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Explicit Expressions for Rapid Evaluation of APF in Variable-frequency
Air Conditioners
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Abstract The determination method for the annual performance factor (APF) of the air conditioner energy efficiency index given in the
national standard involves a series of evaluations and nested calculations, and the process is complex. The objective of this study is to
convert the APF calculation formulas given in the new National Standard GB 21455—2019 into explicit calculation expressions, meeting
the requirements for convenient APF calculation. The adopted method is as follows: first, the four intermediate variables of the APF are
simplified by directly substituting independent variables; then, the process of determining the calculation interval and segmental
calculation is simplified by means of numerical fitting; finally, the APF explicit expressions are obtained by substituting the explicit
expressions of the four intermediate variables into the APF definition. The developed APF explicit expressions apply to variable-frequency
air conditioners with different rated cooling capacities with good accuracy. Based on the definition of the APF in the National Standard, the
calculation errors of the explicit expression for the 5—test working conditions and 7—test working conditions are 0.73% and 1.17%,
respectively.
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Fig.1 Relationship between room heat load and

refrigerating capacity
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» i (453)2 D, (¢5)2 &, COP, N

— | +p —+q|—| +r—+ +

1,) o Ne,) e, cop,”

u®, +vd; (19)

2.4.4 HSTE BEXREXWIREIHE

7 MR T HSTE 8 Uk Xl & iR 22 1)
XS e HSTE X335 5X(20) 5 E AR HSTE &
ST RAE R 0 22 AR5 . 38 Sk A SCHR Y I
K (20) KL R EAR g X, 2 BI6E 50 4128 PR A5
REE 0y HSTE #1735 5 E bR Y D 22 78
+1.10% AN
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2.5 7 Wi TR = APF B RIEN
B Ak 5 15 2 i 4 4~ APF b [A] 48 & CSTE
HSTE ,CSTL HSTL 2 x03RikK (1) 2 (2) =L (9) .
@
HSTE ;i 1. = P7(2 202. 10 57 - 978. 48) +63.70

1

H(20) A APF XX BB HFH 2Rl R =<
7.1 kW B9 28 $3i 25 98 2% 10 APF i 38 =0, st
2D i,

@, - 53.80d, +

r @)\ @, @, @, cop,
P,| - 2223 20() +786.99 - — 8 108. 28() +10699.22 —* — 143.20 ~3109.83 | +
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r ®,\ > @, @, > @, cop,
P,|3 441.94 ) — 4698.75 — + 580. 41(‘ _1474.64 - - 25.93 +2600.37 | +
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[ ¢3 : ¢’5 ¢5 : ¢5 CO 3
P - 301.06(—2| +670.97 —> + 181.13(—->| - 493.78 —> - 71.15 +205. 60 (20)
D, @, @, ®, CoP,
54.21
APFﬁt = 9
A+B
A= (2 180,05 25 4 265.32) + 2 x (—448 o8 22 _ 303,70 %0 _ 51 g7 EERe | gas 17) +
¢1 . 1 ' ¢1 ' ¢l ’ ¢1 ) 2 .
1 2 EER,
Ty (— 276.78 -2 — 37.44 > +445.82)
1 @, EER,
B i (2 202.10 ?; 978.48) + 63.70 — 53. 80 P, P [ 2223 20((157)2 786. 99 ?;
= x 10— —978.48) +63.70 - 53.80 — + — x |- 20|+ 786.99 " -
@, @, o @ ?, @,

670. 97 s 181.13
. — + .
@

)

3 F& 5MiKXTHR APF BxXFKiEK

RS E R R <7.1 kW 25 251 APF 75 %
MR 5 A TOLRIPERES 8L, 44 25 T S/ MRS 5 e/l
AT,

3.1 CSTL 5 HSTL I EXKiZR

HRAE EAR A2 X, ZE 1 Ve i CSTL 5 2= 15 il #4
it HSTL M350 5 e/ NS e/ IV 3R > T30
Jo, A 5 R T CSTL &5 HSTL 32032381
WSEERE 7 WK TR HE S 45 A0 TR, an=C (1) A
K (2) Fis,

