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Abstract

Ocean thermal energy conversion (OTEC) is a system to convert the thermal energy stored as the vertical temperature gradient
in the ocean into the electricity. Due to the low available temperature difference for heat engines, heat exchangers are the key
component to maximize the available work in heat engine. In general, the performance of heat exchanger is individually
evaluated as the heat transfer performance and the pressure drop, and the relation of the performance and the effectiveness for
achieving the net power has not been clarified yet. This research proposes the comprehensive heat exchanger performance
index based on finite-time thermodynamics for designs and developments in plate heat exchangers. The proposed performance
evaluation index is applied to existing plate heat exchangers, and the sensitivities of the index to the heat source temperature is
confirmed.
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1. #%

WA E 7248 % (Ocean thermal energy conversion, OTEC) [, 30°C FREEDFKEHEK & 5-10°C F2EE DOWEFERIE K
ZMAL, ZOREETHDBRAOMT I T — 2 BB TIEFICABRT 2 HE AT LA THD. BHEDXT) -
JRA 138 e EOSNIEBADG S, 4 —E U AN OZEKIREY, BB OARKRE G DR A 7 EOMEOMTEE
FEIZ Lo TRRARE 525, OTEC O F — ' AREITRAMEKEE) OG0B DT 2R R LT 25
WIS H Y, BRI /O HI01E, Z OBBEBIZFI T rIRE /R & BN DS BN L BED /T
AL ko TREESND. ZDI=0D, %Eﬁﬂjﬁﬂﬂiﬁ 3: IRDEHEIRENT L A ZE LT DRER ICEE TH S
(Ikegami, et al., 2018 and Yasunaga and Ikegami, 2020) . T4, Finite-time Thermodynamics (FTT) O &% ILIZ, [
RO VHHRE 2 FEAE L LTZ B FE T V2R L, MHEO AR L % — & W TEWERI O = 11 8 — 25 H#
R R 5 FRHEB RO 7 L — 2R EOMERERHI AR R STV D (4K, 2018, 22K, L,
2020 and Yasunaga, et al, 2021). OTEC J&% > A 7 L ldiEK & BMERBI DBV HAZE CAAT XL X — % miET 5720
PR OVERBIIRBERICKEREEL 2 5. —RANCECSHsz OMERRIL, BURDIREN, [E/EKk L L/Taﬂﬂﬁ
T %7, OTEC DFEET AT LT L 7o BAAHAER D3 E FIEHRIERY 723l VAL L TV 20, Yasunaga, et
al., (2018) <° Fontaine, et al., (2019) X OTEC DFE AT L2 T2 <, ﬁxﬁﬁwﬁkﬁﬁ FTT Z M L,
HEVAT DEEROT RN —RT A EB[E LB FHIBLE NG, B R HRIE AR LT
(Yasunaga, etal., 2018 and Fontaine, etal.,2019). L»L, ZiLHDOWFIETIL, # QT@H%E@F?'JTE% X, RO A
ZERLTRY, FEAMRMOE BRI IMERER NI B B S AV TR LT\ 5285, (FENRIAMAI O E T8 5 38
BOANMBEAEZR T SEDL 2 L0h, OTEC O X S ICHMBEEIN NS WIE L AT LA TIEZORBITD 72

IRV, FT, ENLOMEEN, JETHRRE ZRE LR E M7 MERE 2 Sl A MEREREAIH R IR S LTV Ruy,
JERESZAT 2021410 H 15 H
R R R TIER (T 840-8502 1 WA THAERT 1)
2 PR VX —FFE o 2 — (T840-8502 A& IR THAENT 1)
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Z DIz, AWFETIE, FIT 2 BTSSR OMERE & OTEC DOIER ) DBMRAFEBL L, TERDMAMDES)
BT TR, BEBEORTTHRR 2 BB 5 2 & T, FRIKIOET AR Z B8 L I B OMERe 25 F
i DR RET 5.

