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The operating characteristics adsorptive regenerator of low-potential heat and moisture based on composite
sorbents ‘silica gel — sodium sulphate’ and ‘silica gel — sodium acetate’ synthesized by sol — gel method are studied.
Sorption heat regenerator operating and environmental test results are shown. Flows switch-over time is observed to
depend on airflow rate and temperature differential between warm and cold ends of regenerator in steady-state condi-
tions. Time dependences of absolute and relative humidity on the warm and cold regenerator ends are shown to be of
periodic nature when both of sorbent used. Time dependences of temperature are observed to be periodic nature on
warm and cold ends of regenerator and between holders with sorbent. Amplitude of time dependences of absolute and
relative humidity and temperature for ‘silica gel — sodium acetate’ are stated to be less than observed when composite ‘sili-
ca gel — sodium sulphate’ used. Correspondence of temperature and humidity time dependences and sorbent sorption capaci-
ty is shown. Correlation between heat-regeneration-coefficient-dimensionless temperature differential and moisture-
regeneration coefficients-dimensionless humidity differential dependences is approximated with fair accuracy for engi-
neering calculation by linear polynomials of degree 2. Similarity of polynomials described both of dependences is
shown to result from close interrelation between heat and mass transfer processes. These coefficients are shown to be
capable of task-oriented variation in sufficient wide ranges by changing of half-cycle time, sorbent granules sizes and
its amount. The investigation results can be used for development energy-efficient ventilation systems for residential
and storage premises.

Jocniooceni excniyamayivini Xapakmepucmuku aocopoyilino20 peceHepamopa HU3bKo-nOMeHYIliH020 menia ma
601021 HA OCHOGI KOMNO3UMHUX COPOeHmMI6 «Cunikazeiiv — Hampill cyavamy ma «cuiikazeiv — HaAmMpill ayemamy,
CUHME308AHUX 30b — 2elb Memoodom. Tlokazani pe3yibmamu eKCHayamayitihux ma HamypHux mecmig. 3apeccmpogna
3ANEIHCHICID YACY NEPEMUKAHHSL NOMOKIB, BUMPAmu NOGImps. ma memMnepamypHo2o nepenady Midc 2apsauum ma Xoi00-
HUM KiHyeMm pezeHepamopa 6 cmayionapuux ymoeax. Ilokaszano nepioduunuil xapakxmep 4acosux sanedcnocmeti abco-
JHOMHOT Mma 8i0HOCHOT 80J1020CMI  NPU BUKOPUCMAHHI 000X copOerHmis. 3apeecmposani nepioOuyHi 4acoi 3a1eHCHOCI
MeMnepamypu Ha 2apsyomy ma X0J100HOMY KIHYX pe2eHepamopa ma Midc kacemamu 3 copbenmom. Bemarnoeneni me-
HULE 3HAYEHHST AMIIEMYO YACO8UX 3AAeICHOCMel aDCOIIOMHOL ma 6IOHOCHOI 801020CME Ma mMeMnepamypu npu GUKOpu-
CMAHHI KOMNO3UMYy «CUNiKazeib — Hampitl ayemamy 6 NOPIGHAHHI 3 KOMNO3UMOM «CUliKazeib — Hampitl cyivgpamy. 3
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00CMAMHBbOI0 OISl [HHCCHEPHUX PO3PAXYHKIE MOYHICMIO ONUCAHO 3ANENCHICMb Koe@iyienmy pecenepayii menia 6i0
6e3po3MipHO20 nepenady memnepamyp ma 3aielCHiCme KoeiyicHmy pesenepayii 80102u 8i0 6e3po3MIPHO20 nepenaoy
abconomnoi 601020cmi nOGIMpsL AHIUHUMU OazamouneHamu Opy2oeo cmynenio. Tlokasano, wo nodibuicme bazamou-
JIeHi8 € pe3ylIbmamom micHO20 83AEMO38 A3KY npoyecie menio- ma maconepenocy. Iloxkazano moxicaugicme yinecnps-
MOBAHO 3MIHIOBAMU BUUfe 32A0aHl KOepIiyicHmu 6 00CUmb WUPOKUX OIANA30HAX 3MIHIOYU 4aAC HANIBYUKIY, PO3MID
epanyn copbenmy ma 1020 KinvbKicms. Pezymbmamu O00CHIONCEHHs. MOACYMb OYmu BUKOPUCMAHI Npu  po3pooyi
eHepeo3depizaroyux 6eHMUIAYIUHUX CUCTEM OIS ICUMAOBUX MA CKIAOCOKUX NPUMILYEHb.

