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1 TamOOBCKMI TOCYIapCTBEHHBIN TEXHMYECKHH YHHBEpCHTET, yiI. CoBetckast, 106, r. Tam60B, 392000, Poccust

2 Anp-®ypar Anb-Aycar TeXHUUECKHI YHUBEPCUTET, TEXHHYECKUH KOUTeK Anb-Mycanb, baduis, Mpak

3 MuuypHHCKHI TOCYIapPCTBEHHBIN arpapHbIii YHUBEPCHTET, yiI. MHTepHamonanbHas, 101, r. Muaypunck, 393760, Poccus
AHHoTanus. Vcrons3oBaHue BaKyyMa HEOOXOAMMO A1 TAKKX MPOLECCOB, KaK JAera3aris 1 Je3010palys IpH epepaboTKe pacTUTENbHBIX
Maces1. BomokonsiieBbie Bakyymubie Hacockl (BBH) ucnonb3yrotes i 3Tux neneit 6iarogapsi HX CrocoOOHOCTH paboTaTh ¢ BIKHBIMU
razamMu. D(PEeKTUBHOCTB IpoIIecca Jera3aliy U Ae30J0paliH PA3IMIHbIX )KHIKOCTEH U PACTUTEIBHBIX Macel 3aBUCUT OT PEKHMOB TEILIO-
1 MaccooOMeHa B paboueM o0beMe BaKyyMHOTO HAacOCa, PABHOMEPHOCTH JABJICHUS OTKAYKU U CTETICHH BHYTPEHHETO CXKATHsI Ta30BOISTHOM
cMecH. YKa3zaHHBIE HENOCTaTKM KOHCTPYKIMH M PEKHMa palbOThl NMPHBOASAT K CHIDKeHHMIO ObictponeiictBusi BBH u mossmuennio
SHEPro3aTpar B IPOIIecce yIaIeH s BIark U PaCTBOPEHHBIX ra30B U3 Macell. [1oapoOHsIi aHATN3 STHX BOIPOCOB OTPAHUYEH, UTO CACP/KUBACT
Ppa3paboTKy TaKKX MAIIIHH, 0COOCHHO B M3MEHSIOIINXCS YCIOBHSX KCIUTyaTary. LIenpro JTaHHOTO McciieioBaHus SIBISIETCS IpeICTaBICHUE
HOBo#1 koHCTpyKImK BBH ¢ perynipyemMpiM HarHeTaTenbHbBIM OKHOM /TS TIOBBIICHHUS 00LIeH MPOM3BOUTEIEHOCTH BAKYyMHOM TEXHOJIOTUH
nepepaboTku Macen. VccienoBaHue OCHOBAHO HA OCHOBHBIX TPUHIUIAX TEPMOIUHAMUKH, MEXaHUKH KHUAKOCTH H Ta3a, KOHCTPYKTHBHBIX
xapakrepucrukax BBH u ycnoBusx npouecca BakyymupoBanus. Co3aaHbl MaTeMaTHYECKUE MOJIEIH, WILTIOCTPUPYIOLIYE B3aUMOecTBIe
TeroU3NIecKnX CBOMCTB paboueil >KMIAKOCTH W BCACBIBAEMOTO T'a3a, TAKMX Kak JaBJIeHHE, TeMIeparypa, pacxos, ObICTpoTa AEHCTBUS U
MOIIHOCTb CKaThsl. Pe3yIbraThl HCClenoBaHys ITOKa3allH, YTO HOBBIN PEeXXMM palOTHI CHIDKAET PacXof SHEpruu Ha cxarue Ha 10-15% u
MOIIHOCTG Ha Bay Ha 25%, IpH 3TOM OBICTpOTa AelicTBus yBenmumBaeTcst Ha 10% 1o cpaBHEHHIO ¢ OOBIMHOW KOHCTpYKIMEH Hacoca B
OINITUMAJIBHBIX YCIOBHAX. Pa3paboTaHa TEXHONOTHMYECKas CXEMa BOJIOKOJBIIEBOM BAKyyMHOW HACOCHOH YCTAHOBKH € HEOOXOIWMBIM
obopyznoBaHueM Ui 3G PEKTUBHON MepepabOTKH PaCTUTENBHBIX Macell. VICIonp30BaHne BAKYyMHOTO HAcOCa € PETyINPYEMbIM BaKyyMOM
ABISIETCA ()(PEKTUBHBIM METOJIOM B TEXHOJIOTMIECKHUX IpoIeccax padHHANNK U A€3010PHPOBAHMS PACTHTENIBHBIX Macel, MPUBOLIIINM K
CHIDKEHHIO SHEPro3arpar, COXPAHEHMIO OMOJIOTMYECKH aKTHBHBIX BEHIECTB M SIBISIOIIMMCS SKOJOTMYECKH O€30NacHBIM BapHAHTOM.
YpoBeHs BaKyyMma, TeMIeparypa pabodeil >KHAKOCTH 1 BCAChIBAEMOTO Ta3a, MOCTYTAOIIETO B HACOC, @ TAKXKE KOHCTPYKTHBHBIE TTAPAMETPEI
HMEIOT pellaolliee 3Ha4YeHHe B MpolLeccax yHAICHHs PAacTBOPEHHBIX Ta3oB, JIETYYMX COCIMHEHUH, CBOOOIHBIX JKHUPHBIX KUCIOT U
OJIOPUPYIOIINX BEIECTB MPH IPOU3BOJICTBE PACTUTEIBHBIX Macel. JKCHEepHMEHTaIbHAs TPOBEepKa MPEIIOKEeHHONH KOHCTPYKIMH Hacoca
PEKOMEH/TyeTCsl B Ka4eCTBE JANIbHEHIIIEr0 UCCIIeIOBaHHs C BO3MOXKHBIM PHMEHEHHEM B PA3JIMYHbIX IPOMBIIIICHHBIX IIPOYKTaX.

