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Abstract

The spray flash seawater desalination is one of the application for multipurpose use of Ocean Thermal Energy System. The
desalination system consists of the flash evaporation chamber, plate condenser and vacuum pump. The desalination method is
as follows: the warm surface seawater is provided into the flash chamber which is vacuumed by vacuum pump and is evaporated
under low pressure, and the vapor is condensed to pure water by the cold deep seawater into the plate condenser. The
performance of the desalination system depends on the performance of the flash chamber and condenser. Therefore, the
optimization of heat transfer characteristic for both devices are necessary. In this study, the author considered that the
improvement of the heat transfer performance of the plate condenser. To improve it, usage the aluminum plate are proposed.
However, the aluminum alloy has low anticorrosion for seawater. Then, the author proposed the coating the aluminum alloy by
PEEK resin and WIN KOTE film for plate condenser. There coating substances have high anticorrosion for the seawater, and
also acid and alkaline. In this experiment, two different thickness of PEEK resin coating 25 and 100um were prepared. The
measurement of the condensing heat transfer coefficient of the plate condenser installed the proposed new three plates into the
desalination system were performed in a range of the flow rate of cold water 1- 20 L/min, the temperature of cold water 5 and
10°C, the flow rate of hot water 1.2 and 1.8 L/min, and the temperature of hot water 35 and 40°C. The saturated pressure is 2.1
~ 5.1 kPa (T = 18.3 ~ 33.2°C). The comparison with the heat transfer performance when using the conventional titanium
plate were also performed. The Results show that the overall heat transfer coefficient of WIN KOTE and 25um PEEK coated
plate is the largest in the all test plates. In addition, the condensing heat transfer of aluminum plates are larger than that of
titanium.
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VT T4 FTIE, BARTHE R LT\ 5 OTEC 77 > b Th 5 ITHBIRMEEIRFE 2538 =A% 0w TR S hi-ifg
KEHNWTAT =TT v ¥ 2 BRSO EFRI RIS %0 (R Ffl, 2016) 217> Tk Y, OTEC @
HI B0 BN OYEKIR OB L A7 ISV CEHIiAED SN TWnD. L ZAT, A L—TF vy
2 RFEHEKAAGIEE, BEZRRIED 7 T v 3 2 ARFEZRT 30°CREE DUFER /K ZEA L, #KOZE2BIEIC
K VKRR ERESE, TOKERE T L— NEfEes TR L CEKEED HIETH D, Z O, EffigsDin
HNZIL S~10°CREE OWEERBAK BV BND. Ko T, PAKMBIEEOMREEZ RTRIEDO—2Th HiikElL, £
JEAKIRE & 7T v o 2 N ORFIRE & OIREZETHONDMEAEZ VWPIKRE ST 5H0, EHZ0EEN
TUONIIIR L WKREFEE ST ONDINC Lo TRELLELAIND. 2D, ZOWYKLEEEOMRRIZEIC
T Ty aRBMOMERRICKRESERASND. ZDXHRIEND, AT V—TF v a BRI LIZEE
THHEE, 7T v 2 BRENO ) AV (LR, 1991) 0/ AvmE (M, 2005) 128 2 \WIERER Oy
HDEKIZ G- 2 BRI B$ DFZE (54 K, 2006), (Sami, et al., 2012)72 EXED SN TE /2. —J7, kst~
T v ¥ 2 FRIEERI D DKER DOEEE L UOSRNZ AL ZRODIC i InER IS, L, Zow%k
AACEEE BT DEEEa S BT DR8I TT & A EfTbinu e, £/, ZORKBIE TR S D8z,
AT U ANES 2 T L EEREEREN BN & E D, OTEC THETH SN TWD 7 L— hXRETHAZR S —
BTN D, £ b — MBS OREWR B & L TIE, OTEC 36 K UWIK(LIERE TI3TF & v 2MEib
NTW5. FHH D(Arima, et al., 2016, A, 2016)iLiE 412 OTEC 7 L— b RAERGBROBEHMEHZ DWTTF
B ARDDMELE LT, Bilka—T 4 v 7 ENTT I =0 AEERIDEBMRA~DORIF Z1RE L, HEL a—
T A T HIEOBRIR DEE DT A N T L— T L— BRI T E BRI A AR, T =T (Arima, et al.,
2016) MR /KERIE T ( Ffill, 2016) COAREMERECIE BICBAT Dt 21T o C& 7o, ZOMER, 7o 5=7 0MKER
BT CHEARRE THIUT il i 72 AN ATEE T, - B mBWERE NG O D 2 L AR L
7. 22T, ZOT AN L= aRATL—T T v ¥ 27858 MK LEEE OfEfEss~ b FTRe & & 2, %t
faar DAREERE D 1)_Ep K b3 OPEREM_ D RTREMEIC DWW TR 5 Z Ll Lz, AR Cldsska—7 1~
T DT IV = AEBIRAWKIRAICEEE ~AARAS,  EEEEMAER ORI E R L OWAKILZEEVERR DRI DV
THET 5.
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Nu : Nusselt £ [] in N
P S| [Pa] L : WA
0 D B W] out : AN
Re : Reynolds %% [] sat I 0F i
t TL—hEX [m] T . TARTL—F
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Fig. 1 Schematic diagram of experimental apparatus.
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Fig. 2 Design of test plate. Fig. 3 Photos of test plates.

