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Xominmnu O. O. °, acnipanm

JOCJIIIZKEHHA AKOCTI MOIAEJIIOBAHHA IOT'PAHUYHOI'O
IHIAPY ITPU BUKOHAHHI CFD-PO3PAXYHKY AEPOJANHAMIYHUX
XAPAKTEPUCTHUK JITAJIBHOI'O AITAPATA 3AMKHEHOI CXEMHA

En

Ru

B CEPEJOBUIII ANSYS FLUENT

Value to determine the parameters of the boundary layer is the basis of the
numerical aerodynamics software ANSYS FLUENT. That is, nowadays, with the
appearance of modern computational packages boundary layer simulation is not a
big problem. The problem is the quality of the boundary layer modeling and
computational grid and as a result — error in getting pressure distribution over the
surface of the aircraft and the aerodynamic characteristics. Therefore, to study the
aerodynamics of the aircraft it is necessary to obtain quality modeling
computational grid (the number of final volume) and modeling of the boundary
layer (the number of layers).

In this work the influence of the boundary layer modeling in performing
CFD-calculation of aerodynamic characteristics of the closed wing aircraft using
ANSYS FLUENT is investigated. Rational partition of wall shelving final volume
in layers for further boundary layer modeling is found.

It was determined that the quality of the boundary layer simulation in ANSYS
FLUENT significantly affects the coefficient of aerodynamic drag and hardly
affects the coefficient of lift force.

It is shown that the aerodynamic characteristics with some modeling of wall
layers are stabilized and are not dependent upon further wall layers modeling. This
phenomenon is similar to grid independence, when some calculation grid
characteristics do not depend on further increasing the final volume mesh aircraft.

B pabote mccrienoBaHo KadecTBO MOJICIUPOBAHUS TMOTPAHUYHOTO CJIOSI TIPU
BeimonHeHnn CFD-pacdyera a’poaMHaMHUECKUX XapaKTEPUCTUK JIETaTeIbHOTO
anmaparta 3amMkHyTod cxeMbl B cpeme ANSYS FLUENT. MonenupoBanue
BBITIONTHSIETCS. TTyTEM Pa30UTHs MPUCTEHHBIX KOHEUHBIX 00bEMOB Ha MPHUCTEHHBIC
cion. HaiieHo panuoHaibHOE pa30MEeHWE NPUCTCHHBIX KOHEYHBIX O00BEMOB Ha

1 . o . o . . . o . . o .
Hayionanvuuii mexuiunuii ynieepcumem Yxpainu « Kuigcokuil nonimexnivHutl iHCmumym»y,
Gaxyrvmem agiayitinux i KOCMIYHUX cucmem
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MPUCTCHHBIC CJION IJIA I[EUILHGfIHlCI‘O MOZACIIMPOBAHUS NOTPAHUYIHOI'O CJIOA.

Beryn

Teopis pyxy ieabHOT piiuHU 100pe po3pobIieHa 1 3a3BUYall 1a€ IIJIKOM
3QJIOBUTBHI pe3yJIbTaTH TMPU AOCIIDKCHHI JIACHUX Tedid (0CO0JIMBO mMpH
BeNUKUX uyuciax PeitHonmbaca), 3a BHHATKOM 00JlacTed, pO3TAIIOBAHUX B
Oe3nocepenHid OIM3BKOCTI BiJ MOBEpPXHI OOTIYHOTO Tijia 1 obnactell BiIpHUBY
MOTOKY B pa3i HE3PYYHO OOTIUHMX TUIL. Y IHUX 00NacTsIX Ha XapakTep Teuii
ICTOTHUN BIUIMB 3JIACHIOIOTH CHJIM BHYTPILIIHBOTO TEPTS PIAMHU, OOYMOBJIEHI
HasBHICTIO B'3KOCTi. IIpW 30BHINIHBOMY OOTIKaHHI B MIpy BIJJAJ€HHS Bij
MepeHbOI KPUTUYHOI TOUKHM TUIa JO 3aJIHbOI KpallKu TOBIMHA Ili€i 00JacTi
3pOCTaE.

