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INTRODUCTION

Southwest Research Institute (SwRI) was contracted under DOD Contract DAAA21-88-R-0021,
Delivery Order 0003 to perform the following tasks:

1. Provide data on physical properties of nitromethane that are important in characterizing
hydrodynamic surge pressure during dynamic fill processes and in characterizing bubbler
collapse processes. Such data includes kinematic viscosity, vapor pressure, gas solubility
(N, air), and compressibility. These physical properties are desired at cold and hot
temperature extremes (-250F to 126 0F).

2. Conduct theoretical analysis of adiabatic compression phenomenon of bubbles in liquid
nitromethane associated with hydrodynamic surge pressure wave in nominal dynamic fill
operations by utilizing available experimental data and empirical correlations.

3. Conduct limited essential lab-scale experiments with government-furnished material
(GFM) nitromethane sample for confirmation of Item 2 above.

4. Provide preliminary hazards statement based on results of Items 1, 2, and 3 available.
This preliminary hazards statement will be refined at the conclusion of the program
effort.

5. Define "Phase II" Program Plan to establish safe operating corridor in multiparameter
space for dynamic fill process of nitromethane, to account for a typical or pathological
performance. This must take into account "what if' scenarios to properly answer
personnel safety concerns.



TASKS PERFORMED

With the concurrence of U.S. Army Armament, Munition and Chemical Command, Picatinny
Arsenal, New Jersey, SwRI used Princeton Combustion Research Laboratories (PCRL) to perform
the designated tasks. PCRL has key technical personnel, equipment and facilities that were essential
to the proposed study. During the past several years, PCRL has conducted experimental investigations
on the sensitivity of liquid propellants to compression ignition. This phenomenon has been identified
as one of the potential sources of secondary ignition hazard as relates to the TEXS environment.
Here we define secondary ignition as any ignition due to sources other than the desired direct
initiation. In particular, compression ignition is that secondary ignition arising from hot spot
development associated with bubble collapse under compressive loading of the liquid nitromethane
charge associated with hydrodynamic surge pressure waves. These bubbles may be brought into the
TEXS pipeline from fill lines during the prefiring nitromethane dynamic filling process or may be
formed by cavitation during the filling process.

The extent to which real fluid effects moderate the bubble dynamics needs to be quantified,
especially at temperature extremes. Bubbles in the liquid nitromethane charge may contain reactive
vapor or a mixture of permanent gas and vapor.

PCRL has the equipment and instrumentation necessary to characterize the kinematic viscosity,
vapor pressure, gas solubility (4 2, air), and compressibility of nitromethane at cold and hot
temperature extremes. In those instances where the desired data are available in the literature
[government-furnished material (GFM) compendium of nitromethane data], these data will be used
to supplement the PCRL-generated data. PCRL has generated such data in the past on hydroxyl
ammonium nitrate (HAN)-based liquid monopropellants.

PCRL conducted limited essential laboratory-scale experiments with GFM-furnished
nitromethane for confirmning the response to nitromethane to the hydrodynamic surge pressure wave
in nominal dynamic fill operations in TEXS application. A specialized dynamic flow fixture is
operational at PCRL for obtaining flow characteristics (volumetric flow rates, water-hammer hydraulic
effects, etc.) at various conditioning temperatures in the range -25"F to 126 0F. A transparent chamber
permits high-speed cinematography of the dynamic flow tests.

PCRL attended program briefing meetings held in Monroe, Louisiana, Yuma, Arizona, and
Dover, New Jersey, and gave a presentation (Appendix A) in fulfillment of the contractual tasks.
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CONCLUSIONS

Based upon the results of their limited laboratory-scale experiments, PCRL concluded that the
use of nitromethane in TEXS is probably safe. PCRL has also advised that any hazards that may
exist can be mninimized by taking the following recommendations:

1) Change off-loading nozzle valve to the type that shuts more slowly.

2) Make sure that the 1.5-in. connecting pipe is PE (expandable) and not steel or other
heavy walled pipe.

3) Make sure that all valves in the 1.5-in. pipe are wide open types and not constructed of
steel.
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APPENDIX A
PRESENTATION BY

PRINCETON COMBUSTION RESEARCH LABORATORIES
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