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NATIONAL ADVISCRY COMMITTEE FOR AERONAUTICS.
TECHNICAL MEMORANDUM NO. 347.

TWC—STROKE—CYCLE‘ENGINES FOR AIRPLANES.*
By J. Jaibcrt,

Ali airplanes are now cquipped with four—stioké—cycle en-—
gincs. This fact is explaincd by the degreec of perfeofion
they had attained in automobiles, which had used them from
the first, hecause this type already existed in a very'aocept—
able'though not‘absolutely'perfeot condition. Airplane en-
gines were the result.of the improvement and 1ightening of
automobile engines. They retained the four-stroke cycle and
complications requiring sucdessiﬁe improvemerts and entailing,
in their turn, an increasingly high cost of production and
upkeép.

Now that the two-stroke cycle hqs vegun to make its ap-
pearance in automobiles, 1t is important to know what éervices
we have a right to expect of it in aeronauticé, what3cbndi—' |
tions must be met by engines of this type for use on'airplanos\

.and what hae already been accomplished.

Cyclic regularity.- The qualitics desired of an airplane
engine are cyclic regularity, rumming regularity, minimum
weight, small fuel and o0il consumption and rapidity of pick-up.

The two-stroke cycle, due to its cyclic regularity which is

* Fiom'"L'Aéronautique," 1925, July (pp. 255-359) and Ausgust
(pp. 295-299). - _
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double that -of the four-stroke cycle, constiiutes an incontesta-
ble improvement over the latter. It is the first timid stop

toward the turbine.

Simelicity.- HMorcover, the theorctiical simplicity of this

engine type, if not counferactod by mechanical comblicétions,
naturally results in running regularity and minimum weight.

In fact, the climination of certain parts, like the valves and
their controls (the most fragile parts of a four-stroke en-

gine), assures a longer 1life to +the two-stroke engine.

Small wmean pressure.— For a like degrce of compression,
on the other hand, the maximum explosion ﬁressure is less in
a two-stroke than in a four-stroke eangine of the same dimen-
sions and thc same theoretical compression ratio. When the
maximum explosion pressure reaches 27-28 ¥g/cm2 . (380-398 1b./
sq-in.) fer o four-stroke engine, it is only 23-33 kgfom2
(313—327 1b./sq.in.) for a two-stroke engine, everything clse
being equal (Fig. 1). SN

| This foct is exnlained by the presence of exhaust gases
in a larger ratio to the fresh gascs than in a four-stroke
engine, which prescnce diminishes the initial expiosion pres-
sure. The presence of thesc exhaust gases (morcover, inevita-

ble for obtaining a gocd fuel consumption, as we shall sce

J3

farther on) greatly modifies the compression and carries it

beyond the theoretical compression detcrmined bv the construc—
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tion of the-cylinder. The exhaust gases act by their volume
'and by teating the fresh gases which penetrate them.
| Due to the fact that the maximum explosion pressufe is

less than in a four-stroke engine, the ﬁoving narts (bushings,
rings; bvearings) fatigue less and cqnsequently wear less in a
two-stroke engine. It is for a similar rgaéon; moreovef; that,
with the same‘revblution speed, a.two—sfroke'engine develops
only about 1.4-1.8 times the.power of a four-stroke engine of
like cylincder capacity.: |

The connecting rods of a two-siroke engine workwconstantly
under compression, while those of a four-stroke engine work
under tension during the intake stroke. and uﬁder compression
during the other three strokes. Conséquently the wear of the
crank end of the connecting rod is almost zero on the two-
stroke engine and any nlay which might exist would not be in-
creased by the functioning of the engine. When the experiment
was tried of assémbling a two-stroke engine with connecting
rods whose crank ends had a play of several tenths of a milli-
meter, no knocking was pcrceptible, cven to an experienced ear.

It is obvious, from the foregoing, that a two-stroke en—
‘wlne w111 cost less for construction and upke op,_;pgn“a four-
stroke engine of like cyclic regular1t§'(provided the cbnstruc—
tion of the fdrmer_involves no disadvantageous complications)

and .that its running regularity will be better.
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Roducgd heating.- Another important advantage for its use
on airplanes resides in the fact that, other things being cqual,
& two-stroke cngine heats lcss than a four-stroke engine. .
This is due to the fact that the exhaust gasos escape through
& port in the cylinder and.do not have time to heat the walls,
whiéh ére, moreover, ccolcd at the same moment by the fresh
intake goses. In_a four-stroke cngine, on the contrary, the
ekhaust gases heat the walls during the whole of the exhaust
stroke. |

The curves in Fig. 2 relate to two 140 HP. engines, one a
 four-stroke and the other a two—stroke engine, and showAthe
time required, under like conditions, to heat the same quan-
tity of‘water in fhe cooling taﬁk'of the same test bench. For
equal power, the two-stroke engine requires a smaller_radiatdr

and less water than a four-stroke eagine.

