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SOCIETY OF AUTOMOTIVE ENGINEERS, Inc. AEROSPACE AIR 784

485 LEXINGTON AVENUE

NEW YORK 17, N.v. INFORMATION REPORT

INTERRELA TION OF ENGINE DESIGN AND BURNER CONFIGURATION WITH SELECTION AND tssued  7/15/63
PERFORMANCE OF ELECTRICAL IGNITION SYSTEMS FOR GAS TURBINE ENGINES Revised
1. PURPOSE:
(a) To provide the designer of gas turbine engines with a working knowledge of

(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.

(¢) To stimulate further work necessary in the development off knowledge of the
unknpwn, interrelated parameters.

2. SCOPE:

(a) To describe typical ignition systems in general usage and their parameters
that| warrant consideration during the develppment of a gds turbine engine.

(b) To describe those parameters in gas turbine engine design and, in particulaxn)

the interrelation between engine performance objectives and the part played
by ignition in meeting the objectives.

burngr configurations that influence.thé type selection gnd performance of

the jignition system.

(¢) To ipdicate the areas where future work may uncover impoxtant effects having
a dijpect bearing on certain interrelated parameters, witll resultant benefits
to bpth the engine and ignition designers.

3. GLOSSARY DPF TERMS:

3.1 Spark Igphiters:

3.1.1 High Tknsion: Defined as, "An item incorporating an electrode(s) across
which pn electfic spark is discharged to ignite a combustiljle mixture in a
continfious burming cycle engine," by AS 341 and categorized by "H.V. air gap,
H.V. surfate gap, and H.V. air surface gap" by ARP L3k. This type requires
more than/S KV potential to create a spark between the elegtrodes.

3.1.2 Low Tension: Defined same as above and categorized by "Shunted surface gap"
in ARP LBL. This type requires less than 5 KV potential to create a spark

between the electrodes.

shall spark when 1000 volts is applied.

3.2 Ignition leads:

3.2.1 High Tension: Defined as, "A definite length of electrical cable having at
Teast one end terminated in a single, common fitting," by AS 34l. Its con-
struction, materials used, etc. must be such as to conduct the discharge
energy from a high tension ignition exciter (in excess of 5 KV) to a high

tension spark igniter.

3.2.2 Low Tension: Defined same 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.

General practice dictates that a "new" spark igniter

Copyright ]G3 by Soclety of Automotive Engineers, Inc. Printed In U. §. A.
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Ignition Exciter: An assenbly of component parts which provides a means
of changing low voltage alternating current or low voltage direct current ‘
to & condition suitable to provide (with or without additional devices) a

spark discharge for ignition purposes. (Per AS 341)

Capacitor Discharge System: An ignition system in which the spark energy
is primaerily the result of a capacitor discharge. (See Sections L.1, k4.2,
4.5, for illustrations of typical system circuits.)

Inductive System: An ignition system in which the spark energy is pri-
marily the result of a rapid variation in magnetic flux in an induction
coil. (See Section 4.3 for illustration of a typical system circuit.)

Spark Energy: The energy (Joules) released between electrodes of the
spark[igniter.

Spark| Rate: The nunber of spark discharges per unit time pccurring at the
spark| igniter under a given set of conditions. (Example -2 sparks per
seconfl minimum at room temperature and 24 V DC input.)

Spark|Duration: The length of time usually eXpressed in mficro-seconds,
required to dissipate the total energy of anyl one spark dipcharge occur-
ring between the electrodes of a spark igniter.

Store¢ Energy: The energy (Joules) stored in the tank or ptorage capacitor
of a ¢apacitor discharge system (1/2 CE2), or in the inductance coil of an
inductive discharge system (1/2 LI€). ‘

3.10 Duty[Cycle: The operating cyele required of the ignition| system. It is

expressed as a function of (time ON and time OFF or continpous, as appli-
cable, and is generally @ssociated with the ignition exciter specification.

3.11 High|Tension Systemse\>Ignition systems capable of delivefring voltages in

excebs of 5 KV to-the firing tip of the spark igniter.

3.12 Low Tension Systems: Ignition systems capable of deliverfing voltages up

to 5[KV inclusive to the firing tip of the spark igniter.

