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

Question (1) [10 Mar‘kks]v
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 Jor each process. (iii) Entropy
change for each process. Take Jor air : C, = 1005 J/kg. K and C, =718 J/kg K.

Question (2) | [IOMarks] (4%6)\ -
a) Water is supplied to the boiler at 100 bar and

steam outlet at

40°C and steam is generated from boiler at the P2=100 bar > T:=500 °C
same pressure and 500 °C. Determine the mass T T
Sflow rate of steam if the rate of heat added to the {z’ . s \,
steam in passing through the boiler is 320 MW . \ |
(Neglect the change in potential energy and kinetic ‘

energy)

water 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 nozile 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 .
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Question (4) [10 Marks]

A heat pump is run by a Carnot heat
engine operating between reservoirs at
800°C and 50°C.  The heat pump
working on reversed Carnot cycle picks
up 15 kW heat from reservoir at 10°C
and delivers it to a reservoir at 50°C. The
reversible engine also runs a machine
that needs 25 kW. Determine the heat
received  from  highest temperature

reservoir and heat rejected to reservoir at
50°C.

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

T1=800°C

T2=50°C

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

atr.

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
5, — 5y = Cin (%) +Rlin (i:) )

T, P,
5, =5 =c,ln (T—‘) —Rlin (F‘)
1° 2

) P,
5, —5; = gpln (1—;—) + ¢, in (F)
1

Enthalpy of moist air
K oo
h=1.005T + w(2500.9 + 1.88T ) (;;dr}a air)

Good Luck
Dr. Ahmed Abd-Elsalam
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~ 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 Jor each process. (iii) Entropy

change for each process. Take for air : C, = 1005 J/kg. K and C, =718 J/kg.K.

Solution:

P1V1 =m R Tl
m=0.871 kg
process 1-2 : polytropic (pv'*=c)
n-1

(Tz) _ (PZ)T

T/ \P

1.2-1

( T, ) 1y 12

300) = (TG) , T, =545.033K

mR(Tl - Tz)
1—p = m— = 318683 ] = 318.683 kJ

AU,_, =mC,(T, — Ty)

Q-2 = Wi, +AU,_, = 159 k]

T, P
Si— =m|{ C, ln( ) — Rin (—) = 239.66 J /K
T Py

process 2-3 : constant volume(V=C)

BB B 809 468 bar
P, T,’ 1 545033

Q23 = mCy(T; — Ty) = 159.4k]

Vs T3\ _ F
AS, 3 =m (Rln (‘—/—) + CyIn (T_z)) = m(, In (T—z) = 239.998/ /K

2
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Question (2) [11 Marks] (4+7)
a) Water is supplied to the boiler at 100 bar and steam outlet at
40°C and steam is generated from boiler at the Pz=100 bar» T2=500 °C

same pressure and 500 °C. Determine the mass
flow rate of steam if the rate of heat added to the

steam in passing through the boiler is 320 MW .
(Neglect the change in potential energy and kinetic
energy)

water inlet at

P1=100 bar, T1=40 °C

Solution:

From steam tables
at P;= 100 bar and T;=40°C., we get h;=176.3 kJ/kg
at P;= 100 bar and T/=500 °C,  we get h,=3374.5 kJ/kg
Q = m(hy — hy)
320 x 103 = m'(3374.5 — 176.3)
m = 100 kg/sec

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.
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Solution:

From steam tables No. 3

at Pi= 10 bar and T;=200 °C, we get h;=2828.8 kl/kg , 51=6.6922 kJ/kgK
From steam tables No. 2

at P,=2 bar and x,= 1 , we get h=hs=2706.3kJ/kg,  s;=s;~7.126kl/kgK

v=vg=0.885m’/kg.

C} - C?
2

) +9g(z; — Z1)J

2 _ 502
0-0= [(2706.3 —2828.8) x 103 + (CZ > ) + 0]

C,=497.5 m/s
CZAZ
-
497.5 x A,
~ 70885
A, = 3.557 x 1073m?

m

kW
AS - =m(s, —sy) =2 %X (7.126 — 6.6922) = 0.268—K— =268W/K

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 andy=1.4.

Solution:
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T4
.
\4'
»S
T-s dhagram
y-1
T, =Tr,” =5793 K
T,—-T
ne=085=—"—— T/ =62859K
y-1
T, =T3(=) ¥ =62154 K
L
T, — T/
—_— 0 9 = 4 / =
nr m—r, T4+ =679386K

we = Cp x (T4 = T,) = 330.23 kj/kg
we = Cp x (T = T}) = 523.22 kj /kg

Wnet - Wt - WC = 193 k]/kg
Back work ratio =w./W= 0.63
Power=m xw oy = 96500 kW = 96.5 MW
Qada = Cp X (Ts - Té) = 574.27 k] /kg

The thermal efficiency =g"°‘ x 100 = 33.61%

add
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Question (4) [10 Marks]

A heat pump is run by a Carnot heat
engine operating between reservoirs at
800°C and 50°C. The heat pump
working on reversed Carnot cycle picks
up 15 kW heat from reservoir at 10°C
and delivers it to a reservoir at 50°C, The
reversible engine also runs a machine
that needs 25 kW. Determine the heat
received  from  highest temperature

reservoir and heat rejected to reservoir at
50°C.

Solution:

Heat Pump:

COpn . o 504273 15
HPC =1 —T, ” 50—10 7T W,

W, = 1.857 kW
W, =W, + W = 1.857 + 25 = 26.857kW

Heat engine:
T, 50 + 273 W,
=1t =1-—— =069 =—
Mee =1 =7 =1" 8507 273 Q,
26.857
=
Q; = 38.422KW

0, = Q, — Wi=11.565kW
04 = 0y + Wy = 16.857 kW

The heat rejected to reservoir at 50°C
=0, +q, = 28.422 kW

_Q uestion (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:
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i)the partial pressure of dry air and the water vapor, ii)the specific h;lmZillfv,. ) \
iii)the degree of saturation, iv)the dew point temperature, and v) the density of moisy

air. L.
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 foll-m.ving :
i) Relative humidity (R.H.) of heated air. ii)Capacity of heating coil in kW.

Solution:
From steam table
at T=20 °C , P=0.0233 bar

h.U

p===0.5

S

1165 bar

o U

P, = 0.

P, =1-P, =0.988bar

B
@ = 0622~ = 00117

S

= 0.622 5 0.014
ws = 0. T—p -0 8

w
u=—=20.791
wS
From steam table at P,= 0.01165 bar , DPT=9.5 °C
P, kg
=—=1.175 =
Pa RT > m3
kg
p=ps(w+1)=1.1887 —3

k
h, = 1.005T; + w1(2500.9 + 1.88T; ) = 49.8(é dry air)
k]
h, = 1.005 T, + w,(2500.9 + 1.88T; ) = 65.205(E§ dry air)

k]
Q =m(hy — hy) = 1540.5% = 25.675kW
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