
























































 

Q1. Attempt two of the following: 

a. Explain the behavior of pure water, using a (T-v) diagram, under heating process at constant 

pressure of (     ). Show the changes that take place starting with a box of ice at low 

temperature and ending with a superheated steam. 

 

b. The partial evaporation of (    ) of saturated water at (     ) is accompanied by the transfer 

of (      ) of work. Find the dryness fraction of steam formed and the increase in internal 

energy of the fluid during the change of phase. 

 

c. A mass of (       ) of steam, initially saturated at (      ), expands reversibly in a cylinder 

until the pressure becomes (     ). The volume is then found to be (       ). Assume that 

the process is polytropic, find: 

i. Index of expansion.  

ii. Heat transferred during the process. 

iii. Enthalpy change.  

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

 

Q2.  

a. For a Diesel cycle:  

i. Draw the cycle on (T-s) and (p-v) diagrams. 

ii. Sketch cylinder arrangement. 

iii. Derive an expression of the thermal efficiency in terms of compression ratio and cut-

off ratio. 

 

b. A four-stroke petrol engine operates on an air standard cycle has a volume of (       ). The 

condition at the beginning of compression stroke is a pressure of (     ) and temperature of 

(    ), while at the end of this process the pressure is (      ).a (       ) of heat is added at 

constant volume. The engine runs at (       ). Determine: 

i. P, T and v at all salient points in the cycle.  

ii. Percentage clearance.  

iii. Thermal efficiency.  

iv. Net work per cycle and ideal power developed. 

v. Mean effective pressure. 

 

Q3.  Consider a steam power plant, as shown,  that operates on 

a reheat–regenerative simple Rankine cycle with one 

closed feedwater heater cascaded backward and a perfect 

reheater to produce (      ). Steam enters the turbine 

at (      ) and (     ) and is condensed in the 

condenser at a pressure of (      ). Steam is extracted 

for the optimally placed closed feedwater heater from the 

low-pressure turbine. Represent cycle on (T-s) diagram 

and determine: 

i. Cycle thermal efficiency, work ratio and steam specific consumption. 

ii.  Steam mass and amount of heat rejected. 
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Q4.  A gas turbine power unit, with a free power turbine used to drive an electric generator, has a 

pressure ratio of ( ) and the maximum temperature of (     ). The isentropic efficiencies of 

the compressor, HPT, and FPT are (   ), 

(    ) and (    ) respectively, and the 

mechanical efficiency of both shafts is 

(   ). The air intake conditions are 

(     bar) and (    ). Represent the 

cycle on (T-s) diagram and calculate: 

i. Pressure between LPT and FPT. 

ii. Unit thermal efficiency. 

iii. Shaft power output when the mass 

flow rate is (     ⁄ ). 

 

Q5.  A two-stage, single-acting reciprocating air compressor running at              delivers a 

(      ) of air per minute at (      ). The compressor has a complete intercooler and is designed 

for minimum work for a compression and expansion index of (    . The induction conditions are 

(        ) and (    ) and the air free conditions are             and       . The clearance 

volume is       of the swept volume and that the bore is equal to the stroke. The Mechanical 

efficiency is (   ).  Calculate: 

i. The free air delivery in (      ⁄ ). 

ii. Shaft horse power required. 

iii. The diameter and length of compressor cylinders. 

iv. The heat rejected to the surrounding.  

  
 

 .Note: Answer four questions only مع التمنيات بالنجاح والتوفيق
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Q1. a)  Prove that the isentropic work of a pump in steam power plant is expressed in terms of             

saturated water specific volume and pressure rise. 

 

b) Superheated steam at a temperature of (
OC6.275 ) and a pressure of ( bar4 ) is expanded 

polytropically to the dry steam line at (       )and then is compressed isothermally until it 

attains a saturated liquid state in non-flow processes. Calculate the work done per unit mass 

of steam. Sketch the two processes on (T-s, p-v) diagrams. 

 

Q2. a) Write down Five conditions for a heat cycle to be considered as an air standard cycle. 

 

b) An air standard dual combustion cycle has a mean effective pressure of (      ). The 

minimum pressure and temperature are (     ) and (    ) respectively, and the compression 

ratio is (    ). Calculate the maximum cycle temperature when the thermal efficiency is 

(   ). The maximum cycle pressure is (      ). 

i. Temperatures at cycle salient points.  

ii. Cut-off ratio and pressure ratio. 

iii. Percentage clearance.  

 

Q3.  Consider a steam power plant, as shown,  that operates on 

a reheat–regenerative ideal Rankine cycle with one open 

FWH and one closed FWH cascaded backward, to 

produce (      ). Steam enters the HPT at (      ) 

and (     ) and exit at (     ). Some steam is extracted 

for the open FWH before reheating it to (     ). Steam is 

condensed in the condenser at a pressure of (      ). 

Steam is extracted for the optimally placed closed 

feedwater heater from the low-pressure turbine. Represent 

cycle on (T-s) diagram and determine: 

i. Cycle thermal efficiency. 

ii. Work ratio. 

iii.  Steam specific consumption. 

