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Figure 1 Pre-processor of AxeHD 1.0 software based on MS Excel capabilities
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Description

AxeHD 1.0 is a software tool for dealing with turbocharger rotor axial bearing
lubrication issues. SW enables parametric studies of a given geometry according to
typical bearings configurations used in the turbocharging. Pre-processing and
postprocessing are done through MS Excel software. The Hydrodynamic Solver uses
finite volume methods for a 2D problem solution. Main results such as oil flow, oil
layer warm-up, friction torque, maximum oil pressure or minimum oil film thickness
can be used to design new sliding thrust bearings. Physical description includes the
effect of oil cavitation, inlet and outlet channels, or centrifugal forces on the oil layer.
The numerical solution is implemented through a separate application written in
C++.

Keywords
Turbocharging, thrust bearing, lubrication, parametric study.

CZ Popis

AxeHD 1.0 je softwarovy néastroj pro reSeni problematiky mazani axialniho loziska
rotoru turbodmychadla. SW umoznuje parametrické studie dané geometrie dle
prednastavenych  typickych  konfiguraci  lozisek  vyuzivanych v oblasti
turbodmychadel. Zadani vstupnich tdaji (preprocessing) a zobrazeni vysledkt
(postprocessing) je provedeno prostrednictvim software MS Excel. Hydrodynamicky
reSi¢ vyuzivd metody konecnych objemii pro 2D tulohu. Hlavni vysledky jako jsou
pritoky oleje, otepleni olejové vrstvy, ztratové momenty, maximalni tlaky v olejové
vrstvé nebo minimalni tloustka vrstvy lze vyuzit pro dimenzovani novych kluznych
axialnich lozisek. Fyzikalni popis zahrnuje vliv kavitace oleje, vstupnich a vystupnich
kanalkd, nebo odstredivé sily na olejovou vrstvu. Numerické feseni je realizovano
v prostiednictvim samostatné aplikace napsané v jazyku C++.

CZ Klicova slova
Turbodmychadlo, axialni loZisko, mazani, parametricka studie.

CZ Parametry technické

Vyuzitim nové verze software lze detailné feSit hydrodynamické mazani axialnich
kluznych lozisek turbodmychadel. Hlavni vysledky jako jsou pritoky oleje, otepleni
olejové vrstvy, ztratové momenty, maximalni tlaky v olejové vrstvé nebo miniméalni
tloustka vrstvy lze vyuzit pro navrh novych kluznych axialnich lozisek.

CZ Parametry ekonomické

SW je vytvoren jako samostatna aplikace vyzadujici formatovana vstupni data na bazi
bézné pouzivaného komercniho programu MS Excel. Software lze §itit zdarma a
pouzivat k nekomerénim tuceliim. Jako nastavba vyzaduje licenci MS Excel. Uzivatel
vSak neni opravnén software c¢i jeho soucasti, jakkoliv ménit. Pro komercni vyuziti je
treba se obratit na autora:

doc. Ing. Pavel Novotny, Ph.D.

novotny.pa@fme.vutbr.cz

tel: +42 054 1142 271
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Predano za projekt
Centrum kompetence automobilového primyslu Josefa Bozka, TE01020020.

CZ Implementacni plan
Plan implementace vysledki projektu piredpoklada nasledujici formy uplatnéni:
e Vyuziti licenci na software mimo ucastniky projektu ve formé pronajmu na
definovanou dobu nebo prodeje s trvalou platnosti.
e Vyuziti softwaru ucastniky projektu pro externi zakazniky pri vyvoji strojnich
zarizeni.
e Vyuziti ziskanych znalosti a zkuSenosti reSitelského tymu pro reSeni
problematiky interakce soucasti prostrednictvim tenkych vrstev tekutin.

CZ Kontaktni osoba
Doc. Ing. Pavel Novotny, Ph.D.

CZ Telefon
+420541142272

CZ Mistnost
A1/616

CZ Prohlaseni

Prohlasuji, ze popsany vysledek napliiuje definici uvedenou v Metodice hodnoceni
vysledku vyzkumu, experimentalniho vyvoje a inovaci pro rok 2010, a Ze jsem si
védom dtisledku plynoucich z poruseni § 14 zdkona ¢. 130/2002 Sb. (ve znéni
platném od 1. cervence 2009). Prohlasuji rovnéz, Zze na pozadani predlozim
technickou dokumentaci vysledku.

