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Abstract. The paper gives theoretic analysis and results of experimental investigation of suspended particle collecting in
high-speed fibrous mist collectors. A dominating role of inertial mechanism of suspended particle precipitation in high-
speed mist collectors was determined and a method of calculation of their efficiency by means of probability integral was
proposed. Applicability of physical analogy method to deduction of dependency determining values of dsy (diameter of
particles collected in an apparatus under given technological mode of its operation with the efficiency of 50 %) on the ba-
sis of experimental data is shown. Experimental assembly used for research, testing techniques and result estimating
methods are described. Investigation results allowed achieving an improved formula for calculating the value of ds, de-
pending on hydraulic resistance of apparatus and density of collected particles.

Keywords: fibrous mist collector, auto-model mode, efficiency of inertial precipitation.

1. Introduction

Efficiency of precipitation of suspended particles in
any type of dust extractor could be represented as a func-
tion of dimensionless precipitation parameters — criteria
[1, 2], each of them characterizing a respective precipita-
tion mechanism, and Re criterion which determines hy-
drodynamic mode of work of apparatus. If there’s a
mechanism playing a major role in precipitation of parti-
cles in an extractor of specific type, the calculation of
efficiency of apparatus n should be made in the light of
this most likely mechanism of precipitation, removing all
others from functional dependence (they are negligible
here).

This approach allows significant simplification of
calculation methods for gas-cleaning equipment.

In the case of dominance of inertial precipitation
mechanism a Stokes criterion has the highest influence on
dust extractor efficiency (under specific hydrodynamic
mode of its work) — it is formally expressed as follows:

2
Stk = M s (1)
18-p-1
where

d, — diameter of suspended particles (drops), pm;
pp — density of suspended particles (drops), kg/m®; v —
speed of gas flow in active area of dust or mist extractor,
m/s; u — dynamic viscosity of gases, Pa-s; I — linear pa-
rameter, characterizing precipitation surface, m.

According to the above, the efficiency of dust and
mist extractor with dominating inertial mechanism of

precipitation of suspended particles could be considered
as criteria dependence:
n = f(Stk,Re). @)

2. The purpose and subject of investigation

High-speed mist collectors (with the speed of filtra-
tion exceeding 2...3 m/s) are an example of equipment
for suspended particle removal with dominating role of
inertial mechanism — in contrast to low-speed filters pre-
cipitating suspended particles mostly because of diffusion
and cohesion effect.

In high-speed filters gas flows around cylinders (fi-
bers of filtering partition) with the speed varying from 2
to 10 m/s. Under hydrodynamic mode of operation, typi-

ﬂ (here 1
n

is equal to the diameter of fiber dg) is in the range of val-
ues from 30 to 3-10* (Fig 1), that, under the condition of
gas flowing over fibers (cylinders), corresponds to auto-
model area [1], and the value of coefficient of hydraulic
resistance { becomes constant ({ = const), ie there is a
“degeneration” of Re criterion and falls out of criterion
dependence.

This fact allows application of dependency like
n = f(Stk) to evaluation of efficiency of inertial precipi-

cal for high-speed mist collectors, Re =

tation of suspended drops on fiber (cylinder).

In sources [2—4] there are given dependencies that
establish relations of efficiency of inertial precipitation of
suspended particles on fibers with the value of the Stokes
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Fig 1. Dependence of coefficient { on Re criterion under gas flow
over cylinder [1]: 1-2 — area of approximately constant values of {

number. Unfortunately, these formulae are hardly appli-
cable to practical calculations, since they do not take into
consideration additive effect of a big number of fibers
forming a filtering partition in a fibrous mist collector.
Obviously, their effect should be expressed by ratio H/dg
(where H — thickness of filtering partition, m), then the
dependency that describes the efficiency of a high-speed
mist collector becomes:

n= f(Stk;di} 3)

F

Expression (3) includes practically all the parame-
ters characterizing the value of hydraulic resistance of a
high-speed mist precipitator, usually it is calculated by
the formula:

2
AP:Ci—ﬁilz, “)
Sy -dp
where

AP — hydraulic resistance of mist collector, Pa; p, —
density of gas flux density, kg/m’; S, — free area (poros-
ity), m%m’.

