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Abstract

The article analyzes the process of heat and mass transfer during filtration drying through a
layer of dried material. Equations are presented to describe the transfer of heat from a gas flow
to particles of wet material, experimental data according to the values of the Nusselt and
Sherwood criteria. A leveling is given to determine the mass transfer coefficient with a known
heat transfer coefficient.
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Introduction

The intensity of filtration drying largely depends on the amount of heat that is
transferred from the thermal agent to the wet particle and is determined by the filtration rate of
the thermal agent, the temperature difference between the surface of the solid particle and the
gas flow, as well as the surface of the interphase contact [1].

During filtration drying, a thermal agent washes the surface of a wet particle, and a
number of processes occur: heat exchange between the thermal agent and the surface of the
particle, evaporation of moisture from the surface of the material (mass transfer), heat
movement inside the particle (heat transfer), moisture movement inside the particle (mass
transfer). Moisture in the layer of dispersed material is between the particles, on their outer
surface, as well as inside the particles in cracks, pores and capillaries. Therefore, a distinction
is made between external and internal heat and mass transfer. During drying, the following
processes occur simultaneously: heat transfer, complicated by mass transfer. The main
principles of heat and mass transfer during drying of wet materials are described in subsequent
works [3,4].

To determine the average heat transfer coefficients from the thermal agent to the layer
of dry particles through the layer of dispersed material based on experimental values, the values
of the heat transfer coefficients are calculated @ according to the heat transfer equation [5]:

o= = AP : Q)

F-(t-T.) Az
Where AQ - the amount of heat transferred to the layer and calculated according to the

heat balance equation for the thermal agent;f- arithmetic mean temperature of the thermal
agent at the inlet and outlet of the layer; F - particle surface.
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average temperature T .. surface of solid particles is estimated from the heat balance
equation and is defined as the average temperaturef particles:

AQ:m-cs-(f—TO), )

Where M — mass of particles in the layer; C, — heat capacity of the material; T — average
temperature of layer particles; T, - initial temperature of the particle.

As is known, heat is transferred from a thermal agent to a wet material in three ways:
convection, thermal conductivity and radiation. During the process of filtration drying, heat
from the thermal agent to the wet particle is transferred convectively, then the heat transfer
equation under stationary conditions can be written in the form of the Newton-Richmann law.

In practice, a system of differential equations is used to describe the transfer of heat
from a gas flow of particles of wet material, and similarity theory is used to generalize the
results. In general, the criterion equation for the case of forced flow of a thermal agent around
a wet surface has the form:

Nu=2+A-Re"-Pr°®.Gu", 3)

a-d o
Where Nu = 7— Nusselt criterion;

t—t
Gu = t“”’" — Gukhman criterion;

Pr = —— Prandtl number; v — coefficient of kinematic viscosity;a- coefficient of
a

thermal conductivity;t,t,, , — temperature of the thermal agent and wet thermometer, [°C ];
A, n, m— unknown coefficients that depend on the mode of movement of the thermal agent

and are determined experimentally.
When generalizing hydrodynamics, the main linear dimension is usually taken to be the

equivalent diameter d channels through which the thermal agent is filtered. When analyzing
heat transfer and mass transfer processes, the same linear dimension is used, which is most

characteristic of processes in a stationary layer of materials.
Considering that the physical parameters of air change in a narrow range, according to

the recommendations it is accepted Nu ~ Pr®3. To determine the unknown coefficients "A"
Nu

and "n", the experimental values are represented by the dependence py033 = (Re) in a
r ]

logarithmic coordinate system.

Experimental data for all materials are approximated by parallel lines, which means that
the exponent of the Reynolds number will be the same for all materials studied. The vertical
arrangement of straight lines indicates the influence of the granulometric composition of the
material on the heat transfer coefficient. The Nusselt number depends on the filtration mode of
the thermal agent and the particle size of the material.
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The value of the coefficient "A" depends on the geometric dimensions of the particles,
and the exponent "n" is constant and equal to 0.9. Therefore, to generalize experimental values,
similarly to generalizing the hydrodynamics of filtration drying, it is advisable to introduce a

geometric simplex into the criterion equation (3) D—" to take into account the influence of the
a
geometric dimensions of particles and container on the heat transfer process [10].
If experimental data are approximated by several results, then the exponent is the same
and equals n= 0.67, and the coefficient “A” for different materials will be different depending
on the geometric simplex and it can be approximated by power relations of the form:

c(d,Y
AzA(DJ (4)

then dependence (1.24) can be written for various dispersed materials in the form:

q 0,67
Nu =1,0-Re??. Pro*. j (5)
Da
- for a layer of wet coal:
q 0,67
Nu =12-Re%?. pro%. D"-j (6)
- for polyacrylamide, carbon black, superphosphate, ammophos and coarse sand:
0,67
Nu =20 Re?®. Pr0'33-[%j O

The reasons for such a discrepancy between various finely dispersed materials are
explained by the different shapes of particles and the roughness of their outer surface, therefore
the conditions of flow around the surface of particles for different materials will be different,
it is also necessary to take into account the mutual shielding of particles from each other, which
will be different for different materials, and as a result, part the surface is not washed by a
thermal agent and does not take part in heat exchange. It is impossible to determine the
coefficient of mutual screening of peat or coffee sludge particles experimentally (for example,
as for coal) due to the fragility of the particles [10].

