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THE EFFECT OF CLEARANCE DISTRIBUTION OW THE PERFORMANCE
OF A COMPRESSION-IGNITION ENGINE
WITH A PRECOMBUSTION CHAMBER

By G Sa-Moowe vand J. H.  Colldng;  jre

SUMMARY

The clearance distribution in a precombustion chamber
cylinder head was varied so that for a constant compression
ratio of 13.5 the spherical auxiliary chambers contained
20, 35, 50, and 70 per cent of the total clearance volume,
Fach chamber was connected to the cylinder by a single cir-
cular passage, flared at both ends, and of a cross-sec-
tional area proportional to the chamber volume, thereby
giving the same calculated air-flow velocity through each
passage. Results of engine-performance tests are presented
for each of the four clearance distributions to show the
variations of power, fuel consumption, explosion pressure,
rate of pressure rise, ignition lag, heat loss to the cool-
ing water, and motoring characteristics.

For good performance the minimum auxiliary chamber
volume, with the cylinder head design used, was 35 per cent
of the total clearance volume; for larger volumes the per-
formance improves but slightly. With the auxiliary chamber
that contained 35 per cent of the clearance volume there
were obtained the lowest explosion pressures, medium rates
of pressure rise, and slightly less than the maximum power.
For all clearance distributions an increase in engine speed
decreased the ignition lag in seconds and increased the
rate of pressure rise.

INTRODUCTIONW

The precombustion or auxiliary chamber with forced air
flow for mixing fuel and air is one of the general combus~-
tion-chamber types used in compression-ignition engines.
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When designing a precombustion-chamber cylinder head the
influences of the variations: of:the different elements
shonld be known. The precombustion-chamber position, vol=-
ume, and shape, and the connecting passage area, shape, and
direction have ‘bebn.sudbject to-varied design treatment.

The distribution of the clearance between the precombustion
chamber and the cylinder 'is oneg--of.-.the fundamental varia-
bles whose effect should be determined. Theoretically, the
volume of the precombustion chamber, or weight of air in it,
shonld control the amount of precombustion if injection is
confined to thée chanber. #

Experimental work on high-speed compression-ignition
engines with precombustion -chambers has been done at tais
laboratory by Joachim and Kemper (reference 1) and Spanogle
and Moore (reference 2).

The work presented here is an experimental investiga-
tion of the effeet of clearance distribution between the
“auxiliary chamber and the cylinder for the same relative
passage restriction and compression ratio. This work was
done durihg: 1931l by the National Advisory COmmlttee for
Aer onautlcs at Langley Fleld Va.

APTARATUS AND METHODS

The single-cylinder test engine unit with electric dy-
namometer shown in Figure 1 was used in this series of tests
The  engine is 4-stroke-cycle, compression-ignition, of 5-
"inch bore and.7-inch stroke, and has the standard Liberty
valve~actuating mechanism and valve timing. An N,A.C.A.
universsl test engine base and cylinder were used which al-
lowed the compression ratio to be held constant as the
cléarance distribution was changed. The fuel-injection
equipment (as in reference 2) consisted of a primary gear
pump, and a cam-operated, constant-gtroke, fuel-injection
pump tnat delivered fuel to a spring-loaded injection valve
having a single 0.050-inch-diameter orifice. A timing mech~
anism permitted the injection advance angle to be varied,
Two types of injection-valve stems were used, a plain stem
giving a narrOW spray cone and a stem with two helical
grooves of g% angle, which gave a cone of more widely dis-
persed spray.

0 The auxiliary testing equipment was tile same as for
‘the work of refeérence 2 .except that the balanced-pressure
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apparatuq (reference %3 Wn§.used to measure ‘the maximumn
cylinder and chamber pressures and the'1mproved Farnboro
indicator was used to obtain indicator cands (reference 1) .
In this work, temperature measurements were made in both
the chamber and cylinder by means .of a O 020-inch un-

shielded . cnrOmel alumel thermocouple. The hot junction of
the therrocouple, the locatlons of which are shown im "Fig-

ure 2, extended about l/ inch into the comoustlon space.

