
 

 

 

 

 

 
GAS POWER CYCLES 
Otto, Diesel, Dual, Brayton cycles, Calculation of mean effective pressure and air standard efficiency, Actual 
and theoretical PV diagram of Four stroke engines, Actual and theoretical PV diagram of two stroke engines. 
Numerical Problems. 

 
DEFINITION OF A CYCLE 

 
 

A cycle is defined as a repeated series of operations occurring in a certain order. It may be repeated by 

repeating the processes in the same order. The cycle may be of imaginary perfect engine or actual engine. The 
former is called ideal cycle and the latter actual cycle. In ideal cycle all accidental heat losses are prevented and 
the working substance is assumed to behave like a perfect working substance. 

 
AIR STANDARD EFFICIENCY 

 

To compare the effects of different cycles, it is of paramount importance that the effect of the calorific 
value of the fuel is altogether eliminated and this can be achieved by considering air (which is assumed to 

behave as a perfect gas) as the working substance in the engine cylinder. The efficiency of engine using air as 
the working medium is known as an “Air standard efficiency”. This efficiency is often called ideal e fficiency. 
The actual efficiency of a cycle is always less than the air-standard efficiency of that cycle under ideal 

conditions. This is taken into account by introducing a new term “Relative efficiency” which is defined as the 
ratio of Actual thermal efficiency to Air standard efficiency. 

 

The analysis of all air standard cycles is based upon the following assumptions: 
1. The gas in the engine cylinder is a perfect gas i.e., it obeys the gas laws and has constant specific  heats. 

2. The physical constants of the gas in the cylinder are the same as those of air at moderate temperatures i.e., the 
molecular weight of cylinder gas is 29.Cp = 1.005 kJ/kg-K, Cv = 0.718 kJ/kg-K. 
3. The compression and expansion processes are adiabatic and they take place without internal friction, i.e., 

these processes are isentropic. 
4. No chemical reaction takes place in the cylinder. Heat is supplied or rejected by bringing a hot body  or a cold 
body in contact with cylinder at appropriate points during the process. 

5. The cycle is considered closed with the same ‘air’ always remaining in the cylinder to repeat the  cycle. 
 

CONSTANT VOLUME OR OTTO CYCLE 
 

This cycle is so named as it was conceived by ‘Otto’. On this cycle, petrol, gas and many types of oil 

engines work. It is the standard of comparison for internal combustion engines. 
Figs. 1 (a) and (b) shows the theoretical p-V diagram and T-s diagrams of this cycle respectively. 

 The point 1 represents that cylinder is full of air with volume V1, pressure P1 and absolute temperature 

T1. 

 Line 1-2 represents the adiabatic compression of air due to which P1, V1 and T1 change to P2, V2 and T2 
respectively. 

 Line 2-3 shows the supply of heat to the air at constant volume so that P2 and T2 change to P3 and T3 
(V3 being the same as V2). 

 Line 3-4 represents the adiabatic expansion of the air. During expansion P3, V3 and T 3 change to a final 
value of P4, V 4 or V1 and T4, respectively. 

 Line 4-1 shows the rejection of heat by air at constant volume till original state (point 1) reaches. 
Consider 1 kg of air (working substance): 



 

 

 

 

 
 
 

 
 
 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 
 

 
 
 

 
 

Fig 1 

 
 
 

 

 

This expression is known as the air standard efficiency of the Otto cycle. It is clear from the above expression 
that efficiency increases with the increase in the value of r, which means we can have maximum efficiency by 

increasing r to a considerable extent, but due to practical difficulties its value is limited to about 8. The net work 



 

 

 

 

done per kg in the Otto cycle can also be expressed in terms of p, v. If p is expressed in bar i.e., 105 N/m2, then 
work done 

 
 

 

MEP may be thought of as the average pressure acting on a piston dur ing different portions of its cycle.It is the  

ratio of the w ork done to stoke volume of the cycle 

 
 
CONSTANT PRESSURE OR DIESEL CYCLE 

 

This cycle was introduced by Dr. R. Diesel in 1897. It differs from Otto cycle in that heat is supplied at 
constant pressure instead of at constant volume. Fig.3 (a and b) shows the p-v and T-s diagrams of this cycle 

respectively. 

