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Research progress in optimization of fins for outdoor heat exchangers
of low-temperature air source heat pumps
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Abstract; Against the backdrop of sustained growth in China’s air conditioning industry and climate change, heat
pump air conditioners have emerged as a key solution for achieving the " dual carbon" goals due to their high energy
efficiency. However, fins are prone to condensation and frost formation under humid operating conditions, leading
to reduced heat transfer efficiency and increased system energy consumption. To achieve multi-objective
optimization of low-temperature air-source heat pump outdoor heat exchanger fins, this study reviews performance
evaluation metrics and optimization methodologies for fins under both dry and wet conditions. Results indicate that
air-source heat pump outdoor heat exchanger fin performance can be comprehensively assessed across three
dimensions ; material properties, heat transfer flow characteristics, and drainage performance. Optimization under
dry conditions primarily focuses on enhancing heat transfer through structural improvements. Existing strategies for
enhancing single-fin performance under wet conditions primarily concentrate on micrometer-scale surface topography
design and wettability control. Techniques such as laser etching or chemical deposition create micrometer-scale
groove networks to reduce pressure drop while maintaining heat transfer efficiency. Fin surface protrusions and pits
developed based on vortex induction principles, with heights ranging from 0.6 to 1. 61 mm, increase the Nusselt
number by up to 19. 03%. Future trends involve integrating surface structures for induced nucleation in wet
conditions while leveraging biomimetic principles for rapid drainage. Additionally, designing hybrid surfaces
combining hydrophilic and hydrophobic properties can delay frost formation and enhance fin drainage. This paper further
identifies key research directions to improve heat exchanger efficiency, flow dynamics, and drainage performance,
meeting modern industrial and civil demands for high-efficiency, energy-saving heat transfer equipment.
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Fig. 1  Number of articles on performance optimization of finned

heat exchangers in the past 20 years
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Fig.2  Schematic diagram of wind tunnel experimental testing of heat transfer flow performance of heat exchanger
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Tab.3 Comprehensive performance evaluation index for heat transfer flow of heat exchanger fins
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Fig.4 Summary of performance analysis indicators and evaluation methods for heat exchanger fins
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Fig.5 Schematic diagram of innovative structure of flat heat exchanger fins
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Fig.6  Schematic diagram of innovative structure of wavy heat exchanger fins and performance effects
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Fig.7 Schematic diagram of innovative structure of louver heat exchanger fins and performance effects
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0.08 o =570t 0201 1/ oo
| —e— = MTEIFFLEL 0. 29 1/288 1oz
—a— = A IFFLEE N0.351 17288 Frio)

[ ——
Zfl ;; Zék K%z\ LY@ﬁA 0.06 |—v— LI LA 1o —o— BTGIFILET o
>\

=MBAL

0 1000 2000 3000 4000
FHIEHRe
(d) FFFLE A He 2R 224K

P LR S B, 1 B AL AR BT e T
DL T AP R AR T 19% . a0 T 00T Y
Fr AR PEARITS 1 B R T 1] ; — 2 4 K5 3 sl B
T3 BRI i a e S A A A R | I R B L
AL SEI j/f LR AR AR iR T R 207 kRS BT,
ks 5 CFD B & AL 2RSS,
R A A BT AR, SR, e B O 1 B
iR SF AR S IRATAE AT R S LK
SRIETT R Ak iR A BB 2 HARIL I
o, IR R A PR A AP RER T
IUEN 38



- 170 - LT/ N S B A NI S %58 &

+ B L
» NEENCE I |
!
| | s R R SR
il | 5 AR G R J

| RN = ke M BT Z

| SBRBLH M

| Wi M S BRI | g

AR AR A R

TFREEm

| GUBT st A ALY . oA S AR ILIE

| Frs BA B R A

I
| B e i P AL S B RIS IR EARSE, FFAL
| ReF5s4, FMBLIEASE, A 5UM 3%

e e e o — e —————

TR

B9 FIRTEREHRUFATERILCD

Fig.9 Summary of research progress on fin structure optimization under dry working conditions