Similarly, as for dry dispersed materials, generalizations for wet dispersed materials are
carried out according to equation (3), presenting experimental data on the dependence

Nu

Pr0,33

unknown coefficients “A” and “n”.
The literature contains a large number of criterion equations in which the
coefficients are determined A, N, M however, their use for a layer of fibrous materials is

impossible, so such coefficients are determined experimentally.

= f (RE) in a logarithmic coordinate system, which made it possible to determine the
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Mass transfer coefficient g is one of the main kinetic coefficients that allows you to

calculate the rate of mass transfer. Equations for determining the mass transfer coefficient
£ given in [49] in the case of forced movement of a thermal agent along a wet surface:

Sh=2+A -Re"-Sc%®.Gu", ®)

Where Sh = /))—Bd — Sherwood criterion; A, n , m — unknown coefficients

determined experimentally.

Similarly, as for heat transfer, taking into account that the physical parameters of the
thermal agent changed slightly during the experiment, according to the recommendations [79],
it can be accepted thatSh ~Sc0.33.

Unknown values of coefficients A, n, m are determined from the graphical dependence

8%00’33 =f (Re) ,obtained on the basis of experimental data.

Similarly, as for heat transfer, the approximating lines are parallel to each other. The
granulometric composition of dispersed materials also affects the mass transfer process, as

evidenced by different values Sh/SCO’33 at the same Reynolds number. In addition to the size

of the granules, the mass transfer process is also affected by the surface roughness of the
particles and their internal structure. Peat and coffee sludge have deviations in their location
on the graphical dependence; this can be explained by the difference in the structural structure
of these particles, as well as the difficulty of determining their equivalent diameter, which
would adequately describe the heat transfer and mass transfer properties of the layer.

Generalization of experimental values made it possible to present dependence (8) for
determining the mass transfer coefficient in a thin layer of dispersed materials, taking into
account the geometric parameters of the layer and apparatus in the form:

- for a layer of wet coal (except for the fraction5 . 0 ; 1 0 . 0 ;103 m), medium-
grained and coarse-grained sand:

d 0,67
Sh=162-Re?. 5¢0% (—j 9)
Da
- for a layer of wet coal fraction5.0;10.0;103 m:
0,67
Sh=13-Re??.5c%3 (d—j (10)
Da
- for a layer of wet carbon black, ammophos and superphosphate:
0,67
Sh=0,7-Re%®.5c%3 (d—j (11)
Da

It is known that the coefficient of molecular diffusion depends on the regime of
flow of a thermal agent around solid particles. The method for determining the internal
diffusion coefficient is based on the mathematical solution of the differential equation of
internal diffusion. The paper presents internal diffusion coefficients for a three-
dimensional model. For spherical particles this equation in spherical coordinates is:
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—— =D, |+ (12)
ot or r or

But it is impossible to use this dependence to calculate the internal diffusion
coefficient for particles of fibrous materials.

During filtration drying in the first period, heat is simultaneously transferred from
the thermal agent to the surface of the material being dried and moisture is transferred
from the surface of the particles to the thermal agent. Both processes are convective:
convective heat transfer and convective mass transfer. Characteristic of both processes is
the dependence of the heat flux density or mass on the surface of the material being dried,
the difference in temperature or concentration (moisture content). Both processes are
characterized through heat transfer coefficientsa. and mass transfer3 . The greatest
influence on their value is hydrodynamics, which, as was said, is estimated by the Re
number. From the given dependencies (5) - (7) it is clear that for both cases the equations
in generalized variables are similar to each other and are characterized by the same
exponents of the Reynolds number, which indicates the same influence of hydrodynamics
on the heat transfer and mass transfer coefficients. Despite the different nature of heat
transfer and mass transfer processes, which is estimated by Prandtl and Schmidt numbers,

Nu Sh

P03 And 300 coincide with each other for the

experimentally determined complexes

same Reynolds numbers.

In order to determine analogies between these processes, equating these complexes with
each other:

Nu h
py0.33 = 5038 (13)
or

a-d,  p-dg

y 033 — y 0,33 (14)
A= D.| —
a D
where can you get it:
o a 0,67
R = (15)
C-p / (Dj
_ D :
Considering,What — = Le— Lewis number, the above dependence can be represented
a

as:

o 2
B=——-. % (16)
cC-p
It follows that for the first period of filtration drying the mass transfer coefficient can
be determinedf , if the heat transfer coefficient is knowna.
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Thus, an analysis was carried out of the operation of drying devices using the principle

of air filtration through a layer of dried material, as well as design equations to determine their
main characteristics, such as hydrodynamic parameters, mass transfer, heat transfer.

1.

10.

11.

12.