This cycle comprises of the following operations: 

https://en.wikipedia.org/wiki/Pressure


 

 

 

 

 

 
 

(i ) 1-2 ......Adiabatic compression. 
(i i ) 2-3 ......Addition of heat at constant pressure. 
(i ii ) 3-4 ...... Adiabatic expansion. 
(iv)  4-1 ......Rejection of heat at constant volume. 

Point 1 represents that the cylinder is full of air. Let P1, V1 and T1 be the corresponding pressure, volume and 
absolute temperature. The piston then compresses the air adiabatically (i.e., pVr = constant) till the values 
become P2, V2 and T2 respectively (at the end of the stroke) at point 2. Heat is then added from a hot body at a 

constant pressure. During this addition of heat let volume increases from V2 to V3 and temperature T2 to T3, 
corresponding to point 3. This point (3) is called the point of cut-off. The air then expands adiabatically to the 
conditions P4, V4 and T4 respectively corresponding to point 4. Finally, the air rejects the heat to the cold body  

at constant volume till the point 1 where it returns to its original state. 

 



 

 

 

 

 

 
 
 

It may be observed that eqn. (13.7) for efficiency of diesel cycle is different from that of the Otto cycle only in 
bracketed factor. This factor is always greater than unity, because r > 1. Hence for a given compression ratio, the 
Otto cycle is more efficient. 

 
 
 



 

 

 

 

 

 
 

DUAL COMBUSTION CYCLE 
This cycle (also called the limited pressure cycle or mixed cycle) is a combination of Otto and Diesel cycles, in 

a way, that heat is added partly at constant volume and partly at constant pressure ; the advantage of which is 
that more time is available to fuel (which is injected into the engine cylinder before the end of compression 
stroke) for combustion. Because of lagging characteristics of fuel this cycle is invariably used for diesel and hot 

spot ignition engines. 

The dual combustion cycle (Fig 3) consists of the following operations : 
(i ) 1-2—Adiabatic compression 
(i i ) 2-3—Addition of heat at constant volume 
(i ii ) 3-4—Addition of heat at constant pressure 

(iv)  4-5—Adiabatic expansion 
(v) 5-1—Rejection of heat at constant volume. 

 



 

 

 

 

 

 



 

 

 

 

 
 
 
 

 



 

 

 

 

COMPARISON OF OTTO, DIESEL AND DUAL COMBUSTION CYCLES 
Following are the important variable factors which are used as a basis for comparison of the cycles: 

 Compression ratio. 

 Maximum pressure 

 Heat supplied 

 Heat rejected 

 Net work 
Some of the above mentioned variables are fixed when the performance of Otto, Diesel and dual combustion 

cycles is to be compared. 
 

Efficiency Versus Compression Ratio 

Fig. 4 shows the comparison for the air standard efficiencies of the Otto, Diesel and Dual combustion cycles at 
various compression ratios and with given cut-off ratio for the Diesel and Dual combustion cycles. It is evident 

from the Fig. 4 that the air standard efficiencies increase with the increase in the compression ratio. For a given 
compression ratio Otto cycle is the most efficient while the Diesel cycle is the least efficient. (hotto > hdual > 
hdiesel). 

Note. The maximum compression ratio for the petrol engine is limited by detonation. In their respective ratio 
ranges, the Diesel cycle is more efficient than the Otto cycle. 

 

For the Same Compression Ratio and the Same Heat Input 
A comparison of the cycles (Otto, Diesel and Dual) on the p-v and T-s diagrams for the same compression ratio 

and heat supplied is shown in the Fig. 5 

 



 

 

 

 

 

 
 
 
 
 

 

Since all the cycles reject their heat at the same specific volume, process line from state 4 to 1, the quantity of 

heat rejected from each cycle is represented by the appropriate area under the line 4 to 1 on the T-s diagram. As 

is evident from the eqn a. the cycle which has the least heat rejected will have the highest efficiency. Thus, Otto 
cycle is the most efficient and Diesel cycle is the least efficient of the three cycles. 

otto >dual > diesel 

For Constant Maximum Pressure and Heat Supplied 
Fig. below shows the Otto and Diesel cycles on p-v and T-s diagrams for constant maximum pressure and heat 

input respectively. 
 

 

 
—  For the maximum pressure the points 3 and 3′ must lie on a constant pressure  line. 



 

 

 

 

—  On T-s diagram the heat rejected from the Diesel cycle is represented by the area under the line 4 to 1 and 
this area is less than the Otto cycle area under the curve 4′ to 1 ; hence the Diesel cycle is more efficient than the 

Otto cycle for the condition of maximum pressure and heat supplied. 

