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Fluid mechanics is the science which deals with behavior of the fluids at

rest or at motion
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A fluid is a substance which conforms continuously under the action of
shearing forces.
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Steel balls of equal weight dropped into test tubes filled with motor oils fall at different rates.
Their rate of fall depends on the viscosity of the oil. The ball travelling through the light SAE
20 oil has travelled farthest, while the ball in the heavy SAE 50 has travelled least.
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The density of a substance is that quantity of matter contained in unit

volume of the substance or The mass per unit volume of a substance.
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The specific weight of a substance is that weight of matter contained in
unit volume of the substance or The weight per unit volume of a

substance.

s Al Adabeally Wgie il (Say dpuialy 53 ) g g

yZW/V N/im

1.4.1

Dok LS oo il ) ol (Sl i) il aad Sy
35 Vom? s 0UA) aaa S 138 cpume Jilas e (5 5im ¢ 38 Ll (o) al il
o5l oM Aad o8 WON 58 0580 138 4y sing (63 il )55 o Linia sl

Y=WI/V N/m g

17




: 1.2 Jba

elally 4aiatia PN (Liae 160 Cm 4—=el&i )l 5 140 cm el ,lad Lf'a\)la.u\ O A
UL s sl Ll ) 5

A:7Z'D2

4 o D
_7z>!<(1.4)2 R I
4 |
~1539 U l
= Ash AN
=1.539#(1.6%0.5)

=1.231 w’
as y, =9810 N/m’

W
as }/—?
Then W =y*V
W =9810%1.231

=12076.11 N

18




ik pale
?‘-‘Aﬂué_)‘y‘uhbﬁ}%M\ujﬂ}&usu‘)jl\ui)ﬁu\%
142 W=M*g o o5l a8 il o

9.81 m/s? (s Al dad & siria W Audalldlae A g Cua

o= s 05 sl ARSI o ABMa)) i 142 ¢ 14,1 ¢ 1.3.1 <i¥olas & Jliay

ilas ol gal) aUaill ka0 685 5 a5 ) o) las g g anal) ilas g ol Ble ) e aa

S5 ¢ 9810 N/M® s il s elall g il (1350 fa i 850D o34 (3o (S
Aadadl) Zadl) J& Cua Jaziall 53 ) jallda jy 5 elall o 6l (5l 0 A8l mm i 1.4.1
elall 283al) 538y KGN 55 ) jadl Aa 50 ) ) LS Lo gae B3l gl o 6l (5600

Specific Weight of Water at 1 atm as a Function of Temperature

Specific Weight of Water at STP
=== 9781 Nim®

T T T T T T T T T
0 10 20 30 40 50 60 70 80 90 100
Temperature (Celsius)

1.4.1 Jsa

19




e 2.5 m 4ol Jola cdlliine o)) ie JS5 e o13a ;1.3 Jha

Ja1 Jlall AL CuilS 1M ¢ e Jiloy 4dualia S liee 350 Cm 45300 Cm

A=a*b

=25%3=75 '
V.=A*Z

=7.5%3.5=2625 mw’
V,=A*h

=7.5%(3.5%0.5)

=13.125 w’

W=M=g
=11500%9.81=112.815 KN

_ 00 ea6 190 Kg/m'

13.125
V=P*8
=876.19%9.81=8595.423 N/m’

20

© cuaal 325 Ton oyl

OAl s -1
Jilidl aas 22
Jiladl 055 -3
Jildl Al g4

=l o8l -5
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The specific gravity of a fluid, is the ratio of specific weight of the fluid to
the specific weight of the water ( or the density of the fluid to the density

of water )
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Fluid pressure is the force exerted by the fluid per unit area
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Atmospheric Pressure. The pressure at the surface of the earth due to the
head of air above the surface .
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Gauge Pressure. The pressure measured above or below atmospheric
pressure.
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Absolute Pressure. The pressure measured above absolute zero or
vacuum.
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Absolute Pressure = Gauge Pressure + Atmospheric Pressure
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Pressure Head. The pressure intensity at the base of a column of
homogenous fluid of a given height in meters.
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P L) Jalay (5 all Taaesall (o5 13.6 i3l A il adlall o caale 133 2.1 Jlia

