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Abstract With the expansion of air-source heat pump (ASHP) heating systems, ASHP arrays have become the main arrangement for
medium-to large-scale heating projects, and their scales continue to expand with the increased demand for heating. However, larger
array scales intensify the "cold and wet island (CWI) effect" at the array center, significantly reducing the unit efficiency and threatening
the system stability. To investigate the variations of the CWI effect with array scale in ASHP systems, a field-testing platform is
established based on two ASHP heating projects with different scales in Weihai, China. Tests under both typical daily and long-term
conditions show that increasing the array scale from 44 to 64 units raises the average cold island and wet island intensities at the array
center by 1.5-2.7 C and 0. 3-0.9 “C, respectively. The defrost frequency is increased by 10-20 times, with average heating capacity
declined by 12. 2%-19. 4%, COP decreased by 15. 7%~-16. 6%, and heating loss coefficients increased by 0. 05-0. 07. These results
indicate a significant intensification of the CW1I effect at the center, leading to more frequent defrosting and reduced heating performance.
In contrast, peripheral units show the negligible changes in CWI intensities, heating capacity, COP, and defrosting losses. This study
quantifies the CW1I effect at different array scales, providing data support for the large-scale application and efficient operation of ASHP
syslems.

Keywords air-source heat pump; cold and wet island effect; array scale; field test; heating performance

L P HERE SRR R R G AR REIA, W A SRR T RE 5 5K T A 122 U 1) 2R
o3, FCRE R ZE AL AR AR e B S 2 WU " B bR R B VT IO " R A SR S, A3 R
0 72 o S U 122 WY SR BN 24 5 N 2 AW 4 (air-source heat pump , ASHP) 1 A —F il 224 H. &%

Wk H 41 :2025-07-23 ;& 0] H ). 2025-08-28 ; 53] H 1] : 2025-09-02



4T E S
2026 4F 10 H

%

Vol. 47, No. 5

1 October, 2026

P AT P AR RE VR AR, 78 S0 Ui L I S n v i B A
W ASHP LR ) S B N P Y e
B VI RG], 22 SR IFERES] (ASHP-A) B
B BB SR, 24 ASHP-A MR8, 32 %
JRUIRTE A 5 MR, ASHP—-A F 0y X 38k i 5 T8 A (R 7L 25
T Y SR AR A, T RV TR B BN, AR AL 4 ik
AR 5 5T, 35 AL 25 7 XURS: S 25 R AR Ok, Ak
HLAL il A B, ™ F 1 20 ASHP-A B = 3GE 17

A 58 BB T ASHP-A 1B 17 1 2 AE 1“8 53k
N HRGE Ve S RN 5 e DR 2R RN G R it . AE
“V SOV R e R R IR [ AR B R A S
T Z R sz P E AL 35 BE S BT | [ A 4 2[R
JEIOT PRI PR A3 A PR R A A R
ASHP LA A 75 8, I3 i a7 I 3 7 LA A Ay
AIE LA B ot WL il A BE 1Y) S 5

TE 28 A it 7 T, ) PN 2 3 3 0 B A AL A
SEUS IR By i R T — R AN MCER I, A ARl
2 AR B 3 HLA (R R R AR B AL A (7]
(4 BB AR A XU B R A v ML ) e v
JEAE BRI Y AN T 4 i A R A LA 1)
AT YERE , 1 A S AR, T LA A 55
SR BT ASHP-A By AAPERE

H R D58 e ASHP“ YRR 3", 1
T E R Y ASHP-A“ Y B Ry " O ME A, IS T
AH L B4 P RE 401 2 PEAR AR AL, 90 B B 5T T R R K
o 2F T A B I — 2R R] T ASHP-A T i
FATAE VIR 0 , WA X 90 58 ) 25 S A0 A0 1Y)
TR F2 BE AL T 1 5 000 5 B 58 X, B R R T
ASHP® Vol B 30N " A8 B 56 Z8 M HSE ) I #il o3 17
ASHP“ V& 55 RN, " SR i PR 2R S R pL e . 22
+ RAE I O B b S 4 7R T ASHP-A “ V318 5 4
NS SRR R R AH B . S5 R R AR 5
BN R RE R R B8 FpC O ML ZE AR 8 TSI AL 4 B
FE AR N 225% , A BB 76 5 255 oo HLAL D
S 5RBEFEAR T 4.3% 18 B3R ETHE T 3. 9%, B FE Xt
VR RN R TN

A WFFEUESE ASHP BB A7 78 “ Vol 5 307
PN R s A S | B S 1P
ASHP-A“VR R 5 30 0 " HEAT T 91558  (H KR 2058
Jry BT B — BB RS, i = X AN (] [ 51 R N ASHP
VY RN A A I SR ) ) S S

AR SCARAT I 2R 48 B T 5 ASHP 4 81 3L % 7R 3
TR, VE#E 2 AR HLAE ) ASHP [4:57] , FEI 84 51) o
FAMUHLLE , R FH B A 0 32, TR AT 58 AN [
G HRAR T ASHP“ ¥ 3 52 &4 7 A8 Ak BUHE K 52 M, Oy

ASHP AL A B AGE T H R 3%
1 WK B K R 5

AR SCHEERIL 2R 48 B T 2 A [ RRASE Y ASHP [
FIHERE s TR I8 2 T 58 5 10 4 1 3 3 ik
R4, Wit T B RS SR S A
1.1 WX m B

TR TR T W S XY B T, A ZE A
Wit A2 KRB R -7, 7 C AN BE Sy 61%, 53T
HEBE RECH 137 d.

