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BO3MOXHOCTHU UCCJIEJOBAHHMSA CBEPX3BYKOBOI'O OBTEKAHUA
IHPOPNJIA BBJIN3U DKPAHA METOAOM I'MIPABJIMYECKOI'O
AHAJIOT'OBOI'O MOJAEJIMPOBAHUA
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CBepx3ByKOBOE OOTEKaHHME CHCTEMBI Tell (pemieTdaTsie KPbUIbS, KPhUIO BOJIM3M 3KPaHUPYIOIIEH MOBEPXHOCTH,
JIOTIATKM CBEPX3BYKOBBIX CTYIEHEH KOMIIpEccopa M T.II.) COMPOBOXKIACTCS CIOKHBIMU KapTHHAMH CKadKOB YIUIOTHEHUS,
KOTOPBIC 3aBUCAT OT HECKOJILKHX MapaMeTPOB, XapaKTEPHU3YIOIIMX B3aMMHOE PACIIONIOKEHHUE Tell, UX BHEIIHUX (GopM u
pa3MepoB, a TakKe BEIMYUHBI Yicia Maxa. DTH KapTUHBI ONPEAEISIOTCS XapaKTepOM B3aMMO/ICHCTBHUS TOJIOBHOTO CKavKa
YIUTOTHEHHSI ¥ CKauKa YIUIOTHCHHS Ha HU)KHEH TOBEPXHOCTH MPOMUIIs, BHI3BAHHOT'O W3MCHCHHUEM HAIPABJICHUS TCUCHHUS B
pe3ynbTaTe OTKIOHCHHS 3aKPBUIKA.

B craThe mpencTaBIeHBI pe3yNbTaThl HCCICIOBAHUS CBEPX3BYKOBOTO OOTEKaHUs MPOMWIL ¢ 3aKPBUIKOM BOJIU3H
9KpaHa, MOJYYCHHbBIE C UCIOIh30BAHUEM METOJIa THAPABINICCKOTO aHAJIOTOBOTO MOJCIUPOBAHUS (METOI ra30THAPaBIIH-
YECKOW aHAIOTWH). DTOT METOJ OCHOBAaH HA aHAJOTHH YPAaBHEHUH IBIDKEHHS, OMMCHIBAIOIINX IUIOCKOE TEUYCHHUE Ta3a U
TOHKOTO CJIOS KHUIKOCTH, U MIPUMEHSIETCS TIPH PEeIIeHIH OOJBIIIOTO KiTacca IUIOCKHX 3a7ad CTAIlMOHAPHON M HecTaIlloHap-
HOM Ta30BOM AMHAMUKH.

[TapameTrpamu, BIMAIONMMH Ha CTPYKTYpPY OOTeKaHHs mpodiis BOIM3HM KpaHa, SBISIOTCA: 9ucio Maxa JBrxe-
HUs podmwist co 3HaYeHUAMHU M., = 1,4+1,9; OTHOCUTEIBHOE OTCTOSIHUE TIPOQHIISL OT SIKPaHa CO 3HAYCHUSIMHU ﬁ3 =0,2+1,0;

YTOJI OTKJIIOHEHHUS 3aKphUIKa co 3HadeHMsMH O, = 0+40°. B mporecce 3KCIEpUMEHTATBHOTO MCCIEIOBAHNS ONpPEIeTICHEI
M3MEHEHHsI CTPYKTYPbI CKaYKOB YIUIOTHEHHS U BBISBJICHO BIIMSIHUE Ha JIAHHBIM MPOLECC BBIIICIEPEUHCICHHBIX TapaMeT-
POB. PeSyHLTaT])l OKCIICPUMEHTAJIbHOTO UCCIICAOBAHUS MMPEACTABJICHBI B BUIC Fpa(buqecxnx 3aBUCUMOCTEH OTHOCHTEJILHO-
'O MOJIO)KEHHS CKayKa YIUIOTHEHHUS! Ha HIDKHEH MMOBEPXHOCTH NPOQMIIS NPH Pa3IMYHBIX 3HAUSHUAX Yuciaa Maxa, OTHOCH-
TEJILHOTO TO0JIOKEHHUS TPOQUIIS OT SKPaHa M yIjla OTKJIOHEHHS 3aKpbLIKa A = (Mw,ﬁyBB). Ha ocHoBaHuM aHanM3a noiy-

YEHHBIX 3aBUCHMOCTEH BBIBEIEH OOOOIIEHHBIN MapaMeTp, MO3BOJSIOIINNA ONPEAETSATh TPAHHUIBI U3MEHEHHS CTPYKTYPBI
CKAYKOB YIJIOTHEHHS B JaHHOM THIIE 3a]ad.

