FLuiD MecHANIcS TEsT 4

Number of Questions: 25

Directions for questions I to 25: Select the correct alterna-
tive from the given choices.

1.

A viscous fluid is flowing with some velocity through a

pipe. Which of the following statement is CORRECT?

(A) Shear stress and velocity are maximum at the pipe
wall.

(B) Shear stress is minimum at centre of pipe and
velocity is maximum at pipe wall.

(C) Shear stress and velocity are maximum at the cen-
tre of the pipe.

(D) Shear stress is maximum at pipe wall and velocity
is maximum at centre of pipe.

A laminar flow is taking place in a pipe of a diameter

100 mm. The radius at which mean velocity occurs
will be

(A) 50 mm (B) 70.71 mm

(C) 3535 mm (D) 42.32 mm

What is the maximum efficiency of power transmission
through pipes?

(A) 60% B) 50%

(C) 100% (D) 66.67%

A Francis turbine running at 200 rpm develops 5 MW
power under a head of 25 m. Determine the power out-

put under head of 100 m.
(A) 30 MW (B) 45 MW
(©) 35 MW (D) 40 MW

A fluid of specific density 0.8 is flowing through a 0.2
m diameter pipe with a velocity of 2 m/s. The mass

flow rate (kg/hr) will be
(A) 4rn (B) 144m
(C) 14400m (D) 400m

Which one of the following turbines is used in under
water power station?

(A) Pelton turbine

(B) Tubular turbine

(C) Deriaz turbine

(D) Turbo-impulse turbine

A 1 : 200 scale of model of a reservoir is drained in

S minutes by opening the gate. The time required to

empty the prototype will be (in minutes)

(A) 28 (B) 64

(©) 36 (D) 70.71

The hydrodynamic boundary layer thickness is defined

as the distance from the surface where the

(A) velocity equal the local external velocity

(B) velocity equal the approach velocity

(C) momentum equals 99% of the momentum of the
free stream.

(D) velocity equals 99% of the local external velocity.

9.

10.

11.

12.

13.

Time:60 min.

In the entrance region of a pipe, the boundary layer
grows and the inviscid core accelerates. This is accom-
panied by a

(A) rise in pressure

(B) constant pressure gradient

(C) fall in pressure in the flow direction

(D) Pressure pulse

Specific speed of Kaplan turbine and its practical range
are respectively

NP

(A) 5 and 200 to 480
(H)*
HNP NP

(B) —\/: 5~ and 200 to 480
(H)* (H)*
NP

(C) 5 and 600 to 1000
(H)*
NP

(D) 3 and 600 to 1000
(H)*

Oil of dynamic viscosity 0.15 Ns/m? and relative den-
sity 0.9 flows through a 30 mm diameter vertical pipe.
The pressure gauges fixed 30 m apart read 600 kPa and
200 kPa as shown in the figure. The direction of flow of
oil and Reynolds number of the flow are respectively

—_
Al —@
200 kPa
30m
I R ﬁ_a
B :
600 kPa
>
' 30 mm

(A) BtoAand 108.1 (B) BtoAand152.1
(C) AtoBand108.1 (D) AtoBand152.1

A pipe line of 2 km and 120 mm diameter is to carry
glycerin of dynamic viscosity 0.8 Ns/m?. The minimum
power required to just make the glycerin flow in the
pipe line at the rate of 10 litres/sec will be

(A) 31.44 kW (B) 21.49kW

(C) 2632kW (D) 41.39kW

At a sudden enlargement of a water pipeline from a
diameter of 0.24 m to 0.48 m, the hydraulic gradient
line rises by 10 mm, the discharge (in m*/sec) will be
(A) 32.7 %1073 (B) 20.64 x 103

(C) 24.34 x 107 (D) 36.79 x 1073
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14.

15.

18.

19.

A main pipe carrying a fluid with a discharge of ‘Q’ is
divided into two branches as shown in the figure. Pipe
‘A’ and ‘B’ are of equal length, made of same material
and friction loss is also equal. If pipe ‘4’ is of diameter
equal to the twice of pipe ‘B’ diameter then which of
the following condition is CORRECT?

