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The investigation and working out of drop-

‘and dust catchers for compressor station

A Yakuba, S Sabadash, M Savchenko
Sumy National Agrarian University,
Department of Equipment for Food Production, Ukraine

ABSTRACT

The interaction of particles and gases in swirling flow units is analyzed in this paper.
The equations for the calculation of the main swirling flow units” fractional
effectiveness are obtained.

The calculations of the expected effectiveness for the experimental samples of
created dust catchers are carried out. The theoretical dependencies of the
calculation of the dust catchers’ separation capacity and their resistance are
proposed. The comparison of main dust catchers on their energy expenditure for
gas cleaning is made. The research of the effectiveness of gas cleaning with the
help of fabric filters is conducted. It is recommended to use knitted and woven
sleeves manufactured by Kiev factory in bag filters for gas cleaning in the gas
compressor units’ engines and gas-mains.

Key-words
Gas, compressor stations, cleaning, swirling flows.

NOTATION CONVENTIONS

a,, ar- the functions of trigonometric values
(2,=C05B8+-C058,); as=(1- cosB.)?+sin? B«

A- the complex quantity, which takes into account input process-
dependent and geometric parameters

Ay~ the complex parameter (A sin 8.-2n)

B- the complex quantity for the calculation of the fractional
effectiveness in the internai iayer

Co- the rate of gas rotation in the output gas tube, 1/sec

D- the dust catcher diameter, m

d- the diameter of the particles, being caught by dust catchers,
(micrometer)

f(H), f(Hy)- the functions of height and consumed indices of dust catchers

h- the inlet height, m

H- the separation zone height, m

k- the flow mixing coefficient

ki~ the relative flow mixing coefficient, (k/Rmax)

ke the flow bifurcation coefficient

- the inlet width, m
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L- the dusted gas consumption, m®/s

| R the gas consumption through the bottom swirler

- the gas consumption through the top swirier

L=l +L,- the tota! dusted gas consumption

Lip=L3(1- ke)- the consumption of gas, running in the cycione up to the bottom
part without any branching off

Lao=L3Ke- the consumption of gas, getting to the inner layer

m- the particle mass, kg

M- the input angular momentum, N-m

VDp. . Vdp 3

Re- the Reynolds number (——;i -pipes, 2 -particle)

r- the current radius

ro,F1, 3, 4,Ts~ the dust catcher radius at the distinguished point

t- the time, sec

V- the gas velocity, m/sec

Ve, Vo, Vi - the radial, tangential and axial gas velocity, m/sec

X- the complex quantity, dependent on process-dependent and
geometric parameters

y- the complex quantity (y = J;)

z- the distance in height up to the section under consideration

e=Ly/L;- the flow relation

Tlavi, Tlav2- the average value of the fractional effectiveness of the particles
catching in the internal and external gas layers

8- the surface inclination angle in the conic dust catcher

the surface inclination angles of the cone wall, surfaces of inlet,
outlet and separation of the flows

- the gas viscosity, Pa-sec

Pq- the gas density, kg/m?

Do the particle number density, kg/m?

w- the gas rotation angular velocity, 1/sec

n- the circular constant

md- middle

en- entry

+,0,e- the flow parameters at the flow separation interface, at the unit wall
and in the outlet fitting

1. The line of investigations and working out was chosen as a result of

investigations of scientific and technical and literary sources of gas cleaning in
compressor stations. It is expedient to use centrifugal dust catchers - counterflow
cyclones for natural gas cleaning from solid particles. The maximum gas cleaning
effectiveness by cylinder cyclones reaches 75-80%. The usage of conic cyclones
may raise the cleaning effectiveness to 92-95%.

