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Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies 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 chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amoM UHOeKcuposaHUU Haxodumcsi 8 cmaduu paccMmompeHusi komnaHueli Clarivate
Analytics 0ns danbHeliweezo npuHsmusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4yecmso u
2nybuHy koHmeHma 0151 uccriedogamerel, asmopos, usddamersel u yuypexoeHul. BkrirodeHue Nagecmusi
HAH PK e Emerging Sources Citation Index OemoHcmpupyem Hawy MnpueepxeHHoCMb K Hauboriee
akmyasibHOMY U 8/IUSIMesIbHOMY KOHMEHMY Mo XUMUYEeCKUM Haykam O Hauleeo coobuecmea.
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INVESTIGATION OF VACUUM-ATMOSPHERIC DRYING
OF CAMEL AND MARE'S MILK

Abstract. The relevant problem of dehydration of dairy products is a subject of research in this issue. Camel
and mare's milk are of interest in this regard. Actually, for these products energy-intensive methods of vacuum and
vacuum-sublimation drying are usually used, that is explained by high preservation of biochemical composition of
dried materials. It causes the problem of further study and improvement of various aspects of drying processes. A
method of vacuum-atmospheric drying of camel and mare's milk is proposed, based on their dehydration in a drying
plant where these processes are carried out in a parallel way. Combining processes should be based on the selection
of modes of the above-mentioned drying methods. Experimental studies of vacuum-atmospheric drying of camel and
mare's milk depending on pressure and temperature of heating the medium in the vacuum chamber, as well as the
speed and temperature of drying agent in the device for atmospheric drying have been conducted. Empirical
equations allowing describing quite adequately processes of heat and mass transfer at vacuum-atmospheric drying of
dairy products are received.

Keywords: vacuum, drying, camel, mare, milk, method, atmospheric.

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, 4].
Particularly relevant in this aspect is solution of problem of dehydration of dairy products. Camel and
mare's milk are of interest in this regard. In practice, for these products energy-intensive methods of
vacuum and vacuum-sublimation drying are usually used, that is explained by high preservation of
biochemical composition of final product. It causes the problem of further study and improvement of
various aspects of drying processes. In the aspect of solving this problem, a method of vacuum-
atmospheric drying of camel and mare's milk is proposed, based on their dehydration in a drying plant in
which these processes are carried out in a parallel way.

The essence of the developed process of vacuum-atmospheric drying of liquid materials is consists of
combination into a single process of separate experimentally obtained processes of vacuum and
atmospheric drying. The developed method includes vacuum drying of milk to a certain intermediate
humidity and its atmospheric drying to the final humidity. In this case, the drying process is accelerated
due to the parallel implementation of vacuum and atmospheric drying processes. Since atmospheric drying
is carried out by using the condensation heat of the working substance of a refrigeration machine included
in the drying plant according to heat pump scheme. A moderate temperature difference is created,
equivalent to temperature head during vacuum drying. Also, by using condensation heat of refrigerant to
heat the dried material, a gentle mode of milk drying in the vacuum chamber is achieved. Drying of the
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material is carried out by air heated by waste heat of condensation of refrigerant, which saves the energy
of heating the drying agent.

The developed experimental drying plant implementing the developed method of vacuum-
atmospheric drying of dairy materials includes units of vacuum drying, heat pump and atmospheric drying
[5]. In the installation, the vacuum drying unit provides the drying process of materials in a rarefied
medium from the initial moisture content to the intermediate one. The heat pump unit provides high-
potential heat to the atmospheric drying unit and low-potential heat to the moisture defroster of the drying
unit. The unit of atmospheric drying of materials provides the process of atmospheric drying of
thermolabile materials from the intermediate humidity of the material to the final one, regulated by
technical requirements for the finished product.

Experimental methods

The study of vacuum and atmospheric drying processes in order to further combination them into a
single process of vacuum-atmospheric drying was carried out under the following conditions:

- vacuum drying: pressure of medium — (6+10) kPa; temperature of heating of medium - (35+45) °C;
height of dried layer is 0.01 m.

