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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. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология және 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан әрі the Science Citation Index Expanded, 
the Social Sciences Citation Index және the Arts & Humanities Citation Index-ке қабылдау мәселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология және техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті және беделді 
геология және техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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A WAY OF VACUUM-ATMOSPHERIC DRYING  
OF JERUSALEM ARTICHOKE TUBERS 

 
Abstract. Commercially Jerusalem artichoke tubers are valuable raw material to produce inulin, fructose, 

treacle and alcohol. Fast decreasing of quality at traditional storage as a tuber raw material makes difficult to apply it 
during a year. For that matter, drying is offered as the most suitable preservation method of Jerusalem artichoke 
tubers.The purpose of work is enhancement of efficiency and lowering energy consumption in a process of drying of 
crushed Jerusalem artichoke tubers. A method of vacuum-atmospheric drying of Jerusalem artichoke tubers is 
offered to solve the problem. The method includes conducting vacuum drying of the material up tointermediate 
humidity and atmospheric drying till final moisture content. Whereby final atmospheric drying is performed using-
heat of refrigerant condensation circulated in a refrigerating machine which is a heat pump unit of the dryer. Final 
drying of the material by air from that source allows saving energy for atmospheric drying and decrease duration of 
vacuum dehydration. This method is based on combination vacuum and atmospheric drying in thesame drying 
installation and utilization refrigerant condensation heat. Last one is applied for final atmospheric drying of 
Jerusalem artichoke tubers.Final product is characterized by sufficiently high quality indicators.  

Keywords: Jerusalem artichoke, tubers, vacuum-atmospheric drying, critical humidity, temperature, pressure. 
 

Introduction. Jerusalem artichoke (Helianthus tuberosus) is perennial tuberous plant with remedial 
properties. Tubers contain soluble polysaccharide inulin, nitrogen substances, vitamin C and vitamin B 
complex, organic and fatty acids. Mineral substances of Jerusalem artichokeare zinc, silicium, phosphorus, 
iron, potassium, magnesium and copper. Many investigations confirm expediency of applying Jerusalem 
artichoke as a functional product [1-4].Jerusalem artichoke tubers may be used as a food additive at 
complex treatment diabetics, particularly, to correct metabolism. It is explained by carbohydrate compo-
sition of the tubers which is represented by polysaccharide inulin. At digestion inulin is split down to 
fructose [5-6]. In turn, fructose quickly transforms into glycogen,it does not increase sugar level in blood 
and is easily digested by human organism. Moreover, Jerusalem artichokeis able to remove heavy metals 
salts and some radioactive substances 2-3 times more intensively than pectin.  

Commercially Jerusalem artichoke tubers are valuable raw material to produce inulin, fructose, 
treacle and alcohol [7]. Linxi Yang et al consider the tubers as a source of functional food, bioactive 
compounds, biofuels and chemicals [4]. Due to desirable taste properties the tubers may be applied as a 
food [8-9]. Fast decreasing of quality at traditional storage as a tuber raw material (e.g. cooled warehouse, 
storing bunker etc.)makes difficult to apply it during a year [10]. A gradual losing of mass takes place at 
storage. Control of relative humidity 95% and temperature 0-2 0C allows storing the tubers during 4-5 
months [11-14]. Beyond this time applying the tubers seems impossible.For that matter, it seems that the 
most suitable preservation method is drying of Jerusalem artichoke tubers.  
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Various drying methods of Jerusalem artichoke tubers in order to produce semifinished products are 
known [15-19].  

Dnishev T.M. et al sweet flour from finely divided till cubes Jerusalem artichoke tubers obtain by air 
drying during 120 hours and crushing till particles with sizes (20÷25) micrometers [15]. Initial humidity of 
Jerusalem artichoke tubers is about 75%. Temperature of dried material at residual moisture content 9,6% 
is 60 0C. 

Peyker S.K. and Pirogova G.A. wash, grade, inspect and dry Jerusalem artichoke tubers by airflow 
with speed (5÷15) m/s and infrared light with rays length (0,7÷2,5) micrometers [16]. The drying is 
conducted in two stages: first one – at the temperature not above 78 0C from 20 min to 6 h; second one at 
the temperature not above 62 0С to final humidity (2-12) %. 

Zelenkov V.N. [17] obtains concentrate of Jerusalem artichoke by air blowwith temperature not 
above 70 0C. 