0, = Discharge in Pipe 4
0, = Discharge in Pipe B

Pipe ‘A’
—_ QA
Main Pipe T l
Q —> —_
—> Q T
Pipe ‘B’
(A) 0,=0.800 (B) 0,=0250
(C) 0,=0850 (D) 0,=0.100

A pipe of 1.5 m diameter is required to transport an oil
of density 900 kg/m* and kinematic viscosity 3 x 10
stokes at the rate of 3 m3/sec. If a 15 cm diameter pipe
with water having kinematic viscosity of 0.01 stokes
is used to model the above flow then the discharge (in
m?/s) in the model will be

V=1m/s

A

A

)

(A) zero B) 1.0

(©) 050 (D) 0.211

For a laminar flow of viscous fluid over a flat plate if
the shear stress on surface of the plate at a section 2 m
from the leading edge is 60 N/m? then the shear stress
(in N/m?) on surface of the plate at a section 2.5 m from

the leading edge will be
(A) 53.66 (B) 60.00
(C) 62.23 (D) 57.64

A fluid flow phenomenon is to be studied in a model
which is to be constructed by using Froude model law.
The ratio of discharge in model to the discharge in pro-

totype, if °L * is given as scale ratio, will be
3

=i-

(A) B) L
©) L D) L

16.

17.

(A) 0.01 (B) 0.099
(C) 0.079 (D) 0.089
For air over a flat plate, the velocity (u) and boundary
Uu 3 ’
layer thickness (8), can be expressed as — = X y_}
20 20
and 0 = 4.64x where

JRe,

y = vertical distance of any section of fluid from the
flat plate

x = Distance from the leading edge.

If the free stream velocity (U) is 2 m/s, kinematic vis-
cosity = 1.5 x 10° m*/secand density of the fluid is 1.23
kg/m? the shear stress (N/m?) on the surface of the plate
atx = 1 m will be

(A) 3.92x103 (B) 4.11 x 102

(C) 4.356 x 10~ (D) 4.356 x 103

Air enters a horizontal vertical duct of cross-section 20
cm X 10 cm at a uniform velocity of 1 m/s as shown
in the figure. Boundary layer starts to grow on all four
walls and the boundary layer thickness (3) at section (2)
was measured to be 4 cm on each of four walls. If the
displacement thickness (8") = 8/8, assuming the flow
to be steady incompressible, the pressure difference (in
Pa) between section (1) and (2) will be (Take density of
air = 1.15 kg/m? and neglect viscous losses outside the
boundary layer)

20cm

10cm

20.

21.

The shear stress distribution in laminar boundary layer

is given by 7 =71, [1 —%}
Where t_ = shear stress on the plate wall

8 = Boundary layer thickness

y = Vertical distance from the plate wall

The displacement thickness will be

(A) d/3 (B) 28/15

(C) d/5 (D) &/15

A jet of water 50 mm in diameter having a velocity of
20 m/s strikes normally a flat smooth plate. If the plate
is moving in the same direction as the jet with velocity
of 8 m/s then the work done per second on the plate

(watts) will be
(A) 1236.4 (B) 2031.14
(C) 6281.6 (D) 2261.36



22.

The following data refer to a water wheel comprising
a series of flat plates mounted on the periphery of the
wheel radially. Diameter of the wheel upto the centre
of the plates is 1.26 m. Diameter of free jet is 168 mm.
Head at the beginning of the nozzle is 18.3 m, coef-
ficient of velocity of nozzle is 0.97 and speed of the
wheel is 120 rpm. Calculate power delivered to water
wheel.

(A) 21.23 kW
(C) 41.37kW

(B) 33.73kW
(D) 37.41 kW

. An inward flow reaction turbine operating under 30

m head develops 4000 kW while running at 300 rpm.
The overall efficiency of the water turbine is 0.85. The
hydraulic efficiency is 0.9 and the radial velocity of
flow at inlet is 7 m/sec. The inlet guide vane angle at
full gate opening is 30°. If blade thickness coefficient is
5% and assuming that water leaves runner vane radially
at exit then the width of the runner at inlet will be
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(A) 0.36
(C) 0.98

(B) 0.26
(D) 0.55

. A Pelton wheel is to be designed for the following

specification:
Shaft power = 12000 kW, Head = 400 m, speed = 700
rpm, overall efficiency = 86%, jet diameter is not to
exceed one-sixth of the wheel diameter, coefficient of
velocity = 0.98, speed ratio = 0.45. The number of jet
required will be
(A) 2

©) 3

B 1
(D) 4

. If vapor pressure of water is 2.6 m of water (absolute)

and atmospheric pressure is 101.3 kPa, the maximum
height of the runner exit of Francis turbine from the tail
race level without causing cavitation will be

(Neglect kinetic energy head at exit of runner)

(A) 2.6m (B) 431m

(©) 7.72m (D) 5.62m

D 2. C 3.D 4. D 5. C
B 12. A 13. A 14. C 15. B
D 22. B 23. D 24. A 25. C

6. B 7. D 8. D 9. C
16. D

17. D 18. A 19. C

HINTS AND EXPLANATIONS

1.

