!_-'4 . ”
| VW=
| :
’ W
| 5 ROCK ISLAND ARSENAL
= RESEARCH & ENGINEERING DIVISION
L0 -
(@ RESEARCH LABORATORIES
Fray d: > 4
o
<C
TECHNICAL NOTES
MISCELLANEOUS ARTILLERY PROBLEMS
§ ,‘,‘{/‘"’7
' 2
A.M.S. CODE NO. §523.11,44000,01 ,{.:-5 =% 3 - i‘
D.A. PROJCT NO. INS23801A290 Y
AL A :
. REPORT NO. 68-288 Y
= AUTHOR Robert H. Coberly G PE e
' e -\\(-,‘T\c e 1
a0 DATE February 1968 co%% dlki\“ i
Ll < ~
= - v i
g L & z o e x
==

l
=
-
S
3




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.



D, A, Project No,

MISCELLANEOUS ARTILLERY PROBLEMS

By

Fsle P Cade

Robert i, Coberly
Approved By
libevo.olen M«/

DR, ALEXANDER HAMMER
Director of Research

February 1968

A.M's. code No.

5523.11.44000,01

1IW523801A290 R

Rock Island Arsenal

o/,

“ f
{

Rock Island, Illinois s
A :25

/s/}} H/"n

s 8§87 AN




CONTENTS x '

—_—

Dervvof:on a) '”')e Mame-nr-ﬁrea Mefhod ;ar APp/lsufun
te the Desiqn of Covtral Abds. I

Dyrarrmec Analysis ob Firine Platborm: 8
@as Flow Stud,es l6
Defermine the Relotionshix Berweer Momarlum /mdes (B)
and Tnlrims.c E"}fu.:crw.y (FE: ) - 2y
Appendix A = Propellant Form Fuaction: - - 26
Aependic B - The;-rrroc.hem/ofrz o} Pv'dvpclla;f', 40

2



S (*) = Qg Yo'i e& %&)
é(ﬁ = cadvord '3 2@-‘»)

K@) = VQS:S/Y“’\X :v(tk—



Derivation of the Moment-Area M ethod ¥Yor
Applioahon to the Desiqn of Control Rods

Given the dibfarential equation tor racel
M = Bl&) = R(e) (1)
Inteqrating
M = [Bide - fR(:u)aL‘z (2)

where Blt) 1s applied when t=a; and R(®) 13 applied
when tasb, Detine

14
j B)dz = Gl&) JR@4E * H ) (3)
S0
Mg = G(C) - H(&) (4
Intfeqrating
1 4 1 5
My = [Gle)dT - | Hiz)de (5)

Nows, mfaqrafma, b-_., |marts
r c ¢ 4
M = 2T a(z)L- f ‘t:j‘-l‘.; qlr)dzr - T H(t)L * jtf{. H(z)dT
-~ (!

| 4 [4
Mgy = £G(e) -);'cs(t)d'c - £ H(E) +j;‘CR(-c)ol'6

Rewrite as

Blx)d z)d
M tc,m-if_w [Zecne :Hm,&ﬂv_r f% rResde

[ ‘)
De¥ine . ¢
zB(RId7 frn(z)dr
x(t = C') - —‘-———h
) [ Bldz F J R

Note that «(t) and P(C) are expressions For the centroids
of the areas qeneratad bﬁ the Functions B(E) and R(t), at
time t, measured Prom = o.

Now, write equation & as

Mz = £G(e) ~ (&) G(E) =t H(e) + BCe)  H(E) (1)



Rcib = Yad (s F awea. ‘}'a YQ:,QOY

'{T—R" Yecwo | ) *IM’){

b = Fime wha ’E@\ 'S %)su{

b"- Qm'yvaci QQ Eé) Lurze
@ & am&)fvoé,\& ?@5 W”K



or
r z
M = (£-«)| Bleadz - (c-)f Rarde ()

At the end oF recoil (% *L) and (£28,) the }'allcw:nq
relatians hold

L] [
LB(Z)J"B =‘i R(dr = 1 (a constant) (2)
ML =[(te=) = (£, -@] T (s0)
or .
Pla) = 5=+ <2y )

Assurme that the shape o) the " total resistance
te recod” Yorce ,B(®), 13 known. Then recalling

P(c) ; TRM™MdAT

H(:c)d.z
wr lTe

e, )-c'R dt = M I -JJ:CH 14T
& .). (v)dT = ML + “'. (c
Now, ¥rom rhre two relatiens
La
T-= ‘R(t)lz (12)
tﬂ

ML+ I =itR(1;)¢Lz (13)

the mmagmtude ot R(E) and te may be determined.

CASE 1: a=b =0 > t,. )t. where te ts the time B(C) acts.
Assume the }aHowmq data to be known.
M: 3.8 * ey, 22009 ssec X = 0.007 sec L=98 /.
EXAMPLE l:

AS:ume [~ ] oanf:nuou: }unc,flon ;or R(t),'ﬂam.lﬁ
R(z) = Rosm%t

thenr

‘Ri Sm?ta“R Cos?-r

ML+I« = R jts.n%:a R,[c\--l)c.slq *R, _)Cos—td
2 R, —‘- +t R, ('#f.Sm ”tl
C
= R, #—
poR



Thus

wI 2Rt w(mL + To) <R, Z8
or
»1* 8
Ro* wlmisTsy ©= /62100
tr= & (ML+I) = 0.196 Tn

By the Moment-Area Method (eq.10)
ML = [(Ce-a)- (2q-M]I

Obviously 3 * 4t , theresore
ML= [Ea-<)=- (t.-%%)] T

ar

0.196

Cr 2 —f-—(ML + T o)
as bepire.

EXAMPLE 2.

U.smq the same data anal cssuming

z
Ree) = Ry

then n
t
r=ffee « +Re,

and

at

R t.:. o 2
MLs I« ~Baf 2 ae - LR

hus
2T = Rotq I(ML+I«) 2R, L2

41
Re * Stmivzw) - 27,400

3(ML+X4)

tax —37— * 0.147



EXAMPLE 3:

Using the sarme data and ®ssuming

R(e) = R, (1-£) R
Now
La z 2 Cn ! 1 I3
L= R(1-£)eer, (- &) = Rz, "
and
y ' e a
ML + T =):t-R.(l--F;)l=R,(—,--3-¢;]‘ 4R, 22
thus
Rete= 2L
Rolx * 6 (ML +TX)
or
2I
Re 3(ML+Iun) /5,680
= 3(ML+Ta) »
e = 0.224

EXAMPLE 4
Giver the some dafa w:.th R(e) defined by the

ac.c.ampan:'nq hqurc. A'ta, WIS rrvg :, T0.008 and C,=0.010.

|

I
!
gl

., — c,qr—
Now
1 L, La~Cs la
(wdex ] Foraps | Rode s | R(1-LGzh) i
’ ! ] w-C, .
o, * Rty -8~ L)+ 4R, L,
and

Ts L, Ca-ty !'. v
(MLr )= [ e Rde <[ Brcitt o[ R, Lt 3 Q..fft'—‘ta
® -

= gRE e ER (el e R (b - g 80)

o



or
I s % R.(Zt.-t,'tg)
(ML+I«)= Q‘[“a(tn‘&)'t,'*&']

Note: the same results would be ebfeired b’ the momen!-are
rrethoal of equatien 8. Theat is:

Ca Ca
ML = (£g-o)] BRILT - (cq-mf Mimrde

-
ML= (€= L3 RE, (6= §8) » Ry eattla b (a5, -0)]
8 L ANT TA
but
I= 3R, (2C,-2, -C.)
thys

MLoTo = § R, Lg(2006,-1,) =2 2, (64~ }8) 1R (6ot 8 )8 + £(6y -5 -2)
LIRS ¥ X
Expanding aral cellwcting torms
ML+T« = Balag,(c,-20)-2"+2"]
s betere.

Selvina $or e and R,

¢, - C(MLATW) + 3TE, ﬁc(murc) oszr.]T- 122 [TCe2-£0)s (M +TaYe, o t,)]
T
6T

 Se
| 0.2073 Re,= /0,280

Nete the simplcty 4.6, = 2,. (Asaume £,2C, 20.0)0)
T:R,(tp-2) |
(ML+Td) = FR, e (te-t,)

So
= gL‘V’L’Idz - .20 R, = _..I__ = /0 0
t‘ T = 0 16 ® ( a )'I:' / ,2‘
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CASE 2: @VO’ b=o t,‘@?te Assume thas
§aHowvnq date te b Krmown. (F/rmq’—m.d’-o)- baltery)

M= 3.8 *389, I': 2009 msec R=:0.0073ec L3o

EXAMPLE |
DP}'IHC 4-=‘L' whern C=2a,. Note: o = .+l

Now
Mp =~ R.
Mg =<-R,t
Mz = -}R,Z?
At 1@ @na o3 the stroke Re}
ML+ To = 3R, L," I:R. &,
thus
Fas tR.E =+ T2a
or
Iy 2« = 2(a +&)
R":i;:( : 2(a+d)
No w
ML‘*%R,@‘P{%;; (L'= #8")
Seo
YyML'(a+&)= Lat
or
Ca'-sMla-¥ymL'& = 0
SO [
Q. = g-fﬁl{nﬁf_%,_}l = 0.370
a@nd
x = 0.377 70 0. 759 Rz 2660

Fma”j_, ote X =259 '"Ysece when L= Q.

