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- INTRODUCTION :

(Fluid)

1- At Rest
- Liquid &Gasses. ( First Exam )
- Solid. ( statics )

2- At motion
- Liquid &Gasses. (Second Exam )
- Solid. ( Dynamic)
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CHAPTER TWO: “FluidProperties “
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Mass Density “p °

Is defined as the Ratio of Mass of Volume At a
point.

The densities of common fluids are given in Tables A.2 to A.5.

el |

Mass :
/

P= Volume &/m i‘
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For Example:

p=1000kg/m> (Water @ 0 C°)
p=985 kg/m? (Water @ 100 C °)

Notes:

- For Liquids (massdensity) Decreases Slightly with
increasing temperature.

- For Gasses ( mass density ) Significantly change with
Change temperature.
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Specific weight “y ”

Is Defined as The gravitational force per unit volume
of fluid, or simply the weight per unit volume.

Y=p*g (N/m?)

Specific weights of common liquids are given in Table A 4.

For Example:

Y = 9810 N/ m'(Water @ 0 C°)
Y =12.65 N/ m'(Air @ 0C°)

Specific Gravity “ S , SG “

Is Defined the ratio of the specific weight of a given
fluid to the specific weight of water at the standard

Reference temperature 4° C.

S.G = YVruid!Ywater.

=P Fluid / D water

For Example:

S.G 1= 13.6
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2.5Calculate the density and specific weight of carbon dioxide
At a pressure of 300 absolute and 60° C.

7 %7
pv= mRT

gf_?__—--—- = V
_RTT vwed) | co+ 2F?)

Frem tably
A2 5

% = &)

y.F#+ ¥ 9.«

i\

)

ldeal Gas Law

Theideal gas lawrelates important thermodynamic properties, and is often used to

calculatedensity.

PV =nRul

Where :

Pis the absolute pressure.
Vis the volume.
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\WJ
nis the number of moles .

Ruis the universal gas constant (the same for all gases) .
Tis absolute temperature.

PV =mRT

Where:

m ismass.
Ris a number of gases(given in Table A.2)

EXAMPLE 2.1:Air at standard sea-level pressure (p 101 kN/nZ) has a
temperature of 4° C. What is the density of the air? —

A

pr 3 RV |
L s S
7 (278 +Y)

o
N

70

i
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2.7 Natural gas is stored in a spherical tank at a temperature of10° C. At a given
initial time, the pressure in the tank is 100 kPa gage, and the atmospheric
pressure is 100 kPa absolute. Sometimelater, after considerably more gas is
pumped into the tank, the pressure in the tank is 200 kPa gage, and the
temperature is1 0° C.

What will be the ratio of the mass of natural gas in the tank when P =200 k pa
gage to that when the pressure was 100 kPa gage?

Flj RT | M, = P = I

-

, m, T P\

3 i _E_ .
R p, Nt
- pN =
S oo o KoHe —_ 3oo
_:- 1 ) 9\ ov
. a bs P i r;é. ¥
II P;bs = Pj aule Pﬂ ;’m
0
2.10A 10 m3 oxygen tank is at 15°C and 800 kPa. The valve is opened, and
some oxygen is released until the pressure in the tank drops to 600 kPa. i‘
o Calculate the mass of oxygen that has been released from the tank if the -
temperature in the tank does not change during the process. 2
3 . Qoo yio
J-lom \ = P | = - -
\( ! \j)| —-—-'R-__ (_2603{2%%3
(=] “j‘j en o |
| T, <15¢

- 15C
Pz goe KPA

{' Pﬂ- z boo qu
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Properties Involving Thermal Energy:

Specific Heat:

The property that describes the capacity of a substance to store thermal energy.

Internal Energy
The energy that a substance possesses because of the state of the molecular
activity in the substance.

Enthalpy:
It is the scale the total energy.

Viscosity:

(Also called dynamic viscosity, or absolute viscosity)

{shear stress} ={shear modulus} - {strain}

{shear stress} = {viscosity} - {rate of strain}

_, %
TR
_

T=U ay
T

o= oy pa. s
dy

For Example:

n=10" pa. S (Water @ 20 C°)
n=1.8 %10~ pa. S (Air @ 20 C°)
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A common unit of viscosity is the poise

Poise =—2-=0.1pa. S

cm.s

Kinematic Viscosity “v"

N
v-p(m/S)

For Example:

v=10°m?%s (Water @ 20 C°)

Temperature coff. Viscosity:

: : 1
D ) 100
Temperaturs, T

(IR A ) B sadh A ua 3L Jla A 3140 A g3l Jalaa Ol (Babaad) JSEN (pa BBadU
L ((Silsmadl () B sad) da o abaSl Ja B & ds 3 Jalaa ¢f Ly Baadli
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Viscosity Equation:

1-In Liquids :

Where c&b are Constant .