 

Q4.  In a gas power plant that operates on a modify Brayton cycle, air is compressed through a 

pressure ratio of (   ) from (   ) and (     ). It is then heated to the maximum temperature 

of (    ) and expanded in two stages with overall pressure ratio of ( ), where the air being 

reheated between the two stages to (    ). The efficiency for compressor is (    ) and for 

turbine is (    ). The mechanical efficiency is 

(    ). Neglect pressure losses at combustion 

chamber and reheater, draw cycle on (T-s) diagram 

and calculate:  

a) Pressure ratio for HPT and LPT.  
b) Net output work and plant cycle efficiency.. 
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Q5.  A two-stage, single-acting reciprocating air compressor running at              delivers a 

(      ) of air per minute at (      ). The compressor has a complete intercooler and is designed 

for minimum work for a compression and expansion index of (     . The induction conditions 

are (        ) and (    ) and the air free conditions are             and       . The clearance 

volume is       of the swept volume and that the bore is equal to the stroke for both stages. 

Calculate: 

i. The free air delivery in (      ⁄ ). 

ii. Power required. 

iii. The diameter of compressor cylinders. 

iv. The heat rejected to the surrounding.  
 

 

 .Note: Answer four questions only مع التمنيات بالنجاح والتوفيق
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Q1.  

A steam power plant utilizes a perfect 

reheater and one closed type feed water 

heater with drains cascaded backward. 

Steam enters the high pressure turbine at 

(     ), (     ) and leaves the low 

pressure turbine at (     ). The isentropic 

efficiency for expansion and compression 

processes is (   ). The power plant produces 

(     ). Draw the plant steam cycle on (T-s) 

diagram and Calculate:- 

a. Steam power plant cycle performance. 

b. Water mass flow rate entering the boiler. 
                                                                                            (    mark) 

 

Q2. 

A) Why Pressure and temperature are not enough to identify water properties in the wet 

steam region? (    mark) 

 

B) A combined separating and throttling calorimeter is used to determine the dryness 

fraction of steam in a main. The pressure of the steam in the main and the separator is 

(       ). After throttling to (       ) the temperature is (    ). During a ten minutes 

test an (       ) of water is collected at the separator and (       ) of water 

condensate is collected after throttling. 

   

 Calculate the dryness fraction of the steam in the main.  (    mark) 

 What is the purpose of each components of the calorimeter?  (    mark) 
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Q1: - Consider a steam power plant that operates on 

an ideal reheat–regenerative Rankine cycle 

with one open feedwater heater, one closed 

feedwater heater, and one reheater. Steam 

enters the turbine at (      ) and (      ) 

and is condensed in the condenser at a 

pressure of (      ). Some steam is 

extracted from the turbine at (     ) for the 

closed feedwater heater and the remaining 

steam is reheated at the same pressure to 

(      ). The extracted steam is completely 

condensed in the heater and is pumped to 

(      ) before it mixes with the feedwater 

at the same pressure. Steam for the open 

feedwater heater is extracted from the low-

pressure turbine at a pressure of (       ). 

This power plant produces (      ). Draw 

cycle on T-s diagram and determine: 

i. Cycle thermal efficiency. 

ii. Steam mass flow rate entering the first turbine. 

  

 

 

Q2: - A) what is the influence of condenser pressure and temperature on cycle performance? And what is the 

limitation. 

B) A mass of (       ) steam initially saturated at (      ) expands reversibly in a cylinder until the 

pressure is (       ). The volume is then found to be (       ). Assuming that the process is 

polytropic, find the index of expansion and the heat transfer during the process. Sketch the (T-s) 

diagram.  
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Year: 2011/2012        Subject: Thermodynamics II            2nd Class 
 

Q1: - 

a) What are the main reasons for using water steam in power plant and no other substance steam? 

 

 

b) (      ) of steam is initially at (3.0 bar). The steam is heated at constant volume to (       ) to 

become saturated. And then it is compressed isentropically to (      ). Sketch T-s diagram and find 

the final temperature and the heat and work transfer.  

 

Q2:-  
A regenerative Rankine cycle with a reheater 

utilizes one closed feed water heater, as 

illustrated, operates between        and 

      . Steam enters HPT at       and 

expands to      . Some steam is extracted to 

the FWH at      . Steam is reheated to        

and then enters LPT. This plant produces 

      . Draw cycle on T-s diagram and 

calculate 

i. Cycle efficiency, work ratio and specific 

steam consumption. 

ii. Steam mass flow that enters the boiler. 

 . 

 

Q3:-  
 A regenerative Rankine cycle utilizes two open 

feed water heaters, as illustrated, operates 

between        and       . Steam enters the 

turbine at       and expands to       . Some 

steam is extracted to the first FWH at       

and to the second FWH which is optimally 

placed. This plant produces       . Draw 

cycle on T-s diagram and calculate 

i. Cycle efficiency, work ratio and specific 

steam consumption. 

ii. Steam mass flow that enters the boiler.

