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SOCIETI/ OF AUTOMOTIVE ENOINEERS. ,~~. 	
A E R 0 S PA C E 	p~ R 784 

465 LEXINOTON AVENUE 
NEWYORKI7,N.,,. 	 INFORMATION REPORT 

I 	INTERRELATION OF ENGINE DESIGN AND BURNER CONFIGURATION WITH SELECTION AND I luued 7~15~ g3 I 
PERFORMANCE OF ELECTRICAL IGNITION SYSTEMS FOR GAS TURBINE ENGINES 	Rsvised 

1. PURPOSE• 

(a) To provide the designer of gas turbine engines with a working knowledge of 
the interrelation between engine performance objectives and the part played 
by ignition in meeting the objectives. 

(b) To present a definitive collection of standard references, nomenclature, and 
descriptive terminology sufficient to provide a basis for design approach in 
specification of gas turbine ignition systems. 

(c) To stimulate further work necessary in the development of knowledge of the 
unlmown, interrelated parameters. 

2. SCOPE: 

(a) To describe typical ignition systems in general usa~e and their parameters 
that warrarit consideration during the development oi' a~a.s turbine engine. 

(b) To describe those parameters in gas turbine engine design and, in particul 
burner configurations that influence the type selection and performaazce of 
the ignition system. 

(c) To indicate the areas where future work ma.y uncover important effects having 
a direct bearing on certain interrelated param~ters, with resultant benefits 
to both the en~ine and ignition designers. 

3. GLOSSARY OF TERMS: 

3.1 Spark Igniters: 

3.1.1 High Tension: Defined as, "An item incorporatin~ an electrode(s) across 
which an electric spark is discharged to ignite a comDUStible mixture in a 
continuous burning cycle en~ine," by AS 3~+1 and categorized by "H.V. air gap, 
H.V. surface gap, and H.V. air surface gap" by ARP ~-34. This type requires 
more than 5 KV potential to create a spark between the electrodes. 

3.1.2 Low Tension: Defined same as above and categorized by "Shunted surface gap" 
in ARP 	. This type requires less than 5 KV potential to create a sparlc 
between the electrodes. General practice dictates that a"new" spark igniter 
sha11 spark when 1000 volts is applied. 

3.2 Ignition Leads: 

3.2.1 High Tension: Defined as, "A definite length of electrical cable havin~ at 
leas one end terminated in a single, co~on fitting," by AS 3~+1. Its con- 
st ruction, materials used, etc. must be such as to conduct the discharge 
energy from a hi~h tension ignition exciter (in excess of 5 KV) to a high 
tension spark igniter. 

3.2.2 Low Tension: Defined sams as above, but designed to conduct the discharge 
energy from a low tension ignition exciter (less than 5 KV) to a low tension 
spark igniter. 

Coprrlsht 1C~. ~j3 bY 800l~b of Automotiv~ [nsln~~r~, Ina 	 Prinbd In U. S. A. 
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3•3 ~ition Exciter: An assembly of component parts which provides a means 	~ 
of chan.ging low voltage alternating current or losa voltage direct currEnt 
to a condition suitable to provide (with or without additional devices) a 
spark discharge for ignition purposes. (Per AS 3~+1) 

3.~+ Capacitor Discharge System: An ignition system in which the spark energy 
is primarily the result of a capacitor discharge. (See Sections 4.1, ~+.2, 
~+.5, for illustrations of typical system circuits.) 

3•5 Inductive System: An ignition system in which the spark energy is pri- 
ma.rily the result of a rapid variation in magnetic flux in an induction 
coil. (See Section ~+.3 for illustration of a typical system circuit.) 

3.6 U'park Energy: The energy (Joules~ released between electrodes of the 
spark igniter. 

3.7 Spark Rate: The number of spark discharges per unit time occurring at the 
spark igniter under a given set of conditions. (Example - 2 sparks per 
second mi.nimum at room temperature and 2~+ V DC input. ) 

3.8 Spark Dura.tion: The length of time usually expressed in micro-seconds, 
required to dissipate the total energy of any one spark discharge occur- 
ring between the electrodes of a spark igniter. 

3•9 ~ored Energy: The energy (Joules) stored in the tank or storage capacitor 
of a capacitor discharge system (1~2 CE 2), or in the inductance coil of an 
inductive discharge system (1~2 LI ). 	 ~ 

3.10 Duty Cycle: The operatin~ cycle required of the ignition system. It is 
expressed as a~znction of time ON and time OFF or continuous, as appli- 
cable, and is generally associated with the ignition exciter specification. 

3.11 High Tension Systems: Ignition systems capable of delivering volta.ges in 
excess of 5 KV to the firing tip of the spark igniter. 

3.12 Low Tension Systems: I~nition systems capable of delivering voltages up 
to 5 KV inclusive to the firing tip of the spark igniter. 

4. TYPICAL IGNITION SYSTEM CIRCUI'rS: 

The following simplified ignition circuits are shown to illustrate the 
basic components that establish the system limitations. These are to assist 
the engine designer in the realization for the need of zonin~ the system 
components on the engine in regard to temperature, vibration, distribution 
efficiency, etc. 

