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DETAILED EXPLANATIONS

1. (d)
A B
L : IU, =3 m/s (right)
i 4-x
h=4mm !
Ci
! x
[ : 1U, =0.75 m/s (left)
D E

From similar triangles, AABC and ACDE

4—x 3
X 0.75

3x = (4-x)(0.75)
3x = 3-0.75x

x = 0.8mm

y =4-x=32mm

Vg = (32x10°)(5x102) - (0.8x102)(5x102) 212

net

V.. = 24x105-15x 105 = 225 x 106 m3/s = 225 cm3/s

net

2. (c)
1 Poise = 0.1 N-s/m?
el
Shear stress, T = dy
N-s 5m/s
— | 0.Ix5— |X| ——
- te ( m2) (0.015 m)
= 166.67 N/m?
3. (a)

Yy 0 (2 2
i in x-directi - —=—(ax“"+by“+c
Velocity component in x-direction, u = ay ay( x y )/)

u=2by+c

Note that you can use other sign convention also.
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(a)

«“

Total pressure on the triangle,
F

PA=yh A

(1 OOOx0.75x9.81)x(§)x(%x5x5)

750X9.81x§x% = 1250><2—25 =153.28 kN

(d)

Stable equilibrium condition

Fluid Level \
\&

<

®

N

i Caoh & RREEEEEET SRR S

(c)
-9
7 - Q: Q N 402 _ 4><8802><‘IO — — 4.48m/s
A T 42 nd ntx0.50° x10
4
nAP D*
We know, Q = —128uL
nAPD* 1x10° x(0.5)* x 1072
= = ——— =
= 128QL T 128880107 x1
uw= 174x103
8. (b)
S itivity = —1 = ! =
eIV = 5ing ~ sin30°
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9. (c)

A dimension is a measure of a physical quantity (without numerical values), while a unit is a way to assign
a number to that dimension.

10. (d)
pUD .
Re = T , where symbols have the usual meaning.
Given, p = 100kg/m®, U=40m/s, D=0.1m, p=0.048
pUD 100x40x0.1
e ="y 0.048
Re = 8333.33
As Re > 2300

Flow will be turbulent.

Nothing can be said about the path as there will be rapid mixing and eddies formations.

11. (c)

As per given data:

_l d*_Z
ut =y andy =g

dy* = §'dy

The given parabolic velocity distribution and the expression for the displacement thickness can then be
expressed as

1
Ut = 2y -y and §* = 8.[(1—u*)dy*
0

Combining these equations gives,

5 = S[(1-2y*+y?)dy*
0
1 1
& = 5[)/*—)/*2+—y*3}
3
1
x _8
y 3
1
5 3

12. (a)

Applying Bernoulli's equation between the two reservoirs, we get

Ve fLv? w2
5—+ +

125 = 29557 29D T2g
V2 fl
_ Y lssE
= 125 = ZQ[ "‘D}
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V2 15+o.o4><1ooo
. 125 = 5.90| - 05
V2
5 = —x8l.
= 12.5 20><8 5
= V = 1.75m/s
13. (d)

Let the parabolic velocity distribution is
V= A+ By+ Cy?

where, constants, A, Band C are to be determined from boundary conditions.
V = 0, aty=0(Noslipatthe plate surface)
V =1125aty=0.075m

Z_\; =0, at y = 0.075 (condition of vertex of parabola)
Substituting the boundary conditions, we have
A=0
1125 = 0.075 B+ (0.075)2C
0 = B+0.15C
= B = 30, C=-200

V = 30y-200y2

av
— = 30-400
dy Y
av 4 ﬂ 1
at y=0.05m, dy = 30 -400 x 0.05, dy = 0
o 2 00510 05N
ay
14. (d)
All the four are correct.
15. (b)
0?

The frontal area of a sphere is A = nT

The drag force acting on the balloon is

405 Y
= CDApZZ =(0-2)[n(z) }(1.20)[ 18 } = 570.14N

b

2
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Acceleration in the direction of the winds

a =

16. (b)

o
o
=]

%

fp 57014 =1.63m/s®
m 350

[ ——— )

.
~ II||I<

M N
f«<—1.5m—

By symmetry, the net horizontal force is zero.

Vertical force, F|, =

Weight of fluid above the hemisphere MPN
% Tth’QH—lian’3
23

9.81><|:TC(O.75)2 x5 —%xnx(O.?S)S}

78.01kN

Resultant force is same as the vertical force F,= 78.01 kN acting vertically at the center of the hemisphere.

