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Abstract

The Ocean Thermal Energy Conversion (OTEC) usually uses plate heat exchangers as evaporator and condenser. The heat
transfer plates of the plate heat exchanger are usually made of titanium, because the material has thigh seawater and ammonia
corrosion resistances. However, the titanium plates have high production costs, therefore, the heat exchanger using the material
plates is also high expensive. Then, the new materials as a substitute for the materials are required. Incidentally, the aluminum
and aluminum alloy have high thermal conductivity material and is inexpensive one. The author considered that using the
aluminum as a material of the heat transfer plate for the heat exchanger. However, the aluminum has low ammonia corrosion
resistances. Then, the aluminum plate was surface treated by high ammonia corrosion-resistant material. In this study, the new
herring-bone aluminum plate was configured and surface treated the plate by the anodic oxidation (AO) method. The aluminum
plates were installed in the plate heat exchanger as an evaporator. The measurement of the overall heat transfer coefficient and
the boiling heat transfer coefficient of ammonia of the evaporator were performed. As a result, the overall heat transfer
coefficient has weak effect on velocity of the heat source water. It was found that the surface treated aluminum plate could use
for an evaporator, which is flowing the ammonia as a working fluid.
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(a) Hot water — cold water heat exchange experiment.
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(b) Ammonia forced convective boiling experiment.

Fig. 1 Schematic diagram of experimental apparatus.
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T U— b EFEAT D TR LTz, Fig. 2127 A 7 L— hOSMELEHE, Table 1127 A M7 L— hOFEITLE R
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Table 1 Geometrical data of the test plate.

Length l [mm] 350
Width w [mm] 100
Thickness t [mm] 1
Gap size 0 [mm] 1
Wave length h [mm] 247
Wave pitch p [mm] 8.13
Chevron angle p [deg] 45
Number of plates n [-] 4
Overall heat transfer area A4 [m?] 1.92x1072
Thermal conductivity k [WmK] 225
(A1050)
Equivalent diameter Dy [mm] 2h
Fig. 2 Design of test plate.
Table 2 Specification of test section.
Number of plates on test section 4
Number of channels (hot water/ working fluid sides) 32
Total heat transfer area 4; [m?] 7.698x107
Cross-sectional area of working fluid channel Acyy [m?] 2.057x10*
Length of the heat transfer area of test plate /o, [m] 0.239
Thermal conductivity of A1050 aluminum & [W/mK] 225
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AR TR TR AR 238 D IVEREER DM /K CIREIS NS, mKITEEHEE 1 22 ofifasis. @BmiRED 7 >
FE=TIHMEBASZ 7 IR, BORCFICED T A MY g 0k bi, (EEIARNEZTERT 5. £
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Table 3 Experimental conditions.

(a) Hot water — cold water heat exchange experiment. (b) Ammonia forced convective boiling experiment.
1,2,3,4,5,6,7 1,2,3,4,5,6
Hot water flow rate [L/min] Hot water flow rate mx
([m/s]) (0.081, 0.162, 0.243, 0.324, [L/min] ([m/s]) (0.081, 0.162, 0.243, 0.324,
0.406, 0.487, 0.567) 0.406, 0.487)
Cold water flow rate Working fluid mass flow rate
. 1(0.081 3.5,5,7.5,10, 15
[Lfmin] ([o/s] o o tkgh] 7.1,10.1, 15.2,2.03, 3.04
Hot water inlet temperature 30. 40 (Mass flux [kg/m?s]) (7.1,10.1,15.2,2.03, 3.04)
[°C] ’ Hot water inlet temperature 30,40
Cold water inlet temperature 510 T in [°C] ’
[C] i Working fluid outlet pressure 700
P [kPa abs]
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& Z AT, Wilson(Wilson, 1915) 1%, ZYROIIAK S BYRERORMRE LT, 4Ly 7y MEZREL T
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Ko, VU & 1V, OFEEBRZ R, ZDOMBEXN 5L BIE Cn 2 W T, IBKDOBMRESR hy, &
WA TRD Tz,

1/hy = Cpi Vi ®
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WIDIZEGEIER U, [Wm K] ZRATRDT-.

Uwf = Qn/(As ATlm,wf) 9
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Qn = MpCpp(Thin — Thout) (10)
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—F, TrEu=TRBVRER b0, BUEEER U, [WmK], EAKBOBYRESR b, [WmK] LT A 7 L— b
DOEMRIEF k [W/mK]FE L OVE S ¢ [m]DfEZ W TIREKDBRN HRO B D.

1/hyr = 1/Uys — (1/hp + t/k) (12)
B2, EEVEEOBII WS T A M7 v a A O X B x 13RS TR =,

x = Qh_qub_qup (13)
mWfL
Z 2T LI, my IEEAOEEIRETHD. 72, Oup Oup 1LIBHIR & BRI C 51T DB E T
HDH. BT, FERIAMIAODLT 2L —DfE L, BUciii & (EEfiNEEREO L LEBND
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Fig. 3 Overall heat transfer coefficient against hot water

. 03 S
velocity at anodic oxidation test plate. Fig. 4 1/Uwvvs. 1/V3" at anodic oxidation test plate.
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Fig. 5 Overall heat transfer coefficient at anodic oxidation test plate.
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Fig. 6 Boiling heat transfer coefficient at anodic oxidation test plate.
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