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Abstract:
Heat recovery in one configuration of a direct contact counterflow, falling droplet heat exchanger
(DCHX), from natural gas combustion products was evaluated in terms of sensible and latent
effectiveness. Effectiveness was found for uniform and nonuniform water droplet streams, and high
and low inlet gas humidity ratios over a range of droplet flow rates and inlet gas temperatures. A
droplet generator was built and tested to characterize droplet uniformity under various operating
conditions. Uniform droplets were produced by vibrating the droplet generator at a fixed frequency and
amplitude. Results agree well with those predicted by Rayleigh's theory on the instability of liquid jets.
A stream of nonuniform drops, having standard deviations two to four times higher than the uniform
stream, was produced when the generator was not vibrated. Preliminary heat exchange studies show
single phase energy and two phase mass balances within about 6 %, indicating reasonable accuracy of
temperature and flow measuring apparatus. DCHS effectiveness, defined in sensible heat recovery
terms, is. shown to be further from its thermodynamic limit than that of a standard (no direct contact)
counterflow heat exchanger in the same range of NTU values. A modified effectiveness is defined
which includes the latent heat availability of the inlet gas stream. Modified effectiveness values were
about 50% of their sensible counterparts indicating that latent heat recovery could be significantly
improved. 
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