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1. (a)
(@)
N =240 rpm (cw)
w, = % = 8mrad/s
o 1
QRR = E =5
or 360 - o =20
= o =120°
o OB OB
COS— = — = ——
2 OA 100
1_0B
2 100
OB = 50 cm (crank length)
Velocity of slider, Ve=w_ . % OB

=8nx05=4ntm/s
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Maximum velocity of slotted bar occurs at mid position.

co 100+ 50 _
100

At mid position,

Ve="Vg
0,-*x15=4n
0,-=837rad/s

15m

Cycloidal Teeth

Involute Teeth

(@)

(b)
(9)
(d
(e)
(®)
(®)

Pressure angle varies from maximum at the beginning of
engagement, reduces to zero at the pitch point and again
increases to maximum at the end of engagement resulting
inless smooth running of the gears.

It involves double curve for the teeth, epicycloid and
hypocycloid. This complicates the manufacture.

Owing to difficulty of manufacture, these are costlier.

Exact centre-distance is required to transmit a constant
velocity ratio.

Phenomenon of interference doesnot occuratall.

The teeth have spreading flanks and thus are stronger.

In this, a convex flank always has contact with a concave
faceresultingin less wear.

Pressure angle is constant throughout the
engagement of teeth. This results in smooth
running of the gears.

It involves single curve for the teeth resulting in
simplicity of manufacturing and of tools.

These aresimple to manufactureand thus arecheaper.
A little variation in the centre distance does not
affect the velocity ratio.

Interference can occur if the condition of minimum
number of teeth on a gear is not followed.

The teeth have radial flanks and thus are weaker as
compared to the cycloidal form for the same pitch.

Two convex surfaces are in contact and thus there
ismorewear.

(b)

Velocity of crank, Vao =0.32%x20=64m/s

Now, produce AC to R. Line AC passes through the pivot Q. Let B be a point on AR
beneath Q. Writing the vector equation.

Vaq = Vop + Vbq
or Vao = Vbq + Vab
or oa=qb+ba
Steps:

Take Va , to a convenient scale.
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V,, is perpendicular to AB, draw a line perpendicular to AB through Vbq is along AB,
draw a line perpendicular to AB through g4.
The intersection locates the point b.

Complete the velocity triangle as shown in figure below.

0,9 c
b
. ac AC
Locate point C on ab such that b~ AB

Now,

(i)Angular velocity of cylinder = Angular velocity of AR or AB

= Yoo _A77 5 61 vad/s (CW)
AB  0.85

(ii) Sliding velocity of plunger = Velocity of B relative to Q
=gb=41m/s
(iii) Absolute velocity of plunger = OC or gc = 4.22 m/s

1. ()

Pressure angle
(Maximum)

.~ s Pressure angle
ANy
’ 7 4 /\ ’
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Base Circle : It is the smallest circle tangent to the cam profile (contour) drawn from the
centre of rotation of a radial cam.

Trace Point : It is a reference point on the follower to trace the cam profile such as the
knife-edge of a knife-edged follower and centre of the roller of a roller follower.

Pitch Curve : It is the curve drawn by the trace point assuming that the cam is fixed, and
the trace point of the follower rotates around the cam.

Pressure Angle : The pressure angle, representing the steepness of the cam profile, is
the angle between the normal to the pitch curve at a point and the direction of the follower
motion. It varies in magnitude at all instants of the follower motion. A high value of the
maximum pressure angle is not desired as it might jam the follower in the bearings.
Pitch Point : It is the point on the pitch curve at which the pressure angle is maximum.
Pitch Circle : It is the circle passing through the pitch point and concentric with the base
circle.

Prime Circle : The smallest circle drawn tangent to the pitch curve is known as the
prime circle.

1. (d)
The law of gearing states the condition which must be fulfilled by the gear tooth profiles

to maintain a constant angular velocity ratio between two gears. Figure shows two bodies
1 and 2 representing a portion of the two gears in mesh.

A point C on the tooth profile of the gear 1 is in contact with a point D on the tooth
profile of the gear 2. The two curves in contact C or D must have a common normal at
the point. Let it be n - n.

Let w, = Instantaneous angular velocity of the gear 1 (Clockwise)
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0, = Instantaneous angular velocity of the gear 2 (Counterclockwise)

v. = Linear velocity of C

v, = Linear velocity of D

Then v, = w,-AC in a direction perpendicular to AC or at an angle o to n - 7.
v, = 0,-BD in a direction perpendicular to BD or at an angle {3 to n - n.

Now, if the curved surfaces of the teeth of two gears are to maintain contact, one surface
may slide relative to the other along the common tangent ¢ - t. The relative motion
between the surfaces along the common normal 7 - n must be zero to avoid the separation,
or the penetration of the two teeth into each other.

Component of v_along n - n = v_cosa
Component of v, along n - n = v cosf
Relative motion along n - n = v_cosa — v,cosfd

Draw perpendiculars AE and BF on n - n from points A and B respectively. Then
ZCAE = a.and ZDBF = f. For proper contact,

v.cosa — v,cosP =0

or 01 ACcoso. —w,BDcosf =0
AE BF
0 AC—-w,BD— =

o 1A 4c 92 pp 70
or o,AE - 0,BF =0

o1 _ BF
or 0, = AE

BP o
=P [ AAEP and BEP are similar]

Thus, it is seen that the centre line AB is divided at P by the common normal in the
inverse ratio of the angular velocities of the two gears. If it is desired that the angular
velocities of two gears remain constant, the common normal at the point of contact of
the two teeth should always pass through a fixed point P which divides the line of
centres in the inverse ratio of angular velocities of two gears.

As seen earlier, P is also the point of contact of two pitch circles which divides the line of
centres in the inverse ratio of the angular velocities of the two circles and is the pitch
point.