. 
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. 	~.1 D. C. Capacitor Discharge System, Hi~h Tension: 

D.C. CAPACITOR DI~CHARGE SYSTEM, HIGH TE~SION 

VI BRATOR 	 HI . FREQ. 

	

~~~ F I L TER ~T RANS. 	RECT. D 1 SCHARGE G/1P 	TRAIMS. D01 L 	H 1. 
SWI TCH r 	~ 	 ~ 	 V~LTAGE 

L EAD~ 

( 	 I 	 ( 

I 	 ( 	 I I 
D. C. 	I 	 I 	 I 	SPARK 

SOURCE 	 I IGNITER 
~Hi . TENS. 

	

= IGNITION 	STORA6E 	REStSTOR 	HI. FREQ. 

	

— EXCITER 	 CAPAC OR 	 CAPAC R 
HOUSING 

Comments •  

, 	The high tension capacitor discharge system produces an initial ionizing volt- 
age ol a magnitude as lar~e as necessary (within design limits) to ionize the 
gap of the high tension spark igniter. This ionizing voltage usua,lly has the 
waveform of a very short duration pulse or "spike" (above 5 KV) as compared 
with the remainder of the dischar~e voltage (0-500 volts). Because of the hi~ 
magnitude oF the ionizing voltage, a wide variety of spark igniter gap geomet- 
ries are compatible with this system. The ionized spark igniter gap provides 
the necessary 1ow impedance path for the discharge of the energy stored in the 
stora~e capacitor, through the ionized spark discharge gap, secondary winding 
of the high frequency transformer coil, nigh tension ignition lead, center 
electrode of the spa.rk igniter, and arc to ground. Because relatively large 
amounts of energy are thus expended in the resulting spark in a matter of micro- 
seconds, the heat release and the accompanyin~ shock wave to fuel-air mixtures 
is sufficient to produce ignition over a wide range of combustion conditions. 
Detailed explanations of the electrical phenomena of ignition circuits such as 
illustrated above are available in many publications and in ma.nufacturer's 
lite rature . 

, 
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For the purposes of this document~ the following observations are ma.de  con- 
cerning the high tension version of the capacitor discharge system: 

l. It is usually the heaviest, and lar~est, of the three ba.sic ignition cir-. 
cuits discussed in this document, due to the incorporation of the hi~h 
frequency transformer coil and its high frequency capacitor. 

The hi~h frequency transformer coil itself causes certain energy losses 
and alters the time duration and peak power level of the spark from that 
which would be obtained if the coil were not present. Use of such a coil 
may therefore necessitate higher stored energy requirements. 

2. The hi~h voltages demanded by the spark igniter under e~remes of high 
pressure and electrode eroslon~ must be considered in the determination 
of acceptable ambient tencperatures and altitudes, lead lengths, terminal 
configuration, cable insulation, and the design of the spark i~niter. 

4.2 D. C. Capacitor Discharge System, Low Tension: 

D.C. CAPACITOR DISCHARGE SYSTEM, LOW TENSION 

VIBRATOR 

~~ o  FILTER —7 TRANS. ~ RECT.~ 	DI SCNARGE GA~ ~ LOW 

	

SWITCH ~ ~ ~ 	
VOLTAGE 
L EAD~ 

I 	 I 	 I 
~ 

	

I 	 I 
I I 	~ ~ ~ 	 ~ 	_ 

D. C. 	 I 
SOU RCE 	

SP ARK 

	

~ 	 _ 	~ IGNITER 

=
I GNI TI ON 	 STORAGE 	 RES'I STOR 	 LO~N TENS. 

EXCI TER 	 CAPACI TOR 

HOUSING 

Comments• 

2'he low tension capacitor discharge system produces sufficient volta.~e to cause 
current to flow across a semi-conductive surface in intimate contact with the 
center electrode and ground shell of a lo~a tension spark i~niter. 

~ 

. 

/ 
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~.2 (Continued) 

• 	 This initial flow of current ionizes the air between the center electrode 
and the ground shell so that the energy stored in the stora,ge capacitor 
discharges through the ionized spark gap, the low tension ignition lead, 
the center electrode of the spark igniter, to ground. ~Because relatively 
large amounts of energy are thus expended in the resulting spark in a 
matter of microseconds, the heat release, and the accompanying shock wave, 
to fliel-air mixtures is sufficient to produce ignition over a wide range 
of combustible mixtures. Detailed explanations of the electrical phenomena 
of ignition circuits such as illustrated above are available in many pub- 
lications and in manufacturer`s literature. 

For the purposes of this document, the follow:ing observations are made 
concerning the low tension version of the capacitor discharge system: 

1. Because the low tension spark igniter firing tip contains its own 
shunted surface (semi-conductor body), contamination oi' the electrodes 
by f~xel, carbon, or other combustion residues has little effect on the 
generation of a spark. For the sa.m~ reason, higher burner pressures 
may be ignited than is feasible in the air gap or surface gap types of 
high tension spark igniters. 

2. La.ckin~ the inductance of a high frequency transfortr~r coil in the 
discharge circuit, the spark duration is shorter and the peak power 
of the first pulse on the spark train is higher. This concentration 

. 	 of heat in the spark is more effective under some combustion condi- 
tions, which could result in lower stored energies and resultant de- 
crease in the system weight, and size. 

3. Lower discharge voltages permit smaller cable insulation, lighter 
leads, and are more easily contro~ lable under extremes of ambient 
temperature and altitude. 

~+. Because the functioning of the entire system depends on the condition 
