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Fluid Properties

) Detailed Explanation
of

Try Yourself Questions

9

T1 : Solution

Given: A = Weight per unit length

FBD of the wire
2T sin6
R B Tl
L0 o
Tl cos6 Tl cos®
w=nN
Considering the equilibrium of wire in vertical direction, we have
2T1sin® = Al ~ Bisvery small
2Tl><£ =AM sine:taneze=Z
a a
Aa

So, option (b) is correct.
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MRDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2026 3

T2 : Solution

Power = Tw
Calculating torque,
Torque = F x radius
Av
%7
y
pu = 2x 107" Ns/m?
| ] N=240 RPM
Clearance |
h=2.5mm /_\@
A | i F—
:
3 a
s
<—90Imm—>
<— 95 mm —>
90 50
= = X X— = 2
A=mnDl=m= 1000 100 0.1414 m
L= 20 ><2nN B 90 x2><nx240 1431 my
= 2000 60 ~ 2000 60 s
y =25mm =25x103m
2 x107'%x 0.1414 x1.131
F= — =12.79N
2.5x10
= ius = 12.79x =0.
Torque = Fx radius 5000 0.576 Nm
B 2 Xt x240 _ 2512 rad/
o = — 0 - ad/s

P =0.576 x 25.12 = 14.47 Watt ~ 14.5 Watt
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4

T3 : Solution

Given: Velocity of block, V = 4 m/sec

Sideof cube = 40cm =0.40m
Viscosity, 1 = 0.8 N.sec/m?

Q
J

Q

> 40 cm
T 4 m/sec
£
o
o
<

Ih4mm=y
A
u = 0.8 Pa.sec

Force required, F=1A= u(%)A

= 0.8x————=x(0.4x0.4)
0.4x10™
F =1280N
So, option (a) is correct.
[ 11 1]
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Fluid Statics

) Detailed Explanation

S i
Try Yourself Questions

T1 : Solution

-« RAM ~<— Plunger

Pressure intensity produced by force,

F
F= —
a
. . 74
Pressure intensity on RAM = a
, w F
According to Pascal law, VR A = Area of Ram, a = Area of plunger
w B 50
T 2 T oon 2
—x(0.3 —x(0.045
, (0.3) , ( )

W = 222222 N ~ 2223 N
So, option (b) is correct.

C@ Copyright mRDE ERSYH www.madeeasypuincations.orgD
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T2 : Solution

3

)
B

O\5sin30° :W
wlw [¢,]
2
Y /

Spillway

-

Horizontal force (F):

ngHAV1 + ngZAVZ

A, = A, =5sin30°x1=25m’

_ 5sin30°
_ =1.25m
hy 2
By = 55in30°+ 25139 _ 5 75

Fy= PQ(2-5)(F71 +52)

_ (10%)(10)(2.5)(1.25+3.75)

= 125kN (—)
Vertical force (F):
Part-1 Part-2
VAR L VA \A
@
@
[www.madeeasypuincations.org MRDE ERSH ©Copyrigh9
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A VQ—V1
F,=F,-F, (T)
V'l
= pgVv, —pgVv,
B o]
= pg(V2-V4)
= pg xvolume of ABCA c

pg (Area of arc OABCO - Area of AOAC) x Width

2
F, = (103)(1 O)[n(%)—(%x 5c0s30° x 5sin30°><2)j| X1

=226 kN(T)
Fo= JFi+F
= (1257 +(22.6)
= 127.03kN/m
g cl A
y = . Dam
£ dy__
= A
2
X
y=79
X
B
Width = 1 m
Horizontal force (F,): F,= pghA,(-)
- (103)(9.81)(§)(1Ox1)
— 490.5 kN (=)
Vertical force (F,): F,= pg¥v
= (10%) (9.81) x (Area of ABC) x Width of dam
- (103)(9.81)[j;0xdy]><1 (x=oy)

- (103)(9.81)U;0@dy]x1

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




8 Mechanical Engineering e Fluid Mechanics and Hydraulic Machines
= (100)(9.81)(63.246) x 1
= 620.439kN ({)
Resultant force (Fg): Fp= ‘//:HZ +F2

Fa= \(490.5)° +(620.439)°
= 790.906 kN

T4 : Solution

outside volume = 600 m3

inside volume = (V- 600)

— 915 kg/m3
= 1025 kg/m?3

Let the total volume of iceberg be “V.