17. (a)

The bottom pressure must be the same whether we move down through the water or through the gasoline

into the third fluid:

P bottom
Solve for h =

18. (c)

X-component acceleration,

= (1000 g)(1.5) + 1.60(1000 g)(1.0) = 1.60(1000 g)h + (2.5 - h) x 667g

1.535m

u  ou ou
U—+V—+W—
%) ay 0z

X2y(2xy)+y?z(x*) - (2xyz + yz*)(0)
23 + XYz

2(3)°(2)7 + (3)%(2)(1)
2x27T x4 +9x%x4x1

54 x 4 + 36

216 + 36

252 units
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19. (c)

u =
u =
.. for face OB, X =
Uog =

Discharge through OB
Qos =
At t =
Qos =
V =
At y =
V =
QOA =
QAB =

20. (d)

v, =

2
LAl +zy =

pg 29
h, =
= h, =
h, =
= 05 =
= u =

oy
oy

22 + (x + 1) 2y
0

2ty

2 2
[uog-5dy = [ 2ty-5dy
0 0

]
20 units

Qos+ Qoa
20+ 0
20 units

Q 1.13%x107°

—=——>~1m/s

A %x(o.omz)2

32uVL
pgD?
32xux0.3x1
9000 x 0.00122
6.75 x 104 Pa-s
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21. (b)

Re, =

UL 1.75%5
v 1.475%x10°

Re, = 5.932 x 10°

0.074

c, = 9074 _ = 5.183 x 103
Re/®  (5.932x10%)"
Drag force on one side of the plate,
1 0
Fy = CfxareaprU
p)
_ 5.183><1O‘3><(1.8><5)><1.22><(1'725)
F, = 0.0871N
22. (a)
a = %+ u%+ vg—;j =2t +(t° + 3y) 0+ (4t + 5x)(3)
a, = %+UZ_;+V§_; =4+ (t° + 3y)5 + (4t + 5x)0
= 4 + 5t + 15y
At point (5, 3), a, = (14x2)+(15x5)=103
a, = 4+ (B5x22)+(15x3)=69
a = 103 + 69% = 123.97units
23. (a)

0.6m

0.6m

Original volume of

Cylinder = mr*h
V, = nrPx12
Volume of liquid spilled out
_ ] 2 x h
2
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Vv, = l1tr2><0.6
2
1><O6 2
v, 2 .6nr A
Vi nrfx12 4

24. (c)

From force balance at point of contact,

6,c08(180-0) + 0, = o,

3
or cos(180-0) = = —Ccos0

o, = 0.0720N/m  (liquid and air)
o, = 0.0418N/m (liquid and solid)
o, = 0.0008N/m (airand solid)

0.0008 -0.0418

cosf = 0072 =-0.56944
0 = 124.7°
25. (c)
64
f= Re
UD 0.1x0.1
- — = = 1000
e v 107
f= 64 = 0.064
1000
26. (b)
At stagnation point, u=20, v=0
= x+2y+2 =02x-y=35

On solving above equations,

D = \(x-0)+(y-0)> = 18027m
27. (a)
As per given information,
1.5 m wide, p,, 4 = 1000 kg/m3
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24m
. wig

Amml

w

.|||q

45m
h=3.6m Gate

The resultant hydrostatic force acting on the dam becomes,

F

= pg)?A=1000><9.81><%><3.6><1.5N =95353.2 N

2h
The line of action of the force passes through the pressure centre which is 3 from the free surface.

_ 2h 2x36
h ==X

= — =24m
3 3
Taking the moment about point A and setting it equal to zero gives,
M, = 0O
Fr(09+h) = Wx24
W = 131110.65
W 131110.65
= = =13365kg = 13. 3
Mass 981 981 g =13.36 x 10° kg
28. (b)
h, = —£x136——136m f wat
' = 7100 : : of water
4
h, = 1;811% = 1.019 mof water

Ah = (h,-h,)=1.019-(-1.36) =2.379 m
V = Cy2gAh
= 0.98/2x981x 2379 =6.698 m/s

Mean velocity in pipe = 0.85V
= 0.85 x 6.698 = 5.691 m/s
Q= AV,

- %x (0.3)° x 5.691

0.402 m3/s
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29. (b)

D, = 6x102m
D, = 69x102m

As soap bubble has two surfaces,
Therefore total change in surface area = 2[471(/:.}2 - F.’?)] = 2[7;(02 - Dlz)]

= 2(0.003647) = 7.294 x 103 m2
Work input required, W = o x AA = 0.039 x 7.294 x 1073
= 2.845 x 10 Joule

30. (a)
Given, p = 981kg/m3
and T = 0.2452N/m?
N du B
Velocity gradient, dy = 0.2s
Now, using the equation
au
T = “dy
= 02452 = ux0.2
0.2452 >
= =1.226 Ns/m
- = 02
Kinematic viscosity is given by
oo Bo1226 (405,902 1 /sec
p 981

= 12.5cm?/sec
= 12.5 stokes
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