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ABSTRACT

BACKGROUND: In the conditions of farms, there is a problem of neutralizing unpleasant odors during heat treatment
of secondary meat raw materials to preserve the consumer properties of protein feed at low operating costs.

AIM: Development of the device for heat treatment with disinfection and neutralization of the unpleasant odor of crushed
secondary meat raw materials with the integral effect of an ultra-high frequency electromagnetic field, a bactericidal flow
of UV rays and ozone in a continuous mode with electromagnetic safety ensured.

METHODS: The raw materials are the stomach chambers of ruminants. The basic idea, principle of operation and design
of the device are based on the propagation of microwave oscillations in a resonator with a spiral decelerating system.
The microwave device contains a non-ferromagnetic cylinder with a perforated lower base, a coaxially arranged non-
ferromagnetic spiral cylinder and an electrically driven fluoroplastic auger with a solid screw surface. The average perimeter
of the annular volume, between the cylinder and the spiral cylinder forming the coaxial resonator, and its height are multiples
of half-wavelength. Corona brushes are mounted to the annular base of the cylinder, under which electric gas discharge
lamps powered by 1 kHz frequency generators are radially located, and a ceramic annular spherical surface is located under
the lamps. Magnetrons are mounted along the perimeter of the outer cylinder with a shift of 120 degrees. The crackling is
removed using a pneumatic conveyor.

RESULTS: The feature of the coaxial resonator is that the inner core is formed as a spiral decelerating system. Therefore,
the intrinsic Q-factor of the resonator is high, about 115000, therefore, the expected thermal efficiency is 0.7-0.75. The factor
of dielectric losses of raw materials with a decrease in humidity from 76% to 30% is reduced by five times. Thus, while keeping
the electric stress at the level of 1.2-2 kV/cm, the electromagnetic field power dissipated in a unit of the volume of the crackling
decreases by five times, from 34 500 to 6800 W/cm?3.

CONCLUSIONS: A new design solution with a spiral coaxial resonator, the use of a ceramic reflector, and a number of physical
factors made it possible to develop the design of the operation chamber for the heat treatment of ruminant slaughter waste
with the neutralization of unpleasant odors with a capacity of 30—35 kg/h and specific energy costs of 0.16—0.19 kWh/kg.
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AHHOTALMA

06ocHoBaHMe. B ycnoBusx pepMepcKux Xo3aUCTB BO3HUKAET NpobnemMa HeMTpanu3aLmMm HenpuaTHBIX 3anaxoB Mpu TepMo-
06paboTke BTOPUYHOTO MAICHOTO Chipbsl 1S COXpaHEeHUs NoTpebUTeNIbCKUX CBOWCTB BENKOBOr0 KOPMa NMpu HU3KMX 3KCTNya-
TaLMOHHBIX 3aTpaTax.

