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REGULATIONS 2008
FIFTH SEMESTER
ME 51 - THERMAL ENGINEERING
MECHANICAL ENGINEERING

Time: Three Hours Maximum:100 marks

ANSWER ALL QUESTIONS
PART~A (10x2=20 marks)

A Diesel engine has a compression ratio of 14 and cut-off
takes place at 6% of the stroke. Find the air standard
efficiency,

Draw the actual p-v diagram for four stroke SI Engine.
Compare two stroke and four stroke engines.
What is the need of lubrication system for IC engines?

What is the effect of friction on the flow through a steam
nozzle?

Differentiate impulse and reaction turbine.

List the advantages of multi-stage air compressor.

A multistage air compressor is to be designed to elevate
the pressure from 1 bar to 120 bar such that stage

pressure ratio will not exceed 4. Determine the number of
stages required,
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11.

With help of h-s diagram explain the effect of subcooling.

Define sensible heat ratio and draw cooling
dehumidification in a typical psychrometric chart.

PART-B (5x16=80 marks)

(@) An engine working on Otto cycle has a volume
of 0.45 m3, pressure 1 bar and temperature
30°C at the beginning of compression stroke. At
the end of compression stroke, the pressure is
11 bar. 210 kJ of heat added is at constant
volume. Determine
(i) Pressuwres, temperatures and volumes at

salient point in the cycle,

(ii) Percentage of clearance

@i} Efficiency

(iv) Mean effective pressure

(v) Ideal power developed by the engine if the

number of working cycle per minute is
210.

Or

(b) An air-standard Dual cycle has a compression
ratio of 10. The pressure and temperature at
the beginning of compression are 1 bar and
27°C. The maximum pressure reached is 42 bar
and the maximum temperature is 1500 °C.
Determine

and

18)

(16)
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(@)

()  The temperature at the end of constant
volume heat addition

(i) Cut-off ratio

(iil)  Work done per kg of air and
(iv) Net work output per kg

) Cycle efficiency

During the trial of four stoke, single cylinder oil
engine the following observations  were
recorded; hore =.300 mm; stroke = 400 mm;
speed = 200 rpm; duration of trial = g0
minutes; fuel consumption = 7.050 kg; calorific
value = 44000 kd/kg; area of indicator diagram
= 322 mm? length of indicator diagram = 62
mm; spring  index = 1.1 bar/mm; dead load on
the brake drum = 140 kg; spring balance
reading = 5 kg; brake drum diameter = 1600
mm; total weight of cooling water = 495 kg;
temperature rise of cooling water = 38°C;
temperature of exhaust gases = 300°C; air
consumption = 311 kg; specific heat of exhaust
gases =.1.004 kd/kg K; specific heat of water =
4.186 kJkg K: room temperature = 20°C.
Determine

@  Brake power
(i)  Indicated power
(iii) Mechanical efficiency

(tv) Thermal efficiency and draw up a heat
balance sheet.

Or

(16)
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®)

(@)

(b)

(i) Draw typical valve timing of four-stroke
petrol engine and explain why it deviate
from ideal valve timing diagram

(ify With neat sketch explain the working of
diesel fuel injection pump

(i)  State the factor on which nozzle efficiency
depends.

(i) Determine the throat and exit height of a
Delaval nozzle to discharge 27 kg of a
perfect gas per minute. The inlet and exit
pressure are 480 kPa and 138 kPa
respectively. Initial temperature of the
gas is 535°C. Nozzle efficiency is 90% and
frictional losses occur only after the
throat. The molecular weight of the gas is
29 and its adiabatic index is 1.4. Assume
square cross of the nozzle.

Or

A single-stage impulse turbine is supplied
steam at 4 bar and 160°C and it is exhausted at
a condenser pressure of 0.15 bar at the rate of
60 kg/min. The steam expands in a nozzle with
an efficiency of 90%. The blade speed is 250 m/s
and nozzle are inclined at 20° to the plane of
the wheel. The blade angle at the exit of the
moving blade is 30°. Neglecting friction losses
in the moving blade, determine

)

(10}
)

14

(16)

l Ms555
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15.

@)

b

(@)

(i)  Steam Jet Velocity
(i) Power developed
(1ii) Blade efficiency
(iv) Stage efficiency

The FAD (free air delivered) of a single cylinder
single stage air compressor is 2.5 m¥min. The
ambient is at 0°C and 1.013 bar and delivery
Ppressure is 7 bar. The clearance volume is 5%
of the stroke volume and law of compression
and expansion is PVI#=C If [, = 1.2 D and
compressor runs at 150 rpm. Determine power
required, medn effective pressure and size of
the cylinder.

Or

Four cylinders, double acting air compressor is
required to compress 25 m¥%min of air at 1 bar
and 25°C to & pressure of 15 bar. Determine the
s1ze of ‘motor required and the cylinder
dimensions if the following additional data is
given: clearance volume = 5% L/D=12; rpm
= 300; mechanical efficiency = 80%; polytropic
index n = 1.35. Assume no pressure changes in
suction valves and that the air gets heated by
10°C during suction stroke.

A food storage locker requires a refrigerating
capacity of 50kW. It works between a
condenser temperature of 35°C and an
evaporator  temperature of -10°C. The
refrigerant is ammonia. Tt is sub-cooled by 5°C
before entering the expansion valve and dry

5

(16)

(16)

1)
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Assuming a single cylinder, single acting
compressor operating at 1000 rpm with stroke
equal to 1.2 times the bore. Determine

@@  The power required and

(i) The cylinder dimensions. Properties of
ammeonia are

Pressuse Eathalpy Entropy Specific volume| Specfic heat
Saturation bar kJikg kd/kg K mikg kJ/kg K
Temperature®C’

Tiquid | Vapour | Taquid | Vapow| Liquid | Vapour T.iquid| Vapour
710 29157 | 154086 72| 082065 5.7550 | - 0.417477| - 2.492
35 13582 | 366.072 2086 | 17023 | 0.095629] 4556 | 2.903

ar

(b) 1t is rgquired to desigh an air-conditioning {16}

system for an industrial process for the F
following hot and wet surmer conditions: (

Outdoor conditions . 32°C DBT and 65% TH
Required air inlet conditions : 25°C DBT and 60%RH
Amount of free air circulated : 250 m¥min
Coil dew point temperature : 13°C

The required condition is achieved by first

cooling and dehumidifying and then by heating.
Calculate the following:
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(iii)

The cooling capacity of the cooling coil
and its by-pass factor.

Heating capacity of the heating coil in
kW and surface temperature of the
heating coil if the by-pass factor is 0.3.

The mass of water vapour removed per
hour.  Solve this problem using
psychrometric chart

1





