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The paper was devoted to the investigation of the reentrainment which

was a parasitic effect incipient at the gas-cleaning systems - cyclones. It was
demonstrated that the reentrainment arises at the speed of the aerosol from
14 to 27 m/sec. The quantitative characteristics of the reentrainment were

determined.
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Introduction

The dust materials suppression
at the chemical factories is the actual
task [1]. The problem of the fine purifi-
cation of the large gas volume from the
disperse particles was existed. At present
the applied multileaf lamellar electro-
static filters are too expensive, bulky and
don’t ensure the required high purifica-
tion efficiency to 99.5-97 %. The wet gas
cleaning at the emulsifiers troubles the
utilization of the product since its release
from the pulp and the following drying is
requested. The large heat costs are neces-
sary for this. Also the task of the elabora-
tion of the high-performance equipment
for the cleaning of the large gas volumes
(hundred of thousands m*/hour) with the
receipt of the product in the dry form is
actual [2].
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The reentrainment by the dust collect-
ing is the parasitic fact. It depends on the
material dispersion, the gas stream speed,
the electrode voltage, the design philoso-
phy of the materials and other. The iden-
tification of the efficiency dependence
of the work of the electrocyclones from
mentioned factors represents the scien-
tific and practical interest [3].

Early it was shown [4] experimen-
tally that the gas purification efficiency
decreases at the aerozol increasing speed
above 15-17 m/sec on the entrance to
the electrocyclone. The centrifugal force
is increasing at the increasing of the gas
speed in the active zone that favors to the
precipitation of the particles but at the
constant length of the machine the time
of the aerozol stay is decreasing, the effi-
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ciency of the charging of the particles is
down, the ash Ola increases. It’s result of
that the particles don’t have time to settle
on the receiving electrode. The reentrain-

Experiment part

You want to exclude one of the factors
to assess the degree of influence of the
residence time of the gas flow in appa-
raten factor and the reentrainment on the
decrease in the efficiency of particle col-
lection in the electrocyclone. To exclude
secondary reentrainment is necessary to
irrigate the receiving electrode by film of
water (wet mode). Then the particles that
touched the water film will not be able
to go back into the gas stream, and will
be permanently removed from the active
zone. Experiments were conducted in dry
and wet mode of operation of the electro-
cyclone.

For research was used an laboratory ex-
perimental setup (stand), shown in fig. 1.
The stand included the electrocyclone 1,
palpatation 2, tranporter TNZh 3, the high
voltage source (model IVNR-20-10) 4,
a U-shaped tube to determine the hydrau-
lic resistance of the electrocyclone 5, the fil-
ter bag 6, inlet pipe to the collector 7, valves
8, rotameters 9, the pressure gauge 10,

2 7

ment is increasing because the already
settled particles especially small knocked
out of the sediment layer of large particles
and turbulent eddies.

the filter holder (type IRA-20-2) 11, the
sampling tube 12.

The test material was supplied by pal-
patation 2 in a disaggregated form on
the inlet pipe 7 into the electrocyclone 1.
Caught ash was collected in the hopper of
the electrocyclone 1, and the purified air
in the duct was removed through the bag
filter 6 into the atmosphere.

For experiments with irrigation de-
scribed above, the electrocyclone was
supplemented with irrigation system and
removal of the pulp (fig. 2).

For irrigation receiving electrode of
the electrocyclone 1 used located in the
cochlea of the irrigation system, consist-
ing of a distribution of ring 2 and the feed
tube 3. The slurry from the hopper 4 is
removed through the seal 5 in Montego 6.
The uniform irrigation of the wall at the
translational-rotational motion of the gas
was achieved when water flow was 8 [/min.

4 8

|%; ) To vacuum

Air

H
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Fig. 1. Scheme of the experimental setup
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Results and Discussion

In the experiments on the capture of
ash in the wet mode the reentrainment
has been completely eliminated, however,
the observed incomplete capture of ash,
which can be explained by nagasarete
particles and active turbulent mixing flow.

The amount of ablation can imagine
(1 -n) - 100 % what allowed us to estimate
the values of ablation in terms of purity.
The dependence of entrainment speed at
a fixed concentration of ash 16.5 g/m’ are
shown in fig. 3.

