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Ua

IIIYM OT PAKETHBIX JIBUT'ATEJIEN ITPU 3AITYCKAX
PAKETOHOCHUTEJIEA KOCMUYECKOI'O HASHAUYEHU A

The problem of suppression of noise during the launch of space-based missiles
(RKN) has acquired a special urgency at the present time. The most "noisy" aggre-
gate of the starting RKN is its propulsion system (DU). Therefore, an important is-
sue of modern engine building is the study of the interrelation between the charac-
teristics of combustion processes, mixing, flow, design parameters of engines with
the noise level in the environment, i.e with the magnitude of the sound pressure
and the frequency range of individual harmonics.

The purpose of this work is to develop a methodology for calculating the noise
of rocket engines during missile launches and analyzing the characteristics of en-
gines that significantly affect the noise level. During the operation of rocket en-
gines in the transient mode (i.e. in the first seconds of launching the remote con-
trol), periodic disturbance of the medium arises as a result of the influence of gas
flows of burnt fuel components on it. This leads to the appearance of a sound field.
Sound waves, excited near the nozzles, spread further into the atmosphere.

In some sources the scheme of forces acting on the medium is considered. It
can be concluded that the engine acts on a medium with a force equal in magnitude
and in oppositely directed thrust force. A method for calculating the noise of rock-
et engines and a program for calculating sound pressure taking into account the
changing parameters, depending on the distance from the source, the angle of the
directivity characteristic, the frequency, the harmonic number, and the speed of
sound are developed. The program is written in the Fortran programming
language.

The calculation results made it possible to determine the amplitude of the first
three harmonics of the noise of the launch vehicle propulsion system. From the da-
ta given it can be seen that the magnitude of the sound pressure during operation of
the propulsion system of a rocket for space purposes is quite high.

HaBenena nporpama po3paxyHKy 3ByKOBOTO THCKY Ha OCOBI ysBleHb JlemoOa.
[Tinkpecneno, mo mpoOaeMi BUIIPOMIHIOBaHHS 1H(GPa3BYKY IIiJl 4ac CTapTy pakeT-
HOCIiB KOCMIYHOT'O IPU3HAYEHHS CJIiJ] MUUIATH CEPHO3HY yBary

BBenenue

Baxxno#t mpo6sieMoii COBpEMEHHOTO IBUTATEIIECTPOCHUS SIBIISIETCS MCCIIe-

JIOBAaHUE B3aWMOCBSI3U XapaKTEPUCTUK MPOLECCOB FOPEHUSI, CMELIECHHUS, NCTEY E-
HUS, KOHCTPYKTUBHBIX MTapaMETPOB JBUTATENIEH C YPOBHEM ILIYMOB B OKpYKa-
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IOLLEN Cpesie, TO €CTh C BEJIMYMHON 3BYKOBOT'O JABJIECHHUS M YaCTOTHBIM JHara-
30HOM OTJIEJIbHBIX TAPMOHHUK.

IIpn 3anmyckax paker kocMuueckoro HazHaueHus (PKH) mmeror mecto
IITYMBI C BBICOKUM ypOBHEM MHTEHCHBHOCTH [1]. CiekTp mryma oOBIYHO WMEET
YaCTOTHBIE COCTABIISIIOLIME OT €QUHUIL A0 AECATKA ThICAY Trepl. ECTh B HEM H
cocrapisitone uHdpa3zByka. MHPpa3Byk BbI3BIBAET pacCTPOWMCTBA B JCSTEINb-
HOCTU HEPBHOM M SHAOKPUHHOM CHCTEM, JKEIyAOYHO-KUIIEYHOTO TpPaKTa, BEC-
TUOYJIAPHOTO amnmapara yejoBeka. [1loaToMy HeoOXoIMMO pemath MpoljaeMy
OTUYXIEHUS PAailOHOB TPACC B3JIETa PAKET OT JKWJIBIX MAacCUBOB. B 1emom mpo-
Osema ramenus mymoB npu crapte PKH npruobpena ocobyro akTyanbHOCTb.

