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ABSTRACT: Flow condensation heat transfer coefficients (HTCs) of R22 and Rl34a were
measured on a horizontal 9 hole aluminum multi-channel tube. The main test section in the
refrigerant loop was made of a flat multi-channel aluminum tube of 1.4 mm hydraulic diame-
ter and 0.53m length. Refrigerant was cooled by passing cold water through an annulus
surrounding the test section. Data were obtained in the vapor qualities of 0.1~09 at mass
flux of 200~400 kg/m’s and heat flux of 7.3~7.7kW/m® at the saturation temperature of 40C.
All popular correlations in single-phase subcooled liquid and flow condensation originally
developed for large single tubes predicted the present data of the flat tube within 20% devia-
tion when effective heat transfer area is used in determining experimental data. This suggests
that there is little change in flow characteristics and patterns when the tube diameter is re-
duced down to 14mm diameter range. Thermal insulation for the outer tube section sur-
rounding the test tube for the transport of heat transfer fluid is very important in fluid heat-
ing or cooling type heat transfer experimental apparatus.

Key words: Flow condensation(Z& -$%), Multi-channel flat tube(t}x]d ) R22(:d]
22), R134a(y #]134a)

72l ey D : A& [m]
G D AFHE (kg/m’s]
A cdAg 9 [mf] h : dREAS [W/mK]
Cr e [k)/keK] mo o AFFF (ke/s]
P €9 [m]
¥ Corresponding author Q P E% W]
Tel.: +82-32-860-7320; fax: +82-32-863-2270 T €& [Kor Tl
E-mail address: dsjung@inha.ac.kr X A= [H]



590 RN

S A}

avg : BTA

c gl

cal o R
eff CRE
exp  AEA
3 4" A
in AT
out tET
7 AR
w BEa e
wall 9
LM =

B E 32 (CFC), 431931834 (HCFC)
52 $5% 4F g Ad A F ¥/
FZ EBotollA da ArgEEo stk 28y CFC
o} HCFC W¥vldl =3d d47t 454 &
< FI3AAE Fa YdojEn 4R FHEH
AAA diEEe Z/AEL BEIHLAAHA Y A
H3n LEZE SN SAEY AN, F
g, AHE-& TFASIL ot

8 HIZde AF &dd EAV dFH
A AdAZ Y 298 Eol7] 98 dviA &
€2 FoEn & =38 st Utk o E A

Ch
o @Wel AMEHE WE/FE7Y ddA &E

%0124 dugrlel 2&E EooF §iH, o &
Al =719 AEHE SE5RA A 5F §
=1 d%ﬂ%?ﬂ—? ZR3% dazt 3o

7189 AR 27 &F71dE dif WAl

6mm o]de ¥4y F@o] AMEEHL Utk 1¥
U oovx g8 FTdo 3v FIFE 22 F
°]7] & WAl 2mm °|3te] PlAHAE ALEE
of 3tk Fo] }eox Ut} o]F FAHE
g7l g8 olv] 2@ AREH AFA FEI)9
Z71e 99 A9 nAAdR 748 GAd
HA(Multi channel flat tube)oE A ZAHI
oo gaAlld HEde 7EY] 4 v &Y
Aol Fu FAZ 7tyn €32 45l %7
g & AM3E I HAA nEEY A& &

Fae AEae dugrg FAe o vl
2 gt3tet.

30 o o mx

A%

olo whg} 1990 W] FurEE AFAE HAH
o ¥ dAF7t gHo= —rﬁﬁﬂﬁiﬁ} Yang
and WebbV'& 4719 Adg 7HAY 48 ZHo
264mme HAAELE A& AFA °ﬂ°174°ﬂ
*P%Elﬂ R129} 2 dlAYuidd R134ad] digh &
£ A9e Y9 AP S 75 %
Petukhov(Z) AaAo], AFfHEo] F& 3
29 7% Akers et al.¥9 AT 20] "a“ﬁ
& d23dn Bustdor. 8 Kim et al
Yang and WebbV'e] AgAz)e HAS A¥F
A& A3l 79 AldE A £ F Ao
141 mm? HRFAE AE3A R228F R410A)
g 28 &5 HAES Y92 Yang and