TYPICAL IGNITION SYSTEM CIRCUITS:

The following simpiified—ignitiom circutts—=are shownr toiltustrate the

basic components that establish the system limitations. These are to assist
the engine designer in the realization for the need of zoning the system
components on the engine in regard to temperature, vibration, distribution
efficiency, etc.
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4.1 D. C. Capescitor Discharge System, High Tension:

D.C. CAPACITOR DISCHARGE SYSTEM, HIGH TENSION

The high ten
age of a mag]
gap of the h
waveform of

with the rem
magnitude of
ries are com
the necessar
storage capa
of the high

electrode of
amounts of e
seconds, the

cion capacitor discharge system produces an initial i
hitude as large as necessary (within design limits) t
ich tension spark ignitexr.” This ionizing voltage usu
b, very short durationipulse or "spike" (above 5 KV) a

VI BRATOR HI. FREQ.
1GN. FILTER TRANS RECT~ DI SCHARGE GAP TRANS. OOIL Hi.
SWITCH 7 ” VOL TAGE
o200 l » 6o 200000 | LEAD
= = =
- 1 \ T
I | -
D.C. I 1 SP ARK
SOURCE
o L - s
_I IGNITION STORAGE RESISTOR HI. FREQ. ) )
— EXCI TER CAPACI TOR CAPAC R
HOUSING
Comments:

bnizing volt-
o ionize the
b1lly has the
s compared

hinder of the discharge voltage (0-500 volts). Becau
the ionizing voltage, a wide variety of spark ignite
patible with this 'system. The ionized spark igniter
iy Low impedance path for the discharge of the energy
bitor, through the ionized spark discharge gap, seco
Frequency transformer coil, high tension ignition le

the spark igniter, and arc to ground. Because relat
hergy , are thus expended in the resulting spark in a

heat“release and the accompanying shock wave to fuel

is sufficien

L“to produce ignition over a wide range of combustio

e of the high
gap geomet~
ap provides

tored in the
ary winding

, center

ively large
tter of micro-
air mixtures
conditions.

Detailed explanations of the electrical phencmena of ignition circuits such as
illustrated above ere available in many publications and in manufacturer's

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

1. It is usually the heaviest, and largest, of the three basic ignition cir-.
cuits discussed in this document, due to the incorporation of the high
frequency transformer coil and its high frequency capacitor.

The high frequency transformer coil itself causes certain energy losses
and alters the time duration and peask 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 high voltages demanded by the spark igniter under extremes of high
pressure and electrode erosion, must be considered in the determination
of acceptable ambient temperatures and altitudes, lead lengths, terminal
configupation, cable insuletion, and the design of the spark|igniter.

4,2 D. C. Capacitor Discharge System, Low Tension:

D.C. CAPACITOR DISCHARGE SYSTEM, LOW“-TENSION

VI BRATOR

FILER TRANS /  RECT. DUSCHARGE GAP Low
6N '——;7 OL TAGE
switeH [ / / | v

% 000 .l[ LEAD

o
— ‘ NG/
LIl | g
= =
:_[ | e | \< i
ame (| LPT 20,

| IGN|T| on A STORAGE RES| STOR — LOW TENS.
—L- _EXCITER CAPAC! TOR
HOUSING

Comments:

The low tension capacitor discharge system produces sufficient voltage to cause
current to flow across a semi-conductive surface in intimate contact with the
center electrode and ground shell of a low tension spark igniter.
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L.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 storage 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 fuel-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 thls document the follow1ng observatlons are made

concerni

1.

Becguse the low tension spark igniter firing tip contai
shunted surface (semi-conductor body), contamination of

he electrodes

by fuel, carbon, or other combustion residues has Vittle| effect on the

gens
may
high tension spark igniters.

ration of a spark.

Lac)

of the first pulse on the spark train is higher.

For the same reason, higher burn
be ignited than is feasible in the air gap or surfacp

r pressures
gap types of

ting the inductance of a high frequency transformer cpil in the
disgharge circuit, the spark duration¢is shorter and the

peak pover

This clpncentration

of heat in the spark is more effective under some combusition condi-

tio
crease in the system weight,<‘and size.

s, which could result in lower stored energies and resultant de-

Lowg¢r discharge voltages permit smaller cable insulation), lighter
leads, and are more easily controllable under extremes gf ambient

temperature and altitude.

