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ABSTRACT

Full Name : Naef Abduljalil Abdulrahman Qasem

Thesis Title : Thermodynamic analysis and modeling study of an intermittent
adsorption refrigeration system

Major Field  : Mechanical Engineering
Date of Degree : May, 2013

Solar adsorption refrigeration systems have been increasingly attracting some research
interests since last decade because they are clean, cheap and simple for use in air
conditioning, ice making, food preservation and vaccine storage specially for remote
areas. The idea of these devices is the reversible physical adsorption of vapor on the
surface of a porous solid. The system consists of three important components: solar

collector with adsorbent bed, condenser and evaporator.

The main objectives of this work are to improve the performance of the solar intermittent
refrigeration system that uses activated carbon and methanol as adsorbent and adsorbate
pair. The improvement of the system’s performance is achieved through investigating the
effect of the main operative and constructive parameters of the system. EES and
MATLAB computer programs are exploited to analyze the thermodynamic cycle of the

system and to model the system under Dhahran climate conditions, respectively.

The results show that the increase in the condenser temperature needs high values of the
desorption temperature while lowering values of the evaporator temperature needs low
values in the adsorption temperature to improve the performance. The absorbers of
collector should have thin wall and should be coated by high absorptivity and low
emissivity material. About 14.1 kg/m® of activated carbon NORIT RX3-Extra per m’ of
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collector surface is a suitable optimum choice for adsorption ice maker devices.
Furthermore, double glazing, tilt angle of the solar collector and starting the cycle at
suitable time as well as suitable collector back insulation increase the performance.
Moreover, the study proposes an activated carbon/methanol solar adsorption ice-maker
that could produce from 5 kg up to 13 kg of ice per day per m? of collector area with
improved solar coefficients of performance of 0.12 and 0.24 according to weather.

conditions in the hot and the cold days, respectively.
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ABSTRACT

Full Name : Naef Abduljalil Abdulrahman Qasem

Thesis Title : Thermodynamic analysis and modeling study of an intermittent
adsorption refrigeration system

Major Field  : Mechanical Engineering
Date of Degree : May, 2013

Solar adsorption refrigeration systems have been increasingly attracting some research
interests since last decade because they are clean, cheap and simple for use in air
conditioning, ice making, food preservation and vaccine storage specially for remote
areas. The idea of these devices is the reversible physical adsorption of vapor on the
surface of a porous solid. The system consists of three important components: solar

collector with adsorbent bed, condenser and evaporator.

The main objectives of this work are to improve the performance of the solar intermittent
refrigeration system that uses activated carbon and methanol as adsorbent and adsorbate
pair. The improvement of the system’s performance is achieved through investigating the
effect of the main operative and constructive parameters of the system. EES and
MATLAB computer programs are exploited to analyze the thermodynamic cycle of the

system and to model the system under Dhahran climate conditions, respectively.

The results show that the increase in the condenser temperature needs high values of the
desorption temperature while lowering values of the evaporator temperature needs low
values in the adsorption temperature to improve the performance. The absorbers of
collector should have thin wall and should be coated by high absorptivity and low
emissivity material. About 14.1 kg/m® of activated carbon NORIT RX3-Extra per m’ of

Xvi



collector surface is a suitable optimum choice for adsorption ice maker devices.
Furthermore, double glazing, tilt angle of the solar collector and starting the cycle at
suitable time as well as suitable collector back insulation increase the performance.
Moreover, the study proposes an activated carbon/methanol solar adsorption ice-maker
that could produce from 5 kg up to 13 kg of ice per day per m? of collector area with
improved solar coefficients of performance of 0.12 and 0.24 according to weather.

conditions in the hot and the cold days, respectively.
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CHAPTER 1

