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OCOBJIMBOCTI ITPOLECY 3AITIOBHEHHA BOAOIO CTBOJIA
YCTAHOBKHU NOXEXOI'ACIHHS HEPIOJUYHO-IMITYJIbCHOI AIi

[IpoBeneHi AOCHIKCHHS, SKi JO3BOJWIA BHSBHUTA OCOOJIMBOCTI MPOIECY 3aIllOBHEHHS BOJIOIO
CTBOJIa YCTAHOBKU TOXEXOTAaCiHHS MepioANYHO-IMITyTIbCHOT 1ii. [Ipy npoMy OOTpyHTOBaHO Ta 3aIpo-
MIOHOBAaHO MAaTEeMaTHYHY MOJIENb ISl MOZICTIOBAHHS MPOLECIB HATHITAHHS BOAU y TpyOy 3 MOAAIBIINM
MOIPiIOHEHHSAM BOJIM yAapHOIO XBHUIEHO. [T MoIefOBaHHS MPOIECiB HarHITAHHS BOJW Ta TOAPiOHEH-
HSIM BOJIM Y CTBOJII ycTaHOBKH 3actocoBaHo VOF-mozxens (Momenb 00’eMy pifiiHH), 32 SKOK MPOHUK-
HEHHS OJTHOTO CEpEIOBHUINA Y iHIIE BIIICYTHE, Ta siKa 0a3yeThCS Ha METOAl BiACTEKYBAHHS ITOBEPXHI,
110 3aCTOCOBYETHCA J10 (hikcoBaHOI eitnepeBoi citiii. Ha migcraBi po3pobieHoi MaTeMaTHIHOT MOJIeNmi Y
nporpamuomy cepefoBuini ANSYS mpoBenieHi ymcenbHI AOCTiIPKEHHS MPOILECY 3allOBHEHHS BOJIOIO
CTBOJIa YCTAHOBKU MOXEKOTACIHHS MEePioAMYHO-IMITYILCHOT Aii. 32 pe3ynbTaTaMu YMCENLHOTO JOCHi-
JOKEHHS TIPOIIECY 3allOBHEHHS CTBOJIA YCTAHOBKH TMOXKEKOTACIHHS MEPiOJNIHO-IMITYIECHOI MTii BOJIOO
BUSIBJICHO TIOPIBHSIHO BHCOKY 1HEPIIiIO y Yaci MpoIeciB BIOPCKYBAaHHS BOJY IO BiJHOMICHHIO JI0 Ta30-
JETOHAI[IHHUX TPOIIECIB, IO BiJOYBAIOTHCS B YCTAHOBIII MTOXKEXKOTACIHHS MEPIOAMYHO-IMITYILCHOT il
3okpeMa, iHTepBai 9acy MiX IUKIAMU JEeTOHAIIi B YCTaHOBII, IO MpaIoe Ha 9actoTi 23 ['m, cxiranae
Omu3pko 43,5 Mc. SIKIo BiIKWHYTH UK MPOAYBKH, TO MAaEMO iHTepBal 4yacy y 21 Mc, 3a AKkuii HeoO-
XiJIHO BIPUCHYTH BOAY Y CTBOJ YCTAHOBKH ITOKEKOTACIHHS MEPiOANYHO-IMITYIbCHOT Aii. 3a pe3ynbra-
TaMHU HaBEJEHHX JOCIIHPKEHb Ma€EMO, IO TUTHKH 9ac PO3IMOBCIOKEHHS MIBKH BOAM 3 OJHIET 10 1HIIOT
CTOPOHU CTBOJIA YCTAHOBKH TTOXKEKOTACIHHS MEPioANIHO-IMITYyIbCHOI Aii ckimagae 8 mc. [IpoBeneni mo-
CJIIJPKEHHSI IaI0Th 3MOTY JOCIIIUTH BILUIMB MMapaMeTpiB POOOTH YCTaHOBKH TOXKEKOTaciHHS Ha popMy-
BaHHs JPiOHOPO3MUICHOTO BOASIHOTO CTPYMEHS, a OTPHMaHi pe3ylbTaTH 3HAYHO MiJBUIIATH PiBEHb
OTIepaTHBHOI TOTOBHOCTI OCOOOBOTO CKIIAJy MOXKEXKHO-PATYBATBHUX MiAPO3IUIIB i 9ac MPOBEACHHS
OTIEpATHBHHUX JIili 3 TACIHHS BHYTPIIIHIX ITOXKEX.

KirouoBi ciioBa: ycTaHOBKa MOKEKOTACiHHS, APIOHOPO3NUIIEH] BOJISIHI CTPYMEHI, MaTeMaTHIHA
MOJIENb, YUCEIbHI JOCTIKEHHS

