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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.

Keywords: parametric identification, flow, capillary-porous, granular
material.
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Ooecviutl HayioHATLHUL MOPCOKULL YHIGepcumem

Anomauia. Y cmammi onucaui npocmi i HaOditini Memoouxu napa-
mempuurol idenmuixayii modenei inempayii i meuii cepedosuwy 6 wapi
3epHuUcmozo mamepiany. Buxopucmogyiomscsa ekcnepumenmanvii YyCmaHoeKu
Havunpocmiwoi koucmpyxyii. Obpobxa excnepumenmie npogooUmvbCs @ cepe-
odosuwyi Excel.

Ak npuknaou po3enadacmocs GU3HAYEHHA MPAHCROPIMHUX 61ACMUBOC-
mell KaniisipHO-nOPUCmMo20 Mamepianry i 6CMAHOBNIEHHS 3ANeHCHOCTHI Aepoou-
HAMIYHO20 ONOPY Wapy 3epHa npu npooyeyi ROGIMpsM.

Knrouosi cnoea: napamempuuna ioenmugpixayis, nomix, KaniispHo-
nopucmuii, 3epHUCMUL Mamepiai.
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OoeccKuii HAYUOHATLHBLL MOPCKULL YHUBEPCUNEM

Annomayus. B cmamve onucanvl npocmeie U HAOEHCHbLE MEMOOUKU
napamempuieckou uoeHmuurayuu mooenell Guibmpayuu u medeHusi cpeo 8
cnoe 3eprHucmo2o  mamepuand. VIcnonws3ylomes sKCnepumMeHmanbhvle ycma-
HO6KU npocmeuiuieti Konempykyuu. O6pabomra IKCNepuUMeHmos nPoBOOUMcsl &
cpeoe Excel.

B rauecmee npumepos paccmampueaemcs onpeoeiexue mpancnop m-
HBIX CEOUCME KANUWLIAPHO-NOPUCTIO20 MAMEPUANA U YCIAHOBIEHUE 3A6UCUMO-
CMmu aspoOUHAMUYECKO20 CONPOMUBLEHUSL CILOSL 3¢PHA NPU NPOJYEKE 8030YXOM.

Knwuesvie cnosa: napamempuueckas udenmugpuxayus, meyeHue,
KANWLIAPHO-NOPUCTIbILIL, 3ePHUCTIBIL MAMEPUAL.

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 identifi-
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).

h-@-A+h=Hs' A= Pz . )
dr Kd-g

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).
h=Hs-(1—exp(bo+bl-r”1+b2-r”2+b3-r”3))- )

To approximate the dependencies, we used the method of least squares.
Approximation was carried out in the Excel environment (add-on «Finding
solutionsy).
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The derivative h' was calculated from (3).
1 dh n n, ng
h:E:—HS-exp(bO+b1-rl+b2-r +h, -7 ) -

(b1 n -t +h,-n, -z +b,-n, -rn3'1)

The values of A and Hs are determined by minimizing the functional
3 (4).

i 2
5=>(A-h-h+h-H,) - 4
i=l
The values of h; and h{ were calculated using formulas (2) and (3) for
a series of times (in) with a time step of 10 s to 50 s.
Minimization J leads to a system of linear algebraic equations (5).

A-ii(hi-hi F+H, Z h-hy) zl(h h) -
AZ h-h')+H, Z Z

i=1
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 At =5 c.

h = [ 1+\/1 4-ﬁ.[—i-hi_f+hi_l—2-Hsj]/[ﬁj- (6)
At At At

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).

n dV,
~ dx.

L =0, and —=—Aa§/ Jv, )

where V, —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 (1) had the form (8).

H =H, -(L—exp(b, +b, - 2" +b, - 7™ +hb; ")) ®)

where Ho — 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
solutionsy).
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Fig. 4. Scheme of the experimental installation Ne 1 for the study of filtration

The derivative H ‘was calculated from (9).

1 dH n. N
H:E:—Ho-exp(b0+bl-r”l+b2-r2+b3-r ) ©

~(b1-nl-r”1'1 +b,-n,-t™* +b,-n, -T"“)

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).

dP

d_;v:_AW ‘VW, (10)

where Py, — is the change in pressure along the direction of water movement;
Ay — 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.
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Fig. 5. Results of filtration experiments

In accordance with Fig. 4, (11) and (12) follow.
AP,=—H-p,-d, (11)

2
g () o
w dr \d,

where H — is the water level in the pressure cylinder;
p — 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)

AP,
L

where L — is the length of the experimental section.
To determine the value of Ay (according to (11)-(13)), formula (14) is

:_AN .VW’ (13)

used

A C)
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An analysis of the results of published sources showed that the nonlin-
ear dependence Ay (Vi) is well described by formula (15).

A,=a+b-N,|+c V7 (15)

Taking into account (10) - (15), we can write the equation of water fil-
tration in a granular layer (16).

dH L (dY
dz- ((&H—b I\/W|+C V )m(d—zj J-FH:O- (16)

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

d—|_|+b-[\/w|-d—|_|+c- . 91 H.p=-o, 17)
T dr
2
where p=Pw'9: VW:_d_H o c %],
L-C, dr ° d,

To find the values of a, b, ¢, we minimize the functional & (18).
o= Zl“( +b-V,, \

The values of Hj, H’; and Vi were calculated using formulas (8), (9)
and (12) for series of values of the time instants (im) with a time step of 10 S.

2 dH
dr |

+H, .DJ : (18)

It is necessary to ensure a minimum value of 9.

CI—5=0; d—520; d—5=0. (19)
da db dc

Under the conditions (19), one can obtain a system of three linear alge-
braic equations (20).

S5 oS (G e (5 -
=Z( H,-D- :I':j
ZN[ ZM‘ [J +C';2N"“3'[($j:, (20)

]
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A

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, ¢ = 3.99E
+ 07 are obtained.

To control the reliability of the obtained values, a more complex instal-
lation Ne 2 was used (Figure 6).
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Fig. 6. Scheme of the experimental installation Ne 2:
1 — Control valve; 2 — Knife grating + grid, 3 — Working cylinder;
4 — The device of compression Of grain; 5 — Mercury difimanometer;
6 — Buffer capacity

The results of processing the experimental dependences at installation
Ne 2 allowed obtaining the values a = 1,120E + 06; b = -6,990E + 06;
¢ = 4,250E + 07.

Fig. 7 shows a comparison of the dependences Ay = f (Vw) obtained at
different settings.
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Fig. 7. Comparison of results

For the transition from the dependence Ay (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.

V -L V -.L
wW_o __a o , 1)
Vw Va
AR, _ AP, 2
Pw 'VW Pa 'Va

where V —is the fluid velocity related to the free space;
Lo — is characteristic size;
AP — is lowering the pressure of the fluid in the direction of motion;
o — is the density of the fluid;
v —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)

V, =V, e A=A -

Vw PwVw

v
PaVa )

The dependence of the aerodynamic resistance of the grain layer during
the blowing is shown in Fig. 8.
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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.
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