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Abstract. The criteria of adsorbent selection for adsorption transformers of thermal energy in ventilation sys-
tems are considered. The main characteristics of adsorbents that affected the structural parameters of the adsorp-
tion 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. The advantages of ‘salt in the porous silica gel matrix’ composites are compared with tradi-
tional silica gels. On the example of an adsorption regenerator of low-potential heat and moisture, the greater effec-
tiveness of the composites "silica gel-sodium sulphate™ is shown in comparison with the composite 'silica gel - sodi-
um 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 — CH;COONa', the adequacy of the proposed algorithm for determining the
temperature efficiency factor has been confirmed.

Suggested algorithm includes the calculation of the air volume passed through the layer of heat-storage materi-
al, 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 factor, total
adsorption and time to achieve the maximal adsorption. The efficiency of the processes of operating adsorption re-
generators based on composites 'silica gel - sodium sulphate' and 'silica gel-sodium acetate' in the conditions of the
typical ventilation system of housing premises was compared.

The parameters that correspond to the maximum value of the temperature efficiency factors: the humid air ve-
locity 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
maximal adsorption, which results in increasing 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.

Key words: adsorptive heat energy converter, heat-moisture regenerator, temperature efficiency coefficient,
composite adsorbent.
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Anomauin. Posenauymo xpumepii niobopy aocopbenmie 01 adcopoyiinux nepemeopiosayie meniogoi enepeii
6 cucmemax eewmunayii. Buseneno ocnoemni xapaxmepucmuku aocopdOenmis, AKi 6NAUSAIOMb HA KOHCMPYKMUBHI
napamempu aocopoyitino2o mooyas. Po3pobieno memoouxy usnavenus macu adcopbenma ma o6 ’emy aocopoyiii-
HO20 MOOYIs 8 cucmemax senmunayii. [1iomeepoiceno, wo 0CHOBHUM PAKMOPoOM, AKULl 6NIUBAE Ha 00 'em adcopbe-
HMY € 1020 Makcumanvha adcopodyis. Iloxazani nepesacu KOMRO3UMIE «Cilb 8 NOPUHHIL MAMPUYT CUTIKALETI0) 8
nopisHanHi 3 mpaouyiunumu cunikaeeramu. Ha npuxiadi aocopoyiiinoco pecenepamopa Ha OCHOBL HU3LKO-
NOmMeHYIUHOI men1omu ma 002U NOKA3aHA OLbUa epeKMUBHICMb KOMNO3UMIG «CUNIKA2elb — HAMPIl cy1bghamy
6 NOPIGHAHHI KOMNOZUMOM «CUNIKA2eNb — HAMPILL ayemamy.
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Ha ocnosi excnepumenmanshux 0anux 3 ekcniyamayii aocopoyitino2o pezenepamopa meniomu ma 0102u Ha
ocHosi komnosumy ‘cunikazens — CH;COONa’ niomeepdoicena adexsamHicmo 3anponoHO8aH020 AN2OPUMMY GU-
3HAYEHHs MeMNepamypHoeo KoeQiyicumy KopucHoi 0ii, AKuil 8KIIOUAE PO3PAXYHOK 00 €My NOGIMPS, AKULL NPOUULO8
yepes wap menioaKymyaiou020 Mamepiary, KOHyeHmpayii 600u 6 nogimpi na 6uxoodi 3 pezenepamopa, aocopoyii,
meniomu aocopoyii, Kinyegoi memnepamypu Xoi00HO020 NOGIMPS, MemMnepamypu NOGIMps NicAa 3MIULy8aAHHS
XONOOH020 NOGIMPSA 3 GYAUYL MA MENI020 NOGIMPS 6 NPUMIYEHHI NPU NOOAyl, POPAXYHOK KOHYeHmpayii 600u &
nOGIMpi Ha 6UX00i 3 MENI0B020 AKYMYIAMOPA, 00 €My NOGIMps, AKUIL NPOUUOE Yepe3 wap menioaKymynoni020
mamepiany, aocopbyii ma meniomu a0copoyii, Kinyegoi memnepamypu menyio2o nOGIMps, memnepamypu no8imps
nics 3MIULYBAHHS XON0OH020 NOGIMPSL 3 8YAUYL MA MENI020 NOGIMPS 3 NPUMIWEHHS. NPU SUKUOL, GUIHAYEHHS MeM-
nepamypHoeo Koe@iyieHma KOpucHoi 0ii, cymapHoi adcopoyii ma 4acy 00CseHeHHs MAKCUMATbHOL a0copOyil.

