
RD-Ri~i 362 VRPOR EXPLOSIONS IN SUPERHERTED LIQUIDS flND FUNDAMENTAL 1/i.,
STUDIES OF THE PH..(U) UASHINGTON STRTE UNIV PULLMAN

DEPT OF PHYSICS 6 R FOWdLES JAN 85 ARO-iB200.4-CH

7 UNCLASSIFIED DAA629-i-K-e985 F/G 7/4 NLEmhmh-hhhr



'..

'1.

I

IIII Illl L ,
I. 36

41 111118tl'1.25 11jjj11..

MICROCOPY RESOLUTION TEST CHART
NATIONA lp >1A IANUAP[ 1()-

I'



, . _ . .. . ° . .. . . . .

[NICTASSgT FT)
SECURITY CLASSIFICATION OF THIS PAGE ("en Date Entered)

READ INSTRUCTIONSREPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM
1. REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CATALOG NUMBER

ARO 1820O.4-CH N/A N/A

4. TITLE (and Subtitle) S. TYPE OF REPORT 6 PERIOD COVERED

1 June 1981 - 30 Nov 84
Vapor Explosions in Superheated Liquids 

and Fin Report
Final Report

Fundamental Studies of the Physics of Detonation 6. PERFORMINGORG. REPORT NUMBER

7. AUTHOR(a) S. CONTRACT OR GRANT NUMBER(*)

G. Richard Fowles DAAG29-81-K-0085

9. PERFORMING ORGANIZATION NAME AND ADDRESS io. PROGRAM ELEMENT. PROJECT, TASK
AREA 6 WORK UNIT NUMBERS

U. S. Army Research Office a

LO Post Office Box 12211 13. NUMBER OF PAGES

14. MONITORING AGENCY '14AME & ADEIRESS(I different from Controlling Office) 15. SECURITY CLASS. (of thle report)

I Unclassified

15a. DECLASSI FICATION/DOWNGRADING
SCHEDULE

< 16. DISTRIBUTION STATEMENT (of thus Report)

Approved for public release; distribution unlimited.

S 17. DISTRIBUTION STATEMENT (of the abetract entered In Block 20, If different from Report)

NA

-J

IS. SUPPLEMENTARY NOTES

*The view, opinions, and/or findings contained in this report are

)those of the author(s) and should not be construed as an official
C= Department of the Armv po sition, policy, or decision, unless so

dother documentation
19. jE (JD (Coniu on rovwa ae itI necessary and Identify by block number)

Shocks Detonation waves

Lasers Shock waves
Vapor Explosions

Superheated liquids

IQ3. ASTtrACT (Vwto.ue so ,vin e If ne eayand Idellyf by block number)

The experimental work was entirely devoted to developing the experimental

technique. In this technique superheated states are produced by sudden

adiabatic depressurization of fluids whose initial state lies on the liquid-

vapor co-existence curve, as is done on a more modest scale in bubble chambers.

The technique is still being perfected and although it appears to be feasible

and nearly functional, no data have yet been taken. Significant degrees of

superheat have been obtained for several milliseconds. The theoretical phase,

on shock and detonation instabilities, appears to have successfully shown

DID 11473 5 TIO6 0Q13W SS IG 1LETE2 27 UNCLASSIFIED
-ECURITY CAS. IFICATT'Zlf Of THIS 0GF ,VI'. "-I*7 ._nA 1 "21



Unclassified
SECURITY CLASSIFICATION OF THIS PAGO(M'han Date Entered)

20. ABSTRACT CONTINUED:

the connection between transverse wave instabilities and the
observed three-dimensional structure of detonation waves.
It indicates that such transverse wave structure might be expected
in all detonation waves and that it is caused by a modified form
of the transverse wave instability predicted for shocks in inert
materials.

Acc-ssion For
FITIB C'-A& I

i vtYc ")toes

i/o

k.".FF"

S
I'. " - v . ., . . . , . .. . .. .. , . , , .



FINAL TECHNICAL REPORT

Vapor Explosions in Superheated Liquids
and

Fundamental Studies of the Physics of Detonation

Department of Physics
Washington State University

Sept. 1, 1981 - Nov. 30, 1984

Contract DAAG29-81-K-0085
Army Research Office

PI: G. R. Fowles

January 1985

85 03 07 227
---------------------------5

2 . - ,:L



I. STATEMENT OF PROBLEM

This research program was initially titled "Vapor Explosions in

Superheated Liquids." It was later modified to "Fundamentdl Studies

of the Physics of Detonation" to encompass not only the original scope

but also some related theoretical work on the structure and stability of

shock and detonation waves.

The experimental phase, on superheated liquids, was undertaken to obtain

quantitative, time-resolved measurements on wave propagation in fluids in

metastable, superheated states. One goal of this research was to test a

theory of vapor explosions based on detonation theory proposed by me earlier.
1 3

Related goals were to obtain data on the equation of state in the metastable

regime, and to determine initiation and reaction rate information.

The theoretical phase of the work was aimed at clarifying the theory of

instabilities of shock and detonation waves. In particular we wished to

examine theconnection, if any, between the transverse wave instabilities

predicted theoretically and the transverse wave structure often observed

in detonations. This work is a continuation of earlier research on shock

wave instabilities.
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II. SUMMARY OF RESULTS

The experimental work was entirely devoted to developing the

experimental technique. In this technique we produce superheated states

by sudden adiabatic depressurization of fluids whose initial state lies

on the liquid-vapor co-existence curve, as is done on a more modest scale

in bubble chambers. In the few milliseconds before nucleation and boiling

can occur, we fire a pulsed laser, defocussed to a beam about 10 cm in

diameter and directed onto a film of black plastic suspended in the fluid.

The resulting pressure pulse caused by rapid heating of the plastic and

surrounding fluid propagates as a plane wave in the fluid and its behavior

is monitored with thin film pressure gauges. This technique is modelled
4

after that developed by Migliori and Hofler.

By measuring the velocity and amplitude of the pressure wave we expect

to obtain information on the equation of state of the superheated fluid

and to observe the interaction between the phase reaction and the wave

propagation behavior, including the development of steady state detonation.

The technique is still being perfected and although it appears to be

feasible and nearly functional, no data have yet been taken. Significant

degrees of superheat have been obtained for several milliseconds, however.

Mr. Flock is completing his Ph.D. thesis on this experiment and expects

to finish in the next few months.

The theoretical phase, on shock and detonation instabilities, appears

to have successfully shown the connection between transverse wave

instabilities and the observed three-dimensional structure of detonation

waves.5  It indicates that such transverse wave structure might be
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expected in all detonation waves a,ld that it is caused by a modified

*form of the transverse wave instability predicted for shocks in inert

materials. Moreover, the structure is not due to interactions of

conventional Mach stems as is usually assumed but is instead due to

interactions of waves closely related to Mach stems but otherwise not

previously identified. They are supersonic, steady waves, whereas

Mach stems are subsonic and unsteady (or quasi-steady).

Further work is necessary on the theory to fully understand the observed

structure and to provide quantitative predictions for comparison with

experimental data.
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the Australian lational University, Canberra, Australia, in collaboration

with A. F. P. Houwing of that university.

Another graduate student, Mark Thompson, also participated in the

experiments.
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