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Development Progress of Data Centers

CHEN Huanxin™, WANG Yiging*, ZHANG Li*, FAN Chao', ZHANG Zhongbin?,
ZHANG Yu?, XU Lushun?, JING Huagian®
(1-School of Energy and Power Engineering, Huazhong University of Science and Technology, Wuhan 430074, Hubei, China; 2-
School of Energy and Mechanical Engineering, Nanjing Normal University, Nanjing 210023, Jiangsu, China; 3-Chinese Association
of Refrigeration, Beijing 100142, China)

[Abstract] In this paper, the method of literature research is adopted to study the market size and development
trends of Chinese data centers under strategies such as new infrastructure construction, and the development
characteristics and policy directions of data centers at home and abroad are compared. The changing trends of key
indicators such as power consumption, computing power scale, and number of racks in China's data centers in recent
years are analyzed. The results show that the market size of China's data centers will continue to grow, with a growth
rate of over 20%. Driven by the policy of computing from the east to the west, future data centers will develop
towards emerging data centers that are efficient, large-scale, and green. The rapid development of cooling
technology will help improve the energy efficiency of data centers, reducing the efficiency of electricity usage to
around 1.1.

[Keywords] Data center; Counting from east to west; Low carbon; Energy efficiency
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Problem Analysis and Optimization of Airflow Field at Cooling System Terminal in
Small and Medium-sized Data Centers

HUANG Dongmei!, ZHENG Pindi*!, ZHENG Zhuling?, HAN Zelei',
YANG Chao', GONG Hongchao', ZHONG Zhikun?
(1-Beijing Rainspur Technology Co., Ltd., Beijing 100036, China; 2-Shanghai JianKe Building Energy Service Co., Ltd., Shanghai
200032, China; 3-Global Logistic Properties (Shanghai) Co., Ltd., Shanghai 200023, China)

[Abstract] The analysis methods and optimization suggestions for small and medium-sized data center cooling
system end airflow organization problems, machine room infiltration air problems and end air conditioning setting
problems are proposed in this paper. The general problems and solutions of different airflow organization forms are
analyzed based on the end airflow organization problem, such as diffuse air supply form, indirect evaporative
cooling side air supply form, in-row air conditioning air supply, backboard air conditioning air supply, overhead air
supply, and underfloor air supply. The problem of air infiltration in computer rooms mainly manifests as the mixing
of cold and hot airflow caused by the connection of IT or air conditioning rooms to the outside through the windows
and doors, cable wells, new air conditioners and external links. The problem of setting parameters for terminal air
conditioning is manifested as air conditioning control issues caused by unreasonable air conditioning parameter
settings, resulting in air conditioning not being able to correctly deliver the required cooling and air volume for IT
equipment. The analysis results show that the analysis methods and optimization suggestions proposed in this paper
can be applied in the implementation of the actual data center transformation, which can effectively improve the hot
spots and energy efficiency problems in the server room.

[Keywords] Small to medium-sized data center; End of cooling system; Airflow; Room infiltration ventilation; Air
conditioner unit parameter settings
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[Abstract] The high energy consumption of small and medium-sized inventory data centers is focused in this paper.
With survey and analysis for energy-saving diagnosis, it's the main aspects of the cooling system architecture,
humidity control, design and operation under low ambient temperature, free cooling, performance decrease for long
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term operation. Then the performance improvement is discussed from the main components such as compressor and

heat exchanger, and the cooling system architecture such as the indoor terminals, water-cooled chiller system, direct-

expansion refrigeration system, distribution system. At last, the energy-saving transformation technology schemes
are proposed as the humidity control, free cooling, evaporative cooling, intelligent control. The above provides
reference for energy-saving transformation of inventory data centers.

[Keywords] Data center; Cooling system; Energy saving; Free cooling; Intelligent control
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Research Progress on Operation and Maintenance Technology of Data Center
Cooling System

HUANG Yun'!, CHEN Qiang', GE Ge!, HUANG Huang?, SHEN Jia?,
WANG Songli’, CHEN Tengfei’, YANG Zeye®
(1-China Mobile Communications Group Shanghai Co., Ltd., Shanghai 200333, China;
2-Shanghai Jianke Building Energy Saving Technology Co., Ltd., Shanghai 200032, China;
3-Nanjing Jialitu Computer Room Environmental Technology Co., Ltd., Nanjing 211111, Jiangsu, China)

[Abstract] A comprehensive analysis and research on the development of data center cooling technology in China
in 2023 is provided in this paper. The current application of cooling technology in data centers in China is reviewed,
and the existing problems and challenges are analyzed: In response to these problems, this paper proposes a series
of solutions and development trends. The emerging cooling technologies, such as liquid cooling, indirect air cooling
and natural air cooling is introduced, which have great potential in improving cooling efficiency, energy saving,
emission reduction and space utilization, and provide useful reference and guidance for the innovation and
optimization of cooling technology in China's data centers.

