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Outline

UC SanDiega

»Tools used for CFD and thermal stress analysis
» Exercise for reproducing CFD and thermal stress of ARIES-CS T-tube divertor
v'CFD fluid/thermal analysis
v'Coupled ANSYS thermal stress analysis
» Initial results of helium-cooled plate-type divertor
v'Helium-cooled plate-type divertor design
v'CFD fluid/thermal analysis
v'Thermal stress analysis

» Future work



ANSYS Workbench Integrated CAD, CFX,

and ANSYS Multi-Physics Together UC SanDiego

»CFX 1s a computer-based CFD software for simulating the behavior of system
involving fluid flow, heat transfer, and other related physical process.

»CFX delivers powerful CFD technology for all levels of complexity, and it is
capable of modeling:

Steady-state and transient flows; laminar and turbulent flows; compressible and
incompressible fluids; subsonic; transonic and supersonic flows; heat transfer and
thermal radiation; non-Newtonian flow; buoyancy flow; multi-phase flows;
combustion; particle tracking, ect.

»A number of turbulent flow models are used in CFX to predict the effects of
turbulence in fluid flow, and Standard k-& model is one of the most popular, robust,
accurate turbulent flow model accepted and used by industry.

»ANSYS Workbench provides an integration environment across:

v"CAD and geometry creation,
v'Simulation (CFD, and ANSYS Multi-physics),
v’ Optimizing tool.

»Coupling CFX and ANSYS to Workbench eliminate data transfer errors because
of using a shared geometry model within Workbench.



Exercise of CFD and Thermal Stress ~

Analysis for ARIES-CS T-tube Divertor bt

»FLUENT was used to perform fluid/thermal analysis for ARIES-CS

T-tube divertor(by Georgia Tech.). et ool

concept
» Thermal stresses were performed with Workbench (by Thomas Ihli).

»CFX and ANSYS are used to reproduce the fluid/thermal and thermal
stresses for T-Tube divertor to understand the simulation process.

ARIES-CS T-tube Divertor

heat load

el
&
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wall jet flow
free jet flow

impingement
slot nozzle region

Full T-Tube Model



CEFX Element Model for Jet Cooling
Simulation CSanDieg

» Importing geometry from Pro/E

» 830,000 tetrahedral elements

» Turbulent flow (Re=8.4x10%at inlet)
» Standard k-¢ turbulent model

»Rough wall (Roughness height=20
micron)

Helium pressure 10 MPa
Nozzle width 0.5 mm
Jet wall space 1.2 mm
Heat flux at top wall 10 MW/m?
Volumetric heat generation 53 MW/m3
Coolant inlet/outlet temperature 873/950 K




Example CFX Thermal Results Shown

Helium Velocity Distribution

ANSYS
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Example CFX Thermal Results
Shown Wall HTC and He Temperature
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Example CFX Thermal Results Shown

Temperature Distribution 1n Structure
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CFX Thermal Results Shown Good

Consistence with ARIES-CS Results — BesTine:s
Wall Wall Wall ARIES-CS
Roughness | Roughness | Roughness Results

0 micron | 10 micron | 20 micron | (FLUENT)
Max T at Tile [K] 1738 1705 1676 1699
Max T [K] at
Tube/Tile Interface 1546 1512 1494 1523
Max Jet Velocity [m/s] 214 .4 216.3 218.4 216
Wall Heat Transfer A A A A
Coefficient [W/m2K] 2.78 x 10 3.76 x 10* | 4.05x 10 3.74 x 10
AP [Pa] 1.4x 10 1.5x 10° 1.6 x 10° 1.1x10°

The column highlighted by yellow color present the results more close to ARIES-CS results.



Details of T-Tube Geometry May

Aftfect Accurate of CFX Pressure Result Hesduss

Geometry used in

FLUENT flow simulation
(GT)

Geometry used in CFX
flow simulation

Edges are not rounded



CFX Results Mapped to ANSYS FEA =
Model for Repeating Thermal Analysis QS

CFX Mapped Temperature:
Temperature

ANSY FEA Model

Mapped CFX thermal
results (wall temperature
> or wall HTC ) to FEA. Repeated thermal

II‘ analysis with ANSYS

»The volumetric temperatures from ANSYS FEA modeling are available for the subsequent
structure simulation.

(Fluid suppressed)




CFX Pressure LLoad Transterred to
ANSY'S for Mechanical Analysis

Pressure load I oconzoes

from CFX i

) I:Z’Ln
Thermal loads
from ANSYS

B.Cs:
v’ Symmetry B.Cs

v'0 displacement in plane (x-z) at the
bottom of inlet/outlet



Example ANSYS Results Shown

Thermal Stresses 1in Structure

Max. von-Mises
Stress=291 MPa

Figure
Equivalent Stress Type: Equivalent (von-Mises) Stress
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Example ANSYS Results Shown

Primary and Thermal Stresses UC SanDicgc

Max. von-Mises
Stress=372 MPa

Typeiwu 7 £ _ti___a__{ s_. M) St
Unit: Pa
Time: 1

|{16166+008 ) ~u.
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PRI,
Pressure load only

Pressure plus thermal loads

» The results are consistence with ARIES-CS (~370 MPa from Thomas Ihl1).



