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T-motor G30x10.5 NPD1-30-D1 NP-30-D2
(Commercial) T = 68.7N (7%) T=74.1N (15%)
T=64.2N ;
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- A8 27| d4s Ht - DI2Wg| MA Ol2toje dA « Potential flow code (XROTOR)
« A8 OZ2HHot 2RI MY « Chord/pitch distributions « CFD Analysis
.« 3 AL S ETH A Y « Airfoil THH 4 * Thrust/Torque
a5 » Skew, Up/downwash » Acoustics
BEE==E =S c M7 2YS ST EY BY + Tools
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« STAR-CCM+
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1. MRF Simulation ‘ 2. Rotating Mesh Simulation
solver  simpleFoam.n3 solver pimpleFoam.n3
Interface cyclicAMI interface cyclicAMI
RASModel kOmegaSSTN dynamicFvMesh dynamicMotionSolverFvMesh
RASModel kOmegaSSTN

Additional Treatments (numerical) Additional Treatments (numerical)
* Unphysical velocity clipping * Transimple

« Diagonal dominance of the matrix

* Rhie-Chow interpolation

* Realizable limiter for shear rate tensor

* Limiter on production term & turbulent viscosity

» Curvature correction

2N
* ADLib github: https://github.com/geonhong/ADLib.git
* NASA turbulence modeling resource: https://turbmodels.larc.nasa.gov/sst.html



https://github.com/geonhong/ADLib.git
https://turbmodels.larc.nasa.gov/sst.html
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Computational Domain & Boundary Conditions

Pre-processing fluid part
Trimmed mesh

Rhinoceros 6

— ’ﬁ;\ I
W _ rotate part
ge Polyhedral mesh
Meshing

Patch Velocity Pressure
‘ Farfields fixedValue  zeroGradient
STAR-CCM+ ?nrletOutIet
Interface  cyclicAMI cyclicAMI
Solver Wall movingWall- fixedFlux-
Velocity Pressure

OpenVFOAM@ Computational Domain



S NINNO
Validation: Caradona-Tung Case

r/R=0.5 r/R=0.68

hub-scanivalve
assembly

x/C - x/C

r/R=0.8 r/R=0.96

x/C - x/C
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Design Case: Low Noise Propeller (100kgf)

= Sl|A + Acoustics off A
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NP-305 m10xCT m10xCP mFOM

NP-306 Pressure fluctuation (acoustics)

NP-307 P NP-311 . NP-311-2 e | NP-311-6
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» libAcoustics: https://github.com/unicfdlab/libAcoustics



https://github.com/unicfdlab/libAcoustics
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T 232 Mejzlik 60x21
RPM: 2000rpm

OpenFOAM vs STAR-CCM+
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Thrust Torque
B OpenFOAM ®STAR-CCM+
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Grid Consistency Test

® OpenFOAM @ Star-CCM+

« STAR-CCM++= &3t grid
consistency 21t £l

0-—\:_ ¢  Fine meshOj|A Coarse tiH|
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Number of Cells
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.« OpenFOAM-v2306 with pimpleFoam.n3 | | | | e —
* Rotating geometry
« cyclicAMI i

Changed the
Issues %00 nOuterCorrectors

* No consistency in grid test from 5 to 3

* This might be due to 50 |
— pimpleFoam algorithm (relaxing pressure etc.)
| g E : aon
—Wall-functions
Valocity fiald clioni

Remarks

750

« Wall functions have been tested and nut wall function affected the simulated solutions, but the
effect was not very severe.
« Rather, the PIMPLE algorithm seems to largely affect the simulation results
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g1 PIMPLES]| outer iteration HHA|0|M S&3] 7&d0| &&= X| EU= AO|T}
A E & nOuterCorrectors= 5, 10, 20, 30, 5022 445t sfiMdES = & A1t =l
offAd O] A: T-motor 12x6 2

X Gnuplot = a * 9.8
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Remark

2E transient AlAH| =2 nQuterCorrectors A7 2 Q67?2

0jo

MotionO| gi= case?| 2% £83| =2 nOuterCorrectors TA7F HRot A2 otd 4= QU

- Case: Pitz-Daily backstep flow [possus peeutn 1T e
 Compared pressure distributions on the lower wall - T
* There’s no consistency on the grid test

Reasons that can affect the result

f: y+ Distribution

 Turbulence model

- Turbulence model
- Wall Function
« Convergence level
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RunO Dk
— =P, —€+D
Dt
Propeller T
Very high ouy;
turbulent —_ T —
region Pr Tij axj

P, = min(Py, 10Lpwk)
Threshold of TKE over 100 Threshold of TKE over 100
RUN v, = min(v;, 10%v)
With nut &
Frqduction gradSchemes
Imiter {
grad(U)

cellLimited<cubic> 1.5
Gauss linear 1;

With nut limiter (with TE+5xnu) With nut limiter (with 1E+5 x nu)
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Rhie-Chow interpolationg &&75}03 pressurel]
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Turbulent field A[AH0| AOM HASH [imiterE =M A
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> Shear rate tensorOf| Cist realizable limiter

» Production termdj| CHst limiter

> Turbulent viscosityO| CHSt limiter

PIMPLE

{

nOuterCorrectors 20;

nCorrectors 2;
transimple yes;

residualControl
{
p
{
tolerance
relTol
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