1. Beryn

Ha croronHimHiil AeHb HaWOLIBII MEPCHEKTUBHUM Ta €(PEKTUBHUM HAINPSMKOM
1I0JI0 BUKOPUCTAHHS BOIU JJIS LI TIOXKEKOTACIHHS € 3aCTOCYBaHHS TEXHIYHUX 3aC001B
TOYKEKOTACIHHSA JPIOHOPO3MUIICHUMH BOJSIHUIMU CTPYMEHSIMU, IO MArOTh PSJ Tepe-
Bar [1]. Tlpu 1boMy i JOCATHEHHS LMX IepeBar HEOOXITHO CTBOPUTH BIAMOBIIHI
yMOBH. JlocAraroThCsl 1aHl yMOBHU 3a0€3MEUYEHHSIM JOCTaTHHOI JUCTIEPCHOCTI BOTHETac-
HOT PEYOBHMHHU Ta PIBHOMIPHOTO PO3MOJIITY Kpareidb BOJIU y 30HI ropiHHs. Taki 3acoou
MOKEKOTACIHHA 3a0€3MeYyI0Th 3pOCTaHHS €(PEKTUBHOCTI BUKOPUCTAHHS BOJIH, 3 Bi/IO-
BiTHMM 3MEHIICHHSM BUTpaTH Boau [2]. Ile mocsraeThcst 3a paxyHOK TOTO, IO i Yac
3aCTOCYBaHHS JPIOHOPO3MUICHUX BOASHUX CTPYMEHIB IMOBEPXHS OXOJOJKEHHS 3011b-
IIYeThCS, B 3aIEKHOCTI BiJl MCIEPCHOCTI, 32 MHTOMHM BimHomerHsM 3 0,18 /M
710 0,017 /M. 1lim 3a6e3MmeuyeThes IPUCKOPEHE 3HIKEHHS TEMITEPaTypH B 3aKPUTHX
npumitneHsx Big kputuuHoi 1000 °C no 40 °C [3]. ToMy pO3BUTOK TEXHIKH TacCiHHSI
MOXKEeX APIOHOPO3NMUICHUMU BOJASHUMH CTPYMEHSIMH HamlpaBiIeHO HA YIOCKOHAJICHHS
TEXHIYHUX 3aC001B MOKEKOTACIHHSA 32 PaXyHOK PO3MIpy Kpareib BOAU (IUCIIEPCHOCTI)
Ta IHTEHCUBHOCTI TIOJJaBaHHs BOTHETACHOI PEYOBHHH.
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B sxocTi TexHIYHOro 3aco0y MOXKEKOTAaciHHA IpiOHOPO3NMICHUMH BOISHUMHU
CTPYMEHSIMH € YCTaHOBKA IOXKEKOTaCiHHS NepioAMYHO-IMITYIIbCHOI il (aTi — ycTaHOBKa
MOKEKOTACIHHA), MPUHIUI PoOOTH sIKOT HaBeneHa B pobotax [4, 5]. Ilpu upomy s
JOCITIJPKEHHS MPOIeciB GOpMYBaHHS APIOHOPO3MUICHUX BOASHUX CTPYMEHIB, IO Bij-
OyBarOTbCSI B YCTAHOBII MOXKEXKOTACIHHS JIOUIIBHO 3aCTOCYBAaTH MaTeMaTU4YHE Mojie-
moBaHHs. [Ipu IbOMy BUKOpHCTAaHHS MAaTEMAaTHYHOTO amapary i Cy4acHOi 00YuCIIIOBa-
JBHOI TEXHIKH JIO3BOJIAE CKOPOTUTH MaTepiajbHI 3aTpaTH Ha JOCTIDKEHHS Pi3HUX
CKJIaTHUX TPOIECIB. PO3TIsIHEMO MOXIIMBICTH 3aCTOCYBAaHHS MAaTEMAaTUYHOT'O MOJAEIIO-
BaHHS U YUCEILHOTO JOCIHIDKEHHS MPOLECY 3alOBHEHHS BOJOIO CTBOJIA YCTAHOBKU
MOKEKOTaCIHHS.

AKTyanbHICTh pOOOTH BHUKJIMKaHA, HAcaMmIiepe, MoTpeOoi0 MOAaNbIIOr0 PO3BUT-
KY TEXHIYHUX 3aCO0IB MMOXKEKOTACIHHS APIOHOPO3MUIEHUMH BOJSHUMHU CTPYMEHSIMHU.

2. AHaJIi3 JiTepaTypHHUX JaHUX i MOCTAHOBKA MPO0JaeMHU

[ToapiOHeHHST BOAM YIApHOIO XBWJICIO BITHOCUTHCS /10 MEPCIEKTUBHUX CIIOCOOIB.
Tak, B poGoTi [6] mpoBeaeHI eKCepUMEHTaNbHI JOCTIHKECHHS 3 BUBYCHHS B3a€MOJIIT
MK TOPH30HTAIBHUAM IIAPOM BOAHM Ta TUIOCKOIO YAAapHOI0 XBHJIEIO, IO MPOXOIUTH
B3/IOBXK ii MOBEpXHI. 3a pe3yJbTaTaMH AOCIII)KEHb BCTAHOBJIEHO, 110 NIPU YAApHIA XBU-
ai 3 yrciioM Maxa 1,11 Ha BimoOpakeHHI MOBITPSI-BOJA CHOCTEPIralOThCS «OPHU3KH» 3
JeSIKUMUA MaKpOCKOIIIYHUMHU KparneiabKkaMyd BOJHW, TIPHU yIapHOi XBHII 3 4ucioM Ma-
xa 1,43 BinOyBaeTbcsl (OpMYBaHHS BOJSHOTO TyMaHy 3 MIKPOCKOMIYHUX Kpamenb. Lle
CBITYUTH PO JOLUIBHICTh 3pOCTaHHS IHTEHCUBHOCTI yJIapHOI XBUJ1 1J1s1 €(pEKTUBHOIO
OTPUMAaHHS BOJSIHOTO TyMaHy.

B po6ori [7] npencraBieHl pe3yinbTaTH €KCIIEPUMEHTANbHUX JOCTIKEHD 1100
No/IpIOHEHHS BOAM 3a PAXYHOK BUOYXY 3apsy, 110 3HAXOAUTHCS Y EMHOCTAX 3 BOJAOIO.
3anponoHoBaHui croci® po3nuiieHHsT BOAU € e(DeKTUBHUM, ajie MOTpedye 3aCTOCYyBaH-
Hsl BUOYXOBUX PEUYOBHH, 110 € HEOE3MEUHUM IPU 3aCTOCYBAHHI.

