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ASHRAE Member ( 8161964 )
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Sheet No. 1
Introductory Concepts

(1) The space between the lower fixed plate and the upper moving one shown in the
figure is filled with oil of specific gravity ( 0.85 ) and kinematic viscosity of
( 4 Stokes ). The contact area of the upper plate with oil is ( 0.7 m?). Determine the
velocity of the upper plate?
Sol.:

Ay %
_ — 4 r 0.1'm =1
H=VXp=—sX 0.85 x 1000 = u = 0.340 Pa.s ; |

i i

250

Pully:
ZM—O:T w FTW%

F=mxg=—"x981=F=245N

F=,u%: V =0.96 m/s

(2) For the ( 250 mm x 250 mm ) plate shown in the figure, determine the force

exerted by the liquid on the plate ?

SOI.: | M — 7 Poise
_)mm‘ e i # V=150 mm/s

F = Fl + F2 | 6 mmA /

VA 25 ( 25 Flat plate
— + 250 mm X 250 mm Flat plate

e -
= uvA [— ] -
—F

=0.7x 0.15 X 0.25 X 0.25 [— + ——
0.006  0.019

F = 1.44N

L=50 Cm

(3) In the figure shown below, the torque used to rotate the

cylinder ( m ) between the inner and the outer cylinders is
(8 N.m) . Calculate the viscosity (u) ? I
Sol.. T ;

'le

T=Firm+ Form=(Fi+ Fo) I'y y | e
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_ [ TmW X2yl

+ 2u

TmWXZTL'Tml]
™Tm=Ti o~ Tm

=u2m‘m3wl[ L2 ]

m~Ti o~ Tm

8=y2nx0.1523x30x2—nx0.5x[ 1y 2 ]
60 0.152-0.15 0.156—0.152

n=0.2308 Pa.s

(4) An (8 Kg) box slides down a (20° ) inclined plane while lubricated by a (2 mm)
thick film of oil having a kinematic viscosity of ( 5.176 Stoke ) and a specific gravity
of (0.85). If the box has a constant area of (0.2 m?) , what is its terminal speed ?
Sol.:

u=vp=vSp, > u=0.44Pas

F X
ZFX=maX=O=WXSin9—F=O v\\ \A

W x sind — u 22 _ T
Sin@ —p—— = i}

v _ WxXsinf xh mgXsinf xh w

7  uxA = uxA

Vr =0.61m/s

(5) For the piston shown in the figure , determine :

a-The constant downward velocity of the piston due its weight.

b- The tension force required to pull the piston upward with the same velocity.
Sol.:

a) F= HT = MT ...... (1) | e
ZFy=may=0:>F=W=Syw><Zd2L \E”’ i
= F = 898.26N N

From (1) = V =7.18 m/s

Piston l | mm
S$=0.92

b) XFy,=ma,=0 ok |
T-F-W=0=>T=F+W=T=1796.52N
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(6) A shaft of diameter ( 0.35 m ) rotates at ( 200 rpm ) inside a sleeve as shown in

the figure. The kinematic viscosity of the oil is ( 10 Stokes ) and its specific gravity
(0.8). Calculate the power lost in friction? o

v
il |

U=VXp=vXSXp,

/////% &

=2 % 0.8%x1000= p=0.8Pas
10000

_ d_ uAd _ d/2wmdl d _m diwl

T_sz_uzh_” R N2 2P h

(0.35)3x0.1x200X(21/60) N
0.002

T =2821N.m

=0.8x = x
4

P=Tx w = 28.21 x 200 X (21/60) = P=590.8 W

(7) A cylinder of weight ( 90 N) slides in a lubricated pipe as shown in the figure.
The clearance between the cylinder and pipe is ( 0.025 mm). If the cylinder is

observed to decelerates at a rate of ( 0.61m /s?) when the speed is ( 6.1 m/s ). What is

the viscosity of the oil?
Sol.:
I¥Fy=mxa, >W—F = % X (—a) GyhiaRy o
W—uZE=—Zas W1+ =uls

_ W a :90x0.025x10‘3(1+%) [, \D 17

DIV g TX0.15X0.125%6.1 l I l ] .
Thus: p = 6.6516 x 1072 Pa.s N w
a v :
(8) A cylinder of weight ( 90 N) slides in a lubricated pipe as ShO\I‘V!’l in the figure .
The clearance between the cylinder and pipe is ( 0.025 mm). If E T
the viscosity of the oil is (6.6 x 10° Pa.s ) , calculate the tension E cylinder e
force required to raise the cylinder at a speed of (6.12 m/s ) with E ’
a deceleration of (0.61 m/s%)? = E
c8 1]
YF,=mxa, l

w
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w
T—W—F=Ex(—a)

VDI w

—_— —— =__a

h g
T=p >+ W9

T =95.58+84. 39
T =180.25N

(9) In some electrical measurement devices , the motion of a pointer mechanism is
dampened by having a circular disc turn ( with the pointer ) in a container of oil
( see the figure ) . What is the damping torque
for (w= 0.2 r ad/s ) , if the oil has a viscosity of
( 8 x 10°N.S/m?). Neglect effects on the outer Of

edge of the rotating disc ?
Sol.:
dT =r (dFy + dF,)

=uXrXwXrdldr Xr —+i]
hy  hy

:8><10‘3><r><0.2><rd9dr><r[ 1. 1]

0.5/1000 ' 1/1000
= 4.8r3dOdr

0.0375
T = [20575 (21 4 gy dedr_48x2n[]

Thus: T=1.49 x 107> N.m

(10) In the figure shown below , oil of viscosity (u)fills the small gap of thickness (Y).
Neglecting the fluid stress exerted on the circular bottom ,

show that the torque ( T ) required to rotate the truncated __

' v o
cone at a constant speed (w) is given by : . »\ ‘ /

3

T= (222 x [(a+ b)* — a*] i
Sol.: <k
dF = pSdA = p=2 2mrdS = 2 r2ds :
dT =dFx r = Zn:w 3dS = 222 (ytana)3 2

a+b

T=J

cosa

dT= T= (—“"“’“‘” “) x [(a + b)* — a*]

2Ycosa
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Sheet No. 2
Pressure Measurements

(1) In the U- tube shown in the figure, if (10 cm®) of water is poured into the right
hand leg, what will the free surface height in each leg be? B

Sol.:
T 12
VH20= h X Zd

10cm “

1O=h.><%12 = h=12.73¢cm

PA= Ps
13.6X yw(0.2-L) = yyw X 0.1273 + 13.6 X yyw X L = L = 9.53cm

Thus: L.H.S.=20-953=1047cm R.H.S.=12.73 +9.53 =22.26cm

(2) If (pam=100 kPa), find the absolute pressure at point (A) in (Pa) and in
(mm Hg)?

Sol.: /
o : (
Pat0.1X yyw — 0.06 X 13.6 X yw +Mhair

—0.04 x 13.6 X yy = 100000

Na er ;»—&T ir

[—za—ﬂ
3

11111

Pa)aps = 112360.6 Pa

112360.6

== X Mercury S= 13.6
Pa)abs = 135 % 9g10 < 1000

Pa)abs = 842.2 mmHg

(3) If (PA = 30kPa suction) and the barometer reading is (29 in Hg), determine:
a) Thereading (h)  b) The absolute pressure at point (A) in(mH,O)
Sol.:

a) patsSXywXxXh=0

-30x 10® 4+ 0.83x9810x h=0=>h =3.68m

b) Pa)abs = Patm + Pgage (+083)

Prof. Dr. lhsan Y. Hussain / Mech. Engr. Dept. - College of Engr. — University of Baghdad
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29 X =224 (~30000) = Pa)aps = 68209.4 Pa

hp)ape = 222805 = ) 0 = 6.95 mH,0

Yw

(4) Find the pressure difference (Pa-Pg) in ( Pa) and in millimeters of Mercury?
Sol.:

pat 0.3 xX9810 — 13.6 X 9810 X (0.46 + 0.2sin45) = pg
. Pa- Ps=77296.2 Pa

77296.2
13.6x9810

x 1000

ha-hg =

ha-hg = 579.36 mmHg

(5) If (Pam = 100kPa ) , the gage reading at ( A ) is ( 34 kPa ) , and the vapor
pressure of the alcohol is (11.56 kPa) absolute. Compute ( x ) and (y )?
Sol.:

Alcohol vapor__)
Pa- X* S * yw = py D i
(34000 + 10000) — X * 0.9 * 9810 = 11560 Air
X=13.87m -
Pa+t YV xS *xyw+12% S*x yy -13.6*%1.2*xyyy =0=
y=13.08m

(6) Vessels ( A) and ( B ) contains water under — wier
pressures of ( 300 KPa ) and (150 kPa ) respectively . G
What is the deflection of the mercury ( h ) in the

/

differential gage?

Sol.: | é*v
= B)

pat (h+X)¥y, - Sywh + ywy = ps i . o

pat hyw + xyw — Sywh + Yywy = ps ?( /g/ |

Pat h(yw — Syw) + yw(x +y) = ps
But: x+y=1.8,thus;

hzw: h=1.356m
s

Prof. Dr. lhsan Y. Hussain / Mech. Engr. Dept. - College of Engr. — University of Baghdad




(7) Gage (B) reads 13.8 kPa and gage (c) reads 13.82 kPa. =~ "
Find the reading of gage (A) and the Kerosene height (h)? [, A : Al
Pa+ 9810 0.05 = pc = Pagage = 13.329 kPa i : J
Pa+t (0.05-h) X yy + Sywh = pg = h =9.93 mm L:é' ~;

(8) Find the pressure difference (p;-p,) of the setup shown in
the figure?
Sol.:

p.+ (1.5sin 45 + X + 0.15) »,, — 0.15 X 13.6¥,, — x¥,, = P>

P1-Pp2 = 8135.8 Pa

(9) Calculate the pressure difference between (A) and (B) for the setup shown in the
figure?

Sol.:

Pa— Xyw — 0.7 X Syw + Dyw = pg
D=X+0.7-15=X-0.8

Thus;

Pa—pg = 0.7Syw + 0.8yw = yw(0.7 X 0.8 + 0.8)
pa—pp = 13.34 kPa

(10) Determine the difference in height ( H) of the Fig.?
Sol.:
-025+6+05x15-05%x12—-(6—-H)x12=0
Thus; . o
H=108m i o = il

250 mm Vac

- __'i']?u
t [

- S=1.5
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Sheet No. 3
Hydrostatic Forces

(1) Find the resultant hydrostatic force on the rectangular gate (Ab)shown in the

figure and its line of action. |
|

Sol.: " -
— ¥ :g.e’/r‘)}mfnﬁ . A4
Fl = ylhlAl = 9790 * (1'8 + 1'2 + 1) * 2 * 1 — l.?_nj A ' (iiyccrin
— . f ¥ =12.36kn/m3
= F, =7832kN E L 3
— N ~Gate(!)m
Iy 1.23/12 e R R
Yp1 = V1 + 4+ = Yp1 = 4.0833m \ ;

Ay, 2x1x4 pes

F, = y,h,A, = 12360« (1.2 + 1) 2.1 = F, = 54.38kN

Icx - il.'2° /42

Ay, 2x1%2.2
Frps = F; — F, = Frgs = 23.94 kN

YMy: Frgs*a=F,(5—-yp) —F,(32—-yp,) = a=1.068 m

Yp2 =Y, + = Yp, = 2.35m

(2) What dimater (d) of the concrete is just sufficient to keep the gate closed?
Sol.:
F=yhA=9810%(8+2)*4%3 =1177.2 kN

yp = 10 + % — y, = 10133 m - '= W.‘.izm @ "
z Mg =0 ey g
Wspugr * (12 4+8+4) —1177.2% (12— yp) = 0 et 7 it -
Wspnrr = 91.576 kN .M.\

WSPHER = VSPHER X VSPHER {j Iy

91.576 + 103 = 2.4 9810 * %d3 - .J(___ .

d=1.95m '

Prof. Dr. lhsan Y. Hussain / Mech. Engr. Dept. - College of Engr. — University of Baghdad Page 11
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(3): Find the reaction at c, neglect friction.

Z.

Sol.: water | < lmii
F,= yhA=9810%0.3 13 = 8829 N e “ T ! Il
F, = yh,A = 9810 * 1.05 * 1.5 * 3 = 46352.25 N i lﬁﬁ i
_ - ¢ S moosurfac

—-+I“’X—105+3*1'53/12 =1.228 SRR

Y2 = Y2t T P T35 .105 s
%, 3 A

ZMA:O F1*05=F2(ypz_03) Fy
Thus; R¢ = 47455.87 N ks

(4) For the gate shown in the figure; determine;
a) The hydrostatic force on the gate and its center of pressure.
b) The reaction force at A and B, neglect friction and the gate weight
Sol.:
(@ F,=vYhA=9810%(9+3)*10*5=
F = 5.886 MN

5x103/12
10x5%20

I5Sm

= yp =20.416 m

Yo =7+ X =20+
Y2

X2

(b) XMp=0

Px6=Fx(25—-Y,) = P =4.497 MN F ?—.—4 o
+YFy=0= By + Fsin6d —P =0 = Bx = 0.965 MN y

_ Bx;__>
FYFy=0= By +Fcosf =0 = By = 4.709 MN N oy

(5) Determine the resultant force due to water on both side of the gate, including its

line of action
Sol.:
F, =yh;A=9810%2 %213 =51.1kN .
T 3
yp1=y1+%}2=2+11'.3;*—22/*122:2.166m -
F, = yh,A =9810 %1% 1.3 * 2 = 25.50 kN &I p Yp2
= <Y
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L TN LA
e T T PE T e

FNET - Fl - FZ = FNET - 25.6 kN

Y Muinge = 0: Fygr*a =F;(yp; — 1) — Fpyp, = a = 1.0189m

(6) Find the horizontal and vertical components of the hydrostatic force on the

curved surface (Ab) including their lines of action. . — ﬂ.
water pine

— Ih’ mwid
Fy = y¥,A, = 9810 1.5+ 1+ 1 = Fy = 14715 N ==l )
Iexy 1+ 3/12
= o A
YpPH }’V+AV_V 5+1* Y 1.555 m
Fy =y¥=9810%1%[X12+ 1+ 1| = Fy = 17514.7N 2

4x1

(%12+1*1)*a=%12(1 )+1 «1+05 =a=0.513m

(7) The (2m) dimeter cylinder weight (25kN) and is (1.6m) long. Determine the

reaction at (A)and(B)neglect friction.

