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«POUT ABG1-0661 

AEbTKtCT 

Gu8 Maplion Wld ■•»• H^ectruu.«iric  a—Ijaia are  to  be  vsed  to 

üet >i..i.rte  t!tc cu^^u^ition of    .t-i/'J .   . nd  tl ,/0.,   rocket   ..iui.eH  at   vuriou« 

Joi...tit/:.i,  cownstreui^. ul   viiC  nozzir   exit.     Ibc  exii^ust  gnat*  »ill  be  un- 

ulj'^rtl  Ji.i   ti.c   cuttfrtitiientc-.  H   ,   He,   i....'J,   N-|   CJ,   0,.,   Ar,  und CO,,.     Tlie 

«uatiM  o^ectroiueter  output   i»  to  bt  digitized ^nd  xeduced  by coca|'ututxon«il 

•ActhouH ^leKciited  in tiiib  it^oit,    Froui  ti.c  MMM  cs^ectroi-ieter output 

voltage»  one  «ay   Jeten.-.m«   tbe   j—pit  coui^obiti.on  in   ItnM  of mole   frac- 

tiouä,   UM     >M  frac\x<ia  of   entrained airt   and   tbe   uixture  lutio  of   the 

rocket*     Co>n^uter codes  for  the  IUM 05u,   together »iill  block-Jiugräuts 

und  so.., Ac  c»icult.tiunat   nave  been included  uu  an a^^endix. 
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1 

I.   Introduction; 

(itner&J.   i'jiui.nc«   *iii   ccr.dict   H   studl   i*f   ti.c   u.^'i-al tit   uu  be- 

iiavxur  of   roc.vct   |»liNMa  in   t.<c   I'roi uihi< n   •ind   Icnnci   at   .trnold  Kn; incer- 

inii  und    .evcloir. . e/.I  Ceutcr,   TuiIa»o.i- ,   TaiMI«     DM   Ol   |ka   .^artH  of   the 

btiiU.)   44   toe   Suuipiin^ and  ani.lytas   (tf   iaa   exi.41 •st   gttMfl  at   vaiMUus  Ivca« 

tiouH.     A C >i>Boli(Jutc i i.iccit .>Jj nai.tics Corporation •.«.•s  u^ectrottivteri 

Model   2i-ü_OA,     ill   be  used   tt-   toiilinuoubiy oionitor   i..c   SBiWMMt   . üHCB. 

VI.e  output   f 1 ou   this   in^tiuaiHT.t     ÜA   b«   di^xti^cd  Ml  ruaci<cd  tu^c  Mid 

reduced  by   cou^utor  »vitKin a  t«nort  period  after  ill«   !••!   I (M   been  con- 

ducted.     Tints  revolt  retii'c.->ciii»  .ncLiioiiü»  uf  data   itiiuction  ami   biock-dia- 

groiaa of  tac  nccetuary  co>.iputrr  ^ru,.ra.ae. 

i-e   ^refau..ic   UM  reader   ia   fai.nii.it'  aiilt  t:<c  operation ol   ■ HMM 

H^ecti o^etci-,   and   -e  mil   nut   tie&e.it.   the  ojCiulin^   ^riaCA|»laa  i<ere. 

Ihe  particular  iafttilMaat  ithitth   -ill   ba   ufeed at   iKOC   bafl   been ..ludifitd 

HO   t.iat   i.Kiai*-lo-ci.;.rui'  ratiob   fruu  „10   1-1   i, , eai    )n   ■   Biagi4   lefeilrr 

setting.     A   lov-^x «»Bai e  imet  a^aiCM  aUmiis a  haSiad   -<<t'   tju^^ic   to  tue 

»i stem  at   abo^t   O.l.'C   ( tsi.i   BailaatiOM   ^xe^&tire.     Iwo   . eaiv   bclcctuiä   (Model 