Scavengihg,the axhaust gases.— It is customary'ﬁo savy
that a two-stroke engine consumes more fuel per hofsepower—hour
than a four-stroke engine. This is explained by the fact that
arlargé.portion of the energy is used in the preliminary com-
pression of the.fresh gascs and it is impossible to keep them "
-from escaping through the cxhaust port. This question is pri-
mordial in aeronautics, since a largec fuel consumption raises
fhe cost and diminishes the radius of action. The comparison

must naturally bte madc botween engines which are similar from
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Gt

the two viewpoints of the cylinder material and of the~actuél
compres ssion.

A very thorough study of this question has bacn made by a
learned technicist, Mr. Colmant, who sought to discover, first‘
of all, just how the exhaust &ases'escapéd-and“héw.fhe frg;h‘
gases entered the cylipder ' He arrived at the conolusf/n

that, as soon as the exhaugt port was uncovered by the piston,

-
-

the exhaust gases cscaped from the qyllnderAat a velocity of
380~400 m (1247-1312 ft.) pénTSéﬁbnd, creating behind them a
relative vacuum of 0.4 kg/em2 (5.7 1b./sq.in.). Moréover, this
vacuum is created instantanepusly, even before the exhaust port
is entirely uncovered. Thus, for an engine of 140 mm (5.51 in.)
stroke, revolving at 23300 R.P.il., thé éxhaust takes place al-
most. ontirely through the top 4-5 mm (0.157-0.197 in.) of the
port, although fhc'port has a vertical diameter of 28 mm (1.1
in.). Consequently, the fresh gases can cnter the cylinder-

as soon as the intake port is unéovered. It is important
therefore that théy should be compressed but very little before-
hand, since otherwise they would have time, driven by the pis-
ton deflector, %o make the tour of the cylinder and leave it
before the closing of the exhaust valve. Too great a prelimi-
nary compression of the fresh gasecs, in addition to causing a
useless waste of cnérgy, results thercfore in a loss of the
gases Phemselves and in a consequent excessive fuel consumption

per norsepower-hour.
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X It would seem to follow from the above, thaf-it ig an error
to speak of the scavenging of the exhaust gzases by the fresh
gasés. As to the stratification of the gases in the cylinder,~
it is impossible, in an airplane engine having pistons prbvided
with 'g deflector and revolving at 1500-2500 R.P.M., to discover
haw theAstrétification is established and all -the suppésitidns
pogéible in this connection are absolutely gratuitous.

STh§s question of fuel consumption combined with thdt of
aliméntdtion; diétribution and exhaust has led to the cohstrﬁo—
tion of two-stroke engines differing more or less inAtheirime—

chanical complications.

Intaké.— It is evidéntly advantageous, for com@létely.
fillihg_theicylinders, to draw in the carbureted gases during as
long a period as possible, the transfusion of the gases beihg
éccomplished in every possible way during the period of open-
ing of the intake port. The two curves ianig. 4 show the
yari&fiqn in power resulting from the variation in filling due
to the variation in the period-of dspiration of the fresh gases
into the preliminary—compfeséion chamber. These two curvés. A
were derived from two six¥cy1indef airplane engines in V. In
the first engine, the aSpiration~cOntinqed'during the whole of
the upward piston stroke of 150 mm (5.91 in.). In the second
engine, the aspiration occurred during the last 30 mm (1.18 in.)
of theigtroke, the stroke, boré, theoretical compression in

s
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the explcsion charber and in the preliminary-compression cham-
ber being the same in both cascs. Thé”power was recduced about
one-third. This aspiration, continued as long as possible,
also has a great effect on the course of the power curve, prin-
cipali& at the reclatively high revolution speecds (about 3000
R.P.M.) which must be maintained by an airplane engine,-because
incomplete filling, due to an insufficient intake period,'is
manifested; if not by a rapid descént in the power curve, at
least by 2 prolangod horizontal line. This characteristic of
the curve, formerly 6gnsidcred gdvantageous for an autémobilé
engine, 1is a serious defect in an airplano'engine, because it
only diminishes the propeller efficiency for the same engine
power. It also renders the engine, with propellér mounted,
‘indifferent to the operation of the throttle and is the source

of poor recovery ("pick-up").

Fuel consumpticn.- There 1is, moreovér; occasion to remark
that‘alimentation is not.the only thing to affect the shape of
the curve, since the distribution has at least as much effect.
Howovér, before examining the different methods of distribution
employed on airplane engines, it is of interest to consider
the results thus far obtained, from the viewpoint of fucl con-
sumption per horsepower—hoﬁr.

