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THE DETONATION PROPERTIES OF DATB
(1, 3-DIAMINO, 2, U4, 6-TRINITROBENZENE) (U)

By:
N. L. Coleburn, B, E, Drimmer, T. P. Liddiard, Jr.

Approved by: &W fx/ A, D, SOLEM

hief, Explosion Dynamics Division

ABSTRACT: The detonation parameters of *“he relatively new
heat-resistant, shock-insensitive explosive DATB have been
measured, At the normal, pressed-loaded density (1.80 g/bm3),
the detonation velocity is 7600 m/sec, and the Chapman-Jouguet
pressure is 251 kb, The detonation velocity (m/sec) varies
with density (g/bm3) according to D = 2480 + 28520. The
energy of detonation is 800 cal/g and 3.1 is the value of the
isentropic exponent for produszt gas expansion. The fallure
diameter was found to be 0,53 cm., When mechanical shocks sare
slowly applied, as in the impact-hammer machine, DATB 13 less

gensitive than TNT, but when the shock is more rapidly applied,

as in the NOL wedge test, the explosive behaves more like
Composition B, Addition of 5% plastic binder desensitizes DATB
to rapidly-applied shocks, causing it to fail to build up to
detonation in the wedge test even though the pressure within
the explosive may be as high as 82 kb,

EXPLOSIONS RESEARCH DEPARTMENT
U, S, NAVAL ORDNANCE LABORATORY
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This study of the detonation properties of DATB is a phase in
a broad program directed by the Explosicns Researoh Department
toward evaluation of new explosives of superior thermal sta-
bility. The work was authorized by Task No. RUUO 3E012/212
1/F008-10-004, Explosive Properties, formerly Task No. 30l-
664/43006/08, Explosives Applied Research, and is directly
related to Explosives Research and Development Key Problem 7.3,
"Initiation and Detonation", as given in NAVORD Report 3906.

The data herein reported are considered to be the best avail-
able at this date, but may not necessarily reflect the final
opinion of this Laboratory.

W. D, COLEMAN
Captain, USN
Commander

E, SWIF¥, JR,
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THE DETONATION PROPERTIES OF DATB
(1, 3-DIAMINO, 2, 4, 6-TRINITROBENZENE) (U)
Introduction

The speeds of modern aircraft, and especially those of
unmanned missiles, have produced many difficult problems

-in ordmance design., The ability of the explosive component

to tolerate severe thermal cycles experienced during the
mission of such ordnance is an important parameter in these
designs. A promising, new, shock-insensitiv Exploslve,

1, 3-diamino, 2, 4, 6-trinitrobenzene (DATB)*’c, has superior
thermal stability under these conditions., DATB is a yellow
s0lid having a crystal density of 1.837 g/em; it melts at
286°C, and decomposes at a negligible rate at 204°C, while at
260°C 1ts decomposition rate is only about 1% (by weight) per
hour, It does not initiate at the maximum height (320 cm) of
the NOL impact hammer machine, showing that DATB is much less
sensitive to such slowly applied mechanical shocks then even
TNT (200 ecm). The detonation parameters of DATB and its
sensitivity to rapldly applied shocks are reported herein.

Detonation Velocity of DATB and DATB~Plastic=~
Bonded ComgosIEIons

Detonation velocities as a function of charge density
were measured for pure DATB and DATB/EPON 1001* {95/5) with a
rotating-mirror smear camera, The velocities obtained from
the photographic measurements (when the charge density was a
maximum) checked to within 10 m/sec when camera and electronic
pin probes were employed simultaneously., Simple pelleting
techniques produced 5,0-cm diameter pellets_for these tests,
with densities ranging from 1.4 to 1.8 g/cm3, To obtain
charges with densities below 1.4 g/cm”, the powder (average
particle size 4 to 5§ microna) was loaded in 15-gram increments
into S5.1-cm internal dlameter, 0.15-cm thick aluminum or glass
tubes and pressed (in the aluminum tubes only) at pressures up
to 8,000-10,000 psi. When the charges were confined by alumi-
num, the detonation wave was observed through a series of small,
evenly-spaced holes drilled through the metal casing. Each
teat charge was Iinitiated by an explosive train consisting of
a U, S, Engineer's Special Detonator, a 5.l-cm diameter plane-
wave generator (Baratol-Composition B), and a 5.l-cm diameter,