Because the functioning of the entire system depends on

of the semi-conductor surface required in the firing tip

the condition
of the spark

igniters, they may be influenced by engine burner conditiions and may
req'ire more’ frequent replacement than do air gap or suxyface gap types

ture to whlch the f1r1ng tlp is subaected
rmust be studied for its peculiar conditions.

Each system

The necessity of maintgining intimate

terial, re-
s of tempera-
application
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4.3 Inductive System:

VOLTAGE LEAD

D.C. INDUCTIVE SYSTEM, HIGH TENSION
FILTER—; _ VIBRATOR TRANS
IGN. SWITCH , .
o 008

P ]
——

AN

k.

4
T

&

D.C. SOURCE u _L ;: L .——-L m— -—-I SPIARK 1GNITER
. S.
:,-l__-: |GN|T|0N 1. TEN
EXCITER
HOUSING
Comments:
The inductive discharge system is similar dn performsnce to the|magneto or
battery timer ignition used on reciproegting engines. It is uspally the

lightest, smallest, and least expensive of all three basic cireyits considered

in this doqument. It produces a high’voltage inductive spark shower in fre-

guency witl] the rate of opening of\‘the contact points. For the|purpose of this
document, the following observations are noted:

1. Tt contains fewer electrical components than are necessary in the other
ignitign system types discussed herein, and therefore offerp potential ad-
vantaggs in size, weight, and cost. These advantages are particulerly ap-
parent |when very low spark energies can be tolerated (in the¢ millijoule
range)

2. Tt has|three¢ main disadvantages:

a. 5paY : i apa eniting ' casily ignitable
fuels, and w1th1n naxrrow fuel-air ratio llmits
b. Induetive sparks may be more readily quenched by fuel or moisture

wetting, and shorted by carbon fouling or other products of combustion.

High voltage output must be considered in the determination of accept-

able ambient temperatures and altitudes, lead lengths, terminal con-
figuration, cable insulation, and the design of the spark igniter.



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

-7 =

4.4 Comments on D. C. Powered Circuits:

k.5

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 vibrator-transformer used to interrupt and transform the D. C.
input to a pulsating current sufficient to charge the storage capacitors
of 4.1 and 4.2, 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 operation life of any power circuit herein considered. TIts ad-
vantage lies in its ability, under proper design, to perform its function
over a relatively wide ambient temperature range, and its economic advan-
tage over transistors in the higher temperature ranges. A transistorized
pover clircuit will have a much longer operation life than the vibrator
circuit|but its use is limited by anbient temperature spéeiflfications and
economif considerations. These conclusions are based on‘thg state of art
of solifi state physics and production facilities in [force afl the time of
this writing, however, and each situation should be(examined on its own
merit.

A. C. Ppwered Circuits:

R.C. CAPACITOR DISCHARGECSYSTEM, HIGH TENSION

HI.
A.C. HI. FREQ. VOL TAGE

(. [ILTER TRANS. ] RECT.—;\" DI SCHARGE GAP—* TRANS.| COIL LEAD
SWI TCH _7 ']

!
— o2 "
11 I =
el ' ~ T TIU)
| | = = |
= | | dal | L
Ao | l S;ARK
SOURCE b’ L _JIGNITER
_L IGNITIOB STORAGE — RESISTOR = HI. FREQ. HI. TENS.
= EXCITER CAPACI TOR CAPAC!I TOR
HOUSING

The above diagram illustrates a typical A. C. powered capacitor discharge,
high tension system. Comparing it with the D. C. powered circuit of 4.1,

it will be observed that the two are identical except for the power portion,
after the filter 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 4.3.
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Cenerally spesking, A. C. circuits may have one or all of the following
advantages over D. C. powered circuits:

o\ Lo

Increased reliebility

. Less cost

Lighter weight

Smaller size

Longer operation life before overhaul

Most adaptable to extreme ambient temperatures

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

General Comments:

In e

J
is ilflustrated, or cne that fires only one spark lgniter.
severpl accepted procedures for firing two or more spark’ i

Each
pendi

gine
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Two independent single systems.
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There are
eniters:
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g in series.

