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Examiner: Assoc.Prof.Sommai Priprem,  PhD.
_______________________________________________________________________________
 1. Consider an Air Standard Otto cycle. (15 marks)
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(c) Definition (3 marks)

	Parameter
	Symbol
	Formula
	Score

	Compression ratio
	rv
	rv = vmax/vmin = v1/v2
	1 mark

	Mean effective pressure
	MEP
	MEP = wnet/( vmax-vmin)
	1 mark

	Thermal efficiency
	ηth
	ηth = wnet/qH
	1 mark


(d) Process calculations (5 marks)  for known T1, P1, rv , qH
	State
	P
	T
	score

	1
	P1
	T1
	NA

	2
	P2 = P1 (v1/v2)k = P1 rvk 
	T2 = T1 (v1/v2)k-1 = P1 rvk-1
	1

	3
	P3 =(R T3)/v3
	T3= T2 + (qH /Cv)
	2

	4
	P4 = P3 (v3/v4)k = P3/rvk 
	T4 = T3(v3/v4)k-1 = T3 /rvk-1
	2


(e) Heat and Work (3 marks)
	Process
	to find
	Related Equation
	score

	2-3
	heat input
	1st Law:  q = w + u3-u2( 2q3= u3 – u2= Cv(T3- T2)
	NA

	4-1
	heat rejection
	1st Law:  q = w + u1-u4( 4q1 = u1 – u4= Cv(T1- T4)
	2

	NA
	Net work
	wnet = qH – qL = 2q3 + 4q1
	1
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2. Consider an Air Standard Diesel cycle. (15 marks)
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 (c) Definition (3 marks)

(c) Definition (2 marks)

	Parameter
	Symbol
	Formula
	Score

	Compression ratio
	rv
	rv = vmax/vmin = v1/v2
	1 

	Cut off ratio
	rc
	rc = v3/v2
	1 

	Thermal efficiency
	ηth
	ηth = wnet/qH
	NA


(d) Process calculations (5 marks)  for known T1, P1, rv , qH

	State
	P
	T
	score

	1
	P1
	T1
	NA

	2
	P2 = P1 (v1/v2)k = P1 rvk 
	T2 = T1 (v1/v2)k-1 = P1 rvk-1
	1

	3
	P3 =(R T3)/v3
	T3= T2 + (qH /Cv)
	2

	4
	P4 = P3 (v3/v4)k = P3/rvk 
	T4 = T3(v3/v4)k-1 = T3 /rvk-1
	2


(e) Heat and Work (4 marks)
	Process
	to find
	Related Equation
	score

	2-3
	heat input
	1st Law:  q + u2 = w + u3  ( 2q3= h3 – h2= Cp(T3- T2)
	2

	4-1
	heat rejection
	1st Law:  q = w + u1-u4( 4q1 = u1 – u4= Cv(T1- T4)
	1

	NA
	Net work
	wnet = qH – qL = 2q3 + 4q1
	1
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3. Consider an ideal Brayton cycle.  (15 marks)



(c) Definition (2 marks)

	Parameter
	Symbol
	Formula
	Score

	Pressure ratio
	rp
	rp = Pmax/Pmin = P2/P1
	1 

	Back Work ratio
	rBW
	rBW = wcompressor/wturbine
	1 

	Thermal efficiency
	ηth
	ηth = wnet/qH
	NA 


 (d) Process calculations (4 marks)  for known T1, P1, rp , Tmax
	State
	P
	T
	score

	1
	P1
	T1
	0

	2
	P2 = rp P1
	T2 = T1 (P2 /P1)(k-1)/k = T1 rp(k-1)/k
	1

	3
	P3 = P2
	T3 = Tmax
	1

	4
	P4 = P1
	T4 = T3 (P4 /P3)(k-1)/k = T3/ rp(k-1)/k
	2


(e) Heat and Work (5 marks)
	Process
	to find
	Related Equation
	score

	1-2
	Compressor work
	1st Law:  q + h1 = w + h2 ( w = h1 - h2 = Cp(T1- T2); wc = /w/
	2

	3-4
	Turbine Work
	1st Law:  q + h3 = w + h4 ( w =h3 – h4 = Cp(T3- T4); wt = /w/
	2

	NA
	Net work
	wnet  = wt - wc
	1
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4. Consider an ideal Rankine cycle. (15 marks)


(c) Process details (5 marks)

	Process
	Process name
	Equipment
	Q/W/ constant property
	score

	1-2
	Isentropic expansion
	Turbine
	+wT , q=0,      s = constant
	NA

	2-3
	Heat rejection
	Condenser
	-q, w = 0,       P = constant
	1

	3-4
	Isentropic compression
	Pump
	-wp , q=0,      s = constant
	2

	4-1
	Heat Addition
	Boiler
	+q, w = 0,       P = constant
	2


(d) Process calculations (6 marks)

	Process
	to find
	Related Equation
	score

	1-2
	turbine work
	1st Law:  q + h1 = w + h2   (  wT = h1 – h2
	NA

	2-3
	heat rejection
	1st Law:  q + h2 = w + h3 ( q = h3 - h2,  qcondenser = /q/
	2

	3-4
	pump work
	Approximation:      wp = vΔP = v(P4-P3)
	2

	4-1
	heat input
	1st Law:  q + h4 = w + h1 ( q = h1 – h4,  qboiler = /q/
	2
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5. Consider a steam power plant which operates on a simple ideal Rankine cycle. 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. Draw the schematic diagram 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)   
 (Final Exam year 2008)  
Assumption
SSSF, neglect ΔKE, ΔPE




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



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


Table A-6
h1  = 3,213.6  kJ/kg
 and  s1  = 6.7690
kJ/kgK



State 2
P2 = 10 kPa
  and    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  = 191.83 + (0.8159 * 2,392.8) kJ/kg  = 2144.0 kJ/kg

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:  use approximation:  wp= vΔP



wp
=
v(P4 - P3)








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








Table A-5,   v3 = 0.00101 m3/kg 



wp
=
(0.001010m3/kg)(4,000-10)kPa = 4.0  kJ/kg


wnet 
=
wt – wp
=
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, Wdot = 133.2 MW 
Answer
(b) Draw the T-s diagram (2 marks)





(a) Draw the schematic diagram (2 marks)











ผู้ตรวจ......................











ผู้ตรวจ......................





(a) Draw the P-v diagram (2 marks)





(b) Draw the T-s diagram (2 marks)





(a) Draw the schematic diagram (2 marks)





(b) Draw the T-s diagram (2 marks)





(b) Draw the T-s diagram (2 marks)





(a) Draw the P-v diagram (2 marks)
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