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MATHEMATICAL MODELING AND OPTIMIZATION OF 
MICROWAVE COUNTER FLOW EXTRACTOR  

Terziev S.G., d.t.sc., assoc. prof. 
Odessa National Academy of Food Technologies 

Abstract. The problems of modeling the extraction process under the conditions of the countercurrent 
motion of the extragent and the solid phase in the conditions of the microwave field are analyzed. The 
expediency of calculation and optimization of microwave extractors is substantiated. The basic parameters for 
calculation of mass transfer in the extractor are determined. On input  indicators characterizing the extractant 
(initial and final temperature, viscosity, specific heat, density), solid phase (concentration of extractives, density, 
porosity and thickness of the layer, equivalent diameter of the particle), apparatus (mass and dimensions, 
extraction of extractant and product), power supply system (rated power, frequency and number of radiators). At 
the output  the concentration of the extract and specific power. The parameters for calculating the microwave 
extractor are determined. Using the method of analysis of the dimensions of 12 required parameters is reduced 
to 3. The results of a series of studies conducted with ground coffee are summarized. The results are presented in 
the form of tables and charts. The calculations were carried out with using the theory of similarity and 
dimensional analysis method. The results of calculations of the concentration differences in the solid phase and 
in the extract, relative error, mass flow, effective mass transfer coefficient, Reynolds and Stanton numbers, etc. 
are presented, under the influence of the microwave field. Dependences of the parameters of the coefficient of 
mass deducing on the power of the microwave field and on the thickness of the product layer. A mathematical 
model is obtained in a criterion for a microwave extractor. A comparison was made between Stanton numbers 
calculated and obtained based on experimental data. The choice of optimization parameters has been discussed. 
The target optimization function has been determined by traditional methods of coordinate descent and Gauss-
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Zeidel. An optimization program developed based on Borland Delphi programming language has been 
developed. The charts for different parameters combination are obtained. 

Keywords: optimization, goal function, similarity theory, microwave extractor, dimensional analysis, mass-
transfer 
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C , % X , % J 104, , c 103, Re

91,13 1,19 73,91 120 4 36,35 
92,87 0,74 59,44 120 7 26,82 
93,93 1 50,57 120 10 21,22 
94,96 0,5 41,93 120 20 19,50 

 8 10-3 ... 27 10-3 10-2

, % w 104 Vp 106 3 , % 108

8,87 13,2 1,17 91,13 5,23 
7,13 9,91 0,72 92,87 4,23 
6,07 7,54 0,98 93,93 2,41 
5,04 5,86 0,49 94,96 2,04 

Sc
- Bu 

Re

Stm =  0,004 (Re)-0,5 (Sc)0,43 0,6(Bu)0,33.     (3) 
mexp mtheor
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