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STEAM POWER CYCLES: SIMPLE RANKINE CYCLE 
 
 

II.1. (Tutorial) Determine the thermal efficiency of a simple Rankine cycle operating 
under the following conditions: 
- Condenser exit temperature: 45°C 
- Boiler exit pressure: 4 MPa 
- Maximal temperature: 500°C 
 
II.2. (Tutorial) Determine the thermal efficiency of the simple Rankine cycle in problem 
II.1 knowing that the isentropic efficiencies of the pump and the turbine are 85% and 
90%, respectively. 
 
II.3. (Tutorial) Consider a simple Rankine cycle with the following operating conditions: 
- Condenser exit temperature: 45°C 
- Boiler exit pressure: 3 MPa 
- Maximal temperature: 600°C 
- Mass flow rate: 40 kg/s 
 
a) Determine the power output produced by this cycle. 
b) Assuming a cooling water, entering at a temperature of 10°C and leaving at 17°C, is 
used to condensate the steam in the condenser, determine the required mass flow rate 
for this cooling water. Cp (cooling water) = 4.18 kJ/kg K. 
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STEAM POWER CYCLES: REGENRATIVE RANKINE CYCLE 

 

IV.1. (Tutorial) In an ideal regenerative Rankine cycle, the maximal pressure and the 
maximal temperature reach 10 MPa and 550°C, respectively. Steam is extracted from 
the turbine at 1 MPa and the condenser operates at a pressure of 10 kPa. 

- Determine the cycle efficiency assuming the cycle uses a closed FWH (Fig IV.1). 

- Determine the cycle efficiency assuming the cycle uses now an open FWH. 

 

 

Figure IV.1 

h1 closedFWH: 762.6 kJ/kg  
openFWH: 772.6 kJ/kg 

h2 3501.9 kJ/kg 

h3 2856.9 kJ/kg h4 2139.3 kJ/kg 
h5 191.8 kJ/kg h6 closedFWH: 201.9 kJ/kg  

openFWH: 192.8 kJ/kg 
h7 762.5 kJ/kg   

 

IV.2. Consider the ideal reheat-regenerative Rankine cycle sketched in Figure (IV.2). 

-  Write the expression of the work the turbine. 

-  Use the 1st law of thermodynamics to derive the expression for y1 and y2 as a function 
of enthalpies. 
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Figure IV.2 

IV.3. (Tutorial) Consider the ideal regenerative Rankine cycle sketched in Figure (IV.3). 

-  Write the expression of the work of the turbine. 

-  Use the 1st law of thermodynamics to derive the expression for y1, y2 and y3 as a 
function of enthalpies. 

 

 

Figure IV.3 
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GAS POWER CYCLES: JET ENGINES 

 

I. (Tutorial) A jet aircraft is flying at a speed of 280 m/s at an altitude where the atmospheric 

pressure is 55 kPa and the temperature is -18°C. The compressor pressure ratio is 14 and the 

maximal temperature at the inlet of the turbine is 1450 K. At the inlet of the jet engine, a diffuser 

increases the pressure and brings the relative air velocity, relative to the aircraft, to zero.     

Determine: 

- The temperature and pressure at the inlet of the compressor 

-  The exit velocity. 

II. An afterburner is used to increase the temperature and pressure after the turbine exit. Assume 

the pressure and temperature at the exit of the turbine to 250 kPa and 800 K. Assume also that 

the afterburner increases the pressure while keeping the specific volume constant. Assume the 

additional combustion resulting from the afterburner adds 450 kJ/kg of energy. 

Determine: 

- The relative increase in exit velocity due to the afterburner 
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GAS POWER CYCLES: BRAYTON CYCLE WITH INTERCOOLING AND REHEAT 

 

I. (Tutorial) An ideal gas-turbine has two stages of compression and two stages of expansion. 

The pressure ratio across each stage, for both the compressor and the turbine is 8. The inlet 

conditions for first compressor are 20°C and 100 kPa. The temperature at the entrance of the 

second compressor is also 20°C. The temperature entering each turbine is 1100°C. In order to 

optimize the thermal efficiency of the cycle, an ideal regenerator is installed at the exit of the 

second turbine. 

Determine: 

- The compressor work. 

- The turbine work. 

- The thermal efficiency of the cycle. 

    

Cp= 1.004 kJ/kg K 
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GAS MIXTURES AND AIR-VAPOR MIXTURES 

 

GAS-MIXTURES 
 
I. An analysis of the exhaust gases of you engine give the following molar composition:  

CO2 = 10.2%, CO = 0.4%, H2O = 14.3%, O2 = 1.9%, and N2 = 73.2%.  

Determine the molecular weight of the products and the mass fraction of each component. 

 

II. (Tutorial) A storage tank at 180 K and 2 MPa includes two kilograms of a mixture of 50% 

argon and 50% nitrogen by mole. Determine the volume of the storage tank using (a) ideal gas and 

(b) Kays rule. 

AIR-VAPOR MIXTURE 

III. An air-vapor mixture at a temperature 38°C is stored in a tank with a volume of 96 m3. The 

pressure in the tank is 101 kPa and the relative humidity is 70%. Now, the temperature in the tank 

is reduced to 10°C at a constant volume. 