Pice berg

psea water

Buoyancy force = Weight of iceberg
= Pseawater X (V-600) x 9.81 = Piceberg X V% 9.81

= 1025 (V-600) = 915 V
= 1025 V-915 V = 1025 x 600
- _ 2025 x 600 _ 5590.9 m?
1025-915
Weight of the iceberg = Piceberg X \/iceberg x 9.81
= 915 x 5590.9 x 9.81
= 50184757.04 N
= 50.185 MN

T5 : Solution

Fs <
® D=15m
T= 55kN
T+W
Fbuoyancy = Tension + Weight

p,, x Volume 5 g = Tension + Weight,

MRDE ERSY

[www.madeeasypuincations.org MRDE ERSYH

© Copyrighg




MRDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2026 9

Weight = F, —Tension

uoyancy

- [pwx%xnxr3xg]—[5.5x103]

3
- |:1000x%xnx(%) x9.81]—[5.5x103]

= 17335.7 -5500 = 11835.7 N ~ 12 kN
T6 : Solution

For the gate to be in equilibrium and not have any rotation, summation of moment of all the forces about the
hinge must be zero.

Depth of water (H) = 2 m.
Consider unit width, of cylinder,

Fy= PQF’AV

‘|OOO><9.8‘I><(§)X(2><‘I) = 19.62 kN/m width

Vertical component, F, = pg (volume)

nR? .
= 1000 x 9.81 TX1 = 15.41 kN/m width
¥
h
X
F*
cp /o)
FV
-+ A )
location of center of pressure of F,,
— 2
hcp = gH =—m
location of center of pressure of F,,
X = ﬂ=ﬁ=0.424m
3n 3n
Moment about hinge,
Fux (Rl =) = (F, x¥)+(Fx
19.62x(g—‘|) =15.41x0.424 + F x 1

F=0kN
So, option (b) is correct.

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




10 Mechanical Engineering e Fluid Mechanics and Hydraulic Machines TMRDE ERSY

T7 : Solution

Given: Density of water, p,, = 1000 kg/m3, Density of oil, p,; =800 kg/m?3, Acceleration due to gravity,

g = 10 m/sec?.
Pressure exetend on the bottom wall inside the vessel.
P

bottom
800x10x1+1000x10x 3
= 2bar+( Al 5 Al )bar
10
= 2 bar + 0.38 bar
Pootiom = 2.38 bar

So, option (b) is correct.

T8 : Solution

Now, pressure prism on gate (1m x 1m)

"B 228000 N (Pressure prism on gate)

Pressure at point ‘A’ (P,) = 2 x 10° + 800 x 10 x 1 + 1000 x 10 x 1

= 218000 N
Pressure at point ‘B’ (Pg) = P, + 1000 x 10 x 1 = 218000 + 1000 x 10 x 1
= 228000 N
Force exerted on the gate, Fgate = Volume of pressure prism
= %(21 8000 + 228000) x 1x 1
Foate = 2.23 % 10°N
So, option (c) is correct.
EEEE

= Gas pressure + Pressure by weight of fluids (oil + water)

[www.madeeasypuincations.org MRDE ERSYH
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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?

C@ Copyright mRDE ERSYH www.madeeasypuincations.orgD
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A
ax = 7
Y= y?-x?
oy
dy 2y
0y
ayg = +2
2y Py
+—F = — =
Hence 922 ayz +2-2=0
Hence flow is irrotational.
(ii) v = Ax?y?
For flow to be irrotational stream function should satisfy the Laplace equation.
Cy Py
ax2  9y? ~
Checking v = Ax?y?
oy
— = 2A 2
ox y'x
82\|1
w2 -
Checking v = Ax?y?
oy
oy C Ax?2y
0y
-t _ 2
ayg = 2Ax
vy Py
—_—t— _ 2 2
axZ ayZ 2A()C +)/)
Flow is not irrotational.
(iii) v = Ax - By?
For flow to be irrotational stream function should satisfy the Laplace equation.
. Checking y = Ax - By?
oy
ox A
0y _ 0
9x?
Checking v = Ax - By?
A

