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Fig. 1.

Schematic representation of water spray and
a falling water film on a screen
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Fig. 2. Schematic representation of velocity profile
of the falling water film
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Fig. 12. Over-all Heat Balance of the Water Film
for the case of ©@; <@g
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Summary

Heating and thermal insulation characteristics of a falling hot water film on the roof or the
screen sheet of a greenhouse may be analysed by evaluating the temperature profile of the thin water
film. The temperature profile of the falling water film can be obtained by solving the conduction
equation with several suitable boundary conditions, based on the concept of “Transfer and Rate of
Processes”. The generalized analytical solution of the temperature profile of the water film was
given by Eq. (15) and the average temperature at an arbitrary distance along the direction of water
flow, {=¢ was given by Eq. (18).

From the calculated results of illustrative examples by the analytical solutions, the temperature
of the water film at the water film-roof interface, ¢ =1 could be approximated by the average
temperature of the water film, an effective distance for heating the air in the greenhouse, {z was
determined from the relation between @z, (¢) and the dimensionless temperature of the greenhouse
Or and the most suitable thickness of the water film & could be estimated by plotting @, (1)
against § with a parameter @g, as shown in Fig. 6.

The relationship between @sy(1) and & in Fig. 6 will be also applicable to estimate the suitable
flow rate of water.

According to the calculated results, the water film performs broadly the task of thermal
insulation at the water-roof interface. The corresponding amount of heat to the thermal insulation
effect of the water film was given by Eq. (21), theoretically. Figs. 10, 11 and 12 show the over-all
heat balance of the water film obtained by Eq. (21) and the amount of heat calculated from Eq. (21)
is evaluated quantitatively by the rate of reduction of heating load for heating the greenhouse.
Therefore, the analytical solutions and procedures described here are useful for the calculation of
actual heat requirement for heating a greenhouse, the design and operations of the practical water

curtain system.
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