Kochnev N.K. and Kalinicheva M.V. obtain Jerusalem artichoke powderby preparation tubers, 
crushing till puree-like state, heating puree till (80÷90) 0C, cooling till (35÷55) 0C, fermentolysis and 
atmospheric drying at the temperature (55÷65) 0C till final humidity (6÷12) %. The desired product is 
obtained by repeated crushing of dried product [18]. 

JunkoTakeuchi and Toshio Nagashima found that dried Jerusalem artichoke tubers show considerable 
water-holding capacity [19]. 

However all offered methods have the same risk of obtaining low-quality product caused by 
browning reactions due to action of air oxygen. As consequence, final product is characterized by not high 
sensory indicators and low rehydration ability.  

Vacuum drying of Jerusalem artichoke compare to atmospheric one promotes better quality of dried 
product that is explained by the following factors: 

- firstly, moderate temperature of vacuum drying conduces better maintenance biochemical 
composition of a material and prevents carbohydrates caramelization; 

- secondly, vacuum drying inhibits browning of a material caused by oxidizing enzymes which are 
active at presence of oxygen; 

- thirdly, sensory indicators of a dried product are better preserved at vacuum drying; 
- finally, vacuum drying promotes better preservation of rehydration properties of a dried product. 
At the same time atmospheric drying is characterized by low energy consumption and reduced 

duration of the process compare to vacuum dehydration.  
Taking into consideration the mentioned above it seems efficient to combine these methods and carry 

out them in the united vacuum-atmospheric dryer.  
Combination and selection of optimal modes of vacuum and atmospheric drying must provide unified 

character of the process which would have place at only vacuum or atmospheric dehydration.  
Combination of the modes is possible by studying kinetics of vacuum and atmospheric drying, 

choosing humidity and temperature of material during the process, also selecting humidity of material till 
which vacuum drying will be conducted. Correspondingly, atmospheric drying will start at that humidity.It 
is accepted that vacuum drying will be conducted till critical moisture content that characterizes ending of 
period of constant rate of drying. 

Meaning of final material humidity in vacuum chamber is reasonable to determine periods of constant 
and falling rate of drying in the both processes [20, 21].  

Methods. 
Vacuum-atmospheric drying. Design of vacuum-atmospheric dryer is described earlier [22]. 
Experimental investigations are carried out in the following order.  
1. 30 minutes before starting experiment the compressor and electrical heaters are run in order to 

prepare drying installation. Necessary temperature of boiling of refrigerating agent (-40С) is set by 
regulation of expansion device. Atmosphere temperature in vacuum chamber is regulated in the 
limits(35÷55) 0С by changing intensity of current supplied to electrical heaters.  

2. Prepared material (Jerusalem artichoke cubes with sizes 5×5×5 mm) is put intonetted capacities by 
the diameters 30-50mm and height 50 mm. Thickness of material layer is varied from 10 till 40 mm. 

3. Mass of material is weighted on analytic balance with accuracy 0.001g.  
4. Capacities are placed on shelves into vacuum chamber. Lid of chamber is closed compactly.  
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5. Vacuum pump is gone on. Vacuum level in the chamber (2; 4; 6; 8; 10 kPa) is set up by vacuum 
valve. Moment of beginning of an experiment is fixed after achieving necessary level of vacuum. 

6. Time interval between measurements of mass of dried material is 60 minutes. At that amount of 
evaporated moisture is defined. At first by the means of vacuum valve vacuum level in the chamber is 
decreased till 0.08 atm; then vacuum pump is switched off and lid is opened.  

7. Moisture content in the material is calculated by the formula: 

,100
1

21

m

mm 
 %,                                                                 (1) 

where ω – moisture content of material relative to its initial mass, %; m1 and m2 – initial and final material 
masses, g. 

7. Weighted material is placed in vacuum chamber and dried again with intermediate measurement 
loss in weight till achieving a critical humidity.  

8. After achieving a critical humidity the material in the capacities is transferred from the vacuum 
chamber into the device for final atmospheric drying. Drying is continued with intermediate measurement 
loss in weight up to achievement final humidity 9%.  

Jerusalem artichoke tubers grown inSouth Kazakhstan were investigated in the work. Initial moisture 
content in Jerusalem artichoke tubers was 77%. 

