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c,o/vre NTS 

Derivat,art    a}    the   Momttrit - Arvai   Method   f»^   Apfah*.mti»n 

to    the    Qe*t^n   »>   £o"trx*j   fo<d*' I 

t»wSIS      Flo*/      5 ti~i <J /9S lit 

Appenaii*    A     -      PropaUant    Form    Function,   " 2» 

A. 

^^ 



^ 

^ ^ 
^.S » S ■■^v, 5 feV<L 



Oenvattan   oh   the    Yfiomont-fl[r»e»  M G+hexai   }•<»*■ 
Application   to   tho   ÖOs/qn   oh   Control   ^OeJ» 

Giv«n    fh« el\Vior»ntiai   »ejuot-ion    f»r  racoil 

tsAfr = B(c) - RCO (I) 

Znfacir'aftna 

when    ^» b.  Define 

JO 

Inteq rating 
rt .t 

M//' » I CKtU-c   - j HtädT (5) 

Or- 

MO6 * ^GCe) -J -cBCtW-B - tHit) +j ZRiTäclr- 

Rewri/e   «a 

Def'no 

Mofa     fAeit    «"CCt)   «öd    P(C>   are   ettprosaion*   fror the COnfroiai* 

oy   thct  akrmoi»    cj«r?er<attfJ  tw   f/>»  functions     8(^) anal   RCt), arf 
finrie   t,  measwred   hrom   t * O. 

Now/, write   ecfwat/orr   ^   as 

M/^ -- tQM --CCOaCt) -t Hit) 1-/3(6). Hit) (T) 



^tO   SMO.sf^A.     h     rit,*,] 

X. <?  -   V«_c-o (  /     -T/ *V>1 

Je   =   fin,«.    uoltAM.     N^S      14      *ft  ,*^ 

^ -■ 
r  ^ ^dr..^^ ^   ^r^ 



or 

•4, yb 
(8) 

At    the   end o> reco>)   (^-»D   anal   CC' Cm)    the   hoMovsina 

r& lokfian»     ho lei 

Or 

M L /2(V)«^ . -<(/,) in) 

vVfifer 

A ssurrre    fhatt   the*   shojpt* cfi  the    " fat at I    rS&i*fainc*& 

to   rffc-öJ '"     rorcff t RCe)t    is   krro^n.    Ihmn  rmcallmaj 

/3CÄJ -   V         

ML ^ !•(  » Jfc "K RCtDd-e 

the   -rrrcae^ mtuai*  at   HCt)   eanal    t*    ma^   imS cdefermtn+al ■ 

02) 

CASE     li    O- = b sO ,    tm>t9   where te   ,*  the t,mm   B(6) acfj. 

/A^stcne   fKe  rollo**ma  data  /"o  te  knowr». 

EXAMPLE      /•• 

/A &j u/ne    CM   i^antirtuous    ^^nctioi   ror    R it)) Trarfrfml* 

RCC 

than 

«.• 

-*! 



Thu* 

TTl • 2R.tM TrtML + M + Kti 

Or 

By   fbn   Mom97tf'Ar0<a   Methoat   (ecy. to) 

ML -[^»-^^-Ct,-/»)]! 

o^ 

U<s>^a   t"^«  «««T**  Wafa   d/val «»««w/vft^^ 

RCC)- R.-f- 

^•n 

and 

ML ♦^ ^TTI^'^'T8-^ 
r* US 

ZT - RoC, 3CMLVI«<) »R.t,a 

or 

R. " 5(Mttr«o -' 27,400 



FXAMPLF     3: 
Usiffcf    the «arm«   alattcM   o/rd    ctmsu^.n^ 

77o-*4 

irtd 

fhu: 

t-i*.0~t)*-*.{c-£l *£*.,, 

ML.ro< -p-H-O-^.^^.^..^^ 

accom/oc»n^//T^    flow»-«. ^1««,  o»M«m»   t,*O.OOS am*   tt*O.OlO. 

or 

H^rr=±E -r 
N ovs/ 

ornaJ 



or 

1= iR.(*C,-t,-*.) 

rrr&thoal   »f   oquatfimn    8* Thmt   hit 

ö^ 

buf 

. 1 I- « ^.UCn-r,-e.) 

t-/» Hi 

csrs   4»«f«r4r. 

+      ^CML*I<)* art,» ^(Mi^r^^yr^p-tfifrccr-o»^^»!^^^ 

So 

tn * 0.2 0% R,- 10,190 

U*t*    the  Jtmfithc'tx   it    t, * t%.      iAi*Htn*   t,* t,, * 0,019) 

So 



C^SE       2;       4,  ■* O,   b * O £„   - OL.  > t^ Am* urn*    tha 

ra Howirfaf    atafc»    to    l»9   Krtav/n.    {.Pirin^m - out- ot- \»^1t*rjf} 

Mr   3.3  •*•% T-  2009   «sec,     'S. - o.eot sec      L*o 

EXAMPLE     \ 

No* 

M*?   = -R0t 

M*   *  'tRet*' 

t/rwa 

er 

Na v*-» 

5e 

Or 

Sa 

«nd 

r^* i^.ir,1 «irr, 

V ML'(a. + «) =   To/" 

(t's V80 

=     O  37« 

R-  2660 



No w 

or 

3t 

EXAMPLE    2 
Dot ma   ^ * -V s -259 '%*<.   whmn t*au . Dmtm is uiK.U<»*^*<d, 

~MV *-*.**   -j^i^J 

2MVflu i-Mt*v9[ s rau 

f-h^i 

•<  • Ö.3V^ ^s   0.4»2 B>2990 

Nat»    M*   %*/t*,tiv,fit e?t thi$   -mmthoJl. A   cbetfcf*    •+     I   '"/i^t. 

(ML f r«<j • ^rt^ Mv«R. a. 

r * R. t, «< « «,«. sr 

CASf     3       a - b« o ^^ ^« 
Now,  if    tu* t« ;  fhmrt,  fkm  e^uafie«*«   fAw»   far   al«v«/op«aJ 

do   vfof /»o/d  c»rfd   /^ /i  Trerc9«»«r«^ to utili%» a ccmfmfor for **lut>on. 

rx AMPLE    I 
/^ssumtf   R(t) to ^e co#»*/"o»#tt,o*fd 

r, . lAid^i-i .  o.avos 

t^'0.0391      Ra5Oy700     •<*0.00<>l     Z'-I9*i* (wh** t'tn) 



DYNAMIC   ANALYSIS   OF FIR\UC*  PLATFORM 

I. J-rftrooloation 

FiQuire? i depicts Ok 105 ""'' Hoi*»ittmr rrtountocä on c* 

tlo&fincj rakt. The stathility of the structure is to t»o defer- 

mined    under   tir/ra   condition*. 

It vvill   bus   aisjumed   that  the   ^jrtire »tructura   /s neyid; 

al«©,   fh»  r&Ja»tiv0    motion  ot  fha  recoilmcj  part*   wJ/   \oe 

Tr&Gjleoied.   Hencif   the  cupphed  load , RCt)- rod pull, w>/f  Ivs 

thtf  o^'w    exctation   fared   cpplied.   AI»o,  if i*  ai9»unfeai   that 

this   i&a*d    will  lae   apph&d   through the trunnions  ond patratiiei 

to  the   cerrter   Imc   oh  the cfun  tuhe. 

