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Abstract. The performance characteristics of the adsorptive regenerator of the low-potential heat and
moisture on basis of the composite sorbents ‘silica gel - sodium sulfate’ synthesized by sol-gel method are stud-
ied. The mathematical model and algorithm for determining the basic parameters of adsorptive regenerator ex-
ploitive processes in the housing and communal services sector are developed. The proposed algorithm includes
calculating the volume of air passed through the layer of heat-accumulating material, the concentration of water
in the flow at the exit from the regenerator, the adsorption, the heat of adsorption, the final temperature of the
cold air, the air temperature after mixing the cold air from the street and the warm air in the room at the warm
end of the regenerator during inflow, calculation of the final concentration of water in the flow at the cold end of
the regenerator, the volume of air passing through the layer of heat-accumulating material, adsorption and heat
of adsorption, the final temperature of the air at the cold end of the regenerator, the air temperature after mixing
of the cold air from the street and the warm air from the room at the cold end of regenerator during outflow,
determining the temperature efficiency coefficient, summarized adsorption and maximal adsorption time. The
correlation of air temperatures near the warm and cold end of the regenerator, as well as the thermal efficiency
coefficients stated by the results of calculations according to the proposed algorithm and experimental way is
confirmed. The mathematical modeling of the processes of operation of adsorption regenerators on the basis of
‘silica gel - sodium sulfate’ composites in the conditions of the typical ventilation system of residential premises
is carried out. The dependences of the temperature efficiency coefficient vs. the time of switching air flows and
the velocity of air flow, as well as the temperatures of external and internal air under stationary conditions are
shown. The results of the research can be used in the development of energy-efficient ventilation systems and
devices for residential and warehouse premises.
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Anomauin. Jlocniooiceni excniyamayitini  Xapaxmepucmuku aocopoyiinoco pecenepamopa HU3bKo-
NOMeHYIHO20 menja ma 80021 HA OCHOBI KOMNOUMHUX COPOEHMI8 «CuniKazenb — Hampil cyibgamy, cunme-
308aHUX 30716 — 2elb MemoOooM. Pospobneni mamemamuuna modenv ma aneopumm 6U3HAUEHHA 0OA308UX
napamempis npoyecie ekCniyamayii adcopoyitinozo pe2enepamopa 8 ymMosax Cekmopda HCumio80-KOMYHANIbHO20
eocnooapemea. 3anponoHO8aHUll anOpUMM EKIIOUAE PO3PAXYHOK 00 €My ROGImMpsi, KUl NPOUULO8 Yepe3 uap
MEenIoaKyMymonu020 mamepiany, KOHYeHmpayii 600u 6 nogimpi Ha 6uxodi 3 Menjio8oeo axKymyliamopd,
aocopbyii, meniomu adcopoyii, Kinyesoi memnepamypu Xoi00HO20 NOGIMPs, MeMNepamypu NOGIMmps Nicjs
SMIUWYBAHHS XOI0OH020 NOGIMPSL 3 8YAUYI MA MENJI020 NOGIMPsL 8 NPUMIUJEHHI NPU NOOAYl, PO3PAXYHOK KOHYEH-
mpayii 600u 6 nosimpi Ha 6uUX00i 3 MENIO0B020 AKYMYIAMOpa, 00’ emy noGimps, AKUll NPOUWLO8 Yepes wap men-
JOAKYMYTI0I04020 Mamepiany, adcopbyii ma meniomu aocopoyii, Kinyeeoi memnepamypu menioco nosimps,
memnepamypu nogimpsi nicJisi MIULYB8AHHsL X0A00H020 NOGIMPSL 3 8YAUYT MA MENa020 NOSIMPsL 3 NPUMIWEHHSA NPU
BUKUODI, BUBHAYEHHS MEMNepamypHo2o Koe@iyicnma kopucHoi Oii, cymapnoi adcopdyii ma yacy 0ocsecHenHs
Mmaxcumanvnoi adcopdyii. Iliomeepodcena Kopensyis memnepamyp nogimps O menioeo ma Xoai00H020 KiHyi
pezeHepamopa, a Mmakoic Meniosux KoeiyieHmie KOpucHoi Oii, 6CMAHOBNIEHUX 30 Pe3yIbMamaMu PO3PAXyHKIE
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32i0H0 3aNPONOHOBAHO20 ANCOPUMMY MA OOCHIOHUM wiAxoM. [Ipoeedeno mamemamuune MOOeNIOBANHA NPOY e-
cis excniyamayii adcopOyiliHux peceHepamopie Ha OCHO8I KOMRO3UMIB «CuliKazenb — HAmMpi cyrbghamy 6 ymo-
8ax MunoGoi cucmemu 6eHmuiAyii rcumiosux npuminensv. Iloxazana 3anedxicHicme mennogozo Koegiyicnma
KOpUcHoi Oii 8i0 uacy nepemMukanHs nomoKie nogimps, WeUOKOCmi pyxy NOMOKi6 Nogimps, a maxoxc memnepa-
Myp 306HIUNHLO20 MA BHYMPIUWHLO20 NOBIMPS 6 cmayioHapuux ymosax. Maxcumanbhi 3HaUEHH MENIo6ux Koe-
Qiyienmie KopucHoi O0ii 6cmanosIeHi npu WEUOKOCMI 601102020 nogimps oausvrko 0,22 — 0,32 m/c ma uacy ne-
pemukranns nomoxkig 5 — 10 xe.. Buseneno eniug weuokocmi pyxy nomoxie 0102020 nogimps na 4ac 00CAZHEHHA
maxcumanvroi adcopoyii. Pezynomamu npoedenozo 00CaioNceH s MOJUCYmMb OYymu GUKOPUCMANT npu po3poodyi
eHepaoepexmusHUX 6eHMUNAYIUHUX CUCTEM MA NPUCMPOI8 O HCUMTOUX A CKIAOCOKUX NPUMILYEHb.
KorouoBi ciioBa: ascopOuiliHuii pereHeparop Teria Ta BOJIOTH, TEINIOBUH KoedillieHT KopucHO] Aii Tera.

