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NATIONAL A9IX8GU COMMITTEE FOE AO/HAUTICS 

FXSTEICTED 

SIEGLE-CYI/JOTE OII.-COKTROL TESTS OF POBCUS CHROME-PLATED 

CYLINDER BARRELS FOP. HADIAL AIR-COOLED ENGINES 

By B'ibert L. Johnson and Max Cwlkert 

SUMMARY 

A Lieries of single-cylinder engine teats waa run to determine 
a sit"iafactory method of reducing oil consumption In radial air- 
co. led engines with flat-fuco comi>reBslcn rings as standard parts 
und equipped trith cylinder b'irrols salvaged by porous cliroae plating. 

Teats were conducted using -rorjua chrome -plated cylinders h-iving 
straight and choke beros with standard flat-face c.inpresnion rings. 
Tneee teats were comj/jred with additional testa emtl >ying prevlouoly 
ared ot.ralcht-t.ro -ror^us chromo-platod cylinder barrels with various 
piston-ring asb^üibl'os, Including aaBtuiibiiea with tapor-faco CJ«I- 
presolon rings. 

The oil consumption w.'S reduced by mcro than one-half !n the 
tests using the pistcn isnomV,!/ with tl.ro«) 1° tapor-face compression 
rings. Slight ir:cro;.BOB 1B blow-by accompanied tho use of tater-faco 
compression r:ng;j but ni> delator 1 CUB effects wore observed. 

The tests reported herein indicate that, when a choko wua Incor- 
porated In a cylinder, tho oil c noum'.'tlon w a reduced one-third or 
more without any apparent undosirablo effect on engiru. performance. 
The Initial oil consumption was appreciably higher In thu teata 
omploylng previously uaed cylinders tUun In tho tests Mlflg cylinders 
with a honed finish when tested with tho Bamo ring ajseably. 

A heavy bearing UN was noted on tho top edge of the top com- 
pressien ring after all the testa in which a piston-ring assembly 
hiving a top flat-f'ioo coEiprisslon rli'.g Ml used, wnich ladlOatM that 
the rln,';s wore scraping oil into tho combustion chamber. 

— 
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INTRODUCTION 

Previous'testing by the NACA Indicated that the use of chrome- 
plated cylinder barrels In radial air-cooled engines having flat- 
face compression rings as standard parts results in high specific 
oil consumption. Tests reported In reference 1 show that the spe- 
cific oil consumption can be reduced by using special surface 
coatings In porous chrome-plated cylinder barrels. 

Tin; data presented herein were obtained from seven tests con- 
ducted early In 1944 at the NACA Cleveland laboratory. The purpose 
of these tests wus to determine a means of reducing specific oil 
consumption and thereby to arrive at • satisfactory method of 
adapting porous cliromo-platod cylinder barrels to radial air-ooolod 
engines. The adaptation would provide a simple means of salvaging 
cylinder barrels worn oversize in service and thus greatly reduce 
the spare-parts requirements. It wus considered essential that tho 
method be such that the difficulty of high oil consumption would be 
obviatud without incurring a complex assembly change or causing 
undesirable engine oporutlng characteristics. 

2a tests 1 to 4, choke-bore and straight-b-jro porous chromo- 
platcd cylinders with standard piston-ring assemblies wore tested In 
unused cylinders to detoroino the effoct of choke contour on specific 
oil ccnaumition. Standard and taper-faco compression rings wore 
tcetod la previously used straight-boro cylinders in tests 5, 6, and 7. 

AITARATU3 AND TKST PROCEDURE 

Four front-row cylinders from • radi':'l air-coolod engine were 
tested on an NACA universal tost engine crankcaso. The bore of thoso 

cylinders is M inches and thu stroke usod was 5» Inches. The com- 
2 2 

pression ratio for these tests was 6.7. 

