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Topics
Kinetics

What needs to be measured on which level?

Which measurement setups exist and which prove helpful
- For open Adsorption?

- For closed Adsorption?

- For Absorption?

What is missing?
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Topics
Modelling

What needs to be modelled on which level?
Which models exist and which prove helpful
- For open Adsorption cycles?

- For closed Adsorption cycles?

- For Absorption cycles?

What is missing?

Hypothesis: Most modelling activities cannot be transferred neither to industry at high TRL nor to material research and
development at low TRL because they are too specific, too complicated and do not address questions of technology
application, but rather specific development questions.
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Sorption Technology

Highlight: Frequency Response Analysis
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Kinetics Measurement Method
Frequency Response Analysis

Excitation frequency varied: 10-3...5 Hz

= Different transport effects visible at different frequencies

Deviation from equilibrium is small:

= Linear behaviour (locally constant coefficients)
= Local measurement (temperature, pressure, loading)

»Map of measurement points in state space
Integrated pre-procedure [1]:

= Sorption equilibrium
= Differential sorption enthalpy

[1] E. Laurenz et al., Energies 2020, 13 (11), 3003
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Frequency Response
Transport Model

Coupled heat and mass transfer

= Contact resistance coating/wall (h)
= Heat conduction in the coating (1)
= Mass transfer at particle scale (k)
Modelling as system of ODE/PDE

* Transf. into frequency domain (Laplace)

= Constant coefficients (linearized)
= Solved analytically(!) for FR boundary conditions

2
Identification of h,(A @nd) Dy, = %k [2]

= Model fitted to experimental results

[2] E. Laurenz et al., Int. J. Heat Mass Transf. 2021, 169, 120921
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Frequency Response
Results
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Frequency Response
Identified Parameters

Parameters identified with , best fit”
(h — oo)
10.0 + 0.15 4
- —e- 30°C h — oo
i ~® 40°C
~&- 60°C —
m < 0.101
~—~
p E
= Sample -~
5 2
x A Ct_140 R
~< 0.051
O Ct 240
O Ct 610
<& multi 0.00-
0.1 0.2 0.1 0.2
Xeff in kg/kgcmp Xeff in kg,kgcmp

Laurenz et al., Int. J. Heat Mass Transf. 2021, 169, 120921
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Modelling with parameters from FR

Non-linear validation

Strongly non-linear measurement [1]:
20 K temperature jump

Non-linear time-domain model [2]:

= Transport parameters: Function of
temperature and loading, obtained
from FRA results

= Sorption equilibrium and enthalpy
from integrated pre-procedure

= No time-domain fitting!

Temperature (K)

[1] Laurenz et al., 25th IIR ICR. Montreal 2019
[2] Velte et al., Energies 2017, 10 (8), 1130
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Adsorption Modelling
Modelling in Simplified Model

Pressure p,,,4 iS measured
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Adsorption Modelling
Modelling in Simplified Model

Pressure p,,,q4 is measured
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Simplified model: Application to Adsorber and Evaporator
Effective resistances: equivalence between heat and mass transfer
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Simplified model: Application to Adsorber and Evaporator

Effective resistances: temperature differences
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Simplified model: Application to Adsorber and Evaporator
Effective resistances: temperature differences
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Simplified model: Application to Adsorber and Evaporator
Effective resistances: temperature differences
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Simplified model: Application to Adsorber and Evaporator
Effective resistances: temperature differences

—
1 1
404 \ , : SAPO-34:DT_ch=T eq - Tsat(p_eq)
Tin®C \ 1 1 100
Lo 1
R I\ W ATy = 65°C — 35°C = 30K X
o a0 | \\| , , %0
- 50 \ ! X i
"a,l : Temporal Evolution (Desorption) :
-8 60 \"':;.' 1 B0
30 e e e Bl Sl el el el e e i === === = 122840392
E l I_ : ! R? =0.9653
3 : ATdrv,tc: : _ o
E ! & (Desorption) I £
D ! . ! g
= 1 = 1 g
o ' ' IE 60
g ! E
a2 1 1 £ 0.23 kefkg
S 204 ATen(T) . o E 50
E— ' ATary ot s ' E y=-32.7x+ 38.3
2 : (Adsorption) 2
g | 2 2 . SR TR \--- i
(=3 LI s
3 N [ &
1
E Temporal Evolution (Adsorption) 1 0
& :
109 1 y=701.02%*-837.93x+ 18574
1 e R? =0.9342
ATy = 35°C—20°C=15K .
1
AX s ‘ v
I
x 0
04 EI 0 0.05 01 015 0.2 0.25 03 035
1 (ke/kg)
0.0 0.1 02 03
Loading in kg/ kgs
Aluminiumfumarat SAPO-34
(Daten ISE, mit Prozessbedingungen 20/35/65 °C) (Daten Fahrenheit)
16

\

~ Fraunhofer

ISE



Simplified model:

Effective resistances:

17
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Translating application boundary conditions into material performance
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Figure 5 Estimated cooling-COP under typical application conditions (top) and ideal material-COP (bottom) for variations for
variations of the high temperature level (left) and the mid temperature level (right) for MIP-211 compared to selected MOFs

temperature for heat rejection can be provided. Note that for cooling-COPs the temperatures of the exploited heat sink/source
differ from the temperatures at material level (driving temperature difference) whereas for material-COPs this difference is
neglected resulting in drastic overestimations possible mid temperature levels and underestimation of required high-
temperature levels. Negative COPs are set to zero.
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