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;F-! 18@/36^/2613/.! 0285>258-! 1H! "#$%&’! K/0! 06@36H6>/32.L! 028-/9.63-:! 63! 2F-! N,,[a

N,)M!269-H8/9-C!/3:!31K!5<:/2-:!/@/63!H18!()*+, +!;F-!9/63!057815263-!0285>258-!60!/0!
H1..1K0X!

!

!
!

M& )’4J<$<*3&+C%&)’2%&
!
;F-8-!60!/!756.:!0>86<2!2F/2!60!0-32!/.13@!K62F!2F-!"#$%&’!:60286752613!</>J/@-+!&2!60!

8->199-3:-:!21!>19<6.-!2F-!>1:-!5063@!6H182!/3:!9<6H[,+!I18!2F-!.1>/.!>.502-8!63!2F-!;=%!
:6(60613! /2! "%=%!%9-0! ’-0-/8>F!G-32-8C!K-! /8-!5063@!6H182! (-80613!)S+,+N+)U)!_019-!
6005-0!K62F!2F-!>1:-!F/(-!7--3!6:-326H6-:!KF-3!>19<6.-:!K62F!(-80613!)U+,+)+)SM‘! /3:!

program neqair  
 
    call SetUpParallel  
 
    call read LOS  
         
        call readSpeciesNames  
 
        call reorder_species  
 
    call read_neqair_input  
 
        call MPI_BCAST  
 
    call computeRadiation  
        
       call setupGrid  
 
           call compute_spectral_grid  
 
       call calcEmisAbs  
 
           call computeSpeciesRadiation  
 
               call atomic_radiation  
 
               call molecular _radiation  

 
       call computeThin  
 
       call precomputeIntensity  
 
       call computeIrradiance  
 
           call setupIntegration  
 
           call wallHeating  
 
       function integrateSpectralIntensity  
 
       call computeNormalLOS  
 
           call setupIntegration  
 
           call computeLOS  
 
    call MPI_Finalize  
!



!

R<-3 !A?&!(-80613!M+, +,+!;F-!:-H/5.2!756.:!0>86<2!:60286752-:!K62F!2F-!>1:-!0F15.:!7-!/7.-!
21!6302/..!"#$%&’+!;F-!91:5.-!.1/:!>199/3:0!.602-:!63!2F-! 756.:!0>86<2!K6..!3--:!21!7-!
5<:/2-:! 21! H1..1K! 2F-! 319-3>./258-! 1H! L158! >.502-8! 0L02-9+! ;F-! >1:-! F/0! /.01! 7--3!
>19<6.-:!K62F!V"Q!@>>!T+M+,+!()P+,!K/0!53/7.-!21!>19<6.-!K62F!@H1828/3C!01!2F60!<81(6:-0!
63>8-/0-:!H.-\676.62L!H18!()*+,+!R3!2F-!"%=!?.-6/:-0!>.502-8C!6H182!(-80613!N,)U+M+NNN!/3:!
=V&i0!A?&!(-80613!9<2!N+)T8)M!F/(-!7--3!50-:+!&H!62!60!3->-00/8L!21!91:6HL!18!K862-! /!
0-</8/2-!756.:!0>86<2C!62!60!3->-00/8L!21!H18>-!Ua7L2-!8-/.0!_2F60!60!2F-!k8U!H./@!63!6H182‘C!/0!
9/3L!1H!2F-!8/:6/2613!-45/26130!K6..!53:-8H.1K!H18!Pa7L2-!8-/.0!/3:!2F-!A?&!H53>2613/.62L!63!
"#$%&’!/0059-0!U a7L2-!8-/.0+!%.01C!62!F/0!<8-(6150.L!7--3!-02/7.60F-:!2F/2!5063@!kH<-,!
_6+-+! >/<258-! H.1/263@! <1632! -88180‘! >/3! 0.1K! :1K3! 2F-! >1:-! 13! 9/3L! 0L02-90+! ;F60! 60!
<8-059/7.L!:5-!21!-8818!>F->J63@!13!2F-!./8@-!3597-8!1H!-\<13-326/26130!63(1.(-:!63!2F-!
8/:6/26(-!>/.>5./26130+!!"#$%&’!F/0!620!1K3!815263-0!21!>/<258-!18!/(16:!2F-0-!-88180!63!
<./>-0!KF-8-!2F-L!/8-!.6J-.L!21!69</>2!2F-!8-05.2+!!

!
;F-! 756.:! 0>86<2! 620-.H! F/0! 2K1! H./@0! 2F/2! /..1K0! H18! >19<6.63@! 2F-! >1:-! H18! :6HH-8-32!

<58<10-0+!!;F-!>1:-!>/3!7-!>19<6.-:!21!853!0-86/..L!K62F!2F-!H./@!a0C!H18!50-80!KF1!:1!312!
F/(-!18!K/32!21!50-!/!>.502-8!/3:Z18!A?&+!%.01C!2F-!>1:-!>/3!7-!>19<6.-:!63!:-75@!91:-!
K62F!2F-!H./@X!a:+!;F-!:-75@!91:-!60!632-3:-:! H18!:-(-.1<9-32!<58<10-0!/3:!60!50-:!21!
:6/@310-!H/6.58-0!63!2F-!>1:-C!/3:!0F15.:!853!0.1K-8!2F/3!2F-!02/3:/8:!756.:+!!&2!60!13.L!
05@@-02-:!21!853!2F-!>1:-!63!:-75@!91:-!6H!L15!/8-!-\<-86-3>63@!/3!-8818C!18!6H!2F-!>1:-!
/<<-/80! 21! 7-! @-3-8/263@! 53-\<->2-:! 8-05.20+! &H! L15! 3--:! F-.<! H819! 2F-! "#$%&’!
:-(-.1<9-32!2-/9C!62!60!8->199-3:-:!21!28L!853363@!2F-!>1:-!5063@!2F-!:-75@!>19<6.-!
H6802C!01!L15!>/3!.-2!2F-!2-/9!J31K!KF/2!2F-!152<52!60+!

!
N& I,%;&8*+%;("/%&IJ2"+%,&

!
%.2F15@F!2F-!"#$%&’!63<52!H6.-!F/0!7--3!5<:/2-:C!"#$%&’!()*+,!0F15.:!7-!7/>JK/8:!

>19</267.-!K62F!63<52!H6.-0!H819!"#$%&’!()P+,!_/3:!.6J-.L!K62F!1.:-8!(-806130C!05>F!/0!2F-!
N,,[! (-806130! 1H! 2F-! >1:- ‘+! I582F-8918-C! >13(-82-80! 21! 5<:/2-! 2F-! 3-K! H189/2! /8-!
<81(6:-:!H18!712F!3-4/68+63<!/3:!YR=+:/2+!!

!
O& PB<2%&+’&567.89&8*JB+&Q<$%,&

;F60!0->2613!K6..!853!2F815@F!2F-!1<26130!/(/6./7.-C!/3:!2F-!H6.-0!3--:-:!21!853!"#$%&’!
()*+,+!! !

!

O?-& LA%;A<%1&’(&9%RB<;%2&567.89&F"+"&
I18!-/>F! .63-!1H!06@F2!<1632!63!2F-!H.1K!H6-.:C!"#$%&’!8-4568-0!2F-!:602/3>-!/.13@!2F-!

.63-!1H!06@F2C!T!63!>9C!2-9<-8/258-0C!ablea leaoleafC!63!b!_02/3:/8:!/<<81/>F!60!21!50-!af !l!
ao‘! /3:! 2F- ! 0<->6-0! 3597-8! :-30626-0! 1H! -/>F! 8-.-(/32! 0<->6-0! H18! 2F-! 8/:6/2613!
>/.>5./2613+! %! 7/06>! :6/@8/9! 1H! .63-! 1H! 06@F2! H18! "#$%&’! 60! 0F1K3! 63!I6@58-!) +! ;F-0-!
</8/9-2-80!/8-!505/..L!05<<.6-:!7L!/!GIO!>1:- +!

!
!
!!

!
Q<3B;%&- ?&F<"3;"4&’(&#",</&$<*%&’(&,<3C+&(’;&567.89?&
!"#$% !"#$& !"#$’ ( !"#$)

In te n si tyoin  can u se d  to  
a p p l y a  d e fi n e d  sp e ctra l  
ra d i a n ce  a t th e  fi rst l i n e  
o f si g h t p o i n to  

Emissivi tyoin  can b e  u se d  
to  a p p l y e mi ssi vi tyv 
reflecti vi ty a t th e  fi n a l  p o i n t 
i n  th e  l i n e  o f si g h tn eogo 
optical  p ro p e rty o f th e  TPS  



!

O?D& =’1&+’&9B*&+C%&)’2%&
!
;F-!7-02!<./>-!21!.-/83!F1K!21!853!2F-!"#$%&’!>1:-!60!21!02/82!K62F!2F-!2-02!>/0-0+!

;F-8-! /8-!0-(-8/.!2-02!>/0-0!>1(-863@!9/3L! /2910<F-8-0!_05>F!/0!#/82FC!;62/3C!A/80C!
=/2583!/3:!E-350‘+!G1<L!2F-!2-02!>/0-!:68->218L!9102!8-.-(/32!21!L158!3--:0C!/3:!50-!2F-!
2-02!>/0-!/0!/!2-9<./2-!H18!L158!853+!;F-!"#$%&’!>1:-!K6..!7-!-\->52-:!7L!057962263@!2F-!
853W3-4/68+<70!0>86<2!_0<->6H6>/..LC!2F-! .63-X!empiexec neqair > neqair.out Ó ‘+! "#$%&’!
/.01!8-4568-0!2K1!12F-8!H6.-0C!3-4/68+63<! /3:!YR=+:/2+! ;F-0-!H6.-0! /8-! :-0>867-:! 63!2F-!
H1..1K63@!0->26130+!

!

O?E& ;B*S*%R"<;?J#,&
!
?B=!0>86<2X!

!
!
!
!
!
!
!
!
!
!
!
!
!
!

#PBS - S /bin/tcsh  
#PBS - l walltime=00:05:00  
#PBS - l nodes=3:ppn=24  
#PBS - N fire2  
#PBS - j oe  
#PBS - q batch   
 
limit stacksize unlimited  
 
module load intel/18.0.1.163  
module load openmpi3/3.0.0  

 
module load neqair/ 15.0  
 
# Run the program  
mpiexec neqair > neqair.out  
 
# Report when the job finished  
date  
 
 
 
!

!



!

=.589!0>86<2X!

;F-!853!H6.-!F/0!7--3! 5<:/2-:!21!/>>1532!H18!2F-!</8/..-.6^/2613!1H!"#$%&’!63!()*+,!
_</8/..-.6^/2613!186@63/..L!69<.-9-32-: !63!()P+,‘+!;F-!3597-8!1H!31:-0!8-45-02 -: !H18!2F-!
c17!60!02/2-:!K62F!2F-!<<3!(/86/7.-+!;F60!60!0<->6H6-:!63!2F-!.63-X!