B po6orti [8] npencraBieni TexHIYHI 3aCO0M OTPUMaHHS BOJSIHOTO TyYMaHy 3a pa-
XYHOK YJIBTPa3BYKOBOi TexHoJorii. [Ipy oMy crocobi po3nuiaeHHs: OTPUMYETbCs Apio-
HOPO3MMJICHA BOJA 3 IUCIIEPCHICTIO B Mekax 5—2(0 MKM 3a HU3bKOI MPOAYKTUBHOCTI, 110
€ He e(DeKTUBHUM /IS 3a/1a4 MOKEKOraCiHHS.

B po6oti [9] mpoBeneHi eKCIepUMEHTANIbHI Ta YMCENbHI JTOCTIIKEHHS yIapHO-
XBWJIBOBOI JIii HA MIJIIHAPUYHY IBKY BOJH, 110 IPOBOAMINCS B CTBOJI 4X150 MM, 06-
najHaHii TonorpadiuHoro iHTepdepomeTpiero. 3a pe3yiabTaTaMH MPOBEIEHUX JOCHi-
JDKEHb BCTAHOBJICHO, 10 HAa PO3MIIIHYTHIA Yac MOJICIIOBAHHSA il yAapHOi XBHJIi Ha BO-
JSTHUUM CTOBII BiH He jAedopmyBaBcs BiJ mo4aTkoBoi popmu. BiaOUTTs 1 NpoXomKeHHs
yIapHOT XBUJII B MOBITPI CXOXKI1 Ha Ti, [0 BUHUKAIOTh TIPHU BIIOUTTI yAapHOT XBUIIl BiJ
TBEpAOro IMIHIApoM. ToMy MOKHa 3pOOMTH BUCHOBOK, 1110 Ha L1l paHHINA cTanii B3ae-
MOJI1 yapHOi XBWJIl 3 TOBIIEI BOJAM IOJI€ TMOTOKY HAarajaye moje BiIOWUTTA yAapHOL
XBWJII BiJl TBEPJOTO MUITIHAPY. SIK TUTBKH CTOBH BOAM MOYHE AeGopMyBaTHCS, I1i MOJi-
OHOCTI MpUMUHSIOTECSA. [Ipu bOMY CIiJl 3a3HAYWTH, IO JOCHIKEHHS MPOBOUIHCS
MpU 3aCTOCYBaHHI MajorabapuTHOro oOiajaHaHHA. ToMy OTpMMaHHI pe3yJbTaTh MO-
KYyTb OyTH 3aCTOCOBaHI /JIsl BU3HAUCHHS JIUILIE IPUHIUITY MOAPIOHEHHS KpaIuli BOIH.

B po6Gorti [10] mpoBeaeHi uncenbHi TOCTIHKEHHS MO0 B3a€EMOJIiT MiX JI€TOHA-
IIHHOI0 XBWJICIO, IO TOIIMPIOETHCSA, 1 KPYrOBOIO BOJSHOIO XMapol B BOJHEBO-
MOBITPSIHIN cyMimi. 3a pe3yJibTaTaMu JOCIi)KEeHb BCTAHOBJICHO, 10 KPUTUYHUHN PO3-
Mip XMapH JAJs TaciHHA JETOHALii 3MEHIIYEThCS, KOJIM KOHLIEHTpALlis Kparenb 30171b-
mryetbes. OKpiM bOTO BCTAHOBJICHO, 110 BUIA KOHIIEHTPALliS Kpareiab MPU3BOIAUTH J10
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MIMPIIOTO Jlana3oHy AWUCIEpCii Kpamenb uepe3 Ounblii 3aBUXpeHHsS. AJe ciif 3a3Ha-
YUTH, 110 PE3YIbTATH JOCIIKEHHS OTPUMAHHI TUTBKU PO3PaX YHKOBUM IUISTXOM Ta HE
HiATBEPIKEH1 €KCTIEPUMEHTAIIBHO.

Pe3ynbrati HaBeACHUX OCHTIKEHh HE JTO3BOJISIOTH OLIHUTH €EKTHUBHICTD (hop-
MYyBaHHS JAPIOHOIMCIIEPCHOIO BOASHOTO CTPYMEHS, 110 HAAXOAUTH 31 CTBOJIA YCTaHOB-
KM TOXEKOraciHHS NeploJMYHO-IMITYJIbCHOI 11i. B poborax [4, 5] aBTopaMu npoBezaeHi
JOCITIDKEHHS, MO0 €(PEKTUBHOCTI 3aCTOCYBAaHHsI Ta30/ICTOHALIMHUX TEXHOJOTIH I
yac (hopMyBaHHS Ta MoAaul ApIOHOPO3NMUIEHUX BOJASHHUX CTPYMEHIB JUISl TACIHHS I10-
xex. ToMy, TpOBEIEHHS JOCHTIIKEHb, IIOAO TPOIECy 3allOBHEHHS BOJOI CTBOJA
YCTAaHOBKH TTOYKEKOTACIHHS TMEPiOAMYHO-IMITYJIBCHOI Aii € BU3HAYAJBHUM TIPH OIlIHII
JTUCTIepCHOCT1 (hopMyBaHHS APIOHOAUCIIEPCHUX BOASHUX CTPYMEHIB Ta 1HTEHCHBHOCTI
iX TIOJTaBaHHS JUIsI TACIHHS TTOXKEK.

3. Mera i 3aBI1aHHA JOCTiIKEeHHSA

Metoro naHoi poOOTH € BUSBUTH OCOOJMBOCTI MPOIECY 3allOBHEHHS BOIOIO
CTBOJIa YCTAHOBKH MOXKEKOTaCiHHS NePI0ANYHO-IMITYJIbCHOT Aii.

