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Investigation on Heat Transfer in Scroll Compressor
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Abstract

In the present study, the compression process in scroll compressor was simulated in consideration of
flow leakage and heat transfer. Tangential and radial leakages of the refrigerant between the scrolls
were considered as nozzle flow. The experiment was first conducted with a scroll compressor for
automobile air conditioning system and Rl134a as a refrigerant. Temperature and pressure were
measured at the suction and discharge ports of the compressor to determine the thermodynamic states
of the refrigerant flow. Temperature distribution of the scroll with the involute angle was also measured
by thermocouples that were installed inside the scroll. Measured temperature distribution was compared
with the numerical results. From this result, the thermal effect of mechanical contact was found to be
important in heat transfer of the compression process.

: Nusselt
4 [Pal
Hedo] [m]

Prandtl &

FTRZITTRADOL
=)

< < v

T KAIST 717188 ofetl
E-mail : kitaejang@kaist.ac.kr
TEL : (042)869-3079

* KAIST 7] 7% %}

FAX : (02)869-8207 = o

199

q4La#=F (]

: Reynolds

<& [K]
A4 [s]
A [m’]

B A A [m’/kg]

Jd2|A~ 2Xt
A FaA 5 [m/s]
5| ~2Z0] 3 A [m]
2% [kg/m’]

.M 2

— Yo AHHA dFHAHo

=2 a8 AdE, ALs 59 A
I Qoj Ee Fofo|a ARgE I 9l



2003

=
)
=2
bate)
rlo
) - i)

2
He
H o
oo o off o W z0 & mx rjo Bt P fo

571 el Ae]
elsih Aadu

fooX 2 oh ook O T N ko ox 39 N

ﬁ
J{N‘
3;
é
i)

ol

?ﬂ ]TO]X]"’ A
57 PMP(Perfect Meshing
Profile) =3 & —é Jo 2 o]FojZ AFAE A3
AF71el tiste] AlEHoel A o gk A5l A
SAE? o] AFME FAHSE =E FFL
7 ste]l ARkl o, W]l Ri34as] AA
2l o] &5l wgt E%HQEQ] 7
sAA T,
1] 2 9kth. Sunder+=
Yool EH9gA <
TolA = et 23 F
ofyelt ~aE 51k

glon, A9 Eatol

Leet

X

=

¥

RlORL o2 RU o miy

1A

Kooy off
X o e

2l
B
&

A

O

o
2
J{N‘
U
ol
o
X
r>~ i
ot
o
38
o

o
o
s

o

e

o

-

o O b to o Rkl opt -

=2
>

o el omu [ ShFR W AR

3@ 4t [U 8 o Ok g
i) il
£ s
Lo .
e
29
v
2
i)
o,
f
i)
3
>

B oA
dpez ael e
ARG & 4] oA
Quist 222 Apele] gAY

9

)
o
__(’)g

: &
o
—_
=y e
zr
it 2 (o 42 to

L

-y

i

¢
.

>,
&N 32

200

2 AE A Y ME Y
2.1 TAH A FHx

Fig. 12 23E 457] 43S 913 A 23

AR g AfFEelth FVIE ATAE ¥

Z 7)7)o] AMEEE AOZA 130 ced 29

2% ¢}&7] o]t} (Mitsubishi, Model : MSC 130
CV). 4F7]0 AlgHo A= 2ULS PAGAH WF

7]14-(SUN PAG 56)°]™, yvlli= R134aS A}E-3}

Atk $571E B4 4FF dwsszA Y
o WA glstel WAFE Agagon, W
G ofgel 2w 24 flske] $57] Q7o
= FPAE At PP BwnE AR 1
A xAo] bsd vy WHE AgIAL, F
W72 o] A3E FAAY du)E A}

HAA G =S A3

e AlolZel WEE FAh. B8 13 2
A AL AH71e) el F7o A
of ol FAFEC] IF719 Evf A A
AN o AHgseld & RS F9
=3
22 1 A3 E
B Aol g 2289 AFol LA
g Aol 24 FA 9457 e 2a%
AYel Ao L% RES ANROE S
AAE XEAAELS 19 /M9 AU (K-type)E=
A, o5 1A 2OE] dW(=IE HWolH)e
2Ry Fd pYer ASlHel 238 AY ¥
ole] Fito] &= A AAEHT olE €A
Condenser <

9 Compressor

\/ Expansion

A Valve

9 Motor

Evaporator |
Inverter

Fig. 1 Schematic diagram of the overall

apparatus



2003

o

ok I

4 =
o 2

20, 30, 40, 50, 60 H
) = /\lﬁoﬂ}q
3 HEHE 4=
o ol A9
Axel exsh o
oA ex BE
@ o]% Alzwle] ] A%
meh el Qs A Al =2k AL 8
Q1% Fol Z4AT

>
=

e
o

(03
AN

Iy
ST )

2 offf m g oy o Ot 2 o T )