Key words: adsorptive heat and moisture regenerator, heat regeneration coefficient.

KirouoBi ciroBa: ajcopOrifinuii pereHepaTop TeIuia Ta BOJIOrH, Koe(illieHT pereHepalii Teria.

The provision of acceptable thermal and humidity conditions is one of the key tasks of ventilation and conditioning.
In the conventional ventilation and air conditioning systems dehumidification achieved through cooling air to tempera-
tures below dew point and then heating it up to comfortable temperatures. Such devices represent a significant energy
consumption triggered by substantial demand on fossil fuels and reveal a challenge of energy utilization [1]. The tradi-
tional vapor compression machines used for air-conditioning operate on electrically-driven compressor chillers. Their
operation causes high energy consumption during the peak load period in the summer. Liquid desiccant evaporation
cooling air conditioning systems are based on consequential processes of moisture sorption from air and regeneration of
obtained dilute solution [2]. Similar systems based on ammonia — water pair [3] usually consist of solar thermal collec-
tors linked to a sorption chiller, a heat storage tank, the heat driven cooling device, the indoor air cooling system and an
auxiliary (backup) subsystem. Despite the fact of providing refrigeration temperature below 0°C these devices need the
driven heat at temperatures up to 160 — 200 °C [4]. Widening of their commercial application is strongly inhibited by
complexity of building in existent residential air-conditioning and ventilation systems.

The easiest solution of this problem is usage of warm air to heat cold incoming air. Regenerative and recuperative
heat exchangers are used for this purpose [5, 6]. These devices designed not only for the fossil fuel central heating sys-
tems [S5] but for solar heating ones that can be exploiting as the support to conventional burning fuel system [6]. How-
ever, heat exchangers exploiting does not solve the problems concerned with considerable amounts of moisture in the
air-out resulted in ice formation on the cold end of heat exchanger and blocking out its work. As a consequence, mois-
ture balance upset occurs, i.e. removed moisture flow exceeds incoming one. These processes result in air humidity
decreasing in premise that affects unfavorably on human health.

For air dehumidification silica gel is suggested [7]. However, despite of mathematic modeling results temperature
in silica gel bed channel is not exceeded 20°C that is lower then
regeneration temperature of this material. One of promising
trends of composite sorbents using is heat and moisture regenera-
tion [8]. Devices based on composite sorbents are promising for
sustaining of appropriate air-humidity in ventilated premises [9],
that being apt to decrease energy consumption for heating of in-
coming air.

The present paper is devoted to investigation of operating

characteristic of sorption heat regenerator for ventilation systems
and revealing of dependences of heat and moisture regeneration co-
efficients vs. temperature and air absolute humidity drops.
5 Experimental. The device for conditioning of premises (tem-
perature 20 °C and relative degree of humidity 50 — 60 % according
to State Standard of Ukraine B EN 15251:2011) is developed to heat
cold affluent air, to decrease its humidity when oxygen concentration
kept to be constant. This sorption regenerator is suggested to be stat-
ed in ventilation channel. Its construction is shown on Fig. 1.

The basic elementary units of suggested sorption heat regenera-
tor are cylindrical case (pipe) (1), checkerworks (4) fabricated from sorption heat storage material, external (2) and inner (3)
ventilators. Length of laboratory prototype of heat regenerator is 0.6 m.

