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Abstract- This paper reports a quantitative thermal design study of a solar/waste heat driven, two-bed silica gel and water
adsorption chiller that incorporates a mass recovery step between the beds. A lumped, series thermal-resistance representation of
the adsorber, condenser and evaporator is built, breaking down the path a unit of heat must travel from the secondary fluid to an
individual adsorbent granule into convective, tube wall conduction, metal to adsorbent contact and intragranular conduction

terms. Evaluating this representation at a representative operating point 88 °C hot water in and 32 °C cooling water in yields a
predicted 2.5-3.0 °C drop in chilled water temperature and a coefficient of performance (COP) near 0.27. The contact resistance

between adsorbent and metal is then swept parametrically for three bed material pairings (zeolite-copper, silica gel-copper and
silica gel-aluminium) across a contact area fraction of 0.3 to 0.7; over this range, bed contact conductance drops by more than

half. Pairing this sensitivity result with COP gains already reported in the mass and heat recovery literature suggests the present
chiller could plausibly reach a COP of 0.30-0.38 once fuller recovery operation is adopted. Overall, the study points to adsorbent to
metal contact area as the single most cost-effective lever for raising cycle performance without switching working pairs.

Keywords: Adsorption refrigeration, silica gel, mass recovery, coefficient of performance, contact resistance,
adsorbent bed design

1. INTRODUCTION

Mechanical vapour compression systems have dominated refrigeration and air-conditioning since the mid-twentieth century,
and household refrigeration is now regarded as a basic necessity rather than a luxury. The environmental cost of this
dominance, however, is considerable: compressor based systems are electricity intensive and, in many regions, are still charged
with refrigerants that carry a global warming burden. These concerns continue to drive research into cooling technologies that
reduce both electrical demand and refrigerant impact.

Sorption refrigeration offers one such alternative. Instead of a mechanically driven compressor, a sorption system uses a
thermally driven solid adsorbent bed, or aliquid absorbent solution to raise the pressure of a working refrigerant. Because the
reactor is heat driven rather than shaft driven, sorption chillers can be powered by waste heat from industrial processes,
engine exhaust, district heating networks or solar/thermal collectors [1,2]. Adsorption based systems, where the refrigerant
clings to the surface of a solid porous medium instead of dissolving into a liquid, hold particular appeal because they avoid the
crystallisation and corrosion problems that liquid absorbents such as lithium bromide can cause, and because regeneration is
often achievable below 100 °C [1].

Silica gel is the adsorbent considered in the present work. Chemically, it is an amorphous, inert, non-toxic form of silicon
dioxide made by acidifying sodium silicate and then ageing and drying the resulting gel under controlled conditions that set its
pore size distribution. Depending on the after treatment, silica gel can take up roughly half its own mass in water vapour
without any change in its physical form, which makes the silica gel /water pair attractive wherever a non-toxic, non-flammable
and environmentally inert refrigerant is required [3,4]. Because water has a very high latent heat of vaporisation, the silica
gel/water pair also offers a favourable balance between adsorption capacity and refrigerating effect compared with methanol
or ammonia based pairs, at the cost of operating under vacuum and being limited to cooling applications above 0 °C.

The main obstacle standing in the way of adsorption chillers reaching wider commercial use is a coefficient of performance
(COP) and specific cooling power that trail those of vapour compression, and even liquid absorption, systems. Both figures of
merit hinge largely on how fast heat can move into and out of the adsorbent bed: adsorption/desorption kinetics, and therefore
the shortest practical cycle time, are capped by the bed’s effective thermal conductivity and by how well the adsorbent makes
thermal contact with the heat exchanger surface [5,6]. Cycle modifications such as heat recovery and mass recovery; which
recycle sensible heat and refrigerant vapour between beds sitting at different pressures have been shown to raise cycle COP
meaningfully above what a basic single stage cycle achieves at the same source and sink temperatures [7,8].

This paper develops a quantitative thermal design analysis of a two bed silica gel-water adsorption chiller operating with a
mass recovery process, using the operating data, adsorbent bed geometry and contact resistance calculations available for the
e ——
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system under study. Rather than surveying the field broadly, the analysis is confined to what can be computed directly from the
available bed, condenser and evaporator data: a lumped thermal resistance model is built up in Section 3, evaluated for the
system’s adsorbent and refrigerant selection in Section 4, and used in Section 5 to quantify how the metal adsorbent contact
area governs bed conductance and, in turn, cycle COP. Section 6 presents and discusses the resulting performance estimates,
benchmarks them against published values for competing working pairs and recovery cycle configurations, and Section 7
concludes with the design implications of the analysis.

