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AHotaniss. HaBeneHo TOpIBHAIBHUN aHai3 TPaauIliiHUX METOJIB KOHIIEHTPYBAHHS Xap4YOBHX PO3YMHIB Ta
BUCBITJICHO 1X OCHOBHI TIepeBaru Ta HeJOJIKU. BuiineHa rosoBHa npoOsiemMa KIACHYHUX BHIAPHUX YCTaHOBOK, IO
MOB's3aHa 3 HEMOJKJIMBICTIO OTPUMAHHS BHCOKHX KOHIIGHTPalilf TOTOBOTO MPOXYKTY 4Yepe3 pi3ke MigBHIICHHS HOro
B'I3KOCTI 1 TeMIlepaTypu 3a JOMOMOIOK YTBOPEHHs MOorpanudHoro Imapy. ChopMyiapoBaHa HAyKOBO-TEXHIUHA
rimoTesa, 10 MPEACTaBIsIE MOXKIUBE PIMICHHS JaHOI PoOIeMH NUIIXOM 3a0e3nedeHHs 00'€MHOTO MiABEICHHS SHEePTii
0e3mocepeIHFO 10 BOJIOTH B MPOAYKTI. PO3risHyTO Termiohi3ndHy cXemy HpOILECiB BUIIAPIOBAHHS TPAJHIIHHUM Ta
IHHOBAIlifHUM MeTo#aMd. BunineHo iX NPUHOWNOBI BiIMIHHOCTI 1 OOIpyHTOBaHa aKTYalbHICTH PO3BHTKY
IHHOBAITIITHOTO MeTONIy BWIIApIOBaHHA. lIpeacraBieHa cxeMa iHHOBAIIMHOTO BHITAPHOTO amapary, SKHA IO3BOJIIE
OTPUMATH TOTOBHU TPOIYKT y TBEPAii (a3i 3 KiHIIEBOIO KOHIEHTpamiero 10 90 °brix Ta TOCTaTHHO BEITMKHM BMiCTOM
KOPHCHHX eJeMeHTiB. Ha mpukiani sOTydHOro COKY NPOBEICHI SKCHEPHMEHTH IO TOCTIKCHHIO BIUIMBY THCKY Ha
MapoIpOIyKTUBHICTh MIKPOXBHJILOBOTO BaKyyM-BUIApHOro anapary. Ha ocHOBI oTpumaHux naHuxX Oyiu moOynoBaHi
3aJIEXKHOCTI, SIKI CBIIYATh MPO MOCTIHHY MIBUAKICTH BUMAPOBYBAHHS NPOTAIOM YChOTO TPOLECY, aX J0 IOCSTHEHHS
koHieHTpaiiii 80-85 °brix. Temneparypa npoaykry He nepepuinyBaia 35-40 °C, 110 MOKe CBIAUUTH PO 30CPEIKCHHS
Horo BHCOKOi Xap4oBoi WIHHOCTI. BuineBkaszani JaHi MiATBEP/PKYIOTh CHOPMYJLOBAHY TilOTE3y NPO MOXKIMBICTH
Nepexo/ly B MpOILEeci BUIIAPIOBAHHS BiJ| TPAaHUYHUX YMOB 3-rO poAay J0 T'PaHHYHUX YMOB 2-TO POy 3a JOIOMOIOO
BUKOPHCTAaHHS MIKPOXBMIJIbOBOT eHeprii. Ha ocHOBI oTpuMaHMX pe3ysbTaTiB Oyjia BUBE/IEHA MOAENb B KpUTEpialbHIN
¢dopmi, O 103BOJISE 3 BHCOKOIO TOYHICTIO PO3paxyBaTH MPOAYKTHBHICTh MIKPOXBHIIBOBOTO BaKyyM-BHIIAPHOTO
amapaTy B IIEBHHUX Jialma30Hax YMCIia eHePreTHIHOI /il 1 OTpIMaHOTr0 6€3p03MipHOT0 KOMIUIEKCY.