Pa Ehﬁ@#\M\ww\76Cm 4cldi ) 30 e dsale

y =58*Yy
=13.6%9810=133416 N/m’
P=yx*h

=133416%0.76 =101365 P

3 gele Ay 7 8 Jaiall o) 1112 Bar el b Jala bzl 131 2.2 JUia

850 Kg /m? 43S Jilus (5

y=p*g
=850%9.81=8338.5 N/m’
P=yx*h
P

/4
5
L0 g s

8338.5
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2.5 J4e
A , B & C are three liquids of specific gravity 0.8, 0.85 and 0.95

respectively. Calculate the height of liquid column in three piezometer
tubes shown in Fig. Take datum as bottom line.3

[ Piezometer
] lubes
T pe¥E s
il i ™ fatld
2m TR ok
= it :
gam T B e
Y o == i 3 SR EELEES S NI LIS I LI EL PSR L h3
7 O T |
3m = C =a
__1_ i = _— = :ZZ.'ZZ".::.'Z::ZZ:ZZZZZZZZ:'.:ZZ:Z:Z'.::ZZ:Z:‘:. 1r
3 Datlum
Fig. 3.7
Solution.

P = vh, where y =sg x 9810 NI m3
P3 = (0.95 x 9810 x 3) + (0.85 x 9810 x 2.5) + (0.8 x 9810 x 2)
Ps;=64501 N /mz2

P3 = 64501 N/mz2,, thus pressure head in terms of liquid C

= 64501 / 0.95 x 9810 m

hs = 6.92 m.

(ii) Pressure at 2, p2=1(0.85x9810x2.5) + (0.8 x 9810 x 2)
P> = 36542 N/ 1112

h, = p2ys = 36542 / 0.85 x 1000 x 9.81 = 4.4 m (in terms of B)

(iii) Pressure at 1, =p; =0.8x9810x 2
= 15696 N / m2
Pressure head in terms of liquid A

= 15696 / 0.8 x 1000 x 9.81 =2m = h;
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Pascal’s Law JSub 548 23

Do el dus fpaa Jilu (S barall dad JSLL 88 sy
"l e A s s 5 O sSall Ala 8 Jild) e Ak gl 2ie darzall "
The pressure at a point in a fluid at rest is the same in all directions.

P,
A B
(@ )

«— P>

2.4 J84

Gl 52,4 U85 3 g sall jeaiall o Al pall die o yiad JISaly ¢ 51 agdl
w.]a. “ (é‘jgﬂ OJ\‘}BS\
Force on face AB=P1 x (ABx 1)
BC=P2x(BCx 1)
AC=P3x(ACx 1)

Resolving forces vertically :

P1 x AB=P3x ACcos 0
But AC cos 6 = AB Therefore P1 = P3

Resolving forces horizontally :

P2 xBC=P3x ACsin 0
But AC sin 6 = BC Therefore P2 = P3

Hence P1 = P2 =P3

L laladY) gren b niall (5 sty Cam JISuly (8 ey Lo 5
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8 o) s @) sall IlSn L dalend) liplail) Calin 8wl 5 (3L e JISly () 538 axiiay
Lele i Al Apul) cly ylaill g ae ) 8l aalS o A0Sl culiplaill of (ulil) 5 gal Jlae
ookl Calina & adl gall o pal g Gl s Al jd (B g A duale il Hlai g iyl

Lol yiesilll 2.4.1

4ok (e Akl 3 sa o Lelae 8 o b groall uld) dagen 5 el (4 & ia gilll
O5Sam Joaiall il 8 ol )W) e o il ol b Leie el oSy 5 JISly

Any two points at the same elevation in a continuous mass of the same

static fluid will be at the same pressure

ol L Jlagilal)l ey 5 U s JSE e sV o jia il JISSI Jasal
- e gl (eSay (g sall Tarzall e JBY) 5 oY) L sraall

