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EKCIHEPUMEHTAJIBHE JOCJIIKEHHS BIIVIUBY
AITAPATIB I3 3YCTPIYHUMMU 3AKPYUYEHUMU IOTOKAMHA
HA E®OEKTUBHICTbD YJIOBJIEHHA

M.I1O. CaBuenko-IlepepBa

3anpononosani excnepumenmanvhi OOCAIONCEHHS 3A2ANbHOT eeKmUSHOCMI
anapamis i3 3ycmpiunumu 3axkpyyenumu nomoxamu (A33I1) i3 euxopucmanusm
npozpamu 015 auanizy 306pascens. Pospobneno memoouxy nopieHsaibHo2o ananizy
anapamis i3 3yCMpPIYHUMU 3AKPYYEHUMU NOMOKAMU 00 Ma NiCls 600CKOHANIEHHS.
Busnaueno MiHIManbHY Qpakyito 61061€HO20 CYX020 NPOOYKMY.

Knrouosi cnosa:  3acanvha  egekmugHicmb, anapam i3 3yCMpIYHUMU
3AKPYUEHUMU NOMOKAMU, PPAKYIs, CYXuil RPOOYKmM.

SKCHEPUMEHTAJIBHBIE NCCJIEJOBAHUA BJIUAHUSA
AIIITAPATOB CO BCTPEUHBIMU 3AKPYYEHHBIMU
INOTOKAMMU HA SOPEKTUBHOCTD YJIABJIMBAHUSA

M.1O. CaBuenko-IlepepBa

Ilpeonoorcennvt 9KCHePUMEHMATIbHbIE uccnedosaus obwetl
aghghexmuenocmu annapamos co ecmpeunvimu 3akpyuennvimu nomokamu (A3311) ¢
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UCRONBL308AHUEM NPOSPAMMbL OJisl AHANU3A U300padicenull. Paspabomana memoouka
CPABHUMENILHO20 AHANU3A ANNAPANOE CO BCMPEUHbIMU 3AKPYYEHHbIMU NOMOKAMU
00 u nocie ycosepuieHcmeosanusi. OnpeoeieHa MUHUMANbHAS (PPaKyus cyxo2o
npooykma.

Knrouesvie cnosa: obwas spdexmusnocms, annapam co 6CMpeuHbIMU
3AKPYUEHHBIMU ROMOKAMY, PPAKYUs, CYXOU NPOOYKM.

EXPERIMENTAL RESEARCH OF THE INFLUENCE
OF APPARATUSES WITH COUNTER SWIRLING FLOWS
ON THE EFFICIENCY OF COLLECTION

M. Savchenko-Pererva

In Sumy National Agrarian University, an experimental stand apparatus was
mounted to study colliding with twisted threads. The stand complies with the
requirements adopted for these "the only method" tests. The above method is
available for use and allows you to get objective importance in determining the
basic parameters of the tested devices, including devices with counter twisted
threads.

The proposed pilot examines overall efficiency of vehicles colliding with
twisted streams (AZZP) using software for image analysis. All experiments were
performed 5 times. The disagreement results did not exceed more than 5%. For the
next series of experiments, the stand was remounted in other experimental
conditions. Therefore, using this stand, such experimental researches were carried
out: determination of aerodynamic characteristics of dusty air streams;
determination of the overall efficiency of vehicles colliding with twisted flows before
and after improvement,; determination of pressure losses in apparatuses. When the
held five times experiments were over, the frequency for each unloading hopper
AZZP was made, bringing the three samples obtained involved product. These
samples were tested for particular composition using scanning electron microscope
with low vacuum camera SEM-106 1. Before the study, a number of dry particles
coated with a disposable adhesive on both sides, adhesive tape, and then stuck to the
Petri dish. Then each film was sprayed with silver at the Institute of Applied Physics
via VUP-5SM (vacuum universal post), after which they were transferred to the SEM
sample holder pre blurry Aquadag (carbohydrate pasta). It should be noted that
during the treatment dry particles to form agglomerates sought, because of their
large water absorption, because X-rays often generated inside the sample, which
was 10 microns at the point of falling electron beam. In particular cases, for
particles up to 10 microns, x-ray radiation caused fluorescence in the sample holder
REM, which led to undesired radiation.

