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Abstract. The study presents the results of research into the 

hydrodynamics of gas flow filtration through a quasi-

stationary layer during the filtration drying of crushed 

oregano, a pharmaceutical industry waste product 

remaining after the extraction of target components, as a 

raw material for the production of alternative solid fuel. 

The main geometric parameters of individual crushed 

oregano particles, as well as the physico-mechanical 

properties of the layer that settles under the influence of 

pressure drop, were determined experimentally. The 

experimental setup diagram is also provided. 

An analytical method was used to determine the influence 

of layer height settlement, changes in the equivalent 

diameter of channels between particles, and layer porosity 

on pressure losses during gas flow percolation. 

The results of the experimental studies are presented as 

functional dependencies: pressure loss ∆P = f(v₀), changes 

in the equivalent channel diameter dₑ = f(v₀), and layer 

porosity ɛ = f(v₀) as functions of the apparent gas filtration 

velocity. The feasibility of preparing crushed oregano for 

the production of feed yeast, alternative solid fuel, etc., is 

substantiated. 

The obtained results enable the prediction of energy 

consumption in the design of filtration drying equipment 

for crushed oregano. 

 

Keywords: oregano, filtration drying, hydrodynamics, 

pressure loss, quasi-stationary layer. 

1. Introduction 

The pharmaceutical industry extensively uses raw 

materials of plant origin.1 It is well known that oregano 

(Origanum vulgare) possesses a wide range of medicinal 

properties and serves as a source of biologically active 

components such as thymol, cymol, free alcohols, tannins,  
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alkaloids, and ascorbic acid.2 In pharmaceutical production, 

ethanol extraction is commonly used3 to isolate valuable 

components from oregano leaves and stems. However, this 

process generates a significant amount of crushed oregano 

waste. 

There are several ways to use this waste, including 

the production of feed yeast and alternative energy sources. 

Oregano’s chemical composition includes numerous 

beneficial components such as vitamins A, B, and C, 

various organic acids, and other biologically active 

compounds. To enhance poultry production, compound 

feed with a balanced protein content is widely used. As 

reported, plant-based waste is currently considered the 

most suitable raw material for protein feed production. In 

Ukraine, the pharmaceutical industry waste amounts to 

nearly one million tons per year.4 Due to the high moisture 

content of crushed oregano after the extraction of target 

products, its secondary use is limited. In most cases, it is 

disposed of in landfills. 

Therefore, this study focuses on crushed oregano 

(CO) remaining after the extraction of its target 

components. A literature review indicates that developing 

efficient methods for the rational utilization of pharma-

ceutical waste is a relevant and pressing issue. 

One of the potential solutions is using CO for the 

production of feed yeast or solid, environmentally friendly 

fuel. The global population growth is driving an increasing 

demand for green, sustainable energy. Biofuel is a stable 

and eco-friendly energy source for many countries. As an 

organic raw material, oregano contains approximately 30% 

lignocellulose and up to 50% cellulose,5,6 making it a 

reliable natural source for alternative energy production. 

However, not only the chemical composition but also the 

physicochemical properties of biomass influence the 

quality of alternative solid fuels.7 The moisture content of 

biomass8 affects the lower heating value of biofuel 

combustion. Given that the moisture content of CO after 

extraction is 50–60% by mass, drying is a key stage in its 

preparation for use as biofuel.9 According to 

recommendations from various authors,10 the moisture 

content of natural biomass for briquetting should be in the 

range of 7–14%. 
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Drying is one of the most energy-intensive 

processes in the chemical industry.11 Based on the analysis 

of data,12 filtration drying is considered one of the most 

efficient methods for drying crushed solid materials. 

Filtration drying13 involves the percolation of a gas flow 

through a stationary layer of porous material under a 

pressure drop. One of the key characteristics determining 

the feasibility and efficiency of the selected drying method 

is the specific energy consumption required to create a 

pressure drop. Hydrodynamic studies allow for the 

prediction of these energy expenditures. 