The curves in FigLVS show the results obtainced by Mr.'Col—

mant. Note the fuel consumption, rclatively srall, obtaincd in
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‘cast-iron cylinders with a compression ratio of only 4.6.
These results were obtained by fhe,successive-construction of
numerous engines, for which, while Tetaining the same methods

- of alimentation and distribution, Mr. Golmant vroceeded to the
analysis of the exhaust gases at their exit fiom the cyiinder..
By successive changes in the relative dimensions of the differ-
ent clements of the cylindef, he succeeded in establishing
empiridal laws which rcnder‘it possivble to obtain the minimum
fucl COnsumption; as shown by the absence of hydrocarbons in
the eXhaus% gases. The folldwing table contains the.results
of two analysecs of gas from two engines of differing cylinders

but the same cylinder capacity.

v

Gas l1st analysisg 2d analysis

K %

Carvon dioxide 2.01 - 12.22
" ponoxide 0.19 | - 0.08
Oxygen ' 2.00 ' 1.92
Acetylene : | traces 0.00
Hydrocarbons 4 3.04 -0.81

> Nitrogen (by difference) 85.76 A 84.97

The first analysis reveals the oresence of carbureted gascs,
while the second shows only burnt gases. In the latter case,
it has also been found that a portion of the burnt gases still
rcméins in the cylinder. The burnt gascs cénhot be éntirély

+expelled without losing somc of the fresh gases, in which
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case the increase in the fuel consumption per horsepower-nour

more than offsets any gain in power.

Alimentation.- In the two-stroke airplane engines thus

far obnstructed, the preliminary-compression chamber consists
of:

1. The crankcase itsclf ("lesspa" and "Cicam". engines -

' Figs; 6~7), a solution presenting the disadvantage of mixing
0il with the fresh gasecs, whence an éxcéssivc 0il consumption,
'on'the one hand, and faultyllﬁbrication on the other, since
thé presence of gasoline in the oil impairs'ité lubricating
qualities.

3. The lower part of the cylinder, whose bore is increased
("Laviator" éngine, fotary,or fixed - Fig. 8). The pump body,
tus formed by the cylinder walls, on the one hand, and the
piston with a double bore, on the other, may be made to have a
zero clearance, if the constructor considers it necessary, and
is in every way at his entire disposal by the variation of the
length of the piston, which has a small bore with relatién to
its stroke. ‘

3. A space of variable volume limited by a fixedhparti—
tion between the cylinder and the crankcase and by the lower
face of the piston ("C.F.A." engine, "Colmant" type - Fig. 9).

The last two methods present, és regards 1ubricétion

(which is always one of the elements .essential to the life of
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an engine) the very grcat advantage of excluding the connccting
rods from the .explosion chamtor. The lubrication of the cylin-
ders is cffeéted by aﬁ 0il distributor delivering directly to
each cyiinder the requisite quantity of oil, which lubricates
the walls, bturns and is then expelled in the exhaust. None of
the Burnt 0il returns to the crankcase. We thus obtain, with

a small oil consumption, the advantage of always 1ubricating'
the reﬁolving parts with fresh oil.

In.receﬁt engines, according to the type of compression
chamber adopted, the éonstrﬁctors have reservced veryfvariable
clearances for the intake pumps, so that the gases are given
very different compressions. The order of magnifude of this
preliminary- compression seems therefore to be still quite un-
settled and its optimum value for obtaining the greatest ther-
mal eificiency {(a value, moreover, which is evidently variable
Wi%h the revolution speed and the shape of the cylinder and
piston) has not yet been fixed. |

Qn the other hand, whatever method of distribution is acdopt-
ed, the intake pipe a, in a two-stroke engine, has a much
greater effecf than in.é four-stroke engine, on the filling of
the cylinders and, consequently, on the best.ﬁtilization of
the enginéé. With a #ery rough or narrow pipe, the top of the
power curve is reached at a relatively low revolution speed.
Fig. 10 gives the curves for two engines of the éame type and

approximately the same cylinder capacity. In one of them, how- -



M.A.C.A. Technical Memorandum No. 347 11
ever, the intake ports have been slightly reduced.

Digtribution.- The different distribution methods, adopted

for two-stroke engines, all depend on the two following vrinci-
ples: '

a) The-admission‘into the gompression chamoer muét‘cover
as long a period as possible;

b) The distributor must secure Tor the gases the Widest
possible passage, whilelavoiding all stratification and all
loss of charge. .

‘Consequently, the admission into the compression éhamber
always begins, as scon as the piston, during its ascent, starts
to cpen the intake port into the cylinder. The admission of
the fresh gases into the compression chawber may begin even be-
fore the cylinder intake port is completely closed.