1.1. The units whose diagrams are shown in Figurel were chosen as the subjects of
theoretical inquiry. Cylinder cyclone (Fig.1a) possesses little resistance and average
effectiveness parameters. Conic cyclones (Fig.1b) possess increased resistance and
effectiveness. Cylinder Counter Swirling Flow unit (Fig.1c) possesses high
productivity on dusted gas with lower indices of resistance. Its difference to cylinder
cyclones lies in the additional dusted gas feeding through the axial swirler,
arranged in the bottom part of the unit case.
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Fig.1. Construction diagrams of dustcatchers
a) cylinder cycione; b) conic cyclone; c) cylinder Counter
Swirling Flow unit (CSF unit); d) improved CSF unit.

2. The comparison of the effectiveness of the mentioned dust catchers was made
with the usage of the theoretical dependencies obtained with the Ciliberty and
Lancaster method [1,2]. The Newton-Stock's equation for particle motion in the
rotating flow underlies the calculation.

me’r = 3zdy(%——v,) (1.1)

The equations for the calculation of the cylinder cyclones’ and CSF units’ fractional
effectiveness were obtained in the cylinder coordinate system, for the conic
cyclones’ and CSF units’ one - in the spherical coordinate system.
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The following equations were obtained after the transformation and integration of
the equation (1).

'2.1. Conic cyclone
The equation of the fractional effectiveness in the external layer

p-K.R..  exp-K,R
i 2.52(cos@, ,~Cos O X e 17 min 2/ max
d P,,'Co 3( e b O) y'K1 Rmm max

ol 18u-Lix’-alu(sind,+sing,,)(sinf,-sing.) gy
y . 50
8sin® ¢, ,-sin’ 3‘" (InR ,,~INR_.,) 2-(COS’ 0,,,,-C08* 0,
T (sinB,+sinf,,)(SiNB,-siNd,,,)  3-(sinf,+sinG,,)(sind,—sind, ;)
In the internal layer
- K,R exp(-K R ..)
dz s .Czs 2 1-cosé ,y‘ exp 1 min _ 17" max
A . Pplo 3( mtﬂ.)K1 len Rmax i
o 18u-L3r-p-a,sing (sin@.+sind,,,) (1.3)

: . 20
8SIn” 0 gy SIN* 22 (INR =N Rpun) 2 (cos?4,,,,~c0S% 8,)
sing , (sing.+sing ;) 3-sing  (sindy+sing )

Here:

k- the flow mixing coefficient; K=0 - the external flow is uniformly mixed with the
internal one; K>0 - mixing rises downwards, K<0- mixing slows down downwards,
La=Liot+Lao

S 2

L3+ﬁ Rm+—1— exp(~K R nax)

Kl Ki Al.
X = 1 —"K—‘ (14)

(R,,,,,Z+K—)exp(—K,R,m) %

1
y = JRA= LK, (1.5)
ercosa.~[(Rm+ Kl -}exp(—KlRm)~(Rm,"+ -Kl)(exp— KIR,,“,,)]
1 1

The value K is dependent on the unit diameter (D) and is chosen from Table 1. It
has been found experimentally.

Table 1. Dependence of k on D,

D(m) 0,12 0,2 0,4 0,6 0,8 1,0 32 1,6 T8
K 14 122 51102 ['93 8,5 800 173 Za
2.2. Cylinder Counter Swirling Flow unit (CSF unit)
The equations for the average fractional effectiveness calculation.
External layer.
d*21p,C2ri(ro+r )F(H) (T maz=T2) maf (H1)
7 maz2 : (1.8)

= +
gﬂL:(ro+rmd2)(rg+rnnd§) z(ra+rnﬂ2)(rzz>+rmd§)(ro"r-)
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2
F(H)=2L,H + 527 +—Lzlﬂf(Hl) 1.7)
2
H-1 (H-1 (1 (-1
f(Hy)=|(H-1 + + 2.83 1.8
(1)[()2345+ 1.8
Internal layer.
_expB-1
Y] N
5o ZICH | L) Lintutly ‘
18ul? S 2 L,
2 2_r3
M, =2 p LV e oe
in= 3 Po=VY gin2 ars (1.10)
il ek,
e itk &, L L
P 2; e 32 150 o= 5 A —;—.‘I—I;Vuﬂ: hz-zlz; €1211)

2.3. Cylinder cycione
The equation for the fractional effectiveness calculation.

External layer.