The cylinder head (fig. 2)used for these tests is so

.counstructed that the two pieces forming the precombustion

chamber and connecting passage are remdévable without "dis-
turbing otber parts, of the engine. By the construction and
as sewblv of dlfferent cnanber parts and adgustment of the

compression ratio of the universal test éngine, this cylin-
der head is easily adaptable to the 1nveetlﬂat10n of a va-
riety of comoust10n—chamber form8s

In this.work the combustion-chamber form was not cho-
sen to give maximum engine performance, but was designed
so that the clearance covld be transferred from cylinder to
chamber with a minimum change in the  shape of the combustion
spaces he cyliader clearance volume (see fig. 2) was
formed between the domed cylinder head and the domed piston
crown. The auxiliary chamber clearances were spherical and
contained 20, 35, 50, and 70 per cent. of the total clear-
ance for a coupression ratio of 13.5. For convenience of
reference these clearance distributions will be called the
20, 35, 50, and 70 per cent chambers.

The connectinc Passages were circular in eross section,
of constant length/ 'diancter retio, and were flared -at both
ends. The cross~sectional area of each of the four passages
was designed to be proportional to the suxiliary chamber
volume. The passage diameters were 25/04 15/5 . °/1o, and
13/64 inch for the 20, '35, 50, 'and 70 pér-'céent ‘chambers,
respectively. At the samevengine speeds for each of the
four clearance distributions, the calculated air velocities
through the passages were the same. The passage axis passed
through the centers of the srperes and intersected the cyl-
inder-axis.atran angle of 45°, The air flow in each of the
four combust1on chambers was directed counter to the fuel
sprays

The cooling water entered. around, the bottom of the cyl-
inder head. Part of the water rose and was discharged
through an outlet in the top of the head; the rest passed
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around the chamber and through an outlet in the chamber

-cap. Thermometers were located at the inlet to the cylin-

der and head and at the outlets from the cylinder, head,
and chamber cap.

The standard conditions of testing were kept constant
except when taken singly as variables. For convenience of
reference, the conditions which were considered as standard
are tabulated below.

e G0 Speed 7 N N R ARSI T 00 R i .

Compression ratio (each clearance dis-
(R TR . IREE ARRREVERY BET O8N %A 8%E.S

Bl & . o o 2 s o » MARENEL TSSNcsEI fenliine’ W uel , S0 8T
' ) specific gravity, 41
seconds Saybolt viscosity

L e
TITP AP tudl Sl 4%, "8 " L T T MOD00T B
(12 per cent excess air) per cycle

(85 per cent volumetric efficiency)
Injection period (at 1,500 r.p.m., obtained
" BLTODOPERE) " s s b & at 8 o 5 % 4 s & 20° crank-
: shaft
Injection advance angle (at 1,500 r.p.m.) . 7° B.9.8,
SDPEYT TIRDE. 5, o oo o O o Tw S vl g NOncentrifugal
Nozzle type. . . . . single orifice, 0.050 in. diameter
Fuel valve position . . upper chamber hole
Valve opening pressure . . 3,500 1lb. per sq. in.
" Fuel temperature « . . . ¢« ¢ ¢ s 4 4 o . o Py
Engine lubricating oil temperature (out) .140° F.

Cooling water temperature (out) . . . . . 170

Tenperature of inlet air. . . . « + & « & 95° F.
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The test procedure was the same for' each clearante’
distribution.: The compression ratio was’checked and the
following motoring data taken. The f.m.e.p. was computed
from the scale reading taken while thé dynamometer was mo-
toring the engine. Compression pre°sures were obtalned
from both cyliunder and chamber over a speed: range o Y600 “to

800 r.p.m. with both the balanced- dlawhragm max1muA Pres—
sure indicator and the Farnboro indicator.  eguipment.  4A-.
doudble indicator card &t:1,500 r.p.m. was O0btained by tak-
ing the chamber and cyllnder records on the same sheet of
paper. [otoring temperature:readings gt 1,500 r.p.m. wefe
taken in the  chamber. and cylluder for 311 chaﬁb@r sizes:
edibled® b 2 7 ol

Power-test data were obtained of b.m.e.p.,-exglosion
pressures in chamber and cylinder, fuel consumptions, and
heat losses to cooling. watér. 'Thermocouple temperatures
were obtasined for each chamber and cylinder at standard
eondicions and also at 9200 gnd 1,200 r.p.ms for the BOU pew
cent chanbeér and cylinder.: These. ddtalwere takeén gt the
standard: fuel quantity over a range 0f speeds from B860-to
1,800 ri/p.ms Indicator cards were:also taken from.the cham
ber and:eylinder during these variable-~speed tests. From
the indicator cards the ignition lags ‘and rates of pressure
rise were measuref. The ignition lag is eonsidered in ‘this
report asg tle time in seconds from the start of injection
of fuel as observed .with a Stroborama to the beginning of
pressure rise-due-to combugtion a¥ shown by inspection of
the indicator card. At stazrdard fdel guantity and engine
speed, performance tests vere made ‘to .determine the effect
of injection characteristics. Valve-opening pressures of
2,000 and 5,000 pOhndS per squatré inch were:used. With
standard condltloﬁv a test was midde to determine:the effect
of using a centrifugal spray. 4 test was also made at™’

