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FI1lAL REPORT

ON THE

STUDY OF THE DYNAMICS OF EXPLOSIONS IN FUEL-AIR MIXTURES

KESEARCH PROGRAM SUPPORTED BY GRANT NO. AF-75-2772

October 1, 1976 - September 30, 1977

introducti on

The primary purpose of this research program was the acquisition

cf 'knowledge on unconfined explosions generated by fuel-air mixtures.

This was deeiied of interest to the Air Force both for reasons of safety

associated ;:ith proper handling of fuels, as well as to Drovide the

required scientific background for the design of novel explosive devices

that would be capable of furnishing means for the destruction of the

4ntended tccrget without inflicting undue damage to the surroundings.

2ecifically, upon the recognition of the fact that, in principle,

explosions dre generated by exothermic processes, the program of research

.uiis dire,-tea to provide fundamental information on the interrelationship
")etween hicn rate reactions associated with heat release and the non-steady

casdynamic phenomena tfiey produce. This lead to the following

accompliishinents: (1) the identification of prominent physical and

,heinical parpmeters governing explosion processes in fuel-air mixtures,

(,e the GeveloDment o. computational models to analyze the initiation

""echanisn, and (3) the establishment of criteria for explosive ignition.

In this connction, experiments ware performed in shock tubes and explosion

vessels, using appropriate hydrocarbon-oxygen mixtures. The gasdynamic

phenomena cf the non-steady flow fields under investigation were observed

Ly means of :iigh-speed schlieren and interferometer techniques, using

oulsed ruby laser as a light source, in an optical system producing cinema-

tographic records at a frequency of 500,000 frames per sechrid.



)rcqress

'n the experimental phase, a study on the effect of hvdrouen on
merane oxidation was completed. Experiments were performed in a shock
tuLe, 'jsira the reflected shock technique. ;jnition processes were

o'DS. rvcd by means of cinematograDhic laser schlieren and cinematographic

.aser-snear .nterferometry. Induction times and strong ignition limits
were detar;-lned or, the basis of wave front trajectories in the time-snace
domain, deou'ed From pressure records.

lest mixtures included two methane-oxygen mixtures, seven methane-
hydrogen- xygen mixtures and two hydrogen-oxygen mixtures all diluted by
90" argon, initial conditions of the experimental runs were in the ranae
of 30)C'K - 2500 0K in temperature and 1.4 atm - 3.0 atm in pressure.
-he r.sults are so far publ ished in the form of a Ph. D. thesis (1)

- the analytical obhFse, self-similar solutions were obtained
'c- , last ;.aves with transport properties , and for explosion waves of
,a-i.able e.nergy at the front (3), as well as 'or a class of -,on-self-similar(4)
wavws 4n real oases

.rn the omputational phase, detailed results on the structure of
:.act .-aves -en-rated by exploding clouds were published in1 the form of
a oaper oresenzed at the XI Shock Tube Symposium (5)

ýs a useful by-product. our program supported the development of
an uitra-nigh-frequency (100 - 500 M,!Hz) semi--conductor pressure transducer,

ihich was realized by incorporating a thin layer (1.2 um) of a piezoelectric
.i1m (ZnO) into a field-effect (1OS) transistor (6)

DT10

rtopy.jm',narvy

Jew knowledge gained by our research effort is concerned primarnly
wth progress in the understanding of explosion waves in gaseous media andtneir contr.rl. In essence, on the tasis of an experimental study conducted

)ver the period of October 1, 1976 to September 30, 1977, we were able to [
provide rational basis for the asses-ment of the influence of hydrogen on
the explosicn of methane, while, as a consequence of our analytical -

investigations, we elucidated a number of processes and properties affecting the-
the structure of blast waves; prominent among them were those of transport

leaphenomena, cf the power level at which energy can be deposited at the front, r
and of real gas effects. Moreover, we solved by numerical analysis, usingIINANNKMNI. 11 [_
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our CLOUD CODE, the problem of the structure of blast waves generated by

eýxploding clouds, demonstrating that the question whether the cloud was

consumed by detonation or deflagration is irrelevant provided that the

burninq spe2d is high enough (of an order of 30 m/sec) and one is

interested in the destructive effects at least five cloud radii away

from the i.-•ition source.
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