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SEMM2413/SKMM2413 THERMODYNAMICS 

TEST 2 

1 hour 30 min 

INSTRUCTION: ANSWER ALL QUESTIONS 

 

QUESTION 1 (20 marks) 

a) A rigid recovery cylinder has a volume of 0.02 m3, contains Refrigerant R-134a as 

shown in Figure Q1. Initially, the density and temperature of the refrigerant are 

85 kg/m3 and 48°C, respectively. Due to heat transfer to the refrigerant, its pressure 

and temperature were observed to increase until it becomes saturated vapor. Show 

the process on a T-v diagram with respect to saturation lines, and determine, 

i) the final temperature of the refrigerant, °C, 

ii) the heat transfer to the refrigerant, kJ. 

(14 marks) 

 
Fig. Q1 

 

b) The United States Environmental Protection Agency (US EPA) has specified that the 

temperature of recovered refrigerant inside the rigid recovery cylinder must not 

exceed 52°C for safety reasons. To satisfy this requirement, the saturated vapor in part 

a) above needs to be cooled to a mixture at 52oC by removing heat from the 

refrigerant. Determine the amount of heat (kJ) that needs to be removed from the 

refrigerant. 

(6 marks) 

 

QUESTION 2 (20 marks) 

Air enters the compressor of a power plant steadily at ambient conditions of 101 kPa and 

30oC with a velocity of 120 m/s. The air leaves at 6 MPa and 300oC with a velocity of 

50 m/s. The diameter of the compressor inlet is 40 cm. A cooling liquid is used to cool the 

compressor at a rate of 1500 kJ/min. Only the change in potential energy can be neglected. 

Air can be assumed as ideal gas, take R = 0.287 kJ/kg.K and cp = 1.005 kJ/kg.K. 

i) Determine the mass flow rate of air through the compressor, kg/s. 

ii) Determine the outlet diameter of the compressor, mm. 

iii) Determine the volume flow rate of the air at compressor inlet, m3/min. 

iv) Calculate the power required by the compressor, kW. 

 

 



 Semester I, 2019-2020 
 

 

 

 

QUESTION 3 (20 marks) 

a) Write down two factors that cause a process to be irreversible.                                                                         

                      (4 marks) 

 

b) A Carnot heat engine receives 650 kJ of heat from a source of unknown temperature 

and rejects 250 kJ of heat to a sink at 24 oC. Determine, 

i) the temperature of the source , oC, 

ii) the thermal efficiency of the heat engine, %. 

(4 marks) 

 

c) A heat engine operates by receiving heat from a reservoir at 900 oC at a rate of 

800 kJ/min and rejects heat at a rate of 560 kJ/min to the ambient air at 27 oC. The 

entire work output of the heat engine is used to drive a refrigerator that removes heat 

from the refrigerated space at -5 oC and rejects heat to the same ambient air at 27 oC.  

i) Sketch the schematic diagram of the engine-refrigerator system. 

ii) Determine the thermal efficiency of the heat engine, %. 

iii) Determine the maximum thermal efficiency of the engine if it operates on a 

reversible cycle, %. 

iv) Determine the maximum COP of the refrigerator if it operates on a reverse 

Carnot cycle. 

v) Determine the maximum rate of heat removal from the refrigerated space, kJ/s.  

vi) Determine the rate of heat rejection to the ambient air from the refrigerator, 

kJ/s. 

(12 marks) 
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Solution for Q1(a):
Refrigerant R-134a is filled in a recovery cylinder with initial conditions of 20 L, 85 kg/m3,
and 48°C. After sometimes, the temperature and pressure of the refrigerant increase due to
heat transfer until it becomes saturated vapor. The cylinder is a closed system. Thus its

volume is constant. The final temperature, pressure, and heat transfer are to be determined.

Assumptions:
1) The system is stationary and thus the kinetic and potential energy changes are zero.
2) The direction of heat transfer is to the system (heat gain, Qin).

3) The volume of the rigid tank is constant, and thus there is no energy transfer as
boundary work.

4) There is no electrical, shaft, or any other kind of work involved.

