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9-33  An ideal Otto cycle with air as the working fluid has a compression ratio of 8. The pressure and temperature at the end 
of the heat addition process, the net work output, the thermal efficiency, and the mean effective pressure for the cycle are to 
be determined. 

Assumptions 1 The air-standard assumptions are applicable. 2 Kinetic and potential energy changes are negligible. 3 Air is 
an ideal gas with variable specific heats. 

Properties The gas constant of air is R = 0.287 kJ/kg.K. The properties of air are given in Table A-17. 

Analysis (a)  Process 1-2: isentropic compression. 
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Process 2-3: v = constant heat addition. 
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(b)  Process 3-4: isentropic expansion. 
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Process 4-1: v = constant heat rejection. 
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9-36E A six-cylinder, four-stroke, spark-ignition engine operating on the ideal Otto cycle is considered. The power 
produced by the engine is to be determined. 

Assumptions 1 The air-standard assumptions are applicable. 2 Kinetic and potential energy changes are negligible. 3 Air is 
an ideal gas with constant specific heats. 

Properties The properties of air at room temperature are  R = 0.3704 psia·ft3/lbm.R (Table A-1E),  cp  = 0.240 Btu/lbm·R,   
cv  = 0.171 Btu/lbm·R,  and  k = 1.4 (Table A-2Ea). 

Analysis  From the data specified in the problem statement, 
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Since the compression and expansion processes are isentropic, 
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Application of the first law to the compression and expansion processes gives 
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When each cylinder is charged with the air-fuel mixture, 
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The net work produced per cycle is 

 Btu/cycle 289.1Btu/lbm) lbm)(147.9 (0.008716netnet    mwW  

The power produced is determined from 

 hp 38.0 ¸
¹
·

¨
©
§  

Btu/s 7068.0
hp 1

rev/cycle 2
rev/s) (2500/60Btu/cycle) (1.289

rev

net
net N

nW
W

��    

since there are two revolutions per cycle in a four-stroke engine.  
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9-46  An air-standard Diesel cycle with a compression ratio of 16 and a cutoff ratio of 2 is considered. The temperature after 
the heat addition process, the thermal efficiency, and the mean effective pressure are to be determined. 

Assumptions 1 The air-standard assumptions are applicable. 2 Kinetic and potential energy changes are negligible. 3 Air is 
an ideal gas with variable specific heats. 

Properties The gas constant of air is R = 0.287 kJ/kg.K. The properties of 
air are given in Table A-17.  

Analysis (a) Process 1-2: isentropic compression. 
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Process 2-3: P = constant heat addition. 

 � �� �
546.4

kJ/kg 1910.6
K 862.422

3

3
22

2

3
3

2

22

3

33
 
 

�o�    �o� 
r

h
TTT

T
P

T
P

vv

vvv
 K 1724.8  

(b) kJ/kg019.719.8906.191023in  � � hhq  

Process 3-4: isentropic expansion. 
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Process 4-1: v = constant heat rejection. 
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9-57  A four-cylinder ideal diesel engine with air as the working fluid has a compression ratio of 22 and a cutoff ratio of 1.8. 
The power the engine will deliver at 2300 rpm is to be determined. 

Assumptions 1 The cold air-standard assumptions are applicable. 2 Kinetic and potential energy changes are negligible. 3 
Air is an ideal gas with constant specific heats. 

Properties The properties of air at room temperature are  cp  = 1.005 kJ/kg·K,  cv  = 0.718 kJ/kg·K, R = 0.287 kJ/kg·K, and   
k = 1.4  (Table A-2). 

Analysis Process 1-2: isentropic compression. 
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Process 2-3: P = constant heat addition. 
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Process 3-4: isentropic expansion. 
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For the cycle: 
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Discussion Note that for 2-stroke engines, 1 thermodynamic cycle is equivalent to 1 mechanical cycle (and thus revolutions).  
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9-64 The five processes of the dual cycle is described. The P-v and T-s diagrams for this cycle is to be sketched. An 
expression for the cycle thermal efficiency is to be obtained and the limit of the efficiency is to be evaluated for certain 
cases.  

Assumptions 1 The air-standard assumptions are applicable. 2 Kinetic and potential energy changes are negligible. 3 Air is 
an ideal gas with constant specific heats. 

Analysis (a) The P-v and T-s diagrams for this cycle are as shown. 

 

 

 

 

 

 

 

(b) Apply first law to the closed system for processes 2-3, 3-4, and 5-1 to show: 
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Process 5-1 is constant volume; however T5/T1 is found from the following. 
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The ratio T3/T1 is found from the following. 
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(c) In the limit as rp approaches unity, the cycle thermal efficiency becomes 
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(d) In the limit as rc approaches unity, the cycle thermal efficiency becomes 
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9-80E  A simple ideal Brayton cycle with air as the working fluid has a pressure ratio of 10. The air temperature at the 
compressor exit, the back work ratio, and the thermal efficiency are to be determined. 

Assumptions 1 Steady operating conditions exist. 2 The air-standard assumptions are applicable. 3 Kinetic and potential 
energy changes are negligible. 4 Air is an ideal gas with variable specific heats. 

Properties The properties of air are given in Table A-17E. 

Analysis (a)  Noting that process 1-2 is isentropic, 
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(b)  Process 3-4 is isentropic, and thus 
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Then the back-work ratio becomes  
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