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Abstract. The paper presents the results of a study on the
hydrodynamics of the stationary layer of wild carrot po-
mace during filtration drying, as a raw material for the
production of ecological alternative solid fuel. The main
geometric parameters of individual wild carrot pomace
particles and the physicomechanical properties of the
stationary layer were determined experimentally. A dia-
gram of the experimental setup is provided. The results of
the experimental studies are presented in the form of
functional dependencies of pressure loss AP = f(vg) and
Euler’s criterion as a function of Reynolds number and the
geometric simplex Eu = f(Re, G). The feasibility of pre-
treatment of wild carrot pomace for alternative biofuel
production is justified. The obtained results allow for pre-
dicting energy consumption when developing equipment
for the filtration drying of this material.

Keywords: wild carrot pomace, stationary layer, hydro-
dynamics, filtration drying, sustainable development.

1. Introduction

Wild carrot (Daucus carota) contains a
significant number of phenolic compounds, terpenes,
and flavonoids (Ismail et al., 2024). This plant also
has antipyretic, anti-inflammatory, anticancer, and
antibacterial properties (Boadi et al., 2021). For this
reason, wild carrot extract is widely used in the
pharmaceutical industry (Stanojevi¢ et al., 2023).

However, as a result of extracting useful
substances from wild carrot, a large amount of waste

is produced — wild carrot pomace. Currently, plant
waste in the pharmaceutical industry is used inef-
ficiently and, in many cases, is disposed of by being
sent to landfills. As plant waste continues to accumu-
late, it occupies significant areas of landfill sites.
Decomposition of this waste occurs in landfills, con-
taminating groundwater. Chemical leachate is relea-
sed during the decomposition process, penetrating the
soil and leading to toxic contamination. Therefore,
there is a problem of ecological disposal of this waste.

One way to dispose of wild carrot pomace is to
recycle it as secondary raw material. This will reduce
the negative impact of harmful substances on the soil
and decrease greenhouse gas emissions (Kumar Sa-
rangi et al., 2023). Processing wild carrot pomace
waste also has economic significance, as it contri-
butes to the development of new technologies in the
field of pharmaceutical waste disposal (Ivashchuk et
al., 2024, a). In Ukraine, the system for managing
plant waste is unsatisfactory, so processing and reu-
sing wild carrot pomace contributes to the deve-
lopment of a sustainable system.

Wild carrot pomace, as an organic raw material
of plant origin, can be used for the production of
biofuel — an alternative, environmentally friendly
source of energy (Srivastava et al., 2021). The pro-
cess of recycling wild carrot pomace is complicated
by its high moisture content (approximately 60 % by
mass). This directly affects the storage time of this
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raw material for biofuel production. Therefore, one of
the key stages in processing plant waste, particularly
wild carrot pomace, is drying (Zhou et al., 2019). For
the production of fuel briquettes, the moisture content
of the plant material must be between 7 and 14 % by
mass (Guibunda et al., 2024).

After analyzing the literature (Atamanyuk et al.,
2018), it was determined that the most efficient method
for drying solid dispersed materials is filtration drying.
Filtration drying (Ivashchuk et al., 2024, b) is carried out
by filtering the gas flow through a stationary layer of
porous material under the influence of pressure diffe-
rence. The key indicator of the efficiency of this method
is the level of specific energy consumption required to
maintain the pressure difference (Kobeyeva et al., 2022).
The analysis of the hydrodynamics of filtration drying
allows for predicting these energy costs and optimizing
the drying process (Ivashchuk et al., 2022).

2. Experimental part

The object of the study was wild carrot pomace
obtained from a local pharmaceutical production faci-
lity. The hydrodynamics of the stationary layer of
wild carrot pomace were studied using an expe-
rimental setup described in (Atamanyuk et al., 2020).
The methodologies used to determine the main physi-
comechanical characteristics of particles and investi-
gate the hydrodynamics of gas flow filtration through
the stationary layer of wild carrot pomace are pro-
vided in (Atamaniuk, Humnytskyi, 2013).

The hydrodynamic characteristics of the sta-
tionary layer directly affect the efficiency of filtration
drying. The filtration speed of the gas flow through the
layer of wild carrot pomace determines the intensity and
economic feasibility of filtration drying for this material.

The hydrodynamics of the stationary layer of
wild carrot pomace were studied at various material
heights in the container, specifically: 30 mm, 60 mm,
90 mm, 120 mm, and 150 mm. The initial bulk den-
sity for all the studied heights was the same. Each
experiment was conducted at least 7 times with new
portions of wild carrot pomace.