One of the most important and serious problems in the operation of centralized heating systems in the hous-
ing and utilities sector, as well as energy-efficient autonomous heating systems, is heating and ventilation load,
in particular heating of the inflow air, as well as the periodic increase in the concentration of carbon dioxide in
the space air [1]. According to the sanitary-hygienic requirements, periodic ventilation of residential premises is
necessary, which as a consequence the relatively low temperatures in Ukraine in the winter, leads to significant
heat expenses. In modern systems of heat supply for the heating of the inflow air, recuperative heat exchangers
(plate heat exchangers with cross flow, plate heat exchangers with counterflow, counter flow channel heat ex-
changers, partially recirculated system) and regenerative (rotary heat exchanger, static heat exchanger) [2]. The
disadvantages of the first should be attributed a significant volume, thermodynamically unfavorable flows, insig-
nificant surface of heat transfer, the use of liquid thermal fluid and expensive additional equipment. Additional-
ly, the operation of such devices is considerably complicated by the formation of ice on the cold end of the de-
vice. The disadvantage of others [2] is the low efficiency coefficient of ventilation of apartments, the lack of
separate air control; fresh air pollution resulted from constant change of air direction.

Traditional ventilation and air conditioning systems based on steam compression machines also provide air
cooling to temperatures lower than dew point and heating to acceptable temperatures. Such devices represent
significant energy consumption, which requires fossil fuels input and complicates the utilization of heat energy.

