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g‘ In many experiments done with explosives it is necessary o rapidly
g: heat the explosive. The cormon technigue is to introduce the heat by

Foe conduction. These experiments are difficult to treat theoretically

B because it's not at all clear what the temperature is at a small fraction
- of a second after the start of heat conduction. As a result interest

is found in the rapid body heating of <xplosives where larce thermal

gradients can be avoided. The most obvious applicable technique is to

use dielectric heating. <

Before proceeding one would like to know what heating ratcs can
be achieved placing no limit on the available power. In calculating

R this quantity ore can argue in terms of a complex dielectric constant
?‘:‘ cr an idea! condenser shunted by & resistor. Although the two approaches
' &Q\é are essentially the same, the latter was used since it is more acceptable
A in the electronics laboratory.

a7 For the resistor and lossless condenser in parallel the complex
impedance is

")L = RX_ —R2x5

2 0‘
L5 and R is the ratio of appiied voltage to the current component in phase
s with the voltage.
0
S0 This gives a phase angle &
PR
poris] , .
‘,__} 2) Tan §§ = - R, i.e. current leading

e X
‘;f% <
i For the average power P
fot
P
S 3) P = V2R
.'3_ or
‘7_’»: 4) P = A
.4_-';,\ o T
e A ian g
Ers €
A:, Using MKS units and assuming & uniform field in the zucallel platc
2 condenser, the capacitive reactance is
5) XC = &
27 2, R‘\"s

where d is plate separation, A plate arec, b\ reiative cielectcic constant,
- frecuency and electric permitivity.

Using the maximum voltage that can be applied across the exnlosive
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and introducing dielectric strength E.

6)\/ max = Ed =/§-§_ \{'

Combining aquations 4, S and 6

7 P =TrehE § v

Tan ¥
where U is the volume Ad in meters>.
Making use of the heat equetion expressed in Joules
8) H=10° Y SAT T

density § in gm/cm3, specific heat s in cal/gmoC, temperature AN
in OC and J Joules/cal.

Bquating PE energy, frem eq. 7 to eq. 8 and solving for the rate of
change of temperature

9) & =T™Se RE
107 £5 Tany

10) AT =6.6x10-18 k& g2
-+ §FS Tan g

In dielectric heating the loss angle-6- is used where-8- is the compliment
oft« . Then

1 AT =6.6x10 8 R
-+ g5 ) _
In condenser work where low losses are reaiized the dissipation factor,
Tan -8-, 1is repiaced by ithe power factor.

Some electrical measvrements have been made on Comp B at low
frequgneies ard room temperature. Some of the data below are from this
work. The followirg values were used in equation 11.

For Conp B -

r~

> = .3 cel/gm °C

Yook

¥r. %emund E. Walbrecht of the Explosives Research Section, BeP Lab, FRL
icatinny drsrnal.
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e R=3

i% E = 8 x 10° volts/meter

:A £ =50 x 10° cycles/sec

fi" Tan-6- = 4.5 x 107

, P -2 g/

b

eﬁ' Computing then AT = 47000C/§ec. %his is the most rapid rate of heating
T

3, that can be achieved in Comp B at 50 megacycles per second no matter how

9? merch power is available. Additional power permits larger masses of explosive

‘o &
I

to be heated at this rate. Of course attempts to heat more rapidly by
applying larger voltages will result in dielectric breakdown. Nevertheless
higher rates can be achieved by using higher frequencies. However, to go
appreciably above 50 mc/sec may introduce additional difficulties in circuit
design and construction.
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The power per unit volume is obtained from eq. 7 or eq. 8.

7)&3@ =JQZEAG&E2 Tan -6-, watt/cm3 = 12¥Qﬂ/cm3
VL lO9
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Then for one gram of Comp B the power required for maximum heating rate
is 4 kilowatts.

o
i

Since the paraieters used in the calculation are frequency and temper-
ature dependent these results are approximate and subject to revision.

% |

In conclusion the calculated heating rates and power requirements

£ suggest that this technique has valuable applications in the explosives

i laboratory. The most apparent application is to the determination of

44 induction time as a function of temperature for the short times. Presently
induction times much below % second are in considerable doubt.

2

B With dielectric heating a temperature stop can be applied to the

P sample. Thermocouples for measurirg sample temperature need not have

‘;ﬁg a response of the order of the temperature rise time of the sample because
B the plateau would fall off very slowly. However, in the case of explosives,
N thermocouples must be fast enough to permit the measurement to be made before
o detonation occurs. Since the heat is generated uniformly through the volume

-

N,
o e 2

of the sample thermal gradients arise from heat loss only. this effect can
be minimized by a suitable choice of environment. [n order to prevent
electrical breexdown the surrounding rust have greater dielectric strength
,@; {more properly dielectric strength times path length) than the sample.

5 ] From both considerations, an evacuated container with internally reflecting
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