3 B THEMNEARFMAA K

50 AL A AR L R =S IR = 4
Hethad A s 1T TOE A 2%, AU 2+ 1T
DU o A SR WA IO I T T VA B 45 7R
PRSI . MRS e 2 B 5 AR LU K28 S
T R0 A L v e, R B A e R, B
AIRERTENE TOL N2 T A 10 R Regk 4
AR 2 S VR ) AR RN B e AN BTG O, >4 Y
KRB —E R RE T, BT 32 A 5 77 AR R 2 A
I R R T () 286 B 0 B R O R is s
YRR T 52 R R B D - 0 e B T 2R PR T DA
AR I o 3, W B sz R RN 5 =X
Ui R TR B AR . O T XHTE )
AL Ty, R 15 A R AR Ak g 2 e LR A
BT 7 A —A~ 5 i 128 Bl 7 1)+ BB BE TR T
XA BRI o 2 fh £ R S TR R IRSE o 244
LRI L St 23 e ARG 5 I AR T B RN
TR o S 2R B 55T (8 R 2 76 5L g el i
SKITVE R R AR B R o ol 88 i 114 2 1 DX Il
R B i A, AT FE B £ 118 B B v BE AL
P AR LR T 0 °C I, v SRR 2 75 i R
KRGS BEMIT R AR R B
3.1 #HmPAFBRERSHMN

M TOUR, 2 UM AAL L RS He  ib
LR ZETBEAS R s P A 128 | S Bt e 7 (W)
25 8 I S BE R AORR A A . St R AT
REJE K R 8K 3 | A A A% 3 J7 0l 5 e 7

R O SR A R A KRR S AR
T 2 /N2 5 ) ik AR, B
FABH, 1) A AR K IR 2 RO T A 2
JEo3 A B SRS BT, i — A S X ek
R WA PR AR B2 R T R R AL PR
B ARV BEK W B n] RERHAT SR S R TOLT
e LR A AR B 25 F S B R TR, DL
v P £ 5 AR Z T )

- lrlq

() YR B

N\ \—/
N N

(d) WG V% (b) B4R

=

(c) WA IF
10 FREARBREERTETE

Fig. 10 Schematic diagram of droplet condensation and growth

process on the surface of fins

3011 Hedhadmil i IOl R Iy e

SR A R JEE IR T R A AR, BEE B4R
THASE AR, BAEIR LT 8 7 R i 5 I ik
R, 5 B PR A RCHE fiph e AR/ ELEREH S T, ) 55



552 ]

QR , A% R 2 IR = SN AT 7 o e <171 -

THOAEFRY AR AL S, o A e 2= <
BT, B0 A, 2 — il 22 . 1
LT S i R T RETCIL Lk HE T R A
e, 7 2 6 HAL 25 AL LA K IR 1, A 5
TR 2 AR M A BRI, 2 s e R, e A
FeLSiR BE RN A . BARPE SCAE SR A RE 43 1 1 4K
PHEINE BEF IR Z B, b 13 R I 3O ey JEE XA
HMGARPERE R E M, UG 2 SRR B W R i
ARSI V& SR PR B L THS S48 TRy i
R34 I S BRI RS BRI s 22 0800, 1158 T 1
5K R £ 8OR o S8 R B SIS B T B A
RE A — A A, T AT rh = RS54 7 45 Y
HAEM A N 1.04 mm,, R S8/ o] R AR A4
BH, 2T+ PO R W3 R 2 A R
R AR T 00 38 R TR B 7K 2 38 i A
BH, B E R AR Wl g 7R T 0L F B %%
SRR iy SR e A AR ik, AT R S B0 AR R
WA IR R E . Sallar 55158 1 BUE
FUIRIT 1A [R5 e J5 B X S A P B B 2 i, fF 9 4%
RN BB TR 0.75 mm Al 1 mm 4b 38 F (1
B IRLSE R S 1) PR JEE S i s/, B AT S A I8
JE T 55 IR /R RO A S A B B A g S

R 2RI B HEK R RE A SCHE N R 2
— TR R e A BE T g 1) ] IR AT R 2 e HE K
REAIRRAR, Park 551758 o 0 9T 17 B8 A
1 7 2O T B AR A 2 TR R AR P BE . BFST
LURRY] P E A ERFRIZIE ORI ST T
A LRSI AR, — B U IE
T3 A H WSR2 0 b 28 3 1 7 Tl A 14 2R AT
ARCTAE, S BORMBOR SR T R, A 80351
A o X L SR 5 I T A A i
IR, A B R R T T e AR TR
Posl, WAL R B S W 29 20% (B2 UM
FEIEIN T 50% VL, SR, fEHE KPR REDT T, T
-5 F P DX Y K B B K 142.7 g,
BEE TG 114.7 ¢, HHPKI R ZEK 78—
i, X —22 5 BRI T ISR WIS T A 4 F
AT K P HE . Xu 551 BT T
R PR E R A BT HEK BT R R E A
3 b IRY % flcie 1 He AR A 45 7R A5 1F T RO PERE, F
FEEERR W AL 5 IREEFRBR AR IR 30 h B IR 1
REREE 18] A HERS 1M AL , BRI 7 AR HEK
e BB 7 o3 ) b R A P RE R T
25.8% 1 56.7% , iK% % il i 1 HA T 1L

