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Abstract

To promote the reuse of deep ocean water from ocean thermal energy conversion, a cascade system is proposed for
applications such as seawater desalination, aquaculture, and agriculture. One promising use is urban and building cooling using
the cold heat of seawater. This study explores a deep ocean water-based cooling system for data centers. A prototype system
was integrated into a server rack to evaluate its cooling performance. The system includes a fan coil unit, plate heat exchanger,
chiller, and pump. Cooled tap water circulates through the fan coil unit inside the rack to absorb server heat. Performance was
assessed by measuring the overall heat transfer coefficient, heat transfer rate, and temperatures at key components. These were
analyzed using flow rates of tap water and cold water, as well as air volume through the fan coil unit. Results showed that with
two servers, a tap water flow rate of 0.042 kg/s provided sufficient cooling. However, with four servers, even the maximum tap
water flow rate was inadequate. To meet the cooling demand for four servers, the system would require a fan coil unit with four
times the current cooling capacity. This highlights the importance of scaling the cooling system appropriately for larger server
loads.
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PR 725878 (OTEC) Cl, F8HE CREH% OWERIE /K 2 FIH 3 D UHERIE /K D 71 A — RFH PR
KEAT, 201 DMER SN TV D, MEERE/KOIKIENEX OTEC O%mEYR E L TR SN2, FOMKIEMIISE
BHRIZNTND Z & D, OTEC T OWEREKE, MRS U, YRR bt ~Ee
MINCIED Z & TWEDAINERNFARETH H. —J7, WKOWBEX, &< OHKEREY AT A (Sea water air
conditioning, LA SWAC)E LCHIAH (KT D, 2011) SRTEY, KEANTAMA WL, (LEX & TR, FHE
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aA )=y k (FCU), WERRZHHE TR LIEBHEIV AT A 2R L, OB E2IT -7, AL
T-WEOHEEOLGE, REOWHE Y AT KLV 7R HINAEETHH 2 2L Lz, HRE (19951,
TR E 320m DOBFEHEN D < B BT TR K ZFIH L C, R 20m> O EBROMANZ1TV, iammE &L
TAEDOE RV REETND.

— T, SWAC |[I7 —# o &2 —mE~DISH b SN TS, 7 —2 2 Z—Ti%, RO ICT OFED
EEVICEY, FEAWEEEIVDERLTEBY, 2050 FICIXERNT 12,000TWh, 57T 500,000TWh (2T 5 2 &
TR (ENCAFFEBRRE AR P EA R R B S RIg = o & —, 2024) STV 5. EDTes), T—F
K —ENZEST BEINTOWVTHRFFIZE R L TWS. T—X 2 X —OWEFIEIZIL, Sy r—T K, Fd
YRS, EBAVKZER, REEAVRZER, MERRGHLFR (BAT =2 ¥ —W5,2024) D, ZOHFT
Ry r—VHRABLOFREYEFRIT e — FAR TR WL, F—F Y o 2 —OB AN IR ES) & VB
ET D ZHUTKE LT, SWAC ZJeH L7236, WHERE K CTHREI LT KEKREZT N R 7 2= NAHU)
ICEPHEER S22 8 THHEIZITZ D 2 LD, b — MRV T OENEOE ) OHIEN RiAD 5. ZREF (2010)13,
PRIFIFE 10,000m? D7 — & & 2 2 — OB FEISHREEE K 2 L7556 OEEE N ORBEEZITV, BE— hARU 7
BREOMEEEN L OWE A T-7-. 23Uk v, b— bR 7R~ 120 BREOHEE I E CHIcE 52 &
o LT, ARRFIECU, MHEREAK I A — RBIT AmBRIH T — 2t X —OmEBIZIGHT 5 Z L #4451,
FOREIEL L TH—"—F v 7 1 BE2xd%RE Lz, FCU & 7 L— MBS Z W= — =0 I 25
LEREEE L, T DIRBWERERHEi 21T o 72, AR TITZOFERIZ OV TIE LT .

