View metadata, citation and similar papers at core.ac.uk

|
P
brought to you by .{ CORE

provided by NASA Technical Reports Server

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

WARTIME REPORT

ORIGINALLY ISSUED

February 1945 as
Advance Restricted Report 4E24

EFFECT OF CHANGING THE STROKE ON AIR CAPACITY,

POWER OUTPUT, AND DETONATION OF A SINGLE-CYLINDER ENGINE

By James C. Livengood and James V. D. Eppes
Massachusetts Institute of Technology

A Y- R
Lhenst ol Yl oMU 0 e T RN
ok
HE M
WASHINGTON

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

W-50


https://core.ac.uk/display/42793328?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

g 3

3 1176 01364 4870

NACA ARR No. 4E24
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

——=— " " T wr

ADVANCE RESTRICTED REPCRT
EFFECT OF CHANGING THE STROKE ON AIR CAPACITY,

PONER OUTPUT, AND DETONATION OF A SINGLE~CYLINDER LENGINE

By Jemes C, Livengood and James V. D. Eppes
SUMMARY

For this investigation a special single~oylindor test
engine was constructed with provision for operation with
three different lengths of piston stroke., The cylinder
diameter was conrtant and equal to the livtermesdiate length
of piston stroke. The ocompression retio and ratio of cranic
radiug to comnecting rod length wore iieléd constant., Fer-
formance tests ivere made over o wide range f piston speeds
and inlet prossures. Detonation limits were eatabliched for
increasing inlet pressuros.

It waes found that the air canacity artd volumetric effi-
clonoy of the englne were independent of the stroke ror any
partioular piston speed at any particular inlet pressure
within the range investigated. This result might be altersed
if dynamic disturbances develop in the inlet or exhanst systems.

1"1th the particular cylinder and oocerating conditions
used, and at one fixed piston speed, the engine could be more
highly supercharged without detonation when the shorter strokes
were employed,

The ratlo of indicated power output to air oapacity over
a wide rango of air capaclitles did aot show any significant
differences for the three strokes.

Brake mean offeotive preszure at a constant inlet press-
ure we.s found to be progressively lowser with the shorter
plston strokes for any particular piston speed within the
range covercd, This is attributed to the greater mechanical
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friotion losses accompanylng the higher engine revolutions per
minute of the shorter strokes. Calculated friction losses in
the nain jourmal and orankpin bearings accounted in part for
the differences noted.

Twe differences in brake mean effootive pressure with the
three strokes were foumd to be substantially independent of the
inlet pressure when supercharging ot one fixed piston spesed.

No difforences in pumping losses were notoed between the
three strokes at any piston speed.

INTRODUCTIOH

Bore-stroko ratio for many years has been a subjeot of
controversy among cngine designers. Ono of the important
olements of this cortroversy has bcoen the question whether two
engines of the same oylinder bore, but of differing strokes,
would have the sgame air capacity, officienoy, powor output,
and dotonation 1limlt when operated under comparable conditions.

The application of dimensional analysis to englnes of
goometrically similar design, but of differing size, shows
that the indicated power cutput would be expected to be pro-
portional to the square of a charnctoristic lerngth, provided
the picton spoed is kept constant. Then such a result is in-
torpreted as meaning that the indiocated power output is pro-
portional to tho square of the bore, for constant piston spead,
it must be romembered that the bore and the stroke bear a
definite relationship becauso of the georetric similaerity.

For engines in which geomotric similarity is not maintained
bocause of a variation in bore~stroko ratio, dimonsional
enalysis revcale that the indicatod powcr output at constant
plston spoud wmay be dependent on the boro-stroke ratio ans one
of thoe dosign faoctors., 6inoce the influence of bore-etroke
retio on englro porformance is mot easy to predict on thooret-
lool grounds, it ie bost dotermined by exporiment.

