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[ Abstract] Electricity cost constitutes the largest operational expenditure for data centers, accounting for over 60%
of total operating costs. Phase change energy storage (PCES) technology has emerged as a critical direction for data center
energy efficiency, owing to its advantages of high energy storage density and miniaturization. This study reviews the
application status of PCES technologies in data centers, including cold storage systems and heat pipe coupling integration.
By incorporating phase change materials (PCMs) into cold storage systems, peak load reduction, load shifting, and
emergency cooling can be achieved. Practical case studies demonstrate that PCES-based air handling units reduce the
Power Usage Effectiveness (PUE) from 2.1 to 1.51, achieving an annual average energy savings rate of 50% and increasing
natural cooling utilization to 25%. A 60 kW PCES unit, through cool storage and release cycles, reduces air conditioning
operation time by over 50% and provides 15 minutes of transitional emergency cooling. Research indicates that PCM-heat
pipe coupling technology effectively mitigates spatiotemporal unevenness in thermal loads, reduces refrigerant charge by
30%, and ensures stable system operation via temperature zoning management. Looking ahead, with the decreasing cost
of phase change materials and the widespread adoption of modular design, this technology is expected to achieve large-
scale application in large data centers.

[ Keywords] Data center; Phase change energy storage technology; Maximum design load; Economy; Coupling

HAREFAN: XNBE (1987-) Lo, mEEEN, B4, Y, BrgedimE. SRR,
IR BROR (1982-) 5, WA, Toeild, WA, MdA)E.

o1-


https://jer.oajrc.org/

KAl i, BRRE, M, I

ARV BORAE S b R S P BUIR 2 f 2

515

FHAZ 8 RE BRI N T 97 G R 1 5 E S5 T
FEM o 2 i AR TR Bl oLl 2 BCE KRR A I Al e
RGE, FIFIBAT AL SEEIL A 2R PR, (BRI K 2
AACHEAT i BE, i RE S FEARAR, 0 HLKARIE M 5 28
B LT, BERCRGE AR, K BTIRAE SR BT
BE, R LA R BT AR 2 =) R AR AR il RE AT R 1 B
NEAMR A RIERE R G . KL T ERE RGN
s BT TLEAT A [ H B o (B R BAF R AL
AR, T PR A 2 RTAR AR R A BN = 5 o Bl
B LR RAAR AT, R R AR
KN B, ARAZ ik RE R SE N K H ) 2Bl B AT
ERARV TN C NS ALY, P (VAL =S R EJIOE
A oo R SR ARG T T AV A O PR BRI M
P Bl ot v A0, IS 2 B B TR AR AR
N T R R O T RERORINTT 17, AR SO T ARAR
BREBORIOBTFLBUIR, 98 0 A A2 & RE SR
K EF RIS .

1 HEBZRBEARNNHA

VL G 30K DA T R0 IR Ry &5 ¥4 A RHE
WER RS SiREIR, BOGE)EREEHI %3 PUE A
2.1 BN 1.51. BARA ARG I A] o 25%, 4R35
RE AT 28%(%). 5 R HL I A5 PR T AR 20 7] R AR A2 £l EAS
TS ¥ B e ORI R AS (14 ik BE 2R 4 R AR B30l v o 1

3

| /174

AT AU PE R RHER 3R T R AHAS B R Ry
g e KR B o 0 1y ) 3R R AR BEAIL D A R AR 00 I
(1) N B ¥ 7 S 80, 2Rt BT R I 60kW AH AR A EAL
H, fERERE 200k), X ThE 60kW, 454G HIRA IR
MR, AFES IR R 52%, F7H 12 R,
BRECIZ 3 4. AL IET 7R AR A B B (00:
00-08: 00) &%, mUERFE: (10: 00-18: 00) B4,
PEMRHL 2R SO 40%, 5 40 Wi R s ] 4 457 1155 I B <
28°CIA 15 438l , MRS HUN [a] . AHAR i e =0 <k
PENLAHAE AN« I P IA 3 U B ORI 5l N =AM
TS, Gl mE G B IR N E NN AL BRI R R
oV EAEAF A ARG REARL s E = AME T A A
T F2 5N SR A B 308 3 R TSP A A7 PR 72 R L s e U DA
I& BRI 7 A Ja B R) 1548 B Re ) B . 3R
(1) KB U AE TR FH O Y A R A RL 2 S R B R o 1
H ARV R SR AE I (8] A2 (8] EASDLRC P &, R iR
T EARTIRR R AR . GRE RIS
50%. A VLRHE A w3 I G A 32 & A B VE R
Gt, ELAEAHAR R, AR B TR AR T I8 R XU
W, AR N I 78 A AR AR . S 3VE IR LAERT,
P S 3G 0 PR A AR AR ST 7 s A TE PN VA 7 3V
5, HHTER . S HIE RG0SR, A AR
AEBMBIZE R 2SR AR A A iR R 4
PR E I, WA 1.