JJis TOCSITHEHHS MTOCTABJICHOT METH BUPIIIYBAJIUCS HACTYITHI 3aB/JIaHHS:

— pO3pOoOUTH MaTeMaTUYHy MOJIe]b TMIPOIECY 3allOBHEHHS BOJOK CTBOJIA
YCTaHOBKH TOKEKOTaCiHHS;

— IPOBECTH YUCENIbHI JTOCHI/DKEHHS TPOIECY 3allOBHEHHS BOJOK CTBOJIA
YCTaHOBKH MOXKEKOTaCiHHSI.

4. MaTtepiaau Ta MeTOIH AOCTiIKeHHSI

OO0’ €KTOM JIOCTIIKEHHS € TIPOLIEC 3aTIOBHEHHS BOJIOIO CTBOJIA YCTAHOBKH TOXKEXKOTa-
CIHHS TepioauyHO-iMITyNIbcHOT Ail. [IpeaMeToM mocCaimKeHHS — OCOOIMBOCTI MPOIIECY
3allOBHEHHS BOJIOIO CTBOJIA YCTAHOBKHU MOXKEKOTACIHHS MEP10ANYHO-IMITYIbCHOT 1T TSt
(dhopmyBaHHS Ta Mojavi IPiOHOPO3MIICHOTO BOASIHOTO CTPYMEHS IiJ] Yac TaclHHS BHYT-
PIIIHIX TTOXKEK.

OCHOBHOI0 TIMOTE3010 € ONTHUMI3aIlisl POOOTH YCTAHOBKH TMOXKEKOTACIHHS MEp1o-
JUYHO-IMIYJbCHOI All npu (OpMyBaHHI IpiOHOPO3MHIIEHOTO BOASHOTO CTPYMEHS 3a
paxyHOK MPOBEJCHHS MAaTEMAaTHYHOTO MOJICTIOBAHHSI.

B skocti maTtematnuHoi Mozem 3amponoHoBaHo VOF-monens (Mogens 00’eMmy
PIAMHM), 32 SIKOIO0 IPOHUKHEHHS OJHOI'0 CepEeOBMINA Y 1HIIIE BIJCYTHE, Ta sika 0a3yeThb-
Csl HAa METOJ1 BIJCTEKYBaHHS MOBEPXHI, 10 3aCTOCOBYETHCA A0 (hikCOoBaHOI ensiepeBoi
citkn. OOUHCIEHHST MaTEMAaTUYHOT MOJEI 3Q1MCHIOBAJIOCA THCKO-0a3MCHUM METOIOM
3a JIOMOMOT OO MporpamMHoro 3abe3neueHHss ANSYS.

5. Po3po0ka MareMaTH4YHOI MOJeji 3alIOBHEHHSI BOJOI0 CTBOJIa YCTAHOBKH
MOKEeKOTACIHHSA

JlocmipkeHHS poiiecy popMyBaHHS APIOHOAMCIIEPCHOTO BOJSTHOTO CTPYMEHS 3TiiiC-
HIOBAJIOCh 32 YMOB, MOJIOHUX /10 yMOB MOAPIOHEHHS! BOTHETACHOI PEYOBMHU B YCTAHOBIII
TIOXKEKOTACIHHA ~ MEPIOIMYHO-IMITYSIbCHOT  Aii.  BigmoBimHo, mpouec  GopmyBaHHS
Jp1OHOPO3MUIIEHUX BOJSIHUX CTPYMEHIB BiI0yBaBcs y cTBOI aiameTpoM 20 MM (puc. 1).

3a mepiIoro MiB3agavueio (3aloBHEHHs CTBOJIA BOJIOIO), B CTBOJI Yepe3 OTBIp JiaMeT-
poM 2 MM mojaBayiack Boja Ha mpoTs3i 60 Mc. L TpuBanicTh mojaBaHHs BOAM BIATIOBIAAE
PI3HMILIL Y Yaci MK JETOHAUIHHUMHU IMITyJIbCAMH YCTaHOBKH, 1110 po3pobieHa. [logaBanus
BOIM BiZiOyBanoch Ha Bifctani 100 MM Bij 3aKpUTOTO TOPIIS CTBOJMA (00IACTi TeHepyBaHHS
ynapsoi xBwii) Ta 300 MM BiA BIAKPUTOTO TOpIS CTBOJIA. BinmkpuTHii TOpeup cTBONA
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po3minnyBaBcst y kamepi miamerpom 150 mm ta moBxkuHOBO 250 MM. CTBOJI BXOAWB Y
kKamepy Ha rmmbuHy 60 mwm Ilicis gacTKOBOro 3aOBHEHHS CTBOJIA BOJOIO BiAOYBaIOCH
TeHepYBaHHS YAapHOI XBHJII IeTOHAIlIi B CTBOJI. JIJIT CTBOpEHHS y1apHOi XBUJII B 00JIa-
cTi MojentoBanHs | 3a7aBanachk HasgBHICTh CTUCHEHOTO Ta3y. [loyaTkoBHii THCK razy y
obnacti I nopiBuioBaB 1,9 Mlla, a iioro temnepatypa nopisHioBana 300 K. /Josxuna
1i€i oosacti nopiBHioBana 600 MM.

1 Pl, T]_ 2 PZ! T2

I I

Puc. 1. Cxema nocranoBkM 3ajadi gociaimxenns: 1 — creoa d=20 mm; 2 — oTBip a1s mogayi
BoaM d=2 mm; I — oGsacTh rasy Bucokoro Tucky; Il — o0s1acTb rasy HU3bKOro TUCKY

ITix yac 3amOBHEHHS CTBOJIA BOJIOIO TPHIMAIOCh, 11O 30BHIITHI 30ypeHHS MOBITPS
y CTBOJII BiJICYTHI (IIBUAKICTH Ta30BOTO MOTOKY Ha BXOi Ta BUXO/II 3 CTBOJIA JIOPIBHIOE
Hymo). [IpuiimManocs, 1m0 CTBOJI PO3TAIIOBYBAaBCS MapajieibHO 36MHOI MOBEPXHI, TOOTO
CuJa TsDKIHHS CIIPSMOBaHA MEPICHIUKYISIPHO 10 oci cTBoia. [lomaBanHs Boau BiaOy-
Ba€THCS 3 OTBOPY, PO3TAIIIOBAHOTO 3BEPXY CTBOJIA.

