Copyright IPCO-2014
Vol.2
I SSN : 2356-5608

Conférence Internationale des Energies Renouveal#GikER’13)

Sousse, Tunisie - 2013

Quantification of the influence of RD silica geldoe
porosity and process air inlet temperature on aeat
mass transfer

Rached Ncifi?, Chaouki Alt®, Habib Ben Bachd

YL aboratory of Electro-Mechanic Systems (LASEM)jdwet School of Engineers of Sfax (ENIS), UnivgrsftSfax (US)
B.P. 1173, Road Soukra km 3.5, 3038 Sfax, TUNISIA
High Institute of Technological Studies of Gafsa
Campus Universitaire Sidi Ahmed Zarrouk - 2112 @afSUNISIA
®Faculty of Sciences Gafsa
Campus Universitaire Sidi Ahmed Zarrouk - 2112 @afSUNISIA
“Salman Bin Abdel-Aziz University, College of Engiirgg at Alkharj, Mechanical Engineering Department

B.P. 655, 11942 Alkharj — Kingdom of Saudi Arabia
‘rachednci ri @ahoo. fr
’chaouki _al i @ahoo. fr
*habi bbenbacha@ahoo. f r

Abstract— This work is on the studies carried out to evaluate
the heat and mass transfer performance of a regular density
(RD) silica gel packed bed during adsorption mode. A quite
precise quantification of the influence of both bed porosity and
process air inlet temperature on the magnitude of heat and mass
transfer in a silica gel packed bed is carried out. Accurate
tendency curves for the transferred humidity and enthalpy data
are, then, identified and interpreted. Correlations, permitting to
calculate, in function of bed porosity or process air inlet
temperature, both the maximum quantity of removed humidity
from air and the maximum enthalpy released by the silica gel
medium during an adsorption process, are provided. All
numerical simulations are carried out using Finite Volume
method.

Keywords— Air conditioning, Adsor ption, Heat and mass
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I. INTRODUCTION

During adsorption phenomena, it is well known tkiz
variation of operating conditions, such as adsdrbeed
porosity and the inlet temperature of process dieca

Hasan Demiret al. [1] performed an interesting study
concerning the effect of porosity on heat and ntasssfer in
a granular adsorbent bed. The evolutions of adsbrbe
temperatures, adsorptive pressure and moisturemontere
studied for 3 values of bed porosity (0.1, 0.2 ar®). It was
shown that the period of adsorption augments whed b
porosity increases. All simulations illustrate thbath pressure
adsorptive and moisture content of adsorbent dextafl by
the bed porosity just at the beginning of the aglson cycle,
and they approach the equilibrium value after atietly
short time.

Kuei-Sen Shangt al. [2] performed an experimental work
to evaluate the effect of inlet air temperature ahe
regeneration cycle duration on the mass transféima silica
gel packed bed. A comparison between commercial and
improved properties silica gel is done when evahgathe
moisture uptake of silica gel. It was shown th silica gel
with improved properties (modified silica gel) doest
require a high regeneration air temperature tarattaspecific
moisture uptake, as it is the case for commerdiamasgel.
This fact was explained by the low mass transfsistance of

considerably the mass and heat transfer rates, ekatwmodified silica gel compared to the commercial ore.

adsorbent particles and humid air. Precisely gfiang the

influence of these two operating conditions helpgmsure a
good choice of bed porosity and inlet air tempemtwhen
aiming to design an efficient adsorption bed.

Examining the literature talking about the effedt beed
porosity and the inlet air temperature on heat amaks
transfer in a porous medium, some interesting waess be
mentioned.

considerable energy saving, when regenerating ritpgoved
properties silica gel, is then allowed.

The aim of this work is to quantify the influencé twed
porosity and inlet air temperature on some charati®
variables of heat and mass transfer which are tAeimum
enthalpy released by desiccant material and theirmusm
removed quantity of humidity from the process air.
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In section 2, the silica gel packed bed charadiesiand
the conditioned space dimensions are presentedder @o
determine an adequate air velocity based on theedesir
flow rate. In section 3, differential equations gaving the
heat and mass transfer problem in silica gel padied are
expressed. Numerical simulations results are ptedeand
interpreted. In section 4, the work is concluded.

