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Abstract: Adsorption heat exchangers (AdHXs) 
are important components in adsorption heat 
pumps and chillers, often build as fin-and-tube 
type heat exchangers with beds of adsorbent 
pellets. For design and optimization the govern-
ing transport phenomena in AdHXs need to be 
quantified as functions of design parameters like 
geometry or material properties. In this work the 
heat transfer between fin surface and adsorbent 
pellet is analyzed using a three-dimensional 
COMSOL model. The model is evaluated for 
generic material combinations with a variation of 
parameters: pellet size (0.2-4 mm), pellet rough-
ness (20-100 µm) and thermal conductivity of 
gas (0.01-0.03 W/(m K)) and pellet (0.1-0.3 
W/(m K)). The calculated effective heat transfer 
coefficient is in the range of 16-670 W/(m2 K). 
From the simulation results a general Nusselt 
correlation is deduced allowing a direct calcula-
tion of the heat transfer coefficient within the 
parameter space. 
 
Keywords: Adsorption heat exchanger, heat 
transfer, pellet, fin, Nusselt number 

1 Introduction 

Adsorption heat exchangers (AdHXs) are im-
portant components in adsorption heat pumps 
and chillers, a primary energy efficient source of 
heating and cooling1,2. Due to availability and 
established inexpensive manufacturing, fin-and-
tube type heat exchangers with beds of adsorp-
tion pellets in the finned space are used in state 
of the art products. The same design is used for 
sorption seasonal heat storage with pellets of 
hydrophilic salt hydrates3. 

For design and optimization the adsorption 
cycle needs to be modelled with its transient 
nature4,5. Hence, the governing transport phe-
nomena in AdHXs need to be quantified as func-
tions of design parameters like geometry or ma-
terial properties. This has e.g. been done using 
complex partial differential equation (PDE) 
models of the whole AdHX including heat and 
mass transfer and fluid flows with different level 

of detail6–9. These models allow detailed anal-
yses of geometry and material influences. How-
ever, they require high computing times and are 
e.g. unsuitable to analyze the component’s be-
havior in a system like a building on long time 
scales. 

Simpler transient models are based on ordi-
nary differential equations (ODE)8 with lumped 
coefficients for transport resistances and  capaci-
tances. They can be parameterized using PDE-
models, either by fitting the ODE-model to the 
PDE-model’s results, or by direct deduction of 
the coefficients from the PDE-model. In this 
study an example of the latter is presented. For 
AdHXs  ODE-models where shown to reproduce 
the external behavior of complex PDE-models 
with high accuracy while demanding orders of 
magnitude less computing time10. However, a 
variation of design parameters usually requires 
the complex model to be re-computed. 

Some transport resistances can be directly 
modelled in a lumped form from correlations 
available in standard literature (e.g. the heat 
transfer in a pipe flow). These correlations are 
mostly based on extensive measurements11. With 
them it is possible to include certain design pa-
rameters (e.g. the pipe diameter) explicitly in the 
ODE-model. Parameter variations can then be 
carried out without re-computing a PDE-model. 

In this work a general correlation is deduced 
from simulation results of a three-dimensional 
COMSOL model. This is done for the heat trans-
fer between fin surface and adsorbent pellets, an 
important transport resistance in the described 
type of AdHX. This heat transfer has been inves-
tigated for different configurations7,12,13. Here, it 
is analyzed for the case of a monolayer of pellets 
on the fin surface. First the model and its imple-
mentation in COMSOL will be described, then 
the results will be presented and a general heat 
transfer correlation will be deduced. 

2 Mathematical Model 

The modelled heat exchanger consists of flat fins 
of metal and spherical porous pellets of adsorp-
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with the heat conductivity ߣg or ߣp of the gas or 
pellet domain. The heat source from adsorption 
-ሶad only applies to the pellet domain and is omitݍ
ted for the gas domain. 

2.4 Boundary conditions 

As the fin’s conductivity is high, compared to all 
other conductivities, a uniform wall temperature 
wܶ is assumed. In the pellet volume the assumed 

homogenous adsorption results in a constant heat 
source ݍሶad. All other boundaries are planes of 
symmetry with no-flux boundary conditions. 

3 Implementation 

The model has been implemented in COMSOL 
Multiphysics 4.4 as a “heat transfer in solids” 
problem. 

Values used for geometry parameters, mate-
rial properties and boundary conditions are given 
in Table 1. Though absolute values of the 
boundary conditions do not matter for the analy-
sis used (temperature independent material prop-
erties, fully linear equations), the chosen values 
are within a realistic range for adsorption heat 
exchangers. 

Standard meshing settings (“normal”) were 
used. The mesh was refined to check for mesh 
invariance. The relative deviations of the results 
were in the order of the solver tolerance (0.001). 
No changes to standard solver settings where 
necessary. 

Material properties in adsorption heat ex-
changers depend on actual materials (e.g. silica 
gel, zeolite, water vapor, methanol vapor), their 
properties (e.g. porosity) and state (pressure, 
temperature, loading). Pellet size and roughness 
depend on the manufacturing process. In order to 
analyze the heat transfer characteristic for this 
broad range of conditions a parametric sweep on 
pellet diameter ݀, pellet roughness ݏ, gas con-

ductivity ߣg and pellet conductivity ߣp was em-
ployed. The range of values covered is indicated 
in Table 1. 

3.1 Post processing 

To evaluate the overall heat transfer characteris-
tic the average wall heat flux (W/m2)  

 
ሶതwݍ ൌ

1
wallܣ

න ሶwݍ
wall

d(2) ܣ 

and the average pellet temperature 

 തܶp ൌ
1

pܸellet
න ܶ
pellet

dܸ (3) 

are computed. Thereby, a heat transfer coeffi-
cient between wall and pellet can be defined 
(W/(m2K)): 

 
pߙ ൌ

ሶതwݍ
തܶp െ wܶ

 (4) 

For the given linear model the heat transfer ߙp is 
independent of the actual values of both wall 
temperature wܶ and heat source ݍሶad. 

