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Abstract

Operational parameters of adsorptive regenerator of low-potential heat and moisture based on composite
adsorbents «silica gel - sodium sulphate» and «silica gel - sodium acetate» synthesized by sol - gel method were
studied. Correlation of the parameters such as airflow rate, switching period, and temperatures of internal and
external air, temperature efficiency factor was stated. Purposeful changing the temperature efficiency factor in
rather wide ranges is shown when the switching period and airflow rate variated. Maximal values of temperature
efficiency factors are stated at the airflow rates and switching over time of at most 0.22 - 0.32 m/s and 5 - 10 min.,
when composite «silica gel - sodium sulphate» used. Regenerators based on composites «silica gel - sodium
sulphate» are stated to surpass devices based on «silica gel - sodium acetate» by at least 9 - 10 % of temperature
efficiency factors. Efficiency of adsorptive regenerators is revealed to be affected by the meteorological conditions.
Maximal values of temperature efficiency factor of regenerators based on composites «silica gel - sodium
sulphate» are corresponded with the external air temperature of -5 - 0 °C and internal air temperature of 15 -
16 °C.

Key words: adsorptive heat-moisture regenerator; temperature efficiency factor; maximal adsorption; composite
adsorbent.

EKCIIJIYATAIIHI XAPAKTEPUCTUKHU AZICOPBILIIMHUX PETEHEPATOPIB TEILJIOTHU
TA BOJIOTY HA OCHOBI KOMIIO3UTIB «CUJIIKATEJIb - HATPIH CYJIb®AT» TA
«CUJIIKATEJIb - HATPIH ALIETAT»
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AHoTalif

JlocnikeHo eKcmlyaTaliiHi mapaMeTpu aJcopOLiiiHOro pereHepaTopa HU3bKONOTEHLiHHOr0 Teljia Ta BOJIOTH
Ha OCHOBi KOMINO3MTHHUX aACOPGEHTIB «CUJIiKareab - HaTpiii cyJbdar» Ta «cuaikarejb - HaTpiil aneraT», AKi
CHUHTE30BaHO 30J/Ib-TeJib MeTOJO0M. BCcTaHOBJ/IEHO KOpeJALil0 TaKMX NapaMeTpiB, K IIBHJKICTh NOBITPAHOIO
NOTOKY, IlepioJ, NnepeMHUKaHHs, TeMIepaTypd BHYTPIlIHBOIO Ta 30BHIIIHLOrO MNOBITPA, TeMIepaTypHOro
KoedinienTa kopucHoi ajii. [loka3aHa nijsecnpsiMoBaHa 3MiHa KoedimieHTa KopucHOi Aii B JOCUTh IIMPOKHUX
AianmasoHax npM 3MiHI 4yacy 3MiHM HanpsAMKY Ta IWBUAKOCTI NOBITPAHOro NOTOKY. MakKcuMaJjbHI 3HaYeHHS
TeMnepaTypHMX KoeQinmieHTiB KopucHOI Aii BCTaHOBJIEHO NpPU IIBUAKOCTI MNOBITPAHOTO NOTOKY i wYacy
nepeMUKaHHs NPOTAroM 4acy He Giibme 0.22 - 0.32 m/c Ta 5 - 10 XB. BiANOBiJHO NPY BUKOPUCTaHHI KOMIIO3UTY
«cuJiiKkareJsib - HaTpi cyabdar».

Kawuosi cnosa: ajpcopbLidHUA pereHepaTop TEIUIOTH Ta BOJIOTH; TeMIepaTypHUH KoedilieHT KopucHOI nii;
MaKCHMaJIbHa a/icopO1isi; KOMIIO3UTHUMN a/|COPOEHT.
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IKCIVIYATAHMOHHBIE XAPAKTEPUCTHKH AICOPBLIMOHHBIX PETEHEPATOPOB
TEIIJIOTbI U BJIATH HA OCHOBE KOMIIO3UTOB «CUJIMKAT'EJ/Ib -CYJIb®AT
HATPHA» U «CUJIMKATEJIb - ALETAT HATPUA»

Enena A. beasgHoBckas!, Poman /l. JIutoByeHko!, KoHctanTuH M. Cyxoiil. Anekcanap O. Epemun?,
Hpuna B. Cyxas?, Esnena M. [IpokoneHko?