A tcst showed no variation in the fuel consumption‘nof in
the power. No disadvantages nced therefore he feared if 1t
becomes necessary, in order to increase the intake period, to
place the cylinder, for a very brief ‘instant, in direct ccmmi-
nication with the carburetor.

On the other hand, the retard in the closing of the intake
port (which varies for each engine type and according to the
method of distrivbution) reaches its maximum just as the excess
is indicated by a baok flow of carbureted gases to the carbu-

retor. For example, in a six-cylinder airplane engine having
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a stroke of 150 mm (5.21 in.), no change was noted when the re-
tard in closing the intake port passed from 10 to 16 mm (0.394
to 0.63 in.). The three solutions under consideration are the
rotary Cistributor (Fig. 11), the piston valve (Fig. 13) and
the sleeve (Fig. 13). |

The rotary distributor was eﬁployed on both the rotary and
fixed Laviator engine. This distributor puts the carburetor
"in successive communiéation with the compression chambers,
through the medium of the central portion of the crankshaft,
each éompression chamber supplying the preceding cylinder.

In the tﬁree—cylinder rotary engiﬁe, the distributor ro-
tates at the same speed as the engine. It has three ports, at
léOo intervalsz which pass successivély in front of the port
'reéerved in the crankshaft. The period of opening of this ro-
tary valve, thus putting the éarburetor and compression ohaﬁﬁer
into comminication, coincides with the ascending stroke of the
piston. The closing occurs during the descending stroke with
:a retéid of 6 mm (0.236 in.), the whole_stroke being 150 mm
(5.91 in.). |

On this engine, as on all those having g'rotary diétribu—
tion valve, the max inum power is'reached at a relatively low .
revolution speed (about 1400 R.P.¥.). This maximum isAfollowed,
if not by'a horizdntal line, at least by a curve which seéms |
to ipdicate that the alimentation of the éylinders is not so

good above this speed. The 1loss in charge is really consider-
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able, due to a right-angle turn wade by the fresh gases in
passing from the intake port of the compression chamber. Fur-

thermore, since the opening of this port ies effected bv a uni-

]

1-.

form circular motion, the time allowed for the fresh gases to
pvass, Gepends only on the ratio of the width of thé pcrt to
the diameter of the distributor end is therefore linmited.

On the contrary, in the case of a piston-valve or a sleeve
vith an alternating motion, the time does not depend simply on
the size of the port, but also on the location of the port.
with respect to the top and bottbﬁ doad centers of the distrib-
utor. )

For é‘straight cngine, the rotary distrivutor, which must
be about as long as the zsngine, int$oduoes consiéerablo fric-
tion, which is all thc zreater due to the nced of tightness.
Consequently, it wears, rapidly, unless very well lubricated.

The pisfon—valvc, cpcrating like the slide-valve of a
sfeam engine,Ais cmployed as a distributor on the Colmant en-
gine (Figs. 16-17) built by the "Compagnie Francaise Aéronau-
tique." It 1s actuated by a connecting rod driven by an eccen-
tric shaft rotating at the speed of the engine.. The retard of
the slide~valve on.the engine piston.jfngout 180°. This small
biston Tirst{ uncovers the intake port and thus enables the ali-
mentation of thé compression chamber and then shuts off the
carburetor fromithis chamber, which it makes air-tight, thus

cnabling the preiiminary compression of the gases. The gases

>
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are forced into the engine cylinder, through the intake vort
which 1ig uhcovered by the engilne piston, by the preliminary
compression produced by this piston. This compression is regu-
lated structurally by the clearance of the lateral cﬁamber,
which forms the upper vart of the cvlinder of the piston-valve.
The latter functions sim;ly as a shutter, the preliminary com-
pression veing small. Neithgi it nor the bearings of the ec-
centric shart which controls it are subjected to any stfess,
It is in no wise comparable, therefore, from the fatigue view-
point, with the camshaft of a four-stroke engine. Tﬁe piston
is perforated on its lateral surface (distributor side). Con-
sequently the gases encounter no appreciable resistance to
their entrance intc the compression charber and, even at high
revolution speeds, the charging is always good and the losses.
of charge are very small.

This advantage, moreover, is shared by the slceve method
and these two systems present, in comparison with the distri-
bution by rotary valve, the possibility of obtaining a longer
period cf intake into the compression chawmber.
| -The piston distributor and thc sieeve have, in fact, an
altéfhating motion and pass through a zero .spced at the top and‘
bottom dead centers of their strokes. If the center of.thev
intake port coincides with the middle of the course of the up-
_perupart of the piston, it is ecasily scen that it thus has a

.longei period of opening than in any other position it could
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occupy. The intake occurs, thercforc, under the best pbssiblc
conditions, its period being longer than for any other method
of distribution. This explains why two-stroke cngines, providcd
with the piston-valve or sleeve, ha&e more definite maximum
power curVeslthan the cthers, a characteristic which manifcests
itself in better "pick-ups" and a greater rOSponsiveﬁess to

the throttle.