6



EXAMPLE 2
De$imne %!-V 2 -259 ‘KUec when Lza,.Deta 13 un‘hanqod.
No w
.. - av
-MV =-R,a * 2—(%::;
Qr
2Mvao, +2MYX = Ta
S0
. 2MVK |
Q= Tyt 0339
thus ‘
X =039 Zgx 0.692 R+ 2990

Note the sensitivty of this »wethod. A change o | 'Yec
meamns a change of affvrourmafﬁlc, 500 Pownds. Or
A3sym@® V1258 'Viee rd conpufl L. (Rs2990)

(ML+TI«)=$TE, My s R, a

T=R. Cy o s Q&+l
Selving

Lg*0.692 azo0328 «:033%8 L2859
CASE 3 az=bzo P

Now, ¥ La< lq; then the equatlions thus tar developed
do wetl hold and it 1s mecessary to uhize a comrufor for selulien.

EXAMPLE )
Assume R(t) to be constant,and
M= 3.8 ““®%, Lx7" I322009 ®sec «:0.00%e

then

I= Rtq ML+ T = §RES

Zys 2AMLrIN) . 5 ay05

but te* 0.088, thus th:s seluten is invald, By computer

£420.0393 'R=50700 «:0.0063 L:/9% (when E1ly)

7



DYNAMIC ANALYSIS OF FIRING PLATFORM

I.ILrntroduction

Fqure | danr_rs a 105 7" Howitrer mounted or a
Floating ralt. The stability of the structure 13 to be deter-
mimed under Firirq conditions.

[t will be assumed that the erlire structure 15 rig.d;
also, the re/ative mction of the recoiling parts will be
neqlected, Hence the applied load, R(E)- rod pull, w.ll be
the Onlﬂ exc.tation force applied. Also, /T 1s ovssumed that
this load w/ll be apphed Hrrouqh the trunmions and Fara“cl
to the cerler line of the qun tube.

The primary resistance is otfered by the buayanl Forces
ot the displaced Huicd. Trovnslation 1s res sted by draq Yorces.
F'"G‘”‘i’ sprinqs and dashpots are introduced to simulate

.ancharmq.

2. Coordinate Systers

Assume the body to have three deqrees of Froederm
namely E,?. .

Detine a coordinate System (O-XYZ) at the overall
c.q. i1n the pre¥iring cond tion

Derine a coordinate agsrerﬂ (0'~X'Y'Z') with ts oriqin
rixed 1y the rait (at the c.q.) ard ot all timcs paralliel
te O=-XYZ.

Detine a covrdinate system (0'-X"Y*Z") fiaed 1n
the rart

Detine a cocrcimate system (O"-ZHZ) with .ts
oricqin at the trarnion and at all times parallel to
o' -X"Y'1"

F;rra“z, detire o coordinate system (O”'ZIH’Z')
such that O'- H' makes a cornstant avnqle o -V with
O"-H af all times at al! times (in the 0-'%'H plane)

Defmne the cocralinatas oF O in O-XYZ as (f,?, 0).
Define the coordirates o} 0" in 0'-X"Y'2" as (a, b,o)
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So

Y | = Y’Ji-[v(:l
e - Z )

'—XT — Cos¢® =529 O X”—'
v 3 Sing Cosp o :]o[ YY"
z |

L Z' L o o I y

—X'IT -E a‘
b i B H |+ b
L 7" - Z o

and
E COSF Sm? o] 'E:'
H 2| -Sin¥ Ces¥ o || H' where ¥ =-7r
Z o o | Zz
0. Y
i I
*///‘1—;" [ H
5y, Y ;
o'((a, b,0)
X
x X
LT Ny
-y
Fiq 2

3. Applied Load
Sinca R(e), the applied load, acts 1»n the olirection

o O”H',

R. Cosdp -Smm¢ o “Cos¥? Sim¥ o 0
R, b Sia ¢ Cosd O |° ~Sm ¥ Ces¥ o | RC(E®)
R, o o [ o o [ o

10
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Se
R.: RISin(F-¢) Ry * R(&)Cos(¥-9)
where T is the cingle o} elevation,
The rmoment albout the mass coanter due to R(t) s

My = R(&) @ Cos¥ - loSinF]

<, Buoganf Forces

The bucyant Force 1s aqual te the weiqht o} the
displaced Fluid and its line oF action 13 vertical fhr.ouqh
the cernter o) 77raass oF the displaceda Huid.

Assumre a deflected Palof'oon ob the }uid mwoss as
shown .7 qu. 3. Now

Ay = T, Cos (%, +P) Ya * 1, Sin (o, + @)
Mg = uzCos(a,+9) Yo * s Sin (ot @)
P = gCos(®y-P) Yo * g Semr (oy- )
Ko = Ry Cos (ety ~@) Yo = Ay Serr (a(y- @)

Verticai depth of watter Iine s h-F§

FH =n, Cos(y-0) - (h-3) EI* n Cos(xre)-(h-§)

Also

ty=h-§ Yg =2, Sim(w, +@) ~ [, Cos(x, v @) - (h-£)] taan &
let

A=, Cosx, = ht+§, B=~r,5ine sltg
so

Fa *ru,Cos(#+0) =1 Cosx, Cosp -2,5ne,SinP 2 ACosp-BSn@
#g > h-2
Ya =1, Sin(@,+@) 2R, Sinet,Cosp + 2, 5P Cose, = ASing + Blusg
Yp: n, Sim (=, +@)-[n, Cos (%,+0)-(h-C)]Tang

t ASin@+8Cos@-[ACosp-BSing-(h-8]Tang

2 ASin¢ +8Cosé ~ASing +BSind Tang +(h-NTang

"
"



CENTYERLINE
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or

Ys * BSeco+(h-5)Tang
Naw

DA L ZL FA '{(’ﬁ“ﬂ.)‘ ‘(3"3‘).}1 2 A 'BTGIOO -(h-f)Sec’
Detine the cowrdimate systerm F-fp'y' by

S = 4'5..¢-3'540O t(h-§)

4 = 4‘5”,, 55'Cg‘¢ * vy

So
[4-] . [Cos® -SineT [ w =l
y Sin ¢ Cot¢]{5']+[ Ye
Now
Y = EA gaz o
2. ¢ ER Yo * 2L
Zet O gi* o
wz -2L Tand ys * 2L
2r 0 3; = 21
thus
"p'é : §FG s $(¢2LTand)
] '%LTanGP
ya = & GE + 8 (-21)
=-%L
o : 1 EA
Yo * TGEs¥(-2L)
-l
Se
Ys = ~FLSn0Tane-$LCosp +y,
Ya * FERSg -LCosp+y,

13
K



Also

Args'atA

Arcau + DA-FA

"
[,V
-
|

2L(A-BTan@ -[h-1]Sec 9)

and

.G = Area. ‘Y * Aroa._-:‘_

Area, + Area,

The buoeyant Force 13
F#) =2U (Area, * Area,) o
c4LL [A (L-B)Tand -(h-§)Sece]o
and The womernt due to the Jorce s
M(#) = F(O)(.a) = 2L' [Area, 4, + Areay yg] o
 2Lef20 Tand [~ 3 LSindTang - §LCos ¢ +BS@cp +(h-F)Tang]
| +2L(A-BTone '[h-IJSCGO)(ﬂ:A'BTanQ'(h'f)Sé:’]Sm¢
~LCosg + BSacy * (h-g) Tang)}
M(p) = 4LL' {—-} U Tan'¢Sind-$12Cosp Tan g + BLTangSec ¢
+(h=-F)L Tan*d + L [A-BTang ‘(b'f)s‘f-,]a$ln¢
+t[A-BTong -(h-1)secqll-LCosp+B8s0ct + (h-§) Tang]}
Exparnoling ond reducing by Trigomometlric iadentities,
M(®) = 4LL f( BL-31 -8 ¢ sectg)sing + (L-B(h-ENSec’d ~ACes 9]
+£SingAr-(h-grsed]l o
Linearizimg and subst,tuting Yor A and B
Fle)= 4LL' (F+ L, -qolr
M) = #LL'{CE £.X3 she)e B30 gD -2 (10 :53’)]} o

