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Cooling System for Data Centers Based on the Air-Water-Air Principle with
Increased Temperature Differential

Jing Yang Xie Xiaoyun Jiang Yi
(Building Energy Research Center, Tsinghua University, Beijing, 100084, China)

Abstract Improving the energy efficiency of data centers by conserving energy in cooling systems is a priority strategy. In this study,
thermal analysis of the prevailing air-water-air cooling system revealed inefficiencies caused by a significant discrepancy in the flow rate
between the air and water sides of the server room air conditioning system. To mitigate such discrepancy, a new system architecture with
a high-temperature differential on the waterside was proposed. Compared with a conventional system with a small temperature differential ,
the proposed high-temperature differential cooling system substantially augmented the proportion of natural cooling throughout the year,
reduced the energy consumption of pumping fluids, and reduced the total energy consumption of the cooling system by approximately
20%-30%. Although the introduction of a high-temperature differential cooling system requires an increase in the heat exchange area and
an increase in the cost of air conditioning for the server room, it concurrently reduces the investment in cooling towers, chillers,
circulating pumps, chilled water storage tanks, pipelines, and valves, ultimately reducing the total investment in the cooling system by
15%-25%. Furthermore, the high-temperature differential cooling system facilitates operational adjustments, decouples control from
external temperature variations and IT load changes, and minimizes maintenance requirements.
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Fig.1 Principle of air-water-air cooling system
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Fig.2 Heat transfer process and 7-Q diagram of

counterflow heat exchanger
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Fig.3 T-Q diagram of the hot and cold mixing process
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Fig.4 T-Q diagram of cooling systems with small

and large temperature differences
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Fig.5 T-Q diagram of heat transfer process between

cooling water and chilled water during hybrid cooling mode
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Fig.7 Principle for two types of multi-stage chillers in series
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YIS ORI EE RGN, KBH S N2 50 Pa, KU 82,
RN BTREFERE 2RI 60% ~T75%

KR 207 BRI B KT W HIK S
HIFE WL RERE , 16 BE R IR 42 = 248 H AR AT HL B
FEACHIR HLREFE . LAR Fe il , S4B BRI 5= 20
24 °C R URIK AL/ KR EE R 20 °C/26 C IR
R G015 fe I HLAR VA L 1R 87. 35% , iV R K
At/ KR EE R 20 °C/32 °C B RIR 22 21 R GERIHL
BRIV HEBIAA 39. 1%, 28 M e st AL il v AR
T HEE O T EFE AR LENA R KR 2ER
RG] DAL/ 22 D24 55% R LA |, L
emh B, AR R KR R m 20 29 C /N2
HI R G e A AL VA FL B 100% , it K i 22
ARG PRI LR 77. 76% , KRk 2297 20T Ee
NI 22D B 229% I HIR LA =, DL LA B, 4
SRR IBRIE T B 200 30 °C |, /NR 2SS H R G fe At
LIRS EL R 100% , T KT 22 4 30 2 42 Y ML
VA LB 83. 7% , i 25 77 58 1T L /Nl 25 70 22 ¢
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14% ATV P 2 FEZLE, P R RIS UM ¥4 Lo 1 3R 2R G0 22 2% 1) il

ARG A fdl A R R DL 1) 256 COP
WAN[E], COP HEF KB T« K25 2 kil 2 LR Ik
>/NRZEFIRHIFERS KGR 2GR ALIFEE, R HIE
TR Ry 28 CHE, Kl 22 Z 9 R IR HL COP 29K
11. 77, /MNEZHIAHLIFEE COP 254 9. 94, LA KR
2R R G HLREFEL A/ NE 22 R EE) 70%

RERGMERE G SRR 5MA X, 3R 1R A
T G RN R Pk AN 25 AR 25 R IR ET R
GLAAFEPEREXT L, PUE R F R £ XA REFE 5 IT ELhiE

BHLE i Ve T3 R 2 (cooling load factor, CLF) Ky
Bt DA BRI S 1T A FE R B U (E 3T
KETFIG, BilEd AR H B H 70. 6% 14
2 84.39% ; bt 24 H ARV AN L9 th 85. 16% 3 &
92.75% 5 R Fr. FH SRR LLHI R 97. 38%3 28 99. 31% ;
25 M A A HUAR I v B T BEAS B R IR R AR, AH H /N
W25 7758, KR 25T R KIRIA R HIKIE R TRIKEE
BHIIE RN A HLREFE , R4 R G0 BV RE FE I D 20% ~
30%.

R1KBEARSMNEEFTRIEREXTEL

Tab.1 Comparison of cooling performance between large and small temperature difference

BRIk PUE AT SAEH EAEHL KIEZES/D
WH it mk R CLF REH WIS BEITEY
L/ C 2= BHKE RUROKE B HeHL i H 4l V> 1
¥ 0.05567 0.01928 0.01851 0.01292 0.027 13 0.13351  70.6% 100% —
N ZE 2026 dbH 0.05567 0.01898 0.018 51 0.01025 0.01245 0.11586 85.16% 100% —
RE 0.05567 0.01882 0.01851 0.00820 0.001 80 0.10300 97.38% 87.35% —
¥ 0.05567 0.00944 0.00926 0.00676 0.01513 0.09626 84.39%  83.97% 86.51%
Kz 2032 dbEt 0.05567 0.00938 0.00926 0.00577 0.00689 0.08690 92.75% 77.76% 85.31%
R 0.05567 0.00933 0.00926 0.00447 0.00063 0.07934 99.31% 39. 1% 77. 87%

