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TECENICAL NOTE NO. 396

Eﬁ FORMANCE OF A COMPRESSION- IGNITIO“ ENGINE WITH
A PRECOMBUSTION CHAUBER HAVING HIGH-VELOCITY AIR FLOW

By J. A, Spanogle and . S. Hoore
Summary

This report presents the results of performance tests
made with 2 single-cylinder, four-stroke-cycle, compres-
sion-ignition engine. These tests were made on a precom-
bustion~-chamber: type of cylinder head designed to have
high air VOlOult" and tangential air flow in Both “tno
chember and cylinder. A pear-shaped and a spherical pre-
combustion chamber, both contalning one-half the clearancec
volume at a compression ratio of 14.,2:1, woro used, Tho
chamnber was .connected to the gylinder by a single round
passage, flared at both ends and having an orifice diame-
ter of 9/16 inch., A cam-operated fuel-injection pump sup-
plied fuel to an automatic spring-ldaded injection valve.
The fuel was injected from a single round- hole orifice
into tne precombustion chamber,

Tac performance characteristics wero investigatod for
variable load and cnginc speed, type of fuel spray, valve-
opening prossure, injection period and, for the spherical
chamber, position of the injoction spray rolative to tac
air flow, Thc prossure variations betwocen the pear-shapcd
procombustion chamber and the cylinder for motoring and
full-load conditions were determined with a Farnboro eolec-
trie indicator.

The combustion chamber designs tcsted gave good mix-
ing of a single compact fuel spray with the air, but did
not control the ensuing combustion sufficiently. Relative
to each other, the velocity of a2ir flow was teo high, tie
spray dispersion by injection too great, and the metering
erfect of the cylinder-head passage 1nsufficient. The
correct relation of these factors is of utmost importance
as regards engine periformance.
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Introduction

The general problem in the development of a fuel-
injection engine for aircraft is to obtain in an engine
cylinder complete and controlled combustion at high en-
gine speeds. A prime requirsment for power and combus-
tion efficiency is that the fuel charge be thoroughly
mixed with the air. The ensuling combustion must be so0
controlled that it occurs early in the power stroke, but
without excessive cylinder pressures or dotonation, Thosec
objectives cannot bo attained without the correct design
of the combustion chamber and the uso of the relatively
best fuel spray. The nocessary charactoristics of the
fuel spray aroc -dectermined by the design of the combustion
chamber .

Combustion chambers are classified by the shape of
the clearance space as two distinct types: the integral
type in which the clearance volume contains no restrict-
ing passages, and the auxiliary-chamber type in .which the
clearance volume contains one or more restricting passages,
In the integral type, the mixing of fuel and air may be
solely by the injection. sprays penetrating to all the air
‘in ‘the clearance space, .1t may be assisted by air move-
ment such as residual or forced air flow relative to the
fucl particles, Thc combustion is controllod by the dis-
tribution of the fuel particles as injected and by the
rate ofi‘funel dinjocetion., (Soo references 1 and 2,)

In the auxiliary-chamber type of combustion chamber,
the mecans of controlling the mixing and combustion of fuel
and air aro more numerous,

The auxiliary chamber may function as an air reser-
voir to meter the air to the combustion in the cylinder,
or it may serve as an antechamber in which the fuel charge
is prepared for combustion before passing into the cylin-
der, The antechamber becomes the usual precombustion
chamber 4if combustion starts and is partly completed in
it, The size of the caamber and the connecting passages
are designed to meter and direct the partly burmned, over-
rich mixture into the cylinder in such proportion and at
such a time that combustion will be completed and cylin-
der pressures be controlleds This type shows inhereont
mechanical and thermal losses resulting from the forcing
of air and burning gasos through restricting passages.
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However, a desirable foaturo of the auxiliary-chambor
type of cloarahco distribution is that it pormits the usc
of a simplo, low-pressuroc fuecl .spray.

Various shapes of auxiliary chambers, restricting pas-
sages, distributions of clearance, and velocities and di-
rections of air flow have been tried in experimental and
commercial combustion chambers. However, few if any of
these employed high-velocity air flow as a means of mix-
ing the fuel and air while allowing the restricting pas-
sege to control the combustion.

