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N4ATIONAL ADVI SORY CO111ITTEE Ro AERONAUT ICS

TECHNICAL NOTE NO. 766

A STUDY OF THE AIR MOVEMENTS IN

TWO AIRCRAFT-ENGINE CYLINDERS

By Dana W. Lee

SUIM4AR,

Studies were made of the air movements in the N.A.C.A.
glass-cylindor apparatus using cylinder heads similar to
those on the right R-1820-O engine and the Pratt & Whitney
Wasp engine as modified by the Eclipse Aviation Corporation
to use fuel-injection oquipment4  The air movements were
m ado visible by mixing small feathers with the air; high-
speed notion pictures were then taken of the feathers as
they swirled about inside the glass cylinder. The test-
engine speeds were 350, 500, and 1,000 rp:m. Motion pic-
tures were also t.ken of gasoline spr.ys injected into the
cylinder during the intake stroke.

The air flow produced by each cylinder head is do-
scribed a'd some, results of the velocity measurements of
fea&thers are presented. Tho appan-ent tine intervals re-
qmirec! for vaporization of the g.soline sprays are also
given.

In the design of spar-ignition engines employing fuel
Injection, the principle is ,,ell established that air move-
ment greatly assists the mixing of the fuel and the air annd
thereby inproves engine performnnce. (See reference 1.)
In a previous report (reference 2) it was shown that air
movements in an engine cylinder could be controlled to a
largo extent by the use of shrouded valves and to a lesser
oxtoa t by the shape of the intake-air passage. The purpose
of the present t ts was to determine the d'irectin aOnd ve-
locity of the air flow in an engine cylinder when heads
similac to those on two modern radial aircraft engines were
used. One of the heads was similar to that used on the
Wright R-1620-G engine, and the other was similar to that
developed by the Eclipse Aviation Corporation for use with
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a Pratt & Whitney Wasp engine equippod with a fuol-injec-
tion system. Previous tests had indicated that the P.-l 20-G
engine had an unusually high degree of air turbulenc,, end
the iasp engine had boon modified for the express purpose
of creating a certain air movement.

The tests described in this report were mado in 1939
with the N.A.C.A. glass-cylinder apparatus at the Committee's
Langley Field laboratories.

APPARATUS

The 6lass-cylinder apparatus used for this investiga-
tion has been described in reference 2. Briefly, it con-
sists of a single-cylinder test engine modified by the in-
sertion of a glass cylinder between the top of the steel
cylinder and the lower edge of the cylinder head. The in-
side diameter of the glass cylindor is the same as that of
the steel one, and its length is equal to the stroke of the
engine. A hollow aluminum extension of the engine piston
moves within the glass cylinder with a radial clearance of
0.016 inch.

The mechanical details of the apparatus have been
somewhat altered for the present tests. As shown in fig-
ure 1, the valves are now operated by push rods and rocker
arms. A single steel casting forms the engine cylinder and
the support for the glass cylinder. Four oponinss in the
casting permit observation of the inside of the glass cyl-
inder during operation.

Sectional and plan views of the tio cylinder heads
used arc shown in figures 2 and 3. All dimensions for the
insides of the heads, the valves, and the intake and exhaust
passages were obtained by scaling down the dinensions of the
corresponding aircraft engine by the ratio of the bore of
the glass cylinder to the bore of the aircraft-ngine cyl-
inder. Outside dimensions of the heads are of no irpcrt,,nce
in this case. The aircraft-engine heads themselvas wore
not used because it was inpracticable to obtain now glass
cylinders, steel cylinders, and pistons of the proper dit,.i-
etors.

The head shown in figure 2, typical of those used on
present air-cooled radial engines, has a hemispherical hend
and two lar?o valves. In this head, however, the anle be-
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tween the center line of the intake passage and the plane
containing the center lines of the valve stems is only
360 instead of the usual 900. Spark-plug holes were
omitted, but an extra hole in the center of the head was
made so that a fuel-injection valve could be installed.

The head shown in figure 3 was scaled down from a
Pratt & 4hitnoy Wasp modified by the Eclipse Aviation
Corporation for use with their fuel-injection equipment.
The intake-valve seat is higher than the exhaust-valve
seat, and a ledge (marked A in fig. 3) protrudes inwara
at the bottom of the head and extends for about 500 on
either side of the plane shown in the sectional view.
Spark-plug holes were again omitted, but in this case the
hole for the inJection valve is in the same position as in
the aircratt-oagine head, to one side of the center and
slanting inward. The only prominent feature of the air-
craft engine not copied in the glass-cylinder apparatus is
a series of concentric grooves in the top of the piston.
Their purpose is to catch and vaporize any liquid fuel
froh the injection valve reaching the piston, and thoir
effect on the air flow within the cylinder is negligible.

The bore of the glass-cylinder apparatus is 5 inches,
the stroke is 7 inches, and in these tests the connecting-
rod length was 14-3/4 inches. The valve timing was ad-
justed for each head to be as near as possible to that of
the corresponding aircraft engine.

The fuel-injection valve used for both heads is that
supplied by the Eclipse Aviation Corporation for use with
their Yoifieation of the Yasp engine. It produces a
hollow ccnical spray with a divergent angle of about 30o.

A valvu-pening pressure of 600 pounds per square inch was
used.

The timing of the intake and the exhaust valves and
of the injection valve is given in table I for each of the
two heads.
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TABLE I

Valve and Fuel-Injectlon Tivmings

Conditions R-1820-G Eclipso-Wasp

lutake valve opens 20 0 B.T.C. 270 B.T.0.

Intake valve closes. 300 A.A.C. 810 A.B.C.

Exhaust valve opens 900 A.T.C. 1000 A.T.0.

