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Fluid Properties

) Detailed Explanation

- /

Try Yourself Questions

T1 : Solution

Fviscous
N
0
W coso Wsino
w

Balancing forces along the inclined plane.

viscous Wsin®

ald Wsin6

—— = Wsin
- y

Wy sin®

= V = LA

90x3x 1073 xsin30

8x107'x0.3
= 0.5625m/s
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Fluid Statics

) Detailed Explanation

2 ;

Try Yourself Questions

FB
D=15m
®
= 55kN
T+W
F

buoyancy = 1€Nsion + Weight
p,, xVolume x g = Tension + Weight,
Weight = F, —Tension

uoyancy

T1 : Solution

- [pwx%xnxrBXQ]—[S.SMOB]

3
- [1000x%xnx(%) x9.81}—[5.5x103]
= 17335.7 - 5500 = 11835.7 N =~ 12 kN

T2 : Solution

F,=pxgxAXx
= 1000 x 10 x 2 x 5 x sin30° x 1 x 5 x sin30°
125 kN/m

0 5 1 )
= |—xmR*——=xbxh
F, (360 L 5 x 1000 x 10

60 2 1 .
= |— 5)” ——x2x5sin30°x 5c0s30°
(36Oxnx( ) 5 X2 )><1000><1o
= 22.65 kN/m

Fo= JF2+F2 = \125° +2265° = 127.08kN/m

C@ Copyright mRDE ERSYH www.madeeasypuincations.orgD




4 Mechanical Engineering e

T3 : Solution

T4 : Solution

Fluid Mechanics and Machines

oP oP
= w9y
&L - p-gra) =0
az——P—Q+Q—
dP=0+0=0
P2:P1:Patm
o -a, -4 -a
tan® = - =
g 1 g
a =4g

T6 : Solution

MRDE ERSY

- | (Free fall)

[www.madeeasypuincations.org
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MRDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2024 5

7+ le
Ax
1x 5 x 2
_ 05y X9TX2
= 29t 15 I BxE

Center of pressure x,,

2.5+%= 3.33m

Pressure force, F = WAh =1000x9.81x5 x 1x g x sin30°

= 61312.5N
Take moment about O,
F><xp = W><500330°
2
5
61312.5%x3.33 = m><9.81><§><c0330°

m = 9622.5 ~ 9623 kg

T7 : Solution

Let Vis the volume of the body
Buoyancy force = Total weight
045 x Vxpyxg+0585x Vxp .. xg=p,xVxg
0.45x 0.7 x 1000 + 0.55 x 1000 = p,,
p, = 865 kg/m?3

(@ Copyright mRDE ERSY
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Fluid Kinematics

) Detailed Explanation
of

Try Yourself Questions

9

T1 : Solution

Let the velocity by given by

V- asb x=0! x=0375m
= a+ bx !
At x= 0, u=15
. a= 15
At x = 0375 u=15
1515 v=15m/s v=15m/s
b= o575 -
Hence u= 15+ 36x
_ uu, vy wa
&= o Ty ez
vau Wau_O
Iy ~ 9z

a= (15+ 36x)ai(1 5+ 36x)
X

= (1.5 +36x)(36)

a.l. _oss = 36x{1.5+36x0.375} = 540 m/s?

T2 : Solution

() Y= yPox?
Flow to be irrotational it must satisfy the Laplace equation

%y 0%y
—_— + — =
oxZ  9y?
checking v o= y2—x?

[www.madeeasypuincations.org MRDE ERSYH © Copyrighg




MRDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2024

A
ox = &
azw 5
ox° ~
Y= y?-x?
A
ay 2y
0%
v = +2
0’y Py
+—F = — =
Hence Py ay2 +2-2=0
Hence flow is irrotational.
(i) Y= Ax?y?
For flow to be irrotational stream function should satisfy the Laplace equation.
02 02
ox° dy
Checking v = Ax?y?
oy
— = 2Ay2
ox yex
P’y
— = 2A2
ox? Y
Checking v = Ax?y?
oy
oy C Ax?2y
0y
- _ 2
ayg = 2Ax
2y Py
+—F _ 2, 2
axZ ayZ 2A()C +)/)
Flow is not irrotational.
(iii) y = Ax - By?
For flow to be irrotational stream function should satisfy the Laplace equation.
. Checking vy = Ax - By?
A
ox A
2
a\g _ 0
dx
Checking vy = Ax - By?
oy
y = - 2By
(@ Copyright MRDE ERSYH www.madeeasypuincations.org]




8 Mechanical Engineering e Fluid Mechanics and Machines
a2
% = -2B
Py P
Hence ax\ng% =0-2B=«0

Hence flow is not irrotational.