The   primary   re^iateance   is  offered  kmu  fhm bu&yetnt horc*» 

ot   the displaced   fluid. Tratnm/t»tion   /»   re*istmd   l*%  draes   harems. 

/'"raillu,   Springs   e*nd   aJasUfocats  are   introduced  to  timulmtm 

jini-hatrmat. 

2. Qoaralmaite     System* 

Assume   the   ls><s><dif   to   hcii/e  thre&  decree*  mt  freedmn* 

iraimely     C,^, (>. 

Detme   a  cooraiinotte   system   (O-XYZ) at  the ovoratll 

CCj.     in   the pretir/rra   Condition 

Dstme   «a   caoralmafte ayaterrt   {0 - X Y j£ )   vvM .fa origin 

ir/jttsd   in   the  r&it    Cot the t.c^,)    artd  art a»// times ptarotllel 

To    O-XYZ. 

Dtff'/re   o    cauroli/tate   system    (0  " X'^VZ')   h*ed   m 

th*   r&tt. 
D&V/ne   a   cacrcJiitcate   Gestern   (O  -iHZ^ with   its 

Origin    att    the-    tru nnion   and   cat all   times   ptoirctllel   to 

o'-K"y"t". 
FmoiUii ,  detirr&   &   c-oorol>trotte   systerrf    (0  - *£ H T,') 

ck    that   O  - H     irtaike»   ca   c^orn-fcarrt eanofle  oh -Y   with 

~H   at   aril fitnes    at a»ll  A/Ttes    (//»   the   0"-A H  plane} 

Detm»   the c*c*is>rQJ,n<mte-%,  ot  O'  in  0~XYZ e»a  (1,^,0). 

ne'   the!   c.to<or<d/n&.tei  ot   0" m    O'-^CyZ"  as  C&thjO). 

5w 
•,11 o 

Dehn 

8 
8 
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So 

where     Y    it  th»  ome^lc  at   a)»vatie»n. 

Tht?   mom9nt ail&out  the mats c«»»/"arr due to  Rc^)  is 

iv^ s RCt)[a/Co5y-bS/nr] 

JT.   Buouant    F'o^ueS 
The    lauü><y«3»rff   haroe   n etc^ucal   to   the   waieyht ol   the 

alfploicttct   tluial   artet its Im» of  at,ttort  /»  vffrtic&l  thr0uak 

fhe  effrrter   aß   rrrcm»»   c»>   thm aiitplacecä   t/v/al. 

Assurrtef   a   alaHecteai position  ol the Huial memia OJ 

shown    m    ^*^.   3,      Nooo 

^c s /c-j Coi (•<, - ^) y,, » /tf S/*r (y, - #) 

/^o ' ^r G*s C^v *♦) yo s -*» S#/» (M,' 4) 

Verficeii   depth of   waiter hne   •h~X 

fWso 

let 

se 

^ « /t.(C# 4 (•«,♦#) = A,, 00»*, C»»9 -A^Sint.S'nf » AC»*f-BSi'' + 

yM  - n>i $.*(*, +f)* A*, St**, C**p tfySmfC»»*, s A Si*$ * BCff 

- AS,^4 t-eCm»* -Ai"*4 +eS"f4 ranj i-Ch'tiTairff 

II 
II 



CKNTCMLUNC 

r'- 

II 

)Z 



Or 

MOM 

Dehne   the can»r^i*matt»  a^tt»^     f-^'y'   by 

SO 

,N OuJ 

thus 

^ -- E/» ^ » o 

^n« -2L T«n^ y;   » -2L 

« -1 L 7V.„ ♦ 

^i    --    i FA 

--  -L 

/3 



Als, 

' $(-*L Tan + X-ZÜ 

' 2 L1 Tan 4> 

Armaa  *  t)Ä'FÄ 

:  ZL'fA 

et ncJi 

CO. ±**i^bJm*~*MJiM 

The     buoyatnt   farce   l* 

FC*)  -2l!{A reaA > A r,a0) r 

- VLL'IA *-iL-B)T<*»*-(h-i)5d4}o- 

MC^)   " FC#)-(p.a)   3   21-'MreaA-aÄ ►/Ir.fii,,   y0](r 

4- ZLiA-&To** -[h-l]S«c*)(klM-Bran+-(,h-S)Sec*lS,„+ 

/4 



5*,  D racj    ForcffS 

The- draic^    Ycr-ce     0    ia   <=fiv«n  lay 

Or 

D'-  ^-g"   [f^To ~^^^)^}7a      Cw>7*re    C0~  1.1) 

6   5 
77; e    y w z- 

^   D cüö^p-z    r^cv«' 
' •.T.»,.<;   I in ^t       fi/^tie^n      I \ ,, /»    A*A t*    ^- eJtr-d-i/fK     F^ • ••ft. 

K3 ^   •♦ C, "^ 

fj "     K, [f *f. -C./.^f] ♦Hjltf, ♦-C^-^)*] 

4c,r j -(-1*2)41 fc,ii t-u-i)*] 

Th* ■■■T:t:    r^to   ^t//Tc    /-.-.'-.r/»«   /T   ^/7i#    $' alirefcr/^n    /^   ^jfe. 

o-i'Cp 

r^ -- Ru.[^6^.r-bfi'a>:J*<'iLV{(fff.x^^*)+|[3(C-f^-^3?,)]i 

with    initial   I-^'TIJI t^r,   art    ^ j   i ^ <j   ^ 

/h(ffra 

f    -.-^  t'ff- 

/5- 



GAS     FLOW    STUDIES 

Consider   a   r«»»rwoir   of cjas  at"  pr»»ju^e   pm, dernify  A, 

ztrrd   fcmporaitfira   Ta,   A*»urrte    t'hatt    fiie  affiia   /«   /"o   &M/mdneJ  hj < 

to    t'Ke   oMt-maipMar»!   amed    that   fh*  f/ow   /»   '* atef&alt* -»fafm. 

Defffr-mme    fhe  rrraa*   rota   oJ-  JJo*w   9^  +♦»•   «*«<.   Od/*r<f   fh* 

3^ksi<.rif»t     t      ta     rafar   fo    c.<»rHsi>ti«mn*   mi   tha   throfotf   ami 

the    Stlmawtpl     I     fd   r9t*r   tm    t.mntd,tot*ti    t*    the   cAav«v«4»«rr. 

P?      /».        n 

CHAMBER 
ATMOSPHERE 

r^HOAT 

Tne   continuity  ea^uaitiof   for-   «Aea^ii   ilov*   n  »tvgrt  A* 

w/»(rr-e    Q   is M« mo»* raife of  f/ow, 3   is  fA*  atr*at mi   thm yraxv/e, 

carrel   ^^c    /3   ^e   Ve/aciftf   »f   fAe cycv»tfs. 

