(0.375)]} =0.469 A=0470 m?
0.995

404
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Chapter 10

10-84
q=m,c, AT, = m,c,AT, = (2)(4180)(70 - 10) = (3)(2100)(120 - T,, )
=501,600 N
AT, =79.62 T,, = 40.38°C
Qil is min fluid.
c=-9__07s36 e=-262 _ 7038 n=3
79.62 120-10
(ll-SC)l/n _ 1
—€
£, =~—tl .10-
P (l—_eg)l T - (See Prob. 10-83)
jrs
1-(0.7278)(0.7536)\1/3 1
1-0.7238 ) - 1.1806 -1
= 73 = =0.423
1—(0.7278)(0.7536)) —c 1.1806-0.7536
( 1-0.7238
From Fig. 10-16, N (1 shell pass) = 0.75 N(total) = (3)(0.75)=2.25
25 = UA A= (2.25)(3)(2100) = 4725 m>
(3)(2100) 300
10-85
C,; 4180
C, =(1)(4180)=4180 C, =(3)(2100) = 6300 —min - =(0.663
w = (D( ) » = 3)( ) C... 6300
y = B00WE7.25) _ 559,
4180
N (1 shell)=1.13 p = 0.54 From Fig. 10-16
From Table 10-3
1-(0.54)(0.663) 1 1
T 1-054 | T AT,
T [1=(0.54)0.663) ] =0836= 120-10
AT, =91.97°C T, =10+91.97=101.97°C
From energy balance: AT, =61.02°C T,, =120-61.02 = 58.98°C

q=3.844%x10° W

4o0¢
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Chapter 10

10-86

37.8°

/’ 67
21.1°

U=T00 ——  p=023kels g =120 K/kg
m .
g.=riphgy = (0.23)(120) = 27,600 W = i c,,(26.7— 21.1)

11.1-16.7
in(j5)
5.6

_ 20,600 _, g0 2 e=>2_0335
(700)(13.71) 16.7

mc,, =C, =4929 AT, = =13.71°C F=10

q=UAFAT,

10-87

1

C, = (5)<4929) Coues N _UA_ (1000288

C, 2464
AT, =(0.559)(16.7) = 9.33°C

=0.818

e=1-eV =0.559=—éTw‘—
37.8-21.1

q=C,AT, =(9.33)(2464) = 22,991 W
27,600 — 22,991
. . x100=17%
27, 00 o

% Reduction =

10-88

myc, = m.c. =(3)(4180) =12,540 C=10 n=4
E= 20 =0.2857
80-10
Using Eq. in Table 10-3 for C=1
£ 0.2857
1+(n-De_ l=ne E,= = =
él+(n=Dey)=ne, P _e(n—1)  4-(3)(0.2857)
From Table 104

1 (22-1-1-42 UA _ 1000A
= ———ln —_—— =

V2 (22-1-1+42 Cmin  (3)(4180)
A=1.256 m? Aroral = (4)(1.256) = 5.024 m?

0.0909

)=0.1002=

404
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10-89

New Cpin =(1.5)(4180) = 6270 C=0.5
One shell pass N =(2)(0.1002) = 0.2004

140224 -1
From Table 10-3 &, =2/ 1405+ (L118) —“r | =0.173

Also from Table 10-3
(1-—0.0865)4 -1

1-0.173 A =0.4943 = .ﬂ_ AT, =34.6°C
(00es)_ ¢ 80-10
1-0.173

q=(1.5)(4180)(34.6) = 2.156 x10° W

‘For Prob. 10-80 - ¢=(3)(4180)(20) = 2.508 x10° W

14% reduction in heat transfer

10-90

C=05and 1.0
Take N (1 shell)=1.0
Fig. 10-16 €,=0525 at C=05

£,=045 at C=10

Fig. 10-17 N=2 £,= 0.76 at C=0.5
£,=062 at C=10
at C=05 = 5 =0.738
(5922) - 05
at C=1.0 (2)(045) =0.621

T 1+2-1)(045)
Good agreement, considering accuracy of reading figures.

109

solve third from last equation of Table 10-3 for € -
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Chapter 10

10-92
C, = (1.0)(2100) = 14,700 T,; = 20°C
Crixed = C,, =(3.5)(4180) = 14,630 T,; =100°C
£=06=—2Tw AT, = 48°C

100-20
q =(14,630)(48) = (14,700)AT, AT, =47.8°C I, =68°C
T,e =52.3°C Lmixea _ 14630 _, oo N=25=_Y4
Cunmixed 14,700 14,630

UA =36,575

10-93
C, =(1.0)(4180)=4180 NTU = (—2%%08)- =0.4785
£=1-¢04785 _ 35 ALy AT, =30.4°C

100-20

T,, =20 +30.4 = 50.4°C
10-94
C, =(1.5)(4180)=6270 C, =(3.0)(2474) = 7422
q =(6270)(50-20) = T422AT, =1.881x 100w AT, =25.34°C

=A% _30_4; ~2D o845 n=4

80-20 60 T 7422
From Prob. 10-77
[1—0.5(0.845) v4 -
=05
= =0.1914
P [1-0.5(0.845)]1/4
[ 508 ] ~0.845

From Table 10—4 a+ )2 213092

_ -1-0.845-1.3092
N o=—L I 01914 =0.234
P 13092 | ks —1-0.845+1.3092
9OOA 2
=(4)(0.234)=0.937 = A=6.53m
total ()( ) 6270

