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MBDE ERSY I Rank Improvement Workbook 3

m Conventional Questions ]
Solution : 22

Given data: Ram diameter = 280 mm = 0.280 m, Cylinder diameter = 280.18 mm; v = 0.00042 m?/s
Specific gravity = 0.86; Velocity = 0.22 m/s

_ QU
= udy
F_
Ay
Fe LAV _ O.OOO422><8£(3)6108><_n2>;8.280 x2x0.22 _ 1553.33 N
y ( )x 1073
Solution : 23
F__Ap __ Ap
VT RVIV O (-AV V)
V = 1000 cm3,
Weight = Volume x Density
600g = AV x (13.6 x 1 g/cm?)
where AV = Change in volume of water
or AV =59 _4440cme
13.6
AV
(——) = A2 6 oaat2
4 1000
Making substitutions, 2.13 x 10* = _Ap
0.04412
or Ap = 939.76 kg/cm? = 939.76 x 10 kg/m?
From the pressure — depth relationship,
4
h e Ap _ 939.76x 10 _8950m
Weeq 1050
Depth of the sea = 8950 m
Solution : 24
The equation for velocity profile is given by
u=10lZ+my+n ()

where [, mand n are constants.

Applying the boundary conditions to equation, we get
Vertex

0.3m ™ Velocity
distribution

u=0

(@ Copyright MRDE ERSYH www.madeeasypuincations.org]




4 Mechanical Engineering ® Fluid Mechanics and Hydraulic Machines

Aty=0m, u=0;therefore 0 = /(02 + m0)+n = n=0

au

At y=0.3m, — = 0; therefore,
y dy

au
_— =21 m
ay v

0=2xIx03+m
aty =0.3m, u=1.8m/s; therefore,
18=1x032+m
Solving equations (ii) and (iii), we get
[=-20,m=12
Therefore, the velocity profile will be
u=-20yP+12y

au
and o’_y
To find the velocity gradient,
au
ady J=0
auj
Y, 015
au
dlyos
To find the shearing stress,
T|y=0
T|y=0
le:o.15
T|l\/:0.3
Solution : 25
Given VL

=40y + 12

1251

au

:Md_y

y=0

0.9 x 12 =10.8 N/m?

= 09x6=54N/m?

09x0=0

Il
—
|
—r
S~
—
N

: =l |

Therefore,
which gives velocity profile.

av
ar

= 24 x 2r=-48r

MRDE ERSY
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Radial distance in m

0.6
0.4
0.2

I Rank Improvement Workbook

Velocity profile

—0.21
—0.41

Radial distance in m

-0.6

Velocity in m/s

Velocity profile

0.4

0.3

02+—m———>

0.1 4

0+

-02+—————>

-0.3

-04

-0.5

Shear stress in N/m?
Shear stress distribution

el
udr

~0.002(~48r) = 0.096 1

which gives shearing stress profile
Table: gives computed values for velocity profile and shear stress profile.

Solution : 26
Shear stress is given by

R v T Remarks
0 6 0 Centerline
velocity

0.1 5.76 0.0096

0.2 5.04 0.0192

0.3 3.84 0.0283

0.4 2.16 0.0384

0.5 0 0.048 Boundary

10 m/s
I Peak
6 mm

/<~— Sine wave

Velocity distribution

because % - ﬂ
dy ar
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6 Mechanical Engineering ® Fluid Mechanics and Hydraulic Machines MRDE ERSY

"C —_— %
= udy
Given, V= Sin[%] = 2618 cos(261.8y)
at, y = 0,7=0.04739 cos{261.8(0)}
= 0.0474 N/m?
at y = 3mm, T =0.0335 N/m?
at y=6mm,1=0

Solution : 27

the resisting torque by the fluid
shear stress x surface area x radius

Hence, at any radial location r from the axis of rotation
0.88 = 1t x (2rr x 0.3)r

The torque applied

0.467
or T= —
P
we have T= %
= u dy
Therefore, % - 1o 0'427
ay uowr

Rearranging the above expression and substituting (—adr) in place of dy (the minus sign indicates that
r, the radial distance, decreases as v increase), we obtain

Vimner 0.467 (012 ar
e e
Vouter o 0.13 r
Hence,
0.467 [1]*"?
(Vinner_ Vouter) = T 7 013
But Vpro = 0.754 mfs ie., (2 x T x 0.12)
Vouter = 0 M/s (fixed)

Therefore, substituting the above values, we get

467[ 1 1
(0.754 —0) = 240 [ - ]
u 012 0.13

or u=0.397 Pa.s

Solution : 28
Let the radius of the bubble at any time be R, then the change in volume, dV = 4 rR2dR and the work

done in blowing the soap bubble of radius R, is given by

W = _[RO(AP)dv = jR°4—°4nR2dR
0 0 R

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha




MBDE ERSY 1 Rank Improvement Workbook 7

8rcRS = 0.006

O=

8n x0.08

= 54.6 mm
Force required to separate the bubble into two identical halves is given by
F=4nR,c = 4n x 546 x 10 x 0.08 = 0.05489 N

12
[ 0.006 } =0.0546 m

46 4x0.08
and AP= ——=——"——
Ry, 54.6x10
= 5.86 N/m?

Or, the pressure inside the bubble is more than the outside pressure by 5.86 Pa.

Solution : 29
The difference in pressure between inside and outside the air bubble is given by

_ 26 _2x0.0725
" R 0.001

AP =145 N/m?

The pressure at the outside surface of the air bubble at a depth of 15 mm below the free surface is
given by pgh,
g Poyter = 10° x 9.81 x 0.015 = 147.15 N/m?
the pressure required to blow the air bubble, or the inside pressure,
p; = Py + Ap = 147.15 + 145
= 292.15 N/m? = 292.15 Pa

[@ Copyright MRDE ERSYH www.madeeasypuincations.orgJ
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m Conventional Questions ]
Solution : 22

Given data: Width of the gate; b = 5 m; Depth of the gate; d = 1.2 m; Inclination of gate; 6 = 45°

|

5m

| 7%

B 0.6m

Free surface

=l
>

Area; A= bxd=5x12=6m?
Depth of CG of the gate from free surface of the water = f;
h =5-0.6sin45°=4.5757m
The total pressure force (F) acting on the gate:

F=pgAh =1000 x 9.81 x 6 x 45757 = 269325.702 N
The position of the centre of pressure from free surface of liquid : h*

— I,sin?#
= h+-8"—
Ah
where 1, = MOl of rectangular gate about centroid
B c’ 0

Y

3
) @: 5x1.2° _ )
12 12
0.72xsin’ 45°
* _ 45757 4225 O
h 6x45757 ~ ro8s8m
From ACOC’; we get
s cc’
Sin = CO
co- CC’ 45888
or = Sin45°  0.7071
CO = 6.4896 m

and from ABOB’, we get

[@ Copyright MRDE ERSYH www.madeeasypuincations.org]




10 Mechanical Engineering ® Fluid Mechanics and Hydraulic Machines MBDE ERSY

BB
sind5° = BO
BB 5
or BO = Gnase ~ 07071
BO = 7.0711m

BC = BO-CO (from figure)
=7.0711-6.4896 =0.5815m
and CA=BA-BC=12-0.5815=0.6185m
Now taking the moments about the hinge A, we get
FixBA = FxCA

£ FxCA 269325.702x0.6185

. BA 12 =138814.95N

Solution : 23
Let 'V’ be the total volume of the iceberg
visible volume of the iceberg above the water level is 600 m® and volume of ice in sea water = (V- 600) m3
density of sea water, p, = 1025 kg/m3
density of iceberg, p, = 915 kg/m3
we know that

weight of iceberg = weight of water displaced by ice.
p,x Vxg=p,x(V-600)x g
915 V = 1025 (V-600)
V = 5590.9 m3i.e. total volume
weight oficeberg = p, x Vx g
= 915 x 5590.9 x 9.81
= 50.184 x 106 N.

Solution : 24
Cross section of cylinder

A = n(r2-r?) =n(0.32-0.2%) = 0.15708 m? =03 m—

Let the y depth is submerged in water.

700 = 0.15708 y x 9.81 x 1000

0.4543m

y

For stable equilibrium in vertical direction

MC = MB-CB>0
vB = L
v
T T 4 4 n -
I = &(dg‘—df)= 2 =) =Z(o.34—o.24) =5.105 x 103 m*

vaw.madeeasypuincations.org MRDE ERSYH © Copyrigha




MRDE ERSY I Rank Improvement Workbook 11

and v = A.y=volume of displaced liquid
= 0.15708 x 0.4543 = 0.07136 m?
Bo = N Y _ 05943 _ (7085
I . -3
ve = Lope = 21009x107 (50585 _ 0.07154 - 0.27285 = -0.20135 m

v - 0.07136
The metacentric height is negative. Hence cylinder will not float with vertical axis.

