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Abstract. The aim of this work is the utilization of the secondary steam energy through its thermal
transformation in electrodynamic dehydrators developed by the authors. To achieve this goal, the use of
heat pumps is proposed. A hypothesis is formulated that the use of electromagnetic energy sources in
the process of removing moisture from food solutions, followed by the transformation of secondary
steam energy, will allow for the formation of reverse energy flows. A method for calculating energy
efficiency in the presence of direct and reverse flows is presented. Multistage dehydrators, where
electrodynamic systems are used at the final stage and heat pumps at the previous stages, are analyzed.
It is shown that the formation of reverse flows significantly increases the overall energy efficiency. The
use of an electrodynamic apparatus at the final stage solves the problems of obtaining a highly
concentrated quality solution. The application of heat pumps at the remaining stages allows for the
efficient use of secondary steam energy. The most significant result is the matching schemes of heat
pumps with the dehydrator and the environment. The importance of the work lies in the substantiation
and confirmation of the high energy efficiency of organizing reverse energy flows, and the proposed
installation with combined systems — electrodynamic and heat pump. By calculation, the modes have
been established in which the overall efficiency for two-stage apparatuses with heat pumps can be
increased from 0.4 to 0.6, and for four-stage dehydrators from 0.4 to 0.8.

Keywords: electrodynamic systems, heat pumps, energy efficiency, reverse flows of energy.

DOI: https://doi.org/10.52254/1857-0070.2024.3-63.07
UDC: 621.3: [66.047:621.577]
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Rezumat. Scopul lucrarii este de a utiliza energia secundard a aburului prin transformarea sa termica in
deshidratoare electrodinamice dezvoltate de autori. Pentru atingerea acestui scop, se propune utilizarea pompelor
de céldura. S-a formulat o ipoteza ca utilizarea surselor de energie electromagnetica in procesul de indepartare a
umiditatii din solutiile alimentare, urmata de transformarea energiei secundare a aburului, va permite formarea
fluxurilor de energie inversa. Este prezentata o metodologie de calcul al eficientei energetice in prezenta fluxurilor
directe si inverse. Se analizeaza deshidratoarele cu mai multe trepte, in care sistemele electrodinamice sunt utilizate
in ultima treapta, iar pompele de caldura sunt folosite in etapele anterioare. Se arata ca, datoritd formarii fluxurilor
inverse, eficienta energeticd finald este semnificativ crescutd. Utilizarea unui aparat electrodinamic in ultima
treapta rezolva problema obtinerii unei solutii foarte concentrate, de Tnalta calitate. Utilizarea pompelor de cédldura
in etapele rimase permite utilizarea eficienta a energiei aburului secundar. Rezultatul cel mai important il
reprezintd schemele de coordonare a pompelor de caldura cu deshidratorul si mediul. Semnificatia lucrarii consta
in faptul cd a fost fundamentatd si confirmata eficienta energeticad ridicata a organizarii fluxurilor de energie
inversd; a fost propusi o instalatie cu sisteme combinate — electrodinamica si pompa de caldura. Prin calcul s-au
stabilit moduri in care la aparatele cu doua trepte cu pompe de caldura randamentul final poate fi crescut de la 0,4
la 0,6, iar la deshidratatoarele cu patru trepte de 1a 0,4 1a 0,8.

Cuvinte-cheie: sisteme electrodinamice, pompe de caldurd, eficientd energetica, fluxuri inverse de energie.

