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ABSTRACT

Aims: The aim of this work was to develop a thermodynamic model that applies to several couples,
for determining the cop, of a cycle of adsorption and to compare these couples of adsorption.

Methodology: Five couples were considered: Silica gel-water, Zeolite-water, Activated Carbon-
methanol, Activated Carbon-ethanol, and Activated Carbon-Ammonia.

From a thermodynamic cycle, heats exchanged was determined using Dubinin-Astakhov equation
for adsorption and a COP is calculated.

We studied the influence of some physical quantities on the performance of these couples mainly
the effect of operating temperatures and the effect of parameter n of Dubinin-Astakhov.

Results: The results showed that the silica gel-water and zeolite-water couples show better
performance for evaporation temperature higher than 5°C in the climatic conditions of Burkina Faso.
On the opposite, for evaporation temperatures lower than 5°C the activated carbon-methanol and
activated carbon-ethanol couples have the best thermal performance. The results show that for
each couple, there is an optimal value of Dubinin Astakhov parameter n:
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For silica gel-water n = 1.78, for zeolite-water n = 2.3, for activated carbon-methanol n = 2.15, for
activated carbon-ethanol n = 2.25 and for activated carbon-ammoniac n = 1.55.

Finding(s): An interesting and useful finding was that the proposed thermodynamic model allow
calculation of the COP of others refrigeration pairs knowing their thermophysicals properties and
Dubinin Parameters.

We also found that silica gel-water and zeolite-water pair although not reliable in ice making purpose
have higher cold production due to the high latent heat of vaporization of water

Conclusion: Silica gel-water pair is recommendable for refrigeration (food conservation) and
activated carbon-methanol for ice making (Vaccine conservation).

The various results which are obtained by simulation need to be validated experimentally.

Keywords: Adsorbent/adsorbate; coefficient; energy;, modelisation;, performance; refrigeration;

thermal.
NOMENCLATURES
Tc2 : Adsorption starting temperature [K]
Ta : Adsorption temperature [K]
B : Affinity coefficient
0, : Chaleur sensible heat of the metal parts [kJ]
E, : Characteristic energy of adsorption [kJ]
COP. : Coefficient of Solar Performance
COP, : Coefficient of Thermal Performance
Tc : temperature [K]
D : Constant that characterizes the adsorbent / adsorbate couple
R : Constants of gases [J.kg'.K']
e : Criterion of Convergence
Am : Cycled mass of the adsorbate [kg]
r T) : Density of the adsorbate [kg.m”]
Q... : Desorption heat [kJ]
Tcl : Desorption starting temperature [K]
P(T) : Evaporation pressure [Pa]
Te : Evaporation temperature [K]
n : Exponent in the Dubinin equation
Qf' : Heat exchanged at the evaporator [kJ]
v, : Maximum volume of adsorption per kg of adsorbent [m°.kg']
Tg : Regeneration temperature [K]
P(T) : Saturation pressure of the adsorbate at temperature T [Pa]
0, : Sensible heat of the adsorbent [kJ]
0, : Sensible heat of the adsorbent [kJ]
Cp : Specific heat of the solid adsorbent [kJ.kg'.K']
1% : Volume adsorbed per kilogram of adsorbent [m°.kg']




INDICES

Ac : Activated Carbon
a : Adsorbent
Ads  : Adsorption
Amo :Amoniac

c : Condensation
Des :Desorption
Eth : Ethanol

e : Evaporation
g : Generation
Isos :Isosteric

max : Maximum
Meth : Methanol

min > Minimum

Sili : Silicagel

Wat : Water

Zeol :Zeolite

1. INTRODUCTION

Nowadays, the world is in a deep energy crisis
related to oil. Moreover, the environmental
problems in the domain of refrigeration working
with gas, solar thermal conversion, and
particularly  the adsorption refrigeration
machines, meet renewed interest [1].

In developing countries this type of device can
constitute an interesting sector for the producing
of cold from solar energy.

Indeed, Burkina Faso for instance, a country
located in the Sahel, has a very important solar
potential with an average irradiation between 5.5
kWh.m?day' and 6.5 kWh.m?®day' and an
annual sunshine duration of 3000 hours running
up to 3500 hours, with many rural areas that are
not connected to the national electricity grid [2].
The use of solar adsorption refrigeration
machines will undoubtedly improve the living
conditions in these areas.

Several small prototypes were made with
different adsorption couples both in laboratory
and in situ under different climates [3—10] have
demonstrated the usefulness of these machines.

Several authors have used the theories of
Polanyi and Dubinin-Astakov. These seem to be
the best theories available for the description of
adsorption cycles [11].

A good evaluation of this theory is given by Luo
et al. [12] with many simplifications.

The study carried out by [3] resulted in an
approximate analytical formulation of the
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coefficient of performance of solar refrigerators
with solid adsorption, depending on the
physicochemical characteristics of the couple of
adsorption and the particular conditions of use by
limiting the scope to the couples 13x zeolite-
water and silica gel-water only.

