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1, TINTRODUCTION

Our research on the combustion characterization of very high burning rate
(VHBR) propellants is motivated by the need for such propellants for the
successful exploitation of the traveling charge gun propulsion concept
proposed initially by Langweiler.l The traveling charge concept remains
perhaps the only propellant approach to overcome the severe intrinsic
ballistic inefficiency of conventional chemical gun propulsion if muzzle
velocities greater than 2 km/s are to be attained. In a traveling charge
configuration, a projectile is accelerated by a combination of gas pressure
and impulse produced by a fast burning propellant attached to and moving with
the projectile. A discussion of previous work and the basic concept has been
given by May et al.? Combustion diagnostics in a standard closed bomb
configgration for a family of VHBR propellants have been described by Juhasz
et al. These observations can be summarized as follows: apparent very high
burning rates appear to be density-, confinement-, and formulations-
dependent. The extracted apparent burning rates are, therefore, not true
intrinsic linear burning rates explainable by cznventional combustion
models. A mechanism such as convection burning” or progressive stress—induced
surface breakup5 is thought to be the process responsible for very high
apparent burning rates. Because such burning rates result in the production
of substantial amounts of thrust, we have developed a modified closed bomb
described below in which the total force produced by the combined gas pressure
and thrust transmitted through a column of VHBR propellant is measured.
Experimental observation of thrust can then be used to extract apparent
burning rates in a direct manner. Such burning rates should be more reliable
for interior ballistic modeling than those obtained by standard closed bomb
techniques as previously described.

1y, Langweiler, "A Proposal for Increasing the Performance of Weapons by
the Correct Burning of Propellant,” British Intelligence Objective Sub-
Committee, Group 2, Fort Halstead Exploiting Center, No. 1247.

°r. w. May, A. F. Baran, P. G. Baer, and P. S. Gough, "The Traveling Charge
Effect," Ballistic Research Laboratory Memorandum Report ARBRL-MR-03034, July
1980 (AD B052135L).

34. A. Juhasz, I. W. May, F. R. Lynn, R. E. Bowman, W. P. Aungst, "Combustion
Diagnostics of Very High Burning Rate Propellants,” 17th JANNAF Combustion
Meeting, CPIA Publication 329, pp 209-240, November 1980.

4R, A. Fifer and J. E. Cole, "Transitions from Laminar Burning for Porous
Crystalline Explosives," Seventh Symposium (Intermational) on Detonation,
Naval Surface Weapons Center, MP 82-334, June 1981.

5p. E. Kooker and R. D. Anderson, "A Mechanism for the Burning Rate of High-
Density, Porous, Energetic Materials,"” Seventh Symposium (International) on
Detonation, Naval Surface Weapons Center, MP 82-334, June 1981.



2. EXPERIMENTAL DETAILS
2.1 PROPELLANTS
In this study, a series of propellant formulations based on galts of the
decahydrodecate anion as the important fuel ingredient were used. Results
for only three VHBR propellants listed in Table 1 are presented in this paper.

Their computed thermochemical performance parameters are given in Table 2,

TABLE 1. VHBR PROPELLANT FORMULATIONS

Sample Density
Code Fuel x Oxidizer x Binder 3 (%2 T™D)
1086-3 466 25.7 AN 59.1 NC/DNT 15.2 91
1086-5A 498 8.8 TAGN 76.0 NC/DNT 15.2 98
1086-6B 466 27.0 AN 67.1 C4000 5.0 88

TABLE 2. VHBR THERMOCHEMICAL PROPERTIES

Sample Impetus Flame Covolume Specific Heat
Code (J/g) Temperature (cm’/g) Ratio
1086-3 985 2538 1.095 1.1974
1086-5A 1055 2647 1.220 1.2500
1086-6B 983 2488 1.089 1.1916

The fuel ingredients used are proprietary to Teledyne-McCormick/Selph.*
Triaminoguanidinium nitrate (TAGN) and ammonium nitrate (AN) are the
oxidizers. Nitrocellulose (NC), dinitrotoluene (DNT), and carbowax (C4000), a
polyethylene glycol with an approximate molecular weight of 4000, are the
binders. All samples were pressed to right circular cylinders 5l-mm long with
a diameter of 12.7 mm.

2.2. THRUST TEST FIXTURE

The thrust bomb experiments were conducted at Calspan Corporation,
Buffalo, NY.** The device is depicted in Figure 1. It is a 419-mm-long
closed bomb with an internal diameter of 12.7mm. The propellant sample is
mounted against one end of the chamber, which consists of a 934-mm-long steel
rod. Strain gages are located on this stress bar 40.2 mm from the chamber
propellant/bomb interface. Pressure transducers (PCB 118A) P1, P2, P3, and
P4, are located 4.8, 27.0, 55.6, and 219.4 mm respectively in the chamber from
the same interface. Gage P3 is located near the initial propellant/chamber
interface. Data from this gage were used in the subsequent analysis. Gages

* Contract DAAK11-77-C-0N35
*% Contract DAAK11-80-C-0062

6c. 5. Leveritt, "Ultra High Burming Rate Propellants for Traveling Charge
Gun," Ballistic Research Laboratory Contractor Report, ARBRL-CR-00447, Feb,
1981.
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P2 and Pl are difficult to use for the analysis because they respond to solid
stress. They are flush-mounted and are in virtual contact with the

propellant. The long rod allows dynamic stress measurements to be made
unperturbed by rod-end reflections for a period of about 350 microseconds.

The propellant is ignited cigarette-fashion with an electric match boosted
with 1 g of FFFG black powder. The stress in the rod is due to the combined
gas pressure and impulse transmitted through the propellant column as the VHBR
material burans.

2.3 DATA ACQUISITION

The data for the experiments were acquired on three NICOLET Explorer III
digital memory oscilloscopes. Where necessary, the digital data were filtered
using Fast Fourier Analysis techniques. Small, but important, uncertainties
in timing among the oscilloscopes required some time-biasing to achieve an
internally consistent sequence of events. The method of biasing employed was
overlaying and matching the P3 and the rod stress (RS) in the initial slow
pressurization region where steady state conditions should prevail.
Adjustments of this sort up to 24 microseconds were made in the same runs.

2.4 ANALYSIS

The effectiveness of the traveling charge concept depends directly on the
production of substantial amounts of impulse as thrust. The direct
observation of thrust, although critical from a practical standpoint, allows
the extraction of effective burning rates. From a combustion characterization
standpoint, this is of great significance. To determine the rate of surface
regression of the propellant grain, we assume the flame to be sufficiently
thin as to be quasi-steady. Then the equations’ describing the conservation
of mass, momentum, and energy for the propellant transported across the
surface discontinuity are in consistent units,

P s (u-X)=-p °r i
g g P pP S
P
g . P
P fu = NP = de=P » P (2)
g g P g
1 5 o] r2
e + + (u -X) =e + + (3)
Pe 2g g P 2g
o P o
where
X =u +r is the velocity of the gas/propellant (4)
P P interface
- P(l_bpg) is the internal energy of the gas (5)
(y - 1)
i Dg

7P.S. Gough, "A Model of the Trnaveling Charge,” Rallistic Pesearch
Laboratony Contractorn Repont, APRPL-CP-00432, July 1980,
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pg,pp are the gas and propellant densities
u_,u_ are the gas and propellant velocities
g p

r is regression rate of grain surface
P is gas pressure at interface

9, is gravitational constant

o is propellant stress at interface (positive in compression)

ep is energy of propellant

b is covolume of propellant
Yy is ratio of specific heats of propellant

Combination and simplification of these three equations yields:
(0 -P) . (o+ %}%}%% * P)

R 0 . (6)
p PoyT " fp

In order to determine 0 and P at the reaction front, the experiment is
idealized as in Figure 2. Density is denoted by p,and ¢ is the sound speed

in each medium. The mechanical response of both the propellant grain and

the steel bar - taken to be semi-infinite - was assumed to be linear-elastic
and one-dimensional. Then, employing the characteristic form of the equations
of motion and applying the appropriate boundary conditions, we have the stress
at the reaction front, ¢ (-£,t), and velocity, u’ (-£,t), in terms of the
measured stresses, 0(£1’ti)’ P

p.C
o’(-L,t) = PP

a o e
o(@l,tl) o(ﬂl,tz)} (7)
20 ¢
s s
+1
— . {o(ﬂl,tl) + o(Kl,tz)}
2
[o] K ) - gO 5 K
u‘p (-2,t) = E;?S—— {O‘( 1,t1) + 0(31,t2)}
%o {0l ,t) - 3, .t)
70 ¢ 1’71 t1:t)} (8)
PP

11
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where

L
_ 2(t) 1
b, =t+3 e (9)
P ]
L
e M) 1 :
P s

Incorporation of a simplified representation for wall friction, f , taken to
w

be acting on the grain as a whole gives the friction-corrected stress and

velocity

a .
n = g%(- P_. 3 .
6(=%,6) = o%(-2,t) + o { £ 0 Bt +E, ¢ bt } (11)
-— 0 — _1 L ] . - .
u(-2,6) = S (=£,6) + - { I v } (12)
where
=£. -
£l ™R { a(-2,t) + o(zl,tl) } (13)
=£ [ ] -
£ =R { a(-2,t) + o(zl,tz) } (14)
Aty = L, -t (15)
Aty =t - £, (16)

p = coefficient of friction

R = radius of sample

The method of characteristics is also invoked to extract the pressure at the
reaction front, P(- %2 ,t), from gage pressures measured at a position
coincident with the initial grain surface, Pm(— 2 (0),t), assuming no
discontinuities in the gas column, i.e., subsonic flow throughout, and a lack
of pressure waves reflected from the empty end of the chamber. This analysis
yields

P(-2,t) = 2 Pm(—l(O),tB) - P(-%,t,)

y pg(t3) . cg(t3)

g
o

. { u (6) = u (6) } (an

13



where

2(0) - &(t)
t, =t - (18)
3 ug(t3) + cg(t3)
2(t4) - 2(0)
t4 =t (19)

3" ug(t3) e cg(t3) '

The original conservation equations imply that, at any time T > 0O, the gas
velocity is

& , 9(=2,T) - P(-2,T)

T) = T) - 20
S N N6 (D (20)
and the gas density is
: -pp(T) v & {T)
= . 21
pg(T) u (T) - u (T) - {T) (2L)
g P
The propellant density is taken to be
g, o(=2,T) (22)
T) =p _(0) + 2
pp( ) pp( ) 2
p
and the covolume equation of state gives the gas sound speed
2 Y « P(-%,T) « & 1
= . . 23
e b oo (D) T= 5 o (D (z3)

By suitable iteration until convergence, the stress, o(-2(t),t), and
pressure, P(-2(t),t), at the reaction front are thus calculated, producing the
desired regression rate, r(t), and the net thrust on the propellant

grain, ¢ - P, A computer program written in BASIC to reduce the experimental
data according to the above method i1s listed in APPENDIX A.

14



3. RESULTS AND DISCUSSION

Three separate tests are reported. In the first test, results for a
very fast burning propellant are presented. The second case shows results
for an intermediate burning rate propellant. The last case is an anomalous
case, for which no thrust production was observed.

3.1. FAST BURNING CASE

A propellant sample of composition 1086-5A at a TMD of 98% resulted in
the most dramatic demonstration of a substantial thrust contribution due to
very high burning rates. The printed output from a computer reduction of the
data from this experiment is listed in APPENDIX B, and plotted in Figures 3
through 5, Figure 3 shows derived pressure and stress at the gas~propellant
interface as a function of time. The data look quite similar to the measured
values of P3 and rod strain but offset in time. The maximum value of stress
to pressure (0/P) max is greater than two. The force produced by thrust alone,
therefore, exceeded the force produced by the gas pressure!