2. BB OMERESMIEE
112 OTEC ¥ AT AW D BB O S X% 79", OTEC T, 1R Tws DFRIBIRIAK D S EVER ~Z0 5
Ows PMBEESH, PMERIITEAC R L — %A1 wic B L, BWEES ) DIRE Tos OIRBIHHEK NG Ocs ZARTE
T5. BOFEEEAED,

W = Qws — Qcs )

ZIT, MK BMEBAN R D BRI B OB L L <,
Qws = Cws(Tws — Twso) = (UAAT,)g @
Qcs = Ccs(Tcs,o - Tcs) = (UAAT,)c 3)

ZIT, CHIEVERNE (HEREL WO [kWK], TIHEE [K), UZZuEEas kWmlK], 4 13=80m
B [m?], AT, (3TRECFERIREE [K]ZRL, WF0 WS, CS, O, E, CI3REMK, WEiK, ook, 7Z%EH
B L O%Ea L TR T

ZOTRNX—EHEFETOT Y b 1 R e 13, BWERICRIF L 72 BURD R OBD I Shear teaks
ABFNEFE Sheat vansters  BFFEBID = R/ —ZEHETE Sheat engines > A7 LPERD H CIHE BN ] Spackwork DFEFN & 725

Sgen = Z Sheat leak + Z Sheat transfer + Z Sheat engine + Z Sbackwork >0 (4)

BHURE COT > b a B —HEINE, AR RET DBEOARBE SIS X > TERSND AT LB fE o £
HRICERT 2 BRI TE, AIEIMEEWERREE LT, ®REIIR 78N E L GHMETE 5. 22T, —W
ZEAZHAZROVERBIE, BACHARR O HURDREWERE, E KL U TEHMES L2723, ABFIE CIIFEMERR~ DR
AT BT, BIFHBLENOIES AT AOT RV —NT A TIHET 5. BlH, EEWERET (@) 2
BEhHAEL, JEEKIE (b) WKBUKAR Y 7B LD (o) (FERAER 78 ) e L CRHET 5.

Sheat engine \ZFNT, BERINIROMBFE R AL @ (<) Z KA TEXRT S (%K, #hilk, 2020 and Yasunaga and
Tkegami, 2020) .

Sin_®50ut=QT—Vs_®QT_iS=0 (5)
ZIZT, TuBLO T 13EER O i mids X ONRIROEERE K], @ ITEWEBOIEBERNIADOTENZ1T T2 <, |
ik, JEMSBRRIZB T D AR A AR LA R L, @ IIIFEREAR  TE ) b EENRD.

BRI B1F DN D KOS Wnro [kWIIE, BABRIEEERIZ AV, R (4) 0% 13 A R/IMET 5 &,

2
W _ Q)SESCCWSCCS(\/ Tws —+/ Tcs/(a) (6)
mNTU epCws + DecCes

ZITC, e FBBENENE NTU Z VW CTHRATERT 5.

gg=1—eNUE g =1— ¢ NTUc (7)
UA

NTU = — 8
c (®)

%jﬁﬁ%@l%‘ rj‘ 5%% ?/X 5: N @E%ﬁjj Wm,net,NTU,lp ai;

QSESCCWSCCS(\/ Tys — \/Tcs/(b)z : (mAP> B (m_AP) ©)
ws CcS

egCys + DecCes PP PP

Wm,net,NTU,Q) = Wm,NTU,Q) — Pys — Pes =

ZITC, PIXRCTES) KW, m I TEERE [ke/s], APIXESIZE [kPa], npldi 7 ORI EZ R
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Fig. 1 Conceptual 7-s diagrams of the models using (a) reversible heat engine and (b) considering the irreversibility
due to working fluid pressure drops ATyr.
TEENRAMAIE JJ482% APwr [kPaliZ, X (5) @ @ ZiRifEAK, Wik & OBGTHIRF OBWERI DO EIHEK APwr 1R
T HREBEDOENRE DK T & L CGHET 5. 37205, (FENRIEER T AT [KIITKAK & 725,
(=) (Tws + Tcs)

ATypg = 20+ 4 (10)

ATWF,APWF = Tsarin — Tsat,out (11)
ZITC, T 3FREZ /R, IRFO in & out 1 FENETNAD & A ZRT . BERSR N A DI T 2 FEkis
DARREZ TN LN, B EBUET D L, Oms, Ocs £V, MELZRAFENRAT & & A BAHAER D APyr 3 H
HaEnsg., K 10) , (1) XY, APwplTHE T BIEEZE ATwre DRI S, ATwre = ATwrarwr & 725 @ Z{EH)
DA D FETJHERITER T2 BUERIN DK L EFRT 5.