2-In Gases :
Sutherland’s equation

" &(?sfzrﬂﬂ

[T T T+8§
Where
o} Lo is the viscosity at temperature T,
Sis Sutherland’s constant (given in Table A.2)
& .
For Example:

S=111K (4ir)

EXAMPLE 2.2: the dynamic viscosity of water at 20° Cis 1.00- 107N - s/m’and the
viscosity at 40° Cis 6.53-107*N- s/m?. Using Eq. (2.9), estimate the viscosity at 30° C. 5
s = S
=20 —> )4 2\ i

=M
2 oS
g s fu B

€ .9o% = LnC. 4+ ©0®3ul b
334 = In( + 000319 b (%)

Li?ufi

N:C&

w7

-t

b/T =~
(%0+2%3) y -9/ 2o

E.

_3): Lhc & b/

L 1o P
L . = LiniC- * k[ (Yo #273) s - 1387
Ln Lé‘53 °
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EXAMPLE 2.3: Aboard 1 m by 1 m that weighs 25 N slides down an inclined ramp (slope= 20)
with a velocity of 2.0 cm/s. The board is separated from the ramp by a thin film of oil with a viscosity
of 0.05 N - s/m*, Neglecting edge effects, calculate thespace between the board and the ramp.

! g

- W sln 207

F :Fs’hwf
Wsin2e = U A
wsinge = [* AN
ca
fulv A
j \M%'ﬂ{)_o
'9‘)(1*\\

D-CDS L')_ 3O

Q_S Ls]ﬁﬂa\
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2.23The dynamic viscosity of air at 15° Cis 1.78*10°N- s/m>Using
Sutherland’s equation, find the viscosity at 100° C.

Air (;6”6)

-5
o V. F<L *\O Pq's
= ol @ __—"r&

-
==

—\'--:‘\C?Cﬁ‘c‘/'J """"'Iu 9'
3/

P oo D) e

/7“ T T +S
32

o T

B
ﬁ*/ﬂ(-,: i =

3/2 , ¢ 2% -+ W\
. e
s 4 I

= | 0O +2F3
- 1. ¥+ %10
/( - ? k 15 +2F>
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2.33The sliding plate viscometer shown below is used to measure the viscosity
of a fluid. The top plate is moving to the right with a constant velocity of 10 m s in

response to a force of 3 N.
The bottom plate is stationary. What is the viscosity of the fluid?

Assume a linear velocity distribution

P
v

F o
mmi/,/ somy g;ﬂ
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2.34The velocity distribution for water (20=C) near a wall is given by u = a(y /b)

® where a =10 m's, b =2 mm, and y is the distance from the wall in mm.
Determine the shear stress in the water at y = 1 mm.

\/6
U = Ct((y/b)
du . —

|
¢

a
o N
L

5/6

O]
(1
3
3
]
wl
i
o
o="0

IC
o 0
s
by
\6
s
N
i
+ |+
61\6
w
-

ks

2
N}
wn
N
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2.39Consider the ratiopmojusowhereuis the viscosity of oxygen and the
subscripts 100 and 50 are the temperatures of the oxygen in degrees Fahrenheit.

Does this ratio have a value?
(a) Less than 1, (b) equal to 1, or (c) greater than 1?

/fgo >‘ I{PUD >;{50

— ___.—-:-'"’lf:'éjl ?#
Ngo e P
2, 14 o
N e
o]
9 :

Non Newtonian fluid Shear-thinning, plastic)

Newtonian fluidwater,0il, Air)
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Bulk Modulus of Elasticity “Ev”

Is a property that relates changes in pressure to changes in volume.

dp _ change in pressure
Ev =-
dV/ \"/ fractional change in volume

For Example: /-,\;:);,o,\)%

S
Ev = 2.2 * 10’ pa (water) /»/, ;. el
Ev =10’ pa (Air) &

1
Elasticity ’

Compressibility =

q
Compressibility (Air) _ Q.2 %\0 _ 2.9 % 40*
Compressibility (Water) )

\O

]
v

P e

FL U8 T A f.,_._u_-)‘, L
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2.47 An open vat in a food processing plant contains 400 L of water at 20°C
and atmospheric pressure. If the water is heated to 80°C, what will be the
percentage change in its volume? If the vat has a diameter of 3 m, how much will

the water level rise due to this temperature increase? Hint: In this case the
volume change is due to change in temperature.

