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Computational investigation of the hexagonal honeycomb adsorption
reactor for cooling applications
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Abstract

Adsorption cooling is a sustainable technology, since it can utilize solar energy or waste heat, while em-

ploying substances without ozone depletion and global warming potential. The adsorption reactor design is

determinant for the system performance. An underexplored geometry hitherto – the hexagonal honeycomb

adsorption reactor – was numerically investigated. An in-house, validated, three-dimensional computational

model based on unstructured meshes was employed. The Specific Cooling Power (SCP) and Coefficient of

Performance (COP) were quantified for several geometrical and operational parameters. The cell inradius

creates a dichotomy between SCP and COP, being 218.9 W/kgs and 0.356 for 1 mm, while being 80.4 W/kgs

and 0.606 for 6 mm. The cell height influences prominently the SCP, being 159.5 W/kgs and 86.1 W/kgs

for 5 mm and 30 mm, respectively. The fin thickness impacts mostly the COP, being 0.599 and 0.364 for

0.5 mm and 3 mm, respectively. Higher COP is achieved for higher evaporator, lower adsorption and lower

condenser temperatures. Higher SCP is achieved for lower adsorption and condenser, and higher evaporator

and desorption temperatures. Shorter cycles result in high SCP and low COP, whereas the inverse occurs

for longer cycles. Aluminium heat exchanger yields 7.7% higher COP than copper. The results are discussed

from a physical, as well as, an engineering perspective.

Keywords: Adsorption cooling, Adsorption packed bed reactor, Numerical simulation, Hexagonal

honeycomb reactor
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Nomenclature

Latin characters

A area [m2]

a specific exchange surface area per unit volume for spherical particles [m−1]

cp specific heat capacity [ J kg−1 K−1]

dp particle diameter [m]

De effective diffusivity [m2 s−1]

D0 reference diffusivity [m2 s−1]

Ea activation energy [J mol−1]

h specific enthalpy [J kg−1]

K0 Tóth pre-exponential constant [kgw kg−1s Pa−1]

KD permeability [m2]

KE inertia-related parameter for Ergun equation [m]

M mass [kg]

Nu Nusselt number [-]

n surface normal vector

P pressure [Pa]

Pr Prandtl number [-]

q̇ specific heat flux [W m−2]

qm Tóth monolayer capacity [kgw kg−1s ]

R universal gas constant [J mol−1 K−1]

Rg gas constant [J kg−1 K−1]

Re Reynolds number [-]

T temperature [K]

t time [s]

Uif heat transfer coefficient at the interface between packed bed and heat exchanger [W m−2 K−1]

Upi adsorbent-adsorbate convective heat transfer coefficient [W m−2 K−1]

~u superficial velocity vector [m s−1]

w adsorbed mass [kgw kg−1s ]

w∗ adsorption equilibrium capacity [kgw kg−1s ]
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Greek characters

α metallic plate thickness [m]

β cell inradius [m]

γ cell height [m]

δ fin thickness [m]

∆Hads isosteric enthalpy of adsorption [J kg−1]

ε void fraction [-]

λ thermal conductivity [W m−1 K−1]

µ dynamic viscosity [Pa s]

ρ density [kg m−3]

τ Tóth dimensionless constant [-]

Subscripts

ad adsorption

b bed

con condenser

de desorption

eva evaporator

f control face

g gas

hx heat exchanger

if interface between heat exchanger and packed bed

l liquid

p particle

pc pre-cooling

ph pre-heating

pi particle interface

rel relative

s solid

t total

v vapor

w water
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Abbreviations

ACS Adsorption Cooling System

BC Boundary Condition

COP Coefficient of Performance

HTF Heat Transfer Fluid

HX Heat exchanger

PB Packed Bed

SCP Specific Cooling Power [W kg−1]

SVF Solid Volume Fraction [%]

1. Introduction

Cooling is progressively becoming an essential component for human well-being. A recent study identified

links between cooling and all 17 Sustainable Development Goals set by the United Nations [1, 2]. Cooling

demand has increased significantly in the past decades and it is expected to follow this trend in the future

[3]. The increasing cooling demand raises concerns with respect to its environmental impact. It is imperative

to satisfy the cooling demand utilizing environmentally-benign energy sources and refrigerants. Adsorption

cooling systems (ACSs) attracted research interest, since they fulfill both characteristics. Being thermally-

driven, they can utilize low temperature heat sources, such as solar thermal energy and waste heat, as well

as they can employ refrigerants with zero ozone depletion and global warming potentials.

Despite the potential environmental benefits of ACSs, this technology remains underdeveloped as a result

of its low performance. The desired progress will arise collectively from researches that approach ACSs

from various perspectives, such as the properties of the adsorption pair materials [4], the configuration and

operation of the ACS [5], its integration within a wider thermal system [6], and the design of the adsorption

reactor [7] - the core component of the ACS. The presented study pertains to the latter, in particular, to

the design of the hexagonal honeycomb adsorption packed bed reactor – within the wider context of solar

cooling and waste heat-driven cooling.

The design of the adsorption reactor is a crucial task, since its geometric configuration influences drastically

its performance, as well as it creates a dichotomy between the two performance indicators, the Coefficient

of Performance (COP) and the Specific Cooling Power (SCP) [8]. On the one hand, SCP is benefited when

the heat exchanger has several additional extended surfaces in order to improve heat transfer and cool down

effectively the reactor during adsorption. On the other hand, COP is benefited when the heat exchanger

mass is minimum, so the thermal energy lost during desorption is minimized. Thus, a compromise should

be reached between COP and SCP. In order to facilitate decision-making during the design process, it is
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important to characterize the reactor by quantifying these performance indicators under various geometrical

configurations and operating conditions.

Computational distributed-parameters models can assist significantly the design process. Thus, they have

been extensively employed for a variety of research scopes within the context of adsorption reactor research

[9–12]. Our previous work [13] includes an extensive literature review, focusing on the development of

the computational models. The literature review of this paper focuses on the investigation of the reactor

performance under different geometrical configurations and operational conditions.

With respect to the finless cylindrical reactor, Solmuş et al. [14] used a two-dimensional axisymmetric model

to simulate a cylindrical reactor with a vapor passage in its center, employing the adsorption pair water-silica

gel. They studied the influence of the packed bed thickness and the impact of operational parameters, such as

the driving heat source and cooling temperatures, as well as the condenser and evaporator pressures. Liu and

Leong [15] studied numerically the finless cylindrical reactor with annular vapor passage, employing water

and zeolite 13X. They investigated how the COP and the SCP are influenced by the operating temperatures

and the heat transfer fluid (HTF) velocity.

