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Amnoraunis. Po3risiHyTo kputepii migdopy aacopOeHTiB auis aacopOLiiHUX MepeTBOPIOBaviB TEIUIOBOT €HEprii B
cHCTeMaX BEHTHIIAIII. BUsIBIIEHO OCHOBHI XapaKTEPHUCTHKH aICOPOCHTIB, SKi BIUTMBAIOTh Ha KOHCTPYKTHUBHI apaMeTpH
agcopOriifHoro Moayms. Po3po0iieHo MEeTOMuKy BH3HAUYCHHS MacH ancopOeHTa Ta 00’eMy ancopOriifHoro Momyis B
cucreMax BeHTWIAMii. [liATBep/KeHO, MO0 OCHOBHMM (aKTOpPOM, SKHHA BIUIMBAaE Ha 00°eM ancopOeHTy € Horo
MakcuMaiabHa ancopOiis. [Toka3aHi mepeBarm KOMITO3WTIB «CiJTb B TIOPUHHIN MAaTpHIll CHIIIKAreJo» B TOPIBHSHHI 3
TpaJIMIiHHUMU cruTikaressiMu. Ha mpukiami agcopOIiiHOTo pereneparopa Ha OCHOBI HU3BKO-TIOTEHITIHOT TETUIOTH Ta
BOJIOTH TTOKa3aHa OuIbIa €(PEeKTUBHICTH KOMIIO3HTIB «CHIIIKareidb — HATpid cynbdar» B TOPIBHSAHHI KOMIIO3UTOM
«cwuitikarens — HaTpiil aneraT». Ha OCHOBI eKCIIepUMEHTAIBHUX JaHUX 3 eKCIUTyaTalii ajcopOIiiHOro pereHeparopa
TEIUIOTH Ta BOJIOTH Ha OcHOBI komno3uty ‘cuiikarens — CH3COONa’ miaTBepakeHa aeKBaTHICTh 3aIIPOIIOHOBAHOTO
AITOPUTMY BU3HAUCHHS TEMIIEPATYPHOTO KOe(ili€HTy KOPUCHOT JIil, IKMI BKIIIOYA€E PO3paxyHOK 00’ €My MOBITPS, SIKHHA
NPOWIIIOB Yepe3 MIap TemI0aKyMYINIOI04Yoro Marepially, KOHLIEHTpalili BOJM B IOBITPI HA BHUXOJI 3 pereHepaTopa,
ajicopOIii, TeruIoTH aacopoIii, KiHIIEBOT TEMIIEpaTypH XOJIOAHOTO MOBITPS, TEMIEPATypH MOBITPS IICIS 3MINIyBaHHS
XOJIOHOTO IMOBITPS 3 BYJIHIN Ta TEIJIOrO MOBITPS B MPUMIIIICHHI IIPH Oa4i, pO3paXxyHOK KOHIIEHTPALlil BOIU B MTOBITPI
Ha BHXO[li 3 TEIUIOBOTO aKyMyJsiTopa, 00 €My MOBITPS, SIKHH MPOWIIOB Yepe3 Iap TeTUI0OaKyMYJIIOI0Yoro mMaTepiaty,
amcopOrii Ta TeroTH ancopOIii, KiHIeBOI TeMIIepaTypH TEIUIOTO TOBITPS, TEMIIEPATypy MOBITPS MICIS 3MIITyBaHHS
XOJIOHOTO TIOBITPS 3 BYIWII Ta TEIJIOrO MOBITPS 3 TNPHUMINICHHS TNPH BUKWAI, BU3HAYCHHS TEMIIEPATypHOTO
KoedimienTa KopuCHOI mii, cymapHoi ancopOmii Ta dYacy JOCATHEHHS MakcuMaibHOI ancopOrmii. IlopiBHsAHA
e(eKTHBHICTh MPOILECIB eKCIUTyaTalii axcopOLUifHIX pereHepaTopiB Ha OCHOBI KOMIIO3WTIB «CHIIIKAareab — HATpiil
cynbhaT» Ta «CHIIKareab — HATpiil ameraT» B yMOBaxX THIIOBOI CHCTEMH BEHTWIIALI JKUTIOBUX MPUMIILICHB.
BcranoBieHi mapamerpH, sKi BiJIOBITalOTh MaKCHMAaJbHHM 3HAUCHHSIM TEMIICPAaTYpPHHUX KOCQIIMi€HTIB KOPHUCHOI Jii:
IIBHJIKOCTI BOJIOTOTO MOBITPs O1m3bko 0,22 — 0,32 M/c Ta yac mepeMUKaHHS NOTOKIB 0 5 XB.. [linTBepKeHO BILTHB
METECOPOJIOTIYHHX YMOB Ha e(QEeKTHBHICTH ajcopOuiifHOTO pereHeparopa. IlokasaHa OinbInl BHCOKA €(pEKTHBHICTH
aZCOPOIIfHNX pereHepaTopiB Ha OCHOBI KOMITO3UTIB «CHITIKArellb — HaTPild cymb(aTy, SKa MOsICHEHa O1TBII BHCOKUMU
3HAUEHHSAMH MaKCHMallbHOI aacopOrii, 10 CIpuse MiABHIIEHHIO TEIUIOTH ajacopbuii.  Pe3ynpraT mpoBeneHOTO
JIOCJIIZPKEHHST MOXKYTh OYTH BUKOPHMCTaHI IPU Mi00pi aacopOeHTIB 1Uisi eHeproe)eKTUBHUX MEPETBOPIOBAYIB TEIIIOBOT
eHeprii B BEHTWIISIIHUX CHCTEMax JUIsl )KUTIOBUX Ta CKJIAJICBKUX MTPUMIILECHb.