\J = Ueo L, Taz Bee

T:ro d: 3m

QH’YI‘P”-’ sSure

| | m' = P,‘\I‘
< g
R \| .i.
O
u m, = j}, N,
m = 392 * {ucoye )
/m, - 3m2g]
3 .
N = M = 3992 -m Ahzhy -hy
2 f \voo
2 - 0 058- 0-056
PR - LéYgio " me

fercmfgc oﬁ@a in volume
N -\, oYyl -oY x 6.0275




9

mﬂmﬂbﬁlﬁﬁﬂlm AfiMADIINRIc | | run.ﬂ

el |

 [©]

\“"#

Surface Tension “ o’

Force per unite length

Q

I
~1m
I
3 |=

Capillary action

Rise above a static water level at atmospheric pressure show
Fig.

IF 6 <90 ( Liquid wet surface)
IF 9 > 90 ( Liquid not wet surface)

h= —cos(ﬂ)

Soap bubble
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Vapor Pressure

The pressure at which a liquid will vaporize, or boil, at a given temperature.

OB baa sl haall g gl Lavie o S5 Vapor Pressure -

el |

T i
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2.50A spherical soap bubble has an inside radius R, a filmThickness ¢, and a
surface tension. Derive a formula for thepressure within the bubble relative to the
outside atmosphericpressure. What is the pressure difference for a bubble with

a4 mm radius?
Assume is the same as for pure water.

el |
o=0
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2.51A water bug is suspended on the surface of a pond by surfacetension
(water does not wet the legs). The bug has six legs,and each leg is in contactwith

the water over a length of 5 mm.
What is the maximum mass (in grams) of the bug if it is to avoid

Sinking?

el |
o=0

 [©]
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2.55By measuring the capillary rise in a tube, one can calculate the surface
tension. The surface tension of water varies linearly with temperature from
0.0756 at 0°C to 0.0589 at 100°C. Size a tube (specify diameter and length) that
uses capillary rise of water to measure temperature in the range from 0°C to
100°C. Is this design for a thermometer a good idea?

el |
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END OF CHAPTER TWO
Good Luck
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CHAPTER THREE: “Fluid Statics”

Pressure

Is defined as the ratio of normal force to area at a point.

Types OF Pressure:

Absolute Pressure, Gage Pressure, and Vacuum Pressure.

P=Py
ol
4 pa = 200 kPa gage
(pa = 28.9 psig) i
&
Local atmospheric pressure (gage ref.) p =0 Pagage = 101 kPa abs
pp =301 kPafabs) | (p = 0 psig = 14.7 psia)
{py = 43.6 psia) pg = -50 kP4 gage
{pg = -7.25 psig or 7.25 psi vacuum)
pP=py
Pam = 101 kPa abs
= 14.7 psia)
(Patm P2} g =51.0kPaabs
{pg = 7.45 psia)
Absolute zero {’b‘,;‘,'_"“)
/ p=0Paabs
{p = 0 psia)

"atm ‘_)' dﬁwﬁu—h\;\ S

Pabs = F’atm + Pgage

P:lol Kpa (a%ns)

p= o kr (37

P abs — I:,atm - Pvacume

Pgage = Pvacume
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Hydraulic Machines

) sl aladiinly 48Ul g ool @l Jaal cilacad) Jie U Se A 5 jell A aadiis
Bl aSal) dakail | clialill ciladl ) | eSH Aaaif el e ALY o1

el e ST Al pen ad ) 43S0 " el M addiiy padd s Of pUa 138 O Saes (e
EXAMPLE 3.1: A hydraulic jack has the dime

Sons shown. If one exerts a force F of 100 N on the handle of the
jack, what load, Fy, can the jack support? Neglect lifter weight.

(Pisen) ¢ 35 a3y iUl @
(C) LB, ie atimsly ayp s

5 cm diameter

> N\C il o7
30 9 '-:;-':/Uﬂa
-F (33.;10 )+F(3-}m Y™ | i'
O] ‘00'“) A) 1.5 cm diameter
E = Noe g ™ 4

. )
Check valve
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3_.1 3 If a 200 N force F1 is applied to the piston with the 4 cm diameter, what is
the magnitude of the force F2 that can be resisted by the piston with the 10 ecm

diameter? Neglect the weights of the pistons.
Fa

_'§ 1 I—— 10 cm diameter

— |

} Vertical

Fy
-—l J i—— 4 cm diameter
Y Qil (8 = 0.85)
/

el |
-
i i
o (WSS
! o
)
Q
Q
b
i
"
.y
"
5
~
<
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From Hjiros*aﬂc c;;mvf-,‘o/)

Pg_ +§Sz£9_ = P; ""B!ir gj_'"z’._l
Y r
PS_ = 159.15¥ 0 4+ (9%io % ©-g5)( -2)

Poc \M2.5 y o WN/m>\—'  F, =P, A,

2 . 2
=142 5y (% (=) J

E: 120 L)
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3.18 A tank is fitted with a manometer on the side, as shown. The liquid in the
bottom of the tank and in the manometer has a specific gravity (S) of 3.0. The

depth of this bottom liquid is 20 cm. A 15 cm layer of water lies on top of the
bottom liquid. Find the position of the liquid surface in the manometer.

