B.Tech.
First Semester Examination

Basics of Mechanical Engineering (ME-101F)

Q. 1. (a) Differentiate between water tube boiler and fire tube boiler.
Ans. Comparison Between 'Fire-tube and Water tube' Boiler :

8. No, Particulars Fire-Tube Boiler ' Water-Tube Boiler
(i) [Position of water |Hot gases inside the tubes and[Water inside the tubes and hot
land hot gases water outside the tubes. [gases outside the rubes.
(ii) |Mode of firing Gencrally internally fired Externally fired
(iii) [Operating pressure [Operating pressure limited to 16Can work under as high
bar. pressure as 100 bar,
(iv) |Rate of steam Lower Higher
production
(V) Suitability Not sunitable for large powerSuitable for large power plants.
plants. _
(vi) [Risk on bursting {Invplves lesser risk on explosion/Involves more risk on bursting
- ___idue to lower pressurc due to high pressure
Q. 1. (b) What doyou mean by boiler mountings and accessories ? Discuss any five Accessoriesin
detail with neat sketch. 10

Ans. Mountings : The items such as stop valve. Safety valves, water level gauges, fusible plug,
blow-off cock, pressure gauges. Water level indicator etc. are termed as mountings and a boiler cannot
work safely without them.

Accessories : The items such as superheaters, economiser, feed pumps etc. are termed as
accessories and they form integral part of the boiler. They increase the efficiency of the boiler. The
following accessories are discussed :

Economiser : An economiser is a device in which the waste heat of the flue gases is utilised for
heating the feed water.

Injector : The function of an injector is to feed water into the boiler. It is commonly employed for
vertical and locomotive boilers and does not find its application in large capacity high pressure boilers. It
is aso used where the space is not available for the installation of a feed pump.

In an injector the water is delivered to the boiler by steam pressure; the kinetic energy of steam is
used to increase the pressure and velocity of the feed water.

Superheater: The function of a superheater is to increase the temperature of the steam above its
saturation point. The superheater is very important accessory of aboiler and can be used both on fire-tube
and water-tube boilers. The small boilers are not commonly provided with a superheater.

Steam Separ ator: Thesteam available from a boiler may be either wet, dry; or superheated; but in
many cases there will beloss of heat from it during its passage through the steam pipe from the boiler to the
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engine tending to produce wetness. The use of wet Seam in an engine or turbine is uneconomical besides
invalving some risk ; hence it is usud to endeavour to separate any water that may be present from the
seam before the latter entersthe engine. Thisis accomplished by the use of asteam separator. Thus, the
tunction of asteam separator is to remove the entrained water particles from the steam conveyed to the
seam engine or turbine. It isingtaled as closeto the steam engine as possible on the main steam pipefrom
theboiler.

It [T

s
sl
A = Bottom Pipe
B = Top pipe
P = Vertical C.I. Pipes

i

S = Scrapers

A = Bottom Pipe P = Vertical C.I. Pipes
B = Top Pipe S = Scrapers

Fig. Economiser

Air Preheater : The function of the air pre-heater is to increase the temperature of ar before it
enters the furnace. It is generdly placed after the economiser; so the flue gases pass through the
economiser and then to the air preheater.
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Fig. Baffle Plate steam separator
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Q. 2 (a) Diffrentiate between jet condensers and surface condensers.

Ans. In jet condensers, the exhaust steam and water come in direct contact with each other and
temperature of the condensate is the same as that of cooling water leaving the condenser. The cooling
water is usually sprayed into the exhaust steam to cause rapid condensation.

In surface condensers, the exhaust steam and water do not come into direct contact. The steam
passes over the outer surface of tubes through which a supply of cooling water is maintained.

A jet condenser issimpler and cheaper than a surface condenser. It should be installed when the
cooling water ischeaply and easily made suitablefor boiler feed or when a cheap sour ce of boiler and feed
water is available. A surface condenser is most commonly used because the condensate obtained is not
thrown as awaste but returned to the boiler.

Q. 1(b) What do you mean by cooling towersand cooling ponds ? Classify varioustypes of cooling
towerswith neat sketch.

Ans. the cooling ponds are the smplest of the device for recooling of the cooling water. A cooling
pond consists of a large, shallow pool into which the hot water is allowed to come in contact with the
atmosphericair.

In power plantsthe hot water from condenser iscooled in cooling tower, so that it can bereused in
condenser for condensation of steam. In a cooling tower water is made to trickle down drop by drop so
that it comesin contact with the air moving in the opposite dir ection.