In rclferonco 1 a report was mado of a provious investi-
gation at the Yassachuscits Instituto of Technology of the
sffect of inlet wvalve dasign, size, and 1lift orn ths volumotric
officiency of an engine. In that report it wnas showm that,
wilth short inlot and exhaust pipes, the volumotrie officionoy
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of tho engine invostligated ocould be oxpressed as a funn'bion of
the parametor,

. . piston _speed X piston area . .
‘Inlet a.ir souncf volool'byxi.nlet valve aroa xaverage vn?.l.ve flow coei"i‘ioien%

rovided other operating conditions and other design ratlios wore

pt constant. It may be expooted that the volumetric efficiency
of any ongine with short inlet and cxhaust pipos will likewise bo
a function of the same parametsr, although not neocssarily the .
sams function, Effects due to inlot and exhaust pipes of various
longths aro most convoniently handlecd as & separate problem, '

If tho length of stroke of an cngine is changed, the ‘revolu-
tions por minuto assocoiated with a givon value of piston spoed
changes 1n Inverse proportion, This change introduces a varia-
tion in tho frequency of the pulsations which oxist in tho air
flow. This varying departure from the conditions of steady flow
(assumcd in the derivation of the peramoier obove) might bo
suspooted to affoot:

(1) Tho actual dynamic flow coofficient of tho inlet
valvo

(2) The magnitude of the incrtia cffeccts in the valvo
port, cylinder, inlot ond cxhoust pipes duriug
the charging process

The firct of these possibilities wne inveetimated by Waldron
(reforence 2), who foumd that dynamic flow coefficients with
pulsating flow agrocd well with tho ctoady flow valuwss, The
socond offoot was shown to bo of nozlligible lmportance in the
report of Reynolds, Schecter, and Taylor (roferomce 3), pro=-
vided vory short inlct and exhaust nipos wore used. For those
recasons 1t would appsar that the longth of strokc of an ongine
would not materially affoeot the air copucity if tho piston
speed 1s kopt the same and if lerge chongos in the dymamios of
the Inlot end exhaust gas colums ere avoided by using vory
short inlet and oxhaust plpos.

The offoot of changing tho length of stroke on combustion
officioncy is difficult to prodiot sinco thoro are changes in
the combustion chamber size and shape as woll as in the ongine
rovolutions per minute,
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With regard to detonation, if the stroke of an engine is
deoroased and campression ratio kept constant, the size of tho
combustion chamber 1s decreased with tho resulting possibility
thet tho tendenoy to detonate will be decreased. Tho fact that
the rovolutions per minute for a glvon piston speed is inoreased
with deorcasing stroke may further decrease the likelihood of
detonation,

This invostigation was carricd out in order to provido
experimontal answers to those unoertainties connooted with the
offoots of changing the longth of stroke, The spocific ebjece
tives wore:

(1) To dotormine the offect of ochanging longth of stroke
on the air capacity, efficlency, and power outout
of a four-stroke ocngine

(2) To determine the effect of chnnging length of stroke
on the detonation tendunoics of the engine

With such information, engine dosigners will be able to
avalunte the offects of bore~stroke ratio on purformance and
other characteristios of a projostoed design,

This investigation, conduoted at the Massachusetts
Institute of Technology, was spongored by and conducted with
tho financlal assistance of the National Advisory Committeo
for Aoromautics,

DESCRIPTION OF APPARATUS

Engine

Tho engine usod in this investigation was specially_
designod and bullt to aocomreodato & 5.26-inch-bore, liquide
coolod Lycoming cylinder, Tho cylindor was mounted on a hoavy
orankoaso., One of three cylinder adapter plates could be used
cllowing o oénstant compreossion ratio of 6 to be maintained
whon orankshafts cf different stroke woro installod., The threo
orankshafts provided strokes of 4.26, 6,26, and 6.25 inchos,
and throo connocoting rods wore usod in order to maintain the
ratio of orank radius to connectingerod longth constant at 0,25,
A sgpeocial oamshaft was driven from an aoccessory shaft by a bevel
and spur goar train, A sohematio dlogram of the ongine setup isg
showmm in figure 1,
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Alr Inlot System

