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NUMERICAL MODELLING OF FLUID FLOW IN SEAL GAP

Belousov A.l., Adebayo E.M. (Samara National Research University, Samara, Russian Federation)

Seal gaps are essential components of rotating machinery and are widely used to restrict or control the flow of
fluids between adjacent chambers that are at different pressure levels. They involve the flow in an annulus between two
components: shaft of the rotor (diameter, D) which is rotating at a speed of w (the whirling may include an eccentricity)
and the outer stator that is generally static and fixed to the support structure. This paper presents a numerical method
using ANSYS CFX to calculate the leakage flow for turbulent mode and calculation of the semi-empirical coefficient K

that is also compared with previous experimental values.

KoHcTpykTHBHAs cxeMa IIENeBOTO Y-
notHenus (1Y) ¢ ¢ukcupoBanHOW THamKOM
CTEHKOM Tpe/icTaBIeHa Ha puc. 1.
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Puc. 1. Koncmpyxkmusnas cxema LY
¢ QpuKcupos8annoll 21a0Koll CMeHKoI.
a — wenv; 6 — KOHYeHMPUYHASL, 8 — IKCYSHMPUUHASL,
1 - pomop; 2 — cmamop; 8, — 3a3op;
d- ouamemp pomopa; D—ouamemp cmamopa

Mexay cratopom u potopom (puc. 1),
UMCIOLIMMHU JAUaMeTpbl cooTBeTcTBeHHO D m d,
KOHILICHTPUYHBIM  paJualbHBIi  3a30p IIEIH
6, = (D —a)/2.

AN. benoycoBpIM NOJIY4EHO MOIYIMIIU-
puueckoe ypaBHenue [1, 2] mis ompeneneHus
pacxoa KUIKOCTH TpU TypOyJIEHTHOM Teue-
Huu yepes LY npu Bpaimenuu Bana:
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e 2p8p ~ k- pUf (e), (1)

rje m- maccoBas yreuka yepes L1Y;
&- koapunuent conporusnenus LY,
Ap =p1-p2 -niepenaj 1aBleHUS,
| - mnHa meny,
p — TUNIOTHOCTb KHJIKOCTH,

m=

k—nonys>mnupudeckuit ko3puiueHt;
€-9KCLIEHTPUCUTET;

e=e/s - OTHOCHUTEIBHBIN 3KCLEHTPUCUTET;

U- okpyXHasi CKOPOCTb BpalllCHUs Bajla,

f(€) — ¢yHKuUMsA, y4YUTHIBAarOIAs BIIHSHHE
3KCIeHTPUCUTETA Ha PACXO/[l X KUJKOCTH [2].

B pesynmbrate 00pabOTKM HMeEBIIUXCS
AKCIIEPUMEHTAIBHBIX JaHHBIX MOJYYEHO 3Haye-
HUS  TOJYDMIIUPHYECKOro  Kod(duimeHTa
k=(0,57-0,85)-1073 [1].

MonenupoBaHue B MPOTPAMMHOM KOM-
mwiekce ANSYS-CFX ¢ ucnonb3oBanueM moJie-
Jel JTaMHHAPHOTO M TYpOYJIEHTHOTO TEYEHUH
JKUIKOCTH B KOHIIEHTPUYHOM U SKCIIEHTPUIHOM
LY nmpoBeneno Bnepsbie. OHO MO3BOJISIET HAM-
TH 3HAYCHHs HOJYIMIIMPHUYECKOro Kod(duuu-
€HTa JJI1 Pa3lUYHBIX BEJIMYUH OMPEACISIONINX
napameTpoB moaoousi, koropeivu i LY sB-
TISFOTCA

- yucio Peiinonmsaca Re =2V ,6,/v, rae Ve,
— CpeIHepacX0/IHasi CKOPOCTh KHUAKOCTH;

- kputepuii Be = pU? / Ap;

- kamuop memu [/6,;

- OTHOCHUTENIBHBIN IKCIICHTPUCHUTET €.

[Ipu TypOyleHTHOM peXuMe BpalleHHe
Baja CHOCOOCTBYET MOBBIIIEHUIO THAPOIMHA-
MHUYECKOTO COMPOTHUBJICHHS MIENH, TOATOMY
YMEHBINAIOTCA yTeYKU. MIX MOXKHO OMNpenensTh
o 3aBucumoctu (1).

