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Abstract As the main energy-consuming equipment of the centralized air-conditioning system, the improvement of the energy efficiency
of water chiller (heat pump) units has a significant role in promoting the realization of the " dual carbon" target. GB/T 18430, as a basic
standard for plumbing units, is nearing the end of its revision, and the accompanying energy efficiency standards GB19577—2015 need to
be revised and upgraded accordingly. In this study, the assessment method of comfort-type water chiller (heat pump) units in GB/T
18430 is analyzed and compared with those of the corresponding U. S. and European standards. A theoretical model of water-cooled water
chiller (heat pump) units is constructed such that the limited value levels specified in the energy efficiency standards of China, the U.S. ,
and Europe are converted into the same index for comparison. The IPLV entry limit values of China’s water-cooled units, after increases of
5.4% and 25.2% , can match the energy efficiency levels of Path A and Path B of the American standard, respectively, and align with
the European standards after a 13. 4% increase; the energy efficiency limit values of air-cooled units can be basically on par with the
European energy efficiency standards after increasing by 25. 4%. This work provides a reference for the subsequent revision of the energy
efficiency standard GB19577—2015.

Keywords chiller( heat pump) ; integrated part load value; comparison of test methods; energy efficiency limit value
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Tab.1 Energy efficiency indexes of water chillers in China,
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Tab.2 Partial load rate differences in China, the United

States and Europe
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Tab.3 Differences of load conditions in China, the United States and Europe

T H IPLV/CSPF IPLV. Sl SEER,,

Y URK KR/ °C 7.00 7.00 7.00
KR W/ [m®/(h-kW) ] 0.172 %4 AT [ AR 12 CHiE

V536 2 E/ (m® - K/kW) 0.018 0.018 —

A T8 FHEKIREE/C 30. 00 30. 00 30. 00( 7K EE 35 C)

B T T #FK iR EE/C 26.30 24.50 26.00

C T8 T #EKIREE/C 22.70 19. 00 22.00
IRV EERS D T T /KIS C 19. 00 19. 00 18. 00

; © At 71 2 R E R ESCRH AT R

Wi/ [m®/(h-kW) ] 0.215 2 A IR 5 K I A

V5365 ZE (m* - K/kW) 0. 044 0. 044 —

A THF R 3R IR/ C 35.00 35.00 35.00

B AT #E WA KR/ C 31. 50 27.00 30. 00
¥ BE A

C T4 Nk KT BRI/ C 28.00 19. 00 25.00

D T T i KT BRI/ C 24.50 13.00 20. 00

t%% 3 Al %0, AR GB/T 18430. 1 fiFsK & WL A5
OB T T (B2 B TS € T Fd e ds
K TR R DXL B A AR i 5, B T e AR X T
5 [ 5 WU 30 43 67 A T 00 5 06 45, AT LA DL ]
FERLE AR K HLAL 7E AR T 00 T 90 5 TPLV {H Eb
S AR E T 00 F I H Y TPLV TG,

2 ERSNE TS AL B R IR B A F
S3H7

T B K LA ) BAT BE U An fE 1 GB19577—
2015 7K WLAL BERI PR 2 1 B RERL ) 7 | ik b e
T2017 1 H 1 HIEX S, 58 B AT W RE bR 1fE
“}3 ANSI/ASHRAE/IES Standard 90. 1-2019""" | R
BATRERUARME A Commission Regulation (EU) 2016/
2281 RIESS 1A, X =AER (X)) 51 H
s ARETE B AL PR bR AT T3 0 AP —E 25 57 Il
FLHRTX = ANRRRSOhR E Hh RILE 1 45 > S LR RUER A
HEFTEE - XS LA B S, O T A 36
LRI P o B 28 B A 1 25 S /K7 AR BB T [ —
HLATEX = A EZ (HLIX) At rh BE i3 07 1%
AR T 00N PR BE RN, DATTT PR 56 [ AR 19 B
SRR AE S — P55k bR T 00 A REAR PR 2 8, 547
X E
2.1 % 7K AN ZE T T3 B A #0L