Pons et al. [13] conducted a comparative study
on the three refrigeration systems (liquid
absorption, adsorption with chemical reaction
and adsorption) and concluded that the
adsorption systems, although they have slightly
lower returns than liquid absorption, present
more advantages for the fact that they do not
require the use of a pump.

In order to improve the COP of refrigeration with
adsorption, several models of adsorption cycles
have been proposed in the literature, generally
with one or two couples of adsorption [14-22].

The study carried out by Allouhi et al. [23] on
seven adsorption couples, by focusing on the
adsorption capacity and the Solar Coefficient of
Performance (COPs) lead to the following rank
order of COPs: Silica gel-water, Fibrous
activated carbon-methanol, Activated carbon-
methanol, Zeolite-water, Activated carbon-
ethanol, Activated carbon -ammoniac, Zeolite-
ethanol.

Experimental studies of adsorption refrigeration
machines showing the transient operation of
each component of the machine, carried out by
other authors [24—34] showed that the COPs is
generally between 0.05 and 0.2 and concluded
that these systems are well suited to the
Sahelian climate.

Mathematical simulation models have been
developed in the literature in order to optimize
the performance of adsorption couples [35-37].

Various couples are used, but it is rare to find in
the literature comparisons of adsorbent-
adsorbate couples of the same amount and
under the same conditions. In general, studies
made on this type of machines are
comprehensive studies aimed at obtaining global
average performances [38]. However, the choice
of couple to use is essential when deciding to
produce an adsorption machine. That is the
reason why this study is performed to help select
the couple, according to the particular type of
application in Burkina Faso.

Currently, research focuses on improving the
heat transfer properties of materials on the one



hand, and on the other, on the consolidated
adsorbents, and a literature review on the subject
is provided by [39].

Therefore, most authors agree on couples such
as silica gel-water, zeolite-water for cooling;
[40,41], and couples of activated carbon-alcohol
for the producing of ice [42].

The specificity of the present work lies in the fact
of comparing the COP, of several adsorption

couples for the same quantities of adsorbent and
adsorbate.

The objective of this work is to develop a
thermodynamic model that applies to several
couples, for determining the cop, of a cycle of

adsorption and discuss the influence of physical
parameters and the Dubinin parameter n on the
performance of cycles.

2. MATERIALS AND METHODOLOGY
2.1 Principle of Adsorption

Adsorption is a surface phenomenon involving a
solid adsorbent which has a Iarge surface area
per mass unit (several tens of m~ per gram) and
a substance that adsorbs called adsorbate. The
surface of these solids contains attraction sites
for the adsorbed molecules. Many porous
materials such as activated carbon, silica gels
and zeolites satisfy this condition.

2.2 Theory of Polanyi

The theory of potential was formulated and
verified by Polanyi et al. [43,44].

According to the theory of Polanyi, a potential E
exists on the surface of the adsorbent and
adsorbed vapours exist in the compressed state
by attractive forces acting on the surface at a
distance from the surrounding space [45].

Potential £ may be expressed by the equation
of isothermal compression of working pressure

from pressure P to pressure P (saturation
pressure):
r P
E:j VdP=RTIn—= (1)
P P

Volume V occupied by the adsorbed phase
according to the Dubinin Radushkevish theory is
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connected to the porous volume V, and

potential E by the following relationship:

2

E

V=V, exp _(,B_Ej (2)
0

Where EO is the characteristic energy of

adsorption; and ,B is the affinity coefficient
characterizing the polarization of the adsorbent.

2.3 Dubinin Theory
By substituting equation eq1 in eq.2, we get the

equation of gas adsorption isotherm on a
microporous solid:

P 2
V=V, exp{—D(Tln—“j } @)
P
R2
Where D=—— is a constant which
BE;

characterizes the couple adsorbent / adsorbate.

Therefore, the adsorbed mass is given by:

R(1)Y
m=V,p(T)exp| -D TlnT (4)

Dubinin and Astakhov generalized the relation
(Eq.4) by introducing an exponent n that is
variable, which is used to describe adsorption by
zeolites and other adsorbents like silica gel;
[46,47].

This new equation called Dubinin-Astakhov (DA)
is written in its general form as:

m= Vop(T)exp[—D (T In @j } (5)
2.4 Modeling of the Thermodynamics
Cycle of Adsorption
An ideal adsorption cycle consists in four
thermodynamic phases that can be represented

with the Clapeyron diagram as shown in Fig. 1.

e Isosteric heating phase (constant adsorbed
mass)



e |sobaric
pressure)

e |sosteric cooling phase,

e |sobaric adsorption phase.

desorption phase (constant

The definition of the thermodynamic cycle of an
adsorption machine requires the determination of

the temperature of the two critical points 7¢,

and Tc, (thresholds).

The threshold desorption temperature 7¢; which

is the minimum temperature from which the
phenomenon of desorption begins, corresponds
to the appearance of the first drop of liquid in the
condenser.