133200)   have   been  ;,jn^cd   Logctoer   to   rrr_.it  <-dlo.i.i.tic   UILV^A 'o   batwaao a 

muxiiituui ui  10 diffaraat aaaa/aUar^a ratiaa«    u&cr.oKe tic aaaaiaratiai 

voltage taj.eb aaaa  iuM la daaay  tu 1   nav ••!•« *haa iba ^»aaAiiaa al kha 

sciectoi   hHitcii  ia ei^aagada  it Iwta  baan fouMl aaaafcaan   to  iataryaaa one 
I 

or  two  "axtra"  eettinc  batsaafl «j^a  nu.bcis  tbiab  ara   fur u, uit   in  terms 

of  retjuirsd  voltage  aaitiafS« 

buHentiatly   five   i;iif«,,cat   ti.et.  if   utkul^scs  are   to   i;e  ^erfür-.icd: 

background  ti.eci.,   caliuration,   ox^^en  feed,   Kl'-l/ü .  tluuic,   and  B«/0a 
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CONVAIR I ASTRONAUTICS nn 'i  

iiluia«.     Tiio  hP-1/0,,  ^lu...e  »lii  be MMliys*4  for  li.,,   lie,  H &,   \,},  CO,   Ü0, 

Ar,   »uiJ CU...  vitii   the   peu^   buiecto*   tbaWMifl  MMigMVd M ««town  in  Procedure 

A,   Table  I.     lu^cK^rouiid cl.ccus   (run nt   tic   bCKittlklBg of  i'ucb  iiu> ,   MMl 

bclorf  •V«ry   .iO-^iiiute  rjn)   MMl oxy^or.   ItciJ  ^n^i>«es «ill   cl^o  be  cun- 

(iacletl uiidcr  this»  i-rucedaic vii.en .;ti  4»P-l/0,    firing   i^  bexn,,  co idactcii. 

All  c«*iiiri«tn»us »ill   t\ino  be  ^«rtoraed u.ider  ihii t.roccdu» c.     Lie  Ht/0t 

pluuitf Mill be auaiy^ed  ior i^,  he,   h ,0,   ;.^,  u.,,   UMI AI   MCM*dinf  to  1 ru-    ' 

coduro h,  Bi.ncc ubuut  M eecoikdB ^cr Hauplu  can be  »aved  in thm  foHinuiu 

li^cWgruutid&  uad U,   lecd  aiia;y8uti -ill   b«   run  accurum^   tu   i roccdut e   H  xf 

H /0     firing« are   BCiitiduled.     l«o,ellant  oxygen Miil   he analyzed   for  He«, 

0^,,   iN0,   and Ar. 

Ine  uats   tu  be   IliTTII  troui  each  ^ot-.-v«   in  older   U   ^•rffoffW  a  cou- 

^lete  .liiu^j.si>j,   ••••ist  ol   tnc   lolluuini   xteus: 

1) A  tat,  nucibcr,   Q,   uiucu  identities   ti.u  Ha.irle  bem^  tak.c:u     Values 

of  M recoil eu  ran^c  froui  ^ero   tu  nine   (o -  Ü)  and arc  «huwn  in 

Table   II, 

2) The ^eak  hoing  analysed.     Tiicre   arc   \i  yidk»   in all,   their 

jOfitioat.  are   , re^ot  hf  ^otentio...eters  on  UM  t.euk  iselcctor 

Ctu-SAis.      t rubablj   tuo   he^V   ••)    tu    •.onitoi    tue   j ta:.   beicctor 

output   in   lu  .jiciw u,   ti.e   4.«.>(Sition  ot   HKJ  telVj^in.;  swiLcti«     Tuit. 

ui^lit  convei>ientiy   Im   taKew  uif  at   the  ^ilut   liiih^   »hicu   indicate* 

the  «n&r^i.ed channel   tu   the  u^eiatai. 

3) The  bahe   line   fur each  ^rak,   ur   ••!■•   (^i) 

4}     The   .laxiinum  output   »I   !•••   ^.eak   (lii) 

5)     An  i'icnual J v i>   lactui   (Ai)   lur  cuci.   »eak;   thib   is  tin   f.ietor  by 
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»iiicn  tue   uut^ut   ium  been  divided   ir  order   to   t.ec^-   it   im  the 

0-10 oiv.   range«      (TUib   is dune   b|   iieaiici  of   series reKi^tunces). 