Abstract. The criteria of adsorbent selection for adsorption transformers of thermal energy in ventilation systems
are considered. The main characteristics of adsorbents that affected the structural parameters of the adsorption module
are revealed. The method of determining the mass of the adsorbent and the volume of the adsorption unit in ventilation
systems has been developed. The main factor affecting the volume of adsorbent is confirmed to be maximal adsorption.
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The advantages of "salt in the porous silica gel matrix" composites are compared with traditional silica gels. On the
example of an adsorption regenerator of low-potential heat and moisture, the greater effectiveness of the composites
"silica gel-sodium sulphate" is shown in comparison with the composite 'silica gel - sodium acetate’. According to the
experimental data on the operation of the adsorption regenerator of heat and moisture on the basis of the composite
'silica gel — CH3COONa', the adequacy of the proposed algorithm for determining the temperature coefficient of useful
efficiency has been confirmed. Suggested algorithm includes the calculation of the air volume passed through the layer
of heat-storage material, water concentration in the air at the exit from the heat accumulator, adsorption, heat of
adsorption, the final cold air temperature, air temperature after mixing cold air from the street and the warm air in the
room at the inlet, the calculation of the concentration of water in the flow at the exit from the heat regenerator, the
adsorption and heat of adsorption, the final temperature of the warm air, the air temperature after mixing the cold air
from the street and the warm air from the room during the discharge, determination of the temperature efficiency
coefficient, total adsorption and time to achieve maximum adsorption. The efficiency of the processes of operating
adsorption regenerators based on composites 'silica gel - sodium sulphate' and ‘silica gel-sodium acetate' in the
conditions of the typical ventilation system of housing estates was compared. The parameters that correspond to the
maximum value of the temperature efficiency coefficients: the humid air velocity is about 0.22 - 0.32 m/s and the time
of switching of the flows up to 5 minutes. The influence of meteorological conditions on the efficiency of the
adsorption regenerator has been confirmed. The higher efficiency of adsorption regenerators based on 'silica gel -
sodium sulphate' composites is explained, which is explained by higher values of maximum adsorption, which helps to
increase the heat of adsorption. The results of the research can be used for the selection of adsorbents for energy-
efficient heat energy converters in ventilation systems for residential and warehouse premises.

