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100 kg/m’s ool Al FEATE 2 AelAE W AFAE (50 kgm’s oA 250 kgm’s)ellAl €17 7.0 mm
npo] A2 FH Ul R410A 5% ddd AFS Fdsith A3 F Ik 8C, IRFE 40 kW' 0%
A HaE 98] 94 70mm HEIO] gk A= FYPSiQltyt AAAI mpolaRw FHI
AAdE=H = Aol FAadyEE Z7k8lt 150 kgm’s S 71-0 02 743S Bt o vwlojaz
FH U fo] FRA ATHE Wskslr] wirolty Ad WHelelA mlo]aEwy FHo mpEEAd
BEe] vpEEAe A DA Yehstth AddelHE 7E Ao dSx]eF vlasgih

Abstract: Microfin tubes having an outside diameter (O.D.) of 7.0 mm are widely used in residential air conditioning
systems and heat pumps. It is known that the mass fluxes for air conditioners and heat pumps under partial load
conditions are several tens of kg/m’s. However, literature surveys reveal that previous investigations were limited to
mass flux over 100 kg/m’s. In this study, we conduct R-410A evaporation heat-transfer tests at low mass fluxes (50—
250 kg/m’s) using a 7.0 mm O.D. microfin tube. During the test, the saturation temperature was maintained at 8°C, and
the heat flux was maintained at 4.0 kW/m”. For comparison purposes, we also test a smooth tube with a 7.0 mm O.D.
The results showed that the heat-transfer enhancement factor of the microfin tube increased as the mass flux decreased
up to 150 kg/m’s, which decreased as the mass flux further decreased. The reason for this was attributed to the change
of the flow pattern from an annular flow to a stratified flow. Within the test range, the frictional pressure drops of the
microfin tube were approximately the same as those of the smooth tube. We then compare experimental data obtained
with the predictions obtained for the existing correlations.
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1. M &

o] A2 FHE 7P dofjfloy J|E o
S §5710 7] AREE AL Qi JHEARL mlo]
23 58 A 97 4 mm oA 15 mm, Plo]| A 2R
7R4= 50 7HellA 70 W, Ad3]7F 6 = oA 30 &=, 3 o]
0.1 mm °|4 025 mm, %22} 25 oA 70 ot} u}
o|A=Y FH= & db] Ad 31 a3t 5
gk oz A Qi vlo]a =Y FHO T g
7 vzl Rs Adude] 7t e ot W
T, A AfolellAe] 3 A X1, ATl FHRE
o] 7] o] So] Uk

nlo] G237 FH = Hitachi 142 Fujie 59l 2J3lo]
7R+=] 211 Shinohara £} Tobe,® Yasuda 5©¢] =50
28] 715 o] 9t} Tsuchida 57 R-22 U GAY
Al A A Ge BasiGied HA A A 3 o
= FE AAo| ATTFE AT AR 0EF
3], A 238} 529 °o]f= R-22 & R410A = A
%31 Utk Table 1 of wlo]a 23 FHolA 8% R-
410A T GGl tisk 7]E AFE FHIILE v
WYl (R-22, R407C, R-502, R-507)5 A}-&-3F nlo]m 23
FE U S8 o] gidt A= Webb,® Thome,”
Hamilton 570l 7]<%]o] It} Bogart 9} Thors"i= A
317} 18 =21 917 9.5 mm vlo]A= FH U4 R-
410A T FAd A8 (FEFFS 100 kg/m’s oA 400
kg/m’s) & 85kaL R-22 AY Apge} nlusiic) St
GHADATE= R410A oA el 50% =] YEFstT) o)
Akt Ao R410A oA 40% 71 Skt Inoue

23]7F 18 E¢1 wlo]a &y FH 1) R410A <
R22 S GG A8 (AR 126 kgm’s oA 319
kg/m’s)S £31o] R410A o 5 SAEAG7] 1.2 vijol
A 1598 ok Bty Kim P8 25 = A3zt
S 7K 917 95 mm mlo]AE2d FHel 18 & A3zt
< 7F 917 7.0 mm vlo] A2 FHo| tjste] R410A
T g AYs stk A% 752 7.0 mm v
o|lA 2 FHO Z9- 117 kg/m's @A 211 kg/m’s, 9.5 mm
nlo]A 27 FHO| 79-70 kg/m’s oA 164 kg/m’s H$