. The valve and characteristics of the precombustion
type for high-speed engine performance were investigated
by Joachim and Kemper (reforence 3) using tho W.,A.C.A. No.
3 cylindor hcad designod to give a high velocity of air
flow in the preccombustion chamber on the comprossion
stroke and of gas flow in the cylinder on the ocxpension
stroke.

Continuing the work of Joachim and Kemper, some minor
development work was done in which both the cylinder-head
passage and the injection system were altered. Previously
the cylinder end of the 9/16 inch passage had been flared
to direct the burning gases over one-half the piston crown
(reforcence 3); then the chamber end of the passage was
flarocd to be tangential to the sphere, A slight docrecasc
in f.me.0epe and a corresponding incroasc in D.Me0.De ro-
sultcd. The injoction-valvo nozzlec was cxtended 15 inches
into the chamber and a singloe orifico of 0,025-inch diam-
cter dirocted the spray at the center of tho bulb-to-cyl-
inder passage. Easiocr starting, slower and morc rogular
idling resulted with a slight increase in maximum power,
To roduco tho ignition lag, to control combustion, and to
reduce the rate of pressure riseo, auxiliary orifices hav-
ing diameters of 0.010 inch were directed into a section
of the clhamber which had less air flow than the passage.
The effect on the combustion was negligidble and the dif-
ficulties encountered in the injection system were large.
To remedy exXcessive dribblirng of fuel trapped in the line
waen the valve stom seatod, a fuel pump was substituted in
which a by-passvalve rclcased the fuel pressuro and con-
trollod the injoction cut-off, Although this gave a sharp
cut-off of the fuel spray, the cxtonded fuel valve of-
fored too much rostriction to fuul flow and required in-
Joction pressures greater than 8,000 pounds per square
inch to obtain the injoction of 0.0003 pound of fuel carly

e
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enough in the engine cycle to prevent late, inefficient
burning.  The mechanical operation of the long valve stem
was poor; sticking and slow action accentuated the dribble.
The work with the extended fuel valve was discontinued and
a simpler valve with a single round-hole orifice nozzle

was used,’

Making use of the avove-mentioned minor alterations
the same cylinder head was used in making the perform-
ance tests prosented here. The purpose of the tests was,
as beforoc, to determine tho power porformance possibili-
ties and combustion characteristics of a precombustion-
chaiabor-typo cylinder head in which a high velocity air
flow is need to mix the fuel with the air.

This ‘report presents cngine test results of the cyl-
inder head both for a pear-shaped and a spherical precom-
bustion chamber. The engine performance was determined
for variations of engine load, speed, type of fuel spray,
injection period, injection-valve-opening pressure, and
.relation of ‘injection spray position to air flow, This
work was done by the National Advisory Committee for Aero-

nautics, at Langley Field, Va.

Apparatus and Methods

The single—cylinder engine-testing unit shown 'in Fig-
urc 1 was used for these performance tests. Tho cngine is
four-stroke-cycle, fuel-injection, compression-ignition,
of 5-inch bore and 7-inch stroke, and has standard Liberty
valves, valve-actuating mechanism, and connecting rod.

The piston had a domed crown of the same curvature as the
cylinder head, The forms of combustion chambers tested

(7 A.C.A, Fo. 3 with two shapes of precombustion chamber)
are shown in Pigure 2. Substituting a hemispherical shape
of chamber cap for the conical one gives the spherical
form., The standard cylinder head for these tests was the
form with the conical cap. Both ends of the 9/16 1nch~
throat-diameter connecting passage are flared,

The fuel-injection system consisted of a primary gear
pump, a cam-operated fuel-injection pump, and a spring-
loaded automatic fuel-injection valve. - (See fig. 3. ¥ Hhie
Diegel: fiel: oil,  0f 0,847 specific gravity and a viscos-
ity of 41 Saybolt seconds (Universal) at 80° F., was de-
livered by the primary gear pump at 125 pounds per square
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inch pressure to the injection pump. The injection pump
was of the constant-stroke type and the plunger was driv-
en at a constant acceleration by a cam mounted on an ex-
tension of the engine crankshaft, The extension consist-
ed of a speed reduction and timing mechanism which oper-
ated the pump at camshaft speed and allowed the injection
advance angle to be varied while the engine was running

by changing the angular relation of the fuel cam with re-
spect to the crankshaft, The quantity of fuel injected
was controlled by varying the duration of the closure of