- atmospheric drying: drying agent temperature - (36+40) °C; drying agent velocity - (0,35+0,45) m/s.

Selection of temperature and pressure intervals during vacuum drying was substantiated by necessity
for maximum preservation of biochemical composition of investigated drying materials at a sufficiently
high intensity of drying process. The choice of temperature intervals and drying agent velocities during
atmospheric drying of materials was determined by the same reasons.

The necessary of combination and selection of optimal modes of vacuum and atmospheric drying was
carried out in such a way as to ensure a uniform character of the drying process of the material, which
would take place only in vacuum or only in atmospheric drying. In practice, the combination of drying
modes was carried out by studying the nature or kinetics of vacuum and atmospheric drying processes, the
selection of humidity and temperature of material in the process of dehydration, as well as selection of
material moisture to which it is advisable to carry out the vacuum drying process. Accordingly, when the
dried material reaches that humidity level, the process of atmospheric drying begins.

Processing of results of experimental studies of vacuum and atmospheric drying showed that for the
developed vacuum-atmospheric process it is recommended to combine the following drying modes:

- vacuum drying at pressure of medium 6 kPa and heating temperature of medium 40 °C with
atmospheric drying at air temperature 40 °C;

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

- vacuum drying at pressure medium 8 kPa and a heating temperature of medium 45 °C with
atmospheric drying at air temperature 38°C.

Under these conditions, there is not only a high intensity of the drying process, but also the absence of
kick of milk from a container. Also, the optimal velocity of the drying agent in the atmospheric drying
device was determined experimentally, which was equal to 0.35 m/s at heating temperatures (36+40) °C.

Experimental studies of vacuum-atmospheric drying of camel and mare's milk depending on pressure
and temperature of heating the medium in the vacuum chamber, as well as the velocity and temperature of
drying agent in the device of atmospheric drying have been conducted. As it known, drying is a complex
operation involving simultaneous heat and mass transfer processes [3].The results of experimental studies,
processed in the form of heat and mass transfer coefficients for camel and mare’s milk are shown in
figures 1-4.

Results and discussions

The figure 1 shows that when the heating temperature of medium increases from 35 to 45 °C, the
values of heat transfer coefficients increase by 11.4+14.2 %. At the heating temperature of vacuumed
medium 45 °C with a deepening of rarefaction of medium from 10 to 6 kPa, the values of the heat transfer
coefficients increase from 3.55 to 4.89 W/(m’K), i.e. by 27.4 %. With deepening of rarefaction of
medium, the values of mass transfer coefficients, as well as the heat transfer coefficients, increase (figure
2). The greatest break is observed when the degree of rarefaction of medium decreases from 10 to 6 kPa at
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temperature of heating 45 °C, when values of mass transfer coefficients increase from 0.11 to 0.17 s/m or
by 35.3 %. At 40 °C this figure is increased b 26.4%, at 35 °C by 32.9%.

A similar change in heat and mass transfer coefficients from the drying modes is observed during
vacuum drying of mare's milk.

In view of the above, the optimal mode of vacuum drying of camel and mare's milk should be
considered as medium pressure 6 kPa and heating temperature 45 °C.

For atmospheric drying (figures 3 and 4), it can be concluded that in the temperature range (36+40)
°C, the nature of change in heat and mass transfer coefficients for camel and mare's milk is almost
identical. Thus, the value of heat transfer coefficient increases from 3.10 to 4.75 W/(m’K) and the mass
transfer coefficient from 0.10 to 0.15 s/m, which is 34.7 and 33.3% for each case.
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Figure 1 — Dependence of heat transfer coefficient from pressure at various temperatures
of heating of medium at vacuum drying of camel milk.
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heat transfer coefficient, W/(m2K)

Figure 3 — Dependencies of heat and mass transfer coefficients from temperature
of drying agent at air velocity 0.35 m/s at atmospheric drying of camel milk

heat transfer coefficient, W/(m2K)

Figure 4 — Dependencies of heat and mass transfer coefficients from temperature
of drying agent at air velocity 0.35 m/s at atmospheric drying of mare’s milk

For mare's milk in a given temperature range, the heat transfer coefficient increases from 3.35 to 4.52
W/(m’K) or 25.9%, and the mass transfer coefficient — from 0.11 to 0.16 s/m or 31%. Analyzing figures 3
and 4, it can be concluded that the optimal mode of atmospheric drying should be considered the

gmass transfer coefficient, s‘fm

temperature range of the drying agent (38+40) °C.

