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Abstract

This article presents a transient distributed-parameter model for a two-bed, silica gel–water adsorption chiller.

Compared with our previous lumped-parameter model, we found better agreement between our model prediction and

experimental data. We discussed the important effect of heat recovery and the effect of extra system piping on the system

performance. Time constants of sensors were also considered. We found that the chiller was able to maintain its cooling

capacity over a fairly broad range of cycle times and the previous lumped-parameter model tended to under-predict the

cooling capacity at long cycle times.

� 2003 Elsevier Ltd. All rights reserved.
1. Introduction

Recently, adsorption chillers have been gaining more

and more attention due to merits such as being envi-

ronmentally friendly and having no moving parts. Fig. 1

shows the schematic of a basic two-bed adsorption

chiller which represents the most basic module for this

class of system. This type of chiller utilizes the uptake

characteristics of adsorbent–adsorbate systems to effect

useful cooling at the evaporator. Details pertaining to

the operation of such a two-bed adsorption chiller could

be found in the earlier literature [1,2].

In this context, silica gel–water has been selected as

the adsorbent–adsorbate pair due to its relatively low

regeneration temperature (below 100 �C, and typically

about 85 �C). This working pair enjoys a large uptake

capacity for water which in turn has a high latent heat of

evaporation––typically up to 40% of the silica gel dry
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mass [3,14]. Many mathematical models and computer

codes have been developed for adsorption chillers. The

chronological development of those models presented

can be classified into two main branches: (i) uniform

temperature and pressure models [4–7]. Guilleminot et al.

[8] considered temperature inhomogeneity and the in-

fluence of fins inside the bed, but neglected all the mass

transfer resistances in the adsorbent. (ii) Detailed

mathematical models which were originally proposed

for adsorption heat pumps equipped with temperature

wave thermal generation [9]. Such models accounted for

both heat and mass transfer resistances within the ad-

sorber. Luo and Tondeur [10] proposed a model of the

adsorber unit which correctly described the transient

temperature profiles within the adsorber that had been

observed experimentally. However, their model ignored

the mass transfer resistance at the fluid/solid interface.

Zhang [11] studied an intermittent adsorption cooling

system using a three-dimensional non-equilibrium

model, where both internal and external mass transfer

resistances within the adsorbent bed were accounted for.

Furthermore, the model considered the effects of fins

that intensified the heat transfer in the adsorbent bed.

However, the model was considerably simplified by as-

suming that (i) the adsorbed phase was a liquid, (ii) the
ed.
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Nomenclature

COP coefficient of performance

cp specific heat capacity (J/kg ÆK)

d diameter (m)

Dso pre-exponent constant (m2/s)

Ea activation energy of surface diffusion (kJ/kg)

FS fin space (m)

h heat transfer coefficient, specific enthalpy

(W/m2 K, J/kg)

hfg latent heat of condensation or vaporization

(J/kg)

k thermal conductivity (W/m ÆK)

K0 constant in isotherm equation (kg/kg dry

adsorbent/Pa)

L length (m)

m mass (kg)

_mm mass flow rate (kg/s)

P pressure (Pa)

q fraction of refrigerant adsorbed by the ad-

sorbent (kg/kg dry adsorbent)

q� fraction of refrigerant which can be ad-

sorbed by the adsorbent under saturation

condition (kg/kg dry adsorbent)

q1 ultimate uptake (kg/kg dry adsorbent)

r radius (m)

t time, index in isotherm equation (2) (s, –)

T temperature (�C)
u specific internal energy, velocity (J/kg, m/s)

V volume (m3)

DHads isosteric heat of adsorption (J/kg)

d fin thickness (m)

e porosity

l viscosity (N s/m2)

q density (kg/m3)

s time constant (s)

Subscripts

b bed

c condenser

cham chamber in the adsorption bed

chilled chilled water

cond condenser cooling water

cooling cooling water

cycle One cycle with one bed undergoing either

one complete adsorption/desorption

e evaporator

f fluid (water)

fin fin

heating hot water

i inner

in inlet

l liquid water, left

m metal tube

measured experimentally measured

o outer

p particle

r radial direction, right

real real value

s silica gel

switching switching stage

t total

v water vapor

z axial direction
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gaseous adsorbate was an ideal gas, and (iii) the con-

denser and the evaporator were ideal and possessed an

infinite heat transfer coefficient.

