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8. (a) Explain "Willan's line" method of determining friction power ina C.1 ongine.

(8 Marks)

(b) Explain how the indicated power of a multicylinder engine can be measured
using morse test. (5 Marks)

(¢) From the data given below draw an energy balance for a two stroke diesel
~ engine, run for 20 minutes at full load.

rpm ) =350,

mcp = 3bar,

Net brake load = 640N, '

cooling water = 160kg,
m\ -~ fuel = 1.5kg,

water temperature rise 250C

Air used per kg of fuel = 30kg,

Room temperature = 300C,

exhaust temperature = 300°C

cylinder bore = 200mm,

stroke , = 280mm,

brake dia ' - =1m,

Cv of fuel = 44,000kJ,

Steam formed per kg of

fuel in the exhaust = 1.35kg,
Sp. heat of steam =2.09 KJ/kg-K

Sp. heat of dry exhaust gas = 1.005KJ/kg-K
' . (10 Marks)

%k Kk
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(b) Saturated air at 2°C is required to be supplied to a room where the temperature
must be held at 20°C with a relative humidity of 50%. The air is heated and
then water at 10YC is sprayed in to give the required humidity. Determine
the temperature to which the air must be heated and the mass of spray water
required per m? of air at room conditions. Assume that the total pressure is
1.013 bar. . (12Marks)

8. (a) The following observations were made during a trial of a single cylinder four
stroke cycle gas engine having cylinder diameter of 18 cm and stroke of 24 cra.

Duration of Trial = 30 min

Total nwnber of revolution = 9000

Total number of explosion = 4450

Indicated mean effective pressure =5 bar

Net load on the brake wheel =390 N

Effective diameter of the brake wheel = 1m

Calaific value of gaseous fuel at NTP = 19 MJ/m3 .

Total fuel used at’'NTP =24 m?

Total air used = 36 m3

Pressure of air = 720 mm of mercury

Density of air at NTP = 1.29 kg/m?

Temperature of air =17C

Temperature of exhaust gas = 3500C

Specific heat of exhaust gas = 1.0 kJ/kg-K

Room temperature =17"C

Cooling water circulated = 80 kg

Rise in temperature of cooling water = 300C .
Draw up a heat balance sheet and estimate the mechanical and indicated
thermal efficiencies of the engine. Tuke R=2287 kJ/kg-K. (14 Marks)

(b) Explain how Norse test will heip in finding the indicated power of a multicylinder
engine. (8 Marks)
¥k k Kk
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tar Explain the following terms used in air conditioning

1 Absolute humidity (specifie |

o Saturated wr and unsaturated air (8 Markw)

b} Air is w be conditioned from 40°C (dry bulb temperature) and 50% relative
humidity to a final temperature of 20°C (dry bulb) and 40% relative humidity
by a dehumidification process followed by a rehent process. Assuming that
the entire process is ut constant pressure of 101325 Kba, deterimne i) the
amount of water to be removed from air i) the temperature of air leaving the
dehumidifier iii) refrigeration in tons for an air flow rate of 0:47m3/s and iv)
heating required in kW, ’ (2 Markw

G What are the different methods of measuring the ‘Friction Power' of an IC
engine? v (4 Marks)

(b Explain *Willan’s Line’ method of determining the friction power-.of an IC

engine. , (6 Marks)

ta) During the trial of a single-cvlinder, four stroke oil engine, the N,o:oi:.r_ results
were obtained .

Cylinder diameter = 20em V. .0
Stroke = 40cm
+ IMEP = 6 bar
Torque = 407 N-m
Speed =" 250 rpm
Oul consumption = 4Kgh
Calonific value of oi} = 435000 kJ/kg
Cooling water flow rate =" 4.5 kg/min
Air-fuel ratio = 30:1
Rise in cooling water temperature = 43UC
Temperature of exhaust gases = q20u¢ .
Room temperature = 200
Mean specific heat of exhiust gases = 10 kd/kg -K
Specitic heat of water = L 18 kJ/kyg-K

Draw up a heat balance sheet for the test in kW and PEICent. (10 Marks,
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- 8. (a) Explain =willan's line" method of determining friction power in a C.I engine.
(5 Marks)

(b) Explain how the indicated power of a multicylinder engine can be measured
using morse test. (8 Marhe)

(¢) From the data given below draw an energy balance for a two stroke diesel
engine, run for 20 minutes at full load. ’

pm =350,
mcp = 3bar,
Net brake load = 640N,

i cooling water = 160kg,

Do e fuel = 1.5kg,

i water temperature rise 250C
Air used per kg of fuel = 30kg,

1 6 Room temperature = 30°C,
exhauat temperature = 300°C
cylinder bore = 200mm,
stroke , = 280mm,

: brake dia . =1m,

3 Cv of fuel = 44,000kJ,

£ Steam formed per kg of

; fuel in the exhaust = 1.35kg,

Sp. heat of steam = 2.09 KJ/kg-K
Sp. heat of dry exhaust gas = 1.005KJ/kg-K
(10 Marks)

LI 2
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Fourth Semester B.E. Degree Examination, July 2006
ME/IP/AU/IM/MA

Applied Thermodynamics

Time: 3 hrs.] [Max. Marks:100
Note: 1. Answer any FIVE questions.
2. Use of thermodynamics data handbook/steam tables/

Mollier chart/Psychrometric chart is permitted.
3. Wherever required Cp=1.005 kJ/kg"C and % =1.4 for air
\Z

may be assumed.
4. Any additional data, if required may be assumed but they
should be clearly stated. ' '

1 a Explain the term “availability” and show that the availability (¢) of a closed

system in a given state 1 is givenby ¢, =U, -Uy)-T,(S, = S,)+ BV, =V,) -
Where suffix ‘0’ refers to the dead state. (08 Marks)
b. Steam enters a turbine steadily at 3 MPa and 450°C at a rate of 8 kg/s and
exits at 0.2 MPa and 150°C. The steam is losing heat to the surrounding air at
100 KPa and 25°C at a rate of 300 KW and the kinetic and potential energy
changes are negligible. Determine : :
i) The actual power output. ii) The maximum possible power output.

iii) The second law efficiency and iv) The irreversibility.

