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HELYX-Adjoint | 7jufZd % =7

HELYX Continuous Adjoint Optimization
* Primal 1} Dual 7| tt0f| oot HhE 2|d X A = A3}

C 2 B2 AlY HB HAE o3t Az

Volkswagen 2

(200914) « CI= 2™ gtx=(Force, Pressure loss, Mas flow, Swirl, ...)
* Free Node-based deformation0f o|st Ats 2 & x| M3}
. ELEARRS 4 Qi ) | .
SIAIR XM A= ENGYS « RANS EE= DES/LES time-averaged A|=2{|0|M
HE « ALK EX : > 200M cells
« 7bsoh Z[TF A[ZE L{O]
Ch2s M A B 20| | X%} 214 21543 By 23}

Closed coupled catyst
Mani of 12 cylinder

Vmax = 117 m/s Vmax = 100 m/s Blue : Inward for less Drag Red : Outward for less Drag

Based on theoretical work by C. Othmer, VW Research
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— N+1 flow calculation 2 —+* (Parameters Simulation.)
yHlg2E: E2 2ot

LS
- HIE, HA/OHLAIZE HITR AR

Morphing
Parameters
( 1. o o N)

Choice
Final Design

Variable N

(N+1 parameters CFD calculation)

»N 2 H[BH ==

— 1 flow + 1 Adjont calculation

) B2 1 A ABI AH 2lAL BR
) AH B0 SR I A 3

Automatic Simulation

ADJOINT
Optimization

CFD * Adjoint

Simulation
* calculate

Sensitivities

mmg Final Design

(1 flow + 1 adjont) calculation
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x| ™35} 7| H| 1l (Continuous vs. Discrete)

Continuous Adjoint Discrete Adjoint

Differentiate |2 » M Differentiate | M Solve
y IO 29| A7 ARM X|HHEIH Al @ » AEQ Ciet =5 / A= O|&7|H
y AabA =X|7|H, »y S EHEEA X7 H,
y 1 28 Ol e 413 y Jetoh OlZh e o4 (Y 2Hd)
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HELYX Continuous Adjoint 7|

» CFD A|AF v, p 2 primal fields

(v-V)v = =Vp+V-(vVv)—av
Vv = 0

» Adjoint CFD A|4t: u, g = “dual” fields

—(Vu)v—=(v-V)u = =V¢+V:(rVu)-—au
Veu = 0

oJ 0Ov _ ou
03 On On
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Adjoint BIZt &= (Sensitivities) 7|t

HHUUE ad]/0p HNAN AULE d)/da
red = push surface in red = free volume cells
blue = push surface out | blue = penalise volume cells
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HELYX-Adjoint | A %| X8}

RANS EE= DES/LES time-averaged

red = free volume cells
blue = penalise volume cells

Y

[ Adjoint A|AEIO 2 2 Ef

MCH 5l (Dual Solution) 7| At

Y

o
{ 21 A|8l| (Primal Solution) #| 4t J x'“ x_'ll El_l 7=|'E
-

s rengys
ZH e iE

\ 4
( ' ” 7.
=T 2" 2210 H
(Level Set + Immersed wall boundaries) 0|
2 %] 53} QIET 0] A =X

\§
\
AL 7|47 g ArR3}0]
£ M3t 2HE gol il

Heat Exchanger
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HELYX-Adjoint | Q|AF £|H3I T2 M|A

no yes

Converged?

Primal Adjoint
. 7 .

Solution Solution

Tyes
Mesh & no Mesh no Modify Volume
P ? S <
Start Setup ok? Converged: Shape Sensitivities

l yes

End
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» Transmission Oil Channel
- A AH= Power =4 A4
- 24 M2 S =2t 29

Power =4 9| 2F 30% B &

! | ! | !
0 500 1000 1500
Optimization Cycles
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HELYX-Adjoint | 9| A

» Gear Pump

- Power LossO| x| A2}
- =42 2alE AHo|A
- Inlet port(low pressure)

- Outlet port(high pressure) : Inlet port _ S o Outlet port
G % 28 | 5 2

| | | | | | | 1
0 100 200 300 400 500 0 20 40 60 80 100
Optimization Cycles Optimization Cycles