408
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10-95
7422 (900)(6.53)
C,=—22=3711=C... N, =220 _ 3959
& 2 fn P @371)4)
c=277;—(1)=0.592 1+Cc»HV2 =1.162 N(1+CHV2 =046
From Table 10-3
i |+ ¢—046 -1
€,=21+0.592+ (1.162)W =0.297
From Table 104
1-0.297(0.592) 1
1-0.297 -1 AT,
€= 1-0 297(0.59)1* =0685= 80-20
(5] - 0592
AT, = 41.13°C AT, = GLIDGTID _ o) 5400
6270
T,,, =20 +24.34 = 44.34°C
10-96 |
U=57 C, =(0.5)(4174)=2087  C, =(2)(1005) = 2010
.g_n_l.ip_=29£=0_963 NTU:@.)_(_S_Z_)=1474
Cmax 2087 2010
£=055= 2L AT, =30.25°F =16.81°C
130-75
2010 . o
AT, = (16.81) 57~ 16.19°C T,, exit = 100.9°F = 38.26°C
q = C,AT, = (2010)(16.81) = 33,788 W
10-97
Coin _ 201
C, = (1005)(0.2) = 201 C, = (4180)(0.2) =836 —min _ =2 _ (.24
Crax 836
nru="YA _GO0) _,, £=059=—21 AT, =41.3°C
Cpin 201 90 - 20
g = C,AT, = (201)(41.3) = 8301 W £=1- exp[-ei‘l’%%ﬂ] 0.5
10-98
Using equation from Problem 10-83 n=3
c=2 e=20-30 _ 4375 £, =0.158
3 110-30
409
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10-99

g = (3)(4180)(20) = C,(30) C, = Cpip = 8360
Table 104  (1+c%)V2 =1.202
~2  —1-0.667-1.202
N,=-——xIn 0.L38 =0.183
1.202 oisg —1-0.667 +1.202

N (total) = (3)(0.183) = 0.548 = 2304 A (total) =19.92

8360
Reduce water to 2 kg/s
C, =(2)(4180)=8360=C, C=10 1+Cc?HV2 =1.414

1+exp(—0.183x1.414)
1-exp(-0.183x1.414)
Next to last Equation of Table 10-3 for C =1

-1
£, = 2[1 +1+(1.414) ] =(0.154 (From Table 10-3)

€
e=—p OO _,q0 AL, AT, =28.2°C = AT,
l+(n—1)£p 1+(2)(0.154) 110-30
T, =110-28.2 =81.8°C T,, =30+28.2 = 58.2°C
q=(8360)(28.2) =236 x10° W
10-100
w
B=3000  h,=190 ——  d,=25mm r, —r=0.8 mm
copper k =386 W
m-°C

7, =12.5 mm r,=11.7 mm d; =23.4 mm

_ 1 _ 1 |
UVi= 1wt/ 1 & = T 700583 117

wt 2@ tn A, 3000 27(386) (12.5)(190)
=190 —
m*-°C

4 10
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AT}, =40°C AT, =25°C

Hot fluid is minimum fluid

£ AT (min fluid) _ 40 ~0.571
AT (max Hx) 100-30

10-103
2 shell passes, 4 tube passes; oil in tubes, 90°C to 60°C; ,
water in shell, 10°C to 50°C U=53 2W c, = 2000 J
m* -°C kg-°C
q =500 kW AT, =30 AT, =40 Water is min fluid
g 30-10_
90-10
90
F 10
Lamin 30 _ 75 NTU =09=-24
Cmax 40 Cmin
q = C,(30)= C,,(40) C, =16,667 C, =12,500 = Cpyp
4= 0902300 515 2 (€ - NTU method)
=12500 _, o9 kg/s LMTD = AT}, = 40-50 _ 44.8°C
4180 In(43
T, =90 T, =60 =10 t, =50 R=—3%=0.75
40
=—=05 F=098 q = UAFAT,,
= 00.000 5.2 (LMTD method)
(53)(0.98)(44.8)

4!1
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10-104
g = 250,000 W C, =16,667 A=212m?
U=53 ZW
m*-°C
Cy
Cy 2. NTU € AT, q
G

5000 0.3 2.25 0.82 65.6 328,000

2000 0.12 5.62 0.97 71.6 155,200

3000 0.18 3.75 0.94 75.2 225,600
C,, ~ 3500
% Reduction = 12200 =3500 100 =72%

12,500
10-105
Finned tube, steam at 100°C q =44 kW
Air heated from 10°C to 50°C U=25 2W
m*-°C
—_ 100
/ »

10

g=0710 _ 444 Cmin _ ¢
100-10 Cinax
N =-In(1- &) = —In(1 - 0.444) = 0.588 Coin = g—gﬂ?% =1100
Ny = VA a=0388)01100) _ g0 2
 in 25
¢
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10-106

U~m®8 .08 Cmin g g=1_e N
Crnax

q= (%)(44,000) =29,350 W

Chin (Cair) Y NTU £ ATy q
1000 23.16 | 0.599 | 0451 40.57 40,570
600 1539 | 0664 | 0.485 43.66 26,194
700 17.41 0.644 0.474 42.71 29,899
Ciir =690 for ¢ =29,350 W % Reduction = %29 x100=37%
10-107
Steam in shell at 38°C Water 20°C to 27°C 1 shell, 2 tube passes
q =700 MW Assume U = 2500 2W
m*-°C
27-20
£= 3820 0.38889 N =-In(1-¢)=0.492 q=C,AT,
700 x 10° 8 1x108
=——"=1x10 = =23,920 k
¥ = 27-20 ™ = 74180 gfsec
8
NTU =0.492 = 24 4=0BDAXI0T) _ g co0 2
Ciin 2500
10-108
g=7x108=C,(34-20) C, =5x10’
e=32220 _ 47778 N=-ln(-¢)=15=-24
38-20 min
7
A= M =30,080 m?
2500
413
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10-199
A=19,680 m? g=34-20_ 0.7778
38-20
N=-In(1-07778)=15=24 ¢ - 200019680) ;¢ 107
Coni 1.5
q=C,AT, =(3.28x107)(34 — 20) = 459 MW
% Reduction =22~ 100 = 34.4%
700
10-111 .
d,=1315 d;=1.049 in. k=43 W 7, =30460 _;40c
m-°C 2
p =858 ¢, =2090 v=0.6x10" k=0.139
Pr = 770 Re = O '049)(0'_2254) =2220
0.6x10
70+ 20 gBp*c 10
Free convection Tf = =45°C 2= P _42x%10

