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NOISEtte (1/4)

Basic model — compressible gas:

0Q  OF(Q) 0G(Q) O0H(Q) 1 (0F,(Q) 0G,(Q) 0H,(Q)
ot T or Dy s T Re( ow Dy L )

Q — full vector of primitive or conservative variables,
F, G, H — vectors of full or lianerized fluxes
F.. G,, H, — vectors of dissipative fluxes, Re — Reynolds number

Euler-based models:

EE - Euler equations
NSE - Navier-Stocks equations
LEE - linearized Euler equations

NLDE — non-linear disturbances equations

Turbulence models

RANS, URANS (SA, SST)

LES (Smagorinsky, Q-R)

DES, DDES, IDDES (Smagorinsky, SA)

Immersed boundary conditions (IBC)

Far-field acoustics (FW/H)

Stochastic signal and turbulent fields generation

White noise, defined-spectrum signal
SNGR model
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NOISEtte (2/4)

Unstructured meshes
* triangle/tetrahedra meshes
» Hybrid meshes (elements up to 6 faces)

Control volumes

Vertex-centered higher accuracy schemes
 EBR (Edge-Based Reconstruction) schemes
based on quasi-1D reconstruction
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NOISEtte (3/4)

Hybrid multi-level MP1+OpenMP parallelization
effective on up to 100000 cores

Shared memory many-core parallelization for
hundreds of threads

Fully adapted for stream processing

Heterogeneous computations ( Intel Xeon Phi)

Pre- and parallel postprocessor
distributed processing of big amount data
unstructured hybrid meshes up to 10° elements supported

High efficient computations
explicit scheme: 15~20% of peak CPU core, memory: ~2Kb per node
implicit scheme: 10~15% of peak CPU core, memory: ~4-5Kb per node

Build-in features:
internal profiling, memory manager, call-stack control, performance controls
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NOISEtte (4/4)

Problem: turbulent flow over cylinder

Scheme: explicit EBR5
Vertex-centered mesh: 16M nodes
Speedup normalized by 1024 cores time
Worst case: 500 nodes per core
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Problem: turbulent flow over backstep
Scheme: implicit EBR5, hybrid OpenMP+MPI
Vertex-centered mesh: 13M nodes
Speedup normalized by 1 core time
Speedup: 92%
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Tail shrouded rotor ( Fenestron ®)
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Problem setup (1/3)

Blades count N 4
Rotor radius R 0.6m
Blade chord b 0.13 m
Central body radius 0.248 m
Blade profile TSAGI SV-11
Blade twist linear,
/ twist(r) = 4_0(0'7_ I’_)
3
Internal shroud(“ring”) radius 0.605 m
External shroud(“ring”) radius 1.25m
Rotation frequency 1166.4 RPM
Blade tip velocity V,,q4e 73.3 m/s

— r 0\/bladeb

m,

Re

=6.28 10

r,=1.2041kg/m m, = 1.827 10 N s/t
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Problem setup (2/3)

V =0m/s Computational domain: single blade sector

_— W

Axial No external
symmetry flow

1) single blade in 90° sector modeling

2) Periodic boundary condition in the azimuthal direction

.
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Problem setup (3/3)

Computational domain: boundary conditions

>

Y

- far field BC

- periodic azimuthal BC

- no-slip BC ("fixed" surface)

- no-slip BC ("rotated" surface)
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Meshing

Pitch angle Nodes Elements
100 2 326 941 13 589 791
150 2 371707 13 859 009
200 2 511 582 14 669 900
300 2 555 652 14 936 402
400 2 592 469 15154 418
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Mathematical model (1/2)

u=u- " r

ﬂ_r +divrue 0 The system of Navier—Stokes

It equations written in the rotatable
ffru¢ . , ~ _ o . coordinate system in the form of
T +Divru® u€Np= DivS 1 ( r} 2 (' U) conservation laws with respect to

- the relative velocity U’
11117 +divuqE + p) = divg + divsu ¢
V= "r
Mir

the system of Navier—Stokes equations ﬁ +divr (U- V)= 0
written in the rotatable coordinate system

_ . ru : y ~ : ,
with respect to the absolute velocity vector u ﬂT +Divr (u— V)A uN = DivSr (

1111—5+div(u - V)E+ divup= divg + divSu

u)
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Mathematical model (2/2)

Boundary condition

BC on the surfaces

No-slip BC for rotated blade surface no-slip BC for fixed ring
u- "r=0 u=0

Artificial BC on computation region

BC are determined by splitting the fluxes relating the values of the gasdynamic parameters U;, within
the computation domain and their values in the distant flow Uy in the directions of the characteristic
velocities.

