Available online www.jocpr.com

Jour nal of Chemical and Phar maceutical Research, 2014, 6(8):80-85

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Coherency for thecritical condition of DDT and SDT in energetic materials
Guoping Jiang and Xiao Sanxia

School of Engineering, 2011 High Performance Concrete Coordination Center in Fujian Province, Fujian Jiangxia
University, Fuzhou, Fujian, China

ABSTRACT

With safety issues playing a dominant role in present-day energetic materials technology, concern is increasing
about the relative safety of solid high explosives shocked initiation(SDT) and deflagration to detonation transition
(DDT). The critical conditions and parameters have been measured about SDT and DDT, the results indicate that
existence coherency apparently between the critical initiation of SDT and DDT in this paper. Some of the results
such as the increase velocity of combustion peak, the highest scope and the movement velocity in SDT indicated its
existence.
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INTRODUCTION

With the development of the rocket's boosting tegbgy, propellant in the ratio of explosive is iaased to

enhance the boosting efficiency which makes thdingisish between the solid explosive and propellant

disappearing. So they are called generally highgatieally dense materials or energetic materiafldyration and
detonation are two important properties for enécgeiaterials. Consideration for reliability, theeszgetic materials
should detonate reliably when it is used for wadhaad deflagrate reliably when it is used for ptigwe Concern
the relative safety of energetic materials, it $lawt detonate when production, transportatiowytsige, or even
ignition by accident. So the investigation of thegerties, mechanism, critical condition and thoddtvalue of the
shock to detonation transition (SDT) [1-3]. andlagfation to detonation transition (DDT) [4],arepartant to
design, production and application.

For the study of the safety of energetic materiaest of the past research methods are only fopthblems of
SDT of high explosives and DDT of the solid propetk. Since the increasing of the energy densithénsolid
propellant, the difference is decreasing betweerettplosive and solid propellant. So the studydT $or the solid
propellant is needed. Of interest here is deterimnawhether existence the coherency between titeatr
conditions of SDT and DDT or not as far as the s&ind of energetic materials are concerned. Sosthdy of
these problems are important to gain knowledgeigtence the coherency or not for two types of esipes and
two types of solid propellants. In this paper, tdioensional SDT experiments [5-6]. and DDT experitaef thin
wall copper have been carried out [7-8]. The ailtimonditions and parameters have been measured b3 and
DDT, the results indicate that existence coherepparently between the critical initiation of SDAdeDDT.
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EXPERIMENTAL SECTION

In this experiments, the loading fashion of two-dimsional SDT experiments employed small scale gsip 10g
TNT as donor explosive charge is pressed to 20.tmmeter and density is 1.60 g/cm3, and coppemngagerial is
20.0mm diameter. The properties of this loadincghif@s device can be sequentially adjusted by vartimg
thickness L of the copper to change the outputspiresof the bottom-end face of copper gap. The ureas the
pressure employed the manganin-constantan compd$itd.agrange sensors. Shock initiation experimératse
been carried out for two solid explosives(Fig 1).

The particular gauge assembly was similar to teatdbed previously in our last publication [8-10]

The DDT experiments employed two different diametef thin wall copper pipes, one with outer andeinn
diameters are 30mm and 26mm, respectively. Ther otlith outer and inner diameters are 24mm and 20mm,
respectively. The thickness for both of the walpger pipes is 2mm. The measure of the velocity eyga the
ionized probe. Since an impacting debulk area éled no deflagration or detonation area) existthathin wall
copper pipe DDT experiment, the pressure gauges embedded in this region will not affect the DDbgess
apparently. Therefore, the formation of the shockvevand the circle detonation after the shock cbartg
detonation can be recorded. Shock initiation drpemnts have been carried out for Pressed TNT. @al i to
investigated the shock wave extinguished in thegeeé TNT . The schematic diagram of experimentsh@wvn in
Figurel.
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Fig 1. Experimental set-up for small scale gap test

