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Abstract: To address the issue of low heat transfer efficiency of refrigerant R245fa in high-temperature
heat pump and organic Rankine cycle systems, an experimental study on its condensation and
boiling heat transfer performance outside 304 stainless steel tubes was conducted. Two enhanced
condensation tubes (two-dimensional tube C1 and three-dimensional tube C2) and two enhanced
boiling tubes (boiling tube E1 and T-type boiling tube E2) were selected as test subjects. The

influence of different tube structures on the enhanced phase-change heat transfer performance of

WeHs B . 2025-08-08, TEFZ T TARQ001—) I A s S0 GEEEED B 8 LA 50, B
H: EEAKEEILERBIE (52476089) ,
R0 2% R B[R] . 2025-10-10 W 2% Wy B ik . link. enki. net/urlid/61. 1069. t. 20251009. 0927. 002



o454

ZEIR A I T R2450a 18 7K1 AN 85 B9 500 AL 457 S 14 B A0 s W d8 PR B 199 S S AT 52

stainless steel tubes was investigated under a condensation temperature of 50 ‘C and an evaporation
temperature of 30 ‘C. The results indicate that for the tubes with better heat transfer performance
(the three-dimensional condensation tube C2 and the T-type boiling tube E2), the overall heat
transfer coefficients range from 2 500 to 3 200 W/(m?® + K) at a flow velocity of 1. 0—4. 0 m/s and
a heat flux density of 20 kW/m?. The thermal resistance of the tube wall accounts for 30 %—40%
of the total thermal resistance. The external fin structure of the stainless steel tubes significantly
affects the condensation and boiling heat transfer performance. Both the three-dimensional
condensation tube C2 and the T-type boiling tube E2 exhibit superior heat transfer performance.
Compared to tube Cl, the overall and external heat transfer coefficients of tube C2 are 5%—7%
and 3% —8% higher, respectively. Similarly, compared to tube E1, the overall and external heat
transfer coefficients of tube E2 are 22%—32% and 27%—38% higher, respectively. This study
provides important references for the design and optimization of evaporators and condensers in

high-temperature heat pump and organic Rankine cycle systems, contributing to the improvement

of heat transfer efficiency and overall system performance.
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Fig. 1 Schematic diagram of experimental system
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Table 1 Geometric parameters of enhanced tubes
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0 0.21 1426 4. 25 63 151 1. 36 0. 87 95.2
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50 0.52 1 350 8.93 83 171 1. 31 0. 89 84.1

2 LEEHE

2.1 BERRY
0 S 56 K B4 A e DR IE v 3 A I S
BB 22 /N T 5000 BARERBOT RN

-
k nd,LAt, D

A o MBI d, HEMSNERRL IR K
JE s Ar,, NXRCE R 2E
P BERNZE R TOL T HY A BP9 22 53 31 Ry

t — L
Atr = ¢, out c.in 2
' ln((tc.s 7tc.in)/(l‘(‘.s 7tc.0\11)) ( )

Loin — L
Al‘\,_m — v.in v, out 3
G =t/ —1. @

K Are A SRR BERNZE & TH0T 1R
VIR 2% stc oot 3 00 R V8 BE TN 28 & L0 Y IR B
Lesin~Lewou IT IR BE T 0N KB HE T O R 52,00
Lo ST VRZE R THL N K BE T HRE

o it E S R

q=¢/A, (4)

X A, HENIPREH,
2.2 BERIIRERRE

XTE N o 8 g g Ak mY ok L T aE
Gnielinski 2430 #1521 8 Py 5t i 18 R B0 5 X
'
_ A (&/8)(Re — 1 000) Pr

by = di 1+12.7 &/ (Pr*" — 1) |
[1+ <%>zz:| (PPT}:V)().U (5)
€= (1. 82lgRe —1.64)* (6)

A A MR SREEG HERMNER;Pr, N
TE TH]AS ) B A B0 Pr B 0.6 X 10° ~ 1.0 X 10°,
Re HL 2 300 ~ 1 000 000,

zkxb. xjtu. edu. cn

Xt T8 N A N RS0 AL B SR AL A B AR PR

) FRIERATE N
1 _ A1, 1
b A hi+ho+Rf+RW e
_doy d,
R, = 2/Lln " ®)

Horfe A AN R by Sk 500 R R AR A 1
HEFNE NI RBGR, B W5 IR AR, | T4 3C
it A A5 JAAE 2 TR A HLSE I K T K, 22 B
IR KRR 2 — A 7, A 525 b ] 200 AN
IR, HEREABH A, HE W RRRE EM N
304L AW, H SR ARBI 15.2 W/ (m - K),

20 (5) F (6) 15 B 50 8 PN 3R 18 X I A% #1R 5
hy, > FIE T Wilson #BH 43 85 1607 15 2145 N 5 1k
53R e BRIGH by = oy, THE SR RALE I N £
TR0 A% PR B by B AR KX (D) 18 310 SR R
Bor LK Bk AR R ARA KD RSB A
A B SR A AME IR B s SRS PR AR 52
B A5 B 0 G A AME IR R B HE— 20 B A A i
EAE 2 ¢, .
2.3 ANAEESMH

H T SR S 0 W A Y AT 5 e 22 D T
5.00% , 2 RS PR BRI S R I R 0 A 1R 25 04 5
SE R BRI RE R 5. 00 %, BV 2 B R RE
JEH 5. 03% » AL AR BN Rl E N 5. 17 %6,
Gnielinski 757 F2 190 2% 76 £ 10. 00 % DA N AL P45 N
WA REL A AT 5 B 10. 00 % o DR AR 4f SCiik [ 25, 4%
PN AIME A AT EE R 12.40%

3 SRR e

3.1 AERZIE
N B S0 AR GE R T FEAE L ARV BRI E D 50 °C |
ZRAURIE N 30 °C I LR SLEG AT B A KO SR v




54 3

ZEIR A I T R2450a 18 7K1 AN 85 B9 500 AL 457 S 14 B A0 s W d8 PR B 199 S S AT 52 223

AL IR BRI A% B R B9 0 5 Nusselt 2R
fift A L Cooper 24 200 i AE 1 17 X Lo (%
TAHEL RS B 0. 3 o) 45 3] 19 25 5 LIS #C (LA 10
R A bR TE A R BT IR 3 A 4 b, l AT, S
50 Xt 2R 55 PO A 0 0 (R Y I 25 B AE 15 %6 DA
P B0 IE T S SR R Ge i R SR T

30fF

m RAS
Nusselt i 11545 4

)

-1

K
o
wn

b
o
T

EAMESFEE/ (KW m” -

10 15 20 25 30 35 40 45
P E /(KW m™)

P

3 WEDCEEIMER R B IIL R S Nusselt #ip
AR MR I

Fig. 3 Comparison between experimental results of
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Fig. 9 Variation of external heat transfer coefficient

with heat flux density for different boiling tubes
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Fig. 10 Variation of external enhancement factor with

heat flux density for different enhanced tubes
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