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DETAILED EXPLANATIONS

1. (d)
Total energy of a flowing fluid can be represented in terms of head which is given by

2
(ﬂ + - +Z= Constantj )
pg 28

p
Piezometric head is the sum of pressure head and datum head and it is given by [@ + Zj .

The pressure at any point in a static fluid is obtained by hydrostatic law which is given by P = -pgh,

where § is the height of the point from the free surface. As we go down h is negative so the
pressure gets increased and datum gets decreased.
Therefore, Piezometric head remains constant at all points in the liquid.

2. (b)
As for laminar flow,

Boundary layer thickness () o< f

Re
As the free stream, Speed T, &l
For turbulent flow,
1
Boundary layer thickness () o< W

As the free stream velocity TT, 81l and it also depending on the kinematic viscosity 8TT as
kinematic viscosity (v) T.

3. (b)
For parallel pipes, head loss through the pipe is equal,
hf1 = hf2
f1L1V12 _ f2L2V22
- 2gd1 - 2gd2
500 x (0.5) Vi
————-x2x9.81x0.35 = 2 —=05m
= 0.3x800 Vi ( 2g
= V, = 2.674m/s
Discharge through pipe 2,
Q =4V,

%0.35)2 x 2.476 = 0.2573 m3/s

4, (c)
Minor due to sudden expansion from 6 cm diameter pipe to 12 cm is given by

2
Vil A

(h )ex ansion = _1|:1__1:|
f/exp 2¢g A,
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2 2 2 232
B 4 P
2g dy 29 2

EAG
16 2g

5. (d)
As we know, the average velocity in fully developed laminar pipe flow is

avg 2 max

= 2V, =2%x2=40m/s

max

6. (b)
Conservation of mass,
_ i
My =My = dt rank
AV, —pAV, = pxZD?x D
= pAVy —pAV, = p 4 dt
dh
= (0127 x[25-19] = (075 x—
an_ 0.01536
= T m/s
So, time required to fill remaining tank,
1-0.3
t = s
0.01536
= t = 45.57s
7. (a)
Given: y = 2y(x? - y?)
dy _ d ( 2 .2 )
Since, v o ox Y (x Yy )
v = 2y (2x) = 4xy
—y _ —d 2 2
- —=—(2 -
and, = oy ay( y(x" -y ))

u = -2y (-2y) + (- y?)- 2]
= 4% - 2x2 + 2y°

= 6y? - 2x?
Thus, velocity field is
vV = ui +v}'
vV = (6y2 —2x2)f+4xy}
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8. (d)
Continuity equation, Q; = Q, + Q,
Now, Q, = A,V,=0.008V,
Q, = A;V,=0.004V, = 0.004 x 2V,
= 0.008V,
Now, Q, = Q,
Q1 03 3
Q3 = ?—?—0151’1'1 /S
9. (b)

By force equilibrium at X-X

Path +F = (Patm + pLgH)A
F = p,gHA

10.  (¢)

Fy = pgV
where, V = Volume of gate

[Given, V, = 2V,]

As upward force and downward force will cancel out each other and net force is due to the

volume of gate

Volume of gate, V = Area of semi circle x Width of gate

V= ExR’xw

T 2
= —x1°x1
V=73
veZ
)
1000 x 10 x
Now, FV= X XE
= 15707.96 N

= 15.707 kN = 15.71 kN
1. (d)
ONO

K

Applying Bernoulli’s equation across the orifice,

2 2
b +V—1+h1 _ b +V—2+h2
pg 28 pg 28
b-p Vz2_V12
g 28

Ol
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From continuity equation,
AV = AV,
= DZV1 = sz2
vV, = (0.6)2V2
= Vv, = 036V,
435x10° V3 —(036V,)*
10°xg 2¢
= V7 = 99.954
V, = 9997 m/s
cheoretical = Aoriﬁce X VZ
2
T 20 6
= —X| —=| x10™ x9.997
(%)
= 9997 x 10# m3/s
3x107*
Discharge coefficient, ¢, = Qﬁf;z;‘mz =~ 9997 <10
= 0.3
12. (b)
From mass conservation for the control volume.
min = mout
Mpp = Migc +Misp +Micp
) 3
. 3(y) 1 y)
= px& U, -pxLx01U, - |pU,|| =| =|—-=|=| xd
fge = PX8 U —p ; !p . [2(5) 2(5 y
. 3 1
4 8
= U_.p [8 -0.1L - @}
8
= U_.p [3—8 — O.lL}
8
13. (a)
For dynamic similarity,
(Re),, = (Re),
o), - 5
- w), ~ U,
1000 x 3x 0.15 B 12xVx2
= 0.001 T 17x10°
V = 3187 m/s
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For dynamic similarity,
Cp will be same.