Open

2
i

l\ [RllR | e,

A+\—? T (1) I
v i1y

¢
=
=1
s

L

|

=

(3)
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Ao lual () 518 Zlitia) (Kay 2-5 JSEIL 3 ¢ 2 puihail) e JISGL 4 ylas salaty
DG ylegilall Gl )l AV g sal) laxacall (e Ao V) Izl Alla 8 Lozl

PaP =y, hy — vy y
.!:a...u._ﬂ\ )SA}JLJ\‘_;;\LQ\AJJY\AL“\}JU»M\M\M;@UQ M&J\}&N\MJ\&A\ YY)
Lasl uh@\y.k@\h:éuc )ﬁ.\:."\ﬂ\.@.ab;ﬁu\ ﬁd)ﬁ\ :\A.U.La e\di:u.u\ USA:\
pressure head bzl cé\d Kl éJJUMY\ cé\ﬂ\ (s L gl elall (e 2 gale AV (S8l
As P=]/2 hz_ ]/1 hl Pa

Dividing both sides by specific weight of water

P
Thus -_— = ﬁ hz - ﬁ h1
Yw Yw Yw

The equation becomes
hW :ng hz _591 h1 mwc
Where Ry is the pressure head in water column

Ll o) g sadl arall e AoV larall Clas 55k (e et AL Y alxall

Positive pressure value <« s
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Al ANl 38 a5 pol Tabmall (pe 81 ol A 8 Jaiall (oS5 ) Al 3
Vacuum X3 o) Negative pressure value <) szl

Open
h
:\
y
A—+— & — (1)
) 1
hy
= = —1 2) T
Y2 h.
(gag ¥
fluid) l
—L (3)
 —
A J

g
N

L) Jakml) Al 8 el s Aol el (S Rl ) sl s gl
paP = — (Y hy + y1 hy )

£33 S gL e Lo ) oLl (e 3 pele AV Tuiall (o puentl) Alslaa oS5
pressure head bzl

mwelly, = —(592 hy + 591 hy)

ball Jab aa gall Jarall Aabae il -]

Lall Jals (Il sl Alslas peitid 2
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A el 2,40

o il dad g dazaall (318 bl 8 sadien 43) V) dasial) i gilall (e AT Badat g8
Oilad gl (il 3 (g

It is used to measure the difference in pressure between two containers
or two points in a given system

2-7 JSa

daf Cluad (4 518 Flsiul Sy 2-6 Al 3¢ 2 cpiadill s JSly 4 ey Galaty
cCua i il cilelds ) AV aaal)

Pai— Pg=v,hy + v3hs3— vy

Al e gilall i Ja srall (A8 peiind ¢ ki oy gl
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38 iy 08 ol )l 5) ik e el 38 b b gl 3 pokiany
R daulll 3,8l i WS Jarall e daddial | adll w@a\pﬂw\m&)ﬂ\
LSty Al Adlual) 33k ) ) sasa g sill 1 8 Jaall o a3l g ¢ () Jihats  Jasaall

s 5 Ol ol 35 Ly e il

1t is used for the measurement of small pressures and is to measure more

accurately than the vertical tube type manometer

oo JiLall i silal) Al ¢y oS5 JISuly Al g

PA_ PB= yzhz_ylhl +)/3LSin9

Jilall i silall 8 Lo gracall G ABNall el +  ada o o
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Jaral) (58 uldl yie gilal) aladtind 3ulai D 4 4

ba 8 ik G baaall 36 Gl U s JS5 e jle il padiiy 2-8 JSG 8
A LB ouhiil e il GYEST ) 53 cosi¥) b BUEA) s el
3 ¢ 2 il Sl Ay s Gl iy (il (s Jniall 3 ) lasal

N

) ( \
el tel—@ |e|—5)
I'2
. tle|-@3) [~
T (1) (2)—® (3) %
\_
/I S‘\1’2
® ®
Flow A g — 27 B
AL
2-9 Jsi
Pressure at point A P,= P+ y hy

And Pressure atpoint B Pg = Ps+ y; (hy + hy)
Pressure at point 3 P;= P, + y,h,

Applying Pascal's law resulting P; = P, = P;
Combining equations Py = P, + Yy, h, + Y1 by
As P, = P