O BnusiHUM WH(PA3BYKaA HA JIIOJICH CTApEHIIMI aHTTTUHCKUA aKyCTHK JOK-
top CredeHc qoKIaapiBal Ha MEXIYHAPOIHBIX (opyMax.

YenoBeyeckoe TEJIO U €ro OTAENIbHBIE OpraHbl UMEIOT COOCTBEHHBIE PE30-
HAHCHBIE YaCTOThI, JISKAIME B TOM XK€ JUANa3oHe, YTO U YaCTOThl PAaKETOHOCH-
teneil. Tak, KocMUYeCKHU KOpaldiab «AmNOIIOH» ¢ pakeroHocuteneM «Ca-
TYpPH-5» MUMEET OCHOBHYIO PE30HAHCHYIO 4acToTy okojo 4,5 I'u [7]. [locie ot-
JIeJIeHUs IBUraTeseil MepBOM CTYNIEHN PE30HAHCHAS YaCTOTa KOCMHUYECKOrO KO-
pabiis ¢ IBUraTENIIMUA BTOPOU U TPEThEH CTyINEHEe! coCcTaBiseT npumepHo 6 1,
a 4acToTa TPEThEM CTYNEHH PAaKETOHOCUTENSI C KOCMUUYECKUM Kopabiem Oyaer
yxke okosio 9 I'u. [loaTomy mpH cO31aHUM KOCMHUYECKOIO KOpalis «AIOJIJIOH»
CTPEMUJIMCh CHU3UTh IIIyMbl HACTOJIBKO, YTOOBI MAKCUMAJIbHBIM X YPOBEHb I10-
clie OKOH4YaHUs (pa3bl MosieTa C BBIKIIOYEHHBIMH JBUTATEJISIMU HE TNPEBBIMIANT
55 J16 B qmanasone yactotr 300—3800 I'ti. B myHHOM OTCEKEe «ATOIOHa» ypO-
BeHb 1ryma coctasisieT 80 /10, a B quamazone yactot 600— 4800 'ty cHmkeH 110
55 JI0.

ITocTaHoBKA 3a1a4n

Lenpro JaHHOI paboOTHI SABIAETCA pa3padOTKa METOJUKH pacyeTa IIyMOB
PAKETHBIX JABUTATeNIed MPHU MyCKaX PaKkeT U aHAIU3 XapaKTEPUCTHK JIBUraTeseH,
CYILLECTBEHHO BIUSIOIINX HA YPOBEHb IITyMa

HNu}pa3Byk 1 MoaeTUPOBaHHME KOJ1e0aTEeJIbHBIX XaPAKTEPUCTHK TeJla
KOCMOHABTA

NHuppa3Byk BBI3BIBAET pACCTPOMCTBA B JEATEIHLHOCTH HEPBHOW U DHIIOK-
PUHHOM CHCTEM, >XEITyJOYHO-KHUIIIEYHOTO TPaKTa, BECTHOYISIPHOTO araparta.
[Ipumepsl pe30HAHCHBIX YAaCTOT BHYTPEHHHX OPraHOB YEJIOBEKA MPUBEICHBI B
Tabm. 1.

[Ipu coBnajeHnn 4acTOT COOCTBEHHBIX KOJICOAaHUN BHYTPEHHHX OPTaHOB
YyeJioBeKa U MH(pa3ByKa OpraHbl HAUMHAIOT BUOPUPOBATH, YTO MOXKET COIPO-
BOXJAThCSI CHUIbHEHIITUMU OOJIEBBIMU ONTYIIEHUSIMU [2].
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Tabauya 1.
Pe3oHaHCHBIC YaCTOTHI BHYTPEHHUX OPraHOB YEJIOBEKA
Yacrora, [['m] Opran
20-30 ['onoBa
40-100 ['maza
0,5-13 BectubynspHslit anmapat
4-6 Cepaue
2-3 Kenynox
2-4 Kumeunuk
4-8 Bpromnas nonocts
6-8 [Toukwm
2-5 Pyku
6 [To3BoHOYHMK

Ha puc. 1 mokazan crapt pakersi-HOCUTENS «CO003», KOTOPBIA COIPOBO-
&KaaeTcs OypHBIM BbIIEJICHUEM MPOYKTOB CTOPAHUSI.