KnioueBble c10Ba: OXHOCTYNIEHYATHIH, BOJOKOJBIEBOH BAaKyyMHBIH HAcOC, PEryIHpyeMoe BHYTPEHHEe CXKaTHe, Aera3amus,
JIe30/10paIysl, paCTUTEIbHBIE Maca.
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Abstract. The use of a vacuum is essential for processes like degassing and deodorization in the processing of vegetable oils. Water ring
vacuum pumps (WRVP) are used for these purposes due to their ability to handle wet gases. The efficiency of the degassing and
deodorization process for various liquids and vegetable oils is influenced by the modes of heat and mass transfer within the working volume
of the vacuum pump, the uniformity of evacuation pressure, and the degree of internal compressing of the gas-water mixture. These
demerits in design and regime of operation result in reduced speed of action of the WRVP and increased energy consumption during the
moisture and dissolved gaseous removal process from oils. Detailed analysis of these issues is limited, which restricts the development of
these machines, particularly under varying operating conditions. This research aims to present a new design of a WRVP with regulation of
the discharge port to improve the overall performance of the vacuum technology for processing oils. The study was based on key principles
of thermodynamics, fluid mechanics, WRVP design characteristics, and evacuation process conditions. Mathematical models were created
to illustrate the interaction among the thermophysical properties of working fluid and suction gas, such as pressure, temperature, flow rate,
speed of action, and power of compression. The investigation's results showed that the new operation regime reduces compression power
consumption by 10-15% and shaft power by 25%, while increasing the speed of action by 10% compared to the pump's conventional
design under optimal conditions. A technological scheme of a water ring vacuum pump plant with the necessary equipment was developed
for the efficient processing of vegetable oils. The use of a vacuum pump with controlled vacuum is an effective method in the technological
processes of refining and deodorizing vegetable oils, leading to reduced energy costs, preserving biologically active substances, and
providing an environmentally friendly option. The vacuum level, working fluid, and suction gas temperatures entering the pump, along
with constructive parameters, are essential in the processes of removing dissolved gases, volatile compounds, free fatty acids, and odor-
causing substances during the production of vegetable oils. Experimental validation of the proposed pump design is recommended
as a future study, with potential applications to various industrial products.