Sol.:
Fy = y¥yAy = 08+ 9810+ 1% 2+ 1.6 = 25113.6 N |
el *m F\
T
Fy, = yV¥,= 0.8 %9810 * 1.6 [Z 12 4+ 11| = 2241888 N B mmh

T
Fy, =YV,=0.8+9810 « 1.6 [1+ 1 — le] = 2694.1 N

—
Fy W N Ax
-

= B, = 5275.7N

Prof. Dr. lhsan Y. Hussain / Mech. Engr. Dept. - College of Engr. — University of Baghdad Page 13
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Sheet No. 4
Buoyancy and Floatation

(1) A block of steel (S =7.85) floats at a mercury water interface as shown in the

figure .Find the ratio (%) for this condition.

Sol.: —
water
Steel a
W=FBTOT = FBw +FBHg — block
S=7.85
7.85%,A(a + b) = ¥, Aa + 13.6%,,Ab Macie b
785(a+b)=a+13.6b = ==0.839

b

(2) An object weighs (55N) when submerged in oil (S=0.8) and a force of (45N) is
required to hold it submerged in mercury (S=13.6). Determine its weight, volume,
specific weigh and specific gravity.

Sol.:

Oil: W =55 + 0.8 %,V

Hg:W = Fg —45=13.6v%,V —45

Thus; V= 7.96 * 10~* m°

W=55+08%,Y=W=61.25N

x=% = ¥ =176910.4

s=— = s=17.84
TW

(3) A hollow cube (1m) on each side weighs (2.4 kN). The cube is tied to a solid
concrete block weighing (10 kN) and has (S=2.4). Will these two objects tied
together float or sink in water?

Sol.:

Wrot = Weupe + Weone = 2.4 kN 4+ 10 KN = Wy = 12.4 kN

W w 10000
1:“BTOT = FBcub + l:Bconc =Tw * 1+ Tw * E =Tw + E = 9810 + 2.4

= Fg,,, = 13.976 kN

Since Fg, . > Wror both objects will float in water

Prof. Dr. lhsan Y. Hussain / Mech. Engr. Dept. - College of Engr. — University of Baghdad Page 14
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(4) How many kilograms of concert (¥ = 25 kN / m3) must be attached to a beam

having a volume of (0.1m3 ) and (S=0.65) to cause both to sink in water.
Sol.:

W > Fg
S¥w Ybeam + FconVeon™> Fw (Ypeam + Veon)

V> 0.0226 m?
m= §v= 57.36 Kg = m > 57.36 kg

(5) A cylinder of wood floats in water with (5 cm) above the water surface. When
placed in glycerin of (S=1.35), the cylinder floats with (7.5 cm) above the liquid
surface. Determine the specific gravity of the wood and the cylinder height.

Sol.: —

—= Sb 75cm
In water: W = Fpy « 1 Im ' I
In Glycerin: W = Fg¢ : water v
4 -

Thus;, Fgy = Fpe

¥wA(h —0.05) = 1.35¥%,A(h — 0.075) = h = 14.64 cm
W = Fpy

SyywAh =¥,A(h —0.05) = S, = 0.658

(6) A cylinder (1.35 m) diameter and (1.8 m) high has a specific gravity of (0.291).

Will the cylinder float in stable equilibrium in water?

SOI.: A A

S¥,A18=,AH = H =185 = 0.5238m

B. = 09— 22238 _ 6361 a8 18
H/2

IoO & D4 T

0 _ 04 _ 021746 vy ly

V. zD¥

I
Mg = % —BG =0.21746 — 0.6281 = —0.42

M; < 0 — Unstable

Prof. Dr. lhsan Y. Hussain / Mech. Engr. Dept. - College of Engr. — University of Baghdad Page 15
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(7) The solid cube (12cm) on a side shown in the figure is balanced by a (2 kg —

mass) on the beam scale when the cube is immersed in water. What is the specific

weight and specific gravity of the cube material?

SOI.: @ 2kg ‘
=0l.: e
F=mg=2%981=19.62N
ZF=O=>W=FB+F NSNS

V AF
= 9810 % 0.12 + 19.62 = 16.95 + 19.62 Water Ars
Thus; W = 36.57 N o b S

\
y == 22 = ¥ =21163.2 N/m’ cu Y
s = Xl —s=2.157

(8) Determine the depth of submergence of the compound cylinder in the water — oil

S=3

tank shown in the figure? \ N 4=02m
Sol.- (l 1m« |>> — )
Wior = FBtOt 01 Ty
S$=0.9 X v im
3¥yA*1+02%,Ax3=09%,A*x1+ ¥,A(x—1) 1K
Thus; x = 3.7 m N v

(9) A (10 cm) diameter cylinder of height (9m) and weight (3.8 N) floats in liquid
(5=0.833) contained in cylindrical tank having a diameter of (12.5 cm). Before

immersion the liquid was (7.5cm) deep. Determine the distance between the bottom

of the cylinder and the bottom of the tank. L 12sm
Sol.: e
Vi=V, = — (012X = (01252 - 0.1%)y  peepees el
2
x = 05625y ...(1) — et
— — n 2 75cmT ‘[ _
W= Fp = 38=0833%,7 0.1%(x +y) P

x+vy=0.059 ...(2)
D&2)—» y=379cm & x=218cm
dist =75—-—x=75-213 = dist=5.37 cm

Prof. Dr. lhsan Y. Hussain / Mech. Engr. Dept. - College of Engr. — University of Baghdad
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Sheet No. 5
Relative Equilibrium

(1) The closed cylindrical Tank shown in the figure is rotated with (20 rad/sec).
Calculate the bottom area which will be exposed (free of water), and calculate the

pressure at point C?

X3=0.5m

SOI.: A A\\<———>wm=zo rad/s l'
| .
. X2 | |
To locate the parabola; % '\‘D T E,"
A
ZOZXO.SZ 5 1 v \ P=1,1”ll)ar : II
Y3 = = Yy3 = o.1m ‘ ; H,
2X9.8 \\ i /II A
202 2 202 2 \ Ly
= X = X
Y1 = os1 ~ A1 ¥2.= oxap1 {122 % (U /
_ y2 \\ I II 1.5m
Vo — V1 = 2 guaal u NS (1) o
\ .
— Voo
Also V,;,-=Const. | \ \&!C’/ |
Yobpe — VoaB= Yair yi A‘\ >
A A4 A \/
1 1 T
2 2 2
—nX —=nX =—-14x%0.5
> 22 > 1)1 )
1 o 202 2 1 o 207 2 2
= X X5 == p( =B .. T Y ... )
22 o081 P Y 1 (2)

(1)&(2) = X; = 0.116 M= Agyp = TXZ = Agyp = 0.042M°

202 % 0.1162

= = 0.2
Vi > 0.275

Pc = Pair-¥,,y; = pc = 0.727 bar

(2)The Cylindrical vessel shown in the figure is rotated about vertical longitudinal

axis. Calculate;
a) The angular velocity at which water will start T

li

to spill over the sides. i
b) The angular velocity, at which the water I

water

depth at the center is zero, and the volume of ‘

D=100 mm

water lost for this case.
Sol.:
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a) D2z=_ZD?H=H=2Z=150mm

2,D52
H=w22;2 -015=2%

= w = 34.4rad/s

2,/Dy2 2(Dy2
) H' = L2 50322

= w = 48.5 rad/s e

1m
V= EZDZH' =1.178 X 1073m3

Viose=3D? X 0.225 = V' = Vjgq= 0.59 X 10~°m? R

(3) An open cylindrical tank (0.9m) high and (0.6m) diameter is two — thirds filled
with water when stationary. The tank is rotated about its vertical axis. Calculate;

a) The maximum angular velocity at which no water is to spill over the sides.

b) The angular velocity at which the bottom of the tank is free of water for a radius

of 150 mm. 5

Sol.: on

a) H=§x0.9=o.6m

01 1w Hopoem
—D?Z ==--D2%7' =7 = 0.6 ¥ |
4 24 E R
2..2 2 0.6m
7' =9 W03 5 — 11.43 rad/s
29 29 , ; A
0.15 ;
b) Z-7'=0.9 I — z
2 2 2 2
0 03) o O _ 09 = g =16.16radls | 1 5
2g 29 \ 4 \ 4
(4) The U-tube shown in the figure is rotated

increase in the elevation of the liquid in the Sl a

Plat form

about axis (A-A) at (4 rad/s). What will be the A,
|
|

larger leg of the tube after rotation? >z,\
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2( — %
w rzf’g r — Xr + X{ ........... (1)
T, T 2
7470 = 72X,
XT = 4-X{) ......... (2)

(2) in (1): 2“—g(0.42 ~02%)=5X, = X,=0.0196 m=19.6mm

(5) When the U-tube shown is not rotated the water stands in the tube as shown. If
the tube is rotated about the eccentric axis at rate of (8 red/s), what are the new
levels of water in the left and right legs of the U-tube?

Sol.:

hor — hoe = Yr — Vo 77

0?0362  ?0.182 x
2x98  2xo8 YT T Yeeeeeeeees (1) T

Also, b hor

Ve +Vp=036.0ere... 2)

(1)&(2) gives; yp =2.1cm; y, = 33.9cm

(6) In the figure, (ax=9.806 m/s®) and (a,=0) Find the pressure at (A,B and C).
Sol.:

_ax

—— 1 Open to atmospere

ay+g
7 v

7=0.65 tan6=0.65 I g

p=pot+p(ay + g)h = potxh l_’
pa=0.357¥,Pa Water ”

P = 1.65 'K'wPa

tand =

pc=0.35 ¥, Pa

(7) The closed tank shown in the figure is rotated with (12 rad/s) about its axis. Find
the pressure at (C) and (D).
Sol.:
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V 4ir= const.

“mxZy, = 2120.5......... (1)

2m

|

|

|

|

|

122x2 i
2%9.81 ai

Also; y, =
Thus; .
(1) &(2): y,=1.36cm; x,=0.43 cm |c 0
OC =2-1.36=0.64m

C D

A

\
\
Vo

_ 1220.52
Y17 o8

=y, = 1.83m

\
yi \
\
\

|
P2=p1t+ pywl(ay + g)h = Pair T Fwh " : \ji//
=1.07x 10° + 9810h WTH

|

\

pc =1.07x 10° + 9810 x 0.64 = pc = 1.13 bar

Po = 1.07x 105 + 9810 x (1.83 + 0.64) = pp = 1.31 x 10° Pa

(8) The tube (AOB) shown in the figure is completely filled with water to a height of
(230 mm) above (O). Calculate.

a) The angular velocity (w) so that (pg=po).

b) The minimum pressure in (OB) and where it occurs.
Sol.:

|

|

|
|
|
|
|
|
|
|
|
|

_ o

a) H= 29 OL,/ a5
2 2

0.3sin45 = w”(0.3cos 4 =>w=9.61 rad/s 0B=300mm

w?r? wR?cos?6
b) 7= =
2g 2g

The minimum pressure occurs at point (C) where (Zc is max.)

2 2
Zc=Rsine_z=Rsine_$
2 2
%=®=Sin9—chos 9:>R:015m

Then; p.=wh, =9.81 X (0.23 - Z,)

Thus; p.=1736.3 Pa
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(9) A circular Cross —sectional tank of (2m) depth and (1.3m) diameter is filled with

liquid and accelerated uniformly in a horizontal direction. If one — third of the

liquid spills out, determine the acceleration.

Sol.:
1

Vspina= 3V LMy
hr D? = 1w D2 1
24 34 © h
h= 22 =1333m @ == B &~ | 2m
tang =2 =——2 53 =10.05 m/s’

D ay+g v

(10)The closed tank shown which is full of liquid is accelerated downward at (% g

m/s?) and to the right at(9 m/s®). Determine (pc-pa) and (Ps-pa).

Sol.: om
2 . —
ay =—39 , &=0 A
PL-P2 = -pax (X — Xz) —p(ay +8)(¥1 — ¥2) S
Pc-Pa - X1-Xo=-2 &yl'y2='3
. Pc- Pa= 44.15 kPa C B
Pe-Pa: X1-%=0 & Vy;-y,=-3
- Pg- Pa=14.7 kPa _
% 0
a A
tan=—"—=-3=2z=6
ay+g
Pc- Pa= [po + p(ay + &)he] — [po + p(ay + g)ha] C
=+spw(2ay + g)9
= 44100Pa

2
PB - Pa= Spw(—gg +g) %3
=14700 Pa
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Sheet No. 6
Continuity Equation

(1) In the figure shown, if (Qa=15#€/s, DA=100mm,Dp=50mm, Dg=Dc=25mm,
QB=3QD1 VC:4m/S), find (QB, QC, QD, Va, Vb, VB)’)

Qc= (E)(O.OZS)2 X4=Q,=1.96x103m3/s /

Water A ——P —»C

A= Qs+ Qct Qp 5
Qa=3Qp+ Q:+ Qp \Y
15X 1073 =4Qp +1.96 X 1072 = Qp = 3.26 X 10 3m3 /s
Qe=3Qp>Qp =9.78 x 10 3m3/s
VA= Qal Apx= Va=1.91 m/s
Vb= Qp/ Ap= Vp=1.66 m/s
Ve = Qs/ Ag= Vg = 19.92 m/s

(2) Consider the steady incompressible flow past the plate shown in the figure.
Determine the volume flow rate (Q) across the upper surface per unit depth in terms

of the inlet velocity (Up) and the boundary layer thickness (6)?

Sol.:

C.E for steady incompressible flow; y A S

Qin= Qout Uo y=8 X8 >

Q:=Q:+Q : y=0 y u
 RALRRARRIAI A A

Ug*8*1=[" Uysin(mty/28)dy + Q

Q =Uy8 — Uy(268/m)[—cos(my/28)];
Q=Uy6 — Uyg(26/m)[+0 — (+1)]
Q=Uyd — (2Uy6/m)

Q=Ue6(1 —-2/m)

Q=0.363 Uy
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(3) Water flows steadily down a spillway as shown. If (Ug=1.5m/s), (h=2m) and the

width is (20m), how many hours will it take (10°m?®) of water to pass this section of
the spillway?
Sol.:

Q =f udA =[] Up(y/W)*/7 20dy
Q = (20Uo/h™7)[(»)*/7/8/7];

Q =7/8*.20U,(h7/8/h'/7) = 52.5 m®/s
t=v/Q=106/52.5= t=19050s = 5.29 hrs.

