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ABSTRACT: R407C is considered as an alternative refrigerant of R22 for air conditioners.
An experiment was carried out to investigate the characteristics of the evaporation heat
transfer and pressure drop for refrigerant R407C flowing in a fin-and-tube heat exchanger
used for commercial air-conditioning unit. The experimental data were useful in analyze the
effects of the temperature glide and superheat for R407C. Test were conducted at the con-
ditions of inlet refrigerant evaporation temperature of 7C, inlet air relative humidity of 50%,
and refrigerant mass fluxes varying from 150 to 250 kg/m’. Representative results show that
the heat exchanger performance for R407C evaporation is significantly affected by the change
of the flow pattern from two-phase to super-heated vapor flow.
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Table 1 Comparison of physical properties of
refrigerants in this study

Name R407C R22

R22 - 100
Composition R134a 52 -
(Wt.96) R125 25 -
R32 23 -

Molecular mass (kg/kmol) 86.2 86.469
Critical temperature (C) 86.74 96.15
Critical pressure (kPa) 4619.1 4987.9
Critical density (kg/m”) | 527.3 513

Boiling-point at 1atm ('C) | —4356 | —40.818
Temperature glide 7.2 -
Freezing point at 1atm ('C)| —1065 | —160
GWP (R11=1) 0.38 0.34
ODP (R11=1) 0 0.055

Py, at 7C (kPa) 708.1/684.7| 621.5
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Fig. 1 Schematic diagram of experimental apparatus for evaporation test system.
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Table 2 Geometric parameters of the micro-
fin tube in this study

Parameter Specification

d, Outer diameter 952£0.05mm
d; Inner diameter 852 mm

t Tube thickness 0.3£0.03 mm
h Fin height 0.2%£0.02 mm
n Number of fins 60

B Helical angle 18+2°

y Fin angle 53+10°
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Table 3 Geometric dimensions of the slit fin-
tube heat exchanger

Parameter Specification
Number of tubes for row 16
Number of tube rows 3
Tube outside diameter 9.52 mm
Horizontal tube spacing 25 mm
Vertical tube spacing 21.65 mm
Fin density 493 fin/m
Coil height 400 mm
Air flow length 80 mm
Tube material Copper
Fin material Aluminium
Tube rows alignment Staggered type
Fin type Slit
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Table 4 Experimental conditions (KSC 9306)

Dry bulb temp. 27T
Air|{ Relative humidity 50%
Face velocity 06~1.6m/s
Refrigerant R407C, R22
Ref Mass flux 150, 200, 250 kg/m’s
‘| Inlet temperature 7C
Inlet quality 0.2
Qi =m Ry %, 4)
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Table 5 Summary of estimated uncertainties

Parameter Uncertainty
Temperature *0.75%
Pressure *0.25%
Mass flow rate of refrigerant *0.2%
Mass flow rate of air +4.09%
Humidity +0.3%
Heat transfer rate of refrigerant *£1.29%
Heat transfer rate of air +471%
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AZ FF7] BEE E43sto Aisigoen,
R407C2 R22¢] E4 X%+ REFPROP 6.01"%¢
ALEEldTh B Ao A¥zAL Table 49 2
o e Ao gz EFLEE Kline and
McClinetock"”o] AN G wWHoz BEAsq
Table 5 A 2] 34},