Analysis:
Consider the contents of the cylinder as the system. This is a closed system since no mass

crosses the system boundary during the process.
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By performing an energy balance on the system:

4
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756 +956 −4
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7;<= +9;<= = ∆@ = m(BC − BD)

756 = m BC − BD = 1.7× 258.86 − 216.99 = OP. PQ RS

T = TD = TC = UD×VD = 85×20×10XY = 1.7 kg

State 2:
Saturated	vapor,	therefore,

[C = [D = [\,C = 0.011764 mY/kg

[\,C (mY/kg)
BC = B\,C
(kJ/kg) aC (℃) cC (kPa)
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0.011764 258.86 59.01 1644.86
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Solution for Q1(b):
For safety reasons, the temperature of the recovered refrigerant inside the recovery cylinder must

not exceed 52°C. To satisfy this requirement, based on Part (a) answer, the amount of heat (kJ)
that needs to be rejected from the refrigerant is to be determined.

!"#$ = m(() − ()+)

By performing an energy balance on the system:
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Where, K)+ = KM = 0.011764 ⁄m
U
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State	2’	is	in	a	saturated-vapor	mixture,	thus	

()+ = (F,)+ + (H)+×(FJ,)+) = 125.33 + 0.8127×130.88 = 231.70 kJ/kg

(F,)+@_)℃ = 125.33 kJ/kg

(FJ,)+@_)℃ = 130.88 kJ/kg

!"#$ = m () − ()a = 1.7× 258.86 − 231.70 = bc. de fg

Therefore,

TOTAL

6
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Solution manual 

Test2, SKMM2413 2019-2020/1 

Q3. (a)  

The factors that cause a process to be irreversible are friction, unrestrained expansion, mixing of two 

fluids, heat transfer across a finite temperature difference, electric resistance, inelastic deformation 

of solids, and chemical reactions (any two).  

 

 

b) 

Here given,  

QdotH= 650 kJ/min 

QdotL= 250 kJ/min 

TL= 24+273 K = 297 K  

𝜂𝑡ℎ = 1 −  
𝑄𝐿̇

𝑄𝐻̇
= 1 −   

250

650
= 0.615 ≈ 61.5% 

The highest thermal efficiency for a cyclical engine operating between two specified temperatures 

can have is the Carnot efficiency, which is determined from: 

𝜂𝐶𝑎𝑟𝑛𝑜𝑡 = 1 −  
𝑇𝐿

𝑇𝐻
= 1 −   

250

650
 

0.615 = 1 −  
297

𝑇𝐻
 

TH= 771 K 

c) 

i)  

𝜂𝑡ℎ = 1 −  
𝑄𝐿̇

𝑄𝐻̇
= 1 −   

560

800
= 0.30 ≈ 30% 

ii)  

𝜂𝑡ℎ,𝑚𝑎𝑥 = 𝜂𝑡ℎ,𝑟𝑒𝑣 = 1 −  
𝑇𝐿

𝑇𝐻
= 1 −   

27+273

900+273
= 0.744 ≈ 74.4% 

iii)  

𝐶𝑂𝑃𝑅,𝑚𝑎𝑥 = 𝐶𝑂𝑃𝑅,𝑟𝑒𝑣𝐶𝑎𝑟𝑛𝑜𝑡 =  
𝑇𝐿

𝑇𝐻−𝑇𝐿
=   

−5+273

27+5
= 8.375 
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iv)  

Wnet,out= Wnet,in= 800-560 kJ/min = 240 kJ/min 

𝐶𝑂𝑃𝑅 =  
𝑄𝐿

𝑊𝑛𝑒𝑡, 𝑖𝑛
 

𝐶𝑂𝑃𝑅,𝑟𝑒𝑣𝐶𝑎𝑟𝑛𝑜𝑡 =  
𝑄𝐿, 𝑚𝑎𝑥

𝑊𝑛𝑒𝑡, 𝑖𝑛
 

QL,max= COPR,revCarnot x Wnet,in  

QL,max= 8.375 x 240 kJ/min = 2010 kJ/min = 33.5 kJ/s 

v)  

QH= Wnet,in+QL= 240+2010 kJ/min = 2250 kJ/min= 37.5 kJ/s 
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