The threshold adsorption temperature T02 is
defined as the temperature at which the

adsorption begins; it corresponds to the
evaporation of the first liquid drop in the
evaporator.

An analytical relationship between these
threshold temperatures can be obtained by
considering the two isosteric (A — B) and (C —
D) in Fig. 1.

InP
A Pression de saturation

1 T

Fig. 1. Clapeyron diagramme of an ideal cycle

A prototype example is show in Fig. 2 which is a
solar fridge with silica gel-water couple built in
Quagadougou.

We can write for Isosteres AB and CD
respectively:
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m(T,,P)=m(Tc,,P.) ©)

And
m(T,,P.)=m(Tc,,P) (7)

By applying equation (5) to equations (6) and (7)
we respectively get:

p,m)exp{—D[Ta m@j }—p,(Td)exp —D[Td 1n@] }=0

R(T)Y
beg ] :|_pl(Tcz)eXP

p(T,)exp {—D [Tg In

Equation 8 and equation 9 are non-linear and the
values of T'c, and Tc, are obtained by root
finding using Newton (—-Raphson) method.

Newton's method for solving f(7,)=0 draws

the tangent to the graph of f(T,) at any point
and determines where the tangent intersects the
x-axis. The method requires one starting value

T

cl°0 -

Fig. 2. Photo of the solar refrigerator with
silica gel-water couple installed in
Ouagadougou



2.5 Coefficients of Performance

The model developed is a static model, based on
the use of equations of state (adsorbent /
adsorbate) at thermodynamic equilibrium. It
takes no account of the effects of adsorption
kinetics, or the gradients of temperature or
pressure caused by heat and mass transfer, and
it is assumed that for a given variable, the other
variables remain constant. Thus, we neglect the
effect of thermal losses associated with the
heating of the adsorber.

The efficiency of the machine is shown by the
coefficient of thermal performance COPF,, this

coefficient is useful for describing the operation
of such a machine, and it is given by:

(10)
Where Qf is the production of cooling, the
amount of cold produced at the evaporator.

QL. is the amount of heat supplied to the
adsorber.

2.5.1 Determination of cold production Qf

The heat exchanged in the evaporator Qf is the
difference between the heat extracted by
evaporation of a mass Am of the adsorbate at
temperature 7, and the sensible heat
corresponding to the refrigeration of the
condensed cooling fluid from temperature 7, to

temperature 1, of evaporation.

Hence

Q= maAm{L(TL)— j Cp, (T)dT} (11)

L(T) and Cp,(T) respectively, denote the latent

heat of evaporation and the specific heat of the
adsorbate in liquid state.

m, is the mass of the solid adsorbent contained
in the adsorber.

Konfe et al.; BJAST, 17(2): 1-17, 2016; Article no.BJAST.28554

Am is the cycled mass of the adsorbate,
calculated as follows:

Am=m,,, —my, =m,,F)-mT,,F) (12)

m_.. is the adsorbed mass corresponding to

temperature 7

a

of adsorption and evaporation

pressure P,, that is to say the adsorbed mass
during the isosteric heating period.

m

‘min

is the adsorbed mass corresponding to

temperature 7, of and the

< regeneration

condensation pressure P., that is to say the

c

adsorbed mass in the isosteric cooling.

2.5.2 Determination of the enerqy received by
the adsorber Q).

Part of the energy received by the adsorber is
used to heat the metal parts of the adsorber and
another part is used to heat the adsorbent and
the adsorbate and the rest is used for desorption.

The energy received by adsorber Q is such
that:

QC :Q1+Q2+Q3+Qdes

with:

(13)

- Sensible heat of the adsorbent:

T){
0 =m, | Cp,dT =m,Cp,(T,~T,)  (14)

T,

a

- Sensible heat of the metal parts:
TK
Q,=m, [ Cp,dT =mCp, (T, ~T,) (15)
T,

Where m, is the mass of the metal parts of the

adsorber and Cbg their specific heat.

- Sensible heat of the adsorbate (O,

0, =m, DG DT =mm,, | Go (DT +m, [ TG (DT
" " C (16)
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m(T) is the mass adsorbed at temperature T 0. = (m,Cps-+mCp )T, ~T. -+mm. I Cp, (YT +

and condensation pressure P (phase (B — C) in . .
Fig. 1). m, [ m(T)Cp,(D)AT +mnD | m(T)T" (m

P RT?
(18)

n-1 5
R(T)j Qo gy

- Heat of desorption O,

2.6 Algorithm of Calculation
The desorption heat is given by Mimet (1991):

For the resolution of equations with this model,

"hin we write a Matlab code for calculating the
Qs =m, I 0., dm (17)  threshold temperatures, calculating the various
M amounts of heat exchanged during the
thermodynamic cycle and the thermal coefficient

With inst =AHM of performance.

The algorithm of this program is described in
By differentiating the mass, we get: Fig. 3.

