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CH 2: FLUID PROPERTIES

Hydrodynamics: deals primarily with the flow of
fluids of constant density, such as the flow of
liquids or the flow of liquids or the flow of gases at
low speeds.

gas dynamics :deals with the flow of fluids
that undergo significant density change.

Basic Units:

linch=25mm 1ft=12inch

EX:

S5inchtoft ?

Ft=—

Pressure

Pa=atm*1.01325*10°

1mmhg=133pa

g binnl=hinn 10 IS Akl

Temperature: Rankine{R°}=460+ F°
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T(F°)=1.8 T(C°)+32
T(K°)=T(C")+273

K°:keliven F°:Fahrenheit

¢ LA\ c_\\.d\( propertis)uaﬁ\..a& e.\.us.\.\

1) Extensive properties: are properties
related to the total mass of the
system,example: M, W.

Jstaall e ki Al cl sy il Al (ailadldl
2) Intensive properties :are properties
independent of the amount of fluid, example:

P, T, p.
Gl 257 48yl da po el (e S 2 g sl gie
OS5 3l all b jal ele s (8 elall 18 (e ¢ Ja Jaiy
intensive ¢uile 51 4 4, sluda
extensive <alial duall o) 55 (Sl
cal slall (e 6 3 Ji 2ie 500 @Sl o S S
250 4)5 S JS

|Page?2




- Mass Density, p:unit(kg/m3 )

Mass per unit volume

m
v

p:

pwater at 4C°=1000kg/m?3
pair at 20C°and stander pressure=1.2

- Specific Weight(y) unit(N/m3)

_ _axm
=P 8 =8 ”

g ¥l anilall g lus
M:mass V:volume

ywater at 20 C°=9.79
vair at 20 C° and stander pressure=11.8
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- Specific Gravity (S)

s the ratio of the specific weight of a
given fluid to the specific weight of water
at a standard reference temperature.

« At standard reference temp of 4 oC,
ywater=9810 N/m?

*To find pressure and density in ideal gas:

R:gas constant unit(J/kg.k)
P:absolute pressure unit (pa or psi or psf)
T:Temperature unit(k or R°)
CALSIL (5SS ) jall U pa asall Bas g cailS 1)
R® (sS85l all lpsf Jaaall 3as 5 il 1)
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CH 2: FLUID PROPERTIES

-Specific heat (¢):
O BAN A e Lile Cang da i el U
heat,temperature
Temperature:the way describe how hot and cold
object
) el (A A8 ai A 5k (e 5 ke (o
Heat: a form of energy unit (J)
Alal) I3 e IS4G

 The specific heat (c): is the amount of
thermal energy that must be transferred to
a unit mass of a substance to raise its
temperature by one degree.
A5 ) A da )3 B3l ) avall A0 gaial) 48U Hlasa o8

O AuSe a8l ) oA Cay gl JA ga

Temperature, heat

« Specific heat can be given at constant
pressure (cp )or at constant volume (cv ).

 The ratio cp /cv .is given by the symbol
(k) and is always constant for a given gas.
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CH 2: FLUID PROPERTIES

- Specific Internal Energy (u):J/kg

is the energy that a substance possesses per unit
mass because of the state of the molecular activity
in the substance.

- Specific Enthalpy(h):J/kg

h=u+>
yo,

For an ideal gas (u) and (h) are function of
temperature alone

-viscosity (4

A fluid is a substance that deforms continuously
when subjected to a shear stress.

Lpﬁﬂﬁj§u;\¢¢{}ﬁ.ﬁc‘)JALﬁgcﬂA“o)ﬁ%

T : shear stress

u : dynamic viscosity or absolute viscosity , dV/dy:
velocity gradient, or time rate of strain, or shear
strain

p unit N*S/m? or kg/m*S Jaadly S3 1A 7 ddaaSla

poise 4ed a=0.1
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CH 2: FLUID PROPERTIES

ade Gllayy jhia (g sl saic

No-slipe condition
de yull 2la 3 mhaudl (e Baatyl LS

* The velocity distribution.in a fluid near a
boundary can be given as follows:

i/

dy

kinematic viscosity (v):unit (m?/s)

B3 s v Bans Om (3Ll A jeal ) aga

|Page?




CH 2: FLUID PROPERTIES

*The viscosity of a gas increases with temperature
as given by the Sutherland’s equation:

S:constant for gas, T: 3_)_all 4a )3( keliven)

«the viscosity of a liquid decreases with

temperature

C,b: constant

|Page8




CH 2: FLUID PROPERTIES

Example: Two plates are separated by 1/4 inch
space. The lower plate is stationary, the upper
plate moves at a velocity of 10 ft/s. Oil (SAE
10W-30, 150 °F) which fills the space. The
variation in velocity of the oil is linear. What is
the shear stress in the oil?

Ya

10 ft/s

gogh Jdls o ov S ¥
dy

[=/olv
% I N
) T @) JUroe -

dv = av < jo-0 _ Y3, Ft/s
di 44 Mllz}}

[axed | &« pinity o2 Bole( (4) Volan 0B -2

V = q%+/)

[B=0)="4=% > """

V= o

_
Uty =z 2
m.:@?ﬂ

V= 4304 %j - 450 ]

T=("dv &Gl U &
’, - ?
2% 1b/F*

d
r=5/2 y /o ¥450 = &
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CH 2: FLUID PROPERTIES

Example: A block weighing 1 kN and having
dimensions 200 mm on an edge is allowable to
slide down an incline on a film of oil having a
thickness of 0.005 mm. If we use a linear
velocity profile in the oil. What is the terminal
speed of the block. The viscosity of the oil is
7x103 N.s/m?

20

' < JEI ey ;_,BJ'
50/0“ M‘(

\t
0%
’ - 03 20
10 we

w

(a1 ) »2f :dJL--ﬂ’ vl aip csid ( verminal speed'))f/-" JIs—I Cf ¥
cere

EF,=m-a

ws/n20=—Fshe = zero
= wsin20 =Fsher

g {7'—5/7@l’=- -[ﬂ{

‘/" A" .. = (200000 4V
Z‘.- j/_Q (00 5)¥ jgT
b A

mm—* M

T = (7% 16 )( 200000 4v) = [1/004V|

wsin 20 = T*A
= [1x167)(sm20) = (/‘/ﬂoﬁv)/fb/)

[av = 4,1 m/s)
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CH 2: FLUID PROPERTIES

S R PR

centrioid
L boei
w o png(u/cr veloc/ty
(=FA
' o B
i o
i

% Area ot Pa/‘ﬂl'@-"
% Areo at Pa/m‘@-"iﬂ -’27”5*;

-3 (no/—lmer) 45 Ul —cil=" ) ¥

.

& strainsshear stress ¢ A8all o &) gall anidts

1) Newtonian 2) Non_ Newtonian: 42,k &8Mall o)<
«Elasticity (425_4l): compressibility of the
fluid is related to the amount of

deformation (expansion or contraction) for
a given pressure change

|Pagell




CH 2: FLUID PROPERTIES

- bulk modulus of elasticity (Ev): N/m?

d d
E,= b _ ap

dp/p dv/v

P: pressure , p:density, V:ivolume
SN ) anall il e aall 8 el Jiay
*The elasticity of an ideal gas:

1) Isothermal process: sl (52 A1 A Al e JEssy!
a3 )l e da o

2) adiabatic process: Jsx adaill o &

cheat transform =zero

|Pagel2




CH 2: FLUID PROPERTIES

- Surface Tension, o: N/m

OB a8 O lee aldfay cl8lL Chad g clo alila cle 5 saie 4

uS;LAM QSS} CJ\AJS elall St La aal [FEgR v @3-)7'1 -, ;\.AM&L:“
;w\w;é}dio\%ﬂﬂju& Js ;GS\JSQGJBHM
O Al Gt ClalaiY) mes e 358 il

Ailiall Oy adl e o Sareluldll (cohesive)

adliae Al ja om 0S5 =2 Adhesive

6 8 Sl g 4o gatY) d&\dgujcmgﬁ;w\ O Jaadl
sl i ja o el 5 8 e 58I laall g sl adtl

Adhesive > Cohesive

Adhesive < Cohesive

|Pagel3




CH 2: FLUID PROPERTIES

Vapour Pressure:
Is the pressure at which a liquid will boll.

*The vapour pressure increases with
temperature.

vapour 3L ) e Jdad ) all da jo ol 3 Lavie Gldall Saay
sl larall 4 s muad Cusy pressure

4ok dAe T)p O 4830

Tauke BB p, Aoyl (A

boiling can occur at low temperatures if the
pressure in the liquid is decreased to its vapour
pressure.

*The effect of vapour pressure can be noticed in
flowing liquids when vapour bubbles start growing
in local regions of very low pressure and collapse in
regions of high pressure. This phenomenon is

known as cavitation

|Pagelad




CH 2: FLUID PROPERTIES

|PR()BLE.\I 2.2'

Situation: Carbon dioxide is at 300 kPa and 60°C.

Find: Density and specific weight of CO,.
Properties: From Table A.2, Rco, = 189 J/kg-K

s (P ) i sl =B e Jolui’ o

T -Keliven /" P+ Pa ke (c)oe[T) &

= K
. T/,f)=£0+273 233A
P= 200 ¥10 U, 747 Kyl
(189)(333/ r/j
X-’ fg - ’4,7/11 98/ =

Situation: Natural gas (10°C) is stored in a spherical tank. Atmospheric pressure is
100 kPa.

Initial tank pressure is 100 kPa-gage. Final tank pressure is 200 kPa-gage.
Temperature is constant at 10°C.

Find: Ratio of final mass to initial mass in the tank.

B 4_.;14// i (Arass) stz ¥

[P=25] h=r-V]
sz (Prol —bU pedety L2

L
Vx P (L—-Jlb—v“—‘ﬂ? ""’PJ’dj——J Jlax-;
IE L_u-lm)ulos’u’d#w g

(P) oo 2wt 3

Mz - & =___gg_3 /,5\
2y P 2003

— o000 + l0/.3
P - Joo + 10,>
=
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CH 2: FLUID PROPERTIES

Situation: Water and air are at 7' = 100°C' and p = 5 atm.

Find: Ratio of density of water to density of air.

Properties: From Table A.2, R,;, = 287 J/kg-K. From Table A.5, py..0, = 958 kg/m?.

. (fro rer)s(poir ik &) e

' 36 ipl>
Proter =158 =BG

Poir=_P_ pPxPa JT=K
AT

() o so9i(arm) i p & et
p - 5al,01326 x10° - Egomo,oq[

T = Jo0o+r273= 273K
- 506600 - 4,73 K3/

g o>

23373
[rotel” _ HEE _l |
Poit 17,733 - '?02 '

Situation: Air is at an absolute pressure of p = 600 kPa and a temperature of
TS 50°C.

Find: (a) Specific weight, and (b) density
Properties: From Table A.2, R = 287 1

kg K*
APPROACH
First, apply the ideal gas law to find density. Then. calculate specific weight using
Y= pg.
ANALYSIS
Ideal gas law
P
I}uix — ﬁ
= 600, 000
~ 287(50 + 273)
= 16.47 kg/m?
Specific weight
Yair = Pair X9

= 6.47 x 9.81

- ey
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CH 2: FLUID PROPERTIES

Situation: Oxygen (p = 400 psia, T' = 70 °F)fills a tank. Tank volume = 10 ft*. Tank
weight =100 1bf.

Find: Weight (tank plus oxygen).
Properties: From Table A.2, Ro, = 1555 ft-1bf/(slug -° R) .

(waight|0xygon + tank ) L2 sldbl ¥
sty = 10075 = s usbee

= (Worggem ) 3 L ¥
fl & Juiinep 1S @

m Jé—-,/’=.vtﬂ @
w:M‘-j @

Dr-r. I T

p - Hoo Lbi7" - E7J00 Tb/FF

T- 44 “;? spoe - 90687 slag /FF
= o+ =

= 0699
@) P = 1=

@D we-meq- 96T 22,0\2 2614
v, ,92,5“40_-

Wyop = Vorygen
f’ropIQIIO)'
2
)) volume = Tl = ,_I__ﬂ-ch"ﬂ Jo[@v= 254w
l—,

2) Pl = 1223 (0724 Ig/n?

(39)1290]

mass = SV = 5661
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CH 2: FLUID PROPERTIES

Situation: A design team needs to know how much COj; is needed to inflate a rubber
raft.

Raft is shown in the sketch below.

Inflation pressure is 3 psi above local atmospheric pressure.  Thus, inflation pressure
is 17.7 psi = 122 kPa.

Find: (a)Estimate the volume of the raft.

(b) Calculate the mass of CO, in grams to inflate the raft.

Properties: From Table A.2, Reo, = 189 J/kgK.

Assumptions: 1.) Assume that the CO; in the raft is at 62 °F = 290 K.

2.) Assume that the volume of the raft can be approximated by a cylinder of diameter
0.45 m and a length of 16 m (8 meters for the length of the sides and 8 meters for
the lengths of the ends plus center tubes).

APPROACH

Mass is related to volume by m = p#Volume. Density can be found using the ideal
gas law.

ANALYSIS

Volume contained in the tubes.
2
AW = %—- XL

B2
= (w X 16) m?
4
= 254m®
Ideal gas law
_
P T
122,000 N/ m*
(189.1/ke - K) (290K)
2.226 kg/m’

Il

Mass of CO,

m = px Volume
(2.226 kg/m®) x (2.54m®)
5.66 kg

|Page 18




CH 2: FLUID PROPERTIES

Situation: The viscosity of air is p,;, (15°C) = 1.78 x 107> N-s/m?.

Find: Dynamic viscosity p of air at 200°C using Sutherland’s equation.
Properties: From Table A.2, S = 111K.

Mo (L LS
M,y To T +s5

To <15+ 273=288k  ((kd(c®) v &(T) 4]
T= 200+2%3= Y73k

M y73 )% "
288/ g

]
1,78 xi0 7T
— 5
W-T:z 54 % 107 s/ m*

Situation: Oil (SAE 10W30) fills the space between two plates. Plate spacing is
Ay =1/8 =0.125in.
Lower plate is at rest. Upper plate is moving with a speed u = 25 ft/s.

Find: Shear stress.
Properties: Oil (SAE 10W30 @ 150°F) from Figure A.2: g = 5.2 x 107 Ibf-s/ft2.

Assumptions: 1.) Assume oil is a Newtonian fluid. 2.) Assume Couette flow (linear
velocity profile).

(shel stress) ip o5l

- M elv
] T

b v . PE)ES - [0 TF]
79: a4 (0.12')//2)13#

T (5.2%16"(2400) = (125 T4/5:% ]
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CH 2: FLUID PROPERTIES

Situation: Air and water at 40°C and absolute pressure of 170 kPa
Find: Kinematic and dynamic viscosities of air and water.

Properties: Air data from Table A.3, p,;, = 1.91 x 107> N.s/m?
Water data from Table A.5, fiy e = 6.53 X 107% N-s/m?, pyarer = 992 kg/m3.

= (Kl'nemof-ic VigeositY ).”.91'@“ ¥
dyromicVis €OSHY% sy Yl oo JI

X Aire" 5] (AP
= r = [/ I""” =
[-5] Eer=iaed 7 4]
Ps 1%, T kelven

I/D_._-/7‘02\‘/03 ) ) 3
gy = 2T

-5
0 -£ .,
W %: 10,1 %10 " ms

/ =t =T
¥ wate) o~ M Water = 075 3 X [0 5

Situation: Water flows near a wall. The velocity distribution is

o <o 3)"

where @ = 10m/s, b= 2mm and ¥ is the distance from the wall in units of mm.

Find: Shear stress in the water at y = 1 mm.

Properties: Table A.5 (water at 20°C): = 1.00 x 107N - s/ m?.

AV _ 1ygi s
J9

o (12 16%)(1435) <795 P
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CH 2: FLUID PROPERTIES

Situation: Water in a 1000 c¢m?® volume is subjected to a pressure of 2 x 10° N/ m?.

Find: Volume after pressure applied.

Properties: From Table A.5, E = 2.2 x 10° Pa

E< -ap_v_
4av
4V = --ﬂ) _ ‘2*‘/0‘
E T =" (100q)
2/271'/09

Bv ==0,909/ emn? I
me, = V+dv= 000 - 0,909/ -

Situation: Water is subjected to an increase in pressure.

Find: Pressure increase needed to reduce volume by 1%.

Properties: From Table A5, E = 2.2 x 10° Pa.

v ==-0,0] V]

[ - -4p(

AP
F=-FAv _ -2,2*/03(-o¢:/\x)

Situation: Very small spherical droplet of water.

Find: Pressure inside.
" (srface tepsion ) ede guer| i
P(wrY = 2Rxs
= pP=2
=

|Page21




CH 2: FLUID PROPERTIES

Situation: The application is a helium filled balloon of radius r = 1.3 m.
p = 0.89 bar = 89 kPa.
T =22°C=2952K.

Find: Weight of helium inside balloon.
Properties: From Table A.2, Ry, = 2077 J/kg-K.

APPROACH

Weight is given by W = mg. Mass is related to volume by m = pxVolume.

can be found using the ideal gas law.

ANALYSIS

Volume in a sphere

Volume = —7r®
olume 37rr
= %;-Trl.33 m®
= 9.203m*
Ideal gas law
e
P = ®T

89,000 N/ m?

(2077J/ kg - K) (295.2K)
0.145 kg/m®

Weight of helium

W = px Volume x g
(0.145 kg/m®) % (9.203m*) x (9.81 m/s?)
13.10N

Weight = 13.1 N

Density

|Page22
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CH3:FLUID STATICS

Pressure (p): Normal force exerted by a fluid
per unit area .

stress le i (solid) s & Wl

F=P/A

F:Normal force , A:Area
®Unit : N/m? (pa) , (psf) Ibf/ft2,(psi) Ibf/in?
1kpa=103, 1Mpa=10° , 1Gpa=10° , 1bar=10°

PR e baall 8 Sy

1) pressure transducers
2) Bourdon — tube gages
3) Simple and differential manometers

Pressure Transmission

| WANIEIUI\UJ) )

Control
valve

t\
Air pressure
from compressor —> e— 25-cm diameter
¥oelvog]ieniiesive batiesinossney
4 A A A A R A
o P
%
: %
N :
o, o ’
d Air 2
i = .
p.d
o
[ —
IR ARERRL AN
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CH3:FLUID STATICS

OS5l i Ao Slgis J) s
ePascal law: A consequence of the pressure in
a fluid remaining constant in the horizontal
direction is that the pressure applied to a
confined fluid increases the pressure
throughout by the same amount

Glaloall (A A3 S dariall Aadd ) G S8l Gl
(statics s & Lais) 4.88Y)

Pabs=pgage+ Patm

Absolute pressure (pabs)
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CH3:FLUID STATICS

Gage pressure (pgage):
Ofiad Ll () 5S05 YT i ¢l sg)
Atmospheric pressure (patm):

atmospheric pressure at sea level=101.3kpa
ALY Jsla 8 Lgeadiin Jaéa dagll o2a

e |f the atmospheric pressure is 101.3 kPa
which is measured at sea level at T=23 oC:
1)gage pressure = 50kpa

2)gage pressure=-50kpa , find pabs?

1) Pabs=pgage+patm=50+101.3=151.3kpa

2) Pabs=pgage+patm=-50+101.3=51.3kpa

* Pressure variation with elevation:
4aaV) clilieals (5 ghasia ) S Jaracall g3l CadiS) OIS
Ll 4d i Taaeall ) Ll o Ldall | i) oS
Laacall J& o DU Ui 5l LS 203 ganl)
Loz Al
433 gae A8luia / U—\E(Ahorizontal) 4,88) 48la
ey vertical
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CH3:FLUID STATICS

1) incompressible: p is constant

2) compressible: p not constant

:(incompressible fluid) s & hiall Glual

p +y z = constant

OR

:density s &l gall andis

*485a PRERIWY

P + z = constant
/4

g oml g dall Jiadl g8 5 ja) () 5318 lilia

P+yh=p2

Z,h:g s )Yy
ABYL (il g8l aladio) 48y yla s gy o g

- Pressure Variation for Compressible Fluids:

e For Ideal gas: p=pRT or p=p/RT

e Multiply by g: pg=pg/RT, then y=pg/RT

_pg
4 RT

ey=fn(p, T) e dp/dz=-y=fn(p, T)
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CH3:FLUID STATICS

Example: Find the pressure at the tank bottom.
-y =9790 N.m3 (Table A.5) .

