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SUMMARY

A laboratory size latent heat storage rolling cylinder
incorporating Glauber's Salt (sodium sulfate decahydrate)
has been scaled-up to a fifty-five gallon, 68,000 Btu
store.

Common barrels show metal fatigue causing leaks, and
solids build-up on the interior walls. Barrels with
heavier walls, rolling rings, and without internal crevices
work satisfactorily.

Results obtained with the fifty-five gallon rolling
cylinder were as good as the laboratory size units.
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INTRODUCT ION

Preliminary work in laboratory-size rolling cylinders has encouraged
work on a larger heat storage device incorporating Glauber's Salt (sodium
sulfate decahydrate) as the latent heat storage medium.

In previous work, the experimental rolling cylinder had been scaled-up
in size three times to a 1.4 gallon unit while maintaining satisfactory
performance. For convenience we chose the next larger unit to be a 55-
gallon barrel, a scale-up ratio of 39X, with a nominal storage capacity of
68,000 Btu.

This report is a brief account of the results obtained with a fifty-
five gallon rolling cylinder using Glauber's Salt.

Results obtained in the 1.4 gallon unit] were reconfirmed in the
55-gallon unit:

e 100% crystallization
® repeatable melt-freeze cycling
e reliable nucleation

o excellent heat transfer--no solid build-up on the
cylinder walls

o melt-freeze volume change not a problem

e low noise level

Discussion of Experimental Set-Up:

The project is divided into two phases: exploratory tests (three
separate barrels with three separate loads of Glauber's Salt, Systems I,
IT and III) and a working prototype (final barrel and load, System IV).
The experimental set-up for both phases follows the arrangement shown in

Figure 1.

Manuscript received July 31, 1978. -1-



Figure 1
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A standard, commercially available, fifty-five gallon shipping and
storage barrel was filled 95% full with 350 1bs of water (53.5% by weight)
and 300 1bs of commercial grade sodium sulfate (46.5% by weight) to achieve
a storage medium of Glauber's Salt (sodium sulfate decahydrate) at a 10%
excess sodium sulfate. A support system for rotating the barrel on its
side was arranged to allow use of a floor crane for mounting and dis-
mounting the barrel. The rolling supports consisted of steel disc casters,
strategically placed to maintain the barrel's rolling position. Rotary
motion was supplied by a variable speed motor coupled to a reducer and
a belt around the periphery of the barrel. Radiant heaters supplied heat
for melting and portable air conditioners removed stored heat during the
freeze cycle.

The nucleator was a 1/4" 0.D. stainless steel tube, about 14 inches
in length, filled with sodium sulfate and water, mounted at the axis of
rotation at one end of the barrel. Adjacent to the nucleator, a six inch
long thermowell protruded into the barrel to hold a mercury thermometer.

A clamp-on ammeter monitored the power input to the motor to measure work
of rotation and electrical/mechanical losses. No quantitative calorimetric

measurements were made. A glass viewport inserted in @ large bung near

the outer periphery of one end wall allowed qualitative visual observation
of the interior. Periodically the bung was removed so that exploratory
probing could confirm the presence or absence of solids adhered to the

walls.



EXPERIMENTAL RESULTS

Exploratory Tests:

The exploratory work consisted of three separate barrels with three
separate loads of Glauber's Salt, Systems I, II and III, as described in
Appendix A.

Two problems became immediately apparent, both of a mechanical
nature:

1) Fatigue of the barrel wall at the support points,

causing cracks in the barrel and leaking of the
material.

2) An inadequate roller support system caused rapid

failure of the rollers.

A commercially available barrel with I-bar rolling rings solved the
first problem. Changing the roller support system to eight rollers mounted
on springs, reduced roller wear and solved the second problem.

During every exploratory freezing cycle two rings of solid Glauber's
Salt formed on the wall, one ring at either end of the barrel, originating
from the corners where the barrel construction forms a crevice. Solid
ring formations continued to increase in area and thickness until
approximately 50% of the heat transfer surface was effectively covered,
thus reducing the heat removal rate. This salt formation was caused by
particles of the granular sodium sulfate becoming mechanically trapped
in the two crevices where they initiated crystal growth adhering to the
walls.

To confirm that the crevice was causing the problem, the bottom
crevice of a standard barrel was eliminated by filling it with RTV silicone

rubber. The contents of System III were transferred to this barrel and



cycled twice before failure of the barrel wall. No solids adhered to the
wall in the bottom 3/4 of the barrel. As before, a ring of solid did grow

from the crevice where the removable top joined the barrel walls.

~Working Prototype:

Sanitary barrels have a smooth rounded joint replacing the bottom
crevice. Being primarily for food related service they are made of 304
stainless steel. System IV, a commercial sanitary barrel with rolling
rings illustrated in Figure 2, was filled with Glauber's Salt as in
previous experiments. In four melt-freeze cycles, no solid ring formed
in the bottom portion. There was no convenient method for eliminating
the crevice where the removable top joined the barrel walls, therefore
the ring of solid formed at that location was just ignored.

The phase change performance in the 55 gallon barrel was qualitatively
the same as that obtained in the laboratory size rolling cylinders.

The work was terminated at this point. Figure 3 shows the contents

near the point of complete solidification.

SUMMARY

A fifty-five gallon, 68,000 Btu roliing cylinder heat store was built,
a 39X scale-up over the 1.4 gallon laboratory size unit. After solids-
trapping crevices were eliminated from the structure, performance was

equal to previous laboratory results:

e 100% crystallization
® repeatable melt-freeze cycling
e reliable nucleation

e excellent heat transfer--no solid build-up on the
cylinder wall after crevices are eliminated

= e



Figure 2

The working prototype heat store -- a fifty-five gallon rolling
cylinder. Mounted on spring loaded rollers, it rotates at 3 RPM

on I-bar rolling rings, as radiant heaters supply heat to melt the
latent heat material.




Figure 3

Glauber's Salt is a free flowing crystalline solid similar in size
and appearance to rock salt. Here the fifty-five gallon rolling
cylinder has been opened to display the contents after about 80%
solidified.
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e melt-freeze volume change not a problem

e low noise level
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