©Burdo O.G., Terziev S.G., Sirotyuk 1.V.,
Slavinskaya V.A., Sit M.L.
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MHorocTyneH4aThblii 3J1eKTPOAUHAMMYECKHU 1eTHIPATOP ¢ TEIJIOBLIMH HACOCAMH
Bypno O.I'.}, Tepsuer C.I'.2, Cuporiok U.B.!, Ciagunckas B.A.Y, lllutr M.JL3
L Opecckuii HAITMOHANBHBIH TEXHOIOTHICCKHUI yauBepcuteT, Onecca, YkpanHa
JAO «ENNI FOODS», r. Ozecca, Ykpauna
SHucTutyT 3Hepretuku TexHuueckoro YHuBepcutera Moiossl, . Kumunes, Pecny6nuka Monaosa

Annomayus. Llensro paboTsI SIBISETCS YTHIIM3ALI S3HEPTHN BTOPUIHOTO 11apa ITyTeM €ro TepMOTpaHc(hOpMaIin
B Pa3pabOTaHHBIX aBTOPAaMH 3JIEKTPOJMHAMHYECKUX AeruapaTopax. I JOCTHXKEHHs IOCTaBICHHOW IIEIH
IpeaaraeTcs HCIOJBb30BAaHUE TEIUIOBBIX HacocoB. CdopMmynupoBaHa THIOTE3a, UYTO HPUMEHEHHE
31EeKTPOMArHUTHBIX HICTOUHUKOB YHEPTUHU B NIpOLecce YAaleHHs BIard U3 MUILEBBIX PaCTBOPOB, C MOCIEAYIOIIEH
TpaHcdopManei JHEPrUy BTOPUYHOTO Mapa Mo3BOJIUT chOpMUPOBATH PEBEPCHBIE TOTOKK YHEpruu. [IpuBenena
METOJIMKa pacyera OJHEpreTHueckoil 5((EeKTMBHOCTH MNpH HAIMYMU TPSMBIX W PEBEPCHBIX MOTOKOB.
AHanu3MpyOTCS MHOTOCTYIEHYATble JErMApaTopbl, y KOTOPBIX Ha IOCIEeNHEHl CTyNeHH HUCHOJIb3YITCS
JNEKTPOJMHAMHYECKUE CHCTEMBI, a TEIUIOBBIE HACOCHI — Ha MPEABIAYIINX CTyneHsx. Pa3paboraHa nporpamma
pacueTa U ONTHUMM3ALUU MHOTOCTYIEHYATHIX JETHIAPaTOPOB C TEIUIOBBIMU HacocaMu. IIpuBeneHBI pe3ysbTaThl
BBIYHCIIUTEIBHOTO SKCIIEPUMEHTA C IBYXCTYNEHIATHIM M YETBHIPEXCTYIIEHUAThIM JAeruapaTopamu. Ilokasano, 4to
3a cyer (popMHUpPOBaHHS PEBEPCHBIX IMOTOKOB 3HAYUTEIHHO IOBBIMIACTCS HTOTOBBIA »Heprermueckmii KIIJI.
OO6cyxIaroTcst BOIIPOCH! ONTHMH3ALUK CHCTEM C PEBEPCHBIMHU OTOKaMH. VcIionp30BaHNe HA TOCIIEAHEH CTyTICHH
3NEKTPOJMHAMHUYIECKOTO allapara pemaeT MpodIeMbl MOIYYEeHHs BHICOKOKOHLICHTPUPOBAHHOTO Ka4€CTBEHHOTO
pactBopa. IlpuMeHeHHEe Ha OCTAIBHBIX CTYIICHAX TEIUIOBBIX HACOCOB IO3BOJISAET 3((EKTHBHO HCIIOIL30BATH
SHEPTHUIO BTOPUYHOTO mapa. Hanbosee cymecTBEHHBIM Pe3yIbTaTOM SIBIISIIOTCS CXEMbI COTIIACOBAHMS TETIIOBBIX
HACOCOB C JIETUIPATOPOM M OKpYXKalolIed cpefoid. 3HaUuNMMOCTh PabOThI 3aKJII0YAETCsl B TOM, YTO 0OOCHOBAHO U
JIAHO TIOJITBEPIKACHHE BHICOKOH 3HEPreTHYecKoi 3((PEKTUBHOCTH OpraHM3allMi PEBEPCHBIX MOTOKOB JHEPIHH,
MpeajIoKEHa YCTaHOBKa C KOM6I/IHI/IpOBaHHLIMI/I CUCTEMAMU — DJICKTPOAMHAMHUYCCKUMU U TCIJIOHACOCHBIMU.
YcraHoBlIEHBI PCKUMBI 3KCIUTyaTallUd TAaKUX YCTAHOBOK M HUX ONTHUMHU3ALHU. OO00CHOBAHEBI PEKUMBI pa6OTI)I
JABYXCTYIICHYATBIX W YETBIPCXCTYNCHYATBIX KOM6I/IHI/IpOBaHHbIX QJICKTPOANMHAMHNYCCKUX W TCIJIOHACOCHBIX
cucreM. OmnpeneneHsl MyTH TOBBIICHHUS YHEpreTHdeckoil sddexTnBHOCTH. PacueTHBIM IyTeM yCTaHOBIICHBI
PEKUMBI, TIPH KOTOPBIX JUIA JBYXCTYNEHYATHIX ANNapaToB C TEIUIOBBIMH Hacocamu utorosbiid KIIJ[ moxHO
noBeIcuTsh ¢ 0,4 10 0,6, a 11 yeTblpexcTynenyaTsix aeruaparopos ¢ 0,4 1o 0,8.

