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Heat transfer performance of plate evaporator with U-type fin
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Abstract

The two demonstration systems of Ocean Thermal Energy Conversion (OTEC) are already operating at Kume-jima Island
of Okinawa prefecture and Hawaii. The system requires the more efficiency heat exchangers to improve the efficiency of the
system toward to the practical use. In particular, the improvement performance of plate evaporator is important. Many studies
about the plate evaporator are performed. In order to enhance the heat transfer performance of the plate evaporator, some heat
transfer surface configuration, a surface micro-fabrication method, and arrangement of the flow direction in the evaporator
were reported. The heat transfer surface which is treated micrometer order micro-fabrication method has been adopted to the
plate evaporator of demonstration OTEC system in Kume-jima Island. This micro-fabricated heat transfer surface has good
performance against without heat transfer surface. In contrast, the authors proposed the new type evaporator which has U-type
fins mounted on the heat transfer surface made from stainless steel to increase the nucleate boiling. In this study, the overall
heat transfer coefficient was measured and boiling behavior inside of evaporator was observed using the visualization apparatus
during heat exchange between FC-72 and hot water flow on the thirty-six U-type fins plate and without plate. The result of that
the U-type fins plate has about 60% larger overall heat transfer coefficient than without flat plate at the same flow conditions.
According to the comparison of the boiling behavior between different surface plate, the sub-cooling area of U-type fins plate
is smaller than that of the flat plate. The effect of the U-fin on the heat transfer was confirmed.
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Fig. 1 Schematic diagram of the experimental apparatus. Fig. 2 Assemble of test section.
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(a) Flat plate (Plate-1) (b) U-type fin plate (Plate-2)  (a) Photo of U-type fins (b) Design of U-type fin
Fig. 3 Photos of two types test plate. Fig. 4 U-type fin.
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Table 1 Experimental conditions

Plate -1 Plate -2
Heat transfer surface condition Flat U-type fins
Mass flux G [kg/m’s] 95~175 8.9~20.1
Inlet temperature of hot water Tyz[C] 52.9~53.2 52.5~53.1
Pressure P;, [kPa] 95.9~98.3 99.7~101.8
Heat flux g [kW/m?] 1.6~25 29~39
Heat transfer surface 4 [m?] 0.06 0.063
Cross sectional area of hot water flow
1.50 x 1073 1.50 x 107

channel 4. [m?]
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Fig. 5 Overall heat transfer against mass flux under Plate-1 and Plate-2
at mpyy = 0.065 kg/S, TWF,,',, =53 OC, PWEin =101 kPa.

4.2 BEBREDRKEICKSHLE

Fig. 6 |Z Plate-1 |23\ C, {EENRIAROE &R (G=12.5kg/m), TEENRIAADIRE (Tyry=53°C), TEEhRA
ANIET) (Pwgim =101 kPa) —EDMTEH X IR, IRKDFEE Vigy DZEACITTHT D EEE=R U OBEfRE R~ T
Fig.6 £V, WINOARENEIZIB T HIRAKTGEOHEIM L, BUE@sE N8I 2 2 L B30 5. TKtEOH
I BGEIE RN DL, FIZ A S SRS Tl — 72 b D &L LT HN TN DA
A RO FEBR CIIA TRAROBA BRI N AN SN TWDENRR S, ZOZ b, WTHTH > T b5k
LRRRIMEM 2R 2 E NS, £, BRI OEWS X AEGEIRR O TIE, Fig. 5 [AEEIC Plate-2 MDEA
WENKERMEERT. £, ZOERKFGEEEHICE O I I D OEERIC L 2 BuBEROMO LK) 1.6 {4
LIEF—ETHDLENDD.

Plate-2 DAEBRAMNAEANICISIT D U T T ¢ o ORBIBIREIZ X 22050, WK S ONEEIC L 57,
Plate-1 (Zxf L CHUILEI L CHEOND EWV 5.

21



22 AR, NUSEE, TEHEBED, PR

T T T
200F -
— e * °
& °

E 100+ A -

)
A Plate-1
® Plate-2

L | ! 1 L | L
0 0.02 0.04 0.06 0.08
V [m/s]

Fig. 6 Overall heat transfer against hot water velocity under Plate-1 and Plate-2
at G = 12.5 kg/m?’s, Tyr,in = 53 °C, Py in = 101 kPa.
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Fig. 7 Comparison of boiling behavior at the working fluid side between Plate-1 and Plate-2
atG=14 kg/mzs, TWE in— 53OC, Mmpw = 0.065 kg/S
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