Regression rates up to 300 m/s were computed for this case. Considering
the different assumptions in the two analysis methods, our value matches the
high burning rate value from the standard closed bomb analysis3 remarkably
well. The computed regression rate, as a function of pressure, is plotted in
Figure 4. Contrary to the previous 3 analysis results, however, Figure 4
shows a clear regression-rate dependence on pressure, the burning rate rising
and falling as the pressure rises and falls. The rise and decay times of this
event are on the order of 100 microseconds. 1In this highly transient
environment it is, perhaps, not surprising that the regression rates are not
the same in both the pressurization and the depressurization region. A more
thought-provoking result is shown in Figure 5, which correlates regression
rate and stress. With such a strong correlation, it is natural to conjecture
that a solid-phase stress-induced mechanism such as surface breakup is a
strong factor in the burning mechanism.

In the analysis of the data, a constant value of longitudinal sound
speed equal to 2 km/s was assumed for the propellant. This value is similar
to an experimentallg determined value for a comparable propellant formulation
reported by Finger. A small parametric study of the effect of propellant
sound speed shows interesting results. Reducing the sound speed to 1.8 km/s
improves the correlation of apparent burning rate versus stress in the initial
portion of the curve as shown in Figure 6. Increasing the sound speed to
2.5 km/s significantly improves the correlation at the upper end of the
curves of both stress and pressure. The stress vs apparent burning rate for
this case is shown in Figure 7. Tt is tempting to suppose that the sound
speed should increase with compaction as the density increases, but it is

essential that independent measurements of sound speed as a function of
imposed stress be made.

gM. Fingen, "Hivelite Propellant Characterization,” Lawrence Livermore
Laboratory Report, UCID-16478, Manch 1975.
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A similar parametric study on the effect of wall friction resulted in
only minor effects on the apparent burning rate correlations. Further, a
simple error analysis of Equation (6) indicates that regression rates lower
than about 20 m/s in the pressure region of interest will not yield believable
results even given small uncertainties in the measured stress and pressure.

A major concern in our analysis is the experimental observation of the
drop of pressure and stress at a point where the analysis predicts that only
about one-half of the propellant is consumed (maxima in Figure 3). Theoretical
arguments for such a reversal are not yet fully developed. A plausible
physical mechanism such as massive propellant column breakup can be postulated.
Such refinements are not included in the current model. It is intriguing,
however, that at least for the stress vs apparent burning rate, the burning
rates march fairly well back down the same path after the peak stress is
observed.

3.2 MODERATE BURNING CASE

A sample of 1086-03, (91.5% TMD), although a significantly slower-burning
material, also exhibited substantial thrust. The reduced pressure and stress
at the combustion gas-propellant interface is depicted in Figure 8. The
analysis is terminated at about 350 microseconds after rapid pressurization
occurs to eliminate complexities due to wave reflections in the stress rod.
Regression rates are shown in Figures 9 and 10. Again, a better correlaticn
is obtained for stress than for pressure. The agreement with the standard
closed bomb results3 of the unconfined samples of the same density is
satisfactory in the peak values obtained.

3.3 ANOMALOUS CASE

In two tests of 1086-6B at both 86.6% and 84% TMD, unusual results were
obtained. Detailed examination of the pressure and stress gages indicated
that both the stress and the pressure (P1l) near the stress rod begin to rise
almost simultaneously (Figure 11), but the pressures at gages P2, P3, and P4
begin to rise sequentially later in time, as shown in Figure 11. It is our
conjecture that in these cases, the fast burning process started at the end-
wall and then propagated toward the front end of the sample where ignition
due to the igniter first occurred. Flashing down the sidewall or compaction-
induced accelerated burning at the endwall are possible mechanisms for such
an event. Friction-induced heating and ignition, however, cannot be ruled
out. No thrust production was observed for these cases. At this point, it
has not been possible to obtain replicate data, due in large part to sample
limitations as well as severe instrumentation difficulties. Specifically,
for the several fast burning samples that were tested, it has been difficult
to maintain strain gage integrity. With only two exceptions, the very high
stresses encountered have destroyed the strain patches during the experiment.
Further experiments are required.

21
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4. CONCLUSIONS AND ISSUES

The analysis employed has certain limitations. It is directly valid
only for a reacting flame zone sufficiently thin to be considered quasi-steady.
The assumption of elastic behavior of the propellant is also weak at the high
dynamic stresses encountered. An explanation for the reversal in pressure
and stress at a point where only about one-half of the propellant column is
burned requires either a theoretical or an experimental answer, which we are
not yet able to provide.

These shortcomings, notwithstanding the experiments described above, have
clearly shown significant thrust contributions from VHBR propellant burning.
Further, the levels of the thrust generated have been shown to be burning- 2
rate dependent. This, together with the regression rate data obtained earlier,
represents a substantial step forward in the development of a traveling
charge propellant. Though the precise mechanism of sample burning is not
clear, it is possible that a stress-induced breakup is involved in VHBR
propellant burning. In that event, a breakup zone not significantly shorter
than the sample length would invalidate our model.

The results of the thrust experiments in which the sample ignited on the
"wrong" side are strong indications that there are many processes involved
with these materials which we do not adequately understand. Effects such as
compressive or friction-induced ignition or flamespread along the outer
edges of the charge could markedly affect combustion and thrust behavior.
Further projected studies, including flash x-ray diagnostics as well as

thrust and closed bomb experiments will, hopefully, improve our understanding
in these areas.
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I R T L R L Yy Y T T T L T T L Ly L LT prarapggruggggy
OPTION BRSE 1 .
COM SHORT Press 3(2043),Press_2(2048).5(2048),Pfront(2048),Tfron, (2048)
COM SHORT Timplt(2048),Prsplt(2048),Strplt(2048),Thrplt(2048),Ratplt(2048)
COM SHORT GB,Cp.Cs,Rs.Gamnt.Ep,B,Gaqo_off.Sync.EpsiIon,ntch_no
COM SHORT Tdol,TB,T_end,T_plus,T.T_mlnus,Thi,TIo,T_primc,T_;top,T_off
COM 3SHORT L_plus,L,L_minus,LB,L_pr|mc
COM SHORT Sig_hi,Sig_lo,Sigma_plus,Sigma,Sigm;_minus
COM 3HORT Num,Dcn,R_plus,R,R_m|nus,R_primc,R_lAst
C0M SHORT Up_plus,Up,Up_minus,Up_primo,Up_last
COM SHORT P_plus,P,P_minus,Pm
COM SHORT Ug_plus,Ug,Ug_minus
COM SHORT Rg_plus,Rg,Rg_minus
COM 3HORT Cg_plus,Cq,Cy_minus
COM 3SHORT RpO,Rp_plus,Rp,Rp_minus,Rp_primo,Rp_last
Z0M 3HORT nu,thius,Df_hi,Df_lo
COM SHORT K1,K2,K3,K4,KS,K6,K7, %
COM INTEGER K,M,N,Ysn,Qutput
COM Titles(30),Modes(1],Ax_lab$(4)(30], Tags(2>(32]
EAAEL IR RS2 T 2 LT T L T 2T R 2T TN T R R e ap v Ry
Van=1?
N=z29348
Ax_1ab$C1)=“TIME (mg)d"
Ax_1ab$(2)=“PRESSURE (MPa)"
Ax_1ab#(3)="REGRESSION RATE (m-s)>*
Ax_1ab$(4)="STRESS (MPad"
'
Top: PRINTER IS 16
PRIMT PAGE

PRINT " THRUST REDUCTION ~-= YSN"jV¥sn
PRINT

PRINT "Run options: (1] 5td run with initialization"
PRINT * (2] 3td run w/0 1nitialization®
PRINT ™ (31 Plot input data File(sd>"

PRINT * (4] Plot results of last 3td run®
PRINT * (S]] 3tore results of last 3td run"
PPINT * (5] Retrieve results of a 3td run*
PRINT * (71 Engd program ...*

K={ °
INPUT K

IF (K<1) DR <K>6> THEN GOTO Finmis

ON K GOTO Reset,Ask,Graf.Done,Perm,Perm
l

Perm: ! 3tore / get generated arrays ...
)

CALL Result3CK M, Timple () Praplit(),3trplt(+),Thrplt(+) Ratpltc#))
GOTO Top
]

Graf: | Plot input data ...
'

T_off=d
CALL Rau_plot(N,Timplt(*),Prsplt(*),Rx_l;bttl),Rx_ltb3(2),T;qs(*),Tdcl,T_o
GOTN Top
t
Reset: ! Initialization ...

|
Titla$="TEST #11 19086-5R TMD=9I8%*

PRINT "Enter name of PRESSURE 3 file ...*

CALL Readf(Press_3(#),N,Tdel,K)

! PRINT "Enter name of PRESSURE 2 file ..."
! CALL Readf(Prass_2¢#),N,Tdel,K)

PRINT "Enter name o+ ROD STRESS file ..."

CALL Readf (3(#>,N,Tdel, K)
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569 |

878 GO=336,.4 in/sec#42
530 Cpa?73748 in/sec
599 C3=1956009 in sec
a9 Rpo=. 3837 1b/in##3
T1i9 R3=.2318 1b/ines3

|

|

|

|

|
va Lo=2 ! an

v39 Gamma=1.2359 !

1

'

|

|

1

'

T40 Ep=1.696E7 in-1bs1b i
he-1:} B=33.39 in®*#3/1b

-] Gage_oft=2 n .
s Sunc=3, 2E-S 3er

he:1] Mu={ ???

T390 Radius=,25 in

300 Qutput =3

3190 TO=9

32 T_stop=a(N-1,#*Tdel

330 !

340 Ask: | Solicit inputs ...

350 !

360 PRINT “Propellant sound speed [inssecl ...";Cpi" ..."
378 INPUT ©Zp

330 PRINT "Propellant density [1b/in++3] ,.."}Rpd;" ..."
399 INPUT Rp8

299 PRINT "“Gamma ..."jGammas" ..."

219 INPUT Gamma

229 PRINT "“Energy [in=-1bs/1b] ..."3;Ep;" «.."

328 INPUT Ep

A4 PRINT “"Couvnlume L[in+#3/1b] ...";B;" ..."

Rl-1] INPUT 3B

30 PRINT “WHall=friction coefficient ..."3Mu;" ,.."

979 INPUT Mu

280 PRINT "Sync offset (sec] ...";Sync;" ..."

2399 INPUT 3ync

1909 PRINT “Title ...";Titles$;" ..."

1919 LINPUT Titles

19290 Tagsc(lo=Titles

19030 Tags(Ir=" "

1348 PRINT "Qutput device ..."j;0utput:" ..."

1852 INPUT OQutput

19060 PRINT "Enter start % #nd times (3ec) ...";TO;",";T_stop;" ..."
197@ INPUT Ta,T_stop

1982 !

1898 T_end=T_stop-TO

1180 T_plus=9d

1118 L_plus=LDd

1120 Cg_plusal

1128 Ug_plus=d

1148 Rp_plus=Rpo

1159 M=g

{150 Epsilon=,90S

1170 !