MRDE ERSY
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MRDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2026 13

82\4/
ayg = -2B
Py Py
—t+—F - 0O-—
Hence 02 9y? 0-2B=%0
Hence flow is not irrotational.
T3 : Solution
: R
| i |
h i v
j—
Vr
Apply continuity
min/et = m

exit

p(7tr2 ) V = p(2rrh)V,

rv = 2/7\/,
Lo
T 2h

So, option (a) is correct.

T4 : Solution

Given: Temperature field T = (60 — 0.2 xy)°C, Velocity field, y = (2xyf+ty]') m/sec

Rate of change of temperature =7

( Dt )at(z —4),t=40sec

The rate of change of temperature with time in vector field is given by

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




14 Mechanical Engineering @ Fluid Mechanics and Hydraulic Machines

DT ol ol ol ol _ ot
— U—+V—+W—+—X

Dt T Tox oy 9z ot o
where, T = Temperature, t=Time
d
u= FJ; = Velocity in x-direction = 2xy
o]
v = F);=Velocity in y-direction = ty
a.
w = Fj = Velocity in z-direction = 0
DT
- 2xy(-0.2y) + t(-0.2x) + 0 + O
DT
E = 04 xy2 —0.2xyt

(5)
Dt Jat (2,-4)t=4sec

So, option (c) is correct.

T5 : Solution

Given: Velocity vector, = (x2 +y2 +Z2)1'A+(xy+yz+ yz)f+(xz—22)/%

0.4 x 2 (~4)2 - 0.2 x 2(-4) x 4 = -6.4°C

. . . o ou Jdv aIw
Ete€ +g=VV=rt—4—

Volume dilation rate, €&, ox ay oz

2x+(x+z+2y)+ (x—22)
(E)aio0) = 2x1+(1+3+2x2)+(1-2x3)
5

So, option (b) is correct.

MRDE ERSY
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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 = (phy + pohy + p3hs)g
P,=0 (gauge pressure) h P
V, =0 e >
1 ° .
IR G
122 B (P +poh, +p3hs) g :
29 P39
hy  poh
V, = |2gh {m+ﬁ+1}
2 \/ ° pshs  pshs

T2 : Solution
N
Q—0.16m/s

C, sp.g=0.8

Prg = 13.6 x 10” kg/m’

Sm 13.6
I O N R B _
Ah, = [s :| = [0.8 1]20 =320 cm

C@ Copyright mRDE ERSYH www.madeeasypuincations.orgD




16 Mechanical Engineering e Fluid Mechanics and Hydraulic Machines TMRDE ERSY

3
Pair = 1.2 kg/m

Q-0.08m’s

K

s Pair
yosal, |4 1000
A”e—[ sp}x— 08 |

1.013x10°
= —— =7~ 1184 kg/m?3
Par = 587 % 208 9/

>
>
Il

Q. = Cdi /ZQAh

JA? = A2
Q _ [an
Q, ~ \Ah,
016 [ 320
0.08 ~ \0.99852x
320
32

2
5 [ 32
~ V0.99852x

L. 30
~ 0.99852x
320

= Ix0.09852 ~o012¢em

X

T3 : Solution

Given: Inflow rate = 0.02 m3/sec.
Cross-section area of tank A = 1 m?
Inner diameter of outlet pipe, d = 60 mm = 0.06 m
Rate of water level increase = 5 mm/sec = 0.005 m/sec
Volumetric rate of increase = 0.005 m/sec x 1 m? = 0.005 m3/sec.
Now, Out flow rate, Q,, = (0.02 — 0.005) m%/sec = 0.015 m¥sec
Now, Average velocity in the outlet pipe.
v _ Qout __ 0015
outlet — Areg of outlet pipe gx(0.06)2

v

outlet — 5.3 m/SeC
So, option (c) is correct.