T3 : Solution

At stagnation point, u=0,v=0,and =0
05+08x=0,15-08y=0

5 15
X = —_, y: —_—

8 8
So, there will be only one stagnation point.

Therefore, option (c) is correct.

T4 : Solution

Radial distance = 120 m

. 3
. 60x10
2nr
V- 300 x 1000
0 onr

1 . .
Given: Angle turned by leaf, 6 = > Revolution = & radian

ar
V, = P
rde
Ve =1w= E
Yo
and V. =-b
rde/dt 5
drfat ~
_ s
P
Integrating above equation,
E ©ar
foo = 5]
r
0 120

.
— 5In| —
T (120)

r=120xe™%=64.01m

Therefore, option (b) is correct.

MRDE ERSY

MRDE ERSYH
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MRDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2024 9

T5 : Solution

u=x° V=-2xy

Circulation = ”(av —a—u)dxdy = [[(-2y-0)dxdy
Cc

&ay

2 2
_ { dx{ (-2)dx = _[4f x[

=-1x(4-1)=-3
(i) 0= 2x+ 5y

For valid potential function, continuity equation should be satisfied and continuity equation in terms of

potential function is laplace equation, i.e.

26 92
0.5
ox< ady
LHS = 970,990 _ 2 (2x+5y)+5(2x+5y)=0+0
aw?  9y?  ox %
0 90
S2t52 =0
ox= Yy
Hence, Itis a valid potential function.
(ii) b= 4x2—5y?
20 9%
—=8and — _ _
ax2 ay2 =-10
0 0%
— 4 _ _ _
So, 22 a2 =8-10=-2%0

*. Itis not a valid potential function.

T7 : Solution

u= €+2x—x2y
3
2 X
= _oy_ 2
% xy Y 3
du
— =0+2-2xy=2-2xy
ox
A%
5:2@/—2
ou ov
So, —+— =2-2xy+2xy-2=0
0 ax+ay Y+ 2xy

(@ Copyright mRDE ERSY
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10 Mechanical Engineering e Fluid Mechanics and Machines MRDE ERSY

Hence, it is possible case of flow as it satisifes 2D continuity equation

oy oy
- —tandv=-—=—
U=y ox

V= fudy+F(x) = I();—S+2x—x2yjdy+F(x)

4 2

_y XY

vy = 12+2xy 5 + F(x)
A2 NP ISP o
. =2y 5 +F'(x)= (xy 2y 3

3 3
F/(x) = —xy? +2y+%—2y+xy2 = %

Integrating, we get
4

Fx) = :—2+c
4 4
v = i/—2+2xy—xz‘2y2 +%+C
AN / N v
NS N/
/1N /N
s | A / AN
Source Sink

T9 : Solution

Euler’'s equation for vector form (incompressible and frictionless),

Fovh = F
G = 9.d+9,]+9.k
~ o)
-VP+pg = %7
B wV. WV, waV~ aVv
= “VPpg = P i T Ry

[www.madeeasypuincations.org MRDE ERSYH © Copyrighg




MRDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2024 11

N _VP+p(07 +0]) = p[xf +(=y)(-])+0+0]

VP = —p[xf + y]]

T10 : Solution

V = 2xi -2y
u=2x, v=-2y
For velocity potential function
9% _
ox U
9%
= o -2x
0= %+ f(y)

Differentiating ¢ with respectto y

99

dy = '(y)

9

@ =-v=2y

f'(y) =2y
Integrating, fly)=y2+c

T11 : Solution

V = 2xi -2y
u=2x, v=-2y
Streamline equation
ax _dy
u v
dx _ Y
= 2x =2y
= Inx = -Iny + Inc
= Inx + Iny = Inc
xy = ¢ (hyperbola)
EEEE
(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




