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Flow Condensation Heat Transfer Characteristic
of Hydrocarbon Refrigerants and DME in Horizontal Plain Tube

. . =t
Ki-Jung Park, Min-Hang Lee, Hyun-Shin Park, Dongsoo Jung
Graduate School, Inha University, Inchon 402-751, Korea
*Department of Mechanical Engineering, Inha University, Inchon 402-751, Korea

(Received March 6, 2007; revision received July 4, 2007)

ABSTRACT: Flow condensation heat transfer coefficients(HTCs) of R22, propylene, propane,
DME and isobutane are measured on a horizontal plain tube. The main test section in the
experimental flow loop is made of a plain copper tube of 9.52 mm outside diameter and 530
mm length. The refrigerant is cooled by passing cold water through an annulus surrounding
the test section. Tests are performed at a fixed refrigerant saturation temperature of 40+ 0.2 C
with mass fluxes of 100, 200, 300 kg/mzs and heat flux of 7.3~7.7kW/m’. The data are
obtained in the vapor quality range of 10~90%. Test results show that at same mass flux
the flow condensation HTCs of propylene, propane, DME and isobutane are higher than those
of R22 by up to 46.8%, 53.3%, 93.5% and 61.6% respectively. Also well-known correlations developed
based upon conventional fluorocarbon refrigerants predict the present data within a mean
deviation of 30%. Finally, the pressure drop increase as the mass flux and quality increase
and isobutane shows the highest pressure drop due to its lowest vapor pressure among the
fluids tested.

Key words: Heat transfer coefficients(@ € 45), Flow condensation(Z & &3), R22(11=122),
Propylene(Z 22 3), Propane(Z &%), DME(t] o € o}} 6] ), Isobutane(°] 4 ¥-&)
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Fig. 1 Schematic diagram of test apparatus.
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Fig. 2 Details of test section.

N [=]
3
o 4
O
Ry B
N W 48
o <
w,oo
R | s
[ \
55 N d
e
@.m © @ N Im
co mwm N N
S w25w3
BEDNELER \
59 N, T
fo ooop <
£
1 I 1 - t o
(=] [=] (=] o
] g &
(mr'o
5 ooF of M F T X gy A ki
. —_— Tx
TaPPeus Ny
W T :_oaugii%Eﬁ
OB B L, 00 2 o~ T W ol g
o o Ry B
. ﬁ_.ﬂ..mad.ﬂnﬂﬂavw,_m—m
‘0 O g W 5
3 I A R Y
o 7o @rﬂcﬂnﬂwﬂ‘.m»ﬂl =
w BEHoWTR xS
-8 B G AR o TH
- X .banE = X
ok - W T N
‘mﬂ_/o_aﬂlﬂ/u owa O_E ]L]..J!Of
T %ﬂ%%&ﬁ%mﬂﬁyao
R T ¥, T8 Aw_
M
T ORE o W B
Pn %ﬂ\rt]&%ﬂu]_/ Z
R AN T
; WeET T HC° B
M mTI®® _w
S B R 0N
w B owmxT VT ET Vg
o TRMIT BT WP R

Fig. 3 Heat balance for single-phase liquid
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Table 1 Thermophysical properties of tested refrigerants at 40 C
P Py Py hyg Cor k Ky o Xt
P2  (kg/m) kg/m)  (kl/kg) (kJ/kgK) (mW/mK) WPa-s) (Nm) (at x = 05)
R22 1534 1129 662 16656 1339 7660 13867 000604 211 0.306
Propylene| 1652 477 37 30314 2878 10291 81632 000486 4.23 0338
Propane | 1370 467 302 30651 2927 8680 82639 000521 383  0.318
DME 835 631 187 37524 2471 13529 11172 0.00892 424 0219
Isobutane| 531 530 137 31140 2554 8369 12823 000841 297 0212
o A I BEAA PRI s St oM Ax W3t et A YuEYd 2 $
Atk 4EFEE AT due 25 Zert FHul = dAgATE B9 9. A4F F4£9] 100
03~04°C Akolmg MRz o5 x}L kg/m’sd © Zadad Zzy DME, o|iig
A gk}, o] W AR Woirt dL dFe] B o EAGAFE R220 vlE 4z 5.8%, 4.7%,
o] e 4w i sHHs 1671H %ﬁtﬂ 32.0%, 195% A= =4 Jedd = FF {5
7 el 2EE HEstn AER T £79 o] 200kg/m’s¥d W ZzgU ZTZH DME, ©
Wl =& Hasto 21), @) Zol E4 ARee] dAGAFE R224 wls] 2z 22.9%,
2ASE Taart 336%, 67.3%, 478% A% =A el ukx
woE AFE FHo] 300kg/msd wW Z2H,
he & g ~ ZE® DME olaigd 4wt R
(T, — Tou) A 8] 27 46.8%, 53.3%, 935%, 61.6% AT =
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Z3lg o BE Yoo digtd 23~112% A= R22E 71E22 & v &3¢ A Yrjgl DME
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Table 2 Deviations of various correlations against the present data
Akers et al. Soliman et al. Traviss et al. Ca\éaelclicrﬁifnd Shah arlldebCS}?;fo Kim et al.
Fluid Avg. Mean Avg. Mean Avg. Mean Avg. Mean Avg. Mean Avg. Mean Avg. Mean
R22 -454 454 -246 265 -03 206 28 201 -90 183 -29 207 -44 83
Propylene | -20.1 20.1 139 193 461 469 503 503 365 376 402 415 157 167
Propane | -273 276 112 157 367 376 367 367 236 250 305 320 79 118
DME -293 293 -06 113 287 304 330 340 170 201 282 311 -33 11b
Isobutane | -33.9 33.9 bbb 139 244 259 242 250 108 137 215 239 33 95
All -312 31.3 11 173 271 323 294 332 158 229 235 298 39 115
L) h,, —h 100 ki h—h...)>x<100
Average deviation:%z (ml—hefﬁx— Mean deviation:%EABS (m[h&*xp)
1 1 oxp

exp
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