Il. STATEMENT PROBLEM

As described in Fig.1, the desiccant unit is oneponent
among several others forming the whole air conditig
system. Solar energy is used to regenerate theccdesi
material.

g : Silica gel moisture contenkKg (H20)/Kg (dry silica gel)
0. Equilibrium moisture contentkg (H20)/Kg (dry silica
ge)

De: Effective diffusivity (n?/s)

ro: Silica gel radius particlen{m.

The effective diffusivity coefficient is given b formula
[5.6]

H, 41073
—ads—¥ 2
= ) 2)

D =&exp(— 0947
TS
where,

Do: Surface diffusion coefficientf/s)

15 Tortuosity factor for intraparticle surface diion
H.qs Heat of adsorptionKJ/Kg(water))

T: Air temperatureK)

D. Mass conservation equation

w w

Pa st PV 5= Pa e( 2)- -0, 2 )
where,
iiad] i) o: Air humidity ratio (g (H20)/Kg (dry air)
Fig. 1. Desiccant air conditioning system. pa: Air density Kg/nt)
A. Silica gel packed bed p: Silica gel densityign)
¢ Medium porosity
The silica gel packed bed has a squared crossosecn

§=2.5x10%r? and a heighH,=0.2m. The used desiccant is a

regular density silica (RD) gel silica gel. The pethder E. Energy conservation equation

investigation, is one sample among 8 identical Hedsing

the whole desiccant unit, and working with a suiab (%a(Cea*@Cp)+ L= E)ps(CPSJ'qCPW»

synchronization. aT (4)

+pa(cpa +QCPV)V& = pSHads(l_‘g)g

B. Conditioned space

The conditioned space has a square &ea25m and a
heightH=2.88n. Thus, the space contains an air volume equahere,
to 18n°. The whole air volume of the conditioned space is
changed every 15 minutes. Taking into consideratiom C,.: Air specific heat KJ/KgK)
general working order of beds forming the desiceanit and C,,: Water vapor specific hea/KgK)
their number, the mass flow rate in each bed must 8, Silica gel specific heak/KgK)
0.3m*minwhich corresponds to an air velocity2nvs. Cow: Water specific heat(d/KgK);

The studied heat and mass transfer problem is geddoy /. Air thermal conductivity (W/mK)
the following equations, Js Silica gel thermal conductivitw§{/mK).

a1
+ (E/]a + (1_5)/]5)6)(72

C. Drying kinetic equation
The drying kinetic equation is widely used in lgare[3,4],

I1l. RESULTS AND INTERPRETATIONS

It is to note that all numerical simulations arerieal out in
the outlet of the bedk€0.2m).

oq _ 15D
0? " > (0., —0) 1) A. Influence of bed porosity

P To quantify the influence of bed porosity on botte t
where,

humidity remove and enthalpy release, we set partadius
r,=1.8mm, air velocityv=2m/s, process air inlet temperature
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Tinet air =35°C and we vary the bed porositypver the range  To quantify the influence of process air inlet tergiure
[0.4, 0.7]. on both humidity remove and enthalpy release, wevseset
Figs. 2 show the evolution of the maximum enthalpyarticle radiusr,=1.8mm, air velocityv=2m/s, bed porosity
(dashed line) released by the desiccant and theémmax ¢=0.55 and we vary the process air inlet air termpeed i, e; air
guantity of humidity (solid line) removed from pess air, in over the range [25°C, 45°C]
function of bed porosity, during the adsorptionleyc
The evolutions of released enthalpy and removedidipm  Fig. 3 show the evolution of the maximum enthalpy
in function of bed porosity have both polynomiahdencies. (dashed line) released by the desiccant and themmax
Correlations governing these evolutions are, guantity of humidity (solid line) removed from pexs air, in
function of process air inlet temperature, during &dsorption
cycle.

