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CONTINUOUS SPARK IGNITION FOH RAPID REUGHT AFTER 
FLAMEOUT OF QA3 TUt<BINE ENGINES 

I. PURPOSE 

1.      To present information regarding results attained in efforts to establish 
rapid relight of gas turbine engines after flaueout wita cuntinuous operation of the 
spark  ignition system. 

II. FACTIIAL DATA 

\.   ^The in-flight flameout of gas turbine engines,  in many instances,  is the 
result of transient reductions In engine air florf caused by many possible conditions 
such as particular aircraft maneurers, contamination of intake airflow by exhaust 
products of self-propelled ordnance launched from aircraft, 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 lower altitude in order to relight the engine,  the mission 
of that particular aircraft is either compromised or completely aborted. 

\. Vri 'The first major effort on rapid relight of gas turbine engines appears to 
hare tiben aoccmplished by the British.    In early I9^b, Proteous Engines of the Bristol 
Britannia Coaraerclal Aircxaft experienced flameout while flying  through heavy precipita- 
tion of small loe crystals at very low air temperature.    The British were successful 
in obtaining rapid relights under these icing conditions by  inserting into the combustion 
chamber of the Proteous engine, a platinum glow plug.   Apparently the platinum rod is 
heated  to Incandescence during normal engine operation, and this heat is retained 
sufficiently after flameout to relight the engine.    The catalytic affects of platinum 
upon mixtures of hydrocarbon fuels and air probably aid the relight process alsoj^ 
British references are listed in Appendix A. 

4.      The Propulsion Laboratory, Wright Air Development Center, approached the rapid 
relight problem ^uite differently than the British.    In late 19J7*  the continuous ude 
of spark ignition,  or Intermittent use of spark Ignition during critical periods of 
flight was proposed as the most straightforward method for rapid relignt of gas turbine 
enginea.    The Propulsion Laboratory Itself was unable to perform rapid relight testing 
due to limited engine test facilities.    Arnold Engineering Deralopment Genter (AEDC) 
undertook rapid relight testa on a YJ79-GE-3A engine at the request of the Propulsion 
Laboratory.    Tests were conducted between 19 December 1^7 and 2d April l^jd comparing 
the engine's spark Ignition system and a platinum glow plug for rapid relight.    At the 
conditions tested,  the continuous spark ignition system was a more effective and reliable 
method of producing engine re-ignition following caapressor stall-induced flameout than 
the glow plug system.    AEUC reference is listed in Appendix A. 

V 
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3«      from th« conclusions as reported by AiiX and other ground test facilities, 
it beeane Increasingly obrloua 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 transients through    the engine.    Therefore, at the 
request of the Propulsion Laboratory and the «eapon Systeu Project Office, AHDC,  the 
Ülrsetorate of flight and All-leather Tasting,  JUX, orer the perloa from June through 
October 1^38 performed flight tests with continuous spark, ignition on FlOl aircraft 
under icing conditions.    The FlOlA and i'lOlB aircraft were both tested in order to check 
rapid relight capabilities 4ith the two different ignition systems.    FlOlA aircraft 
have an ignition system with approximately four (4) Joules stored energy and 12 sparks 
per second firing rate,  while the i'lOlB has an ignition system with approximately no 
Joules stored energy and four (4) sparks per ^second firing rate.    The aircraft were 
flown behind the K&9 tanker plane in such a position that «tater from the tanker boom 
sprayed onto the left inlet.    After accumulating 1*  tc  1 1/^* of ice on the engine 
inlet lip,  the aircxaft were removed from the icing spray and flown to warmer altitudes 
to dislodge the inlet ice for Ingestion by the engine.    Hesults of the tests showed 
that sustained engine operation could be uiaintained with the spark ignition system 
turnec on duriiv  ice ingestion.    The tests also showed  tnat a flameout was possible, 
during lee ingestions with the spark ignition system turned off.    Flight test reports 
are listed in Appendix A. 

b.      Prior to initiation of the continuous ignition flight test by Directorate 
of 'light and All-leather Test, the Propulsion Laboratory performed enuurance testing 
on several spark Ignition systems to aetormine the suitability of present intermittent 

'duty systems for continuous duty operation.    The present duty cycle requirement for 
spark  ignllion systems is two minutes on,  three minutes off. two minutes on, and twenty- 
three (<;j) minutes off as called out in Specification MII.-Ü-3007A.    Tue results of tests 
conducted by an engine manufacturer, an ignition system manufacturer, and the Propul- 
sion Laboratory show that present spark ignition systems are adequate for duty cycles 
considerably in excess of the requirements of älL-u-^OOTA.  with time of operation to 
failure dependent upon the environmental temperature of the system. 

