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PO3PAXYHOK ITOJIIB IBUJKOCTEM Y HAJITHAPUYHOMY
AITAPATI I3 3YCTPIYHUMU 3AKPYUEHUMU ITIOTOKAMHA
HA OCHOBI EKCIIEPUMEHTAJIbHUX JTAHUX

M.IO. CaBuenko-Ilepepra, O.P. fAAxy6a

Pospooneno memoouxy pospaxymky nonig wsuoxoaneil Ha OCHO8I
aepoOUHaMiyHUX XapaKmepucmuk pyxy a3y y 6 i0yeHmposomy noui 3a 00nomozoio
nsmuKIHAI bHO20 30HO0A. Hasedeno pospaxynku weuokocmel 3a KOJICHUM 6UOOM
anapama i3 3yCMpivHUM U 3QKDVYEHUMU NOMOKAMU 00 Md NiCisi 6 00 CKOH L eHHL.

© Caguenko-Ilepepsa M.IO., SIky6a O.P.,2015
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Hlob6yoosano epagixu 3anexcHocmell abCoOnOMHOL, 0CbOBOI, MAH2EHYIATBHOI ma
padianvioi weuoKocmell, UX00AUU 3 MO20, Yy AKOMY anapami i3 3ycmpiwHumu
3AKpYUeHUMU NOMOKAMU BOHU 8 UMIDSIHI.

Knrouod cnoea: n’smuranan vuuil 30H0, nois weUOKOCmell, aepoouHamiyHi
Xapaxkmepucmuku.

PACYET MOJIE CKOPOCTEM B IINJIMHAPUYECKOM
AIIMMAPATE CO BCTPEYHBIMHA 3AKPYYEHHBIMHU
MNOTOKAMHU HA OCHOBE SKCIIEPUMEHTAJIbHBIX JJAHHBIX

M.IO. CaBuenko-IlepepBa, A.P. fAAxy6a

Paspabomana memoouxa pacuema nonel ckopoanell HA O0CHOe
aA3POOUHAM UHECKUX XAPAKM EePUCIUK O8UJICEHUsl 2a3a 6 YeHmpoOedlicHOM noie ¢
NOMOWBIO MAMUKAHWLBHO020 30HOaA. TIpusedenvl pacuemsi ckopocmell no Kaxcoomy
6UOY annapama co GaNPEUHLIMU 3AKPYUEHHbIMU NOMOKAMU 00 U Nocle
yeos eputecmsosanus. Ioanpoenvt epaghuxu 3asucumoaneii abconiomHoll, 0cegoll,
Mman2eHyuai bLoil U paouai bHOU CKOpoaneil, UCxXo0s U3 mo2o, 8 KAKOM annapame co
6 CMP eUHbLIMU 3AKPYYEHHbIM U NLOMOKIM U OHU 8 bIMEPSIHbL.

Knrowuesvie  cnosa:  mamuxananwvdvuii  30HO,  noiA  cKopodmell,
aA3POOUHAM UHECKU e XAPAKM ePUCHIUKU.

CALCULATION OF VELOCITY FIELD IN CYLINDRICAL
DEVICE WITH A COUNTER-SWIRLING FLOWS BASED
ON EXPERIMENTS

M. Savchenko-Pererva, A. Yakuba

The methodology of calculating velodity field based on the aerodynamic
characteristics of the motion of gas in centrifugalfield, using a five-channel probe is
elaborated. There are many studies on the development of various methods for the
velocity determination, and a huge amount of construction equipment is created. The
velocity direction was determined by the alternately rotating device in three
mutually perpendicular planes around the center of the ball. Rotation produced as
long as until the paired lateral openings (4-5) does not set the same pressure.
Calaulation of the rate is based on the formula grounding on a critical analysis of
the kmown methods for determining the velocity fields. This method of measurement
is the most accurate. Furthermore, it is the simplest processing of experimental
data. Plot the absolute axial, tangential and radial velocities, based on the order in
which theunit with counter swirling flow they are measured.

Keywords: five-channel probe, velocity field, aerodynamic characteristics.

