Important Note : 1. On completing your answers, compulsorily draw diagonal cross lines on the remaining blank pages.

50, will be treated as malpractice.

2. Any revealing of identification, appeal to evaluator and /or equations written eg, 42+8

- 17ME43
Fourth Semester B.E. Degree Examinat:iqﬁ‘,“ Dec.2023/Jan.2024
Applied Thermodynamics
Time: 3 hrs. Yy Max. Marks: 100

Note : 1. Answer any FIVE full questions, choosing ONE full question from each module.

1 a.
b.
2 a
b.
3 a
b.
4 a
b.

2. Use of thermodynamics data handbook is permitted.

Module-1
Derive an expression of Air — Standard efficiency of Otto cycle with neat sketch of P — V and
T - S diagrams. (10 Marks)
Compression ratio of an All‘ — Standard dual cycle is 8 Air is at 100 Kpa, 300K at the
beginning of compression process. The temperature of air at the end of constant heat
addition process is 1300K. the net heat transfer to the cycle is 480 kJ/kg. Determine
i) Heat added during constant volume per kg of air.
1) Air — Standard cycle efficiency
1ii) Mean effective pressure. (10 Marks)

OR
With a neat sketch, explain the working of Ramjet. N (10 Marks)
Determine the network output and thermal efficiency. of an ideal gas turbine cycle having
two stages of compression with perfect inter cooling ;-two stages of expansion with perfect
reheatmg between the stages and an ideal regenerator The overall pressure ratio of the cycle
is 4 and the maximum temperature of the cycle is 900°C. Assume that the atmospheric
temperature is 15°C and the cycle is designed for maxlmum work output. Draw the

schematic and T — S diagrams for the cycle. (10 Marks)
Module-2

With the help of neat diagram, explain the workmg cf regeneratlve Rankine cycle and derive

the efﬁmency of the cycle. (10 Marks)

of 0.04 bar. The supply steam to the turbine is dry saturated. Determine Rankine cycle
efficiency. If the supply steam to the turbine is superheated by 66°C. What is the effect on
the Rankine cycle efficiency? Ny (10 Marks)

OR
With the help of flow and h — s diagram, derive an expression for cycle efficiency and also

for mass of steam bled in a practical regenerative steam cycle with one feed water heater.
(10 Marks)

A steam power plant operates on a theoretical reheat cycle Steam at boiler outlet 150 bar,
550°C expands through the high pressure turbine. It is reheated at a constant pressure of
40 bar to 550°C and expands through the low pressure turbine to a condenser at 0.1 bar.
Draw h-—sdiagram and find :

i)  Quality of steam at turbine exit

ii) Cycle efficiency .

iii) Steam rate in kg/kW — h. (10 Marks)
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Module-3 Y
Explain the following terms with reference to a combustion process :
i)  Adiabatic flame temperature ii) Enthalpy of formation
iii) Stoichiometric Air iv) Enthalpy of combustion
v) Combustion efficiency. ' (10 Marks)

The products of combustion of an unknown hydrocarbon Cx Hy have the following
composition as measured by an Orsat apparatus CO; = 8.0% , CO=0.9% , O,=28.38%
and rest is N,. Determine _ ' '

i) Composition of the fuel

ii) The air — fuel ratio

iii) Percentage of excess air

iv) Dew point temperature of thé;products, if the total pressure is 1.0 bar. (10 Marks)
Explain the following - i) Heat balance sheet i) Morse test. (10 Marks)

A single cylinder 4 — stroke diesel engine gave the following results while running on full
load. Area offindicator diagram = 300mm? , Length of diagram = 40mm. The spring
constant = 1 bar/mm , Speed of engine =400 rpm , Load on the brake = 370N , Spring
balance reading = SON , Diameter of brake drum = 1.2m , Fuel consumption = 2.8kg/hr ,
Calorific-value of fuel = 41800kJ/kg , Diameter of cylinder = 160mm , Stroke = 200mm.
Calculate IP , BP , Brake mean effective pressure , Brake specific fuel consumption , Brake

thermal efficiency and indicated thermal efficiency. . (10 Marks)
— Module-4
With a neat sketch, explain:the working of Bell Coleman cycle. (10 Marks)

A vapour compression plant uses R — 12 and. is to develop 5 tonnes of refrigeration. The
condenser and evaporator temperatures are to be 40°C and -10°C respectively. Determine

i) The refrigerantflow rate in kg/s . (o

ii) Heat rejected in the condenser,

iii) COP .

iv) Power required to drive the'compressor. ™ (10 Marks)

o e, OR
. Define the following % *
i), Dry Bulb temperature’

_ii) Dew point temperature
"iii) Relative humidity
iv) Specific huntidity _—
V) Degrge_g@)fisaturation. (10 Marks)
Itis requife%to design an air conditioning plant for a office room with the following
conditions : Outdoor conditions : 14°C DBT and 10°C WBT.

Required conditions : 20°C' DBT and 60% RH ;

Amount of air circulation = 0.3m’/ min/ person ; Seating capacity of office = 60.

The required condition is achieved first by heating and then by adiabatic humidifying.
Determine : i) Heating capacity of the coil in kW and surface temperature required, if the
by — pass factor of the coil is 0.4

ii) The capacity of the humidifier. ' (10 Marks)
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Module-5 . X
Obtain an expression for the volumetric efficiency ot gle stage air compressor , in terms

of pressure ratio, clearance ratio and ‘n’ the expgn‘g@ﬁtg expansion and compression.
(10 Marks)

An air compressor takes in air at 1 bar and 20%9:“:1 compresses the same according to the
law PV'? = C. It is delivered to a recewer%g constant pressure of 10@% Determine

i) Temperature at the end of compres

i) Work done and heat transferred durfﬁg

ompression per kg of aﬁ 0.287 kJ/kg — K.
AL (10 Marks)

a nozzle occurs when the ratio

R\ ;
Prove that maximum flow rate §f"’steam per unit area throu
of pressure at throat to tl%g%ig;e’t"‘pressure isequalto 4
n i =

5™ n is polytropic index o’ff"ﬂ*éﬁﬁansion. (10 Marks)
1 F 4

Dry — saturate¢a;ea‘;ni at a pressure of 11 bg.g?gnters a convergent divergent nozzle and leaves

at a pressure of 2 bar. If the flow is adlab@;;c frictionless, determine

i) Exit vefocﬁy of steam.

i) Ratio ofieross — section area at exxﬁ*“’and at throat. Assumc the index of adiabatic
exﬁaﬁﬁmn to be 1.135. (10 Marks)
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