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ABSTRACT

The paper describes a method of aerodynamic analysis of branched aspiration networks with swirling flow in air
ducts. The proposed technique is based on equivalent local resistances method. The proposed method is intended for
aspiration networks in which tangential swirling device are used instead of standard tees. This technique makes it possible
to obtain exact values of aspiration gas flow passing through parallel sections of the duct network, without any recourse to

iterative methods.
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INTRODUCTION

In some cases, dust is deposited in horizontal and
inclined air ducts in the course of operation of aspiration
systems. At that, decrease of clear cross section of the
aspiration flow and increase in the aerodynamic resistance
of the aspiration network take place which can lead to
misalignment and shutdown of the aspiration system over
time. A promising method to prevent formation of dust
deposits in the air ducts of aspiration systems is swirling
of aspiration flow [1-4].

The swirling gas flow 1is characterized by
increased ability to entrain and transport solid dust
particles that improves conditions for dust-like particles
movement and prevents formation of dust deposits in the
air ducts of aspiration systems and this does not require
significant changes in the aspiration network and
application of complex and expensive equipment [5-9].
However, implementation of aspiration systems with
swirling flows in construction materials industry is
currently difficult due to lack of necessary technical
solutions, as well as design and calculation methods [10,
11].

MATERIALS AND METHODS

When performing the reverse aerodynamic
analysis of unbranched aspiration and ventilation
networks, as a rule, a method of characteristic is used; the
essence of this method is that a system of equations
consisting of an equation characterizing change in pressure
losses of the gas (air) flow when the gas passes through
the air duct, depending on the volume of the gas passing
through, and an equation characterizing pressure
characteristic of the draft device is solved. For the
equations, generally accepted dependencies characterizing
aerodynamic resistance of various elements of ventilation
systems and specifications of draft devices are used, so the
characteristic method application for unbranched networks
is not difficult [11, 12].

Situation is quite different for reverse
aerodynamic analysis of branched network. The main
difficulty is associated with evaluation of the local
resistance coefficients for tees for the cases of main outlet
and second angle way (Figure-1) because their values
depend on the ratio of flow rates in parallel sections of the
network which is just a purpose of the reverse
aerodynamic analysis.
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Figure-1. Designations for main characteristics of
swirling device tees.
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According to the standard method [13], local
resistance coefficients of tee for the cases of main outlet
and second angle way &, and &, are defined based on
tabulated experimental data as a function of difference
between the main outlet and inlet diameters; difference of
second angle way and inlet diameters; angle between main
outlet and second angle way, and also ratio of flow rates in
second angle way and inlet. It is obvious that, at inverse
calculation, only flow rates ratio changes but design
characteristics of the tee are constant, so it seems
reasonable, for calculation automation, to characterize the
local resistance coefficients of tees by one-dimensional

regression dependences of & = f (L L

ang inl

) form for

different combinations of design factors. Practice shows
that the data obtained empirically and characterizing the
aerodynamic resistance coefficients of the main outlet and
second angle way of the flow swirling tees are adequately
approximated by the third degree polynomials
b3~x3+b2-x2+b1-x+b0 for all mentioned combinations of
design factors [14, 15]. Results of the experimental
evaluation of the local resistance coefficients for the flow
swirling tees for main outlet and second angle way are
given Figures 2 and 3.
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Figure-2. Dependence of local resistance coefficient for main outlet flow through the tee swirling device with pipe second
angle way, having a round cross section, connected at angle a = 30 °on integrated swirling parameter and ratio of flow
rates in inlet and in second angle way, for different diameters of second angle way &, ( CD*;La,,g/L,»,ﬂ; dang/diy):