!
#PBS - l nodes=3:ppn=24  or #SBATCH - n  72  

!
;F-!1<26959!3597-8!1H!<81>-00-0!60!-45/.!21!2F-!3597-8!1H!<16320!63!2F-!YR=!H6.-!

96350!13-!_2F60!60!:5-!21!2F-!H6802!YR=!<1632!312!7-!50-:!63!2F-!8/:6/2613!>/.>5./2613C!12F-8!
2F/3!21!:-H63-!2F-!02/8263@!\!(/.5-+!!=F1>J!257-!91:-!60!/3! -\>-<2613!21!2F60+‘+!I18!-\/9<.-C!
H18!I&’#&&X!M!\!NP!l!TN!KF6>F!60!c502!@8-/2-8!2F/3!TN!k!)!l!T)+!!&3!2F-!-(-32!2F/2!2F-8-!/8-!
312!-315@F!31:-0!/(/6./7.-C!62!60!8->199-3:-:!21!F/(-!2F-!3597-8!1H!31:-0!7-!@8-/2-8!
2F/3!18!-45/.!21!2F-!./8@-02!<10067.-!H8/>2613!1H!2F60!3597-8C!8153:-:!5<!_-+@+!T)ZN!lm!MS!
18!T)ZM!lm!NP!31:-0!H18!I&’#!&&‘+!

!
;F-!-\<->2-:!:58/2613!1H!2F-!c17!60!0<->6H6-:!CCXnn Xtt !63!2F-!H1..1K63@!.63-X!
!

#PBS - l walltime=00:05:00  or #SBATCH -- time=0 0 : 05 :00  
!
;F-!3/9-!1H!2F-!c17!/0!62!K6..!/<<-/8!63!2F-!45-5-!60!0<->6H6-:!K62F!2F-!H1..1K63@!.63-X!
!

#PBS - N fire2  or #SBATCH -- job - name="fire2"  
!
;F-!45-5-!21!KF6>F!2F-!c17!K6..!7-!0579622-:!21!60!0<->6H6-:!K62F!2F-!H1..1K63@!.63-X!
!

#PBS - q batch  or #SBATCH -- partition=batch  
!
;F60! .63-! 0-.->20! 2F-!45-5-! H18! 2F-! c17! 13! 2F-! >.502-8+! D-8-! h7/2>Fi! 60! 50-:! 63! 2F-!

-\/9<.-+ !
!
"#$%&’!60!-\->52-:!K62F!2F-!H1..1K63@!.63-X!
!

# Run the program  

#!/bin/bash  
#SBATCH -- time=0 0 : 05 :00  
#SBATCH - n 72  
#SBATCH -- job - name=" fire2 "  
#SBATCH -- partition=batch  
 
ulimit  - s  unlimited  
 
rm  - fr  neqair.out  
 
# Report when the job started  
date  
 
module purge  
module load neqair/15.0  
 
# Run the program  
time  mpiexec neqair >  neqair.out  
 
# Report when the job finished  
date  

 



!

mpiexec neqair > neqair.out  
!
I18!2F-!0-86/.!756.:!1H!3-4/68C!2F-!H1..1K63@!.63-!9/L!7-!50-:!6302-/:X!

 
neqair > neqair.out  

!

O?H& *%R"<;?<*JT&
!
&3!</02!(-806130!1H!"#$%&’C!63<520!K-8-!0-.->2-:!7L!9/8J63@!2F-!/<<81<86/2-!.1>/2613!

63!3-4/68+63<!K62F!/3!njn+!D1K-(-8C!K62F!()*+,C!/!02863@!1H!>F/8/>2-80!60!50-:!21!0-.->2!KF/2!
02L.-!1H!>/.>5./2613!60!:-068-:C!/3:!KF/2!152<520!2F-!50-8!K/320+!

!

!
!
%3L! >199-320! /::-:! 7-2K--3! 2F-! H6802! eooooopf! /3:! e/////pf! 60! 63>.5:-:! 63! 2F-!

F-/:-8!1H!2F-! 152<52!H6.-+!!;L<6>/..L!2F60!60!50-:!/0!/!>/0-!3/9-+! !%::62613/.!>199-320 C!
312! 63>.5:-:! 63! 2F-! 152<52C! >/3! 7-! /::-:! 6321! 2F-! 63<52! H6.-! 7-2K--3! e/////pf! /3:!
eooooooooopf!

!

!
!
;F 60! 0<->6H6-0! 2F-! .1>/2613! 1H! 2F-! >1:-n0! O%;%B%=#! H6.-0+! ! ;F-! /71(-! 60! 2F-!

O%;%B%=#!.1>/2613!9/632/63-:!13!>-:/8+!!;F60!.63-!9/L!7-!.-H2!7./3J!6H!2F-!O%;%B%=#=!
H1.:-8!60!63!2F-!K18J63@!:68->218L+!

!
!
!
!
!
!
!
!
!
!

15.0  
***************************  
NEQAIR Input File Template  
For versions newer than 14.0, the version number is listed on the first line  
The inputs are separated below, each section enclosed by ---- ’s  
The first line in the section is a de scription  
The second line is read by NEQAIR as a character sequence  
In some cases additional lines may follow  
A blank line ends the input section  
Following lines are used for comments and ignored by the code  
***************************  
Line 0: Header -  any thing between here and the --- ’s writes to stdout  
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa < -  1st format line  
-------------------------- !

Line 1: Database path -  if empty, looks for local DATABASES directory  
/apps/ pkgs/neqair/intel/openmpi3/15.0/DATABASES  
-------------------------  

 



!

!
!
;F-!8-45-02!H18!152<52!63!()*+,!F/0!7--3!06@36H6>/32.L!069<.6H6-:+!q502!2L<-!2F-!02863@!1H!

.-22-80!>188-0<13:63@!21!2F/2!152<52!2F/2!L15!8-4568-+!!
¥! _&‘32-3062L+152X! 2F-! ./8@-02! 152<52! H6.-! KF6>F! >132/630! 2F-! 53>13(1.(-:! F6@Fa

8-01.52613!0<->28/+!
¥! _Y‘R=+152X! K862-! 8/:6/3>-! (-8050! <1062613! K62F! /! 78-/J:1K3! 7L! 2F-! K/(-.-3@2F!

8/3@-0!0<->6H6-:!63!2F-!63<52!H6.-+!
¥! _’‘/:6/3>-!13.L!152<52!K15.:!9102.L!7-!50-:!KF-3!853363@!H5..!/3@5./8!632-@8/2613!

_MaO!8/L!28/>63@‘!>/.>5./26130!KF-8-!2F-!8/:6/3>-!8-05.2!60!8-4568-:C!K62F!31!12F-8!
152<52!H6.-0+!!"12-!2F/2!’/:6/3>-!152<52!60!K8622-3!7L!:-H/5.2!H18!>-82/63!@-19-28L!
1<26130+!

¥! _D‘-/2!H.5\!13.L!152<52!60!H18!KF-3!13.L!2F-!H63/.!F-/2!H.5\!(/.5-!60!8-4568-:+!!"12-!
2F/2!D-/2!I.5\!60!K8622-3!7L!:-H/5.2!H18!>-82/63!@-19-28L!1<26130+!

¥! _?‘1<5./2613!K862-0!2F-!02/2-!<1<5./26130!H18!-/>F!/219!63!2F-!>/.>5./2613!H18!-/>F!
<1632!63!2F-!.63-!1H!06@F2+!

¥! _%‘70187/3>-Z#9622/3>-!K862-0!152!2F-!/70187/3>-!/3:!-9622/3>-!/0!/!H53>2613!1H!
K/(-.-3@2F+!

¥! _G‘15<.63@+152!<81(6:-0!2F-!:-86(/26(-!1H!F-/2!H.5\!3--:-:!21!>15<.-!K62F!/!GIO!
>1:-i0!-3-8@L!7/./3>-+ !

¥! _N‘! H1..1K63@! /3! &! 18! /3! =C! 9-/30! 2F/2! 2F-! 632-3062L! 18! 632-3062LW0>/33-:! H6.-! 60!
8-<182-:!63!2K1!:69-306130C!/0!/!H53>2613!1H!K/(-.-3@2F!/3:!:602/3>-+!"+B+!;F-!Na
O!632-3062L+152!H6.-!>/3!7-!4562-!./8@-!_0-(-8/.!VB‘C!01!2F60!>19763/2613!0F15.:!13.L!
7-!0-.->2-:!6H!8-/..L!3->-00/8L+!

!
!

Line 2: Output type : a string of letters indicating one or more output files  
LMS  
 
Allowed input choice s for line 2:  
(I)ntensity.out -  write intensity vs. wavelength (high resolution)  
Intensity_(S)canned.out -  write the scanned intensity v. wavelength file  
(L)OS.out -  write radiance versus position on the normal line of sight  
(R)adiance only output  
(H)eat f lux only output  
(P)opulation -  write state population for each atom at each LOS point  
(A)bsorbance/Emittance -  write absorbance/emittance at each LOS point  
(C)oupling.out -  data needed for flowfield/radiation coupling  
(2) a 2 following an I or S means the output is in columns, where each column is 
an LOS point  
(M) write general messages to stdout  
 
--------------------------  



!

!
!
;F60! .63-! 0<->6H6-0! F1K! 21! >/.>5./2-! 2F-! -\>62-:! 02/2-! <1<5./26130! 63! 2F-! 8/:6/3>-!

>/.>5./2613C!18!21!7L</00!2F-!02/2-!<1<5./2613!>/.>5./2613!-3268-.L!7L!<81(6:63@!/::62613/.!
63<52!H6.-0+!&3!@-3-8/.C!02/2-0!9/L!7-!>/.>5./2-:!/0!/!B1.2^9/33!:60286752613C!/0!2F-!01.52613!
21!313aB1.2^9/33 !>130-8(/2613!-45/26130!_H189-8.L!8-H-88-:!21!/0!$==‘C!18!7L!2F-!=/F/!
-45/2613+!!"12!/..!1H!2F-0-!1<26130!/8-!/(/6./7.-!H18!/..!0<->6-0+!!I6@58-!N!0F1K0!/3!-\/9<.-!
1H!2F-!:6HH-8-32!-\>62-:!02/2-!<1<5./26130+!

! !
I6@58-!N+!E/86150!<1<5./26130!/(/6./7.-!63!"#$%&’!

!
&3!313aB1.2^9/33!91:-C!2F-8-!/8-!0-(-8/.!1<26130!H18!F1K!21!01.(-!2F-!$==!-45/26130+!