10 tons

|_— 1000 ibt

| e
®] 7 Hydraulic oil

(return line)

Piston stop

{ Hydraulic oil

T E " ( {from pump)
&
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Pressure Variation with Elevation

pAA

Weight = yA4A¢

¢F =o
L

PoA [P rap)nA - wsink =©

/W _BPNA _wsinx o

_ e A _%BAM% =0

=5 H\jcl.f’os}va"'ic Cltffg(m+u/’ E/?,MJIDO.

‘ ’9{;9%!,_/»}13 [\, =578 b))y Ol o el el

,éz»#ougﬂ$>wrdi_é@xl R

" o )"ﬂl: -—--~-' '3 7 -~
sl — e 6 PLED| Bpie s s
k’ p+ Bz = ‘O = const.  ( piezometric pressure)

~ 9
~ t;/a-x"’) k. _E ‘2 = h = censh 4 Piezgmem‘-fic, f'vmc"\)
g | :
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where

EXAMPLE 3.3: Oil with a specific gravity of 0.80 forms a layer 0.90 m deep in
an open tank that is otherwise filled with water. The total depth of water and oil is
3 m. What is the gage pressure at the bottom of the tank?

( 9810 yo2)(3) =p t (9812 ¥o:%)(2.1)

9 —a 3 .

Po ¥y % =P3 *%

3
Teob32a0y 9RI0L2N)  <p

it semad By @ Bt e 1 b
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3.11 For the closed tank with Bourdon-tube gages tapped into it, what is the
specific gravity of the oil and the pressure reading on gage C?

()4 p=500ka <.6 7
| g_')ﬂ pp=58.53kPa Pc p‘
o
T pe=? e,
Pp +%2 = Pp r g Zp

s 50*@3 ’r%.,u) = 5%.53 ¥w + O

(& 2 Bae)

%-——b%s

P% 4 'XEB -'Pg +){ZB

5€.53 yw' + 53 (05)

(B b))

R — C

Zz
P‘B’ &+ \!)%Bf :PC. +b &

(€ 24 W) o gas yo' + A®e
% 79 .605 Kpa

CELVBE

Pe
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X =

/()—r' v Z"B’be:"".-: s 305-
=0 . . _ !
k= —ﬁ"‘\{"ta’}‘ 251
O,(..q_) L;l}équO‘hPlb>
[r%‘ 65; (el 5. %7-] € 208

/B/JBJ) ‘&f-b —‘bé;”% %lsz——— ________________
10

‘caPoSSP\\efL olkm fo 13.F¥m

g atosphele

~%r

Pressure Variation in the Atmosphere

M&AQMQJ‘F‘@JJJ&M‘)M‘um%ﬁesrmuym‘ h&é

5 -5.87 Kikm -

dlidz =

0 E i L i L L i 1 L L i L 1 L 1 1L L i 1 L L i §
137 Km Lo Bellym -80 -60 -40 -20 0 20 40
Temperature, °C

The atmospheric pressure variation in the troposphere is:
e e

g/aR
To—oa(z—-2z)
Pp=p
0 TO

T=T,-a(z-z)

Pressure Variation in the Lower Stratosphere is:
W

—(z—2z,)g/RT
P = Po€
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that standard atmospheric conditions prevail?

- lel .3 Epa P 21
P . P /@ Q2 voo ¥
T 2%€.
9 LR
) 5 KX (z-7.)
Sl 2 P = Pa [ -
s

_T::23+2¥3 :qug)(.l

X = 5-8?*'«0_31&/:41 (_censtart)

el |

= 2 oo 7

g - o BCo

v

Sea leved
E:cm

°<R 5‘§£7—aw"3 Cﬂ%?—)
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2 5.%23
P= \el3 [ 296 - 5.gFwe ([ Reew) ‘}

296

EXAMPLE 3.4: If at sea level the absolute pressure and temperature are
101.3 kPa and 23° C, what is the pressure at an elevation of 2000 m, assuming
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3.51 An airplane is flying at 10 km altitude in a U.S. standard atmosphere. If the
internal pressure of the aircraft interior is 100 kPa, what is the outward force on a
window? The window is flat and has an elliptical shape with lengths of 300 mm
along the major axis and 200 mm along the minor axis.
standard af-mvS[j'tel’& ellipHond shape

L_‘I Bve Mmm (G)