From figure 3 it is seen that in wet
mode at U= 17 kV (electrocyclone mode)
carryover is less than 1 %, lowering the
voltage to U = 0 kV (cyclone mode) ash
reaches 5-7 %, whereas the ash in dry
mode, when U = 17 kV matter 12-25 %.

According to the experiment were also
calculated values of the secondary ash
as the difference between the degree of
cleaning in wet and dry mode for corre-
sponding points of the plan. The depend-
ence of secondary reentrainment from
the input speed and concentration of ash
is shown in fig. 4.

the amount of entrainment, %

the gas flow rate, m/s

From Fig. 4 shows that reentrainment
varies in the interval from 5 to 35 %, the
highest values are observed at gas veloci-
ties of more than 21 m/sec. The average
value of the secondary ash is 10-15 %,
which is significantly higher than the en-
trainment caused by necesarely. Thus, re-
entrainment reduces the efficiency of ash

Air sol

= Water
J
To vacuum 2 /

Fig. 2. Diagram of the cyclone to work in
wet mode. Indicate in the figure: 1 - electro
cyclone, 2 - distribution ring, 3 - feed tube,

4 - bunker, 5 - seal 6 - Montagu

Bwetmode, U=17kV
Ewet mode, U=13.5kV
Ewetmode, U=10kV
Bwet mode, U=5kV
Bwetmode, U=0kV

Hdry mode, U=17kV

Fig. 3. The dependence of the amount of entrainment from the gas flow rate at different
operating conditions of the electrocyclone
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in the electrocyclone at 5-35 % at velocities 55
of aerosol 14.6-27.4 m/sec, respectively, by W
increasing the ablation is 10-50 times. 301
. g 251
Conclusions G
. . . = 20 1
The reentrainment is observed in the 3
electrocyclone at a critical velocity of the g 15
aerosol at the inlet over 14-16 m/sec, 2 10 -
which depends on the concentration and 5 |
properties of the dust. .
The reentrainment is almost com- 146165210 25,5 47 4
pletely eliminated by irrigation receiv- The gas flow rate o s
ing electrode film of water. The degree of
= 3 = 3
purification is above 95 % without apply- "C=24g/m " C=265g/m
. E(C=6,5g/m* m(C=306g/m
ing a voltage to the corona electrode and "o 16,5 g/

above 99 % at a supply voltage of 17 kV to

the corona electrode. L . .
) various initial concentrations of ash in the
Due to a secondary ablation of the de- gas stream in the dry mode of operation of

gree of purification is reduced by 5-30 %.  the cyclone from the gas flow rate at different
operating conditions of the electrocyclone

Fig. 4. The dependence of secondary ash at
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Beepenue

VYnaBnuBaHue TIBIIEBUTHBIX
MaTepuanoB Ha XMMUYECKUX IIPeRIpus-
THUAX AB/IAETCA aKTya/lbHON 3ajadent [1].
CywecTByeT mpo6eMa TOHKOM OYMCTKY
60/1b1IMX 00BEMOB I'a30B OT JVCIIEPCHBIX
yactui. IIpumeHseMble B HacTosllee
BpeMsA MHOTOIIO/IbHBIE IIIACTVHYATbIe
MeKTPOPUIBTPHL  CPAaBHUTETBHO  JIO-
poru, rpoMO3JKM U He 00eCcHeyrBaoT
TpeOyeMyI0 BBICOKYIO CTelleHb OYMCT-
K1 99,5-99,7 %. Mokpas o4nCTKa Ta30B
B SMYJAbraTopax 3aTpyfgHAeT YTUIM3a-
LIMI0 TIPOAYKT4, T. K. TPeOYeTCs ero Bhifie-
7TIeHNe U3 TTY/IbIIBI U OC/IeAYIoNas CYIIKa.
Ilist aToro TpebyroTcst 60blIIe 3aTPAThI
Tema. Taxke aKkTyajabHa 3ajjaua paspa-
60TKM BBICOKO3(PEKTHUBHOIO 060pyno-
BaHMA IS OYUCTKYU OONBIINX 00BHEMOB
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razoB (COTHM TBIC. M*/4) C IIONyYeHVEM
IIPOAyKTa B CyXOM Bupie [2].