TT?»    erterof^    «Gfuatttfff   for-   stmad*   f/ow>   h&tm*&&rr   tMet 

rsscr-voir'    orfiei   an<*   -rox.s/e   s«»cf"ioi7   13 

CpT ♦■ i^  ' CfT. (2) 

where   Cp   /s  the Sfmcihu   h»e*t    o•^   conutmnt  pftfttrm. 

N&*J,  ffejijaitierns    3,4,5    feo/oi   fey   oialtmlmmtit,   hi***   of 

a    perfect   QCli 

CfAv « v 

CP8^  R 

C33 

(4) 

C5) 

where    R    u   Me <^o*  constant  and   Cv   1*  t*»#   5p<rci/»c   /reaf 

att   car fit tarnt    *e/w**e 

Suivyfitufinc^    Cp    f#-o/rr    e^. &   «r/b    Cq. 2   »/ra/   S^f»'»«    f*r   XA, 

^^=y^-RCT.-T) to 

Now,   Mä   e^utattatt  0$   statt*   im   efiv«r*t   k>*i 

It 
IU 



<snf<d   tor   <a*Wi<3ii9c»f<c   0Mf*mnmt»rt   thu  k**t.9m*» 

' y    »    can*tm*f CS) 

-^otP - PT ~7r^/9 = 0 

or 

-^ . rRT (/.) 

Now, oauahorr    6   1*01%   b«    rmw>1tmy* mm 

2YR ^^^'-n-r 
or    O; 

Jf-.t + r^,^ 03) 

-i- =   » ^^Ma (14) 

A»su<TFe   fhoit   there   1»   nm   hmmt   !»•*   tram   tkt» /»rwcess 

C/3*7tfrop<c>   How).    Fo»    Yh,»   t«jp« öf   W»w 

/7 



Swlvffifuftno   ttaumti»*»    /S* «r*ai    tU    into   Gquattien*   14 

Such   that   fh*  tla**   i«   ff-»m      ^i » /•, » T       ^;»    ^9/** T. 
Now,   C/«»   f«»   t^Ttf   COK^VÄTOJ^TTr—c^« v«i-<y«»»»f TroBi/#t   a«»4i«*«« 

^>7c»t   »"her   ve*Ja>u,t%   •>   ^*   ^da*«9   o/*   fif«   thramt IM m^^cml  to 

the   local   Vtf/ocif'tj s»J S9w*oii thu*ß eat   fhw thft»tmf  +hm Mated 

't 

^-(^r 
fro**-*  erefuafu?*   (t f mvaiiueatmai  att the   throat 

New   hr&n*   majuiati&fi   19 

hence 

X-^TRT,^ 

flr 

^c '" -FTT RX C22) 

'8 /a 



Define     U,   -   volum«   o^  ebambar,  then 

Q ^ -U,/5. Cn») 

from    »ts^ijKstftor,   8 

So 

PIT, * ^ = FJ/O;' P.^F:'^ ./O;' FJ^1^ W 

u 

Or 

rTtre^rcitmcj 

^ - {p.« ^ ^ [r(^F Äl*?^ r]' 
ar 

wl»erö 

oiso,  »f  («   waefu/    to   ff*te 

fo  =   PoCRT.)"' 

U8> 

(29i 

(30) 

/9 
/* 



Prolw/öTW    2: 

Dehnm   thm Ho** af  g««   hr-om   Chaimbmr   I   to   Chatmiamr   2 
vhsrm   Choimhtrr I    is   truttoilly   ^ndttr  prmm»ur*    (P,^   aned 

ChamL»r   I 

F? 

Ckmrnt—- Z 

P..h •n 

1 

Dmht 
/p »   Tramalatian    «f   faista*** 

Uz + Af-  Votum»    avmilmbim   to  *jat*   m   Chaimhutr  2 
V 

w 

AT 

f* 
P 

Jt 
M 

K 

R 
T 

•5 

- V&locity   ob  Gtcarn  Vl»*/   thru   OU   {/»or mmtt   t,fr*m) 
s Mcmf    r-ait»   «f ^<ar»  >/0M   tArtj   O/   (p»r w#«/ />«»»«) 

= Trrttlail   v*9iefht   of"   cte»9 
* Sjoescific woiatht •/ ^f*** 
3 Spmohe. voluftim of <kcsi9 
s Domifu   »h   Cftas 
- Pro»*t*rm 

* F^tmfio    ot   apmctftc   hm«af* 
- Mem*»   oh fumfan 
« EHmcti**    ooia  pn^mmur*    armem «»f pitfort 
~ Cfrs 11 c e       A root 

- Gciji   Catt»temftt  d**ioi»<d  lay an/t 
s T« rrrpm roi tu »-• 

Wor-  woiqht 

Note: 
T7is    Sukmmt.fif»t    I    rotmr*   tm  e.<»*rolttto—m   nt     Oharntßmr    ' 

At    fima     t 

w. '&<*<* 
U. 

(2) 

20 20 



5o 

(3) 

For  a<t   aalitaivattic    9 *0<3l**»i0' 

«a 

-4 

lor    c*hafmi»cr    I, 

<» 
( 

A**iAfni*a   That   ih» l&nath oi   thm or-ihc» it «fmtr**»el>j  siajirt 

mirtat   no   ffHfocmnsion   oh th«   OfamfOS   crcour  withtn   fit«  c»r«i»c-<? 

V'--  2<SC*(F,-f>}Ar; (7) 

wher»   c   /> the co*ihci»v*t ot d»*«.*»««-*^*. <4/»0 

Q - aV/3, . (8) 

The*   &aua>tion  of   rrrofion   #•   •trvt/ml^ 

wk»r»      K/^ip  =    ^(f?), . 

f-hn» 



When   yp'O 

fhu* 

So 

f.-trx'ift 

w. >^ 

c = -^ 

W. md     f>t » C^^,«  ^J 

th Ui 

Sul&cf'i ta+iiOf    ffafuctfittn    10   into    Gofumrimn   S 

- U, ^i,  •   CL V/o, 

or    t»^    9 Okumfi&rt    1, 

0«) 

but" 

03^ 

in) 

JS) 

L 
-4 0* 

w Here 

00 

(«8) 

2? 
22   t 



FafLstat'trn*     l^j H, /8  c»r<9   f/t«  «d9»ir*^  Oajvemt****    hm*-    the 

&rihtc*.    N&Wjit   i»   ■ntrcwtitmrff   f»   r-»cimhnm  fh*  lit»'*'  «f 

Otati   fhrauah   fhm  orihit.<s3Cü,   The   ^rrmr^u   *auiot¥t9i*   ^»r* 

am   &l0m*tft ot o^akS if the onhia*'   I»; 

anak   thtf  atc^uattia** ml afimt* ml  Mo efaa   19 

Thus   on*   coin   writ* mauation    19  or» 

New af f-he e*if of  fke etrifn.» mmnd  by  **** ah e^/a    / ^ 

- ^ r. - »-A 1^ ^■,- V.*"^] ^'' 
Now   the   cdtfsf&ck   Oajuait'ans   arm 

-u.i, - a/o^^lB,^/-'- S^*-')j (2^) 

23 
2 



PROBLEM 
Determine   the  relation »hi f»  bmfaamrt  y*f9m*-nt*m maim»  ( B) 

oncJ    intrin*»c.    e^icianc^     (I.E.) 