These   Uutu taufet   be   u^erated   u.un   in order   tu  cxkret,b   inc  co-a./uciitiun  of 

the   sau^led  ^nses  in ..iuie   Ir^ctions.     ThiU  data   ledud.   u  il   tu   l*e  done 

by   ..cans  of  ;   iigiial   coü^uter  ..hielt  .ill  use   ti.e  digitiMd MUSS  s.cttru- 

tueter output as input. 

Two HMhiM  ^ru^ra.oa  WJII  be rtt,uired«     Cue  piQgrtm caiculctes 

the   sensitivity  of   the  instr.oiicnt   to   tue   ouferent   ;•,;    c.-i  rei itivu   to   ti.e 

uass  2Ü  j-eak  of N ),   which  is  arbitraiiiy  set  at  100.     In  ti>c  following 
s 

diHCusf.ion,   m%  snull   identify   tut   sensitivity   of   the   nustruueut   tu   tue 

th , j— gas   (vsi.ere  tut   identifying  subscript  j   is ■••AgiMd  ***  Bhov.n  in 

Table  I)   at  tlie  i—  uuum  itu-bcr or  .-caK  eelecti'i   channel  as bij.     Tlie 

second  program uses  the  Sij's   tnd  tue  output   froa  tlic  MMSII spt-ctro .eter 

caused  b.   the  ssaipied  ^«ses  to  calculate   tne  inole   fractions xj  of   tne 

constituents  of   ti.e  saoi^ie,   tl.c   «\ei,',i.t   fraction h  of   entrained  air de- 

tcrriiucd   from all   t.te  C( in»titucnt&t   t..e weight   Iracvion of  air A  uetrr- 

■ incd   from  an urgo.i-liclium   balance,   Utt    .ixtikre   rutto  Mc   of   tlie   roci^ct  as 
i 
i 

i 

determined   froiu  the  aau^icd  t.a&c-s,   MM   t!>e  carbon/nydrogen  ratio  U  of   tbe 

suable.     This  report   iiiCludes   blocU«diajfra«ii;,    SOAP cudeu  foi   t.e   IM  MO| 

and  coi-vlete  hand-ciiecus  of   tne  yrty—  using  re^icNenl .>t ivc  in|<ata. 
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II*  Anaiytexai 

lav iMitrtwitiit 'ill IMI culibrdtc-o once cadi day« ei  efiaim1 if 

it a^eaife  .>ece(-8»rN ,   b,    Mtaitiing  ■  butiiplu  of   ptirv  ^kft  iw   Hi«  auxiiiury 

Akiiet  at  exactly  uv^i)h|.>'eric   ^icstiarc,   tX^iMMliag   it   to  t.ic   cxi.iiii«i(.'n  voi- 

MMi   «-'Hi   introdMCiflf  it  into   tiiv  •«übt»  .s^cctru^ett-r  in  "batch"   IV>snion. 

Ine uiu&m  sj vcti otuetti' if»  »enHitive  tu  tue ..«rtiüi  i t-e taura  Of   i  purtittuisrl 

ea6 al   itb   itiiet.     .)i.nce     e   .u e  auaiy/.iu^.  ail  ga^ei«,    kt   du   not   neen  tno 
I 

absuiute  t»CMt(iitivity  o/  each   --.at    in  Vulia Ulltput   .«. i   prOBauro  unit,   ;».t 
i 

only  tl.e  relative ucnsitivity.     'e  «..all  <'.rl<i trurily  de>.-; >i.to  the  uenai- 

tivit>  s. .  of ur wt ■wi  in aa iOo,  MUI rafar otiior& k« it«    Vkia ia 

aiiawakia i.1  ti.*. Mui ratinK K^aaii wrv; i.ii introducad -t t t «-.aise praaaura 

into  the inlet ayataa« 

It   i«  conceiVt.hle   that    .e   hiaj introUtice    »ume   Akt   int«   the   instru- 

ment   together  vith  tt.e  caÜbraüag  (aa«     .c  c>m cort«ct   Jo»   un air  iia.urity 

if th« lirot aallbratiai gaa «liiab m% rua each du^ is air.    fha ouie 

fr.'ciion  ui   air  ia  t;.en  lüiii^   cict.or...i.'ieU  hy .aomtoring  cit.er   tt.e   . aus 

ub or aaaa 32 pa^k ahaaaing ahiabaaar cioei» not occur in tba aaaa apaatraa 

of tue iNira KUB.    if Uta ^^rc gas i t'*tk w..o»»e .set.si tj vi ty «e arc iwaaauriag 

