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Experimental study of marine biofouling for the plate type
heat exchanger with sea water cooling
— Effect of sea water temperature —

T]unya Ichinose!, Tarou Takami? Tetsuya Nishida' and Norihiro Inoue®

An equipment, with a plate heat exchanger, for testing seawater side fouling was operated for an extended
period using seawater as the cooling heat source. The degradation of seawater side heat transfer
- performance with seasonal changes in seawater temperature was compared and examined. The following

results were obtained:

1) The overall heat transfer coefficient decreased by 21.2% in winter and 21.9% in early summer compared to
that at the start of the experiment. No significant difference was observed under the investigated

experimental conditions.

2) The percentage increase in differential pressure was larger than that in overall heat transfer in both winter
and early summer but the difference was still only a few kPa.

3) The estimated wall temperature at the seawater side was suitable for biological fouling in all seasons.

4) The fouling factor 30 days after the start of the experiment was 6.104 x 10° m*K/W in winter and 7.01 x

10° m®*K/W in early summer.

Key Words : Plate type heat exchanger, Biofouling, Overall heat transfer coefficient, Fouling factor, Sea water
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Table 1 Specifications of the test heat exchanger
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Fig. 1 Schematic diagram of the experimental apparatus
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Fig.2 Experimental apparatus (General view)

Fig.3 Test heat exchanger
(Plate type)

Table 2 Experimental conditions

2016/11~12 2017/5~6
Electric water heater setting temperature [C] 47~48 47~48
Warm water inlet temperature Twwr [C] 38.8~40.3 41.1~42.3
Warm water flow rate Gww [L/s] 0.56~0.57 0.55~0.57
Sea water flow rate Gsw [L/s] 0.32~0.34 0.32~0.33
Velocity of the sea water side v sw [m/s] 0.18~0.19 0.18~0.19
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Heat flow rate of the sea water side [kW]
Fig.4 Heat balance of the test heat exchanger

421 BEBRFROBREL (ZHE1L)

FighlZ, XAFEB L UMEIZ BT 5 BB BRBOE L
%R T, IFOMPELE, AHPPEDTF—5 Thb,
B & b EERBAMEIED H30HZBESN T TORBZIT) &,
AZFIBVTE, ERBBRICTHEEREOMEIZ410
W/ (™ K)Th o 7255, ZEHKTHICIZ3475 W/(m?-K) %
TETL, BEBRMII212%ET Lz, 37/, WECS
WO, SEZERBIMAREIC X BB BRK OMEIZ4250 W/(m*-K)
Tdh o 7255 EER30H #12133320 W/(m?-K) £ TETL
HoBBIREII219%ET L7z, Fige SXVAZLYER
Bi5E, AROHPHRBAERBOETEHEIETAEL
BZoTwhEIRXRFTIOLNDLY, KRELZERIRONE
ol

4.22 EEOHEFEE (FHEL)

Fighlz, £%5 X MBI B 5 EEOEBELEF
o BHPOHNELSE, AMPABEDT—5ThHb, KLY
ERBFAE D 530 #H8E A I TORKZIT) &, AFIC
BWTIE, #AROEEII58kPaA 565kPak 22 0, #
07kPa (#12%) EH L. /2, WEIZBWTIE, #k
B D ZEE 1353kPad> 566kPak % 1, #1.3kPa (#125%)
LA L7z 20164E11H LB % L BT EREFEIKRE L
o TWwh, £F - PEVWTNIIBWTLEEO LREE
BEBBREOBE LB LTREL L EoTWAED, WY
NLEKPaDHRAIZL L o7z BE T L — MBS
WKBWTIET N FrEREFHC X D HEESILOILE - &

6000 T T T .
o Tem:23~25[C], vgy: 0.18~0.19 [m/s]
(2016/11~2016/12)]
- A Tgy: 28~31[%C], Vgyy: 0.18 ~0.19 [mis]
g 5000L (2017/5~2017/6)]
[&]
2
(]
S I5%m
o ¥ AL
% Iz 4000F ]
[
8§ =
z 2
(0]
(]
<
‘=,E 3000F 1
[J]
>
o)
0 1 1 1 1
200 0 10 20 30 40 50
Day
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and day
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Fig.6 Relation between differential pressure of the sea
water side and day
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water side and day
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il