ppproach to the solution for dual ignition has its own merits, de-
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designer and ignition manufacturer study the situatig
ision based on all factors involved, such as reliabil
sis, etc.
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diag
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remo
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to th
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housi|
offer
engin

uld be understood, also, that although the preceedin

illustrate the ignition exciter components physic
using requiring an ignition lead to conduct the enexn
ly situated spark igniter, it is entirely feasible 4
ents to meet-specific conditions. Relocation possiy
e extremes of-mounting the entire system as an integr
igniter or‘separating the components into separate,
ngs throughout the engine installation. Each of thes
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e and ignition system designers.

ded that the en
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MIL-E-
MIL-E-
MIL-E-
MIL-E-
MIL-E=-

MIL-E-
MIL-P-

AN-1-2
MIL-I-

MIL-I-

5007 Engines, Aircraft, Turbojet, General Specifications for
5156 Engines, Aircraft, Experimental Turbojet Flight, Rating Test

5009 Engines, Aircraft, Turbojet, Qualification Tes

8593 Engines, Aircraft, Turboprop, General Specific

8597 Engines, Aircraft, Experimental Turboprop Prel
Rating Test for

8595 Engines, Aircraft, Turboprop, Qualification Te

t for
ations for
iminary Flight

st for

8686 Power Units; Aircraft Auxiliary, Gas-Turbine Type, General

Specification for

Ta, Interference Limits; Aircraft and Vehicular Engine Radio
6181 Interference Limits, Tests and Design Requirements, Aircraft

Electrical and Electronic Egquipment

26600 Interference Control Requirements, Aeronauticel Equipment

ischarge system

for
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5. (Continued)

ARP 294 Terminal, Lead, Low Voltage Igniter Plug

ARP 295 Terminal, Well, Low Voltage Igniter Plug

ARP 422  gpark Igniter Outline Right Angle Flenge Mounting

ARP 423  Sspark Igniter Outline Flenge Mounting

ARP 42t  Spark Igniter Qutline Threaded Mounting

ARP 453  Gasket

ARP 484  Nomenclature for Spark Igniters

ARP 504 Ignition System Testing Metering end Power Supply Regulation
ARP 670 Terminel, Aircraft Ignition

ATR 77 Spaerk Energy Measurement Using Oscilloscopic. Methods

AIR 8k Ignition Peak Voltage Measurement

AIR 85 The Calorimetric Method of Ignition Spark Energy Measurement
AIR 801 Oscillographic Method for Meesuring Spark Energy of Capacitor

ME

— Discharge Ignition Syste
AS 341 Drawing Title Rules and Nomenclature for Aircraft BEngine Parts
AS 692 Igniter, Spark, Aeronautical Engine (High Tensién)

6. DATA NEHDED BY THE IGNITION SYSTEM MANUFACTURERS:

6.1 Applicgtion - The application of the system should be specified to permit
future [identification by common terms and allow the ignition system manu-
facturdrs to draw upon experience acquired“in similar applig¢ations.

6.2 Type off System - The type of ignition System desired should be specified
if knovn.

6.2.1 Capaditor discharge, high tension.
6.2.2 Capaditor discharge, low-temnsion.
6.2.3 Indudtive

6.3 Electrilcal Requireménts -

6.3.1 Inpul Requireménts and Limitations

a. 'The neminal voltage plus maximum and minimuam.

b. HorlAC qu'tp’mq, the nomingl f‘rpquenoy plus its maximm and
minimm varietion.

¢. 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 criticel energy parameter insofer as system performance is
spaxk 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 accepteble
should be specified. Where separate specifications are prepered 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 all other system
component definitions.
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6.3.4

6.3.5

6.3.6

6.3.7

6.3.8

6.4 Mecharical Requirements -
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Output Voltage - The output voltage limits of the ignition exciter should
be specified, as well as measurement conditionms.

Spark Igniter Firing Requirements - The minimum voltage required to fire
the spark igniter under specified conditions should be specified. 1In
addition, the specified conditions of operation should include all temper-
ature and pressure extremes under which the spark igniter is to operate.

Duty Cycle - The duty cycle must be specified. For intermittent duty
systems, considerable savings in size, weight, and cost may be realized
by limiting electrical operational time to the minimum necessary for
successful engine operation.