Knrwouegvie cnoga:. >neKTpOANHAMHYCCKHE CHUCTEMBI, TEIUIOBBIE HACOCHI, 3HEProd((eKTHBHOCTH, PEBEPCHBIC
MIOTOKH SHEPTUH.

INTRODUCTION been actively conducted on the use of volumetric

The proceses of solion deaton are TUOY VP B e e
extensively used in the chemical, food, PUMPS.

pharmaceutical, and other industries. Dehydration Investigates 'ghe technical idea of combining
is carried out in various ways: mechanical, eIt_egtroc_jynamlc systems and heat pumps for the
thermal, and low-temperature. Mechanical utilization of secondary steam heat.

methods have the lowest energy consumption Problem Analysis and Formulation of the
because membrane technologies are not Scientific and Technical Hypothesis
associated with phase transition processes.
Converting the solvent into a solid phase
(concentration by freezing) requires less energy
than converting it into vapor, so evaporative
technologies are the most energy-intensive
dehydration systems. However, due to their
simplicity in design and operation, evaporative
apparatuses are the most widespread in
production. At the same time, the principle of
surface energy input in evaporative apparatuses
has a significant drawback for some solutions. As
the concentration of the solution increases,
viscosity rises, the intensity of solution circulation
decreases, the thickness of the boundary layer and
its thermal resistance grow, and a taste of boiling
and burning appears. In practice, this problem is
solved by limiting the final concentration of the
finished product. In recent years, research has

In the work [1], the influence of various
advanced dehydration methods using a heat pump
dryer on the drying efficiency and quality of dried
apples, bananas, grapes, marmalade, kiwi, and
pineapples is considered.

Heat pump dryers are used as one of the useful
and promising drying methods in the food
industry due to their low energy consumption and
costs, high coefficient of performance, high
energy efficiency, high drying efficiency, low
drying temperature and time, as well as reduced
quality loss of the dried products.

In the study [2], black grapes of the GP
Kalecik karas: variety with seeds were dried in a
closed-cycle heat pump dryer, designed for high-
moisture content products, to study the behavior
of grape pomace during drying. The influence of
drying air temperature on the bioactive properties
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and drying characteristics of winemaking by-
products, as well as a system performance, is
discussed.

In the study [3], a theoretical analysis and
experimental investigation of a low-temperature
sludge drying system using a heat pump is
conducted. Based on verified theoretical models,
a sensitivity analysis of evaporation temperature,
condensation temperature, and air mass flow rate
to the temperature and humidity of the air at the
exit of the drying chamber, drying rate, and
specific energy consumption (SEC) is performed.

In the work [4], a heat pump drying installation
was studied in terms of system performance and
energy efficiency when drying Kemer eggplants
(Solanum melongena L.) at a constant air
temperature and various operating conditions.

