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*whén compared with normal jet-engine fuel, such as JET A,

INTRODUCTION

PURPOSE.

The purpose of this project was to demonstrate the performance of modified
fuels when subjected to full-scale crash conditions in the presence of posi-
tive ignitiom sources and to determine the tendency of the fuels to mist and
burn when foreibly expelled from ruptured airplane fuel tanks. '

In relatively minor aircraft accidents where airplane structures and occu-
pants are subjected to forces that are not seriously destructive, volatile
fuels @re spilled and cause postcrash fires that result in severe property
damage and loss of life, 1In an effort to reduce the destruction and loss of
life caused by postcrash fires in survivable accidents, the Federal Aviation
Administration (FAA) has been investigating various ways to either contain
the fuel after a crash, or modify irhe fuel characteristics to reduce or elim-
inate the tendency to mist under impact conditions and burst into flame
after contacting ignition sources such as friction sparks, hot surfaces, or
flames that might be encountered during an actual crash of an air carrier
airplane,

For the work reported herein, a reduction in postcrash fires was attempted
by using modified fuels in the wing tanks of the test aircraft to reduce the
tendency of the fuel to mist after being released under impact, In small-
scale test work where 1- or 2-gallon quantities of fuel were used, it was
discovered that the addition of as little as 0.3 percent of a particular
additive would reduce the flammability of the fuel to a negligible amount
When larger
quantities of modified fuel were catapulted into ignition sources, the flamma-
bility and flame propagation of the modified fuels was so slight, compared
with unmodified fuels under the same test conditions, that it was decided

to study the performance of modified fuels in a full-scale test environment.

DISCUSSION

TEST AIRPLANES AND LOCATION.

The RB66 airplane was chosen as the test vehicle over other available surplus
aircraft because it had integral wing fuel tanks and jet engines that hung
below the wing on pods similar to a typical air carrier jet airplane, such as
the Boeing 707, and therefore the fuel spillage under crash conditions would
be closely comparable.
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Objectives

The primary objectives of this program were to develop methods of
measuring the rheological properties of antimist fuels and to establish
the relationships between these properties and fuel fire safety that are
related to impact-survivable aircraft crashes.

Anpnroach. : ER
i) ) ok

Since dilatancy (shear thickening) and viscoelasticity (elongational
viscosity) were thought to be important in preventing mist formation,
these are the primary rheological properties that were studied; however
other faCtors, such as intrinsic viscosity, that provide basic informa-
tion pertaining to the size of polymer molecules in solution, were also
considered. While it was originally intended to thoroughly investigate
several candidate additives,* the supply of XD-8132.01 (Dow) was cur-
tailed early in the program, and FM-9 (ICI) was not available until late
in the program; consequently, our primary effort has been with AM-1
(Conoco). The shear viscosity of antimist fuels was measured with
capillary and rotational viscometers, and viscoelasticity was determined
from the onset of anomalous resistance to flow in porous media.

A. Shear Viséosity

While a capillary viscometer is not ideally suited for charac-
terizing rheologically complex fluids, important information concerning
the shear viscosity can often be obtained if flow data are expressed in
terms of the wall shear stress (T = RAP/2L, where R is the capillary
radius, AP is the pressure drop, and L is the capillary length) and wall
shear rate (D = 4Q/WR3, where Q is the volumetric flow rate). This
latter quantity is the magnitude of the shear rate for a Newtonian
liquid, however it is often a good first approximation even for non-
Newtonian fluids. In these experiments flow data were obtained by
applying a positive pressure to a fluid reservoir and measuring the mass
flow rate by collecting and weighing a sample of fluid over a measured
time interval (usually one minute). For very low pressures, the gas/
liquid interface in the fluid reservoir could be adjusted to provide a
fluid head relative to the centerline of the capillary tube which was
held in a horizontal position (see Figure 1). Other than the room
temperature being approximately constant (77-80°F), no special bath was
provided to control the fuel temperature.

1. AM-1

The results presented in Figure 2 are for an antimist fuel con-
sisting of 0.21% AM-1** in JP-8.*** OQOver the range of shear rates from
200 to 2000 sec‘l, this antimist fuel exhibits a slightly non-linear
flow curve that is typical for most dilute polymer solutions, i.e., the

*These are proprietary polymers that generally have a molecular weight

in excess of one million.

**wt% was determined by steam-jet gum (ASTM D-381).

***Typical physical properties of JP-8, Jet-A and Avtur are summarized
in Table 1.
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