2. & =
Ac D DRBSIETIAIRR [m?] ¥y F
As N P2 AT [m?] B N A= [°]
Cp D R [J/kgK] y D HEAEL [-]
De, Y WAL EEIER S [m] A (REE) 7=
h D BMpaER [W/mK] T
Iy s PEE S [m] air 72
H . FL—hES [m] c K
k D BB [W/mK] ch Y3
L 7— RO [m] cons © JHE (BN
m D HEE [kg/s] in N
Dw RO E YT [m] Im DO
q iR [W/m?] out A
0 BSHuE, EE [W] P BEAT L —
t TL—MNEX [m] PHE : PHE
T DO IREE [C] server A
U SRR S [W/mK] tw D JKIEK
v R = [m*/h] w 2
W 7 L— Mg [m]



HEEREB AR E W FCUBE Y AT AL Y —3N—F v 7 EHOEEBE e 11

3. =E B

3.1 EERE¥E

1\ FEBRIEE PN & v, FERIEEIIT A My v a v THDH Y —3—T v 7 (StarTech.com fH8: A—7
> 7 L— A8, 19inch, 42U, 2POSTRACK42), ZAUTHAIAENTZY—3—4 A, M2 1T 7 b— FREAHGR
(TN7 7 Z 23V T2-BFG, LR PHE), X3 IRT 77 af o=y b (FrRTEFRSHERL RE SR
JE& SFR-200, /MEMWEEE 1.74kW, LLTF FCU), /KiEKF > 7 (HE&RTER: 27 VAKX 7, ST-33,25L), /K
HEAKIGERR > 7 (2 LR AL THIR USSR <~ 27 %~ RAR> 7, SL-7SN, 65W), %% (ORION #L: DC 1 >3
— X —F 7 — RKEI500B2-V, {HHIFES] 5.8kW) CHERR S 5. F70, ERREEIIA/KIGERR, AEKIERARD 2 D
OYEERR TR S 5. SEBREEEIZIE, 7K & OVKGE /K S E A S 3 AR i A5t (KEYENCE #4: FD-
Q10C, 0-30L/min, JIEREE £ 1.6%F.S.), Willkds L O —3—F » 7 PNIREERIEFIC K RIEVE XS (ARE T4 STe,
77 A1, fEEE15C), FCU NIRERIERICHEHRABES K0 EBWRSHEEK-6F, 77 %2), h—n—7
w7 NV E R E AR HEE# (GRAPHTEC #: B-530) % & L7=. — "—DEEESOREDTD, T
Z ViRt (— b =27 A% MT4W-AA-10, Max 5SA) & — —ERANCERE L. 72, Zhboferh—n
5 OHRIEEITT —# v 4 — (GRAPHTEC % midi LOGGER GL840)\ZUXEE, fR1F L7-.
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3.2 TRV

Bl 4@IcT7 A M7 v arThdT— "= v 7 OWBIEE, X 4\ ——T v 7 Ek L OEVE R E
K& RT. —r3—F v 7 (FIEROMEIOP: & B EHOR DI THER SN A—T 0 7 L— 2 L2720,
ENEFD LT NI T L —ATHERE L. £72, V= "—=F 07 LTI 7 L— A THERSI IO IE
i, i, KM, SEICEEM 21 X0iATe 2 & CREZGRE L, r——T v 7 NEAR & W 2ME & Lz
P—X—F » 7 NOYFEAFITORICIEFCU 2% & Lz, £72, —3—F 7 IR ORIE D72 X 4(b)F
L OF LIRS EE 22 ROBE R 2 3% B L=,

AREERTIE, KSITRTEIICIU =4 BE— =T o 7 TRE LTz, £ 2 ICERICHEH L72—
—DFETERT. K — =L, £ 2-QFFRWTCE—D CPU Z2WEk L7-ET V&2 W=, £/, £ 2-Qlzon
TIXIBRD CPU 2 L TV, thoeT VL ik L CHIHEENINNERET LV THS.

