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Application Characteristics of Data Center Air-conditioning
System Based on Natural Cooling
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[ Abstract] Natural cooling is one of the more energy-efficient and widely used cooling methods in data center air conditioning sys-
tems. Based on the climatic characteristics of Suzhou, Beijing, Guiyang, Guangzhou and Urumgi, the natural cooling system model of
data centers was established by TRNSYS, and then the energy saving effect of data centers under the same chilled water supply and re-
turn temperatures in different regions was studied. The results show that when the chilled water supply/return temperatures are 15/22
°C, the longest time for complete natural cooling is in Urumgqi, accounting for 67.4% of the year, and the shortest time is in Guang-
zhou, accounting for 10. 2% of the year; the longest time for complete mechanical cooling is in Guangzhou, accounting for 63. 0% of
the year, and the shortest time is in Urumqi, accounting for 4.3% of the year; the longest time for part of natural cooling is in
Guiyang, accounting for 31. 8% of the year, and the shortest time is in Beijing, accounting for 4. 3% of the year. The longest part of
natural cooling time is in Guiyang, accounting for 31. 8% of the year, and the shortest is in Beijing, accounting for 18. 6% of the
year. At full load, the lowest annual average system power usage effectiveness (PUE) was in Urumgqi at 1. 227, and the highest PUE
was in Guangzhou at 1. 299. The average annual PUE of the five cities decreases as the load factor increases, and the effect of air con-
ditioning load on the average annual PUE becomes smaller as the load factor increases. The findings provide theoretical support for
guiding the application of natural cooling technology in data centers in different regions.

[ Keywords | data center; natural cooling; climate zone; PUE
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Fig. 1 Three-dimensional drawing of the data center building
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Fig. 2 Hourly air-conditioning loads in data centers

ETERAHPAATHEZTEER
SR HIF LA HIIE a1 42 H AR HI R R /K HLAL
LS S ) PSR IR R ] S oY R =i v
PEZ R T REZ R H ARV TR, K A SRS TR A A =
B BN R Lk ARV R KB BE A FH AL T
o, T8 2 ¥ K AL 2 ) 38 45 B T 3k 80 R AP 5 90
HULREFEI B Y. 1 3 (a) R PO IR 208
(B A SRR R G,

I B 0 B L AT XU B R 23/33
C, k& " e LA R IK I 2 K IR 22 N6 ~
8 C , A SCHORG % 25 IR FHE 8 °C, 15 2% VR /K At
IKIRBE R 15 C B KL DK R 2ZH 7 C %
P ir 3.5 C, i AR R A EL 1.5 C
XPFI AR EE A B AR R UI R g
F R
Ty, < Ty

1.5

- TI)A - T'm (1)

- | |
BH #K B
KR AL KFE
(a) FHEH LTS I AR G EH R AR
V1°$ ‘%vz B FR
B e ST
P IARET
FE| [4E
B HLA gy
RS ]:;B— »
(b) 5842 HARBEI
o—
V]‘% o*vz B RRFR
B Bt
AL (AL
Bk e
WHIKSE |, {;U v
(c) T4 B ARA IR
vn% oggvz B RFR
B Bt
ARET
FE| [4E
Bk B [ e
gt {4
(d) SEHUARI 2B

V1.,V2.,V3 V4 1T — (RS Aok SRR R K
— e RV PR K B TR AR
K3 Bl b v 20 R 40 R R
Fig. 3 Data center cooling system schematic

TH < TRW - TI)A - T’I‘R (2)
AP T N 5E A HARR AN A2 SORIRIR L, °C 5 Ty
UMK C T, v HIES T B C 5T
oA AR IR T, °C 5 T, B 5 H AR H & S s
SIRERIELEE , °C ; Ty R R BRI, C

M TR B R B O R SR BN T, =
10 C,T,=17 C,

FEHMBIRIRIE Ty 72 B0 O RE AR V8 201
ARV 20 A0 e P PR 2R AR O 2 A 0 sk i B 1Y 78
e A RGEBE =M RS Bl oE 2 A R
A 3(b) | 0 ARG AR 3 () AN
SEAPUHI R B 3(d) ],

