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Fluid Mechanics & Turbomachinery

Solutions for Vol - I _ Classroom Practice Questions

Chapter- 1
Properties of Fluids

01. Ans: (d)
02. Ans: (¢)

03. Ans: 100

L_BV _02x15

- = - = 100 N/m?
3x10™

Sol:

04. Ans: 1
Sol:

F=1txA

Wsin30:%

100 1x0.1xV
2 2x1073
V= 1m/s

Common data Q. 05 & 06

05. Ans: (¢)
Sol: D; =100mm , D,=106mm
Radial clearance,
D,-D,
2

- 106-100

h=

3mm

L=2m
p=20.2pas
N =240 rpm

o= 27N _ 21 x 240
60 60

o =8%

L bor 0.2x81x50x107>

h 3x1073
= 83.77N/m’
06. Ans: (b)
2. 1.3
Sol: Power, P = MTMU

 2nx(8m)” x0.2x2x(0.05)°
3x107°

= 66 Watt
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v Engineering Publications 1 2: ME _ GATE _Vol - I _ Solutions
07. Ans: (¢) 09. Ans: (¢)
Sol: s
T
30T 10. Ans: (d)
18 +
Slope = constant 11 AnS‘ (a)
6 . :
1] 12. Ans: (d)
0 1 '3 5' dw/dy ” Ans: Viscosity in liquids decreases and in gases it

_ ) increases with rise in temperature.
.. Newtonian fluid

13. Ans: (d)

08. Ans: (d) Ans: Blood is a pseudo plastic fluid. So statement

Sol: T= du I is wrong.
dy
u = 3 sin(5my) 14. Ans: (b)

du
— =3cos(5nty )x 5t=15ncos(5n
dy ( Y) (my) 15. Ans: (b)

| du Sol: V =0.01 m’
T =H -9 2
=0.05 =
y dy 4=0.05 B=0.75%x 10" m"/N
dp = 2x10" N/m’
=0.5><157tcos(57:><0.05)
T 1 I(Zl:;_9 :iX109
= O.leSnxcos(—j =0.5x15tx— B 0.75x10 3
4 V2 .
—dp

_ - 2 =

=7.5%3.14x0.707 = 16.6N/m AV /v
T =0.5><15ncos(5n><0.12) %107 x1072

y=0.12 gV = x10" x 9() x3 — 15%10™
3 4%x10
= T7.5xmcos| Stx—
25
3 16. Ans: 320 Pa
= 7.5x% ncos(—nj 2
5 Sol: AP:8_cr_8><0.04 ~32x10

D 1x10°® 107
AP =320 N/m*

Which is negative, so zero shear stress
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Fluid Mechanics & Turbomachinery

Conventional Questions which can
be asked as objective Questions

01.
Sol:
(h-y)
h v 291
A I F
T y [2%)
Assumptions:

e Thin plate has negligible thickness.

e Velocity profile is linear because of
narrow gap.

e Given fluid is a Newtonian fluid which

obeys Newton’s law of viscosity.

The force required to pull it is proportional to
the total shear stress imposed by the two oil
layers.

F=F +F,,
Where F, = Force on top sides of plate,

F, = Force on bottom side of plate

The plate moves with velocity V

I (h-y) i

[ —V

y[ Ha

From Newton’s law of viscosity,

_ hdu

T Let A be area of plate
dy
. F1 =1, x Area of plate
F =p, x Al XA
h-y
F, =p, x v x A
y
(1) Shear force on two sides of the plate are equal:
F] = F2
u,xVA  u,VA
h-y y
W _h-y
H, y
h M
y K
h _HhtH,
y Ky
_ p,h
i+ 1,

(i) The position of plate so that pull required to
drag the plate is minimum.
Fo u, VA N u, VA
h—-y vy

constant

, V, A, iy & 1, h are

.. F
For minimum force, d— =0

dy
~VA(h—y) *(-1) -VAy > =0
w,VA VA
y’  (h-y)
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ME _ GATE _Vol -1 _ Solutions

E= 1+ M where y 1is the distance of the

y Ky
thin flat plate from the bottom flat surface.
h
My
K,

y:
1+

02. Ans: 8.105 Pa. S
Sol: Torque = 1.2N-m
Speed, N =90 rpm
Diameter, D1 =10cm, D;=9.75cm

H=2.5cm

% % =X
5

. n

ﬁ ﬁ v

9.75¢cm
) 10 cm g
Assumptions:

e The gap between two cylinders is narrow
and hence velocity profile in the gap is
assumed linear.

e No change in properties

Torque = Tangential force x radius

Force = shear stressxArea

_ uxVA
h
Where h is the clearance (radial)
he 10-9.75
2
=0.125cm = 1.25x10°m
Area = DL
= x0.1x2.5x107
=7.8539%x10 °m’
F = pxorx A
h
o= 2nN _ 21t %90 “ 37 rad/s
60
Torque = Fexr
_ porA r
h
2
_HOT A
h
N 31 x(0.05)* x 7.8539%x 107
1.25x107°
pn=8.105 Pa.s
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v Engincering Publications 15 Fluid Mechanics & Turbomachinery
= (860x9.81x0.8)+(9810x1.5)+(13600x9.81x0.2)
=48147.48 P
Chapter- 2 a
Pressure Measurement & Fluid Statics Poorom = 48.147 kPa
05. Ans: (b)
01. Ans: (a)
Sol: 1 millibar = 107x10° 06. Ans: 2.2
=100 N/m’ Sol: h, in terms of oil
One mm of Hg = 13.6x10°x9.81x1x107 So ho = Smhim
=133.416 N/m? 0.85xhy = 13.6x0.1
1 N/mm?® = 1x10° N/m? ho = 1.6m