Bech noTik yMOBHO MO>KHA PO30HMTH Ha JIB1 00JIaCTi: MPUCTIHHY 00JACTb,
BEJIbMU MaJioi TOBIIMHU, IO HA3UBAETHCS HNOSPAHUYHUM ULAPOM, JI€ BIUTUB CHUII
B'SI3KOCTI HACTUIBKH K 1ICTOTHUH, SIK 1 BIUIMB BCIX IHIIUX CWJI (HANpPUKIIAJ, CHUII
TUCKY, CHJI TE€pTs), 1 00JIaCTh 30BHIIMIHBOTO IMOTOKY, /i€ BIUIUB CHJI B'SI3KOCTI
nyxxke Manuid. TakuM YWHOM, NPUKOPJOHHHMM IIap MOKHA BH3HAUUTH SIK
OPWIETIINN 0 MOBEPXHI TBEPAOro Tija LIap PIAMHHU, B SKOMY 30CEpPEKEHO
OCHOBHMM BIUIMB CHJI B'SI3KOCTI Ha Ti710. Big cTpyKkTypu Tedii B MOTpaHUYHOMY
mapli 3HAYHOIO MIpOI0 3alieXKUTh OMip OOTIYHOrOo TuIa, MOro migHIMalbHA
cuna [1]. CxemaTnuHe 300paxeHHsI IPUKOPAOHHOTO APy HA IJIOCKIA MIIaCTHHI
nosxuHo0 L mokasano na puc. 1.

=Y

Puc. 1. CxematnuHe 300paK€HHS TOTPAHUYHOTO IIIapy HA TIUIOCKIN
TJIACTHHI

[IpukopaoHHUH 1Iap HA OOTIYHOMY TUII Ma€ MPUOIU3HO Ty K CTPYKTYPY,
110 1 Ha TUIACTHHI. 32 OOTIYHUM TUIOM MOTPAHUYHI HIApH, 10 YTBOPUIIUCSA HA
HUKHIN 1 BEPXHIA MOBEpPXHI Tijla, 3MUKAIOTHCS 1 MEPEXOATh Y BUXPOBUM CIijl
(puc. 2), sxkuii o Mipi BIAJANIEHHS BiJ TUIa «PO3IIMBAETHCS», MIBUIKOCTI Y
HbOMY BUPIBHIOIOTbCA 110 V, 1 Ha BIAJAJEHHI BIJ TUIa HAOIMXKAIOThCA [0

IIBHIKOCTI HE30ypeHoro nmoToky V. [2].
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Puc. 2. Cxematuude 300pakeHHs TTOTOKY MpU OOTIKAHHI TiJia B’SI3KOIO
pimuHoto: 1 — namiHapHui map; 2 — TypOYJEHTHUU IIap;
3 — BUXPOBUH CIIiJT; 4 — MmepexijiHa 30Ha

IlocTanoBKAa 3aaa4i

Po3B’s130K 3a71a4 MOTPaHUYHOTO 1IAPy 3BOJIUTHCS B 3arajbHiil MOCTAHOBII
N0 1HTErpyBaHHs CKIagHUX AudepeHmianbHux piBHAHb Has'e-Crokca. Lli
PIBHSAHHS € HENIHIMHUMUA JHU(EepeHLIaTbHUMHA PIBHSHHSAMUA B YaCTUHHUX
NOXITHUX 1 IX IHTErpyBaHHSA NpPHU 3aJaHUX TPAaHUYHUX yMOBaxX IOB'S3aHE 3
BEJIMKMMHU MaTEMaTHYHUMU TPYAHOIIIAMH HE TUTBKH B pa3i B'SI3KOTO CTUCHEHOTO
razy, aje 1 B pa3l HECTUCHHMBOI pimuHu. ToMy TpH pO3B’SI3Ky 3aBlaHb
NOTPAaHUYHOTO IIapy JOBOAMUTHCA BJIABAaTUCS /O CHPOILEHHs piBHSAHb Has'e-
Crokca [1] metoniom IIpanaTis.