Keywords: single-stage, water ring vacuum pump, adjustable internal compression, degassing, deodorization, vegetable oils.

Introduction Justify the application of a water ring vac-

Degassing and deodorizing are important uum pump with an adjustable degree of internal
steps in processing vegetable oils. These processes compression of the gas-vapor mixture for improving
help to ensure the oils stay stable, have a long shelf the energy efficiency and quality of vegetable oils.
life, and keep their flavor and aroma. Water ring Methods and materials
vacuum pumps (WRVP) are commonly used in in- o )
stallations that require a specific vacuum level. The well-known scientists are engaged in the
These types of vacuum pumps are widely used in technological processes and the associated equip-
various industries to create vacuum conditions for ment of producing vegetable oils: Ostrikov A.N.,
multiple purposes. WRVP provides several func- Kopylov M.V, Korea E.P., and Vasilenko V.N. [8].
tions, such as compression, creating a vacuum, and To investigate the mechanism of gas and liquid
pumping working fluids. These pumps are used for phase compression in the working chamber of the
several processes such as drying, evaporation, and WRVP, the foundational works of Rodionov Yu.V.
extraction in chemical and agricultural industrial and Nikitin D.V. were used [9, 10]. The work was
complexes [1]. The key advantages of these machines achieved at the FSBET HE “Tambov State Technical
are high reliability, durability, environmental friend- University” department of “Mechanics and Engi-
liness, low cost, and compliance with environmental neering Graphics” in the laboratory of the research
standards [2]. These machines are available in two and education center of TSTU-MichGAU “Ecotech-
categories: single-stage and two-stage. Single-stage nologies”. The quality analysis of vegetable oils was
is widely used for most technological processes [3]. carried out using the equipment of the Collective

Application of a WRVP for agrotechnologi- Use Center “Breeding of agricultural crops and
cal processes, such as drying of raw materials, technologies of production, storage and processing
evaporation of liquids, degassing and processing of of products for functional and therapeutic purposes”.

various food products, plays a vital role in developing

the quality of products [4-7]. Results and discussion

When using water ring vacuum pumps in the Regul_ation of the evgcuation process, the power
degassing and deodorize processes of vegetable oils, of compression, and reduction of action speed losses,
several problems arise. The classical WRVP is and energy costs a key challenges in utilizing the
characterized by a constant degree of compression WRVP for refining and deodorizing vegetable oils.
of the gas-liquid mixture. Unregulated compression A prototype of a new vacuum pump with a regula-
leads to inefficiencies, increased energy consump- tion of the discharge port (WRVP RDP), (Figure 1)
tion, and increased heat generation. The excessive was designed and fabricated, and tested to address
heat and pressure reduce the WRVP life cycle and the mentioned problems. The key design features
suboptimal oil quality. include: regulation of the degree of internal

Hence, the primary challenges include main- compression; elimination of the “harmful space” in
taining precise control over vacuum pressure, the dead zone of the working chamber; reducing the
temperatures, and the level of compression within influence of heat generation due to compression; and
the pump to ensure effective operation and the stable operation under conditions of vegetable oil
production of high-quality processing oils. degassing and deodorization.
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Dead zone

Pumped out gas

Pumped out gas

a 0
Figure 1. Design characteristics of the working cavity of
a WRVP: a) traditional design; 6) with automatic
adjustable of the discharge port: 1— suction port;
2 — fixed housing; 3 — discharge port; 4 — impeller;
5 — blades; 6 — working fluid

The proposed design features a vacuum
pump equipped with a controlled discharge window
(Figure 1b), which facilitates precise regulation of the
evacuation processes and degree of compression
necessary for the vegetable oil processing [11].
In this design, dynamic regulation of the discharge
port size is implemented using an automatically ad-
justable damper. The position of the discharge port,
labeled as 1, 2, and 3, varies depending on the
required operational regime of the degassing and
deodorization processes. The new design elimi-
nates the loss of action speed caused by the transfer
of gas phase from the discharge side to the suction
side through the “dead zone”. Control devices and
sensors were applied to adjust the regime of opera-
tion of WRVP in the processing of vegetable oils.
The new vacuum pump maintains the vacuum
pressure so that the liquid boils at a temperature
below the critical value of the biologically active
substances (BAS) of the vegetable oils.

