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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
[1-3]. 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 evalua-
tion 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 pro-
cesses — 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.
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1. Introduction

Flowing through a biofilter could be treated as flow-
ing 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 [1-4].
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 com-
ponents, 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 [5—6],
the efficiency of the filter depends on the pressure gra-
dient in it, thus it is essential to have a deeper examina-
tion of these filter properties. This work is devoted for
such an investigation.

2. Investigation methods and results

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 ad-
just air flow (from 43,2 to 144,69 m?h) and flow veloc-
ity (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 deﬁ
In our case the stationary layer of a sorbent con- d2 = 4-n d2
sists of different form and dimension charge elements i
that rm a rather complex geometric system the math-
ematical description of which is impossible. Porosity €  or dy =0,52d .

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 » is 4 cm
(Fig 2) [7-13].

It is obvious that, if d is the element diameter, then
the number N of charge elements in the filter cross-sec-

_ S
=
Then the total cross-section area of the channel through

tion, the area of which is S, is N :Z;zb or N

which the fluid was passing is S :(1—2)-8, and,
supposing that the flow is passing through cylinder cap-
illaries (Fig 3) the effective diameter of which is def,

we obtain the area of this capillary cross-section

S =(1—Z]-d2 and, at the same time, the expression

Fig 2. Model the biocharge cross-section

a — fraction capillary length of the bark charge; b — frac-
tion capillary thickness of the bark charge; d — fraction
capillary diameter of the bark charge

It is obvious that the flow velocity in the filter, ie
in a porous material, is Vg = ! To determine the char-
€

acter of the flow the effective Reinolds number is cal-

Vi - P

culated Re= . Value Re is higher than the

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

Ap _32:u
AX  d?

Uy. (1)

Fig 3. Air purification processes occurring in the biofilter

C, — initial concentration of in-coming pollutants in the
air, mg/m>3; C — concentration of uncleaned pollutants in
the air, mg/m?; ¥ — velocity of the in-coming flow, m/s;
1 — thickness of the biocharge; /, — fraction capillary length
of the bark charge, mm; d, — 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:

AP _ e M yef
AX U d2 T @)

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 resis-
tance:

Ap =0,0076 - X - U_, 3)
where the adjusted coefficient of multiple determination
R?> =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 aero-
dynamic 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 evalu-
ating with the help of statistical methods, very high ap-
proximation reliability coefficients (R?) were obtained
(up to 0,99).

In the course of mathematical modelling, irrespec-
tive 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-

1400 -
1,0
"'_'I'__[I

&

p, Pa
3
=

vestigation in the filter containing five layers aerody-
namic resistance of the charge was gradually decreasing
with the decrease in the number of charge layers (from

156 to 10 Pa) (R? =0,91).

Ap _K-U,-p-(1-¢)°

AX 83 . I,2
where K is the coefficient of layer resistance, | 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-u-(1-¢)

83'r2

=0,0076, and thus we obtain that

0,0076-¢° 12

K 2
w-(1-¢)

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:

2
Ap= 0,456 U; uz (1-¢) X )
e -r

To get full information on the flow dynamics in
the filter, Navje-Stokso equations and continuity, mo-
tion amount conservation equations are used for the de-
scription of this process; the obtained equation system
is solved with the help of digital methods, and informa-
tion on the flow character in the filter is received with

the help of Phoenics software package [13] (Fig 5).
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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 mod-
elled with the help of the software Phoenics, Versions
3.2 and 3.5, Taking into consideration the porosity of
the filter charge (75-80 %), 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 occur-
ring 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 veloc-
ity and aerodynamic resistance of the bark charge were
modelled. When modelling aerodynamic processes in the
biological air purification device, its geometric and ini-
tial characteristics of in-coming air flow were entered
into the program. The geometric parameters of the de-
vice (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 in-
vestigation device — the initial velocity of the in-coming
air flow (0,8 to 2,0 m/s), coefficient of charge porosity
(75-80 %) and its aerodynamic resistance (5 layers) —
were also entered into the program. The characteristics
chosen in the course of mathematical modelling corre-
sponded 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 im-
portant. Thus in this work attention is first of all fo-
cused on the investigation and optimization of the aero-
dynamic processes and biocharge characteristics occur-
ring 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 (75-80 %)
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 aecrodynamic resistance fluctuated rather in-
significantly: 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 (75-80 %), the dynamics of the
aerodynamic resistance in the filter were analysed with
five charge layers in the filter. Irrespective of the num-
ber 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 aecrodynamic resis-
tance in the filter was only 10-20 Pa. Similarly to ex-
perimental investigation, a high reliability of the charge
aerodynamic resistance was also obtained during inves-
tigation and modelling (R? = 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 dynam-
ics 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 gradu-
ally decreasing aerodynamic resistance. By evaluating
with the help of statistical methods, very high approxi-
mation reliability coefficients (R?) 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 experi-
mental investigation in the filter containing five charge
layers the filter aerodynamic resistance gradually de-
creased with decrease in the number of charge layers
(from 156 to 10 Pa) (R? = 0,91).