Webb e Az}el vl&d AHE AU

ol

o\o —\o u

w i, o
N rlo o

Jeon et al®& 10719 AMAE 7AW 8 F
7ol 146mm<l FHHAS 7F1{ 1L Rl34a i%
4% dAdg B d7sdeny Ay it &
%9 79 Gnielinski” Agale], AFH& ] v
& 58 29 7#$ Traviss et al®e 434
ol AEAE /MF & dFFIgn EJ—E}S’\RE}

AFAA 38 diiEe AF474E Y 7
9 2y fEe Aee ey F ¥ vdB
o] Aadol HaAw W viMae A¥XE F
23 F2AM F d=3A g Aol 6mm oY
9 Ty ARJ/ 20% A=Y LXE A F
45+ Shah®U Dobson and Chato™ 59 =
& % a4 v4 HAANMY BF $F

Ag doJEE 50% o4 HuHrse AR
velgth gelAd uA DS ALSstd o]
HE d1 olg wigoz AaAAS ALy 9
P 71Ee] dddo HEHE FHE o
e mAde] JEe HAFA HLYE ¢ e
V& gsjor stk

R22%& dA 444 2 7H1AHE 327494 €
g A4E3n Jey oF&2 Fid A3 243
59 FAEAZ Qs ZESAdAHMAA A
22 AHgzen, Y 48 AL A A=
Az=He F27)dE RRE 238 A ZsA 3
3 ek FARIIL W FoG AR AYH
3 U A" 2F2L BIEET X &
&% SUAFIE B WH FAFE Fo|Y)
A8 7L Fx7A=E gAY E Agsty &
2oy Juwe A4 "ast g
o B dFoMe #8 Ao 14mm &



oo o o

o H&%

2.1 AEEA

Fig.1& 24 A 4

tAld ¢F0E oy R229 Ridda] 58 ¢ 943 A% v

AH&-
d

$Ael Aol

dste FrEFH
3 dugs
Ax 49§
ojm PZo o3

Yo &8s

Refrigerant
inlet

AeA+E A3 oA
& Hlashn
4g o2l A mlagdel ol B
F 9e7tg #dd nag @,

7 5% $% 942 4%
497

dd Woie "gnﬂ SQEQ} °ﬂ§7la A A
= Ho FAFPAA

A

FA7171 flef AHE
k:

S R2st RIBESl @ GRRARO

591

Constant temp. bath(Water)

7] & "I “:‘}O‘:—] 3&0“ Mass flow
Y for water

®

Piate type
condenser

Accumulator|

Refrigerant pump

aA Ju g

_Q Water pump
)

meter

Test section

®: RTO

Bypass i
valve

Mass flow meter  Preheater
for refrigerant

Filter

@®: Pressure transduser

P
Calming secticn

Fig. 1 Schematic diagram of test apparatus.

& T4 ¥ 9]7 1588 mm, Z°] 8000 mme] & el 27

F E-dEdS 8mmée] # Z3]E|(Sheath heater)E& %o A 9
kWE 858 & U=E AZgxn
FAXNE AHEsle 4 gr)e FF 4%FE =H3F
Aok 997 HAdE 4000mm A= 9¥€d #

7Hd 14 3

Bel $xo] N3 FFHe2 1 2 AXad Wik vdE AN fEHUA

_.§

Nylti}Qinge

g AX 5o AF §7)9) %

8 oAl eBEe Hge ARG B9
& AHEEA g3 Fig. 24 &
F e AU sadd Aze 4 g2 A
F3E 247 93 A5 e, dBe
FAglo]l 02%9 AREE FFE
LR

AAXE 718

e

FIYHE °JFA & F AFF E7=SF

A3} Zol FAYRE o5 §

2L ¢FvFE HH#TL
Ud e Zg2go2 A#s
o @3} 4slz o 1.5~2mmel HF-E 2

AE AEsAT ddre AT £ FAYF FHe ZARA] 94 5

:::::::::

IAB View]
Enoxy T-type thermocouples{36 gage)
Nylon
Aluminum Fiat Tub 0]

Pe=—vaak
Epoxy

84

Thermocoyple locations
NyIange
Waterl
inlet ann mumnu
View |
A
+

:::::::::

Water
outlet
iz Zh
:::::’:—::f:::“’:—s»:f\:::"::e:’:::::@
-
\
B \ Atuminum Fiat Tube
2. 75 5
_%}_ =_75+75=530+75:75.75#=|2
" (Unit : mm) '

Fig. 2 Details of test section.

