I3menictep, Hotmxenep — MccnenoBanus, pesynbrarsl. Ne4 (104) 2024, ISSN 2304-3334

AYBLT ITAPYAIIBLIbIF BIH MEXAHUKAJIAHABIPY KOHE 3JIEKTPJIEHAIPY
MEXAHMU3ALOUA U DQJIEKTPUPHUKALUA CEJIBCKOI'O XO3SUCTBA
AGRICULTURE MECHANIZATION AND ELECTRIFICATION

IRSTI 44.29.31, 30.03.03 DOI https://doi.org/10.37884/4-2024/43

A.Z. Sapakov?, Sapakova S.Z.2, S.T. Demessoval, E.S. Ergigitov!, A.S. Taldybayeva?,
M.A. Zhussupaliyeva®, N.I. Moldybayeva**

!Kazakh National Agrarian Research University, Almaty, Kazakhstan, Sapakov_A@mail.ru,
saule.demesova@mail.ru, ergigitov.erken@mail.ru, taldybaeva_aigul@mail.ru,
mkurmanaeva@inbox.ru, moldybayeva78@mail.ru*
2International University of Information Technology, Almaty, Kazakhstan,
sapakovasz@gmail.com

INFLUENCE OF TECHNOLOGICAL PARAMETERS ON THE TEMPERATURE-
TIME MODES OF VACUUM FREEZE-DRYING OF THE PRODUCT

Abstract

The process of sublimation drying of berries provided, this is the drying method along the berry
the humidity is reduced to 2-5%. The dryer is conditional consists of two blocks - refrigeration and
sublimation unit. At room temperature the product is placed in the drying chamber. Equipment after
connection, vacuum pump in the chamber reduces the pressure to 10-30 Pa. When a vacuum is created
and free product due to evaporation of moisture leads to freezing. Most of the moisture is converted
into ice crystals, and then the sublimation process begins. This equipment uses 404 a freon.
Temperature to register 8 channel OVEN TRM138 RS-485 temperature meter was used. Of the
product to measure weight every 30 minutes removed from the chamber Vibra HT 224RCE was
weighed on an analytical balance. The experiment was performed with three types of berries:
strawberries; currants and raspberries. Experience during the temperatures on the surface of the
berries, inside the chamber and the mass of the product were measured. Duration of drying as a
criterion of effective mode, energy expenses and quality indicators of dried berries were determined.
The effective sublimation time was 4.5 hours. Inside the chamber at a pressure of (20 = 5) Pa, at a
temperature of (-42 = 2) °C, general freezing and sublimation time not more than 5 hours, the total
drying time is 8 hours. The initial weight of strawberries decreased by 36%, currants by 28% and
raspberries by 27.4%. Drying should be stopped when the chamber temperature reaches 40 ° C.

Key words: sublimator, automation, algorithm, pressure sensor, temperature sensor, solar
collector, generator, control panel, vacuum pump, generator.

Introduction

The purpose of this work is to study the process of sublimation drying of berries. This drying
method is the most effective than other. Reducing the humidity along the berries to 2-5%, low-
humidity products can be stored for a long time in places where the temperature is not. This drying
method can preserve the useful properties of the product for a long time. The mass is reduced, the
original volume is preserved and the color is preserved. Sublimation drying is divided into two types:
Drying is very slow at low temperatures and. Therefore, it is vacuumed to speed up the drying process
[9, 12]. A decrease in pressure leads to an increase in the intensity of evaporation due to an increase
in the mass transfer coefficient. Vacuum drying is performed inside a hermetically sealed apparatus,
so no heat is transferred from. Therefore, vacuum drying provides heat to the product (through heating
elements, infrastructure, etc.). Basically, the sublimation process consists of three stages: freezing,
sublimation and drying. In the first stage, the temperature of the product is lowered to the freezing
point, which causes the formation of ice crystals inside the product. Then there is the process of
sublimation, during which the ice evaporates. The impact of this stage has a direct impact on product
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quality. It should be noted that the initial freezing period must be frozen as soon as possible, so that
the formed ice crystals evaporate quickly. The final drying takes place at a temperature not exceeding
+40°C [6, 11]. The berries are capillary-porous bodies and colloidal in nature.