Regarding the cylindrical reactor with circular radial fins, Niazmand and Dabzadeh [16] studied the influ-

ence of fin pitch and fin length, using a two-dimensional axisymmetric model. They concluded that the

incorporation of fins reduces significantly the reactor bed size, at the cost of a slightly lower COP. Saha et

al. [11] investigated numerically the same reactor geometry. They studied the impact of the cycle time and

driving temperature on the performance of the system in terms of cooling capacity and COP, employing

two different adsorbents. For the same geometry, Hong et al. [17] studied the effect of several parameters,

concluding that the driving temperature has the strongest influence on the SCP. Khanam et al. [18] pre-

sented a study of the cycle time influence on the performance of the system, using a computational model

based on ANSYS Fluent software. They reported that the SCP exhibits a maximum at cycle time of 800s,

whereas COP increases as a function of the cycle time. Elsheniti et al. [19] presented a two-dimensional

axisymmetric model based on COMSOL software, for the simulation of a finned tube reactor. According to

their findings, they proposed smaller fin height and larger fin number, shorter desorption time by a factor of

0.7-0.9 with respect to the adsorption time, and a turbulent regime for the HTF. Mitra et al. [20] presented

a two-dimensional model based on the ANSYS Fluent software. They investigated three aspect ratios of the

rectangular adsorption packed bed domain, as well as two adsorbent particles size. Albaik et al. [21] utilized

an in-house two-dimensional model based on cylindrical coordinates, in order to study the same geometry,

concluding that the performance of the system is benefited at lower fin spacing and lower fin height.

Apart from circular radial fins, cylindrical reactors were investigated with axial (longitudinal) and square

radial fins. Golparvar et al. [22] presented a three-dimensional model based on cylindrical coordinates.
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The model was used for the simulation of cylindrical reactors with radial and axial fins, in a vehicular

air-conditioning system driven by the exhaust gases of the engine. They studied the influence of the fin

height and fin spacing on the SCP and COP. They concluded that the reactor with radial fins provides

10% higher cooling capacity than the reactor with axial fins. Mahdavikhah and Niazmand [23] studied the

impact of fin pitch and fin length on the performance of a cylindrical reactor with square radial fins, using a

three-dimensional model. According to their results, they emphasized the importance of these geometrical

parameters on the performance of the system. Ramji et al. [24] used the ANSYS software to investigate a

cylindrical adsorber reactor with axial fins, driven by exhaust heat. The influence of the wall thickness on

the performance of the system was studied.

With respect to non-cylindrical geometries, Mohammed et al. [25] studied a reactor geometry consisting of

two rectangular layers of packed beads separated by a vapor passage. They numerically investigated the

influence of the particle diameter, bed thickness and thermal conductivity on the SCP. In a subsequent

work, Mohammed et al. [26] proposed a reactor design based on rectangular modular cells. Using COMSOL

software, they investigated the influence of the operating temperatures and the convective heat transfer

coefficient on the SCP. Using the same software, Saleh et al. [27] investigated a wire fin heat exchanger

employing aluminium fumarate as adsorbent. They concluded that the performance is improved for low

fin height, fin spacing and tube diameter. Kowsari et al. [28] used a three-dimensional model for the

investigation of the geometrical configuration of the trapezoidal-finned flat-tube heat exchanger. Khatibi

et al. [29] used a three-dimensional model in order to investigate the geometrical parameters of the finned

flat-tube heat exchanger, as well as the influence of incorporating aluminum additive particles inside the

packed bed. Papakokkinos et al. [13] presented a computational model based on unstructured meshes,

capable to simulate any potential geometry. Subsequently, they utilized this model to investigate the SCP

of five different adsorption reactor geometries, by varying their solid volume fraction, fin thickness and fin

length.

As it arises from the literature review, the vast majority of the studies focused on cylindrical reactors.

This tendency results from the models’ limitations, which based their spatial discretization on cylindrical

coordinates. Hence, the geometric configurations which cannot be simulated using cylindrical discretization

remain relatively underexplored. An example of such underexplored geometry is the hexagonal honeycomb –

a bioinspired geometry that mimics the way bees build their hives [30]. This structure attracted interest since

the antiquity and in 1999, the honeycomb conjecture was proven mathematically. The latter states that this

hexagonal tiling is the partition of the plane in regions of equal area with the minimum perimeter [31]. From

an adsorption reactor perspective, this can be interpreted as the partition of a planar reactor that requires

the minimum amount of fins for a given adsorbent cell size. Although the honeycomb structure is employed

within various engineering contexts [32–34] – to our knowledge, a complete study and characterization for
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adsorption cooling reactors has not been reported in the literature, hitherto. Within this context, three

works studied partially two variants of the honeycomb reactor [13, 35, 36]. Shi et al. [35] studied this

geometry using COMSOL software. Their analysis was limited to the adsorption process, evaluating the

adsorption uptake for different cell geometries and HTF Reynolds numbers. Sosnowski et al. [36] studied the

proposed geometry using ANSYS Fluent software, focusing on the desorption process. They reported the

temperature increase and the logarithmic mean temperature difference of the HTF. In our previous work [13],

the honeycomb reactor was investigated along with four other geometries using an in-house computational

model. The study focused only on the adsorption process and reported results for the SCP.

Consequently, the three studies elaborating honeycomb reactors in the context of adsorption cooling are not

complete. A complete investigation is attempted in this study, by quantifying both important performance

indicators – the COP and SCP – for various geometrical configurations and operating parameters. An

in-house, validated computational model is employed for the simulations. The model is based on three-

dimensional unstructured meshes, a necessary feature for the simulation of the studied geometry. Conjugate

dynamic simulations are performed for the two domains of the reactor, namely, the heat exchanger solid

and the adsorption packed bed. Parallel computing and a multi-timestep approach are employed in order

to reduce the computational time.

Firstly, a geometrical study is conducted with respect to the influence of the three dimensions that define

the honeycomb structure – namely the cell inradius, the cell height and the fin thickness. Subsequently,

the effect of the four operating temperatures is investigated. Then, the influence of the HTF heat transfer

coefficient is studied. The duration of the cycle phase is investigated through the cycle adsorption percentage.

Copper and aluminium are compared as heat exchanger materials. Finally, the results are discussed from

an engineering perspective, elaborating practical aspects of ACSs driven by solar energy or waste heat.