1 kgf/em® = 9.81x10* N/m”

02. Ans: (b)
Sol:
710 m Local atm.pressure
(350 mm of vaccum)
T360 mm
Absolute pressure
03. Ans: (¢)

04. Ans: 48.147
Sol:

0il (S=0.86) l 0.8m

Water [.5m

Mercury (S =13.6) %O_Zm

Poottom = poilghoil + pwghwater+ pHgthg

hy = 0.6+1.6 = h, = 2.2m of oil

Py - Yoit X 0.6 - yhg X 0.1 = Py
Pp _Patm — (Yﬂg
Y oil Yoil

_ 136 0.140.6=22mofoil
0.85

><0.1+0.6]

Gauge pressure of P in terms of m of oil

=2.2mof oil
07. Ans: 750
Sol: Patm+pwghw = Patm+p0gh0
1000x6x107 = pyx8x 107
po = 750 kg/m’
08. Ans: (b)
S syhy,
Sol: h,, ——*h_ =h, - ~—h,
So | So
9 18
hyy—hy=—-—-—"--
MoTN T 083 0.83
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ME _ GATE _Vol -1 _ Solutions

09. Ans: 2.125

Sol: v

h, =h+
4
o4 nD2x4
64xD“ x2xm
2
_2+27% 5 105m
64x2
10. Ans: 61.6
Sol: F = PxA
F = pghA

=9810><2><%><22 =61.6 kN

11. Ans: 10
Sol: F =pghA

=9810><1.625><%(1.22 ~0.82)
F = 10kN

12. Ans: 1
Sol:

2x
2x

X

Foottom = pg X 2X x 2X X X

Fy = pgx x 2x x 2x

13. Ans: 10
Sol:

FV = XXT

nx22

Fyv=pgV=1000x10x

Fv =10 kN
x=10
14. Ans: (d)
Sol: Fiet = Fui— Fue
D yD2
F,, =yx—xDx] =——
m =7 ) 5
D D vD?
Fq =y x—x—x] =—
H2 =YX 8
2
:yDz(l_lj _ 3D
2 8 8
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Fluid Mechanics & Turbomachinery

Chapter- 3
Buoyancy and Metacentric Height

01. Ans: (d)
Sol:
.
2m
’ |
N »/1‘.25m

Fp = weight of body

PbgVo = pigVid
640x4x2x1.25 = 1025%x(4x1.25xd)
d=1.248m
Vi = 1.248%x4x1.25
Vi = 6.24m’
02. Ans: (¢)

Sol: Surface area of cube = 6a’
Surface area of sphere = 4nr’

A’ = 6a’

E_(ET
3 r

03. Ans: 4.76
Sol: Fg= FB,Hg + FB,W
Wz =Fp
X water
(10—x) Hg

PbE Vb= PHeEVHgtPWEVw

PbVb = PHe VHg T Pw Vw

Sx Vi = St Vgt Sw V.

7.6x10° = 13.6x10%(10-x)+10°xx

—6000 =-1260x
x=4.76 cm
04. Ans: 11
Sol: v
- R FB
o]

Fg=W+T
W=Fg-T
=pigVia — T

=10’ x9.81x§n(0.8)3 ~(10x10?)

=21-10
W=11kN
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ME _ GATE _Vol -1 _ Solutions

05. Ans: 1.375
Sol: Wyater = SN
Wi = 7N
S=0.85
W — Weight in air
Fgi=W-5
Fg,=W-7
W-5=p1gVg.....(1)
W —7=pgVy.....(2)
Vi =Vp
W-5=p,gV,
W-7=p,gV,
2=(p,—p, eV,
V, = 2
(1000 -850)9.81
V= 1.3591x10"m’
W = 5+(9810x1.3591x107%)
W =18.33N
W = ppgVyp
18.33
9.81x1.3591x10°°
py = 1375.05 kg/m’
S, =1.375

=Py

06. Ans: (d)

07. Ans: -14

Sol: GM = BM - BG

1 3x (1)’

V 12x3x1x0.75
4 BG 1 3 1

TD2x37 0 2 8 8

BM

BM =+
9
11

GM=———
9 8

GM=-13.8mm =~ — 14 mm

08. Ans: (b)
Sol: W=Fg
PV = prgVia
PbVo = PV

O.6><Ed2 ><2d=1><£d2 X X
4 4

x=1.2d
GM =BM - BG
4
BM:l: nd - d
A% 19.2

64x§d2x1.zd

BG =d-0.6d =0.4d
GM < 0 unstable

09. Ans: 20s
k2
g(GM)

Sol: T=2n

(7.72)°

=2y |~
9.81x0.6

T =20s
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:9: Fluid Mechanics & Turbomachinery

Total force required to lift the plate

=F,+W—Fy
= 102.2727 + 50 — 29.7978
= 122.4749 N

The thickness of the oil layer is same on
either side of plate
y = thickness of oil layer

235-15
2

11mm

Shear stress on one side of the plate

F; = total shear force (considering both sides
of the plate)

_2ApvV

oy

_ 2x1.5x1.5%x2.5%0.1
11x1073

=102.2727 N
Weight of plate, W =50 N

=2Axt

Upward force on submerged plate,
F, = pgV =900 x 9.81 x 1.5 x1.5 x 10~
=29.7978 N
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ME _ GATE _Vol -1 _