2.

Shear stress
distribution

Pipe Velocity
wall k\ /aistribution

Pipe centre
line
NG WU /A SN PR i
Flow é
Choice (D)
u r .
=|1-— {"." Laminar flow}
Ul]'lﬂX R
and U =2u {u = Mean velocity}
: 1
05=1-—— {R=ﬂ=50mm}
0.05 2
= r=0.03535m=35.35 mm Choice (C)

Theoretical power transmission, P, = pgOH
Actual power transmission, P = pg Q(H —h,)
Where H = Net head available
h, = Loss of head due to friction
P, H-h  h

act 1__
P H H

th

— @

3 3 LY’
Now P =pg Q(H—h,)=pg Q{H oD }

or Pm = pg{HQ— ﬁgs }

dP
act — 0
do

dP., {H_fl(3Q2)}=0

ao "¢ 120°

For maximum power,

310
12D°
From equation (1) and (2) we get

H-

=0 or H=3h, — (2

1 2
nmax = 1 _E - 5 - 06667 or nmax = 66'67%
Choice (D)

+ iz ]
C LoD (et |, LoD (e ],

model and prototype are same
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P 5
—mm =S5 = P =40 MW
(100) (25) "
Choice (D)
5. m=pAV = 200><§><0.22 X2
= m=4nkg/s or 14400m kg/hr Choice (C)
6. Choice (B)
7. teJh=1,=+2001,
= 1, =~+200x5=70.71 minutes Choice (D)

8. Choice (D)

9. The velocity is nearly rectangular at the entrance and
it gradually changes to a parabolic profile at the fully
developed region. Before the boundary layers from the
periphery meet at the axis, there is corresponding fall
in pressure. Choice (C)

10. Choice (C)

PV
11. To find the direction, the total energy {— +—+ Zj| at
rg 28
the lower end B and upper end 4 is to be calculated.
Butd V. =A,V, =V =V, [ A4,=A4,]

E, {iﬂ} :[ﬂuo}:sz.ﬁszm
pg |, L981x0.9

and E, =| L4z =[ﬂ+o}=67.96m
pg , L9.81x0.9

The direction of the flow is from the higher energy
to the lower energy.

E,>E,
Oil will flow from B to 4
) i 32uVL
Now /= Peizometric head loss = 2
32uVL
E,-E)=
or ( B A) pgDz

32x0.15xV %30
200%9.81x%0.03*

= 67.96-52.652 =

= V=0.845m/s
R = pVD  900x0.845x0.3

o 0.15

=152.1
Choice (B)
3240
pgD’
32V0L  32xQdx L
gD’? Ax gx D?

12. Loss of pressure head, 7, =

or hf=

Now power required = pg x Q x h >
32XQOXdXL

u
= Txgx0x
g§xQ AXgx D’

d

13.

14.

2ux0* L
Ax D?
32x0.8%0.01% x 2000

§x0.122 % 0.12

=31438 W or 31.438 kW Choice (A)
P z P, P? V. —V,)?
—1+V—‘+zlz—2+—2+z2+—(l V)
g 2g pg 2g 2g
i+ﬁ :_2+V22+22+(V1_V2)2
rg 2g rg 2g 2g
R P”HL } WV =y
2 1
24 Pg 2g 2g 2¢g
Il el U A O WIS
2g
_ 2
_ =2, =10x10
2g
NowAlVlezV2
= 024°xV, =048 xV,
= V,=025V,
2V, % (0.25V,) = 2(0.25V,)* —l0x10°

2x9.81
= V,=0.7233 m/s

T
0=A7, =% 0.24° x0.7233 = 0.0327 m¥/sec

Choice (A)
This is a parallel connection type
hLA = hLB

_ (fLQ:J :[ﬂQj)
120° ), \12D° ),
Nowa= L,=L,

B> 4

MROETE
QB DB QB

or % _Jor =0, =420,
now QA + QB =0

= 420,+0,-0

__ 9
Os = (1+4+/2)
and 9, =0.850

=0.150

Choice (C)



15.

16.

17.

