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VUMW ECA
72 C. Llenn v 3aaa4m

[nAa yBennyeHma Anana3oHoOB YCTOMYMBOM PabOTbl KOMMNPECCOPOB LUMPOKO NPUMEHAITCA HaAPOTOPHbIE
yctpownctea (HPY) pa3nanyHoro tnna

Llenn pabotbl:

* Pa3paboTka maTtemaTU4eCKNX MOLENEN OCEBbIX KOMMNPECCOPOB C y4eToM Lwenesoro HPY:
o ABYXCTYNeHYaTbl BEHTUNATOP
o CTyneHb M-1

o CTyneHb KH/

* WccnepgoBaHme BAINAHUA NOJIOXKEHNA U TUMA POTOP-CTAaTOP nHTepdenca mexay PK n HPY
* OueHKa BamaHua HPY Ha paboTy KomnpeccopoB Ha Pa3/IMYHbIX YaCTOTax BPaLLEHMUS

Phone: +7 (812) 702 5249 Web: numeca.ru E mail: contact@numeca.ru 2



VomEcs “
\/ 7EC [1ByXCTyneH4YaTbl BEHTUAATOP

Phone: +7 (812) 702 5249

Konuuectso nonartok: PK1 — 22, HA1 — 42, PK2 — 40, HA2 — 72.

HPY: KonbueBaAa NoA0OCTb, KOTOpPaA COeAMHAETCA C MPOTOYHOM YacTbto Yepe3 120 nas3os,
HaK/IOHEHHbIX B HanNpaBAeHUM BpalLeHuA Ha 45°. MNepekpbiBaeT nepudeputo PK1 ao cepeanHsol
0CeBOM XopAbl

HPY
é L/rﬁ L

CekTtop HPY
Bepmuka/ibHas ock
‘T‘—I\'_
I
I 120 na3ob
i N 7N N v
[epsaa ctyneHb ¢ HPY KoHdurypauyma nasos HPY

Web: numeca.ru E mail: contact@numeca.ru 3



/Vwﬁ;ﬁ;g [lToCTaHOBKa 3a4a4M

CeTo4yHaa moaenb ¢ HPY

" 6/104YHO-CTPYKTYpPMPOBaHHaA ceTka AutoGrid5+IGG
=  pagmanbHbin 3a30p Y PK1 1 PK2 0.3 mm

" BTY/IOYHbIM 3a30p y HA1L

= ~ 4.5 M/H y3/10B

=yt

[MocTaHOBKaA

= Numeca Fine/Turbo v. 13.1

" TePMUYECKU-COBEPLLUEHHDIN ras

= NLH Basic 3 rapMmoHunKH

= mogenb TypbyneHTHocTn Spalart - Allmaras
= Bxoa: P,=1atm, T,=288.15K, V,/|V| =1
= BbIXoA: BapbupoBaHue P nnm G

Phone: +7 (812) 702 5249 Web: numeca.ru E mail: contact@numeca.ru 4



WM%’A’ Bananune nonoxxenusa PC nHtepdpenca mexkay HPY n PK

POCCKHA

RS B 3a30pe BbicoTa Kaxpgoro 6ydepHoro 610Ka co ctopoHbl HPY ~2% oT BbicOTa nasa
BoicoTta 6ydepHbix 6n10K0B B 3a30pe PK ao 30% 3a3opa

—PC
\\ // - T T
)
] .
]
RS B HPy ®
—PC
@ 1‘ 1‘

—> +—> r]
0.4% 6, krfc 0.5%
RS Ha nepndepun
——[/IAAKAA NY —8—HPY (RS B 3330pe)
—PC —&—HPY (RS B HPY) —8—HPY (RS Ha nepudepun)

Phone: +7 (812) 702 5249 Web: numeca.ru E mail: contact@numeca.ru 5



W%{gﬁ;ﬁ Bananmne nonoxkenma PC nutepdpenca mexay HPY mn PK

RS B 3a30pe BbicoTa Kaxkgoro bydpepHoro 6,10Ka co ctopoHbl HPY ~2% oT BbicOTa Na3a
BbicoTa 6ydepHbix 610K0B B 3a30pe PK ao 30% 3a30pa

—PC
~ 77 - e T
)
w6 .
.
RS B HPY ¢
—PC
PK
B -
0.4% 6, krfc 0.5% !
RS Ha nepndepum 470 .5%
—o—[/IAAKAA NY —8—HPY (RS B 3330pe)
——HPY (RS B HPY) —8—HPY (RS Ha nepudepun)
—PC —O—TNNAOKAA MY (RS B 33a30pe)