The power (work) supplied to the pump
to move the vapor-gas phase (mixture) and remove
it from the vacuum pump during the thermodynamic
process of polytropic compression is expressed

as follows [9, 10]:
[%jn _1} (1)

where, P, is the suction pressure, kPa; is the dis-

Py By P o n
A=N, =|\V.dp=||=| .Vydp=—""-P,
A R el

charge pressure, kPa.; n, is the polytropy index;

V. is the volume of the suction cavity, m?; ¥, is the
volume of the discharge cavity, m>.
The polytrope index n,,, is taken within the limits,

n,. =1.02+1.05, and calculated using the formula [9]:
P
log| 4
°g[ P j

AN 2
-4 1-1o S
o8 F: £ Tmix
where, T

i 18 the temperature of the liquid-gas
mixture at the outlet, K.
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Power consumed during compression [4, 9]:
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where, S is the speed of action of WRVP, m¥/s; o’
is the coefficient that takes into account the reverse
flow of the gas phase during compression in the
working cell; = is the degree of compression in the
working volume of the WRVP [4]:

— PCO'“P — V:nax
})S Vmin
“)
’ Pd Vmax
T=—=—
})s V;nin

The dimensions of the discharge port and
the minimum cell are constant for a conventional
design of the WRVP. Therefore, the value
T = Viax / Vinin = Fmax / Fmin = const, and regardless
of the operating regime of degassing and deodori-
zation processes of vegetable oils, which leads to
increased energy consumption and lower product
quality. In the new design of the WRVP RDP,
the size of the discharge port can be adjusted for
a stable compression process in the working cell
of the pump [11]. In this case:

V. =var,F _=var,andr=V_/V =F _[F_ =var
assuming that:
(maye=1)/nave
p(z -1)= p, = const

The effective action speed (volume flow rate
of the suction side, productive, capacity) of WRVP
is one of the key indicators during the degassing
and deodorization of vegetable oils, and is calcu-
lated as follows:

Sact = S:h '?\’f (5)

where, S, is the actual speed of action, m?/s;

Sth

is the coefficient that refers to productivity losses that
occur during the operation of the vacuum pump.
The coefficient (4, ) depends on several fac-

tors, such as the properties of the working fluid, the
design of the pump, the operating conditions of the
agrotechnological processes, the composition of
the gas, the temperature, the stability of the liquid
ring and cavitation. The following dependence de-
termines this coefficient:
A =1=A, —A, -4, (6)
The coefficients 2,, %, , A, characterize the

losses of vacuum pump productivity due to gas flows
through the dead zone (harmful space), gas flows in
gaps and evaporation, respectively, and are calculated
by methods presented in the works [9, 10].

is the theoretical speed of action, m¥/s; A
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In the traditional design of the WRVP, at the
initial moment of the pumping, the process of gas
over compression occurs, due to which the effect
of “harmful volume” arises, reducing the value of the
speed of action. The new design regulates the flow
space (¢ = var ) of the compression cell and the dis-
charge port, thereby eliminating these losses A, =0.

Consequently, the coefficient for new
WRVP RDP is calculated as:
A =1-%, -2, (7)

During the operation of the WRVP in the
vegetable oil production line, heat and mass trans-
fer processes occur between the liquid and gas
phases. Consequently, liquid droplets undergo
evaporation into the functional volume of the
working cells, thereby diminishing the operational
efficiency. The following coefficient characterizes
these losses in action speed:

V., .z

evap *

(B, )by ®)

3

Where V.

evap
side the working cell, m®.

Reduction of the speed of action (capacity
of vacuum pump) caused by losses in gaps and heat
and mass transfer can be eliminated by application
the modification presented in patents [12, 13].

is the volume of evaporated liquid in-

'LO T T T T T T
N = WRVP
T —s— WEVPRDP| |
= 30t
w5t
= L
2 Wt
2 15+
2wt
2
3+
0 1 1 1 1 1
0 20 40 60 80 100
Pressure (kPa)
(a)
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The results of the theoretical calculations
(Figure 2) confirm that a WRVP RDP with an ad-
justable discharge window enables the optimiza-
tion of internal compression for the process. This
adjustment reduces the consumed compression
work by 10-15% at the optimal operating regime.

