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Abstract

:

Adsorption energy storage is a promising resource-saving technology that allows the rational use of alternative heat sources. One of the most important parts of the adsorption heat accumulator is the adsorber heat exchanger. The parameters of heat transfer in this unit determine how fast heat from an alternative energy source, such as the Sun, will be stored. For the design of adsorption heat accumulators, plate fin heat exchangers are mainly used. In this paper, the procedure for the estimation of the global heat transfer coefficient for the adsorber heat exchanger depending on its geometry is considered. The heat transfer coefficient for a LiCl/SiO2 sorbent flat layer under conditions of heat storage stage was measured. Based on these data, the global heat transfer coefficients for a number of industrial heat exchangers were theoretically estimated and experimentally measured for the adsorption cycle of daily heat storage. It was shown that theoretically obtained values are in good agreement with the values of the global heat transfer coefficients measured experimentally. Thus, the considered technique makes it possible to determine the most promising geometry of the plate fin heat exchanger for a given adsorption heat storage cycle without complicated experiments.
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1. Introduction


The deteriorating ecological situation on the planet is attracting more and more attention from the world community [1,2,3]. In order to avoid a catastrophe, humankind needs to reconsider its attitude toward the consumption of natural resources and pay special attention to the development of energy-saving technologies [4,5,6,7]. Reusing waste heat from industry and transport is very important as well [8]. Adsorption heat storage is a technology that allows the use of heat from alternative energy sources (geothermal energy, solar energy) and waste heat from industry and transport [9,10,11]. The technology is based on a reversible sorption/desorption process accompanied by appropriate thermal effects. The porous sorbent is dried using a source of low-grade heat, such as solar energy during the day. Then, the dry sorbent can retain the stored heat indefinitely. If it is necessary to release heat (for example, at night, when it is impossible to use solar energy directly), the sorbent can be brought into contact with the vapors of the working fluid. Thus, the advantages of adsorption heat storage are (1) the ability to harmonize in time the processes of heat generation and consumption (to store heat during the day and use it at night) and (2) the possibility of using low-grade heat below 100 °C. Indeed, for the daily cycle, sorbent should be regenerated at a temperature of 70–80 °C, which can be supported by simple solar collectors [12,13]. The thermodynamic cycle of such a process (Figure 1) is determined by the conditions under which the device will operate (evaporator temperature Tev, condenser temperature Tcon, regeneration temperature Treg, and adsorption temperature Tads) and consists of four stages [14]: (1) the sorbent regeneration stage (isobaric heating 1–2) at the temperature of available low-potential heat Treg; (2) the isosteric cooling stage (the sorbent is disconnected from the tank with the working fluid and the amount of liquid absorbed by the sorbent does not change; therefore, line 2–3 on the cycle is the isostere line of composition constancy); (3) the heat generation stage initiated by a sharp change in pressure over the sorbent (3–4); (4) isosteric heating of the sorbent (3–4). Thus, in the heat storage cycle, the driving forces of the key stages are characterized by different factors: desorption during heat storage is initiated by a sharp change in the temperature of the sorbent, and heat release by a sharp change in pressure over the sorbent.