Phone: +7 (812) 702 5249 Web: numeca.ru E mail: contact@numeca.ru 6



WJ/E&%

POCCKHA

PrHaNbHaA moaenb. BanaHme KoanyecTtsa [APMOHUK

" y

.
RS B HPY

—PC

—e— [NIAIKAA MY

—o— HPY 3 rapmoHuKuK

- @ -HPY 5 rapmoHuK

S

«— »

G, Kr/c
0.4%

Phone: +7 (812) 702 5249 Web: numeca.ru

E mail: contact@numeca.ru 7



WM%% BanaHme HPY Ha pas/iMyHbIX perkmmax

POCCKHA

n —o—Tnagkasa MY N _o-Tnagkas Ny
—o—HPY i —0—HPY

]
85% ?

© 70%
100% °
85% u 483
u410
Y ¢)
70% 0
u 338 100%
G, Kr/c G, Kr/c
N = 70% N = 85% N = 100%
K pr, % AKYy, % K pT, % AKYy, % KIIJ_pT, % AKYy, %
I'maaxas 114
HPY
A HPY +0.04% +6.65 -0.44 +1.1% -0.1% -0.1%

Phone: +7 (812) 702 5249 Web: numeca.ru E mail: contact@numeca.ru 8



WJ/E&%
POCCHA

TeyeHMe Ha NpeacpbIBHbIX TOYKaX. [nagkaa 1Y

N=70% N=85% N=100%

98%

Relative Mach Number INUMECA Relative Mach Number Relative Mach Number

50%

NUMECA WUMECA

WUMECA

10%

Phone: +7 (812) 702 5249

Web: numeca.ru E mail: contact@numeca.ru 9



WJ/E&%
POCCHA

Phone: +7 (812) 702 5249

TeyeHune Ha nepudepumn PK1 Ha pexxkume 70 %. [nhaakasa MY

Paboyas To4Ka MpeacpbiBHasa Touka (G = 4.85 Kr/c)

Web: numeca.ru E mail: contact@numeca.ru 10



NVOHECA
POCCHA HPY

Mop, ﬂ,eﬁCTBMeM Pa3HULDbI ,D,anIEHMﬁ B OCeBblIX
na3ax peaansyeTca neperteyka BO34yXa W3

MEXNO0MNAaTOYHOrO  KaHasla CO  CTOPOHbI NUMECA
AaBNeHUA nonaTku B obnactb nepen nepegHemn
KPOMKOW:

* oTbupaeTca BO34yX U3 3aCTONHbIX 30H

* YMEHbLUAEeTCA  Harpyska Ha  CTOPOHY
[aBneHus JionaTkM B ob6nactu nasa W
MHTEHCUBHOCTb BUXPA MNEPETEYKM

* [OOMNOJIHUTENIbHbIE NOTEPU HA CMELLeHne

*  UHXEKTMPYeMblit BO3AyX MMeeT 60/bluyto
3aKPYTKY NPOTMB Hanpas/ieHUA BpalleHus,
YTO MOXKET NMPUBOAUTbL K YBEJIMYEHUIO YI/a
aTaku

Phone: +7 (812) 702 5249 Web: numeca.ru E mail: contact@numeca.ru 11



WM%’A’ TeyeHune 863K nepudpepnn PK1 Ha pexmme 70 %

POCCKA
G =4.8 kr/c
NUMEFA tatic Pressure (Pa) NU Vr (m/s) NUMECA Vt (m/s
12000
100000 20 20
80000
— 40 40
6000
B .
-6 -6
| ‘J 4000
2000 8 <
-10 -10
N —— | / — /

«-» NPOTMB BpaLleHua PR

Phone: +7 (812) 702 5249 Web: numeca.ru E mail: contact@numeca.ru 12



WM%’A’ TeyeHune 863K nepudpepnn PK1 Ha pexmme 70 %

POCCKA
Mnapkaa N4, npeacpbiBHasa Touka (G = 4.85 kr/c) HPY, (G = 4.8 Kr/c)
UMEC umber umber
\ 1.6 1.6
14 14
1.2 1.2
1 1
0.8 0.8
0.6 0.6
0.4 0.4
0.2 0.2

Phone: +7 (812) 702 5249 Web: numeca.ru E mail: contact@numeca.ru 13



NUHECA [Toaxoabl moaennpoBaHnAa Komnpeccopa ¢ HPY

POCCUA

= URANS: MopgennpoBaHune npoBoanTca Ana nonHoro obopota, AiMb0 npu KpaTHOM Konm4yecTBe N0NaToK
BO BCex BeHUax M na3os HPY. Tpebyer 60nbWOro BbIYUCAUTENBHOTO BPEMEHWU AN NOJYYEHUS
peLleHus.