1
u=Upgym)

(4) In the open tank shown in the figure;
a) If the water level (h) is constant, determine the exit velocity V,?
b) If (V,=6m/s), find (dh/dt)?
Sol.: —
a) Q1+Q:=Q; |
(/4)(0.05) * 4 + 0.01= Q, S
Q,=0.01785 m¥s ' :t. o
Vo= QufA; = Vo= 4.64 mis oo
b)  (dme/dt)+mie — My = 0 —
(d/dt)(pr/4)(d*h) + p[Q2 — (@1 + Q3)] =0
(r/4)d*(dh/dt) + Q2 = Q1 + Q3
(/4)(0.95)%(dh/dt) + (/4)(0.07)% * 6 = (1t/4)(0.05)2.4 + 0.01
(dh/dt) = —0.0074m/s falling

o 3
e 03=0.01m’/s

(5) Determine the velocity of the water flow through the annular gap between the

piston and cylinder shown in the figure? _D=d6mm

20l Vy'| Piston

C.E. Qin= Quu xa I s
Vp(1t/4)D} = Vy,(/4)(DZ — D}) B 7y D
75%(46)% = Vw(50%-46%) = V,, = 0.413m/s water____
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(6) The flow in the inlet between parallel plates in the figure is uniform

(u=Up=4cm/s), while downstream the flow develops into the parabolic laminor
profile [u=ay(h-y)], where (a) is a constant. If (h=1cm) and the fluid is water, for

steady flow what is the value of (umax)?

Qin=Qout 5/” / .
hUob =/ uda = [ay(h — y)bdy oo .
hUogb = ab[(y?h/2) — (¥3/3)]} \\E\\\\\\\\\\\\\\\\\ ?\\fu
hU, = ah®/6 b3

a = (6 Uy/h?) =2400
Thus; u = 2400y (h-y)

(7) Water and oil are forced to flow steadily through the device shown in the figure.
If the liquids are incompressible and form a homogeneous mixture of oil globules in
water, what are the average velocity and density of the mixture leaving through pipe
(C) having a(0.3m) diameter. Assume no chemical reaction between oil and water

and their mixture is incompressible?

Sol.:
Qin = Qout B c
Qa+tQe=Qc= Q¢ = 0.13m%/s ————>  0il(s=0.8) —ri®
(0.03m%s)
T
Qc = AcVe = (7) (03)V
Thus; Ve =1.84m/s
. . 0.1m%s)
Mip = Moyt v A Hwo

I, + g = 1,

PaQa + pQB = pcQc
1000*0.1+0.8*1000*0.03 = p. * 0.13

Thus; p. = 953 kg/m®
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Sheet No. 7
Energy and Bernoulli’s Equations

(1) For losses of (0.1N.m/N), determine the mass flow rate of water at (A) in the

figure below. Barometer reading is (750mmHg)? R

Sol.: SO 70 kPaabs,

= e \S:_ _________ i \'\\

Pam = 0.75 * 13.6 * 9810 — pym = 100062 Pa S —
EEO0—A: e N

(70000/9810) +0+4 = (100062/9810) +(V2 /2g) +0+0.1 —V,= 4.05m/s
m = pAV = 1000 * (7r/4)0.1%* 4.05 — nr = 31.78 Kg/s

(2): The siphon shown in the figure is filled with water and discharging (150 £/s).
Find the power required to overcome the losses from point (1) to point (3). If two-
thirds of the losses head occur between points (1) and (2), find the absolute pressure
at point (2). Take (Pam=100 kPa)

Sol.:

V = Q/A = (0.15) / ((/4) 0.2%) — V = 4.775m/s
EE1-3:

0+0+1.5 = 0+(4.775)%/2 * 9.81+0+h; — h, = 0.337m
Power =9810 * 0.15 * 0.337 — Power =495.7 W
EE.1-2:

0+0+0 = (po/9810) +(4.775)%/2 * 9.81) +2+(2/3) *0.337 — p,=-33.2 kPa
P2abs = 100-33.2 — Poans=66.8 kPa

2m

1.5m

(3): For losses of (0.1H) through the nozzle shown

in the figure, what is the gage difference (R) in [ Nozzle d=75mm

terms of (H)?

Sol.: s=12
0+0+H = (p,/1.2y,,) 0+0+0.1H (
Thus; 0.9 H=(p/1.2y,,) ... (1) -
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Man. equ. : p,+ 1.2 X¥,, + 3Ry, -1.2y,, (R+X+H) =0
(P,/1.2y,,) = R+H-(3/1.2) R=H-15R ....(2)
(2)in(1l) > 09H=H-15R —15R=0.1H—>R=(0.1/1.5 H - R =0.0667 H

(4) Determine the shaft power required for the pump to produce the flow shown in
the figure. The pump efficiency is (80%) and the losses may be neglected?

Sol.:

E.E. O-B:

0+0+33+h, = 0+0+60+0+0 = h,=27m
EEO-A:

0+0+33+27 = 0+(V2 /2g) +33+0+0 = V,= 23m/s
Q=AaVa= 0.009 * 23= Q = 0.207 m%/s

Ip = (¥ Qhy, / nP) — lp = 68.55 KW

B Etém

Water Jet

(5) For the system shown in the figure, the pump (P) must delivers (0.16 m®) of
water from tank (A) to tank (B). If the head lost from (A) to the pump is (2.5m) and
from pump to (B) is (6.6m), calculate the shaft power required for the pump and the
pressures at the pump inlet and pump outlet, knowing that the pump efficiency is
(80%0)?

Sol.:

E.E A-B:

0+0+0+h, = 0+0+44+0+(2.5+6.6) — h,=53.1 m
IP = (yQh,/0.8)  IP=104.2 KW

V; = (Q/A) = (0.16/ (1/4)0.3%) V; =2.263 m/s
E.E. A-1:

0+0+12+0 = (p./ yw)=(2.263%/2g) +0+2.5 — p1 = 90.63 kPa
V, = (0.16/ (m/4)0.2%) V,= 5.1 m/s

E.E 2-B:

(P,ly) + (5.1%/2g) +0 = 0+0+56+6.6 — p,= 60.123 kPa

56m
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(6) For (100 #/s) flow in the figure below, determine the power required to overcome

the losses through the system?

V = (Q/A) = (0.1) / ((/4) 0.15° — V = 5.66m/s
E.E. 1-2;

0+0+10 = 0+(5.66%/2*9.81) +0+h, — h, = 8.366m
P =yQh, = 8600*0.1*8.366 — P =7194.9W

(7) Neglecting losses, calculate (H) in terms of (R) in the figure below?

Sol.:

B.E 1-2: 0+0+H = (p,/y)+0+0 — H = (p./1.2yw) ... (1)
Man. equ.: p,+1.2Xyw+3Ryw-1.2yw (R+X+H) =0
p2+3Ryw-1.2Ryw-1.2ywH =0

(po/1.2yw) = R+H-(3/1.2) R .... (2)

(2)in(1): H=R(1-3/1.2)+H — R=0ForallH

N

N

E\\\\\\\\\\

—pV —0—>2 Patm

PTTTTTTITTrITITI?
L 150mm

v
-

(8) Determine the mass flow rate of water through the pipe shown in the figure if no

energy lost between (A) and (B)?

Sol.:

B.E. A— B:

(Palyw)+(Va’l29) +Za= (pe! yw)+(Vs'129) +Zz
(V&?/29) = ((Pa-Ps) yw)-0.76+(VA%/2g) .... (1)

C.E. (11/4)0.3%V s = (11/4)0.15°Vg —Va=V50.25 ... (2)
Man .equ.:

path; yw - 0.36 * 13.6 yw -(0.76+h;-0.36) yw = pg
((pa-pe)/ yw) = 0.36(-1+13.6)-0.76=3.776 ... (3)

360mm

Merury

(2) & (3)in (1) — (Vg* -(0.25V;)?)/29=3.776-0.76 — Vg = 9.738m/s

Q = (m/4)0.15° * 9.738 — Q=0.172 m*/s
m=pQ — m = 172 kg/s
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Sheet No. 8
Momentum Equation

(1): For the system shown in the figure, determine;
a) The water jet velocity (V;) required to deflect the spring by (10 cm).
b) The force on the wheels caused by the jet

Sol.: e
a) Fspring = KAX — 1500 * 0.1 — Fspring = 150 N B é

Jet: X Fe = M(Vyour = Viein)

—F, = pA;V;(V;cos 50 — 1)) _J,/"A—m
—150 = p§(0.03)zvj2 (cos50 —1) = V; = 24.4m/s

b) TXE, = m(Vyour —Vyin)

F, = pA;V;(V;sin50 —0) — F, = 322.4 N T onjet — F, =322.4N | on wheel

(2) The water tank shown in the figure has gravity force of (90N) and water depth of
(30cm). Find the vertical force required to support the tank.

Sol.:
@ =60 0/S
V= Ql\ A, — V;=13.6m/s Di=75mm

d ; 3
M.E:) Fy = pr (Mv)yey + (MV)youe — (MV)yin NP
9 @
F — Waank — Wwater = a (mvyse) + 0+ pQ V4 socm N
—t >
) Mnee
F—=Wiank — Wwater = Vrise a_‘f;l + m% +pQ.V; ...1 nater Q:=301/5
3} . . 0
CEZT+ Mour =tin =0 > 2=p(Q1=Q)  ...2 T
on on 0.-0
pA E: p(Ql_ Qz):az Vrise: 1A 2 . 3
3and 2inl;

F—90—-0.1x0.3 x 9810 =

(60-30)%1073

o 1 * 1000 * (60 —30) * 1073 + 1000 * 60 * 1073« 13.6 > F= 915N
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(3) Water fills the piping system shown in the figure. At one instant p; =
70 kPa,p, = 0,V; = 3m/s) and the flow rate is increasing by(3.2 1/s%). Find the

force (Fy) required to hold the piping system stationary.

Sol.: -

C.E:A]_Vl =A2V2 :>V2 =025V1 =075 m/S

A ®?2
el 100 mm¢

M.E.:i S Fy = =(mv) + m (Vont — Vin)

3m 200 mmé
9] p S
p14; —Fy = T (p¥V V) + pA; V1 (V2 -V1) [ !

6m

av Jd (Q
= PVW pA Vi (V, = Vp) = pV a(z) + pA Vi (V, — V1)

a0
3 PLE + pA Vi(V,_ V)

s s
70 * 103 *ZO' 12 — Fy = 1000 * 9 *.0032 + 1000 * ZO.l2 *3(0.75-3) =

Fx = 574N «

(4) Water flows through the piping system with sudden expansion shown in the

figure. If (p; = 70 kPa,V; = 6m/s), calculate;

a) The power required to overcome the losses.

b) The pressure difference in (cm H,0). 7 - .2
Sol.: 800 mmé
2 212
a) He=12t 1—(2) ] = he = 0.212m
29 D2

Q= A1V1 = Q =2 m3/5
Power =v¥Qhe = Power = 4.14 KW
b) C.E.: Al Vl =A2V2 = V2 = 3.96m/S

1 V2 P, V?
29 Y 29

_ 2_ 2 _
P2~ P1 — Vi-V; — he = P2~ P1 = (0.825 mHZO =82.5 CmHZO
Y
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(5) The water passage shown in the figure is (3m) wide normal to the figure.

Determine the horizontal force acting on the shaded structure. Assume frictionless

steady flow.

\V4
. 1.8m A
om
VE %5
s+ =4z =X+ 2+ z v
2 29 ¥ 29
3 mwide

V2 V2

—+18=—+4+09..... 1

2g 29 ®

CE:18x3xV; =093V, F @

= V2 = 2V1 i 2 F1 L -/\/ Fa
7_

1&2=V, =242m/s & V, = 4.84m/s

F, = yh,A; =9810% 0.9 % 1.8%3 = F, = 47676.5N

F, = yh, A, = 9810 % 045 % 0.9* 3 = F, = 11919.15N

Z Fe = m(Veour = Viin)

F, —F, —F =pA,V;(V, —V;) = F = 4132.9N - on structure

(6) For the series of moving Vanes shown in the figure, determine the power that

can be obtained from the vanes and the energy remaining in the jet.

I/O — i_ 0.085 ¥ I/o - 30.5m/s “[:Sﬁ_» 183m/s

A,  0.00279

> B = titans(VTioue = Viin)
—Fx = pAoVy[—(Vy —u)cos30 — (V, — u)] H&
= Fx = 1935N
Power = F,u1935 * 18.3 = Power = 35.41 kW 2 \ .
Power = yQa,,su = 9810 * 0.085ﬂ =V, =9.89m/s

29 2%9.8

2
K.E. remaining in the jet= yQ,ps Z—Zg = K.E.= 4.16kKW

Or; Vox =183 —12.5cos 30 = 7.17m/s &V, = 12.5 sin 30 = 6.25m/s
Thus; V, =9.89m/s
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(7) A two- dimensional jet of water impinges on a plane wall at an angle of (60°) the

jet is (80mm) thickness and its velocity is (10m/s). Calculate the normal force
exerted on the wall per unit width and the thickness of each of the two sheets of
water flowing over the wall. Refer to the diagram and neglect the effects of gravity
and viscosity.

Sol.:

C.E: Qi = Qo = AV, = AVy + AsVs .1
BEl1-2=V,=V,

BE1-3=V,=V,

wVZV, =V =V

Thus: A; = A, + A5 ... 2

ME.: % Fs = (mw),,,, — (v,

0 = (pA,V — pA3V) — pA;vcos60

A, — A3 + Aqc0s60 ... ... 3

2& 3= A;- = (1— Cos60) = Az 20mm? — tz = 20mm

A, =ZA1 = A4, = 60mm? = t, = 60 mm

> Fn = (), - (),
—Fn =0 — pA,;V? sin60 = Fn = 692.82N \{

(8) In the figure below, (Q,= 0.45Q-), what is the value of the plate argle(8)?
C.E.: Qo= Q, + Q, = 0.450,,02 = Q, = 0.55Q,
M.E.: ¥ Fs = (), . — (mv)g

0 = (pQ1Vo — pQ2 Vo) — pQyVp Cosb

Q1 — Q2 = Qp Cosb

Or;

- -0.1
cosO = Q1—0Q2 — Qo
Qo Qo

cosd = —0.1 = 0 = 95,749
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(9) At what speed (u) should the vane shown in the figure travel for maximum

power? What should be the angle (8) for maximum power?

2 Fx = mr(Vreour — Vrein) 6
—Fx = pA;(Vo —wW)[(Vo —w)cosd — (Vo — u)] Vo ’/A_> )
Fx = pAy(Vy —u)?(1 — cos 6) qﬁ_h

Power=P=E, xu = pAy(Vo—u)? u(1 — cosH)

For maximum power:

Z_Z=o= pAy(1—coso){(Vo—uw)?.1+ux2(Vyo—u)x—-1}= u=V,/3
Z—g =0= pA;(Vo —w)? u[—(—sinf)] = sinf =0 = 6 = 0 Min power

0 = 180° For max power

(10) A square plate of uniform thickness and (30cm) side length hangs vertically
from hinges at its top edge. When horizontal jet strikes the plate as shown in the

figure, the plate comes to rest at an angle of (30°) with the vertical as shown.

