268

AuFst=Eg A 228 Al 5 5.(2010)/pp. 268-274

An Experimental Study on the Optimization of the Performance
Characteristics of a Refrigeration System Using R-600a and R-134a
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ABSTRACT: Because both R-134a and R-600a are used as a refrigerant of a household refrig—
erator in the global market, the home-appliance industry needs an optimized cycle for both
refrigerants. The objective of this study is to provide the design guideline on the optimization of
a refrigeration system using both refrigerants. For both refrigerants, the performance chara—
cteristics of the refrigeration system were tested by varying refrigerant charge amount, capillary
tube length, suction diameter and SLHX length. The tested refrigeration system was optimized
at the refrigerant charge of 60 g and the capillary tube length of 3600 mm with R-134a, and the
refrigerant charge of 34 g and the capillary tube length of 3900 mm with R-600a. The COP increased
from 1.63 to 1.68 for R-134a and increased from 1.37 to 1.48 for R-600a, respectively, by applying
the suction diameter expansion. In addition, the COP of the R-134a and R-600a system decreased
by 2.3~2.4% as the SLHX length decreased by 300 mm.

Key words: Household refrigerator(7}4 -8 W731), R-600a(¢] &5 &), R-134a, COP(A 5 A5)
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Table 1 Thermodynamic properties of R-134a,

R-600a
Molecular | Critical Critical
Refrigerant weight | pressure | volume
- kPa L/kg
R-134a 102.03 4067 1.81
R-600a 58.13 3645 453
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Fig. 1 Schematic diagram of the refrigerator sy—

stem.
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Table 3 Brine conditions

Table 2 Specifications of the experimental system
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Fig. 2 Variation of COP with refrigerant charge
amount using R-134a and R-600a.
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cooling capacity with refrigerant charge
amount using R-134a and R-600a.
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Table 4 Results of suction diameter expansion

Power Cooling
Suction diameter| COP capacity
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(W)
Di 6.4 mn 1.63 126.4 206.2
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Aol z17] WEoleh, Futeo] e FF FuY
2 i suction h# 9] A WIE fn] 5 A
o]Z¢ AuE AsA R HHHeE & IFS
ulZ A "o wEld R-134aX.th R-600a7t Aol
o7 & suction BAS HAE 3= AL & &
21t} Suction 7 ﬁtﬂoﬂ ot g+ AYS9
TR A R I L E O M BET
AzbEE oo HE7) 4Te mAH el o
ot Yo freFe] SR Weg ol MdEE 29
7} AgE ol Yerdt

3.4 SLHX € mg Zolo A&

R-134a%] 7% #H7 EAE Ze] 3600 nm, 34
Yol EA ek 60goll A SLHX €xld Zo]E 1800
mel A 300m %2 600 mE =43te] ATHINE
AAIE A 300 mm 54 wfwitk COP7F 9F 0.04
(2.4%)% E &t ¢, R-600at A ZAH
o] 3900 mm, & Yol FAHF 34 goll 4] SLHX &
g ZdolE 1800 mmel A 300mm 2 600 mm A
4% R-134a%}t 5534 SLHX Zo]Z 300 mm
48 wjuitk COP7F ¢F 0.04(24%)% =] =3t}

whebA, SLHX fx3lt Zdo] WHe] 39 R-134a
9} R-600a2] Ao EF d&FS FAT 1 J&

=7F 5 el dis) Ao o] flo] FUd FE
ojlmz AtelFe] HASE 913 A o] st
AME AlQstee | oz eyl SLHX
2ol 72 Al COP7F ofshsi= €<l

<27l

oz

‘

%o&émg
:.‘éjg:ﬁrlo
oL
o[-ﬂjga
do o2 2 e
Mool B oo 2 onR K

%
2

o B

—
-~

1o, ofy
::I‘ N

o
Oy
)
=
lo
= .
__)&l
N
N
Bz
o

s To nf
ot

io(r" om

i

o

N
o
o
e
12
o

ot N

2

o

- N

w2 [
s

ofr o

30,

o

o —
ox o

N
ol
N
oy & K oox

N
-

$apol2e] A% B4 AAs) U@ 4PH dF 273

n .//'
% 1.44
O
1.2
—=—R-134a
—o— R-600a
1.0

1200 1300 1400 1500 1600 1700 1800
SLHX length (mm)

Fig. 8 Variation of COP with SLHX length using
R-134a and R-600a.