AOL'
rzi
2 )
H
_>.:
5L}
offl
it
>

E

g
>
Lo
rlo
jul
N
N
>
o
2

AEE Tt TG SRS E 457)9
EEdEe I FddEe gaditge A
AE 4 S Ak ol 3 HG Frbel uh
A Yulo] feFo] F7Fste] AlElo| Aol a1t
3 Ate] Aol7t F7betr] wiEolth T 3] A
Fo] Z7ld WA EELLE F9ewd Hlst
o 4<% AA 71

Fig. 3& 114 4329 &% By g =4

Fig. 2 Installation of the thermocouples

on the fixed scroll

201

A}o) T}, Fig. 304
%iﬁMlﬂ%?ﬁﬁ%i@Eiﬁ,aﬂﬂ

vE ng A2% A9
FhasE Awdon ks, o JeE
1

0% S7hethes ARSI 5tk o)E
o] EE2rEe FUMgol FULES FUHE
H2oh oS 37] gEett” SAe e REe
o] AlEEeld Adkel nlusty] fste] A
o)A
4. Al Eefo|H
41 2R
TR T WYY F9, 4F Fo EEd
A, 2 Fdd Wi AFgREe BE =F
FooR 7Hgste] g AorREH it
dt _CdfosoA Z(h _hSO (1)
A7|A AL o= EF R AERZY]
9} wZ 3 gHo7RE T FES
UERH, 2 At e o3l =E {50
2kl 7Rgste] G0 whe 1.00.2 4 Ekqltt

140
—&— 20 Hz
120 - —e—30Hz
—A— 40 Hz

[o2]
o

Temperature, T[°C]

N B
o o
T T T T
~
-

T 19J
0 " 1 " 1 " 1 " 1 " 1 " 1 " 1
300 400 500 600 700 800 900 1000

Involute angle, 6 [degree]
Fig. 3 Temperature distribution in the fixed

scroll wrap



2003

Waje] 2Ev Fdsitta 7 ESla, el
2EWEES duA] AN ZEEH vy
o] F-&k3lth
dT _ [ d@ _ dm; _
dt _{ dt + 2 hi—h) dt
dV _  dm o\ _ [ OP
(=) (22) = of-28) ]}

U (55) - A7),

v

| (2)

Wujel 235 Ay 845N dHdEs 1y
sl7] 9138k, Fig. 4ol Yebd wpe} o] a1
A= 3 23E5S 44 3079 AEFE 4=
S 2t 20709 24R RESATH B A4
= olE 84aF UHAdAe 2= Exs wdd
ol 7188kl

4.4 AHEA T

Yol 235 X3P SLES

dRGATE A
o2 # 4#W 29 Dittus-Boelter ]S Al&
a3t

1
Nup =0.023 Rep, **Pr * (3)

o714 D= FEAAF o RN 23t o] e
BN

ET?)\

Fig. 4 Differentiated scroll wrap segments

202

_4A _ 2Hd
D=y = +a (4)
A7 de= 1A 23E AP ase Id &
AE AY 847ke] Age|t}
4.5 ALkt
Yuizb FAEA EEE7I7EAS gl A
Yol e wste Wule] d@Wsts, 2=

Wk, A Ao HEEHE o HelE
g Aol Al4keli= 4 7 Runge-Kutta WHS A&

319131, R134a9] AFEfFS Wilson and Basun®9]
AEZ2HY Fedn. Ale] FHERAS EE
T F7] U EEd TR fYHeE W
fe] 2Eet nA AFFY 3 AFFod A
7 QAT ELEo]l BT ol Alo]FolAld]
TEE Fojxl SxAk W9 HalA FdaA=
o= HAsSl
5. AAtZ o 2 oA

FAY drdo] e EHAA wH &
FEFES AR Ssto], Hd W v, A
Wk A, Yuel ~23E XF bl Ui 4
A, 235 AF oA dojys A3 845
Abele] A= ddde] m#d A9 A
R A5 dd AMNES TS FAY
Akl A s Aol Fakste AW 1t
=3, AN wAHol st HFWE a2
247y s m=EA FLsA AAgske] AlLtesith

5.1 oo 2=t

Fig. 5% AWE Y 3 H57F 40 HzRl 749
giste] 3H ~aF9] Mol wE Yo &%
W3S AAEEE otk ageAMe] 7EE Ut
I ZE 7S vERdth
[1]: 7 o] gl A5
2] : @dEe §la, ZAuE FAaTe] EAshe=
735

3] : dEe o, AW FA wAwe
Aol EAEkE A

4] : A ddge fla, g w4, v
& A, UF gl EAsE 4



2003

fot
ro
© o

TN o
fe el H p

=
e

i)
__}g{

2
o
n
i)
Ey
K

o o lo
oy iz = /%2
£

offt L o Al
o ng (= 2

A WE S Ro A= WYu) 2 EE]
ol A=A F HdFo
th ool Wn LX) o4 F
o] 2xrT} Folx|7] AlFeheE
wolth EEE7|7A S AA
AhdgS o #s 7AYo
e osix %7t F7