BropuuHbII yHOC TIpM IbUIEY/IaB-
MMBaHMM - TapasuTHoe sBieHue. OH
3aBUCUT OT JMCIIEPCHOCTY MaTepuaa,
CKOpPOCTM IIOTOKA Ta3a, HAIPSDKEHUs Ha
37IEKTPOJAX, KOHCTPYKTMBHBIX OCOO€H-
HOCTeil anmapatos u ap. IIpencrasnser
HAYYHBI ¥ TIPAKTUYECKUIT MHTEPeC BbI-
ABJIEHME 3aBMCHMOCTU 3PPEKTUBHOCTH
PaboTHI 3NEKTPOIMKIOHA OT YKa3aHHBIX
dakropos [3].

PaHee 9KCIepMMEHTa/NbHO OBIIO IO-
Kas3aHo [4], Y4TO CTelmeHb OUMCTKM rasa
CHIDKAETCA TIPYM YBEINYEHUN CKOPOCTH
aspo30/sl Ha BXOfe B 3MEKTPOLMKIOH
cebime 15-17 m/c. Ilpu yBenudenun cko-
pOCTH Tasa B aKTUBHOI 30He BO3pacTaeT
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LEeHTpOOeXHAs CHUIA, ITO OIATOIPUATCT-
ByeT OCX/IEHMIO JAaCTUII, HO TP MIOCTO-
SIHHOJI [yIMHe anmapara BpeMs npebbiBa-
HIA a3p03071 B AKTUBHOI 30He alapara
YMEHBIIIAEeTCH, CHIDKaeTcs 9QPQeKTnB-
HOCTDb 3apAfIKM YacTHUIl, YBEINIMBAETCS
YHOC 3071bl. DTO SABMAETCA CAEeNCTBUEM

JKCnepuMeHTaNbHasA 4acTb

Yrobbl OLEHUTb CTENeHb BIVAHNA
BpeMeHU IpeObIBaHUA Ta30BOTO IOTO-
Ka B almapaTe ¥ BTOPMYHOIO YHOCA Ha
cHIKeHNe 3¢ (EKTUBHOCTU Y/IaB/IUBa-
HUA YacTUL, B 3JIEKTPOLMKIIOHE, Tpeby-
eTcs VICK/TIOUUTD OfiMH 13 (akTopoB. [
VICKJIIOYEHVSI BTOPMYHOTO YHOCA HeoOXo-
AMMO OPOUIATh OCa/IUTENbHBIN STEeKTPOJ
IUICHKOJ BOZBI (MOKPBIIT PEKUM paboThl).
Torma wacTuipl, KOCHyBIINMeCA IIIEHKU
BOAbI, HE CMOIYT BEPHYTbCSI OOPaTHO
B IIOTOK rasa, a 6yAyT HeobpaTumo ypa-
TATbCA U3 aKTUBHOI 30HBL. bblmu mpose-
IeHBI 9KCTIEPYMEHTBI B CYXOM M MOKPOM
pexiMe paboTbl SNMEeKTPOLVIKIOHA.

JI71s1 mpoBeeH s MCCIeoBaHmit OblIa
UCIO/Ib30BaHa J1a00OpaTOpHasi 3KCIepu-

TOTO, YTO YAaCTUIIBI He YCIEBAIT 0CeCThb
Ha 0Ca/INTeNbHbIN 37IEKTPOf. BTopuyHbIi
YHOC yBeNM4MBaeTcs, T.K. Y>Ke OCeBIlue
JaCTHUIIbI, OCOOEHHO MeJIKIe, BBIOMBAIOT-
€S U3 C7I0S1 OCafiKa KPYTIHBIMM YaCTUI[AMM
U TYpOYIEHTHBIMI BUXPSIMIL.

MeHTa/IbHasg YCTaHOBKa (CTeHJ), IIOKa-
3aHHadA Ha puc. 1.

VccnenyeMblit MaTepyan HbUIETIOfAT-
YYKOM 2 TIOJ]aBa/ICsl B Jie3arperupoBaH-
HOM BJJi€ II0 BXOJHOII Tpy6e 7 B 37IEKTPO-
UUK/IOH 1. YIIOB/eHHast 3071a cobmpanach
B OYHKepe 97eKTPOLMKIOHA I, a OuNIIleH-
HBII BO3/IyX IO BO3JYXOBOAY YAaIA/CA
yepes pyKaBHBII QUIBTP 6 B aTMOChepY.