Llenb paboTbl — pa3paboTka ycTaHOBKM 1Sl TepMO0OPaboTKM ¢ 00e33apaKMBaHUEM W HelTpanu3aLMen HeNPUATHOrO 3anaxa
M3MENbYEHHOr0 BTOPUYHOIO MSICHOTO Chipbsi KOMMJIEKCHBIM BO3AEACTBUEM 3NIEKTPOMArHUTHOMO MOMsA CBEPXBLICOKOW YacTo-
Tbl, baKTepUUMaHOro noToka YO nyyeit 1 030Ha B HEMPEPLIBHOM pPeXMMe ¢ 06ecneyeHneM 3NeKTpOMarHUTHoM 6e3onacHoCTy.
Martepuans u MeToabl. ChipbeM ABASKOTCA KaMepbl XKenyaKa XBauHbIX XUBOTHbIX. OCHOBHas uaes, NpUHLMN paboThbl U KOH-
CTPYKLMA YCTaHOBKM BasupyeTcsa Ha pacnpocTpaHenun CBY KonebaHwii B pe3oHaTope co CnvpanbHOW 3aMefnsoLien cu-
cteMoit. CBY ycTaHOBKa CoAepHMT B He(eppOMarHUTHOM LMIUHAPE C NephOpuMpOBaHHBIM HUXHWAM OCHOBaHWEM, COOCHO
PacnooXeHHbI HedepPPOMarHUTHBIN CNMpanbHbIA UWMIMHAP M 3EKTPONPMBOAHON (GTOPONNACTOBLIN LUHEK, CO Cr/IOLLHOM
BMHTOBOM MOBEPXHOCTbI0. CpeHWA NepuMeTp KofbLEeBoro 06beMa, Mexay LMAMHAPOM W CiupaibHbIM LMAMHAPOM, 0bpa-
3YI0LLIEro KoakcuanbHbIA pe3oHaTop, W ero BbiCOTa KpaTHbI NOJIOBUHE AfMHBI BOMHBI. K KOMbLLEBOMY OCHOBaHWMIO LMAMHApPa
YCTaHOBJIEHbI KOPOHMPYIOLLME LLETKW, MOA KOTOPbIMM pafiuaibHO pacronioxeHbl 3NeKTporasopaspsAaHbIe laMnbl, 3anuTaH-
Hble OT reHepaToOpoOB KUNOrepLIOBO YacToThl, a NOA NlaMmaMmu pacrofoxeHa KepaMuyeckas KonblieBas cepuyeckas no-
BEPXHOCTb. MarHeTpoHbl YCTaHOBEHbI N0 NEPUMETPY HApYHOr0 LMAMHApa co caBuroM Ha 120 rpapycos. LkBapa yoanset-
€A C NMOMOLLbI0 NHEBMOTpPaHCMNOpTEpa.

Pesynbtathl. OcobeHHOCTb KOAKCWaNbHOMO pe3oHaTtopa — 370 0bpasylollas BHYTPEHHero LMAMHApA, KoTopas npeacTas-
NeHa B BUAe CnuparbHOM 3aMepnsiollen cucteMbl. MoatoMy cobcTBeHHas Jo6poTHOCTL pe3oHaTopa BbICOKas, B Mpeaenax
115 000, cnepoBatensHo, Tepmudeckuid KM moxeT coctaButs 0,7-0,75. QaKTop AM3NEKTPUYECKUX NOTEPL ChIPbsi C YMeHb-
LweHneM BnaxHocTh ¢ 76 go 30% yMeHbLUaeTcs B NATb pa3. 3HAYUT, NpU COXPAHEHWUM HANPSXEHHOCTW 3NEKTPUYECKOrO NoNis
Ha ypoBHe 1,2—2 KB/cM, MOLLHOCTb 3NIEKTPOMArHUTHOTO Mofis, paccenBaeMas B efuHULe 00beMa LUKBapbl, YMEHbLLAETCA
B NATb pa3 ¢ 34 500 no 6800 Br/cm?.

3aksitoueHme. HoBoe KOHCTPYKTUBHOE peLLEHUE CO CMMPabHBIM KOAKCWaNbHBIM PE30HATOPOM U UCMOSb30BaHMEM KepaMu-
YECKOro OTpaKkaTesnsi, KoMrjeKkca ¢usnyeckux GaKTopoB MO3BOMNIO CO3AaTb KOHCTPYKUMW pabouen KaMepbl ans TepMo-
06paboTKM 0TXO0B Y00S5 KBAUHbIX KMBOTHBIX C HETPaNM3aLMEN HENPUATHOTO 3anaxa, Npon3soauTenbHocTbio 30—-35 Kr/y
W yaenbHbIMM 3HepreTuyeckum 3atparamu 0,16-0,19 KBT-u/kr.

KnioueBble cnoBa: 3N1eKTPOMarHUTHOE N0J1e; KOPOHUPYIOLLME LLETKM; 030H; KepaMUyecKasi MOBEpPXHOCTb; BaKTepULIMAHbII
MOTOK; BUHTOBOM LLHEK.
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BACKGROUND

Protein feed for animals is produced from meat waste
from animal slaughter, as approved by the veterinary
service for processing. In particular, these wastes include
the stomach chambers of ruminant animals (rumen,
honeycomb, manifold, and abomasum) as fat-containing
substandard raw materials. Technical fat and greaves
are strained from these wastes for animal feed [1, 2].
Therefore, devices that facilitate the direct contact of raw
materials with hot water or direct steam are used (p. 322
in the book [3]). Simultaneously, a long duration of contact
between raw materials and a high-temperature coolant
reduces the quality of fat and greaves.

