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Numerical investigation on the effect of flat-tube heat exchanger geometrical
structure on the performance of adsorption chiller
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In the present study, for the first time, adsorbent bed of SWS-1L/water adsorption chiller with
Received 04 August 2016 rectangular and trapezoidal finned flat-tube heat exchanger has been simulated three dimensionally
Accepted 25 October 2016 based on the distributed parameters model and finite volume method. Effects of some important

Auvailable Online 18 December 2016 . L
parameters on the chiller performance such as bed averaged pressure, temperature and uptake variations

with cycle time have been examined for better understanding of bed dynamic behavior. Also, a

,'if,ysﬁ“fpﬂ?é'n chiller comparative study between two different configurations of adsorbent bed including rectangular and

Adsorbent bed trapezoidal fins has been conducted based on identical length and adsorbent mass. For this purpose, bed

Flat-tube heat exchanger temperature, uptake and pressure distributions as well as the vapor flow patterns at the end of heating

Numerical modeling cycle phases and also effects of fin height and spacing on the system performance have been studied. In
this investigation at fixed bed length of 20mm, fin height and spacing variations have been examined in
the range of 8-20mm and 3-12mm, respectively. Results indicated that the system performance with
rectangular and trapezoidal adsorbent beds are almost similar except for those conditions in which fin
spacing is 3mm and fin height is 14, 20mm. For the mentioned dimensions, the specific cooling power
(SCP) of rectangular beds is almost 5% and 17% (for fin heights of 14 and 20mm, respectively) better
than those of trapezoidal beds. Maximum and minimum SCP of adsorption chiller with flat-tube heat
exchanger were obtained about 882 and 163W/kg for the smallest and the largest bed geometry and
operating conditions considered in this study.
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* Adsorption cooling system

% SCP: Specific cooling power
® Adsorbent bed

* Lumped parameters model

® Distributed parameters model
® Adsorbent

" Adsorbate
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? Intra-particle mass transfer resistance
® Inter-particle resistance
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Fig. 2 Schematic of heat and mass transfer in trapezoidal finned flat-
tube heat exchanger: 1-inter-particle diffusion, 2-intra-particle
diffusion, 3-heat transfer between metal channel and adsorbent
particles, 4-heat transfer between fins and adsorbent particles [18]
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max|TRAL — T2 | < 0.005

max| Tt — T | < 0.005

max|T"*t — T{"| < 0.005

max|P"*! — p"| < 0.005 (25)
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[13,11,9]
Wmin = W;in + 0'2(W191‘13x - W;in) (23)
Wmax = Wr;ax - O'Z(Wr;ax - W;in) (24)
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! General coordinate system

? Finite volume method

* FORTRAN

* Alternating direction implicit method: (ADI method)
® The tri-diagonal solver algorithm
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Table 1 The geometrical specifications, thermodynamic properties, and
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Fig. 7 Cycle time variations of the mean bed and chamber pressure in
the sample trapezoidal bed with FH=14mm and averaged FS=3mm
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Fig. 6 Comparison between numerical and experimental time variations
of the mean bed temperatures and pressures in annular heat exchanger
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Fig. 9 Middle plains of the adsorbent beds
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Fig. 8 Cycle time variations of the mean bed temperature and uptake in
the sample trapezoidal bed with FH=14mm and averaged FS=3mm
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Fig. 11 Bed temperature, uptake and pressure distributions at the end of
isobaric heating process in the sample rectangular bed: Top:
temperature, middle: uptake, bottom: pressure and vapor flow pattern
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Fig. 10 Bed temperature, uptake and pressure distributions at the end of
isosteric heating process in the sample rectangular bed: Top:
temperature, middle: uptake, bottom: pressure and vapor flow pattern
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Fig. 13 Bed temperature, uptake and pressure distributions at the end of
isobaric heating process in the sample trapezoidal bed: Top:
temperature, middle: uptake, bottom: pressure and vapor flow pattern
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Fig. 12 Bed temperature, uptake and pressure distributions at the end of
isosteric heating process in the sample trapezoidal bed: Top:
temperature, middle: uptake, bottom: pressure and vapor flow pattern
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