Thus, for constant angular velocity ratio of the two gears, the common normal at the
point of contact of the two mating teeth must pass through the pitch point.
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Also, as the As AEP and BFP are similar,

BP _FP
AP EP
O _ PP EP = @, FP
or W, = EP or (0, =,

1. (e
Given : N, =320 rpm; N, =350 rpm; 7, = 30 mm; r, = 70 mm;
m =5Kkg; a =80 mm; b =40 mm
271 x 320
17 760
_ 2mx 350
60
F,= mrof =5x0.03x33.51%

F,=168.43N

F, = mnoj =5x0.07 x 36.65°
F,=470.12N

2
FE - F
Spring constant, s= 2(3) (#J
b =1

=33.51 rad/s

o, =36.65 rad/s

B 2( @)2(470.12 ~168.43

) =60.34 N/mm
40 70-30

(Mg+E, +f)b

We have, Fla=

2
M=0; f=0
— FS1
168.43 x 0.08 = TX 0.04
F, =673.72N
Initial compression, x, = Fﬁ _673.72
F s T 60.34

X, = 11.16 mm
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2. (a)

250

Given :r= - = 125 mm; N =320 rpm, D =120 mm; n = 4.5; m, = 50 kg; m_, . =20kg,

reci.

AG =160 mm; k = 130 mm; 6 = 120°; | = 562.5 mm
_2nN _ 2mx 320

Now, 0 =33.51rad/s

60 60

Divide the mass of connecting rod into two parts, refer figure,

= E25160) oy

a 562.5
my, =50 - 35.77 = 14.22 kg
Total mass of reciprocating parts at ‘B’.
m; =20 +14.22 = 3422 kg

Acceleration of reciprocating parts

a= rmz(cosﬂ + cos26j
n
) cos 20

Inertia force, F, = Myeci TO cos6 + »

F, = 34.22x0.125x 33,512 (coleO" + cozzso j

F,=-2935.34 N
As 0 is more than 90°, it is negative and towards right.
Inertia torque due to reciprocating parts,

T,=F r{sine - &]

24n? —sin0
T, = —2935.34x0.125| 5in120° + —— 0220
2,/4.5% - (sin120°)?
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T, =-2935.24 x 0.768 x 0.125
T, = -281.78 Nm (CW) or 281.78 Nm (ACW)
Corresponding couple due to assumed second mass of connecting rod at ‘A’
AT = mcrocb(l—L)
b=562.5 - 160 = 402.5 mm

2 2
L= b+K—: 402.5+ 130
b 402.5

L = 44448 mm

Q
I

(n® - 1) }

2 .
—m“sin®
¢ l:(n2 —sin? 6)3/2

2_
-33.51%5in120° - (45 - D —
(4.5% - sin%120°)%/

-217.4 rad/s?
AT =50 x (-217.4) x (0.4025) x (0.5625 - 0.444)
AT = -518.46 Nm

Correction torque on the crankshaft,

AT cos©

T
¢ n? —sin2@

3 -518.46 x cos120°
J4.5% —sin2120°

c

T.=58.70 Nm
Torque due to weight of mass at “A’
T,=m, g rcosb
T =35.77 x 9.81 x 0.125 x cos120°
T, =-21.93 Nm (CW) or 21.93 Nm (ACW)

The correct torque is to be deducted from the inertia torque on the crankshaft. Hence,
the total inertia torque on the crankshaft,

T=T,-T +T,
= 281.78 - (-58.70) + 21.93
= 362.41 Nm (ACW)
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2. (b)

T.=32,T,=60,N,=N,=0

T
Now, T,.= 2[7(3 + TH}

32
60 = 2|:?+ TH:|

30=16+T,
= T,=14
Now, prepare table
Action C/E | D/G H F/P
Cfixed, D+1rev| O 1 _32 —§><E
14 14 60
C fixed, D+xrev | O X _32x —§x
14 60
32x 32x
Add, + - _
Yy Yy 1Y ™1y =70 | Y™ %0
BT
Ne= Y60 60
32x
T Np_y+x_ 0 "
Ip = Nc y 3
60
T2
o 8
When B and C rotate at different speeds,
N.=y =120
T,
= 120x-%
N, T,
N. = (120><T—CJ x1.1
B Ty
N, = Np xi: 120><T—C><1.1 xT—B
b Tp Ty Tp
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= 120><1.1><T—C=120><1.1><§
Tp 8
or y+x=3795
or x =259.5
N~
P 60
NP =120 —w =-184 rpm

P rotates at 18.4 rpm in direction opposite to that of ‘C’".

2. (0
Figure below, shows the planes of masses and bearing as per given data:
B
i, 300 | |
“mm” | |
Al § B D s O ~

| | | | A
i ‘ i : (Reference
f—900 mm———~ plane)
fe— 1200 mm—— E

Graphical method:

Let plane A be the reference plane.
myr,=5x25=125kg.mm
m,r, =4 x 2.5 =10 kg.mm
m,r,=m,* 25 =25m, kg.mm

Force polygon: Refer figure,

_ 2 2
mr, = \J(myn)? + (mary)

/ 2 2
m, = N1257+107 _ (64 kg
25

0, = 218.65°
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Moment polygon : Refer figure,

merele = mbrblb cos 51.35

~ 10x1200 x cos51.35°
e 25 % 0.64 myr,. 1,
l,=468.42 mm
my 1L w? sin 51.35°
Also, R = bbb

lep

o= 2nN _ 21t x 250 _ 2618 rad/s

60 60

nrl, = 10 x 1200 = 12000 kg mm>

_ 12000 x 26.18% x 5in 51.35°
min 600

R =107N

R

3. (a
(i)
(a) Sensitiveness of a governor

A governor is said to be sensitive when it readily responds to a small change of speed.
The movement of the sleeve for a fractional change of speed is the measure of sensitivity.
As a governor is used to limit the change of speed of the engine between minimum to
tull-load conditions, the sensitiveness of a governor is also defined as the ratio of the
difference between the maximum and the minimum speeds (range of speed) to the mean
equilibrium speed. Thus,

Range of speed

Sensitiveness =
Mean speed

_Np=N; _ 2(Np =Ny)
N N1 +N,
When N = Mean speed; N, = Minimum speed corresponding to full-load conditions;
N, = Maximum speed corresponding to no-load conditions
(b) Hunting
Sensitiveness of a governor is a desirable quality. However, if a governor is too sensitive,

it may fluctuate continuously, because when the load on the engine falls, the sleeve
rises rapidly to a maximum position. This shuts off the fuel supply to the extent to affect
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a sudden fall in the speed. As the speed falls to below the mean value, the sleeve again
moves rapidly and falls to a minimum position to increase the fuel supply. The speed
subsequently rises and becomes more than the average with the result that the sleeve
again rises to reduce the fuel supply. This process continues and is known as hunting.

(c) Isochronism

A governor with a range of speed zero is known as an isochronous governor. This means
that for all positions of a sleeve or the balls, the governor has the same equilibrium
speed. Any change of speed results in moving the balls and the sleeve to their extreme
positions. However, an isochronous governor is not practical due to friction at the sleeve.

