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METHODOLOGICAL BASES FOR DESIGNING
DOUBLE-CIRCUIT CLOSED AIR PURIFICATION SYSTEMS

O.I. Bymenxo, C.1O. Cnux, A.B. Kapamywxo, B.B. I'yuwaxoea. MeTo10/10Ti4Hi 0CHOBH NPOEKTYBAHHS IBOKOHTYPHHX 3aMKHYTHX
CHCTeM OYMILEHHsI MOBIiTPsA. Y CTATTi PO3MIIAHYTI OCHOBHI METOMOJIOTIYHI NPHMHIMIIN NPOCKTYBAaHHS JIBOKOHTYPHHX 3aMKHYTHX CHCTEM
OYHILEHHSI IOBITPS Bif MOJiAKCIEpCHOro nuiy. Ls cuctemMa O4YMINEeHHs Mae CYTTEBY IIepeBary HOPIBHSHO 3 il MPSIMOTOYHUMH QHAJIOTaMH, a
caMme — JI03BOJIsIE YHUKAaTH BUKUJIB Y aTMocdepy He YIOBIEHOI y amapati ouMiieHHs JacThHM ny. Lelt, nepesaxHo npibHO(GpaKkuiiiHmii
AT, YJIOBIIIOETHCSI 3@ PaxXyHOK 0aratopa3oBOrO MPOXOKEHHs IIOTOKY Yepe3 YJIOBIIOBAY LUPKY/ILIHHOTO KOHTYpY. TOOTO YHHKHEHHS
3a0py/IHEHHs] HABKOJIMITHBOTO CEPEIOBHINA JOCATAETHCS 32 PAXYHOK 3aCTOCYBAHHS HOBOI CXEMH PYXY Ta30BOTO 3alMJICHOTO TOTOKY, SKHIi
MiAJsrae OYMIICHHIO. 3apoBaPKEHHS IHHOBAIIIHHOT CXeMH PyXy MOTOKY HE JJO3BOJISIE BUKOPUCTOBYBATH TPAMIIIHI METOIU PO3PAXYHKY, a
OT)KE METOIO CTaTTi € ()OPMYJIIOBAHHS OCHOBHHX METOJIOJIOTIYHHX IiIXOAIB IO MPOEKTYBaHHS ABOKOHTYPHUX 3aMKHYTHX CHCTEM OYMIIICHHSL.
INoka3aHo, 110 MPOCKTYBaHHS CHCTEMH OYHMIICHHS Ma€ CKJIAJaTHCS 3 JIBOX OCHOBHHX eTamiB. [lepiumii — po3paxyHOK eKCILTyaTaliiHHX
TIOKA3HMKIB €IEMEHTIB CHCTEMH. BiH IpyHTyeTbcs Ha HaHMX npo (pakuiiiHuil ckiuax muny (audepeHIianbHid KpHBiH posmoxiny) i
XapaKTEPUCTHKAX YJIOBIIIOIOUUX aNapaTiB Ta HPOBOJUTHCS Ul OCHOBHOTO PEXKUMY POOOTH CHCTEMH (PEKHM OYHMILEHHS) 1 3aBEpIIAIbHOTO
(pexum BHOIry). 3anmporoHoBaHa METOAMKA PO3paxyHKy, Ha BIAMiHY BiJl yCiX ICHYIOYMX, JIO3BOJS€ OTPUMYBATH 3HA4YCHHs IOKa3HHKIB
OUMILEHHS y IuHamiui. JIpyruil — rigpaBiiuHui pO3paxyHOK CHCTEMH, SKa CKJIAJA€TbCS 3 OCHOBHOIO 1 IMPKYJSLIHHOTO KOHTYPIB.
Po3paxyHOK NpONOHYETHCS TPOBOAWTH 33 PAaXyHOK CKJIAJaHHSA OallaHCIB ITOTYXKHOCTEH KOKHOTO KOHTYPY OKPEMO 1 3aBJISIKH IbOMY
OoOIpyHTOBAaHO MiAOMPATH JUIS HUX CTAaHJAPTHE HarHiTaJbHE OONanHaHHA. PO3paxyHOK IPYHTYETbCS Ha TiJpPaBIIYHMX IOKAa3HUKAX, SKi
BU3HAYAIOTHCS 200 33 3BUYHHMMH T'iJIPaBIiYHIMH CITIBBiJHOLIEHHSIMH (IOBITHHKOBUMH JAHUMH), 200 32 OTPUMAHUMH IIiJ] Yac JOCIIJDKEHb 1
HaBEJCHUMH Y cTarTTi rpadikamu.