5. #&

7 b— M RESTHRE T W KRG N EREE 2 v
T, WREHHBFEE LCRBMEEREL, FHEL Bk
BEZEAL) 12X 2RGSO W T BT
24T o7

1) BUBBRBOBRBEIICOWT, EREBERE L
TEYTIE212%, AETIR2NIRET Lo RER
ZHTCRRELERIRON G o7

2) ZEORBERICOVWT, £F - PEVWThIIBWT
DEED ERHEIHBERBOBE LB L TR
%o TWwBE, WTFNdEkPaOFHIZE EE o7z,
BETL— PRBEZHRBIIBW T TV FVERED
FHC & HEESHILDIBIE - MBOMAERIEERT S
ZEMThNTV S, REBRERL) 7V FER
FESIENC L D e b2 BT 5 Z L I3 ICREE S
Bbhs,

3) WARNEATMREORRELIZIOWT, ERETRD
BRIV ThoOFHICBWTHEYERIZEL 7
BEIZZoTWicbEZ NS,

4) BFEIREOBERELICOWT, EEREB0HEE%RD
AT, AFIBWVWTIF6104x10° m* K/W, BEIC
BWTiF701x10° m* K/WE o7z,

SHROBEEL LT, FEBREBIZOWTIEKAOGH
B OMED S, LABICBWTHEKBER0TULEES
Ko TLEWEHELMOKBLHL,ICT 2 2 LA EE
THo I RERRASARMBOWBRTELEMBLTHBY
HABRBRTRETA I LICL D, SRIEKEE, #k
RREDOFREE, B2 BB DR RS % Mkl L THREE
LT FPETH 5o

I

AL, FR29F EAREFEFER S ESIC X 5HF
RTHb, 77, HASHOBREEIFICISERE B
THWwie ZTIZWELTHEZET S,

EVI =
4 N L [m?]
c, it [J/(kg-K)]
D, LB E (m]
k SR [W/(m* K)]
m HRTE [m*/s]
Nu Xk MK [
Pr 75 v PVE []
0 E L [W]
q BRI [W/ m%]



re
Sw
ww

1)

2)

3)

4)

5)

6)

7)

8)

9)

WG HE T L — P AR O EWHIRICHT 2SR 7

PEPRTY [
HhARE [(m2-K)/W]
I [C]

B [m/s]
HETFHREZ K]
BARIZIRE [W/(m®-K)]
BRI [W/(m-K)]
TE [kg/m?]

- iy
A0
o
AXE
K
Bk

X W

NEEARE  BSREROWRIZL SBEL ZOMK. B
& B, W5, pp.127-136,1994)

BHH, =B8R, LEER, ELER, ERER,
HhEIFE, $#E%%57F, Craig Farnham, ###—
TKEEINEA BRI OTE NI 2 BREWIRE. 22X
M - HETZIARIRAMMAERESHE,
pp.297-300, (2013)

bR, AW, S, ERiEZ, hgEE,
FREER AV A—-varvEHV 7L — bRETHR
FOWEAEWBEICHT 5%, HEEBMESH LR
(BiE), 61%, 586%, pp.303-308, (1995)

HESA, EHAWE, RARM—ER, Hxk : iR
TV FRARMBORREMRFIZL5HES AT
A, KETLZ, Voldd, No2, pp.79-84,2007)

WEHE, INEERLE, ZE—IE BR, KBERBIUK
OYEMEICEET 2 FRRORE. WNKZEEERFH
S, %665, pp.8l-95, (1977)

B A 2 AR 3 L5 OB T ET S550,(2009)
UNESCO, Unesco technical papers in marine
science. 38(1981)

R RRER KRB LHERR A S e & N5 R I B
AN F— O FAERCBT D58, KERFERKES
FrgERHE LR, (2017)

SJPUGH, GFHEWITT, HMULLER-STEINHAGEN:

Fouling During the Use of Seawater as Coolant-the
Development of a User Guide. Heat Transfer

Engineering, Vol26, No.l, pp.35-43, (2005)