MEINEERIEE/NF TR, B K HLA A T AE,

T Mk . www. stae. com. cn



2025,25(15)

FRA, 45 R T ARV A R b O s TR R G AR 6327

B A SRS NS 58 4] DLk BIAL b ik vA 22
SR R IRV VK 3 AR X 4 AR 5 KR VA 0 7K 6
KRG IR BIHLG , R G 150 58 4 H ARV AR
K[E3(b) ]; ¥EIMNEERIRE R T 7,0, T ARE
I IR AN T AR, 12 1 R KL 43
R ENE RS KWL VA B 2 M A, o MR TR K 2642
TRHLZA 4 PR IR 5 28 R IR A VR KGR ML 5, R 40
BTN T8 PRI B[ B 3 (d) ] =5
TRERIEEE AT T M T, Z [ ¥ 5 R EIE AN K
PLAL L RIS, v 203438 3 [ SRV A0 A MR TRV 4
IR 2 e IR X 25 ML G 7 A v TR R K
PEAT A, B0 A8 K L ZH rp X 4 U K 0k — 25 [
W A AL R BRI, RSB TR
Ay B AREHIR K 3 (e) ], FEANTR TAERE
st B3 RS T DA R s A T R R
W], FARUNER 2 Fis

2 TFRFERIEITHE

FIAH TRNSYS #5288 oo X Hiss i A
SRIGHIRG R LT IR M R LS50, Bl &
SEA HARVH) 50 H AR EI RS2 L RIS 3 Fh
B B DI R B T R GE 0 sh A M R R
2.1 KAZFRERSGEBERE

ARSI T B9 K088 oo F 08 H S R F AR
ARGV FEZAAFER KHLA AT s 2 H)
B BRHIKIE BRTHRIKE.,

7E TRNSYS A, B /K HLALIE A Type666
IRV A 255 47 250 kW, 450 il v 250
( coefficient of performance,COP) & 7. 5 ;2 HIE i Ff
Typel62b V2 HISE R Y | ¥ A3 1 17K IR FE Ry 39/33
C, L3 B VU B HIE S N 1530 m’/h, K
HLEREFE R 120 kW 3 i x5 #1251 HH TypeSb i3 3t
RASHLE, Pt N 8 665 kW, — MR 22K 6 °C,
TR 25 R 7 °C 5 ¥ H K IR RN R K FE AR B
Typel10 ZB 45 7K 2% , &5 Py 38K 250 kW, 7K ZE %0 %
85% Ve UR K ALK ZE R 7 C, R TN
1178.5 m*/h, 3% 49 m; B HIKE UL KIRZE K 6
C, AR EN1553.4 m*/h, FEH 42 m,

2.2 KEFRERFIEITHMY

HRE R AR B T 48 21 I M AN ] 74 E R =X
JEX R EATES N 4 R, o] LUE H 5E 4 B AR
BRI ALK 3 456 h, 33 R R 44 22 D R 5o 2
FCEBA I ] T R 58 423 3o v H 88 ) 45 ¥4 VR B ds
HUDHE T H, TOFE FF 8 B KB ; 58 AL %
B 3 443 h, 5584 AARAR EIBT KA 13 h, H
TN FRAIT—H7 , PR EAE 15 ~22 C,

3500

3000 -

2500 -

2000 -

[E/h

i

1500

1000

500

() 1 1 ]
SERFASHD A ARSH SR b
TARKER
Pl 4 SRR T AR ] )

Fig. 4  Suzhou different working mode time

FHMBEREE KT T, /N B L 580 A SR A
A/, AU 1861 h, 71 M % 1 BR L B Ab 7
10 ~ 17 CXAX [ >

BAE O T R G RE SRS R KHLAL K |
REIE IR AL B KUBL RS % 2 1, AR RS
S, T M b DM PG AR VBB FE A 92 198 529. 1
kW -h, 5 RGCHERE b7 LN & 5 7R R 4% 25 PR e #E
o7 HUEROR, 5 A5 R R G BERERY 36. 1% , FLIR &K
FAERE, 5 L 31.2% , THIBHLAEFE S b, 5 L
0.3% , [ EdE O LG L AT 2R, LT
X SR, B LA o e /b

