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ABSTRACT--This research of the profiles of the temperature field of the process of convective drying of 

plant raw materials. Mathematical modeling of the temperature field on the basis of the three-phase flow 

structure was carried out. In a wide range of variation of design and operating parameters (from 50 to 150%) 

their nominal values are identified. A qualitatively new picture of the temperature field was found, which is 

expressed in the fact that, depending on the contact conditions of the gas and solid phases and the relative air 

flow, the temperature profile on the pallets can have both positive and negative slopes. The sensitivity of this 

relationship, formalized in the form of axonometric graphs and the corresponding families of isolines on the 

plane of variable factors, is shown. Criteria for non-uniformity of temperature profiles across pallets (dispersion 

of material temperature and angle of inclination of the approximating straight line with fixed values of the 

average temperature of the substance) are proposed. The procedure for solving the optimization problem on the 

conditions of the minimum criterion for the unevenness of the material profile is justified when the average 

temperature of the material specified in accordance with the conditions of the process schedule is restricted as 

equality. 

Key words-- drying, temperature, raw materials, drying. 

 

I. INTRODUCTION 

 In the world, 40% of medicinal raw materials are obtained from plants for the pharmaceutical industry. At 

the same time, today about 60% of medicines consist more or less of plant substances. In accordance with this, the 

process of manufacturing the necessary plant materials for the production of pharmaceuticals has the scientific and 

practical importance of introducing modern and intensive methods of technology as well as devices. 
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Drying is one of the most advanced and commonly used preservation methods. It consists of the removal of 

moisture from the product, resulting from the simultaneous process of heat and mass transfer through the use of 

heat. The drying process can affect (partially or completely) product quality in terms of sensory, nutritional and 

functional characteristics. For a successful drying operation, it becomes necessary to choose a suitable technique, 

especially for valuable products, including medicinal plants. 

Scientists study determination of temperature and concentration of a vapor-gas mixture in a wake of water 

droplets moving through combustion products [1], hydrodynamics and mass-transfer characteristics analysis of 

vapor–liquid flow of dual-flow tray [2], mechanism of heat transfer in heterogeneous droplets of water under 

intense radiant heating [3], а model of heat and mass transfer in gas phase in axial and turbulent dispersed annular 

flows [4]. 

In the work of A.B. Sukhotskii et al. [5], an experimental study and generalization of data on the intensified 

convective heat transfer of single-row finned tube bundles in air flow was investigated. The results of an 

experimental study of the intensified convective heat transfer of a single-row beam consisting of bimetallic finned 

tubes in a stream of heated air are presented as dependencies of the Nusselt number on the Grashof and Reynolds 

numbers. 

In the work of V.A. Sychevsky  et al. [6] investigates the aerodynamics of an experimental stand for drying 

the Institute for heat and mass transfer named after A.V. Lykov of the National Academy of Sciences of Belarus. 

The geometric structure of the wood drying bench is complex. Therefore, the calculation of the aerodynamics of 

the drying agent in the chamber is carried out on the basis of the ANSYS Fluent 14.5 software package. On the 

basis of the calculations performed, an analysis of the structure of the flow of the drying agent was carried out, and 

stagnant zones were revealed. It is established that the wood-drying bench does not work in the optimal 

aerodynamic mode. In [6-7] it was shown that vortices are formed at the front and rear edges of the boards arranged 

in a line in a stack, which adversely affect the aerodynamics of the flow and the processes of heat and mass transfer 

in the stack. In the drying chamber, the air flow overcomes a number of local resistances caused by the presence 

of a heat exchanger, a fan, a stack, and the geometry of the dryer (changing the direction of air flow). 

Experimental investigation of bound and free water transport process during drying of hygroscopic food 

material [8]. It is interesting to highlight that the cell membranes rupture at different stages of drying rather than 

collapsing at one time. The membrane collapse depends predominantly on the penetration rate of heat energy and 

the pressure gradient between intracellular and intercellular environments. All test results suggest that most of the 

cell membranes rupture at the middle stage of drying where the moisture content is about 2-4 kg/kg (db.). 

Furthermore, the moisture distribution profile confirmed that some moisture remained around the centre of the 

dried sample although the surface of the sample became dry [8]. 

In the study mathematical simulation of convective drying: spatially distributed temperature and moisture in 

carrot slab [9], experimental study and analysis on heat transfer effect of far infrared convection combined drying 

[10], next generation drying technologies for pharmaceutical applications [11], heat and mass transfer parameters 

in the drying of cocoyam slice [12], mathematical modelling of convective drying of feijoa (Acca sellowiana Berg) 

slices [13], wheat convective drying: An analytical investigation via Galerkin-based integral method [14], research 

authentication of the medical plants by multispectral analysis [15], development of helio of a drying equipment 

based on theoretical researches of heat energy accumulation [16-17]. 
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In the article [18] study, intensification of the plant products drying process by improving solar dryer design, 

as a result, graphical interpretations of isolines of drying agent flow are obtained and location of passive zones in 

the dryer chamber are identified. Uniformity of the temperature zones in the chamber is ensured by supplying 

additional drying agent into the passive zones. Temperature values at various levels of the drying chamber are 

experimentally obtained. Results for drying cut-up mass of vegetables and fruits are presented. 

Experimentation. Development of a water-heating convective drying equipment for medicinal herbs with 

their medicinal properties at low temperatures without using electricity, providing the ability to predict changes in 

temperature and moisture content in the layer of dehydrated material, as well as knowledge of the time required to 

obtain the desired final values of temperature and moisture content. The solution of these problems determines the 

prospects of the drying process with obtaining a quality product at low cost and loss of raw materials.The basis 

for obtaining a quality product is technological systems that have a complex structural and functional 

organization. As a rule, the control objects in these systems are specific technological processes. 