They are characterized by the properties of capillary-porous and colloidal bodies. Their walls
are elastic and swell when they absorb fluid. Their bodies absorb fluid shrinks, brittle so you can turn
it into a powder. When removing moisture from the material, the amount of moisture in it and wet
material corresponds to the connection. Moisture contact with the material isothermal dehydration
characterized by the amount of free energy - moisture in the given substance constant without
changing the composition 1 mol of water at room temperature work to lose [1, 2, 5]. Moisture contact
with the material isothermal dehydration characterized by the amount of free energy - moisture in the
given substance constant without changing the composition 1 mol of water at room temperature work
to lose. In the case of free moisture in the material, the binding energy is 0. As the amount of moisture
decreases, its bond with the material increases and the binding energy increases. As the moisture
content of the material decreases, the binding energy increases. Wet materials heat treatment or heat
when exposed to moisture, moisture begins to change its physical properties. These changes of a
molecular nature associated with the fluid absorbed by the body of the substance [3, 4, 7, 8].

At the same time, absorbed fluid or capillary-porous body inside steam transport body fluids
and body skeleton corresponds to the nature of the molecular bond between. P.A. Raider on all
communication types chemical bond, physicochemical bond, physico-mechanical bond are divided
into three main groups. In food of the above types of communication everything is there, however,
the product dries only a few species play an important role. Mechanical connection of water is weak,
it is maintained only by the filling of macro and microcapillaries. Use it as a free moisture can be
considered, during sublimation drying. Physicochemical the connections are strong. Adsorption on it
and includes osmotically bound moisture, it is removed. Chemical bond the strongest connection is,
chemically associated water drying will not be deleted during. As a form of drying berries, they have
a lot of water, the amount of dry matter will be less. The bulk of the water is free and is bound to 5%
of cell colloids and is firmly in place. The chemical composition of berries consists of carbohydrates,
proteins and lipids. Along with them albeit to a lesser extent contains biologically active substances,
they taste raw and determines the biological value, these include polyphenols, vitamins, organic acids
and minerals. In table 1 below in this work used berries containing nutrients the dimensions are given
[9, 10, 12].

Table 1. Berries nutrient composition

Berries Nutrients, g/ 100 g Calories, kcal/100
water carbohydrates protein £
Cherry 83,0 12,0 0,5 62,0
Black currant 82,0 13,0 1,0 59,0
Raspberry 84,2 10,2 1,0 45,9

Materials and methods. In this work, an updated version of the dryer, developed by scientists
of the Department of "Energy Saving and Automation" of the National Agrarian Research University
of Kazakhstan. This is drying device chambers the layout was changed and micanite heating elements
were used. Of the device the appearance is shown in Figure 1.

The dryer is conditional consists of two blocks - refrigeration and sublimation from the
device.The principle of operation is as follows. At room temperature, the product is placed in the
drying chamber. After switching on the unit, the vacuum pump reduces the pressure in the chamber
to 10-30 Pa. When a vacuum is created and due to evaporation of free moisture leads to freezing of
the product. Most of the moisture transformed into ice crystals, then the sublimation process begins.
Humidified steam vacuum under the influence of the pump comes to the desublimator, where the
moisture turns to ice sticks to the surface of the desublimator. The air in the desublimator is vented.
Drying process in the final stage micanite heating of the product the remaining moisture is removed
by the elements. On the device and so on in the desublimator ice defrosting is provided. To do this,
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open the solenoid valve, then the hot vapor of the refrigerant come to the evaporator melts the ice in
it. This device uses 404 a freon. Of the device the schematic diagram is shown in figure 2. 8-channel
OVEN TRM138 RS-485 temperature for temperature recording meter was used. Weighing the
product for every 30 minutes removed from the camera Vibra HT 224RCE analytical balance. The
experiment was performed with three types of berries: strawberries; currants and raspberries. During
the experiment, the temperatures on the surface of the berries, inside the chamber and the mass of the
product were measured. Drying as a criterion for an efficient regime duration, energy costs and dried
the quality of the berries indicators were determined.