(o PMDY O The parameters used in this simulation are
dm =nDmT (II‘TJ [dlnP_WdT} (18) " shown in Tables 1 and 2.

During this phase the pressure is constant and The copper used as a building matgrlal of t.hle
equal to the saturaton pressure at the adsorber has mass m, =5 kg and its specific

condensation temperature; therefore dInP=0.  poat s Cp,=0380 KI/kgK . The

Expression of the heat of desorption is obtained thermodynamic properties F;(T) p(T), L(T)

by:
y and Q9(T) of the fluids used are obtained by

T, b
Qs =manDjm(T)T" (lnPf(T)] &ng (19) polynomial approximation of thermodynamic
7 F. RT functions given by Polynomial data Temperature-
Property Relationship [48].
The equation of heat received by the adsorber

Q. is thus expressed as:

Table 1. Dubbinin asthakov Parameters of the different couples

Couple VO (I/kg) D n Reference
Silicagel-water 0.350 6e-6 1.78 Simulation
AC35-CH;0H 0.425 5.02e-7 2.15 M.Pons, PH Grenier [5]
Zeolite-water 0.269 1.80e-7 2.25 J-J Guilleminot [49]
AC35-C,HsOH 0.439 1.60e-7 2.25 Simulation

AC35-NHj; 0.456 0.53e-4 1.49 Simulation

Table 2. Mass and specific heat

Cp, (KJ/Kg.K) m, (kg)
Silicagel 0.837 1
Zeolithe 1.04 1
Activated Carbon 0.920 1
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Beginning

l

T, T.T.T, T, T

cl0s “¢c20°

Read Constants and functions:
n,V,,D,e, P(T), r,(T), B(T),
P.(T)

I

Calculations of adsorbed

mass M, :

=m(T.P)

v

m
ma

|

Calculations of adsorbed

mass M, :

= m(Ty,F.)

¥

m_ .
min

Solving Equation 9 by Newton's
method to find T},

Solving Equation 10 by Newton's
method to find 7,

v

v

Saving the values of 7, and 7,

¥

Calculation of cycled mass Dm

y

Calculation of different amounts of heat: 0,,0,,0,,0,..,

v

[ Calculation of the COP, }

Fig. 3. Algorithm of calculation

3. RESULTS AND DISCUSSION

Depending on the thermodynamic model, the
COP,, and the amount of cold produced in the

evaporator have been calculated for the different
couples by varying a parameter.

Fig. 4 shows the variation of the thermal
coefficient of performance COP, according to
T

g’

We note that for the couples studied, COP,

th

increases with Tg up to a maximum reached for

a recorded optimum temperature T, For

gmax °
temperatures above this value the COP,
decreases. This behaviour can be justified by the
fact that beyond a certain regeneration
temperature, the heating energy is only used to

increase the temperature of the adsorbent, the
temperature of the metal parts of the adsorber

and the temperature of the water, in spite of m_;
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the mass of desorbed water, is becoming weaker  which leads to an increase of the amount of cold
[50]. produced in the evaporator Q, (Fig. 5)

Equation (13) indicates that the decrease m, according to equation (12).

causes an increase in the cycled mass Am ,

0.65
0.6
0.55
0.5
0.45
=
o
o 0.4
o
0.35
|
|
0.3 |
2R ! [ —+—sil-wat |
025/ /- ot —b—AcMeth |
L | | | zeol- Wat |
0'2;/7."“7 e T T a---4 —— Ac-Eth &
: : : : weeereees AC-AMO :
| | | | T |
340 360 380 400 420 440 460

Fig. 4. Influence of the temperature of regeneration Tg on the COP,
(Ta=298 K,Te=278 K ,Tc=303 K)
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500F-------F--—---—--—-—-—- ittt

|

|

|
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|

|

o) I
X |
g 300 ********** f;,z;—"’;”**************’:
S :
|

200F---AF-b-———C B e 4

—+— Sili-Wat

— |
I Q/a/ﬂ | | ——  Ac-Meth
100 Z_L ;};%;é@ **************** —6— Zeol-Wat

Ac-Etha

I 1 1
l l l
| : : : —<+— Ac-Amo
O | | | | T
340 360 380 400 420 440 460

Fig. 5. Influence of the regeneration temperature Tg on Q_f
(Ta=298 K, Te=278 K, Tc=303 K)
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Fig. 6 shows that the COP, decreases with the m(Tg,PS(TC)) decreases, implying a reduction

increase of condensing temperature 7. in the cycled mass according to equation (12)
and consequently, a decrease in the amount of

Indeed, the increase of 7. results in an increase ~ cold produced in the evaporator O, (see Fig. 7)

c

of the saturation pressure at this temperature gndihe COP, of the system.
P(T.) . Therefore, the desorbed mass

0.7r-=—--- T T T e |
‘ | —+— Sili-wat |,

| | Ac-Meth |,

0.6 —=— Zeol-Wat ||
—=<+— Ac-Etha !