/
f |14



5. Dray Forces
The dray *erce D 15 qiver by

D=z¢ Har[Ees ~(Legiely

D T52 [g+5. - (L+q)e]3*  (where Com 1.7)

6. Spr'tnc., € Deashppor ifaries

The ser o reei:ting revsticen 1 tho 7-— chirection Fv >re,

Fr

2 Kym +Cay
The Forces rosisting —~ritior m the §-dirschion Fp cre
Fpe KLEsE -CEvug] e m 845, +(£-34)9]
s, [§-(L+91¢] 1e, [§+(4-0)¢]
The: mom wnt: res.2time rovlian 1n the @-cirecrivn [y wure

Fy= ~K I8¢ F ~lergigl(£rg) ¢ m B+ 5, +(£-2)0] (<~ 4)
co 8- (er2)dT1(€rq)1c,[§+(£-9)¢1(£-5)

7. Equations or Motien
M7= Ric.Cos(F-9)- g%czhff,-(u%»]?‘-x,? -¢y%
ME = FciSmis #1-9LL' (§+5-gd)o R EvE - (Leq)d]
w [Befed gl-clE-(oq)g]-Calfr (-p)dl ¢ W
Ié = Rc/JacCos5-bsmFlevilrfiereXgeho)+ (-5 244 23]
b Ee s - (Crqigllleg) = m[Te 8+ (£-900](4-q)
re,[i-Lepdlldeg -alir -] E-q)

with tmitial conditon o ¢, say ¢

5 £k (Log)rrqli'o-K, (4-9)]
C inlc(ghe &) - R L K (4+q) s 16, (4-3)

whera

LW
fo TK oK, +YLL'T

15




GAS FLOW STUDIES

Problem I:

Consider a reservorr of gqas af pressure P. , denaity (o,
and temperature T,. Assume that the a@s 13 To oamand bj an
adiabatic process throuah a converqent- divorgent nosxle
to the atmoaosphare; amal thoat the fow s steady -state.
Determine the mass rate o} Ylow o} the @was. Dedine the
subscript U ta reber fo conclitiens at the throat ord

The subscripl | to reter te coenmditions 17 the chaymber
R pr T
ATMOSPHERE
CHAMBER
THROAT

T‘he canf:nuafg equaf:an or ’fead-, ;/ow Y] qw." as

Q= pad «p, ua, (1)
where Q 13 the moes rate of flow, 3 15 the area of the moazle,
aral i 13 the velocity of the qgases.

The enerqy e@quation tor steady tHow belwaoenw tha

reservorr arnd any 7ozz/e section 13
Ce T+t = ¢C,T, (2)

where Cp 15 the specihic heat at comstant presswre.
Now, equations 3,4,5 bola ’or adiabatic }Hew of

a Ferfecf gas

CP = Cv = R (3)
Cric, = Y (4)

where R 13 the qas constant and C, s the sPQcohc heat
at condtan? volume

Substituting Cp Franr ©q.5 wlo @q.2 and selving For u,

Al = X R(T, -T) | (&>

Now, the equalion of state 1s gqiven by

L %



1=
e

anal for aaliabatic sxpension ths becomes

-Eg,‘ = comstent

D:”arcnfl-fmq eq. 8

= RT

F'v;eLP - P?k—.',-,-,d./r:o

or
4P P
7
and substituting From eq. 7
iP
2? = TRT
The local veloc:f: or sound /9 Qiven b-, the
Cqu-rlaﬂ
-(4_-)*
<=(5

Sub!f:fu'fmq From equatieon 10
< = yTRT
Now, equation 6 wmay be rewsllern as

——7_' /4"': 1;-7"

27R

or cas
T, - -1\ 3
I T

.Sub.sf'ofuf:nq Yrom c9. R 4

3 A r-p A
=+ Ll &

anorc % by M (Mackh wumber) then €q. I3 becomes

L. L NVL

(7))

(8)

(2)

Cro)

Con)

2

(13)

L))

Assume that there i1s me heatl loss Srom this mrocess

(1sentropic tHow). For this tympe o} tlew
(_[’_)’
ﬂ -

M

3

17

usd

(16)



Sublfufufnnq Qquu"mns 15 arnd 16 inta .q“afl.n ) e

—B- (I+I,—M) | GUn
6;'=(l+:ﬁFNﬂ)#n

where P ' s arna T, refer to condiliens 17 the reserveir
such that the }How s $ram P, , [ T te P,/’, T.

Now, due to the converqenl-d veraant! rroxrle, assume
that the vcie:..f, of the qases at the throat is Oqual fo
the local velocuty @} sound; thus, at the thromt the Mach

(e

rrumber (M) 15 umty, Hence equatiens 19,17, and |8 become
L4

-;'- "z"i ¥K-))
AT A& o
//: (:zL) h (2N

From @quation 6, evaluated at the throaf
/a- 7_|R(T k)

Now From oquaho» 19

LR
hence
/‘: = 72-’: RT, ::':
er
Ay 5 R, (22)

The »low equaton may be derived ¥rom equation |

QR* e Mg 3
Subsltuting From equation 7

Q=R (RT) «, a, |
Sulsstituting From n,u.r.om 19,20 aanad 22

Q [r@EHwltr | (29)

18 8



Define U = velume o} chamber, thern
Q- -U,/5, (29

From equahon 8

RAT:

-V
g

so

L
- LAY
£ () (28)
also }rom equation 7 anal equqf‘:an 25
RT, =7g- P/a;‘F.’,"’ =/:o, F’IF (26)
D. ffarev/':ahnq cquaﬁan 25
5F
PR 5RTA @7

Sub:h?’ufmq equation 27 mnle equaﬁon 2Y and equamlion 26
info equation 23, and equating

Y, P, P. ;'; L’IP [7(‘7%' r-./.. E.%P.'ir]ipo e

1=3r B L
T wr - et RN (R

In Teq ra‘l’mq

-7 ) '."

T L& atem ¥ (& 4

when Ct:0, P =P, thus
¥ (7-1) 2 \B AT 5F =

o g e 1 o

or
.ar

F=R(ir9%)" (28)

where
2U ot
¢ a (r-1) (Jiu-) %] (29)

also, it s use $ul to mete

Pa = B (RT) (30)

12




Problam 2:

Detine the flow of gas From Chamber | To Chamber 2
where Chamber | s /fnf'/a//g wrnoler pressure (P,). ard
Chamber 2 at pressure (R),.

a F—=»

A
Chamber | [ | Chambor 2 .
[ Piston
R H g
DO;H"O:
~x 3 Translation of Puf‘an

Volume avoilable te qas » Chamiser |
* Volume avaleble to ayas n Chamber 2
Velocity of qas Siow thru & (per umt time)

£ <
>
% "

Momss rate of qas blow thra @ (per uat time)

= Imtal weight of gas
= spaf_l}:f. wcoghf of >
* Specific volume of s
: Demsity o} qas

s Pressure

Ratio o} specibic haals

: Manss oF puton

: E¥fect ve qos mressure arec of piston
: Oribice Areo

= SP"”"Q Rate

: Gas Constamntl diuvided by averages melecular weiqht
: Temperature
: Qravitational Constant

O 4N XP 2T W VHp3yf s @<

Note:
The subscriwt | reters te comditons i» Chamber |
The subscr/pt 2 rejers to comditioms i1n Chamber 2

At tirme t

i‘
W, - 19Qdl
¢
e Wlt QdJ
w, = Helag (2)
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So

[ 4
Sl
U,

ri=
] . 52:*!:?43
[ T Ut A

For en adialbat.c @upansion

alg «|€

pﬂ* : Comstannt
so jor chamber |,

®), e p ot

& (nr)

(R), nr. (“’-LY (f ).

S:m»'a—'ti

B fturalalyt

(8’0 W (Uy ¢ A)

f e

(3)

(4)

(5)

(6)

As.summq that the /aan'h o} the armtce 13 Oaf‘rcmcI’ shawtl

enrnd no expansion of the qQms@s occur within the orifice

(incommressible Flow); then,

viz 29 (P -RB);

where ¢ 1s the coetficient of ducbarqc, Also

Q= a.VP‘,

The equahon oF mrotiom 1 a,mPlo,

Mz = AR - K(» ~»,)

where Kaxa,. = A(R),.

D.)}are»r,ar.u, equcnhans T and 4

Q= -Uup

Q = Zlp (uiean]
thys

U, dp : d[p (v ca9)]
inteqrating

-U, f‘ :F‘ (ULO'A“) + C

21
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When 20

LrlPhc 3l and Ac(p)l: gk

'H)us
So

C T - M

9
thus
W, v A .

s el L)
Subchf’uhnq equation 10 inte cquahon -

- v, P" » o,v/:‘

or by equation 7,
-u,/i, : ap QIZQN, U"."’..)]t
and by dehmtien o8 A (g = JR),
~Up a.c[i(ﬁ-?.)]%/-’.

