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��� ����� ������ �� ��� ������� ����	

�� C + 1
2
O2 → CO ∆H = −111kJ/mol

	� C + O2 → CO2 ∆H = −394kJ/mol


� C + CO2 → 2CO ∆H = 172kJ/mol

�� C + H2O → CO + H2 ∆H = 131kJ/mol

�� CO + 0.5O2 → CO2 ∆H = −283kJ/mol
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� ����� ���� ��� �������� �� ������������ ��� � �������� ���

����� ���� ��� �������� �� ����������� ����� ��������� ��� ������� ���� ���� ������

���� �������� ������ �� ���������� ��� �������� ������ ��� �������� �� ������ ����

������ �� ���������� ��� ������� ������������������  ������� ���
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������� ���� ����� ���� #������� ��� �� ����� ��
������� �� ��������� �����

��������� ��� ������� �� � �"������ �� ���
����"��� ��� ��������� �� ���
���� ��

����� �� �� �����$���� ���� T ≥ 600C� %� ���� ���
����"�� �������� ��� ����

�
���$����� �� ��� &�'() ��
��������� ��� ������ ���� �� �� ��� ����� �� �**' ��

�	**'� ����� ���
���� ��������� ���"���
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'��������� ��� �������� �� ����� ��
�� ���� ���
����� �� T = 850C ��� P = 0.1atm�
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∂

∂t
(ρX) + ∇(ρ�vX) = −∇ �J + RX + SX �+�'�

�����

• RX ��� ��� ���� �� ���������� �� ��� ������ %
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RX,mass = M ∗ ΣR̃X,r */� +

R̃X,r = ν ∗
(

kf,r

j=1∏
Nr

[Cj,r]
ηf,j,r − kb,r

j=1∏
Nr

[Cj,r]
ηb,j,r

)
*/�0+

�	
 '��	
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�

kf,r = ArT
βe−

EA
8.314T */�/+
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• , �� kg.s−1

• Ar! �	
 �
�
 �����
��

• R̃x,r �� kgmol.s−1
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• EA �� J.kmol−1 ��� �� ���� ����	 R = 8314.4J.kgmol−1K−1

• 
 �� ��� ��
���
�� ������ �� ������ � �� g.mol−1

• kf,r �� ��� ������� ���� ��� kb,r �� ��� �������� �������� ���� �� kgmol.s−1�

• ηj,r �� ��� ���� �������� ��� ���� �������� ��� �������

• ν �� ��� �����

 �������������� ��������� �� � �� �������� �

• Cj,r �� ��� ��
�� ������������� �� ��� ������� � �� ��� �������� �

• � ��� ����������� �� �� �
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���� ������ ��� ��&����� ����
� ���� ���
% �� �������� ��������� �� ������ �� ��

(�) ��� ���
����
� �� ��� *+,-� ��

 �� ��������� �� ���� ��������

��������� �	
�� �	����
��	��

��� +�������� ����
 �� ����� �� ��� �������
� ���� ��� ��� ��������� �� �����	 ���%

���� �� ��.���� ������ �����% �� �������� ��� �����% ������� �� ����� �� ������

�� ��������� ����
��� ���� �����% ������ �� ��� ���������� �����%	 EA� ��� �����%

����
��
� ��� ��� ������� �%���� �� ����� �� ��� ����������� ����� ��� �� ��
��
����

���� 
����

"$�
�/��� ����������
 ��%����� ���������	 ��� ���������� �� ��
���
��

���� ��� ����� �� �����������
 �� e−
EA
RT � ��� �����������
��% �������� �� ��� ��������
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�������� �� ��	 
��
���	 
��	� ��� ��	 �������� ��	 �� ���	� �� � ��
	�
�������

�� �	������ ����� ��� ��� ��	 ���	 	������� �� �	
��	 � ���� ������� �� ����	����

���	��� ���	� � !"�

rregimeI = kI ∗ e−
EA
RT ∗ [O2] ∗ fregimeI(B) [mol.m−3.s−1] #$�%&

rregimeII = kII ∗ e−
EA
2RT ∗ [O2]

n+!
2 ∗ fregimeII(B) [mol.m−3.s−1] #$�'&

��� ��� �	
��	 ��( ��	 ���	 �������� �� 
���
 �� �	
	�� �� ��	 ������� ��� ��	

	�	���)	 �������� �� ��	 
��	� �� ��	 
��
���	�

kII(B = 0) =
√

kregimeI ∗ Deff ∗ 2

n + 1
#$�*&

�� ��	�	 	��������+

• k0 �� ��	 ���	��� ����	���� ���	 ��������

• EA �� ��	 ����)����� 	�	�
, �� J.kmol−1

• - �� ��	 ���)	���� 
�� �������� �� J.kgmol−1K−1

• [O2] �� ��	 �.,
	� ����	�������� �� mol.m−3

• fregimeI �� � �������� 
�)��
 ��	 �	
	��	��	 �� 
��
���	 ������� ��� �	
��	 �

• fregimeII �� � �������� 
�)��
 ��	 �	
	��	��	 �� 
��
���	 ������� ��� �	
��	 ��

• Deff �� ��	 	�	���)	 
�� ������)��, ������ ��	 
��
���	 �� m2.s−1

��	 )���	� ��� ����	������� �� ��	 ���	�	�� 
����	�	�� �	�	 	��������	� 	.
	���	��

����, ��� ��	�	���	 ��)	 ��
������ ���	�������	� ��	 �� ��	 	.
	���	���� ����������

�� ����� ��	, �	�	 ������	� ��� ��� �	 ���, �

��	� �� )	�, �
	��/� 	.
	���	����

����������� ���	)	�( ���� ���	� 
��)��	� � 
��� ����
�� �� ��	 ���
�	.��, �� ��	

�	������ ���	 ��� ��	 �	
	��	��	 �� �	)	��� 
����	�	��� ��	 )���	� ��� ��	 ���	

	�������� ��� )��, ��� ���	�	�� ���	����� �, � ������ �� 01 ��� ��	 ���	 �������� k0

��� �, � ������ �� 0 ��� ��	 ����)����� 	�	�
, EA�
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�� �
� ������� 123 1453

1463

����������� 	�
�� �� 
��
 �� ��	 ��
 �� ��� ���

+�� 
�� $� ��
��
��� �����

 �	����� �� 	�� �%*70 
�� 8%$% ����
����	� 
�

	�� ���� ����
���� �� 	��� 	������ ���� ��������� 
 ��
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	��� ��
 �
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��9

rC−O2 = 7500e−
218000

RT P 0.75
O2 :��;<


�� 	�� ������
	���=����

	��� 

	�� ��
 �
�� ������� 

� ���
����� 
�9

RO2 = νO2 ∗ rC−O2 ∗ MO2

MC

kg.m−2.s−1 :��4�<

RCO = νCO ∗ rC−O2 ∗ MCO

MC

kg.m−2.s−1 :��44<

RCO2 = νCO2rC−O2 ∗ MCO2

MC

kg.m−2.s−1 :��4�<

���
�

>5



• νO2 �� ��� �������������� ���	���
� �� O2

• M ��� ���
� �
�� �� �
�� ������� �
 kg.kmol−1

• � ��� �������� �� �
 Pa
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kFLUENT [O2]0.75 =
kexperimentalP

0.75
O2

MC

!"�#$%



� �� &
�� ��� ���
� '
� �
� PV = nRT ���� R = 8314 J.kgmol−1K−1� ()*+ �


kgmol.m−3

kFLUENT =
kexperimental(RT )0.75

MC

!"�#"%

��� ���� ������
���
� ��� ,
���� 
�� 

νO2 = 0.77

kexperimental = 7500� kFLUENT = (8314 ∗ T )0.75 ∗ kexperimental ∗ 1
12

�

��� T = 650C� kFLUENT = 9.113 ∗ 107�

��� T = 850C� kFLUENT = 1.056108

��� 
���,
���
 �
��'- �� EA = 2.18108J.kgmol−1
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rC−O2 = 360 ∗ e−
2.09∗105

RT PO2s
−1 !"�#2%

23



���� � �� kJ.mol−1K−1 ��� ��� ��		�
������
��������� ����	 ��� ���� 	
����	 ���

��
��		�� �	�

RO2 = νO2 ∗ rC−O2 ∗ ρC

MC

∗ MO2 kg.m−3.s−1 ������

RCO = νCO ∗ rC−O2 ∗ ρc

MC

∗ MCO kg.m−3.s−1 ������

RCO2 = νCO2 ∗ rC−O2 ∗ ρc

MC

∗ MCO2 kg.m−3.s−1 ������

�� �� �� ��� 	��� �����������	 �	 
������	� ! �� �"�����

kFLUENT = kexperimental ∗ RT ∗ MO2ρC

MC

����#�

$�� ���	 �����������! ��� �����	 �� 
�� �� $%&'() ��� ����������

νO2 = 0.88

EA = 2.09 ∗ 108J.kgmol−1

��� T = 650C! kFLUENT = 3.517 ∗ 1011

��� T = 850C! kFLUENT = 4.28 ∗ 1011�

�� �

���	 ���� ��� ��������� ���� ����������� " )�*��� ��� +�	���� �	 ����

��	��� ���� ��� ��� ����������� " %�� ��� (�� )��	 ��� "� ��
������ " ���,

������ ��
��������� ���������	 ��� 	�-�	 �� ��
�������	 �	 ���� �	 " ��� ��.�����

� 
�	 �� 
��
���� �	���

/��� �����������	 ���� �

���� �� ��� (0123����� �	 � 
������� �� 4�	� ��	���	�

0 ����������� ���� ���
��� �� ���	 
��
���� ��	 ���� ������
�� "�	�� �� ��� 4�	�

"�������*��
 ��	���	�

����� ������ 	���
��
 �
������� �
������ ���


)�� �������� ���� �� ���	 �������� ��� "� ����� �� $%&'()5	 ����"�	�� �� �	 ��,

	���"�� �	 ��� ��������	 �� ����� �� ��*� ���� ������� ��� ����� ��
�� �������������

��
��� �� ��� ����� )�� ��
��	 ��� ����������

�������� 0 �

CO + 0.5O2 → CO2 + (0)H2O

6�



EA = 1.674 ∗ 108J.kgmol−1

k = 2.24 ∗ 1012

�������� �	

CO2 → CO + 0.5O2

EA = 1.674 ∗ 108J.kgmol−1

k = 4.5 ∗ 107

����� ��������� �	�
���
 ���	


�� ���
����
 �������� ���� �������
 ���� �� ��� ��� ����� ��� ��� ��������� ��

���� ���� ���������

RC = − 0.145 ∗ e−25000/T ∗ PCO2

1 + 3.4 ∗ 10−5 ∗ e7000/T ∗ P 0.5
CO2

kg.m−2.s−1 ������

����� ����
����	��� ��������
 �� ��	 �������	 ��������
 �	�
�

���
 ���� �	��	�����	

��������� � ��
 � �� !���
 �������� ��� !� ������� ���� �������� ���� ���"������

���� #��� ���� ��� �� ��������� �� ���� �� ���������$ ��� �%�
����� ��������� ���

����� �� !� ����$ ��
 �� � ����&�$ ��� ������������� �� �%�
��� �� ��� �������� �������

�� #��� &��� '���� ����� �� ��� ������ �%�
���$ () �� ����� �� !� ���  ��� ���
���

��
 ��&� � ��� ���������� �� ��� () ��&& ����� ���� ��� ��� �%���� &��� ����� ��

���
��� ()� !����� ��������� ��� ���� ����� ��������� *����

C + zO2 → xCO + yCO2 ������

� ���� x
y

= A(T ) ��
 ���������	

x =
A

(A + 1)
������

+,



y =
A + 2

2(A + 1)
������

z =
1

(A + 1)
������

�� �	 
���
���� �������� ���� ���� ��	 �� �

�����	 ���� ���������� �� ��

A = kA ∗ e−
E

RT ������

��� �����	 �� kA ��� � ��
� ��
 ����
��� 

������	� ���� ��
 ��� 	��� 
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��������� "�������� �� ��� ��� ���� ��������� �� �#����$ ��� !�������� �������� ����

�� ��� � ��������� %��&� ��� ����� �# ��������� ����������� ���������$ �� �� �� ��������

�� ��� &��� ��� ��� �� ��� �� ������� �� ��� !�������� �������� ����� ' �������

����� &�� ��� &��� � !�������� �������� ����� &��� ��� '�������� ������ ( 	����

��� ���� ��� ���� ������� ��� �������� �� 	���
 ������� �� 	��� 
 &������ ���

!�������� ��������� ���������$ �� � 		��
 �����������$ ��� !�������� ��������
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*������ ������������� ���+������ ������������ ��� ��� �� ������� �� ��� ���������,

���� ���+������ �� ��� ��� ������� &���  �������� �� -�� ��� �� ��� ./012�

����� ��� �#�� ������������� ���+������$ ����� �� ��� ���� ��� ������� �� ���
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5����� .������� 605.7 &�� ������� �� ����� �� ��%� �� ������� ����  ���������

���� 05. �� ����� �� ��� '  ����# ��

./012� ��������� � ���� �� ��� ��� � �� ���� � ��������� �� ������������� ��,

�+������ &��� ��� ������� ���� &��� ��� ��� �� 05.�� ���������$ ��� �����&���
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���� �������� �� O2 9.15 ∗ 10−5 9.146 ∗ 10−5
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APPENDIX 1: Open Chimney Blind Model 

FLUENT
Version: 3d, dp, segregated, spe, lam (3d, double precision, segregated,  species, 
laminar)
Release: 6.2.16 
Title:

Models
------

   Model                        Settings
   ------------------------------------------------- 
   Space                        3D
   Time                         Steady
   Viscous                      Laminar
   Heat Transfer                Enabled
   Solidification and Melting   Disabled
   Radiation                    None
   Species Transport            Reacting (5 species)
   Coupled Dispersed Phase      Disabled
   Pollutants                   Disabled
   Soot                         Disabled

Boundary Conditions 
-------------------

   Zones 

      name                     id   type
      --------------------------------------------- 
      chimney                  2    fluid
      entree_reflecktor        3    fluid
      entree_bas               4    fluid
      inlet                    5    fluid
      solid.47                 6    solid
      peb2                     7    fluid
      intpeb                   8    fluid
      peb1                     9    fluid
      ref2                     10   fluid
      interref                 11   fluid
      ref1                     12   fluid
      porous_jump.63           14   fan
      wall-shadow              61   wall
      wall_entree:047-shadow   60   wall
      wall                     13   wall
      symmetry                 15   symmetry
      pressure_outlet.61       16   pressure-outlet
      pressure_inlet.60        17   pressure-inlet
      interior_                18   interior
      wall_chimey              19   wall
      wall_peb2                20   wall
      wall_interpeb            21   wall
      wall_peb1                22   wall
      wall_ref2                23   wall
      wall_interef             24   wall
      wall_ref1                25   wall
      wall_libre_1             26   wall
      wall_ref_bas             27   wall
      wall_entree              28   wall
      wall_inlet               29   wall
      default-interior         31   interior
      symmetry:001             1    symmetry
      symmetry:030             30   symmetry
      symmetry:032             32   symmetry



      symmetry:033             33   symmetry
      symmetry:034             34   symmetry
      symmetry:035             35   symmetry
      symmetry:036             36   symmetry
      symmetry:037             37   symmetry
      symmetry:038             38   symmetry
      interior_:039            39   interior
      interior_:040            40   interior
      interior_:041            41   interior
      interior_:042            42   interior
      interior_:043            43   interior
      interior_:044            44   interior
      interior_:045            45   interior
      wall_entree:046          46   wall
      wall_entree:047          47   wall
      default-interior:048     48   interior
      default-interior:049     49   interior
      default-interior:050     50   interior
      default-interior:051     51   interior
      default-interior:052     52   interior
      default-interior:053     53   interior
      default-interior:054     54   interior
      default-interior:055     55   interior
      default-interior:056     56   interior
      default-interior:057     57   interior
      default-interior:058     58   interior

   Boundary Conditions 

      chimney 

         Condition                                      Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-------------
         Material Name                                  mixture-template
         Specify source terms?                          no
         Source Terms                                   ((mass (inactive . #f) (constant 
. 0) (profile  )) (x-momentum (inactive . #f) (constant . 0) (profile  )) (y-momentum 
(inactive . #f) (constant . 0) (profile  )) (z-momentum (inactive . #f) (constant . 0) 
(profile  )) (species-0 (inactive . #f) (constant . 0) (profile  )) (species-1 (inactive 
. #f) (constant . 0) (profile  )) (species-2 (inactive . #f) (constant . 0) (profile  )) 
(species-3 (inactive . #f) (constant . 0) (profile  )) (energy (inactive . #f) (constant 
. 0) (profile  )))
         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ((x-velocity (inactive . #f) 
(constant . 0) (profile  )) (y-velocity (inactive . #f) (constant . 0) (profile  )) (z-
velocity (inactive . #f) (constant . 0) (profile  )) (species-0 (inactive . #f) (constant 
. 0) (profile  )) (species-1 (inactive . #f) (constant . 0) (profile  )) (species-2 
(inactive . #f) (constant . 0) (profile  )) (species-3 (inactive . #f) (constant . 0) 
(profile  )) (temperature (inactive . #f) (constant . 0) (profile  )))
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                             0
         Rotation speed                                 0                                                   
         X-Origin of Rotation-Axis                      0                                                   
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                             no                                                  
         Porous zone?                                  no                                                   
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              1