a by-pass valve in the pump, The automatic fuel-injection
valve was opened by the pressure of fuel 011 acting on a
differentlal area of the stem. Two 31nple orifice nozzles
of the seme type (fig. 3) were uscd, the standard nozzle
‘having a 0.,050-inch diameter orifice and one other nozzle
designed to have its orifiée diameter enlarged as desired.
Two valve stems were used. The standard: plain stem gave
the noncentrifugal, highly ponetratlve spray cone of TFig-
ure 4 and the other - a stem having two helical grooves

of 23° helix angle - gave tho more dispersed centrifugal
soray of low ponetration shown in Figure 6., The photo-
graphs show the large difference in dispersion and penetra-
tion in"still air for the two stems uséds The photographs
were obtained with the W,A,C.A. spray photography equip-
nment (reference 4) for conditions corresponding to those
of the engine performance tests; i.e,, injection pressures
equal to those of full-load fuel quantity, and a spray
chamber air density equal to that in the combustion cham-
ber of the engine with the piston at top center. -

Figure 1 shows the equipment for measuriang the sever-

al variables of engine performance. The fuel input was
measured by timing electrically thc consumption of onec-
half pound of fuel oil during the same interval taat a
synchronized revolution counter recorded the number of en-
gine revolutions, The air consumption was detormined by

a Veaturi meter, proviously calibrated by a gasometer.
The engine was connected to a 50- to 75-horsepower elec-
tric dynamometer wihich served to motor the engine for
starting and friction ruans, and to absorb the power devel-
oped by .the engine. The engine power was calculated from
the torque indicated by the dynamometer scales and tke
revolution counter, The maximum cylinder pressures were
.indicated by the W.,A.C.A. trapped-pressure indicator.

(See reference 5,) The Farnboro indicator, before being
improved (reference 6), was used to obtain iadicator
cards. The injection periods and injection advance an-
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gles were determined from observations with the oscillo-
scope. (See reference 7.)

Several conditions were kept constant during these en-
gine tests, The compression ratio was 14,2:1 and at the
standard engine speed of 1,500 r.p.m., the compression
pressure was 500 pounds per sguare inch. " The distribu-
tion of clearance between the cyliander and auxiliary cham-
ber wae in tho ratleo of “1§l for beth forms of precombus-
tion chamber used, The. standard chamber shape, however,
was the one with the conical cap., - (Fig. 2.) The standard
valve—-opening pressure was 3,500 pounds per square inch,
The full=load fuel guantity was taken as in the previous-
ly reported tesbtsa; leew, 040005 pound per eycles This is
the amount of fuel that would give 12 per cent excess air
in the cylinder at a volumétric efficiency of 85 per ceat.
The single 0,050-inch-diameter orifice nozzle was taken
as standard, .The injection system, when using this nozzle,
gave an injection. period of 35 crank degrees as determined
with the oscilloscope for full-load fuel, Thec standard
cylinder pressure as given by the trepped method at full-
load fuel quantity was 750 pounds per square inch.and was
maintained by varying the injection advance angle. The
outlet temperature of the cooling water was 170990, That
of “bhe Iubricating loll; 340° ¥, and the temperature of
the inducted air, 95° F,

To obtain the data here presentcd a series of engiae
performance tests was made with the cylinder hnead as sanown
in Figure 2, The following variables were changed onc at
a time; fuel guantity, typo of fuol spray (i.o., centrif-
ugal or noncentrifugal), engine speed, valve-opening pres-
sure, and injection period. All other variables were Xkept
constant, The variation in injection period was obtained
by enlarging the orifice of one of the two single-~orifice
nozzles from 0,020 inch to 0,060 inch in diameter, main-
taining, however, a length-diameter ratio of 2.,5. For all
other tests the nozzle having the single 0,050-inch-~diam-
eter orifice was used because, with the fuel pump and
valve available, this size gave the shortest injection pe-
riod and the most power., Indicator cards were taken from
the chamber and cylinder for motoring and full load power
conditions at 1,500 r.p.m. The approxinate direction of
air flow in the auxiliary chamber was determined by motor-
ing the engine while thin copper strips exteanded into the
chamber from the gasket separating the head from the cham-
ber cap. The direction of bending indicated the dirocction
of air flow., These indications were confirmed by stroaks
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of carbon left inside the prev1ously cleaned and pollsaed
chamber after motoring the engine. As these tests indi-
cated that.the air flowing into the chamber was directed
toward the apex of the cone and that its energy was large-
ly dissipated .there, the chamber was made spherical (f1g.
2), the purpose being to aid the formation of a rotatiag
sphere of- air in the chamber and to conserve its energy.

