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NACA ARR No. ES5L18a
NATIONAL, ADVISORY COMMITTEE FOR .AERONAUTICS

ADVANCE RESTRICTED REPORT

SINGLE-CYLINDER ENGINE TESTS OF POROUS CHROME-PLATED
CYLINDER BARRELS WITH SPECIAL BORE COATINGS
FOR RADIAL _ATR-COQLED ENGINES

By Robert L. Johngon and Roy I. Anderson

SUMMARY -

A series of single-cylinder engine tegts was run to determine
the effect on oil consumption and ring wear of special surface
coatings in porous chrome-plated cylinder barrels for radial air-
cooled engines. The coating materials were selected on the basis
of bearing and lubrication properties and on the applicability of
the materlals to processing. This work was necessitated by the
complications incurred in using standaerd flat-face compression rings
in straight-hore porous chrome-plated cylinder barrels.

Straight-bore porous chrome-plated cylinder barrels ccated with
lead and silver overplates and similar barrels painted with colloidal
graphite basge paint were tegted. Control tests were run with cylin-
ders having no coating. A choke-bore porous chrome-plated cylinder
barrel with a gilver overplate was tegted. Control tests with run
with similar cylinders having no overplate.

Silver proved to be the most effective surface coating; it
reduced the mean specific oil consumption and resulted in decreased
ring wear. A coating of colloldal graphite bage paint had about the
game effect on the mean gpecific oll consumption and ring wear as the
silver overplate; however, this cosbing d4id not remain in the pores
on the thrust faces of the cylindsr bore. Owing to & granvlar struc-
ture the lead plating was not of satigfactory quality and did not
decrease oil consumption, although it did reduce ring wear. The lead
apparently adversely affected the running-in properties of the assem-
bly, as indicated by the exceptionally high initial o0il consumption.

The effectiveness of silver as a means of providing a filled
porosity was influenced by the catalytic action of the ailver on the
oxidation of lubricating oil, which resulted in very heavy deposits
of lacquer, varnish, or both on the plated surface. These engine
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dcpogits sorve to £ill the pores very well and satigfactorily adhered
to the surface during engine operation. The silver, however, did not
completely adhere to plateau surfaces at scattered locations in the
cylinder tested.,

INTRODUCTION

Previous testing by the NACA of porous chrome-plated cylinder
barrels in radial air-cooled engines hasg shown that problems of ring
vear and high specific oil congumption must be overcome before
porous chrome-plated cylinders can be adapted for service use on
engines having flat-face compression rings. The successful adaptation
of porous chrome plating would be of value bascause it would facilitate
the salvage of worn cylinders and would grezatly reduce the spare-parts
requirements by eliminating the need for oversize piston and ring
assemblies. '

Asg part of a program being condvcied to determine means ofl
improving the performance of radial air-cocled engines with porous
chrome-plated cylinder barrels, a series of single-cylinder engine
tegts was run at the NACA Cleveland laboratory on front-row cylin-
ders that were porous ckrome plated and had additional special bore
coatings. The object of these tests was to determine the effoct of
filling the porosity on specific oil consumption and to determine
the most effective mezns of filling the pores. It was thought that
by filling the pores less volume would be available as lubricating-
oil reservoirs and consequently the oil control by the piston rings
would be more positive, thereby resulting in decreased oil consumption.

The materialsg for the bors coatings were selected on the basgis
of bearing gualities or lubricating characteristics and on their
applicability for processing. TIn accordance with these criteria,
tests were run on straight-bore pornus chrome-plated cylinders with
overplates of lead and of silver as well as on a cylinder having a
coating of baked colloidel graphite base paint. The effect of
filling the pores was checked on a silver-overplated, porous chrome-~
plated cylinder with & choke-plated contour.

APPARATUS

The fronb-row cylindors used have a bore of 5& inches and were

tested on a singleo-cylinder NACA universal test enginé with a
5%—inch stroke. The compression ratio for the assembly was 6.7.
The tests were run with a standard ring assembly, which includes

flat-face cast-iron compression rings, dusl oil-control rings, and
an oil-gcraper ring.

e et S i o e s


http://www.abbottaerospace.com/technical-library

NACA ARR No. E5L17% 3

Lubricating oll was supplied to the piston and the cylinder
by means of crankshaft throw-off and four auxiliary oil Jjets; two
Jjets were directed at the under side of the piston and. two Jets
were directed at the barrel surface. The four jets had a total
flow rate of approximately 5 pounds per minute. O0il consumption was
measured with a standard NACA oil-weighing device as describsd in
reference 1.