Abstract. A comparative analysis of traditional methods for the food solutions concentration is given. The main
problem of classical evaporators is identified, which is associated with the impossibility of obtaining high
concentrations of the finished product due to a sharp increase in its viscosity and temperature through the formation of a
boundary layer. A scientific and technical hypothesis has been formulated, representing a possible solution to this
problem by providing a volume supply of energy directly to the moisture of the product. Thermophysical scheme of
evaporation processes by traditional and innovative methods is considered. Their fundamental differences are
highlighted and the relevance of the development of an innovative evaporation method is substantiated. The scheme of
the innovative evaporator is presented, which allows to obtain the finished product in the solid phase with a final
concentration of up to 90 °brix. By the example of apple juice, experiments were conducted to study the effect of
pressure of the electromagnetic field on the steam output of the apparatus. Dependencies that indicate a constant
evaporation rate throughout the entire process, up to a concentration of 80-85 °brix, were built. The product temperature
did not exceed 35-40 °C, which may indicate its high nutritional value. The above data confirm the formulated
hypothesis about the possibility of transition in the process of evaporation from the boundary conditions of the 3rd type
to the boundary conditions of the 2nd type by the using microwave energy. On the basis of the obtained results, a model
in the criterial form was obtained, which makes it possible to accurately calculate the performance of a microwave
vacuum evaporator in certain ranges of the number of energetic action and the obtained dimensionless complex.

Kur04oBi ciioBa: BUMapoOBYBaHHS, BAKYYM, MiKPOXBHIIHOBE TI0JIE, TPAHWYHI YMOBH, MOJICITIOBAHHS.
Key words: evaporation, vacuum, microwave field, boundary conditions, modeling.

1. Introduction.

The modern stage of human development is characterized by 3 fundamental problems: energy, ecology, food.
These problems are indicated in the global predictive model of the Club of Rome [1, 2]. The problem of food is
determined by the concept of functional nutrition [3, 4]. An important task in this concept is the safety of products [5],
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their high quality. Among the promising products a special place is given to juices [6]. The dynamic increase in the cost
of energy determines the interest in food concentrates. Concentrates of food solutions attract manufacturers by the fact
that they require lower costs during storage and transportation; have a longer shelf life [7]. However, the process of
dehydration solutions is energy-intensive. In addition, the dehydration process should not reduce the nutritional value of
the concentrate. The solution to the complex of these problems is relevant and requires serious scientific research [8].

2. Problem analysis and formulation of the scientific and technical hypothesis.

In the dehydration technique, three principles of moisture removal are used: membrane, evaporation and
cryoconcentration. Membrane technologies are becoming more common in the problems of desalination and wastewater
treatment [9]. Membrane technologies are not widely used for the concentration of juices and extracts. Evaporation
technologies have the greatest use for the concentration of food solutions [10]. This is explained by the fact that the
devices for evaporation are extremely simple, provide high performance [10]. However, the quality requirements of the
concentrate are constantly increasing. At the same time, the main problem of evaporators is that with an increase in the
concentration of the solution, its viscosity increases, the intensity of the solution circulation in the apparatus decreases,
the thermal resistance of the boundary layer and its temperature increase. No successful solutions to this problem were
found. In practice, there are limited to the final concentration value of the finished product (from 25 to 60%).

The high quality of the finished product is provided by cryoconcentration technologies [11], especially block
freezing [12]. At the same time, despite the energy characteristics and guarantees of high quality of the finished product,
cryoconcentration technologies are limited to final concentrations up to 50 °brix. Therefore, the task was posed to:
develop a technology for the concentration of food solutions, which, with high energy efficiency and preservation of the
product nutritional value, would provide higher values of final concentrations than traditional technologies.