For a porter governor, with all arms equal in length and intersecting on the axis
(neglecting friction),

h, = %(HMJ and h, = %(HM)

0% m w3\ m

For isochronism, o, = 0, and thus i, = h,. However, from the configuration of a porter
governor, it can be judged that it is impossible to have two positions of the balls at the
same speed. Thus, a pendulum type of governor cannot possibly be isochronous.
In the case of a Hartnell governor (neglecting friction).

At w,, mrlco%a = %(Mg +F )b
At m,, mryw3a = %(Mg +F, )b
For isochronism, 0, =0,

Mg+ FSl r

Mg + FS2 16}

Which is the required condition of isochronism.
(i)

Path circle radius for pinion and gear,

_ L _5X80 _ 200mm
2
r= mxt_5x80_ 100mm
2 2x2
Maximum possible length of path of approach
(POA), ., = rsind

Actual length, POA = 0.6 (POA) ..
POA = 0.6 x r sind
POA =20.52 mm
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Maximum length of path recess,
(POR),,. = Rsin¢
Actual length, POR = 0.6 x Rsin¢
= 0.6 x 200 x sin20°

=41.04 mm

We have,

POA = \/Rg — (Rcos0)? — Rsing

20.52 =[R2 - (200c0520°)2 - 200sin 20°
or RZ - (200c0820°)* = (20.52 + 200 sin20°)2
or R2 = 4322837
or R,=207.91 mm
: Addendum of the wheel = R_- R =207.91 - 200

=7.91 mm Ans.
Also, POR = \/raz — (rcos¢)? —rsino

41.04 = \Jr2 - (100c0s20°)? —100sin 20°

or rZ = (100 c0s20°)? + (41.04 + 100sin20°)2

r2 = 1449158

r,=120.38 mm
Addendum of the pinion =r, -7
=120.38 - 100
= 20.38 mm Ans.
POC
cos

Arc of contact, AOC =

0.6(rsin¢ + Rsin¢)
cos

AOC =

or AOC = 0.6 x (100 + 200)tan20°
= 65.5mm Ans.
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3.

(b)
Equation of motion, for damped vibration,

mx+cx+kx =

0
Now, o= \/E = ,/@ = 39.62 rad/sec
m 10
c

| 1570
Damping factor, § = 5 1) "= 5% 10x 39.62

£=198>1
System is overdamped, displacement,

x= Ay exp|:—E_, + \/ﬁzi—l}u)nt + Ay exp[—i - @}mnt

Substituting the values of € and w,, we get

_x=<ATexp[—1984~J1982—]}3962t+442exp[—198—— 1982—1}3962t

x = Aqexp(-10.74t) + Ay exp(—146.15)t

and X = % = -10.74 A exp(—10.74t) — 146.15 A, exp(—146.15)t
Initial conditions, are
x=001latt=0
A, +A,=001 (i)

and, att=0, ¥ =-V,
-10.74A, - 146.15A, = -V, ...(id)
From equation (i) and (ii), solving and simplifying, we get
A, =-738x102V,+0.0107
A,=738x103V,-7.93 x10*
General expression for displacement,
x = (-7.38 x 103V, + 0.0107) exp (-10.74t) + (7.38 x 103V, - 7.93 x 10*)exp (-146.15¢)
Static equilibrium means x = 0 at ¢ = 0.01 sec,
0= (-7.38 x 103V, + 0.0107)(0.898) + (7.38 x 103V, - 7.93 x 10-%)(0.2318)
Solving, we get
491 x 103V, =9.42 x 107®
V,=192m/s

(©)
Given : 8 = 1.5 mm, m = 500 kg; F = 2650 N; N = 2000 rpm; § = 0.25
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271 x 2000
Forcing frequency, o = nT =209.44 rad/s
Mg 500 x 9.81 5
= =32.7%x10° N/m
Stiffness, k = 15x10°2 /
5
®, = \F ,/327)(10 — 80.87 rad/s
®
= — = 259
"= o,
Fr 1+(28r)
Transmissibility ratio, — = — =
B Ja-r) +@en
Fy J1+(2%025%2.59)

2650 J(1-2.59%)2 +(2x 0.25 x 2.59)>

F. = 2650 x 0.2795
= 740.76 N Ans. (i)
F, /k
2
(1 - rz) + (2&1*)2

2650

For steady state vibrations, A = \/

2
32.7x10° x \/(1 - 2.592) +(2x0.25%2.59)

=1.38 x 10~* m or 0.138 mm Anes. (ii)
28r
Phase lag, tan¢ = 3
1-r
_ 2x0.25x2.59
fane = T ) 592
= —12.78° or 167.21° Ans. (iii)
4. (a)
36 x5

Given: M =1600kg; w=15m; R=20m; V = =10m/s; 6 =15°% r =0.325 m;

18
k=0.25m;m=210kg; h =0.85m
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Resolving the forces perpendicular to the track, refer figure

2

R, + Ry = Mgcos+ MV sin0

1600 x 102 .
—FFF XS

RA + RB = 1600 x 9.81 x cos15 + in15°

R, + R, =17231.72N

2

or R, = MgcosO+MV sinGJx%+[Mgsin6—FCcosﬂ]x£
w

R, = 1600 x 9.81 x cos15° +

2
1600x10° .,
20

2
L +11600%9.81 xsin15 - 1000X107  s150 |5 982
2 20 15
0.85
— 8615.86 — 3664.98 x 22
Ry 15
R, = 6539.04 N
R, = 10692.7 N

Reaction due to gyroscopic couple

c,= 2I,0gcos6w,
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2

Cp= 2mk? xV—cose
rR
2
c,= 2x210x 0.252 x 1" X cos15°
0.325x 20
¢, = 390.085 Nm
Reaction on each outer wheel,
c 390.085
Rg, = ﬁ =15 - 130 N (upwards)
On inner wheels,
Rg, =130N (Downwards)
Therefore,
Pressure on outer rails = R - Rg,
=10692.7 + 130
=10822.7 N (Downwards)
Pressure on inner rails = R, - Rg,
= 6539.04 - 130
= 6409.04 N (Upwards)