Solutions

Chapter- 4
Fluid Kinematics

01. Ans: (b)

02. Ans: (a)
Sol: Given, u=-x
v=2y
Stream line equation in 2 — D
dx dy
UV
dx dy
-x 2y

On integration
— J; dx = E-[;dy
—log x = %logy+ logc
log(lj = log\/g +logc
X
1
log(;j = log(\/g.c)

y.c

03. Ans: (a)
Sol: V=2xi+yj
Compare V =ui+vj

Where, u=2x,v=y

=vul+v?
(2x) +(y)

V= 41) +(1)=5m/s

Acceleration, a=a i+a]

Velocity,

=2x(2) +y(0)
=4x
ov. ov 0Ov
ay= —+u—+v—

ot ox Oy

_ 0 0
= 0+2X8X(Y)+Y-ay(}’)

=2x(0) +y (1)

|a| \/ +ay 4x
=16x> +y’
:|5|<1,1>: 16(1) + (1)
=\/ﬁm/sec2

| ACE Engineering Publications /Hyderabad|Delhi|Bhopal|Pune|Bhubaneswar| Lucknow | Patna | Bengaluru | Chennai | Vijayawada | Vizag | Tirupati | Kukatpally | Kolkata




<11

Fluid Mechanics & Turbomachinery

Common Data for Questions 04 & 05
04. Ans: 0.94

Sol:

05 \
ALocal Jat x = 0. =0. =2|1-
(ALocal)at x=0.5, L= 0.8 ( 2x0.8j

=2(1-0.3125)

05. Ans:-13.68

Sol: v

At t=3sec;x=05m;L=0.8m

=0.945 m/sec?

aCOnVeCllVe 2
2x08
Aconvective — 1462 m/sec
Atotal = Alocal T Aconvective = 0.94 — 14.62
=—13.68 m/sec’
06. Ans: 8 m/s
Sol: —_—, W
Ay
A\
—
Ay
—, V3
Aj

BH 2x08 on

o)

07.

Sol:

According to the conservation of mass
Total inward flow = Total outward flow
Q=Q:+Q;
A1V =AV;, + A3V;
Ay =A;
Vi=2m/s; V,=3m/s; V3;=5m/s
A x2=A,x3+A, x5
A1=4A;
At another instant V; =3 m/s
V=4 m/s
V;=2?
A1V =AV;, + A3V;
4A, x3=A; x4+ Ay x V3
12 A, =4A;, + A)V;
V3 =8m/s

Ans: (d)
u=6xy — 2x°
continuity equation for 2D flow

@_ﬁ.@:()

0x 0Oy

ou
—=6y—-4
Ox yox

(6y—4x)+%:0

— =(4x-6y)=0
ov = (4x—06y) dy
V= J-4Xdy - J.6ydy

= 4xy -3y°+c
= 4xy - 3y” + f(x)
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ME _ GATE _Vol -1 _ Solutions

a= &,V +(,) =y +(f =2 m/sec

09.

Ans: 13.75

dv
™

2543\ 3-25
e = (223228 2

At (conv) — 13.75 m/52

Sol:

a; (conv)

10. Ans: 1.5

Sol: a,= —x—

3sin6 = 3c0s0 x sinO

sin 8)x

NS}

11.

Sol:

12.

Sol:

(ar)(0-45) = 3 x cos45” x sin45"

1 1 3 2
=3x —x—= = =1.5m/sec
V22 2
Ans: 0.3
Q=Au
du a(Qj
Alocal = —/— T ——| —
ot ot\ A
10
alocal:__Q
A ot

1 )éQ
aLocal = - |~
0.4-0.1x ) ot

1 oQ
ocaldatx=0= —x0.12 (*.—=0.12
(BLocaux=0 = {7 5 )
= (.3 m/sec’
Ans: (b)
\|/=x2—y2
ATotal = (ax){+(ay)j
0 0
-V Ty =2y
dy oy
oy 0 (>
= T =—|x"- =2
% = 8x(x y) X
a=u—+V—
ox 0Oy
= (2y)(0) + (2x)(2)

c.ay = 4x

ay=u—+v—

ox 0y
= 2y)x(2) + (2x)x(0)
ay =4y

sa=4x)i + 4y)]
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14.

Sol:

Fluid Mechanics & Turbomachinery

Ans: (b)

Given, The stream function for a potential

flow field is y=x"—y*

d="7?
o0 __ov
)¢ oy
a_\l] _a(XZ _y2)
ay y
u=2y
99
=_%_9
u = y
J@¢=—j2y6x
d=-2xy+c
Given, ¢ is zero at (0,0)
S = 0
oo =-2xy
Ans: 4

Given, 2D — flow field
Velocity, V = 3xi + 4xyj

u=3x,v=4xy

1({dv du

0,=—|—-—
2\dx dy
1

— 2 (4y—0
o, 2( y-0)

(mz )at(2,2) = %x 4(2) = 4 rad/sec

0]

Chapter- 5

Energy Equation and its Applications

01.

Sol:

02.

Sol:

Ans: (¢)
Applying Bernoulli’s equation for ideal
fluid

P > P g
il ZI+V_1__2+Z +V_2
pg g pg 2g
PO _P O

pg 22 pg 2g

pg pg 2g 2g

P, —P, _i_g
pg 22 g
Ans: (¢)
@ Sl @ A
2m
S
@ 2N v
2
V—1=1.27m , i:2.5m
2g pg
2
V—2 =0.203m , & =5.407m
2g pg
Z;=2m |, Z>=0m
Total head at (1) — (1)
v: P
=L +-1+7
g pPg

=127+25+2=57Tm
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03.