         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0
         X-Component of Direction-2 Vector              0
         Y-Component of Direction-2 Vector              1                                                   
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0
         Direction-1 Viscous Resistance                 0                                                   
         Direction-2 Viscous Resistance                0                                                    
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                   0
         C1 Coefficient for Power-Law                   0
         Porosity                                      1                                                    
         Solid Material Name                            aluminum
         Reaction Mechanism                             0
         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                           0

      entree_reflecktor 

         Condition                                      Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
------------------------------------------------------------
         Material Name                                  mixture-template
         Specify source terms?                          no                                                  
         Source Terms                                   ((mass (inactive . #f) (constant 
. 0) (profile  )) (x-momentum (inactive . #f) (constant . 0) (profile  )) (y-momentum 
(inactive . #f) (constant . 0) (profile  )) (z-momentum (inactive . #f) (constant . 0) 
(profile  )) (energy (inactive . #f) (constant . 0) (profile  )))
         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ((x-velocity (inactive . #f) 
(constant . 0) (profile  )) (y-velocity (inactive . #f) (constant . 0) (profile  )) (z-
velocity (inactive . #f) (constant . 0) (profile  )) (temperature (inactive . #f) 
(constant . 0) (profile  )))
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0                                                   
         Z-Velocity Of Zone                             0
         Rotation speed                                 0
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                     0                                                    
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                             no
         Porous zone?                                   no
         Conical porous zone?                          no                                                   
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0                                                   
         X-Component of Direction-2 Vector              0
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0                                                   
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis       0                                                    
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0                                                   
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0



         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                  0                                                    
         C1 Coefficient for Power-Law                   0
         Porosity                                       1
         Solid Material Name                            aluminum
         Reaction Mechanism                             0
         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                           0                                                   

      entree_bas 

         Condition                                      Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-------------
         Material Name                                  mixture-template
         Specify source terms?                          no
         Source Terms                                   ((mass (inactive . #f) (constant 
. 0) (profile  )) (x-momentum (inactive . #f) (constant . 0) (profile  )) (y-momentum 
(inactive . #f) (constant . 0) (profile  )) (z-momentum (inactive . #f) (constant . 0) 
(profile  )) (species-0 (inactive . #f) (constant . 0) (profile  )) (species-1 (inactive 
. #f) (constant . 0) (profile  )) (species-2 (inactive . #f) (constant . 0) (profile  )) 
(species-3 (inactive . #f) (constant . 0) (profile  )) (energy (inactive . #f) (constant 
. 0) (profile  )))
         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ((x-velocity (inactive . #f) 
(constant . 0) (profile  )) (y-velocity (inactive . #f) (constant . 0) (profile  )) (z-
velocity (inactive . #f) (constant . 0) (profile  )) (species-0 (inactive . #f) (constant 
. 0) (profile  )) (species-1 (inactive . #f) (constant . 0) (profile  )) (species-2 
(inactive . #f) (constant . 0) (profile  )) (species-3 (inactive . #f) (constant . 0) 
(profile  )) (temperature (inactive . #f) (constant . 0) (profile  )))
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                             0                                                   
         Rotation speed                                0                                                    
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                            no                                                   
         Porous zone?                                   no
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0                                                   
         X-Component of Direction-2 Vector              0                                                   
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0
         Direction-1 Viscous Resistance                0                                                    
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance                0                                                   
         C0 Coefficient for Power-Law                   0                                                   
         C1 Coefficient for Power-Law                   0
         Porosity                                       1
         Solid Material Name                            aluminum
         Reaction Mechanism                             0



         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                           0                                                   

      inlet 

         Condition                                     Value                                                
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-------------
         Material Name                                  mixture-template
         Specify source terms?                          no
         Source Terms                                   ((mass (inactive . #f) (constant 
. 0) (profile  )) (x-momentum (inactive . #f) (constant . 0) (profile  )) (y-momentum 
(inactive . #f) (constant . 0) (profile  )) (z-momentum (inactive . #f) (constant . 0) 
(profile  )) (species-0 (inactive . #f) (constant . 0) (profile  )) (species-1 (inactive 
. #f) (constant . 0) (profile  )) (species-2 (inactive . #f) (constant . 0) (profile  )) 
(species-3 (inactive . #f) (constant . 0) (profile  )) (energy (inactive . #f) (constant 
. 0) (profile  )))
         Specify fixed values?                          no                                                  
         Local Coordinate System for Fixed Velocities   no                                                  
         Fixed Values                                   ((x-velocity (inactive . #f) 
(constant . 0) (profile  )) (y-velocity (inactive . #f) (constant . 0) (profile  )) (z-
velocity (inactive . #f) (constant . 0) (profile  )) (species-0 (inactive . #f) (constant 
. 0) (profile  )) (species-1 (inactive . #f) (constant . 0) (profile  )) (species-2 
(inactive . #f) (constant . 0) (profile  )) (species-3 (inactive . #f) (constant . 0) 
(profile  )) (temperature (inactive . #f) (constant . 0) (profile  )))                                      
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                             0
         Rotation speed                                 0
         X-Origin of Rotation-Axis                     0                                                    
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0
         Z-Component of Rotation-Axis                   1                                                   
         Deactivated Thread                             no                                                  
         Porous zone?                                   no
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0
         X-Component of Direction-2 Vector              0                                                   
         Y-Component of Direction-2 Vector             1                                                    
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0
         Direction-1 Viscous Resistance                 0                                                   
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                   0                                                   
         C1 Coefficient for Power-Law                  0                                                    
         Porosity                                       1
         Solid Material Name                            aluminum
         Reaction Mechanism                             0
         Activate reaction mechanisms?                  no
         Surface-Volume-Ratio                           0

      solid.47 

         Condition                      Value



         --------------------------------------------------------------------------------
----
         Material Name                  graphite-south-africa
         Specify source terms?          no
         Source Terms                   ((energy (inactive . #f) (constant . 0) (profile
)))
         Specify fixed values?          no
         Fixed Values                   ((temperature (constant . 900) (profile  )))
         Motion Type                    0
         X-Velocity Of Zone             0
         Y-Velocity Of Zone             0
         Z-Velocity Of Zone             0
         Rotation speed                 0
         X-Origin of Rotation-Axis      0
         Y-Origin of Rotation-Axis      0
         Z-Origin of Rotation-Axis      0
         X-Component of Rotation-Axis   0
         Y-Component of Rotation-Axis   0
         Z-Component of Rotation-Axis   1
         Deactivated Thread             no

      peb2 

         Condition                                      Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-------------
         Material Name                                  mixture-template
         Specify source terms?                          no
         Source Terms                                   ((mass (inactive . #f) (constant 
. 0) (profile  )) (x-momentum (inactive . #f) (constant . 0) (profile  )) (y-momentum 
(inactive . #f) (constant . 0) (profile  )) (z-momentum (inactive . #f) (constant . 0) 
(profile  )) (species-0 (inactive . #f) (constant . 0) (profile  )) (species-1 (inactive 
. #f) (constant . 0) (profile  )) (species-2 (inactive . #f) (constant . 0) (profile  )) 
(species-3 (inactive . #f) (constant . 0) (profile  )) (energy (inactive . #f) (constant 
. 0) (profile  )))
         Specify fixed values?                          no                                                  
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ((x-velocity (inactive . #f) 
(constant . 0) (profile  )) (y-velocity (inactive . #f) (constant . 0) (profile  )) (z-
velocity (inactive . #f) (constant . 0) (profile  )) (species-0 (inactive . #f) (constant 
. 0) (profile  )) (species-1 (inactive . #f) (constant . 0) (profile  )) (species-2 
(inactive . #f) (constant . 0) (profile  )) (species-3 (inactive . #f) (constant . 0) 
(profile  )) (temperature (constant . 900) (profile  )))                                                    
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                             0
         Rotation speed                                0                                                    
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0                                                   
         Z-Component of Rotation-Axis                   1                                                   
         Deactivated Thread                             no
         Porous zone?                                   yes
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0                                                   
         X-Component of Direction-2 Vector             0                                                    
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0
         Z-Coordinate of Point on Cone Axis             0



         Half Angle of Cone Relative to its Axis        0                                                   
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance                0                                                   
         C0 Coefficient for Power-Law                  341                                                  
         C1 Coefficient for Power-Law                   1.6107
         Porosity                                       0.39500001
         Solid Material Name                            graphite-south-africa
         Reaction Mechanism                             0
         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                           363

      intpeb 

         Condition                                      Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-------------
         Material Name                                  mixture-template
         Specify source terms?                          no
         Source Terms                                   ((mass (inactive . #f) (constant 
. 0) (profile  )) (x-momentum (inactive . #f) (constant . 0) (profile  )) (y-momentum 
(inactive . #f) (constant . 0) (profile  )) (z-momentum (inactive . #f) (constant . 0) 
(profile  )) (species-0 (inactive . #f) (constant . 0) (profile  )) (species-1 (inactive 
. #f) (constant . 0) (profile  )) (species-2 (inactive . #f) (constant . 0) (profile  )) 
(species-3 (inactive . #f) (constant . 0) (profile  )) (energy (inactive . #f) (constant 
. 0) (profile  )))
         Specify fixed values?                          no                                                  
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ((x-velocity (inactive . #f) 
(constant . 0) (profile  )) (y-velocity (inactive . #f) (constant . 0) (profile  )) (z-
velocity (inactive . #f) (constant . 0) (profile  )) (species-0 (inactive . #f) (constant 
. 0) (profile  )) (species-1 (inactive . #f) (constant . 0) (profile  )) (species-2 
(inactive . #f) (constant . 0) (profile  )) (species-3 (inactive . #f) (constant . 0) 
(profile  )) (temperature (inactive . #f) (constant . 0) (profile  )))                                      
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                             0                                                   
         Rotation speed                                 0                                                   
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0
         Z-Component of Rotation-Axis                   1                                                   
         Deactivated Thread                            no                                                   
         Porous zone?                                   no
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0
         X-Component of Direction-2 Vector              0
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0                                                   
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0



         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                   0
         C1 Coefficient for Power-Law                  0                                                    
         Porosity                                       1
         Solid Material Name                            aluminum
         Reaction Mechanism                             0
         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                           0                                                   

      peb1 

         Condition                                     Value                                                
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------
         Material Name                                  mixture-template
         Specify source terms?                          no
         Source Terms                                   ((mass (inactive . #f) (constant 
. 0) (profile  )) (x-momentum (inactive . #f) (constant . 0) (profile  )) (y-momentum 
(inactive . #f) (constant . 0) (profile  )) (z-momentum (profile udf big_inzmom_source) 
(constant . 0)) (species-0 (inactive . #f) (constant . 0) (profile  )) (species-1 
(inactive . #f) (constant . 0) (profile  )) (species-2 (inactive . #f) (constant . 0) 
(profile  )) (species-3 (inactive . #f) (constant . 0) (profile  )) (energy (inactive . 
#f) (constant . 0) (profile  )))
         Specify fixed values?                          no                                                  
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ((x-velocity (inactive . #f) 
(constant . 0) (profile  )) (y-velocity (inactive . #f) (constant . 0) (profile  )) (z-
velocity (inactive . #f) (constant . 0) (profile  )) (species-0 (inactive . #f) (constant 
. 0) (profile  )) (species-1 (inactive . #f) (constant . 0) (profile  )) (species-2 
(inactive . #f) (constant . 0) (profile  )) (species-3 (inactive . #f) (constant . 0) 
(profile  )) (temperature (constant . 900) (profile  )))                                                    
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                             0                                                   
         Rotation speed                                0                                                    
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0                                                   
         Z-Component of Rotation-Axis                  1                                                    
         Deactivated Thread                             no
         Porous zone?                                   yes
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              0
         Y-Component of Direction-1 Vector              0                                                   
         Z-Component of Direction-1 Vector             1                                                    
         X-Component of Direction-2 Vector              0
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0                                                   
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                   36.688
         C1 Coefficient for Power-Law                   1.7599
         Porosity                                       0.39500001
         Solid Material Name                            graphite-south-africa
         Reaction Mechanism                            0                                                    



         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                           60.5

      ref2 

         Condition                                      Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-------------
         Material Name                                  mixture-template
         Specify source terms?                         no                                                   
         Source Terms                                   ((mass (inactive . #f) (constant 
. 0) (profile  )) (x-momentum (inactive . #f) (constant . 0) (profile  )) (y-momentum 
(inactive . #f) (constant . 0) (profile  )) (z-momentum (inactive . #f) (constant . 0) 
(profile  )) (species-0 (inactive . #f) (constant . 0) (profile  )) (species-1 (inactive 
. #f) (constant . 0) (profile  )) (species-2 (inactive . #f) (constant . 0) (profile  )) 
(species-3 (inactive . #f) (constant . 0) (profile  )) (energy (inactive . #f) (constant 
. 0) (profile  )))
         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ((x-velocity (inactive . #f) 
(constant . 0) (profile  )) (y-velocity (inactive . #f) (constant . 0) (profile  )) (z-
velocity (inactive . #f) (constant . 0) (profile  )) (species-0 (inactive . #f) (constant 
. 0) (profile  )) (species-1 (inactive . #f) (constant . 0) (profile  )) (species-2 
(inactive . #f) (constant . 0) (profile  )) (species-3 (inactive . #f) (constant . 0) 
(profile  )) (temperature (constant . 900) (profile  )))
         Motion Type                                    0                                                   
         X-Velocity Of Zone                             0                                                   
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                             0
         Rotation speed                                 0
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                  0                                                    
         Y-Component of Rotation-Axis                   0
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                             no
         Porous zone?                                   yes
         Conical porous zone?                           no                                                  
         X-Component of Direction-1 Vector              0                                                   
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              1
         X-Component of Direction-2 Vector              0
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1                                                   
         Y-Coordinate of Point on Cone Axis            0                                                    
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0                                                   
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                   63
         C1 Coefficient for Power-Law                   1.72
         Porosity                                       0.13
         Solid Material Name                            graphite-south-africa                               
         Reaction Mechanism                            0                                                    
         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                           53.580002

      interref 

         Condition                                      Value



         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-------------
         Material Name                                  mixture-template                                    
         Specify source terms?                          no                                                  
         Source Terms                                   ((mass (inactive . #f) (constant 
. 0) (profile  )) (x-momentum (inactive . #f) (constant . 0) (profile  )) (y-momentum 
(inactive . #f) (constant . 0) (profile  )) (z-momentum (inactive . #f) (constant . 0) 
(profile  )) (species-0 (inactive . #f) (constant . 0) (profile  )) (species-1 (inactive 
. #f) (constant . 0) (profile  )) (species-2 (inactive . #f) (constant . 0) (profile  )) 
(species-3 (inactive . #f) (constant . 0) (profile  )) (energy (inactive . #f) (constant 
. 0) (profile  )))
         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ((x-velocity (inactive . #f) 
(constant . 0) (profile  )) (y-velocity (inactive . #f) (constant . 0) (profile  )) (z-
velocity (inactive . #f) (constant . 0) (profile  )) (species-0 (inactive . #f) (constant 
. 0) (profile  )) (species-1 (inactive . #f) (constant . 0) (profile  )) (species-2 
(inactive . #f) (constant . 0) (profile  )) (species-3 (inactive . #f) (constant . 0) 
(profile  )) (temperature (inactive . #f) (constant . 0) (profile  )))
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                            0                                                    
         Z-Velocity Of Zone                             0
         Rotation speed                                 0
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0                                                   
         X-Component of Rotation-Axis                   0                                                   
         Y-Component of Rotation-Axis                   0
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                             no
         Porous zone?                                   no
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              1                                                   
         Y-Component of Direction-1 Vector             0                                                    
         Z-Component of Direction-1 Vector              0
         X-Component of Direction-2 Vector              0
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0                                                   
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0                                                   
         Direction-2 Inertial Resistance               0                                                    
         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                   0
         C1 Coefficient for Power-Law                   0
         Porosity                                       1
         Solid Material Name                            aluminum
         Reaction Mechanism                             0
         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                           0

      ref1 

         Condition                                      Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------



-----------------------------------------------------------------------------------------
-------------
         Material Name                                  mixture-template
         Specify source terms?                          no                                                  
         Source Terms                                   ((mass (inactive . #f) (constant 
. 0) (profile  )) (x-momentum (inactive . #f) (constant . 0) (profile  )) (y-momentum 
(inactive . #f) (constant . 0) (profile  )) (z-momentum (inactive . #f) (constant . 0) 
(profile  )) (species-0 (inactive . #f) (constant . 0) (profile  )) (species-1 (inactive 
. #f) (constant . 0) (profile  )) (species-2 (inactive . #f) (constant . 0) (profile  )) 
(species-3 (inactive . #f) (constant . 0) (profile  )) (energy (inactive . #f) (constant 
. 0) (profile  )))
         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ((x-velocity (inactive . #f) 
(constant . 0) (profile  )) (y-velocity (inactive . #f) (constant . 0) (profile  )) (z-
velocity (inactive . #f) (constant . 0) (profile  )) (species-0 (inactive . #f) (constant 
. 0) (profile  )) (species-1 (inactive . #f) (constant . 0) (profile  )) (species-2 
(inactive . #f) (constant . 0) (profile  )) (species-3 (inactive . #f) (constant . 0) 
(profile  )) (temperature (constant . 900) (profile  )))
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0                                                   
         Z-Velocity Of Zone                             0
         Rotation speed                                 0
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                   0                                                   
         Y-Component of Rotation-Axis                  0                                                    
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                             no
         Porous zone?                                   yes
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              0
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              1
         X-Component of Direction-2 Vector              0
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0                                                   
         Z-Coordinate of Point on Cone Axis             0                                                   
         Half Angle of Cone Relative to its Axis        0
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance               0                                                    
         C0 Coefficient for Power-Law                   63
         C1 Coefficient for Power-Law                   1.72
         Porosity                                       0.13
         Solid Material Name                            graphite-south-africa
         Reaction Mechanism                             0                                                   
         Activate reaction mechanisms?                  yes                                                 
         Surface-Volume-Ratio                           53.580002

      porous_jump.63 

         Condition                                          Value
         --------------------------------------------------------------------------------
--------
         Flow Direction (-1,0,1)                            1
         Calculate Pressure-Jump from Average Conditions?   yes
         Pressure-Jump                                      ((polynomial normal-velocity 
0 0 30))
         Limit Polynomial Velocity Range?                   no
         Polynomial Range: Minimum Velocity Magnitude       0
         Polynomial Range: Maximum Velocity Magnitude       1e+10
         Profile Specification of Pressure-Jump?            no
         Pressure Jump Profile                              0