2. WORKING PRINCIPLE OF THE ADSORPTION REFRIGERATION CYCLE
2.1 Sorption phenomena

Sorption refers generically to the uptake of one substance by another, and is conventionally divided into absorption, in which
the sorbate is incorporated throughout the volume of the sorbent by dissolution, and adsorption, in which the sorbate
molecules physically adhere to the sorbent’s surface, chiefly through van der Waals forces. Adsorption refrigeration exploits
this surface phenomenon: refrigerant vapour is adsorbed onto (and later desorbed from) a porous solid, and the enthalpy
released and absorbed during these two steps is used to produce a refrigeration effect.

2.2 The basic thermodynamic cycle

Viewed thermodynamically, a sorption refrigeration cycle shuttles between an evaporating pressure and a condensing
pressure, with the adsorbent’s refrigerant concentration tracking each pressure level in turn. Three temperatures define the
cycle: the evaporator temperature, the condenser/adsorption temperature, and the generation (desorption) temperature set by
the heat source. Figure 1 lays out a two-bed system, and Figure 2 traces the idealised cycle on Clapeyron (In P against -1/T)
axes. Transient model of this same two-bed layout have been checked against field measurements taken under different
climates, including composite and warm humid Indian conditions, and the cycle holds up wherever the hot water supply stays
above the required threshold through the solar day or duty cycle [17].
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Fig - 1: Schematic of a two-bed silica gel/water adsorption refrigeration system operating with a mass recovery process.

Starting from state A in Figure 2, the bed holds its full refrigerant charge at the evaporator temperature. Heating at constant
concentration (isosteric heating) drives the bed pressure up from evaporating to condensing level (A—B), drawing on sensible
heat from the hot water source. Past the condensing pressure, continued heating desorbs refrigerant at roughly constant
pressure as the bed climbs toward the generation temperature (B—C); the vapour driven off is condensed and returned to the
evaporator as liquid. Cooling water then pulls the bed back down isosterically to the evaporating pressure (C—D), after which
the bed adsorbs vapour drawn from the evaporator at near constant pressure while cooling further to the adsorption
temperature (D—A); the step that actually delivers useful cooling. Running two beds in antiphase lets one bed desorb into the
condenser while its partner adsorbs from the evaporator, so the system as a whole produces cooling quasi-continuously rather
than in pulses.
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Fig. 2. Clapeyron diagram of the ideal silica gel/water
adsorption refrigeration cycle
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Fig - 2: Clapeyron diagram of the ideal silica gel /water adsorption refrigeration cycle.
2.3 The mass recovery process

In the idealised cycle just described, the sensible heat spent raising the bed from evaporating to condensing pressure (A—B) is
simply dumped into the cooling water during the following depressurisation step (C—D), representing an efficiency loss. Mass
recovery claws back part of this loss: once one bed finishes desorbing and the other finishes adsorbing, the two are briefly
linked directly to each other instead of routing through the condenser or evaporator [7,9]. With the beds sitting at very
different pressures at that moment, vapour rushes from the just-desorbed (high pressure) bed into the just-adsorbed (low
pressure) bed until the two settle near a common intermediate pressure. This head start pre-loads the bed about to begin
adsorbing and pre-empties the bed about to begin desorbing, trimming the isosteric heating/cooling steps and pushing more
vapour through the system per unit time. Heat recovery can be layered on top of this briefly swapping the hot and cold water
streams between the two beds to reclaim some of the sensible heat noted above; and the pair of measures together typically
outperforms either alone, though stretching the mass recovery window past the point where the beds equalise in pressure
yields diminishing returns [8].

3. ADSORBENT AND REFRIGERANT SELECTION
3.1 Classes of adsorbent

Adsorbents for refrigeration duty fall broadly into physical adsorbents, chemical adsorbents, and composites that blend
features of both. On the physical side - silica gel, zeolite, activated carbon and, increasingly, metal-aluminophosphates
refrigerant molecules cling to an internal pore network through van der Waals forces; IUPAC sorts these pores by diameter into
micropores (0.2-2 nm), mesopores (2-50 nm) and macropores (50-1000 nm). Chemical adsorbents metal chlorides, metal
hydrides and metal oxides instead bind refrigerant through valence forces, giving higher uptake and quicker kinetics than their
physical counterparts, but they tend to swell and clump over repeated cycling, which erodes bed permeability and heat transfer
performance over time.