MR IR H g 2 4> FHe T ASHP # 28t 114 14 371 {1k b 22
g5, 5 B 64 6 N 44 B HLALA AR, HAR A B =
R . Hop B/ 1 (a) ks 5 1-F 1 & R
5% ASHP HLALAR &, 25 1 B 12 &, 5 2~5 51 4357
B 13 f, WA HES R %, S EEE R 1. 74 m, G b
T FLZY 311 m?; B 1 (b) P30 H 2 19 F i &, 3t
4 %) ASHP WL , 441225 11 &5 ASHP, %1 [8] [] 5 {4 4%
— 3, T R 2N 202, 8 m2. FIFSR AL A e A
R ZALALAE 4 LT (P BRI E 7 “CAR Bk B
6 C, /KRR 45 °C) il #A a4 78. 0 kW, 44 L COP
(PERE R EL, coefficient of performance )}y 3. 35, Fit & 2
3 50 Hz IR HE AR HL, Hil 72 571k H R410A . SMill4e
ARG 2 673 R e R85 4, B R AL
134. 8 m?; 3% KU R GL it £ 2 5 Fl i AL , 45 2 KLk
12 500 m*h.

1.2 MK &R S

Shy 4 T 4 78 AN [R) P B0 AR ) ASHP “ ¥4 8 5 3%
I 5 M R, 3 SR B 2 AN 00 H 64 R 51 s A
LA (B D) AT A . AEREMLAL B XU 15 m Ak
BNy — /NS G W, TR SRR BRI A
5 R IR R S IR ST X LA
Z S04 A 8 R RO R A (560 s — 1K), i
5 25 S A T KA B ML T A B AT S
o HARALEE  UEAHEX R AR ik
T R R E AL TR T B A RS %
AR TR B SCk (18 I E 2 5 & 2 iR o

HY 0 2R G v 45 A B 1 B e R 2 A
3o 2 (A0 e, AT 5 LA )40 i 58 2, % e A o
BN [A] i 25 A TR 22 0T . AR SR AR XS
ANHRE BE UAE NP R bR, Rk F -

N=f(X,Y,Z..) (1)
5N=/(j§sx)2+(jf;5},)z+ (2)
U, =8,/N (3)



478 S
2026 4F 10 H

Vol. 47, No. 5

B, AF NI B AR 25 AR B VR 5 38O ™ AR A AR B i ST October. 2026
ctober,

[ N )
#55 [08 68| 88 38 |38 68 (66|38 |58 |66 | 08 | 68 [&E]

N(E ==
1.74 m| WSS MLAL

%W_JI@@ [ 0D [ ®D [ BD | OD | DD | OB | DD [P | DD | OD | BB | @@I
_f.74 ml ° e

139 (08|06 66| 66 [T 68 |68 |06 66| 86 |66 66| &5
T74m] W 51 HLAL

#5271 [ OB |38 0D |5 | 0B [0 |5 6556 3D |30 | 58| &S|
174 ml

(80] (2050565656 [66[83)]
(a) W H 1RSI
N 0| O (3B 363D | B 36| 5D |0 3B | BB |

#5171 (68|66 66| 58]

@ T1.74m

5539106 [ 66 [ 0606 |68 | 66|66 | 66|66 65 | 68|

T1.74m

Ve AL

52168 | 66| 66| 06| 8 [E5] 66| 666660 65|

T 1.74m

VESTAMBLZL

#1758 [05]00[ 60|80 68|68 03 B 66| &8 |

—

(b) T H 2R & 15
1 WX EEFEREE
Fig.1 Schematic plan of the test project

Ao N Oy EEI B BB X YL Z iR N RS
B8 MAREAT EJE
2 Wik A RSN

ST T 20254F 1 H 12 H—24 H X ASHP [4%1]
HUOHLAL 5 RSN MBI AT 13 d B 87 25 55 T4
TFHLAMEREDA
2.1 W TR

P2 s A It T L T 2 K58 TV A 45 7R
Pl b A o3 A AR 4 DX 3 85 7 P13 >0 43 B ml 2,
I I H 1A H 2 S T Lo LIEE 5 Tk
F=, 5 9k 83. 4% F189. 9% , 45 FE XS A v o MR
PR B Wow , T H 1 B BB L R -9. 8~
11.4 °C, V3 % 48R B J-0. 67 °C 5 AH X1
28. 19%~86. 6% , TSI FHXHEE h 68. 2%, T H 2 Bl
Iy BR 55 U BE R -8.9~11.5 °C, V3 % AR B R
—0. 04 °C 5 FHXF 1B B 4 26. 3%~83. 0% , - 14 A1 X i JE
}65.6%.

B3 iR AR T 00T 2R B8 XU ) R
LI H 155 H 2005 8] 2= AR5 R LR
h S KA, JERUXUE] S EE 100. 0% , BREE KUGE AR 1k X
18]35 R 0~14. 1 m/s 5 0~14. 4 m/s, 29 KGE 53 51 K
2.8 m/s 1 3. 1 m/s, Jo KL TBE 5 He 43531 4 10. 7% Al
12. 1%, WAk, 3 E] 2 4 MWL Btk 245 2 1R
FE R 45 °C, B 42 i 38 % R F A st 1] - B (time -

temperature, T-T) 2 |2 H PRI 445 7F 95%
LS

100
90 f

%Ef*:@ ‘

O A
—14-12-10 -8 -6 -4 =2 0 2 4 6 8 10115
T)C
(@ WHI1

*4,
e ot

1

O 41210 -8 —6 -4 2 0 2 4 6 8
7)C
(b) Wi H2
B 2 K HEIME TR TS IRIE B R4 7B Eig Eay o™

Fig.2 Distribution of ambient temperature and humidity on

10 11.5

the frosting map under long-term test conditions""’



4745 51 N Vol. 47, No. 5
® okl R ’ ?
2026 4F 10 A October, 2026
RG34 [X 1)
=15 [i4-15 3-14 -3 @@ii~12 EEgio~11 []9~10 s
78 e [ms-6 [+ [+ -3 [l Emo-!

