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Abstract: The microwave field is used for drying and disinfection of grain, during pre-sowing seed 

treatment. The use of a microwave field in these installations leads to an increase in their 

productivity and a decrease in the energy consumed by them. One of the principal problems of 

microwave field use for treatment of dense grain layers is to insure sufficient distribution uniformity 

of the field. In this article, waveguide design options have been discussed that serve to introduce 

microwave radiation into the grain layer. Mathematical simulation of the electromagnetic field 

distribution was performed with the use of CST Microwave Studio software in order to evaluate 

and compare horn-type, rectangular and semicircular waveguides. The data on the standing wave 

ratio and radiation efficiency for these types of waveguides have been reported. Specific features of 

the microwave electromagnetic field distribution and radiation power in the output of those 

waveguides have been described. Results of mathematical simulations enabled to make out that 

semicircular waveguides with slot-type radiators are preferable for processing dense grain layers. 

Keywords: microwave electromagnetic field; waveguide; slot-type radiators; standing wave ratio; 

radiation efficiency 

 

1. Introduction 

Normally, grains of the wheat arrive for pre-seeding treatment and disinfection with its moisture 

content of 14 %. In order to ensure grain viability and its technological quality grain-drying 

equipment has to be applied [1]. Initial water content in grain subject to drying may vary in a rather 

wide range from 18 % to 30 %. In terms of technological convenience and price, processing plants 

with thick grain layer are preferable [2] such as, for instance, hopper-type units [3,4]. Such processing 

plants are applicable for moisture content in grain not exceeding 16 %. Processing grain with higher 

moisture contents requires application of flow-through grain-dryers. Depending on the grain crop 

under processing and on the required production rate, various types of grain-dryers can be used such 

as vertical silage-type dryers [5], tray-type grain-dryers [6], free drop flow grain-dryers [7], table-type 

grain-dryers [8].  

It has to be noted that grain drying is a rather energy-demanding process that takes the share of 

80 % of the aggregate energy consumption. That is why various methods designed to reduce the 

energy consumed for drying including application of infrared radiation [9], ozone-air mixtures as 

drying agent [10], processing plants with ultrasonic grain drying effect [11] are applied. Grain-dryers 

with alternating blow-through direction in the grain layer [12] and those with grain recycling are also 

widely used [13]. One of the environmentally safe grain drying methods is treatment in convective-

microwave processing plants [14,15]. Application of microwaves for processing grain with the 

purpose of drying, disinfection and pre-seeding treatment makes it possible to reduce the energy 

consumption and to enhance the productivity of the dedicated equipment [16–18]. In the course of 

pre-seeding treatment, there is a possibility to combine the effect of disinfection with that of 

improving both the viability of seeds and the yield formula [19,20]. 
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The basic element of such processing plants is the, so called, active convective-microwave 

treatment zone where the waveguides and air ducts are installed. Waveguides serve as microwave 

radiation conductors while the air ducts supply drying agents into the convective-microwave zone 

[21,22].  

One of the principal disadvantages of the microwave radiation application for grain processing 

is defined by the dependence of the penetration depth into the grain layer on the dielectric properties 

of materials. The higher is the moisture content of grain the smaller is the distance of its penetration 

into the grain layer and the greater is the share of microwave power absorbed in the surface sublayer 

adjacent to the radiation source. At the same time, the maximum productivity of the convective-

microwave processing plant can be attained in conditions of uniform interaction between the 

microwave field and grain.  

Earlier, the authors designed a shaft-type convective-microwave dryer on the basis of processing 

unit in which microwave field sources were installed on the opposite sides of the grain processing 

zone [23,24] (see Figure 1). 

 

Figure 1. Outlay of convective-microwave zone for grain processing: (1) casing of convective-

microwave unit; (2) waveguides; (3) magnetrons; (4) waveguide output gate. 

The unit in the processing plant had the following dimensions 0.30.20.2 m, and the volume of 

the inner space equals to 0.012 m3. The length of the active zone, i.e., the distance between the 

waveguide’s output gates, was 0.3 m. The grain of the wheat weight that could be processed in that 
convective-microwave zone was, respectively, 8 kg and 9.1 kg, for moisture content 14 % and 25 %.  

Small-power magnetrons of 0.9 kW with radiation frequency 2.45 GHz are normally used in 

grain processing units. Radiation is supplied into the microwave-active zone with the help of horn-

type antennas. Experimental studies of the grain drying and disinfection process [25,26] have shown 

that there exists substantial nonuniformity of electromagnetic microwave field distribution over the 

grain layer reducing the efficiency of the grain processing. Therefore, the need for the development 

of new design solutions for microwave field introduction into dense grain layers.  

