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INSTRUCTIONS TO CANDIDATES: 

 

 FORMULA SHEETS AND FUEL CHART ATTACHED 

 NO BOOKS, LECTURE NOTES, STUDY-, HOMEWORK- OR TUTORIAL MATERIAL 

ALLOWED 

 UJ APPROVED CALCULATORS ALLOWED 

 NO ANSWERS IN PENCIL OR RED INK WILL BE ACCEPTED 

 ANSWER ALL 5 QUESTIONS IN ENGLISH 

 SMOKING IS PROHIBITED DURING THE DURATION OF THE EXAM 

 NOTE THE USE OF THE DECIMAL COMMA 

 

 

 
  



THERMOMACHINES TRM4A11 - 3 - 

 

 

 

QUESTION 1               (21 marks) 

 
 

An intricate crank mechanism is used to create a spark ignition engine with an expansion stroke 

that is longer than the compression stroke.  The aim of the cycle is to obtain complete expansion 

of the working substance to atmospheric pressure, thereby increasing work output. 

 

The P-v diagramme of a spark ignition engine cycle with complete expansion is shown in  

figure 1.  Expansion occurs from state 3 to state 4, which is at the same pressure as state 1.  

Heat rejection occurs from state 4 to state 1, at constant pressure. 

 

The cycle processes are as follows 

1 – 2:  Isentropic compression 

2 – 3:  Constant volume heat input 

3 – 4:  Isentropic expansion 

4 – 1:  Constant pressure heat rejection 

 

Specific volume ratios of the cycle are as follows 

 = v4/v3 

 = v1/v4 

 

Express the thermal efficiency of the cycle in terms of ,  and the ratio of specific heat 

capacities . 
 

 
 

Figure 1: P-v diagramme of complete expansion spark ignition cycle 

[Obert* p. 175 Figure 6-7] 

 

* Obert, E.F., “Internal Combustion Engines and Air Pollution,” Intext Harper & Row, 

New York, 1973 
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QUESTION 2                (15 marks) 

 
 

Consider ideal air-standard Otto- and Diesel cycles.  The Otto cycle has a compression ratio of 

10:1.  Its temperature after combustion is three times its temperature before combustion, i.e.  

T3/T2 = 3.  For equal heat inputs and equal thermal efficiencies of the two cycles, determine the 

compression ratio of the Diesel cycle.  The intake temperature is 288,15 K for both cycles.  

Working substance properties are as follows: 

 

R:  287,1 J/kgK; :  1,35; CV:  820,29 J/kgK; CP:  1107,4 J/kgK 

 

 

 

 

QUESTION 3                (12 marks) 
 

 

Consider the schematic of an ideal turbopropeller engine shown in figure 2. 

 

Derive expressions for pressures P2 to P5 and temperatures T2 to T5 in terms of the cycle pressure 

ratio rP, working substance ratio of specific heats , maximum-to-minimum temperature ratio t 

and entry conditions P1 and T1. 

 

 

 

 
 

Figure 2:  Ideal turbopropeller engine 
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QUESTION 4               (34 marks) 
 

A single-shaft turbojet is operating under the following conditions: 

 

Altitude        11 000 m 

Flight Mach number               0,85 

Compressor pressure ratio             12 

Isentropic efficiencies 

Intake diffuser            100% 

Compressor              87% 

Turbine               89% 

Nozzle             100% 

Combustion efficiency             98% 

Combustion chamber pressure drop             4% of P02 

Mechanical efficiency of turbine-compressor spool         99% 

Turbine inlet temperature         1400 K 

 

 

An engine schematic with a T-s diagramme is shown in figure 3. 

 

 
Figure 3:  Turbojet schematic [CRSS p. 102 figure 3.5] 

 

 

 

Calculate 

(i) The ambient temperature, -pressure and -density at an ASL of 11 000 m 

(ii) Aircraft speed 

(iii) All the pressures and temperatures of the cycle 

(iv) The net specific thrust and propulsion efficiency for a convergent nozzle 

(v) The net specific thrust and propulsion efficiency for a convergent-divergent nozzle 

 

 

The working substance properties are as follows: 

a = 1,4;  CPa = 1 005 J/kgK;  g = 4/3;  CPg = 1 148 J/kgK 
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QUESTION 5              (20 marks) 

 
 

Using the following equation, determine seven important -numbers of incompressible flow 

turbomachines.  From the parameters below select the primary parameters.  Determine the 

dimensions of all the parameters and apply Dimensional Analysis to obtain the required 

dimensionless ratios. 

 

 π = π (ρ, N, D, P, τ, F, Ẇ, ε, μ, Q) 
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Formulae (continued) 
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Formulae (continued) 
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Formulae (continued) 
 

602 NTW   

 

 

  60NVBMEPW dengineb 
 

db VTBMEP 2  
 = ½ 
 

  TCmmqm vfainf 
  

mn

mn
AF stoich

008,112

832
319,4




 

T
r

1
1  

  


1

1
1




P
r

 

t

r
T1  

TT

TT

rtrt

rtrt






2

212
  

TTP
rtrtTCw 212

1net
   

TP
w

FA
SFC actual3600

  

 actualFAQ

w

HV

TP

T
  

1

1
1







V
r

 






1

1122

in

VPVP
W  






1

3344

out

VPVP
W  

22222
4

76,3
24

76,3
4

N
m

nOH
m

nCON
m

nO
m

nHC mn 


































  

𝜂 = (
2

1 + (cj ca⁄ )
) 100% 

  



THERMOMACHINES TRM4A11 - 11 - 

 

 

 

 

 


