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A LIMITED STUDY OF THE EFFECT OF AIRFLOW
ON HOT-SURFACE IGNITION TEMPERATURES OF
SEVERAL ATRCRAFT FLAMMABLE FLULDS

SUMMARY

Aviation gasoline, JP-4 fuel, hydraulic fluid, and two turbine engine
lubricaents were sprayed over e heated metal surface in a duct through which
alrflow was induced at a variled rate. When the surface of the metal reached
specific temperatures, the fluids became i1gnited. The minimm surface temper-
ature at which ignition occurred for each fluid was recorded for air velocities
from O to 1,000 feet per minute. Two series of tests were conducted. A length
of stainless steel tubing was used for the heated section in the first series
and e flst metal sheet was used in the second series. The lowest surface temper-
gtures which caused ignition were observed when testis were conducted under static
alr conditions. Movement of the combustible mixtures by airflow across the
heated surfaces required higher temperature for ignition to occur.

INTRODUCTION

Knowledge of the effect of airflow on the temperasture st which engine
surfaces and compconents, when contacted by fuel, lubricants; and hydraulic fluids,
w1ll ceuse these fluids to ignite is of increasing importance since recent air-
craft powerplant design trends eliminate separaticn of the nacelle zones adjacent
to the forward snd rear portions of turbine engines. This allows the air required
for engine cooling to enter at the front of the engine nacelle and flow along the
entire length of the engine and exit at the rear of the nacelle. Fluids lesking
in the forwerd portion of the engine are carried by the cooling air ecross the
high-temperature engine surfeces at the rear portion of the engine. Therefore,
tests were conducted to study the effect of alrflow on the temperatures at which
certain metal surfeces become a source of lgnitlon for seversl flammable fluids.
The scope of the tests was limited since only two surface shapes were used and
these were small in size. Also, the air velocity range was limited from approx-
imately O to 1,000 feet per minute. The effects of fuel-air ratio, fuel temper-
ature, hot-surface material used, air density or other variables that may
influence the ignition temperature were not investlgated.

APPARATUS AND PROCEDURE

The epparatus used to conduct the first series of tests 18 shown in

Fig. 1. A varisble speed fan was used to force air at room temperasture (70° to
90° F.) and pressure (epproximately 29.3 inches Hg) through the tramsite duct
vhich was 8 feet long and 12 inches i.d., wath a 3/8-inch wall thickness. The
heated section of 18-8 stainless steel tubing was 2 1/2 inches o.d., 8 inches
long, and had a wall thickness of 0.070-inch. Uniform heating was accomplished
by using a 50-Kve transformer with i1ts secondary terminals attached to ends of
copper bars pressed 2 inches into each end of the stainless steel tubing The
resistance of the remsining 4 inches of the steel tubing to passage of current
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caused 1t to become heated. The temperature of the heated section was controlled
by edjusting the input to the transformer by a selt water rheostet. A Browm redio-
matic pyrometer was used to measure the metal temperatures, and an Alnor velometer
vas used to measure the velocity of the air leaving the duct. A No. 32 Bette
nozzle was used to spray the fluids into the duect. Twenty ce. of fluid was released
during e 0.6-second period for each test. No attempt was mede to obtain 1deal
mixing of fuel and air; rather, a quantity of fuel was spreyed in a manner to sim-
ulate a leaking fuel, oil, or hydraulie fluid laine 1n a region between an aircraft
turbine engine and the nacelle skin.

The spparatus used to conduct the second series of tests wes the same
a8 was used for the first except that a flat plate of 18-8 stainless steel was
used for the hested surface in place of the 2 l/E-inch 0.d. tubang. The plate was
4.0 inches by 6.29 inches by 0.062-inch thiek and was mounted with the L-inch edge
facing upstream. This plate, as viewed from the cutlet end of the duct, is shown
in Fig. 2.

The tests for each fluid were conducted first with no eirflow through
the duct, and then at varied rates of alrflow. The heated section then was brought up
to the deslred temperature and stebilized. At this time, the sample of fuel was
released and allowed to spray on the heated surface. The temperature of the heated
section wes inecreased in inerements of 50° F. until the test fluld ignited.
Several tests were conducted to confirm the ignition temperature of the fluid for
that particular ailrflow condition. After each test the equipment wes allowed to
cool to room temperature before proceeding with the next test.

RESULTS AND DISCUSSION

Grephical presentations of the deta obtained are shown in Pigs. 3 and 4.
Since the tests were conducted in 50° F. increments of surface temperature, the
curves represent the lowest tempereture inerements at which ignition occurred under
each set of alr{flow conditions. The rir velocities shown are the speed of the air
at the exit of the duct and not necessarily that of the layer of alr next to the
heated surfaces.