RESULTS

The experiments of SDT measured the process dafritieal initiating of that two solid explosives 1EE2) and two
solid propellants (P1, P2). For the two explosi{el, E2) and solid propellants (P1, P2) appliethia paper, E1 is
95% RDX with p0=1.70+0.02g/cm3 , E2 is 95% HMX witp0=1.70+0.02g/cm3, P1 is 55% RDX with
p0=1.68+0.02g/cm3, and P2 is 55% HMX wijifi=1.70+0.02g/cm3. Both the E1 and E1 explosivesiader press
charge and both the P1 and P1 propellants are uwgdset charge. Specimenl. E1 (97%RDX, press
p0=1.7040.02g/cm3)

Specimen 2. E2 (94%HMX, pres8=1.70+0.02g/cm3)

Specimen 3. P1 (60%RDX, caf=1.68+0.02g/cm3)
Specimen 4. P2 (60%RDX, ca®=1.70+0.02g/cm3)
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Table 1. Theresults of shock initiation experiments

Aunexploded Xexploded
Lmm) | 100 s.04| 7.08 60 | 40| 20/ o
specimen 6.5
1.(E1) AA A A [ XXX
2. (E2 A | A | A AX
3.(P1 A NN
4.(P2) A A

Type of manganin-constantan composite 2-D Lagrasyesor is adopted in the experiment (Figure 2briEate
process of multilayer integrate circuit is adoptedthe sensors, precision of superposition betveeenwall foil
and manganin foil is less than 0.005mm.

Planar graph

Leads Manganin-constantan gauge Leads

Figure 2 The I type of manganin-constantan composite 2-D L agrange sensorsar e used in the experiments

The signals can be obtained by the oscillograpltlvbhanged to the pressure by using the formula:

p = 027+ 34458 4 107(2R)? 1)
R, R,

There are two mixture model for the SDT which canused. Firstly, we can suppose the volume betileen
reacted explosive and the unreacted explosivegueal. The other is the single-temperature modéttwbuppose
the pressure between the reacted explosive andutiieacted explosive are equal. Here, The sirgtesérature
models as mixture laws used in the shock initiatidrich assumed that the pressures and temperdtetwsen the
reacted explosives and un-reacted explosives aral.efhe reaction rate . And the relative specifitumes are
additive, i.e.

m=h=h ()
T, =T, =T, 3)
V, = (L=F)v, + Fy, (4)
6, =(-F)e +Fe, (5)

Where subscript m is the mixed state, subscrigt the un-reacted state, subscript g is the reasttad,F is the
reaction rate.

The Ignition and Growth reactive flow of shock iaiton and detonation of solid explosives has hieearporated
into several hydro dynamic computer codes and usedolve many explosive and propellant safety and
performance problems.

% =10-F)* (2 -1-2)* +G,(1I- F)°F*P +G,(1- F)*F °P* ©)
o

Where F is the fraction reacted, t is tirr'@,is the current densityf)O is the initial density, and I, G1, G2, a, b, c, d,
e, g, X, y, and z are constants. Similarly to aevipus study of shock initiation [10].
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For the experiments, we can easily compare thévelaensitivity of the four energetic materialsigéhmentioned
above to a more sensitive explosive E1 and indeediigh explosive P2 at their ambient conditiofbe shock
initiation thickness of explosive E1, E2, P1 andaP@ about 7mm, 6mm, 1mm and less than 1mm, régelgcthe

initial pressure of explosive E1, E2, P1 and P2 abeut 2.8GPa, 2.9GPa, 5.4GPa and more than 5.4GPa,
respectively.

With the experiment, we can see that

1. The average front shock velocity of shock initiatiand extinction for the same initial pressurdlissfrated in

this paper, which shows the average front shockcitgi of shock initiation higher than the averagent shock
velocity of extinction.

2. In the process of extinction, the average frontkhelocity of explosive P1 and P2 are higher ttlenaverage
front shock velocity of E1 and E2 for the sameiahipressure.

3. The distance from combustion wave crest to thelsfimnt of E1 is less than E2, the reason why theck

initiation sensitivity of E1 is higher than E2.

4. The pressure attenuation distance to , which ocaies the shock initiation of the four energetiatarials, it is
apparently longer than the attenuation distandeest materials. It shows that there have parttieatake place in
the extinction process.