X -

Figure 1. "Alaman" vacuum sublimation dryer appearance

Results and their discussion

Based on the obtained data graphs were constructed. In Figures 3 and 4 below the time
dependence of the temperature on the surface of the products and in the middle of the chamber. In
the graphs, the whole drying process is divided into three stages. The first stage is the freezing of the
product, so you can see in graph 1 that the temperature of the product has dropped. In the second
stage, you can see that the temperature of the product is falling. After 2 hours of the drying process
an effective temperature of -20 ...- 300C is set on the surface of the product, at the same time the
temperature in the middle of the product was falling and reached the required level after 5 hours, it
can be seen in figure 2. The effective sublimation time was 4.5 hours. After that heat transfer to the
product in 3 stages drying was performed. This is the trend in graphs product temperature
characterized by a gradual rise. Figure 4 shows the dependence of the strawberry mass on the drying
time. In the first stage, the product temperature does not change. From the second stage the mass
begins to decrease, ie 57% humidity was obtained. The remaining moisture was obtained in the third
stage by artificial heating. The total drying time was 8.5 hours. The initial weight of strawberries
decreased by 36%, currants by 28% and raspberries by 27.4%.
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Figure 3. Time dependence of the surface temperature of the products inside the chamber
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Figure 4. Time dependence of the temperature in the middle of the chamber where the
products are located

In figures 5 and 6 in the drying chamber and evaporator temperature curves are shown. As

shown in Figure 1 chamber temperature in the 1st stage, at a level below 100C in all work processes.
It is in a vacuum convective heat transfer components with a decrease explained. Evaporator
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temperature decreases to -42°C. After 2 hours in the sublimation stage after the start of drying, the
process becomes stationary and so on evaporator temperature -41 ....- 43°C level. On camera ice after
sublimation, the temperature begins to gradually decrease to -12°C. After switching on the heating,
the drying curve in figure 1 rose sharply. The temperature rise is shown in figure 7, but the
temperature equalization is based on the fact that more coolant enters the evaporator based on the
automatic stabilization system. After 8 hours of drying, the temperature in the chamber reaches 42°C
due to the drying process.

I- stage II - stage III - stage
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Figure 5. Dependence of strawberry mass on drying time
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Figure 6. Dependence of chamber temperature on drying time
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Figure 7. Dependence of evaporator temperature on drying time

Conclusion

This is the work done as a result, is to determine the effective time regimes of dried berries.
The results of the work can be concluded as follows, (20 + 5) Pa pressure (-42 +2) °C, total freezing
and sublimation time not more than 5 hours, total drying time 8 hours. Temperature during
sublimation on the surface of the product (-25 + 5) °C should be limited. Drying should be stopped
when the chamber temperature reaches 40°C, the surface temperature of the product. An effective
sublimation regime is the complete pre-freezing of the product, in the form of ice vapor during
sublimation uniform output and uniform drying process. The duration of sublimation drying depends
on the thickness of the product, freezing temperature, physical and chemical properties. The duration
of sublimation drying depends on the thickness of the product, freezing point, physical and chemical
properties.
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BAKYYM/BbIK CYBJIMMALUAJBIK KEINITIPYAIH PEXKUMJEPIHE
TEXHOJIOI'UAJIBIK ITIAPAMETPJIEPAIH OCEPI