(b) kB L OEEBLEX
4 FAREZTar (19inch H—~—F v 7)
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F1 H——F vy NOMEXREAE

13

Position of T.C. x [m] ¥y [m] z [m] Position of T.C. x [m] y [m] z [m]
T-1 0.36 0.80 1.99 T-12 0.69 0.80 1.18
T2 0.36 0.80 1.18 T-13 0.03 0.80 1.00
T-3 0.36 0.80 0.03 T-14 0.36 0.80 1.00
T4 0.36 0.03 1.99 T-15 0.69 0.80 1.00
T-5 0.03 0.03 1.18 T-16 0.03 0.80 0.03
T-6 0.69 0.03 1.18 T-17 0.69 0.80 0.03
T-7 0.36 0.03 0.03 T-18 0.36 1.23 1.99
T-8 0.03 0.80 1.99 T-19 0.03 1.23 1.18
T-9 0.69 0.80 1.99 T-20 0.36 1.23 1.18
T-10 0.36 0.80 1.60 T-21 0.69 1.23 1.18
T-11 0.03 0.80 1.18 T-22 0.36 1.23 0.03
#2 Y= —FEC
@ @ ©) @
Company DELL DELL DELL DELL
Model PowerEdge R630 PowerEdge 750 PowerEdge R620 PowerEdge R620
CPU Intel Intel Pentium4 FSB Intel Intel
Xeon ES-2650 800MHz Xeon ES-2650 Xeon ES-2650
CPU clock 2.2GHz 3GHz 2.6GHz 2GHz
RAM 16GB 4GB 16GB 8GB
TDP 105W 82W 95W 105W

3.3 PHE & U FCU

AEERIERE TlE, PHE & FCU O 2 FEHOBATHAZE 2 L7,
PHE OAMELZ X 2(a) 3. F72, X 2(b)IZ PHE ([ZEEE SN TWD T ¥ VYURELT L — R D4Vl & 5 3 12 PHE
BT L — N DREILE R T

FCU D48l & NERDER T % X 3(a)(b),

FEITE R 4\ RT. K 3bIWTRT XL DI FCU (XA v (B #ash) & v

Oya7yr U THERENTWS, I VT Fa—T T R7 4 OG> TEY, Fa—713808, 74
ITNUIBTH L. A IVEOHE I PHE THAHIBOKBEAEZTRL, FRRCT 7 TS E 24 VREICED

LT, BAETS.

#3 FELUBYRENT L — N L OVPHE T

Specifications of heat transfer plate

Material
Plate length H
Plate width W

Port distance L,
Thickness ¢
Chevron angle
Wave height 4,
Wave pitch p,,

Titanium
350
100
300
0.5

60
2.2
8.143
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Heat transfer area As), m?/plate 0.02
Hydraulic diameter D., mm 44
Thermal conductivity &, W/mK 22

Specifications of PHE
Number of plates N, - 25
Cross-sectional  tap water 1.496 X 10
area of the m?/ channel
channel A, cold water 1.496 X 10
Number of tap water 12
channels Ne cold water ) 12
Overall heat transfer area Aspur m? 0.46
#4 FCU#ot
With W m 635
Height Hr mm 632
Depth Dr mm 229
Cooling capacity kW 1.74
Heat transfer area Asrcy m’ 6.55
Tube inner diameter mm 9.26

3.4 EEFIR

KRIFERIL, FCU BEIL AT LAOWAMBEDOFHMZ B LT 5720, Y— =T o 7 NIZEA R & T TR )
5 FCU THHZAT O Z & THRONDIMELIL) D, BWEREDRHE 21T 5 Z &2 L. SERIZLLFOFIETIT-
2. FHEIZOWT, X6 1R FERBAED BT £ TOVP—"—F o 7 IREEOREFZ OB VT 5.
O P—R—%2EBXI4EBEEHT L. T— =T v 73— =T FOBR EHLSMNIEEW, TEHT 5
LT, Y= b DY E Y — =T v JRICREFT 5. TAUCEY, ——F v 7 BUROWREN EHT
5.

@ 90~200 34— =T v J NOIREPNZTEFIRIE L 72 5. EH A Mgk, FCU LIKEKIEERAR v 7,
MU A RS L ——F » 7 WNOmAZBLET 5.

@ —"—IFHE DL T-2 OER 2RI, ETOREELFILE L TUELTT 5.

FErClE, OORHIZIIT 2V — —OEE, QDRI 2 — S —f#E&E LU FCU OMmHIEIZ O
THIERE R L OVEED RO 7.