) = oo kpa-
Pn Ly = Qoo mm (1)
F o
VR
.Pa.,._,{- — E [ —l: - X [ Z —Ea\
T,

= q.gl
§ = \e\.3 9L .~ BEF (lo=2) Tragas: [I5F)
o) 29¢

( efl,-pl-ica-')

——b Arex

l:: BPA A - Tab

:.T[D'?’\{O'Q"‘

A
A :D_nguq ik,

F—- F  (veo— 2T 98 ( %5 uUq)
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Pressure Measurements
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1- Barometer

4 (é_,&.“.]a.'u.an w@ﬂeiﬂuﬁg‘j L__f“J

LGl (e o Te gad el oY) i

GO Jlag daria 58 (A0 Sle g )Ll O g1l ¢ 3all 3 danisll
(1> 3 a 5S55)

Vapor
,? pressure
of Hg
T B
. Column of

mercury rises
to height A.

Atmospheric
pressure |
pushes

down.
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2- Bourdon-Tube Gage

. i gila gl i adl axy c ladii) Ao gy ahudall (ald B 3gal Ce g
L gl B plindlg JSA (g iy ua e phila o (g giag gl sa g

Bourdon-tube
spring

-

Section A-A
through tube

A epotaigee, Lt T
dYe ard Noacume .

O]

Jualllg .dlalall deoll Slillc] graa wilc Joal
NLiLo elailed vde SMS uc diall Oublllig
:0juc SMS dJuwp Jujl
Follow MechFet
AUl poléjll nlc
90903 ()_Jj 98788 diiol

Jualg .dlalell deolal JUlle| Lol wilc Joal
..WhatsApp JI uc 223 Jsauy diaUl ul.bl.uug
0789434018 :elailty adyl by 08 -

WANAlIg awl gl ) Juw)l a3
20Ul uc pSYl yuai)
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L BlaS S Bale (gagee gl s

Al ddal) 3 jilead ZUsy Y ddabiadl ¢ 43 e (e

e iy, D (A laaal) Gl pasin o Alsga oSa Y 1 4l (e
Aaidie Ja g

3- Piezometer

- agle AL

Piezometer
tube

i
|
i :
_—

e onma iy AL S

e |
{/ S
\
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4- Manometer

A (e dgee (i ol ad ) (33 yh e ok il s e

Ynmanometer liquid)

U-tube manometer

S Sy dgle 3l S Caguy, bl 5 3¢l aal ga e silall
D e sl Jligs o 40
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EXAMPLE 3.7: What is the pressure of the air in the tank if Ly 40 cm, L,
100 cm, and L3 80 cm?

¥ Ls % + Kéc:,;\l" = P
Mc.ral.taj A 2

31
4 ro | L]
© 2 @ N.. T I T
{133 )(b%) + (% Fo) (& u) B PQ = jid _?_ Mercury

= \\o ¢pa
P, = \o P
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3.32 Considering the effects of surface tension, estimate the gage
pressure at the center of pipe A for h = 100 mm and T 20°C.

| Glass tube (0.6 mm ID, 4 mm OD) PA - Ah

Water level in tube

Efol“" Fable A-5 3
4 = 47390 A 1

h & =
Nh= Bh, 4—’5‘02

(o) “phs HlosTY) o+ A

@ azo Lo510) 8

Yy (0 0%#%)
3 G790 (0 5%@ )
0‘0‘403Lf L 9+90) = (31 5 [)‘i

P -
) 99 ¢

3.33 What is the pressure at the center of pipe B?
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3.36 Determine the gage pressure at the center of pipe A in pounds per square

: S 3
inch and in kilopascals. ¢ - qQgle Mir
tater

% 1.33 ¥lo

T 1777

2
5 Mim

_ (oY u1~334105) =0

1311t PA + (L;‘-f ¥ 9210) |
B /- N Pr el (> W

Mercury

el |

3.40 Determine (a) the difference in pressure and (b) the difference in
piezometric head between points A and B. The elevations z4 and zg are 10 m
and 11 m, respectively, L1 1 m, and the manometer deflection L is 50 cm.

 [©]

Air

Elevation = z,
B
0il (S = 0.85)

Elevation = z
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3.44 A manometer is used to measure the pressure difference be-
tween points A and B in a pipe as shown. Water flows in the pipe,
and the specific gravity of the manometer fluid is 3.0. The dis-
tances and manometer deflection are indicated on the figure. Find
(a) the pressure differences p, —pg,and (b) the difference in
piezometric pressure, p, , — p. p. Express both answers in kPa.

cm

Manometer
fluid, 5= 3

O]
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Forces on Plane Surfaces (Panels)
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Hydrostatic Pressure Distribution
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pressure

/ distribution Line of action
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pressura
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Magnitude of Resultant Hydrostatic Force
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EXAMPLE 3.9: Determine the force acting on one side of a concrete form
2.44m high and 1.22 m wide (8 ft by 4 ft) that is used for pouring a basement
wall. The specific weight of concrete is 23.6 kN m3 (150 Ibf ft3).