" Frozen Rotor: MoaennpoBaHue npoBoanTCa A1a NosaHoro obopota, IMH60 NpU KPAaTHOM Ko/MYecTse
NONaTOK BO BCeX BeHUax M na3os HPY. TpebyeT npoBeaeHUA pasa pacyeToB C Pas3/IMYHbIM NOJIOKEHNEM
POTOPa OTHOCUTE/NIbHO CTaTopa C NOCAeAYIOWUM OCPEeAHEHNEM.

= NLH: MogenupoBaHue npoBoguTCcAa ANAa UCXO4HOro Koan4ecTsa /ionaTtok U na3os HPY ¢ BKiOYeHMeEMmM B

mogenb Tonbko 1 nonatknm M 1 nasa. PeweHue 3aBUCUT OT KONMYECTBA BbIOPAHHbLIX FAPMOHMUK, C
yBeMYEHMEM KO/IMYECTBA FAPMOHMK BO3pacTatoT TPeboBaHMA K ONepaTMBHON NamMATH.

Phone: +7 (812) 702 5249 Web: numeca.ru E mail: contact@numeca.ru 14



Wﬂﬁgﬁ;ﬁ [Toaxoabl moaennposaHna HPY. Pexkum 70%

= NLH ¢ 3 rapmoHUKamm
® Frozen Rotor mexay PK n HPY, Mixing Plane mexxay BeHUuamu

n m

6%
—&— HPY NLH
—&— HPY NLH
—®— HPYFR+MP —m— HPY FR+MP
- o--NLH
— e MP - - -NLH
- -o--MP
' : G, Kr/c — G, Kr/c
5.5% 5.5% -l
NLH FR + MP
KNAg_pr, % AKy, % KNAa_pr, % AKy, %
Mapkaa NY
HPY
A HPY +0.04% +6.65 -0.12 +9.75%
Phone: +7 (812) 702 5249 Web: numeca.ru E mail: contact@numeca.ru 15



WJ/E&%
POCCHA

Phone: +7 (812) 702 5249

CtyneHsb M-1

KonnuectBo nonatok: Ctonku - 3, PK1—-17, HA1 — 32

HPY: KonbLeBaa N0O/IOCTb, KOTOPAA COeAMHAETCA C MPOTOYHOM YacTbto Yepes 126 nas3os,
HaK/IOHEHHbIX NO HanpaBAeHWUIO BpalleHMA Ha 45°. MNepekpbiBaeT nepudeputo PK1 Ha
30% oceBou xopAabl

CeKkTtop HPY

Web: numeca.ru E mail: contact@numeca.ru
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NVOHECA
POCCHA

=  B/I0YHO-CTPYKTYPMpPOBaHHan ceTka AutoGrid5+IGG

CeTo4yHasa moaenb ¢ HPY

" paaunanbHbin 3a30p Yy PK 0.5 mm

" ranTenu: ctomka — 5 mm, PK n HA — 3 mm

" ropAavasa reomeTpua PK Ha KaXXaom pexkume

= ~ 4.7 MNH y3/108B

[ y+<1

Phone: +7 (812) 702 5249
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[lToCTaHOBKa 3a4a4M

[MocTaHOBKaA

Numeca Fine/Turbo v. 15.1
TEPMUYECKN-COBEPLUEHHbIN a3

NLH MR1 3 rapmoHMKH

mopaenb TypbyneHTHocTM SST

Bxoa: Py=1atm, T,=288.15K, V,/|V| =1
BbIXOZ,: BapbupoBaHune P unun G

E mail: contact@numeca.ru 17



NOHECA
o~ OﬂpeﬂeneHmerpaHmuxapaKanﬂﬁMH

"  Ha HU3KUX YaCTOTax YNCNEHHAs MOAEb MOXKET ObITb AOCTAaTOYHO YCTOMUYMBOM AaXKe B 06/1aCTU CpbiBa
" onpejenieHne rpaHuLbl NpoBoauTcsa Ha base KoadpduuMeHTa BOCCTAHOB/IEHUA CTaTUYECKOTO AaBeHUs
B BEHLAX: rPaHMLEeN cuMTaeTca ToYKa, B KOTOpoM 06a BeHUa HaxoaATCs B CpbiBe