+
#-2.7-p,Cor (ro+r.)H(L,o+£za 2(r ) it In 0t
7 maz= s Lo (1.12)
md2= 3 %
9 - Ly (Mot ) (P34 ) (F o ) (P32 (T
Internal layer
a,Cir¥|L +L2°
_epB-1.p P T\ 2) 1, Lotly e
™= ~expB ' 18ul2 : i (.15
L 5= L3'Kf H e (1_ K,)L3 iL 3= Ligtl,,
2
c - 2Myrt (1.14)

Pl

2.4. CSF units’ effectiveness increase

By the study of the equations for the cylinder CSF units’ effectiveness (6,9) one can
determine their following peculiarity. The proportion of the consumption of the flow
fed from the top L to the consumption of the flow fed from the bottom L; usually
makes L, : L;=2:1. The calculation of the angular momentums (10) input through
the top swirlers (M,) and through the bottom ones (M;) makes in this case M,:M; =
4:1. Such difference between the consumptions and the input angular momentums
results in particles and gas angular motion deceleration, especially in the internal
layer, which results in the dust catchers’ fractional effectiveness reduction.

In one of the technologies (Fig. 1¢) the proportion equality of the consumptions (L,:
‘Ly=2) and the input anguiar momentums (M,:M; = 2) is achieved at the expense of
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the extension of the axial swirler diameters. The effectiveness calculation of the
CSF units both before and after the improvement is carried out by the similar
equations (6-14). For the comparative analysis we have worked out the draft
designs of the cylinder cyclone, conic cyclone, cylinder CSF units with the
parameters Do = 100mm, H = 200mm, D; = 50mm. In the improved CSF unit the
quantity D, was increased up to 100 mm. At present time the models are at the
stage of manufacturing. Before the experimental research, included to the program
of the post-graduate students’ training, the theoretical comparisons of the expected
effectivenesses had been made.

3. THE COMPARISON OF THE FRACTIONAL EFFECTIVENESS OF THE DUST
CATCHERS’ LABORATORY MODELS

Process-dependent and geometric parameters of the laboratory models.

3.1. Conic cyclione
Rmax=0,335m; Rmin=0,132m; H=0,203m; h, x ,=90x20;
ro=50mm; r;=30mm; ry=28mm; 8,=9,47°;

8,=6,66% 0:=5,71% 8.=6,2° Bmar= —‘%‘i

u=0,018-10"Pa-s

L,=L3=130 m®/per hour. K.=0,35. K=12. p,=1500 ka/m?; pg=1,21 kg/m*
3.2. Cylinder cyclone

Ls=134m?/ per hour; Lo=K.-Ls; K:=0,35

Lio=(1-K¢)Ls; ro=50mm; r:=30mm;r.=28mm

T«

ratr
Fre =22 Vo=

£ L
h2oxl,=90x20mMm; rmgx= —2 z
s T T 2 hl,

3.3. Cylinder CSF unit before the improvement
L3=201m?/ per hour; L,=134m?3/ per hour; L;=67m?/ per hour;

Fatliy |
3 ’

re=50mm; ri=5mm; rn=25mm; r;=30mm; r;=28mm; r, =

haxl;=90x20mm;axb; =45x20mm; H=20mm; r,,.d1=%; Tmd2= rzr, =

& L L
Bim=y Magr =t = Tt SR, 3; pe=1,21 kg/m?;
md1 > enl hl, Ven2 hat, Pp=1500kg/m°>; p,y g/

Hg=0,018-107P,'s
3.4. Cylinder CSF unit after reconstruction

All the parameters are identical to the original one with the exception of r,=50mm;
r1=30mm.
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3.5. The comparison of the dustcathers’ effectiveness