Refrigerant

outlet
—_—



592 Mgz - a3

04

(o G e

1.2

|
175 | [ 091

Fig. 3 Multi channel test tube.

¥ EetrgHom AR d&de H2gE3
o Fig.32 £ d3dA A% dFnw B8
e HAEn FAPFAME B Yort &
23 HET 9B Alele] &4 Fih 0] 32
Al st dFFE o) nRHUT Fig. 204 &

Axel Azl do] mEHEe FAYFY Ho

e

530 mmel™ Wujel 4F FAFE 75mm
o DALFE EANFE ALEIY VP 9% X
deoll & 18719 T-type GAUE AFAAH A7
228 AF SAsY

B FAFRGM PojE EE2A717) 8 A
£HE B9 &EE 9AsA 37l 98 8kwWH
ez E ALEET AIE B AgE dFS

o

ZA4%7) AN e FAYEFE FHte EY K
FE FAME 39 o8 A A WujZe A}
€8 A% 2 FTHA AY FHFAE A
0. o2 FAFFAM 42 2 Fejel gl
€ #YA7171 98 R2 Y FEIMYR &
d dugrEg ol &3t YA =g Ao
Rt

FAHE dETAA Yrlg} o] 258 £
&7 98 HYE7}l 001T RIDE A3 3
dolZel €L 01% AYEE 7Hd ghEAR
Ao FAFRE g Hgte A3
A A 01% FEEE A JFYAE AL
Ak, Ao Al EE EAde 4y =AZAE
B AR A AW A RAHUD Bo®
48, 7 AY Fo RE AIZE AFEHe @
248 dog & AAAM £33,

22 MWy @ =dA

-

AFAE R229 Ri3daE Wwlz ALLE
Z Yoo 8] $ELEE 40102CE, A
5L 200, 300, 40 kg/m’se 2, HE A4

-G5S

& 73~77kW/mlez nAde 2498 483
At

AL dtrlol] 4A HA HdEIAE A A
T 1A e T HAF YalE Fsin
Wl 3, dE7] 4%, §Y FNE 22E
A FAA 29 229 §3%, I459 &
T¢ 24 A3k BY gee 229 o
AR A LR, 4, % 5 ol 5
Ao A ok 2083 FHATH

ol il off nd

v

NS ALsld A #FfFE(Mass flux)e 2A
gt B AP ALEE BEHR] F gEy
(A2 Ye Zeo] Aitdd.

PR I DRE

2% (0.91 1.2+ 7 /2% 0.56%=3.1692 mm*
B ool3 7 o] %
1.75%X1.2X7=14.7 mm"
= e
3.162+14.7=17.862 mm?®
24 MEXIZO| M2l ¥ SHAM

A ASZA L AP E FAs7] e &
A FEdA Hest 48 499 43 FAY
o] &2 EFE FAsAh Fig. 494 B &+
A5l F dFe A 5% oludM T U3}
Fomz ddol AFsA olFolFHu AZSAA
7t AEE ¢ & ARG dH U )
o FEY IHL AHFARZ EHFHIUG 497
T A Yoo 2xo) gty S ZHFgoaH o
g3 & AANReH d497] 79 dgyE 9
YA BEFAEL o]l&3ty o F YAt FAE
£ et AHE 4971 &7, & FAER



gid 4F0F Hugy R22%9 Riddadl 38 ¢ 949 A% vn 593

500 -
. | Subcooled Liquid Test Ry bl
O Ra22 e
’ O/
400 b= O R134a S
Lo
- - Cf
+3% /
.
300 f= /
-3%
<
200 f=
100 |-
-
Y VS TR TR W
0 100 200 300 400 500
Qw

Fig. 4 Heat balance for single-phase liquid flow.