PP
- P — Py

B C/lydae poTOpPa B 3HaMeHaTene OTHOCUTENbHbIN ,CIMHaMVI‘-IeCKMM Hanop

Cp

m* C

| u=200 P I u=200
I 1
1 |
1.11 I 0.4 I
|
1
|
1.09 : 0.2 "
I 1
I |
1.07 0.0
—O—RK
-O—NA
1.05 -0.2
6 7 8 9 10 11 12 G, kr/c 6 7 8 9 10 11 12 G, Kr/c

Phone: +7 (812) 702 5249 Web: numeca.ru E mail: contact@numeca.ru 18



WJ/EC%
POCCHA

T[*

NaeHTUPUKaumMa pe3yabTaToB CTyneHn bes

o— EXP u=412
——NURU_NLH 42390
1.5
u=360
1.4
u=330
1.3
1.2 oz}ﬁip@w§&:§§E§Q§§P
% 12300
1.1 d‘”e*&ﬂ9<t9=99ntQ\ﬁ
u=250
u=200
1.0
6 10 12 14 16 18 20 G, kr/c

Phone: +7 (812) 702 5249

Web: numeca.ru

0.85

0.80

0.75

0.70

0.65

—o—EXP .
—+—NURU_NLH ) T “ y 17300
i . o‘.‘ o o—9 : O 4’{
{ 0 - DY .“. | u=390
d ¢ 5 ‘A AT /] f
O A T \

/ d d d u=412
o - u=300  u=330 A
u=200 u=250
8 10 12 14 16 18 20 G, «kr/c

E mail: contact@numeca.ru

HPY
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NVOHECA
POCCHA

1.13

1.12

1.11

1.10

1.09

1.08

1.07

1.06

Phone: +7 (812) 702 5249

[Toaxoabl moaennposaHma HPY. M3onmnpoBaHHoOeE

Ana nsonuposaHHoro PK ¢ HPY npumeHanuce cheaytowme noaxoapl: URANS (xap-ka HegocuuTtaHa), NLH, Frozen Rotor
kKonn4yectso PK 1 na3oB HPY ckoppekTupoBaHo c uenbto obecneveHuna nepmoanyHoctn ansa URANS n Frozen Rotor: 16 PK u

128 HPY

NLH — cektop c 1 nonaTtkom PK 1 nazom HPY, URANS u Frozen Rotor — cektop ¢ 1 nonatkon PK 1 8 nazamu HPY

u=200

KNA_prt, %
89.8

10

NLH

—a— RK
RK+CT FR
—a— RK+CT NLH
A RK+CT URANS

11 12 13 G, kr/c
URANS
AKy, % KNA_prt, % AKy, %
44.26 90.2 35.73

Web: numeca.ru

0.91

0.89

0.87

0.85

0.83

0.81

0.79

KNAa_pr, %
89.99

FR

AKy, %
44.7

u=200
——RK
RK+CT FR
—&— RK+CT NLH
A RK+CT URANS
10 11 12 13 G, kr/c
Mapkaa N4
KNnAa_pr, % AKy, %
90.45 35.05

E mail: contact@numeca.ru

PR
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W%{;ﬁf Noaxoabl moaenvposaHua HPY. PK,G = 8.5 Kr/c

e ————

URANS Frozen Rotor NLH 3h

| |

Phone: +7 (812) 702 5249 Web: numeca .ru E mail: contact@numeca.ru 21



WJ/EC%
POCCHA

Phone: +7 (812) 702 5249

Bpema BblumncaeHnn Todkn ¢ G=8.5 Kr/c

2 npoueccopa Intel Xeon Platinum 8268
47 apep
PacnapannenusaHue Intel IMPI(ICC15)

Frozen Rotor 1 nono)eHwue NLH 3h

1 yac 10 muH 7 yacos

Web: numeca.ru

URANS

2 Hegenu

E mail: contact@numeca.ru

22



NVOHECA

POCCKA

T[*
—o—EXP
--e- EXP_CT

1.5 | ——NURU_NLH
—a— NURU_CT_NLH

1.4

1.3

1.2

11

1.0

Phone: +7 (812) 702 5249

fnapkaa N4
HPY
A HPY

NpoeHTndunKauma ctynenm ¢ HPY. Bananue HPY

u=412

u=390

u=300
u=250
14 16 18
u=200m/c
KNAa_prt, % AKy, %
87.1 20.3
87.0 34.3
-0.1 +14.0

Web: numeca.ru

n
/
0.85 z
0.80
0.75 P A
0.70 O
4 O © O u=412
=200 T u=250 u=300 u=330 A
0.65
20 G, Kr/c 8 10 12 14 16 18 20 G, Kr/c
u=250m/c u =300 m/c
KNA_prt, % AKy, % KNAa_prt, % AKy, %
87.4 23.7 88.7 18.9
87.9 31.4 89.2 28.8
+0.5 +7.7 +0.5 +9.9