1139 PRINTER IS Output

1199 PRINT * THRUST REDUCTION -- YSN“;VYsn
1208 PRINT * “;Titles

1219 PRINT

1228 PRINT

123 PRINT "Input Parameters:"

1249 PRINT USING Fmta;Rpd,Cp,Ganma

1259 Fmt9: IMAGE “Propellant Density",l0X,D.DDDD," 1b/in#+3" 11¥%,"Sound Speed”, 1§
%, DDDDDD,. " 1n/zec” 11K, "Specific Hear Ratio",3X,D.0DDD

1268 PRINT USING Fmti;Ep,B,Mu

1279 Fmt1:IMAGE 11X,"Energy",12%,D.DDE," in-1bs1b"~ 11X, "Covalume",20X,DD.DD," in
+43,1b"-11%, "Hall-Friction Coef¢",3%,D.DDDD

{239 PRINT USING Fmtl;Rs,C3.3vnc
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1299 Fatl: IMAGE "Stress Bar Cansitu",20X,0.DDOD," b/ in*##3" 114, "Sound 3Speed", 18
4,DDDDDD, " inssec”~"Sync OFffazer",29X,D.DDE," 3ac”

1399 PRINT

1319 PRINT

1329 PRINT " TIME PPESSURE 3TRESS THRUST LENGTH 1 BURMING
FATE MACH NO*

122 PRINT "  ‘m3) TMPad TMPad MNP A mm) (m-3@c) ‘3w
ca

1349 PRINT

1259 ! .

1269 LA: ! Uncorrected ...

1379 !

1389 Modess*

1228 T_primesT_plus+(LO=-L_nlus>/ <(Cg_nplus-Ug_plus’

1429 CALL Intarp(T_primc,TB,Tdcl,Press_S(*),P_plus.N)

1418 TloaT_plus-L_plus/Cprlage_off Cs-Sync

14228 CALL Interp(Tlo,TO,Tdel,3(+>,5ig_lo,HN>

1430 ThiaT_plus+l_plus/Cpriaage_off Ci=-3ync

1449 CALL Int2arp(Thi TO,Tdel,3¢#)>,3ig_hi,N>

1450 !

1450 LI%: Sigma_plus=Rp_ plusibp*\SIQ hi=3ig_lo) (24Ra*C3+(Sig_hi+3ig_lod/2
1479 Up_plu;-faffSig_hIOSlg o)/\Z*PsfF;)*ua*(:ig hi=Sig_ 107,72 *#*Rp_ plus*Cp”
1459 !

1439 1 Wall-friction correction ...

1509 !

1513 Df_lo=L_pluss/Cp-Gage_off 3

1329 Df_ “hyal plus/fpvhagi aff/C3

1539 :\gmc plus-(g*faiRadlus*Slgma plus+Cp*u*(3i3_hi+Df_hi+3ig_lo#*Df_10)).(2%G
3#Radius-Cp*Mux(Df_hi+Df_l10J>

T49  IF Sigma_ plus<-P plus THEN Sigma_plus=f plus+l

1553 Up_plusalp_ plus*ﬂuf<(a|gmc plus+3ig_ hi>*Df _hi=(3igma_plus+Sig_loi#Df_lo)/(
Z4Rp pluszadlus)

1569

1579 Num=Go*(Sigma_plus=P_pluz}+(3igma_plus+(Gamma+id/(Lamma=1)>*P_plus)
1530 Denal#Rp_plus*+Rp_plus#(Ep+P_plus*(B~1-Rp_plus)/(Gamma=1>>

1599 R plus-bQR(Nun/Dan)

1509 Ug plussUp_plus=GR+*(Sigma_plus=-P_plus>/(Rp_plus*R_plus’

1619 Rg plusa=Rp_plus*R_plus {Ug_ plus-“p plus=- -R- _plusy

153 D I plus-SQR(uanmciGO*(P plus¢14..\/(Rg plusf(l B*Rg_plusini

1639 Rp_primesRp_plus

1542 Rp plus-Rp0+ue*Slgma plus/Cp~2

1559 [F RBSC((Rp_plus-Rp_primer Rp_prime>:Epsilon THEHN 50TO LOS

1859 !

1373 L1: ! 3tore % 32tup Naxt 3tepP ...
18293 !
15239 HaMe]
1799 Timplt(M)-(T_pluszB)iIBGB ! m3
1719 PraplecMyaP_plus- 1008#5,.39475 ! MPa
e SerpltiM)=Sigma_plus/1200%5,39475 ! MRy
173 Thrpltc)acSigma_plus=-P_plus? 1008#6,:3347F I MPa
1743 Ratpltdld=R_plus+.82%4 ! mss
1758 Tfront(M>=T_plus ! 3ec
1759 Pfront(M>=P _plus ! psa
1778 R_prime=R_plus#.02%4 ' mr3
1730 L_prime=sL_plus#*2%, 40088090 ! omm
1799 Up_prime=Up_plus#+.08234 ! m-3
1

1389 Mach_no=ABS(Ug_plussCy_plus’
1319 R_ 1astaR _plus

1320 Hp last=Up_plus

1330 Pp_list-Rp_plus

13849 !

18598 PRINT USING Fmt3;Timplt (M) Praplt{M),Strplt (M), ThrpltM),L_prime,Up_prime,
R_prime,Mach_no,Modes

1369 Fmt2: IMAGE DD.DDD,4¥,DDDD.D,4%,DDDD.D,+%,DDDD.D,5X,DD. DD, 4%, DDD.DDD, $X, DDD
.DDD,S5%X,D.DD,,A

1379 !
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15509
1379
1909
1319
1329
1229
1349
1950
1359
1979
1389
1990
2000
2019
<020
2030
2949
29%0
2069
2079
2939
2090
2109
2119
=129
2130
2149
2150
2159

| Hew time T_plus ...

|

L1%: T_eplusaT_plus+Tdel
[F T_plus:T_end THEN Done
L_plussl_plus=(R_lagt+lp_last)#Tda)
[F L_plus{=d THEN Done
IF M<2 THEN 50TO L9

T=Tfront (M)
K=

R=R _last
Up=lp_1last
Rp=Rp_1ast

.

!
L2: ! Detarmine T % walues 3t time T ...
!

CALL Interp2(T,Tfront(#> ,Pfront(%),P, M
Lal_plus+R+Upi#<(T_plus=T:
TioaT-L/Cp+Gage_off /C3-Sunc

CALL Interp<Tlio, TR, Tdel,3¢*:,Sig 1o,M>
Thi=T+L/Cp+Gage_off/Ca-Sync -

CALL InterpiThi,To,Tdel,S<(x),3ig_ht,NJ

SigmanRp#Cp#C3ig_h1-Sig_lo) (2*R3#Ca3)+(Sig_Mm+Sig_les.
Up=a@+403ig_hi+S1g_lo,/ (24R3#C3/+50+03ig_|

!

I Wall-friction corrzction ...
!

Df _lo=L-Cp-Gage_off 3

DFf_m =l Cp+Gage_off-Cs

Sigma=rl+Gl#Radius*Sigma+Cp*sMu*(3ig_h1#D0f_hi+3ig_lo+Df_10>)>-(2#G3%Radius~-C

p*Mu#(DFf_hi1+DF_lod)

2179
2139
2199
2209
221

222

23230
2240
229

2259
2279
2238
2299
2300
2319
22290
2339
2349
23350
23438
2379
2339
2390
2490
2419
2429
24320
2449
2450
24653
2479
24393
2479
2%29
2518
2520

IF Sigma<=aP THEN Sigma=P+1

Up=lp+MusCi3igma+Sig_hir#Df_hi~<(3igmaeSig_lod+Df_ 10l / (I+Rp*Radius’

hi=Sig_lo) (I+Rp+*Cp)

Num=Z3#(3igma~-Pl#(Sigma+r(Gamma+1d/Gamma~1)+P)

Denn2«Rp#Rp#CEp+P#<{B~-1-Rp)-(Gamma=1,>
R=SEUR(Num~ Den)
Ugelip-L08#<(Sigma-P) /(Rp<+R)
Rg==-Rp+R/(Ug=Up=R>
CyaSOR(Gamma*GO#(P+14,7)/(Rg+(1=-B#Rg) >
Rp=Rp@+G3+Sigmasip~2

1

T_primeaT _plus=-/LO~-L)~(Ug+Cq)

IF AB3({T_prime-T)/T)<Epsilon THEN GOTO
TaiT_prime+T) 2

KaK+]

IF K<25 THEN GOTO L2

GOTO L1S

1

L3 T_minus=T-Tde!
R_minus=R
Up_minus=Up
Rp_minus=Rp
K=@

|

LS
-

L4l ! Determine T_minus % walues at T_minus ...

!

CALL Interp2(T_minus,Tfront(#) Pfront(+),P_minus,M)
L_mlnus-L_plus#(R+Up}*iT_plus-T)+(R_minus#Up_m|nus)*(T-T_m|nus)

Tlo=T_minus-L_minus- Cp+aage_off Ci-Sync
CALL InterpcTlo,TO,Tdel ,SC+3,3ig_lo,N)
Thi=T_minus+lL_minus/Cp+Gage_of ¢ Ci-Sync
CALL Inrt2rp(Thi,TO,Tdel ,3(«?,3ig_h,N>

Srgma_minus=Rp_minus#Cp*iSig_h1=Sig_lod (2#Re#C3)+¢Sig_ni+Sig_lnr,s2
Uo_minus=GR#<3ig_h1+3ig_102 (I+R3+Ce)+0A*(2ig_h1-Sig_lor 2#Rp_minus+CpJ

|
! Wall=friction correction ...
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2539

2549 IF_losL_minus Cp-Gage_off.Cs

255@  Df_mial_minus/Cp+Gage_noff Cs

2558 Sigma_m1nus-<2*GG*RadiusiSigma_minus+tptMu¢tSig_hi*DF_hl*Slg_loiDP_lo))icz
#G0#Radius~Cp+Mu#(Df_hi+Df_loJ’)

2T7e  IF Sigma_minus<aP_minus THEN Sigma minuzaP_minus+l

2939 Up_minus=Up_minus*Muit(s|gma_minus:5iq_h|)*DP_hl-CSigma_minus*Siq_lo)*Df_l
3)7CI*Rp_minus#*Radius)

599 1

el Hun-Ge*(Sigma_minus-P_minus)*(Sigm;_mnnus+(G;nma¢1)/(Gamma-l)ip_minus)
l619 Den=24Rp_minus+Rp_minus+<(Ep+P_minus*<B-1-Rp_minus)/C(Ganma~-1>)

262 R_minus=SAR(Num-Den>

26329 Uq_mrnus-Up_minus-Ga*(Siqm;_minus-P_minus)/(Rp_minus*R_minus)

2649 Rg_minusa-Rp_minusiR_minus/(Uq_minus-Up_minus-R_minus)

2639 :g_minus-SQR(GammaiGO*(P_minus#lJ.?)/(Rq_mlnus*(l-B*Rq_minus)‘)

2659 Rp_minusaRpa+Ge*Siqma_MInus/Cp“Q

26719 1

2638 T_primeaT-<(L_minus-La>/(Ug-Cg>

2599 IF HBS((T_minus-T_primc)/T_minus)<Eps1lon THEN GOTO LS

2799 T_mlnus-T_primc

2718 KaK+] '

2728 IF K<25 THEN GOTO L4

2730 GOTO L1S

2740

i750 LS: ! Determine 3tress at reaction front ...