In the study [5], a simulation hydrodynamic
model based on the experimental investigation of
drying amaranth leaves in an optimized heat
pump drying installation was developed. The
distribution of the liquid area and the influence of
various conditions on heat and mass transfer were
investigated.

In the study [6], a hybrid drying system was
developed, combining all the advantages of
various drying methods. The aim of this study is
to compare the experimental results of a heat
pump drying installation and a heat pump drying
installation with infrared radiation, determine the
energy and exergy efficiency of the dryers, and
analyze the drying kinetics of grated carrots to
observe the efficiency of the drying installations.

In the work [7], a heat pump drying installation
optimized from various configurations using
computational fluid dynamics software was
manufactured and tested. The experimental study
was conducted in the optimized configuration for
a temperature range of 50 to 60°C, a relative
humidity range of 20 to 12%, and air speeds of
1.41 m/s, 2.39 m/s, and 3.24 m/s.

The resolution of the contradictions of
traditional evaporative apparatuses is based on the
scientific and technical hypothesis: "the use of
electrodynamic systems with volumetric energy
input at the final dehydration stage, followed by
the utilization of secondary steam energy in a heat
pump cycle for dehydration at the initial stages,
will allow the production of additional hydrolate
solution with significant energy savings."

Based on the formulated scientific and
technical hypothesis, a schematic diagram of a
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two-stage electrodynamic dehydrator with a heat
pump has been developed.

At the final stage, an electromagnetic energy
flow N is generated by electrical energy, which
interacts with polar molecules of the solution,
converting them into vapor (Fig. 1). As a result,
the solution concentration (X ) increases, and

the finished product (M) is discharged from the
unit.

The secondary steam enters the

(W)
evaporator (Ev) of the heat pump, condenses, and
is discharged from the unit as a stream of
hydrolate (G, ).

The condensation energy is transferred to the
working fluid (G ) of the heat pump and, with the

help of the compressor (Comp), is transformed to

a higher temperature level. This allows the
condenser (Cd) of the heat pump to evaporate the

raw material, the consumption of which (Gg) and

the concentration (Xg).

Partially —dehydrated solution with a
concentration (X;) in quantity (G,) is fed into

the last stage.

The energy effect of the installation lies in the
ability to utilize the heat of the secondary steam,
i.e., the organization of a "reverse" flow, which
increases the energy efficiency.

In the case of "reverse" energy flows, the
efficiency of the reverse elements is calculated.

_ Qi

1
5, (1)

npi

The overall thermal performance of the system
is determined by:

3i1p+ZQPi n
n 29—' :Hﬂi +
T n=1

2.0

5 ©

Based on this hypothesis, calculations are
proposed to operate with the basic characteristics
of the energy source, such as fuel with a
combustion heat of 40 MJ/Kkg.

That is, 1 kilogram of oil equivalent (kg OE)
releases energy at 40 MJ/kg OE.
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Cd — condenser of heat pump, Ev — evaporator of heat pump, Comp — compressor, EV — expansion valve,
Ncomp — electric power of compressor, G¢ — coolant flow, ED — electrodynamic dehydrator, Ng — electric

power of ED, Gg — raw material flow, Xg — raw material concentration, G; — dehydrated solution flow,

X1 — dehydrated solution concentration, M — finished product flow, X — finished product concentration,

W;, W, — secondary vapor flow, t, — secondary vapor temperature, Gy; — hydrolat flow

Fig. 1. Principal scheme of double-stage electrodynamic dehydrator with heat pump.

To conduct an analysis of the considered
schemes, an indicator of fuel energy utilization
efficiency is introduced:

Gn
d=— 3
- ®)
where, b — 1 kg of fuel;, G — amount of

removed moisture, kg.

Based on this methodology, an analysis of a
two-stage electrodynamic dehydrator with a
reverse flow was conducted (Table 1). The energy
of the secondary steam from the last stage is used,
which is transformed to a higher temperature level
by a heat pump. This allows evaporation to occur

in the first stage using the recovered heat. The
heat pump's coefficient of thermal transformation
for the considered temperature ranges is expected
to be between 4 and 6.