Endurance Life - The expected endurance life of the system should be
specified in actusl electrical "ON" time. This may be estimated on the

basjs—uf—t1me—between—overhani—an&—the—du$y—cycie—requir1ments.
Seryice Limlts - Certain of the foregoing requirements guch as stored

energy, spark igniter firing voltage, etc., change, with gccurilated opera-
tional time. It is necessary that the permissible quantitative changes
be gpecified in order to provide component degigns acceptable under sll
stages of engine operation.

6.4.1

6.4.2

Phydical Size & Weight - The physical size and weight limitations include
prefferential mounting and terminal locations.

Leaqg 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 overiwhich the energy must be caryied.

6.5 Envirdnmental Requirements - These conditions may be speclfied as the

requirements of existing specifications being sure to speclfy the necessary
limitg or schedules lof following items for the exciter, legds, and spark

ignitgr:
6.5.1 Maximm and-minimm ambient temperatures, both operating|end soak.
6.5.2 Altitudé/Requirements.
6.5.3 Vibretiens
6.5.4 Shock Impact.
6.5.5 Sustained Acceleration.
6.5.6 Bumidity.
6.5.7 Selt Spray.
6.5.8 Fungus.
6.5.9 Sand and Dust.

6.5.10 Solvents.


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

-1 -

T. IGNITION VARTABLES AFFECTING ENGINE STARTING PERFORMANCE:

The following brief summaries of the more important ignition variables
are given as a guide for the engine designer and his negotiations with ig-
nition equipment manufacturers.

Each conbustion system presents a unique set of requirements for the igni-
tion system. The interrelation of such variebles as: input power, stored
energy, spark rate, spark energy, size, weight, ambient temperature; and
component capability must be so matched as to result in an ignition system
that is economical, lightweight, and reliable.

T-1 Ignition System Energy - The energy requirement for a particular ignition
appllcatlon w1ll be a value determlned by the englne burner characteristics.
i z at 3 ions may be
carefully to
her operating
conditigns. The characteristics that determine the ignition| system energy
requirepent of a particular burner are functions of the follpwing vari-
ables: fuel to be used, fuel-air mixture limits, pressure, tpmperature,
altitude, gas flow, burner configuration, and spark igniter focation. When
epplying ignition to a new engine design, it may‘“be possible| to determine
very closely the ignition system energy by similarity with previous designs.
If a ney burner configuration is to be used,-tests should be| made at the
extreme |ambient conditions with a spectrum’ of spark energies|. A variable
energy test set-up is a valuable tool for determining energy|l requirements.
When determining the ignition system spark energy, system spprk rate must
be considered so that the electrical power to be supplied the ignition sy-
stem is|realistic and within the.Component capability of the| ignition system
power supply.

T-1.1 Stored Versus Spark Energy’- The spark energy appearing at the tip of
the spark igniter willtalways be some value less than the [stored energy
of th¢ ignition system, usually 10% to 30% of the stored vplues. The
balan¢e of the energy released in each discharge is lost in the effective
resistance of the’discharge circuit. The loss elements of|] the discharge
circujt are: dnternal wiring, discharge gap arc, terminal|l connections,
ignitjon lead conductor, spark igniter construction, grounf return path,
and straycelectricael leakage. The energy that will be avglilable for
ignitionlof a combustible mixture is that expended in the [spark igniter
arc. [To' mske this value as large as possible compared to |stored energy,
the energy dissipated in the loss elements must be kept to & minimum.

While the total energy of a spark generated by two ignition systems may
be nearly the same, the time of discharge and peak energy may be consid-
erably different.

Figure 1 illustrates how & relatively minor change in inductance present
in the discharge portion of the ignition circuit can significantly in-
fluence the spark discharge cheracteristics. As shown in figure notes,
the same ignition system (exciter, lead, spark igniter) was used, except
in Test 2 the discharge circuit inductance was double that of Test 1.

The time of discharge snd peak energy become more important as the igni-
tion to mixture characteristics become critical. At the present time,

maximum or minimum velues are used to express the requirements of spark
discharge time and peak energy.
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7.1.1.1

7-1.1.2
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Effect of lead length - An ignition lead represents a resistance
loss in the discharge circuit that is roughly proportional to the
length of the lead. It is therefore desirable to keep the lead
length as short as possible. A second undesireble condition of lead
length is attenuation of ignition system voltege. This condition is
most pronounced with a high tension output.