KaioueBble cioBa: HecTalioHapHas ra3oBasi TUHaMKKa, PO(UIb BOIM3M 3KpaHa, CKAYOK YIUIOTHEHHS, aHAJO-
rOBOE MOJICIIUPOBAHHUE.

BBEJIEHUE

3agade ABMXKEHMs Tel BOJIM3M SKpaHUPYIOLICH MOBEPXHOCTH B LIMPOKOM JHMANA30HE YHCEN
Maxa, a Taxke B OJM3KOW K 3TOM CUTyaluu OOTEKaHHs PSIIOM PACIIONIOKEHHBIX TeJl MOCBSIICHBI pa-
60THI [1-6].

[Ipu cBepX3BYKOBBIX CKOPOCTSAX ABWKEHUSI MPO(MIIS C OTKIOHEHHBIM 3aKPBUIKOM CTPYKTypa
CKauKOB YIUIOTHEHMSI B IIPOCTPAHCTBE MEXY MPOPUIEM U 3KPAaHOM OyAET 3aBUCETh OT OOJIBILIOIO KOJIH-
yecTBa (akTopoB. B cBoro ouepens popma CKauKOB YIUIOTHEHUS, XapaKTep UX B3aMMOJCHCTBHS MEXKIY
co00il M € MOBEPXHOCTBIO KpbUIA CYHIECTBEHHO MOBJIMAET Ha a’pOAMHAMUYECKUE XapaKTEPUCTUKU
kpbuta [1]. Jng ompeneneHust adpoiMHAMUUYECKUX XapaKTEPUCTHK MPOQHIS MPH €ro CBEPX3BYKOBOM
JBIKEHUU BOJIM3M 3KpaHa MCIOJb3YIOTCA Pa3HOOOpPA3HbIE UUCIEHHBIE METObI, IOCTPOSHHbIE Ha HC-
NOJIb30BaHuM J(depeHInaNbHBIX YPABHEHUH B YaCTHBIX MPOU3BOHBIX THUIEPOOIMYECKOro U napado-
JMYECKOro THmna. Mcnonb30BaHue TOro WM MHOro THmna AuddepeHInaIbHbIX YPaBHEHUH 3aBUCUT OT BU-
Jla TIOTOKA ra3a B pacyeTHOM 06acTH (CBepX3BYKOBOW MIIM J103BYKOBOI1) [7, 8]. Bua moroka rasa B cBoo
ouepenb OyJeT onpeaenaTbes: GOpMOI CKauKOB YIUTIOTHEHHUS U MX (DOPMOI B3aUMOICHUCTBUS (PETYIISIPHO-
ro WIM HEPEryJIIPHOro; ¢ HAIMYMEM OTPAXEHHOTro CKauka wiu 0e3 Hero). C Lenbio BBISBICHHS 30H
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CBCPX3BYKOBOI'O U JO3BYKOBOT'O TCUCHHUH rasza pu ABUXKCHUA HpO(I)I/IJ'IH BOJIM3HU 9KpaHa IpEACTABIISACTCA
MOJIC3HBIM UCCICAOBAHUC CTPYKTYPhI CKAYKOB YIUIOTHCHHUA U BBISABJICHUC I'PAHUI UX CYIICCTBOBAHUS JJIs
YCIICIIHOT'O UCIIOJIB30BAHUS PA3ZHOCTHBIX CXEM B ONIPCACIICHUU a3POJUHAMUYCCKUX XAPAKTCPHUCTHUK.