The pressure losses in the stationary layer of
wild carrot pomace were determined using the
Darcy — Weisbach equation:

pv?
e (1)

AP = -

Q.l:l:
o

where / is the resistance coefficient of the layer; H, is
the equivalent length of the channels through which the

gas flow moves, defined as H, = 1.5 - H, m; d, is the
equivalent diameter of the wild carrot pomace particles,
m; p is the density of the gas flow, kg/m?; v is the actual
velocity of the gas flow through the stationary layer of
wild carrot pomace, my/s.

Considering that the hydraulic resistance coef-
ficient A depends on the Reynolds number, equation
(1) is presented in the form of a two-term expression
that takes into account both the losses due to friction
and the losses associated with local resistances:

AP =A-EC H, v+ B L2 He 02, ()
where A and B are unknown coefficients, the values
of which were determined through experimental
studies; u is the dynamic viscosity of the gas flow,
Pa's; a is the effective specific surface area of all
particles in the stationary layer of wild carrot pomace,
m?/m?; ¢ is the porosity of the stationary layer of wild
carrot pomace, m*/m?, v ois the fictitious filtration
velocity of the gas flow through the stationary layer
of material, m/s.

To determine the unknown coefficients “A” and
“B” in equation (2), linearization was performed with
respect to the fictitious filtration velocity of the gas flow,
after which it was presented in the following form:

AP . | e
Tros = A"+ B"-v,, 3)
a2 .
where A* = A - #33 and B* = B-p—a3.
32:€ 8¢

The first part of this equation remains a constant for
the given experimental conditions, while in the second part,
the variable parameter is solely the fictitious velocity.

By empirically determining the unknown coef-
ficients of equation (3) for a specific dispersed
material and the defined experimental conditions, it
can be used for practical calculations of drying equip-
ment. This allows for the prediction of pressure losses
during filtration drying, but only within the range of
investigated gas flow velocities.

In practice, it is more convenient to use the di-
mensionless form of the calculation dependencies, as
they account for the specifics of the gas flow mo-
vement and the influence of the geometric charac-
teristics of the drying equipment on pressure losses in
the stationary layer of the dispersed material. In this
approach, pressure losses are described by a func-
tional dependence of the Euler criterion ont he
Reynolds criterion and the geometric simplex.
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Filtering the gas flow through a stationary layer
of wild carrot pomace represents a mixed hydrodyna-
mics goal. Since the gas flow during filtration through
the stationary layer of wild carrot pomace washes each
particle individually (external goal) and moves through
the channels between the particles (internal goal). There
is no theory for the mixed hydrodynamics goal, so the
external and internal goals were studied separately.

The value of Euler's number for the external
goal of hydrodynamics was determined based on the
dependency:

Eu=A-Re*- (i)y, )

where Eu — Euler criterion Eu = AP/(p -v?); Re —
Reynolds criterion Re = v - d,, * p/u; H — height of the
stationary layer of wild carrot pomace, m; d,, — average
diameter of particles of wild carrot pomace, m.

For the study of the internal problem of hydro-
dynamics, the following equation was used:

Eu=A-Re}- (Z—:)y, %)

where Re is the equivalent value of the Reynolds cri-
terion Re} =v-d, - p/u.

3. Results and Discussion

The results of the granulometric composition of
wild carrot pomace are presented in Table 1 and Fig. 1.

Table 1
The granulometric composition of wild carrot pomace
Fraction d"0°, m 0.1-0.14 | 0.14-0315 |03150.63 | 0.63-125 | 12525 |2.55 Total
Weight of th
crento” the 0.00024 0.01013 0.315-0.63 | 0.1506 | 0.02674 | 0.00101 0.2
fraction G, kg
P t. tent.
crocage ComEn 1 o.12 5.06 5.64 75.30 13.37 0.51 100
% mass
%, mass
807
603
40
20
O-—— TTTTTTTTTTTTTTTTTT
0 1 2 3 4 5
d-10° m

Fig. 1. Granulometric composition of the stationary layer of wild carrot pomace

The geometric particle sizes of wild carrot
pomace were determined using an MBB-1A electron

microscope (Fig. 2). More than 100 samples of ground
wild carrot pomace particles were analyzed.



82 Alina Denysiuk , Volodymyr Atamanyuk, Zoriana Hnativ, Stanislav Boldyryev

Fig. 2. Measurement of the geometric size of wild carrot pomace
particles using an MBB-1A microscope

The averaged geometric particle sizes are provided in Table 2.

