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VI Poccuiickas koHdpepeHums BbIYUCITTIUTEbHbIN 3KCMEPUMEHT B A3SPOAKYCTUKE U ASPOANHAMUKE

PacueT Wwyma, reHepupyemoro Typby1eHTHbIMU TeYEHNAMM

 Hanbonee TOYHbLIN METOA - NPSAMON METOA, MOAE/IMPOBAHMNA LLYMA

» COBMECTHbI pacyéT reHepaunm 3ByKa TYPOYIEHTHbIMU CTPYKTYPaMU U PacrpoOCTPaHEHMA 3BYKOBbIX
BOJIH B PaMKax eJMHOMN CMCTEeMbI Fra304NHAMUYECKUX YPaBHEHN

v/ HeobxoauMo paspelueHme Bcex A/IMH BOJIH, BHOCALLMX BKIaJ, B LLYM, B pacyeTHoM 06nacTu BrnIoTb A0
NPUeMHUKa

v’ BbICOKME BblUUC/IUTENIbHbIE 3aTpaTthbl

* AnbTepHaTUBA - TMOpPUAHbIE METOAbI
» PacyeT OCHOBHOTIO TeYEHUA U PACYeT PacnpPoOCTPaHEeHUs 3ByKa NPOBOAATCA pPa3ae/bHO C
MCNONb30BaHNEM PA3/IUYHbIX YPAaBHEHUN
* IHTerpanbHbie rMbpuaHble MeToabl NCNONb3YOTCA Hanbonee YyacTo
> Ux npumeHeHne orpaHnM4eHo BHeWWHUMU 3a4ad4aMN, B KOTOPbIX HET I'IpEI'IﬂTCTBMIZ mexay
MCTOYHUKaMU WWYyMa U NPNEMHUKAMU
* InddepeHunanbHble rMbpuaHble meToabl

» OMH 13 TaKUX NOAXOA0B ANA TeYEHUN C HUSKMMM Ynciamm Maxa ocHOBaH Ha COBMECTHOM pPeLLeHUm
YPaBHEHUIN ABUXKEHUSA }KUAKOCTU B HEC}KKMMAEMOM NOCTAaHOBKE M BOJIHOBOTO YPaBHEHMSA

v’ B HacToAwWwen paboTe OH NpMMEHEH A/1A pacyeTa LWyma OT MOAEeNM YNPOLLEHHOro BO34yX0BoAa .
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MeTop, pacyeTa Wyma, OCHOBAHHbIM Ha BOJITHOBOM YPaBHEHUM

* [MBbpunaHbIN Noaxoa AnA TEYEHUN NPU HU3KMX Yncnax Maxa:

pPacyeT HECKMMAEMOTrO TeYEHUSA + BO/IHOBOE YPaBHEHME ANA pacyeTa 3BYKaA
[Kaltenbacher]

* YpaBHEHWe ANA akyCcTUYecKoro noteHumana @ (O@/ot =—p'/p) BbiBeaeHoO U3 moaenu
[Ewert] B npeanoioKeHUn NOCTOAHHbIX NIOTHOCTM O U CKOPOCTU 3BYKa C

CoBMeCTHbIN pacyeTt ypaBHEHMﬁ ABNHKEeHUA XKNAKOCTU M BO/THOBOTO YpaBHEHWUA Ha O,D,HOﬁ ceTke C OAHUM Warom no spemeHun

HecTaumMoHapHbI pacyeT B

HecXXMMaemMoM NoCTaHOBKe C UcTouHnk BonHosoro [ PelleHve ypaBHeHMA AKycTUYecKoe
MCNO/Ib30BaHMEM ypaBHEHMUS ANA noTeHumnana nasnexHue p’

BMXpepaspeLlatowmx noaxon0s

* Bpems pacyeTta o4HOrO Llara No BpeMeHu Bo3pacTaeT He bosee yem Ha 15%

[M. Kaltenbacher et al. Computational Aeroacoustics for HVAC Systems Utilizing a Hybrid Approach. SAE Int J Passeng Cars - Mech Syst.]
[Ewert R, Schroder W. Acoustic perturbation equations based on flow decomposition via source filtering. ] Comput Phys 2003; 188: 365—-398]
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* 3a NMOBOPOTOM YCTAaHOBJ/1IEHA 3aC/IOHKA

