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MRF and Mavier-3tokes Equations of Motion:

The MRF transforms the fluid velocities from stationary to rotating frames using the following relation:

Stationary Frame

g— NPV )=-Vp+V.r+S
C

Rotating Frame

&) pf’z.
ot

+?-(pﬁ.ﬁ.]:—p(2ﬁxﬁ,+£_}><D-_><F)—‘Fp+?-r+$

Where: Velocity Relative to Rotating Frame = Absolute Velocity - Whirl Velocity

V.=V -QxF

7

> Steady &EHZ 7HF0| 7tsd B0 AL 7ts

> BE AL fFH0M HE 7hs(quad, hex, tet, prism, poly)
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Outlet

EHERH : water
- density : 997kg/m3
- viscosity(kinematic) : 1.589E-05m?/s
- specific heat : 4179J/kg-K
- thermal conductivity : 0.613W/m-K

. ______________________________________________________________________________________________________________________________________________________________________________________|]
Kyungwon Engineering & Communication 3



Multiple Reference Frame I 7 2 0] oH M|
... Engineering &

... Communication

1. DTF o} Open
2. PT(Problem Type) : Flow, Turbulence &4

File Edit View Units Tools Window Help

BUHHEPe 9RO o

o

18298.8 mm

2000 mm

LAY = arcEBEHA Do ARG e

Timo | ve| ec| mre| vk | ic| sc| out] viz| Run|

r Applications

— General

r Modules
IV Flow

[~ Heat Transfer (Heat)

¥ Turbulence (Turk)

[~ Chemistry/Mixing (Chem)
I~ User Scalar (Scalar)

[~ Radiation (Rad)

I~ Spray

I~ Macro Particle (MacP)

I~ Free Surfaces (VOF)

™ Two-Fluid (Fluid2)

[™ Cavitation (Cav)

[ Stress

I~ Grid Deformation (Deform)
[~ Plasma

™ Electric (Electn)

)\ ™ Magnetic (Magnet)
7 X ™ Kinetic

[~ Semi Device

Grid Scale I Visual Scale | Axis Rotation | Lighting Editor |

Scale |m\|l|meter [rmm] j |O{}01 X -1000 ~ 7000 mm | ¥: -1000 ~ 1000 mm | 7: -5000 ~ 13999 8 mm
B @%»AE| &

imulation List ‘Name |Tota| Zones Total VCs Total BCs
=0 @ volume Conditions 3 3 83
' olume Conditions @ Boundary Conditions
@ Boundary Conditions | &% Multiple Reference Frames
& Multiple Reference Frar | 1 virtual Resistance Models
ol virtual Resistance Mods |[F]  Initial Conditions
~[B] Initial Conditions @ Visualization Objects
- # visualization Objects
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3. MO(Model option) : Shared > Rotation Reference - Rotation(Multiple Frame) &-/d2}

/_\ o

Tve lec @D vi [ | sc | ow | vz | fun | Rotation / Multiple Frame(Geometry Based)& =is}H
MRFE0| 2’33} E.

Shared
Simulation Description
Flow
Turb Title |Nc-ne

Adv Transient Conditicns

Time Dependence — Steady

Body Forces
I Gravity

ot | Mo [ve] sc| mre | ve | 1c| sc | out | viz | run |

W Setting Mode

Rotation Reference

Iv Rotation — Multiple Frame (Geocmetry Based)

—i Properties

Chimera

Froperties — Fluid
™ Chimera Grid On

Fluid Subtype — Gas
Material

Property Sources — User Input
4. VC(Vqume conditions) Gas Material Mame |DE‘auIt
- MH| MEH = group X|’8

- Fluid subtype : Water A&

— Constant

Physics : density = 997 kg/m?3 Rho |997

Fluid : viscosity(Kinematic) = 1.589E-05 m?/s
Phys - viscosity

= Constant{Kinematic)

Mu [1.589E-05
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5. BC(Boundary conditions)

- BC Type : Outlet : pr | Mo | vc MR | vR | 1| sc| out] viz| Run

BC Setting Mode

Flow : Sub Type : Far-field

Pressure= 0 Pa ~ General
Temperature=300K BC Type
= Qutlet
U, V' W=20 (External Face on Fluid Volume)
Flow
SubType — Farfield
Turb
Fressure
— Constant
P [o =| nmn2
Reference Pressure |1D{HJD+J N/m#~2
Outlet Backflow Temperature
— Constant
T [300 2|k
¥-Direction Velocity
— Constant
u o 2| mss
¥-Direction Velocity
— Constant
v[o =| mys
Z-Direction Velocity
— Constant

w [0 =] ms
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6. MRF(Multiple Reference Frame) 47

- ¢t addE 2=/5H MRF10| 448 &

pT| mo | ve | BC VR]|c|5c]c-ut]Viz]Run|

Multiple Reference Frame Model Setting
Select or add a Model in the Geometry List (left bottom).

Mame Shape Blanked
£  MRFT Cylindrical _
Center Location
X |I3- E mm
¥ |I3- E mm
Z|2s =| mm
Mormal Direction
X-Component |E- =
Add ¥-Component |E- =
Z-Component | i
- Center Location(mm) [
Thickness |50 = mm
P1(25, 0, 0) | =
. . Radius
- Normal Direction , —
Radius |36E- Q mm
Z=1 Angular Rotation Speed
- Thickness Omega |-3[:- g rad/s
Thickness = 50mm 1 radian = (180 degree) / T
- Radius

Radius = 50mm - N N
- Angular Rotation Speed / W ‘_ ., ‘
Omega= -30rad/s .

“MRF ®g H MRFHE %
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7. SC (Solver Control ) pr| Mo | ve | Bc| mrr| wr| 1c out | viz | Run |
- Max Iterations : 1000
[terations

- Residual Reduction Ratio : 0.0001 Spatial _ r —

Solvers Maximum [terations | 10000 o

Relax

Limits — OR —

Start Residuals

Adv Residual Reduction Ratic [0.0001 —| -OR -
Minimum Residual [1E-18 o

Mass Balance

[ Specify stopping criteria

ot| mo | ve | Bc| mre| vR | ic | sc | out | viz [Run]

8. Run User Shared Library

- Submit to Solver File Mame |IibU59rAr:E.DLL Browse...

Parallel Run Controls

[ Parallel Run

Parametric Study

[~ Parametric Study

Run and Monitor

I EH Submit to Solver I @ Stop
[& save and Continue B save and Stop
= Wiew Residuals % View Outputs
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9. Results

103

—_ rJ ) F=Y m m -l oo w
VelocityMagnitude - m/s

VYelocityMagnitude - m/s
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