Distribution by sleeve (Fig. 13) has beén given scveral
forms in tﬁo—stroke'engines. The cylindrical slceve, moving
either in an engine cylinder or in a conceantric cylinder, altcr-
ﬁately_upcovers the exhaust ports and the intake vports. Some
constructors have éven utilized two sleéves, one for the ali-
mentation bf the compression chamber and the other for the
transfusion into the cylindér and ekXhaust. This solution is
disadvantageous for an airplane engine, due to its weight, the
greater complexity of the controls recessitated by it and the
greater number. of parfs ihvolved- In other words, it causes
‘the two-stroke ehgine:to lose the qualities bf simolicity 39
which it oweé'its:length of 1life, its reliability ahdﬁitﬁ/low
costs | ‘

‘Iﬁ*geng;al, a single sleeve,'having_an altgrnate rectilin- .
eaf 6r Spiral ﬁotipn and carrying an intake port in ifs Upper.
part aﬁd an éxhaust port .in its lower part, uncovers almost
simultaneously, near its boéfbm\déad'csnter, the ports leading

to the compression chanmber and t6 the- exhaust chawoer. The

®
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ports can bc so located thdt the oxhaust port will be closed a
fow dogrcés beforc the intakc port. -

Consoquenfly, this device pfesénts, in the.two preceding'
methods of distribution, a greater facility for avoiding loss
of frecsh gases in the cxhaust. Some constructors have made
thc slceve in such a way that the exhaust port is aimost.olbsed 
at the time the intake port opens, the partial vacuum created
by the exit of the gases affording room cnough for ihe»fresh |
gases. In any éase, the best adjustment between the opening
of the intake port and thevclosihg of the exhaust port, fqr a
cylinder of given dimensions, can only'be empiripally estab~’
lished by the analysis of the exhaust gases for differehﬁ
sleeves.
fnThe sleeve méthbd of distribution is therefoie very attract-
ive, 5ecause it presentc the possibility of dbfaining a better
fuel consumption. The coanstructor has at his disposal,-in
fac®, two movable parts, the piston and the slgeve, for closing
the eihaust port before the exhaust gases reach it, while this
can be effected- only by the piéton in the other methods of dis-
‘fribution.

| Its mechénical execution, however,zpresents a small ob-
”stéclé, nanely, the puiding lug of the sleeve. This difficul-
ty has,‘howevér, been overcome, either by the use .of two dia—
métrically opposite lugs or by thé.use of sleeves of babbiﬁted-

steel instead of cast iron. The connecting rods controlling
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fhis distribution arc mounted on a crankshaft or on an eccentric
shaft reﬁolving at the spced of the engine. Their stroke dif-
fers fron that.of the piston-cngine, to the fifth of this stroke,
according to the constructor. It is manifestly important to re-
duce this as much as possible. '

| This mode of distribuﬁion, although giving the constructor
more latitude than the preceding methods for regulating the in-
take and cxhaust, involves, however, a greater complexity and
a higher cost of comstruction. It localizes the summit of the
power curve, cn the other hand, fb the vicinity of 1500-23000
R.P.M. |

Sleeve Gistribution has been edopted bn the "Gregoire"

engine now being built.

Garburetibn.— Although the problem of alimentation is

i_much_more complex on a two-stroke than on a four-stroke engine,
the preparation of zthe carburetéd rmixture requires very little
'attention, beoauéeuthis mixture does not pass directly iﬁto
the cylinder. If is first introduced into the compression
ohambei, where it is violently agitated, the gasification df
the fuel veing effected more coﬁpletely than in the carburetor.
On the_other‘hand,‘the upper portion of the ooﬁpression cham-
bér consisting generally of the engine piston, the gases are:
perfectly heated in it. It is evidently difficult to discover

what occurs in the compression chamber, but the trial, on a
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1iké engine, of modern carburctors of different types, has given
resﬁlts.analogous to the results obtained by using thc most
rudimentary carburetor. | The carburctor of a two-stroke engine
ig a fuel distributor which sends the requisife quantitics of
air and fuel into the compression chambér. The essential thing
is not to have sharp bends in -the intoke pipes. Consequently,
a constant'level»oarburetor is, in some cases, diffioult to
instail 'by‘reason of the bends which have to ve given the
pipes between the oarbureuor and the intake ports.

| Espe01a11y on a V- englne thé intake at the center (thfough
a carburetor located either at one end or at the center) ddes
not work well, since the stream of gases issuing from the car-
‘buretor mist make an angle of at least 90° in order‘to reach
the intake pipes. The "Tampier" block-tube, on the contrary,
seeﬁs to allow}the least loss of charge for any possible posi-

tion of the intake pipe.