—
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Table 1 Available evaporation studies in microfin tubes using R-410A

Investigators Tt (C) G (kg/m’s) q* (kW/m?) Dy/D, n e Y B
Bogart & Thors [11] 1.67 100-400 - 9.53/- 60 0.2 - 18
Inoue et al. [12] 10 126-319 153-23.4 8.01/7.30 55 0.17 55 18
Kimet al. [13] 155 70-164 S0.15.0 9.52/8.68 60 0.12 48 25
117-211 7.0/6.16 60 0.15 53 18

9.52/8.68 60 0.12 - 25

9.52/8.52 60 0.20 53 18

Kim & Shin [15] 15 136-287 11.0 9.52/8.52 60 0.25 40 18
9.52/8.47 65 0.25 25 15.5

9.52/8.46 54 0.23 40 30

Hu et al. [20] 5 200-400 7.6-15.1 7.0/6.14 50 0.18 40 18
Ding et al. [21] 5 200-400 7.6-15.1 5.0/4.32 40 0.14 40 18
Padovan et al. [18] 30,40 280-600 14-83.5 -/7.69 60 0.23 43 13
5.0/4.3 40 0.15 40 18

5.0/4.3 38 0.15 25 18

Wu et al. [16] 6 100-620 5.0-31.0 5.0/4.3 35 0.12 25 18
5.0/4.3 58 0.12 25 18

5.0/4.4 50 0.10 20 18

Present study 8 50-250 4 7.0/6.11 55 0.2 183 10

oAl MiskEIT). ME FX1 A (vlela=Ed FH 4
AdAge} et dAdDAGE] vl 9.5 mm FHEOA
1.8 914 2.5, 7.0 mm FEA 1.1 914 1.6 & YEFG=T)
o] #h2 ol AT S71sIIck

Houfuku 598 3 785= 50 7HollA 57 7, 9 o]
0.15 mm °l|4 025 mm, A3]7} 16 oA 18 =, 274
ZF 15 ZollA 50 == Wt nmlo]Z23 FH 12 7
of et Age stk o] w ¥} 8.5°C,
=7 JEEE 5°C, FHFE2 250 kgm’s 2 A=
Ak HAdl dGAT= Hd A JNG57), Hd A
$0](0.25 mm), A A3]7H(16 £)& 71X nfola 2+
FHAA Aot Tt A zole} Ay} Sk
= g Zrledvk Kim 3 ShinWe 3 7=
54 7Roll A 65 7, ¥ o] 0.12 mm 1A 025 mm, 413
7} 155 ZolA 30 &, &7} 25 FollA] 53 =2 W3}
¥ mlolm=d FHo| thsle] R-22 9F R410A T
AHG APS sy o] W AFFEL 136
kg/m’s oA 287 kg/m’s WA WMBtHATE  H
AHAGATE Houfuku =199 -9} 2o Ho =
7Na65), A B 0025 mm), A 3AZK155
%), Ha BAZH25 B)S 7R rlo]a 2 FHA
dojhr). Ad =7 AGE R2004E 1904 23,
R-410A ©A+ 1.6 ©|A4] 3.0 ©]aZ R-410A oA 2] &4
A= R22 A 9] AEAFHELT ) 30% A
e T

Wu 5198 3 7= 38 Aol 58 7, # 3=0] 0.10
mm °| 4] 0.15 mm, A7} 20 2ol A 40 &=, A3]7Z} 18

w2l 917 50 mm vlo]AEW FHo| tha] R22 ¢
100 kg/m’s °l| A4
g Aol
gl thEA YelEdl FERE 400 kg/m’s o]t
e A A 30]0.15 mm)ollA Hof dALEA T}
dojh e}, sHAITE A& 400 kg/m's o] goll = =
= ¥ =] (0.12 mm)olA He dHEATF7E DRl
o} Wu 519 ko] FAe} 9l o7t fAle -
of dddo] Hul= vt A3ty 152 Egh
Steiner ¢} Taborek!"e] A+ RdlS A slo] =0 &
A S A