A series of full-load fuel quantity power runs at 1,500
TePells was made with the spherical chamber while the posi-
tion of the injection spray was varied relative to the

air flow, This yariation was accomplished by placing the
injection valve in the side hole of the cap and by rotat-
ing the cap saccessively into each of the ten p0531ble_
pesitions,

The data obtained from the tests have been computed
and plotted, and aro presented as curves of engine-per-
formanco and as indicator ¢ards, The indicated  horsepower
was taken as the sum of the brake and friction horsepowers,
the friction power being . that required by the dynamometer
to nmotor the cnglno 1mﬂodlatcly after the power run,

i In the discuSSions that follow referonce is mado to
enginc detonation. By dctonation is mcant the metallic
sound prosent durihg combustion whlch is associated with
detonation in carburdtom enginose. This condition was

‘prescnt irrogularly in tlic ongina opcration of those tosts

and indicated incipient "detonation,

¢ . 3

.Test Results and_Diécussion-

E)

Bffect of 10wd on cnginec performance, noncoatrifugal
soray.i< Figure 6 blves the engine performance of the sta and—
ard cylinder-head form with conical cap (fig. 2), as af-
fected by fuel quantity for the plain, noncentrifugal
spray of Figure 4 and by an injection ' advance angle of
The power is much improved over that previously obtained
from this head (reference 3); the slope of the m.e.Ds
curves decreases more slowly, The i,m,e,p. at full load
has increased from 119 to 134 pounds per square inch at a

o]
26" o

_fhechanical efficiency of 70,8 per cent. The maximum cyl-
inder pressure curve attains s maximum at the same fuel

quantity at which the m.e.p. curves deviate from a straight

"line, At this point the combustion sound was slightly me-

tallic and irregular ‘and passed through its maximum loud-
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ness, As the cyliander pressure remains nearly constant
above one«half load it is indicated that the auxiliary
chamber and connecting passage control combustion some-
what, The improvement in combustion is indicated by clear
exhaust at 22 per cent excoss air and by the decroased
fuel consumption 0,43 to 0.39 pound per indicated horso-
power per hour at full load with 12 per cent oexcoss air,
The excoss air was dotermined from oxperimental data. TFor
the sams conditions but on tne basis of brake performance,
the fuel consumption was decreased from 0,71 to 0,56 pound
per horsepower per hour. The capacity of the engine for :
overload -is shown since the i.me8¢Po increased to 141
pounds per square inch, The improved performance was due
mostly to the shorter injection period and to a more pen-
etrating fuel spray, but it was aided by the flaring of
the chamber end of the chamber=to-cylindor passage and by
the improved mochanical officioncy of the ongine. The
shortor injection period gavo time for the fuel to be' bet-
ter mixed with the air and to burn more efficiently. '

Effegt~0f'1oad on engine performance, centrifugal
spraye—-'The effect of load on engine performance when us-
ing t-e centrﬁ;ugal injection spray is seen in Figuro 7.
This spray cave more detonation than the noncontrifugal
injoc tion spray and the tost was run at a-reduced injec-
tion advanco angle and cylindor pressure. The injection
advance angle was reduced to 23° B,T7.C, at which condition
tho'qound of tho engine comparcd to that of thoe ftest for

igure 6, although the cylinder pressurc was but 650 pounds
pur square inch, This retardation accounts for the pooror
periormaince as pPres vted. Onoc test, made by advancing
tho injoction to 26° B.T.Ce, as in tho work of Figure 6, at
a maximum cylinder pressure of 750 pounds per square inch
and at full-load fuel quantity gave results equal to those
of the noncentrifuzal injection spray, At low loads the
effect of the injection advance ngle on cylinder pressure
and power was negligible, The centrifugal spray does not
£ive more power but.does give more detonation because the
centrifugal spray has greater dispersion,

i
rl

)l

Effect of speed on_engine pg;fonu@ggp.— Figure 8
shows the effect of engine speed on the nerformance at
full-load fuel quantity and 750 pounds ver sguare inch
cylinder pressure. A“tnoaﬂn the intensity of the fuel-
mixing air flow should vary directly with the engine speed,
the power does not vary with the engine speed, The indi-
ated performance is little cvlzected Trom 900 to 1,800

