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Heat transfer characteristics of plate heat exchanger for desalination
using deep seawater in Kume Island
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Abstract

The spray flash desalination system continues to attract the interest of researchers owing to its
application in ocean thermal energy conversion. The system consists of a flash chamber, fresh wa-
ter tank, vacuum pump, and plate type condenser. The desalination system requires a plate type
condenser with good performance in order to improve overall system performance. The material
used for the heat transfer plate of the condenser is usually titanium. However, the use of another
material, such as aluminum alloy, is proposed by the author to achieve cost reduction and improve
heat transfer performance. Furthermore, a special coating aluminum alloy plate is proposed as ma-
terial for plate condenser of spray flash desalination system because the aluminum alloy has low
corrosion resistance against seawater. In this study, the heat transfer performance of the material
and its corrosion against seawater were investigated using deep and surface sea water of Kume is-
land of Okinawa Prefecture. The plate heat exchanger incorporates three kinds of aluminum alloy
plate coating, and its overall heat transfer coefficients under flowing seawater were derived. The
three coating materials are 25 ym and 100 um thick PEEK and 5 um WIN KOTE", respectively. In
addition, evaluation test for heat transfer and corrosion test of the heat exchanger under flowing
seawater were also conducted for a five months period. Results show that out of the three materials,
the 25 um-thick PEEK coating plate had the largest overall heat transfer coefficient. The overall
heat transfer of the three materials did not change during the five months test period. However,
only the WIN KOTE" coating plate corroded owing to corrosion effects of the seawater.
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Fig.1. Schematic diagram of the experimental apparatus.
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Fig. 2. Design of test plate.
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Fig. 4. Test section (PHE) .
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Table 1.  Specifications of test plates.
TP-1~3 TP-4
Material Aluminum alloy (A5052) Titanium
Number of plate 4orl2 4
Number of channel (Hot/Cold side) 3/2 or 7/6 3/2
Plate thickness d [m] 15%x10°° 05x%10°°
Total heat transfer area As [m*] 6.7x10 %20%x10"! 8.0x10°2
Total cross section area of flow channel Ac[m?]  3.15%10 %7.35x10* 449%x10°*
Thermal conductivity 2 [W/mK] 140 22
Equivalent diameter Deq [m] 3.00x10°° 416%x10°°
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Fig.5. Comparison with overall heat transfer coefficient
against surface seawater velocity before the five-
months period test.
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Table 2. Coefficients of Eq. (8) for each test plate.

Table 3. Coefficients of Eq. (11).

Co Cl CZ
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Fig.6. Correlations of overall heat transfer coefficient

against surface seawater velocity.
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N7 B IREROREIFELZ R~ T, Fig 8(a) IZEREK,
R OWRRE, Fig 8(b) IZFEK, #EEKDT
A M7 v a v ALREORFZILERT. wih
DIELPEEHIZ L > TRELEH LTS Z EDD
72 %. Fig 8(a) O FIEK & XM= % 2 L/min
£ 5273 ®D05-25L/min O FEFH T, EIEKILE
b1-3L/min DHFHCTEB) L7z, FFIZ, KEKDI
wIXT2HE2592HH F THEA WA L. Wi
HKIZAKE OTEC DMK IUKE 2> H 37K ENT W5
7280, £ ORRMEIRIE R RERKOFFIRREIZ & > TR
X EBT A, —J7, Fig 8(b) & ) KEAKAITIRE
1£30~20T F TRA A LT 5. g5
M8 A2 5 F 1AM F CIrbh /-0 FHIZH)
kb Ths. B, 15HH, 47HH, 137HH
51652 H BICH#KOREDNTIZ0E 8> T,

800 T T T

1 IL 1
0 50 100 150
day

Fig.9. Time variation of overall heat transfer coefficient

during the five-months test.

F72, 4HH, BBHHIZOWTIE, EECHELGOE
W) TFT—=5 a0l =D EN Do 727
O, MEMNREDOT =T 0% R L T\Wab.

Fig. 8(c) 1&fEK, HEKOTA Mt r ¥ a i
FIREE DR A L Z RS, EBRBMG 547THHF T
OMEKOIREIXIFIZFE CEEZRL TV 5547HH
5125 H B £ TERA ICIHREENHWTW E, &
HEZASTZEE R LTV D, B IR E
X, ALNRE, MEBIUTZOROBZHEEIZL -
ThkFELH. TIZTIE, $9Fig8@) OFKRTRLL
£912, 72~92 H ORI E DR 2 1294
LTCWBOICHLT, EEKEREIZIEZ—ETHD.
%72, Fig.8(b) T/RL7-M#EKD AITRE D 1ZIT—
ETHDH. LoT, REKTEOKTFIZELSEEK
7> 5 OB DR T, EEARMO AL S D
W LADD R oz, #ERMICEBEKREIH OO
HEPE AT LS EERLTWVS,

INHOEDSEE SN BGEBEED S 7 H ik
LI B 2 RERE2L % Fig 91R§. 2l
FIIATHHZBEIC, ZORIBTHEIBENL Tw5
ZENG,E. ZOELIET A N T L — N OfREME
REDZAL L E 2 5N b —T, WilKkOiES LA
RELZEFNH L s, KETEADT A b
7L — MIOWTHEEZ 1T - 72,