2. System description

Adsorption cooling technology is based on the phenomenon of adsorption, the adhesion of gas molecules onto

a solid surface. An ACS is composed by three basic components: the adsorption reactor, the evaporator

and the condenser. The adsorption thermodynamic cooling cycle is divided into four phases (a) pre-cooling,

(b) adsorption, (c) pre-heating and (d) desorption. The desired cooling production is produced only in the

adsorption phase. Thus, it is a common strategy to include two reactors, operating alternately, in order to

avoid intermittent cooling production. While one reactor undergoes the phases a-b-c-d, the other undergoes

c-d-a-b. Figure 1 depicts the ACS and Figure 2 shows the Clapeyron diagram of the ideal thermodynamic

cycle. The latter is defined by the temperature of three secondary circuits Thigh, Tmed and Tlow, which
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deliver the HTF to the components in order to regulate their temperature. The pressure in the condenser

and the evaporator correspond to the saturation pressure at their respective temperatures.

Condenser

  

Evaporator

Adsorption
Reactor A

Adsorption
Reactor B

(adsorption) (desorption)

  

 

  

HTF inlet T
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HTF outlet T
med

HTF outlet T
high

Three-port valve
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Figure 1: Schematic diagram of the ACS - Valve openings reflect the case where Adsorption Reactor A undergoes the adsorption

phase while Adsorption Reactor B the desorption phase
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Figure 2: Clapeyron diagram for the ideal thermodynamic adsorption cooling cycle

During the adsorption phase, liquid evaporates inside the evaporator and flows towards the reactor, where

it is adsorbed on the adsorbent. As a result of the exothermic nature of adsorption, the temperature of

the reactor increases. This effect is disadvantageous, since the adsorption capacity decreases at higher

temperature, and consequently, the cooling production is reduced. Hence, the secondary circuit delivers

HTF at Tmed in order to maintain the reactor temperature low. This task is hindered by the low heat

transfer of the packed bed. Thus, the necessity of enhancing the heat transfer rate arises, and the most
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common method to achieve it is by incorporating additional fins on the heat exchanger.

During the pre-heating and desorption phases, the HTF is switched to Thigh. This heating is the energy

input of the ACS, thus, it is beneficial to maintain it low. The useful thermal energy input is the amount

associated to the temperature increase of the adsorbent and the endothermic sorption enthalpy. However,

a part of the provided thermal energy is used for the temperature increase of the heat exchanger solid - the

metal which intervenes between the HTF and the adsorbent. This amount of thermal energy is lost in every

cycle – therefore, it is desired to minimize the mass of the heat exchanger.

From the above analysis it becomes evident that the reactor design determines its performance, as well as it

establishes a dichotomy between the SCP and the COP. The SCP is favored by incorporating additional fins

that enhance heat transfer, whereas the COP is benefited when the heat exchanger mass is kept at minimum.

Consequently, a conflict arises between the SCP and the COP. The presented computational model allows

to study the reactor geometry and quantify the SCP and COP under several geometrical configurations and

operational conditions. As discussed in Section 5.5, the prioritization of the SCP and COP depends on the

overall context of the cooling application.

3. Computational model

3.1. Introduction

The computational model for the adsorption reactor consists of two domains, the adsorption packed bed and

the heat exchanger solid. The two domains are coupled by exchanging thermal energy. The assumptions

adopted in the model construction are: (i) the shape and size of the adsorbent particles, as well as the void

fraction, are assumed uniform throughout the packed bed, (ii) the adsorbent is an isotropic porous medium,

thus its surface porosity is equivalent to its volume porosity, [37] (iii) the adsorbed phase specific heat

capacity corresponds to the liquid phase, (iv) the HTF temperature is constant, (v) there are no heat losses

to the environment, (vi) the vapor adsorbate has ideal gas behavior, and (vii) during the adsorption and

desorption phase, the inlet vapor temperature and pressure are constant, corresponding to the saturation

pressure of the evaporator and condenser, respectively.

3.2. Mathematical formulation

Adsorption equilibrium and kinetics

The adsorption equilibrium capacity is determined through the adsorption isotherm. In this study, the

considered adsorbate and adsorbent are water and silica gel type RD [38], respectively. For this adsorption

9



pair, Wang et al. [39] derived experimentally the Tóth isotherm (equation 1).

w∗(P, T ) =
K0 exp(∆Hads/(RgT ))P[

1 +
(
K0

qm
exp(∆Hads/(RgT ))P

)τ]1/τ (1)

For the adsorption kinetics , the Linear Driving Force (LDF) model is employed [40]. For spherical particles,

it is expressed as:
dw

dt
=

60De

d2p
(w∗ − w) (2)

The De is the effective diffusivity, calculated by the Arrhenius equation, based on the temperature, the

reference diffusivity D0 and the activation energy Ea.

De = D0 exp(−Ea/(RT )) (3)

Mass conservation equation

The vapor density throughout the packed bed domain varies as a result of vapor fluxes and sorption phe-

nomena. Its transient evolution is mathematically described by the mass conservation equation.

εb
∂ρg
∂t

+∇ · (ρg~u) + ρs(1− εt)
∂w

∂t
= 0 (4)

The total void fraction εt is a function of the bed void fraction εb and the particle porosity εp – calculated

as: εt = εb + (1− εb)εp. The mass of the gas inside a control volume dV is calculated as εbρgdV, while the

solid mass is calculated as ρs(1− εt)dV.

Energy conservation equations

The local thermal nonequilibrium (LTNE) approach is adopted for the mathematical description of the heat

transfer inside the packed bed. It consists in solving two individual energy conservation equations, for the

solid and the gas phase. For a detailed derivation of the equations and an explanation of each term, the

reader is referred to [8].

solid: ρs(1− εt)cps
∂Ts
∂t

= (1− εb)λs∇2Tg + aUpi(Tg − Ts) + ρs(1− εt)
∂w

∂t

[
∆Hads + cpg(Tg − Ts)

]
(5)

gas: εb
∂(ρghg)

∂t
+∇ · (ρg~uhg) = εbλg∇2Tg + aUpi(Ts − Tg)− ρs(1− εt)

∂w

∂t
hg (6)

The specific heat capacity of the solid phase is evaluated taking into consideration the effect of the adsorbed

mass as (cps)dry
+ w × cpl . The specific exchange surface area per unit volume a for a bed of spherical

particles is calculated by equation 7 [37]. The heat transfer coefficient between the two phases Upi is

determined through the Nusselt number, as in equation 8 [41].

a = 6(1− εb)/dp (7)
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Nu = 2 + 1.1Pr0.33Re0.6 =
Upidp
λg

(8)

The heat transfer inside the solid heat exchanger domain is described by the heat conduction equation.