Anoamna

My3aary-cyOnuManusaiablK  KenTipy Ke3iHAe >KeMICTepHAiH BUIFaIAbUIBIFBl 2-5%  neiin
temenaenai. Kenriprimr eki OJ0KTaH Typajabl: TOHA3BITKBIII KOHE CyOIMMalMsUIbIK. OHIM Oenme
TeMIepaTypacblHJla KeNTipy KamepacblHa OpHajacThlpbliagel. Kypanm KocbulFaHHaH —KeWiH
BAaKyYMJIBIK COPFBI KENTIpy KamepachiHAarbl KbickiMabl 10-30 Ila-ra neiiin Toemennereni. Bakyym
naiiga Oomblll, eHIMIEeri Ooc buTFan OyJaHbll, Karbill Oactaiinpl. blmranneiH kem Oemiri my3
KpUCTaJapblHa alHajaabl, COJaH KehiH cyOnumanus mpoieci Oacranmaasl. byn sxabneikra 404a
¢bpeons! KonnanblIaael. « Temneparypansl Tipkey yuriH RS-485 untepoeiici 6ap 8-apnanst OVEN
TRM138 tepmoMeTpi KOAaHbUIIEL. OHIM KaMepaJaH IIbIFapbliFaHHaH KeliH op 30 MUHYT caiiblH
Vibra HT 224RCE ananuTHKalbIK Tapa3bulapblHia eJIIeH/11. DKCIEPUMEHT YII TYpJIi )KeMiCTepMeH
KYPri3uial: KyJINbIHAM, KapakaT >KoHE TaHKypail. DKcIepuMeHT OapbIChIHAA >KeMiCTepiH OeTKi
TeMmIepaTypachl, Kamepa IMIIHAEri TeMmepaTypa »XoHE OHIMHIH Maccackl emmeHai. Kentipy
Y3aKThIFbl TUIMJI PEXHMHIH, DHEPIUsl IIBIFbIHBIHBIH OHE KENTIPUIreH MXEMICTepAlH CanabIK
KOPCETKIMITEPiHIH KpUTEpHili peTiHAe aHBIKTamAbl. THiMIl cyOnumanus yakwIThl 4,5 caraTThl
Kypazasl. Kamepanbiy imrinaeri kpicbiM (20 + 5) Ia sxone Temmiepatypa (-42 + 2) °C ke3iHae My3aary
KOHE CyOJIMMALIMSHBIH JKaNIbl YaKbITHl 5 caFraTTaH aclajbl, aj *aJlbl KENTIPY YaKbIThI § caraTThl
Kypaael. KynmeiHaiiaeiH Oactankel maccackl 36% -Fa, KapakaTThlH Maccackl 28% -Fa jKoHE
TaHKypailibiH Maccacsl 27,4% -ra azaiiabl. Kentipy kamepanarsl Temnepatypa 40 °C-ka jKeTKeHe
TOKTATBLTYHI KEpPeK.

Kinm ce3dep: cy0nuMaTtop, aBTOMATTaHIBIPY, AITOPUTM, KBICBIM JaT4MIi, TemIeparypa
JIaTYuri, KYH KOJUIEKTOPBI, FeHepaTop, 0acKkapy MmaHesl, BaKyyMIbIK COPFbI, TeHEpaTop.
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BJIMAHUE TEXHOJIOI'HYECKHUX TAPAMETPOB HA PEKNMbI BAKYYMHOU
CYBJIMMAIIMOHHOU CYHIKH ITPOAYKTA