Fuel flow was measured with a calibrated rotameter and the
quantity of combustion air was determined by means of a thin-plate
orifice assembled in accordance with A.S.M.E, standards. The fuel
was supplied to the manifold by constant injection with an altered
manifold injection nozzle. Engine power was absorbed and measured
with a cradled electric dynamometer.

The blow-by rate was determined by means of a positive-
displacement gas meter. The crankcase pressure was manually malin-
tained at 1/2 inch of water vacuum in order to keep the leakage into
the crankcase constant.

The inbternal-surface projector shown in figure 1 and described
in reference 2 was used to inspect and photograph all cylinder sur-
faces before and after test.

TEST PROCEDURE

The piston rings used in these eight tests were inspected for
light~tightness as specified in Aeronsubtical Material Specifica-
tion 7310, issued November 1, 1941. Measurements were made of free
gap, compressed gap, oil-ring bearing-face width, and diametral
tenslon before and after testing. Compressed gap was measured in a
standard ring gege of nominal diameter and ring-face width was
determined with & calibrated microscops. Diametral tension was
measured by determining the force applied on a diameter 90° from the
gap necessary to close the ring to its ingtallation compressed gap.
The rings were weighed before and after test with an analytical
balance. Unit wall pressure was computed for the oil-control rings
by the same method used in reference 2.

All cylinders were run-in before teéting; a summary of the run-
in gchedule is given in table 1. The following conditions were held
congtant for the eight single-cylinder tests conducted:

Engine speed, rpm « .+ + . . e+ 4 e 4 e s 4 e s e s e« o . 2400
Brake mean effective pressuro, pounds per sguare inch . . . . . 192
Spark timing, degrees B.TC. o ¢ « ¢ s ¢ 4 ¢« « o o o o = o« + « 25
Fuel-adr ratio . ¢ v ¢ v ¢ v ¢ v 4 ¢ o ¢« s e e s e s s s . . 0,095
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Maximum temperatures, OF:

Rear spark-piug bushing . . . © + + v ¢ v v « ¢« « o o « o « - 420
Center of barrel, downstream . . . « v & « v « o » o « o « o 325
Oil-in temperature, °F . . . . . . . . . . . . . ... ... .18

The oil used was Navy symbol No. 1120; the fuel unsed was AN-F-28,
Amendment-2.

The cylinders used in tests 1, 2, 3, and 5 were plated in
June 1943 and the cylinders used in tests 4, 6, 7, and 8 were plated
in December 1943, The specifications used in vorous chrome plating
these cylinders are essentially the same as thoge given in refer-
Pad

ence 2 except that for the cylinders of tests 4, 6, 7, and 8, closer
limits were held on plating conditions.

After the cylinders were chrome-plated, they were rough-honed
with B-320 B-12 stones and finish-honed with B-600 B-10 stones.
These honing stones have refined aluminum oxide as the abrasive and
have a bakelite (resincus) bord. All cylirders were cleaned with a
trichloroethylene spray using compressed air at a pressure of
100 pounds per sguare incit. The nozzle wes manually directed in
cleaning the cylirders used in testg 1, 2, 3, and 5 and mechanically
directed in cleaning the cylinders used Tor tests 4, 6, 7, and 8.
Three complete passes of the cylinder were made in each case. The
surface condition of each barrel was examined before and after test
with the internal-surface rrojector.

The cylirder barrels used in tegts 1 and 2 had straight bores.
These tests were run for ccmparison with tests 3, 4, and 5 and were
also reported as control tests in vefsrence 2.

Test 3 was run with a straight-btore cylinder barrel having a
lead cvernlate. The cylinder-bore gurface was prepared for lead
plating by successive treatments of scrubbing with pumice, dipping
in dilute sulfuric acid, and rinsing in cold water. The plating
bath was a lead sulphawate solubion at room temperature having a
hydrogen-icn concentration of 1.5. The cylinder was plated for
2 minvtes with a current density of 40 amperes per sguare foot to
obtain the calculated plate thickness of 0.0002 inch. The anode
consisted of a lead strip inside the cylinder. WNo special racking
was necessery. -

