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Purpose

» Develop a finite element thermal model of the General Purpose Heat Source (GPHS) Module
loaded with four fueled clads

* Perform steady state analysis to validate the thermal model via energy balance
» Perform transient thermal analysis to predict clad temperatures at various times

 Transient model results will be used to inform module soak time needed to reach a desired clad
temperature prior to impact
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ANSYS Thermal Model

« 3D CAD models of the module assembly imported into ANSYS from Creo Parametric
 Conduction heat transfer
— Between all surfaces in mechanical contact
 Bonded contact idealization (perfect contact)
» Radiation heat transfer from the exterior of the Module to the environment
* Quiescent convection on the exterior of the Module

* Heat rate of 59.2 W average applied to each pellet geometry as energy generation ( 3.836 x10-3
W/mm3)
* Prescribed temperature IPC corresponding to 58°F (14.4°C)

— Prescribed IPC temperature determined using separate analysis of the OPC/IPC assembly with chilled water
running through the OPC and a thermal contact resistance between the OPC and IPC consistent with bare
aluminum contact.

» Steady state thermal model to demonstrate energy balance
* Transient (time-dependent)

— Convection applied from t=0 to t=1200s
— Convection removed (module under vacuum) at t=1200s (20 min) until run end time t=3600 s (60 min)
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Material Models

 Temperature dependent thermal properties

— Thermal conductivity

— Specific heat

DOP-26 IR

— ORNL-TM-8949 R1, Isotopic Space Power Materials Handbook
Pu-238 Oxide

— ORNL-TM-8949 R1, Isotopic Space Power Materials Handbook
Carbon Bonded Carbon Fiber (CBCF)

— ORNL-TM-8949 R1, Isotopic Space Power Materials Handbook
Fine Weave Pierced Fabric

— ORNL-TM-8949 R1, Isotopic Space Power Materials Handbook
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ANSYS Steady State Result

* Initial temperature of 22°C
« Maximum model temperature - 903°C (Pellet)
 Maximum clad temperature 861°C

« Steady state model validity can be checked by summing
the energy in and energy out (E;, - E, = 0)

* Energy balance checked using ANSYS results probes

e Solution error = 0.5% Cross-Section View
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Clad Avg Temp vs Time

ANSYS Transient Result .

« At t = 20 min clad temperatures reached an
average of 700°C

Temperature (Deg C)
g

Clad average temperature of 760°C reached at
t=1602 s (26.7 min)

C: Transient Thermal
Temperature 2

Type: Temperature
Unit °C

Time: 3600 0 500 1000 1500 2000 2500 3000 3500

Max: 836,26 .
Min: 824,12 Time (s)

Average clad temperatures at t = 30 min was

836.26
852.60
810°C
B45.54
B41.97
8384
93482
831.28
827.69
24,12

Results show thermal gradient in clads.

« Average clad temperature at t = 60 min was
837.8°C

» Top clads (further away from the IPC) are about
25°C warmer than the bottom two

825,77 4

227 4
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