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DETAILED EXPLANATIONS

(b)
E H‘+ﬂdy%ixxl Y
Direction — . 6y= - op
of flow —= (@xdyx1) —~[ ] dy~— a”'ad’ﬁ@ x1 x
— e x —
e T(dx x1)
For steady and uniform flow, there is no acceleration and hence ressultant force in the direction
of flow is zero
Px(dyx1)- P+a—de dyx1-1(dxx1)+ r+idy dxx1=0
ox dy
oP 0T
ox Oy
The pressure gradient in the direction of flow is equal to the shear gradient normal to the direction
of flow.
2. (a)
dQ = |dw|=|v; =]
At (1, 1); Yy, = 3x12x1-13=2units
At (3, 1); v, = 3x(v3) x1-1> =8 units
So, dQ = [8-2]
= 6 units
3. (d)
Since m rolling << m pitching
Hence the stability of ship in rolling is more critical compared to pitching.
Higher the period of oscillation, more comfort the passengers will feel.
4. (b)
Pipe flow is a case of application of Reynold’s model law and Weber model law is applicable in
capillary rise in narrow passages.
(c)

When % >0, it means that depth of water increases in the direction of flow. The profile of water
x

so obtained is called back water curve.

dh
When E< 0, it means that the depth of water decrease in the direction of flow. The profile of

the water so obtained is called drop down curve.
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6. (a)

Let P is the point of intersection of the two jets coming from orifice (1) and (2), such that

Then,

x = Horizontal distance of P
y; = Vertical distance of P from orifice (1)
y = Vertical distance of P from orifice (2)

Yy =yt (6-3)=1,+t2)m

| x

The equation of C,, is given by

V1=

x X
VAyHy o (J4y; x3
x x

J4,H,  \JAxy, x5

CV2

X

For orifice (1), C
For orifice (2), Cv2
Since, CV1
- x

ence, NE
= 3y,
From (1) and (2),

Y»
So, CV2
= x
7. (a)

J4y, X5
5y,

3.0m

X
1[4y2 x5

0.96x+/4x3x5
7436 m

Since the pipes are connected in series

L L, L, L
= = S +EZ+2
R
1700 800 500 400
5 = 51 51 5
d 0.500° 04> 03
1700
P = ——
239037.18
d = 03719 m
= 371.9 mm ~ 372 mm

(1)

(2)
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8. ()
The divergence of the velocity field is

5 5 5
div. V= VvV = §(3t)+@(x2)+a—z(ty2)

=0+0+0
=0
Therefore the velocity field is incompressible.

The curl of this velocity field is

Pk
d a9 0
curl. V=vyxV = a @ a
3t xz ty2

(2ty—x)f+ zk #0

Therefore the flow field is rotational.

9. ()
_ — I
e I
I
Also, A_GE >0

Therefore, Ep >N, 1ie. centre of pressure or point of action of total hydrostatic force is always below the

centroid of the area.
F, = _[dFV = yjhdAcosG i .

Jod Fy !
where, 7o Centroid of
. . C . i volume ABCDEFA 1,
(dA)sin® = vertical projection of elementary area dA S |

(dA)cos® = horizontal projection of elementary areadA [ &,};— A
dF

Thus, Fy, is the total hydrostatic force on the projected oF ¢ N
H

area of the curved surface on the vertical plane and will

act at the centre of pressure of the plane surface. [y CP

F,, is the weight of the liquid contained in the portion

extending vertically above the curved surface up to the c
free surface of the liquid.

10. (d)
When surface tension effect predominants in addition to inertia force, then Weber’s model is used.

When pressure force controls flow in addition to inertia force, then Euler’s model is used.

Mach model law is applicable in case of aerodynamics testing.
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11.

12.

(d)
Given, 6 = 60°

, __h _2n
Distance, AC = Sin60° \/§

The gate will start tipping about hinge B if the resultant pressure force acts at B. If the resultant

pressure force passes through a point which is lying from B to C anywhere on the gate, the gate
will tip over the hinge. Hence for the given position, point B becomes the centre of pressure.
Depth of centre of pressure,

h* = (h-3)m ...(i)
Iosin®0  —
But h* is also given by, I* = S Y. g
Ah
Taking width of gate unity, then
2h - h
Area, A= ACx1= ﬁxl; h=§
2’
3 3 1Ix
I = bd” _1xAC” _ J3
¢ 12 12 12
A
T 12x3x3 9x3
2h®  sin® 60 h

"= 9B 2
B2

3
) 2h3><Z h 2k )
= h* = o2 +E—? ...(ii)
From (i) and (ii)
2h
h-3 = 3
= h =9m

". Height of water required for tipping the gate = 9 m
(@)

Consider an annular ring with thickness dr at radius r. Velocity variation in the gap is given as
linear.
Hence the velocity at radius r from centre = v = wr

Shear stress on the ring,

du wr
o)

dy h
Force on the ring, dF = 1 xdA
= (uw ]xZn rdr ( uw) rodr
h h
Torque on the ring, dT = Fxr
= rtdA
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Total torque on disc