SOLUTION 
Define 

Wo "  Wff/c^ht"   oi   ratoot{$nef   ports   vs/»Mo«t   brailto 

Wg r   Weight   ot   »fw»»!«   broik« 

W0 «-W,   •  Wtfififh/*   e>   rmccuhfr^  pmr-f*   wtth   Imrrnkm 

V, »   Mom Irrtum    }rmm    r9(.«il   y«/»fcif«j   (oc«. w/'/•»«^   «I 

fivvd   of <y«rS   ejmcttmff  pmrf^mj}  of    W» «■ W» 

Vj 9 MaM«<v*M/r>   fro«   rmc»m>l   va/o«<^t|    (encirrtnaf mt 

mrraJ  at qef   Ojmcitc»*  pmnoci}    >»i    W« 

/iT, 3  fram   ro&oJ   v«/oc<^   ot"   9na^  of  tiy laerret 

per,9(J    of     W# ♦ W. 
/VJ » Froo    rototl    velocity   at »nti   of   m-lm&re 

p«pr/od    »>    W, 

I, s   Imptdltm   »t    fn-hcfro   por*(c»<J   att,tt»ej    mn 

fmce»)! trtef    fmmtrts 

X s   Tmtml   HnjmvUm   mcftiej   o«   r*Vfr««/<'*cy   fmmrl* 

By    alettmtfcm 

/ - (>v.»w.XV.-/vr) , 

i-lr'x'        w. ^^ '   L      W.V4     J 

CW0+w.)/v; * w./V? 

S.  I -   Cw^wt)V'-C 3 
w.V, • C 

c - (w, «-wt)/!/; 4 

but 

tA«» 

0 r 

who re 

2y 
^ 



From    CCJ.   2 

( W,, + We)^   s W0 V2 y / - I. E. 

Suicratitufisica    f'hi*    »ajuation    into     »c^. "3 

B s , - wtv,/^Ti:-c. 
w.v, -c 

or 

0Hpainai in<^ 

V/.V, -C -BWoV»* BC « W.Vay/- I.E. 

or 

W0VZ ♦- B(C-W0Va)  ^ W.V, >//-r.E. 

-C 

Dtff /n< 

D = 
C     _ (w^w,V«r; 

W,V2 w.Vt 
^»r, 

thvi 

or 

Let 

fhe-n 

vther« 

i f ZBCD-O^B'CD-»/ ^ /- r,f. 

I.E.-   -aSCD-O-B'CD-O'' 

r.B. ^ zsci-D^-e'ci-D)* 

K * (/-D)B 

T. E. =   K (2-<) 

K'['-(-^s->'('-^)B-('-^B   6 

25 



APPFNOIXA 

PROPELLENT    FORM   FUNCTIOKJ 

Zt   i5  p&9*,k»}&   to  »xpro-ss  fh9  volume  of araiin burned 

/sr    5«v«ral  cJ.Pf*rent  wca^j.  Tf  w« ai»firrm    N/C   a«  W»» hratcf'ian 

o>   c^oircje   hcirnedk   canal    f   a«  f>T« fra^'Orr   oA  cheaf^m  ratmaiintnQ 

than    *yc    is  c*ppro**matteei   hy   »uch   0*prmm*ion»   m*   *^C *   l-f" 

f-aryn     ^/c s-*« ^^.f ♦•-Jlj ^ *^-«^> K.    T7»e  Cubic   atri»fm* 9'tft.m  H»«   cAetnoj« 

/S7    voiumm   is prop&rtionatl   f'o  «•  lurtatth   cubmai.    Si^c©   '^ '3   deittat^lc 

to     aJ&vmlop   a»  hatllitti*-   auatmrrr   fheat *"ll utility  a  carrTpyifmri   the 

c-ihric   »atuatfion   proseytts   no   9<rr-iOM&   t»roi*\&ni oinai mrcdouktitdl* 

aacsiei»   or   c<»M*ia^»raibl«f   atmowtf of pi~+ci»ien   te» the h*nmi rm%u\t, 

\fsrtc9    th&  pr&pellant *h<0fm99   to b*9 c&nsxdmr+dt  hmvm   **ill imm 

in   thm   ^orrn  of"  a  cmk^ic. 

W9   vll   ut*   the rymheham   ob   Rat.   /,  *t&r   this   App9rtel>*. 

V^JSj w»   Ist 

N/c      ■      Traction    of   tAatr-ca*  £»urfurot 

N ■     G»**TOu«f   o^    ckcfrao   hurrtoad 

C *      ffntiarl   mmount   or  chcmre^m 

Ve =      init>eal   VO/«<VT»   of   fljraii'» 

V^ *      yoiuertm   rmrmmnina   ait a*H  htrmar  adtofiartc«   (,•*>) 

S0 ^       irt'hail   3urf-ait.&   af  c^r-^m 

Sy,       ■       Sw^orc«   of cfrain r«inaiffiiM| mt any immar aliatonce C>i 

^ =      //rt<»a»«-  e/i»t«*«tc9   bw^nvo^ f'o f/or/we   rronty cnrrj»a»Jn.u/mr 

to    loufn. i<Jl    Sf-toK.« 

r *      Tr&ictic*n   of   v«/^4s  rvmof<*rma 

5V50   »      pro^r9»»iYiiu 

R,A<    3       Icara&r-   &**cd    •rrrtaller   raalii f re-ap&uf ivtrlu,   of 

Otrmi*     CtOOrrftttrij 

L lerrofth 

D w,c^^^l 

üth<fr    3yy*iUol%   **ill   bm  oiot'foeJ o« tr^motrntd. 

2C 
At 



T 

AZ     Oored    PropeHoint 

From    Fiäjwr»    Al    \A^«   can  ekmf&rimr*& 

thu» 

G»/50 

5«   fhat 

5±. m g,,rrw(-L,>,w>-(''*vw>»^3'»iJ 
So 2  -Tf R   ( L f R) 

So ' R'+Äi.    ^        R^RL   ^ 

/ 

\ 

AL i-«*- 

F<«.  Al 

s ^(«"1 -CRV •2«itl. ^^«^ ♦■ LV" " «♦*) 

v. 

v. 
e(R**RÜ VRfL       * 2        i 

^/) 

n 

J 

012) 

2T 



Now 

go 

^(^-^-O*1- ^fl 
rtr 

2«    t3 ^)=    l^^-f'-^ff W4) 

Fronn    Fiaj. AZ, *,9   i.nd 

fh^ 

s. '  - ^77 ^ (AS1 

28 ^3. 