. Alr supplied 1o, the onglinec was passed through an orifico
moter into o large s‘beam—ja.o]mted vaporizing tank, vhere fuol
wos Introduced, The resulting dry fuel-alr mixbture was thon
passed through a short inlet plpo to the inlot port of the-
oylinder., Tho air usod could be taken either from the atmos-
phoro or from a laboratory eir line vhioh supplind compressed
air from whioh praoctically all water vapor had bcen removod
by a drylng tower oontaining activated alumina,

Fuel and Fuol Systom

Thoe fucl usod was tukon from tho leboratory storage tenk
of high ootane aviation gasoline, oxcont for the detonation
limit detorrdnations. For those tests a supply of 87-octano
fuol was obtalinod and carefully stored in ordor that all dot-
onation limits could be dotermlnod with tho samoe batoh of
fuol.

Tho fucl was supplied by a -mnll pressurc pump through
a rotamotor and a manually adjustod ncodlo valvo to & point
in tho air supply pipe just beforo Lt .ntered tho stoam-jucketod
vaporizing tank, Tho tank wnlls wero hcatcd sufficiently to in-
surc cormploto ovaperation of tho fuel,

Exhcuet Systom

Tho cxhanst gesos wore pasgsod through a short pipo into
a largo watcr-jacketod surge tank, From this tork tho exhaust
gosos passod through a throttle valvo into the luboratory
exhauct systom.

Cooling Systom

A ocentrifugnl pump oirculated water through tho oylinder
ocooclant Jackot. Sufficlent oold water from the olty main wna
added to cortrol the jacket outlet temperature. Aftor consid-
orablo difficulty was exporienced from cylinder barrel fatigue,
which wns attributed to corrosion, a closcd system wms adoptod.
In this arrangemnt approximatoly five galloms of wator con-
taining a corrosion inhibitor were circulated by the pump
through tho Jackot and through a heat oxchangor which vms
cooled by ocity wator.
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Lubrication

Lubricating oil was supplied wnder pressure to tho ongino
by means of a separately driven goar pump. Thoe relativoly
largo amount of oil bypassed by & relief valvo was passed
through a hoat oxcharnger and roturnod to the oil supply tank,
Rogulation of the oll supply tempeiratwuie wae obtained by con-
trol of stesam and water admitted to tho hoet oxchanger, nil
was collocted in the engine sump and roturned to thc supply
tank by a separately drivon gear pump.

MEASURING THSTRUMELTS

Load was providod by an cddy-ourront dynamomoter. Torque
wos mecsurad by mcans of & manomotor connuotod to a oylinder
having e hydreulically balanccd plston attached to tho dyna-
mometor arm, Speod was dotermined by a mechanicel tachomator
in conjunction with a strobotac oporating from a 60-cyclo
alternating-curront line and illuminating stripcs paintod on
the [lywhcel,

Air flow was measured by a sharp-cdged orifice installod
in a 3-inch pipe 1lino in accordancs vwith the A.S.M,E. Fluid
Moters Cormittee Report (refurcncc 4),.

Lir tomperaturvs were measurod with mercury-in-glass
thermomotors or iron-constcntan thermocouplea in conjunction
with a potentlometer and sonsitive galvanometer, All other
tomporaturos wero measured with vapor prescure tlormomcters,

Fuol flow was moasured by a oalibratod rotameter.

Atmosvhorio presswre wns mos.surod with a meroury baromcter;
inlot pressure was moasurod in the vaporizing tank with a moroury
monoretor; and exhaust pressure was moasurcd in the cxhaust surge
tunk by the same mcuns,

Bpark advancc was moosurcd with a neon light, rovolving
with the crankshaft adjaocent to a staticiury protructor. The
sparl dischorge excited a bright flush in the lamp, which wae
shiolded to make tho flash appear as a thin rcd linc,
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Dotonation was moasuted with a Sperry wib¥ation-type
piokup designed for this purpose, It was mountod on the
dylindcr head near the inlet port. Thlis unit was ocomnected

to the-Yaaxis input of & Duuont type 208 6scillograph. When

dotonation ocourred, typiocal "splashos" of high frequonoy
vibration patterns ocould be obsurved on tho osoillograph
goreen., These splashes increased rapidly in emplitudo and
ocowrrod mcro often as detonation intonsity increased. It
was not difficult for on oxperioncod obsorver to duplicate
measuremonts made by this method,

