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Abstract. Development of industry is not always accompanied with the implementation of clean technologies, thus the
problem of air and water purification remains. For the moment, pollution with different paint components is widely
spread and hard to be solved. A biofilter was developed at the Department Environmental Protection of Vilnius Gediminas
Technical University (VGTU), and its chemical and physical purification principles and properties are analysed in works
[13]. Besides the efficiency of pollutant cleaning, the characteristics of filter aerodynamic resistance are also essential,
therefore, the aerodynamic properties of the biofilter are analysed in this work. For anticipation and theoretical evaluation of aerodynamic processes going on in a biological air-purification device, the processes occurring in the object
being investigated  a biofilter  were modelled with the help of Phoenics, Versions 3.2 and 3.5. Aerodynamic processes  in-coming flow velocity and aerodynamic charge resistance  were analysed with the help of the software
package Phoenics, Versions 3.2 and 3.5. Modelling was based on mathematical equations that describe physical laws.
Keywords: biofilter, mathematical model, aerodynamic resistance, empirical expression.

1. Introduction

2. Investigation methods and results

Flowing through a biofilter could be treated as flowing through a porous material. In practice granular or
fibre filters are usually used for the purification of dusty
air. Operation of such filters is rather fully analysed in
the works of VGTU as well as in other works [14].
However, until the last works, granular filters were used
only for the purification of air polluted with aerosols
and dusts. During operation of such filters both their
aerodynamic resistance and efficiency were fluctuating.
That was obviously related to dust sedimentation in the
filter. When purifying air with the help of the filter, it is
purified only from some or other polluting gaseous components, thus in the course of operation of such a filter
its aerodynamic resistance remains unchanged in time,
and only filter purification efficiency undergoes changes.
It is a key property of the filter. As it is seen in [56],
the efficiency of the filter depends on the pressure gradient in it, thus it is essential to have a deeper examination of these filter properties. This work is devoted for
such an investigation.

An experimental biofilter with activated charge of
pine bark was developed at the Department of
Environmental Protection of VGTU. The biofilter
(500 · 480 · 2 000 mm) with biologically activated charge
contains five separate layers of biomedium.
When purifying air from the mixture of volatile
compounds of an organic nature, the flow of polluted
air is blown through all the five layers of biomedium by
means of a ventilator. Dampers with control handles are
installed in the inlet and outlet ducts of the filter to adjust air flow (from 43,2 to 144,69 m3/h) and flow velocity (from 0,8 to 2,0 m/s). In order to increase the amount
of polluted air, the inlet airduct has a funnel shape at
the front end. Purified air is exhausted from the filter
through a flexible duct.
During experiments air flow velocity was measured
by a velocity meter TESTO-452 with a thermopair. When
increasing the velocity of air flow injected up to 2,0 m/s,
the measurement error also grows. Each measurement was
repeated five times. The results of the tests performed at
the laboratory are given in Fig 1.
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Fig 1. Dependence of aerodynamic resistance on the charge thickness

3. Model of biofilter resistance

of the effective diameter def:

In our case the stationary layer of a sorbent consists of different form and dimension charge elements
that rm a rather complex geometric system the mathematical description of which is impossible. Porosity ε
is one of the main characteristics of such a filter which
in our case was defined using traditional methods and is
equal to 0,75. Let's suppose that charge elements are of
a round form and that their internal radius r is 4 cm
(Fig 2) [713].
It is obvious that, if d is the element diameter, then
the number N of charge elements in the filter cross-seca ⋅b

S

or N = 2 .
d
d2
Then the total cross-section area of the channel through

tion, the area of which is S, is N =

d ef2 =

4−π 2
d
π

def = 0,52d .

or

It is obvious that the flow velocity in the filter, i e
V
. To determine the charε
acter of the flow the effective Reinolds number is cal-

in a porous material, is Vef =

culated Re =

Vef ⋅ d ef ⋅ ρ
η

. Value Re is higher than the

critical one, and the flow in the filter will be turbulent.
Poiseuilles Law which is valid under the streamline flow through circular tubes is expressed by:

 π
S f = 1 −  ⋅ S , and,
 4
supposing that the flow is passing through cylinder capillaries (Fig 3) the effective diameter of which is def,
we obtain the area of this capillary cross-section

∆p 32 ⋅µ
= 2 ⋅U v .
∆X
d

which the fluid was passing is

l

dk

 π
Sk = 1 −  ⋅ d 2 and, at the same time, the expression
 4
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Fig 3. Air purification processes occurring in the biofilter

a
Fig 2. Model the biocharge cross-section
a  fraction capillary length of the bark charge; b  fraction capillary thickness of the bark charge; d  fraction
capillary diameter of the bark charge