The method of benchmarking units with counter flow curled to perfection even after
the improvement. The minimum fraction captured dry product, which constituted
1.99 microns of trapped particles — after the improvement in AZZP (single cone).

Keywords: overall efficiency, apparatus with counter swirling flows,

fraction, dry product.
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IMocTranoBka mpodjeMu y 3araibHOMY BHIJIsI. Yci HasBHI Teopil
HE CIIPOCTOBYIOTH TOro (akTy, IO OKPIM CKIIQJHOCTI PYXy 3aKpy4eHHX
TOTOKIB y cemapauiidHii 30Hi, OJHEI0 3 TPHYMH BiJCYTHOCTI HAMiHHHUX
METOIB PO3paxyHKy IIPOLECIB y BHXPOBHX amaparax € 3HIDKEHHS
00epTanbHOr0 PyXy MEPBHHHOI'O MOTOKY, IO HMPU3BOJUTH 1O 3MEHIIEHHS
KyTOBOI IIBHIKOCTi, SIK& € BU3HAYaJBHUM IapaMeTpoOM 3TiHO 3
nmocimxerasmMu MTI [1], 1 sk HAacTIIOK — A0 MAIiHHS OCHOBOI NMIBHIKOCTI
3aIUJICHOTO TIOBITPSL.

AmHaJi3 ocTanHiX gocaiKeHb i mybaikanii. OcranHiM yacom Oynn
3aIpOIIOHOBaHI TEOPETUYHI 3aJEeXKHOCTI [2; 3], sIKi BUKOPUCTOBYIOTHCS IS
pPO3paxyHKy BHMXpPOBHX amapariB Ta NMKIOHIB, TaKOX YYEHHMH Oyi0
MATBEPKEHO BUCOKY €(EKTHBHICTH YJIOBJICHHSI YaCTHHOK y LUKJIOHAX —
6inbme 10 mxm. HoBi po3poOku (BUXpOBI NMUIJIOBIIOBIIOBAYl Ta amaparty i3
3YCTPIYHUMU 3aKpydeHUMH MOoToKamMu — A33II) 3MeHIIyIOTh HIDKHIN Kpai
BJIOBJICHHX YaCTHHOK 10 3—5 MKM, ane cdepa OOCIHiIKeHb IMX anapariB
3aJIMIIAETBCS  HENOCTaTHHO  BHBYEHOI.  3aCTOCYBaHHS  BHXPOBHX
TEXHOJIOTIH 3 KOXXHUM POKOM TMOITUPIOEThCSA [4].

Merta cTaTTi — NiATBEPAUTH MiABUIIEHHS e()EeKTHBHOCTI arapariB i3
3YCTPIYHUMH 3aKpy4eHHUMH IIOTOKaMH IICIS yJOCKOHAJICHHS IIIIXOM
MIPOBEACHHS KOMIUIEKCY €KCIIEPUMEHTAIBHUX JOCIIKEHb.

Buxiax ocHoBHOro marepiaay pgociaigxeHHsa. Y CyMcbkoMy
HAI[IOHAJILHOMY arpapHOMy VHiBepcuTeTi, B Jyaboparopii Ne 111, OyB
3MOHTOBAaHHMH EKCIIEpUMEHTaNbHUI cTeHn (puc. 1) Juig  JOCIimKeHHS
amapariB i3 3yCTpiYHUMH 3aKPyIeHUMH TTOTOKaMH.

CreHj BiAmoBizae BCIM BUMOraM, TNPUAHITAM IS TaKUX
BUTIPOOYBaHb «CJIMHOI0 METOAUKOIO» [5].

VYci BiIoMi Ha CHOTOJIHI IOPIBHIOBAIILHI METOJUKH, SIK BITYH3HSIHI,
Tax 1 3aKOpA0HHI, MOOYA0BaHI IPAKTUYHO OJJHAKOBO.

VYkazaHa MeTOQWKa € JIOCTYITHOIO B 3aCTOCYBaHHI Ta JO3BOJISIE
ofnepkaT O0’€KTUBHI 3HA4YEHHS BHACTIJIOK BH3HAYEHHS OCHOBHHX
rapameTpiB BUIPOOYBaHUX NPHUCTPOIB, 30KpeMa i amapara 3 3yCTpiuHUMHU
3aKpy4EeHHMH MTOTOKAMHU.

