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LSTRICTED

SINGLE-CYLINDFR OIL-CONTROL TESTS OF PORCUS CHROME-FLATED
CYLINDER BARRFLS FOR RADIAL AIR-COCLED ENGINES

By Robert L. Johnson and Mex Swikert

SUMMARY

A peries of single-cylinder engine tests wns run to determine
a satislfactory method of reducing oil consumption in radiel air-
cooled engines with flat-fuce compressicn rings as standurd parte
and oquipped with cylinder barrels salvaged by porcus chrome plating.

Toasts wero conducted using yorous clircme-plated cylinders having

straight and choke beres with standard flat-face compression rings.
Tnegce tosts were comyured with additional teste employing previously
ured stralght-tore porous chromo-platod cylinder burrols w {h verious
plston-ring assomblies, including nsasomblies with taper-faco com-
pression rings.

The oil consumption wns rediuced by mero than one-half !n the
tests using the pistcn wssembly with three 1° tuper-face compression
rirgs. Sligit incressos in blow-by accompunied the use of taver-tace
compression rings but no deletericus effects wsre obacrved.

The tosts reported herein indicate that, when a choke wus incor-
voratel in a cylirder, the oil c-nevmntion wog reduced onc-third or
mwore without any upproarent undeasirablo offect on engine performinco.
Tho Initial oil consumyticn was aprreciably higher in the tostus
omploying rrevicusly usvd cylindera than in tho tests using cylinders
with a honud finish when tested with tho samo ring assecmbly.

A heuvy boaring arca was noted on the top edge of the top com-
pressicn ring alter all ihe tests in which n piston-ring asseubly
heving o top flat-face compressicn ring was used, which indicales that
the rings wore scraping oil into the combustiion chumber.
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INTRCDUCTICN

Provious’ tsating by ths NACA indicated that ths use of chrome-
plated cylindor berrsls in radial air-coolsd engines having flat-
face compression rings as standard parts results in high specific
01l consumption., Tests reported in reference 1 show that ths sps-
cific oil consumrtion can be rsduced by using speolal surfaco
coatings in porous chrome-plated cylindsr barrels.

Tho data prossntod horein were obtained from seven tests con-
ducted oarly in 1944 at the NACA Clsveland laborutory. The purposo
of theso tests was to determine a means of reducing specific oil
consumption and thercby to arrive at a satisfactory methcd of
adapting porous chrcme-platod cylindor barrels to radial air-coolod
ongines. Tho adaptation would provide a simple means of salvaging
cylinder barrels worn oversizo in scrvice and thus groatly reduco
tho sparo-parts requircments. It wus considerod essecntlial that tho
mothod be such that the difficulty of high oil consumption would bo
obviated without incurring a complsx assembly chango or causing
undosirablo ongline operuting charactoristics.

In tosts 1 to 4, c};oko-boro and straight-busre porous chromo-

plated - cylindors with standard piston-ring assomblies woro tested in
unuscd cylindcrs to detormine tho offuct of choke contour on specific
0ll ccnaumption. Standard and tapor-faco compression rings wero
testod in proviously uscd straight-boro cylindors in tosts 5, 6, and 7.

AUPARATUS AND TEGT I'ROCEDURE

Four front-row cylinders from a rediel air-cooled engino werc
tosted on an NACA universnl toust englne crankeaso., Tho bore of thoso

cylinders is 5% inchos and tho stroke usod was 5% inchica. Tho com-
preasion ratlo for theso tosts was 6.7.

Stralght-bore chrameo-rlated cylinders werv usvd in teste 1 and 2.
Thoso cylindors wore plated in Juno 1943 according to the bost methods
avullablo for porous chrome plating. Used cylindors were proparod
for plating by grinding or honing tho barrols 0,015 to 0.025 inch
oversizo producing n straight boro with a surfuce roughness of approxi-
wntoly 10 rms. Surt'ncos not to bo platod wore protoctod from the
vlating bath with wox nnd lacquer and tho cylindors woro usscmbled
with the neccesury snodo nnd plating fixturvs. Tho cylindors wero
cleuned by degroasing nnd oluctrolytic pretreating (ancdic vtehing) in
a chromlo-acid solution for 15 minuics nt A curront dcnsity of
2 emperes por Rquaro lnch of swrfacc, Plating was nccomplished in a
bath heving 250 groms of chromic acld por litor of solution with a
wolght ratio of chiromic acld to sulfatc radical of 100:1. A currcnt