Power Losses Inport Outport  Gear Pump
NS =] | 2.208 W 31.017W  33325W

. o En Sk 1635 W 25379 W  27.013 W
Inlet port Outlet port 2 9 2917 %  18.18% 1894 %
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HELYX-Adjoint | ¥4 | X3}

: N
N 21 A|8lj(Primal Solution) #|At g ojzZic
,x RANS EE= DES/LES time-averaged - -0

J red = push surface in

g N
Adjoint System© 2 £ E blue = push surface out

AC sl (Dual Solution) 7|4t

_ y,
- v N % - mass flow
EW UZE £5
_ y,
\ 4
s N

Free-form Node-based Deformation A}-&
ddurH =Y

\_ _J
( )
HALE 718 7|8 A
2|53t S E ol
\_ _J
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HELYX-Adjoint | Node-Based(NB) Deformation

» Smooth for vectord = G - 71

> Smooth the magnitude of the
displacement:

- -  —

d— e Vzd = dinit

E —

dinit: Initial Field
d: Smooth Field
£:smoothing intensity

Total Pressure Losses Reduction [%]

0 5 10 15 20 25 30 35 40 45

[terations
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HELYX-Adjoint | @AF | X3} =2 M A

Constraint Patches &
Smoothing Radius

Start Primal Adjoint Sensitivity Surface
Solution Solution Smoothing Deformation
ho
Node-based
Morphing
Converge Mesh Adaptation Surface. Me'sh
Regularisation
l yes

End Final Shape
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HELYX-Adjoint | @A X|M 30| HZ

4 NACA 0012 ol e g s
) HFS ZHAO0A) = 2 deg et
> Re = 1000 ol Mo A
) éﬁg_’.‘_l&lﬂ(Shape Optlmlzatlon) P 02 04 08 o081

- A 4= > NURBS Control Points
- Airfoil 9| gt= x| A3}

Yy S otXIE(FD, Finite Difference) BlIZ &=
- 24 #H= 8l0| H|Z2|E

- 2 x 25 = 50 Primal Al Al

dF/db - Sensitivity derivative

5 10 15 20 25
b - Control point
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HELYX-Adjoint | S Al
& XL1 23 2|3} A7

A 2| X3 28

2H(=%)

o2 X| A
) ol- —|:| —'—|—|—
Morphing according to / opposite to sensitivities

Rl

-0,9% / +1,2% for 10mm displacement
Confirmed in wind tunnel

- -0,13% / +0,14% for 5mm displacement
AlS
RANS AlsH
- -0,6% / +0,8% for 5mm displacement

y AN F90|8F 12{(sign correct)
for 10mm displacement

O — L=
= AN A= 81 5% 0|49 0,8% / +1%
5 Confirmed in wind tunnel

==
PAPS
FIAN A1 0] &
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> Primal: Time-averaged DES
- o= 8 FEA e ALt
- Time-averaged U & P Sl

Steady RANS
o U, p, nut0] CHel Adjoint
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HELYX-Adjoint | £ EM

» Pl oot WS x| N0 Mgt

o O+

ENGYS 17 2| Continuous Adjoint 7| &
[HS SXot4(20+ SHH| 884 e

~

L

- H=d (Manufacturability) B Bt | i
- 7|’6X| Welghtlng) "g ::.:fsm e

|| Eneray

- 2 2K S(ALM) | Qf =

ele dd Field Field  Forces Reports Dthers  Decompose Rec
Process Average i L4 - Mnde X Parameters
Fiel Materials  Field Manipulation Monitering Functions Case Utilties
. . “  cotution “ || © G dmaliean v 000 Y@ OO @ ﬁ’?‘i ® & #
forces & moments, uniformity, S ——
+ Modelling ) segregated © Steady
. . + 6-DoF Body Motion Coupled | Transient
pressure loss, mass flow split, swirl, ... 8 e
0 o WT_outet O meororesn o™ i
- B wr_tt_miny
x _| Multiphase ; P
» LS M7 e . :
- B Wit max () voF )

OooE0C+ PLLYPFL OF0p

- Solver Settings gme=d] 00 00 .8
- Runtime Controls ot z
inint L2 0 d O HSEA P i 1 .

