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ABSTRACT: In this study, condensation heat transfer tests were conducted in flat aluminum
multi-channel tubes using R-410A, and the results are compared with those of R-22. Two
internal geometries were tested; one with a smooth inner surface and the other with micro-
fins. Data are presented for the following range of variables; vapor quality (0.1~0.9), mass
flux (200~600 kg/m’s) and heat flux (5~15kW/m?. Results show that the effect of surface
tension drainage on the fin surface is more pronounced for R-22 than R-410A. The smaller
Weber number for R-22 may be responsible. For the smooth tube, the heat transfer coefficient
of R-410A is slightly larger than that of R-22. For the micro-fin tube, however, the reverse
is true. Possible reasoning is provided considering the physical properties of the refrigerants.
For the smooth tube, a correlation of Akers et al. type predicts the data reasonably well. For
the micro-fin tube, the Yang and Webb model was modified to correlate the present data.
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{a) Micro fin tube D,=1.56 mm

(b) Smooth tube D,=1.41 mm

Fig. 1 Flat extruded aluminum tubes tested in
this study.

o =3 B B8 ByelAdle HEAGLE F
ol BA} FAAFEE A v
##H9 AL Fig. 19 vey ged 4%
< gt HEd 9Fde F
5 9 EdAee it HaAd
dungrle -3 dugrld vsld A F
o] 2AYgE 30% A%

ATk HAF Fudv)
Izt AEak of dal AlgHo sgted ¢
9t e A "o HZ o sHHE Fx7)
o &3tz e AFIE FYHT Yo A
7L FZ7) F2 AHSHE Wole R-22014
222 vl #Hste R-407C =& R-410A2
A Fojok stk R-410AE E£3H)7F R32/R125
(50/50)¢] FH] E@gYriz Fr|gte] R-22¢ H]
e 50% AE =2t}

FRg W S50 dHdE A2 g 9%
A7A77 ¢ XA Yang and Webb,"” Webb
and Yang®& R-12¢ R-134aZ Abgstel uji
Agoe] vl HE FFH(D,=264mm)TH 7]
Aol 7tFd vAE HRJ(D,=1.56mm)dl| o
g 25 AL YR agL 1 HAIE
Shah®s} Akers et al’el 4@z blmsgs
49 F & 5 Akers 59 A#ao oFHe
2 A3t Shahel 4#HAL Ao & A
o2 vyl =3 A Fady $5 44
gAs5e 38 dA9ARY 10~-60% 71E son
Hasdd 1 zole ME7L EolAFE AR
£ ole ¥ A=A wAMgHe] 7] Fol =
231 g 3 FH9 ERAHA g &5
%47 77 dELE A93dd. Kim et
al®e Yang and Webb'o] Al43 Hu#s %

o

N
=~ =

s)

rlr



dFviE chad BREWH R-22 2 R-410A &0l #7

A3 FHdd tisldg R-228 Algsld AP S
8. 289 & dAEASTE Akers 4
#49 JEAEgE i @tk Ermis and
Webb®e 48 F7o] th2(044mm< D, <156
mm) 92 FAH(HY FIA 2 A HH
@)ell we R~134a $E5HHE St Ag4dx
2 Akers et alWo] A Z5} o=z
(Rey )& AH&srel @ 4uNZ 4

54t Katsuda”E 056 mm< D, <1.45mm&]
Heg FEgao digk R-13da 48 S B3l 71E
4uAgol AYATe ¥ 53y Tavn B

(o 3]
Vg B1

>
i
ogh
o

Bage EAL sz Ho] A
AZtgolgted ok AdPE Yo Pa
2x9t FFo] A2 4P UYF A7

of dugrle nag3lel BHEFH Bo] £yH
21t Webb et al®& W7 213 mm, 325 mm
Ao dE AP H SELET} EolBFE
Shah™ At#Alo] APARE FHo) dZL 1Y
1, Dobson et al.”& W3 457mmel 2@ o
3 R-12%} R-134a AFIA 71& FaAAEo] A
a8 A3 g&sx 2L HusYy ¥
A% =92 A 177 mm, 336 mm, 5.35 mmol
gk R-22, R-134a, $54dNM #7Ho] e}
F2 dAGAS5I F48e Bnasyn £F v

3
wk

oorr

ar g2

EH

Water tank

Flow
Meter Water

Receiver

Ap 577

e

9] A #2][Shah, ® Cavallini and Zecchin'"1&
AYAEE Fh 4SFS BHD
0154 2ol £77% doly Fupd I o
TFE AT 50 9% Y=z o) o}y 4y
g7t ol &£ HAolt} 53 FAIW §
Zo] dalME AR doAE gidem R-12
U R-134a8 A4S 977t 2 359 ¢33
144 TZ7IE daez 3 R-224 R-410A
%9 93 dFe A9 fig

E d7dME #8870 14lmme HE o
a3 £49894 156 mms AR FaqF v
A R-410A $E54EE FHIAT. 28 Yo
3L E 45C, AFHS 200~600 kg/m’s, B
5~15kW/m’* BN +AFYcH 2827
7] 8% R-22 YA} vlaHd

flo iy

rr Jp

2. d3Ex A YY

NggAe) HFE @ AgRe HHEE Fig.
29} Fig. 36] UEHAQID. A@HE Zol 455mm
o B8 Adz FAHD Yudo YR 3%
o #Ec Yok YuB YIoz s=231 2

NYR B8 $aoz zen AYPA B39
5% % &4 e 839 dxPe 3

Exchanger

Charging Port

Fig. 2 Schematic drawing of the experimental apparatus.
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Fig. 3 Detail drawing of the test section.
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Table 1 Geometric details of the tested flat
tubes and corresponding annular chan-

nels
Micro-finned Smooth
flat tube flat tube
Item Tube Annulus Tube Annulus
w (mm) 16.00 1800 1800 20.30
b{(mm) 3.00 5.00 1.70 420
be A (mm) 2268 3960 1472 5158
A;/L(P,)(mm) 5799 77.30 4174 8397
D, (mm) 1.56 2.05 1.41 2.46
¢t (mm) 0.50 - 0.36 -
e (mm) 020 - - -
p{(mm) 040 - - -
Fin y{deg.) 40 - - -
7o(mm) 0013 - - -
75 (mm) 0.15 - - -
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Table 2 Experimental measurement uncertain-

ties
Sensors Accuracy
Temperature +0.05C
Absolute pressure *+1.0%
Refrigerant flow rate *0.2%
Water flow rate *+1.0%
Heat supplied to the preheater *+1.0%
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Fig. 4 R-410A condensation heat transfer co-
efficients at G=200 kg/m’s.
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Table 3 Correlations cited in this study
Reference Correlations
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Fig. 5 R-22 condensation heat transfer coeffi-
cients showing the effect of mass flux.

Fig. 6 R-410A condensation heat transfer
efficients at G=400 kg/m’s.
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