4

150 mm

Calculate the mass of the plate.
Sol.:

Square plate

Water jet

z E, = (my)nout > (mv)nin E

—F, =0 — pAjvj(vj cos30) = F, = 15.3N < on jet

0.15 sin 30
k:

=153 N 7 onplate

0.15
cos 30

=m=9.8x%0.15 sin30

E, *

l‘/Fn(onjet)
= m = 3.6 kg

Fn (on plate )

(11) As shown in the figure, a cone is held stationary in the vertical direction under
the effect of a jet of water striking it from below. The cone weight (50 N). The initial
speed of the jet is (15m/s) and the initial jet diameter is (3cm). o

Find the height to which the cone remain stationary above the W
nozzle, water density is (1000 kg/m3).

Sol.:
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V1=15 m/S, d]_: 3Cm, F= W = 50N F=W=50N

B.E.: 2=3=V3=V2:C.E.: m1=m2=PA1V1 \ 3= V2
' %? '\@
M.E.T{Fy: m(Vyout_Vyin) ®

—50 = 1000 >|<%(0.03)2 * 15 * (V,cos 60 = V,) =V, =9.43m/s

S

h=2?

VZ VZ Vi
BE1-2 Ly, P2y 22, Pl
¥ 29 ¥ 29 !
2 2
0+ —=—+4+0=0+-2 4+ h=h=6.94m
2%9.8 2%x9.8

(12) For laminar flow in pipe, the velocity distribution changes from uniform at
section 1. to parabolic at section 2. as showed in the figure. At the fully developed
section, the velocity distribution is given as (U = Uy (1 — (%)2)). Find the

resisting shear force if p1 and p2 are the pressures and p is the fluid density.
Sol.:

M.E.:= Z F = (mv)out ", (mv)in

®P1 @ P2
2 —
(p1 — p2)mry” — Fsh = jpuﬁdA-PUzﬂ To? —
- T e
To 7"2 U_TE S 0 B I_ﬂ»)
= ] PUiax (1 ——)? 2m rdr — pU?nry? v >
0 7"0 F shear
“-— -
VA

— 2 2 2 2
= PUmax To §_ pU- Ty

Umaxs . Uz)

— 2
prcry( 3

U
Fshear = (pl - pz)T[l'OZ - p“rOZ (% - UZ)

(13) Water exits to the atmosphere (p,:m = 101kPa) through a split nozzle as show
in the figure. Duct areas are (4, = 0.0 1m?) and (4, = A; = 0.005m?) The flow
rates are(Q; = Q3 =150m3/h), and the inlet

pressure is (p; = 140 kPa abs.).Compute the force on Eqsa

the flange bolts at section 1. G
Sol.:
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C.E.: Q; =Q, +0Q; = Q, = 300m3/h

V= % =V, =8.333m/ss,V, =V; =8.333m/s

M.E.: z Fx = (mv)xout - (mv)xin
—Fporr + 1141 = {—pQ,V5c0530 — pQ3V5c0s30} — pQ,V; (140 — 101) * 103 =
Fy = 1683N —

(14) The circular plate shown in the figure covers the (125mm) diameter hole. What
Is the maximum height (H) which can be maintained without leakage? Assume

steady frictionless flow.

Sol.: B =

V)2 A\
B.E.:O—jet.=>0+0+3=0+i+0 4 ) :

S Vot 07

=V, =7.67m/s i 5 j

M-E-:EFx = MVxout — Vxin)

_F:p%Dj2 V](—V] sinBO—Vj) —4 Vj\
F = 1557.8N —’E F
Vj/

x|
[

e

H

E

F=yhA
1557.8 = 9810 * H * %0.1252 = H=12.94m

(15) A conical enlargement in a vertical pipe is (1.5m) long and enlarges the pipe
diameter from (0.3m) at the lower end to (0.6m) at the larger end, see the figure.
Calculate the magnitude and direction of the vertical force on the enlargement if the
flow velocity and pressure of water at the smaller vertcal
end are (3.96m/s) and (207kPa) respectively. Assume /\1

that the energy loss in the enlargement is

(0.09N.M/N). ( Vone= 3 base » height )

Sol.:

Prof. Dr. lhsan Y. Hussain / Mech. Engr. Dept. - College of Engr. — University of Baghdad




2= 20— =15m
h]_ h1+105 ® P2A2
1 5 1 ) l 15m

W = yv=9810{5m(0.3)? »3 ~ z7(0.15)*1.5) SN[
Thus; W = 3120.4N VT
C.E: AV, = AV, =V, = 0.99m/s Vo

P,V P, Vi
EE1-2 =24 242, =24+ 242 +h,

¥ 2 y 3

= p, = 198.75 kP,

M.E.: sz = m(Vyout — Vyin)
T

3 d? v,{V, —V,} = F, = 43.85kN 1 on fluid

Fy +piA; —p A, —W =p

Fy = 43.85kN | on wall

W

, T Flight of = 2 \

\ :‘ ,"j' Biyds Hm'ovu9h the awy '9,@ — g qn:,'e/—e,o/og
% I S = s
Sign of M ot clouds o ot R, rer
DD ey o L ST ""Q?L
= r ,‘ z L)

[ ‘ i
n T flow of watex . - Q/U ads \
A ‘ \ G- the styeams | < | Wind loading \
I ‘ﬂ = ~A on the bu“dl\ﬂgs \

oo without arr vesrstar

Afh iy vesiStance
-

motion ot

= i ]
j movemen t ) '&/TD
~ of air and | D
uy bk)fd in the '; 7 / & o
t eq(f bo Y /,'/% | ccaan o 9 (b( hy
P - = : ‘l‘;l L e 'l:'C?»Wl\nd MI‘“L

‘ PO :
hydy‘o\uh‘c Shoeck ngorbeq& Vellicle breaksi- — [% .‘_,.l.A.,-'.anrcrqH-s
= Design :'-Shlps
o U L v:':-'.vgai-er treat ment facihitics
Desighn| ..

water supply systcms
i oo «P SUbmann es

LIy U=

Lo

=¥ turbines
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Sheet No. 9
Dimensional Analysis and Similitude

(1) Assuming that the thrust (F) of a screw propeller is dependent upon the
diameter( d), speed of advance (V), fluid density(p), revolutions per second( N), and

coefficient of viscosity (u), show that thrust can be expressed by the equation
(k= patvey {2 2),

Sol.:

F=1f(d,V,N,u,p) = F(F,d,V,N,u,p) =0

n=6 m=3 = No.oF t's=3

Dependent variable= F: repeated variables = p, N, d

T = pxl Nyl leF

F
M'L'T" = (ML )X (T Y)Y (L) MLT 2 = 1y = ——
(ML™)(T =) (L) T = N2d4
m, = pszydeZ,u
o_o o #
-3\ X2 —-1yy2 Z2 —1
ML'T’ = (ML™3)*)(T~ )2 (L) ML ' T =1, = SdEN

ns — prNy3d23

o_oO (o) V
MLT =ML )3T H»(D)?LT 1 = Ty = Nd
r 7'[1 — ro F
= 7‘2 = pd2V?2
T[, e E : TE, ) L
2 T, 2" pdV
' 1 rdN
TC3 = E - TC3 = 7
F S dN
f’( , ) 0
pd2V2’pdV’ V
F u dN
deV2 f(pdV |4
Thus: F = pd?V? fCE, =)
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(2) The wave resistance of a model of a ship at (1:25) scale is (7N) at a model speed

of (1.5m/s). What are the corresponding velocity and wave resistance of the
prototype? Assume the model is tested in fresh water (p = 1000kg/m3) and the
ship will operate in the ocean where the specific gravity of water is (1.03).

Sol.:

Use Fr- criterion;

Fr,, = Fr, n
Vm__ Vo oy % /ﬁ=15x1xv25:v — 7.5 mls
\/gm’gm \/gpfp p m g fm . p o

o Tty = By 2200 = 74103525 %252 = F,=112656 N
PmVimlm  ppVp2?p Pm Vin Im

(3) The size of droplets(d) produced by a liquid spray nozzle is thought to depend on
the nozzle diameter (D), jet velocity (V), and the properties of the liquid
(p, u, o). Determine the functional relationship for the droplet size ( d).
Sol.:

d=d(D,V,p,u,0) = F(d,D,V,p,u,0) =0

n=a~o, m =3 = No.of m's =3

dependent Variable=d ; repeated variables= D,V,p

my = p DYV d = M LT = (ML) (L)' (LT H L=mn = %

m, = p¥?DY2V 2y = M'L'T" = (ML™3)*?(L)?*(LT V)2 ML 'T™ ' => n, = VD

o
pDV?2

Ty = px3Dy3vz3o_M0L0T0 — (ML—S)xS(L)yS(LT—l)Z3MT—2 - 7.[3 —

Thus;

o
fmy,mms) = 0= f (5,45, —22) = 0
Or;

S fi( ) 2 d=Df ()

pVD’ pDV,
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(4) A (1/5) scale model automobile tested in a wind tunnel with the same air

properties as the prototype. The air velocity in the tunnel is ( 350 km/ h) and the
measured model drag is ( 350N). Determine the drag of the prototype automobile

and the power required to overcome this drag.

Sol.:

Use R-e criterion;

Ren = Re,

(””)m = (Vﬁ \“i’ % =350 x1x :x1 = V,=70 kmth

F V 2 2
m_ = 2=>FP—Fmp PT *Fm=Fm
PmVanth PPVp{) V& {3 Pm Ilm P\

~ Fp=F,,=350N
Power = Fp *Vp = Power = 6805.6W

(5) The pressure difference ( Ap) between two points in a pipe due to turbulent flow
depends on ( V,D, p,u, L, €), where (L) is the distance between the two points and
(e) is the roughness elements height. Using Buckingham theorem, determine the
functional relationship for (Ap).

Sol.:

AP = AP(V,D,p, 1, L, €) = F(AP,V,D,p,p.L.€) =0

n=7,m=3= no.of i's=4

Dependent variable = Ap: repeated variables = p,V, D

A
= ptVYID¥ I Ap = 7y = _plfz
T, = p¥VY2 D2y > 1, = Sl

€
3 = pVY3D% e = 3 = 5
L
Ty = px4V}14DZ4L - Ty = E
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(6) A completely submerged body is to be propelled through water at aspeed of
(6m/s). In order to estimate the power required to overcome the frictional drag a
(1:10) scale model of the body is mounted in a closed circuit wind tunnel in which
the air density can be varied. The model is tested at the tunnel speed of (75m/s)
under dynamically similar conditions and the air temperature is maintained at
(15°C). Determine the pressure of the air in the working section of the tunnel. If the
drag on the model under these conditions was (2.5 kgf), determine the power
required to overcome the drag on the full scale body. Take (Rair= 287J/kgK,
Uyater= 0.012Poise, u.i;= 0.000186 Poise; 1Poise= 1gm/cm.s)

Sol.:

Re;, = Re,

Pmef’m) ppVpfp Vp 4p Um
_ = —) ] * — — —
( Hm i ( Lip )water Pm Pp Vi m Mp

0.000186
0.012

— 1000 * 2 %10 *
75

o pm = 12.375kg/m?
Pyir = PairRairT = 12.375 * 287 * 288 = P,;, = 1.025 Mpa

Fm  Fp
PmValsh  ppV3LR

= F, = 129.03kgf = 1264.52 N

Power = Fpr = Power = 7587.1W

(7) The power input (P) to a centrifugal pump is assumed to be a function of volume
flow rate (Q), impeller diameter (D), rotational speed (w), the density (p) and the
viscosity (u) of the fluid. Determine the functional relationship for the power.

Sol.:
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P=P(QD,w,p, )
Or; F(P,QD,w.p,u) =0

n=6m=3=no.oft's=3
Dependent Variable= P, repeated variables=p, w, D

m = pxlwyl Dzlp

P
°rem° __ -3 -1 27m-3 —
MLT = ML>)*(T"H)Y(L)Y2AMLT™ = mny = W
M, = pxszZDzzQ
oy °ome® —-3yxz (-1 Z,137-1 Q
MLT = (ML)% (T2 (L)=LT = = —
7T3 =px3wy3DZ3‘u
o o o u
M LT = (uL=3)*3(T"1)Y3(L)% ML 1T = =
(WL=3y5 (T (1) M=

" \pw3D5’ wD3’ pwD?

Or; P=pw’D® (15, —)

wD3’ pwD?2
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Sheet No. 10
Viscous Laminar Flows

(1) For the flow between the include flat plates show in the figure, determine:

a) The discharge per unit depth. v Lms

p=1.4kPa

b) The shear stress exerted on the upper plate.

¢) The maximum velocity and where it occurs.

Take (p = 850 kg/m3,u = 0.08Pa.s). 0= 08 kP

) ;i_x(p +yh) = (p‘l'Yh)z;(P"'Yhh 2 S
(800+0)—(1430\;)§-|-850><9.8><3) — 6035 N/m?

0=t ey = I SO0 L oazams

b)t=u 3—1;|y:a = %—% ;—x(p+yh)[a—2 X al] = 1=-31.44 Pa

= 31.44Pa N onfluid = =7 = 31.44Pa \ on plate

Uy 1 d

_ vy BN Y N,
Cu= -5 @t ylay—y7]

Thus; u = 59.64 y — 37718 y2

g—; = 59.646 — 2+ 37718y = 0 = y = 0.00079 M fOT Uqy

Umar = 59.646 X 0.00079 — 37718 X (0.00079)2 = Upayx = 0.0236m/s

(2) A board (Im*1m) that weighs (15N) slides down the inclined ramp shown in the
figure. Assuming laminar flow of oil (s= 0.8) with constant pressure, determine:

a) The dynamic viscosity of oil.

b) The shear stress at the ramp.
¢) The discharge.
Sol.:
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a) %(P*‘Yh) =%+Y%= 0—ysinf = —0.8*9810*%= —3018.46%

aty=at= % = Wsjlne = 1::11% = T|y=¢5.77Pa

Ty = %—%%(p+yh)[a—2* al] = pn=0.027Pa.s
b) 7, _, %—%%(p+yh)[a]=>t|ramp=7.28Pa
c) Q= __E E (p+yh) =Q=3.11+10">m3/s

(3) Oil having (s=0.8) and (p = 0.02 Pa.s)flows downward between two vertical
fixed plate spaced (10mm) apart. If the discharge per meter of width is (0.01m3/s),
determine:

a) The pressure gradient (dp/ dx).

b) The shear stress at each plate.