4. (b)
Given:m=10kg; M =130kg; L =200 mm = 0.2 m; ' =170 mm = 0.17 m

Length of extension arm = 80 mm = 0.08 m; 6 = 3 = 30°
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Refer figure,
b= c =200 sin 30° = 100 mm
r="b+ 30 =130 mm
a =200 cos 30 =173.2 mm
AD =7 -r=170-130 = 40 mm

DE = 80% - 40% = 69.28 mm
e=a+ DE=173.2+ 69.28 = 242.48 mm
()
Taking moment about I
M
mr'o’e = mg(c+r-7r)+ Tg(b +¢)

10 x 017 x w2 x 0242 = 10x9.81(0.1+0.13-0.17) + 13(’;&(01 +0.1)

0.411w?* = 5.88 + 127.53
o =18 rad/sec

N = 60x18
27

=171.88 rpm

(i)
Considering the friction, let ®; and ®, be the minimum and maximum speeds
respectively,

10 % 017 x 2 x0.242 = 10x 9.81(0.1+ 0.13 - 0.17) 4 220X 9281 =0 01+01)

041107 =588 + 122.53

w, =17.67 rad/s

= N; =168.79 rpm

For maximum speed,

130x9.81+ 50

10%0.17 x 03 x0.242 = 10x9.81(0.1+0.13-0.17) + : (0.1+0.1)

041103 = 5.88 + 132.53

o, =18.35rad/s
= N, =175.23 rpm
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Coefficient of insensitiveness,

N, -N; _ 175.23-168.79

C, = N

C

S

(iii)

= 6.44 rpm

171.8

0.0375 or 3.75%
Range of speed = 175.23 - 168.79

Flywheel

Governor

(@) Function of a flywheel is to control the cyclic
variation of speed due to the variation in power
produced by anengineinacycle.

(b)  Flywheel regulates the speed during each cycle of
engine operation.

()  Flywheelis operativein every cycle of the engine.

(d) Flywheel stores the energy itself and gives out to
engine during each cycle.

(e) Flywheel has nothing to do for the quantity and
quality of working medium.

(f) Mathematically aflywheel controls the SN/§t.

Function of a governor is to control the speed of an
engine due to variation in external load on the
engine by changing the energy supply in the form
of fuel.

Governor regulates the speed of engine when load
varies overa time period.

Governor operates only when load changes over
the engine.

Governor regulates the fuel supply to the engine
as per the load.

Governor controls the speed by either quality or
quantity variation of the working medium.

A governor basically controls the SN.

(i)

O

0°  30°

180°

N =250 rpm, k =200 mm, c, = 1%
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Refer figure,
Work done per cycle, W = Area of trapezium OABC

= MXSOO

(% + n) % 800
_0 J  _1466.07 Nm

1466.07
Mean torque, T = = 466.66 Nm

mean T

Fluctuation of energy,
AE = max[Area (EABH)] or Area [(CKH)]

800 — 466.66 1
F= ————x

T - 0218
Now, 800 6

_ 800 — 466.66 X2_TE _ 0873
800 3

Area EABH = Area EAF + Area ABGF + Area BHG

GH

= 356.37 Nm

- (800 466.66)[—0'218 T —0‘873}

Also, area CKH = CK x KH = CK(GK - GH)

466.66 { %n o 873}

= 284.98 Nm
AE = Area EABH =356.37 Nm

max
mk2w2C, = 356.37
2nN  2mx 250
T 60 60
356.37
02226182 x0.01

m =1299.875 ~ 1300 kg

=26.18 rad/s

w

m
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Section : B

5. (a)

Refer the figure below for configuration and nomenclature.

f«—30cm —

<15 cm—~

Area of the curved surfaces,

A=n(n+n)(n-n) +h

1509.85 cm?
Now, F,, =0.15 (Given)
By reciprocating theorem,

AFp = Ay

A, X 15
Fp Aq 21 nx7.5%
F,=06
Further, F,+F,+F,;=1
Fi;=1-F,
F,=1-06=04
Again, Fpyt Fpy v Fpy=1
Fyy=1-Fy

F,,=1-0.15=0.85

Now, by reciprocity theorem,

n(75+15)\(15-75) + 20

Ans. (i)
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nx 152
= % 0.85 = 0.398
P32 1509.85
2
b2 A g, SBXTST 64— 0.0468
31 Aj 1509.85
From the identity,
Fy +Ey+Fy=1
F33 =1 -0.0468 - 0.398
= (0.555 Ans. (ii)
5. (b)
(@)
GSHF
Line
S: Surface at ADP /
2: Leaving Air
s: Supply air
$52 1.1
RSHF
Line o
tADP ti to

Room sensible heat factor (RSHF) : It is the ratio of room sensible heat to the room total
heat.

RSH _ RSH
RSH +RLH ~RTH

RSHF =

In a cooling and dehumidification process, the temperature at which the RSHF line
intersects the saturation curve is called the room apparatus dew point.

Grand sensible heat factor (GSHF) : It is the ratio of the total sensible heat to the grand
total heat.

TSH _ TSH
TSH+TLH GTH

Total sensible heat (TSH) = Room sensible heat (RSH) + Outside air sensible heat (OASH)
Total latent heat (TLH) = Room latent heat (RLH) + Outside air latent heat (OALH)

GSHF =
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(i)

From Psychrometric chart,
at 40°C DBT and 27°C WBT

h,=85k]J/kgd.a
0, =172 gw.v./kgd.a.

At 25°C DBT and 50% RH
h.=50.8 kJ]/kgd.a., o, =10 gw.v/kgd.a.
hy=h,pp =37 kJ/kgd.a.
Condition of air entering the coil,
0, =025 xm, +0.75 x o,
0, =0.25x172+0.75 x 10 = 11.8 gw.v/kgd.a.
h,=025xh, x0.75 % h,
=0.25 x 85 + 0.75 x 50.8 = 59.35 k] / kgd.a.
t;=025xt +0.75 x t,
=0.25 x40 + 0.75 x 25 = 28.75°C
Specific volume of air entering the coil
v, = 0.869 m®/kgd.a.
Mass flow rate of air entering the cooling coil

. cmm 4800
Mo = 60xv;,  60%0.869

=92.059 kg/s

Total cooling load, Q = i1, (I —hy ) = 92.059(59.35 - 37)

O = 2057.518 kW

Fresh air load = i1, (1, = ;) = 0.25% 92.059(85 - 50.8)
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Qp = 787.104 kW

So, room heat gain (RTH) = Q - Q,, = 2057.518 — 787.104
RTH =1270.414 kW
5. ()

Flow velocity in suction pipe (v;) =2 m/s
Suction pipe diameter (d;) = 85 mm
Delivery pipe diameter (d,) = 60 mm
Friction loss in piping system = 6 m
Pump efficiency () = 70%
Density (p) = 1750 kg/m?