Puc. 1. 3anyck PKH «Coro3»

NHdpa3Byk BeI3bIBACT HEPBHOE MEpEHANPSIKEHNE, HEJOMOTaHHUE, TOJIOBO-
KpY’K€HUE, U3MEHECHHE JICITEILHOCTH BHYTPEHHUX OPraHOB, HEPBHOM U cepAcU-
HO-COCYJMCTOW CHUCTEM. Y CTAHOBJICHO, YTO Y YKUTEJIEU PaliOHOB, PAaCIIOJIOKEH-
HBIX PSAAOM C KPYIHBIMH MEXKIYHAPOJIHBIMU a3pOIOPTAMH, TIE€ MPOSBIISIOTCS
CHWJIbHBIC WH(PA3BYKOBBIC 3arpsS3HUTENN, 3a00JI€BAEMOCTh TUTIEPTOHUEH OTYET-
JIMBO BBILIE, YEM B IPYTMX PaliOHAX ropoja.
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W3BecteH MeTo onpeeieHus PE30HAHCHBIX YacTOT Tejla YeJIOBeKa, pas-
pabGotannbiii mpodeccopom JlaenpomnerpoBckoro yauepcutera U. K. Kockko
[3]. B ero paborax mpeacTtaBieHa MOJI€Nb, COCTOSINAS U3 COCPEAOTOUYCHHBIX
Macc, COEIMHEHHBIX MEXIy coOoil ympyrumu cBszsmu. Ha cxeme mopenu
(puc. 2) BBeneHbl 0003HaueHUs: 1 — rojioBa, 2 — IICHHBINA OT/EN MO3BOHOYHHUKA,
3 — nerkue, 4 — MO3BOHOYHHUK, 5 — OpIOIIHAS MMOJOCTh, 6 — IpyAHAas KIETKA.

‘N\-

Puc. 2. Mogenb Tena yenoBeka, Kak MHOTOMAacCOBOM YIIPYTO#l CHCTEMBbI
(1 .K. Kocbko)

JIns BbIA@UM PEKOMEHALMU 0 YMEHBIIEHUIO aKyCTUYECKOrO0 BO3AEHUCT-
BUSI HA OPTaHU3MbI KOCMOHABTOB U 00CITY>KMBAIOIIIETO MEPCOHANIA KOCMOJIPOMOB
HE0OXO0/IMM aHAJIU3 CIIEKTPOB IIyMa.

OcHoBHAA 4YaCTh

B [6] noka3ano (puc. 3), uTo npu padbote ABUraTeabHON ycTaHoBKU (YY)
pakeTbl OOHAPY>KEHbI MyJbCALUU B KAMEPE CTOPAHMUS.

B npornecce paboTbl pakeTHBIX JBUTATENECH B MEPEXOAHOM peXUME (TO
€CTh B MEPBbIE CEKYHJbl 3allycKa JBUrareiabHoi ycrtaHoBkH (/[Y)) Bo3HuKaer
NEPUOINYECKOE BO3MYIIIEHUE CPEJIbl B pe3yJibTaTe JEHCTBUS Ha HEe MOTOKOB ra-
30B CrOPEBUIMX KOMIIOHEHTOB TOIUIMBA. DTO BEAET K BOSHUKHOBEHUIO 3BYKOBO-
ro noJisd. 3ByKOBbI€ BOJHBI, BO30YKJIE€HHbIE BOJHM3U COIEN, PACIPOCTPAHSIIOTCS
nanee B armocepe. B [4] paccmoTpeHa cxema MEHCTBYIONMUX HA Cpedy CHI,
MOYHO IIPUWTH K BBIBOJY, YTO JBUIaTeNb JEUCTBYET HA CPEAy C CHUIIOW PAaBHOU
10 BEJIMYMHE U MPOTUBOMNOJIOKHO HANPABIECHHON CcHJie TATU. TO €CTh BO3MYyILlE-
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HUS B Cpejic BhI3BaHBI CUJION, MPOTHBOACHCTBYOMEH cuie Tsaru P(t). Oty cumy
o6o3naunM R(t). Beipaxenue mis cuibl Tsaru P(t) B 3aBUCHMOCTH OT BPEMCHH
OBLIIO 3aMKCaHO C YYETOM HECTAIIMOHAPHOTO pexkuma padboTel Y.