of the semi-conductor surface required in the firing tip of the spark 
igniters, they may be influenced by engine burner conditions and may 
require more frequent replacement than do air gap or suriace gap types 
of high tension spark igniters. The necessity of maintaining intimate 
contact between the electrodes and the semi-conductor material, re- 
quires that particular attention be given to the extremes of tempera- 
ture to which the firing tip is subjected. Each system application 
must be studied for its peculiar conditions. 

, 
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4.3 Inductive System• 

Q.C. iNDUCTIVE SYSTEM, HIGH TENSION 	 ~ 

F(LTER 	VI BRATOR TRANS 	_ ~ 

~~TI(~V. SWI TCH 	 H1 . VOLTAGE LEAD 

~~ 

~ 	 -1- ~ 	 ~ 

~ 	~ 	I 	 ~ 

0. C. SOURCE 	 ~ 	-~— ~ SPARK 1 GNI TER 

~ IGNITION~ 	
HI. TENS. 

EXCITER —~ 
HOUSING 

Comment S : 

The inductive discharge system is similar in performance to the magneto or 
battery timer ignition used on reciprocating en~ines. It is usually the 	 . 
lightest, smallest, and least expensive of all three basic circuits considered 
in this document. It produces a high voltage inductive spark shower in fre- 
quency with the rate of opening of the contact points. For the purpose of this 
document, the following observations are noted: 

l. It contains fewer electrical components than are necessary in the other 
ignition system types discussed herein, and therefore offers potential ad- 
va.ntages in size, weight, and cost. These advantages are particulaxly ap- 
parent when very low spark energies can be tolerated (in the millijoule 
range). 

2. It ha.s three main disadvantages: 

a. Low spark peak power capable of igniting only the more easily ignitable 
fuels, and within narrrna f~zel-air ratio limits. 

b. Inductive sparks may be more readily quenched by fuel or moisture 
wetting, and shorted by carbon fouling or other products of combustion. 

c. High voltage output must be considered in the determina.tion of accept- 
able ambient temperatures and altitudes, lead lengths, terminal con- 
figuration~ cable insulation~ and the design of the spark igniter. 

/ 
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H1. 
HI. FREQ. 	WLTAGE 

TRANS. COIL~ LEAD 

n000en 1 

DISCHARGE GAP 

-7- 

. 	4.~ Comments on D. C. Powered Circuits: 

The circuits illustrated above are shown as deriving their electrical 
power from a D. C. source. Also, the power portion of the circuits illus- 
trate a vib rator-transformer used to interrupt and transform the D. C. 
input to a pulsating current sufficient to charge the storage capacitors 
of ~+.1 and ~+.2, or to produce the inductive spark of 4.3. Another varia- 
tion substitutes a transistorized circuit for the vibrator, with the rest 
of the ignition circuit remaining as illustrated. The vibrator, being an 
electro-mechanical device with moving parts, and contact points, may have 
the lowest opera.tion life of any power circuit herein considered. Its ad- 
vantage lies in its ability, ~under proper design, to perform its function 
over a relatively wide ambient tempera,ture range, and its economic advan- 
tage over transistors in the higher temperature ran~es. A transistorized 
power circuit will have a much longer operation life than the vibrator 
circuit but its use is limited by ambient temperature specifications and 
economic considerations. These conclusions are based on the state ot' art 
of solid state physics and production facilities in force at the time of 
this writing, however, and each situation should be examined on its own 
merit. 

4.5 A. C. Powered Circuits: 

A.C. CAPACITOR DISCHARGE SYSTEM, HIGH TENSION 

A. C. 
FILTER 	TRANS. 	RECT. 

r~T -  ~ oeo 	 _, 

0 

...-~ t ~ . 	,.._ 1 raviTiorv 
= EXCITER- 

HOU S I NG 

. 
	

~~. 
swt Ta 

a 

A. C, 

SOU RCE 

1 j 

I 

~ SP A RK 

~IGNITER 

H I. FREQ. 	H t. TENS. 

CAPACT TOR 

STORAGE 	RESISTOR 
CAPACI TOR 

The above diagram illustrates a typical A. C. powered capacitor discharge, 
hi$h tension system. Comparing it with the D. C. powered circuit of ~+.1, 
it will be observed that the two are identical except for the power portion, 
after the i'ilter and ahead of the storage capacitor. The same substitution 
can be made to change circuit 4.2 into an A.C. powered system, and the A.C. 
transformer can be substituted for the vibrator transformer in circuit ~+.3. 

. 
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Genera.11y speaking, A. C. circuits may have one or all of the following 
advantages over D. C. powered circuits: 

l. Increased reliability 
2. Less cost 
3. Lighter weight 
~+. Smaller size 
5. Longer opera.tion life before overhaul 
6. Most adaptable to extreme ambient tempera.tures 

It is obvious, therefore, that A. C. should be specified for ignition 
power whenever it is possible. 

~+.6 General Co~unents: 

In each of the above ignition circuit diagrams, a single discharge system 
is illustrated, or one that fires only one spark igniter. There are 
several accepted procedures for firing two or more spark igniters: 

Two independent single systems. 
One single system with spark splitting discharge circuit. 
One single system with two spark igniters firing in series. 
Variations of each of these. 

Each approach to the solution for dual ignition has its own merits, de- 