Both heavy spring and light spring indicator cards wero

takon with the M.I.T. balnnocod prossure diaphragm indicator
unit,

PROCEDURE

Each of tho threo crankshafts wns installed in the engino
in suscoesion, With ooch installation air capacity tests wero
run ot plston speods varying from 1360 to 3160 foot por minute
in 300-foct-per-minute incroments, with tho excoption that the

short stroke was run only to 2660 foct per minute sinco the
oddy current dynamomoter wns unsuitable for spcods in oxpors

of 3600 rpm, Spark advanco was voried to obtain best power in

all oasos. Tho quantities held constant aro listcd in table 1,
TABLE 1
Inlot mixturo tomperaturo, °F . o ¢ o ¢« o ¢ ¢ ¢ ¢ ¢« s o « 120
Vaporizing tank prossurv, in, HE b8 o o ¢ o« o o o o s « 274
Fuol=glr ratio. o o ¢« ¢ o o o o o o ¢ 6 o s o o « o s o o 0,075
01l inlot temperﬂturo. OF. ® @ 8 o 8 9 o & o o 5 & & 8 » 160
Jaokot wator outlet tomporature, OF. « « ¢« « o o« » s« « » 180
Exhoust surgo tank prossure, in. Ig obs o« ¢« o « « s s o » Bl.d
Valve timlng: Inlet oponc, dog BeTeCe o ¢ ¢ o o o o o 20
Inlct 010395, deg AoBoco ® © @ = ® o & ®o ® b6
Exhaust opons, deg B,B.C. ® o o o o o s @ 64
Exhaust oloses, dog A.QT.C. e o o & ® @ o @ 20

Additional tests worc made with oach stroke at e constant
piston speod of 2400 foet per minuto over a rangse of inlet pross-

urcs obtainod by means of a soparatoly driven superchargour.
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During theso runs doterminntions of tho dotonation-limited
porformanoo wore mnde by setting tho ‘inlot pressure a% various
valuos in smell lncromonts and varying the spcrk advance to
obtain inoipiunt dotonation. Tho quantitios held oonstant
during thoso tosts appoar in table 2,

TABLE 2
Picton spcod, ££/mIN v o ¢ o « + ¢ « s o ¢ s s o o s & o 2400
Fuel-oir ratio o+ ¢ ¢ o s o ¢« o o 2 o o o o « o s s o « » 0,975
011 inlot temnerature, O F. ¢« ¢ 4 ¢ o o ¢ o » ¢« o s &« o 1B0
Jacket wmter outlet temperature, °F . o 4 o 4 o . . . » - 180
Exhaust surge tan) pressurc, ir, Iz wbs, o ¢ o o « o o o 3l.4
Fucl . &+ o 4 o o o o ¢ s ¢ s s ¢« a s & o » &viation 87-octane

Valve timing: Soc table 1,
RESULTS AND DISCUSSICN

The rosults of tho invesbigation are incorporated in figures
2 to 9,

Figuro 2 showg cleurly itmut tho alr capacity of tho ongine
testod ic very dofinitoly a function of the piston speed, arnd
that changing tho stroke of tho engiue doos not obargo this funo-
ticn, Tu othor werds, at sny vartioulnr velue of pistor spead
tho air capuclity is irdcpendent of shroke. Tho volumstric efli-
cioncy of tlic ungino cver the piston spocd range is represunted
by o siaglo curvoe for all stroles as showm in figuro 3. Tiguro 4
shows {urticr that alr capacity at .constant piston cpceod ir ine-
dopondont of strelke nver o wideo rango of inlet prescurus.

