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Abstract

A hybrid ocean thermal energy conversion (H-OTEC) system combines an ocean thermal energy conversion (OTEC)
system, which generates electricity using the temperature difference between the surface and deep layers of the ocean,
with a flash desalination system to produce freshwater from seawater. The H-OTEC generates steam by vacuuming the
warm seawater and convey the steam to the power generation system as the heat source. The H-OTEC can prevent the
performance degradation of the heat exchanger due to bio-fouling, improve the heat transfer coefficient by condensation
heat transfer on the heat source side, and reduce the cost of the heat exchanger by using stainless steel or other low-grade
materials instead of titanium. The basic thermodynamic characteristics of the H-OTEC have been clarified by parametric
analysis, but the performance of the evaporation-condenser (Eva-Con), which condenses water vapor generated by flash
evaporation and evaporates ammonia using the latent heat of condensation as a heat source, has not been experimentally

clarified. In this study, the authors report the heat transfer performance test results of the Eva-Con.
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PR E #5%8 % (Ocean Thermal Energy Conversion, OTEC) 1%, ¥#EDFE EVERE (600~1000 m) DiEE~E%E
FIALZRETHY, HRREEROWEOREZEZFIAT D Z Lnh, REOEIC X 220 EE b4
U, ZE LIZRENARETH D, TDT=8, BT MW BRE OREHALD OTEC 135 L X Hilsioo~_— 2 FEiF &
L CORAMBRR ENNTWNS, TN 5D L X Hilsk Tl KA RARERTH Y, HEEE ST FLX—IT,
OTEC ([Z X 2B T2, WKEAKEIZ X Dk EOBAHIFIRANATRETH 5.

OTEC I, WpKZEHEABIE LA =T HA, RS OEEREZ W2 T % g 7 07 EOBER %
Ansg 7 a—X RERITINA T, FEARE L EKEIFEGSETAA 7V v REABRREINL TS (B,
1982, Avery, 1994). ZDFUZIX, OTEC D7Z&Far CEAHL LTt DWKAE 7 7 v 3 2 758 ST R KR & W
EE/K Tl S QI T D H1E L, ZRREHIADRNCHEKE 7 T v a 83 &8, K% L72A%% OTEC ©
FRBEEROBJR L U TS W2 L RIRHCHAKE T 2 ER D D, L L, BUSHREROMEAEAMIC X HIHNCE
R DM DEMT L D 2 A REE-ITATHOIV TRV, Panchal (1987) 13#%# DREY AT L DA, OTEC
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DTN R ZMAS TN E0h, ZBIEINOUFAEAEDIC L HEMBANAE T T, BASHZROME it
WARMEDOTF & o VIR R EFIHT 5 7 a2 2284 LT\ 5 (Panchaland Bell, 1987). _EJRUth (1990) i3,
WA 7Yy RERAEFEH )N 720 OB Z o/ IMb L2 R Tl L7256, i 03 KgAK b7
T ARD T T v L 2 BHATRAT DU KR & EEIROBKIEEDIREEN KX L, BEICH L TlkENR%<L
B EERLTVWD (BJFE, Ji, 1990). ARFFETlX, OTEC ZRIEMNOWFAEAMIEN ORI N THE & 72 5 1%
FHDOUVAT NHE L, URBIEFEG % W =¥+ 7 L% H-OTEC (Hybrid-OTEC) &#+4 5. [X 112 H-OTEC O
e 7 o —HRX A~

i Efth (2019) 1% H-OTEC |ZRFE OB HER OMEREN BB R L ONEKEIC 5 2 5O R KN 72 EORE
VAT DORHEERT A—FFRHTIZ L > TR L, Finite-Time Thermodynamic (2453 < YERERHE 21TV, WA 7
NNERDRHEAZ B BT LTz, L2 L 2D H-OTEC FA OEZHZR TH H X 1 FDZIE - Eiffads (Evaporation-
Condenser, LA Eva-Con) DOMEREIZZEERAIIZEH SN ZHTU eV, Eva-Con TIX 7 T wv v 2 28382 L » THA
LT KRR B S, ZOERBEE R L L CT VBT 285 S, MRS 2 L& 1L 5 7- D EEBiR
Bom EREREE NS, Tran 2017) 137 0 & R EAROEEE & HIBR DRI S 705 i —7 L— RRZ
g O CHIEIRIRD /R T A —H DMEEWEREIC G- 2 2 2% 84 L, Kandlikar (1990) & & » TIREI N2
BN OWEAMSGEOMHERE At — 7 L — FRICBWVWTHE L TWS Z 2SN L. L L7 L— R
B tign = T, 2 DOWMRZE [RIRFICZRE, EifE S D05 0MmSBIIIIER 12072 <, Kafietal. (2004) 3% HE
hHZE KA L OB HagE & L CHRIH LT 523, AR H-OTEC OBARIZE 5T 2851372, & 2 TR
TlX, 7'b— bRD Eva-Con DIREMAEREIZDWT, EERIVIZZE OVEREZFFAM L 725 R W THET 5.

