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Periodic BC
Spanwise

» Old implementation was based on adding
halo cells to periodic face.

» New implementation is based on treating
matching dual CVs on each face as parts of
a whole CV...

» Residuals should be summed.

» Gradients, limiters, sensors, etc., must be
consistently computed in view of full CV

» github.com/su2code/SU2/pull/652
(integrated in develop)
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Periodic BC
Theory

» Old implementation was based on adding
halo cells to periodic face.

» New implementation is based on treating
matching dual CVs on each face as parts of
a whole CV...

» Residuals should be summed.

» Gradients, limiters, sensors, etc., must be
consistently computed in view of full CV

» github.com/su2code/SU2/pull/652
(integrated in develop)

Volume: () = (), + o Q; + Q
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Taylor Green Vortices
Validation Testcase

» Triply periodic, adjacent faces
» Initial Solution given
» Unsteady Vortex decay

« g" V/Vo
» ~17 mio cells (257*3 nodes) | éf
075
» Analytical solution available in 2D for 05
incompressible solver E0-25
» Code-to-code comparisons for 3D and 0
compressible flow ;

video courtesy T. Economon
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Streamwise Periodcity
Theory

Decompose pressure filed into 2 components [1]:

- .. Ap
p(z) =p(z) — th
2

Introduction of a source in the momentum equations:

v =
E—{—V-(gm@w—l—fp—r)——zt—Q—O

Similar steps for the energy equation:
AT,

Periodicity Assumption: T(z) =T (z)+ th
2
v(z) =0 (z+1) (o
p(@) =p(x+1)+ Apo (—(pcp ) +V- (pcpj"ﬂ:a — HVT) + Aﬂ‘ﬂcp [t-9]-Q=0
T(z)=T(z+1) — AT, ot 1]l

+ adaption of boundary conditions
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Streamwise Periodicity
Pipe Flow

» Fully developped (streamwise periodic) pipe flow...
» ...computed on one (primal mesh) element in streamwise direction

» One setup validated against analytic solution:
L Ap , 2
vir)y=————(R"—r
(r) In Aa ( )

» Additional Idea: Automatic creation of a fully developped inlet profile
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Streamwise Periodicity
Reduced Pressure

Reduced Pressure Contours

Stream-wise periodicity also now possible by redefining pressure as reduced pressure (momentum source term).
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Streamwise Periodicty
2D Pin in channel
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Streamwise Periodcity
Energy equation

Reduced Temperature Contours

Stream-wise periodicity can be applied to energy equation similarly with source term and special BC treatment.
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(Streamwise) Periodicity
User Interface

% Periodic boundary marker(s) (NONE = no marker)

% Format: ( periodic marker, donor marker, rotation_center_x, rotation_center._y,
% rotation_center_z, rotation_angle x-axis, rotation_angle y-axis,

% rotation_angle z-axis, translation x, translation_y, translation z, ... )
MARKER PERIODIC= ( NONE )

% —-mmmmmmmmmmmmmmmmeo- STREAMWISE PERIODICITY DEFINITION --------------------- %

% Specify type of streamwise periodicty (NONE, PRESSURE_DROP, MASSFLOW)
KIND_STREAMWISE_PERIODIC= NONE

%

% Delta P value that drives the flow as a source term in the momentum equations.
% Defaults to 1.@.

STREAMWISE PERIODIC_ PRESSURE_DROP= 1.0

%

% Target massflow. Necessary pressure drop is determined iteratively.

% Initial value is given via STREAMWISE_ PERIODIC_PRESSURE_DROP.

% Use INC_OUTLET _DAMPING as a relaxation factor. Default value ©.1 is a good start.
STREAMWISE PERIODIC_MASSFLOW= 9.0
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Streamwise Periodcity
Gradient Validation

» Hicks Henne DV‘s on the 2D half cylinder

Testcase from above 6 @ _ _ | o —
: : ; : . Adjoint ——
iecti i i i 1 : : Direct Diff.
» Objective function: Drag on the Pin surface ™ Fin.DIff (le.6) —— -

» Still plenty of work left:
» Different models for integrated heatflux

dcd.l'd(I

» Dirichlet Boundary condition for Temperature

» Gradient validation including energy equation,
turbulence

» CHT
» Shape optimization
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Perioidic BC's in SU2
Takeaways and Outlook

Spanwise Streamwise
» Available Comp.+Incomp. Solver » Only incompressible solver
» Spanwise (also adjacent faces) & rotational » Energy equation/Temperature handling

majority of work

» Implementation finished

» Integration in v7.0 planned » Branch: feature periodic_streamwise
» Tutorials/docu. have to be set up > Partly integration in v7.0 possible
» Written documentation available (upon
request)

Questions, comments, ideas, applications? > Tutorials have to be set up

-> Contact: tobias.kattmann@de.bosch.com
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Streamwise Periodicty
3D Pin Array

Periodic pressure

Recovered pressure
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Streamwise Periodicty
2D Pin in channel (physical pressure)
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Streamwise Periodcity

Velocity Magnitude Contours and Streamlines

Stream-wise periodicity for momentum can be controlled by specifying pressure drop or mass flow (iterative).
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Streamwise Periodicty

Recovered Temperature contours for a periodic calculation of one “representative” heated cylinder.
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Streamwise Periodicty
Periodic Assumption check

> 2D Single Pin in Channel Case from . 30ish Profiles at outlet locations
. : ! ! ! ! ! ! 1
presentation above 2
4 —a—
» Copied mesh 30x downstream T g
. . . . . : : : i ’ i 8 —=
specified I 2
S . | 14
» x-Velocity at ,outlet*-locations compared N o
to periodic profile o B -
: -
. : . . : 2%
> Vel.out.|y proﬁle .mat.ches better with sl @ e
periodic simulation in further 28 ——
downstream locations v/ periodic _a _
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