7*      Since present spark ignition systems operating on direct current are not 
capable of continuous operation over long periods of time,  the Provision Laboratory 
designer a continuous duty system using components presently available which does not 
have the limitations of the ignition systems of present engines, but does retain the 
high energy levels re^uireu for ground starting.    A detailed review of this design is 
included in Appendix B.    This Ignition'systorn is to be flight-tested by directorate of 
Flight and All-leather Test in the near future. 

in. oammB 
3.      Rapid relights are obtainable utilising continuous ignition on FlOlA and FlniB 

aircraft under artificially induced ice ingestion. 

9. direct current ignition systems tested are satisfactory for longer duty cycles 
than presently required by M1L-B-JOJ7A, however, are not adequate for extended continuous 
duty. 

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

lAUC IN 3>-6A 
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IV.    RJgCOH'lJflfl^TIGKj 

11.    The use of continuous spark ignition be thoroughly inveatigated for specific 
applications which are prone to ilaxueout under certain flight conditions. 

1^«    The continuous Ignition syjtam designed by the ftropulaion laboratory  be 
flight tested in F101B aircraft under ice Ingestion conditions. 

# 
lj,    engine manufacturers derelop continuous Ignition systems during the develop- 

ment phases of new gad turbine engines aa a means of reducing the probability of engine 
flameout during flight« 

14.    Determine minimua spark enargy and voltage required for rapid relight with 
the view toward reducing stress and wear on components of a continuously operating 
ignition ayJtan. 
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1 Chief 
Bureau of Aeronautics 
Nary Ueparfcnent 
ATTOJ    iP-32b, Mr. R. Brown 
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Naval Air totarial Center 
Aeronautical Engine Laboratory 
Philadelphia, Pennsylvania 

Comnander * 
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dusted Air t'orce Bnse 
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Conuiander 
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Texas 
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Tinker Air Force Base 
Oklahoma 
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OTäSi DEPAHTMafT 9f pEf-tpg ACTIvri'IES (Continued) 

1 Conoander 
Air University Library 
Maxwell Air Force fiese 
Alabama 

1 Commander 
Air force Cambridge Research Center 
L. G. Uanscom Field 
Bedford, Massachusetts 

1 Comaander 
Air Force Flight Test Center 
Edwards Air Force Base, 
California 

1 Commander 
Arnold Engineering üerelopment Center 
Tullahcma, Tennesse« 

1 Commander 
Air Proving Ground Center 
%lin Air Force Base, Florida 

1 Commander 
Air Research and Development Command 
Andrews Air Force Base 
Washington, D. C. 

1 Gonnander 
Strategie Air Coomand 
Offutt Air Force Base, Nebraska 

1 Commander 
Air Defense Command 

'* Ent Air Force Base, Colorado 

1 Conmander 
Tactical Air Command 
Langley Air Force Base, Virginia 

1 Commander 
Air Training Command 
jiindolf Air Force Base, Texas 

OTHgR \J,Li, GOVEHNWafT AGENClüS 

1 National Aeronautics & Space Administration 
1320 "H" Street, N.  tf. 
Washington <5, D. C. 
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OmSR U.S. GOV&riNMKNT AGEHCIES 

CONTOitCTCiRS 

Lewis ResetiTCh Center 
National Aeronautics & Space Administration 
tilOOO Brookpark Road 
C lere land j^t Ohio 

AC Spark Plug Division 
General i-iotora Corporation 
1300 Detroit Highway 
Flint d, Hichigan 

Allison Uivi3ion 
General Motors Corporation 
Attention 1    Mr. Fred Sietz 
Indianapolis 6,  Indiana 

B. G. Spark Plug Corporation 
3^1 Broad Ayenue 
Ridgefield. New Jersey 

Boeing Airplane Company 
Post Office Box 3707 
Seattle 2^,  ^ashintfton 

Boeing «iirplune Canpany 
Wichita, Kansas 

Bridgeport-Lycoming Division 
AVCO Manufacturing Company 
330 Main otreöt 
Stratfora, Connecticut 