) J OI nt 1 | | E E x o _I_ - Monitoring Functions 7] Adjoint ...enggs

. Castom || Topology Optimisation
2 nd d Ad M M t Ad t' q =Ho " Scalar Transport - | X[-B.0BE-1,3.80E0] A 4.61E0 Y [-1.01E0, 1.01E0] & 2.03E0 Z [-280E-1, 1.10E0] A 1.39E0
) O r e r J O I n Vec I O n B® HELYX v 0 [2017-09-04] License: Valid (FLOATING) Machine: REMOTE CLIENT_SERVER - SOFTWARE - OPEN_GL1 [np=2] Run Mode: LocalRunMode LINUX Case: % ‘EO]QEQMB
ojects/Demoi0 i faceMorphing! Serial - 1 Region - Mesh in ‘0’

~

25 THCHT)/2 L Adjoint | & 3K Beté)
H M27re &84 82 % A&

~
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3D HEO| Adjoint *|X g}

Geometr a&a@@a@ BB %6 Br-- B0 BE 4 B 8o
- 72 = 1000k9/ h 4 SEEEL L I W . ’
-p = L m T ot -
P 9 Base Mesh size  [*&= ;
- yu= 1.9137e-5 Pa-s (3mm) - :
. E == )
- H[ =4 > : :
Wall L ayers(3 7 H) P IEI TP T TE IS TIIITI
ol == = A
YRIET IS 15
-
Auto Meshing L e
(create meshing) —— o
S— e i

HELYX HEXA X|HiS| RFEZ X X a|
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3D HEO| Adjoint *|X g}

& oiM23 3 AX}

X ELYl & AKX
» CFD Hexahedra 368,041
- Segregate Tetrahedral 3,850
— Steady Incompressible
- RANS k-w SST model Polyhedral 6,897

— Bounded Linear Upwind 2" No. 417,951

order(U, k, w)

> Adjoint
— Volume Sensitivities(d] /da)
— Topology

Copyright © 2018 EMPIAS Limited. All rights reserved | 7th OKUCC 2018. PIANYI| O] &

Innovative Engineering Systems



3D |:-I
< CFD

o| Adjoint £

% Q|4 A|HB X2

Mo

S
=

g

A2 N MY =|7:|| 74 MX
=T L =2 O L =2 O
Solution Boundary Conditions
T Til
¥es o Patch Name |in|&t |
Q Segregated Q Steady
[ Coupled . Transient Patch Type | 'I Inlet = |
Flows Mach ]
-
_ Compressible o) Low Momentul
) Incompressible High I Iﬂ Outlet
Multtiphaze Type + Opening
O o Phases |1 =| Specificatio] B Wal
() WOF
1 Emy
ErsmErE Wolumetric f —
Hydro &l Cyclic AMI
() Marine infial Veloch 5] ¢y cjc
Thermal Il symmetry Plane
|_| Emergy Boundary Conditions
Grawity Patch Mame |in|et |
o mis [0.0 | [0:0 | [-2e | Patch Type | =] Inlet ~|
Adjoint Momentum | Turbulence
Q Adjoint %AC;I ’ Topology Type | Flow Rate - |
|_| Topology Optimisation | H | %é—)l » Shape Specification Method | Fixed Flow Rate =
Scalar Transport “olumetric Flow Rate [meis] | 0.23052098 | E|

Apd CO.

Smoke Humidity

Initial Velocity [m's]

|Nnﬂuﬂifnnn | |Nonuﬂifnnn | |Nmﬂuﬂifnnn |

A

Adjoint Solution

Wirite After First eration

ot 28

Primal fields

Primal
[T Execution
Convergence Crieron 0,001
Mex Herations 500

Initial Convergence Criterion ‘ 0.0001

Initial Max terations ‘1

|__| Manual Averaging

Adjsint

[ Execution
Convergence Criterion ‘ 0.0001
Max lerations. ‘ 500

Initial Convergence Criterion | 0.0001
N
None

Mask Smoothing kerations | 1

Weighting Type Relative

Initial Max terations

Mask Method

Adjoint Turbulencs

Adjoint Wall Functions

Adjoint Objectives

Objective Name ‘ obj1

Objective Type ‘ Power Loss

Target ‘ Winimize

Weight Type ‘ Fixed

Weight Value ‘ 1.0

Objective Patches ‘

A
12

o
+
rx
L
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3D HEO| Adjoint *|X g}