The cooling tower s may also be classified as follows:

(i) Natural draught cooling towers

(if) Mechanical draught cooling towers

(iii) Forced draught cooling towers

(iv) Induced draught cooling towers.

(i) Natural Draught Cooling Tower : In this type of tower, the hot water from the condenser is
pumped to the troughs and nozzles situated near the bottom.

" Cold water
) out
Fig. Hyperbolic cooling tower
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(if) Mechanical Draught Cooling Towe's: In thesetowersthe draught of air for cooling the tower is
produced mechanicaly by means of propeller fans. These towers are usudly built in cdls or units, the

capacity depending upon the number of cdlls used.
Circulating

J/ fan
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Fig. Induced draught Cooling tower
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Fig. Forced draught cooling tower
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Q. 3. (a) Comparison of Otto, Diesel and Dual cycles. 10
Ans. Figure shows comparison of otto, diesel and dual combustion cycles at various compression
ratio and with given cut off ratio for diesel and dual cycles. For the given compression ratio.

Yoo = Mduat = Ndiesel

n
rc —
otto —» 1, 23"4"
3" diesel —» 1234 T 37
3 dual -» 1 2'23'¢ 3
2 3
4!
2 & 2
4
1 4» 4
V— S —

For the same compression ratio and same heat input, otto cycle has the least heat rejected hence

Yotto > Mduat = Mdicset
For constant maximum pressure and heat supplied, diesel cycle has least heat rejected, hence

Ndiesel = Tdual > Fotto
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Q. 3. (b) Differentiate between two stroke and four stroke engines.
Ans. Comparison of four stroke and two stroke cycle engines :
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Four Stroke Cycle Engines

No.

Two Stroke Cycle Engines

The cycle is completed in four strokes
of the piston or in two revolutions of
the crankshaft, Thus, onc power
stroke is obtained in every two
revolutions of the crankshaft.
Turning-movement is not so uniform
and hence heavier Mywheel is needed.
Power produced for same size of
engine is small or for the same power
the engine is heavy and bulky.

Lesser cooling and lubrication
requirements. Lesser rate of wear and
tear.

The four stroke engine contains valve
and valve mechanism.

@)

(i)

(i)

(iv)

(v)

The cycle is completed in two strokes of the
piston or in one revolution of the crankshaft.
Thus, one power stroke is obtained in each
revolution of the crankshaft.

More uniform turning movement and hence
lighter fly-wheel is nceded.

Power produced for same size of engine in
more or for the same power the engine is light
and compact. .

Greater cooling and lubrication requirement.
Greater rate of wear and tear,

Two stroke engines have no valves but only
ports.

Q. 4. (a) It isdesired to generator 1000 kW of power and survey revealsthat 450 m of static head
and a minimum flow of 03 m /sec is available. Comment whether the task can be accomplished by
installing a Pelton whedl that turns 1000 revolutions per minute and has an efficiency of 80%. Further
design the Pdton whed by assuming suitable data for coefficient of velocity, speed ratio and velocity
coefficient of thejet. 12

Ans. Power available from turbine shaft

P = wgpHy, = 9810 x 0.3 x 450 X 0.8 = 1060 kW

Hence task can be accomplished velocity of jet

V =Ky v2gH =098 V2 x 981 x 450

=9208m/s (assuming Ky = (.98)

Tangential vetocity of wheel
v =Ky V2gH =046 V2 x 0.81 x 450 = 43.2m/s
xDN
Now, u = 50
43,2 x 60
D -—nxlOOO—O.S%m
Water flow rate # =CaV2H X %:—dz
. 4% 0.3
.. Nozzle diametzr, d = = 6.58
’ 094 X V7 x 981 x 450 o
Width of buckets =3.5 % 6.58 = 23.03 cm
Depth of bucket =1X6.58=658cm

Radial length of bucket =25 % 6.58 = 16.45cm
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D

No. of buckets, Z= O.SH + 15

0.826 _
» 2_05x0.0658+15—21'27
Hence Z=22

Q. 4. (b) Differentiate between Impulse and Reaction hydraulic turbines.

S. No. Impulse Turbine Reaction Turbine
(i) |ARl the available energy of fluid is|Only portion of emergy is transformed
converted into KE by nozzle. into KE before fluid enters the runner,
(i) [The jet is uncontinued and at{Water enter the runner with excess
atmospheric pressure throughout the|pressure and then both wvelocity and
action of water on the runner. pressure change as water passes runner.
(ili) | Water may be allowed to enter a part { Water is admitted over the circumference
or whole of circumference of wheel. | of wheel. _ '
(iv) |The unit is installed above the tail | Unit is kept entirely submerged in water
race, below tail race,
(V) |Flow regulation is possible without | Flow regulation is always with loss.
: loss. '
(v)) |The relative wvelocity of water on|Relative velocity always increases.
runner may remain constant or
reduce slightly due to friction.
(vii} |Casing has no hydraulic function to|Casing is essential since unit is sealed

perform.

from atmosphere.