* CpepHepacxoAHasa cKopocTb B KaHane U, = 7.5 m/c
e CrtopoHa KaHana h=0.08 m

* Moaenb ynpoLeHHOro B034yxoBoaa BEHTUNALMOHHON CUCTEMbI aBTOMOBUANA®
e KaHan KBagpaTHOro cevyeHus c nosopotom 90°
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Adaptor with BL Startup Duct
Turbulence Tripping (3m long)

[A. Jager et al. Numerical and Experimental Investigations of the Noise Generated by a Flap in a Simplified HVAC Duct. AIAA 2008-2902 ]
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LLIyMm OT 3aC/IOHKK, PACcnoONOKEHHOMN B YNPOLLEHHOM BO3/1yX0OBOAE
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[TOCTaHOBKaA 3d4a4M (1 N3 2) BbIXOAHble rpaHuLLbI

¢ Re = Ubu|kh/V = 4'104 ) M = 0.02
e TeyeHMe HECKUMAEMOMN UAKOCTU

YcTaHoBMBLIEECA
 MoaennpoBaHue TypbyneHTHOCTU TMBPUAHbBIM
RANS-LES meTogom SBES D
7 U = 2.5 m/c
* [paHMYHbIE YCNOBUA: 08
* Ha Bxoze B KaHan - Npoduab CKOPOCTU U 0z
TYPOYNEHTHbIX XapPaKTEPUCTUK U3 02
npepsaputenbHoro RANS pacuerta m %%
YCTAaHOBUBLLEroCsA TeYEHMA B KBaJAPaTHOM KaHane | _ p

* CTEeHKM KaHana — ycnoBus NPUAKNNaHUA
* BbIXOAHbIe rPaHuULbl C 334aHHbIM AaBNEHUEM

* HeoTparkatowme rpaHnUYHbIe YyCA0BUA ANA
BOJIHOBOIO YPaBHEHMS Ha BXOAE M BbIXOAe

e OTpakatowme rpaHNYHbIE YCNOBUSA Ha ANS
BOJIHOBOIO YPaBHEHUA Ha CTEHKax

CTeHKu

* PacyeTbl npoBOAMANCH C UCNOJIb30BaHUEM
ANSYS FLUENT
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[TlocTaHOBKa 3a4a4u (2 13 2)

* HecTpyKTypupoBaHHas ceTKa (Fluent meshing)
* 0oKono 8M ayeeK

* 13 NpU3MaTUYECKUX CN0EB Ha CTEHKaX TPYyObl BHYTPM
KaHana (y,.;"'<1)

* A =1mMM BHYTPM KaHa/a 3a NOBOPOTOM (Camas mesiKas
ceTKa)

* 5 ypoBHEN U3MeNbYeHUA

 A=16mm B 061acTK pacnpocTpaHeHMs 3BYKOBbIX BOJIH K
MUKpOoPOHam (pa3pelwieHme BonH Ao 2000Hz)

e At=1-10"c

* KoHBeKTMBHOE 4Yncno KypaHTa meHee 1

*PacueTbl NpoBeAeHbl C UCMONb30BAHNEM BbIYMCANTE/NbHBIX PECYPCOB i =
cynepkomnbtoTepHoro ueHtpa CM6MY «MoantexHnyecknin» npu
¢durHaHcoBOM nogaepkke MmnHobpHayKkM Poccumn B pamkax peanmsaumm
nporpammbl Hay4yHOro LeHTpa MMPOBOrO YPOBHSA NO HanpaB/EHUIO
«Mepenosbie uudpposble TexHonornn» CM6MY (corn. Ne 075-15-2020-934

0T117.11.20207.)
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HYnucneHHble metoabl

* lMapoanHamuKa
» MeToa, KOHEeYHbIX 06bemos
» HeABHan cxema BTOPOro nopsaka no BpemMeHm

» MOHOTOHU3NPOBaHHAA LLleHTPaNbHO-Pa3HOCTHAA CXeMa ANCKPETU3aLMM KOHBEKTUBHbIX Y1€HOB
(Tunable BCD, bounded central differencing)