-u,P" =2 a,c[z,o,(P,-P,)]t (13)
but

A B-ﬁ*‘ F’.-B,/:.* L1y)
whare (eoq.5)

A
B, :(P), (3&)“ B,~ (R () L8)

Substituting eq's ¥ /nlo €q's © and /3 and rewriting oq, 12,

Mi v AB, PN - K (% ¢ mar) , (e)
_u,[S, 2 a.cfzf’, (B,,o,'"-B.,’f)]‘ AL))
,O‘ :w—"—“\\)’/ -Pl-ul_Léz Uﬁ)

where

B - (m.(—"“‘,,’—')“ B,* (e).(%,“—"ﬁ*
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and P arad R may loe commuted Frovom eqvatons /7.

Fquaf:aﬂs /16,17,18 are the odes red equatons fe- the

systerm.

Assurme espanson ot the qGoses exists 1~ the
orifice. Now,t 1s necessairy 'o redebne the Fow of
qons through the oribice,. The ererqy equatien }or
an O'Oﬂ"'"r of qas 7 The oriFice 1.

¥ AR o
and the equation o shete @i the gqas 13
P = /J RT (20)

Thus one® cown werite cquahan 12 as

vi= 2,&(_‘___2‘) (21)

-1

Now at the exit o} the or f.ce -.nd 51 wse of Oq, I

{1_&(5[’ = B,/)"')} (22)

Qnd since

Q= AV, (23)
ther by @q. /0 :

- u,/S. 2 am, {ﬁ( B,ﬁ*"- B‘/O;.")} (2%)
Now the desired equaf.-ans are

M = AS,/:,‘-KM-*#..) y (37)

-y, 8 = af’;{ 2k (B,/o. B.f. } (26)

e e e
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PROBLEM

Determine the relationshp befween momentum inalex (B)
and intrinsic ef'}'/c.le’nccj (1.E.)

SOLUTION
Detirne
Wo = Weight o} recoi|ing porls without brake
Wy : Weiqht oF mussle brake
W, + W, = Weiqht o) recoilinq parfs with brake
v, « Maximum }rae receil velocty (0ccurring of
end of qms & ecten periwa) of W r Wy
Vz 2 Marximum free rece: velocty (@ccurring ot
eral of qos @jection pericd) =} W,
' : Free reco/l valocity at @nd e} /1n-bore
period ot W, +W,
V] * Frae recoll velowty at @ns of in-bore
period of W,
I t Impulsie 2} in-bore pericd acting @n
recoiling merts
I : Totml impuli@ mcting on re@ced.ng marh

without broke.
By defin tron

(We +WoilV, 7))

B= /- |
wo(vl - M) 2
Ll Werws  (Weewg)V' [T (Wa e WV
LE =/- 4 MO LA | 2
but
(W, +Wel AV, = \"A
Thus
B" [ - (W.’WoxV«‘M')
WeVa '(wo tWe AV,
or
= (wo‘w‘)vl - C
B=l W,V - C =
whare
C = (We + W), . 4
_2Y



From eq. 2

(W, +W@)V, =W, V; ]/:- I.E.

Subsf‘:f’uf:ﬂq this a‘qaahon nro Oq.B
-L.E.~C.
B - Yavaf LE
W,V =-C

or

("BXW,V‘ -C)= W.ng /=-L.Fk -

orxpanding

WeVa ~C - BW, Vs + BC * W,V {/- I.E. -C

or
Won "B(C'W,Vg) =W,V y/-I.E.
Defma
D = C - (w.fw.)”.
ong W. V‘
then

I + B8(D-1)) = {I-I’.E.

Squ-nnq beth s/el@s
I +2B(D-1)+B*(D-1)" = /- L.E

thus

I.E.: -28(b-n-8"(D-N"
or

L.E.= 2B(1-D)-B*(1-D?
Let

K= (-D)B
then

L.E.: K(2-K)
where

25
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APPENDIX A
PROPELLANT FORM FUNCTION

Rl. Trtrocduction

It 15 possble o express the volume of qrain burned
17 several cl tterent ways. [F we detine NC as the Fraction
o} chowrqe burred cxnd F as the Fraction o} charee remaining
themn ™ s approximaled by such expressions as e = 1-$
or e "H,tNK?§ "K,f’.' The exact equantion 1s a cubic ot the
form Nezh v h5e h $2v 450 The cubic aarises since the ohanqo
1 volume 15 proportioral o o Ic'nﬁfh cubec. Sinca /115 desirable
fo develop @ balhitie systam that wil uthize a computer, the
cubic @gquation presewts mo ser.ous problem ard undaubfod/:
adds @ comiderable amounl of precision to the final resuit.
Hernce the propellant shupes o be considered here will be
1n tha ¥orm of a cubic.

We will use the symboliam o} Ra$. I, Yor ths AFPendn-.
Thus, we loT

Nic + fraction of c.har-qe burred

N = amcurt of cbarqe burnecl
C = imtal amount of charge
Vo = jmtial volume of qream

“ * velume remamining at any near dietasce (%)

Sie T intal surface ot qran

Sy * suriamce of qrain remaimng at any |inear distance (»)

V’/V, * Fractiewn @f Propellan’ remosming (M I'v"‘/\'.)

p : Jinear distance burned to Flame Front, perpeviuier
to bur'n-nﬁ Surtace

$ * fpaction of web rermoiming
Sg/so

preqressiv o"ﬁ

R,n = ’ara,er and enraller rad., PGSPQ(J:VQI,, P
Sranin qaam'h-_’

w web;, @~ Fhichness

L ‘crrqf'h

D wid th

Jther symbols will be clafnec as rneaded,

26 "
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A2 Cord Propellant

From F'qufc Al we can determina
Se
Sz

2TmL+27RE = 2R(L*R)

27 (m-aXL-22) ¢ 27w(R-2)*
327 (RL-2L-2R» r24' rm*-2R % +2°)
z an[RL+R)~(L+am)p + I2*]

fhus
. zn[R(Lem)-(Lsvm)n + 35']
2m"R (L+R)

-.-,-.‘LBL.L_,,,,,,

v R

RS RL AR+ R

also

<
"

, = MRIL
Vp: mw(R-2(L-22) + 7(R"-2RA +2'XL-242)

=w(R'L -2R'% ~2RaAL+yR4 s Lat -220)

7[R*L ~(zm s 2ml)p ¢+ (ymeL)pd~-24%]

So that
R - (R iR (YA L)Y - 2!
w R

2(R*+mL) IR +L o 2 s
TR %t R %* TR *

<Is

SIS

21
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Now

Nig e o Yo o (o, 2R yasL v, 2 _a
e = v, I=1+ oL =y x Tt
2(R+AL)
y_ ey - YBRth v, 2 _ 3 AS)
. Rl 7T TRl PTTRL” :

@and since
a:R((i-%)

werite £g. AT as:

N . 2(Rt+mL) yRPL _, " ’
c(®) = ———R>-5)- L R'"(1-5)" o-—R R*(1~4$)
Bs) = B(AeLXs-5) - "’:"‘('-zn;') r 2B 3sessros?)
u(;) = *z-u;_z’ 4R’.‘ aR.'ZL; VH?L ;‘ 2R

L
'—LH‘—F* =
Bis)2(ZB va-4R -1+ RR)4(8B-2.82,2-48);
P(EE - )0- &89
or

Njje | e 2Bobg2 s 2R 40 (A4)

A3 S:n:.)lc - Parforated Prapcllanr
From Fiq. A2, we }indl

S, = 2m(R*-A2) r 2W(R + RIL

Sy » an[(R-2)* - (nea)] v 2w [(R-afl-22) ¢ (2 r B k-2 )]
senm[Rt-2, ¢-+>~\'-4'-2~4->&‘ *RL-AL-ZRS f&‘mu%\rt’&#-?\f{]
r27[R*-2 ¢ LIR+R)] - B (Rrr)

thas

i, a'lR:-Ju"*L(H'wJ-V(RPN)'ﬁ] : Yimer)m
Se 2[R pr e L(Ren] RVA' e L(Ren)

S Y
_S‘ﬁ_. | = Aol /’; (AS)