Silica gel [3] and aluminophosphate zeolite [4] are suggested to use for adsorptive dehumidification of air.
Promising materials for the regeneration of heat and moisture are composite sorbents of the type ‘salt in the
porous matrix’ [5]. Devices based on them allow to maintain an acceptable temperature and humidity in
domestic environment [6, 7]. Adsorptive heat storage devices were used in heat supply systems in the
Netherlands, Germany and Japan [8]. But the active introduction of such devices along with the low quality of
the materials used is retarded by the lack of an algorithm for their calculation, which allows to simulate and
investigate the processes of their operation in the conditions of real ventilation systems.

The purpose of the presented work is to establish the regularities of the operating processes of the adsorptive
regenerator of heat and moisture in the ventilation system. To accomplish this, the following tasks are set:

- compile a mathematical model and develop a calculation algorithm of the processes of operation of the
adsorptive regenerator of heat and moisture;

- to determine the basic design characteristics of adsorptive regenerators for a typical ventilation system in
the housing and utilities sector;

- to establish the basic parameters of the processes of operation of the adsorptive regenerator.

Experimental.

The design of the adsorptive regenerator is
presented in Fig. 1 [7].The basic elementary units of
suggested adsorptive heat regenerator are cylindri-
cal case (pipe) (1), external (2) and inner (3) venti-
lators, checkerworks (4) fabricated from adsorptive
heat storage material. Length of laboratory proto-
type of heat regenerator is 0.6 m. As heat storage
material composite sorbent ‘silica gel — sodium sul-
phate’ was used. It was synthesized by sol — gel

v

method according to technique described in [5]. - 2
The device operational regimes are ‘inflow’ a

and ‘outflow’” which alternate one to another [7]. Fig.1. Heat regenerator construction

When exploited ‘outflow’ regime, air is intaken by 1 — pipe (case); 2 — external ventilator; 3 — inner

ventilator 3 and released into outdoor environment. ventilator; 4 — heat storage checkerworks; 5 — tempera-
During ‘inflow’ regime the ventilator 3 is stopped, ture detector; 6 — operating console [9].

and ambient air being intaken by ventilator 2 and

got through checkerworks 4 into premise. When passed through the layer of heat storage material, air flow is
heated, water excess being sorbed with checkerworks. So, temperature and humidity is kept constant, premise
ventilation being realized. The outer end of investigated device is considered to be cold, the end placed in venti-
lated premise being warm.
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According to the given stages, an algorithm for calculating the temperature efficiency coefficient of the
adsorptive regenerator and the duration of its operation during the heating period has been developed (Fig. 2).

Computer
data input

Computer
data output

1. Calculation final absolute humidity at the inflow J
2. Calculation of volume of the inflow air passed through a layer of hea Agm=0
storage material. Tsum =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  Aint Aout |

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 hea| |
storage material.

9. Calculation of adsorption during outflow.

10.  Calculation of heat of adsorption during outflow.

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 coefficient of efficiency.

®

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

Tsum = Tsumt Tint Tout |

Output of
Asum, Tsum

The temperature coefficient of efficiency is determined by the formula:

— tinf—text 1
ntem N tout_text’ ( )

where t;s — temperature of inflowing air, °C; t.,. — temperature of external air; t,,; — temperature of outgoing
air.

Temperature of inflowing air is determined as a temperature after mixing the cold air from the street and the
warm air in the room during inflow:

_ Vretor+Vinftinr
Linraftmix. = Ve+Vips (2)

where V, — volume of premise, m®; t, — initial air temperature at the room outlet (warm end), °C; tg, , — fi-
nal temperature of the cold air-in, °C.
Final temperature of cold air-in is calculated by equation of thermal balance:
Linr = (C *tostr * Vint + 419 * toser * Vinr - Coser HAHads inf * Mads)/ (C " Vipr +4.19 - Vi Cfin.r) (3)
where C' — volumetric specific heat of air, ki/m® -°C; to,— temperature of outdoor air (near the cold end of
regenerator), °C; Vi,r — volume of the inflow air passed through a layer of heat storage material, m%; Cq g —
initial absolute humidity at the cold end of the regenerator, kg/m*; AH,qsins — the heat of adsorption during in-
flow, kd/kg; M,4s — mass of adsorbent, kg; Cgy, » — final absolute humidity at the inflow, kg/m?®.
The volume of air passed through the layer of heat storage material at the inflow or outflow, Vi or Vs, m?
is calculated as:
V =Fw-rt 4)
where w is speed of humid air, m/s; 7 is time of inflow or outflow, s; F is area of the section, m%.
The temperature of the exhaust air is determined as the temperature after mixing the cold air from the street