tandard conditions using the noncentrifugal spray in the
lower hole of 'the chamber cap. ~In addition. to the tests
made at full load, similar data- were obtained for each
clearancedfdigtributionl gt half loead, 1,500 r.p ‘m. Also-at

,500 ‘'r.psm.; ‘the'fuel guantity 'at the start ‘of exhaust '
flome' was obtained for each : clearance distribution by slow-
ly increasing the load until &.trace'.of flame :appeared in

#chevexhgugt §7" P i PO RS RS T 2887 D 240

~More "detailed combustion and:heat-1los8y data were ob-
tained from the 50 per ceat cliammer becsuse it had:-beean!
used previously for a series of tests. During theitesting,
the barometric pressure varied from 29.49 to 30.40 inches
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of mercury,»the engine p0wer data, however, were not cor-
rected to standard pressure and teuperature.:’*"

For all ‘tests the general engine-operating character-

..istics were noted. Secondary tests were made to determine

. the startlng and 1&11ng characteristies: -The 'starting tests
"were made in tne f0110w1ng manner: with' the engine cold
(about 70° F.) it was given two revolutions with the dyna-
mometer. If it did hot start durlns three such attempts,
it was motored at speeds starting at 300 r.p.m: and increas-
ing until the minimum starting speed was reached. These
tests were repeated with the engine immediately after nor-
mal power operation. The engine was tested for slow speed
operation by determlnlng whether or not it would idle at

300 r.peme’

TEST RESULTS:AND1DISCUSSIOﬁ

Startlng and idling.~ The 'starting characteristics -of
the engine changed with each of the different chambers em-
ployed. None of the chambers ‘gavé starting on two revalu-
tions of the crankshaft when cold, but starting was possi-
ble with all four of the chambers imnediately after normal
power operatlon. The minimum startlnb speed (compression
pressure, 390 pounds per square inch v) of the 20 and 70 per
cent chambers when cold was 300 r. p.m.; those of the 35:and
50 per cent chambers were 800 and 600 r.p.m., respectively.
The cold starting speed. whén using the centrifugal spray in
the 50 per cent chamber was 700 r.p.m. .

The idling charééteristics were the same for all the
chambers, idling at 300 r.p.m. being obtainable, tanough-un-
steady. : . g i

 Miss to kpock range.- - The injection advance angle
range from misfiring to allowable khocking was negligibly
affected by clearance distribution when operating at stan-
dard test condltlons. With the fuel valve in the lower hole
of the 20 pet cent auxiliary chamber the operating range in-
creased from 120 to 279, but the potrer decreased and the
smoke and flame of the exhaust increased. The standard in-
. jection advance angle of 7° at 1,500 r.p.m. gave a start of
pressure rise which varied from 'T.C. to 39 A.T.C. for all
clearance distributions, as determined by inspection: of in-
dicator cards. i '

Table I, which follows, presents further notes on the
engine-operating characteristics.
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CdARACL ERISTICS

: ] ~ T
Operating 20 per cent 35 per cent . 80 per cent E 70 per cent
characteristics chember cherter ‘chember % chamber
Bonil Bicde | Dull Slight rHard %Harderi
8 s, piREgRleT Irregulsar s Irregular b : | Irregular

Cyclic veria- = { 39 e e @8, % 4 :

tion in mex,: * Cham, 300 iv./sq.in.! Cham. 200 lt./sg.in.iChr;. 140 1b./sg .1n. Char 90 1bv./sqg.in.

ex»nlosion . C¥i. 100 1b./sq.in.i Cyl. 100 1%./sq.in~§CV1; 1LO 1u./so in.|Cyl. 140 1)~ /so in.