METOAbI U METOJO0JIOI'UsS UCCJIEJOBAHUSA

Jnst uccnenoBanus CTPYKTYpbl CKAaYKOB YIUIOTHEHHUS M BBISIBJICHUS TPAHUI] TAPAMETPOB, IIPU KOTO-
PBIX BO3MOXKEH MIEPEXO0]T OHON CXEMBI B APYTYIO, BO3HUKAIOIIHX ITPU CBEPX3BYKOBOM JIBHKEHHHU TIPOHIIS
BOJIM3M HKpaHa, BO3MOXKHO NPHUMEHEHHE METOI0B aHAJIOrOBOrO MOJEIMPOBaHMA. B yacTHOCTH, OnMH U3
METOJIOB aHAJIOrOBOTO MOEIMPOBAHUS JI0- U CBEPX3BYKOBBIX TEUEHHUI Ia3a — METOJ T'MApPaBINYECKOTO
aHAJIOTOBOTO MOJIETIMPOBAHUS (METOA Ta30TUIPABINYECKON aHATOTHH) — MOXKET OBbITh MCHOJIB30BaH JUIs
IIMPOKOTO KJIacca 3a/a4 CTAallMOHApHOW M HecTanMoHapHOW razonuHamuku [9, 10]. O6ocHoBaHME TprMe-
HEHUsI METO/Ia JUIsl MCCIIEJOBAHUsI OKOJIO- M CBEPX3BYKOBOIO, & TAKXKE CTALMOHAPHOIO U HECTAL[MOHAPHOTO
TeueHHUs raza npuBoaurcs B padore [11]. [IpoBepka agekBaTHOCTH METO/1a THAPABIMYECKOTO aHAJIOTOBOI'O
MOJIEIIMPOBAHHUS TOKa3aa J0CTaTOUYHYIO HEPOTUBOPEUMBOCTD pe3yJIbTaTaM (PU3NUECKuX 3KCIIEPUMEHTOB,
TOYHBIX Y YUCIICHHBIX perienuit [12].

Jlnst mpoBeieHus UCcCieI0BaHU UCTIONB30BAICS THAPABIMYECKUNA KaHal ¢ OyKCHPOBKOM MOJIEH B
TOHKOM CJIO€ BOJIBI.

IHOCTAHOBKA 3AJTAYUA

J171st BBITIOJTHEHHST YHCIICHHBIX PacyeTOB JBIDKEHUS CO CBEPX3BYKOBOW CKOPOCTBIO TpOodWIIs C 3a-
KPBUIKOM BOJIM3U 3KpaHa HEOOXOJMMO MMETh MH(OPMAIMIO O KapTUHE CKAuKOB YIUIOTHEHUs, VISl TOTO
9TOOBI BHIOPATH COOTBETCTBYIOLIYIO CXEMY YHCIIEHHOTO CUETa.

Heo0xomMo BBISIBUTH CXEMbl CKAQUKOB YIUIOTHEHUS, PeaM3yeMbIX MPHU pa3iMyYHbIX 3HAYECHMSX
rEOMETPUUECKUX M KMHEMATHUYECKUX MapaMETPOB, XapaKTEPU3YIOIUX ABHKEHUE MPOPUIS C 3aKPHLUIKOM
BOIM3M 3KpaHa. OnpenenuTh 3HaYeHUs1 FeOMETPUUECKHUX MapaMeTpPOB, MPU KOTOPBIX MPOUCXOAUT U3MEHe-
HHE CXEM CKaYKOB YIUIOTHEHUSI B IPOCTPAHCTBE MEYK/TY HIKHEH TIOBEPXHOCTBIO MPOPHIIS M SKPAHOM.

PE3YJIBTATBI UCCJIEJOBAHUSA

J171s1 SKCTIEpIMEHTATIBHOTO UCCIIEA0BAHMS BIMSIHUSI TEOMETPHUECKUX MTApaMeTPOB NMpoduiIei u ux
MIOJIOXKEHUSI OTHOCUTEIBHO JKpaHa Ha CTPYKTYPY CKAYKOB YIUIOTHEHHUS HCIOJIb30BAaJICS CUMMETPHUY-

HBIA MPOQMIL C OTHOCHTENLHON TommuuHOM ¢ = 0,08, oTHOCHTENBLHOM XOpaoH 3akpeuika b, =0,25.

CKopoCTh IBMXKEHHSI COOTBETCTBOBasa ynciaM Maxa M., = 1,4+1,9, 3Hauenus: 6e3pa3MepHoOil BeJu-
YMHBI OTCTOSIHUSA NPOQMIA OT TBepAok nmosepxnocty H, = 0,1+2,5, yron oTKIOHEHHS 3aKpbLIKa CO-
cranan O, = 0+40°, yron araku npoduns o = 0°. 3zece b, =b,/b, H, =H,/b, rae b — xopza npo-
s, H, — paccrosiHre OT HIXKHEH TOYKHM 3aKpbUIKa 10 SKPaHa.