L-e« 

"I 

h 

J..1, 

-I 

F/«.  /^Z 

aiUo 

va «  TrLH'-sfiL 

■ -n^L •z**'? 'eRi* ♦•y/^y-iA** ««f^V-Ä^iii» S**?,*) 

sa    ^>»o» f 

*• -»r(R%-^)L 

(46) 

M7) 

29 



R -A« -2^ = C»?-^)f 

so 

^4      S overt    Perhorataai    Fvofsellaint 

From     Pia).   ^3 

S^- ••>rC/i?L-^/T^-L♦♦z-Jt,■ f 7A.L ♦■7<)»i.-/fA,^-/y')fc*-fRa-eR-»» 

5^ = 2-TJRL fTytL »■R,«7/s.,j*(-?R-i f 7i.-/y^-ep-zyvu)/* 

*• (2 -/v *•( -7)^,* 

^t 

$♦ t .     VCR^7^) -^L /e^1 Me) 

V0 « -»r (R*-7/I.1)L 

30 /». 



or 

f(L-7L ^^ i-xe^)^ lie'** 

SJiy/ffr- 

New 

v. (ff'-r/t'jL («'-7A.*;L 

M/0) 

C>»'0 

3( 



Front     Fioj- ^^j w»   Ttoto that  hmtore tvwrmn^ 

R » 2W ♦•2*/ f/t- 

W -  y CR-3AA) 

Sr 

ar- 

^ < -    ** 
^-3^ 

hs-nce 

/e ,Um-i»f(i-tf 

ff. Ui 

31 
A7 



Thus 

-^ (Vff'-7*«'>t. > 34 RA* ♦•«B/t.«*-/«8H/e.'♦•28rA.,-6lW**'JÄRA/J. 

-5^/t*!. - 8 Rf *• Va R'Ä.f-7eRArf -Stjv*1* f33t*JCxi 'S-Oi^f- 

firtn'f -iznAtLi + lot/?Li tirfP-itnUftUni*********^ 

- /*e**.V fMiA.J>'-4Lff,>'*-5ÄR>ttfl-iryV«.f4J -1^».»^-^ 

♦-27R/1.*-iT^»-JR'f ^-i-TR'ifcJ. > 8lRVf ♦•»/t'J-f S^f'-rT/TV,^* 

t 8/RVf '- 81/tM*-R^% 9RVufJ-£7/rA.«f * ♦•«7^ P) 

/6CR»-7yt»)l' ^C^ ^(eR'L^VRJtL ♦•^RAL -/taVl f SR1-?^«* 

- S'Un^ f/a8V-■yR,♦*^'R»^-36R/t1-^•A,R•♦•/6•RA.,-»«/tJ 

♦•2VR/I.L -«A.R». */6a*.*i.-9W,f «fR'^u ^Ft^R-/6 8 A,* ♦iR' 

- veR*A. *irmA.* ♦r<A.Rfc-'9S4«A,*♦■*•«y/^.,-/«LR**7fR*.i. 

-/Og*^ *• »«'-i'W*. ••£M3RA.»,-ay»A.,)J' ♦•(>-*R»*evR*«. 

- 5 ^n,1 -2 8 A. R* v /6B Rjb-ese*.* f 61«* - 56R*L * r*A.% L -«R1 

t-8 / R'ä-?*JR«? f 2VS^f % C^R'-ZIR»A ♦•B»R*? - 8lA.')^ 

9R,-ygRV-»55WyJfg3A>l->0W*l»»tfR*,i.»40^L f 

 /6CR-.7*.-)L ^ (   '2j 

33 



A5    S phoriccal    Qtirann 

Withauii    the   ksonoi-it'  of"   at    »k«fe.i>, \jJo   can wr»fW 

H IU 5 

also 

So 

Ü .-2 * T («* - 3«v <• IR^* -*»; 

Ä*   y--i^tX^      •   ^ ^,4) 

Now/ 

Now 

50;   writs     *CJ.   4'S     C*S 

3i 
A9j 



Frorn    Fiat   A4 
Ad      Strip    PropviU 

S0  = 2(DL ♦•LW VOW) 

oincl 

*0 

Now, 

So 

Nov 

Uwt 

^ —Ihrt- 

T 
o 
1 

# 
■"7 44 

5*. = 2(I.P»LW*.DW; -ö^Co + t^-w)♦avV 

Sj _   2(LPfLW«'DwJ-8'jtCO«'J.*.W)**^** 

So 2 CPL »-tw^-Dw) 

Sjr _  .     ♦CP » ^ » w) ^ /2 
0i.f Lw^OW DL   f LW*.OW ** C4/7J 

ouw PLW DLW 
M/B) 

Y* DtW DLW Dlw 

H/   ,      2Cwo*-L0fLW)^        yCP*w*Lj     4 
^W s  TTTT ^   ~    TTT-—*    * 

DLW OLW 
a-*1 

OLW 
(4/9) 

W-2^   - /W 

* 



So 

- £7 ^■*J DL PI 

5   ^ PL DL 01 

■^   f    DL Ol   T      Ot DL 
DL 

*(f)   ^[wO^LDfLW-WO-W'-WL^W1] 

«.^[-wo-tD-Lw+awo^aw^zwu-sw1]»- 

♦ ^-[-WO-W'-WL^SW'^-SL ^ 

?-Cf) *   / ^   ^1 ^  * Dl »I 

v* -- ;- 

34 AM 



/S8     Cub»    Hrapollamr 

^"-^^^--?r^ 

^C*)= -t^--^ V^-frV 

(AZS) 

(.AZ(,) 

[AB7) 

^(f)   --    I " f' (Aea) 

A3.    rTr/xb-torS 

propmlleatt   cyliweier   )9ut.t   y-rot &vmr-   ^-h«   ^TM^B .   TÄwi,   ^*   humnta 

3e*    F.ej.    AS". 

y inhibitor 

4 

h^ 

V. 

TTTT" I ,■ - FT — r T IT 
mm 

1 — -T- 

V-\ 

i 
1 —r • i 

1 

_    -  —  — — — 

\ 

, . i , I ,1 1 1 
1 1 
1 | 

i_ _ _ •. _  L _ _■ j III. - LiJ -I 

37 
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from    Ftcj •   AS,  ***   f»r»d 

tbm 
5» -    g7rrR'-/L'1'*,/t^ »^(t-V^)-?^1! 

f5 ^ RV^TTT^" R'-JC f AL 
0^20) 

3o 

Now 

No»/ 

V,, * ?rC«,-^')L 

= w r^*t -Vi. -«*'*i.--**t - e«1^ *-**C-4' *i*.4?- *2^t'l 

v/       -yfCw^-VJi -a(R'»>fcL->ca)/i<> »Cv^-t-)^* «-aV 
■»-(«•-^•JL 

(«•-VJL     • (R^-ztML (W- 
CA50) 

V^-i. 
^^ •   (W>.^i i<ff^x,^)^^bR•m•Ai^>,^(>fal(R•^•i), 

38 >l« 



or 

CV C«^^)L (H^A.)L («^)L 

t^W« 

f (LW-L^-ÄR1*8lTA.-2A.,)r t2C«-^)Xf 

(/*32) 