         Swirl-Velocity Specification?                      no
         Radial-Velocity Polynomial Coefficient             ()
         Tangential-Velocity Polynomial Coefficient         ()
         Fan Hub Radius                                     1e-06
         X-Coordinate of Fan Origin                         0
         Y-Coordinate of Fan Origin                         0
         Z-Coordinate of Fan Origin                         0
         X-Component of Fan Axis                            1
         Y-Component of Fan Axis                            0
         Z-Component of Fan Axis                            0
         Profile Specification of Tangential Velocity?      no
         Tangential Velocity Profile                        0
         Profile Specification of Radial Velocity?          no
         Radial Velocity Profile                            0

      wall-shadow 

         Condition                                            Value
         -------------------------------------------------------------------------- 
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        graphite-south-africa
         Thermal BC Type                                      3
         Temperature                                          900
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      wall_entree:047-shadow 

         Condition                                            Value
         -------------------------------------------------------------------------- 
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        graphite-south-africa
         Thermal BC Type                                      3
         Temperature                                          300
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0



         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      wall 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        graphite-south-africa
         Thermal BC Type                                      3
         Temperature                                          900                                           
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                             300                                            
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes                                           
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                     1                                              
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0                                             
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                 1                                              
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         yes
                                                              (0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile
)))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                  0                                              
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1                                             
         X-component of shear stress                          0
         Y-component of shear stress                          0



         Z-component of shear stress                         0                                              
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      symmetry 

         Condition   Value
         ----------------- 

      pressure_outlet.61 

         Condition                                  Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
------
         Gauge Pressure                             -30
         Radial Equilibrium Pressure Distribution   no
         Backflow Total Temperature                 923
         Backflow Direction Specification Method    1
         Coordinate System                          0
         X-Component of Flow Direction              1
         Y-Component of Flow Direction              0
         Z-Component of Flow Direction              0                                                       
         X-Component of Axis Direction              1
         Y-Component of Axis Direction              0
         Z-Component of Axis Direction             0                                                        
         X-Coordinate of Axis Origin                0
         Y-Coordinate of Axis Origin                0
         Z-Coordinate of Axis Origin                0
         Backflow                                   (((constant . 0.0043000001) (profile
)) ((constant . 0.233) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile
)))
         is zone used in mixing-plane model?        no
         Specify targeted mass-flow rate            no
         Targeted mass-flow                         1

      pressure_inlet.60 

         Condition                             Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
         Gauge Total Pressure                  0
         Supersonic/Initial Gauge Pressure     0
         Total Temperature                     293.14999                                                    
         Direction Specification Method        1
         Coordinate System                     0
         X-Component of Flow Direction         1                                                            
         Y-Component of Flow Direction         0
         Z-Component of Flow Direction         0
         X-Component of Axis Direction         1
         Y-Component of Axis Direction         0                                                            
         Z-Component of Axis Direction         0
         X-Coordinate of Axis Origin           0
         Y-Coordinate of Axis Origin           0                                                            
         Z-Coordinate of Axis Origin           0
                                               (((constant . 0.0043000001) (profile  )) 
((constant . 0.23) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile
)))
         is zone used in mixing-plane model?   no

      interior_ 

         Condition   Value
         ----------------- 

      wall_chimey 

         Condition                                            Value



         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                       aluminum                                       
         Thermal BC Type                                      0
         Temperature                                          923.15002
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0                                             
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                         0                                              
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                     0                                              
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                        no                                             
                                                              (0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile
)))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                 0                                              
         Specularity Coefficient                              0

      wall_peb2 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-
         Wall Thickness                                       0                                             
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      0
         Temperature                                          923.15002                                     
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes                                           
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0                                             
         Y-Component of Wall Translation                      0



         Z-Component of Wall Translation                      0
         External Emissivity                                 1                                              
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile
)))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                  0                                              
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1                                             
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                         0                                              
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      wall_interpeb 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-
         Wall Thickness                                       0
         Heat Generation Rate                                0                                              
         Material Name                                        aluminum
         Thermal BC Type                                      0
         Temperature                                          923.15002
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                            no                                             
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile
)))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                            0                                              
         Reaction Mechanisms                                  0                                             
         Specularity Coefficient                              0

      wall_peb1 



         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      0                                             
         Temperature                                          923.15002
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                0                                              
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                             0                                             
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                  0                                              
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no                                            
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                     0                                              
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0)                                     
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile
)))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                  0                                              
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0                                             
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                         0                                              
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0                                             

      wall_ref2 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-
         Wall Thickness                                      0                                              
         Heat Generation Rate                                 0                                             
         Material Name                                        aluminum
         Thermal BC Type                                      0
         Temperature                                          923.15002
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                             300                                            
         Enable shell conduction?                             no                                            
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes                                           
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0                                             
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no



         X-Component of Wall Translation                      0                                             
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300                                           
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile
)))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0                                             
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1                                             
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0                                             
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      wall_interef 

         Condition                                           Value                                          
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      0
         Temperature                                          923.15002
         Heat Flux                                           0                                              
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                     0                                              
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile
)))
         Rotation Speed                                      0                                              
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                         0                                              
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0



      wall_ref1 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-
         Wall Thickness                                       0                                             
         Heat Generation Rate                                 0
         Material Name                                        graphite-south-africa
         Thermal BC Type                                      0
         Temperature                                          923.15002
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300                                           
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                            0                                              
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1                                             
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                    no                                             
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1                                             
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile
)))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0                                             
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction              0                                              
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0                                             
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                             0                                              

      wall_libre_1 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      0
         Temperature                                         923.15002                                      
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0



         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile
)))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0                                             
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0                                             
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      wall_ref_bas 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        graphite-south-africa
         Thermal BC Type                                      0
         Temperature                                          923.15002
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0                                             
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                         0                                              
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0                                             
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                     0                                              
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0                                             
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                        yes                                            
                                                              (0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile
)))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0                                             
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0                                              
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0



         Reaction Mechanisms                                 0                                              
         Specularity Coefficient                              0

      wall_entree 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-
         Wall Thickness                                       0                                             
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      0
         Temperature                                          923.15002                                     
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes                                           
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1                                              
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0                                             
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile
)))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                  0                                              
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1                                             
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                         0                                              
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      wall_inlet 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-
         Wall Thickness                                       0
         Heat Generation Rate                                0                                              
         Material Name                                        aluminum
         Thermal BC Type                                      0
         Temperature                                          293.14999
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                            no                                             
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0



         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                     0                                              
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                      300                                            
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile
)))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                            0                                              
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      default-interior 

         Condition   Value
         ----------------- 

      symmetry:001 

         Condition   Value
         ----------------- 

      symmetry:030 

         Condition   Value
         ----------------- 

      symmetry:032 

         Condition   Value
         ----------------- 

      symmetry:033 

         Condition   Value
         ----------------- 

      symmetry:034 

         Condition   Value
         ----------------- 

      symmetry:035 

         Condition   Value
         ----------------- 

      symmetry:036 

         Condition   Value
         ----------------- 

      symmetry:037 

         Condition   Value



         ----------------- 

      symmetry:038 

         Condition   Value
         ----------------- 

      interior_:039 

         Condition   Value
         ----------------- 

      interior_:040 

         Condition   Value
         ----------------- 

      interior_:041 

         Condition   Value
         ----------------- 

      interior_:042 

         Condition   Value
         ----------------- 

      interior_:043 

         Condition   Value
         ----------------- 

      interior_:044 

         Condition   Value
         ----------------- 

      interior_:045 

         Condition   Value
         ----------------- 

      wall_entree:046 

         Condition                                            Value
         ------------------------------------------------------------- 
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      1
         Temperature                                          300
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
         Rotation Speed                                       0



         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      wall_entree:047 

         Condition                                            Value                                         
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-
         Wall Thickness                                       0
         Heat Generation Rate                                0                                              
         Material Name                                        graphite-south-africa
         Thermal BC Type                                      3
         Temperature                                          300
         Heat Flux                                            0                                             
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                            no                                             
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no                                            
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                     0                                              
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0                                             
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                      300                                            
         Activate Reaction Mechanisms                         yes
                                                              (0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile
)))
         Rotation Speed                                       0                                             
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                  0                                              
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                            0                                              
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      default-interior:048 

         Condition   Value
         ----------------- 

      default-interior:049 

         Condition   Value
         ----------------- 



      default-interior:050 

         Condition   Value
         ----------------- 

      default-interior:051 

         Condition   Value
         ----------------- 

      default-interior:052 

         Condition   Value
         ----------------- 

      default-interior:053 

         Condition   Value
         ----------------- 

      default-interior:054 

         Condition   Value
         ----------------- 

      default-interior:055 

         Condition   Value
         ----------------- 

      default-interior:056 

         Condition   Value
         ----------------- 

      default-interior:057 

         Condition   Value
         ----------------- 

      default-interior:058 

         Condition   Value
         ----------------- 

Solver Controls 
---------------

   Equations 

      Equation   Solved
      ----------------- 
      Flow       yes
      h2o        yes
      o2         yes
      co         yes
      co2        yes
      Energy     yes

   Numerics 

      Numeric                         Enabled
      --------------------------------------- 
      Absolute Velocity Formulation   no

   Relaxation 

      Variable      Relaxation Factor
      ------------------------------- 
      Pressure      0.60000002
      Density       0.40000001



      Body Forces   0.40000001
      Momentum      0.001
      h2o           0.02
      o2            0.02
      co            0.02
      co2           0.02
      Energy        0.001

   Linear Solver 

                   Solver     Termination   Residual Reduction
      Variable     Type       Criterion     Tolerance
      -------------------------------------------------------- 
      Pressure     V-Cycle    0.1
      X-Momentum   Flexible   0.1           0.7
      Y-Momentum   Flexible   0.1           0.7
      Z-Momentum   Flexible   0.1           0.7
      h2o          Flexible   0.1           0.7
      o2           Flexible   0.1           0.7
      co           Flexible   0.1           0.7
      co2          Flexible   0.1           0.7
      Energy       Flexible   0.1           0.7

   Discretization Scheme 

      Variable   Scheme
      ------------------------------ 
      Pressure   Body Force Weighted
      Density    First Order Upwind
      Momentum   First Order Upwind
      h2o        First Order Upwind
      o2         First Order Upwind
      co         First Order Upwind
      co2        First Order Upwind
      Energy     First Order Upwind

   Solution Limits 

      Quantity                    Limit
      ----------------------------------------- 
      Minimum Absolute Pressure   1
      Maximum Absolute Pressure   4.9999999e+10
      Minimum Temperature         20
      Maximum Temperature         1500

Material Properties 
-------------------

   Material: boudouard (mixture) 

      Property                        Units    Method                     Value(s)
      -----------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-------
      Mixture Species                          names                      ((h2o o2 co co2 
n2) (c<s>) ())
      Reaction                                 finite-rate                ((reaction-1 
((o2 0.70999998 1 1) (c<s> 1 0 1)) ((co 0.57999998 0 1) (co2 0.41999999 0 1)) ((h2o 0 1) 
(n2 0 1)) (stoichiometry 0.70999998o2 + 1c<s> --> 0.57999998co + 0.41999999co2) 
(arrhenius 3.6e+12 209000 0) (mixing-rate 4 0.5) (use-third-body-efficiencies? . #f) 
(surface-reaction? . #t)) (reaction-2 ((o2 0.5 0.25 1) (co 1 1 1)) ((co2 1 0 1) (h2o 0 0 
1)) ((n2 0 1)) (stoichiometry 0.5o2 + 1co --> 1co2 + 0h2o) (arrhenius 2.24e+12 167400 0) 
(mixing-rate 4 0.5) (use-third-body-efficiencies? . #f)) (reaction-3 ((c<s> 1 0 1) (co2 1 
1 1)) ((co 2 0 1)) ((h2o 0 1) (o2 0 1) (n2 0 1)) (stoichiometry 1c<s> + 1co2 --> 2co) 



(arrhenius 0.145 2.0785e+08 0) (mixing-rate 4 0.5) (use-third-body-efficiencies? . #f) 
(surface-reaction? . #t)))
      Mechanism                                reaction-mechs             ((mechanism-1 
(reaction-type . all) (reaction-list reaction-3 reaction-2 reaction-1) (site-info)))
      Density                         kg/m3    ideal-gas                  #f
      Cp (Specific Heat)              j/kg-k   mixing-law                 #f
      Thermal Conductivity            w/m-k    ideal-gas-mixing-law       #f
      Viscosity                       kg/m-s   mass-weighted-mixing-law   #f
      Mass Diffusivity                m2/s     kinetic-theory             #f
      Thermal Diffusion Coefficient   kg/m-s   kinetic-theory             #f
      Thermal Expansion Coefficient   1/k      constant                   0

   Material: (carbon-solid . boudouard) (fluid) 

      Property                    Units       Method     Value(s)
      -------------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   1220
      Thermal Conductivity        w/m-k       constant   0.045400001
      Viscosity                   kg/m-s      constant   1.72e-05
      Molecular Weight            kg/kgmol    constant   12.01115
      Standard State Enthalpy     j/kgmol     constant   -101.268
      Standard State Entropy      j/kgmol-k   constant   5731.7471
      Reference Temperature       c           constant   24.85
      L-J Characteristic Length   angstrom    constant   2
      L-J Energy Parameter        c           constant   -263.15
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (nitrogen . boudouard) (fluid) 

      Property                    Units       Method     Value(s)
      ------------------------------------------------------------ 
      Cp (Specific Heat)          j/kg-k      constant   1040.67
      Thermal Conductivity        w/m-k       constant   0.0242
      Viscosity                   kg/m-s      constant   1.663e-05
      Molecular Weight            kg/kgmol    constant   28.013399
      Standard State Enthalpy     j/kgmol     constant   0
      Standard State Entropy      j/kgmol-k   constant   191494.78
      Reference Temperature       c           constant   24.99999
      L-J Characteristic Length   angstrom    constant   3.7490001
      L-J Energy Parameter        c           constant   -193.35
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (carbon-dioxide . boudouard) (fluid) 

      Property                    Units       Method     Value(s)
      ----------------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   840.37
      Thermal Conductivity        w/m-k       constant   0.0145
      Viscosity                   kg/m-s      constant   1.37e-05
      Molecular Weight            kg/kgmol    constant   44.009949
      Standard State Enthalpy     j/kgmol     constant   -3.9353235e+08
      Standard State Entropy      j/kgmol-k   constant   213720.2
      Reference Temperature       c           constant   24.99999
      L-J Characteristic Length   angstrom    constant   3.941
      L-J Energy Parameter        c           constant   -77.95
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (carbon-monoxide . boudouard) (fluid) 

      Property                    Units       Method     Value(s)
      ----------------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   1043
      Thermal Conductivity        w/m-k       constant   0.025
      Viscosity                   kg/m-s      constant   1.75e-05
      Molecular Weight            kg/kgmol    constant   28.01055
      Standard State Enthalpy     j/kgmol     constant   -1.1053956e+08
      Standard State Entropy      j/kgmol-k   constant   197531.64
      Reference Temperature       c           constant   24.99999



      L-J Characteristic Length   angstrom    constant   3.5899999
      L-J Energy Parameter        c           constant   -185.15
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (oxygen . boudouard) (fluid) 

      Property                    Units       Method     Value(s)
      -------------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   919.31
      Thermal Conductivity        w/m-k       constant   0.024599999
      Viscosity                   kg/m-s      constant   1.919e-05
      Molecular Weight            kg/kgmol    constant   31.9988
      Standard State Enthalpy     j/kgmol     constant   0
      Standard State Entropy      j/kgmol-k   constant   205026.86
      Reference Temperature       c           constant   24.99999
      L-J Characteristic Length   angstrom    constant   3.5409999
      L-J Energy Parameter        c           constant   -185.15
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (water-vapor . boudouard) (fluid) 

      Property                    Units       Method     Value(s)
      ---------------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   2014
      Thermal Conductivity        w/m-k       constant   0.0261
      Viscosity                   kg/m-s      constant   1.34e-05
      Molecular Weight            kg/kgmol    constant   18.01534
      Standard State Enthalpy     j/kgmol     constant   -2.418379e+08
      Standard State Entropy      j/kgmol-k   constant   188696.44
      Reference Temperature       c           constant   25
      L-J Characteristic Length   angstrom    constant   2.605
      L-J Energy Parameter        c           constant   299.25
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (carbon-solid . mixture-template) (fluid) 

