ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACKI

YJTTBIK FBUJIBIM AKAJJEMUACBIHBIH
K. U. CornaeB ateiHarsl Ka3ak yITTBIK TEXHUKAIBIK 3€PTTEY YHUBEPCUTETI

XABAPJJAPBLI

N3BECTUA NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES
PECITYBJIMKU KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN
Kazaxckuii HallMOHaJIBHBIN NCCIIE0BATENbCKHIM Kazakh national research technical university
texHuueckui yausepcureT uM. K. Y. Catnaesa named after K. I. Satpayev

I'EOJIOI'USA '’KOHE TEXHUKAJIBIK I'bIJIBIMJIAP
CEPUSACHI

¢

CEPUA

I'EOJOI'MN U TEXHUYECKHUX HAYK

¢

SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

5 (431)

KBIPKYMEK — KA3AH 2018 .
CEHTSIBPh — OKTSIBPb 2018 r.
SEPTEMBER — OCTOBER 2018

KYPHAIJI 1940 XbIJIJAH IIBIFA BACTAFAH
KYPHAII UBAAETCA C 1940 r.
THE JOURNAL WAS FOUNDED IN 1940.

KBbUIBIHA 6 PET IIBIFAZIBI

BBIXOIUT 6 PA3 B TI'O/]
PUBLISHED 6 TIMES A YEAR

AJIMATBI, KP ¥FA AJIMATBI, HAH PK ALMATY, NAS RK



2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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DESIGNS OF DRYERS BASED ON COMBINATION
OF VACUUM AND ATMOSPHERIC DRYING OF FOOD PRODUCTS

Abstract. Among the advanced food dehydration technology, heat pump drying is characterized by the
simplicity of the dryer design and a high level of latent heat recovery. It has a number of advantages in relation to the
quality of dried products and regulation of drying modes, so it is advisable to include a heat pump in the design of
other dryers. The article deals with the method of vacuum-atmospheric drying of food products that are sensitive to
high temperatures. The vacuum-atmospheric method includes vacuum drying of the material to intermediate humi-
dity and atmospheric drying to the final moisture content. The principle of vacuum-atmospheric drying is based on
the use of a refrigerating machine in the design of the dryer as a low-potential source for the capture and conden-
sation of evaporating moisture vapor, as well as a high-potential resource-a heat pump. Three designs of vacuum-
atmospheric dryers are developed. The dryers consist of three main elements, as a unit of vacuum drying, a unit of
the heat pump and a unit of atmospheric final drying of thermolabile materials. The dryers consist of three main ele-
ments, such as a vacuum drying unit, a heat pump unit and an atmospheric drying unit for thermolabile materials.
Dryers are equipped with measuring devices for measuring temperature, pressure and speed. Optimum modes of
operation of vacuum-atmospheric drying of food products are developed. With a good quality of dried products, the
vacuum-atmospheric drying method of food products contributes to a reduction in energy consumption compared to
vacuum drying by 13-46%.

Keywords: drying, vacuum-atmospheric, dryer, food product, thermolabile, installation, Assembly, refrigera-
ting machine, drying, heat pump.

Introduction. The issue in developing of new and innovative drying techniques is still actual one [1, 2].
Main reasons to accelerate attempts for development of advanced drying techniques are: making the
process cost effective, reducing the energy consumption, intensifying the drying rates, improving the
quality of dried food products, increasing safety in operation and making the drying process easy to
control [3]. To some of advanced drying techniques may be related superheated steam drying, heat pump
drying, multi-stage drying, spray freeze drying, inert atmosphere drying, microwave assisted drying,
contact sorption drying and impinging stream drying [3].

Heat pump drying seems more efficient because of simplicity of design of dryer and high level of
latent heat recovery. Furthermore, it has such advantages as improved product quality; possibility of
variable temperatures and humidity for drying; excellent control of drying conditions; possibility of
recovery of volatiles; less shrinkage degree [3-5]. At heat pump drying specific moisture extraction rate
(SMER) is three times higher than hot air dryer [6], therefore it is expedient to incorporate heat pump in
designs of other dryers.

Food products having strongly limited diapasons of heat and humid modes of drying, i.e. thermo-
labile materials, apply as a rule, methods of vacuum and vacuum-sublimation drying which are the best
ways to dehydrate most of the food products [7]; however, they are associated with increased cost and
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cannot be applied for wide range of foods. As noted Woodroof J. G. and Luh, increased costs associated
with the manufacture, installation and maintenance of equipment [8].