Given:
Prototype Model
DP=1.5m Dm=15cm=0.15m

p, =900 kg/m®
v, = 3 x 102 stoke

Q, =3 m¥sec

p,, = 1000 kg/m®
9 =0.01 stoke

Now Q,=4,7V,
n
= Z x 1.52 x VP: 3
= =1.6976 m/s
pVD _VD
R=E2222 _
P p) and(R),=(R),
V,D, V,D, V,x015 1.6976x1.5
9, 0, 0.01 3x107°
= V =5.66m/s
n
Q0 =4V = 1 x 0.152 x 5.66
= 0, =0.0999 m/sec Choice (B)

3
u=U, 3_y_y_3
20 20

du
Shear stress, 7= f—
dy
du
on surface, 7, = u—
dy =0
dul |33
dy|_, Tl20 207,
du 3U
= — =—=
dy| _, 20
3uU. 4.64x
T, = = 0=
0 20 and Re,
_3uU. X \|Re,
T X 464x
3uU,, pU_x
= T, =
2x4. 64><x U
3XIX pxU, f
or T, =
2x4.64xx
3x1.5%x107 x1.23%2 2x1
= (T) = X 5
2x4.64x1 1.5%x10
= (t,),., 4356 x10° N/m’ Choice (D)

A,=20x10=200 cm?* V, =1m/s

4
Now, 6 =4 c¢cm and 8* = 8/8 :gz 0.5cm

18.

19.

20.
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, 20 cm \

5 I

10 cm

CJ

19 [0

N

v

0,

A, —19><9—171 cm?
AV, =AYV,
ZOOX 1—171 xV, = V,=1.1696 m/s
Now Bernoulli’s equation between section (1) and
2

i_’_V_lz — i+V_22
rg 28 pg rg

=

_R-R_V 7
pg  2g 2¢g

1.15
(P, P)*—(Vz V12)=7 [1.16962 — 17]

=
= (P,—P)=0211Pa Choice (D)
1
know that T =< ——
We know that T \/;
2
=53.66 N/m’ Choice (A)
L
L =—" {scale ratio}
LP
N Ao Lbu g -p
Mo T, T

Froude Model law: (F) = (Fr)p
o) S
gL), gL , L, L,

v: L 14 L
= mo_—m M ]
v: L v L, "

P P

A 2
Qo _Aw_p oG
QP APVP QP

=uf=n|[1-3)

du
LoD [I—Z} =du= T—O[I—Z}dy
dy u 1 u 0
2

b y- 2 l+c

,u 20
Boundary Conditions:
Aty=0,u=0

Now

Choice (C)

=
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J
Displacement thickness, 0* = J{l - UL} dy
0
jl {Zy y } 1
)

= 0*= 3 Choice (A)

n
21. 4 :Z % 0.05%=1.963 x 10 m?

V=20 m/s
F = p(V—u)*=1000 x 1.963 x 107 x (20 — 8)
= F =282.67TN

w.D

sec
=2261.36 Watts

22. V,,=C x 2gH =0.97%x+/2x9.81x18.3
= V/_H=18.38m/s
nx1.26x120

= zDN =7, =————=u=7917m/s
60 60

=F xu=282.67 %8

Choice (D)

T
WDIsec = pAV(Y — up = 1000 x - x 0.168" x

18.38 x (18.38 — 7.91) x 7.91
=33.73 kW Choice (B)
P 4000

g = - = 0.85

23 M, =30m T = O/ T 981X Q%30

= Q=16m¥secand Q=nD BV k
Now V,

=7m/s, k=0.95

C |

V. v,
Mya = 0.9 = and tan30°=—-
anet le

= le =12.12 m/s and

" @n30°
12.12%u,
=— "1
9.81x30

D
_IDN L p =139m
60 7x300

Now, 16 =7 x1.39 x B, x 7 x 0.95
= B,=0.55m

24. Given:- S.P =

u, =21.85m/s

60x21.85

U,

Choice (D)

12000 kW, H = 400 m, N = 700 rpm, 1

=OS6,%=%,CV 0.98, k, = 0.45

V,=C J2gH

= 7,=0.98 x\/2x9.81x400 =86.81716 m/s
u=t, \2eH

= 0.45x/2x9.81x400 =

DN _ ) _39.865%60
60 7% 700

39.865 m/s

u= =1.08766 m

d

1
B_E =d=0.1813m

T n
Discharge of one jet, Q=ZXdZXV1=Z x

0.18132 x 86.81716 = O =2.24125 m’/s
S.P
pgO.H

Total discharge, O,
o srP 12000 x10°
pgn,H 1000%9.81x0.86x400

= Q0 =3.556m’/s

Now 7, =

0, 3.556

Number of jets = 0 = 524125

=1.59 ~ 2 jets

Choice (A)
25.

[
vy

e 1013
9.8

rg 81
>—[L-yl=[L-)]

2—[L-y]

=772 m
Choice (C)
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