Solution : 25
Writing the manometric equation, we get
h,-0.75x 08 -0.25x 136 =0
Therefore, h, = 4 m of water

Solution : 26
Here, the unknown height is H.
Applying the manometric equation from A, we get
0+ (02x 136)-015-x=0

x=257m
and H=x+03=287m
Solution : 27
Pressure at A = Pressure at B = pressure at C
So, Pu,p - %+{h—(120—10)}+(120—10)13.6
Y
- %+{h—(160—10)}+(160—10)x13.6
or pTM—% =110 x 126 = 1386 cm = 13.86 m
or Pyv_Pr _ 189 13.86 = 504 m
Yo
Finally, Pv_Pr _ 189m
Yo
Solution : 28
Equation of curve AB is
_
=9
or x2 =9y
v= oy -3y

Data given: h=10m, b=1m

(@ Copyright MRDE ERSYH www.madeeasypuincations.org]




12 Mechanical Engineering ® Fluid Mechanics and Hydraulic Machines MBDE ERSY

V Water surface C

A
i X
dy—»j‘ Dam
10m Ti Dam
i <—y=x2/9
B!
F, = pgAh

= 1000 x 9.81 x (10 x 1) x 5 = 490.5 kN
Fy = weight of water supported by the curve AB

10 10

F,= Pg{fx-dy}xto = 1000x9.81{]3 ydy}x1.0 = 620.439 kN
0 0

Resultant water pressure in the dam

F= JF?+F2 =790.907 kN

F
g = tan™ (FVJ =51°40’

P

[www.madeeasypuincations.org MRDE ERSYH © Copyrighg
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14 Mechanical Engineering ® Fluid Mechanics and Hydraulic Machines MRDE ERSY

m Conventional Questions ]

(i) From the continuity equation in one-dimensional flow

Solution : 25

Q=AV
Velocity at section (1)
Q  4Q
\/1 = E(O’ >2 - nd?
4\
o Q _ 4Q Q
Similarly, v, = T __ndg and V, = T2
42 43
(ii) Vv, = % =2.39m/s
—x(0.4
7x(0.4)
0.3
Vv, = _03 =9.55m/sand V, = T 5" 0.679 m/s
%x(o.z)2 2%(0.75)

(i) From the principle of conservation of mass, mass rate of flow in a continuous fluid is the same, thus
T o T o T o
Vi—di = p,V,—ds5 =psVs—0.
91141 92242 93343

it is given that at section (1), Q = 0.3 m%/s, hence,

T
p;Q; = 92V2Zd22
p;x0.3
V,= ————— =19.10ms
0.5p;x~(0.2)
4
Y
a|SO p1Q1 = pgzdgz\/S
0.3 2
v, = —P% =052 m/s and p,Q, = ;)1%\/1
1.3p, ><§(0.75)2
4Q, 4x0.3
V, = > = > =239m/s
7EO’1 TCX(O.4)

Solution : 26
(i) Local Acceleration is defined as the rate of increase of velocity with respect to time at a given point in
a flow field. In the equations

_Qu_ ,u_ 9du_ 9du du
&= gt Tox oy oz ot

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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av av v v oV
a = —=U—+V—FW—+—
y o dt ox oy 0z ot
Qv ow ow ow ow
27 dt "ox 9y 9z ot

ou oV ow

— ,—,—— are known as local accelerations

dot odf dt

Convective acceleration is defined as the rate of change of velocity due to the changed position of fluid
: : . , ou v aw .

particles in fluid flow. The expressions other than EYSETAETS in the above equations are known as

convective accelerations.
(i) V=3xy% +2xy) +(2zy + 3tk

Rotational velocity vector is @ = @ i + 0/ +0,k

1(ow dv
where O=75 W‘g
1fou_ow
O =2laz ay
1fov _ou
;= 2lox oy
and u=3xy%v=2xy w=2zy+ 3t
= o, = l[22—0]=3
2
1
®, = E[O_O]:O [At (1,2, 1)and at t = 3)]

0, = %[2y—6xy] =y-3xy=-4
® = T+0k+(-4k = ; _ak
Solution : 27

u=-2xy,v=y"-x2, w=0
ou  av

o . A
Continuity equation, ox oy = 0

= 2y +2y=0
Satisfies continuity equation hence represent possible flow field.

|:uau vau:| op [a2u azu:|
+ = -+ =

Plax "oy | T T M Ty
2 P
pl(=2xy) x (-2y) + (¥ = %) x (-2v)] = e 0
(@ Copyright MRDE ERSYH www.madeeasypuincations.org]
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4
p[2x2y2 +% - xzyz} +fy)=-p

Differentiate w.rt. to y

plavy~ 22 + 1) = -3
uov vov| = _9p
Py "oy | T Toy

pl(—2xy) x —2x + (¥ — x%) x 2))]

Mechanical Engineering ® Fluid Mechanics and Hydraulic Machines

MRDE ERSY

[
ox?  9y?

pl4x2y — 2x2y] + F(y) + u[-2 + 2]

plax?y + 27 - 2x%y] = p[Ax®y - 2x%y] + f(y)

p(2y°) = F(y)
F(y) = p(2y°)

fly)=p

—-P= p

4 4
P = p|2®y +(x ;y J—x2y2]+c
At x=0,y=0,P=P,
P, =C
4 4
-P= P[2x2y2+x +y?—x2y2:|_Pa

Solution : 28
() Given: D=02m,L=12m

Let the angular speed, when axial depth of water is zero, be ®

(1)2f2

29

Z:

o’r? = 2x1.2x9.81

=2352m

Volume of air before rotation = Volume of air after paraboloid
nR%(1.2-0.8) = Volume of paraboloid

) T

0.8 m

1 |

|<70152m—>|

nr?

’
tx012x04 = E(nr2)xZ = (TJMQ

r’ = 6.67 x 1073

From (i) & (i) @ x (6.67 x 107°) = 23,52

(1))
(w=59.4 rad/sec)

vaw.madeeasypublications.org
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MRDE ERSY I Rank Improvement Workbook 17

and _ 2nN
®= 760
N 89X994 67 55 1om
2n

Solution : 29
For one-dimensional flow, the continuity equation can be written as

o, Apu) _
Jat ox
o op  du
Th , —+p— =0
is is of +p n
10 ou .
Ea_F; = -0 —(1-y?)sinwt]
% = —(1 - 2 sin otdt
Upon integration, we get
t
In(p) = (1-y*) S22+ £(y)
At t= 2L p =py. Substituting these in the above equation, we get
®
( —yz)cos(gm)
In (pg) = =20 (Y)
That is In py = f(y)
Therefore, In(p) = (1_y2)cosmt +np,
That is, P = exp[(1- yA)cost]/ ©
Po

Solution : 30
If u, v and w satisfy the equation of continuity, then it will be possible liquid motion.
au adv Iw
£+a—y+$ =
32 — y2 yz _ 3,2
WPey?P PPy
This shows that the liquid motion is possible.
For irrotational motion, we have

2yz +0=0

v _ow
0z 9y =0
ow  Jdu
ox 9z 0
ou oV

and @—g =0

(@ Copyright MRDE ERSYH www.madeeasypuincations.org]
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S ov aw _ 2P-yF Py

0, Eyaicvs 2,2V (2,22

0z dy  (xX*+y°)P (x*+y°)

w _ou _ 2xy . 2ay

dx 9z (x2+y2)2 (x2+y2)2 -

and W_0v._ 28y°-2%) 2A3y" -7
oy o (F4yP)P (® +y?)°

which satisfy the condition. Hence the motion is irrotational.

Also,

=0

Solution : 31

Here, u=2x3and v = - 6x%y
av

Therefore, 9u _ 6x2 and — = —6x°
ox ay

Therefore, the continuity equation becomes,
au v
dx ay
Hence, the flow is physically possible.
To find rotational or irrotational:

au oV
= = -— = _12
dy 0 and ™ xy

=6x2-6x2=0

ou oV . .
Because — #—, the flow is rotational.
oy 9x

To find angular velocity;

Note at the origin (0, 0), because w, = 0, the flow is rotational except at the origin.
To find vorticity :
vorticity, E=2m = 2(-6xy) = —12xy

To find shear strain:
— l £+a_u —_6
Ty = o\ax oy Y
Note: The negative sign for angular velocity and shear strain indicates clockwise motion.
To find dilatancy (linear strain):

EX: 3_:,:6x2
oV 2

= —:—6
Ey ay X

To find the circulation:
Circulation I = & x area of circle = —12xy(na’) m?/s
where a is the radius of circle x2 + Y2 — 2ay = 0

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha
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20 Mechanical Engineering ® Fluid Mechanics and Hydraulic Machines MRDE ERSY

m Conventional Questions ]
Solution : 27

Givendata: P, =102x10°N/m? T,=28°C=30K; R=287kJkgK; V,=50m/s; V,=420m/s

P 102x10°
Pai = 'RT ~ 287 (273+ 28)

AP = (pm_ pa\r)gh

=1.1807 kg/m°

2AP
V:
pa/’r
V2
AP = pT=(pm—pa)Qh
2
oV 1
T
pair
We have p,, = 13.6 x 1000 = 13600 kg/m?
P, = 1.1807 kg/m3
() _ 2500 ! m = 127.42x———0.011m
2><9.81(136OO B ) 11517.6
1.1807
h=11mm
2
} (420) 1 176400
(i = 5Xo81[ 13600 B M = o 08ix11617.6 ~0-/8mor780 mm
1.1807
Solution : 28
—>| 15 cm|<—
r'\c
Tt
80 cm
Water
@

|=—30 cm—~]

Mercury

vaw.madeeasypublications.org MRDE ERSYH © Copyrigha




MRDE ERSY I Rank Improvement Workbook 21

Let S = Relative density of mercury.
For the manometer :

ﬁ+x+h _ %+O.8+x+8h

pg
Pi_P2) g =(S-1)h=(136-1)h=126h 0
Py pg
By continuity equation, = %X(O.BO)ZX\A = g><(0.15)2><v2 =0.120 m3/s

V, = 1.6977 m/s, V, =6.79 m/s
Applying Bernoulli’'s equation at points 1 and 2,

2 2
P9 29 P9 29
P _Pe)_gg o VE-VE _ (6797 -(16977) _, 504
pg pg 29 2x9.81
Pi=P2|_gg = 12.6h=2203
pg
he 228 _o175m=175
= 156 -0 m = .o cm

Deflection : As the value of ‘h’comes positive, hence our assumed direction is correct i.e. the manometer
limb connected to section 1 will be having a smaller column of mercury than the other limb.