Table 2
Geometric characteristics of wild carrot pomace
Average linear dimensions, m A cticl
Fraction d*10°, m Length, Width, Thickness, diar\:erfe%e dpf“lof fn
a-10% m b-10°, m c-10% m P
2.5-5 2.8 2.1 0.655
1.25-2.5 2.15 1.45 0.5
0.63-1.25 1.15 0.95 0.355 0.832
0.315-0.63 0.57 0.44 0.215
0.14-0.315 0.31 0.17 0.07
0.1-0.14 0.13 0.1 0.045
The following characteristics of the stationary — porosity of the layer € = 0.34 m3/m®.
layer of wild carrot pomace were determined using The results of experimental studies on pres-
the aforementioned methods: sure losses from the fictitious gas flow velocity at
— bulk density p, = 407 kg/m’; different heights of the stationary layer are shown
— true density p; = 512 kg/m?; in Fig. 3.
AP -107%,Pa
43 |
i + H=150mm
7 e H=120mm 3
3 _: ® [=9%mm |
] A H=60 mm /
1 & H=30mm /
2 f //
1
] e
0__ fll[llllllllfllflllllfl TTTITT oI TT
0 1 2 3 <}
Uy, m/s

Fig. 3. Dependence of pressure drop AP in the stationary layer of wild carrot pomace
on the height H at different filtration gas flow velocity values vo


https://orcid.org/0009-0003-5962-8257
https://orcid.org/0000-0002-8707-2319
https://orcid.org/0000-0001-7252-2789
https://orcid.org/0000-0002-2866-3995

Hydrodynamics of filtration drying of wild carrot pomace 83

As seen in Fig. 2, pressure losses increase with
the height of the stationary layer. It should also be
noted that the curves have a parabolic shape. This
indicates that the hydraulic resistance of the
investigated material is formed under the influence of
both inertial and viscous components.

To generalize the obtained experimental results
shown in Fig. 3, we will use the Darcy — Weisbach
equation, presented in the form of a two-term equation
(3). To this end, we will present the results of the
conducted research shown in Fig. 1as a functional

dependence After approximating the experi-

AP
(Hvo)’
mentally obtained data with a linear relationship for the

segment cutting the ordinate axis, the value of
A=A L2

32-€3
of the slope angle of the line, the value of
B* =B -% was derived. Thus, equation (3) takes the

was obtained, and by taking the tangent

following form:

2P = 5000 + 22000 - v,.
Hwv,

(6)

The equation (5) within the investigated speed
range can be used for predicting pressure loss values
and selecting equipment during the filtration drying
of wild carrot pomace.

8 1074 Pa-s/m?
WHoug 10 FSm
103
8
-
O:"""|||||IIIIIII
0 1

2 3 4

Uy, m/s

Fig. 4. Dependence % = f(v,) for the stationary layer of wild carrot pomace
Vo

(symbols correspond to those in Fig. 3)

3.1. External goal of hydrodynamics

To obtain the calculated dependencies in the
form of dimensionless the
perimental results presented in Fig. 3 were

complexes, ex-
expressed as the relationship between the Euler
number and the Reynolds number (Fig. 5). The
analysis of Fig. 5 demonstrates that the Euler
number depends on the height of the stationary
layer of material, and the experimental data are

well described by a power-law dependence. The
curves for different heights are nearly parallel,
and the distance between them is proportional to
the height of the stationary layer.

Fitting the experimental data from Fig. 5
with a power function allowed for the determi-
nation of the exponent in the Reynolds number,
which was —0.08 for all heights, while the coef-
ficient A varied depending on the height. The
obtained results are presented in Table 3.
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Fig. 5. Dependence of the Euler number on the Reynolds number for different heights
of the stationary layer of wild carrot pomace (notations correspond to Fig. 3)

Table 3
The dependence of the unknown coefficients and the exponent on the height
of the stationary layer of wild carrot pomace
H,m 0.15 0,12 0.09 0.06 0.03
H/dp 182.34 145.87 109.40 72.93 36.47
A 580 480 360 230 115
n -0.08

To generalize
investigated heights, a graph A* = f (H/dp) is
presented in Fig. 6. It was found that the determined
coefficients A for each height lie on a straight line.

dependence for all

equal to one.

