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Thermodynamics I   1st semester 2008       Final Examination

เลขที่สอบ……… ID …………....Name …………………………..……………

Examiner: Assoc.Prof.Sommai Priprem,  PhD. 
4)  Consider a steam power plant which operates on a simple ideal Rankine cycle, as the figure shown below. Steam enters the turbine at 4 MPa and 400oC with a mass flow rate of 125 kg/s. After that it is cooled in the condenser at a pressure of 10 kPa. In the given block, write the 4-processes and show the cycle on a T-s diagram with respect to saturation lines, state any assumption made, and determine (a) the quality of the steam at the turbine exit, (b)  the net power output of the power plant in MW, (c) the rate of heat input to the boiler in MW, and (d) the thermal efficiency of the cycle.       (10 Marks)             
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Solution
Ideal Rankine Cycle




GIVEN:
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m= 125 kg/s


Var
Value
unit


Analysis:
 

P1
4
MPa


Cycle eff 
= wnet/qH

T1
400
C


wnet 

= wt - wp
 

P2
10
kPa

      
 or  wnet
= qH - qL

mdot
125
kg/s


Wnet(dot) 
= mdot * wnet
Assumption
SSSF, neglect KE, PE




Properties determination: Fluid = water, use Table A-4 to A-6




State 1
 P1 = 4 MPa,
T1 = 400 C, T3 > Tsat --> Superheated vapor



Table A-6
h1 =
3,213.6 kJ/kg






s1  =
6.769    kJ/kgK



State 2
 P2 = 10 kPa
s2 = s1  (1-2 Isentropic Process)




sf  =
0.6493,                            sfg  =  7.5009  kJ/kgK


x2 = (s-sf)/sfg  = (6.769-0.6493)/7.5009  =  0.8159
Answer


hf  = 191.83,                                       hfg =  2392.8




h2 = hf + x2hfg  = 340.49 + (0.8966 * 2305.4) kJ/kg  = 2144.0 kJ/kg
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To determine wt: CV Turbine  : 1st Law: Open System, SSSF, q = 0









q + h1
=
w + h2








 
w 
=
h1 - h2








 
wt
=  
3,213.6 kJ/kg - 2,144.1 kJ/kg  
=
1,069.6 
kJ/kg


To determine wp: CV Pump : 1st Law: Open System, SSSF, q = 0, v = const.
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wp
=
v(P4 - P3)








v3
=
vf at P3 (P3 = P2 = 10 kPa)










Table A-5,           v3
=
0.00101
m3/kg





h3
=
hf at 10 kPa

=
191.83 
kJ/kg





wp
=
(0.001010m3/kg)(4,000-10)kPa

=
  4.0 
kJ/kg



1st Law :

h3
=
w + h4    =   -wp + h4






h4
=
h3 + wp
= 191.83 kJ/kg + 4 kJ/kg
= 195.86  kJ/kg



wnet 
=
wt - wc

= 1,069.65 kJ/kg - 4.0 kJ/kg
= 1,065.55 
kJ/kg



Power
=
mdot wnet
= (125 kg/s)(1,065.55 kJ/kg)
= 133,193.2 
kW



The net power output of the power plant, W
=
133.2
MW
Answer
To determine qH: CV Boiler : 1st Law: Open System, SSSF, w = 0
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m= 0.05 kg/s















q + h4
=
w + h1








q
=
h1 - h4








qB
=
3,213.6 kJ/kg -195.9 kJ/kg 
= 3,017.7 
kJ/kg





Rate of heat transfer, Q
=
(125 kg/s)(3,017.7 kJ/kg)