k=0.64 GrPr = (4.2 x10'%)(1.315)3(0.0254)3 (70 — 20) = 7.82 x 107

= 0.64 (0.53)(7.82x107)1/4 = 953 ZW
(1.315)(0.0254) m2.°C

(4

2
q=rc, AT, = (858)(5)’—’(1'—3491-

Assume inside barely turbulent:

(0.0254)%(2090)(80 — 60) = 99,970 W

0.139 0.8 03 w
;= 0.023)(2220)"°(770)"° = 419

& (1.049)(0.0254) (0.023)(2220)™(770) m? .°C

Neglect conduction resistance

U=l_1—l-=291 ZVVO q"—"UﬂdLAT

h—i' + E m--°C

a=100+1315 e L= 29,970 =72.8m

2 (291)7(1.18)(0.0254)(70 - 20)
4:4
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10-113
At40mph  g=60,000 Bu/hr U =35 h—lfitz“—F AT =10°F
r-ftc.°
U = kv%7 = 0.0066v"7 thyi, = kyv=0.118y
At 40 mph = 211,200 ft/hr
NTU
G, = A _ 0152 Cmin 0 NTU=020 A=Smn —343g2
g Crax U
At 30 mph = 158,000 ft/hr
U=285 m=18,700 Coin = 4490 NTU,,, =0.218
T, —95
£=0.185=—%a T, =105.2°F
q= n'zacpa AT, = 58,000 Btu/hr 3.3% reduction
At 20 mph = 105,600 ft/hr
U=216 m, =12,450 Cpin = 2290 NTU,,, =0.248
£=020=fa_ T, =106°F
55 €a

q=32,900 Btu/hr  45.2% reduction

At 10 mph = 52,800 ft/hr

U=133 m, = 6230 Chin = 1495
NTU .« =0.305 £=0.26 T,, =109.3°F

q=21,400 Btu/hr  64.4% Reduction

1004

H

Sy 80+

Gt

52 60

S8

2 € 407

=]

= A

3% 204

& 0 t i } i

0 10 20 30 40

10-114

p =345 kN/m? =50 psia T, = 281°F =138°C

M, =27 —4564  q=(1.5)4175)99-85)= 438,375 W

In(33)

g = (2800)A(45.64) A=343m? =(G0n(0.025(2L) L=0.728m

415
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10-115
Udity  Uctean m?-°C
g = (1167)(3.43)(45.64) = 182,636 W 182,636

¥ = (1.5)(4175)
T, =99-583=93.2°C

=5.83°C

10-116
w
h (steam) ~ 9000
( ) T oc
U=111= 1 1 T =1226 2WO
B T 9000t 1420 m”-°C
C, = Cpin =(0.76)(4180) = 3176
121°C
/79.4°C
10°C
69.4 UA

=——=0.625 N=-In(1-¢)=0.981=—
111 C

a=08DBI76) _, o, o
1226

Water flow reduced by 60% to C,, = (0.4)(3176) =1270

w

N=J4_(20E5) _, 45 e=1-¢N =0914=2T»
Cy 1270 111
AT,, =101.4°C T exie =10+101.4 =111.4°C
10-117
0.0002+0.0004 = - - L U=137.6 —r
U 150 m*-°C
Aginy _ 150

30 1376 Aginy =32.7 m? 9% increase

4o
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10-118
. Btu
Sat steam: ps =100 psia T, =328°F h =1000 2 °F
r . .
hs, = 888.8 Btu/Ibm neglect wall resistance.
CO,: m=3600 Ibm/hr  p.=15psia T, =70°F T, =200°F
Btu 3 S, S, 3
=0.208 =0.1106 lbm/ft” at 90°F L=t==
P Ibm -°F Pe m/ft’ 2 d d 2
n
C=025  n=062 Nu=h—:-=6'(-u—"-%‘£) Ty =231°F
mc S,
o = =0.0874 = U,| —2 k=0.0134
oA p Umax = U (Sn — d)
Re, = ﬂ:_d h. = %C(Re)" q. = UAF(AT,,) F=1
Assume L=3.25"=0.271ft UA = -—1-1—1— A=0.1775 ft?
WA T R A,
T, -T,)-(T, -1,
AT, = T, ”’;’q _(T:l o) U, =199,000 ft/hr
1
n( Ty =Ty )
Upax = 597,000 ft/hr Re,; =24,200 h=835
UA(AT,,) = mc, (T — T)co, UA =i'-t9—8- L=107.5
107.5 . " . .
——=0.268=3.22 in. = 3.25 this assumption was o.k.
400
10-12;
m,(2100)(138 — 93) = (2.5)(4175)(65 - 25)
m,=4.417 kg/sec U =450 A=A Assume oil is min fluid
138-T7; 138-T7, ‘
£ = £ = ———% Cpax = (2.5)(4175) =10,438
1713825 27138-50 max = 2-3)A175)

NTU; _ Cmin, _m, _ 4417
NTU, Cmin2 mMe1 Mgl
(10,438)(50 - 25) = Cyjp, (138 - T}) = 260,950