2769 !

inine Rp_plusaRp

<738 Cg_plus=Cyg

2799 Ug_plusalg

809 CALL Intcrp(T,Te,Tdcl,Prcss_S(*>.Pm.N)

2310 Tlo-T_plus-L_pluS/Cp*Gaqe_offfts-Svnc

2320 CALL Inttrp(Tlo.Te,Tdcl,S(%),Sig_lo,N)

28%0 Thi=T_plus+L_plus/Cp+Gaqt_o€€/Cs-Svnc

2348 CALL Intcrp(Thl,TB.Tdcl,S(*),Siq_hi,N)

23%0 !

235@ LSS Sigma_plus-Rp_plus*tpi(Siq_hi-Sig_lo>/(2*Rs*03>*iSig_hi+§ig_lo)/2
2379 Up_plus-Geﬁ(Sig_h1’Siq_lo)l(ziRs*C5)+GO*(Sig_hi-Siq_Io)/(z*Rp_plusiCp)
238@ |

2890 ! Wall-friction correction ...

2799 !

2318 Df_lo=L_plus Cp-Gage_off/C3

2220 Df _hiaL_plus/Cp+Gage_off-/Cs

2239 Siqma_plusatziﬁeiﬁadiusiSiqma_plus#CptMu*CSig_hiéDP_hi+$ig_lo*D€_loJ)/!2*6
O*Radius-Cpruf(Df_hIODP_lo))

2349 Up_plus-Up_plus+Mu*((3igm;_plus*$ig_hi?‘DP_hi-(Sigm;_plus*Sig_lo}*DF_lo)/(
24Rp_plus=Radius)

2359 !

2380 L5: ! 3olue cubic for P_plus ...

970 !

2330 Kl=2¥Pm-P_minus#Rq*tg*(Uq_minus-Up_plus)fGO

3990 K2a24Rg~2%*Cg~2/G0

3300 K3=(B-1/Rp_plus’/(Gamma-1)

2013 Kéa(Gamma+tl) (Camma-1)

3028 KSaSigma_plus-2#K1#K4+K2#K3

3939 K6=-2¢K1*3iqma_plus*KlA2*K4-K2*Siqma_plus*K3*K2*Ep

3040 K?aKIAZ*Sigma_plus-KziEp*Siqma_plus

3050 Xa=P

3060 !

3070 L7t FxaKd#dA3+KSHXA2+KS#X+K?

3038  Fx_primes3#Ki#2~2+24KS#X+KS

3032 P_plusaX-Fx/Fx_prime

3183 IF ABSC((X=P_plus, P_plu3y<.N001 THEM 30TH L3

3119 X=P_plus

3120 GOTO L7

3129 !

3148 L3: ' Detarmine valuis at time T_plus when P_rlus founag ...
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3158 !

31883 Modes$=“s"

3178 IF P_plus»>3 THEN GOTO L9

3123 Modesm"o"

2130 T _primesT_plus+.Ld-L_plus> (Cg_plus-Ug_plus,

3289 CALL Intirp(T_primc,TB,Tdcl.Press_3(<),9_plus,N)

3818 L3t IF Sigma_plus<=P_plus THEN 3igma_plus=P_plus+l
]

Num=38»(3igma_plus-P_plusd#(3igma_plus+{(Gamma+1) - Gamma-1>+P_plus)
Ben=24Rp_plus=~Rp_plus4(Ep+P_plus*(B=1/Rp_nlus) Camma=1>>
R_plus=SAR(Num-Der:»
Ug_plusstp_plus-Go*(Sigma_plus~-P_plusd/(Rp_plus+R_plus)
Rg_plus=-Rp_plusiR_plus/<Ug_plus-Up_plus-R_plus)
Co_plus=SAR(Gamma*GO#<(P_plus+14,7)>/(Rg_plus#{1-B#*Rg_plus)>>
Rp_primesRp _plus

Rp_plus=Rpd+50*Sigma_plus- Cp~2

IF ABS<((Rp_plus=Rp_prime> /Rp_prime><Epsilon THEN GOTO L1

GOTD L3S

33%9 !

33493 Done: | Run complate; time to plot ...
323%0 !

2380 PRINT

237 PRINT

2330 PRINTER I3 18

3399 !
3490 PRINT PAGE
2413 K=i

2428 PPINT "Burning Rate vs., 3tress ..."

3439 CALL Plotin(K,M,Strplt(#),Ratplt(#> Ax_1ab$C4),Ax_1abs(3),Tagsi+))
3440 FRINT "Pressure? vs. Time ..."

335 CALL Plotit<K,M, Timplt(4),Prspltc#),Ax_1abs<1),Ax_1absc2),Tagsc+))
2468 PRINT "Burning Rate vs., Thrust ..."

3478 LCALL Plotit(K,M,Thrpltd(*),Ratplt(+),Rx_1ab¥{2),Ax_1abs$<3),Tags(*>>
3430 PRINT “Stress vs, Time ..."

3490 CALL PlotitdK,M,Tinplt(#),Strpltd#d,Ax_1absC1),Ax_labs<id, Tagsi*))
3589 PRINT "Thrust vs, Time ..."

3919 CALL PlotitdK,M, Timplt (4>, Thrpltc#> Ax_1abs<1),Ax_1abscl),Tagsc#s)
3%2 PRINT "Burning Rate vs. Time ..."

3320 CALL PlotitdkK,M,Timplt(#) Ratple(#>, Ax_lab¥(1),Ax_1abs(2>,Tags(+>)
3%48 PRINT "Burning Rate vs., Pressure ..."

3338 CALL Plotit<K,M,Prsplt(s)>,Ratplt(#>,Ax_1abs¢2>,Ax_1abs{3), Tags(+.>
35580 !

35T® PEN -1

3%39 Finis: STOP

35%9 END

3EDD | SRR PR AR B A BB BRI R RGN B R R E LR P LR AR R EEF LR ET AT RN G EREREBER R RE R RRY
3618 3SUB Interp(SHORT Time,3HORT TO,3HORT Tdel,3HORT Q<{#+>,3HORT Ans, INTEGER Max

3628 OPTION BASE 1
3638 3HORT TI

2548 INTEGER NI,Nr
2650 !

3660 HNIZINT((Time+Ta>/Tdel)+1

3673 IF N1<1 THEN Ni=1

3689 IF Nl >Max=1 THEN Ni=aMax=-1

3899 NraNl+1

3798 TI=(NI-1)>+Tdel-TO

3719 Ans=RCN1>+CQNr)=2<(N1>>#(Time=-T1)>-Tael

3738 SUBEND

??48 [ T Y L L L Y L P RIS Y T PR L P2 R EI R TR L LR PEE L Y Y )
375 SUB Readf (SHORT Out (%>, INTEGER N, 3SHORT Delta, INTEGER Iflag)

3768 OPTION BASE 1

778 THORT Get(208%5)

3780 INTEGER I

3799 DIM Frname$(o]
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3300 !
3310 INPUT Fnames
3329 Iflagmi
3330 IF Fname$="NONE" THEN 50TO Bypass
7348 Iflagm@d
28850 !
3860 FRERD Fnane$s":012%,Get(#)
3370 Delta=iiet<(37).1000
3888 !
3390 FOR I=f TO N
396@ QuetdId=Get(I+37 #1300
3918 NEXT I
[}

3920

3930 Bypass: ! Done ...

3340 !

3250 SUBEND

2368 ! ‘*’*%0*0*0’4‘0000*’**#’*#’**0*’*#"00’**’*’*’*006*000**00*’*0*90000

3970 3UB PlotitC(INTEGER Nlo, INTEGER Nhi,3SHORT X(#,,3HORT Yi*,3_tabs,7_lab$,Tag
$C#5)

39383 OPTION BASE 1

3990 SHORT XAxlon.Ynxlon,OFFsct.Zmln,xmax,xdcl.ern,?max,?dol.Tuid,Thgt.Tspoc
4203 SHORT Rmin.ﬂmcx,Bmin,Bmax,Klim,Ylim,xpos,Ypoz.Cuua,thgt,CJpoc,Fact
4918 INTEGER JyL_code,Over,Loop

4020 DIM vs(30)

4830 !

4043 Quer=3

4059 PRINT “Querlay on current plot [(-1=Escape, B=No, 1=Yes] ..."“

49366 INPUT Quer

4879 IF Quer=1 THEN GOTO Juerlav

4880 IF Ouer<d THEN GOTO Return

4399

4100 Offset=2%.4

4118 Kaxien=a$S

4120 Yaxlen=d

4120 PRINT “Enter x- & y-axis lengths (“;Xaxiens;Yaxlen;" in] ...

4140  INPUT Raxlen,'?axlen

4150 ¢

4160 FAminzAmax=ax(N1a)

4179 Bmin=Bmax=Y(Nlo)

4128 FOR J=Nlo TO Nhi

4130 IF X(J)<CAmin THEN Amin=X<J)

4200 IF 4(J)>Amax THEN Amax=xX(J)

4218 IF Y(J)<Bmin THEN Bmin=Y(J)

4220 IF Y<(J>>Bmax THEN Bmaxs¥¢J)

4230 NEXT J

4249 !

42%@ PRINT "Enter Xmin, Kmax, & 4del Cranqo:";len;ﬂmax;x_labsg"] see
4269 IHPUT Xmin,Xmax,Xdel

4279 PRINT "Enter Ymin, Ymax, % ‘del Crango:";Bmin;Bnax;Y_labt:"] cee”
4230  INPUT Ymin, Ymax,Ydel

4220 PRINT “Title 1 ... “;Tags$cly

4300 LINPUT Tags$<1>

4319 PRINT “Title 2 ... “3Tagscd)d

4320 LINPUT Tags<2)

4330 !
4340 PLOTTER IS “9872A"
4350 DEG

4360 X1im=29,34#Xaxlen+*0ffset

4370 Y1im=29,4sYaxlen+Of fset

4380 LIMIT 9,X1im+0ffset,d, 7l im+0ffset

4399  3CALE 9,X1im+0ffset, 0,71 imedf fsat

4400 !

4410 Chgt=. 1542%,4

4428 Cwid=d/15#Lhge

4420 Face=1.5

1449 Cspac=Chgt #108%MAXCL,PRTIOY /Xl im+OFffset s
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4450
4450
1470
4439
4439
4593
4519
4529
43539
45489
4550
43560
4579
4539
4590
45490
4619
4620
4639
4543
4550
4660
4579
4530
31539
4799
4713
4720
4723
4749
47%0
4759
4770
4730
4799
4389
4819
4320
4339
4349
4359
43609
4370
4388
4899
4980
4919
4329
49323
4949
$9%8
4360
4970
42329
4990
5099
5019
5020
5030
3049
5050
$960
5079
$988
5990
S188

That=Chgt+Fact

TwidsCuwid#Fact

Tipec=Thgt +100#MAXC1,RATIO) (X1 im+OFffset)
1

Col:: Tapec
Hpos=, 5*((]im¢0€¢sat-LEW(% lab$)>*Twid)
‘pos=0ffset-2,.3#Chgt
MOVE Xpos, Ypos
LABEL X_labs
i

23IJE Cspec
LOOp'INTkl Bl#limax~Xmin)-Xdel)+1

FOR J=1 TO Loop
Y3aYALS(Xmin+e(J=1)4Xdel)
Rpos=dffset+(J-1 %Xl im=-0fFfsat) < Loop-1)~.S#LEN(YS>+Cwid
‘Ypoes=0ffset-Chgt

MOVE Xpos, ‘’pos

LABEL vs$

MEXT J

|

LDIR 39

CSIZE Tsapec

Xposa0ffiet-S#lwid
Ypos-.S*(?l|m¢0€fsat-LEN(Y lab$>+Tu1r g
MOVE Xpos, Ypos

LRBEL *Y_1abs

i

LDIR 9

«C3IZE Cspec
Loop=INTC(1,.21#(¥Ymax=Ymin) /Ydel s +1

i

FOR J=1 TO Loop
YSaYALSCYmine(J=-1)#Ydel)
Hpos=0ffset-¢,S+LEMC(VS))4Cuwid
Ypos=)ffset+(J~ 1)*(Yl|m-Uffsct)l(Loop-l)-.Z’S*Chgt
MOVE Xpos,VYpos

LABEL ¥s

NEXT J
1

MOVE 2#0tfset,Vlim+.?520f set
LABEL Tags$c1)

MOVE 2#0ffset,Ylime.25+0FfFzet
LABEL Tags$<2)
]

LIMIT Offset,Xlim,0ftset,Y11m
SCALE Xmin, Xmax,?min, Ymax

FRAME

RAXES Xdel,'7del.imin,’min

!
Ouerlay! | Lay douwun next curve ...
!