[Keywords] Data center; Cooling technology; Energy consumption
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Research Progress of Optimization Cases for Cooling System in Small and
Medium-sized Data Centers

HUANG Xiang"!, ZHENG Lanling >, CHU Junjie!, YAN Zheng®, ZHENG Pindi*, TIAN Zhengwu’, YAN

Jincheng®, YUAN Weixing’, XTA Weidong®, WANG Qian’, ZHOU Feng'’, SHEN Tianlei', JIANG Liu"!
(1-School of Urban Planning and Municipal Engineering, Xi'an University of Engineering, Xi'an 710048, Shaanxi, China; 2-
Shanghai Jianke Energy Conservation Technology Co., Ltd.; Shanghai 200032, China; 3-Guangdong Telecom Planning and Design
Institute Co., Guangzhou 510630, Guangdong, China; 4- Beijing Ruisi Baochuang Technology Co., Beijing 100038, China; 5-CTS
Consulting & Design Institute Co., Nanjing 210019, Jiangsu, China; 6- Xinjiang Huayi New Energy Technology Co., Ltd., Urumgqi
830000, Xinjiang, China; 7-College of Aeronautics and Astronautics, Beijing University of Aeronautics and Astronautics, Beijing
100191, China; 8-Shanghai Erleng Energy Technology Co., Ltd., Kunshan 215331, Jiangsu, China; 9-Shenzhen Invic Technology
Co., Ltd., Shenzhen 518110, Guangdong, China; 10-School of Environmental and Energy Engineering, Beijing Institute of
Technology, Beijing 100124, China; 11-China Telecom Co., Ltd., Beijing 102209, China)

[Abstract] Aiming at the requirements of energy saving and environmental protection in the data center industry,
the path of energy saving transformation of the cooling system of the existing small and medium-sized data centers
is proposed by exploring the application of mainstream energy-saving air conditioning technologies in the industry
in the transformation of data centers. The study shows that: fluorine pump heat pipe evaporation condensation
technology, evaporative cooling technology, liquid cooling technology, pump-driven two-camera cabinet backplane,
data center heating energy-saving technology, air-cooled cooling system changed to water-cooled cooling system
and other technical solutions in small and medium-sized data centers energy-saving transformation has a good

*HF (1962—), 5, ZgE#R, WL AA SN, BTN B0 BRRE. ZERAHERTRBIR . BRI B
PR TE R T &IEr M 19 5, W% 710048, BEFRHIE: 13991812093, E-mail: huangx@ xpu.edu.cn.
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application for different situations to choose different technical measures can be effective in reducing the power

usage effectiveness of data centers.

[Keywords] System optimization; Small and middle size data center; Energy efficiency retrofit; Evaporative

cooling; Refrigerant pump heat pipe; Liquid cooling; Airflow organization
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e 2021 4 2022 FJE
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FE T B R 0 T R 2000 5 L1 H S (RALAUN R4S SRIATK 1500h, s44F
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WD FEHE 3766 /5 kW-h, J/DIEITHER 2221.9
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79.32%. FHXSRINBICR G REVEREAT 25 5 0 AT
HiIz A7 BRI X LS Ryl sk 7 MR 8 Fio
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S, HRBNLEMATERE, AEBRA RS DH Z/MA RS BB AT 48 AU RS
HETHT AB EM I AR R S, FICHRR, WK 29 FiR. EAMHIERRE E R H
PEBA RG] A RA U 5 s . H DN25 4% (SN D K& DN19 #18 GRASN D .
WIZATH, A B WERRAKRGRAGHT—EHY SRS EEHESH, WE 14 Fos.
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AT H K B2 3% A PR 32 TR # 7 20U
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A% 35 FR R (008 AR 0 BARFR R LA R MUAAE = N/ (SREI3)
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INo TEMZEAR B L BRI SE, IR 13 fias. A
* 13 ERERRRENEENRS Y
R Wi H S8 &I
1 MR R 1 200 mmx1 600 mmx1 150 mm Kox B
2 Y UNTEZ S Vi 20 m¥h; 7R 25 m: BOKTHE 3 kW W B IER
3 2 /I 380 V A P T H % 2 A A T
4 W 45~55 db(A) TR R I ATV A

R 14 ERHARGNEZARSH
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I H 2 Gt B AP A S WU U AR T, Ik
WIBATI BT A BREL B B R 48, EIRIV 2 Re
HUE AT oK B BN R G PURAIEIA, 702
VRER PP SUER PR, A 30 P . WRBR RIS L
KRG 45 °C YV ARG 4 IR 2 T AT B R
FAZHR G AL 40 “CIR¥A EIBA [R1 LA HTUAE AN B b
A . FRER PR I T RA10A. %4k
IREART 25 ClY, RGERM BRI, FH &

