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BE13 main characteristics

= Heat transfer + pyrolysis + charring-ablation code

= Pyrolysis

= One or several Arrhenius laws

0 any third party without the written consent of Astrium [Ltd/SAS/GmbH]

= Ablation

= Chemical tables

i = Boundary condition
= Convection
= Radiation

1D finite difference code

ontent 1s the property of Astium [LtA/SAS/GmbH] and is st

document and its ¢t

= Temperature (T), density (p) and spepies density (p')
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BE13 versus CMA formulations (1/3)

§ * Thermal balance at wall

g = BE13

E _;"SVZ; = a(ha - hw)+ 810(T1?1 _ij)-l' mgAHcomb + chHabl

i Blowing rate correction : AL ——gnpyr _ e

: a, a, a,

g Chemical tables : Bc'o(T,P,Bg’,); AH,,(T,P.Bg’); AH o (T)
:

] = CMA

_AVT =alh, -h )+aq. , —Feol* + mg(hg —hw)+ m (h —h )| (Le=1;CH = CM)
; . . 2AB,

: Blowing rate correction : — = /1 0

. 'P.Bg); h, (T,P.Bg
e P ERES © ASTRIUM
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BE13 versus CMA formulations (2/3)

= Heat transfer with pyrolysis

= BE13
Mass conservation: V.(ri,) = _9p
ot
Energy : 9ph

=+ V.0ith,) = V.AVT)

i\Y
P -p

" 00 o
Decomposition: | = |= Y —a' 0
P (at) 2P,

= CMA

Mass conservation : similar expression

Energy : similar expression

C
Decomposition: (a_p)=r(8,0 9w ) 1-1) %
ot o ot ot

—

Ei
RT

== - “."’Qb ) A’ exp| -
ot oo
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BE13 versus CMA formulations (3/3)

= Specific heat - Thermal conductivity

the written consent of Astrium [Ltd/SAS/GmbH)

= BE13
o _ _pp
: Specific heat:  pCp =(1-&)p,Cp, +&0.Cp. & = o p
; T \% C
: Enthalpy : WT)=AH, + prdT
- T0=298K
Thermal conductivity : A= (1 — 5)& +&A,
§ * CMA
; Specific heat : similar  Cp = xCp, +(1-x)Cp, | x = L( -&)
Py, =P, P
Enthalpy : similar expression
§ Thermal conductivity: A=xA +(1-x)A,
All the space you need 9 ASTRIUM
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~ Preliminary

3

= Parameters adaptation for test case 2

= The thermal balance at wall is different between CMA
(referring to CMA manual) and BE13

*Necessary to adapt parameters in BE13 to insure
coherence (blowing rate correction and ablation
chemical tables)
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Test case 2.1 - Temperature

»d to any third party without the wnitten consent of Astrium [Ltd/SAS/GmbH]
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Ablation test case #2.1 (PATO/PAM2 vs. Amaryliis)
Thermocouple data
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Test case 2.1 — Blowing rates

to any third party without the wnitten consent of Astrium [Ltd/SAS/GmbH)
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BE13 - Ablation test case #2.1 - Blowing rates

kgim*2/s

m_dot,

Ablation test case #2.1 (PATO/PAM2 vs. Amaryllis)
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Test case 2.1 — Pyrolysis zone and recession

:d to any third party without the wnitten consent of Astrium [Ltd/SAS/GmbH]
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Ablation test case #2.1 (PATO/PAM2 vs. Amaryllis)
Blowing rates. pyrolysis zone, and recession
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Test case 2.2 - Temperature

Thermocouple data

Ablation test case #2.2 (PATO/PAM2 vs. Amaryllis)
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Test case 2.2 - Pyrolysis zone and recession

Ablation test case #2. 2 (PATO/PAM2 vs. Amaryllis)
Blowing rates, pyrofysis zone, and recession

T 0.045 —— . T ; 0.025
| —
é 0035 L c{/ 4 002
2 s
5 =S e
8 & n‘ e 4 oois
g E D025 [ - i
: 2 \ d
= B oomf -
2 £ \ rd i 4 oot
g oms | Sy i PATC:m datg
5 o J/L"““...,____ ! m_dot o
; / Ty e
i— 001 ;"' i wall (r\ecessi-:r]?l 4 0.008
* £ i Amaryllis: m_dat_g -
. / i dot ¢ -
. . . 0005 |/ | \ vingR 8% - -
! i ey
BE13 - Ablation test case #2.2 - Pyrolysis zone and recession LN g 2
C| 1 1 L 1 e—— D
] 20 40 0 20 100 120
t(s)
0.024
0.022
0.020
0.018
0.016
~ 0.014
E
£ oo12
[
[a]
0.010
0.008 virgin 98%
char 2% :
0.006 wall (recession) | ]
0,004 |l
0002 |- 5 | | | | | : |
0000 | o g oo pe R S N R 9 AS ' RlU"I

AN EADS COMPA

Depth, m



Test case 2.3 - Temperature -

Ablation test case #2.3 (PATO/PAM2 vs. Amaryllis)
Thermocouple data

to any third party without the wntten consent of Astrium [Ltd/SAS/GmbH|
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Ablabon fest case #2.3 [PATO/PAMZ vs. Amanylis)
Blowing rates, pyrofysis zone. and recession
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Test case 2.3 - Pyrolysis zone and recession

sny third party without the wntten consent of Astrium [Ltd/SAS/GmbH)
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~Conclusion

= BE13 parameters have been modified to insure coherence

= Comparison between BE13 and (PATO/PAM2, Amaryllis)
results seems to show good agreement for temperature,
blowing rates, pyrolysis zone and recession
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= However presence of artefacts (test case #2.1, t=60s)
needs further analysis
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