Kuiouesi ciioBa: ajcopOuiiiHuii nepeTBoproBay TEMIOBOI eHeprii, pereHeparop TeIuia Ta BOJIOTH, TeMIIepaTypHHMA
KoeillieHT KOPUCHOT /i1, KOMIIO3UTHUI a1cOPOEHT.

Key words: adsorptive heat energy converter, heat-moisture regenerator, temperature efficiency coefficient,
composite adsorbent.

Rising of global energy markets in 2017 accompanied by an increase of 2.2% in energy demand, resulting in a
corresponding rise of 1.6 % in carbon emissions [1]. A crucial expenditure item in the operation for ventilation and heat
supply systems in Ukraine is heating load of the inflow air. Regenerative units for ventilation systems such as rotary
heat exchanger, static heat exchanger and enthalpy wheels [2] reveal not only fresh air pollution resulted from constant
change of air direction, but the lack of separate air control. Traditional domestic ventilation and air conditioning
systems based on steam compression machines occur to demand on significant electric load.

Adsorptive heat energy conversion is shown by numerous studies to be promising technology for the regeneration
of heat and moisture and heat energy storage for heat supply and ventilation system [3 — 5]. However, design and
performance of such systems based on adsorptive units are strongly determined by properties of adsorbents used.
Adsorptive properties of composite ‘salt in porous matrix’ are known to depend on chemical nature of salt and matrix,
porous structure of matrix and size of dispersed salt particles which resulted in kinetic of adsorption [5, 6]. Obviously,
values of adsorption heat and volumes of adsorptive units are strongly affected by adsorptive capacities of applied
materials [7]. Potentials of probable heat sources are strictly limited by regeneration temperatures of adsorbents [3]. So,
detailed study of correlation of adsorbent characteristic and operating parameters of adsorptive heat conversion device
is essential.

The purpose of the presented work is to establish the criteria of choice of adsorbent for heat conversion units in the
ventilation systems. To accomplish this aim, the following tasks are set:

- to reveal basic characteristics of adsorbents affecting the constructional characteristic of adsorptive conversion
unit;

- to determine correlation between design parameters, adsorbent properties and operating parameters of adsorptive
conversion unit;

- to formulate the basic requirements to adsorbents for ventilation systems based on adsorptive heat conversion.

Experimental

The present work is focused on corellation of adsorbent propreties and the constructional and operational
characteristics of the adsorptive heat-moisture regenerator. Its design is presented in Fig. 1 [4].
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A J

i

Figure 1. Heat regenerator construction
1 — pipe (case); 2 — external ventilator; 3 — inner ventilator; 4 — heat storage checkerworks; 5 — temperature
detector; 6 — operating console [4].

Length of laboratory prototype of heat regenerator is 0.6 m. As heat storage material composite adsorbents ‘silica
gel — sodium sulphate’ and ‘silica gel sodium acetate’ were used. Sol — gel technique of their synthesis is described in
[4]. The device operational regimes are ‘inflow” and ‘outflow’ which alternate one to another [4].

The outer end of investigated device is considered to be cold, the end placed in ventilated premise being warm.
Estimation of structural characteristics of adsorptive regenerator is based on calculation of load for inflow air-heating
per a day Qjns by traditional procedure according the Sanitary Regulations 2.04.05-91:

Qinf = 0,28 * Ling - Pair "€ ° (tin = text) * T (1)
where L;y is inflowing air consumption, m* per hour; p,;, — density of inner air, kg/m% ¢ is specific heat of air,
kJ/(kg-°C); ti, is temperature of inner air, °C; tey iS temperature of external air, °C; 1 is operating period, hours per a
day.
Then mass of adsorbent Mg, kg is calculated as [7]

_ Qinf
Mads - AHags (2)

where AHgs is heat of adsorption, kJ/kg which estimated as [7]
1000
AH,4s = Ah - Ay, - m

3
H,0
where Ah = 60 is heat adsorption of water vapour, kJ/ mole; Ay, is maximal adsorption, kg/kg; g, o is the molar
mass of water, g/mole.
Volume of an adsorbent is calculated as [7]
Mads
Vads = (4)

Pads

where p_,  is adsorbent density, kg/m®

As efficiency criterion of adsorptive heat-moisture regenerator temperature efficiency factor or heat regeneration
coefficient N, Was used. It was determined by algorithm (Fig. 2).