28



4. 3

4

r

a@luo
Vot (RN
Yo n[(R-2]" - (ne2)](L-22)
z w(R‘-znaw%‘ -4‘-:»4-7“!4.-:4)
s w(RL-2R"% -2RLA +YRA LA 2R 2N LY Jt/u;.‘)

t HL(M=AP) s 2w (A ~R-RL=AL)p r9(R sa)p

so that )
Vo . ML(R*nY) e2n[(Mendp-R-L]w ean(m+n)x"
4
Vo (R AM)L
Ve . o 2(Rn rL)ﬁ* a/¢"
Yo ° (R-2)L (R-r)L
Now,

2(R-AvLip ¥

o .
gt (R=n)L (R-r)L

cwnol Simce

R-a-(nrr)c (R-r)}

2%

(AG)

(A7)



S0

R-n-2x =(R-n)$

2 ¥ (R-nX1-3)

Sulpst. tFu hnq this @xorassion mto eq. AT

N(§) s BLA=Letl) . L(R-nYI-f) - =2 2 (m-n) (1030

(m-~r)L (R-n)L 4
. R-®sb ¢y  _R-2~ ., _
Bsy: ===—=-%) ——(1-25 +$*)
oL R-orerl RBaelg  Br 2(R-M)e - a
CU') : 3 T * T $ -5—’&‘- 5

Ny d(R-n el -Renl-L(R-nrL-2RI2R)S - L(R-2)ST

M(s)s )¢ Bt § - Aone g * (A8)

A4 Seven Perforated Pv-opel/anr

thus

=lse

From Fﬁa.‘ﬂa

Se =27 (R+TINIIL+2TW(R'-T1Y)
S,,, 27 [(R-a)t T(n wx«)](L-zop) + (R=p) = T7(m o-a)"]

Sy ® an[RL-2Ry-La+22 ¢ TRl ¢ Tal-MWrg -iya* +R*-2R~
+t At At ~iyn s - 12t]

Syz2n[[MLeTal +R*- IR+ (-2R-L+TL -1 ~2R=1VR)
+t(2-14s,-7)2t

Sy awz[(n‘-u.‘)+L(n+m)]-[4(Rrm.) ~GL]m '184’}

i zwj_'(n‘- R LR wuu)]- [¥(R+T1L)-G Ln -:g,‘-}
. z?KR +$In)L + (AT -0t

Yy(R+TM) ~6 L 18 &

- - 9
(R -7AY) +L(R+Tr) % (A*-724%) ¢ L(R+7A) (A%)

S»
S, °/

aw (R*-72%)L

o<
[}

"[(R-2) -1+ ) J(L-24)

§<
"

30



ar

Now

Vy 2 7[R'-2Rx +2* - TA ~1yn s -T2*](L- 22)

V,, z W[R‘l “2RAL + AL AL~ 1YL 75 L -2R%% rv Ayt
c2atrivant+2Baatiivat]

n[(R®WL -1 L)+ (-2 RL YRl ~2R* 41422
+HL-7L +oR r28R)2" viz 4’

Vg 3 7{( R =720 =2 [(R e 100L (A 1N]g s [¥(RoM)-GL] £ + 122°}

A\ shver

k- Fﬁq AS

. 7{(R*-TA0L - 2[(R e TR 1R -710)] 3+ [w( e 700 - 6 L] o-/u'__}

¥
A w (M- TACL
ve ., . 2[(m o)L +» (mE21) Y(R+Trh) ~6L /2
Ve (m*~70)L PG (R*-7R%L * *(n'-u‘)z f
(A/0)
B(»)z -3
gc‘,) . z2l(m &1:1-)!. r(R-TA _Y(R+Tn) :6L . .og : 2!
(R*- a0t (R-t)L - (-
. (An)

31



From F:q. A3, we nofe that bebrere burmng

R=2W+2rnrre

w: x(R-3v)
Atter burmng oF a distance , %

wi=t[(R-2)-3(vea)]

N
+(R-3n) ) R-3n
anr~
yr
2 | - —
; ~m~-3n
hence

¥ = §(R-3IRN-5)

Sub;.hruhnq this value oF 2 nte eq. A,
) = 2lm mndl o(r- 23] GRPIR)-GL
(m?-74%)L (m® =T

f(R-JnXI-” - -’t(n-u.)‘(n-s)"

thus

(m*~7a0)L- c_ﬁ(;) 2 FRLETAL + R TANYMP-20Y - §) -é(u +28 -6 LM 4R 4951
- L (RP-smhan r3m-Onr - IO P

(A2 F(5) = $(RLITAL + RY TALR-8 A <R + 304)
~R(erizon ~GLYM-GRA + DA 1-2F & 52)
~L(R3-3R" 3 + 27RAS -Z W) -3§ +38* - 33)
(K 7TA0L E(5) L(RLOTAL +R*-TA'K M=t A =R} +305)

~R(om -39 +3CR2 4 2810 8RA S 2R
“GLR" ¢+ FeRAL-SYRILY/-2F +$%)

~L(RI-OR"L 4 27RA -2TASYI- 38 6341~ §3)

32

=



Expanqu
(R?- 7&"“.'%(}) < Jz'(R'l. -IRAL-R'L} +3RRLY r TRRL -214L ~TARLF

F2AX LS +RV-SAR-RY + SRS - TRA r214) +TA'RS -211"5)
L (4R?-24R% + SG AN +2BR R - 16BRA" + 26227 -6LR + SCR AL
~S4 L -BRY +¥BR"LI-TZRR'} -56nR' + 336 AR -S0VL> 5
PIZLRYS -T2RALS +1082 L5 + 4 RY$4-2u R}y 6REF v2BAR I
<168 R + 28225t -6 LR + IGRALE-SYAILE!) - B(RP-9R™%
+#ZIRARA 277 3R +21A%F ~ BIRAS + QI35 4IRS .21 % 51
rBIRR' 5 -BInd2-RYSI roRWS- 2700 S w2 A $Y)
50
16(R?- 120 £(5) = (BRIL-2¥mAL +3CRAL = /6ORL +8 R - 291 R"

S LR 16OV L 2R - T AR -2BAR 168 RA" 2621
FOLR' ~36RLL +592°L TR+ 2TR% - 0IRR2 + 8I1A") + (-BR'L
F2YRAL-S6ARL 41681 L -OR + YR $SCA R -1 B 1P +B R}
CVBR% +TERMAS + TEA R =336 MAL #5500 ~I1RLR s+ T2RA L
c10ga'l ORI -BIR™ r2W3RAT-27323)F + (C¥RP s 2 YR

~ SR =281 R +/68 MR -25EA +GLR? -SCMal s Eyn" L ~OR]

r 8IRR ~2¢3Rx® + 2432205 4 0 IRP-21M% rEImR? - 81 )$?

Thus
RY-R'w -5RA 370 p /4 ROL-YRAL - 11y L
/16 (m*-720)L

B(s)

SR -y R + I5RA s 93N -20RL +YORR L ¢60R L ;_
16 (R*~723)L.

R TTR =1 RAD <~ on) rG AL ~JCRAL +SYRYL ;g
/6 (R =AML

*

SR'-27R% ¢+ 81RA* ~8/A° )
16( MR8 =Tat)lL ;' (#12)
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AS Spher:cal Gramn
Without the berner r of a sketch, we can wete

S, = 47 RY

Sy ¥w(R-2)" = yn(m*-z2ma+ )

thus
Sy . yw(R™2r2 ¢+ Y
Se 4TR?
%5 . I-%opo-#»p‘
alse
v, = $wn’
Vo 2 7 (m-p) s §n(RY- IR s 3Rt - 50)
So .
v . S (mi-3R'e rIRL"-2)
Ve $» R
- i S, S NS |
Now
N - & - = 3
—c'(f)" \6" ”%"‘ %"’#4
Hiz) e X - et s i a’
Now

x = RO-%)
so, wrilt® eq. AlS as

HORE LICURE T AT ¥ (L
H(s)e (=51 -3(1-25 5%+ 1-3be3sd-5°
~3-3F-3+CF-3 ) -354350 53

3
MF)=1 -F

3Y

(AI13)

(mie)

(A15)

(A16)

A,



ARG

and

Seo

Now,

So

but

Frcm F:a, A4

S, T2DL+t2LwW +2DW N L | i
Se = 2(DL +LW +DW) :I;
L A

Frlq A4
Syt 2lli-28X0-28) + (L-2aXW-22) ¢ (0-23Xw-22)] ?
Sy = 2[0 tLw+DW) -2 (Dol +LtW FDeW) #1226 ]
5,,L z2(LOtLW +DW) =82 (D+L+w) + 24yt
Sz . 2(LDeLWeDW)-82(DrLew)+ 2yt
So ~ 2(DLrlweDw)
Sx . __4(DOL+w) 12 3
So J pLéLwWe+DW ZA% DL rLW‘-DW,p i)
Yo = DLW

