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The Experimental Study on Performance Improvement under frost conditions

of the Heat Pump with Corrugate Shaped Fin and Two Compressors
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ABSTRACT: This study presents the experimental study on improvement of frost/defrost
performance in an heat pump system with newly developed fin and multiple compressors. As
multiple compressors system, the variable and single speed compressor combinations has been
introduced and compared with single speed 1-compressor system in a view point of improve-
ment of frost/defrost performance. Also, newly developed corrugate shaped fin has been
compared with conventional louver shaped fin. The frost/defrost performance is defined and
some parameters are compared to discuss the effect of each combination. From this experi-
mental study, it is known that if the variable and single speed compressor combination sys—
tem equipped with corrugate shaped fin, the system performance has greatly improved not
only for heating capacity, but alsc for frost performance.

Key words: Common accumulator{3-& olfF & °18), Frost/defrost(Z4 % A4, Variable
speed compressor(QIHE] £ #7PAY ¢4=7)), Corrugate shaped fin(ZHA0]E
%1), Louver shaped fin($® &), Two compressors{(¥ e ¢37])
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Fig. 1 Schematics of two-compressor heat
pump cycle with corrugate fin.
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Fig. 2 Schematic diagram of the common ac-
cumulator.
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Check Value

Fig. 3 The check valves equipped at compres—
sor outlets.
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Fig. 4 The 60% compressor oil level varia-
tion with time at only 40% compres-
sor working condition.



204 g&A-22E-

719} $-3Fu]§o] 6: 482 71 EH L-Tubed

Moo ) = 0 rg XA X Vg ®)

7-"'72/,(3)=pmeArxV(3) (6)

Ate Yol fF b8 6: 48 Eui=y Yo
ol A= 9 L-Tubed ©HHo] FUSnZ Yuf
9 £% HEE 6:42 o]Fox ZZY ¢&7)
L Fu o wa ed3Frt sMeEA " F
£ o]FEHNHE AHE3H FUFo HME FTH
Hol o7l gEd H2 $4A AAH e
717} #9497 98¢ 3o Yo BYIFe] Ut
st AT &4 FQ o4& Wd 4R A
g gzrz AEgdoz A Yo dFo] AA
ste Aol TR o) E WwABY] #3d &
Z7] E&Zd] Fig. 37 o] dH5¥x WBRE
Ax gt dF5ux dEo oFf FX ¢F7)
o] §do| £ B9 Wo YA FA HE
W7 YEE Fig. 4% 74 AHEE td3F 2ok
D715x7 &L ¢F719 Pt EE dFAEE
B3 2 &7 YRR ZFg3tt 28 gHEA
Wes g3 Jgou F4 &9 ¢4¥8 p.7t §439
Adkaty) WEd BALEAS WYY P
ol Fh 202 {50 HA3d fHe Z
gt @9 Enst g A B o &
Ho] Zaste olfe FAAG WFAUFe] ol
37] ol ARt gle Ae poo
P (P,)e] Apold] olsf fEo] TAsAL HF
W] dust e AL P9 P9 Ao mEL
2 o] A% $% FQYol ¢ Atk FHA
We7l e AL LYHZ(0il Sump) Mo
o gld 2Yo] F] Fo2 wWAriEA 249
27t gold ¥ AAMe AW Fx7t B2
AR (FIA E A Bl Zhgthelth ALAHA FF
o] WAt P 4ol P, A9 ZolAA FF
o] HAslez fHe wWEst #RFHA P
3 4R 99 dFEEEs g BEe
frEe ¥y wiolx, dFwA HE Qe
E 59 AA dEoltt. @ 40% ¢F717F &
12 AAEE FAdUd"H P AAHIGHLew
5o WELE P RO FolAER FY F
A&Hog Yyrjod EFZo FYHRE F
o] A%drct ol L YATITEYH oY #

r

\+4

A S

_|..('E

A

2

A - o

Table 1 Compressor matching strategy with
various loads

Ttem Variable Constant

Speed Speed
Low load Moderate Off
Cooling Rating Off ON
High load Low ON

Low load Off On-Off
. Rating Low ON
Heating ™75 High ON
-20C Max ON

P 4 Normal Cycle7( *\\T>

I

Frost Cycle

; >
Fig. 5 P-i1 diagram of frost effect on cycle
performance with R22.
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Corrugated Fin

(a) Slit Fin (b) Corrugated + Flat Fin

Fig. 6 Fin array to the direction of windward.