Improvement in lead efficiency may be made by use of low resistivity
conductor, insulation of high dielectric quality, and good design of
the ground return path.

Figure 2 illustrates the value of using short discharge leads wher-

ever possible. For these tests, the same ignition exciter and spark
igniter were used, and the same lead construction and materials were
used but varied in length as given in the figure notes.

Efifect of Spark Igniter Tip Design - The design of .the spark igniter
tip has as much or greater effect on the energy deliveyed by the spark,
rdlative to the stored energy, as any other feature in|the discharge
pgth. To deliver the greatest portion of the stored egergy at the tip,
tHe arc resistance must be large relative to,the loss glements in the
dilscharge path. The effective resistance ©f “the dischgrge arc, once
iritial breakdown has occurred, is primarily a function of electrode

bhreakdown

lcuré(3 1llustrates the effect that spark igniter ele¢trode erosion
s on the spark characterlstlcs The values and chamnges in values

' : r—exeiter, one dis-
charge lead, and a new and used spark 1gn1ter. Other varieties of ig-
nition system components will produce different values and changes but
the trend is common to all. Figure L4, for instance, demonstrates
similar tendencies on tests made with a higher 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 important 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 supplementary 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 deemed
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 nunber of ignition discharges per second -

7.3

8.

spark rate - depends on the velocity of the fuel-air mixture, oscillation
and/or rate of change of the fuel-air mixture, propagation speed of the
burner, and permissible ignition delay. If the velocity of the combustible
mixture[1s high and the spark rate low, propagation of igniged mixture may
not be [fast enough to establish a stable flame front. Ta)improve this con-
dition,| flame holders may be used or spark rate increased td
cessive| fire balls to establish a flame front. It should b
however|, that increasing the ignition spark rate reguires mgre input power,
places more strain on and reduces the life of thelsignition
with sppcial emphasis given to the life of the-spark igniten.

provide suc-
e recognized,

qystem components,

Spark Djischarge Characteristies - The characteristics of the spark dis-

The peak power is important to provide reliable ignition and
as a mipimum value,' This value may vary from 10,000-500,000
various| types of*ignition systems.

Figure p ilXwstrates the effect on spark characteristics wh
age ignfition system is modified ¢
removin, e righ—frequency 2n
cuit. The same lead and spark igniter were used for both tests. Keeping
this major chenge in mind, an examination of Figure 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 418,000 wattage peak is decreased to 278,000 with an accompanying drop
in total energy from 2.23 Joules to 1.65 Joules.

charge pecome increasingly important withouse of low volatillity fuels, low
ambient| temperatures, and high altitude.\" The characteristids which are

used to| define the spark discharge are: spark duration, pes
spark epergy.

power, and

The spark duration to be used for a particular system is deflermined from
engine tests or from similarity to previous systems. The
from 101500 microseconds. (Values for high tension systems
those for low tension systems because of the inductance of
quency poil.

glue may vary
gre higher than
he high fre-

is determined
watts for

n a high volt-
domplished by
discharge cir-

o & low voltage system, ac

ENGINE DESIGN DATA DETERMINING IGNITION CHARACTERISTICS:

8.1 General -

8.1.1 Successful ignition of a turbine engine may be considered to occur in

two stages: first, initiation of a flame in a very small volume sur-
rounding 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 mey 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

8.2.2

8.2.3

8.2.4

8.2.5

those characteristics conducive to the most efficient combustion for
specific engine requirements. Mechanical consideretions thus involved
frequently necessitate compromise as, for example, the location of the
spark igniter in relation to the fuel nozzle and spray pattern.

The engine designer may be expected to proceed in providing an optimum
env1ronment for 1n1tlat10n of combustlon only as far as is necessary to
meet —eng = tomizing fuel
nozzlles, the resulting design usually locates the spark ilgniter relatively
closp to a nozzle with its firing tip on the outer fringg of the spray

and [far enough forward in the conbustion chamber to.be out of the high
temperature area during engine operation. The ignition gystem specified
sually of relatively high stored energy (2 t© 20 Joules).