Exhaust valve closes 100 3.T.C. 140 A.T.C.

Fuel injection begins 500 A.T.0. 500 A.T.C.

Fuel injection ends 950 A.T.C. 130 ° A.T.C.

TESTS

The test method Was the sane as that described in
reference 2. The engine was driven at a constant speed
by a large electric motor, and small particles of white
goose down were mixed with the incoming air. A high-speed

motion-picture camera, taking pictures: at a rate of core
than 2,000 franes per second, recorded the-notion of the
feathers as they passed through the engine. When these

pictures ware projected- at the usual rate, of 16 per second,

the velocities of the feathers appeared to be loss than
1 percent of their actual velocities, and their notion
could be studied and analyzed. Pictures wore also taken
of gasoline spra~s injected into the cylinders. Engine-
test spods were 350, 500, and 1,000 rpm.

For the R-1820-G head, motion pictures were taken

with the camera axis in the plane of the valve stens, but
for the Eclipse-tasp head, pictures were taken from that
position and also fron a position at right angles to it.
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RESULTS AND DISCUSSION

R-1820-G Hea.

The results of some of the tests described in refer-
once 2 led to the expectation that the unusual angular
position of the intake passage of the R-1820-G head would
res-ilt in rapid rotation of the air about the cylinder
axis, but the motion pictures showed that only a very slow
rotation of the char'ge was built up during the second half
of the intake stroke and that the rotation continued at a
slowly re&ucing rate for the rest of the cycle. The rate
of rotation was not measured, but it was not nore than
once per engine revolution. The air in the cylinder was
in a very turbulent state, however, during the intake
stroke but nost of the turbulence died out durin, the con-
pression stroke.

Air-flow velocities were determined by projecting the
notion pictures one at a time an;- measuring the distances
that various feathers had moved in the interval between
pictures. The re ults are shown for the three test speeds
in fi -Are 4. A discussion of the errors involved in this
method of menasuring the air velocity is given in reference
2. In the computation of the air velocity at the inlet
valvo, the air was assumed to be inelastic. A comparison
of figure 4 with the figures in referenlce ?, which give
air velocities in the N.A.C.A. universal test-engine head,

shows that both the air velocity aot the inlet valve and
the feather velocities were about 20 percent higher for the
R-1820-G head than for the test-engine head.

Motion pictures of gasoline sprnys injected from a
valve in the center of the head showed that the sprays did
not inpin~' on the piston or the cylLndor walls, and that
the turbulence of the air broke up the spray very quickly
after tlo Onld of the injection pariol, Co.plt e c learing
of all fuel mist fret: the air in the cylin.der was ta-ken as
an indication of complete fuel vaporization; the cra-nk
an:elos at which such clearing ocoured are given in table
If.

V|
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TANLE I I

Crank Angles for Fuel Vaporization

Cr.I an.le at Time after end.
ihgine which cylindor of injection

,ne .peed clears 1

(d.e B.T.C. on Crnk
(rpm) conreosion stroke) dog see

350 97 1Z6 0.065

R-1820-G 500 84 144 .048

1,000 3 166 .028

350 129 "].33 .0 5

Eclipse-

W p 500 121 14S .048

1,000 99 167 .028

Eclipse-dasp Ho.d

5!e Eclipse-d as? head employs a partially masked in-
let valve. The eir movement in the cylinder was, there-
fote, uxpected to be similar to that obtained with the
oT.A. universal test-ngine head when both inlet valves

were turned so that the shrouds on them wore nearest the
cylinder wall. (See arrangement F or G of reference 2.)
The motion pictures showed that the air movement obtained
with the Eclipse-fasp head was very similna to that ob-
tained with the shrouded valve s in the universal head.
After leaving the intake port, the air moved across the
top of the cylinder towards the exhaut-valve head, thence
down to the piston, across it, and back up to the top of
the cylinder again. The movement was less rapid than it
was with the universal heod and more turbulence was -res-
ent. The air movements created during the intake stroke
continued throughout the conpression stroke but at reduc-
ing velocities. During the last two strokes of the cycle,
how vor, the only kir movement was a slight turbulence.

Gasoline sprays injected from the position in the
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: ylindcr haead shown in Li gure 3 we re broken up in about
the sane time as they were in the R-1320-G hea-'; and the
data in table II indicaite1 at each te-st spend, that thea
vaporization tine was about the same in the,( two cylindeor
heads.

Air velocities at the three test speeds are fhovn in
fi1gure u . Thec velocities through the Inlet valve and the
noiasured air velocities are both abouit 30 percent lower
than for shiroud arrantgement 11 in the unjverccl te'st-oegine
head0 (reference 2).

00ON011 IONS

1. The air moveme.,nt Iin an en~ine cylinder using a
headl similar to those on a 'Wrig;ht R-1820-G cn--ine wans very
turbulent during the irnake stroke. Durinr' the second
half' of the intake stroke, a very slow rotation of the air
c.bcut the cylinder Axis began. The turbulence died out
during- the compression. stroke, bcut the rotation continiued
at a reducing rate until the end of' the cycle .

2. The air movenent In an engine cylinder usin~g a
boa Ia nia to those on an Eclipso nodified Jaspf eng'ine
took theo form of a vertica~l loop during the intahe and
theo conproosion strokEs; some turbuleince vas also prec-ent.
The loop movement d'ied out before th-e beginning of thev
expansion stroke, leaving, only a slight turtulence.

3. There appeared to be no dlifference in the tinec
reonIired for va'poriza-tion o~f gaFsoline sprays TIected In-
to the cylin-der whien the R-12- an te Eclipse-dasp
heatdc were used.

Langlecy Merorial Arnuia aoaoy
National Advisory Committee fa~rAeo'tis

Langley Field, Va., May 24, 1940.
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