InTerpansue cmiBBimHOMEHHS (1) IS yCTaNeHOi Tedii B MOTPAHUYHOMY
mapi HECTUCJIMBOI PIIMHU, 10 OTPUMAHO HAa OCHOBI TEOPEMHU MEXaHIKH PO
3MIHY KUIBKOCTI PyXy Ha3UBA€ThCA PIBHAHHSIM IMIYJbCIB a00 IHTETPAIbHUM
piBHsHHSIM Kapmana:

dt o, d® dp

—|V2dy-pV,— [V.dy=—p—— -1, 1

pdxgxypodxlxy Py (1)
e P — TyCTHHa IIOTOKY, KF/M3; O — TOBIIMHA TOTPAHHYHOTO IHApy, M;

V, - mBHAKICTh B nepeTuHl 1o oct OX HIBHIKICHOI CHCTEMHU KOOPIMHAT, M/C;
V, — HMBHAKICTh Ha BEPXHIH I'PAHUL] IMOTPaHUYHOIO IIapy, M/C; t, — JOTHYHE
Hanpy>xeHHs, [1a.

B piBuannHi (1) HeBimomumu € BenuuuHu V,, T, Ta O. ToBumHa

0
JaMIHapHOTO &, Ta TYypOYJEHTHOIO &  MOTPAaHUYHOIO IIapy JOPIBHIOE

BIIIIOBITHO:

5 =52 2% a0 8 =52 |- 2)
' v / Re

0 X
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5 =0375——x ado 3, =0,37s/——x,
V_X Re

X

V X .. ) )
pI(¥ Rex =—=— — YHUCJIO PCI/IHOJIB,IICEI; X — JIIHIUHUU pOSMlp, M; V — KIHEMAaTHU4Ha
vV

- 2
B’A3KICTh, M“/C.

JloTuyHe HampyKeHHs JaMIHApHOIO rt, Ta TypOYyJIEHTHOro t,,
MIOTPAHUYHOTO IIapy JOPIBHIOE BIATIOBITHO:

V 3
7, =0,332 “pTw . T5,=0,0289pV \/VZ % , (3)

ne W — AuHaMivHa B’SI3KICTh, KT/M-C.

CuisBigHomieHHs (2), (3) MOKJIaJeHI B OCHOBY MPOTPaMHOIO MPOIYKTY
yucenbHOoi aepoauHamikd — ANSYS FLUENT. J[lanuii npoayKT MIUPOKO
BUKOPUCTOBYETHCSI HAYKOBLSAMH Taily3l JJisi BHU3HAUEHHSA AaepOAMHAMIKU
mitanpHOro amapary (JIA) (Bizyamizaiisi OOTIKaHHS Ta BU3HAYEHHS PO3MOJLTY
tucky 1o moBepxHi) [3]—[5]. ToOro B Ham 4ac, 3 MOSBOIO CYYaCHHX
PO3paxyHKOBHX IMAKETiB, MOJICTIOBAHHS MOTPAHUYHOrO IIAPy HE € BEIUKOIO
npobsemoro. IIpobieMoro 3aMIaeTbCcsl SAKICTh MOJICIIOBAHHS ITOTPAHHUYHOTO
mapy ¥ po3paxyHKOBOI CITKH 1, sIK PE3yJbTaT, MOXUOKA OTPUMAHHS PO3MOILITY
TUCKY 1o mnoBepxHl JIA Ta aepoAMHAMIYHMX XapakTepUCTHK. Tomy s
BHUBUYEHHS aepoJunHaMiku JIA HeoOXiJHe SIKICHE MOJENIOBaHHS pO3paxyHKOBOI
CITKM (32 KIJIBKICTIO KIHIIEBUX 00’€MIB) Ta MOJIEJIIOBAaHHS MOTPAHUYHOIO IIapy
(32 KUIBKICTIO LIApiB).

B pobGoti [6] Oyno 3HalaeHO pallioHadbHy, 3 TOIISIAY TPUBAIOCTI
pPO3paxyHKy Ta aJleKBaTHOCTI OTPUMAHUX PE3YyJIbTATIB, PO3PAXYHKOBY CITKY IIPH
BukopuctanHi  CFD-po3paxyHKy aepoJuHaMIYHUX XapakTtepuctuk JIA
3amMkHEHO1 mpoctopoBoi cxemu B cepemosuii ANSYS FLUENT. He menm
BOKJIMBUM € MOJICITIOBaHHS IOTPAHUYHOTO Iapy.