|

|

|

|

|

COPth

Fig. 6. Influence of the condensation temperature Tc on the COP,
(Ta=303 K, Te=278 K, Tg=373 K)

600 7777777 \7 777777 T T S — |
: : : —+— Sili-Wat :
| | | —+H— Ac-Meth |1
500 2= TR . - - —6— Zeol-Wat |
| | Ac-Etha |,
: : —+— Ac-Amo }
400 - — - - - - b - — - N - % Lo e ;
| |
| |
—_ | |
2 | |
EB00F P NG R f
€] ¢ |
5 5 |
200 - O N U !
|
|
0] S e H N Sy N |
| | | ] N 2 |
| | | | B ~c | |
| | | | o
| | | | | |
280 290 300 310 320 330 340

Fig. 7. Influence of the condensation temperature Tc on Qf
(Ta=303 K, Te=278 K, Tg=373 K)
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Figs. 8 and 9 show respectively the variations of
COF,, and the quantity of cold O, produced in
the evaporator.

There is an increase in COP, and in the quantity

of cold produced in the evaporator when the
temperature of evaporation increases.

Indeed, the increase in the evaporating

temperature 7, causes an increase in the

COPth
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saturation pressure at this temperature P.(T)) .
Therefore, the mass of water adsorbed
m(T,, P.(T,)) increases, involving an increase in

the cycled mass given by equation (13) and
therefore, an increase of the amount of cold

produced at the evaporator Q, and the COF), of

the system.

R S <
‘ —+— Sili-wat ||
TT a7 AcMethy
‘ Zeol-Eau ||
e 4‘777’ —<}— Ac-Etha :
l e
280 282 284 286

Fig. 8. Influence of evaporation temperature Te on the COP,
(Ta=298 K, Tc=303 K, Tg=373 K)

70— e

—+— Sili-Wat
—<— Ac-Meth

—e— Zeol-Eau
—— Ac-Etha

600

500

400
&

Qf(KJ)

300
200

100

0
270 272

282

284

Fig. 9. Influence of evaporation temperature Te on Qf
(Ta=298 K, Tc=303 K, Tg=373 K)

11



Konfe et al.; BJAST, 17(2): 1-17, 2016; Article no.BJAST.28554

The evolution of parameters Q, and COF,, with

respect to the adsorption temperature are
illustrated respectively by Figs. 10 and 11.

We observe that the increase in adsorption
temperature results in a decrease in COF, and

0,

This is explained by the fact that, with the
relationship of the adsorbed mass according to

the Dubinin Astakhov model, an increase in 7,

results in a decrease in adsorbed mass
corresponding to that temperature and the
saturation  pressure at the evaporation

temperature m(T,, P.(T))) Therefore the
cycled mass decreases, which also results in
decreased cop, and Q ;e

The influence of parameter n of Dubinin
Asthakov on the COF), and Q, is respectively
illustrated on Figs. 12 and 13.

0.7F———-—+ (B Bt Tt —g- - - 1
: : : : —*— Sili-Wat :
065 - - - —— - e I__J —— Ac-Meth ||
! | | | ———— Zeol-Wat |,
06 ‘ e L ] —=<t+— Ac-Etha l
’ | | —F— Ac-Amo |,
S ! T |
oss| - ---- o e !
< l l l l -
& .
SRS ani R L N RS
O | | | T — | |
|
045 - - - —— - L H L I 7\4%7\7 -
| | | | | |
el
R i S e S }
| N ) | B Ny |
035~~~ B e e e P E R ol
I | | | S I
| | | | < < |
1 1 1 1 1 ~ 1
290 295 300 305 310 315 320
Ta(K))

Fig. 10. Influence of adsorption temperature Ta on the COP,
(Tc=278 K, Tc=303 K, Tg=373 K)
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500 -~ ———— - - - SRg---—— - - ——— - ——
__ 400
2
o 300
200
100 S
| | | |
| | | |
| | | |
0 1 1 1 1 1
290 295 300 305 310 315 320
Ta(K))
Fig. 11. Influence of adsorption temperature Ta on Qf

(Tc=278K, Tc=303K, Tg=373K)
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One can observed that for each couple, there is
an optimal value of the parameter n of Dubinin
Astakhov: Thus, for silica gel-water n = 1.78 for
zeolite-water n = 2.3, for activated carbon-
methanol n = 2.15, for activated carbon-ethanol n
= 2.25, for activated carbon-ammonia n = 1.55.

The results show that silica gel-water and zeolite-
water couples exhibit better performance for

evaporation temperatures above 5°C in the
0.7F-----—==-mmm— -
| | | |
| | | |
| | | |
| | | |
0.6*”’T”’T””\””\”
| |
1
0.5 !
c 04
o
o
O

0.3F — ;.o
0.2

0.17

Konfe et al.; BJAST, 17(2): 1-17, 2016; Article no.BJAST.28554

climatic conditions of Burkina and are therefore
suitable for the conservation of vaccines.