F-54

5 =%

= Q.?)-é-l-h‘.‘)? (QLMLm)
A

A 24dy x 122 -lag7¢68 m°
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EXAMPLE 3.10: An elliptical gate covers the end of a pipe 4 m in diameter. If the
gate is hinged at the top, what normal force F' is required to open the gate when water is 8
m deep above the top of the pipe and the pipe is open to the atmosphere on the other

side?

Neglect the weight of the gate. l C{ -y m]

A:‘;{ Oib

. w19 ) A)

c - 3hA
R %Sinix +8)

Atmosph ’ :
przzgurinc 4 m diameter = 9%le ( 15 ‘1') C
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3.58 As shown, a round viewing window of diameter D = 0.8 m is situated in a
large tank of seawater (S= 1.03). The top of the window is 1.2 m below the water
surface, and the window is angled at 60° with respect to the horizontal. Find the
hydrostatic force acting on the window and locate the corresponding CP.

vy 9
fjop"‘j o’a

- CD‘-"SI” r{o 5=

[,_ :E%/d
R
.5y6 (1.03 % 98i0) (

S (o“é])

1

J__
1
G
4
s |
2

]
(o))
=
o~
¥

;.x
vl
N
R
3




)

y
R

mﬂmﬂbﬁmmm AfiMADIINRIc | | w

A

3.62 The gate shown is rectangular and has dimensions 6 m by 4 m. What is
the reaction at point A? Neglect the weight of the gate

}Q:é-\;-’-}- = (24 P

Hinge 2
Atmospheric U:R ) A ‘

pressure

A

_4h A
Fe
T _ ¢ sin3o + 3
g
e a8 i %
e .3 >
ey "
8‘, 66’5 "}:\:cém
o| ces 3° r 5.8 (94%1°) (2)

_ 1
b g A
- {57 -
6. ub ( 24)
éﬂ\ =Y
W £ -6 R, =
< S e " e’ (3o - A
/d@ % Rp o7 YN
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3.65 This 10 ft—diameter butterfly valve is used to control the flow in a 10 ft—

diameter outlet pipe in a dam. In the position shown, it is closed. The valve is
supported by a horizontal shaft through its center. What torque would have to be

applied to the shaft to hold the valve in the position shown?

Air at
atmospheric pressure

10 ft diameter

O]
=0

 [©]
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3.66 For the gate shown, a= 45°, y1= 1 m, and y2= 4 m. Will the gate fall or stay

in position under the action of the hydrostatic and gravity forces if the gate itself
weighs 150 kN and is 1.0 m wide? Assume T= 10°C. Use calculations to justify

your answer.

Standard
atmospheric
pressure

Hinge

el |
o=0
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3.70 The plane rectangular gate can pivot about the support at B. For the
conditions given, is it stable or unstable? Neglect the weight of the gate. Justify
your answer with calculations.

el |
o=0
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Forces on Curved Surfaces
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FR = IF'E’ FFhC
= Jiog 3t + (%" :@

EXAMPLE 3.1 : Surface 4B is a circular arc with a radius of 2 m and a width of
1 m into the paper. The distance EB is 4 m. The fluid above surface 4B is water, and
atmospheric pressure prevails on the free surface of the water and on the bottom side of
surface AB. Find the magnitude and line of action of the hydrostatic force acting on
surface AB. '

<
@F}_’:%l’]\‘AV i ;
( 2 %)

agio (Y + )
F;)—; qL-1 ILN
_ %W
¢ FV = b N
_a<go *(w¥.2¥

FV; ?8‘5;[1\;

109.3

Y, = 785 (1) ‘f'?’o‘g(lip)\b -
i l0q. 3
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3.76 Determine the hydrostatic force acting on the radial gate if the gate is/40 ft}long
(normal to the page). Show the line of action of the hydrostatic force acting on the gate.

3
§:dgio Wim = €24 b /by




s Lluss | eloabddiey auagitinpr | fiis !