GREIAN D BL 35 CHRESTE S N e a 1EAT 34
e, WA A A B 2 AR AR, ISR R
A, RN TR SR AT BESCR, B
AR PR ISR 5, AR RFEEASWT L BE A G5 ik
T e AESNRE T 25 TR, RGUT A MUK
W, K TER GBI FR L

30 RGEIRRIE

3.3 BITMIAGR R ST
TS AT, %I A A RS EETERE R
(GCOP) HiZ HizfrtEReangk 15 f15k 16 Fias.
ML GCOPA fy 8.570, MASE N — L REEE A -
M 2022 5E 6 A& 2023 £ 6 ARITEREWFR 16
fia~, 41 PUE N 1.175, ¥ GCOPA 7 8.57,
I IT HEEEA 95%.

=15 EEEITIHRE

S 1l
#it PUE 1.18
44 PUE 1.175
F1 WUE 0
44 PLF 0.050
GCOPA 8.570
YA E CLF 0.125
B IT HIRE/ % 95

R, @A S, s 31 fros, BEE
FANE L BT /PR, PUE BUE R FEE R IZ
T /B, AT B LS RIIZ A PUE 15
5N TR AR BRI ORI Jld 704wl A,
BT ZIMAIER A AR E 77, X7 U2 = 4h

W SR AR, W R s S R AR
BEAUE .

+ 16 ZFAEITHESE

A GCOP PUE CLF
1 12.66 1.129 0.079
2 11.36 1.138 0.088
3 10.20 1.148 0.098
4 8.26 1.171 0.121
5 7.04 1.192 0.142
6 6.76 1.198 0.148
7 5.71 1.225 0.175
8 5.95 1.218 0.168
9 6.94 1.194 0.144
10 7.41 1.185 0.135
11 8.77 1.164 0.114
12 1176 1.135 0.085

1250

1230

1210

1190

1170

1150

1130

1110 .
s 2 3 4 5 6 7 8

9 10 11 12

31 #lEZHA PUE #8454

4 AR A EHIIEE AR

4.1 WEHMNAR

JUTHLAS T B O T i 48 LT
TR X Ui KT8 90 S HUE KM 3 #, REHm
U245 m?, @l 32 Fiows. ZEdE O B FAE
RO PR T, W E I AL 20 kW. A
fF¥) GCOPA 5 1.92, il PUE N 1.7. &M
AT REE 5 GCOPA i 6.05, PUE A 1.3,

4.2 BEARGN A
(1) AE RGN

ZIH VA )R GRS D A A T
PR AN G (A HLTA48) IR AR R
AR, B 33 FioR . PIATRA BT 2558 — 51
MIRT 10 MHUEST T 2R SGE . SN IT
VA I A DL R s ] f A8 7 1 4 P deadt s HLAR
P AHA T S AT i . S AMNAHLRIT 2%
MR AN [F) 2 A R 52 06 B oh B 4% R G il 4 A T
PRSI, SB KPR FE R B SR AR E .
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s =h
HERAAERRARERERE-
OAAPEAAAARAAE-

NERRNRRNNOnRReE-
.

NN EEERNNENNNE-
BN LT

[ wtwe I mmwe

& 32 HiEdLEE

TiEE
CDbU
cu
RENE
MHE
AR
ezl
CURH

= -
RN ENNNCRNEa-

IIIIIIIIIIIII k

NN NN EE-
——NNNHI |

& 33 “BEHRGSM

HANRDDND

(2) FKifg

HU P9 B4 22 40 K i 2 208 PR AR A 1340
B, #1458 CDU 23 BE 2454 W6 ARV A
T AL, A )74 T E e AL P R AR,
1, T L SRR R B HE R LA, BLS
PN i P TR L 4 R e iR 27 ClE A

(3) RG24

AHI RS H PLC BiZ &g Hligtr, wiEd=
SMRFERIAAL, BNV, EH RGN E =
AT, BRI Tl SR TR A Tt PLC
FHURT I I I AR A B AR IR, CDU SR bf vl it
RGUEIT B BTN BoR . 1% R G0 WA
TR BRI R ERE . ARG H)E
GESIUR R 3 N NI S 3 G N - S LK b
WL ST B Sl

@) AHRGWN %SH

R 1T i NAH ARG FER S S

R 17 RARGEERZEH

g 28 M #E
PIAHIRA 15 B FE 50 kg;  WiE AR 3 kW ZRETHUE 577, TSt AU 23 53 BEAT

e B HUE TR 90 Wi e K& 1 500 m/h SE RELH
A iR & 350 kgs AiE THE 0.5 kW BT T A (A &, F SR I AR
iR 250 kg: AT T2 1 kW B
» 22 RELEZ AP, EC KWL, fRIETY .
T . e wREE =SS, A EC RAL, (RIRT.HE3)
o JRE 110 kg; #UEINZER 6 kW AR RSN, AHESCESESEN, —H— %, fER
~

HE B2 20 kKW

i TOU R 30

4.3 BITURERE 2
(1) ZEEMEREREL (GCOP)

ARG A MR 2B (GCOP) MIiZ H i 1T Ag tn
18 F1K 19 Fon. HH 4 PUE A 1.33, 43
GCOPA N 12.25, ¥ IT #EEN 60%.