Pr a 0 8 z |
A%

i

e #

{rnyrx T;Tp Tm 'I:, T

Puc. 3. Pexxumbl u3meHenuss Tsaru JIY pakeThI-HOCUTENS B IIEPBbIC
CEKYH/JIbI PaOOTHI ABUTATEIS

Ha puc. 4 nokazana cxeMa Harpy3oK Ha cpefy Ipu padoTe nBurarens [4].
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Puc. 4. Cxema cun: P — cuna tsru, Vn— HampaBieHHE CKOPOCTH TOJIETa,
P — aBJICHUE UCTEKAIONIUX MPOIYKTOB CTOPaHUs Ha Cpe3e COTl-
J1a, Py — JABJICHUE B OKPYKAIOIIEH cpelie

MareMatnyeckasi MOJEb, OIKCHIBAIOINIAS TMPOIECC 3BYKOOOpa30BaHUS
pu paboTe paKkeThl MPEICTABIICHBI TaKXKeE B [4].

[Tokazano, 4TO 3a7aya CBOAMTCS K ONPEAECICHUIO CUJIbI, KOTOpasi IEUCT-
BYET Ha TEJIO BHYTPHU KUIAKOCTH, OTPAHUYEHHON KOHTPOJBHOUN MOBEPXHOCTHIO.
B Hamewm ciyyae TeoM SABISETCSA ABUTATENb, @ CUJION, IEUCTBYIOIIEH HA HETO —
Tara P, >KUJAKOCTBIO — BO3AYX. 3aMKCh alre0pandecko CyMMbI MTPOESKIIMM BCeX
BHEIITHHMX CHJI Ha OCh B I-ThIii MOMEHT BPEMCHH IPEICTaBICHA B BUJIC:
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P, =P+F.(p.—Pu), (1)
rae P, — paBHoneCTByIOIIAs BCEX CHJI B IPOCKIIUU HA OCH X;
F. — muiomans cpesa coruia;
Pc — JABJIEHHE UCTEKAIOIIUX NPOIYKTOB CTOPaHUs HA CPE3€E COILIA.
B cinyuae ucnbeitanuit /1Y pakersl Ha CTEHAE BTOPOU WIEH B YPABHEHUU

OTCYTCTBYET. YpaBHeHue (1) ¢ ydyeToM mysbcanuil JaBjieHUs B KaMepe cropa-
HUS MOKET OBbITh TIEPETHCAHO B BUJIE:

P(t) =% W, (1), )

rae G, - pacxol IpOAyKTOB CrOPAHUS;
W, - cKOpOCTb HCTEYEeHH TPOLYKTOB CrOpaHUs Ha CPe3e COILIa,
t - Bpemsi.
Anamu3 BenmuuHbl P(t) He Bo3MokeH 0Oe3 ydeTa ypaBHEHUS ITUHAMHKH
Kamepsl cropanus /1Y, KOTopoe 3aMChIBAIOT B BUJE:

d k1. . d
% == V—(I]'Gl - IZGZ + d_(th’ (3)

re P, — JaBJICHUE B KAMEpE CrOPaHUs JIBUraTels;
k— mokasarenpb aanadarsl;
V., .00beM KamMepsl CropaHus;

i1 - DHTAJIBIIMS KOMIIOHEHTOB, IIOCTYIAIOIINX B KAMEPY CTOPAHHSI;

I, - DHTAJIBIIMS T'a30B, BHITEKAIONINX U3 KAMEPhI CTOPAHUS;

G; - pacxo/1 KOMIIOHEHTOB TOILIMBA, TOCTYMAIOIINX B KAMEPY CTOPaHHSI.