1 —duy/din = 0,5, Lyp/Ling = 0,4; 2 — dypo/diyy = 0,5, Lyyg/Liny = 0,55; 3 — do/diny = 0,5, Lypo/Ling = 0,7; 4 — dy /iy = 0,75,
Lang/Liyy = 0,455 — dpo/diy = 0,75, Lyyg/Lig = 0,55; 6 — dy/ding = 0,775, Lapg/Liyy = 0,757 — dypo/diy = 1, Lypo/Ling = 0,4; 8 -
dang/dint = 1, Lang/Lins = 0,553 9 — dng/diny = 1, Lang/Lin = 0,7
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Figure-3. Dependence of local resistance coefficient for second angle way of tee swirling device with pipe second angle
way, having a round cross section, connected at angle a. = 30 °on integrated swirling parameter and ratio of flow rates in
inlet and in second angle way, for different diameters of second angle way &,,, ( CD*;La,lg/LW; Aane/din1):

1 —dyn/diy = 0,5, Lypo/Lig = 0,43 2 — dypo/diy = 0,5, Lyyo/Liy = 0,555 3 — dy/diny = 0,5, Lyno/Liny = 0,7; 4 — dyp/dyyy = 0,75,
Lang/Linl =04;5- dang/dinl =0,75, Lang/Linl =0,55;6— dang/dinl =0,75, Lang/Linl =0,7;7~- dang/dinl =1, Lang/Linl =0,4;8 -
dang/dinl =1, Lang/Linl =0,55;9 - dang/dinl =1, Lang/Linl =0,7

Corresponding dependences characterizing pressure loss at parallel duct sections have the form

2
p| 4L, 2 gom'l +Z§1 P 4(LW,+Lang)
out 2

) 5(01,1)

out — 2 2
2 ﬂ-dout d()ut ﬂdinl
(1)
2 2
ap = L[ M | [ Fue 3 |+ 2 —4(L"“’ L) &
ang ~ 2 ang 2 2 (ang)
2\ 7d,, . dung 2 rd,,
(2)
Where lung» lowe = the length at the section connected to
the tee “second angle way" and to the tee “main outlet ",
Lows dows Ao &1 = flow rate, diameter, respectively;

aerodynamic resistance coefficient and sum of local
resistances coefficients at the section connected to the tee
“main outlet ", respectively;

Lang dang Aour 2.&2 = the same values but for the
section connected to the " second angle way",
respectively;

d;,; = diameter of the inlet;

Cour Sang = local resistance coefficients of the
main outlet and tee second angle way, respectively.

RESULTS AND DISCUSSIONS

Computational experiments show that value of
the aerodynamic resistance coefficient of the section 1
calculated by Altshul formula almost does not change
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when gas flow passing through the passage changes. For
example, if the gas flow rate increases by 5 times, 1
increases (depending on Re) by 1, 5..5% [11, 14, 16].
Taking into account this fact, for reverse aerodynamic
analysis, value of aerodynamic resistance coefficient of
the section A is considered to be a constant value and is
calculated for the corresponding section on the basis of a
condition of equality of main outlet and second angle way
flow (Louf =Lang)-

The first terms of equations (1) and (2) are
expressed as a product of dynamic pressure and sum of

local resistance coefficients and normalized local
resistance coefficient along the length of the section
A
gsec = lse'c + Z fsec = ConSt
dXEC
8p 2 8p
2
out = Lout 7Z'd 4 él + (Lout + Lang) P 4 : é:out
out inl (3)
8p 2 8p
— 2 .
APang - Lang F 52 + (Lout + Lang) ﬂ'd 4 é:ang
ang inl 4)
2 2 Lang
AP, =L, A& +(L,, +L,,) C|a| —=—
ou ou ou ang
out + Lang
2 2 Lang
APang = Lang B§2 + (Lout + Lung ) C ’ b3
Lout + Lang
where
a; and b; = corresponding coefficients of the

regression equations characterizing the local resistance
coefficients of the tee for main outlet and second angle
way.

AP, =L

out out

2A§l + l’inl_1 Ca3L

ang

*+Ca,L,  +L

ang inl

AP =1L

ang ‘ang

2B§2 + l‘inl_ICb3L

‘ang

‘+Cb,L,, +L,

inl

where L;,; = gas flow rate in the inlet.
When equating expressions (9) and (10)
characterizing aerodynamic resistance of parallel sections,

Ca,L

oL, +L

where

&1, & = sum of local resistances coefficients for
sections connected to main outlet and second angle way,
respectively.