ρhxcphx
∂Thx
∂t

= λhx∇2Thx (9)

Pressure equation

The pressure of the water vapor is calculated based on the ideal gas law (equation 10). A comparative study

was undertaken between the ideal gas law and the methodology of the International Association for the

Properties of Water and Steam [42], revealing an acceptable accuracy, taking into account the drastically

lower computational cost of the ideal gas law [8].

P = ρgRgTg (10)

Momentum equation

The Ergun equation – an extension of the Darcy equation – is employed for the calculation of momentum

in porous media [37, 43].

~u+
ρg
µ
KE~u|~u| = −

KD

µ
∇P (11)

Where permeability KD and Ergun inertia-related parameter KE are calculated as:

KD =
d2pε

3
b

150(1− εb)2
and KE =

1.75dp
150(1− εb)

(12)

Boundary conditions

Numerical simulations require the definition of the boundary conditions (BCs) of the two domains. Figure

5 in Section 4.3 illustrates the relevant boundaries for the reactor under consideration in this study.

On the interface between the HTF and the heat exchanger solid, the boundary condition is expressed as:

λhx
∂Thx
∂n

= UHTF(THTF − Thx) (13)

On the vapor inlet, for the switching phases, a Neumann BC is imposed for the pressure and the two

temperatures (equation 14). During adsorption and desorption, the BCs are expressed by equations 15(a-

c). For the pressure, a Dirichlet BC is imposed, according to the Peva and Pcon, respectively. The gas

temperature on this boundary depends on the vapor flow direction. If the flow is inwards, the gas temperature

takes the value of the inlet vapor. If the flow is outwards, Neumann BC is applied. The vapor density is
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calculated by the ideal gas law, based on local temperature and pressure. The natural convection between

the heat exchanger solid and the vapor chamber is neglected and Neumann BC is applied (equation 16).

∂P

∂n
=
∂Tg
∂n

=
∂Ts
∂n

= 0 (14)

P :

P = Peva for adsorption

P = Pcon for desorption
(15a)

Tg :


Tg = Teva/con when ṁ is inwards

∂Tg
∂n

= 0 when ṁ is outwards
(15b)

Ts :
∂Ts
∂n

= 0 (15c)

∂Thx
∂n

= 0 (16)

On the boundaries where geometrical symmetry applies, Neumann BC is imposed for all variables.

∂P

∂n
=
∂Tg
∂n

=
∂Ts
∂n

=
∂Thx
∂n

= 0 (17)

The thermal energy exchanged on the interface between the packed bed and the heat exchanger solid is

evaluated by equation 18. For an extensive discussion regarding this BC, the reader is referred to [8, 13].

q̇ = Uif(Thx,cf − Ts,cf) (18)

3.3. Numerical solution

The equations constituting the mathematical formulation presented above are numerically solved by dis-

cretizing them in space and time. An Euler implicit scheme is adopted for the temporal terms, along with

a multi-timestep approach. The latter allows to reduce significantly the computational time of the simula-

tions, without compromising the accuracy. The domains are discretized onto three-dimensional unstructured

meshes, using the control volume method. Second order central difference and upwind schemes are applied

for the diffusive and the convective terms, respectively. The computational model is parallelized in various

CPUs, in order to reduce the computational cost. A detailed description of the numerical solution - regarding

the overall algorithm, the individual solvers and the multi-timestep approach - can be found in [8].

3.4. Verification assessments and experimental validation of the model

The reliability of the numerical model was evaluated through verification assessments and experimental vali-

dation. The former pertains to studies that ensure the model consistency; namely (i) mass conservation, (ii)

energy conservation, (iii) mesh independence, (iv) timestep independence, (v) adequacy of the convergence
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criteria involved in the iterative procedures and (vi) correct programming implementation with respect to

CPUs parallelization and memory leakage. These verification assessments are extensively presented in [8].

Moreover, the numerical results were compared to the experimental results of Jribi et al. [44], regarding a

tubular finned reactor using ethanol and activated carbon as adsorption pair. The experimental validation

of the model is based on the temporal evolution of the temperature in four points within the packed bed,

since this approach challenges the distributed-parameter character of the model. A thorough discussion with

respect to the experimental validation can be found in [8].

4. Parametric study of the hexagonal honeycomb adsorption reactor

This section details the context of the simulations, whose results are presented and discussed in Section 5.

4.1. Definition of cycle phases duration

The entire thermodynamic cycle is simulated, namely the four phases (a) pre-cooling, (b) adsorption, (c)

pre-heating and (d) desorption. The cycle simulation is repeated until cyclic behavior is attained and the

influence of the initial conditions is eliminated. The cycle scheme presented below was employed.

The pre-cooling duration tpc is terminated when the maximum pressure inside the reactor becomes lower

than the Peva. The adsorption duration tad is defined by the adsorbed mass with respect to the theoretical

capacity that would result if equilibrium is achieved. The minimum theoretical capacity of the cycle w∗min

corresponds to (Pcon, Tdes), while the maximum w∗max to (Peva, Tads). The adsorbed mass across the packed

bed is averaged w, and its relative value with respect to (w∗max − w∗min) is calculated based on equation 19.

The cycle adsorption percentage is the wrel that determines the duration of the adsorption phase. It is set

to 70 % for all simulations, except in Section 5.3, where a parametric study of this value is conducted.

wrel =
w − w∗min

w∗max − w∗min

× 100% (19)

Similarly to the pre-cooling phase, the pre-heating duration tph is terminated when the minimum pressure

in the packed bed is higher than the Pcon. The desorption duration tde is calculated as in equation 20.

tde = tpc + tad − tph (20)

4.2. Performance indicators

The performance indicators used for the evaluation of the reactor performance are the Coefficient of Per-

formance (COP) and the average Specific Cooling Power (SCP). The COP is a non-dimensional parameter
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comparing the useful cooling production to the thermal energy consumption of the ACS.

COP =
Qcooling

Qheating
(21)

where Qcooling is the useful cooling produced, calculated as the product of the adsorbed mass and ∆H ′evap

(equation 23), while Qheating is the thermal energy input at Thigh during pre-heating and desorption. The

SCP is the average cooling power normalized per unit of mass of adsorbent and it is measured in Wkg−1.

