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Fig. 1. Changes in temperature of phase change material.
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Fig. 2. Heat storage installation and view of epxerimental box.
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Table 1. Monthly analyses of heat storage by phase change material
Relationship between | Relationship between Efficiency  Efficiency Ratio Coeflicient
solar energy & maximum temp. & of storage| of storage between |of utilization
MONTH col%geted heat collectepd heat (r?tloeﬁf (Hf:rO gfr sensible as phase
(regression formula &|(regression formula & (sgg if)lle etz%lyzi) relgaseegy heat & change
correlation coefficient)| correlation coefficient) hceat) heat) latent hat | material
4.0
Y=3.27 X—45.01 Y =18.51 X+56.63 %
January R=094 R=077 31.4% 39.4% 0.62 9.5
’ ) 13.0
28.0
Y=3.07 X—35.92 Y=18.57 X+124.95 %
February Re081 R=068 31.9% 53.9% 1.14 25.0
e o 24.0
445
Y=0.43 X4244.19 Y=—4.42 X+367.39 %
March R—014 R=—009 28.4% 40.7% 1.36 3.55
o - 15.0
55
. Y=0.39 X+48.31 Y=3.42 X+53.87 %
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May R 000 060 10.5% 12.6% 0
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Fig. 6. Relationships between solar energy and collected heat, and
maximum temperatures and collected heat.
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Table 2, Time during heat collection and time that the storage
material was above 15°C
Time during heat collection Time for above 15°C of storage material
Month
on off hours up down hours
January 07:47 14:44 6.59 10:57 16:39 5.42
February 07:42 14:52 7.17 10:54 16:36 5.36
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7:24 23:00 15.36
May — — — — — —
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Summary

Basic experiments on latent heat storage as
applied to greenhouse heating were performed
from January to May 1983. These experiments
were run in a small box in which a heat exchanger
was filled with a phase change material and placed
in a greenhouse. Solar heat was stored during
the day and at night the heat was released for
heating the box by recycling the air through the
heat exchanger.

Fig. 1 shows the changes in temperature of the
phase change material and Fig. 2 shows a sche-
matic diagram of the heat exchanger. Box mini-
mum temperature which is important to the devel-
opment of crops is greatly dependent on outdoor
minimum temperature, the correlation coefficient
being 0.89 as shown in Fig. 3. The variances of
minimum temperatures are shown in Fig. 5. Mean
differences of minimum temperatures between box
and outdoor, and between box and greenhouse
were 10.3°C and 5.8°C, respectively. The variances
of temperature differences are shown in Fig. 4.

High correlation coefficient between stored heat
and solar energy (and maximum temperature) ap-
peared in January and February, but was low in
March, April and May. Correlation coefficient for
all data was low as shown in Fig. 6. The stored
heat (during the day) and the released heat (at
night) calculated by air temperature of inlet and
outlet, were analyzed. High storage efficiencies
(ratios of stored and released heat to solar energy)
were found from January to March as shown in
Table 1.

The ratios between sensible and latent heat for
storage and the coefficients of utilization of phase
change materials were calculated. The ratio and
the coefficient of utilization were the highest in
March (Table 1).

Fig. 7 shows a typical variance of air tempera-
ture as shown on 13 March.

The problemes of using this latent heat storage
are low efficiency of utilization and short periods

of usefulness.