NECA ME Ne. RILIE

density of 3 amperes por square inch was used for plating and the
goluticn was malntainod at a temperature of 140° F, The cylinder
was plated to slightly lees than ncminal diameter and post-treated by
anodic etching for 10 minutes with a current density of 2.5 amperes
ver square inch. The cylinders were rough-honed with B-320 B-12
atones and finished-honed to esize and porcsity with B-600 B-10 stones
ueing the cross-hatch method cf honing. The cylinder barrels were
cleancd wlth a menually directed spray nozzle using trichloroethylene
snd compreossed alr under 100 pounds per squsre inch gage pressure,

Tests 3 and 4 were run with porous chrcme-plated cylinders that
incnrporate a choke as 1llustrated by figure 1. The plating methods
used fcr preparing these cylinders were ogsentislly the same as those
adhered to in June 1943, which are described in the rreceding para-
graph, except for better control of plating conditions. A spocial
anode was used that causod a chuke to be formed in the cylinder darrel
durirng plating. The anode used for pleting these cylinders (rig. 2)
had the dlameter increused on & taper in the location where, during
rlating, it will alfect u choke as desired in the cylinder. When the
clearance betwoen the anode and the cathode (cylinder barrel) is
decreassd, an increased rate ot plate deposition rosults to form the
choke centour. The cylinders wero cleaned in the same manner as in
tests 1 and 2 excent a mechanically diracted spray nozzle was used
to cover repestedly the cylindsr bere.

TLe cylinder used in test 2 was agaln used in test 5 and the
cylinlsr used In test 1 wus used in test 6. Nelther bore surface
was refinished nor sufficlently cleancd to remove any ernglne deposits.
Test 7 was run using the cylinder that had been previcusly used in
tosts 2 ard 5.

The cylindors used ir. these tests were examined and photographed
nt o mugnification of 108 diameters before and alfter testing by an
interisl-surface projector. The ortical system of this instrument,
18 shown 1n figure 3, 18 fixed and the cylinder under inspection is
poslitinned with regurd to the obJective lens. The cylinder la fitted
to en adapter mountod by pins on a table thut cen bo raised, loweroed,
end rotated bty small eloctric motors controlled by microswltches.

The instrument 1s 2o des.gnsd that sny area in & cylinder barrel can
Ve located in w few seconds. The verticel end circumferentlal posl-
tions of the cylinder adapter are 8o indexed by sBcales that a glven
surfuce area can be ingpected ard photographcd tofore and af'ter
testing. Focusing is accomplished by a hand-operated screw that
moves the surface under inspection with respect to the objective
projecting mirror.

Cylinder-bore diemotcrs were measurcd boforo and after each
teat with a three-point dlal-sype indiecator. A standard ring gage
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of nominal cylinder-bore diameter was used in setting the dial-type
indicator at zero. The chrome-plated surfaces were inspected with
respect to porosity, plateau finish, and general surface eppearance
before and after test by the internal-swrface projector.

The piston and rings used in tests 1, 2, 3, 4, and 7 constitute
the standard assembly for this series of tests end include flat-face,
cast-iron compression rings. In test 5 the top compression ring was
a standard cast-iron ring altered by the manufacturer to have a 1°
teper face and was installed to scrape down. The piston and other
five rings were stardard parts. In test 6 all the compression rings
were standard cast-iron rings altered by the manufacturer to have a
1” taper face and were installed to scrape dcwn. The bottom three
rings were standard parts. The stendard rings in all tests were
lapped without rotation in a durmy berrel using Clover 2-A lepping
compound until the compression rings showed full-face contact. None
of the 1° taper-face rings wers lapped.