Compute
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2. Caloalation of wokme of the fflowr air passed foosgh a Ler of he dar =00
storaZe material. Tan =0
[ Caloalatiom of adsorption during kiflowr
4. Caloulation ofbeat of adsorprion during #flomr. !
5. Caloalatiom of final temperabme ofcold air at the ddlomr.
k. Caloultion of tempersre after mivig the cold air from the strest md | fan =t et B |
the wrmm air i the room.
[T Caloalatiom final absokite lomidicy at the oxflowsr ¢
5

Caloalation of mobme of the ouflomr afr passed thooagh a lerer of beat] |

storage material.

B Caloalatiom of adsorption during oaxtflosr.

10, Caloalation ofbweat of adsorption durdt adrflomr.

11.  Caloalation of fival tempersbme ofwearm adr at the ooflosr,

12, Caloalatiom of temperabme after mivmg the cold air fom the dreet aud the
TR Al fom the room.

13, Caloalaimn oftempersime efficiaroy ooeffcient.

®

Figure 2. Control-flow chart for calculation of efficiency factor of adsorptive regenerator [3]

Taw = Tawt Tint Tar |
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Results and discussion
Results of calculation of mass of adsorbents are given in Table 1.

Table 1
Adsorption heat and adsorbent mass and volume for heat load to inflow air heating of 327.9 MJ per a day
Maxi
mal Heat of Adsorb Regenerati
Adsorbent ad_sorp adsorption ent Adsorbent3 on Refere
tion Kilkg mass, | volume, m® | temperatur | nces
Alims ' kg e, °C
kg/kg
Silica gel KCM 0.20 666.67 491.85 0.68 150 [8]
Silica gel Type 3A 0.32 1066.67 | 307.41 0.42 100 [9]
Silica gel Type RD 0.36 1200.00 | 273.25 0.35 100 [9]
Silica gel (20 %) —
sodium sulphate (80 | 1.046 3486.67 94.0 0.13 90 [6]
%)
Silica gel (20 %) —
sodium acetate (80 0.557 1856.10 176.6 0.25 60 [6]
%)

Calculation results confirm that silica gels of domestic and foreign grades are inferior in adsorption heat to composite
adsorbents by a factor of 1.5 — 20. So, to support with the same heat load the more mass of silica gel is necessary as compared
with composite adsorbents. The same ratio could be predicted for inputs of heat carriers. Obviously, potential of waste energy
source is determined with regeneration temperatures of adsorbents. Regeneration temperatures of composite are substantially
lower by contrast to traditional. The lower value of
regeneration temperature is stated for composite
‘silica gel — sodium acetate’. Nevertheless, its
maximal adsorption or water capacity is 0.557 kg/kg,
n_u= 2 when Ay, for composite ‘silica gel — sodium
sulphate’ exceeds it in nearly 2 times. The same
ration is stated for adsorption heats of studied
composites. So, mass and volume of composite
‘silica gel — sodium sulphate’ required to fufill the
same heat load is estimated to be half as much as
compared with ‘silica gel — sodium acetate’ with the
same content of salt.

Proposed algorithm was confirmed by
experimental data for regenerator based on
composite ‘silica gel — sodium acetate’ presented in

. ) . [10]. The results of the calculations reveal the
Figure 3. Comparison of experimental and computed data for periodic dependence of the temperatures on the cold

30 7 N 2'

3
(

0
Temperature, ~C
o >

L
o

adsorptive heat regenerator based on composite ‘silica gel — and warm ends of the adsorptive regenerator with

sodium acetate’. 1,2 — calculation results; 1°, 2° — experimental (Fig. 3, curves 1 and 2), which qualitatively

data; 1, 1’ — temperatures on cold end of regenerator; 2, 2’ — corresponds to the experimental data (Fig. 3, curves
temperatures on warm end of regenerator 1'and 2).