A study14 investigated the hydrodynamics of 

filtration drying in cotton fiber, presenting dependencies 

for predicting pressure losses in a quasi-stationary cotton 

fiber layer, which exhibits settling behavior under a 

pressure drop. The study15 presents the results of 

hydrodynamics research on the quasi-stationary layer of 

post-alcohol bard during filtration drying. The prediction of 

pressure losses in these studies is provided in the form of 

dimensionless complexes. Each material is characterized 

by different physico-mechanical properties (such as shape, 

size, equivalent diameter of channels between particles in 

the layer, porosity, bulk density, etc.). Therefore, it is 

impossible to apply calculation dependencies or criterion 

equations obtained by other authors for the materials they 

studied. This is due to the lack of a unified approach to 

averaging the sizes of irregularly shaped particles, which 

leads to significant discrepancies between experimental 

data and theoretically determined values calculated using 

existing dependencies. 

2. Experimental 

2.1. Materials 

The object of study was the waste from the 

pharmaceutical industry – crushed oregano remaining after 

ethanol extraction. Crushed oregano consists of flat particles, 

where the width and length of these particles are significantly 

greater than their thickness. The geometric dimensions of the 

crushed oregano particles (width and length) were 

determined by measuring with an electronic caliper model 

VOREL 150 mm (resolution of 0,1 mm, accuracy ±0,2 mm), 

while the thickness of the particles was measured using an 

electron microscope model MBB-1A. More than 200 

samples of crushed oregano particles were analyzed. The 

crushed oregano consisted of flat particles with a length of 2-

5,5 mm, a width of 3-5 mm, and a thickness of 0,14-0,16 mm 

(Fig. 1). The true density was determined by compressing the 

oregano particles, reduced to a size of no more than 0,0001 

mm. This allowed the determination of the mass and volume 

of the oregano without pores or cracks. The bulk density of 

the oregano was determined according to the method 

outlined in DSTU ISO 567-2002. The apparent density was 

calculated using the previously measured geometric 

dimensions of the particles. The true density of the oregano 

was 1470 kg/m³, the bulk density was 223 kg/m³, and the 

apparent density was 740 kg/m³. The porosity of the layer 

was determined using the two-liquid method and was found 

to be 0.3515 m³/m³. 

 

Fig. 1. Measurement of the oregano particle thickness using the MBB-1A microscope 

 

The average particle sizes were determined as the 

mean value for each particle dimension. The percentage 

composition of particles of each size was determined by 

weighing using an AXIS-AD3000 scale (with a measure-

ment accuracy of 0,01 g). The determined average geometric 

dimensions of the particles are presented in Table 1. 

 

Table 1. Geometric characteristics of CO 

Average Linear Dimensions, m 
External Surface Area, S⋅10⁵, 

m² 

Volume, 

V⋅10⁹, m³ 
Length, 

a⋅10³, m 

Width, 

b⋅10³, m 

Thickness, 

c⋅10³, m 

3.59 4.17 0.15 3.22 2.37 
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2.2. Methods 

The study of the hydrodynamics of gas flow through 

a quasi-stationary CO layer was conducted using an 

experimental setup shown in Fig. 2. It was established that 

the CO waste layer settles under the application of a 

pressure drop. Therefore, all experimental studies were 

carried out using appropriate CO sample weights. 

The setup consists of a CO container (4) mounted on 

a receiver (6). Inside the container, a ruler is placed to 

measure the change in layer height during the application 

of a pressure drop (Fig. 3). The receiver is connected to a 

vacuum pump (7) through pipelines, a rotameter PF 20-

200-LPH (2), a shut-off valve (1), and a regulating valve 

(5). The pressure drop difference was measured using a 

vacuum gauge WK 688 L (3). 

 

 

Fig. 2. Diagram of the setup for determining pressure losses in 

the quasi-stationary CO layer: 1 – shut-off valve; 2 – rotameter 

PF 20-200-LPH; 3 – vacuum gauge WK 688 L; 4 – CO waste 

container; 5 – regulating valve; 6 – receiver; 7 – vacuum pump 

 

For the experiment, the required CO sample weight 

was placed into container 4 and set on receiver 6. After 

activating vacuum pump 7, regulating valve 5 was used to 

control the gas flow rate passing through the CO layer. The 

gas flow rate was measured with rotameter 2, while 

pressure losses in the quasi-stationary layer were recorded 

using vacuum gauge 3. 

The layer height variation was measured using ruler 

1. Each material sample was tested at least three times, with 

a fresh portion of CO used for each experiment. A 

minimum of ten height measurements were taken. The 

weight of each material portion was determined using an 

AXSIS-3000 electronic scale (accuracy ±0,01 g). The 

initial bulk density and initial layer height were consistent 

across all experiments. 