.p.m., althoush the velocity of air flow should be about
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doubled. The power required to cause the air flow, how-
ever, causes a decrease of b.m.e.p. from 103 to 88 pounds
per sguare inch, the i.mee.p« remaining coenstant. The
best operating speed for this particular head is about 900
TeDella, -4t which speed the i.m.e.pe T8 still "at ‘& maximum
and the f.,m.e.p. has decreased from 40 to 27 pounds per
square inch, The points at 1,200 r.p.ms are low because
the injection advance angle was below normal., Although
the cylinder pressure was kept constant.the injection an-
gle was advanced but half as fast.-as the engine speed.

The velocity of the fuel-mixing air flow, however, ine
creased with the engine speed so that the moere complete
fuel and air mixing would increase the rate of combustion.
Furtiiermore, from observations with the oscilloscope it
was seen that with increase in speed the injection spray
became mqre widely dispersed and the start of the spray
more faint, '

The engine was started when cold by motoring at 600
TePelMe, but when warm from previous running it could be
started by two revolutions of the crankshaft., It could be
idled at 250 r.pem., could be readily accelerated at the
highest speed attempted, and would run steadily at all
conditions of load from 600 to 1, 800NETH S

Effect of valve—opening pressure on engine perform-
ance.—~ The salient advantage of the precombustion-chamber
type of cylinder head is shown in Figure 9, the data for
which were obtained by varying the valve-opening pressure,
Ags the valve-opening pressure is varied, the characteris-
tics of the spray change; but the engine performance is
seen to be little affected, a decrease in valve-opening
pressure from 6,000 to 1,500 pounds per square inch causing
only a slight improvement in engine performance. The max-
imum injection pressure decreased from 8,000 to 3,000
pounds per square inch, while the apparent injection peri-
od varied from 35° to 40°, a change which in itself should
have decreased the performance, At the lcwer pressures
the dispersion and penetration are decreased, but the char-
acteristic of the head (i.e., high-=velocity air flow) mixes
the fuel with the air to maintain the engine performance
constant., At none of the injection. pressures did the fuel
soray penetrate the 2-9/16 inch length of the chamber to
deposit carbon opposite the valve position., The air flow
reduced the penetration for, if in still air, the pene-
tration and time would have been sufficient for the spray
to hit the chamber walls.
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is shown in 'Figure 10, Although the oscilloscope
no definite information. as to the rate of fuel dis-
: ,. 1t was clearly .seen that the dischargé during.the
rst 10° :was very small, The engine performance results
te that to obtain maximum fuel economy and power
16 injection period must be shortened, even shorter than
ne results presented. The shortening of the injec-
period gives bettor mixing, as the fuel is injected
tine time of highest weliocity air flow and, asg theo
arer exhaust and lower fuel consumption both indicate,
inofficient combustion is reduced.. The combustion
trol by the procombustion chamber is indicated by the
nder pressure reaching a maximum at a period of 35% 4o
- tho.powsr, however, continuing to increasoc. The or-
cc diameter and injoction prossures arc given on Fig-
10 to show thoir relation to thoe injection period,
ho investigation of injoction-period effect ‘was not con-
tinued, because further increasing tho orifice diametor
lengthoned rather than shortoned tdo injection period.
This lengthening was due to insufficiont stem 1ift which
caused tharottling at the stom seat,
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"fect on engine poerformance of injection position
'ggrlcal chamber.- The direction of air flow in
e au vllary chamber and the effect of fuel-spray posi-
tion relative to this air flow on the engine performance
are shown in Figure 11. The air leaves the passage and
rotates as a sphere about ‘the axis indicated,; with the
grestest intensity of flow being at points 7 and 2 ‘and the
lecast intensity being at the axis ends, points 9 and 4.
Tith the fuel spray in similar positions .in the pear--
shpped and spherical chambers, the engine performances are
equal except that the combustion is with more incipient
detonation for the spherical chamber, This increased det-
nation is apparently caused by the changed relation of
the fuel qpra; to the higher velocity air flow, As the
njection characteristics are the same =8 when the coni-
cal chamber cap is used, the ignition must be later and

be actually retarded until more fuel is ready to Durn.