V, = (D-2a)L-22Xw-2%) = (D-22XLW -24w -22L +ya’)
T OLW - 224WD -22LD +45%D -2 LW +¥L'W+4x'L - B8 5

2 DLW -2 (WD+LD sLW) +42 (DrweL) -8 2°

Dlw -22(WD + LD +Lw) + 4 (Dew+L) ~ 847

Yz .
Vo DLW
W+l
Vg o - 2(wDrLDeLW) | 1(0rwWel) s B 3
Ve DLW DLw bLw
WOo+LD+LW)  ¢(Drwel) 8
H.(,.,=,_L‘t=2 “® - e — 4!
va DLw £ DLw < Dlw¢
Driw) ¥(Dewel) 8
t(p) = 2(woelL - 1, o
< DLW oLw oLw
wW-24 = fw

(A18)

(A19)



So
2~ tw(-#
Sub’f:"uf/nq into A9
2(wWDO LD rLW) w( 5) - 4(Dewer L) wU e _E_\AL(, 5P

BL(f)=
¢ DLW oiw ¢
wD+LD LW w(Dewel)
EAALLALALL IS DR U -25+5")+ ﬁ-(!-shx}' -37)
DL DL
- wbD +LD+LW wperLlD fl.w; _ wO sWw WL . 2wWD +2wW *s2wil §
B DL oL oL oL
wD*w'ewl s wW? sw' Tw? (2 w9
DTN Wy - Ny L ;
DL DL Dt ot DL

N.(;) : l_[wpﬂ.l:w»l.w ~wo-w?-wiL+W']
ru[-wo -LD- Lw+zwo¢-2w‘~zwu sw']l+

S[-wo-w?-wi 3wt B ot

LW twD-LD-W* 2w-wL-wb wt 3
BG)y=1r+ = F o+ =1 5t - T,-l-.-f (Azo)

AT. Sc’uar—a ProPellanf
We sray odetermine the clesired aquahuu bﬂ ub:f:fufmq

D=L inle aquafaon: AIT,A18,A19, cxrrcid ABO, Thus:
2L*W
glaLew) 12t (Az1)

%’:= - m"' L*+2LW

%/_: ey = Z(Zv\!/-l;;u) e ‘f(il;::ﬂﬁg - _L-?_w-"" (A22)
By = 2(2\:;1-“:- L - "____‘i:-:v“’) P -'%'-4-" (A23)
ey e o BRIy BOEWH B0 (aze
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A8 Cube Pv-oP.Hanr
Here the desired ®quatiews may be adetermirecl
from eq.s AZI,A22,A23,canal AZY by selnqg W= L.

Thus:

- - -‘L¢«L—/p (R2s)

3o

% ol "—4’"" La'x‘ ?. /ﬁ’ (A2o)

%‘C") . Lk (Az7)
U7 (i ot -

B = 18 (aze)

A9, rﬁhl‘:r"'ars

The qacrn.h—ncal Yorm Faetor For o Qivan shapo oy
be altered by uvse of an inhibitors, Tha 1nh/bitorm P"'Cvl'nf".t
burvnnq oF the surforce which f covers. For exampla,cons.der
an mhibitor placad on the aukide surtance of a simle -perSerated
propeliart cylinder but, +ot over the ends. Thus, the burmag
surfoaces are the hvo @ras ancd rhe imede surbamce.
See= F:q, A5,

~”
d“/lﬂhlbtraf P‘l H

—

FI 9, A5

The crosshat.hed secten indicates the unburne c Pr-aPaI/anf:
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From Fiq. A5, we $ind

fFhus

alse

Now

Now

Sp 2W(R*K) ¢ 270 L
Sy, = 2[R - (nen)t]van(nrall-2x)
2[R -n'-2rp-pgtrrl 2P ely-25]

zzn[R*2 +nl ¢ 2(L-¥n) - 34]

2w[R -2 enl vp(L-9n) - S2']

S <
f 2 (M3-Atrnl)
L - ¥nr 3 . a
? e R*-n+rl = R*-n* +2l & i
V, = #(R*-AVL
Vy = 7[R - (renf](L-22)

MR LA -2nal-atl - 2R r210% ¢ Yt ¢+ 220]

‘RTI-IL +(2nl-2R -2 lL)+ (Yo -L)p* v24”]

w[(mA =2(R L) + (Yr-L)p? + 24"

Y .

Ve ™ (R -r)L

Vo . . 2(R'¢nL-xY) L Y oL 2 2 3

o ’ (R-xoL 2 (Rt (T T TR
(as0)

e% S v70o

N 2(R'al-A)  Hm-L . z ’ .

c) =Tt T Al ® T R )

R=-(r+x) = (R-rR)}

# =z (R-ryi-#$)

Sul:s*-fuf%nd, lnfb A:’l

L 2(R%ealond) yr-L . ;
{82 R AL R h) = (R o et

L A3



2 (m-n)

Mgy o (R el -rt) 23) - - LXR=ru) Jo gt - gy
E(H (Pl S (men)l ¢ (mer)L (

(R +n)L: -CMU) 2 2R 2aL-2 ~ (2@ 2Rl -22%)% - (WM - -LR+LA)
+2(YRR YR LR LAY ¥ <~ (YRA =R ~LR * La)$t -~ (2R*-v-x +2A)

+ 3@ER*-4ARR 2RV} - B3(2AT-vAR +222) " ¢ (2R -y s2r?)d

Combiming terms

thus

= rJu)L-?N(H '(ZR'ﬁZLL-N-?(L *)&fo-l.ﬂ'-lm -;d{pvx/u-z:p‘f)
+ (~2m™-2Al 1zatrgmn-9it-2LR ta\t«q., Lo R 12 Rr +GRY) §

F(-YRRIVAILAR L ~CR Y $IZRR -GS + 2(R 1) 33

(R+n)L- %’-(;) s (Ren)L + (IR -2LR -y RA)}

+(LR-Lr ~GR*+ 8 -22")5" + 2(R-2)*

‘/H‘-zLR-VRIu’_ ; LR-LA~6R"s OR2 -2/ ;1* 2(m-n)t ;,

N
ELH 51 (Rem)L (mRen)l (m+r)L

(A32)
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APPENDIX B
THERMOCHEMISTRY OF PROPELLANTS

B). The Atomic Composition o} Prompeliant Constituents
We here compute the alom.c commastion (in qrem atems

per qram ok propeliant) tor the varieus chemcal commounals
o which the prompellant s composed. Thus, we dehne:

{c} = rumber of qrem atem;s o carbeon par qrem o} propelienl

{H} : numbber of qram atems of hysireaen per qram o) prepellant

{N]c rumiver oF qrom aloms of w/regen por aqram of mrepelas?

[0} : mumber of qram etem: of oryqen per qra~ af prope linl’
We will use MI propellant o ar easemmle. Nav/, Mi prompe/iadt
has constitvants, by weiqht, o} 85 parts Nitrocelivieose (of wheh
13.15% 15 Nitrogen), /10 parts Dimtrotoluene,S marts Dibutyighthalate,
/| part DIPbOn,‘QMlﬂ., 0.75 parls Ef'h’l Alsohol, Y
0.50 parts Water Thus:

M| Propelian~t
Nitrocellulose (13.185% N) 85.00 83./13%

Dinitroteivene /10.00 9.7 %
Dibutyiphthaiate 5.00 4.69%
Dlph-wglamuvc /1. 00 0.9 %
Ethyl Alceohel 0.78 0.73%
Water 0.8%50 0.Y9%

The )aNOwanq olomic weiqhts wil be used:
C =/2.010 Hs).008 N=/9008 O */6.000
First cowsider one qram molecuie ef water (M0
which cwons/sts of :
2 Gram atems o hydrogen
| qram atom o} ciyqen

Thus
One Gram Molscule o) MO = (2Xi.008) ¢+ (1/16.000)
= 18.008 qrams
Se
{H] = Tizé'b'l = 1110610°° (8))
fol = 5losg = 5553+/0°% (®2)
40



For one gram molecule oF ethyl akohal (CHsOH)
2 qram atems of carbon
(A Qram alfoms of bﬂdroqcn
| qgram atom of oxyqer

we have
One Gram Molecule o} CeHea OH = (2X12.010) ¢+ (6X1.008) ¢ (1 /6. 000
= 46.068 qrams
f'hu.’
fc} = —Fsza— = Y391 107" (8
{H} = —gglrg— : I3024+/0"" (8¢
fo} = —zsga— * 21710 | (s

For one qram mrolecule of d:phen,lammc (CiaH,N)
12 gram atoms o carbon
Il qram atems of hydrogen
| qram atom of mitrogen
we have
One Gram Molecule of C, H,N =(12Y12.000) ¢+ (nX1.008)+ (1){sv.008)
2 /692.216 qrams

thus
{e} = —zgigg— - 7092:/07 : -2
fH} = —,zﬁn— : 6501/0°° (87
[N} © —zgmr— = 591<10° (28,