Operating conditionsof drying. Operation conditions of developed process of vacuum-atmospheric 
drying are: 

- in vacuum chamber – pressure of medium and temperature of heaters; 
- in device for atmospheric final heat drying – temperature and rate of drying agent. 
There is difficulty of selection of modes of vacuum and atmospheric drying because of at vacuum 

drying except temperature of heating of material and medium, pressure of medium is basic parameter 
regulating drying process; at atmospheric drying it is rate of moving of drying agent, i.e. air.  

According to literature data [23, 24] it is efficient to hold the limited meanings of temperature of 
heaters into vacuum chamber at drying of thermolabile material not above 60 0C. It allows preserving 
biochemical composition and sensory indicators of the material at vacuum drying. Therefore, in vacuum 
chamber power of electric heaters provides heating of material in temperature range (3555) 0C [25]. 

At selection of vacuum level in the chamber it is efficient to apply meaningsof pressure which are 
easily achieved at industrial conditions. So as a pressure level into vacuum chamber for conducting drying 
was chosen the interval (2÷10) kilopascals. 

As it is mentioned before, a drying agent at atmospheric drying is air. In the developed dryer air is 
warmed by heat of condensation of refrigerant agent circulating into refrigerating system which is 
incorporated into the dryer by scheme of a heat pump. 

The temperature level of air into the device for final atmospheric drying should provide favourable 
conditions for drying thermolabile material preventing it overheating at a final stage. Moreover, at 
choosing the temperature level of drying agent it is necessary to promote economy working mode of the 
heat pump. For the purposes a temperature of air in the device for atmospheric final heat drying is chosen 
in the limit (3640) 0C taking in mind losses of heat into ambient medium.  

The air rate into the device is held in the limit (0,25÷0,4) m/s. Deviation from the interval leads to 
increased energy consumption [18]. Lowering of air rate brings to elongation of duration of drying that 
promotes rising of energy consumption as well.  

Biochemical analysis on investigated material. Biochemical analysis was carried out to determine 
quantity of dry substances, reducing sugars and vitamin C into raw sample, also in material dried by 
atmospheric, vacuum and vacuum-atmospheric ways. Atmospheric drying is conducted in drying cabinet 
at air temperature (4550)0C. Vacuum drying is carried out at medium pressure 4 kPa and temperature of 
electric heaters 550C. Temperature of air at atmospheric final drying is (3640) 0C. 

Jerusalem artichoke tubers crushed in view cubes with sizes 5×5×5 mm are investigated. Height of 
layer of dried material is 20 mm. Final humidity of dried material is (910)%. Dried material before 
analysis is exposed to rehydration up initial humidity.  
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At vacuum-atmospheric drying crushed Jerusalem artichoke tubers at first are dried in vacuum 
camera up to critical humidity, equal to 22.71%. Then they are finally dried into device for atmospheric 
final heat drying.  

Determination of common content of dry substances by dehumidification method. Determination of 
dry substances is carried out according to the state standard GOST 8756.2 “Concentrated food products. 
Methods of determination of dry substances or moisture content” 

Determination of reducing sugars at the presence of methylene blue. Determination of quantity of 
reducing sugars is carried out according to the state standard GOST 8756.13 «Products of processing of 
fruit and vegetables. Methods of determination of sugars». 

Determination of vitamin C. Quantity of vitamin C is determined according to the state standard 
GOST 24556 «Fruit and vegetable canned food products. Methods of determination of vitamin C». 

Heat- and mass-transfer coefficients. Meanings of heat and mass transfer coefficients are calculated 
by the equations: 

tf

Q




 ,                                                                              (2) 

рf

M





   

or   
Хf

M




 ,                                                              (3) 

where β – masstransfer coefficient, s/m; α–heat transfer coefficient, W/(m2ꞏK); Q – quantity of heat 
spent for heating of material, W; М – quantity of moisture removed from drying material, kg/s;                    
t – difference of temperatures of heat surface or medium and material, 0C; р – difference of partial 
pressures of water steam corresponding to temperature of material and temperature of steam condensation, 
Pa; X – difference of moisture contents of air on surface of material and into medium, kg/kg; f – surface 
area of evaporation, m2. 

Results. It is found out during experimental research that rate of drying mostly depends on height of 
layer of drying material. Variation of height of layer up 10 to 40mm leads to twofold decreasing of drying 
rate of tubers of Jerusalem artichoke.  

