Thesis Title Performance Analysis of an Absorption Heat

Transformer with Assisted Vapor Compression Heat

Pump

Author Mr. Nattaporn Chaiyat

Degree Doctor of Philosophy (Energy Engineering)

Thesis Advisory Committee
Prof. Dr. Tanongkat Kiatsiriroat Advisor
Asst. Prof. Dr. Nat VVorayos Co-advisor

Asst. Prof. Dr. Chatchawan Chaichana Co-advisor

ABSTRACT

In this study, a concept to improve thermal performance of an absorption heat
transformer (AHT) by combining with a vapor compression heat pump (VCHP) to
recover heat at the AHT condenser and supply back to the AHT evaporator is
presented. The whole unit is called compression/absorption heat transformer (CAHT).
Energy analysis and exergy costing of a 10 kWy, CAHT were carried out when the
system was supplied heat by a set of flat-plate solar collectors each in parallel
connection and the number of solar collectors and the auxiliary electrical power for
supplying heat were considered. A solar-CAHT prototype was constructed and tested.
The experimental results were used to verify the simulation results. After that, a set of
simplified models were developed form the experimental data to predict the thermal
performance of the VCHP and the CAHT. A set of performance curves that could be
used to estimate heating capacity of the CAHT and the upgraded temperature of the
working fluid at the CAHT were also described.

For the simulated results, the suitable working fluid of the single-stage vapor
compression heat pump system was R-123 and the CAHT could generate hot water at

a temperature of around 70-80 ‘C. For two-stage cascade vapor compression heat



pump with R-134A and R-123 as refrigerants, the hot water temperature could be up
to 80-90 "C. The latter is more appropriate to combine with the AHT due to its higher
COP, especially at a higher temperature. Moreover, the overall COP of the CAHT
cycle was around 0.8 compared with that of the normal AHT which was less than 0.5.

For the 10 kW, solar-CAHT with the absorber temperature over 80 C, it
could be found that the number of the solar collectors units could be decreased about
50 % which was 18 units instead of 35 units of the normal solar-AHT. Under the
climate of Chiang Mai, the annual exergy costing of the solar-CAHT unit was also
cheaper than that of the solar-AHT unit at around 50,000 Baht/kW -y.

Compare with the experimental results of the tested unit, the developed
models could be used to predict the system performances and the simulated results
agreed well with those from the experiments.

A set of simplified models for the CAHT were developed. The calculated
results could perform a set of performance curves that could be used to predict the
heating capacity of the CAHT and the upgraded temperature of the working fluid at
the CAHT absorber.
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