4. dgds 2 nF

K

41 duj2x &

Fig. 4 %719 Fo|A RA07CS R229) A
T, FUEEE dASA FASEA FAF5H
Wole) AR e W& U-band #9YY £
EEXE 5% ddZF Aot WA Fig 4a)s
TN FUFEE 50%, Wohe] AFFE 150 kg/m’s
ol Aeol e 2B X2A R2E 11W(AA)
FFEAole 224%) HAXA W37 g2 Hol
F43 #dZ7) 4902 HolSA Hu, RAC
v 7Sl utel 24HF J99 Zolt g4
A WstEs, AWs B wFH EJY
o] EA4Q AEH Wi ©E 22X Afow
P 4Co 2=7uE B RA07CE 244
d99 Aol7l R2Z2ET AUFez 7 olfE F
SBEAGAF7 R22ET F53 ZREA 2EF
Hje] uwtg Yoo HHenr AHog Friste
& "Had xR FHolA7] wFEolt) ofgl
A7E Sami et al,® Han et al”9 €7 7%
F#E YA e} Sami et al®e FTUF 7Y
< 7|EL2 RATCY FTHIAGASFE RR2ET
50~80% Wttt AAege™, Han et al”e
#AY74 952mme vA @ T ddd FUTF
&3 FH2xA Yre AZHEE 100, 200,
300kg/m’s2 WEHAFAA AYF B}, RATC
o ZHdAGAsE R2ET 25~48% AL o
i AZFEo) FUNESFE I Fole FHolAdgz
H st e} Fig. 4(b), (c)e] oo AHFHE 200,
250kg/m’s A¢ HAHA LERE AL Fig.
4(a)9] AFGEo] 150kg/m’s AL v o
HE 29Fn gov yrle AFHEo] S/
of e} BE F7IHFANA 24F7F 999 Zol
7F F7tEt T 24T 999 $Ute dEAE
9] F/IE olojX 3, FE A} Fite FL2
T Zstehe A= olojF Tt Wule] AF{Lo



R407Ce] 2=7ui8} FFE7t 527 A5l vAe 3 857

250 kg/m’se) 2 F7]6<o] 08m/se R29 A
S, EuFy) JroAe FLHxE 7Cont &
Wyl gaseE HA 39 3¢ 268 A CA
9 £+ 3CE Uguth wtHo) R407CY #H §-
T % 4% AEZY 247F 9499 FHE B
T 2=l Z3z g8 ¥ 3C A= F
d2E Aol e H3E 39 33% HAD. E
gk R407CS} R22& 24/50AM HAd37) 9de
2 §3% L£x7F HgEHAA 32UE FHeE
N2e 2xFuzt vehg o8d LxFule
A Yol fRAM BdF57] ddo] 24/F 9
g Jdiydoez & A9 drow)d H(step)d
WE 2EA o3 Fo dAEr Yo, &
S7ue w3 AEe Fig 4(a)~(c)¢t ol o)
o AFfEo) 252 244% 990 3o
Zasgch B HAse o LETuE ¥
A8zl HAME 2 LR, FENE, €9 &
Alele] & AJME mEdldel e RS & F
L=

42 38l 79 372x

Fig. 55 R407Cs} R22¢! A#%4% Wl og
Zdy] 279 FULE BY¥XE HAFI gk
T Wy BEF FriRFol F1ESsE, Wuld 3

F&o] AL, E EF FURET A
th. Fig.5(a)e Wule] AFHEo0] 150 kg/m’sQl
7924 R407CS R229 &EREE H2E 7
S Holi oy Fig.5(a)~()E AAFoz
Hzd 2d 543 F7|459 Jds =449
A @ele] FAFHEol FAETE RA07CS R22
o 75 FTU2xY A/t AFE 9 Holdue
AMdE & £ Ao F, v A#FFSE 150
kg/m’s, 7184 08m/s9] A$ RAICY &+
& EV|LE¥E RRKET 88% AE Eou} 250
kg/m’se] A$ole o 737% HE EA JERG
ot ol @ olfE Wrle AFRL) FES
g st dAdge AAsE YolFe] Frtstd
2874% 999 Heole FA HojAt. &, v
o AFFFol F/EFE G=HAEE o =ZA
wAstn, a2 Add Yoo Fwex 9A o
g Zo7 ZAadA "du. =3 R4AICE WY 2
Ad] ¥ o 2] dYdog FTHexvt
Z7rstn 2 Wue] AgH&o] F7HETS R407C
9} R22¢ &F&EaE FA o "EolAA At}

25 L T T T T T T T T
20} ]
o 15F Evaporation 7
'_3 Micro fin tube
x =02
10F T,=7°C i
—®—R22 T, =2 °c
O R407C RH=50%
5 1 i i 1 i 1 1 1 1
07 08 09 10 11 12 13 14 15 16 17
v, [ms]
(a) G=150kg/m’s
25 L T v T T ¥ L T L} T
G =200 kgim’s
20} i
O 15t .
-
10} g
——R22
O R407C
5 L 1 i ' " 1 " i) 4 1 A 1 A 1 " 1
07 08 08 10 11 12 13 14 15 16 17
vV, [m/s]
(b) G=200 kg/m’s
25 T T T T Ll T T T T
G=250kg/m’s
200 R
ey °
0
— o]
st o 1
’_6
1or ——R22 ]
O R407C
Gl 1 t i 1 ( ! f )
07 08 09 10 11 12 13 14 15 16 17
V, [mvs]
(¢) G=250kg/m’s
Fig. 5 Comparison of the evaporator outlet air

temperature between R407C and R22.