At the same time, drying by a heat pump takes place at low temperatures (10-60°C). The heat pump
dryer is a further extension of the conventional convection dryer with an inbuilt refrigeration system [9].

During vacuum drying the product is exposed to vacuum and heat [9] treatment. Vacuum allows
moisture to evaporate at lower temperatures than atmospheric drying [10]. In addition, the low level of
oxygen in the atmosphere reduces the intensity of oxidative reactions during drying. As a result, the color,
texture and odor of the product dried by vacuum drying method are much better than the product dried by
atmospheric drying method. In some cases, the quality of the product is comparable to the quality of the
product after the vacuum sublimation drying. The pressure interval during vacuum drying is within 101-
0.6 kPa, at which heat transfer is carried out mainly by conductive method [11].

Baker [12] offered a “structural approach” for selection of dryer which is useful to take in mind at
construction of their designs. It includes the following steps:

— list all key process specifications;

— carry out preliminary selection;

— carry out bench scale tests including quality tests;

— make economic evaluation of alternatives;

— conduct pilot-scale trials;

— select most appropriate dryer types.

Methods. The method of vacuum-atmospheric drying of thermolabile material including vacuum
drying till intermediate humidity and atmospheric drying till final one provides both good food quality and
significant decreasing of energy consumption [13]. The principle of vacuum-atmospheric drying is based
on applying of refrigerating machine in a construction of dryer not only as low-potential source of heat for
trapping and condensation of evaporated moisture but also as high-potential one — heat pump.

Thus, final drying is carried out by air heated with heat of condensation of refrigerant agent that
allows decrease energy consumption for atmospheric drying and duration of vacuum drying.

Relying on the "structural approach" proposed by Baker [12], the development of schemes for
experimental installations was made taking into account the following requirements:

— an apparatus must implement developed method of vacuum-atmospheric drying of thermolabile
materials like dairy products, topinambour tubers etc.;

— an apparatus must provide supporting combination of vacuum and atmospheric drying of
thermolabile material;

— designs of an apparatus must provide supporting of chosen drying modes;

— meanings of pressure and temperature of medium at vacuum drying must be easily achieved at
industrial conditions;

— temperature and speed of drying agent at atmospheric drying must have parameters which
correspond to optimal working modes of heat pump which in a scheme of dryer.

In order to determine the economical drying mode, the energy costs for the removal of 1 kg of
moisture were calculated.

Power consumption was calculated taking into account the energy-consuming sources involved in the
entire drying process: electric heaters E;, vacuum pump E,, refrigeration compressor E. and blower of air
condenser Ey:

E=E,+E, +E +E. (1)

Analyzing this formula, it can be concluded that in vacuum drying, the energy costs for heating
electric heaters E;, the work of the vacuum pump E, and the refrigerating compressor E. were calculated,
and at atmospheric drying the energy was consumed only by the blower E,, .

Results.

1. Schemes of vacuum-atmospheric dryer. The elaborated scheme of experimental dryer includes
units of vacuum drying, heat pump and final atmospheric drying of thermolabile material.

Assignment of the vacuum drying unit is providing process of drying of foods into air-free space
from initial humidity of material till intermediate one. The heat pump unit is intended to supply an
atmospheric drying device by high-potential heat and provide a freeze-out device by low-potential heat.
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The unit of final atmospheric drying is assigned for implementation of dehydration of foods at
atmospheric pressure from intermediate humidity up to final one regulated by technical specifications for a
final product. According to the chosen scheme, three versions of experimental dryer were developed
which are shown on figures 1-3.

In all dryers the unit of vacuum drying includes vacuum chamber, vacuum pump and freeze-out
device which turn up an evaporator of refrigerant machine. Vacuum chamber is made in view cylinder
metal capacity by volume 6 dm’® with hermetically closed lid. Shelves with capacities for product are
installed into vacuum chamber. Necessary level of vacuum is created by vacuum pump VN-461, and
regulated by vacuum valve.