3.2 AF 5 MK TR =8 CSTE EXFRiER

K 7 MR T AL SR R RIS bR i
CSTE & A TH#E AL 18T, 4R 5 X Ak i3 b e
B AT SRR A AT I UG AL 3

FEFRr 5 W4k T80 5 CSTE By 3155 455 22 j 3]
12 AR (EFRPE A 10~ AL 2157) B AL 11~

P,

D, co
- 493.78 —> -~ 71.15
CoP

®,)> @, cop, P, ®,)>
8 108.28(*| +10699.22 —* — 143.20 —3109.83]+—>< [3441.94— -
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4698.75 " +580.41( 2| - 147464 - 25.93 +2600.37]+—>< [—301.06—‘ .
@, @, @, cop, @, b,

P,

+205. 60 ]

(21)

A 21 fRAS AL 10, fL 195 4 DR, RAH 40 4H
TR A—1 PYE A 2 TR R AE 1 L REROEUE Ok
PIA, AI3RAS 5 M T80 5 CSTE ¢ 40 5 14 Th#E
P, FihiEdlA ohae P, oyt sk (22) fr
o #(22) HEbrE B R2ZEE£0. 05% LI,
3.3 AF 5 MK TR =89 HSTE B FRiAK

KRS 7 M T 00 s LA A 1 5 S5 b B 7
Peo EARH S M T4 A5 HSTE 18 7 Z A 2 33
AN (EFFHR A 34 A 45~A.76'°) 4 A. 45~
A T6M R AL 34 ALTATARE) 7 AN TR, SR 40 41
JERF SR A1 rp Y BB AG 25 T 28 BE A7 | BE B Sk 4
AL A 3RAS S IR T 00 A5 HSTE 56 F v (8] il #4 i
P, FEHIINGERE P, MR T FARERE Py B WIS BB
J1 @, FURIRHIERE 11 @, 1 B Fe k=, il (23)
s, IR (23) 5 E bR E LR I 25 7 £0. 68%
LI,
3.45 MK TR = APF B RiEK

Ak 17 45 2] 49 v [A] 28 B CSTE , HSTE |, CSTL
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HSTL A EAA (1) L (2) K (22) .K(23)
fRAAPF @ X B8 HFHER A E<T. 1

kW 728 4 23 6 25 1) APF B R F xR, =k (24)
FE 7R

@2 gp2 R2
CSTEMSWH&=P2(—436. 13 a]+811.51 +P,|-312. 96 5'—43. 33 EER1+479. 56 (22)
?,\> @,
HSTE ;, sy =Py | =4 085. 17(¢) +5489.17 *~1825.80 | +63. 21, =52. 750, +
1 1
D,\* P, D)\’ D, COP,\’ cop,
P, 1085.90( -1 505. 39+62.05(‘ -49. 82 —2+26. 00 -134. 19 +511.80 |+
P, P, P, P, COP, COP,
b, \? [ d,\? D, COP,\’ COP,
P, | 474. 37() -1 312.76 —55.46() +60.97 —+153.26(— | -598.96 +1725.65 (23)
D, b, ?, D, COP; COP,
954,21
APF; =
A+B
A i ( 436. 13 , 811 51) . ( 312.96 . 43.33 e 479 56)
=—=x|-436. 13 —~+811. 51 | +—x| -312. 96 - ~—43. +479.
D, D, D, D, EER,
P, D,\ D, D,
B=—"x| -4 085. 17() +5489.17 ——1 825.80 |+63.21-52.75 —+
¢l @1 ¢1 ¢|
P, D,\° D, @\’ P, Cop,\> cop,
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D, D, D, @, D, COP, COP,
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D, b, D, b, D, COP, COP,
(24)

4 3% APF ERXHERXMIZES W
EERFEXITERBTLE

4.1 ALK APF BXIHERBESRES

B R W w5 T i 0 APF 5
2 AAE(24) A= (21) 20 l5E AT 5 Ml T Al A
7 MR T

APF B0 T kv, S 1A oS Bl
A, P BUE LG S kiR 22, HELFE CSTE 5
HSTE Byt #

A= (25) A2 (26) AT %D, APF {8 203 =X Y i
KiRZ W LI CSTE 5 HSTE #98 KHL 410 2 k3%
/No BT CSTE 1 HSTE & 20315 200 i Kl &%
ZEISCE AL AR AL (26) RIAT 153 APF (1)
RRPIAERZE, T 5 MR T 7 M T,
APF & = b 5 2R 22 1 d K43 il b 0.73% F
1. 17% , W% 2 s,