Fluid Dynamics &
Flow Measurement

) Detailed Explanation

2 of

Try Yourself Questions

T1 : Solution

Applying Bernoullis between points 1 and 2

P V2 P, V2

A+ +Z, = 2 +24+7,
P39 29 P39 29 h, P
Z1 = 22 h, P2
Py = (pihy + pohy + p3hy)g
P,=0 (gauge pressure) h P
V, =0 e >
1 ° .
I G
122 B (P +poh, +p3hs) g :
29 P39

T2 : Solution

Sm 13.6
__1 I s _
Ah, = [s :|x = [0.8 1]20 =320cm

[www.madeeasypuincations.org MRDE ERSYH © Copyrighg




MRDE ERSYH

1.013%x10°
Par = g7xz0g - | 184ka/M’
1.184x1072
Ah, = [1—T>é]x =0.99852x m
Q  |Ah
Q, ~ \Ah,
0.16 320
= =
0.08 0.99852x
,_ [ 320
= = \0.99852x
,_ 320
= = 0.99852x
Y= 4x009085p - oY lecm

T3 : Solution

PiA - F = m(sz—\Ax) (m =0)

PA = F,
2
0.27
F - (140x10° E(—)
. - ){4 2
= 25515N
~P,A, + F, = m(\/z —‘/1y) (m =0)
F,= PA,
2
0.14
= (1.013x10° E(—J
om0 5%
= 496.37 N

Resultant force = \JFZ + F} = \/(2551.5)2 +(496.37)°
= 2599.33 N = 2.60 kN

Detailed Explanations of Try Yourself Questions : ESE + GATE 2024 13
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14 Mechanical Engineering e Fluid Mechanics and Machines MRDE ERSY

T4 : Solution

Given data :

D=50cm=0.50m

Specific gravity, S= 0.8

®=2.0rad/s

For the sphere, the circular line of maximum pressure is a horizontal circle, at a distance h = g/w? below the

centre of sphere.
9.81

h=L =22 —00245m =2.45 cm
® (20)

T5 : Solution

At bottom due weight of liquid above and rotation of cylinder,

22
Pressure, P = po
2
R R B o0
Thrust force at bottom, F = jpdA:jpthnrdr+j 5 x 2ndr
0 0 0
>
_ pg,mRaM

T6 : Solution

Both statements are correct.
The pressure difference at inlet and throat of venturimeter is due to the change in cross-sectional area.

[www.madeeasypuincations.org MRDE ERSYH © Copyrighg




Dimensional Analysis

) Detailed Explanation

2 of

Try Yourself Questions

T1 : Solution

As per Reynold’s model law

PVl
K,
v,
= v, = 1
. . . v,
Viscosity scale ratio, V, = 7
g
Discharge scale ratio, Q = V.xA
and A =12
So, Q= LxPP=vxl

T2 : Solution

[p_VL} [%}
H model a u P

;
Given Ln _ 1
[, 6
VL], = [V,
V. = 60><t—” =60 x 6 = 360 km/hr

m
1 2
Fo = CozpAV

or Fo o (LV)2
(Fplp = KlLpvpF

C@ Copyright mRDE ERSYH www.madeeasypuincations.orgD




16 Mechanical Engineering e Fluid Mechanics and Machines MRDE ERSY

(Fop _ B V2
(FD)m L%7 Vf$7

2
6° x (@)

360
(FD)P - 1
250
. (Fp)p = 250N
Power required to overcome the drag in prototype
= (Fppx Vp
_ o50x 60 x1000
3600

4167.67 W = 4.167 KW

[www.madeeasypuincations.org MRDE ERSYH © Copyrigha




Flow Through Pipes

) Detailed Explanation

2 of

Try Yourself Questions

T1 : Solution

All the losses are negligible except friction.

v
d 2g

= 15 meter

Additional pipe
0.02 x 1000 x V2 7P

1= T03x2x981
v 15x0.3x2x9.81 """'"'"1'"11_1'066% """"""
0.02 x 1000 300 mm
= 2.101m/sec
Flowrate, = AV= %(0.3)2><2.1o1
Q = 0.1485md/sec
Now addition same pipe of length is added in later half of pipe as
: Q = Q,+Q,
AV = AV + AV
4 ! !
Vi=3 : v i V'
H | S
Friction head loss is same : k‘ v
gy gy —— 500 M ——Pi—— 500 m——
= = _——t —-
=1 d 297 d 29
0.02x 500 V* 0.02x500 1 V?
5= ——F7 5+t —F7 X752
0.3 29 0.3 4 2g
15 = 2124 \#
V = 2.657 m/sec