Table 2. Effectiveness indices, %

T R ey s e Y N e R e R AR T
Conic cyclones

External | -33,1 +6,8 +73,3 | +166,4

layer

Internai | -73,8 | +116,6

layer

Cylinder CSF

External | +33,0 | +174,9
layer
Internal | -56,4 | -15,3 +34,8 | +66 +86,4 | +98,8
layer

CSF after the improvement

External | +52,4 | +252
layer
Internal | -59,1 +5,1 +77,8 | +82,7 +95,2
layer

Cylinder cyclones
External | +0,77 | +52,6 +139
laver
Internal | -19,4 +2,3 +34,4 +89
layer

The given theoretical calculations as a whole correspond to the experimental data
and field experience (cylinder cyclone and CSF unit). They also forecast increase in
the CSF units’ effectiveness in case of the improvement of the axial swirler design.
But when one compares cylinder and conic units, certain reduction of the
effectiveness indices in the external layer of the conic cyclones as compared to the
cylinder cyclones takes place. But the theory forecasts high indices in the internal
layer of the conic cyclone. This makes a disagreement with the field experience of
the conic cyclones, which possess the highest operation indices. This disagreement
was obviously caused by the consideration of the comparison question in the
different coordinate systems. Unfortunately it doesn’t seem possible to receive the
dependencies of the conic units’ fractional effectiveness in the cylinder coordinate
system through the complexity and unhandiness of the obtained equations.

4. THE REFINEMENT OF THE THEORETICAL EQUATIONS FOR THE
EFFECTIVENESS ON BASIS OF EXPERIMENTAL DATA

An important matter of dust catchers’ designing is the check of the correspondence
of the obtained equations for effectiveness calculation to the data of experimental
research ‘and to the operation of production prototypes. At the first stage of
investigations the comparison of the theoretical dependencies for cylinder cyclone
and indices of the commercial operation of the dust catchers used in CIS countries
was made. The correlation coefficients K; and K which correspond to the first and
the second items of the theoretical equation were obtained.
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Table 3. Correlation coefficients of the equation for the cylinder cyclone

effectiveness.
Cyclone model K, K>
1 2 3
External layer
Lin-11 0,045 5
UH-15 0,061 55
LH-15y 0,107 7
i 2 3
LH-24 0,39 4,98
Internai iayer
LH-11 0,0861 1,29
UH-15 0,117 1,47
LH-15y 0,277 2,2
Un-24 0,58 1,74

Similar correlation coefficients wiil be obtained after carrying out of the
experimental research of the models given above.

5. DUST CATCHERS’ RESISTANCE

It is usually determined with the usage of experimental coefficients. The resistance
of series-produced units can be determined by this method. At present time it is
practically impossible to determine the resistance of newly-created units.

One of the first attempts of the theoretical forecasting of dust catchers’ resistance
was made by W. Barth [3,4]. We used these equations for the cyclones’ resistance
caiculation.

_Pq [Vi"o Yta 2] (1.15)
»* *

” 3/4 2
3 PN (Ve V-
ap , e K v + v (1.16)

The calculation of velocity constituents was carried out with the dependencies [5].
Design values of resistance were compared with the empirical methods of
calculation [6]. The comparison made it possible to calculate the coefficients of
conversion of the theoretical indices into real ones, which are introduced in Table 4.

Table 4. The coefficients of conversion of the theoretical indices
into real ones.

Units’ diameter D,, mm 500 1000 2000

Coefficient of conversion 0,4 0,54 0,58

428



6. ENERGY EXPENDITURE FOR GAS CLEANING

For the comparison of the introduced dust catchers® variants (conic cyclone,
cylinder cyclone; - conic and cylinder CSF units) graphic dependencies of the
energy expenditure for gas cleaning [7] needed for providing of the specified
separation capacity were made. By separation capacity the minimal critical
diameter of the particles able to be caught in the given dust catcher (d.) is taken.