Knouosi crnosa: cucTeMa OYHIICHHS, METOIMKA PO3PAaXyHKY, KOe(illieHT yIOBICHHS, BTPATH IOTY>KHOCTI, (ppaKkmiiftHui cKiIax

0. Butenko, S. Smyk, A. Karamushko, V. Gushchakova. Methodological bases for designing double-circuit closed air purification
systems. The article considers the main methodological principles of designing closed double-circuit systems for air purification from
polydisperse dust. This cleaning system has a significant advantage compared to its direct-flow counterparts, namely, it allows avoiding
emissions of dust not captured in the cleaning apparatus into the atmosphere. This, predominantly fine-grained dust, is captured by
repeatedly passing the flow through the catcher of the circulation circuit. That is, the avoidance of environmental pollution is achieved using
a new scheme for the movement of a dusty gas stream to be cleaned. The introduction of an innovative flow scheme does not allow the use of
traditional calculation methods; therefore, the purpose of the article is to formulate the main methodological approaches to the design of two-
loop closed treatment systems. It is shown that the design of a purification system should consist of two main stages. The first is the
calculation of the performance indicators of the system elements. It is based on data on the fractional composition of dust (differential
distribution curve) and the characteristics of the trapping apparatus and is carried out for the main operating mode of the system (cleaning
mode) and the final one (run-out mode). The proposed calculation method, unlike all existing ones, allows obtaining the value of cleaning
indicators in dynamics. The second is the hydraulic calculation of the system, consisting of the main and circulation circuits. The calculation
is proposed to be carried out by compiling the power balances of each circuit separately and, due to this, it is reasonable to select standard
injection equipment for them. The calculation is based on hydraulic indicators, which are determined either by generally accepted hydraulic
ratios (reference data), or by the graphs obtained in the course of research and given in the article.

Keywords: purification system, calculation method, capture coefficient, power losses, fractional composition

Introduction

Many companies emit a significant amount of polydisperse dust into the air during production.
These are construction, chemical, concentrators, shops or terminals for transshipment of bulk materi-
als, etc. Often the characteristics of dust mass are such that from the point of view of ecological safety
it is necessary to limit their release into the environment as much as possible, and sometimes dust
mass is a useful substance and its loss in the environment is economically impractical. Direct-flow
aspiration dedusting systems used in such facilities provide only partial capture of polydisperse dust
and therefore cannot completely solve the environmental problem of pollution.

Analysis of recent publications

The current state of dust cleaning shows that in the most environmentally hazardous industry —
thermal energy, currently used only direct flow systems with a single type of ash trap — battery cy-
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clone, wet scrubber or electrostatic precipitator. Hybrid systems [1, 2] are currently being developed,
but no data on their implementation are available. In metallurgy, as a rule, more complex systems are
used, which, however still remain essentially direct-flow [3, 4, 5, 6]. In addition to the above, they of-
ten use fabric filters and even at certain stages of cleaning — gravity units [7].

The main problem of most common devices, especially cyclones and wet scrubbers, is the low effi-
ciency of capturing small fractions of dust. Therefore, most modern research is devoted to eliminating
this shortcoming. However, constructive methods to improve the quality of capture of small fractions are
almost exhausted and some research is aimed at solving this problem by artificial aggregation of the frac-
tional composition of dust. Thus, in works [8, 9, 10] it is proposed to carry out preliminary acoustic
treatment of dust flow in order to coagulate fine-grained dust. The effectiveness of this method has been
experimentally proven, but the main disadvantage is the need to use additional equipment — acoustic
wave generator.

To solve the problem of catching fine dust in the work [11], a double-circuit closed purification
system was proposed. Its schematic diagram is presented in Fig. 1. Captured by the collection-return
device 1 primary air flow with a mass flow rate
of My, is mixed with a pre-cleaned flow of the
circulation circuit in the central ejector 2 and en-
ters the separator 3, where it is divided into two
parts by fractional sign. The flow with fine frac-
tions with a mass of dust Mz is sent to the trap
of the circulating circuit 5 with the hopper 9, and
the flow with large fractions of mass M3 4 — to the
main trap 4 with the hopper 8. Since the capture
coefficient of large fractions is quite high, the
leakage of dust in the main apparatus Mg is in-
significant. This dust is returned to the room in
the area of operation of the collection-return de-
vice and again after capture is cleaned. The flow
of the circulating circuit with a mass of Ms_, after
cleaning is mixed in the ejector 2 with the prima-
ry flow and again, through the separator, goes to
cleaning. Thus, firstly, due to repeated passage of
the dusty flow of the trap provides the removal of small fractions, and secondly, the system is closed,
which eliminates air pollution.

