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Answer all the following questions. Use of steam and gas tables are allowed

Question (1) [10 Marks]

A 0.2 m® of air at 800 K and 10 bar is expanded polytropic (pv'*=c) to 1 bar. It is then
heated at constant volume to initial temperature. Sketch two processes on P-v diagram
and determine : (i) Temperature at the end of polytropic expansion. (ii) Pressure at
end the constant volume heating. (iii) Heat and work for each process. (iii) Entropy
change for each process. Take for air : C, = 1005 J/kg. K and C, =718 J/kg.K.

Question (2) [10 Marks] (4+6)

a) Water is supplied to the boiler at 100 bar and steam outlet at _7
40°C and steam is generated from boiler at the P2=100 bar > T2=300 °C

same pressure and 500 °C. Determine the mass Pl =
flow rate of steam if the rate of heat added to the e
steam in passing through the boiler is 320 MW .

(Neglect the change in potential energy and kinetic
energy)

svater inlet at

P1=100 bar, T1=40 °C
b) Steam flows steadily through an adiabatic nozzle. The inlet conditions of the steam
are 10 bar , 200°C, and 50 m/s, and the exit conditions are 2 bar and dry saturated

steam. The mass flow rate of the steam is 2 kg/s. Determine (i) the velocity of the

steam leaving the nozzle , (ii) the exit area of the nozzle and (iii) the rate change in
entropy.

Question (3) [10 Marks]

In a gas turbine plant working on Brayton cycle, the air at inlet is 300 K, 1 bar . The
pressure ratio is 10 and the maximum temperature is 1200 K. The compressor and
turbine efficiency are 85% and 90 %, respectively. Sketch the cycle on T-s diagram
and determine:

i) The thermal efficiency of the cycle. ii) The back work ratio.

iii) The net output power requrued if the mass flow rate of air 500 kg/s.

Take for air : C, = 1005 J/kg. K and y=1.4.




Question (4) [10 Marks]

A heat pump is run by a Carnot heat
engine operating between reservoirs at | T1=800°C
800°C and 50°C. The heat pump
working on reversed Carnot cycle picks
up 15 kW heat from reservoir at 10°C Qi

and delivers it to a reservoir at 50°C. The

reversible engine also runs a machine Heat W,
that needs 25 kW. Determine the heat Engine >
received  from  highest temperature 1

reservoir and heat rejected to reserveir at
50°C. Q:

W=25kW

T2=50°C

Question (5) [12 Marks]| (8+4)

a) Moist air at the standard atmospheric pressure, has a temperature of 20 °C DBT and
a relative humidity 50% . Determine the following:

i)the partial pressure of dry air and the water vapor, ii)the specific humidity,

iii)the degree of saturation, iv)the dew point temperature, and v) the density of moist
air.

b)100 kg of air per minute at 20°C DBT and 50% relative humidity is heated to 35 °C
DBT maintaining its specific humidity constant. Determine the following :

i) Relative humidity (R.H.) of heated air. ii) Capacity of heating coil in kW.

Change in entropy for ideal gas
53 =51 =¢ln (?‘3) +Rin (,,_) ’ 5, — 5y =c,ln (371) - R in(-P:)
L Py
§; — 51 = gpln (Ei) + ¢ dn (Fz)
1 P,.
Enthalpy of moist air
h =1.005T + w(2500.9 + 1.88T ) {%dr}' air)

Good Luck
Dr. Ahmed Abd-Elsalam






