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INTRODUCTION
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laboratory. Also, there is a lack of agreement’as to the most desir
or methods to be used in establishing the'system integrity except
Called upon. Periodic inspections during'the used life of the ignitio
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of its operating en

ironment. Both of these depend primarily on human judgment wh

systems has been
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Able and

hat it will effect an
n system crudely
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over and above thgse stipulated for overhaul agencies, for possible refinement and u
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vailable methods,
se as periodic

1. SCOPE:

Parameters to cqnsider_and various methods of measuring spark energy of aviation ignition systems.

2. APPLICABLE DOCUMENTS:
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2.1 SAE Publications:

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001.

See Appendix |

3. SPARK DISCHARGE AS RELATED TO IGNITION:

At the present tinTethere 15 fitttie agreement o witat characteristics of spark discharge are critical to

ignition of various
include:

Time vs. pow
Spark rate,

Spark shape
Temperature,
Type of spark
Total energy

@—~poo oy

The above paranpeters are all controllable by the ignition system designer, or (item

reasonable reprog
spark location in

3.1 Peak Tempera

Every common
This temperatu
the only variab
particular test n
created by the
ignition temper

Peak temperatures created by the spark,

5 fuel-air mixtures. Spark discharge parameters which are known/

er of the spark,

resulting from electrode shape and gap geometty),
pressure, and velocity of the ignitable mixture,

igniter, i.e., air gap, surface gap, shuntedssurface gap,
lischarged per spark.

duction. Not included as spark discharge parameters are such eng
the combustor, spark location-vs. fuel spray quality, etc.

ures Created by the Spark:

Fe is the lowest ‘at which ignition will occur in an environment wher
e. The spontaneous ignition temperature may vary as a value dey
hethod and fuel or fuel mixture used. It is generally accepted that
Spark-must exceed a certain value which either is or is related to tf
hture-of the mixture to be ignited.

o affect ignition

) are capable of
ine parameters as

y used hydro-carbon fuel has what is known as a spontaneous ignjition temperature.

b temperature is
ending on the

the temperature
e spontaneous

3.2 Time vs. Power of the Spark:

With continuing advancement in engine and ignition technology, it has become common practice to
measure and sometimes specify spark duration, peak power, and total discharge energy of a spark.
(See Reference 1, Appendix I). Average spark power is also of some interest. It should be noted

that peak spark temperatures are related to the power vs. time function.

3.3 Spark Rate:

There are at least two functions of spark rate related to successful ignition. One of these is to
provide a spark at the proper time to coincide with earliest ignitable fuel-air mixtures. Another
function of spark rate may be to control the rate of energy transfer to the ignitable mixture, in a
manner allied to that provided by spark duration.

2.
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3.4

3.5

3.6

3.7

4.

Spark Shape:

This parameter relates to the physical shape of the luminous part of the spark, or

plasma. Spark

shapes may, through constriction of the arc, be related to peak temperatures developed. Many
interesting spark shapes can be recorded photographically, and for a particular design ignition
system these shapes are quite similar. The spark shape results primarily from electrode size, shape,
and gap geometry of the spark igniter, but can also be influenced by the system energy level.

Temperature,

These parame

rs, while basically a function of engine design, influence the'disch
characteristics jof a spark. In can be readily demonstrated that an inductive type ¢
color and intensity as a function of pressure and velocity. Increasing ambient pre
reduce the effeftive arc length of a capacitive spark to a minimum¢, Temperature
variations influgnce the ionization voltages necessary to produce.a spark, and de
spark igniter, these variations may result in a significant portion of discharge energ

as heat loss internal to the igniter.

Type of Spark Igniter:
Air gap, surfacq
type of spark ig
to fouling (disc
external fouling
tend to be too ¢

b gap, shunted surface gap (See Reference 2, Appendix |) - The ef
niter is related to both the ease(of creating a spark (voltage level)
narge energy losses). Shuntéd surface gap igniters are generally
than other types, but may.incorporate semiconductor materials w
onductive and dissipate significant discharge energy as internal |0

Total Energy Djscharged per Spark:

This definition ay be interpreted in two ways: (1) stored energy of the ignition sy

arge
spark changes in
ssure will tend to
and pressure
bending on the

v being consumed

fect on ignition of
And the resistance
mnore resistant to
hich in themselves
sses.

stem at the instant

prior to discharge, and_(2))energy dissipated at the spark igniter electrode locatiofn. This AIR is

concerned with the second definition. The term, “total spark energy”, is a better d
consistently applicablé among the various measurement methods to be discusse

efinition, but not
.

OPTICAL METHODS:

A measurement of the light produced by a jet igniter spark discharge has a relationship to the
corresponding electrical measurement of spark energy made by oscilloscopic methods. Optical
methods have the advantage of simplicity, and can be done in a very small fraction of the time required

to accomplish referenced oscilloscopic methods.