C@ Copyright mRDE ERSYH www.madeeasypuincations.orgD




18 Mechanical Engineering e Fluid Mechanics and Machines MRDE ERSY

, Vv
v =5 = 1.329 m/sec
Discharge rate Q = AV= %.(0.3)2 x 2.657 = 0.18781 m/sec
o Q-Q
Increase in discharge = o =26.47%.

T2 : Solution

Using the Bernaulli's equation, at points 1 and 2
-~ Letp,, V,, Z, be the pressure, velocity and head at point 1, and p, V,, Z,, be the corresponding values

at point 2.
p W p. Vs
L+ +7 - 2+ 247, +h
pg 29 T pg 29 °F @ o
- Cc 29 60 cm 4;* —:?» 30 cm
L (v L]
L~ 065 29 ! !
, M )
h = 0.2899\/—2
L 2g
Also, Q= AV, =AYV,
- T x(60)V, = %(30)%\/2
v,
V, = ”y
Using the Bernaulli's equation
3 2 3 2 2
10010 | Tle), ,  89x10 % | 5 0089922
1000x9.81 2gl 4 1000x9.81 2g 29
vz vz
10.1936 +—2— - 8.1549+1.2899-2 7. =
329 29 [-2=2)]
v ooVz
_ - 1.2899-2 2
10.1936-8.1549 29 32g
2.0387 = 0.06255V,2
= V,2 = 32.5886

V, = 5.7086m/s
Flow rate, Q= Al,= %x(0.3)2 x 5.7086

Q = 0.4035md/s

[www.madeeasypuincations.org MRDE ERSYH © Copyrighg




MRDE ERSYH

Also,

T3 : Solution

As per given,

Detailed Explanations of Try Yourself Questions : ESE + GATE 2024 19

>
=
|

>
=
Il

Discharge, uniformly along its length

Therefore, option (b) is correct.

T4 : Solution

G, 29
[ 1 _1]2X (5.7086)
0.65 2x 9.81
0.482m
Q
qx = I')C
Q 2
Qo - [H@Fds ij (£ o
012100 T 12.1d°
0 - FQ@ () QL
o 1210%2( 3 ) 12.1-d°x3
LGP
® = 151p
0 - &
c = 1414m/s
k
O
p
K
o p 1414

1414 1414
= /2 1414
= 1000 m/s

| 11 1]

40x 102 x2.1x 10°

FE
Elp

+
21x10'"x 4x1073

(@ Copyright
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Laminar and
Turbulent Flow

) Detailed Explanation

2 of

Try Yourself Questions

T1 : Solution

VD 1260x5.0x0.10
Reynolds number, Re = pu = 150 =420

(i) As this value is less than 2000, the flow is laminar. In laminar flow in a conduit

8uV _ 8x1.50x5.0

©= D 0.10
(i) Inlaminar flow the head loss

=600 Pa

32uVL  32x1.50x5.0x12

hy = . ~=233m
oD®  (1260x9.81)(0.1)
(iii) Power expended P = wQh
2
0.1
Discharge Q= AV= Mx 5.0 =0.03927 m?/s
Power, P = (1260 x 9.81) x 0.03927 x 23.3

= 11309.8 W = 11.31 kW

T2 : Solution

(i) Fortwo-dimensional laminar flow between two parallel plates

3
Maximum velocity = EV

U, =
3
= §x1.40:2.10 m/s
i) Si M locity, V/ % 5—2
(ii) Since ean velocity, V= dx Jion
_dp ) 12;,;V=12><O.105><21.4O=1225O
ax B (0.012)

[www.madeeasypuincations.org MRDE ERSYH © Copyrighg
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0.012

Detailed Explanations of Try Yourself Questions : ESE + GATE 2024 21

dp\B
Boundary shear stress T = (_d_,OJ_ = 1225O><T =73.5Pa

2

X
(iii) Shear stress tat any y from the boundary

- (21

At y = 0.002 m
. (12250)(&212-0.002} 49 Pa
- 1( dp >
- -9 By-
Velocity v ZH( dx)( Y y)

