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Improvement of Computational Correlation of R134a Flow Condensation Heat
Transfer Characteristics inside a Micro-fin Tube

Tao Leren Wu Shengli Mao Shushi Zhang Danting

Li Qingpu
(School of Energy and Power Engineering, University of Shanghai for Science and Technology, Shanghai, 200093,
China)

Abstract In this study, the surface heat transfer coefficient was selected as the evaluation index and the two-phase flow condensation
heat transfer characteristics of R134a inside a horizontal micro-fin tube with 6. 35 mm outer diameter were studied. The effects of the test
conditions and structural parameters of the micro-fin tube on the surface heat transfer coefficient were analyzed. Correlations of Cavallini et
al. , Miyara et al. , and Oliver et al. were also applied to predict the surface heat transfer coefficient inside the micro-fin tube. We found
that the correlation of Cavallini et al. was the most effective at predicting the heat transfer characteristics, where the average and mean de-
viations of predicted and experimental values were —=21.47% and 21. 94% , respectively. Although the average and mean deviations of the
predicted and experimental values of the correlation of Miyara et al. were 16. 21% and 30. 65% , respectively, the margin of deviation was
—-47.12% to 82.32% , which indicates that a greater deviation still exists between the predicted and experimental values under certain
conditions for the correlation of Miyara et al. . The predictive ability of the correlation of Oliver et al. was the worst of the three correla-
tions, where the average deviation of the predicted and experimental values was —54. 93%. The correlation of Oliver et al. was thus modi-
fied based on the experimental data, and its predictive ability was improved greatly, where the average and mean deviations of the predic-
ted and experimental values were —2.37% and 10. 77%, respectively.

Keywords micro-fin tube; R134a; flow condensation heat transfer; surface heat transfer coefficient; pressure drop; modified correlation
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Fig.1 The principle of experimental system

TV T R0 B T2 ph R RSO | Ik b B e % | T i
T IR LR | SC e Rk i T
PRI URSE BERAR L N, Aok VA T4 R 7 i B A ) 3K
BT GRS I 7R TR UK A i #h =1k
AR ATV T A S50 B 58 4 V58 DL o6 iR
SEB 38 A R T S R BT ARRAS G TR
I HR 5 3 i P o R0 R AR I T R A, AR — TR
W, SCEGE 38 A R Y R AR A AL A R AR R G N
P RIIRPR L G, 38 R F K I ) R s o 52
BRIV IR D], BEIRES R 1 B R G SE i
J3, LI T AR AR S A FNR Y RS B
pANIR= NG

DK AIG R FH TR 50 T 00 | 322y HL
T AKIE a4 AT, S0 32 B i AR
TN K A PR 38 2 R 101 3 R R A YT 5 o v 5 1 4
o,

SR TG E A0, 1 °C 1) Pr100 %71 Hi, BH 0+ 52
5 B i v SR S AN 5 % T PS5 GES072 HU
F7AR R g I Btk 1 ) R AT T
0~4.2 MPa, 50K B R 0.2 9% #% F 1 RHMO3

FEIREAS S RHE14 7556 75 2 5l A I 3 3 0 e S 0
5 PV 0408 PR G BT U i, & R O 0. 05 ~ 6. 00
ke/min, YU J5 2 35 0 AR AR T o £ 9 S M A
BHE BT EAR R, seAh, M EREE R 0. 1%, BEH
R EE A 0.5 G il - i 7 — 1A AR e R 3t a2 113000 2
K,

Ol (] |
|
' I

Wik |

2 TWERIRIE
Fig.2 The principle of test section

S B b o — KA S R
8 2, ROKAE PR 8 R 30, Sl )i,
TR B BN 2 Fron, A e AR 6. 35
mm £ 5. 89 mm [ 1 AOGH N 2 RN IR0
WA A I BARES I 2 J0n R 1 B,

®1 MBI EENSH

Tab.1 The structure parameters of internal thread test tubes

sy WRiesns T, s - Wi, R/

(°) (°) mm mm mm
24 18 25 0.19 44 0.40 0.25
3# 28 33 0.19 54 0.35 0.15
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Tab.2 The physical parameters of R134a under working
conditions of 35, 40, 45 °C

ST WAL/ SREE, WilRE X107/
i/ (kg/m’) (kg/m’) (Pa-s)
35 1167.5 43.416 1.72
40 1146.7 50. 085 1.61
45 1125.1 57. 657 1.51
T WESHAY UESHRAER R
S/ x107%/ %107/ %107/
(W/(m-K)) (W/(m-K)) (Pa-s)
35 7.6 1.48 1.21
40 7.5 1.54 1.24
45 7.3 1.61 1.26

DA S 2 it O SRR, S BUR R mif%

HEBR(W/ (m*-K)) .
h=0.,/(A,At,) (4)
A, HPRAESPRIN, m? 5 A, RS BOGS
Berii2z K.

P V. Gnielinski' "' 28 335 3K 4 18 P90k

IR LR EL b, D
_ Ay (f/2)(Re = 1000)Pr (w)""“ (5)
YD 1+ 12,7 (72)M( P - 1) o,

A, HIK FRRELW/ (m-K) 3D, K
BT K J1 2648, m; Re Jg iR 7k 35 34 50, W2 Y
Re>2 000}, T E AR T FH ; Pr ki3 /K 32 IR0
B IE R B, WIARYE Re ST (up /e, ) ™ MR
REEBIER T, LN S L,

DU 5 T A 2 (0 Y 220 W% B T 45 T AR, AR 4
PP 2> B 5, Ve R 5 K 22 Ta] A% B 3 B
55 < V4 0000 2 AL BB 0037 AR K A
FEPIEHE 3 343 B,

L:L_ 1 _ln(Do/Di) (6)

hA. kA, hA, 2mAL

Kk, RHIR IR AR E, W/ (m® - K)
A, RS N RTE R, m®; D, 1 D, 43 5 R 4 345 S
BN, m; L WS GBS  my A i

BEHREAEE, W/ (m-K),

F(4) FR(5) BT B R m AL A R 5 Wt
IR T AL AR L b, 15 AT (6) BRI AT 15 31 i ¥ 75100
RIEIRE R,

3 RS

3.1 LWEKZ

MR G217 AR SR BE L 00 AT, B ek 7o
ARG RSB0 AR AZ 30 15 B AT v S 38 28 ] b
2 12.7 mm PG MEAZAE , B R134a 7R
Y FRLEE A 40 /30 C |, ¥ 591 JoT 12 e Y LA 200
~1 200 kg/(m’-s)

A N R134a HURH Y 88 52 56 Hh %% ZE /KB Nu
SEEGE S Gnielinski JCHRETHAAE A9 XT g5 SR an (&l 3
JE7R B AT, Nu SE5 A 5T E AW & |, 431
AR 2E PRSI 3. 4%F1 12. 8%,

350 ¢
— Gnielinskit} 244 s
s00p KK i

50 I I I I I 1
100 300 500 700 900 1100 1300

JRETE/ (kg/(m>s))
[ 3 B ZE/RE Nu XWES Gnielinski i EERIXTEE
Fig.3 Comparison between experimental value and predicted

value of the Gnielinski calculation of Nusselt number
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Fig.4 The surface heat transfer coefficient varies with
mass velocity and condensation temperature inside
the different test tube
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