;F-!1<26130!:-0>867-:!/71(-!63>.5:-!2F-!28/:62613/.!$==!H819!<8-(6150!"#$%&’!(-806130!
_h$i‘!/3:!2F8--!3-K!1<26130!_h;iC!h’iC!hIi‘!KF-8-!hIi!0F15.:!7-!>1306:-8-:!2F-!3-K!:- H/5.2+!
&H!L15!>19-!/>8100!/!>/0-!KF-8-!2F-!0695./2613!H/6.0C!28L63@!/3!/.2-83/2-!$==!9-2F1:!60!
8->199-3:-:+!;F60!1<2613!9/L!7-!19622-:C!63!KF6>F!>/0-!hIi!60!50-:!7L!:-H/5.2+!!;F-!3-\2!
63<52!0<->6H6-0!2F-!9-2F1:1.1@L!H18!:-2-896363@!2F-!-0>/<-!H/>218+!! ;F-!9102!>19913!
/<<81/>F! 60! 2F-! e.1>/.f! /<<81\69/2613! KF6>F! 8-4568-0! /! >F/8/>2-86026>! :602/3>-! 63! >9+!
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Line 3: State population method  
N Q L 1.0  
 
Allowed input for Line 3:  
(B) Boltzmann  
(N) Non - Boltzmann followed by (optionally) non - boltzmann  method and (required) 
absorption method.  
    Valid choices for method are:  
        (Q) Traditional QSS (adjusts ground state)  
        (T) Time derivative limited (adjusts slowest eigenvalue)  
        (R) Reaction residual limited (adds a reaction rate prop ortional to 
Boltzmann distribution)  
        (F) Flux limited (adds a term accounting for convection -  most stable, 
recommended, default)  
    Valid choices for absorption method include:  
        (L) Local Escape factor approximation, followed by a float for  d  
        (C) Constant escape factor, followed by the value  
        (N) Non - local radiation/QSS coupling  
(S) Saha (atoms only)  
(F) Input from File (file names pop - xxx - xxx)  
(A) Do not calculate state populations, instead read absorption/emission 
coefficien ts from files  
        ae.nnn.  The order in which to process the nnn files is obtained from 
LOS.dat  
If different settings are desired for molecules and atoms, include a second line 
for molecules  
 
--------------------------  
!
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;L<6>/..L!/!(/.5-!1H!)+,!>9!60!50-:C!/3:!K15.:!7-!-32-8-:!/0!Y!)+,+!V-3-8/..LC!2F60!3597-8!
0F15.:!7-!2F-!0/9-!18:-8!1H!9/@3625:-!/0!2F-!0F1>J a02/3:1HH!:602/3>-+!%.2-83/26(-.LC!/!
>1302/32!-0>/<-!H/>218!>/3!7-!0<->6H6-:!_-+@+!G!,+,‘!18!853363@!2F-!918-! />>58/2-C!L-2!
918-!>19<52/2613/..L!-\<-306(-C!313a.1>/.!9-2F1:!_-+@+!"‘+!;F60!9-2F1:!62-8/2-0!13!2F-!
8/:6/2613!>/.>5./2613!63!712F!:68->26130C!01!:1-0!312!8-4568-!/3!/<<81\69/2613!H18!-0>/<-!
H/>218+!&H!2F-!-\>62-:!02/2-!<1<5./26130!/3:Z18!/7018<2613Z-9600613!>1-HH6>6-320!F/(-!7--3!
>/.>5./2-:! -\2-83/.! 21! 2F-! "#$%&’! 0695./2613C! 2F-! 1<2613! hIi! 18! h%i! >/3! 7-! 0<->6H6-:C!
8-0<->26(-.L+!&H!hIi!60!0-.->2-:C!"#$%&’!K6..!50-!2F-!0<->6H6-:!<1<5./26130!21!>/.>5./2613!2F-!
-9600613Z/7018<2613!>1-HH6>6-320!/3:!<-8H189!2F-!8/:6/26(-!28/30H-8!>/.>5./26130+!I18C!h%iC!
2F-! /7018<2613Z-9600613! >1-HH6>6-320! /8-! 8-/:! H819! H6.-0! /3:! F-3>-! 8/:6/26(-! 28/30H-8!
>/.>5./26130!K6..!7-!<-8H189-:+!!"12-!2F/2!h%i!18!hIi!9/L!/.01!7-!0<->6H6-:!63!>13c53>2613!
K62F!/!313a.1>/.!>/.>5./2613!21!0-2!/!02/8263@!<1632!H18!2F-!62-8/26(-!<81>-:58-+!!_R2F-8K60-C!
2F-!02/8263@!<1632!60!/!02/3:/8:!313aB1.2^9/33!01.52613!K62F!.1>/.!-0>/<-!H/>218‘!

!
#\/>2!8/:6/26(-!28/30<182!>/.>5./26130!/8-!>19<.6>/2-:!:5-!21!2F-!>15<.-:!3/258-!1H!2F-!

-9622-:! /3:! /70187-:! <F12130! H819! -/>F! 1H! 2F-! .63-! 1H! 06@F2! <16320+! !&H! 2F-! "13Y1>/.!
9-2F1:!60!0-.->2-:C!"#$%&’!K6..!62-8/26(-.L!>/.>5./2-!2F-! .-(-.!1H!-\>62/2613!2F815@F!2F-!
.63-a1Ha06@F2!H18!/2196>!8/:6/2613C!/3:!2F-8-H18-!/3!-0>/<-!H/>218!60!312!50-:C!0--!I6@58-!M+!
;F60!9-2F1:!50-0!/!2/3@-32!0./7!/<<81\69/2613!1(-8!2F-!:68->2613!1H!2F-!.63-!1H!06@F2!/3: !
; 2!H819!2F-!./02!.63-!1H!06@F2!<1632!60!50-:!/0!2F-!K/..!2-9<-8/258-+!;F60!<.50!2F-!-96006(62L!
60!50-:!21!>/.>5./2-!2F-!7153:/8L!>13: 62613!H18!2F-!8-(-80-!H.5\+! ;F-! "13Y1>/.! /30K-8!
0F15.:!7-!918-!<8->60-C!/0!H-K-8!/0059<26130!/8-!9/:-+!D1K-(-8C!2F-!"13Y1>/.!01.52613!
9/L!2/J-!06@36H6>/32.L!.13@-8!/3:!9/L!312!9/J-!/!3126>-/7.-!69</>2!21!8-05.20+!;1!456>J.L!
:-2-8963-!6H!853363@!2F-!"13Y1>/.!>/.>5./2613!60!K182FKF6.-C!-\/963-!2F-!152<52!172/63-:!
K62F!2F-!-0>/<-!H/>218!0-2!21!,!/3:!)X!2F-!"13Y1>/.!8-05.2!0F15.:!.6-!7-2K--3!2F-0-!2K1!
(/.5-0+! ;1! 69<81(-! 2F-! 269-! 8-4568-:! H18! 2F-! "13Y1>/.! >/.>5./2613C! 632-3062L+152! /3:!
632-3062LW0>/33-:+152!0F15.:!312!7-!0<->6H6-:!/0!152<520+!;F60!K/LC!2F-!62-8/2613!60!13.L!
>13(-8@-:! 13! 2F-! 212/.! K/..! :68->2-:! F-/2! H.5\C! /3:! 312! 2F-! 0<->28/.! 8/:6/3>-! /2! -/>F!
K/(-.-3@2F+!!"13 a.1>/.!9/L!7-!<-8H189-:!63!0F1>J!257-!91:-X!2F-!8-05.2!026..!50-0!2/3@-32!
0./7! /.13@!2F-! .63-!1H!06@F2+! !&3!2F60!>/0-C!2F-!H6802!YR=!<1632!60!28-/2-:! /0!F/(63@!^-81!
8/:6/3>-! /3:! 2F-! 7153:/8L! /H2-8! 2F-! H63/.! <1632! 60! 28-/2-:! />>18:63@! 21! 2F-! -96006(62L!
0-.->2613+!
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!
;F60! 0->2613! :-H63-0! 2F-! @-19-28LC! /3:! 2F50! 2F-! 2L<-! 1H! >/.>5./2613! "#$%&’! 60! 21!

<-8H189+!h;i!60!2F-!9102!>19913!91:-!H18!"#$%&’!21!7-!853C!KF6>F!>/.>5./2-0!2F-!0<->28/.!
8/:6/3>-!/3:!2F-!K/.. a:68->2-:!F-/2!H.5\C!0--!I6@58-!P/+!&H!Y63-a1Ha=6@F2!60!0-.->2-:!_hYi‘C!
"#$%&’!K6..!>/.>5./2-!2F-!0<->28/.!8/:6/3>- !/3:!K/..! :68->2-:!8/:6/3>-C!0--! I6@58-!P7+!
;F60!1<2613!60!50-H5.!H18!MaO!H5..!/3@5./8!632-@8/2613!>/.>5./26130C!KF-8-!2F-!2/3@-32!0./7!
9-2F1:! 60! 312! :-068-:+! &H! =F1>J! ;57-C! h=iC! 60! 0-.->2-:C! 2F-! 8/:6/3>-! K6..! 7-! >/.>5./2-:!
<-8<-3:6>5./8!21!2F-!.63-!1H!06@F2C!5063@!/!>1302/32!0./7!1H!K6:2F!0<->6H6-:!/H2-8!h=i!_2L<6>/..L!
2F60!K15.:!7-!2F-!0F1>J!257-!:6/9-2-8‘C!0--!I6@58-!P>+!;F-!8-05.20!K6..!7-!H153:!63!YR=+152!
K62F!2F-!8/:6/3>-!7-63@!632-@8/2-:!1(-8!2F-!K/(-.-3@2F!8-@6130!0<->6H6-:!63!3-4/68+63<+!&H!
NO! 60! 0-.->2-:C! 2F-! 0<->28/.! 8/:6/3>-! 9/L! 7-! H153:! 63! 632-3062L+152! 18!
632-3062LW0>/33-:+152!/0!/!H53>2613!1H!.63-!1H!06@F2!<1062613+!!Q3.6J-!2F-!12F-8!@-19-286-0C!
2F-!H6802!YR=!<1632!60!>/.>5./2-:!63!=F1>J!;57-!@-19-28L+!!

!
&H!2F-!=<F-86>/.!>/<!91:-.!60!50-:C!0--! I6@58-!P:C!2F-!H1..1K63@!63H189/2613!60! /.01!