1

= S————x12250[0.012x0.002- (0.002)’ |

2x0.105
V= 1167m/s

T3 : Solution

Given:
U, = 1.50m/fs, y=01m=r,
u = 135m/s, y=005m
Uy, —u
_— = b5.75l0g4g (@)
u Y
1.5-1.35 0.1
—— — = b.75lo —
U 910(0.05)
u* = 0.086658 m/s
u, -V
T— = 375
u
5=V L
0.086658
V = 1.175m/s
2
Discharge, Q = TCDZV:TCXO'Z x1.175
4 4
= 0.037 m%/s
Shear velocity, u* = v\/g
0.086658 = 1.175\E
= f = 0.0436
; YU Y1
Height of roughness, ;- 5.75log,| — [+8.5
€
1.35 B 0.05
0086658 5.75Ioge(T)+8.5
e = 14599 mm

(@ Copyright mRDE ERSY

www.madeeasypuincations.org)




22 Mechanical Engineering e Fluid Mechanics and Machines

T4 : Solution

(i) As per given,
Average roughness of height, k

Laminar sublayer thickness, &

\Y

Water dynamic viscosity

81

From Nikuradse’s conditions

(ii) The flow is rough-turbulent

13.285

€
Roughness

1.165mm
11.6v

U*
T 3.6
\/%—JW =0.06 m/s

H_10% m?/s

103 N.s/m?

11.6x10°m?/s
0.06 m/s

0.19333 mm

1.165

———=6.025
0.19333

6 = Rough-Nature of the pipe surface

5.75log, (Z)+8.5

€

5.75l0g (ﬁJ
© Y

1.3y,

2.0cm

1.0cm

5.75109,(2)

13.285

5.75log, (ﬁ)+8.5
€

-2
5.75loge(10 ]+8.5
€

0.435x 1073
435%x 103 m
4.35mm

MRDE ERSY
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Boundary Layer Theory,

Drag and Lift

) Detailed Explanation

2 of

Try Yourself Questions

T1 : Solution

1L
|

Fpr = CfoEAVS
k
cfx Rex
= xpxlxbxéxui
Re, 2 2
~ k\/ﬁxpxbuixL
N 4

1
Frp = CfxpEAVDf

k
Y
3 kxpxbein\/E
JoVLx2
Mo _ Ve
Fo, 1/2
V2, N2 A
= —X2=—]=—
4 2 2

[For first half]

(1)

[for full plate]

C@ Copyright

www.madeeasypuincations.orgD




24 Mechanical Engineering e Fluid Mechanics and Machines
Given:
(i)
oo 3y I(yY
Uso — 2(8) 2|8
H)4
o YT o s) 2s

Differentiating w.r.t y, the above equation becomes,

ou %X1 was(%

2 A
—_— X_
dy 2 "8 2 ) 5

B_UJ Bum_sum(gfxi_%
Who 2 21\8) 8 28

At y=0,

MRDE ERSY

au
As (g] . is positive. Hence flow will not separate or flow will remain attached with the surface.
ly =

| £
o 1)

u =
ou y)o1 y2
— = 2U><2(—)x——Umx3(—) X —
oy 8) & )
u 0) 1 0)?
aty=0 (ayl_o = 2Umx2(g)xg—umx3(g)

As (_] . =0 , the flow is on the verge of separage.
y:

8Q|Q
I
|
N
VY

au
oy

au
7] I TA [ PR
9y )0 8 §) 8 8

au
As ( ] . is negative the flow has separated.
y:

Aty =0,

ay

;
)

1
~=0
3

MRDE ERSYH
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T3 : Solution

For laminar boundary layer:

2 3
u . (Y y
w - CO*Q(S)”Z(S) ”3(6)

y
u=u,
)
v
\—Boundary layer
At y=20
u=20
0=1¢+0+0+0
¢ =0
At y =10
u= u

cy 26 N 3¢;

Detailed Explanations of Try Yourself Questions : ESE + GATE 2024 25

Ans.