In the opposite, for evaporation temperatures
lower than 5°C the activated carbon-methanol
and activated carbon-ethanol couples have the
best thermal performance. The latter's are
indicated for the producing of ice or low-
temperature cooling.
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Fig. 12. Influence of Dubinin-Astakhov parameter n on the COP,
(Ta=303 K, Te=278 K, Tc=303 K, Tg=373 K)
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Adell [3] concluded that silica gel is substantially
more efficient than zeolite as regards the
temperature of use of cold greater than 0°C, by
comparing the silica gel-water and water-zeolite
couples.

4. CONCLUSION

The study of thermodynamic cycle performed in
this work for five adsorption couples
demonstrated the importance of an appropriate
choice of a couple when we need a given
application.

This is useful for the design of adsorption system.

The silica gel-water and zeolite-water working
pair showed high performance for refrigeration
cycles purpose while activated carbon-methanol
and activated carbon-ethanol showed to be the
most promising working pairs for ice making
purpose.

These results showed that under conditions of
simulation we can classify these couples: silica
gel-water, zeolite- water, activated carbon-
methanol, activated  carbon-ethanol, and
activated carbon -ammoniac.

The parameter n of Dubinin has a great influence
on the modeling of adsorption and for every
couple there is an optimal value.

Based on the simulation results we can
recommend silica gel-water pair for refrigeration
(food conservation) and activated carbon-
methanol for ice making (Vaccine conservation).
This approach could also be applied to other
adsorbent/adsorbate pairs for the design of
adsorption beds.

The various results which are obtained by
simulation need to be validated by experimental
methods.

A forthcoming publication will be devoted to an
experimental comparative study of these couples.

ACKNOWLEDGEMENTS

The ISP, Uppsala University, Sweden s
gratefully acknowledged for their support to
project BUFO1.

Konfe et al.; BJAST, 17(2): 1-17, 2016; Article no.BJAST.28554

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Chekirou W. Etude et Analyse d'une
machine frigorifique solaire a adsorption.
Thése de Doctorat. Université Mentouri
Constantine, Algerie; 2008.

2. Ousmane M, Dianda B, Kam S, Konfe A,
Ky T, Bathiebo D. Experimental study in
natural convection. Global Journal of Pure
and Applied Sciences. 2015;21(2):155.

DOI: 10.4314/gjpas.v21i2.8.

3.  Adell A. Réfrigération solaire & adsorption
solide:  Choix du meilleur couple
d’adsorption. Revue de Physique
Appliquée. 1984;19(12):1005-1011.
DOI:10.1051/rphysap:01984001901201005
00

4, Pons M, Guilleminot JJ. Design of an
experimental solar-powered, solid-
adsorption ice maker. Journal of Solar
Energy Engineering 1986;108(4):332—-337.

5. Hildbrand C, Dind P, Pons M, Buchter F. A
new solar powered adsorption refrigerator
with high performance. Solar Energy.
2004;77(3):311-318.

DOI: 10.1016/j.solener.2004.05.007.

6. Zhai XQ, Wang RZ. Experimental
investigation and performance analysis on
a solar adsorption cooling system

with/without heat storage. Applied Energy.
2010;87(3):824-835.

DOI: 10.1016/j.apenergy.2009.10.002.

7. Xua S. Experiment on a New Adsorption
Bed about Adsorption Refrigeration Driven
by Solar Energy. Energy Procedia.
2012;14:1542-1547.

DOI: 10.1016/j.egypro.2011.12.1130.

8. Ambarita H, Kawai H. Experimental study
on solar-powered adsorption refrigeration
cycle with activated alumina and activated
carbon as adsorbent. Case Studies in
Thermal Engineering. 2016;7:36—46.

DOI: 10.1016/j.csite.2016.01.006.

9. Buonomano A, Calise F, d’Accadia MD,

Ferruzzi G, Frascogna S, Palombo A, et al.

Experimental analysis and dynamic
simulation of a novel high-temperature

14



10.

11.

12.

13.

14.

15.

16.

17.

18.

solar cooling system. Energy Conversion
and Management. 2016;109:19-39.

DOI: 10.1016/j.enconman.2015.11.047.

Xue HS. Experimental investigation of a
domestic solar water heater with solar
collector coupled phase-change energy
storage. Renewable Energy. 2016;86:257—
261.

DOI: 10.1016/j.renene.2015.08.017.

Saeidi N, Parvini M, Sarsabili M. Studying
Performance of Dubinin-astakhov and
Dubinin-raduchkevic Equations to Evaluate
Nanopore Volume and Pore Size of MCM-
41 Particles. International Journal of
Engineering. 2014;27(10(A)):1511-1518.
DOI: 10.5829/idosi.ije.2014.27.10a.04.

Luo L, Feidt M. Thermodynamics of
adsorption cycle: A theoretical study. Hear
Transfer Engng. 1992;13(4):19-31.