üoes  nut  occur  in air  (i.c.i   due»  not  ua^en  to  be  14,   2d«   31'.,   or  40), 

then   Hie   ceu.sili vi tv   oJ   tue  >>jr«   ^aa   if> datantinad  by  iliviiii.iK  it»« m^^ur- 

ent .sfut.itivity (aaaaarad kitb iba air caataainatiaa {«raaaa^) by its 

Bole  fraction, abiah it oal iaaa tbc aal« fraatiaa »I • ii   if no atbar 

§aat>»iaunti are i. ^ii..icd to be «traaaat«    if t^e particuiao paak of 

interest   is  one «hieb  also  occurs   in air«   tbt  sir c<j<ituuinant must  be 

FORM NO ft-702-1 



1 CONVAIR   I ASTRONAUTICS I 7 mi 

subtiactcii  fruk.   il.c i^euk  b^ifltl   in order  to  octcmint   thi   true  viiiuc. 

Aa  an  instructive   •MM^A^i   c-on-iJc-r   tue   c^iiNration  of   the   in- 

btru.-ueiit   lor  MlHitiwitj   to  00«   ilfM  iHiiubcr,   j   =   H)   .tt   tlM tüas»  ^ü   (i   ■   J ) 

uuU  M   (x   ■  12)   ,<eiiki,.     'i'tie  u.iount  oi  uir  is  Jetur.'.uuud  by oionitoring  tue 

iieuU  at   ..ubfa  32   (i  ■ 10);   ih«   MMliiVity   of   tue   i.k^truuent   to  ox>gen  at 

ilix-.i  MUM  number IMI*  bcon  ^reviuuäl^   dctcx^iineil.     Tliu  lustruuicut  Kiea^urc« 

tie outimt  voltage  or j^tai  height   (H   ),   tne  zvro  line   (<.),   aild   the  at- 

tunuation  factor  (A.)  at  ail   t.veivc ptafcll   >to choose   to  o.'crutc  only  on 

i 
^euK» nurbei'  i  =  0,   10,   1J.     Tut-  corrccicd pwk  noight  C.   la determined 

by  subtracting  the  zero  reading  frva  the  .ucatiured  value  and Multiplying 

by  the attenuation  factor,   thus: 

The  baclv^ioui'd  reading,   B. ,   «hicii  waa  previously   deterJiacd,   is  subtracted 

fro« C     to  give  tne  true  ^eah iiei^.ht T. : 

T. 
x 

C.     -     D, 

The uiole   fraction of  oxygcu  in  tue  sample aiay  be deterwined by dividing 

the  true  output  at  peak 1U by   ttot  uutp.:t  uf  p.tie  ox^^en at  tue  »a-e  ^eak 

(uau at  ti>c  sane  saa^ling  >>i'CHuure),   or  since  «e   use   nitrogen  üS  our 

reference, 

Xü     "     Tiü  S-J,4/S10fo     % 

In the  above  exprefssion y     is  t><c uole  fraction of 0o   (ga.s  nuuiber,    j   s 6), 

b     .   (s  100)   in  tue   uiFtru...ent   scasitivity   to   nitrogen   (gas  nur.ber,   j   =  4) 

at  tne  .'«ass 28 ^eak   (i  s  u),   S.     ..   is  tne sensitivity  to  0,   at  ...HO«  32 iu,o <: 

(i  • 10,   j   =  o)   „nc P    is  the  iiiütruu.cnt's response   to  a  |>ure  nitrogen 

sa(ut le  at  ...a*»  JÖ at   the   saa:e  ^retuaie  M   the CO,,  saiuple.      ie  umy   tuen 