I
¢, +2¢c,+3c; = 0
At y=20
APy
—>5 =20
ay
2c 1
0= 6—22+603(%)6—2
c, =0
Therefore,
Ci+Cy= 1 ..(30)
c,+3c; =0 (i)
Subtracting equation (i) and (ii), we get
-2¢, = 1
y
C3= ~3
3
C1 = E
EEEN
(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




Hydraulic Machines

) Detailed Explanation

2 of

Try Yourself Questions

T1 : Solution

Given: (a) Velocity of jet, V

Angle at outlet
For the stationary vane, the force in the direction of jet is given as
F = Masspersec x [V, -V ]

50 m/s
25°

X 1x 2x

where, V. = 50m/s

1x

V, = -50cos 25°=-45.315

2x
. Force in direction of jet per unit weight of water

Mass/sec[ 50 - (-45.315) | F
Weight of water/sec

V =50 m/sec

(Mass [ sec)[50+ 45.315]
o Fo= (Mass/sec)x g

_ 1150+ 45315 NIN=2212_ 9 716 NN
g 9.81

Force exerted by jet in the direction perpendicular to the direction of the jet per unit weight of the flow,

(Mass per sec)[\/w - ng]
v g x Mas per sec

1 1 .
= Gl Vo= 5lO-50sn25] oy 0, v, = 50sin25)

_ 908in25° _ 5 154 NINJs
9.81

[www.madeeasypuincations.org MRDE ERSYH © Copyrighg




MRDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2024 27

—ve sign means the force Fy is acting in the downward direction.

Resultant force per unit weight of water = /F2 + F2

or F. = \(9.716f +(2.154)° = 9952 NIN/s
The angle made by the resultant with the x-axis. s
F, 2154 o
y .
tan@ = == =0.2217
an F, 9716 F
6 = tan"0.2217 = 12.50° Fy

(b) Velocity of the vane = 20 m/s
When the vane is moving in the direction of the jet, the force exerted by the jet on the plate in the direction

of jet,
F’. = [Mass of water striking/sec] x [V, -V, ] (V- ) sin 25°
where, V.. = Initial velocity of the striking water
= (V-u)=50-20=30m/s
V,. = Final velocity in the direction of x (V- u) cos 25°
= —(V-u)cos 25° = 30 x cos 25° = -27.189m/s
F. = Mass per sec [30 + 27.189]

Force in the direction of jet per unit weight,

) Mass per sec [30+27.189]
F, = Mass per sec x g

_ (30+27.189)
- 51 =5.829 N/N/s

Force exerted by the jet in the direction perpendicular to direction of jet, per unit weight

’
F, = 5[‘/1y_v2y]

0; V,, = (V=) sin 25° = (50 - 20) sin 25° = 30 sin 25°

where, V

1
7 = ——|0-30sin25°[=-1.292 N/N/s
F 9.81[ i ] IN/

Resultant force

(6829 +(1.292f =5.917 NIN/s

The angle made by the resultant with x-axis,

1.292
= ———=0.2217
tan 6 5 809
0 = tan10.2217 = 12.30°

Work done per second per unit weight of flow
= F’ xu=5829 x 20 =116.58 N m/s

Work done per second 116.58

= =0.116 kW
1000 1000

Power developed =

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




28 Mechanical Engineering e Fluid Mechanics and Machines MRDE ERSY

T2 : Solution

Given:
Velocity of jet, V, = 35m/s
Velocity of vane, u, = u,=20m/s
Angle of jet at inlet, o = 30°
Angle made by the jet at outlet with the direction of motion of vanes = 120°

Angle B = 180°-120° =60° U, Outlet velocity
(a) Angle of vanes tips. 2>V, < triangle
From inlet velocity triangle, o

V, = V, coso=35cos30° =30.31m/s Ve 1207 Pirection of

vane

V, = V,sino=235sin30°=17.50 m/s

V,, 1750
V. —u, 30.31-20

=1.697

—
[y}
>
D
1l

Motion
of vane

0 = tan" 1.697 =59.49°

| V. Vi
By sine rule, Sn90° ~ siné
o Ve 1750
1 sin59.49°
ety ——
V, = 20.31m/s I Vi " Inlet velocity
Now, V, = V, = 2031m/s randle