C0  initial concentration of in-coming pollutants in the
air, mg/m3; C  concentration of uncleaned pollutants in
the air, mg/m3; V  velocity of the in-coming flow, m/s;
l  thickness of the biocharge; lk  fraction capillary length
of the bark charge, mm; dk  fraction capillary diameter
of the bark charge, mm
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If a free space in the filter is assumed to consist of
a series of tortuous channels, Poiseuilles Law may be
rewritten for flow through the filter as:

∆p
µ
= K 2 Uef .
∆X
def

(2)

vestigation in the filter containing five layers aerodynamic resistance of the charge was gradually decreasing
with the decrease in the number of charge layers (from
156 to 10 Pa) ( R 2 = 0,91 ).

∆p K ⋅U v ⋅µ ⋅ (1 − ε )
=
,
∆X
ε3 ⋅ r 2
2

Biocharge thickness, m

(4)

where K is the coefficient of layer resistance, µ is the
dynamic coefficient of viscosity, r is the radius of charge
particles. Comparison with the expression (3) obtained
on the basis of our experiments allows to state that

K ⋅µ ⋅ (1 − ε )

2

ε3 ⋅ r 2

K=

= 0, 0076 , and thus we obtain that

0,0076 ⋅ ε3 ⋅ r 2
µ ⋅ (1 − ε )

2

.

Using the simple expression it could be determined
that K = 0,456, and the following expression could be
used for modelling the aerodynamic resistance of the
filter:

0, 456 ⋅ U v ⋅µ ⋅ (1 − ε )

2

∆p =

X.
(5)
ε3 ⋅ r 2
To get full information on the flow dynamics in
the filter, Navje-Stokso equations and continuity, motion amount conservation equations are used for the description of this process; the obtained equation system
is solved with the help of digital methods, and information on the flow character in the filter is received with
the help of Phoenics software package [13] (Fig 5).

F, Pa

F, Pa

On the basis of the curves given in Fig 1 we make
regression equations the later solution of which helps to
find an empirical expression of filter aerodynamic resistance:
∆p = 0,0076 · X · Uv ,
(3)
where the adjusted coefficient of multiple determination
R2 = 91 %.
On the basis of these results the dependence of
aerodynamic resistance on the filter thickness and flow
velocity is illustrated in a three-dimensional graph
(Fig 4).
In the course of filter operation one of the main
properties of the filter, i e the fluctuation of charge aerodynamic resistance during the air purification process,
was determined. The biocharge aerodynamic resistance
is spread over the interval from 17 to 140 Pa.
The highest resistance of the filter charge (up to
140 Pa) was recorded before all the five charge layers.
The decreasing number of the charge layers resulted in
gradually decreasing aerodynamic resistance. By evaluating with the help of statistical methods, very high approximation reliability coefficients (R2) were obtained
(up to 0,99).
In the course of mathematical modelling, irrespective of the number of layers (in the case of one and five
charge layers), the highest aerodynamic resistance of the
filter was recorded in its bottom part before all the charge
layers. Analogically to the results of experimental in-
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Fig 4. Dependence of aerodynamic resistance (Pa) on the biocharge thickness (m) and flow rate (m/s)
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Fig 5. Pressure and velocity fields with fluid flowing through one (A) and five (B) layers

Fig 5 shows pressure and velocity fields with fluid
flowing through one and five layers. Comparison of the
results with the experimental data given in Fig 1 reveals
an excellent agreement of the results.
The biofilter with activated bark charge was modelled with the help of the software Phoenics, Versions
3.2 and 3.5, Taking into consideration the porosity of
the filter charge (7580 %), the number (from 1 to 5) of
layers (150 mm), the dynamics of aerodynamic processes,
i e the velocity of the in-coming air and aerodynamic
resistance of the charge, were modelled.
When modelling the aerodynamic processes occurring in the biofilter, the software Phoenics, Versions 3.2
and 3.5, was used. With the help of Phoenics, Versions
3.2 and 3.5, the dynamics of the in-coming flow velocity and aerodynamic resistance of the bark charge were
modelled. When modelling aerodynamic processes in the
biological air purification device, its geometric and initial characteristics of in-coming air flow were entered
into the program. The geometric parameters of the device (500 · 480 · 2 000 mm) and five equal (150 mm)
charge layers were entered into the program (Fig 5).
Other parameters corresponding to the experimental investigation device  the initial velocity of the in-coming
air flow (0,8 to 2,0 m/s), coefficient of charge porosity
(7580 %) and its aerodynamic resistance (5 layers) 
were also entered into the program. The characteristics
chosen in the course of mathematical modelling corresponded to those in the experimental device. Although