 
 

GAS TURBINE CYCLE—BRAYTON CYCLE 
13.10.1. Ideal Brayton Cycle 
Brayton cycle is a constant pressure cycle for a perfect gas. It is also called Joule cycle. The heat transfers are 
achieved in reversible constant pressure heat exchangers. An ideal gas turbine plant would perform the 

processes that make up a Brayton cycle. The cycle is shown in the Fig. 13.33 (a) and it is represented on p-v and 
T-s diagrams as shown in Figs. 13.33 (b) and (c). 

The various operations are as follows : 
Operation 1-2. The air is compressed isentropically from the lower pressure p1 to the upper pressure p2, the 
temperature rising from T1 to T2. No heat flow occurs. 
Operation 2-3. Heat flows into the system increasing the volume from V2 to V3 and temperature from T2 to T3 

whilst the pressure remains constant at p2. Heat received = mcp (T3 – T2). 
Operation 3-4. The air is expanded isentropically from p2 to p1, the temperature falling from T3 to T4. No heat 

flow occurs. 
Operation 4-1. Heat is rejected from the system as the volume decreases from V4 to V1 and the temperature 
from T4 to T1 whilst the pressure remains constant at p1. Heat rejected = mcp (T4 – T1). 

 



 

 

 

 

 

 
 

 
 

The eqn shows that the efficiency of the ideal joule cycle increases with the pressure ratio. The absolute limit of 
upper pressure is determined by the limiting temperature of the material of the turbine at the point at which this 
temperature is reached by the compression process alone, no further heating of the gas in the combustion 
chamber would be permissible and the work of expansion would ideally just balance the work of compression so 

that no excess work would be available for external use. 
 

Pressure Ratio for Maximum Work 
Now we shall prove that the pressure ratio for maximum work is a function of the limiting temperature ratio. 

 
 

In case of a given turbine the minimum temperature T1 and the maximum temperature T3 are prescribed, T1 

being the temperature of the atmosphere and T3 the maximum temperature which the metals of turbine would 
withstand. Consider the specific heat at constant pressure cp to be constant. Then, 



 

 

 

 

 

 
 

 

Open Cycle Gas Turbine—Actual Brayton Cycle 
Refer Fig. 13.35. The fundamental gas turbine unit is one operating on the open cycle in which a rotary 
compressor and a turbine are mounted on a common shaft. Air is drawn into the compressor and after 

compression passes to a combustion chamber. Energy is  supplied in the combustion chamber by spraying fuel 
into the air stream, and the resulting hot gases expand through the turbine to the atmosphere. In order to achieve 
net work output from the unit, the turbine must develop more gross work output than is required to drive the 

compressor and to overcome mechanical losses in the drive. The products of combustion coming out from the 
turbine are exhausted to the atmosphere as they cannot be used any more. The working fluids (air and fuel) must 

be replaced continuously as they are exhausted into the atmosphere. 



 

 

 

 

 

 
 
 

 

If pressure loss in the combustion chamber is neglected, this cycle may be drawn on a T-s 
diagram as shown in Fig. 
1-2’ represents : irreversible adiabatic compression. 

2’-3 represents : constant pressure heat supply in the combustion chamber. 
3-4’ represents : irreversible adiabatic expansion. 

1-2 represents : ideal isentropic compression. 
3-4 represents : ideal isentropic expansion. 
Assuming change in kinetic energy between the various points in the cycle to be negligibly small compared with 

enthalpy changes and then applying the flow equation to each part of cycle, for unit mass, we have 

 



 

 

 

 

 

 
 

 

 

 

 

Note. With the variation in temperature, the value of the specific heat of a real gas varies, and also in the open 
cycle, the specific heat of the gases in the combustion chamber and in turbine is different from that in the 
compressor because fuel has been added and a chemical change has taken place. Curves showing the variation 

of cp with temperature and air/fuel ratio can be used, and a suitable mean value of cp and hence g can be found 
out. It is usual in gas turbine practice to assume fixed mean value of cp and g for the expansion process, and 
fixed mean values of cp and g for the compression process. In an open cycle gas turbine unit the mass flow of 

gases in turbine is greater than that in compressor due to mass of fuel burned, but it is possible to neglect mass 
of fuel, since the air/ fuel ratios used are large. Also, in many cases, air is bled from the compressor for cooling 

purposes, or in the case of air-craft at high altitudes, bled air is used for de-icing and cabin air-conditioning. This 
amount of air bled is approximately the same as the mass of fuel injected therein. 