Podovan 58 3} &1 30°C ¢} 40°C oA 413
ZF 13 Eo] W4 7.7 mm 1 vlo]A23 FH U] R-
410A T G AFS Fdssinh. A 1Y
AF<: (200 kg/m’s oA 600 kg/m’s)oll Al D HAGA
v RSl Faela ARl uEt Wsiledl

o|ZHH WS TH A wItUFo R AAS
Atk APAIE Cavallini 509 A o5 <)
Zk o

& AASATE Hu 503 Ding 52 €174 7.0 mm
9} 50 mm vlo]A=E ¥ FH U R410A T S
Al 299 &S HESIIT

Table 19 29k 47| #3 A} AFZEE i
29 71E A7 974 95 mm who| AR FH
&l FAEASS & 5 Aok 94 7.0 mm vlo]
Az FH g S ddde #ejAE Kim 5
¥ Hu 509 A+ who] EAjsteh. 7148 olojA
ojt} 3E HZo| 97 7.0 mm "lo]ART FHIL
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gel AgEm 9ee wesd o Fud B o
P 9% Basvin
S gxe RE ¥

kg/m’s o &35t} o]

A 71€ dFE]l FEFTE 100 kg/m’s o] ol A
FHEA LSS HolFT B AN Wt A
45 (50 kg/m’s oA 250 kg/m’s)oll Al 217 7.0 mm
lo]g 27 FH U R410A ¢ dAg A9S
Tt A¥ F ¥ 8°C, RS 40
kW/m? &2 Atk vas 98 974 7.0mm
He o digk HP= 35l

0ot

Abx| 2l bpt

2. A

2.1 Mg A=
Table 2 ° ©]7 7.0 mm vlo]a 23 FH e} HI
o] Aol YERY k. Fig. 12 vwlola= A3
o] HEZE wolFErl Table 2 o UER} gl
nlo] A 2% FH 9 (D) 7.0 mm, D
7 (D) 6.56 mm, U A7 (D) 6.36 mm, &-&
(melt-down) & A(D,)> 6.5 mm, T3 2 H (D))
469 mm, F 4ol (P,)E 284 mm, 5 ©HF
(A2 333 mm’, WS AEHA (4,)2 0.0284 m’,
£5 AIdHH(U,,)S 0.0204 m’, T Fol(e)= 0.1
mm, A A= 65 7N, A3 (B 15 &, HA7Z)
(7)< 40 ol Hete] A9 A (D)2 7.0 mm,
WA (D) 63 mmoJth &§ HAWA(4,,) 7hol
23S wo] HIAAE BHEUS v dojX|= WA

o® 4 =zD LE AXACH

Table 2 Detailed dimensions of the microfin tube and the
smooth tube

Microfin tube Smooth tube
D, (mm) 7.0 7.0
D, (mm) 6.56 6.3
D, (mm) 6.36 6.3
D,, (mm) 6.5 6.3
D;,(mm) 4.69 6.3
Ay, (mm®) 33.3 3.12
A (mm?) 0.0284 0.198
A, (mm?) 0.0204 0.198
A/ 1.39 1.0
P,,(mm) 28.4 17.3
e 0.1 -
n 65 -
B 15 -
v 40 -

22 AMEER A g

Fig. 2 of] A=) Zef=s vEhlislt) & ol
AHEE AFAA ] dsiAE Kim %9 =i
FAI8] 71sE o] Stk Fig. 2 o WERd npe}l 3ke]
Y= ARl 9 =2 fFYaE g
S22 a2 o Fde] dojdrh AIRY-E
w2 A4 s 8] d-FR S57AA &5
¥ gret §FFAE A JERE FHEh
ol wj Yuj fF2 Fxo| FFEE FF T 4A
Fa TIAA Ao AR T AR o
A7l A -G B di&e dHEE S
2 180 exen 2dEth

Fig. 3 o A4 AA=E Uepideh A de
AEdat gz e drls JEd WS5s
523 e $PRE a2 YFHo YuE F
WA o]t FAel A B WS S g
TE AUstA S FHT] A4S HAx
stsh= Zlo] sttt olF SN = & - 4
S Fo] AT F&5S A F davt vk &