The values of the properties of steam at turbine inlet and exit states and the dead

state given in the accompanying table may be used. (12 Marks)
State P Enthalpy (h) Entropy (S)
T ki/kg kJ/kgK

Inlet state Py = 3MPa h;=3344.0 S;=17.0834

T, = 450°C
Exit state P,=0.2MPa |h2=2768.8 S,=7.2795

T,= 150°C
Dead state Po= 100KPa | ho=104.89 So=0.3674

To=25°C

2 a. Show that the theoretical minimum quantity of air required for the compizte
combustion of a sample of coal is given by 4.35(2.667C+8H+S-O) kg per kg
of coal where C, H, S and O are the mass fractions ot carbon. Hydrogen,
sulphur and oxygen in the sample of coal. (06 Marks)

b. Defince the terms
i) Stoichiometric air.  1i) Percent excess air. iii)Enthalpy of combusticn.
iv) Enthalpy of formation and v) Adiabatic flame temperature. (06 Ma-ks)
¢. Propanc (C;lly) is burnt in atmospheric air and the mass analysis of the Jry
products of combustion is as follows :
CO>» - 12.19%, CO - 1.23%, 0-=7.57 % and the balance N\a.
Determine
i) The volumetric analysis of the dry products.

it) Percent theoretical air. (08 Ma~ks)

Con:z ... 2
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Sketch neatly the P-V and T-S diagrams of the air standard dual combustion
cycle and derive the expression for the ideal efficiency of the cycle in terms
of the compression ratio, the explosion ratio, the cut off ratio and the ratio of
specific heats, stating clearly the assumptions made. (10 Marks)
A simple gas turbine plant operating on the Brayton cycle has air entering the
compressor at 100 KPa and 27°C. The pressure ratio = 9.0 and maximum
cycle temperature = 727°C. What will be the percentage change in cycle
efficiency and net work output if the expansion in the turbine is divided into
two stages each of pressure ratio 3, with intermediate reheating to 727°C?
Assume compression and expansion are ideal isentropic. (10 Marks)

Sketch the P-V and T-S diagrams of Carnot cycle with steam as the working
substance. What are the drawbacks of Carnot cycle? Why Rankine cycle is
preferred as the ideal cycle for comparing the performance of a steam power
plant? (08 Marks)
The net power output of a regenerative-reheat cycle power plant is 80 MW.
Steam enters the high pressure turbine at 80 bar 500°C and expands to
pressure P2 and emerges as dry vapour. Some of the steam goes to an open
feed water heater and the balance is reheated at 400°C at constant pressure P-
and then expanded in the low pressure turbine to 0.05 bars.
Determine :
i) The reheat pressure P,. ii) The mass of bled steam per kg of boiler steam.
iif) The steam flow rate in the HP turbine. iv) Cycle efficiency
Neglect pumps work. Sketch the relevant lines on the enthalpy-entropy
diagram. Assume expansion in the turbines is ideal isentropic. (12 Marks)

Derive the condition for minimum work input to a two stage reciprocating air

compressor with perfect intercooling. State clearly the assumptions made.
(08 Marks)

A multistage air compressor compresses air from 1 bar to 40 bars. The
maximum temperature of air is not to exceed 400 K in any stage. If the law of
compression is PV'? = a constant, find the number of stages for minimum
power input. Also find the actual interchange pressures and temperatures.
What will be the minimum power input in KW required to compress and
deliver 10 kg/min of air and the rate of heat rejection in each intercooler?
Assume ambient temperature = 27°C and perfect intercooling in betweern
stages. (12 Marks)

Draw a neat diagram of the vapour-absorption system of refrigeratior
including all the auxiliaries to improve its performance. Briefly explain its
principle ot working. (08 Marks:
List any two important thermodynamic propertics, a good refrigerant should
possess. Explain why R-134a is considered to be an environment-friendly
refrigerant. (04 Marks
A 10 tonne ammonia ice plant operates between an evaporator temperature o7
15°C and a condenser temperature of 35°C. The ammonia enters the
compressor as  dry saturated liquid. Assuming isentropic compressior.
determine ¢
1) Mass tlow rate of NHi. i) C.O.P of the plant. iii) Power input in KW anc
iv) Tons ofice at 10°C produced trom water at 25°C in a day.
[Enthalpy of fusion of ice = 334 kd/kg, Cp for water = 4.187 kJ k"C anc
Cp torice == 2.1 KI/kg"C) (08 Marks

Contd...
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7 a. Define relative humidity and degree of saturation and show that the relative

)

P,= Actual partial pressure of water vapour in air, P,= Partial pressure of

humidity, ¢ and degree of saturation, u are related by x=¢gx where

water vapour in saturated air and P.= Total pressure of atmospheric air.
(05 Marks)
b. A room measures5Smx5mx3m. It contains atmospheric air at 100KPa,
DBT=30°C and relative humidity = 30%. Find the mass of dry air and the
mass of associated water vapour in the room. Solve the problem without the
use of psychrometric chart and using the properties of water vapour from the
steam tables. (05 Marks)
c. A summer air conditioning system for hot and humid weather (DBT=32°C
and RH=70%) consists in passing the atmospheric air over a cooling coil
where the air is cooled and dehumidified. The air leaving the cooling soil is
saturated at the coil temperature. It is then sensibly heated to the required
comfort condition of 24°C and 50% RH by passing it over an electric heater
and then delivered to the room.