 

Methods for Improvement of Thermal Efficiency of Open Cycle Gas Turbine Plant 
The following methods are employed to increase the specific output and thermal efficiency of the plant : 
1. Intercooling 2. Reheating 3. Regeneration. 

1. Intercooling. A compressor in a gas turbine cycle utilises the major percentage of power 
developed by the gas turbine. The work required by the compressor can be reduced by compressing 

the air in two stages and incorporating an intercooler between the two as shown in Fig. 13.37. The 
corresponding T-s diagram for the unit is shown in Fig. 13.38. The actual processes take place as 
follows : 

1-2’ ... L.P. (Low pressure) compression 
2’-3 ... Intercooling 



 

 

 

 

3-4’ ... H.P. (High pressure) compression 
4’-5 ... C.C. (Combustion chamber)-heating 

5-6’... T (Turbine)-expansion 
 

 

The ideal cycle for this arrangement is 1-2-3-4-5-6 ; the compression process without intercooling is shown as 

1-L′ in the actual case, and 1-L in the ideal isentropic case. Now, 

 

By comparing equations above, it can be observed that the work input with intercooling is less than the work 

input with no intercooling, when cp (T4 ’– T3) is less than cp(TL ’– T2’). This is so if it is assumed that 
isentropic efficiencies of the two compressors, operating separately, are each equal to the isentropic efficiency 
of the single compressor which would be required if no intercooling were used. Then (T4’ – T3) < (TL’– T2’) 

since the pressure lines diverge on the T-s diagram from left to the right. 

 



 

 

 

 

 

 
From this we may conclude that when the compressor work input is reduced then the work ratio is increased. 

However the heat supplied in the combustion chamber when intercooling is used in the cycle, is given by, 
Heat supplied with intercooling = Cp(T5 – T4’) 

Also the heat supplied when intercooling is not used, with the same maximum cycle temperature T5, is given by 

Heat supplied without intercooling = Cp (T5 – TL’) 
Thus, the heat supplied when intercooling is used is greater than with no intercooling. Although the net work 

output is increased by intercooling it is found in general that the increase in heat to be supplied causes the 
thermal efficiency to decrease. When intercooling is used a supply of cooling water must be readily available. 
The additional bulk of the unit may offset the advantage to be gained by increasing the work ratio. 

 
 

2. Reheating: The output of a gas turbine can be amply improved by expanding the gases in two stages with a 

reheater between the two as shown in Fig. 13.39. The H.P. turbine drives the compressor and the L.P. turbine 
provides the useful power output. The corresponding T-s diagramis shown in Fig. 13.40. The line 4’-L’ 
represents the expansion in the L.P. turbine if reheating is not employed.\ 

 



 

 

 

 

 

 
 

3. Regeneration: The exhaust gases from a gas turbine carry a large quantity of heat with them since their 
temperature is far above the ambient temperature. They can be used to heat the air coming from the compressor 

thereby reducing the mass of fuel supplied in the combus tion chamber. Fig. 13.41 shows a gas turbine plant with 
a regenerator. The corresponding T-s diagram is shown in Fig. 13.42. 2’-3 represents the heat flow into the 

compressed air during its passage through the heat exchanger and 3-4 represents the heat taken in from the 
combustion of fuel. 
Point 6 represents the temperature of exhaust gases at discharge from the heat exchanger. The maximum 

temperature to which the air could be heated in the heat exchanger is ideally that of exhaust gases, but less than 
this is obtained in practice because a temperature gradient must exist for an unassisted transfer of energy. The 
effectiveness of the heat exchanger is given by : 

 
 



 

 

 

 

 

 
 
 
 

1. A six cylinder petrol engine has a compression ratio of 5:1. The clearance volume of each cylinder is 
110CC. It operator on the four stroke constant volume cycle and the indicated efficiency ratio referred to 
air standard efficiency is 0.56. At the speed of 2400 rpm. It consumer 10kg of fuel per hour. The calorific 
value of fuel is 44000KJ/kg. Determine the average indicated mean effective pressure. 

