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Abstract

The spray flash seawater desalination is attracted attention as a multipurpose of OTEC technology. The system consists of
flash chamber (evaporator), condenser, fresh water tank and vacuum pump. The hot surface seawater flows into the vacuumed
flash chamber and flash evaporated inside the very low-pressure environment. The evaporated water vapor flows into the
condenser. The condenser can be condensed the water vapor using the cold seawater. Then, the produced pure water are stored
into the fresh water tank. Incidentally, the flash chamber and condenser are important devices in this desalination system. If the
improvement of efficiency of this desalination system, it is important to improve the efficiency of these devices. The condenser
research in the desalination field, the condensation in the low pressure and water vapor have to be considered. In addition, in
order to improvement of the heat transfer performance of the condenser, the new material for condenser also have to be
considered. The author proposed the usage the aluminum alloy for heat transfer surface. In our previous study, the condense
heat transfer of water vapor inside plate heat exchanger using aluminum plate which was installed into the spray flash seawater
desalination was measured. In addition, in this study, compared of condense heat transfer performance between the aluminum
alloy and conventional titanium plate which have same thermal resistance of the plate. The result is that the heat transfer
performance of aluminum alloy is as well as that of the titanium one. However, the measurement of condensation was not
considered the effect of the no condensable gas in the source water. The noncondensable gas becomes the thermal resistance in
the vapor condensation. Therefore, in this study, the measurement of the condense heat transfer of the water vapor without the
noncondensable gas on the aluminum alloy and titanium plates to understand the property of the pure water vapor. The result
is that the overall condense heat transfer without the gas is off course the larger than that of with the gas. In addition, it was
found that the condense heat transfer coefficients on the aluminum plate is derived at several source water temperature and cold
water flow rate and temperature condition under the pure water vapor. The result will be used for design the plate condenser
using aluminum plates.
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i@, BES (BR5,1999) (2 OTEC & 27 L—7 5 v ¥ 2 KRR KK LIERE 2 A S b - EEe 75
VhEALVTIV 2 "L Ty ROTEC & LTHRET S 2 L THKka X hoEE{T-oTRY, koA R T
YERMATRECH D 2 L AR LTV, —F, ZOEAFIHOFEIMIZIC N TIEY & o ¥ — T 2014 4E) 53Tl
1T TEY (HH 5,2016), AKEOHHEIRMHERE 2R E RGN CLF, AKE OTEC) 765 bl ik
EEAMALTC, Yo Z—DIKEYT T4 MIRE LEZEFRBRAA T L —7 T v ¥ 2 2858 kK b E
(2 K DKL A @A T1Td, OTEC O 1 ZEECHEMEE OMKIR O ZSENT X 2B 72 2OV CREM A
HEDHHNTNWD., L ZAT, AT V=TT v ¥ 278 MKEAKICEEE OMERER RiCiE, AKEEZETFTT7 7y
ValRREEEDLT T v aT v = L KIRE R S5 T L— B OMERE LSRRI R TH D, T T
VY aF xR ONWTRT T v Y aFREENO ) ZVIIR (BB, 1991) 2/ ZLAE (b k5, 2005) 12
B D UWTMETRO AR B EKRIZ G- 2 5 BB D98 (54 K, 2006), (Sami et al., 2012)72 E2M T C& 7. 77,
BEfiamlL 7 7 v ¥ 2 IR D DK RR DRGSR L OSENZE F AL Z RO DI+l IR EER I N5 2, £
OPEREIA_ HICBIT 2 HF3EIF & A E1Th TR, F£72, SRR OGEEM NI Z—RIC T # U aMER ST
B0, AGBMEAMEHTI BT 2 RFZE b D IV TRWE L, ELELIMeENTMEE LTT VI A5 REL, T
OFIHRREMEIZ OWTHIIE (15 5,2017) 2D TE 72, 2D OMETIE, MEKIZENT VIR Rk —T7 «
VTN AT L — b & LT b FRABSHER I ZMA T, BEEEMAERCIEAK 2 A M DWW TR Z1T > T
W5, L ZATIOMIRIZEN T, FUke LTEEAORD D IZKEARBANGI, S 5IEOAGEKIZHR
ZAT 5 TOIRWE D REREMEAT A% & ATV, 7L I SEEEEIC BT 5 KRR DU EEVRESRIZ OV CRH
AT OB TiE, REBEMEN 2 &5 £ B TR SRR AT 5 R&E Th DH. EEEICISIT 2 NEEENE T A D2
{2 DWW, Sparrow-Lin & (Sparrow, et al., 1964) 1E, 2  vol%DAREEFEN: AT A DR CEHEEMAIZEZR D 50%
3% 2 EEIBRTEY, F, WKEKGIZIIT 2 EEE & A0SR CORRESS L LT, KPS (KD,
2004) 1 IA—7 A 7 )L OTEC (2B T, RENEH A & ST lEiiK 2 BIE T CRBEZICENE S8, RNt
i AT APREEDS 0.1wt% T o T HZ DML, ANEEHE I A 3B ALV E O PRV R & S S 7= mk
BRI D LD 90%70° 5 20%I SR T, DF W EHEEMEEENR T T2 2 L2 RL TS, ThbDZ EM
5, AW CIIMEROFEBRITE (AE5,2017) ZREL, REENEMED 2 28 £ 720\ VKRR OEEE 24878 LI
SNTFIKREHWTT A I G487 L — Mgl C 31T DRI AT o 7. A CIEZ ORI DWW TRIE &21T
D).