The piston rings were inapected for light-tightness as spec-
ifled in SAE Aercnautical Material Specificatien 7310. Measurements
were wade of free gap, compressed gap, oil-ring-tearing face width,
and diametral tensicn before and after test. Compressed gop was
measured in a stendard ring gage of nominal dlemeter end ring-face
width was determined with a calibrated microscope. The rirgs were
woighed tefore und after test on an analytical balance. Diamectral
tension was measured by determining the force applied on a diameter
90° from the gap that wes necessary to clesc the ring te ite instal-
laticn compressed gap.

Unit wall pressuro was computed fer the oil-control rirngs using
the following formule obtained from reference 2:

Unit prossura = 0.76 X dismetral tension
rominal ring diemeter X contacting face width

The uni% pressure obtained is a mean bearing pressure for the ring

end is nnt to be conslidered the true bearing pressure at all pointe
on the circunference of the ring.

The fuel, AN-F-28, Amendment-2, was supplied to the inteke pipe
at a constant rats through a manifold injeclion nozzle ard fuel flow
vas mersurcd by a calitrated rotameter.

Lubriceting oil, Navy Symbol No. 1120, wea supplied to the
pisten and cylinder by means of crenkshaft throw-off and four auxil-
iary oil Jets; two jots were directed at the under side of the
piston ard two jJets were directed at the barrel surface, The four
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Jets had a total flow raote of apyroximetely 5 pounds per minute,

The oil consumption and flcw Vere measured by the device describod
in roference 3.

The power output was absorbed and measured by a cradled elec-
tric dynemometer. The blow-by rate was detorminod by a positive-
dleplacement gas meter. The crankcase prossure was manuslly main-
tained at 1/2 inch of water vacwur in order that leakage into the
crankcase remained constant,

Cylinder cooling air was cbtained from the laberatory central
blower system. Standard Tlight cooling-air deilectcrs were installed
on the cylinders. Combuation alr was suprlioed by a blcwer and air
Ilew was measured with a gharp-edgo thin-plate orifice installed
according to A.5.M.E. standards.

Fach of the seven tests waas operated for a total running time
of 10 hours undor the following conditions:

ENging Spead; DM 0o s er e e lerer e an ek Te Lo Sl ok e . . 2400
Brake mean effoctive pressu ro, pcunds per square inch . . . 192
Brake horsepower . . . S S T R R L S SSRGS
Srsrktiming,degrecsBTc. o et S S O Fiel e OMHOS 0 )
el -alr PEBLO v s atver i e TRt e Vel St 0.095

Rear-spark-plug-bushing tempornture, OF . . + « v o ¢+ ¢ « & &
Temnerature at center of barrel downstream, °F . . . . ... 325
Oll-in temverature, OF TR ks ol st B ; ;
0il flow from fnur oy lindor Jeta, pounds per n_‘nute . .

The cendltions and scheduls undor which the piston ringe wero
run-in for ell tests ere given in table 1. Table 2 presenta the
combinations of cylirder bero and rings tested togother.

RESULTS AND DISCUSSION

Soverul manufacturers of alr-cooled mircratft engines incorporate
choke contour such as shown in figure L in the cylinder beres. The
data included in this report show that incorporating a choke bere in
cylinders effects a very approciablc reduction in specific ~il con-
sumption for eng'nes equipped with porous chrome-plated cylirder
burrels. It is shown by figure 26 of referonco 4 that in operation
the choke-hore cylindor is approximately straight. This condition 1is
cuuned by exranslon variations resulting from tho very large axiel
temperature gradient and the thexrmal disturtion characteristics of the
hoad and barrel essembly. It ia thereforv obviocus that the struight-
bore cylinders will be of groeter diameter at the top of the burrel
than at the bottom during operation., The conditlon oncountered in
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straight -bore cylindcrs dvring opuration, esnscquently, causea
e¢xcesaivo piston clearance and ring buck clearanco, which results
in the poor functioning of tho component pmits of the asseumbly and
lcads to -wmdcsirable cngine performance characteristics.