* AKYCTUKA
» MeToa KOHeYHbIX 06bemoB
» [IncKpeTnsauma BTOPOro nopsaaKa no npocTpaHCcTey
» HeaBHbIN MmeTo/a HbromapKa BTOpPOro nopAaaKa ana AUCKpeTn3aunm no BpemMmeHun
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[mbpmnaHbin RANS-LES noaxona SBES

* SBES (Stress-Blended Eddy Simulation) — He30HHbIN TM6pPMAHBLIK RANS-LES noaxoa, B
KOTOPOM C NOMOLLbIO ynpasaaowen pyHKUMM obecrneuymBaeTca nepekatoyeHme ot
6a3oBo RANS moaenu K anrebpanyeckon noacetoyHon LES moaenn:

SBES _ RANS LES
T = fspesTi; - + (1 — fspes) T

MNone ynpasnawowen pyHKkumm SBES

SBES shielding function

* B HacToAwen paborTe:

» RANS - SST ¢ nonpaBKamu Ha
KPUBU3HY TMHUI TOKa U
BTOPUYHbIE TOKM B YI/I0BbIX
TeyeHuAX

» LES—WALE

* SBES obecneumBaet ncnonbsosaHne RANS moaenu B KaHane A0 NOBOPOTa U noaceTo4yHoun LES
MOJENIN B OTOPBABLLUEMCS C/10€ CMELLEeHUNA N B 061aCTAX C pa3pelleHHbIMU TYPOYyNeHTHbIMU
CTPYKTYpPaMM B KaHa/ie 32 NOBOPOTOM KaHasa
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CTpyKTypa Te4yeHua (BM3yaamsaums)

MrHoBeHHOe none moaynAa 3aBUXPEHHOCTH

[l e

100 219 478 1046 2287 5000

* B choe cmelleHUA 32 NOBOPOTOM KaHana bbICcTpo
bopMUpPYIOTCA paspeLleHHble TYpbyneHTHble

CTPYKTYpbI

* B OTpbIBHbIX 061aCTSAX 32 NOBOPOTOM M 33 3aC/IOHKOM
pa3peLlaloTcs Meskue TYPOyNeHTHbIe CTPYKTYpbI




OcpeaHeHHan cKopocTb B cedeHmm y=0 (LeHTp KaHana)

X-velocity

Pacyet

—
c
()

£
o=
(<))
o

Pacuet

Ex

* CTPYKTypa TeyeHus, paamepbl U popmMa OTPbIBHbIX 061acTeN, a TaKXKe YPOBHU CKOPOCTEN
XOPOLLO COrNacytTCA C IKCNEPUMEHTANIbHbIMU AaHHbIMU

[s/wi] N

[s/w] M
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CI'IEKprI AaB/1eHNA Ha CTEHKAX KaHAaJ/ld
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- 'SBES A — SBES , SpEs
40} 40} _ 40}
* BT 0o 1 T 10" 10 . TS
10 frequélglcy, Hz 10 10 frequelr(%cy, Hz 10 frequency, Hz

PacyeTHble CNeKTPbl MaclwTabmMpoBaHbl K IKCNepUMEHTaIbHOMY pa3pellenuto B 41y,

* PacuyeTHble cneKTpbl AaBNEeHUA HA CTEHKaX KaHana B MUKPOdOHaX, PpaCnoNOKEeHHbIX 33
3aC/IOHKOM XOPOLLIO COMNACYOTCA C IKCNEePUMEHTa/IbHbIMM

* MpeacKasaH NuK Ha 80l (AoporkKa KapmaHa 3a 3aC/10HKOMN)




[TapameTpbl BOJIHOBOrO YpPaBHEHMSA

) NemndnpoBaHne MeTogoM NUCKYCCTBEHHOM
MICTOYHMKOBBII Y1€H BOJIHOBOTO YPABHEHWA  OrpanuuymTeNb MCTOUHMKA BA3KOCTU
z

sound-mc
0.99 sound-sponge-marker
0.4 0.99
0.89 0.941
0.84 0.892
0.79 0.843
0.74 0.794
0.69 0.745
0.64 - 0.696
0.59 0.647
oo nemndupoBaHUA 0,58
05 0.549
0.45 0.5
0.40 0.451
0.35 0.402
0.30 0.353
0.25 0.304
0.20 0.255
0.15 0.206
0.10 0.157
0.05 0.108
0.01 0.059