= T =
= T =
13. (o)
In Venturimeter,
Rate of flow, Q =
Here, h =
Q —
= Q =
14. (a)
Given, D =
L =
Projected area, A =
Velocity of air, u-=

Total drag is given by, F,,,=

Shear drag is given by, F,;=

Hence, Pressure drag =

Pressure drag =

Cah 4y

\J2gh

3
20[ Pt _ )| g0 13:6x10
10

- 1) =20(13.6-1)=252 cm
P

0.98 x X %302 x T 152
4 4

[T ]

0.98 x 302 xgx 152

X /2 %981 x 252

x~/2x981x 252 =125.76 Ips
30* - 15*

50 mm = 0.05 m

1.0 m
LxD=1x0.05=0.05m?2
0.1m/s

Total drag - Shear drag
2 2

CDT><A><pu —CDSxApr

U2
(Cpr —Cps )x Ax P

2
(1.5- 0.2)><0.05x1.25><%

4.0625 x 10* N
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15. (a)
Since for flow of fluids through pipes only viscous and inertia forces predominant, Reynolds
model law is the criterion for similarity. Thus
5, - (%)
v/ v,
By substitution, we get
4x150x10°  Vx75x107
1.145x10°° 3.0x107°
V = 2096 m/s
16. (b)
Using Bernoulli’s equation
2 2
£+V—1+Zl = &+V—2+ Z, +hL...(i)
Y28 vo28
v, = Q__40 =5.093 m/s
A T2
4
V. = Q__40 =1.273 m/s
PA T
4
h, = 0 (Frictionless flow)
From eq. (i)
2 2
8.0 N 5.093 L0 - P, N 1.273 4040
9.81 2x9.81 9.81 2x9.81
P, = 20.16 kPa
17.  (¢)

Let the height of hydraulic jump in the prototype is &,

hP
Then, I =
h

=
4
If power dissipated is p,

Pp
Then, P, =
= Pp =
= Pp =
= P =

12

L, =20

20x02=4m

L 35 _ 203.5
P, x 2035

i><203~5
10

= 3577.71 kW

3578 kW
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18.

19.

(c)

oz ]
—

120 cm

I
f«—— 80 cm

! R —

Let, Z, = Height of paraboloid
R, = Radius made by water surface at top of container
Given, N = 400 rpm
® = % =41.89 rad/sec
2R?  41.89* x(R, )’
z, - 28 Ry _ g9 438R2
1 2g 2x9.81
Since,volume of paraboloid so formed = Initial volume of air
nR{Z
= —17 = L« R2H
2
TXZy 7 ) )
= 2 % 89.438 X 1 = nx0.1°x04 [From €q. (1)]
= Z, = 0.8458 m
Z, = 84.58 cm
(b)
Given, o =xQ2y-1)
The velocity components, u and v are
0 d
= ——=—-—|x(2y-1)|=1-2
= —= == x(2y-1)]=1-2y
0 0
= ——=——|x(2y-1)|=2x
oy
We know that, @ = —u=—(1-2y)=2y-1
J
and, 4 = pv=-2x
ox
Now, jd\p = I(2y—1)dy
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2

2
= Y o= et y+C
2

= vy =1y2-y+C (i)
Differentiating eq. (i) w.r.t. x,

w _ac

ox  ox

0
But, ad = -2x

ox

oy oC

— = —=-2x
Hence, . Ew
On integrating, C = -x2+C
Hence, v =1y2-y-x2+C

yat(0,0) = 0=C,
Hence, v = yr-y- P
. Value of y at point P (4, 5) is, y = 52-5-42=4 units
20.  (d)

The force in the bolts is equal to the weight of imaginary water above the container upto the
height of the water level.

ik

4dcem | |-

e—5m—+

Water
05 Bolts
—_XI f/:
Fy =pgV
> (0.04| [1_4 5
= F, = 1000x9.81x {(5+2)><n><2 }— 5X 1 X YR Exgxnx2
= F, = 698.5 kN (upwards)

Net upward force on dome
=698.5 - 125 = 573.5 kN

Force per bolt = i§5 =286.75 kN =287 kN
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21.  (d)
Case 1: Single pipe connection

-||“q

<~ d=03m——>

Town's water source

Town's sink
- AQ
12(0.3) (0
Case 2: Dual pipe connection
Y
* i
h
¥
— ¢ =]
Q/2 d
Town's water
source
Town's sink
2
_ Q/2) ..
h = F ... (i)

Using (i) and (ii)
L [0V

12(03° ~ 1249
= d = 02274 m = 2274 cm
= d = 227.4 mm ~ 227 mm
22,  (a)

bt —=

Velocity profile is given by: u = (1 +%j
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JudA ) f:uo(l+Z)(dyxl)

Havg = A (Bx1)
Yy
1+=| =
Let, [ B) t
dy = Bdt
At y=0 = t=1
At, y=B = t=2
Uy 2, . 3uy
B 3 yY
IusdA Io u0(1+B) (dyx1)
- Kinetic energy correction factor, o = 3 A = (15 )3 (Bx1)
uavg DUy ) X(bX
3
_ LBE;IZR =%XE=E=1,11
(1.5u)” xB™! (15)° 4 9
23.  (¢)

T a2 ~
Area of each nozzle, A ZX(15X1O 3) =1.767x10™* m?