ARTSCLPL = AN 7= bR o 25 R K Ve SR K (A

) HLAFR o Tt TS8R B i, R fai ik
TR, B AR B, VR U R134a, Y12
$0H H REFPROP ( DLL version9. 1) ™% %k, 3£ T 4n
1 AT 7 I B AR BRGSO A 06 B, R AT A ) 2
53HT

AR SCHY IS AP BB R I DL AR

1) Z B4 AR8 5 R 2 ] A B it

2) 7&K A th O R A A AR A s 1 i
WHEERHRS Cy

3) 22 W A5 TE P A ) 8 R R RN A 4

4) iR R AR O RS T R
lgp
4 4m 2s 2
5 Is

1 A S R R AR h

Fig.1 Ideal single-stage vapor compression cycle
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Fig.2 Schematic diagram of evaporator heat transfer process
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Fig.3 Schematic diagram of condenser heat transfer process
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Fig.4 Energy efficiency simulation flow chart of unit
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Tab.4 Comparison of simulated energy efficiency values in China, the United States and Europe
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Fig.5 Comparison of differences between Chinese and

American standards
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PIANE AR e COP R (E /X L2k 6 IR .
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Tab.5 Comparison of minimum energy efficiency limits IPLV between China and the United States

L4k LA o FEAZ A FEl bR B A2 F#1E B FEl bR B A2
(BB fE) A HEEAE (BB fE) B B
CC<264 kW 5.0 5.867(5.151) 97.07% 7.041(6.182) 80. 88%
264 kW<CC<528 kW 5.0 6.286(5.519) 90. 60% 7.184(6.307) 79.29%
T 528 kW<CC<1 055 kW 5.5 6.591(5.723) 96. 10% 8.001(7.025) 78.30%
1 055 kW<CC<1 163 kW 5.5 6.770(5.944) 92.53% 8.586(7.538) 72.96%
1 163 kW<CC<2 100 kW 5.9 6.770(5.944) 99.26% 8.586(7.538) 78.27%
2 100 kW<CC 5.9 7.041(6.182) 95. 44% 9.264(8.133) 72. 54%
CC<528 kW 5.0 6.401(5.620) 88.97% 8.001(7.025) 71.18%
528 kW<CC<1 055 kW 5.5 6.401(5.620) 97.87% 8.801(7.727) 71.18%
it 1 055 kW<CC<1 163 kW 5.5 6.770(5.944) 92.53% 9.027(7.925) 69. 40%
1 163 kW<CC<1 407 kW 5.9 6.770(5.944) 99. 26% 9.027(7.925) 74. 44%
1 407 kW<CC<2 100 kW 5.9 7.041(6.182) 95. 44% 9.264(8.133) 72.54%
2 100 kW<CC 5.9 7.041(6.182) 95.44% 9.264(8.133) 72.54%
x o6 PESXERKEHREE COP XLt
Tab.6 Comparison of COP of minimum energy efficiency limits between China and the United States
LK LAt [l B A ERMBETEA BB R/ B
CC<264 kW 4.20 4. 694 89. 48% 4.513 93. 06%
264 kW<CC<528 kW 4.20 4.889 85.91% 4. 694 89. 48%
528 kW<CC<1 055 kW 4.70 5.334 88.11% 5.177 90. 79%
FROA 1 055 kW<CC<1 163 kW 4.70 5.771 81.44% 5.633 83. 44%
1 163 kW<CC<2 100 kW 5.20 5.771 90. 11% 5.633 92.31%
2 100 kW<CC 5.20 6. 286 82. 72% 6.018 86.41%
CC<528 kW 4.20 5.771 72.78% 5. 065 82.92%
528 kW<CC<1 055 kW 4.70 5.771 81.44% 5.544 84. 78%
St 1 055 kW<CC<1 163 kW 4.70 6. 286 74.77% 5.917 79.43%
1 163 kW<CC<1 407 kW 5.20 6. 286 82.72% 5.917 87. 88%
1 407 kW<CC<2 100 kW 5.20 6. 286 82.72% 6.018 86.41%
2 100 kW<CC 5.20 6. 286 82.72% 6.018 86.41%
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H %% 5 a1, HAT GB 19577—2015 Hik %%
JKMLELI TPLV AT 9% RE SRR B S A T 95 A o
MIRERSOKT, FEEUE L3380 5. 4% J , v ik 31 36
PR A BERUKE 393G N 24 25. 2% , AT Lhik 3] 56
FrigAE B KF, M 6 A%, H AT EAR K LA
COP AT AESOK - B A T F& 5 1Y BERUK
TR T2 21, 1% 5 15. 3% 7] 1k 3] Ehp k45
A TR B BYREROUKY o SEEbRAERLE 1 B 42 A A
FoF A2 B, XL AY COP 4% R %% w5 ifi % TPLV
I BLRAAXT B, I 6 42 A B35 A FH R % 4% 28 i
BILA B A B [ 2 08 170 A e 07 for T80 R 38 AT RAILA,
1M 42 B A3 G far COP #IK, TPLV 42, 3% &
K A% AR AT B A B (8] 78 AR ER 43 7 T00 T iz
TTIBLAL , AS R T7 B0 5 7 3 MR — > 5 A i AR T
e, X 5EFY AT EHP AR E WA G5 s 1T
TREEAHSE 7 ARSI B AR A S 1S B,
HHl GB 19577—2015 11 5 fIk BE &% B & i K ¥ 3
P
2.2.2 FESRRIMNEERL R EE K FEXFEE

