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1.A - Morton effect and its explenations

| shaft
« Shaft sustained with fluid film bearings h diske

Fluid film Bearing

» Every journal has a residual unbalance
Journal | \;9

* The journal exhibits a synchronous orbit /

Journal center trajectory
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1.B - Morton effect and its explenations

* Inside fluid film bearing a small part of the
journal is HOT, while the opposite side is
COLD

* Non uniform temperature distribution
inside oil

» Thermal bending
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1.C - Morton effect and its explenations

Now consider an overhung mass...

* Thermal bending causes a certain unbalance i

 Thermal unbalance can:

+ reinforce the effect reducing again
minimum film thickness (UNSTABLE)

+ reduce the effect counter-balancing the
mechanical unbalance (STABLE)

e
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2.A - Physics behind the effect

0.02

CFD physics: Reynolds equation

.

( 3
—ph ph ~ d(ph)

(x: y) € ‘Q'l
(p(x,y) =0 (x,y) € Q
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2.B - Physics behind the effect

Surface: Temperature (degC)

Thermal physics a
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Energy generation rate + Influx energy rate
= energy accumulation rate

84

82

80

qg+V-.(kVu) = u;
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2.C - Physics behind the effect

Mechanical physics and
multibody dynamics

sin wt)

MX + CX + KX = Muw? (COS "
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3.A - Approximation and methodology

Static equilibrium position
(short bearing approximation)

IN? £/16€2 + m2(1 — &2
F0=uwRL(—) —\/ (2 )
C/] 4 (1—82)

V1l — &2
tan(qbo) = e

A. C. Balbahadur, R. G. Kirk, Part [—Theoretical Model for a
Synchronous Thermal Instability Operating in Overhung Rotors,
International Journal of Rotating Machinery, 10(6): 469-475, 2004
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3.B - Approximation and methodology

Orbit and motion (short bearing approximation)

_ ¢ f 2 Cw 2f
kxx_KxxFO 8(1_82)(fr0+1+28 ) Cxx=CxxF (1 wgz)((2+82)f?2,0+1—82)
— _ 2 Cw 2f
kyy = Kyylz - g(lf_ 82) (ftO +1-¢) Cyy = Cyy e t“gz) ((2;— e)fi -1+ sz)
)
kysznyo 8(1—82)(fr0_1+82) zjfxy_cy"_cxy Fo
C
kxy =K f (frO +1+ 282) 8(1 £2) ((2 + gz)ft{) I+e )

xyFO e(1—&2)
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3.C - Approximation and methodology

Temperature distribution
(short bearing approximation)

Evisc = Efluid('-9 + dﬁ) - Efluid(ﬁ) + Ejournal
+Ebearing

dT 2H 2HT 30 . 2uwR? _ o
pcwh pch?

dé * pcwh B

S
Ebearing

Efluid(6+d8)
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3.D - Approximation and methodology

Unbalance (mechanical, total, limit)

alAT
U =myy, =m, TLLO
J)
0.15W
Uthr — w02

~ |Overhung
mass

——
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4 — Comsol implementation

SR >roOcEODBI BNER-]

A " Model Data Access
[§ Record a New Method

Definitions Materials

Application A Component: Component 1
Builder P Test Application (comp1) {comp1} ~
Application Model
Model Builder

- = 7 1l &~
4 @ Root: MortonProbV3_rev02_1 5_9_2016.mph (root)
4 (3) Global Definitions
Pi  Parameters: Parameters {param}
525 Materials: Materials
4 = Component: Component 1 (comp1) {comp 1}
" = Definitions
4 % Global ODEs and DAEs: Global ODEs and DAEs (ge) {ge}

S Equation View: Equation View {info}

I b Study: Study 1{std 7}
4 @ Results: Results
t Data Sets: Data Sets

=L Views: Views
¢ #32 Derived Values: Derived Values
© B Tables: Tables
© " 1D Plot Group: 1D Plot Group 3 {pg3}

Global ODEs and DAEs

Study Results
@ P; Parameters & Import
a= Variables »
Add ) Build
Component »  f09 Functions ~ All
Definitions Geometry
~ 4| Settings

Global Equations

Label:

Global Equations 1

¥ Global Equations

Fluieieest) =0, ulto) =, Uelto) =Urg

" Name fuut,utt) (1)

T

Initial value Initial valu
[-A*T/A1+B/F1%2... [ TO lo

I o lo

BINEEHR>»ocEDEITRNER-I

EBR o |

A "% Model Data Access
+ Record a New Method

Definitions Materials

Application 4 s Component: Component 1
Builder P Test Application (comp1) {comp1} ~
Application Model
Maodel Builder

=1t 1%~
4 <@ Root: MortonProbV3_rev02_15_9_2016.mph (root)
4 () Global Definitions

Pi Parameters: Pal

4+ Component: Component 1 (comp 1) {comp 1}
" = Definitions
4 ad{ Global ODEs and DAEs: Global ODEs and DAEs (ge) {ge}
! @ Global Equations: Global Equations 1 {ge1}
2 Equation View: Equation View {info}
I " Study: Study 1 {std 7}
4 @, Results: Results
v Data Sets: Data Sets
<L~ Views: Views
¢ &3 Derived Values: Derived Values
© BH Tables: Tables
© ™ 1D Plot Group: 1D Plot Group 3 {pg3}
Export: Export
Reports: Reports