The test rooults glven In tablo 2 show the extent of the roduc-
tion in oll conaumption obtuined fer the single cylindor by tho use
of choke-plated cylindor barrzis., Cumprrison of the moun values for
tosto 1 and 2 with thoso for toete 3 and 4 indlcates thut tho oll
cougieaption would be reduced more then one-thiid whon choke bhores
wore used instced of straight borcs in alr-cooled chromo-platod
cylinder barrcls. Filgurs 4 prosents a grophic log of oil conswumption
during the cempuradlo testa (tusts 1, 2, 3, and 4) of straight-bor
and choke-bore cylinder barrcls with standard rings end clearly
i11llustratce tho reduction ol ofl consumption obtalnod by use of choko.
The eit'oct of taper-face comprsssion 1inga on oll conswumption In
testa 5, €, nnd 7 is slown !n figure 5.

The ring wear was not oxzesnive (flg. 6) but inspection of tho
top comprsssicn rings from testo 1, 2, 3, 4, and 7 rovealed that
these flat-face comproosion ringas shoved henvy bearing con the upper

edze of the tacos az the rings from test 3 shown in t'igure 7. This
condition wo:1d indicate that the ringa were acraping oll upward

into the sombustion chamber, thus contributing to the high oll con-
gumption. It was thought that tapor-face compression rings Installed
to scrapo down might overcome this difficulty and also provide addl-
tional !l contiwl. Table 2 ghows the results of testa using taper-
fuce compresaton ringa.

The veanlta of teat 5 are also g'ven in table 2. A marked
decrease in oll conswapticn compared with that obtained in pimilay
teats with flat-face compreasion ringzs rosulted when taper-face
compression rings wero used. Tho oil consumption in teat 6 was
conpidorstly loss than half' that obssrved in tost 7. The averago
apecific oll consumption for tests 5, 6, and 7 woro 0,910, 0.006, and
),015 pound per bruke horsegower-hour, raespectively. The effect of
tapsr--feco cumnresali:m rings on o!l conaumption ip 1llustrated 1in
Ilgure 5, Test 7 should bo ased as the baso tost for compariscn of
apecliic-nil-consumntion valuos for tests of flat-face and taper-
f'ace compresal:n rings bocause testos £ and 6 were also run with
rreviously uaed chromo-plated straight-toro cylinders. It 1s indi-
cated Trom tho resulta ol toots §, 6, and 7 thuat, with flat-faco
compraesion rings, previouesly used cylinders requirv longor run-in
time to atabilize oll cormsumpticn than do unused vorous chruws-
rlated cylinders having a honod {'inish.

The reeuits of test 7 show that the roduction in oil conaswmption
cbtuined In tesis of tapsy-face compresslion rirngs was not dve to the
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accumlation of engine deposits in the pores of tho clarome plate.

It hes boen shown (rorererice 1) thut, when tho porvs erc effectiveoly
filled, a redustion in oll cunsumption will result. Examination of
the cylinder uged for tests 2, 5, and 7, however, revealed that the

engine deposita, which had accumulated during the total 52%- houra!

operating time, were not gurficient to 1111 tlie pores to any appre-
ciaoble extent.

Choke-bore cylinders generally showed & lower blow-by rate than
straight-hore cylinders using the seme type of ring assembly. It
was also noticeablo tlat the blow-by increased with the use of taper-
face compression rings. In the data preosented in table 2, there 1s
no correlation botween oll ccnsumption and blow-by. The blow-by data
indicate, however, tint there may bs a ccrrelation betwoen the
gecmetric relation of the barrel ccntour end the ring face at oper-
eting temporat:wres and the ability of the assembly to control blow-by.
Beceuse of the limitations of blow-by measuring cquipment (ascuracy,
10 psrcent), these indicutions are not to be considered conclusive.

Ring-woight-loss date for ull tests are inclnded In table 2 and
ara graphically compared in figure 6. The dift'erences in ring wear
betweer teste of straight-bore (tests 1 and 2) and choke-bore
(tests 3 and 4) porous chrome-plated cylinder berrels are thought to
be mainly the result of impeoved plating technigues, honing prectices,
und pore-cleaning methnrds used in yrocessing the choke-bore cylinder
barrels. Rotert Ineley in a paper pressnted before an SAE meeting
in Detroit in 1936 pointed cut that tho geomotry of the surfaces at
operating temperatwres might have an aphreciable effect on ring wear.
In ©ll toats, thers were light deposits of lacquer or varnish cr both
on the chrome plutcaus. Thess depoalts are indicative of a compatidble
surface conditien that is conducive tc low wear.