Sol:

7, = 7,, it is in horizontal position
Since, at outlet, pressure is atmospheric
P,=0
Q = 100 lit/sec = 0.1 m’/sec

Q 0.1

| =—=—————>=12.73m/sec
A, 7.85x10
) —2=L_3=51.02m/sec
A, 1.96x10
P 2 2
| gange +(12.73) _ O+(51.02)
P Xg  2x10 2x10
i =121.53
pair'g
P, =121.53xp, xg
=1.51 kPa

Engineering Publications 114 ME _ GATE _Vol - I _ Solutions
Total head at (2) — (2) 04. Ans: 395
V; P, . Sol: Q=100 litre/sec = 0.1 m’/sec
= —=4+—=+
g pg ? V1 =100 m/sec; P; =3 x 10° N/m?
=0.203 +5.407+0=5.61 m V,=50m/sec; Py=1x 10’ N/m’
Loss ofhead =5.77-5.61 =0.16 m Power (P)=7?
.. Energy at (1) — (1) > Energy at (2)- (2) Bernoulli’s equation
. : 2 2
.. Flow takes from higher energy to lower P N \ +7, - P, N V5 +7, +h,
energy pg  2g pg 28
i.e. from (Sy) to (S2) 3x10° 1007 1x10° 502
+ +0= + +0+hy
Flow takes place from top to bottom. 1000x10  2x10 100010 2x10
= h.=395m
Ans: 1.5 P =pgQ.hy
A = %df :%(0_1)2 —7.85%107° mm?> P=1000 x 10 x 0.10 x 395
P =395 kW
A, = %dﬁ =%(0.05)2 =1.96x10" mm’
05. Ans:51.33
PV P, V; ) . .
L+ 147 ="24+-"24+7 +h, Sol: Apply Bernoulli’s equation to pump
pg  2g pg  2g

Work in
P 2
—++7Z, /e + Work in
pg 2g
2
= i+ZZ +V_2 + Hioss
pg 2g

Where work in = Head raised = 10 m
Since pipes are same size
Vl = Vz and Zl = Zz

3
i+0+0+10:—120X10
pg 1000x9.81

Py =(12.2324 + 3 -10)xpg

+0+0+3
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"l 7" Engineering Publications : 15 Fluid Mechanics & Turbomachinery
P = (5.2324)(1000x9.81) 07. Ans: 65
=51.33x10° N/m’ Sol: hgug =0.30m
= 51.33 kPa hstat = 0.24 Il’l
V =C 2ghd na
06. Ans: 35 o
SO]: V = 1\} Zg[hstag - hstat ]
fluid, S = 0.85 =4/2(9.81)(0.30-0.24) = 1.085 m/s
=1.085 x 60 = 65.1 m/min
08. Ans: 81.5
“p diff
Pt S s | Sols x=30mm
g =10 m/s?
d; =300 mm, d; =120 mm Pair = 1.23 kg/m’; pre = 13600 kg/m®
AA _
Qmn = 21 22\/2gh c=1
VAT = A Vv =.[2gh,
JAZ—A2 w S
13600
T 2 _ 2 h, =30x107°| ———1
A= d; 7 (0.30)° =0.07m D 123
hp = 331.
A, ="d2="(0.12) =0.011m’ p=331.67m
4 4 V =1x4/2x10x331.67
AP = 4 kPa, V =81.5 m/sec
AP AP
h=—= 09. Ans: 140
W Prg AA
AP 4)(103 SOl: Qa :Cdﬁﬁzgh
" sp.g  0.85x1000x9.81 b
Cooe L
Q. —__007x0011 \/2><9.81><4><103 NN
Th —
J(0.07)2 —(0.011) V0.85x1000x9.81 Co 095 [h
=0.035 m*/sec Cd,,m_,cc 0.65 hy i
=35.15 ltr/sec hyenturi = 140 mm
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E,,mﬁgpl%bhmm .16 : ME _ GATE _Vol - I _ Solutions
8 05. Ans: (b)
Chapter- 6 Sol: Fy=paV(V-0)
Momentum equation and its Applications = pa V?
= 1000 x 1 x 10*x 10>°=10 N
01. Ans: 720
06. Ans: (¢)
Sol: P=p(g+a)h=p(g+5g)h=-6pgh Sol:
=6 x 1200 x 10 x 10 =720 kPa V—=
02. Ans: 1600
Sol: S=0.80 Ve—
A=0.02m’
V =10 m/sec Fx=paV(Vix=Vay)
F=p.AV’ =paV(V-(-V))
_ 2
F = 0.80 x 1000 x 0.02 x 102 —2paV
F= 1600 N =2x 1000 x 10*x 5*=5N
03. Ans: 6000 07. Ans: (d)
Sol: A=0.015m’ Sol: F,=pA(V-u)’
V =15 m/sec (Jet velocity) Power (P1)=F xu=pA(V-u)? xu
U =5 m/sec (Plate velocity)
5 F,=p.A.V xV;
F=pA(V+1U)
=p.A(V).(V-
F = 1000 x 0.015 (15 + 5)? p-AV)(V-u)
F = 6000 N Power (P;) = F, xu = pAV(V-u)u
P pA(V—u)’ xu
04. Ans: 19.6 P2 pAV(V _ u) XU
Sol: V =100 m/sec (Jet velocity) s
U =50 m/sec (Plate velocity) =1 ~20 0.75
d=0.1m
F=pA (V-U)

leOOOx%xO.lz x (100 -50)’

F=19.6 kN
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01.