JInsi mpoBeneHUs ONBITOB C OpOIle-
HJEM OIIMCAHHBII BbIIIE 3/IeKTPOLVKIIOH
TOTIONHA/ICA CUCTEMOJ OpOIIeHNs U ya-
JIeHVS ITy/IbIbI (puc. 2).

Jl/ist OpOILIEHNST OCAIUTETBHOTO STIEK-
TPOJja 3NEKTPOLMKIOHA | TPUMEHSITACh
PacIONoXKeHHAs! B YIUTKE MPPUTALVIOH-
Hasl CHUCTeMa, COCTOsIBIIAsh U3 pacipe-

sl sl )/

2 7 4 8

[ p—y .

9 1 ] AN : Hacocy
| |
e |
o/ | |
8 j :
| |

e 4 \Q\j‘ 9 \8 \ 10

Puc. 1. CxeMa sKCIIepMMeHTa/IbHOM YCTAHOBKYA: 9/1EKTPOIUK/IOH — I, IbIIENIOfATYMK — 2,
taroHarmopomep THIK - 3, ucrounnk Boicokoro HampsokeHusA (Momens VIBHP-20-10) - 4,
U-o6pasHylo TpyOKY /11 OIpefie/IeHNs IUPaBINdecKoro COPOTUB/ICHNS J/EKTPOIMK/IOHA —
5, pyKaBHbIi1 GUIBTP — 6, IOABOMALIYIO TPYOY C KOTTIEKTOPOM — 7, BEHTU/IM — 8, POTaMeTpBI —
9, maHoMeTpsI — 10, punprponepxarens (tuma VIPA-20-2) - 11, mpo6oot6opHyIo TpyOKy — 12
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JEIUTENBHOTO KONbIA 2 ¥ IONAMIMX
Tpy6ok 3. CycneHsus n3 6yHkepa 4 yna-
NAIach 9epes IUpo3aTBOP 5 B MOHTEXKIO
6. PaBHOMepHOE OpOlI€HMEe CTEHKN IIpU
IIOCTYTIaTeNIbHO-BPALIaTeIbHOM  JIBVDKE-
HIY Ta3a JOCTUIA/IOCh IIPY PACXOJie BOJbI
8 n/muH.

PesynbTarbl n 06cypeHue

B skcmepyMeHTax MO Y/IaBNMBAHNIO
3071bI B MOKPOM peXMMe BTOPUYHBIN
YHOC OBII ITOTTHOCTBIO MCK/IIOUEH, BMeCTe
C TeM HAO/IOfATI0Ch HEMIO/HOE yIaB/IBa-
HIfe 3071bI, KOTOPOe MOXXHO OOBICHUTH
HeJ03apANKON YacTull ¥ aKTUBHBIM TYp-
Oy/IeHTHBIM IlepeMellBaH/eM II0TOKa.

BennunHy yHOCa MOYKHO IIPE/ICTaBUTD
Kak (1 — n) - 100 %, 4yTO O3BOMUIIO OlLje-
HUTb 3Ha4YeHUs YHOCA B €fMHUIJAX CTe-
MeHM OYMCTKU. 3aBUCUMOCTb BETUYMHBI
YHOCa OT CKOPOCTH IIpU PUKCUPOBAHHOI
KOHI[eHTpaluu 3076l 16,5 T/M° mokaszaHa
Ha puc. 3.

Ha puc. 3 BUAHO, YTO B MOKpPOM
pexxume npu U = 17 kB (3/1eKTpOLMKIOH-
HBII PeXJM) YHOC COCTaBIsieT MeHee 1 %,
IIpyU CHIDKeHUY HanpspkeHus fo U = 0 kB

BennuuHa yHoca, %

CKOpOCTb rasoBoro novoka, M/c

Brad a3poz0m Bxod
—_—=
bodst
J
K baxyym-+acocy 2 7

Beixad
OYULEHHOZ0
2030

Puc. 2. Cxema 37K TPOLMK/IOHA /ISt pabOThI
B MOKPOM PeXume: I — 9/1eKTPOIUK/IOH,
2 - pacnpepnennTebHoe KOMbLIo,
3 - noparwoue TpyoK, 4 — 6YHKep,
5 — rTMIpo3aTBop, 6 — MOHTEXIO

(LMK/IOHHBIN PEXUM) YHOC [IOCTHUIAeT
5-7 %, TOrga Kak yHOC B CyXOM DeXume
npu U = 17 kB umeer sHauenus 12-25 %.