The device exploitative regimes are ‘inflow’ and ‘outflow’ which alternate one to another. When exploited ‘outflow’ re-
gime, air is intaked by ventilator 3 and released into ambient medium. During this process heat storage checkerworks 4 are
heated by ‘outflow’ air up to necessary temperature of inner premise. During ‘inflow’ regime ventilator 3 is switched off and
ventilator 2 is switched on, ambient air is intaken and got through checkerworks into premise. During passing through the
checkerworks air is heated, water excess being sorbed with checkerworks. So, premise airing is realized, temperature and
humidity being kept constant.

As heat storage materials composite sorbents ‘silica gel — sodium sulphate’ and ‘silica gel — sodium acetate’ are used.
They are synthesized by sol — gel method from tetraethoxysilane, Na,SO, or CH;COONa, ethanol (as a solvent) and hydro-

v

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

temperature detector; 6 — operating console
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chloric acid (as a catalyst) according to technique described in [10]. Sorption capacities of the used composites are stated to be
0.85 g/g for ‘silica gel — sodium sulphate’ and 0.42 g/g for ‘silica gel — sodium acetate’.

Temperatures of air and sorbents are registered by group thermoelements Pt1000. Meteorological parameters (air speed,
air flow direction, temperature, relative degree of humidity, atmospheric pressure) are measured by ultrasonic meteorological
station Coastal Environmental Systems C—5 S1019RB.

For investigation laboratory prototype of heat sorption regenerator (Fig. 1) is installed into ventilation channel. The outer
end of investigated device is considered to de cold. The end placed in ventilated premise is warm.

To registrate temperature-time curves and to determine equilibrium temperature time on ‘inflow’ or ‘outflow’ the air
temperature is measured after each of the checkerworks holders when ventilators for air-in 2 or air-out 3 switched on. Tem-
peratures of outer and inner air are 0 °C and 20 °C, respectively.

Results and discussion. In order to select an effective operating regime the investigation focused on determination of a
time of equalization of temperatures on cold and warm ends of regenerator for ‘inflow’ and ‘outflow’ regimes. Temperature
dependences of regenerator warm end, air between holders filled with sorbent and regenerator cold end are extreme. The first
part of curve (cooling) corresponding to ‘inflow’ regime proceeds during 30 min. In this interval of time temperature is de-
creased from 20 °C to 0 — 2 °C. The last values are observed to be constant at about 5 min. Then, i.e. in 35 min. after regenera-
tor start, regime is changed from ‘inflow’ to ‘outflow’. It results in temperature rising during 1 — 5 min. upto 18 — 20 °C. Then
temperature is registered to be almost constant during the next 25 — 30 min. So, switching period (A1) set to 35 min. is suffi-
cient to both device complete cooling to 0 °C and heating upto 20 °C. However, complete cooling and heating are insufficient
to air comfort, because prolonged cold air inflow results in decreasing of temperature in the room.

Therefore, in order to air comfort switching period should be changed according to differential temperatures of regenera-
tor warm and cold ends. It will allow to select a convenient regime for each of consumers.

Over the 10 January to 25 February 2015 period test in situ were carry out. Their averaged results are given in Fig. 2. As
a comparison design chart is shown (Fig. 2, curve 1), it being calculated according to a formula:

cm

AT =—— 1
cpV M
where ¢ is specific heat per unit mass of sorptive material,
’
S o 14004 J/kgK; B corresponds to specific heat per unit volume of air,
§ .g 12004 J/m*K ; m is mass of checkerworks, kg; V is air volume flow
: g rate, m>/h.
S E 1000+ Flows switch-over time is stated to vary with airflow rate
< o E 800- and temperature differential AT between warm and cold ends of
:c:_» 2 5 600 regenerator in steady-state conditions. When temperature differ-
= & entials AT = 5 — 10 °C and airflow rate increased, flows switch-
- g 400+ over time is observed to be decreased (Fig. 2, curves 2 — 4). For
E % 200 AT = 2,5 °C At is slightly related to airflow rate, suggesting that
= 3

heat front is low-sloped. When temperature differentials in-
creased, flows switch-over time is observed to be increased.

