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"EXAMPLE 3.1

Determine the phase for each of the following water states using the tables in Appen-
dix B and indicate the relative position in the P-v, 7-v, and P-T diagrams.

a. 120°C, 500 kPa
b. 120°C, 0.5 m®/kg
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EXAMPLE 3.2

Determine the phase for each of the following states using the tables in Appendix B and
indicate the relative position in the P-v, T-v, and P-T diagrams, as in Figs. 3.11 and

3.12.

a. Ammonia 30°C, 1000 kPa
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EXAMPLE 3.3

Determine the temperature and quality (if defined) for water at a pressure of 300 kPa and
at each of these specific volumes:

a. 0.5 m*/kg
b. 1.0 m¥/kg
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EXAMPLE 3.4 '

A closed vessel contains 0.1 m?* of saturated liquid and 0.9 m? of saturated vapor R-134a
in equilibrium at 30°C. Determine the percent vapor on a mass basis.

Sefef ion
R""{g4q .Vfa-—aélmg <ah. L;Q (,U'-'-'?/)

Vo - Ce9u® V=
dJ u‘é‘—“"ﬁ—g’—%
30T wt = 1523 kg
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%@_(x.— i v 1l 3 - ]

L "] pBo.hlbrs)

% Yoz 0. 00053
’lée;_ 0.0267/

gfu:._V_(.%:,_v/
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G 0-9 / Yy 0.1
was, - = = SSoF kg Wy — = £ u&%
& % 0.025%/ v r ’lf_ﬂ 0-000843 _i_
Yo " S8 _ 0.22)

_“:(j*wvﬁ - 354 + 56

EXAMPLE 3.6

Determine the missing property of P-v-T and x if applicable for the following states.

a. Nitrogen: —53.2°C, 600 kPa
b. Nitrogen: 100 K, 0.008 m3/kg
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-EXAMPLE 3.7 Determine the pressure for water at 200°C with v = 0.4 m%/kg.
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3.35 Determine the phase and the specific volume for
ammonia at these states using the Appendix B
table.

¢. 60°C, quality 25%

B - ) I ) |
___________@_;“Md_ljll_j_ 257 :%g%: @«25’?

3.34 Give the missing property of P, T, v, and x for
R-134a at

b. P= 300 kPa, v=0.072 m*/kg

silibinn B R=154a e so0kpe /10,072 wifes (¥

s R Fuble B.5.I @Z‘L‘U@a_ﬂ < 0.0 &NT.
T Y (899) baibEE R s (ésw bap o
ez safgré&affa’ w-;(aa ) &gm@L

3.38 Give the missing property of P, T, v, and xfor CHy

at
b. 7=350K, v=0.25 m*/kg
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3.52 Two tanks are connected as shown in Fig. P3.52,
both containing water. Tank A is at 200 kPa, v =
0.5 m*/kg, V4 =1 m?, and tank B contains 3.5 kg
at 0.5 MPa and 400°C. The valve is now opened
and the two tanks come to a uniform state. Find the
final specific volume.

both tasks
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EXAMPLE 3.8 What is the mass of air contained in a room 6 m x 10 m x 4 m if the pressure is 100 kPa
and the temperature is 25°C?

(/L;k

PV =mRT

(00 2un) — w (p-252) (25+273)
| e | PR P X T =~
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EX: Carbon dioxide at 330 X is pumped at a very high
pressure, 10 MPa, into an oil well. As it penetrates
the rock/oil, the oil viscosity is lowered so it flows
out easily. For this process we need to know the
density of the carbon dioxide being pumped.
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3.82 A 1-m® rigid tank with air at | MPaand 400K is  a. What is the mass of air in the tank before and

connected toanair line as shown in Fig, P3.82. The  after the process?
valve is opened and air flows into the tank untilthe  b. The tank eventually cools to room temperature,
pressure reaches 5 MPa, at which point the valve s 300 K. What s the pressure inside the tank then?

closed and the temperature inside is 450 K.
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EXAMPLE 4.1 Consider as a system the gas in the cylinder shown in Fig. 4.7; the cylinder is fitted with
a piston on which a number of small welghls are placed. The initial pressure is 200 kPa,
and the initial volume of the gas is 0.04 m®.