PD
pAU* )

5
1000 x (0.15)% x 3 xg

=

Fp

14.  (b)

max

avg

avg

oP

ox

Wall shear stress (1)
15.  (a)
dH
dt

[dH
(H-4)

H

At, t = 0.5 seconds, H

16.  (b)

B
= pAU? ,

FP
1.2%(2)>2 ><g><(3.187)2

1.203 N

1.5m/s
2

—xumax=z><1.5=1m/s
3 3

_L(B_P) B2

12u\ ox

1x12x 0.2001 ~ 23000 N/m’
(0.002)

dox J\ 2

4—2X—30'6><0.53/2 ~3.858m

Equating pressure on reference y-y

23 (oo
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(0.5 - x)800g + x x 1000g = 0.42 x 1000g
400 - 800x + 1000x = 420
200x = 20
x = 10cm

17.  (a)
By force equilibrium of block,
Weight of block = Net buoyancy force

pbvg (FB)water + (FB)oil
PyAHg = P, A-hyg 0, A g

800H = 100071, + % x 1000%,

2
0.8H = (H—ho)+5ho
2
hy=<hy = H-08H =02H
h
30 = 0.2H
h, = 0.6H
18. ()
h . 2
[y P88, Y.
Mg = qudA—{px . (hy 2J1 dy
2 : h 2
p°gsin® y
= —°— |l hy—<-|d
Mo T I( ! 2J !
p>gsin® }1_3’_11_3
Mpow = N 27 6
p’gsinOh’
mﬂow - 3“’
19.  (¢)
v,D. v,D
R = a a - w w
(Re) o o
D) | W
flo?
Head loss, hf = 2¢D

As the pressure drop are same and the pipes are horizontal,

= 2D, T 24D,

As, L, =L and Reynolds number is same f = f

(=) - (%)

Block

e

.. (i)
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Substituting in equation (ii)

VR
e
N—
[68}
Il
VR
sl
Ne—

20. (b)
For the limiting case, apply Bernoulli’s equation between these two points:
2 2
i+V—1+Z1 = &+V—2+ZZ
pg 28 pg 28
For horizontal pipe, Z, = Z,
Putm _pgh _V_l2 _ Putm _|_V_12
g 28 P8 28
Vi-Vio §
28
= V2-V,2 = 2gh
From continuity equation for incompressible flow,
AV = AV,
D2V, = D,*V,
4
Dy 12
1 D,) *
4
D
2| L2
" [(HJ ‘1} - 2
2gh
Vo= T 0 2
3)-
D
2gh
For velocity, Voz =, iz
D
The reservoir liquid will rise in the tube upto the section 1.
2. L
Given: D = 6.35 mm, V; = 3.25 cm?, SG = 0.827 ] %H
Do A~
From pressure equilibrium equation, oil -
|L-H
poﬂxng=pwaterxgx(L_m -_—_—_—_{
H = L1 -SG) et I i
H = L1 -0827) o Water oD
T2 . -
Von = ZD XL T
www.madeeasy.in © Copyright: MADE EASY
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Vx4 325x10° x4

5 5>— =102.623 mm
nD mXx6.35

H = 102.623 (1 - 0.827) = 17.75 mm
22.  (b)
From dynamic similarity:
(Re),, = (Re),
pmeDm Y v,D
N EmZmZm _ Pplp~p
- Mp
1000xV,, xD, 1.2x60xD,
- 2x101x10° ~ 186x10°
V, =7819m/s=782m/s
1 2
(FD)p _ Cp XEX(pAU )p _ P x DXV}
2 12
(PD)m CDxéx(pAuz) meDmXVm
2
= 1.2 ><4><( 60 ) =0.2826
1000 7.82
(FD)p = (0.2826 x 540 = 152.60 N
23.  (d)

Rate of change of density is given by
Dt ot ox

0+ uoe_x/L %(poe_zx”)

-2

-x/L —2x/L
= Uye * Pp€ —_—
0 Po ( L)

—2pyy e 3/L

L

Dp _ 2Pty e 3L/2)/L _ ~2pthy o 15

Dt|,.L L L
2

24.  (d)
The cylindrical polar co-ordinate system,
2
. = av, Vv aV, +£8Vr V. v, Vg
’ ot Jor r 00 Jdz r

L= aV, LV a1V, +E8Ve LV WV, V.V,

0 ot "or r 00 ? 0z r

. aV, iV aV, +£8VZ iV, aV,
z ot or r 00 0z
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25.