      Property                    Units       Method     Value(s)
      -------------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   1220
      Thermal Conductivity        w/m-k       constant   0.045400001
      Viscosity                   kg/m-s      constant   1.72e-05
      Molecular Weight            kg/kgmol    constant   12.01115
      Standard State Enthalpy     j/kgmol     constant   -101.268
      Standard State Entropy      j/kgmol-k   constant   5731.7471
      Reference Temperature       c           constant   24.85
      L-J Characteristic Length   angstrom    constant   2
      L-J Energy Parameter        c           constant   -263
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (carbon-dioxide . mixture-template) (fluid) 

      Property                    Units       Method     Value(s)
      ----------------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   840.37
      Thermal Conductivity        w/m-k       constant   0.0145
      Viscosity                   kg/m-s      constant   1.37e-05
      Molecular Weight            kg/kgmol    constant   44.009949
      Standard State Enthalpy     j/kgmol     constant   -3.9353235e+08
      Standard State Entropy      j/kgmol-k   constant   213720.2
      Reference Temperature       c           constant   24.99999
      L-J Characteristic Length   angstrom    constant   3.8970001
      L-J Energy Parameter        c           constant   -60.15
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (carbon-monoxide . mixture-template) (fluid) 



      Property                    Units       Method     Value(s)
      ----------------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   1043
      Thermal Conductivity        w/m-k       constant   0.025
      Viscosity                   kg/m-s      constant   1.75e-05
      Molecular Weight            kg/kgmol    constant   28.01055
      Standard State Enthalpy     j/kgmol     constant   -1.1053956e+08
      Standard State Entropy      j/kgmol-k   constant   197531.64
      Reference Temperature       c           constant   24.99999
      L-J Characteristic Length   angstrom    constant   3.5899999
      L-J Energy Parameter        c           constant   -185.15
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: carbon-dioxide (fluid) 

      Property                        Units       Method     Value(s)
      --------------------------------------------------------------------- 
      Density                         kg/m3       constant   1.7878
      Cp (Specific Heat)              j/kg-k      constant   840.37
      Thermal Conductivity            w/m-k       constant   0.0145
      Viscosity                       kg/m-s      constant   1.37e-05
      Molecular Weight                kg/kgmol    constant   44.00995
      Standard State Enthalpy         j/kgmol     constant   -3.9353235e+08
      Standard State Entropy          j/kgmol-k   constant   213720.2
      Reference Temperature           c           constant   25
      L-J Characteristic Length       angstrom    constant   3.941
      L-J Energy Parameter            c           constant   -77.95
      Thermal Expansion Coefficient   1/k         constant   0
      Degrees of Freedom                          constant   0
      Speed of Sound                  m/s         none       #f

   Material: carbon-monoxide (fluid) 

      Property                        Units       Method     Value(s)
      --------------------------------------------------------------------- 
      Density                         kg/m3       constant   1.1233
      Cp (Specific Heat)              j/kg-k      constant   1043
      Thermal Conductivity            w/m-k       constant   0.025
      Viscosity                       kg/m-s      constant   1.75e-05
      Molecular Weight                kg/kgmol    constant   28.01055
      Standard State Enthalpy         j/kgmol     constant   -1.1053956e+08
      Standard State Entropy          j/kgmol-k   constant   197531.64
      Reference Temperature           c           constant   25
      L-J Characteristic Length       angstrom    constant   0
      L-J Energy Parameter            c           constant   -273.15
      Thermal Expansion Coefficient   1/k         constant   0
      Degrees of Freedom                          constant   0
      Speed of Sound                  m/s         none       #f

   Material: carbon-solid (fluid) 

      Property                        Units       Method     Value(s)
      --------------------------------------------------------------- 
      Density                         kg/m3       constant   2000
      Cp (Specific Heat)              j/kg-k      constant   1220
      Thermal Conductivity            w/m-k       constant   0.0454
      Viscosity                       kg/m-s      constant   1.72e-05
      Molecular Weight                kg/kgmol    constant   12.01115
      Standard State Enthalpy         j/kgmol     constant   -101.268
      Standard State Entropy          j/kgmol-k   constant   5731.747
      Reference Temperature           c           constant   24.85
      L-J Characteristic Length       angstrom    constant   0
      L-J Energy Parameter            c           constant   -273.15
      Thermal Expansion Coefficient   1/k         constant   0
      Degrees of Freedom                          constant   0
      Speed of Sound                  m/s         none       #f

   Material: mixture-template (mixture) 

      Property                        Units    Method                     Value(s)



      -----------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-------------------------------
      Mixture Species                          names                      ((h2o o2 co co2 
n2) (c<s>) ())
      Reaction                                 finite-rate                ((reaction-1 
((o2 0.76999998 1 1) (c<s> 1 0 1)) ((co 0.46000001 0 1) (co2 0.54000002 0 1)) ((h2o 0 1) 
(n2 0 1)) (stoichiometry 0.76999998o2 + 1c<s> --> 0.46000001co + 0.54000002co2) 
(arrhenius 3.6e+12 2.09e+08 0) (mixing-rate 4 0.5) (use-third-body-efficiencies? . #f) 
(surface-reaction? . #t)) (reaction-2 ((o2 0.5 0.25 1) (co 1 1 1)) ((co2 1 0 1) (h2o 0 
0.5 1)) ((n2 0 1)) (stoichiometry 0.5o2 + 1co --> 1co2 + 0h2o) (arrhenius 2.24e+12 
1.674e+08 0) (mixing-rate 4 0.5) (use-third-body-efficiencies? . #f)) (reaction-3 ((co2 1 
1 1)) ((co 1 0 1) (o2 0.5 0 1)) ((h2o 0 1) (n2 0 1)) (stoichiometry 1co2 --> 1co + 0.5o2) 
(arrhenius 45000000 1.674e+08 0) (mixing-rate 4 0.5) (use-third-body-efficiencies? . #f)) 
(reaction-4 ((c<s> 1 0 1) (co2 1 1 1)) ((co 2 0 1)) ((h2o 0 1) (o2 0 1) (n2 0 1)) 
(stoichiometry 1c<s> + 1co2 --> 2co) (arrhenius 0.145 2e+08 0) (mixing-rate 4 0.5) (use-
third-body-efficiencies? . #f) (surface-reaction? . #t)))
      Mechanism                                reaction-mechs             ((mechanism-1 
(reaction-type . all) (reaction-list reaction-4 reaction-3 reaction-2 reaction-1) (site-
info)))
      Density                         kg/m3    ideal-gas                  #f
      Cp (Specific Heat)              j/kg-k   mixing-law                 #f                                
      Thermal Conductivity            w/m-k    ideal-gas-mixing-law       #f                                
      Viscosity                       kg/m-s   mass-weighted-mixing-law   #f
      Mass Diffusivity                m2/s     kinetic-theory             #f
      Thermal Diffusion Coefficient   kg/m-s   kinetic-theory             #f
      Thermal Expansion Coefficient   1/k      constant                   0

   Material: (nitrogen . mixture-template) (fluid) 

      Property                    Units       Method     Value(s)
      ------------------------------------------------------------ 
      Cp (Specific Heat)          j/kg-k      constant   1040.67
      Thermal Conductivity        w/m-k       constant   0.0242
      Viscosity                   kg/m-s      constant   1.663e-05
      Molecular Weight            kg/kgmol    constant   28.013399
      Standard State Enthalpy     j/kgmol     constant   0
      Standard State Entropy      j/kgmol-k   constant   191494.78
      Reference Temperature       c           constant   24.99999
      L-J Characteristic Length   angstrom    constant   3.7490001
      L-J Energy Parameter        c           constant   -193.35
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: nitrogen (fluid) 

      Property                        Units       Method     Value(s)
      ---------------------------------------------------------------- 
      Density                         kg/m3       constant   1.138
      Cp (Specific Heat)              j/kg-k      constant   1040.67
      Thermal Conductivity            w/m-k       constant   0.0242
      Viscosity                       kg/m-s      constant   1.663e-05
      Molecular Weight                kg/kgmol    constant   28.0134
      Standard State Enthalpy         j/kgmol     constant   0
      Standard State Entropy          j/kgmol-k   constant   191494.78
      Reference Temperature           c           constant   25
      L-J Characteristic Length       angstrom    constant   3.621
      L-J Energy Parameter            c           constant   -175.62
      Thermal Expansion Coefficient   1/k         constant   0
      Degrees of Freedom                          constant   0
      Speed of Sound                  m/s         none       #f



   Material: (oxygen . mixture-template) (fluid) 

      Property                    Units       Method     Value(s)
      -------------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   919.31
      Thermal Conductivity        w/m-k       constant   0.024599999
      Viscosity                   kg/m-s      constant   1.919e-05
      Molecular Weight            kg/kgmol    constant   31.9988
      Standard State Enthalpy     j/kgmol     constant   0
      Standard State Entropy      j/kgmol-k   constant   205026.86
      Reference Temperature       c           constant   24.99999
      L-J Characteristic Length   angstrom    constant   3.5409999
      L-J Energy Parameter        c           constant   -185.15
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: oxygen (fluid) 

      Property                        Units       Method     Value(s)
      ---------------------------------------------------------------- 
      Density                         kg/m3       constant   1.2999
      Cp (Specific Heat)              j/kg-k      constant   919.31
      Thermal Conductivity            w/m-k       constant   0.0246
      Viscosity                       kg/m-s      constant   1.919e-05
      Molecular Weight                kg/kgmol    constant   31.9988
      Standard State Enthalpy         j/kgmol     constant   0
      Standard State Entropy          j/kgmol-k   constant   205026.86
      Reference Temperature           c           constant   25
      L-J Characteristic Length       angstrom    constant   3.458
      L-J Energy Parameter            c           constant   -165.75
      Thermal Expansion Coefficient   1/k         constant   0
      Degrees of Freedom                          constant   0
      Speed of Sound                  m/s         none       #f

   Material: (water-vapor . mixture-template) (fluid) 

      Property                    Units       Method     Value(s)
      ---------------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   2014
      Thermal Conductivity        w/m-k       constant   0.0261
      Viscosity                   kg/m-s      constant   1.34e-05
      Molecular Weight            kg/kgmol    constant   18.01534
      Standard State Enthalpy     j/kgmol     constant   -2.418379e+08
      Standard State Entropy      j/kgmol-k   constant   188696.44
      Reference Temperature       c           constant   25
      L-J Characteristic Length   angstrom    constant   2.605
      L-J Energy Parameter        c           constant   299.25
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: water-vapor (fluid) 

      Property                        Units       Method     Value(s)
      -------------------------------------------------------------------- 
      Density                         kg/m3       constant   0.5542
      Cp (Specific Heat)              j/kg-k      constant   2014
      Thermal Conductivity            w/m-k       constant   0.0261
      Viscosity                       kg/m-s      constant   1.34e-05
      Molecular Weight                kg/kgmol    constant   18.01534
      Standard State Enthalpy         j/kgmol     constant   -2.418379e+08
      Standard State Entropy          j/kgmol-k   constant   188696.44
      Reference Temperature           c           constant   25
      L-J Characteristic Length       angstrom    constant   2.605
      L-J Energy Parameter            c           constant   299.25
      Thermal Expansion Coefficient   1/k         constant   0
      Degrees of Freedom                          constant   0
      Speed of Sound                  m/s         none       #f

   Material: graphite-south-africa (solid) 

      Property               Units    Method     Value(s)



      --------------------------------------------------- 
      Density                kg/m3    constant   2240
      Cp (Specific Heat)     j/kg-k   constant   710
      Thermal Conductivity   w/m-k    constant   168

   Material: air (fluid) 

      Property                        Units       Method       Value(s)
      -----------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----
      Density                         kg/m3       ideal-gas    #f
      Cp (Specific Heat)              j/kg-k      polynomial   (-0.15 1005) (199.85 1026) 
(399.85 1068) (599.85 1114) (799.85 1156) (1099.85 1197)
      Thermal Conductivity            w/m-k       polynomial   (-0.15 0.0244) (199.85 
0.039299998) (399.85 0.052099999) (599.85 0.062199999) (799.85 0.071800001) (1099.85 
0.085000001)
      Viscosity                       kg/m-s      polynomial   (-0.15 1.7e-05) (199.85 
2.6e-05) (399.85 3.3e-05) (599.85 3.9099999e-05) (799.85 4.4299999e-05) (1099.85 
5.1200001e-05)
      Molecular Weight                kg/kgmol    constant     28.966
      Standard State Enthalpy         j/kgmol     constant     0
      Standard State Entropy          j/kgmol-k   constant     0
      Reference Temperature           c           constant     25
      L-J Characteristic Length       angstrom    constant     3.711
      L-J Energy Parameter            c           constant     -194.55
      Thermal Expansion Coefficient   1/k         constant    0                                             
      Degrees of Freedom                          constant     0
      Speed of Sound                  m/s         none         #f

   Material: aluminum (solid) 

      Property               Units    Method     Value(s)
      --------------------------------------------------- 
      Density                kg/m3    constant   2719
      Cp (Specific Heat)     j/kg-k   constant   871
      Thermal Conductivity   w/m-k    constant   202.4



APPENDIX 2: Return Duct Model 

FLUENT
Version: 3d, dp, segregated, spe, lam, unsteady (3d, double precision, segregated,
species, laminar, unsteady) 
Release: 6.2.16 
Title:

Models
------

   Model                        Settings
   --------------------------------------------------------- 
   Space                        3D
   Time                         Unsteady, 1st-Order Implicit
   Viscous                      Laminar
   Heat Transfer                Enabled
   Solidification and Melting   Disabled
   Radiation                    None
   Species Transport            Reacting (6 species)
   Coupled Dispersed Phase      Disabled
   Pollutants                   Disabled
   Soot                         Disabled

Boundary Conditions 
-------------------

   Zones 

      name                     id   type
      -------------------------------------- 
      outside                  2    fluid
      inlet2                   3    fluid
      outlet1                  4    fluid
      inlet1                   5    fluid
      outlet                   6    fluid
      chimney                  7    fluid
      return                   8    fluid
      entree_reflecktor        9    fluid
      entree_bas               10   fluid
      solid.47                 11   solid
      peb2                     12   fluid
      intpeb                   13   fluid
      peb1                     14   fluid
      ref2                     15   fluid
      interref                 16   fluid
      ref1                     17   fluid
      porous_jump.67           24   interior
      porous_jump.63           25   interior
      wallerreur-shadow        84   wall
      wall-shadow              83   wall
      wall_entree:061-shadow   82   wall
      wall                     18   wall
      weallout                 19   wall
      walloutlet1              20   wall
      wallerreur               21   wall
      wall_outlet              22   wall
      wall_return              23   wall
      symmetry                 26   symmetry
      interior_                27   interior
      wall_chimey              28   wall
      wall_peb2                29   wall
      wall_interpeb            30   wall
      wall_peb1                31   wall
      wall_ref2                32   wall
      wall_interef             33   wall



      wall_ref1                34   wall
      wall_libre_1             35   wall
      wall_ref_bas             36   wall
      wall_entree              37   wall
      wall_inlet               38   wall
      default-interior         40   interior
      symmetry:001             1    symmetry
      symmetry:039             39   symmetry
      symmetry:041             41   symmetry
      symmetry:042             42   symmetry
      symmetry:043             43   symmetry
      symmetry:044             44   symmetry
      symmetry:045             45   symmetry
      symmetry:046             46   symmetry
      symmetry:047             47   symmetry
      symmetry:048             48   symmetry
      symmetry:049             49   symmetry
      symmetry:050             50   symmetry
      interior_:051            51   interior
      interior_:052            52   interior
      interior_:053            53   interior
      interior_:054            54   interior
      interior_:055            55   interior
      interior_:056            56   interior
      interior_:057            57   interior
      interior_:058            58   interior
      interior_:059            59   interior
      interior_:060            60   interior
      wall_entree:061          61   wall
      wall_entree:062          62   wall
      wall_inlet:063           63   wall
      default-interior:064     64   interior
      default-interior:065     65   interior
      default-interior:066     66   interior
      default-interior:067     67   interior
      default-interior:068     68   interior
      default-interior:069     69   interior
      default-interior:070     70   interior
      default-interior:071     71   interior
      default-interior:072     72   interior
      default-interior:073     73   interior
      default-interior:074     74   interior
      default-interior:075     75   interior
      default-interior:076     76   interior
      default-interior:077     77   interior
      default-interior:078     78   interior
      default-interior:079     79   interior
      default-interior:080     80   interior