Memow npedcmaenenoi pobomu € JOCTHIIHKCHHS BIUIMBY SIKOCTI
MOJICIIIOBAHHSI TOTPAHUYHOTO Imapy mpu BukopuctanHi CFD-po3paxyHKy
acpoaMHAMIYHUX XapakTepucTuk JIA 3aMKHEHOI TMPOCTOPOBOI CXEMH B
cepenoBuiti ANSYS FLUENT.

Moaeab Mentepa — SST moaeib

B poGoTi nns MogentoBaHHs norpaHuyHoro mapy B cepeaoBuini ANSYS
FLUENT Buxopuctana moneiab Mentepa — SST (Shear Stress Transport). /lana
MOJIeNIb, IpeACcTaBisgec cobor koMOinaniro K—& ta K— o moneneit. Tak, K—¢
MoOJIejIh, 3ampornoHoBana Xapioy [7] - [9], 3abe3meuye po3paxyHOK BUIBHUX i
CTPyMEHEBMX 3CYBHHX Tedill, a K—@® Mogens 3abesmedye icTOTHO Oinbmn
TOYHUH ONKWC TPHUCTIHKOBUX TOTPAHUYHMX MIapiB. 3 ypaxyBaHHAM IIUX
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oOctaBuH, MeHnTepoMm [8] Oyno 3amporoHOBAaHO O00'€MHATH I MOJAENI 3
BUKOPHUCTAHHSAM CIIELIaJIbHO CKOHCTPYHOBAHOI AJISl I[HOTO eMMIIpUYHOI PYHKIIIT
F,, AKa 3a0e3nedye OJIM3BKICTh CyMapHOi MOJEII A0 MOJEIL k—¢ BmanmHi Bif
TBEPMX CTIHOK i 10 Mojiei K — B MPUCTIHHIN YaCTHHHM ITOTOKY.

Ils ™omens, 3anmcana B TepMiHax K  (kiHeTwmdHa  eHepris
TypOyJIEHTHOCT1) 1 (0 (MMTOMAa MBUAKICTD ii IUCUTIIALIIT), MA€ HACTYITHUN BUTJISI]

[7]- [9l:

d(pk .
%:V-[(u+ckuT)Vk]+ B.—B pok, (4)
d
(ciiatw) :V-[(u+cqu)V(y)] +y£+ P, —Bpw’ +(1+ Fl)dkm. (5)

T

Po3paxyHOK reHepaniiiHoro 4jieHa P, IIPOBOAUTHCS MO (GOPMYIIL:

H 2 * 2
R, =min(p,S*, 208 pka),S* = 25;$;
a OCTaHHIM 4JIeH PIBHSHHS MEPEHOCY (O (WIEH 3 MEPEXpPEeCHOI0 AUPY3I€0 —
cross-diffusion term) Bu3HayaeThCs CIiBBIIHOIICHHSIM:

2pc
d,, =22 (VK)- (Vo).

®
Jns BU3HAYEHHS TypOyJIE€HTHOI B’A3KOCTI IO BilOMHM 3HaueHHsSM K Ta
® B SST Mojesi BUKOPUCTOBYETHCSI CIIBBITHOIIICHHS, IO 0a3yETHCS HA TIMOTE31
bpenmoy [9] npo nmponopuifiHOCTI HaIpyXEHHS 3CYBY B NMPUCTIHHIA YacTHHI
MOTPAHUYHOTO APy eHeprii TypOyJICeHTHHUX IMyJIbCAIlil, 1110 JO3BOJISIE YHUKHYTH

XapaKTEPHOTo s K —& Moenel 3aTaryBaHHs BiipuBy:

_ pak
max (a,0,QF, )

L

EmnipuyHa ¢yHKLIS F, po3paxoBYeThCs MO GOPMYIIi:
F, =tanh(arg} ),

2Jk  500v
0,09wd, " d2m
HaNHOIMKYOT TOUKH TBEPJ0i MOBEPXHI.