02.

03.

Sol:

04.

Sol:

0s.

Sol:

Engineering Publications 217 Fluid Mechanics & Turbomachinery
" A\p_ 12840L
Chapter- 7 nD*
Laminar Flow Dot - 128x0x800x(107) x2
n(0.5x107 )’
Ans: (d) w=1.917 Milli Pa — sec
Ans: (d)
06. Ans: 0.75
Ans: (@) Sol: U= Uy |1-(£)
ol r = Umax | 5
Q = A.Vavg R
Vmax
Q A (', Vmax 2 Van) U B 1 ( r jz
2 Umax R
- E( ] L5
4{1000) = 2 :1(1_(£ﬂ
200
= g % (0.04) x0.75
1 3
=1|1-—|=—==0.75m/s
=Ty 4 X 4 xéz 3 m’/sec ( 4] 4
4 100 100 4 10000
07. Ans: 0.08
Ans: 100000 Sol: Given, p = 0.8 x 1000 = 800 kg/m’
= _ddP x X =1 Poise = 10" N-s/m
2
* d=50 mm=0.05m
250 = 0/ velocity = 2 m/s
s 5 Reynold’s Number , Re = pVD
P -Pr= 1 x 10° N/m o
800 x2x0.05
Ans: 1.92 BT A
_ 3
p= 1000 kg/m (- Re <2000) .. Flow is laminar,
_ 3 e 3333
Q =800 mm’/sec = 800 x (10)" m*/sec For laminar, Darcy friction factor
L=2m ~ ﬁ _ 64 0.08
D=0.5 mm ~Re 800
AP =2 MPa=2 x 10°Pa
w=2 08. Ans: (¢)
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09. Ans: 0.32 h o L
Sol: Given: " p?
1= 0.01Poise = 0.01x10"" N-s/m’ h;, D! =h, D}

D=10mm=10x10"m

; Given, D, =—%
V =10 mm/s = 10x10~° m/sec 2
L=1km=1000m DY
3 hy, XD? =h;, x(_l]
p = 1000 kg/m 2
pVD hy =16h;

Reynolds Number, Re =——
u

_ 1000x10x107° x10x107
0.01x10™"

Re =100 <2000

. Head loss, increase by 16 times if

diameter halved.

11. Ans: 5.2
.. Re <2000, hence flow is laminar

_ 32uVL

Sol: Oil viscosity, p = 10 poise = 10x0.1

For laminar flow, h, = N =1 N-s/m>

y=50x%10"m
32x0.01x107" x10x107 x10°
= ; BV L=120cm=1.20m
10° x10x(10x107 )

AP =3 x 10°Pa

=0.32m )

Width of plate = 0.2 m
Q=7
10. Ans: 16 )
_ Q = AV, = (width of platexy)V
Sol: For fully developed laminar flow,
32uVL ap = 12VL
h, = ”Dz (. Q=AV) B’
pg
; 12x1xVx1.20
3x10° =
30 QL (50x107}
h = A)  32uQL
£ pgD’ ~AD’ x og V =0.52 m/sec
32u0L Q= AV, = (0.2x50x107) (0.52)
b, = = 5.2 lit/sec

%Dz xD? x pg
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01.

Sol:

02.

Sol:

Engineering Publications :19: Fluid Mechanics & Turbomachinery
03. Ans: (a)
(0]
Chapter- 8 Sol: In pipes Net work, series arrangement
. 2 2
Flow Through Pipes hoo MV fIQ
2¢d  12.1xd’
v=0.4 cm?/sec = 0.4x10™* m*/sec by, 12.0xdy f515.Qp
d=8cm=28x10 m. Given lx = Is, fo =5, QA= Qg
Lower critical Reynolds number for hy (d, ’ d, ’
laminar flow is 2000 n, \d,) (12d,
Re — V.D N
v = [E} =0.4018 = 0.402
) ‘
2000 = V><8><104
0.4x10"
Average (or) Mean velocity (V) =1 m/sec 04. ATIS: (@)
For Laminar pipe flow; Vinax = 2Vave Sol: Given, d; =10 cm; d, =20 cm
=2><1=2m/s fl_fZ, |1—|2—|
l.=1+1,= 2l
. I | I
Ans: (a) _e5:_15+_25:2_i:L5+ |5
v=8x 10" m%sec; d=0.08 m d; dj d; d, 107 20
Q =3200 7 x 107 m*/sec Sode=11.4 cm
Type of flow = ?
Q=AV 05. Ans: (b)
- Sol: In parallel pipe arrangement;
-6 _ 2
3200 7 x 107 = Z(0.08 ) x v by, h,
Mean (or) Average velocity =2 m/sec f,1,.Q% _ f 1, Q2
Re = V.D 12.1xd3,  12.1xdj,
v Given dA :dB ) IA = IB: fA = 4fB
Re = 2x0.08 2
© T 8x10~ Qi _fs
. Qs ) fa
Re = 200 < 2000 (Critical Reynolds’s
number for laminar flow) Qu_ fs _ [fs _ \/I 1 0.5
.. Type of flow is “Laminar” Qs fa 4fy 4 2
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07.

Sol:

08.

Sol:

ME _ GATE _Vol -1 _ Solutions

Ans: (d)

For parallel pipes

hy =hg

f, 1, Xle_fz xl, x Q3
12.1xd; 12.1xd3

For given data

Q_fBr=a2
Q,
Ans: (¢)
do=(n)5.d
30=(2)%d
S.d=22.73 cm

Select near higher size i.e. 25 cm

Ans: (b)
Power transmitted by the pipe,

P = pgQ(H-hy)
For maximum power transmission, the

condition is hy= %
H
P=pgQ (H - ?j

B 2H
pgQ 3

09.