5.l-cm long tetryl pellet,

* Epoxy Resin; Shell Epon 1001; 1 Chemical Company,

Emeryville, CalifornisgsiiieARiercs
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The detonation velocities are listed in Table I and ]
plotted 13 Plgure 1, At densities normally obtainable,
1.80 g/em> (98.0% of crystal density), the detonation veloc-
ity of pure DATB is 7600 m/sec. The detonation Telocity . ;
vari:: linearly with ‘the charge density according to the |
equation ' ﬂ

D « 2480 + 2852 @ (% 25) m/sec. _ (1)

The diameter effect of pure DATB (density of 1.81 g/om3)
was studied by detonating # pyramidal charge of three cylin- :
drical pellets, 2,54~, 1.27- and O0,64-cm diameter, stacked in ’
order of decreasing diametur, On top of the O,64-cm diameter b
pellet wes placed a 1,25-om long truncated conical section {
tapering from 0,64-cm diameter at its base to 0.32«cm diameter E
at the top. Detonation of the pyramidal charge resulted in a
normal velocity with detonation failure ocecurring at a charge E
diameter of 0.53 cm, i.e. within the tapered region. ; ‘

Results obtained with DATB/EPON 1001 (95/5), Table II
and FPigure 1, show that at a given charge density this plastic-
bonded explosive detonates about 150 m/%ec Slower than does v
pure DATB. A tapered section was not used in the DATB/EPON
1001 (95/5) pyramidal charge. Therefore the failure diameter
of this composition was not ascertained. However, its ability . )
to propagate stable detonation up to the end of a 2.54-cm long A
cylindrical pellet, 0,64-cm in diameter, demonstrated that its i
failure diameter is near to that of pure DATB.

The Chaggan-Jogguet Pregsure of DATB

Using a method reported by W, C. Holton3, we have measured
the Chapman-Jouguet pressure of DATB. This method involves
the measurement of the velocity of the shock wave transmitted
into water from the end of a plane-wave-initiated charge; then,
employing an equation of state of water to obtain the pressure at
the water-explosive interface, the Chapman-Jouguet pressure is
inferred. In the experimental arrangement, Figure 2, a charge
15,2-cm long by 5.1-cm diameter, initiated by a Baratol-
Composition B plane-wave generator, was immersed in distilled
water to a depth of 6.4 cm, The bottom end of the charge was
positioned parallel to, and 1.3 cm above, the optical axis of
the smear camera, The shock wave within the water, "back-
lighted" by collimated light from an exploding wire, produced i
a time-resolved shadowgraph, Figure 3. Frcm measurements of :
this photographic trace the detonation pressure of the explosive
is caleculated using the water-shock wave data of Rice and
Walsh®, Their data are represented by the following equation:
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TABLE I

DETONATION VELOCITY OF DATB

Charge | Diameter | Length | Confinement Density | Detonation
* No, (em) (em) (g/em3) Velocit
(m/sec
1w Conical®** 1,250 None 1,816 i
0.64 2.540 " 1.816 7620
1.27 2,644 " 1,815 7620
2.24 7.861 " 1,809 7620
2 5.47 13.40 Glass 0.901 5050
3 B.ng 15.31 Lucite 1.h27 6600
5 A 15.53 mow 1.375 6470
5 L. by 15.26 Aluminum 1,381 6470
6 b uh 15.27 wen 1,285 6130
g .44 15,27 “w..n 1.2 5880
5.08 15,80 None 1.7 7570
9 5.08 20,47 " 1.793 7580

#* Charge 1 was the pyramid charge in four sectiocus.
## Diameter uniformly decreased from 0,64 to 0.32 over 1.25-cm length,
##% FPailure diameter = 0,53 cm.

TABLE 1I
DETONATION VELOCITY OF DATB/EPON 1001 (95/5)

Charge Diameter Length Densi§ Detonation

No, (em) (em) . (g/cm 3, Velocit

: : {m/sec

1+ 0.638 2.545 1.776 7350

0.953 545 1.765 7350

1.267 . 36 1.756 -

1,267 2,629 1,761 7280

2,537 2.573 1.752 400

R SR N B

3 2. 15.67 Tia8 80

* Charge 1 was a pyramid charge in six sections,

3
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U - 1,483 = 25,306 logyo (1 + u/5,190) (2)

where U is the shock velocity and u ia the particle velocity
of the water in m/sec. Thus a measurement of U at the ‘
explosive«water inierface produces a corresponding value of u,
The pressure, P, in the water at this interface is then ob-
talned from the familiar hydrodynamic equation