(7849)(65 — 50) = Cpyip, (138 - T,) = 117,735

By iteration: m,; =3.638 T, =103.8°C & =0.3023

Cl = 0732 N] - 04099

A=Ay = (0.4099)(?1.56038)(2100) ~6.96 m2

1

Cnax, = (1.88)(4175) = 7849

41

Mech.MuslimEngineer.Net



Chapter 10

10-122
Water is min fluid =~ F=1 A; =1.535 m? A, =0.863 m?
138 -25)— -
(AT,,), < 13829 ll(3138 50) _ 96 98°c
In(*%5)
(AT,,), = 13850 "8?3 8269 _g027°C
n($3)

41 =(2.5)(4175)(50-25) = 17004;(99.98) = 260.9 kW
92 = (1.88)(4175)(65 - 50) =17004,(80.27) = 117.7 kW

mg =L =0.116 ke/sec mgy =32 20,052 kg/sec
hge hg
10-12¢
Both unmixed h, =174 h; =5000 U=168 c=0
Volume =(0.5)(0.4)=0.2m> =7.063 ft>  Area = (7.063)(229) = 1617 £t
A =150.3 m? Cmin = (1.1774)(0.5)(15)(1006) = 8883 W/°C
N= ——(1688);20‘3) =2843 e=1-¢283_0942
AT, = (0.942)(373 - 300) = 68.7°C T, =368.7 K = 95.7°C
g =(8883)(68.7)=6.1x10° W

10-134

If the pair of heat exchangers had a very large mass flow of water circulating
negligible temperature drop would occur in the water and there would be
maximum transfer of heat from the outside to inside air. In addition, if the area of
the exchangers is very large the limiting case will be experienced where the
temperature of the air discharged to outside will be equal to the outside air
temperature entering the system. These conditions represent the limiting case for
operation of the system, and all other cases will involve somewhat degraded
performance. Selection of an eventual design would have to balance system costs
against energy savings achieved.

413
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10-136
Tiryer =95°C=368K  Tyginiex =10°C
y )
iy = 2V S QOB2XI00GD _ 544 e U-30
RT ~ (60)287)(368) m? -°C
10°C
® ®
! ATyir o = ATuir B
95°C

Choose AT, =50°C
g = mc,AT =(0.544)(1005)(50) = 27,340 W
Since heat pipe temp remains constant, air is min fluid

40 40 105
Ep=Ep= = T,=—=525°C
AT 9s-1, T,-10 P2
e=20 _0os=1-¢N N=2833=-4
42. min
4 2839)(0.54)1005) _ o oo

30
Cost savings with electricity = (0.085)(27.34) = $2.32/hr

Cost savings with gas = (27, 340)(3600)( $9'00) = $0.886/hr

10°
If operated 12 hr/day, 365 days/yr
savings (elec) =(2.32)(12)(365) = $10,161/yr
savings (gas) = (0.886)(12)(365) = $3881/yr

10-143

Installation of the pipes in the ground can be either in a vertical or horizontal
configuration, which will influence the conduction shape factor between the pipe
and soil. (Chapter 3) Actual installation conditions depend strongly on the locale.
Both cases might be examined. For the calculations the thermal resistance due to
the water side heat transfer coefficient can probably be neglected in comparison to
the resistance of the pipe and conduction resistance to the soil.

419
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11-1
-_p4 = m=v~TY? de .1
dx dc/dx dx T
T2
D~ ___p3n
T
11-2
V(C¢Hg) =6(14.8+3.7)-15=96 Vair =29.9
T=25°C=298K M(C¢Hg) =78 M(air) =28.9
3/2 172
= (4?;5'7) (2?/? 733 (—1— + L ) =0.082 cmz/sec
(1.0132x107)[(96)"° + (29.9)/°1* \ 78 289
11-3
T, =25°C U, =1.5 m/sec L=30cm
OF Tw hfg Cw Tf v k Cp PI' pf
°C | «10-6 °K | x107

59 | 15| 247 [00128] 293 | 14.81 | 0.026 | 1005 | 0.69 1.2

95 | 35| 242 | 0.039 | 303 | 15.98 | 0.0265 | 1005 | 0.69 | 1.17

1131 45 | 240 | 0.065 | 308 | 16.49 | 0.027 1005 | 0.69 | 1.15

1491 65 | 234 | 0.164 | 318 | 17.51 | 0.0275| 1005 | 0.69 | 1.11

_ 2/3
7 =X 0.664)Re M2 prl/3 hp = h (Br-)
L PgCp S
2/3 2/3
Pr 0.69 /3
_— =|— =1.098 Pr’'° =0.884
(&] ( 0.6 )
420
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Tw qconv  qmass qtot
15 -7.983 22.99 15.01
35 7.83 68.97 76.8
45 15.71  116.39 132.1
65 31.07  293.23 3243

350
300 f
250
= 200
g 150 —e—gconv
= 100 —=— qmass
Sg ./ o—° —a— qtot
-50 6 50 160
Tw, C

q=hA(T,, - T..) + hpA(C,, — Coo)hfg =d4conv t Imass

114

hg, =3.77x10° J/kg T, =26°C=299 K
h

T.-T,= TD(CW —Co)hy

S.=176  Pr=0.7

, =1.0132><105 1029
F T 08nE4a3)

Assume Tf =70°C =343 K

2/3
hp _ 1 (0'7) =5209%10~%
h - (1.029)1009)\1.76
T T, = (5.209x10~4)(0.417)(3.77 x 10%) = 81.89°C
108 + 26

Repeat with pg at Tp =
11-5

hgp =245x10° J/kg Uy =3 m/sec

4w
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) ‘=1.0132><105=102
F T 8nEa3

_1.0132x10° _
P="28T298)
p=198x107 k=0026 Pr=07 Sc=0.6

Chapter 11

p=133 kN/m?
= {3,300)(78) _ 447
(8316)(299)

T, =107.89°C
=67°C =340 K. Close enough.