The temperature level of vacuum drying influences directly on the rate of drying. Experimentally 
found that drying curves at 30, 35, 40, 45, 55 and 600C have sufficiently similar character. At the same 
time significant abruption is observed between drying curves at 40 and 35 0C. This temperature interval 
may be named as boundary one which divides fields of intensive (temperature is above 40 0C) and low 
intensive drying (temperature is low than 350C). 

Results of experimental research of vacuum and atmospheric drying of crushed Jerusalem artichoke 
tubers are shown in figures 1 and 2. By experimental way such modes of atmospheric drying were chosen 
at which the character of rate of Jerusalem artichoke tubers with definite height of layer is analogous 
maximally to the performance in vacuum chamber. Thus, analysis of drying curves obtained during 
atmospheric drying at height of layer 20mm, temperatures of drying agent 34; 36; 38; 40оC and its motion 
speed 0.4 m/s, is shown that they have similar nature with curves of vacuum drying at pressure of medium 
10; 8; 6; 4 kPa (figures 1 and 2).  

The character of curves of vacuum drying at the pressure of medium 2 kPa is close to vacuum curves 
at 4 kPa and atmospheric curveat 40 0C. This indicates decreasing intensity of vacuum drying at 2 kPa 
therefore the interval of pressure for vacuum drying is accepted in the limit (4-8) kPa. At these modesall 
of curves of atmospheric and vacuum drying have accurate match both by initial periods, periods of 
constant and falling rate of drying and intensity of drying.  

On the next stage of experimental research it is necessary to combine processes of vacuum and 
atmospheric drying. Existence of similar curves of drying obtained at vacuum and atmospheric drying for 
same height of layer of dried material allows combining these processes. At that main point of com-
bination of the processes is selection of working modes of dryer at which curves of vacuum and 
atmospheric drying are coincided at most. Furthermore, curves of vacuum and atmospheric drying should 
fit together in the moment when moisture content in the material in both cases corresponds to critical 
point, when period of constant rate of drying is finished.  
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Figure 1 –  
Curves of vacuum and atmospheric drying of 

Jerusalem artichoke tubers at pressure of medium 
into vacuum chamber 10; 8; 6 kPa and 

temperature of air into device  
for atmospheric drying 34; 36; 38 0C 

 
 

Figure 2 – 
Curves of vacuum and atmospheric drying of 

Jerusalem artichoke tubers at pressure of medium 
into vacuum chamber 4; 2 kPa and  

temperature of air into device  
for atmospheric drying 40 0C 

 
 

At studying rates of the processes it is found that at the same intensity of vacuum and atmospheric 
drying the character of curves of drying has similar view. Thus, at the selection of modes of vacuum and 
atmospheric drying with the same intensity in both cases it is possible to provide a behavior which would 
take place only at vacuum or atmospheric drying. At that duration of the process of vacuum-atmospheric 
drying should be equal to time of vacuum or atmospheric drying. 

For example, for Jerusalem artichoke tubers to the suchvacuum drying modes as temperature of 
heating in vacuum camera 55 0C and pressure of medium 4, 6 and 8 kPa the regimes of atmospheric 
drying with rate of air 0.4 m/s and temperature of air 36, 38 and 40 0C correspondingly are match the 
most. According to figure 3, about same intensity (j=0,0010 kg/m2s) havevacuum dryingmode at pressure 
5.5-6.5 kPa and atmospheric dehydration regime at air temperature 37.5-38.5 0C.  

However, the total coincidence of vacuum and atmospheric drying modes must be proved by 
closeness of the material temperatures in periods of constant rate of drying for both ways. In other words, 
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material dried till critical humidity in the vacuum camera should have temperature level close to 
temperature of material which would be dried till critical meaning in the device for atmospheric drying. 
Otherwise, even at the same intensity of processes of vacuum and atmospheric drying thelowered or raised 
temperature of material may provoke decelerating of dehydration process.  

Comparison of temperatures of Jerusalem artichoke tubers in periods of constant rate of drying at 
vacuum and atmospheric dehydration for modes selected above is shown n figure 4.  

According to figure 4, for selected modes of vacuum and atmospheric drying the temperature of 
Jerusalem artichoke tubers in constant rate of drying is about 260C. Considering that temperature, it is 
possible to accomplish combination of vacuum and atmospheric drying into united vacuum-atmospheric 
drying process.  