Considering the above, it seems advisable to apply
the method of physical analogy [5] to achieve calculated
dependency of precipitation efficiency in high-speed
filters — it is found exceptionally productive for elabora-
tion of the method of calculation of mechanical (dry and
wet) dust collectors [6], and to use the value of AP as an
analogue, this value could be easily found experimentally
and by calculations. This physical analogy is, of course,
defensible, because friction, that determines the value of
hydraulic resistance, and precipitation of suspended parti-
cles due to inertial forces on a precipitating surface are
caused by the same process of gas flow travel through a
filtering layer.

Since disperse content of suspended particles at the
inlet of gas-cleaning apparatus is in absolute majority of
cases and fractional efficiency of inertial type equipment
is practically always [4] under normally logarithmic law
of distribution, the efficiency of mist collector could be
calculated by probability integral [4, 7]:

x2

1 X
T]:E _[e 2 dx, (5)

where
lg(d,, /d
x= g( m 50) , (6)
1/1g2 G, +lg2 oy
where

d,, — median size of particles, um; ds, — diameter of
suspended particles (drops), collected with the efficiency
equal to 0,5 um; Igo,; Igo, — standard logarithmic devia-
tion in function of suspended particle (drop) distribution
by size and fractional efficiency of dust and mist collec-
tor.

Hence, for calculation of high-speed mist collector
using probability integral (its values depending on the
values of “x” are given in tables) there should be known a
value of ds, characterizing its facilities. Other parameters
forming (6) should not be calculated: d,, and lgo, charac-
terize disperse content of mist at the inlet of apparatus
and should be known, the value of Igc, for high-speed
mist collectors is 0,2.

To generalize the experimental data achieved for
high-speed filtration, dependency analogous to the for-
mula used for calculation of scrubbers’ efficiency was
proposed [8]:

dsp = 1,044 exp(—4,28-107% - AP). )

Formula (7) was achieved on the basis of experi-
mental data in the limit of 0,2-10°<AP<4-10° Pa under the
density of collected particles p, = 1 000 kg/m’.

To give a more precise definition of dependency (7)
and to define the influence of compactness of collected
particles (drops) some experimental studies were made
using filtering partitions from various porous materials.

3. Experimental assemblies

Experimental investigation was performed on a
laboratory setup (Fig 2) using oil mist.

The area of filter surface was changed using special
insets from 0,014 to 0,0014 m? that enabled tests under
speed from 1 to 10 m/s with constant gas flow through
the filter equal to 100 m*/h. Filtering felt was fixed by a
tambour-type thrust-pressure plate.

A generator of polydisperse fog (mist) is a vessel
with a conic cover on which there is a vertical pipe of
about 1 m length. Four pneumatic jets (6) are installed in
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Fig 2. Scheme of experimental assembly: 1 — fog (mist) generator; 2 — filter; 3 — filter medium; 4 — mist extractor;
5 — ventilator; 6 — jets; 7 — diaphragm; 8 — U-type manometer; 9 — AFA type filter; 10 — micromanometer
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Fig 3. Summary of experimental data as a dependency of dsy on AP: 1 — experimental data; 2 — data from [8]

the bottom quadratic part of the vessel one by one from
each side. Fog flows from jet to opposing wall which
serves as a shield for striking large drops off. The pres-
sure of air given into jets for oil spraying is kept constant
and is equal to 0,2 MPa. There were used a VM-1 type
spindle oil (GOST (I'OCT) 7904-56) with the density of
0,885 g/cm’.

4. Investigation technique

4.1. Measurements of the speed of volumetric gas
(air) discharge, hydraulic resistance of the filter partition
and mist collector were made according to actual state
standards GOST (I'OCT) 17.2.4.06-90 and 17.2.4.07-90.

4.2. Determination of mist drop concentration at the
inlet and outlet of a filtration chamber was made using
AFA-type membrane filters under the condition of isoki-
neticity according to the state standard GOST R 50820-
95 (I'OCT P 50820-95).

4.3. Dispersity of mist (fog) drops at the inlet and
outlet of a filtration chamber was made using jet separa-
tors (impactors) made by Karpov Physical Chemistry
Research Institute with standard procedure.

Gas sampling to an impactor was made through a
sampler according to isokineticity condition. Membrane
filters were used as a substrate on stages of the impactor;
at the final (finishing) stage there is an AFA-V-18 type
membrane filter.

On the basis of these measurements in probabilistic-
logarithmic frame of reference there were made integral
curves of mist drop distribution by size allowing to de-
termine median size of drops d,, (um) and distribution of
distribution.