8-4568-:X!
!
¥! !"#$%&’()*+!#U#,-#!. #&#)./0( #&#!"#$%)*1V2"*####Q:-+- #

o ! ,-#!. #*9#P:-#-22-FP*O-#+74*G9#02#W04=#7P#9P7,;7P*0;#10*;P#XFAY(#
o ! )./0( #*9#P:-#9:0F?#9P7;4022#4*9P7;F-#XFAY#$F73FG37P-4#2+0A#P:-#@DE#2*3-’(#
o ! !"#$%)*1#*9#P:-#9:0F?#4*O-+,-;F-#XFAZ+74*7;Y#

! ! !"#$%)*1#U#[\[#91-F*2*-9#P:7P#P:-#9:0F?#Q7O-#*9#F0;F-;P+*F#Q*P:#
W04=\##

o ! 2"*#*9#P:-#7;,3-#W-PQ--;#P:-#9P7,;7P*0;#9P+-7A3*;-#7;4#7#+7=#2+0A#P:-#
F-;P-+#02#P:-#91:-+*F73#;09-#X+74*7;Y\#

#

Line 4: Geometry  
T  
 
Allowed input for Line 4:  
(T ) Tangent Slab -  calculate tangent slab heat flux  
(C) Spherical Cap -  follow with two floats for Rnose and Shock Div  
(S) Shock Tube -  follow with a float for tube diameter  
(L) Line of Sight -  calculate radiance on line  
(B) Blackbody function (follow with float for temperature, otherwise uses Tt at 
first LOS point)  
(P) Calculate Populations only (requires P output, Line 2)  
(X) Perform scan on existing intensity.out (S must be selected on Line 2)  
 
-------------------------- !
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!
;F-!B./>J71:L!>/.>5./2613C!hBiC!6H!0-.->2-:C!>/.>5./2-0!2F-!7./>J!71:L!8/:6/3>-!/2!2F-!

0<->6H6-:!2-9<-8/258-+!&H!31!2-9<-8/258-!60!<81(6:-:!/H2-8!hBiC!"#$%&’!K6..!50-!; 2!H819!2F-!
H6802! YR=! <1632+! &H! h?i! 60! 0-.->2-:C! "#$%&’! K6..! >/.>5./2-! 2F-! <1<5./26130! 1H! 2F-! /..! 2F-!
0<->6-0C!752!:1-0!312!>/.>5./2-!2F-!-9600613Z/7018<2613!0<->28/!18!8/:6/26(-!28/30H-8+!;F60!
1<2613!>/3!/.01!7-!50-H5.!21!0--!KF/2!H189/2!"#$%&’!-\<->20!2F-!<1<5./26130!63<52!21!7-!
_"12-X!8-4568-0!?!152<52!13!Y63-!N‘+!&H!hji!60!0-.->2-:C!"#$%&’!K6..!<-8H189!/!0<->28/.!0>/3!
13!/!<81(6:-:!F6@F!8-01.52613!632-3062L+152!H6.-!_"12-X!8-4568-0!=!152<52!13!Y63-!N‘+!!

!
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;F60! 0->2613! 0<->6H6-0! 2F-! 7153:/8L! >13:626130! H18! 2F-! >/.>5./2613+! ;F-! H6802! .63-!

<81(6:-0!2F-!7153:/8L!>13:62613!H18!2F-!H8--!028-/9!06:-!1H!2F-! .63-!1H!06@F2!_H6802!YR=!
<1632‘+!;F-!0->13:!.63-!<81(6:-0!2F-!7153:/8L!>13:62613!H18!2F-!-3:ZK/..!06:-!1H!2F-!.63-!1H!
2F-!06@F2!_./02!YR=!<1632‘+!!
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Line 5: Boundary Conditions  
N  
B  
 
First line is boundary at LOS point 0. Options are:  
(B) Blackbody  
(I) read Inte nsity.in  
(N) no initial radiance  
 
Second line is boundary at final LOS point  
(I) read emissivity.in  
(G) Greybody, follow with Emittance/Absorbance (0 - 1.0) and Transmittance (0 - 1.0)  
(B) Blackbody (at final LOS point temperature)  
Note this boundary condition  is used to convert data into an absorbed heat 
flux/radiance  
Use ’B’ if only the incident radiance/flux is desired  
This value does however, materially affect the calculation for Non - local 
populations  
 
-------------------------- !
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I18!2F-!H6802!YR=!<1632C!2F-!1<26130!/8-!H18!31!63626/.!8/:6/3>-!_h"i‘C!KF6>F!K15.:!7-!2F-!
9102!>19913!(/.5-!50-:+!%.2-83/26(-.LC!/3!63626/.!8/:6/3>-!>/3!7-!0<->6H6-:!K62F!/!7./>J!
71:L!8/:6/3>-!18!K62F!H6.-!:-2/6.63@!2F-!63626/.!632-3062L!_632-3062L+63C!0--!0->2613!U+S+)‘! !

I18!2F-!./02!YR=!<1632C!2F-!1<26130!/8-!H18!7./>J!71:L!8/:6/3>-!/2!2F-!2-9<-8/258-!1H!
2F-!./02!YR=!<1632!_hBi‘C!KF6>F!K15.:!7-!2F-!9102!>19913!(/.5-!50-:+!%.2-83/26(-.LC!/3!
-96006(62L!>/3!7-!0<->6H6-:!7L! /!@8-L!71:L!2F815@F #9622/3>-Z%70187/3>-!_,a)+,‘! /3:!
;8/309622/3>-!_, a)+, ‘ !18!K62F!H6.-!:-2/6.63@!2F-!-96006(62L!_-96006(62L+63C!0--!0->2613!U+S+N‘ !

;F-! #96006(62L! /3:! ;8/309622/3>-! (/.5-0! /8-! 50-:! 63! 2F-! "13Y1>/.! >/.>5./2613+!
I582F-8918-C!6H!2F-!-96006(62L!60!0-2!21!/!(/.5-!1H!.-00!2F/3!)C!2F-!(/.5-!1H!K/..!:68->2-:!H.5\!
2F/2!60!/70187-:!60!/.01!>/.>5./2-:!/3:!:60<./L-:!63!2F-!3-4/68+152!H6.-+!!

!
=19-!8-.-(/32!:-H63626130X!!
!

-96006(62LX!2F-!8-./26(-!/76.62L!1H!2F-!058H/>-!21!-962!-3-8@L!7L!8/:6/2613+!&2!60!2F-!
8/261!1H!-3-8@L!8/:6/2-:!7L!/!</826>5./8!9/2-86/.!21!-3-8@L!8/:6/2-:!7L!/!7./>J!71:L!/2!
2F-!0/9-!2-9<-8/258-+ !

!
28/309622/3>-X!2F-!H8/>2613!1H!63>6:-32!.6@F2!2F/2!</00-0!2F815@F!/!0/9<.-+!
!
/7018<26(62LX! 2F-! 8/261! 1H! 2F-! 8/:6/2613! H/..63@! 5<13! /! 9/2-86/.! 21! 2F-! 8/:6/2613!

/70187-: ! 7L! 2F-! 9/2-86/.+! ! ;F-891:L3/96>! <863>6<.-0! 8-4568-! 2F/2! /7018<26(62L! /3:!
-96006(62L!/8-!-45/.+!

!
8-H.->26(62LX!2F-! H8/>2613! 1H! 63>6:-32!8/:6/3>- ! 2F/2! 60! 8-H.->2-:!18! 0>/22-8-:!/2! 2F-!

058H/>-+!
!

!
!
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!
;F60!0->2613!:-2/6.0!KF/2!0<->6-0!28/30626130!/3:!7/3:0!/8-!63>.5:-:!63!2F-!"#$%&’!

>/.>5./2613+!&H!h%i!60!0-.->2-:C!"#$%&’!K6..!853!/..!28/30626130!/3:!7/3:0!>188-0<13:63@!21!
2F-!0<->6-0!63>.5:-:!63!YR=+:/2+!%.2-83/26(-.LC!h&i!18!hRi!>/3!7-!0-.->2-:!21!0<->6HL!63:6(6:5/.!
0<->6-0!18!1962!0<->6-0C!8-0<->26(-.L+!&H!h&i!60!0-.->2-:C!L15!>/3!853!c502!G"!/0!-\/9<.-C!7L!
2L<63@!e&!G"f+!&H!L15!K/32!21!853!/..!7/3:0C!-\>-<2!G"C!L15!>/3!2L<-!eR!G"f+!I582F-8918-C!
7153:!H8--!_7H‘C!7153:!7153:!_77‘!/3:!H8--!H8--!_HH‘!28/30626130!>/3!7-!0<->6H6-:!H18!/2190!
/3:!:6HH-8-32!7/3:!0L02-90!>/3!7-!0<->6H6-:!H18!91.->5.-0+!=<->6H6>!(678/2613/.!91:-0!>/3!
/.01!7-!0-.->2-:!18!:- a0-.->2-:!7 L!H1..1K63@!2F-!7/3:!3/9-!K62F!/!(678/2613/.!28/3062613!
_-+@+! _)C)‘‘! 18! 8/3@-! 1H! 28/30626130! _-+@+! _,a*Cj‘‘+! ;F-! ./22-8! -\/9<.-! 63:6>/2-0! 2F/2!
28/30626130! H819! 5<<-8! .-(-.0! H819! (rl,! 21! *! /3:! /3L! .1K-8! .-(-.! _:-312-:! /0! hji‘! 7-!
63>.5:-:+!&3!2F-!-\/9<.-!/71 (-C!" N!/3:!"R!/8-!/>26(/2-:C!K62F!2F-!0<->6H6>!7/3:0!2583-:!
13!H18!"NX!I6802!<10626(-!_)s‘C!=->13:!<10626(-!_Ns‘C!B68@-aD1<H6-.:!&&!_BDN‘C!YL9/3 aB68@-a
D1<H6-.:!_YBD‘C!B68@-aD1<H6-.:!&!_BD)‘C!]18.-L aq-3J630!_]q‘! /3:! G/881..at10F631!_Gt‘C!
/3:!H18!"RX!O-.2/!_:-.‘C!-<06.13!_-<0‘C!7-2/!<869-!_7<‘C!@/99/!<869-!_@<‘C!&3H8/a’-:!_&’‘+ !

!

