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Abstract. The article describes simple and reliable techniques for par-

ametric identification of filtration models and media flow in a layer of granular 

material. Experimental installations of the simplest design are used. Experi-

ments are processed in the Excel environment.  

As the examples are determination of the transport properties of a  ca-

pillary-porous material and the determination of the dependence of the aero-

dynamic drag of a grain layer during air purging. 
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Анотація. У статті описані прості і надійні методики пара-

метричної ідентифікації моделей фільтрації і течії середовищ в шарі 

зернистого матеріалу. Використовуються експериментальні установки 

найпростішої конструкції. Обробка експериментів проводиться в сере-

довищі Excel.  

Як приклади розглядається визначення транспортних властивос-

тей капілярно-пористого матеріалу і встановлення залежності аероди-

намічного опору шару зерна при продувці повітрям. 
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Аннотация. В статье описаны простые и надежные методики 

параметрической идентификации моделей фильтрации и течения сред в 

слое зернистого  материала. Используются экспериментальные уста-

новки простейшей конструкции. Обработка экспериментов проводится в 

среде Excel.  

В качестве примеров рассматривается определение транспорт-

ных свойств капиллярно-пористого материала и установление зависимо-

сти аэродинамического сопротивления слоя зерна при продувке воздухом. 

Ключевые слова: параметрическая идентификация, течение,     

капиллярно-пористый, зернистый материал. 
 

Introduction. Methods of modeling are used to study processes in var-

ious technical objects. As a rule, full-scale experiment requires significant ma-

terial and financial costs. Often a full-scale experiment is almost impossible. 

Physical modeling does not always provide reliable information in sufficient 

volume. 

Computational experiment (based on mathematical modeling) allows 

us to conduct the research faster and cheaper [1]. It is especially important to 

ensure sufficient reliability of the results obtained in the computational experi-

ment. 

The reliability of information obtained in the computational experiment 

depends on the quality of mathematical models. The models, most often, are 

formed on the basis of a phenomenological approach. However, when already 

existing systems are the subject to research, the methods of parametric identif i-

cation based on the processing of experimental data are in use. As a rule, exper-

imental data are noisy. To obtain a clear picture of the process under investiga-

tion, it is required to suppress noise. 

Another problem may arise when assigning the coefficients of mathe-

matical models, especially in the absence of reliable information about the 

physical properties of materials and working media. To determine these proper-

ties, the researcher has to use special settings and parametric identification 

methods from experimental data. 
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The purpose of the article is to show simple and accessible approach-

es in solving the specified problem with minimal expenditure of material and 

computing resources. 

Statement of the problem and the literature review. The parametric 

identification of two models is considered in the article: 

− transfer of water in a plate made of capillary-porous plastic; 

− the flow of water (air) in a layer of granular material. 

Identification of models is carried out on the basis of data obtained at 

experimental facilities. Data processing is carried out in the EXCEL environ-

ment. 

Basic requirements for experimental installations: 

− simplicity of design; 

− absence of complex regulating devices; 

− use of the simplest measuring instruments (ruler and stopwatch). 

Capillary-porous materials are used to supply water in a series of indi-

rect-evaporative air coolers [2]-[4]. The most commonly used plates are made 

of porous plastic (myplast) [5]. 

Models of flow of working media in porous or granular material are 

used in the investigation of grain drying processes [6], when moisture is trans-

ferred in the details of structures [7]-[9] and when determining the bearing ca-

pacity of soils. 

Identification of the model of water transfer in capillary-porous 

material. The transport properties of capillary-porous materials are important 

for the calculation of mass transfer processes in a porous plate (for example, in 

air coolers of the evaporative type). 

Such indicators include: 

Pz  − the porosity of the material; 

Kd − the Darcy coefficient; 

Hs − the maximum height of the fluid in the material. 

The rise of water in a porous plate (without evaporation from the outer 

surface) is described by equation (1). 

 

HshA
d

dh
h 


,      

gKd

Pz
A




.                                (1) 

 

To carry out the experiments, the device was used (Fig. 1). 

The studies were carried out for plates cut from a sheet of dry porous 

plastic with a thickness of 1,25 mm. As a waterproofing, a transparent Scotch 

tape was used. 

In Fig. 2 markers indicate the results of three experiments. The result 

of the approximation of the dependence h = f () (for all three experiments) is 

shown by a solid line. 
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Fig. 1. Scheme of the experimental device 
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Fig. 2. Experimental dependencies and their approximation 

 

To approximate the experimental dependences, we used formula (2). 

  321
3210exp1

nnn
τbτbτbbHsh  .             (2) 

To approximate the dependencies, we used the method of least squares. 

Approximation was carried out in the Excel environment (add-on «Finding   

solutions»). 

h 

Dry material        

The rise of water 
in the material 

Waterproofing 
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The derivative h' was calculated from (3). 

 

 131211

321

332211

3210

                 

exp'

--- nnn

nnn

s

τnbτnbτnb

τbτbτbbH
dτ

dh
h




.           (3) 

The values of A and Hs are determined by minimizing the functional    

δ (4). 