=
377,217.5 
kW









=
377.2
MW
Answer





η
=
wnet/qH

=
(1,065.55 kJ/kg/3,017.7 kJ/kg)*100




Thermal efficiency of the cycle
=
35.31 
%
Answer
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5)  A refrigerator uses refrigerant-134a as the working fluid and operates on an ideal vapor-compression refrigeration cycle between 0.12 and 0.7 MPa. The mass flow rate of the refrigerant is 0.05 kg/sec. In the given block, write the 4-processes and show the cycle on a T-s diagram with respect to saturation lines, state any assumption made, and determine. Determine (a) the power input to the compressor  (b) the rate of heat removal from the refrigerated space , (c) the rate of heat rejection to the environment and (d) the coefficient of performance.  (10 Marks)
Solution
Ideal Vapor Compression Refrigeration Cycle
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GIVEN:
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Var
Value
unit


Analysis:
 
 


P1
0.12
MPa


1st Law  q + hi = w +he
 


P2
0.70
MPa


Qdot = mdot q

 


mdot
0.05
kg/s


COP = qL/w
 
 

Assumption
SSSF, neglect KE, PE





Properties determination: Fluid = R-134a use Table A-15 to A-16



State 1
P1 = 0.12 MPa, sat. vap. -->  h1 = hg     = 233.86 kJ/kg




s1 =  sg     = 0.9354 kJ/kgK


1-2 Isentropic Process  
s2 = s1      = 0.9354 kJ/kgK
State 2  P2 = 0.70 MPa,  s2 = s1 = 0.9354  kJ/kgK s2>sg --> Superheated vapor


Interporate from Table A-6 




h2 =
                        270.2 
kJ/kg



T
h
s




30
265.37
0.9197



 

h2
0.9354
h2 - 200.46
= 4.85


40
275.93
0.9539

h2
= 270.22

h2  =  265.37 + (0.9354-0.9197)/[(0.9539-0.9197)*(275.93-265.37)]= 270.22 kJ/kg
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(a) To determine w: CV compressor  : 1st Law: Open System, SSSF, q = 0





q + h1
=
w + h2







w
=
h1 - h2







w
=
176.14 kJ/kg - 207.1 kJ/kg
=
-36.36
kJ/kg




work input to the compressor
=
36.36
kJ/kg




WdotL =  mdot wc
=
(0.05 kg/s)(30.97 kJ/kg)
=
1.82
kW


the power input to the compressor,  Wdot
=
1.82
kW









Answer

State 3

P3 = P2 
=
0.70 MPa,   saturated liquid --> 








h3 = hf 
=
86.78
kJ/kg

Process 3-4 Throttling process, h = constant  -->  h4  =  h3
=
86.78
kJ/kg
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(b) To determine qL: CV Evaporator  : 1st Law: Open System, SSSF, w = 0





q + h4
=
w + h1







q
=
h1 - h4







qL
=
233.86 kJ/kg – 86.78 kJ/kg
=
147.08
kJ/kg




QdotL  = mdot qL
=
(0.05 kg/s)(147.08 kJ/kg)
=
7.354
kW


the rate of heat removal from the refrigerated space,  QdotL
=
7.354
kW









Answer
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(c) To determine qL: CV condenser  : 1st Law: Open System, SSSF, w = 0





q + h2
=
w + h3







q
=
h3 - h2







q
=
86.78 kJ/kg – 270.22 kJ/kg
=
-183.44
kJ/kg




qH
=

=
183.44
kJ/kg




QdotH  = mdot qH
=
(0.05 kg/s)(183.44 kJ/kg)
=
9.172
kW


the rate of heat rejection to the environment, QdotH
=
9.172
kW









Answer

(d) The coefficient of performance, 







COP
=
QL/W








=
7.354 kW / 1.82 kW
=
4.05
Answer
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Processes:





1-2  s = const., +w





2-3 P = const., -qH





3-4 h = const., q = 0





4-1 P = const., +qL

















Processes:





1-2 s =const.; +wT





2-3 P = const, -qL





3-4  s = const., -wp





4-1 P = const., +qH








1 





4 





Boiler 





4 





3 





wp 





Pump 





2 





wt 





1 





Turbine 








PAGE  

[image: image13.wmf]o

p

W

[image: image14.wmf]o

c

Q

[image: image15.wmf]o

B

Q

[image: image16.wmf]o

m= 125 kg/s

[image: image17.wmf]o

m= 0.05 kg/s
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