SCP =
Qcooling

Ms × tcycle
=

∆m×∆H ′evap
Ms × tcycle

=
∆w ×∆H ′evap

tcycle
(22)

where ∆m is the total mass adsorbed during the adsorption phase and desorbed during the desorption phase,

Ms is the dry solid adsorbent mass, and ∆w is the quotient of the two aforementioned values. The cooling

produced associated with ∆w is denoted as ∆H ′evap and it is calculated as:

∆H ′evap = hv,sat
∣∣
Teva
− hl,sat

∣∣
Tcon

(23)

where hv,sat
∣∣
Teva

is the enthalpy of the saturated vapor at Teva, and hl,sat
∣∣
Tcon

is the enthalpy of the saturated

liquid leaving the condenser, and thus, the enthalpy of the vapor-liquid mixture entering the evaporator

(assuming isenthalpic expansion).

4.3. Geometrical considerations for the simulated geometry

This work investigates the hexagonal honeycomb adsorption reactor. Figure 3 illustrates a front view and

a three-dimensional view of the reactor, as well as a cross-section of the vertical plane. The HTF passes

through a rectangular channel. Metallic hexagonal honeycomb structures are embedded on two of the plates

which form the aforementioned rectangular channel. The adsorbent is placed inside the hexagonal cells. This

module is enclosed within the vapor chamber. The vapor flowing from or to the evaporator and the condenser

passes through the vapor chamber. Multiple modules can be incorporated within the vapor chamber.
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Heat transfer fluid Vapor

Figure 3: Front view, three-dimensional view and vertical cross-section of the hexagonal honeycomb adsorption reactor

Detailed distributed-parameter models have considerable computational consumption. Therefore, simulat-

ing the entire reactor would have unpractical computational cost. Thus, a common practice is to reduce

the computational domain, taking into advantage the symmetries and the periodicities of the geometry.

Assumptions (v) and (vi) (Section 3) allow to interpret the results of the reduced geometry as representative

for the entire reactor. All cells are expected to behave similarly if the HTF temperature is constant across

the channel, as well as if the reactor is ideally insulated. Moreover, geometric symmetry of the hexagon

allows to simulate only one sixth of the cell.

Figure 4 and 5 illustrate the computational domain of the reduced geometry and its boundary conditions,

respectively. The mathematical formulation of the latter was presented in Section 3.2. Figure 6 depicts the

required dimensions for the definition of the hexagonal honeycomb geometry. The dimension α corresponds

to the thickness of the metallic plate and it is considered as 1 mm. The three dimensions which define the

geometry are the cell inradius β, the cell height γ and the fin thickness δ.

15



Figure 4: Computational domain of the reduced geometry

Packed Bed (PB)

Heat Exchanger (HX)

Interface PB-HX PB - Vapor chamber

HX - Vapor chamber

Interface HTF-HX PB symmetries

HX symmetries

Figure 5: Boundary conditions of the computational domain

Figure 6: Dimensions of the geometry

16



4.4. Base scenario and studied range for the parametric study

For the parametric study, a base scenario is defined with respect to the geometrical and the operational

parameters. Henceforth, each of these parameters is varied, in order to study its influence on the performance.

Table 1 summarizes the parameters under investigation, their base scenario values, and the studied ranges.

Table 1: Base scenario values and studied range for the geometrical and operational parameters under investigation

Geometrical parameters Base Range Unit

Cell inradius β 3 1-6 mm

Cell height γ 10 5-30 mm

Fin thickness δ 1 0.5-3 mm

Operational parameters Base Range Unit

Adsorption temperature Tads 30 20-40 ◦C

Desorption temperature Tdes 80 60-90 ◦C

Evaporator temperature Teva 10 5-15 ◦C

Condenser temperature Tcon 30 20-40 ◦C

Convection heat transfer coefficient UHTF 1000 600-2000 Wm−2K−1

Cycle adsorption percentage (equation 19) wrel 70 50-90 %

Table 2 summarizes all the other input parameters of the model.

4.5. Graphs and contours interpretation

For each parameter under investigation, the reactor performance is reported in terms of the COP and

SCP (Section 4.2). The cycle duration tcycle is also reported, since it is adapted in each case. For sake of

conciseness, the COP, the SCP and the tcycle are reported in one graph. To achieve this, three vertical axes

are incorporated. Each vertical axis is associated to its corresponding curve through the color (red for the

SCP, blue for COP, green for tcycle) and the symbol (circle for SCP, square for COP, triangle for tcycle).

For the three geometric parameters, the spatial distribution of the adsorbed mass wrel and the temperature

are reported at 100 s after the beginning of the adsorption phase. The two-dimensional distributions pertain

to the cross-section of the cell. Regarding the heat exchanger solid, wrel does not apply, while temperature

variations are visually imperceptible by the used scale, due to higher thermal conductivity.

5. Results and discussion

This section presents the results that arose from the simulations. The parameters under investigation are

grouped in their respective sections, where the quantification of the reactor performance and the physical

17



Table 2: Model input parameters

Input parameter Value Unit Ref.

cphx
385 J kg−1 K−1 [45]

cps,dry
924 J kg−1 K−1 [39]

dp 0.0005 m *

D0 2.54× 10−4 m2 s−1 [11]

Ea 4.2× 104 J mol−1 [11]

Uif 100 W m−2 K−1 [46]

K0 7.3× 10−13 kgw kgs Pa−1 [39]

qm 0.45 kgw kg−1s [39]

∆Hads 2.693× 106 J kg−1 [39]

εb 0.3955 - [39][13]

εp 0.4287 - [39][13]

εt 0.6546 - [39][13]

ρs 2027 kg m−3 [39]

ρhx 8933 kg m−3 [45]

λhx 401 W m−1 K−1 [45]

λs 0.198 W m−1 K−1 [39]

τ 12 - [39]

*Average particle diameter of the range provided by the manufacturer [38]

phenomena involved are discussed. Subsequently, Section 5.5 elaborates the results from an engineering

perspective, focusing on practical aspects of applications.

5.1. Geometrical parameters

Figure 7 presents the reactor performance results for cell inradius in the range of 1-6mm. Within the studied

range, considerable variations are observed for both SCP and COP. On the one hand, the SCP decreases as

the inradius increases, ranging between 80.4 W/kg and 218.9 W/kg for inradius of 6 and 1 mm, respectively.

Lower inradius results in a more effective cooling of the packed bed. As observed in Figure 8, the temperature

is maintained lower during adsorption, thus, the adsorbed mass is higher, leading to a higher rate of cooling

production. On the other hand, the COP increases as the inradius increases, ranging between 0.356 and

0.606 for inradius of 1 and 6 mm, respectively. Lower inradius results in more densely packed cells, and thus,

to a higher Solid Volume Fraction (SVF), the percentage of the heat exchanger solid volume with respect to

the entire reactor volume. The SVF is 59.6% for β=1 mm and 22.5% for β=6 mm. As commented earlier,

additional heat exchanger mass is associated to higher thermal input and thus, lower COP.