[Ipu OTCYTCTBUM BpallleHHs] YpaBHEHHE
(1) mpeBpamaercst B 00bIYHYIO (hOpMYITy THA-
PaBJIMKHU AJI OMPEIEICHUs MacCOBOTO pacxoja
JKUJKOCTH Yepe3 Ieb:

. D&
m = n\/EO,/ZpAp. (2)

Torna Ha ocHoBanuu ypaBuenuii (1) u (2)

_ l pU?
e =y ks (9




O3TOMY
m 2
k = 1a) [{O) @3)
1 pU? '
5o a0

Takum o6paszom, u3 ypaBuenuii (1) u (3)
crexyer, uyto npobnemaruka pacuéra LY npu
BpalllcHUH Bajia 3aKJIF0YaeTCsl B OTHICKAHUU 3a-
BHUCHUMOCTH
k=f(Re,Be, g,1/8,).

Jlnst koHueHTpuyHoro yriotuenus (€ = 0)
k=[1— () L2 4
=1 (mo) ] 8o AD’ (4)

Pesynpratel pacuéra B ANSYS-CFX nns
KOHIICHTPUYHOTO YIUIOTHCHUS TPUBEJICHBI B
tabn. 1, rme ®=U/2D —uacrora BparieHus,
pan/c.

Wtak, nomy4deHsl 3HaYeHUS KOAPPUIHCH-
ta k =(0,31—0,72)-10~3 npu pasnu4HbIX 3Ha4e-
Husx kpurepus Be ot 0,02 o 4,5.
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Tabmuua 1. Pesynbpratel pacuéra st

1/16,=250, 4p =5 MlIla, D=100 MM, §,=0,1 mm

o | mo ) 2 ge | k107

pag/c | kr/c | my,
0 |[2574 1 0,02 -

500 |25556 | 0,99 | 0,13 0,72
1000 | 2,538 | 0,97 | 0,50 0,44
1500 | 2,502 | 0,95 | 1,13 0,39
2000 | 2,451 | 0,91 | 2,00 0,37
3000 | 2,344 | 0,83 | 4,50 0,31

HccnenoBanusi mo ompeneneHuto Kodg-
¢unmenta K mpu paznmmuneix kputepusx Re, Be,
g, 1/00,c ucnonb3oBanrem ypaBuenuit (1) u (3)
MPOJOJDKAIOTCH.
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STUDYING THE EFFECT OF MESH AND TURBULENCE PARAMETERS ON DESIGNED
CHARACTERISTICS OF THE FOUR-STAGE TURBINE
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ra, Russian Federation)

Computational fluid dynamics is widely used to obtain characteristics of turbomachines. In this case arises the
question about value of an error in results. Therefore, this article focuses on the definition of such adjustment of the
calculation model, which will allow to reduce calculation errors to a minimum but it will not require too much compu-

ting resources.

MeToapl BBIYMCIUTEIBHON Ta30BOM M-
HAMUKH LIMPOKO MUCHOJIB3YIOTCS IS IOJTYYEHHUS
XapaKTepUCTHK TYpOOMAIIMH Ta30TypOMHHBIX
neuratenet (I'T1). Tlpu 3ToM Hen30ex HO BO3-
HUKAaeT BOIIPOC O BEJIIMYMHE IMOIPEIIHOCTH pe-
3ynbTaTtoB. [1l03TOMY HEOOXOIUMO OMpPENEIUThH
TaKMe HACTPOMKH PACUETHOM MOJEIU, KOTOPbIE
MO3BOJISAAT CBECTH NOTPELIHOCTH pacuéra K Mu-

HUMYMY, HO He OyayT TpeOOBaTh CIHIIKOM
OO0JIBIINX BBIYMCIUTEIBHBIX PECYPCOB.

B kauectBe 0ObekTa uccienoBaHus ObLia
BbIOpaHa 4eThIpEXCTYIEeHYaTas oceBasi TypOMHA
C BBIXOJHBIM CIPSIMJISIOIIMM aIllapaToM, pas-

pa60TaHHa;1 u HOI[p06HO HCCJICAOBAaHHAA B
NASA [1, 2].
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