EMImiprani  KOHCTaHTH MOJIeNIl  BHU3HAYAIOTHCS yepe3  BIATOBIIHI
xoHcTaHTH K —€ Ta K —® momeneii 3a jomomororo QyHKIii F,:

ze arg§ = max( }, a d, — BIACTaHb BiJ PO3IJISAAYyBaHOI TOYKH JI0

o, =Fo,+(1-F)+o,,, o,=Fo,+(1-F)+o,,,
B: I:1[31"'(1_ F1)+B2’
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ne Flztanh(argf), arg, = min| max \/E ,5020\/ ,4pc‘”2l§ : a
0,090d, d o ) CD, d;

CD,,, =max{D,,, 0™}

Iamexcu «1» Ta «2» BIMIHOCATHCS BiAMOBITHO 10 KOHCTAHT K—¢& Ta K —®
MOJIEJIEH:
5, =0,85, 5, =0,5, B, =0,075, 5., =1,0, 5, =0,0856, B, =0,0828,
a OCTaHHI KOHCTAHTH JIOPiBHIOIOTH:
B"=0,09, k=0,41, 4, = 0,31, y=[3/[3*—cw1<2/\/[3_*.
['paHnyHl yMOBU 3a7al0ThCsl HACTYMHUM dYWHOM. Ha TBepmii cCTiHIN

KIHETUYHA €HEprig TypOYJEHTHOCTI OepeThcsi PIBHOIO HYJIO, a ii MUTOMa
JMCUTIAIISE BU3HAYAETHCS 32 (DOPMYIIOI0:

@, =10 bv >
B.AY;

ne Ay, — BeIMYMHA NEPIIOTo NPUCTIHHOTO Iapy rasy.

(6)

Ha BXigHMX [AUISHKaX 30BHINIHBOI TPaHUIl PO3PaXyHKOBOi 00JaCTi
3a/1a€ThCsl 3HAYCHHS MUTOMOI JUCUTIAITI:

Uowo
o =C— 7
. = (7)

e Uoco Ta L — XapakTepHi AJIsl 1aHOi Teuli IBUAKICHUHN Ta JIHIMHUI MaciTaowu,
a C=1...10 — KOHCTaHTa.

I[lnanyBaHHA eKCIIEPUMEHTY

B sixocTi po3paxyHKOBOI MOJIEN ISl TOCTIKEHHS SIKOCTI MOJICTIOBAHHS
norpanuyHoro mapy B cepemoBuiii ANSYS FLUENT B3sto JIA 3amkHEHOI
acpPOIMHAMIYHOT CXEMHU.

B mporieci po3paxyHky nmpuCTiHHI KiHIEBI 00’ eMu moneni JIA 3aMKHEHOT
cxemu B cepeposuini ANSYS FLENT mpomopenpoBaHi m’siThMa BapiaHTaMH
NPUCTIHHUX  IMapiB  JUIi  BH3HAYCHHS  ONTUMAJLHOTO  PE3yibTaTy
aepoJMHAMIYHUX XapakTepucTuk. Ha pwuc. 3 mpouttocTpoBaHi BaplaHTH 3
MozenoBaHHsAM 1 Ta 20 NpUCTIHHKUX 1IaPIB.




75
IHpunaou ma mMmemoou KOHMmMPOII

a o
Puc. 3. Imtoctpariist po30UTTS NPUCTIHHUX KIHIEBUX 00’ €MIB 10 MOJE1
JIA 3amMKHEHOi cXeMH Ha MPHUCTIHHI MapU:
@ — OJTUH MPUCTIHHUM map; 6 — 20 TPUCTIHHUX IIAPiB

Jliana3zoH po3paxyHKOBUX KyTiB aTaku: o = 0...16° uepe3 1°, ne o — KyT
aTakud M BEKTOPOM IIBHAKOCTI V_ Ha0Irarouoro moToky Ta OyIiBHOIO BiCCIO
OX (hro3emsaxKy.