IlocranoBka mnpobaeMu Yy 3aralbHOMY BMIJAAAL Baxiusoro
aepoauHaMi4HOKO Xxapakrtepuctukoro A33[l € cIpykTypa NOTOKY, Yy
CIIPOLIIEHOMY BapiaHTi JUIsi TWIOBJIOBIIOBa4iB — II¢ TIOJIE JIOKAITbHUX
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. , . .
MIBHUIKOCTEH V 0 ,V .,V 1o 00’ emy anapara. Po3paxyHku nmoinis mBHAKOCTI
MOXXJIMBI 32 HasIBHOCTI TE€OMETPHMYHHMX TapaMeTpiB ENEeMEHTIB cermaparyi
(11 — 7%.r,5.,5,7%,H Tta TeXHONOriYHMX IOKa3HUKIB — BHTpaTH

samuieHoro rasy L, ta L, [2]. 3 ycix Bumipis, siki Gyin 3poGueni B

eKCIepUMEHTAIBHIN MeXaHilll Ta3iB, BHMIPIOBaHHS IIBHIKOCTEH €
HaiO1JIbII BKJIMBUM 1 IMIMPOKO 3aCTOCOBYBaHMM. ICHYIOTh Taki METO/H, 11O
3aCTOCOBYIOTBCS ~HAa  MNpPaKTWIi A1  BUMIPIOBAHHA  IIBHIKOCTEH:
1. MexaHiuHMil MeTOH, 3a SKOr0 BUKOPHCTOBYIOTHCS TpPWIaAH THILY
BEPTYIIOK, aHEeMOMETpiB Tom[o. BiH 3acHOBaHMiI Ha Oe3mocep eaHhOMY
MEXaHIYHOMY BIUTMBOBi TIOTOKY Ha TpHUHMaIbHHUI eJIeMEHT TIPHIamy.
2. TIHeBMaTHYHUI cmoci0, 3a SIKOTO 3aCTOCOBYETHCS BEIHKA KiNbKiCTh
pi3HEX Hacamok (TpyOKW, IWTIHAPWUYHI Ta KyJIbOBI 30HAM TOIIO) Y IHMX
npuiagax OpUAMaTbHAM 1 MEepeaaBaIbHUM CIEMEHTOM € JeIKuil 00’ em
PIAMHM 4YM rady, a 3HaueHHs IIBHJAKOCTI OOYHCIIOETHCS 32 BEIUYHHOO
BHUMIPSTHOTO THCKY. 3. AKYCTHYHI METOIM, IO JO3BOJSIIOTH BHUMIPSITH
MIBUIKICTh TIOTOKY I13a PO3MOBCIOMKEHHSIM 3BYKY B MOTOIIi, Ta iHIII METOAN
BHUMipy HIBHAKOCTEH [3].

AHaJji3 ocranHix goctimxens i myQrikaniii. IcHye nyxe Oararo
mpanp, y SKUX JOCHIDKIOETBCS pO3poOKa pI3HUX METOIB BU3HAY CHHSI
IIBHAKOCTEH, 1 CTBOPEHAO BEIMYE3HY KiJIbKICTh KOHCTPYKIIH IIp AITAiB.
OpmHrM i3 TepmuX MPUIaniB, O[O0 BUKOPHUCTOBYBAaBCA B Jaboparopii s
BUMIPIOBaHHS BEKTOpa IIBUAKOCTI B POOOYiIH YaCTWHI aepoIuHaMiIHOL
TpyOn, Oyna 3BW4aiiHa MIBUAKICHA TPyOKa, Ha MiBChep MIHOMY HOCHKY SKOT
PO3MIIIIEHO W'SITh OTBOPiB, a XOOOTOK MOXKHa OYJIO BCTAaHOBIIOBAaTH B
HAaOpPsIMKY — IIBHAKOCTI. Taka ImBHAKICHA TpyOka mpumarHa Juis
BHUMIPIOBaHHS B JIy)K€ LIMPOKMX KaHaIaX 1 BiJHOCHO OJHOPITHHUX MOJISX
mBHIKOCTeH [3].

Mera crarTi — Ha OCHOBI EKCIEPUMEHTAIBHHX JaHUX
po3paxyBary MIBUIKOCTI BCEp €IMHI arap aTiB i3 3yCTpiYHUMH 3aKPYd €HUMH
MOTOKaMH JI0 Ta Icis iX yNOCKOHAIEeHHs Ta moOynyBaru rpadikn
3aIEXKHO CTE .

