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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
[ﬁ + V- +Z= Constant} ]
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 /1 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,

1
Boundary layer thickness () o< NS
As the free stream, Speed ™, 8l
For turbulent flow,

1

Boundary layer thickness () o< W

e

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

3. (b)
For parallel pipes, head loss through the pipe is equal,
hf1 = hf2
f1L1V12 _ f2L2V22
= 2¢d, 2gd,
VZ
Mx2x9.81x035=v2 L =05m
0.3x800 2 2g
= V, = 2674m/s
Discharge through pipe 2,
Q =4V,
- %(0.35)2 x 2.476 =0.2573 m°>/s
4, (c)

Minor due to sudden expansion from 6 cm diameter pipe to 12 cm is given by

2 2
(hf )expansion = V_l[]‘ - ﬁ:|
28 A,
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(d)

2 2 2
- V_lx 1_d_‘§ :ﬁx
28 dy| 28

oV
16 2g

[

2

J|

As we know, the average velocity in fully developed laminar pipe flow is

avg

max

(b)

Conservation of mass,

Thin = My
= pAV, —pAV,
= (0.12)* x[2.5-1.9]

dh
= dat

= px—D?

= (0.75) x =

1

B

2 max

= 2Vavg=2><2=4.0m/s

dm
dt tank

T dh

X —_—

4 dt
dh

dt

= 0.01536 m/s

So, time required to fill remaining tank,

1-03
t = s
0.01536
= t = 4557s

(a)
Given: y = 2y(x? - %)

Since, v
v
and, u
u

Thus, velocity field is

<

<

= -2y (-2y) + (* - ) 2]
= 42 - 222 + 242
= 6y? - 2x?

= ui+vj

= (6}/2 —2x2)f+4xy}
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8. (d)
Continuity equation, Q; = Q, + Q,
Now, Q, = A,V,=0.008V,
Q, = AV,=0.004V, = 0.004 x 2V,
= 0.008V,
Now, Q, = Q,
Q 03 3
Q3 = 7—7—0151’1‘1 /S
9. (b)

By force equilibrium at X-X

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

10. (o)

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

L 2
= —XR°xw
v 2

T 2
= —x1°x1
v 2

N

Now, F = Hm0x10xg

= 15707.96 N
= 15.707 kN = 15.71 kN

1. (d)
ONO

;ig 5-06

Applying Bernoulli’s equation across the orifice,

2 2
£+V_1+h1 = &+V—2+h2
pg 28 pg 28

Pl_PZ VZZ_Vlz

pg 28
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From continuity equation,

AV = AV,
= D2V1 = sz2
vV, = (0.6)2V2
= vV, =036V,
435x10° V3 —(036V,)’
10°xg 2g
= sz = 99.954
V, = 9997 m/s
cheoretical = Aorifice x V2
2
T 20 6
= —x| —=| x107°x9.997
&
= 9,997 x 10# m3/s
3x107*
Discharge coefficient, ¢, = Qt]i’:tticul =~ 9997 <107
= 0.3
12. (b)
From mass conservation for the control volume.
min = mout
fiag = Mg +1iap +Ticp
5
titge = px& U —pxLx 01U, - [p u{[
0
. 3.1
tige = Usp[8-01L]-p U,| =8-=38
4 8
= U, p [8 -0.1L- E}
8
38
= U_.p|—-01L
oo | P-oar]
13. (a)
For dynamic similarity,
(Re),, = (Re),
) - (5
= w), “ U )
1000x 3x0.15 B 12xVx2
= 0.001 T 17x107°
V =3187m/s

254
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For dynamic similarity,
C,, will be same.