pending on the situation being considered. It is recormnended tha.t the en- 

~ine designer and ignition ma,nufacturer study the situation and arrive at 
a decision based on a11 factors involved, such as reliability, failure 	. 
analysis, etc. 

It should be understood, also, that although the preceeding schema.tic 
diagrams illustrate the ignition exciter components physically located in 
one housing requiring an ignition lead to conduct the energy output to a 
remotely situated spark igniter, it is entirely feasible to relocate the 
components to meet specific conditions. Relocation possibilities extend 
to the extremes of mounting the entire system as zn integral part of the 
spark igniter or separating the components into separate, lead connected 
housings throughout the engine installation. Each of these situations 
offers advantages and disadvantages and require due consideration by the 
engine and ignition system designers. 

5. PERTINEI~FI' MILITARY SPECIFICATIONS AND AEtP, AIR AS DOCiJMENTS: 

MIL-E-5007 Fngines, Aircraft, Turbojet, General Specifications for 
MIL-E-5156  Engines~ Aircraft, Experimental Turbojet Flight, Rating Test for 
MIL-E-5o09  Engines, Aircraft, Turbojet, Qualification Test for 
MIL-E-8593  Engines, Aircraft, Turboprop, General ~ecifications for 
MIL-E-8597  Engines, Aircraft, Experimenta.l Turboprop Preliminary Flight 

Rating Test for 
MIL-E-8595  E~gines, Aircra,ft, Turboprop, Qualification Test for 
MIL-P-8686  Power Units; Aircraft Auxiliary, Gas-Turbine Type, General 

S~ecification for 
AN-I-27a 	Interference Limits; Aircraft and Vehicular Engine Radio 
MIL-I-6181 Interference Limits, Tests and Design Requirements, Aircraf`t 	. 

Electrical and Electronic Equiprr,~nt 
MLL-I-26600 Interference Control Requirements, Aeronautical Equipment 

. 
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5. (Continued) 

AI~' 29~+ Terminal, Lead, Low Voltage Igniter Plug 
ARP 295 Terminal, Well, Low Voltage Igniter Plug 
ARP ~+22 Spark Igniter Outline Right An.gle Flange Mountir~ 
ARP ~+23 Spark Igniter Outline Flange Mounting 
ARP 42Z~ Spark Igniter Outline Threaded Mounting 
~' ~+53 Gasket 	 ~ 

ARP ~+84 Nomenclature for Spark Igniters 
ARP 50~+ Ignition System Testing Metering and Power Supply Regulation 
ARP 670 Terminal, Aircraft Ignition 
AIR 77 	Spark Energy Measurement Using Oscilloscopic.Methods 
AIR 8~+ 	Ignition Peak Voltage Measurement 
AIR 85 	The Calorimetric Nlethod of Ignition Spark Energy Measurement 
AIR 801 Oscillographic Method for Measuring Spark ~er~r of Capacitor 

Discharge Ignition Systems 
AS 3~+1 	Drawing Title Rules and Nomenclature for Aircraft Engine Parts 
AS 692 	Igniter, S,pa,rk, Aeronautical Engine (High Tensi:on) 

6. DATA NEEDED BY THE IGNITION SYSTEM MANUFACTURERS: 

6.1 Application - The application of the system should be specified to permit 
future identification by co~r ►on terms and a11ow the ignition system manu- 
facturers to draw upon experience acquired in similar applications. 

6.2 T~ype of System - The type of ignition system desired should be specified 
if knotim. 

6.2.1 Capacitor discharge, high tension. 

6.2.2 Capacitor discharge~ low tension. 

6.2.3 Inductive 

6.3 Electrical Requirements - 

6.3.1 Input Requirements and Limitations 

a. The nominal voltage plus maximum and miriimum. 

b. For AC systems, the nominal frequency plus its maximum and 
minimum variation. 

c. Current limitations if any. 

d. Any electrical transient conditions must be specified. 

6.3.2 Spark Rate - The spark rate required should be specified. The maximum 
and minimum should be specified at the input power limits. 

6.3.3 Energy - The critical energy parameter insofar as system performance is 
spark energy as defined by a wave form of instantaneous power vs. time. 
For capacitor discharge systems, the energy stored in the capacitor of the 
ignition exciter is also required. The minimum energy that is acceptable 
should be specified. Z~There separate specifications are prepared for indi- 
vidual ignition system components, i.e. exciters, leads, spark igniters, 
the spark energy requirements of the entire system should be stated in 
each component specification, with cross references to a11 other system 
component definitions. 

, 
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6.3. 1+ Output Voltage - The output voltage limits of the ignitiori exciter should 
be specified, as well as measurement conditions. 	 ~ 

6.3.5 Spark Igniter Firing Requirements - The minimum voltage required to fire 
the spark igniter under specified conditions should be specified. In 
addition, the specified conditions of opera.tion should include a11 te~er- 
ature a.nd pressure extrem~s under which the spark igniter is to operate. 

6.3.6 Duty Cycle - The duty cycle must be specified. For interm:i.ttent duty 
systems, considerable savings in size, weight, and cost may be realized 
by limiting electrical opera.tional time to the minimum necessary for 
successf~zl engine opera.tion. 

6.3.7 Endur~ance Life - The expected endurance life of the system should be 
specified in actual electrical "ON" time. This may be estimated on the 
basis of time between overhaul a.nd the duty cycle requirements. 

6.3.8 Service Liudts - Certain of the foregoing requirements such as stored 