Assume laminar flow.

Sol.:
0
LY Kl M
a) Q_ 12u dx+de) 1
3
0.01= — &% 2 _ (g8.9810+ ;}\90) = 2 - 5448Pa/m
12x0.02 “dx dx

byt =& - H{E -y} (a—2y) = T-0 = 12 Pa& 7}y, = ~12Pa

(4) The cube shown in the figure weighs (200N) and is allowed to slide down the
inclined surface as shown. Assuming laminar flow with constant pressure,

determine:

)

a) The terminal speed (U) of the cube. 0.1 mm N

b) The shear stress at the inclined plate.

c) The discharge.
Sol.: 0 o

d . .
a)—(p +yh) =E§ —ysind = —7407sin10 = —1286.2N /m3 i = 001Pa

N
¥y =7407 —
m
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Fsh B wsin@ _ 200sin10

7| = = T|y—q = 385.88Pa

y=a A A  03%03
uu 1d
T|y=a= ;—Ea(p+yh){a—2*a}=> U=386m/s
1d
b) 7|y = - = 55 ( + y)[a] = Tly— = 386 Pa

)Q=[2-ZL(p+ yh)] 03 = Q=58%10"5m¥/s

(5) For the laminar flow through the (10mm)
diameter inclined tube shown in the figure,
determine: —
a) The direction of the flow. &m
b) The discharge.
¢) The Reynolds number for the flow.
Take (y = y0OOON/m?3) and (n = 0.04Pa.s).
Sol.:
a) (p + YR)upper = 200000 + 8000 = 5 = 240 kPa
(@ + VW) jower = 300000 + 0 = 300 kPa

Thus, the flow is upward N\

b) 0=-"22L (p+yh)=

m(0.005)* (300-240)%103

= Q=-0.03681/s \

8u dx 8+0.04 10
o) V==2=2 =V =04686m/s
A Zdz
Re="% =% _, Re = 95.6
I 1g

(6) Oil(u=0.478Pa.s,v =5.3«10"*m?/s flows downward at a rate of
(0.222 ¢ [s) in the pipe shown in the figure.
Determine;

a) The pressure gradient (dp/ dx)

b) The wall shear stress.

¢) The maximum velocity.

Assume laminar flow.
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w

ol.:

p= %=> p =901.88kg/m3

o

Y= pg = y=88385N/m?

Loty = Py sing
dxp Y = YSln

dx
= I ysin30] = L= -918.5 N/m?
8u ~dx dx
d d .
b.t= —g a(p +yh) = —g [ﬁ—ysm@]
Ty = T, a= >2[-918.5 — 8838.5 — 55in 30] = T,, = 40Pa
2

a’? d
C. Upgy = — (p+yh) = Upax = 0.63m/s
OF; Upqy = 2V = 22 = % = U, = 0.63m/s

4

(7) Liquid in the pipe shown in the figure has(y = 10kN/m?3) and (u = 3.125 *

1073 Pa.s).

a) Is the liquid stationary, moving upward or moving upward or moving

downward in the pipe?

b) Calculate( U, V,Q and t,,) . S
Assume laminar flow.
Sol.: d=1cm

<“—

a) (p + YR)upper = 110000 + 10000 = 10 = 210 kPa

(P + YA jower = 200000 + 0 = 200 kPa R El.om

P =200 kPa

sine(p + yh)upper > (@ + YN 1ower = flow is downward |

d _ 200%10%-210%10% 3
b)a(p + yh) = n = —1000N/m
2 d
Umax = _Z_# a(p + yh) = Upax = 2m/s

umax__a_zi _
V_T_ 4de(p+yh)=>V—1m/s
Q =§dzv=>Q= 7.85 % 107°m3/s

Tw =T 9=—%%(p+yh) = 1, =2.5Pa
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(8) Water flows downward in the vertical pipe show in the figure with maximum

velocity of (2m/ s). Using (u= 0.1 Pa.s) and assuming laminar flow, determine;
a) The discharge.

b) The pressure at section2. @ | p = 300 kPa
A

c) The wall shear stress. l
sol.: 10m d=1cm
Q) Upax =2V =V =1m/s
Q = §d2v=> Q=7.85+10"m3/s v

na4 -dp @ p=*

b)Q = —E[E—Ysm‘)O]

7.85%107° = — m(0.005)* [P2—300*103

8x0.1 10

D d D (p+yh);—(p+yh)
Oty = — - — @ A

— 9810| = p, = 78 kPa

— 1, = 80Pa

(9) Oil (s=0.9,u = 0.05 Pa.s) flows steadily in the pipe shown in the figure.
Assuming laminar flow, determine;

El. 100 m

a) The flow direction, up or down? p=20kPa

b) The velocity at the center of the pipe.

c) The discharge (Q)

d) The velocity and shear stress at (6mm) from the center. e
Sol.: = 250 62
a) ( + Yh)upper = 200000 + 0.9 * 9810 * 100 = 1082kN/m?

(p + yh)jower = 250000 + 0.9 x 9810 * 85 = 999.7kN /m3
sine (p + Yh)upper > (@ + YR)iower = flow is downward |

s e
b) L ((p + yh) = ~THDower- PV upper _ OITZI0DI0. — _5486.66N /m”

d=3cm

? 15
2
at the center u = U4, = —%ﬂ- %(p + yh) = Uy = 6.17m/s
)V =m==385m/s = Q="1d* = Q=2.18+10"m?/s
a?-r? d r?
du=— 2 0+ yh) = e (1 55)
0.0062

Thus atr = 6mm; u = 6.17 (1 — 00152) = u=>5183m/s

_ du r d (0 +vh)
TR T Tzax Py
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Sheet No. 11
Boundary Layer, Drag, and Lift

(1)For a laminar flow established over a horizontal flat plate, at a given location
along the plate, the thickness of the boundary layer is found to be (8).The assumed
velocity profile at this location on the plate is given as [u=ay + By3(for 0< y < §)]
and the free stream velocity outside the boundary layer is (Vo). Determine the
constant (a) and (B), and the shear stress at the surface of the plate, if the fluid
coefficient of viscosity is(u).

Sol.:

u=ay+ gy*

aty=8 u=\Vo=>Vy=a8+B8%......... (1)

A

Vo

\A A

aty=6 Z=0=0=a+385 ... )

4 i o
(1) and (2) gives; ! T y

3V, B = 1V,
T 28 T 283

_3Vo Vo

V(0 a3
u zsy 253y

__du _ 3
Tw _Halyzo :TW_E_

(2) Estimate the skin frictional drag on a flat plate (10m) long and (2m) wide with a
velocity of (130 km/h) traveling through air at (90 kPa abs.) and (25°C).Take
(u =2x 107°Pa.s) and (R,i;=287 J/kgK).

Sol.:

P _ 90000
P = 27 = 287x298

= p = 1.05 kg/m®

1000
VLp 130X§aﬁX10X105

Re, = — = — = Re;, = 0.2 X 108 > 10° = Turbulent b.l.
u 2x10

o 0072 0072
D — ReL1/5 o (0.2 x 108)1/5

Cp = 2.5 x 1073

2
Drag = Cp X ~pV24 = 2.5 x 1073 x = x 1.05 X (130 x@) X 10 X 2
2 2 3600

= Drag = 34.24 N
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(3) How many (30m) diameter parachutes (Cp=1.2) should be used to drop a

bulldozer weighing (45kN) at a terminal speed of (10m/s) through still air at (100
kPa) and (20°C). Take (Rair=287 k;—K)

Sol.:
P 100000
Pair = RT 287293 Pair = 1.19 kg/m3
2. Fy =0 (a,=0)
FD+FB:W

1
n[CD X Epairvz %Dz + Pairg X %DB]ZW
n[1.2 %2 x 1.19 x 1022(30)? + 1.19 x 9.8 x = (30)%| = 45

Thus; n=09=n=1

Pro.(4):A spherical balloon (6.3m) in diameter contains helium and ascends through
air at (100 kPa) and (5°c). Balloon and payload weigh (1332.5 N). What is the
terminal velocity of ascension? Take (Cp=0.21) and (Rpeium= 2077 J/kgK, Rair=287
J/kgK)

Sol.:

k
P == pgr = 1.253 m—i&pheuum = 0.1732 kg/m®
Y. Fy = may = 0 (ay=0)
Fg = Fpo+ Wheliym + Wpayload

pairg%D3 = CD X %pairvz%Dz + Pheliumd X %D3 +13325=>V =3m/s

(5) Using the velocity distribution % = sin (g) determine the equation for growth

of the laminar boundary layer and for the drag coefficient along a smooth flat plate

in two —dimensional flow.

Sol.:
a8 1
T, = pU2 = [ %(1 — g)dn ........ (5.22)
u . E — X
1. o= Sln(2 n)...... (1) where n p
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2. (1) into (5.22) >, = pU2 fsm( n) [1—Sm(—n)]dn pUzas 2( ——)}

u du dn 1m 4
3. Ty = ”_|y=0 = #aalrpo = #g;COS(;TI)lrFo = Ty = U5y e (3)

4. equate (2) &(3)= pU? = (2 (1 - D}=p = = 68 = 1155 dx ..(4)

2
5. Integrate (4)= 6? = 11.5pLUx + const.

Atx=08 = 0 =const.=0 = & = 4.8 ﬁ = 48X /L
pU pUX

Thus;
') 4.8
= Tre ....(5)

6- Substitute (5) into (3) = 1, = MUTL'\/R_ex

4.8X

Thus;

= 0.327 /’“‘px” ...... (6)

P L L U3
7-Skinfriction drag= [ 'z, dx = [ 0.327 %dx

Thus;
Drag = 0.654/upU3L .....(7)
8- Calculate
Dres 0.654+/upU3L _ 0.654U\/upUL _1.308
CD_——pUZL - = Cp = pUZL*l —pUzL = Cp= e, ....(8)

(6) Estimate the drag force on a car (3.8m long*2m wide* 1.25 m high) moving at
(100 km/h) in still air, if the wheel rolling frictional force of the car is

(136N).Estimate the engine power. For frontal

2n
1.328 0.072 1 .
area (Cp=0.4), Cyp = Trer Cp, = Re /5 Vair = ! N
_ 125 :
1075m?/s, pg;r = 1.2 kg/m?®. e o
Sol.: O O
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1000

ReL - -

R 0 = Re, = 1.06 x 107

Re, > 1 x 10° - turbulent; ch% =2.833x 1073

Fp, = Cp X 7 pU?[1.25 X 38X 2+ 3.8 X 2] = Fp_ = 22.43N
Fpp = Cp X5pU? X 2 X 1.25 = 0.4 X = pU? X 2 X 1.25 = Fp, = 462.96N

Fp, g = 2243 + 46296 + 136 = Fp, = 6214 N
Power = Fp, . X U = Power = 17.26 KW

(7) A (3mx 4m) plate moves at (44 m/s) in still air at an angle of (12°) with the
horizontal.Using a coefficient of drad (Cp=0.17) and a coefficient of lift (C_ =0.68),
determine :

a) The resultant force exerted by the air on the plate.

b) The frictional force.

c¢) The horsepower required to keep the plate moving. Use (¥ = 11.4 N/m°)
Sol.:

- Fn
a) FD = CDX %pVZA

11.4

= 017X 2 X —2442 X 3 x 4 = Fp = 2297.12N

FL=C.X %pVZA

=0.68x  x 24442 x 3 x 4 = |, = 9213.2N i

R= /FDZ +F.? >R =9495.3N Ff

0, = tan—llf—L =0, =89.97°

D

12

b) Fs=Rcos(6, + 12) = F; = 331.382N
c) Power = Fpx V=2297.12% 44 = Power = 101073.28 W = 135.5 hp
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Sheet No. 12
Pipe Problems

(1) The flow of (0.1 m®/s) of water is to be maintained in the system shown in the
figure. Find the power that must be added to the water by the pump. The pipe
diameter is (15 cm) and the friction factor (f=0.02). The entrance and exit loss

coefficients for the two reservoirs are (0.1) and (1) respectively. The water density is

(1000 kg/m?®).
SOI o 2 Elevatiory 15m
—2 e 0—1 : pump
T4 2(0.15)2 = A e |
V = 5.66 m/s - /a\ H |
E.E. 1-2:
0 0 X 0
1 12 1 :
+2 +Z1+hp= +2 +Z2+ T+hf

0+0+10+hp = o+o+15+o+E 0140022+ 1| > h, =28

Power =¥Qh, = pgQh, = 1000 X 9.8 X 0.1 x 28.6 = Power = 28047.6 W

(2) Two large reservoirs are connected by a pipeline which is (15cm) diameter for
the first (10m) and(25cm) diameter for the remaining (30m).The entrance and exist
loss coefficients are (0.5) and (1) respectively, and the change of section is sudden.
Calculate the rate of flow if (f=0.02) for both pipes and water density is (1000
kg/m®).
Sol.:
E.E. A-B:

Pa , Vi _ps Vg
- +2g+ZA+hp_ - +2g+ZA+hT+h{’

0+0+20+0 = o+o+o+n—2 [0.5 + [1 - (32) ] +0.0222
(0. 15)22g 0.25

0.15

[0 02+ 1] =Q =0, 2136—

+—(0 25)22g
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(3) Determine the size of the steel pipe (e = 4.6 x 10~>m) needed for a discharge of
(2m®/s) in the flow system shown in the figure. Use the following explicit formula for

(F) and include all minor losses:

=0.25|log (== + 5'7“)]_2

37D  Re%?
1
A
Gate valve 2 5m
K=0.2 A 4
Water
—» {
SOI . L=300m

E.E.1-2;

0+0+5+0 = 0+O+0+0+hf+k|—+ k + k. —g

5=5(f3+ki+kv+ke)

2

5= ¢ £3%° 4L 05+02+1

[—(D)Z] xzxg( 0.79 )
Thus;

=033 [300 41 7]
Also;

-2

f=0. 25[log( +=)] @
Re = v mDv ( )

Assume D;=1m

From 3— Re; = 2.55x 10°

From 2- f;,=0.0116

Froml- D,=0.79m # D,

Repeat the procedure, we get; D =0.79m

(4) Solve problem (3) above for unknown discharge (Q) with diameter given as
(0.79m).
Slo.:
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E.E.1-2;

h (f2+05+02+1)

=E(0.79)2]2><2x9.8 0.79

.
Or; 5= E(375f+ 1.7) ....(1)

-2
Also; f=o.25[log(3_jD ;7(,‘_‘9] 2)
_ 4Q
=22 3)

Assume f; = 0.012

From 1- Q;=1.998 m%/s

From 3— Re;=3.18x 10® m*/s

From 2— f, = 0.0117 # f; repeat the procedure

Alterrate solution;

Assume Q;=2m?*/s

From 1- f; = 0.012

From 3— Re; = 3.22 x 10°

From2-f, =0.012=f, =V= Q=2m’s

Alterrate solution;

Assume Q; = 2m*/s
From 3— Re; = 3.22 x 10°

From2-f, =V
From1- Q, =V
Compare Q; and Q,

(5) What gage pressure (p) is needed to produce a flow rate of (50 m®h) of water
(p = 998 kg/m*,u = 0.00102 Pa.s) through the smooth pipe shown in the figure.