Sketch the flow diagram of the arrangement and represent the
processes undergone by the air on a skeleton psychrometric chart and
determine :

i)  The temperature of the cooling coil.

iil) The amount of moisture removed per kg of dry air in the cooling coil.
iii) The heat removed per kg of dry air in the cooling coil and

iv) The heat added per kg of dry air in the heating coil. (10 Marks)

8 a. In a test of 4-cylinder, 4-stroke petrol engine of 75mm bore and 100mm
stroke, the following results were obtained at full throttle at a constant speed
and with a fixed setting of the fuel supply at 0.082 kg/min. BP with all the 4
cylinders working =15.24 KW, BP with cylinder No.l cutoff = 10.45 KW,
BP with cylinder No.2 cutoff = 10.38 KW, BP with cylinder No.3 cutoff =
10.23 KW, BP with cylinder No.4 cutoff = 10.45 KW. Determine :
i)  The indicated power.
ii) The indicated thermal efficiency, if the calorific value of the fuel

= 44 MJ/kg.
iii) Relative efficiency based on IP if clearance volume in each cylinder
=115c.c. (08 Marks)

b. A test on a 2-srtoke oil engine gave the following results at tull load :
Speed = 350 rpm.  Net brake load =650 N,  i.m.c.p = 3 bar,
Fuel consumption = 4 kg/h.  Jacket cooling water tlow rate = 500 kg 'h,
Jacket water temperature at inlet = 20°C,
Jacket water temperature at outlet = 40°C, Room temperature = 20°C.,
Exhaust gas temperature = 400°C ., Air used per kg of fuel = 32 kg.
Cylinder diameter=22c¢m, Stroke=28cm, Brake drum circumterence=314 cm.
Calorific value of tuel = 43 MY/kg.
Mecan specitic heat of exhaust gases = | k) keC.
Determine : 1) Mechanical efficiency 1) B.M.EP
Draw c¢ncergy balance sheet in KW and in pereentage. {12 Marks)
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Applied Thermodynamics
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Note: 1. Answer any FIVE full questions. ’
2. Use of Steam table, refrigeration table/charts is permitted.

1 a. Explain “Thermodynamic dead state”. (02 Marks)
b. Show that second law efficiency is equal to the ratio of first law cfficiency to the
Carnot efficiency. (05 Marks)

¢. Aninsulated tank contains 0.6 kg of air initially at 200 kPa, 20°C. An impeller inside
the tank is turned by an external motor until the pressure is 230 kpa. Ambient
conditions are 95 kPa, 20°C. Determine the irreversibility of the process. (13 Marks)

2 a. Are complete combustion and theoretical combustion identical? If not. how do they
differ? (02 Marks)
b. Explain,
1)  Enthalpy of formation,
it)  Combustion efficiency,
iii) Adiabatic flame temperature. (09 Marks)
c. A sample of fuel has the following percentage composition : carbon = 8£%,
Hydrogen = 8%, Sulphur = 3%, Oxygen = 2%, Ash = 1%.
For an air fuel ratio of 12 : 1 calculate,
i)  Mixture strength as a percentage of rich or weak.
i)  Volumnetric analysis of the dry product of combustion. (09 Marks)

3 a. Prove that for the same compression ratio and heat input, Otto cycle efficiency is

more than Diesel cycle. (06 Marks)
b. Show that the efficiency of air standard Brayton cycle is a function of isentrcpic
pressure ratio. (06 Marks)
c. Obtain an expression for the air standard efficiency of Diesel cycle. (08 Marks)

4 a. Why is the Carnot cycle not a realistic model for steam power plant? Explain briz %y,
~ (06 Ma~ks)
b. Explain any two methods of increasing efticiency of Rankine cycle. (06 Marks)
¢. A steam power station uses the following cyele: Steam at boiler outlet — 150 bar.
550°C: reheat at 40 bar, S30°C; condenser at 0.1 bar. Using Mollier chart and
assuming that all processes are ideal. find 1) Quality at turbine exhaust i) Cycls
efficiency iii) Steam rate. (08 Murhs)

5 a. Bxplain the effect of clearance volume on work of compression. (06 Marhs)

Cont.: 2
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5 b. What do you understand by multistage air compressor? Mention the advantages of
multistage air compressor. (06 Marks)
€. A two stage air compressor with perfect intercooling takes in air at 1 bar and 27°C.
The law of compression in both the stages is pv'’ = constant. The compressed air is
delivered at 9 bar. Calculate for unit mass flow rate of air the minimum work done
and the heat rejected to inter-cooler. Compare the values if compression is carried
out in single stage compressor with after-cooler. (08 Marks)
6 a. Explain with the aid of T-S diagram and P-I{ diagram, the effect of superheat and
subcooling on the vapour compression refrigeration cycle. (06 Marks)
b. How are refrigerants numbered? Explain briefly. (04 Marks)
c. A cold storage is to be maintained at -5°C (268 K) while the surroundings are a:
35°C. The heat leakage from the surroundings in to the cold storage is estimated to
be 29 kW. The actual COP of the refrigeration plant is one third that of an ideal plan:
working between the same temperatures. Find the power required to drive the plant.
(10 Marks)
7 a. Define the following terms,
1)  Wet bulb temperature (WBT)
1))  Specific humidity (SH)
iit)  Relative humidity (RH)
iv)  Degree of saturation (DS) (08 Marks)
b. An air conditioning system is designed under the following conditions :
Outdoor conditions : 30°C DBT, 75% RH.
Required indoor conditions : 22°C DBT, 70% RH.
Amount of free air circulated 3.33 m>/s,
Coil dew point temperature (DPT) = 14°C.
The required condition is achieved first by cooling and dehumidification and then by
heating. Estimate
1)  The capacity of the cooling coil in Tonnes of refrigeration.
1)  The capacity of the heating coil in kW.
iif)  The amount of water vapour removed in kg/hr. (12 Marks)
8 a. Describe Morse test. What are the assumption, made in this test? (08 Marks?
b. A gas engine working on constant volume cycle gave the tollowing results curing @

one hour test run. Cylinder diameter 24 cm ; stroke 48 cm. Effective diameter of
brake wheel 1.25 m. Net load on brake 1236 N. Average speed 226.7 revolution per
minute. Average explosions per minute 77. MEP 7.5 bar, gas used 13 m’ at 13°Cand
771 mm of mercury pressure. Lower calorific value of gas 22,000 kJ/m™ 21 NTP.
Cooling water used 625 kg, Inlet temperature of water 253°C. Outle: temperaiure of
water 60°C. Determine

1) Mechanical efficiency

i) The specitic fuel consumption in m* 1P.hour

1) The indicated and brake thermal efticiencies.