A microwave installation with a biconical resonator
and packages of plates for heat treatment of confiscated
meat and bones is identified (patent No. 2803127 [4]).
Such an installation contains a vertically located biconical
nonferromagnetic resonator in the form of conical shells.
The outer and inner packages of fluoroplastic plates in
the form of truncated cones are coaxially located inside
the resonator. The internal package of plates is installed
on an electrically driven dielectric shaft with a spiral
dielectric screw in the lower conical shell. Other
microwave installations for heat treatment of raw meat
are also known [5-6]. Such installations can be used
to improve the processing quality of secondary meat raw
materials, but they do not neutralize the unpleasant odor.

The problem arises of neutralizing unpleasant odors
during heat treatment of secondary meat raw materials
to preserve the consumer properties of protein feed
at low operating costs [7]. In farm conditions, odor
neutralization during heat treatment of confiscated
products is an urgent task.

This work aimed to develop a multigenerator
radio-tight installation with a microwave energy
supply, a bactericidal flow of UV rays, and ozone into
a coaxial resonator for heat treatment with disinfection
and neutralization of the unpleasant odor of crushed
secondary meat raw materials in a continuous mode.

METHODS AND TOOLS OF RESEARCH

The stomach chambers of ruminant animals (rumen,
manifold, honeycomb, and abomasum) and other meat
waste are the crushed raw materials [8]. The main
idea, operating principle, and installation design are
based on the propagation of microwave oscillations in a
resonator with a spiral slow-wave system. The generatrix
of the inner cylinder is presented in the form of a spiral
when designing a coaxial resonator. The deceleration
coefficient of the system can be modified by varying
the ratio of the length of one turn of the spiral to its pitch,
and raw material particles can be passed between turns
into the annular volume of the resonator in a continuous
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mode due to centrifugal force for heat treatment in the
suspension state.

A microwave installation with a coaxial spiral resonator
for heat treatment of secondary meat raw materials
in a continuous mode (Fig. 1) contains a vertically
installed nonferromagnetic cylinder 2 with a perforated
lower base 7, a coaxially located nonferromagnetic spiral
cylinder 4, and an electrically driven fluoroplastic auger 5,
with a continuous helical surface and a fluoroplastic
shaft. Under the loading container, the first screw
of the auger comprises a nonferromagnetic material.
The side surface of coaxially located nonferromagnetic
and nonferromagnetic inner cylinders is represented
by a spiral of nonferromagnetic material (nonferromagnetic
spiral cylinder), forming a coaxial resonator 3 (annular
volume). The average perimeter of the annular volume and
the height of the coaxial resonator are multiples of half
the wavelength. A nonferromagnetic cylindrical storage
tank 8 with an inclined base containing an evanescent
waveguide 9 with a ball valve is attached to the lower
perforated base of the nonferromagnetic cylinder, and
a nonferromagnetic loading tank 1 with a valve is installed
on the upper nonferromagnetic annular base of the
nonferromagnetic cylinder. Nonferromagnetic corona
brushes 13 are installed on the inner side of the annular
base of the cylinder with a radial shift, under which electric
gas-discharge lamps 12 are radially located and powered
by kilohertz frequency generators located on the outside
of the lateral surface of the cylinder 2. Under the electric
gas-discharge lamps, a ceramic annular spherical surface
11 exists, demonstrating a larger diameter than that
of the outer cylinder by half the wavelength. From these
annular holes (a hole in the ceramic annular spherical
surface and an annular hole between the outer cylinder
and the ceramic surface), the bactericidal flow of UV
radiation spreads into the raw material, thereby remaining
in a suspended state. Waveguides with magnetrons 6 and
fans are installed along the perimeter of the cylinder
lateral surface with a shift of 120° and a shift in height.
A suction dielectric pipe 10 of the pneumatic conveyor,
which is covered with a mesh and has cells that are
smaller than greaves (5-6 mm), is found above the cylinder
perforated base 7. The continuation of the dielectric pipe
10 of the pneumatic conveyor behind cylinder 2 comprises
nonferromagnetic material.