Sol:

10.

Sol:

=1000 x 10 xlx(Zx?j

=660 x 10° Watt = 660 kW

Ans: (b)

Q=100 m*/sec

H=75m

1 Hp=75Xef=m _ ;50 Nm
sec sec

1 HP =750 Watt =0.75 kW
Power (Theoretical) = pgQH
~ 1000 x 10 x100 %75
= 75000000 W
= 75000 kW
0.75 kW =1 MHP
75000 kW =—?

_ 75000 100000 MHP
0.75

Ans: (¢)
Fluid power

Tpump = Shaft power

_ ng(H +h; )
N pump —P
shaft

GivenH=10m
Q=0.1 m’/sec
hf,=5m
_ 1000x10x0.1x(10+5)

1

PShaft
Pshaft =15000 W
=15kW
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12.

Sol:

Fluid Mechanics & Turbomachinery

d /
dy
Given d2 = 2d1

Losses due to sudden expansion,
(Vl — Vz )2
2g

5 2
Vi LY
2g \/

By continuity equation,
Q=AVI=AV,

2 2
V2 A [ _(lj
"V, A, d, 2

2 2
- V_l( _lj
2g 4

hL:

Ans: (b)
K =2 x 10’ N/m’
Given p = 965 kg/m’

9
C= 5=1/2’<10 = 1440 m/sec
p 965

13. Ans: (b)

Sol: Pipes are in parallel

hie=h, =h,
Lc=175m
fo=0.015

fLQ: _f,L,Q4 _fl,Qp
121D~ 12.1D}  12.1D;

0.020x150x Q3 — 0.015x200xQj
12.1x(0.1) 12.1x(0.08)’

Qa = 1.747 Qp ------- (ii)
From (i) Q.= 1.747 Qg + Qp
Q. =2.747 Qp -------- (iii)

0.015x175(2.747Q, )" _ 0.015x200x Q3
12.1xD? 12.1x(0.08)’

D=1166 mm =~ 117 mm
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11.6x vD
S = Re
Chapter- 9 £
Elementary Turbulent Flow v 8
5 = 11.6 xg)
01. Ans: (b) Re 3
11. .
02. Ans: (d) _ _11:6x0.3
10° % 0.(;25
03. Ans:24 622 %10 0.0622
Sol: Given: V=2 m/s Bt me o
£=0.02
Vi =2 05. Ans: 25
Sol: Given:
= +
Vinax = V(1 + 1.434F) L—100m
=2(1+1.43v0.02) D—01m
=2x12=24m/s hi=10m
=7
04. Ans: (¢ For any type of flow, the shear stress at
Sol: Given data: —-dP R
wall/surface t = X —
D=30cm=03m dx 2
— 106
Re=10 _ pghL XE
£=0.025 L 2
Thickness of laminar sub layer, &' =7 _ pgh, y D
g _ 1L L 4
\A _ 1000x9.81x10 0.1
. e 100 4
Where V' = shear velocity = V\/; —24.525 N/m2= 25 Pa
v = Kinematic viscosity
VD 06. Ans: 0.905
Re=—- Sol: k=0.15 mm
vV.D T =4.9 N/m’
" Re v =1 centi-stoke
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. Pressure drop (P;— P;) =hyf x
V= [fes ﬂ=0.07m/sec p (P =P2) =he x pg
p 1000 _fLV? fLV?p
= xpg =
v =1 centi-stoke 2gD 2D
e s 0 ) sec _0.0187x1x(1.6) x1000
100 100 2x0.05
k 0.15x%107 =478 Pa/m = 480 Pa/m
& (1l6xv
AV 08. Ans:20%
0.15%10 Sol: Since, Discharge decrease is associated
“116x10°¢ 0.905 with increase in friction.
0.07 a _ ,,9Q_ {_d_Q}
f Q Q
07. Ans: 480 =2x10=20%
Sol: Given: d=5cm=0.05m
Flow rate m= 1 kg/sec 09.  Ans: 68.35
1 =0.001 N-s/m’ Sol: Power lost per one km length = y,,Qhy
p = 1000 kg/m’ _ frQ?
64 bo121d°
fo=—"" for laminar 36
Re, Q=5=0.6m3/sec
fy = 0.316 Reg "> ... for turbulent
1 R
=10 m/sec’ ——=2log,| — |+1.74
g ar 10 (Kj

rh:pAV:px%xdsz

n= 1000><§(o.05)2 XV

V =1.6 m/sec
Re — pVD _ 1000x1.6x0.05
u 0.001
= 80000 > 2000 (Rep)

.. Flow is turbulent
o fp=0.316 Rep %
=0.316 (80000) ** =0.0187

L = 210&0(?) +1.74

\af'
41 =0.03
f=4f =0.03

~0.03x1000x 0.6

2x06 Lelm

f

Power = vy,,Qhg
=981 x0.6 x11.61 =68.35 kW
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01.

Sol:

02.

Sol:

03.