(2) H PR & i

Kl 34 A 35 Boxth H B PUE 5 HE GCOP
Pt = AP B IR L AR AR . AETR AR H
., w12 AL 1 AL 2 B, REESMGEDL T
AR, 245 F B PUE 8K, H ¥ GCOP %,
TE1E H FE R IK PUE Al 5 GCOP. fEIR 451 H
fy, kw3 H. 4 H. 5 H. 9 AL 10 AR 11 A,
BRIBZEK, ROEEIAREERESMELT,
TR AP, FIAPURS TAE, S5TABBKEE
17, B HFE PUE #MiX i, R4 HEE GCOP AHXY

110

K. fEREmm A, tkine AL 7 ARS8 A, &
g & AMICE I A HLEGA, RSEH E PUE Ba,
H & GCOP BAK, #77E H FE It 51 PUE R I GCOP.

(3) F5Z=FE U8 H 508 o bt

D RE TR

Kl 36, B 37 Hon T 2022 4FE 11 A 4 H 10:00
% 11 A 5 H 9:00, 24 /N iZE PUE 5 % /MK 8515
%, GCOP HZ AR ERESR, RFEIME
g LI FRE O, BPALHA HLEEAF SIS T
A AIRAIBATIE L. M LG 5 P R 5T I 2 il
1 21~25 ‘Co ATENAE AP AR RIS, 40 2022
£ 11 A 4 H 10:00 £ 5 H#R 2:00, PUE %,
GCOP Bifi%, = AMUNGE LT A HLELH, EASEE
BRI R, 05 HEg /R 3:00 £ 5 Hif = 7:00,
HIAHLE TA LA 1817, PUE 8K, GCOP &
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& 18 4R EITIEEE s -
Z/%;ﬁ[ i&ﬁ i i‘z‘ % ZOM
S 10 15 unx
it PUE 1.31 ° ””” 03
s i
444 PUE 133 ;‘||||I||||||||”| ||0
434 WUE 0 §§;§§z§§§z§§§zoizm«§%§§2
34 PLF 0.15 EGCOP e ML
Sﬁi}?‘% L ur 102-1295 37 2022 4E 11 B 4 H 10:00 Z 5 H 9:00, 24 h EA
Y . s
GCOP 5= FERE
SR IT LR/ % 60 =
2) ARIE TAERE L
® 19 EREfTHAL K 38 ;EEI 39 ER T 2022 % 12 H 7 H 0:00—
A GCOP PUE ‘ w10 '
1 28.65 119 24:00 I PUE 5 Z= SN SGERE . GCOP 5 E A4
2 27.31 1.19 Bl AR, EIX— RN F, ZEAMNREE
i f$ iﬂ 8~12CA4k, ML= NMEEEEEHIE 23.5 CA
5 5:74 1:35 Fo MEIFRATEH, 7=/ B R,
6 3.86 1.45 HAHIATAE, TR RMIEIT, R4 H PUE
7 5.28 L Bk, %3 1.19, GCOP &, B:E 30.
8 3.29 1.50
9 4.19 1.42 Z: 12,0
10 5.93 1.34 o0
11 9.38 127 B o 2
12 27.08 1.19 A o
1.60 T 35 1.10 0.0
1.50 ;‘: o
" I:Z 20% EmmPUE —0= SRS
120 ! :f,% 38 2022 48 12 B 7 H 0:00 = 24:00, 24 h & PUE 5
e \ =SMRERE
: 1 2 3 4 5 6 g 8 9 10 11 12
A o  — P
-0 -PUE —o—BAFIEEE = g 1__“_ \HJ_ *ﬂ;n__;—/ n ;20 E;g‘
B 34 A PUE SENFEERERA KT J|EEC o HEE © &
1(7:| E 2:0 L
31 ‘rz’ 0.0

-9 -GCOP —e— ESNFFER
B 35 A GCOP 5EMNFEREHERHITILED

16 30

155 2% o
15 2

13

145 20 ,EE

15 R

3 14
135 &
13 =
|||||||||III|| pdf:®
8888
2]