 [®)

a. Let a Bunsen burner be placed under the cylinder, and let the volume of the gas increase
to 0.1 m* while the pressure remains constant. Calculate the work done by the system
during this process.

d) V= 0.0% 4>

p=2c0 %_05_» W)

W2 = PAV = P(ve-\1)
= 200 (0:’/—0.04/;)
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4.38 A piston/cylinder assembly contains 1 kg of liquid

water at 20°C and 300 kPa, as shown in Fig. P4.38.

There is a linear spring mounted on the piston such

that when the water is heated, the pressure reaches

3 MPa with a volume of 0.1 m®.

a. Find the final temperature.

b. Plot the process in a P-vdiagram.

c. Find the work in the process. __E
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A car of mass 1100 kg drives with a velocity such that it has a kinetic energy of 400 k] (see-
Fig. 5.4). Find the velocity. If the car is raised with a crane, how high should it be lifted in
the standard gravitational field to have a potential energy that equals the kinetic energy?
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Exs 54 R
Determine the missing property (P, T, or x) and v for water at each of the following states:

a. T = 300°C, u = 2780 kl/kg
b. P = 2000 kPa, u = 2000 ki/kg

For each case, the two properties given are independent properties and therefore fix the
state. For each, we must first determine the phase by comparison of the given information
with phase boundary values.
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A vessel having a volume of 5 m> contains 0.05 m? of saturated liquid water and 4.95 m>
of saturated water vapor at 0.1 MPa. Heat is transferred until the vessel is filled with
saturated vapor. Determine the heat transfer for this process.

—7 \

Q Q Q _Snlufl'-\‘d\h
VRN, T Ml B | O ;)_;LADQ;
4 & U" | -

60' < ] -
| = b i o 25
@) o) (AN & ] a0 i-
- — U = "Z' Vz = —-;Z-.)
# -

| G
—_— | 1 .00
U=ty et Ul U) 4 M) s vé__#—\;)o‘fggs
r [~ | \rh'gl|:;/ vapVop7
> U, =f42.225 #7.36) 4 (2-92% 2505/ ) ———
o oo Ver 795
> U o220 KT ) Vy 9%
L I ’ e
0 = 2:92K4
L

R IE
gt P= (okon




$  oluickapi- S plaalinin

O]

| [®]

~r— ——
/, t_:)l :.)\2‘ /;{

S,

v ARSI R BTRSY AN e 2
Fal < -

e ——

W ! ‘/7.?2-#2-‘?.’2 . —

Uz =Yg 1 ="Yg

13 Iatergo fetiort

260/.95 | 088 75 —
U>zr | o0.075% = U, = 2eco-5

sz_:.ut%aﬂz_@‘_@ﬂ- 0-26 %2 Ec0-5 )_,_L,q}{ Qz"__:z ?‘{Z_E / ,éﬁzl |

100 = Up=Up > = )3226/ =22 32&

@—ﬁ@;ﬂ&?zs—égﬂ e




{¢  _nollwllialzsll - & glGynll Az o
N _ S 2

5.36 A 100-L rigid tank contains nitrogen (N») at 900 K
and 3 MPa. The tank is now cooled to 100 K. What

are the work and heat transfer for the process?
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—5.44 A piston/cylinder deM contalns 50 kg water at
— 200 kPawith a volume of 0.1 m>. Stops in the cylin-
der are placed to restrict the enclosed volume to a
maximum of 0.5 m>. The water is now heated un- ——
til the piston reaches the stops. Find the necessary ———
heat transfer. —
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A cylinder fitted with a piston has a volume of 0.1 m® and contains 0.5 kg of steam at 0.4
MPa. Heat is transferred to the steam until the temperature is 300°C, while the pressure
remains constant.

