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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.
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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 dryving
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
cocfficients increase from 3.55 to 4.89 W/(m’K), i.c. 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




ISSN 2224-5286 6. 2019

temperature of heating 45 °C, when values of mass transfer cocfficients 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 1s 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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Figure 2 - Dependence of mass transfer coefficient from pressure at various temperatures
of heating of medium at vacuum drying of camel milk.
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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
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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
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:
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Nu=3,25 Pr"* Re™™® Gu™",
Nu,,=0,0356 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,,=0,71Pr,,”*Re™"® 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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TYME )KOHE BUE CYTTEPIH BAKYYM/IBI-ATMOC®EPAJIBIK KENITIPYAI 3EPTTEY

AnnoTtamus. bepinrer Makanaga 3eprTey HBICAHBI CYTTI OHIMICPAI BIIFAICHI3IAHABIPY ©3EKTI MOCEIe OOJBII
taOp1agsl. Ockl opaiina Tyle skoHE OMe CYTTEpi KbI3bIFYIIBLIBIK TYAbIPanbl. ToxkipuOeae Oy eHiMIep YIIiH dACTTE
SHEPrHsl HIBIFBIHBI KO KENTIPYIiH BaKyyMIbI >KOHEC BaKyyM-CyOIMMANFSLIBIK OJICTEpl NalmanaHbUIambl, Oy
KENTIPUIYII MaTepHANTAPAbIH, OHOXMMILUIBIK KYPAMBIHBIH TOIBIK CAKTAIybIMEH TyciHAiputemi. Bym kemripy
MPOLCCCTCPIHIH TYPIL ACHCKTTCPIH Opi Kapall 3epaciey >KOHE JKCTLIOIPY MOCENCCiH Kosfaiimbl. Tyiie >koHC Ome
CYTTCPiH KCMTiPY KOHABIPFBICHIHAA BLIFAJICHI3IAHABIPYFA HETI3ACITCH opi Oy MPOLECCTSP MAPAIUICIBIl JKYPETiH
BaKyyMIbI-aTMOC()EpAIbIK KENTIPY TACI YCHIHBLLABL. [IpomeccTepai KHIONACTHIPY SKOFAPBIIA KOPCETUITCH KENTIpY
TYPICPIHIH PSKUMICPIH TAHTAYFA HETi3Aeay1 THic. TeMmepaTypa MCH KBICBIM TOYCIILTITiHEG OAHIAHBICTHI BAKYY MBI
KaMepasarbl OPTaHbI KbI3ABIPY, COHAAH-aK aTMOC(EpabIK KENTiPyre apHATIFAH KYPBIFBIIAFhl KCMTIPTilI areHTTIH
SKBITIAMABIFEI MCH TEMIICPATYPAChl ApACBIHAAFBI TOVEIIUIIKKE COHKeC TYHE >KOHE OHME CYTTEpiH BAKyyMIbI-
arMoc(epanplk Kemripy OOMBIHIIA 3SKCIEPHMEHTTIK 3eprreynep okyprizinmi. CyTTi eHiMzepai BaKyyMabl-
arMoc(epanbIK KenTipy Ke3iHACT] »KbIIIyMaccaaaMacy MPOLECCTEPIH JKETKITIKTI TYpAE AT 6PHEKTEYTe MYMKIHIIK
OepeTiH SMIMPHUKATBIK TCHACYJICP ATBIH/IbL

Tyiiin ce3aep: BakyyM, KENTipy, TYHEHiH, OUCHIH, CYT, 9IC, aTMOC(epambIK.
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HCCJEJTOBAHUE BAKYYMHO-ATMOC®EPHOM CYIIKA
BEPBJIOKBEI'O U KOBBUJIIBEI'O MOJIOKA

Annoramus. [IpeaMeToM HCCICAOBAHHA B JAHHOHW CTaThe SBILICTCH AKTyaldbHAd mMpodieMa oOC3BOKHBAHUA
MOJIOYHBIX MPOAYKTOB. B 3TOM acmekre WHTepec MpeaCTABILIIOT BEPOMIOKBE H KOOBUTRE MONOKO. Ha mpaxTuke ams
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3THX MPOAYKTOB OOBIMHO HCIIOIB3YIOTCA SHEPTOEMKHE METOIbI BAKYYMHOM M BAKYYM-CyOIMMAIIMOHHON CYIIKH, YTO
0OBACHAETCS BBICOKOH COXPAaHHOCTBIO OMOXHMHYECKOTO COCTABA BBICYHIMBACMBIX MAaTCPHAJTIOB. 9TO BBI3BIBAET
mpoOJieMy JAJbHCHINET0 M3yUCHHS W COBCPIICHCTBOBAHUS PA3JIMYHBIX ACTICKTOB MPOIECCOB Cymiku. [IpemnoxeH
Croco0 BaKyyMHO-aTMOC()CPHOH CYIITKH BEPOIFOKBETO M KOOBLTBETO MOJIOKA, OCHOBAHHBIN HA X 00C3BOKHBAHUH B
CYHIMJIbHOU YCTAHOBKE, TAC TH MPOUECCHI OCYIIECTBIMIOTCS MapaiebHo. KOMOMHUPOBAHIE MPOLECCOB I0LKHO
OCHOBBIBATBECSI Ha BI)I60pe PEKUMOB  BBILICY KA3AHHBIX croco0oB CYIIKH. HpOBGI[eHI)I OKCIICPUMCHTAJIBHBIC
HCCICAOBAHKS BAKYYMHO-aTMOC(EPHOM CYIIKH BEPOIOKBETO M KOOBLIBETO MOJIOKA B 3aBUCHMOCTH OT JAABJICHUS U
TEMIIEPATyPBl HATPEBA CPeAbl B BAKYYMHOM KaMepe, a TakKe CKOPOCTH M TEMOEPATypPhl CYLIIJIBHOIO arcHTa B
ycTpoiicTee mmsa atMoc(epHoit cymkn. [TonyueHBI SMIUPHICCKAC YPABHCHH S, TO3BOJIAIOIIAC JOCTATOYHO aICKBATHO
OTHCHIBATH MPOIICCCHI TCILIOMACCOOOMEHA MPH BAKYyMHO-aTMOC(EPHOM CYIIKE MOJIOYHBIX MPO/IYKTOB.
KmodeBnie cj10Ba: BAKYYM, CYIIKA, BEPOIFOKEE, KOOBLTBE, MOJIOKO, MCTOI, aTMOC(CPHBIIA.
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