Bukiaax ocHoBHOro Mmartepiany gocaimkeHHs. JlocimimKeHHS
CTPYKTYpPH IO TOKY NPOBOJMINCS HA JJAOOPATOPHOMY EKCIIEpPHM EH TAUTbHOMY

crernai (puc. 1).
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Puc. 1. Cxema nadopatopuoro crenga A33Il misi BcTaHOBIEHHS
aepoanHaMiyHuX xapakrepucruk: 1 — A331l; 2 — p’aTUKaHATBHUI I1apoBHii
30A; 3 - pgomka B3 micrbMa JaupepeHNiATBHUMHU  MaHOM eTpaM H;
4 — KOOPIMHATHHK; 5 — BUM iproBaJI bHA JiHiliKka

[NoueproBo MpOBOAMIMCS BUMIPIOBaHHS MIBUIKOCTEH Y KOXKHOMY 3
Tppox amapatiB, a came: A33I[l no ymockonamenns, A33Il micus
ynockoHaTeHHs (nBoMa koHycamu) Ta A33I1 micns ymockoHaieHHS (3
OJTHUM KOHycOM). [3 Meroo ycyHeHHS TaJbMyIO4OTrO BIUIMBY BXiJHOTO
MOMEHTY KiJIbKOCTI pyXy B NEPBHHHOMY HOTOLI Ha 3araibHy e]eK THBHICTb
y [iloMy MM 3MIHIOBAIM KOHCIPYKTHBHI IapaMeTpH  HIKHBOI
[T HAPUY HOI YaCT MHHU TIMITOBJIOBJIIOB a9a.

BuMiproBaHHS IIBUIKOCTEH MPOBOIMIOCS THEBMATHIHUM CITO COOOM
3a JIOTIOMOTOI0 T ITHKAHAITBHOTO 30HAA 2 — KYJNBKH IiaMeTpoM 5 MM i3
IT’ AIThMa OTBOPAaMH, TIPOCB ePUICHUMH Y IBOX IEPIeHANKYISIPHIX OTHA J0
OIIHOI JiaMeTpalbHUX IUIomKHaX. Kymnbka po3MimieHa Ha IWITiHAP MIHINA
nepkaBii. KyT Mk ocsiMH IIEHTp aTHbHOTO Ta KOKHOTO 3 OIYHMX OTBOPIB
cknanae 40° KoxeH OTBIp KyJIbKH 3’ €IHYEThCS TOHKHMH TPYOKaMH, IO
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MPOXOJAITh yCepenuHi JepkaBku. KoXHWIA 13 BUXIJHUX OTBOPIB 30HAA
OB’ S13aHMH 13 BiIIOBITHAM MiKPOMaHOMETpPOM 3. YCTAHOBIICHHS 30HIA B
3ajaHy TOYKY amapara | BHKOHyBalocs KOOpIuHaTHUKOM 4 [4]. ['nmOuHa
3aHypeHHS 30HIA B arapar (1o paziycy) 3MiHIOBaIAcs BiJl CTIHKH JI0 IIEHTpa
KOpITyca, 3aJ1&KHO BiJl BUCOTH PO3MIIEHHS KOOPAWHATHHK a, 3 iHTEPBAIIOM
25 MM 3a [IOTMOMOro0 JiHIMKM 5. BH3Ha4eHHS HaNpSIMKy IIBUIKOCTI
3/[ICHIOB &10CSl 32 JOMOMOTO0 TI0YEProBOr0 0OepTaHHS MpUiIagy B TPbOX
B3a€EMHO IEpICHAUKYISIPHUX IUIOIIMHAX HABKOJIO LEHTPa KYJIbKH.
OOGepranHs BifOyBaocs AOTH, TOKM B mapi OIYHMX OTBOpPIB 30HIA HE
BCTAHOBUBCSl ~ OJHaKOBHMH THUCK. Po03paxyHOK BEIMYMH IIBHAKOCTI
NpoBoJMBCS 3a (opMysiamu, sIKi I'PYHTYIOTbCS Ha KPHTHYHOMY aHalizi
BIJIOMHMX METOHIB BHU3HAYEHHSA IIOJIIB IIBUAKOCTEd. BHKnameHuii crocio
BHUMIPIOBaHHS € HalOUIbII TouHHM. KpiM Toro, BiH HaWOLIBII MPOCTHH T1i /g
gac 00poOKH eKCITeprM eHTAThbHAX JTaHUX.