Solution : 29
Given data: Diameter at inlet; D =200 mm = 0.2 m;
Cross-sectional area at inlet,

3.14
A= EDZ =T><(o.2)2 =0.0314 m?

Cross-sectional area at throat:
T 2
a=—d
4

Specific gravity of liquid used in manometer: S=0.75
Density of manometer liquid:
p = Sx 1000 = 0.75 x 1000 = 750 kg/m?

14
=314, (0.1 = 0.00785 m?

Manometer reading:
x = 300 mm of manometer liquid = 0.3 m of manometer liquid

(@ Copyright MRDE ERSYH www.madeeasypuincations.org]
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Difference of pressure head:

h= x|1- Pmano
ppipe

for ppipe > pmano

where Prane = density of liquid used in manometer
Ppipe = density of liquid flow through pipe
750
h= 0.3[1—%] = 0.3 x 0.25 = 0.075 m of water
also h= &+Z1 - &+Zg
pPg pPg
Loss of head: h, = 0.3 x kinetic head of the pipe
2
= O.3Xﬁ
29

Now applying the modified Bernoulli’s equation for real fluid at sections (1) and (2), we get

2 2
£+VL+Z1 = &+V—2+zz+hL
Pg 29 Pg 29
2 V2 V2
or ﬂ+z1 - &+22 L A4
pg Pg 29 29 29
2 2 2
O.O75+\i—0.3>\i—\/—2 =0
29 29 29
2 2
O.O75+O.7VL—V—2 =0
29 29
Applying the continuity equation at sections (1) and (2), we get
AV, =aV,
0.0814V, = 0.00785 V,
or 4V, =V,
or V, =4V,
Putting the value of V, in equation (i), we get
2 (av,)
O.O75+O.7VL—Q =0
29 29
2 16V?2
0.075+0. w4 =0
2 2g
2
O.O75—15.3VL =0
29
V2
or 0.075 = 153
29
0.075%x9.81 o
o 53
or V2 = 0.096176

vaw.madeeasypublications.org MRDE ERSYH
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MRDE ERSY I Rank Improvement Workbook 23

V,=0.310m/s
Discharge: Q = AV,
= 0.0314 x 0.310 = 0.009734 m®/s = 9.734 litre/s

Solution : 30
v Q0% s
Z><o.152
p=vh=136 x 9.81 x (-0.15) = -20.01 kN/m?
V2 p 2.83° 20.01
H= z+—+5 = 12+= - ' = -3.058 m
29 v 2%x9.81 0.9x9.81
Solution : 31
2 2
&+VL+Z1 = &+V—3+zg+hL
Y 29 Y 29
V2
and 0+0+5= o+é+o+3,9
Therefore, V, = 4.645 m/s
2
Q= AV, = %x%%

= 3.28 x 103 cumecs
Applying Bernoulli's equation between point (1) and (2), we get
2 2

&+V4+z1 = &+V—2+z2+hL
Y 29 Y 29
2
and 0+0+5=P, 3488 2 45
Yy 2x9.81
P 46m
Y
and p, = 0.9 x 9.81(-4.6)
= —40.61 kN/m2
Solution : 32

Applying Bernoulli’'s equation between point A and top of the jet T, we get

2 2
p—A+V—A+ZA = p—T+V—T+zT+hL

Y 29 Y 29
2
here &=£=5.6m,&=0,V_T=O,
Y 9.81 Y 29
z;=11+ h,and h, = 0 (given)

V2
Therefore, 56+ 2—A +0

O+0+@11+h+0

(@ Copyright MRDE ERSYH www.madeeasypuincations.org]




24 Mechanical Engineering ® Fluid Mechanics and Hydraulic Machines MRDE ERSY

h = 4.5+V—£
29
Applying Bernoulli's equation between point A and N, we get
5.6+V—£+O = O+V—’3+1.1+O
29 29
From continuity equation, we have
Ay = AWy
here, A, = 0.03142 m?
and Ay = 0.007854 m?
Therefore, Vy=40V,

Substituting this in the above equation we get
V2 (4.0V,)?

56+ = +1.1
2x9.81 2x9.81
V, = 2.426 m/s
2.426°
Hence, h= 45+ =4.7999 m
2x9.81
Solution : 33
Equation of trajectory
%2 1 2
y = xtane—g—zsec% = U,sin®x * g *
2U5 Uycos® 27\ U,cos6
x 1 X 2
= iné° + —— %981 —=—
Ox8inbl + & oserr 2798 (5><00360°)
= 1.73x — 0.7848x?
Maximum elevation of the jet
2 ainl : 2
oo Uy sin“ 6 _ 25 % (sin60) ~0.955m

29 2x9.81
Maximum horizontal distance
0= 1.73x — 0.7848x2
or x(1.73-0.7848x) = 0
That is, x=0o0orx=22m
So maximum horizontal distance = 2.2 m.

Solution : 34
The static pressure at a depth of 15 m below the sea surface given by p = pgh
= 1026 x 9.81 x 15 = 150.976 kPa gauge

16x10°

3600

2
- pV? ( J
The dynamic pressure = &= 1026><T = 10.133 kPa

stagnation pressure = 150.976 + 10.133
= 161.109 kPa gauge
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Solution : 35
The density of air at 1 km is

_ p _ 09x10° _ 3
P=RT = 287278 128KIM

v, = 2(Ap)_w/2><0.02><105 — 5955 m/s = 214.37 kmph
T 1128 T O9O0 M = SIS Kme

Solution : 36
A nozzle is a converging passage as shown in figure. From the continuity equation
150 mm @
I R [ T _.‘ISO mm
Q -3
V, = P 10X1o =2.26 m/s
~(0.15)
-3
v, = 4;0><_1o =20.37 m/s
~(0.05)2
4
From the linear momentum equation,
SF, = mV, V)

or PA; —PA, +F = m(V, =V)) =pQ(V, - V)

200x10° ><%(0.15)2 ~0+F =103 x 40 x 1078 (20.37 - 2.26)

F=-2810 N
[In this problem, p, = 0 has been assumed as if p, = 200 kPa = above p,]
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m Conventional Questions ]

Buckingham’s n-theorem states that “If there are n-variable (Independent and dependent) in a physical
phenomenon and if these variable contain mfundamental dimensions then the variables are arranged into

Solution : 20

(n—m) dimensionless terms which are calle
Let X, X,, X,

d m-terms”.

X are the variables involved in a physical problem. Let X, be the dependent variable and

X5, X5, X, ... X, are the independent variables on which X, depends. Mathematically it can be written as

X, = £(X,, Xy X,,

X))

n

and, (X, X5, X5 Xy oo X)) = 0
Hence, f(n,, m,, M., ) =0
Dragforce, F= f(V, L, K, p, 9)
Here, n==6
m=3
Number of t-terms = n—-m =3

Let these be &, n, and =t .
The selected repeating variables is (V, L, p)

mo= VA 15 p° F

S

MeLeTe = (LT o (Me2) ™ MLT

MeLeTe = Mc1+1 La1+b1—301+1 7——31—2

(@ Copyright

-a,-2=0
= a =-2
c,+1=0
= ¢, = -1
a +b,-3c;+1=0
= b1 =-2
F
n=V?LPp F= ——
1 p NEY
T, = \/aszzpcz K
meLeTe = (LT (L) (M) L
— M02 L82+b2*302+1 T*az
¢, =0
a, =0
and a,+b,-3c,+1=0
= b, = -1
K
=K==
" L
Similarly, T = Va3Lb3pcsg
m=EpE ERSY
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MeLoTe = (LT)° 1% (M) L2

= MS3 La3+b3 -3c3+1 T—a3—2

c;=0
8 =-2
and, a;+b;-3c;+1=0
= by =1
- L
=V Zng%
Since, f(m,, m,,my) =0

f_F KoL) _g
N pv22 Lv?

K gL
F(Drag force) = PL2V2¢(Z,Q—2)
%
Solution:21
Given: Total output = 200 MW
Number of turbines = 4
200
Output of each turbine = - 50 MW
n, = 90%
Np = 100 rpm
/—/p =60m
Data for the proposed model
Q. = 400 lit/sec = 0.4 m%/sec
H,=5m
n,, = 0.87
For prototype = L
p yp !np - ng/_/ o
200x10°
09 = 3
10° x9.81x Q@ x 60
Total discharge, Q, = 377.54m’/sec
Discharge through each turbine
Q
r_ P
Q) =
q, = 21220 = 94.385 msec

For Model

~ (o
=\ pgQH p

MRDE ERSY
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29
Power developed by each model
(P)=087x10°x9.81x04x5
P, = 17.06 kW
Q
As, Qms = p3
N,.D;, N,D,
04 94385
N.D3 — N,Dj
No i - -
or, x [J = 235.9625 (i)
Nm
N,,D N, D
Also, m - 2P
JH., JHo
p

N H 60
(N_pJXL’ = i, ~\'5 =346
m m

From equation (i) and (ii),

235.9625

2

- =0 _ e
12 sag  =081165

L, = 8.25 = scale ratio

N
P 3.46

= 22 =0.4193
and Nn ~ 825

N, = 238.5rpm
" NoFn  238.517.06
Specific speed, (N, = Lo = 5" = 131.754 rpm
m
NoyBo 100 % /50 x 10°
(Ng)p = (H P = (60 =133.90 rom

p
Type of turbine runner is Francis.