L /IBH3 «YkpaincoKull depacasHull XiMiko-mexHo102iuHull yHisepcumemy, np. I'azapuna 8, [Jninpo, 49005, Ykpaina
2 HayionanvHa Memaunypeiiina akademis Ykpainu, np. ['azapina 4, [Jninpo, 49600, Ykpaina

AHHOTanus

HcciegoBaHbl 3KCIJIyaTallMOHHBIE MTApaMeTpPhl aACOPGLMOHHOr0 pereHepaTopa HU3KONOTEHIIMAABHOrO Temnjia 1
BJIaTM Ha OCHOBE KOMNO3HUTHBIX aJ,COPGEHTOB «CHJIMKare/ib - HATPUIl cy/ib$aT» U «CUIMKareJ/ib - HATPUIl aeTaT»,
KOTOpble CHHTEe3MPOBaHbI 30/Ib-T€Jb METOJOM. YCTAaHOBJEHA KOppe/AnusA TaKMX NMapaMeTpPoOB, KaK CKOPOCTh
BO3/JyIIHOTO TNOTOKAa, MNepUoA MNepeK/JYeHHsA, TeMIepaTypbl BHYTPEHHEro M HApYy)KHOro BO3AyXa,
TeMIepaTypHoro Ko3ddunueHta mnosiesHOoro JeicrBus. IlokasaHo IlejieHanmpaBJeHHOe H3MeHeHUe
Ko03¢dunueHTa N0JIe3HOr0 AeiCTBUA B AOCTATOYHO IIMPOKHUX JHana3oHax NpU U3MeHeHHH BpeMeH! U3MeHeHUs
HanpasJ/IeHHs] U CKOPOCTH BO3JAYIIHOTO NOTOKAa. MakcHMa/bHble 3HAa4YeHUs TeMNepaTypHbIX Ko3¢dunueHTOB
NMO0JIe3HOTO AEeHCTBUA YCTAaHOBJIEHO NMPH CKOPOCTH BO3JAYIIHOTO NMOTOKA M BpeMeHM NepeK/Jl4YeHHs B TedeHue
BpeMeHHU He GoJsiee 0.22 - 0.32 M / cu 5 - 10 MUH. COOTBETCTBEHHO IPH MCNOJIb30BAaHUM KOMIIO3UTA «CUJIUKareb -
HaTpHuii cysibdar».

Knawouesvle cnosa: aJcOpOLMOHHBIM pereHepaTop TeIIOTBI M BJArH; TeMIepaTypHbIH KO03GQUIHMEHT I0JIe3HOTO

JIeHCTBUs, MaKCUMaJIbHasl aIcCOPOLMS; KOMIIO3UTHBIN a/[COPOEHT.

Introduction

One of the main and important tasks of
ventilation and air conditioning in modern
housing and utilities sector is providing optimal
climatic conditions in residential premises. Air
conditioning and desiccation is achieved in
ventilation and air conditioning systems by
cooling the air to a temperature below the dew
point and then heating to the desired
temperature. Generally, such devices work
according to traditional steam-compressor cycle
[1] that result in significant electric demand, and
therefore enlarges consumption of traditional
fossil fuels. Conventional steam compressor
machines for air conditioning work on
compressors with electric drive chillers [2]. Their
operation is accompanied by high energy
consumption during the peak load season in
summer [3]. Air conditioning with the
evaporation of a liquid moisture absorber are
based on the periodical processes of sorption of
moisture from the air and regeneration of the
resulting diluted solution [4]. Similar systems
based on a pair of ammonia-water usually consist
of solar thermal collectors associated with a
sorption chiller, a heat storage tank, a heat-cooled
device, a cooling system in the room and an
auxiliary (backup) subsystem [5-8]. Despite the
fact that the cooling temperature is below 02C,
these devices require controlled heat at
temperatures up to 160 - 200 °C [9]. Expansion of
their commercial use is heavily limited by the
complexity of construction in existing systems for

air conditioning and ventilation of residential
premises.

The simplest solution to this problem is to use
warm air to heat the cold inlet air. For this
purpose, regenerative and recuperative heat
exchangers are applied [10-14]. These devices
are not only suitable for central heating systems
based on fossil fuel [15], but also for solar
warming systems that can be used as a support
for a traditional fuel combustion system [16].
However, the application of heat exchangers does
not solve the problems associated with a
significant amount of moisture in air ducts, which
leads to the formation of ice at the cold end of the
heat exchanger and blocks its operation. As a
result, there is the moisture balance upset, that is,
the outflow of moisture exceeds the input. These
processes lead to lower humidity in the room,
which unfavorably affects human health.