Q. 5. (a) Derive V.R. for sngle start, double gart and triple start worm and worm whed and
comparether results.

Ans. Assumethat worm rotates through one revolution about itsaxis. Then angleturned by it will be
2K. The lead of worm is the distance moved by pitch circle a the gear whedl. Thus, angle turned by it
during the same time will be I/R, or 21/d,.

Velocity ratio,

For single start,

For double start,

21/d;

VR = Angle turned by gear
Angle turned by worm

1

2T

VR = Py
T rdg

2P,
VR = ndy

nds
lead (1) = axial pitch (P,)
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' 3P
For tripple start, VR = —%

ad:
Q. 5. (b) Prove that
7 _l-sing
mx 1+sing

In Case of Screw Jack, where ¢ is called angle of friction.
Ans, The effort required at mean radius of screw jack to lift load w is
P awtan(a +¢)

if there is no friction, then p =wtana
- Efficie deal effort
” ney 7 ™ Actual effort
| ___wtama __ tana
wian(ae +¢) tan(a + ¢)
For maximum efficiency g—z- =0
d _tana

& @t
seczatan(a-l-qi») secz(a + ¢)tan o
tan {a+¢)
- sec? atan (a + @) =sec? (a + ¢)tana
sin{a +¢)cos(ax +¢) =sinacosa
- ' a =45 - ¢/2

tan (45° - ¢/2) _ 1-tangr)’
Fmax = tan(45°+¢f2) 1+ tan g2

=0

4

005 —Sll]
2+m

1~ 2sin

£ cos
- 2%
2 cos
e

1+ 2sin

2
2
4
2

lwsing
1-I-sm¢

Q6 (a) Prove that for crossed bdt drive sysgem the length of bet is given by
(r + )

l=x(n +r) + s + 2x. 1y, 12 are radii of drive and driven pulleys x is the distance betwean
centersof two pulleys.
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I 6 )
‘a——pe x 2,
From the geometry of figure, length of belt
' L = ArcGJE + EF + ArcFKH + HG
= 2 (Arc JE + EF + Arc FK)
oM OIE+EM_1'1+!2
0,0; . 00,  x

L
F

sina = a

= ' ArcJE =n %+a

ArcFK =1, J—;--!-a

EF = MO; = V(0, 0,)° - (OiM)? = V& ~ (1] + 1,)?

X

" 2 :
2
ri+r rH+r
=x 1_1(_1_;_2] + e ] et

[ + 1y)?
L=2{n (%+a] +xl—(—r-3—£-x—21-+r2 (%+a)],

2
x (ry +13)
=2 E(r1+r2)+a(rl+r2)+x—T
L _ 5

+
=n(r1+r2)+2a(r1+r2)+2x-%

ry+ 12

2
(1] + 1)
X

L=JI(I‘1+I‘2)+2( ](r;+r2)+2x-
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2
=7x(n +r2)+2x+(rl%%)——

Q. 6. (b) What do you mean by dutch ? DiscussSngle plate clutch sysem with neat sketch.

Ans. A clutch isadevice used to transmit the rotary motion of one shaft to another when desired.

Disc Clutch (Single-Plate Clutch): A disc clutch consists of aclutch plate attached to asplined hub
which isfreeto dide axidly on splines cut on the driven shaft. The clutch plate is made of steel and hasa
ring of friction lining on each side. The engine shaft supportsarigidly fixed flywhed.

A spring-loaded pressure plate presses the clutch plate firmly against the flywhed when the clutch
is engaged. When disengaged, the springs press againgt a cover attached to the flywhed. Thus, both the
flywhed and the pressure plate rotate with the input shaft. The movement of the clutch peda is
transferred to the pressure plate through a thrust bearing.