Sol:

y. Engineering Publications 124 : ME _ GATE _Vol - I _ Solutions
2 X,
X= —=
Chapter- 10 3 Vx+1
Boundary Layer Theory 4 x
) 1
9 x,+1
Ans: (c) 5x1=4=x;=80cm
Re ol = Uoo Xcritical
oo 04. Ans: 1.5
Assume water properties d
u
Sol: t=p—
SXIOS — 6X Xcritical “’ dy
1x107° | .
Newton’ i it
Xertcal = 0.08333 m = 83.33 mm (Newton's law of viscosity)
T= ui(um xl.SXj
Ans: 1.6 dy 5
d ! (At given dist. ‘x’) T=uxXu ><15><1
oc given distance ‘x = mX Lo X —
v Re 5
i: R62 T= lsuu—m
2 Re,
pu
t=K—=
O _ 26_16 ¢ 8
5, 1001 By comparing, K = 1.5
Ans: 80 05. Ans:2
T B Sol: 1 1
, ’ Oa =2 ey dg=3cm
/Il Aldvy B TOCL SOC\/;
7 7 7 Vx
) X i I'm | T, X,
f— e+ 1) — 1, \x,
T
o /x =42
2
O _ | X
Oy (x, +1)
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Fluid Mechanics & Turbomachinery

06. Ans:3

So: U _Y
u, o
6*

§ = f(l —ul] dy

0

(0]
=3
S,
a
&’
(@]
-+
S
-
Il
|
|

07. Ans:7.33

UL
Sol: Re(x:L) = T

U_L 6x1

00

Re( )=

=Shape factor = ?

Hence,

T 0.15%x10

Since, Rex=1) <5 x 10°

Kx 4.64L 4.64x1

8_: = =
™ VRe  VRe  4x10°

=7.33mm

We know that & = E
o vy

On differentiating

T= H'Uoo
)

Ty = (F;'V)U“’ (-n=pv)

atx=L

:1.226><O.15><10’4 x6
7.33x107°

m (Xl e [L2)
T X Tx-L2 L
Tx:L/Z = ‘2TX=L

=+/2x0.015N/m? =21 milli Pa

=0.015 N/m’

Ans: 22.6

Drag force,

1
FD = E CD.p.Aproj. Ui

B=1.5m, p=1.2kg/m’
L=3.0m, v=0.15 stokes

U, =2 m/sec

Re=U°°L= 2x3 74=4><105
Y 0.15x10

C 1328 1.328 —2.09x10°

" JRe ax10°
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Drag force,
Fp =%><2.09><103><1.2><(1.5><3)><22 Chapter- 11
Force on Submerged Bodies
= 22.57 milli-Newton
10.  Ans: 1.62 01. Ans:8
Sol: h=pAU, = p(B y S)Uw (5=1) Sol: Drag power = Drag Force x Velocity

mab = mbc + mcd

| — N

mbc

m,, = % p(Bx8)U,

x1.2x1x1.5%107 x30

= 1.62 kg/minute

P:FDXV

PoV?

3
L
P2 VZ

&_(Lf
P, \2V
Pz = 8P1

Comparing the above relation with XP,

We get, X =38

02. Ans: 4.56 m

2
Sol: FD = CD. pAV

T D) xV?
W=08x12x4

(Note: A = Normal (or)
projected Area = %Dz)

2
784.8 = O.8x1.2x%(D)2 x%

. D=4.56m
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03. Ans: 0.054
Sol: Given data:
V=8m/s
D=0.06 m
p=12kg/m’
v=1.6x10" m%/sec
W=7
VD 8x0.06
v L6x10™
For flow over sphere; Cp = 0.5
1000 < Re < 1x10°
W =Fp

Re = 3000

W = Cpx PAV?

1.2 (0.06)° x(8)°
2
W=0.5%0.108 =0.054N

W =0.5x%

04. Ans: 4

Sol: Given data:
I=0.5km=500m
d=125cm
Vwing = 100 km/hr
Yair = 1.36x9.81 = 13.4 N/m’
v=1.4x10" m%/s

Cp=1.2for R, >10000
Cp=1.3forR, <10000

Towers

7z

100x5
(500)
V.L 18
Re = = =
v 1.4x10

Note: The characteristic dimension for
electric power transmission tower wire is “L”
Re =992 x10° > 10,000

S Cp=1.2

pAV?

FD = CDX

e

9.81
2
13.4 5
1.2x| = 1(500x0.0125) 100x
9.81 18
2
=3952.4 N
=4 kN

05. Ans: 0.144 & 0.126
Sol: Given data:
Wkite =2.5N
A=1m’
0 =45°
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T=25N
VWind = 54 km/hr

= 54><i =15m/s
18

Wit

Resolving forces horizontally
Fp = Tcos45°

2
y pAV

Cb =25 x cos45°

o g Ji) .

2 V2
- Cp=0.126
Resolving forces vertically
FrL = Wkite + Tsin45°
C, pAV’

=2.5 +25sin45°
25

12.2 2
cL(mj(l)(ls) o
2 D)

S.CL=0.144

K A=1m?
Effective
F
o= 453 >
T=25N
WKitczz-S(N)

06. Ans: (a)
Sol: Given data:
Cp, =0.75C,, (25% reduced)

Drag power = Drag force x Velocity

C,pAV? y

P=FpxV = \%

pAV’