2. B 5
Ac o R [m?] U i [W/m’K]
As D RRENER [m?] |4 0 [m/s]
Cp : TEIEER [J/kgK] XY oy LT
Deq : KITFHMEL [m] i DR [Pa « 5]
h D BMuER [W/mK] % o EPRGEE [m?%s]
i b Zre— [J/kg] P R [kg/m?]
k iR [W/mK] e
1 D T — MRS [m] c K
L DI [/kg] in NE
m . ERE [kg/s] L g
Nu : Nusselt 2% [] Im S S QS )
P CJEA [Pa] out . 0O
0 D B [W] P D TARTL—h
Re . Reynolds % [-] sat . fgfn
t o TL— MEE [m] Vv oo KUH, &S

T DR [C]
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Fig. | I[CEBREEOHIEX Z <4, EREEIIT A s va v (Fr— MR , BZEAkZ 7, K
Zry, BZERCT 1 BEIO2, B THERSNLTWS. ZRNOENZEZRIFRD 2 BOEZER L A3Th e
A, BEZER 71 8 ULVAC B DTC-22 (¥4 7 7 7 L3, BlEHET] 1.0x10° Pa, HEXGHE 24 L/min), HZER 7
2 7 ULVAC $ DA-30D (XA 77 7 A, BIEET) 6.7x10° Pa, HEXGHEE 36 L/min) THDH. F£7z, EEEes TOK
REOWANCIE, GEARORD D IZHhEE (Y 48 RKWI1500B-V-G1, HHEIGES) 5.3kW) TIE- 7=k % H
W KRS 7 NICEFA LT EOKIE, 7y e —&— (RIRFIEL: CHC1404, 400W X2 A) Zilifies (FLm
#l: OMRON ESCN-QTD, SSR #illf) & fAAGod CREFFEE AT o7, FHZSRKS v 7 LIRS v 7 ODEZET)
OREITITESEHIE (BT ESSRL FP101A, JIERPH 0 ~ 50kPaA, HIEREEE = 0.06%), H/KOAREFEHIE
I XERBIT R (F—= 2 AL FD-MI10AT, HIEREE £ 1.6%ofF.S.), RNOIREDHIEIZIT K BEERS (ARE T
f:ST6, 77 A1, & £15C) VW, 2 bOMEEIZT —4 25— (GRAPHTEC H: GL820) (240D 5
ARLER S LTz, F£7, ARFEBRCIIFUKOBRDORIEE fER T 572 DO A —4 — (HRI7E - T35 ID-150,
AERIPH 1.0~20.0mg/L, -5~50°C, HIERSEE +0.1mg/L, +0.2°C) ZfEH L7,