'O"‘QES’. A ! -

o L i & e

Inge,tlon. o b - 2
Torge.semiss Lo.. lgle - ;10 10:- =
allorzrle i i ' -
knock !V ¢
' | Cl ' t and A ;
‘ Carbon ga- Chem. - much i naﬁ"§9$ 2% Cham. - soot Chgm. - soft soot
posits Cyl. = little ! - Cyl. - -soot Cvl. - soft soot
- ) st T ; {Cyl. ~ socot - . _
Centrifugal f Enock and perform= :VnOCA and perform- | Krock and perfofmé_“ Knock and perform-
o

| spray conpared
‘ to noncentrif-
ugal soray

ance slightly
worse

¢

_ance worse

=,

ance worse

ance sllshxly
“betver

Lower fuel
valve position
compared to
upper position

Perlormance worge
© T.ALA. renge 27

| No change :

Performance worse

‘Performance worse o2

Optimum: ¥.0.7.

‘Best

b,;OO 1b. /sq 1n.3;'

Slightly better

‘55000 1b./sq.in.

5,000 1b./sg.in.
Sllently better

l
“
s kA .
..\é 500 1b /so 1n.( 9
I

llgntly better

S0 TN

Gy

‘o) 930N TBOTUYDD]

A
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Effect of clearance distribution on engiane performance.-

Figures 3 and 4 show that for the design of precombustion
aux—

chambers used in these tests, the minimum volume ‘in the
iliary chamber for good.pBrformance is about 35 per cent

of

the total clearance volume. The inferior performance with

the 20 per cent chamber can not be attributed to the non-

ceatrifugal spray depositing fuel on"the walls, because the
centrifugal spray which had insufficient penetration to hit
the walls gave slightly worse performance.. More power was

obtained with the larger chambers, because of the greater
quantity of air ready for initial combustion. The air in

the cylinder, being distributed over the piston crown, can

not be effectively reached by the undburned gases issuing

from the chamber and :therefore does not materially assist

the combustion process.

The connecting passage size evidently throttles the
passage of burnlng gases during combustion more than it
does’ the passage of.air during coumpression. This result
indicated by the chamber explosion pressure being higher
than the cylinder pressure with the small chambers. For
larger chambers with correspondingly larger passages the
chamber explosion pressures are more nearly equal to the

8

the

cylinder pressures. If the proportion of air in the auxil-
'3rv chamber alone were controlling the explosion pressure,

the smaller chambers should have the lower pressures be-
cause theoretically there would be 1nsuff101ent air for
erating high combustion pressures.

gen-

Effect of clearance distribution on combustion charac-

teristics.- Figure 5 shows that clearance distribution does

not have an appreciable effect on ignition lag. This re-

sult may be expected, as the conditions of temperature,

pressure, and flow velocity were held constant during the

tests. The figure shows that the Qlfference between the
time of start of pressure rise in the chamber and in the
cylinder is very small,

~ For all. clearance distributions the pressure rises are
straight lines (see figs. 6a and 6b) aand of such high rates

that it is impossible to measure them accurately; the au-
merical values are therefore only approximations. The trend,

as the percentage distribution increnses, is fope the auxil=
iary chamber rate to decrease and for tne cylinder rate to
increase and then decrease. The larger chambers containing
more air should give a faster rate of pressure rise because
the fuel and air mixture would have more nearly the correct

‘
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proportions for complete combustion. As the opposite oc-
cursg, 1t 1ndlcates that the passage size is 1hf1uenc1n the

rate of pressure PFrRSE; " theSHarrer. ba sajes *of, ¥hs lar<er
chambers a110w1ng the gases to pass more freely into the
cylinder.

”he temperatures 1nd1cated by the therﬂoco iples .in the
chamber and cyllnder were indicative of the relative ten—
peratures. The indicated combustion temperatures of th
cylinder wer'e rearly the same for all comoast1on cnambers
showing that clearance distribution had no effect on the
cylinder combustlon. The combustion temnereture o the

chamber increases with increasing chamber size because of

the gr reater amount of air in the chamber available for com-
bustion. : ‘ .

'The 1mprovement in exhaust conditions which occurs
with increase of chamber proportions is czused by more air
being available for initial mixing in the auxiliary cham-
ber. Decrease in the rate of .improvement with increase of
clearance distribution in the auxiliary chamber above. 35
per cent is due to the combination of spyray shape and air
floW.as_used,in'theee_combustion—chamocr_forms. Thisg com-
bination allows a maximum of aprroximately 35 per cent , of

‘the fuel to be mixed .with air forx efficient combustion.,

The remaining fuel is consumed either very late or nof at
Bil s ‘ -

Tffect of clearance dig trwbutlon on heat los .to cool~
1nh wvater.- Figure 7a shows thnt 1ncreﬂoe in mber volume
cavses the total heat loss to the zooling water to increase
from 205 to 28,5 .per cents  This 1ncrease,ts due .to the