 

Given data: 

r = 5 

Vc =110CC 
ɳ relative = 0.56 

N = 2400rpm 
mf = 10kg 

= 10/3600 kg/s 
Cv = 44000kJ/kg 

Z = 6 

Solution: 
Compression ratio: 

r  = Vs + Vc/Vc → 5 = Vs  +  110/110  →  Vs  =  440CC  =  44x 

Air standard efficiency: 

η = 1- 1 / (        ) = 47.47% ( γ = 1.4) 
Relative efficiency: 

η relative = η actual/ η air- standard → 0.56 = η actual/47.47 
η actual  = 26.58% 

Actual efficiency = work output/ head input 

0.2658 = W/ mf Cv → W = 0.2658 x 10/3600x44000 
W = 32.49kw. 

The net work output: 

W = Pm x Vs x N/60 x Z → 32.49 = Pm x 440 x x 1200/60 x 6 

Pm = 6.15 bar 

 

2. One kg of air taken through, a) Otto cycle, b) Diesel cycle initially the air is at 1 bar and 290k. The 

compression ratio for both cycles is 12 and heat addition is 1.9 MJ in each cycle. Calculate the air 
standard efficiency and mean effective pressure for both the cycles. 

Given data: 

P1 = 1 bar = 100KN/ m2 



 

 

 

 

T1 = 290K 
r = 12 

Qs = 1.9MJ = 1900KJ 
Solution: 

 

a)  Otto cycle: 

For process 1-2: isentropic compression: 
 

P₂/P₁ = ( V₁/V₂) → P₂ = P₁ x     

P₂ = 3242.3kN/m2 

T₂/T₁   = ( V₁/V₂)         →  T₂ = T₁ x ( V₁/V₂)         = 290 x (12)1.4-1 
T₂ = 783.55K 

Heat supplied: 
 

Q = m x Cv ( T₃ - T₂ ) 
1900 = 1 x 0.718 x (T₃ - 783.55) 
T₃ = 3429.79K 

For process 2-3 : constant volume process 
 

P₃/P₂  = T₃/ T₂  → P₃ = P₂ x T₃/ T₂  = 3242.3 x 3429.79/783.55 

P = 14196.7KN/m2 

Air standard efficiency: 
η = 1- 1 / ( ) = 0.6298 

η = 62.98% 

Pressure ratio, K = P₃/P₂ = 14196.7/32423 = 4.378 

Mean effective pressure, 

Pm = p₁ r ( k-1/ ( -1/r-1) = 100 x 12 ( 4.378-1/1.4) [ ( 12 1.4-1-1/12-1)] 

Pm = 1567.93KN/m2 

b)  Diesel cycle: 
Consider 1-2 isentropic compression process: 

T2 = (V1/V2)
γ-1 x T1 = ( r ) 

-1 
x T1 = (12) 1.4-1 x 290 

T2 = 783.56K 
Consider 2-3 constant pressure heat addition: 

Qs = Cp ( T3 – T2 ) 

1.9 x 10 3 = 1.005 x ( T3 – 783.56 ) 

T3 = 2674 K. 
Cut off ratio: 

 

ρ = V3/V2 =T3/T2 = 2674/783.56 = 3.413 

Air standard efficiency: 

η = 1-1/ (r) 
-1 

{ ρ -1/ρ-1} = 1-1/ 1.4(12) 1.4-1 {3.413 1.4-1/3.413-1} 

= 49.86% 

Mean effective pressure: 
 

Pm = P1r [ (ρ-1) –r γ-1 ( ρ -1)/ ( -1) ( r-1 )] 
100 x (12) 1.4 [ 1.4 (3.413-1) –(12)1.4-1 ( 3.413 1.4-1)]/(1.4-1) (12-1) 

Pm = 1241KN/m2 
 

3. An air standard dual cycle has a compression ratio of 16 and compression begins at 1 bar and 50⁰C. 
The maximum pressure is 70 bar. The heat transformed to air at constant pressure is equal to heat 

transferred at constant volume. Find the temperature at all cardial points, cycle efficiency and mean 
effective pressure take Cp= 1.005KJ/kgK, Cv = 0.718KJ/kgK. 

