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Abstract: Combined with the advantages of natural cooling technology and frequency conversion technology,
thus effectively reducing the energy consumption of refrigeration system, the system of water-cooled multi-connected
separate heat pipe system has been proposed for removing the heat and cooling the space in data rooms. This study is to
explore the energy-saving potential of the water cooled MSHPS compared with that of the conventional air conditioning
system. Firstly, a simplified thermal performance predicted model of the water cooled MSHPS is established and
validated by experimental results, with a deviation of + 10%. Then, an energy consumption model of the water-cooled
multi-split heat pipe system (MSHPS) (#3) is developed to determine the optimal supply air temperature and supply
chilled water temperature set points, with temperatures of 24 °C and 15 °C respectively. Finally, the ESR of the water-
cooled multi-split heat pipe system (MSHPS) (#3) over conventional CRAC with or without water side free cooling (#2
and #1) can be obtained by comparing annual energy consumption of cooling system #1~#3, with a percentage of 11.3%

WKisHER: 2018-07-13

E4WH: EEELMWIEELSFEYHE (2017YFE0105800 )

YEE®IMN: ¥ W (1989-), 2, IEE LA, WIEE Tl R230m, 1k, RN AT EE, IEEIEE T W ZEE SR,
E-mail: hnlingli@163.com



16 WMo Lok ok % % i

2019 4F

and 68.8 %, respectively.
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Fig. 1 Schematic diagram of the water cooled MSHPS with

a separated heat pipe system
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Table 1 The operational state of valves and components in the
water cooled MSHPS under different operational modes

B IBATEAT O
1T Vi~V ek s
E %w/i‘\iﬂ Hﬂ I‘ J VINVZ N Vs ﬁE 5
1 BT VAN L Ve AR MLV JIK A

(Thx,h. KOS Tchw, (D) i'ﬂ 5

WK IR FE RIS KFE T -

Hﬂ I‘ J Vs jtlzﬂ 5

Hﬂ I‘ J V|~V7 FE 5

IR RAKALAL ., BEIKE
WK KRG KT o
BT Vi~Vy. Vg M

oy B ERAH
2 BT
(T, (0)> Tiae(D)

%@{/?\{ﬂ lﬁﬂ l‘ J V3~V7 ﬂ:E 5
3 1B WG VIRPLAL, WK
(T (i) S Tiaei))  FRRIRETFIR 5
WK KR o

3 RARZERBEFREBIFMETTE

AT B H BT TR R A K IR K S £
BABEXMERE (#3) HIX TFERSTHAS (#1

B #2) BTREW 1, IR ARG #1-#3 B SMS IR
HENMPBEILE 2,
R2 HRRFH#I-43
Table 2 Cooling system #1~#3

ilve F 4t Ve U5 el
#1 IKVSVE KR eIV B
#2 WIKIR + KV K HILLH eIV B

#3 TR + KA KB
3.1 HIEMERS ARITE
LR 25 SR E R ML 0 W PR D IT 28 ik
P AFEE, B BRIV e 2RI T 1T %
% gty BB A RBBEENSE, Hf, #4
TEFNE A B AR B9 A far e 3 /N T 1T & BT ™
AR, IR LLZBSASTTE . SETF ik, L
¥ far ] DL = (1) #EFr1E
Q(l) = KAenveIop [to (l) —t, (i)]+qlighling *A+ 0y (’) °
(1)

K 2oy S R SE

K. 0 AR

i FPHTE]

K NP S 28

Anverop N AP EER LRI ;

1, NEHN AR L ;

t N IREEIR L ;

Giighting R BRI RS IR

O F 1T AR AT

FE MR B R LG B N, IT A E AL
i 55 #% . HLUR 43 BC BR O (power distribution units,
PDUs ) FIASE]WMrHLTE (uninterruptible power supplies,
UPSs ) 4. i, IR aREdR L6 N 2 r A,
LR I IR 55 24 68 T 23 R 2% XTI B 7y el B 4
R, g5 g AL Al Dhad e =0

0~0.784 8+0.0277,-0.001 353 T52+

0.000 023 8177, (2)

P, .= (27.39+0.902 Tu,.,.. —0.001 746 270 4u

Bt o (3)

X (2) ~ 3 H: a ARG AEIEAER;

T, hgidk R4

Per PIRS5ERHIAG 5

Ueryer MRS5S FAT

Py MRS 2 2 4

Xof T H 43 ic BT PDUSs FIAS ] W7 HEL I8 UPSs 14
BT, TSR [26].
32 REARGHFEERE

PG ERIE R SESENE SRS
(I ARAFIST TREFERISMATT, o BT R ) RGE I REAER



18 WMo Lok ok % % i

2019 4F

R, R ARSI KLY, RIS K - K
LT . KL AERS TN AR o B IS R 5
LR REFERAL . MERE R SR E R, AT IR K
¥ 201 B A RG4S e T Rt n &
2 s

SR N N —}I;mu. K=K I, 7 r ”
18| = m [ " +:|MSHPS ...\_'mu A )
ﬁﬁ ”J ki Zme,“gl""“’ jﬁ\l;ﬂ&zh I oma. I - J\ﬁml

. T === T [ K L
s ey | e 4
|(?£ui“ |1 &T\ B |7, \,

Ichs
mch rd

7 I 7
N |7 — i K-k I chr
L = (BB o

T, —»TWT —]
TN PV T m, 3 chom ¥ ah
A3 T, e=T, | HLLH ZLMQAh[ch

2 FIRMKIREKS SEBRAE R L 3 MBEiTEH
AERETEE

Fig.2 The heat flow schematic diagram of the water cooled
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Fig. 3 Comparison of predicted values and experimental
values of cooling capacity for the water cooled MSHPS
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Table 4  Set points for different conditions
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Fig. 5 Annual energy consumption of the water cooled

MSHPS using lake water source and the breakdown
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