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INTRODUCTION 

The successful development of a bipropellant liquid propellant gun (LPG) will 
offer a number of advantages over its existing solid propellant competitors, the most 
obvious being the elimination of bulky cartridge cases and the safety inherent in the 
separation of the fuel and oxidizer during storage. Moreover, actual experimental firings 
indicate significant improvements in ballistic efficiency. A wide range ot oxidizer/fuel 
(O/F) ratios are possible. Also, a stratified-charge configuration is conceivable, whereby 
the O/F ratio in the main charge is optimized for ballistic efficiency and combustion 
products and the O/F ratio in the preignition chamber is optimized for ease of 

ignition. 

One undesirable aspect of the propellant combination currently under evaluation 
in Navy bipropellant LPGs (n-octane + 90% nitric acid) is an initial pressure spike 
(about 75 000 psi). This is much higher than the base pressure (40,000-50,000 psi) 
which exists for most of the internal ballistic cycle. A rapid rise to a pressure plateau 
of 50 000-60 000 psi would be desirable. Shot-to-shot reproducibility has traditionally 
been 'a problem with LPGs and, while recent firings have demonstrated marked 
progress in this area, additional improvements are needed. 

Very little LPG propellant evaluation has been done up until now; tentative 
propellant combinations have been chosen because of their physical and chemical 
properties during storage and handling and their availability. The time and expense 
involved in experimental gun firings has precluded a comprehensive evaluation ot LPC. 
propellant combustion at the high pressures obtained in a gun, A technique has now 
^een developed whereby non-hypergolic bipropellant combinations can be conveniently 
studied in the laboratory at gun-chan.ber pressures (up to about 50,000 psi). The 
combustion of nitric acid with a large number of saturated hydrocarbons over a range 

of O/F ratios is reported below, 

EXPERIMENTAL 

The apparatus (Figure 1) used in these experiments was a Technoproducts 
Olin-Mathieson drop-weight tester incorporating a special pressure cell (Figure 2) 
originally designed for monitoring the pressure-time history during the combustion ot 
liquid explosives and monopropellants,1 The principle of its operation is as follows. 
Two2 Viton o-rings are placed in the bottom sample cup; then small quantities 
(normally 30 microliters total) of the fuel and oxidizer are carefully syringe-injected 
into the space in the bottom of the cup (encircled by the o-rings), A stainless-steel 
diaphragm and vented piston are inserted onto the o-rings and the sample cup 
assembly is placed into the pressure-cell body. The retainer ball and cap are added and 
the   cap   is   torqued   to   7   in-lb.   The   assembled   pressure   cell   is  then  placed   in   the 

'Griffin,   D.   N.   Initiation   of  Liquid  Pmpcilanls  and  Explosives  hy   Impact.   American   Rockol   Society 

cal Paper No. 1706-71. 
2 While   the   standard   procedure   calls   for  only   one   Buna   o-nng,   Vi 

compatibility with nitric acid; two were required to give reproducible ignition. 

Technical Paper No. 1706-71. 
2 While   the   standard   procedure   calls   for  only   one   Buna   o-nng,   Vtton  was  used  because  ol  its greater 

PBB 
SCEDltO PAC^BLANK-NQT FIlWED 
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drop-weight tester. Ignition energy is supplied by the impact on the retainer ball by a 
known weight dropped from a known height above the ball. The sample pressure .s 
imparted to the force transducer by means of the pistons and hydraulic fluid. The 
transducer output is displayed on a triggered oscilloscope and photographed. Because 
of the elasticity of the fluid coupling, up to 50% of the impact energy is absorbed by 
the cell and the minimum ignition energies obtained with this device will be 
significantly higher than those obtained with the conventional rigid cell. The dis- 
assembled pressure cell is shown in Figure 3. 

A typical pressure trace is shown in Figure 4. Time measurement was arbitrarily 
begun when the impact pressure spike would have returned to zero pressure if no 
combustion had occurred. A blank (nonreactive) experiment was always run lor 

baseline calibration. 

RESULTS AND DISCUSSION 

IMPACT ENERGY 

Preliminary tests were run with several hydrocarbons and nitric acid/water 
(90/10% by weight) to determine the impact energies required to produce ignition 50% 
of the time These experiments were performed in the standard apparatus without the 
pressure cell so results could more easily be compared with those ior other materials. 
The only modification of the standard procedure was substitution of the two Viton 
o-rings for the single Buna o-ring. The total propellant volume was 30 microhters at an 
O/F volume ratio of 2:1. The results are given in Table I along with a value tor 
n-propyl nitrate reported in the Technoproducts manual. All the hydrocarbon,acid 
systems were relatively insensitive, and ignition could not be obtained using n-pentane. 

EFFECT OF CARBON NUMBER OF N-ALKANES 

The pressure cell was used to examine the reactions of a series of normal 
alkanes (Cs to C16) with nitric acid/water (90/10) at three different O/F ratios. Table 
2 lists some pertinent properties of the hydrocarbon fuels. Volume ratios of 4:1, -M 
and 1:1  were employed for the following n-alkanes. 