Combination of processes of vacuum and atmospheric drying for the purpose of creation of joint 
process of vacuum-atmospheric dehydration of Jerusalem artichoke tubers is carried out in the following 
way. For definite layer of material on the base of graphs shown in figure 4 the meaning of the pressure of 
medium into vacuum chamber was selected taking in mind that it corresponds to same intensity of dehy-
dration in vacuum and atmospheric drying. Then, on the base of graph in figure 4, meanings of 
temperatures of drying materials were determined. At that values of selected temperatures for vacuum and 
atmospheric drying should match together. In a result of these operations the united curve of vacuum-
atmospheric drying was achieved. Conducting drying according to the mode parameters providing joint 
curve of vacuum-atmospheric drying allows achieving high efficient and lowenergy consumed process. At 
that vacuum dehydration in the process of vacuum-atmospheric drying should be conducted up to critical 
humidity of drying material.  

High intensity and low energy consumption of the process of dehydration were achieved by means of 
parallel realization into the dryer processes of vacuum and atmospheric drying.  

 

 
 

Figure 3 – Comparison of intensities of vacuum and atmospheric drying  
of Jerusalem artichoke tubers with height of layer 20 mm 
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Figure 4 – Comparison of temperatures of material  

in period of constant rate of drying at vacuum and atmospheric drying of Jerusalem artichoke tubers  
with height of layer 0,02 m 

 
Experimental data of vacuum-atmospheric drying of Jerusalem artichoketubers crushed in view  

cubes with height of layer 0.02 m, pressure into vacuum chamber 4 kPa and temperatures of heating 55; 
45 и 35 0C are processed in view curves of drying (figure 5). To these heating temperature meanings the 
temperatures of air 40; 38; 36 0C at atmospheric drying correspond at all. The solid line determines period 
of vacuum drying and the dashed one is the period of atmospheric dehydration. The point characterizes 
critical moisture content of material that determines completion of drying period with constant rate and 
beginning drying time with falling rate.  

As experiments show, the most efficient mode of drying for Jerusalem artichoke tubers is at tempe-
rature of heating 55 0C (figure 5). Comparably, at temperature 35 0C achieving of critical moisture content 
takes longer time approximately for 43%.  

From figure 5 may be observed significant decreasing of energy consumption at vacuum-atmospheric 
drying. So, at drying of Jerusalem artichoke tubers, depending on the temperature of heating energy 
consumption is calculated for 2.8-4.6 hours i.e. till critical humidity of the material (figure 5). Further, 
drying is performed into device for atmospheric drying using disposable heat of condensation of 
refrigerant agent. At the same time, duration of drying only in vacuum chamber at 55 0C would be above 
4.5 hours. Consequently, efficiency of the process of vacuum-atmospheric drying by time approximately 
for 37 % is higher compare to vacuum one.  

Results of experimental investigation of vacuum-atmospheric drying of Jerusalem artichoke tubers 
are processed in view heat and mass transfercoefficients by equations (1) and (2).  

Dependencies of heat and masstransfer coefficients at vacuum drying are shown in figures 6-11.As is 
clear from figures 6, 7, the highest intensities of heat and masstransfer are observed at pressures of 
medium into chamber 4 kPa. Heat and mass transfercoefficients have high meanings at temperature of 
heating 55 0C into vacuum chamber, as may be inferred from figures 8, 9.  
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Figure 5 – Dependence of humidity of dryable Jerusalem artichoke tubers  
on duration of vacuum-atmospheric drying at P=4 Kpa and different temperatures of heating 

 
Heat and mass transfercoefficients are calculated also at pressure of medium 4 kPa and temperature 

of heating 55 0C for height of layer 0,01; 0,02; 0,03 and 0,04 m (figures 10, 11). Analysis of calculated 
data shows that alteration of height of layer affects on intensity of vacuum drying much more than 
variation of pressures or temperatures. Thus, variation of heights of layer of Jerusalem artichoke tubers 
from 0.01 to 0.04m leads to decreasing of numeral meanings of heat transfer coefficient from 10.23 to 
5.81 W/(m2K), i.e. 1.76 times, and masstransfer coefficient 1.53times. It may be concluded that vacuum 
drying of Jerusalem artichoke tubers is efficient at height of layer from 0.01 to 0.02 m. Increasing of 
height more than 0.02 m leads to much consumption of time for drying and fixing layer low than 0.01 m 
results to lowering of efficiency of applying of working volume of drying chamber.  