FEBRIZB WO TEERNRIKII RN Z RO X 9IS d. BZER 7 CHRINE 2 ~5kPa [ZI)E L7IREE T, JFUKA IR
KE v CIEBIRE £ TINEG S KRK 2R AESED. TOKRK LR ERICH L CTAK TS T 5. %
i T DN B AKITI AR ITE KR Y 7 IR S L%
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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: 25um-PEEK, TP-2: 100um-PEEK, TP-3: WIN KOTE, TP-4: Ti)
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Fig. 2 IZT7 VI B4R T A M L— ORI & M OFEEZ R, BMILAS0S2 7V =0 2858 Thod. 7
A N7 L— hOHETE E 350mm, §E 100mm, FX 3.5mm (GEVE, &) THDH. £T A BT L— b,
ELZODEERE (ARG, 2017) LIEAT L—7 T v ¥ a KRR GIZI1T D EE SRR CER L7c7 X b7
L— b (Fig.3) &R—DObOEMH L. Fig. 3 \RTT A M7 L— MM, RIS 25um ¢ PEEK #ffl§ Ca—
T4 LT L— K (BT, TP-1) &, BUE Sum @ WIN KOTE (LLF, TP-3) Ta—7 v 7 &{7-7= 3 Fif
DT NI=TLEEHTL— N Th b, 7o, TP2 IFMEFEEREDIER (A5 5,2017) THEHLEZTL—FTh
L0, AENER LRhotelowREFEL Lz, £z, AEBRIZBW TS, BkoF 2 ®-7L— 1 (BLT, TP-4)
A E LTHWE. 7035, TP-1~31X TP-4 DINEEIL LT b DO TH D0, {BNEIXHEE & 72> Tnd. =
NHDT AR L— NI 4 BB S, 4 Kce—Hle U CEBEERICHER L=, 722 nb07 A R L—1
1L, BER O 7 L — FREVTHAZRO 7 L— A (T V7 7 779V T2-BFG) ICHAIATY Z & C, TA M v a vk
WK LT, 7 A M7 v a O MEEEFE, ZAKURIEETHERE, 71— MNES B L UEMREE% Table 1 IR
7.

Table 1 Specification of plates

Plate type TP-1 TP-3 TP-4
Material PEEK WIN KOTE Titanium
Thickness of coating [um] 25 5 -
Number of plates on test section 4 4 4
Number of channel (Cold water/ Vapor) 32 3/2 3/2
Plate thickness # [mm] 35 35 0.5
Total heat transfer area A, [m?] 6.7x10 6.7x10 8.0x10?
Cross-sectional are of surface vapor
2.10x10* 2.10x10* 2.99x10™
channel Ac, [m?]
Length of the heat transfer area of test
2.33x10 2.33x10"! 2.78x10"!
plate /. [m]
Thermal conductivity kr [W/mK] 140 140 22

3-3 EBAE

FERTIL, AR LEZ 3FHOT A R 7 L— b (TP-1, 2, 4) ¥t TN ENMIIAT, a2 DT A R
L— MBI DEEBMERDOMNE ZIT 72, 3EEHOT A M7 L— MIZFNFN 4 e LTTF A T v
2 TdH D PHE ICHLAE N, EBRPISRNTHIE SNZREERIZTE T — X u i —ZEH 5, SBRFET3
SRS £, T ZEEIIFNEFNOMED 3 5 OFEEHERN ST, FHBRMEHERDT- 0% % D
T3 EHEERIT /R o7, ETEENGEE ORIE D=, JEKS v 7 EICHEH R S ORED 7DD B KD 2/
LT 10 s 2R Om & OZA b & 5i8k Uiz, ikifim S OREE AT 72012, T F VA ATITL > Tie
R E T o7,