185



Chapter 11

D=0256 cm?/sec =2.56x10~ m2/sec Re = {13Q0)3) _ g0,
1.98 %10~
=5
hp = Z—'S%XT;Q-—(0.023)(8977)0'83(0.6)0'44 =0.018
At 25°C C, =0.0229
m,, = (0.01 8)75(0.05)(3)(0.0229 - sze"“ ) = (air volume flow)C,,, ¢xi
2 2

air volume flow = E;—-um = 7:(0.:)5) (3)=5.89%x10"3 m3 /sec
Solving for C,, exi¢: C,, exit =0.0192 kg/m3
11-6
Pw, =04593psia  T=25°C=298K p,, = 0'42593 =0.2297 psia
D=0.256 cm?/sec =2.56 x10~5 m?/sec
Pa, =14.696 - 0.4593 = 14.237 psia = 9.8155x10* N/m?
Pa, =14.696 - 0.2297 =14.466 psia = 9.9736 x10* N/m?

_ (256 x1075)(1.0132 x 10°)7(0.1)2(18) ln( 9.9736)

(8316)(298)(0.075) 9.8155

=1.26x10"7 kg/sec =0.454 g/hr
11-7
D=0.088 cm?/sec =8.8x107° m?/sec v
Pa, =101.32-13.3=88.02 kN/m? Pa, =101.32-0=101.32 kN/m?
o (88x 107°)(1.0132 x 10°)(78)7(0.00625)2 1n(101.32)

B (8316)(299)(0.15) 88.02

=3.22x107° kg/sec=0.0116 g/hr
11-8
=220 125c=2855K  p=134  p=164x10~

_ (1.34)1.5)0.3)

k=00235 Pr=071 ¢,=1009 Re === = 36,768
1.64 x10
n =292 0,664)(36,768)!2(0.71)% = 8.9 A Sc=0.6
0.3 m?-°C

4o
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hp 8.9 (0.71

2/3
) =7.36x10"> at0°C C, =4.845x1073

~ 1.34)(1009)\ 0.6
m,, = (7.36 x107)(0.3)%(4.845x107> = 0) =3.21x107® kg/sec =0.0116 kg/hr
11-9
T, = 32°C = 305 K = 89.6°F C, =0.0342 hg, =2.42x10° J/kg
Sc=0.6 Pr=0.7 Assume Ty =350 K py=0.998
_ 6 2/3
¢, =1000 T.-T,= (0.0342 - 0)(2.42x10 )(_q.l) _o1°C
(0.998)(1009) 0.6
T. =32+91=123°C 1, =122 _ 57 50023505
11-10
Dry Air:>/\ U =10 mph
&/ L=USE
T.. =115°F LL.. =10 mph = 52,800 ft/hr L=1ft
Gun = 350(Anew )€l g =10

Neglect internal heat generation
Gradlyyr, * Geonvlyyy = dradly + qevaPLm, Gradly,, =350dL=116.5 Btu/hr

dconv = hA(T. - T,,) Gradl, ., = €0AT,*  Gevap = BpA(C,, — C )by
C.=0 350% +hA(T,, - T,) - €0AT,,* — hpAC, s =0

k n
h= J—C(M) assume T, = 58°F

d H
<. Ty =86.5°F
p=0.0728 d=0333ft u=0.045 k=0.0154
Re, = (Q0708)52,800)(0.333) _ g 5 c=0174 m=0.618

d 0.046 ’ ' |
2/3
h=453 —o0 LA pcp(-s-‘i) - hp=289
hr-ft“ -°F hy Pr
c, =024 ¢ _o08s
Pr

350

= +453T. - T,)- eoT,,* - 289C,hs, =0

111+256-123-237=-3=0
close enough

423
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Chapter 11

T, =58°F
The above calculation of the radiation from the arm is not strictly correct because
the effective radiation temperature of the surroundings is not given. Certain view

factors would also need to be known. When the calculation is repeated neglecting
the radiation from the arm the result is:

T,, = 67°F
11-11
hT, - T,) = hpCyhg + o(T,* - T,%) T.=43°C T, =10°C
L=30cm U, =12 m/sec Pr=0.71 Sc=0.6
Assume T =300 K pr=1.177 1 =1983x107

_ — - 6
ks =0.02624 ¢y =1006  hy =2.42x10
Re = (1'177)(12)((_)5'3) =2.14x10°

1.983x10
i = 0026290669 ) 141020711 = 23.95 l
0.3 m-- °C
23.95 (0.71\?3 .
= =0.0226 By iteration T, =14.1°C
D= 017na .006)( 0.6 ) y Teration Sy
11-12
_ _ 4 14
hfg
_ (0.091)[(23.95)(43 - 14.1) - (5.669 x 1078)(287.1% - 283%)]
2.42x10°

=2.49x107 kg/sec = 0.09 kg/hr
11-13
T, =115°F 4o, =10 mph = 52,800 ft/hr
qgenv + Qradlsun + 4convL,‘ir =drad Iarm + ‘Ievaplarm

2
Gv = @}“‘LL =15.7 Btu/hr
AlS7, 350%+hA(T°° ~T,,)~ €0AT,* - hpAC,hp, =0
pks fudY g (S
d u hp "~ P\Pr

Assume value of T,,, evaluate properties at film temperature.
Solve for h, hy, and Re,.