Building from our previous work [1], this article

systematically presents a transient distributed-parameter

model which simulates the performance of a two-bed

adsorption chiller. The model considered both the heat

and mass transfer resistances of the adsorption bed as

well as the temporal energetic behavior in the evapora-

tor and condenser.
2. Mathematical model

In this article, we aspire to provide a detailed and

practical model of a commercial adsorption chiller. In

such chillers, circular fins are used for the ease of mass

production. In which case, our model could be simpli-

fied by an axisymmetrical consideration. All the para-
meters used in the mathematical model are listed in

Table 1. The main simplifying assumptions are as fol-

lows:

1. The adsorption bed is composed of uniform size par-

ticles and the bed porosity is a constant. The specific

heat and the density of dry adsorbent are constant.

2. The physical properties of metal tube and fin are con-

stant.

3. No heat losses from the adsorption/desorption bed

are considered.

2.1. Adsorption equations

The adsorption rate is controlled by surface diffusion

inside a particle. Sakoda and Suzuki [12] introduced a

linear driving force equation to account for the mass

transfer resistance within the particle that can be ex-

pressed as



Table 1

Values for the parameters used in the present model

Ds0 2.54· 10�4 m2/s

Ea 4.2 · 104 J/mol

Rp 7.1 · 10�4 m

K0 7.3 · 10�13 kg/(kgPa) [12]

DHads 2.693· 106 J/kg [12]

qm 0.45 kg/kg [12]

t 12 [12]

cp;m 386 J/(kgK)

cp;fin 905 J/(kgK)

cp;s 924 J/(kgK)

qm 8930 kg/m3

qs 2027 kg/m3

qfin 2710 kg/m3

km 398 W/(mK)

kfin 246 W/(mK)

ks 0.198 W/(mK)

hc;o 5004.34 W/(m2 K)

he;o 2034.13 W/(m2 K)

hfin;s 36 W/(m2 K)

hm;s 36 W/(m2 K)

et 0.64

eb 0.37

Tchilled;in 14.8 �C
Theating;in 86.3 �C
Tcooling;in 31.1 �C
_mmcooling 1.52 kg/s

_mmheating 1.28 kg/s

_mmchilled 0.71 kg/s

_mmcond 1.37 kg/s

tcycle 442 s

tswitching 30 s

s 15 s

Condenser (Pcond)  

System hot-
water outlet  

Chilled 
water outlet  

System 
cooling-water 

outlet  

Bed 1 outlet  

Bed 1 inlet  
System 

cooling-water 
inlet  

System hot-
water inlet  

Cooling 
water outlet  

Bed 2 outlet  

Bed 2 inlet  

L
iquid  refrigerant 

Cooling 
water inlet  

(Pcond  – pressure inside condenser and desorber)  

Evaporator (Pevap)  
Chilled 

water inlet  

Adsorption (Pevap)Desorption (Pcond)  

(Pevap  – pressure inside evaporator and adsorber)  

Fig. 1. Schematic of a two-bed adsorption chiller. (ffl: opened water valve; : closed water valve; �: closed gas valve; �: opened gas

valve).
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oq
ot

¼ 15Dso expð�Ea=RTsÞ=R2
p � ðq� � qÞ; ð1Þ

where q� is the equilibrium uptake at ðTs; PsÞ.
Equilibrium water uptake q� is expressed by the ad-

sorption-equilibrium equations. In this context, T�ooth
equation [13] is used as follow

q� ¼ K0 expfDHads=ðR � T ÞgP
½1þ fK0=q1 � expðDHads=ðR � T ÞÞ � Pgt�1=t

; ð2Þ

where q1, K0 and t are constants.

2.2. Thermodynamic properties of water and steam

In this context, all the thermodynamic properties of

water and steam are calculated according to the for-

mulation offered by Wagner and Kruse [15].

2.3. Chiller system modeling

On account of the circular structure of adsorption bed,

all the equations are written in cylindrical coordinates.

