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What Has Made It Possible?
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The Secret Recipe...

The Open-Source CFD Code
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« SUZ2 for turbomachinery: What?
« (Some) Paradigmatic Examples

* Next steps
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SU2 for Turbo: What...?
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SU2 for Turbo: What...Direction?

Provide Industrial-Strength Design Methods for
NextGen Turbomachines...of any kind!

v Simulation of complex flows
(NICFD: pure fluids + mixtures, two-phase, unsteady, ROMs)

v’ Efficient automated design based on discrete adjoint

v' Multi-physics analysis and design (FSI, topology)

ROMs = reduced order models,
e.g. harmonic balance
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SU2 for Turbo: What...is in it?

 NICFD - complex TMD models (hard-coded, FluidProp, look-up
tables)

« Method of Moments for non-equilibrium condensation

* Turbo features 2> NRBC, MP, SLI for even pitches, HB

 Discrete turbo adjoint solver: steady/unsteady

Emphasis (for now) is on compressible flows!

NRBC = Non-reflecting Boundary Conditions
MP = Mixing Plane

3 .
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Look-up Tables > “Ideal” Cost
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ROM for Dispersed Liquid Flows

 Method of Moments = 4 Transport Equations
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Droplets number
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Fluid-Fluid Interface for Generic Grids
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SU2 for Turbo: What...Accuracy?
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AXPLANE1
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Transonic Compressor

Nasa Rotor 37 - Comparison with Experiments
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APU Turbine
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Steam Turbine Cascade

Prediction of metastable condensation
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Liquid mass fraction
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(Some) Paradigmatic Examples
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Stator-Rotor Interaction with HB
Radial Outflow ORC Turbine Stage timeynst . o
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Stator-Rotor Interaction with HB
Supersonic ORC Radial-Inflow Turbine, Q3D timeynst .

timeHB
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How We Solve the Turbo Design Problem |

Optimizer |__ D D > CPs of
(SLSQP, BFGS) _l FFD boxes .

Geometry and

Mesh (M) [ X —l
|

_ ! SU2 run
VJ o J : (steady/unst.) U l

|

|

- SU2 adjoint (operator

d‘]l) M"(D)VJ, iq— VJX overloading)
PrE :Z_]IVJ(U*’M’X):[OJ%%X)}T M“’FG%’X)T
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Unsteady Design Problem

Wake-rotor interaction

running time HB

running time unsteady -

=0.3
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Unsteady Design Problem

Adjoint harmonic balance gradient validation
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Unsteady Design Problem

Optimization results
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Unsteady Design Problem

Performance gain

0.08 A

—— DBaseline = ===-- Optimized

Mean Loss reduction: 38%

Peak reduction: 44%

Amplitude reduction: 54%

CPU time: ~ § x Steady Opt.

%
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Steady Coupled Design Problem

Mixing-plane gradient validation (obj = stage efficiency)
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Steady Coupled Design Problem

3D sensitivity of stage efficiency
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Steady Coupled Design Problem

Optimization results
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Take-Aways

SU2 accurate for (compressible, NICFD) turbomachinery
flows

First-ever fully turbulent unsteady optimization

Multi-row design at manageable cost now possible

Lots of modeling and adjoint-related work remains
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Future...

* Release of “turboSU2" (6.0)

« Engage further turbomachinery companies and research
Institutes

« Partner with other (new) groups to extend capabilities

« Become reference for innovation in automated
turbomachinery design

Propulsion
& Power
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Next: Unsteady Stator-Rotor Design

HB for Modeling and Design of Multiple Rows
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Next: CAD-based MDO Design
SU2 + OpenFEM with adjoints

CFD-CSM Coupling:
» « Weak > Steady
« Strong-> Unsteady, HB-based
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Global Optimizer

Geometry Parametrizer
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Topology Optimization

Convergence
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Further info upon request @
m.pini@tudelft.nl
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Development Roadmap
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Steady-state

Unsteady
computations

computations
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Governing Equations for NICFD

Inviscid equations for mono-component fluid at chemical
and thermodynamic equilibrium

drp+ V- (pu) =0,
dr(pu) + V- (pu@u+ P) =0,
1
GE'+V-[(E'+ P)ul =0, === Et:pe—|—§p|u|2

We need a thermodynamic closure > P = P(p,e) — (}/ — l)pe Perfect gas
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Verification and Validation
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Verification and Validation
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Geometry and Meshing

T OptiBlade Meshing
f - Based on OC  Autogrid
« Parametric « Turbogrid
* Axial and Radial « Salome
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Steady Design of Turbine Cascades
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Fluid: Siloxane MDM

min J =2z,

subjectto B >74

running time adjoint 13

running time flow

djoint
memory adjoint _

memory flow
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2D Steady Design of Turbine Stages
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Steady Coupled Design Problem

Parametrization with direct FFD, 79 DVs

3 pilot profile x blade 7‘7’

Geometrical Constraint to \ : ’

72 x ® preserve LE and TE round \3 y
shape !
“ "

79 x @ Design Variables
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Method of Moments
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4 Transport Equations for Moments

[ O 0 0 :
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Metastable Condensation with MoM

40

Cascade [Z] 1 5 ;

Ty =37345K oo o Tl
P, =0.89 bar 0.8 g N |
Pout = 039 bar 4N '.\'IE“‘«‘ 065 Nva ................... ‘g

0.7F e STt \‘3 """""" : """ .' """

PP,
PIP,

06F e ...................... .................. Y,..‘ ......... t 05_\:\ ....... ‘ ................... ..... boooooaeeod
: : \ ' : :

: ! el TN |
: ; I e ‘ N N !
: : 'Y e N N o
0.5 R SRR S VR R L
1 ‘ I‘\ i 0_4 """"""""""" """"" ,-V-VT'--\N-;E """ 'I """"""""
0.4 5 5 A f : ‘\?ijf
A R EREEEEREEEE AR [FoRatiasoRRRbds Bey ; AL
: | : \. * Exp. data 5 l\".‘\.‘l‘
0.3l © Experimental) - (PR '1‘”“ 0.3[|- - -1ph simulaton | " S LR

- - -Dykas 2015 ; gl @0 || - 2ph simulation, 1st order
—8U2 L | ——2ph simulation, 2nd order

0 0.05 0.1 0.15 0.15 0.16 0.17 0.18
X, m X, m
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