2. ZEBREELLURREH

2 |Z Eva-Con OFEERIEE ORI 2 ~7. M2 IR T LI, 77 vy aBAASTKRO—EHNT7 7 v
2 ZZFE LT I AKX — %l L7212 Eva-Con TEEES AL, 7 U E=T 24388 H 5. D728 Eva-Con [X0EHKD
Boctias L3RR, AR & AFENRIROM FITHZ LA E S . % 112 Eva-Con O 7' L— FEHER DR %,
7% 2 |2 Bva-Con MHRERBR D FER S 2R 9. AT L — MREHEHI DA X 4 7 CTh Y, M) HKEKN
TR LEEME L C FRMAlE 2 ST 5. 7o E=T X P BICiN TR T 5. ER TR0 E & /EihT
RofEE—EL L, FERIENS KT A4 7 7 h LW =DIZH O O@BEN 1CLL 225 L5 [E &2 dii L.
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Fig. 1 Schematic flow diagram of H-OTEC.
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Table 1 Eva-Con specification

|-

Vacuum pump Item Value
(D— S Type Shell & Plate
(A}D Material SUS316L
@ @ (FP Height 300 mm
g Width 700 mm
e Thickness 0.8 mm
P | Flash chamber
Number of plate 30
< Desalinated water Heat transfer area 6.7 m?

ol
® O 3 @ @ @ Equivalent diameter 10.8 mm
Seawater

Fig. 2 Flow diagram of experimental apparatus.

3. Eva-Con DTHEEFH & RER
Eva-Con DEEEIZ 5 2B EQ,[W]IE,
Qa =mq/L (D
T T, mgldidikElkess], LIZKOEREEZIkg] %~ Qg FBEIRIREU g [W/(mZK) %2 W TR TER S
ns.
Qa = UgcA(AT)gc )
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z|D
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Pv M,

ZIT, GIYEENHkg/(m%)], plIEEkgm?’], pldAEEPas], x,lZA0 L OO EE, Dy 13AHY E
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Table 2 Performance test condition of Eva-Con.

Item Value
Warm source inlet temperature [ °C] 30.0
Warm source flow rate myy,s [t/h] 4.0,5.0,6.0
Working fluid mass flux Gy, [kg/(m?s)] 1.00, 1.38, 1.93,2.50
K= (L22) (0) (1) o
Xo PL Hy

T IT, x 3O EEEZIRT. BYRTH D AR DIIK EE L, 1EERIRIC T =T 5, Skt
{Z1X REFPROP (Ver.10.0) % fu 72® (Lemmon, et al., 2018).

BEAE DR Al G an OMFZE TlE, TR EIK O B O TRl EVEEE O FER A T D FH & 72 138 n
Th HE I Hags 7 T, 2858 - EEEAMeZ 2 9 5. AWFE TS 0 ZE LT 5 720, EudafteiEn o
ARIE - BROBMREZHENT 2 2 L 2R 5. N Q) ORI LIRS Z Uk orp, 3N B) ~ (7) 205
B U7 BB R A U cr & L CEND OZEZTRY , FEBRE & FHRMED DR E LT TORX (7) 2ERHR

T5.
n
f(Clr C2: ﬁl: ﬁZ) = Z|UEC,exp,i - UEC,cal,i| (8)
i=1

f(Cy, Co, By, Bo) % HIUBIEL, €y, Cp, By, Bo ¥ LTRUMEL, X (4), (6) DEHC,~B, HH LTz

4 HRRBRREBER
B3 (A EBNRAR D E B Gy & EIRD 15 O BBIRER I U g oxp DPIFRZ7R T, K305, Gy MK OE

B Emy, s DI 5 & Upc exp DI 271238 % . AF2HR TEva-Con O ZEIEFEEL U g 13#91.0~1.5 kW/(m?K)
Tholz. mys =40 th DL X, Gypi¥1.38 kg/(m?s))> 5 1.93 kg/(m?s) ZEEIN L 72 DIZ%H LT, Ugg onp M8 LT
W5, ZHUTERSEM D myg = 4.0 th, Gyr = 1.93 kgmS)IZBWT T T v aRKEENDRL, BEIVNEL
ROTCZENERNEEZEZBND.