Draw up a heat balance for the engine on minute basis. NUT.P conditons are "o0 min
of He and 07°C. (12 Marks
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Applied Thermodynamics

Time: 3 hrs. Max. Marks: 100

Noge : 1. Answer any FIVE full questions choosing at least TWO
questions from each part.
2. Use of Th ermodynamic data hand boolk Permitted.

PART - A
I'a Explain the following : ) Stoichiometric air ii) Enthalpy of formation
i) Adiabatic flame temperature iv) Enthalpy of combustion V) Heat of reaction.

(10 Marks)

b. Methane (CH,) is burned with atmospheric air. The analysis of the products of combustion
on a dry basis is as follows CO2-10.00% , 0,-237%, CO-0.53% and N, - 87.10%.
Calculate the air fuel ratio and the percent theoretical air and determine the combustion
equation. (10 Marks)

2 a. For the same compression ratio and heat rejection, which cycle is more efficient, Otto,
Diesel or Dual? Explain withP—Vand T_ g diagrams. (08 Marks)

b. Two engines are to operate on Otto and Diesel cycles with the following data. Maximum
temperature : 1400K , Exhaust temperature : 700K. State of air at the beginning of
compression 0.1MPa, 300K, Estimate the compression ratio, the maximum pressures,
efficiencies and rate of work output (for Ikg/sec of air) of the respective cycles. (12 Marks)

Brayton cycle. What is the corresponding cycle efficiency? (06 Marks)

b. List the methods of improving the efficiency of Brayton cycle. (02 Marks)
¢. A gas turbine power plant operates on the simple Brayton cycle with air as the working
fluid and delivers 32MW of power. The minimum and maximum temperatures in the cycle

" are 310 and 900K, and the pressure of air at the compressor exit is 8 times the value at the
compressor inlet. Assuming an isentropic efficiency of 80% for the compressor and 86%
for the turbine, determine the mass flow rate of air through the cycle. (12 Marks)

4 a. Whyis Carnot cycle not practicable for a steam power plant? Briefly explain, (02 Marks)
b. Discuss the effect of i) Boiler pressure ii) Condenser pressure iii) Superheat on the
performance of a Rankine cycle. (06 Marks)

¢. In a reheat cycle, steam at 500°C expands in a H.P. turbine til] it js saturated vapor. It is
then reheated at constant pressure to 400°C and then expanded in a L.P. turbine to 40°C. If

the maximum moisture content at the turbine exhaust is limited to 15%. Find i) the reheat
pressure 1) the pressure of steam at the inlet to the H.P turbine iii) the net specific

work output iv) the cycle efficiency and V) the steam rate. Assume all ideal processes.
(12 Marks)
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PART -B

What are the draw backs of single stage compressor for producing high pressure and how
these are overcome by multi — stage compression? (04 Marks)

. Derive an expression for the condition for minimum work input required for two stage

compressor with perfect inter cooling. (06 Marks)
A reciprocating air compressor has 5 percent clearance with a bore of 25cm and lungth of
stroke 30cm. The compressor operates at 500rpm. The air enters the cylmder at 27°C and
95 kPa and discharges at 2000 kPa. If n = 1.3 for compression and expansion processes,

determine i) the volumetric efficiency. ii) the volume of air handled at inlet conditions
in m’/sec iii) the power required iv) the mass of air discharged in kg/sec. (10 Marks)

Explain the effect of superheat and subcooling on the vapour compression cycle with the
help of T — s and P — h diagrams. (06 Marks)

. Why is the COP of a gas cycle refrigeration system low and why is it preferred in aircrafts?

(02 Marks)
A Refrigerant — 12 vapour compression cycle has a refrlgeratlon load of 3 tonnes. The
evaporator and condenser temperatures are ~20°C and 40°C respectxvely If there is 5°C of -
superheating of vapour before it enters the compressor and 5°C sub cooling of liquia
before it flows through the expansion valve, determine
i)  The refrxgerant flow rate in kg/s. ii) The volume flow rate handled by the
compressor in m /s iii) The work input to the compressor in kW ; iv) The heat
rejected in the condenser in kW ; v)  The isentropic discharge temperature. (12 Marks)

Define i) Dry bulb temperature ii) Wet bulb temperature  iii) Dew point temperature
iv) Relative humidity. (64 Marks)
Show-the following processes on psychrometric chart. i) Sensible heating and cooling
ii) Cooling and dehumidification  iii) Heating and humidification iv)  Adiabatic
mixing of two streams. (06 Marks)
For a hall to be air — conditioned, the following conditions are given

Outdoor conditions 40°C DBT, ZOOC WBT ; Required comfort conditions 20°C DBT
60% RH ; Seating capacity of Hall - 1500 ; Amount of outdoor air supplied 0.3m Ymin
per person.

If the required condition is achleved first by adiabatic humidification and then by cooling.
estimate i) The capacity of the cooling coil in tonnes and ii) The capacity of the
humidifier in kg/hr. (10 Marks_

Explain the method of findings friction power using i) Morse test ii) Motoring test of

an engine. (08 Marks)
. During a test on a single — cylinder, four stroke oil engine, the following results were

obtained. <

Cylinder diameter = 20cm ; Stroke = 40cm  ; Mean effective pressure = 6 bar |

Torque =407 Nm ; Speed =250 rpm . Oil consumption =4 kg/h ; Calorific value
of fuel =43 MJ/kg ; Cooling water ﬂow rate = 4 5 kg/min ; Air used per kg of fuel
=30kg ; Rise in cooling water temperature =45°C ; Temperature of exhaust gases
=420°C ; Room temperature = 20°C ; Mean specific heat of exhaust gas = tki/kg K

Specific heat of water = 4.18 kl/kg K. Fmd IP, BP and draw up a heat balance sheet for
the test in kJ/h. (12 Marks)

dekkdk
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Note : 1. Answer FIVE full questions, selecting atleast TWO
questions from each part.
2. Use of Thermodynamics Data handbook, Steam tables,
Mollier chart, Psychrometric chart is permitted.