Idling speed.- Another peculiarity clearly distinguishes

a  two-stroke from a, fburfstroke engine; namely, the idling
speed or, rather, the impression on the ear produced by the
idling speed. While in a four-stroke engine, the regulafity
léf'the sound produced by idling increases with the number of
cylinderé, the case is quite different in a two-stroke engine,
although the tachometer indications are very mﬁch the same in

the two cases. Thus a 6-cylinder, 150 HP., two-stroke airplane
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engine has a regular idling speed,; without misfires, at 600
'R.P.M. The revolution speed can'be further reduced to and
maintained at 300-400 R.P.M. (the tachometor réading remaining
constant), but thg noise becomes very irregular,'a success};&%/
of misfircs pfoduoing a very disagrecable effect on ﬁhp/éér.
This is prcbably exolained as foilowé; The 1inearAsﬁéed of
the piston being low, thec exbaust port is closed'slowly. The
result is that the exhaust gasés (which, on expanding violent-
ly at the openirg of this port, pfoduce a particl vacuum behind
.them);have time to be sucked_ba@k into the cylinder before the
port closes.-. These guses Havihg beoome mixed with pure air,
the result is that the cylinders occasionally confain foo rmuch
inert gas in pfoportion to the fresh cafbureted gas, thereby
producing poor explosions or misfires. I3 is fortunafé, how-
ever, that this phehomenon is produced, since otherwise, if
each cylinder exploded regularly in its turn and gave the
corresponding impulse'to'the crankshaft, the minimum revolution
speed could be established only at a relatively high R.P.i.

The process of filling the cjlinders of a two-stroke en-
gine is, in fact, entirely different from that of a four-stroke
engine running at the same revolution speed. In a four—stroke
'engine running with its carburetor entirely closed (which cor-
responds to extreme idling speed), the compression in the
chamber is very low at the time of the explosion, so that only

a feeble impulsion is communicated to the crankshaft. On a
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two-stroke engine, the compression at the corresponding moment
is greater when the cylinder has been partly charged, at the
bottom dead centeor, with a 1érge proportion of hot exhaust

4 gases, so that a violent impulse is communicated to tne ciank~
shaft by the exploding cylin&er. On the other hand, thé'cyl—
vinders which fail to explbde, because of the presence of too
gfeat a proportion of exhaust gases, act as brakes during.
their qompression strokes. Theii action therefore-countéracts; 
the impulsc giveh the crankshaft by the explosions and 1t ig |
Athﬁ sum of these opposing phenomena which renders the idling
speed possible;_ Each oylinéer acts some of the time as an en-
gine, and some of the time as a brake, according to how it

" happens to be éharged. The result is that the larger the num-
ber 5f cylinders in a fwo—stroke engine, the more irregular
(for a given revolution speed) the sound of the idling speed
becomes. This disadvantage (which can be only slightly amel-
iorated'by a muffler and which renders the use of a two-stroke
engine impossiﬁle on a vehicle "de luxe") scems to be slight'
on an airplane. Thus a mean minimum idling speed is obtained,
the majority of the cylinders which do not ignite acting as

brakes to the one or two ‘cylinders which do ignite.

Iznition.- The ignition problem is rendered difficult by

the high speeds at which the magnetos must revolve, especially

for polycylinder engines with double ignition. Thus the double
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ignition of an 8-cylinder airplane engine can be accompIished
with two magnetos, only by using stationary-armaiure magnetos

revolving at twice the speed of the engine (about 4000 R.P.M. ). e

o

The use of simple maznctos would necessitate a rcv//utron num-

ber twice the above, which is absolutely orohlbitavc.

Principal Twoﬁéfroke Engines Built .in France

-~

The Laviztox envihe was tne flrst two-stroke airplane en— ~

. ginebuilt and uhc,ffrst one to make an airplane fly. It was

first made with three rotary cylinders (120 x 13C mm.- 4.73 X

5.12 in.) and then with siz Totary cylinders; The définipf&e
engine is a fixed type with six radial cylinders having/a‘boreﬂg
of 100 mm (3.94 in.) and a stroke of 150 mm (5.91 in.). Fig.
15 zives the curves for the two G-cylinder engines.

The low effic enoy Qf the rotary engine was due to the_'
fact,that, since the cxhaust ports were in the lower part of/
the cylinders, the exhaus% gases could not leave, but were
thrown into the tops of the cylinders by the centrifugal force.