Figure 9 illustrates the reactor performance for cell height in the range of 5-30 mm. Within the studied
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Figure 7: Reactor performance based on the cell inradius

Figure 8: Spatial distribution of temperature (top) and relative adsorbed mass (bottom) at t=100s of adsorption phase for

various cell inradii
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Figure 9: Reactor performance based on the cell height

range, the SCP halves approximately, though the COP does not experience such a drastic variation. The

SCP decreases as the cell height increases, from 159.5 W/kg for γ=5 mm to 86.1 W/kg for γ=30 mm. As

observed in Figure 10, the packed bed is cooled more effectively for lower cell height. For increasing cell

heights, the released energy due to the exothermic nature of adsorption is removed less effectively, leading

to higher temperatures and thus, lower adsorption capacity and cooling production. The COP increases

from 0.51 for γ=5 mm to 0.57 for γ=30 mm. The COP variation is not so significant since the SVF does

not vary considerably, being 38.3% for γ=5 mm and 28.9% for γ=30 mm.

Figure 11 shows the reactor performance for fin thickness in the range of 0.5-3 mm. The inverse effect is

observed in comparison to the cell height case, namely, COP exhibits considerable variations, whereas SCP

does not. In particular, SCP varies between 127.6 W/kg and 140.5 W/kg, corresponding to fin thickness

of 0.5 and 3 mm, respectively. As observed in Figure 12, the temperature distribution of the packed bed

is similar across the studied fin thicknesses. Consequently, the adsorption rate and the cooling production

follow the same trend. However, at higher fin thicknesses the reactor is burdened with more heat exchanger

solid, with the SVF being 22.5% and 59.6% for δ=0.5 mm and δ=3 mm, respectively. This considerable

increase of the SVF results in a significant decrease of COP, from 0.599 for δ=0.5 mm to 0.364 for δ=3 mm.
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Figure 10: Spatial distribution of temperature (top) and relative adsorbed mass (bottom) at t=100s of adsorption phase for

various cell heights
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Figure 11: Reactor performance based on the fin thickness

Figure 12: Spatial distribution of temperature (top) and relative adsorbed mass (bottom) at t=100s of adsorption phase for

various fin thicknesses
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5.2. Operating temperatures

This subsection elaborates the influence of the operating temperatures, namely, Tdes, Tads, Teva and Tcon.

The latter two determine the Peva and the Pcon, respectively. Firstly, the quantitative results are presented

graphically and the observed tendencies are commented briefly. Subsequently, a discussion is presented in

order to facilitate the interpretation of the quantitative results. Through this discussion, it is attempted to

provide an insight to the underlying physical phenomena involved.

Figure 13 illustrates the reactor performance based on the adsorption temperature Tads, the HTF tem-

perature during pre-cooling and adsorption. Both performance indicators decrease as the Tads increases.

The SCP decreases from 166.3 W/kg for Tads =20 ◦C to 86.4 W/kg for Tads =40 ◦C. The COP decreases

from 0.645 for Tads =20 ◦C to 0.395 for Tads =40 ◦C. Figure 14 shows the reactor performance based on the

desorption temperature Tdes, the HTF temperature during pre-heating and desorption. The SCP is signif-

icantly influenced by the Tdes, which almost triples within the range under consideration, from 53.6 W/kg

for Tdes =60 ◦C to 153.8 W/kg for Tdes =90 ◦C. Regarding the COP, it is observed that in the range 70-90 ◦C

it is slightly affected by Tdes – taking values between 0.531 and 0.544 – whereas at lower Tdes it presents

a sudden decrease until 0.47 for Tdes =60 ◦C. Although not plotted, the simulation was also performed for

Tdes of 52 ◦C and 55 ◦C. The corresponding SCP and COP are 25.3 W/kg and 0.356 for Tdes =55 ◦C, while

for Tdes =52 ◦C, the SCP and COP are 6.6 W/kg y 0.154. The ability of the system to perform with so low

driving temperature is an advantageous feature of adsorption cooling technology (discussed in Section 5.5).

Figure 15 illustrates the reactor performance as a function of the evaporator temperature Teva. The reactor

performance improves as the Teva increases. In particular, the SCP increases from 95.4 W/kg for Teva =5 ◦C

to 168.8 W/kg for Teva =15 ◦C. The COP increases from 0.442 for Teva =5 ◦C to 0.624 for Teva =15 ◦C.

Figure 16 presents the results for the reactor performance based on the condenser temperature Tcon. Both

the SCP and the COP decrease as the Tcon increases. The SCP decreases from 162.6 W/kg for Tcon =20 ◦C

to 93.1 W/kg for Tcon =40 ◦C, while the COP decreases from 0.588 for Tcon =20 ◦C to 0.47 for Tcon =40 ◦C.

In order to gain insight to the underlying physical mechanisms, it is important to elaborate the impact of

these parameters on the adsorption equilibrium, kinetics, heat transfer and thermodynamics involved.

Recalling equation 19, altering Tdes or Pcon alters the theoretical minimum adsorption equilibrium capacity

of the cycle w∗min. Similarly, altering Tads or Peva alters the theoretical maximum adsorption equilibrium

capacity of the cycle w∗max. Henceforth, the difference of the theoretical equilibrium capacities (w∗max−w∗min)

is referred to as ∆w∗cycle. The ∆w∗cycle influences both the adsorption equilibria and the adsorption kinetics.

Regarding the equilibria, higher ∆w∗cycle allows more vapor to be adsorbed per unit of mass of adsorbent in

each cycle, thus the associated cooling produced Qcooling is higher. This quantity is present in the numerator

of both the SCP and the COP, hence, both performance indicators are benefited. Higher ∆w∗cycle is achieved
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Figure 13: Reactor performance based on the adsorption temperature
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Figure 14: Reactor performance based on the desorption temperature
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Figure 15: Reactor performance based on the evaporator temperature
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Figure 16: Reactor performance based on the condenser temperature
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for lower Tads, higher Tdes, higher Teva, and lower Tcon. The influence of ∆w∗cycle on the adsorption kinetics

is evident in equation 2. The adsorption rate is proportional to the difference (w∗ − w). Therefore, when

∆w∗cycle is higher, the rate of cooling production is higher as well, thus the SCP is benefited.