High-quality drying of thermolabile products related to medicinal herbs should be carried out strictly 

controlling and regulating all process parameters, including the temperature of the dehydration objects. It is not 

experimentally possible to determine the temperature fields in the hovering fine particles with a significant 

intensity of the drying process. As a consequence, it is obvious that it is necessary to implement a mathematical 

model of heat and mass transfer in order to calculate temperatures at each spatial point of sputtered par ticles of 

dehydrated materials during the drying process in order to identify and implement rational modes and control 

product quality. When introducing rational modes and structures of drying apparatus, in the first place, it is 

necessary to ensure in practice the conditions for obtaining the required technological characteristics of the 

material being dried. 

Based on the analysis of the technological situation conducted by the author, as variable factors, we choose 

the relative air flow through the drying unit and the coefficient expressing the intensity of heat exchange between 

the gas phase and the material being dried. At the same time, the remaining parameters expressing design and 

operational features are assumed to be unchanged. The range of variation is taken equal to 0.5 to 1.5 of their 

nominal values. 

Accepted nominal values of parameters: 

gnom=.38; 

Tn0=100; 

Tg0nom=20; 

knmnom=.025; 

kmgnom=.0135; 

kngnom=.1; 

 The individual results shown in Fig. 1-2 show that the temperature profile of the material along the 

height can be both increasing and decreasing. 
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1 is the temperature of the coolant; 2-temperature gas phase; 3-temperature profile for the material; 4-results of 

theoretical studies. 

Figure 1: Mode with a positive slope of the temperature profile 

 

 

 

1-temperature of the coolant; 2-temperature gas phase; 3-temperature profile for the material; 4-results of 

theoretical studies. 

Figure 2: Mode with a negative slope of the temperature profile 

 

As a criterion for the uneven distribution of temperature across the pallets, along with the average 

temperature (tsr), we take the variance of the temperature tdisT and the proportionality coefficient in the linear 

approximation formula for the temperature profile. 

The results of studies in these ranges are shown in Fig. 3-6. 

 

Figure 3:  Average values of material temperature by pallet 
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As a result of the experiments, criteria were found for the non-uniformity of the temperature profiles across 

the pallets of the material temperature dispersion and the slope angle of the approximating straight line for fixed 

values of the average temperature of the substance.  

 

Figure 4: Surface expressing positive and negative values of the slope of the temperature profile 

 

 

Figure 5:  The surface of the criterion Tdispersiya 

 

Figure 6:  Isolation Tdispersiya 
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The relationship between the criteria for uneven profiles has a partial interdependence. In particular, the 

temperature dispersion and the angle of inclination of the aligned profile are almost correlated, but unlike the 

angle of inclination, which may be zero, which is ideal for drying, from the point of view of the same profile 

along the pallets, the dispersion has a certain hysteresis zone. This is consistent with the fact that there always 

remains some residual irregularity, which can be observed with an increase in the number of scans (Fig. 7). 

In practice, designing not only dryers, but also devices with interphase exchange, it becomes necessary to 

select variable optimizable variables, based on the requirements of equality of the average temperature to a 

certain value specified in accordance with the technological regulations and to ensure minimum slope. 

 

Figure 7: Zone with minimum bottom for dispersion values 

  

 Sometimes a situation arises of the need to provide some compromise between these indicators, in terms 

of energy efficiency.  

 

Figure 8: Nomogram for calculating a given temperature profile 

  

In addition, the nomogram allows you to select the appropriate values of the parameters of the 

technological mode and the conditions of the contact phase (with increasing or decreasing nature) (Fig. 9). 
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Figure 9: Nomogram to determine the optimal Tsr and slope (bmnk) 
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prmnk=NP*bmnk; 

naklon=bmnk(1); 

L=(naklon)^2+100*(Tmsr-85)^2; 

FF=L; 

The program implements the solution of the problem of finding the conditional extremum with the 

restriction in the form of equality to the average temperature given by the method of penalty functions.  

The above procedure for r=0 gives optimal, gotimal=1.2857, kmgoptimal=0.032, and for r=0.725, we get 

gotimal=0.3832, kmg=0.0126, which is in good agreement with the above nomogram (Fig. 8).   

The above-mentioned relationship between the criteria of unevenness is clearly manifested when 

comparing optimization options according to different criteria. For the conditions of solving an optimization 

problem by the criterion of minimizing the square of the slope, minimization of the material temperature by the 

dispersion gives minor deviations:gotimal=0.3833, kmgoptimal=0.0124 

 

II. CONCLUSION 

Mathematical modeling of the temperature field on the basis of the three-phase flow structure was carried 

out. In a wide range of variation of design and operating parameters (from 50 to 150%) their nominal values 

are identified. 

A qualitatively new picture of the temperature field was found, which is expressed in the fact that, 

depending on the contact conditions of the gas and solid phases and the relative air flow, the temperature profile 

on the pallets can have both positive and negative slopes. The sensitivity of this relationship, formalized in the 

form of axonometric graphs and the corresponding families of isolines on the plane of variable factors, is shown. 

Criteria for non-uniformity of temperature profiles across pallets (dispersion of material temperature and 

angle of inclination of the approximating straight line with fixed values of the average temperature of the 

substance) are proposed. 

The procedure for solving the optimization problem on the conditions of the minimum criterion for the 

unevenness of the material profile is justified when the average temperature of the material specified in 

accordance with the conditions of the process schedule is restricted as equality. 
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