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Outline

• Review what was planned in May for this 
reporting period
– Release states, high pressure experiment on neat

• Report on test results
– Show analysis methodology
– Show results
– Discuss interpretation

• Conclude with timeline on final report, mention 
end of EOS effort
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Motivation

• Develop technique to investigate 
“material” properties of liquids

• reverberation technique evaluates average 
release states to provide an understanding 
of expansion behavior 

• provide not only hugoniot data but off-
hugoniot (expansion) information for 
extended model development for liquids

• The measurements, therefore,  provide the 
basis for a detailed equation of state and 
model development.
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Comparison of Comparison of ““EOSEOS””
compression curvescompression curves
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Compression inversely proportional to bulk modulus 
High bulk moduli compress less than low moduli

To compare compression – reference to their 
respective initial bulk modulus

Results indicated for both neat and thickened TBP

Results indicated for thickened TBP and water
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Not all Liquids are Not all Liquids are 
created equal created equal 
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Not all Liquids are Not all Liquids are 
created equal created equal 
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Not all Liquids are Not all Liquids are 
created equal created equal 

Shock velocity vs. particle velocity normalized with 
acoustic wave velocity—for all liquids*

Shock velocity vs. particle velocity normalized with 
acoustic wave velocity—for all liquids*
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Alcohol, Methyl Alcohol, N-amyl Ammonia T=203K

Argon (Nellis) Argon (Trunin) Benzene (LASL)

Benzene (Trunin) Bromoethane Bromoform

Carbon Dioxide Carbon Disulfide Carbon Monoxide

Carbon Tetrachloride Cyclohexadiene, 1-3 Cyclohexadiene, 1-4

Cyclohexane (LASL) Cyclohexane (Trunin) Cyclohexene (LASL)

Cyclohexene (Trunin) Decane Ether, Ethyl 

Ethylene Glycol Glycerol Heptane

Heptene Hexadecane Hexane

Hexene-1 Hexene-2 Hexine

Hydrogen Krypton Mercury

Methane Methane, dibromo- Methane, dichloro-

Methane, diiodo- Methane, trichloro- Mononitrotoluene

N-hexane (LASL) N-hexane (Trunin) Nitrogen T=75K

Octene Octyne Oxygen

Tetradecane Toluene (LASL) Toluene (Trunin)

Tributylphosphate, Thickened Tridecane Water

Xenon T=164 Poly. (Tributylphosphate, Thickened)

*liquids with Hugoniot and sound speed available for this study
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Experimental Experimental 
TechniqueTechnique
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Experimental Technique

TBP-1:  PVDF Gauge 
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Principle of Technique:  Principle of Technique:  
HugoniotHugoniot
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High Pressure Thickened TBP High Pressure Thickened TBP 
-- 35 GPa 35 GPa --
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Principle of Technique:  Principle of Technique:  
HugoniotHugoniot
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neat & thick TBPneat & thick TBP
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Principle of Technique:  Principle of Technique:  
ReshockReshock
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Reshock Results
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Principle of Technique: Principle of Technique: 
ReleaseRelease
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Release Results

Release from the Reshock State:  depicts average release paths Release from the Reshock State:  depicts average release paths 
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Observations:

•TBP Thick shows a stiffer response upon reshock 
than that of Neat.  

•As the liquid is released and pressures decrease it 
should be noted that all the liquids are converging 
toward their respective hugoniot. 

•It should be again noted that the starting point is from the 
off-hugoniot reshock state. 
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Summary

• There is very little experimental work 
performed to ascertain release properties of 
liquids. 

• The results reported are the first 
measurements on any liquid.  

• Our technique has been used to obtain 
average release states of liquids. 

• Changing the witness plate to a high 
impedance metal, such as tungsten, can 
modify this technique by increasing the 
number of release states.  



Solid Dynamics and Energetic Materials, 1647

MDA/SISI Case No. 

Current Accomplishments-’04

• Additional experiments performed on 
Thickened TBP—Total of 10 experiments

• Additional experiments (high pressure) on Neat

• Extended pressure study to 35 GPa (both Thick 
& Neat).

• Research of previous liquids provides insight 
that liquids behave different

• Evidence for using same EOS for both “Neat”
and “Thickened” may be plausible.

• Current theoretical models simulate experimental 
hugoniot data very well

• With 4% thickening agent, no surprises
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