7 shows a typical spark igniter orienmtation in a gpray nozzle

Should the arrangement initially seleetéd prove inadequate, a nunmber

of the spark igniter may be varied- or its location altergd with provision
for |cooling air, if necessary. -Baffles or other means mgy be used to
the air flow pattern in(the vicinity of the spark igniter. Dual
ice nozzles may be used!- Increased spark energy may |be tried. And,
elaborately, separsté starting fuel nozzles and torgh ignition may
investigated. ‘

ngines with vaporizing type nozzles or low pressure|slinger type

injection, auxiliary atomizing type starting fuel ng¢zzles are

comon practice.’ The nozzle and spark igniter are located in optimum
ion relative to each other and the combination may I: located up-

dam of_the combustion chamber. The ignition system specified may be

of gelatively low energy (less than 2 Joules). Such a system has the

: advantage of providing added heat release to aid flame propagation

eration dnr'ino' q‘l'n'r"l"l'no'

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

Other factors which are pertinent to the problem of turbine engine igni-
tion involve fuel characteristics, temperature, pressure, velocity,
nozzle characteristics, and spark characteristics including energy, re-
petition rate, and discharge wave form.
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8.2.5.1 Fuel Characteristics -

8.2.5.2

- 15 -

From the viewpoint of engine starting capa-
bility, two important fuel characteristics are volatility and vis=-
cosity. The viscosity is important in its effect on atomization by
the fuel nozzle; relatively low viscosity is desireble. Volatility
is a term used to describe the ease with which the fuel veporizes.
The more easily veporized fuel, of course, is easier to light; there-
fore, high volatility is desirable. Also, for consistent starting
results, it is desirable that the fuel be consistent in these char-
acteristics; variations from batch to batch may produce inconsistent
starting results.

Temperature - The important temperature is that of the fuel. So long
as it 1is below that which will cause cracking or coking, the higher
the fuel temperature the better from a starting viewpoint as volatility
increases and viscosity decreases with temperature. Air temperature is
important primarily as it assists in warming the fuel.

8.2.5.3 Pyessure - The more rarified the mixture the more difficult it is to
lijght. Therefore, engine restart capability is a dire¢t function of

cqmbustion chamber pressure; the lower the pressure or} conversely,
tHe higher the altitude the poorer the relighticapebility. Fuel, pres-
syre under starting conditions is also important to the extent that it
afifects atomization of the fuel by the nozzle; the higher the fuel
pressure the better.

8.2.5.% Veqlocity - Low air velocity may contribute to sea leve
vicinity of the spark igniter. High air velocity is t
cgntributor to altitude starting limitations as it aff
tijon and propagation of the flame. By suitable design

bd restricted locally in the’vicinity of the spark ign

| starting lim-~

Tations by allowing an excessively rich mixture to deyelop in the

e principal

bcts both initia-
L, velocity may
iter thereby

making the limiting factor the velocity at which the flame will propa-

gdte.
8.2.5.5 Ngzzle Characteristics - When the same nozzles are us
and running, the nozzles are designed primarily for th
ditions. The higher viscosity, lower fuel flow, and 1
syre characteristics of starting conditions adversely
tion of thelfuel. Improved stomization may be obtaine

dyal orifice nozzles or separate starting fuel nozzles|

8.2.5.6 Spark Characteristics -
chieraeteristies a6 :
cussed in paragraph 7 above.

8.3 Combustor Ignition Envelope -

d for staxting
running con-
bwer fuel pres-
hffect atomiza-
i by the use of

D

spark discharge

mnce are dis-

At low altitudes no undue problem with igni-

tion might be expected except at extremely low temperatures.

high altitude ignition is required, development may be necessary.

following approach should prove helpful in this cage:

However, where
The
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1. Estgblish cormbustor windmilling air flow and inlet pressure and
temperature over the range of altitude, required at the aircraft
gliding speed, or, in milti-engined aircraft, at forward speeds
to be expected with one or more engines off. These variables may
be measured in an altitude test chamber, or in flight, or mey usually
be computed with sufficient accuracy particularly if one or two points
axre known.

2. Select several pressures in the area of interest and, in an alti-
tude conbustor test facility, set up in turn these pressures selected
with their corresponding air flows and air and fuel inlet temperature
established from item 1. Measure lean and rich blowout limits and
lean end rich ignition limits by varying fuel flow at the set condi-
tions.