References
Ergashev Nasimbek Axmadjonovich, Xoshimov Avazbek Obidjon o‘g‘li, & G'aniyeva
Gulnoraxon Shavkatjon gizi. (2022). Experimental determination of hydraulic residence.
International Journal of Advance Scientific Research, 2(06), 6-14.

Axyn6aeB Anmnb, AbaynazuzoB AOmnymiox, ['anumeBa ['ynmpHOpa, XommumoB A3alex.
XamunoB Mcmoumkon, AnnszadapoB bek3on, Xycan6oes Myxamman6o0yp, OpTukaiues,
Bbo6omkon, MyiinnaoB Aoaycaman. (2022). HccienoBanue mpoI0IbHOTO CMEIIMBAHUS B
OapabanHom anmapare. Kougepenyus , 166-173.

Tojiyev, R. J., Mullajonova, M. M., Yigitaliyev, M. M., & G'aniyeva, S. G. (2022).
Improving the design of the installation for drying materials in a fluidized bed.
ACADEMICIA: An International Multidisciplinary Research Journal,12(1), 214-219.

I'ynaopa llaBkatxon Kusu ["anueBa, ABa3zdek OOumkoH Yriu XomumoB, & Abmxycaman
AbGnakatom Yrom MyiiauaoB (2023). PasHOBHIHOCTH KapOCTOWKHX KOMIO3UITMOHHBIX
MatepuaioB. Scientific progress, 4 (1), 350-357.

Nasimbek Ergashev, Gulnora G’Aniyeva, & O’Tkirbek Xamdamov (2023). Research
hydraulic resistance of wet cleaning deviceof dust gases. Scientific progress, 4 (1), 358-
368.

Ab6nyna3uzoB A6ayminox, ['anueBa ['ynpHOpa, XomumoB AB3adek, XanunoB MIcCMOMIKOH,
AnuzadapoB bexzon, Xycanboes Myxamman0o06yp, Optukanue bobomxon, MyitanHoB
Abnaycaman. (2022). KuneTnka Cyliku HambUiseMbIX MatepuanoB. Kougepenyus , 190—
198.

AxyHnb6aes, O. A., & Mamacanues, H. C. (2022). BiusHue aHeMUH Ha TE€YCHHE CEPACYHO-
COCYIMCTHIX 3a00neBanunii. Dxonomuxa u coyuym, (6-2 (97)), 329-332.

0. A. Axunbayev. (2023). Risk factors for anemia in patients with chronic heart failure.
Conferencea, 48-53. Retrieved from.

O.A.Axunbayev. (2023). Anemia In Cardiovascular Diseases. Conferencea, 36-40.
Retrieved from.

Begijonova D.T., & Akhunbaev O.A. (2022). Nosocomial respiratory infections in children
and the role of coronaviruses in their occurrence. DxoHOMEKa U conuyM, (3-2 (94)), 62-65.

Impaired carbohydrate tolerance as a risk factor for ischemic heart disease among the
population of the Fergana Valley of the Republic of Uzbekistan. U. T. Sadikov, M. M.
Karimova, O. A. Akhunbaev, Sh. A. Kholboboeva and Sh. M. Suyarov. BIO Web Conf.,
65 (2023) 05032. Published online: 04 September 2023.

Axyn6oes , O., Maxmynos , H., & Hasupxamxkaes , A. (2023). bunak cysrunu Oomrdacu
Ba OyWHHWJAH CHHMINWIA JJABOJIAII CTAaHAAPTIApU. AKMYanivHble BONPOCHL OEMCKOU
xupypeuu,  1(1), 31. wu3Baeueno ot https://inlibrary.uz/index.php/pediatric-
surgery/article/view/25230

189 |Page


https://www.bio-conferences.org/articles/bioconf/abs/2023/10/bioconf_ebwff2023_05032/bioconf_ebwff2023_05032.html
https://www.bio-conferences.org/articles/bioconf/abs/2023/10/bioconf_ebwff2023_05032/bioconf_ebwff2023_05032.html

Western European Journal of Modern Experiments

e | and Scientific Methods

Volume 2, Issue 5, May, 2024
https://westerneuropeanstudies.com/index.php/1

ISSN (E): 2942-1896 Open Access| Peer Reviewed
[EXZ= This article/work is licensed under CC Attribution-Non-Commercial 4.0

13. Karimov, 1., Tojiyev, R., Madaminova, G., Ibroximov, Q., & Xamdamov, O. T. (2021).
Wet method dust remover black drum device. Barqarorlik va yetakchi tadgigotlar onlayn
ilmiy jurnali, 1(5), 57-63.

14. Karimov, 1., Tojiyev, R., Madaminova, G., Ibroximov, Q., & Xamdamov, O. T. (2021).
Hydrodynamics of wet dush powder black drum equipment. Bargarorlik va yetakchi
tadgiqotlar onlayn ilmiy jurnali, 1(5), 49-56.

15. Ergashev, N., & G’aniyeva, G. (2023). Research hydraulic resistance of wet cleaning
deviceof dust gases. Scientific progress, 4(1), 358-368.

190|Page