It follows from (3) and (4) that, at reverse
aerodynamic analysis in which the variables are only the
values of the gas flow rate in the elements of the network
L, and L,,, and local resistance coefficient of the tee for
main outlet and for second angle way &, Cune. If

8p 8p 8p
=A—Lo=p P __¢
ﬂ-dout ﬂ.da"g ﬂ.dinl (43)
Then AI)OHZ = LoutzAgl + (Laul + Lang )2 C ’ gout ’ (5)

2 2
Apang = Lang B§2 + (Lout + Lang ) C ) é:ang (6)

After substitution of polynomial dependences
characterizing Cyu, Cang t0 (5) and (6), we have

L L
+a, -8 +a, s +a,
L()ut + Lang L{mt + Lang
@)
’ L ’ L
+b,| —=— | +b| —=— |+b,
L{mt + Lang Lom‘ + L(mg
(®)

Since total flow rate (inlet flow rate) is set at the
stage preceding the reverse calculation, the value of L;,; =
Ly, + Lgyg is constant. By replacing a sum of main outlet
and second angle way flow rates with inlet flow rate, and
after opening of the brackets, we have

+L

ang inl

’C. a, ©

2
ang inl C ’ bO

(10)
expressing the main outlet flow rate by the second angle

way flow rate and grouping the members of the equation
by flow rate degrees L,,,, we get the following equation
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[ 2= 3 L, 'Cb-L, 'Ca, 4L 2[ BS, +Ch, —Ca, 4L L,/ Ch - L, Ca
out an, an, an
) Ag ) Ag, ) Agy
+ L,’Cb,-L, Ca, .

Ag

As the sum of flow rates in main outlet and in
second angle way is constant (inlet flow rate) and it is set
at the initial stage of the calculation, the main outlet flow
rate can be expressed as the difference of the inlet and
second angle way flow rates. At that

(Linl'Lang)szSLang j,"'kZL(/zng 2+leang+k0: (12)

where

k. = ( L, Cb—L, 'Ca, j k. = ( B¢, +Cbh, —Ca, ]
3 s Ny s
Ag) Ag,
k :(Lmszl —L Ca].k — Lin12Cbo -L ano
s R .

inl ‘inl
‘ A, AL,

Or
kJLang3 + (kZ_ 1 )Lang2 + (k] +2 Linl) Lang+ (k()' Linlz) =0 ( 1 3)

For convenience of the equation solving, we
divide the constant coefficients by k;

Lung +KoLung +K; Luyg+ Ko =0, (14)
where
K — dang4§2 dl_dinl4 (bZ _a2) _1 [diﬂl4 (b3 _a3)
’ dout4§1 Linl dout4§1 ( 1 5)
_ Linldinl4 (bl - al) dinl4 (b3 - a3)
K [ A 2Linl Ty 4 4g
daul él l‘inl dout §l (16)
K,=

L, d,’ (bo _ao) _L 2}/[511'”14 (b3 —a3)
4 inl 4
dout §| l‘inldom‘ 51 (17)

Solution of the resulting equation (14) using
Vietta-Cardano method and taking into account the value
of its coefficients defined by formulas (15), (16), (17)
shows that, in all cases, the equation has two complex
conjugates roots and one real root, which is obviously a
desired flow value L, in the second angle way, and this
allows to find the roots using Cardano formula. At that,
L, value is defined as a difference between flow in the
inlet and calculated flow in the second angle way.

1)

The proposed calculation method is intended for
aspiration systems in which tangential flow swirling
systems described in [17 - 19] are applied.

CONCLUSIONS
a) Swirling of aspiration flow is a promising method for

preventing of dust deposits formation in the air ducts
of aspiration systems.

b) A method of aerodynamic analysis of branched
aspiration networks is required for widespread
application of swirling flow technology.

¢) Use of polynomial approximation for evaluation of
aerodynamic resistance coefficients of flow swirling
tees reduces the problem of calculating branched
aspiration networks to solution third degree equation
by the Vietta-Cardano method.

d) Application of the proposed method allows
calculating the exact value of the aspiration gas flow
in parallel sections of the duct network, without

application of iterative methods.
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