Chance Vought Aircraft Division 
United Aircraft Corporation 
Dallas 1, Texas 

Continental Aviation & Engineering Company 
1300 Algonquin 
Detroit, Michigan 

Convair Division 
General Dynamicd Corporation 
Fort Worth, Texas 

Convair Division 
General Dynamics Corporation 
3I63 I^ciflc highway 
San Diego 1c, California 
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CONTRnCTOBS (Continuec) 

1 Douglas "ir craft Ccmpaiiy 
3000 Ocean Park Bird. 
Janta Konlea, C  lifornia 

1 Fairchild ingine DiTision 
Fairchild engine & Airplane Corporation 
F-rmingdale ,  l^ng Island 
m« York 

1 General Electric Company 
Missile it Ordnance Uepartoent 
ATTNJ    C. J.  Gutters 
Lakeside Avenue 
Burlington,  Vermont 

1 General Üiectric Company 
Jet Engine Division - J9J Project 
Evendale Plant 
Post Office Box 1^6 
Cincinnati 13,  Ohio 

1 General Electric Company 
Jet Engine Diviaion - J79 Rroject 
Evendale Plant 
Pout Office Box 19b 
Cincinnati  lj,  Ohio 

1 CJenüral  electric Caupany 
Jet ^n^ine Diviaicn - J47 Project 
Evendale  ilant 
Post Office Box l^fa 
Cincinnati 1^, Ohio 

1 General Electric Company 
:>mall Aircraft En^rine Department 
1000 Western nvenue 
«eat    Lynn j, Massachusetts 

1 General Laboratories Aasociations Inc. 
Norwich, New York 

1 Glenn L. Martin Caupany 
Baltimore, Maryland 

1 Grumman Engineering Corporation 
Beth Page,   Long Island, 
New York 

1 Lockheed Aircraft Corporation 
Post Office Box 3^1 
Hollywood Way 
Burbank, California 
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COHT&.CTORi (Con t inueg) 

l NcUonnel Aircraft Corporation 
Fost Office Box jlb 
r·iunicipal ~ar;;ort 

St. Louis, Nissouri 

1 North American Aviation, Inc. 
Columbus Division 
Colu.11bus lj, Ohio 

l North Aluerican Aviation, Inc. 
los Angeles International Airport 
Los Angeles 45, California 

1 Northrop Aircraft Inc. 
Nortitrop Held 
iiawti.orne. c~urornia 

1 I'ratt .?:c ;>/hitney Aircraft JJivision 
~nited Aircraft Corporation 
l!:ust Hartford 8, Connecticut 

1 Prett <".c il hitney Aircraft lJivision 
United ... ~ircraft Corpora tion 
l(esearch & Develo;;ment Center 
United, nor ida 

l ~cintilla Liviaion 
Bendix Avi ~tion Corporation 
Sidney, New York 

l "Nestint:house l!:lec·tric Compaey 
Avia tion Gaa Turbine JJivision 
.)2 North l•1ain S treet 
JJ-yton <:: , Ohio 

l .'irie:ht Aeronautical ui.visi.on 
Curtisa- iright Corporat1on 
Joodride;e, New Jersey 

l Cha111pion SJBrk Plug Company 
A'rfN: l·lr . L. n. L::ntz 
900 Upton .nVenue 
Toledo 1, Ohio 
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A. Briti!h Plat1n• Glov--D.Y& 

1. U • .3. RayY, Bureau of Aeronautics, Aer FP-J2J correspoDdence dtd ~4 May 1957 
to CCIIIIIIBDder, .#right Air llneloJUent Center, .A.'l"l'Nz Jt;Lffi-7, ::iubject: 
•Technical Duta, forwarding of• 

~. Embassy of United .3tatea ot America, Office of Naval Attache', London, England 
correapondence NILj: lnA8-J0274, dated 16 April 1957 to Chic1' , bureau of 
Aeronautics (ATTN: PF-)4::2), .'iash1ngton 2:;; , IJ.C., subject l •Catalytic 
Ignition in Aircraft Gl:la Turbine .c;l\;inea•, and inclosures thereto. 

B. i\rnold ...: ngineer~M DeTelowept Center 

J• Ai!:DC Technical Report 53-lJ (/WTIA Document No. AD J0.:: ,7;>l) d:.ated November 
19~6, subject: "An IDYe$tigation of ~odificat1ons to the YJ7j-G~-~ Tui uojet 
Engine•. 