Line 6: Bands  
I  N2 BH2 LBH BH1 WJ CY  
NO del eps bp gp IR  
 
Allowed input:  
(A) Include all bands/features that match species list  
(O) Omit selected bands or features  
(I) Include only selected bands or features  
 
If (O) or (I) is selected, follow with the following (optionally on separate 
lines):  
N, O, C, H, He, Ar, Fe, Al, Cr, Cu, K, Mg, Na, Ni, S, Si -  available atoms  
N2, N2+, NO, O2, CN, CO, C2, H2, NH, CH, CO2, C3, MgO, SiO -  available molecules  
 
For atoms, can optionally follow with bf,bb, and/or ff  
For molecules, the following band choices can be included  
N2 -  1+, 2+, BH2, LBH, BH1, WJ, CY  
NO  -  beta, gam, del, eps, bp, gp, IR  
CN -  VIO, RED, IR  
H2 -  B - X, C - X, B’ - X  
CO -  4+, IR  
OH -  A - X, IR  
MgO -  B - X, B - A  
SiO -  X - A, A - E  
 
Specific vibrational modes can be (de)selected by following the band name with  
(XXX,YYY) where XXX and YYY are specifiers of up per and lower vibrational modes, 
respectively  
These may be a single number or a range of numbers (separated with a dash, e.g. 
0 - 12)  
To specify all possible vibrational levels, use an ’X’ or negative number (e.g. 
"(0 - 5,X)")  
Multiple vibrational selections may be specified per band by writing them in 
sequence  
 
--------------------------- !
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I18! -/>F! 8-@613C! /! 02/82! /3:! -3:! K/(-.-3@2FC! K)! /3:! KNC! 9502! 7-! :-H63- :! 63!

%3@028190+!"12-! 2F/2! "#$%&’! -\<->20! 2F-! 8-@6130! 21! 7-! 63! 18:-8! /3:! >132635150+!!
%::62613/..LC!8/:6/3>-!>/.>5./2-:!63!13-!8-@613!60!312!781/:-3-:!/>>58/2-.L!6321!/:c/>-32!
8-@6130C!01!2F/2!2F-!8-@613!7153:/86-0!0F15.:!7-!>F10-3!21!.6-!63!/8-/0!1H!2F-!0<->2859!
K62F152! 06@36H6>/32! H-/258-0+! &H!2F-! @86:! 0</>63@! 0-2263@! 60! 0-2! 21! h%i! _h%i! H18! /5219/26>C!
<8-(6150.L!@86:W2L<-! )‘C! 2F-! 9636959! 0</>63@! 8-4568-:! H18! -/>F! 8-@613! 21! 8-01.(-! 2F-!
2F633-02!.63-K6:2F!60!>/.>5./2-:!7L!"#$%&’ C!7/0-:!13!2F-!<81<-826-0!1H!2F-!N3:!YR=!<1632+!
&3!2F60!>/0-C!<16320!<-8!.63-!0<->6H6-0!2F-!9636959! 3597-8!1H!@86:!<16320!21!50- !H18!-/>F!
.63-!_2L<6>/..L!-45/.!21!),C!18!*!H18!H/02!91:-+‘+!!&H!2F-!@86:!0</>63@!0-2263@!60!0-2!21!hAi!_hAi!
H18!9/35/.C!<8-(6150.L!@86:W2L<-!,‘ C!2F-!@86:!0</>63@!(/.5-! 0<->6H6-:!7L!2F-!50-8!60!50-:!
H18!2F/2!8-@613+!;F-!/5219/26>!@86:!1<2613!>/3!1(-8a8-01.(-!2F-!@86:!0</>63@!8-4568-:!H18!
/3! />>58/2-! /30K-8C! 01! 853363@! K62F! /3! /<<81<86/2-.L! 0</>-:! 9/35/.! @86:! >/3! 7-!
06@36H6>/32.L!918-!-HH6>6-32!6H!853363@!9/3L!>/0-0+!&H!2F-!@86:!0</>63@!60!0-2!21!hIi!_hIi!H18!
H/02‘C!"#$%&’!K6..!>/.>5./2-!/!@86:!0</>63@!7/0-:!13!2F-!9-/3! .63-K6:2F!H18!-/>F!8-@613!
_/0!1<<10-:!21!2F-!9636959!K62F!h%i‘!63!18:-8!21!8-:5>-!2F-!0<->28/.!@86:!06^-C!/3:!2F50!
8-:5>-!2F-!>/.>5./2613!269-+!’53363@!63!H/02!91:-!2L<6>/..L!8-:5>-0!853!269-!K62F!-88180!63!
F-/2!H.5\!13!2F-!18:-8!1H!.-00!2F/3!MuC!752!2F60!312!@5/8/32--:!H18!/..!>./00-0!1H!<817.-90+!
&H!853363@!63!H/02!91:-C!62!60!05@@-02-:!21!312!8-45-02!632-3062L+152!18!632-3062LW0>/33-:+152!
/0!152<52!H6.-0!21!8-:5>-!>19<52/2613/.!269-!/3:!/0!>-82/63!.1K !8/:6/3>-!H-/258-0!9/L!312!
7-! /:-45/2-.L! 8-01.(-:! 0<->28/..L +! h’/3@- i! 0<->6H6-0! F1K! H/8! 152! 21! >/.>5./2-! .63-!
781/:-363@C!0<->6H6-:!/0!/!95.26<.-!1H!2F-!.63-!K6:2F+!!&H!,!60!-32-8-:C!"#$%&’!K6..!>/88L!152!
2F-!781/:-363@!5326.!62!60!211!K-/J!21!F/(-!/3!69</>2!21!2F-!0<->2859!18!2F-!-3:!1H!2F-!
8-@613!60!8-/>F-:+!&3!2F-! /71(-! -\/9<.-!2F-8-! /8-!2F8--!K/(-.-3@2F!8-@6130!0<->6H6-:+!
’-@613!)!60!H819!U**+*!21!N,,,!%3@028190C!5063@!/3!/5219/26>!@86:!_h%i‘!K62F!i),i!<16320!
<-8!0<->28/.!.63-C!/3:!/!8/3@-!1H!_hS,,i‘+!’-@613!N!60!H819!N,,,!21!SM*,!%3@028190C!5063@!
/!9/35/.!@86:!_hAi‘!K62F! /!0<->28/.!0</>63@!1H! ,+,,M!%3@028190C! /3:! /!8/3@-!1H!_h*,i‘+!
’-@613!M!60!H819!SM*,!21!)S,,,!%3@028190C!5063@!/!H/02!@86:!_hIi‘!K62F!i*i!<16320!<-8!0<->28/.!
.63-C!/3:!/!8/3@-!1H!_h*,i‘+!Q063@!*!<16320!<-8!0<->28/.!.63-!60!05@@-02-:!KF-3!853363@!63!
I/02!91:-!21!H582F-8!8-:5>-!>19<52/2613/.!269-+!

!

Line 7: Regions  
855.5 2000 A 10 R 600  
2000  6350 M 0.003 R 50  
6350 16000 F  5  R 50  
 
A series of lines specifying the region parameters.  This includes:  
w1 w2 A/M n Rdd  
w1, w2 are wavelength range in Angstrom  
A/M /F  is (A)uto , (M)anual or (F)ast Grid Spacing.  This is followed by n, 
which is:  
Grid Spacing (Angstroms) for Manual or  
Points per Line for Auto  and Fast  
The next parameter is an optional "Range", with dd being the range valu e  
 
---------------------------- !



!

!
!
;F60!0->2613!:-0>867-0!2F-!0<->28/.!0>/3363@!1H!2F-!>/.>5./2-:!0<->28/.!632-3062L+!;F60!

152<52! 60! 172/63-:! 6H!h=i! 60! 0-.->2-:! 63! Y63-! NC! R52<52! 2L<-+! ;F-! 8-05.20! 63!
632-3062LW0>/33-:+152! K6..! 7-! 2F-! 0<->28/..L! 0>/33-:! :/2/! H819! 632-3062L+152!_F6@F!
8-01.52613‘! 5063@!2F-! 0<->6H6-:! 0-2263@0+! ;F-8-! /8-! 0-(-8/.!1<26130! H18! 2F-! 0.62! H53>2613X!
E16@2C!=V/500C!&GGO)C!&GGONC!/..!1H!KF6>F!/8-!:-0>867-:!63!2F-!2-\2!/2!2F-!-3:!1H!2F-!63<52!
H6.-‘+!;F-!=.62!H53>2613!>/3!-62F-8!7- !:-H63-: !@.17/..LC!7L!0<->6HL63@!/!063@.-!0.62!H53>2613C!18!
:-H63-:!H18!-/>F!0<->28/.!8-@613!7L! .60263@!95.26<.-!0.62!H53>26130!13!0-</8/2-! .63-0+! ;F-!
=<->28/.! &32-8(/.!_0</>63@! 7-2K--3! 0>/3! <16320‘!3--:0! 21! 7-! :-H63-:! 63! 2-890! 1H!
%3@028190+!#/>F!0<->28/.!8-@613!2F-3!3--:0!2F-!.63-0F/<-i0!8-4568-:!63<52!</8/9-2-80!
/.13@!K62F!/3!1<2613/.!8/3@-!(/.5-+ !!

!

!
!
;F -!./02!0->2613!:-0>867-0!2F-!0</26/.!0>/3363@!1H!2F-!>/.>5./2-:!632-3062LC!13.L!50-:!

KF-3!853363@!63!0F1>J!257-!91:-+!;F60!152<52!60!6@318-:!6H!h=i!60!312!0-.->2-:!13!Y63-!PC!

Line 8 : Scan (Only required if S selected on Line2)  
0.1 Voigt 6.0 0.0  
 
Which follows the format:  
Sp Type Param - list  
where Sp is the line spa cing (float)  
Type is the scan type (ICCD1, ICCD2, Voigt, SGauss)  
Param - list is a list of scan parameterizations, generally is 2 or 3 float values  
 
Notes:  
Allowed slit functions are Voigt, ICCD1, ICCD2, or SGauss  
Spectral interval of 0 means it is auto - sel ected as 1/10th of linewidth  
For Voigt, SGauss and ICCD1, range determines how wide to make the scan function  
 If range>1 it is the number of half - widths to scan  
 If range<1 it is the fraction of peak value to include  
 If range=0 NEQAIR picks the range its elf  
The ICCD1 scan function is defined as sqrt(Voigt)  
For ICCD2, the scan function is defined as  
  I(x) = [G(wg,x)+r*L(wl,x)]/(1+r)  
 where G and L are Gaussian and Lorentzians with widths wg, wl  
 and r = 10^range  
The extent of the scan function to use is determined automatically for ICCD2  
SGauss is a smeared Gaussian and may only be given on the Parameters Line  
 Input parameters are Gaussian and Smearing components (in A)  
----------------------------  

Line 9 : Spatial Scan (Optional -  ShockTube mode only)  
tri 1.0  
ICCD1 1.0 0.1  
1.0  
 
Which follows the format:  
Spatial Scan is the convolution of 3 functions, each specified on consecutive 
lines  
1st line: Optical Function (trap)ezoid or (tri)angular, fo llowed by one or two 
floats specifying base widths  
2nd line: CCD Function: Same options as Scan (Line 8)  
3rd line: Temporal Function: Treated as a square, float specifies widths  
 
If this line is present, LOS.out will be the convolution of the true result 
w ith this function  
If this line is missing, LOS.out will not be convolved  
 
To use a different SRF for each region, repeat these 3 lines N times  



!