Include all minor losses. o
Sol.: s :
d=5cm T~
EE1-2, 10m l 80m
V2 V2 *
D =P s b hothy I M, W

¥ 29 ¥ 29 som
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2 2 2 2
Pr0+10+0=0+2480+0+f 22X +05-+1.8=....(1)
¥ 2g 0.05 2g 2g 2g

50/3600
20.052
4

P = Vdp _ 7.074 x 0.05 x 998

© u 0.00102
f=10.316/(3.46 x 10°)%2> = f = 0.01303
Thus from (1) we get; p =1.83 MPa

v:§= >V =7.074mls

= R, = 3.46 X 10°

(6) For the system shown in the figure, calculate;
a) The power required to pump (10#/s) if the pump efficiency is (70%b).
b) The operational cost of pumping per month in ID if (1kWh=65 fils)

Include minor losses and assume smooth pipe. Take (p = 998 %) and u =1.02 X

1073 Pa.s) E1.130m
Sol.: ;
-3 . m
a) v=2-1% v _ 0566m/s S
A Z0.152
Re= VE" = 20200 > Re = 83068.82 e
. D=15cm

_ 0316 _

= 53068.82)0%° = f=0.0186
E.E.1-2;

0+0+110+hp=0+0+130+0+22° (1 + 0.0186 222 + 1) = hp = 2.072m

P = OP _ ¥Qhp _ 998X9.8X0.01x20.72
Mp Mp 0.7

= IP =2903.56 W

1kw

b) No. of kWh = IPxtime =2903.56 x o (30 X 24)h = No. of kWh =2090.56 kWh

1ID

Cost = 2090.56x 65 x 7500 = Cost=135.886 ID

(7) For the system of problem (6) above, determine the cost of pumping (10°m?®) of
water to the upper reservoir.

Sol.:

The same as in problem (6), we find; 1P=2903.56 W

8
Time =~ = 2% = time = 1x 101 = 2.77 x 10¢hr
Q 001

Cost = (2903.56 X —— % 2.77 X 106) kWh X (ﬂ)i = Cost = 5242431D
1000 1000/ kWh
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(8) Water is pumped at the rate of (10€/s) through a (150 mm) diameter pipeline to a
water tank at a height of (20 m) from the level of water in the sump. If the length of
the pumping system is (340m) and the pump efficiency is (70%0), calculate the
operational cost of pumping per year in ID if the cost of (1kwh) is (350 fils).Take
(f=0.025) and neglect minor losses.

Sol.:

2
E.E.> hp =H+ hf= 20+ 0.025 340 (0.01)

= hp = 20.926m
0.15 [2(0.15)2]2x2x9.8 P

OP xQhp
IP=—=
€p &p

No. of kWh = Ipxtime = 2.93x365% 24 = No. of kWh = 25689.6

= [P = 2.93kW

Cost = 25689.6 X % = Cost =8990 ID

(9) A pipe line connecting two reservoirs having a difference of level of (6m) is (720
m) long, and rises to a hight of (3m) above the upper reservoir at a distance of (240
m) from the entrance before falling to the lower reservoir. If the pipe is (1.2m) in
diameter and (f=0.04), what will be the discharge and the pressure at the highest
point of the pipe line.

\VANRVE | W S« "Nk S N a0
Ac=240 m I GmB
CB=480m
. AB=720m Bl
SO—I" D=1.2m
E.E.A- B: -t
0+0+6+0=0+0+0+0+0.0472 " = v = 2.22 m/s

1.2 2X9.8

Q=-12%x222= Q =251m’s
EEA-C

pc 2.22% 240 2.227

+ +3+0+0.04—
9810 = 2x9.8 1.2 2x9.8

0+0+0+0 =

= p, = —51.6 kPa

Prof. Dr. lhsan Y. Hussain / Mech. Engr. Dept. - College of Engr. — University of Baghdad Page 54




2016

Sheet No. 13
Fluid and Flow Measurements

(1) A cylindrical tank of (1.5m) diameter is emptied through a (5cm) diameter

smooth pipe as shown in the figure. The shock loss coefficient at entry to the pipe is

(0.5), and all other losses are neglected. Find the time required for the water head

above the pipe outlet to decrease from (5m) to (2m).

Sol.:
E.E.Ato B;

0 0 n 0

|74
z§+ a4z, = R LB L X +h,
¥ 2g

V2 14
0+0+h=0+—+0+05—
2g 29

Thus; V = i—gsx/ﬁ

_T oy, T 2 |29
Q_4dV 4d 1.5\/5

Now; the water level falls (dh) in time (dt), hence;

Qdt = -Adh (A=C.S.A of tank= Const.)
Thus;

- é — A 1/2
dt dh dh
Q —dz,/Zg

Integrating'
V15 (M
j dt h‘l/ 2dh
_dz\/_

84V1.5 (H 1/2 1/2)
nd?\[2g

Hence; t =

Putting; A = =(1.5)? = 1.767m? , d = 0.05, H; = 5m , H, = 2m

Thus ; t=409.25s

—> 2«
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(2) A reservoir is circular in plane and, when full, the diameter of the water surface
Is (60m). When the water level falls (1.2m) the diameter of the surface is (48m).
Discharge takes place through a (0.6m) diameter outlet, (3m) below high water level,
which can be treated as an orifice with a coefficient of discharge of (0.8). Determine

the time required to lower the water level (1.2m) if the reservoir is full at the start.
D A

Sol.: ) ; n X

—Adh = Qdt ... 1 —
Now; \—\/\ h
Q = Cdaqlzgh v 2 v v

Outlet Area (a)

When; h=3m, D=60m : and when h=1.8m, D= 48m
Thus; D=a+bh=a=30and b = 10
D=30+10hA......... 3

Substitute 3&2 in 1;

7(B0+10m)2 4
h™z dh

A
dt = ——dh = — o
Q 0.8 *1(0.6)2,/2‘9

il 1 3
Hence; dt = —(707h 2z + 471hz 4+ 78.7h2)dh
Integrating from H, =3mto H, =3 — 1.2 = 1.8m;

1
Time for level to fall; t=— f31'8(707h‘5 + 471hY% + 78.7h3/% )dh

1 5 1.8
t= —[1414h2 +3/4h%2 +315h:| = t=1778s=29min.38s
3

(3) A circular take (1.8m) in diameter and open to the atmosphere at the top is

supplied through a horizontal pipe (30m) long and (50mm) in diameter entering the

base of the tank. A pump feeds the pipe and /Area@

maintains a constant gage pressure of (45kPa) FRES

at the entry to the pipe. Find the time required h o

to raise the level of water in the tank from | a=somm

(0.9m) to (1.8m) above the pipe inlet if (f=0.04). B=liw —

Sol.: f
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E.E from pipe inlet to the free surface;

2 2
O ot Z40=04+0+h+f =2
9810 29 D 2g
v (1 L ) — H—458
29 / D) '

Q? _ IS N

T (1-004 ) =h—458
4

1

or; Q = [(6—1.3h) * 1073]z = [0.006 — 0.013h]*/2

Now; Qdt = +Adh

Adh
(0.006—0.0013h)1/2

Thus; dt =

Let; 0.006 — 0.0013h = x = dx = —0.0013dh

1

Thus; dt = —’ 2%
w0003
24 S
; -’ 7
Integrating, t = 00013 [x; —x; ]

T
put; A = Zl.82 = 2.54m?:h; = 0.9m = x; = 0.0048m

h, = 1.8m = x, = 0.00366m

2%2.54
0.0013

1 1
Thus:t = — [(0.0036)z — (0.0048)z] > t = 34.32's

(4) Two tanks of constant cross- sectional areas (4;) and (A,) respectively are
connected by a pipe of diameter (d) and length (L) and has friction factor (f).
Neglecting shock losses at inlet and outlet from the pipe, find an expression for the
time taken for the difference of level in the two tanks to change from (H;) to
(H,).If ( 2.8m3) of water to pass from 1
on tank to the other through a pipe r------ I Ih
(25mm) in diameter and (150m) long "

with (f= 0.04). L

Sol.: ® w
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E.E between free surfaces: h = hf =f L vz

d 2g
or;, V= /@ h1/?
fL

If the level in tank (1) falls (dx) in time (dt), then rise in level in tank (2) will be % dx

Change in head producing the flow = dh = dx + % dx = dx (1 + 2—1)
2

2
Also; —A; dx = - d?V dt

44,
wd2v

Substituting for V and dx in terms of (h);

44, A L
dt = — e f h=1/2 dh
nd?(A; + A,) |2gd

_ 8A1A, f_L 1/2 _ 1/2
Integrate frome Hy to H, = t = TV ’ng [ Hy H, "]

Thus: dt = — dx

When (2.8m?) leave tank (1) = dx = 25 = 0.334 m

8.4

A 8.4
Thus dh = dx (1 + —) = 0.334 (1 + —) = dh = 0.944
A, 4.8

H,=18m= H,=H, —dh=18—0944 = H, = 0.856

8%8.4%4.6 0.04%150 1 L
Thus t = 1%0.0252 (8.4+4.6) \’ 29%0.025 [(1.8)= = (0.856)z] = SEuuEEEE

(5) Derive an expression for the time of emptying a hemi- spherical vessel through

an orifice opening of the bottom, when it is

2R

A
\ 4

filled up to the top with a liquid.
Sol.:

B.E.: —V =./2gh

CE- omec.v.
B —

My, = pa+/2ghcd "

dmc.v.  pmx* dh v
at  dt

+ Moye — Min =0
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but; x?=R? — (R — h)? = 2Rh — h?
~dmc.v.  pn(2Rh —h*)dh
o9t dt

p n( 2Rh—h?%)dh

Thus; " = pa./2ghcd

) t __ (h2m(2RR=h*)dh
And; [ dt = b caaJag

Cr 4 3/2 _ ;3/2\ _ 2 (15/2  ,5/2
Hence; t = ——[ ] R( K2 =hy/?) = 2 (hy"? = hy?)]
]
14 T R2 . .
When hy =Rand h, =0 = t= S e time for emptying the tank
d

(6) Derive an expression for the time required to raise the water level in a tank of
uniform C.S.A (A) from (h,) to (h;) when an orifice of C.S.A (a) at the bottom is

discharged g to atmosphere while there is a constant inflow at a rate of (Q) in to the
A

tank. Ql
Sol.: v /
B.E.-V = ,/2gh |

——dh

C.E22Y 4 m: o — miy =0
pAdh
+ pa2gh— pQ =0
Adh g "
?—Q—a,/z‘g =Q—KvVh (Wherea./zg = k) l
) _ rhy Adh _ rhy Adn a
Thus; fo de = [ ok i LS fh1 RN v
kdh —2vh 2(0 - 2)
let; Q — k\/_— Z:dZ——ﬁordh—Td ——sz
Hence; t=— i—ff(Q;Z) dZ = — = f(—— 1)dZ
Thus;t:—i—‘z‘[Qen(z)—Z] ——[Q{’ n(Q — kVh) — (Q — kVh)];2

or; tz%[an(g ;/‘/:)+K(\/— Jhz)] k=a,/2g

The liquid level in the tank will become steady when Q =a ,/2gh

Prof. Dr. lhsan Y. Hussain / Mech. Engr. Dept. - College of Engr. — University of Baghdad Page 59




Incompressile Fiuid Mechanics  Sheets of problemns 2016

(7) A (100mm) diameter orifice discharges (44.6 €/s) of water under a head of

(2.75 m). A flat plate held normal to the jet at the vena-contracta requires a force of
(320 N) to resist impact of the jet. Find (Cp, C,, andC,).
Sol.:

[ F = m(Vyout = Vxin) 4
—F = pQ,(0 - Vp) = F =pQ,V,

320 = 1000 * 0.0446 * V, = V, = 7.175m/s

B.E.: V, =,2g9H = V2x9.8%2.75 =V, = 7.342m/s ! VH F=320N
Q

CV=%=>CV=0.977

T
Q= AV, =7 0.1°%7.342 = Q, = 0.0577m*/s

Cd=% = Cy =0.773

t

Cq = Cc Cy
" Cp= % = C¢=0.791

(8) A (75mm) diameter orifice discharges (1.812m3) of liquid (s = 1.07) in (82.2s)
under a (2.75m) head. The velocity at the vena- contracta is determined by a Pitot -
static tube with coefficient (1). The manometer liquid is acetylene tetrabromide
(s= 2.96) and the gage difference is (R’ = 1.02m). Determine (C,,, C. and C; ).

Sol.:

SO 2.96
v, = C\/ZgR’(?— 1)=1|2%9.8% 1.02(m— 1) =>Va=594m/s

B.E.; V, = J2gH = V2+9.8%2.75 =V, = 7.342m/s

C, = = Cy = 0.809
A4 1.812 0.02204 m?
=k = U.
«=7% g2 Ya m/s

T
Qc = ViAo = 7.342 x 7 (0.075)* = Q, = 0.0324m°/s
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Sheet No. 14

Pipes and Pumps Networks Analysis

(1) 30 cm, 15cm, and 24cm diameter steel pipes of 700m, 300m, and 600m in length

respectively are connected in parallel as shown in the figure. The volume water flow

rate through the system is (2m3/s)and the corresponding friction factors are

f, = 0.016, f,= 0.017, and f.= 0.019 respectively. Because of the length of the pipes,

neglect all other losses in the system. If the pressure at branch (1) is (4000kPa) gage,

calculate the pressure in branch (2), 230 cm,700m
and the water speed in each pipe. [ Dbisomsoom |
o 3 2mYs __)
Water density is (1000kg/m?) y | o | 2 —>
C cm, m
Sol.: 2
heg = hep = f La 80q f, Ly 80; = Q, = 3.817Q, ...(1)
— a — e —_— == . o
fa fb Dg n_zg ng T[Zg a b
L. 8Q2 L, 8Q;
hi, = hepy = f——=f,—— = = 2.166Q, ...(2
fe b chE g fng, i Qc Qp - (2)
Qe+ 0Qp+0Q,=2
3.817 Q, + Q, +2.166 Q, =2 = Q, = 0.286m3/s
Q, = 1.093m3/s
Q, = 0.62m3/s
_ o1 Vb2 _p2 W
EE1-2:24 47 =242+ 7, + by
%103 2
R0 = P2y 0,017 2o X2 o ) = —457.37 kPa
9810 9910 (0.15) n2g
_ Qg __ 1093 _
v, = i = T3y =V, =15.46m/s
_ Qp __ 0.286 _
v, = T2 = To5) = V, =16.18 m/s
V=nt =22 5y =13.7m/s

s s
ZD? 5(0.24)?
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(2) Two reservoirs are connected by three pipes laid in parallel, their diameters are
respectively d, 2d and 3d and they are all the same length L. Assuming f to be the
same for all pipes, What will be the discharge though the larger pipe if that through
the smallest is (0.03 m3/s).