HccnenoBanue mokas3aio CyImecTBOBaHHE TPEX OCHOBHBIX PEKUMOB 00TEKaHUs PO(HIIS, KOTOPhIE

XapaKTEPU3YIOTCsl pa3IMYHbIMU CTPYKTYpaMH CKaukoB yIutoTHeHus (puc. 1). B cxeme I (puc. 1, a) peanu-
3y€TCsl TOJBbKO OTCOEIMHEHHBI KPUBOJMHEHHBIN TOJJOBHOM CKAYOK YIUIOTHEHUs. Takasi CTpyKTypa cKauka

YIUIOTHEHHS! BO3HUKAET IIPU MaJlbIX 3HAYEHMAX OTCTOAHMA npodmis ot skpana H, <0,3. B cxeme II
(puc. 1, 6) TOMUMO PHCOEANHEHHOTO KOCOTO TOJIOBHOTO CKayKa YIUIOTHEHHS B 30HE MEXIY HIKHEH 1mo-

BEPXHOCTHIO MPOdUiIs ¥ 3KpaHOM (OPMHUPYETCS TOTIOTHUTEIBHBIN CKaYOK YIUIOTHEHUS, 10 (hopme Omm3-
KUl K mpsiMoMy. Takasi CTpyKTypa CKauKOB YIUIOTHEHHSI BO3HUKAET ITPY 3HAUYCHUSAX OTCTOSIHUS PO OT

5KpaHa, IpeBblaromux 3HaueHus H,, coorBercTByromux cxeme I. Cxema III (puc. 1, 6) ornnuaercs ot

cxemsl Il TeM, 4TO AOMOTHUTENbHBIA CKAYOK YIUIOTHEHUS, OTpaKkaeTcs OT 3KpaHa. OTpakeHue J0moJ-
HUTEJIBHOTO CKa4Ka B 3TOM CIIy4ae MOXKET OBITh PErYJISIPHBIM M HEPETYJISIPHBIM (C HOXKKOH Maxa).
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Puc. 1. TeHeBbIe KapTUHBI CKAYKOB YIDIOTHEHHS
Fig. 1. Shadow patterns of shock waves

B OKCIICPUMECHTE HCCIICAOBATIOCH M3MCHCHHC ITOJIOKCHUA MOIIOJIHUTCIBHOIO CKadyKa YIIJIOTHCHHA,

BO3HHUKAIOIIETO B TIOTOKE MEXKTY HIKHEH MOBEPXHOCTHIO MPOPIIIS U SKPAHUPYIOIIEH TTOBEPXHOCTHIO OT-
HOCHUTENbHO HOCOBOM yact npoduiis. [lo pesynbraTtaM ucnbITaHUN ObUTM IOCTPOEHBI 3aBUCUMOCTH OTHO-

CHUTEJILHOTO MECTOTIOJIOKEHHUS CKauKa YIUIOTHEHUS Ha HIDKHEH ToBepxHOCTH Tpodmst A = f (Mm, H,,6, ) ,

rae A =A/b. Ha puc 2—6 npezncraBieHsl 3aBUCHMOCTH, TIOJTy9YE€HHBIE JUTS pa3iIMYHbIX yrces Maxa JaBrke-

HUsI ipouIis BOIHM3H SKpaHa.
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Puc. 6. 3aBucumoctun A = f(MN,H3,63): M.,=19
Fig. 6. Dependencies A = f(Mm,ﬁ3,53 ): M= 1,9

AHanm3 NoTy4eHHbIX 3aBUCUMOCTEN MMOKa3al, YTO IPU OJHHUX U TEX e 3HAYECHUSIX yIJia OTKJIOHE-
HUsL 3aKpbUIKA O; M M., BemmuMHa A OCcTaeTcsi HeM3MEHHOM TIPU JOCTIKEHHH HEeKOTOporo 3Hadenus H.,

KOTOPOE MOXKHO 0003Ha4nTh Kak H, .