 
2

1





ni

i

siii Hh'hhAδ .                             (4) 

The values of  hi  and hi  were calculated using formulas (2) and (3) for 

a series of times (in) with a time step of 10 s to 50 s. 

Minimization δ leads to a system of linear algebraic equations (5). 
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i

i
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i

i

iiiis

i

i

ii

hHhhA

hhhhHhhA
                  (5) 

Solution (5) allows us to find the values A = 9500 s/m and Hs = 0.212 

m. 

To evaluate the reliability of the values of A and Hs, a numerical solu-

tion (1) was performed by the trapezium method (6) with step  = 5 c. 








 






















 

Δτ

A
/Hhh

Δτ

A

Δτ

A
h siii

2
2411 1

2

1
.         (6) 

Figure 3 shows the results of experiments (markers) and control calcu-

lations (line). 

Identification of the air filtration model in the grain layer. When 

drying and fumigating grain, it is important to know the peculiarities of the 

process of blowing the fixed layer of grain by air (or other gases). The process 

of air filtration in a fixed grain layer is considered, when the effects of liquefac-

tion and the wobbling of individual grains are absent. 

A mathematical model is used as a system of equations (7). 
 

0
n

i i

a

dx

dV
i , and  

ii
aaa

i

VVA
dx

dP
 ,   (7) 

 

where   Va  − is the flow rate of air relative to the free space; 

P − is the air pressure in the gaps between the grains; 

Aa(Va) − is the coefficient reflecting the aerodynamic drag in the grain 

layer; 

n − is the dimension of the problem. 
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Fig. 3. Evaluation of identification results  

 

The experimental determination of the dependence of the coefficient Aa 

on the filtration rate requires a high accuracy in determining the air velocity. It 

is extremely difficult to provide sufficient accuracy for measuring air velocities 

at low speeds. Therefore, in the experiment, water is used as a filter medium, 

and then, using the theory of similarity, the recalculation for air flow is done. 

To study the filtration of water in the grain layer, a simple installation 

was used (Fig. 4). 

In each experiment, a new dry grain was placed in the working cylin-

der from the same source. Each experiment was carried out with natural water 

filtration at a temperature of 20 ° C. 

The approximating formula for generalizing a number of experimental 

dependences H = f () had the form (8). 
 

  321

32100 exp1
nnn
τbτbτbbHH  ,                (8) 

 

where H0  − is the initial level of water in the pressure cylinder. 

To approximate the dependencies, we used the method of least squares. 

Approximation was carried out in the Excel environment (add-on «Finding   

solutions»). 
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Fig. 4.   Scheme of the experimental installation № 1 for the study of filtration 

 

The derivative H 'was calculated from (9). 

 

 

 131211

321

332211

32100

                 

exp'

--- nnn

nnn

τnbτnbτnb

τbτbτbbH
dτ

dH
H




.              (9) 

 

The results of the experiments (markers) and the approximating        

dependence (solid line) are shown in Fig. 5. 

The flow of water in the granular material is described by the depen-

dence (10). 

 

  
ww

w VA
dx

dP
 ,                                              (10) 

 

where Pw − is the change in pressure along the direction of water movement; 

Aw − is the coefficient reflecting the backfill resistance when water is       

filtered; 

 Vw − is the water velocity in the grain layer, referred to the free space. 

d2 

d1 

H 

L 

1 

2 3 4 

1 − Pressure cylinder; 

2 − Working cylinder; 

3 − Knife Grill + Grid; 

4 − Granular material. 
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Fig. 5. Results of filtration experiments 

 

In accordance with Fig. 4, (11) and (12) follow. 

gρHΔP ww  ,                                                 (11) 

2

2

1











d

d

d

dH
V

w 
,                                               (12)  

where H − is the water level in the pressure cylinder; 

  − is the density of water; 

g − acceleration of gravity. 

The decrease in water pressure along the filtration direction is           

described (according to Fig. 4) by formula (13) 

ww
w VA

L

ΔP
 ,                                             (13) 

where L − is the length of the experimental section. 

To determine the value of Aw (according to (11)-(13)), formula (14) is 

used 
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An analysis of the results of published sources showed that the nonlin-

ear dependence Aw (Vw) is well described by formula (15). 

2

www VcVbaA  .                                   (15) 

Taking into account (10) - (15), we can write the equation of water fil-

tration in a granular layer (16). 
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Equation (16) can be represented in a more convenient form (17). 

0
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To find the values of a, b, c, we minimize the functional  (18). 
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The values of Hi, H’i and Vwi were calculated using formulas (8), (9) 

and (12) for series of values of the time instants (im) with a time step of 10 s. 

It is necessary to ensure a minimum value of  . 
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Under the conditions (19), one can obtain a system of three linear alge-

braic equations (20). 
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The solution of the system (20) is carried out by the Excel method by 

inversion of the matrix. The values a = 1.10E + 06, b = -6.60E + 06, c = 3.99E 

+ 07 are obtained. 

To control the reliability of the obtained values, a more complex instal-

lation № 2 was used (Figure 6). 