Wonnet % 28T R U ey O B s BUR D MEBERAT 42 728,  Pws=Pcs, Cws=Ccs, ee=ec ERE L, KR
> TENINIRSSHER DIE T HRE O A TR 5. OTEC OEASHAZT, TEALEOTF ¥ o RNHVLRTEY, %
EAEEORE A MIEHD D2 BGHEROIEE 2 2 FOFIGAEm <, THE TEEmEH - Y OIERIE T Wne/A
ELTRHiiShTWD (BJFE, 1982). BAHRYEASHAZS & PR 2 W T ikt W, & BRI I OEIE Woned Win
ZBE LT, BSHIREIROM R o 2k TRET 2.

2
o= Wm,net,NTU,¢ _ Deys Y, Tws —+ Tes/® _ BWR (12)
W, A A(1+0) NTws —Tcs

::'C‘\, EHS= EE= €EC, CWSZCCs, Pyszpwszpcsé L, BWR:2PHS/WmA T&)é

3. RELMeesEERZE AV REROMERE T

3-1 tREFHAEDBERRES & UFHEFIE

BEAEDOWIFET OTEC 12 STV DB FD 7 L — b ABSHASHTIR S LT MERER TSR 2 8 L, APERERT
MTFEOAIEZRETT 5. R ICAWTEOBESRM 2R, AWIETIE, BYRREDENIC X DB g O
BERHIIEEE~ DR B 2 T~ 5 1230, BRI X D IEDHT 24T 9 # — B 2305 R 7313 100% & L7-.
RFEE A O OVEENRRITEIRNIE, BEEAR A 0 OVEERIAI B ZRR & RET 5.
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FK2ITAWIFRICHIA LT 7 L— b AR Otk 2 R . BEEOFHT — & 22 b Budidfe ik UkW/m?K], #4
JRARIE 74825 APy [kPa], {EENRAMAIE IR APyr [kPa] 2 KD K O I Tl T 5. 2 2T, {FEhkiR
TESHGR N T LD E C 2720, £ OBMEREBIIBVRI OB ER BT ST R REWEUEL, 2l
PRI I BRTOR Vis OH OB & Uiz, E£72, (EENRIAHTE Ve IZHA DS OFLE 0.5 2 iz,

P48 LT VERERIAMHE RS, MK & BRI O BMR e fR B KL OB D, (nBERER L OVE k%
FHLUTEMT 2 ZENARETHD. L, AWZETIE, BT 2B EGOREWERE, [EHRAB IV L
— MREEN O FEIFEEDOBUR DRI N> TnD Z D, BEiRfRE U B L OWVENEKAP 221
THT7 L— O HEOTER IS & L TS MM 5,

U = &V, APys = {Vis, APyr = YVise (13)

BEFEDOM e OB iags DFERT — 2 bR L7230 (13) oz 1IcehZiurd. HEdki <k, =
(10) 5 (11) 5 (13) 75)% Wm,net/A i)‘)‘%j(é: f£é¥§7k®7ol/“‘ ]\Ijﬂqzig‘{ﬁﬁ VHS.npt }C‘.}%Hj l/; Vnpto)%ﬁtc:(, J_ZE
(13) 2 SrERERHIFE o2 F T 5.