Water

_70 0
1=20 C he2 m

s 31 e | i) A =L V5 Lip G ¥

1y glsis Sl a2
relepce &) 300 Blos fE5E

be? e (refience )l J@f[@f,f'a,%;'b.:%
e Vg pus ) ) o Gl e

- . l:l .L—J’lipé *
L4Z = il il FEIE S
: X 4 - (Z)Jl O,«( c QW..,@OG;FCJ:LUQ.,U"IJI) Wi~
}Kszcncc
o ) gl B

(Aldsgp=

L0=R _ g Py=2(9790)=]LE3HA( age]
Vi)

(geuge) 7

-:[ Pub
!ﬁ155=/7;53+/ﬂ/;3/ /qu

N—
%
.
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CH3:FLUID STATICS

=xample: Find the pressure at the tank bottom

N
1
)
Qll{5=0is) hi=05 m
5 v
Water T
h2=2 m
T=20°C l
3
Qlip 6 5% Lt ¢8 SUR] 2520 L»Jh x
(Y) @bcp B!
refrence
(f‘an'nch_,_;_J @ -
cpisuls rvl,.i...:_l -
@
wate/”
@
i d)-‘-‘l@‘ L) ¥
‘ -
e
: vt (2)
s wly) ) ¥

£+ Y% +4h =6
gl o il o sl L

00z (1)
S warer=
f: Sorl = YO/l:{algijZ/a}:M

—ero ) waote)

XZ:%:B /r

o/

i + Z, =_/? S ()'Vw&rj d)"-fllo“w

wgrer ,wa/t /

970 i = +/2}=){/3) 53,56 q}
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CH3:FLUID STATICS

-2 aglyy 2yl X
oladl > Wl b el W) oip &

T

(2) Qi iz oeiv, (1) Yeed] i 00

= frence
> @V )

/7 """Zﬂ4 W )/Wb/f)r/ =/Z

£ =2erz
0 + (72848) [0,5) +(#790)(2) < B

2 =23, 5 CYliPu

Example: Find the pipe pressure if h,=1.2 m,
h,=1 m, and h;=3 m

Hg (5=13.6)

Water 0il (5=0.9)
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CH3:FLUID STATICS

o (P )ipzolbdl

7] q NP ; a—:t'l
()b s olsd)> (1) qbll e T Ll ol (P € Y/

)
] _relronce A7
B+ Kbz -y, he hwrh=, Vol 8)

&l
i} C": &
| dlt-\—é; k}
— Th h‘-[—’- ;: @ Al
: Z///f i )
a.,mdls_');bo
clt;)::.l‘—;—i‘d: (+ve )@ (el JH1 >
(UL.) UJ’

Llabe 1 con X

i () Vlive(a) 2 () WA ())

ﬂ

Yoy = 780 S= _yfg_ 0 ’(B,é){"IBIO/

: =l‘i wvlel

INIM{o’) i3
}/ wqrel 0/5 /o |=F s L‘l i‘(')) o 2l

A (o 9)19810)(3) = [136)( asj)A9810)l Al
3
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CH3:FLUID STATICS

Example: Given F,= 200 N, Find the F,. Neglect

the weights of the pistons i
—~1 1 Ie—lo-cm diameter

T

I Vertical
Fy 2m

_'l 4-cm diameter
0il (S = 0.85)
S //

!‘ 22m

x_

SD[;& {F;) )hio&llpy

5. o= ’ [”;)y' » P)JM"‘()&.
ph=f ColoiglerdlE ol
(ve) 2

+

p=F . 209 = 15%Zkpo

A % {O/OL/)
I15% 23800 (035R9310)(2) =F

Pe= 192,558 /qu] L=(42£573) %) [al)= LUIW
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ePressure Measurements:

Manometry:

BA\ACJA&MEWoJM\tube&EJQQ}A:ﬂe\.d\ds..ﬂ\
"’ « Yo S‘L . .“e . “Glé‘}s\j 5L.~ M\dﬂ.«z\é&&

&MJMM\AbJﬁﬁM\w@&w@\d&uM
- 33 JIKE) Al
a: Piezometer:

A simple manometer, or a piezometer can be attached
to a pipe and the height of the liquid’s column is an
indicator of the pressure in the pipe

|

h

JauYU Taaal (il ]
P1+y h=p2 , p1= zero sall e ¢ sita 43Y
P2=y h
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b: U-tube Manometers:

4

l
2 7 —1
Ah
3 + >

%, (manometer liquid)

4 ddasil) die Jariall 43 yadl
P1+y3 h3-y4 ha=pa, ha=L

Pa=y3 h3-y4 L

c: Differential Manometers

e Fluid flow —

@= @
%
Cphaids cp Janacall pll andty
pipe Jal

Ap =(y,,—¥;)Ah
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CH3:FLUID STATICS

Example: Find the pipe pressure.
0il (S = 0.90)

(L

T 0.5m
1.3m T
l

1.0m Mercury

A@ ) ; i (5=13.5)

u/goJ:s-ws'w@'

T it s 3E p Sp

P Aoy
(zers) Lt 2 i P

&)

(B Yurh +kirh Youeunh = 9]

k= Yraid
J. watrel”

T (0,9
[ = 14382 k)

agi0) (1,3) +0- 155 98I01) = ©

« Example: Find the pipe pressure

B
7 =10 kN/m3
¥ = 20 kN/m3

50 cm

I -
10cm /

Page |12
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\’{imr

5 9l asw 3| ¥ //
dw,yu/az,lwmgl»l el 7
e - ~ | FS ‘ZJV L / r
[9) N ,M&CJMA— 7/ E;‘-| L
AREP1)
rl| /2
[L ///// lﬁ
go
lo |
=2 csais Lo ¥

" -(‘5),,&LJ;MI§JIO&££J§U—-J[{ bipf boes>

~ )
L8 -3 )~ 7

| -05) (%) 22
be B3~ o, =02m

> P
py wlox 16)(+5) <00 (22)

/g _ =1 lPa

2)Bourdon-Tube Gage:
Sl (i b e sad GBI SS) (e 3ny
el & ety 3, bk die yise Lelalusdela e B le sy
ABa (e Gl )Y L Gl a5 dallal) Lo sracall aadiay
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CH3:FLUID STATICS

3) Pressure Transducers:
S e amy g Al oS il ) dasall o gy o6 alee Tane
433 3 jeaV)

(il oS & 5la) Alall Lo giiall aiiy

Pressure
pipe

Amplifier

O O [5lo6[2]

Strain gage  Diaphragm Digital voltage

* Hydrostatic Forces on Plane Surfaces:
O s bl sl e 5im il gud) e Ul Jazizall e 3 5le o
Ol by o585 3 530l (5 5l 23 da slaal 5 3 5l
J)suall (0 423Ul force J) lusa 45y )k alathi ) & gaia sall 138
4 siall mlan) e
0S5l Jsh e (ol aaall o oK) 4@8Y) mhany) b
Koall b dlasll
Ll S (inclined surface) ALkl sl 433 seadl mlau¥) 8 L
DSl 05SY  gll dliandll g (g sludia j

Page |14




I: second moment of area

=
=

4

w

=
=

—»l I<—NI=~
N

SN

N

CH3:FLUID STATICS

n

X

sl da Je cldaaMs

asee (1Y) Dsnas punl) g lalily 5 () (x) Lsme 55(1
PRENIRERIEYY

(X) os>e @i o) o dkass e Nie (2

(X,y) Dsna Cm 3 sanall sl 30 2o (3

centroid JS&ll caatie ) jiall e diludll a1y (4

> )23 5 center of pressure ) Jaall (e A8l & yep (5

Y aleall YA (e

FeyryAsma=p A

Y,=Y+

VA

g all (1) Jaia Lia o llae Luis
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foitsd ) ip ds Q) o ol Gip*

2 it et sp) 0
Blsd| U5 | @
L1% FofA] = [F)
A- Ol Bl

(%) SE () oo (F]é)o sud! @
7 -2 sl ALl ope oBL #)

%

2(wip Aled) s - UlFBD S
fh i e ol s Go s Ll JE osF £t
O] &
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CH3:FLUID STATICS

« Example: The gate shown is rectangular and has
dimensions 6 mx 4 m. What is the reaction at point
A? Neglect the weight of the gate. ===

Hinge

Atmospheric
pressure

7 FBP i -t aks)] @
) ("’3“’0; Fails fofes) sla ] wp ¥
g § [=PA , P=7¥sinx
%) vy
% (P’L%f@
g: l+3 = 3’{[‘/1—3 D\ L
1N
5 [0449)[ 980 Nsinse) —CW%
P[44 9810 lsinse
—£=3ﬂ£‘lm
[P- 59914244
F-amsagreEzel ? :

(tp) s L] Mpwf,c)yNJAyOM

Yep” ﬂ+5ﬂ T4 4Ly ok -

= gy _ 0,9m
Yoo~ oty ==
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EMstop= 0
J N aﬁfd gl il
9 0 iy W
< e 25 (F )ﬁ ;’Jf I,UJJ: tﬁg; o

)l J4 oppl X

I E , < [p) @
b)) T s g o TLU p-yz

(o2l o o ¥
Jole)| Afise <2 r.:

= ?+|£cos30i= 5_,5 DBm

P=38]0)(5.5 98) =f5 N7

AR
9‘?) fj(g) JU-' W5 Go [ F) go5e +9 @

(
T iaUjge g 0 R 00 Bl . Jf
: L
g:é,; = 4 Yéim cof30=—3i '& 3

leéfﬁi'éﬂ;(ﬁrcc)_nte; @lsd stk (rorce) sldd ¥
Fl&- 244 )+Reé)=°

ZMskop?
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(fPhove scHerd Mot hoillde Wy

EX 9 "
. I

Upt@‘.‘“mj A3 Ql&*/’ ¥ 1 sl

R / ~m
waere] zj- p
F

™

(3 p-y= {9810)(3+2)= T8 Fa
@ Fp-FA~ 99,1 x10et6s7 O* Ty b

a-75)1¢)

" 157"

a (Fz) £

6,02 (7)4
; e Ag al

sinec < 4% = 3 k-1 ;
) <125 oy
Y =12 .5m = 933U ol }’{zJ
Gep-T <L 2 L zlz_fq_
gcf:‘ﬂ - . L
¥ (19,5) 15, 71)

W [25+40.7 -
w_e §+&mpin <9 ;;, 0,

FP/Z)MI)‘[/é’):O .

Page |19
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*Hydrostatic Forces on Curved Surfaces:
Leale 355 5all (5 sl s US g 4 g <yl 50 ae Jalati (Glall 8 LS
dniate prdand Gl AL g0 ae Jalal 7 Y 5 JA) guil) Jaria (4
dalisall Cluad g Jaflie JS5 e 0 oS5 Ay 8 Gl sl ;diadla
Goanl) 5 Al sl J sl 34

—

A
Ly BB Y i NNl 3.3l ) &

YZ -~ A es e

1]

A\ v _ / :
= —
P / |
/"‘,"/( \ S — 7 —Tr =
TR ig({—l
A J Z [
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psiin Al o ol baaall & 565 o) ga Jilaall 038 44 g aa
§ Shn ) Finie (e A sl s o gy

Ty

s Ay s il glade
:FBD pm i (s 5ime (I dile mhans (e Led a2

Fcp
Horizontal force component on curved C
surface: }__ =
— — 5 F w/
Fhorizomal - FAC =P A A_(.>{ + // Frge—body
. > diagram
Vertical force component on curved A L=
surface: F
Fypricar =NV QLS Fo=F B
The resultant hydrostatic force acting on the F
curved solid surface is then equal and opposite
to the force acting on the eurved liquid surface
v : A
(Newton’s third law). —
Fp= VVFEj + F} ()

tan 8 = Fi/Fy,

Fv: Ju Wy g sSicentroid |, w=yv

V: volume , w: JS&l Caatiay b Lili o 5S
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CH3:FLUID STATICS

« Example: Find the vertical and horizontal
forces on the given gate = s

(L=1 m).

Surfaceis 1 m _f

long (normal to page) l

v

¢ Water

<

<o/ -

[y =FPA»P-Yz2 - (9810)(1+055)
g = | w055 =/,5m ‘Il
' LT R =

L
Dep <4 *57;‘
gy

I<F [L5))*
C=pPp=KR= y) =(4819) () i@

e - 1 % )0 -laizen]

L -
:)/{V/ -Va) >
e YV“*/a/) ‘I—%Q (1)

- ‘4 7
- Y
M ’

& Ged)l ¥ Aolo

Page |22
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X

[} —s=42m

[: . “ Find FHsFv sw For Cy //m'/r/?
a 2m long <4 Iindeic 13 - 0.8

Fu=pPA =YZa - (42+2Z)(9910)(0,3)(2)

= [ = 22,2 kw|
e 'l
e

g + iﬁ ] -[’/4/2}/9?){0/3)1 0,034 Fv
4,

> ) < (L6077

dep () (a,2)(2) ~

N

*
)
Q

= = P=¥zh = (9810)(5)(a3))
| £ <7845 K]

'w_—)/\/ = Y(VD ‘vﬂ)
= 9910 (312) - Z (05)12))

F, = & LBk

Page | 23
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Buoyancy (sikll):

G Bl bl mhan e Al (e Al 5 paall B S jua g i
238 U yud alall Ay JAeSU galay (alidl) 5 Jaudl Jasey sl
clall AU oS) aad) Z8UES Cuay LEGEST) CaDUAY Cav 3 jalal)
Aa sl cuad) s 13 G ST J81 diald) A8ES Ll

ol Se 0 5Sis anal) e i it elall mha o 1A Cuny
(Buoyant force) (i s puall & ) e Jand ()4l

© Bk (e 5S) D Adads dic Lzl Ly
:Buoyant force —lual

Fe= Vbody Yfluid
V: volume (slall caal ) sarall ¢ 3all)

A body partially submerged in a liquid
o SRV VAR
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CH3:FLUID STATICS

Archimedes’ principle: “For an object partially or

completely submerged in a fluid, there is a net upward
force equal to the weight of the displaced fluid.”

eHydromety:

Device [glass bulb] to measure the y or S of a liquid
based on the principle of buoyancy

)

Graduated / Hydrometer
scale for
indication

of specific
gravity

L GG

Ll ynal daga il 8
1"2'|Th = :\.I\J.Lu‘ A g]‘[rs :3)53\ A
e, Y) * saclil) dalie = anall

Page |25




CH3:FLUID STATICS

« Example: Find the tension in the given figure.
— i B o v it o

Sea water, y=10.1 kN/m?,
d=1.5 m, W=8.5 kN

Shy=0b fp-\-T=°

oyl
FB-%IIIJV EE/

T3 siplpoe

F,-le) 7r2/,5)1 17,35 ki

T=lof-w = 1285~ 9, 5=135/

« Example: find the specific gravity of the given
unknown fluid, the hydrometry weight is 0.015 N.

-2F.B-D ¥
§Fy- o= by VBN
NS, - 2.
4
i Yo:’/ Yy linele = T
A % 9 Fa

/'P
Ey = Yoylv)= 8l 11187, (eplicHel1eY)
74

! ; =2l 24,120 D>
Y"I'/ - Y202 /l%’lj VC’II}/!/: &l“"/M Aowla)|Zol—o

@ JsJy cobeo

<= 902 _ o 935
93la
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CH3:FLUID STATICS

3.4 The Crosby gage tester shown in the figure is used to cali-
brate or to test pressure gages. When the weights and the piston
together weigh 140 N, the gage being tested indicates 200 kPa.
If the piston diameter is 30 mm, what percentage of error exists
in the gage?

Weights — -

Piston — ]

p~

PROBLEM 3.4

F)’I’Of%-‘ /pfe“/’e’g -Puwibe)
[bube

[bbe < f 149 | 4k
(4 A .;L'I/o,o?)‘ - ‘73;05 /f/%
E}’Far;/. = P 200-198 4 [0o/:

193
/Z—A?@/‘/: = /90/27

¥ 100/
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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?
0.5m Air 4  py=50.0kPa
4 B
10m il
—  |EOSEES Sa— =
oh o B  py=58.53 kPa
1.0m Water
0.5 m _——_l_o:c__lz. 8 Bgst
'—?— i — (

PROBLEM 3.11

F+th=5
50rill) < 58,53

i i s iy 3§ G

si< 80 < 9570 457 -5 Sl
Siater 9570 5 . R |
el TP
9,55 + [3,53)(0&) + (1810() =13
@ fl’enf'

e

3.12 This manometer contains water at room temperature. The
glass tube on the left has an inside diameter of | mm (d = 1.0
mm). The glass tube on the right is three times as large. For these
conditions, the water surface level in the left tube will be (a)
higher than the water surface level in the right tube, (b) equal to
the water surface level in the right tube, or (c) less than the
water surface level in the right tube. State your main reason or
assumption for making your choice.

Ans: a
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3.14 Some skin divers go as deep as 50 m. What is the gage
pressure at this depth in fresh water, and what is the ratio of the

absolute pressure at this depth to normal atmospheric pressure?
Assume 7 = 20°C.

[gage =¥'Z < (9790) [50) =43 %5 liFa
a'm?fJ

N

'& rﬁzq)g."/&/,?
12t m ==

=433

)0/ 3

3.15 Water occupies the bottom 1.0 m of a cylindrical tank. On
top of the water 1s 0.75 m of kerosene, which is open to the at-
mosphere. If the temperature is 20°C, what is the gage pressure
at the bottom of the tank?

20 Lo B > D 20ip 0l 3 Lo ¥

1) warel”  2)fier@ sene

I !
[harer=9790 > i, @_—,5;0@-» V5§ —sbo
ren<
A ==

/fo Hom @ <z
Qi K erosene
P, +)//é/ +Y2 /71 = @ (2)
(80/0)(0,76) +97 9o)(1/~13 L
@

£ = 157977
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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.

Vi _L
15cm Water o

PROBLEM 3.18

AT IR

0] i
B i3] ¢ il 1o o142 X

waker -
I ah

p+yh-¥he <R s
| Sl Y
RO £

he = bhP @w)@w,wq,

= 00bm= bem
(9910.0,15) -(39101E) [Ah)=© [Ah . /

o meter
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-~

3.21 What is the maximum gage pressure in the odd tank
shown in the figure? Where will the maximum pressure occur?
What is the hydrostatic force acting on the top (CD) of the last
chamber on the right-hand side of the tank? Assume

T = 10°C.

Open to atmosphere _l %

2 m—==1 m~|
C D

Elevation view

PROBLEM 3.21

ol b el B2 sl ¥
(3 )06 it T 2

LS

—zel® zel®

Bt Vi et ¥oh= 1 i )

(98)0(4)+13)(9819(3)=4 ¥ air [ | qir
= @ » -

[Py = 1275 Kpa >y = A

ch =/7
By = 127 £ (1)(3)(1810) = 1§27
C 2

=(q&a7)/u’——@

Fep
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3.22 The steel pipe and steel chamber shown in the figure to-
gether weigh 600 1bf. What force will have to be exerted on the
chamber by all the bolts to hold it in place? The dimension € is
equal to 2.5 ft. Note: There is no bottom on the chamber—only
a flange bolted to the floor.

e

Steel pipe

Liquid (S=1.2)

Steel chamber

PROBLEM 3.22

b gillForce) Y =l 6P X

N i“"’“‘ (bolt ) 55> (stear ) U
J
" b7
@l U ,
Foree on batlrom
- . r:.
Z@:- Qo —> WSr aa) +WL,’wa 4 --,.'jzfi,f)’:. ...._@
=ze/®
R +M=12
(1,2 )98/10) (62)=/2
PZ . 736 pz - 59/2—_ _g‘/?};}: q’Q/Ff

\h’/l‘fm4 = (y v

LI SY)
W= ¥/7 (AZ Ly < q}b"&‘), ?.g,b
AUJ/)’I;\“A:BJI bl— =

[~ - 1198715

5 g B B Ulegsizy
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3.30Is the gage pressure at the center of the pipe (a) negative,
(b) zero, or (c) positive? Neglect surface tension effects and
state your rationale.

Specific gravity = 1.00

Specific gravity = 2.00
PROBLEM 3.30

"
-

—— ©
2| g
£+ Yk Y, b, -6ihs=RR % 'l§ =
< (BFR |\ y
(q3,0}“”30}_12)(93/0/{/2} (9310 § S
B\

Pz =Z2elo
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3.34 The ratio of container diameter to tube diameter is 8. When
air in the container is at atmospheric pressure, the free surface in
the tube is at position 1. When the container is pressurized, the
liquid in the tube moves 40 cm up the tube from position 1 to
position 2. What is the container pressure that causes this de-
flection? The liquid density is 1200 kg /m”.

Container

PROBLEMS 3.34, 3.35

(b VN o] e ilso U= Lo 2 ¥
(Gontapner) s Y 780220 Pl ade =

7 “@R“L ——-,414.:««/”*45 Lsin]0
a
2 - 0,6E5¢m = o
sh X4 ) 2R aB—
e/ @ a
Far) /927({ +00 ) & y
o falhe
. [ 25 ( 1200)1%19)

= (Yo snlo +Y

[p= 3913

v/ _y290) 9312
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3.39 Find the pressure at the center of pipe 4. 7 = 10°C.

Oil (S =0.8) /\

{490 cm 150 em | 1™ water

Mercury 30 cm

(S=13.6) -

PROBLEM 3.39

i +)’(’~(+5J’ “Yarh "KVM?/ <1z

(¢1810)(0,%) + (13.4)17810) (96 )

8o
= (a8)[%l0) (130) +@ 310) (15 0)=/3

Fo =147, 736 k2

Page |35




CH3:FLUID STATICS

-

3.41 The deflection on the manometer i1s # meters when the
pressure in the tank is 150 kPa absolute. If the absolute pressure
in the tank is doubled, what will the deflection on the manome-
ter be?