Part A
With a neat sketch, explain the analysis of exhaust gases by orsat apparatus. (08 Marks)
The volumetric composition of the dry products of combustion of an unknown hydro
carbon fuel CiH,, gives CO, 12.1%, O; 3.8%, CO 0.90% and N; 83.2%. Determine
i) Chemical formula of the fuel ii) Air Fuel ratio iii) % of excess air. (12 Marks)

Compare Otto, Diesel and Dual cycles on the basis of same compression ratio and same
maximum pressure. , (10 Marks)
In an air standard diesel cycle, the compression ratio is 16. At the beginning of Isentropic
compression, the temperature is 15°C and pressure is 0.1 MPa. Heat is added until the
temperature at the end of the constant pressure process is 1480°C. Calculate i) cut — off
ratio i) heat supplied per kg of air iii) cycle efficiency and iv) mean effective
pressure. (10 Marks)

With neat sketches, explain Turbo Jet and Ram Jet propulsions. (08 Marks).
A gas turbine plant draws in air at 1.013 bar 10°C and has a pressure ratio of 5.5. The
maximum temperature in the cycle is limited to 750°C. Compression is conducted in an
uncooled rotory compressor having an isentropic efficiency of 82% and expansion takes
place in a Turbine with an isentropic efficiency of 85%. A heat exchanger with an
efficiency of 70% is fitted between the compressor outlet and combustion chamber. For an
air flow of 40 kg/sec, find i) Overall efficiency of cycle i) Turbine output iii) Air —
fuel ratio if the calorific value of fuel used is 45.22 MJ/kg. (12 Marks)

Explain with T-S diagrams, limitations of Carnot cycle and how we can overcome the
same in Rankine cycle. (08 Marks)
The net power out put of an Ideal Regenerative — Reheat steam cycle is 80 MW. Steam
enters the HP turbine at 80 bar, 500°C and expands till it becomes saturated vapour. Some
of the steam then goes to an open feed water heater and the balance is reheated to 400°C,
after which it expands in the LP turbine to 0.07 bar. Compute i) The reheat pressurc
ii) Steam flow rate to HP turbine iii) Cycle efficiency. (12 Marks)

Part B
Show that the optimum intermediate pressure of a two stage reciprocating air compressor
for minimum work is the Geometric mean of the suction and discharge pressures.(10 Marks)
A single acting Air compressor has a bore and stroke of 12cms and 15cms. The speed is
1200 rpm. It compresses CO, gas from a pressure of 120 KPa, 20°C to a temperature of
215°C. Assume polytropic compression with n = 1.3, no clearance and volumetric
efficiency of 100% . Calculate i) pressure ratio ii) indicate power iii) Shaft power if the
mechanical efficiency is §0% iv) mass flow rate. If a second stage of equal pressure ratio
were added, calculate the overall pressure ratio and bore of second stage if the same stroke
was maintained. (10 Marks)
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Derive an expression for COP of an Air Refrigeration system. (08 Marks)
A refrigerating unit takes air from a cold chamber at 5°C and compresses it from 1 bar to
6.5 bar. The index of compression is 1.25. The compressed air is cooled to a temperature,
which is 10°C above the ambient temperature of 30°C before being expanded isentropically
in an expander. Neglecting the clearance volume of the compressor and expander find the
COP and the amount of air circulated in m*/minute, if 2000 kg of ice is to be formed per
day at 0°C from water at 25°C. What is the tonnage of the unit? (12 Marks)

Define the followmg i) DBT ii) Dew point temperature  iii) Specific humidity
iv) Relative humidity. (08 Marks)
It is required to design an A/C for the following condition :

Outdoor condition : 32°C DBT and 65% RH ; Indoor conditions : 25°C DBT and 60% RH
Amount of air circulated : 250m*/min ; Coﬂ dew temperature : 13°C.

If the required condition is achieved first by cooling and dehumidifying and then by
heating, calculate i) Cooling coil capacity and its by pass factor ii) Heating coil capacity
and its surface temperature if its by pass factor is 0.3 iii) Mass of water vapour removed
per hour. (12 Marks)

Explain any three methods to measure indicate power of an IC engine in laboratory.
- (06 Marks)

The following observations were recorded in a test of 1 hour duration on a single cylinder
4-stroke oil engine.
Bore = 220 mm, Stroke = 300mm, Fuel used = 4 kgs Calorific value of fuel used = 42000
kJ/kg, Shaft speed = 300 rpm, Number of explosions per minute = 148, M.E.P = 5 bar.
Load on brake drum = 60 kg’s, Spring balance reading = 30N, Diameter of Brake drum

= 1.4m , Quantity of cooling water Circulated = 500 kgs, Increase in Temperalme of
cooling water = 20°C, Air Fuel ratio = 16 , Exhaust gas temperature = 410°C , bpcc:ﬁc
heat of exhaust gases = 1.1 kJ/kg K, Amblent air temperature = 30°C.
Determine [P, BP, Mechanical efﬁmency, Brake thermal efficiency, Specific fucl
consumption. Draw the heat balance sheet in kJ/min. (14 Marks)
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Note : 1. Answer any FIVE SJull questions, choosing at least
ITWO questions form each part.
2. Thermodynamics data book allowed,
. PART - A
Define ¥) Enthalpy of formation ii) Enthalpy of combustion iii) Stochiometric air

v) Excessairand v) Adiabatic flame temperature. (10 Marks)
Coal with following mass analysis is burnt with 100% excess air. C = 74%, Hy = 4.3%,
5=2T%, N;=1.5%, H,0= 5.5%, O;=15%, Ash = 7%. Find moles of gaseous
products if 100kg of fuel are burnt. . (10 Marks)