9 2

10
7 -
NONNNNN —

1m |/ 7 5

Figure 1 — Scheme of vacuum-atmospheric dryer with build-in evaporator:
1 — vacuum chamber; 2 — shelves; 3 — vacuum pump; 4 — evaporator; 5 — compressor; 6 — flow-regulating valve;
7 — axial blower; 8 — pipeline; 9 — device for final heat drying; 10 — condenser; 11 — blinds

%\

9
13 4/x

;

Figure 2 — Scheme of experimental vacuum-atmospheric dryer with two heat exchangers:
1 — vacuum chamber; 2, 30 — shelves; 3 — vacuum pump; 4 — regulating valve; 5 — refrigeration heat exchanger;
6 — liquid pump; 7 — evaporator of refrigeration machine; 8 — compressor of refrigeration machine; 9 — valve;
10 — capillary tube; 11 — filter-drier; 12 — condenser of refrigeration machine; 13 — condensate collector;
14 — indicating vacuum gauge; 15 — ionizing-thermocouple vacuum gage; 16 — electrical spirals; 17 — contact thermometer;
18 — regulating trigger; 19 — laboratory transformer; 20 — amperemeter; 21 — voltmeter; 22 — reducing transformer;
23 — resistance thermometer; 24 — multiple purpose meter; 25 — millivoltmeter; 26 — insulated can;
27 — positional cut-out switch; 28 — copper-constantan thermocouples; 29 — axial blower; 31 — blinds
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Figure 3 — Scheme of experimental vacuum-atmospheric dryer with one heat-exchanger:
1 — vacuum chamber; 2, 13 — shelves; 3 — vacuum pump; 4 — vacuum valve; 5 — evaporator; 6 — reciprocating compressor;
7 — flow-regulating valve; 8 — valve; 9 — air condenser; 10 — condensate collector; 11 — indicating vacuum gauge;
12 — ionizing-thermocouple vacuum gage; 14 — axial blower; 15 — louver nozzles; 16 — laboratory transformer;
17 — amperemeter; 18 — voltmeter; 19 — resistance thermometer; 20 — multiple purpose meter; 21 — millivoltmeter;
22 — insulated can; 23 — positional cut-out switch; 24 — copper-constantan thermocouples; 25 — baffles

The heat pump unit represents one-stage Freon refrigerating machine integrated into scheme of the
apparatus. It allows significantly decrease duration of dehydration and energy consumption due to parallel
implementation of processes of vacuum and atmospheric drying. Furthermore, incorporation of refti-
geration machine into scheme of dryer permits to lower loading on vacuum pump because of trapping and
condensation of water steam evaporated from surface of material into freeze-out device. Figure 1 shows a
scheme of dryer where freeze-out device or evaporator of refrigeration machine is located in top part of
vacuum chamber.

The unit of atmospheric drying includes device for final heat drying of thermolabile material,
condenser of refrigeration machine and axial blower. The device for final atmospheric heat drying is made
in view rectangular-sectioned carcass by working volume approximately 6 dm’. Capacities with drying
material are placed on mesh shelves. Condenser of refrigeration machine is assigned for heating of drying
agent, i.e. air. Drying agent is delivered by axial blower into device for final heat drying. Uniformity of
blowing of drying material is provided by regulation of position of blinds installed in low part of the
device.

Modes of vacuum-atmospheric drying of thermolabile material were determined on dryer shown in
figure 1. However, as experience shows, evaporator of refrigeration machine is essentially to locate
separately for better exploitation of working volume of vacuum chamber. For the purposes design of dryer
is altered to views shown in figures 2 and 3.

In the dryer (figure 3) steams of refrigerant agent are tightened in one-stage reciprocating compressor,
cooled and condensed into air condenser. Liquid refrigerant agent is restricted and evaporated partially at
passing through a flow-regulating valve and boils in an evaporator of refrigeration machine. The
evaporator is designed in view air-to-air heat exchanger. Inner tube of the heat exchanger is filled by heat
transfer medium. There is a coil pipe with circulated refrigerant agent into inner tube of the heat
exchanger. A mixture of water steam and air pumped out with vacuum pump is moved by counter-current
flow into annular space. A heat transfer medium takes away heat of evaporated water steam. In turn,
refrigerant agent accepts heat of evaporated water steam and boils; it proves condensation and freezing of
water steam. Baffles are installed on inner surface of external tube for long contact of water steam with
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cooled surface of inner tube. The heat exchanger is covered by foamed polyurethane for protecting from
heat infiltration. Frozen out moisture is defrosted and removed periodically from the evaporator through a
valve into a capacity.