Bin ckmagaerpcst 3 mmsoBnoBimoBava (1), HIDKHA HWIIHIpUYHA
YacTHHA SKOTO 3MIHIOETBCA 3anexHo Bix A33Il, mo mochimKyeThes,
mwio30ipauka  (2), y SAKHH = 3aCHIIAETBCS  BJIOBJICHUH  amapaTtoM
nUIIoONoAiOHMH MaTepian (Cyxe MOJIOKO), CHCTEMH IUTYYHOTO 3allHJIeHHS
noBiTps (3), THYYKOro MOBITpOnpoBoa (4), perysasropa BUTpaTH MoBiTps (5),
BEHTHIATOpa BUCOKOro THCKy Ne 3 (BBT-3) — poGouoro koneca Ha Baiy
TIOALTUITHUKOBOTO BY3J1a, 3B S3aHOTO 3 EJIEKTPOJIBUTYHOM KIIMHOPEMEHHOIO
niepeayuero, KU T03BOJISIE 3MIHIOBATH 00epTH poOOYOro Komeca MIKUBaMU
(6) — Ta crcTeMH MUITONPUTOTYBAHHS ¥ aHAI3y ocmiaiB (7).

136



Puc. 1. Cxema 3arajJbHOr0 BHIJISIIY €KCHEPUMEHTAJILHOTO CTeHJa:
1 - numiaoBnoBMIOBAaY i3  3yCTPiYHMMHM  3aKpy4YeHHMH  TOTOKAMM;
2 — nu1036ipHUK; 3 — cHcTeMa IITYYHOr0 3amWJeHHS MOBIiTPsi; 4 — THYYKHId
noBiTponpoBin; 5 — peryisitop BuTpatu moBiTpsi; 6 — BenTmasitop BBT-3;
7 — cucTeMa NUJIONPUTOTYBAHHS

VYci mocmipKeHHST MTOBTOPIOBAIUCSA IO S5 pasiB i3 po30iKHICTIO
pe3yabTaTiB He OLIBINO0 32 5%.

Jls HacTymHOI cepii JOCIHiiB CTEH/I IPUCTOCYBAIIM A0 iHIIUX YMOB
EKCIIEPUMEHTY.

Tax, 3a JOMOMOTOI0 CTEHAY 3/iHCHIOBAINCS TaKi eKCIIEpUMEHTaIIbHI
JIOCII/DKEHHS: BH3HAYEHHS aepONMHAMIYHHX XapaKTEepUCTHK ITOTOKIB
3aIMJICHOT0 TIOBITPS, BU3HAYCHHS 3arajbHOI ©(EKTUBHOCTI amapartiB i3
3YCTPIYHUMH 3aKpy4eHHMH TIOTOKAaMH J0 Ta TiCIs BJIOCKOHAJICHHS;
BH3HAYEHHS BTPAT THCKY anaparis.

Edexrunicts A33[1 BH3Hauanacsi HUISIXOM 3aIlWJICHHS MOBITPS
CyXUM MOJIOKOM Baroro 50 T JBOMa KaHaJaMH OJHOYAcHO mpotsarom 50
CEeKyH/I.

OCKIUIBKM KOHCTPYKTUBHO BTOPHMHHUM NaTpyOOK yIBidi OUIBIIHIA 3a
TIEpBUHHUM, TO BIANOBITHO y BTOpMHHMH matpyook A33Il noBxuHOIO
(ay) 0,09 m Hagxoauno (G,) 35 r npoAyKTY, a A0 IEPBUHHOIO JJOBXKUHOIO
(a;)0,045Mm— (G,) 15T.