(TP-1: 25pm-PEEK, TP-2: 100um-PEEK, TP-3: WIN KOTE, TP-4: Ti)
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BRCl, FE D OATAIGE (Arima, et al,, 2016, A EM, 2016) EFEEEICT A F 7 L—hE LT, ZORMICHE
25um O PEEK #flE Ca—7 1 7 L7z

Z'L—h (BAF, TP-1) &EE 100um @ PEEK #fl§ Ca—7 4 7 L7 — bk (BLF, TP-2), BE S5um &
WINKOTE (UAF, TP-3) Ta—7 4 V7 &#ATH I3 FHOT NI =0 A5ef 7T L— M L. M3 I27 A
F 7 L— b TP-1~3 DEEEZ7RT. £72, KAERTIE, 7AI=v 2548871 —  EDIAICA~Y ViR—2 %
A TOERDOF # BT L— bk (LT, TP-4) ZERH L7=. TP-1~3 |X TP-4 ZH L7= % O T 5 IMu B 13 Vg
Lo TND., TNHLDT AR L— MIFAKEER LT, £ 2RO L — B D 7 L — A
(TN7 7 7 30VEL T2-BFG) (THAATeZ & TT A My va v aME LTz, B, TA M7 v a a4k
NS, ZRRMIFEEEIERE, 71— MNESBXOBMaERE R 1 1ORT.

Table 1 Specification of plates

Plate type TP-1 TP-2 TP-3 TP-4
Material PEEK PEEK WIN KOTE Titanium
Thickness of coating [pum] 25 100 5 -

Number of channel (Cold water/ Vapor) 32 32 32 5/5

Plate thickness # [mm] 35 35 35 0.5
Total heat transfer area A, [m’] 6.7x1072 6.7x1072 6.7x107 1.8x10!

Cross-sectional are of surface vapor
2.1x10* 2.1x10* 2.1x10* 7.5%10%
channel Ac, [m?]
Thermal conductivity k7 [W/mK] 140 140 140 22

3-3 =EEBHE

FERTIL, B CRLIZ4MEEDT A b7 L— b (TP-1~4) ZEEEIRICENEHMBRIATL, FA2 DT AN T L
— MBI D EAMEEROREEIT o 70, 7RBARFEBR CIREAKEZ KEUE FCHAR L7272 D REEME T A 28 A
AT BT DEMEMAERZET D2 L L7225, ATHOT A N L— NMIZNEN 4 Bl (FF DR
9f—#l) L LCTF A BV a3 ThD PHEICHIAE N, FEBRPICRATHE SNOREBRIIETT —4 2
H—IZED LN, 5SPHEET3 oliEsgInz. £z, T—XEHTTNETNOMD 3 23 HEOFHEN VD
iz, HBWEMEROT- D% % OFET 3 RIEETT /8> 7

FERGAMEE LT, R2IT TR, WKEERE, mARE, RAKRE, fafithz 5427

Table 2 Experimental conditions

Flow rate of cold water m,. [L/min] 1,2.5,5,10, 15,20
Temperature of inlet cold water 7, ;,[°C] 5,10
Flow rate of hot water m;, [L/min] 12,18
Temperature of inlet hot water 7}, ;, [°C] 35,40
Saturated pressure P, [kPa] 21~5.1(Tw=183~332 C)
3-4 F—hEE
EHEESOGEWEREIY, BUEiRE UWmK] CEHZITo7-. UIZLLFOXNHEH LT
U=0.N(4AT,) M

Z 2T Qc[WHm KB E, As [m?]i 37V — b OMMEENERE, ATy, [CHEIMECFEIREETH D, £72, O,
AT 1 ZZNZNIRATRD T2
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QC = mcCpc (T;',aut - 7—;,in) (2)

AT;m = (7—;,0ut - T‘C,in) / ln((T;at - T 7 )/(T;at - T‘c,out )) (3)

c,in

Z 2T me [kg/SIERK O BT, Cpe [MkgKIFEKDEITELLE, T [CUTEARANDREE, T 0 [[ClXA A DR
EThD. F£T, Tu[ClE7 7 vy 2RO 2 fafITE ) Py [Pa] & Lic & ZOKOEFRETHY, %
DIRFEIX PROPATH (Propath Group, 2016) TR 7-.