     

  

 

University of Technology 
 Department of  

Mechanical Engineering 
 

 

 
 Lecturers: Dr. Arkan Kh. & Dr. Abdul-Kareem A.  

 Date: 29/01/2012              1
st
 semester           Time: 2 hours 

 

(2 Marks) 

Answer two questions only 

(8 Marks) 

(8 Marks) 

(5 Marks) 



 

 

 قسم هندسة المكائن والمعداتالجامعة التكنولوجية/ 
  و نصف ساعة :الزمن                                 امتحان الفصل الثاني                         الثانية                   المرحلة: 

                                                                                                                          51/40/6454 التاريخ:                                            II                                                2009/2010حرارة  المادة:
---------------------------------------------------------------------------------------------------------------------------------- 

Q1:- 

a) Why do we study air standard cycles? What are the assumptions that must be imposed to treat the 

heat cycles as an air standard cycles? 

b) The displacement volume of an internal combustion engine is (          ). The processes within each 

cylinder of the engine are modeled as an air-standard Diesel cycle with a cutoff ratio of (   ). The 

state of the air at the beginning of compression is fixed by (         ), (        
 ), and 

(             ). Draw cycle on p-v diagram and determine the net work per cycle, in kJ, the power 

developed by the engine, in kW, and the thermal efficiency, if the engine speed is (        ). 

 

Q2:-  

a) Derive an expression for work ratio in Brayton cycle in terms of minimum and maximum cycle 

temperature and pressure ratio. Discuss the effect of each parameter on the work ratio. 

b)  A single–stage, single air compressor running at (        ) delivers air at (      ). the induction 

air conditions are (         ) and (     ), the air delivery is (          ⁄ ). The clearance volume 

is (  ) of swept volume and the stroke/bore ratio is (     ). Calculate the bore, the stroke and the 

isothermal efficiency of this machine. Take the index of compression and expansion as (    ). 

 

 

م   لتمنيا   النجا    لتو ي /لجنة  ل     ا   
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Q1:- 

a) Why do we study air standard cycles? What are the assumptions that must be imposed to treat the 

heat cycles as an air standard cycles? 

b) The displacement volume of an internal combustion engine is (          ). The processes within each 

cylinder of the engine are modeled as an air-standard Diesel cycle with a cutoff ratio of (   ). The 

state of the air at the beginning of compression is fixed by (         ), (        
 ), and 

(             ). Draw cycle on p-v diagram and determine the net work per cycle, in kJ, the power 

developed by the engine, in kW, and the thermal efficiency, if the engine speed is (        ). 

 

Q2:-  

a) Derive an expression for work ratio in Brayton cycle in terms of minimum and maximum cycle 

temperature and pressure ratio. Discuss the effect of each parameter on the work ratio. 

b)  A single–stage, single air compressor running at (        ) delivers air at (      ). the induction 

air conditions are (         ) and (     ), the air delivery is (          ⁄ ). The clearance volume 

is (  ) of swept volume and the stroke/bore ratio is (     ). Calculate the bore, the stroke and the 

isothermal efficiency of this machine. Take the index of compression and expansion as (    ). 

 

 

م   لتمنيا   النجا    لتو ي /لجنة  ل     ا   
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A. A single stage, double acting air compressor running at (       ) has a F.A.D. of          ⁄

 
  measured 

at             and         . Pressure and temperature in the cylinder during induction are          
 
  

and       . The delivery pressure is       
 
  and the index of compression and expansion is        . The 

clearance volume is    
 
  of swept volume and the stroke to bore ratio is (       ). Calculate the 

volumetric efficiency and compressor cylinder length. 

 

B. In an Otto cycle the maximum and minimum temperature are (       
 
) and (     ) and the heat supply 

per kg of air is (      ). Initial pressure is (1.0 atm).  Calculate the thermal efficiency and mean effective 

pressure. If the cycle is considered as Brayton (Joule) cycle, what will be the heat supply per kg of air and 

the cycle thermal efficiency for the same pressure ratio? Draw both cycles on (p-v) and (T-s) diagram. 

 

  

م   لتمنيا   النجا    لتو ي /لجنة  ل     ا   
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C. A single stage, double acting air compressor running at (       ) has a F.A.D. of          ⁄

 
  measured 

at             and         . Pressure and temperature in the cylinder during induction are          
 
  

and       . The delivery pressure is       
 
  and the index of compression and expansion is        . The 

clearance volume is    
 
  of swept volume and the stroke to bore ratio is (       ). Calculate the 

volumetric efficiency and compressor cylinder length. 

 

D. In an Otto cycle the maximum and minimum temperature are (       
 
) and (     ) and the heat supply 

per kg of air is (      ). Initial pressure is (1.0 atm).  Calculate the thermal efficiency and mean effective 

pressure. If the cycle is considered as Brayton (Joule) cycle, what will be the heat supply per kg of air and 

the cycle thermal efficiency for the same pressure ratio? Draw both cycles on (p-v) and (T-s) diagram. 

 

  

م   لتمنيا   النجا    لتو ي /لجنة  ل     ا   
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