L_code=1

PRINT “"Enter line-tupe code (i thru 191 ... *
INPUT L_code

LINE TYPE L_code

PENUP

!

FOR JaNlo TO Nl

PLOT X<J), YY)

NEXT J

PENUP

LINE TYPE 1

'

Rerurn: | Done ...
i
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%110 PRINT

S130 SUBEND

SI30 | #et RGN AR AR AR S AR RS RAARRR R R R AR A AF AR AR R DA RERRR AR R AR AR SRR R A A S SRS N N
<149  3SUB Raw_plot CINTEGER N,SHORT Ekaz(#+),SHORT WoeC*) R8I 8, Tivlas(#),3HORT D
21t a,3HORT Offszer)

S159 OJPTION BRSE 1

S$160 SHORT Tmin, Tmax

S1TO INTEGER I,Nlo,Nhi

5130 !

S190 Titles(lo=Title$(2)=" "

SZ0@ Top: PRINT PRGE

52198 PRINT “Enter name of data file ..."

5220 CALL Readf(Wye(#),N,Delta,l)

S23@ IF I=1 THEN GOTN Ask

240 Delra=Delta»1909

5259 PRINT "Enter desired offset [(“;0¢ffszet;Xis$: 1 ,,."
260 INPUT Offset

5279 !

5280 FOR I=1 TO N

9299 Eks li=iI-1)%Delta+0ffser

S309 UWya(li)=lye(l) 1090%5,3947S

S218 MEXT 1

5229 !

S22 Ask: PRINT “Select plot window (range: " EkSCLI3ERICNY XISy ] ..
5349 Tmin=Eks(l)

5350 Tmax=Eks(N)

$360 INPUT Tmin, Tmax

S278 IF Tmin)>=Tmax THEN GOTO Ask

3320 HNio=(Tmin-0ffset)/Delta+l

5390 IF Nlo<!l THEN Nlo={

S499 Nhi1=(Tmax~0ffzet ) Delta+l

5419 IF Nhi)N THEN Nhi=N

S420 !

%438 CALL Plotit(N1o,Nh1 Eks(#),lyec#)>, X185, (18, TitlesCed)
S449 PRINT "Plotting compliete (@=No, 1=sYesl ...*"

5459 1=9

3469 INPUT I

S479 IF I=3 THEN GOT) Top

5433

$438 PEN -1

5500 SUBEND

sS19 ! RAREAAR SRR LRSS A B L GERRG R AR R AR SRS G S S AR L SRR ABGRA S S S AT ASA SR ACRRG SRS’
5320 3SUB Intsrpl2(SHORT Time,3HORT T(*),3HORT QC#+),SHORT Ans, INTEGER Max>
9528 NPTION ERSE 1

S548 INTEGER Ni,Nr

5559 !

5568 FOR Mi=Max~-1 TN { S3TEP -1

SS79 IF Time)T(NI)> THEN GOTO Hit

5538 NEKXT NI

5599 !

5608 Ni={

10 Hit: Nr=Niet

7620 Ans=Q(NI 7+ C(ANPrI~ACNT) I #CTime~TC(NID )/ CTCNP)=TCHT))
S620 IF Ans<=d THEN Ans=Q(Nr)

S649 !
S650 3UBEND
Sesd | FEAARRAS USSR RS S SRR R AR P AR SSRGS L AR USSR SRR SR SRR SRR R RRAS RS RSB BN R

5579 3UB Resulta(INTEGER Opt, INTEGER M, 3HORT Time{#)>,3HORT P(%),SHORT S5¢#)>,3HOR
T T(#),5HORT R(#))

3630 NPTION BRSE 1

5638 DIM Fname$(Sl,Fulinames(19]

TR !

S719  PRINT

S728 FRINT "Enter name of data file ..."

5730 IMNPUT Fnames$

ST40  Fullnames$=Fnames&":012"
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s7se
5758
s

S789
s790
$800
S$810
Ss2e
5339
S340
$83@
S8ée
5870
J330
5890
5900
<913
S9de
S9ze
5940
$3%59
5969
Seve
53980
3999

IF Opt=6 THEN GOTO Retrieve
3tore arrayvs ...

CREATE Fullnames$, 161

ASSIGN #1 TO Fullnames

BUFFER #1

PRINT #1:M,Time(#),P(#),5¢4),TC%),R(»>
ASSIGN #1 TO #

GOTO Dene

Retrieve: | Get arrays ...

ASSIGN #1 TO Fullnames

BUFFER #t

READ #1;M, TimeC(#),PC#),SC%),TC#3,R(#)
ASSIGN #1 TO #

Done: ! Return ...

SUBEND
LA Z AR I I RIS A I RSS2 ISR S22 SIS T2 22T R LR TR AR A ey
#END# +END#» +END#

ok v e N TN Ul W I I oo I U o B e N e T T WAoo NN
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APPENDIX B: SAMPLE RUN OF 1086-5A
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Input Paramiters:
Prop#ilant

Stress Ear

THRUST REDUCTION --

Dansity D
Sound Speed 113
Tpdcitic Meat Ratio 1, 2
Ernirgy 1.7HE
vawvolume 33
Hall-Friction Coeff 1.9
Denszivy P
Sound 3peed 195

2.49E

ure 2ff3ar

TIME

T ¥

-9

W2l
. 392
. 303
. 304
309
396
397
308
. 309
319
211
.312
313

314

218

31¢€
217
513
319
]
W32
222
383
L3244

~w
e Dl v

<328
oo
. &

323
329
. 3329
331
332
2333
. 334
. 339
L3348
337
. 53738
333
. 340

PRESSURE

T(MPa)

[WRIVEON VN VI SIS N SN YR NS VN SH SN VE JN VL YN S AN 3 )
. o e

Wi W
« o o
GO OOOEC DW= W DWW DD W DD D

3.
3.0
3.9
3.9
2.9
3.9
3.9

YSN 17

TIT Ib/in#s
119 in sac

<09

+37 in~1b-1b
.30 in**3-1b

313 1brin++3

999
500 in-gec
-5 3ac

STRESS THRUST LENGTH

{(MPa> (MPa>
3.3 .3
3.3 .2
20 % o2
2.8 ok
3.8 .5
3.4 I9
3.3 )
3.2 .2
2.9 .1
2.2 )
2.3 .9
2.3 .9
2.7 .9
2.7 .9
2.7 .90
2.7 .9
2.3 .9
2.3 .90
2,3 .9
3.9 .9
3.1 .1
3.2 B
5 o3
3.4 '3
2.8 .8
3.7 O
A .2
S -]
4.0 1.9
4.9 1.0
4.1 1.1
4.1 1.1
4.9 1.1
4.9 1.0
3.2 3
31, .3
3.8 .8
e o]
3.2 .
3.1 g &
2.2 )

43

Cmm)

$9.359
590,30
$3.:39
59.39
S9.:30
S9.7?
59.79
59.79
So.7%
S9.73
$9.79
%9.
9.
%9.
%9.
S9.
50.
59,
Sa.
%Q.
%0.
9.
Sa,
Sa.
S9.
59.
S9.
%9,
S9.
5.
S9.
9,
Sa.
5Q.
<o,
59,
%S9, 7
20,77
-1 Mg
b1 Piing

- -
L) P

WD D DD DD WD

TEIE Aot S i =) S S0 T SO S e

A J DWW DWW WD DD DD D

uUp
Y 7 ¥ T

BURNING RATE
imssac)

1.218
1.182
1.133

Ug-Cg

SOEOOOO~FWW

43
43
45
43
49

L OEA—~ANLA—~ T

EINE R SR B N IR T O O SN N A

R I A O N B B S I O R 3

4 4+ A 4



TIME FRES3URE STRESS THRUST LENGTH Up BiJRNING RATE Ug-0Cg

[ ¥ “MPa> CMPad (MPa> Cmm (m/s€c: ims38C)
341 2.3 2.3 .9 $0.77 . 132 .078 .93 +
342 bl 7 2.7 .8 S0.77 .198 . 162 .97 *
. 243 z.8 .7 .9 52,77 212 . .82 D7
. 344 2.8 207 .9 %9.77 231 . 134 .88 #
. 349 2.7 2.7 .9 1 hrd 251 . 101 .04 =
. 346 2.3 2.3 .9 %0.77 271 . 293 .04 <
. 347 2.9 2.2 .0 %0.7°7 .239 WIVE .93 +
. 348 3.9 3.9 ) $90.7°7 . 308 ., 202 .08 #
L 249 3.0 3.1 .1 %0.77 . 324 . 488 18 <
.3%0 3.9 3.3 .3 50,77 . 336 . 544 .25
. 351 3.9 3.4 .4 $0.77 . 345 .336 .33 #
.3%2 3.9 3.6 .5 %0.76 . 349 . 373 .39 +
<353 3.0 < oird % £9.76 . 349 1.376 .42 #
. 354 3.9 3.8 .8 €9.76 . 345 1.150 W45 %
. 35S 3.1 4.9 .9 T0.7H . 338 1.231 A7 #
335 3.1 4.1 1.9 79.76 .324 1.2 49 %
. 357 3.1 4.1 1.9 %9.76 . 208 1.339 .51+
.3%3 3.1 4.2 1.1 $0.76 298 1.389 .52 +
.3%9 3.1 4.3 1.2 %0.75S g 1.416 .33 #
. 360 3.1 4.3 1.2 $90.7S 251 1.448 .35
.361 3.1 4.4 1.3 $0.7S .23 1.473 .58 #
.362 3.1 4.4 1.3 $0.7S 216 1.496 - YA
. 263 3.1 4.4 1.3 %0.7S . 203 1.51% .58 +
. 364 3.9 4.4 1.4 %0.74 . 134 1.339 .59 +
. 369 2.0 4.4 1.4 $0.74 . 189 1.541 .50 +
. 356 3.9 4.4 1.4 9,74 . 139 1.%54S .81 *
. 867 2.3 4.4 1.4 %0.74 . 133 1.541 81 #
. 368 2.9 4.3 1.4 $9.74 . 201 1.%289 .81 4
. 369 2.9 4.3 1.4 S0.74 211 1.%506 .81 *
.370 2.9 4.2 1.4 S50.73 221 1.473 .60 #
. 371 2.9 4.1 1.3 $0.73 . 230 1.431 .39 #
372 2.3 4.9 1.2 %0.73 . 236 1.379 <57 *
.373 2.9 3.9 1.1 $0.73 .233 1.319 .54 *
.374 2.9 3.9 1.9 $9.73 234 1.2%52 W51 *
.37S 2.9 3.3 .2 $3.73 .22 1.179 .48
.376 2.9 3.7 .3 %9.7v2 . 206 1.103 35+
.877 2.9 2.8 .7 $2.72 . 1382 1.92% S B
. 373 3.9 3.9 B S0.72 . 152 .47 .38 #
.379 3.9 3.9 .S $0.72 S W .869 .34 %
. 329 3.9 3.4 o S0.72 .973 . 793 P31 #
.331 3.1 3.4 .3 S0.72 . 937 719 .28 #
.382 3.1 3.3 .3 %0.72 -.996 . 848 -2
. 333 3.1 3.3 .2 S0.72 -. D49 . 581 .22+
. 384 3.1 3.3 85, S0.72 -.989 .519 2D #
. 339 3.1 3.3 .1 $0.72 -.12 <485 .18 *
. 286 3.1 3.2 .1 9,72 -. 13 L 424 16 #
. 387 3.1 2.2 .1 $9.72 -.134 . 401 S15
.3383 3.1 3.2 .1 $9,72 -. 282 404 15 e
.239 3.1 3.2 .1 S3.72 -.212 . 439 s
. 399 3.1 3.2 o1 $0.71 -.215 . 492 S13 e
.391 3.1 3.3 .2 $3.71 -.289 . 554 21 0+
.392 3.1 3.3 .2 S0.71 -. 197 . 833 25+
. 393 3.1 3.4 .3 50.71 -.179 721 .28 #
.394 3.9 3.4 .4 %0.71 -.158 . 309 .32
.39% 3.9 3S .3 %0.71 -. 134 . 893 .35 +
. 396 3.9 3.8 .8 $0.71 -.189 . 969 .28 «
. 397 3.9 3.7 .7 S0.71 -.986 1.937 LS
.398 3.9 37 i %0.71 -.D68 1.096 .43 #
. 399 3.9 3.3 .3 S0.71 -.9249 1.14% 45 #
. 3909 3.9 2.3 0% %0.71 -.93% 1.186 P47 #
. 991 3.9 3.2 . % S0.71 -.02% 1.217 .48
.92 3.9 3.9 .9 Se.71 -.917 1.239 49 4
.982 3.0 3.2 1.9 %0.70 -.911 1.2%2 .50 +*
. 204 3.9 2.9 1.9 %0.70 -.906 1.2%8 .50 %
. 263 2.9 3.9 1.9 59.79 -.099 1,255 -1
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TIME PRESSURE STRESS THRUST LENGTH Up BURNING RRTE Ug-Cg