V-19-28L+!; F-! :/2/ !H153:!63!YR=+152!/3:Z18!NO!632-3062LW0>/33-:+152Z632-3062L+152!K6..!
7-!>13(1.(-:!K62F!2F-!0</26/.!0>/3!0<->6H6-:+!!;F-!0</26/.!0>/3!>132/630!2F8--!781/:-363@!
>19<1 3-320!KF6>F!/8-!>13(1.(-:!K62F!-/>F!12F-8C!/0!:-0>867-:!/71(-+ !;F-! :69-306130!
1H!2F-!-3286-0!/8-!63!>9+!!;F-! 0</26/.!H53>2613!>/3!-62F-8!@.17/..L!7-!:-H63-:!7L!-32-863@!
13-!@815<!1H!2F8--!.63-0C!18!9/L!7-! :-H63-:!H18!-/>F!0<->28/.!8-@613!7L!-32-863@!2F8--!.63-0!
H18!-/>F!8-@613+!!"#$%&’!K6..!021<!8-/:63@!2F-!63<52!H6.-!13>-!/!7./3J!.63-!60!-3>1532-8-:C!
F-3>-!31!7./3J!.63-0!0F15.:!7-!630-82-:!7-2K--3!8-@6130+!!D1K-(-8C!6H!62!60!312!:-068-:!21!
781/:-3!/!0F1>J!257-!01.52613C!/!7./3J!.63-!9/L!7-!-32-8-:!/2!2F-!7 -@63363@!1H!2F60!0->2613!
/3:!2F-!781/:-363@!H53>26130!K6..!312!7-!8-/:+!!

!

O?K& XLG?2"+&
!
;F-! YR=+:/2! H6.-! >132/630! 63H189/2613! 8-@/8:63@! 2F-! .63-a1Ha06@F2! 63H189/2613! KF6>F!

"#$%&’!50-0!H18!2F-!8/:6/2613!>/.>5./2613+!;F-!H6.-!:-2/6.0!2F-!0<->6-0!63!2F-!.63-!1H!06@F2!
/3:!63>.5:-0!2F-! \! .1>/2613!63!>9C!2F-!28/30./2613C!812/2613C!(678/2613C!-.->2813Z-.->28136>!
2-9<-8/258-0! 63! b! /3:! 2F-! 0<->6-0! 3597-8! :-30626-0! 63! )Z>9M+! ;F-! 0F1>J! .1>/2613! 60!
:-H63-:!/2!2F-!02/82!1H!2F-!YR=!H6.-C!2F-3!63>8-/063@!63!\!5326.!8-/>F63@!2F-!71:L!.1>/2613!/2!
2F-!H63/.!<1632+!A18-!:-2/6.-:!63H189/2613!13!YR=+:/2!>/3!7-!H153:!63!2F-!F-/:-8!1H!2F-!
H6.-+!;F-!02/8263@!\a.1>/2613!60!:-H63-:!7L!2F-!\!>118:63/2-!0<->6H6-:!63!2F-!H6802!YR=!<1632+!
;F-! 2-9<-8/258-0! /3:! 3597-8! :-30626-0! 63! 2F-! H6802! YR=! <1632! /8-! 312! 50-:! 63! 2F-!
>/.>5./2613C! -\>-<2! KF-3! hB./>JB1:Li! 18! h=F1>J;57-i! /8-! 0-.->2-:+! I18! 0F1>Ja21a71:L!
>/.>5./26130C!62!60!/:(60/7.-!2F/2!2F-!H6802!YR=!<1632!F/(-!/!(678/2613/.!2-9<-8/258-!1H!/2!
.-/02!*,,!b+!;F-8-!60!/!3-K!(-80613!1H!2F-!YR=+:/2! H6.-!H18!()*+,C!KF6>F!>132/630!/!F-/:-8!
:-2/6.63@! 2F-! 8-.-(/32! 63H189/2613C! H1..1K-:! 7L! >1.593! 0-</8/2-:! :/2/+!"12-C! 2F-8-! /8-!
H-K-8!06@36H6>/32!H6@58-0!63!2F-!7-.1K!-\/9<.-!H18!>./862L!1H!0F1K63@!2F-!H189/2+!;F-!1.:a
02L.-!H189/22-:!63<52!H6.-!H819!()P+,!_/3:!12F-8!1.:-8!(-806130‘!K6..!026..!K18J!K62F!()*+,!

!
!



!

!
!

!
!
!

#15.0  
#             This is the NEQAIR15 LOS.dat file  
#  
# An unlimited number of comment lines is allowed here  
# The first line to begin with a numeric is the start of the LOS data  
# This data is in row/column format, separated by white space  
# The final text line contains the headers for the columns  
#  
# Valid entries for headers include:  
#  n    -  index of LOS number (o ptional)  
#  x    -  Distance on line of sight (cm).  May also be denoted as 'y' or 'z'  
#  ntot -  total number density (1/cm3, optional), if omitted, species densities are summed to get total  
#  T    -  Temperature (K).  Up to 5 different temperatures may (op tionally) be specified:  
#  Tt   -  Translational Temperature (K).  Assumed same as T.  If omitted, set to Tr  
#  Tr   -  Rotational Temperature (K).  If omitted, set to (in order of preference) Tt, Tv, Te, Tel  
#  Tv   -  Vibrational Temperature (K).  If omitte d, set to (in order of preference) Te, Tel, Tr, Tt  
#  Te   -  Electronic Temperature (K).  If omitted, set to (in order of preference) Tel, Tv, Tr, Tt  
#  Tel  -  Electron Temperature (K).  If omitted, set to (in order of preference) Te, Tv, Tr, Tt  
#         (Tel currently not supported.  May be entered, but is not used in computation.)  
#  XXX  -  Any entry following these are assumed to be species names and densities (1/cm3)  
#  
  n          x       ntot         Tt        Tr        Tv        Te        CO2         CO         N2         O2         
  1  0.00E+00  0.263E+17     4594.7    4594.7    2596.2    2596.2  1.066E+16  7.246E+15  7.260E+14  1.291E+14  
  2  0.65E+00  0.19 8E+18     7997.6    7997.6    7811.0    7811.0  4.330E+15  9.026 E+16  2.291E+15  3.1 98E+14  
 
.  
.  
.  
 
59  0.23E+02  0.104E+19     2002.3    2002.3    2002.3    2002.3  9.959E+17  2.904E+08  4.693E+16  5.101E+07  
!
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0#$!-,3)0!&/.!0#,3.!+4’(7/!4-!0#$!* 4*(’&0,4/!-,’$!&3$!/40!()$.!&/.!4/’1!0#$!)$+4/.!+4’(7/!
$/0$3)!0#$!+&’+(’&0,4/2!!J0!,)!/$+$))&31!04!()$!0#$!)&7$!’$%$’)6!,/!0#$!)&7$!43.$36!&)!0#$1!
4++(3!,/!0#$!*4*(’&0,4/!4(0*(0!-,’$)2!!"#,)!,)!0#$!)&7$!43.$3,/5!,/!0#$!8HXH8:Y@"9Z:2.&0!
&/.!8HXH8:YZ98H2.&0! [@"@W@:H!-,’$)2!!\4*(’&0,4/!4(0*(0!-,’$)!&’)4!+4/0&,/!*4*(’&0,4/!
,/-437&0,4/! &>4(0! ,4/)! &/.C43! .,))4+,&0,4/! *34.(+0)2!! "#,)! .&0&! ,)! ,5/43$.! 4/! *4*(’&0,4/!
,/*(0!-,’$)6!&/.!0#()!7&1!>$!47,00$.!,-!.$),3$.2! !

!



!

!

!"#"9% :;*3<4(+3’=./+**+3’%>3)??+@+)’(%8+6)* %
!
GHI@JK!%QS2T!+&/!4*0,4/&’’1!&++$*0!&>)43*0,4/!&/.!$7,)),4/!+4$--,+,$/0)!&)!,/*(0!&0!

$&+#! ’,/$! 4-! ),5#0! *4,/02! "#$! /&7,/5! +4/%$/0,4/! -43! 0#$! -,’$! ,)<! &$2/6! ;#$3$! #!,)! 0#$! 89:!
/(7>$32!! "#,)! -,’$! ,)! -437&00$.! ,/! 0#3$$! +4’(7/)6! +4/0&,/,/5! ;&%$’$/50#! ?,/! @A6! $7 ,)),4/!
+4$--,+,$/0!?,/!BC+7 F N )3 N (7A!&/.!&>)43*0,4/!+4$--,+,$/0!?,/!+7 N Q A2!!G4/ N /(7$3,+!0$L0!&0!0#$!
>$5,//,/5! 4-! 0#$)$! -,’$)! ;,’’! >$! 03$&0$.! &)! #$&.$3)! &/.! ,5/43$.2!! "#$! ;&%$’$/50#)! /$$.!
/40!>$!$M(,)*&+$.!43!-4’’4;!0#$!)*&+,/5!4-!0#$!;&%$’$/50#!53,.! R !.&0&! ;,’’!>$!,/0$3*4’&0$.!
4/04!/$;!53,.)!>1!GHI@JK2!!B&%$’$/50#!3$5,4/)!&3$!)$0!&)!)*$+,-,$.!,/!/$M&,32,/*2!!"#$!
53,.!)*&+,/5!;,’’!-4’’4;!/$M&,32,/*!?-43!7&/(&’!53,.A!43!0#$!7,/,7(7!)*&+,/5!,/!0#$!-,’$!-43!
0#&0!3$5,4/!?-43!&(047&0,+!53,.A2!!B#$/!0#$!&>)43*0,4/C $7,)),4/!+4$--,+,$/0)!&3$!3$&.6!0#$!
4/’1!,/-437&0,4/!-347!89:2.&0!0#&0!,)!()$.!,)!0#$!89:!/(7>$36!;#,+#!,.$/0,-,$)!0#$!43.$3!
,/! ;#,+#! 04! *34+$))! 0#$! -,’$)6! &/.! 0#$! .,)0&/+$6! ;#,+#! )$0)! 0#$! )*&+,/5! >$0;$$/! *4,/0)2!!
"#,)! ,)! /40! 0#$! +&)$! -43! /4/ N ’4+&’! ),7(’&0 ,4/)6! #4;$%$36! ;#$3$! 0#$)$! -,’$)! &3$! ()$.! 04!
]3$)0&30!̂ 0#$!,0$3&0,%$!)4’%$32!!@!)&7*’$!-437&0!-43!0#$)$!-,’$)!7&1!>$!4>0&,/$.!>1!3(//,/5!
GHI@JK!;,0#!0#$!_@‘!4*0,4/!4/!8,/$!D2! !

!
2$ 3.(40$’)$5678-9$%.’&.’$/(,01 $

!