The adsorption kinetics are also influenced by the temperature dependence of the effective diffusivity, as

expressed by the Arrhenius relation (equation 3). At higher temperature, the effective diffusivity increases,

and thus, the sorption rate increases. With respect to Tads, the effective diffusivity for Tads =40 ◦C is ap-

proximately three times higher than for Tads =20 ◦C. However, the SCP still decreases, since the importance

of decreasing ∆w∗cycle at higher Tads is more prevalent. For the case of Tdes, the effective diffusivity for

Tdes =90 ◦C is approximately 3.5 higher than for Tdes =60 ◦C. Higher desorption rate allows to desorb more

effectively the water vapor and thus, to exploit at larger extent the ∆w∗cycle.

Although a subtle influence, Teva and Tcon influence the thermodynamics of the system, as they alter the

∆H ′evap (equation 23). The Teva determines the enthalpy of the saturated vapor leaving the evaporator

hv,sat
∣∣
Teva

, while the Tcon determines the enthalpy of the vapor-liquid mixture entering the evaporator

hl,sat
∣∣
Tcon

. At higher Teva and lower Tcon, the vapor adsorbed by the reactor is associated to higher cooling

production. This effect is more notable for Tcon, where the ∆H ′evap for Tcon =20 ◦C is 3.6% higher than for

Tcon =40 ◦C, whereas the ∆H ′evap for Teva =15 ◦C is only 0.8% higher than for Teva =5 ◦C .

Apart from the influence of ∆w∗cycle, the COP is also influenced by the actual values of w∗min and w∗max. To

illustrate this, a simple example is employed, considering two cases A and B, with the same ∆w∗cycle. The

two cases are differentiated by the limits of ∆w∗cycle, which are lower for case A; namely, w∗min,A<w
∗
min,B

and w∗max,A<w
∗
max,B. Although the cases have the same ∆w∗cycle, case B would have lower COP. Part of the

Qheating – the thermal energy provided during pre-heating and desorption – is destined for the temperature

increase of the reactor from Tads to Tdes. This amount of energy is higher for case B, since the thermal mass

of the adsorbent is higher, due to its higher adsorbate content. In other words, at higher level of adsorbed

mass, the energy required for desorption increases. Since the latter is the denominator of COP, this partially

explains the sudden drop of COP for lower Tdes.

5.3. Other operating parameters

The convection heat transfer coefficient UHTF determines the heat transfer rate between the HTF and the

heat exchanger solid. The UHTF depends on the HTF properties, the channel geometry, the flow regime and

the fluid velocity. Figure 17 shows the reactor performance as a function of the UHTF. As observed, increasing

the UHTF results in a higher SCP. However, the benefit of increasing the UHTF decreases at higher values.

Within the range under consideration, the gradient of the SCP curve drops from 0.046 (Wkg−1)/(Wm−2K)

to 0.008 (Wkg−1)/(Wm−2K), suggesting that further increasing the UHTF is not beneficial. At higher
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Figure 17: Reactor performance based on the convection heat transfer coefficient

UHTF, the thermal resistance between the heat exchanger solid and the HTF decreases, and the cooling of

the reactor is hindered mainly by the low heat transfer within the packed bed and the thermal resistance at

its interface with the heat exchanger solid. Regarding the COP, the overall cooling produced and the thermal

energy input do not vary significantly, leading to a fairly steady COP in the range under consideration.

The results presented so far followed the cycle duration scheme described in Section 4.1, using 70% as the

cycle adsorption percentage wrel. Figure 18 presents the influence of the wrel. Recalling equation 2, the

adsorption rate is proportional to the difference between the equilibrium capacity and the instantaneous

adsorbed mass. Therefore, the adsorption rate is at its maximum at the beginning of the adsorption phase

and it decreases as equilibrium is approached. Consequently, the SCP is higher when the adsorption phase

is terminated earlier, namely, at lower cycle adsorption percentage. On the other hand, the required thermal

input rate decreases at higher cycle time, since the temperature difference between the HTF and the reactor

decreases. Prolonging the cycle time results in a higher COP, since the cooling energy produced during the

adsorption phase - the COP numerator - increases at a higher rate than the thermal energy spent during

pre-heating and desorption - the COP denominator. Within the studied range, the combination (COP, SCP)

can be adjusted between (0.46, 165.1 W/kgs) for tcycle =1023 s and (0.59, 82.9 W/kgs) for tcycle =4122 s.

27



 80

 90

 100

 110

 120

 130

 140

 150

 160

 170

S
C

P
 [

W
/k

g
]

 0.46

 0.48

 0.5

 0.52

 0.54

 0.56

 0.58

 0.6

C
O

P

 1000

 1500

 2000

 2500

 3000

 3500

 4000

 4500
C

y
cl

e 
d

u
ra

ti
o

n
 [

s]

 50  55  60  65  70  75  80  85  90

Cycle adsorption percentage [%]

Figure 18: Reactor performance based on the cycle adsorption percentage

5.4. Heat exchanger material

In this section, copper and aluminium are compared as heat exchanger materials. The lower thermal

conductivity of aluminium results in a slightly longer adsorption phase. The difference in the thermal mass

of the two metals – (ρ cp)Al =0.71 × (ρ cp)Cu – has two interesting effects. The lower thermal inertia of

aluminium results in shorter pre-cooling and pre-heating time. It takes shorter period for the temperature

change of the heat exchanger, thus, the pressure variation during the switching phases is achieved earlier.

The latter compensates the slight increase of the adsorption phase, thus, the overall cycle duration decreases.

Consequently, the SCP for aluminium is slightly higher (0.3%) than for copper.

Moreover, the COP for aluminium is higher than for the copper case, being 0.586 and 0.544 respectively.

The energy input during pre-heating and desorption is distributed to (i) the increase of the heat exchanger

solid temperature (ii) the temperature increase of the packed bed and (iii) the endothermic energy required

for desorption. Orientative values are provided, normalized per kg of adsorbent for ease of comparison.

The energy required for desorbing the adsorbate wrel from 70% to 0% is 299 kJ/kgs. The energy required

for increasing the adsorbent temperature by 50 ◦C is 72 kJ/kgs (evaluating the thermal capacity of the wet

adsorbent at the average adsorbed mass). Lastly, for this geometry, the energy required to increase 50 ◦C the

heat exchanger solid is 122 kJ/kgs for copper, whereas for aluminium is 87 kJ/kgs. This difference is reflected

as a decrease in Qheating and by consequence, as an increase of 7.7% in COP, for the case of aluminium.
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5.5. Results discussion from engineering perspective

This section aims to provide an engineering perspective to the results. The reactor performance was charac-

terized in terms of COP and SCP. As it arises, COP and SCP behave differently with respect to the variation

of the studied parameters. It should be emphasized that, even though both indicators are significant, their

importance is determined by the context of the application.