Thermal engineering related to energy-saving applications needs fast and accurate prediction for complex heat transfer problems [15]. To increase the efficiency of adsorption heat transformers, it is necessary to optimize the adsorber heat exchanger (AHex), which is one of the main elements of the device [16,17,18,19]. The effects of the adsorber heat exchanger’s material and the fin’s geometry on the AHex performance were analyzed in [20]. It was shown that aluminum is a good candidate for AHex construction due to its lower density and volumetric heat capacity compared to copper. In [20], it was demonstrated that finned flat tube (FFT) heat exchangers are characterized by a higher power normalized per volume of AHex than annular finned tube (AFT) heat exchangers. This is why FFT AHexes are so popular for adsorption heat transformation applications [21,22,23,24,25,26]. On the other hand, improvement of device performance by optimization of AHex geometry can be achieved [27]. In order to evaluate the efficiency of a heat exchanger loaded with a sorbent in a given process, it is necessary to know (1) the geometry of the heat exchanger, (2) the heat transfer coefficient in the metal–sorbent system, and (3) the heat transfer coefficient in the metal–heat carrier system. Theoretically, knowing these parameters, one can estimate the global heat transfer coefficient (UA) of an adsorber heat exchanger of a given geometry, and choose the optimal one. It is important to note that, in [28], the possibility of using the heat transfer coefficient measured for the flat layer of sorbent to be used for the calculation of UA was demonstrated for air conditioning applications. However, such heat transfer coefficients for the processes of adsorption heat transformation known from the literature are determined for processes characterized by exponential kinetic curves [29,30,31]. In this paper, another method for determining the metal–sorbent heat transfer coefficient, which is suitable for both exponential and non-exponential kinetics, was considered: the linearization of the initial part of the desorption kinetic curve.



The purpose of this work was to verify the procedure of optimizing the AHex geometry for the process of adsorption heat storage (daily cycle). For the cycle perspective, a working pair “composite sorbent LiCl/SiO2–methanol” was considered. The sorbent can be regenerated at 70–80 °C under conditions of a daily heat storage cycle and is able to accumulate a high amount of low potential heat [32]. A number of FFTs of heat exchangers of various geometries were considered, and a procedure for the theoretical calculation of the global UA coefficient for heat exchangers of various geometries is proposed. To verify the procedure used, direct measurements of the UA coefficients for three heat exchangers were carried out. It is important to note that a complex analysis of both theoretical predictions and direct measurements of the global heat transfer coefficient of real heat exchangers under conditions of the daily heat storage process was carried out for the first time.




2. Theoretical Consideration


In an FFT heat exchanger, the granules of sorbent are placed between the fins and the channels through which the heat transfer fluid (HTF) circulates (Figure 2). The requirements for an AHex that will be optimal for the charging (desorption) stage of the sorption heat storage cycle can be formulated in such a way that it should demonstrate the highest thermal power per unit of its volume. Indeed, the faster the heat is accumulated by the sorbent (stage 1–2, Figure 1), the less time is required to charge the heat accumulator. There are three main ways how one can determine the relevant control volume of AHex [33]: “comprehensive”, “Hex-only”, and “Hex core only”. In this work, the third variant, “only core of heat exchanger”, was considered.



The main thermophysical characteristic of heat exchangers is the global coefficient, UA. This characteristic allows us to quantify the amount of heat transferred from medium 1 to medium 2 at a fixed temperature difference between them [34,35]. For FFT, AHex UA can be calculated using the overall heat transfer coefficient U (W/m2K) and the channel area A as the parameters (UA = U٠A). The U coefficient can be found by using the following expression [34,35]:


  U =       1     h   1     +     δ   w a l l       λ   w a l l     +   1     h   2   ( 1 + E ( K − 1 )       − 1   ,  



(1)




where h1 and h2 are heat transfer coefficients between HTF and the channel’s wall and between the sorbent and metal of AHex, respectively; δwall is the thickness of the aluminum wall of the AHex channel; λwall is the thermal conductivity of aluminum (λwall = 200 W/(mK)); K is the finning coefficient; E is the coefficient of fin efficiency [34].



The coefficient of efficiency E determines the difference in the removal of heat between the ideal isothermal fin and the real non-isothermal fin [34]:


  E =   t a n h ( 0.5   H   f      2 h   2   /   δ   f     λ   w a l l      0.5   H   f      2 h   2   /   δ   f     λ   w a l l      ,  



(2)




where δf is the fin’s thickness, λwall is the aluminum thermal conductivity. The h1 coefficient between HTF and the channel’s wall can be determined as follows:


    h   1   =   N u ·   λ   w       H   c h   ′     ,  



(3)




where H’ch is the internal channel’s height, λw is the HTF thermal conductivity (λw = 0.67 W/mK at 80 °C), Nu is the Nusselt number. For laminar flow, the Nusselt number for a flat channel is about 8 [36].