Atmospheric
pressure = 100 kPa abs

Air
p = 150 kPa abs _1_
h
T
Mercury
PROBLEM 341
@ | P>
Bk P+ Ih=/2 — (&

yh=12-17 AJ

~ 15B- J00 =Boli>
pew [7es e//'—‘(/50/{2/:_?40 Kra

Yo = 300 =197 =207

Xhnew _-ﬂ = @

YA i
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3.42 A vertical conduit is carrying oil (S = 0.95). A differential
mercury manometer is tapped into the conduit at points 4 and B.
Determine the difference in pressure between 4 and B when /7 = 3
in. What is the difference in piezometric head between 4 and B?

|

18 in

Oil

Mercury

Yinercurs — 8Y 7

1% + }2[7 -)l;yr(-*;—'/_gh *&Ih:PB

Fo + (995980001182 212 ). gti7( %) +1095)(%10) | %)= 15,
12

(A % -legor Ty

3.44 A manometer is used to measure the pressure difference be-

tween points 4 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
the pressure differences p, —pg,-

Y- JITESNGETES. WiEps 7% A _— e

cm

Manometer
fluid, S=3

PROBLEM 3.44
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B 4 003V - 903 Im -0k /B

-1 = 497 [ ¥ ) + ”’/}7"=>€—ﬁ”
Bl =L, 571

=(0,03) 3399/ 0-9810 )+ o/ TEO

3.59 Find the force of the gate on the block. See sketch.

4 m x4 m gate

oS g S e o

PROBLEM 3.59

6KV

= pa =28 - [98)0) 110) 1) e

! =Jom|
l{om-f Vp){‘///‘/) _[o/2337

A+

Ep Jvob
(12/”?/ Vot = o ZBi = L___
(1569 6)(0//335 )= LoD = © -
Frpbe i
~Jo5 v
};/OCI /05
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3.61 A rectangular gate is hinged at the water line, as shown.
The gate is 4 ft high and 10 ft wide. The specific weight of wa-
ter is 62.4 Ibf/ft’. Find the necessary force (in Ibf) applied at the
bottom of the gate to keep it closed.

5 l__fl—p

PROBLEM 3.61
2412 (Y1) - Y9 92NV

F:Fﬂ-—-yzp:( (o)
_ (W) (4)(10) g c62m
y<2m= g9~ 9ﬂ ——,s/_/,Z}" g

G & Myiy <° z“L
UN%H&MWJﬂWm i

«— [
A- 33 28,9,

ﬂlflnp
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3.63 Determine P necessary to just start opening the 2 m—wide

gate.

Tim

Feprn=r2A=93/0) (%) ( 5 e
(emanide)’ o < L -slodh L X
(r45) o0 (%) Lelob>

-‘=A,./.L = //fb—-f__é— :7/7&’/’}.

A | z L

g5 <L WD g7
4/  (375) [2)(6

iy

v
3/ _yw
le R///”;

=

R

P
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CH4 :FLOWING FLUIDS AND PRESSURE VARIATION

uicall sle s il s 48 Al dlla

e There are two ways of expressing the

equations for fluids in motion:

—The Lagrangian approach :

LS s &l et adly g adlall (e Aimaparticle ai Ul 4 8l ol &
oA G ddads (g

—The Eulerian approach:

Caand Al @l pail) Jas s Axs control volume 33 s: (s Ul

Lelala particle e

Ot il YA (e de ) Gl Sy o

The Lagrangian approach is based on recording the
motion of a specific fluid particle
r(t)=xi+yj+zk , r(t): distance

G ) ans Ailoual) 3lE83) e

Vi) =251+ j+ %k
dr dr dr

V@) =ui+vj+wk

eEulerian Approach focuses on a certain point in

space and describes the motion of fluid particles passing
through this point

pg. 1




da.a.‘.\ z\:i)ja.\j\ Y J:ﬁj
e The velocity of fluid particles will be described

depending on the location of the point in passing
through it in space and time:

V=v(s,t)

Streamlines: ( the path of particle)

o« flow field leds) JWSEI e (S5 a5
a1l A
stream line e dmslas eyl (K g

A group of streamlines construct what is known as a
flow pattern

L JS5 88 aul agale (3llad agiazy Cilas stream line (b < 13
8 A o) 1585 g Ablasal) )
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CH4 :FLOWING FLUIDS AND PRESSURE VARIATION

e At point (a) : is called stagnation point, the velocity =
zero

PIISA | Qéi\kﬂ\@wﬁsw\;@)M\ Q\d)}d\t}o)
(a)dj.cd:\.a,ﬁéc\

*At point (B) : is called separation point
s e daie YU ol all il S

1) space :
a) Uniform Flow: 4<=ilaa

1) The velocity does not change from point to point
along any of the streamlines in the flow field

2) The streamlines are straight and parallel

dv

— = zero
ds

pg. 3




CH4 :FLOWING FLUIDS AND PRESSURE VARIATION

b) Non-uniform Flow:

1)The velocity changes along the streamlines either in
direction or magnitude.

2) The streamlines may not be straight and/or parallel

—#0.0
o
The magnitude of
the velocity does not
The . change al?;ng the
magnitude of LT fluid path, but the
?he velocity _.+_ direction does, so
increases as ;——é-’/:_,_"_ the flow is
the duct nonuniform.
converges, so
the flow

is nonuniform

2) time:
a) steady flow :

g dv
43l de pdll zero Y

b)unsteady flow : (x )l Asailly yat de yul

a—V;atO.O
ot

Q\Kﬁ\d&ime\ﬂ\ﬁmﬂ(ﬁ
1) Laminar flow: dulail 5 dalaiie 48 jall 4 4S5
2) Turbluent flow: is mainly characterised by the mixing
action throughout the flow field

Ao el g 418 xie 38 Al )5S

pg. 4




CH4 :FLOWING FLUIDS AND PRESSURE VARIATION

Reynolds number (Re) clua JUA (0 agiy el LiCay

Re:'ﬂ
y7i
Re<2100
OR Re=2100 I laminar

(Re >2100) Turbulent
el
CilS 5 pipe @gaie OIS 51 Cuay A jall JS A JAd) Jal s2dl s
ch ath G 5l S [aminar AS ) G 5S5 ol o yisall (e Re=100
daa HA gkl i Ayl jlaial muai 4 Al Gl pipe
turbulent 43 Jlsdl S3 13V Jaminar otz Jalb (S
* Flow patterns: group of stream lines
*Methods for Developing Flow Patterns
1) Analytical methods: aubuadl Cilileal) e adia’
2) Computational Methods, CFD: JS e s Jis
3) Experimental Methods:
AdlSa (683 5 dplaall lally alall e 43 Hlall o2a aaiad
‘(flow pattern) il JS& ) suad (Sage

a- Pathline: is a line drawn through the flow field in
such a way that it defines the path that a given particle
of fluid has taken. Ex.: PIV

pg. 5




CH4 :FLOWING FLUIDS AND PRESSURE VARIATION

b- Streakline: is to inject dye or smoke in the flow field
and to observe the dye or smoke trace as it travels
downstream

() i J) gy yaill ) <l jlad) Al

e Acceleration:

s lagrangian approach Jo& (e ladlagl o sdin & jludll
Eulerian approch

Eulerian approach 4l 3
_ 20 80 20 20
Ox Oy oz Ot

Qb v paiay call o)l @Y lSa Yy gadaigx alls 11 Gl &Y o
Wch'é-.'az

ou ou ou Ou
a.=u +v +w +
ox Oy oz Ot

ov ov Oov Ov
ay=U—+V—+

w—+—
? ox oy oz Ot

ow ow ow
a =u—+v—+w—+—

- Ox oy Oz Ot

pg. 6




CH4 :FLOWING FLUIDS AND PRESSURE VARIATION
. -~ . AR . i YA
) ‘_A\ fa}us-au).im\ u\.ba)&.i'

1) Derivatives with respect to position (convective
acceleration).

3 gall Ay ¢ jadl ).
) o) o) F S el
u + VP +w

Ox Oy 07
2) Derivative with respect to time (local acceleration)

()
Ot

(R Sle aay

- Example:
Givdn: Y’
4 =xt2—yt
w=0 ‘
What is the acceleration at a point x=7m, y=2m,
and at a time =3s?

pg. 7




CH4 :FLOWING FLUIDS AND PRESSURE VARIATION

i“*#;'
a-idl) 4xel) wudl) (T bodlche 2581 Vipasit
e’X Mb’

el L/J.J(p’ ool <sons

A Wil s

(u)wt,.muryﬁb(“*) CL
W =b zel@-
dk-//?/yﬁ +V% +Ww L{ +5,;f/
/”._ e/u_;? ) _& = ’\,
v / ),75 D
x
gve (128 I+ (KFEgHEA T
ZUJML? - Eﬂ Gl

@, W =S —=el®

vl oy v Vo
ay = ,,/k+vr/‘:4/ +%+d+

s }z,Jv ,,)Jv B,/ e |
Jy St oft

JBE X = -9)
= ({02 Nl (e £ -]

@7 ( cartesinevector JIE s (o) O‘L{’}J ¥
[a=s5] +58)] m/5"

pg. 8




CH4 :FLOWING FLUIDS AND PRESSURE VARIATION

Acceleration by Applying the Lagrangian approach:
Cuand US g diaxa particle o e dial duia 8l oda () alad LS
Y15 de pudl s Adas Bl Ak (e JIS) A particle o2 de
g\gm)sl\ Y L)A&JLMQJ\ Q—ILMQ:\JH‘)L iJ:u.u.»

a=— KQM‘MJAEJM\

s, 1)e,

a,
an
(b)
2.
SN ¢ 4" -+ Cid e, + (V—)en
Os ot r

I:is the local radius of curvature of the pathline.
V: velocity, s: space, t: time , et: tangent (leall ¢ 32l

en: L;J)A,J\ ;);J\

Example:

The velocity of water flow in the nozzle shown is
given by the following equation:

V=2t/ (1- 0.5 (1 /L)%, where L=4 ft. When x=0.5 L
and t= 3 sec, what is the local acceleration along
the centerline? What is the convective
acceleration? Assuming one-dimensional flow
prevails.

1-ft diameter

f* L=4ft —|

b—sx—

pg- 9




CH4 :FLOWING FLUIDS AND PRESSURE VARIATION

r Jes s G alv 25 (Lacal accdcration ) sP J>Y ool X
D) v

Zzel?

zere -
%} (‘&12@1
O’Locq'z(v X *%)&"‘ v
N oy = 2
2 T
Z

/V_\Z IA=A/;)1Y=0/IJ

7/‘_ [I-a,éq‘,/z

4
Yo/ = fd—{—" = 2,56 F#/5 »
s djcde et g (Gnvechve acceleration) uw\d)lw':
ull - [ puel) 5= bp o
e/zel’o Zze/o
=Vl v
s (7’_ +./4'\(62 * mf’”
| -2
q.= v \,—25(1-0,£k/
Ca ;/;'
-3 /-
Jv ) =2 [)-2:6%)] = 274
w ( H(Z ( i ) (I - 2£X)

ac = 257 FI%

pg. 10




Slaiall g ) Jal gl

1) Weight effects , 2) Acceleration, 3) Viscous resistance
Joial) Jiy sy Jarall iy 5 i 5all Jal sall (g g jlacill ) Lidas
s L haall et US il | dauSe 40l | &Ll sl
Glual 3 48 n s b wilal oY) Ll ptyh=constant ¢Sl
Euler 0 #8 aadiu 1 e Ll

e Inviscid
o \BIHH=RG Flow

shear force Jwals ol 43l sa 2l g Uai Ley aa g Aalaall o3 (K1
inviscid flow sU el <Al
;& flow audl

1)viscous flow, 2) inviscid flow

*The pressure must decrease in the direction of flow
3 yuatll Claloall dalaal) 038 (Galad 1 ddasda

X Ceses 1} Fuler € \V#Ho#oh <
\TT
> [F" )/Z) =/
24
@

ST fprrz) pae— B2 L ¥y G Y
e IR gl e R

gz Zp — =,
a T =

Case _ope
@ Finet 175 I F @z=47

l‘; <77

pg. 11




CH4 :FLOWING FLUIDS AND PRESSURE VARIATION

xcase(?)s
Find P 524=9
sidh | sl
@f——lﬁm @
zer®
dP s -y [ER )y B -0 Y]
J gl 5//0”
Case 3:

Iy =R o (s il { (sia+ics) oL A
JZ%D;(@Q%&@&%

=
/\’2"4\’/
§A' ) Dos (F) Ao X
7 (pefz) = fae = 17 =22 |
mcm;}ﬁ

pg. 12




CH4 :FLOWING FLUIDS AND PRESSURE VARIATION

Example:

A liquid with a specific weight of 100 Ibf/ft3 is in
the conduit. This is a special kind of liquid that
has zero viscosity. The pressures at points A
and B are 170 psf and 100 psf, respectively.
Find the acceleration.

,2'0 L\

VerticaIT

Horizontal

_i {P+J’;?) - -fus s Flz,z,z,

=539
| 3/,
g/F 3 XJ? ___/e{_( = PZ J A )/Zz ‘fln- oLs
(’/f p//g ?——”‘_"ET 53‘ 1)

{20
-[__Q_Q_:_,I_Z_O "“(//2) = ./(’JS
£ __15
;35+£0"7€”5 P

pg. 13




CH4 :FLOWING FLUIDS AND PRESSURE VARIATION

Example:

If the velocity varies linearly with distance
through this water nozzle, what will be the
pressure gradient , dp/dx, halfway through the
nozzle? Assume steady and inviscid flow

i Ul
invi sclyf Flow=> (Fuler) @l ¢ 2

ol (1= ) Sax

dy => gt Zeto = Jr‘ew/gq’)

..(/Jél &4 \/% + W%\

2z o o2 (11) 0/-’)1
C"’/" 22 Vols 05 rM"’

yolz?
AL AL L ol _bp2b (a-® 7"

J
[a=Bokisafut valp | (bt veg)tt
[=57] [ -59]
el x

o P:dg,’i)( BB 50) = 27E0F/5 "

Zzeto

o

e Ly )I275) —i—b’?b’b’@}’/ﬁ,«’

e

N P
)gj%;xzrw X

pg. 14




CH4 :FLOWING FLUIDS AND PRESSURE VARIATION

- Example: The closed tank shown, which is full
of liquid, is accelerated downward at 2/3 g and to

the right at one g. Here L=2m, /=3 m, and the
liquid has a specific gravity of 7.35.
Determine p--p, and pg-p,-

z

e

L/L:l(c),() %lwwbﬂrw’x

L2 650aduasTs) ses g A osh
SR L ies? &2

peploes CFé'CJ"‘“ P [ W
( (con) Gu Azl X o EPNR

X C-B

-9/ (P+YZ) ol
-4 == XA/ e
9’/’+y§<§< -Sax ;_“_/f P Ba
~> Sl é po—
=B _(L3)1959) @-,3;=*?b/5” 2
o laesd

Y =
éJL_:le;:vﬂ-(l?7g) ey
X0-p :-
L Py =L e
e B2
r—»
o PPN s>
.___ + ):gi ./3)5_2_21 a,L_J!
/i A Y - ey &
zg%:f-“" i i s (BR)
B-f. ! -0
c R

B -41)‘/2/%)3)
f - (R -12753) = 25806 (7o - 38,24 K

pg. 15




CH4 :FLOWING FLUIDS AND PRESSURE VARIATION

eBernoulli Equation:
IS Aa sine A8al) o L) Alsladd) 038 VA e g 0 ¢ Ui
S gl o (a2e a2
AL e o) 9 3 Ao (g giaT 5 AS all E¥alaa (e Aalaall 38 223

1) kinetic energy , 2) potential energy, 3) flow energy

2
£+z+V—=C

4 28

Inviscid flow 4ls 3 daleall 638 aaai
Euler equation a3t g sludll alayy rddaadl
Bernoulli equation aaiui A jull AayY
(i Al et b g 50
1) applied along streamline
2) The flow is steady , 3) The flow is incompressible

4) The flow is inviscid (viscous effects negligible)

pg. 16




CH4 :FLOWING FLUIDS AND PRESSURE VARIATION

« Example: The velocity in the outlet pipe from this
reservoir is 6 m/s and h=15 m. Because of the rounded
entrance to the pipe, the flow is assumed to be
irrotational. Under these conditions, what is the pressure

at A? 1 ,-:-:-:-:-:-:-:-:-:-:-:-:-:-:-T—:—:—:—:

Mg € o [Periov ) Vs ais (Phssure) 54D #

zel? Ze)’O zel®
/ -+ _ V? . i ' -5
WRE g oaid | s e

ﬁ +/—/£}+L5J?_, M+ 36
98/ 0 29 Z ) q,g \
e lrenee .
i - U () ety ¥
et —mej' ‘(. ) ’}
(3251 cp llse=”

J\kﬂ\@thJ&y}im&cMoﬁY‘Méﬂm
:!~.S\

1) Stagnation Tube: simple device that can be used for
measuring the velocity

pg. 17
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¢ (a0 sie Al sl | P

1 o S l\'
{—‘—*VF +2)= \"vgi:) 3_,,)),1\),»1»-@&4—5—"
{ z5 T 15 s

‘.)\_h'p)‘u-K
1 .;uj:_f.w\b-k)
'y \0-4’-)‘(" . e
it \u»“’\

n o\ toh fO\V\\‘) @

(shed

TR LA
h:(k:&bw J\S_)\JA’W\ oy, LS
V1" LL\'t‘”*"’"’)Zw)
2 g d
)a.&\_o)'s
‘)‘l'\Gl\ X(b_\_(/) = L\QL@&P\)A’N\

252 WoLee s

Y 4Vt %D

E =
Vi- Al - :9
19 —»
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CH4 :FLOWING FLUIDS AND PRESSURE VARIATION

2) Pitot Tube: measuring the velocity of the flow
extremely useful in pressurised pipes and for gases

@
"
— @

e 113

point
Point 1: stagnation point

Point 2 : static point

(DAY sk kel ol | )

n~ 3

" € 552 Wslee k> +

b sy o -

NG il e
RS s

@\«u - K\r\?qa-‘&wk«:l’?\

U
~ LS
A oI\ oS 9L D VNl e
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CH4 :FLOWING FLUIDS AND PRESSURE VARIATION

« Example: Find the velocity at the pipe center.

water

2

= g i ] D=3
y
l"
i 2
i G olads i lp esled] ¥

4 =e/® = S [qqhi}oh Pont

P g 2 ze/e 9 oI,
—ZL +2—fi :ﬁ +§% +\z
s 28 r 7

G- _\® | |
Z)’ —;/_Ij ” o lnotemerer)  0s+se (PPe) ol leplb X
HB-P) *ULPCo ¥

hca ~Kunrh =12 > o p 1oty 113 (00 P Y
(E-P’ S 5—2[% Fi & Inch oods?

/T,:Eg—lm = 32 F/‘/ﬂ

« Example: A pitot-static probe connected to a
water manometer is used to measure the velocity of
air. If the deflection (the vertical distance between
the fluid levels in the two arms) is 7.3 cm. Determine
the air velocity. Take the density of air to be 1.25

' r
kg/m3
‘ Pitot-static
Ale probe 7.3 cm
L pi
" Manometer

A "),f,%};+}

pg. 20
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a_«l_»-’ug v L) 41—’.’-':J’¥

e/?
o zel/®

i -}-‘2(4— 4 = ﬁ ‘/t
dair E\ 7;4'%% *Esi
\,=[B-R)Z3)  _ 2{?;/,9}
“Lir ¥ wr
- ol S ¥
(nanameter) §LFo S

B~ Yowerh =2 <> p -19800)(01075) =fZ
fpz_ﬁ:?/él:gﬁ/] O:Xq’/fé ;’)2”.} (,LI/—B"“

/ i 54| Lp
[V, - 32:8m/3) sy ads do & nal e 54

« Example: The maximum velocity of the flow past
a circular cylinder is twice the approach velocity.
What is Ap between the point of highest pressure
and point of lowest pressure in a 40 m/s wind?
Assume irrotational flow and the air density is 1.2

(manomerer )

A

ka/m3. -
P
Vo =40 m/s
—
- otsw Asuli (P) s osro 5P ¥
F zeng P =er®
= ¥ % =_Iz + Vz
g 29\ ¥ #2322 75

) o ;_.J(;/JI_;,J[, A

& bhighst [P i

%"(—‘I‘agniﬁan poIn

(1) syl U &)

pp ¥ o =l )T
z9

—(h2)(80)" =[3-%1 [P
f-# <6208 =[3287 fire
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PR ——

1
1
(@) — E !
SO
(b) Q: ,__[)
——J e ———
(Cc) :—>
|
R
—_—
2. ’
[—,-',
(d) ‘Il ’I’ 1
v -
%
-—
FIGURE 4-34

Fundamental types of fluid element
motion or deformation: (a) translation,
(b) rotation, (¢) linear strain, and

(d) shear strain.