From outlet velocity triangle, by sine rule

Vio Y
sin120° ~ sin(60°—-¢)

r 20.31 20
° 0866 _ sin(60°-9)
20x0.866
sin(60°-0) = 031 0.85278 = 60°- ¢ = sin"'(0.85278) = 58.515°
¢ = 60°-58.515°=1.485°
. . . 1 .
(b) Work done per unit weight of water entering = a(vm +Vm/2)><U1 (1)

vV, = 30.31m/sand u, =20 m/s

wi
The value of V_, is obtained from outlet velocity triangle
vV, = V,cos¢~-u,=20.31cos 1.485°-20.0=0.24 m/s

w2

1
Work done/unit weight = ﬁ[30.31+0.24]x20:62.28 Nm/N
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(c)

T3 : Solution

Efficiency =

_ 6228 62.28x2x9.81

Detailed Explanations of Try Yourself Questions : ESE + GATE 2024

Work done per kg
Energy supplied per kg

V2~ 35x35
29

=99.74%

29

Gross head, /—/g =220m, Nethead, H=200m, C,,=0.98, N =200 rom, power = 3.7 MW, u,=u,=u

Given:

V,

= 0.46,D="7

Speed of jet at vena contracta i.e. max. speed of jet

Speed of wheel

Blade efficiency,

Hydraulic efficiency

72

1

C,\2gH
0.98 {/2x9.81x 200

61.4 m/sec

= 046 V,
= 0.46 x 61.4 = 28.24 m/sec

28.24 [u=u,=u,)
28.24 x 60
7t x 200

2.697m

V.—u

61.4-28.24

33.16 m/s

V,,cos 16°—u

33.16 x cos 16°—-28.24
3.635m/s

U, _-|<7 V., —
.
p
/”

A 2
v i
r2 V2 ?Vf
=16 /c ip
[ U, f—r
Vw2

2U(Vyyr + Vo) 2% 28.24(61.4 + 3.635)

V7
97.5%

U(Vigr + Vo) 28.24(61.4 +3.635)

61.4°

gH

9.81x 200

=0.936 = 93.6%
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T4 : Solution

Given: Gross head, Hg =
Head lost in friction, hy =

Net head, H =
Discharge, Q=
Angle of deflection =

Angle, o=
Speed ratio, =
Co-efficient of velocity, C, =

Velocity of jet,

Velocity of wheel, u=
or us=

R =
Also W =

From outlet velocity tringle, we have

V, -

n =

V, coso

or 44,473 cos 15°

Fluid Mechanics and Machines

MRDE ERSY

500 m

H
g=5—gO=166.7m

3
/—/g— h,=500-166.7 = 333.3 m

= 2.0mds

165°

= 180°-165°=15°

0.45
1.0

Vi=C,\2g0H =1.0x+/2x9.81x333.3 = 80.86 m/s

Speed ratio x /2gH
u; = U, =045 x /2x9.81x333.3 =36.387 m/s
V, - u, = 80.86 - 36.387
44 473 m/s

V, =80.86 m/s

\/,1 =44.473 m/s

Uy + VW2

36.387+V/,,

or VW2 = 44.473 cos 15°-36.387
= 6.57m/s
Work done by the jet on the runner per second is given by equation as
paVi[V,, +V, |xu = pQ[V,, +V,, |xu (-av,=Q)
= 1000 x 2.0 x [80.86 + 6.57] x 36.387 = 6362630 Nm/s
.. Power given by the water to the runner in MW
_ Work done ier second _ 6362?30 — 6.36 MW = 6.36 MW
10 10
Hydraulic efficiency of the turbine is given by equation as
2[ Vi, + Vi, [xu 2[80.86 +6.57]x36.387
M = V2 ~ 80.86x80.86
= 0.97310r97.31%
[www.madeeasypuincations.org MRDE ERSH ©Copyrigh9
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T5 : Solution

Given: Head, H= 60m

Speed, N = 200rpm

Shaft power, SP = 95.6475kW
Velocity of bucket, u = 0.45 x Velocity of jet
Overall efficiency, n, = 085

Co-efficient of velocity, C,= 098

Design of Pelton wheel means to find diameter of jet (d), diameter of wheel (D), Width and depth of buckets
and number of buckets on the wheel
(i) Velocity of jet,