A7 FHE & F AvA RENAG el
ANE AHEE 78 £ o WulE dHgA
+& 73w AL S 2o dAA FAYR
59 %% JET SEAE o83 dFe
FAsta 18709 AU gL 2o BT e
Tt ERXER AMSstn A yiE o4
A -‘?—E ol el ol %i‘a T3] (1)
o A2l 3 EAEAFE T

Q,

b= T~ THA

(1
Qw = Qr = ’hw pr( Tw,out - Tw,in) v

AMDA WEAS 98 Ae daAld oA
o) 7} zae AA W 4 =L
A T GAGAFE 972 duldy § AR
A9 FE dAGAFI} ol YoiE Y79
ET AlolY] AA AxCAMY HiE GASA 5ol
o @R olgEA T3 HF dHEAFI FR
RZAFA F28A 3171 9t Y2 g
¢ &79 Ax=xE HAissdn dAgAs &
Ao we EHAAHE Kline and McClintock™®
o] AT AL g3l odEHIPgon RE
Yool i3] 5% wlwez el

vtxjgto 2 AgFAe) sl I} kxR Fag
A& dFstazr o FAFERAE 3009
E mivte] 2o dol AdHy, meix g&4

e

o] dHZAF nXE g g =
AFANE A& FAARE AFsHUM Yang
and Webb™e] FA1 @59} wxaA Hud 79
of Bo] 32E RYE FY¥TYlor wEy F
APE GZe] EdA GA FEFEezE BE
g4 B A}o]B Bo] 524 HUH(Fig.2 FZ).
oY duFold FEFWY AS QAEE
7t Mg ol & HHAA do] AE A& B
# QA3 2PN AA FsY FEe vy
Feos EFdn ddA FHLEs A3
EL AL ¢ 5 YU £ oA AN Qe
Ul Ay FALAFE B =89 AR 50%
old ¥A Ugth 2 9 2ARS :}%}ﬂ Fig.
201 QE AHY Bo] z2E '7:'-14 REE
AAEE} WS e YgEo rﬂxﬂﬂ A%
Ae g¥d 9d aHE AYw A& S50l A
Welsh B Alolel olUx WHAE wje A U
goh B2 JdEe EFUHLE 94 Zrﬂu e
s gold wdol Ao WA oEojHLS

#AY 4 YUk 2HEZ B A7 AP

N

AR NgR FANN FAE B9 Qo) Aey
£ A% 94 #A% g 2od S 52

A zsr) Y w=A gdd ZHF FL AEE
AR sl 7o HIHE Y8 dATET)
< A8E AEdte A FA XS ¥ 7
AN BT AAZ H4dE 22 Eg29 A
o 7HEARL 58T JF APoiAA gt

3. €3 o aF

2 d7ME 9788 Ade HAY ¥ 47

] 14mrn°1 ¢FulE FFELS A 40T

% % oA AFH4ES 200, 300, 400kg/m’se

Fo] 7bv R229} R134a] 9% #% 2 &
HeAsrE FHA

o

31 oA R dMYA S

Fig.5& #4 @& #%F dHolHs g &%
€A 7 gl AgsEle A 7R B8y
o 9% AF2AE A dolg2 FH BAE
o d714 delez2 £ 49 HA(D,)E 7]
To2 AEFReH 9 AR D,E BF A
He dz F 9dd(A)E o W Fstn Be



594 PEEREE R

8000
Experimental fluid : R22
| o] Experimental Data
[ ] Dittus-Boelter Eq.
| Gnielinski Eq.
A Petukhov Eq.
4000 r
9 -
A
= ‘AA -
E | -
A
s . p®
£ 20 o
2000 f= a® 8 o’ P
N 8 @ Q
N 6 [s]
L
|0
o
0 2 l A l 'l
0 2000 4000 6000 8000 10000 12000

ReDh

Fig. 5 Experimental data and predictions for
single-phase liquid flow.