The fixed water-cooled engine, With the‘sams system of
alimentation and distribution, had a fuel consﬁmption of about
- 350 grams (12.35 ounces) per HP./hr. This excessive fuel con-
:sumption was due, in part, to the small compression ratio
(approximately_B.S) in the explosion chamber, and in part to
thefexcessive'compression of the fresh gases in fhe preliminary

. compression chamoer, where the clearance was necessarily very
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small. A large portion of.the fresh gases was cdnéequenfly'
lost in the exhaust. The engine weighs 135 kg (297.6 1b.). It

"has ndt been subjeoted t0 an? endurance test.

The C.F.A. edzine.— The engine of the‘"Combagnie Fran- -

calise’ A01oxaut1que“.1s a 6—cy11nder V—englne, 106 X 150 mm

(4 17 % 5.91 in.), of the Colmant type (Fig. 18). Each bank A
'of cylinders COHSlth of a block of cast aluminum, “with one
valve for each cylinder, Whlch has a steel llner designed to .
assuie the friction 6f the pisfon rings on. the wall. Tﬁe pls-

‘ t' s are aluminum, as likewise the piston rods and their guldes.

HL tlghbness of the prellmlnary—compr0581on ohamoer is ‘assured

'—]

bJ a large ring on the contral piston rod. The crunkshaft has
féur bearings and thIFL csets of connectlng rods, each set
hlnged to o sleceve having one connecting rod babbitted 1nter—
nally and pivoting on the crank-pin, the other connecting rod,
outside the first, being connected with it by a Ting of phos-
phoius oronze. The piston»val&es are operated by eccentric
shdfts, the connecting rods being aluminum. They serve simply
as guides and are subjected to no appreciable stress. The dou-
ble ignition is assured by two stationary armature S,E.V. ma.g-
netos. About 140 HP. .is developed at 1800 R.P.U. for a weight
of 170 kg (375 1b.). |

Thc Gregory engine, ~now under test, has a sledve~distri-

butor for each cylinder. It has '8 cylinders in V, 130 HP., a
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a fuel consumption ¢f 270 grams (9.52 ounces) pef horsepower-
hour. It generates about BO'HP;'per liter of cylindér.oapacity

at 1500 R.P.M., which is very remarkable.

Future of fhe two-stroke-cycle engine.; It would seem that
the thermoéynaﬁiqs_of-the'tWo—strokefengihe has now advanced
far enough td enable the conStruétion of'engiﬁcs of this ﬁype‘

“having a fuel consumption, pgr-HPu/hi., of the samc'gfder'of
magnitude as that of'a four-stroke eégine; the only complaint
hitherto made cgainst thig f&pe 5f engine having'béen thus
eliminated.

The various tests, now in nrocess, some of Whiph;'relative
to endurance,‘haﬁe tcen encouraging, render it possibie T0 an-

ticipate the construction, within a short time, of two-stroke

. airplane engines-more durablc and reliable than the present

foﬁr—stroke_enginos: more durable, because their parts-wili wofk
\under less fatiguing stresses; more reliable, because the mnmber
of engine parts will be fewer for the same power. It is only
by seéking simplicityof-structure that the maximum reliability

and efficiency will be most directly attained.

Translation by Dwight . Miner,
National Advisory Committee
for Aeronautics.
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Indicator dlaoram for the compression chamber of a
two-stroke engine.- Note the small preliminary-

compression ratio of 1.4, which enables a low fuel.
consumption. ’
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Fig.4. Effect. of,lenp*h of 1ntuAe\peLlod
on the engine power.-Curve I is
for a tvm—°trokc engine in which
the intake continucs during the

- whole piston stroke of 150 min-
(5.91 in.), this long period
being g“ndurod possible by a Dol ik
distributer. Curvn IT is for an. .
engine without o distributer, in 1000 S000R.P.it.
Which, conseque ntl the 1ntﬁk° can occur only toward the
end of the s+“oL s 1n the pressnt instance during only
the last 30 mm{1.18 in.), thLe power being less, espccially

at high TOVOlhulon specds. ‘ %
~— QO
) § &)
HP 38 m;\:
3 g ANy g - " .
Fig.5. .Curves of power and a0 L ) oE Ao
fuel cousumpiion for 1 grﬁ 9
a two-stroke cnginc 60 I o«
i moe KR ! «© a
hav1ngta c¥1%4§o§.' ! , : %iﬁ ggggj
capaclity of 3.5 1lit- | i i Al
" - s : . (@]
ers(213.5 cu.in.) .- 40 Lo L {Q_%4;7
3 N T . + . - y e .
Nove tﬂb*pOIRqu sum o0 | — —10.265 \!nFo.28
-nit of the power ' Pl - B
curve, characteristic g N N B I | l
of an engine with a 1000 - 2000 BOOO 4000
good "pick-up", and R.P.M.

the rﬂcUllln,ar course of the fuel- concumptlon curve,
which is manifested by the proportionality of the total
fuel concumpiion to the numosr of horsepower furniched.