Determine the heat transfer and the work for this process.
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£ s5.61
A nigia tank is divided into two rooms, both con-
“taining water, by a membrane, as shown in Fig.
‘P5.61. Room A is at 200 kPa, v = 0.5 m’/kg,

'400°C. The membrane now ruptures and heat trans-
fer takes place so that the water comes to a uniform
“state at 100°C. Find the heat transfer during the

V4, = 1m°, and room B contains 3.5 kg at 0.5 MPa,

“process.
:1(;22,= %, 710) Uz — Ml\'\!—i—']t}vq 4 R B -
. M + 1 il
1&2:.:#””201—!@4%1—-1»1@((5 —+iw> ‘ i
Jiged] - g ae aomwaem
m’_g.»-—__ .ﬁw = -—;-- :qu
Yy o5 =

Yoteokiyy  10="F e sea]
o
Y8 =(Cotf Y Pifp-56 4% 2025 -02) cplup=lh. &)

®

- V) = 0- £/ Z3 h.?/lcg = 29&F. -5/&7'

6 w:-‘r\




oy

L]

Jwllbulll el=ill - S 4ilSall izl

- "

Sn e — 9;:#:?‘ '5‘ ‘—J.;LD

<
Ada 2 ‘;*‘—: L=
[ == -.J'
ka 3.16 ? l
"Vzr-' s @W?:O-S,?#éw/ég
‘mloé-ql s l
Y = P - Vo
tetal L o
= 13 2.6

K Vh*a\: 3-¢ ﬁ

St7tez

( 7£:”g) — 110X

A Uz = Up 4 kUL | e gure TP
0 u /%ﬁ
o

Wz ={18.91) —+ (6-343 x 268 2-55)

e ysige )

T = i Lin =t bl e s
2 2 y -~ '

A e 1




)

b

¥

£ rollupialap oyl fis)
“-MMM%

Xe] |

10

Q= AU+w

S Q= Sl Pulis

Deconstant AW

Py ol a2
i I/;'CQ = gujj

/. S Yo B

\ > ST /

_Q/L—]*ﬁsi;l_édu O

~sT ST ==

= ,‘[’ :
S@ - SH
Gog L L B8 ) 720 . &
v \é'T/ W\g_r/ _—-—_ST
=> p= 2h




{¢  _nollwllialzsll - & glGynll Az
B = &
For /b/ﬁa/sag V‘

PV= T
PN _RT =5PV =07

W (’T')-—:Pﬁm clion d-/[ */'&Mﬂ on /(j{

Yy — —-‘9—(—{ —_> r-&b( = G INT U= Spém‘[:‘c
AT = = "

Ui Vol
Q - 2 .
J\/GEZ__ | i L i
O
be 4PV

. : E; £ é\ B
! L}c:bf.ﬁ-ﬂ_{ﬂl'
(P7= Pq?

. —

o~ e
L o —_— A A T —

L. idedlgas
spealic ook vadlbe




el |

 [®)

/GS'Q’UMM?!H%C Z;emé) /JJ'»J.:,? fr/fJ(;»,.—‘g nm

-

/77,// S )r’M —

by im Ay T )
' &

AU = Cv AT

(tgz. Budirtsdl @ammlism ) /‘)W
. i L / —~ =

(TaLle 4.@)(;;_,’/ <=

L=l Gl G &? e} 2= ("?7-J

L

(o202 D

7= t
f 5‘_(;f/7_ | IS
B

tamp (4:;:»‘3)

=
b i o 75@,/9)*1000 Jde
oA N A
G
by b o B B SR |
2 i —

Sl (.)Ezz =3 lpk Js ol st .-r_é/’;'?'—/'{:){

20 fwff'\
e

(Table : )

(7bdr) al (Mchde);é,.e i Do) e AT

Mm@@_q_ﬁwﬂf

/G‘;b’zfl@f ) O?