Application of rectangular and semicircular waveguides with slot radiators is also regarded as 

an alternative to horn-type antennas. Mathematical simulations for microwave field distribution in 

the output of such waveguides have been carried out with the use of CST Microwave Studio software 

[27,28] in order to compare the efficiency of such design types. 

2. Materials and Methods 

2.1. General provisions 

The analysis of the efficiency indicators and of the microwave electromagnetic field distribution 

has been performed, for three radiator types, namely: horn radiator (see Figure 2), 55110 rectangular 

waveguide with slot-type emitters (see Figure 3) and semicircle waveguide with slot-type emitters 

(see Figure 4). 
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Figure 2. Outlay of the horn-type radiator. 

 

Figure 3. Outlay of 55110 waveguide with slot-type emitters: (1) waveguide casing; (2) magnetron; 

(3) slot-type emitters spaced at intervals of ½ . 

 

Figure 4. Outlay of semicircle waveguide with slot-type emitters: (1) waveguide casing; (2) 

magnetron; (3) slot-type emitters spaced at intervals of ½ . 

Finite method was applied for mathematical simulation. Finite integration technique (FIT) 

represents a method of spatial discretization designed for computational solution of electromagnetic 

field problems, in both time and frequency domains. It makes it possible to retain the basic topological 

properties of continuous equations such as conservation of charge and energy. The main idea of this 

approach is to apply Maxwell equations in their integral form, to a multilayer grid.  ∮ (𝐻, 𝑑𝑙) = ∫ (𝑗 + 𝜕𝐷𝜕𝑡 ) (𝑆) (Г) 𝑑𝑆,       (1) ∮ (𝐸, 𝑑𝑙) = − ∫ (𝜕𝐵𝜕𝑡 ) (𝑆) (Г) 𝑑𝑆,        (2) 
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∮ (𝐷, 𝑑𝑆) = ∫ 𝜌𝑑𝑉 𝑉 (𝑆) ,         (3) ∮ (𝐵, 𝑑𝑆) = 0 (𝑆) ,          (4) 

where E is electric field intensity (V/m), 

H is magnetic field intensity (A/m), 

B is magnetic induction (T), 

D is electric induction (Coulomb/m2), 

Г is borderline enclosing a free-form surface (m2), 

S is free-form surface (m2), 

V is volume (m3), 

j is electric current density (A/m3), 

l is closed contour (m), 

ρ is electric charge density (Coulomb/m3), 

t is time (s).  

The major advantages of this method include high flexibility in geometric modelling and 

boundary processing, and the possibility to involve any material distribution and properties of 

material. Besides, application of correlated binary orthogonal grid in combination with the explicit 

integrating scheme in time yields effective algorithms in terms of simulation process and storage 

efficiency.  

The essence of the method is based on tiling the computational domain into finite number of 

spatial cells. The cells are built so that they completely fit together, and intersection of two different 

cells is a void or a polygon with one-dimensional edge, or a point shared by the both cells (see Figure 

5). 

 

Figure 5. Example of tiling the space in the waveguide output into cells. 

Such partitioning scheme yields the final integration grid that is used as the computation array. 

Therefore, the entire computation domain gets composed of a finite number of elementary cells. 

Variable electromagnetic fields and flows are normally located along the elementary lines or 

elementary planes. Similarly, intensities directed along other edges of the cell can be calculated. The 

aggregate magnetic flow through a plain can be determined as integral of the magnetic flow density 

through this plane. As a result, electric field densities and magnetic flows of the entire cell complex 

is represented in a matrix form. Solution of this equation yields the desired variables. 

In the process of designing microwave devices with the help of CST Microwave Studio 2019 

design, structures in three-dimensional representation are produced by drawing simplest geometric 

forms (primitives) and by performing logic (Boolean) operations over them [28]. 

Effectiveness of radiators was evaluated with the use of the following indicators: 

- - standing wave ratio (SWR) making it possible to evaluate radiator coherence, 
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- - radiation efficiency characterizing the share of energy transferred through the waveguide 

from magnetron, 

- - angular pattern of the microwave field. Radiation directionality diagram is dawn in 3D form 

which makes it possible to evaluate uniformity of the electromagnetic field distribution, in the 

radiator output, 

- - the radiation pattern of the microwave field along the waveguide is perpendicular to the 

radiation, 

- - radiated microwave power distribution. 