2.3.1. Adsorption bed

2.3.1.1. Silica gel. The overall mass conservation in the

porous bed is described asZ
V

et
oqv

ot

�
þ ð1� etÞqs

oq
ot

�
dV ¼ _mme=c;v ð3Þ

where

e ¼ e þ ð1� e Þe :
t b b p



oz
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The energy balance on the control volume (adsor-

bent+ adsorbate + inter-particle vapor) can be written as

ð1� etÞ qscp;s
oTs
ot

�
þ qsðhg � DHadsÞ

oq
ot

þ qsqcp;g
oTs
ot

�
þ et

oðqvuvÞ
ot

¼
o ks

oTs
or r

� �
ror

þ hfin;s
FS

ðTfin;l � TsÞ �
hfin;s
FS

ðTs � Tfin;rÞ: ð4Þ

Temperature boundary conditions

�ks
oTs
or

jr¼ro ¼ hm;sðTm � TsÞ; ð5Þ

oTs
or

jr¼rfin
¼ 0: ð6Þ

Pressure boundary conditions

Ps ¼ Pc when being connected to the condenser; ð7Þ

Ps ¼ Pe when being connected to the evaporator;

ð8Þ

Ps ¼ Pcham during switching time: ð9Þ

Pcham can be determined by the mass balance and energy

balance equations which can be expressed as follow:

Mass balance equation

dqcham

dt
¼ � 1

Vcham

Z
Vb

et
oqv

ot

�
þ ð1� etÞqs

oq
ot

�
dV : ð10Þ

Energy balance equation

dðqchamuchamÞ
dt

¼ � 1

Vcham
et
oðqvuvÞ

ot

�
þ ð1� etÞqs

oq
ot

�
dV :

ð11Þ

2.3.1.2. Fins. The fin thickness is very small and the heat

transfer in the fin is assumed to be one dimensional in

the radial direction.

The energy balance equation of the control volume in

the fin is

dqfincp;fin
oTfin
ot

¼ kfind
o oTfin

or r
� �
ror

þ hfin;sðTs;l � TfinÞ
� hfin;sðTfin � Ts;rÞ: ð12Þ

Temperature boundary conditions

Tfinjr¼ro
¼ Tm; ð13Þ

oTfin
or

jr¼rfin
¼ 0: ð14Þ

2.3.1.3. Metal tube

qmcp;m
oTb;m
ot

ðr2o � r2i Þ

¼ km
o2Tb;m
oz2

ðr2o � r2i Þ þ 2rihf ;mðTf � Tb;mÞ

� 2rohm;sðTb;m � TsÞ þ 2ð1� nÞrokfin
oTfin
or

: ð15Þ

When fin is involved n ¼ 0, otherwise n ¼ 1.
Temperature boundary conditions

oTb;m
oz

jz¼0 ¼
oTb;m
oz

jz¼L ¼ 0: ð16Þ
2.3.1.4. Cooling water/hot water. Since ri=Lb � 1, the

heat transfer in the fluid is assumed one dimensional (in

axial direction). Energy balance on the cooling water

control volume can be written as

qfcp;f
oTf
ot

¼ �ufqfcp;f
oTf
oz

þ o

oz
kf
oTf
oz

� �

� 2hf;m
ri

ðTf � Tb;mÞ; ð17Þ

where hf ;m is calculated with the aid of the Dittus–

Boelter correlation for smooth tube.

Temperature boundary conditions

Tf jz¼0 ¼ Tcooling;in when cooling; ð18Þ

Tf jz¼0 ¼ Thot;in when heating; ð19Þ

oTf
oz

jz¼Lb
¼ 0: ð20Þ
2.3.2. Condenser

2.3.2.1. Metal tube. The energy balance equation of the

condenser tube control volume can be expressed as:

qmcp;m
oTc;m
ot

d2
c;o � d2

c;i

4
¼ km

o2Tc;m
oz2

ðd2
c;o � d2

c;iÞ
4

� dc;ihc;iðTc;m � TcoolingÞ
þ dc;ohc;oðTc � Tc;mÞ: ð21Þ

Temperature boundary conditions

oTc;m
oz

jz¼0 ¼ 0; ð22Þ

oTc;m
oz

jz¼Lc ¼ 0: ð23Þ
2.3.2.2. Cooling water. Energy balance equation on the

cooling water control volume

qfcp;f
oTcooling

ot
¼ �ucoolingqfcp;f

oTcooling
oz

þ o

oz
kf
oTcooling

oz

� �
� 4hc;i

dc;i
ðTcooling � Tc;mÞ:

ð24Þ

Temperature boundary conditions

Tcoolingjz¼0 ¼ Tcooling;in; ð25Þ

oTcooling jz¼Lc ¼ 0: ð26Þ
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2.3.2.3. Water vapor in the condenser

a. Switching period

Mass balance equation

dqv;c

dt
Vc ¼ � _mmc: ð27Þ

Energy balance equation

dðqv;cuv;cÞ
dt

Vc ¼ � _mmchv;c; ð28Þ

where Vc is the volume of the empty space in the

condenser.

b. Normal operation period

We assume that all the water vapor coming from the

desorption bed can be condensed on the condenser

tube. Therefore, the condensing temperature can be

determined by an iterative method.

