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Pasadena, California

Kevin Anderson

Thermal and Fluids System Engineering
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CFD CAPABILITIES AT JPL

Thermal section has license for CFDESIGN ®

cfdesign® Finite Element Fluid Flow / Heat Transfer
Solver ver 7.0, Blue Ridge Numerics, Inc.

cfdesign® is a low cost, quick turnaround, turn-key
CFD code useful for parametric studies

July 22, 2005



National Aeronautics and

i CFD CAPABILITIES AT JPL

California Institute of Technology
Pasadena, California

cfdesign® can be used to model complex flow fields
— Internal and external flows
— Free and forced convection
— Turbulence (k-e and RNG models)
— Compressible flows
— Reacting flows

— Very viscous flows

July 22, 2005



EXAMPLES OF CFD
STUDIED PERFORMED AT JPL

Combined internal/external flows of He / N2
Internal Shear Flow Of a Rotating Tank
Combined Free/Forced Convection in N2 balloon
External Flow over RTG

External Flow over RTG/Rover/Sensor, mock-up
Numerous benchmarking studies

July 22, 2005



Internal flow of Helium, external flow of Nitrogen,

Natural and Forced Convection Simulation
| . '. .'-. Wl ; - \ . e
EEEEEEE iEI:STemperature -Kelvin ._ i ! ' t \ \ \ 'i 'I'i |!

i :I Iy '.: \ il } : |: 1y
AR III i .*'I \\ RN 14 II ;
|||I||I ! ! AR 1 b A
I | |.l|| PRI '_I"'_. I ) 1 AR L
i AL L e g ANURL AL 0 LA VI T 1 £ 1004
I'i T II| II"I H I': . 0 I !I .:II. | (i I-II 1 1 Il |
u,. 4 Y nhy ;|'; I | |I II,||:|!I , ) I'I |I I i
% & I'q ) i 11 L I
\\ gl A Bl h
k2 ! | "
vl ) b

EEEEEEE

3333333
DDDDDDD

3333333

3333333
8888888

3333333
EEEEEEE

EEEEEEE

July 22, 2005



National Aeronautics and
Space Administration

ey IMEEINAlI Shear Flow Rotating Tank of Xeon

California Institute of Technology

CFD Simulation

(171 Yelocity Magnitude -mis [41wWi-Nelocity -mis
515523 515349
4 63971 412319

412418 3.09259
360865 2056259
308314 1.03229
2.577TE2 0.0019305
206209 -1.02531
1.54657 -2.03861
1.03103 -3.085391
0.515523 -4.11921
0 -2.1493

Load case: O 7
Last lteration/Step
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G Hot N2 Balloon Forced/Free Convection

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

Internal/External Flow CFD Simulation
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External Flow over RTG, Forced/Free

Space Administration

wemsnmoney — GONVECtioN, k-e Turbulence Model, Radiation
Heat Transfer CFD Simulation

Pasadena, California

July 22, 2005



Natore pernautcs o External Flow over Rover/Sensor Mock up;

Jet Propulsion Laboratory
California Institute of Technology

weeent - Free/Forced convection, k-e Turbulence, Radiation
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National Aeronautics and

External flow over a vertical plate, CFD

Jet Propulsion Laboratory
California Institute of Technology

Benchmarking Simulation
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National Aeronautics and
Space Administration

Jet Propulsion Laboratory
California Institute of Technology
Pasadena, California

OPALS Project using CFDesign
from TFAWS 2013 Meeting
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CD-Adapco STAR CCM+

Thermal section has license for CD-Adapco STAR-
CCM+ CFD code

STAR CCM+ is industry standard, finite volume
based CFD, heat transfer code with the following
multi-physics capabilities

Two phase flow (boiling and condensation)
Electronics cooling (internal fans)
Turbomachinery

Combustion

Variety of turbulence models

Battery modeling (cell and pack level)

13



National Aeronautics and
CD-Adapco STAR CCM+
Jet Propulsion Laboratory

L Electronics Cooling Example

Temperature (K)

300.53 316.32 332.12 347.92 363.71 /
\4 Velocity: Magnitude (m/s)
.00000 0833 8.1667 12.250 16.333

14



National Aeronautics and
Space Administration C D - A deCO S l A R CCM +
Jet Propulsion Laboratory

Cofa i ooy Benchmark Problems

Velocity (my/s)
0,

2. 7365005 049753 0.99502 4925 .90 24875

Velocity: Magnifude (m/s)
o 0.00000 0.47445 0.94031 1.4240 1.8084 23733

0. 10359 0.13810

o Temperature (C)
z & 92,075 127,93

15



Acknowledgments

These laboratory activities are carried
out at the Jet Propulsion Laboratory,
California Institute of Technology, under
a contract with the National Aeronautics
and Space Administration. Copyright
2013 California Institute of Technology.
Government sponsorship acknowledged.

16