Based on analysis of experimental data on heat and mass transfer during vacuum - atmospheric drying
of camel and mare's milk for the vacuum drying process, the equations of thermal Nu and diffusion Num

of the Nusselt criteria are obtained:

mass transfer coetficient,
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Nu=5,25 Pr’** Re®" Gu®,
Nu,,=0,056 Pr,,, “**Re™*'Gu *'°.

Also, on the basis of experimental data on heat and mass transfer during vacuum - atmospheric drying
of these dairy products, the equations of thermal Nu and diffusion Nu, of the Nusselt criteria for the
atmospheric drying process are obtained:

Nu=0,638 Pr’** Re*'*Gu"*,
Nu,,=0,7 1Pr, " PRe™® Gu™™,

Conclusion

So, the method of vacuum-atmospheric drying of camel and mare’s milk is developed; it includes
vacuum drying of material to intermediate humidity and atmospheric drying till final one. It allows
achieving good quality of the product and promotes significant decreasing of energy consumption for
drying. Also empirical equations are obtained allowing describing the processes of heat and mass transfer
at vacuum-atmospheric drying of dairy products.
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TYWE )KOHE BUE CYTTEPIH BAKYYM/IbI-ATMOC®EPAJBIK KEITIPYII 3EPTTEY

AHHoOTanus. bepuiren Makaiaaa 3epTTe€y HbICAHBI CYTTI OHIMACP/I bUIFAJICHI3IaHBIPY ©3€KTI MOcelie OOJIBII
tabbuTazbl. OChI Opaiiia Tyiie koHe Oue CYTTepi KbI3bIFYIIBUIBIK TybIpaabl. Toxipuodeae OyJ1 oHIMIEp YIIiH deTTe
SHEPrHsl HIBIFBIHBI KOI KENTIPYJIiH BaKyyMIbl JKOHE BaKyyM-CyOJMMAlMsUIBIK SJicTepi NaijanaHbuiaibl, Oy
KENTIpTynni MaTepuaiiapAblH OHOXMMUSIIBIK KYPaMBIHBIH TOJBIK CaKTalybIMeH TyciHmipineai. bynm kentipy
IIPOLIECCTEPiHIH TYpJIi acIeKTTEepiH api Kapail 3eplelniey KoHe JKeTUIIipy MacelieciH Kosraiinel. Tyile xone Owne
CYTTEpiH KEeNTipy KOHIBIPFBICHIHJA BUIFAJICHI3JaHIBIPYFa HETi3AenreH api Oyil mpoueccTep MapauieNbai KYpPeTiH
BaKyyMIbI-aTMOC(epalbIK KenTipy Tocisi YCHHBUIABL. [IporeccTepi KHIONACTRIPY KOFaphlaa KOPCETUITeH KeNnTipy
TYPJEPIHIH PSKUMICPiH TaHIayFa Herizaenyi tuic. TeMmepaTypa MeH KBICBIM TOYeINIiirine 6aliTaHbICTHl BAKYYMIBI
KaMepaJarsl OpTaHbl KBI3ABIPY, COHMai-ak aTMocepaiblK KenTipyre apHAIFaH KYPBUIFBIIAFBl KEMTIPTill areHTTiH
KBUIIAMIBIFBI MEH TeMIIepaTypachl apachlHOarbl TOYEJNIUIIKKE COoMKec Tyile »oHe Oue CyTTepiH BakKyyMJbl-
aTMocdepanblK KenTipy OOWBIHINA 3KCIEPHUMEHTTIK 3epTreynep kyprisimmi. CyTri eHiMzmepli BaKyyMIbI-
aTMoc(epanbIK KeNnTipy Ke3iHAeTi *KbBUIyMaccaaliMacy MpOIEecCTEPiH KETKUTIKTI TYpAE OoJI OpHEKTeyre MYMKIHIIK
OepeTiH SMIUPUKAIBIK TEHICYJIEP allbIH/IbI.