Straight-bore chrome -plated cylinders were used in tests 1 and 2. 
These cyllndors V.VJ  platvd in Juno l'J43 according to tks best mothads 
availablo for porous ohromo plating. Used cylinders wero prop.'uvd 
for plating by grinding or honing tho b:irrols 0.015 to 0.025 Inch 
oversizo producing a straight bore with a surfuco roughness of approxi- 
mately 10 rms. SuriViccs not to be platod wozv protected from tho 
plating bath with w-Jt rjid lacquer "Jid th.; cylinders W'jro assembled 
with the necoes'iry ".node -ind pi;.ting fixtures. The cyllndors wcro 
clo'ined by dogroising find oluctrolytic protreating ('medic etching) in 
a chromlo-acid solution for IE minutes at a current density of 
2 amperes for square inch of surface. Pitting was accomplished in a 
bath h'.vinf; 2S0 groma of chromic acid por liter of solution with a 
VDltfnt ratio of chromic acid to sulfnto radical of 100:1. A current 
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density of 3 amperes per square inch was used for plating and the 
solution was maintained at a temperature of 140° F. The cylinder 
was plated to slightly lens than nominal diameter and post-treated 'by 
anodic etching for 10 minutes with a current density of 2.r> amperes 
i>er square inch. The cylinders were r;>ugh-honed with B-320 B-12 
stones and finished-honed to size and porosity with B-600 B-10 stones 
•'sieg UM cr^ss hatch method cf hor.ing. The cylinder barrels werft 
cleaned with a manually directed spray nozzle using trlchloroethylene 
;nd compressed air under 100 pounds per square inch gage pressure. 

Tests 3 and 4 were run with porous chrome-plated cylinders that 
incorporate a choke as illustrated by figure 1. The plating methods 
used for preparing these cylinders wore essentially the same as those 
adhered to in June 1943, which are described in the preceding para- 
graph, except for better control of plating conditions. A special 
anode was used that caused a choke to be formed in the cylinder barrel 
during plating. The anode used for plating those cylinders (fig. 2) 
hud tlM diameter increased on a taper in the location whore, during 
plating, it will affect a choke as desired in the cylinder. When the 
clearance between the anode and the cathode (cylinder barrel) is 
decreased, an incrcsased rate of plate deposition results to form the 
choke contour. The cylinders wore cleaned in thr same manner as in 
teats 1 and 2 except a mechanically directed spray nozzle- was used 
to cover repeatedly the cylinder bore. 

The cylinder used in test 2 was ar?aln used in test 5 and the 
cylinder used in test 1 was used in test 6. Neither bore surface 
was rofiniahed nor sufficiently cleaned to remove any engine deposits. 
Test 7 wan run lsing the cylinder that had boon previously used in 
teats " and 5. 

Tho cylinders used in these tests were examined and photographed 
at a magnification of 108 diameters before and after testing by an 
intKruui-suriace projector. The optical system of this instrument, 
as shown in figure- 3, is fixed and the cylinder under inspection is 
positioned with regard to tho objective lens. The cylinder is fitted 
to en adaptor mounted by pins 'in a table that can bo raised, lowared, 
find ootat'd by small electric motors controlled by mlcroewi.tehcs. 
Tho Instrument is ta  dcs.gned that tjiy area In u cylinder barrel can 
be located in a few seconds. The vsr+ical and circumferential posi- 
tions of the cylinder adapter are so indexed by Boalis that a pivrn 
surfac area can be inspected nnfl photo.^raphed br.i\-re and oft^r 
testing. Focusing is accomplished by a handoperated screw that 
rnov. a the s.irface undtr inspection with respect to the objective 
projecting mirror. 

Cylinder-bore diameters wore measured before and after each 
test with a three-point dial-typo indicator. A standard ring gage 

. 
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9t  nominal cylinder-tore 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 appearance 
hefore and after test by the internal-sm-face projector. 

The piston and rings used in tests 1, 2, 3, 4, and 7 constitute 
the standard assembly for this series of tests and 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° 
taper face and was installed to scrape down. The piston and other 
five rings were standard 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 down. The bottom three 
rings were standard parts. The standard rings in all tests were 
lapped without rotation in a dummy barrel using Clover 2-A lapping 
compound until the compression rings showed full-face contact. None 
of the 1° taper-face rings were lapped. 

The piston rings were Inspected for light-tightness as spec- 
ified in SAE Aeronautical Material Specification 7310. Measurements 
were made of free gap, compressed gap, oil-ring-bearing face width, 
and diametral tension before and after test. Compressed gap was 
measured in a standard ring gage of nominal diameter and ring-face 
width was determined with a calibrated microscope. The rings were 
weighed before and after test on an analytical balance. Diametral 
tension was measured by determining the force applied on a diameter 
90 from the gap that was necessary to close the ring to its instal- 
lation compressed gap. 