IPLV Ml SEER,y Wi & NHE LA R K ZES R
i 4 AL ZE S KRN AR E RERLME SEER ) 2 [H

B 00 T3 IPLV B Y 108. 1%, #5 R HLR
R 7% 1 (1 5%H5E) 431 SEER 7. 162 3,
J& IPLV o 1Y 102.72%, AU %5 R 7R, SEER 754K
H ESR KT IPLV ., IR G R AR 0003 2%
W, R —A ML M B9 SEER 5 IPLV . 4531+
SRR, A UL B E, AR SO K SEER 5
IPLV . #EA780(E_EAOXT EE

HRAE RN REALPR1HE Commission Regulation (EU)
2016/2281 FHIRLE , FE— IR 0, W HLAL
AT %K%, o5 SEER M FE A X (13) , &id e
BRI GB19577—2015 W HLE A AR RESL R &
EHEATXT L, X B ES R g 7 iR,

ns. = (1/CE) - SEER - =F(i) (13)

A CE M BR B 2.5, F (i) ABIEH T, i
3% ()T A% 7 A2 BT AN 5 5% B 7K 25 97 T 500 21
B, 227 BT kb E 5 R ) S AR A KRR
PONE A

%% 7 AT, HAT GB 19577—2015 HLAE (K %
VKL AT TR BERSC WO B BERUK - BAT — &
P FERUE F RN 13. 4% )5 , 7T 55 RO bR L E
M RER I HAS T,

® 7 PEERMNREEEMREEXTLL (KQXHA)

Tab.7 Comparison of minimum energy efficiency limits between China and Europe ( Water-cooled unit)

EaSy Ms.. SEER AR IR 2 (E FE AR A B 22 {6/ SEER
CC<400 kW 200 5.20 5.0 96. 15%
400 kW <CC<528 kW 252 6. 50 5.0 76. 92%
528 kW<CC<1 163 kW 252 6.50 5.5 84. 62%
1 163 kW<CC<1 500 kW 252 6. 50 5.9 90. 77%
1 500 kW<CC 272 7.00 5.9 84.29%

