
III all air standard Otto cycle, the anibient conditions determine the minimum temperature while the maximum 
temperature is determined by the design conditions and metallurgical considerations of the piston and cylinder. 
For fixed vaiue of minimum temperature T J and maximlll'll -telilperarlJre. I~, show that for maximum work Olltput, 
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. Air enters the compressor of an ideal Brayton cycle at 100 kPa, :290 K with a volumetric flow rate of 4 m 3/s. The 
.	 'essure ratio for the cycle is J0 and the maximum temperature during the cycle is 1500 K. Determine: 

I) the thermal efficiency of the cyc Ie, 
I) the fraction of work output that):; consumed by the compressor, and " ­
) the net power output. - " • -, ~ 3 
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. An ideal Brayton cycle has a pressure ratio of ]2. The pressure and temperature at the compressor inlet are] 00 kPa 
nd 27°C respectively. The maximum temperature during the cycle is .1200£C If the mass flow rate of air is 8 kg/s, 

'. - ~terll1ine the.power Olltput and efficiency ofthe cycle. ' .• ' .. 
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5. The minimum and maximum temperatures during an ideal Brayton cycle are 300 K and 1200 K respectively. The 
Jressure ratio is such that the net work developed is maximized. Determ ine: 
3) the compressor and turbine work per unit mass of air, and 
b) the thermal efficiency of the cycle. '" 
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.	 '. The compressor and turbine of an ideal gas turbine each have isentropic efficiencies of 80 %. The pressure ratio is 10. 
'he minimum and maximulll temperatures are 300 K and 1500 K respectively. Determine: 
) the net work per kg of air, 
J) the thermal efficiency of the cycle, and ' ••
 
:) Compare both of these for a cycle with ideal compressor and turbiI'ie. ...
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'. A Rankine cycle has a boiler working at a pressure of 2 MPa. The maximum and minimum temperatures during the 
:ycle are 400°C and 50°C respectively. Determine the efficiency of the cycle and compare it with that ofthe Carnot cycle 
lperating !?etween the same temperature limits. 
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.. An ideal Rankine cycle operates between a boiler pressure of 4 MPa and a condenser pressure of 10 kPa. The exit 
ealll from the turbine should have a quality of96 % and the power output of the turbine should be 80 MW. Determine 
l) the minimum boiler exit temperature, 
») the efficiency of the cycle, and 
:) the mass flow'rite of steam.- .... 
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). Saturated vapor enters into a turbine of an ideal Rankine cycle at 10MPa and saturated liquid exits the condenser at 
') kPa. The power output of the cycle is 120 MW. Determine: 
) the thermal efficiency of the cycle, 
,) the back work ratio, .-- ....'" • oJ the mass flow rate of steam, 
) the rate at which heat is supplied to the boiler, 
) the rate at which heat is rejected from the condenser, and 
) the mass flow rate of condenser cooling water, if the cooling water enters at 200e and exits at 35°C. [Take specific heat 
'water as 4.18 kj/kgK).·\ 
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• i. An air standard diesel cycle has a compression ratio of22 and expansion ratio of II. Determine its Cllt off ratio and the 
·ficiency. 
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31I A heat pump maintains a room at a temperature of 20°C when the surrounding is at soc. The 

I 
rate of heat loss from the room is estimated to be 0.6 kW per degree temperature difference 
between inside and outside. If the electricity costs Rs 10/kWh, determine the minimum 
theoieticai cost p.er ~..ay. ". , •.• ... 
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4. A heat pump heats a house in the winter and then reverses to cool it in the summer. The room temperature 
should be 22°C in the winter and 260C in the sumQl~r. Heat transfer through the walls and ceilings is estimated to 
be 3000 k] /h per degree temperature difference between the ihs1de and outside. 
(a) Determine the power required to run it in the winter when the outside temperature decrease to O°c. 
(b) If the unit is run by the same power as calculated in (a), throughout the year, determine the maximum outside 
ummer temperature for which the house can be maintained at 260C. 
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7. A reversible engine working in a cycle takes 4800 kJ/min of heat from a source at 800 K and develops 20 kW 
power. The engine rejects heat,lc:. two reservoirs at 300 K and 360 K. Determine the heat rejected to each sink. • 
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9. A piston cylinder device shown in Figure A2.9 contains 1 kg of water at saturated vapor state 
500 kPa. It is cooled so that its volume reduces to half of the initial volume because of heat 
transfer to the surrounding at 20°C. Determine the total entropy generated during the process.· 
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10. A piston cylinder device loaded with a linear spring as shown in Figure A2.10 contains 0.5 
kg of water at 100 kPa and 25°C. Heat is transferred from a source at 750°C until water reaches 
to a final state of at 1000 kPa and 6000C. Determine the total entropy generated during the 
process. ". ' .. .~ . ... 
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; e!/i 11. A piston cylinder device shown in Figure A2.11 contains 1.5 kg of water initially at 100 
. kPawith 10 % of quality. The mass of the piston is such that a pressure of 500 kPais required to 