Unit wall pressure was computed for the oil-control rings using 
the following formula obtained from reference 2: 

*Jhlt pressure 0.7P x diametral tension 
nominal ring diameter X contacting face width 

The unit pressure obtained is a mean bearing pressure for the ring 
and Is Wfe to be considered the true bearing pressure at all points 
on the circumference of the ring. 

The fuel, AN-F-28, Amendment-2, was supplied to the irtalco pipe 
at a oonstant rate through a manifold Injection nozzle and fuel flow 
was man»»urod by a calibrated rotameter. 

Lubricating oil, Navy Symbol No. 1120, was supplied to the 
piston und cylinder by means of crankshaft throw-off and four auxil- 
iary oil Jets; two Jets were directs at the under side of the 
piston and two Jots were directed at the barrel surface. The four 
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Jetg had a total flov rate of approximately 5 pounds per minute. 
The oil cjns.oaptlon and flvw were measured by the device describe! 
in reference 3. 

The power output was absorbed and measured by a cradled elec- 
tric dynamometer. The blow-by rate was determined by a positivo- 
dlsplacement gas meter. The crankcose pressure wan manually main- 
tained at l/2 inch of water vacii'im in order that Leakage into the 
cronkcase remained constant. 

Cylinder cooling air was obtained from the laboratory central 
blower system. Standard flight cooling-air deflectors were installed 
on the cylinders. Combustion air was suppliod by a blcwor and air 
flew was measured with a sharp-edge thin-plate orifice installed 
according to A.3.K.E. standards. 

Each of the seven tests was operated for a total running time 
of 10 hours -.aider the following conditions: 

Engine speed, rpra, 2400 
Brake MN effective pressure, pounds per square inch .... 192 
Brake horsepower 76 
Spark timing, degrees B.T.C 25 
Fuel-air ratio   0.095 
Ruar-spark-plug-bi'.sh^ng temperature, °F 420 
Temperature at center of barrel downstream, °F   325 
011-in temperature, °F   180 
Oil flow from four cylinder Jets, pounds per minute   5 

The conditions and sshedul» under which the piston rings were 
run-in for ell tests are glvon in table 1. Table 2 presents the 
combinatIons of cylinder bore and rlngB tested together. 

RESULTS Aim DISCUSSION 

Soverul mnnufaeturers of air-cocind aircraft engines incorporate 
choke contour Buch as shown in figuro 1 In the cylinder be res. The 
data included in this report show that Incorporating u choke bcre In 
cylinders effects a very appreciable reduction in specific "11 con- 
sumption for engines equipped with porous chrome-plated cylinder 
barrels. It la shown by figuro 26 of reference 4 that in operation 
the choke-bore- cylinder is approximately straight. This condition is 
cuused by expansion variations resulting from the very largo axial 
temperature gradient and the thermal distortion characteristics of the 
head and biml assembly. It is therefore obvious thut. the straight- 
bcro cylinders will be of greater diameter at the top of the burrel 
than at tho bottom during operation. The condition encountered In 

 I 
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atralght-bore cylindora iMrlag operation, consea.U'-ntly, cansea 
BSMMl'fa piston cleiironet  und rina buck cleariinco, whish rosulta 
In tin poor functl fining of the coi-.Lyonijnt partB oi' the aasoubly and 
loads to -itideslrable .^nglnc Performance ch-.u.'actürlatica. 

The tout roaulte p1.vt.Ti in table 2 aliow the extent or the reduc- 
tion In oil conaumi.tl.un obtained for the slngl-- cylinder by the nsc 
of ch-ko -plated cyllndor barreLa.    Coir.par'..son of the moui voluoa lor 
tosta 1 and 2 with those for toots 3 und 4  indicates that the oil 
OQM apt Ion would be MtuMt moiv, than cno-thii'l whon choke- borea 
Vur-  ur>ed inötoad of atralRht bt-rcs In air- coded ehromc-ptatod 
cylinder luri'ela.   PlCON 4 iir-jacnts a t»rnphio log of   >il consumption 
during tho comparable toBta (testa 1, 2, 3, and 4) of stra'ght-bor-. 
and chohü-bort cyllndor burr'.la with atandiird r1n«s and cloarly 
illuBtrntos tho reduction of oil consumption obtained by use of choko. 
Tho effect of taper-face compression I'lnga on oil consumption 1n 
tests 5, 6, and 7 la shown In fig-ore 5. 