WNW

ENE
w E
WSW ESE
SSW @ SSE SSW s SSE
X 10.7% - b 12.1%
S i, 2

3 KEAME TR T B AAEREE KUK [3] KU

Fig.3 Natural ambient wind direction and speed under long-term test conditions

Zr b, 230 5 ) PR B0 S8 PLA 2
BRI, AT BRSO AR IR T 5 0
2.2 M IEER

KT A B VR S RN, Ve S
S E AT VR S RON R AT, R BN FE
Fro i ¥ SO0 SR AT TN

AT =T, - T, (4)
AT ASHP FEB I XU IR B 28 SO, C T, ok
ASHP LA # KRB, °Co
TSROV BRI AT, TN
AT, = AT, - AT, =(T,-T,,)—(T, - T,.) (5)
AP AT, ASHP-A S5 P58 23 AT BRI 518
BRI 2 2%, °C; AT, i ASHP HLA 3 X2 S T RiR e
BB E 2 25,0 T, IR 2 R BRI, °C
T, H ASHP HILA X SR BRI, °Co
3 O5) TP BRI T 2 T
T, = Tatan[0.151977(¢ + 8.313659)"* ] +
atan(T + ¢) — atan(¢@ — 1.676 331) +
0.003 918 38¢*atan(0.023 101¢) — 4.686 035 (6)
K TRHERTERIERE, C o W SAHNRE, %.

BEAR SR T 43 AT Vo B 5 U0 7 XF ASHP B4:51) 4 B
PRSI , A SCHE R s il # BB T ¢, ASHP HILZH T FE 2R
A7 L BE 2 AR (0 I RGR COP /R LAl A RE O TE Y
febn , k(T .

q=c,m,AT, (7)

COP = ¢/W (8)

o g AHLAL BRI AR T7 kW s e, IHLALIEIAIK
M EL A I/ (kg °C) s m, A HLALIE IR K B 3 £, m*/h
AT, ML AL KR 22, °C s WA ASHP HLAL A i A

3L kW

FiEHT ASHP HLALTE 25 R 7R 7 OIs 7 PR RE
M H R FH 4G R R R PR IR R e, A AR
et Fkr

f ¢y — qdt
_Jo

j “th dt
0

o ee, i ASHP HLAH B 0K 2 45 SR 21 22 F — IR B
TR S 25 o i 2] BN I] 559, WAL CHR TR By
e ) A kW

3MLERS S

SBIESE AN ] [ 51 HLAEE T ASHP—A “ V48 15 300
(14) 5% M R A, 26 B 76 03t T 5 K I3 T
X245 H ASHP HLZL Mt 2s R4 73Rl 40
3.1 BB B K TR T A B B 51 #9148 ASHP
“OFTR BN MR R R m S A

LAY 25 FE IR T 00 P85 TR0 B AR A A
P4 ATLAE S, 100 H 1385 15 R85 A0 X
JE S A X ] 43 590 SR =2, 9~7. 1 “CHI1 39. 2%~73. 0% , T
H 1 I8 I B AR B AR X B AR b X (8] 431 R -3, 2~
6.4 ‘CHI138.2%~70. 1%, i, Wi H 1 FIi H 2 7555
SE R EE 43 M 0.5 °CHN0. 4 °C, BREEF- 2R 0
I35 R 58. 4% 1 55. 9% KR4 2 (4) 1B A5 B
A HLZH BV SR B AR AL QN 81 5 B s . AT LA
F 3, I00H 1S O LA A AMIATLZE ¥ 5 R 5
BEAS AV X 6] 43 51 H -4 5~9. 1 ‘CHI-1. 1~4.2 °C, Wi H
2 [ 3 O HLZH AN M HL L ¥ 15 5500 ™ 5k AR AR IX
8] 43 ) =0, 7~5.5 “CHI-0.5~3.4 °C, Hrp WiH 1

(9)

&y,



478 S

VI 5 AN AR AR B R i ST

Vol. 47, No. 5
October, 2026

2026 4F 10 ]
8 —o- FREGHLIET, —o- REIHNHE Ty 480
el ,
4 -
2 2F &
&~ Y Sy S
2+
4 F
1 1 1 1 1 1 1 30
00:00 04:00 08:00 12:00 16:00 20:00 00:00
B
(@ WH1
81— FRBEMIET, - IREIHINEIE, 17
" 70
63
4 60 _
2 5 55 <,
~ S
0 50
45
-2 40

4L L 35
00:00 04:00 08:00 12:00 16:00 20:00 00:00
2
(b) WiH2
4 BB ALZENR TR THRERIEETHRE
Fig.4 Variation of ambient temperature and humidity under
typical daily frosting test conditions
—o— I H OB SR EEAT,

1-m

10— WH2OHUEHR B SREAT, |
AT, .=47°C

1-m-ave

_6 L
00:00  04:00  08:00  12:00 16:00  20:00  00:00

%]
(a) HoHLAL
O —o— T H ISMUBLALA B RIEAT, |
—o— 391 H 24 MIHLALS $5 S AT,

1-n-ave

AT, =14C E

8 AT, =1.1°C &

2-n-ave

2+
i i i i i i i |
00:00  04:00  08:00 12:00 16:00  20:00  00:00
2
(b) SMUPLLL

S BB AR TR TS EEETUNE
Fig.5 Variation of cold-island intensity under typical daily

frosting test conditions

515 H 2 (5] bt B B S 2 5 R B Ak
4.7 CHAI2.0°C, T H 1 MBI H 245 172.7°C, 1E
FEZ AMIAILZE Fh, 350 H 1A H 2 (S 2978 15 5 JE 4y