After all the tosts, the ringes were in good condition and com-
pared very fuvorably with rings that had been run in stundurd
chreme-molybdenum stecl cylinder barrels. In general, the surfaces
of the rings hud a lalped appearance. This surface condition cun be
soen in figures 7 to 10, It should also be noted that the top ring
in figure 10 shows huavy beurirg on the upper edge similar to the
condition shown in figure 7. This boaring urea was probadly caused
by mechanicel distortien of the rings. ter tho tests with unused
barrels, the pistous lLad running mariks on the cross hoads as evidence
of ubrasive pateriul remuining in the pores after cleaning. The
pistons that wore tested in previcusly used burrels did not cxhibit
this characteristic to such a merked externt. Examinution end com-
parison of figures 1l und 12 show the ccnditlon mentioned. The
pistons from tests 1, 3, and 4 wore in very nearly the same cundition
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as thet chown in figure 11 and the pistons from tssts 5 and 6
appeared very Lserly the same as that shovn in flgurs 12.

The woar of tha chrcme-plated cylinder bores wes so slight that
1t could not be meesursd with dlal-type gages that aro accurats to
0.0002 inch. Examination of the cy)inder bores st the ring stasps
(critical wear arca) using tho intsrnsl-surfacs projecztor rsvealed
little or nc change in pore characteristica. Thias fact would again
indicato that barrel wonr was very sllight; if wear had been eppre-
cleble, 1t would have been ehown by the decrensed width of pores in
the wsar aren at the tor of ring travel. Figure 13 ls a photomicro-
araoh allowing a wear condition as bad as uny notsd In tho barrsls
used !u thoso tests. Tlls figure shows little change in pore char-
actor!stice. Inspectlon of the cylinders showed them to be in
sxcellsnt conmdition with no evidence of suriuce dreukdcwn, acuifing,
or scoring. Flgwe 14 ccnsists of photcmicrographs of the same
roprogsentative arve in a cylinder Lefore snd after tsat 4 Fig-
ure 15 ie u photograrh of e repregentative cylindsr bore after test.

This serics of teets chows that choke im a desiradle foaturo In
chrome-plated cylinder barrels. Production difiicultles arlse from
the fact that enode clearunce 1s introduced ms a process variable.

Beenuse of thls varieble, anode tapsr must be dotormined for each
viete thickness deairod in order to control the diffsrence in the
rate of plating In the choke und in the rest of the barrol.

It wan noted thot some tuper-faca compression rings also shewed
slight bearing on the top edie ~f the faze aftor test. Although the
uge of tuper-facs rings componsutes for the effect of ring distortlon
on oll control, 't s thought that flat-r'nco compression rings are
moro desirable then tapor-face comprossion rings bocause of blow-by
contrel awud leoad-carvying canacity. , With keystcne-type »rlngs, load-
carryling capacity is an lmportant ccnsidcratlon beceuse of the thrust
loading of the plsten, some of which ls taken through the inclined
flanks ot the rings.

Taper-face comprussion rings heve boeen fourd to bo o very
vffoctivs means of lcowering specific oll consumptlon 'n cengines
oquipped with struight-bore ncrous chreme-pluted cylinder baxrruls
without eny accumpanying barmf'u) results. This usege oflers a prac-
ticul meane of irmedintely solving the problem of high specific oil
conmmytlon withont a complex chenge In cngine assembly. It ahould
be nuted, howevor, that tuper-fucc comproeslon rings have not been
tested tor prolonged perlods of time.ner vnder condltions of dusty
intake alr and hign power wnd thoroioru pertormance und«r those
conlitlons cunnot be prodicted.
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SUMMARY OF RESULTS

Analyuis of the data from thesc single-cylinder ongino tosts
oi’ ajr-cooled por-us ciromez~platod cylinders, which were run at an
ungine spoed of 2400 rom and with a broke mean offoctive prossure
ot 192 pounds per square inch, indicates that tho important results
cun bo summarizod as follows:

1. The moet simple, positive, and exped!tious means of lowering
irttinl oli cona'mption on radial a‘r-cooled engines equipped with
straight-bore porous chrome-platod cylinder barrels was to install
10 tapsr-~Ince comprossion rings so as to scrape down in the top
threo piston grooves. Tho oil consumption wea reduced moro than one-
half when this agssexbly was used. It should bo noted that this
assowbly has not beaon testcd for prolonged poriods of time.

