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Abstract:Vapour adsorption refrigeration works on the principle of adsorption and Desorption. Adsorption
and Desorption are surface phenomenon. Generally, adsorbate is adsorbed on the surface of Adsorbent, this
process can be reverted by applying heat to the adsorbent. There are many adsorbate such as Methanol,
Water, Ammonia and adsorbent such as activated carbon, activated carbon fiber, Silica-gel, Zeolite. The pair
of adsorbent and adsorbate is called working pair. Different kind of working pair gives different results.
Literature review suggests that around 0.25 to 0.5 coefficient of performance(COP) can be achieved. It has
relatively low COP but it has advantage that it runs on low grade energy such as heat waste, solar energy,
etc. This article include working cycle, design of components and calculation of Vapour Adsorption
Refrigeration cycle.
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1. INTRODUCTION

Refrigeration and Air Conditioning(R&AC) is one of the growing field. Currently, Vapor
Compression Refrigeration (VCR) is most preferred for commercial and industrial
application. The requirement of Vapour Adsorption refrigeration system came because of
the disadvantages of commercial and industrial refrigeration systems. Refrigerants used in
this systems are hydro carbons. Which cause great damage to ozone layer, as found in
1985. Therefore, adsorption refrigeration system can be the alternative of current
refrigeration system due to its operating and eco-friendly nature.[1] It does not have any
moving parts.Adsorption refrigeration can be used in automobile and ice making.
Generally, 10% of the engine power is used in cooling the cabin. In case of heavy
vehicles around 20% power is used. It can also serve the purpose of cooling in industry[4].
It is found that adsorption system is sufficient to produce ice efficiently. It can produce
ice of 10-15 kg in each cycle [5]. The only disadvantage of this system is COP. COP of
this system varies from 0.2 to 0.5, it is highly depends on working pairs. There are
different working pairs such as AC-NHs, AC-methanol, Silica gel-water, AC+CaCL,-NHs,
Zeolite-water, etc. Here, cooling is achieved by heat transfer so design of the system also
plays role [6]. This system has high potential and can serve energy conversion
requirements but it needs research in adsorber material [7]. There are some attempt to
increase COP of system by integrated with a compound parabolic concentrator [8].
Therefore, best performance can be achieved by proper designing of component and
working pair.

2. WORKINGOF CYCLE

Above review shows that Vapour Adsorption Refrigeration cycle has good potential.
Cycle consists following components.
1) Water tank : There are two water tanks. One contain hot water (>60° C) and other
contain cold water(< 20° C).Purpose is to charge and discharge adsorbate from
adsorbent.

2) Adsorber bed : Adsorber bed is the key component in the system. It is one type of
heat exchanger which contain adsorbent in it. Inside the tube hot or cold water is
supplied depending upon the adsorption and desorption process and refrigerant
flows in shell.
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3) Evaporator : Evaporator consist coils in which liquid-vapour refrigerant is
converted into vapour refrigerant at low pressure and temperature.

4) Condenser : Condenser consist coils in which vapour refrigerant is converted into
liquid refrigerant at high temperature and pressure. Superheated vapour is cooled
to saturation temperature and then it is condensed to a saturated liquid.

5) Expansion Valve : Expansion valve allows the liquid refrigerant to pass at
controlled rate after reducing pressure and temperature.
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Figure 1. Working cycle of Vapour Adsorption Refrigeration

Here, Tank A contains hot water and tank B contain cold water. Both tank is connected to
both adsorber bed separately provided with valve at inlet and outlet. Same way,
evaporator is connected to inlet of each adsorber bed and Condenser is connected at the
out of each adsorber bed provided with valve.

As vapour refrigerant is coming out from the evaporator at high temperature and presser it
goes to either of adsorber-2. In adsorber bed-2 cold water is passing inside the tubes while
vapour refrigerant moves through the shell side of adsorber bed which contain adsorbent.
Adsorbent will adsorb adsorbent on it which is refrigerant only. Therefore heat transfer
happens between vapour refrigerant and cold water in terms of adsorption. This process is
known as adsorption process.

This vapour refrigerant then goes to condenser which converts it into liquid refrigerant.
From outlet of the condenser it passes through the expansion valve and then evaporator.
This cycle continuously happens until adsorber bed is fully charged. When adsorbent
inside adsorbed has adsorb adsorbent up to its maximum limit then it is fully charged and
cycle can’t procced further. It need to be discharged. This can be achieved by allowing
hot water through the tubes of adsorber bed.

While, this discharge of adsorber bed-2 is happening adsorber bed-1 is ready to serve. Hot
refrigerant will pass through the shell of adsorber bed-2 which contain adsorbent same as
adsorber bed-2 and cold water will pass through the tubes of adsorber bed-1. Heat transfer
will occur between refrigerant and cold water through adsorption process.

By the time adsorber bed-1 will fully charge and adsorber bed-2 will be available for
process. This cycle continuously goes on.
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Depending upon the adsorption and desorption process in Adsorber bed-1 or adsorber
bed-2 valves are open and closed. It can be seen from table that during desorption process
refrigerant doesn’t flow. For single adsorber bed cycle this can be lag time,during this
period system doesn’t work. For double bedrefrigeration discharge of refrigeration can be
done parallel while adsorption process happens in other one. So, system continues to work
without stopping.