In the vacuum chamber, in order to accurately supply heat to the dried material, under each shelf
mounted spiral electric heaters. Power of electrical heaters is regulated by laboratory transformer. The
distance between shelves is regulated by means of dismountable pillars with different heights.

Inside the device for final drying materials mesh shelves are installed. Warm air heated by the
condenser of the refrigerating machine is pumped into the lower part of the device with the help of an
axial blower. Regulation of the flow and speed of the pumped air is made with the help of louver nozzles.

The dryer is equipped by gauges for registration pressure, temperature and rate of air in the main
elements of the unit, as well as voltage and current consumed by the electrical devices of the unit.

The pressure in the vacuum drying chamber is measured by a rotary vacuum gauge VTP-160 or
ionization-thermocouple vacuum gauge. Measurement of current and voltage is carried out by turnout
amperes and voltmeters. The temperature of the medium in the chamber is measured by a wiry resistance
thermometer which sense element is platinum wire with a diameter of 5 micron. Multiple purpose meter
serves as secondary gauge for determination temperature into vacuum chamber. The temperature of
condensation and freezing of moisture and temperature of boiling of refrigerant agent into freeze-out
device are measured by the copper-constantan thermocouples layered in height of the heat exchanger. The
thermostatic ends of thermocouples are immersed in melting ice in a glass thermos. All thermocouples
through positional cut-out switch are plug in to digital millivoltmeter. The temperature of material during
drying is determined with thermocouples of the millivoltmeter.

The dryer shown in figure 2 allows more correctly regulate freezing-out temperature of evaporated
moisture due to integrated into scheme a refrigeration heat exchanger. Therefore, firstly optimal working
modes of refrigeration machine were determined on this dryer. Then the dryer was transformed to view
shown in figure 3. A difference of this dryer from previous one is elimination of heat leakage because of
incomplete recuperation of heat in refrigeration heat exchanger. It allows boosting working efficiency of
refrigeration machine, and correspondingly, heat pump.

2. Modes of vacuum-atmospheric drying. The studies were conducted to test the drying modes of
vacuum-atmospheric drier with a single heat exchanger. Taking in mind preservation of properties of
thermolabile material the following working modes of vacuum-atmospheric dryer are chosen:

— at vacuum drying an interval of pressure (2+10)Kpa, interval of temperature (35+60) °C;

— at atmospheric drying interval of temperature (36+40) °C; interval of air rate a (0,25+0,4) m/s.

In order to determine the energy efficiency of the process, energy costs were calculated for the
process of vacuum-atmospheric drying of tubers of topinambour, camel and mare's milk.

Figure 4 shows the dependence of power consumption on the drying mode during vacuum and
vacuum-atmospheric drying of crushed topinambour tubers in the form of cubes with a layer height of 20
mm. In these experiments, the material was dried from the initial humidity of 77 to the final one 9%.
Vacuum drying was carried out at the pressure of the medium 4, 6 and 8 kPa, and the heating temperatures
of 35, 45 and 55 °C. Atmospheric drying was carried out at a temperature of 40 °C, air speed of 0.40 m/s.
Material in a vacuum chamber was dried to critical moisture content, and then placed in a device for
atmospheric final drying. The critical moisture content determined experimentally was in the range of 30-
40%. It can be seen from figure 4 that at a heating temperature of 35 © C with an increase in the degree of
rarefaction of the medium from 8 to 4 kPa, with a vacuum and vacuum-atmospheric drying, the specific
energy consumption decreases by (10-11)%, and at a temperature of 45 °C only by (2, 5-3)%. At a
temperature of 55 °C in a given pressure range, an increase in the level of consumed electricity by
(4.7-8.6)% is observed.

The lowest power consumption is observed at an ambient temperature of 45 °C. As can be seen from
figure 4, at a medium pressure of 4 kPa and heating temperatures of 35 and 45 °C, the electricity con-
sumption for the removal of 1 kg of moisture from the material is almost the same and has a minimum
value. At a heating temperature of 45 °C, the change in the level of vacuum within (4-8) kPa has almost no
effect on the amount of electricity consumption. Based on the calculated data and analysis of the curves
shown in figure 4, in order to maximize energy consumption, it is most advisable to carry out the vacuum-
atmospheric drying process at a medium pressure of 4 kPa and a heating temperature of 45 °C at vacuum
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Figure 4 — Dependences of the electric power consumption on the drying mode at vacuum and vacuum-atmospheric drying
(the solid line — vacuum drying; the dashed line — vacuum-atmospheric drying)

drying, a temperature of 40 °C and an air speed of 0.40 m/s at atmospheric drying. The increased power
consumption at 35 °C is most likely due to the long duration of the process.