From continuity consideration, the flow velocity in the discharge pipe is

T 2
—Xdi Xv 2
Ao g4 1T (le o

2 v T q2 dy
R
2
or v, = (%) x2=4.0138 m/s

Also, velocity at the discharge end of 60 mm pipe is v, = 4.0138 m/s.

(@)

Applying Bernoulli’s equation between station b (surface of liquid in the tank) and station
c (discharge end of delivery pipe).

P, 2 v P
2 4+ b 47 +pump work = =+ —%+ z_ + Friction loss (i)
pg 28 2g g
The velocity at station b is negligible because of large diameter of tank in comparison
with that of pipe. Again with atmospheric pressure as the datum for pressure head
P, = P_. Further, with datum plane for elevation through the station b;
z,=0and z, =18 m

From equation (i)

2
Pump work head (hf) _ (4.0138)7 +18+6
19.6
h,=24.8219 m
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Discharge through the pump,
n 2
Q = Alvl = 1(0085) X2

=0.011349 m3/s
Power used by pump = pgQh,
P = (9.81 x 1750) x 0.011349 x 24.8219
or P = 4836.149 Watt = 4.836 kW

Considering pump efficiency, the pump used should have power rating of

_ 4836 _ 6.908 kW
0.7
(i)
The pressure developed by the pump can be found by applying Bernoulli’s equation
over the pump itself.

2 P, v3
ﬂ+v—1+Pumpworl< head = —=+-=
pg 28 pg 28
(v% - 03
P.- P, =P8 + Pump work head
or , = P, 2¢
2 _ 2
p_p - 1750 x9.81( 2° —4.0138 - 24.8919
2771 1000 19.6

P, - P, = 415.5223 kPa
(d)
As per given data, for vertical position,
r 0.25
k3 p2 ghfg
)

. = 0.943
¢ _Hl(tsat —tg

r 3 > 537025
0.68% x 965.3% x 9.81 x 2285 x 10
3.14 x107* x 2.5 x (100 — 80)

h, = 0.943

h, = 4264.7 W/m?K
Heat flow rate, in vertical position

QU = EUA(tsat - ts)
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Q,=4264.7 x t x 0.1 x 2.5(100 - 80)
= 66989.75 W

. . Q 66989.75
Steam condensation rate, i, = P 27285 % 10°
18 X

1it, = 0.0298 kg/s

Now, for horizontal position of tube, heat transfer coefficient is given by,

0.25
— 0.725( l ) <7

" = 0913\ D v
0.25
_0725(25
e N YW
of L 0.943(0.1)

hy, =7331.61 W/m?K

Heat transfer rate, in horizontal position
Q,, =7331.61 x (m x 0.1 x 2.5) x (100 - 80)
Q, = 115164.78 W

Steam condensation rate, in horizontal position,

115164.78
i, = ———==0.0512 kg/s
T 2285%10° 8/
0.0512 -0.0298
. Percentage change in condensation rate = %100 = 71.81%

0.0298

5. (e
The horizontal component of the resultant hydrostatic force acting on the cylinder is the
horizontal force on the projected area of the curved surface on a vertical plane.
F, = Resultant pressure force on projected OA of the curved surface.
F, = pgAy,
The projected area of curved surface on the vertical plane OA is
A = Distance OA x Cylinder length
A=3x4=12m?

Depth of centroid of OA, y.= 2.5 +% =4m

F, =1000 x 9.81 x 12 x 4 = 470.88 kN
The line of action of F,is

N I. sin? a

yph = Ye Ayc
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sina = sin90° = 1

bd®  4x3%

[=—= =9m?*
12 12
g =4+ 41875 m
ph 12x 4

Thus the horizontal component of the resultant hydrostatic force is 470.88 kN and it acts
(5.5 - 4.1875) = 1.3125 m vertically above A.

The vertical component of the resultant hydrostatic pressure is the weight of water above
the face AB of the curved surface.

F_ = pg [Volume of rectangular portion OBCD + Volume of region OAB]

F, = 9.81x 1000[2.5 X 3% 4+ %n(3)2 X 4}

F,=1000 x (294.3 + 277.371)
or, F, =571.6712 kN

Fy
0

1.3125m

t oA

| n | E

The line of action of F, may be obtained by taking moments of it's two components
about the line OA.

571.6712 x 1 = 2943 x % +277371 % %

T

4%x3 A4r

w3 represents the distance of centre of gravity from either straight

where the term

line.
On solving above equation
n =1.38997 m
Thus the vertical component of the resultant hydrostatic pressure is 571.6712 kN and it
acts 1.38997 m to the right of A.
The resultant hydrostatic pressure force,

F= [F? +E2 = /(470.88)% + (571.6712)
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F =740.6321 kN
If 0 is the angle of inclination of F to the horizontal

E, 5716712
F, 47088

0 =50.522°
The distance of point E, where the resultant strikes the surface is

1.3125
tan6
=1.38997 + 1.08109 = 2.471 m from point A

tanO =

=1.38997 +

6. (3
Given:e,=07,€,=05,T,=1200K, T, =800 K

The rate of heat interchange between the two plates is,

GA(T14—T24)
Q. =—F 7
1-2 i+i—1

€1 <

5.67 x 107 (1200* - T3*)
Qi,= 1 1
.
0.7 05
Q,, = 38849.5 W/m?

When a radiation shield with emissivity ‘e," on both sides is placed between the two

plates, then

Qwith shield =03 Qwithout shield

5.67x1078 (12004 - 8004)

( 1 1 j 5 = 0.3 x 38849.5
—+— =1+ — -1
0.7 05 €3
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or €,=03
Now, under steady state conditions,

Q12=0Q5

5.67 %107 (1200 - (13"

0.3 x 38849.5 = ( T 1 )
—+—-1
07 05

or 11654.85 = 1.5x107%(1200* - T3')
ré = 1200t - 1165485
1.5x10

Ty = (1296x10" )1/ !