12 0

EmPUE o= ESNRETER
E 36 20224 11 A 4 H10:00 = 11 A 5 H 9:00, 24 h &
Bt PUE 5Z5MAEER

5:00
6:00
7:00
1:00
2:00
3:00

~~~~~~~~~~~~~~

EENGCOP —o=—EIFFERE
39 2022 £ 12 A 7 H 0:00 = 24:00, 24 h EB& GCOP
52 MRERE

5 HuprLFHR T RERAR

51 ETHFEENTRBARGEZNARA
AT H 2 A B ARAE WL 5 i — A
B R, i I R B T S B 37 S b
UL 3D WL BT 2R AR, @it CFD 11 5H A5 H
MHETPLGS G B AR S 7 A S RERUN 12
HE T T ) R S L
AR LS5 ¥4 E0 503 1) B8 vy A J e 4 4 o) iR
FESEHL. FHEEBZ S X D IREAHKIEE; 2
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Perm AR s R R, v A )ik DRI R B [ KGR
g, BE R fEm S s R T LR A R
SRR, A ISR 2R ik KCR Ja AT LA AL
FEAR XML 2R, B0 SR VA I Ta] o 3 v i L ox
TR AR IR RA RN, 78RR, T A
b AHU #NATFT 3 B TG 0 1 SR 48 EI R (]

TG H Ao AT AL TH AL 260 m?, R A 32 &
TRA A, BAEER G TR . HLE
AL E 4 AN, S PRPEGIER 23 °C, FiE KE
5023 m?/h, HIAE 21.9kW. HLEMEZEK 27%. %
PEHLGS 3D FrZr A, Wil 40 Fios .

EEEE

/ N
1T FERE
HIPARRL . BRNGHE . MEEH B SRR
BETFREETH L. 2HFN
RIEHRGEBTIR
\_ Th# b/

4 . N
2 BURTELE
#RHE
ASHE T

BRI BEFE

-
-
3 FHim I
NESRERY
Rsic

p
4 HALACEIN, U RE Fat s
ELE Y
R AAAE
(SRR

HESHBE

MBUERIUPFAETITG, BlEH - 2R AR, B
VPG S THR TN, $EH AT AR %, i 41
Fim o iRABARAL 7 R AT A i, SEEFHR B 1
A, A i P42 o L AR A 7KW LZEL ) AL K 2

B 40 MUEHLE 3D TR

| e |

\

| 1 HALE SN
RIBHEBRWNENRAETR
BAGR K ELE, ARSEERE

(B HERcpRBRER )
= N
2 Sifm E 1Tt

SRR RIFRBRAGE,
BEEREREINE REFIER

~

2 AH == \

3 RIKIRIRT
BITRGAKMNALKEE, TR
RAAEZEER, B IERR

FILRIETT, Y,

B 41 iEsiZiE

5.2 BFFERAREE

SR et ¥ R 7K UL A A A i 4 i R AR v )
HIERAENL s WA LR AR R, T LB e/ 2l
1L CFD 7041, A EERHEH I BR AL, (RN RIS
MBS EEAL, J9Ja LS R THR T .

FIT A o3 A R B Al 813 S BB 3 156 0 A 07
AR, BRARE. HUE. B IT 8% T4
I BPAAEIE . AL, PUEEET R A,
THBETE K K 24555

K2R AR AL Ay B2 4% 0 LA s
CARAEBES AL, e I B 5 I M e
SR PR S SR A S ESR U P

(1) EHEH
112

CAD K BRIl IhEG R R A e, 2. RS
5o AR, MraT A R A bs e, MG R

(2) HUEZHZHL

U ELFEHLES TR BT e e, BRIk ST a3 AE
RIBAE . WIZRAE . 1SkAESE: MBS S HERE
BAARSE, Ky 98 s PV TR, AR
g5k, HURERTREAS MR, THUAR AT REAT I 9L55
BUREHT S 1450, @HMSLIT, &ZEREE R IT
L, BCEEHTE TR GBSk, BA 2Rk
AR S A B SET N AT T DAL 42K,
ZERU/NTLLE RS RN RS U L

(3) HUAEN & HchE

ME AP RA AT HURRTE T LA,
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R TR 18 3 R

(4) 1T W&IHH

G AN IT %, EgiHEik ik
RN IT WATENAE P E, 1T BRMLEAR
P AR R BS L i RE RS,

(5) LM 5HRES S

TR S HOFEREA RS, E R R

I FIVERES B AR AR, B A
KA HAE (BRERAREA) . EXE, %E
WGl EE ST R E R RS
s PSR P2 s R
(0] KA s 23 I TUARTT 585 e IR 2% 3 2 5k P e

(6) &K ER

SEBR I B A B B, R T IR EA
T, E 520 18] PR A 5 2R 22 E AT 1 AN