In general, the use of vacuum-atmospheric drying for crushed topinambour tubers in comparison with
vacuum allows reducing the energy consumption by approximately 13-14%.

Energy costs for vacuum and vacuum-atmospheric drying of camel and mare's milk are calculated
under the following regime parameters:

a) mode 1 - vacuum drying at a medium pressure of 10 kPa and a medium heating temperature of 40
°C with atmospheric drying at an air temperature of 36 °C;

b) mode 2 - vacuum drying at a medium pressure of 8kPa and a medium heating temperature of 45 °C
with atmospheric drying at an air temperature of 38 °C;

C) mode 3 - vacuum drying at a medium pressure of 6kPa and a medium heating temperature of
40 °C with atmospheric drying at an air temperature of 40 °C.

During vacuum-atmospheric drying, the material was dehydrated in the vacuum chamber for the first
half of the whole process, and the second half — in the device for atmospheric drying.

Table shows the data on energy consumption calculated for formula (1) for removing 1 kg of mois-
ture during vacuum and vacuum-atmospheric drying of camel and mare's milk.

As can be seen from the table 1, the largest energy costs are observed in vacuum drying and lies
within the limits of (1.966+2.738) kW for camel and (1.831+2.580) kW for mare's milk. Due to the use of
the waste heat of refrigerant condensation during atmospheric dehydration and reduction of the duration of
the vacuum drying under vacuum-atmospheric drying process, a significant reduction in energy costs is
observed. For vacuum-atmospheric drying, the reduction in energy consumption compared to vacuum
drying is (44+46)%, which is (1,102+1,489) kW for camel and (1,033+1,408) kW for mare's milk. This is
due to the fact that under vacuum-atmospheric drying, vacuum drying takes place only up to the middle of
the process, and at atmospheric drying, electric energy is consumed only by an axial blower which pumps
the air heated by the condenser.
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Data on energy consumption for the removal of 1 kg of moisture during vacuum

and vacuum-atmospheric drying of camel and mare's milk

The amount of energy spent on removing 1 kg of moisture, kW
The mode vacuum drying vacuum-atmospheric drying
camel milk mare's milk camel milk mare's milk
mode 1 2,365 2,352 1,310 1,304
mode 2 1,966 1,831 1,102 1,033
mode 3 2,738 2,580 1,489 1,408

From the point of view of the drying mode, it can be concluded that the lowest energy consumption is
observed at mode 3, regardless of the drying method. For vacuum drying, the medium pressure is 6 kPa
and the temperature of the heaters is 40 °C, and for vacuum-atmospheric — with the same vacuum drying
mode and atmospheric drying at an air temperature of 40 °C.

Thus, as shown by the results of experimental studies, the proposed method of vacuum-atmospheric
drying of camel and mare's milk allows to achieve an increase in the efficiency of drying of the material
by (44+46)% due to the parallel implementation of vacuum and atmospheric drying processes.

Discussion. The idea of combining vacuum drying with other methods is also proposed by other
scientists. Thus, hybrid drying is proposed, which includes the combination of vacuum drying with
traditional and novel methods of drying, such as drum, microwave, infrared, ohmic drying [11].

Interestingly, when using pulsating and constant microwave treatment during vacuum drying of tea
leaves, the energy consumption is higher in the first case [14]. This is due to the fact that constant
microwave processing provides a continuous supply of energy, so the amount of absorbed energy by the
dried product becomes larger, which leads to an increased rate of evaporation of moisture.

The essence of combining vacuum drying with atmospheric one is to include a heat pump in the
vacuum drying unit, which supplies heat to the process of atmospheric drying of the material and cold to
dehumidification process (freezing of moisture) during vacuum drying.

Experimental investigation of vacuum-atmospheric drying of solid-moist and liquid-viscous material
by the example of topinambour tubers, camel and mare's milk were conducted on the dryer. Optimal
meanings of intermediate humidity to which the material is dehydrated in vacuum chamber are defined:
for solid-moist material it is critical humidity characterizing finishing period of constant rate of drying; for
liquid-viscous material is intermediate humidity which is achieved at half drying time.