  

Fig. 3. Diagram of the experimental container: 1 – ruler;  

2 – quasi-stationary CO waste layer;  

3 – thermal insulation insert; 4 – base of the experimental 

container; 5 – perforated partition 

 

As mentioned earlier, the height of the CO layer 

depends on the pressure drop, meaning that as the pressure 

drop increases, the layer height decreases. As a result, 

several parameters of the quasi-stationary layer change, 

including its porosity, the equivalent diameter of the 

channels between CO particles, and the actual velocity of 

the gas flow through the particles. An increase in the actual 

gas filtration velocity υ leads to higher pressure losses ΔP 

in the layer, while a decrease in layer height results in an 

increase in its bulk density ρb. The only parameters that 

remain constant are the material mass in the container and 

the total surface area of all particles. Thus, the following 

functional dependencies can be established: 

𝐻 = 𝑓();  𝑑𝑒 = 𝑓(); 𝜌𝑏 = 𝑓();  ɛ = 𝑓();  

𝛥Р = 𝑓();  𝐹 = 𝑐𝑜𝑛𝑠𝑡;  𝐺 = 𝑐𝑜𝑛𝑠𝑡. 

The well-known Darcy-Weisbach16 equation is used 

to determine pressure losses in the quasi-stationary porous 

CO layer. This equation describes the impact of all the 

previously mentioned process parameters on pressure 

losses: 
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𝛥Р =  𝜆 ·
𝐻

𝑑𝑒
·
𝜌·𝑣0

2

2
 , (1) 

where ΔР is a pressure drop in the layer, Pa; 𝜆 is a hydraulic 

friction coefficient; H is a current layer height of CO, m; 𝑑𝑒 

is the current equivalent diameter of the channels, m; ρ is 

gas flow (air) density, kg/m³; 𝑣0 is an apparent velocity of 

the gas flow, m/s. 

The equivalent diameter of the channels de was 

determined using the following equation: 

𝑑𝑒 =
4·ɛ

𝑎
 , (2) 

where ɛ is a current porosity of the stationary material 

layer, m³/m³; а is the specific surface area of all particles in 

the quasi-stationary layer of crushed oregano, m²/m³. 

As noted above, due to the settling of the oregano 

layer, the equivalent diameter of the channels between the 

particles and the specific surface area change, which is 

why this layer is referred to as a quasi-stationary layer. 

The initial specific surface area of the particles in the 

oregano layer a₀  was calculated using the following 

equation: 

𝑎0 =
𝐹

𝐻0·𝑆
 , (3) 

where H0 is the initial height of the CO layer, m; 𝑆 is the 

cross-sectional area of the container, m². 

If we assume that the container contains N identical 

CO particles, the external surface area F of all the flat 

particles can be expressed as follows: 

𝐹 =  2 · (𝑎 · 𝑏 + 𝑎 · 𝑐 + 𝑏 · 𝑐) · 𝑁 ,  (4) 

where a, b, c are the averaged length, width, and thickness 

of the CO particles, respectively, m. 

Given that the apparent density of oregano ρa and 

the averaged particle sizes are known, the mass of the 

material in the container can be expressed by the following 

equation: 

𝐺 = 𝑎 · 𝑏 · 𝑐 · 𝑁 · 𝜌𝑎 , (5) 

From this, the number of particles N in the quasi-

stationary layer can be determined: 

𝑁 =
𝐺

𝑎·𝑏·𝑐·𝜌𝑎 
 . (6) 

The initial specific surface area a₀, for the initial 

height H₀ of the CO layer, is calculated as the ratio of the 

total surface area of all the particles to the volume they 

occupy: 

𝑎0 =
2·(𝑎·𝑏+𝑎·𝑐+𝑏·𝑐)·𝐺

𝑎·𝑏·𝑐·𝜌𝑎 · 𝑆·𝐻0
 , (8) 

Thus, the current specific surface area can be 

expressed by the following equation: 

𝑎 = 𝑎0 ·
𝐻0

𝐻
 , (9) 

where 𝑎0 and 𝑎 are the initial and current specific surface 

areas of the CO layer, m²/m³; 

Considering the above, the current specific surface 

area was determined using the following equation: 

𝑎 =
2·(𝑎·𝑏+𝑎·𝑐+𝑏·𝑐)·𝐺

𝑎·𝑏·𝑐·𝜌𝑎 · 𝑆·𝐻0
·
𝐻0

𝐻
=

2·(𝑎·𝑏+𝑎·𝑐+𝑏·𝑐)·𝐺

𝑎·𝑏·𝑐·𝜌𝑎 ·𝑆·𝐻
 , (10) 

The mass of the material layer can be expressed 

through its true density as follows: 

𝐺 = ℎ𝑡 · 𝜌𝑡 · 𝑆 ,  (11) 

where ℎ𝑡 is the height of the CO layer with density 𝜌𝑡, m. 