£, KRIBRTITREREN S 2 PR LT k8K 2 O CEREMREROIEEIT ). T DT bEMREROH]
TEANZIFUKR O ZE AT o T2, JFOKOBIAIE, 1BAKY 7 NEBEZER Y 7 CTEZBREEIZRD, 35~400CT 1 IR
IR MEL L CHT o 72, MR ODIRREIZEUK 1L PICE N AR OB R [mg] (DO ) %A Fls#E (DO &h)
THERR LT-. B S 72 FUKO DO EORERIE, DO FHORIEREE E— B KEGE FICRTHERSH S, 20720,
PAFOFETREE T COMERERF 2T 7. ETPREOIEIK 200ml ZIRAK Y 7 D3B8 RAT A Effio
TIHEKRZ I LR D, ZD%, BEN ALK 7 ITHRET 110kPa B A L CHEH VL7 2B L, &
£300ml DA ALY U E =B LEZD. BAEICA ALY U Z—I2 DO FHD 7 —T7 AL T, 438 30cm T
EFEESZETHERTITH. BAED DOHIL 1.9~33 mg/L 25572, 20C, latm (231 B/l &
2 884mg/ll ThHDHZ b, FUKIZRKEEN TWIBFBEEDON, K60 ~80 wthDEAFR PRI 7=, i
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KIZE ENDREEES A & L TEOMITERT ABET HND0, KR ORF K OWEFEIAL & i o Btk

MOEROPAFRITBHRD 25 L 705, A CEHLL CHRUKOEFE BRI N L RET D &, K#O=E

FROBAFREITN 3.3 ~58mg/L & 725, FEBRIX, DL EOREDARERMiNET A 2 G FOKEEH L TiTo T\ 5.
FERGAE & LT, Table 2 (RS /KIARE LR, RAKMIENE, WAIRE, BARE, fafithz b5 27

Table 2 Experimental conditions

Plate type TP-1, TP-3, TP-4
Flow rate of cold water m. [L/min] 1,2.5,5,10
Temperature of inlet cold water 7¢, in [°C] 5,10
Temperature of inlet hot water 7, in [°C] 35,40
System pressure P [kPa] in hot water tank 3.9~6.2 (Tia=27.2~36.4°C)
System pressure P [kPa] in pure water tank 1.8 ~4.6 (Tsa=15.8 ~31.4°C)
Dissolved oxygen value [mg/L] 1.9~33

3:-4 F—HEH
ARFBRTIE, R OGRS U [W/mK] 2K 5 Z & TERFEWERE DM 21T - 72, BuiidR U 13kl
TEH L.

U= QC/(AS ATlm) (1)

Z 2T Qc[W] 13k BVEHE, As[m?] 137 A b7 L— b OREENTRE, ATW[C) I3RHECTHREXSTH 5.
F77, Oc, ATl TENZIRATRD T,

Q. = m.Cp, (Tc,out - Tc,in) @)

ATlm = (Tc,out - Tc,in)/ln% (3)

Z ZCme [kg/s] 1 EBKOE ERR, Cpe [JkgK] 1EHKDEILLI, Tein, Teow [(C] 1EHKMO AL & H OIRE
Thd. £, Tw [Cl ITEZERKS 7 NOETZFIFUETS] Paw [Pa] & LTz & EOKOEFMEE TH S, fiafn
IR 13 PROPATH (Propath Group, 2016) TR 7=.

T A N7 L— MIB T D EEHEEMRESR by [WnrK] 13, BB U [WmPK] & SRR EESR b [WmPK]
INOERLNLEMEH, T AP L= FOBMRER kp [WmK]ET A 7 L— FES ¢ [m] OMB/ELNLT L
— FOEEHTE VT, TR DRI

1 1 t 1
PTR R 4)

KANHN TG AKABMREESR he X, MEFEEORE (A5, 2017) & RERHEREKES L OVRBKZ K L

L 7= AR HARR SR T D T IR OHER R A V=,

Nu, = h% = C,Re28Pr}? (5)

2T, Do [m)iFAKIFEYER, ke [WmKIIHKDEYRERTH S, £ (5D Re $i & PrEUIEINEI Rec

= VeDeqel Ve, Pre= pCpcke CEFSNLDHMKIZB T HETHDH. I Ci1ixT A M7 L— FOFEIZADE T Table
3DMEEG T
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Table 3 The value of coefficients Ci of Eq. (5)

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

T2 B N KR Ve [my/s] 13K OB st me [kg/s], KO p, [kg/m®] & TEEEWTIHFE Ac [m?]
Z AW TR TR 72
Ve =me/pcAc (6)
F7, ARREENRE m[kg/s] FKRATROT-.