1. n-pentane, C5Hj -, 

2. n-hexane, C6Hj4 

3. n-heptane, C-yH, 6 

4. n-octane, CgH) g 

5. n-decane, Cj QHTT 

6. n-dodecane, C^H^g 

7. n-hexadecane, Cj^H^ 

 ■■■ ■■ ■ ■ ■  ■■■ •        :.,   .,    •      .-. 
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The results are summarized in Table 3. The pressure 2 msec after the impact-pressure 
pulse is used as a measure of the pressurization rate; the maximum pressure reached in 
18 msec (total sweep time of the scope) is also tabulated. 

Figures 5-7 present pressure (at 2 msec) versus carbon number plots for the 
three O/F ratios tested. All the data points in Table 3 and Figures 5-7 represent the 
mean of at least three measurements except the point for hexane at an O/F volume 
ratio of 1:1; hexane reacted only once out of many attempts. It appears that the 
n-alkanes can be divided into three categories of reactivity: 

1. Class I - high-volatility fuels (pentane, hexane) which are unreactive because 

they present an overly fuel-rich vapor phase. 

2. Class   II    -   intermediate-volatility  fuels (heptane,  octane) which  produce  a 
combustible vapor phase prior to or shortly after impact. 

3. Class  HI   -   low-volatility  fuels which  require  a  significant  fraction  of the 
impact energy for vaporization to produce a combustible vapor mixture. 

The category to which a compound belongs may depend upon the experimental 
conditions; apparently, n-decane may be in either Class II or III, depend.ng on the 
laboratory temperature. On any given day the results with n-decane were reproducible, 
but the initial series of runs at an O/F volume ratio of 2:1 were completely different 
from a series conducted about 2 weeks later. This was probably a vapor-pressure- 
dependent phenomenon encountered because of poor laboratory temperature control. 
Hexadecane (CI6H34) and dodecane (C12H26) would not ignite (2^0 kg-cm of impact 
energy) at an O/F volume ratio of 1:1. 

EFFECT OF OXIDIZER/FUEL RATIO 

Figures 8-11 are pressure «at 2 msec) versus O/F volume ratio plots for the 
hydrocarbons that exhibited reproducible rates over the extreme ra 'ge ol O/F ratios 
investigated. I-cluded with the curves for the n-alkanes (Figures f. and 1) are curves 
for TH Dimer (tetrahydromethylcyclopentadiene dimer) (Figure 10) and Decalm 
(decahydronaphthalene) (Figure 11). These compounds were included irf the study 
because of their good chemical and physical properties, ready availability, and 
reasonable cost. TH Dimer is used in the Talos missile, while Decalin is being evaluated 
as a fuel for future Navy airbreathing missiles. Both displayed pressurization rate versus 
O/F curves similar in shape to those of the reactive n-alkanes, but at about 25-50% 
lower pressures. These fuels, which may be classed as reactive/nonvolatile, generally 
gave more reproducible pressure traces than the n-alkanes. 

Two conclusions may be drawn directly by inspection of Figures 8 through 1 1. 

1. Pressurization rates are greater at an O/F volume ratio of 2:1 than at 4:1 or 

1:1 ratios. 

2. Pressurization   rate   reproducibility   is  better at  the  intermediate (2:1) O/F 

ratio. 
■■ 
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FIGURE 1.  Drop-weight Tester. 
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FIGURE 2. Technoproducts Olin-Mathieson Drop-Weight Tester Pressure Cell. 
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FIGURE 8. O/F Ratio Dependence for n-Heptane Combustion With 

Nitric Acid/Water (90/10% by weight). 
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FIGURE 9. 0/F Ratio Dependence for n-Octane Combustion With 
Nitric Acid/Water (90/10% by weight). 
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FIGURE 12  Thermodynamic Equilibrium Calculation of Adiabatic Flame Temperature 
an" of Gas for Combustion of n-Octane With Nitric Acid/Water (93/7% by 

weight) at 33,000 psi. 
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FIGURE 13. T x ng Versus O/F Ratio for Combustion of n-Octane With 
Nitric Acid/Water (93/7% by weight) at 33,000 psi. 
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FIGURE  16. Dependence of Combustion Pressure on Composition of 
Octane/Decalin Mixture. 
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TABLE 1   Fifty Percent Ignition Points of Hydrocarbons with 
Nitric Acid/Water (90/10% by weight) (O/F volume ratio - 2:1). 

Hydrocarbon 

n-pentane 

n-octane 
1,2,3-trimethylcyclohexane 

2,6,11-trimethyldodecane 

n-propyl nitrate 

50% ignition point 

>150 kg-cm 

33 kg-cm 

33 kg-cm 

28 kg-cm 

9 kg-cm* 

Technoproducts data for standard test at 70°P. 

TABLE 2. Selected Properties of Some Hydrocarbon Fuels. 

Mol. wt., Density at Melting Boiling 

Compound Formula g/mole 20oC, g/cc point, 0C point,   C 

n-hexane C6H14 
86.18 0.65937 -95 68 

n-heptane C7H16 
100.21 0.68376 -91 98.42 

n-octane C8H18 
114.23 0.7025 -56.5 125-6 

n-decane C10H22 
142.29 0.7300 -29.7 174.1 

n-dodecane C12H26 
170.34 0.7487 - 9.6 216.3 

n-hexadecane C16H34 
266.45 0.77331 18 287 

cis-Decalin C10H18 
138.25 0.8967 -45.4 195 

TH Dimer C| 2^20 
164.16 0.92 -40 

26 
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