Tyiiin ce3nep: BakyyM, KenTipy, TyieHiH, OUeHIH, CYT, d1ic, aTMochepabk.

B.T. A6auxannaposa’, H.C.Xamlcaponz, B.O. Ocnanos',
M.A.Ilankuna’, K. Kaman6ex', 7K.M. Axmeros'

'FOsxHO0-Kazaxcranckuii rocyrapeTBeHHbli yuuBepcuTer nM.M.Ays30Ba (Kasaxcran);
*Mex yHapOHbII I'yMaHHTapHO-TeXHHUecknii yanpepentet (Kasaxcran);
3CaHKT-HeTep6ypr01<m71 TOCyJapCTBEHHBIN MOMUTeXHUYecKHid yHuBepcuTeT uM.Ilerpa Bemmkoro (Poccuns)

UCCJIEJOBAHUE BAKYYMHO-ATMOC®EPHOM CYIIKHA
BEPBJIIOKBET'O 1 KOBBIUIBET'O MOJIOKA

Annotanus. [Ipenqmerom ucciieioBaHusi B AaHHOM cTaThe SBJISETCS aKTyallbHas MpoOiieMa 00e3BOKUBAHUS
MOJIOUHBIX TIPOAYKTOB. B 3TOM acrekre MHTEpeC MpeNCcTaBiIsIioT BepOItoXKbe U KOObIIbe MoJIoko. Ha mpaktuke st
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3THX MPOIYKTOB OOBIYHO HCIIONB3YIOTCS SHEPTOEMKHE METO/IbI BAKyYMHOH U BaKyyM-CyOJIMManMOHHOHN CYIIKH, YTO
0OBSCHSIETCSI BBICOKOI COXPaHHOCTHIO OMOXMMHYECKOTO COCTAaBa BBICYIIMBAEMBIX MATEpHAlOB. OTO BBI3BIBACT
npoOiieMy NaJbHEWIIero M3y4eHHss M COBEPLICHCTBOBAHMUS Pa3JIMUHBIX acIEKTOB IPOIECCOB CYIIKH. [IpemmoxeH
croco0 BaKyyMHO-aTMOC(HEPHOH CYIIKH BepOIIOKbEr0 U KOOBUILETO MOJIOKA, OCHOBAHHBIH Ha HX 00€3BOKMBAHUH B
CYHIMIBHON YCTaHOBKE, TJI€ 9TH MPOLECCHl OCYIIECTBIAIOTCS NapanieiabHo. KoMOuHIpOBaHNE MPOLIECCOB OKHO
OCHOBBIBAaThCS Ha BBIOOPE PEXHMMOB BBIIMICYKA3aHHBIX CHOCO00B CymKH. IIpoBeneHBl 3KCIEpUMEHTAIbHBIC
UCCJIEJOBAHHSI BAKYYMHO-aTMOC(EPHON CYIIKH BEPOJIIOKBEr0 U KOOBUILETO MOJIOKA B 3aBUCHMOCTH OT JIaBJICHUS U
TeMIepaTypbl HarpeBa cpelbl B BaKyyMHOH KaMepe, a Takke CKOPOCTH M TeMIepaTypbl CYIIMIBHOTO areHTa B
ycrpoiictBe 1uist arMocdepHoii cymky. [lomydeHsl SMIupHYecKrue ypaBHEHHs, TTO3BOJISIOLIME JJOCTATOYHO aIeKBaTHO
OIMCBHIBATH MPOLECCH TEIIOMACCOOOMEHA NP BaKyyMHO-aTMOC(HEPHOH CyIIIKe MOJIOYHBIX MPOIYKTOB.
Ki1ioueBble c10Ba: BakyyM, CyIIKa, BEpOIIOKbE, KOOBUIBE, MOJIOKO, METO]I, aTMOC(EPHBIH.
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