26.

27.

(b)

Given, a =3 m/s% 0 = 30°
a,=acos 30° = 2.6 m/s?
a,=asin30° =15 m/s?

when tank moves with an acceleration down the inclined plane,
a 26

g—a, 9.81-1.5

tan~1(0.3128) = 17.37°

=0.3128

tan a0 =

= o

(d)

At a distance x from the base,

Bug —u
u(x) =y + =010 ()
2
u(x) = u0(1+7x)
N a = 8_u+u8_u for1- D fl
ow, = 54 (for 1 - ow)
For steady flow
o
= a = U

2
7 = zﬂ(nz—x)

at the tip of a nozzle, x =1 m

_ M(“@)
1 1
a = 600m/s?

(a)
Given: 7, =4 cm =0.04 m, r,=4.2cm =0.042 m, N =200 rpm,
I=8cm=0.08m, T=10"%Nm
Now, for given cylinder speed, tangential velocity is,

2nr, N 2m(0.042)(200)

60 60
u = 0.8796 m/s

Since, linear velocity distribution is given by,

du  u_0879% _ 0879
dy ~ t (n-n) (0.042-0.04)
du

@ 439.823 per second

base
\\tilp
u, ;

1 [HYHHHEN
L b bt
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and, T = u%=u(439.823)
dy
then, shear force, F = 1 * area
= u(439.823) (2nr l)
= F = u(439.823)(2n (0.04)(0.08))
= F = 8.843 uN

F * radius

Viscous torque (7)

T = 8.843u * r; (on inner cylinder)
= 104 = 8.843u = 0.04
- 10"
H T 0.04x8843
u = 2.827 x 10 Ns/m?
u = 28.27 x 10~* poise
28. (b)
Force on lower side of plate,
[P
Fl = Uy A h * —1U
Force on upper side of plate, J { o
B u
F, = W (h—1)
u u
So, total drag force, F=FR+E=u—A+ h_A
y Yy
For drag force to be minimum,
L
dy
= —M22uA+ Mlqu =0
y (h=y)
Mg (h - 3/)2 _ ﬁ _2h
= — = =5 t1
Y] y Yy Yy
2
. h—2—2ﬁ+(1—“—1J — 0
y Yy )
. . . h
Solving quadratic equation for — we get,
y
2J_r\/4—4(1)(1 —“1)
h _ uo
y 2(1)
2% |4-4+4M1 24p K1
h o _ o)
- B 2 2
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=

h
= — =14 ﬁ, since h can not be less than unity,
Yy ) y
then L 1+ %1
Yy )
- B h
YT 1 Yl /1y
29. (d)
k
.
U = Upa (1 - r_j ...(given)
We know, K.E. correct factor,
1 %5
o = g [uda
where, U = average velocity
7, T, k
17 Upax r )
u, = Z{UdA:W'[(l_ZJ 2nrdr (i)
—dr , r
Let 1—L=Z S0, dz = — &—=1-z
r, T L)
Rewriting equation (i),
2 0
u, = sz.zkx%t Lx dr
umax TETO 1 7’o 7’0
0 1
= 22 (1-2)(-dz)=2[ 2" - 2.4z
1 0
Zk+1 Zk+2 1 u
U = umax2 _ — max
a k+1 k+2)|  (k+1)(k+2)
T, 3k
ufnax { r
NOW, o = u;‘;’A .([(1 _ZJ 27Trdr
Similarly converting r — z variable
Un 2T X721 5 3
o = LIEA J.z -z dz
3 51 3 3k+1 3k+2 |1
_ uma3x2v|.23k _ kg, 2Ur§ax z _z |
u; ud [3k+1 3k+2
U [ 3k+2-3k-1) 2Uy,  (k+1)°x(k+2)’
T oud \Bk+1)(Bk+2)) T 8UL,  (3k+1)(3k+2)
(k+1)°(k+2)°
¢ T 4Bk+1)3k+2)
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30. (¢)
Stream function and velocity potential : For a two dimensional, incompressible, irrotational flow,
the velocity field can be expressed in terms of both y and ¢.

—a—w'v=+a—w;u=—@ andv = _%

W=y’ ox ox oy
According to irrotationality condition,
Jdv  Ju

dox 9y

2 2
= 8_\421 + 8_1421 =0
ox° 9y
According to continuity equation,
ou Jv
—_ + —_
ox 9y

2 2
a_:(zb_|_a_(2b=0
ox° 9y

In a flow net, equipotential lines and streamlines are mutually perpendicular to each other.

=
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