[www.madeeasypuincations.org MRDE ERSYH © Copyrighg
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T4 : Solution

As we know that,

dpP V@ i
—+_-—+Z = constant Q)
pPg 29

For a compressible flow, undergoing an adiabatic process

P
p_k = ¢ (constant)

dP=K . C.pF' .ap
By equation (i)

k-1 2
J.M+ V_+ 7 = constant

Je] 29

2
K—Cfpk‘z dp+V—+z
g 29

= constant
K.C.pk_1 + V2 +Z tant
= 4 = constan
g(k—1) 29
k-1 2
KCp™ P V= _ constant
g(k-1) 29
K Cp V2 tant S o
Pt o 29 = constan e - o)
L L+V—2+Z t
K—1'p.g 29 = constan

So, option (b) is correct.

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)




Dimensional Analysis

) Detailed Explanation

9

of

Try Yourself Questions

T1 : Solution

As per Reynold’s model law

PVl
e
v,
= v, =
Viscosity scale ratio, V, =
Discharge scale ratio, Q =
i
M rodel
Given Ly
Lp
VL],
VoxL.,
FD
or Fy
(Folp

o]
Sl
_ 1
T 6
- [V,

= 60><t—” =60 x 6 = 360 km/hr

m
= clA\/2
= D2p

oc (LV)?
= KLV

[www.madeeasypuincations.org
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MRDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2026 19

(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

[@ Copyright mRDE ERSY

www.madeeasypublications.org)




Flow Through Pipes

) Detailed Explanation

2 of

Try Yourself Questions

T1 : Solution

All the losses are negligible except friction.

4L Ve
d 2g

= 15 meter

Additional pipe
0.02 x 1000 x V2 7P

1= T03x2x9.81
f.= 0:02 Wh.ICf'.] is very high. "“““““T"“L_:_;Oz)é;n ““““““
So it will be friction factor and 4f = 0.02 300 mm
15x0.3x2x9.81
V= TT0.02x 1000
= 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 E v i v
V : ll V,
V=3 —— 500 M ——Pi—— 500 m——

Friction head is same

LT VP ALV
h=15="3"%2""4 29
0.02x500 V* 002x500 1 V*

. T - —
©®="03 257 03 42g

[www.madeeasypuincations.org MRDE ERSYH © Copyrighg
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15 = 2124 \#
V = 2.657 m/sec
%
V= 5 = 1.329 m/sec
Discharge rate Q = AV= Z (0.3)?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.
p1 +_+Z =
g 29
h =
h =
h =
Also, Q=
= (60)°V; =
V, =
Using the Bernaulli's equation
3 2
100x10° 4 (Va) o
1000%x9.81 2gl 4
V2

10.1936 + —2— =
329

10.1936-8.1549 =

20387 =
V2 =
V, =

Q

Flow rate,

O:

V2
Po +22

pg 29
. s
C.) 2g
%
0.65) 2g
V2

0.2899 =
2

+Z,+h

O >

- 30cm =

fe—— 60 cm ——>

AV, =AY,
%(30)2 xV,

2

4

A V7

3
810" Y2 | 7 402089972

1000x9.81 29 29
V2

8.1549 +1.2809 % [Z,=2,)]

2 2
128092 _ %2
2g 32g

0.06255 V2

32.5886

5.7086 m/s
2

AV, =—x(0.3)" x5.7086

0.4035 m%/s

(@ Copyright
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22 Mechanical Engineering @ Fluid Mechanics and Hydraulic Machines
G
Also, h = C.| 2g
2 2
5.7086
h = [1— ! ] ><( )
- 0.65) 2x9.81
h, = 0.482m
L,=1800m L,=1200m L, =600m

D,=50cm=05m D,=40cm=0.4m
(i) We know for the pipe connected in series

D,=30cm=0.3m

MRDE ERSY

L Lo Lo L
69— L4 2 4 3
D, D} Dy DS
L, _ 1800 1200 600
(04 (05 (04) (03]
Ly, = 4318.22m
L L L L
. eg  _ L4 2 4 3
w D.f ~ D D DS
3600 1800 , 1200 , 600
D7)~ (o8] (04 (ogf
eq
On solving, Deq = 0.38570m
: D, = 38.57cm
“ Q, L, D,
(iii) Q= Q+Q,+Q,
Q, L, D,
| Q2 Q Q
Since, hyoc —
D
Q, L, D,
D5 1/2
So, Q o< T] [1¥ is same for parallel connections]