Table 1. Flow through valves with respect to process

Case | Scenario Water Cycle Refrigerant Cycle
1 Adsorption inbed - 1 | TankB-Valve 4- | Eva. — Valvell-A.bedl — Valve6 —
Valve 9-Tank B Valvell-Cond.-Eva.

Desorption in bed -2 Tank A - Valve3- | -
A.bed2-Valve 10-

Tank A
2 Desorptionin bed - 1 | TankA-V1-V8§ - -
TankA
Adsorptioninbed - 2 | Tank B — Valve4 — | Eva. -  Valvel2-A.bed2-Valve5-
Valve9-Tank B Cond.-Eva.
3. NOMENCLATURE

Table 2.Symbols used in article

Symbols Names

Orf Heat Energy

m Mass

Cp Specific heat at constant pressure

dr Temperature difference

my Mass flow rate

A Area of cross-section

Gi Mass velocity

Re Reynolds number

u Dynamic Viscosity

h Heat transfer co-efficient

jn Chilton and Colburn dimensionless factor
K Thermal conductivity

Pr Prandtl number

Nu Nusselt Number

LMTD Logarithmic mean temperature difference

4. DESIGN CALCULATION
4.1. Mass of Adsorbate and Adsorbent

Mass of Adsorbate can be determined by cooling requirement of product, i.e. water.

Qref = medeT (1)
And
My/ref = Qref/ hfg (2)

With the help of Dubinin Astakhov correlation the value of adsorption capacity is
achieved.

X = Myef / Mads 3)
From the above equation, mass of adsorbent is calculated.

4.2. Adsorber bed Design
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As discussed above adsorber bed is key component of the cycle. It is one type of heat
exchanger in which heat transfer happens between hot/cold water and refrigerant with the
help of adsorbent. Here, shell and tube type of heat exchanger is considered. Inside the
tubes of heat exchanger cold water is supplied during adsorption cycle and hot water is
supplied during desorption cycle. Shell is contained with adsorbent and
adsorbate(refrigerant) flows through shell. For better heat transfer sometimes fin is
provided on the tubes.

Heat Duty in adsorber bed

Qads = MiyCpmd Ty “4)

Overall heat transfer coefficient can be calculated by separately calculating tube side and
shell side heat transfer coefficient.
Flow area per pipe

At = nr2 (5)
Mass Velocity
Gt = Mw / A[ (6)

Reynolds number
RC[:(D*Gt)/M (7)

Tube side heat transfer coefficient
hi = jn(%) (cp p k)™ (/™™ ®)

Where, ji is Chilton and Colburn dimensionless factor.
Including thickness of the tube, the corrected heat transfer coefficient is given by
hio = (hi*di) / do (©)]

Shell side heat transfer coefficient
hs = ap Re %6 Pro33/F,)(K¢/d) (10)

Overall heat transfer coefficient
(ho) = (hs*hio) / (hs + hio) (11)

Considering, counter flow arrangement LMTD can be determined.
Area of contact(A.)
AC = Qads / (ho * LMTD) (12)

igure 2. Design of Adsorber Bed
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4.3. Condenser Design

Condenser converts the vapo r refrigerant into liquid refrigerant. It can be consider as
shell and tube type of heat exchanger. Dimensions of the condenser can be calculated in
same way of adsorber bed. Here, inside the tube refrigerant will flow and inside the shell
water willflow. Thetemperature difference between refrigerant and water will cause heat
transfer process.

Figure 3. Design of Condenser
44. Evaporator Design
The evaporator is considered as shell and coil type heat exchanger.Dimensions of

the coil and shell can be calculated by the mass velocities of the fluid.

For laminar flow, shell side heat transfer co efficient(ho)
H; = 0.6 Re?? Pro3! (K/D) (13)

Tube side heat transfer coefficient(hi)
hi = jn (K/D) (Nu*Pr)03? (14)

Corrected tube side heat transfer coefficient
hio = h; (D/Do) (15)

Overall heat transfer coefficient

ho = (1/hs) + (1/hjo) + (t/k) + Re + R (16)
where, t is coil thickness, K is thermal conductivity of coil material, R and R, are fouling
factors for coils and shell respectively.

Contact area of coil(A.)

Ac = Qrer/ (hy * LMTD ) (17)

Where, LMTD is calculated by considering counter flow arrangement.
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Figure 4. Evaporator Design

S. CONCLUSION

The calculation shows that adsorption refrigeration cycle is good option to serve purpose of
refrigeration and advantages over vapour compressor refrigeration. Low specific cooling
power leads to bigger size of chiller which increase investment cost. Table 3 shows optimum
dimensions of components calculated here. Here, standard size copper pipe is considered for
simplicity in fabrication work.

Table 3. Dimensions of Components
Component Type Specification
Adsorber bed Shell and tube Shell 140 mm in
diameter, 800 mm

long
9.52mm (3/8 inch)
tube dia.

Condenser Shell and tube Shell of capacity
23L

1.6m long tube
with 12.7mm (1/2

inch) of dia.
Evaporator Shell and helical | Shell 10L
coil immersed in | 6m long tube with
water 12.7mm (1/2 inch)
of dia.
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