4=
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Chapter 11

C=0.174 S—C=O.85 n=0.618 hf =1057 Btu/lbm
Pr £

C,, =0.000976 Ibm/ft>
By trial and error: T,, = 51.785°F

11-16
T, =65°C L=03m U, =6 m/sec T,=38°C=311K

B _s15°C=3245K  p,=1.088 py=2.03x107

¢, =1008 ks =0.0281 Sc=06  Pr=07
_ (1088)6)03) _ o¢ 475

2.03%107°
0.0281

o V20 /3 _ W
h= —E——(O.664)(96,472) 07" =175 oG
_ 17.15 0.7
D™ (1.088)(1008) (Ta
hA(T,, - T, )+ GA(T..* - T,,*) + m, i, (25°C) = hpCyhs,
i,, is neg. compared to hg,. m,, is determined by energy balance:

hgy =2.41x10% at 38°C
= (0.09)[(17.15)(65 - 38) + (5.669 x 10~°)(338* — 311%)]

it 2.41x10°
=2.51x107> kg/sec=0.09 kg/hr

Tf=

Re

2/3
) =0.0173

Ya s~
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11-20

To = 35°C = 95°F, u = 250 m/min = 224 mi/day

Evap rate = 350 g/m’-hr = 32.52 g/ft*-hr = 780 g/ft* —day
= 1.719 Ibm/ft*-day

A=n(4)44=1257

1 inch depth = (12.57)(1/12)(62.4) = 65.35 Ibm

Evap rate (in day) = (1.719)(12.57)/65.35 = 0.331

Eq. (11-36):

0.331 =[0.37 +(0.0041)(224)1(ps — pw)"**

At95°F ps=1662in. Hg .

Solving; pw=1.662 — 0.2135 = 1.448 in Hg

Relative humidity = 1.448/1.662 = 87 %

11-21

U=22 m/s=118 mi/day T, =20°C
at 20°C Ps =2.34 kPa =0.0691 in Hg

Py =(0.4)(0.0691) = 0.0276 in Hg

Eip =10.37+(0.0041)(118))(0.0691 - 0.0276)08

= 0.0252 in/day = 0.1313 cm/day = 0.0055 cm/hr
A=7(2)" =12.57 ft*> =1.1675 m?2

E, 0.0055
£ _ - cm
A 11675 0.00471 \mz-hr =471 Zgh
_ E m--hr
For u=0 _p=204 g
A m? - hr
472G
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Chapter 11

11-22

=03 g - =1080
hm

for standard pan, 4 ft diameter
=45 m/s=241.6 mi/day E}, = (0.37+0.00412)(p; - p,,)>%8

1.02 = [0.37 +(0.0041)(241.6)1(p; - p,)° %
ps — Py =0.721in Hg = (1-RH)p;

= (1080)(1.1675) = 1261 g/h =102 in/day

at 40°C ps =7.39 kPa=2.18 in Hg
0.721=(1-RH)(2.18)
RH =67%
1123 !
80°F

., 2asadena RH =30% T.
Assume breeze at 3 mi/hr =72 mi/day =
=0.5073 psia =1.033 in Hg
p,, = (0.3)(0.5073) = 0.152 psia = 0.31in Hg
Fl_oa.ti_ng_liﬁm
— 0.8(0.37+ 0.00417)(p — Py )%

— (0.8)[0.37+(0.0041)(72)1(1.033 - 031)° 88 0.4 in/day

(b) Phoenix RH = 5% T, =110°F
ps =1.276 psia=2.6 in Hg p,, =0.05p; =0.13 in Hg

E,p — (0.8)[0.37 +0.0041(72))2.6 — 0.13)" 88 _1.18 in/day

11-24
in/day

25.4
1Pa=2.953x10"* in Hg

E(mmyday) = (0.00736 +0.00427)(P; — Pw )0-88
p, and p,, in Pa # in m/s

1 mm/day = 1 m/s =53.69 mi/day
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Chapter 12
12-1
Air @ 300K k =0.0262
Vertical plate GrPr= 10*; Nu = hL/k = 54.2(ATL*)'*
Fig 12-8 GrPr=10* Nu=6
GrPr=10° Nu=100
GrPr= 10" Nu=1000
6 =54.2 (ATL)"
100 = 54.2 (ATL,*)'"* = 50(ATL,%)"?

1000 = 50(ATL5*)"?

For AT=10°C: L; =0.015m,L,=0.64m, L3 =641 m

For AT=20°C: L;=0012m,L,=051m,L3;=510m

12-2 Open ended problem

12-3

d=15mm T,=800K, T,=300K A;=A,=nd/2=0.0236 m’m
A¢g=d=0015 £€=0.7

0.75(0.0236)(800* — T,*) = 0.02136 h(T; — 300) + o(T,*-T,*)?103
o(T2* = T1%?103 = 0.0236 h ; — 300)

In example 12-10 for d = 15 mm Req = 6194, and h=37.9 W/m?2-°C

Substituting in above equations, T; =354 K, T, =567 K and q =287 W/m

428
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12-4

Water, H=50 mm, W=25mm T;=300K

Table A-9: GrPr = (0.05)°(20)(1.91x10'%) = 4.78x10’
Pr=585  k=0.614

Fig. 12-8 Nu = 60

h = (60)(0.614)/0.05 = 737

q = (737)(0.05)(0.025)(20) = 18.4 W

Fig. 12-12(a) 8=2.5mm

Fig. 12-14  Upax= 110 mm/s

12-5

Air  Fig. 12-11 GrPr=3.5x10°
Fig. 12-8 Nu = 14

h = (14)(0.02624)/0.05 = 7.35

q =97.35)(0.05)(0.025)(20) = 0.184 w

99.9% TOO LOW

12-6
L=5m p=1atm,u=300mi/h=134 m/s, Ts=300 K
v=152x10° k=0.02624, Pr=0.7

Re = (134)(5)/15.2x10° = 4.27 x 10’

Fig. 12-3, Nu = 50000

h = (50000)(0.02624)/5 = 262.4

q = (2)(5)(262)(20) = 52800 W/ m length
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12-7
AT = 2900 p-K
22T = 11600 p-K

Fig. 12-9, Fraction = 0.97 — 0.26 = 0.68

12-8

Vertical heater surface makes no sense!