The experimental results (Figure 3a, b)
demonstrate that WRVP RDP reduces the power
consumption on the shaft by 25% and increases the
speed of action by 10% compared with the basic
design. The modified configuration of the proposed
vacuum pump offers an economical choice in veg-
etable oil deodorization and degassing.

0.9 T T T
0.8
0.7 |-
0.6 -
0.5

0.4+

03

Compression power, (Nmmp, kW)

02 B

0.1 B

0.0 . I . 1 . I . I . 1
0 20 40 60 80 100

Vacuum pressure (kPa)

Figure 2. Theoretical dependence of the compression
power vs the created vacuum

20 T T T T T

—s— WRVP
—s— WEVF RDP ]

18 |

16

Shaft pow er (kW)
s = = —
wa = [ i
T T T T
1 1 1 1

=
=S
T
.

(=]
(=]
[=]
e
(=]
3
w2
[=]
—
2

Pressure (kPa)

(b)

Figure 3. Experimental dependence: a) actual speed of action vs vacuum pressure; b) shaft power vs vacuum pressure

The vacuum technology is the main part of
the production plant of vegetable oils. The process
of removing dissolved gases, free fatty acids,
odor-causing substances, decolourization, and
deodorization from oils by the WRVP plant
involves a series of mechanisms.

16

The oil is provided to the degassing/deodor-
ization chamber, which has a special design.
WRVP (1) with automatic regulation of the dis-
charge port (8) creates of vacuum and generates an
environment of low pressure within the chamber
for oil thermal vacuum processing. The liquid ring
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inside the pump's working cavity compresses the
sucked gas while rotating in the compression zone.
The boiling point of dissolved gases is lowered
by the vacuum pump, which leads to evaporation
at a lower temperature, and it is pulled out of the
degassing chamber. Heating the oil to a given mod-
erate temperature leads to a further reduction in
viscosity and enhances the gas release process.
The gaseous and liquid phases are separated as they
exit the pump in the separator (5). Water as a work-
ing fluid is circulated, cooled (7), and supplied
to the pump. The control valve (2) is used to adjust
the appropriate amount of water needed to prevent
the overload heating and normal operation of the
vacuum pump. Heat exchanger apparatus (10)
serves as a pre-condensation and cooler of the suc-
tion gas vapor mixture to eliminate the overload
and cavitation inside the pump. Filters (11), (12)
are used to protect the pump and auxiliary equip-
ment, ensuring efficient removal of contaminants
and maintaining optimal pump operation.

Conclusions

The research findings indicated that the sug-
gested design of a WRVP featuring an adjustable
discharge port enhances the effectiveness of degas-
sing and deodorizing vegetable oils. Changing the
operating regime leads to a decrease in the power
consumption on the compression and the shaft

post@uestniR-vsuet.ru

Mixture of gas and
water vapor from
the degassing and P 1 - 10
deodorization /
chamber

Gas or steam
exhaust

Make-up water

N
)

7 4/

Figure 4. Technological scheme for an efficient WRVP plant
for vegetable oil degassing and deodorization: 1 — WRVP;
2 — hydrodynamic control valve; 3 — electric motor;
4 — circulation pump for additional water fluid; 5 — separator
of the gas-liquid phase; 6— water, 7— water cooler;
8 — device for automatic regulation of the discharge port;
9 — a hydrodynamic control valve for ensuring a constant
level of water in the separator; 10 — pre-condenser/cooler;
11 — vacuum filter; 12 — exhaust filter of vacuum pump

of the vacuum pump, and increases the action
speed by 15; 25 and 10% respectively, during
the evacuation process. This technology preserves
biologically active substances in oils, enhances
environmental friendliness in production, and
opens up new opportunities for various sectors
within the food industry.
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