Summarize the Simulation Process of

T-tube Divertor With CFD & ANSYS o

Pro/E (CAD) CFX ANSYS
: : : Mapped CFD Results
Or DesignModeler in Flu.ld/ The.rmal t0 ANSYS FEA Model Thermal& Stress
Workbench Simulation Simulation

CFX Mapped Temperature:
Temperature

All the Processes Are Performed Within a Single and Integrated Simulation
Environment: ANSYS Workbench



, 401 MPa for WLI10) and

v'"Minimizing front and back temperature difference to
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CFX Element Model for Fluid &

S1S

» A sliced 2D Plane with 1 mm thick;
»Heat flux: 10 MW/m?;

»Volumetric heat generation: 53
MW/m3;

»T, 1T =740-600 °C(77 for T-tube)

»Mass flow rate=0.00016 kg/s (Re~2.76
x 103 at inlet)

»Nozzle width=0.5 mm;

inlet

» Jet wall space=0.25 mm,;
» Helium outlet pressure=10 MPa;

»Standard turbulent flow model, K-
epsilon with rough wall (roughness
height=5 micron);

»250,000 elements.

R

Mass flow rate=0.00016 kg/s
Average Inlet T=873 K




Max velocity=180 m/s

Velocity
(Streamline 1)
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“He Thermal insulation” rises temperature at
the back plate, reducing thermal stresses.

Pressure
(Contour 1)
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Example CFX Results Shown Velocity
and Pressure Distribution
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Example CFX Results Shown Wall HTC
and Coolant Temperature Distribution
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Example CFX Results Shown =~

Temperature Distribution in Divertor Plate — BeSsles

T =1366°C

Temperature
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CFX Fluid/Thermal Parametric Study

ucC Santhl: (0
Jet Wall Space Jet Wall Space Jet Wall Space

1.0 mm 0.25 mm 0.25 mm*
Max helium
velocity [m/s] 103.4 180.0 180.0
Pressure drop [Pa] 31x103 90 x 103 90 x 103
Heat transfer A 4 ;
coefficient [W/m2K] 1.849 x 10 4.138x 10 4.138x 10
Max. T at front side
of structure [K] 2004 1639 1586
Max. T at back side 1400 1100 1492

of structure [K]

»Increasing the mass flow rate or reducing jet wall space can increase both the flow
velocity and heat transfer coefficient to make temperature in W structure ~ 1300 °C.

*Reduced front plate thickness from 3 to 2 mm; and increased back plate thickness from 8 to

10 mm.



With Modi

Temperature

Type: Temperature

Unit: °C
Time: 1

| EEEEEEE |

1811.3 Max
1702

1592.8
1483.6
1374.3
1265,1
1155.8
1046.6
937.33
828.09 Min

——

»ODS insert tube is excluded
in ANSYS FEA model for
thermal&stress analysis
because of both sides with
helium.

»Wall surface temperature
from CFX is mapped to
ANSYS thermal model.

» Temperature difference
between the front and back
plate is dropped from 540 to
100.

Thermal Results Shown Improvements
fied Geometry

Temperature
Type: Temperature
Unit: °C
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Equivalent Stress

Type: Equivalent {von-Mises) Stress
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Thermal Stresses With and Without ~

Mechanical Interaction to W Tile UC SanDiego

Symm. B.C

Type: Equivalent (von-Mises) Stress
Unit: Pa :

Equivalent Stress
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Summary and Future Work

UC SanDiego

»Fluid/Thermal and stresses of Helium-cooled ARIES-CS T-Tube divertor have
been reproduced in order to establish work experience on understanding the process
of the CFD and thermal stress simulation with CFX and Workbench.

»10 MW/m? Helium-cooled plate-type divertor has initially been explored based on
a sliced 2-dimensional plane (I mm thick). The results indicate that both the
temperature and stress at the plate structure are below design limits (~1300 °C,
3Sm=450 MPa for pure W, and 401 MPa for WL10), but more detailed analysis of
the thermal stresses are required.

» A real 3-dimensional plate model will be needed to simulate the jet cooling.

» A transient thermal stress analysis for the plate-type divertor will be performed for
different operating condition:

v'Transient power cycles between full power and zero power, but constant helium inlet
temperature

v’ Transients helium inlet temperature, 600 °C inlet temperature for full power, but 100 °C for
Zero power
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