   Boundary Conditions 

      outside 

         Condition                                      Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
--------------------------
         Material Name                                  mixture-template
         Specify source terms?                          no
         Source Terms                                   ((mass (inactive . #f) (constant 
. 0) (profile  )) (x-momentum (inactive . #f) (constant . 0) (profile  )) (y-momentum 
(inactive . #f) (constant . 0) (profile  )) (z-momentum (inactive . #f) (constant . 0) 
(profile  )) (species-0 (inactive . #f) (constant . 0) (profile  )) (energy (inactive . 
#f) (constant . 0) (profile  )))
         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ((x-velocity (inactive . #f) 
(constant . 0) (profile  )) (y-velocity (inactive . #f) (constant . 0) (profile  )) (z-



velocity (inactive . #f) (constant . 0) (profile  )) (species-0 (inactive . #f) (constant 
. 0) (profile  )) (temperature (inactive . #f) (constant . 0) (profile  )))                                 
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                             0                                                   
         Rotation speed                                 0
         X-Origin of Rotation-Axis                      0                                                   
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0                                                   
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0                                                   
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                             no                                                  
         Porous zone?                                   no
         Conical porous zone?                           no                                                  
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0
         X-Component of Direction-2 Vector              0
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0                                                   
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0                                                   
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0                                                   
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance               0                                                    
         C0 Coefficient for Power-Law                   0
         C1 Coefficient for Power-Law                  0                                                    
         Porosity                                       1
         Solid Material Name                           aluminum                                             
         Reaction Mechanism                             0
         Activate reaction mechanisms?                 yes                                                  
         Surface-Volume-Ratio                           0

      inlet2 

         Condition                                      Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
--------------------------
         Material Name                                  mixture-template
         Specify source terms?                          no
         Source Terms                                   ((mass (inactive . #f) (constant 
. 0) (profile  )) (x-momentum (inactive . #f) (constant . 0) (profile  )) (y-momentum 
(inactive . #f) (constant . 0) (profile  )) (z-momentum (inactive . #f) (constant . 0) 
(profile  )) (species-0 (inactive . #f) (constant . 0) (profile  )) (energy (inactive . 
#f) (constant . 0) (profile  )))
         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ((x-velocity (inactive . #f) 
(constant . 0) (profile  )) (y-velocity (inactive . #f) (constant . 0) (profile  )) (z-
velocity (inactive . #f) (constant . 0) (profile  )) (species-0 (inactive . #f) (constant 
. 0) (profile  )) (temperature (inactive . #f) (constant . 0) (profile  )))
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                             0
         Rotation speed                                 0
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0



         Z-Component of Rotation-Axis                   1
         Deactivated Thread                             no
         Porous zone?                                   no
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0                                                   
         Z-Component of Direction-1 Vector              0
         X-Component of Direction-2 Vector              0                                                   
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0                                                   
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0                                                   
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0                                                   
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0                                                   
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                   0
         C1 Coefficient for Power-Law                   0
         Porosity                                       1
         Solid Material Name                            aluminum                                            
         Reaction Mechanism                             0
         Activate reaction mechanisms?                  yes                                                 
         Surface-Volume-Ratio                           0

      outlet1 

         Condition                                      Value
         --------------------------------------------------------------- 
         Material Name                                  mixture-template
         Specify source terms?                          no
         Source Terms                                   ()
         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ()
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                             0
         Rotation speed                                 0
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                             no
         Porous zone?                                   no
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0
         X-Component of Direction-2 Vector              0
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                   0
         C1 Coefficient for Power-Law                   0
         Porosity                                       1



         Solid Material Name                            aluminum
         Reaction Mechanism                             0
         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                           0

      inlet1 

         Condition                                      Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
--------------------------
         Material Name                                  mixture-template
         Specify source terms?                          no                                                  
         Source Terms                                   ((mass (inactive . #f) (constant 
. 0) (profile  )) (x-momentum (inactive . #f) (constant . 0) (profile  )) (y-momentum 
(inactive . #f) (constant . 0) (profile  )) (z-momentum (inactive . #f) (constant . 0) 
(profile  )) (species-0 (inactive . #f) (constant . 0) (profile  )) (energy (inactive . 
#f) (constant . 0) (profile  )))
         Specify fixed values?                          no                                                  
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ((x-velocity (inactive . #f) 
(constant . 0) (profile  )) (y-velocity (inactive . #f) (constant . 0) (profile  )) (z-
velocity (inactive . #f) (constant . 0) (profile  )) (species-0 (inactive . #f) (constant 
. 0) (profile  )) (temperature (inactive . #f) (constant . 0) (profile  )))
         Motion Type                                    0
         X-Velocity Of Zone                            0                                                    
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                            0                                                    
         Rotation speed                                 0
         X-Origin of Rotation-Axis                     0                                                    
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                     0                                                    
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                  0                                                    
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                            no                                                   
         Porous zone?                                   no
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0
         X-Component of Direction-2 Vector              0
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                   0
         C1 Coefficient for Power-Law                   0
         Porosity                                       1
         Solid Material Name                            aluminum
         Reaction Mechanism                             0
         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                           0

      outlet 

         Condition                                      Value
         --------------------------------------------------------------- 
         Material Name                                  mixture-template
         Specify source terms?                          no
         Source Terms                                   ()



         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ()
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                             0
         Rotation speed                                 0
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                             no
         Porous zone?                                   no
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0
         X-Component of Direction-2 Vector              0
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                   0
         C1 Coefficient for Power-Law                   0
         Porosity                                       1
         Solid Material Name                            aluminum
         Reaction Mechanism                             0
         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                           0

      chimney 

         Condition                                      Value
         --------------------------------------------------------------- 
         Material Name                                  mixture-template
         Specify source terms?                          no
         Source Terms                                   ()
         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ()
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                             0
         Rotation speed                                 0
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                             no
         Porous zone?                                   no
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0
         X-Component of Direction-2 Vector              0
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0



         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                   0
         C1 Coefficient for Power-Law                   0
         Porosity                                       1
         Solid Material Name                            aluminum
         Reaction Mechanism                             0
         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                           0

      return 

         Condition                                      Value
         --------------------------------------------------------------- 
         Material Name                                  mixture-template
         Specify source terms?                          no
         Source Terms                                   ()
         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ()
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                             0
         Rotation speed                                 0
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                             no
         Porous zone?                                   no
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0
         X-Component of Direction-2 Vector              0
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                   0
         C1 Coefficient for Power-Law                   0
         Porosity                                       1
         Solid Material Name                            aluminum
         Reaction Mechanism                             0
         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                           0

      entree_reflecktor 

         Condition                                      Value
         --------------------------------------------------------------- 
         Material Name                                  mixture-template



         Specify source terms?                          no
         Source Terms                                   ()
         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ()
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                             0
         Rotation speed                                 0
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                             no
         Porous zone?                                   no
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0
         X-Component of Direction-2 Vector              0
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                   0
         C1 Coefficient for Power-Law                   0
         Porosity                                       1
         Solid Material Name                            aluminum
         Reaction Mechanism                             0
         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                           0

      entree_bas 

         Condition                                      Value
         --------------------------------------------------------------- 
         Material Name                                  mixture-template
         Specify source terms?                          no
         Source Terms                                   ()
         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ()
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                             0
         Rotation speed                                 0
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                             no
         Porous zone?                                   no
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0
         X-Component of Direction-2 Vector              0



         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                   0
         C1 Coefficient for Power-Law                   0
         Porosity                                       1
         Solid Material Name                            aluminum
         Reaction Mechanism                             0
         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                           0

      solid.47 

         Condition                      Value
         --------------------------------------- 
         Material Name                  aluminum
         Specify source terms?          no
         Source Terms                   ()
         Specify fixed values?          no
         Fixed Values                   ()
         Motion Type                    0
         X-Velocity Of Zone             0
         Y-Velocity Of Zone             0
         Z-Velocity Of Zone             0
         Rotation speed                 0
         X-Origin of Rotation-Axis      0
         Y-Origin of Rotation-Axis      0
         Z-Origin of Rotation-Axis      0
         X-Component of Rotation-Axis   0
         Y-Component of Rotation-Axis   0
         Z-Component of Rotation-Axis   1
         Deactivated Thread             no

      peb2 

         Condition                                      Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
--------------------------------------------------------------------
         Material Name                                  mixture-template
         Specify source terms?                          no
         Source Terms                                   ((mass (inactive . #f) (constant 
. 0) (profile  )) (x-momentum (inactive . #f) (constant . 0) (profile  )) (y-momentum 
(inactive . #f) (constant . 0) (profile  )) (z-momentum (inactive . #f) (constant . 0) 
(profile  )) (species-0 (inactive . #f) (constant . 0) (profile  )) (species-1 (inactive 
. #f) (constant . 0) (profile  )) (species-2 (inactive . #f) (constant . 0) (profile  )) 
(species-3 (inactive . #f) (constant . 0) (profile  )) (species-4 (inactive . #f) 
(constant . 0) (profile  )) (energy (inactive . #f) (constant . 0) (profile  )))
         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ((x-velocity (inactive . #f) 
(constant . 0) (profile  )) (y-velocity (inactive . #f) (constant . 0) (profile  )) (z-
velocity (inactive . #f) (constant . 0) (profile  )) (species-0 (inactive . #f) (constant 
. 0) (profile  )) (species-1 (inactive . #f) (constant . 0) (profile  )) (species-2 
(inactive . #f) (constant . 0) (profile  )) (species-3 (inactive . #f) (constant . 0) 
(profile  )) (species-4 (inactive . #f) (constant . 0) (profile  )) (temperature 
(inactive . #f) (constant . 0) (profile  )))
         Motion Type                                    0



         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                            0                                                    
         Z-Velocity Of Zone                             0
         Rotation speed                                 0
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0                                                   
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                             no
         Porous zone?                                   yes
         Conical porous zone?                          no                                                   
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0
         X-Component of Direction-2 Vector              0
         Y-Component of Direction-2 Vector              1                                                   
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0                                                   
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0                                                   
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                   341
         C1 Coefficient for Power-Law                   1.6107
         Porosity                                      0.39500001                                           
         Solid Material Name                            aluminum
         Reaction Mechanism                             0
         Activate reaction mechanisms?                  no
         Surface-Volume-Ratio                           0

      intpeb 

         Condition                                      Value
         --------------------------------------------------------------- 
         Material Name                                  mixture-template
         Specify source terms?                          no
         Source Terms                                   ()
         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ()
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                             0
         Rotation speed                                 0
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                             no
         Porous zone?                                   no
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0
         X-Component of Direction-2 Vector              0
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0



         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                   0
         C1 Coefficient for Power-Law                   0
         Porosity                                       1
         Solid Material Name                            aluminum
         Reaction Mechanism                             0
         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                           0

      peb1 

         Condition                                      Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
--------------------------------------------------------------------
         Material Name                                  mixture-template
         Specify source terms?                          no
         Source Terms                                   ((mass (inactive . #f) (constant 
. 0) (profile  )) (x-momentum (inactive . #f) (constant . 0) (profile  )) (y-momentum 
(inactive . #f) (constant . 0) (profile  )) (z-momentum (inactive . #f) (constant . 0) 
(profile  )) (species-0 (inactive . #f) (constant . 0) (profile  )) (species-1 (inactive 
. #f) (constant . 0) (profile  )) (species-2 (inactive . #f) (constant . 0) (profile  )) 
(species-3 (inactive . #f) (constant . 0) (profile  )) (species-4 (inactive . #f) 
(constant . 0) (profile  )) (energy (inactive . #f) (constant . 0) (profile  )))
         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ((x-velocity (inactive . #f) 
(constant . 0) (profile  )) (y-velocity (inactive . #f) (constant . 0) (profile  )) (z-
velocity (inactive . #f) (constant . 0) (profile  )) (species-0 (inactive . #f) (constant 
. 0) (profile  )) (species-1 (inactive . #f) (constant . 0) (profile  )) (species-2 
(inactive . #f) (constant . 0) (profile  )) (species-3 (inactive . #f) (constant . 0) 
(profile  )) (species-4 (inactive . #f) (constant . 0) (profile  )) (temperature 
(inactive . #f) (constant . 0) (profile  )))
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0                                                   
         Z-Velocity Of Zone                             0
         Rotation speed                                 0
         X-Origin of Rotation-Axis                     0                                                    
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0                                                   
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                             no
         Porous zone?                                   yes
         Conical porous zone?                          no                                                   
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0
         X-Component of Direction-2 Vector              0
         Y-Component of Direction-2 Vector              1                                                   
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0                                                   
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0
         Direction-1 Viscous Resistance                0                                                    
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0



         Direction-3 Inertial Resistance                0                                                   
         C0 Coefficient for Power-Law                   36.688
         C1 Coefficient for Power-Law                   1.7599
         Porosity                                       0.39500001
         Solid Material Name                            aluminum
         Reaction Mechanism                             0
         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                           60.5

      ref2 

         Condition                                      Value                                               
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
--------------------------------------------------------------------
         Material Name                                  mixture-template
         Specify source terms?                          no                                                  
         Source Terms                                   ((mass (inactive . #f) (constant 
. 0) (profile  )) (x-momentum (inactive . #f) (constant . 0) (profile  )) (y-momentum 
(inactive . #f) (constant . 0) (profile  )) (z-momentum (inactive . #f) (constant . 0) 
(profile  )) (species-0 (inactive . #f) (constant . 0) (profile  )) (species-1 (inactive 
. #f) (constant . 0) (profile  )) (species-2 (inactive . #f) (constant . 0) (profile  )) 
(species-3 (inactive . #f) (constant . 0) (profile  )) (species-4 (inactive . #f) 
(constant . 0) (profile  )) (energy (inactive . #f) (constant . 0) (profile  )))
         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ((x-velocity (inactive . #f) 
(constant . 0) (profile  )) (y-velocity (inactive . #f) (constant . 0) (profile  )) (z-
velocity (inactive . #f) (constant . 0) (profile  )) (species-0 (inactive . #f) (constant 
. 0) (profile  )) (species-1 (inactive . #f) (constant . 0) (profile  )) (species-2 
(inactive . #f) (constant . 0) (profile  )) (species-3 (inactive . #f) (constant . 0) 
(profile  )) (species-4 (inactive . #f) (constant . 0) (profile  )) (temperature 
(inactive . #f) (constant . 0) (profile  )))
         Motion Type                                    0                                                   
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                             0
         Rotation speed                                 0
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                     0                                                    
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                             no                                                  
         Porous zone?                                   yes
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0
         X-Component of Direction-2 Vector             0                                                    
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0
         Z-Coordinate of Point on Cone Axis             0                                                   
         Half Angle of Cone Relative to its Axis        0
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0                                                   
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                   63                                                  
         C1 Coefficient for Power-Law                   1.72
         Porosity                                       0.13
         Solid Material Name                            aluminum



         Reaction Mechanism                             0
         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                          53.580002                                            

      interref 

         Condition                                      Value
         --------------------------------------------------------------- 
         Material Name                                  mixture-template
         Specify source terms?                          no
         Source Terms                                   ()
         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ()
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                             0
         Rotation speed                                 0
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                      0
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                             no
         Porous zone?                                   no
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0
         X-Component of Direction-2 Vector              0
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0
         Z-Coordinate of Point on Cone Axis             0
         Half Angle of Cone Relative to its Axis        0
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance                0
         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                   0
         C1 Coefficient for Power-Law                   0
         Porosity                                       1
         Solid Material Name                            aluminum
         Reaction Mechanism                             0
         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                           0

      ref1 

         Condition                                      Value                                               
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
--------------------------------------------------------------------
         Material Name                                  mixture-template
         Specify source terms?                          no
         Source Terms                                   ((mass (inactive . #f) (constant 
. 0) (profile  )) (x-momentum (inactive . #f) (constant . 0) (profile  )) (y-momentum 
(inactive . #f) (constant . 0) (profile  )) (z-momentum (inactive . #f) (constant . 0) 
(profile  )) (species-0 (inactive . #f) (constant . 0) (profile  )) (species-1 (inactive 
. #f) (constant . 0) (profile  )) (species-2 (inactive . #f) (constant . 0) (profile  )) 
(species-3 (inactive . #f) (constant . 0) (profile  )) (species-4 (inactive . #f) 
(constant . 0) (profile  )) (energy (inactive . #f) (constant . 0) (profile  )))



         Specify fixed values?                          no
         Local Coordinate System for Fixed Velocities   no
         Fixed Values                                   ((x-velocity (inactive . #f) 
(constant . 0) (profile  )) (y-velocity (inactive . #f) (constant . 0) (profile  )) (z-
velocity (inactive . #f) (constant . 0) (profile  )) (species-0 (inactive . #f) (constant 
. 0) (profile  )) (species-1 (inactive . #f) (constant . 0) (profile  )) (species-2 
(inactive . #f) (constant . 0) (profile  )) (species-3 (inactive . #f) (constant . 0) 
(profile  )) (species-4 (inactive . #f) (constant . 0) (profile  )) (temperature 
(inactive . #f) (constant . 0) (profile  )))
         Motion Type                                    0
         X-Velocity Of Zone                             0
         Y-Velocity Of Zone                             0
         Z-Velocity Of Zone                             0                                                   
         Rotation speed                                 0
         X-Origin of Rotation-Axis                      0
         Y-Origin of Rotation-Axis                      0                                                   
         Z-Origin of Rotation-Axis                      0
         X-Component of Rotation-Axis                   0
         Y-Component of Rotation-Axis                   0
         Z-Component of Rotation-Axis                   1
         Deactivated Thread                             no                                                  
         Porous zone?                                   yes
         Conical porous zone?                           no
         X-Component of Direction-1 Vector              1
         Y-Component of Direction-1 Vector              0
         Z-Component of Direction-1 Vector              0
         X-Component of Direction-2 Vector             0                                                    
         Y-Component of Direction-2 Vector              1
         Z-Component of Direction-2 Vector              0
         X-Coordinate of Point on Cone Axis             1
         Y-Coordinate of Point on Cone Axis             0
         Z-Coordinate of Point on Cone Axis             0                                                   
         Half Angle of Cone Relative to its Axis        0
         Direction-1 Viscous Resistance                 0
         Direction-2 Viscous Resistance                 0                                                   
         Direction-3 Viscous Resistance                 0
         Direction-1 Inertial Resistance                0
         Direction-2 Inertial Resistance               0                                                    
         Direction-3 Inertial Resistance                0
         C0 Coefficient for Power-Law                   63
         C1 Coefficient for Power-Law                   1.72
         Porosity                                       0.13
         Solid Material Name                            aluminum
         Reaction Mechanism                             0
         Activate reaction mechanisms?                  yes
         Surface-Volume-Ratio                           53.580002

      porous_jump.67 

         Condition   Value
         ----------------- 

      porous_jump.63 

         Condition   Value
         ----------------- 

      wallerreur-shadow 

         Condition                                            Value
         ------------------------------------------------------------- 
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      3
         Temperature                                          300
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0