Theoretical analysis and the first experience of application proved the effectiveness of the purifi-
cation system.The implementation of the scheme did not require significant investment, but provided
significant improvements in gas purification through the flow-sharing scheme. In addition, the system
can be manufactured directly at the plant from publicly available and inexpensive materials and by
local staff. The main obstacle is the lack of a methodology that could be used by the company's engi-
neers, as previously published scientific materials, published in various publications and distributed
over time, are therefore inconvenient for practical application. In addition, the issue of hydraulic calcu-
lation of the system has not been considered before.

The goal of the work

Based on previously conducted research to propose a method of engineering calculation (design)
of the double-circuit closed purification system, which would predict the performance of individual
elements of the system and its whole, as well as to conduct its hydraulic calculation.

Main part

The calculation of system efficiency indicators is based on data on the fractional composition of
dust, which can be obtained by sieve analysis and presented in the form of a differential distribution

curve N' = f(A).

Fig. 1. Scheme of double-circuit closed purification
system
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The collection-return device includes a volumetric flow rate of aspiration air Q;.,, which intro-
duces a mass of dust consisting of dust from the source of contamination M, and dust leakage of the
main catcher My.4:

M1-2 = Mo +M4-1 = Ql—ZCO +M4-1’
where M, — second mass of return dust, kg/s;

Cy — dust concentration in the primary flow, kg/m”.
Differential distribution curve of the captured mass (in percent):

_ (M} +M,)100
2 (M, + M, )10 ]
where M, — the mass of the i-th fraction of leakage dust;

M}, — the mass of the i-th fraction of dust coming from the source of dust (the entire range of

particle sizes of dust mass should be divided into 10 equal segments).
The mixing device includes a mass:

M,;=M_,+Mg,,
whose differential distribution curve:
_ (M, +M¢,)100
My, + M )10

N 2-3

Mass of dust of leakage of the catcher of a circulating contour, kg/s:
Mg, =M,,1-n,),

where n. —the coefficient of capture of the circulating circuit.
Differential distribution curve of the mass:

N, = Nzs(@-m0).
where ! — partial coefficient of capture of the circulating circuit apparatus.
Volumetric flow rate of air entering the separation apparatus:

Qz-s = Q1-2 + Qs-z :
The main catcher receives the mass:
My, =M, m,,
where 1, — the proportion of dust mass falling from the sepa-

ration apparatus into the main trap (separation factor) [12]. o
Its differential distribution curve:

Nsi»4 = N;-sn; : 014

Volumetric flow of air entering the main catcher:

Quy =Qy50, }
. . . 0.09

the share of gas entering from the separation apparatus into /
the main trap, which depends on the relative width of the c/a
slit and can be determined from the graph in Fig. 2 (c is the 0.04
width of the slit, and « is the width of the separator). ol

The mass that enters to the circulating circuit catcher: 0.10 015 0.20 025 cha

_ _ Fig. 2. Distribution of air flow in the
Myg =My 5(1=m,), separation apparatus
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its differential distribution curve:

N3i-5 = N;-s(l_rl;) :

Volumetric flow rate of air entering the circulating circuit catcher:
Q3-5 = Qz-s (1- qo) .

From the catcher of the circulating circuit comes out the mass:
Mg, =M,5(1-m,).

It’s differential distribution curve:
N5, =Nas(1-n;).

The coefficient of capture of the main apparatus:

Z T](,Nz ,10
=~ 100

where n! — partial capture coefficient of the main apparatus.
The coefficient of capture of the circulatory system:

n.Ni 10
; 100

The mass captured in the main apparatus:
M,=M,n,.
The mass captured in the circulatory system:
M, =M,n,.
The mass of leakage of the main catcher:
M, ,=M,,1-n,).