EdexTuBHICT, BH3HAYaNacs 3TiJHO 3 BiJHONICHHSIM Baru CyXoro
MoJIOKa, ynoieHoro B Oynkepi A33I1 (G,,), 1o Baru cyxoro MoJIOKa, sKe

BXoauTh 10 anapaty (G,) 3a nepioa mocuiny ( t) [6]:
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GBH

Nan :( )100% (1)

B

Ane edextuBHicte A33Il y TakoMy BUIIIAII HE Ja€ IOBHOTO
YSIBJICHHS! TIPO KiJIBKICTh JPiIOHMX YACTHHOK, IO BUHOCSTHCS 3 OYHMIIEHUM
noBiTpsiM. Tomy AowisbHO Oyne BBECTH MOHATTS €()EKTHBHOCTI BJIOBJIEHHX
anapaToM YacTUHOK (1), ), AKa JOPIBHIOE BIIHOIIEHHIO BaroBOi KiTbKOCTI

JPiOHNX YaCTHHOK CYXOro MOJIOKA, 1[0 BUHOCSATHCS 3 arapaTy B aTMochepy
(G 4y )» 10 BAaroBOi KUIBKOCTI CYXOT'0 MOJIOKA, IK€ B HHOr0 BXOIuTh (G,):

nBHH = (GBHH /GB)'loo% = [(GB _GBHH)/ GB]'loo%

abo Neun = (1 00— MNen )’ % (2)

Busnauennss  edexrtuBHOCTI  3xilicHioBamocss B A33Il  mo
YIOCKOHANECHHS Ta y nBOX ymockoHanmeHnx A33Il (mepmmii — 3 nBoma
KOHYCaMH B HIDKHIN YaCTHHI, APYTHUHA — 3 OJJHUM).

TakuM 4YwMHOM, micis 3aKiHUEHHS cepii 3 I'SITW HocCHiAiB Oyio
3pobyieHo BHBaHTaXeHHS OyHkepy KokHoro A33Il, y pesymbrari uoro
OTPHUMAaHO TPH 3Pa3KH BIOBJIEHHOTO MPOJIYKTY.

i 3pa3ku Oyam mOCITiJDKEHI Ha JUCIIEPCHHUN CKJIaJ 3a JIONOMOTOI0
pacTpoBOro €JIeKTPOHHOTO MIKpPOCKOMY i3 KaMepor HH3BKOTO BaKyyMy
PEM-106 1.

Ilepen moyaTKOM MOCIHIDKEHHS JESKa KiTBKICTh CYXUX YaCTUHOK
HaHOCWJIACsl Ha OJHOPA30BY JIMIKY 3 000X CTOpiH, KIEHKY CTpiuKy, SKY
TIPUKIIEIOBAIN J10 Yamky [lerpi.

IMoriMm kokHA cTpiuka Oyma HamwieHa cpiomoM B [HCTUTYTI
npukIaaHoi (izuku 3a pormomoror BYII-5M (BakyyMHuUil yHiBepcaabHUN
TIOCT), ICNIS YOro BOHHW IEPEHOCHIHCS J0 yrpuMmyBada 3paska PEM,
TorepeIHHO 3Ma3aHOr0 aKBagaroM (BYrJI€BOIHOIO MACTOI0).

Crij 3a3HAYMTH, IO B TIporeci 00Iry Cyxi YacTUHKU MTParHyid
YTBOPUTH arjioMepaTd BHACTIJOK iX BEIHMKOI TIFPOCKOIMIYHOCTI, TOMY
PEHTreHIBCbKE BUIIPOMIHEHHS YacTO IeHepyBaJocs BCEpEeNnHI 3pa3Ka, KU
3HAXOJMBCS Ha BifcTaHi 10 10 MKM BiJl TOUKH MOTPAIUISIHHS €I€KTPOHHOTO
y4Ka.
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Y neskux BUMAAKAX JUISI YacTHHOK po3MipoM jgo 10 MM
PEHTTCHIBCHKE BHUIIPOMIHEHHS BHKIUKAIO (IYOPHCICHINIO B YTPHUMYyBadi
3paska PEM, a 1mie mpu3BoAWiIO 0 HeOa)kaHOTO BHIIPOMiHEHHs. ToMy Ha
JESIKUX  300paKeHHSIX 3MIHIOETBCS KONIp Ta BiJICTAaHB 3pa3KOBOTO
Matepiany. OrpuMaHi 300pakeHHs] (paKIiHHOrO CKIAAY CYXOro MOJIOKa
(puc. 2 a, 0, B) Oyau MpoOaHANi30BaHI 3a JOIMOMOIOI0 MPOrPAMHOI0
3a0esneueHass Med Calc Digimizer 4.0 mus aHamizy 300pakeHb, IO
JIO3BOJISIE TOYHO BUMIPIOBATH, a TaKOX aBTOMATHYHO BH3HAYATU
XapaKTepUCTHKU 00’ €KTiB. Pe3ynbTaTi HaBEICHO B TAOHIII.