#    Energy Level      Normalized Population     Degeneracy  
#          (1/cm)             (N/g), (cm^ - 3)            (g)  
     0.000000E+00      1.890847228527914E+11            4.0  
     1.922446E+04      1.461034317181443E+08            6.0  
     1.923318E+04      9.550353545910858E+07            4.0  
     2.883892E+04      5.332842128761898E+06            2.0  
     2.883931E+04      1.065638633436139E+07            4.0  
     8.328407E+04      6.797628860955761E+02            2.0  
     8.331783E+04      1.259679740342129E+03            4.0  
     8.336462E+04      1.699958424305023E+03            6.0  
     8.613735E+04      1.077832002045441E+00            2.0  
     8.622051E+04      1.786403579345035E+00            4.0  
     8.810726E+04      3.772946286436007E - 02            6.0  
     8.815117E+04      2.277730227729946E - 02            4.0  
     8.817057E+04      1.090023515279256E - 02            2.0  
     9.358155E+04      7.685144256795453E+02            2.0  
     9.477088E+04      5.231321178159321E+01            2.0  
     9.479349E+04      9.9415732449089 69E+01            4.0  
     9.483089E+04      1.370399820238590E+02            6.0  
     9.488182E+04      1.628585314002765E+02            8.0  
     9.547531E+04      1.065082336330203E+01            2.0  
     9.549369E+04      2.043514103918846E+01            4.0  
     9.553215E+04      2.810151159693128E+01            6.0  
     9.675084E+04      1.193405463617921E+00            4.0  
     9.678768E+04      1.098091283430900E+00            4.0  
     9.686405E+04      1.386088503897164E+00            6.0  
     9.777 018E+04      5.963779610276271E - 02            2.0  
     9.780584E+04      1.100423583684138E - 01            4.0  
 
!



!

!

2":$ ;+<().1$=0>?+*(1@1$-40*’(A(04$(*$%.’&.’ $

!
/(B.<0 $ C "$D(AA0<0*’$>)@&)*0*’1$)A$1&0>’<+,$<+4(+*>0" $

2"E $ (*’0*1(’F").’ $
!
"#,)!-,’$!#&)!0#$!-,/&’!(/+4/%4’%$.!)*$+03&!0#&0!#&)!>$$/!03&/)*430$.!0#34(5#!0#$!$/0,3$!

’,/$ N 4- N ),5#0! )*$+,-,$.! ,/! 89:2.&02! "#$! .&0&! ,/! 0#$! -,’$! +4/),)0! 4-! 0#$! ;&%$’$/50#! ,/ !a 6! 0#$!
4*0,+&’’1! 0#,/! )*$+03&’! 3&.,&/+$! ,/! BC+7 D !µ 7! )36! 0#$! 4*0,+&’’1! 0#,+E! )*$+03&’! 3&.,&/+$! ,/!
BC+7 D !µ 7!)3!&/.!0#$!+(7(’&0,%$!,/0$53&’!4-!0#,)!’&)0!%&’($!?3&.,&/+$6!BC+7 D N )3A2!"#,)!-,’$!
,)! ()$-(’! -43! &! #,5#! 3$)4’(0,4/! +47*&3,)4/! 4-! 0;4! +47* (0$.! )*$+03&2! @/! $L&7*’$! 4-! 0#,)!
4(0*(0!,)!)#4;/!,/! V,5(3$! b 2 !

!
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!

!
/(B.<0$#"$(*'0*1('F").'$A)<$'?0$5678-9$=+<1$'01'$>+10"$

!

2"G$ (*'0*1('FH1>+**04"). ' $
!
"#,)!-,'$!#&)!0#$!-,/&'!+4/%4'%$.!)*$+03&!0#&0!#&)!>$$/!03&/)*430$.!0#34(5#!0#$!$/0,3$!

',/$ N4-N),5#0!)*$+,-,$.! ,/!89:2.&02!"#$!+4/%4'(0,4/!,/-437&0,4/!,)! .$+'&3$.!,/! /$M&,32,/*2!
"#$!.&0&!,/!0#$!-,'$!+4/),)0!4-!0#$!;&%$'$/50#!,/!a6!0#$!4*0,+&''1!0#,+E!)*$+03&'!3&.,&/+$!,/!
BC+7D!µ7!)36!&/.!0#$!,/0$53&'!4-!0#,)!%&'($!?,2$2!3&.,&/+$6!BC+7DN)3A2!"#,)!-,'$!,)!()$-('!-43!
+47*&3,)4/)! ;,0#! $L*$3,7$/0&'! )*$+03&! ?*&30,+('&3'1! ;#$/! 0#$! ,/)03(7$/0! +4/%4'(0,4/!
-(/+0,4/!,)!;$''!E/4;/A2!"#$!,/0$/),01Y)+&//$.24(0!-,'$!+& /!&')4!>$!()$.!04!4>)$3%$!;#&0!
0#$!*3$.47,/&/0!3&.,&0,/5!03&/),0,4/)!&3$2!!@/!$L&7*'$!4-!0#,)!4(0*(0!,)!)#4;/!,/! V,5(3$!c2!
@/!$L&7*'$!4-!&!D[!,/0$/),01Y)+&//$.24(0!,)! )#4;/!,/! V,5(3$!d2!

!
!



!

!
/(B.<0$I "$(*'0*1('FH1>+**04").'$A)<$'?0$5678-9$=+<1$'01'$>+10" $

!
/(B.<0$! "$EJD$(*'0*1('FH1>+**04").'$A)<$?(B?$1&004$6+<'?$0*'<F$

!

2"K$ L%M").' $
!
"#$!89:24(0!-,'$!+4/0&,/)!0#$!3&.,&/+$!&)!&!-(/+0,4/!4-!.,)0&/+$6!&'4/5!0#$!/437&'!',/$!

4-!),5#02!"#,)!-,'$!+&/!>$!#$'*-('!04!.$0$37,/$!;#,+#!*&30)!4-!0#$!-'4;-,$'.!&3$!3&.,&0,/5!43!
&>)43>,/52!"#$!-,'$!+4/0&,/)!0#$!.,)0&/+$!,/!+76!0#$!040&'!3&.,&/+$!,/!BC+7D!)36!-4''4;$.!>1!
&!>3$&E.4;/!4-!0#$!3&.,&/+$!>1!0#$!3$5,4/)!)*$+,-,$.! ,/! /$M&,32,/*2!@/!$L&7*'$!4-!0#,)!
4(0*(0!,)!)#4;/! ,/! V,5(3$!e!,/!3&.,&/+$!43!#$&0!-'(L!74.$!&/.! V,5(3$!QT!,/!)#4+E!0(>$!
74.$2 !

!
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!

!
/(B.<0$2"$L%M").'$A)<$'?0$5678-9$=+<1$'01'$>+10"$

!
/(B.<0$:N"$L%M").'$A)<$'?0$5678-9$A)<$'?0$/-96$--$'01'$>+10$O(*$1?)>P$'.Q0$@)40R"$

!
!

2"C$ S)&.,+'()*1$).'&.' $
!
@)!;$''!&)!>$,/5!&/!,/*(0!?.$)+3,>$.!,/!:$+0,4/! d2b2FA6!*4*('&0,4/)!+&/!>$!&/!4(0*(0!

&)!;$''2!"#$)$!-,'$)!5,%$!14(!0#$!)0&0$!*4*('&0,4/)!-43!$&+#!)*$+,$)!&0!$&+#!*4,/0!,/!0#$!
',/$!4-!),5#0!&)!+&'+('&0$.!>1!GHI@JK2!J0!,)!3$+477$/.$.!04!3(/!0#$!4(0*(0!4*0,4/!-,3)06!
$%$/!;#$/!14(!;&/0!04!()$! *4*('&0,4/)!&)!,/*(06!04!(/.$3)0&/.!0#$!$L&+0!-437&0!&/.!.&0&!
GHI@JK!,)!$L*$+0,/5!&)!,/*(02!!"#$!*4*('&0,4/!-,'$)!+4/0&,/!&''!0#$!,/-437&0,4/!3$M(,3$.!04!
*34.(+$!&!W4'0U7&//!*'402!!H/$35,$)!&3$!,/!0#$!-,3)0!+4'(7/2!!\4*('&0,4/)!,/!0#$!)$+4/.!
+4'(7/!&3$!/43 7&',U$.!-43!&047)!&/.!(/ N/437&',U$.!-43!74'$+('$)2!G437&',U&0,4/!-&+043)!
&3$!5,%$/!,/!0#$!0#,3.!+4'(7/2!!"#$)$!-&+043)!7&1!>$!()$.!04!*34.(+$!W4'0U7&//!*'40)!-43!
74'$+('$)!43!3$+4%$3!0#$!&>)4'(0$!)0&0$!.$/),01!-43!&047,+!'$%$')2!!!

2"#$ 8Q1)<&'()*T6@(11()*$U)0AA(>(0*'$).'&.' $
!
@)!.$)+3,>$.!(/.$3!,/*(0!,/! :$+0,4/! d2b2f6!0#$!&>)43*0,4/!&/.!$7,)),4/!+4$--,+,$/0)!

+&/!>$!&/!4(0*(0!&)!;$''2!"#$)$!7&1!>$!()$-('!-43!.4,/5!%$31!.$0&, '$.!$L&7,/&0,4/!4-!&!
)4'(0,4/!43!-,/.,/5!0#$!&>)43>&/+$!&0!&!*&30,+('&3!*4,/0!?)&16!-43!&>)43*0,4/!)*$+034)+4*1A2!!
@'0$3/&0,%$'16!0#$!-,'$)!7&1!>$!()$.!04!]3$)0&30^!&!/4/N'4+&'!)4'(0,4/!43!04!3$N43.$3!4/$!43!
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!

743$!',/$)!4-!),5#0!0#&0!#&%$!&'3$&.1!>$$/!)4'%$.2!!"#$)$!4(0*(0!-,'$)!&3$!/40!$M(,)*&+$.!
,/! ;&%$'$/50#! R!04!3$.(+$! -,'$),U$!&/.! .,)E! ;3,0$!0,7$6!0#$! )4'(0,4/! ,)! .4;/)&7*'$.!04!
3$74%$!*4,/0)!0#&0!+&/!>$!-4(/.!>1!',/$&3!,/0$3*4'&0,4/2!

2"I $ U).&,(*B").' $
!
GHI@JK!+&/!5$/$3&0$!&/!4(0*(0!-,'$!0#&0!+4/0&,/)!,/-437&0,4/!/$+$))&31!04!*$3-437!&!