Electric gas-discharge lamps for a bactericidal
flow of UV radiation can be connected to kilohertz
frequency generators, as in Ultraton (22 kHz) or in
d’'Arsonval (110 kHz) [9], or the lamps can light up due
to the electromagnetic radiation energy in the microwave
range. The temperature of the lamp bulb affects the
intensity of ultraviolet radiation; the maximum radiation
of the lamp corresponds to a temperature of its walls of
40 °C. In this case, the voltage across the lamp drops,
the current increases, and the lamp power maintains
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its value due to a change in the resistance of the
gas discharge. The lamp, together with the kilohertz
frequency generator, is an oscillatory circuit, and the
discharge that occurs in the lamp (with each change
in the current direction) is a source of electromagnetic
oscillations in the radio wave range. Electric gas-
discharge lamps (40 W) with a bactericidal flow of UV
radiation begin to exhibit corona and are accompanied by
long sparks when located at a distance of 0.5-1 cm from
the nonferromagnetic brush. Corona discharge occurs
in brushes with thin nonferromagnetic needles. The
area near the brush is characterized by higher values
of electric field intensity (less than 15 kV/cm), around
electric discharge lamps occurs a crown-shaped glow,
ionization process and ozonation of air occur.

In this case, the main operating factors are a

bactericidal flow, a sinusoidal current of the supersonic

]
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frequency, and a high-voltage (3.5 kV) corona discharge,
which ensures air ozonation and heat generation.
The presence of these factors in an ultrahigh frequency
electromagnetic field (2,450 MHz) provides a unique
bactericidal effect with disinfection and neutralization
of unpleasant odors during heat treatment of crushed
stomach chambers of ruminants.

The technological process of heat treatment,
disinfection, and neutralization of unpleasant odors of
secondary meat raw materials in a continuous mode
in @ microwave installation with a coaxial resonator is
described as follows: pre-crushed pieces of secondary
meat raw materials (chambers of ruminants, namely
rumen, honeycomb, manifold, and abomasum) are
loaded into a loading container 1 with the valve closed.
The kilohertz frequency generators are activated, after
which the electric gas-discharge lamps 12 light up and
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rtntrnl.rcntnlrppi ,/ :rnnrnn:rrurrtrl‘
\rrpprooeEcEoELot rrrttr(ctrr(rrur
:rrrN?[nr ¢ [rl" fl‘rrnrun

pouen ot ’ll'n ” lr:(
N":ﬂd‘? x\r "r: m g

Fig. 1. The microwave device for heat treatment of meat by-products and waste in a continuous mode: a) general view; b) general view
in section with positions; ¢) coaxial resonator in section; d) non-ferromagnetic spiral cylinder; ) ceramic annular spherical surface; f) non-
ferromagnetic corona brushes at the upper base of the cylinder; 7 — non-ferromagnetic loading tank; 2 — non-ferromagnetic cylinder with
a perforated lower base 7; 3 — non-ferromagnetic coaxial resonator; 4 — non-ferromagnetic spiral cylinder; 5 — fluoroplastic auger;
6 — air-cooled magnetrons; 8 — non-ferromagnetic storage tank; 9 — transcendental waveguide; 10 — dielectric tube of the pneumatic
conveyor; 11 — ceramic annular spherical surface; 12 — electric gas discharge lamps; 13 — non-ferromagnetic corona brushes.