For one gram moilecule o} dibutylphtalate (C, H;0,)
/6 qram atoms of carbon
22 qram atoms of hydragen
4 qram atoms o} orxyqen
we have
One Gram Molecule of Ci Hsa Oy = G6li2.010)+(20X1.008) + (4)/6.0006)
= 278.336 qrams

thy s
ic) = —55%wz— = S5rv8 « 10" (B9)
{Hl = —ZTQ‘:%W. = 7904 « Io.‘ (B/‘)
jol = —vi&s = /437 ~10° (811



Now, consider ore qram molecule oF &irn trolelione
(Cy Mg N2 Oy) which consists of
7 @rem afoms ot carbon
6 qram otoms of hydreqen
2 qram afoms e} mtreqen
y Qrevm afoms of 01”019

thus
Owe Gram Molecule of Cy N, N, Oy lW.‘)ow.ﬂMM)'('uu)
T /82.13% ayrame ,
Se
et 2 W : 38938 0¥ (B12)
{H} 3 ﬂ‘s‘fT,"—- t J29¢Y « 107 ('13)

N} 2 —sETyT— * 098w’ (ar9)
fo} s —ghyai— * 2196:10° (18

Finally, we consider the wrere compleatad preblom mveiing

the mtrocellulosa. The celulese melecule 1s wrillgmw as CqHy0,(OM)g, O
nfratan, soma o the (ON) qroups are replaced by (ONG;) qreyss.
The resulting commound 15 CoHy0(0NH)y L (ONCy), whare £ 1 the
mumber of (OH) qrouws repiaced by the (ONO,) qreups Thus
we have /n one qream melecule o mrrecelivisse Cq Hy0(0N),.  (ONG),:

6 qram atems of carbeon

10-% oram atems of hydreqen

% qrem atems o} mtreqen

S5t2x aram atems o} caygqen

Thus:
One Gram Molecuie o CyHy0p(0H)y  (ONG,),
s LXiz.ota)+(io-pK1.008) ¢ (F+ 28X/6.000) ¢ (4L 1v. 008)
s /62.¥ +YS5&
Se

(e} * wrhvme
M it
N TR ey

0] = A% r -

£
[



Desine

y = per cenl! of mtrogen

then smce we have £ qram atoms o} mireqen

er

_ _/9.008 &
Tl62.1¥ ¢ 45

+ 100

_ _/¥00.8 &
I ez rvez

Now solving 3o~ 2

162.14 y4 f-‘f.s"ﬂg = )400.8 14

62,1¥
F* 9008 - 45y

Thus #ar y=l3.15' we hove

Se

Z< 2635
- (" - < 10°F
i} = Zpagsvss = 2131 0 LE6}
{Hs 2 /62.1’3 ;‘:5’ . 262’:/0" (817
N} = /62.10;‘4-45‘4 r 93940 (5/8)
___-f.t.‘.l'__
jol ¢ sopatiZ_ « 3059 (812

Now, }or M| Propeallan! (e€q.s BI theu B19)

fc] <K 8313Y2137)¢(.0578X90v3) +( 0489XsTYEM  00BEX2092) ¢ (009X 429 )]« 14"

fcjr as35 107 (m209)

§H} o[ 9313X2G20) (.oBTAIIZRN +(.O¥OAXIROY) (009814501 o80T 4 (O0v R0l T A~

fMjx3103r0°° (821)

{N] <0 8313X939)asralca) (. co9aLS91)] + 10°°

jmi+ 89%vi0°" (s22)

fo] 2L 8318%56894Co9malzi96) 1LOYRNWST)$ (00 25X 7 1) (.00Y X SEE3)] 10"

jo}: 9370 ~10°" (sad
¥3
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B2 Heal of Formation o} the Propellant

The heats of Yormation of the produch oF combustion
Yrom qraphte, hydrogen qas, nifroqen qas, snal exyqer have
been oxpermenrtally determred and are aven by Table B/
tor conditions at 300 °K

TABLE B)
HEATS OF FORMATION OF THE PRODUCTS 6F EXPLOSION
In kilocalories per qram molecule tor Forvwahon

from qraphite, qcaseous oxyqen, hydroqen,asel mtreqen

Substance Molecular |Neats of Fermation ('r-saoq
quhf‘ AT onstmnt velume

co 28.0)0 26.69
COo, ¥9.010 94.03
KO lqud 18.016 67.43
H, 0 «aas 18.016 57 .50
CH, 16, 042 17 .27
NHs 17. 032 10 .38
NO Jo.o008 -21.53
OH 17. 009 - 9.3

N /9. 008 -85.25

o 16. 000 -58.75

H |.008 ~-51.79

The techmque of computing the heal ot farmaten

ot the products of complely combustion jor each propeailiant
constituenl” (From qraphite, hydrogen,n treqen, onyqen) 13
lustustrated below for M| Propeilant. Note: complete

cambuslion 1mples the products CO, and M0 galy , 70
CO ,0H, efc. Thus

(c0,) = fc} (M,0) = §{n} (829)
Detine

HF prop = Heatl o} Formation o} the Predlucts o Cemplete
Combeusten of = Propolamnt- ConstituenT

From Table Bl we have 94030 cal./qm. as the hemtl oF

vy .
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TABLE Bz

Camattoant. | Wiod Atemic Compostien /1# qm atoms /qm |Haat o #F o} |HF of
wWE c H N 0 Lanbushon| Roducts [Subslione
| eoalt/cum | eale/@m, |
Nitrocellules
12.0 xn] 03608| 247! | 3127 656
2.2 2498 | 3087 642
12,4 2419 | 30406 627
12.6 2393 | 3005 612
12.8 2366 | 2965 599
8.0 2340 | 2925 585
13,15 2320 | 289%¢ | TV
13,2 2%)y | 2807 | 570
18.25 2308 | 2873 | 563
13.4 009571003669 229y | 2843 599
Nifroqlycermn [227.084 aosssﬂ /1635| 1985 | 350
Cs Mg N3Op
N-?devn /o¥.07¥/0. 038Yy3/0.0/92(| 2030 | 2199 /169
CRyNyOe :
Dmét;r”o‘:l:oo:o yoz. i3¥0.0p843 'o..oszsv 0.01098(002196 ¥709 47?.7 85
D"c":,”ﬁ'&d"‘ n.xsevo. osme |[0.o¥%0y| - Laom.n 7389 | 8070 | 48]
bnu,oﬁm.hh z2.232/0. - 0-007& 514y | 7200 | 2056
CnMysy
o.z::",;”.m.. /69.21610.07092 0L 6501(0.0080|| -~ 9066 | 8860 |- 208
'“Z,',f:f."&f’é” P66.3960.06529p.0%§3/0.00745(0.03T2¢4 8418 (B652 | 234
prbyl Alcohol  6.068(0.0Y3Y1 o.:soz#ﬁ = {o.o2im| TIIl] | BYTS | /362
et on 1
water i8.008| - |lo.1106| - o ossjj - [379% | 3799
2 NTradi-  214.21610. 05601 o.ovaoslo.ousqo.oas 6976|6840 |-136
phonylam ne
Gr.{hh 12,010 {0.8326 - - - - - o
Cu-boa Black 12.010/0.8326 - - - - - o




formahon ot COy and 7,430 cal/qm $or H0 (laqud). Th...