" higher combustion temperatures in the chamber .and also to
.an increase of approximately 10 per cent in thé total com-

oust;on ‘chamber surface area. It should Pe noted that the
tofal heat 10ss for this suxiliary .chamber type of engine
is less than that usually accepted for spark-ignition en-

..&ines. The amount of Heat loss from the chamber cap .in-
‘creases. with chamber volume and surface, whereas the amount

of heat loss friom the head decres oesna As more combustion
ocecurs 1in the chamber Wlth 1ncraaoed volune, +he_cyl;nder
heat loss decreases. The similarity in shape of the "cham-
ber .cap + head" curve (fig. 7a) to .the .b.m.e.p._.curve of

“_Flgure 3 should also e noteds” As the b.m.e. P. .increases
.the percentage heat loss to the CJllnder head increases and

the percentage’ loss to the cylinder decreases.- These re-

.sults 1ndlcate that tbe clearance distrlbutlon of‘the 20
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per cent’ chamber ca uses 1ate 1neff1c1ent burning in the cyl-
inder.  The chamber’ _cap and head together lose: more: heat”
than the cyllncer oecaase of, the higher temperaturev'and
longer time available for heat transfer . :

Figure 7b shows that for .the .5C per :cent. chamber the

- percentage heat losses to the. coollng water aré but - sllghtb

influenced by ingect1on advance angle :or:engine .speed, but
aro 1nf1uenced to a greater degree by fuel quantlty.«

Effect of clearance d13tr1but10n on motorlnq chafacé
ferlstlcs.' Figure 8 shows that the mOuorlng charact eris-=

fics remain nearlv constant ag the clearance distribution

-yaries. ‘Because less air is moved through the passage for

the smaller chambers, the f.m.e.p. should be less; the de-
crease in f.m.e.p., however, is slight. .. Therefore;, ‘the
work of moving the air into the chambers is but a mnegligi-

‘ble part of the total friction loss. The mazimum indicated

compression pressures are, higher in the' chambers than in

the cylinder, as was prevloasly reported for the .same type

of combustion chamber.’ (Reierence 2.) The:-veriation in
compression pressure between the four.chambers: is probably
due to experlmental error althougn the upward trend:of the
cylinder pressure curve is possibly caused-by the increase
in the effective cvllnder ‘compression ratio as:the chamber
proportion increases. The indicated air tcmperature of:the
chamber is higher than that of the ecylinder, possibly be-
cause the chamber air is heated by frictiom on being forced
through the passage or because the tnermocounle ‘is partly

shlelded from tne 1nlet alr.

Tnlrtj—flvegger cent cnﬂmber = .The 35 :.per cent :chan-

ber in wh1ch the weight of air WOhld be less "than 3F5:per
cent due to throttllnb'of the air by the throat,: approaches
the clearance ‘distribution ‘which would give the partial -
combustion requlred by, the precombhstlon principle. - There
1s only enough air’in the .chamber. to allow 35 per cent of

the fuel to burn in the chamber and. t0 expel  the remaining
fuel into the cylinder., The, test results show that for
this chamber volume there is some combustlon control ak in-
dlcatea by the 1QW_explosipn pressvres.. P :

The combustion knock is ullght and . tne ratese of pres-
sure rise as’'déeteriined. from the.. indicateor cardsidre.com= -
paratively low and nearly the same for . .the. chambér and cyl-
inder. 'The heat loss to tne coollng water is also small,
being only 21 per ceat of the total heat input. Comparing
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the above characteristics with those of the other chamber
sizes tested, 'it can therefore *beé: seen bHHat :the 35 per "cent
‘chamber distribution gives the best combuStlon cowb ol with
-a minimum sacrifice 'in power. i) “ B . :

- 3». T}

Effect of speed oa_nﬁaa_ﬁiiggtlye pressures, fuel con-
el xvlos;on pressure, and motoring characteristics
wm_m__“:pgtmﬂ. - Figure 9 shows the general effect of en-
) and air-flow velocity on m.e.p. and fuel ‘con-

10 The effect.is nearly the gamewforsalld: Thes chamn-
bers w1th the optimum ‘speed varying from 800 to 1,200 r.p.m.
The larger chambers, because of a more -intimate mixture -of
a larger quanulty of fuel and air,::developed the most power
and the best fmel economy. It is believed that the grea®
difference shown by the curves for the. 20 per. cent. chamber
was caused by insufficient air in the small chamber.

