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Question 1 

A steam power plant operates on an ideal reheat-regenerative Rankine cycle and has a net 

power output of 80 MW. Steam enters the high-pressure turbine at 10 MPa and 550oC and 

leaves at 0.8 MPa. Some of the steam is extracted at this pressure to heat the feedwater in an 

open feedwater heater. The rest of the steam is reheated to 500oC and is expanded in the low 

pressure turbine to the condenser pressure of 10 kPa.   

(i) Sketch the diagram of the components in the cycle. 

(ii) Sketch the cycle on a T-s diagram.  

 Determine,  

(iii)  the mass flow rate of steam flowing through the boiler and  

(iv)   the thermal efficiency of the cycle. 

(20 marks) 
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Question 2  

A cogeneration system operating as illustrated in Figure Q3. The steam generator provides a 

106 kg/h of steam at 8 MPa, 480oC of which 4 × 105 kg/h is extracted between the first and 

second turbine stages at 1 MPa and diverted to a process heating load. Condensate return from 

the process heating load at 0.95 MPa, 120oC and is mixed with liquid exiting the lower-

pressure pump at 0.95 MPa. The entire flow is then pumped to the steam generator pressure. 

Saturated liquid at 8 kPa leaves the condenser. The turbine stages and the pumps operate with 

isentropic efficiencies of 86 and 80%, respectively. 

(a) Sketch the process on a T-s diagram. 

Calculate; 

(b) The heating load, in kJ/h. 

(c) The power developed by the turbine, in MW. 

(d) The rate of heat transfer to the working fluid passing through the steam generator, in kJ/h.

                         (20 marks) 

 

 

Figure Q3: A schematic of a cogeneration system 
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Question 4 

The Lake Turkana Wind Power Plant plans to install 365 wind turbines at Loiyangalani 

District, Marsabit County where the annual average wind speed is 10 m/s. The wind turbines 

to be installed have 50 m diameter and an overall wind turbine efficiency of 35 percent. The 

gearbox/generator efficiency for each wind turbine is 50 percent. The plant will operate for 

8000 hours per annum and the electricity produced will be sold to Kenya Power Lighting 

Company at KES 9.50/kWh. The investment cost for the power plant is KES 21 million per 

wind turbine. The initial annual operating costs including salaries and maintenance for the 

wind farm will be KES 500,000 per wind turbine. Given that the average atmospheric 

pressure and temperature for the site is 96 kPa and 25oC respectively and the gas constant for 

air, R = 0.287 kJ/kg∙K, calculate;  

(i) The wind power potential for the site.  

(ii) The wind power density for the site.  

(iii) The average electric power output from the plant.  

(iv) The amount of electricity produced.  

(v) The annual revenue generated.  

(vi) The simple payback period for the investment.    (20 marks)  

 

Question 4 

A single-flash geothermal power plant uses hot geothermal water at 230ºC as the heat source. 

The geothermal liquid is withdrawn from the production well at a rate of 230 kg/s, and is 

flashed to a pressure of 500 kPa by an essentially isenthalpic flashing process where the 

resulting vapor is separated from the liquid in a separator and directed to the turbine. The 

steam leaves the turbine at 10 kPa with a moisture content of 10 percent and enters the 

condenser where it is condensed and routed to a reinjection well along with the liquid coming 

off the separator. Sketch a schematic for the process. Determine:  

(a) the mass flow rate of steam through the turbine, 

(b) the isentropic efficiency of the turbine, 

(c) the power output of the turbine, and 

(d) the thermal efficiency of the plant (the ratio of the turbine work output to the 

energy of the geothermal fluid relative to standard ambient conditions).  

           (20 marks) 
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Question 5 

A regenerative gas turbine power plant is shown in Fig. Q5. Air enters the compressor at 1 

bar, 27oC with a mass flowrate of 0.562 kg/s and is compressed to 4 bar. The isentropic 

efficiency of the compressor is 80%, and the regenerator effectiveness is 90%. All the power 

developed by the high-pressure turbine is used to run the compressor. The low-pressure 

turbine provides the net power output. Each turbine has an isentropic efficiency of 87% and 

the temperature at the inlet to the high pressure turbine is 1200 K. Determine 

(a) the net power output, in kW. 

(b) the thermal efficiency. 

(c) the temperature of the air at states 2, 3, 5, 6, and 7, in K. 

 (20 marks) 

 

Figure Q5: A schematic of a regenerative gas turbine 
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Ideal gas properties of air 
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