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ATTITUDE-IGNITION LIMIT OF A TURBOJET ENGINE
USING A CONDENSER-DISCHARGE IGNITION SYSTEM

By John C. Armstrong

SUMMARY

An investigation has been conducted in an altitude test chamber
at the NACA Iewls laboratory to evaluate the sltitude-lgnition charac-
teristics of & condenser-discherge lgnition system installed on a
turbojet englne.

With a fuel having a Reld vapor pressure of l.l pounds per square
inch, lgnition was obtained with 4.8 Joules per spark at 6 sparks per
second at an altltude of 55,000 feet and a flight Mach number of 0.8.

INTRODUCTION

An extensive ressarch program is being conducted at the NACA Tewls
laboratory for the purpose of increaging the altltude-starting limlts
of present-day turbojet englnes. Results to date from this investiga-
tion are glven 1n references 1 and 2. As part of this program, the
altitude-ignition limite obtainable with a condenser-discharge ignition
system were investigated. The altitude ignition limits of this system
were evaluated at a Flight Mach mmber of 0.5 on an axlal-flow turbojet
engine having tubular-type cambustors.

APPARATUS AND PROCEDURE
A conventionsl turbojet engine was installed in an seltitude test
chamber where NACA gtandard atmospheric pressures were simulated at
the outlet of the Jet nozzle and standard NACA free-stream total
pressures and temperatures were simulated at the englne inlet. Fuel
was supplied to the englne at the same temperasture as the inlet air.

The ignition unit used in this investigation was a condenser-
discharge system which is shown schematically in figure 1.
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Power 1s supplled &t 115 volts and 400 cycles per second through
& clrcult contalning condenser C; and the primary coll of transformer A.

The output of transformer A 1s rectified and charges the two condens-
ersg, Oy, and Cz, which store the energy dlscharged at the ppark gap.

The discharge of the emall condenser Cz le stepped up by transformer B

from 1100 to 15,000 volts which 1s sufficient to lonlze the spark gap.
After the gap has been lonized the large condenser Co discharges through

the secondary winding of transformer B and supplies the high energy for
ignition. The sparking rate is controlled by the capaclty of Cz, the

rate at which the charging resistor permlts charging of Cz and the

breakdown voltage of the sealed triggering spark gap. A standard
sperk plug was connected to the ignition unit with a 6-foot coexial
ignition cable. )

An alteration was made on the engine fuel system which consleted
of replacing the standard duplex nozzles with smsller gimplex nozzles
rated at 5 gallons per hour at 100-pound~per-square-inch pressure. This
change was made to Insure good fuel spray characterlstices at the low
fuel Plows encountered at high altitudes. In addltion, the fuel flow
control system was altered to permlt more sensitive control with the
low fuel flows at high altltudes. TFuel having a Reid wvapor pressure
of 1.1 pounds per square 1nch was used.

Instrumentation was ingtalled to measure englne-iniet total
pressure, inlet total temperature, exhaust static pressure, fusl tem-
perature, and combustor-outlet temperature.

The procedure followsed for each lgnltion attempt conaisted of
gimulating altitude conditions, energlzing the lgnitlon system, and
glowly opening the throttle until a predetermined fuel flow was
attalned. This fuel flow was determined by previcus tests as the
conditlon most favorable for lgnitlion. Immedlately after each short
period of engline operatlon which followed a successful start, the com-
bustor was subjected to a 2-minute caoling period and a 30-sscond cold
fuel spray. Thls procedure was used to establlish a poor environment
for lgnition.

In order to show the individual effect of Joules per spark on the
altlitude~ignition limits, the gpark repetitlon rate was held as nearly
constant as possible. (6 to 7 sparks/sec). The altitude-ignition limit
was determined by maintaining a constant Joules-per-spark Ilnput and
increasing the altitude until ignlition was no laonger possible.

With the repetitlion rate held at 6 to 7 sparks per second, the
lgnition limit wae determined at four values of Cp condenser-dlscharge

energy, 1.3, 2.6, 3.5, and 4.8 Joules per spark. Corresponding energy
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levels dissipated in the spark gap were 0.9, 1.6, 2.4, and 3.0 joules
per spark. This loss is approximately 30 to 40 percent of the energy
input and is the sum of the losses in the ignition unit, the harness
wiring, connectors, and sperk plug electrodes.

RESULTS

The effect of condenser-discharge energy on the altitude-lignition
limit at a flight Mach number of 0.6 1s shown In Ffigure 2. As the
condenser-discharge energy was lncreased from 1.3 to 3.5 Joules per
gpark, the altitude-ignition 1imit increased from about 42,000 to
53,000 feet. Ignition was obtalned at an sltitude of 55,000 feet when
4.8 Joules per spark was used but did nobt necesgsarily constltubte an
altitude-~lignition limit because starting attempts were not msde above
55,000 feet., The practical operating limit of the engine at wind-
milling starting speeds and & fllght Mach number of 0.6 1s an altitude
of 55,000 feet because anly & negliglble temperature rise in the com~
bustor 1s obtained at higher altitudes. As compared with the
55,000-foot limit of the condenser-dlscharge system, the altitude-
ignition limit of the standard englne configuratlon was approximately
15,000 feet.

SUMMARY OF RESULTS

An investigation was conduocted to evaluate the altitude-ignition
characteristics of a condenser-dlscharge lgnitlon system installed on
& turbojet engine at a flight Mach number of 0.6 and usling l.l~pound
Reld vapor pressure fuel.

Ignitlion was obtained at an altlitude of 55,000 feet with the
condenser-dlescharge ignition system using 4.8 Joules per spark at
6 sparks per second.

Iewls Flight Propulsion Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohlo.
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Filgure 1. - Schematlc diagram of condenser-discharge Ignition unit.
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Figure 2. - Effect of condenser-dlscharge energy on ignition limits of
turbojet engine using 1.l-pound Reld vapor pressure fuel at flight

Mach number of 0.6.
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