Currently, a value of do = 6 kg w/kg OE has
been achieved in tests of drying apparatuses with
EMF. It has been visually observed that a steam-
water mixture exits the chamber. The apparatuses
operate in a barodiffusion mode, significantly
reducing energy consumption. It is realistically
achievable to reach values of do = 50 kg w/kg OE
with precise alignment of the EMF generator
power with the characteristics of the food raw
materials.

Table 1.
Comparison of energy efficiency indicators of various dehydration technologies.
Consumption per 1 kg of removed Capacity
Energy technology moisture -
of energy, of fuel, of direct of reverse Total
E, MJ do, 1 kg OE flows flows
Traditional drying 4—10 0,1—0,25 0,4—0,1 0 0,2
Drying in the EMF 3 0,15—0,25 0,5—0,8 0 0,4
Evap(_)ratlon +_ 36 . 0,3—0,4 0 0,3—0,4
traditional drying
Traditional evaporation 3 — 0,5 0 0,5
T\_No-stage dehydrator 15 o 0.4 0.2 0.6
with heat pump
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Based on the proposed hypothesis,
calculations are suggested to operate with the
basic characteristics of the energy source, for
example, fuel with a combustion heat of 40
MJ/Kg.

Using the proposed methodology, an
assessment of the energy efficiency of traditional
drying and evaporation technologies, as well as
the methods proposed by ONUT (Odesa National
University of Technology) for drying and
evaporation in an electromagnetic field, has been
conducted. The assessments indicate the energy
and economic advantages of the proposed
apparatuses. Naturally, the capital costs for the
design and manufacturing of such apparatuses

will be higher than for traditional constructions,
necessitating separate calculations.

Let's consider the dehydration kinetics in a
two-stage setup with a heat pump using the
following initial data. The solution type is
aqueous, pressure is 30 kPa, initial concentration
of the solution X, is 0.1, final concentration of

the product X, is 0.85, amount of finished
product M is 4 kg, electrical power of the 2nd
stage Ng is 2 kW, product temperature at inlet
t, °C, evaporation temperature tg, °C, and the

2nd stage operates on a heat pump cycle (Figure
2).
The cycle time is assumed to be 7220 seconds.

0,90
0,80
0,70
0,60
0,50
0,40
0,30
0,20
0,10

Current concentration, X¢ g

—E—Qg kr
—>—14,5 xr

0,00

0 2000

4000

6000 8000 10000

Duration T, sec

Fig. 2. Dehydration Kkinetics in the 2-stage plant.

It is evident that in the 1st stage, 14.5 kg of
moisture  has been removed, with the
concentration increasing by 0.5%. In the 2nd
stage, 8 kg of moisture has been removed, and the
concentration has increased fourfold (from 0.2 to
0.8).

With an increase in the number of heat pump
stages, the energy efficiency of the installation
will improve. Let's conduct an analysis in a four-
stage installation with heat pumps using the
following initial data (Table 2).

Table 2.
Summary of initial data for the four-stage dehydrator with heat pumps.

No Parameter Dimension Value

1 | Pressure, P kPa 30

2 | Initial concentration of solution, X, — 0,1

3 | Final concentration of product, X — 0,85

4 | Mass of finished product, M kg 4

5 | Electric power of 4" stage, N kW 2

6 | Cycle duration, ¢ sec 7220
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The computational experiment was conducted
for an agueous solution.

Calculation Methodology. Useful energy is
considered the energy expended on the formation
of the vapor phase, the amount of which is
denoted as w. Here, W, =W, =W, =W, =W,
Thus, optimization is performed based on
parameter W . The amount of useful energy is
determined by the relationship:

Q =W-r (4)
where r is the heat of phase transition, in Joules

per kilogram (J/kg). The evaporation temperature
is the same in all stages, tg, , °C.

Calculation Methodology for the Fourth
Stage.