Pons M, Meunier F, Cacciola G, Critoph
RE, Groll M, Puigjaner L, et al
Thermodynamic based comparison of
sorption systems for cooling and heat
pumping. International  Journal  of
Refrigeration. 1999;22(1):5-17.

DOI: 10.1016/S0140-7007(98)00048-6.

Meunier F. Theoretical performances of
solid adsorbent cascading cycles using the
zeolite-water and active carbon-methanol
pairs: four case studies. Journal of Heat
Recovery Systems. 1986;6(6):491—498.

Critoph RE. Performance limitations of
adsorption cycles for solar cooling. Solar
Energy. 1988;41(1):21-31.

Lemmini F, Buret-Bahraoui J, Pons M,
Meunier F. Simulation des performances
d'un réfrigérateur solaire a adsorption: 1.
comparaison des performances pour deux
types de charbon actif. International
Journal of Refrigeration. 1992;15(3):159—
167.

DOI: 10.1016/0140-7007(92)90006-G.

Lemmini F, Buret-Bahraoui J, Pons M,
Meunier F. Simulation des performances
d'un réfrigérateur solaire a adsorption: 2.
Fonctionnement avec stockage de froid
dans deux climats différents. International
Journal of Refrigeration. 1992;15(3):168—
176.

DOI: 10.1016/0140-7007(92)90007-H.

Leite APF. Thermodynamic analysis and
modeling of an adsorption cycle system for
refrigeration from grade energy sources. J

Konfe et al.; BJAST, 17(2): 1-17, 2016; Article no.BJAST.28554

15

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

of the Brazilian Society of Mechanical Sci.
1998;20(3):301-324.

Meunier F, Neveu P, Castaing-
Lasvignottes J. Equivalent Carnot cycles
for sorption refrigeration: Cycles de Carnot
équivalents pour la production de froid par
sorption. International Journal of
Refrigeration. 1998;21(6):472—489.

Anand S, Gupta A, Tyagi SK. Simulation
studies of refrigeration cycles: A review.
Renewable and Sustainable Energy
Reviews. 2013;17:260-277.

DOI: 10.1016/j.rser.2012.09.021.

Jiang L, Wang LW, Zhang XF, Liu CZ,
Wang RZ. Performance prediction on a
resorption cogeneration cycle for power
and refrigeration with energy storage.
Renewable Energy. 2015;83:1250-1259.
DOI: 10.1016/j.renene.2015.06.028.

Goyal P, Baredar P, Mittal A, Siddiqui AR.
Adsorption refrigeration technology — An
overview of theory and its solar energy
applications. Renewable and Sustainable
Energy Reviews 2016;53:1389—-1410.

DOI: 10.1016/j.rser.2015.09.027.

Allouhi A, Kousksou T, Jamil A, El Rhafiki
T, Mourad Y, Zeraouli Y. Optimal working
pairs for solar adsorption cooling
applications. Energy. 2015;79:235-247.

DOI: 10.1016/j.energy.2014.11.010.

Boubakri A, Arsalane M, Yous B, Ali-
Moussa L, Pons M, Meunier F, et al.
Experimental study of adsorptive solar-
powered ice makers in Agadir (Morocco)—
1. Performance in actual site. Renewable
Energy. 1992;2(1):7-13.

DOI: 10.1016/0960-1481(92)90054-7.

Luo L, Feidt M. Comportement transitoire
d'une machine frigorifique. Experimentale
du systeme alcool /charbon actif. Rev Gen
Therm. 1997;36:159—-169.

Coulibaly yézouma, Teguh PB, Diny M,
Boussehain, R, Feidt M. Comportement
thermique d'un générateur a sorption
solide. Rev Gen Therm. 1998;37:818-826.

Wu JY, Wang RZ, Xu YX. Dynamic
simulation and experiments of a heat
regenerative adsorption heat pump. Energy
Conversion and Management
2000;41(10):1007—-1018.

Li M, Wang RZ, Xu YX, Wu JY, Dieng AO.
Experimental study on dynamic
performance analysis of a flat-plate solar



29.

30.

31.

32.

33.

34.

35.

36.

solid-adsorption refrigeration for ice maker.
Renewable Energy. 2002;27(2):211-221.
Dechang W, Jingyi W, Honggang S, Ruzhu
W. Experimental study on the dynamic
characteristics of adsorption heat pumps
driven by intermittent heat source at
heating mode. Applied Thermal
Engineering. 2005;25(5-6):927-940.
DOI:10.1016/j.applthermaleng.2004.07.013

Wu WD, Zhang H, Sun DW. Mathematical
simulation and experimental study of a
modified zeolite 13X—water adsorption
refrigeration module. Applied Thermal
Engineering. 2009;29(4):645-651.

DOI:10.1016/j.applthermaleng.2008.03.037

Hamed AM, Abd El Rahman WR, EI-Emam
SH. Experimental study of the transient
adsorption/desorption  characteristics  of
silica gel particles in fluidized bed. Energy.
2010;35(6):2468-2483.

