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Liquid-Liquid Direct Contact Heat Exchange Using a Perfluorocarbon
Liquid for Waste Heat Recovery
(Heat Transfer Characteristics obtained with Perfluorocarbon Droplets
Descending in a Hot Water Medium)
Hideo INABA, Akihiko HORIBE,
Koichi OZAKI and Naoki YOKOYAMA

This paper deals with the heat transfer characteristics of a liquid-liquid direct contact operation
in which a Perfluorocarbon (PFC) liquid is released in a hot water stream, a low-grade heat source
such as urban sewage, for the purpose of heat recovery from it. The paper reports on a set of
experiments in which a PFC liquid (1 800 kg/m?® at 20°C) was continuously injected from a single,
downward-facing nozzle into a slow, upward flow of hot water to be disintegrated into droplets
descending in, and thereby heated from the water flow. The results of the experiments show how the
size distribution and the translational motions of the droplets affect the overall coefficient for the
water-flow-to-droplets heat transfer and also the temperature effectiveness for the droplets.

Key Words: Direct Contact Heat Transfer, Natural Convection, Heat Transfer Coefficient,
Perfluorocarbon Liquid Droplet, Temperature Effectiveness
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BEBOREHLL O ERICRTO, @ Test section @ Water tank ® Pressure sensor
Physical properties of PFC (20 °C) - B To enretor® pre @ pre e
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@ Water flowmeter | :Thermocouple

1830kg/m3| 1.1kJ/(kg-K)| 0.066W/m-K | 0.042N/m

Fig.1 Schematic diagram of experimental apparatus
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Fig.2 Cut view of test section
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(a)Single droplet region(G4 < 5 x 107 m?/s)

(b)Column droplet region(Gy = 5 x 1077 ~ 2.5 X 107%m?/s)

(¢)Spray droplet region(Gy > 2.5 x 10~%m?/s)

Fig.3 Creation pattern of droplets
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Fig.8 The relationship between G4 and ¢4
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Fig.9 Variation of Bo, with Ca
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Fig.10 Variaton of U; with dp;
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