858

43 Yoj £ g At

Fig.62 Wrjol AHFH& wzld uw Y
e ZAslE JeEtd adeltt agdA & & AR
o] Wule FAH4 150, 200 kg/m’sel A& RACTC
o EBHI 2o, B0kg/mislHE @A
e & Joje d&F4 150, 200 kg/m’sol
A Ztz} 102, 134% FE =3 250 kg/m sell A
£ 259% AE @tk o] F AF}E Sami et
al,” Kuo and Wang,® Han et al.”9 @723
e 9¥gyoz o)zt o Ho|R|RF FHd
et E FAE A2 PolEY ¢ Ad. Kuo
and Wang®€ R407Ce R229] §59H ol
Qste] AFH&ol Fe AL (100kg/m’s) F W
o] ¢FHAsE Aot gdod, ARRKo F
71E&SE HA RATCY A7 R229] vl &
7 etz %Ed. 250 AAF R4OTCS
Ro2¢] A8 Aole Wule AFFSo wa
22T 400kg/m’s A$ HF F 2kPa/m A
=gen, A8 deojelst glof A& & & F
QAT gARsE AFHLe 245%] vlH S
ga fonZ 200 kg/msAAE o= 1 kPa/m
olalel & 71A Aoz dArdEr) uHldq 2
Aol A4 EH F27]9 ol 20m FEo)BR
R407CSe R229] ©9)deolF ¢HAE ol W
oje] A@GLo] 200kg/m’s ©15d H HA 05
kPa/m ©ol3tyt ®©d a8zz E dgdnzs
H duje AFF4o S A9 RATCY R229]
tE sl ol =R YoEte AES AMEEE

2m T T T T T T T ¥ T T T
—®—R22V,=08m/s O R407C V,=08m's
—&— s Vv =10ms O ¢V =10mis
—&— 4V =12ms " A vV =12ms
150 —w— « Vv =14ms -V vV, =14ns 1
—— s V,=16ms < vV, =16ms a
v
& 100 e
o Evaporation
b7 . Micro fin tube
8 ...... ‘=0.2
50 - T.=7°C -
T.J=27°C
RH =50%
: L L L L ' : ) s L i

0

140 150 160 170 180 190 200 210 220 230 240 250 260
G [kg/m’s]

Fig. 6 Refrigerant-side pressure drop as a

function of various refrigerant mass flux

at air velocity.

4 2 ezt gEAs @2 Aol

44 ZUTie Ang

Fig. 7¢ Wvje] AF R & Asfd] wg F Yuf
o] dHgHL HEe 2Yolrh R FHAEH

o] RAOTCET} & & BPon, AFH&Eo F
M2 dAgFY Aol FMERT Wiy
AFHLE 150, 200, 250 kg/m?sol Al R229] HAY
Ze R407TCETH zHzt 2, 108, 15.1% = A e
stk ol& R407Ce F% dWEAF7 R2ET
g3, g A &5 dgo] dove HF
wre] ujFu] WelEAdo] st g FI2
T ZEE AHANAT dAAE @oigl R2e
e a2 Q% FWLT 7Zslute] yelhyr] o
Bolt}, o]2}3 7T Ahn et al'Po] YE-BY
dugtr)e] dAd ATAEANA w3l R40TC &
Erule dA9dE S BAAT Lol
A&7 gx g},

L

—

=

i

5 4

E AFdqAM e R4OTCY R2Z2E FAEFAZ F
wr)(£2 8- dudr))el HE4F 9 RA0TC
o] exulel HEEE FLU] A (ddd, ¢
g sl mAE %S RAMEIL R229 vl
3 Ay g gL 2L 4

(1) R407Ce] =7l oA A& vl
ZF 2 stdel ot gEAE i ] FdHe

6'0 T T T T T T T T T
55F  Evaporation —8— R22 G=150kg/m’s
sof 1 Cirouit, Micro fin tube —e— + G=200kgm’s 3
- x=02 —A— s G=250kg/m’s
45 T, =7°C O~ R40TC G=150 kg/m’s
T =27°C 0= v B=200 kg/m ’s
“OF  Rfi=s0% o G=250kgim* 7
i 35F 3
o®3of E
25F E
20F E
15F E
1‘0 1 1 1 1 1 1 i 1 1
07 08 09 10 11 12 13 14 15 16 17
Vv, [m/s]

Fig. 7 Heat transfer rate as a function of air
velocity at various refrigerant mass
flux.