The “eumrdatloﬁ is probaily caused by the air flow sweep-
ing the faint. . spray start onto the walls or separating

tiie fuel particles too widely, A faint deposition of car-
bon to eeWard o;'thefvalve positions was 'seon‘after each
power run, 28Ny ‘

Q

,_1-

ct_of injection period on engine performance.- The
tlie length of the injection period on engine per-
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The position of most power and most regular combus-
tion with-least combustion 'shock was the No. 2 position,
The spray travel was perpendicular to the axis of the air
whirl, i.es, the spray met first the lower wvelocity:  of air
and then the higher, The reverse of these: conditions, po-
sition No,., .7, gave the least.power and most irregular comn-
bustion sound. Apparently the air wvelocity given by the
9/16‘inch.diameter passage - was too high for the fuel-spray
.characteristics used, as .indicated by the.increase in power
and decrease in detonation when the spray position passed
from the greatest to the least velocity air flow, The fuel
spray penetrated the distance of 2—3/16 inches across the
spherical chamber in- each: of these tests .and. opposite the
valve positions carbon deposits were left, Thc carbon de-
posits were slightly displaccd in the direction of tho
air flow, In the tests which left the largest carbon de-
posits the porformance, including the exhaust conditions,
was. the best,

Indicator cards - Motoring.-~ The motoring indicator

cards of Figures 12 and 13 from tho standard cylinder nead,
~although mado while driving the indicator drum at crank-
shaft spocd and using as large a prossuroc scale as the in-
dicator would permit, do not show any appreciable pressure
lag between the cylinder and the precombustion chamber dur-
ing the compression stroke, The abscnce of any pressure
lag indication may be duc cithor to a passage recstriction
insufficient to cause a pressure lag in the chamber or to
the inability of the indicator cards to show. the small
prossure lag, For the indicator cards as obtained, tae
compression curves are practically ideantical until & pres-
sure of 400 pounds per. square inch is reached, above wihich
the chamber pressure leads and rises higher by 15 pounds
per square -inch than the cylinder pressure., The expansion
curves are identical below 450 pounds per sguare inch,

This cowmpression-pressure difference was consistently re-
corded and was further investigated with tie,6 trapped-pres-
sure method, - The trapped-pressure valve placed in the cyl-
inder and in the 'two chamber cap holes gave chambder pres-
sure readings consistently higher by 20 pounds per square
inch than in the cylinder, thus checking the indicator
cards within the limits of allowable errors. The higher
pressure in the chamber is contrary to what could be ex-
pected from air passing through a restricting passage into
a chamber and no conclusive cxplanation is presentecd at
this time, Attention is dirgcted, however, to the differ-
ent conditions of the compressed air in theo cylinder and

in the chamber; the air is compressed in the cylinder with-
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out appreciable  flow, but the air forced through the pass-
age continues its motion inside the chamber, Thus the
pressure-indicating unit in the cylinder is actuated by -
comparatively still air whereas the unit in the chamber is
actuated by air‘rotating at high velocity A comparison
of the motoring and power cards shows that the compression
pressure of the motoring cards is less than that of the
power cards, as the motoring cards, although taken at
standard engine-~operating tomperatures, were not taken in-
mediately after a power run when thc combustion chamber
walls were hot,

Indicator cards - Power,- The power indicatbr éards

“from the standard cylinder head are neither complctc enough

nor of sufficiont accuracy for quantitative analysis, They
‘are noteworthy, however, for the indications of start and
ate of pressure rise, The start of pressure rise is late
for both chamber and cylinder, an approximate ignition lag
being 35° crank angle, For the chamber, however, the
start is 2° earlier than for the cylinder, showing that
the precombustion-chamber principle is in operation, When
the injection time was advanced to obtain ignition at T.C.,
the detonation was excessive and power was increased bdbut
little. Even with the late ignition; the indicator re-
corded occasional pressures of 900 pounds per square inch
(the trapped pressure of 750 pounds per square inch being
only an average). The cause of the occasional h1 gh pres-
sures and d etonations was the irregularity of £8° in thne
injection advance angle. Thls irregularity was noticed
while watching the spray with the oscilloscope.

