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A JSTUDY OF THE AIR MOVEMEHTS IN
THO0 AIRCRAFT-ENGINE CYLINDERS

3y Dana W. Lee

SUNHAR.

Studies were made of the air movenents in the WN.a.C.h.
glass~cylinder apparatus using eylinder heads sinilar to
those on the Wright H-1820~G engine and the Pratt & Wnhitney
Jdasp englne as modified by the Eclipse Aviation Corporation
to use fuel=-injection cquipment. The air movements were
nade vieible by mixing snell feathers with the airj high-
speed notion picturcs were then taken of the feathers as
they swirled about inside the glass eylindier. The test-
engine speecds were 350, 500, and 1,000 rps. Motion pic~
tures were oalso taken of gosoline gpreoys injected into the
eyliander during the intake stroke.

he air flow produced by each cylinder head is de~
seribed and somoe results of the velocity neasurenents of
feati:ers arce prssented., Tho apparent tine intervals rco-
guirad for wvaporization of the gosoline sprays are also
glven,

Iv the dosign of spark-ignition engines enploying fuel
lnjeetion, the principle is well estadblished that air nove-
ment greatly assists the nixing of the fuel and the air and
thereby dinmproves enginc parfornnnce, (See roference 1l.)

In a previous ropors (refercnce 2) it wes shown that aixr
nevenents in an engine cylinder could be controlled to a
large extent by the use of shrouded valves and %o a lesser
cxbout by the shape of the intake-air passnge. The puUrpcso
of the present tegts was to doeternine tae Jdirecticn and ve-
locity of the air flow in an engine cylinder when heads
similar to those on two modern radial aireraft engines were
used, One of the heads was sinilar to thet uscd on the
Wright R-1320-G engine, and the other was similar to that
developed by the ¥clipse Aviation Corporation for use with
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o Pratt & wWhitney Wasp engine equipped with a fuel-injce-
tion system. Previous tests had indicated that tho R-~1820-G
¢ngine had an unwsually high degree of air turbulcence, erd
the vasp engine had beon modifled for the express purpoce

of creating a certaln air movement.

The tests deseribed in this report were mado in 1938
with the ¥.A.0.4. glass-cylinder apparatus at the Conmittsc's
Lanzley Field laboratories.

APPARATUS

The glass~cylinder apparatus used for this investiga-
tion has been descerived in reforence 2. Briefly, it con-~
gists of a single~cylinder test engine modified dy the in-
sertion of a glass cylindor betweon the top of the steel
cylinder and the lower sdge of tho eylinder head. The in-
side diameter of the glass cylindoer is the sams as that of
the steel one, and its length is egqual to the stroke of the
engine. A hollow aluminum extemsion of the engine plston
moves within the glass cylinder with a radial clearance of
0.016 iach, '

The nechanical details of the awnmparatus have been
somewhot altered for the present tests. As shown in fig-
ure 1, the valves are now operated by puskh rods and rocker
erms.s A singlc stecl casting forms the engine eylinder and
the support for the glass cylinder. Four ocpenings in tho
casting permit observation of the inside of the glass cyl-~
inder during operation.

Soctional and plan views of the two cylincer heads
used are shown in figures 2 and 3, All dimensions for the
insides of the hoads, the valves, and the intake and exhaust
passnges wereé obitained by scaling down the dinensions of the
corresponding aircraft sngine by tha ratio of the bore of
the glass cylinder to the bore of sie alrveraft-engine eyl-
inder. Outside dinensions of $the heads are of no impertonce
in this case. The aircraft-engine heads theuseclves were
not wsed because i¢ was irmpracticable 2 ebtain naw glaoss
cylinders, steel cylindors, and pistons of the prover dian-
etors.,

The heod shown in figure 2, typical of thosc uscd on
present air-coolaed radial engines, has o hemispherical heand
and two large valves, In this head, however, the angle be-
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tween the center line of the intake passage and the plane

containing the ceonter lines of the valve stems is only
360 instecud of the usual 900, Spark-plug holes were
the center of the head was

opitted, but an extra hols in
made so that a fuel-injection valve could be installed.