Velocity of flow, V, = Vy;=20m/s
Discharge through each nozzle, Q = AV=1767 x10* x 20m3/s = 3.534 [ /sec
Torque exerted by water coming through nozzle A
T, = pQV,1,
= 1000x 3534 x20%0.4 =28.272 N-m

1000

Torque exerted by water coming through nozzle B,

T = 1000><3.534:

x20x0.45 = 31.806 N-m
B 1000

. Torque required to hold the arm stationary
= Torque exerted by water on sprinkler

=T, + T,=28272 + 31.806
60.078 N-m ~ 60.1 N-m

24. (a)
2 3 2
b BV s0-00ax 15X100 YV
f 2gd 0.6 2x9.81
= V = 2426 m/s
Discharge, Q = AxV

g % (0.6)% x 2.426

0.686 m3/s
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fe—— 1500 m —
Q1_> @ @ —>Q2
©) —>
fe— 750 m —
Q= QtQ;
hf = hfl +hf2
hy, = hg
L).2 L).2
=V ol
3w o3)v
= =
2gd 2gd
= V, =V,
From (ii),
(5 ()v
30 = 2 + 2
2g9d 29d
0.04 x 750 2 2
= ——— x|V +V
3V = 2%981x06 [vi+vi]
From (i),
T » T 2 T 2
—d°xV, = —d*xV, +—=4d°V.
1 XV 4 2775 3
. vV, =2V,
From equation (iv), V, = 1.534m/s
Q, = 2Q,= 2><%(0.6)2 x1.534

. %increase in discharge
25. (b)

Shape factor, (H)

6*

0.867 m?/s

0.867 — 0.686
0.686

x 100 = 26.38%

7y ’ 7 S
y_WXT =(6—§X5)=§=01256
j.
0

()
...(ii)

...(iii)
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8 1/7 1/7
Y Y
= || = 1-| < )
0=] ( 5) ( (6) J /
8/7 9/7 1®
7 _y¥ 7y
0= 578 87" 9 |
0 = (Z - Z) d=10.09726
8 9
d* 01256
= — = =1.286~1.29
H 6  0.09725
Alternatively,
u v 2 742
If 7 = (zj is velocity profile than shape factor S _mt2 742 1.284 ~1.29
U, d 0 7
26. (b)
¥
Liquid1: S.G=09
0.6 N
14 0.6-h
I 0.6m I
Liquid2: S.G=12
Buoyant force, Fp = Weight of fluid displaced
= Fp = [(0.9x9.81) x 0.6 x 0.6 x h]
+[(1.2 x 9.81) x 0.6 x 0.6 x (0.6 - h)]
Now, Fp = (-1.0595h + 2.5428) kN
Weight of block = (1.4 x 9.81 x 0.6 x 0.6 x 0.3) + (0.6 x 9.81 x 0.6 x 0.6 x 0.3)
= 2.11896 kN
For stable equilibrium,
Weight of block = Buoyant force
= 211896 = -1.0595h + 2.5428
b = 2.5428 —2.1189
- T 10595
= h =04m=40cm
27.  (b)
Velocity, V = 3m/s
Kinematic viscosity, v = 0.9 centistokes = 0.9 x 10° m?/s
vd  3x0.5 6
= —=———=1.67x10
Reynolds number, Re v 09x10°
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Since Re > 4000,
Flow is turbulent
1
f = 2logy ;—0 +1.74
1 0.25
- = 2lo —  _+1.74
= Jf 8100 25x10
1
T =774
- Jf
= f = 0.0167
2 2
Lo fLV _ 0.0167 x 300 x (3) 4596 m ~ 46m
L 2gd 2x9.81x0.5
28. (b)

loss due to friction

TEL—==—1—""7%
loss due

to contraction

HGL Vi

Pipe-1 — Pipe-2 ——

-

* As pipe contracts, pressure decreases and velocity increases.
* HGL is always lower and parallel to TEL.

29.  (¢)
30. (a)
Area = 10 cm?
= 103 m?
Velocity of jet = 50m/s

Force on an inclined stationary plate in normal

direction to the plate,

F, = pav? - sin®
Here 6 = 90-6
So, F, = pav* cosd
Moment of F, about 0 = F, x OB
2
= paex cosH
= pav? (OA)
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For equilibrium position, XM, = 0
W x sinf x OA = pav? (OA)
o = P (Since, OA = OA")
sinf = ince, =
w
, 10% x 1072 x (50)°
sin@ = 3
5x10
o = -
sin0 = 5
0 = 30°
EEEN
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