         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      wall-shadow 

         Condition                                            Value
         ------------------------------------------------------------- 
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      3
         Temperature                                          300
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      wall_entree:061-shadow 



         Condition                                            Value
         ------------------------------------------------------------- 
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      3
         Temperature                                          300
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      wall 

         Condition                                            Value
         --------------------------------------------------------------------------------
---
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      3
         Temperature                                          300
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0)



                                                              (((constant . 0) (profile
)))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      weallout 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
------------------------------
         Wall Thickness                                       0
         Heat Generation Rate                                0                                              
         Material Name                                        aluminum                                      
         Thermal BC Type                                      1
         Temperature                                          300
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                             300                                            
         Enable shell conduction?                             no                                            
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0                                             
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile  )) 
((constant . 0) (profile  )))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0                                             
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                            0                                              
         Reaction Mechanisms                                  0                                             
         Specularity Coefficient                              0

      walloutlet1 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
------------------------------
         Wall Thickness                                       0



         Heat Generation Rate                                0                                              
         Material Name                                        aluminum                                      
         Thermal BC Type                                      1
         Temperature                                          300
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                             300                                            
         Enable shell conduction?                             no                                            
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                  0                                              
         X-Component of Wall Translation                      1                                             
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0                                             
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile  )) 
((constant . 0) (profile  )))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0                                             
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                            0                                              
         Reaction Mechanisms                                  0                                             
         Specularity Coefficient                              0

      wallerreur 

         Condition                                            Value
         --------------------------------------------------------------------------------
---
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      3
         Temperature                                          300
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0)



                                                              (((constant . 0) (profile
)))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      wall_outlet 

         Condition                                           Value                                          
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
------------------------------
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      0
         Temperature                                         300                                            
         Heat Flux                                            0                                             
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                             0                                             
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                 1                                              
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile  )) 
((constant . 0) (profile  )))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                  0                                              
         Y-Position of Rotation-Axis Origin                   0                                             
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                         0                                              
         Y-component of shear stress                          0                                             
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      wall_return 

         Condition                                           Value                                          
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
------------------------------
         Wall Thickness                                       0



         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      0
         Temperature                                         500                                            
         Heat Flux                                            0                                             
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes                                           
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0                                             
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                 1                                              
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile  )) 
((constant . 0) (profile  )))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0                                             
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                         0                                              
         Y-component of shear stress                          0                                             
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      symmetry 

         Condition   Value
         ----------------- 

      interior_ 

         Condition   Value
         ----------------- 

      wall_chimey 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
------------------------------
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      0
         Temperature                                          1123
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                  0                                              



         X-Component of Wall Translation                      1                                             
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                     0                                              
         Z-Component of Wall Translation                      0                                             
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile  )) 
((constant . 0) (profile  )))
         Rotation Speed                                       0                                             
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0                                             
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      wall_peb2 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
------------------------------
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      0
         Temperature                                          1123
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                  0                                              
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                     0                                              
         Z-Component of Wall Translation                      0                                             
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile  )) 
((constant . 0) (profile  )))
         Rotation Speed                                       0                                             
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction              0                                              
         Z-Component of Rotation-Axis Direction               1                                             
         X-component of shear stress                          0
         Y-component of shear stress                          0



         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                  0                                             
         Specularity Coefficient                              0

      wall_interpeb 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
------------------------------
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                       aluminum                                       
         Thermal BC Type                                      0                                             
         Temperature                                          1123
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no                                            
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile  )) 
((constant . 0) (profile  )))
         Rotation Speed                                       0                                             
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction              0                                              
         Z-Component of Rotation-Axis Direction               1                                             
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0                                             

      wall_peb1 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
------------------------------
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                       aluminum                                       
         Thermal BC Type                                      0                                             
         Temperature                                          1123
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0                                             
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes



         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile  )) 
((constant . 0) (profile  )))
         Rotation Speed                                       0                                             
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction              0                                              
         Z-Component of Rotation-Axis Direction               1                                             
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                 0                                              
         Specularity Coefficient                              0                                             

      wall_ref2 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
------------------------------
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                       aluminum                                       
         Thermal BC Type                                      0                                             
         Temperature                                          1123
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                            no                                             
         Wall Motion                                          0                                             
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1                                             
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile  )) 
((constant . 0) (profile  )))
         Rotation Speed                                       0                                             
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction              0                                              
         Z-Component of Rotation-Axis Direction               1                                             



         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                 0                                              
         Specularity Coefficient                              0                                             

      wall_interef 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
------------------------------
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                       aluminum                                       
         Thermal BC Type                                      0                                             
         Temperature                                          1123
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                            no                                             
         Wall Motion                                          0                                             
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0                                             
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0                                             
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile  )) 
((constant . 0) (profile  )))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1                                             
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                 0                                              
         Specularity Coefficient                              0                                             

      wall_ref1 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
------------------------------
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                       aluminum                                       
         Thermal BC Type                                      0                                             
         Temperature                                          1123
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                            no                                             
         Wall Motion                                          0                                             



         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                     1                                              
         Y-Component of Wall Translation                      0                                             
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0                                             
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile  )) 
((constant . 0) (profile  )))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                 0                                              
         Specularity Coefficient                              0                                             

      wall_libre_1 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
------------------------------
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                       aluminum                                       
         Thermal BC Type                                      0
         Temperature                                          1123
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                            no                                             
         Wall Motion                                          0                                             
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                     1                                              
         Y-Component of Wall Translation                      0                                             
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                     0                                              
         External Emissivity                                  1                                             
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile  )) 
((constant . 0) (profile  )))
         Rotation Speed                                       0                                             
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0



         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                 0                                              
         Specularity Coefficient                              0                                             

      wall_ref_bas 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
------------------------------
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      0
         Temperature                                          1123
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                            no                                             
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                     1                                              
         Y-Component of Wall Translation                      0                                             
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                     0                                              
         External Emissivity                                  1                                             
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         yes
                                                              (0 0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile  )) 
((constant . 0) (profile  )))
         Rotation Speed                                       0                                              
         X-Position of Rotation-Axis Origin                   0                                             
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                 0                                              
         Specularity Coefficient                              0

      wall_entree 

         Condition                                            Value                                         
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
------------------------------
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      0                                             
         Temperature                                          900
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300



         Enable shell conduction?                            no                                             
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                     1                                              
         Y-Component of Wall Translation                      0                                             
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                     0                                              
         External Emissivity                                  1                                             
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile  )) 
((constant . 0) (profile  )))
         Rotation Speed                                      0                                              
         X-Position of Rotation-Axis Origin                   0                                             
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1                                             
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      wall_inlet 

         Condition                                            Value                                         
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
------------------------------
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      0                                             
         Temperature                                          300
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                     0                                              
         External Emissivity                                  1                                             
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
                                                              (0 0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile  )) 
((constant . 0) (profile  )))
         Rotation Speed                                      0                                              
         X-Position of Rotation-Axis Origin                   0                                             
         Y-Position of Rotation-Axis Origin                   0



         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0                                             
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0                                             

      default-interior 

         Condition   Value
         ----------------- 

      symmetry:001 

         Condition   Value
         ----------------- 

      symmetry:039 

         Condition   Value
         ----------------- 

      symmetry:041 

         Condition   Value
         ----------------- 

      symmetry:042 

         Condition   Value
         ----------------- 

      symmetry:043 

         Condition   Value
         ----------------- 
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         Condition   Value
         ----------------- 
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         Condition   Value
         ----------------- 
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         Condition   Value
         ----------------- 
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         Condition   Value
         ----------------- 
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         Condition   Value
         ----------------- 

      symmetry:049 

         Condition   Value
         ----------------- 



      symmetry:050 

         Condition   Value
         ----------------- 
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         Condition   Value
         ----------------- 

      interior_:052 

         Condition   Value
         ----------------- 

      interior_:053 

         Condition   Value
         ----------------- 
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         Condition   Value
         ----------------- 

      interior_:055 

         Condition   Value
         ----------------- 

      interior_:056 

         Condition   Value
         ----------------- 

      interior_:057 

         Condition   Value
         ----------------- 

      interior_:058 

         Condition   Value
         ----------------- 

      interior_:059 

         Condition   Value
         ----------------- 

      interior_:060 

         Condition   Value
         ----------------- 

      wall_entree:061 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
------------------------------
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                     3                                              
         Temperature                                          300                                           
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                         0                                              



         Shear Boundary Condition                             0                                             
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                     0                                              
         Z-Component of Wall Translation                      0                                             
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1                                             
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         yes
                                                              (0 0 0 0 0)
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile  )) 
((constant . 0) (profile  )))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1                                              
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                             0                                              

      wall_entree:062 

         Condition                                            Value
         ------------------------------------------------------------- 
         Wall Thickness                                       0
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      0
         Temperature                                          900
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                     no
         X-Component of Wall Translation                      0
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                         no
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0
         Surface tension gradient                             0



         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      wall_inlet:063 

         Condition                                            Value
         --------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
------------------------------
         Wall Thickness                                       0                                             
         Heat Generation Rate                                 0
         Material Name                                        aluminum
         Thermal BC Type                                      0
         Temperature                                          300
         Heat Flux                                            0
         Convective Heat Transfer Coefficient                 0
         Free Stream Temperature                              300
         Enable shell conduction?                             no
         Wall Motion                                          0
         Shear Boundary Condition                             0
         Define wall motion relative to adjacent cell zone?   yes
         Apply a rotational velocity to this wall?            no
         Velocity Magnitude                                   0
         X-Component of Wall Translation                      1
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         Define wall velocity components?                    no                                             
         X-Component of Wall Translation                      0                                             
         Y-Component of Wall Translation                      0
         Z-Component of Wall Translation                      0
         External Emissivity                                  1
         External Radiation Temperature                       300
         Activate Reaction Mechanisms                        no                                             
                                                              (0 0 0 0 0)                                   
                                                              (((constant . 0) (profile
)) ((constant . 0) (profile  )) ((constant . 0) (profile  )) ((constant . 0) (profile  )) 
((constant . 0) (profile  )))
         Rotation Speed                                       0
         X-Position of Rotation-Axis Origin                   0
         Y-Position of Rotation-Axis Origin                   0
         Z-Position of Rotation-Axis Origin                   0
         X-Component of Rotation-Axis Direction               0                                             
         Y-Component of Rotation-Axis Direction               0
         Z-Component of Rotation-Axis Direction               1
         X-component of shear stress                          0
         Y-component of shear stress                          0
         Z-component of shear stress                          0                                             
         Surface tension gradient                             0
         Reaction Mechanisms                                  0
         Specularity Coefficient                              0

      default-interior:064 
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         ----------------- 
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      default-interior:080 

         Condition   Value
         ----------------- 

Solver Controls 
---------------

   Equations 

      Equation   Solved



      ----------------- 
      Flow       yes
      n2         yes
      co2        yes
      co         yes
      o2         yes
      h2o        yes
      Energy     yes

   Numerics 

      Numeric                         Enabled
      --------------------------------------- 
      Absolute Velocity Formulation   yes

   Unsteady Calculation Parameters 

      ---------------------------------- 
      Time Step (s)                   1
      Max. Iterations Per Time Step   55

   Relaxation 

      Variable      Relaxation Factor
      ------------------------------- 
      Pressure      0.30000001
      Density       1
      Body Forces   1
      Momentum      0.050000001
      n2            0.1
      co2           1
      co            1
      o2            1
      h2o           1
      Energy        0.001

   Linear Solver 

                   Solver     Termination   Residual Reduction
      Variable     Type       Criterion     Tolerance
      -------------------------------------------------------- 
      Pressure     V-Cycle    0.1
      X-Momentum   Flexible   0.1           0.7
      Y-Momentum   Flexible   0.1           0.7
      Z-Momentum   Flexible   0.1           0.7
      n2           Flexible   0.1           0.7
      co2          Flexible   0.1           0.7
      co           Flexible   0.1           0.7
      o2           Flexible   0.1           0.7
      h2o          Flexible   0.1           0.7
      Energy       Flexible   0.1           0.7

   Discretization Scheme 

      Variable   Scheme
      ----------------------------- 
      Pressure   Second Order
      Density    First Order Upwind
      Momentum   First Order Upwind
      n2         First Order Upwind
      co2        First Order Upwind
      co         First Order Upwind
      o2         First Order Upwind
      h2o        First Order Upwind
      Energy     First Order Upwind

   Solution Limits 

      Quantity                    Limit
      --------------------------------- 



      Minimum Absolute Pressure   1
      Maximum Absolute Pressure   5e+10
      Minimum Temperature         1
      Maximum Temperature         5000

Material Properties 
-------------------

   Material: (carbon-solid . mixture-template) (fluid) 

      Property                    Units       Method     Value(s)
      ------------------------------------------------------------ 
      Cp (Specific Heat)          j/kg-k      constant   1220
      Molecular Weight            kg/kgmol    constant   12.01115
      Standard State Enthalpy     j/kgmol     constant   -101.268
      Standard State Entropy      j/kgmol-k   constant   5731.7471
      Reference Temperature       k           constant   298
      L-J Characteristic Length   angstrom    constant   2
      L-J Energy Parameter        k           constant   10
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (water-vapor . mixture-template) (fluid) 

      Property                    Units       Method     Value(s)
      ---------------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   2014
      Molecular Weight            kg/kgmol    constant   18.01534
      Standard State Enthalpy     j/kgmol     constant   -2.418379e+08
      Standard State Entropy      j/kgmol-k   constant   188696.44
      Reference Temperature       k           constant   298.15
      L-J Characteristic Length   angstrom    constant   2.605
      L-J Energy Parameter        k           constant   572.4
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (oxygen . mixture-template) (fluid) 

      Property                    Units       Method     Value(s)
      ------------------------------------------------------------ 
      Cp (Specific Heat)          j/kg-k      constant   919.31
      Molecular Weight            kg/kgmol    constant   31.9988
      Standard State Enthalpy     j/kgmol     constant   0
      Standard State Entropy      j/kgmol-k   constant   205026.86
      Reference Temperature       k           constant   298.15
      L-J Characteristic Length   angstrom    constant   3.458
      L-J Energy Parameter        k           constant   107.4
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (carbon-monoxide . mixture-template) (fluid) 

      Property                    Units       Method     Value(s)
      ----------------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   1043
      Molecular Weight            kg/kgmol    constant   28.01055
      Standard State Enthalpy     j/kgmol     constant   -1.1053956e+08
      Standard State Entropy      j/kgmol-k   constant   197531.64
      Reference Temperature       k           constant   298.14999
      L-J Characteristic Length   angstrom    constant   3.5899999
      L-J Energy Parameter        k           constant   88
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (carbon-dioxide . mixture-template) (fluid) 

      Property                    Units       Method     Value(s)
      ----------------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   840.37
      Molecular Weight            kg/kgmol    constant   44.00995
      Standard State Enthalpy     j/kgmol     constant   -3.9353235e+08



      Standard State Entropy      j/kgmol-k   constant   213720.2
      Reference Temperature       k           constant   298.15
      L-J Characteristic Length   angstrom    constant   3.941
      L-J Energy Parameter        k           constant   195.2
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: carbon-solid (fluid) 

      Property                        Units       Method     Value(s)
      --------------------------------------------------------------- 
      Density                         kg/m3       constant   2000
      Cp (Specific Heat)              j/kg-k      constant   1220
      Thermal Conductivity            w/m-k       constant   0.0454
      Viscosity                       kg/m-s      constant   1.72e-05
      Molecular Weight                kg/kgmol    constant   12.01115
      Standard State Enthalpy         j/kgmol     constant   -101.268
      Standard State Entropy          j/kgmol-k   constant   5731.747
      Reference Temperature           k           constant   298
      L-J Characteristic Length       angstrom    constant   0
      L-J Energy Parameter            k           constant   0
      Thermal Expansion Coefficient   1/k         constant   0
      Degrees of Freedom                          constant   0
      Speed of Sound                  m/s         none       #f

   Material: carbon-monoxide (fluid) 

      Property                        Units       Method     Value(s)
      --------------------------------------------------------------------- 
      Density                         kg/m3       constant   1.1233
      Cp (Specific Heat)              j/kg-k      constant   1043
      Thermal Conductivity            w/m-k       constant   0.025
      Viscosity                       kg/m-s      constant   1.75e-05
      Molecular Weight                kg/kgmol    constant   28.01055
      Standard State Enthalpy         j/kgmol     constant   -1.1053956e+08
      Standard State Entropy          j/kgmol-k   constant   197531.64
      Reference Temperature           k           constant   298.15
      L-J Characteristic Length       angstrom    constant   0
      L-J Energy Parameter            k           constant   0
      Thermal Expansion Coefficient   1/k         constant   0
      Degrees of Freedom                          constant   0
      Speed of Sound                  m/s         none       #f