4.4. Calculation of efficiency of filtering partition 1
was made using the formula:

Z‘_Z"
= . 8
n="— ®)
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where Z', Z'' — correspondingly, concentration of mist

drops before and after filtration chamber, g/nm”.

5. Survey results

As a filtering material there were used vinylplast and
metal nets and felt of lavsan fibers.

Perforated vinylplast nets had various shape slots
(circle and diamond). As a characteristic length I for net
there was taken an equivalent inner diameter d. (varied
from 2,35 to 3,0 mm). Thickness of nets’ layer varied
from 5 to 12 mm, free area — from 0,08 to 0,38 m>/m>.

Metal nets were made from round form wire with
the diameter of 0,05; 0,08 and 0,23 mm. Stacking dis-
tance of nets H was 20, 50 and 90 mm, porosity 0,98—
0,99 m*/m’.

Lavsan felt was made of fibers with the diameter of
60 um, thickness of filtration layer was 8—10 mm.

Experimental data was processed by formula (6).

During investigation the value of d, was 1,3 pum,
lgo, = 0,23. The value of lgo, was assumed equal to
0,2 [8].

The values of ds, obtained by calculations are given
in Fig 3, together with data from [8].

Processing of experimental data allowed to obtain
empirical dependency for calculation of dsq in the range
of values of AP from 70 to 4120 Pa. By analogy with
formula used for calculation of the value of dsy for wet
dust separators [4], there were introduced a value of
pp’o’5 , subsequent from the Stokes criterion and consider-
ing the density of particles collected in the mist extractor.

Obtained dependency is given by:

dsp =3221:p705 expl-3.88-107%.aP).  (9)

Root-sum-square uncertainty for calculation of ds
using formula (9) is ~0,1 pm, then the confidence interval
is 0,02 under confidence probability a =95 % (by Stu-
dent) under the number of experimental points n = 109.

Adequacy of dependency (9) was proved also by in-
dustrial tests collecting drops of phosphoric acid mist [9].

6. Conclusions

On the basis of experimental investigation there was
achieved a refined formula for calculation of the value of
dso for high-speed mist extractors allowing to make engi-
neering calculations of equipment efficiency considering
the density of precipitated particles.

References

1.  GUKHMAN, A. A. Application of similarity theory to
studying of heat-and-mass transfer processes. Moscow:
Vysshaya shkola, 1967. 304 p.

2. UZHOV, V.N.; WALDBERG, A.YU.; MYAGKOV, B.1;
RESHIDOV, 1. K. Industrial gas cleaning from dust.
Moscow: Khimiya, 1981. 392 p.

3. BURKHOLZ, A. Mist elimination. air pollution control.
Pt IV / Ed. G. M. Bragg, W. Strauss. N. Y.: Wiley-
Intersci. Publ., 1981. 187 p.

4.  WALDBERG, A. YU.; ISYANOV, L. M.; YALA-
MOV, YU. L. Theoretic fundamentals of protection of at-
mosphere air from industrial aerosol pollution. Saint-
Petersburg, MP “NIIOGAZ-Filtr” SPbGTU RP, 1993.
235 p.

5. GUKHMAN, A. A. Introduction to similarity theory.
Moscow: Vysshaya shkola, 1963. 256 p.

6. WALDBERG, A. YU.; KIRSANOVA, N. S. Method of
calculation of efficiency of mechanical dust collectors on
power consumption. Theoretical fundamentals of chemi-
cal technology (Teoperwdeckue OCHOBBI XHMHUYECKOH
TexHoJoruu), 1992, Vol 26, No 1, p. 145.

7. Reference book on dust and ash collecting. Under editor-
ship of A. A. Rusanov. Moscow: Energoatomizdat, 1983.
312 p.

8. WALDBERG, A. YU.; KRAYNOV, N.V.; SAVEN-
KOV N. V., SAVITSKAYA, N. M. Calculation of effi-
ciency of high-speed fibrous filters. Theoretical
fundamentals of chemical technology (Teopernueckue
OCHOBBI XMMHU4eCKoU TexHosorun), 1994, Vol 28, No 2, p.
164-166.

9.  MOSHKIN, A.A.; WALDBERG, A. YU; KAMEN-
SHCHIKOV, I. G. Fibrous mist and spray collectors. Sci-
entific and technical aspects of environmental protection

(Hayuynble ¥ TeXHMYECKHME acCHeKTbl OKpY>Karolei
cpexbl). Moscow: VINITI, 2000, No 1, p. 25-65.

