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Abstract — Problem of heat losstakes place through various
processes in process industries and from combustions in
engines and boilers which contribute to increase in
temperature of the globe resulting in global warming as the
heat lost in such processes contains polluting agents these
pollute the environment which is resulting in depletion of ozone
layer, on other hand for the comfort conditioning, human needs
of cooling are increasing day by day and the large amount of
electricity produced is utilised by the cooling system all over
the globe in order to overcome the problem of global warming
and ozone layer depletion an waste heat powered refrigeration
system can be designed abbreviated as adsorption cooling
system, which is an eco-friendly system as it does not use of
any environmental hazardous refrigerants.This paper extant an
overall review of what configuration of adsorber bed heat
exchanger are used for the adsorption refrigeration system are
discussed in detail with their heat and mass transfer
characteristics.

Keywords-Adsorber bed Heat Exchanger, Waste heat,
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INTRODUCTION

A huge amount of heat is wasted from theexhaust of

I.C engine[l,2]and from process industries[3].
Researchers in last decades or so had made abig effort in
order to use this waste heat to produce
refrigeration;adsorption refrigeration system is the most
prominent systems of refrigeration poweredby waste
heat. Adsorption refrigeration system has some
advantages over conventional refrigeration system for
example; non-toxic, no rusting problem and simple in
operation. Adsorption refrigeration system is green
refrigeration system with very fine energy saving
thecharacter and due to this the system can be solidly
incorporated in placesanalogous to hospitals and

the commercial building where from kitchen waste heat
is available [4].

As the awareness for the clean environment and quality
ecosystem is increasing quotidian due to global
warming[5] and ozone layer depletion[6], adsorption
refrigeration is found to be most environment friendly as
it do not have any environmental hazardous working
substance and it can utilise waste heat undeviating from
source for example industrial waste steam, reducing
global warming. Commonly water base with zeolite and
silica gel system are commercialised in Japan and
various other parts of Europe. There is a disadvantage in
water based adsorption refrigeration system that
advanced technologies are to be used as the system
works in avacuum and is likely to have leakages[7]. The
maximum part of theenergy produced is now a day
consumed by heating, ventilation and air conditioning
alone. The HVAC contains CFC’s and HCFC’s which
has very high GWP and ODP that therefore it is
thedemand of world environment to have eco-friendly
refrigeration system like adsorption refrigeration for
cooling purposes[8].

There are many advantages of adsorption
refrigeration system over basic compression cycle such
as; energy saving(Powered by waste heat or solar
energy), no vibration are present as no moving part is
available, the controlling of system is much easier and
the operating cost of the system is much less than
VCRS[9]. Adsorption refrigeration system can be
powered by sources with awide range of temperature
from as low as 50° to 500% and without corrosion
effect. This system is most feasible where there is ahuge
amount of vibration such as fishing boats[10] and
locomotives[11].

In this work, various articles are reviewed to give a brief
idea of how to select working pair for waste heat
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compelled adsorption refrigeration system and what are
various system development techniques. Physical
adsorbents are studied along with their structure and
material goods with thedetail of the bonding with
adsorbate. Various heat exchanger designs such fin tube
heat exchanger[12] shell and tube heat exchanger[13],
flat plate fin tube heat exchanger[14] are studied and an
effective design is suggested agreeing to the application
point of the system. Detailed basic working of
adsorption refrigeration cycle is discussed along with
thermodynamic cycle diagram.

Design of Adsorber Bed Heat Exchanger
Introduction

Adsorber bed heat exchanger is a special type of heat
exchanger consisting of packed bed, in which adsorbent
is packed in between the fin in packed form. This packed
bed to act as a “Thermal Compressor” in adsorption
refrigeration system. The main focus while designing the
adsorber bed is to increase the heat and mass transfer
inside the packed bed as the reduced heat and mass
transfer rate result in lowering the COP and SCP of the
system[15]. Many designs of adsorber bed can be
utilised in adsorption refrigeration system and different
types of modification can be made to enhance
results[16].

Literature survey on different types of arrangements
of packed bed heat exchangers

Mitsuhiro Kubota et all.[17] Developed a heat pump
with an adsorber bed heat exchanger having fins and
silica gel packed in between the fins with an concept of
optimum fin spacing and concluded that module can
achieve more than two times higher cooling output per
unit adsorber volume than un-optimized module.

k{— Fin pitch Copper fin

Copper tube
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heat transfer fluid
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|
Fin length Silica gel Stainless steel mesh

Fig 1: Finned tube with silica gel packed in between the
fins[17]

AmirSharafian et all.[18]in this study author had
elaborated different designs for adsorber pack beds
that have been used for adsorption refrigeration

process which is powered by waste heat.
Comparison of nine different type’s adsorber
packed bed design is proposed. Fig.4 shows the
different types of heat exchanger. Among
alldesigns, finned tube adsorber bed heat exchanger
has thehighest heat and mass transfer rate. And fin
tube heat exchanger is the most commonly used
design and more modifications are required in it.

Fig 2:Different types of packed bed used in adsorption
refrigeration system[18]

W. S. Chang et all. [19]a two-bed silica gel-water
adsorption chiller with plate fin and tube heat
exchangers was newly developed. A solar- powered
compound system for heating and cooling was
designed and constructed in a golf course to
conduct the field test. Resulting in increase in Cop
of thesystem by 13%.
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Fig 3: Plate tube heat exchanger[19]
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CONCLUSION

The study draws the conclusion that the best
configuration used for adsorption refrigeration system of
adsorber bed is flat plate finned heat exchanger with a
highest heat and mass transfer rate with thelargest COP
and there is thescope of alot more research in thearea of
adsorber bed in order to make the more effective
adsorption refrigeration system.
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