39 /«/y 



APPENDIX    8 
THERMOCHEMfSTRY OF   PROPELLENTS 

51.77?«  Atom't.  Catn/ootttton  of   Profm^llmrit Conmtitumrlft 

Wer  h«r9  corrrBH^tc   t^9 emtormc   cmmfmmmittmn {i/f afrmm aifmim 

at  which  fhm pro/mm Htm nt t* c&fnpommeA.  T^M», W* ^mhnmt 

fCj - TtumLmr »t qrmr— mtmmj mk cmrbm*   par «|r«»<ft at pr*»/»mllmftt 

fHj -numlmmr »f qrcmm atoms mi bjjtimqßm pmr ywa mt nrmm%\\m\ti 

IN] « n-mtmmr •> ifmm mhmmt «th m.trmjmm fmr  mfn»** of fmfm/m+Vmmf 

JO) * rrumhmr •► qrmm mhm*f* •> oay^an  p*"  «fr«#w «f prmpmltmnF 

We w>"   us«   M<   pr-of>«llatnt at» am 9*m*nfmlts •  No»/, Ml  f»rmm*Hmmf 

has  c^iifttu&nt», h*j   we^bf, ol   B5part»   M'^oco^/u/o*« C0A «vA<*Jr 

IJ.I£%   13   Nifr^qmrt), /0 parts  D"fttrt>ft»lumitm7 Spx»i-ts  O.kvtytfJkftJmU, 

I part   Diph*tnjlamtf*mt Q.7S parTg   Eth*\    E/co/iol,   mm^ 

0.50   pet-t»    Wafer:    7%us t 

Ml     Prapolfctnt 

Nifroco//u/o»« (13./jr% iv)      8500        87./5% 

D«n^n»foi««7T9 /0.00 9.78% 

D.fe*f^p*f*«<ohi 5*00 ^.«9% 

0«pA«ir<^(ai#r*</fO /• 00 0.98X» 

Effcal   Alc«li«l 0. 7S 0.73% 

W^trnr 0.SO 0.19% 

Thm   VoJIoutirro  aro*fT«c   x^«i«^hf^   «vW/   I»« usvol .* 

C-IZ.OIO H*l.00B N*/¥,00« O •/4.0OO 

First   camstt&mr- arm <syf^»m moloowfat »^   wo^rr   (/4«Q) 

v/hicli    cu^nm/at*)   of • 

I     c^ram    *ath»m    of   o^r^^ofr 

7>T WS 

0»« drarti   /WcUvculo   of  ^|0  ■   UK'-0O«) » («X/4.dO0) 

=    /8.0O8    «fr-Oinr*« 

' 71^3»      -  ///Ofc«/0'r IBI) 

»5553^/0'' CB2) 

Y0 

^r 



For-     one    c^rorrr  rrroltrcula  oh   »thy I    tstlcahc»!    (CtH9OH) 

2.     Gfrarrt   aifoma    at   c.&trt»crn 

C*     Gfrwrt  atomv     erf   huedrcramrt 

I      c^ram   afom     of   Oxufamn 

we havm 

One   Gram  Molmc^lm   akCtHaOH'LiX/i.Oloi*(,bXlOOm)i-UV("000 

*  4*6. 069    airarrtj, 

ft] =    yzfess    - v3y/./o-' ce 

fwi '    ^^gfWi     ■' 'io?f*/o-r (si 

foj  "-      yz^sg     '   2/7/WÖ-s (BJ 

For   o/^e   cfr-arrt rrraimcui*   ab aliph«rtylainnn»   (CaW,(N) 

IZ    a ram  ^tom% of  &c»rl»0/» 

//     c^rarn  atom*   of  hyalroacn 

I      «9 ram   atom  of   fritroamF-rt 

we  have 

OT79 Gram Molecule of  C,j/i,f/aO'X'2-0'o)r("X/.ao«)t(iXs«>'.oa0) 

th US 

f^i  •       ^fafTZ       s     59/Wo"' (08i 

For»   0/79 Cfrarrt rrraimculm  of «itLutylphtkalat«  iC,cHnO¥) 

/£    c^ram    atoms   o9  carhan 

ZZ    afrasn    atoms    of  htfedraamn 

y    eqram    ottoms    of   anuamrf 

We  flow 

One Cram  Molecule of C<t/<M0f 
s (ftX/*.oio)*(<cX/.oofl|)*CvX/i<OOA) 

s 278.334   ajrctms 
tA- ws 

i^i s 
27d.1Si a    5ry8 « /o- 

fH]   . «« s    750V * i/i-' 278.336 « /o 

?oj = y =    /y37 -/o-r 
era.336 (S//) 

v/ 



T  ifrmm atoms  at  c>c*ri*9n 

(t    urmm   mtomnft   mir   äffmlrmmf** 

fh us 

Ow* 6*mm Molecule  of    Cr ^ N, Q,     >(^bl^l)'<6X«'MaH>X«MM)K«M.«M) 
«/•C.tSV «MiM»» 

Hi '      n^Tf?        «    Wi'tÖ* CS<5) 

?N? ;      i^/ilV        '    1099-tf' (am 

F/Tai//wt w«  c>on«ie4«r ^* 7»form 6eMv»p/i*«it»ai proMmm mmknnm 

the rtitrocoilui&t*. Thm cmliuimtm mmtmcul» tt wnHm* m'  C%Hf0iC0Mi9, 0** 

n if rate» n) »&f*fm at Hf9 (OH) ^raupM «em i^pimmmd fey (OWQi) «y^^yii 

TTje  resulting co>«ry»ou*af i«  Q H^O, CoW)j.^(ONOm)^  vkmr* 4, 1» ftm 

rrtufnkfor oV  (OH)  effoit/m» rmjptkacmtt fejy  f^«  (dNO«) qrcfufH. Thus 

/ft   arm*! mfl*m$  «f  mt'*af*,n 

StZsp   *jrmm   mfimmm   mh  Q+^mn 

n Ui- 

One Gr*«*  Mmtiulm •* C^^OtCOM^CONOb^ 

a 



u «   p<ffr  e,«ftt at   Ttitraefmn 

/y.oos ^ u   r   ——————— . /QO 

ar 

/yoo.8 ^ 

tiow *ölvincq   ho»-  H- 

or 

/yoo.8 - y5tj 

^ - 2.435 

Ufu}   ta*  U*I3,IS    vv«r   ha^C 

No*, tor-   Ml   Fr9fm*lla»i    C^.i   Bi   tfcrw  0/5) 

fcj t^.8SI3X2/57)ff.O970]>a«S)^Of89Xl7M)*CO09^[Mfe}*('MTf^Jf/)7<(r4' 
/c] »  25 35 •/0'r CS«o) 

^«S/OS^/O-^ (0Zi) 

/i#i«    89^</0-r Cflfl) 

foj s]t8St9^M9^C«*r^/96)*CMrt9lK*«9r)f6MU»i7i)»(.Mr9y S-i-JStf./tf' 

joj--   3370 •/o*r (sal) 