Ilepen  nmocmimKeHHAIM TPOBOAWIOCS TapyBaHHA 30HIA Ha
Cymcekomy HIIO im. M.B. @pymze. 3a pesynbTaraMu TapyBaHHA
noOynoBaHo rpadiku (puc. 2 a, 0).

KoedinieaT K mokasyBaB 3MiHy YyTIMBICTH 30HIA M Yac 3MiHH
KyTa oToky O (puc. 2a). Koedimient K, JO03BOJISIB BU3HAYUTH KYT MIX

MPOEKIIE0 IIBUAKOCTI HA TOPHU3OHTAILHY IUIOCKICTh Ta BICCIO, sKa
HepIeHANKyJIIsIpHa 305y (puc. 20).
AHaTHYHO KOeQiLIEHT K BHU3HAYAETHCS BHPA3OM:

h—h (1)

ne h — pisnuus piBHiB y augMaHOMETpi /1S BiANIOBITHOTO OTBOPY 30HI4 MM.
Tak, A3311-100 10 BIOCKOHAJICHHS :
a) nepuuii omsip —h =130 MM 6i0 suxnonnoi mpyou.
— Ha oci:
h, =250 hy =35um; hy =42mah, =h, =39mm; a=2°3K ,, =4,25 6 =43° (puc.16)
K =1,5 (puc. la);
— MOJZyJIb a0COJIFOTHOI IIIBHJIKOCTI:
2(h, — 2% *
v, <k [ h)py ) [2+0.004 %789
V pVI(Zf V 1’ 21
ne K — xoedilieHT 4yTIHBOCTI 30HAA (puc. la); , — rycTiHa MOBIiTpS,

=3,42M/C;

3 .
Kr/M”;  p — TyCTMHAa COUpTY (COMPT, SKMH 3HAXOMMTHCS B

cn

Jdep eHIll ATbHUX MaHOMETpax), KI/M 3 32 t=20" = const,
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— TaHreHIaJbHa MBUAKICT:
Vp =V, *cosd *cosa =3,42%0,73%0,99 =2,47m/c>

— 0ChOBa LIBUIKICTH:
V, =V, %cos(90 - @) %cos(90 - §) =3,42 0,03%0,68 = 0, 07 .n/ c;

— pamiaTbHa MIBUIKICTb:
V, =V, *cos(90-5)*cosa =3,42%0,68+%0,99 =2,3m /c;

— 25 MM Bif oci:
hy = 450w hy =500 hy =33aag hy =h =45 € =27 K, =2,4; §=22;
K=13.v,=33m/c, ¥, =3,03u/c,V,=0,036Mm/c,V,=1,2m/c;

— 1 MM Bij CTIHKHM amap ara:
h, =23mm; h, =320 hy =30am; b, =h, =30mm; 0 =2"3K ; =3,5;8 =357;
K=14.V,=226m/csV,=18u/c:V;=0,038m/c, v,=1,27m/c

k16 //——-

12 /,/
//

08

04

0
0 10 20 30 40 50
&

5°

0

Puc. 2. TapyBaJjbHuii Koed ili€HT II’ATMKAHAJI LHOTO 30H1A:

2) K=/110);6) K;=/©)
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6) Opyeutt omgip —h= 170 MM 6i0 suxronroi mpyou.
- Ha oci:

h, =45 hy =500 hy =350m; hy = hy =45mm; ¢ =6° ;K =2
6=183K=12.V, =33m/c,V, =31m/c, V =0,1m/c,V, =098u/c;
— 25 MM Big oci:
h, =40mm; h, =42mm; hy, =50mm; by = h, =45um; o =187 K5 =3,3;
§=313K=1,4.V,=3,5Tulc, V,, =2 ulc, V., =0,39m/ ¢,V =1,24u/ c;
— 1 MM Bif cTiHKH amap ara:
hy =365 hy =35um; hy =30ma; b, = h =37mm; @ = 275K, =3;
5=28;K=1,4.V,=2,26m/c,V,=1,9Tm/c,V,=0,03m/c>V,=105u/c;
8) mpemiti omsip —h =210 MM 6i0 uxnonnoi mpyou.
— Ha oci:

hy =30mm; h, =25um; hy =27nmsh, = h, =35um; @ =30°;K  =0,3;

