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Abstract

The hybrid OTEC (H-OTEC) cycle is a system integrating a desalination and an OTEC which generates power using the
temperature difference between the surface and depth in the ocean. The system is, therefore, able to produce the electric
power and the distilled water from seawater, simultaneously. The cycle uses low pressure steam as warm heat source
generated by the flash evaporation in vacuumed condition instead of flowing the surface seawater, which acquires: to prevent
the performance degradation of the evaporator caused by the fouling due to marine organisms; to improve the heat transfer
and to cost reduction by using the stainless steel instead of the titanium for an evaporator. In this study, the effects of mass
flow rate of working fluid in the hybrid cycle were clarified by a parametric analysis. For the evaluation of the system, not
only the conventional thermal efficiency but also the normalized thermal and exergy efficiencies, which is proposed based on
the equilibrium state of heat sources, are introduced. As the results, it is confirmed that the net power generation increases
with working fluid flow rate, while the product flow rate of desalinated water increases with working fluid flow rate.
Moreover, the specific power consumption decreased significantly by increment of working fluid flow rate.

Key words : OTEC, Hybrid cycle, Seawater desalination, Maximum Power, Finite-time thermodynamics

1. #&

WEPEREZE56%E (OTEC) 1%, WEDFRE EWE (600~1,000 m) OIREXEEZFFLIZEETHY, FRREE
BOWHEOBEEAZMAT D Z &b, RIEOZEUIC X 5 RAEEZEEA A U, B8 LI RENARETH 5.
F7z, FERHIBUKT DIRFEREKIL, KEE, @K, BEFMIB ZOZ%ERLR E DL < OMMOEZREICHT 2
N FEL SN TEY, OTEC EYEFEEREK DGR Z A Dt 7o FHED TS 4TV 5 (Takahashi, 2000,
Martine et al, 2016). F&5 TIL, IREZED R DK EZ UK L TEWEBIND ¥ — e > & B4 5o ¢, KK
W U CHERRE BT DA —7 AR R O BAR(EBIRIAR) 2 2% - Sl S TR 57 n—X M3 b
H(ER, 1980). 7 v —X RX OTEC TiX, fFEiARE LTIV E=TDBHOLATEY, FEEI AT LD
RGO 7 TA VBB LT RE Y AT A0 L7 E OMFEN S X 71TV B (Uehara and Tkegami, 1983
BEf, 1994). —J7, FEMPRABATH LT v E=TkERWD Z LT, BUWEENFIH WTRER A 2N/ 2iR 7S
ERELL, BEVAT AOBNRE N ESEDHHEMTHON TS (LT, 1998, 22kt 2008). ITATiX
TUER=T ERAWET XA TNV ESEICT D I T, BWRBIR AR T 2 AR iR E A ) E S
DHHRFFEH FhE STV B (Ikegami et al, 2018). —J7, OTEC OEMEBIOPERENY, WEROEGIZR O EIZ K-~ CTHFH
WD BT 20 TR <, RS OWE 22D BRI FTRE e B & W Beh R, ik o AR A 5
Wl LIem 7 BAX =R EHNWDZ LT, ZhooghfEam EEEs 2 LB tELZm EEE5Z LT

a4 20194E8 H 23 A
PR RV v Z — (T 840-8502 1A IRV THASEERT 1 FKih)
2 EEIF TR (T840-8502 g VAR i ACHEMT 1 2 i)

E-mail of corresponding author: yasunaga@jioes.saga-u.ac.jp




42

ih b BEz, ok fd, BB Eh

BND Z LRI TV D (KM, 2018). —J5, fEknn, WiEKOBEZEEZFIAL, RELT ThKkE
IS TCHRAKIET BRI AMEE, BELEKEIEG SIS 7Y v FHFAPMREEINL TS, 7Y
v K OTEC IZRE3 AW501E, BEHEDOHFEIC B W THEEMN O 5 S I3 T TV 503, FARN 780 %
HRFE TS K OB AR DAREVERE & R R « K EOBURIZOWTT Pl onic ST, 22T, A#
ETIEL ATV y R A 7 0%z OTEC ORERFIREZ R L, FEV AT AOKBERHEZH O NCT 5720,
VRN R & RER - EKERICH 2 D HEBSRE L EKBEDNT U A EERT A= EITIC X > T LM
L= DWW TG T 5.