4.1 One optical method of spark energy measurement is to take time exposure pictures of the spark
discharge. This method provides a good comparative evaluation of competing igniter designs on a

total discharge energy basis. The results, of course, depend on the sensitivity of
and equipment. Some typical results relative to spark shape are shown in Figure

photographic film
1.
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FIGUR

4.2 Another optical
consists of sen
By reading the
may be establig
manufacturer.
illustrated, and
measurements
curve may also

1. Recessed gap igniter

2. Radial gap igniter

3. Radial gap igniter witl’higher energy system

E 1 - Some Typical Spark.Rlasma Shapes from Photographic Mea

method of spark energy measurement, designated as the photoel
5ing the light outputof the spark discharge with a photocell or light
output of such a device on an oscilloscope, a relationship of light ¢
bhed. Figure 2.llustrates a circuit and set-up as practiced by one i
The instrumentation used in this method consists of a special phot
a stable calibrated cathode-ray oscilloscope of average sensitivity

surements

ectric method,

sensitive device.

mission vs. time

gniter

D-electric fixture as
Peak light

have proven most consistent, but measurements of duration and

the energy wav
of Appendix I.

be‘of interest. Figure 3 illustrates typical response. It will be see

hrea under the
that the shape of
eferences 3 and 4

Calibration of the light signal in terms of electrical energy has not yet been done, but the method has
been particularly useful in making direct comparisons where absolute values of energy are not
required. For example, igniter design changes have been quickly evaluated to determine their

effectiveness.

5. PRESSURE METHODS:

Pressure methods of spark energy measurement, which have been attempted, are designed as total
pressure measurement, peak pressure measurement, and instantaneous pressure measurement.
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FIGURE 2 - A Test Set Up for the Photo Electric Method
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Amplitude: .2 volts/cm
Sweep: 10.sec/cm

System: 4 joules (stored)

FIGURE 3 - Tiypical Waveforms form Set Up of Figure 2 (Photo-Electricl Method)
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5.1 Total Energy Method:

The term total energy as used herein designates a net effect relation, irrespective

of time. Total

energy pressure method is based on theoretical relations of perfect gases which state that,

DE = L(DP)
g-1
DE =Chan
V = Chamlber volume
g = Ratio |of specific heats

DP = Change in maximum pressure

By confining the spark in a closed volume container of low thermal.conductivity, it
an increment of energy added by a spark will produce a correspending rise in ten

(Eq. 1)

can be seen that
perature and

pressure of the|confined gas. The quantity and duration of the‘pressure rise are glependent on the

gas tightness and thermal loss characteristics of the container-and igniter assemhb
number of enelgy increments (sparks) added.

Experimental programs have yielded good correlation*between total energy meas
pressure pulselmethod and that measured by osgilloscopic methods. (See Refer
Appendix I). Filgures 4 and 5 illustrate one construction of the pressure bomb ang
pressure outpuf response obtained. It will be-noted that the bomb type of construg
to that utilized in a calorimeter type measurement. (See Reference 6, Appendix |
that a single vegssel could be constructed’to serve both types of measurements.

5.2 Peak Pressure|Method:

The peak presqure methodhis-actually a kind of acoustic energy measurement, i.e.
At least two valriations of this method have been used with some degree of succe

5.2.1 One peak prgssure-measurement method has been demonstrated using a micr

ly, and on the

ured by the
ence 5,
the type of
tion is closely akin
. Itis conceivable

how big a “bang”.
5S.

bphone pick up
with a circuit

positioned at|afixed distance from the igniter. The result is read on a meter, as
described in Figure 6.
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FIGURE 4 - Typical Pressure Bomb Construction for Spark Energy Measurement
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FIGURE 5 - Typical Pressure Response Curve from Bomb of Figure 4
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FIGURE 6 - A Circuit for Acoustic Spark Energy Measurement Using Microphone Pick-Up
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5.2.2 Another spark energy pressure method has been devised based on the impact force generated by

6.

7.1

7.2

the spark shock wave.

In this method the spark is confined in a very small container, at least one

wall of which is movable with application of a certain force. The size of the container is established
experimentally so that the force of the shock wave will lift off the movable weight and move it
through a finite distance. The work thus performed is proportional to spark energy. The mass

moved can be connected to a dial indicator of various types; for direct read-out.

Repeatable results have been obtalned Wlth thls method and the method WI|| differentiate between

gniter shell and the movable Welght prior to flrlng This necessitat
and soft but firm gasket material at the interface. Figure 7llustra

systems of va
between the
return featurs

OSCILLOSCOPIC METHOD IMPROVEMENTS:

Chief among objgctions to electrical energy measurements basedn voltage-curre
References 3 angl 4, Appendix ) are the expense, time, and attendant operator ina
in reducing the data obtained as photographic voltage and currént waveforms.
(See Reference T,

physical size aspects of equipment necessary for such operations are expected to

OTHER POSSIBLE METHODS:

The foregoing seftions of this document have covered methods of energy measure

yielded, at least eéxperimentally, results-of some value. The foregoing methods are

of energy releasg which are generally regarded as having possible effect on ignition.

additional measurement methad ‘possibilities which may or may not be of value.

It has been obgerved that)for an exciter and lead of a particular design, arc currer
less ofispark igniter design. Thus, when oscilloscopic energy mea

constant regard
igniter energy @valuation for a particular exciter and lead design can be based lar
measurements|ofiarc voltage.

Inst
electrical multiplication and integration of voltage and current waveforms have beer

kage exists

¢s an accurate self-

es the concept.

Wt relations (See

ccuracies involved

antaneous
accomplished.

Appendix ). By use of appropriate digital read-out equipment, inpmediate results of
improved accuraty can be obtained. As the art of salid*state devices advances, th¢

b economic and
mprove.

ment which have
all based on forms
There are

t is relatively
\Isurement is used,
gely on

Other measurement methods might be based on one or more of the following phenomena
associated with spark discharge: electric and magnetic fields, wave length spectra of luminous

discharge, peak temperature of the arc.

-11 -
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FIGURE 7 - Spark Shock Wave Measurement Device
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