Silica gel is offered for air dewatering [17].
However, according to the results of
mathematical modeling, the temperature in the
channel of the silica gel layer does not exceed 20 °
C, which is lower than the temperature of the
regeneration of this material. Disadvantages of
silica gel are the next: a small sorption capacity,
which requires large volumes of heat-
accumulating material to provide the demand
load. An alternative to traditional materials is the
supply and exhaust ventilation with heat
recuperation. One of the promising directions for
using composite sorbents is regeneration of heat
and moisture [18; 19]. Devices based on
composite sorbents are promising to maintain
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the appropriate humidity of air in ventilated
spaces [20; 21], which reduces the energy
consumption of heating the incoming air.

Such materials are shown to be promising for
adsorptive heat energy storage [22-24] which is
one of the most common technical solutions in
the conditions of exploitation of low-potential
and renewable energy sources. The most
promising materials for adsorptive heat energy
conversion are composite materials «salt inside
porous matrix» [25 - 28] due to their adsorptive
capacity and heat of adsorption. Obviously,
properties of adsorbent are the crucial factors
determining operating regimes of adsorptive
device for heat conversion.

The aim of present work is to compare the
performance characteristics of the adsorptive
heat energy converter based on the composite
«silica gel - sodium sulphate» and «silica gel -
sodium acetate» and to identify the most
effective. To achieve this purpose, the following
tasks are set:

- to develop a method for calculation the
performance characteristics of an adsorptive
regenerator based on the composite «silica gel -
sodium sulphate» and «silica gel - sodium
acetate»;

- to find out the correlation of the parameters of
the operation processes and the efficiency factor
of adsorptive devices based on the composite
«silica gel - sodium sulphate» and «silica gel -
sodium acetate»;

-to compare the effectiveness of devices based on
the composites «silica gel - sodium sulfate» and
«silica gel - sodium acetate».

Experimental

Design of the adsorptive heat-moisture
regenerator is presented in Fig. 1 [21]. The
length of laboratory prototype is 0.6 m, the
diameter being 0.2 m. As heat storage materials
composite adsorbents «silica gel - sodium
sulphate» and «silica gel sodium acetate» were
used. Both composites were synthesized by sol -
gel technique [22; 23]. The device operational
regimes are «inflow» and «outflow» which
alternate one to another [21].

The outer end of investigated device is
considered as cold, the end placed in ventilated
premise being warm.

As efficiency criterion of adsorptive heat-
moisture regenerator temperature efficiency
factor or heat regeneration coefficient 1em was
used. Control-flow chart of suggested algorithm is
presented on the Fig. 2. Algorithm involves

calculation of the temperature efficiency factor or
heat regeneration coefficient:
tinf - text ) (1)
o -t
where tiys is temperature of inflowing air, °C; tex is
temperature of external air; tou is temperature of
outgoing air.
Temperature of inflowing air is computed as a
temperature after mixing the cold air from the

ntem =

ext

v

e

e U

5

Fig.1. Heat regenerator construction
1 - pipe (case); 2 - external ventilator; 3 - inner
ventilator; 4 - heat storage checkerworks; 5 -
temperature detector; 6 - operating console [4].
street and the warm air in the room during
inflow:

Vrtor+Vinftfinr

= Yo 2)

tfin.raftmix. Vp+Ving

where V; is volume of premise, m3; to, is initial air
temperature at the room outlet (warm end), °C;
trinr 1S final temperature of the inflowing cold air,
°C.

Final temperature of cold air-in is computed by
equation of thermal balance:
toinr = (C, “tostr * Vinr + 419 " tostr * Vine* Costr+AHagsint -
Mads)/ (C"* Vins + 4.19 - Vine* Cginr) (3)
where C' is volumetric specific heat of air, kJ/m-K;
tostr— temperature of outdoor air (near the cold end
of regenerator), °C; Vj,r - volume of the inflow air
passed through a layer of heat storage material, m3;
Co.str is initial absolute humidity at the cold end of
the regenerator, kg/m3; AH,4sinris the heat of
adsorption during inflow, kJ/kg; M,4s — mass of
adsorbent, kg; Cyi,, - — final absolute humidity at the
inflow, kg/ms3.

The volume of air passed through the layer of
heat storage material at the inflow or outflow,Vixor
Vour, m3 is calculated as:

V =F-w-t 4)
where w is speed of humid air, m/s; t is time of
inflow or outflow, s; F; is area of the cross-section of
the regenerator, m2.