2.2. Features of electromagnetic field transmission by horn waveguides 

According to the classification, horn antennas belong to the aperture class antennas. They have 

emitting elements in form of planar aperture in which angular distribution of the microwave field is 

achieved. Among advantages of these antennas are design relative simplicity and reliability, 

convenience of connecting to waveguide transmission lines, rather low energy loss and wide 

bandwidth [29,30]. Horn antennas are applied in a broad frequency interval ranging from decimeter 

to millimeter waves. Typical horn antenna design structure is a smooth transition interface between 

the waveguide’s open end and the radiating surface (aperture). The latter is made of large size in 

order to enhance its radiation directionality and, therefore, to attain better matching between the 

radiator and the feeder transmission line. The authors used combination of H-sectorial and pyramidal 

horns (see Figure 6a,b). The upper plane of horn has H-sectorial form while the lower one is made in 

form of pyramidal horn (see Figure 6c).   

 
 

 

a) b) c) 

Figure 6. Horn antennas and the antenna used in the processing plant under studies [13]: (а) H-

sectorial horn; (b) pyramidal horn; (c) combined-type horn. 

Such form was selected for the sake of possibility to control the direction of electromagnetic field 

propagation in the grain layer. Since the convective-microwave processing plant is composed of units 

one of which is shown in Figure 1, such waveguide design enables to control field directionality 

depending on the unit location. For instance, in case that grain, from the feed hopper, is loaded into 

the upper convective-microwave zone downward directed horn is used. It is done to avoid 

microwave electromagnetic field propagation outside the area of the processing plant when the level 

of grain, in the feed hopper, drops. In the lower units of the processing plant located close to the 

receiver hopper, downward directionality of horn has to be insured, as well. In this case, relevant 

conditions for electromagnetic field distribution over the bottom of the processing plant are provided. 

The opposite direction of the field of the horns in two consecutive zones is used in the lower half 

of the processing plant, where the moisture content in the processed grain becomes lower and, 

consequently, the intensity of the microwave field acting on the grain layer can be increased. 

Directional gain (DG) of aperture-type antenna is defined from the following formula [31]: 𝐷 = 4𝜋𝑆𝜆2 𝛾,      (5) 

where S is aperture area surface (m2), λ is radiation wavelength (m), γ is aperture efficiency (AE) 

depending on the field amplitude and phase distribution in radiator aperture (a.u.). 
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The maximum value of AE (γ = 1) is attained in conditions of uniform and coherent excitation 

of the aperture. 

In a first approximation, field amplitude distribution in the horn aperture has sinusoidal form, 

in the plane of vector H [32]: 𝐸(𝑦)𝐸𝑚𝑎𝑥 ≈ sin (𝜋𝑦𝐵 ),      (6) 

where B is aperture area dimension along axis y (m), 

E(y) is electromagnetic field intensity along axis y, (V/m); 

Emax is the maximum value of electromagnetic field, in the aperture (V/m) 

Phase of the field in the aperture changes in accordance with a nearly square law because of 

curvilinear form of the wave edge surface. The change in the direction of the electromagnetic field 

(and its power) at the output of the horn radiator can be described by a second-order equation. Phase 

displacement has its maximum Фmax on the borders of the aperture area and equals to: Ф𝑚𝑎𝑥 ≈ 𝜋𝐴24𝜆𝑅 .      (7) 

For constant length R of the horn, aperture area S grows with aperture size А (see Figure 7) 

resulting in decreasing AE due to the increasing phase nonuniformity. 

 

Figure 7. Dimensions used for calculating distortions in the horn aperture [30]. 

DG of horn antennas attains its maximum for certain values of the aperture size (phase error on 

the aperture edge). This phase error is –3π⁄4, for Н-sectorial horn. Such horns are called optimal horns 

[33]. Dimensions of optimal horns are defined by substitution variables in formula (7) with the above 

values of phase displacement on the aperture edge: 𝐴 = √3𝜆𝑅, for Н-sectorial horn. Wavelength for 

radiation frequency f=2.45 GHz equals to 122 mm. In accordance with the horn design R = 80 mm. 

This is the distance between the magnetron emission point and the front edge of the horn. Therefore, 

aperture size 𝐴 = √3 ∙ 122 ∙ 80 = 171 mm. For the reason of limiting dimensions of the assembly 

where power supply units and magnetrons have to be mounted value A = 155 mm was selected. 