3. Cuz

A study of this curve with flight ignition limit pointsion 1t will fre-
quently serve to indicate the factor that is causing failure to start and
so act [as a guide to what to do about it.

For example, an optimum fuel flow for ignition might be expg¢cted to follow
8 line petween rich and lean ignition limits.</If the point|where the en-
gine fqils to light falls near the lean combustor limit a slmple increase
of fuell flow may aid ignition. It should be pointed out hepe that fuel
volatillity or temperature variations may shift the curves t¢ward richer
or leaner mixtures as the controlling air fuel ratio is a lgcal value in
the primary combustor zone. The overall value plotted here|does not vary
exactly with this local value and ds used only because it can be deter-
mined domparatively easily.

If igniftion is required outside or to the left of the combustor stable
burning range, some means. of improving combustor stability yntil the en-
gine adcelerates to a higher combustor pressure may be need¢d. ITf basic
combustior primary zoneé)alr flow adjustments to accommodate lgnition are
not pogsible for any reason, auxiliary ignition and piloting devices may
be resqgrted to.

The shgded area’at the bottom is intended to point up a deficiency in this
method of ignition development. The effective alr fuel for|ignition will
he vaporization
from the ' g the 08 s—obtained, it
will be followed by a r1ch blow out unless enough energy is released in
the transient to accelerate the engine out of this area.

SUMMARY :

The data and comments presented herein are necessarily condensed to the
extent of illustrating the main issues requiring conslderation in an engine/
ignition system coordinstion program. It is intended to serve as a guide
for those who may become involved in such efforts and to establish the major
check points that should be considered early enough in any program to help
expedite the most satisfactory and earliest final results. Negotiation and
discussion between the engine manufacturer and ignition menufacturer will
enlarge the issues and supplement the effort with necessary details peculiar
to the particular situation involved.
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Vhile many of the phenomena of successful spplication of spark ignition -
to gas turbines are known and understood, much work remains yet to be done.
Relatively minor adjustments 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
wltimate limit of these variables has not been reached and can only be
sought for by continued efforts of all concerned. Such efforts, to be suc-

cessful, must be based upon knowledge and acceptance of all contributors
to the program.

Prepered by the Aircraft Gas Turbine and Ram-dJet
Engine Ignition Subcommittee of the SAE
Ignition Research Committee
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STANDARD H. V. 1% J. SYSTEM
TOTAL SPARK ENERGY = 3.19 JOULES
PEAK WATTS = 170,008

SPARK DURATION = 69 u SEC.

TEST 2 STANDARD H. V. |4 J, SYSTEM

200}, 000

WATTS

WITH INDUCTANCE OF OUTPUT
CIRCUIT 2 TIMES THAT OF TEST I.

TOTAL SPARK ENERGY = 2.74 JOULES
PEAK WATTS = 108,000

|
SPARK DURATION = 90 u SEC.

TEST #1

10

TIME - u SEC.

FIGURE |
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WATTS

TEST 3 STANDARD H. V. 1% J, SYSTEM
TOTAL SPARK ENERGY = 3.19 JOULES
PEAK WATTS = 170,000
SPARK DURATION = 69 u SEC.

TEST % STANDARD H. V. 14 J. SYSTEM

800, 000

WITH OUTPUT LEAD LENGTH
3 TIMES THAT USED IN TEST 3.
TOTAL SPARK ENERGY = 2.35 JOULES
PEAK WATTS = (44,000

SPARK DURATION = 67 u SEC.

TEST #3

NDZ I

50 60
TIME - u SEC.

FIGURE 2

80

90
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WATTS

TEST #5 STANDARD H. V. I% ), SYSTEM
TOTAL SPARK ENERGY = 3.19 JOULES
PEAK WATTS = 170,000
SPARK DURATION = 69 u SEC.

TEST #6 STANDARD H. V. 14 J. SYSTEM
WITH BADLY WORN IGNITER PLUG

300, 000

TOTAL SPARK ENERGY = 3.25 JOULES
PEAK WATTS = 198,000
SPARK DURATION = 67 u SEC.

—restpo-

TEST #f

0 w S 6 70 80 90

TIME - u SEC.

FIGURE 3
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