Pe Uu/Vo (3)

whe:e Vo is the specific volume of mtterial in the unshocked
state,

A A first estimate of Py, the Chapman~Jouguet pressure of
the explosive,is then obta}ned from the approximate relationd
Prae Pyyo Po¥mp0 + (PPl (8)
2KP°U)H20
wanere PFy.n 18 the pressure of the waicr at the explosive-water

interface and (P,D)z is the product of the initial demsity
and detonation velocity of theexplosive,

An fmproved measure of the Chapman-Jouguet pressure is
wade using the following analysis which {8 fully described {n

Appendix A, From the definition of the isentropic exponent,

k= —[idnP | ‘
aln v )S ) (5)
the Chapnan-Jouguet condition, :
| L (R\=_ _B_
<3V) - vo -V, ) (6)

-(tlie term P, has been neglected here since P> B,) and the
" hydrodynamic relation o -

eV L -V,

W o
e N e e
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The quantities V, and D are known; however, k is not known ]
exactly and therefore Py cannot be computed with precision,

A second relationship for Py that also involves k and other
known quantities, derived from application of the Riemann
postulate for an isentropic expansion of the detonation
prgduct: from Fy to the initial pressure transmitted into the
water, is

' ak
Pz P [‘_ (M-DUuo= (k=D ["R-7
'R 2kD '

«“»

(9).

gl

b b ST o R W TR AT A S

Equations {8) and (9) are solved for Py and k by iteration
using first, the approximate value of P; given by (u¥.

The DATB charges were fired each at an initial density of ¥
1.790 £ 0,001 g/em3, yielding the following mean values: 4
1

D = 7585 m/sec 3

j U = 5980 (2 28) m/sec . ;
: u = 2624 m/sec 'g
Pyyo = 157 kb, .

%

From these data the isentroplc exponent, k, 1s computed to be 1
3J0 and the Chapman-Jouguet pressure is_251 kb. This pressure
1s 33% greater than that of INZ(189 kb)6 and only 13% less than ;
that of 65/35 RDX/TNT(290 kb).

e e s
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The Energy of Detonation

3

1

The energy of detonation can be estimated from the assump- 4

tion that on detonation the oxygen in the explosive forms HQO(E), A
CO(g)» and COp(g) in that order. For DATB this reaction 1s i

CeHgNg0p ——v (10)
2.5 Hy0(g) + 3.5 CO(g) + 2.5 Na(g) + 2.5 C(g)
The measured heat of formation of DATB is 29.23 kcal/hble.a

Using available heat-of-formation data for the decomposition
products, the heat of detonation is calculated to be 875 cal/g.

A3t ot Opior e Nl + M g A A
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7V W

. The heat of detonation also can be calculated from the
experimentally determined values of the detonation velocity, ]
the detonatlonsgressure. in isentropic exponent, Thua, as

. shown by Jacobs’and Price®“, the energy of detonation is
Q- _0% (11)
2(k2 - 1}

e LA A SN L i i v b

From this relation it is calculated that Q is 800 cal/g, dif-
fering by 8.7% from the energy calculated from thermal data. ,
For convenience the detonation parameters are assembled in k
g;gle III where they are compared to corresponding values for

2 Famlihanit

i
Sensitivity to Rapidiy-Appljied Shocks g
Evaluation studies were performed on pure DATB, DATB/EPON 1
1001 {95/5), and DATB/BRL 2741* (95/5) using the NOL wedge

testll.” In this test, Figure 4, the explosive, formed into |
. a 25-degree wedge with a maximum thickness of 1,27 om,is sube F
Jected to a plane shock wave delivered by an explosively-driven B
brass plate, Plates of 1.27-, 2,34-, and 3.8l-cm thicknesses
are used in order to vary the shock pressure transmitted into
" the explosive., The shock wave within the metal is formed by ;
the detonation of & 1.27-cm thick Composition B slab, 12,7 em 3

' square, initiated by a 10,8-cm diameter plane-wave generator.
r The shock velocity within the unreacted explosive, as a function
of explosive thickness, and the build-up to the steady deto- |
nation velocity, are inferred from an analysis of the smear- 4
camera photograph of the shock arrivel at the free surface of ;
the wedge (Figure 5, central region). Reflected-light technique ;
is used to record the shock arrival and to measure the shock=- i
wave parameters of the brass plate, |