HIM 1.4 CHILL 1L CLIE LA H 2 745 0.3 °Co

Fie 185K (5) 52 (6) 1153 Fir s 190 & 58 B2 AR fk an
K6 R, nl LA E], T H 1R8I S SMiAL
21 R S R0ONE 5 AR A DX [E] 43 R 0. 3~3. 7 “C A0~
1.3 °C, 51 H 2 FES H e AL 55 AMIHLZE “ 38 5 R
SR AR ARIX ] 43 3R 0~2. 2 CHT0~1.3°C, WiH 15
T H 2 B b HLA 1 Y08 B s EE 4 1.7 °C
0.8 °C,HH 1ARATHH 2425 1 0.9 °C, X1
WA 112.5 %o AERESVAMUBLAL 2450 H 1)1
PR EYI 0.4 °C, I LS,

—=— T H 14O IR SR EEAT

wbl-m

40 = BHROHIASEEAT
35t
3.0F
o 2 ATy, 717 C
& 15
obelgl K ™™
0.5 0.
0 ) I I \\'bZ—m—a\'lc I I I
00:00 04:00 08:00 12:00 16:00 20:00  00:00
%)
(a) HutILH
= 5 H LS MUBLALRE S ARIEAT
L4~ TH2SMUBLALR S EAT,,
n | |
12F f |
1oF
I 08F ATwhl-n-m'e:O'4 C
2 0.6
< 04 - J TR S AR - - - - - . -
0.2 ¥
ok Awaz-n-ave:O‘4 C
— .2 1 1 1 1 1 1 ]
00:00  04:00 08:00 12:00 16:00 20:00  00:00
I+
(b) FMUHLLH

6 MEIAZAENK TR TERBETLME
Fig.6 Variation of wet-island intensity under typical daily

frosting test conditions

AL, FE i R H T A0 MU HLZE A A8 5
RN RS, W B RIS 1 A8 Ak 0 SMIATL2H Vo 1 15 3L
7”5 B S M A /N 5 FE A O MLAL AR A 25 e i
DYy QA N SR S 1B N OE T N S TR Y § AN 13-4
.

R PEAL SRS H TR S [A] B 21 R ASHP AIL2H
7% TR AR AU, , i i ASHP 43 [X da 4% 75 el 33 2 gk A7
S8t e BT R R4y I E 1R H 2 #8255
IR0 B IR B | B4 rh s B AN ATL 2 2 XU
MR EAESE RIS B . PTLAE 2, 00 1A
T H 2 i b PR 45 R AU A, 45 7 100 L il e
ik 94. 9% F194. 7%



4T E S
2026 4F 10 H

%

Vol. 47, No. 5

1 October, 2026

i H 1S AMUAL L — 45 7 X 4255 X T80
b7 HE 9 R 62. 4% F137. 6% , AHE T35 H 2 FE 51 4l
PLLH— R4S TR X T 00 5 HE 57. 4% Mz Fa X 00 5 e
32. 6% ¥ 5. 0% T H 1 B3 spO AL — 45 55
X R 7R X T80 o 43501 R 91, 1% F1 8. 4%, Wi H 2
53512k 68. 1% F10. 7%, 15 H 1 B4 51 o HLZH 38 55
H 2 7 — 45 7 DXFN HE 75 DX 7 B 20 S 38 m 23. 0%
7. 7%,

e E N SR I B AN O /i N 0 71 S RN e
T I B v ) 45 0 DAL, 1T B4 370 7 ML 2 45 G XU 22

SRV

HALAL AMIBLZL SRBEN
C H7E X 8.4% 0% 0%
O —ZEFEX 91.1%  624%  38.5%
%X 0.5%  37.6% 55.4%
BB 45X 0% 0% 3.8%

THX 0% 0% 1.3%

T/C
(a) WH1
HUHLZE AMIBLAE EREE0
EHIX 0.7% 0% 0%

—

O —4EFX 68.1%  57.4%  43.3%
CORRmIX 31.9%  42.6% 51.4%
B 455X 0% 0% 0%
TFX 0% 0% 5.3%

. I‘Uﬂggﬂ)!uméﬁ
T/C
(b) WH2
E7 BE A TR THRERRE IR A RURIREELS R
Bl a5t

Fig.7 Distribution of ambient temperature and humidity,

test units inlet air temperature and humidity on the frosting

map under typical daily conditions'"’

P 8 pirs Sy ML A H 0 R 50 E 1A H 2 B3
A FMULAE R BRFRR G Al AR ], 0H 1

Hrpo LA BT BR R 41 0, B H 2 B8 s HLA
FRAR 133 T 28 K. Wi H 1 5 SMUHLA S tBR
6 UK, R H 2 5 A AL AL Bk FE 3 vk AN K
T3,

sroo
40+ WiH1
1] (L T H2
K 30
B 251 .
g 281K
7 201
&
= 15F 13
10 6
e
S5t ‘\3{/\ 3
0 . RARA
LA HMIFLZH

E 8 BE A TR Tl H AR BRFEIRE
Fig.8 Defrost frequency of the test units under typical daily

conditions

AL UL, BE A BRSO, ASHP-A“ ¥ 5 3%
IO S 0 B2 A H s ML ZE 5 R AU 388, i T
P51 ot ML (%) 45 7 5 B/ A%, (R 2 M AL 20
W FE IR 22 FE AL /N o

Y 3R A3 B vl L, RS RRAR Y K5, ASHP ¥
5 35 I0E 7 B 5, [ 5] s ML AL R R SR, 1 i
ASHP WLALZFT PR RE ™ A S i . iff— 20 b,
Sy TN ALAEL () 25 B R Ao Pt il PR Bk R B e, IR
#2 Hl COP, 4 T PFAk AN [A] B 21 BB ™ ASHP“ V2 1
BN AR ML T RE R B .