Topiensna egpexmusnicme npoyecie excniyamayii a0copoOyitiHuxX peceHepamopié Ha 0CHOGI KOMRO3UMIE «CUTI-
Kazenb — HAmMpill cynb@amy ma «cunikazeiv — HAMPIl ayemamy 6 yMo8ax munoeoi cucmemu GeHMULAYIT Hcumio-
6ux npumiwens. Bcmanoeneni napamempu, AKi 8i0nogioaioms MAKCUMATbHUM SHAYEHHAM MeMNepamypHux Koeqi-
yienmie KopucHoi Oii: weuokocmi 80102020 nogimps oausvko 0,22 — 0,32 m/c ma uac nepemuxkaHHs nomoKie 0o
5 xs..

ITiomeepooiceno 6niue memeoporo2iunux ymo8 Ha egpekmugnicms adcopoyiinozo pezenepamopa. Iloxaszana
Oinvbul 8uUCOKa egheKmMusHicmb A0COPOYIUHUX peceHepamopié Ha OCHOB8I KOMNO3UMIE «Culikazeib — HAMPIU CYilb-
Gdamy, saxa noschena Oinb BUCOKUMU 3HAYEHHAMU MAKCUMATLHOL a0copOyii, wo cnpusc niO8UIeHHI0 meniomu
aocopoyii. Pezyremamu npogedenoco 00cnioxnceHHs mMoxcyms Oymu euxopucmawi npu niobopi aocopboenmis 04
eHepeoehekmusHUX Nepemeopiosayie meniosoi enepeii 8 6eHMUNAYIUHUX CUCTHEMAX OISl HCUMMTIOBUX MA CKAAOCLKUX
npumMinyeHs.

KuirouoBi ciioBa: amcopOuiiiHuii mepeTBOPIOBaY TEIIOBOT EHEPril, pereHepaTop Teria Ta BOJIOTU, TeMIIepaTyp-
HUH Koe(illieHT KOPUCHOT /1ii, KOMITO3UTHHI aJICOPOEHT.

Introduction. 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, 3] 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 elec-
tric 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 [4 — 6]. However,
design and performance of such systems based on adsorptive units are strongly determined by properties of adsor-
bents 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 adsorp-
tion [6, 7].

Obviously, values of adsorption heat and volumes of adsorptive units are strongly affected by adsorptive ca-
pacities of applied materials [8]. Potentials of probable heat sources are strictly limited by regeneration temperatures
of adsorbents [4]. 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 adsorp-
tive 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 [5].
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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 [5]. The
device operational regimes are ‘inflow’ and ‘outflow’ which
alternate one to another [5].

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

Qins = 0,28+ Lip; - Paip "C° I:til:l - text:] T (1)
where Lix is inflowing air consumption, m? per hour; p,r
2 js density of inner air, kg/m® c is specific heat of air,
kJ/(kg-°C); ti, is temperature of internal air, °C; tey iS
temperature of external air, °C; t is operating period,
hours per a day.
Then mass of adsorbent M,g, kg is calculated as [8]

v

h

Fig.1. Heat regenerator construction
1 — pipe (case); 2 — external ventilator; 3 —inner
ventilator; 4 — heat storage checkerworks; 5 — tempera-

inf
ture detector; 6 — operating console [5]. Mags = 1n )
where AH,g is heat of adsorption, kJ/kg which estimated as [8, 9]
1000
‘iHaﬂs = Ah 'A]il:n ' rao (3)

where Ah = 60 is heat adsorption of water vapour, kJ/ mole; Ay, is maximal adsorption, kg/kg; ug,q is the mo-
lar mass of water, g/mole.

The value of Ay, can be determined according to adsorbent characteristics or estimated as linear superposition
for mechanical mixture [9]. Volume of an adsorbent is calculated as a ratio of adsorbent mass and adsorbent density
according to [8].

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

Computer
data input Computer
data output

1. Calculation final absolute humidity at the inflow rI
2. Calculation of volume of the inflow air passed through a layer of hea Agm=0
storage material. Tam=0
3. Calculation of adsorption during inflow.
4. Calculation of heat of adsorption during inflow. ;+

5. Calculation of final temperature of cold air at the inflow.

6.  Calculation of temperature after mixing the cold air from the street and | Asum = Asum t+ Aint Acut |
the warm air in the room.

7. Calculation final absolute humidity at the outflow ¢
8.  Calculation of volume of the outflow air passed through a layer of heat| |

storage material.