energy, spark igniter firing voltage, etc., change with accumulated opera.- 
tional time. It is necessary that the permissible quantitative changes 
be specified in order to provide component designs acceptable under a11 
stages of engine operation. 

6.~ Mechanical Requirements - 

6.~+.1 Physical Size & Weight - The physical size and weight limitations include 
preferential mounting and terminal locations. 

6.~+.2 Lead Length - The length of leads, at least approximate, should be speci- ~ 
fied to assist in determining energy requirements. Lead design is af- 
fected by the distance over which the energy must be carried. 

6.5 Environmental l~equirements - These conditions may be specified as the 
requirements of existing specifications being sure to specify the necessary 
limits or schedules of following items for the exciter, leads, and spark 
igniter: 

6.5.1 Maxim ►~m and minimum ambient temperatures, both opera.ting and soak. 

6.5.2 Altitude Requirements. 

6.5.3 Vibration. 

6. 5 . ~+ Shock ?~arpact . 

6.5.5 Slzstained Acceleration. 

6.5.6 Humiaity. 

6.5.7 sa].t spray. 

6. 5 . 8 ~.ingus . 

6.5.9 Sand and Dust. 	 . 

6.5.10 solvents. 
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7e IGNl~.'ION VARIABLES AFFECTING ENGINE S°I.'~i.'IlVG PERFORMANCE: 

~ 	 The following brief su~naries of the more important ignition variables 
are given as a guide for the engine designer and his negotiations with ig= 
nition equipment manufacturersa 

Each combustion system presents a unique set of requix~e~ents for the igni= 
tion system. The interrelation of such variables as: input po~rer, sto~ed 
energy 9  spark rate 9  spark energy9  size 9  weight 9  ambierit temperature, and 
component capability must be so matched as to result in an ignition system 
that is economical 9  lightweight 9  and x~liable> 

7.1 ~ni tion System Energy P The energy require~nt for a particular ignition 
application will be a value determined by the engine burner characteristicse 
While initia~ion of combustion in a burner at ambient conditions may be 
relatively simple 9  ~the energy requirement must be considered carefully to 
provide reliable ignition characteristics at the extrem~e burner operating 
conditionso The characteris~tics that determine the ignition system energy 
requirement of a pax°ticular burner are f~znctions of the follo~ring va.ri~ 
ables: i1ae1 to be used 9  ~zelmair mixture limits, pressurey tempera.ture9 
altitude 9  gas flo~ 9  burner configuration, and spark igniter location> ~1hen 
applying ignition to a new engine design, it may be possible to determine 
very closely the ignition system energ,y by similarity ~aith previous desigmso 
If a new burner configuration is to be used, tests should be ma.de  at the 
extreme ambient conditions ~ith a spectrum of spark energieso A variable 
energy test set=up is a valuable tool for determining energy require~ntsa 

. 	 When determining the ignition system spark energy 9  system spark rate ~ust 
be considered so tha~t the elec~trical po~rer to be supplied the igni~ion sy~ 
stem is realis~ic and within the concponent capability of the i~ition system 
po~er supplye 

7>lel Stored Versus Spark Energy = The spark energy appearing a-t the tip of 
the spark igni~er will always be so~ value less ~han the stored energy 
of the ignition system, usually 10~ ~to 30~ of ~the sto~°ed valueso The 
balance of ~he energy released in each discharge is los-fc in ~he effective 
resistance of ~the discharge cix°cui~to The loss ele~nts of ~he discharge 
circuit areo internal ~iring 9  discharge gap ax°c, ~erminal connec~ions9 
ignition lead conductor 9  spark igni~er construc~ion 9  ground re'curn pa~th, 
e.nd stray electrical leakage o The energy ~tha~ t~ill be avail~ble fo~° 
ignition of a combus~tible mix~ure is ~hat expended in the spark igniter 
arc e To make ~this value as large as possible coffipax9ed to s~tox°ed energy9 
~he energy dissipa~ed in ~the loss ele~nics mus~t be kep~ ~to a minimuma 

While ~he ~o~al energy of a spark genera~Ced by 'tv~o igni~ion systems may 
be nearly ~the sam~ 9  ~he ti~ of discharge and peak energy may be consid= 
erably differen~C o 

Fi~uxe 1 illus~tra~tes ho~r a x~elativ~ely minor cha.nge in imduc~tance px~senic 
in ~the discharge pox°tion of ~the igni~ion circui~t can significan~ly in= 
fluence ~the spark dischax°ge chara.ctex°isticse As sho~rn in figu~e no~es, 
~the saa~ igni~tion system (exci~er 9  le~.d9  spark igni~er) ~as used 9  excep-t 
in Tes~ 2~he discharge cix°cuit induc~ance ~ra.s double ~hat of Test lo 

• 	 The ~tis~ of dische.x°ge and pea.k enex°gy becora~ mox~ i~ox°t~snt ~s ~he igni= 
~tion to ~ix~ux~e cha~acte~s'tics beco~ cx°i~icalo A't the present ti~9 
~.aximwm or mini~n ve.lues ~.x~e used ~o eac~o~ss ~the requia~emen~CS o~ spark 
clischarge ~im~ and peak energyo 
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7.1.1..1 Effec~ of Lead Length - An i~nition lead represents a resistance 
loss 3n the disc arge circuit that is roughly proportional to the 	~ 
length of the lead. It is therefore desira,ble to keep the lead 
length as short as possible. A second undesirable condition of lead 
length is attenua.tion of ignition system voltage. Thi.s condi~tion is 
most pronounced with a high tension output. 

Improvement in lead efficiency may be made by use of low resistivity 