lift the piston. Heat is added to the system from a source at 5000 ( until its. temperature 
'reaches40p'°~, Determine the total entropy generation during the process, ". 0_ 0 •• 
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12. Water is contained in a piston cylinder device with two set of stops as shown in Figure 
A2.12 is initially at 1 M Pa and 400°C. The limiting volumes are Vmin=l m3 and Vmax=2 m3. 
The weight of the piston is such that a pressure of 400 kPa is required to support the piston. The 
system is cooled to'1-QOOC by i!\towing system to reject heat to the surroundings at 25°C. Sketch"· 
the process on P-v and T-v di;grams and determine the total entropy generated during the 
process. 
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13. Steam enters a nozzle at 1.5 MPaand 3000C and with a velocity of 50 mis, undergoes a 
reversible adiabatic process and exits at 200 kPa. Determine the exit velocity. 
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14. A compressor receives air at 100 kPaand 27°C and requires a power input of 60 kW. If the 
mass flow rate of the air is 0.1 kg/s, determine the maximum exit pressure of the compressor. 
[Take y=1.4, cp=100S J/kgK] 
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!4. A gas enclosed by ~ piston shovm in Figure AlA starts to expand due to heatiug. The initial 
move~ent of O.2·m-j.s.r~strainedby a fixed mass of 30 kg and the final 0.05 m is restrained b<"ltrr -. 
by the rriass and a spring of stiffness 10k 1m. The cross sectional area of the piston is 0.15 m2 

and the atmospheric pressure is 100 kPa. 
(a) Neglecting the mass of the spring and the piston sketch a P-V diagram of the process. 
(b) Calculate the work during the initial 0.2 m movement. 
(c) Calculate the total work done. 
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15. The frictionless piston shown in Figuc£_Al.S has a mass of 20 kg and a cross sectional area of 
78.48 cm2. Heat is added until the temperature reach~ 400oC. If the quality of the H2O at the 
initial state is 0.2, determine: 
(a) the initial pressure, 
(b) the mass of H20; 
(c) the quality of the system when the piston hits the stops, 

(d) the final pressure, and 
(e) the total work transfer.
 
[Take Patm= lob kPa, g = 9.81 m/s2]
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7. A piston cylinder,atrangement shown in Figure A1.7 contains water initially at a pressure of i ". 
MPa and a temperature of 400o'C:1"reat is transferred from the system to the surroundings until its 
pressure drops to 100 kPa. Sketch the process on P-v and T-v diagrams and determine: 
(a) the mass of H20 in the system, and 
{b) the total work transfer. 
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9. A gas undergoes a thermodynamic cycle consisting,of the following three processes: 
Process 1 - 2: expansion with PV = constant, PI = 800 kPa: U?= VI Process 2 - 3: constant 
volume with Vz = V3 = 2 m3, V3 - Vz = 300 k] Process 3 - 1: constant pressure, W3I = 
-1200 k] f-, 
(a) Sketch the process on P - V and T - V diagrams. 
(b) Calculate the net work for the cycle. 
(c) Calculate the net heat for the cycle. 
(d) Calculate the heat transfer for process 1 - 2. 
(e) Calculate the heat transfer for process 3 - 1. . 
(f) Is this power cycle or a refrigeration cycle? 
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10. A rigid vessel having a volume of 0..4 zn3 initially contains a two-phase mixture at a pressure 
of 100 kPa with 2 % of its volume occupied bf ~1tttlrated liquid and the remaining by the 
saturated vapor. Heat is supplied to the vessel until it holds only saturated vapor. Determine the 
total heat transfer for the process. IJ' 
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...• II? Air (0.1 kg) is contained. in. piston/cyli~der asse~bly as ~Q,:,n. in. Fi~ure Al.IS. Ini~~ally, the 
1pIston rests on the stops and IS m contact With the sprmg, whIch IS m ItS lih'!>tretched positIOn. The 
spring constant is 100 kN1m. The piston weighs 30 kN and atmospheric pressure is 101 kPa. 
The air is initially at 300 K and 200 kPa. Heat transfer occurs until the air temperature reaches 
the surrounding temperature of 700 K. 
(a) Find the final pressure and volume. 

(b) Find the process work. 

(c) Find the heat transfer. 

(d) Draw the P-V diagram of the process. [Take R = 287 jlkgK and cv = 718 j IkgK] 
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