Compare Otto and Diesel cycles, with the help of PV and T-S diagrams, based on the
following conditions. i) When maximum cycle pressure and temperature are same.

ii) When compression ratio and heat addition are same. - (08 Marks)
The foltowing data refers to an ideal sterling cycle with ideal regenerator. Pressure,
temperature and volume of the working medium at the beginning of the isothermal
compression are 100kPa, 30°C and 0.05m> respectively. The clearance volume of the
cycle s 1/10 of the initial volume. The maximum temperature attained in the cycle is
700°C. Draw PV and T-S diagrams. Calculate i) The net work i1) Thermal
efficiency with 100% regenerator efficiency iii) Thermal efficiency without the
regenerator. (12 Marks)

Draw neat line diagram and T-S diagram for the following G.T. cycle.
1) Regeneration ii) Intercooling i) Reheating. (12 Marks)

. Air enters the compressor of an ideal air standard Brayton cycle at 100kPa, 300K with a

volumetric flow rate of 6m®/S. The compressor pressure ratio is 10. The turbine inlet
temperature is 1500K. Determine i) The thermal efficiency i) work ratio iii) The
power developed. (08 Marks)

Draw neat line diagram and T-S diagram for the following vapour power cycle.

1) Practical regenerative Rankine cycle with closed feed water heaters.

i) Practical regenerative Rankine cycle with open feed water heaters. (08 Marks)
Steam from a boiler enters a turbine at 25bar and expands to condenser pressure of (.2
bar. Determine the Rankine cycle efficiency neglecting pump work ;

i) When steam is 80% dry at turbine inlet.

i) When steam is saturated at turbine inlet.

iii) When steam is superheated at turbine inlet by 76.1°C.

iv) Represent above 3 processes on same T-S diagram.

Pressure bar | hykJ/kg | h, ki/kg [ s¢ kJ/kg.K | s, ki/kg K
25 962.0 | 2800.9 | 2.5543 | 6.2536
0.2 251.5 | 2609.9 | 0.8321 | 7.9094
Tsat 25 bar =223.9°C ;  hy, at 25 bar, 300°C = 3008.8ki/kg -
Ssup at 25 bar, 300°C = 6.644 kJ/kg K. (12 Marks)
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PART - B
Derive an expression for work done in a reciprocating air compressor,
1) without clearance ii) with clearance. (06 Marks)
. What is the purpose of multistaging in reciprocating compressor? How does it affect
i) Mechanical efficiency  ii) Volumetric efficiency? (06 Marks)

A single cylinder, double acting air compressor is required to deliver 100 m’/min of air
at a mean piston speed of 500m/min measured at 1 bar and 15°C. The air is delivered at
7 bar. Assume a clearance volume of 1/15™ of swept volume per stroke. Find volumetric
efficiency, speed, bore, stroke for the following two cases.

i) if ambient and suction conditions are same.

ii) if ambient and suction conditions are different.

Ambient pr. = 1.0 bar, Ambient temp. = 15°C , Suction pr. = 0.98 bar,

Suction temp = 30°C. Assume L/D = 1.25. (08 Marks)

Draw neat PV and TS diagram for reversed Brayton cycle. (02 Marks)
1

y-1
R

Rp = Pressure ratio ; y=C,/C, = remains same during expansion and compression
process. T (04 Marks)
A simple NH; vapour compression system has a condenser temperature of 30°C and
evaporator temperature of ~15°C. The liquid is subcooled by 10°C. Calculate

i) Refrigerating effect ii) Mass flow rate per ton of refrigeration 1) COP

iv) Power per TR~ v) Represent on pH and TS diagram.

Cpevap) = 2.805 kI/kg K, Cpaiq) = 4.606 kJ/kg K. (14 Marks)

Properties of NHj.
Temp | Enthalpy ki/kg | Entropy kl/kg K | SP. Vol. m’/kg
hf hg S¢ Sg Vp

-15 1 112.3 | 1426.0 | 0.457 |5.549 0.509
+30 |323.1]1469.0 | 1.204 |4.984

Show that COP reversed Brayton cycle =

Define i) Specific humidity ii) degree of saturation iii) relative humidity.

(06 Marks)
. Moist air at 35°C has a dew point of 15°C. Calculate its relative humidity, specific
humidity and enthalpy. Take Cp, = 1.88 kl/kg K. (06 Marks)
30m’/min of air at 15°C DBT and 13°C WBT is mixed with 12m*/min of air at 25°C
DBT and 18°C WBT. Calculate DBT, specific humidity of the mixture. Take atm.
pressure as 760 mm of Hg. Calculate by calculation method only. (08 Marks)

. Explain briefly the Morse test. (06 Marks)
. A 4 cylinder engine has the following data :

Bore = 15¢m, stroke = 15¢m, Piston speed = 510m/min, BP =60 kW, Mech. Efficiency
80%, Mep = Sbar, CV = 40000 kl/kg. Calculate i) whether this is a two stroke OR 4
stroke cycle engine. (04 Marks)
Following data are available for SI engine, single cylinder stroke = 4, A:F = 16:1,

CV = 45000 kJ/kg, mech, n = 80% , Air std, n = 50%, relative n = 70%, stroke to bore
= 1.5, suction condition = 1 bar, 30°C, speed = 2500 rpm, BP =75 kW. Calculate

i) compression ratio, i) indicated thermal v, iii) BSFC, iv) Brake thermaln,
v) Bore and stroke : Assume volume 1 = 80%. (10 Marks)