9.  Calculation of adsorption during outflow.

10. Calculation of heat of adsorption during airflow.

11.  Calculation of final temperature of warm air at the outflow.

12.  Calculation of temperature after mixing the cold air from the street and the|
warm air from the room.

13.  Calculation of temperature efficiency factor.

Tsum = Toumt Tint Tour |

Output of

Asum, Tsum

Fig. 2. Control-flow chart for calculation of efficiency factor of adsorptive regenerator [5]
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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

Adsorbent Max- Heat of Adsor- Adsor- Regenera- Refer-
imal | adsorption, bent bent vol- tion tem- ences
ad- kd/kg mass, | ume, m® | perature, °C

sorp- kg
tion
Alim,
ka/kg
Silica gel KCM 0.20 666.67 491.85 0.68 150 [10]
Silica gel Type 3A 0.32 1066.67 | 307.41 0.42 100 [11]
Silica gel Type RD 0.36 1200.00 | 273.25 0.35 100 [11]
Silica gel (20 %) —sodium | 4 46 | 348667 | 94.0 0.13 90 [7]
sulphate (80 %) ' ' ' '
Silica gel (20 %) — sodium
acetate (80 %) 0.557 1856.10 176.6 0.25 60 [7]

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

1 '
30+ "~ v 2 regeneration temperature is stated for
] composite ‘silica gel — sodium acetate’.
1 . u 2 Nevertheless, its maximal adsorption or
201 ~ water capacity is 0.557 kg/kg, when Ajm
] for composite ‘silica gel — sodium

sulphate’ exceeds it in nearly 2 times. The
same ratio 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
Fig. 3. Comparison of experimental and computed data for adsorp-  experimental data for regenerator based on
tive heat regenerator based on composite ‘silica gel —sodium ace-  composite ‘silica gel — sodium acetate’
tate’. 1,2 — calculation results; 1°, 2’ — experimental data; 1, 1’ —tem- presented in [12]. The results of the
peratures on cold end of regenerator; 2, 2’ — temperatures on warm calculations reveal the periodic dependence
end of regenerator of the temperatures on the cold and warm
ends of the adsorptive regenerator with

(Fig. 3, curves 1 and 2), which qualitatively corresponds to the experimental data (Fig. 3, curves 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 elec-
tric 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-

0
Temperature, C
o

o
P

N
o
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bedroom apartments four adsorptive regenerators, masses of adsorbents ‘silica gel — Na,SO,’ and ‘silica gel —
CH3COONa’ 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 de-
pendencies 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. Effi-
cient factors are stated to rise as external temperature increased (Fig. 4).

0 0
ntem’ /0 ntem’
n -
95 - :\
v\ 85
90- \ 80_ 1

75

\
\

/// °\

65 - 3
80 -
4 60 -
T T T 4
10 19 20 5 10 15 20
T, min. T, Min.
b
a

Fig. 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. Similarly, temperature efficiency factor is affected by decreasing the internal temperature. When compo-
site ‘silica gel — sodium sulphate’ or ‘silica gel — sodium acetate’ used, the highest values of temperature efficiency
factor are stated at the temperatures of internal air of 15°C. For both of considered composite maximal values of
temperature efficiency factors are corresponded to the internal temperatures of 15 — 18°C and external temperatures
-5-0°C.

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

Obviously, time to achieve the maximal values of adsorption is affected by the properties of adsorbents, the max-
imal adsorption being crucial factor. Maximal time to achieve the maximal adsorption for both adsorbents is stated
at the airflow rates at most of 0.22 m/s which corresponded to minimal volumes of the delivered air (Table 2).

Table 2
Time to achieve the maximal adsorption-airflow rate relationship
Composite Time to achieve the maximal adsorption, h
at the airflow rate, m/s
0.22 0.32 0.42 0.52
Silica gel (20 %) — 135 97.5 82.0 67.5
sodium sulphate (80 %)
Silica gel (20 %) — 125 87 69 57
sodium acetate (80 %)
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Furthermore, the higher values of time to achieve the maximal adsorption is registered for composite ‘silica gel —
sodium sulphate’ that agrees with the ratio of the maximal adsorption for the considered materials.

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 capaci-
ty 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 venti-
lation system for the residential premises is developed. The correlation between mass of adsorptive unit and maxi-
mal adsorption is shown. Advantages of composites ‘salt inside of porous matrix’ are established as compared with
traditional adsorbents. Composite adsorbents ‘silica gel — Na,SO,4’ 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 vol-
ume of adsorptive unit.

Performance parameters of adsorptive regenerators based on composite ‘silica gel — Na,SO,4” 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 — Na,SO,’ and ‘silica gel — CH;COONa’ was compared. Higher performance of regenerators based on
‘silica gel — Na,SO,’ 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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