The temperature of the exhaust air is
determined as the temperature after mixing the



161

Journal of Chemistry and Technologies, 2019, 27(2), 158-168

cold air from the street and the warm air from the
room at the outflow:

tf f _ Vstr-tostr+Voutf tfinstr (5)
in.str.aftmix. —
Vstr+Voutf

where Vg is volume of air at the outside end of the
regenerator, m3; ty ¢, is the initial temperature of
the outside air when ejected from the room, °C;
trinstr iS final temperature of warm air during
outflow, °C.

Final warm air temperature during outflow is
alculated by thermal balance equation:

Beglnmng

Data input
1nput

/ /

Lein.str. = (C, “tor * Voutr + 419  tor - Vourr X

X Cor + AHagsoutr * Mads)/C " Vouer + 4.19 X
Voutf * Cfin.str (6)
where C' is volumetric specific heat of air, k] /m3-K;
tor is temperature of indoor air (near the warm end
of regenerator), °C; Vyu is the volume of air
passed through the layer of heat-storage material
during outflow, m3; Cy,. is initial absolute
humidity at the warm end of the regenerator,
kg/m3; AH.g4soutris heat of adsorption at the
outflow, k] /kg; M,4s is adsorbent mass, kg; Cfip str
is final absolute humidity at the outflow, kg/m3.

Results
output

when inflowed.

when inflowed.

outflowed

outflow.

when outflowed.

room.

1. Calculation final absolute humldlty of the inflow

5. Calculation of final temperature of cold air

6. Calculation of the air temperature after mixing the
cold air from the street and the warm air in the room v

7. Calculation of the final absolute humidity when

8. Calculation of volume of the outflow air which
passed through a layer of heat storage material.

9. Calculation of adsorption during outflow.

10. Calculation of heat of adsorption during

11. Calculation of final temperature of warm air

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

air A =0
2. Calculation of volume of the inflow air passed sum =
through a layer of heat storage material. Tsum =0
3. Calculation of adsorption when inflowed.
4. Calculation of heat of adsorption during inflow. i

Asum = Asum+ Ainf+ Aoutf

Tsum = Tsum+ Tinf+ Toutf

Results
output

/ Asum, Tsum /

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

The adsorption heat during inflow or outflow is
determined according to [28]:

1000
AHgqs = Ah-A -2 (7)

where Ah is adsorption heat, kJ/mole; A is
adsorption during inflow or outflow, kg/kg; ptuzo
is molar mass of water, g/mole.

Adsorption at the inflow or outflow is
calculated corresponding to [28]:

Co—Cfin
A= Mage | \Y% (8)
where V is air volume passed through adsorbent
layer, m3; Co is initial absolute humidity at inflow
or outflow, kg/m3; Cgy, is final absolute humidity
at inflow or outflow, kg/m3; M.gs is adsorbent
mass, kg.
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Final absolute humidity at the outlet of the

regenerator during inflow or outflow is
determined according to [29]:
Coin = T =eweg T 9)
v
e w +1

where Amax is maximal adsorption, kg/kg; [ is
mass transfer coefficient, s'1; w is speed of humid
air, m/s; H is thickness of the heat storage material
layer, m; t is time of inflow or outflow, s.

The coefficient of mass transfer was calculated
according to [28]:

1 1 1.1
B - (By + Bic + Bp)
where By, Bi¢, B, - coefficients of mass transfer in

the gas phase, in the longitudinal cross section
and pores, s

Estimation 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:
Qinf = 0,28 * Lin¢ - Pair " €° (tin — text) " T (11)
where Liy is inflowing air consumption, m3 per
hour; pair is density of inner air, kg/m3; c is
specific heat of air, kJ/(kg-°C); tin is temperature

(10)

t°C
30+

20+

10+

-10

of inner air, °C; tex is temperature of external air,
°C; T is operating period, hours per a day.

Then mass of adsorbent M.gs, kg is calculated
as [28]:

Qin
Mags = Fa;' (12)

where AH,gs is heat of adsorption, kJ/kg which
estimated according to (7), the adsorption being
maximal or limit.

Volume of an adsorbent is calculated as [28]:

Ma S
Vads = _d' (13)

Pads
where p_, is adsorbent density, kg/m?3

Results and discussion

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
periodic dependence 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").