The cylinder used in test 4 was a straight-bore cylinder barrel
coated with a colloidal graphite base paint. The paint consisted of
a colloidal gravhite base in a vegetable binder with a trace of
phosphoric acid. After the cylinder was painbted, it was baked in
an oven for 30 minutes. at an actual cylinder temperature of 5000 PF.
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The cylinder used in test 5 was a straight-bore cylinder barrel
with a silver coverplate. The cleaning of the porous chrome surface
before silver plating consisted of a vapor degrease, a rinse, a
second. vapor degrease, and another rinse in cold running water. This
procedure was followed by a dip in hot caustic soda at 1600 to 180° F
and another rinmse in cold running water. The plating procedure
included a silver strike followed by plating in a silver cyanide
golution. The current density was 3 amperss per square foot; the
time required to plate a calculated thickness of 0.0003. inch was

30 minutes. The anode was a l%-inch diameter cast-gilver rod.

Tests 6 and 7 were run with choke-bore cylinders for comparison
with test 8. These tests are completely described and discussed in
roference 2. The choke was plated into the cylinders, which were
ground, honed, or both to a gtraight bore in preparation for plating.

Test 8 was run with a choke-bore cylinder having a silver over-
plate. The silver plating was done using the same procedure as for
the cylinder used in tegt 5, This test was run to check the effect
of filling the pores in different types of cylinder.

RESULTS AND DISCUSSION

A summsry of tine more important data obtained from these tests
is given in table 2.

A complete discussion of the data from the tests of straight-
bore and choke-bore cylinders without spscial bore coatings (tests 1,
2, 6, and 7) is given in vreference 2. In the present report, these
tests are presented as control tests for comparison with the tests
of coated barrels. The control-test data serve to indicate, to some
extent, the range of reproducibility that might be expected in this
series of Lests.

Srecific 0il Consumption

The results of the tests (figs. 2 and 3) show that when the
porosity was efifectively filled, the mean specific oil consumption
was reduced approximately 15 percent. The lead overplate did not
effectively Till the porosity and 4id not rewain on the surface
during engine operation; consequently, as figure 2 shows, there was
no decrease in the mean svecific oil consumption resuliting from this
coating. The colloidal graphite base paint remained in the pcres
sufficiently long to have a desirable effect; the specific oil con-
sumption remained constant at the reduced value during the lO-hour
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test periocd. The silver overplate on hoth straight-bore and choke-
bore cylinders had an appreciable effect on the specific oil consump-
tion (figs. 2 and 3). The mean values of specific oil consumption
for the test of the colloidal graphite base paint coating and the
test of a silver overplate on straight-bore cylinders were the same,
The effect of the silver overplate on specific oil consumption is
believed to be more desirable than the effect of the other coatings.

Ring Wear

A1) the rings wers in very good condition after testing. Fig-
ure 4 shows the ccndition of a representative ring assembly after
test. In no case were the ring-wear values given in figure 5 con-
gidered to be excessive. It should be noted, however, that the ring
wear was lower in uncoated barrels having choke bores than in the
straight-bore barrels. This condition is thought to be mainly the
result of both the improved method previously described of cleaning
horing debris from the pores and the geometry of the surfaces at
operating temperatures. In svery application, the use of a coating
resulted in reduced ring wear (fig. 5) as compared with the control
tests. The reduction in ring wear was expected because the coating
materials were originally selected on the basis of their good bearing
or lubricating properties.

N

Cylinder-Barrel Wear

Although it was impossible to evaluate the actuval cylinder wear
because of the coatings and heavy engine deposits, wear in the oyl-
inder barrels was considered to be very slight in every test. The
dial-type gage used to measure cylinder wear is accurate to
0.0002 inch but will not give dependable wear measurements in cyl-
inders from teets of this type even when used in the most careful
manner possible.

A ccomparison of photographs of the same surface area taken
before and after test showed changes in pore characteristics resulting
from engine operation. The changes in pore characteristics observed
give an indication of relative wear. A comparison of figures 6, 7,
and 8 shows the changeg that took place on a typical surface area
after silver plating and after running. The wear is congidered to
be negligible in thig area because a congidersble amount of silver
can be seen on the vlateaus after test. (See fig. 8.) TFigure 9
shows the general appearance of the silver-costed bore after test 8;
the apparently unusual wear marks on this bore are merely variations
in the amount of lacquer, varnish, or both deposited, as well as
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areag in which the silver did not completely adhere. The irregu-
larity of the appearance of the bore shown in figure 9 does not
indicate harmful operating characteristicg. This observation is
subgtantiated by figure 10, which shows the piston assembly run

in test 8; the assembly is considered to be in very good condition.