2. N Ty FOTEC D35 A —4 #f

2-1 HERHE

A7 Y w R OTEC 1%, F&EEMAKREKEERIRIIATS VAT L THSH. OTEC DA 7V v FHERL, (1)
OTEC DRI TEHL LT DMK E 7 T v ¥ a B S THYAKET 2 HE 1) &, Q) WBKkET7T v
2 R ST RRE BRI ORR L U CEBhiE R 2 238 S8 5 & TR E2HKET 2 HE 1(b)Bd 5. =
AUE T, Panchal(1987)<° LJRM(1988) 2 &> Tong 7 U » RERDFEET AT LB RE SN, BEEEREHORmE e
EOREMIM TN TV D, EEME, g 7Y v RV AT MEFEBHIIN T2 0 OMBARENETE 2 o/ ME L2440
THIE LI, B DMKEKE T m e AND T T v v a2 EBNATEAT DR & g O @ KR DR
FEIMRE L, BEITH U THEAENSEL 2D 2 L AR LTS, —7, Panchal 13X 1(b)D3EL AT L ZFIHT 5
Z LT XY, OTEC OZERMPTHKERA ST/ T LD, ZERINOW AN KD AEWENSE LT, B
IR OMENCT % > 2T TR LT AR EIRE L T A AT, X 1(b)D /A TV » REET A
TAIERL, TDOVAT L% H-OTEC & EFET 5.

2(a)lZ H-OTEC @ T-s #RX35 KON 2(b) Mg 7 = —#i X 2~ 3. X 2(a),(b)7)> 5, H-OTEC OEWERIIL, 7 =
— X R A 7 )V L FRRICVEBNRIR 2 7808, & — & CRZE, Biffigs CEE T D v AT A TH DN, REWKIZERE
OTEC DZEFRIHTIMA L. REWKIL, 77 v 2B THIE S, AR L THER LY, OTEC D&%
FHIPEN LTe 2 OKRERDE G T 5. BB Lo 1o RIBHIKIL, 77 v ¥ aF v o —04MNHEE S . (EE)
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Fig. 1 Type schematic flow of surface seawater (SSW) and deep seawater (DSW) in hybrid OTEC systems
(a) integrated hybrid OTEC and (b) simple hybrid OTEC (H-OTEC).
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Fig. 2 (a) Conceptual 7-s diagram and (b) Schematic flow diagram of H-OTEC

TARITATEARICAY , KREARKDEENE T DEROEEUC Ko TS I THEIFT D, 738 LIPS &
— B CIAR L THE L, ke CHHEREKIC L > TRHEISK L 725, OTEC D7 FEas Tl L 7 /K28
RUITWIE SN TRY, BELLITEKREITD. 77 vy aBFTHEER AL > TRIE S, Ko
2R E DGR AL, HZER AL > TRKUCHRE SN 5.

2-2 EHEESFRK

PRI\ D SHAEME: Op B8 L OWIKDIEKE my 13,

O = (mcp)Ws(TWSI ~Tso) (1
G
n, -2 @

22T m KO B R kg/s], ¢ 1THEKD B KI/keK], TIXIREEK], L I3 Kk CIRATD E X
RAEDR, WSIKIRMEK, WSHTEMEKAD, WSO KRN 2R
7T v a BRI ENORTIRE T & G 20KIKIERE T,0%, kXX vkobins,

T, =T, — NETD - BPR (3)
T,=T, - DMS - AT, 4)

I Z°C, NETD [3IEVHRRIEFEK], BPR IZHEKOIA EFK], DMS IIZRANOKERIEERILT57-Hic7 F
vV aBRNIZERE L DT I AXNOIEIHEKIK], ATH RN OKZEZMNOETHERIZAE S IRER K] %2777
OTEC O35, FIRAIRERMKBEIIERTH D08, BUKKR 70BN, BUKHEKIREDK 3 FlZHpFd 5.
FIZ, FIRATREEZNNSNZ LD, FRTAUKEIIBHED KT « B EICH L TEL D, L8k
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ZIT, URBMEBEBREKWMK], A HERERI, R TO C IR, CS Ak R
T AT LOVERERHEFEE T d 2 BEh=R ny 3 L ONFEEBGDR nppor, T 7 BT =305 e e IO TRHIT 2,

Wr-w
Nen = g - 7
w
_ Wr-Wp _ Wr-Wp
Nennor QHs 2(mep),,, s(mep) . (Twsi—Tcsn) ¥
(Wr-Wp) ©)

Nex = mc mc
M(M—M)z

ZIT, Wik A —E U AW, Weld R TEAKWITH S, 2B, K (8), (9)F OTEC DFEL AT LDFE
lifFik e LT, WEROBGHFETIIAL, BYRROEIRE A EHEL L, BhRE L= 21— A CGH
T D FETH D (K, 2018).