4
7 FCU ON
) N
O 37
o 32
g 27
s
£22 < >1€ >
[i’ Only heating by Heating by server
17 server period with cooling by FCU period
12 @® @ @
0 200v 4000 6000 8000 10000
Time [s]
—-T-1 —-T-2 —-T-3 T-4 —-T-5 —-T-6 —-T-7 —-T-8
——T-9 —-T-10——T-11-e—T-12—-T-13 T-14 T-15 T-16
—=T-17 T-18——T-19——T-20——T-2]1 ——T-22
6 Y— =T v 7 NIREDRIFZEL OB

[2 servers, my, (= m.) = 8.33x107 kg/s,
Vair=3.45 m*/min (vol. L)]
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3.5 SEEREH
% 5\ ZEBRSM AT, FEBRATIE, PHE /KM R, GKBIE R, AEAKAEE, FCU OFE&E, H—/—
DOEE, H—N—0 CPU AMEEFME L TEHEAT-.
#5 FEBREM
8.33x1073, 16.7 x102 4.17 x102 8.33 x10°!,

Mass flow rate of tap water circuit, kg/s
L . 1.25x10°", 1.67 x107, 2.33 x10!
mpyand cold water circuit, m, (L/min)
(05,1,2.5,5,7.5,10, 14)
Inlet temperature of PHE, T, C 10
Air flow rate in FCU, V- m’/min 3.45 (L), 5.23 (M), 7.05 (H)

Number of servers and 2 (Approx. 200W),
(Total power consumption of severs) 4 (Approx.360W)

CPU load % 0

36 F—4H%HE

PLFO)~6)DEIZ DN T, EBRCHIE STz AW CEI A T 7. ARFEEREEE CIX, PHE & FCU ® 2
FHEOBZ a2 AT 5720, ZNENOBZHEGRZONTOLEGHE T 7.

(1) PHE OEVEHAE: O, pue

PHE OEZHLE: O, prr [W]iZ PHE O 7KID AN DIREE T, prg, 1o [[Cl, HEHREE T prg ow [C1 R OVE RIS me, pue
[kg/s], EELLEN C, . pur [IkgK]DEZ FHNT, LLFOTRDTZ.

QC,PHE = mc,PHECp,c,PHE(TC,PHE,out - Tc,PHE,in) (1)

(2) PHE DRIECVERRIESE A T, prie
PHE (23517 & RHSCENRIEZE A Ty, pre [KIVE, KA TER LT,

(Tew,pHE,in=Tc,PHE,0ut)~(Ttw,PHE,0ut=Tc,PHE,in) )

AT, =
tm.PHE n{(Ttw,puEin—TcPHEout)/(Ttw,PHE out—Tc,PHE,in)}

22T, Towrisin[Cl To prigow [[ClVE, PHE OKEKBIDOA NI L OEE TH 5.
(3) PHE DOEGEIEZE Uppg

PHE OEGEIEZR Upye [WmK]IE, R (D)DOBAHE: O, pue[W], 2(Q2) D BOF-ENREE 72 A Ty, pr [K]3 LTV PHE @
EENEAE Aspre [m?] % FAVT, BAFOATRDT-.

Q¢,PHE
U = 3
PHE ATim,PHEASPHE ®)

(4) FCU OEGZHA R Op, reu
FCU OEKHLE: On, rev [W]IE, FCU OAGEKIAID NFIREE Ty i [[C] , HFHREE Toy ow [CILOVE BT E may
[kg/s], EELEN C, o [VkgK]DMEE VT, LATOXTRD 7.

Qtw,FCU = mthp,tw (Ttw,in - Ttw,out) (4)
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(5) FCU OXRIHBCOVHENRIEFE A Th, rev
FCU (28T 5 OB EZE ATy, rev [KINE, R TEFE L.

(Tair,rcu,in=TewFcu,out) = (Tair,Feu,out=Tew,Feu,in)
ATy ey = )

{(Tair,reu,in=Tew,Fcv,out)/(Tair,Fcu,out=Tew,Fcu,in)}

ZZC, Turrctin[Cly Tuirev,ow [ClIE, FCU OZEZMOANABLOH DIRETHD.