FORM NO A-702 1 I 



CONVAIR 

«WUT JjE^Oggl 

I ASTRONAUTICS mi I 

üutcnunä   (:ie   instrument'e  rMVOBM   to  CO,  at  was.*  44   (o, ,      )   bv   tiie 

reiftiun 

witera  0«20M   A--«   the  uioie   fr<ictiun  ox   oxygen   in  uit ,     i'bc   response  ob- 

fcervtti  at   Jwfts   Jc<  is  uuc  tc   Luti» N,,  and  CO,,.     f.ie  re^jünse  c!ue   to N,,   is 

O.TBOt)     x.   rQ 

O.^O'JG        U 

wu«rc 0.7<iOd  xb   tbc liioie   Iruclion of  K.   in air.     Ti.cn 

'P0 

T,.  - ü..:ut'5 

i - xT7ü73Ü93 

The  block   diu);raitt of   the  caiibration  ^ro^ni-u  »M cinstrtictcd   from   Uiene 

and sxiuilur considcrat ions.     A  bit   of   stanv  ».ill  elu-     ho-   t >c  corrections 

for air were  performed  in  other cases. 

The  output  of   tiie  ci.i 11.ration  runs  v ill   be   ut-ed   in   tlic  anulvsis 

of  O;«  oxygen  feed and  ^lume  subtiles,   to^e<.   cr witt   the  output   duta 

(H,   A,   and  Z)   fro i  these  rans.     For every  com^üoent   except  R. und CO,   tue 

response   fuclor F    is detenvicted  by  a  relulxon 

F       =    T /S. 
J A      i|J 

}i     and Co  both have luajor |>#SlH  at   ...aaa  14  sad iiia^s  2<<.     Tnt   .'ilijction 

ui MUM 2d  is   furtntr  cuiar'licatcd   because  CO     i.as  a   t<coK   there  •!•••     'i'ns 

t-iocciuic   adopted  la   to  si.btrnct   out   ti.e  CO,  coatributicn   to   tee     ass  26 

output,   as   fuAlo.-s; 

/ 
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Thvu  «e  . .».j   feolvc   tue   füilo   i;..    c n. il t K.K >.UH  cquatioiif   for  K    ani)  F 

(resi'Oi:»o   factots   for  N .   und CO): 

Since   I .ere   m  no  CO  or CC,,   m   tue   R«/0a   sa^j-i».«,     c  ci-n  calculate  all 

resuonäe   factors  in  tii«   same  nnr.ner.     Cnc;«  ««   f;jvc   ^H   tl.e  V.'E.   we   -IUV 

calculate   the aide   frMCtio;'..s  .-•*.   tl c  ditf»>ittit  co. ^OPC it«: 

X       =     F    / V"  F 
J J      ^-r    J 

Tue  oxjrgen  feed saiu^le« ana  tite  piu^.e  «auipiefi u&in^;  H0/U0  ^ro^eliant  do 

not  contain either CO  or CC .,   ao  taut  «e  wa^  revise  our procedures 

»lightly  in order  to  conwerve  tunnel   tiiuc.     Itii«  JLH wh>   tue  subscript« 

in  tue  unuiyiiis  ^rugruij  LiIocK-ciiagieci unUur  tug  nuuüerc  3 uad  i   (O,,  feed 

and  H /0     pluue  saiupie,   reul'ectivcl>)   uo   not  alt»ayä inatch  u^. 