2.3.3. Evaporator

2.3.3.1. Metal tube. Energy balance equation

qmcp;m
oTe;m
ot

ðd2
e;o � d2

e;iÞ
4

¼ km
o2Te;m
oz2

ðd2
e;o � d2

e;iÞ
4

þ de;ihe;iðTchilled � Te;mÞ
� de;ohe;oðTe;m � TeÞ: ð29Þ

Temperature boundary conditions

oTe;m
oz

jz¼0 ¼ 0; ð30Þ

oTe;m
oz

jz¼Le ¼ 0: ð31Þ
rfin

ro ri

Silica gel

fin

FS

Metal tube

r

z

Lb

Fig. 2. Schematic of the control-volume selection of a section

of an adsorption bed.
2.3.3.2. Chilled water. Energy balance equation on the

fluid control volume

qfcp;f
oTchilled

ot
¼ �uchilledqfcp;f

oTchilled
oz

þ o

oz
kf
oTchilled
oz

� �
� 4he;i

de;i
ðTchilled � Te;mÞ:

ð32Þ

Temperature boundary conditions

Tchilledjz¼0 ¼ Tchilled;in; ð33Þ

oTchilled
oz

jz¼Le
¼ 0: ð34Þ

2.3.3.3. Refrigerant in evaporator. We assume that the

refrigerant inside the evaporator is in a saturated state.

Mass balance equation on the refrigerant outside the

evaporator tube.

dme

dt
¼ _mmc � _mme;v: ð35Þ
Energy balance equation on the refrigerant outside

the evaporator tube.

oðmeueÞ
ot

¼ _mmchc � _mme;vhv þ
Z Le

0

he;opde;oðTe;m � TeÞdz:

ð36Þ
2.3.3.4. Effect of the temperature-sensor time constant on

the measured temperatures

dTmeasured

dt
¼ 1

s
ðTreal � TmeasuredÞ: ð37Þ

The set of partial differential equations developed above

was numerically solved using the finite difference method.

The whole computational domain was discretized

and divided into a number of equal step discrete ele-

ments (Nr in the radial direction and Nz in the axial di-

rection). Since the fin thickness and spacing between the

fins are very small, a number of adjoining fins and the

corresponding silica gel masses are separately treated as

two interacting control volumes, each having its own

spatial and temporal temperature and mass (in the case

of the silica gel masses) distribution. The temperature

difference between these two control volumes is dictated

by the representative interfacial thermal contact resis-

tance between the fin and adjoining silica gel (see Fig. 2).

Nr and Nz were set to 3 and 10 respectively. The diffusion

terms in the equations were approximated by a central

difference scheme and the convection terms were re-

placed by an upstream difference scheme. Finally, a set

of coupled ordinary differential equations was obtained

and solved using the fifth-order Gear’s backward dif-

ferentiation formulae method. Double precision was

used and the tolerance set to 1 · 10�6. A mesh test has

been carried out and no obvious difference can be found

after further refining the mesh size. Once the initial

conditions are given, the program computes from tran-

sient to cyclic-steady-state conditions. In the case of a

typical operating condition, using a Pentium III 700



664 H.T. Chua et al. / International Journal of Heat and Mass Transfer 47 (2004) 659–669
MHz, 128 Mbytes personal computer is sufficient for the

requisite computation.

The cycle averaged cooling power, Qevap and COP are

useful yardsticks for the designer, and a convenient way

for the manufacturer to describe its product. Qevap and

COP are respectively defined as:

Qevap ¼ _mmchilled½cp;fðTchilled;inÞ�
Z tcycle

0

ðTchilled;in � Tchilled;outÞdt;

ð38Þ

COP

¼ Qevap

_mmheating½cp;fðTheating;inÞ�
R tcycle
0

ðTheating;in � Theating;outÞdt
:

ð39Þ
3. Results and discussion

We have performed some consistency checks and

confirmed that irregardless of the initial refrigerant mass

distribution, our model is able to achieve the same cy-

clic-steady-state within five cycles. We have also checked

that the energy imbalance between the sum of cooling

capacity and desorber heat input as well as the sum of

condenser and adsorber heat rejections is about 1–2%.