[TouaTkOB1 pO3paxyHKOBI YMOBH: MOEIb TypOynIeHTHOI B’s3kocTi SST,

YHUCII0 M = 0,04 (BiamoBijae  ICTUHHIM  JIBOTHIM  IIBUIKOCTI
V,,, =50 km/rox IC), tuck P = 101325 Ila, Temneparypa 7 = 288,15 K, mioma

2
HECY4YHUX IOBEPXOHb IEPEAHBOrO Ta 3aaHboro kpun S, = 0,412 mM°, cepenns
aepoguHamiuHa xopaa b.,, = 0,13 m. PospaxynkoBa citka — 5,816 MiH.
KIHI[EBUX 00’ €MIB MPUMHSATA 3T1THO 3 [2].

Pe3ysabTaTu po3paxyHKOBHUX JA0CTiIKEeHb

OTpumaHi aepoJlMHAMIYHI XapaKTEPUCTUKH B 3B’SI3HIM  CHCTEMI
KoopauHaT (OXYZ ) mepepaxoBaHi 3riiHO [6] B IBUAKICHIN CUCTEM1 KOOPIUHAT

(0X,Y,Z,).

a a a
Ha ocHOBi oTpuMaHuX po3paxyHKiB MOOYJ0BaHO Tpadiku 3ajexKHOCTEN
KOCQILIEHTIB MiHIMAIBHOI cui C,, = f(oc) (puc. 4, a) Ta cunu 1000BOTO

onopy C,, = f (o) (puc.4,6) no xyry ataku, a Takox rpadiki 3aneKHOCTI

Cpa = f (Cxa) (puc. 5) o1t ’ATH BapiaHTIB MOJICTIOBAHHS MPUCTIHHUX IIapIB.
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> - xa
ya 0.154

! . —0=—- () IPUCTIHMX MapiB |
- 0 IPHCTIHMX TIapiB

- | npucTinmit map 0.14
- 5 IPHCTIHNX Mapis

- 10 pucTiHUX mapis
- 15 npueTIHUX mapis._

—O=- | npHCTIHMI{ map
SRS LS IpHCTIHEX mapis”T T
—v=—~- 10 npHCTIHNX MapiB |
0.134=C==- 15 npuctimuxmapiB..i..; L. ..L. .. | §d
1.04 == - 20 IpHCTIHKUX HIAPIB |

= - 20 IPUCTIHMX IIapiB i 3 :
| (D) (20 ISR L o :
0.9 i CIRUS SRS S — - - -
i 0.11 42 s

08

010 pesvocined

0.09 4
0.6

0.08
0.5

0.074
(1. 1 EOC ) (R S B A S SO IR RO T Lo BUS e, TS A

0.06
034

0.054-

0.1

0.0

T T
) 2 4 b 8 {1}

5
=

i T T
0.1 i i ! i : 0 2 4 6 8 10 12 14 16

a o
Puc. 4. Tpadiku sanexuocreii C, = f(a) (a) Ta c,=f(a) (6) JA

3aMKHEHOI CXEMH B 3aJIE)KHOCTI BIJ SKOCTI MOJEITIOBAHHSI
MOTPAHUYHOTO IIapy

AHanizyroud OTpUMaHl 3aJE€KHOCTI, BUIHO PO3XOJKEHHS KOe(IlieHTa
aepOIMHAMIYHOTO OIOPY B 3aJIEKHOCTI BIJ MOJETIOBAHHS MPUCTIHHUX IIApiB
mozeni JIA 3amkHeHOi cxemu. B cBOO uepry, sikicTh MOJICTTIOBaHHS TPUCTIHHUX
I1apiB iICTOTHO HE BIUIMBAE Ha 3HAYEHHS KOe(DIII€HTA MiTHIMAILHOT CUJIH.

JIyisi BU3HAUEHHS ONTUMAJBHOTO PE3yJbTaTy OYyJ0 MPUUHSTO PIIICHHS
OLIIHUTH BiJICOTKOBE CITIBBIJHOLICHHS acpPOAMHAMIUYHUX XapaKTECPUCTUK Bia K-To
po3outts 10 (k+1)-ro Tak, sK 1e onucaHo B po0OoTi [6]:

Ac

Cyak C,ak
yakk+l — | —-1/-100%,  AC., =| —*——1|-100%, (8)

yakk+1 xakk+1

H€ Cyyer Crakr Cyasrr Craksa — KOCOILIEHTH ITITHIMAIBHOI CHIIM Ta CHJIM JI0O0BOTO