Ny (MPa> {MPa> (MPa> Coom) (msgeac) im/3ec)

L1 2.9 3.9 3 9.79 . 9068 1.244 .50
.07 2.2 3.9 .9 50.73 014 1.228 .49
.308 2.9 3.3 .9 59.79 ., 028 1.292 .48
.399 2.9 3.3 ) %9.79 .938 1.171 .47
219 2.9 3.7 .3 %9.79 .R53 1.134 45
811 2.9 3.8 .3 50.89 .270 1.992 .45
L3112 2.9 3.5 g 50.59 . 958 1.244 .43
L33 2.3 3.% .5 50.59 . 183 . 299 odl
314 2.9 3.4 . B $0.59 . 129 230 .39
. 315 2.3 3.3 -3 %0.59 .158 362 + 36
.18 2.3 3.2 .3 59.59 171 37 .33
.17 .3 3.2 .3 50.89 . 191 .03 o2

«913 2.8 3.1 .2 50.59 218 309 .25
3172 2.9 3.9 .2 50.59 227 . 296 .21
.20 2.9 3.9 .1 50.89 . 242 L5393 .16
921 2.9 2.9 .9 53.583 . 285 279 W11
. 322 2.3 2.3 .9 $0.c8 264 ., 135 .06
. 923 2.9 2.9 . $0.58 270 . 017 .91
c924 2.9 2.9 .9 50.88 272 . 068 .02
328 3.9 3.9 .9 $0.68 L2790 .924 .91
.926 3.9 3.9 .9 %9.88 265 .937 .91
. 927 3.1 3.1 -] 50.53 . 257 119 .94
,223 3.2 3.2 .9 50.58 247 . 236 .99
L 32 3.2 3.3 .1 $9.58 235 . 4B6 .15
.328 3.2 3.4 2 50.88 223 . 57S .22
. 331 2.1 3.4 .3 S9.83 219 S ¥ .27
. 932 3.1 315 4 508.58 . 129 .311 .31
.333 3.1 3.6 .5 50.858 . 139 . 384 .34
. 934 3.1 3.8 =] 50.58 . 133 .34 .36
. 935 3.1 3.7 .3 %29.83 I - 31 .38
. 236 3.1 3.7 .8 50.58 . 1.024 .39
. 337 3.1 3.3 i 50.87 . 182 1.253 .48
. 938 3.1 3.3 . 7 50.87 . 138 1.990 .32
.339 3.1 3.9 .7 59.87 . 196 1.123 .43
. 348 3.1 3.9 3 50.87 . 206 1.157 e
341 3.1 4.0 .3 50.57 218 1.191 .45
. P42 3.1 4,9 ) 59,57 226 1.226 .48
. 343 3.1 4.1 ) $0.87 . 238 1.2%59 .47
. 344 3.1 4.1 1.9 50.85 . 243 1.299 .49
945 3.1 4,1 1.9 $0.855 . 248 1.3186 .50
. 346 3.1 4.1 1.9 58,58 250 1.338 . 51
.347 3.1 4.1 1.1 50.55 .259 1.351 <52
. 948 3.1 4.2 1.1 50.88 L2943 1.362 .53
.49 2.0 4.1 1.1 S0.65 . 245 1.371 .53
, 350 3.2 4.1 1.1 $9.86 P24l 1.376 .54
,351 3.9 4.1 1.2 50.85 .22 1.330 .35
. 952 3.9 4.1 1.2 %9.55 . 232 1.284 .35
. 353 2.9 4.1 1.2 $0.55 . 228 1.388 .25
. 354 2.9 4.1 1.2 59,55 225 1.333 -1
. 9358 2.3 4.1 1.2 %0.585 . 222 1,401 .56
. 356 2.9 4,1 1.2 50.85 222 1.499 -4
. 3857 2.9 4.2 1.2 50.84 221 1.419 .57
. 358 2.9 4.2 1.3 59,54 . 220 1.429 .57
. 959 2.3 4.2 1.3 59,54 . 220 1.440 .58
. 960 3.9 4,2 1.3 59,54 219 1.449 .58
. 361 3.0 4.3 1.3 50.64 .219 1.456 .57
. 262 3.0 4.3 1.3 50.854 219 1.4682 .57
. 363 3.9 4.3 1.3 50.83 219 1.48¢6 %14
364 3.1 4,3 1.3 50.83 .22 1.467 .58
-1t 3.1 4.3 1.3 50.52 , 220 1.467 -1
. 9688 3.1 4.4 1.2 590.63 .22 1. 456 .55
. I67 3.1 4.4 1.2 50.53 .22 1.464 -1
. 368 3.2 4.4 1.2 $0.83 a2 1,482 -1
. 963 3.2 4.4 1.2 S0.82 217 1.451 . 54
.79 3.2 4.4 1.2 %9.82 213 1.481 .54

LK I S N I S R I S B O R R R B 2R R R R R B N N R AR R IR R R R R N N N R N U Y W W N A RN R R R SR TN WY YR SR S I Y
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TIME PRESSURE STRESS THRUST LENGTH up BURNING RRTE ug-Cg

Ty (MPa> (MPa) (MPa) Cmm) (msERC ims3ec?
L, AT1 3.2 4.4 1.2 $8.52 . 206 1.463 .53
.AT2 3.2 4.4 t.2 %0.52 . 136 1.486 .53
.373 3.8 4.3 1.2 %$0.62 . 154 1.479 .53
L, 974 3.3 4.5 1.2 $0.81 .170 1.474 : 513
.37S 3.3 4.5 1.2 %08.51 158 1,476 .53
L3785 3.3 4,53 1.2 %d.01 . 139 1.476 .33
307 3.3 4.9 1.2 $3.51 124 1.474 .93
.73 3.3 4.5 1.2 79.51 . 119 1. 458 .93
. 379 3.3 4.4 1.2 S3.51 .997 1.461 .53
. 389 3.2 4.4 1.2 €0.51 . 387 1.4%0 .53
.31 3.2 4.4 1.2 $0.52 . 380 1.4368 . 83
L3322 3.2 4.3 1.1 $0.58 .874 1.422 -4
. 383 3.2 4.3 1.1 %0.50 ,a71 1.487 .52
. 334 3.2 4.3 1.1 S$0.50 .979 1.3%2 | 14
.89 3.2 4.3 1.1 %9.50 . 889 1.379 .54
. 986 3.2 4.2 1.4 %0.n9 .DE8 1.366 51
. 387 3.2 4.2 1.9 50.59 967 1.3%S .59
. 328 3.2 4.2 1.9 %9.59 . 963 1.344 .58
.9339 3.2 4,2 1.9 $9.539 ,A81 1.332 .50
. 399 3.2 4.2 1.9 $9.3%9 .3%6 1.319 .49
. A9% 3.2 4.1 1.9 $0.353 949 1.304 .49
.992 3.2 4.1 .3 %9.%9 941 1,287 .48
393 3.8 4,1 .3 $3. 959 .933 1.269 47
L3 3,2 4,1 .3 %8.99 . 328 1.251 46
. 399 3.2 4.1 2 %0.58 .919 1.233 . S
. 296 3.2 4.1 .3 £0.353 .91% 1.223 .43
. 397 3.3 4.1 .3 S9.353 .014 1.219 Y
. 998 3.3 4.1 .3 %0.%8 917 1.228 .44
399 I8 4.2 .3 %9.38 924 1.247 .45
1.309 2.3 4.2 ] %0.53 337 1.282 43S
1.9091 3.4 4.3 1.8 53.58 . B33 1.333 47
1.992 3.4 4.4 1.9 %0.33 .873 1.398 .49
1.983 3.4 4.8 1.1 50.57 193 1.473 -3
1.0084 3.4 4.7 1,3 $0.97 . 137 1.58S .53
.30S 3.4 4.3 1.4 $0.57 171 1.540 .58
1.306 3.4 5.0 1.8 %0.57 .208 1.723 .59
1,307 3.4 S.1 1.7 %0.57 248 1.800 .61
. 988 3.4 5.2 1.3 <9.56 .<84 1.870 w64
1,309 3.4 5.4 1.3 $9. 56 . 329 1.331 .58
1.919 3.4 5.5 2.8 %09.36 . 353 1.3982 .87
1.911 3.4 3.9 2.1 $9.86 . 387 2.924 .68
1.812 3.5 S.68 2.2 3@.56 417 2.987 .83
1.2913 3.3 5.7 2.2 %0.33 L4437 2,982 .70
214 3.5 5.7 2.2 $0.935 . 464 2.938 )
1.913 3.5 5.7 2.2 $8.55 . 480 2.134 .69
1.018 3.5 5.7 2.2 S9.99% . 483 2,993 .89
1.917 3.5 5.7 2.1 <0.354 LATT 2.9861 .63
1.913 3.5 5.3 2.9 $0.54 . 447 1.991 .67
1.919 3.4 S.2 1.8 %$0.354 . 339 1.370 .89
1.029 3.2 4.3 1.5 50.54 299 1.680 .62
.91 2.3 4.1 1.2 $0.53 1959 1.407 .57
1.92 2.3 3.3 .3 $8.353 -.919 1.049 .48
. 923 2.9 2.3 .3 58.53 -.232 .571 .33
1.924 1.3 1.3 .0 50.53 ~-.457 .310 .01
1.929% o1 .3 .2 <0.53 -.5593 . 130 .89
1,928 .0 .9 .9 %0.53 -.783 .310 21
1.827 .82 .2 .9 509.%3 -. 797 . 809 .21
1.92¢ 3.3 4.0 .9 %8.353 ~.490 S121 .94
1.929 3.2 3.7 .S $0.33 S113 . 211 .34
1.839 3.7 3.4 4.7 50.5%53 1.172 3.242 .39
1.832 22.7 2%5.7 3.8 $9.52 4,332 5.937 .31
1.833 31.4 38.3 -] $9.51 7.398 11,2239 .41
1.034 4.2 $35.2 11.9 0.49 11.%09 16,112 o1
1.939% 7.9 74.3 15,9 $9.47 15,723 22.°77 .49
1.338 73.3 37.2 21,73 39.43 28.711 29.451 .43
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TIME