Bemmanua H, , XapakTepusyer mepexos CTPyKTypbl CKauka yIUIOTHEHHs C PEryJISPHBIM HIIH Hepe-

TYJISIPHBIM OTpakeHHeM (pHc. 1, 8) OT SIKpaHHUpPYIOIIeH TOBEPXHOCTH K CTPYKTYpE CKauKa, OJIM3KOro K Tpsi-
Moii opme (6e3 orpaxkenus) (puc. 1, 0).

OBCYKJEHUE
MOJYYEHHBIX PE3YJIbTATOB U 3AKJIIOUEHUE

AHanm3 pe3ynbTaToB 3KCIEPHUMEHTAILHOTO HCCIEeI0BaHUA OOTEKaHUsI CBEPX3BYKOBBIM IOTO-
KOM IpOo(uIIs ¢ 3aKpbUIKOM BOJIM3M 3KpaHa MO3BOJIET CAENaTh BBIBOJ O TOM, YTO OOTEKaHHE TaKOIro
TUIA COMPOBOXKAAETCS CIOKHOM CTPYKTYpOH CKauKOB YIUIOTHEHHs, BKJIIOYAIONIEH B ceOsi TOJIOBHOM
CKa4OK M CKauKM YIUIOTHEHUS B 00JaCTU MEXy HMKHEH MOBEPXHOCThIO Mpoduis u 3kpaHoM. [lomy-
YEHHBIE CTPYKTYPbI CKaUYKOB YIUIOTHEHUS B CYLIECCTBEHHOM CTEIIEHU 3aBUCAT OT PACCMOTPEHHBIX I1a-
pamMeTpoB.

[TonmyueHHble TaHHBIE MOTYT OBITH MCIIOJIb30BAaHbI IIPU OIPENICICHUH JIMana30Ha MapamMeTpoB,
B IpeAenax KOTOPbIX MOIYT ObITh NPUMEHEHbl YHUCIEHHBIE CXEMbl pPacyeToB, HCIOJIb3YIOLINX
runepOoJuYecKre WK napadoanyecKkue cucTeMsl JUdQepeHnaibHbIX YPaBHEHUH B YaCTHBIX NPOU3-
BOJHBIX.
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THE POSSIBILITY OF STUDYING SUPERSONIC FLOW PROFILE CLOSE
TO THE SCREEN BY THE METHOD
OF HYDRAULIC ANALOG MODELING

Dilmurod T. Aliakbarov’, [Anatoly A. Kukin/', Vladimir V. Trofimov*
"Tashkent State Technical University, Tashkent, Uzbekistan
’Moscow State Technical University of Civil Aviation, Moscow, Russia

ABSTRACT

Supersonic flow around the system of bodies (lattice wings, a wing near the shielding surface, blades of supersonic
stages of the compressor, etc.) is accompanied by complex pictures of shock waves, which depend on several parameters
characterizing the mutual arrangement, the bodies of their external shapes and sizes, as well as the Mach number. These
patterns are determined by the nature of the interaction of the head shock wave and the shock wave on the lower surface of
the profile, caused by a change in the flow direction as a result of deflection of the flap.

The paper presents the results of an investigation of supersonic flow around a profile with a flap near the screen,
obtained using the method of hydraulic analog simulation (the method of gas-hydraulic analogy). This method is based on
the analogy of the equations of motion describing a planar gas flow and a thin liquid layer and is used in solving a large
class of plane problems of stationary and nonstationary gas dynamics.

The parameters that affect the structure of the flow around the profile near the screen are: the Mach number of the
profile movement with the values Moo = 1.4+1.9; relative distance of the profile from the screen with the values
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H, = 0.2+1.0; angle of flap deflection with values 83 = 0+40°. In the course of the experimental investigation, the changes

in the structure of shock waves were determined and the influence of the above-mentioned parameters on the process was
revealed. The results of the experimental study are presented in the form of graphical dependencies of the relative position
of the shock wave on the lower surface of the profile for different Mach numbers, the relative position of the profile from
the screen, and the angle of deflection of the flap A = f(Mm,ﬁg,sg). On the basis of the analysis of the obtained depend-

ences, a generalized parameter is derived, which makes it possible to determine the boundaries of changes in the structure
of shock waves in a given type of problem.

Key words: nonstationary gas dynamics, the airfoil is close to the screen, shock wave, analog modeling.
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