 

Given data: 

r = 16 



 

 

 

 

P1 = 1 bar 
T1 =50⁰C = 323K 

P3 = 70 bar 

Qs1 = Qs2 

Cp = 1.005kJ/kgk 
Cv = 0.718kJ/kgk 

Solution: 

Specific volume, 

V1 RT1/P1 = 287 x 323/1 x 105 

V1 = 0.92701m3/kg 
V2 = 0.05794m3/kg 

1-2 isentropic compression process: 
 

P2 = (r) x P1 = (16) 1.4 x 1 = 48.5 bar 
T2 = (r) 

-1 
x T1 = (16) 1.4-1 x 323 

T2 = 979K 

2-3 constant volume heat addition process: 

T3 = (P3/P2) x T2 =70/48.5 x 979 
T3 = 1413K 

Qs1 = Cv (T3-T2); 0.718(1413 – 979 ) 
Qs1 = 311.612KJ/kg 
3-4 constant pressure heat addition: 

 

Qs1 = Qs2 = Cp ( T4 – T3 ) 

311.62 = 1.005 ( T4 – 1413 ) 
T4 = 1723K 
V4 = T4/T3 x V3 = 1723/1413 X 0.05794 

V4 = 0.070652m3/kg 
Expansion ratio: 

re = V4/V1 = 0.70652/0.92701 = 0.06215 

4-5 isentropic expansion process: 

P5 = (r ) x P4 = ( 0.076215 ) 1.4 x 70 

P5 = 1.9063 bar 
T5 = (r)   

-1  
x T4 

= ( 0.076215) 1.4-1 x 1723 
= 567 K 

Cut off ratio, 

ρ= V4/ V3 
= 0.00652/0.05744 

ρ = 1.2194 
Pressure ratio (K) = ( P3/P2) = (70/ 48.5 ) 
K = 1.4433 

The cycle efficiency: 

η= 1- 1/( r ) 
-1 

[ ( kp -1)/ (k-1 + K (p-1)] 

= 66.34% 
Net heat supplied to the cycle: 

Qs = Qs1 + Qs2 

= 311.612 + 311.612 

= 623.224 KJ/kg 
The mean effective pressure: 
Pm = W/ V1 – V2 = 413.45/ ( 0.92701 -0.05794) 

Pm = 4.75 bar 
 

4. In a air standard dual cycle, the compression ratio is 12 and the maximum pressure and temperature of 
the cycle are 1 bar and 300K. haet added during constant pressure process is upto 3%  of the stroke. 

taking diameter as 25cm and stroke as 30cm, determine. 



 

 

 

 

1) The pressure and temperature at the end of compression 
2) The thermal efficiency 
3) The mean effective pressure 

Take , Cp =1.005KJ/kgK Cv =0.118KJ/kgk , = 1.4 
 

Given data: 

P1 = 1 bar 
r = 12 

T1 =300K 
K = 3% of Vs = 0.03Vs 
P3 = 70 bar 
D = 25 cm 

L = 30cm 
 

Solution : 
Specific volumes,: 
V1 RT1/ P1 = 287 x 300/ 1 x 105 

= 0.861 m3 /kg 
V3 = V2 = V1/r = 0.861/12 

= 0.07175m3/kg 
V4 – V3 = 0.03 (V1 –V2) 

V4 = 0.0954275 m3/kg 

Cut off ratio: 
ρ= V4 /V3 = 0.054275/0.07175 

ρ = 1.33 
1-2 isentropic compression process: 

P2 = ( r) x P1 = ( 12) 1.4 x 1 
= 32.423 bar 

V2 = ( r ) 
-1 

x T1 = ( 12) 1.4 -1 x 300 

T2 = 810.57K. 
2-3 constant volume heat addition process 
P3/T3 = P2/T2 

T3 = ( P3/P2) x T2 = ( 70 / 32.423) x 810.57 
T3 = 1750K 

3-4 constant pressure heat addition process: 
T4 = ( V4/V3) x T3 = ( 0.0954275 / 0.07175 ) x1750 
T4 = 2327.5 K 
Pressure ratio, K = (P3/P2) = 70/32.423 = 2.159 

 

Net heat supplied to the cycle: 
QS = Cv ( T3 – T2) + Cp ( T4-T3) 
= 0.718 ( 1750 -810.57 ) + 1.005( 2327.5-1759) 

= 1254.9 KJ/kg 
 

Efficiency of the cycle: 
η = 1- 1/ ( r ) 

-1 
[ ( K x P -1)/(k-1) + K (p-1)] 

= 61.92% 
 
Net workdone of the cycle: 

W = η x Qs 

= 0.6192 x 1254.9 

= 777.1 KJ/kg 
 
Mean effective pressure, 

Pm = W/ V1 – V2 
= 777.1/ 0.361 – 0.07115 

= 984.6 Kpa 

Pm = 9.846 bar 



 

 

 

 

5. The compression ratio of a dual cycle is 10. The pressure and temperature at the beginning of the cycle 
are 1 bar and 27⁰C. the maximum pressure of the cycle is limited to 70 bar and heat supplied is limited to 
1675KJ/kg fair find thermal efficiency. 

