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A Study on the Applicability of a Scroll Type Compressor to Small Capacity

Refrigerators
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ABSTRACT: To study the applicability of a scroll type compressor to small capacity refrigera—
tors, a R600a scroll compressor with algebraic scroll wrap has been designed. Its size and perfor—
mance have been compared to a reciprocating type of the same displacement volume. By employing
scroll wrap based on algebraic curve, high compression ratio can be accomplished without increa—
sing the wrap angle much so that compact scroll may be obtained. Compared to a reciprocating
one, the designed scroll compressor has diameter and height reduced by about 50% and 80%,
respectively. By numerical simulation, it has been estimated that the scroll compressor provides
38.6% more cooling capacity than reciprocating type with 8.9% more power consumption, resulting
in 27.3% increase in COP for ASHRAE low back pressure condition. With increasing the operating
pressure ratio from 9.5 to 15.3, the overall compressor efficiency of the scroll compressor decreases
from 72.6% to 65.2%, while that of the reciprocating compressor increases from 55.7% to 59.8%.

Key words: Scroll compressor(Z==3 % $+=7]), Reciprocating compressor(%3-% % 7]), Algebraic

wrap(t =14 3), Cooling capacity (W5 %53 ), Power consumption(& 3 %),

: orbiting radius [m]
: Temperature [°C]

* Corresponding author

: time, thickness [sec], [m]

Efficiency(& &)
2l &M o M * mass [kg]
) o m : mass flowrate [kg/s]
a : spiral coefficient [m] . ..
_ n > polytropic index [-]
B Vo.lute curve P : pressure [Pa]
h ’ he?ght.[m] Qc : cooling capacity [W]
k - spiral index [-] R : specific gas constant [J/kgK]
L :loss [W] r - radius [m]
/ : length [ml] -
T
t
v

el.: +82-32-835-8419; fax: +82-32-835-0772
E-mail address: kimhj@incheon.ac.kr We : compressor work [W]

- volume [m’]
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Table 1 Operating condition for ASHARE-

LBP
Symbol Description Value
Teva Evaporator Temp. C -23.3
Teon Condenser Temp. C 54.4
Tow Expansion Valve inlet 399
Temp. C
Ts Suction Temp. C 32.2
Ps Suction pressure[bar] 0.63
Pad Discharge pressurel[bar] 7.62
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Table 2 Design parameters
(a) Scroll wrap configuration

Symbol Description Value
a spiral coefficient[mm] 2.2
A Wrap height[mm] 20
t  Minimum wrap thickness[mm] 2.01
rs  Orbiting radius[mml] 2.8
¢a  Algebraic start angle[®] 131
¢e  Algebraic end angle[°] 638
k  Spiral index 0.9

(b) Reciprocating compressor configuration

Symbol Description Value
Dpst  Piston diameter[mm] 25
[ Connecting rod length[mm] 41.14
Ir Crank arm length[mm)] 10

167

Orbiting

unit [mm]
(a) Scroll based on algebraic spiral

. 1 0 Q/"ndel' PISton
Crank pin /y /r §
e e Q
Connecting rod\/ A \i

unit [mm]
(b) Reciprocating piston and cylinder
Fig. 3 Compression part.
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Fig. 5 P-V diagram of a R600a reciprocating
compressor : simulation vs. experiment.

Table 3 Performance comparison of simula-
tion results with experimental data

for a R600a reciprocating compressor

S/w Exp. Error[%]
Qc[W] 130 128.34 -1.3
WclW] 1075 105.29 2.1
COP 1.21 1.219 0.7
Atk AR ABFE AE 2k 2T F EirE
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Table 4 Gas compression performance : scroll

vs. reciprocating

scroll

Scroll  Rec. A——[%]
Rec.
Lin[W] 83.7 64.19 30.4%
ALoverl W] 14 10.91 -87.2%
ALieakage[ W] 13.2 - -
mlg/s] 0.699  0.504 38.7%
nad[ %6] 85.15 8548 -0.4%
nol %] 96.49  69.86 38.1%

SRR E

500+
400

300+

Gas Force [N]

0 " 90 180 270 360
Crank angle [deg.]
Fig. 8 Gas force : scroll vs. reciprocating.

Torque [N 'm]

0 90 180 270 360
Crank angle [deg.]

Fig. 9 Torque : scroll vs. reciprocating.
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Table 6 Performance comparison : scroll vs.

reciprocating
Scroll Reciprocating AM[%]
Rec.

QW] 234.3 169.0 38.6

WJ{W] 1203 110.5 89

Ccop 1.947 1.530 27.3
FTEH2 386% =2 W, 57] 9492 89% &
tgom® Aa COPE 27.3% =7 vebytth
52 2738 2y #Hst
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Table 5 Mechanical loss : scroll vs. reciprocating

Scroll Reciprocating

Lin[W] Useful work 83.7 Lin[W] Useful work 64.19
Lmecn[ W] Mechanical Loss 10.58 Lmech[ W] Mechanical Loss 17.69
LalW] Drive bearing Loss 4.22 Lop[W] Crank pin friction loss 1.59
Lmi[W] Main J/B Loss 391 Lis[W] J/B Loss 5

Lsi[W] Sub J/B Loss 1.29 Lo[W] Thrust friction loss 1.68
Luwrap[W] Wrap friction Loss 0.66 Lop[W] Piston pin friction loss 0.14
Lor[W] Oldham-ring friction Loss  0.41 LpstlW] Piston friction loss 9.13
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