3.2 BXMMIBROIMEREETM

Tws= 30 °C, Tcs=5°C D& XD WA & Vs DEFRERI UI-FERZX 2 179, K2 TlE, £7L— 1T
Wone/A DR & 72D Vs % e EFTOE Visop & EFE LI 2 \ZHZEALTRT. K2 KV, H7 L — FD Vigop 1,
Plate 1, Plate 3, Plate 4, Plate 2 DNAIZAN<, WindA 1% Plate 2 235¢ & 15 <, Plate 3, Plate 4 13/4 R U THY,
Plate 1 2’ IRV, ZOFEERIEL, #2705, Plael DY =7 ARKEBKRE L, Plate 2 DFNN T H/NE L,
Plate 3 | Plate | & Plate 2 DIEATH D Z &7A>5, Plate 1 & Plate 2 DI MEEZ R L CEBY, WUNIFHET
ETWVDLHDOEHEHITE L. X2 TlE, BUSHEROMRIEWTEREDE U5, Vasopt DMEL, Wil D3R E VIR,
DI R, DIRWVVEEVAERE CE < OEERM RGO TS Z EART. L, A ARIROER D
BAZHAGR O ClI, M9 U bR ITSE L 2na enn, K (13) 12X - T, BUROEAEKIEYS -
DICHRE U CRMIT 2 BN F 5.

F A TRGEENRI R Vitson COBIHIOVERE 2”77, K4 LV, Plate 1 134 2D T L— FDOHF T Vigsop D3¢
HALL, 0 IR ER> TS, Plate 2 ~ 4 1HIE WA VFIER CMEZ R L CWDDS, Bl PRI Vison 38 S
W Plate 3 D w DR EL 2o TWD . ZHUT (12) OFKAEE W, PEJRIREDOREER TH 5026 Th 5.

Table 1 Heat source condition
Tws [°C] 25.0,27.5,30.0
Tes[°C 5.0,7.5,10.0
cpas [kI/kgK] 4.0
pus  [kg/m?] 1025

Table2 Heat exchanger specification

No. 1 2 3 4
Application Evaporator Evaporator Evaporator Condenser

Size [m] 1.83 1.83 1.83 1.77
Width [m] 0.73 0.73 0.73 0.61
Thickness [mm] 0.61 0.61 0.61 1.00
Clearance [mm] 391 391 391 3.40
Chevron angle High angle Low angle Mixed 58°
Number of Plates 100 100 100 30

Reference

Pancahal, et al., 1984

Pancahal, et al., 1984

Pancahal, et al., 1984

Uehara, et al., 1990
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Table 3 Approximation coefficients

No. U kW] APys [kPa] APyr [kPa]
¢ y Z 0 14 K
1 2.362 0.131 395.6 1.907 48.89 0.449
2 1.757 0.236 62.76 2.259 15.41 0.269
3 2.234 0.170 178.9 2.078 24.85 0.327
4 1.961 0.269 89.79 1.799 11.76 0.204

Table 4 Performance of the heat exchanger at the optimum heat source flow velocity

Fig. 2

Relationship between Vys and Wy, ne/A

No. 1 2 3 4
Vis.op [m/s] 0.39 0.72 0.53 0.66
Upns [kW/mzK] 2.088 1.626 2.005 1.754
e [-] 0.748 0.441 0.622 0.491
APys [kPa] 65.7 299 47.8 42.5
APwr[kPa] 32.8 12.6 19.6 11.0
D[] 0.992 0.997 0.995 0.996
Wonne/A [kW/mz] 0.205 0.269 0.261 0.261
Wone/ Wi [-] 0.503 0.357 0.472 0.373
w [l/mz] 0.213 0.203 0.211 0.190
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4 &

BAZHAEEDOVERE & OTEC OIERH 1 DOEMR A B 200 B2 L, OTEC OIEMRH ) & ek & 4 % Bas gy
DFEGRZAC, BAAREARRE Y 72 0 OEWRE AR K L 72 DVERERB RIS 2 558 UT-. 48R Lo MhRefatE 2 BEfE
DB L, YEREFHIHFEIE OBJRIRIEIC X 28 A MG Lz, TORER, 28 Lotz k-
T, FEIVAT LOMINTIT H AR OVERE 2 E BT LTz,

b | 33
AWFIEIE, JSPS FHFE: JP20K04313 35 & ONESIMFIEEAF IE AR AN R BEHE  (JST, JPMISA1803) & iy
ITBOEN ERSH S (JICA) O H3ECh 2 MBI BGREHCE SR 251 717 0 7' 2 (SATREPS)
DIEAZTCHEM LT, I L CHtEAET.
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