3Z      Haaf oh  Formation  ah   th*  Prapmlkmnf 

Tht»   h9aif$  of  horma»ti9fi ot  thm prmductt m> cermlmu+Tton 

fro/Tt  OfrmfOhitlBf hyetrgmmn a)**-»; -nttro^mrt Ojau, *mtnd mmyefmrf have 

httmn em/amrtrnvntmli* almtmr/ntrtod aial mf* efivmrt tmy  Tmbl* Bl 

for  canalitioft»  ait  300   *M 

TABLE   Bl 
HßTO OF FORWfl"ION OF THE PRODUCTS tF EXPLOSION 
ITn  kilocalori0S  per aram srro/mcjjlm far h^r-mtcmtton 

frenrt  <^raf»h)tm f ^afsmou» ony^mn, hijdir9^mrttai»mt rnflrmcjmrt 

Subjtance 
At   Lmnmfmtftf  V«/w/rNt 

CO ze.oio Z6 . 69 
COi *V. oio 9V.03 
/iO     l.^uid 18.0(6 47 . V3 
Ht0   •»«• IB. OK» 57 .SO 
CH, 16. ovr »7 . 27 
NH, n. o-ii /0   . 38 
NO 30. 009 -2/. 53 
OH 11, 00% -   9.3» 
N If. 0OB -85.25 
0 16. ooo -58.75 
H i.ooe -5/.79 

T7ie    fecSm/outf  of c.af*ff»utitn» the hmat of  farrrration 

oh  the products oh complmtm camhurfivn far »o&A mevfrnmUmnf 

ccsnstitutfnt"  ihrofti ^r^pAifa, hydr&qon^yi.trmqw, o + x^^yr)   <% 

illustustrated   below  for-  Ml   Fropmllant,   Note,  camplief* 

camloLi»ttan   implimt   the praciuctf   C0t  «end   H^O 9fflu ,  770 

CO   , OH, eft.   TTIM» 

Dehim 

(CO»)  * |c} («40) *${*} 

C*n*ttt»»m*T 

Fram    f« U#   Bf   ^e A«^*   9V03O    ^A/^m.   <»•   Me h*mf m* 

(SZV) 

Hfmoo * ^eea/" »f Fvrmmtian at Hu 

4i 
50 



TA BLF    BZ 

Comtitumvt Mal. 

Nttroc*Hul»t9 

IZ.O «W 

/Z.Z 

12.6 

/2.8 

<5.0 

/5J5 
IS.2 
11.95 

13.i 
Nitroql*c*nit 

M.t, 'M(«Hr 

Atomic   Contpouttcn >* c^m attomi /t^m 

0. OW/ 
OOZISO O.OZB750.aO*71 

0.OO999 0.0&3S O.OZt03t.OEllt 

o.oe<79ioE7i8|aoo«/y 

0.02«SS 9.026*V0.d0&8 
9.02138 
9.0215/ 
0.02/25 
0.02/08 
0.0)321 

/o¥.o7yo.oo94i 

ras. i9Yao^0#9 

pAx^yt^yb ?7em|o-of7fa 

Wmfmr 

2  M.f>«4l- 
fßkwmjftmmin* 

C 

«2.0(0 

12.0 10 

H 

0.02933 0.00856 

N 

0.03608 
0.036/7 

0.02201 

0.038'/3010SÖ¥3 

0.0(098 

Ä036¥3 

aö36« 

0.026 2¥|a^0939 9.63658 

Jlö26/O0.ÖO9f?aO366' 
0.O2596 0.OO9f6 #.03663 
10 ZB 5t 6.00951 0LO3669 

0.0132/ 

H*o,toV HP & 

0.032»f 

o.o^9or 

0.03 99^66 29S      - 

«*2/6|0.07092W I 0.003«! 

?60.S¥6 O.O6529)0.d««f 3|a 00 795 

O./30?¥ 

0.///06 '8.008 

0.8326 

0.8326 

0.0*92/ 

002196 

ftO»#3T 

6.0/789 

0.03726 

0.02/7/ 

0.05553 

0.0560/ |0.O¥668|0.48336|6.09336 

0.03968   /635 

2¥7/ 
2V¥6 
?^»9 

2593 

2366 

2580 

29/¥ 

2508 
229f 

Roatucfc 

2650 

Y76e 

75«9 

r/Vf 

9066 

8^/8 

7/// 

6976 

3/27 
»087 
30</6 

5006 
2965 

2826 
289¥ 

288« 
2875 
28¥3 

/385 

2199 

^72V 

0070 

7200 

8860 

865? 

8V73 

57V¥ 

68^0 

yr 



formatton   ah CO*  a/f^  tl,¥50  caf/^t»   *Cf   Ht0 U^-d).   T>i,^ 

HFpM  '   ^^ÖJOCCÖ«) f tl^OC^iO) CÖZ5) 

Water   (H»0J        «Of.    0i 

hy   82V 

CCOt)s 0.0V3V/ C^^*0.d65Jt 

ba 0 25 

fcj   =  O.OT092 fH}  • O.OAJ-O» 
by   BZH 

(CO,)* 0.07097        (^0)^0.03X50 

h]  BIS 

[c]   =o.o57ye $H} - O.Or90¥ 
^   BZH 

(C0O»0.O5rV8 (ttfM0)*0.039SZ 

H^woe "80 70  «a//^-. 

fc]   «0.030^3 fHj • O.OJ2«y 

t» B2¥ 
(,CO,)*0.03B¥3 (HmO)» O.OlUfT 

(>a   BZ5 

y^ 



bj  8 2V 
(COt) « 0.(7 2/37 (H,0)v Ö.0I3/Z 

b^   825 

77r« heats «J complofe.   c<»**im»**t>e»n mh fhm pfm/mmllaint 

consttf-urnnt*   (WC)   he»^»  hmmn mtpmriffOnfmU»! <d*t»*mtm*ei. 

For    Ml   PropmUmnt'. 
Wafer HC   *    0 

ffH^Z    Alco/iol HC   s     7///     co.//«,*, 
Oip/ien^/om/M* MC    *     9066     calfawt 

Dihutjtlphthalaie HC  «    7389   cmlj^-m 

Dinttrotelumn* HC  *    #709   imlfa-m 

HiirocmUulo** OS***) HL -    ?320   c«//^«» 
Th«   hmatt o>   formofVon   of  a pra/m^/lmmt cmimtitv+nT 

CHFCi„tr )   pin*   fho UmoT of co^o^f» <.t»tmhuMf*on  oA   f^« 

projp*Harrt  comttfuGvT   {HC)   19 *«fual   to tkm kmml •>  tmrmafiOH 

of    th* products  ah compImtG   <*c9trrkm**»ttmm mi &» prmfliatmf 

HF*mmmr    -  HPßnai " HC 

Thui  vv«  hovm 
Water 

Etk^i   Alkohol 

Di/mh^nuleiminm 

Dik>ut>flFktkmimtB 

Dinifrot&tu+nm 
N i trocml IU<M« (IJ. I* Ä *) 

No«/} we   eo« aistmrrrrtnm   fh* 

HFm :   53*2*-//^ (©ZA) 

Hrtmmtj x 37Vf - 0 r 37yy 
HF^ »   %V7S-in\ « /362 

H'ttqtr T   88ftf-9048 « -  208 

HFfmtr »   8070-7589 « 681 

HF~~r r   V7«f-f709 s /S 

"•t»««r s   289f-»?0 s sry 

A»aif of  fopirfwfton  of 

y7 



8 7    Gas    Pr+ssur*    Dw#   tm   fhtt   Prm«ivf»   mt   F*fmUmfn 

P       v 
vthcm  p   is   Hur qm» prmmmrm   (mfmlj V  tk* rmtutf* fmmf 

C82.0C)   arrd   T   fh»   at&*m*J***  tmmpmrmKr*   C*k). 