I b DCECHE 0 42 4E -1 PUE 8 1. 269, 1%
Bz i PUE @0 6 s, MIE 6 Him] L
FL,E0~2 000 h FIEE 7 000 ~8 760 h FidE s
PUE TR-FF7E 1. 220 247, 3 A2 B Sk 3K 1 B2 A [] il 2
B e 4 H AR B KL A TR, 64
WAV HNEE i &8 2, B8 o0 R G BREFREAR, 7
¥ PUE 24 1.220, %53 900 ~6 200 h $#E .03
PUE 7 1. 350, 3% X [] 1% il ¥ 158 X 58 A LA ¥
B, REE R K LA RS 5 R B REFESE =

I AR HLALRERE KSR ARRE I 4 HIIERERE
e ALAERE T XPLAERE I R AR

36.1%

0.9%

0.3%
8.9%

K5 ST RGERERE & LLIA
Fig. 5 Chart of energy consumption of

air-conditioning system

¥ FE Mk . www. stae. com. cn



B R

5 I ®

6328 Science Technology and Engineering 2025,25(15)
*2 AEABEATHEIIREEHNFRERE
Table 2 Table of opening of valves and equipment in different modes
FAME IR L RG AR BRI 15 L Mg s Yo KB I
Tyy<T, SE4x HAR A V1.V2 KH; V3 V4 IF i I KM A
Ty <Twp<Ty Ry [ AR A V1.,V2 V3 V4 K] I Fr I
Ty <Tyy SEHUM T V1. V2 JFi5 V3 V4 1] FlA] i Bivc
1.40 - — bR e B AR v GEASE e M
32107
135 F
S130} z 3o
[ =
=
g
1251 317107
I
120 ! L L L L | 3.0<107 [
0 1460 2920 4380 5840 7300 8760
E:J‘I‘E‘]/h 1 1 1 1 1 1 1 1 1 1 I
14 28 38 45 5H 64 78 85 98 104 114 12H
s R Al
6 FRMEE hb iz PUE (@ B 2
Fig. 6  Suzhou data center hour-by-hour PUE 3.8x10% -
ek 2R R B, PUE U{H 76 1. 220 ~ 1. 350 P 3h,
EHEA 1. 285 X R THRMRES T T, &% =
HEFT A F AR EIAE X R KWL T I |, REAE T 15 z
W AREMR T T, RGEHIT5E 4 AR EIB E37:0
Vo KHLALRI, AR 5
&
e A3 p— N3
3 TRARFEANEMXESE N A
S =
miEE M o

% 8 2 [ O oo B R O TR
[ e DX s o0 I 3% 2 )4 3 SR e AR
I ISE AR 1 08 AL B T N | 5 45 R 5 A B AT
[e) A8 &5l o0 3 S s A7 R 1, 5 95 N s AT 4
PEFEATXF L3 M, th T = K AR S B0 22
b €L SN PN AR TAE Y (AP N S - = N G 2
v A ) 8 F) R BRI B AN S AR R, AR AR T
S OVRIFFEAG HH X AN TR A DB T BIL S AR S
FEL P 45 A 1) 1 A R BEORT 19 BE SR A W3, (R it O
flbs 4 A>3 TSR 5 95 M BCHE b e AR (R B A L3P
e
3.1 AEMEMSKEFHES=HLE

2SR TALAE LS N IT B4 BUI L K A
LERAER, 5 AT IE A 2 P TR an sl 7 (a) Bs,
5 AN Fh 1 L 45 R AL ROE B A B[]
PR IR G S A G i ] 9 A Al 5 e
Ja TR S Foas 98 S 7 — H R AR, 7E £ A i
1R, 3 B 8 AR (1 D IR AN [ 4t XA [+ s ] % b
2T ERIREE AR

el Bt M GEARSF M

st
(b) 3Rl 4F R A S
BT bl s i S iy

Fig. 7 Air-conditioning load in different city
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