Then: 

𝑎 =
2·(𝑎·𝑏+𝑎·𝑐+𝑏·𝑐)·ℎ𝑡·𝜌𝑡·𝑆

𝑎·𝑏·𝑐·𝜌𝑎 ·𝑆·𝐻
=

2·(𝑎·𝑏+𝑎·𝑐+𝑏·𝑐)·ℎ𝑡·𝜌𝑡

𝑎·𝑏·𝑐·𝜌𝑎 ·𝐻
 ,  (12) 

The pressure losses, based on Eq. (1) and 

considering Eq. (2), can be expressed by the following 

equation: 

𝛥Р =  𝜆 ·
𝐻·𝑎

4·ɛ
·
𝜌·𝑣0

2

2
 . (13) 

Since the hydraulic resistance coefficient of the 

layer λ is dependent on the Reynolds number, then: 

𝜆 =
𝐴

𝑅𝑒
+ 𝐵 = 𝐴 ∙  

𝜇∙ɛ∙𝑎

4∙ɛ∙𝑣0∙𝜌
+ 𝐵. (14) 

Then, Eq. (1) can be written as follows: 

𝛥Р =  𝐴 ·
𝜇∙𝑎2∙𝐻∙𝑣0

32·ɛ3
+ 𝐵 ∙

𝐻·𝑎·𝜌·𝑣0
2

8·ɛ3
 ,  (15) 

where А and В are unknown coefficients determined 

experimentally; μ is the dynamic viscosity coefficient of 

air, Pa·s. 

Eq. (15) can be rewritten as a linear equation: 

𝛥Р∙𝜀3

𝑎2∙𝐻∙𝑣0
= 𝐴∗ + 𝐵∗ ∙

𝑣0

𝑎
 ,  (16) 

where А∗ = А ∙
𝜇

32
 , and В∗ = В ∙

𝜌

8
. 

Once the unknown coefficients A* and B* are 

determined, Eq. (16) can be used to predict the pressure loss 

during the filtration drying of CO waste. 

3. Results and Discussion 

The main parameters of the layer for each sample of 

CO are represented in Table 2. 

As a result of the experiments, a functional 

dependence between the pressure drop and the apparent 

velocity, ∆P = f(ʋ₀), was established, as illustrated in Fig. 

4.  
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Table 2. Characteristics of the quasi-stationary layer  

of crushed CO 

Sample 

mass, 

G, kg 

Initial 

porosity of 

the layer, 

𝜀0, m3/m3 

Surface area  

of all CO 

particles,  

F, m2 

Height  

of the CO 

layer 𝐻0, 

with density 

𝜌𝑏, m 

0.06 0.3497 548608 0.0355 

0.1 0.3511 914347 0.0595 

0.15 0.3500 1371520 0.089 

0.185 0.3502 1691541 0.11 

0.24 0.3496 2194432 0.1425 

 

 

Fig. 4. Dependence of pressure loss in the quasi-stationary  

layer of CO on the apparent filtration velocity of the gas flow  

for different material samples 

By analyzing Fig. 4, we can conclude that the curves 

exhibit a parabolic shape. This suggests that both inertial 

and viscous components affect the pressure loss in the 

quasi-stationary layer of CO. Fig. 5 presents the variation 

in the equivalent diameter of the channels for all CO 

samples as the apparent filtration velocity of the gas flow 

through the CO layer changes de = f(ʋ₀). 
 

 

Fig. 5. Dependence of the equivalent diameter  

of the channels between CO particles on the apparent filtration 

velocity of the gas flow 

 

As the equivalent diameter of the channels and the 

apparent velocity change, the porosity of the CO layer also 

varies. The dependence of the porosity of the layer for all 

CO samples on the apparent velocity ε = f(v₀) is shown in 

Figs 6 and 7. 