12-9
Re =10000, T =300 K, k=0.02624, Pr= 0.7

Taked=1cm =10 mm

h = (k/d)(0.023)Re*® Pr** =829

At Re =100, and taking d/L = 1/20, Gz = (100)(0.7)/20 = 3.5
Fig. 12-5,Nu =3

h=(3)().02624)/0.01 = 7.87

12-10
k=0.69, p=1600, c = 800

h = 1.42((400-300)/0.1)"* = 8

Volume = (0.05)(0.1)(0.2) =0.001 m*

Area = (2)[(0.05)(0.1) +(0.1)(0.2) + (0.05)(0.2)] =0.07 m>
h(V/A)k = (8)(0.001/0.07)/0.69 = 0.127

If assume lumped capacity, Ty = 350, T; = 400, T, = 300

eo/ei =0.5

930
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Fig. 4-13, BiFo = 0.7 = (8)(0.07/0.001)t/(1600)(800)

And t = 1600 sec

12-11
Tr=325K v=13x10",k =0.024, Pr=0.7, u, = 50, L = 1.0
Re | = (50)(1)/13x10® = 3.85x10°

Fig. 12-3, Nu = (0.7)"3(7000) = 6215

h = (6215)(0.024)/1 = 149

q = (149)(1)(350-300) = 7458 W/m depth

12-12
Req = (50)(0.3)/13x10° = 1.15x10°
Fig. 12-6, Nug = (1300)(0.7)" = 1154
h = (1154)(0.024)/0.3 = 92.3

q/L = (92.3)(m)(0.3)(350-300) = 4352 W/m

12-13
Reg = (50)(0.002)/15.7x10® = 6400; k = 0.02624
Fig. 12-7;  (Nu - 2)/Proe®* (s i) 4 = 55

Moo/ Py = 2.08/1.85 = 1.12

Nug = (55)(1.12)"40.7)°4 + 2 =51.1

h = (51.1)().02624)/0.002 = 670
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12-14 Open ended

12-15
Te=325K, v=18x10"%, k=0.024, Pr=0.7

GrPr = (9.8)(1/325)(50)(0.025x10)%(0.7)/(18x107®)? = 5x107
Fig. 12-9: Nu=10.38

h = (0.38)(0.024)/0.000025 = 365

q = (365)m(0.000025)(50) = 1.43 W

12-16
Tr=325K

GrPr = (9.8)(1/3250950090.002)*(0.7)/(18x10%)? = 17.3
Fig. 12-10 Nu=29

h =(2.9)(0.024)/0.002 = 3.48

12-17
GrPr = (9.8)((1/325)(50)(0.07)*(0.7)/(18x107)% = 1.1x10°
Fig. 12-11; 8 = (18)(20/50)"* = 14.3 mm

Fig. 12-13; upma = 130 mm/s

12-18
Fig. 12-12(a) &=2.7 mm

Fig. 12-14(a) umax =17 mm/s

43+
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12-19
Liquid water k =0.61

GrsPr = (1.91x10'%(20)(0.01)° = 3.8x10°
Fig. 12-15; kegk = 6.2

q/A = (6.2)(0.61)(20)/(0.01) = 7560 W/m?>

12-20
GrsPr = (9.8)(1/300)(20)(0.01)*(.7)/(15.7x10)> = 1865
Fig 12-17; kegk=1.3

9/A = (1.3)(0.026)(20)/0.01 = 67.6 W/m?

12-21
p1=1atm,airat 300K &=10cm, AT =20°C, p, = 0.000001 atm
Fig. 12-18(a) q/A]i am ~ 4.5 W/m?

Fig. 12-18(b) q/Al0.000001 am = 1.4

Percent reduction = 69%

12-22
AT = (20)(300) = 6000 pu-K

Fig. 12-19 Fraction below 20 pu = 0.735

12-23
d=4cm T, =475K T,=300K, g, =0.5,& =0.7
A; = 47(0.02)* = 0.005

A, = (6)(0.06)* = 0.022
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Fig. 12-20;  (1/e2- 1)(A1/Az) = 0.0974;
9/A1(Ep) — Epz) =0.48

Eyi = 2886

Epz = 459

q = (0.48)(0.005)(2886 — 459) = 5.8 W

12-24
£=0.7, T=273+200=473K,d=0.I m

Table 7-2, heony = 1.32((473-300)/0.1)" = 8.51
Fig. 12-21; g =(0.7)(14) = 9.8

q = (8.51 + 9.8)(m)(0.1)(473 — 300) = 995 W/m length

12-25

p=10.1 MPa, AT, =10°C

Fig. 12-23; h~0.0023

Fig. 12-25;  h=0.0045

Not too bad considering equations upon which charts are based.

Also compare Figures 9-8 and 12-24 for AT,= 10°C and p = 2.6 Mpa
Fig. 9-8; h ~0.07

Fig. 12-24 h~0.09 agreement is rather good
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Chapter 12
12-1
Air @ 300K k = 0.0262
Vertical plate GrPr = 10*; Nu = hL/k = 54.2(ATL?)"
Fig 12-8 GrPr=10* Nu=6

GrPr=10° Nu=100

GrPr=10"2 Nu=1000

6 =54.2 (ATL;)"*
100 =542 (ATL23)1’4 = 50( ATL23)”3

1000 = 50(ATL;*)"?