DOI: 10.1016/j.energy.2010.02.042.

Chekirou W, Chikouche A, Boukheit N,
Karaali A, Phalippou S. Dynamic modelling
and simulation of the tubular adsorber of a
solid adsorption machine powered by solar
energy. International Journal of
Refrigeration. 2014;39:137-151.

DOI: 10.1016/.ijrefrig.2013.11.019.

Tso CY, Chan KC, Chao CYH, Wu CL.
Experimental performance analysis on an
adsorption cooling system using zeolite
13X/CaCl2  adsorbent  with  various
operation sequences. International Journal
of Heat and Mass Transfer. 2015;85:343—
355.

DOI:10.1016/j.ijheatmasstransfer.2015.02.
005

Bouzeffour F, Khelidj B, Tahar abbes M.
Experimental investigation of a solar
adsorption refrigeration system working
with silicagel/water pair: A case study for

Bou-Ismail solar data. Solar Energy.
2016;131:165-175.

DOI: 10.1016/j.solener.2016.02.043.
Sumathy K, Yong L. Review of

mathematical investigation on the closed
adsorption heat pump and cooling systems.
Renewable and Sustainable Energy
Reviews. 2002;6:305—-337.

Freni A, Maggio G, Vasta S, Santori G,
Polonara F, Restuccia G. Optimization of a
solar-powered adsorptive ice-maker by a
mathematical method. Solar Energy.
2008;82(11):965-976.

Konfe et al.; BJAST, 17(2): 1-17, 2016; Article no.BJAST.28554

16

37.

38.

39.

40.

41.

42.

43.

44,

45.

DOI: 10.1016/j.solener.2008.05.002.

Zhang G, Wang DC, Zhang JP, Han YP,
Sun  W. Simulation of operating
characteristics of the silica gel-water
adsorption chiller powered by solar energy.
Solar Energy. 2011;85(7):1469—-1478.

DOI: 10.1016/j.solener.2011.04.005.

Luo L, Feidt M. Comportement transitoire
d'une machine frigorifique a adsorption.
Etude expérimentale du systeme
alcool/charbon actif. Revue Générale de
Thermique. 1997;36(3):159-169.

DOI: 10.1016/S0035-3159(97)88156-1.

Wang SG, Wang RZ, Li XR. Research and
development of consolidated adsorbent for
adsorption systems. Renewable Energy.
2005;30(9):1425—-1441.

DOI: 10.1016/j.renene.2004.10.012.

Dieng AO, Wang RZ. Literature review on
solar adsorption technologies for ice-
making and air-conditioning purposes and
recent developments in solar technology.
Renewable and Sustainable Energy
Reviews. 2001;5(4):313-342.

Shmroukh AN, Ali AHH, Ookawara S.
Adsorption working pairs for adsorption
cooling chillers: A review based on
adsorption capacity and environmental
impact. Renewable and Sustainable
Energy Reviews. 2015;50:445-456.

DOI: 10.1016/j.rser.2015.05.035.

Vasta S, Maggio G, Santori G, Freni A,
Polonara F, Restuccia G. An adsorptive
solar ice-maker dynamic simulation for
north Mediterranean climate. Energy
Conversion and Management. 2008;
49(11):3025-3035.

DOI: 10.1016/j.enconman.2008.06.020.

Dubinin  MM. the potential theory of
adsorption of gases and vapors for
adsorbents with energetically nonuniform
surfaces. Chem Rev. 1960;60:235-241.
Askalany AA, Salem M, Ismael IM, Al
AHH, Morsy MG, Saha BB. An overview on
adsorption pairs for cooling. Renewable
and Sustainable Energy Reviews. 2013;19:
565-572.

DOI: 10.1016/j.rser.2012.11.037.

Teng Y, Wang R., Wu J. Study of the
fundamentals of adsorption systems.
Applied Thermal Engineering. 1997;17(4):
327-338.

DOI: 10.1016/S1359-4311(96)00039-7.



46.

47.

48.

Dubinin MM, Astakhov VA. Description of
adsorption equilibria of vapors on zeolithe
over wide ranges of temperature and
pressure. Adv Chem Ser. 1971;102:69-85.

Dubinin MM. Novel ideas in the theory of
the physical adsorption of vapors on
micropore adsorbents. Carbon. 1987;25(3):
321-324.

Faghri A, Zhang, Y. Transport Phenomena
in Multiphase Systems; 2006.

Konfe et al.; BJAST, 17(2): 1-17, 2016; Article no.BJAST.28554

49.

50.

Guilleminot  JJ, Meunier F. Eude
expérimentale d'une glaciére solaire
utilisant le cycle zéolithe-eau. Rev Gen
Therm. 1981;239:825-834.

Mimet A. Etude théorique et expérimentale
d'une machine frigorifique a adsorption
d’ammoniac sur charbon actif. Thése de
Doctorat. FPMS Mons, Belgique; 1991.

© 2016 Konfe et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http.//creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/15881

17