Fluid particles not rotating

q1ee. . *leal-—o- -
- -»-@ -------- ->© ----- ——
Irrotational outer flow region
Velocity profile
e Rotational T
= e ol od 2 -
Wall Fluid particles rotating

shear force 2> ¥ 43Y jrrotation Jsxu ¥ s dall ¢ 32l
shear force 35> 5 s rotation Lsy Adudl ¢ jall

Lewds Jsa particle ¢lse s trotation o) s

1l ow ov,., 1,0u ow,., 1 0ov ou
T (i Y e P ML
2 0y 0z 2 0z 0ox 2 0x Oy

Q: rate of rotation
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v_au

ow oOv,, ,Ou Ow_,
w_m_(___)H(E_&)‘H(ax oy

oy o0z

®: vorticity , is twice the rate of rotation

« Example: Is the following equation irrotational?
V=(-xy)+(xy*),

=)
(2)aread hiss (YI175 [¥) 2580 2o Leiby

= O‘y/lﬂ
(jrrevational JosG & ZJL-? 7210

Sz eV _oJy

dx o .
z 9 Lhe Plow 15 kot rone!
[fer £2e] - ¥
*Pressure Distribution in Rotating Flows:
Q'ij
‘ T:(vertical)

[ ===

pg. 23
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2 _..2

For a liquid rotating as
— —>
V=or a rigid body

- Example: A U-tube is rotated about one leg,
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/sec)
to ensure that no liquid is expelled from the outer

leg? F

0.25 m

z A

0.5m
0.25m

5

k—osm

pg. 24
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Example:

A tank of liquid (S=0.8) that is | ft in diameter and 1
ft high (h=1 ft) is rigidly fixed (as shown) to a
rotating arm having a 2 ft radius. The arm rotates
such that the speed at point A is 20 ft/s. If the
pressure at A is 25 psf, what is the pressure at B?

r—— Dla"l\atar —-1 !

'
h Liquid —=

LS.

2.

g i Gld) Ames (P) oLt X

R +bzn - L _ oY Ee ~SwTE
2 =

A s (refren<a)i b X
2, = VG ==~/ (
(2o = zed o] 2.5
y 3 po. 4
Sy o _'>

G52 X

& i SLJ’,, —(a8)(Lb9Y) = 552
Y= 5.3, =(72/0)0 8) =7573

z(l,:; )—2:@ = 91./2{_/)_(/,5’;2![/},)7”2,55

L sae |
o5+ 0 - 552 B2 2

Example:

A closed tank of liquid (S=1.2) is rotated
about a vertical axis, and at the same time
the entire tank is accelerated upward at 4
m/s2. If the rate of rotation is 10 rad/s,
what is the difference in pressure between
points A and B (Pg-P,)? Points B is at the
bottom of the tank at a radius of 0.5 m
from the axis of rotation, and point A is at
the top on the axis of rotation.
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s oyl e (c) i o2y (0
[A) Tid) 2 0%
ol Uolea | U 6o (- g) CHE Go[p) 5 b4 @

Adic G polay [ler) b 947 @

Lap
(ifforationa | g1,y > Lot yeh] 42’4 (EUI@r)

4
@PB +XZB_VDQFW: R 4V Zm L

}?<=Za ——c‘-’eﬂ) 03] 5l i () Ghal () 41t

_ ] o e VA
@’m w)La,pd,_mﬂf

bl st P 1)

P )= e+ 0-9
B #0 (QQ.Q%E/EA. i B -P =15 It

@ s IPslz )<z - = -2k 2N 33/

e, vl - p,e,.g;,wqm _
a2 IR 7
= P = -Vp(éy @-g :qgj/l/,/%
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Pressure Coefficient, Cp: static pressure over dynamic
pressure

3 1 VO, pO

At point 1 : stagnation point, Cp=1

For liquid: C, = hz—h° =1—(l)2
Vo /2¢ Vo
For Gas: c PP :1_(1)2
. l V2 Vo
2P )

Where: h=piezometric head=p/y +z

V,;p.= reference velocity,pressure
(Cp): untliess (x5 L )
Jdl lazall g o) de yull o <8 Qalludl Cp s 3 LS

Note: Positive C,
plotted inward from
cylinder surface;

° Th|S |S further negative C,, plotted

outward

Negative C,

_P-po

illustrated in the figure ..
ShOWing the _»m;f/z
distribution of Cp: Gp=+1

— Positive Cp is drawn
inward.

— Negative Cp is drawn
outward.
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Separation: Phenomenon occurs when the flow
separate from the boundary and a recirculation pattern
is generated in the region

Gy Al 93 S 3 ila (AR 3 a3 jila & D) aiay il il &
MY\BJALB%B)@\SjLH\QB&M&J\Q\;)A\
separation

suming qnam—one-dun ﬂ@w whatifs,ﬁe convectlve ac-
celeration midway between the base and the tip if the veloc1ty 1s
1 ft/s at the base and 4 ft/s at the tip? Nozzle length is 18
inches.

PROBLEMS 4.20,4.21

pg. 28
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SRy, e - | u
convechve acC elotaon= 54 e siwesil ylds?

4 el ze/? zero

=l \Vord Wf/+q
ng+ +%§§

¢ 40 X
T [ e
= o = ‘ l{'aw
'J/) (_.p./ll/&"

X—',/Z o U= I/F/J

ar
at [f=0]= Y=1Fs. B
(= al) 16274 e prant =2

¢ = dq
W o= at mid pont= L/:ff
y=(.5)076) +] = A5

ac=l25)2)= 5 Fi/st

&l
& (focal accelgration ) Ap ) *

4.29 The hypothetical liquid in the tube shown in the figure has
zero viscosity and a specific weight of 10 kN/m’. If Pp—P4I18
equal to 12 kPa, one can conclude that the liquid in the tube
is being accelerated (a) upward, (b) downward, or (c) neither:
acceleration = 0.

W

Y Vertical

: E

1m

i L

[
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(o)Ll ) ) [) s oo 22 X
frve)

e (Pile) <o f—*%

_5/54/43_.-L% sy By + ——:chz

3

—‘9( /2;1‘/0+)’) az _5—3l-/2%/0 +)K)
o/
{/’Z j=R¥ '§ dCce/efé/fg upwer:

=

4.30 If the piston and water (p = 62.4 Ibm/ ﬁ3) are accelerated
upward at a rate of 0.5g, what will be the pressure at a depth of
2 ft in the water column?

Jille
+ .
|

PROBLEM 4.30

sl | e

(filer) s (p) =—=. D)
~dl (piyz) =/az g
dz

N\ < ’% (0'5}3

c/P = LBV (aiids cesly 242
p2 flgz L5y = - - Iﬁj’;’lma"-}’

@ [r=rry)
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PYUTATY v ssws vy wmss wmwatas) WS e A SwEw s W s w

4.28 What pressure gradient is required to accelerate kerosene
(S =0.81) vertically upward in a vertical pipe at a rate of 0.3 g?

oL r %
L XE ot
:/; % gz

/)
. 5-622)(%°
AR R ST
Az "

MP - yl-1-a3) (=22 )1:3)
<l -

A - -232.3
Az
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: ~EB €
Q) arqe Comtat= 287 16K) el T=P f -
r 3 &, {

specific internd energq=100 Find sppeci’e

E: Ei4273= 228/")

h = ﬂ+{/£,_’ oy + XK _ q5l36

o

Two plates are separated by 8 mm space.
The lower plate is moving at a velocity of 5
m/s, the upper plate moves at a velocity ??f
10 m/s. Oil with a densig p2= 630.2 kg/m
and viscosity of 1 x 10 = m /s which fills
the space. The variation in velocity of the

oil is Iinzear. What is the shear stress in the
oil (N/m )?

Ve _ A=V
\""
M =(45302%)0 ") (LO_E - 0,39
0,008 ’

Ty P 1 N
What the pressare increase (in MPa) that must be appl . 1 i
\?:;'w Ptk modulus = 22 Gita et o watet fo reduce its volume by 0.5%?

—

\



.
Mmmmunoﬂhelinnl}tmlthmuitmwd

_ 1

l{t.‘rc‘ specific msltylmlkv.\iawq =136 and SG for ol ’0.7205:0‘5':!:: -4
‘hrrg?:P}OcmNallrig}u-?.‘cmlnMuon :

|

What is the ifferertial Beight b (i emy of the m,vn';lm‘.’ /

D81 hwk  gmw g
I'he follow ing ”;:_fn; ."@.W”Ja Q1

r“ﬂ"“b.m i -

,/ﬁ + Y610 h ~ Ynereury 0 -Yoater /2 3
(0, 22)95|0)(o75) + 5 S Nsl0)(4)~(78)0 )ler 3) = 62 %0

@

air

3
Water density =1000 kg/m’, g = 9.81 m/s = -

Q 1) A manometer is rotated around one leg, as shown. The liquid in the manomc:cr is oil I =

[$=0.82] and the dimensions shown are as follows: |r =20 cm, h=19 cm and h+a=29 cm). w l

What is the maximum allowable speed of rotation, o, [in rad/s| so that liquid will not
spill out of the mxﬂgmcler?

Te/Q e/

. 2ero 2 zelo©
‘§<;\+>§<,\+_./§\2‘{ = 7(3& 4 Jay ST
. 2

W= (3/52 )(2)
oy




If the velocity varies linearly with distance
through this fluid nozzle (vertical nozzle),
where the specific gravity of the fluid is
$=0.46, what will be the pressure gradient,
halfway through the nozzle? Assume
steady and inviscid flow

—of (PeY 2) =SPaz
ol = 2

| 2.
qt 2=0 >4 :
Gz @ ot BV - )
-=>
[w =8z )= el - 8 ,'wJ>-

oz
oz = W_el— ~(«)(3) @ (,{/Md

3/0) -"S.?:g,;;;(g 2) ’
JF _,yg(z A(32) _>jﬁ J_{a,l/é/ﬁ

ﬁ. _}F_P -75//;3/94
. B~ ,_,,45]2/ =-/4720 7|lz

Zz'?l & r



What is the hydrostatic force (F) in N that
affect the the gate A-B, the fluid has a
specific gravity S=0.58

Fluid

Lpy = Jouh - (o58) 50020 (L -3/

F—a;j”
y | .

sth30=

i =/
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Ch 5: Control
Volume Approach
and Continuity
Principle




CH 5: CONTROL VOLUME APPROACH AND CONTINUITY PRINCIPLE

989 &l gall A8 a8 aSay (58 o) e aatii 5 UL A B
(Conservation of mass) 4Ll L 438

*Rate of flow:

a0 Al sl ) ALK 85 e Casai
1) Discharge or Volume flow rate, Q {m3 /s}:
For a fluid with constant velocity: Q =V.A
V:velocity, (abuddl e 40see (<5 de yull)

s piie de yull CulS Al i

Q= v.dA
2)Mass Flow Rate,m®, {kg/s}:

Constant velocity: m°=pV.A
Variable velocity and constant density: m°*=p IVdA=pQ
-Mean Velocity V =Vavg =Q /A

§ : 1

pg. 1




CH 5: CONTROL VOLUME APPROACH AND CONTINUITY PRINCIPLE

« Example: Find the volume and mass flow rate

of water.
D=1cm
V=10 m/s
s Gblipas—I *
TR RIR . Ly
Q"V'/’)‘V'-Zl—'_o/? v= 0ID =L<m
ikﬂk

Q=10)1Z) (60 1) 235+ s

1i</Q =(000)[ %35 % 10 =lO, 735 /,3'/5[

* Example: Find the volume and mass flow rate of
water.

=10 m/s D=1cm
30°

(1) I o b 0 0518) Gldsn ‘Z)_fflf.‘
(o) didea ok 51175

Q = Vit = (10 Jeos20) (Efo.00") = 6 799KI6 %5

== 0,679 la/s

pg. 2




CH 5: CONTROL VOLUME APPROACH AND CONTINUITY PRINCIPLE

« Example: The rectangular channel is 2 m wide.
What is the discharge in the channel?

s Vertical depth =1 m

Q= V. A i 4 BnEs e, Nl Lp i 0T
L5 (1) el s Bl 8 do b

Q=#fvd = ;fvdﬁ

o sl
Q

lces39

Q=J 4" (2l4) = b29m/s

% (@) slet ) csspl Lk o X
. <)

=} Gjutio —ilgUe C_—é

([ pipe) rieite g Aball 025! @
' i /
4 4 u:{y/ﬁ//s———'ﬁfr/é @
TN Svir) 2 4

o, 5€05%° wbeos39

= Q =S V(rix Krd = f(k/“’#”’”

o0/bcos30

= 1)2
> o = ¢

Y nifs

pg. 3




CH 5: CONTROL VOLUME APPROACH AND CONTINUITY PRINCIPLE

oA control volume: is a selected volumetric region in
space.

eA control surface: is the surface enclosing the control
volume.

O dalay Al el sell Gl el oa alalay g 5l (gaie 51 agin Saadll
asl adde glai o1 las s control volume 4sle (sl

Control surface

e The mass within the control volume can change with
time, and a control volume can deform with time, and
move and rotate in space (open system)

e|n contrast with the control volume, a system is
defined as a continuous mass of fluid that always
contains the same fluid particles ( close system)

Continuity
Equation

pg. 4




CH 5: CONTROL VOLUME APPROACH AND CONTINUITY PRINCIPLE

X% conHinyity g4t o ( Yzl Dlto )
; o *
3 cin 1 %LJ} oip st
(CO”JCdeﬁOﬂ op m.-q_(s) 4_1;4” J¢4P IM CJLC AJ*
fi2 /o‘ow Q«,I’ﬂl —li’)y(b"/'-'
c_;)lﬁi %IJ|M|W o] il .
il okt S

bl
xstead + incomp ssle

lar) puesyJlp ey
[x min= mavt|

sy Ry, =Xve 2 A=A
b

A (ak | = Aefats) o g,y=he'%

U
ot
v o= veloctty

(steaddy icampresible) V& PR

pg. 5




Sop Gy 2] (ynsteady) o Ve @ ¥

o (AIV + (Pvh
o ’(T s S

) (\,@A;;QHJP
M"’Z‘J’ | P

coltrove km e

59\/@@ —-—5*7777 —37:#

J/’?C-V Jyr77€
Fi_ﬂd g Glpido X

5/30/;/ =>_j{£ = /l,/nj/eqa/g ¢.§’%=0

n:- Preg

Cam‘-/f’// ﬂ,r,ﬁa

by - height ( Zl807

Reynolds Transport Theorem
dB

S = % Icvbpd¥+ j bpVdA

dt
[ S
Lagrangian

J

W -
Eulerian

B,, = [ bdm =[ bpdv-

CH 5: CONTROL VOLUME APPROACH AND CONTINUITY PRINCIPLE

Extensive Property, B Intensive property, b Result
Mass: M 1 Continuity
Equation
Momentum: MV A% Momentum
Equation
Energy: E e Energy Equation

pg. 6




CH 5: CONTROL VOLUME APPROACH AND CONTINUITY PRINCIPLE

 Example: A tank has a hole in the bottom with a
cross-sectional area of 0.0025 m?2. 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. A4=0.1m3

A =0.0025m2 [V
A =0.0025m? ¢V= V2gh

ol s41c3 (Valwc) oV (unsteady ) ¢ Nzl 1ip 8%
25 | e e 01512

ofmev - m?n—/”:w
dF

m‘ﬁgj/i =% A S0P
/.

ol b
(p)= corstint ;) (icompresstble) V'

" - h=Im é(}l&""
C ’;"&F NY 1 Y @7 7 pre O
015-
b)) bk ) = Vin (0:0025°) - 294 (o025
cm&m OGJH;?’ &’ -
o b o (00025 )= BT (09257

= Y, % 8y

bs) J ¥
-=wﬂféﬂ‘”’?¢’{‘%:j) ==

9 b = 2ol
- 2

'f
— 9//]
9/}- ') ™

pg. 7




CH 5: CONTROL VOLUME APPROACH AND CONTINUITY PRINCIPLE

« Example: steady, incompressible flow of water
through the device.

Given:
A,=0.2 m?
A,=0.2 m?
A,=0.15 m?
V,=5mls
V;=12 m/s
Q,=0.1 m3/s _
o =999 kg/m? v

Find V, and it’s direction.

2% & i =S => \P%(ro//.rfq/if) 4:5'4‘

—%:_a

(sreacy) %3
Pty = Woys = ERVinAin = TV ous
[G=VA]
V, 4 =VeAz t Vs B3 Vil v

« Example: Find the V,,,, for the given steady,
incompressible flow through pipe 3.

Given:
A=01m2z [ &
V,=6mis __— 4 ¥ |
A,=0.1 m?2 T’ water "
V,=3 m/s —
A,=0.1256 m? S LSS i =
Ly S _E

pg. 8




e iy

0oV Vi 5 =Vmk
J qtt=Y 23 o

Mw ARPIRVITI 2.

Vg = Vet —_\M_=\/mw{/-%f)
F

My = ,(V‘mwk// //)2717/5//”

{ ST 1 P | 51 w2 T
- @dsr

(5)/ 1) +( (3)la!) = E/UIQJ\/MWL/

- Example: Tank of a volume of 0.05 m3
contains air. At t=0.0, air escapes through a
valve. Air leaves with speed V=300 m/s and
density of 6 kg/m3 through area of 65 mm?2. Find
the rate of change of air density in the tank at
t=0.0.

(%)?JL#KPX
L4 be ¥
ki Gl Gl (T3 %5 GeisT 6 bnskeady)
pasn e (45)0177

df spmy ol L B
d L - ::7/;#97'_/;_— LU0

L - -2,34 Ieg /s

CH 5: CONTROL VOLUME APPROACH AND CONTINUITY PRINCIPLE
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CH 5: CONTROL VOLUME APPROACH AND CONTINUITY PRINCIPLE

Example:

Air flows steadily between two sections in a long, straight
portion of 4-in inside diameter pipe. The uniformly distributed
temperature and pressure at each section are given. If the
average air velocity (nonuniform velocity distribution) at section
(2) is 1000 ft/s, calculate the average air velocity at section (1).

Cantrol volume Pipe

Section (1) g Section (2)

Py =100 psia Py = 18.4 psia
T, =540 °R T, =453 °R
V, = 1000 ft/s

. e (Ve velacily) =t Lok
e

[average) = L8

v, = (15,4)(540)(1%%%) _[219F 15|

(100) (455)

pg. 10




CH 5: CONTROL VOLUME APPROACH AND CONTINUITY PRINCIPLE
Ei’ o-

Pl P -4227 ka labsolre)

iz ='Dﬂaje= Elisokic— 171 = G N

> ot il Al
(v va) 52T 3525 6oy 3] ? be 4

A

Q) )<zs <515 g lall ot s

e Cavitation: is the phenomenon that occur when the
fluid pressure is reduced to the local vapor pressure

e Ladie dc yul) Q)ﬁ‘éﬂ\ éLUA\gASJALEJ\ oda haad
Jo haall g de yuld) ala i pipei.;\.mdﬁLASA_'\\Gl\Ldj

-If the pipe area is reduced, the velocity is increased
according to the continuity equation and the pressure is
reduced as dictated by the Bernoulli equation

pg. 11




CH 5: CONTROL VOLUME APPROACH AND CONTINUITY PRINCIPLE

eDifferential Form of the Continuity Equation:

(inside C.v)(C.v)dals de pull alag) a3 Alla (8 dse Jalais

o(pu)  o(pv) , o(pw) Op _

* Integral form:

(outside C.v) (C.v) 253 e Jaladl S 13 s a Al Ll

o (AN o g g Sl

« Example: check the following equation if it
satisfies the continuity equation for incompressible

ﬂOW. V=(_x2y)i+(xy2)j
Jiw =0 020! S
o Y
e’ ]
—_— uatioh
¥/t sokshes the contndity ey

pg. 12




CH 5: CONTROL VOLUME APPROACH AND CONTINUITY PRINCIPLE

Sy b EEIT. HlG] *

| ]

1@/”3;:- -—-éVz""??

+4+ 10, =mVYV

64

L ] L el‘,"e/'

64 /s vlo s 4k/07 M)
24/s x19" = F X107 ni/s

(/)] /7“/0") )16 W el N

RlLA-—» IEVRL S

5.5 The discharge of water in a 25 ¢m diameter pipe is 0.05
m® /s. What is the mean velocity?

J-Q =00% . _ o8
r (W |, 018 pifs

5.8 A pipe whose diameter is 8 cm transports air with a temper-
ature of 20°C and pressure of 200 kPa absolute at 20 m/s. De-
termine the mass flow rate.

p%e Pl = ew () oV

~PRT= = P _ _gooxld =2,373ka/°
RT  ~ 7z57) (20 7 7%

= (2,378 )(20) [ 7 ) (0:08)°

[/;": 9,-23'{/@9

pg. 13




CH 5: CONTROL VOLUME APPROACH AND CONTINUITY PRINCIPLE

5.9 Natural gas (methane) flows at 20 m/s through a pipe with
a 1 m diameter. The temperature of the methane is 15°C, and the
pressure is 150 kPa gage. Determine the mass flow rate.

