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A colus area m’
C cdale concentration mole/m’
C, a1y 40 ead wd> Jlew clale adsorbed concentration mole/m’ i
uél} S o).S \.\.cl> Comnd >
C, ol JLad 0 ohg ole)S cub b specific heat in constant J/(kg.K)
pressure
C, haw clale surface concentration mole/m”
C, Coli x> j0 oy 2o, cud,ls | specific heat in constant J/(kg.K)
volume
COP o Shes oy coefficient of performance ----
d, Ol 03 Jlad wo,d la particle diameter, m
adsorbent particle
diameter
d oo S 50 JB slalas Joles ,ld | equivalent pore diameter m
D gl Lo pipe diameter, diffusivity m,
Q;M mz/S
- syl sy co o apparent diffusivity m’/s
D, (P55 90) g i o p continuum(molecular) m’/s
diffusivity
D, S slad ity oo pore diffusivity m’/s
D, Jobee iy o equivalent diffusivity m°/s
D, S LESY g g Knudsen diffusivity m°/s
D, b LSy co o surface diffusivity m°/s
D,, e (Sasisy oot pre-exponent constant of m’/s
surface diffusivity
E &5 energy J
E, &3kl (55,50 activation energy of J/kg
surface diffusion
E &5 Jisl Keal energy rate W
F.H. ond glas )| fin height (R, - R,) mm
h Sl enthalpy J/kg
J Fye Lo molar flux mole/(m”.s)
K app syl s pd dois apparent permeability of m’
adsorbent bed
b S 6y Sgd bed permeability m’
Forchheimer coefficient m’

roaley g po




L s Jsb the length of adsorbent m
bed
L, gl b g (69,9 Job inlet finless length of the m
tube
L, Ay b H9d 9,5 Jsb outlet finless length of the m
tube
L, s Ol sl ,S latent heat of vaporization J/kg
Lengh JEON FPUN BN length of pipe or bed m
m S5 005 e op > mass, iteration number kg, ----
m R e mass flow rate kg/s
M s ey molar mass kg/kmole
M, v o> o0 surface mass flow mole/s
m— flux S0 Lo molecular flux molecule/(m”.s)
n o3l Slge gl 3gec 4S5 s, | Outward normal vector of -—--
s b 0 o adsorbent interface with
il chamber
n Sloy o8 o jleis ( JoSUge JIK> |  molecular density, time molecule/m’, ----
step counter
N Lo yd Sloas fin number ----
P SLas pressure Pa
Q Sl &5l heat J
q (o> 2O volumetric flow rate, m’ /s,
S il i Kal heat rate A\
g Sl s heat flux W/m’
sl jgme radial coordinate m
R 3l5 Sl ool universal gas constant, J/(mole.K),
A radius m
R, Jligon gas constant J/(kg.K)
" oles Canglie thermal contact resistance (m”.K)/W
Res oilesdly residual -
S 5 wdl> olge e S i mhw | area of adsorbent interface m’
R with chamber
S; dg) S5l glasie mlaw inner cross-sectional area m’
of tube
SCP egatte & s s Specific Cooling Power W/kg
t obe time s
T Los temperature K
teycte IS ey o cycle time S
TCP IS ol Total Cooling Power W
u (S 9 sliwly jo e yu velocity in axial direction, m/s,




JEES RIS internal energy Jkg
v =l bl jo ce velocity in radial direction m/s
A PO g velocity vector m/s
\Y P volume m’
Voore o> @l s JB slalas x> | pore volume of adsorbent cm’/gr
particles
W, Polws el 0 sas i Jlw adsorbed phase in Kg adsorbate /KE adsorbent
equilibrium
w, sols yo wi> b Jlw zSTla> | maximum adsorbed phase | Kg adgsorbate /K adsorbent
ol
W S 48 odd i Jlw Lawsie | average adsorbed amount | Kg adsorbate /Kg adsorbent
Sl 03
z Fob yee axial coordinate m
Slg e
Codle (ewyB8) pb (ewadSS1) b a>lg
AH i sl S heat of adsorption J/kg
£ JENES; porosity -——-
& L Sz total porosity -—--
&, s s bed porosity -—--
&, 0,5 olss porosity of the particle -—--
A Sl colaa cy thermal conductivity W/(m.K)
H el viscosity (N.s)/m”
o 3,95 yhab Lcollision diameter fqr A
ennard-Jones potential
T S b tortuosity factor -—--
Q 3,95 5 JL,! collision integral
o o Canliess fin thickness m
Y s density kg/m’
o) il slge JE density of adsorbent particles Kg/m3 solid
. G>.|53 PRI .o..XS)Lo.:J L
Od 90y o3l dlge
b w9y 3
caodle (o)) pb (oS o
0 adgl oyl initial state
o o> Jlw adsorbed phase
av Loge average




S oo cold
cham alhises chamber
co JUWIRCL s condenser
e B east
eff e effective
€q Joles equivalent
ev L9yl evaporator
f S Jlw thermal fluid
fin o fin
9 oXgds iz Jlow gaseous adsorbate
h Els hot
in 3955 inlet
int S e gk oS i e interface, adsorbent
aliins 5 Ll e and chamber interface
n Jhes north
t RN metal tube
out 9 outlet
ref &0 reference
S oy wodl> ool adsorbent, south
sat gl saturation
w e west
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Abstract

Adsorption refrigeration system is a system which uses thermal compressor
instead of conventional mechanical compressors. In recent years, the
importance of adsorption heat pumps and adsorption refrigeration systems
has increased considerably. Long life time, simple principle of working,
requiring less frequent maintenance, working with low temperature driving
energy sources such as waste heat, solar, and geothermal energies, being
environmental friendly, operating without noise and vibration, are some of
the important advantages of the adsorption systems.

Geometry and properties of the employed adsorption working pairs and their
associated thermodynamic cycle conditions have great effects on the
performance of the system. Adsorbent bed design requires modeling and
solving the governing equations in such porous adsorbent bed. The model
that describes the process is related to the heat transfer between different
components of the whole adsorbent bed and the mass transfer of the
refrigerant vapour in the porous region. Fins are employed to increase the
heat transfer rate to the adsorbents and increase adsorption and desorption
rates. The flow between the adsorbent particles in the adsorbent bed includes
Poiseuille flow, Knudsen flow and continuum flow while the diffusion
inside the particles is controlled by surface diffusion. Since the equations are
nonlinear and coupled, a numerical approach with iterative nature has to be
used.

Effects of some parameters such as adsorbent bed thickness, fins number,
and adsorbent particle diameter are examined in details. It was found that
increasing the fins number increases the total cooling power (TCP) and
decreases the coefficient of performance (COP) whereas increasing the bed
thickness (fins height) decreases the Specific Cooling Power (SCP) and
increases COP. The optimum value for the particles diameter is found to be
between 0.1 mm to 0.25 mm.
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