WIT, EEEEMeER b, [W/m2K] 1, Bu@idER U, [W/mK] & EKBIEMRESR b, [Wm2K] % W, LIFO
BUEHTI ORI HR DT

1/ =1/U—(t/k, +1/h) 0)

ZIZT, tm)iET A R L— MNESE, k[WmK)IET A S L— FOBRERTH 5.
BARPBYRTES ho 13, AT & FA—DF R b7 L— b & N TH - - IEEEA S L OWEKIC L 5B s
TR CIE DN TR OHER A .

Nu, =h.Deq./k, =CRe*Pr'" )

22T, Deq[m]id/RKIAHHEIELE, k [WmKIZHKOMEERTH L. £722(5)D Re B & Pr#UTEINLEI Re=
V.Deq/ v, Pre= 1.Cp k. CREFZSILHDIMKIZBIT HETHH. AR CITZT A M L— hOmIZR 3 DfEE 52 7.
Table 3 Coefficients of Eq. (5)

Ci
TP-1 0.0169
TP-2 0.0123
TP-3 0.0108
TP-4 0.0625

4 ¥ R

4-1 BKHKIEEEDER

EEE AR OREHEMRTER OWE ORNC, AREFRIEE SRR ALIEE & L CTOMEREOMEGRZIT 72, X 4 13EEL
FEITKRET 2 effign DEHE DA b AT . 2 CMBEVEAT, [K] 1%, 77 v a8 ) 2V IERE T, »
L ARFEIRNDEIFNESE Tow & DIREEETH D, 728, / AV AREIL Y, 2 VITHHE S BIRAKZ o 7 DIRAKIE
Eafior-. X4 X 0iEBEOBIILE L CAHBE LML TWDE 2 En3nnd. TA M L— hOWEET
1%, ATw<8K TIX TP-1 3 LN TP-3 OERHEN—FRE <, FHATw>8K Tt TP4 N b M\ EA i E %
RLTWA,

WITAREEE BT BIEKEOZY PRI OV TG 5728, ¥ 5 1IZHH S 72 1E7K S mpw [kg/s] & IRKIEE: my
[kg/s] DITRD LD EFHEAKILIIZONT, WEVE & ORREZ/RT. FHARAIEEIZ OV T HIREE IZIEIE
EEBICLCHEML WD, —JF, BEEREKE mm [ke/s] ETEKTEED HR® 55 HERRIRACHIZLL T O Th-
25,

my, /m, =Cp,AT, /L (6)

sat

X 5\ ZHERER A LI mrw/ my D Z FERECRd. FHIRKILEL DML, AT > 10 ZERWCHEERIR KL & —E
T 5. xR (2006) (2 XD FEMEKIEKGEZAWZT T v 3 2 RFEETET D58 T H K LEIZ OW TR
REMZRLTNAZ &0, AR L LTCHEEICEEL TWD Z LB TE .
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Fig. 4 Heat flow rate against degree of superheat Fig. 5 Desalination water rate against degree of superheat

4-2 REAESIUVRZBMEOTRA P T L— MK BHER

/KIS D BB R DTN T, —filE LT TP-3 DEADFEREZK 6 (rd. K6 XV IiEKKE
1.8 L/min DFETE, Ve<035m/s THKFLHDIENNIA BN EGERFEIEI L, ZALEDOUEE TIXIZIE—E D
BT ENIND. ZHUL Ve> 035 m/s TIFERAREIR OB AL © MK IIEME R O e <, ZOfEN
FETEIZR>TND b0 EEZLND. —F, RKRE 1.2L/Mmin DAL, 7.<035m/s CTHKTGEOHEINIC
FENBGEIBRABEN L, THLBEOFE TITSIE T LTS Z ENgNn5. —F, KITEET 0, ®BisT
A N7 L= MZOWTR—OHKIEE CEUEIREZ ik L7=56, K6 IR Le TP-3 DbV MEz R~ LTz,

4-3 FHEGMEEESLIUNuBOTR FTFL—RIZkBHE

TR MRS by, & 28R my & OBMRZ RS, K7 LW o7 A 7 L— hTHAKIED
NI B MR R AN L TN D 2 L35,

7 TR LT PR BME R b KIS S &1, X 812 Nuy (=hilkr) L Rer (= mi/(Acyy)) TEEL-H O
Y. 22T, Ao [TZEKMIGEHEKIER, 137 — MEEThHD.

8LV, TARTL— FDENIHEDLT Re, FUIxt L URIER DA Z/R L2, £72, TP-4 Ak bRE N
%74, F2TP-1-3 Da—TF 47 71— hTlE, Rer<0.7 D Re BOMEWEIL CIRITIERI—DEZ R LT
DM, Rer>0.7 TIXTP2 BB REBRMEERLTNDZ L5,

9 ITEHEEMBEERIC OV THERDOHER I & Ol A7Rrd. 2 2 ClE, ERM BREETRE, 1986) 12X 25K
EERE L 331 T 2 SRR T & SR ST & D& DI 21T~ 7.