 
 

The results of processing the experimental dependences at installation 

№ 2 allowed obtaining the values a = 1,120E + 06; b = -6,990E + 06;                

c = 4,250E + 07. 

Fig. 7 shows a comparison of the dependences Aw = f (Vw) obtained at 

different settings. 

 

Measuring 

capacity 

L 

1 4 

Grain d 

2 2 

3

3 

Нr 

 

Fig. 6.   Scheme of the experimental installation № 2: 

1 − Control valve; 2 − Knife grating + grid; 3 − Working cylinder;  

4 − The device of compression of grain; 5 − Mercury difmanometer;  

6 − Buffer capacity 
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Fig. 7. Comparison of results 

 

For the transition from the dependence Aw (Vw) (for water) to the de-

pendence Aa (Va) (for air), the similarity theory was used when the Reynolds 

(21) and Euler (22) numbers were equal. 

 

w o a o
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 ,                                          (21) 
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


,                                         (22) 

where   V − is the fluid velocity related to the free space;  

L0 − is characteristic size; 

P − is lowering the pressure of the fluid in the direction of motion; 

  − is the density of the fluid; 

   − is the kinematic viscosity coefficient. 

The subscripts w and a correspond to water and air. 

The characteristic dimensions for the flow of water and air in the grain 

layer are the same, therefore (23) 

w

a
wa

ν

ν
VV  ,             

ww

aa
wa

νρ

νρ
AA




 .                         (23) 

 

The dependence of the aerodynamic resistance of the grain layer during 

the blowing is shown in Fig. 8. 



РОЗВИТОК ТРАНСПОРТУ 

№ 2 (3), 2018 

 

 

 180 

1,4E+04

1,8E+04

2,2E+04

2,6E+04

0,0 1,0 2,0 3,0
V a , м/c

A a , 

Нс/м
4

 
 

Fig. 8. Aerodynamic resistance of the grain layer 

 

Conclusion. Methods for the identification of flow patterns in a capil-

lary-porous and granular material are proposed. The simplest experimental  

setups are used. The results of the experiments are processed in an environment 

of available software. The use of techniques does not require deep knowledge 

of mathematics and programming. 

The described techniques can be successfully used in practical activi-

ties, when it is necessary to obtain reliable results at minimal expenses. 

 

REFERENCES 

 

1. Самарский А.А. Математическое моделирование и вычисли-

тельный эксперимент / А.А. Самарский, П.Н. Вабищевич. – 

М.: ИММ РАН, 2000. – 409 с. 

2. Merkt R.V. Ecologically clean cool-production on ships / 

R.V. Merkt, V.N. Chelabchi // Proceedings of the 6-th Congress of 

the IMAM. – Varna, 1993. – Vol. 3. – P. 173-179.  

3. Меркт Р.В. Оптимизация воздухоохладителей  испарительно-

го типа / Р.В. Меркт, В.В. Челабчи, В.Н. Челабчи // Промыш-

ленная теплотехника. – 2003. – Т. 25. − № 4. – С. 167-168. 

4. Дорошенко А.В. Новое поколение систем кондиционирования 

воздуха на основе комбинированных испарительных охладите-

лей / А.В. Дорошенко, В.Х. Кириллов, О.В. Ефимова, А.А. Клим-

чук // Холодильная техника и технология. – 2000. – № 67. –     

С. 57-68. 



РОЗВИТОК ТРАНСПОРТУ 

№ 2 (3), 2018 

 

 

 181 

5. Kettleborough C. The thermal performance of the wet surface plas-

tic plate heart exchanger used as an indirect evaporative cooler / 

C. Kettleborough. − Transactions of the ASME Journal of Heart 

Transfer. – 1983. – Vol. 105. – № 5. – P. 366-373. 

6. Атаманюк В.М. Дисперсні матеріали. Механізм і кінетика 

фільтраційного сушіння / В.М. Атаманюк // Хімічна промис-

ловість України. – К., 2007. – № 4. – С. 24-29. 

7. Comiti J. Experimental characterization of flow regimes in various 

porous media II: limit of Darcy or creeping flow regime for New-

tonian and purely viscous non-Newtonian fluids / J. Comiti,       

N.E. Sabiri, A. Montillet. – Chem. Eng. Sci., 2000. – № 55. –         

P. 3057-3061.  

8. Burchart H.F. On stationary and non-stationary porous flow in 

coarse granular materials / H.F. Burchart, C. Christensen // MAST 

G6-S Project 1, Wave action on and in coastal structures. – Den-

mark, Aalborg University, 1991. – 67 p.  

9. Янко С.В. Результаты исследования процесса фильтрации 

воды через слой гранулированного материала / С.В. Янко,    

Б.А. Трошенькин, Н.Н. Зипунников // Вісник НТУ «ХПІ». Серія: 

Інноваційні дослідження у наукових роботах студентів. –

Харьків: НТУ «ХПI», 2013. – № 5 (1028). – С. 3-10. 

 

Стаття надійшла до редакції 20.04.2018 р. 

 

 
 

 

 


	17_Панченко