 

  

Fig. 6. Graph showing the dependence of the porosity change in the 

quasi-stationary layer on the apparent filtration velocity of the gas 

flow: 1 – total porosity; 2 – internal porosity;  

3 – layer porosity 

Fig. 7. Dependence of the change in the porosity  

of the CO layer on the apparent filtration velocity  

of the gas flow 

∆P∙10-3, kPa 
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After performing an approximation of the 

experimental data (Figs 5 and 7) for the change in the height 

of the quasi-stationary CO layer using a power function, the 

dependencies for calculating the running values of the 

equivalent diameter and porosity of the layer were 

obtained: 

𝑑𝑒 = 0,344 ∙ 𝑣0
−0,05

 (17) 

ɛ = 0,35 ∙ 𝑣0
−0,016

 (18) 

The results of the experimental studies were 

summarized in the form of a graphical dependence shown 

in Fig. 8. 

After performing a linear approximation of the 

experimental data over the segment intercepting the 

ordinate axis, the value А∗ = А ∙
𝜇

32
, was determined, while 

the value В∗ = В ∙
𝜌

8
 was obtained using the tangent of the 

slope angle. The Eq. (16) then takes the following form:  

𝛥Р∙ɛ3

𝑎2∙𝐻∙𝑣0
= 2,5 ∙ 10−5 + 0,223 ∙

𝑣0

𝑎
 . (19) 

This dependence can be used to predict pressure 

losses during the filtration drying of CO. Fig. 9 shows a 

comparison of experimental data with the theoretically 

calculated values. 

The comparison of the experimentally obtained 

values of the equivalent diameter of the channels with the 

theoretical values calculated using dependence (17) is 

shown in Fig. 9 a. Fig. 9 b illustrates the comparison of the 

experimental and theoretical values of the porosity of the 

CO layer calculated using dependence (18). In Fig. 9 c, the 

comparison of the experimental values of pressure losses in 

the quasi-stationary CO layer with the theoretical values 

calculated using dependence (19) is presented. The 

maximum relative accuracy between the experimental and 

theoretical values is within 11%. 
 

 

Fig. 8. Dependence 
∆Р∙ɛ3

Н∙𝜐0∙а
2 = 𝑓 (

𝑣0

𝑎
)  

for the crushed oregano 

 

  

а b 

Fig. 9. Dependence between experimental data and theoretically calculated values: a) according to Eq. (17);  

b) according to Eq. (18) (the notations correspond to those in Fig. 4) 
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Fig. 9. Dependence between experimental data  

and theoretically calculated values:  

c) according to Eq. (19) 

(the notations correspond to those in Fig. 4) 

 

To use the results of experimental studies on the 

hydrodynamics of gas flow filtration through a quasi-

stationary layer of crashed oregano, for predicting energy 

costs associated with creating pressure drops in industrial 

installations of various geometrical sizes and different 

productivity, the obtained results should be presented in the 

form of dimensionless complexes, that is, as a dependence 

of the Euler number on the equivalent Reynolds number 

(Fig. 12). 

 

 

Fig. 12. Dependence of the Euler number  

on the Reynolds number (notations are according to Fig. 4) 

The value of the Euler number was calculated using 

the formula: 

𝐸𝑢 =
∆Р

(𝜌∙𝜐2)
. (20) 

The equivalent value of the Reynolds number was 

determined using the dependence: 

𝑅𝑒 =
𝑣∙𝑑𝑒∙𝜌

𝜇
. (21) 

Analysis of Fig. 12 shows that the Euler number 

depends not only on the Reynolds number but also on the 

mass of the sample, i.e., the current height of the CO layer. 

By approximating the experimental data with a power 

function, the calculation dependencies Eu = f(Re) were 

obtained. The results are presented in Table 3. 

 

Table 3. Calculation dependencies of the Euler number 

for different samples of crashed oregano 

G, kg Eu 

0.06 𝐸𝑢 = 430 ∙ 𝑅𝑒−0,22 

0.1 𝐸𝑢 = 615 ∙ 𝑅𝑒−0,22 

0.15 𝐸𝑢 = 795 ∙ 𝑅𝑒−0,22 

0.185 𝐸𝑢 = 870 ∙ 𝑅𝑒−0,22 

0.240 𝐸𝑢 = 1110 ∙ 𝑅𝑒−0,22 

 

Therefore, the Euler number can be represented as a 

calculated dependence: 

𝐸𝑢 = А ∙ 𝑅𝑒−х, (22) 

where А is a coefficient that depends on the sample of the 

material, i.e., the current height of the layer, and it can be 

represented as: 

А = 𝑓 (
𝐻𝑒

𝑑𝑒
), (23) 

where 𝐻𝑒 = 1,5 ∙ Н, since the gas flow moves through the 

curved channels of the quasi-stationary layer between the 

particles of the CO. 