As it was mentioned above in (1), the h2 coefficient measured for a flat layer can be used successfully [28]. The h2 coefficient for a flat layer can be found from kinetic measurements under conditions of the cycle (stages 1–2, Figure 1). In this work, the daily storage cycle typical for the off-season with the following parameters was considered (Figure 1): (1) daytime temperature of the environment Tcon = 15 °C, (2) nighttime temperature of the environment Tev = 5 °C, (3) regeneration temperature Treg = 80 °C, (4) temperature desired by the consumer Tad = 30 °C. In the cycle, the heat storage stage is initiated by a temperature jump at constant pressure (stage 1–2 Figure 1). The maximum specific power, in this case, can be expressed as follows:


    W   m a x   =   h   2   S Δ T / m ,  



(4)




where m—sorbent mass, h2—heat transfer coefficient in the sorbent–metal system, S—sorbent–metal contact area, ΔT—temperature driving force of heat transfer. So, for h2 determination, the maximum specific power at different driving forces should be measured. After that, the h2 coefficient can be determined graphically from the dependence “maximal specific power Wmax vs. ΔT” as the slope of the graph. Temperature driving force can be found from sorption equilibrium “sorbent—working fluid”. In this study, composite sorbent on the base of a porous matrix impregnated with inorganic salt (LiCl/SiO2) was used. “Salt inside porous matrix” (CSPM) materials are very promising for adsorption heat transformation due to their high sorption capacity and low regeneration temperature under appropriate adsorption cycle conditions [37,38,39,40]. Another advantage of CSPM composites is their high energy storage capacity due to the chemical reaction between the salt and working fluid vapor. Generally, the thermal effects accompanying such reactions are greater than the thermal effects that can be provided by materials that store sensible heat [41] (e.g., for concrete) or latent heat [42] (e.g., heat of a phase transition for phase change materials [43,44,45,46]). The CSPM composites demonstrate stepped isotherms [32,47] corresponding to the abovementioned chemical reaction between the salt in the matrix pores and working liquid vapors. Methanol was used as a working liquid. The reaction begins at temperature T* which can be found from the sorption equilibrium data of the LiCl/SiO2–methanol system [48]. The sorption isobar (Figure 3) at constant condenser pressure (in this work Pcon = 96 mbar at Tcon = 15 °C) can be calculated from the dependence “sorption capacity w—sorption potential ΔF” [48] using a combination of two expressions: (1) desorption boundary Polanyi potential ΔFdes (Figure 1) and the Clausius–Clapeyron equation. Figure 3 evidences that the temperature of the step corresponding to the chemical reaction is about T* = 48 °C. Thus, the temperature driving force of the desorption in Equation (4) can be found as ΔT = Treg − T*.



Thus, all the parameters of (1), i.e., h1, h2, and E, needed to calculate the UA coefficient for AHex with known geometry can be found using the abovementioned procedure.




3. Materials and Methods


3.1. Adsorbent Synthesis


The sorbent was synthesized from pure matrix by the “incipient wetness” method [32]. The silica gel Davisil Gr. 646 with an average pore diameter of 15 nm, specific surface area of 300 m2/g, and specific pore volume of 1.18 cm3/g was dried to remove physically bound water at 160 °C for two hours. The impregnation solution was prepared using distilled water and lithium chloride (Aldrich, Burlington, MA, USA, 99.9%). The volume of the poured solution corresponded to the pore volume of the matrix. After impregnation, the sorbent was dried for two hours at a temperature of 160 °C. The mass content of salt was determined by the difference in the weight of the initial matrix and the composite after drying. The salt content in the sample was 21 wt %. In order to obtain granules 0.4–0.5 mm in size, the prepared composite was sieved.