Sol.:

hfy = hpy = hgg

fL 8Q? fL 8Q% fL 8Q?

d> m2g d5ng d57tg
Wlth d1=d, d2 =2d, d3=3d, Q1=003

0.03)2 _  QF Q3
O = 2 =B Q,=0.1697m’/s; Q3 =0.467m’/s

(3) For the pipe line system show in the figure, (f= 0.04) for all pipes. Determine the
total discharge.

Sol.: a0 R

hfz = hf3 g
L, V# Ly VZ
2222 =V, =V;
d, 2g d3 Zg

CE Q1 = QZ + Q3

2 a2, = S dzv, + —d2v
4 11_4 2V2 4 3V3

ThUS Vz - V3 - 2V1
E.E. A-B:

Pa VA PB VZ
Y+2g+ 4 = Y+2g+ZB+hf1+ hfZ

0+0+6=0+0+0+fL—1—1 LV
d, 29 d229

6 = 0.04 3000 W +0.04 3000 (2V1)2=>V—0256
— U 06 2%98 ' U 03 2+%98 1 =0.256m/s

Q=7%diV; = Q=0.0725m?/s
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(4) For the branching pipe line system show in the figure, (f= 0.04) for all pipe.
Determine the discharge entering reservoirs B&C.
z, =60m, Ly =1500m , d; = 300mm

2y =30m L, =13 =1500m S :
z,=15m D, = d; = 300mm A
Sol.:
E.E.A to B:
60 =30 + hyy + hy, = 30 + Ly I/12+ N 10.2V2 = 30...(1
— = il = - = =10. = 30 ...
f1 f2 fdl Zg fd Zg 2 ( )
E.E.AtoC:

60 = 15+ hyy + hps = 102 V2 + 102 VZ = 45...(2)
CE. -~ diVy= -~ diV,+7 d3Vs =V, =V, +V3..(3)

from (1); V, = /2.94 — V2
from (2); V3= /4.42 —V{

substitute in (3) = V; — \/2.94 —VE - \/4.42 —VE=0..(4)

Solve (4) by trial of error or graphically. If the square roots are to be real, V; cannot
excued the value given by V2 = .294 or (V; = 1.71).
Call the L.H.S. of equ. (4) (R) and choose a value of V; less than (1.71) and calculate

(R):

v, R
1.6 -0.36
1.7 +0.38

Thus the required value of V; lies about midway between (1.6) and (1.7). The solution is:
V, =1.663m/s =V, =04m/s &V; =1.28m/s
Qp = ~d3V; = Qg = 0.028m?/s

Q. = gdgvg = Q. = 0.0907m3/s
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(5) Consider the three interconnected reservoirs shown in the figure. Determine the
discharge through the pipes.

Pipe L(m) D(m) f

1 2000 1 0.013
2 2300 0.6 0.02

3 2500 1.2 0.023
Sol.:

Assume (5+2); = 80

2
EEA—j=120=80+f, % = 0, = 4.315m3/s
1

2
EEB—j=100=80+f,2 3% — 0, =0.639m3/s

2
EEj—C=80= 30+f3%% = Q; = 5.117m3/s
3

Q1 + Q2 = 4.955 < Q3 = Quyt > Qin Assume (§+ z) < 80
J

Assume (5 +7); =78m

. Ll 8Q]2. 3
EE.A—j=120=78+f; — —— = 0, = 44216m°/s
Dy m<g
. L, 8Q3 3
EE B—j=100=78+f, = —— = @, = 0.6709m"/s
D; m4g
L; 8Q3

= Q3 =5.0139m3/s

E.E.j C=78=230 — ——
] +f3D??7T2

m3

Thus; Q; = 4.4216 m3/s ,Q, = 0.6709 m3/s, Q; = 5.013 m3/s
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(6) Using Hardy Cross method for pipe networks, calculate the discharge through

each pipe of the network shown in the _—
figure. Take (n=2) -
Z "\\v,
Sol.: 100 m/s 7 75 mi/s
~o &>
First Trial 25
60 30
Loop 1 Loop 2
5
% + > 04 + 75l
l'>40 ?15
Trial (1)
Loope (1) Loope (2)
rQ nrQ? rQ¢ nrQi!
1x60%2=3600 2x1x60=120 2x30>=1800 2x2x30=120
3x5%2=75 2x3x5=30 3x 52 =-75 2x3x5=30

2 X 40% = 3200 2X2x40=160  1x 45%2=-2025 2X 1% 45 =90

ZrQ" = 475 Z Q=1 | = 310 Zer — ~300 Z InrQn~1| = 240

475 -300
AQ__E ~ —1.5 AQ———240 X
25
58.5 31
Lodp Lobp
1
w,l > ! > 15,
4'71.5 X4
Trial (2)
Trial (2)
Loope (1) Q = Q- + AQ Loope (2)
rQr nrQy! rQr nrQr!
1 58.5% = 3422.25 — 117 2 X312 =1922 — 124
3%2.52=18.75 — 15 3x25%2=-19 — 15
2 *41.5% = —3444.5 — 166 1 x 442 = —1936 — 88
ZrQZ’ =-3.5 z |nrQlt| = 298 ZrQo" =-33 Z |nrQdt| = 227
-35 _ _T33_
AQ = ——-=0.012 AQ = ——=0.145
Thus; AQ= 0 for all loops and the final s
distribution will be —» g e

aX.a9 4385
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(7) Two identical pumps in series are used to pump water from reservoir (A) in the

piping system show in the figure. The characteristics of each pump are (hp = 60-
110Q%) and np = —200Q% + 225Q) where (hp) is in (m) and (Q) in (m3/s). The
discharge to reservoir (B) is (0.1m3/s)

(a) Find the characteristics of the equivalent pump.

(b) Find the elevation of reservoir (A) and the station input power.

(c) Estimate the operation cost of pumping (1000m?3) of water to reservoir (c), if the
cost of (1kwh) is (65 fils). Neglect minor lessees.
Sol.:

(a) Q.=0Q:1=0;

hye = hys + hy; = 2h, = h,, = 120 — 220 Q>

Npe = Np1 = Np2 = Np = Npe = _ZOOQZ +225Q
()E.E.] > B = (§+z)] =100 + th =100 + TBQé = 100 + 1000(0. 1)2
p
= (§+z)] =110m

E.E.: ]—>c:(§+z)] =80+71.0% = Q. =0.2236 m3/s

C.E: Q;=03+0Q, = Q, =0.3236m3/s
h, = h,e = 120 — 220Q; = hp = 96.96m

E.EA—] ZA+hp=(§+Z) +7,02 = Z, =33.97m
]

Ny = Npe = —220 Q% +225Q, = 1, = 51.86%

IP=707—P=YQ7;‘;’”’ = IP = 593.45 kW
p p
C)¢t= Qi = =t =447235=124h

no.of kWh = IP xt = 593.45 * 1.24 = no.of kWh = 737.24

65
1000

Cost = 737.24 * = cost = 47.92 ID
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(8 A pump characteristics are given by (hp=31—1200Q2) and (n, =

—190000 Q* + 8590Q ) where (hy)is in (m) and (Q) in m?/s and(n,) is the

efficiency (%0).

a) Find the characteristic of three identical pumps connected in parallel.

b) For the piping system shown in the figure, estimate the difference in operational
cost between one pump operation and three pumps in parallel operation to
supply (10000m3) of water to the upper reservoir if the cost of (1 kwWh) is (65
fils). Neglect minor losses.

Sol.:

(@) Qe =3Q1 =3Q; =3Q3 =30

hpe = hyy = by = hyz = hye = 31— 12000(%)?

Q Q
Npe = Mp1 = Np2 = Np3 = Npe = _190000(?8)2 + 8590(?8)

(b) E.E.—)hp=15+hf=15+f#%
Or: hp = 15 + 65335202 ... (1)

One pump: 31 — 12000Q? = 15 + 653520% = Q = 0.01438m3/s
hp = 31 — 12000(0.014388)2 = hp = 28.51m

1, = —190000(0.01438)2 + 8590(0.01438) = n,, = 84.23%

h
p= YO b 477asaw
Np
p=y o 10999 6954103
~— 0 001438 v e

no.of kWh =1IP xt = no.of kWh = 922.3
cost.= 922.3 % 0.065 = cost =59.951D
Three pumps:
Q. =30, =3%0.01438 = Q, = 0.04314m3/s
MPe = NP1 =Npz =1p = 84.23%

\
t = o = t = 231803.43s

e
YQe hpe

MPe
no.of kWh =IP xt = no.of kmh = 922.3

cost = 922.3 x0.065 = cost = 59.95ID 1i.e no difference

IP = = [P = 14324.5W
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(9) For the branching pipe system shown in the figure;
a. If (Qc =20 I/s), (h, = 25 m ), find the elevation of (A) and the discharges (Qa,
QB’ QD)
b. If two identical pumps (characteristics shown in table below) are placed in
parallel in the line (c) and if (Q, = 20£€/s), estimate the operational cost of

pumping (10* m3) of water if (1kwh = 0.065 ID).

Sol.: El.40m
— e
f=_0.03
Q?/s) h,(m) np% laZorm
O 28.5 0 El.20m b
10 28 42 2 ey
20 25 75 a=0rm
30 18 78
34 125 65 A
35 5 28 v

P
@ E.EJi = C:C+2)y, + hy =2+ hy,
p L. 80
(;*z)]1=40+fc—ﬁ = (=+2);, =24.92m
2
E.E.J, — D = 2492 = 20+fo?§, % = Qp = 1.437¢/s

C.E.at]:Q;;, = Qe+ Qq = Qy,;, = 21.437¢/s

P P P
E.E.J, = Ji: (;"‘Z)]Z = (;"'Z)]l t+hy = (;"‘Z)]z =25.3m

2
E.E. B— J,: 30 = 253 + f; 2 % — Qp=3.8¢/s

g n2
C.E.Clt]zz QA+QB=Q]1]2=>QA=764£/S

E.EA—j,: Zy=C+2)), +hey =23 =26.7m
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(b) Equivalent pump characteristics:

hpe = hp1 = hp; Q(#1s) hpg(m) npe%
Qe =20, =20, =20= 0 28.5 0
NPe = NP1 = NP2 20 28 42

40 25 75

60 18 78

68 12.5 65

70 5 28

Table

Thus;with Q; =201l/s = hp =28m & np, =42%

Ip= Yeefpe — 1h=13.08 kW

NDe

t_v_104
Q  0.02

no.of kWh=Ip*t = no.of kWh = 1816.67

= t = 138.8h

cost = 1816.67 * 0.065 = cost = 118.08 ID
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Sheet No. 15
Miscellaneous Problems

(1) The weight of the cylinder shown in the figure is (W) and its radius of gyration is
(k¢). The cylinder rotates at angular speed (N). Develop an expression for viscosity

of oil (i) required to stop the cylinder in (10) seconds.

Sol.: ,
_j/\v
T=T;+T, \F
D LR
UA -TN*ﬂDD D N - SSSN
T1=F*R='u—*R='u—*—
4h a 2 “TR
_ muND ~ N
rN * 2nrdr T d N
dT, = uy——*r = T r3dr N N
a a J g N
D/2 T[‘UND4 mw\
o TZ = dTZ = 32 Tz | o \
0 a Oil (pa)
B nuND44_nuND4 _ 9nND*
~H4a 32a | ¥ 32a
ZM I R
=10 = — —_
o
anND* _ W .5 N _ 32 wkia
32a g ¢ 10 l'l_901t gh*

(2) Derive an expression for the torque (T)
required to rotate the circular cone shown in
the figure at a rate of (w), in terms of the
related variables ( u, w, @ and R).

Sol.:

dF = u

UdA _ puxrw=*2mrds _ prw2nr dr/sinf
h - . - T .
——siné (s_in B)sme

T
sin 8
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(3) Determine the pressure different between the water pipe and the oil pipe shown
in the figure, in Pascals and in meters of water.
Sol.:

pw + 0.15y,, — 13.6y,, * 0.1 — 0.68y,, * 0.2 +
0.86y,, * 0.15 = p,

Pw — Po = Yw(—0.15 + 13.6 4+ 0.136 — 0.129)
“ Pw — Po = 11938.77 Pa

w0 — . hy —he =1.217 m H,0

(4) For the system shown in the figure,

calculate the manometer reading (H). ) P
a7

Sol.: TFQJ

oom 4 ¥
60000 + 0.2y,, — 13.6y,, * H — 0.92y,, * 0.3 = 16000 7L { (5=0.12)
60000 + 0.2y,, — 0.276y,, — 16000
H = 60 kP H
13.6y, g
~H=0.3242m = 32.42 cm | esarsy

(5=13.6)
(5) If the weightless quarter- cylindrical gate shown in the figure is in equilibrium,

what is the ratio between (y4) and (y;)?

Unit Depth

SOI.: E-. . v/_/ z
F = yhd =y, o R iy e o
YA =Yoo = Y2 o Sy
_ I 2 . . Pt
Yp:y+A_3—1:§R ' e
RZ
FH=mAv=Y17
. I _ZR
4R \ v
FV=Y1V:Y1%R2 ; azg , Fv.
A+ Mpiwor = 0: F + (R —y,) = Fyu(R— ypy) + Fy *a
R3 R3 R3 R3 R3
Ve =V1i otV = Y27 =Y1
1
y2 3
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(6) For the two dimensional weightless solid body shown in the figure, determine the

magnitude and direction of the moment (M) applied at the pivot required to hold
the body in the position shown in the figure.