Firuro b6 indicates thc oxtent to which the spark muet bo
rotardcd 1n ordcr to prevent dotonation ez tho inlot prossuro
1s ineronscd., The curvee ruprcsent tho bordorline of dotonation
for cach stroko. From any pcint en ary of thw throo curvos, tho
rogion above tho lino 1s a regicn of dotenation, whilc belew tho
ourvo thoro will be uno detonatioa., Tharo curves might be changed
considcrably ir' opcrating conditiona or the fucl chould bo chengod,
but it is unlikcly that their rolativo positions would be reversod,
To faot that dutonatlon occurs at higher inl.ct prcasurcs as tho
stroko is shortonod muy bo due to oither or both of thu following
two factoro:
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1) Incroased flamo spoed. = Flamo speeds are known to be

. rolatod olosoly to the degrce of turbulonco oxisting within tho
oylinder at the time of combustipn, In the present tests the
average gas volocity through the inlct valve is tho same for
all gtrokes at the samo plston spcod, since air ocapucity is
unaffootod by stroke. It would bo reasonablo, therefore, to
oxpoot tho pamo dogros of turhulonce to bo produscd during the
* intake. procecss for ench of tho throo strokes, at constant pis-
ton speed, It is posslbleo, howovur, that with tho higher
rovolutions por ‘minute assoclatod with tho shortcr stroke, at
constant piston speod, the turbulonco eroatod has loss time to
docay beforo oombustion is complotod, thus giving an incroasod
flame speud with the shortur stroko. An increasec in flamo speod
will give a greator tim rate of prossuro rise during combustion.
It wos demonstrated in referonco B that lncreasing the tine rate
of comprossion allowod hizhor prossuros and tcmperaturcs to be
roachod bofore dotonation,

Tho indicator coards wure examined for evidonco of difforonces
in rato of prossurc rise for tho threo strokcs, but it was found
that wido veriations in the oombustion 1linc from cycle to oyole
made it impossiblo to detormino acocuratoly tho rato of preesure
riso,

(2) smallor combustion chambor, = With. decroasing strolo
tho combustion chamber begomos amoller in volumo and slightly
more corppact 1f tho ocomprussion ratio is hcld constant., This
diffcrenco might bo expcoted to reduce tho tendency townrd deto-
nation, sinco it 1s well rcoognized thnt, other conditions hoing
the samo, reducing the maximum distonco for flamo travel reducus
the tondonéy to detonate. Howevor, the ohonges in combustion
chamber volumo wore accomplished with only a vory amnll chango
in moxinum distance for flamo travol.

A singlo straight line passing through the origin 1n figure
6 roprusents o good oorrslation of indiocated horsepower againeb
alr -eapnoity for all stroles with the oxouption of thrce points
tokon for the 6.26-inch stroko. Tho Indicator diagrams oorres
sponding to those threo points diffor from tho others. Maximum
pressure appears nearor top center and the pressurcs measurod
during oxpansion aro lowor, The difforencos are such as might
havo boon caused by a phasc shift betwoon the top oonter line
and tho mocsured pressuro, Those throo indicatod horsopower
dotorminn.‘bions. thereforo, are beliocvud to be in orror, Disre-
gording thoso three pointas, the date indiocte that thoro aro no
significant difforonces in indicatcd horsopower for the difforcnt
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strokos ovor tho range of ailr oapacitios covored, Thoso results
load to tho conclusion that the combustion efficiency is unaffoc-
tod by the chonges in piston stroke covored by this investigation.

Tho brako moan offective prossuro ourves shown in figuro 7
roveal progrossivoly lowor values ac tho stroke is shortcnod for
any particular piston speed. Tho pumpirg moun offuctive prossuro,
also shown in figuro 7, rovoals no voriation in pumping losscs
for tho throe strokos. The difforonoosg in brake msan cffcotive
prossuro therofore aroc attributed to difforoncos in mochaniccl
friction with the throe strokos., In order to maintaln o con-
stant piston spood as the stroke 1s made shortor, it is necos-
sary to oporato tho ongine nt higher rovolutions per minute.
Binco tho main jJournal and tho orcnkpin boarirg dimcnslons wnro
tho samo for all threo sgbtrokos, tho highar rovolutions per
mirute assoclatod with the shortor strolo givos o highor boaring
friotion loss, Thus thc broke mcon effectivo prossuro for any
plston spood is lowost for tho 4.26-inch stroke and highost for
tho 6.,26-inch stroko.