my = —%— ()
V,in~W,out
ZZC, i iou [JKGNIFRZAL, HOWBID o2 A E—THY, KGALD, HOICBTDIEELONES
7> PROPATH (Propath Group, 2016) TR 7= fE A& L7-.
—J, RZRMOBRER ORI, UTFOT L— MeBVHR X [y [m] EHED Nu £ FHNTIT -7z,

Nul = —thCh (8)
ky
2T, k[WmK] FKEROBGELRTHS.
7z, RRJEEREITIRO Re 5 CHIRAIT > 72
Re., = myDeq 9
V' acuy ©)
4. & ]
4-1 BKREIZHT HBTHBE

FER T LT R R OB K E B R me lZxHT BV R Q. DBIfR% Fig. 4 (a)-(c) 1T~d . BAsciigid=(2)
TROIAGEEH T2, WKOERFTEIY, 0<m<02kgls OFPHTHZ 2. ZOW, HBAKADREILSCRBID
10°C, BEZEEAKS 7 NOIREIL 35CHE L N40CE 5 272, &2 TOSRMTENT, BUSiElT 0.=500~ 1400 W

1500 T T T T T 1500 T T T T T T 1500 T T T T T T
' , ] SRS S |
: 4 %} :/_ [o3 3 A 1 :A A
1000;% % % N 1000§g % % i 1000§§ & § ]
= H 5 I 1 = °8 8
2 lgg ® 2 s Z, - 8
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0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4 0 0.1 0.2 0.3 0.4
me [kg/s] mc [kg/s] me [kg/s]
(a) TP-1 plate (b) TP-3 plate (c) TP4 plate

Fig. 4 The heat transfer rate of the cold-water side against cold-water mass flow rate
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DHFIPAITRH DN, ETo, WTNOERMFIZENTHAKEEREOEIIC Y, BUSHEREIL TS, L
L, WKEEIE me> 0.1 kg/s IZBWT, ZOZICE O PIIFEEDMEE T Z Lotz £z, RER
FERMIZ LD HITIZWT O T A M7 L— MIBWTH, HKAREOERN IS XIONEK Y 7 IEOEN
FNBAHAENE L 2D LS.

4.2 HKFHEICHT ZHERE

FEBR TG DAL EERE 2R DIM7KIER Ve 25t 2 2l U O RAfR % Fig. 5 (a)-(c) (3. mKitdiZm /K E i
Hme ZR(O)THFH L72b DO THD. Fiz, HH INImKiHIC X2 RERPHIZ0<V.<05m/s ThD. MK
AT S LOEZERAK Y 7 NOIREIZOW T 42 i Tl _IfE L [F—Th 5. Fiz, BudEimsE UL U=500
~700 WK DfEZ R L=, Fig.5 L0 WFHOT A R 7 L— MZBWTH /U OfflE, RRROG/KFHEEH CIX
VVelZxt L CURE—CE D Z T Z E 5. £z, TP-1,3 O 1/U DEIHKIFIER CTH 7225, TP-4 D 1/U D
EIX TPL, 3 L0 KEWMEZ/RL TS, DF Y TP-4 OEGEERIL TP-1,3 DZN L VKN Z LRS00 5.

107 ———r———— 10?2 ———rrre———mer 107 ————r
£ E Cold Hot E Cold Hot} ]
r r O 5T 35C r 0 5C35C| 1
r 1 r 2 5C40C] ] r & scarc] ]
[ [ O 10°C 357 [ O 10C35q 1
O 10°C 407 g O 10T 40
8 &6 8 0 8 8 g
2 0%k ¢ 1 2% 6 8 6 8 1 2 100k 1
a Cod ot ] b ] b ]
b o 5C35C| A b b 4
A sC40CH |
O 10T 35
< 10C 40 {
10-4 N T N 10’4 N T N 10-4 R BN NI
10° 10! 10 10° 10! 10 10° 10! 10
Ve Ve e
(a) TP-1 plate (b) TP-3 plate (c) TP4 plate

Fig. 5 The overall heat transfer coefficient against cold-water flow velocity.