The equations of the separation capacity were obtained by one of the authors in the
paper [7]:

1) cylinder CSF unit

6(L,+L,) /iﬁ
2 7 H (1.17)

#C [__L;A; - —1———L e - H)]

d

o

2zH

2) cylinder cyclones

5 Jhac#

% N 7p H

i'z_ Lz(Z_H)
#C ot [27: g 2zH

d

o

] (1.18)

3) conic CSF units and cyclones

0 2uRsing . -a
6 orbl 2
4 e ) 2 \(ralp  (cosé.-cosb,)
> g
CoRrax {(L1+Lz) o k‘t [f (Rmax) = f(R)]} (1.19)
A exp (-K R)+£‘l(cos(9.—sin0 )
sing, ' SR ¢
3 |
F(R) = (R - Rl_) exp(=K,R) (1.20)
1
FER = [Rm+%)exp(-K1Rmx) (1.21)
1

K=0+15 -coefficient dependent on diameter (Table 2).

Energy expenditure indices in different dust catchers are presented for the units
with the diameters = 200 mm, on which experimental researches were carried out
at the same time with the theoretical ones with the usage of lime dust with p, =
2700 kg/m?.

The data on Fig. 2 indicate the preference of the used cylinder cyclones for the
catching of the particles with the size larger than 16 micrometer. It is more
rationally to catch particles with the size 5-10 micrometer with the conic cyciones.
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Cylinder CSF units possess increased productivity with low expenditure for the
cleaning as compared to cylinder cyclones. Conic CSF units dont have any evident
advantages over the conic cyclones. It is advisable that cylinder cyclones have a
bin. For conic units it is not necessary to have a bin.

1.4 .
; .
124 ’
4 :
g ]
£ 3
4 |

808 —
: | |

~ 06

3 TR A )
3 ]
¥ 04 “%\ )
Ill02 AX |
Al
0 i) B
0 2 4 6 8 101214 16 18 20 22

d, mikrometer

Fig.2 Expenditures for dust catching in the units of different design.
1- conic CSF unit; 2 - conic cyclone; 3 - cylinder CSF unit;
4 - cylinder cyclone without a bin, 4° - with a bin.

7. FILTERING UNITS

For the catching of fine-dispersed dust (1-10 micrometer) the testing of different
filter fabrics was conducted [8]. Glass-fabric filters possess little resistance and
increased rate of filtration (0,7-1 m/sec), but they let fine-dispersed particles (1-2
micrometer) pass. Filters with kapron partitions possess the resistance which is 2 -
3 times higher than glass-fabric ones do. They let micro-fractions of particles (0,5-1
micrometer) pass at the beginning of the filtering process. Filter with lavsan
knitted and woven sleeves manufactured by Kiev technical factory possessed initial
resistance which was 5 and 6 times higher than glass-fabric ones did (1000-1400
Pascal). Lavsan fabric is impassable for the particles of any fractions. Dust
accumulation results in resistance increase and filtering rate reduction. Resistance
reduction of lavsan fabric and filtering rate increase are achieved by the usage of
kapron lining nets. The main advantages of lavsan knitted and woven sleeves are:

- increased mechanical strength;

- absolute impassability for the particles with the size of 1-3 mm;

- the possibility of the filtering layer regeneration by the way of cleaning.

Using the results of the researches, experimental-industrial filter was worked out;
the filter has passed industrial tests. As a whole, the tests indicate the principal
possibility to use knitted and woven sleeve filters in gascompressaor units and the
possibility of their application for the filters of gas-mains.
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CONCLUSION
The interaction of dust particles and swirling gas flow was analyzed.

The theoretical equations for the fractional effectiveness of cyclones and Counter
Swirling Flow units were obtained. The comparisons of the expected effectiveness
were made. Unbalance between input gas consumptions and angular momentums
was determined through the analyzing of the Counter Swirling Flow units (CSF
units). The methods of improvement were proposed. The comparison between the
theoretical and experimental effectiveness indices made it possible to increase
calculation accuracy through the introduction of the correlation coefficients.

The energy expenditures in the units of different design were analyzed.

The testing of filter fabrics for natural gas cleaning was conducted. It is
recommended to use knitted and woven lavsan fabrics.
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