o R E A PUAS s H B AT T8 =N
BT AR R KU XU, P g AR X KGR L2
T UL 5B\ BV A e, 2 EAE AR
R AR, TR,

5.3 B MFFEEERE

AT H $r AR RO R S M BRI
IR, PRUEBRANIUR — 80 S Sk
ik, il 42 Fs.

BUBsAT JRy: AR et B RN I 37 S 52 LA

A ANE VB TEAT =, 4ERPATELIR 20 W 43 B
e HAHUERBRIXS R U A3 IT Bk, FIE7
U bz, B, MAREERR . IR B E S A
RS, JUTRSS, #IE, ATIR, BUENE,
il [ RGP

5.4 {RERE

P AR Y A2 JOSE R e i AL, T fel AL id e
IR ZE A 1. BB O ER RS
t, —MEALR LS TR RIAL, BT IR LSRR
AHBESGIREREL. B, BAIRZEX ks
TRAE IS AR LA R AN R A2 1. BB
ks FATFEE IR ¢ A B A2 R 7, (HE
SCATBERARE SR, FFRE I T X AR R B2 Hh R 1

“RRRIRHE” IR — DM EAN R ERE R AR T,

PR AE H B Al SE RS AL ARIEAE T R 25K

ART )t PT DA AN [RDRE RO o AR A

H T ) Bt A E s R B 3t TN 25 S AdE o
IR SN R SIARE Sil D EicH

TR A 32 A T o L B i e ) N B
ANBATEGER 115 A5 SRR E ). F2Z 7B,
MARZERRE, KELSEROTTHE. TEE
S [ J DR AT AR TR i AR AR R HL /M

Hah oA ML T RS, Kb
de 7 R G L H A T RGO BB R, i,
R R A ARG AR S AR B SR A OG
RGP H b, A R R EeqE B 4
LB AN o R, BORER AL 2206 =
[ TRETt v DL AT R € B IRORERY, A2 i
BT A HRE) E Lo

(a) KEMH

=

() BELH
B 43 &&EmRE5REEN
5.5 BUANRBIESEMIEE
IR 37 0 i 0 355 2 BR M 4% 08 A0 B3 ) =
B, R, 1T B8 AEIE S5 i 34
A SR A AR R ME, XSS E,
AR, AR HIK, MWL R, I8 BE s
MR T SR 1T W e GRS, S E T i
FEIRARIRE « W1 44 Fros, 23 I [ XU B2 AR 5
SEMFERZE 4.2%, IR ZE 8.23%.
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304
”'Q::><§y/§*<s7\“4: N

o 204

o

98 15-
101 —~—SUXREEC - SUEREEC - REXUEEC  —e GHEREEC
5

T T T T T T T T T T T T T T T T T
ACU02 ACUO3 ACUO4 ACUO6 ACUO7 ACU09 ACU10 ACU12 ACU14 ACU16 ACU18 ACU20 ACU21 ACU22 ACU23 ACU24 ACU27 ACU28

Z=ERS

44 ZVEEEIRRE RS ST

VA I T8 AL B AR IR T AL S 2 e 22
5.3%, AW MEMET 10%, mAMZE 11.4%, {HEE
R AIEAR—F, W 45 Fis.

2

q

[

30.00
« LN
o] —— i
om0 M
o
- 15.00-
B
5
10.00-
—_ (°C) —a— Q) (°C) = HUBEHFGREE ()
5.00-
1H-01 1H-02 2H-01 2H-02 3H-01 3H-02 4H-01 4H-02 5H-01 + 5H-02
1C-01 1C-02 2C-01 2C-02 3c01 3C-02 4c-01. 4c-02 . o

45 RPBIERBRE EEN S SN

5.6 WERIGERSH

W HRESOE T R BUE T E = EH
B ABUE S U £y SiEdi & = FEREHUE
UG, FFHBRE.

B 46 Ffr IS 2 AU 2 XU 20 A A

IT B IR R B, [ B AL LA A e B iR .
2 SRR A #es SRR, 380t #.

BEXF b3 il AT 50 7 R EHIE - 38 5T RCI-HI
MCRI. SHT &5 F8 5% b B0 /i 5 AR, a3k 20
FiR o

(a) HUAESHAR

BE/IC
132

28

(b) FUEERE DG
B 46 R PBIE R AR RN S TR L

& 20 UET RIBBULR AL

N AU

PR A SR

AR

ES PR AT
RCI-HI MCRI SHI
FRAR(E 100% 0% 0 —
TR 88.1% 19.03% 0.53 AT
ot R — 98.91% 4.83% 0.17 AT AR
BT R 100% 0.11% 0 A AR

HE 20 Al fFERZ M HAIHE, RCI-HI
TRbR ISR 2, AR AFE K& A BRI,
BV AR K I

MO TR B UADINE RS, HUERE #

114