The evolutions of released enthalpy and the maximum
For heat transfer, quantity of humidity removed form process air imdtion of
process air inlet temperature have both a polynomia

H reteased= Hmax — Hinital tendencies. Correlations governing these phenormena
()

— 2 4
=-1771x g° -20725x £ + 22203 For heat transfer,

For mass transfer, H elcased™ Hmax = Hinitial %)

— 2
Cremoved= Winitial ~ Cmin = 3,353 Tinjer” +66,8% Tipjey +382]
==-3%x10°x£?-0,008% £ + 0,008 (6)
For mass transfer,

The decreasing tendency for both heat and massférain
adsorption mode, when bed porosity augments, is@gd. In | “emoved™ Hnitial ~ Wix (®)
fact, the quant_ity qf gdsorbent depresases whenpbeasity |-106 xTinIetZ +2x10° xT o +0,001
increases. This diminishes, obviously, the totatoadent
surface of silica gel particles. The amount of \lzer Waals
bonds, formed on the silica gel surfaces duringogat®n
phenomena, is, so, reduced. This coresponds tecraabe in 0005 | e=055\=2m/sir,=L8mm ¢ 13500

mass transfer.
The creation of Van Der Waals bond is an exothermic

0,0045 - r 12500

The trend for both heat and mass transfer in atsorp
mode is growin when the inlet temperature of thecpss air
increases. This is predicted since the mass diftysiof
adsorbent particles augments as the process aét inl
temperature increases. So, the mass transfer aneeth: the
Fig. 2. Evolution of heat and mass transfer in fiamcof bed porosity during quantity of Van Der Waals bonds, formed on thecailgel
adsorption cycle. surfaces during adsorption phenomena, is, augmented
Consequently, the quantity of heat released is,als
augmented when the process air inlet temperatareases.

04 0,5 0.6 0,7

£ g
o =
> >
= — o
. . . " - E 5 11500 F
reaction. Evidently, the quantity of heat relase@roportional ER - ' os0 &
to the amount of formed Van Der Waals bonds. Thgans 3 =2 000 S
: 2o 9500 B
the decrease of heat transfer when bed porosityents. ) 2%
5 0,003 L
g .2:_:" 8500 %
2 700025 7500 E
£ 0006 | vEam/sT, i =35°Cr,=1.8mm [ 14000 o £ E
5 AN Lo 2 2 25 30 35 a0 45 £
E ~ a = L1}
F- 0,005 1 S 12000 F Inlet air temperature (°C) =
2% o000 | - 11000 B
s g ’ L 10000 -‘E: Maximum adsorbed humidity ---- Maximum released enthalpy
,gi.%n 0,003 - ~g000 S B
G ~._ o0 @& ®= Fig. 3. Evolution of heat and mass transfer incfiom of process air inlet
E é 0,002 4 0 temperature during adsorption cycle.
g~ ooom . ; 6000 §
2 E
= 3
2

Porosity

Maximum adsorbed humidity ---- Maximum released enthalpy

B. Influence of process air inlet temperature
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Using the aforementioned correlations, it is easpredict process air inlet temperature when adsorption pinena
quite precisely the maximum quantity of removed Hdity have to be carried out.

from the process air and the released enthalphédgésiccant
medium, given the silica gel bed porosity or thegass air
inlet temperature. (1

V. CONCLUSION

A rigorous quantification of the influence of sdigel bed [2]
porosity and process air inlet temperature on aeat mass
transfer within a packed bed was carried out. Biaru
tendencies of heat and mass transfer was studied
interpreted. It was shown that the heat and maassfier
evolutions have polynomial tendencies in functibmath bed [4]
porosity and process air inlet temperature. [5]

Correlations, giving the exact quantity of heat andss
transfer in function of bed porosity and process inlet
temperature, were established, based on data biescthe [6]
maximum removed humidity from the process air ahe t
maximum enthalpy released by the desiccant medithis
can be useful for ensuring proper choice of bedgity and
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