2:3 IRSA—SEIT

BAIRER TOZ RN =B I UOWE /T o A0 5, H-OTEC OMEREMNT 21T - 72, AJIZMIE, Tws=299.15K
Tes=279.85 K, NETD=0.20 K, BPR=0.33 K, ¢,=4.0 kJ/(kgK), (NTU)z=1.5, (NTU)=1.5, mus=7,500 t/h, mcs=7,500 t/h,
R TR =60 %, X —E LMK =85 %& L, DMSBLX AT, ORI LT, £z, ARBEaH 013
PR, Eefidet 3R & L, 1EERIETH 5 7 =7 OEWMIE REFPROP % HIV /- (Lemmon, 2018).
2B, FRATICIWTIE, 28388 H DI ARZR, OTEC difiasds K OMEME L 7o /KIfafinik & 0 L, #KEUKED
B, VEENRIAECEEEIC R BRI LT,

3. MRLEE

30T, VEEhRIRTTR: may 23 DEWEBI DT WrWp 36 L OEKE: my, X 412 my, KT 578G dRACHAEN R
Or, BN yy 2 NVEIURT. X3 205 WerWp X BISMOifR & 7220, R NENFEET D 2 L DR TE 5.
OB, a & Qe DNT AT X o TRE SN, my DSHEINT 5 EAEEIFIROEEI BN L, Qp 2N EFFHHIN
T%. B, BURTHIMKOHADTEEZNEINT 5 2 LD, BWEBIAFIH FTREZR IR T 5 78% - BEffiD
EEZMET L, g NHEFICETT 5. XoT, —EDOLKMT TR OH N DR KIEE S5 1-0121%, BGhE
RS LD TIERL, KHEE L BGNRONT U A EEJ LT, REFE-IEBOR - WEART o R &k
ETDOHRNENRSD. —J5, K305, mald my O ESHTHEFNIEML TD. 2L, mald Qellffl LT
WHNHLTHD.

512 muf 23T DEEERNER o 27T, KA BIOR S 0D, R(D)TRIUEROEDR 5y, L B0,
@)V TERETD o 1X, Wr-Wp EEMWRNT—E LTS, BB, e ZHINEE 5 Z & 1F3EER O N E
FET D T, N VL, WENEDNRERTOEEEZNA L CNDEZ L5, £ 04%EEROBGNR LY LIEFIC
INEL o TS, ZDT0, HEROBEGNER L DEZDENZ AT L CEHMEIC W2 LERH 5.

612 my T T D o . K6 E, KUAT ATBWTIE, $25%DT7 VX —hRTHDH. ZD=x
7w NFX—2hHEIE, BRI ) —Y A I NVEFIATDERK0%NTHD I LD, RAT AMTBW TR
\CRAATREZ R = 7 B L X — D) 50% % 15T 5.

T myp\ 2R 2 3K EE ma/mys, BV REEAL Wiplma 279 BT 276, my DFEINT E > T ma/ms [ XHFHIE
ML, FZERTET) Wi (ZHEEDT20D Wiplma 13 LD T 5. EKEITFTEERAREITHHIT 2 2 Ennb,
my IS EDIFERINT 5. 2 2, BKEOICEE S B22R o TEHoRInL, 4 —ernboREEN
(AT h S0, BRI OFEH N D ERKRITIR DEMF &, EKEDPRRIZRDEMNERD Z L0 b, 51,
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Fig. 3 Power output and desalinated water flow rate.
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Fig. 5 Normalized thermal efficiency as function of m,,y.

Fig. 4 Conventional thermal efficiency and heat transfer rate

5 ———7—7———
T, =299.15K (NTU)y = 1.5
T,y= 279.85 K (NTU)e= 1.5

m,,[t/h]

in evaporator as a function of m,,y.

100

80

20

30 —————————————
T,,=299.15K (NTU);=15

T..=27985K (NTU)o=1.5

25

20

Tex [%0]

5

ol ¢ v, ]

40 60 80 100 120 140 160 1
m,,r[t/h]

Fig. 6 Exergy efficiency as function of m1,,x
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Fig. 6 Production ratio and specific power for desalination.
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YA 7 NBIRORGE LR FHI B W TIL, HET D HIROET) « KOFRIZAEIE, H-OTEC OFFEEEEL T,
BB R L O b FiEE MR L, BT U 2Z B L TS BERH D.

5. #& B
AWFFETIE, ATV YA 7 V%= OTEC ORAFELZ R L, ZOFRES AT LO IR A %fp
W23 % 713%) TFENRATR RN T ER - EKEIZE X D EORE L IEKEDNT v R p a2 /RT XA —ZRITIC
STHGLMNZ LTz, ZOREE, BB OAE LN REN L, FEDOIEENRAIREDG AR K & fﬁ%ﬁkﬁ%)
FAET D0, BREHERIFICK U CORERE K & 72 DIEBR A& MFE L, EKEIZE g O E ORI & 46
BFNCHIN 2 Z L2 L. A% OMRICIEWCEMT D RilEsEi NI B\ T, ARIESRMETS U BB
BLOHBBEEE LOR#EE FEERFT L, BNT U AZREL TS LERH L.
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