A*
600 /
400 //
200 /
O_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0 40 80 120 160 200
H/d,

Fig. 6. Dependence of the coefficient A* on the geometric simplex H/d,

Approximating these values with a power function
allows for determining the coefficient A* and the
exponent for the geometric simplex (H/dp), which is
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After summarizing the obtained data, equa-
tion (4) took the following form:

Elley = 3.2- Re™0%8 - (7)

p

This dependence holds true for Reynolds
numbers ranging from 60 to 200. The absolute value
of the relative error between the experimental and
theoretically calculated values does not exceed 10 %.

Eu

3.2. Internal goal of hydrodynamics

The results of the experimental studies are

presented as a functional dependence Fu = f (%)

for different values of the Reynolds number
(Fig. 7). As can be seen from Fig. 7, the value of
the Euler number increases with the increase in the
geometric simplex, which leads to an increase in
the slope angle of the line relative to the y-axis.

500

400

300

200

100

0 TTTTT T T T T [ TTTTTTTTT
400 600 800

0 200

Fig. 7. Dependence of the Reynolds number on the geometric simplex %

He/d

e

1 —Re=60; 2 -Re=280;3—-Re=100; 4 —Re=120; 5— Re = 140;
6 —Re=160; 7— Re = 180; 8 —Re =200

Therefore, to find the unknown coefficient “A”, the dependence of the tangent of the slope angle of the line on

the Reynolds number was constructed.

A

0.64

0.60

0.56

N

+

0.52

™~
e

0.48
40 80

120 160

200
Re

Fig. 8. Dependence of the coefficient A on the Reynolds number
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For the internal goal of hydrodynamics, the
following form of the equation (3) was obtained:

Eu=104-Re 0.2 8)

The absolute value of the maximum relative

error between the values of the Euler number cal-

culated from the experimental data and those obtained
using the equation (7) does not exceed 9 %.

4, Conclusions

The study first investigates the internal and
external hydrodynamics of the stationary layer of
wild carrot pomace. Unknown coefficients of the
Darcy — Weisbach equation, A* and B*, are deter-
mined for predicting pressure losses in the stationary
layer of wild carrot pomace. Experimental data are
generalized in the form of a dimensionless equation

He\Y . .
Eu=A-Re*- (d—e) for studying the internal hyd-

rodynamics problem, and in the form of the equation

H

y
Eu=A-Re*- ( n ) for the external hydrodynamics

14
problem.

For the external hydrodynamics problem, the
unknown coefficients are: A = 3.2, x = - 0.08, and for
the internal problem: A = 1.04, x = - 0.14.

A comparison is made between the theo-
retically calculated data, obtained from equations (6),
(7), and (8), and the data obtained experimentally.

References

Atamanyuk, V. M., & Humnytskyi, Ya. M. (2013).
Naukovi osnovy filtratsiinoho sushinnia dyspersnykh
materialiv. Vydavnytstvo Natsionalnoho universytetu
“Lvivska politekhnika”, Lviv.

Atamanyuk, V., Gnativ, Z., Kindzera, D., Janabayev, D., &
Khusanov, A. (2020). Hydrodynamics of cotton filtration
drying. Chemistry & Chemical Technology, 14(3), 426—
432. DOI: https://doi.org/10.23939/chcht14.03

Atamanyuk, V., Huzova, 1., & Gnativ, Z. (2018).
Intensification of drying process during activated
carbon regeneration. Chemistry & Chemical Techno-
logy, 12(2), 263-271. DOL: https://doi.org/10.23939/
chcht12.02.263

Boadi, N. O., Badu, M., Kortei, N. K., Saah, S. A., Annor, B,
Mensah, M. B., & Fiebor, A. (2021). Nutritional com-
position and antioxidant properties of three varieties of
carrot (Daucus carota). Scientific African, 12, ¢00801.
DOT: https://doi.org/10.101/j.sciaf.2021.e00801

Guibunda, F. A., Waita, S., Nyongesa, F. W., Snyder, G. J.,
& Chaciga, J. (2024). Optimizing biomass briquette
drying: A computational fluid dynamics approach with
a case study in Mozambique. Energy, 360, 100012.
DOIL: https://doi.org/10.1016/j.energ.2024.100012

Ismail, J., Shebaby, W. N., Daher, J., Boulos, J. C., Taleb,
R., Daher, C. F., & Mroueh, M. (2024). The wild carrot
(Daucus carota): A phytochemical and pharmacological
review. Plants, 13(1), 93. DOL https://doi.org/10.3390/
plants13010093