RO H/NRZEA I RIRZ G WS 58 R
K ] B TR T L, 25 98 b4 3 by SR AR O e p AR
KSEAT DI (LI 4) |, KA R 2 B 7 XL
KGR AIR 22 N4 AT, X —ROR, W
T JE 25 PR KN IR 25 T 58 ST YR 22 /N 25 T &
N, BRI S s TR A A R R L R LA A R RS 2%
A S ANE 3 X~ 7K e R 2 RS AR 2, 7 XU
2 B XGREE 43 30 25 37 °C, KL | [0 7K 35 B8 43 51
k18,30 CHE, fEi e R A N K-k e kil 22
TEIS) P A A b A R - KGR 22 LY 5. 04 ~
6. 89 K MM X4 A i 2 i 22 AR W AN 40, Y
9 2.11~13.21 K, FEAHRIX e AR L I R B 0%
PFF, SEEUR R4t R A U AR T 75 10 1 A0 T
R HE S I 2 34% , PRI BE 5K 25 IS ] g 2 16 1 56
T, R B X -7k 25 PR, KR 22 07 B 1)
BB BOE YR 220 7 K, /INE 227 Z B0 i
22099.69 K, Rt K22 77 58 1 25 P 5 76 /Nl 22
Iy Gl FAL RGN 46% ,4 HEMR I SLAT I3 =
6 HE, B B ARG TN 20% ~30% , K27 %
25 JE A XU BELE N2 20 Pa, K BHIE A2 6 kPa, %25 34
REFERZ /N, PERE R BT 35 22,

M IS PR TC L B R oK R H R OK
TR 5 7RV EI B 5 R JE A Tk 1 Ll FH A L
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2P R, RGEAR R AUV L A5 B T d5 A )
BHMIGRIKNE B AR A HIE KRR T2 %K
[ 7K Il 2 U] ) 9 /D VR HILAR BT, 9N . ZE A AR
BT ENIE KR EE N 26 °C R It | Rl K IR 43
A2 20,26 C B/ 2E R H R ST B 100% HLA
% At | RUKIREE 43R 20,32 C R KIRZE R HI &R
Rl A L T AR 2 50% 1) BA =, TEIZE
T, R 22 RGALT L4 — 21 HLED AT i e is 172
KOBAR T IR HLE R, BT R 15 min N2 E R
T, REZERENERTHARB N/ NEZE RSN
50% , AT I8/D 50% (1) 3 Ve WE A . [RIBE, ¥ JIOK RN e
KRR 50% , 764 IEK i AT LR, 4 3%
R TR T AR D 50% , BRI 24 30%

R HIES AR B T EK X T B ik
S AR RS ENIE  AE T R AR ) R R AR R 2
H 6 K 32 12 K, R InOoR & B 50 2 HK
BB AR INZ) 40% ~50% ., S5/MERZM L, KR
ZE HHEFR R G R 0 2 A, BSR4
SRR T0% ~T5% o AH FH 7K 45 2428 FER 4012 23
IKTRE 2 A1 R [B) #5225 &% ZN S B, Hh F XU D
A W= IK AR 0 TS B U, IR —IK 4 A AR D
e AR RV ENES X - K e IR AR (B AR
25 40% JERHEAAL 5 29 20% , A, []4E28 KB A
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BEIA L R R 1 60% ., PRI, SR KA /I it K
T 25 T R AR E3E AR

] 8 7 A 7K A K i 22 T 8 R/ IN L 25 7 S8 18 1)
RGN A3, AL T/ NR2ZE TR,
KIR 22V EN R G 25 R AR I 0, (HV EIK S 8
IKIE BHIES BN HE EE RTTREA ML AT
AN, RIRZERHI R G BB A H /N 22 07 % 1%
K2 15% ~25% , HAEARREFEREARLY 20% ~30%

A GKE BRI E DR mmiik
X R - ] 4 A, i R ]

A HIKIE mmA I . ZE AR
100, 100%

. 86.51%  g5319%

S gl & 77.87%
g = “

A3 (|

jg 60}

E 40} i
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(B¥d)  dtx) (R

B8 RARFRMAREFHNRESH

Fig.8 Investment distribution of equipment in cooling systems

4 BL5

T 30 BT K=K = B o0 v ) R G atE AT R
SEOYHIT, H RN 22 T 58 1 KU =K 25 IR A A AR AR R I
SEANDCECARRETI, 7 1 45 1 2R T BT IS DT T, A SC 3
HTRMIKRIRZE %, KREBELHRGE KRR 2
AEH ARV HIEL ) R 22 3G SO s 1R A
IKIE B URIKEE o HIBE R DLREREXI AN, 2 {4z
TTREFEREAIR 20% ~30% . KM R 22 J7 S8 75 34 AL
P 23 PRI AL SRR BURT RAS  (EAH1E AL R ER K
BEVRRE AR T BRI SRR, R A R G R
FHREAR 15% ~25% .,

AR 22 5 58 T T Ak as AT, 78 S BUH LA
TR, AR TCTF IR Y B SR AR b 28 19 5538
BT, SRR BRI R G R HLBOE KR BEA
A5 BRI AILE B 78 4 F ARV EIEE IR R A1 K
BU 3 AR E Ve H K KGR BE . 2 1T A8 (LT,
PR AL D 25 I 5 BB | AR A50JH 7518 Rk
FIRHIKEE AT R ML Z, PRUER ) RS04 s
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