and the warm air from the room at the outflow:

t _ VstrtostrtVoutftiinstr (5)
fin.str.aftmix. — v v
strtVout

where Vg, is volume of air at the outside end of the regenerator, m®, t, ., is the initial temperature of the
outside air when ejected from the room, °C; tg, s — final warm air temperature during outflow, °C.

Final warm air temperature during outflow is calculated by thermal balance equation:
C, ‘tor'Voutf+4:19tor' Voutf'Cor+ AHads.outf ‘Mads (6)
C "Voutf+4.19 Voutr Cinstr

where €’ — volumetric specific heat of air, ki/m® -°C; t,, — temperature of indoor air (near the warm end of
regenerator), °C; Vs — the volume of air passed through the layer of heat-accumulating material during out-
flow, m% C,,. — initial absolute humidity at the warm end of the regenerator, kg/m* AH,q4soute— heat of
adsoraption at the outflow, ki/kg; M,4s — adsorbent mass, kg; Crinser — final absolute humidity at the outflow,
kg/m*.

tfin.str. -
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The heat of adsorption at the inflow or outflow is determined according to [9]:
AH,4s = Ah- A - @ ©)
where Ah is adsorption heat, kJ/mole; A is adsorp-
tion during inflow or outflow, kg/kg; M,, is molar mass t°c
of water, g/mole. 30-
Adsorption at the inflow or outflow is calculated 25 A '
similarly [9]: 2@W2
A= Co—Cfin Y (8) 15</ \. / \. ¢ \./2
N Mags
where V is air volume, m*; Cy is initial absolute 101
54

humidity at inflow or outflow, kg/m® Cg,is final

absolute humidity at inflow or outflow, kg/m®; Mg — 01 1
adsorbent mass, kg. 51 T

Final abso!ute _humldlty at the c_)utlet of.the -106 o 20 30 40 S0 60
regenerator during inflow or outflow is determined t, min.
according to [9] Fig. 3. Comparison of experimental and
Cin = <-Twc0) 9) computed data: 1, 1' - temperatures at the cold

[ Amax ] end of the regenerator; 2, 2' - temperatures at

the warm end of the regenerator; 1, 2 - calculat-

where Amax 1S 11m1t1n adsorption, kg/kg; B is mass
o g P gke: pi ed data: 1'. 2' - exnerimental data.

transfer coefficient, s*; w is speed of humid air, m/s; H
is thickness of the heat storage material layer, m; t is is time of inflow or OuthOW S.

The coefficient of mass transfer was calculated similarly to [9]: B = (— +B + —)‘ (10)
lc

where By, B, ., B, — coefficients of mass transfer in the gas phase, in the Iongltudlnal cross section and pores, s™.
Furthermore, summarized adsorption and maximal adsorption time are calculated according to control-flow
chart (Fig. 2).
Results and discussion. Experimental data presented in [7] have been used to validate the proposed
calculation algorithm. The results of the calculations showed the periodic dependence of the temperatures on the
cold and warm ends of the adsorptive regenerator (Fig. 3, curves 1 and 2), which qualitatively corresponds to the

n, % —a—w=022m/s (1) experimental data (Fig. 3, curves 1 'and 2'). The deviation of the
100 —e—w=032m/s (2) calculated temperatures from the experimental does not exceed 2
e *:*z:g:‘g gz 8; ;err:] C at the cold end of the regenerator, and 1 — 5 ° C on the
%0 x\\ The temperature efficiency coefficient of the regenerator
85+ \\. " according to the experimental data is approximately 95%, and
80 \\ ) according to the calculated approximately 91%. So, this
\\ mathematical model can be used for qualitative evaluation of the