[Iporpamue cepenoBuiie ANSYS 103BoJIsI€ MPOBECTH PO3PAXYHOK Teuii y ABOGa-
3HHX CEPEIOBHUINAX 3a PO3TITHYTHX YMOB. JIJIS MOCIIDKEHHS MPOIECY 3aCTOCOBAHO
VOF-monens (Moaenb 00’eMy piIMHH), 32 SIKOIO MPOHUKHEHHS OJHOTO CEPEIOBUINA Y
inmre BigcytHe. 3riguo [11], y VOF Mozeni enunuii HaGip piBHSAHB IMIIYJIbCY BUKOPHC-
TOBYETHCS JUISl PiIUH, a 00’€MHA 4YacTKa KOXHOI PIIWHU B KOXKHIM OOYHCITIOBAJIbHIN
KOMIpIIl BIICTeKYEThCA O Bciil oOmacti. O6macth 3actocyBanHs moneni VOF Bkitio-
gae, B TOMY YHCJIIi, 3aIIOBHCHHS PIUHOIO Ta30BOTO CEPEIOBHUIIA Ta IPOTHO3YBAHHS PO-
3Majly CTPYMEHSI PiTUHU Y TA30BOMY CEPEIOBHIIT.

PiBHSIHHST HEPO3PUBHOCTI U1 00’ €eMHOI (ppakiiii KoxkHOi (pa3u (raz/piguHa) HaOyBae
Bursay [11]:

1 g(aqpq)"'v'(aqpqvq)zsaq +Z(mpq _mqp) : (1)
pq ot p=1

ne Mg, — nepexada mMacu Bix ¢asu q no ¢pasu p; My, — nepenada Macu Bix pasu p 1o
(asu (; 0q — 06’emHa dpakuis -i Gpasu; pq — rycruna g-i gpasu; t — yac; S% — JUKEpeIlb-
HUH wied Macy; V, — WBHAKICTb g-1 dasu.

O06’emHa yacTka TIEPBUHHOI (a3u OOYUCITIOBANIACh HA OCHOBI HACTYMMHOTO 0OMe-
weHHs [11]:

Zn:ocq =1. 2
g=1

O06’emna yacTka a3y BU3HAYaAIACh 32 HESIBHOIO CXEMOIO MCKPETH3allii Jacy 3a
piBHsHHSM [11]:

72 © A. N. Ay6iHiH, K. B. KOpUTYeHKO, €. M. KpuBOpy4yko, C. 0. ParimoB Ta iH.



ISSN 2524-0226. Npobnemu Haa3BuMYanHUX cuTyauin. 2023. N 2(38)

n+l.n+1
Oq Pqg —

At

%aPay, | > (priuptari)< s, + Zn:(mpq —rhg )|V, 3)
f p=1

ae N — iHAeKce A MOMepeHbOro KPOKy 3a yacom; N + 1 — iHjeKkc A HacTyImHOTO Kpo-
Ky 33 4acOM; O, ¢ — OBEPXHEBA BeMInHa 00’ eMHOT (pakiii -1 dpasu; V — 00’em po3-

paxyHKoBOi koMipkH; Us — 06’ €MHHMIA MMOTIK Yepe3 MOBEPXHIO 32 HOPMAJLTIO IIBUIKOCTI.
OcepenHeHa TyCTUHA PIWHUA BH3HA4Yaaach 3a piBHIHHAM [11]:

p= Zaqp q- (4)
PiBHsIHHS K1TBKOCTI pyXy Mae Burisag [11]:

%(pv)+ V- (pW)=-Vp+V [u(vv+ VT ||+ pg + F, (5)

Jie p —THUCK; |\ — MOJISIpHAa Maca; g — MPUCKOPEHHsI BUTLHOTO MaAiHHA; F — mKepenbHuit
YICH IMITYJIBCY.
PiBusinns eneprii mae surisan [11]:

%(p5)+ V- (V(pE+p))=V- (ke VT)+S,, (6)

ne E — ocepenHene 3HaueHHs eHeprii; T — ocepeHeHa Temnepatypa; Sy — JKepeIbHHMA
qIeH eHeprii; Kesf — KoedimieHT e()eKTUBHOIO TETLIONPOBIIHOCTI.

6. Pe3yabTaTn 4nceJbHUX J0CJII:KeHb NMPOIleCy 3aMOBHEHHSI BOAOI0 CTBOJIA
YCTAHOBKH IMOKEKOTACiHHA

BinoOpaxeHHs1 Tpoliecy 3arnoBHEHHS CTBOJIAa BOJAOK BIJICTEKUMO 3a 3MIHOIO
00’€MHOT YaCTKH BOAM y ABO(a3Hiil ra3opiAuHHIN cyMili. Pe3ynbrat po3paxyHKy BiO-
OpaxxeHo Ha puc. 2.4 — puc. 2.9. Konboposa mikana 06’emuoi yactku Bou Big 0 (0 %) mo 1
(100%) BimoOparkeHa 3 J1iBOT CTOpOHM PUCYHKIB. Ha puc. 2 cnocTtepiraemo moyatok BIOp-
CKYBaHHSI BOJIM JI0 CTBOJIA YCTAHOBKH.