Solution : 22

Importance of Dimensional Analysis: Dimensional analysis is an important tool in designing fluid machines,

structures and various aspects of fluid flow on them.

(i) Indimensional analysis, model of actual structure is analysed under various flow conditions in order
to see various effects of flow on actual structure.

(ii) Dimensional analysis predicts the performance of actual structure with the help of model.

(iii) The model of actual structure made with the help of dimensionless analysis is the replica of actual
structure. So it eliminates the chances of error, redesign and reduces the cost.

Rayleigh’s Method: This method is used only for simple problems involving 3 to 4 variables only and there

is no calculation for dimension less groups. The dimensionless groups are formed directly.

The power to maintain the rotation of cylinder is directly proportional to density p, kinematic viscosity v, and

diameter D of cylinder.

s PapavP D¢ VI Newhere a, b, ¢, d & e are exponents of corresponding variables

P=kpavP D°VINeE,  k-dimension less constant
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Write down, the dimensions of various variables
[MLZT—B] — k[ML—S]a[L27—1]b[L]c[LT—1]d[T—1]e
[MLZT—B] =k [M]a [L]—Sa+2b+ c+d [ﬂ—b—d—e
Comparing the power

a=1

-8a+2b+c+d=2
2b+c+d=5 (- a=1)

b+d+e=3
b+d=3-¢ (1)

we can write 2b + ¢+ d as
b+c+(b+d)=5

b+c+3-e=5 (- b+d=3-¢)
b+c=2+¢ (i)
c=2+e-b=2+e-(3-e-d=-1+2e+d
b=3-e-d
a=1

P = kaS—e—d. D—1+Ze+d. Vd Ne
=kpVviD'. (v'.DPNe (vi'.D. W

ov® (DVY (D2N)  pv® (VD ND?
p- kP [EY) [N 2R
D v v D \% Y

Solution : 23

Given data: L = i;
L, 13

P =89kPa; F,=400N

Assuming dynamic viscosity to be some for prototype and model

V,=380mfs; T,=23°C=296K; P,=95kPa; T, =-20°C=253K

Uy = U,
Jo) 89x 10° 3
Now, = m — =1.
o Prosel = BT = 2875053 ~ 220 K/ M
P, 95000
= 2= =1.12kg/m®
Porcio = T~ 287296 g/m

Applying Reynold’s model
PrVirdkm _ pprLp

u u
L, p
Vv, = 2. —EV, =451289m/s
Loy P
Drag force F o pV2L2?
2 2
Foo (P %) (L) 1.12)( 380 )Z(E)Z—wo%
Fo o )\Vo ) (L) ~ 1226 )\451289) (1) ~ =
Drag on prototype Fp = 1.095 x 400 =437.86 N
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Solution : 24
The specific speed of a turbine is defined as the speed of operation of a geometrically similar model of the
turbine which produces 1 kW power when operating under 1 m head. The expression for specific speed is
derived as follows:
We have N = f(p, gH, P, D)
Wherein ‘gH’ called shaft work is considered to be one variable only.
Thus in all there are 5 variables involved in the phenomenon which can be completely described by
3 fundamental dimensions. As such the above functional relationship may be replaced by another one
involving only 2 dimensionless nt-terms.
Choosing p, ‘gH’ and P as repeating variables, we have

m = pf (gH)" PN
and m, = p?® (gH)b2 PD

Now, m, = p¥ (gH)b1 PN
Inserting fundamental dimensions

Ml Tme
e (ST £ T

Equating the powers of M, L and T, we get

for M- 0=a,+c
for L: 0 =-3a, + 2b, + 2c,
for T: 0=-2b,-3c,-1
1 5 1
i = -, b =, =
from which a > Pi=y C; >
NP1/2
=T 54 12
»(QH) / p‘|/2

By adopting the same procedure, we get

>D(QH)3/4 p1/2]

Tl'2 = P1/2
12 D(gH)¥*p"2
Thus, we have %] = ¢|i ( I—Fl;)vz
(gH)”"p

Now if a geometrically similar model of the turbine is considered, then complete similarity between the two
will exist when the value of function ¢ is same for both. According to which the value of the parameter on the
LHS must be same for the model and its prototype. That is

NP1/2

NP1/2
(gH)® *p"2 =\ 2
g P model (QI_I) p prototype

The specific speed N, is defined as the speed of a geometrically similar turbine which when working under
a unit head develops unit power.

Thus substituting P= 1, H=1and N = N, for the model and assuming g and p to be same for the model
and the prototype, we get
N - NAP

s H5/4
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flp, 1, ®, D, Q)

32
Solution : 25
Given: n is a function of p, u, ®, D, Q
n =
Total number of variables n=

and Fundamental dimensions m =
No. of t-terms =

fin,, m,, Ty =

6
3
6-3=3
0

Choosing D, w and p as repeating variables,

TC1:
T[2=
T['S):
T[1=
MOLOTO =
0=
O:
0=
T[1=
TC1:
7[2:
MOLOTO =
0=
0=
T[2=

First m-term

Second wt-term

T[2=
Third m-term T =
MPOLOTO =
O0=c;=c¢;=0
O0=a,-3c;+3=a,=-3
0=-b;-1= by, =-1

or n=

b1 Cq

D¥*w’'p -
Dazmbzpcz "
D%e%p%.Q
Da10)b1pc‘ m

AT P (M3 MPLOTO
c,+0=1¢=0
a,+0=a=0
-b;+0=b,=0
00w’ pon

n

Da2 'wb2p02u

[2T-02 (MI=3) ML T
c+1=c¢c,=-1=a,-3¢c,-1=a,=-3+1=-2
-b,-1= b, =-1
D2w ' p'u

i
Dzmp
DaswbspCSQ

(BT B (M3)% 3T

3 Q
D3w 1pOQ=T
®
0
0

fqor Q
D?wp D°w

MRDE ERSY
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Solution : 26

Distorted Models: A model is said to be distorted if it is not geometrically similar to its prototype. For a

distorted model different scale ratios for the linear dimensions are adopted. The models of river and

harbours are made as distorted models as two different scale ratios, one for the horizontal dimensions and

other for vertical dimensions are taken. If for the river and harbours, the horizontal and vertical scale ratios

are taken to be same so that the model is undistorted, then the depth of water in the model of the river will

be very-very small which may not be measured accurately. Therefore these are made as distorted models.

Advantages:

1. The vertical dimensions of the model can be measured accurately.

2. The cost of the model can be reduced.

3. Turbulent flow in the model can be maintained.

Disadvantages:

1. Due to different scales in the different directions, the velocity and pressure distribution in the model is
not same as that in the prototype.

2. Waves are not simulated in distorted models.

3. The results of the distorted model cannot be directly transferred to its prototype.
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m Conventional Questions ]
Solution : 24

Given data: Length of pipe from upper reservoir to the summit:

Reservoir at high level

Reservoir at low level
[, =450m
Length of siphon, I = 1000 m
Diameter of siphon, d = 300 mm = 0.3 m
Difference between level of two reservoirs, z,~ z5 = 12.56m
Coefficient of friction, f=0.01
Absolute pressure head at summit = 2.44 m of water
Vacuum pressure head at summit:

ke = 10.3-2.44 = 7.86 m of water
e
i.e., Pressure head at summit,
o)
L 7.86 m of water
Pg
Now applying modified Bernoulli's equation at points A and B, we get
% VZ
'O—A+—A+ZA = p—B+—B+ZB+Iosses of head
Pg 29 P9 29
0+0+2,=0+0+ z5+ losses of head
or z, — zg = losses of head
where losses of head = h, + h, + h,
V2 oafve v
= 05—+ +—
29 2gd 2g
0.5v2 4flv? v
A% % T2g | 2g9d  2g
af1 - |v?
Zy—Zg= [054'74'1}5
2
o5 _ [o.5+ 4x0.01x1000 +1}V_
0.3 29
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V2
= 134.83x%
125 2x9.81
or V2 =1.8189
or V=1348m/s
Now applying modified Bernoulli’s equation at points Aand C, we get
Pa Vf Pc V02
—+t—+tZ, = —+_--+Zc tlosses of head
pg 29 " T pg 2g
V2
O0+0+2,= -7.86+-C+z, + losses of head
29
%
or 7-86—5— losses of head = z,- z,
2 2 2
where losses of head = h, + h,, + h, = 0,5V—+ﬂ+v—
2g 2gd 29
and V.=V
2 2 2 2
786-C o5 AV VO
29 2g 2gd 2g s
2 2 2 2
7.86—V——O.5V——ﬂ—v— =h
29 2g 2gd 2g s
2
7.86— 1+O.5+ﬂ+1 i - h
d 29 s
4x0.01x450 _\(1.348)°
7.86—(1+O.5+ : +1) 5 = hy
g

7.86—(1+0.5+60+1)x0.0926 = h,
7.86-5.787 = hy
or hy=2.073 m

Solution: 25
Consider a fluid (air) flowing in a pipe which has a sudden contraction in area

©)

@

P,A, Fohs

IRERD)

©)

@ Eddies Formation (Turbulent Flow)
As the fluid (air) flows from a large pipe to smaller pipe, the area of flows goes on decreasing and becomes
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minimum at a section C-C as shown. This section C-C is called vena contracta. After section C-C a
sudden enlargement of the area takes place. The loss of head due to sudden contraction is actually due to
sudden enlargement from vena contracta to smaller pipe.

Let the dynamic loss coefficient be K and coefficient of contraction be C.