SUSPENDUOTU DALELIU INERTINIO NUSODINIMO DIDELIO GREICIO PLUOSINIUOSE FILTRUOSE

EFEKTYVUMAS
A. Waldberg, S. Safonov

Santrauka

Pateikta suspenduoty daleliy surinkimo didelio greicio pluostiniu aerozoliy filtru eksperimentiniy tyrimy teoriné analizé ir
rezultatai. ApibréZta dominuojanti suspenduoty daleliy inercijos svarba didelio grei¢io surinktuvuose ir pasitilytas skaicia-
vimo metodas, paremtas filtry efektyvumo nustatymu integruojant tikimybes. Pateikta galimybé pritaikyti fiziniu aspektu
analogiS$ka metoda nustatant priklausomybe, iSreiskiancia dsy daleliy (daleliy, kurios surenkamos nurodytu reZimu dirban-
¢iame jrenginyje 50 % efektyvumu, skersmuo) vertes remiantis eksperimentiniais duomenimis. Pateiktas tyrimams ir tes-
tavimui skirto eksperimentinio agregato apraSymas ir rezultaty skai¢iavimo metodai. Tyrimo rezultatai leido patobulinti
formulg ds, vertéms apskaiciuoti atsizvelgiant { hidraulini aparato pasiprieSinimg ir surinkty daleliy tanki.

ReikSminiai ZodZiai: pluostinis filtras, automatinio modelio veika, inertinio nusodinimo efektyvumas.
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IOOEKTUBHOCTh MHEPIHIMOHHOI'O OCAXAEHHSA B3BEIHIEHHBIX YACTUILl B BBICOKOCKO-
POCTHBIX BOJIOKHUCTBIX ®UJIBTPAX

A. 10. Baabadepr, C. I'. Cadonosn
Peswome

[TpuBoaNTCS TEOPETHUYECKUI aHATIN3 U Pe3yJIbTaThl IKCIIEPHMEHTATLHOTO MCCIIEIOBAHNS YIaBINBAHUS B3BELICHHBIX Hac-
TUII B BBICOKOCKOPOCTHBIX BOJIOKHHCTBIX TYMaHOYJIOBUTENSIX. YCTAQHOBJICHA JIOMHHHpPYIOIIas pPOJIb HWHEPIHOHHOTO
MeXaHU3Ma OCaXK/ICHUS B3BELIEHHBIX YacTHIl B BBICOKOCKOPOCTHBIX TYMaHOYJIOBUTENSX, U MPEIJI0KEH METOJl pacyeTa uxX
3((HEeKTUBHOCTH C TOMOIIBIO UHTErpana BeposATHOCTH. [lokazaHa BO3MOXKHOCTb MCIOJIB30BaHHMsA MeTola (U3MUECKOn
QHAJIOTUM VIS BBIBOJIA 3aBUCHMOCTH, ONPEIENAIONIeil Ha OCHOBAHUU SKCIEPUMEHTAIBHBIX JaHHBIX 3HAYEHUs BEJIHYUHBI
dso (DmaMeTp 4YacTWIl, yJIABIMBAaeMbIX B ammapaTe MPU AAaHHOM TEXHOJIOTHYECKOM PEXHUME ero paboThl ¢ 3P QPeKTHB-
HoCcTBI0 50 %). OmnmcaHa SKcHEepUMEHTalbHas YCTAHOBKA, Ha KOTOPOH IPOBOIMINCH HCCIIENOBAHMS, IPHBEAEHBI
METOJWKH MPOBEACHMS OIBITOB M OIEHKH HX pe3yibTaToB. Pe3ynbTaThl HCCIENOBAaHWI IO3BONWIM TONYIHTH
YTOUHEHHYI0 (OpMYITy Ul pacdeTa BEIWUMHBI dsy B 3aBHCHMOCTH OT T'MIPAaBIMYECKOTO CONPOTHBICHHS ammapara u
TUTOTHOCTH yJaBJIMBAaEMBIX YACTHII.

KuroueBblie c10Ba: BOJIOKHUCTHIN q)HHI)Tp, aBTOMOZ[eJ'[LHBH\;I PEXUM, 3(1)(1)6KTI/IBHOCTI> HWHEPHUOHHOT'O OCAXKIACHUS.
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