O]

 [®)

®

Buoyancy
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The Buoyant Force Equation
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EXAMPLE 3.12: A metal part (object 2) is hanging by a thin cord from a floating

wood block (object 1). The wood block has a specific gravity Si 0.3 and dimensions of 50
* 50 * 10 mm. The metal part has a volume of 6600 mm?>. Find the mass m: of the metal

part and the tension 7 in the cord. =
R,

@ zs5mm

/[

e

%S, N,
—~ 9%lo (o 3)( Box* Bel V&) le )

T+F2, ;
(&2 oo7234) -
o- 1) U

C,lgbf o D‘D? 35

&, -
We = O \Zuy A
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3.93 Determine the minimum volume of concrete (Y = 23.6 kN m3) needed to
keep the gate (1 m wide) in a closed position, with L= 2 m. Note the hinge at the
bottom of the gate.

el |
o=0
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4.20 The nozzle in the figure is shaped such that the velocity of flow varies linearly

from the base of the nozzle to its tip. Assuming quasi—one-dimensional flow, what is the
convective acceleration midway between the base and the tip if the velocity is 1 ft s at the

base and 4 ft s at the tip? Nozzle length is 18 inches.
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\lbase
v o g B
tip
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4.24 The velocity of water flow in the nozzle shown is given by
the following expression:

V=2t/(1-0.5x/LY.
where I = wvelocity in feetpersecond, 7 = time in seconds, x = dis-
tance along the nozze, and L =length of nozzle = 4 . When
x = (.5L and ¢ = 3 5, what 1s the local acceleration along the cen-
terline? What is the convective acceleration? Assume quasi—

one-dimensional flow prevails, fcal @ @'fé\fz—
conveckron e ’V/‘a-%{s
1 ft diameter [ Ladft
30 @ Local accederabion = _g:{
DE
nE
o pre
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c o T A— o
Q-OSY) j = oBEEE \
T ( L
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4.35 A liquid with a specific weight of 100 1bf/ft is in the conduit. This is a special
kind of liquid that has zero viscosity. The pressures at points 4 and B are 170 psf and 100
psf, respectively.
Which one (or more) of the following conclusions can one draw with certainty? (a) The
velocity is in the positive Ldirection. (b) The velocity is in the negative _ direction. (c)
The acceleration is in the positive L direction. (d) The acceleration is in the negative L
direction.
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4.47 A U-tube is rotated at 50 rev min about one leg. The fluid at the bottom of the U-
tube has a specific gravity of 3.0. The distance between the two legs of the U-tube is 1 ft.
A 6 in. height of another fluid is in the outer leg of the U-tube. Both legs are open to the
atmosphere. Calculate the specific gravity of the other fluid.

f—1ft— S6 =3
= Bo rev/min

Vertical

1P — 1217 5o (27)
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4.61 Water flows through a vertical contraction (venturi) section.

Piezometers are attached to the upstream pipe and minimum area section as shown. The

velocity in the pipe is 10 ﬂ/s. The difference in elevation between the two water levels in
the piezometers is 6 inches. The water temperature is 68 F. What is the velocity (ft s) at

the minimum area?
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4.45 A U-tube is rotated about one leg, as shown. Before being rotated the liquid in the
tube fills 0.25 m of each leg. The length of the base of the U-tube is 0.5 m, and each leg
is 0.5 m long. What would be the maximum rotation rate (in rad s) to ensure that no

liquid is expelled from the outer leg?

!' 0.5m

el |
o=0

 [©]




$  rolluleloasdiier gt i)

4.62 Kerosene at 200C flows through a contraction section as shown. A pressure gage
connected between the upstream pipe and throat section shows a pressure difference of
20 kPa. The gasoline velocity in the throat section is 10 m s. What is the velocity (m/ s)
in the upstream pipe?

Kerosene at 20° C
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4.64 A glass tube is inserted into a flowing stream of water with one opening directed
upstream and the other end vertical. If the water velocity is 4 m s, how high will the water
rise in the vertical leg relative to the level of the water surface of the stream?

c l.o
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4.95 The velocity in the outlet pipe from this reservoir is 16 ft s and # =15 ft Because of
the rounded entrance to the pipe, the flow is assumed to be irrotational. Under these
conditions, what is the pressure at 4?7

4.96 The velocity in the outlet pipe from this reservoir is 6 m s and 4 =15 ft Because of
the rounded entrance to the pipe, the flow is assumed to be irrotational. Under these
conditions, what is the pressure at 4?
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5.12 The hypothetical velocity distribution in a circular duct is

v r

S,

Vo R

where r is the radial location in the duct, R is the duct radius,
and ¥, is the velocity on the axis. Find the ratio of the mean ve-

locity to the velocity on the axis.
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5.49 A tank has a hole in the bottom with a cross-sectional area of 0.0025 m2
and an inlet line on the side with a cross-sectional area of 0.0025 m2, as shown.
The cross-sectional area of the tank is 0.1 m2. The velocity of the liquid flowing
out the bottom hole is V = (2gh)?5, where h is the height of the water surface in
the tank above the outlet. At a certain time the surface level in the tank is 1 m
and rising at the rate of 0.1 cm/ s. The liquid is incompressible. Find the velocity
of the liquid through the inlet.
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5.58 What is the velocity of the flow of water in leg B of the tee shown in the
figure?