For AT=10°C: L; =0.015m, L, =0.64m, L; =641 m

For AT=20°C: L,;=0012m, ;=051 m L;=510m

12-2 Open ended problem

12-3
d=15mm T,=800K, T,=300K A;=A;=7rd/2=0.0236 m’m
Ag=d=0015 £€=07

0.76(0.0236)(800* — T,*) = 0.02136 h(T> — 300) + o(T,*-T;*)?103
o(T,* — T1%?7103 = 0.0236 h , — 300)

In example 12-10 for d = 15 mm Reg = 6194, and h=37.9 W/m2-°C

Substituting in above equations, T1 =354K, T =567 K and q =287 W/m
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12-4

Water, H=50 mm, W=25mm T=300K

Table A-9: GrPr = (0.05)*(20)(1.91x10'%) = 4.78x10’
Pr=585  k=0614

Fig. 12-8 Nu = 60

h = (60)(0.614)/0.05 = 737

q = (737)(0.05)(0.025)(20) = 18.4 W

Fig. 12-12(a) 0=2.5mm

Fig. 12-14  upax= 110 mm/s

12-5

Air  Fig. 12-11 GrPr=3.5x10°
Fig. 12-8 Nu = 14

h = (14)(0.02624)/0.05 = 7.35

q = 97.35)(0.05)(0.025)(20) = 0.184 w

99.9% TOO LOW

12-6
L=5m p=1atm,u=300mi/h=134 m/s, Tr=300K
v=15.2x10° k=0.02624, Pr=0.7

Re = (134)(5)/15.2x10% = 4.27 x 10’

Fig. 12-3, Nu = 50000

h = (50000)(0.02624)/5 = 262.4

q = (2)(5)(262)(20) = 52800 W/ m length

Yz
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12-7
AT = 2900 pu-K
AT = 11600 p-K

Fig. 12-9, Fraction = 0.97 — 0.26 = 0.68

12-8

Vertical heater surface makes no sense!

12-9

Re = 10000, T =300 K, k=0.02624, Pr=0.7

Taked=1cm =10 mm

h = (k/d)(0.023)Re™® Pr** =829

At Re = 100, and taking d/L = 1/20, Gz = (100)(0.7)/20 = 3.5
Fig. 12-5,Nu =3

h = (3)().02624)/0.01 = 7.87

12-10

k =0.69, p = 1600, c = 800

h = 1.42((400-300)/0.1)"* = 8

Volume = (0.05)(0.1)(0.2) =0.001 m’

Area = (2)[(0.05)(0.1) +(0.1)(0.2) + (0.05)0.2)] =0.07 m’
h(V/A)/k = (8)(0.001/0.07)/0.69 = 0.127

If assume lumped capacity, To = 350, T; = 400, T = 300

60/6; = 0.5
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Fig. 4-13, BiFo = 0.7 = (8)(0.07/0.001)t/(1600)(800)

And 1 = 1600 sec

12-11

Te=325K v=13x10% k=0.024, Pr=0.7, u, =50, L= 1.0
Re 1 = (50)(1)/13x10® = 3.85x10°

Fig. 12-3, Nu = (0.7)"*(7000) = 6215

h = (6215)(0.024)/1 = 149

q = (149)(1)(350-300) = 7458 W/m depth

12-12

Req = (50)(0.3)/13x10% = 1.15x10°
Fig. 12-6, Nug = (1300)(0.7)"” = 1154
h = (1154)(0.024)/0.3 = 92.3

g/L = (92.3)(m)(0.3)(350-300) = 4352 W/m

12-13
Rey = (50)(0.002)/15.7x10° = 6400; k =0.02624
Fig. 12-7, (Nu — 2)/Pr (/i) = 55

oo/ = 2.08/1.85 = 1.12

Nugo = (55)(1.12)40.7°** +2=51.1

h = (51.1)().02624)/0.002 = 670

43¢
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12-14 Open ended

12-15

Te=325K, v = 18x10°, k=0.024, Pr = 0.7

GrPr = (9.8)(1/325)(50)(0.025x10%)*(0.7)/(18x10)* = 5x10°
Fig. 12-9: Nu=0.38

h = (0.38)(0.024)/0.000025 = 365

q = (365)m(0.000025)(50) = 1.43 W

12-16

Ts=325K

GrPr = (9.8)(1/3250950090.002)*(0.7)/(18x10°)* = 17.3
Fig. 12-10  Nu=29

h = (2.9)(0.024)/0.002 = 3.48

12-17
GrPr = (9.8)((1/325)(50)(0.07)*(0.7)/(18x10°)* = 1.1x10°
Fig. 12-11; & = (18)(20/50)""* = 14.3 mm

Fig. 12-13; Umax = 130 mm/s

12-18
Fig. 12-12(a) 6 =2.7 mm

Fig. 12-14(a) Umax =17 mm/s
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12-19

Liquid water k= 0.61

GrsPr = (1.91x10'9)(20)(0.01) = 3.8x10’
Fig. 12-15; ke'k =6.2

/A = (6.2)(0.61)(20)/(0.01) = 7560 W/m’

12-20
GrsPr = (9.8)(1/300)(20)(0.01)°(.7)/(15.7x10°)* = 1865
Fig 12-17; kek=1.3

/A = (1.3)(0.026)(20)/0.01 = 67.6 W/m’

12-21

p1=1atm, airat 300K 8=10cm, AT = 20°C, p2 = 0.000001 atm
Fig. 12-18(2) q/Aliam ~ 4.5 W/m’

Fig. 12-18(b) q/AJo.000001 atm = 1.4

Percent reduction = 69%

12-22
AT = (20)(300) = 6000 p-K

Fig. 12-19 Fraction below 20 p=0.735

12-23
d=4cm T;=475K T,=300K, & =0.56=07
A; = 4m(0.02)* = 0.005
A, = (6)(0.06)* = 0.022
e,
/4¢+..
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