OIOpY B IMIBHKICHIN CHCTEMI KOOpaUHAT BiAmoBigHO K-ro Ta (K+1)-ro po30ouTrs.
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—0= - () IIPHCTIHIX MapiB
—O= - | mpucTIHHIT map

1.0 v _ 5 ipprcrinmx mapin=++-1
7= - 10 TIPHCTIHNX TapiB
0.9 J=%=- 15 npucrinnx mapis
—<l= - 20 TIPHCTIHNX MapiB

0.0

c
T T xa
0.00 0.01 0.02

T T T T T T T T T T T T T 1
03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.12 0.13 0.14 0.15 0.16

Puc. 5. I'padiku 3anexuocti C,, = f (Cxa) JIA 3aMKHEHOi cXemMu B

3aJIE’KHOCTI B1J] MOJICTTIOBaHHS IPUCTIHHUX IIAPiB

BiAcOTKOBI CITIBBIJHOIIEHHS XapaKTEPUCTUK MpeAcTaBieHi B Tadbuuii. L1
3HAUEHHA MOBUHHI OyTH MeHue 2 % — 3aJaHa TOYHICTb PO3PaxXyHKY B JaHiii
po6oTti. Crig 3a3HAUYUTH, IO 3HAK «-» B TAOJUIl 3HAYUTH, 110 ACPOJUHAMIYHA
XapaKTEpUCTHKa 3 K-ro po30UTTS MEHIa 3a acpoJUHAMIYHY XapaKTEPUCTHKY
(k+1)-ro po3outTs. XapakTepuCTUKH NIpUBE/IeHI B Y.

Taobnuus.

[IporieHTHI BiTHOIICHHS aePOJMHAMIYHHX XapaKTEPUCTUK K-TO po30UTTSI
npUCTiHHKX MmapiB Moaeni JIA 3amkHenoi cxemu 110 (K+1)-To

BinHomenns BigHomenns Bignomenns Bignomenus
Kyt | 1-ro po30uTTA | 2-10 po30ouTTs | 3-r0 po30UTTA | 4-r0 PO3OUTTH
aTaKu 10 2-10 10 3-1o 10 4-1o 10 5-ro

ao
AC,., | Ac

1,40 -646 -0,89 -13,15 -118 187 -1,01 -1,56
198 -632 -105 -1156 1,88 1,93 -1,00 -1,89
-158 -6,20 044 -11,18 -1,16 1,89 0,16 -1,73
040 -590 -1,32 -10,87 0,00 1,81 1,58 -1,78
-0,14 -547 -111 99 -110 1,68 1,50 -1,60
-0,10 -639 -041 -765 -0,70 1,50 1,40 -1,48
047 -574 -112 -693 0,43 1,38 0,34 -1,35
0,50 -523 -0,91 -6,74 -1,12 1722 0,74 -1,18

xal2 ACy<’;123 ACx:;123 ACya34 ACxa34 ACya45 ACxa45

~N o o WOWON - O
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Binnomenns Binnomenns Binnomenuns Binnomenns
Kyt | 1-ro po3ouTTs | 2-r0 po30uTTs | 3-r0 po3ouTTA | 4-r0 pO3OUTTH
aTaKu 10 2-10 10 3-ro 10 4-1o 10 5-ro

o°
ACya12 ACxalz A(-':y<':123 AcvaB ACya34 Ac

8 0,53 -453 -093 -557 081 1,10 1,01  -1,08
9 028 -292 -1,10 -570 0,25 093 -0,30 -0,92
10 0,17 -254 -063 -48 -0,17 0,80 0,63 -1,57
11 -038 -219 032 -421 -011 069 -0,74 -0,69
12 043 -192 -127v -3/ -010 063 -0,61 -0,59
13 -008 -1,71 -064 -333 0,20 0,55 -0,44 -0,54
14 05 -201 -122 -201 -0,23 050 -0,37 0,00
15 0,68 -181 -1,23 -224 0,00 0,44 -0,23 -0,44
16 015 -163 -1,19 -203 0,22 0,40 -0,18 -0,39
AmHanizyrouu nanHi Taou. 1, 6aunmo:
1. SxicTp MOAETIOBaHHS MOTPAHUYHOTO INApy HE BIUIMBAE HA 3HAYCHHS

Koe(dillieHTa MiAHIMAIBHOI CHJIM. 30epiraeTbCa JedKa PI3HUIST MK
BaplaHTaMU pPO3OUTTA, aje BOHA MEHIIAa 3a OOpaHy TOYHICTh OTPUMAHHS

<2%).