Py=Pg—=yihi—vih +y2hy + vily

Thus the final relation will be

Py— Pg =hy(y2 —v1)
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L) 36 o

A flow section
or flow device

2-10 Js&
t G O sl (Sar Ja gaall g Aabiaal Jalailly |y 5 ya 1 Aal (e Lilay 3

Pp—P,=h(y; —v1)
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2-6 Jba

A U-tube manometer is connected to a closed tank, shown below,
containing oil having a density of 860 kg/m?, the pressure of the air above
the oil being 3500 Pa as measured by the gauge . If the pressure at point A
in the oil is 14000 Pa and the manometer fluid has a SG 13.6 , while
h,=60cm, determine:

1. The depth of oil, h;
2. The differential reading, h, on the manometer

Pressure
gage

Air

|

» ]

Oil i

Sol.

At point A in the tank:
Py=7v:h; +Pa
14000 = (860 x 9.81 x h;) + 3500
h;=1.244 m.

At datum 1-2 : equilibrium of pressure on both sides
P, =P,
Pa+Yoi x h, = Vhe X h;
14000 + (860 x 9.81 x 0.6) = 13.6 x 9810 x h;

h;= 0142 m
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2-7 Jhe

A closed tank contains compressed air and oil SG.i=0.902 as is shown
in Fig. A U-tube manometer using mercury SGy, = 13.6 is connected to
the tank as shown. The column heights are /1;=90 Cm , /1, =15 Cm and

hs; =23 Cm . Determine the pressure reading in psi of the gage.

Manometer equation
Poil + P air — Y3 h3 - Voith

AS Poil = yoilhl

Then P ir=7y3h3—Yoih2-yoihi
=93 h3-Yoil(hy + hy)

Or other solution

At point I p1 = pair + Yoit (h1+ ho)
At point 2 p; = ysh;

Dair T Yoil(h1 + h2) = y3h3

Dair =7Y3h3 - Yoil(h1 + h2)

Pressure
gage

Air

|

Oil ' i
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2-8 Jl«

Determine the pressure drop across the orifice meter as shown below

Fluid: water I
—»> —
¥, = 1000 kg/m” I
32 mm
MManometer Fluid I’?
#.= 1100 kg/m® 10 mm
Solution:

This is a differential manometer. Note that the hydrostatic pressure above
the 32 mark is the same on both sides, it cancels out. The reference line to

select is at the 10 mark. The manometer equation is
B+pg(d+l)=P.+p.gd+pgl

which simplifies to

F+pgd=F +p.gd

We now can write the pressure difference across the orifice from the

above equation as:

R-P=AP=gd(p,-p)

Substituting the appropriate known quantities, we get:

QP:[Q.SH—}J(O.OEZm)(llOO—lOOU]kg: LN
g m’ lﬂl'kg
. s )
N
~21.6— =21.6 Pa
m
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F1=F( ) N

= Ldla) mechanical advantage %8388 3238 Alia G Ko Al 038 g
Aol Aad) )

MA,, = Ly

AAlial) g gill b yilae ABDe Uit Al pguny (Sas g

F, = F( )( N
DA dapay

F, = F( )( D

Gy yail) adiis Gumy @l gl (e g il 138 Jial dalall 4SS 0 55000 Lin o ) (S g
S il s )

MA = Output force / Input force

Ll Aundl 1 Sl 350801 (55 il

F,
MA ==
Fe
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2-11 J4a

If the piston weighs 1000 N, determine the weight of the car which is

supported by the jack when the gauge reading is 1.2 bar. Assume that the

jack cylinder has a diameter of 0.4 m

Solution:

ZF:()

PA=F, +F

car T4 piston
1.2x10° x(/4)x0.4> = F__+1000
hence

F_ =14080 N =1435 kg

car

weight =1.4 tonne

49
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2-12 JGa

A hydraulic jack has the dimensions shown. If one exerts a force F of 100
N on the handle of the jack, what load, F2, can the jack support? Neglect
lifter weight. fa

5 cm diameter

1. Calculate force acting on the small piston.

| Lifter

2. Calculate pressure pl in the hydraulic fluid

1.5 cm diameter

3. Calculate the load F2

.r]'

Check valve

Solution

. Moment equilibrium

(0.33 m) X (100 N)—(0.03 m)F, =0

F, = 033 m X100N _ 00N

0.03 m
2. Force equilibrium (small piston)

SF = pidy—F =1

small piston

Thus

3. Force equilibrium (lifter)

* Note that p; = p, because they are at the same eleva-
tion (this fact will be established in the next section).