Puc. 1. CBY ycraHoBKa Ans TepMoobpaboTKM BTOPUYHOIO MSICHOMO Chipbsi B HEMPEPBIBHOM pexuMe: a) 0bLumii Bug; b) oblumii B paspese
C NO3ULIMSAMM; C) KOaKCWanbHbIV pe3oHaTop B paspese; d) HedeppoMarHUTHBIA CIUpanbHbIi LMMHAD; e) KepaM1yeckas KonbLieBasi cdepu-
YecKas NoBEpXHOCT; f) HedheppOMarHUTHbIE KOPOHUPYIOLLME LLIETKW Ha BEPXHEM OCHOBaHWUM LIMIMHAPA; | — HedeppoMarHuTHas 3arpysou-
Has eMKOCTb; 2 — He(eppOMarHUTHLIA LWAMHAP C NepdopMPOBaHHBIM HUXHUM 0CHOBaHUEM 7; 3 — HedeppoMarHUTHbIA KoaKCHasbHbIN
pe3oHaTop; 4 — HedeppOMarHUTHbIA CIUPanbHbIA LMAMHAP; 5 — (TOPONNAcToBbIN LWHEK; 6 — MarHeTPOHbl BO3AYLLUHOM OXIaXAEHUS;
8 — HedeppoMarHUTHasH HaKOMUTENbHAA EMKOCTb; 9 — 3anpefenbHbIA BoNHOBOL; 10 — auaneKTpuyeckas Tpyba nHEBMOTpaHCMOpTepa;
11 — KepamuyecKas KombLieBas chepuyeckas NoBEpXHOCTb; 12 — aneKTporasopaspsaHble Namnbl; 13 — HedeppoMarHuUTHble KOPOHU-
pYIOLLIME LLIETKW.
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begin to exhibit corona on the nonferromagnetic brushes
13. Ozone is then released, ensuring sterilization
of the surfaces of all elements of the processing
chamber. Afterward, turning on the electric drive of
the fluoroplastic auger 5 and opening the valve in the
loading container are required. The crushed pieces
of secondary meat raw materials are then moved
downward using the solid screw surface of the auger,
and the magnetrons é with fans are activated. In the
annular volume, which is presented as a coaxial
resonator 3 between the nonferromagnetic cylinder 2
and the nonferromagnetic spiral cylinder 4, a uniform
superhigh frequency electromagnetic field (SHF EMF),
namely a traveling wave field, is excited. The SHF EMF
frequency is 2,450 MHz, the wavelength is 12.24 c¢m, the
depth of the wave penetration into the raw material is
1.7-2 cm, and the particle size of the finished greaves is
5—6 mm. Ceramic annular spherical surface 11 ensures
the concentration of SHF EMF energy in the annular
volume of the resonator and reduces radiation losses
due to their low dielectric losses (p. 360 in [10]).

In a coaxial resonator, the lateral surface of the
inner cylinder is presented in the form of a spiral with
a sufficiently large length of turn and a certain pitch
of turns, between which pre-crushed raw materials
that are smaller than the wave penetration depth pass
into the annular volume (in the coaxial resonator)
during fluoroplastic auger rotation due to centrifugal
force. The raw material particles in the ring resonator
remain in a suspended state and are uniformly heated
to 85 °C-95 °C due to polarization currents in the SHF
EMF and then disinfected [11]. The fat is melted and
flows through a perforated nonferromagnetic base 7 into
a nonferromagnetic storage tank 8 with an evanescent
waveguide 9, through which the liquid fraction can be
drained by opening the ball valve. When the fluoroplastic
auger 5 rotates, the greaves are discharged to the
periphery and side surface of the nonferromagnetic
cylinder due to the centrifugal force and are then sucked
in by the dielectric pipe 10 of the pneumatic conveyor
through a mesh, hindering the transport of unmelted
particles of raw materials.

The coaxial resonator should have an EMF, which is
excited in the form of oscillations HO11 and covering
a helical-shaped unit, to ensure the stability of the
operation of air-cooled magnetrons. Therefore, the side
surface of the inner cylinder is a spiral. A sinusoidal
type of vibration is realized in the turns when the spiral
is connected to the upper annular base and the lower
perforated base of the outer cylinder. The types of
oscillations in a coaxial resonator that differ from HO11
lag behind in frequency quite strongly and can thus be
effectively suppressed, ensuring the presence of only
sinusoidal oscillations in the interaction space (p. 192
in [12]). This suppression will substantially increase
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the power of the radiation flux in the coaxial resonator.
Simultaneously, the flow of radiation power passes
into the spiral cylinder through the interturn gap, which
comprises a fluoroplastic auger. The intrinsic quality
factor of the entire resonant system, i.e., the frequency
stability, increases due to the large volume of the
coaxial resonator with a small surface area (a spiral-
shaped surface). Interaction occurs in cases where the
frequency of the microwave wave coincides with or is
a multiple of the frequency of sinusoidal oscillations
in the spiral turns. Therefore, the microwave energy
of the traveling wave in the volume of the coaxial
resonator is enhanced by selecting the spiral pitch
and the length of one turn. The radio-tightness of
the installation is ensured by the nonferromagnetic
first screw (under the valve in the loading tank 1)
of the fluoroplastic auger 5, as well as the evanescent
waveguide in the storage tank 8.