contour-1
Volume fraction (wate

1.00e+00
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Ha puc. 3 cmocrepiraeMo AOCATHEHHSI I[IBKM BOJHM IPOTHJICKHOI CTOPOHH CTBOJIA.
[Ipu oMy, PO3MUIICHHS BOJM MTPAKTUYHO HE BinOyBaeThes. Buxomsun 3 po3paxyHKOBOTO
IHTEpBaJly MDK IOYATKOM BIOPCKYBaHHS BOJIU Ta JOCSTHEHHSM MPOTHIIEKHOTO TOPIIS
CTBOJIa, 110 JAOPIBHIOE 8 MC, Ta BIJICTaHHIO, 1110 JIOPIBHIOE TiamMeTpy cTBoja y 20 MM, MaeEMO
HIBUIKICTh PO3MOBCIOPKEHHS I[IBKH BOJIH, 1110 JOPIBHIOE 2,5 M/C. 3a pe3yIbTaTaMu eKcIie-
PUMEHTAIBHUX JOCTIKEHb poOoTH [12] oTprMaHo, 110 MIBUIKICTH IIBKU BOJM y COILIA
nocsirae 6;m3pko 10 M/C 3a BUCOKOTO THICKY HarHitaHHs. ToOTo, OTpMMaHi pe3yibTaTh
CHIBMAJAIOTh 32 MOPSIKOM BEIWYHHH, 1O MIATBEP/HKYE iX JOCTOBIPHICTb.

contour-1
Volume fraction (wate

1.00e+00

(8h—x

Puc. 3. Po3noain 06’eMHOI 4acTKH BOAM Yy PO3PaxyHKOBiii o0acTi Ha yac 9 mc

Ha puc. 4 crioctepiraemo, 110 Mmicisi JOCITHEHHsI CTIHKUA CTBOJIA Y MOJAJIBIIIOMY Bi-
N0YBa€ThCS PO3TIKAHHS BOJM B3/IOBXK HIDKHBOI CTIHKUA CTBOJIA MiJT AI€F0 CHIIA TSKIHHS.

contour-1
Volume fraction (wate

1.00e+00

(BH—x

Puc. 4. Po3noaiyt 06’eMHOT YaCcTKH BOAM Y PO3PaxXyHKOBIi o0s1acTi Ha yac 15 mc

Ha puc. 5 cnocrepiraemo mpUnuHEHHS BIIOPCKYBaHHS BOJU y CTBOJI YCTaHOBKH,
110 B1AOOPa’Ka€ThCS HYJIHOBOIO 00’ €MHOIO KOHLEHTPALIIE€I0 BOAU B CTBOJII BIIOPCKYBaH-
Hs. Takox crocTepiraemo, 0 BoAa PO3TIKIACs 0 HUXKHIN CTIHII cTBoJa 1.

contour-1
Volume fraction (wate

1.00e+00
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contour-1
Volume fraction (wate

9.74e-01

Bx

Puc. 6. Po3noain 00’eMHOI YacTKH BOAYM y PO3PaxXyHKOBii 00/1acTi Ha yac 77 mc

Ha puc. 7 cniocrepiraemo, 110 Ha npoTa3i noHaj 60 Mc micis po3naay iBKH BOAU
BOJla repedyBae Ha HUKHIM CTIHII CTBOJIA MPAKTUYHO Y HE3MIHHOMY CTaHI.

contour-1
Volume fraction (wate

9.32e-01

(85—

Puc. 7. Po3noain 06’eMHOI 4acTKU BOAU y PO3paxyHKOBiii 00/1acTi Ha yac 140 mc

Sk mokazaiaM pe3yJbTaTH EKCIePUMEHTATbHHUX JOCIIIKEHb IHIIMX JOCIiTHU-
KiB [6—10], mig yac po3MOBCIOKEHHS YAapHOi XBHJII B3JIOBXK MOBEPXHI BOIM BiOyBa-
€THCSI «3aXBaT» BOJU 3 MOJAIBIIMM il MOAPiOHEHHSAM. 3a pe3ysbTaTaMu JOCTiIKCHb
MaeMO PO3TIKaHHS BOJHW B3JI0BXK HIKHBOI CTIHKH cTBOJA. Lle mae mijmcraBu BBaXkaTw,
0 TIPOIIEC PO3TIKAHHS BOAM HE MPHU3BE/IE 10 MOTIPIICHHS SKOCTI PO3MUJICHHS BOJIH.