conduetor~ insulation of high dielectric quality~ and good design of 
the gxound return path. 

Figure 2 illustrates the va.lue of using short discharge leads wher- 
ever possible. For these tests, the same ignition exciter and spark 
igriiter were used, and the same lead construction ~.nd materials were 
used but varied in length as given in the figux°e notes. 

701.1.2 Effect of Spark Igniter Tip Design - The design of the spark ignite~° 
~tip has as much or greater effect on the energy delivered by the sp~rk, 
relative to the stored energy, as any other feature in the discha.rge 
patho To deliver the greatest portion of the stored energy at the tip~ 
the ~,rc resistance must be large relative to the loss elements in ~he 
discharge path. The effective resistance of the discharge arc 9  once 
iriitial breakdown has occurred, is priraarily a f~uiction of electrode 
spacin, and configuration. Therefore to increase ~the arc resistance 
by lar~er electrode spacing will increase the initial bre~,kdown 
voltage. Various tip geometries used by spark igniter manufac'tuxers 
~.ffect the arc voltage drop with a resultant effect on a~c ene~gy. 

k,s a spark igniter is used, the spark dischar~e and engine operation 	. 
~rodes the electrodes. This results in a greater dissipation of 
energy at the tip but increases the initial breakdown voltage. F1ae1 
wettir~ of the spark igniter tip will increase the energy expended 
but also raises the breakdown voltage. When the breakdown voltage of 
~park igniter reaches a predetermined value, it must be considered 
unfit for further use. Therefore, the design of a spark igniter tip 
will be a compromise between initial breakdown volta.~e~ voltage varia- 
tion with use, and arc resistance. Electrode geometry, electrade 
~.rea~ and electrode spacir~ will be determined accordingly. 

Figure 3 illustrates the effect that spark igniter electrode erosion 
has on the spark characteristics. The values and changes in values 
indicated are actual readings taken on one ignition exciter, one dis- 
charge lead, and a new and used spark igniter. Other varieties of ig~ 
nition system components will produce different values and changes but 
the trend is common to all. Figure ~+, for instance, de~nstrates 
similar tendencies on tests ma.de  with a h3gher energy system than em- 
ployed for Figure 3. 

/ 
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7.1.1.3 Effect of Ground Return.Paths - The ground return path of a discharge 
~ 	 circuit is as iinportant as the resistance of the lead conductor and 

must be kept short and of low impedance. The ignition lead shielding is 
usually used as the main ground return path with the engine frame act- 
ing as supplemen~ary ground. To provide a low loss return path, more 
stringent requirements may be placed on the shielding construction 
than for radio shielding. In the event engine specifications do not 
require radio shielding and an unshielded lead construction is deem~ed 
adequate, care must be taken to assure good, low loss ground returns 
between the spark igniter and the exciter housing via the engine frame. 

7.2 Required Spark Rate - The number of ignition dischar~es per second - 
spark rate - depends on the velocity of the fuel-air mixture, oscillation 
and~or ra.te of change of the f~zel-air mi.xture, propa.~ation speed of the 
burner, and permissible ignition delay. Ii' the velocity of the combustible 
xni.xture is high and the spark rate low, propagation of ignited mixture may 
not be fast enough to establish a stable flame front. To improve this con- 
dition, flame holders may be used or spark rate increased to provide suc- 
cessive fire balls to establish a Flame i'ront. It should be recognized, 
however, that increasing the ignition spark rate requires more input power, 
places more strain on and reduces the life of the ignition system components, 
with special emphasis given to the life of the spark igniter. 

7.3 Spark Discharge Characteristics - The characteristics of the spark dis- 
charge become increasingly important with use of low volatility fliels, low 
ambient ternperatures, and hi~h altitude. The characteristics which are 
used to define the spark discharge are: spark duration, peak power, and 

. 	 spark energy. 

The spark duration to be used for a particular system is determined from 
engine tests or from similarity to previous systems. The value may vary 
from 10-500 microseconds. Values for high tension systems are higher than 
those for low tension systems because of the inductance of the hi~h fre- 
quency coil. 

The peak power is important to provide reliable i~nition and is determined 
as a minimum value. This value may vary from 10,000-500,000 watts for 
various types of ignition systems. 

Figure 5 illustrates the efi'ect on spark characteristics when a high volt- 
age ignition system is modii'ied to a low voltage system, accomplished by 
removing the high frequency transformer component from the discharge cir- 
cuit. The same lead and spark igniter were used ~'or both tests. Keepir~ 
this major change in mind, an examination of Fi~ure 6 will illustrate again 
how changing lead length affects spark characteristics. By using a dis- 
charge lead three times as long as that used in Figure 5, we see that 