FdekKk
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Applied Thermodynamics
Time: 3 hrs. Max. Marks:100
Note:1. Answer any FIVE full questions, selecting

at least TWO questions from each part.
2. Use of thermodynamic data handbook permitted.
PART - A .
1 Define the following :
i) Stoichimetric air ii) Enthalpy of combustion iit) Calorific value
iv) Adiabatic flame temperature ~ v) Percentage excess air. (10 Marks)

The products of combustion of hydrocarbon fuel of unknown composition have the
following composition as measured on dry basis : Co, = 80%, CO = 0.9%, O, = 8.8%,
N; = 82.3%. Calculate :

i)  Air fuel ratio

ii)  Composition of fuel on mass basis

iii) The percentage of theoretical air on mass basis. (10 Marks)

Derive the expression for the air standard efficiency of a Diesel cycle with usual notations.
State the assumptions made and represent the process on P-V and T-S diagrams. (10 Marks)
A petrol engine works on Otto cycle under ideal conditions. The initial pressure before the
beginning of compression is 101Kpa at 340K. The pressure at the end of heat addition
process is 2.5mpa. As per the details furnished by the manufacturer engine has stroke length
twice the bore. Engine bore is 300mm and clearance volume is 4 x 10 m’. Determine :

1) Compression ratio

ii)  The air standard efficiency

iii) The mean effective pressure. (10 Marks)

Derive an expression for the work output of a gas turbine in terms of pressure ratio and

maximum and minimum temperatures T3 and T,. Hence show that the pressure ratio for
Y

2[y-1
maximum specific work output is given by R, = [%—} y ]. (10 Marks)
) 1
In an open cycle gas turbine plant air enters the compressor at 1 bar and 27°C.The pressure
after compression is 4 bar. The isentropic efficiencies of the turbine and the compressor are
85% and 80% respectively. Air fuel ratio is 80:1. Calorific value of the fuel used is 42000
KJ/kg. Mass flow rate of air is 2.5 kg/S. Determine the power output from the plant and the
cycle efficiency. Assume that ‘Cp’ and “v’ to be same for both air and products of
combustion. (10 Marks)

Sketch the flow diagram and the corresponding temperature-entropy diagram of a reheat
vapour cycle and derive an expression for the reheat cycle efficiency. What are the
advantages gained by reheating the steam between stages? (10 Marks)
A steam power plant incorporates an ideal reheat cycle to improve the existing efficiency.
Steam at 30 bar and 250°C is supplied at high pressure turbine inlet and expands till it is dry
saturated at 3 bar. Now the steam is taken to a reheater and its temperature is again increased
to 250°C by constant pressure reheating process. The reheated steam expands in the low

pressure turbinie to a condenser pressure of 0.04 bar. Determine the cycle efficiency.
(10 Marks)
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PART -B
Derive the expression for the work done for a single stage, single acting reciprocating
compressor with clearance volume. (06 Marks)
Discuss applications of compressed air, and derive an expression for the volumetric
efficiency of reciprocating air compressor. (06 Marks)

A two stage reciprocating compressor works between pressure limits of 1 bar and 8 bar and
draws in air at 15°C at the rate of 467 lit/min. The compression in both the stages is

isentropic and intercooling is perfect. Estimate the minimum power supplied. (08 Marks)
Write a brief note on properties of refrigerants. (04 Marks)
With a neat sketch, describe clearly the working of a Bell-Coleman cycle. (06 Marks)

A vapour compression refrigerator of 10 tonnes capacity using Freon-12 as the refrigerant
has an evaporator temperature of — 10°C and a condenser temperature of 30°C. Assuming
simple saturation cycle, determine :

i)  Mass flow rate of refrigerant in kg/min

1)  Power input

iii) COP

Take C,, =0.72KJ /kgk . (10 Marks)
Define the following clearly :

i) Dry bulb temperature ii) Wet bulb temperature  iii) Specific humiity (06 Marks)
With a neat sketch, briefly describe a summer air-conditioning system. (06 Marks)

Atmospheric air at 101.325Kpa has 30°C DBT and 15°C DPT. Without using the
psychrometric chart, using the property values from the tables, calculate :

i) Partial pressures of air and water vapour ii) Specific humidity

iii) Ralative humidity iv) Vapour density v) Enthalpy of moist air (08 Marks)

What do you understand by heat balance sheet? Enumerate the importance of the same.

(06 Marks)
Describe the principle of conducting Morse test on IC engines. (04 Marks)

A 4-cylinder, 4 stroke SI engine 90mm bore and 90mm stroke was tested at constant speed.
The fuel supply was fixed at 0.0008kg/sec and plug of 4 cylinders were successively short
circuited without change of speed. The power measurement was as follows :

With all cylinders working 16.25 KW ;  with number of 1 cylinder cut off 11.55 KW ;
with number of 2 cylinder cut off 11.65 KW ; with number of 3 cylinder cut off 11.70 KW ;
with number of 4 cylinder cut off 11.50 KW.

Find :

1)  The indicated power

ii) Indicated and brake thermal efficiency, if the C.V. of fuel is 42500 KJ/kg.

iii) Relative thermal efficiency if the clearance volume is 65cm’. (10 Marks)

* % ok K %
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USN ) 06ME43
Fourth Semester B.E. Degree Examination, May/June 2010
Applied Thermodynamics
Time: 3 hrs. ‘ Max. Marks:100
Note: 1. Answer any FIVE full questions, selecting
at least TWO questions from each part.
2. Use of standard thermodynamic data book, psychrometric
chart, steam tables, Mollier chart etc. permitted.
PART - A
1 Explain : i) enthalpy of formation ; ii) Enthalpy of combustion ; iii) Stoichiometric air, iv)
Combustion efficiency. (10 Marks)

[

Methane (CHy) is burned with atmospheric air. The analysis of the products on a dry basis is
as follows : COy = 10% , O, = 2.37% , CO = 0.53% and N, = 87.10%. Determine the
combustion equation and calculate : i) Air fuel ratio on mole and mass basis ; ii) The percent
theoretical air. (10 Marks)