The solution of the problem is based on the hypothesis: “the use of the innovative scheme of energy supply to the
food solution when changing the traditional scheme with BC of the 3rd type with BC of the 2rd type will allow a
volumetric supply of energy to the polar molecules, which will ensure almost complete removal of moisture from the
solution”.

Such principles successfully solve problems of drying [13- 15].

3. Innovative evaporation technology modeling.
Consider the fundamental differences between innovative, proposed ideas from traditional evaporators. (Fig. 1).

The solution and heating stream supply to the The solution supply to the apparatus and EMF
apparatus generator start
- L - L
Heat emission during steam condensation on the The interaction of EMF with polar molecules of the
evaporator wall solution
4 L J L
Thermal conductivity through the wall Dissipation of EMF energy into heat
1 1
= L 1
Boundary layer formation on the inner wall
yiay —- Steam outflow
- L < L
Increasing of the solution concentration and Almost stable steam productivity
growth of the thermal resistance of laver
-~ L b)

Heat transfer intensity reducing, the layer
temperature increasing

J C

Steam productivity reducing

a)
Figure 1. Thermophysical model of evaporation processes: a) — traditional technology; b) — innovative
technology

The proposed evaporation technology is fundamentally different from traditional solutions in that the “path” of
energy to water molecules is much simpler. (Fig. 1).
Thus, innovative technology is fundamentally different from the traditional:
1. The energy supply to the solution at the BC of the 3rd type is changed by the volumetric energy supply at
the BC of the 2nd type.
2. The address energy supply directly to the water molecules will allow: to organize a stable steam
productivity up to 5-10% moisture content in a solution with a simple process control scheme.
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The mathematical justification of the idea is considered by the authors in the publication [16]. The task is to prove
these hypotheses experimentally, to investigate the kinetics and energetics of innovative evaporation.

4. Discussion of experimental modeling results.

The specific tasks of experimental studies are formulated on the basis of the parametric model analysis.

The quality parameters are steam productivity and specific energy consumption for concentration of 1 kg of
product. Input parameters, in general, are the thermophysical properties of the solution, its consumption, initial and final
values of the solution concentration and temperature. The sets of parameters that characterize the design of the device
are taken into account: height, diameter and product volume. Important parameters are the nergy criteria of
electromagnetic generators: power and efficiency.

Complex experimental studies were conducted on the stand, described in [16].

The experiment tasks were:

1. Determine the effect of EMF power, pressure, concentration of the solution, its type, chamber loading
level on the steam outflow Kinetics.
2. Set the dependence of the steam generation rate on the input parameters.
3. Analyze the database of experimental data and present them as a model in generalized variables.
The research objects were water homogeneous and heterogeneous systems (Table 1).

Table 1
Experimental modeling range

. Pressure, Temperature, Concentration, %
Object Solvent MPa oC Power, W initial Final
Apple juice Water 0,01-0,02 35-60 200-900 11,6 45,8
Echinacea juice Water 0,01 35-40 200 13,5 36,3
Beet juice Water 0,01 35-40 200 12,2 81,3

Milk Water 0,01 35-40 200 12 29
Tomato paste Water 0,01 35-40 200 16 54,8
Oak Water 0,01 35-40 200 63 82,6
Sand Water 0,01 35-40 200 74,1 97,8

At the first stage of research, partial dependences of the input parameters influence on the amount of moisture
removed from the solution, the kinetics of the solution concentration growth, the process thermograms and the values of
the vaporization rate (Fig. 2-4) were built. The experiment results on the apple juice concentration are discussed below.