The ring wear was not expensive (fltf. 6) but inapection of the 
top ciiiiprnaa'.cn rinf;a from t^at-a 1, 2, 3, 4, and 7 revealed that 
theae flat-faco comproaolon ririRB slviwed heavy bearing OB the upper 
ed^e of the faces as the rln^s from tost 3 ahown In 11 RUM 7.    This 
condition wo-üd Indicate that the rlnßs vere scraping oil upward 
int-/ the lorab.iBtlon chamber, thus contributing to the hlßh oll con- 
sumption.    It waa tho tfflit that tapor-faco compression. rliißB installed 
to acrapo d;)wn might ovai-come thVo difficulty and al30 -provide addi- 
tional oil control.    Table V. ahowa tho reaulta of teats us^ng taper- 
face compression ringn. 

The results of test 5 ore alao jyven in table 2.    A marked 
decx'eaae in oil consua.ptloo compared with that obtained In similar 
teatB with flat-f«ice compression r'ivjB reacted when taper-face 
coapx'oselon rinj'R were uaod.    The oil consumption in tent G was 
eonal lor ably less than half that observed In toat 7.    The overage 
specific oil consumption for toats 5, 6, and 7 wore 0.01'), 0.006, and 
0.019 pound per brtiVe horsepower-hour; roapectivoly.    Tho effect of 
taper-face ouapreoalon rlnga on Oil oona'onptlm la Illustrated In 
flgun 5.    Teat 7 should bo aaod as the base teat for comporiaon of 
apoclfic--ill-canaumpt.Von valuoe for teatB oi' flat-face and taper- 
face compressl -n rln»'3 bocauno teats Z and 6 woro ulao rm with 
prevlonaly -laed nhTTM» ylatafl straight-bor o cylinders.    It is indi- 
cated from tho roBUlta of tosta 5, 6, and 7 that, with flat-faco 
compression rings, previously used cylinders require- long» rur.-in 
time to stabilize oil conBimptl'-.n thar. do un-.'-aud porous chrom." - 
plated cylinders having a honod finish. 

TU rMultl of test 7 stow that the reduction In oil conainnption 
obtained in tos'os of tapar-facu compression rings waa not due- to the 
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accumulation of engine deposits in the pores of tho chrome pinto. 
It has bjen shown (r-ji'orence l) thiit, whin the poroa aro effectively 
filled, a reduction in oil cinmamtlon will reBult. Examination of 
the cylinder used for tents 2, 5, and 7, however, revealed that the 

engine depoB'.ta, which had accumulated during the total 52% hours' 

operating tiiue, were not sufficient to fill the pures to any appre- 
ciable extent. 

Choke-bore cy3 Inders generally sliowed a lower blow-by rate than 
straight-borr: cjrli-iders using the same type of ring assembly. It 
was also notlceublo that tha blow-by increased with tho use of taper- 
face compression rlngB. In the data presented in table 2, there ia 
no correlation between oil cons-auction and blow-by. The blow-by data 
indicate, however, that there may ha a correlation between the 
geometric relation of the barrel contour and the ring face at oper- 
ating tem;-erat ires and th& ability of the assembly to control blow-by. 
Because of the llm'tatlons of bi/.w-by measuring equipment (accuracy, 
*10 p9rcent), these indications are not to be coneldered conclualve. 

•Ring-wolght-loBS data for all teats are Incl'id^d In table 2 and 
arc graphically compared In figure 6. The differences in rins wear 
between teste of straight-bore (tests 1 and ?.)  and choke-bore 
(tests 3 and 4) porous chrome-plated cylinder barrels are thought to 
bo mainly tho result of improved plating techniques, honing prectlces, 
and pore-cleaning methods uacd In procoasinc the choke-bore cylinder 
barrels. Robert Insley In a paper presented before an 5AE meeting 
in Detroit In 1S36 pointed < ut that the geometry of the surfaces at 
operating tenperatnres might have an apvredable effect on ring wear. 
In all tests, there were light depos'.ts of lacquer or varnish tr both 
OB the chrome plateaus. These deposits arc indicative of a compatible 
surface condition that is conducive to lew wear. 