2. TlpoueHTHI BIIHOMIEHHA AC,,,, > 2% 1-ro po30UTTA 10 2-TO Ta Ac,,,, > 2%
2-r0 po30UTTA 110 3-TO HE 3aJ0BOJIBHSIOTH OOpaHi TOYHOCTI OTPUMAaHHS
pe3yibTary.

3. IIpoueHTHI BIAHOWEHHA AC, ., < 2% 3-TO PO30HUTTA 4O 4-T0 Ta Ac,_,, < 2%

4-r0 po3OUTTS 10 5-T0 3aJ0BOJIBHSAIOTH OOpaHiii TOYHOCTI OTPUMAaHHS
pe3ynpTaTy. TakuM YMHOM MOKHAa BBaXKaTH, IO PO3OUTTS MPHUCTIHHUX
KIHIIEBUX OO0’€MIB Ha TII’ATh MNPUCTIHHMX MIApIB Uil MOJAJIBIIOTO
MOJICTIIOBaHHS MOIPAaHUYHOTO 1apy OyJe 3al0BOJIbHATH OOpaHiii TOYHOCTI
OTPUMAaHHS aepOIMHAMIYHUX XapaKTEPUCTUK. TaKok MOXHa CTBEpPKyBaTH,
0 TOJAJbIINE PO30UTTS NPUCTIHHMX KiHIeBUX 00’emiB Ha 10 Ta 20
MPUCTIHHUX MIAPIB HE IPHU3BE/IE 0 3HAYHOI 3MIHU XapaKTEPUCTHK.

xa34 ACya45 AC><a45

pe3yIbTaTIB (‘Acyakk+1

xa45

BucHoBkn

B po6oTi nocnimkeHo BIUIUB SIKOCTI MOJEIIOBAHHS MOTPAHUYHOTO IIapy
npu BukoHaHH1 CFD-po3paxyHky aepoauHaMIYHUX XapaKTEPUCTHK JITAIbHOIO
anapata 3amkHeHoi cxemu B cepepoBunli ANSYS FLUENT. 3naitneno
palioHaJIbHE PO3OUTTS MPUCTIHHUX KIHIEBUX 00’€MIB Ha MPUCTIHHI IIApU IS
MOJAJIBIIOTO MOJIETIOBAHHS MOTPAHUYHOTO 1Iapy.
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IHpunaou ma mMmemoou KOHMmMPOII

BusnaueHo, 1mo sKicThb MoOJENIOBaHHS mpukopAoHHOTo mmapy B ANSYS
FLUENT icToTHO BIuIMBa€ Ha 3HauU€HHS Koe(illieHTa aepOAMHAMIYHOTO OTOpY 1
Maiike He BIUITMBAE Ha 3HaYCHHS Koe]illieHTa MigHIMAIbHOT CHITH.

[TokazaHo, 110 aepoauHaMI4HI XapakTepucTuku Mojen JIA npu neskomy
PO30OUTTI MPUCTIHHUX KIHIIEBUX 00'€MIB Ha MPUCTIHHI IAPU CTAOLTI3YIOThCS 1 HE
3aJIeKaTh BIJI TMOJAJIBIIOTO 30UIBIIECHHS MNPUCTIHHUX IapiB. JlaHe sBuiie
noAiOHEe CITKOBIM HE3aJIeKHOCTI, KOJM TIpU JESKIM PpO3paxyHKOBIH CITII
aepoJMHAMIYHI XapaKTePUCTUKU HE 3aJeXaTh BiJl MOJANBIIOTO 301IbIIEHHS
KIHIIeBUX 00'eMiB ciTKH Mmoaeil JIA.
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