APF, —APF
APF = TAPF (25)
5 - APFm_l _ | CSTE-CSTE,, +HSTE-HSTE,,
ML APE CSTE, +HSTE,,
<6CSTE +6HSTE ( 26 )

xR 2 HALMAPF ERXITERMIRE
Tab.2 Error of the newly developed APF explicit

expressions %
BRZEI CSTE HSTE APF
5 R T 00 8 2R 0.05 0. 68 0.73
7 P T 3R 0.07 1.10 1.17

4.2 ALK APF EXIHEXS5 2/ ERK it
SERX a9tk

FAASCH T & 1 APF 3R, 58/ S
M T 8 APF S XA (k[ 15] X (15))
X AR e %) 225 8 2 S DU R 4 (— 2 e v i < 7.1
KW R E0CHE F— 2800 72 B> 7. 1 kW 5dis ) iE 4731
I 5HHE GB 21455—2019 1 APF & X i 15
R APF SEATXTEL . B AR 25 TR AR 1 RE S B8 n
3 R ISR IR 4 s,

W3 4 PR, FETARSCHIF &R 5 WA T00 APF
AR R APF HRZ{UN 0. 16% ., Ti%ET
AR APF 20533 0 22 0 -5.91% , IR 28K
RN E A1 APF X NA KRR BT APF
RIS AN, ARG & 7 ML T
B APF R APF 22510 0. 71% ;T E
A1 APF B0 =UR R Tz T
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Tab.3 Performance parameter of air conditioners

SN HE VEAT I AR 22 R - 5. 91% , iR E 5K 75
GB 21455—2019 X} APF i+ B Ltz )m, H
EAFRRER T AR =S 4% APF,

AR YA L
R <7.1kW >7.1 kW M5 A
Be /W RERE/W  RRA/W RERE/W =R E LIRS EHTEE
BOERYE 3500 897 7270 2 350 T8 PRS2 0 23 PR 2R R DL B S 500 R B
e i 4 1750 337 3708 863 2 A-1 Rt
A T A 4725 1 425 9210 2 950
A 2410 485 4605 1180 MR A-1 ZERAOTRIEESLCEE
(3R 3 780 1 443 6 908 2911 Tab.A—-1 The range of common performance parameters
FUNHIY o o { 818 a1l of air conditioners!'" "]
8= N2 — — 2312 529 S8 AR Bl B8 A AR
D,/ P, 0.47~0.53 EER,/EER, 1.25~1.60
F 4 APF HIHHARI L /P, 1.15~1.45  COP,/COP,  1.20~1.70
Tab.4 Comparison of APF calculation results @,/D, 0.55~0.75 COP./COP, 0. 60~0.90
BE A kW R VIRS APF  fRZE/% b/, 0.85~1.30 EER,/EER, 1.00~1.15
E G AR E 4.222 0 D/, 0.23~0.27 COP,/COP, 1.00~1.20
<7.1 ASCAF 4.219 -0.07 D,/P, 0.27~0.37
SR 15145 4.527 7.22
E ZARER ) 7 7k 3.514 0 P
>7.1 ZNS DA /N 3.503 -0.32
SECH15]) A it (1] RO, BRMaHT. B lalzs SR 35 48 =9 BeRL LL i 4k
FEBR[T]. RERHE, 2015(3): 26-29. (TAN
5 gﬁi /P_\' Chengbin, CHEN Huanxin. Research on optimization

Shy S RO AS [0 2 ¥4 ek AR AR 25 2% APF
TR TR AT oK APF SR E M H bR R 2L,
AR T 5 MK T80 5 APF B AR B (H T
FEFIR R <T. 1 kW AR5 JH 2% ) 5 7 WA T 00
APF B CERA A (H THUE R 5 >7. 1 kW A9 ASHi
W) RS WT .