* Apply force equilibrium:
N Flipe = Fo-p 4, =0

lifter

s N 2
F,=p4, = [6.22 x 10’ —,J GX(U.US m) ) =12.2 kN

m

Review

The jack in this example, which combines a lever and a

hydraulic machine. provides an output force of 12,200 N
from an input force of 100 N. Thus, this jack provides a

mechanical advantage of 122 to 1!
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Consider a hydraulic jack being used in a

car repair shop, as in Fig.. The pistons have an

area of 4; = 50.8 cm? and 4, 50.04 =m?>. F, T 171
Hydraulic oil with a specific gravity of 0.870 1 h _

is pumped in as the small piston on the _L Hvdraulic ol =]

left side is pushed up and down, slowly raising A, SG =0.870 F,

the larger piston on the right side.

A car that weighs 13,000 N is to be jacked up.
(a) At the beginning, when both pistons are at the same elevation
(h 5 0), calculate the force 1 in newtons required to hold

the weight of the car.

(D) Repeat the calculation after the car

has been lifted two meters (4 5 2 m). Compare and discuss.

s 8em LaSl GeSall iy 10 mm W seall QeSall Gkl AS0 5 50 dadl
Aot aay (S (s B 24mm o ASHS) Aad N gaa e 3 alall 3580 il Al
olde Jos bl iaxdin) 6.4 om Al dadl N ) saa e 5 odla ) 558

o csthal b 18
LSS sl -3 LS 5 Hael) sastall D dad) ) abade ans ) -]
Aalall A0S ) 3234l -6 s Hlall 3 g8l -5 3 il 3 68l 4

Al oda (8 dn Jlall 358l 55 pilaall 3 8l caval 94 30 ey Jasll o) 513 -7

Sl Wale Aboa) dpn JLall 8 58l Guiiy (15 0 laie Jan g5l a 500 dadl 1 i) sl -8
Sadla]8 e 23 Y puall Gulall jlad il
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S 5 Lgale 3 yigall dal gl 5 &3l sall Gl pudl Gal s (e Glany Al )3 ¢ 5l I8 (A Al
i dlee b Lggle A5 Al 5 @l sall ISlS0al dpula) il ylail) iany il 525 7
QS e (S e ) 8 L] sl

Ll s @l sall A8 Ja Jlaa (& Al il pail) iany e o paill (S A2

LﬁM‘J “\:h.nl.a.ny‘ Glallhiaddl 53 2l Flyid Dynamics é\}d\ [CNPARTR CJ.L..AA Dl g
LS s o) il sall Al o asly 44y a3 Sy

Fluid Dynamics is The study of fluids in motion.

Fluid Flow Types Oyl sl 3.1

Cay i) Caling 38 3l g i) gaall (g ) (e AdlSN) £ 1 5 o (o yail) Aya Sy g
VS Rl Y W) Gy el ol Y1 A) ) Jaias (e Led Juadall

LAl &) ) A 8 sl e (e Al £ 31 pat (S

Steady flow <A 5 sl 0l yd) (2

0S8 Ao pull g haall Jia dipea dai vie Gaxiall Jilud) Gal s ol 4k pad (Sa
o) a4l
A steady flow is one in which the conditions (velocity, pressure and

cross-section) may differ from point to point but do not change with time.

Unsteady Flow 8w y3d) ol ydl (b

o3l g i) Gl 52 AINA i 530 () 585
In unsteady flow the properties vary with time

Laminar Flow &8 ) 5 Jadall b ) (¢

A3 5 slaiall Bl ks LB Y (3 ) s )

In Laminar flow the layers do not mix macroscopically
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Turbulent flow < hadll Jb ydl (d

Jie Bl (al 58 iz g gaill ;m\&M\Q@LMQQ}J\OA&ﬂ\ \'JA‘;&.J
w}\@@%d&a‘)\)ﬂ\}\mﬂ\}\kﬁ\

In turbulent flow the fluid layers mix macroscopically and the fluid

properties like velocity and temperature at any point vary with time.