+4(*'$.!3&.,&0,4/CgV[!)4'(0,4/2!!"#,)!,/+'(.$)!0#$!$/$351!'4)0!04!3&.,&0,4/!&0!0#$!89:!*02!
,/!BC+7 F6!)47$0,7$)!3$-$33$.!04!&)!0#$!]3&.,&0,4/!)4(3+$!0$37^!43!].,%$35$/+$!4-!3&.,&0,%$!
-'(L^!&/.!0#$!3&0$!4-!)47$!*#404N.3,%$/!3$&+0,4/)6!,/!+7 NFN) NQ2!!"#$!-437$3!;4('.!01*,+&''1!
>$!3$74%$.!-347!0#$!040&'!&/.!$'$+034/,+!$/$351!$M(&0,4/)!,/!0#$!-'4;!)4'%$36!;#,'$!0#$!
'&00$3!;4('.!&..$.C3$74%$.!-347!0#$!&**34*3,&0$!)*$+,$)!+4/)$3%&0,4/!$M(&0,4/)6!)#4('.!
0#$!)4'%$3!7&E$!)(+#!&''4;&/+$)2!

2"! $ *0 V+(<").' $
!
B#,'$!0#,)!GHI@JK!4(0*(0!,)!;3,00$/!04!)0&/.&3.!4(06!,0!,)!4-0$/!()$-('!04!3$.,3$+0!0#,)!

4(0*(0!04!&!-,'$2!!J/!0#$!GHI@JK!.,)03,>(0,4/!*&+E&5$!,0!,)!;3,00$/!04!/$M&,324(0!&)!)*$+,-,$.!
>1!0#$!-4''4;,/5!',/$!,/!3(/Y/$M&,32*>)< !

 
# Run the program  
mpiexec - np $CPUS neqair > neqair.out  
!
"#$! -,'$/&7$! ]/$M&,324(0^!+&/!>$!+#&/5$.!04!&/10#,/5!0#$! ()$3! ;4('.! ',E$2!J-!_Z`! ,)!

)$'$+0$.!4/!8,/$!D!?&)!,)!,/!0#$!$L&7*'$!5,%$/!>$'4;A6!0#$!-,'$!5,%$)!,/-437&0,4/!3$5&3.,/5!
0#$!/$M&,3!3(/6!$252!;#&0!*&3&7$0$3)!&/.!3&.,&0,/5!03&/),0,4/)!;$3$!,/+'(.$.2! J-!4/'1!0#$!
#$&0!-'(L!43!3&.,&/+$!,)!3$M(,3$.6!)*$+,-1!_=`!;#,'$!,/!"&/5$/0!:'&>!74.$! 43!_K`!;#,'$!,/!
8,/$!4-!:,5#0!74.$ 6!3$)*$+0,%$'12!"4!5$0!>40#!3&.,&/+$!&/.!#$&0!-'(L6!14(!+&/!)*$+,-1!=K!
;#,'$!,/!"&/5$/0!:'&>!74.$2! !

!



 

 

                            STANDARD OUTPUT FOR NEQAIR 
 
          Run Type:  Heating (Stag Pt.) Calculation 
          Geometry:  Tangent Slab 
          State Populations are calculated by flux limited Non-Boltzmann for Atoms and 
Molecules 
               Local approximation with self-absorption only is applied with d =  1.00 cm 
          Database file path = 
/home4/tsa/apps/neqair/15.0/intel/2018.3.222/mpt/2.17r13/DATABASES/ 
          Outputs : General messages will be written to stdout 
               Heat Flux will be written to stdout 
               The scanned line of sight radiance will be written to intensity_scanned.out 
               The radiance accumulated along the line of sight will be written to LOS.out 
               The stagnation point heat flux will be written to stdout 
          Boundaries:  Initial radiance is zero 
                      Final boundary is a blackbody 
 
                            Spectral Systems and Parameters 
 
                                    Atomic Systems 
 
              Atom         b-b            b-f            f-f 
           1  C             T              T              T 
           2  N             T              T              T 
           3  O             T              T              T 
 
                    Molecular Band Systems 
 
           1  CO 4+   (0-17, 0-20) 
           2  CO IR   (1-38, 0-35) 
           3  N2 1+   (0-15, 0-15) 
           4  N2 2+   (0-4, 0-15) 
           5  N2 BH2  (0-15, 0-13) 
           6  N2 LBH  (0-15, 0-13) 
           7  N2 BH1  (0-15, 0-13) 
           8  N2 WJ   (0-4, 0-13) 
           9  N2 CY   (0-8, 0-11) 
          10  O2 SR   (0-12, 0-21) 
          11  NO beta (0-15, 0-21) 
          12  NO gam  (0-8, 0-22) 
          13  NO del  (0-7, 0-22) 
          14  NO eps  (0-5, 0-22) 
          15  NO bp   (0-7, 0-20) 
          16  NO gp   (0-4, 0-14) 
          17  NO IR   (1-28, 0-25) 
          18  CN VIO  (0-9, 0-9) 
          19  CN RED  (0-9, 0-9) 
          20  CN IR   (1-27, 0-24) 
          21  C2 SWAN (0-9, 0-9) 
          22  CO2 
 
    
 



!

!
$

:N$W'(,('(01$')$W&4+'0$%,4$/)<@+''04$-*&.'$ /(,01 $
!

:N": $U)*X0<'$L%M"4+'$')$X:C$A)<@+'$
!
"#$3$!,)!&!(0,',01!3$'$&)$.! ;,0#!GHI@JK!%QS2T!04!(*.&0$!0#$!89:2.&0!-437&0!+&''$.6!

+4/%$3089:2!K(//,/5! 0#,)! +477&/.! ,/!&! -4'.$3! ;,0#!&/! 4'.! -437&00$.! 89:2.&0! -,'$! ;,''!
+3$&0$!&!/$;!-,'$!+&''$.!89:QS2.&02!"#$!89:QS2.&0!-,'$!;,''!/$$.!04!>$!3$/&7$.!04!89:2.& 0!
04!>$!()$.!>1!GHI@JK2!!!

:N"E$U)*X0<'$*0V+(<"(*&$')$X:C$A)<@+'$
!
"#$3$!,)!&')4!&!(0,',01!04!(*.&0$!0#$!/$M&,32,/*!-437&0!+&''$.6!+4/%$30Qf04QS!K(//,/5!

0#,)!+477&/.!,/!&!-4'.$3!;,0#!&/!4'.!-437&00$.!/$M&,32,/*!-,'$!;,''!+3$&0$!&!/$;!-,'$!+&''$.!
/$M&,3QS2,/*2!"#$!/$M&,3QS2.&0!-,'$!;,''! /$$.!04!>$!3$/&7$.!04!/$M&,32,/*!04!>$!()$.!>1!
GHI@JK2!!!

!
:: $W1+B0$90>)@@0*4+'()*1T5)'01 $

!

::": $/)<$U/D$.104$+1$(*&.'$')$5678-9 $
!
@)!7$/0,4/$.6!,0!,)!#,5#'1!>$/$-,+,&'!-43!GHI@JK!04!#&%$!,/*(0!-347!gV[!0#&0!#&)!()$.!

" $'$+034/)! P! " %,>3&0,4/2! G4/ N*#1),+&'! &/);$3)! +&/! >$! 4>0&,/$.! ,-! " $'$+034/)! P! " 03&/)'&0,4/! ?(/.$3!
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          Wavelength Regions:  
 
 region   w1        w2      range grid_type deltaLam  nPointsPerLine  
 
    1    855.50   2000.00    600      A       N/A     10  
    2   2000.00   6350.00     50      A       N/A     10  
    3   6350.00  16000.00     50      A       N/A     10  
    4  16000.00  39600.00     25      A       N/A     10  
    5  39600.00 200000.00     25      A       N/A     10  
 
 
--------------------------------------------------------------------------------  
 
 
Region 1 number of equispaced grid points =       825568  
Region 2 number of equispaced grid points =      1315705  
Region 3 number of equispaced grid points =       935314  
Region 4 number of equispaced grid points =       837191  
Region 5 number of equispaced grid points =      2086138  
 
 
Radiative heating from    855.50 to   2000.00 angstroms =  5.204954E+00 W/cm2  
Radiative heating from   2000.00 to   6350.00 angst roms =  1.669560E+01 W/cm2  
Radiative heating from   6350.00 to  16000.00 angstroms =  5.403026E+00 W/cm2  
Radiative heating from  16000.00 to  39600.00 angstroms =  5.199339E - 01 W/cm2  
Radiative heating from  39600.00 to 200000.00 angstroms =  2.483079E+00 W /cm2  
 
 
Total radiative heating from    855.50 to 200000.00 angstroms =     30.30659 W/cm2  
!
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$-"$"$%8<3/%0$1"$%(3%0$1"-%

 
CEV: The small change in intensity is due to an increase in the nitrogen bound-free 

based on the TOPBase cross sections. 
 
MWIR Mars EAST Shot: No significant change, as expected. 
 
FIRE II: The change in intensity is due to an increase in the nitrogen bound-free based 

on the TOPBase cross sections, combined with a small error in QSS for the final LOS 
point. This error was fixed in v14.0. 

 
Mars: A bug found was found in v13.1 when more than one IR band is turned on; this 

was fixed. The small increase from v13.2 compared to v13.1r2 is due to the C TOPBase 
cross sections and more atomic C lines in NIST 5.0. 

 
Titan: No significant change, as expected. 
 
Venus: Increase due to C TOPBase cross sections, which is partly validated against 

EAST data. Some of this increased radiation was later found to be in error as will be noted 
below. 

 
Saturn: Bug found in v13.1 related to broadening. This was fixed, and no significant 

difference between v13.1r2 and v13.2 was found, as expected. 
 

$-"$"- %8<3/%0$1"-%(3%0$9"A%

 
Run times from 13.2 to 14.0 were discussed in v14 release notes but not repeated 

here.  The parallelization of the code permitted significant speed-ups over serial mode. 
 
CEV, FIRE II, SATURN: The small change in intensity is due to a more accurate 

tangent slab integration. 
 
MWIR Mars EAST Shot: No change, as expected. 
 
Mars: The decrease in the intensity is due to the implementation of a non-Boltzmann 

(QSS) model in v14. Increase due to changes in tangent slab integration and extending 
the wavelength region out to 60,000 Å offsets this reduction to a small extent.  

 
Titan: The significant decrease in the intensity is due to the implementation of a non-

Boltzmann (QSS) model in v14.  
 
Venus: The increase in intensity is due to a combination of the change in tangent slab 

integration, and the effect of removing the ipeak limiter, which culled molecular band 
branches based on optically thin intensity.  

 

$-"$"1%8<3/%0$9"A%(3%0$B"A%

 
Afterbody Earth: New test case for v15.0. The excitation of atomic nitrogen has been 

updated, and corresponds to a significant increase in the prediction radiation and is now 
more consistent with HARA. However, solutions for conditions such as this are not yet 
validated. 
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