7 =578/
m° = /A

3
2 P . 150 x/0” + 19107, Lg ey
r (5/8) (273 +15)

;=1 48 2v g0 Z Xl = 264 13/5

5.12 The hypothetical velocity distribution in a circular duct is
where r is the radial location in the duct, R is the duct radius,

and ¥V, is the velocity on the axis. Find the ratio of the mean ve-
locity to the velocity on the axis.

PROBLEM 5.12

v=_a o Q —-?V("/ 27Trelr

M = /"_E - AR
= ™ v/ ()= o (! /g}

Vo

2 3 A
s (L;_ZF)(("%)'%%?)Z]

Caoystali’ )

7 %Ny & Gaulv =>
N ’

pg. 14




CH 5: CONTROL VOLUME APPROACH AND CONTINUITY PRINCIPLE

5.14 Water flows in a pipe that has a 4 ft diameter and the following
hypothetical velocity distribution: The velocity is maximum at the
centerline and decreases linearly with  to a minimum at the pipe
wallL If V. = 15 ft/sand V;, = 12 ft/s, what is the discharge
in cubic feet per second and in gallons per minute?

[ x .
o\ a5 € ?}@3
_ - - 2 1)
{ put

ol r_-o)v=v/rm——/5 ql n| = Vmar

b=15
0(7"/’:/’0' ) V-'/Z

12 —qts + 15 => P /’/r/-?—y—'#/b' sflo=12

Q=S virlenre

- 4 is S
:2(%/_”_‘/;/2717’:27'_6{:—?’:4’5“/" T}

% 2
5.46 Two streams discharge into a pipe as shown. The flows are in-

compressible. The volume flow rate of stream A into the pipe is given
by O, = 0.02¢ m’ /s and that of stream B by 0y = 0.008/°m’ /s,

q

where 7 is in seconds. The exit area of the pipe is 0.01 m?. Find the
velocity and acceleration of the flow at the exitat 7 = 1 s.

PROBLEM 5.46

pg. 15




CH 5: CONTROL VOLUME APPROACH AND CONTINUITY PRINCIPLE

(4
Q) Qg = QA+OB = Q02 +099 3}

Q
A

oy o/ /0/

[vz2¢+ a8+
Ve locity aF E]@ v=2[l) + (0/3)(/)?

o Lo

o= v_j/z + o }%" #0]
. ot > unsteaely %)

V,

ex/'r

P A At g1z o0
(V)U\)"J‘wle(){))dumﬂ_] Lzl Ul

q=Lt _ 94hEr=2+( 4)0)
ya

!a:?,ém/ft}

5.47 Air discharges downward in the pipe and then outward be-
tween the parallel disks. Assuming negligible density change in
the air, derive a formula for the acceleration of air at point 4,
which is a distance r from the center of the disks. Express the
acceleration in terms of the constant air discharge Q, the radial
distance » and the disk spacing 4. If D = 10 cm, 2 = 0.6 cm,
and O = 0.380 m /s what are the velocity in the pipe and the
acceleration at point 4 where » = 20 cm?

by e
Tl

Elevation view Plan view
PROBLEMS 5.47, 5.48

pg. 16




CH 5: CONTROL VOLUME APPROACH AND CONTINUITY PRINCIPLE

Vope =& - 038 _ 5.4y
7% Bers i

—ze/o

=t
-1
Vr=s 82750 o L —eFT. - Q@
2mh dr gk 20hF
. -Q
(2nrf)*

=2 -Q < = &)
01-?_7‘%) //_ZTFAJ' " (r(2rr4)7)

_(-03%)
{a,z){zﬂ#oﬂko/”&')

5.58 What is the velocity of the flow of water in leg B of the tee
shown in the figure?

V=6 m/s .
2 m diameter
4 m/s el ¢

PROBLEM 5.58
/77/;1 —-/7’);4
\/F’ Gﬁ,: (Vﬁkﬁﬁ) "'/\/CT“ lqc_)

(eEnar) - (1952
o (4)°

Vp = Maha- VA,
Ag

Fo=507)

pg. 17




CH 5: CONTROL VOLUME APPROACH AND CONTINUITY PRINCIPLE

5.67 Oxygen and methane are mixed at 250 kPa absolute pres-
sure and 100°C. The velocity of the gases into the mixer is 5
m/s. The density of the gas leaving the mixer is 2.2 kg/m".
Determine the exit velocity of the gas mixture.

PROBLEM 5.67

M =Emg,

LN A +/G, VA= P
(cHy 10:) &(P) Ll D

= £ = 250%10°
e, 4 L 2

= 2%0%)0 _ .
CHy (2’?*373) N l.qu/rg/m)

@ [v="1,8%ms

pg. 18




Ch6 : momentum
eguation




Do) 3 Lg aSady & gall AS s 40 (B pay
(continuity equation) Leie gt g ALY Jads 438 (1
(momentum equation) 4ie it a3 3l Jads o gl (2
,(energy equation) 4is giiiw A8l Jaés 4 4lE (3
(Bernoulli equation)
F=ma : SU s O 58 e pd 51 Adalaa it

1> F= : [vpav+[vpV.da

dt

cy [\

;steady Aalaall CulS 4l

d
)MéJM"MMHJA tcv

* V: fluid velocity relative to the CS at the location
where the flow is crossing the surface

* V: the velocity relative to an inertial frame; that is
a frame which does not rotate and can either
be fixed or moving at a constant velocity

« The momentum equation states that:

The sum of external forces acting on the
material in the CV = the rate of momentum
change inside the CV + the net rate at which
momentum flows out of the CV

pg. 1




CH6 : MOMENTUM EQUATION

Force Terms ( ) F)

 These forces can be either:

— Body forces: (gravity, electrostatic,
magnetic).

— Surface forces: (pressure, shear,
supports...etc.).

DY Okl pdiui = ) steady Aalaall il
> F=>m°v

steady + incompressible ¢S5 ALl a8 Jiladdl Qe g
) HLEY) daal e

Alla aneally dlala cailS 1) :(m°) 330 (1

daa ga (585 avall (e da LA CailS 13
e gall (X,y) Usne oladly Ao g0 (685 1(V) Aoyl (2
el (X,y) Dsae oladl daa 50 (5585 (F)ssdll (3

Y me -adaada
Jis3 1 (F,V)

pg. 2




CH6 : MOMENTUM EQUATION

Nozzle

control

de yull 33L ) & tNozzle (e el

|
[ ps |

——
= B =R E

® ©

P1=P2=P3=zero
V1=V2=V3
Gleld )N Jleal oyl

pg. 3




CH6 : MOMENTUM EQUATION

« Example: find the momentum flow I v pV.dA

Vs =30 °

v/

aﬂx

9.’0»)1)},54\}/60 dedu Us) *

Vs

Y-ax/s .-

vl (-mlo) =5 Vglmg)COSEO = éFX

Y- aXjs -
AT Vy(-m3) + (v, Sih20)(ms )

 Example: find the momentum flow C{VPVdA

1
ﬂ
v 9:;%
) T 4

C0530) (m?o)

3

X —aX/s o=
ZFy, =\ (-m°) =
ﬂ—a)u's "

ZFy = \/p [—m‘;) — (VgSl'HSO) (m3)

pg. 4




CH6 : MOMENTUM EQUATION

- Example: Steady, uniform flow at each
section, incompressible, and neglect weight of
90 9 reducing elbow and water. Determine the
forced required to hold the elbow in place.

Given: ,

A1=0-01 m2 |l|

p1 =1 19 kpa water ———» 1:

A,=0.0025 m?2 " 2
V,=16 m/s i l
p2=patm

p=1000 kg/ m3

(Conhﬁl surface )J—l" -:5;,5‘),‘*

ng‘___ fvxf’dv +/(v [Rdh '?”1‘ - —}
ea”

Ry+FA, =V, "",)Wig'(”’z/ | :
Ry = ~(£a +Virm, ) ! |
R
Pl YU ot N olte oaior i (Y plm (115 ) 1 Lol X A A2

I)P\/,/ql =l Vng

Vi< VaBz = (16) (000257 - tf s
¢ a,0r/

<0, = (1000)(4)(0,01) = “oks/s
Rx = = (LiDloGe.od) +(Y)H0)) = - 13500
olits coill ol sy IF g WL Sl ¥
£hy :% §\yelr f vy A = £ \/(m°)

Zere

Rg Sy,\{—m )+ Vyz(m3)
/?,j___v2 ms = /\Jg =(- 16)( 40) —‘{’6‘/0/1/}

pg. 5




CH6 : MOMENTUM EQUATION

- Example: The water leaves the nozzle at 15
mM/s (Anozze=0.01 m?). Assuming steady,
incompressible, and neglect the weight of jet
and the plate, change in elevation is also
neglected. Determine the reaction forces on the

support.
|

Nozzle flat plate
—

1

SF = SVxAvdh = Em®
(=

Rx = Vi (~17) +S4l155) + Vb m3)

M = R4, =(1000)(15)(0.01) =159 I s
Ry = [-15)(150) <F2, 25
f/:,j ——e,s(\/g Sl = EmY
Rg = Yy (-m/) 4'(‘/312){”"7;) + {V!f?) (m3)
Ry= Vphtg +Vahs

WA iS5 e 5kl g sl Ao (Vo o) csis P ¥
(2)5]1) a1 331 o) (elevation ) blé) VI

I +.\_/l._? +2Z —'—'_,’.D"L—f-__\_/_i.f + 2, =
DAY Yy 29

2 4 [ -\/’
Vi =\ — \/;"Vz Vj ‘=VZ_' £ 1

,, : 2 () dlniy) ol ¥
=Mz +my Dy Z2Me| gy s () b2

oLl 62>
(k; Vy (Mg -m 3 )=ze/f>7

pg. 6




CH6 : MOMENTUM EQUATION

* Example: Determine the anchoring force
needed to hold the vane stationary. The problem
is steady, incompressible, neglect the gravity.

Given:

A,=0.06 ft? P

Pruig=1.94 slug/ft3 ﬁ[
fluid - Nozzle /

EFY = Sv.rﬂ/e/ﬁg sm'v
[Px =Ny, (-77) -f—L/ﬁfmcz)

V2 cos g

[V.=Vz | dp;ﬂl}»tv'@gl,by_,@_éi
M =P, —(,94) (10) (0506) =167 S1y95/5e<

[Py = 1,64 cosp-1) IbF] EFy -5V dA

@ =11,64 sind

= U (- 7 Vz{m:)
Rﬂ L ik L Sing

* Moving Control Volumes.
Vr = V _vc.v
example:

V=25 Ver—10
/ TR
LI

The relative velocity is the
fluid velocity relative to the
V,=25i-10i=15i moving control volume-the
fluid velocity seen by an
In case if the car velocity observer riding along on the

. control volume.

is to the left The absolute velocity is the

V1—25 i-(-10i)—35i fluid velocity as seen by a
= =

stationary observer in a fixed
coordinate system.

pg. 7




CH6 : MOMENTUM EQUATION

Example:

A jet of air traveling at 12 m/s is directed at a
90-degree curved passage in a cart that is
moving at constant speed V_=5 m/s. The
curved passage has an inlet diameter of 5
cm and outlet diameter of 1.5 cm. The jet
diameter is 5 cm, what is the jet velocity
(m/s) of air at the outlet of the curved

passage?
t
| 'VC

\/r‘:v;" = Ve

1, =1
A = fy e = Vi.A, =\ Az
(Vji = Ver ) o = (V== Ve2) Az
(12 -5) 15 (0,08 = (Vjz ~%a) [ §o015T")

VCI > Yt

\/J 2 —\42 Vl’é =77, 78mps

_ (50+7573] )/ g »"

pg. 8




CH6 : MOMENTUM EQUATION

Given: o
A1 =0.006 ft2 Nozzle
Pruig=1.94 slug/ft3 U=100 ft/s |

= UU -\N) =100 -70 = B0F/

Example: Determine the reaction forces
for a moving vane (W=20 ft/s). The jet
velocity is U=100 ft/s. The problem is
steady, incompressible, neglect the gravity
effect.

. \, = Vo } l))'),c = l)]_; (

Wil < 748, = (,94) [30)(05 G0 ) = 09212 slygs free
E F; ’——(sf\/x- @'a/g
_/'?k’ = Vi, [Mm7)+ 4. (/77;)

V.cosYs
[ = 2,3T1F)

g’c‘_;) =‘{Vﬂ Al = E
s

zere -
ﬁﬂ = %(_ml J +VEZ {I??;)
Vasin 9

[P = Jr)R Arg] = BERILE => estl sled

o(::/‘wfl(_/_?y_ . ¥
Py
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CH6 : MOMENTUM EQUATION

6.6: Navier-Stokes Equations
ale J.x” EINIZYEOF.
They are a differential form equations of momentum based on a
control volume of infinitesimal size.

For incompressible and constant viscosity flow:

X-direction ises dy Fisis 2 2 2
_‘3&+ua_“+va_"+w3_u =_6_p+pg gy 6u+6u+6u
i cctlerdtion  ow oree = @ &
Vdirasiion owitorce  ghear force

P ﬂ+uﬂ+vﬂ+wﬂ __6_p+p +u oy +6% +67v
ot ox Oy 0z oy e ox? oy? 8z’

Z-direction

Al 80 B B g T PR N
o ox oy oz PR x? oy? 872

6.7 A water jet of diameter 30 mm and speed v =20 m/s is
filling a tank. The tank has a mass of 20 kg and contains 20 li-
ters of water at the instant shown. The water temperature is
15°C. Find the force acting on the bottom of the tank and the
force acting on the stop block. Neglect friction.

¥

/

~

Stop

block\ ~\70°

PROBLEM 6.7, 6.8

pg. 10




CH6 : MOMENTUM EQUATION

v
%
- - 7 7l
ZFy= Em'y | ‘LW !
B |
Fy=-\vl-m’)coszo | |
=47A cos o Y R e — |
= (1000 ) 7r(o,03’)7[20 5 Te,
o

-Fein)

ng = St = Fy - W = =V$in70 (i)
Fy="Vsin 2gtm)

W= W/d/]/f"' anhl’

= MW = [20)(%5)) :ll%z /V'(

Dl o Albl eru PLIj eor crine Y31 & ¥

wamd =Fog Yo = (602 19510)-(196.20/]

Fy = 392,4 +/A5A sinl7g)
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CH6 : MOMENTUM EQUATION

6.10 A horizontal water jet at 70°F impinges on a vertical-
perpendicular plate. The discharge is 2 cfs. If the external force
required to hold the plate in place is 200 Ibf, what is the velocity
of the water?

-G

-
| I
ZFY-’fmov | |
—F-x_—_-(—m°j\/ —_bl o gt 14— fx
|
L

Fv = (,AQ)v |

V=Fe _ 200 _515F AT
P4 14912 = ,@; th

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
H = 425 mm, find the required air pressure in units of atmo-
spheres (gage). Assume the flow of water is irrotational.

Vertical cable

Pressurized air

— 2 —]
:

Jet diameter d
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CH6 : MOMENTUM EQUATION

el o (Pressure) s )F 4
- =

( FHle+F = f+re % | a3

| |
[V=2] |V

\\

27 5= | |

. @
) dsJiola) uu | '
m o] =
L~ |

Vs W

7 hy = -gvm’
() - |0-200=/ Ve

T/qa {looo}(ﬂ[@ﬂlz) ")) i( Ter) iz (2) 4550 )

Aoy w5 K
F={ v =-¥22
Al
025900 /3 8,25 6t
22w

6.16 A jet of water (60°F) is discharging at a constant rate of 2.0 cfs
from the upper tank. If the jet diameter at section 1 is 4 in., what

forces will be measured by scales 4 and B? Assume the empty
tank weighs 300 lbf, the cross-sectional area of the tank is 4
f. h=1ft,and H=9 ft.

PROBLEM 6.16

pg. 13




CH6 : MOMENTUM EQUATION

= Y
m’g.g (X)J)E"’o{ﬁq-‘)—-j”’k—f"x 3 -1
(Moo ls ss <] I5p p_ie G Absi
O)aszs P>

cdsAL) Wpie)yeon Tisi i csa (Y) seods U] < %
Tpsic o> eds (Y) 2500 1o
(2) (1) o adsim amet X
zers =(y) s A

—et” ‘:el‘t: — L
a2y Sl S8 R
h=yv" = v-/29h |
29
A= 1L99] fr=62.37] lg-322|
&=

I _\T D N 4 )-P—b,é——_éi—-_-l_rwdl—é-P’/U*

| B ok e s ie?

L _____ _JI é&m%m —la2)=[2.38)]
Z, ™

VTR cEe Cgmr

Ny =/23F = 23z ® = 201 FAS
FFv = Sy => g fg = i)

Fo ~ (238 (22-9) - 381151

E g . i Bt = ]
F, = “Vror +vylm?®)

S pop = e -+ Mpanf = (Yv)+ 399

/
Fa =(((£9,37)(b/)/l))+300) L (2-3%) (24-1)

E - g zIbF )3§<
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Ch7 : Energy
principle




) sall A ja a8y o) Gl ) el e alS - ilal s
First law of thermodynamics:
AE=Q-W
Q: Heat transferred to the system
padl Bl s da j ot () (g3, (1 1oe 5 4l

o) AL Al e 3alal) Jsad i salll Alla & a3 Y (535 (2
ALl

W:Work done by the system on the surroundings
(QW): e usSicontrol surface

E: the energy of a system

E=Eu+Ek+Ep

Eu: internal energy (atoms)

Ek : kinetic energy, Ep : potential energy

BEY o ci\..d\ L"gpartide JST aaUhal) e gl Ay 1a) sy dadUall Jaxa
Alall Jazse ladie (o gl g dtiea Cv 22 g1 Uia) Caaa
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CH7 : ENERGY PRINCIPLE

In terms of rate of energy:

system Ju 515 15 1310 (+)

dE _
dt

. “; (+)
=Q-W s / _
system (o o>
system /

Q and W are path function

Q, W path function:

ol e JIS) o gl il s Y
gl e iSly 2 M 1 ALl e i oy IS Dl ) S

c ework J8

A xework e
o w
W =power=—, work rate
Work can be divided into: ° .
- Shaft work (through turbine or pump). W =W s+ #

- Flow work (due to pressure).
Shaft work rate  flow work rate

pg. 2




CH7 : ENERGY PRINCIPLE

» For steady flow:

o 2
Q-W, =J-(V7+gz +h) pVdA

cs

* For steady and uniform properties:

g v 2
O —W, =Z(—2 +gz+h)pV.A
CcS

h: enthalpy, h=u+g
(Kj/kg)h Bas sl 43 glsa &y 381 2x o) ranai (S11000 (e ani

Example: A turbine receives steam at 1.8 Mpa, 500 °C
(h=3470 kJ/kg) at a velocity of 5 m/s. The steam exits
at an enthalpy Of 2630 kJ/kg with a velocity of 70 m/s.
The steam flows through at a rate of 1 kg/s, and the
turbine develops 830 kW. Calculate the heat transfer
from the turbine. Neglect the potential energy due to
the elevation difference.

_ . A
Q-4 =R/ ~ Pz} v i
2 Q —t—p Up =—slbtl X

Q=330= (2 <4 )(-m7) + (%5 he) (#75)

@-F50 = (L, +3SFO)~1) +[[ZL + 24 30)(1)

# /Opo

’Q = &M @;L_.mjjéué”@ﬂoaojcjsbb——”*‘

(hs i/ %] ==
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CH7 : ENERGY PRINCIPLE

OSa e Jsud) Jail pady Slea o 30k 58 (pump) Adaaall
Ji gl Jaria 30L ) (G e A1 )
increase pressure laaall o )l caagl)

H
-
Zow ——=—/ ’:"'
lDin ﬁp o‘?Dom
R
1 ~
EGL,;, A = EGL,
e 3. __Datum planc (SES0) SRUN =R

Akl jabaial e Jory Slea 98 Turbine:

m = 5000 kg/s
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CH7 : ENERGY PRINCIPLE

San LS el s Al all e ,S) Al adll o S il b
(cavitation) —aeSall dlec

turbine 3 pump 55 A e ultlas Ay Aalase LIS

energy equation < dalxall 538 Cuau g

‘72
q@alzwp—?Hﬁaz +h+C )

Thermal energy

Mechanical energy

o =2 Laminar flow o =1 Turbulent flow

7w Pump Head
W, ;
hy=——= Turbine Head

Head Loss

Note: The bar over V is usually omitted

(for viscous flow):leiudail (pha 33 aa 53 Aalaall 534
1)steady flow, 2) incompressible

o.: kinetic energy correction factor

Liad DAl a5y (53l S 8 43Y Uile Jagustl ) 3L olinia g
oL 4lSa Linia g 9 <L) A) ) o

head loss 2525 s (Jsin Aabea e Aabaall 038 oy (53 50
A Jage OIS (A gy Aaleay 43 Sy

Flowd) slaily il 5 (plais 320 o 3Y Alabaal) o34 Galaile
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CH7 : ENERGY PRINCIPLE

(ft,m,mm,inch,...) 4d sk Clas ) ) <5 Ualaall 028 o

Pumps and turbines lose energy due to:
1- mechanical friction
2- viscous dissipation

3- leakage

W ia 70
Ty = ,ﬂmd = ! Pump effeciency
W shaft " TShQﬁ
Wshgt W
- e L Sh:ﬁ Turbine effeciency
W fluid 7Oh:

Example: In this system, d=6 in., D=12 in., Az,=6 ft,
and Az,=12 ft . The discharge of water in the
system is 10 cfs. Is the machine a pump or a
turbine? What are the pressures at point A and
B? Neglect head losses. Assume a=1.