A28 K (BEE) ML T CSPF il 2
TPERERFCHER TR By TPLV , {H ¥ 2 BT 75 3
4 AT SEBR 22 BRI W T 00 22 22 7
50% F1 25% 53 i faf TH0AL (B C TA0A D T80 ) 1Y
PR K KR BE L KO TR L 7 C oK, A
CSPF FIT FH 4 50% 7 fap T80 5 /K IR BE R 9 °C i
25% i faf TR 11 °C, BT T80 AR ZRk
1 CHYIRTHRERE Y K 1% ~ 3% 1 COP 42 71270 f&
LIS H B CSPF A& F &5 F IPLV, AR 48 SCHik i
WL, [ — & WIS HLALTE CSPF 5 IPLV iS5
B R A5 A 285 SR L AR ) DR I AR S 5 08

CSPF 5 IPLV ANFEFEATBUE b py #5501 45 047 %t
e, #R4E FEEAE MR EE , W — G AR e
K CHAED) HLLE I H A SEER 2% CSPF AY 110%
RIZEEE T SEER {BLAR 2 AH X R =5 19 . A b iAo
LA, 5 R 8 A5 o B R 1) B/ DN B R (53
CSPF 18,95 GB 19577—2015 ") &/ INR o (i 64T
XL, X HE 25 Rk 8 Fis

i 8 I, HAT GB 19577—2015 #LE i K%
A KM AT TR RERL A RO 1) RE KT B 38K
200 TE R BUE LA 293G 25. 4% 5, W] 5 BRI AR
HERIAE B RERLE AT
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Tab.8 Comparison of minimum energy efficiency limits between China and Europe ( Air-cooled units)

At 5. SEER SEER #5: Efr{H IPLV CSPF CSPF/ ¥ 8(4
CC<50 kW 161 4.10 3.727 2.8 2.8 75.13%
50 kW <CC<400 kW 161 4.10 3.727 2.9 2.9 77.81%
400 kW=<CC 179 4.55 4.136 2.9 2.9 70. 12%
3 it 5%k

ALK GB/T 18430 X &7 1% A4 /K (IR ) HLLH
(A BERIE 1% 07 1k 5 A0 1 5 [ R KRG B 64T T % L 43
BT A T — 7K W 7K (AR ) ML 3L IR
H b S RN BE b R A B (B K T3
BN R —ARER T AT L, E A T 3R [ B ATRE
RO [ R ik 1 R Z A ) 2205, 0 Je SERE b
GB19577—2015 MEIT IR AL S H ARG, 15 3 F 245
WIT.

1) R E = Sbs R ) IPLY H8E 7k R %
APEES, TR AR PRI RS E S, &
BLA TR A b B C T 004 B 7R K IR 1) 24
5 HP o 2 ORI AN K (BRI HLALAE
AFRIER DT R IPLV (B [F] Y 3238 5 A

2) [Al— AKX 7K (A ) AILA T 26 A ife
BRI A5 W IPLV 2 E AR T R B
113. 97% , TERRINARfE T30 T334 H 1Y SEER {H7E
B 5 E AR T 00 F A A IPLV (HH AR, Xt
FIRA HLAL, BT CSPF e 237 eI 5UE 5
JFoR IPLV BERLE AR, 1 [7] — 5 28 43 X X v
KO HLA DL B SEER fH 29 5 CSPF
7 110%

3)XFF KB RS KL, ERUhR ME GB19577—
2015 H1 IPLV AT T REAAE B0 L3938 5. 4%
Ja, Ok B ERR A AR BE UK OF, SF B8 i £
25.2% , "] LLIK BN ZEHR B ARk 7 ~F 343 0 13. 4%
J&i , AT 55 R B 50 1 B e (B K S A RE, cop
I TR RERLAK 5 43 0 ¥ T2 210 1% 5
15. 3% AR B SEhR A BRAR AN B AR A RERUKSFE . K
B AXHLA A TR BEAAEBE L 2930 25. 4% )5, W]
55 R AR AE R E I A AR
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