SR R T WAL Y 359 45 B R Ao
PR RECNE 9 iR, WH 1 5W0H 2 FEF] 0
LA &, - 2IME 43 510 0. 21 F10. 14, SMUHLL &, 34
E 439714 0. 08 F10. 06, Horp 301 H 1 o HLAL S 4b
MIALL &, F-FE 43 0 330 H 2 e L4 5 S AL
Hahno. 07 #10. 02,

RS R B RS, AR B Ak
I IR, BB v BILZE S5 B R 0 28 18, HLZHE P Re
AL T R P X AMIUATLAL R )N

10 fr7s A SR Bl T o0 FHiH 1 55 H 2
R4 30 Hpucs 5 A MU AL B B i S AR (R R . v LR
2|, BEF HC AL R T BB A AR T
O T AR . I H 1 535 H 2 B3 TR AL
47 Ik i 41 PR 0 1) A 40, 7 kKW FTS0. 5 kWL H 15
51 H 2 5 S MUBLLL -2k ) i i 535 R 57. 7 kW
F159. 2 kW, BEZE ASHP-A MRS A, V1R B 50"
IR, 35 E 1B S SMIHILZE - 35 B e R



478 S

Vol. 47, No. 5

R A AR RS R R 28 SRR “ Vo 18 800, A8 A LA K i SIS I AT 2

2026 4% 10 H

October, 2026

025

0.21
020 F

0.15

0.05

ﬁl\fﬂﬂmfﬁ
9 BB H TR TN AFHERBLEHAZHRERE

Fig.9 Average heating capacity loss coefficient during the

L

frosting-defrosting process of the test units under typical

daily conditions

20 - —o— I H 1B g,
—— I EZ*'L\méﬁﬂﬁﬂmzqz - Gyme=30.5 kW
60 IR &
; z g e
i } ( §3 "lu \ l l
2 20} 11 ‘ L
< i; ‘ N
0 | | !
|
40}
00:00  04:00 08:00 12:00 16:00 20:00 _ 00:00
B %
(a) ol
—o— T H /ML Hil#A Sy,

—o— 3 H2AMUBLA Iy
=59.2 kW

9 nave

1 1 1 1 1 1 I
00:00 04:00 08:00 12:00 16:00 20:00  00:00
%]
(b) FMUFLAL

10 828 B TOR T AR HI 2 g T ME
Fig.10 Variation of instantaneous heating capacity ¢ for test

units under typical daily conditions

T H 2 Hra HLA 5 AMUAILZE - 327 g ek ] B
F%19. 4% 2. 5%,

B 11 R g LA B T A0 R E 1 53 H 2
51 s 5 AMI LA B COP AR B . Hirpr T
H 1550 H 2 [ 50 e JLAL - 2 B COP 431l hy
147 F01. 72,50 H 1 5350 H 2 B350 SMUHLA -2 5%
COP 43512k 2. 08 #12. 10, Tl H 1 Hr.0o LA - 24 Bk s
COP A H 2 O ML R B 15. 7%, AMIBLZE -1 %
fif COP o 2% 5+

A

SE SR WEE MR R PR, B S H 0
HLEH 1 i #45 A1 COP S 35 B, 1 A AL 2 174 i) 44
155 COPZ M /N,

T H 1HUOHLECOP, |
3T —O—IﬁEZEPUHLQECOP cop, =172
2 <« b8
l-\i ‘\qu I rir B
0 . ° I

cop
Lo
.I i ® T

4 +
00:00  04:00  08:00 12:00 16:00  20:00  00:00
B
(a) bl

—— 1L H 14MUPLLACOP,
—e— T H 24 Milj#/14 COP =
3r El I\wljm 4 COPlrmwciz'OS
) B
1
& 0
o -1
=
-3 !

—4 _I 1 1 1 1 i )
00:00  04:00  08:00 12:00 16:00  20:00  00:00
1)

(b) FMIBLZH

11 B8 | TR TR A BRI COP L M=
Fig.11 Variation of instantaneous COP for test units under

typical daily conditions

3.2 WKHII TR T A [5] BE 51 4= ASHP 4
W B R A Y AR K = M o

DRI () PR 5T H SF- 3R 5 H S 2 A X AR
fERLE N 12 fif R o TH 1550 H 2 PR 2410
23 51 4 -0. 66 ‘CHI-0.04 °C, w5 HFH R ER K
2.9 C, MK H I RE 730 8.5 "CHI-7.2 "C Tl
H 1 5500 H 2 PR 5% 340 X8 B 43 51k 68. 24% F
65. 65% , e ey H V- AHXT IR N 84. 3% F182. 1%, fiw
1% H S-S AR B 4R 49. 7%

WE 13 R, KL TH T E 1550 H 260
HV39% BoR B 5 H P00 5 om BE R 0 25 22
5o ATUUEE]L I E 155 H 2 B o LA
SO0 5 0 S O e R BT s AL,
T H 1 TG O LA R S AMI AL, Hvs 5 5 5 A
MR B S THE 2, P K E R E o B E . D
SEEXTE, T E 1O AL B R N 5
ST E 2 FHE 1.5 ‘CH0. 3 °C, AMNHLLHE 43 5 T s
0.4 °CHO.1°C, XIFEIIHBERMITH 125
AR S