In this case, horn aperture efficiency does not attain its maximum value. It has to be also born in 

mind that, in the selected horn aperture design, combination of H sectoral and pyramidal horn is 

used. That is why more correct evaluation of the electromagnetic field distribution in the horn output 

can be done on the basis of mathematical simulation results. 

2.3. Features of electromagnetic field transmission by rectangular waveguides 

The outlay of the waveguide subject to the electromagnetic field distribution studies is shown in 

Figure 3. In these studies, magnetron with operating frequency 2.45 GHz was selected as the source 

of microwave energy. Generator wavelength equals to [34]: 𝜆 = 𝑐𝑓,          (8) 

where с = 3⋅108 m/s is speed of light. 

For frequency value 2.45 GHz, wavelength is 𝜆 = 3∙1082.45∙109. 
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λ = 0.122 m = 122 mm. 

In microwave communication devices, selection of particular wave types such as, for example, 

H10, H01, E11 is essentially important [35]. Contrariwise, wave type selection is of no importance when 

microwave electromagnetic field is used for heating purposes. It is more critical to ensure lossfree 

transfer of the radiation to the load. That is why the focus was made on multiwave guides. Besides, 

dielectric strength of the waveguide can be increased, and the energy loss can be reduced by 

increasing the dimensions of the waveguide in relation to its length [34]. We will consider wave types 

capable to transfer along rectangular waveguides. In this regard let us draw the diagram of critical 

wavelengths for magnetic- and electric-type oscillations. Assuming 

a = 2b,          (9) 
where а and b are, respectively, dimensions of the larger and the smaller walls of the rectangular 

waveguide. 

Critical lengths for of magnetic- and electric-type waves are defined from the following 

relationship [35]: 𝜆cr = 2√(𝑚𝑎 )2+(𝑛𝑏)2,        (10) 

where m and n are oscillation type indexes Hmn (Emn). For Е wave, m≥1, n≥1. For H-wave, one of 

the two indexes may be equal to zero [20]. 

Calculating critical waves for various oscillation types were performed with the use of MATLAB 

software [36]. It was assumed in calculations that а = 1. While drawing the diagram shown in Figure 

8, calculated data were multiplied by value a.  

 

Figure 8. Diagram for oscillation types transferred in the waveguide. 

To ensure the possibility of propagation of all modes in waveguides, the following conditions 

must be observed: 𝜆 < 𝜆cr.         (11) 
For waves of H10 type, equation (7) can be written in the following form: 122 < 2 ∙ 𝑎. 
Dimensions of rectangular waveguides stipulated in GOST 51914-2002, for frequencies close to 

those discussed in this article, are as follows: 

Cross-section shall be 110.0055.00 mm and 90.0045.00, respectively, for the frequency ranges 

from 1.72 GHz to 2.59 GHz and from 2.14 GHz to 3.2 GHz. 

Taking into account that, in the processing plant, microwave field has to be distributed as 

homogeneously as possible, in the grain layer, we assume that waveguide cross-section 11055 to a 

greater extent corresponds to this requirement. Therefore, critical wavelength for this waveguide is 𝜆cr = 2110 = 220 mm. It means that selected waveguide dimensions comply with the requirement 

(11). 

2.4. Features of electromagnetic field transmission by semicircular waveguides 
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Selection of semicircle waveguide is, first of all, defined by the specific technological features of 

the convective-microwave processing. Technical implementation of this method requires drying 

agent supply into the area of material processing. With regard to the design convenience, waveguides 

of semicircle cross-section are an optimal choice.  

Critical wavelength in circular waveguide, for type Emn wave, can be found from the following 

equation [27]: 𝜆cr = 2𝜋𝑟𝑢𝑚𝑛,        (12) 

or, in application to type 𝐻𝑚𝑛  wave:  𝜆cr = 2𝜋𝑟𝑢𝑚𝑛′ ,     (13) 

where r is waveguide radius, 𝑢𝑚𝑛  are roots of Bessel functions and of their derivatives, for type E wave, 𝑢𝑚𝑛′  are roots of Bessel functions and of their derivatives, for type H wave. 

Wave types transferred in circular waveguide, depending on its radius, are presented in Figure 

9. 

 

Figure 9. Wave types transferred in circular waveguide. 

