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SUMMARY

The heat transfer characteristics of a horizontal and vertical mantle
tanks are studied in order to assess the possibility of replacing the
tank-in—-coil heat exchanger, which has been used for thermosyphon-type
solar water heaters for many years. Short term energy monitoring is
conducted in a number of cases to elicit the most optimal system

configuration assuring the maximum thermal performance.

In this study, five mantle tanks are constructed using stainless steel that
are different geometrically : volume, aspect ratio, and mantle space.
Performance data of these tanks are examined and analyzed to determine
the most suitable design to be applied for solar systems in reality. Each

tank is installed either vertically or horizontally.

There are two different schemes for horizontal installation. Of these, one
locates both the inlet and outlet for the heat transfer fluid at the bottom
of the tank. This is referred to as type (a). The other, referred to as
type (b), differs from type (a) in that it places inlet near the top of the
tank. The inlet mass flow rate and mantle temperature are uniformly

maintained at 1.2 liter/min and 70+1C, respectively.

Temperatures are measured at 26 points including one point for

monitoring the ambient temperature. 21 points are evenly distributed on

= viii -



the surface of the tank. The remaining 4 points are located at the inlet
and outlet of both the interior and mantle tank. Using the measured
temperatures with the LMTD (Log Mean Temperature Difference)
method, the overall heat transfer coefficients are calculated and the heat
transfer characteristics are investigated in order to obtain the optimal

configuration.

The heat transfer rate of horizontal type (b) has shown the best
performance compared to other cases. If the volume is identical, the tank
with larger aspect ratio gives higher overall heat transfer coefficient
than the one with smaller aspect ratio. The heat transfer coefficient
increases proportionally with the establishment of thermal stratification

within the tank.
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Table 1. Measures of mantle storage tanks

a b c d e 2% | Aspect
[cm] [cm] [cm] [cm] [cm] [4] ratio
EES
o= 96 80 38 8 1 100 2.526
(Tank I)
ZEZX 11
= 96 80 38 8 05 100 2.526
(Tank II)
== | §|
o 135 122 44 65 1 200 | 3.068
(Tank III)
24z IV
o= 117 101 48 8 1 200 2.437
(Tank IV)
24z V
o= 186 171 38 75 1 200 4.895
(Tank V)

Fig. 3 Photograph of manufactured mantle storage tank(Tank I)
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Fig. 1 Photograph of thermocouple calibration
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Fig. 2 Graph of thermocouple calibration
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