Fig. 1 Enlarged potos of the microfin tubes
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Fig. 2 Schematic drawing of the experimental apparatus
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Fig. 3 Detailed drawing of the test section
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Table 3 Experimental uncertainties

Parameter Max. Uncertainties
Temperature +0.1C

Pressure +0.1 kPa

Water flow rate +0.2%

Refrigerant flow rate +0.1%

Heat flux +2.69%

Vapor quality +1.02%

h, +10.0%

h; +13.0%

(dP/dz), +4.2%
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Fig. 4 Evaporation heat transfer coefficients of the
7.0mm O.D smooth tube
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Fig. 5 The smooth tube heat transfer coefficients compared
with predictions by existing correlations
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Fig. 6 Present data ?lotted on the flow pattern map of
Doretti et al®
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Table 4 RMS errors of heat transfer coefficients and
frictional pressure drops for the smooth tube

Correlation RMSE
Shah[25] 0.38
Kandlikar[30] 0.24
h (W/m?K)
Gunger & Winterton[27] 0.25
Wojtan et al.[28] 0.45
Jung & Radermacher[47] 0.52
dP/dz); Muller-Steinhagen & Heck[46] 0.36
(Pa/m) Friedel 0.17
Moreno-Quiben & Thome[48] 0.22
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kWim'K o]e] HlolEi A&f4 150 kg/m’s ©]
del dolHdE & & . F V1E A Ee]
AFGE 150 kg/m’s o] dlolEl= 43| oS8
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Z3t) o= VIE AR EC] uAE AFRE
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ToE FAETh Table 4 = VE AR F
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|
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Fig. 7 Condensation heat transfer coefficients of the
7.0mm O.D. microfin tube
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Fig. 8 Heat transfer coefficients of the microfin tube and
those of the smooth tube shown as a function of
mass flux at x=0.5
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Fig. 9 Possible flow patterns in smooth and microfin
tube at different mass flux
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Table 5 Heat transfer enhancement factor and pressure
drop penalty factor
G (kg/m’s) x EF PF
0.21 2.02 1.06
0.39 2.19 1.11
250 0.60 2.37 1.08
0.76 2.38 0.96
0.22 2.29 0.85
0.40 2.78 1.08
150 0.57 2.79 1.21
0.80 2.87 0.97
0.21 1.77 0.95
0.40 2.23 0.97
100 0.60 2.77 1.14
0.76 3.32 1.11
0.21 1.51 0.64
50 0.40 1.71 0.66
0.59 1.95 1.09
2.0 . . ‘ T ‘
164 B Koyamaetal.®” <] Yunetal® i
’ O Kido etal.® P Cavalinietal.”
&l 1.24 A Thome etal.®? Q Charmra and Mago(m)
H \/ Goto etal® * Hamilton et al.™
QI 6087 @ Newelland Shan® 1
MRy > > 1
3 > > +30%
< 00‘5’53? _________ »__’___5_?5___
30 %
waded B gy Y 180
084100% o 4o o O As
1.2 . . ‘ T ‘ ‘
3 4 5 6 7 8 9 10
[kW / m*K]

exp

Fig. 10 The microfin tube heat transfer coefficient compared
with predictions by existing correlations
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Table 6 RMS errors of heat transfer coefficients and
frictional pressure drops for the microfin tube

Correlation RMSE
Koyama et al.®” 0.23
Kido et al. ®V 0.84
Thome et al. ®? 0.57
Goto et al. ®¥ 0.19
h (W/m*K) Newell & Shah®? 0.38
Yun et al. ¥ 0.61
Cavallini et al. 1 0.51
Chamra and Mago®® 0.34
Hamilton et al. ' 0.45
Kuo and Wang™® 0.24
Cavallini et al. “® 0.38
Choi et al. “” 0.19
dP/dz); Newell & Shah®? 0.23
(Pa/m) Goto et al. (,) 0.15
Goto et al. (&) ¥ 0.49
Badarra Filho et al. “® 0.69
Wau et al. ‘9 0.35
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Fig. 11 The microfin tube frictional pressure gradients
compared with those of the smooth tube
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compared with predictions by existing correlations
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Table 7 Heat transfer coefficient and frictional pressure
drop correlations for the microfin tube
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