HFP'.. = S‘IOSO(COg) + LT”OCH,O)
Water (#0) ea. B

{H} =z 0.11106
by B24
(Hg0)z 0.05853
by B25
HFpgop = 3T4Y col/qm.

th | | eq.s BY s BY
{c}z00434 . {H}=0.1302Y
by B2Y
(COg) = 0.043Y| (W, 0= 0.06512
by B 25

HFraee = BYT3 coligm

Qiphenylazuae o9's 86 s B7

fc} = 0.01092 {H} = 0.06501
bg 82w

(CO;)x0.07092 (M0)=0.03250
bg B2S

HFPROD : B86O col/qm
D. th Cq.'l 89 « Bio

{c} =0 057v98 jH} = c.07TPOY
by B2Z4

(CopYr0.05748 (#30) 20.03952
by BZS |

HFPHOD s 8070 ‘Gl/’n

Dlmt:ofolg‘ng eq.'s BIZ2 s BI3

fc} = 0.098v3 fH} e 0.0320y
by B2Y

(Cog)20.038%3 (HeO) s 0. 016 Y7
Ly B25

HFpogop = ¥72Y% callqm

b

(825)

85,



u.rrgczllu!gza Sll.ll’% N) ea’.'s 8/6 ¢« 87

§jc3 roozin7 fH} zo0.0262v
by B2¥

(Cor)x0.02137 (H:0) = 0.01312
by B25

HFppepo * 289 r--l/qn

The heats o complate combustion o} the premeliant
constituenls (HC) have been esperimentally delerrmined.
For Ml Propeilant:

water HC = ¢

thgl Alcohol HC = 711 <allqm
D:ﬁhe nylamine . HC = 9068 cal/qm
Dibutylphthalate HC = 7389 cal/qm
Dimitrotoluere HC * 4709 cal/qm
Nitroceliviose (13.16% N) HC = 2320 callgw

The heat o} ormation of a promellant const/tuent
(MFcomgy ) plus the heol of comppiete combustion ol the
propellant constifuenT (HC) 15 @qual to the heal of sermation
o} the products o} complete combsustion ol the prepelianl
constituont (WFpyg,). So:

HFiorer = HFppey = HC

Thus we have

Water MFouyy = 3747-0 = 374¥y
Ethyl Alcohol HFeuuer = 0473-7111 = | 362
Dopbenriamm. HPiusr = B8850-9068 = - 208
Dibutylpbthalate HFeey, = 8070-7589 = (B8]
Dinitrotoluene . HFcqmer = ¥724-9709 = /5
Nitrocellulese (18.15% u) HFcosr = 2099-2320 = 574

Now, we can determine the heal of lormmtien of
M PPOPQI/anf (HFM,) as.

HFpy = (.8313X574)+(.0978)S)s (.0¥89X681)~( 0 096 2ea}+ (0073196 2 )+ a0y W3T44)

HFyg = 53 Q.ZGQI-/q!w. (B326)
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B3 Gas Pressure Due te the Predusts of Eamlesien
Del.ne the equaten o) state of the aes as:

p* 3—:—1 (827

where p s the qas pressure (atm), V the velume peor
unit mass of Fhle qms (“Yq), » the rurwber o} arom
molecul®s 11 wnit rrass o qa®, R the oyams censtant
(82.0¢) and T the alsddte f’.mpcr-furd' ( *°x).

For the censervation of atomic types

(Na) = + §N] (o28)
(co)t (cey) = Je} (m29)
(Ha) # (H0) = £ [H} (830
(cod)+2(C0.) +(Hho) = {0} (B31)

;r-am wﬁu. ‘!

Refclr P iHIetinNg (822)
The a@agquilibrium constent 3er the water gas

remct, @n 1a

. (coX N 0)
KT “teaxm) S
where K 15 aiven by the table
¥k R 'k B
1000 0,785 TMaLE 2 oo 6.76Y
:::: ;:j: B3 | 2900 | 6999
1600 3.093 3000 7.127
1700 3.v38 3100 o)
3290 7. 928

oo I
'8 3. 832 3300 7.562

;::: : :‘;: 3y00 7.6170
) [.T-] .76
21060 4, 909 s 7 '

Q600 7.85Y
3700 7.923
3800 7.989
3900 8.027
4000 8.082

2200 5235
2300 5,533
2yo00 5821
2500 6.081
2600 6.33)
2100 | 6. 532

vy



For M| propellant
{cl=25354/0" {H}:3103/0" [N}289¥s10"" fo}r38704s0"
vz 4534 0" |

Heat o} Formation o Propcllanf 2 538.2 GG‘./,m

Dai-mc .
HF,, * Heat o} Forwation o} Prepeliast Ml
HFas * Heat of Formater of Gases
IE = Lr»ternal Ererqy o} Gases
HR =+ Heat of Reactieon * HFgay - HFp,

It 15 necessary to determna T se that
HR -IE =0

For M| Propaliants Assu~e T = 2300 °K. Now, }rom Table B3I
ard equations B28,829,B830,83), and B33

[c0,]:0.00250 [colzo0.00285 [H,0]=0.00585
[H]=0.00966 [n,] = 0.00vy7

From Table Bl

HR = (99 030)0.00250)*(26,6900.02208)+(£7, $00X0.005868)- 538.2
s 6¥3,)

From Table BY
LE:=[(1.15100.00 250) ~(6.086X0.02288)+(08.78%X0.00596)
+(5.777X0.00966) + (6.020X0.004¥7)] ( T - 300)
* 594, 8
So
HR-TIF = ¥8.3

Hence the temparature (T) is /12correct.

T [cq]l Icol Mol T[Twl Im] HR LE HR-IE
2300 .00250 .02285 .00585 .00%6L .00vyY 6¥3,) 5948 ¥8.2
2400 .,00R9Y3 .02207 .0pSeT .0095® .cevy) LYY L29.0 139
2500 .00217 02098 .005%8 .009353 .e0vyy HLY.8 663.] -2/,
2600 ,0023% .02303 .00483 .009v8 .covv? LY.3 6973 ~5.0
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and by etre.qht ling inl@rpelatien
T = 2490 °k

which 13 the odabelc Sama +OMPOPG"UF¢.
Also the Serce constem~? F 1o qiven oy

7RT,
307000 *"%%

F
F

So

/18



TABLE B4

Mean Molecular Heals over the T‘cmpor-furr Range 300 °N to T °k

In calorios per qrom molecula por deqree al condwa? volume

rT °K| CO, | H,0O co H, N, OH NO O,
1000 | 94909 | 4.823 | 5403 | 5058 | 5.326 | 5,136 | 5592 | 5751/
1200 | 9829 | 7107 | 5553  S5.115 | 54468 | 5212 | 5.74Y | 5.907
/900 |10.165 | 7.388 | S5cuv | 5.189 | 5597 | 5.298 | 5869 | 6.037
/600 |/0.499 | 7.661 | 5799 [ 5272 | 5712 | 58390 | 597§ | 6.1v7
1700 |/0.577 | 7.797 | 5852 | £.318 | 5766 | 5939 | 6.02y | ¢.198
1800 [/0.690 | 7918 | 5899 | 5359 | 5. 814 | 5,482 | 6.0067 | G.2%Y
1900 [/10.728 | B.0vy | 5975 | 5405 | 5861 | 5529 | 6.110 | 6.290
2000 |10896 | 8./157 | 5986 | 5,947 | 5904 | 5572 | G.149 | 6. 331
2100 (/10990 | 8.273 | 6012 | 5492 | 5:945 | 5617 | 6.186 | 6.373
2200 [11.075 | 8,378 | 6.036 | 5533 | 5,982 | £457 | 6.220 | 6.412
2300 (II.157 | 8.48y | 6086 | 5.877 | 6.020 | 5700 | 6.252 | 6.452
2400 11,233 | .51 | 6131 | 5617 | 6.053 | 5739 | 6.282 | ¢.488
2500 [11.306 | BG7B | 6.162 | 5659 | 6086 | 5780 | 6.310 | 4.525
2600 [1)1.373 | B768 | 6191 | 5697 | 6116 | 5818 | ..336 | 6.559
2700 |1.4Y38 | 8857 | 6.2/8 | 5,736 | 6.1Y6 | 5856 | (.36 | 6.59y
2800 |11.4Y98 | 8990 | ¢.2yY | 57713 | 6173 | 5891 | 4.38Y | 6.626
2900 |11.556 | 9.022 | 6.2¢9 | 5811 | 6.199 | 5927 | 6.906 | 6.(59
3000 (1.6l | 9099 | 6293 | 5846 | 6.224 | 5960 | ¢.v27 | 6.620
3100 |11.669 | 2174 | ¢.3:15 I.5‘.88:! 6.29® | 5998 | 6.4v8 | 6722
3200 (/1,714 | 9.2¢45 | 6336 | 591§ | 6.2T0 | 6.02Y | 4461 | C.752
3300 (//.762 | 9.3I5 | G.35T | 5948 | £.292 | 6.05% [ £. 486 | 6782
Syoo 111.808 | 9380 | (376 | 5980 | 6.3/2 | 6,085 | 6.50Y | 4.8/
3500 [11.853 | 9.99y | 6.395 |6.0I'<‘ 6332 | 6.115 | 6.521 | ¢840
3600 |11,895 | 9.505 | 64912 | 6.042 | 6.350 | G.143 | 6.598 4.848
3700 111.936 | 2.5¢5 | 6429 | 6.673 | 6368 | 6.171 | 6.58v | 895
3800 [/1.975 | 2.62!1 | 64¥6 | 6.102 | 6385 | 6./98 | 4569 | 492!
3900 |12.013 | 8.677 | 6462 | 6.131 | 6y¥oz2 | 6,225 | G588 | ¢.®Y7
Y000 (12.050 | 9,730 | 6.477 | 6.158 | ¢.¥/8 | 4.281 | 6,400 | 6.972

For ™onatom.c qases, the mean melacylae /m'efh
are 2.280 fthrougheout
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