In waveguide of semicircle cross-section, as well as in circular waveguide, critical wavelength, 

for type H wave, λcr=3.41r. For type E wave, λcr=1.64r. It means that, for inner radius 50 mm of the 

waveguide, critical wavelength, for type H wave, λcr=170 mm, while for type E wave, λcr=82 mm. It 

appears from the values of critical wavelength, for waveguide radius 50 mm, that propagation of 

electromagnetic waves of E11 type, in such waveguides, is problematic. Therefore, mainly waves of 

type H11 will go through this waveguide 

3. Results 

3.1. Studying microwave electromagnetic field distribution in horn antennas 

Mathematical simulation of the microwave electromagnetic field distribution process was 

performed with the use of CST Microwave Studio software. The outlay of the horn-type waveguide 

model used in the mathematical simulation process is shown in Figure 6c. 

Frequency range from 2 GHz to 3 GHz with central points of 2.45 and 2.5 GHz was selected for 

mathematical simulations. Owing to these a number of dependences was deduced, presented in 

Figure 10a,b. Figure 10a,b show, respectively, the graph for frequency dependence of the standing 

wave ratio (SWR) and that of radiation efficiency, for the selected horn-type waveguide. 
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a) 

 
b) 

Figure 10. Frequency dependences obtained in the course of mathematical simulations made for 

microwave field in horn radiator: (a) Frequency dependence for standing wave ratio (SWR) of the 

horn-type radiator; (b) Frequency dependence for radiation efficiency of the horn-type radiator. 

Results of the mathematical simulation show that SWR values fall close to 1.3, for operating 

radiation frequency of the magnetron, which is a positive indicator providing evidence of sufficient 

radiator coherence. Radiation efficiency has a maximum, in the radiation frequency range of 

magnetrons, demonstrating acceptable level of radiator coherence, as well. 

In order to evaluate electromagnetic field spatial distribution, 3D dependences were calculated. 

They are presented in Figure 11.  

 
a) 
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b) 

Figure 11. 3D angular pattern and distribution of radiated microwave power for horn-type 

waveguide: (a) 3D angular pattern for microwave electromagnetic field; (b) 3D distribution of the 

radiated microwave field. 

Results of the 3D mathematical simulations show that there exists substantial nonuniformity of 

the electromagnetic field density distribution both along the perimeter of the horn aperture area and 

in the radiation propagation direction. 

Therefore, application of horn-type waveguides ensures rather high values of SWR (1.3) and 

high radiation efficiency but the uniformity of the microwave field density distribution has to be 

improved.  

Earlier performed experimental studies [24] have shown that energy consumption of the grain 

drying process, in convective-microwave zones, essentially depends on the drying agent parameters 

and on the method of its supply into the grain drying area. Energy consumption can be minimized 

when the directions of microwave field propagation into the grain layer and that of the drying agent 

coincide with each other [24]. In this case, a certain grade of microwave field distribution uniformity 

and that of drying agent concentration, in the grain layer, has to be ensured. This condition is hard 

to fulfill for the design option of convective-microwave zone with horn-type waveguides. That is 

why an attempt was made to develop a waveguide design capable to comply with the above 

conditions. 

3.2. Studies of rectangular waveguides with slot radiators 

On the basis of this waveguide, slot radiator was designed [38–41]. For this purpose, transverse 

slots were cut in the broad waveguide’s wall. The transverse slot in the broad wall of the waveguide 
gets excited by the direct-axis component of the current. With the account of the required volume of 

the section, radiator length of 400 mm was selected. Slots in the backside of the radiator are spaced 

1/2 λ apart (see Figure 3). 

Radiator parameters were first conformed and then were input into CST Microwave Studio 

software for mathematical simulation of the electromagnetic field distribution from the radiator’s 
slots. The results of this simulation are presented in Figures 12 and 13. 
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а) 

 
b) 

Figure 12. Frequency dependences obtained by mathematical simulation for microwave field in 

rectangular (55110) radiator: (a) Frequency dependence of the standing wave ratio (SWR) for 

rectangular slot type radiator; (b) Frequency dependence of the radiation efficiency for rectangular 

slot radiator. 

 

a) 

 

b) 

Figure 13. 3D angular patterns of directionality and distribution of radiated power for rectangular 

50110 waveguide: (a) 3D angular patternа of microwave electromagnetic field for rectangular slot-
type radiator; (b) 3D diagram of microwave field density distribution for rectangular slot-type 

radiator. 
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Mathematical simulation results show that application of rectangular waveguide makes it 

possible to achieve better homogeneity of the electromagnetic field distribution. Besides, rectangular 

waveguide features SWR equal to 1 and increased radiated power values. 