4-3 HI[EEREICHT SFEEGRMMEER

FLR TR DAV BEMRR O ZR VB IR & my | S%ET 2 A REREMATESR hy OBIFR% Fig. 6 (a)-(c) (Z-d. ke
FEBMEEER by IZENEIER U L KT A b7 L— FRIFICET 5 BRI ESR he D2 @A T D Z L TR
Wiz, WTNROT A 7 L— MIBWTHARKE BT EOIINCEOEERRMEER NN L. T AT L—1]
OFFAIZ L AL TIE, WINOIEAY 7 - ik ADREE, ARREERESRFICEBWTY TP-1, TP-3 O a2—7
4 T TR T L— MEBHE O ERREAERIX TP4 OF 2T L—FDFNLY REWZ NS5,
72, TP-3 DRHFEMEER DN R @2 LD D. —F, [A—0O7T A N7 L— MIBT DEHEEMRER O
BT, AR 7 IBEEAENTT B 2 NI /AK A DREDS B, BEEEMREESRD & < 7 DEmA R Sz,

3000 3000 3000
B
Cold Hot Cold Hot 5 * a Cold Hot
o 5C35C o 5C35C © 5C35C
o 15 OG%“‘%OSG% o 15&43052 S a 1S ogcios(f,
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= 1000} oo 1 = 1000F & 1 = 1000} g 0% 1
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[x107] [x107] [x10™
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(a) TP-1 plate (b) TP-3 plate (c) TP4 plate

Fig. 6 The averaged condense heat transfer coefficient against vapor mass flow rate.
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4.4 FEBETRAOEFEICKLZFHEHRRMEERDOHE

ARFEBR TG O NI AERRENE T R 25 F 72\ KRR O FEEJEREEMA R hy & MRS 21T o ToAREERENE 7 A
ZE T e KIRR D PR ORER R (15D, 2016) & DOL#L% Fig. 7 (a)-(c) (23 Fig. 7 (a)-(c) Tk
WTNOT A R T L— MZBW T HRKEETE my ORIERFHN R > T D 72 il oo & B 72 Lk 38
LAY, B L TV DI EHRIPHCHERATT 5 &, TP-1 & TP- 3 T S NS REREIE Y A DEEEMEIER O )
EVMEZ R LTS 2 ED3bnnd. —J7, TP-4 OEAIXITIER UEZ/R Lz, HICHZRIEZ (R AR KL
119 7T v 2 A ARAIEBICIBN T, RERFEME T A X D EEEMR RO ENH 5 Z LR 5
Meieotz. F=, TAIEEMT L — FOEREPMREROFMIC W TH a2 iK% EThH D 2 L D3R
.

3000 T T T T T 3000 T T T T 3000 T T T T
.
® With noncondensable gas ® With noncondensable gas ® With noncondensable gas
4 Without noncondensable gas 4 Without noncondensable gas 2 Without noncondensable gas
a
. o a
2000 . ab® B 20001 ° & 2000+ b
N M N
& e S &
g o at E e * g
= = =
3 e 3 3
> 8 M0 = . of a
= 10001 . YR = 1000f o o E = 1000f on o0 :
. ‘_’ ol oo L] 2aRd
[ . v
Y - .‘ ° s P 4%?%
;ﬁ N 30. o .
0 = | I | | 0 *, I I | | 0 I I I | |
0 1 2 3 4 5 6 0 1 2 3 4 5 6 0 1 2 3 4 5 6
t 4 x10*
my [kg/s] b07] my [kgls] [x107] my [kes] x107]
(a) TP-1 plate (b) TP-3 plate (c) TP4 plate

Fig. 7 Compared of averaged heat transfer coefficient between with and without noncondensable gas.

4.5 FEFHBREMEEED NuBICk HEE

FER T DT BN gR O PRV b IOV T, (8), (9) TR 7= Nu Bk N Re Bz L 288247 -
7. ZOFER% Fig. 8 IZ/RT. Fig.8 KV, ReBOENNZLE, NuZEBML TS Z EnNhnd. TA T
— hOFEIEIC X BB TIE, TP-3 O Nu i i< TP-1 BNl bRV Z L8 bns. 2D Z b, EKEKt
WEEICBITAEMCIE, IBELET A IAET L — FOBEWERENT Z o L VBN THNAZ ERHLNTH A,
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