P:CDX

Keeping p, A and power constant
CDV3 = constant = C

V2 =1.10064V,
% Increase in speed = 10.064%

07. Ans: 0.1875

Sol: Given:
Fp =300N
p = 0.8 x 1000 = 800 kg/m’
L=2m
D =80 mm = 0.08 m
V=5m/s
Cp = coefficient of drag
2
F, = CD.pV x A
2
2
300 = €y x 20037 (0.08)x (2)
= Cp=0.1875
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08. Ans: (¢) 8
Chapter- 12
09. Ans: 61.3 Dimensional Analysis
Sol: Area = 45 m’
Velocity = 5.6 kmph = 1.56 m/
oy " ) 01. Ans: ()
Psea water — 1025 kg/m
v=1.67x10"°m%s 02. Ans: (b)
Cp=0.7 03. Ans: (b)
Power required =?
Drag power = Drag force x Velocity 04. Ans: (c)
2
_ CDpzAV <V 05. Ans: (¢)
3 06. Ans: (a)
0.7x1025%(1.56)
= x 45 1
2 Sol: L =—
16
=61.3 kW
Qr=1024; Qn="7?
1 5/2
10. Ans: 318 Q, =L _Qn _ (—j
, Q, 16
Sol: Width=3m
/2
Height = 0.8 m Q_m=[ij5
Velocity = 50 kmph = 13.89 m/s Q, 16
p=1.25 kg/m’ Qm=1m%/sec
Cp=1.1
2 07. Ans: (b
Drag force F = CopAVE (&)
2 Sol: According to Froude’s law
_ 1.1x1.25x3x0.8x13.89° T =L,
2
=318.33N YW L
tp
¢ = t, 10
PJL V1725
t, = 50 min
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08.

Sol:

09.

Sol:
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Ans: () v =1x10=2ms
Vp=10m/s, dia=3m S
Vi =5m/s
F.=50N 10. Ans: (¢)
Sol: L,=1:25,
Fp=7?
Fn=5N,
According to Froude’s law: F. =L’ F.=9
p .
(But L, is not given) F, _ [
F T
P o sz :E p
A F,=78.125 kN
pAV>=F| Reynolds law
. 11. Ans: (a)
Now scale ratio: .
Sol: L =—
Eo _ Vo An Pu 100
2
oo Ve Ay opy am=0.013
2 2 a, 1
SO_(1) (3] (a-p2) = (L, )e
F, 10 10 ! P
a, 0.013
(".’same fluid) a, = T 176
L) [ L
Fp=20000 N 100
a, =0.028
Ans: (a)
L=100m 12. Ans: (a)
V, =10m/s, Sol: L, _1
1 9
T 05 yp1=0.5m, yp=15m
As viscous parameters are not discussed qm="7 , qQp="?
follow Froude’s law 292 ( )
Acc to Froude " =YY Wiy TY2p
Vr = 4/ Lr 2q2
2P 20.5%1.5%(0.5+1.5)
V., 1 9.81
v, \2s5
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29
=(0.5)1.5)(2
ogp = (05X15)2)
q, =2.71
q :q_m:L3/2
r qp Ir

1 3/2
q,, =[—j xq, =0.1 m’/s/m

9
13. Ans: (¢)
Sol: For distorted model according to Froude’s
law
Qr = L’HI‘}\;2
Ly =1:1000,
Ly =1:100
Qm=0.1 m’/s
3/2
ool (Lj _ol
1000 \ 100 Q,
Qr=10"m’/s
14. Ans: (a)

Sol: Ly =1:1000, Ly =1:100

qm=0.1 m’/sec q - Q,
Q=" CoLy

Q= (LV)3/2 _ LH—L3\§2
q. 1 3/2 3/5H
(i) -

qr = qmx100
=0.1x1000 = 10°

15.

Sol:

16.

Sol:

Ans: (b)

1 L
L,=—o1, T = _—H
T150 " JL,

1
L,=—

Y60
T, _ 1 60
T, 150 1

Tm=0.0516x Tp

The actual time interval between two
successful high tides in a sea — 12 hour 24
min
Tp = (12x60) + 24
=744 min

Tm=0.0516 x 744 ~ 40 min

Ans: (d)
Froude number = Reynolds number.
v = 0.0894

If both gravity &

important then

viscous forces are

Vr :(Lr)3/2
3
Ve _p
p
L.=1:5
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Chapter - 13
Turbomachinery

01. Ans: 1000
Sol: T = Moment of momentum of water in a

turbine = Torque developed = 15915 N-m
Speed (N) = 600 rpm

Power developed = 27NT
_ 2xmx600x15915
60

= 1000 x 10° W = 1000 kW

02. Ans: 4000
Sol: Q=350 m’/sec
H=75m
N Turbine = 0.8
R Pshaft _ Pshaft
TN Turbine -
Pwater ng(H -h f )

P

shaft

0.8 =
1000%9.81x 50(7.5—0)

Pypae = 2943x10° W = 2943 kW

= % HP = 4000 HP
0.736
03. Ans:1
Sol: We know that
u=TON_ 2gH
60

Where D = diameter of wheel
N = speed of turbine = 600 rpm
H = Head available of pelton wheel

turbine = 300 m

g % —0.41/2x9.81x300

D=1.0m
04. Ans: (b)
05. Ans: (b)
Sol: P=8.1 MW = 8100 kW
H=81m
N =540 rpm
Specific speed Ng = N—\/?
()
_ 540x+/8100
(81"
_ 540x90 500
243

60 < Ns < 300 (Francis Turbine)

06. Ans: (a)

07. Ans: (b)

08. Ans: (a)

09. Ans: (d)
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10. Ans: (d) 12. Ans: 72
Sol: Given P; =100 kW

11. Ans: 1000 H; =100 mand H, =81 m
Sol: Given N, = 500 rpm We know that

D, _1 P P

o ) ).

We know that 100 P,

SR

Given H is constant

N, _Dy
Np D,

N,
500

(100)3/2 - (80)3/2

P, =71.55kW = 72 kW

.. New power developed by same turbine

=72 kW
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