4 Results 

An exemplary result of the temperature field is 
given in Figure 2. 

The heat transfer coefficient ߙp depends on 
the parameters ݀, ߣ ,ݏg and ߣp in a non-obvious 
way. For the parameter space given in Table 1 
 .p is in the range of 16-670 W/(m2K)ߙ

4.1 Data reduction 

For use in simplified ODE-models the function 

pߙ  ൌ fሺ݀, ,ݏ ,pߣ gሻ (5)ߣ

is needed. This four dimensional function could 
not be deduced directly from the simulation 
results. However, using the Buckingham π theo-
rem15,16, Eq. (5) can be reduced to the two di-
mensional relationship 

 Nupൌf൫߳p, λ൯ (6)ݎ

Table 1: Values used for simulation 

Parameter  Value 
pellet diameter ݀ 0.2-4 mm 
pellet roughness ݏ 20-100 µm 
gas conductivity ߣg 0.01-0.03  W/(m K) 
pellet conductivity ߣp 0.1-0.5  W/(m K) 
wall temperature wܶ 20 °C 
heat source from 
adsorption 

 ሶad 100  kW/m³ݍ
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extensive parameter sweeps. 
The model is based on several assumptions. 

To prove that the models results are coherent 
with real physical behavior experimental verifi-
cation is desirable. Especially the simplified 
modelling of the roughness as gap should be 
verified. However, the presented results may 
serve as a first indication. 

For further work should focus on the exten-
sion to multilayer beds, the inclusion of non-
continuum heat conduction and convective heat 
transfer.  

The method of deducing general non-
dimensional correlation from dimension-full data 
proved to be applicable to COMSOL models. It 
might have been possible to directly formulate 
the problem in dimension-less form. This would 
possibly have reduced the number of parameter 
combination in a parameter sweep. However, the 
economy in modelling time by using a model 
with predefined dimension-full equations over-
weight drastically. 

6 References 

1. Meunier, F. Adsorption heat powered heat 
pumps. Appl. Therm. Eng. 61, 830–836 
(2013). 

2. Critoph, R. E. Solid sorption cycles: A short 
history. Int. J. Refrig. 35, 490–493 (2012). 

3. De Jong, A.-J., Trausel, F., Finck, C., van 
Vliet, L. & Cuypers, R. Thermochemical 
Heat Storage – System Design Issues. Energy 
Procedia 48, 309–319 (2014). 

4. Füldner, G. & Schnabel, L. Non-Isothermal 
Kinetics of Water Adsorption in Compact 
Adsorbent Layers on a Metal Support. in 
Proc. COMSOL Conf. 2008 Hann. (2008). 

5. Aristov, Y. I. Experimental and numerical 
study of adsorptive chiller dynamics: Loose 
grains configuration. Appl. Therm. Eng. 61, 
841–847 (2013). 

6. Wittstadt, U., Laurenz, E., Füldner, G. & 
Schnabel, L. A 2D Model of a Fin-Tube Ad-
sorption Heat Exchanger. in (2014). 

7. M. Pons, P. D. A measurement technique and 
a new model for the wall heat transfer coeffi-
cient of a packed bed of (reactive) powder 
without gas flow. Int. J. Heat Mass Transf. 
36, 2635–2646 (1993). 

8. Yong, L. & Sumathy, K. Review of mathe-
matical investigation on the closed adsorption 

heat pump and cooling systems. Renew. Sus-
tain. Energy Rev. 6, 305–338 (2002). 

9. Miyazaki, T. & Akisawa, A. The influence of 
heat exchanger parameters on the optimum 
cycle time of adsorption chillers. Appl. 
Therm. Eng. 29, 2708–2717 (2009). 

10. Füldner, G., Laurenz, E., Schwamberger, V., 
Schmidt, F. P. & Schnabel, L. Simulation of 
Adsorption Cycles in Adsorption Heat 
Pumps: Detailed Heat and Mass Transfer 
Compared to Lumped Parameter Modelling. 
in Proc. Heat Powered Cycles Conf. (2012). 

11. Verein Deutscher Ingenieure. VDI heat atlas. 
(Springer-Verlag Berlin Heidelberg, 2010). 

12. Freni, A., Maggio, G., Cipitì, F. & Aristov, 
Y. I. Simulation of water sorption dynamics 
in adsorption chillers: One, two and four lay-
ers of loose silica grains. Appl. Therm. Eng. 
44, 69–77 (2012). 

13. Kast, W. Adsorption aus der Gasphase: In-
genieurwissenschaftliche Grundlagen und 
technische Verfahren. (VCH, 1988). 

14. Kaganer, M. G. Thermal Insulation in Cryo-
genic Engineering. (I.P.S.T., 1969). 

15. Buckingham, E. On Physically Similar Sys-
tems; Illustrations of the Use of Dimensional 
Equations. Phys. Rev. 4, 345–376 (1914). 

16. Herwig, H. & Moschallski, A. Wärmeüber-
tragung. (Vieweg Teubner Verlag / GWV 
Fachverlage GmbH, Wiesbaden, 2009). 

17. Phillips, J. R. Online Curve Fitting and Sur-
face Fitting at ZunZun.com. (2014). at 
<http://zunzun.com/> visited 17/6/2014 

7 Acknowledgements 

The research leading to these results has received 
funding from the European Commission Seventh 
Framework Program (FP/2007-2013) under grant 
agreement No ENER/FP7/1295983 (MERITS). 

Excerpt from the Proceedings of the 2014 COMSOL Conference in Cambridge



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