G, — pacxoj MPOTyKTOB CTOPaHUS;

Q - KOJIMYECTBO MOIBOJUMOTO TEIJIa K Ta3y M3BHE,

t - Bpems.

Buano, uTo Bo3melicTBHE HA OKpYXKaroIIyro cpeay cuioi R(t) mpu padote

JIY 3aBUCHUT OT JIaBJCHUS B KaMepe CropaHusi, a 3HAYUT OT BHJA TOILIMBA, KO3-

b dunrienTa COOTHOIICHHS] KOMIIOHEHTOB, UX Pacxojia U o0beMa KaMephl cropa-
HUSL.

K

®dyukiuio, onuckiBarolyto cuiy R(t), pasnoxum B psg Oypbe.

- 2m
> A, cos Tm—ocm +%, 4)
m=1

TZIe T - BpeMs, B TEUCHHUE KOTOPOTO MPOUCXOINT BHIOPOC MPOTYKTOB CTOPAHUS B
aTMocdepy;
Ap - HaYaIbHAS aMIUIMTY/Ia ITPOIIeCcCa;
Ap - aMIUTATY1a OTICIBHBIX TAPMOHUK;
oy - asa mporecca;
M — HoMep rapMoHuKU, M=1,2,3, ..., 6.
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Koadpunuents psina Oypre

27 _ T
An =7 R(); A = R(t), (5)

rae T - mepuona KojeOaHui;
M - HOMEP FapMOHMKHU;
T - BpeMs Bo3JieicTBHS critbl R(t) Ha okpy»Karomiyro cpeny.
B [4] nonyyeHo BbhIpa)keHHE JIsl CUJIbI, BHI3BIBAIOIICH BOJHOBOM MpOIEcC
B aTMoc(epe Ha OCHOBE IpeacTaBieHuit JIamba, oHO nMeeT BUT :

X = _% . R(t) . e-ikt . e—ikm ’ (6)

rae K — BOJIHOBO€E YHCIIO;
K=0w,C, 30eChb Oy — Kpyropas 4acToTa;
C — CKOpPOCTb 3BYKa B OKPYKarOIIEN BO3AYIIHON CpeJie, POJOIbHON X.
JIns Hamero ciydas, KOrja Cuja JCHMCTBYET Ha OKPYKAIOLIYIO CpEdy U
HarpaBJieHa BJ10JIb ocu Y, BeIpakeHue NIl MoTeHIMasia, onpeaelsitomero Gu-
3UYECKUM XapaKTep 3BYKOBOTO MOJIsl, UMEET BUI:

i a e—ikr
b= X| = | (7)
4mtpkC oX) r
rae I - paccTosIHUE OT UCTOYHHUKA 3BYKA JI0 HEKOTOPOUW TOYKH B 3ByKOBOM TIOJIE;
p - INIOTHOCTh BO3AYIIHOUN CPEIBI
X - KOOpAWHATa, HAIlpaBJIEHHAsA OT COIJIa B CTOPOHY OKPYXKAarOUIECH CPEIbl U

I10 HAMPABJICHHUIO COBNAJAIOIIAs C OCBIO JIBUTATEIIA.
B TakoMm ciydae BeIpakeHHE Uil 3BYKOBOI'O JABJIEHUS [ OIPEIEIICHO

B [4], kak:

dt| 2rcT Z

rae 9 - yroj XxapakTepUCTUKU HANPaBICHHOCTH; Z = KI.