Puc. 2. ExcnepuMeHTaNBHI 3pa3KM CyX0ro MoJIOKa, OTpUMAaHi
3 meBHoro A33Il: a — 1o BIocKoHaJIeHHs; 6 — mic/as1 BAocKoHaNeHHs (i3 1BoMa
KOHYCAMU); B — MiCJIsl BIOCKOHAJIEHHSI (3 OHUM KOHYCOM)
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Tabmuus
JucnepcHuii CKIag CyXoro MoJIoKa eKCllepuMeHTAJIbHUX 3pa3KiB

n, Cepenniit Haiimenmmii Haii0inpimmit
No KUTBKICTh JiaMeTp JliaMeTp TB. JiaMeTp
3/m TBEPIUX YaCTHUHOK, YaCTHUHOK, TB. YaCTHHOK,
YaCTUHOK MKM MKM MKM
1 89 31,13 2,55 142,00
2 114 18,28 2,04 123,56
3 99 25,59 1,99 135,51

[IpoanamizyBaBImM JaHi TaOJHIN, MOXXHA 3POOUTH BUCHOBOK, IO
HaliMeHIIa (pakIlisl BIOBJICHUX 4YacTHHOK — 1,99 Mrm y A33Il micns
BJIOCKOHAJICHHS (3 OJTHUM KOHYCOM), Toi K ¥ A33I1 1o BAOCKOHATICHHS —
2,55 MKM.

CiBBiIHOIIICHHS YaCTHHOK Pi3HOTO JliaMeTpa Y BiJICOTKaX BH3HAYAIN
3a hopmyoro [7]:

N;
-100%, (3)

ge N, — KUIbKICTh YacTHHOK Yy (pakiii; ZiN — J00YTOK KiJIBKOCTI

BCBOr0 4YacTHHOK. [loOynyBaHHsS ImoYanu 13 HAWAPiIOHINIMX YacCTHHOK,
BiJIKJIaZIaloYM X BiJICOTKOBY KiJBKiCTh (1M, %) Ha OpAWMHATI, MOTIM IS

YaCTHHOK HACTYIHOI (paxilii, BiAKIAIA OPIUHATY, KA JIOPIBHIOE JTOOYTKY
BiJICOTKOBOTO BMICTY YaCTHHOK ITi€l (pakiii (3 OUTHIIMM JiaMeTpoM) 1 Tak
JIaJTi, JIOKK OCTaHHS OpJUHATa (SKa BiJIIMOBITA€ MaKCUMAILHOMY JiaMETpPy)
He cranoButume 100%.

3a J0ImoMOroro NEBHUX orepalliii B cepenonuili nporpamu MathCad
nmoOyayBaau IHTErpaibHi Ta JudepeHIiiaabHl QYHKIIT pOo3MOmiaCHHS s
KOXKHOTO ITPOaHaTi30BaHOT0 3pa3Ka IEBHOT'0 armapara, a came:

1. Pesynpratu ans A33I1 no BaockoHasneHHs Ha puc. 3, 4.

f1(z):= —0,049 + 2,139z +0,036-2% —~1,849-107 - 2° +
+2,443-.107 2% -1,104-1077 - 2°
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Puc. 3. Interpansna ¢pyHkuist po3nomisieHHst
st A33I1 10 BAOCKOHAIeHHST

fdl(z) = 0,03-2"** -exp(-0,078 - )
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Puc. 4. IndepenniaabHa GpyHKIis po3M0IiJieHHs] HA TJIi eKCNEPUMEHTATLHOL
JAUCKPETHOI ricTorpamMu, sika BKa3ye Ha KiTbKiCTh YaCTHHOK Pi3HUX po3MipiB
(A33I1 10 B1OCKOHATIEHHS)