3. By solving regression equations, the empirical
expression of the filter aerodynamic resistance was ob-
tained. 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 en-
able theoretical calculation and selection of proper pa-
rameters of the device and to reach maximum efficiency
of air purification.
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EKSPERIMENTINIAI BIOFILTRO AERODINAMINIO
PASIPRIESINIMO TYRIMAI IR MATEMATINIS
MODELIAVIMAS

P. Baltrénas, R. Vaiskiinaité, V. Spakauskas

Santrauka

Dél tkinés veiklos { aplinkos ora gausiai issiskiria jvai-
rios organinés kilmés terSalai — butanolis, butilacetatas, meta-
nolis, formaldehidas, fenolis, benzolas, toluolas, ksilolas ir kt.
Jie i aplinkos ora patenka i§ {vairiy maisto, chemijos, medzio
apdirbimo pramonés imoniy, autotransporto, zemeés tikio ir pan.
Siems lakiesiems organiniams junginiams valyti i§ oro biutina
taikyti efektyvius ir nebrangius metodus. Vienas i§ tokiy yra
biologinis oro valymas, pagristas gyvy mikroorganizmy veikla,
naudojant biofiltra su aktyvinta pusy zieviy ikrova. Iki Siol at-
likti eksperimentiniai tyrimai néra galutinis §io biofiltro darbo
vertinimas. Labai svarbu filtro veikimo metu jvertinti ir jo ikro-
vos aerodinamini pasiprieSinima. Remiantis tyrimy rezultatais
nustatytas biofiltro poringumas, jkrovos aerodinaminio pasiprie-
Sinimo priklausomybé nuo sluoksniy skaiciaus, bei gautos pu-
siau empirinés filtro aerodinaminio pasipriesinimo israiskos, ku-
rias ateityje galima buty taikyti konstruojant analogiskus biofil-
trus.

Raktazodziai: biofiltras, matematinis modelis, aerodinami-
nis pasiprie§inimas, empiriné iSraiska.
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SKCIHEPUMEHTAJIBHOE UCCJIIEJJOBAHUE U
MATEMATHUYECKOE MOJEJIUPOBAHUE
AQPOJUHAMHUYECKOI'O COITPOTUBJIEHUS B
BUO®UJIBTPE

I1. Banrpenac, P. Baiimkynaiite, B. lImakayckac

Peszsowme

B pesynsrare XO3sMCTBEHHOW IEATENBHOCTH YeJOBEKa B
aTtMocdepy BBIOPACBHIBAIOTCS pa3HYHBIC 3arpsA3HUTEITH
OpTraHMYECKOTO INPOUCXOXKACHHS: OyTaHON, OyTHianerar,
METaHOJ, (GopManbierun, (eHos, OeH30d, TOIYod U Ap. OTH
JeTy4re OpraHWYecKHe 3arpsi3HUTENHN IONanaloT B atMochepy
U3 pPa3JUYHbIX NPEeANpUITHIl NHUIIEBOH, XHMHUYECKOH
MPOMBILIUIEHHOCTH, JePEeBOOOPa0ATHIBAIOIINX, TPAHCIIOPTHBIX,
CEJIbCKOXO3SICTBEHHBIX NpernpusaTuil u T. A. Ilpu ouunmeHun
BO3yXa OT JTHX 3arps3HHUTENeH HEOOXOAMMO NPUMEHITH

s¢dexTuBHBIC U Henoporue Metopl. OJHUM U3 TaKHX METOLOB
SIBJIICTCS OMOJIOTMYECKasi OYHUCTKA BO3AyXa. DKCIEPUMEHTAlb-
HBI OMOMUIIBTP C aKTHBHBIM CIIOEM M3 COCHOBOH KOpPBI OBLI
co3gaH B BHIBHIOCCKOM TEXHMYECKOM YHHBEPCHTETE HM.
T'enumunaca. D¢pdexTuBHOCTE OHMODUIBTPA TPU OYHUIICHHH
BO3/lyXa OT JIETYYHX OPraHMYECKUX 3arps3HuTeNeii B GOJIbIION
CTCNICHU 3aBHUCHUT OT a3POAMHAMHYECKOrO COIpoTHBicHUs. Ha
OCHOBaHHH pPE3YJIbTaTOB IKCIEPUMEHTAIbHBIX HCCIIEI0BaHUIT
Oblia ompenelieHa MOPHCTOCTh (GUIBTPA, 3aBHCHUMOCTD
a’POAMHAMUYECKOTO COIPOTUBIICHHUS OT TONIIMHBI (QUIBTPA,
TIOJIY4EHBI HOTYIMITUPUYECKUE 3aBUCHMOCTH, ITO3BOJISIOIIHE IO
napaMeTpaM GUIBTpa ONPENCIHUTh a’pPOJUHAMHUYECKOE
COIIPOTHBIICHHE.

KawoueBble cjioBa: 6HOGHIETP, MaTEMAaTHUCCKAss MOJICITb,
a’pPOJIMHAMHYECKOE COIPOTHBIICHUE, MOJYIMIHPHUUECKUE
3aBUCHMOCTH.