- 2
A K L 1}
S, =|="
_CC
when, C, =062
— 1 2
K=|——-1] =0.3756 =0.3756
| 0.62 }
Solution : 26
_ 2
If there is a sudden expansion in the pipe we know that head loss h, = %

Applying Bernoulli’'s equation at points (i) and (ii) we get,

ALV I @
—+—+2 = =+=+2,+h, 1
pg 29 ' T pg 29 °? ®
AV, = AV,
B-R _W-V§_
pg 29
R-R _ (\/12—V22)_(V1—V2)2
pg 29 2g 1
2 O @
2 2\ /2 (\A_AM)
AP VP AV A .
E=2_1Q_A§(21g)_ 5 (o AV, =AW
235
pg 29|\ D5 D3
4
AP= 73 [293 %o,

Differentiating the above equation with D,/D, to get the maximum differential pressure (AP) and equating to

zero
3
dap) pVZ| D (D D, _ 1
=—4=—"-8[ = =0= —=—F
H2) 2|2 D ”D, 2
Ds
-. for maximum differential pressure, the ratio of the diameters is b1
. p , D,~ 2
2 2 2
- V. V.
corresponding loss of head,  h, = (‘/129‘/2) = g(%vf)

(@ Copyright
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2
2 2 2
_x 1-(&J since AV, = Ay V2 = 2o _ BF
29 D, i A D,
2 2)? 2 2
= LN 1—(i) = \ixl = 0.25\/L
29 V2 29" 4 2g
and corresponding differential pressure head:
2 2 4 2 2 4
N PR b pY, ( 1 ) ( 1 )
as AP= —2| = | -2| = = —L2x|—=]| -2x|—=
2 ( (D2) (Dz 2 V2 V2
9\42( 1) pV’
= — 1—— = o
AP > > 0.5 5
2
AP _ os¥
pg 29
Solution : 27
The mean velocity of flow,
-3
ve 9 _20X007 5 546 s
area 5(0.1)2
The Reynolds number for this flow,
pVD
Re = ——
T
3 -1
o Re - 1.26x10° x2.546%x 10 _ 356 < 2000
0.9
and therefore, the flow is laminar.
16 16
o] icti = —=—-+-=0.045
Coefficient of friction, f Re ~ 356
and the head lost due to friction,
2 2
h, = ALV _ 4x0.45x 45% (2.546) ~ 2672 m
2gd 2%x9.81x0.1
By applying Bernoulli equation between the two ends,
%+gz~| = %+QZZ+th (V1 = V2)

the pressure at the outlet end, p,, is given by
Py =Py = PQ(22 -zt hf)
9.81(45tan15°+26.72)
10°

Since the head lost is due to the viscous forces, we make a balance of forces :

= 590-1.26x10° x = 110.68 kPa
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tx2nryl = AP(nrE) = pghy(nré)

_ [Jelg?
2L

3
_ 1.26x10” x26.72x9.81x0.05 _ 183.486 N/m?

2x45

Solution : 28
The system is shown in figure. Let the velocity in sections 1 and 3 be given by V, and that in section
2 by V,. From the continuity equation,

AV, = AV,
v, = 25 0sy,
A2

: @

Reservoir

Losses in Section 1 :
Loss at entry = the head loss at entrance to the pipe line from a reservoir, usually taken as 0.5 V4/2g

AfLV® _ 4x0.0054x10 VZ _ 3.6V¢

Frictional loss = X
2g9d 0.06 29 29

Losses in Section 2:
Loss at entry

The head loss due to sudden contraction.

05V 05x(2.25°V¢ 25312517

29 29 2g
Frictional loss = wv_?z
- 0.04 2g

5.4(2.25°V¢  27.3375V¢
29 29

Losses in Section 3 :
Loss at entry = the head loss due to sudden expansion

29 29

- 4x%0.0054x10 V¥ 3.6V¢
Frictional loss = — =
0.06 29 29

2
(V2—\/1)2 (1-25\/1)2 _ 1.56252\/4
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2
Loss at exit = ——
29

Thus, the total loss in the system

[0.5+3.6+2.53125+27.3375+1.5625+ 3.6+ 1] \/12

= = 12 m
29
2
v = L:o,ggg
29  40.13125
and Vi =2.422 m/s
and the flow rate,
Q- gof xV, = %(0.06)2 X 2.422 = 6.848 lit/s

Solution : 29

Let the quantity of water flowing through the pipe system be Q. The power produced by the turbine
will, then, be P = pQgh, where h is the head utilized by the turbine.

P 100x10°  10.194
pQg  10°xQx9.81 Q

2
Neglecting the losses in the pipe system due to fittings, we can write 50 = h+ h; +Z—, where V is

velocity in the pipe (equal to outlet velocity)

10194 4fx100xV? V2
(0.32V 2x9.81x0.3 2g

T
4
Let f=0.0035

50 = #m.zaavz +0.051V2
or 0.2890V8 - 50V + 14419 =0
By trial and error, V' =38.0475 m/s
The Reynolds number

10% x3.0475x0.3

Re =
1072

=0.1425%10°, a turbulent flow.

From the Moody’s chart, we get f almost equal to 0.0035 and therefore, we can accept the value of
V as 3.0475 m/s.

Q= gdz‘\/ —0.215m3/s
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Solution : 30
Applying Bernoulli's equation between section 1 and 2, we get

2 2
v v
2tz &+—2+z2+(hL)172
29

v 29 Y

2 115 v5
120, %% 40 = 120 Y2 L 404(h)s

9.81 2g ~ 981 2g

2 2

o_ Y2

But 29 = 29
Therefore, (h), =0.051m;

<
Il

| Q. 2.54m/s; and v; Q. 7.07 m/s

Similarly, applying Bernoulli's equation between sections 1 and 3, we get

2 3
&+V—1+z1 = p—3+v—3+z3+(hL)1_3
Y 29 Y 29
120 2542 103 | 7.07°
i = —+———+0+(h
561 5x081" 10~ 981 2x081 O
Therefore, (h)y5=7.95m
Solution : 31
Applying Bernoulli's equation between section 1 and 2, we get
2 2
&+V—‘+z1 = &+V—2+z2+hL
Y 29 Y 29
50
But v, = Lo 8600 _7074ms
%2 I'y0.052
4
2
Using the relations h, = h =fL_V
2g9d
vd
Re - p _ 1OOOX7'O74:O'05=3.46X105
u 1.02x10
From Moody’s chart for smooth pipe, we get f = 0.0140
0.014x (60+ 80+ 30)7.042
Theref h, = =121.4m
ereore, f 2x9.81x0.05
P 7.074°
Thus, 9.81+ + O+2x9.81+80+1214
p, = 1902.65 kPa
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Solution : 32

Given : diameter of pipe 1 = d, diameter of pipe 2 = 2d, diameter of pipe 3 = 30d, discharge through
pipe 1is Q, = 1.2 cumecs; length of all pipes = L.

Let h, =loss of head due to friction. Loss of head remains the same since the pipes have been arranged
in parallel. Therefore,

321LQ°
"= 22gdf
326LQ2  326L,Q5  32£L,Q5
n’gd? T mPgds n’ga;
Since the lengths and the coefficient of friction for all the pipes are same, we have
o _ &G
o®  (2d)  (3d)
or 02 = % = g
! 32 243
(1 2)2 - % = g
' 32 243
. Q, = 6.788 cumecs
and Q, = 18.70 cumecs
EEEE
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m Conventional Questions ]
Solution : 24

For 150 mm diameter pipe with absolute roughness,
150/2

Lo — 250
ks~ 03

and for 210 mm diameter pipe with absolute roughness,
r, 210/2
— = —— =350
Kq 0.3

For 150 mm diameter pipe, 210g9,,250 + 1.74

-

or = 0.0234

_A\h

For 210 mm diameter pipe, = 2log,,350 + 1.74

—h
=
N

or = 0.021448
2 I (4QYF 8P
Head loss, h, = = X =
" 2gd 2gd (nd2) ngad®

f
h; o< P for the same discharge Q and same length

By~ hId hd
Cost of pumping will be proportional to the power required for pumping
Power required = pQgh
Since p and Q are the same for both the pipes, the ratio of
Cost of pumping 150 mm diameter pipe _ A _ fids ~ 0.0234x (210)°

= = = 5.8677
Cost of pumping 210 mm diameter pipe  h,  £Ld?  0.021448x (150)5

Solution : 25
Vi 4
Reynolds number, Re = va _ 4Q
v madv
. o , n_ 0883 L
Kinematic viscosity, v = o 1260 = 0.7 x 103 m?/s

4><(18ox1o-3 /60)

Re = _3
3.14x0.01x0.7x10
Since R < 2000, flow is laminar.

=545.95

32uVL  128uQL
P loss, Ap = =
ressure l10ss P d2 1'|:d4
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45
-3
_ 128><O.883><3><1(31 x 65 — 7019 x 105 N/m?2
3.14x(0.01)
Maximum flow rate for laminar flow will be obtained for Re = 2000,
vxRe 0.7x107° %2000
V= g - 001 =140 m/s
2
d° 3.14(0.01
Q.. = “4 xV = (4 ) x140 =0.01099 m3/s = 10.99 I/s
= 659.4 litres/minute
Solution : 26
. , . . . 7.5 . .
Given data: Viscosity of oil, uw = 7.5 poise = 10 Ns/m? = 0.75 Ns/m?; Specific gravity, S = 0.85
- Density of ail, p = S x 1000 kg/m?® = 0.85 x 1000 kg/m? = 850 kg/m?; Diameter of pipe, D =50 mm = 0.05m
. . D 0.05 ' 5 .
.. Radius of pipe, R = =5 ~ 0.025 m; Pressure drop, p, — p, = 18 kN/m= per m length of pipe
ie., @ = 18 kN/m? = 18 x 103 N/m?
Pressure drop for laminar flow through pipe is,
P =P, = BZDL;UI [From Hagen—Poiseuille equation]
Pi—Py  32uU
l T D2
18 % 10° = 32><O.752><u
(0.05)
or o = 1.875m/s
pDu  850x0.05x1.875
Reynolds number, Re = n = 0.75 =106.25

Reynolds number is less than 2000.
Hence, the flow in pipe is laminar.