Valuos of journnl and orankpin boaring friction moon effec-
tivo prossuro havo boun caloulated by Potroffts equation
(appondix 1), assuming oil-film tomporcturcs of 160°, 190°, und
220° F, Tho results arc prcsontod in tablo 3. Theso values
aro only approximations of tho actual bearing friction, as the
offocts of becaring occcoatricity and distortior are not included
in Potroffts oquation.

Tho salculatod Jjournal and crankpin friction moan effoc-
tivo prossuro values for 160° and 220° F assumod oil-film tom-
poraturos have boen plottod in figure 8 for tho throe strokos.

Adjusted brake mcan cffectivo prossure curves, obtainod
by adding caloulated Journal and ocrankpin boaring friction
moon offoctivo prossuro to brake mean offectivo pressurs valuos
for corrosponding piston speods, aro also shown in figurc 8,
Two familios of adjustod brake mean offcotive prcssurv curves
aro obtainod, ono basod on 160° F and tho othor on 220° F
assumod oil-fllm temporature in tho boaring,

If tho actual oil-film tomporaturo is ncar 160° F, thon
the good corrolation of tho adjustod brokc moen effcotivo
prossury curvos of figure 8 for this tomporaturo indicetus
that thc difforenceos notod betwoon brako mcan offactivo pross-
ure ourves for tho throo strokos at o given piston spood
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(fige 7) oan bo nocounted for by thu difforences in jowrnal and
orankpin boaring frioction mean offeotive pressuro for the threo
strokos. Howover, if the actual boaring oil-film tempcraturq .
is-noar or above 220° F, the adjustod brake mean offectivo press-
ure ourveos of flgure 8 show that differencos in Journnl and orank-
pin boering friotion mean cffoctive prossure will acooumt for
only part of the difforencos iIn bralke mean offeotive prossuro
ourvos for tho three strokes,

If distortion of the ocouncoting rod affooted the orankpin
frioction, the friction vould tond to bo groater with the short
stroko at a glven piston spood, due to tho highor inortia forcos,.
This faotor may account for difforencos not covered by tho cal-
oculations basod on Potroff's equation,.

Tho difforoncos in brako monn offoctivoe prossuro for tho
throo strokes cro shown in figuro 9 to bo substrntially the samo
ovor o wido rango of inlot prossuros when opcrating at a constont
plston spood. This faet givos furthor confirmation of tho thuory
that tho diffcronccs in bruke ocutnut are due to dirffurcnocs in
mcohanleel frictlion.

If thle result is applied to. a multiocylindcr ongino, 1t
must bo romombcrod that thoro aro fewor cranishaft journals por
oylindur than in a single-cylinder ongino. Conscvquuntly tho
mcchanical officiency is higher and tho shanges in Journal frio-
tion ccused by chongos in revolutions per minuto will represont
o smaller fraction of the novmr output.

CONCLUESIQONS

Tho following conclusions scom justified by this invosti-
gotion:

1, Tho air ocapaoity and volumotric officioncy of the :
engine are indopondont of tho stroko for any particular piston
speod and any partloular inlet prossurc within the ranges coverod.

2, With the particular oylindcr and oporating conditions
used and at one pilston spocd theo engine coan bo morc highly
suporchargod without dotonation as tho stroke is shortonecd.
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3. The ratio of indicated horsepowor to air capacity
shows no significant variation wlth change in stroke ovor o
wido range of air capaocities.

4, 7Values of brake moan offectivo pressurc are progross-
ivoly lowor for shortor strokos when operating at constant
inlot prossuro and varylng piston speod and also when oporate
ing at constant piston spoed and wurying inlot prossuro.
Caloulations indicate that thoe differineos in brako mean
offoctive prossurc for tho throeo strokes arc largoly aoccountod
for by the difforcnces in Journul and orankpin friotion moan
offoctivo prossure,.

5. ¥No differcacos in pumping losses at tho samo piston
spood for tho thrco strokus sworu notod ovor a wido rangs of
piston spocds.