Annomauusn

[Ipu cyOnuManMoOHHON CyIIKE Sroj] BIaXKHOCTb SAroj] cHukaercs 10 2-5%. Cymmika cocTOUT
U3 IBYX OJIOKOB: XOJIOAUIBLHOTO U cyOauManoHHoro. [IpoayKT nomeaercs: B CyUIMIbHYIO KaMepy
Ipy KOMHATHOH Temnepatype. [locne moakitoueHust 000pyJ0BaHUS BAKYYMHBIN HACOC B CYIIHILHOM
kamepe cHuxkaet Aasinenue 10 10-30 Ila. Bakyym co3znaetcs, 1 cBOOOTHBIN NPOAYKT B pe3yibTare
WCIApEHHUs BJIarM HauMHAET 3aMep3aTh. bousblias yacTh BiIard mpeBpaliaeTcs B KPUCTAILIBL JIbJA,
MoCIIe Yero HaunHaeTcs mpoiiecc cyonumanuu. B ranaom o60pynoBanuu ucnoib3yercs ppeon 404a.
«ns perucrpauuu temneparypbl ucrosib3oBaics 8-kaHaiubHbIM Tepmomerp OVEN TRMI138 ¢
untepdeiicom RS-485. IIponykT B3BemmuBancs kaxapie 30 MUHYT HOcTe yAaleHus: U3 KaMephl Ha
aHammtudeckux Becax Vibra HT 224RCE. DkcrnepuMeHT TpPOBOAMICS C TPEeMs BHUIAMH STOJ:
KITyOHUKOH, CMOpPOJIMHOM M MaluHOW. B Xoje skcmeprMeHTa U3MEpsUIUCh TeMIlepaTypbl Ha
MOBEPXHOCTU SAT0Jl, BHYTPU KaMepbl M Macca MNpoaykTa. [IpomomKuTenbHOCTh CYyIIKH ObLia
orpesiesieHa KaK KpUTEpHi dPPEKTHBHOTO PEeKUMa, SHEPro3arpaT M KauyeCTBEHHBIX IOKa3aTele
cymeHbix sroa. DddexTuBHOE Bpems cyOnumanuu coctaBuio 4,5 yaca. BHyTpu kamepsl mnpu
nasnennn (20 =+ 5) ITa u remnepatype (-42 £ 2) °C ob1ee Bpems 3aMOpaXHUBaHHS U CyOIMMAaluy He
MpEeBBIIANIO 5 4YacoB, a o0lee BpeMsi CyNIKH cocTaBwio § vacoB. HauanmpHas macca KiIyOHUKHU
yMeHbmaachk Ha 36%, cMopoauHbl Ha 28% u Mmanuubl Ha 27,4%. CyliKy clielyeT NpeKpaTuTh, Koraa
Temreparypa B kamepe pocturset 40 °C.

Knrouesvie cnosa: cybmumaTtop, aBTOMarTu3alusi, aJIrOpuUTM, AATYUK JaBJIEHUS, JaTUUK
TEMIIEPATYPbI, COJHEYHBIM KOJUIEKTOp, TI'€HEpaTOp, IIAHENIb YIPABJICHUSA, BAaKyyMHBIM Hacoc,
reHepaTop.

MPHTMU 68.85.35 DOI https://doi.org/10.37884/4-2024/44

B.M. Kacoimbaes™, K. Kanoim, A. K. Husaz6aee

Kaszaxckuut nayuonanvhwili acpapHulil ucciedo8amensbckuil ynugepcumem, 2. Aimamot,
Kazaxcman, bek_kasimbaev@mail.ru*, abdirahim_334@mail.ru, adil77@mail.ru

ONPEAEJIEHUSA CKOPOCTH BO31YXA U PACXO/JA CYHINJIBHOI'O ATEHTA
HA BXO/IE 1 HA BBIXOJIE 'EJIMOCYHINJIBHOI'O MOAYJIA

Annomayus
B crarbe mnpencraBieHBl pe3yiabTaThl HCCIEAOBAHUN MO TPOIECCY CYIIKH SOIOK C
HCIIOJTb30BAaHUEM TEITUOCYIIHILHOTO MOIYJISI, KOTOPBIH OBLI YCTAaHOBJICH B MOJM(DYHKITMOHATHLHOM
TEIUINIIe-CYIINIKe Ha 0a3e y4eOHO-TPOM3BOJICTBEHHOTO XO3siicTBa Kazaxckoro HalMOHAJIBHOTO
arpapHOT0 MCCIIEI0BATEIHCKOTO YHHBEPCUTETA.
AxmyanvHocms ucciedosanus. OpraHu3anus IMPOLECCOB CYIIKHA TPU 3arOTOBKE CYIIEHBIX
(PYKTOB M OBOINICH OCYIICCTBIISIOTCS ITyTEM HCIIOIB30BAHHS TPAIUIIMOHHBIX BUIOB JHECPIHH.
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