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Spiral finned heat and mass exchanger designPage  of 89 211




Figure 22: Left: Illustration of the spiral fin tube heat exchanger with ab-
sorbent and heat transfer fluid flow. Right: Picture of the heat and mass ex-
changer with absorbent supply tube and temperature sensors installed 
(Fumey et al. 2017). 

In the test setup two finned tubes with dimensions as indicated in fig-
ure 22 were installed. Each tube was vertically positioned in a cylindrical 

vacuum chamber of 1400 mm total length and 100 mm inner diameter, in-
cluding all sensors and actors, as schematically displayed and pictured in 

figure 23 on page 91. The two heat and mass exchanger chambers serving 
as absorber and desorber as well as evaporator and condenser respectively 
were interconnected with two vapour exchange channels of 420 mm length 
and 100 mm inner diameter. In this way absorbate exchange was enabled at 
negligible vapour pressure drop between the heat and mass exchangers. 
This was important due to the temperature and pressure correlation, equilib-
rium. A drop in vapour pressure would have resulted in a decrease in gross 
temperature lift. 

The heat transfer fluids were circulated to the heat and mass exchang-
ers by gear pumps Px1 and Px2 respectively. The flow of the liquids was 
regulated by buoyancy flow regulator and additionally periodically measured 
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International Energy Agency Activities

• SHC/ES Task/Annex 58/33: Material and Component Development for 
Thermal Energy Storage 


• Leading subtask 4T: Component design for Thermo Chemical Materials  


• SHC/ES Task 67/40: Compact Thermal Energy Storage Materials within 
Components within System


• Leading Subtask E: Effective Component Performance With Innovative 
Materials
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Static Temperature Guideline for Comparative Testing of 
Sorption Heat Storage Systems for Building Application

Energies 2021, 14, 3754
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Figure 2. Illustrations of the four processes in charging and discharging. Indicated are the relevant
heat source and sink temperatures and vapor pressures [12].

Figure 3. Illustration of the open fixed process with air to air heat exchanger and separated heat release, liquid on the left
and air-bound on the right.
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Figure 2. Illustrations of the four processes in charging and discharging. Indicated are the relevant
heat source and sink temperatures and vapor pressures [12].

Figure 3. Illustration of the open fixed process with air to air heat exchanger and separated heat release, liquid on the left
and air-bound on the right.
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Table 2. Temperature guideline for uniform sorption thermal storage testing for space heating
in buildings.

Process Input Temperature
(Vapor Pressure *) Output Temperature

Desorption 95 �C (3.0 kPa) 92 �C
Condensation 30 �C 35 �C
Evaporation 10 �C (0.87 kPa) 7 �C

Sorption 30 �C 35 �C
* Vapor pressure is relevant only for open systems.

It is clear that evaporating temperatures greater than 10 �C and condensing temper-
atures lower than 30 �C may be encountered under favourable discharging or charging
conditions, however, declaration of performance; temperature, power and energy density,
at such optimal temperatures may be misleading.

5. Discussion and Conclusions
Sorption heat storage performance highly depends on operating temperatures, a factor

oftentimes disregarded in review papers and insufficiently regarded within the research
community. Figure 1 and the accompanied text explains the required process temperatures
and Table 1 provides a glimpse of the great dispersion of operating temperatures for the
building application reported in literature. This is an issue also pointed to by authors such
as Courbon et al. [27], Palomba and Frazzica [18] and Scapino et al. [55], Hauer et al. [57]
and Frazzica et al. [54]. In this proposition for uniform testing conditions with a cross-
comparison of current practice reported in literature, effort has been undertaken to show
that a single static guideline is applicable for all sorption process types and able to provide
simple remedy to this dilemma. Closed systems require only the defined temperatures as
provided in Table 2, open systems require vapor pressure in substitute for the condenser
and evaporator temperatures. In desorption input temperature (95 �C) and vapor pressure
(3.0 kPa) as well as output temperature 92 �C are relevant and condenser temperatures are
omitted. In sorption, as indicated, there are slight variations. Systems with air bound heat
transport as shown in Figures 2 and 3 right, require evaporation input temperature (10 �C)
and vapor pressure (0.87 kPa) as well as sorption output temperature 35 �C, referring to
the air temperature. Systems with liquid HTF as illustrated in Figure 3 left, additionally
require sorption input temperature 30 �C, with both sorbent temperatures referring the
liquid HTF. In the transported process the static temperature conditions can be adjusted,
in the fixed process, fluctuation may occur, due to power and state-of-charge correlation.
This is little avertable since power is system dependent and cannot be declared for uniform
testing. Mitigation can be provided by giving flexibility to the output temperature, lower
in desorption and evaporation and greater in condensation and sorption. For this reason,
fixed processes reach only partial discharge to input temperature level, the degree of
discharge is lower than in transported processes.

The guideline describes realistic, specific conditions encountered at the system-building
interface and must not be confused with temperature conditions at the material level. The
temperature difference between the HTF temperature and the material temperature de-
pends on the component properties and design. Material temperatures are not further
considered in this study. It is clear that from a materials perspective the charging tempera-
ture is below 92 �C, the condensing temperature above 35 �C, the evaporating temperature
below 7 �C and the discharging temperature above 35 �C. The maximum charging temper-
ature lift is lower than 57 K and the required discharging lift greater than 28K. Material
testing in-light-of building application should consider this. To supply domestic hot water
at 65 �C as declared by the CEN/TR 16355 recommendation [60], would require a discharg-
ing temperature lift greater than 58 K. This cannot be reached without additional boost, the
reason why this operation mode has not been considered further in this guideline.

In Table 1 red numbers are out of bounds in accordance to the temperature guidelines
of Table 2. Greatest difference is in the evaporation temperature, many authors reported
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Upscaled Heat and Mass Exchanger
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