Global ODEs and DAEs

Study Results
@ P; Parameters & Import
a= Variables »
Add X Build
Component ~  fi) Functions ~ All
Definitions Geometry
~ 1| Settings
Parameters
~ Parameters
» A
Name Expression Value De
A 0.016164 0.016164
B 1.32297 1323
epsi 0.0288 0.0288
Omega 1 1
tf pi 3.1416
T0 65 65
dt 0.1 0.1
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4 — Comsol implementation

' DB roOcEmEHITIERER-] MortonProbV3_rev02_15_9_2016.mph - COMSOL Multiphysics - O X
Gompute staic Home | Form | ‘ , . .
equilibrium position (‘ D F\ : rj @ [o[a] - Merge Cells Rows & Columns > (2) Apply Changes [ Tile ~
®  [CPreien] | Ae < Spit el 5 Preview Form i Move To -
Model New  New Record a New Insert Show Grid Arrange Test ) >
Builder Form Method  Method “Ed't‘"T“"s Object + Lines 2] Extract Subform Application (¥) Testin Web Browser + | [CuReset Desktop
Main Form Objects | Layout Sketch Grid Test View
/ Compute dynamic A " ] Previ B! i Bk N s [ : .
- v review g a form1 X P rt
’i journal center pos Application Builder * Settings  Properties
€ & LENE - ; Double
4[] Root: MortonProbV3_rev02_15_9_2016.mph (root) > - o 1
™1 Main Window Qa A ' List of Variables
4 Lﬁ Forms !
D form1 i 14 Name Initial value Description
Compute HOT & COLD !— Events " i ThermalUmbalance | 0.0 Double
spot pos i TotalUmbal 00 Double
= Lo 1
122 Array 1D Double ! ThresholdUmbalance | 0.0 Double
4 [ Methods i
method3 i
4 [l Libraries :
e ODE to compute [ Images /
TEMPERATURE dlstl' =) Sounds !
(i Files I
TRotor !
TlournalBearing |
Tlubricant :
TMatematica |
Estimate Thot-Teold TJoumaIBearingSystem ! tlisEsEd#®
Estimate Thermal,
of examined pos=MaxN of Pos’ imate MEAN(Thot-Tcold) e Total and Threshold
umbalance
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4 — Comsol implementation

FO" [qLanguage Elements  45¢) Ej °® {5;.:

MortonProbV3_rev02_15_9_2016.mph -

- [E2Model Expressions =
Revert to Check Goto Record Extract Continue Step  Step Remove
Saved Syntax Node Code Variable Into Log | All
Edit Code Debug Breakp

TMatematica method3

D form1

TlournalBearingSystem X

' DEHRr S ER BT ENE |
Home | Method
= — Utility Class
omE B =
Java External Java Library
Model New New  Record a New = ;
Builder Form Method Method (=3 Editor Tools = C Extemal C Library
Main Libraries
Application Builder [ e
- 1 1 119
120
4 [Z] Root: MortonProbV3_rev02_15_9_2016.mph (root) 121
D Main Window 122
4 [E] Forms 123
D form1 124
! Events 125
4 = Declarations 126
122 Double 127
L2 Array 1D Double 128
4 [ Methods 129
method3 i
a [fffi Libraries 112
“a Images 1;3 =)
<) iit::snds e
(%) TRotor iig i
TlournalBearing 157
TLubricant 138 |
TMatematica 139
@T.loumalBearingSystﬂn 146 B
141 B
142
143 |
144
145
146 |
147
148
149

//dynamic cold spot position

xc = xj+FJournalBearing.JournalRadius*Math.cos(FRotor.Speed*t+g@+Math.PI);
yc = yj+FJournalBearing.JournalRadius*Math.sin(FRotor.Speed*t+g@+Math.PI);
thc = Math.atan2(yc, xc);

xic = TMatematica.mpippi(Math.PI-(FRotor.Speed*t+g@+Math.PI-thj));

//solve differential equation for temperature distribution around journal circumference
FEps2 = Math.sqrt(TMatematica.sqr(xj)+TMatematica.sqr(yj))/FJournalBearing.RadialClarance;

model.param().set("epsi”, FEps2);
model.study("stdl”).run();
useGraphics(model.result("pg3"), "graphicsi");

if (i2 == 1) {
model.result().table("tbl1").clearTableData();
with(model.result().numerical("gevl"”));
set(“table”, "tbll");
endwith();
model.result().numerical(“gevl").setResult();
T
else {
with(model.result().numerical("gevli™));
set(“table”, "tbll");
endwith();
model.result().numerical(“gevl”).appendResult();
3

// model.result().numerical("gevl").setResult();
double sol[]1[];
sol = model.result().numerical("gevl"”).getReal();
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4 — Comsol implementation

- Marton instability analysis - o X

File

el E B

Temperature [°C]
o
0
N
Ed
-

1.5
Angle [rad)

Thermal unbalance Total unbalance Threshold unbalance

6418965927800583E-6 | 1.7921004892159826E-4 | 0.0010757183038504657

About
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Conclusion & future works

Implementation of a model to predict Morton effect (suggested by the literature)

« Hard numerical computation made by COMSOL
A dedicated algorithm uses result computed with COMSOL

FUTURE WORKS
Eliminate approximation introduced to compute

» temperature distribution
« static equilibrium position
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