4T E S
2026 4F 10 H

Vol. 47, No. 5
October, 2026

—6F ——TiH1
—o— T H2

Hitfa)/d
(a) FREE H PR3 A I

I f)/d
(b) B8 H XA AR bR A
E 12 WKEIMNS TR T3 B F RIS
Fig.12 Variation of daily average ambient temperature and

humidity under long-term test conditions

6r ~@- AT, —@—AT,_-@-AT, ——AT

ATIC
- N W s

HfTia)/d
() D TRALZH H P47 S ol B AR A R

20 ""."'Awaz-n - AT\\hl-n”“.m AT\\hZ-m - AT\\h]-m

B T)/d
(b) M EALER H P23 5 i B AR e
E 13 KB TR TKAAH FH2 BEESHFEY
REEETANE

Fig.13 Variation of daily average cold-island intensity and

mean wet island intensity for test units under long-term test

conditions

RIPTIREE Rt — 20 R W], B M IR,
W 3] e O ML V2 0 5 80T i R A v B 2K
JO7 RO o AMIAILA A v 3 B AR R R

2 370 RHUASE 14 725 £ Yo M ATL 2 V4 8 5% 2850 ™ 5 85 52
BN,

14 F s I TR, W H 1 5500 H 26
G rpucs 5 AMUALLL Y H - EIBR R R AR A . T
H 1 BEF b HLAL 7D 0 8] /9 H SF- S4B Fg I ECh
39K, BT H 2 BEF FRUeHLZH Y 29 YRBE N 10 U ; T H
1 AMIHLLE H SF- 34 Bk 56 15 %, A7 e B 2 4ML4L |
AR R B 13 IRANTH i T 21K

1 1 1 1 J
0 1 2 3 4 5 6 7 8 9 1011 12 13 14
IRfiil/d

14 KHENK TR LKA 48 B F BB E T R
Fig.14 Variation of daily average defrost frequency for test

units under long-term test conditions

G — 0 R B FESN R P, i
55 355 I0E S MR 4 80 e O BIL A 245 R XU 38, Jin
J T AL ZH 45 6 B FR AR 1AM LA 37 < v 1B B AL
NS/ SRR R R TC B 25

A 3 A B U AL 0 235 ok 7 ot R AR
Wk B K e, IR A COP AR AL LA, 1T Ak A ]
PEGIHEL T ASHP“ ¥ W0 5 %00 " K AE R i pL 4l
PERE R BN, HE— 25 B0 UFE A [R] B4 51 BB ™ ASHP“ ¥ 1
SO R B

1S Bt s A K T o0 F I H 1 550 H 2 64
B s 5 AMUTHTLZE 1 35 245 3k A o R ol A B 2 2k &
B R, KIS T, W 1535 H 2 145
DAL & SERE 500 0. 26 AT 0. 21, AMIUIHLA] &,
SERE SR A 0. 14 F10. 13, T H 1 H.OHLAH ¢, F 1
EAI H 234 00. 05, SMUBLLL &, V- (ER T H 2 T+
50.01,

MG Sk — 20 R W, Bl P LY R
VA I 0N S R T B A e BILZE 4 R R R
B, ot AL M RE AL TN T, T AMUALA &, 5
R ERS E TS

P16 A7 A 3R T S AL H S 2 i P
S HHcop ARk A, mH 1 55 H 285 b
DL A 23 5000 39. 6 kW AlT42. 1 kW, 30 H
1 5305 5 2 BEZ SMIHL A P35 1 4 5 535008 60. 3 kW



478 S
2026 4F 10 H

BB A5 AN TR R A RS 2 AU AL VI 3 A ™ A8 A R B i) S U BIF 5

Vol. 47, No. 5
October, 2026

BR8 1 H b OB UL AT e e,

0351 @@ miH NSRBI RS, .
i gL-l-m-aV’e:0'26 :E E K3
025" RS . ~00ig B B PR ol ] R R
020 R R RO €Wv:v:
o' X Rl B B 'V K 8
0.15 [ 7o 8 ! K0 { WV
€WV v €YVl
0.10 7 VK4 7R e %8 'V W
V-V W & R 2 %
0.05 [ 4 8 ) 183 | W
Nrvrrvvrrrvrvrryly:
1 2 3 4 5 7 8 9 10 11 12 13
fifi)/d
(a) bl

B 77 H 1S ML IR R R,
020 B2 H MU LR AR R b,

0.18} 7
0.16 | =1 7 7 =0.
014 R - : : r gi :/ _; g L-1-n-ave
0.12 4 N B £ E
 0.10 178 7K PR 07075
| s B
0.08 <% kY 2
S 070707
0.06 | % ’:: K R
Y rvrrryy
S rririrl
1 2 3 6 7 8 9
HR)/d
(b) SMUALA

E15 KWK TR TNEAMN B EFAERBELERN RS
MERBTURE
Fig.15 Variation of daily average heat loss coefficient £,
during frosting-defrosting process for units under long-term

test conditions

61,3 kW, T H 1 HuCHLALE- 6 #us 5 i H 2
COHLZH P-4 ) R R 6 12, 2% , AMINHLZH -2 il P
B H 2 AMUALLE - R TR 1. 6%, WH1YS
5 H 2 FEA Fro AL 14 COP 4351k 1. 21 AT 1. 45,
WH 1 55 H 2 51 SMUALLL 2 COP 430k 2. 15
F12.00, 51 H 1 HLHLA Y COP R H 2 il
2P COP T % 16. 6% , AMUHLLAL -4 COP #:35 H 2
ML -2 COP R[4 7. 0%

KR 2 SRR, Bt ASHP-A B3 HUBE (1 47
K, VR TR AN IR LS e O, KRIER R
R 5] O LA 1) il $A0 1 BE A COP I8 35 F [, T Al
HLLH 32 “ Vo0 5 00 " 5 M A 55, il #4355 COP 521
AT /N

BeAh e B (1)~ (3) T3 v 55 5 1
B3R e, i HCR L COP Y AH XA B 52 BE 23 91 A
6.7%.7.1%.6. 4% 7. 4% 1. 1%, Y 7E & BRIE H N,
VIS R B B AT (S B .