6=33k=09-V,,=325ml/c, V,=2,8ulc, V, =0,08u/c, V, =0,14u/c.
— 25 MM Big OCi:

h, =25um; b, =35mm; by =40mam; b, =h, =39mm; a=76"; K, =3,755

0=38:K=14.y,=32u/c>V,,=0,6m/c,V,=186m/c,V ,=0,46m/c;
— 1 MM Bij CTIHKH amap ara;

h, =33um; h, =35mm; b, =400m; b, =h, =37Tmm; a =33 3K, =355

§=353K=1,4.V =226m/c,V,,=1,55m/c,V,=0,Tm/c, V,,=1,08m/c-

Tak camo pospaxoByroTbcs mBuakocti i mit A33I1-100 micms
YJIOCKOHAJI €HHSI .
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Puc. 3. I'pa¢ixu mBuakocreii norokiB y A33I110 Ta micis B0 CKOHAJ eHHS
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PapiansH a weug Kict , h=210 Mm
Qcb 0Ba WBK AKiCT ,h =210 Mv

~ 2

S — ¥ |
s r —
© o
22 'Toe —~a— — 108
S usfe = ——

: ¥ s

-
0 ) p) 30 n 9 2 B) 0 )
BTk 64 0d anamTago arikM (fm ) BincTaHb B ocianapam AOCTHKM f M W)
4-Vap wxoiaensABI B-Vanem ypoaADN -+ B3N B-Vancrm y A3, 3 Boia oW @
- Varicmgo-#/830,3 0 HYOM AVanim yp-AST], 3 KON

Puc. 3, apkym 2

[Noxnbka BuMipy BuTpar ckianana 7...8%. BiaxunenHs mony:is
a0COJTFOTHOT IIBUIKOCTI BiJl CEp €IMHHOBUMIPSHOTO 3a JICB’ AThMa JOCHIIaMU
He Tiep eBuinyBano 10%, moxuOka BUMipy KyTa Mi’K BEKTOPOM IIBUIKOCTI Ta
FOPHU3OHTAILHOWO Biccto T 2,5%. V 38’3Ky 3 MM MOXMOKA y BH3HAYEHHI
0cbOBOI Ta panianbHOi mBuaKocTi — 10...15%, TaHreHmianbHOl — 7...10%.
Pesynpratn mochimie 300pakeno y Burisaai rpadiki (puc. 3). Ilo oci
OpAMHAT TOJAHO 3HAYCHHS UIBHUAKOCTCH \_/':V/ch, a Ha oci abcruc OyB

BiIKJIQ[ICHHI BiTHOCHHH paniyc T = i, .

BucnoBkn. Excnepumenranshi  yctaHoBku A33[1-100  micns
YIOCKOHATEHHA MAalOTh OLNbIII IIBWAKOCTI 3alWIEHOr0 IIOTOKY B
cerapaii HHili 30H1 amapara, Hix A33I1-100 1o yJnocKoHaJIeHHsS, MpPO IO
cBimuarh TOOymOBaHi Tpadiku IIBUOKOCTEH y TPhOX  IDIOMIVHAX.
PozpaxyHkn mnapameTpiB MIBHAKOCTI TPOBOJWINACA 32 MaTeMaTUYHUMH
3IEKHO CTSIMH, SIKi OepXaHi aBTOpaMH.
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JOCIKEHHA 3AJIE2XKHOCTI BUXO Y BOPOIIIHA
BIAYACTOTH OBEPTAHHA
POBOYMX OPT'AHIB ITIOMOJIbHOT'O MO VJIA

1O.1L ToxoJoB, ILB. I'ypceknii, O.B. boromatos, M.I. Tomuiu

V x00i excnepum enmanviux 0o cniosicenb 000UpHO2O Npoyecy HOOPIOHeHHs
3eDHA NUEHUY] HA eKCNEpUMEHMANbHILL YCaNAHOBY] BUSHAYEHO 31 eHHOCMi 8UX00Y
bopowmra 610 waamomu 00epmMaHHA POOOUWIX OPeaHi8 I KlbKOCMI MOYOK KOHMAKNY
3P HOB0O20 MAM epiany 3 NOOPIO HI0BANLHUMU BANLYIMU.

Knrouosi cnoea: 60pout o, no opi On enrst, HacmunKa, 8aibyi.
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