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NOTICES

dhen Govermment drawings, specifications, or other data are used for any
purpose othsar than in connsction with a definitely related Govermment procurement
operation, the United States Govermment thereby incurs no responsibility nor any
obligation whatsoever; and the fact that the Government may have formulated, furnished,
or in any way supplied the said drawings, specifications, or other data, is not to
be regurded by implic.tionor otherwise as in any manner licensing the holder or any
other person or corporation, or conveying any rights or permission to manufacture, use,
or sell any patented invention that may in any way be relatea thereto.

Copies of 4ALC Technical Reports and Technical Notes snould not be returnud to
the Wright Air Development Csnter unless return is rejuired by security considerations,
contractual obligations, or notice on a specific document.
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CONTINUQUS SPARK IGNITION FCR RAFID RELIGHT AFTER
FLAMEQUT OF GnS TUKBINE ENGINES

I.  PURFOGE

l. To present information regarding results attuined in efforts to establish
rapid relight of gas turbine engines after flameout witn cuntinuous operation of the

spark igpition aystem.

11, DATA

\ The in-flight flameout of gas turbine engines, in many instances, is the
result of transient reductions in engine air flos caused by many possible conditions
such as particular aircraft maneuvers, contamination of intake airflow by exhaust
products of self-propelled ordnance launched fram aireraft, and severe ice ingestion
by the engine. If the aircraft loses altitude or flight speed due to the engine flame-
out, or must be piloted to lo~er altitude in order to relight the engine, the mission
of that particular aircraft is either compromised or campletely aborteg.

\$ \\/The first major effort on rapid relight of gas turbine engines appears to

have dbden accanplished by the British. 1In early 1956, Proteous angines of the Bristol
Britannia Commercial Airc:aft experienced flameout while flying through heavy precipita-
tion of amall ice crystals at very low air temperature. The British were successful

in obtaining rapid relights under these icing conditions by inserting into the cambustion
chamber of the Proteous engine, a platinum gloe# plug. Apparently the platinum rod is
heated to incandescence during normal engine operation, and this heat is rectained
sufficiently after flameout to relight the engine. The catalytic 6ffects of platinum
upon mixtures of hydrocarbon fuels and air probably aid the relight process also

British references are listed in Appendix A. T

4 The Propulsion Luboratory, Wright Air Development Center, approached the rapid
relight problem quite differently than the British. In late 19,7, the continuous use
of spark ignition, or intermittent use of spark ignition during critical periods of
flight was ‘proposed as the most straigntforwurd method for rapid relignt of gas turbine
enzines. The Propulsion laboratory itself was unable to perform rapid relight testing
due to limited encine test facilitiea. Arnold ngineering lLevslopment Center (AslC)
undertook rapid relight tests on a YJ79-Gi-3A engine at the request of the Propulsion
lLaboratory. Tusts were conducte. between 19 December 1357 and 23 april 1958 comparing
the engine's spark ignition system and a platinum glo# plug for rarid relight. At the
oconditions tested, the contiruous spark ignition system was a more effoctive and reliuble
method of producing engine re-ignition following caupressor stall-induced flamecut than
the glow plug system. ALLC reference is listed in Appendix A.
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S« IFrom the conclusions as reparted by A8.C and other ground test facilities,
it became increasingly obvious that the biggest problem is resolving rapid relight
after flameout was to get actual simulation of conditions as experienced in-flight,
i.e., short time air reduction tranaients through the engine. Therefare, at the
request of the Propuvlsion Laboratory and the «eapon Systeu Project Office, AHDC, the
Directorate of Flight and All-deather Testing, 4AUC, over the period from Juns through
October 1958 performed flight tests with continuous spark ignition on F1Ql aircraft
under iecing conditions. The F10lA and ¥l0l1B aircraft were both tested in order to check
rapid relight capabilities with the two different ignition systems., F1l0lA aircraft
have an ignition system with approximstely four (4) joules stored energy amd 12 sparks
per second firing rate, while the F1l0lB has an ignition system wita aprroxim:itely <0
Joules stored encrgy and four (4) sparks per Second firing rate. The aircraft were
flown behind the KBc9 tanker plane in such a position that water fram the tanker boom
spruyed onto the left inlet. After accumulating 1" t. 1 1/<° of ice on the enyine
inlet lip, the aircraft were removed from the icing spray and flown to wurmer altitudes
to dislodge the inlet ice for ingestion by the engins, Hesults of the tesats showed
that sustained eng:ine operation could be waintuined with the spark ignition system
turnec on durin. ice ingestion. The tests also showed tuat a flameout was possible,
during ice ingestions with the spark isnition systew turned off. Flisnt teat rejorts
are listed in Appendix A.