Uniform flow 253l byl (e

CSay g Jilaadl dalas JS 8 A3 de ) () 4S5 Ladie (gl il (e g 53l 138 5y
L O pie die 5 al ) adati (e 5 Y il Gal i ol Lial 44y ja

In uniform flow , velocity is the same magnitude and direction at every
point in the fluid . Another words , A uniform flow is one in which

properties do not vary from point to point over a given cross-section.
sl Gl Caatl il el e B £ 18 (e dald Wllia 55 O (S
(e o pahy 5 Jilsadl Gl puall (e Ailisall g1 531 e I Can 5 () allall)

Reynolds Jalsu) ad) et dad Glua P& e pdlall ) die 53 2aa8 (Sayg
Ao ju o Tt ading ¥ wilall (e g 5 Of daleall el A (40 el Cus Number
¢ Jilll 4y (5 (s2l) 5] plad g Aa g3l g ALY Ll sauaa 8 Jaay (ST 5 (b il

DAl Al algi ) ol ) g il (S

_pvD
U

omdl g 53 0 \giah umis a5 ()50 Aab (5S35 Aol o8 (e ATl el

R,
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PRTROY

Laminar if Re <2000

Transitional 1f2000 < Re <4000

Turbulent if Re >4000
Re =2000 , 4000 are the lower and upper critical values

o

Laminar

-
. ——
Turbulent

Transitional

[8)
[S—
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s 995%10° Pas Addx 3l 5 1050 kg/m® 48ES Jilu 3aaiy : 3-1 JBa

u\;ﬁ)ﬂ\&ydh‘g Jﬂ}u_)#_)&—m&()Zm/s dil...d\i\.c_)uu.a&zsmm o)LSk_\).ui

Re - pvD
U
~ 1050%0.2 %25 %107
- 995 %10
Re =5276.381

as Re greater than 4000 the flow is turbulent

ASalnall 4o o 3l il 13 € 0.05 m ok sl YA el Bangy : 3-2 JUia

b bl lasie 5 & Al eld) e i il 0.55x1073 Ns/m? slall

As required , the flow is laminar
So we will assume Re = 1800
water density p= 1000 kg/m?
pipe diameter d = 0.5m

dynamic viscosity, #= 0.55x1073 Ns/m?

_pvD
U
e Re u
pD
B 1800%0.55%10°°
1000*0.05
v=0.0198 m/s

Re
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. Pressure loss bxall 82l 3D

G el L5 eV 3 AV e Y V) 3 sl e Bl o i
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. Pressure Drop i) b JAl Jazal) L; Jaal) u—°‘ (BN

S il sVl (e (el G darall Aul 3 Bk e harall A adl) Glua (S
Darcy equation (o= Alolaa cand (Sl 5 400 Aalal)
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Moody Diagram
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Continuity equation ) _<iN) dalase 3.3
phiall puaie sl 8 Jils (g e Al o ie AN e Bliad) fase ) jeia) Aolaa (gaka
O Y daadl die (ol pall Jare (5588 Sl ) sl Glowd) () (s ¢ aull LS

ALY e Jaliall lasel i o aall die (o el Jana s sty

The continuity equation applies the principle of conservation of mass to
fluid flow. If the flow is steady i.e no accumulation of fluid within the tank,
then the rate of fluid flow at entry must be equal to the rate of fluid flow at

exit for mass conservation.

Control

surface @

Oy b Wl )0 PS4 e i s volume flow rate o>l Gl

Qy =Av m’/sec Cua
Ol i 2 & 1 gprkaiall e dabaall gkt

Qv = A, vy Wdipsns Qy = A3 1y
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massﬂow rate ‘;Jﬂ\ Al Jare o8 GA»J\ Al Jaal (Bal ja AN (i i clla g
O 23005 0o M 8an s IR (paa adaite PR i ) ALK daS asly 4dy ja3 (S

The mass flow rate is the amount of mass flowing through a cross section

per unit time.