(s

1.937
1.8833
1.839
1.048
1,241
1.042
1.942
1,044
1,945
1.946
1.047
1.848
1.349
1.8%9
1.851
1.8352
1.833
1.954

PRESSURE

(MPa)

4.7
116.9
140.8
158,11
131.3
217.3
241.7
264,11
283.7
3900.0
312.3
320.4
224.2
229.7
329.8
228.3
32%.3
321.5
T4
312.9
398.7
204,85
391.0
297.3
295.3
193.4
232.%
292.2
237.3
288.4
289.9
292.4
295.5
299.2
306, 4
318.7
3135.4
329.1
325.1
33@.2
33S5.23
340.1
345.7
3%9.8
3%4.7
3%8.9
362.8
368, 4
371.4
374.9
378.1
3777
373.8
378.3
373.53
37S5.4
376.8
27%.9
374.2
373.7
389.5
267.5
363.4
3583.3
361.2

359.4

STRESS
CMPa>

122.3
149.4
1?73.1
R?.3
238.1
258,83
298.7
328.5
3%7.7
386.2
414.3
441.8
468.0
493.4
S17.3
S41.1
S82.3
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g
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w
-
[§

1935S.0
1969.93
1963. 53
1962. 83
1958.9
1852.1
1042.8
1938.7
19016.9
1991.8
3835.3
958. 4
351.3
934.4
918.9
32.2
337.1
372.7

THRUST
(MPa>

LI JRY T B S R IR o)
Rl Ll (N T I S IR ]
O MWW LA

LENGTH
Cmm)

S@.38
59.31
S0, 24
50.15
50.9S
49,33
49.390
49.85
49.5%59
49.32
42,13
48. 92
48,79
48.45
43,19
47,32
47.62
47.32
47.69
46.68
45.32
4%.97
45.81
45.25
44,38
44,51
44,14
43.76
43.38
43.91
42.83
42.23
41.38
41.951
41.13
490.76
49.39
49.92
39.56
39.29
338.93
38.56
33.29
27.34
37.48
37.11
36.7S
38,39
38.83
35.68
35.32
34,97
34.51
34.26
33.92
33.53
33.24
32.91
32.%3
32.28
31.94
31.862
31.32
31.92
38,72

IR.43
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Up
(ms3e€C?

‘.
[
7]
@O

BURNING RATE
mrgec)

5,739
43, 222
31,317
3. 421
£35.%38
T2.487
39..57
32,308
37,749
193,245
119,432
131,331
144,244
135, 348
166.:333
177,434
187.178
13%.359
203, 3%6
209,386
215,222
219,758
222.579
226,203
. 22%.916
222.349
234,873
237.324
241,463
24%. 469
249,941
254.392
260.169
26%.6541
271.2%7
276,599
282,439
233.2364
293,583
299.901
304,381
209,632
314,391
319,390%
324,822
328,238
332.732
335.249
338,232
333.314
349.%28
349,379
339.372
337.589
335,882
331,918
328,224
334,995
313.5%54
315,923
319.302
305,999
308,367
296.479
293.%38
288,382
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TINE
Cind

t1.1072
1.124
1.195%
1.1058
1.18?
1.1098
1,199
t.119
1.111
1.112
1.1123
1.114
1.118
1.1186
1,117
1.118
1.1192
1.129
1.121
1.122
1.123
1.124
1.12%
1.128
1.127
1.123
1.129
1.128
1.131
1.122
1,133
1.134
1.135
1.126
1.127
1.128
1.139
1.149
1,141
1.142
1.143
1,144
1.145
1.149
1.147
1.143
1.149
1.1%9
1.151
1.152
1,153
1,1%4
1,188
1.1355
1.157
1.138

PPESSURE
<MPa)

359.3
3%7.4
3%%5.4
3%3.3
3%9.7
247.3
344.4
S41.9
337.3
322.2
223.3
323.3
318.1
312.38
387.8
391.4
293.9
239.
232.
275.
263.
261,
254,
251,
244,
239,
234,
229,
225.
222.
219,
222,
218,
219,
217,
218,
217,
207,
221.

~a
==

219,
229,
229,
229.
221.
221,
221,
215,
136,
295,
196,
213.
131,
211.
192,
298.
209,
199,
202,
291,
139,
137,
136.3
134,7
132,93

WeHOQWLAOUADMERNTMOBDNWRERRLLS O OO WWIWNNDTROIAR0 D SDOOWG O W

STRESS
(MPay

THRUST
(MPa)

492,86
437.9
476,95
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LENGTH
Cam>

39.14
29.36
23.99
29.32
29.36
23.30
23.38
28..30
28,46
27.82
27.58
27.2%
13

[TRT TR A W e
=T
53w
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PRACN SN SH NSNS VNN N

[
-1
s

19,44
13,33

Up

(Mm/sEc

-4.554
=5.390%
-7.331
-3.%82
=9.397
-19. 391
=11.337
-12.2228
-12.439
-12.439
-12.202
-11.574
-19.938
-19.927
=3, 391
-?7.378
=5.,726
-5.384
-4,4923
=3.474
-2.3%52
-1.744
-1.05%
-.423
-.876
.292
345
.363
267

. 934

e o o o e & s
-
[

2.3549

BURNING RRTE

im/sec)

283. 382
279,548
273,151
279.744
2638.133
264,353
2959.533
285,933
251.235%
246.3%54
242,474
238.131
233.306
223.754
=2%.721
221.794
213.109
214,104
219.285%
206.406
292. 467
138,463
134,389
199.098
196.903
131,378
173.199
174,469
171,934
167.384
154,959
161.337
159,439
198,342
154,355
152.933
149,812
143,108
143,532
141.9232
138.937
135.031
131.903
128.309
125,544
122,443
112,507
117.711
119.%523
114,249
114,871
198.382
111.%62
194,400
187.163
199,794
190,253
39,047
35.378
34.317
32.722
31.13%
39.601
38.973
36.522

Ug-Cg
e
73
.73
.73
T2
T2
.72
.71
71
.71
.71
.71
.71
.71
W71
71
.72
72
.72
.73

)
.73
.7
.73
-1
.76
. 7
.75
o7
.73
.72
.72
.79
.79
« 73
.86
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TIME PRESSURE STRESS THRUST LENGTH Up SURNING RRTE Ug-Cy

(s {MPa) (MPa) (MPa) (mm) (m- sec) ims/3e¢c)
1.153 91,2 z69.2 73.8 19,286 0 Jide 35.173 47+
1.169 139.3 265.9% 50 194.17 3,422 33.526 ACY- 3K
1.179 183.3 261.9 73.8 19.43 3,458 82,173 45 *
1..71 186,32 253.4 T1.8 13,39 3.431 30.713 .45+
1.172 135.3 255.9 83,2 13.91 3,437 79.154 .45 +
1.:72 183.2 51,7 £3.5 18.33 3.509 73.267 .45 #
LT 132,38 248.5 55.3 18, 7% 3.91%9 V6,504 .44 »
1.1795 181.9 245,86 64,5 13.87 ) 3.530 75.%49 T I
1.178 180,23 242.,7 32,4 13.59 3.543 74.128 L4323
1.177 179.5 239,72 50,4 13.51 3.5%9 T2.763 43 »
1.178 173.1 237.2 59.1° 13,43 3.578 71,799 .43 »
1.179 177.1 234.5 S7.4 13.38 3.599 v9.3909 A2 ¥
1.138 176.1 231.9 SS.9 18.23 3.822 69,3335 42 #
1.131 174.3 229.3 %S.0 13. 21 3.645 88.475 42
1.182 173.4 226.7 $3.3 13,14 3.871 §7.2295 BESEE
1.133 172.5 224.1 51.6 13,97 3.701 56,300 41 #
1.184 171.3 221.6 49.3 18.99 3.737 54,719 .40 »
1.138 179.3 219.3 48,9 17.93 3.738 53.394 .40
1.136 169.4 217.1 47.7 17.38 3.349 52,389 .40 =
1.187 163.48 215.1 46,5 17.79 3.2232 51,368 .39
1.133 168.3 213.3 45.8 17.73 4,334 50, 398 .39 +
1.189 - 187.4 211.7 44,3 17.56 4.153 50.284 .38 »
1.193 186.5 219.3 43,7 7.50 4,288 59.722 .38 #
1.131 165.3 208.9 43.0 17.54 4.413 59.144 .38 »
1.192 165.,S 207.4 41.9 17.47 4,541 38,291 .38
1.133 164,3 295.9 1.1 17.41 4.529 57.607 .37 +
1.194 164,3 204,22 39.9 17.38 4,897 $6.599 37 #
1.19% 163.3 202.3 39.0 17.29 4,792 55.389 .37 +
1.196 1590.9 299,323 49,4 17,22 4,647 60,398 43 #
1.197 148, 7 193,11 49,4 17.16 4.538 59,544 «44 @
1.198 147.9 19%.9 43,8 17.989 4,293 59.599 43 #
1.199 - 145.9 193.3 47.92 17.083 4,142 $9.991 Y Y
1.201 144,8 189.9 45.1 15,29 3.655 $7.131 .43 #
1.202 ©143.1 138,3 45.2 15,34 2.431 S56.349 43 #
1.203 137.8 186.3 49,3 16.73 3.244 98.312 P46 *
1.284 136.5 185.4 48,9 16.72 3.189 57.9388 W36 %
1.208 135.2 184,90 43,9 15.886 3.932 S?.728 46 #
1.206 1134,1 132.% 43, 4 16,89 3.993 57.268 46 4
1.207 133.1 180.9 47.3 16,54 3.922 S6.799 46+
1.208 132.8 179.8 47.9 15,43 3.051 58,828 A5 »
1.209 130.7 176.3 46,1 16.42 3.963 55.228 46 ¥
1.218 129.2 174.3 45.1 16. 386 3.948 54,307 45 #
1.211 127.9 171.5 44.2 16.39 2.96% $3.314 46 #
1.212 125.7 158.4 42.3 15.25% 2.394 S2.198 45 x
1.213 123.7 165.2 41.5 15.19 i.%64 S1,063 45 #
1.3214 121.7 162.9 49,3 15.14 2.257 49.997 <45 +
1.219% 119.7 158.9 39,2 15.29 1.397 43,331 .45 »
1.216 113.0 155.9 37.9 1s.924 1.551 47,736 .45
1.217 116.1 153.3 37.2 15.29 1.223 46,913 45 -
1,218 114.7 151.0 5.3 15.94 1.000 46.102 44 ¥
1.219 113.3 149,.2 35.9 15.39 393 45.55S 45 #
1.229 112.2 147.7 35.5 15.3% .941 45.100 .45 @
1.221 111.2 146.5 35,2 15.30 1.153 44.773 A 3-
1.222 119.5 148,56 38,2 1S5.7$ 1.558 44.571 .45 »
1.223 109.3 144,9 3S.1 15,71 2.998 44,422 45«
1.224 199.1 144,4 35.3 15.85 2,733 44,419 43 #
1.22% 198, 5 143.9 35.4 15.51 3.469 44.369 45 o«
1.226 128.9 143.4 35.9 15.57 4.138 44,317 .45
1.227 107.S 143.9 3S5.8 135.%2 4.359 44,229 45+
1.228 137.1 142.5 35.5 18.47 5.4 44,149 435 #
1.2:29 106.6 142.1 3S5.5 T.42 S.307 44.06% .45 #
1.239 196,23 141.7 35.5 15.37 5.333 44,018 45 *
1.231 196.1 141.5 35.4 15,32 3.073 43.318 45 »
1.232 186,90 141.4 223 15.27 5.259 42.374 J46 @
1.233 135.3 141.4 2%.5 15.22 5.663 43,733 o5 #
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287
2383
239
229
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294