INTRODUCTION

1.1 Introductory Background

Refrigeration and air conditioning demands are widely increasing because of the increase
in population as well as the dramaticaliy growth of industries. Many refrigeration
technologies were developed during the last century. The vapor compression systems
broadly dominate the human use for satisfying comfort conditions or food preservation.
These traditional refrigeration systems consume a significant amount of electric power. In
addition, such systems rely on refrigerants as chlorofluorocarbons CFCs and
hydrochlorofluorocarbons HCFCs which increase the depletion of the Earth’s ozone
layer. Consequently, alternative refrigeration technologies became very much needed;
especially the current sources of energy such oil may run dry in the near future. The
electricity is not also covering all human living areas. For now, there are numerous places
without electricity especially in countryside of some developing countries. So people
living in such areas cannot preserve their food and store vaccine in their local clinics.
Accordingly, solar adsorption refrigeration technology has attracted some research
interests since 1990 because it is clean, cheap and simple for use in air conditioning, ice
making, food preservation and vaccine storage. The idea of these devices is the reversible

physical adsorption of vapor on the surface of a porous solid. An intermittent adsorptive



solar ice-maker is an attractive application that is composed from adsorbent bed as
adsorptive reactor integrated into a solar collector for the desorption of the sorbent
material during the day. During the night adsorption occurs by the adsorbent when the
refrigerant comes back from the evaporator, in which the cooling effect is obtained and

some ice may be produced.

This research aims to understand the thermodynamic processes of the intermittent
adsorption cooling system and study the effect of the operative parameters on the
performance of the system. Moreover, improving the performance of the system will be
investigated through studying the effect of the constructive parameters and then
proposing a solar adsorption ice-maker to produce 5 kg of ice or more per day per m?® of

collector area under Dhahran climatic conditions.

1.2 System and Processes Description

Intermittent adsorption systems usually have a single bed adsorption cycle that has been
improved for some applications such as preservation of food and vaccine storage. The
adsorption system consists of three main parts: solar collector with adsorbent bed where a
porous solid material is placed, condenser and evaporator, Fig. 1.1. The operating cycle
of the system has four processes as shown in the Clapeyron diagram in Fig. 2.2. The
heating process (1-2) and the desorbing process (2-3) represent half the cycle while the
cooling (3-4) and adsorption (4-1) processes represent the other half. During the heating
period, the adsorbent bed receives heat from solar energy which raises the temperature of

the pair of adsorbent and adsorbate as shown in Fig. 2.2 by line 1-2 ( isosteric heating



process, at constant concentration of the adsorbate Xma). When the adsorbent bed
pressure reaches the pressure of the condenser, the adsorbate vapor diffuses from the
collector and is collected and condensed in the condenser (line 2-3, desorption process at
condenser pressure). So the concentration of the adsorbate in the reactor reaches the
minimum value (Xmin) at the end of this desorption process. This process is followed by
cooling the generator (line 3-4, isosteric cooling process).‘Then, the liquid adsorbate
flows from the condenser to the evaporator. After that, the adsorbent adsorbs the
refrigerant that is coming from the evaporator (line 4-1, adsorption process at evaporator

pressure). As a result, the liquid water in evaporator is converted into ice or become cold.

Adsorption

Vaive 2

Figure 1.1 Schematic of the solar adsorption cooling system.



The heating and cooling processes are run at constant concentration of adsorbate while

the concentration of refrigerant varies through adsorption and desorption processes.

X max = Ko

P. | X/ 9. . desorption processs
) c an&a :‘%lm«sww«nm - -’ el

\

mwﬁﬁ»bm»a{&

Te a Sd R sa — d ,

Figure 1.2 Schematic view of the adsorption process on Clapeyron diagram.



CHAPTER 2

LITERATURE REVIEW

2.1 Background

Although a refrigeration system has been founded since the middle of the eighteenth
century by William Cullen, the practical refrigeration system was built as an ice-maker
by Jacob Perkins in 1834 [1]. Since that time, there have been many refrigeration and
heat pump systems that are categorized according to either the principle of work or the
operating source of energy: vapor-compression, absorption refrigeration, adsorption
refrigeration, thermoelectric refrigeration, vortex tube, paramagnetic refrigeration,
sterling cycle, gas refrigeration cycle and vapof-jet refrigeration systems. However, there
are five different technologies that are currently used for solar cooling systems: sorption
(absorption/adsorption) refrigeration, photovoltaic vapor compression refrigeration, open-
cycle refrigeration, and ejector cycle. Some of them are widely used because of their high
coefficient of performance like the vapor compression system for which we need
electricity to run the compressor. On the other hand, some of the systems are not used for
ice making because they cannot produce a temperature below zero degree. However,
these systems are widely used for air conditioning and fresh food preservation. Examples
of these systems are desiccant cycles, ejector cycle and some absorption and adsorption

pairs.
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