T, =1067.09 K

6. (b)
(i)

to=t
s ADPyom

csur /0
Line
\ A

----- i
s 2 RSHF ‘
Line ()
X (1-X)
ts=tapp

From Psychrometric chart,
at43°C DBT and 27.5°C WBT
h, = 87.5 KJ/kgd.a.
0, =17.0 gw.v/kgd.a.
v, =0.922 m3/kgd.a.
at 25°C DBT and 50% RH
h,=50.8 k] /kgd.a.
o; =10 gw.v/kgd.a.

Condition of air entering the cooling coil,
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h,=0.75xh +0.25 x h,
= (.75 x 50.8 + 0.25 x 87.5 = 59.975 k] / kgd.a.
®; =0.75 x , + 0.25 x w,
=0.75x10+ 0.25 x 17 =11.75 gw.v/kgd.a.
t;=075xt.+025xt,
=0.75x 25+ 0.25 x 43
=29.5°C
(a)
We know
Room sensible heat (RSH) = 0.0204 (¢, - t,) x cmm
Room latent heat (RLH) = 50 x cmm (w, - ®,)

RSH  0.0204(25-1) 40 _
Now, RLH ~ 50(0.01-w,) 10 - ()

Relations for bypass factor

2ADE 15
1~ tADP
Substitution ¢, ,, = 12.8°C
ty —12.8 015
295-12.8 '
= t, =15.305°C

We can write an other relation for bypass factor in terms of specific humidity

W2 ~Wapp W2 7WADP  _ 515
W1 —WApp - 0.01175—(DADP

From Psychrometric chart o,,, = 9.5 gw.v/kgd.a.
From equation (ii)
o, —0.0095
0.01175 - 0.0095

= o, = 0.0098375 kgw.v/kgd.a.
Condition of air leaving the coil is t, = 15.3°C and w, = 9.84 gw.v/kgd.a.

=0.15
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(b)
Dehumidified air quantity,

RSH
(cmm); = 0.0204(#; ~t,)
40
= = 202.247
(emm); = 0,0204 (25 - 15.305)
(©
From Psychrometric chart
Specific volume of supply air,
v, =0.83 m?/kgd.a.
Mass flow rate of supply air,
M, = (cnm)g _ 202.247 _ 4.0612 kgd.a./sec
%~ 60xv, 60x0.83

Mass flow rate of fresh air, Thao = 0.25n'1as = 0.25x4.0612 = 1.0153 kgd.a./sec

Volume flow rate of fresh air,

Qy, = Mgy X vy X 60
Qy, =1.0153 x 0.922 x 60

Qy, =56.166 cmm
(d)
Outside air total heat, OATH = ity (I; — )

=1.0153(87.5 - 50.8)
= 37.262 kW
Total refrigeration load on the air conditioning plant
Grand total heat (GTH) = RTH + OATH
GTH = (RSH + RLH) + OATH
=40+ 10 + 37.262
GTH = 87.262 kW
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(ii)

T Air Out T

Fan compartment

53353 Eliminator
Spray headers ——— Plates
and nozzles
SRV Hot vapour refrigerant
(
D)
( Liquid refrigerant
} Airln
) I/\ll
Pump Make-up-Water

Evaporative condenser

Figure shows the schematic diagram of an evaporative condenser. In an evaporative
condenser, the refrigerant first rejects its heat to water and then water rejects its heat to
air, mainly in the form of evaporated water. Air leaves with high humidity as in a cooling
tower. Thus an evaporative condenser combines the functions of condenser and cooling
tower.

Evaporative condensers are commonly used on large ammonia plants as they are found
to be cheaper. Such condensers require a larger amount of the refrigerant charge due to
the longer length of the refrigerant piping. But in the case of ammonia systems, this is
immaterial since the refrigerant is quite cheap.

6. ()
Given : Speed, N = 800 rpm; Outer diameter, D, = 0.6 m;

10000
1000 x 60

B, = 32° Area of flow = 0.06 m?

Discharge, Q = =0.167 m>/s ; H =35 m; Inner diameter, D, = 0.2 m;
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Radial inlet
Inlet velocity triangle Outlet velocity triangle
Q 0167
Ve =V, = =——=27833
=R T Area 0,06 m/s
u, = nlz(z)N _ n><0.660>< 800 _ 25132 m/s
and u, = nlzéN Iz 0‘620X 500 _ §.3775 m/s
()
From the inlet velocity triangle,
Vg 27833
tanB, = 7 " 83775
or, B, =18.378°
(i)
From outlet velocity triangle,
VfZ )
(U2 =V, )
or, 0.6248(25.132 - V,,, ) = 2.7833
or, 15.7042 - 0.6248V,,, =2.7833
or, Vi, =20.68 m/s
M tric effici _ _8Hy
anometric efficiency (1, ) Voo U
9.81x35

= ———— = 0.66063 = 66.06%
20.68 x 25.132
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(iii)
Minimum starting speed (N, )
We know,
60,/2¢H,, _60x J2x9.81x35
«/DZ—Dl ,/062 022
= 884.277 rpm
7. (a)
(TPt
\/ ®: (D At runner entrance
H, i @ At runner exit
Z, P, ! @ At draft tube exit
Z, v i
nl o
Z, E® Datum

Given : Diameter of penstock, D, =7 m; Speed, N = 140 rpm; Power, P = 64700 kW;

Flow rate, Q = 120 m3/s; Hydraulic efficiency, 1, = 0.94; Mean diameter of turbine at
entry, D = 4.5 m; Mean blade width at entry, B = 1.2 m; Entry diameter of draft tube,
D, = 4.6 m; Velocity in tail race, V, = 2.5 m/s; Static pressure head at entry of runner

(&J =60.4 m
Pg

Loss in draft tube (h

2
) = 0.35(‘/—2}
2g

Hs=2.5m

zl—(z3+h)=

(i)
Net or effective head, H = H; - hf

2 2
ﬂ+v1 +z1 | = Z3+V—3+h (i)
pg 28 28
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Q  120x4
T - 2
Z><(Dp)2 nx(7)

v, = =3.11813 m/s

and thus by substitution, we get

(3.11813)2 e (2.5)

H= 604+ g¢ 19.6
or H=645771m
The overall efficiency is given by
P 64700x10°
Mo~ pgQH ~ 9810 x 120 x 64.5771
or M, = 0.851 or 85.1%