A good preservation of the biochemical composition of dried products and a reduction in the energy
consumption of vacuum-atmospheric drying as compared with the vacuum one by 13-46% are noted,
depending on the type of the material to be dried (solid or liquid). The results of studies of other scientists
confirm the lower energy costs when drying with a heat pump, which reach 60-80% [15]. At the same
time, the sensory characteristics of the product are perfectly preserved [16, 17, 18, 19]. Halawder at al
found that the drying heat pump retains not only the color, but also the rehydration ability of the dried
products [20]. Designs of the dryers are protected by patents of Republic of Kazakhstan [21-23].

Thus, the developed designs of dryers implementing methods of vacuum-atmospheric drying meet
the requirements for advanced drying technologies, which makes the process cost-effective and reduces
energy consumption.
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TAMAK OHIMJIEPIH BAKYYM/bBIK ’KOHE ATMOC®EPAJIBIK KEIITIPY HEI'I3IHAET'1
KENTIPTTIITEPAIH KOHCTPYKIUAJIAPBI

Annotanusi. Tamak eHIMAEPIH KYPFaTyIblH O3bIK TEXHOJIOTHSUIApHl apachlHAA JKbUTY COPFBICHIMEH KEITipy
KeNTIPriliTiH KapanaiblM KOHCTPYKIHMSACHIMEH JKOHE JKbUIYyIbl TYHBIK peKyIepalusulay/blH JKOFapbl JeHreiiMeH
epekmeneHeni. On KeNnTipiireH eHIMHIH calachlHa jKOHE KeNTipy peKUMICpiH peTTeyre KaThICTHI OipKaTap apTHIK-
IIBUIBIKTApFa M€, COHIBIKTAH XKBUTY COPFBICHIH 0acKa KeNTiprilTepIi KOHCTPYKIHACBIHA KOCY OpbIHABL. Makanana
KOFapbl TeMIlepaTypara ce3iMTall TamMakK OHIMJEPIH BaKyyMJbIK-aTMOC(HEpalbIK KENTipy OAiCi KapacThIpPbUIAJIbL.
Bakyymasik-aTMochepanblK ofic apaliblK bUIFAJABUIBIKKA JeHIH MaTepHaabl BaKyyMIBIK KENTipyIi )KOHE COHFBI
BUIFAIIIBUTBIKKA JIeHiH aTMOc(hepanblK KenTipyai KaMTH bl BakyyMIbIK-aTMOc(epasbiK KenTipy MPUHIMIIHIH Heri-
3iHe OyJIaHaThIH bUIFan OybIHIApBIH YCTay XKOHE KOHJEHCAlMsUIAy YIIIH TOMEH oJieyeTTi Ke3 peTiHje, CoHpaaii-ak
KOFapbl QJIEYyeTTI PeCypC-XKbUIy COPFBICHI PETiH/E TOHA3BITKBIII MalIWHAHBI KOJaHy jKaTaJbl. Bakyymuabl-aTMo-
cepanblK KeNTIPrilTepAiH Yl KYpbUIBIMBI d3ipiieHi. KenTiprimrep BakyyMABIK KeNTipy TOpaObl, KbUTYy COPFbI-
CBIHBIH TOPaObl JkKoHE TepMOJaOMIIb/lI MaTepHaiJapAblH aTMOC(epalblK KenTipy TopaObl CHUSKTHI YII HETI3ri 3je-
MEHTTeH Typazabl. Kenriprimrep TeMneparypassl, KbICBIM/IBI XKHE JKbIJIIAMJIBIKTHI OJIILIEHTIH OJIIey KypalaapbIMeH
KaOapIKTanFaH. TaraM eHIMIEpiH BaKyyMIBIK-aTMOC(EpalbIK KENTipy *XYMBICHIHBIH OHTAMIBI peXUMIEpl 93ip-
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nenni. Kenripinren eHiMHIH camacsl )kakchl OOJIFaH jKarnaiia TaMak eHIMIepiH BaKyyMIBIK-aTMOC(EPaBIK KeNTipy
971ici BaKyyMABIK KENITIpYMEH CaJbICTBIPFaH/Ia SHEPT U IBIFBIHBIH 13-46%-Fa TOMEHIETYTe BIKNAN €TEe/i.