PD
pAU? )
5
1000 x (0.15)2 x 3> x ©

=

14. (b)

Wall shear stress (1)

15. (a)
dH
dt

dH

B — T

(H-4)

H

At, t = 0.5 seconds, H

16.  (b)

FD
= | pAU? ,

FP
1.2%(2)? % g % (3.187)

1.203 N

1.5m/s
2

—X Uy =%><1.5=1m/s
3 3

_L(a_Pj B?
12u\ dx

1120001 _ 3000 s
(0.002)

2) - -con(222) s

—CWt
t
—C[t dt
0

H{1/2)+1

1+1
2

__2%C 32
3

42002
3

4—¥x0.53/2 ~3858m

Equating pressure on reference y-y
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(0.5 - x)800g + x x 1000g
400 - 800x + 1000x

17. (a)

200x
X

0.42 x 1000g
420

=20

10 cm

By force equilibrium of block,
Weight of block

P, Vg

p,AHg

18. (a)

19. (o)

&(
vw

800H

0.8H

mﬂow

mﬂow

Mgow

mﬂow

(Re)

D,
Dw

Head loss, h, =

f

Net buoyancy force

(FB)water + (FB)oil
p,A h,g+p,A hg

10007, + % x 1000k,

2

(H - ho) + gho
H-08H =0.2H
0.2H

0.6H

pgsin® v’
J.pudA Ipx " (hy—?jl.dy

pgsin® y
—— —=|d
. I( y 2} y

p gsme(}f’ j

pgsinOh’

2gD

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

As, L, =

h:

f

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

[

=) - (3)

faLﬂvﬂ% — waquzl
2¢D,  2gD,

Block

=
)

B

.. (i)
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20.

21.

Substituting in equation (ii)

(b)
For the limiting case, apply Bernoulli’s equation between these two points:
2 2
ﬂ+V—1+Z1 = &+V—2+ZZ
pg 28 pg 28
For horizontal pipe, Z, = Z,
—P”tm _pgh _V_lz - %4_‘/_12
g 28 P32
@ -
8
= V2-V,2 = 2gh
From continuity equation for incompressible flow,
AV = AV,

D2V, = D)2V,

4
DZ 2
V= (HJ v

VY
eI
Ne—
'
|
—_
| S
Il

2gh
2gh
V, = ¢ T /2
BE
D,
\J28h
For velocity, V,2 7, /2
3)-
D,
The reservoir liquid will rise in the tube upto the section 1.
(b) ] e
Given: D = 6.35 mm, V,; = 3.25 cm? SG = 0.827 T |H
From pressure equilibrium equation, L oil o
|L-H
Poit X 8 X L = Pyier 8§ % (L - H) 1 =
H = L(1-5G,) et A I
H = L{-0827) o Water o~ D
L= =DxL
oil e
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_ Vyx4 325x10° x4
nD? % 6.35

H = 102.623 (1 - 0.827) = 17.75 mm

=102.623 mm

22.  (b)
From dynamic similarity:
(Re),, = (Re),

PV Do p,V,D
- EmZm=m —_ Fp'p—p

W, Mp
1000xV,, xD, 1.2x60xD,
ey =
2x1.01x1073 1.86x107°
V, =7819m/s=782m/s
1 2
(Fo), CDxEx(pAU )p 0, X D2 x V2
(FD)m CDX%X(pAU2) meDmX‘/m
2
12 x(ﬂ) —0.2826
1000 7.82
(Fp), = 0.2826 x 540 = 152.60 N
23.  (d)

Rate of change of density is given by

Dt ot ox

)
_ -x/L —2x/L
= 0+uype P (poe )

_ _ -2
= uye x/L, Py 2x/L(T)

2Pyl o3/

r

L
Dp - ME-MM)/L _ —2pgty e 15
Dt|..L ~ L L
2
24. (d)
The cylindrical polar co-ordinate system,
aV,

ai_kﬁﬂ_kv %_V_ez

LY "or r 00 ‘0z r
ae = %4_‘/ %4_&%_}_‘/ %4__‘/"/6

ot "or r 00 ® 0z r

V. V. V, oV V.
— LA v4 z_GzV z
=T o U T e s
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25.

26.