The deviation of the calculated temperatures from the experimental does not exceed 2 — 2.5 ° C at the cold and
warm ends of the regenerator. The temperature efficiency coefficient of the regenerator according to the experimental
data is approximately 85%, and according to the calculated approximately 82%. So, this mathematical model can be
used for qualitative evaluation of the performance characteristics of adsorptive regenerators in ventilation systems.

Then operating the adsorptive regenerators based on composites ‘silica gel sodium sulphate’ and ‘silica gel —
sodium acetate’ was simulated for ventilation system in the conditions of a typical three-room apartment with electric
cookers, a total area of 103 m?, a height of 2.5 meters. As an optimal option is to install in the scheme of 3-bedroom
apartments four adsorptive regenerators, masses of adsorbents ‘silica gel — Na,SO,’ and ‘silica gel — CH;COONa’ on
the regenerator are 24 kg and 45 kg, respectively. According to results of calculation, decreasing time of switching
(change of direction) flows results in a significant decrease in the amplitude of the periodical dependencies of
temperature vs. switching time, both on the warm and the cold ends of the device. As a consequence, efficiency
coefficients for both composites are stated to increase when the speed of the flow of humid air and the time of switching
(change of direction) flows are decreased from 0.52 to 0.22 m/s and from 20 to 5 minutes. Efficient factors are stated to
rise as external temperature increased (Fig. 4).
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Figure 4. Temperature efficiency coefficient-switching time for adsorptive regenerators based on ‘silca gel —
sodium sulphate (a) and ‘silica gel — sodium acetate’ (b) at the temperatures of external air, °C: 1 —-3; 2 --9;
3—-15; 4--25.

When composite ‘silica gel — sodium acetate’ or ‘silica gel — sodium sulphate” used, the maximum values of the
temperature efficiency coefficients are observed at the flow rates of the moist air of 0.22 — 0.32 m/s and the time of
switching the flows at most of about 5 min. Temperature of external air does not affect the time to reach maximal
adsorption.

Nevertheless, when ‘silica gel — sodium sulphate’ used, in all of studied conditions temperature efficiency
coefficients of regenerator occur to exceed ‘silica gel — sodium acetate’ by more than 5 %. Such differences correlate
with maximal values of adsorption of composite used.

So, as criteria to choice adsorbents for heat-moisture regenerator for can be considered the maximal adsorption and
regeneration temperature. The crucial factor of them seems to be maximal values of adsorption or water capacity which
determines heats of adsorption.

Conclusions

Adsorbent characteristics and performance of adsorptive heat-moisture regenerator was studied. The method of
determination of the main design characteristics of the adsorptive unit in the conditions of the ventilation system for the
residential premises is developed. The correlation between mass of adsorptive unit and maximal adsorption is shown.
Advantages of composites ‘salt inside of porous matrix’ are established as compared with traditional adsorbents.
Composite adsorbents ‘silica gel — Na2SO04’ and “silica gel — CH3COONa’ are confirmed as perspective materials for
heat and moisture regeneration in ventilation systems due to lower value of necessary mass. Maximal adsorption is
stated to be crucial factor to choice an adsorbent because of determining mass and volume of adsorptive unit.

Performance parameters of adsorptive regenerators based on composite ‘silica gel — Na2S0O4’ and ‘silica gel —
CH3COONa’ were compared. The highest temperature efficiency factors are stated at flow rates of the moist air of 0.22
—0.32 m/s and the time of switching the flows at most of about 5 min. The growth of the efficiency coefficient is stated
as the temperature of the external air increased from -25 ° to -3 ° C. The efficiency of regenerators based on ‘silica gel —
Na2S04’ and ‘silica gel — CH3COONa’ was compared. Higher performance of regenerators based on ‘silica gel —
Na2S04’ is shown to result from higher value of maximal adsorption.

This work was supported by Ministry of Education and Science of Ukraine (grant number 0119U002243).
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