.a93
.236

37

128
.239
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PRESSURE

{MPa>

195.3
19S5.9
195.3
196.2
196.1
106, 4
18S5.5
194,73
184, 2
193. 58
192.38
122.1
191.4
181.8
i30.9
12a.a
33,4

STRESS

(MPa>

141,53
141.6
141, 3
142.0
142.1
142.8
140.8
13%.1
138.2
r.2
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15.17
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14,33
14,33
14.74
14.59
14.85
14.59
14,98
14.51
14.46
14,42
14.38
14.33
14,29
14,25
14,29
14.10
14,12
14.08
14.84
14.98
13.36
13.92
13.33
13.34
12.39
13.75
13.72
13.69
13.65
13.61
13.53
13.5S
13.351
13. 43
12,45
13.43
13.49
13.37
13,39
13.32
13.398
13.28
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13.24
13.22
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B8URNING RATE
{m/3&c)

43.79S
43.324
44,939
44,038
44,1235
43, 353
13,847
42.782
42,488
42,117
41.212
41,498
41.173
+a.718
43, 254
39,374
39,8532
39.2310
39.927
33,781
33. 342
38,933
37.321
37574
37.291
26.372
36.494
35.245
3%5.317
35.9824
33.286
33.571
31.793
31.576
39,488
29.274
28.859
26.334
25.581%9
24,487
23.316
22.218
21.113
20.114
19.169
13.252
17.333
16,427
15.583
14.7158
13.333
12,981
12,212
11.358S
11.484
11.15S
11.824
11,174
11.539
12.137
13.088
13.373
1%.193
15,394
17.5%%2

Ug3-Cy

.46
1)
45
.46
45
.45
45
.45
.43
]
.45
.45
45
.45
.43
43
44
.49
.43
.45
. 44
.44
.44
. 45
b

.44
.43
.42
.42

.40
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TIMNE PRESSURE  STRESS  THRUST  LENGTH Up 'BURNING RATE  Ug-Cg

Cmd s {MPa> {MPa) (MPa> Cmm) (mssec’ {m/sec)
1.302 19%5.9 112.5 5.7 12,24 S.511 18,218 .20 #
1.203 196.3 114.5 T 12,91 S.775 20.317 21 #
1.304 187.7 116. 4 3.3 12.39 5,966 21.779 .22 #
1.30% 193. 4 118.3 3.9 12.36 3.967 23.222 24 #
1.306 189.1 12941 11.1 12.33 5,971 24,522 .25 #
1,307 119.1 121.3 11.8 12.30 S. 377 25,494 .26 #
1.:208 110.5 123.4 2.9 12.77 5.793 26, F W27 *
1.309 119. S 124.7 14.2 12.7; 5.%32 23,234 .28 #
1.318 111.9 125. 3 14.3 12.79 5.213 28.739 .29 #
1.311 119.3 126.3 15.3 12.87 4,361 29.346 .30 +
1.312 119.3 127.S 17.2 12.53 4.501 20.323 .31 #
1.313 110.3 127.9 17.6 12.59 4,157 31.339 .31 #
1.314 199.9 128.1 18.3 1256 3.351 31.35% .32 #
1.31% 199.3 128.2 18.9 12.52 3.5%9 32.328 .33 #
1.318 198.3 128.1 19.7 12,49 3.411 32.332 .34 4
1.317 107.5 127.3 20.2 12,45 3.291 33.221 .34 #
1.31% 181.6 127.4 2%5.9 12,42 3.23% 36.734 .40 #
1.319 190.3 127.9 26.7 12.38 3.234 27,115 L4l 4
1.320 29.2 126.5 27.3 12.34 3.276 37.349 42 4
1.321 98.6 12%.9 7.4 12.29% 3.345% 37.301 .42 #
1,322 27.3 12%5. 4 27.5 12.29% 3,428 37.342 W42
1.323 7.2 124.3 27.8 12.21 3.%92 37.248 .43 #
1.324 6.7 124.3 27.8 12.17 3.283 37.15% .43 #
1.329 95.9 123.2 23.9 12.13 2.592 37.247 43
1.326 25,5 123.4 27.9 12.99 3.515% 37.148 .43 #
1.327 98,1 123.92 7.2 12.9S 3.693 37.9%6 43 4
1.328 4.7 122.5 27.3 12,91 3.571 36.363 43 .
1.32 4.4 122.2 27.3 11.97 3.%526 36.361 .43 #
1.338 4,1 121.3 7.7 11.93 3.475 36.742 .43 *
1.331 93.3 121.5 27.3 11.39 2.426 358.557 TIPS
1.332 33.7 121.1 27./5 11.3% 3.337 36.499 43 4
1.33 33.79 120.3 26.2 11.31 3.362 36.123 43 4
1.334 93.7 120.4 26.7 11.77 3.3%2 36.963 .43 #
1.335 93,7 120.1 26.4 11.73 3.357 35,754 D43
1.336 33.3 119.7 26.9 11.59 3.37% 35.463 -
1.22 33.3 119.4 26.9 11.55 3. 499 35,449 42 4
1.238 93.4 119.9 2%.6 11.861 3,423 35,161 L2
1.339 33.9% 118, 7 2%.2 11.57 3.4%2 34,3%% L42 .
1.249 93.7 118.4 24.7 11.54 3.458 34.528 Sl
1,341 93.3 118.9 24.2 11.59 3.473 34.188 L4
1.342 24,9 117.7 23.8 11.46 3. 454 23.343 40 4
1,343 4.2 117.4 23.1 11,42 3. 441 32. %00 48 4
1.344 34,4 117.9 22.3 11.33 3,409 32,126 .39
1.34% 24,5 116.8 22.1 11.35% 3.3650 32.79S .39 <
1.346 3%5.9 118.2 21.2 11.31 3.393 32,129 .33 ¢
1.247 9.5 115.3 21.3 11.28 3.253 32.115% .38 #
1.343 4.6 115.3 20.3 11.24 3,198 31.724 .38 «
1,343 94,7 114.3 20.1 11.2 3.147 31.260 .37«
1.3%9 34,7 114.3 19,5 11.17 3.1091 20.317 .36 +
1.3%1 34.3 113.3 13.9 11.14 3.962 29.319 .36 «
1.3%2 94.8 113.2 18.4 11,11 3.9830 29,358 .25 #
1.3%3 34,3 112.6 17.3 11.97 3. 205 29.377 .35 #
1.354 4.8 112.9 17.3 11,94 2.988 28.393 .34 4
1.3%5% 94.3 111.4 7.2 11.91 2.971 28.738 .34 »
1.3%8 24.1 119.3 18.7 19.93 2.969 28.301 .34 4
1.357 24,9 118.2 16.2 10.9S 2.9%0 27.8%9 .32 #
1.3%8 93.9 189.5 18.7 19, 92 2.940 27.443 .33 «
1.3%9 93.7 199.9 15.3 18.38 2.931 27.9%9 .32 #
1.369 93.4 193. 4 15.9 19.35% 2.321 26.738 .32 %
1.381 22.83 187.2 1%.1 19.33 2.911 26.708 .32 =
1,382 92.3 187.3 14.5 19.38 2,299 26.157 .32 0+
1.363 22.9 186.7 14.2 10.77 2.339 2%5.332 .32 #
1.264 32.2 198.2 14.0 10.74 2.339 25.549 .31 ¢
1.385 1.3 185.7 13.3 18.71 2.371 25,432 .31+
1.366 91.3 19%.1 12.3 12.53 2. 364 29,367 .31+

51



TIME PRESSURE STRESS THRUST LENGTH Up BURNING RRTE Ug-Cyg

{iws ) (MPa) MPa) (MPa) <mm> (m-3ec) im/3ec)
1.287 99.3 194,35 13.3 19.5S 2.369 25.279 .31 4
1,363 39,7 194,11 14.4 18.52 2,338 23.898 .32
1.372 33.2 192.4 14,2 19,51 2.382 25.29% .32 +
1.373 37.1 192.9 15.9 13,48 2.396 25.335 .34 @
1,374 35.9 191.7 15.3 19.45% 2.313 26. 35S .35 #
1.37% 3%.9 101.4 15.4 19,42 24331 26.757 .36 #
1.376 35.3 11,1 15.3 19.39 2.351 26.306 .35 *
1.377 34.3 100,95 16.5 13.37 2.3780 25.31@ .26
1.373 83.2 199.7 17.5 10.34 . ¥37 27.3%9 W37 #
1.379 32.1 ©129,S 18.4 10,31 3,090 27.380 .38 *
1.280 31.1 128, 3 13.2 1a.2?7 3.802 28.351 .40 +
1.391 79.3 190.0 9.2 19.24 2. 290 28.989 .41 +
1,282 73.4 99.7 21.3 10.21 2.957 29.464 43 #
1.333 76.8 99.3 22.4 19,18 2.8%6 29.985 44
1.334 5.4 38.7 23.4 12.19 2,729 30.332 .46 +
1.285 73.3 98.9 24.2 13.11 2.651 Z8.599 47 *
1.286 72.1 37.1 25.9 18.98 2.481 30.748 .48 #
1.33?7 vO. 3 8.9 23.8 19.05 2.262 30.773 .30 +
1.388 53.5 4,5 26,1 19.431 2,919 39,592 -2
1.339 56,3 23.1 26.3 3.38 1.782 30,468 .52 *
.3%0 55.1 1.5 25.4 9,35 1.534 39.179 .53 +
1.391 3.4 39,3 26.8 9,32 1.371 29,356 LA
1.39%92 52,0 38.6 26.5 2,89 1.323 29.3573 .34 +
1.:293 58,9 37.6 26.3 3.35 1.442 23.457 .35
1.39%4 53,3 37.4 27.1 9,32 1.799 29.5186 W56 *
. 3985 50,3 38.1 27.3 AT 2.381 29.399 .56 +
1.398 51,9 39.9 8.9 9.78 3.274 30.797 -Tan
1.397 52.1 33.3 31.2 3.73 4,458 32.209 .59 +
1.398 85,1 98.2 33.1 9.69 5.947 33,387 .59 =
1.399 53.7 195.9 26.4 2.65 T.E68 26,3582 .50 %
1.499 729 113.3 4.3 9.51 2,569 39.947 51 #
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