759 \ 3 performance characteristics of adsorptive regenerators in
70 , , i 4 ventilation systems. An adsorptive regenerator is proposed to
o 5 10 L 20 apply for the heating of the inflow air in the conditions of a typi-

T, min.
Fig. 4. Temperature efficiency coeffi-
cient (a) and maximal adsorption time (b)
vs. air-flow rate.

cal three-room apartment with electric cookers, a total area of
103 m?, a height of 2.5 meters. According to the results of the
calculation by the Sanitary Regulations 2.04.05-91, the thermal
load for heating the supply air is about 327.9 MJ per a day.

As an adsorptive material, the composite containing 20% sili-
ca gel and 80% sodium sulfate is suggested to use. The weight of the sorbent corresponding to the thermal load
is estimated at 94 kg and the volume is 0.130 m>. Thus, it will be an optimal option to install in the scheme of 3-
bedroom apartments four adsorptive regenerators. Then, the mass of the sorbent on the regenerator is 24 kg. The
results of the calculations are presented in Fig. 4 and 5. Under typical living conditions, the temperatures on the
warm and cold ends of the regenerator are observed to be periodically changed. Moreover, with a decrease in the
time of switching (change of direction) flows, there is a significant decrease in the amplitude of the dependencies
of temperature vs. switching time, both on the warm and the cold ends of the device. This resulted in the increase
of the efficiency coefficient (Fig. 4). The time to reach maximal adsorption from the time of switching flows
occurs to be almost independent. More significantly, it is affected by the speed of the flow of humid air, which is
resulted from the amount of air supplied. When the speed of the flow of humid air decreased from 0.52 to 0.22
m/s, maximal adsorption time is observed to increase from 25 to 135 hours.
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Fig. 5. Temperature efficiency coefficient vs. flows switching time and temperature of external air (a)
and temperatures of inside air (b).

The maximum values of the 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 of about 5 — 10 min. Also, the performance of the heat accumula-
tion device is influenced by meteorological conditions, that is, the temperature of the outside air (Fig. 5a), with
the increase of which the temperature efficiency coefficient of the regenerator increases. The temperature of the
external air appeared to be almost unaffected by the time to reach maximal adsorption. Decrease in the space air
temperatures results in the increase in the temperature efficiency coefficient (Fig. 5b).

Conclusions

The research of processes of operation of the ventilation system on the basis of adsorptive regenerator of heat
and moisture was conducted. The method of determination of the main performance characteristics of the ad-
sorptive regenerator in the conditions of the ventilation system in the residential premises is developed.

1. The dependence of the value of the temperature coefficient of useful efficiency on the velocity of the
steam-air flow and the time of switching flows is shown. The maximum values of the efficiency coefficients are
observed at the velocity of the flow of moist air of 0.22 — 0.32 m/s and the time of switching the flows about 5 —
10 minutes.

2. The dependence of the temperature efficiency coefficient on the temperature of the external and internal
air is established. The growth of the efficiency coefficient is shown when the temperature of the outside air in-
creases from-25°to -3 ° C.
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BAKYYMHI MIKPOXBHJIbOBI TEXHOT'II TP BUPOGHUIITBI
®ITONPEITAPATIB 3 IIVIOAIB HIUITHINMHA

Jlesrpuncbka 10.0., K.T.H., acucuteHT, Aibxypi IOced, acnipanr,
Toainceka S1.A., acucrent, Tep3sies C.I'., n.T.H.
Onecbka HalliOHAJIbHA aKa/leMisi XapyoBHUX TexHoJoriil, M. Oxeca