Determinations of rate of pressure rise from the indi-
cator cards arc affected by the variation between the en-
gine cycles., A small error in neasuring the slope of the
rise affects the numerical value greatly. The values are
indicative, however, of the high rates obtainable in this
type of head, The maximum rates of pressure rise in the
precombustion chamber and in the cylinder are 1,030,000
pounds per square inch per second and 1,530,000 pounds per
square inch per second, respectively. The lower rate in
the chamber is due to the overrich mixture K there, The
mixture in the cylinder is more nearly in optimum propor-
tions of fuel and air and burns faster. On the basis of
present-day carburetor-engine practice (reference 8) the
rate of pressure rise obtained will alloW an engine speecd

“of approximately 4,000 r.p.me
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The combustion sound for ncarly all operating condi-
tions was intermittently motallic at one-half load, dull
at lower 'speeds, and sharper as the speed increased, The
lessencd spray dispersion at- a valve-opening pressure of
1,500 pounds per squarc inch, the injection iato lower
velocity a2ir flow, and the increasc in the amount of fuel
above one=-half load decreased the detonative tendency and
also the cylinder prcssuro,

: This combustion chamber design is scnsitive te injec-
tion advance anglec above one-half load, for if the .anglo
were changed by five crank degrees the combustion would
vary from missing to steady detonation. This detonative
tendency is caused by excessive air flow and, relatively,
too much dispersion of fuel spray; ignition occurs waexn
most of tho fucl is injocted and thoroughly prepared for
combustion, The cylinder-head passago lacks sufficient
restriction to meter:the.gas flow and control the combus-
Yion, :

Conclusions

These results indicate that this cylinder head, for
both forms of precombustion chamber, is capable of giviag
rapid mixing ond combustion oven when using a single com-
pact, low-pressurc injection spray from a large round-
hole orifice nozzle, The same power and less combustion
shock are given by a noncentrifugal as by a centrifugal
spray having greater dispersion of fuel particles,

The engine performance improves as the injection pe-
riod is decrcased, indicating that the maximum power will
be given by a period shorter than used in these tests,

The relation between air velocity and fuel-spray pno-
sition and dispersion influences the performance of thae
precombustion-chamber~-type engine, In these tests the
air-flow velocity was too high for the fuel-spray disper-
sion, The mixture of fuel and air was slow to ignite dut
burned rapidly.

A high injection pressure is unnecessary. In fact, a
decrease in injection pressure, which decreased the spray
dispersion and penetration, caused a slight iacrease in
engine performance. Similarly a decrease in engine speed
witlh the consequent decrease in air-flow velocity affected
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the indicated performance but slightly., However, the brak

performance was affected because tihe mechanical efficiency
varied inversely as the cngine speod,

With the clearance distribution used the combustion-
was not controlled by the cylinder-head passage, and any.
further reduction in passage area would have increased the
already too high air-flow velocity, ©Small differences in
the injection advance angle of successive cycles gave in-
termittent detonation., The rates of pressure rise ob-
tained indicate, on the basis of carburetor engine per-
formance, that this head is capable of operating an engine
at approximately 4,000 r,p.m.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., September 3, 1931,
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Fig.l Single-cylinder research engine and testing equipment.
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Injection valve
N - locations

—

Fig. 2 N.A.C.A. cylinder-head design No. 3 showing pear-shaped and
sphierical (dotted) chamber forms. Passage throat diameter
9/16 inch.
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Fig.2 Automatic fuel-injection valve and single-orifice nozzle. Orifice

diameter 0.050 in.



Types of injection spray used in tests. Orifice diameter, 0.050 in.,air density,
1.11 pounds per cubic foot,corresponding to compression ratio of 14.2: 1.

-
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0.002 0.001 0
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Fig.4 Noncentrifugal spray. Injection pressure,4100 pounds per square inch gauge.
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0.003 0.002
Time, seconds

Fig.5 Centrifugal spray. Helix angle 27, injection pressure 4700 1lbs. per square inch gauge.
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spherical chamber). 1500 r.p.m.




Fig, 12

Motoring indicator card at
crankshaft speed. 1500 r.p.m.
from cylinder. Compression
ratio 14.2
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