In tue  ^lutie  saju.ice,   tt ere  arc   a number  of  quautitxes  of  m* 

terefit  »iucn IJH>  be  derived  fron  ti.e  ••apesitioa  in terms  of Dole   fraction« 

one  of   Liicse   IH   tim   ratio   of  nydruk,cn  atoms   to  curlion  utoi^e  in   tue  aaia- 

»■Ic.i  gao.     In i\i'-l   this  ratio   it.  about   il«0|   its  deviation   from  this   figure 

in  tae  sampled gases  is a   ..easare  ot   tlM  .^aupiiii,.   error,   since  neither 

li  nor C  is added  to   the  ^atr   by   the  oxygen  feed  or  tue entrained air.     We 

can  cocpute   tfcia  ratio   (0)   simply   by   MMMiaf   tie  uydro^en-contuining 

compounds multiplied  tiy   t. e  -ii'.sm.t  oi hydrogen in eacti  compound,   and 

dividing  Ly   tite   tiiMilar  SUM  ol   t.i   carbon-couvaimng  cou^ounds,   e.£., 

l>  =   (2 XH O   *  2 XH   >  /   (XC0   *  XC0   )   c   Ux3   *   ^V  /   (X5   •  V 

rORMNO A-702'1 



CONVAIR I ASTRONAUTICS 1Ü nti 

lliib  coii-jiUtation  im  of  course  net   . crfvrued  uhen  II,,   ih   t>.c   fuel. 

: 
iwe  weight   fr.^ctiur.  of  tniraiAtd  ftir .r.M>   1)0   cu>.i^»itvd  in  two 

»u^s:     'ilic   iiii-t  leiuircä  an  uctataie   . .lalysit.  of   t< e   ta..,j,iec  ta-"i   i'1 

tUat   t   «.   true  (»roportioiM  uf oil  con^oncnta MUMt  be  lUtoVAi     ^mce  nilro- 

(•■  iu  nearly   inert,   its  rei^uve  ^ropurtion  in   t::o  ta.i^.le   i..,  unciu.n^od 

by  uny   U'.ictionK  in   tic     at.  nr   bj    tl.*»  «a.^lin,^  ^rovcn»   (if  J   true   ^a. , 1c 

it;   taken).      '■«   ..ay   UuM  SUMfMli«   .-   ".^ulc   fi';>cli<'<u"  ol  Air   (nut  ■   true 

.Mule   fraction,   t.i.itc  in  ^.onci.ji   8oi.ie   of  ti.t   ox^^oi»   hA*  re.»ctyd)   hj   t-e 

relation 

X.     r    X-, / D«?tOt     =    X /J.7o0d 

Tii«   "...olecuiar   .cj.(,..t"   uf   ..ir   a-   ....,..»::;   <■;  uoieci'ik.r   .ci^l.t   of   I i.c   ex- 

iiau-st   g«««*,   N,   nifty   u*  Cwicjiated   bv    t.,c   iciatior. 

N     c      > X     ?i 
*       .1 

J • / J     J 

where   />l   is   C   in  a  H /o ,   finnj,  and  I   in  uti  iJ-l/ü^   firiB(«     Tlien  tne 

«tcitjht   fraction of  air coui^utcd  in  ti.js manner  iu 

A     =     „f..'Jo2     X /ü.VJJOti  H 

A   becoud uitt^od  of  coia^ut; •!,_,   It   Mi^lit   ft. etion   uf  air' dOM 

nut  re.,uix'e  an cccuraic  •nalysifl  uf   t .e  M^^iod  (••••!   but   does re .uirc 

an aaalys.ö of   luc  oxygen   fo^i.,     Vilia «•Utod  aliii-itb  _;.   inert  (•• 

tracer   (iie)   aUJtfü  to   l.c  U,.   fueti  .«ad  anotiiet   it.ert   tr.ufr   (Ar)   vlli«!)  iu 

naLuiaii>   pieMjnt  in  »ii .      1. t   »ei^nt   fractlur;   jf   r.e   in   tae Ü0   «a.upic   i« 

-,o 4«U09    x     A o     o 

Thiti   quantity   is caicuiu.teu   Iro..  t..«   ux^. t;en ..laaiytsii.  at   ib«   lwgiMi«C  of 

oacti   ÖO-winute   luii.     'laerc   Biil   aiftu  ^IO   ...u*y    .e     o.:u.   iiryua  j.re .e.it   in 
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wile ojLjgtfa;  tue wiffat fntciioa oi   .r^ou i»t  mimilariji 