3.2. Heat Transfer Coefficient Measurements


To measure the heat transfer coefficient h2 metal–sorbent (flat layer), the Large Temperature Jump (LTJ) method [49] was used. The LTJ method simulates the operation of a real device for adsorption heat transformation in a laboratory. Desorption initiated by a sharp change in the temperature of the metal support with the sorbent was carried out at a constant methanol pressure of about Pcon = 96 mbar. Such conditions are very close to the isobaric stage during the heat storage process in the considered cycle. A flat layer of sorbent granules with a grain size of 0.4–0.5 mm, about 100 mg, was investigated. The switching between hot and cold thermostats resulted in a sharp change in the metal support temperature where the sorbent was located. The initial temperature was always constant and amounted to 41 °C. The final temperature of the metal support took the following values: 70, 75, 80, 85 °C. During the desorption process, a change in pressure ΔP was registered. This kind of measurement simulates the isobaric desorption stage of the cycle (1–2, Figure 1), because the reactor with metal support and sorbent was connected with a huge buffer vessel (with volume V) maintaining quasi-isobaric conditions. After that, using the ideal gas equation, the change in pressure ΔP was converted into the amount of sorbed methanol Δm(CH3OH) = μ(CH3OH)٠ΔP٠V/(RT). The amount of methanol (Δm) multiplied by the isosteric heat of methanol sorption (41.8 kJ/mol for LiCl/SiO2 [32]) gives the thermal effect of the desorption process Q. The slope of the initial part of the dependence “Q vs. time” gives the maximal power of desorption, which can be used for the h2 calculation with Equation (4).




3.3. AHex Testing


The experimental setup consists of a vacuum chamber in which the AHex is placed, a condenser that provides constant pressure in the system, two thermostats, a pump, and a system of valves (Figure 4). The switching of HTF flow from a cold thermostat to a hot one makes it possible to simulate the stage of heat accumulation. The experimental setup and measurement procedure are described in more detail in [50]. The main principle of AHex testing under the realistic conditions of the desorption stage 1–2 of the considered cycle is measuring the temperature difference between inlet and outlet HTF temperature (ΔT, Figure 4). The power required to heat up the AHex and desorb methanol is proportional to ΔT:


  M = Δ T   f   w     C p   w     ρ   w    



(5)




where fw is the water flow (fw = 202 L/h), Cpw is the heat capacity of water, ρw is the density of water.



In order to separate the contribution of the desorption process alone and the contribution of the heat capacity of AHex from the total temperature response (ΔT), it is necessary to carry out a blank experiment. During the blank experiment, the condenser is disconnected from the vacuum chamber with AHex and desorption does not occur. By subtracting the blank data from the kinetic curve recorded in the presence of methanol vapor, the contribution of desorption to the response can be extracted [50].



The maximum value of the difference between signals of the blank experiment and experiment in the presence of methanol vapor (ΔΔT = ΔTkinetic − ΔTblank) gives a possibility to obtain the maximum power of the desorption process. The relative accuracy of heat flux measurements was 10%.



This experimental procedure also makes it possible to estimate the time required for the regeneration of the sorbent and make conclusions about the prospects for the use of AHex under the given operation conditions.



By varying the final desorption temperature, one can change the driving force of desorption. This makes it possible to experimentally determine the global heat transfer coefficient UA for AHex. Indeed, the maximal power transferred from HTF to the sorbent is proportional to UA and the temperature driving force:


    M   m a x   = U A ٠ Δ T  



(6)







By plotting the dependence of the maximal power on the final desorption temperature, one can graphically determine UA as the slope of the graph “Mmax vs. Tdes”.





4. Results


4.1. Heat Transfer Coefficients Measurements


Figure 5a shows that with the rise in desorption temperature, the desorption rate increases too. In order to find maximal power Wmax, the linear approximation of the graph “heat Q vs. time” was used (see insert in Figure 5a). With the use of expression (4), the heat transfer coefficient h2 was found as the slope of graphical dependence of the maximal power Wmax on the temperature driving force (ΔT = Treg − T*) (Figure 5b).