E mail: contact@numeca.ru

23



WM%% Bavanme HPY. u = 200 m/c, G = 8.5 Kr/c

POCCKHA

NUMECA ' NUMECA

~

Sl

2alEF X TaWalEa

Phone: +7 (812) 702 5249 Web: numeca.ru E mail: contact@numeca.ru 24



WM%% Bavanme HPY. u = 250 m/c, G =10 Kr/c

POCCKHA

Phone: +7 (812) 702 5249 Web: numeca.ru E mail: contact@numeca.ru 25



WJ/E&%
POCCHA

NUMECA

Phone: +7 (812) 702 5249

Web: numeca.ru

Bavanme HPY. u = 300 m/c, G =13 Kkr/c

E mail: contact@numeca.ru

26



NVOWECA
\/ POCCH [lepBaa ctyneHb KH/

BeHubl: PBHA, PK, HA
HPY: KonbLUeBaa NON0CTb, KOTOPan coeANHAETCS C MPOTOYHOM YacTbio Yepe3 126 na3os,

HAKJIOHEHHbIX NO HanpaBaeHUto BpaleHua. MNepeKkpbiBaeT nepmudepuio PK1 Ha 30%
0CeBOW Xopabl

CekTtop HPY

Phone: +7 (812) 702 5249 Web: numeca.ru E mail: contact@numeca.ru 27



IVUMECA [lToCTaHOBKa 3a4a4M

POCCHA
CetoyHaa mogenb c HPY [locTaHOBKA
"  H6N04YHO-CTPYKTYpUpPOBaHHaA ceTka AutoGrid5+IGG = Numeca Fine/Turbov. 12.1
" pagunanbHbin 3a30p y PK " TePMUYECKU-COBEPLLEHHDIN ras
= ~ 6.4 M/IH Y3108 = NLH Basic 3 rapMOHUKM
=yt " moaenb TypbyneHTHOCTM SST

= Bxoa: P,=1atm, T,=288.15K, V,/|V| =1
" BbIXOA: BapbMpoBaHue P unm G

—
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==
—
B

==
=s=

—
—
—
S
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—
=

==
S==
S===

2pybblili yposeHb cemKu

i

s
71T ;*’%?’L/ﬂ X

/

77
i
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’f 7/
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WJ/EC%
POCCHA

Phone: +7 (812) 702 5249

——NLH
——NLH HPY

~

85%

u 430
/\ |
u 355
N =70%
KNA_pr, % AKy, %
fnapkaa NY
HPY
A 0.0 +6.0%

Web: numeca.ru

[lone xapaktepuctuk. BanaHmne HPY

*

u481

95%

) u 481
85%

u 355

G, Kr/c

N =85%
KNA_pr, %

+0.8

AKy, %

+1.8

N =95%
KNA_pr, % AKy, %

-1.0 -1.9

E mail: contact@numeca.ru
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WJ/E&% Banaxmne HPY Ha 70% (G=70 Kr/c)

POCCKHA

Relative Mach Number Relative Mach Number Static Pressure (Pa) Static Pressure (Pa

13000] H Py

1

1.2

HPY

110000+

Phone: +7 (812) 702 5249 Web: numeca.ru E mail: contact@numeca.ru 30



VLA CA
72 C. 3aKar4YeHne

* Pa3paboTaHbl MaTeMaTMUYECKNEe MoAeNn ANa pacyeta 3X 0CceBbIX KOMNPECCOPOB € yyeTom HPY :

- nccnenoBaHo BaAnAHUE nonoeHuna PC Ha MHTerpanbHble XapaKTePUCTUKU: ONTUMAIbHbIM
ABNAeTCA NnonoxeHune «B HPY»

- NLH nogrsepann ceoto adpPekTMBHOCTb Npun peweHnn 3agad ¢ HPY 8 cpaBHeHmnn ¢ URANS u
Frozen Rotor

* [loka3aHa adpPpeKTuBHOCTb paboTbl HPY Ha pa3anyHbIX YacToTax paboTbl KOMMNPECCOPOB:
BennyeHue 3anacos I'AY moxet gocturatb 14% (ctyneHb M-1
y 4O,

Phone: +7 (812) 702 5249 Web: numeca.ru E mail: contact@numeca.ru 31



WJ/EC%
POCCHA

CIMACNBO 3A BHUMAHWE!

Phone: +7 (812) 702 5249 Web: numeca.ru E mail: contact@numeca.ru