C. ltight Ai£ IJeyelognept Cept9r flight Testing 

4· I'IAIJC .Form ) b , night Test Request .tCLP .).3-46 •Rapid Relight .Fligh t Test 
J)7-F·5;> !i:nt;ine, .FlOlB Aircraft ;;;iinglP. I e niter 400 Cycle 4 Joule .;;ysteuo• 
19 Dec~nber l :;o o - Prupubion Llbor::t tory 

.5· Flight Teat .Report, .tCTET 5a-9 (iiAOO Form ) o, .«;U' 58-39) •Icing Ta;;~t of 
Continuous Ignition System on FlOlB Aircraft Equipped with Jj 7-P· 5::i ~n£in~s· 
5 NOTember 19~8 - Directorate of .Flight & All-~es tber Testing. 

6. 'MAlJC For111 5o, ilight Test Request .«;LP .)3-~ •Rapid Relight Test of J.)7-13 
ing1oe, .FlOlA Using 3 inele Igniter, 24 Volt llC 4 Joule 3y s tem • 
20 October 1958 - Propulsion laboratory 

7• IIADC Form 5b, Flight Teat Request I'ICLP ) d-.39 •napid Helight Test After 
Flameout J )7 · 1J·4J Eneine, .Fl0181 

19 September 19)8 - fropulsion Laboratory 

8. Flight •rest neport iiC'l'ET 58-b •.Flight Test of Continuous I~;nition ..)ystem 
on .FlOl Aircraft• 
~a August ljj o - Uirectorate ot Flight & All-~eather Testing 

9• 'iAIJC Fonu .56, .Hight Test He(!uest .iCTE ,Sd-..: "Flight '!'est of Continuc'.ls 
Ignition During Icing• 
JO J anuary 1;)8 - Directorate of .Flit;bt ec All-:lea tber 1'estil'l6 

JJ. kn1tion Sxat§l!l ~ndurance IesUM 

10. P.ratt & '.ibi tney Aircraft Int.eroftice correspondence from .b'r a nk lvanowsk;y 
to Charles Goodrich, Subjectz •Igni tion i::ndurance Tes ting • - l4 July 19.58 
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AFPäNDU »A»  (cont'd) 

11.    Jcintilla Division, Bendtx Aviation Gorporution, correspondence to J*.bO 
Subjact»    "Continuous iAity Operation for ICN-lo (10-377^0-1) Ignition Unit 
Used on (AJF) J37-P-I3 Engine" -   31 March 1^8 

1<J.    Propulaion Laboratory,  jfAUC, Tdst data    ''137 undine Ignition Endurance Test" 
31 March I938 through 16 April 1^38 
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A. INl'RO.l.IUC'riON: 

1. 'lhe ignition sy:::~tems IJl'asently in use on turboj<~t ent~ ines use 24 volt direct 
current. 'l'bis 1s neceasury because alternating current is not always available at the 
eagiae starting RH•i ot a wiiWililling air start. Howev~r, noOi .ti t n the rapid relight 
and higher HD1 ot the e~ine, the AC is available and is the most desirable for a con­
tinuous operating ignition s.Jstem. It eliminates the need tor electranechanical devices, 
such as vibDdtors, used in DC sy~tews which ~ve definite l~itations for continuous 
operation. 4llso conside•·able higher voltages will be requU'ed tor rapid relight due 
to the high pressures in tbe canbustors. However, the spark energy ot the continuous 
_,stan can be a traction ot present ignition systems, since rapi~ rel~ht is accomplished 
Ullier ideal condi tiou ot high pressure and temperature. This can be unaerstood from 
the fact that glow plugs are producing ignition for rapid relight. 

8. W!El&rwm' ANl.i T~I' 

2. Visioning these facts, the Fropulsion Laboratory initia ted a work procram 
to, derelop a continuous system which could be r~adilf made available and installed on 
preaent aircr aft with a mintmum of modification to the engine and at the same time 
keep the present ignition system intact tor ground and air llil!l.imilling restarts. 

3• As a result of this effort, a system shown in iUhibit A and B was devised 
which can be installed on engines without the installation of additicnal igniter plugs. 
CGmpoaents with continuoua capabili~ and which are presentlY in production were 
selected tor the system. T!.e continuous syst~1 parallels the _prt:Jsent ignition s,ystem 
to spark a single igniter plue and either system can be selected by ~witchine only the 
low voltage ot each ~stem. 
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