B Bbpaxkenun (8) 3amucaHa TOJBKO JEUCTBUTENIbHAS YacTh 3BYKOBOTO
JABJICHUS, TaK KaK OHA XapaKTepU3yeT IOJIE3HYIO YaCTh M3JIy4aeMOM MOIIHOC-
TH.

p:‘pd_(P _ER(t)cosg(lcosz +sinzj, (8)

Meroauka pacyera

Pa3paborana mporpamMmma pacuera 3BYKOBOTO JIaBJICHUSI C yUYE€TOM H3MeE-
HAIOIIKNXCS [TApAMETPOB: B 3aBUCUMOCTH OT PACCTOSIHUA I OT Cpe3a coIuia 10 TO-
YK HAOJIOICHMS, YTJIa XapaKTePUCTUKH HAMPaBIEHHOCTH 4 , BpeMeHu t, HoMe-
pa rapMOHHKH M, 4acToThl f, a Takke M3MEHSIOUICHCS C TeMIepaTypoi OKpy-
JKaroIel cpeabl CKopocT 3ByKa C. [Iporpamma HamucaHna Ha si3pike Fortran .
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JUId ynpolieHus pacdera, a TaKXKe C y4eTOM 3aJaHHOIO0 MacCuBa 3Hayde-
. . T
HUll cuibl Tru P, nemaem psii AOMyIEeHUi: OTHOIIICHHE - =1. Pacuer npoBo-

auM Jutst iepBbIX 10-Tu rapmoHik. CKOpOCTh 3ByKa OepeM MOCTOSHHOW. YToIl
XapaKTepUCTHKU HAIPaBICHHOCTH W3MeHseTca B mpenenax 9 =0...180°. Pacc-

TOSIHME I OT MCTOYHHUKA 3ByKa B Iporpamme 3agaHo B npeaenax '=0...20 m,
Yacrtora f m3MeHseTCs B 3aBHCHMOCTH OT HOMEpa TApPMOHUKH.

Ilocne Hp606p3.30BaHI/IH, C YY4C€TOM HU3BCCTHBLIX 3aBUCUMOCTEN U A0oIrynaIc-
HPII>'I, BBIPAKCHHC HJIsI 3BYKOBOT'O JAaBJICHHA HpI/IO6pCJIO BU:

e )7 ), o

C 2Kl

p =
C

[Iporpamma pacuera COCTOUT U3 TPEX LUKIIOB, B KOTOPBIX YUUTHIBAETCA
W3MEHEHHE yTJia, HOMEpa TapMOHUKH, a TAK)KE YACTOTHI.

BriBoa paccuMTaHHBIX 3HAYEHUN BETUYUH OCYIIECTBIISICTCS B OTIAEIbHBIN
TEKCTOBBIN JTOKYMEHT B BHJI€ CTPOUYHOM TAOJMIILI, YTO YIPOIIAECT aHAJIU3 MOJIy-
YEHHBIX JIAaHHBIX.

B pesynbrare pacueroB moyrydeHbl 3HaU€HUs 3BYKOBBIX JaBJICHUM, BbIpa-
»kenHoe B [la s 9=0, r =1...3 M, npuBeICHHBIC HIXKE!
p=20037 [[Ta]; f=31,5[Tu]; m=1; r=1[m]; teta=0 [rpax]; R = 108970 [H];
p=12701 [TTa]; f=31,5[T']; m=1; r=2[m]; teta=0 [rpax]; R = 108970 [H];
p= 8930 [ITa]; f=31,5[Tu]; m=1;r=3][wm]; teta=0 [rpax]; R = 108970 [H].

3axiiroueHue

Pa3paboTana MeTonnka pacyera IIyMOB PaKETHBIX IBUTaTeNel Ha OCHOBE
npeactaBieHuit JIamba. Pe3ynbpTaThl pacuera mo3BOJUIN ONPEASTUTh aMILIUTY-
Iy TEPBBIX JECATU TapMOHUK IIymMa JIBUTATEJIbHOM YCTAaHOBKH PaKEThI-
HOCHTEJIS.
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