7. O0roBopeHHs1 pe3yJbTATIB [0CJHiKEeHHSI TPOLeECY 3all0BHEHHS BOJ0I0
CTB0JI2 YCTAHOBKH MOKEKOTACiHHA

[IpoBeneHi MOCHIKEHHS, IO JTO3BOJIWIM BUSIBUTH OCOOJIMBOCTI MPOIIECY 3aroOB-
HEHHSl BOJIOIO CTBOJIA YCTAHOBKHM IMOXEXKOTaciHHS MepioAuMYHO-iMIyNbecHOT aii. [Ipu
[IOMY 3aIllpOTIOHOBAaHO MaTeMaTu4Hy mojenb VOF-monens (Monens 00’eMy piauHK)
JUTSE MOJICITFOBaHHS TPOIECiB HATHITAHHS BOJIM y CTBOJI YCTAHOBKH 3 MOJAIBIINM IO/
PIOHEHHSIM BOJIM yJApHOIO XBUJIEIO, a TAKOX 31MCHEHO il 0OYMCIIEHHS 3a JT0MOMOI00
nporpamuoro cepenoBuiiia ANSYS. Otpumani pe3ynbTaTH YHUCEIBHOTO OOYHUCIICHHS
(puc. 2—7) Ha pi3HMIi Yac, AAlOTh MJCTABU BBAXKATH, IO MPOIIEC PO3TIKAHHS BOJM HE TIPH-
3Be/Ie JI0 MOTIPIIEHHS SKOCTI PO3MMJICHHS BOAM Ta Ha Mojasibine (GopMyBaHHS ApiOHOPO3-
MIJICHOTO BOJSTHOTO CTpyMeHsl. OTprMaHi pe3ysibTaTé JEeMOHCTPYIOTh MOPIBHSIHO BUCOKY
1HepIlif0 y Yaci MpoIeciB BOPUCKYBAaHHS BOJM TIO BiIHOIICHHIO JIO T'a307CTOHAIIIHHIX
MPOILIECiB, IO BiAOYBAIOTHCS B YCTAHOBIN IMOKEKOTACIHHS TEPIOJUYHO-IMITYIBCHOL [Iii.
3okpeMa, IHTEepBaJI Yyacy MIXK IIMKIaMH JIETOHAIlll B YCTAHOBII TMOXEXKOTACIHHSA, 10 Tpa-
mroe Ha vactoti 23 I'n, ckimagae 6im3bko 43,5 Mc. SIKIO BIAKWHYTU LUKI TPOIYBKH, TO
MaeMo iHTepBai yacy y 21 mc, 3a sikuil He0OX1IHO BIPHCHYTH BOY Y CTBOIL.
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3a pe3ynbTaTaMu HaBEJIEHUX JOCIIKEHb MAEMO, 110 TUTBKH Yac PO3IIOBCIOKEHHS
IIBKHU BOJM 3 OJTHIET 10 1HILIOT CTOPOHM CTBOJA ckiagae 8§ Mc. Jlo Lboro ciij 104aTu TeX-
HIYHI OOMEXEHHS Y MIBUIKOIl €JIeKTPOMAarHiTHUX KiamnaHiB. Hanmpukman, mBUIKOAI0-
ynii kaanad Gipmu Festo tunmy VZWD, mae gac Biakputtsa y 20 Mc Ta 4ac 3aKpHTTS, 110
nopiBHioe 18 mc. ToOTo, 1HEPLINAHICTD y Yacl OO KJIallaHy HE BIANOBIIAE moTpedam y
3a0e3MeveHH] IMITYJIbCHOTO BIIOPCKYBAHHSI BOJIM Y CTBOJI YCTAaHOBKHU. TakuM YMHOM, B
YCTaHOBKH TMOXEKOTACIHHS TIEP10JUIHO-IMITYJIBCHOI /i HE € TOIUIPHUM 3aCTOCOBYBATH
IMIIyJIbCHE BIPUCKYBAaHHS BOJM Yy CTBOJI Ha BIAMIHY BiJl ICHYIOUMX TEXHIYHHX 3aCO01B
noxexoraciuag «IFEX». Texuiuni 3acodu moxexoracigas «IFEX» He BiamosimaroTh
BHMOraM CY4aCHOCTI 1100 MPOJYKTUBHOCTI MMOAAYl, U0 BU3BAHO, HACAMIIEPE], HU3KOIO
nepioaugHicTio moctpiry. OcobnusicTio TexHomorii «IFEX» € Te, mo nogaya Boraerac-
HOI PEUYOBHHU BIJOYBA€THCA HE MOCTIMHUM MOTOKOM, a BUCOKOIIBUAKICHUMHU IMITYJIbC-
HUMH NIOCTPUJIAMH 31 CTBOJIA, SIKI IPUBOJSATHCS B /110 CTHCHEHUM MOBITPSAM. 3aCTOCYBaH-
HS Ta30/ICTOHAIIIHHOI TEXHOJIOTIi OTpPUMaHHS APIOHOPO3MUICHUX BOISHUX CTPYMEHIB
MOPIBHSHO 3 IMIYJIBCHOIO TEXHOJOTIEI J03BOJISIE €(DEKTUBHIIIE 31HCHIOBATH MOAPIO-
HEHHS PITUHU, a TaKOX J03BOJISIE 30UIBIIYBATH 1HTEHCHUBHICTh TMOJIaBaHHSI BOTHETaCHOT
PEYOBHMHH [Tl TACIHHS MOXKEXK B 3aJICKHOCTI B1JI KJIaCy Ta PO3BUTKY.

[IpoBeneHi AOCTIIKEHHS Ta OTPUMAaH1 pe3ylIbTaTH YUCEIbHUX JOCIIHKEeHb, 100
OOTIpYHTYBaHHS Ta y3araJbHEHHS MapaMeTpiB poOOTH yCTaHOBKH MOXKEKOTaCIHHS Tepi-
OJIMYHO-IMITYJICHOI i1, 111010 BIUIMBY Ha (DOPMYBAaHHS PIOHOPO3MUIEHOTO BOASHOTO
CTpyMEHSI, HacamIiepel, € OJHUM 3 IMOYaTKOBUX €TaIliB IMOCIIIOBOTO JOCITIIKEHHS Ja-
HO1 3anexHoCTI. [IOBHICTIO OLIIHUTH JAaHY 3aJIEKHICTh MOXKJIMBO TUIBKH IPU MPOBEJICH-
HI TOJAJIBIINX JOCTIIHKEHb B HAIPSAMKY MOAPIOHEHHS I[IBKM BOJH Y CTBOJII YCTAaHOBKH
MOXKEXKOTACIHHS T AI€I0 YAapHOI XBHIII Ta MpoIecy (GopMyBaHHs Ta Mojavi ApiOHOPO3-
MTWJICHUX BOJSHHUX CTPYMEHIB B CEPEIUHY IPUMIIICHb.