i

-

i

—
o

|
- ¢
‘c::.:Oc::::>|

LHAE; 2.FEENM; 348FEARER; 4. KM 5.ER iR
Bl 1 EmETEERRRIAE RS

2 ARESHETRE M
2.1 BESRERT X
ERY N TR G B LSRR A,

MRS FER R R R G R IBIT I E RN R
HREELZN, SHIIEISR, FEHRARYEE
AR H7siEEd A, W IR S . Fn, h



KAl i, BRRE, M, I

AV BV B ARE B o O R IR 2

TEWAE NI R EFOR, Haia B KE
EZHEAME, ML ES iR, BImH= )
RMSKA, FEECbREAT P LS HLUR iR, 3
UEMEYERIEE (3 € 8

ONFRDARVE FEVE R DU HERE I 5t BT 2
TR T, A S AT A (it — by EAR AR A B
MAE RGN 2, BARTTEUR.

ARG OFE TAER R R AR KA, 8K
& 2 BOE RAE B R, B A FEIR A AR
BAVE NI VAR, BRI YIRS ARAE AL L

AR TR 21 55 SRR O i 2 2 A )
TR A PR I S A AT BRI IR R A B A, S
ThEs ARG AT FRARI , AHARRLEREE A, +h7e
HRFIAEA L, Bz,

BORACH L F AR ARREB B E, T e

4

FIFEER, FRRITSIBE A, M0 Jsk eI 28 in) 2t s[RI %
AT 7R A FE 2K, R A EVa [, SEBLA IR
XA H, R RSAE-207CE 50 CHEE N EiBIT.

22 BEARERH/S

AF ARG AR AR B i B oL S,
AR, MR B T X R AR — R R4
MU, FHARREE N SE e A AR AR AR, ] 3. 2k KL
B TAERS, AHAEEER oA &, #HITER. MRS
AT G I LR e R D5 TR S FLA ZE
AT RR VLA LY 5 24 725 W R G5 T EEA 2 B H I R b
AE AR BB 1 4 B R SOk B IR 55 s AR . 7E 25 IE
WISATH, AHARBIHEAT &R SEHUIR S A% AR

ISR P T 5 ) AU LY ZE I REAT RR IR A s A
S HURS A2 BAE 2 0 H IRy, At OR 15 20 0 e SR
Ii] o

LAEREERR; 2HAE,; 35&%LSR; 4BKHEAND; SELEHO
B2 —MAEETERNAERGREE

IO

/

N

LIEGEHL; 200%E8%; 3008KAL; 4BERKIR; SZRARS 14; 6.R&R 24; 7.EMMN; SHHUIQIBE; 9HE; 1030 MR
B3 EMEEERNEED OIESAREE



KAl i, BRRE, M, I

ARV BORAE S b R S P BUIR 2 f 2

2.3 fE SR AT AN 4 61

IT AR 55 45 B SRR s AR R, (LR I [) A 25
] EANII5T . DN T RV [A] AR AN AT I R, AR
DRAZELAE 51 ) FAE 1) 28 R 4 1T 8 A AR —
8 rhC F G O AR B (0 21 [ P 25 O, 0 HE A AR
B, ARG E T AR IR DAL, AHASR N IR
A AR B, W 40 MR RANLIEE TAER, AR
FEERIG U I, BEAT B SEELIR 55 2% 6 far 386 s 22

PP IS 7T 10 2 R 55 A ST /N, A AR R R
BRI A RE AR A, IF B = AMILEEAT A
A SR R RENS A RO O R S8 TR 1), s> il
ARIFEER, ¥R FITEEEH . FEARRBLIIT S
s FTORIES I RS E SR E I8 1T, PR
TARE. JFA] DAER IR i ZZ R AT I AT . I
T CRUE B O i ROZ AT AT 20 RGUEAT B R FINL S

2]

Ik ,, 2

4

7 2

7

LIIEAEZR L =S 2R, SRR NAL; 40080KE; SRR 6 08MH; 7.ARSSEIAE
B4 ERATERITERE TEE

3 ERILAR

g VURBAR A BRA R A 28 7 7R R 45 B R 7]
HE H BOBERALHIL DS #9807 S B R Gl A Al e J 2
5 G A T RS B, 1R A5, RIUR A A
P FHRE A 1l 1 (RIS AL 55 ] 120 A2 A ik vt s PS8 et
SRR Nz Sy G g

4 AERTRATRFEA

DN A iy FE 3t XML 28 8 % o PR T8 4% X IR
B TARRE M EOR, SRR - E YN
HEEINVE I TR, TP T BRI B I R 2
PEMIARZ MERES MR BT FL . SEURRE]: BT AWE-K
R TR EPA S AE REAE TR TR 30, BEK TR+
BRI, B/NRBIEhER, JREhiR T e, B3l
PEREAR 22, A AV & L) AT LACSCRE A B VE 1) P iz
PERE, FEIRARGUAGH, 2w R g,

