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A study of saturated flow boiling heat transfer correlations for mixed refrigerants

HE Zhiqgiang, FANG Xiande, FANG Yuxiang, LI Xiaohuan, LI Chong

(Key Laboratory of Aircraft Environment Control and Life Support, MIIT, Nanjing University of
Aeronautics and Astronautics, Nanjing 210016, China )

Abstract:In order to accurately prediction of the saturated flow boiling heat transfer coefficients of mixed refrigerants,a heat
transfer database containing 3 901 data points was collected from 31 papers, It contains the 11 refrigerants such as the azeotropic
refrigerants R507,R513A ,the near azeotropic refrigerants R410A,R404A ,and the zeotrope refrigerants R407C,R417A,
R452A ,R448A ,R455A ,R454C,and R447A. The parameter range of the database covers hydraulic diameters of 0.5~21 mm,
saturation pressure of 0.019~2.501 4 MPa,mass flow rate of 50~1 10 9 kg/(m2 *s) ,heat fluxes of 2.5~60 kW/mz,qualities of
0.003 6~0.998, and temperature glide of 0.002~10.88 K. The correlations of heat transfer coefficients were collected for 26 pure
refrigerants and 16 mixed refrigerants. The existing correlations predicted values were compared with the experimental data,
the results showed that the best prediction correlation has a mean absolute error Sy of 37.3% and a mean relative error Sygrp of
—-18.3%. Based on the analysis of the existing models,a new heat transfer coefficient correlation was proposed which has dyap =
28.8% and Syap = 0.1% , and the prediction performance was significantly improved over the existing correlations.

Key words: mixed refrigerants ; heat transfer; correlation ; flow boiling

0 2| ZAETR IRV R ELA 0 VA 1 R e R AL
COP LA WLMIETEER (ORC) PERE & H A4 4y
SRR (CFCs) RIS (HCFCs) A R R BIPE FRAAE L3 23
SPFE IR SR I 18 IR E AL E%}}z’ﬂ‘ﬂ:@ﬁﬁ iia RAHIE R 2 ﬁ*dz%ﬂ]ﬁﬁﬁ%u LA,
TR B TR AR ARIAF Y o B RS TR AR AR 2 AT oy Sl A A

il

WFEHE: 2024-06-06 fEEBHE: 2024 -09-28
EL£WB: EZRAKPEILETH (52076107,51576099 )



iR, A IR Ve PR Sl i A AOCHCSE 87

I AR v . ARSLERIR A i
i ERE AR AT RO 1) 2 B o A A A A, IR BE A
—E MR W RS T, G2 R S I 5 il 5 9
R 2 22) ;s PR IR G W AN AL o 7 J S v
P N i A — LR S YR AR O I3
PREYI

AW sh I e fhad fe b 252 2| 2 4
3 Z IA] A RH LR, e R B ) TR 3R M R T A 5 |
A PR T REL AT, A% I HL 3 [ A 52 i A% 23l i 5 %68
TG . RSP BT R A B )
S 1 55 A s A 1A L4 S B o Pl T A% 414
(7 K BARANIR] SR 0y A o WA 28 4
TEFI 18 5 1T I 2o 200 v A% TR T, BT 410 ot £ 45
SRR L SO AL U A AT | I R B
T R ThE D, SRR AR G N T AR A
Pt , 55 ol v 7R A5 il 2 R e b i Al A
IS FEAH L, HI5S T ORI A P 7

TER UL S AL FA I o, S S REVEAfG T
I % 2R 0l AT R — B P T . a2
JLAAFE A, X Tl v S A sk i , AT
TR EAEARBOR L, o-100 0 TR A%
70, W5 S AR P L U Bl I 1 P KOk 4l il
YRR AP RE DN 45 1 10, BAR R R T
—LEIRG IV R R SR L RO R (R Y
WG DA R, ZRAT 0 SR BRI, 6V
AR A, MR AR A i L S A 7o
WM, LI BRI BFTAR A

BEXT R AEAE A 1) R, AR SC 8 78 £ 7 TR
JE A5 v TR A VA TRV AR R Sk s B R R BOE R
o ML, A 31 R A TF K 0 SCRk Pl S B
HESE T — ML 3 901 AN A TR A I i
I Sl s B AR BRI, (% 11 FPE M 44
FTRA R . 3k Be il a5 i 4 A AR T LA
M REFPROP 10.0 i b B 445 3], ASF5 2L
Eifliite ZEMCIERE L, 2 XAl hlA R R A TS
RO AT VAN, I 456 1L B FIXT A 5
1A A, B R — A TOUDRS 2 A s A TR A A
LA Iy [ 48 P R EIOHT e

1 REFNSFIQFR ik e R

T B SCRRES 2R, N 31 R E NANVATT &
LW SCERAPICE T 3 901 ARG IR FDEIEE N
0L VI B 1 A SN , R B SR A A
TN ST P B AR E To AE R B R IR
R g M TR M URERR G T
R LASEEAR D LLUORCE a5, 3 &t
IR AW R507,RS513A, ¥T 336 1R & 4 R410A,
R404A, dF 335 1R & 9 R407C,R417A ,R452A ,
R448A ,R455A ,R454C ,R447A %5 11 /> il ¥ 5.
B S HGE R 8 N D= 0.5~21.0 mm;
MR 77 p=0.019 0~2.501 4 MPa, JFi & 7K G = 50~
1 109 kg/ (m* +s) , FI0 % B ¢=2.5~60.0 kW/m?,
T x = 0.003 6~0.998, A& 75 88 1Y
BIESHE 1 Frs,

F1 REHLSTEHEENEESH

Tab.1 Mixed refrigerant and database pipeline parameters
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Tab.3 Prediction errors of heat transfer correlations

for mixed refrigerants with directly fitted
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