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2 Test Setup

•Test schematic illustrating sample, SIL-CA, and aluminum and steel backing

*1-D and 2-D thermal meshes created based on dimensions below
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3 Thermocouple Installations

Installation A

40 mm

v

Installation B

A

40 mm

v

Installation A Installation B

On axis Offaxis: 4mm Offaxis: lOmm On axis Offaxis: 4mm Offaxis: lOmm

TC (Type) TC (Type) TC (Type) Depth (mm) TC (Type) TC (Type) TC (Type) Depth (mm)

TC1 (K) TC2 (S) 12 TC1 (K) TC2 (S) 3

TC3 (K) 15 TC3 (K) 12

TC4 (K) TC5 (K) 26 TC4 (K) TC5 (K) 15

Note: TC1 = DLR TC1, TC2 = DLR TCO, TC3 = DLR TC2, TC4 = DLR TC3, TC5 = DLR TC4



4 i - D Problem Setup

•Only considering tests using air atmosphere

•Tests covering 3 heating rates have been chosen: Tests 1, 18, 19

Tenv= 298 K

WTI. 2017: Test matrix

qconv

grad  

Isotropic Graphite Steel

1 Test 1 Run a OSTL. Sample Facility Atmosphere Heat Tnt
flue rate duration

[MIN/nil 151

01 I 110917_02 P500004289IC L2K elf ma 80.3

02 I

03 I

110917_03 7 PAG00042899F 1.2K nitrogen 0.08 80.8

120917_01 1 PS0000428996 L2K argon 0.811 00.2

04 1110017

120917_02 6 P5G0004281195 LIN argon 0.1111 23.0

_02 6 PAG00042896111 1.00 ergon 0.08 160.3

130917_03 2 PSG00042850E L21( argon 0.65 160.7

140917_01 4 P5G00042963A 12K argon 0.1111 180.6

140917_02 3 PS0000428996 UN argon OAS 161.1

1101111_03 5 PSG00042963C UK argon 0.88 160.3

01717SL 20 PSG000(28094 1.31( Nitrogen 10 21.0

0101751. 14 PAG00041963A L3I( Nitrogen 10 20.5

0191751. 13 PAG00042963C 1.31( Nitrogen 10 20.4

0201751. 9 PAG0004286116 L3K Nitrogen 5 40.5

0211751. 12 P50000428996 1.314 Nitrogen 5 40.0

0221751. 10 PSG00042809F L31( Nitrogen 5 41.0

0231751. 11 PSG00022899C L.61( Nitrogen 6 40.6

024175L 15 PSG000428996 Air 30.5

0251751. 16 PAG000428916 L3K Air 5 402

10 I 0201751. 17 PSG000428011C LSI( Air 00.6

027175L 19 P312000428990 L314 Alr 10 20.9

20 I

21 I

028175L 22 F80000429634 L3K Air 10 20.5

0291751. 16 P0000042963C L3K Air 10 21.0

22 I 0301751. 21 P11000042110341 10 71.9

isothermal

T = 298 K

Test Run # DSTL
Test #

Sample Facility Atmosphere Heat
flux rate

Test
duration

[MW/m2] [s]

illi

18

110917_02 8 PSG00042899C L2K air 0.89 80.3

026175L 17 PSG00042899C L3K Air 5 60.6

19 027175L 19 PSG00042899B L3K Air 10 20.9



5  Test 0 I : Surface Temperatures

• Loading conditions

• qw=0.86 MW/m2

• h=8.4 MJ/kg

• P=0.05 atm

• Duration = 80.3 s

Installation B
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Test 1: Surface Temperatures
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6 1 Test 01: 3 mm in-depth TC

•Simulations start under-predicting rise in temperature after approximately 20 s

•Results in under-prediction of peak heating and cooldown process

Installation B

1 TC2 o 6 TC1

TC3 •
TC4 • • TC5

40 mm

Test 1: Thermocouples (3mm)

i ditt,,...

Time, s

Data (off-axis)
Data (centerline)
CMA
Chaleur
SPARC



7 1 Test 0 I : 3 mm in-depth TC

Installation B

*Numerical results below generated using Chaleur

• Approximately 1.8q,

Test 1, DSTL Test 8: TC 1, Chaleur 

•How much heating would be required to approximate peak TC 1 temperature?