Existing safety regulations indicate that operating
personnel should not be exposed to electromagnetic
radiation with an intensity greater than 10 pW/cmZ.

RESEARCH RESULTS
AND DISCUSSION

The low dependence of deceleration on the frequency
of the electromagnetic field is a unique feature of the
spiral deceleration system. Therefore, at a frequency
of 2,450 MHz, the possibility of using a spiral instead
of a generatrix of an internal cylinder, twisted similar
to a round cylinder of radius a with a constant pitch d,
is considered to amplify microwave energy in a coaxial
resonator. If the diameter of a nonferromagnetic wire
is smaller than the spiral diameter, then it can be
considered a cylinder with an infinite conductivity in
the direction of the spiral turns and equal to zero in the
perpendicular direction (p. 99 in [13]).

The deceleration (m) of the electromagnetic wave
in the longitudinal axis direction of the spiral z is
approximately equal to the ratio of the wavelength of the
spiral turn to its pitch (p. 16 in [14]):

me2-n-b/h=tgo, (M

where b is the radius of the spiral along the center
of the cross-section of the nonferromagnetic wire, cm;
h is the spiral pitch, cm; and ¢ is the angle between
the direction of the turns and the longitudinal axis
of the spiral z.

Inside and outside the spiral (i.e., in the annular
volume of the resonator), the longitudinal components
of the electric field strength individually change.

The intrinsic quality factor of the coaxial resonator
was calculated as the main indicator for efficiency
assessment. The CST Studio Suite program was used

17



118

ECONOMICS, ORGANIZATION
AND TECHNOLOGY OF MANUFACTURING

Fig. 2. Dimensions of the coaxial resonator: R = 30,6 cm;
r=92cm; h=765cm.
Puc. 2. PasMepbl KoakcuanbHOro pesoHatopa: R = 30,6 cm;
r=92c™; h=76,5cm.

to study the distribution of electric field strength
in a coaxial resonator with a spiral shell in the inner
cylinder [15]. The intrinsic quality factor was calculated
through the volume (¥, m3) and surface square
of the aluminum resonator walls (S, m?), considering the
thickness of the skin layer (A = 1,72 um) at a frequency
of 2,450 MHz and the features of the slot resonator
[14, 16]. The volume and surface square of the coaxial
resonator (Fig. 2) were calculated using the following
equations:
V. =mn-h-(R°—r’)=

coax

=3,14-76,5-(30,6° —9,2%)=204592 cm3, (2)

Seow =21 R-h+R* -k +7-h-k, | =

coax

=2-3,14-[30,6-76,5+30,62 -o,5+9,2-76,5-o,7] -
=20735 cm?, (3)

where £, is a coefficient that considers the reduction
in the surface area of the resonator due to the base
perforation (k, = 0,5), and %, is a coefficient that
considers the reduction in the surface of the inner
cylinder, made in the form of a spiral (k, = 0,7).

The intrinsic quality factor of a coaxial resonator is
calculated as follows:

2.V 2-0,204592
S-A 2,0735-1,72-10°
Calculation results revealed that the intrinsic quality

factor of a resonator of this design is within 115,000.
Therefore, the thermal efficiency can be 0.7-0.75.

0= =114732. (&)
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Changes in the dielectric parameters were
analyzed during heat treatment in an electromagnetic
field of ultrahigh frequency (Figs. 3, 4) to calculate
the electromagnetic field power (W/cm3) dissipated per
unit volume of raw materials in Eq. (5).

P=0,556-10"-k-E*- f, ()

where £ is the dielectric loss factor of the raw material;
E is electric field strength, V/cm; and f'is the frequency
of the electromagnetic field (2,450 x 106 Hz).

Analysis results of the dielectric characteristics
of raw meat at a frequency of 2,400 MHz reveal their
dependence on fat content (p. 67 [17]).