CCö)f tCÖ,) *   ^C] 

(.co)*- 2CCÖ,.) «-(«.o)« lo} 

r9«mct,mtn    >» 

K .   UoX*,o) 

w here K    >•    af i»9rf    4»J| 
,,             1 

1 9 oe 0. -nt» 
1306 A » 0 * 

l fd O Mil     1 
1 too 3.oyj 
neo 3.V3t 
l$00 3. ft3l    I 

1      1900 f. 2oh 
2000 i.s7i 
»l 00 *.969 
aioo 5.235 
«JOS S,S31 
sy«o S.92I 

25«o tf.oai 
«too 6.33) 

i     2799 t.SSi 

fh9  fmUm 

S3 

r--««- " R  
I »00 6.7<y 
2900 6.9^9 
3400 7./2 7 
5100 7.281    ! 
3/00 7.928 
3300 7.3« 
jyoo 7.670 
7300 7.7A1f 
3C.00 7 83^ 
3700 7.5f3 
1900 7.5a9 
3900 •.037 
♦ 000 •.082 

(B27) 

Cars) 

ce#9; 

CflSQ) 

(830 

(•33) 

vr 



For   M/   propellant 

Dehn* 
HF*,,    *  H»o.t o> F&r^cfion •> P-mpmllafft   Ml 

Hf^j  ■  H»at o/ formaeti»* of1  Gitaams 

HR     »   Heaf o^   Rwoctia«   «    HF*«, - HFM, 

HR -IB -O 

Far  Ml   RrajoaileMfttt A»»u~f*   T« 2300   eK     NAW« >*-<»'»»   TMU» 87 

orrd  tfCfwarftons   323,32^, B30, B3I, attcd   B33 

fCO,] =0.OO2SO        rC07«O.oo«85        J>«0j= 0.00.586 
C/yj= 0. OÖ964 r^lsO.OOVYT 

From    TLtWar   Bi 

HR « (9¥<03oX0.00X48l)«>(2^^9«)f0.O2a8S)f (ff7<5ttetX«.0ä5SS)-S98.Z 

• Ci3.l 

frofn   Tal»/«     BY 

If -[(//. ISllO.OOZS'O) *-l<0.O9CXO.O*gB9)*lB.*9'fXo.OOS9f) 

+ (.S.S'tyX0.O0 9M)*i6.0*oX0.00¥¥T)] ( r- "300) 

• ^SY, 8 

So 

HR- IB « y».3 

Hance   the   t*-mp9r<af*iir& (X)  i*   "rcovnK.t- 

r     [co^i    rco]    uoi    [^7     M       w/? 
2300 .J0?S0 ,0<f8S   .oom   .00*44 009*7 cts.! 
2¥00 *oo*i>s ozzBi   ofirmt   .oo9l« .o«¥y; tfyiy 

2500 ,00217 .0**98     0O598   .oa9SS .•Olff &fl,8 

2 600 . OOU« .0?303     0o6«S    .O0»«0 .0»¥¥7 4V/.3 

r.F. HR-IE 
S9¥.9 it.l 
629.0 /3.y 
tts.i -21.3 
117.3 -5*4.0 

*/& 

/Ö 



-.. m^T> . "1 

i»Hö/   krtf   «fi-^/^/rf    ^/H«   ntfmi-p»lernten 

F •- vPre 

50 
//Ö 



Mean   Molecular- Hmati 0*0* tkm lampmrmtur*  Ratttf*   300 *ff to T*H 

In e-mtono*  Tpmr- Ojremirt 0l*aim*»tlm f»mr aimcfr«»  al Cmnttmrnt vlurn« 

r -K cot HzO CO "i 
Nr 

OH NO O, 

/ 000 9.109 <*.st* 5.^03 S.0S5 5.326 5:/36 57592 5:75/ 

1 200 9.9li 7.107 5,553 S.I IS 5.^68 5.Z/2 5.7VV 5.907 

lioo 10. its 7.309 5.<iav 5,/89 5:597 5.238 5:863 6,057 

IM 00 lo.iife 7.66/ 5,799 5 272 5:7/2 S530 5.975 6./V7 

1700 /0.577 7.797 5.85 2 i'.j/e 5.766 5,^33 6.02V 6.(98 

1 800 \lO.C90 7.9iS 5.893 S.Sb'S 5,8 »V 5.^82 6.067 <i.2vy 

1900 lo.ree 8.0¥f S.SfS S.iOS 5.86; 5.529 6.//0 6.290 

2 0OO 10.99(0 3./3 7 5.984 5,1*7 J.30V 5:572 6./V9 6.331 

2 1 0O 10.390 8,2 7-3 6.0/2 5.V92 s.ws 5:6/7 6/86 6.373 

?Z0Ö II.015 8.378 . 6.036 5:533 5.383 5:657 6.220 6.y/e 

E300 /I./57 d.tBV £086 S.S77 6,020 S.100 6.252 6.y52 

1    2 f00 //.233 8. sei 6.(3 1 5.6/7 6.053 5.739 6.282 6.f88 

1   2500 f<.304 8.6 78 6.(62 5:659 £086 5.780 6.3/0 ^,525 

Zi,00 11.373 9.76 0 6.19/ 5.tf97 6.//6 5.8/8 6,336 6.559 

2700 n.V38 8.357 6.2/8 5.756 6./y6 sen 6.56/ 4.591 

2 80 0 11.19* 8.^0 (,.211 5.773 4.173 5.891 6.38* 6.676 

2900 nstt 9.Ö22 Ü.?i9 5.811 6.139 S.927 6. ¥0 6 4659 
3000 II.611 9.099 6,293 5.8 V6 6.2Z* 5.960 6.V2 7 6.690   | 

3/ OO II.Ul 9.1 71 6.3/5 5:882 6.2Vft 5:995 6.vy9 6.722 

520O 11.7 It 9.215" 6.736 59/5 6 270 6.02y Llil 6.752 
3300 II.m 9.3 IS 6.357 S9V8 6.232 6.055 6. ¥86 4782 
5V0Ö i/,8oe 9.380 6.S76 5,980 6.3/2 6,085 U.SQ1 481/ 
3500 ('.853 9.1** 6.595 6.0(2 6.532 6.//5 6.52/ 6.8VO 

3600 n.895 9. SOS 6.^/2 6.ÖV2 6.J50 6.'y3 6.598 6.868 
3700 //.336 a.sas' 6.V29 6.d73 6368 6,/7/ 6.55V 6.895 
3800 //.375   1 3.62/ 6.Vf6 6./02 6 585 6/98 4569 692/ 
3«00 »?.0l3 3.6 77 6V62 6./J/ 6.yo2 6.2/5 6.581 6.9V7 
iooo 12.050 Ä730 6.^77 6J58 6.¥/8 ^.£S' 6.600 6.972 

For   Trro/Toi/tom.c  e^asmt, the  HHtott* 

or«    2.380   thr^ucfh^u't 

^»«/•cu'ac hmat» 

s\ 