Sinnulations

TC3 •
TC4 • •TC5

Data
isothermal hack wall
7.Si'qw, isothermal back wall
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8 Test 01: 12 mm in-depth TC

Installation B

1. TC2 • i TC1

TC3 0
TC4 • •TC5

40 mm
A

Test 1: Thermocouples (12mm)
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9 Test 0 I: 15 mm in-depth TC

Installation B

1. TC2 0 0 TC1

TC3 •
TC4 0 0 TC5
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Test 1: Thermocouples (15mm)
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10 Test 0 I (DSTL Test 08): Surface Recession

All 3 simulations predicting zero recession

Test 1: Recession

CMA
Chaleur
SPARC

• Data

•

I I I I .1 i I I. [ I I I I .1 .1 i I. I. I I I I .1 .1 I i I. [ I I I
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Time, s



11  Test 18: Surface Temperatures

Loading Conditions
- qw = 5 MW/m2

• h = 16 MJ/kg

• P = 0.21 atm

Duration = 60.6 s

Installation B
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Test 18: Surface Temperatures

,,,

CMA
Chaleur
SPARC
Two Color Pyrometer (700-2000 °C)
Two Color Pyrometer (1000-3300 °C)
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12 1 Test 18: 3 mm in-depth TC

•Temperature on surface and at 3mm rises too quickly compared to data

Results in under-prediction of cooldown process

Installation B

1. TC2 o 6 TC1

TC3 •
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Test 18: Thermocouples (3mm)
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13 Test 18: 12 mm in-depth TC

'Temperature rise follows data more closely deeper within sample

Installation B
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Test 18: Thermocouples (12mm)
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14 Test 18: 15 mm in-depth TC

•With further depth, the numerical results start to under-predict

Installation B
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Test 18: Thermocouples (15mm)
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15  Test 18:

Recession

Surface Recession

values within 11.5% - 43% of data

Su
rf

ac
e 
Re
ce
ss
io
n,
 m
m
 

M
t
Z
i
r
t
a
 I
DI

TL
44

 

Test 18: Recession

CMA
Chaleur
SPARC

• Data

•
•
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16 Test 1 9: Surface Temperatures

•Loading conditions
• qw =10 MW/m2

h = 16 MJ/kg

P = 0.6 atm

Duration = 20.9 s

Installation A

TC2 • 0 TC1
• TC3

A

40 mm

MI
:A

L:
41

11
01

L:
1!

 

0 O 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

-5

.

•

Test 19: Surface Temperatures
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17 1 Test 19: 12 mm in-depth TC

•Simulation temperature rise passes through data points through peak temperature

*Similar rapid cooldown to previous two cases

Installation A
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Test 19: Thermocouples (12mm)
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18 Test 19: 15 mm in-depth TC

Installation A

TC2 • TC1
0 TC3

TC40 • TC5
40 mm
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Test 19: Thermocouples (15mm)
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19 Test 19: 26 mm in-depth TC

Installation A
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Test 19: Thermocouples (26mm)
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2o Test 19: Surface Recession

'Recession values within 11% - 37.5% of data
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21 2-D Thermal Problem Setup

Constant thermal loading to test thermal-only SPARC simulation for present model

•Graphite Sample: Blocks 1,2,3,4

•Aluminum: Block 5

•Steel: Block 6

SIL-CA: Block 7

PUeChl hp Pe, Ue

i
3 5

Svmmetrv axis

6

Isothermal
T=298 K



22  Test 01 2-D: Surface Temperatures

• Loading conditions

• qw=0.86 MW/m2

• h=8.4 MJ/kg

• P=0.05 atm

• Duration = 80.3 s

Installation B
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Test 1, 2-D Uniform Thermal Loading, Surface Temperature
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•Note: Centerline taken slightly off centerline (0.01mm)
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23 1 Test 01 2-D: 3 mm in-depth TC

•In general, peak temperatures higher than 1-D simulations

•Likely due to increased thermal loading along entire sample surface

*Similar cooldown to 1-D

Installation B

1 TC2 o 6 TC1

TC3 •
TC4 • • TC5

40 mm

Test 1, 2-D Uniform Thermal Loading, Thermocouples (3mm)
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24 Test 01 2-D: 12 mm in-depth TC

Installation B

TC2 • • TC1

TC3 0
TC4 • • TC5

40 mm

Test 1, 2-D Uniform Thermal Loading, Thermocouples (12mm)
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25 Test 01 2-D: 15 mm in-depth TC

Installation B

1. TC2 0 0 TC1
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TC4 0 0 TC5
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Test 1, 2-D Uniform Thermal Loading, Thermocouples (15mm)
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26 Test 01 2-D: Surface Recession

•Expected recession to be near zero
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27 Summary

•1-D Thermal Analysis

• Simulations for the test case 1 (low heating), under-predict much of the temperature profile,
though still capture the near-zero surface recession

• Simulations for test cases 18 and 19 (higher heating), demonstrate closer agreement during
the heating phase, and in general, under-predict the temperature in cooldown.

2-D Thermal Analysis

Similar trends as compared to 1-D

• In general, higher temperatures are present due to constant heating along entire surface