   Material: carbon-dioxide (fluid) 

      Property                        Units       Method     Value(s)
      --------------------------------------------------------------------- 
      Density                         kg/m3       constant   1.7878
      Cp (Specific Heat)              j/kg-k      constant   840.37
      Thermal Conductivity            w/m-k       constant   0.0145
      Viscosity                       kg/m-s      constant   1.37e-05
      Molecular Weight                kg/kgmol    constant   44.00995
      Standard State Enthalpy         j/kgmol     constant   -3.9353235e+08
      Standard State Entropy          j/kgmol-k   constant   213720.2
      Reference Temperature           k           constant   298.15
      L-J Characteristic Length       angstrom    constant   3.941
      L-J Energy Parameter            k           constant   195.2
      Thermal Expansion Coefficient   1/k         constant   0
      Degrees of Freedom                          constant   0
      Speed of Sound                  m/s         none       #f

   Material: (oxygen . mixture-template-new) (fluid) 

      Property                        Units       Method     Value(s)
      ---------------------------------------------------------------- 
      Density                         kg/m3       constant   1.2999
      Cp (Specific Heat)              j/kg-k      constant   919.31
      Thermal Conductivity            w/m-k       constant   0.0246
      Viscosity                       kg/m-s      constant   1.919e-05
      Molecular Weight                kg/kgmol    constant   31.9988
      Standard State Enthalpy         j/kgmol     constant   0



      Standard State Entropy          j/kgmol-k   constant   205026.86
      Reference Temperature           k           constant   298.15
      L-J Characteristic Length       angstrom    constant   3.458
      L-J Energy Parameter            k           constant   107.4
      Thermal Expansion Coefficient   1/k         constant   0
      Degrees of Freedom                          constant   0
      Speed of Sound                  m/s         none       #f

   Material: (water-vapor . mixture-template-new) (fluid) 

      Property                        Units       Method     Value(s)
      -------------------------------------------------------------------- 
      Density                         kg/m3       constant   0.5542
      Cp (Specific Heat)              j/kg-k      constant   2014
      Thermal Conductivity            w/m-k       constant   0.0261
      Viscosity                       kg/m-s      constant   1.34e-05
      Molecular Weight                kg/kgmol    constant   18.01534
      Standard State Enthalpy         j/kgmol     constant   -2.418379e+08
      Standard State Entropy          j/kgmol-k   constant   188696.44
      Reference Temperature           k           constant   298.15
      L-J Characteristic Length       angstrom    constant   2.605
      L-J Energy Parameter            k           constant   572.4
      Thermal Expansion Coefficient   1/k         constant   0
      Degrees of Freedom                          constant   0
      Speed of Sound                  m/s         none       #f

   Material: (helium . mixture-template) (fluid) 

      Property                    Units       Method     Value(s)
      ------------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   5193
      Molecular Weight            kg/kgmol    constant   4.0026002
      Standard State Enthalpy     j/kgmol     constant   -3117.7102
      Standard State Entropy      j/kgmol-k   constant   126029.45
      Reference Temperature       k           constant   298.15
      L-J Characteristic Length   angstrom    constant   2.54
      L-J Energy Parameter        k           constant   10.2
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: helium (fluid) 

      Property                        Units       Method     Value(s)
      ----------------------------------------------------------------- 
      Density                         kg/m3       constant   0.1625
      Cp (Specific Heat)              j/kg-k      constant   5193
      Thermal Conductivity            w/m-k       constant   0.152
      Viscosity                       kg/m-s      constant   1.99e-05
      Molecular Weight                kg/kgmol    constant   4.0026
      Standard State Enthalpy         j/kgmol     constant   -3117.7102
      Standard State Entropy          j/kgmol-k   constant   126029.45
      Reference Temperature           k           constant   298.15
      L-J Characteristic Length       angstrom    constant   0
      L-J Energy Parameter            k           constant   0
      Thermal Expansion Coefficient   1/k         constant   0
      Degrees of Freedom                          constant   0
      Speed of Sound                  m/s         none       #f

   Material: mixture-template (mixture) 

      Property                        Units    Method           Value(s)
      -----------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------



-----------------------------------------------------------------------------------------
-----------------------------------------------------------
      Mixture Species                          names            ((n2 co2 co o2 h2o he) 
(c<s>) ())
      Reaction                                 finite-rate      ((reaction-1 ((c<s> 1 0 
1) (o2 0.69999999 1 1)) ((co2 0.40000001 0 1) (co 0.60000002 0 1)) ((n2 0 1) (h2o 0 1) 
(he 0 1)) (stoichiometry 1c<s> + 0.69999999o2 --> 0.40000001co2 + 0.60000002co) 
(arrhenius 9.9999998e+10 2.09e+08 0) (mixing-rate 4 0.5) (use-third-body-efficiencies? . 
#f) (surface-reaction? . #t)) (reaction-2 ((o2 0.5 0.25 1) (co 1 1 1)) ((co2 1 0 1) (h2o 
0 0.5 1)) ((n2 0 1) (he 0 1)) (stoichiometry 0.5o2 + 1co --> 1co2 + 0h2o) (arrhenius 
2.24e+12 1.7e+08 0) (mixing-rate 4 0.5) (use-third-body-efficiencies? . #f)) (reaction-3 
((co2 1 1 1)) ((co 1 0 1) (o2 0.5 0 1)) ((n2 0 1) (h2o 0 1) (he 0 1)) (stoichiometry 1co2 
--> 1co + 0.5o2) (arrhenius 45000000 1.7e+08 0) (mixing-rate 4 0.5) (use-third-body-
efficiencies? . #f)) (reaction-4 ((c<s> 1 0 1) (co2 1 1 1)) ((co 2 0 1)) ((n2 0 1) (o2 0 
1) (h2o 0 1) (he 0 1)) (stoichiometry 1c<s> + 1co2 --> 2co) (arrhenius 200 2.6e+08 0) 
(mixing-rate 4 0.5) (use-third-body-efficiencies? . #f) (surface-reaction? . #t)))
      Mechanism                                reaction-mechs   ((mechanism-1 (reaction-
type . all) (reaction-list reaction-4 reaction-3 reaction-2 reaction-1) (site-info)))
      Density                         kg/m3    ideal-gas        #f
      Cp (Specific Heat)              j/kg-k   mixing-law       #f
      Thermal Conductivity            w/m-k    constant         0.045400001
      Viscosity                       kg/m-s   constant         1.72e-05
      Mass Diffusivity                m2/s     kinetic-theory   #f
      Thermal Expansion Coefficient   1/k      constant         0



Appendix 3: Model for UDF chemistry 

sensitivity study 

Material Properties 
-------------------

   Material: udf (mixture) 

      Property                        Units    Method                     Value(s)
           Mixture Species                          names                      ((h2o o2 
co co2 n2) (c<s>) ())
      Reaction                                 finite-rate                ((r650 ((o2 
0.76999998 1 1) (c<s> 1 0 1)) ((co 0.46000001 0 1) (co2 0.54000002 0 1)) ((h2o 0 1) (n2 0 
1)) (stoichiometry 0.76999998o2 + 1c<s> --> 0.46000001co + 0.54000002co2) (arrhenius 
2.9999999e+11 2.09e+08 0) (mixing-rate 4 0.5) (use-third-body-efficiencies? . #f) 
(surface-reaction? . #t)) (reaction-2 ((o2 0.5 0.25 1) (co 1 1 1)) ((co2 1 0 1) (h2o 0 
0.5 1)) ((n2 0 1)) (stoichiometry 0.5o2 + 1co --> 1co2 + 0h2o) (arrhenius 2.24e+12 
1.674e+08 0) (mixing-rate 4 0.5) (use-third-body-efficiencies? . #f)) (reaction-3 ((co2 1 
1 1)) ((co 1 0 1) (o2 0.5 0 1)) ((h2o 0 1) (n2 0 1)) (stoichiometry 1co2 --> 1co + 0.5o2) 
(arrhenius 45000000 1.674e+08 0) (mixing-rate 4 0.5) (use-third-body-efficiencies? . #f)) 
(r675 ((o2 0.74000001 1 1) (c<s> 1 0 1)) ((co 0.51999998 0 1) (co2 0.47999999 0 1)) ((h2o 
0 1) (n2 0 1)) (stoichiometry 0.74000001o2 + 1c<s> --> 0.51999998co + 0.47999999co2) 
(arrhenius 2.9999999e+11 2.09e+08 0) (mixing-rate 4 0.5) (use-third-body-efficiencies? . 
#f) (surface-reaction? . #t)) (r700 ((o2 0.71249998 1 1) (c<s> 1 0 1)) ((co 0.57499999 0 
1) (co2 0.42500001 0 1)) ((h2o 0 1) (n2 0 1)) (stoichiometry 0.71249998o2 + 1c<s> --> 
0.57499999co + 0.42500001co2) (arrhenius 2.9999999e+11 2.09e+08 0) (mixing-rate 4 0.5) 
(use-third-body-efficiencies? . #f) (surface-reaction? . #t)) (r725 ((o2 0.685 1 1) (c<s> 
1 0 1)) ((co 0.63 0 1) (co2 0.37 0 1)) ((h2o 0 1) (n2 0 1)) (stoichiometry 0.685o2 + 
1c<s> --> 0.63co + 0.37co2) (arrhenius 2.9999999e+11 2.09e+08 0) (mixing-rate 4 0.5) 
(use-third-body-efficiencies? . #f) (surface-reaction? . #t)) (r750 ((o2 0.66000003 1 1) 
(c<s> 1 0 1)) ((co2 0.32499999 0 1) (co 0.67000002 0 1)) ((h2o 0 1) (n2 0 1)) 
(stoichiometry 0.66000003o2 + 1c<s> --> 0.32499999co2 + 0.67000002co) (arrhenius 
2.9999999e+11 2.09e+08 0) (mixing-rate 4 0.5) (use-third-body-efficiencies? . #f) 
(surface-reaction? . #t)) (r775 ((o2 0.64249998 1 1) (c<s> 1 0 1)) ((co 0.71499997 0 1) 
(co2 0.285 0 1)) ((h2o 0 1) (n2 0 1)) (stoichiometry 0.64249998o2 + 1c<s> --> 
0.71499997co + 0.285co2) (arrhenius 2.9999999e+11 2.09e+08 0) (mixing-rate 4 0.5) (use-
third-body-efficiencies? . #f) (surface-reaction? . #t)) (r800 ((o2 0.625 1 1) (c<s> 1 0 
1)) ((co 0.75 0 1) (co2 0.25 0 1)) ((h2o 0 1) (n2 0 1)) (stoichiometry 0.625o2 + 1c<s> --
> 0.75co + 0.25co2) (arrhenius 2.9999999e+11 1e+08 0) (mixing-rate 4 0.5) (use-third-
body-efficiencies? . #f) (surface-reaction? . #t)) (r825 ((o2 0.60500002 0 1) (c<s> 1 0 
1)) ((co2 0.215 0 1) (co 0.77999997 0 1)) ((h2o 0 1) (n2 0 1)) (stoichiometry 
0.60500002o2 + 1c<s> --> 0.215co2 + 0.77999997co) (arrhenius 2.9999999e+11 2.09e+08 0) 
(mixing-rate 4 0.5) (use-third-body-efficiencies? . #f) (surface-reaction? . #t)) (r850 
((o2 0.59500003 1 1) (c<s> 1 0 1)) ((co 0.81 0 1) (co2 0.19 0 1)) ((h2o 0 1) (n2 0 1)) 
(stoichiometry 0.59500003o2 + 1c<s> --> 0.81co + 0.19co2) (arrhenius 2.9999999e+11 
2.09e+08 0) (mixing-rate 4 0.5) (use-third-body-efficiencies? . #f) (surface-reaction? . 
#t)) (r875 ((o2 0.58249998 1 1) (c<s> 1 0 1)) ((co 0.83499998 0 1) (co2 0.16500001 0 1)) 
((h2o 0 1) (n2 0 1)) (stoichiometry 0.58249998o2 + 1c<s> --> 0.83499998co + 
0.16500001co2) (arrhenius 2.9999999e+11 2.09e+08 0) (mixing-rate 4 0.5) (use-third-body-
efficiencies? . #f) (surface-reaction? . #t)) (r900 ((o2 0.57249999 1 1) (c<s> 1 0 1)) 
((co 0.85500002 0 1) (co2 0.145 0 1)) ((h2o 0 1) (n2 0 1)) (stoichiometry 0.57249999o2 + 
1c<s> --> 0.85500002co + 0.145co2) (arrhenius 2.9999999e+11 2.09e+08 0) (mixing-rate 4 
0.5) (use-third-body-efficiencies? . #f) (surface-reaction? . #t)))
      Mechanism                                reaction-mechs             ((mechanism-1 
(reaction-type . all) (reaction-list r850 r825 r800 r775 r750 r725 r700 r675 r650 
reaction-2 reaction-3 r875 r900) (site-info)))
      Density                         kg/m3    ideal-gas                  #f
      Cp (Specific Heat)              j/kg-k   mixing-law                 #f
      Thermal Conductivity            w/m-k    ideal-gas-mixing-law       #f
      Viscosity                       kg/m-s   mass-weighted-mixing-law   #f
      Mass Diffusivity                m2/s     constant-dilute-appx       (2.88e-05)
      Thermal Expansion Coefficient   1/k      constant                   0

   Material: (carbon-solid . udf) (fluid) 

      Property                    Units       Method     Value(s)



      ----------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   1220
      Thermal Conductivity        w/m-k       constant   0.0454
      Viscosity                   kg/m-s      constant   1.72e-05
      Molecular Weight            kg/kgmol    constant   12.01115
      Standard State Enthalpy     j/kgmol     constant   -101.268
      Standard State Entropy      j/kgmol-k   constant   5731.747
      Reference Temperature       k           constant   298
      L-J Characteristic Length   angstrom    constant   0
      L-J Energy Parameter        k           constant   0
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (nitrogen . udf) (fluid) 

      Property                    Units       Method     Value(s)
      ------------------------------------------------------------ 
      Cp (Specific Heat)          j/kg-k      constant   1040.67
      Thermal Conductivity        w/m-k       constant   0.0242
      Viscosity                   kg/m-s      constant   1.663e-05
      Molecular Weight            kg/kgmol    constant   28.0134
      Standard State Enthalpy     j/kgmol     constant   0
      Standard State Entropy      j/kgmol-k   constant   191494.78
      Reference Temperature       k           constant   298.15
      L-J Characteristic Length   angstrom    constant   3.621
      L-J Energy Parameter        k           constant   97.53
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (carbon-dioxide . udf) (fluid) 

      Property                    Units       Method     Value(s)
      ----------------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   840.37
      Thermal Conductivity        w/m-k       constant   0.0145
      Viscosity                   kg/m-s      constant   1.37e-05
      Molecular Weight            kg/kgmol    constant   44.00995
      Standard State Enthalpy     j/kgmol     constant   -3.9353235e+08
      Standard State Entropy      j/kgmol-k   constant   213720.2
      Reference Temperature       k           constant   298.15
      L-J Characteristic Length   angstrom    constant   3.941
      L-J Energy Parameter        k           constant   195.2
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (carbon-monoxide . udf) (fluid) 

      Property                    Units       Method     Value(s)
      ----------------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   1043
      Thermal Conductivity        w/m-k       constant   0.025
      Viscosity                   kg/m-s      constant   1.75e-05
      Molecular Weight            kg/kgmol    constant   28.01055
      Standard State Enthalpy     j/kgmol     constant   -1.1053956e+08
      Standard State Entropy      j/kgmol-k   constant   197531.64
      Reference Temperature       k           constant   298.14999
      L-J Characteristic Length   angstrom    constant   2
      L-J Energy Parameter        k           constant   10
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (oxygen . udf) (fluid) 

      Property                    Units       Method     Value(s)
      ------------------------------------------------------------ 
      Cp (Specific Heat)          j/kg-k      constant   919.31
      Thermal Conductivity        w/m-k       constant   0.0246
      Viscosity                   kg/m-s      constant   1.919e-05
      Molecular Weight            kg/kgmol    constant   31.9988
      Standard State Enthalpy     j/kgmol     constant   0
      Standard State Entropy      j/kgmol-k   constant   205026.86



      Reference Temperature       k           constant   298.15
      L-J Characteristic Length   angstrom    constant   3.458
      L-J Energy Parameter        k           constant   107.4
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (water-vapor . udf) (fluid) 

      Property                    Units       Method     Value(s)
      ---------------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   2014
      Thermal Conductivity        w/m-k       constant   0.0261
      Viscosity                   kg/m-s      constant   1.34e-05
      Molecular Weight            kg/kgmol    constant   18.01534
      Standard State Enthalpy     j/kgmol     constant   -2.418379e+08
      Standard State Entropy      j/kgmol-k   constant   188696.44
      Reference Temperature       k           constant   298.15
      L-J Characteristic Length   angstrom    constant   2.605
      L-J Energy Parameter        k           constant   572.4
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (carbon-solid . mixture-template) (fluid) 