] B 42 2% 2035, RCI-HI 4R PRS0 R 47, W] DL
Ll v UK BUKIRE . Sty 58 = HUHEEE XU
JEfmiN 21°C, RSS2 AE A, Brelar
PASR i v R K /K T
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57 ABEMRESHBRIEHERE 23.00¢

TR PATHE 2 CHF, 1T #8433 X 42 2200
51,92 °C, WA 47 fios. % 21 B N HERTE 1T 21,001
VA ML S S BRIRTLE, ReK MR 2% 9.29%, F & 2000 \
Wz 3.15%, “FEIRZE 2.8%. 1000y e

(1) FTHEXfE 18001 i

BB RGBSR THE 1 C L THRL 2 e Tir e
FESEIN [ B i) rELBE A, 1 48 P N THIR AT S SRS
A 1 T E T L, TH 2 C I 2 Y K 0 17 R 8.1%. B 47 SN IT Q&I RRE

< 21 FHRAIE IT 3R EE STl S8t e
BARNi] FHiE AT FHEW AE1C FHR1IC FR1IC AE2C AEK2CT FAE2TCT
W& ID  SCIT (58 IT 3F BRSS9 S I k0 1T 2F RIS Sl segll 1T 36 (55 1T 3F 05 el
KIRE/C KIRE/C mE% MIERE/C KRE/C  E% KIREC WREC  WE%

CO01:Slot28 20.3 20.33 016 214 Dil§31 -0.42 22.0 22.32 1.45
CO05:Slot28 19.8 20.50 3.43 20.4 21.00 2.94 21.6 22.00 1.85
Cl11:Slot28 20.5 19.67 4.05 20.9 21.28 1.82 21.8 22.28 2.20
C12:Slot28 20.4 19.71 3.38 21.0 ol .27, 1.29 21.8 22.27 2.16
D02:Slot28 20.2 20.85 3.22 %l g 0.33 22.6 22.27 1.46
DO08:Slot13 20.2 20.63 2.13 21.9 21.28 2.83 22.6 22.28 1.42
D10:Slot28 20.2 20.30 0.59 21.6 21.30 1.39 22.0 22.27 1.23
D13:Slot28 20.9 DS IE):S 21.3 ey 0.14 22.1 22.27 0.77
EO01:Slot28 20.0 19.06 —4.70 21.1 21.29 0.90 22.0 22.29 1.32
E06:Slot28 19.8 19.80 0.00 “Hi 2 Ll 0.09 21.3 22.32 4.79
E07:Slot28 19.9 19.25 3.27 2l 241 62 0.57 21.8 22.32 2.39
E10:Slot28 19.7 20.31 3.10 21.0 21.47 2.24 .7 22.48 3.59
E13:Slot28 20.7 2152 3.96 22.0 21.90 0.45 2242 22.93 3.29
F02:Slot28 194 19.72 1.65 20.7 21.29 2.85 20.6 22.29 8.20
F04:Slot28 19.5 18.96 2.5, 20.8 21.30 2.40 20.8 22.30 7.21
F10:Slot30 20.9 21.47 23 2040 21.44 .55 21.5 22.44 4.37
F12:Slot30 21.0 21.62 2.95 222 21.44 3.42 22.6 22.45 -0.66
G02:Slot30 18.3 20.00 9.29 20.1 ST 7.01 20.5 22.53 9.90
GO07:Slot24 19.6 19.85 1.28 22.4 21.62 3.48 22.5 22.63 0.58
G13:Slot19 19.3 20.87 8.13 20.4 21.43 5.05 21.6 22.43 3.84
e M e AV K THRIE EE . RN BERE OB R 2 AL
1225 1238 DiBLle], AZMEAIRAKT e 1 CREAT BT
a &
2 11.80 12.00 . .
@_ 11.60 5.8 /’%ﬂlﬁﬂ/@#ﬁﬁﬁ#ﬁ
B0 R : VR KL KR : 14 °C/20 °C, AR
10.80
FHER FHE1C FHiE2c THE G« W KAERKIREE: 15 'C/21 C, ik
38 T = ke a2 o - o N . o —
[ 48 FHRATRTRERRILL Bt 10 C<IBRREE<16 C, W3 22 Fim.
(2) AHKRETRETH HRHE 24 b 70 5 R AR 3B I 2 300 o8 AR VAR

AAEWE A : B RAHTHREM SRR, RN EEREGEMAY 1 M, SGaitHefisT
B RTHRE BARAINE IR R . B ATy HRRAE L 40 JITT.
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F* 22 FRBAVMBITERNKE
AR KA LR EHNRERIRE B KR HIE TR il A A
15°CR1°C >16 C >19 C >20.5 C F, )7 B 2
15°CR21°C 10~16 C 13~19 °C 14.5~20.5 °C T
15°CR1C <10 C <13 °C <14.5C HARA R