Tyiiin ce3nep: KeNTipy, BaKyyMAbI-aTMOC(EPABIK, KENTIPTill, TaMaK ©HIMi, TepMOIaOWiIbli, KOHIBIPFBI, TO-
parl, TOHA3BITKBIII MalllMHa, KalTa KeNTipy, )KbUTYJIBIK COPAIlL.
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KOHCTPYKIIMHU CYIIUJIOK HA OCHOBE COBMEIIEHUS BAKYYMHOM
U ATMOC®EPHOI CYIIKHU IMMAIIEBBIX ITPOAYKTOB

AnHotanusi. Cpeny MepeloBbIX TEXHOJIOTMH 00€3BOXKHMBaHHS IHIIEBBIX HPOJYKTOB, CYIIKAa TEILUIOBBIM
HACOCOM OTJIMYAeTCs MPOCTOTONW KOHCTPYKIHMHU CYIIWJIKA M BBICOKUM YPOBHEM CKpBITOH pekynepaiun Teria. OHa
o0nasaeT psoM NPEUMYIIECTB B OTHOLICHUH KayecTBa CYLICHOW MPOIYKIHH U PEryJIHMPOBAHHS PEKHUMOB CYIIKH,
MO3TOMY LeJIECO00pa3HO BKJIIOUEHHE TEIJIOBOI'O HAcoca B KOHCTPYKLMH JPYIMX CYIIWIIOK. B crathe paccmart-
pHBaeTCs METO/ia BaKyyMHO-aTMOC(EPHOH CYIIKH MHUIIEBBIX MPOJIYKTOB, KOTOPbIE YYBCTBUTEIBHBI K BHICOKUM TEM-
neparypaMm. MeToJ] BaKyyMHO-aTMOC(EPHOI BKIIIOUAeT BaKyyMHYIO CyIIKY Marepuala 10 MPOMEXYyTOUYHOH BIax-
HOCTH M aTMOC(EpHYIO JOCYIIKY 10 KOHEYHOIo BJIarocojiepkaHus. B 0CHOBY mpuHIHMIIA BaKyyMHO-aTMOC(epHOH
CYIIKH TIOJIOXEHO NMPHUMEHEHHE XOJOAWIBHONW MAllMHBI B KOHCTPYKLUH CYIIMIKH KaK HU3KONOTEHINAIBHOTO HC-
TOYHMKA JJIsI yIABIUBAHUS M KOHJCHCAIIMU HCIAPSIONIMXCS MAapOB BJIATH, a TAKKE KAaK BBICOKOMOTCHIHAIBHOTO
pecypca — TemuoBOro Hacoca. Pa3paboTaHbl TpH KOHCTPYKIHMH BaKyyMHO-aTMOC(hepHBIX Cyinwmiok. Cyniku
COCTOSIT U3 TAKUX TPEX OCHOBHBIX AJIEMEHTOB, KaK y3€J BaKyyMHOW CYIIKH, Y3€J TEIUIOBOrO HACOCA U y3ell aTMO-
chepHO TOCYIIKHM TepMOJAOWIBHBIX MarepuanoB. Cymmikd oOOpYyIOBaHBI HW3MEPHUTENBHBIMUA HPUOOpaMHU IS
M3MEpeHUs] TEMIIEPaTyphl, IaBJICHHUS M CKOPOCTH. Pa3paboTaHbl ONTUMAaJbHbIE PEKHMBI PAOOTHI BaKyyMHO-aTMO-
chepHOil CyIIKU MUILEBBIX MPOAYKTOB. [Ip XopolieM KauecTBe CyLIeHOW MPOAYKIIMH METOJ BaKyyMHO-aTMochep-
HOM CYIIKH MHIIEBBIX HPOJYKTOB CIIOCOOCTBYET CHIIKCHHUIO SHEPro3aTpar 10 CPaBHEHHUIO C BaKyyMHOW CYIIKOW Ha
13-46%.

KaioueBble cioBa: cyiika, BaKyyMHO-aTMOC(HEPHBIH, CYIINIKA, UIIEBOW TPOJYKT, TEPMOIAOMUIBbHBIN, ycTa-
HOBKa, y3€ll, XOJIOWIbHAsl MallIiHa, JOCYIIKa, TEIIOBON HACOC.
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