the air-purification efficiency is the main characteristics
of air-purification devices when developing them, the
aerodynamic resistance of the charge is also very important. Thus in this work attention is first of all focused on the investigation and optimization of the aerodynamic processes and biocharge characteristics occurring in the biofilter.
The aerodynamic resistance of the filter charge was
also modelled with the help of Phoenics, Version 3.5.
For the task solution, the biocharge porosity (7580 %)
was selected to meet that in the experimental device
charge. The aerodynamic resistance of the charge was
modelled changing the number of charge layers (from 1
to 5) in the biofilter. Taking only one charge layer in
the filter its aerodynamic resistance fluctuated rather insignificantly: from 28 to 3 Pa. The highest aerodynamic
resistance (up to 28 Pa) was recorded in the charge layer
at the entry to the airduct, and the lowest one (up to
3 Pa)  at the air flow exit opening.
Without changing the initial conditions of the task
(the velocity of the in-coming air flow of 2,0 m/s), the
porosity of the charge (7580 %), the dynamics of the
aerodynamic resistance in the filter were analysed with
five charge layers in the filter. Irrespective of the number of charge layers (one and then five layers), in the
course of modelling the highest aerodynamic resistance
in the biofilter was recorded at the five charge layers
(156 Pa) (Fig 5).
Analogically to the results of experimental investi-
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gation, in the filter containing five charge layers the
aerodynamic resistance decreases along the total length
of the device with decreasing number of charge layers
(from 156 to 10 Pa). In the course of modelling it was
determined that with four charge layers in the filter its
aerodynamic resistance reached up to 124 Pa, with three
layers  104 Pa, with two layers  72 Pa, with one layer
 31 Pa. After five charge layers the aerodynamic resistance in the filter was only 1020 Pa. Similarly to experimental investigation, a high reliability of the charge
aerodynamic resistance was also obtained during investigation and modelling (R2 = 0,91). On the basis of the
results of aerodynamic processes obtained in the course
of modelling it could be stated that the air-purification
process is intensive in the filter as a rather low dynamics of the in-coming air flow is recorded and that the
charge aerodynamic resistance has little impact on the
air-purification process.
4. Conclusions
1. The highest resistance of the filter charge (up to
140 Pa) was recorded before all the five charge layers.
Decreasing number of the charge layers resulted in gradually decreasing aerodynamic resistance. By evaluating
with the help of statistical methods, very high approximation reliability coefficients (R2) were obtained (up to
0,99).
2. The obtained results are used to calculate full
characteristics of the flow with the help of Phoenics
software package. The highest aerodynamic resistance
in the filter was recorded in its bottom part before all
the charge layers. Analogically to the results of experimental investigation in the filter containing five charge
layers the filter aerodynamic resistance gradually decreased with decrease in the number of charge layers
(from 156 to 10 Pa) (R2 = 0,91).
3. By solving regression equations, the empirical
expression of the filter aerodynamic resistance was obtained. Knowing the values of the biofilter (the height
of the charge, its aerodynamic resistance, velocity of the
air flow), the empirical and mathematical expression of
the filter efficiency was found and in future it will enable theoretical calculation and selection of proper parameters of the device and to reach maximum efficiency
of air purification.
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EKSPERIMENTINIAI BIOFILTRO AERODINAMINIO
PASIPRIEÐINIMO TYRIMAI IR MATEMATINIS
MODELIAVIMAS
P. Baltrënas, R. Vaiðkûnaitë, V. Ðpakauskas
Santrauka
Dël ûkinës veiklos á aplinkos orà gausiai iðsiskiria ávairios organinës kilmës terðalai  butanolis, butilacetatas, metanolis, formaldehidas, fenolis, benzolas, toluolas, ksilolas ir kt.
Jie á aplinkos orà patenka ið ávairiø maisto, chemijos, medþio
apdirbimo pramonës ámoniø, autotransporto, þemës ûkio ir pan.
Ðiems lakiesiems organiniams junginiams valyti ið oro bûtina
taikyti efektyvius ir nebrangius metodus. Vienas ið tokiø yra
biologinis oro valymas, pagrástas gyvø mikroorganizmø veikla,
naudojant biofiltrà su aktyvinta puðø þieviø ákrova. Iki ðiol atlikti eksperimentiniai tyrimai nëra galutinis ðio biofiltro darbo
ávertinimas. Labai svarbu filtro veikimo metu ávertinti ir jo ákrovos aerodinaminá pasiprieðinimà. Remiantis tyrimø rezultatais
nustatytas biofiltro poringumas, ákrovos aerodinaminio pasiprieðinimo priklausomybë nuo sluoksniø skaièiaus, bei gautos pusiau empirinës filtro aerodinaminio pasiprieðinimo iðraiðkos, kurias ateityje galima bûtø taikyti konstruojant analogiðkus biofiltrus.
Raktaþodþiai: biofiltras, matematinis modelis, aerodinaminis pasiprieðinimas, empirinë iðraiðka.
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ÝÊÑÏÅÐÈÌÅÍÒÀËÜÍÎÅ ÈÑÑËÅÄÎÂÀÍÈÅ È
ÌÀÒÅÌÀÒÈ×ÅÑÊÎÅ ÌÎÄÅËÈÐÎÂÀÍÈÅ
ÀÝÐÎÄÈÍÀÌÈ×ÅÑÊÎÃÎ ÑÎÏÐÎÒÈÂËÅÍÈß Â
ÁÈÎÔÈËÜÒÐÅ
Ï. Áàëòðåíàñ, Ð. Âàéøêóíàéòå, Â. Øïàêàóñêàñ
Ðåçþìå
Â ðåçóëüòàòå õîçÿéñòâåííîé äåÿòåëüíîñòè ÷åëîâåêà â
àòìîñôåðó âûáðàñûâàþòñÿ ðàçëè÷íûå çàãðÿçíèòåëè
îðãàíè÷åñêîãî ïðîèñõîæäåíèÿ: áóòàíîë, áóòèëàöåòàò,
ìåòàíîë, ôîðìàëüäåãèä, ôåíîë, áåíçîë, òîëóîë è äð. Ýòè
ëåòy÷èå îðãàíè÷åñêèå çàãðÿçíèòåëè ïîïàäàþò â àòìîñôåðó
èç ðàçëè÷íûõ ïðåäïðèÿòèé ïèùåâîé, õèìè÷åñêîé
ïðîìûøëåííîñòè, äåðåâîîáðàáàòûâàþùèõ, òðàíñïîðòíûõ,
ñåëüñêîõîçÿéñòâåííûõ ïðåäïðèÿòèé è ò. ä. Ïðè î÷èùåíèè
âîçäóõà îò ýòèõ çàãðÿçíèòåëåé íåîáõîäèìî ïðèìåíÿòü