FA(P)Z Y goly B Hude A 14
mm©] o},

Fig.5914 & 4 S1%¢] Gnielinski,” Dittus
and Boelter,”® 221 Petukhov? A#ae o
oA R22 B AY dlolEE 55~90% A
= Fdigstgch & 294 R134a dHolEE ¥
o9 |WF EF3ZE Ri3da dolEe FHFHFRA
T R134a9] ASo= 5493 2747 YErHth

2001'd = Sobhan and Garimella"& W7o
50utel A2 Ml E o]ide] ddFAME FAH 4
£4g 7HHsteE o A7 glon mEA gt
%9 Z% Dittus and Boeltor™ 24 52
HEd £ &S U 2yez B dFdA
AHEE =8 A Aol 14mme HAT HPENA
o i fEL JIEY & AA ddFAM Y
3 g vt 9l Aoz oidEY uetA A
#Faa 2 dojg et o]y trE A LA =

o2 FAY F doth. 1YY AN wIl o
2 oux 73 d¥e BN FAEEY ©d
I AF Fulole A7F g&S U ER
FaD e AT gd AF Aol o))
Aok Fd FE3A H Uk

AR B AgolA A-8% Fude sl &
o gle wAM# e 22 £ A 7Y
2YAL HHEY & HolE LAY 5 Yt
2 Ao A ALES FRde b =
oA #e A Az 9 2 X2 Y 22

(o4

p
p

o

3EF

6000

Experimental fiuid : R22
[e] Experimental Data
® Dittus-Boelter Eq.
= Gnielinski Eq.

A Petukhov Eq.

4000 r—

[ i#
2000 = ‘éii
1

547

h(W/m2K)

A
"
. . ] . ] N
) 2000 4000 6000 8000 10000 12000
Rep,

Fig. 6 Modified experimental data and predic-
tions for single-phase liquid flow.

obel REBo|m(Fig.3 %) nAEY % ge
B Jule £55} govz vdd Aoz 2
& oo weel 598 49 A7 Agne
4ol %a\g— getsbd AANA do) HYH
% aeEz Jud ue RE nABg 59
A0 $9% ©d AyBoz AHeE AL
FelHelA wem o2 Ay & At waR

A 0
T

g 4 ok ol ool HBH U]
2o MARAN F @ WAL A% AAZ
Qo) AEHE FEVH(A,)E AT A(AA
2 B2y A 615%) 2 &4 FAAW
Qo Az d4eA4E 2R Fig.6& oY
A 78w #5 PAT ABA59 o
@ daA7 ABase LAWY +29 6~15
% ol 2 YA BolFT U o) A
Nl 94 4% 94T 4BAe oAd wg
2ol 2A7e mAB) ALY F dou olHel
@AYol Yol FEAUNL et B 1
o E,

32 58 8% AT

Figs. 7~9% A %%< 200, 300, 400 kg/m’sol
A Az 1 o E Yulsgyg 28 gAGASF
& RoFE

€%°¢°l 200 kg/m’sQl 7S R134a9) AHD
Ad4E R229 A wlsgon 300, 400 kg/m’s



chAid dF0lE Hudu R229% R13ad) 58 5% 442 4% vu 595

6000
Muiti channel tube
L G=200 kg/m?s
O R22
O R134a
. 4000 =
4
Y]
E -
2 B
O
= e}
2000 = g a o @
o 2 l 2 . A l 'l I ']
0 0.2 0.4 0.6 0.8 1
Xavg

Fig. 7 HTCs of R22 and Rl34a at 200 kg/mzs
in a multi channel tube.

6000
Multi channel tube
L G=300 kg/m3s
O R22
0 Ri34a
. 4000
£
E L & (@]
3 8
O
£ O
2000 b= o 8 &
ol o 1 . 1 . 1
0 0.2 04 0.6 0.8 1
Xavg

Fig. 8 HTCs of R22 and R134a at 300 kg/m’s
in a multi channel tube.

9l A$ R2MTH 2+ 3% 10% AE & A
o2 etk Kim et al™®e 7o) 882mm
¢l @A R22, Ri34aZ E¢E 9F 71/ &
T 58 $& dARAFE FAT v 2
td IEe] #3 R229 Ri34a HiolEE <A
2 Agelq HuadN e Ay Ao 4
¥ 2AE Uehidth B2 F 96 2R o
8 =7l Frhge] we AGAFE FHA
ohoold Ag FYHoZ AME W WAl 14
mme] WABINY 55 $3F9 FE FAoly

Multi channel tube
G=400 kg/m?s

(@] R22
] R134a
4000 |-

]
< -
E I o Yo ©
by O o O
3 O o
E oo

2000 |- oo
% @]

Xavg

Fig. 9 HTCs of R22 and Rl34a at 400 kg/m’s
in a multi channel tube.