Vi = C,x2gH =0.98x+/2x9.81x60 = 33.62 n/s

.. Bucket velocity, U= uU;=u,=045xV, =045x33.62=1513m/s
nDN .
But U= &5 where D = Diameter of wheel
1513 = nxDx200
T 60
60x15.13
= ————=144m
or b tx 200
(ii) Diameter of the jet (d)
Overall efficiency n, = 0.85
But _ SP _95.6475 95.6475x1000 WP = 040
Y o= wp™(wpP pxgxQxH (WP =pgQH)
1000

95.6475x1000
1000x9.81xQx60

95.6475%x1000 956.6475x1000

Q= = =0.1912 m®/s
Mo x1000x9.81x60 0.85x1000x9.81x60
But the discharge, Q@ = Area of jet x Velocity of jet
0.1912 = %d2 xV, = %d2 x 33.62

d = /wzo.osﬁm =85 mm
Tx33.62

5xd=5x85=425mm

(iii) Size of buckets
Width of bucket

Depth of bucket = 12xd=12x85=102mm
(iv) Number of buckets on the wheel is given by eq. as
7 = 15+2 = 15+i
2d 2x0.085

= 15+8.5=23.58ay 24
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T6 : Solution

Inlet diameter, D, =10m
Rotational speed, N = 400rpm
Area of flow, A = 0.25m?
Net available head, H = 65m
Velocity of flow at inlet, V, = 8.0m/s

Velocity of whirl at inlet, V,, = 25.0m/s
Flow is radial at outlet i.e. velocity of whirl at outlet, V,, = 0
Let the peripheral velocity at inlet and outlet be u, and u, respectively

DN mx1x 400
U = g = g =2094mis
Discharge, Q=AxV,=025x8=2m%s

Power developed by the wheel is expressed as

MRDE ERSY

Where D, = Dia. of runner

P = pQuV,,-u,V,,)
= 1000 x 2 x (20.94 x 25 - u, x 0) x 103 = 1047 kW
uV, . —uV
Hydraulic efficiency, n, = [%} %100
20.94 x 25 -u, x0
_ x100 — 0
= [ 9.81x 65 ] = 82.1%
Given:
Head, H= 12m
Hub diameter, D, = 0.35x D,
Speed, N = 100rpm
Vane angle at outlet, o= 15°
. v,
Flow ratio = ——=06
2gH

Vi = 0.6x.2gH =0.6x/2x9.81x12 = 9.2 m/s

From the outlet velocity triangle, Yy, = 0

v, Vv
9.2
tan 15° = I

9.2
= =34.33 m/s
Y tan15°
But for Kaplan turbine, u, = u,=34.33m/s
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Now, using the relation,

Dy

D,

Detailed Explanations of Try Yourself Questions : ESE + GATE 2024

33

Dy x N 3433_75><D0><1OO
60 OO0 = T g0
603433 _ . o

<100

0.35x D, =0.35x6.56 =230 m

Discharge through turbine is given by eq. as

TrH2 2 _r 2 52
Q= Z[DO -0} |xV, = 4[6.56 2.3°|x9.2
= 3(43.033 —-5.29)x9.2=272.71 m>/s
Given:
Head, H= 25m
Speed, N = 200rpm
Discharge, Q = 9cumec =9md/s
Efficiency, Ny = 90% =0.90 (Take the efficiency as overall n)
. . Work developed P
Now using relation, Mo =
Water power pxgxQxH
1000
P- pPXgxQxH _ 0.90%9.81x1000x9x 25 —1986.5 KW
0 1000 1000
(i) Specific speed of the machine (N,)
NP 200x+/1986.5 .
Using equation = = = =159.46 units
(i) Power generated P = 1986.5 kW

(iii) As the specific speed lies between 51 and 255, the turbine is a Francis turbine.

T9 : Solution

Given:

net

0.04 m3/s
20m

pgQH
P

0.015

100 m

0.15m
70%,m,=0.7

4fIQ°  4x0.015x100 x (0.04)°

12D° 12%(0.15)°
H, + hy=20 + 10.534

=10.534 m
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= H. = 30.534m
PQQHnet
1000
no = P
1000 x 9.81x 0.04 x 30.534 kW
1000
0.70 =
P
P 9.81x0.04 x 30.534 KW
0.7
P = 17116 KW

Hence power required to derive the pump is 17.116 kW.
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