A characteristic feature of the double-circuit closed purification system is that after the cessation
of dust from the source, to catch the dust of the circulation circuit requires a short period of work —
run-out time. Therefore, the calculation of the system according to the above method should be per-
formed for the standard mode of operation (cleaning mode) and run-out mode (Mo =0). The calcula-
tions performed according to the above formulas are repeated for a certain number of cycles of the
system (cycle time is the time during which the flow makes a complete circle along the circulation
circuit). Such repetitive calculations are convenient to do with the help of computer technology. Their
results allow us to assess the dynamics of changes in system parameters over time during purification
and run-out.

The main task of hydraulic calculation is a reasonable choice of fans of the main and circulation
circuits (elements 7 and 6 of Fig. 1). The complexity of the hydraulic calculation of the system is that
the air ducts form annular pipelines with a common section “ejector — separator”. The use of the ejec-
tor, in addition, causes a variable value of the flow in the circulation circuit, which does not allow the
use of conventional hydraulic methods for calculating complex pipelines, in particular the method of
characteristics. Therefore, it is proposed to solve the problem by drawing up a balance of capacity.

The power of the circulating fan N, is spent on overcoming its hydraulic resistance:

N, =AN_ +AN, + AN_; + AN ; + AN,
2
where AN = §C5pT°QC — loss of power in the catcher of the circulation circuit (s — the coefficient

of losses of the circulating circuit catcher, u, — characteristic speed, p — air density, Q¢ — volumetric air
flow of the circulation circuit);
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AN, — power losses in the ejector, which are the sum of nozzle losses, inlet losses, hydraulic fric-

tion losses, mixing losses in the mixing chamber and losses in the diffuser (determined depending on
the type of selected jet apparatus);

2
\ . . . .
AN, =§C3PTCQC — loss of circulating flow power in the separator ({.; — separator loss coeffi-

cient for circulating flow, v, — characteristic speed);

| <, |8pQ;

AN =| A =+ : .

c8 ( cdc ;CCIJTCde

lic coefficient of friction, I, i d. — the length and diameter of the channel of the circulation circuit,
¢.; — the coefficient of loss of the i-th local resistance of the circulation circuit).

l., pV2 : , : :
AN, = xcldﬁ%Qm — loss of power in the central pipe of the collecting-returne device ( due to

c

— power losses along the length and in local supports (A.— hydrau-

the small size of Q, and vy, these losses can be neglected).
Power of the main circuit fan is:
N, =AN_;+AN_, +AN_, + AN,

2
where AN, = gm‘,%Qm — loss of power in the catcher of the main circuit: (ns — the coefficient of

losses of the main circuit catcher;
UmUc — characteristic speed;

p — air density;
Qm — volumetric air flow of the main circuit);
2
\ . . . -
AN, =C,; Py Q,, — loss of main flow power in the separation apparatus (Cms — coefficient of

2
loss for the main flow, v, — characteristic speed);

n 3
AN =[7~m;i+Zijj8me — power losses along the length and in local supports (An — hy-
j=1

244
n°d;
draulic coefficient of friction, I, i d, — the length and diameter of the channel of the main circuit,
Gy — the coefficient of loss of the j-th local resistance of the main circuit);

m

2
AN, =C %Qm — power loss in

ml

the annular channel of the collection- &m
return device (¢, ,— complex coefficient 60
of hydraulic losses in the annular channel  gg

of the collection-return device, which
takes into account both length losses and 40

local losses, v — average flow rate). 20 r,,rfr-*"""_’k—‘
To determine the n,;, we should use F_’_.___.,_,.?—-—-

the graphs obtained as a result of pro- g
cessing numerical simulation of the

twisted flow in the annular channel of the 10 * i — - - =
collection-return apparatus (Fig. 3).
Here D is the inner diameter of the 0 10000 20000 30000 40000 Re

annular channel . - . .
Fig. 3. Graphs for the complex coefficient of hydraulic losses in

Re — Hpv the annular channel of the collection-return apparatus:

n e-D/H=8,m-D/H=12 A —-D/H=16, ¢ - D/H = 22
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where H — width of the annular channel, m;

u — dynamic coefficient of air viscosity, Pa sec.

Conclusions

For wide application of the double-circuit closed system the basic methodological principles of
its design are formulated, which can be applied not only by scientists - authors of development, but
also by engineering personnel of the enterprises interested in introduction of this system. The design
involves two main stages: the calculation of system performance and design calculation. At the first
stage, the main indicators of flow cleaning efficiency and the nature of their change over time are de-
termined. The design calculation is based on the compilation of power balances for the main and circu-
lation circuits. The ultimate goal of this stage is a reasonable selection of injection equipment.
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