O]

 [©]

7 B /ﬂ A=34 A4 Jho ‘/-f:"/

4 ":/
e o Cp —=C el == 0 G S s

Pl Ah = A

Z>:58 Calculate the change of enthalpy as 1 kg of oxygen is heated from 300 to 1500 K. Assume _.

ideal-gas behavior.
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EXAMPLE 5.9

A cylinder fitted with a piston has an initial volume of 0.1 m> and contains nitrogen at 150
kPa, 25°C. The piston is moved, compressing the nitrogen until the pressure is 1 MPa and
the temperature is 150°C. During this compression process heat is transferred from the -

nitrogen, and the work done on the nitrogen is 20 kJ. Determine the amount of this heat .
transfer.
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An insulated cylinder is divided into two parts of

1 m® each by an initially locked piston, as shown [}
“in Fig. P5.111. Side A4 has air at 200 kPa, 300 K, ~
-and side B has air at 1.0 MPa, 1000 K. The piston —

.1s now unlocked so that it is free to move, and it _{l ¥
conducts heat so that the air comes to a uniform

" B and the final 7 and P.
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A spherical balloon contains hg‘of R-22 at 0°C
with a quality of 30%. This system is heated until
the pressure in the balloon reaches 600 kPa. For
this process, it can be assumed that the pressure in
the balloon is directly proportional to the balloon
diameter. How does pressure vary with volume

and what is the heat transfer for the process?

;}o/wr ‘cot] rllocis

Pox D ise D 54‘67&9«)67302 ,‘X:.o-%) Siyile&D (Pz:—-éoolf;@)
V'V3¢>LD P
i :

PD{ D e Y} i 1@2:‘-’ WA (MZ-‘-U'D*",WZ I

PG-( ?va l%& .'IFIL\Z'EHJ‘_,; ——

P & g2 P = = 49F 6 kpa JURN " osechni

P & wp = ufr Xipy => {442) + (03 % so136)

%= 71 I/
3 3. -
| (P) = Cv.%) =y io | ="y Y= 0- O/ES ks i

p3= oy lE=<] V) =Y => = 0-029372 W3

PZ cV

C = "%f} --——Lﬂd oz we wwisk Knao vz

’V = 0.02 coo \? Vo =o- / ‘413

Rg‘_ 2 2 = o 93?2<49;-)z>2 o.o5149

= Vo =Y2 o5 = 002575 g
k:<£93 -
1 ) .. Jligll
[va = ,_;e.,j / dyadll udi P.5.168 Lle cliblll 4y

FaN FaN




A

swlliulll al=slll - & yilGyall fial

el |

| [S]

R §
T Find Uz .. we need to b inforpoltion, (Per %) —p wuine

p Ve P Y, Uy P || Usg | P

-

630.7 |a.0008 | | £807|0035q| | 55R|68F | |173-FF| 6507

oo |2 Goo @ (%) | eeo (2 | &0

523.5 |000025| | 583.80.03957 |50-03|533-3| |/78/5|5583-8

(Grnditng, My SLAN, SGN

X_—-_ /VZ}'—-/V’Z, ::‘C')-ég;lj

"’//j

Uz l—t’(»—j—Xu{j
e 165.5

1@2 = W(UZF”I)'!" Tty

g PeNa = BVI_ (Goox0.05)493)— (4981 0-02937)

T ALY 1-
= TV =32.1 1(37

= 10, = 2 (165.3 =98.9) 4 12.1
=1 =/45-7 4T




O]

 [©]

A

L
G

**HJ M é-l I [ = | I:o:i .!.I l - i—!.j Ibé’m I ﬁ:%l I P

379

A rigid tank 4 of volume 0.6 m® contains 3 kg of
water at 120°C, and rigid tank B is 0.4 m® with - »
water at 600 kPa, 200°C. They are connected to a / ‘
piston/cylinder initially empty with closed valves 7