Fig. 3. Periodic temperature dependences for adsorptive heat regenerator based on composites «silica gel - sodium
sulphate» (a) and «silica gel - sodium acetate» (b). 1, 2 - calculation results; 1», 2» - experimental data; 1, 1» -
temperatures on cold end of regenerator; 2, 2» - temperatures on warm end of regenerator

When composite «silica gel - sodium
sulphate» used, the difference between calculated
and experimental temperatures does not exceed
2 - 3 °C at the cold end of the regenerator, and 1
- 5 ° C on the warm. As adsorbent «silica gel -
sodium sulphate» applied, the similar deviations
are at most 2 - 2.5 ° C for both cold and warm
ends of the regenerator. Calculated values of
temperature  efficiency  factors of  the
regenerators based on «silica gel - sodium

sulphate» and «silica gel - sodium acetate» are 91
% and 82 %, respectively. According to the
experimental data, the temperature efficiency
factors of the regenerators based on «silica gel -
sodium sulphate» and «silica gel - sodium
acetate» are approximately 95% and 85 %,
respectively. So, this mathematical model is
proved to be adequate for qualitative evaluation
of the performance characteristics of adsorptive
regenerators in ventilation systems.
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An adsorptive regenerator can be efficient
when the inflow air warmed in the conditions of a
residential apartment. According to the results of
the calculation by the Sanitary Regulations
2.04.05-91, the thermal load for heating the
inflowing air for three-room apartment with a
total area of 103 m2 and a height of 2.5 meters is

about 327.9 M] per a day. Then the mass and
volume of the adsorbents corresponding to the
thermal load were estimated according by Eq.
(12) - (14).

Results of calculation of composites mass are
given in Tables 1 and 2.

Table 1

Results of calculation of adsorption heat and mass of composite adsorbents «silica gel - sodium acetate» for inflow
air warming (thermal load 327.9 M] per a day)

Adsorbent composition, Maximal adsorption, Adsorption heat Mass of Volume of
wt. % Amax kg/kg AHags, K] /kg adsorbent adsorbent
Silica gel Sodium acetate M, kg V, m?
%
20 80 0.557 1856.10 177 0.25
40 60 0.455 1517.07 216 0.3
60 40 0.353 1178.05 278 0.39
80 20 0.252 1099.11 298 0.41
Table 2

Results of calculation of adsorption heat and mass of composite adsorbents «silica gel - sodium sulphate» for inflow
air warming (thermal load 327.9 M] per a day)

Adsorbent composition, Maximal adsorption, Adsorption heat Mass of Volume of
wt. % Amax kg/kg AHags, k] /kg adsorbent adsorbent

Silica gel Sodium M, kg V, m3

sulphate
%

20 80 1.055 3506 94 0.130

40 60 0.842 2807 117 0.162

60 40 0.628 2093 157 0.218

80 20 0.414 1380 238 0.330

Calculation results confirm that composites
«silica gel - sodium acetate» are inferior in
adsorption heat to composites «silica gel -
sodium acetate» by a factor of 1.25 - 2.0. So, to
support with the same heat load the more mass
of «silica gel - CH3COONa» is necessary as
compared with composite adsorbents «silica gel -
Na;SO4» (Table 1 and 2). So, to fulfill the same
heat load mass and volume of composite «silica
gel - sodium sulphate» is estimated to be half as
much as compared with «silica gel - sodium
acetate» with the same content of salt.

So, the composites containing 20 wt. % silica
gel and 80 wt. % salts are suggested to use as an
adsorptive materials. The weight of the
composite «silica gel - sodium acetate»
corresponding to the calculated thermal load is
estimated at 177 kg and the volume is 0.25 m3
(Table 1). So, according to an optimal option of
installation four adsorptive regenerators, mass of
this adsorbent per one regenerator is 45 kg. At
the same time, for the same heat load mass of
composite «silica gel - Na;SOs» of 94 kg is
required (Table 2). Accordingly, when the same
scheme of installation used, mass of composite
«silica gel - Na;SO4» per one regenerator is 24 kg.

Then operating of regenerators based on
«silica gel - Na2SO4» and «silica gel - CH3COONa»
was simulated. Results of mathematical
modelling confirm that the temperature
efficiency factor mwem of both heat-moisture
regenerators strongly depends on airflow rate
(Fig. 4). When the rate increased, the
temperature efficiency factor is decreased. It is
explained by increasing of volume of inflowed air.
Similarly, when switching over period (that is
changing direction of flows) increased,
amplitudes of time-temperature dependences on
both cold and warm ends of the device are stated
to be magnified. This results in decreasing values
of Neem (Fig. 4). Maximal values of temperature
efficiency factors are observed at the airflow
rates 0.22 - 0.32 m/s and switching over time at
most of 5 - 10 min. Time of achieving of maximal
adsorption is negligibly affected by switching
over time of flows (Fig. 5). However, it is
observed to strongly depend on airflow rates.
Maximal time of achieving of maximal adsorption
is stated at airflow rate of 0.22 m/s, it being
stated of 125 and 135 hours for composite «silica
gel - sodium acetate» and «silica gel - sodium
sulphate».
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Also, meteorological conditions affect the
efficiency of adsorptive heat-moisture
regenerator. For example, the external air
temperature and temperature efficiency factor
are increased simultaneously (Fig. 6). Obviously,