B nopanbsimioMy € IOIIIBHUM MPOBEICHHS €KCIIEPUMEHTAIBHUX JTOCIHIIKEHB, 110-
10 (opmyBaHHs Ta nogadi ApiOHOPO3MUIEHOTO BOASHOIO CTPYMEHS B CEpeUHYy IMpH-
MIIIEHb i TacCiHHSA MOJCIBHOTO OCEpPEIKY IMOXKEeXi. AJie il Yac MPaKTUYHOTO BIPO-
Ba/DKEHHS Pe3yJbTaTIB JOCIIHKEHHS MOXYTh BUHUKHYTH TPYAHOUIl y 3B’SI3KYy 13 HE
yHi(IKOBaHOIO HOPMATHUBHO-TIPABOBOIO 0a3010 B YKpaiHi B cepi MOKEKOTaCIHHS TOH-
KOPO3MHJICHOI BOJOK0. AJie 11l mpobieMu MOXKYTh OyTH BUPIIICHI HMUISIXOM 3aCTOCY-
BaHHS BUMOT Ta MOJIOKEHb CTaHAapTIB €Bporneiicbkoro coro3y Ta CIIA.

8. BucHoBkn

1. O6rpyHToBaHO BHOIp MaTeMaTHUYHOI MOJENI Yy MPOTPAMHOMY CEpPEIOBUIII
ANSYS nns MoaentoBaHHSI MPOIECIB HATHITAHHS BOJW Y CTBOJ YCTAHOBKH 3 MOJANTb-
IIUM TOJIPIOHEHHAM BOJIM yJIapHOIO XBUICH0. J[Ji1 MOEIIOBaHHS MPOIIECIB HATHITAHHS
BOJAM Ta MOJAPIOHEHHSM BOAM Y CTBOJI 3actocoBaHo VOF-monens (Moxens 06’emy pi-
JIMHU), 32 KO0 MPOHUKHEHHS OJTHOTO CEPE/IOBUINA y 1HIIE BIJCYTHE, Ta sika 0a3yeThCs
Ha METO/I1 BiJICTEXKEHHS TTOBEPXHI, III0 3aCTOCOBYETHCS 110 (PiKCOBAHOT eiyiepeBoi CiTKH.

2. [IpoBeneHo uncenbHE JOCIHIKEHHSI TEXHOJIOTIT TaciHHS TOXKEX1 IpiOHOPO3MH-
JICHUMHU BOJSHHUMH CTPYMCHSIMH IIIJITXOM JOCIIDKCHHS TPOICCY HarHiTaHHS BOJH B
CTBOJI. 3a pe3ylbTaTaMH YHCEILHOTO JOCIIDKEHHS MPOIeCy 3alOBHEHHS CTBOJA BO-
JI010 BUSIBJICHO, 110 MOPIBHSIHO BUCOKY 1HEPIIIIO Y Yaci MPOIECiB BIIOPCKYBaHHS BOJIU MO
BITHOUICHHIO [0 Ta30JeTOHAIIMHUX MPOIECiB, HI0 BiAOYBAIOTHCS y KOMIPECiHHO-
JIETOHAIlIHINA rapmaTi. 30KpeMa, IHTepBaJl Yacy Mk IIUKJIaMH JETOHAIlll B YCTaHOBII,
H_IO npaitroe Ha yacToTi 23 ', ckimagae 6:im3bko 43,5 Mc. SIKIo BiIKUHYTH ITUKI TPOTYB-
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K{, TO MAaEMO iHTepBaI 4acy y 21 Mc, 3a skuii HeoOXiTHO BIPUCHYTH BOIY 1O CTBOJIA
YCTAaHOBKH TOYKEXKOTACIHHA. 3a pe3yibTaTaMH HaBEICHUX JOCTIIKEHb Ma€MO, 1110 TUTBKU
Yyac pO3MOBCIOKEHHS I[IBKU BOJIM 3 OJIHIET JIO 1HILIOT CTOPOHU CTBOJIA CKIIAJA€e 8 MC.
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FEATURES OF THE PROCESS OF WATER FILLING THE BARREL OF A
PERIODIC-PULSE FIRE EXTINGUISHING INSTALLATION

In the work, research was carried out, which made it possible to reveal the peculiarities of the
process of filling the barrel of the periodic-impulse fire extinguishing installation with water. At the
same time, a mathematical model for simulating the processes of water injection into a pipe with
subsequent crushing of water by a shock wave was substantiated and proposed. To simulate the
processes of water injection and water crushing in the shaft of the installation, a VOF model (volume of
liquid model) is used, according to which there is no penetration of one medium into another, and which
is based on the surface tracking method applied to a fixed Euler grid. On the basis of the developed
mathematical model in the ANSY'S software environment, numerical studies of the process of filling the
barrel of a periodic-impulse fire extinguishing installation with water were carried out. According to the
results of a numerical study of the process of filling the barrel of the periodic-impulse fire extinguishing
installation with water, a relatively high inertia in the time of the water injection processes in relation to
the gas detonation processes occurring in the periodic-impulse fire extinguishing installation was
revealed. In particular, the time interval between detonation cycles in the installation operating at a
frequency of 23 Hz is about 43,5 ms. If we discard the purge cycle, then we have a time interval of 21
ms, during which it is necessary to inject water into the barrel of the intermittent-impulse fire
extinguishing installation. According to the results of the above studies, we have that only the time for
the spread of the stream of water from one side to the other side of the barrel of the periodic-impulse
fire extinguishing installation is 8 ms. The conducted research makes it possible to investigate the
influence of the parameters of the fire extinguishing installation on the formation of a finely sprayed
water jet, and the obtained results will significantly increase the level of operational readiness of the
personnel of fire and rescue units during operational actions to extinguish internal fires.

Keywords: fire extinguishing installation, finely sprayed water jets, mathematical model,
numerical studies
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