27.

(b)

Given, a =3 m/s% 0 = 30°
a,=acos30°=2.6m/s?
a,=asin30° =15 m/s?

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

g—a, 981-15

tan~1(0.3128) = 17.37°

=0.3128

tan o0 =

= o
(d)

At a distance x from the base,

3”0

e

u(x) = u (1 + szj

u(x) = ug+

_ ou  du
Now, a = 5"‘ ua_x (for 1 - D flow)
For steady flow
= a = ud—u
dx

at the tip of a nozzle, x =1 m

_ 2(10)2(“@)
1 1
a = 600m/s?

(@)
Given:r; =4 cm =0.04 m, r,=4.2cm = 0.042m, 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
U, | 5
i —— 3u

[ HYHHHH
[ B I | e e B B

W
NN
ot
—
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28.

and, T = uﬂ= u(439.823)
dy
then, shear force, F = 7T * area
= W(439.823) (2mtr,l)
= F = w(439.823)(2m (0.04)(0.08))
= F = 8.843 uN
Viscous torque (T) = F * radius
T = 8.843u * r; (on inner cylinder)
= 104 = 8.843u * 0.04
~ B L
0.04 x 8.843
u = 2.827 x 107* Ns/m?
u = 28.27 x 107* poise

(b)

Force on lower side of plate,

u
F, = K2 ;A
Force on upper side of plate,
u
F, = W A
> (n-y)

So, total drag force, F=FK+E=uw Ly Wy LA
y

h-y

For drag force to be minimum,

E
dy
= Ly “1”A2 =0
y (h-y)
W (-y? K 2m
= = 2 - .2
1) y y Y
2
= h_2_2ﬁ+(1_ﬂj =0
y y Mo

Solving quadratic equation for h we get,

_ M
2+ /4 4(1)(1 Mz)

2(1)
2+ |a—4+aM p4p M1
h Uo _ Uo
= = 2 2

—— = ——

—

My

My
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h /
= — =1z M—l, since ﬁ can not be less than unity,
Y M2 y
h
then L I
Y M2
N B h
YTy NaT
29. (d)
k
r
U = Upa (1 - r_J ...(given)
We know, K.E. correct factor,

1 % 5
o = UZ’A-[U dA

where, U, = average velocity

7, 7 k
1 ¢ _ umax f r 1
u = Z'[UdA_?J(l_ZJ 2nrdr ..(i)
—dr r
Let 1-L =2 S0, dz = — &—==1-z
r, 7 7,

Rewriting equation (i),

2 o0
4, = r”z J.zk X ZTE(LJ x(ﬂJ
u ry Y 7, T,

0 1
= 2[2(1-2)(-dz)=2[ " - .z
1 0
k+1 k+2 1
U o= U2 z oz _ 2U o
a k+1 k+2 . (k+1)(k+2)
. 3k
us r
= (1 1-—| 2mwd
Now, o U,fA _[( ”o) rar

Similarly converting r — z variable

3 21
u. . 2nxr
— max 0 J.ZSk _ ZSk+1dZ

*Touwa )
3 1 1
_ Um_angzﬁk ey, zu%ax Z3k+1 B Z3k+2 |
u, ud 3k+1 3k+2|
g, [ Bk+2-3k-1) 2Ug,  (k+1)’x(k+2)’
T ouw \Gk+1Bk+2)) T 8US, T (Bk+1)(3k+2)
(k+1)°(k+2)°
¢ T 4Gk+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 ¢.

oy oy 0 roLu)
= w5 v=t——u=-——andv=-—
W= oy ? +8x T e oy

According to irrotationality condition,
Jdv  du

ox 9y

2 2
= oV \g + ov g! =0
ox“  dy
According to continuity equation,
ou Jv

_—t — =
ox dy
2 2
= a_<21> + a—qz) =0
ox~  dy
In a flow net, equipotential lines and streamlines are mutually perpendicular to each other.
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