the ~-18,000 wattage pea.k is decreased to 278~000 with an accompanying drop 
in total energy from 2.23 Joules to 1.65 Joules. 

8. ENGINE DESIGN D~LTA DETERMINING IGNITION CHARACTERISTICS: 

8.1 General - 

~ 	8.1.1 S~zccess~l. ignition of a turbine engine may be considered to occur in 
two stages: first, initiation of a flame in a very small volume sur- 
roundin~ the spark igniter tip and, second, propagation of the flame 
throughout the combustion zone. The limit of successful ignition may 
be determined by conditions affecting either one or both of these stages. 
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8.1.2 Obviously~ local conditions at the spark igniter tip may be more or less 
favorable to the initiation of combustion than is indicated by overall 
conditions. Therefore, while they may be adequate for comparing propa- 
gation characteristics~ such overall conditions may not be the basis for 	~ 
a valid comparison of starting characteristics. 

8.2 Design Considerations - 

8.2.1 The design of a gas turbine combustion system must of necessity include 
those characteristics conducive to the most efficient combustion for 
specific engine re quirements. Mecha.nical considerations thus involved 
frequently necessitate compromise as, for example, the location of the 
spark igniter in relation.to the fuel nozzle and spray pattern. 

8.2.2 The engine designer may be expected to proceed in providing an optimum 
environment for initiation of combustion only as far as is necessary to 
meet engine performa.nce requirements. For engines with atomizing fuel 
nozzles~ the resulting design usually locates the spark igniter relatively 
close to a nozzle with its firing tip on the outer fringe of the spray 
and far enough forward in the combustion chamber to be out of the high 
temperature area during er~ine operation. The ignition system specified 
is usually of relatively high stored energy (2 to 20 Joules). 

Figure 7 shows a typical spark igniter orientation in a spray nozzle 
combustor. 

8.2.3 Should the arrange~nt initially selected prove inadequate, a number 
of ad~ustments and modifications may be investigated. The penetration 
of the spark igniter may be varied or its location altered t~ith provision . 
for cooling air~ if necessary. Baffles or other means may be used to 
alter the air flow pattern in the vicinity of the spark igniter. Dual 
orifice nozzles may be used. Increased spark energy ma.y be tried~. And, 
more elabora.tely, separate starting fuel nozzles and torch ignition may 
be investigated. 	 ~ 

8.2.~+ For engines with vaporizing type nozzles or low pressure slinger type 
ftizel injection, auxiliary atomizing type starting fuel nozzles are 
coffinon practice. The nozzle and spark igniter are located in optimum 
position relative to each other and the combination may be located up- 
stream of the combustion chamber. The ignition system specified may be 
of relatively law energy (less than 2 Joules). Such a system ha.s the 
extra advantage of providing added heat release to aid flame propagation 
or engine acceleration during starting. 

Figure 8 shows a typical ignition nozzle and spark igniter relationship 
in an engine using slinger distribution of main flzel. 

8.2.5 Other factors which are pertinent to the problem of turbine engine igni- 
tion involv~e ~zel characteristics, temperature, pressure, velocity, 
nozzle characteristi,~s, and spark characteristics including energy, re- 
pet3tion ra.te, and discharge wave form. 

~ 
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8.2.5.1 F1~e1 Characteristics - From the viewpoint of engine starting capa- 
bility, two important fliel characteristics are volatility and vis- 
cosity. The viscosity is important in its effect on atomization by 

~ 	 the fuel nozzle; relatively low viscosity is desirable. Volatility 
is a term used to describe the ease with which the fuel vaporizes. 
The more easily vaporized flzel, of course, is easier to light; there- 
fore~ high volatility is desirable. Also~ for consistent starting 
results, it is desirable tha,t the fuel be consistent in these char- 
acteristics; variations from batch to batch may produce inconsistent 
staxting re su1.t s . 

8•2•5•2 Temperature - The important te~uperature is tha.t of the fuel. So long 
as it is below that which will cause cracking or coking, the higher 
the ftiiel temperature the better from a starting viewpoint as volatility 
increases and viscosity decreases with temperature. Air temperature is 
important prima.rily as it assists in warming the ~zel. 

8•2•5•3 Pressure - The more rarified the mixture the more difficult it is to 
light. Therefore~ engine restart capability is a direct function of 
combustion chatnber pressure; the lower the pressure or, conversely, 
the higher the altitude the poorer the relight capability. ~e1, pres- 
sure under starting conditions is also important to the extent~hat it 
affects atomization of the fuel by the nozzle; the higher the fuel 
pressure the better. 

8.2.5.~+ Velocity - Low air velocity may contribute to sea level starting lim- 
itations by allowing an excessively rich mixture to develop in the 
vicinity of the spark igniter. High air velocity is the principal 

. 	 contributor to altitude starting limitations as it affects both initia- 
