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INSTRUCTIONS TO CANDIDATES

1. Please read the instructions given in the question paper CAREFULLY.
2. This question paper is printed on both sides of the paper.
3.  Please write your answers on the answer booklet provided.

4.  Answer should be written in blue or black ink except for sketching, graphic and
illustration. -

5. This question paper consists of FIVE (5) questions. Answer FOUR (4) questions only.

6.  Answer all questions in English.

THERE ARE 5 PAGES OF QUESTIONS AND 11 PAGES OF APPENDIX, EXCLUDING THIS PAGE.
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Please use the answer booklet provided.

Question 1

a) When selecting a refrigerant for certain application, what are the qualities that you
should look for?

(5 marks)

b) State the differences between the natural refrigerants and the synthetic refrigerants?
(10 marks)

c) A thermostatic expansion valve uses R134a as the working fluid, in a refrigeration

o
system operates at an evaporating temperature of 4 C. The adjustable spring is set
to offer a resistance equivalent to a pressure of 60 kPa. Calculate the value of

superheat.

\

(10 marks)
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Question 2

A food freezing system working with refrigerant R22 requires cooling capacity at
132 kW, evaporating temperature at -35°C and condenser temperature 40°C. The refrigerant
liquid is subcooled to 35°C before throttling to evaporating pressure. The refrigerant vapour
is superheated by 5°C before leaving the evaporator and temperature further rises by 5°C in
the suction line. The pressure drop at suction valve side is 0.2 bar. Due to the heat gain from
the cylinder walls, the temperature of refrigerant vapour increase by 5°C before the

beginning of compression. The compression process is according to the law PV? = Constant.

The pressure drop at discharge valve side is 0.3 bar. If the compressor has 3 % clearance,

Calculate:

a) Clearance volumetric efficiency

(2.5 marks)
b) Total volumetric efficiency

(2.5 marks)
¢) Mass flow rate of refrigerant in kg/s '

(5 marks)
d) Piston displacement in m’/s

(5 marks)
e) Power needed.by compressor in kW

(5 marks)
f) Heat to be removed by condenser in kW

(5 marks)

B
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Question 3

A refrigeration system of 55 kW cooling capacity that uses a water-cooled condenser has a
2
COP of 5.0. The overall heat transfer coefficient of the condenser is 450 W/m .K and a heat
2
transfer area of 18 m . If cooling water at a flow rate of 3.2 kg/s enters the condenser at a

temperature of BOOC, what is the condensing temperature?
(Note: Take the specific heat of water as 4.18kJ/kg.K)
(25 marks)
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Flow rate, kg/s

Question 4

L VA AR ALY A AL RS

A split air conditioner system with R22 refrigerant has a cooling capacity of 3 kW. The

condensing and evaporating temperature are 40°C and 5°C respectively. Calculate the

capillary tube length for the above system. (Assume ideal refrigeration cycle)
(25 marks)
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Figure Q4: Cap Tube Selection Chart
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Question 5

A DX coil cools 0.53 kg/s of air from an entering condition of 32°C DBT and 20°C WBT as
shown in figure Q5. The refrigerant temperature is 9 °C. U, = heat transfer coefficient for
refrigerant side is 2000 W/m?K and U, heat transfer coefficient for air side is 54 W/m’K. The
ratio of inside and outside area is 15. Calculate the:

0.53 kg/s
32°C DBT —_— s
20°C WBT

Figure Q5: DX evaporator.

&

a) DBT when the condensation starts.

(10 marks)
b) The surface aréa, in m? ,of the dry portion of the coil.

(15 marks)

END OF QUESTION

FRB 10602_APPLIED REFRIGERATION AND COMPONENTS

(@))]



Formulae

l

p="""py (&J" ~1|x10%(kW)
n-1 P

T
Vp = Z D [<NT]‘
PDxn,,
m, =
12
pl"'xn = Pz"zn

1 1 1
e e e,

AU, hd  hA

0

L /\/{TD = 77912‘ 60

lo 0.
g 0

m,xC X (AI)U =A,xV, xp, x (AI)

a

Refrigerant side

Nu,es = 0.026 (Re)® (Pr)**
poxd xu, _d, m,
/Lll‘ )Llf‘ 11/11

Re . =

ref

4
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_ G,
k

r

Pr,

h xd

I

Nu, =

Air side
Nuai = 0.193 (Re)*®'® (Pr)°*®
P, XD, xV,

H,

Re ref =

Pr. =0.71
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Air Properties at Atmospheric Pressure as a Function of Temperature

200
250
300
350
400
450
500
550
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a

0.0181
0.0223
0.0263
0.03
0.0338
0.0373
0.0407
0.0439
0.0469
0.0497
0.0524
0.0549
0.0573

0.0596-- -

0.062
0.0643
0.0667

1.007
1.006
1.007
1.009
1.014
1.021
1.03
1.04
1.051
1.063
1.075
1.087
1.099

AT
b e

1.131
1.141

0.737
0.72
0.707
0.7
0.69
0.686
0.684
0.683
0.685
0.69
0.695
0.702
0.709

0.716

0.72
0.723
0.726
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1.7458
1.3947
1.1614
0.995
0.8711
0.774
0.6964

10.6329
0.5804

0.5356
0.4975
0.4643
0.4354
0.4097
0.3868
0.3666
0.3482

0.00001325

0.00001596
0.00001846
0.00002082
0.00002301
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0.00003058
0.00003225
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0.00003546
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0.00003843
0.00003981
0.00004113
0.00004244
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