3.1. Comparison with cyclic-steady-state experimental

data

The current formulation represents an improvement

to the models of Saha et al. [16] and Chua et al. [1]. The

data presented here are considered under the standard

operating condition. In the model the total refrigerant

inventory has been chosen to be 68.9 kg. The compari-

son of predicted and experimentally measured outlet

temperatures is shown in Fig. 3. One can observe that

the current prediction agrees much better with the ex-

perimental measurements than our previous model [1].

The predicted cooling capacity and COP are 10.7 kW

and 0.38, respectively while the experimental cooling

capacity and COP are 10.7 kW and 0.39 respectively. It

is imperative to note that the measured outlet tempera-

tures of the beds are affected by the time constant of the

temperature sensors. The temperatures shown in Fig. 3

are the system outlet temperatures which are different

from those of the beds. The schematic location of these

temperature points, viz. the system outlet temperature

and bed outlet temperature points, is shown in Fig. 1.

Hence, the system hot-water inlet and outlet points trace

the hot-water supply and return temperatures while the

system cooling-water inlet and outlet points trace the

cooling-water supply and return temperatures. In con-

trast, the beds inlet and outlet temperature points

respectively trace the incoming and outgoing fluid tem-
peratures as experienced by the beds. Depending on the

particular process state in a cycle, the fluid could be hot

water or cooling water. Fig. 4 shows the difference be-

tween the beds and system outlet temperatures. This

difference is essentially due to the heat capacities of the

beds, the piping and the fluids carried by the piping.

Starting from the instance at which bed switching be-

gins, the relatively cool water emanating from the bed

that is being switched to a desorber still leaves the sys-

tem via the system cooling-water outlet as this fluid is

still cooler than the fluid that emanates from the bed

that is being switched to an adsorber. Concomitantly,

the relatively warm water emanating from the bed that is

being switched to an adsorber leaves via the system hot-

water outlet. This process flow scheme continues until

the temperatures of the waters leaving the two beds

equate. In our present context, this water diversion

process lasts for 15 s. Thereafter, the water emanating

from the adsorber leaves via the system cooling-water

outlet while that emanating from the desorber leaves via

the system hot-water outlet. This flow scheme results in

an energetically more efficient system compared with an

arrangement whereby the water emanating from the

adsorber is strictly sent to the system cooling-water

outlet while the water emanating from the desorber is

strictly channeled to the system hot-water outlet. Hence,

the flow scheme that we have studied in this article

is effectively a thermally regenerative scheme that re-

covers the energy of the hot adsorber and its associated

piping.

3.2. D€uuhring diagram of the cyclic-steady-state condition

of the beds

Fig. 5 presents the simulated D€uuhring diagram of the

cyclic-steady-state condition of an entire bed. From Fig.

5, one observes that during the cold-to-hot thermal

swing of the bed, although the hot water is already ap-

plied, momentary adsorption still takes place at the in-

ception. Here, the average temperature refers to the

average of the summation of all nodal temperature

points of the silica gel. The entire bed is observed to be

essentially following an isosteric path during switching.

In contrast, the local spatial points in the bed are not

evolving in an isosteric manner. This is confirmed by our

simulation. This goes to show that while some parts of

the bed may continue to adsorb, other parts desorb,

resulting in the entire bed following an isosteric path. At

the end of the hot-to-cold thermal swing, there is a

pressure drop in the bed pressure. This causes the ad-

sorbate in the cool bed to desorb momentarily and

condense into the evaporator. The switching time set by

the manufacturer is somewhat short for the beds to

change to the expected pressures. This design is due to

the consideration of the maximum cooling capacity that

we will discuss later.
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Fig. 3. (a) Simulated and experimental hot-water and cooling-water outlet temperatures from the system. (b) Simulated and experi-

mental fluid outlet temperatures from the condenser and evaporator.
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3.3. Variation of water vapor uptake of silica gel inside the

adsorber

Fig. 6 shows the water uptake variation of silica gel

with time in axial direction. One can clearly see that the

shorter the distance of the silica gel from the heat

transfer tube inlet, the faster is its adsorbed mass vari-

ation. It can also be observed that the water uptake of

silica gel closer to the heat transfer tube varies quicker

than those which are radially further from the heat

transfer tube as shown in Fig. 7.