0.01
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[lone 3ByKOBOTO AaB/ieHnA

MrHoBeHHOe none 3BYKOBOro gasaeHuAa, noay4eHHoe C
NOMOLWbLKO BO/TIHOBOIO YpPaBHEHWNA

Z
[nockocTb y=0 |
(ueHTp KaHana)

X
sound p, Pa

0.03
0.027

* OTparKeHMe BbICOKOYACTOTHbIX BOJIH (He o oos

v 0.018
pa3pellaembiX Ha UCMOAb3YEMOMN CETKE U C o1
MCMOIb3yeMbIMU LLAramm no BpemeHun) ot 0.012
nHTepdencoB 3arpybieHna ceTku

0.009
0.006
0.003
0
-0.003
-0.006
-0.009
-0.012
-0.015
-0.018
-0.021
-0.024
-0.027
-0.03
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) & 5] an a &5 Finie, 4
B D S ® B - exp minimum and maximum S 0T
calc :
_20 ] A . . . . L 5 . . . i L 3
10 fre1 uency, Hz 10

* OKHO XaHHa, 7 okoH annHomn 0.1 c ¢ nepekpbiTnem 50%,
CneKTpbl HOPMUPOBAHbI K 3KCNEepPUMEHTaIbHOMY pa3spelleHmto (0.625Mw)

* HecKkoNbKO MUKPOPOHOB PacnosioKeHo
HenocpeaCcTBEHHO B CTpye

e CeTKa B 3TOW 0bNacTH HeJOCTaTOYHO MENIKaA ANA

* [loNy4YyeHHbI OCpPeAHEHHbI CEKTP WyMa
6/1M30K K IKCNEepMMEHTAIbHOMY:

Ka4eCTBEHHOrOo pa3pelleHus TYypbyneHTHbIX o HwW3Ko4YacTOTHble MOoAbl HE NpeAcKa3aHbl B
CTPYKTYP COOTBETCTBUMU C YNPOLLEHHOW NOCTAHOBKOM 33434m
* CurHan AaBeHnAa B 3TUX MMKpO(I)OHaX HeHadeXeH 1, 0O XopOLuee cornacume B nosaoce 100_1000“_"

cooTBeTCTBEeHHO, He BK/1KOYEH B OCpe,EI,HEHHbIl';I CNeKTp
o [uk Ha 1500 My HemHoro 3aHuKeH (<5ab) .
14
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[Tone 3 BYKOBOIO AaBJ/IEHUNA PacnpocTpaHeHne 3BYKOBbIX BOJIH YAaCTOTHOM
nonocol 1500+2000y,

. ‘
fre1c?uency, Hz

* [luk Ha 1500l cooTBeTCTBYET COOCTBEHHOM YaCTOTE KaHa/ia C 3aC/IOHKOM
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3aKkar4yeHune

* [MBpUAHBIA NoAXoA pacyeTa LWymMa Ha OCHOBE BOJIHOBOTO YpaBHEHUS MPUMEHEH K
3a4a4e pacyeTa LWyMma, BO3HUKaOLWeEro npmM ob6TekaHMm 3ac/IOHKM, YCTaHOBIEHHOW B
MOZJe/lb BEHTUNSILMOHHOIO BO34yX0BOAa KBaApaTHOro ceyeHmns c nosopotom 90°

* Micnonb3oBaHHbIN BUXpepaspeluatowmnin noaxon SBES obecneuymn cornacoBaHue
oCpeaHEeHHOM CKOPOCTU U NY/IbCaLM AaBNeHUA Ha CTEHKaxX KaHana C
3KCNepUMeEHTaNbHbIMU AAHHbIMMU

* 3TO NO3BOAET c4aenartb BbiBO4 O Ka4eCTBeHHOM pa3peweHnMn MCTOHHNKOB WyMa

* |_|_|yM B CpeaHeEM NnoJe, ﬂpe,EI,CKa3aHHblﬁ C NOMOLWbK BOJZIHOBOIO yYpaBHeEHWNA, AOCTATOYHO
6/1M30K K IKCNEPUMEHTA/IbHbIM AdHHbIM
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Cnacmbo 3a BHMMaHue!