 

Given data: 
r= 10 

P1 = 1 bar 
T1 = 27⁰C = 300K 

P3 = 70 bar 
Qs = 1675 KJ/kg 
Solution: 

Specific volumes: 
V1 =RT1/P1 = 287 x 300/1 x 105 

V2 = V1/r 

= 0.861/10 
1-2 isentropic compression process: 

P1 = ( r ) x P1 = ( 10)1.4 x 1 = 25.12 bar 
T2 = ( r ) 

-1 
x T1 = ( 10 ) 1.4-1 x 300 = 753.57K 

2-3 constant volume heat addition process: 
T3 = (P3/P2) xT2 = (70 / 25.12 ) x 753.37 = 2100K 

 
Total heat supplied to the cycle: 

Qs = Cv ( T3 – T2 ) + Cp (T4 – T3 ) 
1675 = 0.718 (2100 -753.57) + 1.005 (T4 – 2100 ) 
T4 = 2804.6 K 

 
Cut off ratio: 
ρ = V4/V3 = T4/T3 = 2804.6/2300 

ρ= 1.3356 
 

Pressure ratio: 

K = P3/P2 = 70/25.12 = 2.787 
 

Efficiency of the cycle: 
η= 1- 1/ ( r ) 

-1 
[ ( K x P -1)/(k-1) + K (p-1)] 

= 59.13% 
 

6. In an air standard diesel cycle, the pressure and temperature of air at the beginning of cycle are 1 bar x 
40⁰C. The temperatures before and after the heat supplied are 400⁰C and 1500⁰C. Find the air standard 

efficiency and mean effective pressure of the cycle. What is the power output if it makes 100 cycles / min? 
 

Given data: 
P1 = 1 bar = 100KN/m2 

T1 = 40⁰C = 313K 

T2 = 400⁰C = 673K 
T3 = 1500⁰C = 1773K 

 

Solution : 
1-2 isentropic compression: 
T2/T1 = ( r ) 

-1
 

Compression ratio : 
r = V1/V2 = ( T2/T1) 

1/ -1
 

= ( 673/313) 1/1.4-1 
= 6.779 

2-3 constant pressure heating: 

V2/T2 = V3/T3 
Cut off ratio, P = V3/V2 = T3/T2 = 1773/673 = 2.634 

 

Efficiency : 

η = 1- 1/ ( r ) 
-1

( p -1/p-1) 



 

 

 

 

= 0.4142% 
 

Mean effective pressure: 
Pm = P1 r [ (ρ-1) –r 1- ( ρ -1)]/( -1) ( r -1) 

=100 x ( 6.779)1.4 [ 1.4 (2.634-1) – (6.779)1-1.4 ( 2.634 1.4-1)]/(1.4-1) x( 6.779-1) 
Pm = 597.77KN/m2 

Heat supplied : 
m x Cp ( T3 – T2) 

= 1 x 1.005 ( 1773 -673) 
Qs = 1105.5 KJ /kg 

 

Work done : 

η x Qs = 0.4142 x 1105.5 

= 457.89KJ/kg 
Power:  

= W x cycle /min =457.89 x 100 

=45 x 10-3 KJ/kg-min 
= 763.16Kj/kg-sec 

= 763.16W/kg 
 

7. In a brayton cycle, the air enters the compressor at 1 bar and 25⁰C. the pressure of air leaving the 

compressor is 3 bar and temperature at turbine inlet is 650⁰C. determine per kg of aire, i) cycle efficiency 

ii) heat supplied to air iii) work input iv) heat rejected in the cooler and v) temperature of air leaving the 
turbine. 