AN

NN

as shown in Fig. P5.75. The pressure in the cylin- 7 . |°
der should be 800 kPa to float the piston. Now the 2 7
. 7
valves are slowly opened and heat is transferred so 7 m ﬂ! 7
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A closed cylinder is divided into two rooms by a

frictionless piston held in place by a pin, as shown |[——

in Fig. P5.138. Room A4 has 10 L of air at 100
kPa, 30°C, and room B has 300 L of saturated |
water vapor at 30°C. The pin is pulled, releasing |
the piston, and both rooms come to equilibrium at A
30°C, and as the water is compressed it becomes e —
two-phase. Considering a control mass of the air
and water, determine the work done by the system
and the heat transfer to the cylinder.
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— A piston/cylinder arrangement B is connected to
a 1-m® tank 4 by a line and valve, shown in Fig.
P5.171. Initially both contain water, with 4 at 100
kPa, saturated vapor and B at 400°C, 300 kPa,
1 m®. The valve is now opened, and the water in
both A and B comes to a uniform state.

a. Find the initial mass in 4 and B.
b. If the process results in
T, = 200°C, find the 4 B L

heat transfer and the work. | |
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Two tanks, each with a volumM 1 m’, are con-
nected by a valve and line, as shown in Fig. P5.62,
Tank 4 is filled with R-134a at 20°C with a quality
of 15%. Tank B is evacuated. The valve is opened
and saturated vapor flows from A into B until the
pressures become equal. The process occurs slowly N
enough that all temperatures stay at 20°C during
the process. Find the total heat transfer to the
R-134a during the process.
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Air is flowing in a 0.2-m-diameter pipe at a uniform velocity of 0.1 m/s. The temperature
is 25°C and the pressure is 150 kPa. Determine the mass flow rate.
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Consider a water-cooled condenser in a large refrigeration system in which R-134a is the
refrigerant fluid. The refrigerant enters the condenser at 1.0 MPa and 60°C, at the rate of

at 10°C and exits at 20°C. Determine the rate at which cooling water flows through the

0.2 kg/s, and exits as a liquid at 0.95 MPa and 35°C. Cooling water enters the condenser

condenser.
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Steam at 0.6 MPa and 200°C enters an insulated nozzle with a velocity of 50 m/s. It leaves
at a pressure of 0.15 MPa and a velocity of 600 m/s. Determine the final temperature if _
the steam is superheated in the final state and the quality if it is saturated.
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EX: 67

The compressor in a plant (see Fig. 6.10) receives carbon dioxide at 100 kPa, 280 K,
with a low velocity. At the compressor discharge, the carbon dioxide exits at 1100 kPa,
500 K, with velocity of 25 m/s and then flows into a constant-pressure aftercooler (heat
exchanger) where it is cooled down to 350 K. The power input to the compressor is
50 kW. Determine the heat transfer rate in the aftercooler.
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The mass rate of flow into a steam turbine is 1.5 kg/s, and the heat transfer from the
turbine is 8.5 kW. The following data are known for the steam entering and leaving the

turbine.
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A compressor receives 0.1 kg/s of R-134a at 150 'F‘u;"k‘&'_@k—f

kPa, —10°C and delivers it at 1000 kPa, 40°C. The ==& ==

power input is measured to be 3 kW. The compres- —
sor has heat transfer to air at 100 kPa coming in at - L T
20°C and leaving at 25°C. What is the mass flow ’5

rate of air?
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An insulated mixing chamber receives 2 kg/s of |

R-134a at 1 MPa, 100°C in a line with low veloc- =
ity. Another line with R-134a as saturated liquid at ﬁ
60°C flows through a valve to the mixing chamber

at 1 MPa after the valve, as shown in Fig. P6.97. E"a'::l

The exit flow is saturated vapor at 1 MPa flowing

Iat 20 m/s. Find the flow rate for the second line.
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A nitrogen line at 300 K, 0.5 MPa, shown in Fig. _'_l
P6.123, is connected to a turbine that exhausts to a

closed, initially empty tank of 50 m>. The turbine E]:[]{ 3=
operates to a tank pressure of 0.5 MPa, at which

" point the temperature is 250 K. Assuming the entire
-process is adiabatic, determine the turbine work. v
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P 6.124

