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The variable capacity compact heat pump with a desuperheater is a monovalent system designed for
detached low energy houses for the provision of space heating (SH), space cooling (SC) and domestic
hot water (DHW) all year long. The system can adjust to the heating or cooling dernand by use of
the inverter driven compressor, providing a stable output and reducing the electrical consumption if
compared with other options. However, there has been only limited research regarding the operation
and control of such systems. Furthermore, studies regarding a single frequency GSHP designed for SH
that provide DHW by incorporating a desuperheater in its cycle are common in the literature. As no
control techniques for frequency or expansion valves have been examined, the results of such studies
can be misleading. A better understanding of the compact GSHP with a desuperheater requires a
simulation program, in which the design, control and evaluation of a wide range of conditions can be
performed.

Three main objectives are identified in this thesis. First it is desirable to gain a complete understand-
ing of the behavior of the system against changing climate and control conditions. This is achieved
both through experimentation and the study of the underlying physical phenomena. The second ob-
jective is to identify mechanisms through which the performance of the system could be increased,
especially when producing only DHW. The hypothesis drawn from the studiés is capitalized through
experimentation. The third objective is to apply the knowledge gained in the development of a unique
simulation of the system. The simulation can be transparently coupled with a ground heat transfer
simulation and/or with a house heat transfer model to obtain a realistic performance estimate of the
whole system. This coupling allows the systematic calculation of the seasonal performance factor,
which can be used to evaluate different control schemes of the machine.

This thesis is organized in seven chapters. The first chapter presents the background of heat pump
technology, and the importance of their development for the mitigation of global warming. The his-
torical development of the general vapor refrigeration cycle simulation is briefly introduced, followed
by a classification of the different heat pumps systemé. The problematic of the Japanese thermal en-
ergy demand is presented and the target unit is introduced. Finally, the objectives of the research are
clearly introduced. The second chapter presents the literature review organized in three main fronts:
The status of heat pump technology; the vapor refrigeration cycle simulation front, and the heating
demand calculation in houses. The third chapter discusses the performance of the objective system.
The constructed prototype compact heat pump with a desuperheater is described in detail, as well as
the testing station developed. The variable capacity was examined by varying the frequency of the
operating compressor. A mapping relating the performance and COP under various climate and con-
trol conditions is obtained. Each component’ s behavior was analyzed. In particular, the overall heat
transfer coefficients of the heat exchangers and the performance of the compressor were studied in
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detail. As a result, it was observed that without an increase in the refrigerant mass flow rate or the
heat exchanger heat transfer area, there was little room for improvement in terms of COP increment.
Moreover, the high pressure ratio of the cycle when producing only domestic hot water was identified
as a key factor that limits its performance.

The purpose of the fourth chapter is to assert if the evaluation of an internal heat exchanger into the
refrigeration cycle results in an enhancement of its performance, according to the conclusions drawn
in the third chapter. Only one climate condition was examined, under various control conditions. Ad-
ditionally, different geometries of the desuperheater were tested to examine the viability of an increase
in the heat transfer. The modifications showed to be effective in augmenting the COP of the system
from 4.75 to 5.19 for SH mode, from 2.20 to 2.57 for DHW mode, and from 4.50 to 5.10 for combined
SH and DHW), representing an increase of 9.3 %, 16.8 % and 13.3 % respectively. At the end of the
chapter, a strategy to control the highest COP of the machine when the iHX is used is proposed. The
fifth chapter objective is to present the novel vapor refrigeration cycle simulation. Before entering in
the algorithms, the assumptions and balance conditions necessary are stated. Four novel algorithms are
introduced: The fast adaptive zone heat exchanger algorithm uses boundary conditions to quickly solve
the heat balance inside the heat exchangers for one, two or three refrigerant phases; The iHX algorithm
is used for the development of the system when the iHX is applied; The mass flow rate conservation
algorithm defines the solution space of each junction in the system according to the inlet climate con-
ditions and calculates the discharge pressure of the compressor based on the control conditions and
an initial plausible state. Using the models developed, the global convergence algorithm maintains
the heat and mass balance throughout each junction of the cycle. Finally, the models developed for
each component of the system are described. The results from simulations are then compared with the
first setup, exhibiting remarkable agreement for each of the components of the system. The resulting
COP agrees within 10 % for 95.77 % of the data, showing good precision with experimental results.
Through the application of the simulation, it was demonstrated that a constant superheating degree
might not always provide the highest COP for the system when a desuperheater is considered. With
the developed simulation, the sixth chapter shows its application to predict the seasonal performance
factor of a low energy house. Operation schemes are prepared using different pricing schemes for two
Japanese cities, and the performance of the system is examined. The results of each control strategy
were compared according to the heating demand of each location, showing that there is no unique
strategy that can be applied in both locations; rather control should take into account local climate
conditions. Conclusions and the outlook on the technology are presented in chapter seven. Further
improvement fronts on the technology and developed simulation are presented.

The work presented in this dissertation is an important contribution to the fields of environmental
engineering and human comfort by proposing a novel technology through which our dependence on
non-renewable sources of thermal energy can be reduced. In the industry of heating, refrigeration and
air conditioning, this dissertation makes a significant contribution by the introduction of the simulation
environment, which can be used to make an effective appraisal of the performance and control method-
ology of a water-to-water heat pump with a desuperheater (and internal heat exchanger). Moreover,
the methodology presented and algorithms proposed to solve the refrigeration cycle can be extended
to any other cycle in science.
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