ITo paHHBIM SKCIEPUMEHTA TaKXKe
OBUIM pacCYMTAHBI 3HAYEHMA BTOPUYHO-
IO YHOCa KaK pasHMIA MEXK/Y CTEIEeHbIO
OYMCTKM B MOKPOM U CYXOM PeXMUMe JJIA

Moxpeiit pexxum, U =17 kB

Moxkpbiit pexum, U =13,5«B

Moxkpeiit pexum, U =10 B

Moxpeiit pexxum, U =5 kB

Moxpeiit pexxum, U = 0 kB

Puc. 3. 3aBUCHMOCTD BeIMYMHLI YHOCA OT CKOPOCTY Ta30BOTO MOTOKA TIPY Pa3INIHBIX
PeXyMax paboThI STeKTPOIMKIOHA
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COOTBETCTBYIOIIMX TOYEK IIaHA. 3aBn-
CMMOCTDb BE€/INYMHBI BTOPMYHOIO YyHOCa
OT BXOJHOII CKOpPOCTI M KOHLEHTpaluun

35"

a3p0307Is1 30716l MOKA3aHa Ha puc. 4. a;

Ha puc. 4 BUIHO, YTO BTOPUYHBII g 251
YHOC BapbypyeT B MHTepBaje OT 5 IO E 2 |
35 %, HauboIbluMe 3HAYeHUA HabIofma- I
FOTCSL TIPU CKOPOCTSIX rasa 6omee 21 m/c. g 15 1
CpenHee 3HaueHUe BTOPUYHOIO YHOCA 2 10
cocrapnAer 10-15 %, 4TO CyIleCTBEHHO %

o

BbIIIE YHOCA, BBI3BAHHOTO HEN03apAf- 5 1
koit. Takum 06pasoM, BTOPMYHBI YHOC
cHIKaeT 9P PeKTUBHOCTD YIaBIVNBAHUA
307Ibl B 3JIEKTPOLMK/IOHE Ha 5-35 % rnpu
CKOpOCTAX asposons 14,6-27,4 m/c, co-

O-

14,6 16,521,0 25,527,4

CKOpOCTb ra3oBoro noToka, M/C

OTBETCTBEHHO YBeTII/I‘{I/IBaH HbIT[e}IHOC nC= 2,4 r/|v'|3 mC= 26,5 r/M3
B 10-50 pas. EC=6,5r/V u(=30,6r/v*
BC=165 B
BbiBogbl S/

BTOPI/I‘IHbIﬁI yHOC Ha6}11011aeTc5{ Puc. 4. 3aBUCUMOCTD BETUIMHBI BTOPUYHOTO
YHOCA OT CKOPOCTU rasa npu pa3jim4aHbIX

Hada/IbHbIX KOHIEHTPpaUVAX 307/1bL
B IIOTOKE rasa npu CyXoM pexmnme pa60TI)I
9/IEKTPOLMKIOHA

B 3JIEKTPOLIMK/IOHE IIPUM KPUTUYECKOI
CKOPOCTH a9p030Jid Ha BXOJle CBbIlIE 14—
16 M/c, 9TO 3aBUCUT OT KOHIEHTpPaLNN
U CBOJICTB IIBIJINA.

BropuuHBIi yHOC NPAaKTUYECKM IOJA- HUPYIOWUI 971€KTPoA 1 Bbille 99 % npu
HOCTBIO JIMKBUJMPYETCA IIyT€M Opolle- IIofiadye HanpsbKeHuA 17 kB Ha KopoHupy-
HIA OCA[IUTEILHOTO 37IEKTPOJa IVIEHKON  IOLINIA 3/IEKTPO/,.

BOJIbl, CTEIIEHb OYMCTKY IIPY 3TOM BbIIIIE BcnepcrBue BTOPMYHOTO YHOCa CTe-
95 % 6e3 momauy HANpPsDKEHNS HAa KOPO-  IIeHb OUMCTKY CHIDKaeTcs Ha 5-30 %.
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