From these dats, 1t masy be noted that the lowest surface temperatures
vhich caused ignition occurred under the condition of no airflow through the duet.
When eir was flowing through the duct, the temperatures requlred for ignition were
found to e higher. The greatest rete of increase of the temperature required for
lgnition cccurred between conditions of no asirflow and an airflow rate of zbout
200 feet per minute. Above 200 feet per minute, the temperature required dad not
1ncrease quite so rapidly with increased airflow.

This reletion between air velocity and minimum ignition {emperature must
be explained by some phenomencn other than the cooling effect of the air moving
over the hot surface, since airflow and temperature conditions were stabllized
prior to release of fluid spray. It has been found in several investigations,
discussed in the references at the end of this report,ls 2, 3, U, 5 that the
autogenous ignition temperature (AIT), also called the spontaneous ignition
temperasture (SIT), is always accompenied by en ignition time lag. For any one
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substance being heated, the net amount of heat absorbed is ircreased as the
temperature of the source is inecreased. Also, 1t is definitely known that the
ignition lag is decreased as the 1nitial temperature of the fluid is 1ncreased.
Because_of these facts, 1t was concluded i1n a report on ignition of combustibls
flu1ds,5 In vhich the flammseble fluid was sprayed onto the lower portion of a
heated verticsl flat plate so that the flammsble vapors maght rise along the hot
surface, that the actual ignition of a combustible mixture 1n contact with a hot
surface must be dependent on the following interrelated factorse (1) sufficiently
high temperature of the combustible mixture, (2) sufficiently short ignition lag
of the combustible mixture, end (3) sufficiently long duration of upward move-
ment of the mixture along the hot surface in the region of high temperature. The
rate at which molecules of the combustible mixture sbscrbed sufflcient heat to
ignite determined the duration of igmition lag of emch fluid.

The repid increase i1n ignition temperature when the initiel air was
introduced mey be explained by the fact that the maxture was not in contact with
the hot surface for a sufficient period of time to permit accelerating the oxi-
detion reaction to ignition, msaking 1% necessary to decrease the lgniticn lag
by increasing the temperature of the hot surface.

Alsc, it may be noted from the data that the minimum ignitaion
temperatures on the flat plate were somewhat lower than they were on the section
of the tubling, although the effect of airflow on ignition temperabture was similar
for both surfaces. This may be explained by the fact that the flat plate pre-
sented a greater area of comtact to the combustible mixture along the direction
of airflow than did the section of heated tubing. This provided a longer duration
of movement of the combustible mixture in the region of high temperature.

CONCLUSIONS

l. The minimum temperature of a hot surface which will cause ignition of a
flammeble fluigd increases as the z2ir veloeity across the surface is increased.
A1l fluids tested behaved similarly. This increase in the surface temperature
requared for ignition as the air velocity increased 1s related to the ignition
time lag characteristics of flammeble fluids.

2. These tests were too limated in scope for the data to be interpreted as
an indication of the maximm safe engine surface temperature for prevention of
flammable fluld ignition in aircraft powerplant reglons.



L
REFERENCES

1. Charles W. Sortmen, Harold A. Beatty, and S. D. Herron, "Spontaneous
Ignition of Hydrocarbons," Industrial and Engineering Chemistry, Vol. 33,
March 1941, p. 357.

2, Joseph L. Jeckson, "Spontaneous Ignition Temperstures of Pure
Bydrocarbons and Commercial Fluids," NACA Report E50J10, December 20, 1950.

3. Joseph L. Jackson and Richard S. Brokaw, "Varistion of Spontanecus
Ignition Delays with Temperature and Composition for Propane-Oxygen-Nitrogen
Mixtures at Atmospheric Pressure," NACA Research Memorandum No. E54B19, May 195k.

L. G. W. Jones, M. G. Zabetakis, G. S. Scott, and A. L., Furns, "Research
on the Flammability Characteristics of Alrcraft Fuels,"” WADC Technical Report
No. 52-35, Supplement 2, August 1954,

5. N. P. Setchkin, "Memorandum on Ignition Characteristiecs of Combustible
Liquids in Contact with Hot Surfaces,”" National Bureau of Standards, NPS.VD,
III-6, April 21, 1945,



50 KvA TRANSFORMER
FOR RESISTANCE HEATING —f—

121D X 8 TRANSITE DUCT

STRAIGHTENING VANES

1

I _
e N N

"> ‘:- PRESS
) - FIT
< <

=]

T===71""

|
- L —

—

I,
/

~ { - — — —

. B
\_ FLUID SPRAY NOZZEL ‘k
VARIABLE SPEED FAN COPPER BAR

8" LENGTH OF i8-8 236" 0D

STAINLESS STEEL TUBING

21/2. 0D,0070 WALL
(RESISTANCE HEATING

. OCCURRED AT 4, CENTER SECTION)

2 ———

FIG 1 TEST APPARATUS



FIG 2 VIEW OF ShREET METAL TEST SURFACE
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