[Deq5 ]1/2 D15 sz (Dzs sz {Dgs sz
Thus, = |1 +|-—=| +|—
L, L, L L

0.5° 172 05 1/2+ 0.45 1/2+ 0.3° 1/2
= Lo = 1800 1200 600

= Onsolving, L 377.345m

MRDE ERSYH
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Laminar and
Turbulent Flow

o

9

Detailed Explanation
of

Try Yourself Questions

T1 : Solution

Reynolds number,

Re =

pVD  1260x5.0x0.10

- 420
0 1.50

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

(i) Inlaminar flow the head loss

(iiiy Power expended

Discharge

Power,

T2 : Solution

8uV _ 8x1.50x5.0

T = =600 Pa

D 0.10

32uVL _ 32x1.50x5.0x12 _233m

" D® (1260%9.81)(0.1
P = yah,
2
0.1
0= av="20N 50003927 ms
P = (1260 x 9.81) x 0.03927 x 23.3

= 11309.8 W = 11.31 kW

(i) Fortwo-dimensional laminar flow between parallel plates

c
Il

3
Maximum velocity = EV

%x1.40=2.10 m/s

- S (-9
(i) Since = dx J12n
C@ Copyright mRDE ERSYH www.madeeasypuincations.orgD
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&)

Boundary shear stress T

12uV  12x0.105x1.40

= oo 12250

dp\B 0012
( a]5_12.250>< 5 =735Pa

(iii) Shear stress tat any y from the boundary

- (21)

At y = 0.002 m

Velocity, v
v
Given:
At R: m
R _
At E u
Flow is turbulent
We k u—u
e know U
Given, at y
1.5-U
U
Also at, y
1.35—-0U
U*
1.35—-0U
U*
Dividing eq. (i) by eq. (ii)
1.5—-U
1.35—-U
15—-U
1.5—-u

(12250)(&212-0.002} 49 Pa

1( 4
250
1

2x0.105
1.167 m/s

x12250[0.012x0.002 - (0.002)’ |

1.5 m/s

1.35m/s

5.75l0g,, [é] +3.75
R u=15m/s
3.75

0.1
=% =0.05m,u=1.35

N

1

5.75l0g,, > +3.75

2.0190

1.857

1.857(1.35—0)

2.507-1.857u

e Fluid Mechanics and Hydraulic Machines IMBDE ERSY
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Detailed Explanations of Try Yourself Questions : ESE + GATE 2026
1.857u—u = 1.007
0.857u = 1.007
g = 1.175m/s
Q= UxnR
Q= 1175 xmx (0.1)?
Q = 0.0369 m3/s
uU* 5.75Iog10[%]-|—4.75
Also, from eq. (i)
15-u 375
ux -
1.5-1.175
—— = 375
U*
= U = 0.0866 m/s
1.175 0.1
= b5.75log,, |—|+4.75
0.0866 gm[ k ]+
k= 29%x103m
k = 29mm
1 R
— = 2l0g,|—|+1.74
Also, 7 gw[k]
1 0.1
— = 2100 |=—=—=|+174
NG 91"[2.9><103]
f= 0043
EEEN
(@ Copyright MRDE ERSYH www.madeeasypuincations.org]




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]

MRDE ERSYH
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MRDE ERSY Detailed Explanations of Try Yourself Questions : ESE + GATE 2026 27

T2 : Solution

Given:
Ist velocity profile

LY

_8U(y) Y(xY
or Y= 1% 2%

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

du 33U 1 U (yY
- = — | X
dy - 275 275

Mo (8_] _ 3U_3U(0Y 1_3U
y="5 Who 26 2(8) 8 28

ou
As {@] . is positive. Hence flow will not separate or flow will remain attached with the surface.
y:

2nd Velocity profile

Clc
Il
N
/N
o<
)
I
VY
o<
~—

2
Ty LAV PN
dy AR 5] 7%
u 0) 1 OF 1
aty: O, (ay]y_o = 2UX2(§]XE_UX3(E) x—=0

ou
As |5, =0 , the flow is on the verge of separage.
ay -0

3" velocity profile

(@ Copyright MRDE ERSYH www.madeeasypuincations.org)
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M oy a2 )]
ay S 5) 8
ou 2U oy 1 au
= B = —+2U| - o=
Aty=0. [aylco - 8 ’ (6}(6 5

MRDE ERSY
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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

1 95.315
_ ~[50+45.315|N="22"2_9 716 N
g[50+ 5.315]N="0 222 = 9.716

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]

Fy - g x Mas per sec
1 1 .
= LY =V = 5[0~ 50sin25°] (- V, =0, V, =50sin 25°)
~ —50sin25° 5154 N
B 981
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—ve sign means the force Fy is acting in the downward direction.
Resultant force per unit weight of water = /F2 + F2
2 2
or F. = \(9.716f +(2.154) =9952 N
The angle made by the resultant with the x-axis.
Fy 2154
y .
tang = = =—-———==02217
F. 9716

6 = tan0.2217 =12.50°

(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]
X Mass per sec xg

_ (30+27.189)
- —ggr =5820N

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

’
F, = 6[‘@ ~Vay ]

where, v 0V, = (V=u) sin 25° = (50 — 20) sin 25° = 30 sin 25°

1
_ 1 [0-30sin25°] = —1.292 N
F, = 58l in25°]

Resultant force

(6829 +(1.292F =5.917 N

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=5.829 x 20 =116.58 N m/s

Work done per second 116.58

= =0.116 kW
1000 1000

Power developed =
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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°

(a) Angle of vanes tips.

From inlet velocity triangle,

U,
f—=—|

vV, = V. cosa=35cos30°=30.31m/s
V, = V,sino=235sin30°=17.50 m/s
tan § = i 1750 _ 4 o7

V, —u, 30.31-20
0 = tan1.697 =59.49°

Vio
\V,

By sine rule L = i
’ sin90° sin®
ﬁ B 17.50
o 1 T §in59.49°
ey ——
| v
17.50 ! i
= ——=20.31m/s
Vi 0.866 /
Now, vV, =V, =2031m/s

From outlet velocity triangle, by sine rule

Vio . B
sin120° ~ sin(60° - o)
20.25 20
or 0.866 _ sin(60°—0)
20 % 0.866 .
in(60°—0) = 2220 _ 852 = sin(58.50°
sin (60° - ¢) 5031 ( )

60°-58.50° = 1.5°

¢

1
(b) Work done per unit weight of water entering = a(vm + Vo) x Uy

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 15°-20.0=0.30m/s

w2

1
Work done/unit weight = ﬁ[30.31+0.30]x20=62.41Nm/N

Outlet velocity

—— triangles

Direction of
_____________ motion of
vane

Motion
of vane

Inlet velocity
triangle
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Work done per kg
Energy supplied per kg

(c) Efficiency

6241 62.41x2x9.81
= : - 99.96%
V2 36x 35 °

29

T3 : Solution

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

Given: Yo 0.46,D="7
V,
Speed of jet at vena contracta i.e. max. speed of jet
V, = C,\J2gH
«— V=V, — I /_/_.
= 098 /2% 9.81x 200 — U —f—v, P
= 61.4m/sec -
Speed of wheel
U= 046xV, 2
= 0.46 x 61.4 = 28.24 m/sec V., I
VZ* Vf
nDN o ]
u:6— = 28.24 [u=u,=uy) 5 =160 4,C \D
| up Ve
D= 28.24 x 60
~ wmx200
D = 2.697m
Vo=V, = V,-u
= 61.4-28.24
= 33.16m/sec

V,=V,cos16-u
= 33.16 x cos 16 —28.24
V = 3.635m/sec
Blade efficiency,
20(Vyg + Vo) _ 2x28.24 (61.4 + 3.635)
V2 - 61.42
n, = 97.5%

Hydraulic efficiency

U(Vigr + Vo) _ 28.24(61.4 + 3.635)
gH 9.81x 200

=0.936 = 93.6%
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T4 : Solution