Unit De'ptk
Sol.: Prvot

= i i

Fy =y, Ay = 9810 1%2 = 19620 N p:=a
_ I W
ypH == y‘l? + == 1.332m Watler

7 :
AV yv wWateyr

s
F, = yv= y*zrz = 30819 N

4y
a=—=20.849m
3

F = yhA = 9810 = 1 x 2.828 = 27746.9N

1% (2.828)3/12

2828+ 1414  188m

yp = 1.414 +

;ZMpivot=0 : F%047 +Fyxa—Fy+y,—M=0= M=13078N.m U

(7) A (2cm) diameter cylinder of wood (s=0.5) floats in water with (5cm) above the
water surface. Determine the depth of submergence of this cylinder when placed in

glycerin (s=1.25).Will it float in stable, unstable or neutral equilibrium in this case?

Sol.: e 2o & o

! W= o[ B T

n water: W = Fp .

S, Y Ah =1y,A(h—0.05) = h =10 cm JL
Wby

In glycerin: W = Fg
Sp¥Yw Ah =S, y, AX= X=4cm

Ve = 5cm , Yyg = 2cm s. T
BG =5—-2=3cm o h
T T x P .
le =—D*=—=cm* e %] I |
7_[64‘ 4‘ G luce.vir\ )
V=ZD2 *X=47Tcm3 : (5%1‘25) ,

s

MG="_BG=-_3=-20937
v 41T
~ MG < 0 = Unstable
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(8) Calculate the weight and specific gravity of the object shown in the figure to float

at the water- oil interface as shown.
Sol.:
W = Fgyater + Fpoul

: Hemisphere
0;l --. 2
8) -

=0,

(s

1 2
= yu * §7‘[(0. 075)% = 0.15 + 0.8y,, * §7t(0.075)3

=y, [8.836 x 10~* + 0.8 * 8.836 * 107*] Water ¥
= 9810 * 0.00159 = W =15.6 N
Cone

W/V _ 15.6/(2¥8.836x10”*) _ 156000
Yw 9810 T 173362

Thus; s = 0.899

S =

(9) The cylindrical vessel shown in the figure is rotated about its vertical
longitudinal axis. Calculate:
a) The angular velocity at which water will start to spill over the sides.
b) The angular velocity at which the water depth at the center is zero, and the
volume of water lost for this case.
Sol.:

hY
x

a)ED2z =-ZD2H = H =27 = 150mm
4 24

w
S
i
}

—

YIIAINIIIIIINIIIA

I

7777707777 777777
77777

&
w22 w? * (%)2 F_;v;,l;‘;_m‘ —L
H = = 0.1 = = o = 34.4rad/s |
29 29 -\ | =
4 _‘F\ I b inge
2y Dy2 24 0.1y2 l: ff i@. .
b)H = ) —03= wZ*; ;1) = = 48.5rad/s T

. 1w ,
V= EZDZH == 1.178 * 1073m?3

VA 2 .
Viose= 7 D? %0225 — ¥

Viost= 0.59 x 10~3m3 |
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(10) An open cylindrical tank (0.9m) high and (0.6m) in diameter is two- third filled

with water when it is stationary. The tank is rotated about its vertical axis,
calculate:

a) The maximum angular velocity at which no water is to spill over the sides.

b) The angular velocity at which the bottom of the tank is free of water for a

radius of (150mm). |
Sol.: . ! 5
S Toh L

I | Z: : i A ©C. Y rn
H = 0. 6vn

, , ]
p2z7=1Z2p27— 7 =0.6m
4 2 4
7=9T 0=t O3 11.43 rad

= = Vo="—FT"F"—"" = = :

Zg 2 * 981 B - /S

b)Z-7Z=09

2, 2 2y 2
03 9O _ 99 = @ =16.16rad/s

2g 2g |

(11) A two-dimensional reducing bend has a linear velocity profile at section (1). The
flow is uniform at sections (2) and (3). The fluid is incompressible and the flow is
steady. Find the magnitude of the uniform velocity at section (3).
Sol.:

E i =V, =5 Vimay=3m/5
y 06 r7
C.E:Qy =0, + Qs g
0.6 i hy=
S5ydy =45%x03+045xV; l .L_wq
i @
5Y%10.6 _ :
2186 = 1.35 + 045V S hibul
3
5%0.36
— = 135+ 0.45V, 0 R
_0.9-135 _ o6
== = V3=-1m/s J
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(12) Water enters a two- dimensional channel of constant width (h), with uniform
velocity (V). The channel makes a(90°) bend that distorts the flow to produce the
velocity profile shown at the exit. Evaluate the constant (c) in terms of (U).
Sol.: y
C.E. : A1V1 = A2V2 V:C[J.E__X_}
Uh, = ["Vdx = ¢ [*35 - H)dx. 1 @ AL @
1 0 0 . h .
A NN N NN N T\\\\\

U
Thus; Uh = 3ch= ¢ = ;m/s l \’J\

N

2 h
Uh = c[3.5 x —;‘—h]’: = C[3.5h -]

(13) Neglecting the losses, calculate the required pump shaft horsepower.

200 mm ¢ 152“’“‘ ¢ Fcnds
| B T @ : ( P ' 3
2.m - S S S mm &

o | ik ? = 807
o =0 T
: - __/_!j 175 mm Hg

S

W« ter

Sol.:

)

2
B.E.: 1-2: 0+0+0=Y—W+Zig+2.4 (D

Man. equ.: p, + 0.6yw + 0.175 * 13.6yw = 0

P2 06-0175%13.6 = —2.98

yw
sub.in (1) =V, =3.372m/s
C.E:A,V, = A3V; = V; =23.98m/s

(23.98)?
2%9.81

EE 1-3:0+0+0+h, =0+ +24+0= h, =31.74m

np =22 = IP = 36.636kW = 49.1 hp
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22kg
m3

(14) A horizontal axisymmetric jet of air (p = L ) with (10mm) diameter strikes

a stationary vertical disk of (200mm) diameter. The jet is (50m/s) at the nozzle exit.

A manometer is connected to the center of

the disk. Neglecting the losses and the |
difference in potential head, calculate: e
A ﬂ\/:som/s
a) The deflection (h) of the manometer.
b) The force exerted by the jet on the disk.
¢) The thickness (t) of the air jet at the exit. - 4
Sol.: ]
» V2 ; w2 @ —» —»Air @-
. Pl 1 o 2 2 ir N
BE1-222+ 24z =2+ 247 A A

(50)°
2%9.81

2
Thus; p, = yair‘z’—; =1.22%9.81

Man.equ.: p, + Y4ir hair —sy,h =0= h =8.88m = 0.0888cm

- z E, = m(Vxoutr — Vin)

—F =122 %2 (0.01)% *50[0 — 50] = F = 0.239N « on fluid
= F =0.239N - on disk

BE13 = V, =V,

Qin = Qout

%szl =nDtV,= t=0.115mm

(15) The wave resistance of a model of a ship at (1:25) scale is (7N), at a model speed
of (1.5m/s). What are the corresponding velocity and wave resistance of the
prototype? The model is tested in fresh water p = 1000kg/m3) and the prototype
operates in ocean (s=1.03).
Sol.:
Using Fr- Criteria:

Vin |

_ %
\/gm#m \/gp{p
fp

Vp =Vpn [;2=15+V25=V, =7.5m/s

m

F;“m:Frp =
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Com = Cpp
Fn
PVt p VLR
_ pp VB €3 _ (7.5)2 _
By = Fp 22 5 2 =7+ 103 %25+ (25)” = F, = 112656.25N

(16) A (1/5) scale model automobile is tested in a wind tunnel with the same air
properties as the prototype. The air velocity in the tunnel is (350km/h) and the
measured model drag is (350 N). Determine the drag of the prototype automobile
and the power required to overcome this drag. Assume complete dynamic similarity
between the model and the prototype.

Sol.:
Using Re- criteria:
Vep Vep
Re,, = Rep — (T)m = (T)p
Hp €m Pm 1
V,=V, ———=350x - = V, =70km/h
P e 2, By 5 4
E, E,
C, =C, = =
me P p VR pp Vi
_ pp V& £ (70)2 .
Fp _Fm ﬁéé —350*@*(5)22} FP—350N
Power = E,V, = 350 * 70 * — = Power = 6805.6 W

3600

(17) The upper plate shown in the figure is moving to the right with V, = 80m/s
and the lower plate is free to move laterally Upper Plate

under the action of the viscous forces applied to
it. After steady- state conditions have been
established, what velocity (V{) will the lower

plate have? Assume constant pressure for the

two  plates, and use (t; =2mm, t, =
1mm, u, = 0.1Pa.s, u, = 0.04Pa.s) %,
Sol.:
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Since p= constant and Q=0, then;
U U
— —y & T = 'u_

u
a a
_ Vu=Ve _ Ve Ha u1| _ 251
Ty =T = fh—, —#zt_:}'Vft_"'t_]—Vut_
1 2 2 1 1
B 0.1
t *10~—3
Thus; V, =V, [u_2+—1u_1] = 0.8[ 2>+ = V, = 0.4444m/s
tz  t1 11073 " 2+1073

(18) In the piston- cylinder apparatus for pressure gage tester shown in the figure,
the piston is loaded to develop a pressure of know magnitude. Calculate the mass
(M) required to produce (1.5 MPa(gage)) in the cylinder, when the piston moves
with (0.02mm.s). Calculate also the leakage flow rate of oil for these conditions.

Assume steady uniform flow and neglect the weight of the piston.

Sol.:
ZFy=may=0 - ‘

T :
p>|<ZD2 + T|y—q * DL = Mg ... (1) i ;\'_D_.i‘
_ MU (a—2xa) (dp $=0.92 |
TlY:a o 3 [dx Y] D = 6mm,u = 0.5Pa.s
05%0.02%10"3 0.005*10"3 1.5=*10° A L = 25mm,a = 0.005mm
~ 0.005% 1073 s 2 [25 «10-3 a ]
T|ly=q = 152Pa
sub.in (1);

1.5 % 10° * % * (0.006)2? + 152 * 7 = 0.006 * 0.025 = M * 9.81 = M = 4.335kg
Ua a3 [dp b
=l — —|— - *
O={7" 1zulax &

_ (0.02%1073%0.005 %1073 (0.005 * 1073)3
N 2 12 % 0.5

[59990974.8]) x 17 % 0.006

Q=-2.26+10"11m3/s = 2.26 » 10~11m3/s 1= 0.0226 mm?3/s
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(19) For the hypothetical boundary- layer on the flat plate shown in the figure,
calculate:

a) the skin — frictional drag force on the top side per meter of width.

b) The drag coefficient of the top side.

c) The wall shear stress on the plate at the trailing edge.

d) The displacement thickness (s4) of the boundary- layer at the trailing edge.

Given constants: p = 1.2 :Ti'” =1.8+10"°Pa.s

U:QO M/S
e i
—, B.L. Edge

Sol.:

a) at section (3):

u y 1 -
53 =
- 4

M.E.: —Fx = (1hu)3, + (Mmu),3 — (Mu)4,

C.S. m (mu)
12 pUS pU?25
3 o) 1)
4
pfudy pfuzdy
: 1) : 1)
23 pUS —pjudy pU?6 —pjudy

5 5
oW —Fx = pfuzdy +pU25—pUjudy — pU?§

5 5 1 (6 1 8
Fo=pul udy —p [, u?dy =pU?s [ ydy —pU? [ y*dy

= 0.5pU26 — 2 pU26
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0.1667pU%5 = 0.1667 * (40)% * 1.2 x 0.003
Thus; Fx = 0.96N — on plate

b) Cp = —2— = 9.2 = Cp =0.0033

%pUZA 0.5%1.2%(40)2%0.3%1

ou uu 1.8+¥1075%40

= KU - 1810 0, ¢, =0.24Pa

C) Tw = ”Ely:o s 0.003

) é é
B8 = [[1-Hdy=["1-Ddy=[y-%I§ =3= & =15mm

(20) Estimate the cost per month required to treat and circulate the water of the
swimming pool shown in the figure. The circulation rate is (0.1m3/s) through
(100mm) diameter smooth pipe. The pump efficiency is (80%) and (LkWh= 65fils).

Include all losses and also take(v = 10710 m?/s).

Va- ve Swiw\»;hs pool
Cl\.lor natc ‘ l AV
Eittey il 1:& ) ‘ 7
o
Y Length = k T
ape eng 30m » exit =10 2m
20 Bends (kz 0.9 eac/\) ) kin(et =0.5 Water
. > 4+
Sol.:
v=2=2 — v=1273m/s
A Z(0.1)2
Re =22 = 1273901 _, po=12.73+10°

v 10-6
f= 0316 0.316
Rel/*  (1273000)°25

= f =0.009407

Apply the E.E between two points on the free surface of the pool:
~04+0+0+hp=0+5+5+5+hn¢

. . v: /L v?
hp =ht = hf+2k£— [fB'I‘ZK]g

(12.73)?

30 A
_[0'009407*H+0'5+5+10+10+20+10+20*0'9+10]* > » 981
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o hp = 712.98m
IP = Y?;Zp = TR = [P = 87429173 W = 874.29 kW

No.of kWh =1IP xt = 874.29 * 30 * 24 = No.of kWh = 629488.8 kWh
Cost = 629488 * 0.065 = Cost = 40916.8 1D

(21) The pump of the piping system shown in the figure is used to supply (1m3/s) of
water to the uphill station. Take (f= 0.014) and include all minor losses. Calculate:
a) The required pump shaft power knowing that its efficiency is (80%0).
b) The operational cost (in 1.D.) of pumping (10000m3) of water to the upper
reservoir, knowing that: (1kwh= 300 files).

<
3

ke/&,... 0.2 N :
T Co=o. ‘\z\ 3

El. 40m <

/1777777777777

ol

b

A ~

“

2 : 2 2iOEnn D3 = 30 cmn
Pt - = =

7 Re _intrant 5 LI“‘OOM L2=toom Ls ROS
bz Linlet 7z

4 -

“ Watesr [

) V=2=-0= v, =3536",1,=796V, =1415"

L V?

Rf =[5 52 = hfi = 0.1487m,hf, = 45.21m,hfs = 95.2m

77 V2
E.E.: hp =40 + hfl N hfZ U hf3 + Kintet i i Kexlt 29 + 2kelbow 29 + kelbowi +
2 2
(-1DPE  =40+0.1487+4521+952+ 1+ S22+ 1+ Q41 4 2408+
2
o+ 08+ C0 (-2 - G5
~ hp =210.11m
IP = f]—i = Y%p = 9810*(1)*821‘"“ — IP = Shaft Power = 2. 6MW
b)t = % =2129% — + = 10000s = 2.78 hr

No.of kWh =1P xt = 2600 * 2.78 = No.of kWh = 7228kWh
Cost = 7228 %« 0.3 = Cost =2168.41D

Prof. Dr. lhsan Y. Hussain / Mech. Engr. Dept. - College of Engr. — University of Baghdad Page 81