 

Given data: 
P1 = 1 bar 
T1 = 25⁰C 

T3 =  650⁰C 

P2 = 3 bar 
 

Solution : 
Consider the process 1-2 adiabatic compression: 

T2/T1    =  (P2/P1)    
-1/

 

T2  = (P2/P1)  
-1/  x T1 

T2 = (3/1) 1.4-1/1.4 x 298 
3-4 adiabatic expansion: 
T4/T3 = (P4/P3) 

-1/  

T4 = (P4/P3) 
-1/ x 923 = 674.3k 

Air standard efficiency : 
η = 1- 1/(Rp) 

-1/ = 1- 1/(3) 1.4-1/1.4 = 0.2694 

= 26.94% 
 
Heat supplied Qs = Cp ( T3 –T2) = 1.005 ( 923 – 408) = 517.575 KJ/kg 

Heat rejected QR = Cp (T4 –T1) = 1.008 ( 673.4 – 298) = 377.277KJ/kg 

Compressor work WC = Cp ( T2 –T1) = 1.005 x ( 408 – 298) = 110.55Kj/kg 
 

Similarly for expander,: 
We = Cp x ( T3 –T4 ) = 1.005 (923 – 6734) 
We = 250.848 – 110.55 = 140.288KJ/kg 

Temperature of air leaving the turbine = 673.4K 
 

8. In an air standard brayton cycle, the air enter the compressor at 1 bar and 15⁰C. The pressure leaving 

the compressor is 5 bar the maximum temperature in the cycle 900⁰C. Find the following . 

a) Compressor and expander work per kg of air. b) the cycle efficiency . 
If an ideal regenerator is incorporated into the cycle, determine the percentage change in efficiency. 



 

 

 

 

 

Given data: 
P1 = P4 = 1 bar = 100KN /m2 
T1 = 15⁰C =288k 

P2 = P3 = 5 bar = 500Kn /m2 
T3 = 900⁰C =1173k 

 

Solution: 
1-2 isentropic compression: 
T2/T1 = ( p2/P1) 

-1/ ; T2 = (P2/P1) 
-1/ x T1 = 456k 

Consider the process 3-4 isentropic expansion: 
T4/T3 = ( P4/P3) 

-1/ : T4 = (P4/P3) 
-1/ x T3 = 740.6k 

Work done by the compressor when it operates isentropically is given by 
Compressor work Wc = Cp ( T2 – T1 ) = 1.005(456 – 288) = 168.756KJ 
For expander We = Cp ( T3 –T4 ) = 1.005(1173 – 740.6) = 434.34KJ 

Air standard efficiency : 

η = 1- 1/(Rp) 
-1/ = 1- 1/(5) 1.4-1/1.4 = 36.86% 

When ideal regenerator is incorporated: 

T3 = T5 x T2 = T6 
 
Heat supplied Qs = Cp ( T4 –T3) 

 

Heat rejected QR = Cp (T6 –T1) 
T1 = 288k 

T2 =T6 = 456k 
T3 = T5 =740.6K 

T4 = 1173k 

Qs = 1.005 ( 1173 -790.6) = 434.56 KJ/kg 
QR = 1.005 ( 456 -288 ) =186.84 KJ/kg 

 
Efficiency : 

η= 1- QR/Qs = 168.84/434.56 =0.6114 = 61.14% 
% change in efficiency : = 61.14 – 36.86/61.14 = 39.71% 

 

9. A closed cycle ideal gas plant operates temperature limited of 800⁰C and 30⁰C and produces a power  

of 100Kw.The plant is designed such that there is no need for a regenerator. A fuel of calorific value 
45000KJ/kg is used. Calculate the mass flow rate of air through the plant and the rate of fuel combustion 

take Cp = 1 KJ/kgk and = 1.4 
 

Given data: 

T1 = 30⁰C = 303k ,T3 = 800⁰C KJ/kg 
P = 100KW ,Cp = 1 KJ /kgK , = 1.4 

 

Solution: 
For maximum net work done: 

T4 = T2 = = = 570.2k 
 

Net work done 
W net = Cp [ ( T3- T4 ) - ( T2 – T1 ) = 235.6 KJ/kg 

 

Total power development 
P = ma x W net = 100/ 235.6 = 0.4244kg/sec 

 
Heat supply to the system: 
mf x Cv = ma x Cp x ( T3 – T2 ) 

mf = ma x Cp x ( T3 – T2 ) /Cv 0.4244 x 1 ( 1073 – 570.2)/45.000=4.742 x 10-3 kg/s 