Effectiveness of Coatings as Surface-~Bearing
and Lubricating Materials

In the consgideration of the effectiveness of the coatings as
surface-bearing and lubricating materials, several factors are of
importance: adhesion of the coating to the barrel surface; the
flow pressurs of the material; frictional characteristics of the
material; and, in the case of the nommetallic coating, the ability
of the material to serve as a lubricant.

The lsad overplate was a granular deposit that did not adhere
to the chrome throughout the test; the high initial oil consumption
(fig. 2) indicates, howover, that the lead adversely affected the
running-~in progerties of the assembly. It is probable that the low
flow pressure of the lead enabled it to be conbinually worked or
smeared on the surface of apvarent glider contact, thus reducing the
abrading of the rings to such an extent that the run-in properties
were adversely affected. Becauss the poor adherence may have been
dus to the undesirable characteristics of the lead plating, the data
obtained from test 3 should not be considered as conclusive.

The use of colloidal graphite in aircraft-engine lubrication
has been a controversgial subject for some time although it is well
known that graphite is a good lubricant. It was thought that the
colloidal graphite base paint coating would provide effective addi-
tional cylinder lubrication as well as a possible means of filling
the pores in the chrome plate. The low ring wear encountered in
test 4 (fig. 5) might be attributed to the additional lubrication
supplied by the coating. The piston from this assembly was in better
condition than any piston from the other tests.

Silver overplate had better adherence to the chrome surfaces
than any other coating material tested and consequently the effects
of the silver costings as a bearing material were the casiest o
determine. The gilver overplate in the straight-bore barrel adhered 4
to the chrome better than the silver overplate in the choke-bore
barrel. The adherence of the silver to the chrome may, however,
have been influenced by the heating of the straight-bore cylinder
in a furnace at a temperature of 350° F for 1 hour, which was done
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to replace & valve guide before testing. Treating silver in this
manner will anneal it to a much less brittle condition and make it
more desirable for use as a bearing surface. The silver had a suf-
ficiently high flow pressure or hardness so that this coating did
not have any apparent adverse effect on the run-in properties of
the piston rings. Although it could not be accurately determined
with the test equipment used, it is possible that, inasmuch as the
coefficient of friction of silver against iron is the lowest found
for eny metal combination (reference 3), engine friction may be
reduced somevhat by the use of a silver overplate as a bearing
material on the cylinder bore. The possibility of decreased engine
friction is also indicated by the reduced ring wear obtained in the
tests of silver overplate. (See fig. 5.)

Effectiveness of Coatings in Providing Filled Porosity

Lead d4id not provide a sstisfactory material for filling the
porosity in these tests because of ita poor adherence to the chrome
plate.

¢ Colloidal graphite base paint did not remain in thoe porosity on
the thrust faces of the cylinder bore, but the porosity on the non-
thrust faces was still effectively filled after test. t is egti-
nmated that approximately 60 percent of the volume provided by the
pores remained filled after tesgt. Because the amount of surface-
relief filling dscreased during the engine test, it is possible that
in continued operation this trend may continue to such an extent that
the specific oil consumption would increase. The painted coating on
the bore cannot be expvected to remain on the surface of the platesus
during engins operation. In the area of ring travel, all the coating
was worn off the plateavs bub it was noticed that these plateaus

had an unusual surface discoloration. This discoloration may have
boen caused by a chemical reaction of the phogphoric acid in the binder
with the chrome at the high baking temperature of the coating.

Neone of the coatings tested completely £illed the pores in the
chrome plate; however, silver provided an effective mcans of filling
the vorosity (fig. 11) because of its catalytic effect on the oxida-
tion of lubriecating oil (reference 4). This catalytic action is
beclieved to be the causc of the very heavy coatings of lacquer,
varnish, or both noted on the surfaces of the silver-overplated cyl-
inders after engine cperation. Catalysis is probably aided by a
mumber of conditions encountered with this application, such as the
high onerating temperaturss of the surface, the high ratio of surfaco
area of silver plate to lubricating~cil volume, and the fine woer
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particles of abraded silver that undovbtedly were present, The
material deposited on these cylinder bores after test effectively
filled the porosity in the chrome plate.