The heat transfer coefficient h2 between metal and sorbent was found as the slope of plot “ Wmax vs. ΔT “ h2 = 125 ± 10 W/(m2K). This value of h2 was used for further calculation of U coefficients according to Formula (1) and appropriate UA coefficients. The UA coefficients were estimated for eight pieces of different commercial FFT radiators with the same core volume of 140 cm3 (Table 1).



Calculated values of UA were divided into three groups (Figure 6): (1) high UA (Figure 6, green area), (2) middle UA (Figure 6, yellow area), (3) low UA (Figure 6, red area). The heat exchangers № 4, № 5, № 7, and № 8 demonstrate the highest theoretical values of UA among all the considered geometries. This is in line with theoretical considerations presented in [28], where the analysis of UA coefficient sensitivity to changes in the parameters of the heat exchanger was made. It was shown that the global heat transfer coefficient is most sensitive to the area of the primary surface of the channels, the metal–sorbent heat transfer coefficient, the height of the fins, and the distance between them. In accordance with this theoretical consideration, Table 1 shows that heat exchangers from the first group (green area Figure 6) demonstrate the lowest distance between fins.



From each group, one core geometry was chosen for making the direct measurements of the UA coefficient under conditions of the heat storage stage. The small AHexes were manufactured with the use of cores: №5, №3, and №6.




4.2. Global Heat Transfer Coefficient Measurements


The driving force of desorption arose due to AHex switching from the cold thermostat to the hot one (41 °C → 80 °C) while methanol pressure was P = 96 mbar. It turned out that in a blank experiment (in the absence of methanol vapors), the temperature of the water leaving the AHex starts to rise a bit later than the temperature of the inlet water (Figure 7a); however, the curve profiles are similar. In about 30 s, the temperatures of the inlet and outlet water in the blank experiment become close. In the presence of methanol vapor, the temperature profiles for inlet and outlet water are significantly different (Figure 7b) due to the desorption of methanol from the composite. This difference manifests itself as a shoulder on the temperature profile of outlet water (Figure 7b). More time (about 100 s) is required to reach the stationary state in the presence of methanol vapor.



By subtracting the outlet water temperature from the inlet water temperature, the temperature response ΔT = Tinlet – Toutlet can be found both for blank and kinetic experiments (Figure 8a). This desorption process manifests itself as a shoulder on the profile of the ΔT curve (black line Figure 8a). The resulting kinetic curve related to the process of methanol desorption can be obtained by subtracting the blank curve from the kinetic curve measured in the presence of methanol Δ(ΔT) = ΔTkinetic – ΔTblank (Figure 8b).



From the value of ΔTmax (Figure 8b), the maximum power was calculated (right axis). Also, Figure 8b evidences that a tenfold decrease in power occurs within ca. 60 s of beginning the process. This shows that the sorbent can be regenerated very quickly.



For all the studied AHexes, the dependencies of maximal desorption power were measured as a function of time under various experimental conditions. Integrating the signal related to desorption allows us to calculate the thermal effect of desorption:


   G des  = ρ C p f  ∫ Δ  ( Δ T ) d t    



(7)




where ρ is the density, Cp is the heat capacity, f is the flow rate of the HTF (water). For different heat exchangers, Gdes is about 30 kJ (Table 2). The close values of Gdes are caused by the fact that the core volumes of considered AHexes are the same (140 cm3). That is why the masses of the loaded adsorbent were close to each other (about 40 ± 1 g).



According to Formula (6), the power Mmax is proportional to the global heat transfer coefficient UA. The slope of the linear dependences gives the experimental value of the UA for all investigated AHexes (Figure 9). To verify the theoretical calculations of the UA coefficient, the obtained experimental values UAexp were compared with the theoretically estimated values UAtheor (Table 2).