Top View Side View

Asymmetric
Inclination

L: Asymmetric
Height

Fig. 7 Views of the corrugated fin pattern.

Louver Fin

Corrugate Fin

Fig. 8 Temperature distribution for air and
fin surface under frost condition.
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Table 2 Temperature conditions
Temperature Moderate Heavy
() load load
Dry 20 10
Indoor
Wet 12 8
Dry 2 1
Qutdoor
Wet 1 1

Table 3 Test results of the operation mode

under frost condition

Compressor combination(variable+constant)
0 ng Factor 70Hz |Constant| 35Hz 65Hz
only only +const | +const
Heating time(min.) 30
Max. blowing
temp('C) 348 346 36.2 45.7
Min. blowing air
(%)
Operating rate
occupancy over 23 65 69 T
30C(%)
Min. blow
occupant rate(%) 70 9 4 4

Table 4 The specification of three test units

Specification #1 #2 #3
) Louvered ® @
Fin type
Corrugated o
Compressor Constant o
combination | Const.+65Hz ) o
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Fig. 9 Variation of indoor air blowing temperature under frost-defrost condition.
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Table 5 Frost formation of heat exchanger
surface according to time

Elapsed
Time| 5 min. 15 min. 25 min.
Type

Louver

Corrugate

:Constant speed compressor + Louvered fin(coofing}
% :Constant speed compressor + Louvered fin(heating)
I :inverter with constant speed x + Cormugate finheating)

capacity (%)

rating(27/19.5)

rating(7/6) -10
Temperature(TC)

Fig. 10 Comparison of capacity at different
working conditions.

F Atk B3, orlenst Ao yHY F¢
°JB1E1 ‘l‘-"}“r‘a ko] shA %ﬂ"]’d-‘—’-i'] 3
3H0E Z2PAA 110%e d3F do F&3
3t &0l 7igstth ol o], AuE 9 6]
Z3 SEYZ QoM A Y gd =
olE A& xF8lo ALgEud, FAY AT
olvel, Y% EE 34 Y £ L ¢
At

Jb

[y ¥4
I HE X oft 2

] A

4. 8 E

E @7AME A 548 FEANAT T4
o -10T A2 d¥sde AIY + e A=
= ALe2A AuEHFEH F&He §Fo] &
T U 45718 HEsn ARY ZYANE
BE AR AfolEY Aee #28 2F o
o Z2e 2EE AU

3

M) 4 2 AL @Iy FRY Aol



208 BEA - 22E

o] &3t AAY HzAAA W & S
TeF EE NS 0 ¥4 A £ 988
o EF A AILE 30% ol BEFgos
A ARZE A F4 A2 5 AN

@ A8 2 A2 sy ZY Ao Eg
ol-gstd Wt THE AF WEEY div 136%,
~10TAAM g A9 110%E 248 4 gith

) & 7oA AHEE TE oFEHHE
£33 Aol g e ¢F7] 718 AAHHUE 7
Folz, 4571 H del-2d fEL dAA
FAGL2A Alo]Z9 AHAFH PP Fn
& 5 U5e ¢ F U

il

bt

1. Stoecker, W. F. 1957, How frost formation on
coils affects refrigeration system, Refrigerating
engineering, 43 semiannual meeting of ASRE,
pp. 42-46.

2. Tassou, S. A., Marquand, C. J. and Wilson, D.
R., 1983, Comparison of the performance of ca-
pacity controlled and conventional on/off con—

B - ol 2t

trolled heat pumps, Applied Energy, Vol. 14,
pD. 241-256.

. Ikemoto, Y. 1999, Economic/environmental

aspect of modulation, refrigeration (in Japa-
nese), Vol. 74, No. 863, pp. 63-67.

. Ryu, Y. H, Hwang, Y. ], Kim, C.M,, Cho, K.

S., 2002, Benchmark performance analysis of
vapor compressor system with capacity mod-
ulation compressor, Korean Journal of Air-
Conditioning and Refrigeration Engineering,
Vol. 14, No. 2, pp. 98-107.

. Kim, C.M,, Hwang, Y. J.,, Chung, B. Y., 2003,

The experimental study on uniform distri-
bution of oil at the air conditioning system
using two compressors, Korean Journal of Air-
Conditioning and Refrigeration FEngineering,
Vol. 15, No. 2, pp. 103-108.

. O’Neal, D. L, Kondepudi, S. N., 1989, Effect

of frost growth on the performance of lou-
vered finned tube heat exchangers, Int. J. of
refrigeration, Vol. 12, No.3, pp. 151-158.



