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ABSTRACT

One of interesting energy conservation measures is waste heat recovery with energy
storage in chemical energy form. Chemical energy storages require reversible chemical
reaction between working pairs. This research work involves design, fabrication and testing of
the CES package to improve performance of the sodiumsulfide-water (Na,S-H,0) CES. Work

done was divided into two parts: experimental and theoretical studies.

In the experimental study, CES was designed by assembling of major components
vertically. A reactor was placed in the topmost, followed by a condenser and an evaporator.
The operating cycle was combined by two phases: chemical reaction/adsorption and cooling
processes desorption and again cooling processes. Parametric studies were carried out with four
variables: evaporation temperature (45 — 60 °C), desorption temperature (80 — 100 °C), type and
fraction of binder (10 — 30% by mass), which two binders in use were carbon fiber and graphite
powder, and reaction time (30 — 60 minutes). Generally, operation pressures were in the range

of 2 — 10 kPa.

The experimental results showed that increasing of evaporation temperature from 45 —
50 °C led to 10% higher adsorption capacity by working fluid (water vapor) mass. The

increased desorption temperature from 90 — 100 °C resulted in faster and higher decomposition



rate of water vapor from adsorbent about 30 — 40% by water vapor mass. Mixing with graphite
binder gave reactive mixtures that adsorb water vapor 10% (by water vapor mass) more than
mixing with carbon fiber. Regarding to reaction time, adsorption process should be controlled
to end by closed to the chemical equilibrium state to achieve larger heat extraction. The
repeatability of the CES was satisfied so that the system was appropriated for development to

practical use.

Considering the overall CES performance, evaporation temperature of 50 ‘C gave
highest reaction rate. The suitable heat transfer fluid temperature during desorption process was
around 80 — 90 °C. Mixing ratio 30% of carbon fiber provided coefficient of performance or
COP of 1.67, and specific heating power or SHP of 816 W/kg. On the other hand, mixing ratio
of graphite about 30% gave COP about 3.47 and SHP about 948 W/kg, which enhance better

system performance as compared to case of mixing with carbon fiber binder.

Prediction of CES performance used resolution of mathematical models in Lumped
parameter models form. The programming and simulation were carried out to calculate
variations of temperature and power production with time, also COP and SHP of CES. The
comparison between calculated and experimental results showed their consistency that
R-square obtained were above 0.90. The COP and SHP were compared and their differences

were satisfactory.

Recommendations for further works are fixing leakage problems, and operating CES
under lower pressure using advanced fabrication by vacuum technology. The improvement of
reactor design by adding fins to increase heat transfer area. The connections among reactor and
other major components should become closer to move toward modular CES shape, and
enhance scale up for larger energy storage/discharge capacity, in order to satisfy various load

requirements.



