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Boiling heat transfer enhancement for ammonia

using micro fabrication surface on plate evaporator
(Effect of micro groove direction)

Hirofumi ARIMA*S, Nobuhiko MATSUO, Keita SHIGYOU,
Akio OKAMOTO and Yasuyuki IKEGAMI

* Institute of Ocean Energy, Saga University
1-48 Kubara-aza, Hirao, Yamashiro-machi, Imari-shi, Saga 849-4256, Japan

The experimental study has been performed for the heat transfer enhancement in ammonia on this new
plate evaporator which treated the surface on the micro groove. The micro groove is depth of 30 micro meters
and width of 200 micro meters. The local boiling heat transfers were measured on the evaporator surface using
10-thermocouples inside evaporator. For comparison of the heat transfer characteristic of the evaporator, the
local boiling heat transfer coefficient on a flat surface and two micro grooved surface which have vertical and
horizontal directions to ammonia flow, were measured in a range of mass flux (2 - 7.5 kg/m2 s), heat flux (10 -
20kW/m?), and saturation pressure (0.7 - 0.9 MPa).

The result shows that, the local boiling heat transfer coefficient increased with an increase mass flux,
averaged heat flux and vapor quality in all surface conditions. The heat transfer coefficient of horizontal and
vertical micro grooved surface was larger than that of flat surface. Especially, the horizontal micro grooved
surface had best heat transfer coefficient. In case of low vapor quality which was in nucleate boiling region, the
heat transfer coefficient of horizontal and vertical surfaces showed large increment from that of flat surface.
However, in case of high vapor quality which was added the slightly effect of convective boiling, the heat
transfer of vertical surface showed small increment from that of flat surface though that of horizontal surface

showed large increment.
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1. Test plate (Evaporator) 2. Pre-heater 3. Condenser 4. Working fluid tank 5. Sub cooler 6. Electric heater
7. Cold water tank 8. Refrigerator 9. Hot water tank 10. Working fluid pump 11. Hot water pump 12. Cold water pump
13. Mass flow meter 14. Volumetric flow meter 15. Degassed valve 16. Release valve

Fig. 1 Schematic of experimental apparatus
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Fig. 2 Assembly of test plate
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Fig. 4 Configuration of thermocouples inside test plate
(Detail of circle “B” area of Fig. 2)
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(1) General view

Ti thin flat surface

Ti thin grooved plate

(ii) Side view

Fig. 5 Photographs of three test heat transfer plates

(a) S1: Flat surface, (b) S2: Vertical grooved surface, (c) S3: Horizontal grooved surface
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Fig. 6 Detail of S2 and S3 plate surface

Table 1 Experimental Conditions

Working fluid Pure ammonia
S1: Flat surface
Plate surface S2: Vertical grooved surface
S3: Horizontal grooved surface
Plate substance Titanium
Mass flux G [kg/ m’s] 2,5,75
Average heat flux
g W/ 1) 10, 15,20
Saturation pressure
0.7,0.8,0.9
Py, [MPa]
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