& Fld 2XHet s Zat

— O L = 5e+05
s 2}

-5e+05 -

1500 iteration 29| Ol Zt =
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3D HEO| Adjoint *|X g}
& A x| ™3} (Shape Optimization) =2l

> Node-based Deformation 7|2 (HELYX Geometry modifier 2 £)

Adjoint Optimization Qi [4 [A [2 Ko
Run Run ParaView FieldView EnSight Run B rermna
H Solver  All Mode X Parameters
GEI:I|T| l!tl"' M Eldlflﬁl Solver Visusisation Utiifies.
R EIED Power Loss F AERE @ e 2 P00 BLAZIEO@D T £
.':E:n:::l:gfmtﬁnnl \omm.»evmne Raw Objective Value
Type | Node Based (Shape) v L W EEEE——
™ objt 320
¥ [ ] Mesh
S aathing Radius [n] 0.0l P
' £ J pipe3
g S“*" pa_objl
- . . 66,2645
. i [H Ccell Zones.
Use Wax Displacement ﬂ Objectlve 2 ocne voue
Normalized Weighti
Value
Waximum Displacement (m] | 0,001
-220.1177
Mesh Defarmation maathing and Deform ation A ; E
g E 1 ’
E M g Average
Smauth Transitian 5 N I
Smoathing lerations 10
Defarmable Patches defarmableWalls 527 6200
I LI [ objective Ve
Constrained Patches fixedLowerWalls fixedTopWall fizedUppeitalls inlet o | .. -
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3D HEO| Adjoint *|X g}
4 Helyx-Adjoint X|X 2} Z 1}
» ool L EHEH XA}

> Power loss = +50% 7|

rx

OPTIMAL
SHAPE
. HELYX Surface Deformation
——Power Loss
30 \\
% 25 BASELINE
4 SHAPE
— 20
g \
8 15 e
10
5
2 4 6 8 10 12
Optimizating Iteration e
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3D HEO| Adjoint *|X g}

& HELYX-Adjoint %| X3} Zi 7}

Pressure (m2/s2)
5 131 274 416.8
[REEEN]

B

-164.2

-

11.5 131 274 416.8
[RENEN|

Pressure (m2/s2)

e

Velocity (m/s)

o] 8.75 17.5 263 35
e

25
258
a
—]542“‘—‘1‘1
258
_‘?':
—Wﬁm‘—‘l‘l

Pressure (m2/s2)

5 131 274 416.8
[RENEN

B

-184.2

-

Pressure (M2/s2)

-11.8 131 274 416.8
U |

Velocity (m/s)
0 8.75 17.5

T (TR T TS

Copyright © 2018 EMPIAS Limited. All rights reserved | 7th OKUCC 2018.

PIAN T O] &

Innovative Engineering Systems




3D HEO| Adjoint *|X g}

@ HELYX-Adjoint %| X3} Za}(HE D M)

Pa Objective

E 350

1125
-125

-362.5

-600
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3D HEO| Adjoint *|X g}

@ 5 oM 28A2
» B >N FS(FHLIE » STL IHE)

» Intel XEON E5-2690V2 cluster 12 core, Memory 24GB

Type CPU-hours Man-hours
CAD Repair 0 0
Meshing 0.01 0.1
Case Setup 0.1 0.1
Calculated Topology 1.6 0.005
Computation Shape 0.6 0.005
Post-processing 0 1
Total Time(h) 2.31 1.21
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» HELYX-Adjoint= ENGYS 1R 92| | M3t 7| H

» =L EA ALY = e AN EE G

» 25t WEA Chs AA B 4=0f CHoH %X 3}

» AFSd L ET|HE HY J||0| o

» it 2 ZXH200M Of &h)of| =2 X 2
o

> Lot Of 54 g & OHE M ef =4

Velocity mag

013
I?12

—0.08

EO.OL‘.

O I
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Questions?

R bt VS
CRCCC Y Y

Phone: 02-2042-8200(ext.201 )
e-Mail: syryu@empias.co.kr
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