2. Pesympratm gms A33I1 miciast BpockoHaneHHs (i3 1BOMa
KOHycaMH) Ha puc. 5, 6.

£2(z) =-2,602+5,011-2—0,085-2> +4,856-10™* . 2° —
~-1,728-10%.2* -0-2°
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Puc. 5. Interpansna ¢pynkuis po3noxinenns ais A33I1 micast BA0CKOHATEHHS
(i3 1BOMa KOHYyCaMH)

fd2(z) =1,368-10~* - 2*%! . exp(—0,301-2)
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Puc. 6. IndepennianbHa GpyHKIis po3noIiJieHHsI HA TJIi eKCIEPUMEHTATLHOL
JAUCKPETHOI ricTorpamMu, sika BKa3ye Ha KiTbKiCTh YaCTHHOK Pi3HUX po3MipiB
(A33II micJis BAOCKOHAJEHHS 3 TBOMA KOHYCAMU)

3. Pesynbratu quist A33I1 micnst BiockoHalleHHs (3 OHUM KOHYCOM)
Ha puc. 7, 8.

£3z2:=-0,403+2,942-2+0,034- 2> - 2,826-107 - 2> +
+4,369-107° -z* —2,138-1077 - 2°
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Puc. 7. Interpansna ¢pynkuis posnoginenns gis A33I1
micJs1 BIOCKOHAJIEHHS (3 OTHUM KOHYCOM)

fd3(z) := 0,051- 2% . exp(—0,093 - z)
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Puc. 8. IndepennianbHa GpyHKIis po3MogijieHHs] HA TJIi eKCNEePUMEHTATLHOL
JAUCKPETHOI ricTorpaMu, sika BKa3ye Ha KiTbKiCTh YaCTHHOK Pi3HUX po3MipiB
(A33II micjis BAOCKOHATEHHS 3 OTHUM KOHYCOM)

4. Pesynbpratu ans tprox A33I1 Ha puc. 9, 10.
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Puc. 9. Interpansui pyHkuii po3noaiieHHs 1151 TPHOX anaparis
i3 3yCTpiYHMMH 3aKPYYEHHUMH MOTOKAMM:
1 — A33II g0 Baockonanenns; 2 — A33I1 micJisi BIOCKOHAJIEHHS
(i3 aBoma konycamu); 3 — A33II micas ynockonajJeHHs (i3 OTHUM KOHYCOM)
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Puc. 10. Tudepenuianbhi pyHkuii po3noaijieHHs 111 TPHOX anaparis
i3 3yCTpiYHMMH 3aKPYYEHHUMH MOTOKAMM:
1 — A33II g0 Baockonanenns; 2 — A33I1 micjisi BIOCKOHAJIEHHS
(i3 nBoma konycamu); 3 — A33II micsis BIockoHaJeHHs (i3 OTHUM KOHYCOM)

Sk OGaunMo, IHTErpaabHI Ta qUdEpeHIlianbHi GYHKIIT PO3IOIIICHHS
MIOBHICTIO 1 TOYHO OIUCYIOTh SKCIICPUMEHTAIbHI JIaHI Ta MPUXOAATHCS Ha
EKCIICPUMCHTAIBHUN MaKCUMyM [8], 10 Ja€ MOXKIUBICTh BH3HAYUTU
HaWOINBII IMOBIPHMHA PO3MIp YaCTUHOK JUIS 3pa3ka, a TaKoX 3POOHTH
BHCHOBOK, II0 €(DEKTHBHICTh YJIOBJICHHS TBEPIUX YACTUHOK 3 MOBITPS B
A33I1 micnga yaockoHaJeHHS 3 JBOMa KOHycaMu HaiiBuma. IIpo 1e
CBIJTYUTH PUCYHOK 6a, IPUUOMY HAHOLIBIIIE BJIOBJICHHS BiIOYIIOCS CEpEIHIX
Ta aApiOHMX (pakuiii, y Mexax Big 1,99 mo 18 mxwm (puc. 60).
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BucnoBkn. OpepxaHi fgaHi BHACHJIOK  €KCHEPUMEHTAIBHUX
JIOCHI/DKEHb  MiATBEPIMIN IiJABHIIEHHS €(QEeKTUBHOCTI B amapartax i3
3YCTPIYHUMH  3aKpy4€HHMMHU IIOTOKAMHM TiCIs  YJOCKOHAJICHHS, 3
HaWMEHIOK (DpakIiero BIOBICHUX 4acTHHOK — 1,99 mkM, B A33II micns
YIOCKOHAJIEHHS (3 OIHUM KOHYCOM).
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