Ivashchuk, O. S., Atamanyuk, V. M., Chyzhovych, R. A,
Kiiaieva, S. S., Zherebetskyi, R. R., & Sobechko, I. B.
(2022). Preparation of an alternate solid fuel from alcohol
distillery stillage. Voprosy Khimii i Khimicheskoi
Tekhnologii, 1, 54-59. DOL: https://doi.org10.32434/0321-
4095-2022-140-1-54-59

Ivashchuk, O., Atamanyuk, V., Chyzhovych, R., Bacho, S.,
& Boldyryev, S. (2024). Investigation of the efficiency
of a beet pulp filtration drying process. Journal of
Environmental Problems, 9(4), 268-274. DOL
https://doi.org/10.23939/ep2024.04.268

Ivashchuk, O., Atamanyuk, V., Chyzhovych, R., Manastyrska,
V. A., Barabakh, S. A., & Hnativ, Z. (2024). Kinetic
regularities of the filtration drying of barley brewer’s spent
grain. Chemistry & Chemical Technology, 18(1), 66. DOIL:
https://doi.org/10.23939/chcht18.01.066

Ivashchuk, O., Chyzhovych, R., & Atamanyuk, V. (2024).
Simulation of the thermal agent movement hydro-
dynamics through the stationary layer of the alcohol
distillery stillage. Case Studies in Chemical and Envi-
ronmental Engineering, 9, 100566. DOIL: https://doi.
org/10.1016/j.cscee.2023.100566

Kindzera, D. P., Atamanyuk, V. M., Helesh, A. B., &
Tsiura, N. Y. (2024). Hydrodynamic and kinetic
patterns of yellow iron oxide pigment filtration drying.
Chemistry, Technology and Application of Substances,
7(1). DOL: https://doi.org/10.23939/ctas2024.01.188

Kindzera, D., Hosovskyi, R., Atamanyuk, V., & Symak, D.
(2021). Heat transfer process during filtration drying of
grinded sunflower biomass. Chemistry & Chemical
Technology, 15(1), 118. DOI: https://doi.org/10.23939/
chcht15.01.118

Kobeyeva, Z., Khussanov, A., Atamanyuk, V., Hnativ, Z.,
Kaldybayeva, B., Janabayev, D., & Gnylianska, L. (2022).
Analyzing the kinetics in the filtration drying of crushed
cotton stalks. Eastern-European Journal of Enterprise
Technologies, 1(8(115)), 55-66. DOI: https://doi.org/10.
15587/1729-4061.2022.252352


https://orcid.org/0009-0003-5962-8257
https://orcid.org/0000-0002-8707-2319
https://orcid.org/0000-0001-7252-2789
https://orcid.org/0000-0002-2866-3995

Hydrodynamics of filtration drying of wild carrot pomace 87

Kumar Sarangi, P., Subudhi, S., & Bhatia, L. (2023).
Utilization of agricultural waste biomass and recycling
toward circular bioeconomy. Environmental Science
and Pollution Research, 30, 8526-8539. DOI:
https://doi.org/10.1007/s11356-022-20669-1

Srivastava, R. K., Shetti, N. P., Reddy, K. R., Kwon, E. E,,
Nadagouda, M. N., & Aminabhavi, T. M. (2021). Biomass
utilization and production of biofuels from carbon-neutral
materials. Environmental Pollution, 276, 116731. DOL:
https://doi.org/10.1016/j.envpol.2021.116731

Stanojevi¢, K., Milenkovi¢, A., Pavlovi¢, D., Matejié, J.,
Gaji¢, 1., Dini¢, A., & Stanojevi¢, L. (2023). Anti-
inflammatory activity of wild carrot (Daucus carota L.)
umbels ethanolic extracts from Serbia and Greece.
Archives of Pharmacy, 73(Suppl. 4), S71-S72. DOL
https://doi.org/10.1016/j.envpol.2021.116731

Zhou, C., Fan, X., Duan, C., & Zhao, Y. (2019). A method
to improve fluidization quality in gas—solid fluidized
bed for fine coal beneficiation. Particuology, 43, 181—
192. DOI: https://doi.org/10.1016/j.partic.2017.12.012


https://doi.org/10.1007/s11356-022-20669-1

	01. екол. кор.pdf
	02 екол.  кор
	03 екол. кор
	04. екол. кор
	05 екол. кор
	06 екол. кор
	07 екол.  кор
	08 екол. кор
	09 екол. кор
	10 екол. docx
	11 екол. кор 14.05
	12. екол  кор