3.4. Effects of switching time

When the adsorber and desorber are saturated, the

adsorber must be switched to the desorber for regener-

ation and the desorber must be switched to the adsorber
to provide cooling. For the basic two-bed adsorption

model, an isolated and near-isosteric thermal swing

process (i.e. the switching stage) is introduced to avoid

an immediate connection between the saturated cold

desorber and the condenser as well as between the hot

adsorber and the evaporator. Connecting the saturated

cold bed immediately to the condenser will not destroy

the condensing pressure since the condensate in the

condenser can evaporate and easily maintain the satu-

rated pressure. However, connecting the regenerated hot

bed to the evaporator will cause a momentary desorp-

tion of adsorbate and will therefore reduce the instan-

taneous cooling capacity. As a result, the switching

phase plays an important role on the chiller’s perfor-

mance and may be indispensable. Fig. 8 presents the

effects of switching time on cycle average cooling ca-

pacity and the peak evaporator outlet temperature. One
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can observe that 35 s is the best value for the switching

time. It is just a little longer than the manufacturer’s

selection. If we take the opening lag time of the valves

into account which is typically 5 s, the manufacturer-

selected 30 s switching time is more practical.

3.5. Effects of cycle time

Fig. 9 presents the effects of cycle time on COP and

the cycle average chiller cooling capacity. It is clearly

seen that the COP increases monotonically with the
cycle time. The reason can be explained as follows. With

a longer cycle time, the relative time frame occupied by

bed switching which involves a significant sensible heat

exchange is reduced vis-�aa-vis that of a shorter cycle time.

This will lead to a favorable effect on the COP. The

variation of cooling capacity is not monotonic. From

100 to 230 s it increases steeply, from 230 to 650 s the

variation turns gentle, beyond 650 s, it begins to de-

crease. Lower cooling capacity under a shorter cycle

time is caused by a reduced extent of adsorption, which

is also related to a reduced extent of desorption due to



0.07

0.08

0.09

0.10

0.11

0.12

0.13

0.14

0.15

0 100 200 300 400 500 600 700 800
Time /s

W
at

er
u

p
ta

ke
/k

g
/k

g

Nr =2, Nz =1

Nr =2, Nz =10

adsorption desorption

switching switching

Fig. 6. Water uptake variation of silica gel with time in the axial direction.

0.07

0.08

0.09

0.10

0.11

0.12

0.13

0.14

0.15

0 100 200 300 400 500 600 700 800
Time /s

W
at

er
 u

p
ta

ke
 k

g
/k

g

switching
adsorption desorption

switching

Nr =1, Nz =6

Nr =3, Nz =6

Fig. 7. Water uptake variation of silica gel with time in the radial direction.

H.T. Chua et al. / International Journal of Heat and Mass Transfer 47 (2004) 659–669 667
the insufficient heating of the desorber. At a certain cycle

time, the maximal adsorption–desorption capacity will

be achieved at the prevailing heating and cooling water

temperatures. Extending the cycle time further will not

bring forth any favorable effect on useful cooling as the

cycle average cooling capacity will decrease. It is also

interesting to utilize the effect of cycle time to achieve

part-load operation. This strategy has two advantages,

viz. higher COP and easier control. We have also com-

pared our present prediction with the previous lumped-

parameter model [1]. For the lumped-parameter method

which we employed earlier, the overall heat transfer

coefficients of the beds are identical to those of our
present model at the standard operating condition and

their values do not change in other operating conditions.

The effective overall U values of adsorber and desorber

are 1297.3 and 1327.6 W/m2 K, respectively. This results

in an underestimation of the chiller performance at long

cycle times. From Fig. 9 we confirm that if we take 850 s

cycle time as an example, the previous lumped-para-

meter model will under-predict the cooling capacity

by 14%. Since our previous model did not consider

the heat recovery process and extra system coolant

piping, the COPs as predicted by the lumped parameter

model and our present model were not compared in this

article.
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4. Conclusions

We have successfully modeled the adsorption chiller

cycle using a simplified 3-D, distributed-parameter ap-

proach to capture both the transient and steady state

behaviors of adsorption chiller where dissipative losses

in the beds have been accounted for in the simulation

code. We had considered the effects on chiller perfor-

mance due to a heat recovery process and the thermal

buffering effect of system coolant tubes. Time constants

of sensors were also considered. The simulation results

agree very well with chiller experimental data.

We found that the previous lumped-parameter model

tended to under-predict the cooling capacity at off-rated
conditions due to its adoption of cycle-time independent

heat transfer coefficients in the beds.
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