tion and propagation of the flame. By suitable design, velocity may 
be restricted locally in the vicinity of the spark igniter thereby 
making the limiting factor the velocity at which the flame will propa- 
gate. 

$•2•5•5 Nozzle Characteristics - When the sa~e nozzles are used for staxting 
and rurining~ the nozzles are designed primarily for the rurining con- 
ditions. 2'he higher viscosity, lower fuel flow, and lower flzel pres- 
sure chara.cteristics of starting conditions adversely affect atomiza- 
tiori of the flzel. ?~proved atomization may be obtained by the use of 
dual orifice nozzles or separate starting f1ze1 nozzles. 

8.2.5.6 Spark Chara,cteristics - Spark energy, spark rate, and spark discharge 
characteristics as they affect engine starting performa,nce are dis- 
cussed in paragraph 7 above. 

8.3 Combustor Ignition Envelope - At 1ow altitudes no undue problem with igni- 
tion might be expected except at extremely low temperatures. However, where 
high altitude ignition is required, development may be necessary. The 
following approach should prove help~`u7.. in this case: 

. 
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l. E$ta`blieh combustor windmilling air flow and inlet pr~ssure sn~ 
tempera~ure over the range of altitude, required at the aircra~ 
~.iding speed, or, in multi-engined aircra.Pt, at forw~rd speeds 	 . 
to be expected with one or m~ore en~ines ofP. These variables a~y 
be ~asured in an altitude test chamber, or in flight 9  or may usually 
be computed with sufficient accuracy particularly i~ one or two poi~t~ 
are l~nown. 

2. Select several pressures in the area of interest and, in an alti- 
tude combustor test facility~ set up in turn these pressures se].ected 
~~Ch their corresponding air flows and air and ftizel irilet temperature 
established from item l. Measure lean and rich bla~aout limits ~.nd 
lean and rich ignition liin3.ts by va.ryin~ ftizel flow at the set "condi- 
t~.ons. 

3. Curves of the form of Figure 9 may now be plottedo 

A study of this curve with flight ignition limit points on i~t will fre~ 
quently serve to indicate the factor that is causing failure to stax°t and 
so act as a guide to what to do about it. 

For exa~ple, an optimum f~zel flow for ignition might be expected to follclw 
a line between rich and lean ignition limits. If the poin~ where the en- 
gine faa.ls to light fa11s near the lean combustor limit a s3.mple increase 
of fuel flow may aid ignition. It should be pointed out here that f~zel 
volatility or temperature variations ma.y shif't the curves taward richer 
or leaener mixtures as the controlling air ftzel ratio is a local value in 
the primary combustor zone. The overall value plotted here daes not vary 	• 
exa,ctly with this local value and is used only because it can be deter- 
mined comparatively easily. 

If ignition is required outside or to the left of the combustor stable 
burning range, some means of improving combustor stability until the en- 
gine accelerates to a higher combustor pressure may be needed. If basic 
combustor pr3.mary zone air flow adjustments to acco~nodate ignition are 
not possible for any reason, auxiliary ignition a.nd piloting devices may 
be resorted ~o. 

The shaded area at the bottom is intended to point up a deficiency in this 
msthod of ignition development. The effective air fuel for ignition will 
be different to that for combustion due to the absence of the vaporization 
from the combustion heating of the fuel. When a light is obtained~ it 
will be followed by a rich blow out unless enough energy is released in 
the transient to accelerate the engine out of this area. 

9 ~ SUNA4ARY • 

The data and comments presented herein are necessarily condensed to the 
extent of illustrating the main issues requiring consideration in an engine~ 
ignition system coordination program. It is intended to serve as a~uide 
for those who ma.y become involved in such efforts and to establish the ma~or 
check points that should be considered earl3r enough in any program to help 
~xpedite the most satisfactory and earliest final results. Negotiation and 
discussion between the engine manufacturer and ignition manufacturer raill 	. 
enlarge the issues and supplement the effort with necessary details peouliar 
to the particular situa.tion involved. 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ai
r78

4

https://saenorm.com/api/?name=bfcb64a89b882e9a9d7fb6c825837a9e


- 17 - 

While many of the phenomena of successful application of spark ignition ' 
~ 	 to gas turbines are lmown and understood, much work remains yet to be done. 

Relatively minor adjustm~ents in the engine burner design produce signifi- 
cant effects on the size, weight, and cost of the ignition system. Atten- 
tion to those factors affecting energy delivered at the spark igniter tip 
can help reduce size, weight~ and cost by raising ignition efficiency. The 
ultimate limit of these variables ha.s not been reached and can only be 
sought for by continued eiforts of a11 concerned. Such efforts, to be suc- 
cessf~z7., must be based upon lmowledge and acceptance of a11 contributors 
to the pro~rasn. 

. 

Prepared by the Aa.rcraf`t Gas Turbine and l~.m-Jet 
~ine Ignition Subcom¢ni.ttee of the SAE 

Ignition Research Co~nittee 

. 
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