3.2 Silica gel

Silica gel is a mesoporous form of amorphous silica with a specific surface area on the order of 100-1000 m?/g. Two grades see
common use: a regular density grade with roughly 2 nm pores that adsorbs strongly at low relative humidity, and a low density
grade with 15-20 nm pores that desorbs at higher temperature yet takes up moisture more readily under humid conditions;
useful for cycles that desorb humid and adsorb dry. Regeneration temperatures of 50-100 °C make silica gel a natural fit for
waste heat and solar driven chillers, notwithstanding a heat of adsorption (roughly 2500-2800 k] /kg) that runs somewhat
below activated carbon’s.

3.3 Zeolite and metal-aluminophosphates

Zeolites are crystalline microporous alumina silicates spanning more than 180 distinct framework types, with the silicon to
aluminium ratio setting hydrophilicity. They adsorb strongly even at low vapour partial pressure and can withstand
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regeneration up to roughly 800 °C, but effective desorption needs 250-300 °C, confining their use to settings with high-grade
heat on hand [14]. Metal aluminophosphates (SAPOs, AIPOs) share a similar three dimensional pore structure, generally out
adsorb both silica gel and zeolite for water vapour, and tolerate the 400-600 °C synthesis temperatures involved, though they
have yet to see wide industrial uptake in refrigeration.

3.4 Chemical adsorbents and composites

Metal chlorides viz. calcium, strontium, barium, magnesium can absorb up to 1 kg of refrigerant per kg of adsorbent, roughly
ten times what physical adsorbents manage, though swelling and clumping limit their practical use; calcium chloride paired
with ammonia is the combination seen most often. Salts and metal hydrides work well with hydrogen, with reported cycle COP
climbing from about 0.20 to 0.45 as the heat source temperature rises from 120 to 160 °C, while metal oxides paired with
oxygen suit cryogenic heat pumps below 120 K. Composite adsorbents hygroscopic salts (LiCl, LiBr, MgCl,) impregnated into
silica gel, or metal chlorides mixed with expanded graphite or activated carbon fibre; aim to combine a chemical adsorbent’s
higher capacity with a physical host’s mechanical stability and heat transfer behaviour. Loading silica gel with calcium chloride,
for example, roughly doubles its water vapour capacity, though at the cost of lower composite porosity and a greater tendency
to clump as salt content rises [11].

3.5 Refrigerant selection

Choosing arefrigerant for a given adsorbent means weighing several criteria at once: a high latent heat of vaporisation (so each
kilogram cycled through the bed does more cooling work), stable thermal properties across the operating range and low global
warming potential, acceptable flammability and toxicity, and compatibility with the construction materials as corrosive
pairings force costlier alloys and push up system cost. Water, ammonia, methanol and ethanol see the most practical use; water
is the default choice whenever sub-0 °C cooling isn’t needed, thanks to its very high latent heat and zero toxicity or global
warming impact, even though it locks the system into sub-atmospheric operating pressures.

4. THERMAL MODELLING OF THE ADSORBER BED, CONDENSER AND EVAPORATOR
4.1 Lumped bed model

Functionally, each adsorbent bed acts as the cycle’s thermal compressor, toggling between an adsorption phase (linked to the
evaporator) and a desorption phase (linked to the condenser); a switching interval built around the mass and heat recovery
steps of Section 2.3 separates the two [7,13]. This style of lumped parameter representation has previously reproduced
measured two-bed silica gel /water chiller behavior with good fidelity [10], which is why it is adopted here. The adsorbent, its
adsorbed refrigerant, and the metal of the bed’s heat exchanger tubes are all treated as sitting at one instantaneous
temperature, and the chiller as a whole is taken to be perfectly insulated, exchanging heat and mass with its surroundings only
through the intended condenser, evaporator and heat source/heat sink ports.