HP
Fig.1l0. Effect of size of gof
intake poris on e e e

powier CUurva.,-— 70 1
Curves I and II = = l-——ceceeo_—_<
are for two two- 50+

gtroke engines -
with four cy]ind“rs5o‘
in a rTow and a cyy
Zinder capacity of Y[ - T
3.5 1i tCI‘S(BlS 5 Cu.O ) 1000 GOOO 3000
in.). In the first R.P.M.

engine, the ports are ns

1arge °s the cylinder dimensions allow. In the second
engine, the ports were reduced about one-third, so as
to obtain the maximum power for 20C0O R.P.M. Thediver-
gence of the curves shows that the effect of the size
of the intake ports on the power is much greater than
in a four-stroke cngine.
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Fig.6 Messpa engine.- This is
one of the rare twoc-stroke
airplane engines built about
19123. In this engine, the
gases pass through the ports
a into the crankcase and
thence, after compression,
through A into the cyl inders.
E is the exhaust port. The
engine drives two propellers
at right angles to each other.

Fig.7 C.I.C.A.M, engine.- This engine was built toward 19623
and used on a light airplane. It has two cylinders inclosed in the
same water jacket and communicating at their tops. The cylinder E
carries the exhaust ports and A the intake ports placed in commu-
nication with the carbureter by a rotary valve V. The gases pass
through V into the common orankcase, where they are compressed and
shence they are forced into A through the ports a. Simultaneously
the exhaust gases leave E through the ports e, the communicating
passage between the tops of these cylinders being narrow enough to
play the role of a piston deflector. In effect, it ise therefore a
one-sylinder engine, having a low fuel consumption put a eomplicated

design,
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Fig.8 The Laviator engine.-
This was first built as

a rotary engine, but was not a success.

It was then built as a fixed engine and

was inetalled on a Scmmer airplane before

the war. The crankshaft forms a rotary valve

and causes the carbureter to communicate sue-

gcessively with the compression chambers C, which

have a double bore. Each compressicn chamber works

for a neighboring cylinder.

Fig.8 C.F.A. engine,Colmant type.
A, aluminum cylinder-head;
B, tudbular jacket of soft steel;
C, exhaust port; D,connection for
starter; E, cylinder intake port;
F, aluminum piston; G, piston-
ring for compression champer; H,
steel liner of croschead guide;
K, compression chamber; L,piston
valve; N, oil distrituter for lu-
‘bricating the eylinder.

It is a 6 — eylinder V engine,
‘having a cylinder capacity of 7
'liters (427 cu.in.) and genera-
‘ting 150 HP at about 3300 R.P.M.
. .
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1

Figs.11-12. Two diltributzoi iothcgg;- On the left, by rotary
: -valve, on the right, " piston-valve.

Fig.13. Distribution by a single sleeve.-A sleeve F, carrying
two exhaust valves E and one intake valve A, on the
preliminary-compression chamber, has an alternating motion.The
ports, which it carries, thus coincide with the ports e and a
reserved in the cylinder C, thus enabling the exhaust and intake.
This sleeve is driven by a conneoting-rod, mounted on a crank-
shaft whose stroke is only a fraction of that of the engine crank
-shaft., Some constructors have added a second sleeve, concentric
to the first, which enabled the closing of the exhaust port bdfore
the intake port. Other engines have imparted a spiral motion to
a single sleeve for the same purpose.
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Fig.1l4. Alimontation of a two-stroke V-sngine by o central
flont-carburcter.- The path of the fresh gases, from
the carburztar to the preliminary-comprescion chambzrs,is
indicatacd by the dottazd lines. Not: the unavoidable bends in
the iatale pipes, which render this device impracticablz.
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N.A.C.A. Technical Memorandum No.347 Figs.16 & 17

Fig.18 Photograph of the Colmant engine.- This engine was
[ % built in 1918. It underwent an endurance test of 316 hours

at 1800 R.P.M. Its power at this speed is about 130 HP, the number
of revolutions of the propeller shaft being about 1200 R.P.M. Its

weight, in running order, is 230 kg(507 1b.). The oylinders of the
1eft bank have been raised, thus making it possible to see clearly
the method of 1din‘itbc engine pistons and the distributer pis:-
tons. The 140 HP C.F.A. engine was derived from the Colmant engine
by different methods of construction, enabling a lightening of the
engine, the general dimensions remaining unchanged. !

Fig.17. Photograph of detached parts of the C.F.A. engine.- From

_left to right: eccentric shafts, piston-valve connecting-
rods, piston-valve, connecting-rods, engine piston, crosshead-
guide of piston and bearing of the eccentric shaft.

1287 A.S,
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