_ _ 314
() Flow rate: 0= AT =gD2u - x (0.05)° x1.875 = 0.003679 m?/s
The maximum velocity occurs at centre line of the pipe and it equals twice the average flow velocity.
Uwex = 20 =2x1.875=38.75m/s
(i) Power required to maintain the flow in 100 m length of pipe: P
P = mgh, = pQgh;,

oul

where h; = 3 uu21

pgD
[Hagen-Poiseuille equation]

a 32uuQi
p = PUGX32uUl _ SEHILT (- 1=100m)
pgD? D
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32x0.75x1.875x0.003679 x 100
= > = 6622.2 W
(0.05)

(iii) Velocity at radius ris given by

y=8mm =0.008 m

Corresponding to 8 mm from the wall,
r=R-y=0.025-0.008=0.017m

P1 =P

and T = 18 x 103 N/m3
or @ — 18 x 103 N/m3
d
or aP = -18 x 108 N/m®
dx
u= - x(~18x10%)x[ (0.025)* ~ (0.017) | = 2.01 m/s
4x0.75
e avese s
and shear stress; T= dx 2
0.017
= — (- 18 x 10%) x = 153 N/m?
Solution : 27
p:917kg/m3 D=15cm=0.15m

Q@ = 800 L/min =0.0133 m3/s
T2
= —D"xV
Q 4
T 2
0.0133 = Z><(O.15) xV

. V=10.75262m/s
Assuming laminar flow through pipe,

32uVL
PZ_P1 = D2
32xux0.75262 x 800
95><1O3 = 0152

i = 0.11094 Ns/m?
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Solution : 28
Given data: diameter, d=0.1m; Q=501/s=50x10°3m3/s; K=0.15mm
Q -3
Mean velocity v==2 o S0x107 6.37 m/s
A T 2
—(0.7)
4
Reynolds number Re = _ &XO'; =6.37 x 10°
\ 1.0x10™

Hence the flow is turbulent in the rough pipe.
For rough turbulent flow we know that

1 R
— =201 —[+1.74
JF og‘o(k)+

R=0.05mand k=0.15x 10°m
Thus by substitution, we get

1 0.05

0.15x 1072
or f=0.0217
Shear stress at the pipe surface is given by
2
L
8
2

in SI Units o = 1000x(6.37) x0.0217 _ 11 he5 Njme2

8
, . To _ f110.065
Shear velocity V* = 0 V1000 =0.332 m/s
Al V* = ,/11'227 =0.332 m/
Slo) = 02 =0 m/s

The equation for the velocity distribution in rough pipe is

A%

V*
For 3%
Hence by substitution, we get

5.75 Iog1o(%)+8.5

Rv=v_.

Ymax_ 575 Iog1o(&)+8.5

0.332 0.15x107°
Viax = 7-64 m/s.
Solution : 29
The velocity distribution in laminar flow in a circular tube is given by

1 P\ g2 2
= | T F]’ -r i
u 4u( axJ{ } 0
1 ap ) ..
Uy,y= —3——=—¢R (il
ANy L
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Equating equations (i) and (ii), we get

- &2l
X

1
4u\ ox a
% = r=0.707R

that is P =

Distance from the boundary y = R — r = 0.293R

Solution : 30
Energy correction factor is given by
s
o= 3
Alzyg
1 Jp 2 2
B = —|-——=—NR"-r
ut u 4M( ax){ }
1 9P| 2
and = —<-——"/F
o~ ]

Therefore, substituting u and Unyg in the above equation, we get

jR( L (_ap) {R?- r2})3 2nrar

ol4pl ox
a1

R
2 |:E’6.r2 3R*.r* 3R%" rB]
8 - +
0

Upon simplification, we get

R® 2 4 6 8
2><8[1 3 3 1}
= "B (27476 8 2
Similarly, momentum correction factor is given as
[ aufaA
b= Auﬁvg

R
R % 2R?r* 81 1 1
Upon simplication, we get B= %[ 4 +r__ r = [—+___}H‘3
0

Rl 2 6 4 Fl276 2
4
= —==1.33
B 3
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Solution : 31
The liquid flows in the downward direction. The pressure at the upstream station is

1260x9.81x1.5
1000

p, + pgh, = 150+

168.54 kPa.
The pressure at the downstream station,

P, + pgh2 =P, (h2 = O)

Since (p + pgh) is decreasing in the positive x-direction,

d _
—(p+pgh) = M = -39.572 kPa
ax 2
1.5x—
J3
Uy 1 2 d
u= —+—|y“-by|—(p+pgh
: 2u[y y |- (p+pah)
200y T 12 0.005y139.572 x10°
0.005 2x0.9
= 99y — 21980y~
The shear stress at the upper plate,
udu)
T= Ml
ay ), p
or T=0.9[99 - 2 x 21980 x 0.005] = -108.72 N/m?

and it must be resisting the plate motion. The discharge through the channel is given by

b b
U 1 d
Q= g“dy = J[—y+—(y2—by)a(p+pgh)]dy

oLb 2u
_ %_ii( + )_3
T2 2udx Pg 6
for no discharge,
Ub 1 d
Ub _ 1.9 s pght?
> " ond (p+pgh)

2

b? d
U= ———(p+pgh) = -0.183 m/s
6u dx
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m Conventional Questions ]

v =149 x 105 U = 300 km/hr = 83.33 m/s

Solution : 23
Given kinematic viscosity,

Now, Re = %
x "4

2 105 _ m

* VT 1 49x10°°

x = 0.03576 m or 35.76 mm
To find maximum thickness of the boundary layer

_ 548x _ 5.48x0.03576

S -
" R J2x10°

= 4.37 x10% m

Solution : 24
When 0.3 m side is parallel to flow

Re, = 2x - 35X93 74000
v 1.5%x10

When 1.0 m side is parallel to flow

Re, = 22X10 _ 53333333
1.5x10
The boundary layer is laminar up to the trailing edge in both cases.
To calculate drag force:

When 0.3 m side is parallel to flow
1.46 1.46
CD — —
JRe, /70,000

Total drag due to both sides

=551x107°

Fp= 2><A><C‘D><%><p><U2

=2 x 03 x 1x0.00551 x 05 x 1.2 x 35 =0.024 N
When 1.0 m side is parallel to flow
146 1.46
JRe, 23333333

Fp= 2><A><CD><%><p><U2

C, = =3.022x107°

=2 x 03 x 3022 x 1038 x 05 x 1.2 x 3.52 = 0.0133N

Solution : 25
At 25°C, v = 15.33 x 10°° m?/s

Ro = Yo o X3 493475

v 15.33x107°
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1. Blasius solution
5x
JRe,
o 0.664
JRe.
2. Approximate solution with assumption of cubic velocity profile
_ 464xx _ 4.64x1

5= =0.011376 m

=1511x107°

&= = =0.010557 m
JRe, J193,175
C,= 0.646 _ 4 469x10°3
JRe,

Approximate solution deviate from the exact solution by

1.1376 -1.0557
1.1376
Boundary layer thickness

1.511x107% -1.469x107°
1.511x107°

x100 = 7.2%

x100 = 2.78%

Solution : 26

0.074
h Re)®

For the front two-third portion of the plate

of2)
Re, = —2/_
A%

0.074
Thus, Co= o
=L
U(S)
A%

Therefore, drag for the front two-third portion of the plate is

2
Foy = CDxBxpr(zj = 0'0274 x B x
U(JL
_\8)
v
Similarly, drag for the entire plate is
2
= %XBXLX&
(5 2
v

Therefore, drag for the one-third of the plate is
Foo = Fp = Fp

MRDE ERSY
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2 2
= 0'0735 xBxprU __oor4 75 xBngx—pU
UL 2 2 3 2
— Ul=|L
v 3
v
F
Therefore, b _ 261

Dy

Solution : 27
The local value of Reynolds number is given by

_ Uex _ 60x10° 03

Re = — =333 x 10° < 5 x 10°
* v 3600 15x10
therefore, we can assume that the flow is laminar. The boundary layer thickness,
= 3x90 ___03X5 __5o60m

Re.  (3.33x10%)"?