6., Prior to initiation of the continuous ignition flight test by Directorate
of #light and All-deather Test, the Fropulsion L.boratary performed enuurance testing
oh several spuark igmition systems to detoruine the suitability of present intermittent
'duty systems for continuous duty operation. The present duty cycle requirement for
spark igmiSion systews is two minutes on, three minutes off, two uwinutes on, and twenty-
three (<3) minutes off as called out in Specification MIL-E-5007A. Tue results of tests
conducted by an enuine manufacturer, an ignition system manufucturer, and the Propule
sion laboratory show that present spark ignition systems are adequate for duty cycles
consideradbly in excess of the reguirements of .Il-wx-_O007A, with time of operzation to
failure dependent upon the envirommental temperature of the system.

7. JSince present spark ignition systems operating on direct current are not
capable of continuocus operation over long periods of time, the Propulsion laboratcry
designec a contlnuous duty systew using components presently availauble which does not
have tne limitations of the ignition aystems of present en.ines, but does retain the
high energy levels rejuireu for ground starting. A detail:d review of this design is
included in Appendix B. This ignition ‘'System is to be flight-tested by Directorate of
Flight and All-dsather Test in the neur future,

I1I. QONCLUSICGHS

8. Rapid relights are obtainable utilizing continuocus ignition on F1l0lA and F1l01B
aircraft under artificially induced ice ingestion.

Ye ULirect current ignition systems tested are satisfactory for longer duty cycles
than presently required by MiL-E-,007A, however, are not adejuate for extended continuous

duty.

10. Under conditions tested, the spark ignition 48 capable of more satisfactory
rapid relights than the platinum glow plug.

WALC TN 59-6/
Mareh” 1959




Iv [ BEQQIQQQ:;TIQ}B

11. The use of continuous spark ignition be thoroughly investigated for specific
applications which are prone to Ilameout under certuin flight conditions.

l2. The continucus ignition system designed by the Propulsion laborztory be
flizht tested in F101B aircraft under ice ingestion conditions.

(4

13. =ngine manufacturers develop continuous ignition systems during the develop-
ment phuses of new gas turbine engines as a means of reducing the probebility of engine
flameout during flight.

14. Determine minimun spark energy and voltage required for rapid relight with
the view towa:d reducing stress and wear on components of a continuously operating
ignition system.
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APPENDIX *B*
A CONTINUCUS IGNITION SYSTH NOW UNDER CONLIDEAATICH FOR acF. USE

Ao INTROVUUCTICN:

1. The ignition systems presently in use on turbojet encines use 24 volt direct
current. This is necessury because alternating current is not aulways available at the
engine starting Ri¥i of a winumilling air start. iowever, now ~itan the rapid relight
and higher RPAi of the engine, the AC is available and is the most desirable for a con=-
tinuous operating ignition system. It eliminates the need for electromechanical devices,
such as vibpators, used in DC systems which have definite limitations for continuous
operation. Also considerable higher voltuges will be required for rapid relight due
to the high pressures in the canbustors. However, the spark energy of the continuous
aystem can be a fraction of present ignition systems, since rapid religcht is accomplished
under ideal conditions of high pressure and temperature., This can be unaerstood from
the fact that glow plugs are producing ignition for rapid relight.

B.  DEVELCIMENT AND TE5T:

2¢ Visioning these facts, the Propulsion Laboratory initiated a work program
to develop a continucus system which could be readily made available and installed on
present airc:aft with a minimum of modification to the engine and at the same time
keep the present ignition system intaet for ground and air winimilling restarts,

3¢ As a result of this effort, a system shown in Exhibit A and B was devised
which can be installed on engines without the installation of additicnal igniter plugs.
Camponents with continucus capability and which are presently in production were
selected for the system. Tle continucus systen parallels tne present ignition system
to spark a single igniter plug and either system can be selected by switcning only the
low voltage of each system. ’

WADC TN 59-64
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