Same D
elevation

pg. 6




CH7 : ENERGY PRINCIPLE

2 Gustba Yz b < lp ¥
‘-U_Ulé,:: JAp (‘

() ¢|A) Baidyie L)t (2

. il " /|
250 Gt 655 Dnse (bp) T# =Bt (hr=a)
(rbine) 6,5 WL (k) Ts =313

(2) A1) WeehGo 2l 7

zere sl
—cr/e %% /B
)/ -+

g CVES S S R

ZI+ AF e O(zg

Vo 48 Ml | _ @75 Fif
Az [ Fhz)

! ZI=/i’-‘=> A2, +42Z,

—1<
| 5ahp = (1) LELTE )»

C

/;/7-"??,3//:{
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CH7 : ENERGY PRINCIPLE

2 (2) P co 4pli ¥

<e/lo
2e/o g

p ’ z %
26 m Eg A :

() Eeitiod Cerail, Lo 6,7 s(2) I (8) 6o bl

(2) NA) Goslo il %

ze/°

2 Joo, v d M
— 20 - = IXx_ A - v
y TR+ rhp K+ + DR

Myl | Dolso YU Go [A)Tsm by sy ¥

Vol =\ A =3V, - 7 YFL4]

B (1) 2, 7). 19 = 1) (50595)
e ///__')132,23

b2 7 (322]

by = 1735 TL/FR
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CH7 : ENERGY PRINCIPLE

Example: Water is flowing at a rate of 0.25 m?3/s,
and it is assumed that h; =2V?/2g from the
reservoir to the gage, where V is the velocity in the
30-cm pipe. What power must the pump supply?

p =100 kPa

Elevation = 10 m — %
2

D=30cm

___________ —— Elevation =6 m

40-cm diameter U

— —— Elevation =2 m

(Power) =k Jsdigle X

Bl "B
zelo —elo
-;E\—pa(,?;_,_zﬁi/?:T/?—_k v7 2:‘/7;(+h1
Voa=Q _ o228 o 3.5Yny/s
~ 15(0,3)7

(refvance ) lup!

25 5 Gk (R2) et bt 551 (=) 2102 2

Re= /L _ (1000 ) 3,54 )(5) _ J/0s37 7210 ¢
m (31 [Tel ™ Vist b lani

//\n)ﬁ)&'bd.l's'*—”lc}é(/- o |

fohb=toonto™ , (1) [3,59)°, Jor 2(3:54)
S 9810 2(98)0) 2 (95/0)

M wp =(0s 25)( “8/0)( )67
/:Np, —_30/;5 /fy
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CH7 : ENERGY PRINCIPLE

(losses) & sxase = i lasi 7 5 oY)
AV dalae (4a B2 s8aal) A8 Jidd oo
:(losses) awsaii
1) major loss: Jsh Ao aiue JSG0 Coangy Alall 2y clliaY|
PIpE
pipe Uil & il e L

2)minor loss:

15V 5 2 il g Jaladl vie Uiy 5 digea ddats die SAKiaY) Ly,
s Jais o gllaa il 1aa b oS

Casel : Abrupt Expansion

» Using this equation
along with the energy
equation and the
continuity equation:

pg. 10




CH7 : ENERGY PRINCIPLE

Case 2 :

Discharge into a Reservoir

* When a pipe
discharges into a
reservoir, V,=0:

P— h, = V—2 e
2 __==

 The energy is
dissipated by viscous
action of the liquid.

Example: This abrupt expansion is to be used to dissipate the
high-energy flow of water in the 5-ft diameter penstock.

a- What power (in horsepower) is lost through the expansion
b- If the pressure at section 1 is 5 psig, what is the pressure at
section 27

c- What force is needed to hold the expansion in place?

\boage
5 ft 8\75’% _1{)_&
f |

psig: Pounds per Square Inch

pg. 11




CH7 : ENERGY PRINCIPLE

0) )P= Q¥h, ] (lw) e 2 Gy sp Y3 - )Ej,, X
A Josp (are minor loss) Upllse 5%
TeeH

h=(1-Vs V)T gl e wﬁﬂf?("z)""/"’
23

v -Uhe =
b - (2545 ) - [E5 167

(2)(32:2)
(B=Ya,-41997

/= 23?)’/11 _ Y9a (B L)~ 204 p
’° EbC»’o s
(}Wf‘r) upy 34 g‘ﬁ( 550) s

ure) Gord

b) 25(L)] Whsa B (11655

ze/o
oha W R §
i T = 1
(fpe) slet | O3 6o (ogeo) sletd 2

Rew :—/‘f"p = 8332073 4 = Turb 5[, = 1]

Ketw < 414417 22 STt~ 1) P =5Psq<l5) (144)Fz ﬁg
P 2= a/ ,/é) 6 ﬁr/oﬁ

<) 5Fv={m‘(,_—>mamunfem
aZr -201, +F= Vs =\’ =>/;7, ——@

m=p26 =(b949) (4949 <[5, 3 ]
F;_- 1/2.?92_2-55
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CH7 : ENERGY PRINCIPLE

Example: For this siphon the elevations at A, B, C, and D
are 30 m, 32 m, 27 m, and 26 m, respectively. The head
loss between the inlet and point B is % of the velocity head,
and the head loss in the pipe itself between point B and the

end of the pipe is 74 of the velocity head. For these

conditions, what is the discharge and what is the pressure

at point B? The diameter=30 cm.

Discharge (submerged)
into lower reservoir

=€
—=lD

: 2
Ve locity he 9= 2\97/ | e "

2

2 R
[2int A toC & E/')l:{—“/?‘ 47]4‘/’2%' A/.o}.:{mo,}"’/’) z3

PointA rof+ he = 2 2 nat=
Pt Broc s b, =1 \/° Ry A
Y 2 Fokal 29

Zzelo zel© zel® —c/o =2e/0

=22 ho=3
0 A & 0
—& ‘.‘ ”‘Za+%€:—-@ ok +__AZ£+ %\(“
X p— Y g EB=3’Z
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EXAMPLE:

Water discharges to the atmosphere from a large faucet (control valve)
as shown in the figure with a pressure at the faucet inlet is 250 kPa,
gauge. The faucet is held stationary at point A. Let a’s are equal to
one, the total head loss in the faucet is 10 m and the inlet/outlet
diameters are 15 & 12 cm, respectively. Neglect the weight of faucet
and the water inside it. d; = 0.35 mand d, = 0.5 m.

What are the inlet and outlet velocities? What are the components of
the force to hold the faucet stationary?

What is the torque (moment) necessary to keep the faucet from
twisting? Point A

‘ /{ l °
d1 b ¥
— \Elev.=0.3 m
Fx

D=15cm
D=12cm .
| | Elev.=0
[~ d2 ol
=I velocr +Yy
1.%=am e X R, . D,
F’I -OJ 5 qu
A ‘ =R e e
—— + oV N = b Ve 4 Ro A PkF/1L
¥y 22 ¥ 29
> 7
a) (/o) Ere ) 4
cELIE AT S TYTOITULR
q2/9 2(92/0) (Z)%.37)
vy = 22594 v = 1057 r /]
£ Forze-~

2A,+Ee = -n2.° (V)
"
- A = 258 fig/5)

o [-va) [ms) =

- 5.7 fin

pg. 14




Hydraulic & Energy Grade Lines

» Recalling the energy
equation between the
surface of the W g

reservoir and the
downstream section: S
pa
_ ,
Z|=&+Zz+a2£+hL == =
28

}/ | 2
.‘, ‘

Datum

99 4 deyull 9B oplsza parsdl 5131 HGLoe Llel EGL
.48 bl o

4S5l oloily 3L bghasil oS3 .

& .
o N[
\ N:
tA[Vii2e || T
NS
N \.<
A ~~ |
*\}// N
N Hell
HGL >
=~ JIV5/2g
EGL e

-4

i

ke
|
= =! ->=«->;->

A
| Diffuser 2 3

Arbitrary reference plane (7=10)

f
.

cJ87 deyudl 418 udasdl  @8luall B 15
2SI 595 shadllg
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CH7 : ENERGY PRINCIPLE

Hydraulic & Energy Grade Lines

EGL

N
HGL N ¥2_ Y increases because
\ Z&' 2g
\\ diameter of conduit decreases,
causing ¥ to increase.
% —_— s, HGL
i
e

o

cdB cpdasdl ey @8luall ¥ Osly deyudl La

Hydraulic & Energy Grade Lines

HGL and EGL EGL

2
Large 22 because

smaller pipe here
Steeper EGL and HGL

because greater /;
per length of pipe

Head loss
at outlet

EGL and HGL

<=
Vi

ol e 1o bglasdl 418 5133 an gy o5 13l
ol3sdl Gy @ e ol3sdl

47
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Hydraulic & Energy Grade Lines

EGL

Abrupt rise in
EGL equal
to h,

—_——
—————

Sl b glasll paiys dsuiall sa3g e
hp 2132 5

Hydraulic & Energy Grade Lines

HGL and EGL

h,, head given
[ up to turbine

Gradual expansion of conduit allows
kinetic energy to be converted to pressure
head with much smaller 4, at the outlet;
hence the HGL approaches the EGL.

JawM) g bohsdl 8 turbine 3929 2
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CH7 : ENERGY PRINCIPLE

HGL=Hydraulic grade line= line to describe the piezometric head

EGL= Energy grade line= line to describe the total head

(EGLHGL) 1 sha auy le bl Al laia¥l il 8
o gladll an )y e cilaadla
HGL o+ =) EGL (1
Culipipe Lk O s A0 de jull 8 () sie cpdaddl IS 131(2
:\SJAM olai) L;ﬁ: dgl:}:;l\ d}}b&\(?,
OISR el ot o) i Ja shadll ()8 ()34 22 g IS 13 (4
GsSe pipe bl J8 de yudl G EGLHGL (O 48Lual) B8 131 (5

S
hp &&JY\ A2 Al die (6

Jaudl o shaall Loyt turbine xie (7
! center of pipe (w 4dbuall (b8 JOA (e ety 5 683 %(8

zana (pSall 5 Adle () oS3 Leild HGL (= el pipe O 51 HGL

Hydraulic & Energy Grade Lines

HGL and EGL

Positive — Negative =
--------- ositive 7 egative Y

[
D
—_
—~-
_—

-—
R
~—
-
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CH7 : ENERGY PRINCIPLE

Example: What horsepower must be supplied to the water
to pump 3.0 cfs at 68 °F from the lower to the upper
reservoir ? Assume that the head loss in the pipes is given
by h =0.015(L/D)(V?/2g), where L is the length of the pipe in
feet and D is the pipe diameter in feet. Sketch the HGL and
the EGL.

Elevation = 140 ft

Elevation = 90 ft

s | L =1000ft, D=8 in. !
— = —> > ) — Elevation = 40 ft
(. |

_ | (porse fawer) s1gall -2olplip I3 3

(E01) (HO, ) e— 12
P=Qxhp

o o
-~ 3 V? » D) T
&)’ 5(‘7;_ +Z,+4,0——.§\* &‘2%+Z, - AN..
Imepr 3‘%’5055’”9‘»&# {/Z ) sl ¢ (he) s %)&p(hp)bf Log A

—_ <2

Imipoy & (Bl se = M

23
K o /no(ja/"-/. mino¥r = oLo/b (v T
22D 29

(5

2 ”1 )2
015 ) [2000)(8.59 ", (3.5
[2)(32,2) (Tg;) 2/32-2)
(DUs\eo G P
P=QYhp=> (550) de—>lo¥
(/)Ol’.!ffow:r} Fapos Yol oles

AL = /0’

by PAAE 5

alo_l_ép://fﬂ—l-?Z:b’

_Q _ 374
— 775,55 ) | p-9ibe - [57hr)
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CH7 : ENERGY PRINCIPLE
HGL
£
HGL
[
I

7.21 Determine the discharge in the pipe and the pressure at point
B. Neglect head losses. Assume «« = 1.0 at all locations.

<— 40 cm diameter

3.5m

20 cm—diameter nozzle

PROBLEM 7.21

Q
Y o

Q 7 <
§ E' o~ =
"_ hfq L. — L ) ‘?
g 29 v _.__/—“ +C>(‘-——LV +?—--."M;X\
J 22 N '

Ry E} X m’/J; /

R« VA @Y Effor2) = [ = a3 Un7Ys]

V=) =qi; =] 2 4 ,;_7A7

Cx +o\f g® K /2 z 2
S R A O RIVANENG W N

23
2w (293) -
—}i+-_;;g\32 - /5 =0 [é’__ //’;z/'},q]
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CH7 : ENERGY PRINCIPLE

i - ~

7.32 The dlscharge in the snphon is 2.80 cfs, D=8 in,
L, =3 ft,and L, = 3 ft. Determine the head loss between the
reservoir surface and point C. Determine the pressure at point B
if three-quarters of the head loss (as found above) occurs be-
tween the reservoir surface and point B. Assume o = 1.0 at all
locations.

C

B ©
Ve 4 X+ the

28
2 3 , ’
\/C:% - jﬁ, =|e2ks) o 3 C&——/ by = v =2F
1{12) ﬂq’{
o
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CH7 : ENERGY PRINCIPLE

7.24For this system, the discharge of water is 0.1 m’/s,
x=10m, y=20m,z= 7.0 m,and the pipe diameter is 30
cm. Neglecting head losses, what is the pressure head at point 2
if the jet from the nozzle is 10 cm in diameter? Assume a = 1.0
at all locations.

PROBLEM 7.24

@j;w’e heaa/:/

L
R 3 {/;?//1_,, 2 = (/2)73}17
Y i) =3

7.44 A pump draws water through an 8 in. suction pipe and dis-
charges it through a 4 in. pipe in which the velocity is 12 ft/s.
The 4 in. pipe discharges horizontally into air at C. To what
height h above the water surface at 4 can the water be raised if 25
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CH7 : ENERGY PRINCIPLE

PROBLEMS 7.44, 7.45

AU e ) g

) S APV
—§V 'IP(E%V + B+hp _; +a{3ﬁ_+ 20+ Nt +he

- 2)° s gelpaes
Lo g '92{ ;} = (eFhclercy)

A’P=_\’L’E = YQhp _ W (i
il e = =>>/,,>_BCT;2()

Q = \ebe=(12) () [ =[ 0774/

). [25)l550) (o0s6) ~ [2653F¢
e (1,097) ( 62> d) Al AN

}zp-—4+31/9ﬂ? u_—/ZO/;/
2
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CH7 : ENERGY PRINCIPLE

7.50 Water (10°C) 1s flowing at a rate of 0.35 m?/s, and it is as-
sumed that h, = 2V /2 g from the reservoir to the gage, where
V is the velocity in the 30-cm pipe. What power must the pump
supply? Assume o = 1.0 at all locations.

p =100 kPa

F—r

D=30cm

— — Elevation =6 m

_—— T T T T

40 cm diameter

Elevation=2m

PROBLEM 7.50

F=Qyhp
/’“ 2Va
00 o ) {S
+ O A z
% %‘ L +/IP‘§‘ +°(-§\4~* 2z4§(f%1.

}J)p = /4> /MK P=\’=(025)(%81)(/¢])

pg. 24




CH7 : ENERGY PRINCIPLE

7.53 A small-scale hydraulic power system is shown. The eleva-
tion difference between the reservoir water surface and the pond
water surface downstream of the reservoir, H, i1s 15 m. The ve-
locity of the water exhausting into the pond is 5 m/s, and the
discharge through the system is 1 m’/s. The head loss due to
friction in the penstock is negligible. Find the power produced
by the turbine in kilowatts.

Turbine

PROBLEM 7.53

o

—Tﬁ # c(oz £y 2 - 0
g 2% +21+X€;§Y.J.o/%_ "L?Z"A/"’é
'I7é= Mihor loss< M
23

A NN TeYE N T

27

= (1] (9810] (13> 753) =7 7.4 (0w

pg. 25




CH7 : ENERGY PRINCIPLE

7.81 Water flows from reservoir 4 to reservoir B. The water
temperature in the system is 10°C, the pipe diameter D is 1 m,
and the pipe length L 1s 300 m. If #/ = 16 m, h’= 2 m, and the
pipe head loss is given by A, = 0.01(L/D)(V"/2g), where V
is the velocity in the pipe, what will be the discharge in the
pipe? In your solution, include the head loss at the pipe outlet,
and sketch the HGL and the EGL. What will be the pressure at
point P halfway between the two reservoirs? Assume o« = 1.0 at
all locations.

h
Water H
D
1 h
R
A ! -

PROBLEM 7.81

| mm ok Jir? 0J°r

- "
/?) ’ \/'1 /7 (3 SN
+ <N 4 zpvhpale yoc ;

= £
2 Ry \y &
/é/— /0:0/}/-? *‘?g 1‘-23—

Vs 3. 94 m/sf

Q = VA =(515'5}(gt)/u’=[4 98 )

tolind [ 7e ssure o

Imqu/’

> . o .
T B £ S by
29

.
~

16 =L 4 (B.36) _9 yles0l)ll5o) [35e)
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CH7 : ENERGY PRINCIPLE

Vi2g=4 m
EGL

7.82 Water flows from the reservoir on the left to the reservoir
on the right at a rate of 16 cfs. The formula for the head losses in
the pipes 1s h, = 0.02(L/D)( V2/2g). What elevation in the
left reservoir is required to produce this flow? Also carefully
sketch the HGL and the EGL for the system. Nofe: Assume the
head-loss formula can be used for the smaller pipe as well as for
the larger pipe. Assume a = 1.0 at all locations.

—— — FElevation =?

___ Elevation
=110 ft

=200 ft ‘1_ 300 ft

4Aa A

D;=1.128ft  D,=1.596 ft

PROBLEM 7.82

pg. 27




CH7 : ENERGY PRINCIPLE

h

i = '
- Z-//)odor'./. Shminok

:(0.:02.&. 219’7} #0_,02_[-[_)?_ R,

Di ~l2g/ T 23
minekr
§£+D(VL +ZL+)5)?= +< _,z,qq,XW/M
2 J 2

pg. 28




pm' r { ; 1©e 1 han 1] £< opeTated

wer generated (kW) from a hydranle tutbm.e when |

re m s that have Az=33 m differcce i eloyaton 2nd the Tlow
ad loss (major loss) be 4 m and neglechhic abrups losscs.

DBz gune (gAms

W QYA

4 o, o o & -
/ - -
x} 0(2% + 2 +b€->§_ _“Yg +\X{+/7/_ *AL
3= e+ o ht=73lm

w7 )19810)(31) <[ 2/28,3)

. 290  O%
The continuity principle is applicable for the case

a) incompressible/compressible  b) vischus/inviscid
¢) irrotational/rotational

A s

pg. 1




What time (in second) is required to fill the
circular tank with incompressible water from
h=2mto H=7.3 m?

lz—D=20cm —

d1=4cm 1 PTT1 PTT
visbmis v2=2mis

f/”’qv = Sty + Emiu
F

/va/umc: /77,0 ‘M)q :}Xﬂfé = )@/1'1 '>€%AZ
o

T (0:2)'dh. _g5i)fe,0072/7)fos03)

/7 _ o _ %
E_: = GlIb| b Js -l _Z23-2 28 17

(=% /. 5 b—_ 0_' V7 b“b‘ S—t”

pg. 2




What is the velocity (m/s) at section 4, if the
d4=11.0 cm? The problem is steady and

incompressible.
2 d=3cm
l V=4 m/s
et water ——0
E—
Si;:u"; discharge=0.005 n?ls

Llj

{M,;, = 2 Mo
v A+ VA =Vl 3+Viyhu

2(z) (05 04+ Y|E)[a,03) =095 Vil & o> 1)

b"/ o 0954]

pg. 3




Water with a viscosigy of p=0.032 kg/m.s and
density =1000 kg/m is to be siphoned
through a tube 30 m long and 1.5 mm in
diameter, as shown. The flow is to be laminar.
What is the Reynolds numberif H = 12 m?
Assume the total head loss is 10 m.