X

The displacement thickness is given by equation. By substituting approximate velocity profile expression

as given by equation we get,
3
5 u 3, 3y 1()/) 3
¥ -[0(1 uw)dy JO{ 25 2\5) [V 78

o & = 0.0975 cm

And the momentum thickness can be computed by substituting

Thus o= PUf1- Yy - [ éx_l(xf 1_3_y+1(z 'l
| oU\ UL 0|25 25 25 2\s) |V

= 0.13936 = 0.1393 x 0.26 = 0.0362 cm

Solution : 28
The Reynolds number is
UL 3
Re, = P== = 403, 10107, 025 _ 694, 405
u 3600  1x107°
The flow is almost laminar over the entire plate and therefore, the drag coefficient
G =Cp- 1.328 1.328 = 0159 x 10-2

Re/?  (6.94x10%)"?
The force required to two the plate is

P
D= CDpU—2°° x area

10><1o3) 1

O.159><1O‘2><1O3><( x—x2x%x0.25%0.25
3600 2

0.766 N
Here, area has been taken for both sides of the plate because frictional forces act on both sides.
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Solution : 29
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Using the integral momentum analysis, equation can be written as

T a s uyu d Ay .. (my
_—w_ 1-——|—ady = — — hade A hadeA
pUZ dxjo( uw)uw g dij[1 S'”(z 8)}3'”(2 Sde
df(¢ . (ny 8§  ofmy
= a_(jo Sln(Eg)dy)_-[O Sin (Eg)dy}
_ d [ cos(r/2y/3¥) S_i[IM—COSZ(n/Q-y/S)d :|
© dx T dx |70 2 Y
28 0
_ . 5
_ d[28] d|8 sinf(r/2y/8)| £[2_8_§] _ (4-m)dd
Cdxln] dx|2 5y 2N ~dxlm 2] 2mdx
26 0
4-m\dd
- pl? ==
o W= P “( on )dx
ou Ty) @ 149
also, rw=u—) = U, cos(——)-—) = =
), 2%8) 25) 28
149) o(4—m\dd
© _ plU )
o 2% “( on )dx
2
_hn O
805 = pd-nU
52 w2
- = —/—— c
and, 5 S0 4—n'x+
when x=0,8=0,..¢=0
5 2ux
“\pU, 4-7
5 oun?  |”° 4795
and — = HT =—
X (4-m)pU_x Rel/2
The displacement thickness,
Pl Yay - Ply_ap(®Y
o= g = Klesel55))e
. 5
COS(Z}S/)
or &= [0+ p = 8[1—2]:0.3636
I T
28 0
S u u S T
- | —|1-—dy - [ Y|4 _ain™
0= OUM( UMJ Y = j03|n(26)(1 sm28 y
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= §—§=O.13666
T 2

Shear stress,

_ Ye Re 12

U U.Re!?
T gu?—””“—x - 032761

T2 47%x X

Solution : 30
Letthe length of the plate be L and L, be the distance from the leading edge, where the drag is equal to
2/3 of the total drag.

U2
Dro = C (bL)p?
U2
and DL1 = CDL (bLy)p DTotaI
CDL1 L1 2
—_—X— - —
C, LT3
1.328
Also, C,=
7 JRe
1.328
therefore, G = UL 7
v
1.328
and CDL1 = W
v
2L Co, L 12
3L G L
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m Conventional Questions ]
Solution : 27

Given data: Head, H= 100 m; Power, P= 20 MW = 20000 kW; Speed, N =200 rom; h=1m; H,=10.3m;

P

H, = 2.5 m; Specific speed, N, =

Draft tube
Where Nis in rpm, Pisin kW and His in m
N, = 200v20000 2%%00 =89.44
(100)
2 2
N, 89.44
= 0.625 S =0.625 =0.0332
% (387.78) (387.78)
H,-H, -H
also o, = %
5 10.3-2.5-H,
0.0332 = 10
or 0.0332x 100 = 10.3-2.5 - H,
or Hy=4.48m
Hence, the maximum length of the draft tube = H,+ h=4.48 + 1 =5.48 m

Solution : 28
Given data: Coefficient of velocity, C, = 0.97; Position of the nozzle from the water level of a lake = 400 m
Diameter of jet, d = 80 mm = 0.08 m, Diameter of pipe, D_.__ = 0.6 m; Length of pipe, [ = 4 km = 4000 m;
Friction factor, f = 0.032; Angle of deflection = 165°;
B, = 180°—165°=15°
Velocity of bucket, u=1048YV

pipe

V,=085V,
Mechanical efficiency, M, = 90% = 0.90

Now by continuity equation:
Discharge passing through pipe=discharge issuing from the nozzle
AV =aV.
T 2 T2
ZDp,pexV = 4d xV,
Dipex V= d?V,

2 2
d 0.08
or V= (—J \/i—(ﬁ) V. =0.0177 V,

Dpipe
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Applying Bernoulli's equation to free surface of water in the lake and the base of the nozzle, we get (from figure).

Lake |-

Head of lake = head available at the base of nozzle + head lost due to
friction in pipe

2 1\/2 2 1(0.0177v. )
400 = H+ h,= v + e _ \/’2+ ( )
29C;  29Dsne  29C2 2gD,,
2 , 2
100 = 4 %+fzx(o.o177)
29 Cv Dpipe
400 =

2" 06
0.97) :

\/i2 1 0.032><4OOO><(O.O177)2
2x%x9.81 (

2
400 = V. [1.0628 +0.0668]

19.62
or V2 = 6947.59
or V. = 83.35m/s
Now velocity of bucket, u=048x V, =0.48 x 83.35 =40 m/s

At the inlet of Pelton turbine, V V. —u [-V.=V =]

ri i

83.35-40 =43.35m/s

and V,=0.85V, =0.85x4335=36.84m/s
From outlet velocity triangle,

V.
cos Bo _ Zmwo

ro
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or Vf wo

Now suitable data available to draw the complete outlet velocity triangle.

ie. u, > V... complete outlet velocity triangle
v,
B,
" Vo e Vio —
| Z |
3.14 2
(b) Shaft power: P
Whirl velocity at outlet: Vio=U,~V,,,=40-3558
=4.42m/s
Power developed by the runner = pQ[V,, -V, lu

1000 x 0.4187[83.35-4.42] x 40
1321919.64 W = 1321.919 kW

Shaft power:P

Mechanical efficiency: =
y = Power developed by the runner
or  Shaft power: P = n,, x Power developed by the runner
= 0.90 x 1321.919 = 1189.71 kW
Solution : 29

I Rank Improvement Workbook

59

=V, cosP, = 36.84 x cos15° = 35.58 m/s

is shown in figure.

Given data: Shaft power, P = 22500 kW = 22.50 x 108 W; Head, H = 20 m; Speed, N = 148 rpm;
Hydraulic efficiency, n,, = 95% = 0.95; Overall efficiency, n, = 89% = 0.89;
Diameter of the runner, D = 4.5 m; Diameter of the hub, d = 2 m; Runner vane angle at outlet, B, = 34°

Vii= Vo=V
.. Velocity of flow is constant.
Now, peripheral velocity of the runner,

nDN  3.14x4.5x148

U[ = UO = = 60 60

Overall efficienc _ P
y o= HQgH
0,89 - 22.50%10°

77 1000xQx9.81x 20
or  Discharge, = 128.85m3/s
also Q= g[D2 -a?ly,

3.14
12885 = == (45 - (2 ]xv;

=34.85m/s
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or V,=10.10m/s = V.
According to given data the partially velocity triangle at outlet as shown in figure.
Ve
tanB, =
Po= Ve
¥/ Vo
or v o= 2o 1070 _ 4497 mys v,

WO tanB,  tan34°

Bo

<

rwo

Up > ero

V,,=u,—1497 =19.88 m/s

V,= WVZ+VZ =(10.10)°+(19.88) = 22.30 mis

According to energy balance equation,

V2
pQgH = pQLV,. — V, Ju + pQ?O
2
gH=1[V,,-V,lu +V—O
2
(22.30)

9.81x20 = [V,.— 19.88] x 34.85 +

196.2 = [V, —19.88] x 34.85 + 248.645
or V,,, = 18.375m/s
Now, we know the suitable data to draw the velocity triangle at inlet, u. > V.

| .

| ! |
|

l

(i) Guide vane angle atinlet: o,

V, 10.10

tana, V" 18375 0.54966

wi
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o, = tan~'(0.54966) = 28.796°
(i) Runnervane angle atinlet: B,
Vi 10.10

- - - 0.61
@B = Ly “3as5-18375 - 001
B

wi
and B,

tan™'(0.613) = 31.5°
180°-31.5° = 148.5°

Solution: 30
Given data: Head, H = 60 m; Inlet diameter, D, = 1.5 m; Outlet diameter, U =V,
D, =0.75m; Vane angle at entrance, 8 = 90°; Guide blade angle, o. = 15°

V,
From inlet velocity triangle, tan o = V—ﬁ =V
WA
V
= tan 15° = —
U
= Vi = u,tan 15°
H= V—22+M = ﬁ.ﬁrﬁ
29 9 29 g
V=,
V2 u2 u;
= 60 = 2+
20 g
- 60 - (u,tan15°)? +£
29 g
= 60 x 9.81 = 1.0359 u,?
= u, = 23.837m/s
nDN
—— = 23837
- 60
N 23837x60 .
= - mx15 T =2 fpm
VA o
tan q) = i — M
Up Up
= tan¢ = &tan15° - 1S tan15°
D, 0.75
0= 2819°
Solution : 31
Energy per unit weight imparted to the fluid by the pump = pgQ(AH)
where, AH = The head imparted to water by the pump
3
AH = HX—1?5O = 7.5 m of water
9810 x
1000
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Velocity at A, V, = Q _150/1000 =4.77 m/s
Area T (0.2)?
4
20\
Velocity at B, Vg = (ﬁ) x V,=848m/s [AV, =AV,]

Applying the Bernoulli’s equation to the free surface in the reservoir and the point A, taking the horizontal
line through A as the datum.

PA 477y 77)° _Pa

- +1.159
2+0+0 0g 2><981 0g
or Pa = 0.841 m of water.
pg

p, = 9810 x 0.841 = 8250.21 N/m?.
Energy per unit weight of water at B is greater than at A by the energy per unit weight supplied by the
pump. Applying Bernoulli’'s equation between A and B,

2 2
0+ VA Pa = 35405 Pe
2g " pg 29 pg
2 2
477 8.48
(477) 08a+75 - 35+\848) s
2%9.81 2%9.81 pg
o 95 = 3.5+3.665+28
pg
Pz
7 = 6.0 - 3.665 = 2.335 m of water

pg = 9810 x 2.335 = 22906.35 N/m? = 22.906 kN/m? = 22.90 kPa

Solution : 32
Given: velocity of jet V, = 60 m/s, velocity of vanes V, = 25 m/s, angles at which the jet enters the
vanes o = 30° and relative velocity of the jet and the vane at the outlet is given by Vv, = 0.85 V, .