3.3 FX NS — MzBEENDRE

HKDT AN T L — bADOFEEIZOWTHERT S
728, TP1~3D7 A 7L — b D574 H ks
Boa—74 Y HOBRIZ L 28185217072, H
FHICHW T AN T L= NEEBITa—71 27
W CEAD RO NI - b, AR EFT IS



AKBEPERTEK & FIUH L 727K kAL 7 L — b REBSSHRER O fm 8 RE

"DW SW DW SW
(i) All tested plate

> oo b b
DW SW DW SW
@) All tested plate

23 5 15

(i) Enlarged changing portion at DW side (ii) Enlarged changing portion at SW side (ii) Enlarged changing portion at DW side

(a) TP-1 (25 um-PEEK)

(b) TP-2 (100 um-PEEK)

(c) TP-3 (WIN KOTE)

Fig. 10. Photos of each coating plates after the five-months test (SW: Surface seawater side, DW: Deep seawater side).

WTHLKR L2 BEE % Fig. 10(a) ~ (¢) 12”7, $7,
Fig. 10(a)-(i) B & U'Fig 10(b)-() (278 L 72 TP-1 &
TP20D 7 A N7 L — bO¥E, FEKH (SW) O
TL— FO&, HEKPHAD T B ROEDHH A
BELTWDL I EDPBIEIND. I, RKEKIZ
£ TIE% L, ERKIHROREHROIET
HHZEPHLEN > TWAHTZD, TS OE
fLIZOWTHIZEZ T 72,

Fig. 10(a)-(ii) |2/R§ TP-1 DKM (DW) O ifF
K AODREBIZE T —T 1 ¥ F DM L7255
BEFBREINT. TOEBITHEES (2016b) DFE
T—F 4 Y IMEMFEH LT V=T HE T CTOR
ARBICB WO FMAERIBIEIN, 5102
DEGLEOYIMTHOBLEIZ LY, a—FT1 ¥ TO%E
HRBMTHETVIBEDOBEI o722 LB
BRENTWE, CORKELT, a—74 7%
2554 L -5 aoiEic L bu—TYa v
ThbHEHELTVD. REBRDIRESLMTIIIIE
EESE L RS, KM % 2.2~6.6 cm/s FEE T HEK A

WA HE S 5720, A S (2016b) DR & [F
ﬁ:,@%&iélﬂ~ya/fééuk#%z%

nan. Fro, REBRTIIZEIOBHEIZ I THN
TWARWD, [T —T 1 ¥ ZOHEERL M OIE

B3z wboltyPHsns.
—7J7, Al UPEEK ¥R CIE S 887 5 TP2 D4
Fig. 10(b)-(ii) (2Bl & L CR§ L H 2B mIBig s

Nhapofz, ThEa—T4 Y TESPTP1DOK
METH DD, Tu—Ta XL EMITTE
LlaholzbEZOLND.

Fig. 10(c) ®WIN KOTED ¥4, a—7 1 ¥ 71
—HHAELELLTWE I ERDbRrD

Fig 10(c)-(il) TR & ) 1B AT N
WHRIZERPLTEY, KR OIS O MTE L
72bDTHhol. TOWGEIY BRWtkoa—
TA Y TRMEBELZEZA, I—T 4 Y TH%E
EIZHEEL, BMABELLTWD I EPHL 2L
FoBELLBMIIBEL TV 2o
BEZHMAOORELIZER L TWD T Ehn, ik
COBBIZE AT O —U a YEZ NS, Ko
mOfEOBEE LT, pkorn—T3 285
FIBE—~ B OB AE—IE G O FENEZ 2 515,

ol

LB, FHEEOLWEIIZOWTIL, OO EI R
o7z,
574 A EE 2 £ 0 TP-1, TP-3 D K H A TR

FOMKIZE BEMB L ORBESTEAE L7228, Fih
DA DI TP-2 TOEALIIBE S e h o 72
72, TNHEDOEALIZOVTHWT LY EEDOFTK
WCEBRETHS2720, I—T4 Y TESOHRE
WX D KR ATIRETH 5.

3.4 S5HPEFEEICH T B EBRBRDLLSE
KT AT L—bFD5H FEGERE I X A {REE



16 HIEHEE - R

1000 T T . . . :
L m, [L/min] 1 2
Beforetest ® ©
800 | Afier five -month test & 4 7
— F LN
N
&~ 600+ _
E L A A o
Z 400 | *a° .
=) | ¢ o
2001 B
1 s 1 L 1
00 0.2 0.4 0.6

Vi [m/s]

(a) TP-1 (25 um PEEK)

1000 T T r I - :
L m, [L/min] 1 2
Beforetest ® ©
800 After five -month test 4 & ]
¥ 600k ]
NE 600_
Z. 4001 R ‘o A
= i At ea ° L,
200 °® a B
r N
0 A 1 L 1 n 1
0 0.2 0.4 0.6

Vi [m/s]

(b) TP-2 (100 pm PEEK)

1000 -
L m, [L/min] 1 2
Beforctest ® ©
800 Afier five -month test A 4 7
= |
&4 600F A
£ A
o
Z 400k . o % -
N | Ae
[) A
200 ¢ * .
L AA
n 1 " 1 n 1
% 0.2 0.4 0.6
v, [m/s]

(c) TP-3 (WIN KOTE)

Fig. 11. Comparison with overall heat transfer coefficient
against surface seawater velocity between before and
after five-month period test.
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