Pressure effect. The experiments were conducted at low pressures (Fig. 2) that is of practical interest for most
juices and extracts.
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Figure 2. The pressure effect on the temperature of the apple juice evaporation process
The results of the experiments (Fig. 2) allow to make three conclusions:
— the systems of energy supply to the solution and removing energy during condensation of the reheat steam
function in a coordinated manner - the evaporation temperature remains stable.
— the installation design meets all requirements for tightness, there is no leakage from the environment.
— the temperature levels of the evaporation process meet the technological regulations for the production of
high quality concentrate.
The next step in the research was to establish the pressure effect on the kinetics of the increase in solution
concentration (Fig. 3).
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Figure 3. The pressure effect on the kinetics of changes in the apple juice concentration

It is seen (Fig. 3) that at a pressure of 10 kPa, the intensity of the increase in the juice concentration is higher. The
difference in juice concentrations at a pressure in range of 10 kPa to 20 kPa reaches 15-20%.

The determining factor in the evaporation process is the steam productivity (W). The obtained values of the
condensate weight were information for determining the steam productivity and evaporation speed (Fig. 4). The
dependence is plotted across the entire range of obtained concentrations.

4
S i 5®%e o, oo e
)
g 3 —i——yg—a——
5 E Yy = |
5 25
=
Q
2 2
kS
2 1.5
2
L%' 1
0.5 | *10kPa M15kPa A20kPa }—
0 | |

0 20 40 60 80 100
Concentration X, %
Figure 4. The pressure effect on the apple juice evaporation speed

The decrease in pressure in the chamber leads to an increase in the evaporation speed. In the studied range, this
value reaches 20%.

General conclusions on the pressure effect are as follows:

— reducing the pressure in the evaporation chamber has a positive effect on all the characteristics of the
process: it lowers the temperature, increases the intensity of steam productivity, shortens the time and
increases the value of the final concentration.

— the investigated pressure range closes practical conditions of the developed apparatus.

The second factor that significantly determines the effectiveness of evaporation and makes it possible to control the
process is the power of the electromagnetic field.

Experimental data for all products are summarized and the model is obtained in the criteria form. The dependence
of the dimensionless steam productivity (W) on the number of energy action (Bu) and the group of parametric
dimensionless complexes (Q, P) is determined. These numbers of similarity and complexes have the form.
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N N P
Bu=—"—;Q=—"%X; P=—" 1)
We -1 Np R

where, W,, N¢, P. — current values of plant efficiency, power and pressure respectively;
Ny, Py — basic values of power (200 W) and pressure (0,01 MPa) respectively.
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Figure 5. Generalization of the experimental database

The sought criterial model is:

W
W =_°C-0575-Bu.Q0%. p058 2
W

b
where, W, — basic value of plant efficiency (1 g/sec).
The equation (2) is recommended for calculating the steam productivity of a microwave vacuum evaporator for
concentrating water-containing food structures in a wide range of concentrations, up to 85 °brix.

Conclusions.

The hypothesis about the possibility of organizing the evaporation process without traditional heat transfer has been
proved. The transition from the BC of the 3rd type to the BC of the 2nd type with the gradient-free supply of
electromagnetic energy provides conditions for obtaining high-quality concentrate. The possibility of obtaining
concentrates with 90 °brix (almost solid phase) in an evaporator is shown.
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Amnoraunis. [IpoBeneHi MOCHiKeHHS! BIAKPUBAIOTH MOBHY KapTHHY MNpoOJieM, IMOB’s3aHUX 3 (DYHKI[IOHYBaHHSIM
rOTEJIbHO-PECTOpaHHOr0 KoMmIuiekcy. OuiHeHo 0Oarato (akTopiB, SKi BIUIMBAIOTh Ha JOBKULIS Ta CIPHYHHSIOTH
JIOJTATKOBE HAaBaHTAXKCHHS Ha arMmocdepy, riapocdepy Ta mirochepy. s MOCTIIKYBAHOTO MiIIPUEMCTBA Oysa
copMoBaHa EKOJIOTIYHA MOJITUKA, BUKOPHCTAHHS SKOI JO3BOJWUTH 3HM3UTH HETAaTHBHUH BIUIMB IiJIPHEMCTBA.
[IpoanamnizoBaHO OIIHKY BIUIMBY TOTEIBHO-PECTOPAHHOTO KOMIUICKCY HAa HABKOJHIIHE CEPEIOBHINEC Ta BHCTaBICHO
OIIHKH 32 0aJpbHOI0 IIKANOI. 3a pe3yiabTaTaMH JOCTIIKCHHS 3pO0JICHO BHCHOBKH Ta HaJaHI PEeKOMEHMAIii, II0J0
TTOJTIMIIICHHSI PIBHS €KOJIOTTYHOT 0€3MEeKH TOTeILHO-PECTOPAHHOTO T AIPUEMCTRA.