Refer to figure to find the vane angles at the inlet and the outlet.

2

e —
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(i) Vane angle at the inlet:
From the inlet triangle, velocity of whirl at the inlet, is given by

Vi, =V, cos 30° = 51.96 m/s
Velocity of flow at the inlet is given by
Vi, = V, sin 30° = 30 m/s
I
VW1 -u; 51.96-25

Vane angle at the inlet, 6 = 48.06°
Relative velocity is given by

=1.113

tan 6 =

V,
V., = " —40.42 m/s
sin@

(i) Vane angle at the outlet:
Relative velocity of the jet and the vane at the outlet is

Vi, = 0.85xV, =0.85x40.42 = 34.357 m/s

coso= 2 -2 __o7076
vV, 34.357
Vane angle at the outlet,
o= 43°18

Solutin : 33
Data given: effective head H = 150 m, speed N = 300 rpm, overall efficiency = 0.85, and d/D = 1/10
Assuming coefficient of velocity = 0.98.
Velocity (absolute) of jet is given by

Vi = C,\J20H = 0.98x+/2x9.81x150 = 53.16 m/s

To find diameter of wheel (D)
Peripheral velocity of the runner is given by
u=0.46V,=24.46m/s

nDN
Al =
SO, u 50
04 46 < tx Dx300
T 60
D=156m
To find diameter of the jet (d)
e have a_1
wenhav D~ 10
d= @=O.156 m
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To find the width of the bucket
Using the relation, width =5xd=5x%x0.156=0.78m
Depth of buckets, 12xd=12x0.156=0.187m
D 1.56
= ——+15=20
For number of buckets, o —+15 = 520156
Solution : 34
Here we use the concept of specific speed.
Given scale model, = i = Dn
1 D,
Actual turbine (prototype)
Power Pp = 30 000 kW
Head Hp =50m
Np = 300r.p.m.
Model H,=12m
As U= gDNovH = DN ocJH = D*N? o< H
= —— =constantie,, 2p2 = IZ’”Z
D°N DN DpNm,
D2
N2 = Any 2o ne 2 120402 w3002
m o H, D3 P 50
(i) N, = 1469.69rp.m.
(i) P pg QH
P o QH
< A.VH.
o« DPJH.H = Pec D2 H32 {-VH DN}
= Pe D2 x D3 N3 H?S/2 o< D3NS}
PP
(%) = constant = —f—= 1
D°N Ny DoNg,
N,
m N,D
5
1469.69
P_ = 30000x X
m ( o) (")
P, = 35.272kW
(i) Given n, = 0.88
P
n,= ——
P9 H
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P 35.2727x 10°
- Q =—" - . - 0.34 ms
paNH,, 1000x9.81x0.88x 12
As Q=AV
o< D?x DN
< D3N
. Q
I.e. - = constant
D°N
Qn _ %
DiN, DN,
D,\'N 300
= Q= Q| =5 | o = 034x10°x———— = 69.4 m%s.
Dn) Npy 1469.69
Solution : 35
Discharge, Q=45mds
N = 750rpm
Diameter at inlet, D, =53cm=0.53m
Diameter at outlet D,=76cm=0.76 m
V.=V, =15m/s
Vane outlet angle, o= 70°
width of outlet, B,=10cm=0.1m
and U - nD,N 1 x0.76 x 750 u .
27 60 60 2 '
= 29.8451 m/s
Q=mnD,B,V,
45 =nx076x01xV,
= V, = 18.847m/s
From outlet velocity triangle,
sing = ﬁ
",
2
sin 70° = 18.847
v,
V, =20.05m/s
and Vip=U,—V,coso
= 29.8451-20.05 cos 70°
= v
25.985 m/s 1 V,= v,
tanp= 2= 19847 5199
VW2 22.985
B = 39.35° “
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%4
cosp= 2= \@:% = 29.7237 m/s

impeller casing

-k _h-h B-F

H, =
pPg Pg Pg
Volute casing gives 30% recovery of outlet velocity head
Fh-F 2
=% _ gapte
P9 29
Applying energy equation for impeller
2 2
i+\i+z1 +M = i+V—2+z2 +h
Pg 29 g Pg 29
Fe, 157 L 22.985x29.8451 _ A 29 732 , 0-25x% 29.732
pg 2><981 9.81 "~ pg 2><981 2x9.81
R -F
2—C _25084m
Pg
29.73
H_ = 0.30x +25.084 =38.60 m
m 2x9.81
H . .
n, = Im _ 981x3860 g0, 5509
MoVl 22.985x29.8451
If P, =P, =1bar
Discharge pressure P, =P, + pg/—/ =4.78 bar

Solution : 36
Given: diameter of the bore = 0.15 m, area of the bore cylinder A = 0.01767 m?, length of stroke L = 0.3 m,
actual discharge Q, = 250 //m, and speed N = 50 rpm.
Using the relation for theoretical discharge,

ALN 0.01767x0.3x50

Q=60 = 60
= 4.4175 x 1073 cumecs or 265.05 //m
Coefficient of discharge,
250
= =0.9432
Cd 265.05
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Slip of the pump = 265.05 — 250 = 15.05 I//m

Slip of th ' tage = 220290 _ g ggo,
ip of the pump in percentage = o6505 ook

Alternatively, (1-C,) x 100 = 5.68%

Solution : 37
Given : single acting reciprocating pump, plunger diameter = 0.2 m, cross-sectional area of the
plunger = 0.0814 m?, length of stroke L = 0.3 m, actual discharge Q = 0.6/60 = 0.01 cumecs, speed
= 65 rpm, suction head = 6 m and delivery head = 18 m
Note : Plunger pump is similar to that of piston pump, However, in this case, plunger is replacing the
piston and its rod. Hence, consider A = area of the plunger.
In the case of single acting reciprocating pump, theoretical discharge is given by

ALN 0.0314x0.3x65

Q= 60 - 50 = 0.0102 cumecs

Coefficient of discharge,
Q, 0.01
= 2= =0.98

Cp Q, 0.0102

Slip is given by
Q,- Q,=0.0102 - 0.01 = 0.0002 cumecs
. Q -Q, 0.0102-0.01
Percentage slip o x100 00102

t
Power required to drive the pump
=YyQ(hy + h,) = 9.81 x 0.0102 x (6 + 18) = 2.401 KW

Solution : 38
Given: diameter of the cylinder = 0.15 m, area of the cylinder A = 0.01767 m?, stroke length L = 0.3 m,
crank radius r = 0.15 m, speed of the pump N = 50 rpm, total height through which water is
lifted = 25 m, length of delivery pipe = 22 m, diameter of the delivery pipe = 0.1 m, and actual
discharge Q, = 0.0042 cumecs.
Theoretical discharge is given by the relation

ALN 0.01767x0.3 x50

Q = w0 = 0 =0.0044175 cumecs
_ Q-Q, 0.044175-0.0042
_ %100 = x100=4.92%
The percentage slip Q, 0.0044175

QH
Theoretical power, P, = XO(IDO = 9810XO'$§§§175><25=1.083 kW

Acceleration head at the beginning of delivery stroke:
Acceleration head in the delivery pipe is given by

A
- 9% w’rcos0

lg
e g A
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2ntN  2xm x50
o= =

But 0 0 = 5.236 rad/s
At the beginning of the stroke 6 = 0 and cosf = 1
Therefore,
2
= 22x0.01767x5.236" x0.15 _ 50.75 m
9.81x0.007854

At the middle of the delivery stroke:
6 = 90° and cosb = 0
Therefore, h,, =0

Solution : 39
Given : single acting reciprocating pump, plunger diameter = 0.06 m, area of the plunger A = 0.0028 m?,
stroke length L = 0.12 m. Crank radius r = 0.06 m, suction pipe length = 4 m, and diameter of the
suction pipe = 0.04 m. Therefore, area of the suction pipe, A, = 0.00125 m2. Diameter of the delivery
pipe = 0.025 m. Therefore, area of the delivery pipe, A, = 0.00049 m?2. Separation occurs at 0.75 bars
and specific weight of water = 9.81 kN/m3. Separation head is given by

’Dsep 0.75x 105

= = =7.64m
Y 9810

Speed of the pump without separation during suction stroke:

Pressure head due to acceleration in the suction pipe is given by

sep

LA 5 4x0.0028x0°x0.06 )
M= g™ A %" = T osix000125 - 000

For no separation to take place,

(hatm - hsep) = (hs + has)
7.64 =3 + 0.055 o?
o= 9.18 rad/s
2nN
But o= 60
o 60
N = 87.66 rpm

Speed of the pump without separation during delivery stroke:
Pressure head due to acceleration in the delivery pipe,
A 15x0.0028 x ©° x 0.06 _

ly 2 2
ho= 9 2 2o - 052
R Wi 9.81x 0.00049 @

Under limiting condition for no separation to take place,

(hatm - hsep) = _(hd + had)
7.64 = —(10 - 0.52 @?)
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o= 5.82 rad/s
— 5 82 — M
®=582 = —>
But, N = 55.58 rpm

Therefore, maximum permissible speed = 55.58 rpom (minimum of the two speeds obtained above is
considered).
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