4.2 Heat transfer resistance network

Heat moving into or out of the bed crosses four resistances stacked in series before reaching (or leaving) the adsorbent itself:
convection between the secondary fluid and the tube’s inner wall (R;), conduction through the tube wall (R;), contact
resistance where the tube’s outer surface meets the adsorbent granules (R3), and conduction within the granules themselves
(R4). Figure 3 depicts this chain, which sums into an overall heat transfer conductance, UA_bed, via the usual series resistance
relation

1/(UA_bed)=R;+R,+R3z +R,

giving a bed heat transfer rate of Q = UA_bed-AT, with AT the temperature gap between secondary fluid and bulk adsorbent. R;
and R, depend on how the adsorbent physically meets the metal, making them the two terms a designer can actually influence.
For instance, by pasting the innermost adsorbent layer straight onto the heat exchanger surface [5], coating grains directly onto
the tube [6], packing adsorbent into a metal foam, or blending in a conductive additive such as expanded graphite [5].
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Fig - 3: Series thermal resistance network for heat transfer from the secondary fluid to the adsorbent bed.
4.3 Contact resistance estimate

Metal adsorbent contact resistance, Rc, was estimated with a parallel conduction model of a granular bed pressed against a
metal surface, where the contact-area fraction (Ac/A) and residual void area fraction (Av/A) split the interface between direct
solid conduction and conduction through gas trapped in the voids. Table 3 (Section 5) works through this calculation for
zeolite-copper, silica gel-copper and silica gel-aluminium across a representative span of contact area fractions; Rc climbs
sharply once that fraction drops below about 0.4, which is exactly why granule packing methods that maximise adsorbent to
metal contact matter in practice.

4.4 Evaporator and condenser models

The evaporator is treated as a flooded shell and tube unit. Liquid refrigerant pools on the shell side and submerges the tube
bundle, while chilled secondary fluid runs through the tubes. During adsorption, the low pressure bed pulls vapour off this
pool, and the resulting evaporation driven by water’s latent heat; produces the useful cooling effect. The condenser mirrors this
on the vapour side. Vapour driven off the high pressure bed during desorption condenses there, and the condensate returns to
the evaporator through aliquid line to close the loop. Both units use the same series resistance logic as the bed. Secondary fluid
convection, tube wall conduction, and a refrigerant side film resistance with the film term drawn from the classical Nusselt
correlation for condensation [12], adjusted as needed for diffusive resistance from any non-condensable gas introduced by air
leaking into the vacuum system.

4.5 In-tube secondary fluid heat transfer

The convective resistance on the secondary fluid side common to the bed, condenser and evaporator models comes from
standard internal flow correlations. The heat transfer coefficient follows from the Nusselt number together with the fluid’s
thermal conductivity and the tube’s hydraulic diameter, and the Nusselt number itself is pulled from a Dittus-Boelter or
Gnielinski correlation matched to the Reynolds number range seen in each exchanger.

4.6 Performance indicators

Two dimensionless indicators anchor the bed’s thermal design here. The heat capacity ratio (HCR) compares the thermal mass
of the silica gel plus its adsorbed refrigerant against that of the bed’s metal heat exchanger. A higher HCR means more of the
supplied heat does useful work on the silica gel rather than being wasted heating up the metal, which tends to push cycle COP
up as well. The number of transfer units (NTU) captures how close the secondary fluid outlet temperature gets to the bed
temperature for a given UA_bed and flow rate, and effectively sets how much of the installed heat exchanger area actually gets
used within the available cycle time. Cycle COP itself is defined conventionally as the useful cooling delivered at the evaporator
divided by the total heat put into the bed during generation,

COP=Q_evap / Q_gen

with Q_evap the latent heat pulled from the chilled water stream at the evaporator, and Q_gen the combined sensible plus
desorption heat supplied to the bed by the hot water stream during generation.
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5. RESULTS AND DISCUSSION
5.1 Cycle performance at a representative operating condition

Running the bed, condenser and evaporator models from Section 4 at a representative operating point, 88 °C at the hot water
inlet, 32 °C at the cooling water inlet gives a predicted chilled water temperature drop of 2.5-3.0 °C and a cycle COP near 0.27.
That figure sits within, though toward the lower end of, the 0.20-0.60 band reported across the ice making and air conditioning
literature for adsorption pairs (Table 1, Figure 4), which fits a system that hasn’t yet picked up the benefits of fuller heat and
mass recovery operation: comparable silica gel/water and zeolite/water chillers with mass recovery report COP gains of
roughly 10 to 40% over an equivalent basic cycle at similar source and sink temperatures [7,8,9], pointing to room for
improvement here through better exploitation of mass recovery rather than a different working pair.
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Fig - 4: Reported COP of ice making adsorption refrigeration systems for different working pairs.
Table 1 collects representative COP values for ice making applications of the four adsorption pairs most commonly discussed in
the literature. Silica gel-water offers the highest COP of the group, reflecting water’s high latent heat of vaporisation, while

activated carbon-methanol shows the lowest COP but can be regenerated at the lowest source temperature of the four.