Abstract. The conducted studies reveal a complete picture of the problems associated with the functioning of the
hotel and restaurant complex. Evaluated many factors that affect the environment and cause an additional load on the
atmosphere, the hydrosphere and the lithosphere. For the investigated enterprise environmental policy was formed, the
use of which would reduce the negative impact of the enterprise. The analysis of the impact of the hotel-restaurant
complex on the environment and the score-based assessment on the scale scale are analyzed. According to the results of
the study, conclusions and recommendations were made regarding the improvement of the environmental safety of
hotel and restaurant enterprises.

Kuiio4uoBi cjioBa: ekoyoriuHa MoNiTHKA, aHaTi3 KUTTEBoro 1ukiy, A,B,C-aHami3, eKOJOTIdHI acTIeKTH, MaTpPHIIi
Jleomonbna, eHeproe)eKTUBHICTD.

Keywords: environmental policy, life cycle analysis, A, B, C-analysis, environmental aspects, Leopold's matrices,
energy efficiency.

IMocranoBka mnpodaemu. [0TeIbHO-PECTOPAHHUN KOMIUIEKC € OCHOBHOIO CKJIAJIOBOIO TYPHUCTHYHOI Tairy3i
nepxau. OcoONMUBICTE opraHizamii poOOTH TOTEIBHO-PECTOPAHHOTO KOMIUIGKCY  — 16 BHCOKHH piBEeHBb
o0CITyroBYBaHHS BiJBiIyBadiB, OJHAK, (YHKI[IOHYBaHHS NaHHX KOMIUIEKCIB TOTpeOye BEIMUE3HUX EHEPreTUIHUX
BUTpAT Ta HECE CYTTEBUI HErAaTUBHUI BIIMB HA CTAH HaBKOJIMIIHBOTO cepenoBumia [1].

3 METOIO MiABUIIEHHS PIBHS SIKOCTI Ta KyJbTYPH OOCIyTrOBYBAaHHS, @ TAKOX KOHKYPEHTO3AaTHOCTI HAa CBITOBOMY
PHMHKY, MiANPHEMCTBA TOTEIHHO-PECTOPAHHOTO Oi3HECY MOBMHHI IPOMOHYBATH HE JIMIIE BHCOKHH piBeHb KOM(DOPTY,
ajie ¥ MUPOKHUH CHEKTpP MO0JATKOBHUX HOCHyr. /logaTKOBI MOCIyrH, MO iX HaAaloTh BITYU3HSHI TOTEIbHI MIANPUEMCTBA,
3a3BHyail, oTpeOy0Th 301IBIIEHHS BUTPAT EHEPreTHYHNUX pecypciB[2].

OpraHi3arlis TEXHOJIOTIYHOTO IPOIECY B PECTOpPaHi SK MiANPUEMCTBI BUPOOHUIITBA KyJIIHAPHOI MPOAYKIII Mpu
roTeli Mae psii 0cOONMBOCTEH, MOB'I3aHUX 31 creuudikoo podoru. Bona nossirae B noenHanHi GpyHkmii opranizanii
TEXHOJIOTIYHOTO IPOIIECY MPHUIOTYBaHHS KyJliHapHOI mpoaykuii Ta i1 peamizamii. IIpomykuis, sika BHITyCKa€eThCS
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