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I. For an industrial process a steady mass flow rate of 0.5 kg/s of air at 200 m/s, 150 kPa, 300 K is 
required. This air would be provided from a turbine whose inlet pressure is 400 kPa;'The turbine 
process may be assumed to be reversible and polytropic, with polytropic exponent n=1.20;, 
a) What is the turbine inlet temperature? 
b) What are the power output and heat transfer rates for the turbine? 
c) Calculate tl1 e rate of net entropy increase, if the heat transfer comes from a source at a t\!mperature 
1 00°C higher than the turbine inlet temperature. [6] 

2. A steady 0.5 kg/s supply of compress,!d air at 500 kPa, 30°C is required in an industry. This air is to 
be supplied by installing a compressor and an aftercooler Local ambient conditions are 100 kPa, 
20°C. Using ar isent~opic compressor efficiency of 80%, determine the power required to drive the 
compressor and the ~te 'of beat rejection in the lafterccio!er. [ 4] 

3. A heat pump heats a house in ~inter .md then rever~es to cool it in summer. The interior temperature 
should be 20°C in winter and 25°( in summer. Hdt transfer through the walls and ceilings is 
estinated 1:J be :~400 kJ per hour per degree temperature difference between the inside and outside. 
(~) If the winter outside temperature is Q°C, what is the minimum power required to drive the heat 
P'rlmp? 

4. 

(b) For the sarr e power as in part (a), what is the maximum outside summer temperature for which 
t~e house can b~ maintained at 25°C? ! · [5] 

I I 

An idea Otto cycle has a compression ratio of 8. At the beginning of the compression process, air is 
at 100 kPa ard 20°C, and 850 kJ/kg of heat is transferred to air during the constant volume heat 
addition process. Accounting for~ the variation of specific heats with temperature, det~rmine 

(a) the maximum temperature arid pressure that occur during the cycle 
I . 

(b) the net work output 

(c) thermal efficiency 
I 

(d) mean effective pressure for the cycle 
Given data: gas constant R=287 J/kg.K, Ycold=1.4, Yho~=1.34 [8] 

5. An air breathing engine flies at Mach number=2.0 at ambient temperature= -4s·c and ambient 
pressure=25 kl'a. TLe airflow rate through the engine is 25 kg/s. The fuel flow rat0 is 3% of air flow 
rate and the fuel has a heating value of 42,000 kJ/kg. The jet exhaust speed is 1000 m/s and the 
exhaust nozzle is perfectly expanded. Calculate the following: 
(a) Ram drag (b) Net uninstalled thrust (c) Thrust specific fuel consumption (TSFC) (d) Engine 
thermal efficiency (e) Propulsive efficiency (f) Overall efficiency [5] 

6. Irian ideal Brayton cycle show that the specific work output will be maximum when pressure ratio 'r' 
is given by 

(y-1) 
I 

r Y = T 2 [4] 
'T' is the temperature ratio of the cycle. 

(P.T.O.) 



7. Sketch a typical turbojet, turbofan and turboprop engine an 1 show the major components. [6] 

8. A turbojet !s operating with a compressor pressJe ratio of 12, turbine inlet te,nperature of 1800 K 
and air mass flow rate of 16 kg/s. The aircraft is flying at 265m/s at ari altitude of I OOOOm. At this 
altitude, ambient pressun:=0.27 bar, a:nbient temperature=223 k. 

The operating parameters ofthe engine are given as follow; 

(i) 1td = 0.92, 1tc = 15, 1tb = 0.98, 1tn = 0.95, where 1t stands for stagnation pressure ratio across the 

engine components. (Subscripts 'd', 'c', 'b', and 'n' stand for diffuser, compressor, burner and 
nozzle respectively.) · 

(ii) 't A..= 8.5 (ratio of stagnation enthalpy at burner exit to static enthalpy of freestream) 

(iii) Isentropic efficiency of compressor=87% and isentropic efficien< y of turbine=90% 
(iv) Burner efficiency is 98% 
(v) Mechanical efficiency of spool connecting compressor and turbinc=99% 
(vi) The nozzle is perfectly expanded 

The gas properties are given by Ycc:l.4, Crc= I 004 J/kg.K (cold gas), Yt'==1.33, cp,== 1156 J/kg.K (hot gas) 
Heating value of the hydrocarbon fuel used in the burner and afterburner it; 42000kJ/kg. 

Calculate the following 
(a) Fuel to air ratio in the burner 
(b) Net specific thrust Fn I rho, where rh 0 is air mass flow rate through the engine 

(c) TSFC 
(d) thermal, propulsive and overall efficiency of the engine [ 12] 