/Pressure plate
N _ ~Spri
. A /—Spnng

Input ' .
T v . o e = e oG == Output
shaft . —] - shaft

L. a ’
Rt aad
Clutch plate - N Cavisr
\\
Flywhes ‘ Splined hub
Friction lining

Figure shows the pressure plate pulled back by the release levers and the friction linings on the
clutch plate are no longer in contact with the pressure plate or the flywhed. The flywhed rotates without
driving the clutch plate and thus, the driven shaft.

When the foot is taken off the clutch pedal, the pressure on the thrust bearing is released. As a
result, the springs become free to move the pressure plate to bring it in contact with the clutch plate. The
clutch plate dides on the splined hub and istightly gripped between the pressure plate and the flywhed.
Thefriction between thelinings on the clutch plate, and the flywhed on one side and the pressure plate on
the other, cause the clutch plate and hence, the driven shaft to rotate.

Q. 7.(a) Derivean expresson for extenson of atapered bar.

Ans Let diameter of bar 'd" at distance x from AB
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] .
! C
Pe I-\?i\ldip
LI |
d' I/:Hl/43
1
° dy—d
ea- (558,
di—d
Let 1 - 2 =K d' =d; - Kx
Cross section area at distance x, A’ = % d?= % (d; — Kx)2
Intcnsity of stress on the section =P = —E: = 4P >
A" m(d - Kx)
Strain e = B = 4P

1
Total extension == fo e dx=—

di —d;

Putting K = o

_ 4P1 1 -1
" 7E (dy — dy) [d, —dy+dy dl]
__4rpl
- nE dl dz
Q. 7. (b) A thin walled tube, when subjected to internal pressureand Torque, hasthefollowing set
of stresses produced at a point on itswall surface.

(i) 50 N/mm2 & 30 N/mm2 at right angles to each other, both tensile.

(i) Complimentary shear stress of 40 N/mm determine the normal, tangential stresses on the
planes which are equally inclined to the direct stresses. How the resultswould be affected if due to end
thrust, 30 N/mm stress becomes compressive and other stresses remain unchanged.

Ans. The normal and tangential stresses on any plane

P, _P+P +P_P cos 20 + qsin 28
2 2
P = ; sin 28 - q cos 20

Given, P = 50 N/mm® P’ = 30 N/mm?® q=40 N/m?
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‘The planes are equally inclined, hence

When 8 = 45°
P = 02 30230 05090 + 405in 90
= 80 N/mm? (tensile)
P, -_-50; in 90 ~ 40 cos 90
= 10 N/mm®
When & = 135°

P, =40 + 10¢cos 270 + 405in270 =0

P, = 10sin 270 — 40 cos 270 = —10 N/mm?
In the case end thrust
P =50N/mm?, P’ = =30 N/mno?, g=40 N/mm?

When8 = 45° Pa =50-2—30+50;30 cos 90 + 40 sin 90 = 50 N/mm?
P, =50;305in90—40cos90=40N!mm2
When 8 = 135° Py = 10 + 40 cos 270 + 40 sin 270

= —30 N/mm? (compressive)

P, = 40 sin 270 — 40 cos 270 = —40 N/mm?

Q. 8. Determinethereactionsand congruct the shear force and bending moment diagram for the
beam loaded as shown in thefigure Alsofind the points of contraflexure.
12 KN/m
4 KN / 16 KN

L3

4-_1'11—’-‘.-_-..—_—.‘-—.-3[“ >

w

&%

im—

8D=1m;AB=3 m; CA=1m
Ans. SF Calculations : Taking moments about D
AX5-Rax4+12X3x25-Rygx1=9

>Fy =0

W 4+16+12X3~Ra—Rp=0

- Ry = 18KN  Rp=38KN
SF¢ = 4KN

SFao =4KN, SFA=4-18=-14KN
SFg = ~14 + 12 x 3 = 22KN
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Fig. (BM Diagramt KNm —»
SFp = 22— 38 = 16 KN
SFp =0
BM Calcolations : BMc =0, BMs =4x1=4KNm
BMp =4X4-18x3+12x3x15=16KNm
BMp =0
. SFg =0
Let CE =x
: 4-18+12(x-1) =0
. _ x=217m

- 2
BMg =4x2.17—18x1.1‘?+12x-(-1'%—

= 417 KNm
Point of contraflexture are F& G
BMp =0
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2
4xx-18(x-1)+121"—211— =0

6F -~ 14x = 12x + 18+ 6 =0
6>~ 26x+24 =0
26+ V(26 —4x6x24

x= 12
CF=133m
CG=3m
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