A 750-L rigid tank, shown in Fig. P6.124, initially
contains water at 250°C, which is 50% liquid and | |- mn i s
50% vapor by volume. A valve at the bottom of | ===

the tank is opened, and liquid is slowly withdrawn. o | —quid——

Heat transfer takes place such that the temperature | | ==——————

remains constant. Find the amount of heat transfer —

required to reach the state where half of the initial

mass is withdrawn. <
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EXQ?O)

An automobile engine produces 136 hp on the output shaft with a thermal efficiency of
30%. The fuel it burns gives 35 000 kJ/kg as energy release. Find the total rate of energy
rejected to the ambient and the rate of fuel consumption in kg/s.
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The refrigerator in a kitchen shown in Fig. 7.7 receives electrical input power of 150 W'
to drive the system, and it rejects 400 W to the kitchen air. Find the rate of energy taken
out of the cold space and the COP of the refrigerator.
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EXAIVI PLE 7.4

Let us consider the heat engine, shown schematlcally in Fig. 7.25, that receives a heat-
transfer rate of 1 MW at a high temperature of 550°C and rejects energy to the ambient
surroundings at 300 K. Work is produced at a rate of 450 kW. We would like to know
how much energy is discarded to the ambient surroundings and the engine efficiency and
compare both of these to a Carnot heat engine operating between the same two reservoirs.
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___engine satisfies the first law (energy equation) and
~_1f it violates the second law. '

a. Oy = 6 kW O; =4kW W =2kW
b. Oy = 6 kW O, =0kW W =6kW
c. Oy = 6kW O, =2kW W =5kW

d. Oy =6kW O, =6kW W =0kW
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/27.35 Inasteam power plant | MW is added in the boiler,
0.58 MW is taken out in the condenser, and the
pump work is 0.02 MW. Find the plant’s thermal
efficiency. If everything could be reversed, find the

COP as a refrigerator.
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P: 722 An air conditioner discards 5.‘ 1 kW to the ambient
surroundings with a power input of 1.5 kW. Find
the rate of cooling and the COP.
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A house should be heated by a heat pump, B’ = 2.2, and maintained at 20°C at all
times. It is estimated that it looses 0.8 kW per degree the ambient is lower than

the inside. Assume an outside temperature of —10°C and find the needed power to |

drive the heat pump?
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b = O
Refrigerant-12 at 95°C, x = 0.1 flowing at 2 kg/s is brought to saturated vapor in a
constant-pressure heat exchanger. The energy is supplied by a heat pump with a
coefficient of performance of B’ = 2.5. Find the required power to drive the heat

pump.
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Calculate the coefficient of performancg of a Carnot- cycle heat pump operating
between reservoirs at 0°C and 45°C.
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7.46 Fmd the power output and the low T heat rejection o
rate for a Carnot-cycle heat engine that receives
6 kW at 250°C and rejects heat at 30°C, as in Prob-

lem 7.38.
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A/
7.51 A carengine burns 5 kg of ful , equivalenttoadding
Q) at 1500 K and rejects energy to the radiator and

exhaust at an average temperature of 750 K. As-

sume the fuel has a heating value of 40 000 kJ/kg

and find the maximum amount of work the engine

can provide.
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7.53 An air condltloner provides 1 kg/s of air at 15°C

cooled from outside atmospheric air at 35°C. Esti-

mate the amount of power needed to operate the air

conditioner. Clearly state all assumptions made.
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7.54 A cyclic machine, shown in Fig. P7.54, receives
325 kJ from a 1000 K energy reservoir. It rejects
125 kJ to a 400 K energy reservoir, and the cycle
produces 200 kJ of work as output. Is this cycle
reversible, irreversible, or impossible?
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7.58 An mventor has develoned a reﬁdgeratlon unit that
maintains the cold space at —10°C while operating

in a 25°C room. A COP of 8.5 is claimed. How do
you evaluate this?
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7.64 Helium has the lowest normgl boiling point of any