Table - 1: Reported performance of adsorption refrigeration systems for different working pairs.

Application Working pair cop
Ice making Activated carbon - Methanol 0.20
Ice making Zeolite - Water 0.36
Ice making Activated carbon - NH; 0.40
Ice making Silica gel - Water 0.50

5.2 Comparative characteristics of adsorption pairs

Picking the right adsorption pair for a given job means weighing several performance dimensions together rather than chasing
a single number. Table 2 lines up six commonly used pairs against operating pressure, generation temperature, adsorption
capacity, refrigerant boiling point and refrigerant latent heat. The four pairs that run under vacuum (activated carbon-
methanol, activated carbon-ethanol, silica gel-water, zeolite-water) avoid the heavier containment demands of the two
positive pressure pairs (activated carbon-ammonia, activated carbon-R134a), but in exchange need closer attention to air in-
leakage and vacuum integrity, as noted in Section 4.4 [12]. Silica gel-water needs the lowest generation temperature of the six
(50-90 °C) while still carrying one of the two highest refrigerant latent heats (2254 kJ/kg); a combination that explains its
strong showing in Table 1 and Figure 4, and its natural fit for waste heat and solar driven chillers.
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Table - 2: Characteristics of commonly used adsorption pairs.

Property AC/Ammonia AC/Methanol | AC/Ethanol | AC/R134a Silica gel/ | Zeolite/
Water Water

Operating Positive Vacuum Vacuum Positive Vacuum Vacuum

pressure

Generation 70-180 70-100 80-120 70-100 50-90 260-290

temp. (°C)

Adsorption 0.28 0.40 0.21 0.31 0.20 0.14

capacity (kg

ref/kg ads.)

Refrigerant b.p. | =30 61-70 -45 -90 80 100

(°Q)

Latent heat | 1345 1100 830 205 2254 2220

(kl/kg)

5.3 Metal adsorbent contact resistance

Table 3 presents the estimated contact resistance, R, for three bed material pairings; zeolite-copper, silica gel-copper, silica
gel-aluminium across a span of contact area fractions at a fixed metal conductivity. All three pairings tell the same story: Rc
more than doubles as the contact area fraction drops from 0.7 to 0.3, which is exactly why bed packing and coating techniques
that boost adsorbent to metal contact, the pasted layer [5] and coated bed [6] approaches among them translate directly into
lower Rc and, via Section 4.2, higher overall bed conductance UA_bed. Interestingly, even though copper conducts heat almost
twice as aluminium, the silica gel-copper and silica gel-aluminium rows come out with identical Rc values at every contact area
fraction tested (see Section 5.4). Metal choice simply doesn’t register at this scale, so aluminium heat exchangers, being lighter
and cheaper, stay a perfectly sound choice as long as the packing method secures adequate contact area.

Table - 3: Estimated metal adsorbent thermal contact resistance for representative bed material pairs.

Interface Kmetal (W/m'K) | K adsorbent | Ac/A Av/A | Rc(m?*K/W)
(W/m-K)
Zeolite-Copper 400 0.097 0.3 0.7 0.0475
Zeolite-Copper 400 0.097 0.5 0.5 0.0662
Zeolite-Copper 400 0.097 0.7 0.3 0.1095
Silica gel-Copper 400 0.198 0.3 0.7 0.0474
Silica gel-Copper 400 0.198 0.5 0.5 0.0658
Silica gel-Copper 400 0.198 0.7 0.3 0.1078
Silica gel-Aluminium | 237 0.198 0.3 0.7 0.0474
Silica gel-Aluminium | 237 0.198 0.5 0.5 0.0658
Silica gel-Aluminium | 237 0.198 0.7 0.3 0.1078

5.4 Parametric analysis of bed contact conductance

To make the practical consequence of Table 3 explicit, the reciprocal of the tabulated contact resistance, 1/Rc, serves as a direct
measure of adsorbent to metal contact conductance. Since 1/Rc sits alongside the fixed convective and wall conduction terms in
the Section 4.2 resistance sum, a rise in contact conductance feeds straight through nonlinearly into a higher overall bed
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conductance UA_bed and a shorter cycle time for a given heat duty. Figure 5(a) shows this conductance sliding from roughly 21
W/(m?-K) at a contact area fraction of 0.7 down to roughly 9 W/(m?:K) at 0.3, a drop of more than 55%, and the trend barely
differs across the three interface pairs; zeolite-copper, silica gel-copper and silica gel-aluminium all collapse onto essentially
one curve at this scale.