2. Blow-by incrcascd slightly with the use of 1° taper-face
eomyression rings. At the corditions of those tests, this increased
blow-by was not sufficlent tn have any apparent dclcterious offcct.

3. The usc of choke in perous chromec-plated cylinder tarrels

for rudinl alr-cooled engiroa is denireble with regurd to redustion
of 0ll consumption. Production difficulty may be a rvason why this
foature canrot practically bo incorporated in porous chrome-plated
cylinder barrsls. 01l consumpticn cen bo roduced at lonst one-third
through the use of choke borus.

4. In all tests in which a flat-face ~ompressicn ring was usod
in theo top groove, that ring showed henvy boaring area on the upper
edgo of the ring, which indicated that these rings were scrmping oil
into the combustion chembor. It is probable that this condition was
causod by meclienical distortion of tho rings.

Alrcraft Engino Resoarch Iaboratory,
¥ntionnl Advisory Cormlttee for Aercrautics,
Cleveland, Ohlo.
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TABLE 1. - RUN-T. CONDTTIONS AUD SCHIDULE
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NATIONAL ADVISORY
COMMITTEE FPOR ATRONAUTICS

Figure 2. - Asaembly of snoda and aircraft-engine cylinder for chrome-
plating a choka in the bora. Choke ia obtained by decreasing the clear-
ance betwean tha anode and tha cylinder darral (cathoda). Taper on
anoda 1s daterminad by deairad plata thicknesa and contour epecified.
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Flgure 3. - Optical system of the Internal-surface pro-
Jector.
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2 5 b 5 6 7 8 9 10 12
Runing time, hr

m 4o - Speciric o2 sonsumption for tests 1, 2, 5, and 4 of stratght-
g.rl: -;d choke-bore porous chrome-plated eyunacr'bal'-rolu with utundgrd
rings. Engine speed, 2,00 rpm; brake mesn effective pressure, 192 pounde
per square inech, k
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Running time, hr
rigurs 5. - sSpeeific oil consumption for tests 5, 6, and T of previously
ussd straightebors porous chrome-platsd cylindsr barrels with taper-face

and standard comprsssion rings. Engine speed, 24,00 rpm; brake mesn
effsctive pressurs, 192 pounds per square inch,
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Figure 7. - Condition of surface of top five compression
rings, 180° from gaps, top ring showing heavy bearing area

at top of ring, after operation in choke-bore porous
chrome=- plated cylinder barrel after test 3. X5,
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|||||||||||-
- Condition of surface of top five rings,

Iy usad straight-
piated cyl inder barrel after test 5.
1© taper face; the othar rings are

fiat-face standard parts. X5.

Figure 8.
from gapa, after operation in previous

bore porous chrome-
The top ring has a
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Figure 9, - Condition of surface of the top five piston
rings, 180° from gaps, after operation in previously used
straight-bore porous chrome-plated cylinder barrel with 1°
taper-face compression rings after test 6. X5.




?io;rlag

-

TR 3
il A |
eurface of the top five pliston

efter operetion In previously used,
barrel with

Figure 10. - Condlition of
rings, 180° from geps,
etralght-bore porous chrome-pleted cylinder
etandard ring assembly efter teet 7. X5.
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Major thrust

e

NACA
C-3067
Figure Il. - Condition of major-thrust face of piston

operated in stralght-bore porous chrome-plated cylinder
barrel after test |.
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Figure 12. - Condition of major-thrust face of piston

operated in previously used porous chrome-plated stralght-
bore cylinder barrel after test 7.
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