L=30 m, d=1.5 mm

/A

WATER \\\ 5’_

Ke =/ VD (enargy) Usleo ik’
/™
(VJ ol Y
PO = 2 e o = o (&}
% 4025%42""‘26 :% ""’(2\;:" +§\,+X<+/u
& =2

/2 =(Z/2L£ +/0

Roe (02)( 431832107 _ 507, £30% %
-y ——

pg. 4




What level h (m) must be maintained to keep
the Reynold number at 1600 through the
commercial-steel pipe? The total head loss
hL=4.8 m. Water (viscosiky of 0.01 kg/m.s
and density of 1000 kg/m )

=1

h

d=2 mm
L=45m

e

Re =/VD
/V\

r o :
" | + 2, -+°<2—’ +/'P‘?B-+Zz+°(2-2—v~' + }71-“"/7L

2 7 L)
The figure shows EGL , HGL of a turbulent water flow in
a pipe 6 cm diameter and small diameter is 3.5cm what
the velocity in smaller section , a=0.2m ?

pg. 5




2 | 2 5
e (2,67 = & (6] 95)

M, =553 m/r}

A tank (contains a fluid of density=3684.0
kg/m3) stands on a frictionless cart (The cart
is fixed) and feeds a jet of diameter 4 cm and
velocity 6 m/s, which is deflected 8=35
degree by a vane. Compute the tension in
the supporting cable.

{F—’fvm"

= PvA = (32694) (6)[% 007

:2 7;73
£, = btostss) (27.79) R - 138530

pg. 6




2 ) g

Water flows thgough a horizontal pipe at a
rate of 0.01 m /s. The pipe consists of two
sections of diameters 5 cm and 2 cm with a
smooth reducing section. The pressure
difference between the two pipe sections is
measured by a fluid manometer that has
S=12.3. Neglecting the viscous effects,
determine the differential height of fluid
manometer h (m) between the two pipe
sections.

AP =
£
> X5
C?/: Qs
v, = Q.  _ ool  _ gl
A Bl st
e =20/  _ 3.3l
Z)(a.02) —_—
el o T =>/Zp=b/?3/20€,]
' 29

Ape (Va-J5 0k = Fu-li23){ T8I0) =120655

(120663 — 93/0) —————

pg. 7




A garden hose attached with a nozzle is used
to fill a 20 Liters bucket. The inner diameter
of the hose is d |, ..=8 cm, and it reduces to
d | ozse= 3-63 cm at the nozzle exit. If it takes
50 seconds to fill the bucket with water,
determine average velocity (m/s) of water at
the nozzle exit.

Bucket

- _ y ? sy
V- Q@ 2°;'° S
Al\’o%%d_ 4 ‘
)/«10234 :l‘__‘f Ta-0R 67
_ ~ Y
- & |
TRl b 2g45mss

pg. 8




s ) gy

1- A jet of water 3 cm in diemeter strikes normal to a plate as in the shown figure. i

the force required to hold the plate in place is 23 N, then the jet velocity is: 4 ke
a)_2-8mfs { v
DD 5.7 mis el
c) 8.1mls i
d) 4.0m/s e SR

8) 6.4mls Tj :
y h

2- A two dimensional velocity field is giver by the formula:
V= -y +x)i-(Cxy+y)] :
In order for this field to salisfy the continuity principle, the value of the constant C is
equal to:
a

) 0.5
?){)J”"
i

CLED 2
G 2.5
e 3

2. A rectangular air duct 20 cm by 50 cm carries a flow of 1.44 m’fs. The mean
veiocity of air in the duct is equal to:

a) 0.72m/s

b) 7.2m/s

c) 28.8mfs

d) 4744 mis

% (;a} 14.4 mls

4- A water tank with a square cross section of square 1x1m is being filled through a
12 cm pipe that discharges water at a velocity of 3 m/s, The rate at which the water
level in the tank rises is:
a) 0.014 m/s

\6_9}. 0.034 m/s .

c) 0.122 m/s i

d) 0.063 m/s

e) 0.056 m/s

5- For the-velocity profiles shown, the value of o (kinetic energy correction SRy 18
o
(=B¥ 1 for the first and 2 for the seconc
B 2 farike first and 1 for the second
c¢) 2for both of them
d) €5 forthe first and 0.25 for the
second :
¢} 1 farthe firgt and 0.5 for tha secnn:

pg. 9




Ch 8 : : Dimensional Analysis
and Similitude




i S Dla yary adliall gl S s el g LAl a8
agin A8l £ g g Jarall e de yul)

Flow through Inviscid inverted flow nozzle

do
vy ‘[ v J B =
P l _T_ ﬁ Sl —~

(pipe Jbdl g eyl g AU )_)3\3.1 Ll o) Jaadl pipe 13 i

P1—p2=A p=f(p,V,d1,do)
G gl e S aat g A8lSa dolaal) 028 2235 (p,d1,V)

(dimensional group )av! agle

83 5 Led (Uit less) (sSide sana JS5
(pot) o S 42ld el () S b

inviscid <ulS 131 (2

| Pagel




CH 8 : : DIMENSIONAL ANALYSIS AND SIMILITUDE

8.2 Dimensions and Equations

Description Dimensions

Mass(m) M |

Length L - BASIC

Time T [ DIMENSIONS

Temperature 0 ’
Ar€a:...ccceeeeeeeiieeeeniiinnn, L2 -

>0
o O 9o
8% 3
ec g
Los
o :
=) :
SE"
~.
D

N

*

L 2

'/o 17 AR—————— 1
Mass flow rate:............... M/T
. 3 E
Foeg? ' ®* s See Appendix A
Velocity:..........ccoeeeveeeaee. LT
Gas constant(R):............. L2/ 0T?
Density(p)i...ccovevieeiieiiienne M/L3
Dynamic viscosity(p):........ M/LT
Kinematic viscosity(v):...... L2/T
Angular speed(®):............. UT
Specific weight (y)............M/L2T2
Surface Tension(o)...............M/T2

*The Buckingham II Theorem:

The number of independent dimensionless groups of
variables (dimensionless parameters)=n - m

I1=pi
n: number of variables, m:number of basic dimensions
3 padie iy bl ya Alliddly 2a 0 Y QIS 1N (815 4 aa2ae 5 Sim

Dimensional variables:

PP =AP=f(P,V ,d ’do)
Y= f(y2’ Y35 oo Yn) o o

Dimensionless parameters (I1-groups):
H1= ¢(H2,H3, --.,Hn_m) 1 =‘P(d_)

| Page2




CH 8 : : DIMENSIONAL ANALYSIS AND SIMILITUDE

:(dimensional group) ' (variables) Jis=3 3k

1) The step-by-step method:

Dl a8y yLall 038 e 5is o shin

Example:
A thin rectangular plate having a width w and a height h is located so

that it is normal to a moving stream of fluid. Assume the drag force

Fp, that the fluid exerts on the plate is a function of w and h, the fluid
viscosity p and density p , and the velocity V of the fluid approaching
the plate. Determine a suitable set of pi terms using the step-by-step

method to study this problem experimentally.
Fp=f(w, h, n, p, V)

Fp=ML/T2
w =L

h=L
p=M/LT
p=M/L3
V=L/T

Solution:

# of Pi terms(dimensionless groups)= 6-3= 3

h-m =g-2 - 2= Thrze TT }erm

Fo=F (ws 5.5 V)
)c_;_;,_n(.RJU(L)";”_

..
T @ m @ LD o DT &

- ) s

J[;_".l‘(\h';h = API_D
le‘/'qé/e E j . th)lc"l-‘ —= Faand
7 ml/ T
1
/v{) m/LT
7~ m/ L3
v L/ @
o X e
~ o == (r perm) =¥
< /
wM /)T
;XW m (P el ) =
Zw ? //
L YT pRU ’
o 2 = o LAY e
Folr® /T = .
/}/\/‘/pvv? //7}’6;91:&)5" /Y‘/Pv\/\/‘
WL faa 17 F%V‘ = @(% /fg‘ifv)
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CH 8 : : DIMENSIONAL ANALYSIS AND SIMILITUDE

Example: It is known that the pressure developed by a
centrifugal pump, Ap, is a function of the diameter D of the
impeller, the speed of rotation n, the discharge Q, and the
fluid density p. By dimensional analysis, determine the n
groups relating these variables. Use step-by-step method.

Solution:
] M j M A; 1 A i
Ap = MDD = r = e O
D L
1 1 1
Q r m 1 T 1 gm0
p %  pD M
Ap Q

op? 1)

2) The Exponent Method

Example:

A thin rectangular plate having a width w and a height h is located so
that it is normal to a moving stream of fluid. Assume the drag force
F,, that the fluid exerts on the plate is a function of w and h, the fluid
viscosity p and density p , and the velocity V of the fluid approaching
the plate. Determine a suitable set of pi terms using the exponent
method to study this problem experimentally.

| Paged




CH 8 : : DIMENSIONAL ANALYSIS AND SIMILITUDE

L -3-22 twe T greup
fp = feesh, m/A4v)
@F:wqébpﬂ‘/‘é'
@ /JemmS/oﬂaU o

mi J=crd 5 T2 2TTE gl ke

| o= |sasb ~C- 2 d+€ ‘ﬂ)ulb‘“’(-‘;(‘w)bf

Zm o rge g

C)al)r&jw

l-¢ 7-¢C

26£
@ Fo- B
AV v
Fp = W L v

Eo- (oA (Wl €

*Common Dimensionless Numbers

Some common established nondimensional parameters or IT's encountered in fluid
mechanics and heat transfer*

Name Definition Ratio of Significance

- Drag coefficient Cp= L S
g Py Dynamic force

| Page5s




CH 8 : : DIMENSIONAL ANALYSIS AND SIMILITUDE

G a s FL
m | ft coefficient Cr=7—
TI’V-A
|4
mm) Mach number Ma (sometimes M) = —
;
mmmm) Pressure coefficient  C, = PI —‘f’
A
pVL VL
‘Reynolds number Re=—=—

oSimilitude( 4Ladl) :

poy

Lift force
Dynamic force

Flow speed
Speed of sound

Static pressure difference

Dynamic pressure

Inertial force
Viscous force

(model) (em 138 5 Jlea3U
(prototype) ! e 3l CBUM oa)) Lo puall Lt aie
< ol g Jladl yd gt (3 ydall Jicad) e dly ylall o2 et

Model: the replica of the structure on which the tests

are made. Experimental testing is often performed with
a small scale replica sl 4aaa (&S (sidal) 8 73 gaill)

prototype: Full-scale structure employed in the actual
engineering design S 4aaa (La¥) 73 saill)

| Pageb




CHS8:

: DIMENSIONAL ANALYSIS AND SIMILITUDE

Model: RS ——
I_I1m= ¢(H 2m!H3m, ---anm) 1’]21"':‘:_1'1,‘,‘:)p
_ Myp=11 3p
Prototype: "
I1 1p= o (IT 2p? I1 3py *res I1 r,p)
T I nm— I np
Example: Fp=f(w, h, p, p, V)
Solution:
Sl Geometry Similitude
pw’V? w pwV h h
), = (),
w w
(P 2V2) _( 2V2)
\
(—*_ 4 ) F-B B o Dynamic Similitude
pwV pwV P

Model Scales
Length scale or scale model:

Velocity scale:
Density scale:

Viscosity scale:

Temperature scale:

Notes:

1- sometime as an example: p,=p ,  OF p, =

Q

VA
Q.. 'V..,A

2.

P P
(V )(d)

L3

P

o

Example: length
scale =1/10 scale
LmILp =A_ | mode or1:10
scale model
V.V p=Ay
L/L,=1/10
Pl Pp=2,
Pl =2,
TmITp = }'T

Hp, OF 9=g,, Or To=T, ps

_L,
L

5< |v<

"‘la

—2 (for ideal gas)

| Page?




CH 8 : : DIMENSIONAL ANALYSIS AND SIMILITUDE

Example: The drag on a submarine moving below the free surface is to
be determined by a test on a 1/20 scale model in a water tunnel. The
velocity of prototype in sea water (p=1015 kg/m3, v=1.4 x 10® m?%/s) is
2m/s. The test is done in pure water at 20 °C. Determine the speed of
the water in the water tunnel for dynamic similitude and the ratio of drag
force on the model to the drag force on the prototype.

» ;/
(dimonsonal gﬂ:uf) | oo o= J @

= £fL.nmsA v —
S Jizy ded I T
U
_;—‘/12 L ﬁ/ 2, ‘) )_—-UJL/
/lzv e,a .-ﬂm

_‘/”_ép_vﬁ _Jm [mVim 3 LpVP - [nVm

/e /Tm vpe vm
/ R P\ Lo 20(/,\‘/0 ] . 78 56m/s
LY%/0
120 aewf

s Vsl @

i

fom . _

o L —ﬁz'p\/p' z
6 L
e ()N ) ) (70
;b 0,503
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CH 8 : : DIMENSIONAL ANALYSIS AND SIMILITUDE

Example: A large venturi meter is calibrated by means of a 1/10 scale
model using the prototype liquid. What is the discharge ratio Q./Q, for
dynamic similarity? If a pressure difference of 300 kpa is measured
across ports in the model for a given discharge, what pressure
difference will occur between similar ports in the prototype for
dynamically similar conditions?

\ __—
d *
— ldo
b

/J/./.: /"'ch’,\/.}-_l jz? bai) ¥
(dikehsonal 9rouf )3 resel &Y

= O(

3 .

/?e,,,'—‘ Fop = Mudn _ pelp
Vm Vg

L )
- B S

2N D € %/(ﬁﬂ (%
—>( // t//'n/

= I n
Vo Vm 27‘/?0 - A / /l/;ﬁ }/vm/

4 3= (200) (1) w/?(//‘-—j_/.;@ pres

| Page9
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CH9: SURFACE RESISTANCE

A giue mhal e oSl external flow aaii &5 Sl s 4

:(external flow) >N Gl JKil

Wind tunnel
60 mph

FIGURE 2-11

A fluid moving relative to a body

@ F, exerts a drag force on the body, partly
because of friction caused by viscosity.

W

e The boundary layer: is the layer of fluid near the
surface where there is change in velocity due to the
shear stress at the surface.

o $i8 G adlall Ao o lgd 0 488 ) Ak e B jle o8
Shear stress

laminar , turbulent ;) auaily &3 gall 4S ) 43l o jay

Page 1|




CH9: SURFACE RESISTANCE

U v L U
= B———&—8-—8— 8 —8—1 8-
‘ Fluid
particle
- - - o /\5.&‘/
= o : 2 > J{
B ——mat L8 —£F -=—% i y
=) = | X
/ |.— Laminar boundary ! Turbulent boundary
Leading layer Ny
edge
x=0

] Ll sedle J aliiia CilS Ao udl o) Aulad) 8 A

ahadl e e jull Gy 08 de ) Sl ] il dasdle e
Tl b il Gy L) A8l JS3 s LU 138 g3l 5 a6

Laminar @ transition & turbulent

Transition: J saill 5 yi

shear stress s 4wkl e dc ghiall ddluall 0 48%e ol (S

[ turbulent /\
laminar

—> X

2'0 = [ — This equation is valid for laminar

5}) and turbulent

Page 2|




CH9: SURFACE RESISTANCE

Reynolds number (Re) _laie sy 2 631 4S jall ¢ o sl

Re =U x/v

Uo: velocity , X: @lall 48 jal 45 ) gall d8loiall
Vidlgallh (aze (5S55 4o judl
3l el pe alias o il L all Re a8

Re ,Re, <5x 10° =>Laminar
Re ,Re, =25x 10° =>Turbulent

ASLad) ) 3 WS gy Aidal) ASLans S yall e 5 5550 el sall (pa g
shear stress dayy L de jull Jais jfie e bl e
(y=8) ASLeudl ol o

5x
Re 142

X

O =

Page 3|




CH9: SURFACE RESISTANCE

Lialedl g Lgale 4S jall ¢ o8 j0ail U8 5 boundary layer (e L il
laminar < sl cuils Js ‘_g lede CulUaal) (pamy cuat (oS

boundary layer « gl dlSia) siestress Lid 43 Ui o) Ll

‘shear force «—blual

F =0.664 BuU,Re,"”

ReL: Reynolds number 44kl J o e

Re,=U L/y

B:width, L: length

L.

E Cr: average shear stress

C A 5 coefficient
" BLpU?/2 ol 138 DA (oS
(fs) b

1.33
Cf — ReLl/z
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CH9: SURFACE RESISTANCE

Adma ddads 2ie (Cf)alasY

S

N

7,  0.664

C. = =
f onz /2 Rexl/Z

*Turbulent boundary layer:
laiad €I b g slalall Auilly o sela yue 5 (male alall 138 2a;
Al o b deadioual) (il gl

Page 5|




CH9: SURFACE RESISTANCE

* Power — law equation:

1/7
U

&
U, o

‘thickness —lual

O.16x
— Re V7

X

o

* And the shear stress at the boundary by:

U> (0.027)

* Integrating over the area of the plate, the total
shear force is equal to:

0.032BL U,
= Re. "’ ® 20
€L
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CH9: SURFACE RESISTANCE

* The average shear stress coefficient can be
given as:

_ 0523 1520
7 m?(0.06Re,) Re,

 Where,

F,

N

C,=—t—
T BLpU}/2

T 0.455
Local shear s . . A 5 =—
stress coefficient pU;/2 In"(0.06Re,)

OaieYL slase 65 Lebada 4y ae el il gdll

Table 9.3 SUMMARY OF EQUATIONS FOR BOUNDARY LAYER ON A FLAT PLATE

Laminar Flow Re,, Turbulent Flow Re,,
Rez <5 x10° Rez > 5 x 10°
Boundary-Layer Thickness, 6 S5x 0.16x
o= Re.” o= Re.”
T 0.664
Local Shear-Stress Coefficient, |¢, = == —— 2 c, = o _ - 0A8
o pU, /2 Re, ! pUZ/2  In*(0.06Re,)
133 . 0.523 1520
Average Shear-Stress Op= Re. /" In*(0.06Re,) Re,
Coefficient, Cy L

e ¢ I friction awdy
1) skin — drag:
shear force ziusboundary layer as SSia¥ s Ly

2) form — drag:(pressure drag)
oS o8 050 g Jarall Aad A i) oy ey
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CH9: SURFACE RESISTANCE

Example: A plate has a total length of 3 m parallel to the flow direction and it
is 1 m wide. If the approach velocity is 1 m/s what is the skin —friction drag
(shear force) on one side of the plate.(Given v=2x10% m?/s, p=1000 kg/m3)

\4

o gsl les ((Re) e Ls)lr da if)J/(y el s cxn §ol X
Ue Yoz | poesh gilsa) B
(shear Force ) 3 Juse $5)ic2 el ¥

E = 000343 %/ x 2 ¥(1)%/000
2

F =5 /5N ]
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CH9: SURFACE RESISTANCE

Example: Oill (v =104 m?/s) flows tangentially past a thin plate. If the free-
stream velocity is 6 m/s, what is the velocity 1 m downstream from the leading
edge and 10 mm away from the plate?

U
EE——
[
e — &8 $10mm
<>
Tm
Ex = Fage(/9)

0a2s i) sic Uos ) )Lz, = LpJlsJj o5 4

L5 o sud @
- =072] s ope @D

D Rep = Your _ g1

lo "

= 4x10” Laminar

M co 72 = (46) Bl Yrsetoud

u-;i\‘O/?Z:

%
-ﬂf‘i) = oflteneg " g4

50 F
4.0 -

o
3.0 [§ Uy

v+ Re,
X
2.0
1.0 |-
1 1 1 | 1
6} 0.2 0.4 0.6 0.8 1.0
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CH9: SURFACE RESISTANCE

Example: A flat plate 1.5 m long and 1 m wide is towed in water in the direction
of its length at a speed of 20 cm/s. Determine the resistance of the plate and the
boundary-layer thickness at its aft end.(Given v=10¢ m2/s, p=1000 kg/m?3)

Vv

N

1.5m

. / é.-a_:&;//_,._c (sheay Fob’c‘e) ) 150 ?)lé!/ *

Fo= Coofffilef U
L_] <[ Cp ) A ))aze lp dometl ¥

@M)Zg 7000, =27) 454?9)»/@4-\ o= J;l@

(Ce)A1 lsdose | @

=l _
DR Py 02/:,/6 2440% Lominar

@ cr=hz _ 453
T == =20 00293
Rh (305 =

E = (0,002 vs)g b5 )lo2) [E=o/%nN]

1Y) dalh la ) Bosp i) oMbl #

Y= ,%—-ﬂ = A;./,[ ‘*)E‘M/B?m»
ex J YI?
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CH9: SURFACE RESISTANCE

Example: A liquid flows tangentially past a flat plate. The fluid properties are p=10°N.s/m? and
p=1.5 kg/m3. Find the boundary layer thickness at the trailing edge, the skin-friction drag per unit
width if the plate is 2 m long and the approach velocity is 20 m/s. Also, what is the velocity
gradient at a point that is 1 m downstream of the leading edge and just next to the plate (y=0)?