DDT experiments measured the critical initiatiomgass of two explosives and two propellants whigntioned
above. Figure 3 shows the typical experiment resiior the DDT pipe experiments, we gain the lengthich
occurs just in the low velocity deflagration arbagh velocity deflagration area and impacting dkkarea, and the
distance (Ld) of transition to detonation. For tim@exploded experiments, the density distributionenérgetic
materials, which stay in the recycle pipe, is seahioy CT scanning.

Figure 3. The DDT pipe experiment results of specimen 3 (P1)

With the experiment, we can also see that

1. The measure effect for the process of DDT, whicc@lthe gauge in the impacting area, is minimune Th
experiments indicate that the key point of DDT gttowr extinction is the impacting area. The impagtarea can
prevent the deflagration wave from passing; only thee compressed wave and shock wave through, eso th
determination whether the downstream energetic nafgeletonate or not is a process of shock indtiat

2. The apparently property of energetic materialsadfggmed by thin wall DDT pipes. The results of BT
process are varied the ignition strength and chdegesity. For individual experiments, we can chegerceive that
the ignition area, low velocity deflagration arédgh velocity deflagration area, impacting debutkaand the
detonation transition area. For the rest experiménis hard to divide the ignition area, low vaty deflagration
area, high velocity deflagration area. But the iotjpey debulk area is existence apparently, onlyesofrthem were
destroyed by circle detonation.

3. For the DDT pipes experiments of detonation trémsitit seems to be a characteristic length inittygacting
debulk area. For the type of A, the characterigtiabout 50mm, for B is about 70mm. we should maksep
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forward study to determination whether existence tharacteristic length, which have something towgiin
energetic material, charge density, pipe diametert package, etc.

4. For the DDT pipes experiments of unexploded traorsithe impacting debulk is recycled, and somegeie
materials which were measured is still conservedmetely and pressed solid apparently which camdriied by
CT scanning. So the front density is apparentlgéighan the behind density.

5. It is very non-steady for the DDT process of caticondition. Though control the experimental caindi
strictly, the result is still very different. Sonoé them were smashed completely, and some of there vecycled
for full. So the further study of this property ighether it is the inherent property of the DDT meg or it is
controlled by other unknown parameters.

CONCLUSION

1. In this paper, we employed the 2-D small scale gage (020mm) (for short: 2-D SDT experiment). It can
determine the critical condition of shock initiati@nd sort of the SDT hazard of different energetaterials is
varied the critical gap thickness, in addition taingthe flow feather, as critical initiating pressuthe shock
velocity, the range and position of deflagrationvevacrest after the shock wave, growth or attennatibshock
velocity, etc, around the initiation thresholds. t8e SDT hazard can be subdivided shock hazarccamdustive
hazard.

2. The DDT critical condition of energetic materialdetermined by thin wall copper pipe teg[z(omm), and
sort of the DDT hazard of different energetic mialeris varied the critical gap thickness, in aidditto gain the
length, as low velocity deflagration area, highoeitly deflagration area, impacting debulk area eam measure the
form process of pressure in the impacting debutiaa®o the DDT hazard can be subdivided combulstizard and
shock hazard.

3. From the subdivide of SDT hazard and DDT hazardcare clearly find the coherency for both, theytalle
the shock hazard. The last stage of DDT procedstraiisfer the SDT process at last. Since the itpg@ebulk
separate the combustion wave and the shock wane ford set off the rear energetic materials.

4. The study of experiment indicate that the SDT gmityi of E1 is the highest, E2, P1 and P2 in semee But
they have the same sequence in the DDT sensitidtigough such rules cannot be generalized toigh lenergetic
materials, it is obvious that a relationship existéveen SDT and DDT sensitivity.

5. The relationship between the deflagration hazar8DT and the combustion hazard in DDT is criticakhis
study. Some of the results such as the increaseityelof combustion peak, the highest scope andrtbeement
velocity in SDT indicated its existence.

The phenomenon indicate that there is certain evpatt relationship, then the growth velocity, tlighest range
and of combustion peak in the SDT.

6. The two-dimensional SDT experiments of the enecgeiaterials are easy to operate, control, and tepita
enough information. Such method is suitable to mesathe relative SDT and DDT sensitivity for diet energetic
materials.
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