After all the tests, the rlzv\s wore In good condition and com- 
pared very favorably with rings that had been run In standard 
clircme-molybdenum steel cylinder barrela. In general, the surfaces 
of the ringa had a la^pad appearance. This S'lrface condition can be 
scon In figures 7 to 10. It should also bo noted that the toi> ring 
in figure 10 Bhows hunvy bearing on the upper edge similar to the 
condition shown in flgUTC V. Tills bearing area was probably caused 
by mechanical distortion of the rings. After the tests with unueed 
barrels, the pistons had ruining marks on the cross heads as evidence 
of abrasive material remaining in the pores after clean in,/, • The 
plstonB that wore tested In previously used barrels did not exhibit 
this characteristic to such a marked extent. Examination iuid com- 
parison of i'igires 11 und 12 show the condition mentioned. The 
pistons from teBts 1, 3, and 4 were in very nearly tho same condition 
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as that rhovn In figure 11 and the pistonn from tests 5 and fi 
appeared v<u-y nearly tho sano as thct shovm In figure 12. 

The voar of ths chrome-plated cylinder boros was so slight that 
It could not ba &ea3ur9d with dial-type gages that aro accurate to 
0.0002 Inch. Exumlnatlcn of the cylinder borbs ut the ring steps 
(critical war area) using tho internal-surface projector revialci 
Uttle or no change Jn pore choracteriatics. Tills fact would -:-r.r. 
indicate that barrel, vour was very s! ightj if wear had been appre- 
ciable, It would have boen shown by tho decreased width of pores in 
tho veal- Bra* at the tor <->f **•! travel. Fi/rere 13 Is a photomicro- 
graph allowing a weai' condition an bad ns any noted in the barrels 
used la thoso tests. This figure shown little, charge in pore char- 
acteristics. Inspection of the cylinders shoved them to be in 
excellent condition with no evidence of surface breukd-.vn, iciu'finc, 
or scor'ng. Figiu-e 14 ccnslats of photomiairgraphs of the same 
representative area -n a cylinder before and after test 4  Fig- 
ure 15 is • phi-tüfrafh of a representative- cylinder bore after test. 

This sories of testa shows that choke is a desirable feature in 
chrome-plated cylinJer barrels. Prud ction ilfflcult Los arise from 
the fact that anode cloarancn 's introduced as a proosM var'able. 
Because of this vtr-ablo, anodo taper must be dotoraiiied for each 
plate thickness dooirod In order to control the difference In the 
rate cf plating in the ohoke und in the rest of the burrel. 

It van a'ted that /owe tapor-fac? cuapression rings also showed 
slight beurlng on the top ad :e i" the face citor tost. Although tho 
use of taper-face rluga ooaponaatel for the effect oi" ring distortion 
on oil control, It is thought that flat-:'nce compress'on rings are 
raor.'i d;-nlrablu then taper-face compression rln<;n because of blow-by 
control und LOkA-oarrylac cunacity. With keystcne-type rings, load- 
carrying capacity is on important consideration because of thu thrust 
loading of the platan, BOBIO of which is takes through tho inclined 
flanks of the rinps. 

Tuper-faoe compression ringn km been foqal to bo • very 
effactive means of Lowrlag specific oil oonmptloa 'n engines 
oquippod with stralj-ht-bore p;;rous ehreao-p Letlad cylinder barrels 
Without any -ice impanyIn^ harmful results. 'flil3 usage offer« a prac- 
tical meant' of Jmmudl'vte-ljr solving the problem of high specif ic oil 
con8'<mrt'"ii without a aoMplax change in engine assembly. It should 
be Doted, howe-v if, that tup-r-fuc; compress ion rines have not bejn 
tested tor pr-'lonjtdd periods of time ner odor conditions of dusty 
intake air und h'gu powf and bhsvofON performance nndav those 
conditions cannot be urodlctvd. 
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SUMMARY OF RESULTS 

Anal.vui3 of thu data fron thcsn single-cyl nder engine teste 
of air-cooled P'^rv-is chrome «nlatod cyJL'nders, which w-sre run at an 
engine speed of 24'Jü rpm and with a broke moan effective press wo 
of 192 rounds per square Inch, 'nd'.catds that the important results 

••i. bo summarized na follows: 

1. Thü nuet simple, positive, and erped'tiiua means of lowering 
Initial oll consraipt'on on radial air-cooled engines equipped with 
straight-horo porous chrome-plated cylindor barrels wus to Install 
ic tapor-fneo compression rings so as to scrap» down in the top 
threo piaton grooves. Tho oil consumption was reduced more than one- 
half when this assembly wun used. It should he noted that this 
assembly hao not been tested for prolonged porioda of time. 