COHCLUDING RELI

Although not the pubjcot of this report, it may beo woll
to noto Lhuro some busic mochoniocal problems vhich crisc as
tho strolko is docreased at a given piston spcod,

If an onglino with a chort stroke is run at tho same
plston opocd as one with tho same bors but a long stroko, tho
ratio of tho occcclorations of tho piston and connceting rod
in the two ongincs will be invorsely provertioaal fo the stroko.
Thus in this perticular casc, the rclative aceolerctions of tho
piston aro shown 1in thc following tabulation:

inx. anceloration

. of piston
Piston speod Rpnm ox, accolrration
Stroke Tlston spoud with Rpm with 6.26- of pilston with
(in.) 6.25-ia, stroke in., stroke 6.2b~in. stroke
4,26 1.00 1,47 1,47
5,25 1,00 1,19 1,19
6.25 1.00 1,00 1,00

Sinco tho pistons aro idcuntieal, the incrtia forces on tho
plston with tho chort stroke aro 1,47 timcs tho inertia forces
with tho long stroko at thc same piston cpccd, This computa-
tion points out ono of tho basic probloms of tho short-stroko
ongino .
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Sinoco the valve mechanism 1s idontical for the long- and
short-stroke engines, tho lnortia forooe hero would be pro-
portional to (rpm)® or /7 1 2 Comsequontly, the valve

roke .
of tho ghortestroke cnginu woul& have 2,16 times the accolora=-
tion of tho walvo of tho long~stroko ongino at the samo piston
gpood, and would prosont a more diffioult design problom for a
short-gtroke ungine, Prosent ailroraft cngines, vhore tho stroko-
boro ratio is unity or moro, gonorally oporato ncar thoir volvo-
goar spocd limit at tako-off. It mny bo noted hure that difficulty
wos oxporionocod with tho valvu goar of tho ongino usel in theseo
tostse 4 spocial spring was necussary in order to insuro that
the valvo followsd tho ocam abovo 3300 rpm. Whon tho spevd of a
valvo goar of givern size is incroased, tho problum of avolding
critical spring vibration beoomos more difficult. Valve meoche
anisms vwhich do not rely on spring roturn, such as tho slucve
valvo, mcy be o possiblc wy out of this diffioculty.

For tho samv propollur revolubions pur minute ond tho
samo powor output, short-stroke engiros roquire a larger
propollor-rcduotion-gear ratio.

Anothor diffioulty which may bo associated with Lho opura=-
tion of short-stroke onginua at high picton spood is proignition.
Durinag tho courso of the tagts describod in tho presont rcport,
sovore proipgnition vms encountorod at high output (supcrchargoed)
whon tho onginc vms run with tho short stroko. Thc "coldest"
standerd alrornft spark plug wmas found unsatisfootory umdor
the combination of high inlot prossurc and high reveolutions nor
minuto, A spocial spark piug (Champion RJ-24) eliminated tho
troublo, Tho probablo roason for preignition with the short
stroko, bul not with tho longcr strokos, lics in tho faot that
at o givon piston spood tho rovolutions per minuto for tho short
stroko is groater, High rovolutions pcr minute rosults in moro
froguont "scrubbing” of hot gnsos in and out of tho spark plug
ocavity with rosultant incroasod rato of heat transfor to tho
spark plug oloctrodos,

Massoochusotts Institute of Toochnology,
Carbridge, Mnss., May 24, 1944,
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In noting tho progressivoly lowor valuos of brake moan
offootivo prossuro with shortor stroko at a constant piston
spcod, figuro 7, it vms renlizod that such a truond sould be
oousod by an increaso in the uechanicel friction lossos in
tho rmain Journal and crankpin boarings duc to the higher
onging revolutions per minute roquirod with the shertor
strokos in maintalning constont plston spoed, It wns decided,
thoroforo, to caloulatc the friction in tho main journal and
crankpin bearings,

tho friction losses in tho beoarings wcre calculnted by
moane of Potroffts ocquation for fluid friction. Thils cqua-
tion is bascd on the aassuwsption that thero is a complcte film
of lubriocant bctwoon the Jourral and boaring and that tho
boaring loading docs not causc any uocunbriclty. No informa-
tion was available ou thu tomperaturo distribvution in tho oil
film. Basud on tho fact that thu ontoring oil termeraturo wos
150° F, tho bearing friction was caloulatod for cssumed oil
f£ilm temperaturos of 1609, 190°, and 22C° F, Tho bearing
cloarances vworc not knovm vory procisely, but woro tuken as
tho minimum probable vnlues basod on tho roagurcmonts availe
ablo in ordor to givo moaximum probsble friction losses.