The results obtained for the bulld-up~to-detonation tests
- on DATB using the three brass thicknesses are shown in PFig- -
ures 6-8, where they are compared to those obtained for !
Composition B, The outstanding feature of these curves is the S
fact that the instantaneous shock velocity within the explosive
rises 10-20% above the normal detonation velocity before
settling down to that value, An example of this velocity .
"overshoot" can be seen in the smear-camera photograph for o5
Shot 1 (Figure 5). In this respect DATB behaves like other 5
Ereased oxelosiven. No cast explosive has exhibited such ag
overshoot” , while pressed explosives characteristically do 2,

ot g Y e oy R e s

® Phenolic resin (Bakelite Corporation, New York City, New York).
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TABLE III

PROPERTIES OF DATB COMPARED TO TNT

€
£
E

P

«

4

Property DATB TNT
Experimental Density (g/cm3) 1.800 1.637
Detonation Velocity (m/sec) 7600 ' 6940
2 i B
Fatlure Diameter (cm) 0.53 1,3(2%)
Detonation Pressure (kb) 251 189(6)
Detonation Energy (cal/g) 800 636
50% Impact Initlation Height (cw) >320 200
Isentropic Exponent, k 3.1 3.17
Plate-Push Value, (ft/sec) 3130 2930
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Another feature shown in Figures 4-6 is that the build-up-to=-
detonation of DATB under this rapid shock-loading is not
significantly different (of er than the "overshoot") from

that of cast Composition Bii, Thus the sensitivity of DATB

to mechanical shocks 18 strongly dependent on the rate of
shock-loading; when applied slowly, as in the impact-hammer
machine, DATB is very insensitive tthe 50% initiation point
exceeds 320 e¢m, while §or TNT it ts 200 ¢m and for Compo=-
sition B 1t 18 60 cm)1 . When the shock 18 applied rapidly,
as in the wedge test, the sensitivity of DATB is comparable to
that of cast Composition B (TNT fails completelx to build=up
to normal detonation velocity in the wedge testll),

The NOL wedge test was designed to permit for each shot
& determination of one point on the Hugoniot curve for the
unreacted explosive, Analysis of the upper region of Figure 3
yields the free-surface velocity and the shock velocity of
the brass at its free surface, and thus, by equation (3),
the pressure in the brass at the brass, explosive-wedge inter-
face (assuming that the particle velocity of the brass is one
half its free-surface velocity). An equation analogous to
equation (4) then produces the pressure within the unreacted
explosive at the same interface. If its compression, V/V
(where Vo and V are reapectively, the specific volume of ghe
explosive before and after being shocked), is calculated for
the same state, then the point ou the Hugoniot curve will have
been determined., The compression is calculated from the con-
tinuity equation for the explosive .

U-=-u (12)

using equation (3) to obtain tue particle velocity, u, of the
unreacted explosive, In this manner three points on the
Hugoniot curve for the unreacted explosive have' been determined
for pressures of approximately 75, 85, and 100 kb, The exact
values, as well as the other parameters derived from the wedge
test are tabulated in Table IV and Table V.

A few explanatory remarks on the data in Table IV are
appropriate. The final, or steady value of the instantaneous
velocity, D, should be identicasl with the normal detonation’
velocity. The observed deviations from this value are merely
the result of the difficulties of making a precision velocity
measurement by this method. The smallest tilt, or non-planarity
of the wave as 1t emerges from the explosive wedge would alter
the value of D. Thus the measurement of D, while wot good
enough for a determination of a precise detonation velocity,
serves as a useful measure of the normal, plane-wave propagation
assumption of the wedge test,
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| FIG. 9 INSTANTANEOUS SHOCK VELOCITIES IN
e DATB/BRL 2741 (95/5), FOR 1.27-CM THICK BRASS
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The fact that the shock within the explosive wedge does
not move always at 1its normal detonation velocity means that
the shock (or detonation) wave 1is "delayed" in reaching a
given depth in the explosive, The "delay time" is defined as
the difference in time of arrival of the wave within the explo-
sive between 1ta actual time of arrival and the time it would
have arrived had it moved always at its steady detonation
veloeity:

Delay time = (time-of-arrival) - (time-of-arrival), (13)
"observed" "steady shock"

(Of course, these times of arrival are calculated for some

point beyond that where the steady velocity has been attained).
The fact that velocity "overshoots" occur, produces the pos-
sibility that negative "delays" could be obtained, i.e., the
shock could arrive even before it would have, had it travelled at
1{ts steady velocity at all times. Thus Shot 1 (with a 1.27=-cm
thick brass plate) exhibitsa delay time of only 0,07 microsec

as contrasted with 0,20-0,30 microsec for the other five shots,

Wedze tests also were run for plastic-bonded DATB/BRL 2741
(95/5) and DATB/EPON 1001 (95/5), With DATB/BRL 2741 (95/5),
build-up to detonation (Figure 95 was obtained with & wedge
shocked by 1.27-cm thick brass, But when 2,54-cm thick brass
was used, the plastic-bonded explosive faziled to bulld-up to
detonation, even though the pressure developed within the
explosive was 82 kb, Build-up to detonation was obtained with
EQTE/EPON 1001 (95/5) in the 2,54-cm thick brass plate wedge

st.