 

  
  

Figure 6 – Dependence of heattransfer coefficient  
from pressure of medium into vacuum chamber  

at height of layer 0.02 m and temperature of heating 550C 

Figure 7 – Dependence of masstransfer coefficient  
from pressure of medium into vacuum chamber  

at height of layer 0.02 m and temperature of heating 550C 
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Figure 8 – Dependence of heat transfer coefficient  
from temperature of heating at pressure of medium  

into vacuum chamber 4 kPa and height of layer 0.02 m 

Figure 9 – Dependence of mass transfer coefficient  
from temperature of heating at pressure of medium  

into vacuum chamber 4 kPa and height of layer 0.02 m 
 

  
 

Figure 10 – Dependence of heattransfer coefficient  
from height of layer of material at pressure of medium  

into vacuum chamber 4 kPa and temperature of heating 55 0C 

 
Figure 11 – Dependence of masstransfer coefficient  

from height of layer of material at pressure of medium  
into vacuum chamber 4 kPa and temperature of heating 55 0C 

 
Dependencies of coefficients of heat and mass transfer at atmospheric drying are shown on figures 12 

and 13. Meanings of coefficients of heat and mass transfer are calculated depending on temperature of air 
at height of layer 0.02 m. As it clear from the figures, the highest intensity of heat and mass transfer is 
observed at air temperature 40 0C.  

Comparison of correlations of heat and mass transfer coefficients of vacuum and atmospheric drying 
reflects their sufficient coincidence. It follows thence those modes of vacuum and atmospheric drying of 
Jerusalem artichoke tubers are selected correctly for their combination and realization in vacuum-
atmospheric dryer. 

On the base of analysis of experimental data of heat and mass transfer at vacuum drying and in 
respect [26], the equations of heat and diffusionNusselt criteria are obtained: 

 Nu=1,21Re0,154Gu0,21Pr0,33Г0,135,                                                       (3) 
Num=0,29Re0,85Gu0,16Prm

0,33Г0,045,                                                       (4) 

where Pr and Prm – heat-and-mass exchange Prandtl criteria; Re - Reynolds criterion; Gu – Guhman 
criterion; Г – geometric simplex, which is equal to relation of half height of layer to distance between 
electrical heaters r, Г = (h/r). 
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Figure 12 – Dependence of heat transfer coefficient  
from temperature of air at rate of air 0.4 m/s  

and height of material layer 0.02 m 

 

Figure 13 – Dependence of masstransfer coefficient  
from temperature of air at rate of air 0.4 m/s  

and height of material layer 0.02 m 
 

Analogous equations of heat Nu and diffusional Num Nusselt criteria are obtained for atmospheric drying:  

Nu = 0,54Pr0,33Re0,35Gu0,17 ,                                                         (5) 

Num=0,34Re0,37Gu0,24Prm
0,33                                                           (6) 

Obtained equations of heat Nu and diffusional Num Nusselt criteria are suitable to apply at enginee-
ring design of new drying installations.  

Results of chemical analysis are given in the table. 
 

Result of analysis of Jerusalem artichoke tubers 
 

Material 
Content of solids, 

% 
Content of reducing sugar, 
% in calculation on solids 

Content of vitamin C, 
mg/gg 

Raw Jerusalem artichoke tubers 2325 13,19 0,493 

Jerusalem artichoke tubers dried 
by atmospheric way 910 9,15 0,369 

Jerusalem artichoke tubers dried 
by vacuum way 910 12,612,9 0,4230,465 

Jerusalem artichoke tubers dried 
by vacuum-atmospheric way 910 12,412,8 0,4180,457 

 
Discussion. Increasing of temperature of heating into vacuum chamber above 60 0C is inexpedient 

because it leads to insignificant growth of rate of drying. At that partial caramelization of sugars leads to 
deterioration of sensory indicators takes place as well. Heating at temperature low than 30 0C in vacuum 
chamber reduces intensity of drying considerably. The optimal mode of drying into vacuum-atmospheric 
dryer is pressure of medium in the range (4-8) kPa and temperature level of heating is 55 0C.  

As is clear from table, the highest content of vitamin C and reducing sugar is in raw material. Content 
of vitamin C and reducing sugars in samples dried by vacuum-atmospheric method is small lower than in 
tubers dried by vacuum way. The lowest meanings have samples dried by atmospheric method. These 
indicators give evidence aboutprospectivity of vacuum-atmospheric method at producing other plant 
products as well.  