7 B SR I, T R mHE K M R R A HH
PR AR R T 1 e a0 S HE KA 25 A
S50 G T FE R B e 4 AR 9 [ s, HE K P g
BV $2 T 5. 23% 3 12 45 A8 B3 T SE B HEK
S EAE AL, Wa 25010058 i i 56 BF o & B
5P 80 A L, g T I R A
AR DR FE B, TESS R AT AR B
h 60% B}, V- B 5 e 825 19 T B8 25 A HERE T A
TS R 5 9. 7% , P EH M R SR 455/ T
(49 80 B AR st BB D T 2 A TR B3,

R ) (R R AN e O 2UAE H B A5 S
M SZ i HE K PERE Y o — BRI 2R, /N8 (]
P S BHAR A EEK 1) A SR 8l , 5 BOK B 55 m A
K, AR ORI IRl RS, W T A0 F 8 R
V1) 3 7% )38 3 ) T B GE 82 7K A, BHLAS: 2 <3 3h T
TR VA K B, DT 5 T o A R R R P R
IR, /N (1 2 3 hn 22 m s BHL T, S SO
1%, 155 T AR EEK AT RE T, TR HE K
RO, B N2 B B AR sl 2% i, i — 25 45 /N
A ROK LI |, RA BE K A I BABE , K AT
RES| & i I i el 3E € . Yang 251" 38 i i 631 B
R 7 [B]FE AT DAZE R e M B IR 4540, 3 A
(] A /NS 5 B 30 ) S Y SR A T K R
JTRE ST $ARH X 45 i s A IR k)
TR A5 S P g s e B, 3 R [ A 9 KT DA
M CFR R K, M AEIEEM 1.4 mm 92 1.8 mm
it AR A KA 32% , EAM AR BERE M 13.6 mm 3
% 19.8 mm B AT 4" K HEAK M, 58 5 K iR AL E
5.63% . SR, 38 A (8] HE 3 R Ssis /D He AA  AR F AE
P S HE K AT v, XIBESE "l it CFD #E4
T B R I, AR A R 28° ~ 60° B X AR B
IR/ I EE < 10% | 1 FFEE B0 N 5 38
14 B FREK RN 31.89% , XS R N IF 45k
N FEOKPRIE BB T BELAS T /K B H R
Bl X — 258 R SRR L T A
Wl IRIGATFE R e AR LR AR & B
SEMHE KRR, XIBETE N R B, 2 e R
45° ~60°H] , 5% B K /b IZMEEVE T, & 4y
15 FR gk 138 ) fe AV A, BE kG T AR A
1) YRR s B, SO0 T KT 2 2 B K R R T
Wu 25 EHR I 5T T 6 iR [ 42 007 B
R RE AR AHE R LU SR R A S R ,
A3 R T AR AR B FRHE B SR R | BT
Fr R B RER R ARSI AR 0 s



172 - R

[N AN

5558 4%

Hethdi il Mo s AR S AR PERE R A% DA
P, A B RS 22507 U AL X R L RER Rz
TRETERA WE R, I AR, BN R I HT )
N RIS R VR BEK S HE KA R GR AT R,
A58 0 S BB R GRS T = R

ESNIDVERIR £ 5 0N &/ 3] R F 2 {SEN LAl
Pl BFFCE RN 4 FoR 578 13 Fr 45 - it
PREPE—HE K VR RE =2 18] A9 AR Lo G B, 3 — AUt

LU RS IAAS HBET TR B T BIE S

F4 BARBRLBRLZEFAMUARILE

Tab.4 Summary of research on optimization of fin types and installation methods for heat exchangers
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Fig. 12 Design of fin structure for biomimetic heat exchanger
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Tab.5 Summary of research on surface structure optimization of heat exchanger fins
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Fig. 13 Schematic diagram of surface structure of hydrophilic hydrophobic mixed fins and performance effects
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Fig. 14 Summary of research progress on fin structure optimization under wet working conditions
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