Plate-Push Tests

. The NOL plate-push test measures the ability of a 5.4-om
diameter by 6,.3-cm long cylinder of explosive to project a
5.4-cm diameter steel diac (200 g) from a small expendable
1.25=cm thick steel mortar. The velocity imparted to the disec,
in ft/sec, is the "plate-push" value of the explosive, Pure
DATB gives a value of 3130 ft/sec and is thus intermediate to
INT (2930) and Composifion B (3320).

Conclusions

1. At normal densities (1,78-1.80 g/bm3) the detonation

_velocity of DATB is about 7600 m/sec, or more exactly, its
velocity is represented by

Da 2}&89 + ?,852? (m/sec).
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At a density equal to the crystal density of THT (1.654 g/cwm3),
charges of DATB have a detonation velocity of 7200 m/sec, or
200 m/sec greater than that of TNT of the same dansity.

2. The sensitivity of DATB to rapidly applied, large-
amplitude shocks (as in the wedge test) is comparable to that
of cast Composition B, This contrasts strongly to its behavior
under slowly applied, low-amplitude shocks (as in the drop-
g;;ner impact test), where it is much less sensitive than even

3. The shock sensitivity of DATB is markedly reduced even
for rapidly applied, large-amplitude shocks by the addition of
only 5% of certain plastic binders.

4, 1In the wedge test (and presumably for mechanical impacts
of a similar nature? the velocity of the shock wave pasaing
through DATB starts at 4500-5000 m/sec and accelerates to a

value exceeding the normal detonation velocity before finally
settling back to normal detonation velocity. In this regard,
DATB behaves similarly to other greaood explosives, which also
exhibit this velocity "overshoot”,

S5« The small fallure diameter of DATB, 0,53 ocm, appears
surprising-at first glance, Its very large impact-hammer 50%
height would lead one to expect a much larger failure dtamto{4
say something comparadble to the 1l.3-cm diameter found for TNTLH,
However, our wedge tests indicate that for high pressurs,
rapidly applied shocks (such as it might also receive from its
own detonation) the sensitivity of DATB is compsrable to that of
Composition B, The small failure diameter lends further support
to conclusion 2 above, !gnco the failure diawmeter of Compositiou B
is approximately 0.4 cmiso,

6. Using water as a calibrated manometer, the measured
Chapman-Jouguet pressure of DATB was found to be 251 kb, thus
exceeding that of TNT by about 33% (considering each explosive
at its normally obtainabl> charge density).

T. The isentropic e¢xponent, k, of the product gases at
the detonation front is calculated to be 3.10.

8. With this value of k, the ene of detonation of DATB
18 calculated from equation (11) to be cal/g, or some 9%
less than the value of 875 cal/g obtained from its measured
heat of formation,

9. The plate-push value for DATB is 3130 ft/sec, about
6% higher than that of INT,
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APPENDIX A (U)

Determination of the Chapman-Jouguet Pressure
and the Isentropic Exponent of Detonation
Produsts from Transmitted Shocks

The Chapman-Jouguet pressure of an explosive can be deter-
mined froa measurements wmade on the shock wave its detonation
transmits into material placed at the end of the charge. This
method requires an acourate caiibration of the equation of
state of this inert materiai: water is one of the moat conven-
fent of such materials, its equation of state having been the
subject of intensive study in recent years., Ve have chosen
the data of Walsh and Rice for this purpose.

