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INSTRUCTIONS TO CANDIDATES: 

1. You should have Answer Booklet for this examination. 

2. This paper contains FIVE questions. Answer ANY THREE questions. 

3. All diagrams should be clearly drawn and labeled. 

4. This paper consists of THREE printed pages and Appendixes. 

 

Question 1 

(a) Prove that for a two-stage reciprocating compressor with complete inter-cooling, the stage 

pressure ratio equals to the square root of the overall pressure ratio for the required power 

to be minimum. State clearly any assumptions made.                (14 marks) 

 

(b) A three-stage, single-acting compressor is required to compress 135 m3 of free air per hour 

from 1 bar to 64 bar. The mean piston speed is to be 140 m/min. The polytropic index for 

all compressions is 1.3. Neglect the effect of clearance volume. Calculate: 

(i) The power needed to run the compressor, 

(ii) The piston areas.        (6 marks) 
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Question 2 

(a) Coal has the following analysis on a mass basis: 67.4% carbon, 5.31% hydrogen, 15.11% 

oxygen, 1.44% nitrogen, 2.36% sulphur and 8.38% non-combustible ash. The coal is 

burned with 40 percent excess air. Determine,  

(i) the air–fuel ratio and  

(ii) the relative molecular weight of the product gas.             (14 marks) 

 

Figure Q(2a) 

 

(b) Determine the lower and higher heating values in kJ/kg of liquid propane (C3H8) in kJ/kg 

at 25oC, 1 atm.           (6 marks) 

 

Figure Q(2b) 

 

Question 3 

(a) Derive an expression for the thermal efficiency of an air-standard Otto cycle.  

           (10 marks) 

 

(b) An ideal Otto cycle has a compression ratio of 8. At the beginning of the compression 

process air is at 95 kPa and 27oC and 750 kJ/kg of heat is transferred to air during the 

constant-volume heat addition process. Sketch the cycle on p-v and T-s diagrams. 

Taking into account the variation of specific heats with temperature, calculate: 

(i) The pressure and temperature at the end of heat addition process. 

(ii) The net work output. 

(iii) The thermal efficiency. 

(iv)  The mean effective pressure (MEP), in kPa.    (10 marks) 
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Question 4 

(a) Derive an expression for the thermal efficiency of an air-standard Diesel cycle. (10 marks) 

 

(b) An air standard Diesel cycle has a compression ratio of 16 and a cutoff ratio of 2. At the 

beginning of the compression process, air is at 95 kPa and 27oC. Sketch the cycle on p-v 

and T-s diagrams. Accounting for the variation in specific heats with temperature, 

calculate: 

(i) The temperature after the heat addition process. 

(ii) The thermal efficiency of the cycle. 

(iii) The mean effective pressure (MEP), in kPa.              (10 marks) 

 

 

Question 5 

(a) Derive an expression for the thermal efficiency of an air-standard Brayton cycle.      

           (9 marks) 

(b) A simple Brayton cycle using air as a working fluid has a pressure ratio of 10. The 

minimum and maximum temperatures in the cycle are 290 K and 1100 K. Sketch the 

cycle on p-v and T-s diagrams. Assuming an isentropic efficiency of 75 percent for the 

compressor and 82 percent for the turbine, calculate: 

(i) The air temperature at the compressor exit. 

(ii) The back-work ratio. 

(iii) The thermal efficiency of the cycle.               (11 marks) 
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Note: Enthalpy of formation has 2 values: 1. for vapor vapor phase 2. for liquid vapor phase -the different = 

latent heat of vaporization 
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Ideal gas properties of air 

 

 

 

 

 

 

 



© Technical University of Mombasa Page 7 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