The SCP describes the cooling capacity per unit mass of adsorbent. Higher SCP is equivalent to less

adsorbent material for a given capacity, as well as, more compact reactors. Thus, higher SCP is associated

with lower initial investment for the adsorbent material and the reactor fabrication. Moreover, higher SCP

is suitable for applications with space or weight constraints. Higher COP is equivalent to less thermal energy

input for a given cooling capacity. Therefore, while SCP is associated to the initial investment, the COP is

more related to the operating costs of the ACS. Furthermore, a higher COP corresponds to lower carbon

emissions from the ACS operation, if carbon-positive energy sources are involved.

A COP-oriented application would be a solar-driven ACS located in a geographically isolated region,

equipped with an auxiliary heater for periods with insufficient solar radiation. The inevitable consumption

of the heater is inversely proportional to the COP. In such scenario, its fuel consumption can be associated

to high cost and low availability. Therefore, a higher COP benefits the system by reducing the auxiliary

consumption. An SCP-oriented application would be a vehicular cooling system driven by waste heat. The

heat provided by the exhaust gases of the vehicle is not associated to any running costs. Thus, a lower COP

is acceptable, in order to achieve a higher SCP, and hence, a compact and lightweight cooling system. As

it arises from the results, the reactor geometry determines its performance, thus, its design should ensure a

compromise between the SCP and COP, according to the particularities of each application.

The operating temperatures affect significantly the reactor performance. Low adsorption and condenser

temperature benefit both the COP and the SCP. Thus, the heat rejection device (e.g. cooling tower) should

be carefully designed, in order to cool effectively the HTF. Furthermore, the possibility of taking advantage

of the outlet HTF from the condenser and adsorber should be considered. Exploiting this by-product of

the ACS can reduce the consumption of the heat rejection device and one other application, such as: (i)

pre-heating the domestic hot water in residential buildings or tourist facilities, (ii) in the latter, swimming

pool heating and (iii) fuel pre-heating in vehicles or industry.

Even though the ACS performance declines at lower Tdes, its operation in such conditions is advantageous

in comparison to absorption cooling, which cannot utilize so low Tdes [47, 48]. Thus ACSs are the only

candidate for low temperature waste heat or solar collectors of lower efficiency and thus, lower cost. Moreover,

this feature should be considered the control strategy. In a solar-driven application, a cloudy morning is

associated with low Tdes, but also, low cooling demand. If the capacity suffices to cover the load, the system
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can operate without activating the auxiliary heater, reducing its energy consumption.

Attention should also be given in the heat transfer coefficient UHTF between the HTF and the heat exchanger.

On the one hand, a low value results in an additional thermal resistance and hinders the cooling of the

reactor during adsorption. On the other hand, increasing excessively the UHTF does not benefit further the

performance and it might lead to unnecessarily high HTF pumping energy consumption.

The cycle duration has strong impact on the COP and SCP. Shorter cycles provide high SCP and low COP,

whereas longer cycles provide the inverse. Consequently, cycle duration is identified as a useful manner to

regulate the performance according to the instantaneous necessities. In a solar-cooled building, SCP can be

prioritized during noon, when the cooling load and solar input peak – whereas during early morning, when

the load is low but the solar input is insufficient and the auxiliary heater is used, COP can be prioritized in

order to reduce the heater consumption.

With respect to the heat exchanger material, the lower thermal mass of aluminium results in a 7.7% higher

COP in comparison to copper. A general suggestion is to employ materials with high thermal conductivity

and low thermal mass (ρ× cp). Nevertheless, the choice of the material will be determined at large degree

by technoeconomic criteria such as the material cost, as well as the cost and ease of fabrication.

6. Conclusions

Environmental benefits may arise from the widespread utilization of adsorption cooling systems. The design

of the adsorption reactor – their core component – is a crucial task, since it determines its performance. A

numerical investigation was conducted for the hexagonal honeycomb reactor – an underexplored geometry

hitherto – using an in-house, validated model, based on three-dimensional unstructured meshes.

A parametric study was conducted for the dimensions that define the geometry, as well as for various

operating parameters. The cell inradius creates a dichotomy between SCP and COP. The COP is 0.356

for β=1 mm and 0.606 for β=6 mm, whereas the SCP is 218.9 W/kgs for β=1 mm and 80.4 W/kgs for

β=6 mm. Regarding the fin length, the SCP halves approximately in the studied range, being 159.5 W/kgs

for γ=5 mm and 86.1 W/kgs for γ=30 mm, whereas the COP is not significantly affected. The inverse effect

is observed for the influence of the fin thickness. The impact of fin thickness on the COP is considerable,

being 0.599 for δ=0.5 mm and 0.364 for δ=3 mm, respectively, whereas the SCP is not significantly affected.

Regarding the operating temperatures, both performance indicators are maximized at the lowest adsorption

and condenser temperature, as well as for the highest evaporator temperature. For the desorption tem-

perature, the SCP exhibits its maximum at the highest value of the studied range, while for the COP, a
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maximum is observed around 75-80 ◦C. The convection heat transfer coefficient does not affect the COP,

but it influences the SCP considerably at the lower side of the range under consideration.

The cycle duration provokes a dichotomy between SCP and COP. Thus, it can be adjusted in order to adapt

the performance to the instantaneous operating conditions, cooling demand and source availability. For the

base scenario, the combination (COP, SCP) can be adjusted between (0.46, 165.1 W/kgs) for tcycle =1023 s

and (0.59, 82.9 W/kgs) for tcycle =4122 s. Copper and aluminum were compared as heat exchanger materials.

The COP for aluminium is 7.7% higher than for copper, due to its lower thermal mass. Finally, the results

are discussed from an engineering perspective, elaborating practical aspects and applications.

At this stage, a reliable comparison with other reactor geometries found across the literature is not possi-

ble, since (i) distinct adsorption pairs are used, (ii) different operating conditions are considered, (iii) the

employed models differ in terms of complexity or validation strictness and (iv) the reported results are not

sufficient. Thus, a comparison might lead to unsafe conclusions about the geometries. Motivated by the low

comparability, the next stage pertains to the simulation of several geometries with the same computational

model and within the same framework, in order to extract reliable conclusions.
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