Let's consider the material and energy
balances of the reactor.
Gpyy Xpa, Iy
N, W,
M, X, 1y

Ng — electric power of ED, Ggs, Xg4, tgs —
flow, concentration and temperature of dehydrated
solution after 3" stage, M, Xg, tg — flow,
concentration and temperature of finished product,
W, — secondary vapor flow

Fig. 3. Reactor inlet and outlet streams.

Parameters: M, X, Ng are the initial data,

the temperature is determined by the pressure in
the reactor depending on the type of solution. The

amount of evaporated moisture W is calculated
according to equation (4), which, together with
Gga, IS the main result of the calculation of this

stage and the input parameters for the third stage.

Methodology for calculating the third stage.

Let's consider the material and energy
balances of the 3rd stage. The known parameters
of the 3rd stage are Gy;=Gg, and X3 = Xg,.
The parameters p, t, w, z remain constant.

Full material balance:

G5 =Cys+W (5)

Material balance for the target component:

GB3'X33 =GK3'XK3 (6)

Energy balance:

NComp y=W-r (7)

where  is the coefficient of thermal
transformation of the heat pump, which can vary
within the temperature ranges of the problem
from 410 6, Ncgy, is the power of the heat pump

compressor.
The parameters Gg; and Xg; are the main

results of this stage and input parameters for the
2nd stage. The physical schemes and
computational relationships for the 2nd and 1st
stages are similar to the 3rd stage when
corresponding indices are aligned. The peculiarity
of calculating the 1st stage lies in determining the
amount of initial solution G that corresponds to

the initial solution concentration value Xz (Fig.

2) and the established cycle time.
The estimations were conducted using the
following set of initial data (Table 3).

Summary of initial data for the calculation of a 4-stage electrodynamic heat pump dehydra:-(?rt.)le >
Ne | Parameter Value Ne Parameter Value
1 P, kPa 30 5 Xe 85
2 t,°C 20 6 N, , kW
3 M, kg 4 7 W, kg
4 Xc 0,1 8 v
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Cd — condenser of heat pump, Ev — evaporator of heat pump, Comp — compressor, EV — expansion valve,
NComp — electric power of compressor, G- — coolant flow, ED — electrodynamic dehydrator, Nz — electric

power of ED, GB3, Xpg3, tg3 — flow, concentration and temperature of dehydrated solution after 2" stage,
GKg, X3, tks — flow, concentration and temperature of dehydrated solution after 3 stage, M, Xg, tp —
flow, concentration and temperature of finished product, W3, W, — secondary vapor flow, t; — secondary
vapor temperature, Gy — hydrolat flow
Fig. 4. Physical model of the third stage.

An acceptable cycle time of 7=7200 sec \yas established for the initial data (Table 1). The
calculation results are presented in Table 4.

Table 4.
The results of the calculation for the four-stage microwave dehydrator with a heat pump.
Stage Input Output Input Output Input Output Input Output
G X G X G X G X G X G X G X M X
First 3210121016 — | —| —| —| —| —| —| —| —| — | — | —
Second | — | — | — | — 120|016 14 |023| — | — | — | — | — | — | — | —
Third - -] -] -] —|—|—]—1141023] 9 |036| — | — | — | —
Fourth - -1/ —|—|—]—]—1—1—19 /03| 4 |08
Table 5.
Initial data for calculation of four-stage dehydrator.
Vv, m? Vi, kg X, Xe W, kg/sec
0,009 9 0,36 0,8 0,00069 4" stage
0,014 14 0,23 0,36 0,00069 3" stage
0,02 20 0,161 0,23 0,00083 2" stage
0,032 32 0,1 0,161 0,0017 1% stage

Based on these initial data, a computational
experiment was conducted using a specialized
program.