46

AR SCHRFE LI 2R 48 T T ASHP 1 182 7 31 T 7 i
T H AN T B, 0 T ASHP [ 51 UL A

Oy €=, Gy, €4,
*

VA
(a) HP-Hyiil g2 (e e
26 ~® COP, —e—COP_ - COP, - COP
24} . ‘
22F @ o A ___ L _znae T~ _ -8
20l V:0%g7 "~ Ne—a iy il .

8 1.8+ 325.6%
el ,
| _e_ _ _ _[PZLV e R T dmeave 1TV
141
12F-@== L - - AN f - W - - -0 - -
LOf 1 1 1 oy 1 1 )
0 2 4 6 8 10 12 14

IR fil/d
(b) HF¥ICOPHYAE (kA e
[E 16 KM TR THEB EHFHRE95HF
COPHIZ AL
Fig.16 Variation of daily average heating capacity ¢ and

daily average COP for units under long-term test conditions

44 B E 64 B INIEOLT 25 [IRIEE V1 B RN " 52
M LA B2 X HLZE il 4R BE A 5 ), 45 B 40 R 2518

1) B SR 44 538 2 64 &, FE51 H AL
S F-E5 VA 5 0N R R R W B KON 5 4 A B
1.5~2.7 ‘CHI10.3~0.9 C; AMUHLLL 2“0 By R
5eR R Y 5% 250N T 5 BE 3 3 3G N 0. 3~0. 4 "C R O~
0.1 °Co FREFH LYW i A5 IR, B3 S M ATLZH
RS VARSI T N

2)BEE R HN AN 44 538 2 64 &, (5] 0L
ZHF- YR FR YOS N T 10~20 Y%, AMIAILZH A48 i 2~
3o BEF B Bk AR 0 T, 45 e XURS 3
W 5] KA T %ot 47 MO BT 2L 5% 6 A0 3 R M R R 58708

3) bt 2 [ 1 RSN 44 538 28 64 15, BB DL
20 - 34 R FRRE ) U 12, 2%~19. 4% , “F- 15 COP [ A%
15. 7%-~16. 6%, 45 [ 76 1o T2 1 P45 408 2% 2R B0
0. 05~0. 07, B8] rh o MILZH il #4 BE KR 20k, B4 51
ML FAGE T 08 T 1. 6%~2. 5%, F-¥ COP
FEAIK 09%~7. 0% , 235 5% i 2o A2 ol B 43 2k R AT =
0. 01~0. 02, [ 51 KA IE i sk S AL 2H il $4PE BE 52 1w
AEXTHE /N G

ASCZ IR HARFL# 354 (ZR2022ME148) 175 By TR}



4T E S
2026 4F 10 H

Vol. 47, No. 5
October, 2026

K8 € W H (25-1-5-cspz—1-nsh) % B o (The
project was supported by Shandong Municipal Natural Science
Foundation (No. ZR2022ME148) and Qingdao Science and

Technology Benefiting the People Demonstration Special Project
(No. 25-1-5—-cspz—1-nsh). )

[4]

(5]

(6]

(7]

9]

53 3Lk

You Kairui, Li Yan, Feng Wei, et al. A provincial
analysis of centralized heating systems decarbonization in
China's residential sector: history and future[J |. Sustainable
Cities and Society, 2024, 104: 105306.

Wang Wei, Di Haoran, Tang Rui, et al. Effect of supply
water temperature on frosting performance of air source
heat pump and indoor thermal environment in space
heating [J]. 2025, 267:
112258.

VG 8 R B AR AT A BRI ) A B E A8 1k
(31 op Al R 2 2 i ek 22 B2 ), 2024, 40(1)
53-62. (Pu Siqian. On the collaborative optimization of

Building and Environment,

legislation of renewable energy under the "dual carbon"
goals [J]. Journal of China University of Petroleum
(Edition of Social Science), 2024, 40(1): 53-62.)

Liang Shimin, Gao Xuefeng, Wang Gang, et al.
Experimental study on operating performances of the low
and high temperature stages for cascade air source heat
pumps [J]. International Journal of Refrigeration, 2024,
167: 127-136.

Wu Chunling, Li Xiaofeng, Wang Zhichao, et al. Optimal
design strategy of selection and combination to multi-air
source heat pump units for central heating [J]. International
Journal of Refrigeration, 2023, 145: 177-184.

TR 2 TR [ 5 v 18 5 B0 R e 5 W BE
[D]. & : & &5 M T K2, 2024. (Wang Han.
Characterization and impact study of "cold and wet island
effect" of air source heat punmp array [D]. Qingdao:
Qingdao University of Technology, 2024.)

HIGE %%, Dh) 2%, GRERFH . S 4 X B ] 23 SRR
HLALRERR IR AL ()], ST HE, 2020(12) : 83-88.
(Tian Xiaoyan, Ma Guangxing, Liang Chunyang.
Simulation on thermal environment of air source heat pump
units for heating in severe cold regions [J]. Building
Energy Efficiency, 2020(12): 83-88.)