That is why the use of rectangular 55110 waveguide in convective-microwave zones for 

processing grain is more preferable. 

Apart from the rectangular 55110 waveguide, mathematical simulation of the electromagnetic 

field distribution was performed for the waveguide of semicircle cross-section (circular sector) with 

slot radiator (see Figure 4). 

3.3. Studies of semicircle waveguide with slot radiator 

Figures 14 and 15 show mathematical simulation results for microwave field emission conditions 

in the output of semicircle waveguide with slot radiator. 

  
a) 

 

b) 

Figure 14. Efficiency indicators for semicircle waveguide: (a) standing wave ratio; (b) radiation 

efficiency. 
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a) 

 
b) 

Figure 15. Results of 3D mathematical simulations for microwave field radiation in the output of 

semicircle waveguide with slot radiator: (a) 3D angular pattern for microwave electromagnetic field; 

(b) 3D density distribution of radiated microwave field. 

3.4. Comparison of radiation patterns for the three types of emitters studied 

A comparison of the radiation efficiency values for the three types of waveguides under study 

showed that the semicircular waveguide has the best data. However, the distribution of radiated 

power shown in Figures 11b, 13b, 15b does not fully allow us to estimate the change in the 

distribution of the electromagnetic field along the waveguides. Therefore, Figure 16 shows graphs of 

directional patterns for three types of waveguides. 

 

Figure 16. Radiation patterns for the three types of waveguides under study. 

Figure 16 shows radiation patterns along the waveguide perpendicular to the radiation. The 

radiation patterns show that the most uniform distribution of the microwave field is observed in a 

semi-circular waveguide. This allows you to make a choice in his favor. 

4. Discussion 

Results of simulations show that a proper matching between the semicircular waveguide with 

the slot radiators make it possible to attain values of SWR = 1, over the entire frequency range from 2 

GHz to 3 GHz. Radiation efficiency of the electromagnetic field was 94.28 dB (see Figure 14b) 

compared to 94.43 dB, for 55110 rectangular waveguide. With the assumption that the radiation 
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efficiency of semicircular waveguide was due to the absence of type E11 waves we can conclude that 

their share is just 0.15 dB which does not exceed 0.16 % of the aggregate power transmitted through 

the waveguide. 

It follows from the simulation results that radiation efficiency for rectangular waveguides has 

more uniform character in a wide range of waves. Radiation efficiency reduction in the range from 2 

GHz to 3 GHz does not exceed 10 %. In semicircular waveguides, radiation efficiency changes 

stepwise, in this frequency range, and has its maximum value at its standard frequency 2.45 GHz. 

Therefore, operation conditions of magnetrons have to be tightly controlled avoiding operation 

modes leading to their overheating, when semicircular waveguides are applied. 

The overall efficiency of microwave energy transmission is 14.28 dB, for semicircular waveguide 

(see Figure 15a), while that of rectangular waveguide is 14.43 dB (see Figure 13a). At the same time, 

their radiation directionality features better uniformity compared to 55110 rectangular waveguides 

(see Figure 16). 

In consideration of the issues discussed above we may conclude that the application of more 

easily manufactured semicircular waveguides does not affect indicators of transmission efficiency 

and those of electromagnetic field distribution uniformity. 

5. Conclusions 

Application of horn-type waveguides in convective-microwave processing plants makes it 

possible to manufacture rather convenient processing equipment for processing grain. In operating 

frequency range, their SWR is 1.3, for radiation efficiency 78 dB. However, such waveguides do not 

provide sufficient uniformity of microwave field distribution in their output affecting the efficiency 

of grain processing. 

The use of rectangular 55110 waveguides with slot radiator makes it possible to ensure more 

uniform radiation of electromagnetic field in the entire spectrum of wave types. Their SWR equals to 

1, and radiation efficiency amounts to 94.43 dB. At the same time, their application requires further 

design development related to the issues of the heat-carrier supply to the processing area. 

Semicircular waveguides with slot radiator feature SWR equal to 1 over the frequency rangeе 
from 2 GHz to 3 GHz. Their radiation efficiency is 94.28 dB. Electromagnetic field distribution 

homogeneity of such waveguides is better compared to rectangular waveguides. Besides, the 

problem of the heat-carrier supply into the area of grain processing can be solved more easily, for 

circular waveguides.  
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