1) AR SCHET GB 21455—2019 5 LI APF 1754
T 3B AR AN TC I 7 545 8] CSTL  HSTL 11 2 5K
#ik:0 5 CSTE HSTE 1Y fij fb 32 35 205 il 4lE CSTE |
HSTE faiifb 3Rk e S e eI slA e, IEH
VAR UL P e S 40 & 15 3] CSTE  HSTE 19 1
AR KX 4 A e AR B ) B Uk U A APF
E XK PEF] APF BRFIAR,

) ARSCHR Y 5 R T 005 APF B Rk U
AR LT RS EGE N THRIR 25 7E 0. 73%
DL A SCHR ARG 7 I3 T 00 5 APF a3k U7
VA W PERE S BOE RN THRR ETE 1. 17%
DA s A SCHR HE Y APE i 338 2k =X BB A0 o 1 - Pk
8 APF,

3)EARY 5 MK T A APF RSk —4

(2]

(3]

[4]

(5]

(6]

methods of the seasonal energy efficiency ratio of room air-
conditioners[ J]. China Appliance Technology, 2015(3) .
26-29.)

BURAR, B, SNE, SF. R TR TR ) 2
#x APF (3 S s i s i [ 1], Hve 5253 (E
), 2019, 19(6) : 92-98. (HE Changxiang, FAN Cha-
ochao, HAN Binglong, et al. Flow path design of outdoor
heat exchanger for improving APF of variable speed room
air conditioner [ J ]. Refrigeration and Air-conditioning,
2019, 19(6) : 92-98.)

RBA, TARSN. 5T D 1) 25 Ja 4% w5 20079 BE U7 1k B4R
[J]. MLeE T R4 A, 2010, 39(7). 145-146, 197.
(XIONG Shuo, WANG Mingkun. Air conditioner about
improving energy efficiency [ J]. Mechanical & Electrical
Engineering Technology, 2010, 39(7) . 145-146, 197.)
FEIAlZS SR 2% . GB/T 7725—1996[ S]. db5t: vh E 4%
YEH WAL, 1996. ( Room air conditioners: GB/T 7725—
1996[ S]. Beijing: Standards Press of China,1996. )
2SS P32 GB/T 7725—2004[ S]. db 5t . vh E A%
YEH AL, 2004. (Room air conditioners; GB/T 7725—
2004 S]. Beijing: Standards Press of China,2004. )

P [0 23 1 45 RE AL E (8 S BS54 . GB 21455—
2019( S]. dbmt. HEFRMED RFE, 2019, (Minimum al-



$44% F28

2023 £ 4 H

TR APF REHHEHEXRIZK

Vol. 44, No. 2
April, 2023

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

lowable values of the energy efficiency and energy efficien-
cy grades for room air conditioners; GB 21455—2019[ S].
Beijing: Standards Press of China, 2019. )

EIR, &, K, % RE=HSRENGEEMN
PRUEBUIR S50 B [T]. Hil7%2A4l, 2018, 39(3) : 65-72.
(WANG Pai, LI Minxia, MA Yitai, et al. Current situa-
tion and prospect of air conditioning and heat pump energy
efficiency and standard in China[ J]. Journal of Refrigera-
tion, 2018, 39(3): 65-72.)

IR, MO AS IR A AR APF FRFR IR [T]. &
HURHE, 2016(9) : 75-77. (FENG Liwei. A method for
optimizing APF of variable frequencies air-conditioner[ J].
China Appliance Technology, 2016(9) . 75-77.)
ZAFG, ARSET, IR, 5. TR S ZINE T APF
RERIAIR DT [ C)//2014 4F i E K B dH R K 22
JECEE. 2014, 209-214. (QIN Cuntao, QI Yingxia, HU
Xiangjiang, et al. Experimental studies on promotion of
household air-conditioning APF efficiency [ C ]//Proceed-
ings of 2014 China Household Appliance Technology Con-
ference. 2014.209-214. )

AW, BRI, BRI [T]. B
BLAY, 2012(3) : 35-37. (LI Zonghuai, WANG Xinmin.
Discussion on energy saving technology of variable frequen-
cy air conditioners [ J]. Electrical Appliances, 2012(3) .
35-37.)