The head shown in figure 3 was scaled down from a
Pratt & Whitney Wasp modified by the Eclipse Aviation
Corporation for use witlh thelr fuel-injection equipment.
The intake-valve seat is higher then the exhaust~valve
seat, and a ledge {(marked A in fig. 3) protrudes inward
at thec bottom of the hend ond extends for adbout 509 on
eithor 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 aircrait-englue head, to one sido of the conter and
slanting inward. The only prominent feature of the air-
craft engine not copied in the glass-cylinder apparatus is
a gerles of concentric grooves in the top of the piston.
Their purpose 1s to cateh and vaporize any liqguid fuel
from the injection wvalve reaching the piston, and thelr

affact on the alr flow within the cylinder is negligible.

The bore of the glass-cylinder apparatus igs 5 inches,
and in these teste the connectlng-

the stroke is 7 inches,
The valve tining was ad-

rod length was 14-3/4 inches.
Justed for each head to be as near as possible to that of

the correcsponding aircraft engine.

The fuel=-injection valve used for both hecalds is that
supplied by the Belipse Aviation Corporation for use with
their modification of the Wasp engine. It produces a
hollow c-niecal spray with a divergent angle of about 300,

A valvoe-spening 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 esach of the

two heads.
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TABLE I
Valva and Fuel~Injection Tinings
Conditions R-1820-G Eclipse-Wasp
Intake valve opens 20° B.71.C. 2v°% B.7.C.
Intake valve closges. 30° 4.3.G. 81° A.8.C.
Exhaust valve opens - 20° a.r.C. 100°% 4.7.0.
dxhoust valve closes 10° 3,7.¢C. 14% 4.7.0.
Fuel injection begins | 50° A.T.G. 50° 4.7.C.
Fucl injection ends 95° A.T.C. 130% A.7.C.
TESTS

goose down were nixed with the incéning

the velocities of the feathers appeared

For the R--1820~G head, notion pictures were taken

The test methoed woes the sane as that described in
reference 2. The ensince was driver at o constant speed
by a large electric motor, and srall particles of white
air, A high-spced
notlon~plcture camsra, taking pleturcs-at a rate of nmore
than 2,000 fremes.per second, recorded the -notion of the
feathers as they passoed through the engine.
pictures were projected  at thoe unsual rate of 16 por sccond,
to be less than
1 percent of their actuwal velocities, and their notion
could be stufdied and analyzed, Picturcs wore also talken
of gasolinc sprays injected into the cylinders.
test speeds were 350, 500, and 1,000 rpm,.

with the carera axis in the plance of the valve stens,

for tho Eclipse-ilasp hoad, pictures were

taken from that
position aad also from & position at risht angles to it.

When theso

Engine-
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RESULTS AND DISCUSSION

R~1820~G Head

The results of some of the tests described in refor-
once 2 led to the ezxpectation that the unusual anguler
positlon of the intake passage of the R-1820-G head would
rogalt in rapid rotation of the air about the cylinder
axis, but the mobion picturss showed that only a very slow
rotation of the charge was duilt up during the second holf
of the intake stroke and that the rotation continued ot a
slowly reducing rate for the rest of the cyclo. Tho rate
of rotation was not measured, but it was not more than
once por ongilne revolution. The air in the cylinder was
in o voery turbulont state, however, during the inteke
stroke but nost of the turbulcnce died out during the con-
wressior stroko. ’

air-flow velocities woere deternined by projecting the
notion pictures one at a time andl measuring the distances
that various feathers had noved in the interval between
pletures. The results are shown for the three ftest speods
in fisure 4., A discussion of the errors involved in this
rnethod of measuring the alr velocity is given In refercnca
2. Ia the conmputation of the alr voelocity at the inlet
valve, the eir was assuned to be ipelastics A comparison
of figure 4 with the figures in refercnce 2, which give
alr velociticos in the N,A,C.4. universal toest-ongine head,
shows that both the ailr velccity &t the inlet valve and
the feather velcocities wers about 2C porcent higher for the
R-1820~6 head thaorn for the toest-cngine head.