From Potroff's oquation,
2 3

—13
friction horsepower = 3,75 X 10 L N %'_ D

K viscosity, ocontipoisus

N rovolutions por minute

L longth of boaring, inehcs

D diomoter of bouring, inchos

C diamotral clearance of bearings, inches

This oquation was convirtid to friction moan cffeotive pressuro
on the bagis of tho 5,26-1nch piston dianmctor as fellows:
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friotion mean effootive pressure = 8,22X 10 s ",._E- .I: D 3
C

- -

whore
8 - pivten gpeod, feot per minuto
s piston streke, inches

The friotion mean effootlve prossuro wus caloulatod for the
two 'main jowrnal bearings and tho ono orankpin bearing for the
following valuce of .dimonsions and operating variables:

. . Main jou_.rml Crankpin
: boaring boaring
L, inohos 3460 2,376
D, inchos 3.2 2.875
C, inchos . 0,008 0,006

1, centipeises 57.56 at 160° p

. _ 31,5 at 190° F
19,0 at 220° F

T Cnlcoulated valuos of tho friction moan effoctive prossure
for cach of tho threo strokor over tho piston spocd ronge ef
tho invostigation aro lietod in teblu 3,

Caloulaticns thon woro made to detormine the accentricity
of the bearings and tho 1nfluence of tho eccentricity on tho
powor losses, The caloulations wore made for the moximm gas
pressure loading and fer the maximum incrtia force loadings
on tho bearings using the method of A, E. Norton,
"Lubrioation," ohapter VII. Theso caloulntions showod that
the magnitude of tho error introduwood by negleoting ecoontric-
1ty ¢f the bearinge was considerably loss than the doviatlons
introduced by not knowlng tho cxaot oll film temperature,
Consequently, it wns docided to mnke no correction for eocen-
trioity. In using the friotlon moan offoctive prossure to
obtain valuoe of adjusted brako moon cffoctive pressure
(fige 8), the onloculntions for 180° F oil f£ilm temporature
woro usod in order to establish a probablo uppor limit to
the values of friction mean effective prossura,
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Plston spoed, 8

81 = 4'25 m. BB = 5.25 1n.

TABLE 3

NACA ARR No, 4E24

Por 160° ¥

0ll £ilm tomporature
fmep (1b/in.®)

g5 = 6,26 in,

(£5/min)
1350 14.6 . 9.6 6.8
1660 17.9 11,7 8,3
1950 21,1 15.8 9,8
2250 24,% 15,9 11,3
2650 27.6 18,1 12.8
2860 30,8 20,2 14,3
3160 34,1 22.3 15,8
For 190° F

'y
-

ell £filn ¢t era?uro

Pistan spood, 8 g ‘= 4.26 in, 8g = 5,25 in, = 6,26 in,
(£t/min) —
1350 8,0 5.2 3e7
1650 8.8 6.4 4,5
1950 11.6 7.8 5.3
2250 13,3 8.7 62
2550 15,1 9.9 7.0
2850 16.9 11,1 7.8
3160 18.7 12.2 8.6
Fer 220° F

eil f£ilm tomporaturo
fmop (1b/in.2)

Pis‘bﬂn BPeed' 8 B = 4.25 m. 8 ] 5.25 m. = 6.25 in,
(£t/min) 1 a
1360 4.8 5.2 2.2
1650 5.9 39 2,7
1950 7.0 4,6 5.2
22850 8.0 6,3 3.7
2550 9.1 6.0 4.2
2850 10,2 8.7 4,7
3160 11,3 Te& 6.2
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