2. Blow-by increased slightly with the us*? of 1° taper-face 
com resF.lon rings. At the conditions of those tustn, thin increased 
hlow-hy was net sufficient to have any apparent deleterious effect. 

3. The usu of choke in porous chrome-plated cylinder barrels 
for rudifil nir-coolod engines is d^nJrablc with regard to reduction 
of oil consumption. Production difficulty may be a roasen why this 
foature cannot practically bo incorporated in porous chrome-plated 
cylinder barrels. Oil consumption can he reduced at least one-third 
through tho use of choke horns. 

4. In all tests in which a flat-face -lomprossicn ring was used 
in the top groove, that ring showed hervvy bearing area on the upper 
edge of the rlagj which indicated that theBe rings wore scraping oil 
into tho comh-ist'lon chamber. It is probable that this condition was 
caused hy mechanical distortion of the rings. 

Alrcrnft Engine Hi search Laboratory, 
National Advisory Commltteo for Aeronautics, 

Cltivel«oid, Ohio. 
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TABLE 1. - KOft-BI COMDITIOtlo A!I3 SCHEDULE 

[oil, Navy Syribol No. 1120» fuel, A:J-b'-2rs, A,T.en'inie:it-2j 
•park timin,.:, 2$° B.T.C.» fuel-air ratio, 0.0951 
'."iixiriuri t?r.peraturesj    rear sp&rk-plug buahing, 
1|20° F| center of bfinrel, do an stream, 3i;5' r'| oil-In 
temperature, V^P F| oil flow fror, fe^ir cylinder 
jets, 5 lb/sdnj 
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Figure 2. - Assembly of «nod« and aircraft-engine cylinder for chrome- 
plating a choke in the bore. Choice la obtained by decreasing the clear- 
ance between the anode and the cylinder barrel (cathode). Taper on 
anode la determined by desired plate thickness and contour specified. 
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Figur* 3.   - Optical  system of the internal-surface pro- 
jector. 
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igure k- • Specific oil consumption for teata 1, 2, 3,  and 1» of straight- 
bore and choke-bore porous  ohrone-plated cjlInder barrel« •*«*•  •»••*—-* ping«.    Engine ar—*        "* — 
par square lnab. 

„._.  ,.      ^...^ W*J  consumption For taata 1, 2, 3.  and U of straight- 
bore and choke-bore porous ohroae-plated cjllnder barrel* with atandard 
rings.    Engine  speed,  21*00 rp*; brake aean effective pressure,   192 pounds par sauere lneh. 
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Running tlavj, hr 
Specific oil  consumption for  tests  •},  6, and 7 of previously 

.....  . _. • _,*._ k.„»i« „i th taoer - f a c gure 5.  • Specific oil  consumption ror  tests  •),  o, «••«   •  ».   f— , 
used  straight-bore  porous chrome-plated cylinder barrels «1th taper-face 
and standard compression ringt.    Engine  a peed.   21*00 rpsr,   brake «an 
effective pressure,  192 pounds par square  Inch. 
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Figur« 8.   -  Condition  of  surface of  top  five   rings,   I80c 

fron   g«P»,   after   operation   in   prtviously   utad   straight- 
bore   porous chrome-plated   cylinder   barrel   after   test   5. 
The top   ring   has  a   1°   taper   face;   the  other  rings  are 
flat-face  standard  parts.     X9. 
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Fig.   10 

I jTiTTnipir I 
face  of  th« top   flv« piston 

I 
Figur«   10.   -   Condition  of  turftct  of   the  top   TIVI  pmsn 

ring«,    180°   fro«   gap«,   after  operation   In   previously   used 
•tralght-bore   porous   chrome-plated   cylinder   barrel   with 
standard   ring   assembly   after test   7.     X9. 
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