Doc. Ing. Pavel Novotny, Ph.D.
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AxeHD 1.1 '—-ﬁ Oil Properties
Oil property parameter name Label Value Units [User comments Description
QOil density Po 851 no_units Qil viscosity vs. temperature
o] it 2000 Jikg.K
! C?Ppaf?l y Co g b/(T —C)
Oil viscosity at 25°C o 0,01 Pa.s 77 T = ae
Qil temperature constant 1 a 9,56E-05 | no_units
Qil temperature constant 2 955,9 no_units
QOil temperature constant 3 -118,1 no_units
Cavitation pressure Peav 0 Pa
Description Remarks
Project AxeHD 1.0 Oil Castrol Edge 0-W30
31.12.2017
Pavel Novotny

Figure 2 Input of oil properties

AxeHD 1.1 ""f Initial Conditions

IC parameter name Label Value Units User comments Description

Initial relative eccentricity € 08 no_units At hruse e hy=c(l-g)

Initial operating oil temperature To 156 °C Thrust

Project Remarks beathg, e Thnsteclar

Project AxeHD 1.0 Final design iy e

31.12.2017 Axial force

Pavel Novotny I _
Figure 3 Input of initial conditions

AxeHD 1.1 ""ﬁ Operating Data

Operating parameter name Label Value Units User comments

Axial force Fax 50 N 1

Rotor speed rpm 100000 1/min

Axial velocity v, 0 m/s

Inlet oil temperature Tintet 100 °C

Inlet oil pressure Piniet 100000 Pa

Project Remarks

Project AxeHD 1.0 Final design

31.12.2017

Pavel Novotny

Figure 4 Input of operating data
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AxeHD1.1 ° 'ﬁ Restrictions

Results name Label |Min. value [Max. value] Units |User comments

Load cappacity tolerance AF -5 5 N 1

Operating oil pressure p 0 1E+08| 1/min

Qil operating temperature T 0 200 °C

Qil film thickness Nimin 0,000001 10000 m

Project Remarks

Project AxeHD 1.0 Final design

31.12.2017

Pavel Novotny

Figure 5 Input of solution restrictions

AxeHD 1.1 ﬁ Settings

Results name Label Value Units [User comments
Number of grid points for radius m 41 -

Number of grid points for angle n 81 -

Hydrodynamic solution error €HD 1,00E-06 -

Load capacity error £Fy 1,00E-03 -

Underrelax coefficient for temperature o7 0,2 -

Underrelax coefficient for force WFyY 0,8 -

Maximal temperatur step in iteration Piemp 5 °C

Project Remarks

Project AxeHD 1.0 Numerical solution based on Finite Diference Method for pressure
31.12.2017 solution and Newton Raphson method for force equalibrum
Pavel Novotny

Figure 6 Input of solution settings
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AxeHD 1.1 Design Parameters
Design | ter name Label Value | Optimi Min value | Max value| Units [User Descripti
Outer diameter rq 0,011 0 0 10000 meter A
- - - 16=0,58 pnaiPa 4
Inner diameter ratio S 0,5 0 0 0,999 no_units
Number of pads N pad 6 0 1 10 no_units FGmax =S pruman’ g
Slope of pad running surface 7p 04 0 0,1 06 radian ‘ o=2oill
Ratio of maximal running surface depth | S pomax 0,9 0 0 1 no_units FGain= S -
Angular portion of running surface S pad 0,667 0 0 1 no_units / o050 70
Ratio of running surface inner radius S padmin 0,6 0 0 1 no_units wuisp.;d o
Ratio of running surface outer radius S padrmax 0,9 0 0 1 no_units vt \
Angular position ratio oil feeding bore S gt 0,9 0 0 1 no_units
Ratio of inner radius of oil feeding bore | $ grmin 0 0 0 1 no_units
Ratio of outer radius of oil feeding bore | 8 grmax 08 0 0 1 no_units
Ratio of oil feeding bore thickness S grar 0,1 0 0 1 no_units
Description R k
Project AxeHD 1.0 Final design
31.12.2017

Pavel Novotny

Figure 7 Input of bearing geometry