Describe diesel cycle with P~V and T — S diagrams and derive an expression for efficiency
in terms of compression ratio, cut off ratio and ratio of specific heats. X (10 Marks)
The minimum pressure and temperature of the air standard Carnot cycle are 1 bar and 15°C
respectively. The pressure after isothermal compression is 3.5 bar and the pressure after
isentropic compression is 10.5 bar. Determine : i) Efficiency ; ii) Mean effective pressure
and  iii) Power developed if the Carnot engine makes 2 cycles/s. Take for air

R=0.287kl/kgKandy=1.4. (10 Marks)
Derive an expression for work ratio in terms of minimum and maximum cycle temperature,
ratio of specific heats and pressure ratio for a simple gas turbine cycle. (05 Marks)
Write short notes on rocket propulsion. (05 Marks)

In a gas turbine plant the intake temperature and pressure are 18°C and 1 bar respectively.
Ailr is compressed to a pressure of 4.2 bar by a compressor. The isentropic efficiency of
compressor is 84%. Gas is heated to 650°C in the combustion chamber, where there is a
pressure drop of 0.086 bar. The expansion of gas then occurs to atmospheric pressure in the
turbine. The thermal efficiency of plant is 18%. Draw the T-S diagram and find the
isentropic efficiency of the turbine. Neglect mass of fuel and take properties of gas as that of

air. Take y = 1.4 for air. " (10 Marks)
With h — s diagram, explain the effects of the following on Rankine cycle performance :

i) Increasing the pressure of steam ; ii) Super heating of steam. (06 Marks)
Explain with T — S diagram the ideal regenerative Rankine cycle. (05 Marks)

Steam at 20 bar, 360°C is expanded in a steam turbine to a pressure of 0.08 bar. It then
enters a condenser, where it is condensed to saturated liquid water. Assuming the turbine
and feed pump efficiencies as 60% and 90% respectively, determine per kg of steam, the net
work, the heat transferred to the working fluid and the Rankine efficiency of the cycle.

(09 Marks)

PART -B
Define the following with respect to a reciprocating air compressor :
i) Iscthermal efficiency ; ii) Isentropic efficiency and iii) Mechanical efficiency. (06 Marks)
Derive an expression for volumetric efficiency of compressor in terms of clearance ratio,
pressure ratio and index of compression. (05 Marks)
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In a two stage reciprocating air compressor, 1.5 kg/min of air is compressed from 1 bar to
25 bar and the index of compression is 1.2. If the work of compression is minimum and the
air is cooled in the intercooler so that its temperature is brought back to initial temperature of
15°C, determine : i) Heat rejected during compression ; ii) Heat rejected in the intercooler
and iii) The power required to drive the compressor. Take for air Cp = | kl/kg K and

C,=0.714 kJ/kg K. (09 Marks)
Derive an expression for the maximum C.O.P of a vapour absorption refrigeration system in
terms of generator, condenser and evaporator temperatures. (05 Marks)
With a neat diagram, explain steam jet refrigeration. (05 Marks)

A food storage locker requires a refrigeration system of 2520 kJ/min capacity at an
evaporator temperature of - 8°C and a condenser temperature of 30°C. The refrigerant
R - 12, is sub coded by 5°C before entering the expansion valve and the vapour is
superheated to 6°C before leaving the evaporator. The compression of refrigerant is by
reversible adiabatic process. A two cylinder, vertical single acting compressor with stroke
equal to 1.5 times the bore is used and it runs at 900 RPM. Determine : i) Mass of refri gerant
to be circulated ; ii) Theoretical power required ; iii) COP : iv) Heat removed through
condenser and v) Theoretical bore and stroke ‘of compressor. Take the liquid refrigerant
specific heat as 1.235 kJ/kg K and vapour refrigerant specific heat as 0.733 kJ/kg K. The
properties of refrigerant, R — 12 are as given below : -

Saturation Specific volume | Enthalpy, kJ/kg | Entropy, kJ/kg K
temperature °C | m’/kg, Vg Liquid | Vapour | Liquid | Vapour
-8 0.07313 411.30 | 569.81 | 4.1598 | 4.7577
30 0.02433 447.88 | 586.52 | 4.2870 | 4.7443

(10 Marks)

Define and then obtain an expression for the following in terms of partial pressures of water
vapour and air.

i) Specific humidity ; ii) Degree of saturation. (06 Marks)
Draw the figure of a psychrometric chart showing the following processes starting from a
common point ‘0.

i) Sensible heating ; ii) Heating and humidifying process and iii) Cooling and
humidifying process. (06 Marks)
Saturated air leaving the cooling section of an air conditioned system at 14°C DBT at a rate
of 50 m’/min is mixed adiabatically with the outside air at 32°C DBT and 60% RH at a rate
of 20 m*/min. Assuming that mixing process occurs at a pressure of 1 bar, determine the
specific humidity, the RH, the DBT and the volume flow rate of mixture. " (08 Marks)

Describe the following as applied to I.C. engines : -

i) Morse test and ii) Energy balance. (08 Marks)
The following data refer to the test conducted on two stroke diesel engine, run for
20 minutes at full load. Mean effdctive pressure = 3 bar, speed = 350 RPM, net brake
load = 650 N, fuel consumption = 1.52 kg, cooling water = 160 kg, water inlet
temperature = 30°C and water outlet temperature = 52°C, air fuel ratio = 32, room
temperature = 25°C, exhaust gas temperature = 300°C, cylinder bore = 200 mm, stroke =
280 mm, brake drum diameter = 100 cm, calorific valve fuel = 44000 kJ/kg. steam formed
per kg of fuel in the exhaust = 1.35 kg, specific heat of steam in exhaust = 2.09 kJ/kg K,
specific heat of dry exhaust gas = 1 kJ/kg K, the pressure of exhaust = 1 bar. Determine :
1) Indicated power ; ii) Brake power ; iii) Mechanical efficiency and also write the energy
balance on minute basis and percentage. (12 Marks)

* K % K %
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