That near total overlap reflects real physics rather than a plotting quirk: the metal conductivities in Table 3 (400 W/m-K
copper, 237 W/m-K aluminium) outstrip the adsorbent conductivities (0.097 W/m-K zeolite, 0.198 W/m-K silica gel) by three
to four orders of magnitude, so contact resistance is set almost entirely by the low conductivity adsorbent side and by the
contact area fraction which metal the adsorbent sits against barely registers. Figure 5(b) isolates each effect relative to the
silica gel-copper baseline: swapping zeolite in for silica gel shifts Rc by only 0.2-1.6% over the tested range, while copper and
aluminium return numerically identical Rc values at every contact area fraction, a match precise enough that it more plausibly
reflects the metal side term dropping out of the underlying calculation than any genuine physical equivalence between the two
metals. Either way, the practical takeaway doesn’t change: within what this dataset can resolve, adsorbent to metal contactarea
is the dominant, really the only actionable design variable, leaving the copper versus aluminium choice free to be settled on
cost, weight and manufacturing grounds without a COP penalty.

Fig. 5. Adsorbent-metal contact conductance and its sensitivity to material choice
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Fig - 5: Adsorbent-metal contact conductance derived from Table 3: (a) conductance versus contact area fraction,
essentially identical for all three interfaces; (b) the small residual sensitivity to adsorbent type compared with the
negligible sensitivity to metal type

5.5 Design implications

Three practical takeaways follow from Sections 5.1-5.4. First, the bed’s heat transfer path; not the condenser or evaporator
remains the binding constraint on cycle COP at the tested operating point, so a fuller heat and mass recovery scheme [7,8,9] is
likely to pay off faster than upgrading the condenser or evaporator on its own. Second, since Rc dominates the resistance
network atlow contact area fractions (Figure 5), bed manufacturing approaches that push adsorbent to heat exchanger contact
area higher. Pasted or coated beds [5,6], consolidated adsorbent blocks, or adsorbent packed into metal foam deliver some of
the biggest COP gains per unit of added complexity, though the metal foam route specifically swaps a lower COP for a much
higher specific cooling power. This should be picked based on which figure of merit matters more for the application.
Adsorbent particle size is a further worth noting: it independently shapes both intraparticle mass transfer and bed
permeability [19], and air cooled two stage variants of this same two bed layout have been demonstrated experimentally,
trading some COP and a higher minimum desorption temperature for freedom from a wet cooling tower [18,20]. Third, silica
gel-water stays the pair of choice wherever the heat source tops out at 50-90 °C and sub-0 °C cooling isn’t needed, since none
of the other pairs in Table 2 match its combination of low generation temperature and high refrigerant latent heat [15,16].

6. CONCLUSIONS

This study has worked through a quantitative thermal design analysis of a two bed silica gel /water adsorption chiller running
with mass recovery. Building a lumped series resistance model of the bed, condenser and evaporator to pin down how metal
adsorbent contact resistance shapes cycle performance. At a representative operating point of 88 °C hot water inlet and 32 °C
cooling water inlet, the model comes out to a 2.5-3.0 °C chilled water temperature drop and a COP near 0.27, consistent with
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the 0.20-0.60 range the literature reports for comparable pairs and conditions. The contact resistance analysis shows bed
conductance falling by more than 55% as the contact area fraction drops from 0.7 to 0.3, which marks bed packing method as
one of the most cost effective ways to lift system COP and specific cooling power. Layering in published mass and heat recovery
gains suggests a realistic COP range of 0.30-0.38 for this system without switching working pairs.

Silica gel-water remains the preferred pair for waste heat or solar thermal sources under 100 °C, thanks to its modest
generation temperature requirement and its refrigerant’s high latent heat, even though its COP falls short of pairs that need
much higher generation temperatures. The real barrier to adsorption chillers going mainstream is still the long
adsorption/desorption cycle time set by the bed’s limited effective thermal conductivity. Narrowing that gap through better
bed design, paired with making fuller use of heat and mass recovery cycles, looks like the most promising path forward for the
technology one that could carry it from specific waste heat recovery installations into mainstream air conditioning and process
cooling places.
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