54 B4 %59 399 stz Uy v
g Amel F9s w@AN 2A WA st
o 348 % Qe

33 Bt ATRES B8 S5 ABAY A
Glolel Hm

Fig. 107} Fig. 112 £ 47904 ZFFH<E 300
kg/m’s| A A& R22¢} R134a dlolHY e =
AM ZFHA oz &g HelHES BdFEth
AP v TE M E FAAA HF de
o2&l A Akers et al,”® Traviss et al,® Shah®
Dobson and Chato™®¢] 4823 #I9 Kim et
al’® So] o £F Wrio vojHE oz
A FE AT/ LS o]&FHY. Table 19 9
BEe 939 AYexE HoFEh oA 3§
b2 AFHol & AL Akers et al.®o Any
o] A F7F HolEx= £ 50,0008 V2o = @
A} Aol T 2 ydde FHoltl

Fig. 107} Fig. 118 R Akers et al.o] A# 2]
o] @A dolgE /g F dFd}e RAAHY
Holn g A7AE9 AL dyf 48X
30~40% HuF7Mele AXNE B a8y 4
AZ Akers et al.9] A#HAL 1 F @ g
. B Ay dolge H$ 5 #Holsx £}
EF 10000 uwtejzm2 AAZ Akers et al?
FEAAA F7F HolsR 47t 50,000 vkl A



59 AYgE -
10000
- 1 Multi channel tube
R22 G=300 kg/m?s hakers et al.(Re<50000)
3000 =
o hoobson and Chato
— .
X eooof- Attiaviss otal
o~ T -
£ 2l - Te="" hshan
by ~ -
; hkim et al.
N= 4000 p=
'= hakers ot al.(Re>50000)
-
o —
— hexp
-
2000 p=
0 2 l Il ' '] l a2 l '
[} 0.2 0.4 0.6 0.8 1
Xavg

Fig. 10 Comparison of various correlations in
flow condensation of R22,

e

45 48 Hof 34 7 $-9l= Fig. 107
Fig.119] gl%°] Akers et al.o] A#2je] 713
U A%Z Bth Yang and Webb,” Kim et
al® A 571 gelm= 4 50,000 vkl o
2o golHE P dHolee vz o
S7F #eolE& F7F 50,000 ojAdd W AL
Akers et al.2] ABAE A& Akers et
A]—;,].)Jo] /d-ﬁ;qa 7].21— ;‘(_:_}- 01]25.3}.“: 7}-1_9_
< JHH.
Kim et al"™o] W7 882mm YBoIA
ZHA &¥Hl dHiole 8 o8 A4
Y A2 A5 BA Akers et al.o A#

o}

e rlr
e
i

gk

Rl o
o mhf

tlo e

=

8713

A5

10000 prr——e————msas———
R Multi channel tube
R134a G=300 kg/m?s
ol ﬂ(mm)
i hDohl-on-ndChdlo
N!A 6000 p=— ~ " hiraviss et al.
E |
s
E 4000 P~
2000 =
0 A 1 i 1 i 1 A ] 2
0 0.2 0.4 0.6 0.8 1
Xavg

Fig. 11 Comparison of various correlations in
flow condensation of R134a.

o] o 4da FoAM APAE R F o9
82 £3= Aoz JEwron Shah®s} Dob-
son and Chato,"” Traviss et al® Zo 434
< 15% AE 2iE Yellle Aoz el
t}, =% Dobson and Chato"”¢] 4#2e 43
&e] THE Kim et al.’?o A#2e 2E Yo
3 11%9 a8 ze Aoz veygr

Fig. 107} Fig.119] dio|e{& w4 Hd =7]0)
el Akers et alg] F#AE A3 o2 4
AN Eo] APYAE 80% HEZRA FdHrlsie=
o o]d AL Y T FF H¥AY AFgH
o] & w3ttt mEA] JFo] 14mme] miA@

Table 1 Deviations of various correlations against the present data

Akers et al. Akers et al. Soliman

(Re<50000) (Re<50000) et al. et

Traviss

al.