From Table 2, it can be seen that the theoretically calculated values of UA (Figure 6) correlate well with the values obtained experimentally. Thus, AHex №5 demonstrates the highest value of UA among the tested heat exchangers, and the highest value of power as well. The thermal effects of desorption Gdes for different investigated AHexes are close to each other. The times corresponding to the degree of conversion of 0.9 do not exceed 5 min, which makes it possible to expect a fast regeneration of the sorbent. However, the higher the UA, the faster desorption proceeds.



Thus, it is shown that Formula (1) for calculating UA can be used to assess the prospects of AHex of known FFT geometry for adsorption heat storage.





5. Discussion


Having analyzed the data of direct measurement of the global heat transfer UA coefficients for a series of heat exchangers, one can conclude that the highest UA coefficient was shown by AHex № 5 and the lowest by AHex № 6, which is consistent with the results of the theoretical calculations. AHex №3 demonstrates an intermediate value, which is in line with the theoretical predictions. It is interesting to note that the desorption temperature at which the observed process power becomes zero (intersection of linear approximations with the X-axis in Figure 9) is very close to the reaction temperature obtained from the equilibrium data T* = 48 °C (Figure 3) and is independent of the heat exchanger geometry. Such consistency of data obtained by different methods confirms their correctness. The correspondence between the theoretical and directly measured heat transfer coefficients for heat exchangers of various geometries allows us to conclude that the use of Formula (1) is correct for expressly estimating the global heat transfer coefficient of heat exchangers of various geometries for the process of adsorption heat storage. The volumetric heat transfer coefficient for heat exchanger No. 5 showed the highest UAV = 200 W/Kdm3. This result exceeds the values of this parameter reported in the literature, 50–100 W/(Kdm3) [51], which indicates the prospects of the selected working pair and geometry of FFT AHex. Taking into account the driving temperature difference in the considered cycle ΔT = Tdes − T* = 80 − 48 = 32 °C, one can easily calculate the maximal volumetric desorption power as high as 6.4 kW/dm3. The energy storage density normalized per core volume is 214 MJ/m3. This value exceeds the energy storage density for heat storage systems based on LiCl with the same regeneration temperature of 150–170 MJ/m3 [52].



It is important to note that the main aim of this article was to verify the procedure for UA prediction and choose the optimal AHex geometry for the adsorption daily storage cycle. The results show that varying the geometry can potentially improve the UA coefficient and the corresponding power of the process by 200% (ΔUA = (UAAHex№5 − UAAHex№6)/UAAHex№6 ٠ 100% ≈ 200%).




6. Conclusions


The heat transfer coefficients UA for FFT heat exchangers of various geometries presented in the paper were obtained both theoretically and by direct measurement under the conditions of an adsorption heat storage cycle. The consistency of the data obtained theoretically and by the method of direct measurements allows one to conclude that the proposed procedure for assessing the UA can be used to identify the optimal geometry of the FFT heat exchanger for the processes of adsorption heat storage without complicated sorption experiments. The values of the volumetric heat transfer coefficients indicate the prospects of the LiCl/SiO2–methanol pair.
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Abbreviations




	
AHex

	
heat exchanger




	
FFT

	
finned flat tube




	
HTF

	
heat transfer fluid




	
LTJ

	
Large Temperature Jump




	
Nomenclature




	
A

	
area, m2




	
Cp

	
heat capacity, J/(gK)




	
E

	
efficiency of the fin




	
F

	
adsorption potential, J/(molK)




	
f

	
flow rate, L/h




	
G

	
heat, J




	
H

	
height, m




	
h

	
heat transfer coefficient, W/(m2K)




	
K

	
finning coefficient




	
M

	
desorption power, W




	
m

	
mass, g




	
Nu

	
Nusselt number




	
P

	
pressure, bar




	
Q

	
thermal effect of desorption, J/g




	
R

	
universal gas constant, 8.31 J/(molK)




	
S

	
sorbent–metal surface area, m2




	
T

	
temperature, K, °C




	
t

	
time, s




	
U

	
overall heat transfer coefficient, W/(m2K)