Motion pictures of gasoline sprays injected from a
valve ia thae ceonter of the head showed that the sprays did
not inpinge on the piston or the eylinder wolls, and that
the turdulonce of the air broke up the spray very guickly
after the end of the injection periol, Cormplete clearing
of all fuel nist from the ailr 1In the eylindor waos btnken as
an indication of conmplete fuosl vaporization; the crank
ansles at which suceh clearinsg occurcd are givenr in table
II.
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TABLE 11

Crank Angles for Fuel Vaporization

Crank angle at Time after eond
Eagine which eylirdor of inJjection
Enzine spocd clears o
{dey B.T.C. on Sronk
{rpm) | comvression stroke) deg saC
350 o7 1386 0.065
R-1820-G 500 " 34 144 .048
1,000 . 63 168 .028
350 129 133 .033
Zelipse-
500 121 143 .048
Wasp
| 1,000 99 167 .028

Belipse=dagp Hezd

¥he Belipse-dasp head employs & partially masked in-
let valve. The air movement in the c¢ylinder was, thore-
fore, cxpected teo Ve similar to that obtained with the
W.a.0.4, universal test~gngine head when both inlet valves
verc turred so that the shrouds on them wore ncarest the
cylinder wall. (Sece arrangement T or 0 of reference 2.)
The motion picturcs showed that the air movement obtaincd
with the Belipse—Wesp hcad was very similar to that ob-
tained with the shrouded valves in the universal head.
After lcaving the intake port, the air moved across the
top of the cylinder towards the exhoust-valve head, tncnce
down to the piston, across it, and back up to the tep of
the eylinder again, The movement was less rapid than it
was with the universal hecd and more turbulence was JHres-
ent, The alr novements created cduring the intake stroke
cortinued throughout the zconpression stroke but at reduc-
ing veloecities. During the last two strokes of the cycle,
however, thée only 2ir movement was a slight turbulence. .

Gasoline sprays injected fron the position in the
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eylinder head shown in figure 3 were broken up in abeut
the sanc time as they were in the E~1820-G heald; and the
deta in table IT indicate, at cach tost sneed, that the
vaporization tinc was about the same in the two cylinder
heads.

4ir velocities at the threc test speoeds are shown in
figurc 5. The veloclties throuch the inlet valve and the
avasured air velocities arc both abont 30 percent lower
than for shrcud arrangement P in the universel test-cunglne
head {refcrence 2).

CONCLUSIONS

1. The air moeverment in an engince cylinder using a
head sinilar o those on a Wright R-1820-G enzine was very
turbulient during the irtake strohc. During tne second
half of the intake strcmc, a very slow rotation of the ailr
obout the cylinder axis began. The fturbulence died out
during the conpression \troke, tut the rotation contiuued
at a relducing rate until the ond of trhe cycle,

2, Pae alr moverent in an engline cylinder using o
hsal sinilar to those on ar Eclipee nedificd dasp engine
took tﬂb forn of a verticcl loop during the inteke and
the conpression strokesy some turbualence was also procent.
The loop novenent died out before the boginning of the
cxpansion stroke, leaving only a2 slight turtulence.

%, There wnpeercd to hWe no difference in the tine
required for vopord z:tion ¢f gosoline spreys ixnjectsd in-
to the eylinder when the R-1830-G end the Fclipse~dusp

A

Lengley Homorial Aercnauniical Wbo” tory
Yational Advisory Committes for Auropnutics,
Langley Fileld, Va., may 24, 1940,
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r goparatus with swirl-inducing head.
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