THE. eS8 Eait oL 8oR[T]. Bl
#z, 2006, 51(9) : 998-1010. ( DING Guoliang. Comput-
er simulation technology of refrigeration and air conditioner
equipment [ J]. Chinese Science Bulletin, 2006, 51(9) :
998-1010. )

MR, G, Hhibaig, . EnergyPlus HHARA 2 B
73 ] R 8 28 Al B P RE AR U7 BRI Y T e 5 S 0
TE[J]. #IA24R, 2011, 32(5) : 25-30. ( YANG Tian,
WU Jingyi, SHIOCHI S, et al. Evaporation temperature
control module development and experimental validation of
variable refrigerant flow air conditioning system simulation
in EnergyPlus [ J]. Journal of Refrigeration, 2011, 32
(5):25-30.)

X, B, TER, 5. X EA S 5 Am &
FAERAER A TERE DT B S5 0B [J]. AR T 2440, 2005,
56(1): 47-52. (LIU Jian, WEI Wenjian, DING Guo-
liang, et al. Numerical simulation and analysis of perform-
ance of fin-and-tube heat exchanger with complex circuit
arrangement [ J ]. CIESC Journal, 2005, 56 (1):
47-52.)

AR ARSI AT APF A BH DT B Sk K sh A 4E
PESIMID]. bi. EESCER%, 2019. (SHEN Jiamin.
Development of APF performance matching algorithm and dy-

namic characteristic prediction of inverter air conditioner[ D].

[15]

[16]

[17]

(18]

[19]

[20]

Shanghai: Shanghai Jiao Tong University, 2019. )

WAEH, REW, T, % A RO APF 4845
RO PRECR T[], HveSAR, 2019, 40(5) - 83-89.
(SHEN Jiamin, WU Guoming, REN Tao, et al. Quick
prediction of maximum APF for inverter air conditioners
[J]. Journal of Refrigeration, 2019, 40(5) ; 83-89. )
ZEW, 8, TER, % HEBEGmEN iR
SR D )2 Ay APF YL ] file~#4f, 2016, 37
(3): 88-93. (WU Guoming, REN Tao, DING Guoliang,
et al. A method to evaluate APF for room air conditioner
with on/off compressor by using rated performance data[ J].
Journal of Refrigeration, 2016, 37(3) . 88-93.)

KilF s, RERE, BURTT, 55, JERIZS R4S APF 20 A
O[T, W58 (dbat), 2017, 17(11): 21-
25. (ZHANG Haiyun, XU Dinghua, HANG Chenzhe, et
al. Analysis on influence factors on APF for room air con-
ditioner[ J]. Refrigeration and Air-conditioning, 2017, 17
(11):21-25.)

SKRALE, Be, XA, AE 4R TR AR A R
APF FEAR AR MK AT [ 1], Hlve 5290 (desl)
2017, 17(8) : 72-77. (ZHANG Lizhi, YANG Xiao, LIU
Binglei, et al. Experimental study on technical approaches
of APF promotion for heat pump frequency-conversion air
conditioner[ J ]. Refrigeration and Air-conditioning, 2017,
17(8): 72-77.)

BRI T HL & IR A AT BRZS W)L A 0 A8 5025 i 4% 1 RE S
HIEB/OL]. (2019-06-06)[2022-03-23]. https://
www. gree. com. ( Gree Electric Appliances, Inc. of Zhu-
hai Co. , Ltd.. Parameter of variable frequency air condi-
tioner of Gree[ EB/OL]. (2019-06-06) [2022-03-23].
https ://www. gree. com. )

ZEhEle, £, B, & TS 2ERARE
APF 27HRYBEATSE [ T]. KR 58 5, 2020, 48(6) :
66-71. (LI Wanwan, WANG Fei, WANG Haixia, et al.
Theoretical study on the improvement of annual energy effi-
ciency coefficient APF of variable frequency air condition-
ers[J].
66-71.)

Cryogenics & Superconductivity, 2020, 48 (6) :

BIEEEEN
TR, W WA R, E A A LR S 3l
J T RE22BE ,021-34206378 , E-mail ; glding@ sjtu. edu. cn, WF5E

L

VR 2 PR L 0 1 AL S8 TS

About the corresponding author

Ding Guoliang, male, professor, Ph. D. supervisor, School of

Mechanical Engineering, Shanghai Jiao Tong University, +86 21-
34206378, E-mail; glding@ sjtu. edu. cn. Research fields: simu-

lation and optimization for refrigeration appliances and utilization

of new refrigerants.