ýôôåêòèâíûå è íåäîðîãèå ìåòîäû. Îäíèì èç òàêèõ ìåòîäîâ
ÿâëÿåòñÿ áèîëîãè÷åñêàÿ î÷èñòêà âîçäóõà. Ýêñïåðèìåíòàëüíûé áèîôèëüòð ñ àêòèâíûì ñëîåì èç ñîñíîâîé êîðû áûë
ñîçäàí â Âèëüíþññêîì òåõíè÷åñêîì óíèâåðñèòåòå èì.
Ãåäèìèíàñà. Ýôôåêòèâíîñòü áèîôèëüòðà ïðè î÷èùåíèè
âîçäóõà îò ëåòó÷èõ îðãàíè÷åñêèõ çàãðÿçíèòåëåé â áîëüøîé
ñòåïåíè çàâèñèò îò àýðîäèíàìè÷åñêîãî ñîïðîòèâëåíèÿ. Íà
îñíîâàíèè ðåçóëüòàòîâ ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé
áûëà îïðåäåëåíà ïîðèñòîñòü ôèëüòðà, çàâèñèìîñòü
àýðîäèíàìè÷åñêîãî ñîïðîòèâëåíèÿ îò òîëùèíû ôèëüòðà,
ïîëó÷åíû ïîëóýìïèðè÷åñêèå çàâèñèìîñòè, ïîçâîëÿþùèå ïî
ïàðàìåòðàì ôèëüòðà îïðåäåëèòü àýðîäèíàìè÷åñêîå
ñîïðîòèâëåíèå.
Êëþ÷åâûå ñëîâà: áèîôèëüòð, ìàòåìàòè÷åñêàÿ ìîäåëü,
àýðîäèíàìè÷åñêîå ñîïðîòèâëåíèå, ïîëóýìïèðè÷åñêèå
çàâèñèìîñòè.

