L]

AD-A955 766

I UNCLASSIFIED . .

o C THIS PAGE TP el
SECURITY CLASSIFICATION OF -‘Fntered)L

eT FLE GuPs

REPORT DOCUMENTATION PAGE

READ INSTRUCTIONS
BEFORE COMPLETING FORM

L

T_”ae“iy&una::ik. 8 9 - rmTz GOVT ACCESSION NO..‘

3. RECIPIENT’S CATALOS NUMBER

4. TITLE (and Subtitle)

DYNAMICS OF EXPLOSIONS IN FUEL~-AlR MIXTURES

5. TYPE OF REPORT & PERIOD COVERED

FINAL
1 0ct 76 - 30 Sep 77

6. PERFORMING OIG. REPORT NUMBER

7. AUTHQR!s)

A ~ OPPENHEIM

8. CONTRACT QR GRANT HUMBER(S)

F49620-77-C-0001

5. FERFORMING ORGANIZATION NAME AND ADDRESS
UNIVERSITY OF CALIFORNIA, BERKELEY
COLLEGE OF ENGINEERING

BERARELEY, CALIFORNIA 94720

10. PROGRAM ELEMENT. PROJECT, TASK
AREA & WORK UNIT NUMBERS

230842
61102F

11, ZDNTROLLING OFFICE NAME ANC ADDRESS
AIR FORCE OFFICE OF SCIENTIFIC RESEARCH/NA

BLDG 410
B0LLING AIR FORCE BASE, D T 20332

12. REPORT DATE
1977

137 NUMBER OF PAGES
3

14 MONITORING AGENCY NAME & ADDRESS(it different from Jontroiling Olfice)

-
”n

E. SECURITY CLASS. 7of this report)

UNCLASSIFIED

DECL ASSIFICATION- QOWNGRADING
SCHREDULE

15a.

16. NSTRIBUTION STATEMENT ‘ot this Reporr)

Approved fcr publie release;
distribtutionunlimited.

17. 2UASTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

‘8. SUPPLEMENTARY NOTES

‘9. X EY WORDS (Continue on reverse side if necessary and tdentify by block numoer)

20. ABSTRACT /Continue on reverss side if necesaary and i1dentify by block number)

‘g0 01 04 184

DD EDITION OF 1 NOV 6315 OBSOLETE

Vi 1473

UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (#When Data Entered)

\

- m———

-y e

- -



FINAL REPQRT
ON THE

STUDY OF THE DYNAMICS OF EXPLOSIONS IN FUEL-AIR MIXTURES
RESEARCH PROGRAM SUPPORTED BY GRANT NO. AF-75-2772

October 1, 1976 - September 30, 1977

introduction

The primary purpose of this research program was the acquisition
ot knowledge on unconfined explosions generated by fuel-air mixtures.
This was deened of interest to the Air Force both for reasons of safety
associated with proper handling of fuels, as well as to provide the
required scientific background for the design of novel explosive devices
that would be capable of furnishing means for the destruction of the
‘ntended target without inflicting undue damage to the surroundings.

csecifically, upon the recognition of the fact that, in principle,
axplosions are generated by exothermmic processes, the program of research
as directea to provide fundamental information on the interrelationship
hetweer nhizn rate reactions associated with heat release and the non-steady
casdynamic phenomena they produce. This lead to the following
accompiishinents: {1) the identification of prominent physical and
chemical parameters governing explosion processes in fuel-air mixtures,
f¢Y *he gevelopment of computational model; to analyze the initiation
w~achanisn, and (3) the estahlishment of criteria for explosive ignition.
In this connaction, experiments ware performed in shock tubes and explosion
vessels, usiag appropriate hydrocarbon-oxygen mixtures. The gasdynamic
phenomena ¢f the non-steady flow fields under investigation were observed
Ly nieans of nigh-speed schlieren and interferometer techniques, using
oulsed ruby laser as a light source, in an optical system producing cinema-
tograghic records at a frequency of 500,000 frames per second,




Jreqress

‘n the experimental phase, a study on the effect of hvdroaen on
methane oxidaticn was completed. Experiments were performed in a shock
tube, using the reflected shock technigue. Ijnition processes were
ods. rved by means of cinematographic laser schlieren and cinematographic
tzcer-snear interferometry. Induction times and strong ignition limits
were detzrimined on the basis of wave front trajectories ir the time-space
domain, dezured from pressdre records. ’

iest mixtures included two methane-oxygen mixtures, seven methane-
nydrogan- - xygen mixtures and two hydrogen-oxygen mix:iures all diluted by
20% argon. {nitial conditions of the experimental runs were in the ranage
of 302%K - 25009K in cemperature and 1.4 atm - 3.0 atm in pressure.

The rosults are so far published in the form of a Ph. D. thesis (1).

+ the analytical ohase, ceif-simiiar solutions were obtained
‘o blast vaves with transport properties (2), and for explosion waves of
7a~ieble wnerqgy at the front (3), as well as “or a class of non-self-cimilar
waves ir real gases (4).

irn the .omputational phase, detailed results on the structure of
niast waves renerated by exploding clouds were published in the form of
& daper niresanted at the XI Shock Tube Symposium (5).

35 a useful by-product. our program supported “he development of
an uttra-nich-frequency (100 - 300 M4z) semi-conductor pressure transducer,
Which was realized by incorporating a thin layer (1.2 um) of a piezoelectric
“i1m (Zn0) 3nto a field-effect (i0S) transistor (6).
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sumniary :

.iew knowledge gained by our research effort is concerned primarily
with proaress in the understanding of explosion waves in gaseous media and

aver the period of October 1, 12795 to September 30, 1977, we were able to
orovide rational basis for the asses=ment of the influence of hydrogen on

epaspE—
their contrrl,  In essence, on the tasis of an experimental study conducted -357‘-4

0

a

e ——

the explosicn of methane, while, as a consequence of our analytical
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investigations, we elucidated a number of processes and properties affecting the e

the structure of blast waves; prominent among them were those of transport
phenomena, cf the power level at which energy can be deposited at the front,
and of real gas effects. Moreover, we solved by numerical analysis, using
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our CLOUD CODE, the problem of the structure of blast waves generated by
axploding <louds, demonstrating that the question whether the cloud was
consunied by detonation or deflagration is irrelevant provided that the
barning c<pe2d is high enough (of an order of 30 m/sec) and one is
interested in the destructive effects at ieast five cloud radii away
from the iznition source. '
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