1

AR I )
£
B
I

N
=

B

oL T
Foor B lUf e o

tlo
o |r
Ay
o N
~ 2o
=)
ol

2
o e
2 o

rlr o 2
=
Hu o

=2 o

oo

O Hd z8 XN ooff o mit u@ ox T oft
B

X
4=

)]
(98]
Rl
Fn

2
Rl

n

100

Temperature [ °C ]

0 180 360 540 720 900
Orbiting angle [degree]

Fig. 5 Temperature of refrigerant with orbiting

angle

203

2.0
1.8

—m=— 20 Hz

1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

Total Heat [ J ]

1 1 1 1 1
0 180 360 540 720 900 1080
Orbiting angle [degree]

Fig. 6 Total heat transfer from enclosing scroll

wrap elements to the refrigerant

Fig. 72 QIMEle] 347} 20 Hz9 40 Hzd
2AEe] 7 AY 8245 Abold] Ak
T AF AP 2axmhH AdHE 4
Hitghs dEbdh 2 gl st
Ae drdge] o9 aA vebds & 71
@A 2= Fuj7h o
A7) wEolh e dAT 3ol disko,

Tkl Ao M dddEo]
2 FEdAe grts A4 yedn ols &
AE AY THHRIMY 2k vt e §E
Hop= o 7] witel v

1A

i

a2
1o

o

(5}
T
O

H
T
O
o}

w
T

N
T

Y
T

Heat transfer rate [ Watt ]
o

540 720 900

360
Involute angle [degree]

180 1080

Fig. 7 Conduction heat transfer rate from the inner

scroll element



2003

54 01 AFE XYM 2 Bx
Fig. 82 QIWE 9] 3|W47F 40 HzY o, €A
9GS aEg Aol AdEE 1 2aE AF
el & Fxet A SAHR 2 X
g ulasle] Yehd Aolth aWomRE dE
gd9e g Fgel AAHA L= Tz
Bagths ARES % F7b ek Fig slM @
T oQFel AN LE BIE Z4H L% B
of we Aols yehn vk S4E exsl
A AR dubdow #7 yehdar gle
W, 248 L% FulE e Anecs 4
et A Awel 54 Anst 2 Aoz
Holz AL A7 x| At 14 =3
23} 37 23% Aol AF dAGS wels
Al SSk7] wiitolth wEkA AT E Uiol A €]
Yo 58S 19 W 23E Abole] HF
o] o3t JaFo] Fa3} AT o FEm,
U 2dd BEeA 3 AyE medsior dn
3l AR E )
6. 2&
2 AFolM = 2aE 457 delAe i
A& oF A Feo| A Falo] Tl o
80
70
—_ "A. A
O 60 e
?_. A
o
E] 50
o
40
5
30T 40 Hz
—a— Convection only
20 .-e-- Convection & Conductlon
A - Measurement
10 1 1 1 1 1

0 180 360 540 720 900
Involute angle [degree]

1080

Fig. 8 Temperature distribution in the fixed scroll
for the inverter frequency of 40 Hz

204

(1)

2

3)

“4)

)

(6)

()

®)

Etemad, S. J., 1989, Design
optimization of the scroll compressor, Int. J.
Refrigeration, Vol. 12, pp. 146~150.

G. H.,
of

system using scroll compressor,

and Nieter,

Lee, 1998, Performance analysis and

simulation automobile air conditioning

Ph.D. thesis,
Seoul National University, Korea.
Caillat, D. L., Ni, S. and Daniels, M., 1988, A

computer model for scroll compressors, Proc.

of Compressor Engineering at Purdue, pp.
47~55.

Kang, T., 1996, The performance of a scroll
1~D

modeling and heat transfer effect, MS thesis,

compressor considering  quasi leakage
Hanyang University, Korea.

Suejufi, K., Shiibayshi, M., Minakata, F. and
Tojo, K., 1988, Deformation analysis of scroll
members in hermetic scroll compressors for air
conditioners, Compressor at
Purdue, pp. 583~590.

S.,

transfer modeling of a

Engineering
Sunder, 1996, Thermodynamic and heat
pump, Ph.D.
Massachusetts Institute of Technology,

scroll
thesis,
USA.
Jang, K. and Jeong, S, 2001,
the Heat Effect

Process of Scroll Compressor,

Investigation on

Transfer to Compression
Proceedings of
the SAREK 2001 Winter Annual Conference,
pp. 726~731.

Wilson, D. P.

Thermodynamics

and Basu, R.
properties

S., 1988,
of a new

working  fluid-R134a,
Vol. 94, Part 2, pp.

stratospherically ~ safe
ASHRAE Transaction,
2095~2118.



	INDEX
	제1발표장
	제2발표장
	제3발표장
	제4발표장
	제5발표장
	제6발표장
	제7발표장