Dobson &
Chato

Cavallini &

Zecchin Shah

Kim et al.

Fluid

Avg. Mean Avg. Mean Avg. Mean Avg. Mean Avg. Mean Avg. Mean Avg. Mean Avg. Mean

Nominal area is used.

R22
R134a
All

2053 2063 50
2053 2063 23
2053 2063 3.7

17.7
126
15.2

26.3
317
285

30.0
32.7
31.3

894 8.4 971 971
822 822 918 918
8.8 8.8 945 945

76.0
70.4
73.2

76.0
70.4
73.2

88.8
877
83.3

88.8
87.7
88.3

59.1
58.5
58.8

59.1
585
58.8

Effective area is used.

R22
R134a
All

89.0 830 -350
89.0 89.0 -366
89.0 89.0 -358

35.0
36.6
35.8

173 233 220 272
-184 187 128 177 187 225
-204 206 1560 205 204 248

-224 225

9.0
55
7.2

195
145
170

169 246 -15
162 220 -19 59

166 233 -17 74

9.0

Average deviation =

( hcal hexp) X 100

, Mean deviation =
ex D

$ABS[

( hcal exp) X 100
hexp




gad ggelE duad

100

sof= IR Mean deviation
R Average deviation
0P
o~ 40
X
g
= 20
(=}
- 0
8
> 20
[
(=] 40 p=-
Akersetal. Sgliman Cavallini Dobson
(Re<50000) ot a|. & Zacchin & Chato
o o Kim
Akersetal.  Traviss Shah .

sl (Re>50000)  eral etal.

-100

Fig. 12 Deviations of various correlations against
the present data when effective area

is used.
Aol & MY FHo] YHe] & HAMeg
& Aos gom wa) ¥ BEad 3¢ IAY
o] dojuh FEAH (A )Rt F249 AF
(A)el 2z BERe] HA(A)SE A 4

of A dALGAFI dARY ge o=z
E g A old YoM 7 FE 4AG HA
(Agy)E A ¥ A2 ddgAsE T3t
o AAAEF "o, Table 13 Fig. 12
v 2 2%E a%8A B Frh Traviss et
al.,(g) Shah,(g) Dobson and Chato,(w) Soliman et
al,"® Cavallini and Zecchin™” S9] A%ae 7
F 17~25%2 225 zZe Aoz ygxon,
Kim et al "] A#A L 74%9] 3& zE=
oz Jeyt. old A uAHBgE ¥3ss
Huge Fe fE EAYE HAYY g g9¥g
A7 2A HEE BoFy FAld 43 93
g WHe QU e 58 $3 AVAL NS
3te] 20%9 LAPESY <tAA ALASE o9
g % dee ez,

Lee"¥= 2 7o) 150vtela 2P E o]ste] w4
AdelA BE HT EAE NS dAFstn v
ol AAYGIAANE EEH S AH HEXRA
o] MiZzE 2AYHA HEXR Fude ZELS U
T, 2 939 93 € &5 AF dolg 94
FE G912 988 Ad=z zgsd J129 o

)-E

Fl

R22%t R134a%] 58 $% 942 A% Hlx 597

2 dTdAE 9l Ade 7MY ¢4 A
o] 14mm¢ &FuF FAAS AFEEo 40TY
SEZemoA AJHFES 200, 300, 400 kg/m’s2
2 aw,zq 7be} R229} Rl34a%l &4 #% % &
& 5% dHGATE SASYIL ol HB o
o2y 2 AA4E AU

(1 Y FFdA FEEHE AHEsE 7E

9 Yy v Aol 443 BT nl4
une 49 HoHE 15% oA B 4
ek

(2) 38 Lo wA HBABAAN HE R22
9} Ri34a¢] FALGAF= 7|&2 Oy dd ¢
g dAGASTY AY v FAE B

(3) AFK<0] 200kg/m?s A4 Rl13das] &
AgATE R29 A9 wl&yon, 300, 400
kg/m’sQ) A$ R2BET Zzh 3%t 10% RS
e Aoz Yehgth

) 4 #59 Z+S v AE fFE2EF

2 AgaH JlEe 9y vy Awd AeH:
58 % A gol mA B@BH 4Y dol
HE 20% olWelA F d&sart.

T 7

g AFE HHAY 5472 AFROI-2003-
000-10194-0(2003)) = A= AH ot

A2

1. Yang, C.Y. and Webb, R.L., 1996, Conden-
sation of R-12 in small hydraulic diameter
extruded aluminum tubes with and without
microfins, Int. J. Heat Mass Transfer, Vol
39, No. 4, pp. 791-800.