	
UA

	
global heat transfer coefficient, W/K




	
V

	
volume, dm3




	
W

	
specific power, W/g




	
w

	
uptake, g/g




	
Subscripts/superscripts




	
ad

	
adsorption




	
blank

	
blank




	
con

	
condenser, condensation




	
ch

	
channel




	
des

	
desorption




	
ev

	
evaporator, evaporation




	
f

	
fin




	
inlet

	
inlet




	
kinetic

	
kinetic




	
max

	
maximum




	
outlet

	
outlet




	
reg

	
regeneration




	
V

	
volumetric




	
w

	
water




	
wall

	
wall




	
*

	
equilibrium




	
Greek symbols




	
δ

	
thickness




	
Δ

	
difference, distance




	
λ

	
thermal conductivity, W/(mK)




	
τ

	
characteristic time, s




	
μ

	
molar weight, g/mol




	
ρ

	
density, g/cm3
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Figure 1. Adsorption heat storage cycle. 
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Figure 2. The FFT heat exchanger’s elements and geometry. 
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Figure 3. The sorption isobar for LiCl/SiO2–methanol system at evaporator pressure Pcon = 96 mbar corresponding to Tcon = 15 °C calculated from data presented in [48]. 
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Figure 4. Scheme of setup for desorption experiments. 
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Figure 5. (a) Kinetic curves “Q vs. time” of methanol desorption from LiCl/SiO2 composite at Pcon = 96 mbar and Tdes: 70 °C, ([image: Fluids 08 00228 i001]) 75 °C, ([image: Fluids 08 00228 i002]), 80 °C ([image: Fluids 08 00228 i003]), 85 °C ([image: Fluids 08 00228 i004]), red line in the insert—linear approximation of initial part. (b) Maximum power vs. temperature driving force, experiment—symbols, red line—linear approximation. 
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Figure 6. The theoretically calculated UA coefficients for FFT heat exchangers with different core geometries. The highest UA value (green area), the intermediate UA values (yellow area), the lowest UA values (red area). 
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Figure 7. Temperature profiles for desorption, inlet water (red) and outlet water (black) to/from AHex № 5 (a) blank experiment, (b) experiment in the presence of methanol vapors. 
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Figure 8. Temperature response of AHex № 5 to the temperature jump at the desorption stage: (a) blank experiment (blue curve), experiment in the presence of methanol vapor (black curve), (b) difference between the previous curves and appropriate power of desorption. 
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Figure 9. Dependence of the maximum power on the AHex desorption temperature: № 6 (black), № 3 (blue), № 5 (red). Symbols are experimental data, lines are approximations. 
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Table 1. Characteristics considered for cores of FFT radiators.
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	№
	δwall, µm
	H’ch, mm
	Hf, mm
	Δf, mm
	δf, µm





	1
	487
	2.3
	7.0
	1.8
	87



	2
	357
	1.8
	9.8
	1.4
	88



	3
	504
	2.2
	8.0
	1.5
	75



	4
	418
	1.3
	4.8
	0.9
	52



	5
	417
	0.5
	4.1
	0.9
	48



	6
	932
	2.1
	13.7
	1.8
	103



	7
	546
	0.8
	6.2
	0.8
	63



	8
	520
	1.0
	5.8
	1.0
	78
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Table 2. Characteristics of the desorption process for different AHexes under the conditions of a daily heat storage cycle (temperature jump 41 °C → 80 °C, P(CH3OH) = 96 mbar, f = 202 L/h).
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	AHex
	Mmax, W
	τ0.9, s
	Gdes, kJ
	UAtheor, W/K
	UAexp, W/K





	6
	310
	227
	31 ± 3
	8.1
	9 ± 1



	3
	470
	120
	30 ± 3
	14.9
	14 ± 1



	5
	960
	60
	32 ± 3
	26.5
	28 ± 2
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