TR SHATR T Nuz=8.06H1°Pr; 3 R12Re; 815 )

TR AT LT Nur=0.156H""5Pr; 3 R"?Re ®)
Z 2T, HECprATu/LYEEEEEALL, R (=(ou/pr)?) (TEEREL TH 5.

9 ITRT LK (7)) BEO (8) OHERA L AT & DOHEETIX, Re ISk L CHEINT 2T 8T 5
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Fig. 6 Overall heat transfer coefficient of 4 types test Fig. 7 Condensing heat transfer coefficient of 4 types test plate

plate against cold water flow rate. against vapor mass flow rate.
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Fig. 8 Nuy vs. Rer, Fig. 9 Comparisons of Nu between correlations and

experimental data.

4-4 FEBHAOFEHHBRMEERE~AOEE

NGRS AN D PR EEMBER A~ DHBIZ OV T LU T Ol 21T > 7. KEFlL 2004) 134 —7 WA
27V OTEC \Z8BUNT, REEHEA A 2 3 Eoliifi /K 2 2382 IR T Clfs S B 72356, NEEHE T AREL W, D¥EN
2% LT, RERE A ADVE N WA OHRBGHETH 5 Os & B SN2 KBASHE Oc DA EIKITIR
TFHZLERLTND. & TRERFEFIZOWN TS [RERZRITIET CTRERHE T APREE W (2T DB G b
WZOWTHIRZ{To7c. 22T, Os BER W lZ W TILL T O TR 2.

Qs = hTHAS(T;,ave - TL,W) (9)

Z T, hy  IHREEEMEIER, T (IAKMOVENRE, T, 38K EEEERIEE CH 5. £ T, 13m K
BIOEGEH & BEFIRE D SAMECRDIAETH D, 728 hpy 1, A [EIOEREELG DS HEH T AL O R UERE 2 (K
E L CR@) ) HEH L.

W,=m,/(m,+m,) (10)

m,, =m,(xy +X,) 11

T T, Mg [kg/s)IFTRAKITE D AEENE T ADEEITE, xv, xo[-)IZTZNEIURK 1kg (25 D EHR KO
DHEESHRTH L. WKHOERKLOMBEOE R, KL T TOEUIEENDLTNEND T ADEL
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41 THDHERELT, KFPAOFMEEIZOVTAAV Y —EH ((LFE TS, 2011) 20Tk, Thboo
EMN SR DT,

10 [ TAREEE T APREE W |0 2B R O L DL E 7~ 10 124X Sparrow-Lin @O\ (Sparrow, et al.,
1964)7)> 515 5 VT BB B D L O ARG APREEIZX T 2041220 T Hhord . K10 X 0 REEFE AT A Dk~
D 0.1wt%LL F OIRAT G BIEREASHLE D 20~ 90% F TR T2 Z L300 5. £z, Z DL Sparrow-Lin D=
(Sparrow, etal., 1964) HAELNT-HREMEIZIT L TWDZ N5, X9 TR LIZEEEMRER O NI A%
FEHADIRANZ K DHERH LN THSD., LLEDOZ L LD, M eBMRERORED = DIZIT o fiis Lz
IKOEKEERESED Z EBMNETHD 2 ENNNDN, —F, ARGEAKCEEE CIIBUK Uiz &)@k 2+t
[EPIAEKIE DL EBBEESNDDT, D LX) REMITIR- REHFRMRER OEIIA TR COREELE T
NThHHEEBEZD.
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Fig. 10 Heat flow rate ratio of measured and without non-condensing gas

against concentration of non-condensing gas.
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TA T ENTET NI =T LEERETIIROT Z e T A T L— e LTEAL, ZOEEWERRIZOW T
W 2T o 7o, ZORER, LLFOFENHLMNE o7z,

(1) &7 AN L— FOBGEREL, FARENKE L, DOmKUREMEEEOS A 1L ORI 5
THN, ERETCIREE EEERT. 07, EKRENNSWEAE, HKMRENEREOS IR TEL
SRR SV/ASULINR ;% ras Y PN VARV oY g Wil

Q) FI—7K% Re BIZHITF 5 Nu O HERIZEB W T, FHURTL— F RS REVEEZRLER, =2—7 4
VTENTET AR =0 AEERT L— FOF T 25um-PEEK 1 —7 1 > 7 DA RS BUVMEREER R LTz,
(3) FHIEHFEBMAEROMIE, oMK L CRERE T A DN 22T LT 20~90%FER T LTV 5.
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