Anomauin. Y oaniti cmammi npedcmasgieHo pe3yibmamu 00CIi0NCEeHb NPOYecié eKCmpazy8aHHs Y MiKpoX-
BUILOBOMY NOJL 8 YMOBAX 3HUdCEH020 mucky. 06’ ekmom 00cnioxiceHb 00pano nioou Wunwunu — dazami Ha
mepmonabinonuti gimamin C. Ilpu excmpazyeanni y cmeopenomy 3pasky eKkcmpakxmopa memnepamypu ne nepe-
suwgyroms 50 °C. 3a maxux memnepamyp 30epicacmocs Oinvwe simaminy C, kpawe 30epicaemvcs Koaip ma
cmax. Tlposedeni nabopamopni docniodicenss niomeepoxicyioms nioguwenutl emicm gimaminy Cy excmpaxmi. ¥V
NOPIGHAHHI 3 MEXHONO02IAMU, AKI 3apa3 3acmMOCOBYIOMbCS HA PapMaye6muiHux niONpUEMCmeax npu 6UpoOHUY-
MGl eKCmpaxKmie WUNWUHY CMEOPEHi eKCmpaKmop ma GUNApHA YCMAHOEKA MAlomb psd nepesaz: npocmd
KOHCMPYKYis, Oesneunicmy, 3uudceni poooui memnepamypu, enepzemuuna egpekmugnicmo. 1iosuwenns suxooy
EeKCMPAaKMUGHUX PeUOBUH MOJICHA NOACHUMU OCOOIUSUM RPOMIKAHHAM RPOYECY 3d YMOE GNIUGY MIKPOXEUIbOBO-
20 NOJISL MA BUHUKHEHHIO A8UWa 6apooughysii, wo 3HauHo inmencupikye nepexio KOMNOHEeHMIG, Wo MICMAMbCA Y
Kaninapax 0o excmpaxkmy.

KatouoBi coBa: excTparyBaHHS, BHIIApOBYBaHHSA, (hiTompenaparw, MIKPOXBWJILOBE  TIOJIE,
KPIOKOHIIEHTpaT.

VACUUM MICROWAVE TECHNOLOGIES IN THE PRODUCTION OF
PHYTOPREPARATIONS FROM ROSE HIPS

Levtrynskaya J.O., PhD in Tech.Sci., assistant, Alhuri Usef, postgraduate student,
Golynskaya Ya.A., assistant, Terziev S.G., Dr. in Tech.Sci.
Odessa national academy of food technologies, Odessa, Ukraine

Abstract. In this paper are presents the results of studies of extraction processes in a microwave field under
conditions of reduced pressure. The object of research are the rose hips — rich in thermolabile vitamin C.
According to previous studies, under the action of the microwave field possible reach a significant
intensification of extraction processes. This is due to barodiffusion — a phenomenon that occurs in the capillaries
of plant material. These principles are the base for innovative facilities designed by our scientific group: a
microwave vacuum extractor and a microwave vacuum evaporator. During the sample treatment in an extractor,
the temperature does not exceed 50 °C. At these conditions saved more of vitamin C, color and taste are better
preserved. The laboratory researches confirm that the high content of vitamin C is present in the extract.
Compared to the technologies that are applied be pharmaceutical companies in the production of rose hips
extracts and evaporators, they have several advantages: simple design, safety, reduced working temperatures,
high energy efficiency, shortening of processes. With microwave extraction it is possible to obtain the extracts
that contain non-typical components for aqueous extracts precisely due to barodifusion. So, with the use of one
solvent, can be obtained a polyextract on the same installation. These technologies are actual in the first place
for the pharmaceutical industry and the market of health food products. The comparison of vacuum microwave
and cryoconcentration technologies are performed. It is wellknown that the best way to concentrate products
with high vitamin C content is cryoconcentration. Obtained in that research results indicate that the quality of
the extract produced in the vacuum microwave evaporator is similarly to cryoconcentrate.

Key words: extraction, evaporation, phytopreparations, microwave field, cryoconcentrate.
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