IR FH A i T JsoHs LA R A 0 R TR AR

UM B AT AR IR 1 (R B SR ST B el 2 88 Al 22 457 2K
PEm SRR, il RGP I IIEIRIE, HEA
WE RGP TIBITBN 1, R TR G IVE RGuisiT
B P AN FARE H0 85 1 v IR AE B 22 DA BBk B 8 1) R, A
T PR T 2% M4 FH 26 A PR, ELRTH A R B
SERITE IR, MRS

5 NARTS

50 BRAET®

(1 MM

FERACRRA G G AR, H AR R RA Y
Al 80 Ju/kg P42 2030 4F 40 Ji/kg, [AINHETH SRR
£ 10W/ (m*K) PLE,

(2) RYHERK

5 CDU (AR BLHsIt) #é, @A s
MAEPE), R4 PUE #E—BEE 12 IR HEH
10kW. 30kW. 60kW FFILAHLA, & ECA [l HE



KAl i, BRRE, M, I

ARV BORAE S b R S P BUIR 2 f 2

e, BHATERSL R,

(3) #fediil

gha Al SLETN A ARAL, BT AHAR AR
BIBAHER, S “HRTEMmERT .

5.2 W3R R AT

(1) BRI

HE CREAE” TREESREEE S+ PUEL3,
FHASH AT 5 B v R U5 = & Hh X S8 PUESL.1, 3R
PR AN -

(2) W

i (P EHdE R OMERE D ) . 2025 FAHA
RETT I IE 50 1470, FEEHKE 35%, Hrh3
P A 5 LR 60%.

(3) FEFARH

FHECAR GeK AR it e, AHAL A e 25 B2k 200-300kJ/kg s
ALY B BT RR 70%, o IIE A IR A% O X H0 4
AL i

6 Fit5&IN

FHAS F ARLE R 00 10 8L AR F 2 224

(1) fER B EEAT AT, IEBIBRAC™ it fs
(1 H )

(2) ARHE BN PEATICES, AEITTRER B 1)

F B TR AR Y 24 A
AR X [A) AR T 1 AR AR T 2R IR AR SR o A AR R R A
B o FHAR AR TR B O P SR B TR/ L
BAE RN ST 2 RS I AR A T F o il
DU TR T a0 T

OHHTHRXEE, FRARFRAZE.

Oy, T 2%,

@A R HIAREA R

@XF RGUHAT LTV o

O AR VE B 3 IS5 VA o

Sk

R 1 B B AR Ak []. 1% fiE B F 5 0K ,2020,9(06):1784-
1789.

Xiaoqin Sun, Yajing Mo, Jie Li, Youhong Chu, Lihui Liu,
Shuguang Liao.Study on the energy charging process of a
plate-type latent heat thermal energy storage unit and
optimization using Taguchi method. Applied Thermal
Engineering, Volume 164,2020.

T 1% 3, T8 B AH A it fiE 2R G A2 B v b B N [9.45
B 5 AR).2019(22):6-7.

KT, B HET PN S 2R 2R AR 1 U . oK 3 5
TG A A BRI AL BVRFIET]. R RERL S 5 HOR 2020,
9(04): 1105-1112.

FT R BE A X e B B Ve A T R G B L Y
TRERL 5 S AL 67 525 1.2015 4 9 A% 5 1
71-74.

(3]

(4]

Feihu Chen, Shuguang Liao. Intelligent computer software
based analysis of the heat pipe air conditioning system for
internet data centers[J]. International Journal of Innovative
Studies in Sciences and Engineering Technique.
2019,Volumes3, Issue 8:9-19.

LM AR AV B IR M K 0 AL BT R (D).
=] 18 75 K 0. 2018 4E 001 1] :38-39.

PR PE AR A B RHE S8 A5 T T BIF FE (7] 18 F BT 45
AR.2014 4F 12 H1:1-4.

(=SS UING QI o iR L8P R IWFo P S < W A E ) A
fEHR 2011 4F 3 §1:69-71.

T S XA TRAR IR, 4 TR & LB/ R v
(R SEUE AT FE[T]. TRE A B 224K 2011 4R 55 12 1.

[10]

FRALE B ©2025 15 5 TS RBURTIRT 78 0 (OATRC)
Ho RUFHLRERILZE LT RRRE.

https://creativecommons.org/licenses/by/4.0/

(1] XUREHE, R ISR 2525, BRI R A 00 5 2 M


https://creativecommons.org/licenses/by/4.0/

	引言
	1 相变蓄冷技术的应用
	2 热管与相变耦合产品
	2.1 温度分区管理方式
	2.2 与蒸发器耦合
	2.3 解决热负荷不均匀的问题

	3 模块化方案
	4 热管相变混合工质创新技术
	5 应用前景
	5.1 技术发展方向
	5.2 市场应用分析

	6 结论与建议