(i)
Neglecting the vane thickness, the velocity of flow at inlet

. Q 120
f7 mBD mx12x45

=7.0735m/s

nDN  nx4.5x140

60 60
or U=32.9867 m/s
We know,
) .. U
Hydraulic efficiency, n,, = g—H
0.94 = V,, % 32.9867
T 9.81x64.5771
or V,=18.0524 m/s
The direction of flow relative to the runner at inlet
Vi 7.0735
tan0 = =
u-v, 32.9867-18.0524
or 0 = 25.344° or 154.655°

(iii)
The pressure head at entry to the draft tube
Applying Bernoulli’s equation between points 2 and 3.
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2 2
&+V—2+22 = §+V—3+23 +h}
pg 28 pg 28
But L] = Lo +h
P8 pg
Since (z, - z; - h) = H,, the height of runner exit above tail race level, thus
&_%_ H+V22_V32 + N, ..
oz~ pg s 2g f ...(ii)
where Iy = Head loss in draft tube
2
h} =0 35(‘/_2}
28
= —2 - X 7006 m/s
gx (Dt)2 T X (4.6)
2
then, Wy = 0.35x (7.2206)° =0.93102 m

Thus by substitution, we get
(7.2206)% - (2.5)

)
—= =—-|25 0.93102
” (gauge) + 196 +
)
or 02 = -3.91015 m (gauge)

7. (b)
Let suffix ‘i’ and “c” represent hot and cold fluid respectively.

Now, from energy balance,
1i1,C, (Th1 —Thz) = e, (TC2 —Tcl)
2 x 1.05(250 - 150) = 1.4 x 4.18 x (T, —125)
T,, =160.8°C

— M =0.28
250-125

250 -150

T 1608-125
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Using these parameters with figure, we read correction factor F = 0.8.

Now, for counter flow,

0, = Ty, - T, =250-160.8 = 89.2°C

0,= T, — T, =150-125 = 25°C

LMTD, 6,, = 08, _892-B _ 55 470c

n 0y ln( 89.2)
0, 25

Q=FUA®,
Q _ 2x1.05%(250 -150)
Fo,, 0.8 x 50.47
=5.2KkJ/sK
Thermal capacity rates of hot fluid and cold fluid are,

Now, from energy balance,

UA =

C, = tiycp =2x1.05=21k/sK=C

min
C.= rit.c, = 1.4x 418 = 5.85 K] /sK = Cppoy

UA 52

_ =22 047
NTU="¢c"""721

_ Ty, =Ty 250-150
Effectiveness, € = T, —T,, 250125 .

Now, with effectiveness remains constant, the heat transfer with new set of operating
conditions is

Q= €Chin (Th1 - Tcl )

Q=0.8x21x (250 - 60) =319.2K]/s
From energy balance,

Q = tiec, (TC2 - Tcl)

319.2 = 0.5x 4.18(T,, - 60)
T,, =152.72 + 60

T,, =212.72°C
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7. (0
(i)
Given: Water flow rate, m,,, =1200kg/min; Ty, =35°C; Ty, =30°C

| 4
- m % N
7RRRN 7R 77X “1 %
80%
wy
mg - mg

2 E 2 oY
S i
A D

mw2

From Psychrometric chart:
he, =76.4K]/kg; hs, =85Kk]/kg
w, =16 grams/kg of dry air; w, = 21.5 grams/kg of dry air
vs, =0.895 m’/kg

Energy balance:

Heat lost by the water = Heat gained by air

V
My Mgy = Mgyl = U—(ha2 —hal)
51

where V is the volume of free air circulated per minute.

1% \%
Mepy oy {muq _z(wZ _wl)}hwz = a(h@ _hﬂl)
1
1% 1%
Moy (Meoy =Py )+ Py Z(wz —w;) = Z(h@ ~ gy )
1 1

\% \%
= My XCp (Tw1 _Tw2)+Tw2 Xy X—(wy —wy) = v—(hle —hal)
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Substituting the values in the above equation

1200 x 4.2(35—-30) + 30 x 4.2 x 14 (21.5-16) x L __V_ X (85-76.4)
0.895 1000  0.895
25200 + 0.7743V = 9.6089V
25200 3, .
= ———— =2852421
= V= 58316 m”/min
Make up water = Evaporated water carried with air
Vv 2852.421 1
= — - =———(215-16) X ——
N (@2 = 1) == g05 )% 7000
Make up water = 17.528 kg/min

(ii)
Given : Air flow rate = 100 m3/min; Heating capacity of coil = 42.7 kW; Flow rate of
steam = 50 kg/hr

DBT

Mark the point 1 on Psychrometric chart as DBT and WBT are known
So, from Psychrometric chart
v, =0.792 m®/kg
w, = 3.5 gm/kg of dry air
h,=13.82k]J/kg

The mass of air passed through the system is given as

100 x 60 _
M= 7oy = 7575.75 kg/hr = 2.104 kg/ sec
= Iy + ool - 13.82+20.2946

2104

ocCopyright: [MMADE ERSY www.madeeasy.in



MADE EASY Test No : 4 MECHANICAL ENGINEERING | 51

h,=34.114 kJ/kg
Draw a horizontal line through point 1 till it cuts line &, and then mark the point 2.

50

= + x 1000
W3 = W27 yes 75
wy= Wy + ——— x 1000 [as Wy = wl]
w, =3.5+ 6.6 =10.1 gm/kg of dry air
50
= hy + xXh
N

h, = 34.144 + 50
3 7575.75

x 2691 = 51.9 kJ/ kg

As w, and h, are known, mark the point ‘3" and read the DBT and WBT from the
Psychrometric chart.

DBT = 27°C and WBT = 19°C
8. (3
Given: H=30m; N =170 rpm; P =25 MW, D, =500 cm =5 m; D, = 250 cm = 2.5 m;
M, = 0.94; n, = 0.96

We know,

Overall effici _ Power

verall e 1C1ency, T]O ngH
or, P= Mo XpgxQxH
P 25000 x 10°
or, Q= =
Mo xpgxH 0.94x9810 x 30

or, Q=90.3695 m3/s

Also, we can write,

Q= %(D% - D} )xVvy,

90.3695 = 2(52 _252 ) XV,

or, Vi =6.13664 m/s
Consider a section at the tip of the blade.
Vi = Vg, =6.13664
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1 = nDIN _ mx5x170
1 60 60
Ve Uq

w1

Hydraulic efficiency, 1, = oH

=44.5058 m/s

Vy, % 44.5058
© 9.81x30

or, Vi, =6.34811 m/s

0.96

Whirl velocity at inlet at the tip of the blade Vi, = 6.34811 m/s.