Ntem» %0
85 -
80 |
75
70 1
2
65 | 3
4
60 T T T T
5 10 15 20 |
7, min.

time of achieving of the maximal adsorption is

negligibly affected by the external air
temperature. Decreasing the internal
temperature leads to increasing the temperature
efficiency factor (Fig. 7)
Ntem: %
85 4
80 o
75 4
70 4 1
2
65 o 3
4
60 T T T T
10 15 20
T, Min.
B

Fig. 4. Temperature efficiency factor vs. switching over time for adsorptive regenerator of heat and moisture based
composite «silica gel - sodium sulphate» (A) and «silica gel - sodium acetate» (B). Air flow rate, m/s: 1 - 0.22; 2 -
0.32; 3-0.42; 4-0.52.
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Fig. 5. Time of achieving the maximal adsorption vs. switching over time of adsorptive heat moisture regenerator
based composite composite «silica gel - sodium sulphate» (A) and «silica gel - sodium acetate» (B). Air flow rate,
m/s:1-0.22; 2-0.32; 3-0.42; 4-0.52.
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Fig. 6. Temperature efficiency factor vs. switching over time of adsorptive heat moisture regenerator based
composite composite «silica 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.
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Fig. 7. Temperature efficiency factor vs. switching over time of adsorptive heat moisture regenerator based
composite composite «silica gel - sodium sulphate» (A) and «silica gel - sodium acetate» (B) at the temperatures of
internal air, °C: 1 - 15; 2 - 20; 3 - 25.

It should be noted that temperature efficiency
factors of regenerators based on composites
«silica gel - sodium sulphate» are stated to
exceed NMeem for devices based on «silica gel -
sodium acetate» by at least 9 - 10 %. This
difference becomes more significant at higher
airflow rates, switching over times or internal
temperature (Fig. 4, 6, 7). It appears to increase
when external temperature decreased (Fig. 7)

Therefore, the correlation of the temperature
efficiency factor and meteorological conditions
were considered for regenerator based on
composite «silica gel - sodium sulphate» (Fig. 8).
Maximal values of temperature efficiency factor

o
e

are observed at the external air temperature of -
5 - 0°C and internal air temperature of 15 - 16°C.

Conclusions

Regime of  adsorptive heat-moisture
regenerators based on composites «silica gel -
sodium sulphate» and «silica gel - sodium
acetate» were compared in the conditions of
ventilation systems of residential premises. An
algorithm for calculation of temperature
efficiency factor of adsorptive heat was suggested
and confirmed by results of testing of the
laboratory prototype.

24 R X

Fig. 8. 3D plot of temperature efficiency factor vs. internal and external temperatures for adsorptive heat-moisture
regenerator based composite «silica gel - sodium sulphate»

Performance of heat-moisture regenerators
based on composites «silica gel - Na,SO4» and

«silica gel - CH3zCOONa» is simulated in the
conditions of typical residential premise. An
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optimal composition of adsorbents is stated to be
20 % of silica gel and 80 % of salt, that is, sodium
sulphate or sodium acetate. Due to the higher
value of maximal adsorption composite «silica gel
- NazS04» is shown to be required in half as much
as compared with «silica gel - CH3COONan».

Correlation of the operating processes
parameters and efficiency factor of the
temperature efficiency factor is shown. For both
composites maximal values of temperature
efficiency factors are stated at the airflow rates
and switching over time of at most 0.22 - 0.32
m/s and 5 - 10 min. Nevertheless, regenerators
based on composites «silica gel - sodium
sulphate» are in excess of at least 9-10 % of
temperature efficiency factors as compared with
devices based on «silica gel - sodium acetate».

Correspondence of efficiency of regenerators
and meteorological conditions is revealed.
Maximal values of temperature efficiency factor
of regenerators based on composites «silica gel -
sodium sulphate» are stated at the external air
temperature of -5-0°C and internal air
temperature of 15 - 16 °C.
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