5.9 RFRIEFATM
F 23 b AR I LR S AN A 7 FE 0 1T W& ik
FURE XS EA e, TR 5 CRF 1T BE4% e R HE XU
fER 26.08 °C, X TSkt REBEIERI TR —, FHE
PR S C.
& 23 MRFER

S g R — BIS T -
FHREIEE/C 1 2 3 5 1 2 3
IT %% A
o 21.96 22.85 23.93 26.08 21.49 22.5 23.56
g/ C
6 XSIRENRG M AIKEL ARG
6.1 IEN4E

ATRTEIH g i 5 SR Ay o R RS
2 684 m?, HUATF 1540 m?, 20N 4 EEIEHL
55, EREHAE 779 A, BAPIZEDIFEN 5 kWe S
H, —EZ2EAE 379 MHUE, ZEENEAE
400 MLAE

ATHH I E R 10 kv k. AR B
MLERE—NBHEE, THRIIAREN 2 %
5750kVA, 1 H 1 % YLD, SAHE 10kV
BCH RS, B 1 MA R T BEIENfEA E
WK, FINFEACE 2 & m S R ALAE N 5 &
HIR, 65 & KBILAET%E 1800 kW. HH,
10kV FCHL RS 10 KV FH4 R 7> B e i 2k,
PIBLRELE 7 W) 30 B REZREELR, 4 BEREZR I BE AR 4H BT
Hfr. 10kV Bli RS DU RSB % &
R A HE R . AW HEYR R SR UPS 4%, ALE
TN N, HECE 6 S#UED)H 500 KVA UPS &
Hi it 20 Ji5 % 15 ) 4 J5 £ 15 mins

FS, fE—ZAE TR AR SEREE, H
fE— 22 Z A0 BHAENL -

6.2 RENRGHEHT R
ATH JFA B3 R K & AR (& 49),
W I00H A A, =AM e & i R 22

116

SRR BEHR A, RENLECRAR, BERER.

>

H4 EARAERSE

HuE AT A s TR H R H 2 GCOP M 1.64,
1L 7E GCOP 4 1.92, 47 GCOP A 1.75, JEA%L
T O BIVAE 2 G 10 e R, sk 24 R .

T IR SR AT, AT E RE
FE o 11 2 A A G DU T e — R = P 1 AL
AR, TR B PRk & SRR
REFR A S B A0 — RIBHENURIE; U2
FEHME K= E, k. BT LB AERN
SMAPA G, FRENRDBRSBNE, T
ETRH B e e ) IT f3

T 24 BEATBIBER LR ARG RN

2 H7F i X7F
IT B4 H/(kW-h) 1049328 827851  7374.96
PR A E/(kW-h)  6404.09 431170 4211.184
GCOP 1.64 1.92 1.75

EEXTUGIR A, SR H T A H R G EAARSGE R TR,
THRIHE 220 R G0 WA T B 25 SO KA ¥ Kk =
WRG . N FHEBEER RS, 2R
—. ZERBNEIT, UHEEE = RS T
HOE . EERTEAE O A TR, TR 2
VA 22 G0 1 L Al 137 1 7K A RS 5 2 1R R XA A
FP = MU Z i S E 1A AR S,
HFIA RN 305 kW, BA RN 27.8kW. ML KK
ARGES A, BT O=F . TR A
1274.45 kW, Nili gt ETRR, =Z. WELE
520 B HPKAREE T (16 24 %) M2 5
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BRI T,

AR B 1) 4 2 2 A bR e A R A R
Gi—H—h5r: LA TERE RS (GCOP) MR 51t
HJ75) (T/CAR 9.1—2021) F13%F GCOP & 7
B L, WEE AR B OB E SR RS
H R ZEBR LAA H R 40 H B & .

GCOP Bk iHHT7i%:

E g E

) o
Gcopf

o M

(¢
K, Epe HEHEF LFEHE R, kW h; Ecs AR HI R
SGFEHE, kW,

T SOE FRIER OE R SER. AF=A
ZEAT AT IR, MR 2 M &5 AN % 25 A 26 Fiors.

R 25 WERKIEHLLMARGEEN

ZH HZ P EES
ST ER/(kW - h) 155843 10 046.9 12 607.6
IT 5% H#/(kW-h) 10 751.87 7308.44 10741.6
A WA /(W) 16175 1186.5 1298.0
Vvl FH EL/(KW - h) 3214.93 1552 568
GCOP 222 2.67 5.76

& 26 BUERIEBIEP DR ARG REMIRA R
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REZK
TiH

HZ o ==
HUE AT 1.64 1.92 1.75
Ut 5 2.22 2.67 5.76
RERIR T 2/% 35.37 39.06 229.14
EATREEE/ % 4133
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