element at 4.2 K. At this temperature the enthalpy

of evaporation is 83.3 kJ/kmol. A Carnot refrigera-

tion cycle is analyzed for the production of 1 kmol

of liquid helium at 4.2 K from saturated vapor at

‘the same temperature. What is the work input to

the refrigerator and the COP for the cycle with an

ambient temperature at 300 K?
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7.71 A heat engine has a solar Bliector receiving 0.2

kW/m?, inside of which a transfer medium is heated

to 450 K. The collected energy powers a heat en-

gine that rejects heat at 40°C. If the heat engine

should deliver 2.5 kW, what is the minimum size

(area) of the solar collector?
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ideal-gas Carnot cycle.




7.92 Hydrogen gas is used in a%gr_not cycle having an
efficiency of 60% with a low temperature of 300 K.
During the heat rejection the pressure changes
from 90 kPa to 120 kPa. Find the high- and

low-temperature heat transfer and

work per unit mass of hydrogen.
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7.94 An ideal-gas Carnot cycle with air in a piston cylin-
der has a high temperature of 1200 K and a heat
rejection at 400 K. During the heat addition, the
volume triples. Find the two specific heat transfers

(q) in the cycle and the overall cycle efficiency.
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7.101 is toarntiomat =30° ]
VOIr, shown in Fig. P7.101, is available at 200°C,

and the ambient tem pg[am e is ;311 C, jljhus, work

_can n

twee ° ' ' -

roundings. This work is used to drive the refrig-
r. Determi I

fror 2

from the —30°C reservoir, assuming all processes
are reversible.
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A cylinder/piston setup contains I L of saturate liquid refrigerant R-12 at 20°C. The piston
now slowly expands, maintaining constant temperature to a final pressure of 400 kPa in a
reversible process. Calculate the required work and heat fransfer to accomplish this process.
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8.50 Water in a piston/cylinder device at 400°C and 2000
kPa is expanded in a reversible adiabatic process.
The specific work is measured to be 415.72 kJ/kg
out. Find the final P and 7 and show the P—v and
the 7-s diagrams for the process.
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8.59 A heavily insulated cylmMg tted with a friction-

less piston, as shown in Fig. P8.59, contains am-
monia at 5°C and 92.9% quality, at which point the

volume is 200 L. The external force on the piston

is now increased slowly, compressing the ammonia
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A mass and atmosphere loaded piston/cylinder contains 2 kg of water at 5 MPa,
100°C. Heat is added from a reservoir at 700°C to the water until it reaches
700°C. Find the work, heat transfer, and total entropy production for the system
and surroundings.
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A cylinder/piston contains water at 200 kPa, 200°C with a volume of 20 L. The
piston is moved slowly, compressing the water to a pressure of 800 kPa. The
loading on the piston is such that the product PV is a constant. Assuming that the
room temperature is 20°C, show that this process does not violate the second law. fo
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EXAMPLE 8.3 »

One kilogram of liquid water is heated from 20°C to 90°C. Calculate the entropy change,
assuming constant specific heat, and compare the result with that found when using the
steam tables. '
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EXAMPLE 8.4
Consider Example 5.7, in which oxygen is heated from 300 to 1500 K. Assume that during -
this process the pressure dropped from 200 to 150 kPa. Calculate the change in entropy -
per kilogram.
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8.81 A piston/cylinder setup con 5 ining air at 100 kPa,

400 K is compressed to a final pressure of 1000 kPa.

Consider two different processes: (1) a reversible

_____adiabatic process and (2) a reversible isothermal

process. Show both processes in a P—v diagram and -
_a T-s diagram. Find the final temperature andthe

specific work for both processes.
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EXAMPLE 9.1
Steam enters a steam turbine at a pressure of 1 MPa, a temperature of 300°C, and a-
velocity of 50 m/s. The steam leaves the turbine at a pressure of 150 kPa and a velocity of .
200 m/s. Determine the work per kilogram of steam flowing through the turbine, assuming
the process to be reversible and adiabatic.