SROBIE , VromiE, PRERMG, . A IR0 B AUE
JRALHE R SR Bk () ]. K FH BB, 2022, 43(10): 7-
14. (Guo Zhengdao, Xu Qianggiang, Chen Jinpeng, et al.
Formation mechanism and experimental verification of cold
island effect of air source heat pumps[J]. Acta Energiae

Solaris Sinica, 2022, 43(10): 7-14.)
Li Xiaoyu, Shi Lin, Ma Li, et al. Air flow field testing,

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

simulation and optimization of CO, air-source heat pump
outdoor unit arraySU]. Energy and Buildings, 2025, 339:
115785.

BRI, X, R, 5 . MESIRER R 25 IR
SN BT ST [T ], V% 74, 2024, 45(2) : 81-93.
(Tan Qingpeng, Liu Jinping, Chen Jianxun, et al.
External flow field simulation of low ambient temperature
air-source heat pump array [J]. Journal of Refrigeration,
2024, 45(2): 81-93.)

JaldE . 2 IR LA A RS2 LD ). Brpe - 1
AR 2, 2022, (Zhou Gang. Study on thermal
environment around air source heat pump unit group [D].
Jinan: Shandong Jianzhu University, 2022.)

Liang Shimin, Wang Han, Bai Xiaoxia, et al. A field
study on the impacts of cold island effect on operating
performances of air source heat pump array for space
heating [J]. Journal of Building Engineering, 2024, 82:
108266.

Sun Yong, Xu Huixuan, Liu Yang, et al. Technical
measures for improving the cold island effect of air source
heat pump unit array [J]. Journal of Computational
Methods in Sciences and Engineering, 2022, 22 (6) :
2387-2411.

Ly M s SRR AL I 5198 2 300 B HOR 15 i
BFFE [D]. kR 1. Wb 3 T A2 2% e, 2021, (Ma
Yuan. Study of technical measures to improve the cold
island effect of an array of air source heat pump units[D].
Zhangjiakou: Hebei University of Architecture, 2021.)
XIEAr . 2 A TAEREBAURTFE [ D ). MR IR
Wy JRUE Tl K2, 2017. (Liu Qiangi. Simulation study on
working environment of air source heat pump group [D].
Harbin: Harbin Institute of Technology, 2017.)

WA, PR PR R U B AR RGP %
B BNE ) 7 AR LB R P R T LD ). 9 RE S FR R, 2021
(5) : 51-54. (Lei Yanjie, Chen Kui. The generating
mechanism and controlling measures of cold island effect
in clustered air-source heat pump heating system [J].
Energy Conservation and Environmental Protection, 2021
(5):51-54.)

o S L s ORI VR W 8 RN A8 EL ML) B A R
AEA R BT FE (D] ¥ 5 - 7 & BT R %, 2025. (Gao
Xuefeng. Interactive mechanism and heating performance
loss study of "cold and wet island effect" of air source heat
pumps [D]. Qingdao: Qingdao University of Technology,
2025.)

PR, B, @oFsE, 5% SRR B 5 4L
JL7 5 45 R R B R L5 i S F 5 [J/0L ). il v 2
i , 1-9[2025-05-08]. https://link. cnki. net/urlid/11.
2182.1h.20250507.1318.002. (Liang Shimin, Wang Zhe,



478 S
2026 4F 10 H

AR A AR RS UL R 28 SRR

VI 5 AN AR AR B R i ST

Vol. 47, No. 5
October, 2026

Gao Xuefeng, et al. Experimental study on the interaction
between cold-wet island effect and frosting/defrosting
phenomena in air source heat pump arrays [ J/OL]. Journal
of Refrigeration, 1-9[2025-05-08 ]. https : //link.cnki.net/
urlid/11.2182.th.20250507.1318.002.)

[19] ABFETT . [ H i 22 o0 S i b BT ). Jb st /5 BB
PR CA AR FR) , 2010, 25(4) @ 79-81.
(Deng Chunfang. Analysis of indirect measurement error
and data processing [J]. Journal of Beijing Information
Science & Technology University, 2010, 25(4): 79-81.)

[20] Zhu Jiahe, Sun Yuying, Wang Wei, et al. A novel
temperature—humidity—time defrosting control method
based on a frosting map for air-source heat pumps [J].
International Journal of Refrigeration, 2015, 54: 45-54.

[21] FAfF, XISRAR, INVEHE, 55 23 IR P FR T R AL
W R 42 ) 7 ik 9 SR SR L] e S AR (e s,
2017, 17 (3) : 66-76. (Wang Wei, Liu Jingdong, Sun
Yuying, et al. Field test study of two types of the novel
efficient defrosting control methods for air source heat
pumps [1]. Refrigeration and Air-conditioning, 2017, 17
(3): 66-76.)

[22] Liang Shimin, Gao Xuefeng, Bai Xiaoxia, et al. A field

study on the characteristics of cold and wet island effect of

air source heat pump array and its impacts on heating
performance [J]. International Journal of Refrigeration,
2025, 179: 457-470.

[23] Stull R. Wet-bulb temperature from relative humidity and
air temperature [J]. Journal of Applied Meteorology and
Climatology, 2011, 50(11): 2267-2269.

[24] Li Zhaoyang, Wang Wei, Sun Yuying, et al. A novel
defrosting initiating method for air source heat pumps
based on the optimal defrosting initiating time point [J].

Energy and Buildings, 2020, 222: 110064.

BEEEEN

PR E BB, H S LRSS0 B TR,
15066250675, E-mail : liangshimin@qut.edu.cn, W€ 7 1) 2 Al
FHAE BB SR RE | f MR AR .

About the corresponding author

Liang Shimin, male, associate professor, School of Environmental
and Municipal Engineering, Qingdao University of Technology,
86-15066250675 , E-mail : liangshimin@qut.edu.cn. Research
fileds: renewable energy utilization, building energy efficiency,

healthy sleeping.

(BTG - £