The dependences of dielectric constant (), dielectric
loss factor (k), and dielectric loss tangent (tgd) on
fat content (F %) of raw meat are described using
the following empirical equations:

g= 52,63.¢ 027,
k= 19,64.¢"0%F (6)
tgd= 0,37-¢ "7,

The decrease in dielectric characteristics with
increasing fat content in raw meat (Fig. 4) is due
to a reduction in moisture content. Melted fat flows
through the perforated base of the resonator during heat
treatment of raw materials, and the moisture content
of the greaves decreases. The dielectric characteristics
of the raw material then change depending on the
moisture content (Fig. 5).

The analysis results of the characteristics show that
the dielectric loss factor of the raw material (k) during
heat treatment (with a decrease in moisture content)
decreases five times, from 17.6 to 3.5. Therefore,
while maintaining the electric field strength at the level
of 1.2-2 kV/cm, the power of the electromagnetic field
(p. 259 in [18]), which is dissipated per unit volume
of greaves, decreases five times.

P=0,556-10"-k-E*- f =
=0,556-10"%-(17,6+3,5)-(1,2-10*)* - 2450-10° =

=34523,6+6865,5 W/cm’. -

Thus, the specific dielectric losses and the amount
of heat released per unit volume of raw materials
decrease from 34,500 W/cm? to 6,800 W/cm?,

The performance of the installation depends on the
number and power of magnetrons and electric gas-
discharge lamps and the power of kilohertz frequency
sources, as well as the type of fat-containing raw
materials. Table 1 presents the technical characteristics
of the installation.
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of 2450 MHz [17].

Puc. 4. [InaneKkTpudyecKkue xapaKTepuCTMKN MACHOTO ChIpbA B 3aBUCMMOCTM OT BRaHocTH npyu Temnepatype 20°C v yactote 2450 MIy [17].

Table 1. Technical specification of the centrifugal device
Tabnuua 1. TexHn4ecKMe XapaKTePUCTUKN LEHTPOOEIKHOI YCTaHOBKM

Name Parameters

Capacity, kg/h 30-35
Total power of the installation, kW 5,6
Specific energy costs, kWh/kg 0,16-0,19
Total power of microwave oscillators, kW 33

Fan power for cooling magnetrons, kW 0,45
Power of the kilohertz frequency generator, kW 0,45
Pneumatic pump power, kW 0,4
Power of screw screws, W 1,0
Diameter and height of the resonator, cm 61,2; 76,5
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CONCLUSIONS

Based on the results of a preliminary study
of the heating dynamics of finely ground raw materials,
thermal processing with fat melting with a productivity
of 30-35 kg/h can be realized using a microwave
generator power of 5.6 kW and a kilohertz generator
power of 0.45 kW with specific energy costs of 0.16—
0.19 kWh/kg.

New opportunities for improving the design and
technological parameters of a microwave installation
for thermal processing of secondary meat raw materials
were identified using modern software in modeling
the distribution of the electromagnetic field in such
a resonator design. The use of new material in the
form of a ceramic reflector; other physical factors,
such as corona discharge, providing ozonation and
a bactericidal flow of UV radiation; and new design
solutions enabled the creation of processing chamber
designs for heat treatment of ruminant slaughter waste
with neutralization of unpleasant odors, which are
considerably superior to their prototypes. This resonator
design can be classified as a metal-dielectric resonator.

The generatrix of the inner cylinder is presented
in the form of a spiral when designing a coaxial
resonator. The deceleration coefficient of the system
can be modified by varying the ratio of the length of one
turn of the spiral to its pitch, and raw material particles
can be passed between turns into the resonator annular
volume in a continuous mode due to centrifugal force
for thermal processing in suspension state.

The presented concept for the development of a
microwave unit with a non-standard resonator design,
which combines the functions of a spiral decelerating
system for the heat treatment of secondary meat raw
materials, will improve the process efficiency during
continuous operation.

The use of a microwave unit with a non-standard
coaxial resonator is recommended to ensure
electromagnetic safety without an additional shielding
housing in continuous mode in the slaughterhouses
of farms.

The assessment results of the effect of gas-
discharge lamps located in the electromagnetic field of
a microwave on the nutritional value of the product allow
us to determine the direction of research when studying
the action mechanisms of gas-discharge technologies.
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