R407Ce] 2=T7ulg L=t 587]) 4% vl 9% 859

Yo AWl o o2 2xTFujr 7
A238Q o

(2) Yoo BdF7] dgo] 24FF F9rnt
AdHez & A #9 Az 97 2=
87} vebgd, welA oledt 2= THjE WX
371 sl E 227l &7 AEE, F2u9g,
A3 galele # ANE mE Ao o)

(3) W9 FFH< 150, 200 kg/m’soll A RA07C
o] ¢¥BstE R2XET 247 102, 134% AE
Eroy 250kg/mislAE 259% st EF
R22¢] & Fuizt R407CY RARTYE =2A g
wo.

(4) Y 9719 dFZA9A4 R229 I
g3e& R407CHRTH 2~151% = A vebgod,
Yool AgHLo] T/AEFE F Y] e &
AgF ol FrtslHoh

il

tn g

1. Montreal Protocol on Substance that Deplete
the Ozone Layer, 1987, Final Act, United Na-
tions Environment Programme.

2. Oh, J.T., 1999, Flow boiling heat transfer
characteristics of R-407C ternary refrigerant
mixtures, The Magazine of the SAREK, Vol
28, No. 5, pp. 375-388.

3. Kim, M. H,, Shin, J.S. and Kim, K. J., 1997,
An experimental study on the performance
of a window system air-conditioner using
R407C and R410B, Korean Journal of Air-
Conditioning and Refrigerating Engineering,
Vol. 9, No. 4, pp. 536-544.

4. Ebisu, T., Kasai, D. and Torikoshi, K., 1996,
A study thermal performance of air-cooled
heat exchangers using alternative refrigerant,
33rd National Heat Transfer Symposium of
Japan, Nigata, Vol. 2, pp. 525~-526.

5. Sami, S.M. and Grell, J., 2000, Heat trans-
fer prediction of air-to-refrigerant two-phase
flow boiling of alternatives to HCFC-22 in-
side air/refrigerant enhanced surface tubing,
Journal of Energy Research, Vol.24, pp.
349-363.

6. Kuo, C.S. and Wang, C.C., 1996, Horizontal
flow boiling of R22 and R407C in a 9.52
mm micro-fin tube, Applied inside Thermal
Engineering, Vol. 16, pp. 719-731.

7. Han, J.U., Kim, S.J, Jung, D.S. and Kim,
Y.L, 1999, Flow boiling heat transfer char-
acteristics of pure and mixed refrigerant,
Proceedings of the SAREK, Summer, pp.
19-24.

8. Ebisu, T. and Torikoshi, K., 1998, Experi-
mental study on evaporation and condensa-
tion heat transfer enhancement for R-407C
using herringbone heat transfer tube, ASHR-
AE Transaction, Symposia, Vol. 16, pp. 1044-
1051.

9. ASHRAE, 1993, Fundamental Handbook (SI).

10. McLinden, M. O., Klein, S. A., Lemmon, E. W,
and Peskin, A.P.,, 1998, Thermodynamic and
transport properties of refrigerants and re-
frigerant mixtures database (REFPROP), Ver.
6.01, NIST.

11. Kline, S. J. and McClinetock, F. A., 1953, Des-
cribing uncertainties in single sample ex-
periments, Mechanical Engineering, Vol. 75,
pp. 3-8.

12. Ahn, Y.S,, Lee, D. Y, Kim, Y.L, Kim, Y.C.
and Nam, 1. W,, 1999, Performance test of a
screw compressor type chiller using R407C
with shell and tube heat exchangers, Pro-
ceedings of the SAREK, Winter, pp. 101-105.