(6) FCU OEEIRR Urcu
FCU OEGEIER Upcy[WmK]IX, (&) DEEHLE: On, reu[W], 2(S)DRIECELERRE 2 A T, reu [K]36 L TVFCU
DISENERE Asreu [m?] 2 HINT, LT ORTRD .

Qtw,FCU
Upcy = ——m— (6)
ATim,FcuASFcu

(ﬂKﬂ@%ﬂ%@%ﬁ
FCU DO#EERRFHIZ I 1T D I HEIE OB Z RO TR O 7.

Qrcy = fot Qtw,rcy dt @)

(8) Y= N—DIEHIFR IS 5 BB DA Z IR DA TR DT,

= t
Oserver = fo Qserver dt ®

4 # 3

4.1 H—N—RBREDAE

P—3—F o 7 IHEEE OFM M EE 72— N—DIEENE Qsorver 1TLL FDIFIETRD T2, H—r3=D2 D DR
%@ﬁ%wﬁﬁﬁﬁﬁ%ékb,#%N%W%@EF&@GMﬁ%ﬁﬁ%ﬁ%ﬁwfﬁﬁ”m£U%&?ér&
—N—NEROIEF LT CPU 2B OEGREHROWUEIZIX, K 5-QDH—~—1HE e, h—S—NHBOEGE
ﬂﬁi@ﬁ%i@ﬂﬁmﬁwkﬁﬁ%%®ME%l7Lmﬁ.l7®nwm1$ﬁﬁ@@ﬂwmmﬁﬁﬁ%®%
EALE A T

T S Querver [WINE, P —S—IEMEIRE Ty [C], HAOFHEIEE Ty [(CIR O — = HE PR DS il
B my [kg/s], EFEHE C, w0 [TkgK]DMEZFAWT, LLFORTRD .

Qserver = maircp,air (Tsq — Ts1) C))

BEREDOWETIE, ETHIDICY——1 BEEED CPU A CTEES Y, ZOEONERDIRER LUK
DOREZITV, BlEY— S—OEPRICHHE L2 B0l E & bIZT — 2 —IZ5ekd 5. JEEE S &1,
HEBI KON CPU 76 OB HE & Y — N—ERFTHZIRE D O ER RO HEEZ RO T-. HEEHT 5
P =B D y 2RO TRD =

Qserver
Y= (10)

QCDTLS
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7 6 12 CPU AT ISR 5 EE & BB D y DIEIZHOWTORY. AEILIBEOEZEBRFE R CTHW SN H P —
— AR Querver 13, CPU AT OMEIZKT D iR y & EBR T ONTZTEEE ST Quons & VTR D72

S T

K7 H—r—NEIZE

VF % BRGSO BT A OBLE

F6 P —fEE
CPU load Heat dissipation of the Heat dissipation of Power consumption of Heat dissipation ratio
[%] CPU the server the server )
QCPU [W] Qserver [W] Qcons [W]

0 18.9 39.3 74.9 0.53

25 24.5 37.8 81.9 0.46

50 414 30.5 107.8 0.28
100 535 45.5 152.9 0.30

4.2 HB—1\—3F v NEOREDRE

X 8(a), (D)W — 3—=2 &, X 8(c), (I —/3—4 BOLHAITBIT D — =T v 7 NOREZ(LEFTT. £
7=, X 8(a), (c)i, ZKIEAKJEEAS 0.5L/min, FCU D& 3.45 m¥/min, [X 8(b), (d)iF, /KiE/KJFEEAS 14L/min, FCU
D MEE 7.05 m¥min Z &R ESMFE L THERTHEORETH L. Fl———HEKMET, $—S—NOFKRED

B
N

lFCU ON

N

Temperature [°C]
N [\e] (98] w
[SS RN |

—_ =
N

0 5000 10000

Time [s]

15000

—T-1 —T-2 T3 = T-4 —T5 —T-6 —T-7 T3

——T-9 ——T-10——T-11——T-12——T-13 —-T-14—-T-15-+ T-16
~-T-17--T-18——T-19——T-20 ——T-2] —e—T-22

(a) 2 servers, my, (= me ) = 8.33x1073 kg/s,
Veir = 3.45 m*/min (vol. L)