Qm = pQy Kg/ sec RIYEN

Qm= pAU Kg/sec —saldanans

2 & 1 (ke (A e Lalial) fase gl

pP1A1v1 = prA,v,

Sy b 5 305 AN 55 Tncompressible fluids Aakbozail S0 J3) sud) Al i
30 8l s

Alvl == szz
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from energy conservation principle

2
4 :7Z'D1
4
2
e P
2
4, _ D7,
4
2
_ZF06 080
A1V1:A2V2
y :Alvl
2 A2
LIS 0141 s
0.282
0, = A4
=1.13%2=226 m'/s
0, =pAv

=900%1.13%2=2034 Kg/s
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/4,
0x4.4196/19643
2
0

4

'
2 4=

2

=
=
I
—_—
[

7,=0,/A4,
=2.947/0.7071

0;=20,="
0,="? f3=15ms™
Q‘:q hH=2ms" dy="?
5=1 dy=75mm
d) = 50 mm B C
F
s
_QJ. = h &=
Vy= 2
dy=30 mm
PipE DIAMETER (mm) FLOW RATE (m*s™)
AB d,=50 0,=?
BC d,=T5 0,=?
CD d}:? Q;ZEQ_;
DE di=30 0,=0.50,
Solution
Adding area 4 =(22/7)d"/4 to the data table and noting that 0 = A7 and that 0, = 0,
=(0;+ 0,)=1.50; allows the table to be completed as (additions in bold),
DIAMETER (mm) AREA (M) FLow RATE (m’s™)
d,=50 19643 % 10° 0,=0,=8839x10°
A,=T5 4419 x 10° 0,=20x4419% x 10°
=8.839 x 10~
d;=10y/(5; m/4)]" 0:=0,/15
=(5.893 x 10-*/1.5x 0.786)"* =5.803 x 10~
=0.707
d,=30 0.707 x 10 0,=050,
=0.5x5893 x 10~
=2.947 x 107}

=417

(The calculation route is as follows: calculate areas where possible and then @, and hence @, and #,. From @,
calculate 0, and 0, and hence 7,. Calculate d, from Q. and 7y.)
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Water flows from pomnt A to pownts D and £ as shown. Some of the flow parameters

are known, as shown in the table. Deternune the unknown parameters

Q, oy Q3 A3

W, :i /
d, " »
C

Ry Ay
E

Diameter “Flow Rate Velocity
Section s
(mm) (m 's) (m's)

- - 4

AB 300 ? ?

BC 600 ? 12
4 .- . —q

cD ? Q, =20, 14
CE 150 | 0.=050, il
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Ofady Ay 2.54 cm Aldae jhd akddl i gl JMA 0 el 385 -3
sl elall (40 35 Ton (38
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Jaaal) die Jilull de o ol

- Janal vie de ) JUl 3 de pudl Jaag ) )l e
560 Kg il o 30 el f
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Three pipes steadily deliver water at 20°C to a large exit
pipe in Fig. P3.8. The velocity V5 =5 m/s, and the exit
flow rate ¢, = 120 m /h. Find (a) V,. (b) V. and (¢c) V,
if it is known that increasing (3 by 20 percent would
increase Oy by 10 percent.

‘H\ IL =6em

Dy=3¢em

— ——

s Di=4cm
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Notation

Symbol definition

A area

D diameter

F force

g gravitational acceleration

h head or height

L length

m mass

P pressure

AP pressure difference

Q volume flow rate

r radius

t time

\'% velocity

z height above arbitrary datum

Subscripts

a atmospheric

c cross-sectional
pipe friction

0 obstruction

P pump
relative

s surface

t turbine

X x-direction

y y-direction
elevation

Dimensionless numbers

0,a, ¢
discharge coefficient u
friction factor (pipes) ¥
obstruction loss factor P
friction coefficient (blades) 2

n

Reynolds number

69

angle

dynamic viscosity
kinematics viscosity
density

shear stress

efficiency

degrees
kg/ms
m?/s
kg/m’
N/m’
%
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