* b badic £ = 1000 kpg
Gie] it oK
—Red] $feam

g o
B . ;0LO o2 ;
ZmpSg—- Zm; S, = Z—gﬁg-ﬁ- Lgeé V;%;.—. lé"a[@,_

V2 =2ac m/s

e
— Y K
75% 0.0
@ﬁf”ﬂlﬂn}- V'+7éjz "/(Aéd‘ +%)+ 1w
> bVt che ¥, g T
+ i Z ]
M = bz —be + -;i--’g . be—o (£;,%2) miX
- - _(5.‘9)_1 - Eﬁf}_ A feee 5 . ’
S (?—Sﬁ-fjﬁ
] e = 5775 /b, | |
’ ii, &X “ ;/“?Zé" (—lf;);
|

% 5. 73974
= 6-9527]
by o 267.]+6-922(22269

L 5 B 251
2 =




)

b

Jwllull alsll

b

]
L] i
=
" *e 9

z

EXAMPLE 9.2
Consider the reversible adiabatic flow of steam through a nozzle. Steam enters the nozzle
at 1 MPa and 300°C, with a velocity of 30 m/s. The pressure of the steam at the nozzle
exit is 0.3 MPa. Determine the exit velocity of the steam from the nozzle, assuming a
reversible, adiabatic, steady-state process.
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EXAMPLE 9.6 _
Assume an air tank has 40 L of 100 kPa air at ambient temperature 17°C. The adiabatic
and reversible compressor is started so that it charges the tank up to a pressure of 1000
kPa and then it shuts off. We want to know how hot the air in the tank gets and the total
amount of work required to fill the tank.

m’:’:,) Veotol] ﬂaﬂmg

_ stgeD p= (0 Hpe T[T

el |
I
n!
|
]
=
k
¢
P
|

 [©]

T =240l . Forwyr
u =27 b= 29043

ma=HbY__ (’w)(o i) = 00 456 kqg

7T (0287 (7 N
N (jooo)(o wtt) 02568 ke §'¢ 7z _
Rz (2sp)(5557) ~ Yook 540
Fy905 | Tz )¢
) Fas M2 ?-fﬂﬂﬁl b6 ©

ﬁ&_ﬁg‘.—_’ﬁ Q&?'?fj

mﬂ"-—VH/.—m : «9_-73_:55.5&&




el |

| [S]

w1252 =g 4M S

— m2 2 =t e )S]
)

| S2 =S4
e R

_ AZ |
St Fr AF o . é_gléf@ﬁl;_/_gﬂe_#g{vb) .

52"5{:57}-«— 5'7; -—4?!37/53—) o

-9- _ Pl ﬂz | \f"!/: ' 2 'S;'l ( u -’-.
- & N Guces| 55959

1. 2 490 Us /T
W — vk, ' = 5oz | ot . Fy
= oZ Y3) — (8,20 F 0.0456 :o?olq)

M ==3/-9 4]




)

b

\
e
L ] i
- Th=1|
i T =iy
L L] BH
A

Jwllslll alailll

O]

 [©]

R o

. Wl Wl M NN

; /%{y/r&;éﬂ/( /ebzgs)

W—/W

PVE C
0 # wae= n(Bre-bV) _—nR@-T)
H =l B -
= = J ). P74 R) _ Ve
p=I W G 'Aégl /), L ;jg(‘//) LT Ly (»vf)

- Tﬁ;fvzi‘fi‘m@.ﬁ\‘

ST L._(/

iy = Waedh _

P |
24
AN |

@® = gg hr—he

M~ Ws beby,

by —hes

Meompp= W -
v bh; — be




P
\—/

Steam at 0.6 MPa and 200°C enters an insulated nozzle with a velocity of 50 m/s. It
leaves at a pressure of 0.15 MPa and a velocity of 600 m/s. Determine the final tempera-
ture if the steam is superheated in the final state and the quality if it is satorated. '

Find the isentropic efficiency of the nozzle in example
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