As a result, material balances were
established: 32 kg of solution is required for the

1st stage, 20 kg for the 2nd stage, 14 kg for the
3rd stage, and 9 kg for the 4th stage. The kinetics
of current concentrations (Xcyg) in the four

stages are presented in Table 6.
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Table 6.
Dehydration kinetics in 4 stages.
Duration t, sec Xour Xour Xour Xour
4" stage 3 stage 2" stage 1% stage
10 0,36 0,23 0,16 0,10
1500 0,41 0,25 0,17 0,11
2500 0,45 0,26 0,18 0,12
3300 0,48 0,27 0,19 0,12
3800 0,51 0,28 0,19 0,13
4500 0,55 0,30 0,20 0,13
5100 0,59 0,31 0,20 0,14
6500 0,72 0,34 0,22 0,15
7000 0,78 0,35 0,23 0,16
7200 0,80 0,36 0,23 0,16
The kinetics is graphically represented in Fig. 5.
0,90
0,80
xg 0,70
£ 0,60 —B—9kr
E ox0 .
g 0,40 ——20r
% 0,30 —>¢—32 kr
§ 0,20 -
0,10
0,00 ‘ w !
0 2000 4000 6000 8000

Duration 1, sec

Fig. 5. Dehydration kinetics in the 4-stage plant.

The separate analysis of organizing direct and
reverse flows is of practical interest, independent
of primary fuel considerations. In this case,
energies of the secondary steam flows are
considered separately, along with the energy
consumption of compressors in the heat pump
stages 1, 2, and 3, and the energy consumption of
the electrodynamic dehydrator in stage 4 (Fig. 6).
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The scheme in Fig. 6 can also be implemented
with multiple evaporators and gas coolers and a
single compressor.

Further cooling of the working fluid streams
after the gas coolers is achieved by using two-
section gas coolers, where the second section is
designed as heat exchangers for ‘water-refrigerant'
and/or ‘air-refrigerant’.
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HP — heat pump, SF — direct flow, RF — reverse flow, W; =W, — secondary vapor flow

Fig. 6. Conversion of energy flows in the 4-stage plant.

Depending on the outside air temperature, the
refrigerant is cooled either by water or by air.

The developed program allows calculating any
combinations of electromagnetic and heat pump
systems.

However, questions of economic efficiency
require accounting for specific scientific and
technical contradictions.

On the one hand, the degree of increasing the
potential of the vapor flow is not so significant
and is not a problem for heat pumps.

On the other hand, the temperature level of the
secondary steam requires serious analysis when
assessing energy efficiency.

The reduction in temperature levels is ensured
by an intermediate circuit linking the dehydrator
and the evaporator of the heat pump EV (Fig. 7).
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Fig.7. Intermediate circuit diagram.
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Vacuum pump P2 supplies gas at a
temperature of 50—60°C to the heat exchanger
SC of the intermediate circuit, using water as the
heat carrier. VS expansion vessel. P1, pump.
Water at a temperature of 25—30°C enters the
evaporator. The heat power transferred by it is
regulated, to a limited extent, by changing the
performance of pump PLl. In a three-pump
scheme, the heat power transferred by the circuit
can be adjusted by changing the surface area of
the heat exchangers and adjusting the
performance of the pumps. To align temperature
levels, it is also possible to use an "air-steam" heat
exchanger to connect the evaporator and
dehydrator without using an intermediate circuit.
In heat pump schemes, it is advisable to use
carbon dioxide as a refrigerant.

In the article, calculations for two-stage and
four-stage cycles are based on the most tough
temperature regimes. Softening the regimes is
possible by reducing the pressure in the
dehydrator.

CONCLUSIONS

The combined use of -electromechanical
systems and heat pumps represents a new
technical solution in the advancement of
dehydration equipment. The effectiveness of this
approach arises from understanding the scientific-
technical contradiction that occurs from the
interaction of electromagnetic fields and heat
transformers. Formation of the reverse energy
flows can significantly enhance the overall energy
efficiency of the equipment. The paper presents a
methodology for calculating energy efficiency
considering the formation of such reverse flows.
The computational experiments have shown that
for two-stage units with heat pumps, the overall
efficiency can be increased from 0.4 to 0.6, and
for four-stage dehydrators from 0.4 to 0.8. These
results provide a basis for designing pilot-scale
multistage dehydrators incorporating
electrodynamical and heat pump systems.
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