The .explosion pressures of all chambers: (fig. 10) in-
crease with gpeed because: of the better mixihg of fuel and
air and resultant faster burning. As fthe engine speed in-
creases the air-flow velocity increnses and the fuel-spray
dispersion increases slightly;:‘thereby promoting better
mixinge. - The 20 per cent chamoer-wlun small. passage area
confines the pressure to the chamber, giving..the high chan-
ber and low cxllnder pre ssures as shown.

rlburc Ll shows that. tae variation between the f.m.e.p.

of-the different chambers is negligible. - The compression
- pregsure peaks at approximately 1,500 r.p.m. because of the

induction-system characteristics. " The pressure differences
between chamber and cylinder vary dbut little for the dif-
ferent clearance distributions and indicate that the re-
strictions of the passages to the compression of the zair
.are nearly coastant. ' s : X 7 3

Effect of speed.on combustion charaéteristics (50 per
g:ngmg1~&hggl Figure 12 shows that engine 'speed has
marked effects on the combustion characteristics of the 50
per cent chamber. Cards from the other three combustion
chambers gave trends similar to those shown in PFigure 12.
As tue engine speed increases the velocity of air flow in
the passage increases and thé mi¥Xing of fuel and air in the
chamber is more complete with more rapid combustion and
higher rates of pressure rise. The successive engine cy-
cles varied as.-bthe enginc sound . .cléarly indiésted; so that
the poiats on the Farnboro indicator cards are widely dig-
persed, respecially at the pressiare. poaks; The rates ‘of
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pressure rise obtained are the maximum, since only the lead-
ing points are taken. Apparently the rate of pressure rise
and knock do not vary together, because the rates of pres-
sure rise are less at the lower speeds and the combustion
knock audibility remained constant.

The point of start of pressure rise is dependent upon
the injection advance angle which is the earliest permitted
by allowable knock intensity. The start of pressure rise
varies from approximately 10° A.T7.C. at-600 r.p.m. to 2°
4.F.0. at 1,800 ryp.m.. The igpition lag measured in See-
onds is reduced one-half by an increase in engine speed
from 600 to 1,200 r.p.m., primarily because of the better

fuel and air mixing caused by higher velocity of air flow.

The combustion temperatures as measured by thermocou-
ples in the chamber and cylinder show an increase in tem-
perature with speed. It is believed that this trend towards
higher temperatures at increased speed is due to better coum-
bustion caused by the increased velocity of air flow with
speed. This observation can not be definitely stated be-
cause of the lack of sensitiveness of the thermocouples used

in this work.

Motoring indicator card. - Figure 13 shows a double
indicator card taken at 1,500 r.p.m. whed using the 50 per
cent chamber assembly. The differences between the cards
from the four clearance distributions are small. Below an
engine speed of 1,000 r.p.m. the difference between the
chamber and cylinder cards was less than the dispersion of
the points on the Farnboro indicator record. Ins Faegare L3
the maximum pressure difference thus indicated is 35 pounds
PEFs sgRares inech gt 160002 phin. The maximum pressure dif-
ference, in favor of the cylinder, occurs at approzimately
209 B.T.C. The indicator cards are too indistinct at the
tops to give any information as to the manner in which the
chamber pressure finally rises higher than the cylinder
pressure.

CONCLUSIONS

The results of this investigation show that for the de-
sign of combustion chamber used in these tests, the ainimum
auxiliary chamber volume for good performance is 35 per ceat
of the total clearance volume; for greater percentages, the
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improvement in performanceé is slight. This size of precom-
bustion chamber is advantageous because, compared to the
other s1zes,.1t has. the 10west explosion pressures, medium
rates of pres sure rise, ‘and 1east,c0mbust10n knock. ;

‘The Vériatioh in'pfeéombﬁstion chamber volumé as the
clearance distribution was varied had a negligible effect
opiEs mUet s, cdmpreééion'pressures, and relative compres-
sion teuberatures.‘ However, this change in auxiliary cham-
‘ber sizé with the résulting change in the total surface ex-
posed to the gases of combustion does affect the heat loss-
es to the cooling water and causes them to vary with the
R il d of the precomoustlon chamber.

Variation 6f cleafahce distribution only for a fixed
ratio.of percombustion. chamber volume to connecting pas-
sage area does..not exercise sufficient control over com-
“bustion’or eliminate combustion knock.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Pleld, Va., Qetobbr 26, 1932,
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