S
Uy—
R
2m
25 g1 o ut @

DRe= Lol - LR, g gire Turkilelh

~3 (4) Wl e )sis )5 oslek] %

S: = 0//{1\’ = o,/{*z /_M/O@
4 (ﬁcx) (& x10%) % Hd =~
. g

(a J,-Lf.’@

<F ‘-—O’Si_ = G20
@ (l.h{o,oaM’u)) %T -#[CF =09027 ‘/i

= (90,0029 2)(1,5)(20)°
2

lLoyer 50
4 %? For Fwe fl'e/e=>(2)(//7£”/=9

u' ~3 :’;JW/UMI*
=/" ofu [at = Im] ) JB
A /"‘ﬁ (a7 = In] ‘A_q

ﬂci’%ﬂ ~wEN23) g\t /(/"1) awede ) 50 Tistous ¥
107>

= (L, 75 4N} Fop one_slde

Turbulent]
Ve20(G) I 4, Mg (T) 1t ¥
CF _—O/qgg = 0,45k r CF,PUO w@_ﬂz_d

(N (00 ffex) ¢n (o:0€ 3k 10°)

=i ) "

dv. L. 6,932 .[@,322%9 s
el g /"‘Z‘—#;— 2
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CH 10 : FLOW CONDUITS

losses lua

‘: (vertical)

shear ()« Sy Caatiall dad el o sSide yull o) aadl
kY e aldad e (S5 ha = stress
2

2
v=fo T [_ d(p+7Z)} Parabolic eqn
4u ds

D ) padily &) gall AS s Sl iy

1) laminar, 2) turbulent
L)A(;B)M \&qwzs\e:JRehgég_\ijMQAe@ﬁ ety 43) Lialas g
- Ay 4 il A

Glass pipe

pg. 1




Agladly Jaa¥ ¢ Sl ae daa a1 olB 5 Slead) s aladinly W8
Ja sl 2ie g JAludl g las ) aly 3 ol8 5 dedatia JiLdl S 3 AS s
Jiladl iy 3 Jalaii Gl (e g lai ) )
_ovD
U

& 38l hilata Wilary S (S5 |osess e 7 abd A Ll
hi b 48 o alats = ) LAl e (8 (ST sl

;& losses il 43 o jaiy

Re

1)major , 2)minor
‘major lus gyl

(Darcy-Weisbach equation) ales JA (e 4puns

Major loss due to internal
friction inside conduits L V2

hf = B 2_ ==up Valid for laminar and turbulent flow
8

« f:resistance coefficient or friction coefficient
« For laminar flow it can be easily shown that:

f=64/Re

turbulent 4 _all culS Js A (f )luad
(53\?‘“‘9"3) ﬁdw\&ymu‘)‘muﬁ;.}c‘)
1)smooth pipe: <l 5 ~la 3 Jie

ﬁ —2log (Re /f )—0.8
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Resistance coefficient, /

0.100

0.090
0.080

0.070

0.060

0.050

0.040

0.030

0.025

0.020

0.015

0.010
0.009

0.008

2)Rough pipes: Sl G\;)'S\ lae Lo (jalasll FVEN Jia
d); %) Al s L“; f Aal
Colebrook-White equation:<¥alxall (1

0.25
f . 2
k 5.74

s

lo +
S0l 37D " Re”

2)moody diagram:

an Zgllf 1/2
Rey!2= 2= (T)

4 6 8104 2 4 6 8105 2 4 6 8106 2

NHAENYE BRI A AN \

Complete turbulence, rough pipes \ \ ‘

T
g

\ \

— 2

0.05

0.04

) My
N\o\x l‘“\_\“e

=
%’Ig/

-

e

0.03

0.02

0.015

0.01

0.008 =
0.006

0.004

—-""——
.——i-'——-

0.002

Relative roughness

\ = 0.001

h g

0.0008

0.0006

0.0004

0.0002

1
Smooth pipes

0.0001

0.000,05

0.000,01
4 6 8 108
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Re _alie alals o 8l dolaily
Relative of Roughness : (Ks/D) L3t aal A
Ks: grain size (L& o= Jsas W)
D: diameter pipe

TABLE 102 EQUIVALENT SAND GRAIN ROUGHNESS, &, FOR VARIOUS PIPE MATERIALS

Boundary Material k,, millimeters k., inches
Glass, plastic Smooth Sm(x)lllk
Copper or brass tubing 0.‘_([)15 6 x !,() s
Wrought iron, steel 0.046 0.002
Asphalted cast iron 0.12 0.005
Galvanized iron 0.15 0.006

Cast iron 0.26 0.010
Concrete 031030 0.012-0.12
Riveted steel 0.9-9 0.035-0.35
Rubber pipe (straight) 0.025 0.001

minor losses z il Jiin = 5 (Y

L |
'| Limit of boundary layer

—_—==
S i et
——

Region of developing flow Fully developed flow
(nonuniform flow) (uniform flow)

e The length of the boundary layer development region
can be given approximately by:

Le= 0.05 D Re, for laminar flow

Le= 50 D, for turbulent flow, Le : entrance Length

pg. 4




CH 10 : FLOW CONDUITS

=
p—

Z OBl Jalaall axy 5 ¢1 SV die a8 minor loss 431 ey
PN u\ASS‘_A.G dﬁ c..JAJ QLA\}J Jﬁ}hm
‘minor loss luwal

V2

hg& K

2g

— Where Kis the loss coefficient.

) Joaall A pe Laaaid Calidd kAl

Ky 34
Expansion D,/D, 0= 20° 6= 180° @
v O 00 1.00
0.20 0.30 0.87
Nl 2
0.60 0.15 041
h, = KgVi/2g 0.80 0.10 0.15

Note: in The Expansion if the angle is 6 =180° you have
two choices for the head loss: 1- Use the above
equation 2- Use the abrupt expansion equation

pg. 5




CH 10 : FLOW CONDUITS

0.1 0.12
Kc

Kc
Contraction D,/D, 6 = 60° 6= 180° @)
Dy 0.08 0.50
J2 0.20 0.08 0.49
EpE i i
0.60 0.06 027
0.80 0.06 0.20
hy=KcVi/2g 0.90 0.06 0.10
R X,
Expansion D,/D, 0 = 20° 6= 180° (v}
n & 0.0 1.00
0.20 0.30 0.87
0.40 025 0.70
0.60 0.15 041
= KgVi/2g 0.80 0.10 0.15
- Without Ky= 1.1 39)
vanes
90° miter bend 1
With K, =02 (39)
vanes
r/d 5
and
2 0.19
90° smooth bend ~ 0.16
6 021
8 0.28
10 0.32
Globe valve—wide open K,= 100 39)
Angle valve—wide open K, = 50
Gate valve—wide open K,= 02
Gate valve—half open K,= 56
Throadyd Return bend K= 22
pipe Tee
ftings straight-through flow K= 04
side-outlet flow K= 18
90° elbow K,= 09
45° elbow K,= 04

Summary of the Energy equation

2 2
:> ﬂ+zl+alv#+hp =&+z2+azv—2+h, +hy
¥ 28 Y 28

Total loss= Major loss + Minor Loss
:> h L=h L, major + h L, minor

L V2
|:>hL— Zszg
J

pg. 6




CH 10 : FLOW CONDUITS

Example: Liquid flows downward in a 1-cm, vertical, smooth pipe
with a mean velocity of 2.0 m/s. The liquid has a density of 1000
kg/m3 and a viscosity of 0.06 N.s/mZ. If the pressure at a given
section is 600 kpa, what will be the pressure at a section 10 m
below that section?

b
10m
z
/maJ'o}’ loss » Qtrnot [oss
(enarqy ) V-lso ) csu (P sttd X
é - w . 52 Y od .
G e P TR =B, SR e
My BB A W
hi < Simagjori-s miner
A -— FZ V?
‘T B ] st () e X
fre “‘—%’2 _ (foo0) (2) (0:01) _ 333,33 [ Larier)
1/ Yy TS
o, 08

fr= %i = a/72
be = (o 172)( vty 19

(ehqr',‘z ) ;UJL'-C_?(A‘} s, Gpotr

£ aoxlo® 1k
98/0 iii ‘750 + [-1a) + 39519

ﬁ = 34,1 k72

pg. 7




CH 10 : FLOW CONDUITS

Example: Kerosene (S=0.8 and T=68 9F) flows
from the tank shown and through 3/8 inch
diameter (ID) tube. Determine the mean velocity
in the tube and the discharge. Hint: include the
major loss only.

1
e T
0.5 ft
> —
10 ft 4

lmojorJ /mino" (mm() A‘ﬂ’ﬁl cJ”-,r l“j—-”’ U‘g;
(@) Nuds lp =slbt]

(enargy ) Aolee ¢2pi— e

e “ 2 °® Q

< +o«.‘}§\ @,P}Q._}g; 1 Sk
o

}),_ =27 MOJ'OI’ + 2 Iv'IS\OI’

he=F L2 - Fo (levnlinr)iﬁlfebgﬂ&filé%“ soit) X

/222
F:ﬁ => /?e yeal f\/p
Ke —m

ho<24 1SN _ g4rvL
e pzg 24D~

J, =L W[5 s el

Q(52:2) T3] (1,94 0:3)
(35) 4E=22Y) .50 0) ¥22

gt -szao  [vo Lot

R LD o 1342 Lamina¥ e
Vi« 152278 glo c F (Zrbular) 5! (lominar) 13) a5 o
G =V = D

{RPE
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CH 10 : FLOW CONDUITS

Example: Water flows in the pipe shown, and the
manometer deflects 80 cm. What is the resistance
coefficient (friction coefficient) for the pipe if V=3 m/s?

D=5cm

Elevation =11 m

V=3mls

I majotr 0 minol .
7’ (pipe) Lol pzz 4 (Ape) vt LU
asic (losses)Jbea o Jenddl o=l Ue s G2 &)L sP i

(F) ylase =Alo X

244) 55 1y [25[57) A5 405
44"15;&:»9 I, ”) T

(fe ) crl yiis Lo 4 5280

(oot (he) T s G5 (enargy) Vole ool o X

0 I
ﬁ 1? z"f\’/o N ’]‘ Y
- + D(..z% +iZ\ +40=_/E_ _‘_,,(-%_'_,‘?3.3_,_;‘4-44
-g = /0-”-11[ = g"ﬁ: —/-/74

Y
bf = (bo~&)ah - 315827

“ _(-3(3}?
2/587 - -/ - FI =5

b/ 0,05 4—1@}‘25
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CH 10 : FLOW CONDUITS

Example: A water turbine is connected to a
reservoir as shown. The flow rate in this system is
5 cfs. What power can be delivered by the turbine
if its efficiency is 80%7? Assume a temperature of
70 F

1
e Steel pipe
/ d=12in. 100 ft
| 2 |
] L " i 3
2 > @ N

/ LI | T M N
Ke le——1L= IOOOﬂ—J

/majof’ L, lminer f)‘@)/él' h
< o . o % é
% 40(12%'\ . 5\"%6;2% 4-0(;.!!;4- Z. +A/""A‘-
2
by = S minoy + S majot

/ﬁ%’ il v:%= B =43¢ E/ <]

% (7)°

A\
Re = 00 s 369 [U5) sx [P = Turbaturt

. o

N3z
K Uopd) 60 PoF
B = e20  peoas o
f=050/5

F=/ h)oo/g a‘/‘g/&m )U‘lﬂ-&/ =

= 4,34‘7)} 5 6Py
b= 0.5 [6,369) (05 o/8)[100°) (5;33; =>(a«ar’,§l.‘1) Ysleq

2x 322
o=1()(63¢1 * (10°) +hp+he =>Z ht —-3‘7:4/"*]
2k 32,2
&) Y ypechp
= {577/'/}(30/ =i g %
7~ 540
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CH 10 : FLOW CONDUITS

Example: Both pipes shown have an equivalent
sand roughness kg of 0.1 mm and a discharge of
0.1 m3/s. Also D,=15 cm, L,=50 m, D,=30 cm, and
=160 m. determine the difference in the water-
surface elevation between the two reservoirs.

i
e o
Water e e
T=20%C - D,
—>> : = =
ol N
- L 1 T L 2 {
s kg 1 kg 2
Abrupt ? Abrupt ?

2 ma jol > 3 minat

Q (=] (=) o <o . °
2
'§ "'o"'% + 2450 "% 2 o(‘%z - +Durhe

L?I = =é¢/ b, = S major+ Zmmihot

= Ke Vs +he, V;-M’F,_E (FAV/ +(£4.Y5}30

29 &
O\H'QMHV/ / .3
[le)s = (5535 9}/&;0/5‘ ) 34y |07 => /T réa en
/a
Fo (moody ig7am ) go Lot
_bs — ol - a00éF ,[)’-,';-’ Q-a/éb}
Dy 150 . 09000 /

Resz nD L1, 25 #1907 ,/)f‘o— )

(o] ) >

\<E = @ D' s sl o B 150" (EqunSid’)
I d»f’léf@loiPNﬂ 14
(1nYerpolarion ) MWp oo \p sy

_o,,_LO:.;_‘ —x=o?  [x=0.55 = Ig)
‘——OJ o> ‘.9

_ = (Expahsmh)_ o- 130"
162: 12, ?9’?@
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CH 10 : FLOW CONDUITS

Example: A tank and piping system is shown. The pipe
diameter is 2 cm and the total length of pipe is 10 m. The
two 90° elbows are threaded fittings. The vertical distance
from the water surface to the pipe outlet is 5 m. The velocity
of the water in the tank is negligible. Find a) the exit velocity
of the water and, b) the height (h) the water jet would rise
on exiting the pipe. Assume the pipe is galvanized iron

I major > 3minar
lor -\ &/m Gogus 316 3 305 Yp W DI po5 G151 0 boP ¥
Yurbuch _
(Uurbumy)uew)q,ﬂlz‘y A opte yuk s Z\)o/x)\w,w/)m 3ok, Jis .J,._.b *
o o <
9 = = +ht
% 4—0(,2% + 2 +hp %-;—oa,;/ .,,5\4-
L=Ve 4},(/
: 29
Vife entrgep ce “—- r bowthenel (@ =%)

hele v 20537 o Fuve
Wel=0 > he=ab , poaq “2

Fe OMb Go Lo Lo 6> T s 0 Ym0 (Re) 4 Vs0Po 5t
(moody didramy) oo @i > l/_,"S;_) slsd

K -2 )
5 = 15X/ = 0.:0075 op 42| !

a5 02

Lo ple) WEl| Zgl) pii—e AN (0-0075) Go o2l s ¥
iF = 0.035) [___—___:)v.—z,l;?m,é Bl oleoct (V)VI 0 (b, ) cooet

Fe = —'Q =2, /Z% 0,02 _ ¢/, 5Yu)o” (Taurbalen) /

Jo~
o . o o
\o/ \/; =2,1 b’mA-/ L) % 4-,2}% +2Z2 "% J—%; +Zs

Zj—zzé‘Aa g:ﬂ/g =i a,zl/m
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CH 10 : FLOW CONDUITS

Example: If the pump efficiency is 70%, what power must
be supplied to the pump in order to pump fuel oil (S=0.94)
at a rate of 1.2 m3/s up to the high reservoir? Assume that
the conduit is a steel pipe and the viscosity is 5 x 10 5 m?/s.

Elevation = 40 M e

e

K, Kg’
Abrupt ?
L=150m
Bend radius=1.2 m
Elevation 1
=20m s 40 m e =

S O K,
Vad D =60 cm —2<X_ D=60cm
K. Pump

Uminor , !/ major

V-— —§~ = 4/,/5
Fe= M2 _ 5,/#/0”(Tur£a/em‘/
A3

- =
% = 2096810 " _ 5 00008 5 F= 0502/

a5 &
61: /fe Vz % ?/ Mi z
29 i5 % z

Ke= 224 17/% entrance //al= 0
Ky = a:/9 , smoet) bend ryet = b2 - z,0-9°
o, 6

\ v- %5) (energy ) Voles & LA
& 2 < % > <
_fg\ 40% + §\+4P"§§ +0%\§ +zzr}?(+/u
a

~ 30

A L/"X s ;(\)205
PRSI (,2) (a9% ) 9812)( 2% %)
2) Y 1B 2%
hp=2% 9 e

p = ikl
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CH 10 : FLOW CONDUITS

epipe Systems:

60 —
System operating point

40
=
o
§ System curve

20 -

Head versus discharge curve for pump
0 1 | I | |

0.10 0.20 0.30
Discharge, m3/s

(head Vs. Discharge) o 483l Jaidll s Jia

o Adiae JX ald g sala Jiade aa g i) g8 7 4da 5S4l
ool Adadi g dans ) 5 0ladly (a0 81 (nia g (System curve)
a)*. . S\L%.J.IQ !.wz.ag;ﬂ\“Iv.“L;A .”. . S‘

(System operating point)

example 10.11

What will be the discharge in this water system if the pump has the ¢
shown in Fig. 10.16? Assume f = 0.015.

—
__ﬁg,_ Pump 7=0.015

Elevation = 230 m iﬁi

@ =z Elevation =200m  1000-m pipe 40 cm in diameter s
-

d
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CH 10 : FLOW CONDUITS

| m aU'o/’_a 3minet

Q R Qe ©
% +0(X +?/4-5F:% -rofa%; +Zz+7&< +he
Joo +hp =230 + (/%_ oy */@)’2\{3
&C—" 0,5 5 }fé, = 0,35 )/{E -

V=3l [4p - 39+ 272G |

el 1215 (@) Mo (1) <] e 9l B X

eTurbulent Flow in Non-Circular Conduits:
&}CA}A\ KT < N Lﬁj\ﬂ\ (pipe) a= Jalats US 30lall 029 2 L)
Clus 5 5 30 OIS L ) (pipe) &= Jalaitl) 4088 (}Lu.' L
diameter

P: Wetted perimeter
A: cross-sectional area

Dh (hydraulic diameter)

[ |- =
b
f } __j ]cyz P, =) (%) (5)
= . 2(%) +256
L
O Iz o»-%@‘
;ID
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CH 10 : FLOW CONDUITS

10.24 Glycerine (7 = 20°C) flows through a funnel as shown.
Calculate the mean velocity of the glycerine exiting the tube.
Assume the only head loss is due to friction in the tube.

30 cm
20 cm

Re " Zp3
[AL 32 /\// (eh‘ﬂj‘y) 0,lee C\}W)—‘/

Ve }_f 72) /‘////"JZ)["z

(12300) | 0s00)°

Fe= VDL - 0,345 Llaminor
/\/\
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% + Qﬁ% + Z,fép =-§ %%_,.Zz-ﬁb\t +he

[0+ hpo =45 +h¢

he = /‘ncg'a/‘-!-/w'ha/‘

EL + 1 ;
W~ 2/43 o o,9
/‘fc =0,h /',EI =

(Power ) Vileass (o0, (4ol a5 (4 ) o) Bo 51
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The velocity distribution of fluid (S=0.7) between a
fixed and moving plate is shown. The upper plate
moves at constant velocity of 10 m/s. The shear
stress at the middle is equal to5 N/m What is the
kinematic viscosity (m /s) of the fluid?

\V4
= waill 5

o

X = alv
/Y

veay + b G Wt Ve

= ay
ol e i % a=2*
=

crt N =(4)4 > s 24

Py
cappn) = L2 kB S[o=EmE)

=1 2
s =My [M=if

gm0 o _ LYY o NV
2 (0,700
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Juld &l gi

What 1s the air velocity (m/s) in the pipe at section 2 when the deflection in the water
manometer 1s #2m? d =6cm, d,=2.5cm. Air density=1.2 kg/m .

/ AF___\/;-[OJ//:?Vz)?

—

r 79

[17558 - an?//V:
27 243

[\/: ~’//5m/</




The pressure rise, Ap, across a centrifugal pump of a given shape can be expressed as shown below:

-1
Ap=f_(D, w, p, Q). Where D is the impeller diameter, w the angular velocity of the impeller (sec ), p the
fluid density, and Q the volume flow rate of the flow through the pump.

3 3
What is the value of Qm (ft /s) for the model if the value of Qp for prototype is Qp=19 (ft /s)?

Prototype Model
D=12in D=8in
® =601 rad/s ® =401 rad/s
p=1.94 slugs/ft? p=1.94 slugs/ft®
| Qp Qm

/ of e C L o/
T (T ) (mTT

M. [ =g )~ -/ = a=3< T2 =-b-of

o= cFef- o lae}-0fp 2@

Fc-/ #-2 - I-<
ap=0" (W) 1A)1aQl
2P0 WP Qa
ap=(0%Q) (Fpe™)
AR O Ol

q —_—

Ry = PDm/ Qe _ (8 1a4) (1Y
(% 7 (12)° TH%4)
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Water flows from a large reservoir to a smaller one through a 5-cm diameter

3 -3
cast iron piping system. The density and dynamic viscosity of water are 999.7 kg/m and 1.307 x 10 kg/m
s. Determine the elevation z1 (m) for a flow rate of 6 L/s. Here z2= 59 m

A

LY APVVARIP #/7/"_?’_ ; o«.z_\{;ﬁgz+é+ he

) 29
2 =594, / major 5 “or
035 3 QT 05? “
2 Ay a 9} 2 | 2 =5
he <ALV L SR iy HlY v W78k 19
N 1 4\!(4,25 H/@,,.Z_g 4
fo =VD  _ 0,45 [ liminar)
M

\,=GA S 6xo ¥ g/o,of/?—“‘/

Z e gd () N
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