      Property                    Units       Method     Value(s)
      ------------------------------------------------------------ 
      Cp (Specific Heat)          j/kg-k      constant   1220
      Molecular Weight            kg/kgmol    constant   12.01115
      Standard State Enthalpy     j/kgmol     constant   -101.268
      Standard State Entropy      j/kgmol-k   constant   5731.7471
      Reference Temperature       k           constant   298
      L-J Characteristic Length   angstrom    constant   2
      L-J Energy Parameter        k           constant   10
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (carbon-dioxide . mixture-template) (fluid) 

      Property                    Units       Method     Value(s)
      ----------------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   840.37
      Molecular Weight            kg/kgmol    constant   44.00995
      Standard State Enthalpy     j/kgmol     constant   -3.9353235e+08
      Standard State Entropy      j/kgmol-k   constant   213720.2
      Reference Temperature       k           constant   298.15
      L-J Characteristic Length   angstrom    constant   3.941
      L-J Energy Parameter        k           constant   195.2
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: (carbon-monoxide . mixture-template) (fluid) 

      Property                    Units       Method     Value(s)
      ----------------------------------------------------------------- 
      Cp (Specific Heat)          j/kg-k      constant   1043
      Molecular Weight            kg/kgmol    constant   28.01055
      Standard State Enthalpy     j/kgmol     constant   -1.1053956e+08
      Standard State Entropy      j/kgmol-k   constant   197531.64
      Reference Temperature       k           constant   298.14999
      L-J Characteristic Length   angstrom    constant   3.5899999
      L-J Energy Parameter        k           constant   88
      Degrees of Freedom                      constant   0
      Speed of Sound              m/s         none       #f

   Material: carbon-solid (fluid) 

      Property                        Units       Method     Value(s)
      --------------------------------------------------------------- 
      Density                         kg/m3       constant   2000
      Cp (Specific Heat)              j/kg-k      constant   1220
      Thermal Conductivity            w/m-k       constant   0.0454



      Viscosity                       kg/m-s      constant   1.72e-05
      Molecular Weight                kg/kgmol    constant   12.01115
      Standard State Enthalpy         j/kgmol     constant   -101.268
      Standard State Entropy          j/kgmol-k   constant   5731.747
      Reference Temperature           k           constant   298
      L-J Characteristic Length       angstrom    constant   0
      L-J Energy Parameter            k           constant   0
      Thermal Expansion Coefficient   1/k         constant   0
      Degrees of Freedom                          constant   0
      Speed of Sound                  m/s         none       #f

   Material: carbon-monoxide (fluid) 

      Property                        Units       Method     Value(s)
      --------------------------------------------------------------------- 
      Density                         kg/m3       constant   1.1233
      Cp (Specific Heat)              j/kg-k      constant   1043
      Thermal Conductivity            w/m-k       constant   0.025
      Viscosity                       kg/m-s      constant   1.75e-05
      Molecular Weight                kg/kgmol    constant   28.01055
      Standard State Enthalpy         j/kgmol     constant   -1.1053956e+08
      Standard State Entropy          j/kgmol-k   constant   197531.64
      Reference Temperature           k           constant   298.15
      L-J Characteristic Length       angstrom    constant   0
      L-J Energy Parameter            k           constant   0
      Thermal Expansion Coefficient   1/k         constant   0
      Degrees of Freedom                          constant   0
      Speed of Sound                  m/s         none       #f

   Material: carbon-dioxide (fluid) 

      Property                        Units       Method     Value(s)
      --------------------------------------------------------------------- 
      Density                         kg/m3       constant   1.7878
      Cp (Specific Heat)              j/kg-k      constant   840.37
      Thermal Conductivity            w/m-k       constant   0.0145
      Viscosity                       kg/m-s      constant   1.37e-05
      Molecular Weight                kg/kgmol    constant   44.00995
      Standard State Enthalpy         j/kgmol     constant   -3.9353235e+08
      Standard State Entropy          j/kgmol-k   constant   213720.2
      Reference Temperature           k           constant   298.15
      L-J Characteristic Length       angstrom    constant   3.941
      L-J Energy Parameter            k           constant   195.2
      Thermal Expansion Coefficient   1/k         constant   0
      Degrees of Freedom                          constant   0
      Speed of Sound                  m/s         none       #f



Appendix 4: UDF for chemistry sensitivity 

study
/*********************************************************************
   Multiple reaction UDF that specifies different reaction rates 
   for different volumetric or surface chemical reactions
**********************************************************************/
#include "udf.h" 
#define W_O2  32. 
#define W_C  12. 
#define W_CO2  44. 
#define W_CO  28. 
#define W_H2O   18. 
#define W_N2    28. 
#define CONST_R  8.3144 

/* ARRHENIUS CONSTANTS */ 
#define PRE_EXP 3.6e+12 
#define ACTIVE 2.09e+08 
#define BETA 0.0 
double nO2, nH2O, nCO, nCO2, nN2; 
double Mtot; 
double rho; 
real concenO2; 

/* assume that : 
  * 0 = H20 
  * 1 = O2 
  * 2 = C0 
  * 3 = CO2 
  * 4 = N2 
  * 5 = C solid 
  */ 
/* Reaction Exponents */ 
#define O2_EXP  1.0 

DEFINE_SR_RATE( name,f,t,r,mw,yi,rr)

{
/*If more than one reaction is defined, it is necessary to distinguish 

   between these using the names of the reactions.                    */ 
if (!strcmp(r->name, "r650")) 

    { 
if ( F_T(f,t) < 948 ) 

  { 
/* Calculate Arrhenius reaction rate  */ 

     
/*molar fractions of each specie*/ 

  nO2 = ( yi[1] / W_O2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nH2O = ( yi[0] / W_H2O ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO = ( yi[2] / W_CO ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO2 = ( yi[3] / W_CO2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nN2 = ( yi[4] / W_N2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 

/* Mtot is the molar weight of the mixture*/ 
  Mtot = (nO2 * W_O2) + (nCO * W_CO) + (nN2 * W_N2) + (nH2O * W_H2O) + (nCO2 
* W_CO2); 

/* rho is the density*/ 
  rho = 288.16/F_T(f,t)*pow(10,(-1/18000))*1.2255; 



  concenO2 = rho*yi[1]/mw[1]; 

        *rr = PRE_EXP*exp((-1*ACTIVE)/(8314.*F_T(f,t)))*pow(concenO2,O2_EXP); 
  } 

else
   {    
  *rr = 0 ; 
   } 
    } 

else if (!strcmp(r->name, "r675")) 
    { 

if (F_T(f,t) >= 50) 
  {   
/* Calculate Arrhenius reaction rate  */ 
     

/*molar fractions of each specie*/ 
  nO2 = ( yi[1] / W_O2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nH2O = ( yi[0] / W_H2O ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO = ( yi[2] / W_CO ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO2 = ( yi[3] / W_CO2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nN2 = ( yi[4] / W_N2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 

/* Mtot is the molar weight of the mixture*/ 
  Mtot = (nO2 * W_O2) + (nCO * W_CO) + (nN2 * W_N2) + (nH2O * W_H2O) + (nCO2 
* W_CO2); 

/* rho is the density*/ 
  rho = 288.16/F_T(f,t)*pow(10,(-1/18000))*1.2255; 

  concenO2 = rho*yi[1]/mw[1]; 

        *rr = PRE_EXP*exp((-1*ACTIVE)/(8314.*F_T(f,t)))*pow(concenO2,O2_EXP); 
  } 

else
   {  
    *rr = 0; 
   } 
 } 

else if (!strcmp(r->name, "r700")) 
    { 

if (F_T(f,t) >= 973 && F_T(f,t) < 998) 
  {   
/* Calculate Arrhenius reaction rate  */ 
     

/*molar fractions of each specie*/ 
  nO2 = ( yi[1] / W_O2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nH2O = ( yi[0] / W_H2O ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO = ( yi[2] / W_CO ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO2 = ( yi[3] / W_CO2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nN2 = ( yi[4] / W_N2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 

/* Mtot is the molar weight of the mixture*/ 
  Mtot = (nO2 * W_O2) + (nCO * W_CO) + (nN2 * W_N2) + (nH2O * W_H2O) + (nCO2 
* W_CO2); 

/* rho is the density*/ 
  rho = 288.16/F_T(f,t)*pow(10,(-1/18000))*1.2255; 

  concenO2 = rho*yi[1]/mw[1]; 



        *rr = PRE_EXP*exp((-1*ACTIVE)/(8314.*F_T(f,t)))*pow(concenO2,O2_EXP); 
  } 

else
   {  
    *rr = 0; 
   } 
 } 

else if (!strcmp(r->name, "r725")) 
    { 

if (F_T(f,t) >= 998 && F_T(f,t) < 1023) 
  {   
/* Calculate Arrhenius reaction rate  */ 
     

/*molar fractions of each specie*/ 
  nO2 = ( yi[1] / W_O2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nH2O = ( yi[0] / W_H2O ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO = ( yi[2] / W_CO ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO2 = ( yi[3] / W_CO2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nN2 = ( yi[4] / W_N2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 

/* Mtot is the molar weight of the mixture*/ 
  Mtot = (nO2 * W_O2) + (nCO * W_CO) + (nN2 * W_N2) + (nH2O * W_H2O) + (nCO2 
* W_CO2); 

/* rho is the density*/ 
  rho = 288.16/F_T(f,t)*pow(10,(-1/18000))*1.2255; 

  concenO2 = rho*yi[1]/mw[1]; 

        *rr = PRE_EXP*exp((-1*ACTIVE)/(8314.*F_T(f,t)))*pow(concenO2,O2_EXP); 
  } 

else
   {  
    *rr = 0; 
   } 
 } 

else if (!strcmp(r->name, "r750")) 
    { 

if (F_T(f,t) >= 1023 && F_T(f,t) < 1048) 
  {   
/* Calculate Arrhenius reaction rate  */ 
     

/*molar fractions of each specie*/ 
  nO2 = ( yi[1] / W_O2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nH2O = ( yi[0] / W_H2O ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO = ( yi[2] / W_CO ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO2 = ( yi[3] / W_CO2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nN2 = ( yi[4] / W_N2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 

/* Mtot is the molar weight of the mixture*/ 
  Mtot = (nO2 * W_O2) + (nCO * W_CO) + (nN2 * W_N2) + (nH2O * W_H2O) + (nCO2 
* W_CO2); 

/* rho is the density*/ 
  rho = 288.16/F_T(f,t)*pow(10,(-1/18000))*1.2255; 

  concenO2 = rho*yi[1]/mw[1]; 

        *rr = PRE_EXP*exp((-1*ACTIVE)/(8314.*F_T(f,t)))*pow(concenO2,O2_EXP); 
  } 



else
   {  
    *rr = 0; 
   } 
 } 

else if (!strcmp(r->name, "r775")) 
    { 

if (F_T(f,t) >= 1048 && F_T(f,t) < 1073) 
  {   
/* Calculate Arrhenius reaction rate  */ 
     

/*molar fractions of each specie*/ 
  nO2 = ( yi[1] / W_O2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nH2O = ( yi[0] / W_H2O ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO = ( yi[2] / W_CO ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO2 = ( yi[3] / W_CO2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nN2 = ( yi[4] / W_N2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 

/* Mtot is the molar weight of the mixture*/ 
  Mtot = (nO2 * W_O2) + (nCO * W_CO) + (nN2 * W_N2) + (nH2O * W_H2O) + (nCO2 
* W_CO2); 

/* rho is the density*/ 
  rho = 288.16/F_T(f,t)*pow(10,(-1/18000))*1.2255; 

  concenO2 = rho*yi[1]/mw[1]; 

        *rr = PRE_EXP*exp((-1*ACTIVE)/(8314.*F_T(f,t)))*pow(concenO2,O2_EXP); 
  } 

else
   {  
    *rr = 0; 
   } 
 } 

else if (!strcmp(r->name, "r800")) 
    { 

if (F_T(f,t) >= 1073 && F_T(f,t) < 1098) 
  {   
/* Calculate Arrhenius reaction rate  */ 
     

/*molar fractions of each specie*/ 
  nO2 = ( yi[1] / W_O2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nH2O = ( yi[0] / W_H2O ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO = ( yi[2] / W_CO ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO2 = ( yi[3] / W_CO2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nN2 = ( yi[4] / W_N2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 

/* Mtot is the molar weight of the mixture*/ 
  Mtot = (nO2 * W_O2) + (nCO * W_CO) + (nN2 * W_N2) + (nH2O * W_H2O) + (nCO2 
* W_CO2); 

/* rho is the density*/ 
  rho = 288.16/F_T(f,t)*pow(10,(-1/18000))*1.2255; 

  concenO2 = rho*yi[1]/mw[1]; 

        *rr = PRE_EXP*exp((-1*ACTIVE)/(8314.*F_T(f,t)))*pow(concenO2,O2_EXP); 
  } 

else



   {  
    *rr = 0; 
   } 
 } 

else if (!strcmp(r->name, "r825")) 
    { 

if (F_T(f,t) >= 1098 && F_T(f,t) < 1123) 
  {   
/* Calculate Arrhenius reaction rate  */ 
     

/*molar fractions of each specie*/ 
  nO2 = ( yi[1] / W_O2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nH2O = ( yi[0] / W_H2O ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO = ( yi[2] / W_CO ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO2 = ( yi[3] / W_CO2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nN2 = ( yi[4] / W_N2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 

/* Mtot is the molar weight of the mixture*/ 
  Mtot = (nO2 * W_O2) + (nCO * W_CO) + (nN2 * W_N2) + (nH2O * W_H2O) + (nCO2 
* W_CO2); 

/* rho is the density*/ 
  rho = 288.16/F_T(f,t)*pow(10,(-1/18000))*1.2255; 

  concenO2 = rho*yi[1]/mw[1]; 

        *rr = PRE_EXP*exp((-1*ACTIVE)/(8314.*F_T(f,t)))*pow(concenO2,O2_EXP); 
  } 

else
   {  
    *rr = 0; 
   } 
 } 

else if (!strcmp(r->name, "r850")) 
    { 

if (F_T(f,t) >= 1123 && F_T(f,t) < 1148) 
  {   
/* Calculate Arrhenius reaction rate  */ 
     

/*molar fractions of each specie*/ 
  nO2 = ( yi[1] / W_O2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nH2O = ( yi[0] / W_H2O ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO = ( yi[2] / W_CO ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO2 = ( yi[3] / W_CO2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nN2 = ( yi[4] / W_N2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 

/* Mtot is the molar weight of the mixture*/ 
  Mtot = (nO2 * W_O2) + (nCO * W_CO) + (nN2 * W_N2) + (nH2O * W_H2O) + (nCO2 
* W_CO2); 

/* rho is the density*/ 
  rho = 288.16/F_T(f,t)*pow(10,(-1/18000))*1.2255; 

  concenO2 = rho*yi[1]/mw[1]; 

        *rr = PRE_EXP*exp((-1*ACTIVE)/(8314.*F_T(f,t)))*pow(concenO2,O2_EXP); 
  } 

else
   {  



    *rr = 0; 
   } 
 } 

else if (!strcmp(r->name, "r875")) 
    { 

if (F_T(f,t) >= 1148 && F_T(f,t) < 1173) 
  {   
/* Calculate Arrhenius reaction rate  */ 
     

/*molar fractions of each specie*/ 
  nO2 = ( yi[1] / W_O2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nH2O = ( yi[0] / W_H2O ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO = ( yi[2] / W_CO ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO2 = ( yi[3] / W_CO2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nN2 = ( yi[4] / W_N2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 

/* Mtot is the molar weight of the mixture*/ 
  Mtot = (nO2 * W_O2) + (nCO * W_CO) + (nN2 * W_N2) + (nH2O * W_H2O) + (nCO2 
* W_CO2); 

/* rho is the density*/ 
  rho = 288.16/F_T(f,t)*pow(10,(-1/18000))*1.2255; 

  concenO2 = rho*yi[1]/mw[1]; 

        *rr = PRE_EXP*exp((-1*ACTIVE)/(8314.*F_T(f,t)))*pow(concenO2,O2_EXP); 
  } 

else
   {  
    *rr = 0; 
   } 
 } 

else if (!strcmp(r->name, "r900")) 
    { 

if (F_T(f,t) >= 1173) 
  {   
/* Calculate Arrhenius reaction rate  */ 
     

/*molar fractions of each specie*/ 
  nO2 = ( yi[1] / W_O2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nH2O = ( yi[0] / W_H2O ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO = ( yi[2] / W_CO ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nCO2 = ( yi[3] / W_CO2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 
  nN2 = ( yi[4] / W_N2 ) * (1 / ( ( yi[1] / W_O2 ) + ( yi[2] / W_CO ) + 
(yi[3] / W_CO2 ) + ( yi[1] / W_H2O ) + ( yi[4] / W_N2 ) ) ); 

/* Mtot is the molar weight of the mixture*/ 
  Mtot = (nO2 * W_O2) + (nCO * W_CO) + (nN2 * W_N2) + (nH2O * W_H2O) + (nCO2 
* W_CO2); 

/* rho is the density*/ 
  rho = 288.16/F_T(f,t)*pow(10,(-1/18000))*1.2255; 

  concenO2 = rho*yi[1]/mw[1]; 

        *rr = PRE_EXP*exp((-1*ACTIVE)/(8314.*F_T(f,t)))*pow(concenO2,O2_EXP); 
  } 

else
   {  
    *rr = 0; 
   } 



 } 
else

    {
/*        Message("Unknown Reaction\n"); */ 

    }
/*    Message("Actual Reaction: %s\n",r->name); */ 

}