2 m diameter

4 mis C




A

-
-
gl

oLl lbeleatéls atvapiidnein | iz

R

5.18 The rectangular channel shown is 1.5 m wide. What is the discharge in the
channel?

., Verticaldepth=1m
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5.66 Assuming that complete mixing occurs between the two inflows before the

mixture discharges from the pipe at C, find the mass rate of flow, the velocity,
and the specific gravity of the mixture in the pipe at C

6 ollulbeloie shugiipall Ain) O
( - / Z

Closed tank

| Diameter=6in
Diameter =6 in

Diameter = 4 in
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5.74 How long will it take the water surface in the tank shown to drop from A= 3 m to
h=50 cm?

60 cm diameter
s —
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6.10 A horizontal water jet at 70°F impinges on a verticalperpendicular plate.

The discharge is 2 cfs. If the external force requir hold the plate in place is
00 Ibf, what is the velocity - 9 cPs = %( 0B m's |

of the water? ’
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6.15 A tank of water (15° C) with a total weight of 200 N (water plus the container) is

suspended by a vertical cable. Pressurized air drives a water jet (d= 12 mm) out the
bottom of the tank such that the tension in the vertical cable is 10 N. If A =425 mm, find
the required air pressure in units of atmospheres (gage). Assume the flow of water is

irrotational.
L)z Qoo M-

Vartical cable d - n.mm

Pressurized air F: \ou
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6.30 A vane on this moving cart deflects a 10 cm water jet as shown. The initial speed
of the water in the jet is 20 m s, and the cart moves at a speed of 3 m/s. If the vane splits
the jet so that half goes one way and half the other, what force is exerted on the vane by

the jet?
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6.44 This 30° vertical bend in a pipe with a 2 ft diameter carries water at a rate

of 31.4 cfs. If the pressure p1 is 18pgj'at the lower end of the bend, where the
elevation is 100 ft, and pris 8.5 it the upper end, where the elevation is 103
ft, what will be the vertical component of force that must be exerted by the
“anchor” on the bend to hold it in position? The bend itself weighs 300 Ib, and the

length L is 4/f(
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il pt),('\}- N= A E (56)°

el o
Py A F
A ij *
| Lo,
ZFX e émo“}' UU‘U‘ - 2'W"i-'\ 0
S0 —3.853
b . Q[ 3.53 <=3
-Fx +f A 1'% F 0 3
e | 2 353 eos20 - 363
BT 3 1 20 - fo¥t© (L(D‘GJ) +"°°°[ J
_ 6oxid (L(o.c) ) coS Q
-}-_x = m
_yg. AgEr N
o
_ e m N
zrj . 5 ey Ve
<ip 3°©
(A_) _ ? A!’ wn 2o = SQ N
wJ s Rend & .
Fj -~ Twate ; %\,‘ Lﬁ {0-6]?] Sinle = \00O (3.53)50’?3'0
o ¥\O w

in3o
2, _ 3.53 Uooo)Sm

3 Cr(o-e] )smio 2
_ Lorl W




- lluus oadgior adegiidhpall iz

0|

 [©]

Fx

6.55 For this horizontal T through which water (p = 1000 kg /m’)
is flowing, the following data are given: Q; = 0.25 m'/s, Oy =

0.10 n?’ /s, py = 100kPa, p, =70kPa,p, =80kPa, D, = 15cm,
D, =7cm, and D; = 15 cm. For these conditions, what external
force in the x-y plane (through the bolts or other supporting de-
vices) is needed to hold the T in place?
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6.26 Plate 4 is 50 cm in diameter and has a sharp-edged orifice at its center. A water jet
(at 10° C) strikes the plate concentrically with a speed of 30 m s. What external force is
needed to hold the plate in place if the jet issuing from the orifice also has a speed of 30

m s? The diameters of the jets are D= 5cmand d =2 cm.
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6.46 This nozzle bends the flow from vertically upward to 30° with the horizontal and
discharges water (Y= 62.4 1bf /ft®) at a speed of V= 130 ft s. The volume within the
nozzle itself is 1.8 ft*, and the weight of the nozzle is 100 Ibf. For these conditions, what
vertical force must be applied to the nozzle at the flange to hold it in place?

A=CEOHN
valume = 1.8 13
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6.69 This spray head discharges water at a rate of 4 ft* /s. Assuming irrotational flow
and an efflux speed of 65 ft s in the free jet, determine what force acting through the bolts
of the flange is needed to keep the spray head on the 6 in. pipe. Neglect gravitational
forces
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