Determine for both the initial and final states: 1) the humidity ratio; 2) the dew point temperature; 

3) the mass of the air and the mass of the vapor. Determine also the heat extracted from the tank. 

IV. (Tutorial) Determine the exit temperature, the exit relative humidity and the exit velocity of 

the cooling section sketched below 

 

V. (Tutorial) Determine the rate of heat transfer and the mass flow rate of condensate water in the 

air conditioner unit sketched below. 
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Tutorial 8 

14-40 The pressure, temperature, and relative humidity of air in a room are specified. Using the 
psychrometric chart, the specific humidity, the enthalpy, the wet-bulb temperature, the dew-point 
temperature, and the specific volume of the air are to be determined. 
Analysis From the psychrometric chart (Fig. A-31) we read 
 (a)  airdry  kg/OH kg 0148.0 2=ω

 (b)  h = 63  9.  kJ / kg dry air

 (c)  C9.21wb °=T

 (d)   C1.20dp °=T

 (e)  airdry  kg/m 868.0 3=v

14-69 Air enters a cooling section at a specified pressure, temperature, velocity, and relative humidity. The 
exit temperature, the exit relative humidity of the air, and the exit velocity are to be determined. 
Assumptions 1 This is a steady-flow process and thus the mass flow rate of dry air remains constant during 
the entire process . 2 Dry air and water vapor are ideal gases. 3 The kinetic and potential 
energy changes are negligible. 

( & & & )m m ma a a1 2= =

Analysis (a) The amount of moisture in the air remains constant (ω 1 = ω 2) as it flows through the cooling 
section since the process involves no humidification or dehumidification. The inlet state of the air is 
completely specified, and the total pressure is 1 atm.  The properties of the air at the inlet state are 
determined from the psychrometric chart (Figure A-31) to be  

airdry  kg/m 877.0
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The exit state of the air is fixed now since we know both h2 and ω2.  From the psychrometric chart at this 
state we read 

(b) 
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(c)  The exit velocity is determined from the conservation of mass of dry air, 
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14-91 Air flows through an air conditioner unit. The inlet and exit states are specified. The rate of heat 
transfer and the mass flow rate of condensate water are to be determined. 
Assumptions 1 This is a steady-flow process and thus the mass flow rate of dry air remains constant during 
the entire process . 2 Dry air and water vapor are ideal gases. 3 The kinetic and potential 
energy changes are negligible. 

( & & & )m m ma a a1 2= =

Analysis The inlet state of the air is 
completely specified, and the total 
pressure is 98 kPa. The properties 
of the air at the inlet state may be 
determined from (Fig. A-31) or 
using EES psychrometric functions 
to be (we used EES) 

  
6721.0

airdry  O/kgH kg 01866.0
airdry  kJ/kg 88.77

1

21

1

=
=
=

φ
ω
h

The partial pressure of water vapor at the exit state is 
 4)-A (Table     kPa 9682.0C6.5 sat@2 == °PPv

Tdb2 = 25°C 
Tdp2 = 6.5°C

Cooling coils 

1 2
Condensate 

Condensate 
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Tdb1 =30°C 
Twb1 =25°C
P = 98 kPa 

25°C 

The saturation pressure at the exit state is 
 4)-A (Table     kPa 17.3C25 sat@2 == °PPg

Then, the relative humidity at the exit state becomes 
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Now, the exit state is also fixed. The properties are obtained from EES to be 

/kgm 8820.0
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The mass flow rate of dry air is 
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The mass flow rate of condensate water is 
kg/h 847.2===−= kg/min 14.120.006206)-01866kg/min)(0. 8.1133()( 21 ωωaw mm &&  

The enthalpy of condensate water is 
4)-A (Table     kJ/kg 83.104C25 @2 == °fw hh

An energy balance on the control volume gives 
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CHEMICAL REACTIONS AND COMBUSTION 

 

I. (Tutorial) A fuel oil is burned with 50% excess air, and the combustion characteristics of 

the fuel are similar to C12H26.  

Determine the air/fuel ratio, the molar analysis of the products of combustion and the dew 

point temperature of the products.  

 
II. An unknown hydrocarbon fuel, burned in air, has the following molar analysis: 12.5% CO2, 

0.3% CO, 3.1 O2, and 84.1% N2.  

Determine the mass air/fuel ratio and the percentage of theoretical air. 

 

III. Propane, C3H8, undergoes a steady-state, steady-flow reaction with atmospheric air. 

Determine the heat transfer per mole of fuel entering the combustion chamber. The reactants and 

products are at 25°C and 1 atm pressure and the water in the products is in a liquid phase. 

 

IV. (Tutorial) A diesel engine uses dodecane, C12H26 (v), for fuel. The fuel and air enter the 

engine at 25°C. The products of combustion leave at 600°K, and 200% theoretical air is used. 

The heat loss from the engine is measured at 232 000 kJ /kgmol fuel.  

Determine the work for a fuel flow rate per kmol/h. 

 

V. (Tutorial) Propane at 25°C and 1 atm is burned with 400% theoretical air at 25°C and 1 

atm. The reaction takes place adiabatically, and all the products leave at 1 atm and 942 K. The 

temperature of the surroundings is 25°C.  

Compute the entropy change and the irreversibility. 
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