This effect is most appreciable for low speeds. For exam-
ple, as V =5 m*h At is observed to be equal to 80 s for AT =
. . . . 2.5 °C, At being most nearly eighteen times as much as it for AT

Fig. 2 — Flows switch-over time (At) versus air-  _ 1 0c_ However, when airflow rate raised to 25 m/h, this

flow rate graophs: 1 - results falculated by qu' (15 differential is considerably lower, e.g. AT = 2,5 °C corresponds
2-AT=10°C;3-AT =75 0C5 4-AT=5°C;5—- {3 Ar=90c, and when AT increased to 10 °C, At is 380 c.

AT =2,5°C When temperature differential increased and much of the
sorbent entered a process of heat exchange, flows switch-over time versus airflow rate graph verges to hyperbolic curve cal-
culated by equation (1).

During regenerator testing in addition to flows switch-over time temperature variation, air absolute and relative humidity
are measured at the warm and cold ends of the device and between checkerworks holders. Averaged data of testing are given
in Figs. 3 — 5. The regenerator is operated in steady-state conditions with constant airflow rate of 30 m*/hour and temperature
differential of AT = 10°C. Each several of given dependences is observed to be of periodic nature, which corresponds to
changing of flow direction. Increasing of absolute and relative humidity and air temperature on the regenerator warm end cor-
responds to airflow directed from room outwards. Decreasing of these values is observed when airflow directed from ambient
media into premise. Absolute and relative humidity and air temperature on the regenerator cold end are changed in this man-
ner, but their variation interval is much lesser. The highest amplitude is observed to be on a plot of temperature between hold-
ers with checkerworks, it being explained by checkerworks heat and mass exchange complication with sorption and desorp-
tion processes.

0 : : : : . :
0 5 10 15 20 25 30
Air volume flow rate, m’/h
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Dependences corresponded both sorbents occur to be of the same periodic nature. However, when composite “silica gel —
sodium acetate’ used (Fig. 3 — 5, b), the amplitude of time dependences of absolute and relative humidities and temperature
occur to be less than observed with ‘silica gel — sodium sulphate’ (Fig. 3 — 5, a). This distinction can be explained by low val-
ue of sorption capacity of composite ‘silica gel — sodium acetate’ as compared to ‘silica gel — sodium sulphate’.

Obviously, the most important characteristics are regeneration factors of humidity and heat corresponded to actual
quantities of water and heat ratio for their maximal values, respectively.

By analogy with [4], humidity regeneration factor Ky is calculated as ratio surface areas ratio Syopx/Smupk (Fig.
3), and heat regeneration factor Ky is evaluated as Sacpe/Sappe (Fig. 5).

As differentials of inner and ambient air temperatures changed during experiments, heat regeneration coefficient is
conveniently expressed in terms of dimensionless temperature differential ATp:
AT, = AT ()
AT, ..

where AT is temperature differential, A7, is maximal temperature differential.

Humidity regeneration coefficient can be expressed in terms of dimensionless absolute humidity differential:
A.

Ad, =24 (3)
Ad

where Ad corresponds to air absolute humidity differential, Ad _, is maximum air absolute humidity differential.

Having analyzed heat and humidity regeneration coefficients as a function of dimensionless differential of heat and
absolute humidity, it was stated that all experimental data on heat and humidity regeneration coefficients can be approx-
imated sufficiently for engineering evaluations by a linear polynomials of degree 2. The polynomial for heat regenera-

tion coefficient Ky; over the range of dimentionless temperature differential 0 < A7) < 0,35 is stated to be

K, =1-031-AT, —0,13-AT,’ 4
The similar polynomial is evaluated for humidity regeneration coefficient Ky on interval 0 < Ad,, < 0.8 as
K, =1-031-Ad, —0,13-Ad,’ (5)

Similarity of equations described dependences Ky vs. ATp and Ky vs. Adp and equality their numerical coefficients
can indicate close affinity between heat and mass transfer processes. Along with that values of these coefficients are
probably related to regenerator construction and nature and quantity of adsorbent.