2004 o---------- o
P e T -v
150
Aeemee e N -

100

—s— Power Consumption (R-134a)

50
- o -Cooling Capacity (R-134a)
- -4 - Power Consumption (R-600a)
—w=-Cooling Capacity (R-600a)
0

1200 1300 1400 1500 1600 1700 1800
SLHX length (mm)

Power Consumption/Cooling Capacity (W)

Fig. 9 Variations of power consumption and
cooling capacity with SLHX length using
R-134a and R-600a.

A AbolZ ARkl Walzh F Wrle] A5
of WA e sl AP Aol ol A3 2
Sl 9 o] U5 AL A AU FFt A

g Fystc BHo] gouE E AFES 7]
& Axgon n4E 2ANA shhe] Ale]F A}
Fure WASEA P FAHY

>

4 B

2 AFd A= R-134a9t R-600aE F&o=2 A}
S35t WE AbolFol uigh WujFde, 2AE 4
o], suction ¥7d %L SLHX €u3l Zo] Walo] wf

y
i



274

(2)

3)

(4)

il
> 60gJJr 34 goll A COP7} 163# 1.37= 7}
HA s, o]= F= 7 Yuljo] HAA A
o] xpolel] ofaf wHAeh= Aol
R-134a¢} R-600a°] HZ WuwiFzd=z 7+
o2 HAH o] st wE HA3S 119
3k A3 R-134a*= 3600 mnoll 4] COP7} 1.700. 2
HA3stE e R-600ax 3900 mnoll 4] COP7}F
1722 HA3} FJh ol R-600ae] HAlo]
vrol BAF Zdol7F R-134a tiv] thAi 71 A}
Foll A #HAstE7] witoln, WrEz FHA

3} 5= BAlE dol7k Rl oy A Z &
Al o] An® EAH Aol F W)
of thal olstste] &kl A T& 7
el ZA Feld Aoz ekt

A% Aol 3300 mmell A 2 4 WUH%XVD*
7S 715722 suction #4 S 6.4 mol A 8.3
m= i A] fFSu] o] FhAel] o)s] R-134a
W= COP7} 3.0% 7§41 ¥ R-600a v &=
8.4% 7N = et whebA, R-600a7t -2 Hl
A Az e =uketal o 2 93 suction W7
] A] R-134a Bt} 7l 237 222 A}
o]Z MHA Al Bt} & suction HHAS TLE
sith= A8S 48 F Utk
R-134a®} R-600a2] SLHX <Eugt Zo]
300 mm, 600 mm* %—io}‘ﬂ s vl
¥ COP7} + Wnj 25 SLH
300mm F oF 0.04(24%)% =

£><1

EEEREEE

T

gt

pebsbch webd] SLHX Qs 2ol o
@ Qe T ) o] A Aol glo
e el Apdel ols &zt flha

AEAL 5 9

(5) R-134a¢t R-600a°] && WEAte]ZelA
7] AbelE AME R RS WASA o
WA= AP o] B suction #7433} 2ol
olfgt &g Folgk Atel WA o3
ZH gl g AA ke Aelg e dg F
Q= Ao=m g}

i

. Wongwises, S. and Chimres, N., 2005, Experi-

mental study of hydrocarbon mixture to replace
HFC-134a in a domestic refrigerator, Energy
Conversion and Management, Vol. 46, pp. 85-100.

. Jung, D. S., Kim, C. B., Song, K. H. and Park,

B. G., 2000, Testing of propane/isobutane mix-
tures in domestic refrigerators, International
Journal of Refrigeration, Vol. 23, pp.517-527.

. Bjork, E. and Palm, B., 2006, Performance of

a domestic refrigerator under influence of varied
expansion device capacity, refrigerant charge
and ambient temperature, International Journal
of Refrigeration, Vol. 29, pp. 789-798.

. Lee, Y. S. and Su, C. C,, 2002, Experimental

study of isobutane(R600a) as the refrigerant in
domestic refrigeration system, Applied Ther—
mal Engineering, Vol. 22, pp. 507-519.