The idea of combination of 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 [27]. 
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The essence of combining vacuum drying with atmospheric one is to include a heat pump in the 
vacuum drying unit, which suppliesheat to the process of atmospheric drying of the material and cold to 
dehumidification process (freezing of moisture) during vacuum drying. 

Alongside with good preservation of the biochemical composition of dried products the developed 
method of vacuum-atmospheric drying promotes a reduction in the energy consumption as compared with 
the vacuum one by 13-15%. 

Thus, the developed method of vacuum-atmospheric drying meets the requirements for advanced 
drying technologies, which makes the process cost-effective and reduces energy consumption. 
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ЖЕР НӘГІ ТҮЙІНДЕРІНІҢ ВАКУУМДЫҚ-АТМОСФЕРАЛЫҚ КЕПТІРУ ТӘСІЛІ 
 

Аннотация. Өнеркәсіптік тұрғыдан жер нәгінің түйндері инулин, фруктоза, сірне және спирт өндіруге 
арналған құнды шикізат болып табылады. Жер нәгінің түйіндерін дәстүрлі сақтау кезінде сапаның тез төмен-
деуі оны жыл бойы қолдануды қиындатады. Бұл тұрғыда кептіру жер нәгі түйнектерін сақтаудың ең қолайлы 
тәсілі болып табылады. Жұмыстың мақсаты жер нәгінің ұсақталған түйнектерін кептіру процесінде энергия 
шығынын төмендету және тиімділігін арттыру болып табылады. Қойылған міндетті орындау үшін жер нәгі-
нің түйнектерін вакуумдық-атмосфералық кептіру әдісі ұсынылған. Ұсынылған әдіс материалды вакуумдық 
кептіруді аралық ылғалдылыққа дейін және атмосфералық кептіруді соңғы ылғалдылыққа дейін жүргізуді 
қамтиды. Бұл кезде соңғы атмосфералық кептіру кептіргіштің жылу сорғысы болып табылатын тоңазытқыш 
машинасында айналатын хладагент сұйылту жылуын пайдалана отырып жүзеге асырылады. Осы көзден 
алынған ауамен соңғы кептіру энергияны атмосфералық ылғалсыздандыруға үнемдеп, вакуумдық кептірудің 
ұзақтығын қысқартуға мүмкіндік береді. Бұл әдіс бір кептіру қондырғысында вакуумдық және атмосфералық 
кептіруді біріктіруге және тоңазытқыш агенттің сұйылту жылуын пайдалануғабағытталған. Сұйылту жылуы-
жер нәгі түйіндерінің соңғы атмосфералық кептіруі үшін қолданылады. Дайын өнім жоғары сапалы көрсет-
кіштермен сипатталады. 

Түйін сөздер: жер нәгі, түйін, вакуум-атмосфералық кептіру, критикалық ылғалдылық, температура, 
қысым. 
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СПОСОБ ВАКУУМНО-АТМОСФЕРНОЙ СУШКИ КЛУБНЕЙ ТОПИНАМБУРА 
 

Аннотация. С промышленной точки зрения клубни топинамбура являются ценным сырьем для произ-
водства инулина, фруктозы, патоки и спирта. Быстрое снижение качества при традиционном хранении топи-
намбура как клубневого сырья затрудняет его применение в течение года. В этом отношении сушка является 
наиболее подходящим способом сохранения клубней топинамбура. Целью работы является повышение эф-
фективности и снижение энергозатрат в процессе сушки измельченных клубней топинамбура. Для решения 
поставленной задачи предложен способ вакуумно-атмосферной сушки клубней топинамбура. Способ 
включает проведение вакуумной сушки материала до промежуточной влажности и атмосферной сушки до 
конечной влажности. При этом окончательная атмосферная сушка осуществляется с использованием тепла 
конденсации хладагента, циркулирующего в холодильной машине, которая является тепловым насосом 
сушилки. Окончательная сушка материала воздухом из этого источника позволяет экономить энергию на 
атмосферную сушку и уменьшить продолжительность вакуумного обезвоживания. Этот метод основан на 
комбинировании вакуумной и атмосферной сушки в одной сушильной установке и утилизации теплоты 
конденсации холодильного агента. Последняя применяется для завершающей атмосферной сушки клубней 
топинамбура. Конечный продукт характеризуется достаточно высокими качественными показателями. 

Ключевыеслова: топинамбур, клубни, вакуумно-атмосферная сушка, критическая влажность, темпера-
тура, давление. 
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