Effect of the Coatings on the Engine

None of the coating waterials had any apparent adverse effects
on the engine; however, this condition may not be trus in full-scale
engine tests because of the greater guantity of coabing material.
Although the lead overplate did not affect the test engine to any
noticeable extent, engine deposits that were slightly heavier than
those in the conbtrol tests were found on ‘he cylinder bore. It
should be noted that lead alsoc has a catalytic effoect on the oxida-
tion of lubricating oil. The colloidal graphite basge-paint material
wvas originally deposited in a falrly heavy coating on the bore but
after test no unusual accumulation of material was found in the oil
filters or in the crankcase. In spite of the very marked catalytic
effect of the silver on ths oxidation of lubricating oil, no exces-
sive engline depodits were noted in any part of the engine other than
the cylindsr. The processing of sgilver-overplated cylinders must be
handled very carefully in order to obtain satisfactory adhesion of
the silver to the chromwe. If the plate bond of the silver to the
chrome is not good, chips of the silver plate might possibly have a
harmful effect on bearing surfaces in the engine.

Evaluation of Performence of Coabtings

An evaluation of the perfcrmance charscteristics of the various
bore coatings indicates that silver overplating was the most satis-
factory type of coating tested. The silver had good adhesion to the
porous chrome plate in these applications, was a good bearing
material, and provided & good msans of filling the porosity. It was
not anticipated, howsver, that the coatings would completely adhere
to tho plateaun surfaces during engine operation. Silver partlcles
wore flaked or abraded from plateau surfaces at scattered locations
in the cylinders tested. The surface reliei was filled by silver
worked frecm the surface as well as by the silver originslly plated
and by the products of lubricating-oil oxidation. Because the
effectiveness of the silver overplate in providing a filled porosity
was largely the result of The accelerated engine depogition caused
by the catalytic effect of silver on the oxidation of lubricating
oil, less heavy coatings may be equally as effective in causing the
pores to be filled as the thicker costings. Because experience has
indicated that the adhesgion of very thin silver plates is more
satisfactory than thicker pletes, it is desirable to utilize this
factor if possible.
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These tests indicate that the function of the pores as surface
reservoirs {or lubricating oil is not the only factor that deter-
mines whether porous chrome plate on cylinder bores will perform
satisfactorily. Filling the porosity effectively reduced the volume
of surtace reservoirs to such an extent that the pore area vrovided
by this reduced volume was considerably less than the area indi-
cated by previous unreported tests as the minimum surface relief
that will allow successful omneration.

SUMMARY OF RESULTS

Analysis +f the data from single-cylinder engine tests of
porous chrome-plated air-cooled cylinder barrels having special
bore coatings that were run for 10 hours at an engine speed of
2400 rpm and a brake mean effective pressure oY 192 pounds per
square inch gave the following results:

1. The mean gpecific oil consummption was appreciably reduced
in porous chrome-plated cylinder barrels having the porosity filled
or partly filled by collo’dal graphite or silver.

2. Silver overnlase provided the most effective means investi -
gated for filling the porosity, possibly because of the catalytic
effect of the silver on the oxidation of lubricating oil. It is
possible that a much thimner coating of silver would be egually as
eXfective as the 0.0003-inch coatings tested. Silver remained in
the pores but did not completely adhere to platesu surfaces at
scattered locations in the cylinders tested.

3. Colloidal graphite base naint did not completely adhere in
the pores during engine operati-n.

4. Silver overplate and cother bore coatings tested slightly
reduced ring wear when applied to the porous chrome-plated cylinder
barrels.

Aircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ouio, ° « i
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TABLE 1. - RUN-IN CONDITIONS AND .SCHEDULE

{011, Navy symbol No. 1120; fuel, AN-F-28,
Amenduwent-2; spark t;ming, 259 B.T.C.; fuel-
air ratio, O 095; maximum temperatures. rear
spark-plug bushlpg. 4209 F; center of barrel,
downstream, 325° F; oil-in temperature, 180° "F]

Period { Run~in |Engine | Brake mean ; Brake
timel |speed | effective horse~
(min) |(rpm) | pressure pover

(1b/8q in.)
1 ' 60 1200 45 10
2 | 60 1300 56 12
3 30 1400 68 16
4 i 30 1800 85 22
5 30 1800 105 32
6 l 60 2000 135 45
7 l 135 2200 162 59
8 | 2300 178 68
9 10 | 2400 192 | 76

“Total run-in time, 7 hours 25 minutes.