I 
7,o 

(Ti.ü*.e  (('j..iililic8 tmjl   bo  coii-fcctod   f^r on oir  icuk).     liie weAuiit  ratio 

of  lieliur.   to  cit-^or.  in   i<.e  |iliMM  ^u...^^;   . ..y   Mulijf   be  uettr-m.cd   frwi   l«je 

uoie  lutiüfe: 

(■,-,/*'r.)       =     4.003 *n/3'J.\>i4  x^ 

TUe  weight   fi-acix>>n  ol   MTgM  in axv  is 0.01-»^',     p'r   ..   Uitse   four  ({ucnti- 

ties,   la     ,   i»        ,   («^A-)   .   -ad  ■_,   air  =   .Ui.2<lö,   uc  «^y  com^ut«   the 
*-1 v '»o *m      f   y ( 

fraction of  u.Ar  ir.iie^cndeiitiy   fro»*!  any   elfects  of  reaction. 

Let  t.ic rjxxture  ratio   (uetcxuiincd  by ^.eu»>uiing   ine  ^.ro^eliant 

fioi.   leitet.)   of  ti»e  ruCKet  be  M.     Tl c.i,   on  t:»o   ba&i«  jf on«  lb.   of  fuel, 

M Itü.   ol   oxygen  vnlers  tiie  clia.abcr,   und  N  ♦  1  lb,   jf  cxh.iast  „...i.es ar'* 

forueJ.     Tiie wei^üt   irnctAon of  t.oliu...  in   ti<c  exlitui^t  is 

i- E    »    i-  ,       M/(M*i) 

and  likewise   for argon.     Let  B  lbs.   of  air  bü  i.ixed  ftiiil  tlM N«l   lb&.   of 

exbau!,t   to  foru >UUB  lbs.   uf  ^iu.ic.     The  wei^öt   Iruction of  i«   in  tiie 

filauie   is: 

W#>     .    ■ H/(M  ♦   1   ♦   D) <• —, o 

The weight fraction of ar0on is: 

7|0 
M     ♦     1     ♦     B 

and  UM  ratio  is 

Vi   -   »t./'an   4 (B/M, 0---^/^fo 
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wiifencv   (U/M) 
o.ui^sa/yr 

~iO 

TJI«  air/oxygon rat'O  B/W w^j'   be   u^c;l   Lu  caiculutc   tue   «ci^l.t   fraction  of 

üntruinbü  air,   K,   &o   follovftl 

R     =     M   (B/H)   /   [M     ♦     I     t-     M   (B/M)J 

wUcnce    B    =    H (WV«,    "    ■-    /* >     )•.    /U.öi2d8 

x ♦ M    i ♦ Hu/i , - il   7^     PiT   /u.oi^ua 

Tiic ».ixture ratio M^y   KiM  i)«.' iiutcr..i-»«;d frc... ■  luiowittfg«  of  the 

toUii   co.,.. ositlei.     .,et  UB cuii   UiiS quMliitj   ■■   , io   uibtin^ux^h  it  frou 

UM    .^usiued luixtuit:  latio M«     Ike wei^'L  -.t   foci in ono ...oic  of :.tt^;Utfd 

.iui.fc   „üB   is  giVM by 

»„   »   a«oit (x.   ♦   /...)   ♦   i3.oio (x,.   ♦   x.) 
f l o O o 

(Lit   t>ec<>r.ij  Un..  XR not  ti'OHfciit   if  An H ,/ü ,  nui  ifl   bviag uualyzcd).     fU« 

vcx^nt  of oxygen  it 

W ■     ^2.ov.0   (;- X.,     ♦      - X_     ♦     X.      ♦  X.) ox J 5 0 d 

Fart  of   li.ih  couifs   Irooi «ntraincd  »ir,   •«   tiiut  ibfl  MMWlt due  oniy   to 

the  ,rojciiaut   feed xu 

* = 92.000  (>- X,   ♦ .- X.   ■» X    ♦ JL  -    i^iü22    X.) 
OX.O o J u b , >n ^ 

The  n:ixlorc  ralxo   it.  t!i«*n 

H       -  'A 
C 0X,0 

i».OüO   (.. X     ♦  ^ X..   ♦  X     ♦  X    -  0»2OW     X,) 
o B H ö ""        •» 