Given: Gross head, H, = 500m
H, 500
Head lost in friction, hy = ?g = 3 =166.7 m
Net head, H = /—/g— h,=500-166.7 = 333.3 m
Discharge, Q= 2.0mds
Angle of deflection = 165°
Angle, ¢ = 180°-165°=15°
Speed ratio, = 045
Co-efficient of velocity, C,= 10
Velocity of jet, Vi=C,\2g0H =1.0x+/2x9.81x333.3 = 80.86 m/s
Velocity of wheel, u = Speed ratio x /2gH
or U= u;=U, =045x {/2x9.81x333.3 =36.387 m/s
Vi = V,-u, =80.86-36.387
= 44.473m/s
Also Wy = V,=80.86m/s

From outlet velocity tringle, we have

V, = V, =44.473

n =

V,coso = U+,
or 44.473cos 15° = 36.387+V,
or W, = 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 kW

_ Work done per second _ 6362630 — 6362.63 KW = 6.36 MW
1000 1000

Hydraulic efficiency of the turbine is given by equation as

2[ Vi, + Vi, [xu  2[80.86 +6.57]x36.387
V2 - 80.86x80.86
0.97310r97.31%

My
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T5 : Solution

Inlet diameter,
Rotational speed,

Area of flow,

Net available head,
Velocity of flow at inlet,
Velocity of whirl at inlet,

e Fluid Mechanics and Hydraulic Machines IMBDE ERSY

D, = 10m
N = 400rpm
A = 0.25m?
H = 65m
V, = 8.0m/s
V,, = 256.0m/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

Discharge,

_IDN _ mxtx400 oo
“= "0 T 80 "

Q=AxV,=025x8=2m%s

Power developed by the wheel is expressed as

Hydraulic efficiency,

T6 : Solution

Given:

Head,

Hub diameter,
Speed,

Vane angle at outlet,

Flow ratio

From the outlet velocity triangle, VW2 =0

P = pQuV,,-u,V,,)
= 1000 x 2 x (20.94 x 25 —u, x 0) x 1073 = 1047 kW

UsViv1 = UpViyp %100
N, = gH
20.94 x 25-u, x0
= 100 - 0
- [ 9.81x 65 ]X =82.1%
H= 12m
D, = 0.35x D, Where D, = Dia. of runner
N = 100rpm
o= 15°
- Vi =0.6
\J2gH
Vi = 0.6x.2gH =0.6x/2x9.81x12 = 9.2 m/s

vV, v
2 1 (.. — _
tano = =, (v, =V, =9.2)
9.2
tan 15° = E
9.2
= =34.33 m/s
Y tan15°
But for Kaplan turbine, u, = u,=34.33
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N g the relati Dy x N 3433 nx Dy x100
ow, using the relation, up = 60 or 34. =760
60x34.33
= ——————=6.56m
Bo nx 100

D, = 035x D,=0.35x6.35=223m

Discharge through turbine is given by eq. as

Q= g[ng -0 xv, :%[6.552 ~2.8]x9.2

- g(42.9026—5.29)><9.2 =271.77 m%/s

T7 : Solution

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, Ny = =
Water power pxgxQxH
1000
P- xpxngx/—/ _ 0.90x9.81x1000x9x25 _ 1986.5 kW
0 1000 1000

(a) Specific speed of the machine (N,)

NP 200x~/1986.5

Using equation N, = T o572 =159.46 rpm
(b) Power generated P = 1986.5kW

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

Given: Q = 0.04mds
Hg = 20m
pgQH
f= 0.015
[ = 100m
D= 0.15m

Ny = 70%,n,=0.7
410>  4x0.015x100x(0.04)

h, = 05 = 5( ) =10.534 m
12D 12x(0.15)

Hpee = Hy+ hy=20m + 10.534

net
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= H. = 30.534m
ngHnet
1000
Ny = p
1000 x9.81x0.04 x30.534 KW
1000
0.70 =
P
P 9.81x0.04 x30.534 KW
0.7
P = 17116 kKW

Hence power required to derive the pump is 17.116 kW.
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