As observed, the exponent near the Reynolds 

number remains constant, while the coefficient A depends 

on the sample mass of CO, meaning it is influenced by the 

current height of the layer. To generalize all the studied 

samples, the functional dependence of the Euler number on 

the geometric simplex (𝐻𝑒 𝑑𝑒⁄ ) is shown in Fig. 13. 

The approximation of experimental data using a 

power function allowed to obtain a generalized dependence 

for determining the Euler number: 

𝐸𝑢 = 14 ∙ 𝑅𝑒−0,22 ∙ (
𝐻𝑒

𝑑𝑒
)
0,67

. (24) 

This dependence is valid within the Reynolds 

number range of 40 ≤ 𝑅𝑒 ≤ 180. 

∆Pteor∙ 10−3, Pa 

 

                                                                ∆Pexp∙ 10−3, Pa 
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Fig. 13. Dependence of the Euler number on the geometric 

simplex (𝐻𝑒 𝑑𝑒⁄ ) (notations according to Fig. 4) 

 

 

Fig. 14. Comparison of Euler number values  

calculated theoretically and obtained experimentally  

(notations according to Fig. 4) 

 

According to Fig. 14, the absolute value of the 

maximum relative accuracy between the values of the Euler 

number calculated from experimental data and those 

obtained from Eq. (24) does not exceed 7.9%. 

4. Conclusions 

This study investigates for the first time the internal 

hydrodynamics of the quasi-stationary layer of crushed 

oregano particles, a byproduct of the pharmaceutical 

industry, which exhibits settling behavior when a pressure 

difference is applied. It has been established that changes 

in the height of the quasi-stationary layer lead to changes in 

the equivalent diameter of the channels through which the 

gas flow is filtered, the porosity of the layer, and the active 

specific surface it interacts with. Given that the particles of 

crushed oregano possess internal porosity, derived 

calculation dependencies were developed to determine the 

change in the equivalent diameter of the channels between 

particles and, accordingly, the specific surface area of the 

crushed oregano particles. Unknown coefficients of the 

Darcy-Weisbach equation, A* and B*, were determined for 

predicting pressure losses in the quasi-stationary layer of 

СО, and the dependence of the Euler number on the 

Reynolds number was established for all СО samples. A 

comparison was made between the theoretically calculated 

data, obtained from dependencies (17), (18), (19), and (24), 

and the data obtained experimentally. 
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ГІДРОДИНАМІКА ФІЛЬТРАЦІЙНОГО 

СУШІННЯ ПОДРІБНЕНОЇ МАТЕРИНКИ 
 

Анотація. У роботі наведено результати дослід-

ження гідродинаміки профільтровування газового потоку 

крізь умовно стаціонарний шар під час фільтраційного 

сушіння подрібненої материнки – відходів фармацевтичної 

промисловості після екстрагування цільових компонентів як 

сировини для виготовлення альтернативного твердого палива. 

Експериментально визначено основні геометричні параметри 

окремих частинок подрібненої материнки, фізико-механічні 

властивості шару, який сідає під дією перепаду тисків. Також 

наведено схему експериментальної установки. Аналітичним 

методом було визначено вплив сідання висоти, зміни еквіва-

лентного діаметру каналів між частинками та порізності 

шару на величину втрат тиску під час профільтровування 

газового потоку.  

Результати проведених експериментальних дослід-

жень наведені у вигляді функціональних залежностей: втрати 

тиску ∆P = f(v0), зміни еквівалентного діаметру каналів de = 

f(v0) та порізності шару ɛ = f(v0) від фіктивної швидкості 

фільтрування газового потоку. Обґрунтовано доцільність 

підготовки подрібненої материнки для виготовлення кормових 

дріжджів, альтернативного твердого палива тощо. 

Завдяки отриманим результатам можна прогнозу-

вати енергетичні витрати під час проектування обладнання 

фільтраційного сушіння подрібненої материнки. 

 

Ключові слова: материнка, фільтраційне сушіння, 

гідродинаміка, втрати тиску, умовно стаціонарний шар. 
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