[Toll!   (X.   4   X   )   ♦   i^.vlj   (X:.   ♦  X   ) 
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An ^itertiaiiVL-  o-j-i efa«jüi> uu^   bt   ucveloj.ed  iiy u»ini{   the  reldtiunsiu^ 

X,   ♦  X..   e  X_   ♦ X^   if   tiie  11/C  ratio  ot   the   fuei   ii,  2.     Tuen 
1 .> 5 o 

32*000   ('- X.,   ♦• K X_   ♦  X     + X,,  - O.Joaö X^) 

c i-l.jjo   (X,.   ♦  X,,)       ' 

This lu.<-t ex. re; si in ^-ot» lent  ictii.;.ce oa t.»e accuracy •)! the uuuijsiu 
i 

of   tiie  cuiidcnsabic  com, oneiit  15,0;   it  can   »mijf  l>e   ■.I-.Cü   for  the   KlJ-i/ü0  rune. 

rnou »in • mi i 
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III.  CouciueionH; 

On  the  bMifl  of   ti.c  coiiHiüvt'utionu  inwicatcd  in t'ne ^recediug 

section,   we  tu^vc  klev«tio,cd cum^iitct   progrittM  ftvitabX#  tot  tic   rcdoction 

of  digitized uuibs  ü; ectro.aetcr ouitNlt  data*     In  ttie  a, ^«ndix,   block- 

Jiu,,» ...us,   i>OAI'  code»  suildbic   for  ll»t   l-'.^  G30,   !^uti;<ie  in^.jtu,   und iu;nd- 

coiii^uted rebuiib are   ,-re^ontcdt     Tl,e»>ii  resuits uaji   be  ui>cd  in  incoi-^or- 

iitiir,   these  dutd  reduction  ^ruceJjrcK  into   i'V  \KDC u^^tc-.     The  kUyMt 

rec^uired  for  culiLrutiunb  arv   ti.c   inüividüai   ^eak   iieit,iitö,   hu&v  ii<ses,   and 

attenuation   factors,   a*; well   a«   tu&  niUulMra   (u  -   '.. )   vhici-   iJr.ttify   the 

difiercnt gt>seb.    Tiie Output »f UM OAlibraiioa data radocttua program 

aonaiata ol   tiic  relative  afcUKitivj.tie^  af   tti«  different eauatitttaois* 

Vhe  unal^bis  of  a gaa  aa.upie  reauxres  t>.e  aawa   ty^c  al   iaptit  aa  the  cal- 

ibration   run;.,   and  ai-so   the   ucus^txvitie«  auu   a        .,s   i od   ^ro^eiluiit  »xx- 

ture  ratio.     The  output  of  thi«  |«ragraa  it>   IM '.oie   fractions  of   lite 

different   j.aHc^   in   t..c   «a, pie,   toe   I'/C  ratio   af   the   fact   (if   it   is  UF-i), 

the   «tci&ht   fraction af   untraiaod  air   (couputed   in   two  f.aya),   and   the  wix» 

turc   ratio   uf   the   pro^ellant   at»  t ■ ..uted   from   the   away 11   coia^orsi tion* 

Thia   infaruiotiun can  be  used   in a  auiuber  of  ailhaaqaaat  calcoiati. nv; 

3oa.e  uf   thaM  *tU   he   discaseeu  la unat. ei   repuit. 
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Concctccl  ,-cäk heijJit  at  i—■ wuse ^eak 
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th 
HMpoaat   factor  doe  to   tite   J— cowj-oncnt 

th Measured  j caiv hci^ttt  at   i— tuna* .■eaii 

Measured ..axture  ratio  of  ^ropellart 

Calculated mixture  ratio 

Molecular weight  of  saui^led  gMMfl 

ilcaponse  of  in^trunont   to  .N,,  at   üüHB  .i3 

Tag  number,   idc<Uifyin^  MMpl« 
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•at.«,   "   100 
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Woli    iractioo   of   j— coapoaent   in   sa:. , it 

Zero   ox-  baue   line  at  i— amse  ^ea* 
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