FhrT — & % FIV T Eva-Con (Z351) 2 %k M OZFE B RO EHA L LTUTORX 9), (10) &157-.

1
Nu; = 0.837®Re,,*7**Pr,;3 (69 < Re,, < 114) )

0.751 1
Nug = 0.456 (X—) Re,’®Pr,3 (6 < Re, < 128) (10)
tt
(X412 FEBR A IV CRER L 72 Bl R B U e o & SRR D AT D LT BOBI R U ¢ o DRI Z 7R, X4 7
5, FHREITE20%IN CEBREE —E L.
5 & EH

T o= T R AR E LTHW . H-OTEC FOZE% - Eiffias OPEREZ SEBRIICEHN L, 5 57— Bimisfrit
ND, BEEDHKSE - BHEEMRERE O ERRE B EITKDEHE & 7 T =7 ORI OREGI O EZRA 2 HEA
L7z, FEBRAN OGO N BuEmBRENY, FEBRIE & 220% AN T L7z, UL, AEBRTEE LT — 2%
BEMETHY, 510 H-OTEC OXEFHIEHTA57-0121F, LV EL ORETT =2 25T 508N H 5.



WA TNy FHA TV ER DR AERED 720D T L — K 47
A5 - B IR OB RER A

2000 ¢ &% [ * I & 1T * [§ °? 3000 T 1
&
i
+20% ,”
r 2500 P -
4 e
21500} . ¥ 2000 / A s
E E // //
= = s L7 -20%
= L £ & -
2 L 2. 1500 p .
= P s
S 5 //OA -
= 1000 - 4 ' 1000 - R -
// e
/ s
500 " -
Y
Vs
P
PR R TR IR R R
50 PR AR TR NS R R 0 500 1000 1500 2000 2500 3000
%AS 1 1.5 2 2.5 3 3.5 5
Working fluid mass flux Gy, [kg/(m?s)] Ugc,cal [W/(m*K)]
Fig~3 UEC,exp Vs GWF Fig~4 UEC,exp \E UEC,cal

B it
AREFZEILE NGBR3 IE N (JST,JPMISA1803) & JHNZATEIEN [ERE iERE (JICA) OEHATFETH D HiER
HUEGR G E SR 22 17 1 775 2 (SATREPS) 36 X OV JSPS BHifF#y TP20K04313 DB %251 C i L7=.
ISR L TCHEE AR

X L)

PR, MrEREEREGA, A —DI, (1982), pp. 39-44.
Avery, H. W. and Wu, C., “Renewable energy from the ocean; A guide to OTEC”, Oxford University Press, (1994), pp. 240-
247.

Panchal, C. B. and Bell, K. J., “Simultaneous production of desalinated water and power using a hybrid-cycle OTEC plant”,
Transactions of the ASME Journal of Solar Energy Engineering, Vol. 109, (1987), pp. 156-160.

LIRAEE, BRfh, A T 7 L— ATy FEERREEREE T A 7V OVEREFNT —OTEC 7' & b LK
BN Z o FOMAEDE—", HAMKTFEE, Vol. 44, No. 3 (1990), pp. 167-177.

M bEREE, ki, BEFEW, oA 7V RYA 2L OTEC D/3T A—Zff#H”, OTEC, Vol. 24, (2019), pp. 41-
46.

Kafi, F., Renaudin, V., Alonso, D., Hornut, J. M., “New MED plate desalination process: Thermal performances”, Desalination,
Vol. 166, (2004), pp. 53-62.

Longo, G. A., Righetti, G., Zilio, C., “A new computational procedure for refrigerant condensation inside herringbone-type
Brazed Plate Heat Exchangers”, International Journal of Heat and Mass Transfer, Vol. 82, (2015), pp. 530-536.

MR, wh bRz, PIHBAN, BEERS, «7'L— FREHEROT =T PR mE L KAIE R,
H AR ZEH5243, Vol. 22, No. 4 (2005), pp. 403-415.

Lemmon, E. W., Bell, I. H., Huber, M. L. and McLinden, M. O., NIST REFPROP Version 10.0, NIST Standard Reference
Database23, 2018.

Tran, J. M., Linnemann, M., Piper, M. and Kenig, E.Y., “On the coupled condensation-evaporation in pillow-plate condensers:

Investigation of cooling medium evaporation”, Applied Thermal Engineering, Vol. 124, (2017), pp. 1471-1480.
Kandlikar, S.G., “A general correlation for saturated two-phase flow boiling heat transfer inside horizontal and vertical tubes”,
J. Heat Transf., Vol. 112, (1990), pp. 219—228.