Since Vi, < U,, the inlet velocity triangle is an acute-angled triangle.

Ve
1
04y
Inlet at tip Outlet at tip
From the inlet velocity triangle
. Vi 613664
anol, = =
1 Vi, 6.34811
or, o, = 44.0296°
Furth g Vi 6.13664
urther, tanpP, = =
1 (U -V, ) 445058634811
or, B, =9.13625°

Considering the outlet velocity triangle at the tip of the blade,
U, = U, =44.5058 m/s

Vi, = Vi =6.13664 m/s

. = Vi, _ 613664
By = 1 T 145058
or, B, =7.8506°
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8. (b)
Given : Net head (H) =200 m; Speed (N) = 520 rpm; Power (P) = 1500 kW; Bucket angle
(B,) = 170°; C,, = 0.96; Bucket friction coefficient (K) = 0.92; Friction and windage losses
(H,,) = 7% of velocity head; Pitch diameter of runner (D) =1.4m

fw
V, = Cy2gH =0.96v19.6 x 200 = 60.1055 m/s
v (60.1055)*
o 2¢ 196
(a) Head loss in the nozzle, Hy, = 200 - 184.32 = 15.68 m

=184.32 m

fw

nDN  mx1.4x520
60 60

7
(b) Friction and windage losses = H, = 100 % 184.32 =12.9024 m

=38.118 m/s

U=
Relative velocity at inlet =V}, = (V4 —U) = 60.1055 - 38.118
or, Vi, =21.9875m/s

Relative velocity at exit = V,, =kV,,

or Vi, =0.92 x 21.9875 = 20.2285 m/s
| Vi Vo
(c) Energy loss in buckets (H,) = g - g
1
or H, = ﬁ((21.9875)2 - (20.2285)?)
H, =3.7886 m

Outlet velocity triangle

From outlet velocity triangle:
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V,, cosPs =20.2285 x cos10° = 19.9211 m/s
Vi, =V, sinfy =20.2285 x sin(10°) = 3.5126 m/s

Since, V,, cosP5 < U, the outlet velocity triangle is an acute-angled triangle

Hence, (U= Ve, )=V, cospp =19.9211 m/s
or, Vi, =U-19.9211 = 38.118 - 19.9211
or, Vi, =18.1969 m/s

From velocity triangle,

V3 = (Vi )2 +(vf2 )2

or, V,= |/(18.1969) + (35126’
V,=18.5328 m/s

VS (18.5328)

(d) Velocity head of discharge at the exit = g EETY R 17.523 m
Energy Balance:
Input head = 200 m Losses (m)
At nozzle 15.68

Friction and windage | 12.9024

At buckets 3.7886
Discharge energy head | 17.523
49.894

Shaft energy = Input energy - Total losses
=200 - 49.894 = 150.106 m
Efficiencies:

[200 — (15.68 + 3.7886 +17.523)|  163.0084

Hydraulic efficiency () =

200 200
or, Ny = 0.81504 = 81.50%
163.0084 —12.9024
i ici = =0.92084
Mechanical efficiency (n, ) 163.0084

or, n,, = 92.084%
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_ (200 -49.894)

Overall efficiency (n,) = 200 = 0.75053
or, n = 75.053%
8. (0
3 3
Given : u:y?+4x—x2y; v=xy2—4y—%
(@)
o o
iy =@4-2xy)+ (2xy-4)=0

The given velocity components satisfy the continuity equation and thus represent a
physically possible flow.
The differential dy for the stream function is,

dy = a—w-dx+a—w-dy

ox dy

~v-dx + u-dy
3 3
= —(xyz -4y - %J dx + (% +4x — xzyj dy

3 3 2.2
x y ry
dw = ?dx + ? dy + 4d(xy) - d(T)
Integrating on both sides

(b)

ax= Ma‘F’U@

3 3
(%+4x—x2yj(4—2xy)+(xy2 —4y—x—J(y2 —xz)

3

Acceleration in the x-directionatx=2and y =3

(3)° 2 2 2\ (a2 _ 2
o = | 4x2-27x3|(4-2x2x3)+| 2x 3 —4x3-"-|(3%-2?)
x(2, 3) 3 3

or yo, 3 = (5) x (-8) +3.333 x5
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A, 5= ~40 +16.67 = -23.33 m/s?
Furth = ua—y+ va—v
urther, ay = "5y ay

3 3
= (%+4x—x2yj(y2 —x2)+(xy2 —43/—%}(2@/—4)

y(2,3)=5><(32_22)+3_33x(2x2x3_4)

v 3) s 25 +26.664 = 51.664 m/ s>

Thus, the resultant acceleration,

a
or a

a= a,zc+a§

J(£23.33)2 + (51.664)% = 56.6886 m /s

(c) From equation (i),

4 4 2 2

Vi = 2 1+23 rax2x3-223" 140833 m%/s
4 4 2 2

V3,4 = 3 1+24 +4><2><4—3 x4 =4.0833m3/s

Hence the flow between the streamlines through (2, 3) and (3, 4).
=14.0833 - 4.0833 = 10 m3/s
(d) Rotation (angular velocity)

_1fdv_ou
YxT 2lox oy

w,= ol (v -)=(" =)

w, =0
X
So, the flow is irrotational and velocity potential does exist.

d 0
then do = % ox +£ dy

= —udx - vdy

3 x3
= —(%+ 4x — xzy) dx —[xyz -4y —?J dy

3 3

dp = —4x-dx+4ydy—(%xdx+xy2-dyJ +(%xdy+x2yde
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dp = —4xdx + 4ydy —%d(xyg’) n %d(xe’y)

Taking integration on both side
3 .3
0= —2x2 + 2y _%+% ...(i)

(e)

From equation (i) for stream function

X
i
82\11
3
_(31!1 = y3 +4x—yx2
X
82\11
— L 2 42
ayZ Y
82\u 82\11
a2 Tt =Xy =0

Hence, stream function satisfy laplace equation.
From equation (ii) for velocity potential function,

9 Y

— J .2
I 4x + 3 X7y
)
Fy) =4 -2xy
% 2 X0
3y = -4y +xy Y
920
E9y_2 = -4 + 2xy
0, 3%
92 ayz =2-2xy-2+2xy=0
Hence, the potential function satisfy Laplace equation.
Q000
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