2
/ M H

1 0]

K P
0 5 6 70 0 10 20 30 40 5 60 70
Time, min. Time, min.

a b

Fig. 3 — Change of absolute humidity during exploitation of sorption regenerator in the warm end (1) and in
the cold end (2) of the device when composite ‘silica gel — sodium sulphate’ (a) and ‘silica gel — sodium acetate’
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Fig. 4 — Change of relative humidity during exploitation of sorption regenerator in the warm end (1) and in

the cold end (2) of the device when composite ‘silica gel — sodium sulphate’ (a) and ‘silica gel — sodium acetate’
(b) used
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Fig. 5 — Temperature dependences of the sorption regenerator in the warm end (1), between holders with
checkerworks (2) and in the cold end (3) of the device when composite ‘silica gel — sodium sulphate’ (a) and ‘sili-
ca gel — sodium acetate’ (b) used

Experiments prove that increasing of dispersiveness allows to raise flows switch-over time. However, it results in
appreciable growth of hydrodynamic resistance of checkerworks layer AP (Fig. 6) and, therefore, increasing of energy
consumption for air pumping through checkerworks:

w =V -AP (6)

n
where V corresponds to airflow rate, n is efficiency coefficient.

For example, when 1 intaken as 0.7, airflow rate set 30 m*/h, hydrodynamic resistance of checkerworks layer of
composite ‘silica gel — sodium sulphate’ granules in diameter of 2,0 — 2,5 mm is 260 Ila, energy consumption for air
pumping through checkerworks equals to 3.1 W. When diameter of composite granules increased to 3 — 3,5 mm, hydro-
dynamic resistance occur to be 100 Pa, and energy consumption goes down to 1.2 W.

In situ testings of described sorption regenerator in situ over the 10 January to 25 February 2015 period revealed
ability of supporting convenient temperatures (20 — 22°C) and relative humidity (50 — 60 %) by this device.

Conclusions. The adsorptive heat regenerators based on composite sorbent ‘silica gel — sodium sulphate’ and ‘sili-
ca gel — sodium acetate’ synthesized by sol — gel method are studied. It was shown that heat and humidity regeneration
coefficient can be changed purposefully in a wide range by variation of flows switch-over time, temperature differen-
tial, device construction, diameter and quantity of sorbent granules.

Experimental data on heat and humidity regeneration coefficients vs. dimensionless temperature and humidity dif-
ferentials can be formulated sufficiently for engineering evaluations by linear polynomials of degree 2:

K, =1-031-AT, —0,13-AT,’
K, =1-031-Ad, —0,13-Ad )’

Close affinity between heat and mass transfer processes is assumed by similarity of both of polynomials.

Hydrodynamic resistance of checkerworks layer of composite ‘silica gel — sodium sulphate’ increases from 3 to
200 — 500 Pa depending on sorbent granules diameter when airflow rate raised in interval from 5 to 47 m’/h.

500+
400 —
3004
200+

100+

Hydrodunamic resistance, Pa

0

10 20 30 40 50
Airflow rate, m /h
Fig. 6 — Checkerworks layer hydrodynamic resistance vs. airflow rate characteristic when as heat storage

material used glass spheres in diameter of 2 mm, composite ‘silica gel — sodium sulphate’ granules in diameter of
2,0 — 2,5 mm (2) and 3 — 3,5 mm (3)
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B pabome paccmompen npoyecc pazoenenue 0OHOPOOHOU cucmembl (600a — YKCYCHASL KUCTIOMA) C Yelblo COKPA-
weHus sHepeozampam. /st NonyueHUs MakCUMAlIbHO20 dHepeocbepealouje2o 3 ghexma 6vLia nposedeHa KaKk GHeULHsIs

maxk U 6HYmMpeHHAsl UHmezpayust nmexnojlocuiecKkozo npoyecca.

Buinonnena oyenka pacxooa mennogoi suepeuu peKmupukayuoHHol Yemanoeku i pazoeneHus cMecu 600d —
VKCYCHAsL KUCI0ma npoussooumenvrocmoto 1,38 ke/c no ucxoonou cmecu xonyenmpayuei 35% (macc.). Cymmapmotii

Pacxo0 meniosol dHepeuu 00 Mooepruzayuu st 2opsiuux ymuaum 3539 kBm, ons xonoouwix ymuaum 3302 kBm.
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