1

Fo(UU,)=F" +F =AU, +A'U, ey *):E(q Ayl (w+9Hy+p(y- bt B [

The values U, are determined by the characteristic relations for an isentropic gas

po ¥a static pressure of the undisturbed gas

_ R o 2 P P
= ry=r, — U, =U +— ! - g X _
=R T P ¥ g-1 gﬁ ! y n ¥ vector of the unit outward normal to the
computation domain boundary
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Numerical implementation

Unstructured tetrahedral and hybrid meshes
ANSYS® ICEM CFD

CFD package
NOISEtte, CAALab(KIAM)
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Results (1/7)

Flow over shrouded rotor (blade pitch angle 30

IVI:

05 07 09 13 1.8 24 34 46 6.3 8.7 120 165 22.6 31.1 427

Streamlines colored by absolute velocity

°)
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Results (2/7)
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Absolute velocity field and streamlines (meridional cut) for set of blade
pitch angle values
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Results (3/7)

Aerodynamic forces

011 - | | | ' | | |
{ =+ c, rotor (experiment) Lt 0.07 -+ m_rotor (experiment) n
0.10 —A— c, rotor (NOISEtte) -E_“ '"+ ——m _ rotor (NOISEtte)
0.09 | .-"+ / A + 4 0.06 &+
. ] ;F.-/ [.*’ + . .
0.08 ] *., 7 / 006
007 TV
006 - A .
o ; ; V c 004
005 gl -
0.04 v yd 0.03
0.03 i % l
' el 0.02
0.02 i
001 - et
01 0.01
0.00
-0-01 L) L) L) L) L) L) L) L) L) L) L) L) T T L L L T T T L T L T T T L T T L L T T 1 O-w
5 10 15 35 40 45

2% 30
pitch angle pitch angle

Thrust coefficient(left) and torque coefficient(right) for set of blade
pitch angle values
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Results (4/7)
Aerodynamic forces
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Shrouded rotor polar plot: experiment vs. NOISEtte




Results (5/7)

Acoustics
Ffowcs Williams/Hawkings integral method

surface 1
surface 2
surface 3

rn.
piI(R,T):i Eall un - ré¢L ds
r

pg rt

t=T-|R- Xq|,r=R- X

1. FWH linear approximation 8

2. Terms of order O(r -?) are neglected g

3. Immovable control surface S, E '
2
o

Directivity diagram plane

Azimuthal angle OEDEp
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Results (6/7)

Acoustics: FW/H control surfaces

A N




Results (7/7)

Acoustics: OASPL
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4-blade main rotor
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Problem setup

Blades count N 4
Rotor radius R 1.952 m
Blade chord b 0.18 m

Central body radius 0.248 m

Blade profile

5 unsymmetrical profiles+tip

Blade twist

Blade (r=0.3 .. 0.94) — linear
Tip (r=0.94 .. 1.0) - linear

Rotation frequency

668.4 RPM

Blade tip velocity V), 4e

136.6 m/s

Re=

r,=1.185kg/m m, = 1.822 10 N s/h
T VoiageD
my

=1.6 10
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Meshing (1/2)

Pitch angle Nodes Elements
0 4145399 24137856
10° 4146578 24180511
15° 4144917 24134870
20° 4144431 24132036
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Meshing (2/2)
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Results (1/4)

Tip vortex visualization

26 /30
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Results (2/4)

Thrust (left) and thrust coefficient(right) for set of blade pitch angle values

27130
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Results (3/4)

Torque (left) and torque coefficient(right) for set of blade pitch angle values

28 /30
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Results (4/4)

Main rotor polar plot: experiment vs. NOISEtte

29/30
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Conclusion / current work / plans
 NOISEtte CFD package and EBR schemes is applicable
for hovering rotor aerodynamics prediction
e currently we are working on

NOISEtte validation on the set of benchmark problems
acoustics validation
e we plan to

start with helicopter fuselage aerodynamics and
acoustics

evaluate blade flexibility modeling techniques

30/30
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Thank you !