National Advisory Committee
for Aeronautics
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TABLE 2. - SINGLE-CYLINDER ENGINE TESTS OF POROUS CHROME-PIATED CYLINDER BARRELS WITH SPECIAL

BORE COATINGS FOR RADIAL ATR~COOLED ENGIWES

[@il, Navy symbol No. 1120; fuel, AN-F-28, Amendment-2; engine speed, 2400 rpm; brake mean efTfective
pressure, 192 1b/sq in.; friction mean effective pressure, 16 to 20 1b/sg in.; fuel-air ratio, 0.095;
sperk timing, 25° B.T.C.; maximum temperstures: rear spark-plug bushing, 420° F; center of barrel,
downstream, 325° F; oil-in temperatures, 180° F]

Type of cylinder : Straight bore. : Chok@ ?ore
investigated No coating iLead coating|Colloidal {Silver No coating {Silver
0.0002-inch |graphite |coating, coating,
Test results overplate base~-paint{ 0.0003-inch 0.0003~inch
coating overplate overplate
Test number 1 2 3 4 5 6 7 8
NACA reference test number 2 8 3 12 18 4 5 14
Duration of test, hr 10 10 10 10 10 10 10 10
Crankcase oil flow, lb/min| 20| 22} . 18 21 20 21]  2Llje-mmmmmeme-
Mean specific oil consump-!0.0186 j0.013 0.01& ¢.012 0.012 0.00810.00¢ 0.007
tion, 1b/bhp-hr '
Average blow-by (uncor- 0.8{ 0.8 0.7 0.8 0.7 0.8 0.7 0.8
rected), cu ft/min
Ring weight loss, grem: ,
1 0.087 {0.101 0.081 0.082 0.088 0.0740,088 0.054
2 0.076 {0.108 0.053 0.028 0.037 0.05410.062 0.029
3 0.0592 [0,085 0.05C 0.022 0.032 0,043{0.048 0,023
4 0.049 [0.060 0.0386 0.018 0.025 0.03610.039 0.017
5 0.043 {0,054 0.083 0.016 0.013 0.03010.043 0.018
6 0.042 [0.041 0.019 G.008 0.021 0.023]0.025 0.016
Total compression-ring 0.222 10.292 0.164 0.132 0.157 0.17110.198 0,106
woight loss, gram
Total oil-ring weight 0.134 0.155 0.118 0,042 0.059 0.08910.107 0.051
loss, gram
Total ring weight loss, 0.356 0.447 0.282 0.174 0.2186 0.260(0.305 0.157
gram
Initial unit wall pressure
for o0il ring, 1b/sq in.
Ring 4 28 24 30 31 45 29 36 28
Ring 5 36 22 38 29 42 26 28 38
Ring 8 40 28 36 41 28 28 39 33

National Advisory Commitbtee for Aeronautics
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Figure 2. - Specific oil consumption for straight-bore chrome-plated
cxsgnders with coated and uncoated cylinder surfaces. Engine speed,
/ 2 rpm; brake mean effective pressure, 192 pounds per square inch,
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NACA ARR No. ESLIS8a Fig. 3
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Figure 3. - Specific oil consumption for choke-bore chrome-
rlated cylinders with and without a silver overplate.
Engine speed 2400 rpm; brake mean effective pressure,

192 pounds per square inch.
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barrels with different barrel coatings.
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:v Figure 6. ~ Photomicrograph of choke-bore porous chrome-plated cylinder barrel '

i representative of barrel surfaces at the middle of ring travel on the major-thrust o

face. Condition before silver plating and before test 8. Estimated porosity,
40 percent. x108.
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* Figure 7. - Photomicrograph of same area as figure 6 after silver plating and before
test 8. Xi108.
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Figure 8. ~ Photomicrograph of same

lacquer and silver on chrome plateau

area as fligures 6 and 7 after test 8. X108.
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Figure 9.

- Downstream face of choke—bofé‘porous chrome-plated cylinder barrel with
a silver overplate. Condition after test 8.
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NACA ARR No. EHLIBa Fig. 10
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Figure 10, - Major—thrust face of piston run in a choke-bore
porous chrome-plated cylinder barref with a s:lver over-’
pilate. <Condition after test 8.
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Figure |1, - Photomicrograph of choke-bore porous chrome-plated cytlinder barrel
representative of bore surface at top of ring travel on the upstream face.
Condition after test 8. X108, y -
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