0 5000

lFCU ON

10000
Time [s]

15000

——T-1 —-T-2 —~T-3 = T-4 —=T-5 —-T-6 —=T-7 —=T-=8

——T-9 ——T-10——T-11——T-12——T-13 ——T-14—-T-15 T-16
~-T-17--T-18——T-19——T-20——T-2]1 —o—T-22

(b) 2 servers, my, (=m. ) =2.33x10" kg/s,
Vair="7.05 m*/min (vol. H)
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47

47
_4 0
8 37 OS 37
o
g g
g 27 527
£22 £22
&= =
17 17
12 12
0 5000 10000 15000 20000 25000 0 5000 10000 15000 20000 25000
Time [s] Time [s]
—-T1 T2 T3 T4 —T5 —T-6 —T7 T8 —T-1 -T2 —T3 T4 —T-5 —T6
—-T-9 —-T-10—-T-11—-T-12—-T-13—-T-14 T-15 T-16 :¥:’|73 :¥:?4 +¥:?5 +¥::2 :¥::I7 +¥::§
- T-17-+-T-18——T-19——T-20—e—T-21—-T-22 —-T-10 —T-20 -T2l —eT-22
(c) 4 servers, mp, (= m. ) = 8.33x1073 kg/s, (d) 4 servers, my, (= m. ) =2.33x10" kg/s,
Vair = 3.45 m*/min (vol. L) Vair = 7.05 m*/min (vol. H)

8 W= =T v 7 NIRE DRIl

A a L L=, X 8 (a), DIZRWT, FEBREIAAN S FCU IZ X DG HBMGE COREZIXITIER — & 785, —
J5, FCU THWHEIBIIAZIL, MENAKZ W 8b)D N 8 IR, Y— —FH D T2 OALE TIL, FEBRET
REDOIRIED 15CIRLS 7o o7z, F7z, T2REIE, FEBREAMIEE LY 5SCRA L7z, K8 (c), (D ——4 5D
BlIZBWTY, FEBRBAMA)NS FCU MAEIBIM £ TR —DIREZ(LIZF—Tdh 5. FCU THEBIMGEIL, WHEN
KEWX 8 (A)DSFAH 8 (NI, H— N—F5H D T-2 OALE T, EBRAK TREOIEEN 5CIEL o728, %
DOIRPEFZN T —3—=2 BOLGAIZ~HD UTe., £, B TIREL, ERBIMIEE LV 15CoEmE 7ro7-.

4.3 FCU $ & U PHE (EMEBEDAIE

9(a), (DIZAAEKF RSN, FCU OFEESMEICIT D FCU OEGEIEER Upcy DIED FCU EE S 30 4y
MO EENET oy (2OWVTEET. 1 9(a), (b)) TIE, — 32 5L 4 BOHAEDRERICOWVWTRT. BuliB®ziL, K
TEKDFEEDOBNNLENEEINT 5. £ 72, FCU JAEDHENIEENEEINT 223, X 9(a)liZ 3\ C/KIEKITE & 0.23kg/s
DA, IE 345 & 523m¥min TEOMHAMNEEL TS Z EN0n5. 77, KIbITBWTHJEE 523 &
7.05m¥min TlX, ZTOMEMNTELE L TWAD. ZhuE, FCU OZ2EMIA DR & AGEKMRIA DR & DR FEZEDE
WNC R BB L EZ b, KEKFTE 0.23kg/s 7> FCU G 3.45, 5.23, 7.05m¥/min (12331F % FCU A2EIFED
ZELZMANREL, EnEh 34.7C, 241°C, 226 CTHD. —F, AKEKHMOANDREL, ZhEih 189C,
151°C, 149CTHh 5. 7, TOROEAHEIL, 1082,785 979W & 721, EEDK X523 m¥/min (2 LT
22 & DIRFEAEDKEZ N 3.45 m¥/min D573, FEFRANZEGERZED & < 72 DGR & o7z, 3.45 m’/min (230 T
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5. #&
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g,
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