2. Petukhov, B.S,, Irvine, T.F. and Hartnett,
J. P, 1970, Eds., Advances in Heat Transfer,
Vol. 6, Academic Press, New York.

3. Akers, W.W., Deans, H. A. and Crosser, O.
K., 1959, Condensation heat transfer within



598

10.

11

- R A

horizontal tubes, Chem. Eng. Prog. Symp.
Ser., Vol. 55, No. 29, pp. 171-176.

Kim, N.H.,, Cho, J.P. and Kim, J. O., 2000,
R-22 condensation in flat aluminum multi-
channel tubes, J. Enhanced Heat Transfer,
Vol. 7, pp. 77-90.

Kim, N.H, Cho, J.P, Kim, J.O. and Youn,
B., 2003, Condensation heat transfer of R-22
and R-410A in flat aluminum multi-channel
tubes with or without micro-fins, Int. J. of
Refrigeration, Vol. 26, No. 7, pp. 830-839.
Jeon, C.D., Chung, J. W. and Lee, J. H., 1999,
Study on condensation heat transfer charac-
teristics in the multi-channel tubes for au-
tomotive condenser, Trans. KSME (B), Vol.
23, No. 4, pp. 479-491.

Gnielinski, V., 1976, New equations for heat
and mass transfer in turbulent pipe and
channel flow, Int. Chem. Eng., Vol. 16, No.
2, pp. 359-368.

Traviss, D.P., Rohsenow, W.M. and Baron,
A.B., 1973, Forced convection condensation
in tubes: A heat transfer correlation for
condenser design, ASHRAE Trans., Vol. 79,
Part 1, pp. 157-165.

Shah, M. M., 1979, A general correlation for
heat transfer during film condensation in-
side pipes, International Journal of Heat
Mass Transfer, Vol. 22, pp. 547-556.

Dobson, M. K. and Chato, J.C., 1998, Con-
densation in smooth horizontal tubes, ASME
J. Heat Transfer, Vol. 120, pp. 193-213.

Sa, Y.C, Hwang, Y.J, Oh, S. Y. and Chung,

- RES

12.

13.

14.

15.

16.

17.

18.

B. Y., 2002, Development of aluminum micro-
channel condenser for air-conditioners, Pro-
ceeding of the SAREK 2002 Summer An-
nular Conference, pp. 1372-1377.

Kline, S.]J. and McClintock, F. A., 1953, De-
scribing uncertainties in single sample ex-
periments, Mechanical Engineering 75, pp.
3-8.

Dittus, F. W. and Boelter, L. M. K,, 1930, Uni-
versity of California, Berkeley, Publications
on Engineering, Vol. 2, p. 443.

Sobhan, C.B. and Garimella, S.V., 2001, A
comparative analysis of studies on heat
transfer and fluid flow in microchannels,
Microscale Thermophysical Engineering, Vol.
5, No. 4, pp.293-311.

Kim, S.J., Song, K.H. and Jung, D. 2002,
Flow condensation heat transfer coefficients
of pure refrigerants, Korean Journal of Air-
Conditioning and Refrigeration Engineering,
Vol. 14, No. 2, pp. 175-183.

Soliman, H. M., Schuster, J.R. and Berenson,
P.J, 1968, A general heat transfer correla-
tion for annular flow condensation, J. Heat
Transfer, Vol. 90, pp. 167-176.

Cavallini, A. and Zecchin, R, 1974, A di-
mensionless correlation for heat transfer in
forced convection condensation, Proceedings
of the Fifth International Heat Transfer
Conference, Vol. 3, pp. 309-313.

Lee, J. Y., 2003, Experimental study on flow
boiling heat transfer in microchannel, Ph.D
thesis, Inha University, Incheon, Korea.