In this method a cylindrical explosive charge is immersed
in water, 1ts upper end protruding above the surface, Initiated
by a plane-wave generator, the detonation wave strikes the water
at normal incidence, and the resulting shock in the water is
recorded (by back-lighting) using a rotating-airror smear camera.
A careful analysis of the resulting photograph yields the shock
velocity within the water, at the original water-explosive
interface, at the inatant the shock crosses this interface,

The published equation of state then produces from this number,
the pressure and particle veloclity of the water at the same
point. From these values the Chapman-Jouguet pressure of the
explosive and the isentropic exponent of its detonation products
can be calculated by means of the equations about to be derived,

It is assumed that the usual conservation equations apply
across the interface, and that all processes are performed
adisbatically. After the detonation wave arrives at the explosive-
inert interface a shock is transmitted into the inert material
and & shock or a rarefaction (depending on shock impedance con-
ditions) 18 reflected back into the explosive products. Between
these two shock fronts (one of which might ve a rarefaction, as
Just stated) it is assumed that the pressures and the particle
velocities in both media are equal. In the following analysis
a square-step shock across the interface is assumed, By consid-
ering the conditions at the interface at the time when the shock
has barely penetrated into the inert material, i.e, at the
extrapolated point where the thickness of the inert material
vanishes, the errors introduced by this assumption are considered

to be negligible.
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1 X3

B,(f.b),E
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P ! b Isentropic expansion of
. explosion products from

(Py to Py,

P
'\_:;2 (Q.L‘ )“10

0 u

Pressure-velocity diagram, .

If uy is the particle velocity of the product gases at the
C-J plane of a one-dimensional detonation wave, then the par-
ticle velocity of the product gases can be cbtained from

the Riemann relation

(]
T -f %df . (14)

Thus a solution of this integral will give a value for us, which
by the continuity assumption is also the particle velocity in
the shocked water, Conversely, then, if u, can be determined by
independent means, uj) can be calculated, permitting a deterain-
ation of the C-J pressure. An expression will now be derived
for the right hand side of equation (14) which by further manip-
ulation will provide an equaticn for the C-J pressure of the
explosive in terma of the particle velocity and pressure of the
water at the interface. This equation contains another unknown,
k, the isentropic exponent for the product gases, Solution of
this equation is then obtained by the simultaneous use of another
equation containing k, the C-J pressure, and the (known, or
{ndependently measured) detonation velocity.
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The velocity of sound, ¢, in the product gases 1is defined
by the relation

P P '
1. Y= = o . (15)
=V v )s ( ae)s ’
and thus at the detonation fronot
2 yaf. P
=V s’ (26)

Again for the product gases,
P P
CIREEEE
S

3‘4 V.‘ V.
80 that
i 2 'P‘ 3 (17)
V.’* Yo =V,
and since
D'Lz V: P\
VQ- V‘
one obtaina
- Vo - fl . '
D=—=¢ = ¢, (18)

ViR,

From the isentropic equation of state for the product gases

PVk = R (19)
one obtains from its definition,
cr: kPV, = LPL (20)
or
(A A\"fn“ j ' (21)

where A and kL are constants.

4 bl 5 S, o
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Since
P,= Dug, , (22)

substitution of equation (18) for D, and combining the result
with equation (20) one gets

- c‘ '
k: 3 (23)
From the Chapman-Jouguet assumption,

D= u+ ¢, (24)
we therefore have

W,z D/(Rer) (25)
and

¢, = kD), (26)

Equation (21) permits a substitution of Cy into the right-
hand member of equation (14), making possible %ta integration,
with the result

ez (10 ), (27)

where, it is recalled, subscript 2 refers to the state within
the product gases behind the C-J plane, Simple substitutions
for u, and the sound velocities now produce the desired relation
for the C-J pressure, From equation (21)

c ?: "y
Y A CERA N
()" =

and the isentropic law
'
£ (P)E 2
e‘-( P.) . (29)
it follows that ket
5;=(.?.=. e
C, P‘
and thus
2 Py A
o= 2l (3)® ]
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' Substituting for uy and C; their values in equations (25) and :
(26), one gets finally for the Chapman-Jouguet pressure, .
2 ‘ifUl |
[ | - (k-\\Qulo'(k-‘)D -1 (32)
'TORp 2D

(Pﬂa° and Ug,0 have been substituted for P; and uy; by working

our assumption of continuity of pressure and particle veloeity
across the interface).

A second equation in P} and k is needed to solve equation
(32). This 1is obtained by substituting the value of uj from

equation (25) into equation (22), ylelding the relation

g 8
P - .D .
No simple, explicit solution is obtained for Py and k, and the
‘ solution is therefore obtained by iteration. %hia proceas is
speeded by use of equation (4),
| Pap  @Wuot@De
: § ™~ "10
l(etu)“lo

to produce a close, first estimate for Py which then is applied
to equation (33), ete.
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