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SUMMARY

The second bimonthly period under Navy Contract N600(19)-58219
has been spent continuing the study of the effects of sulfur in jet fuels
on the durability of engine "hot section" components. Efforts during this
period have includedi (1) Evaluation of the effects of fuel sulfur con-
tent on the loss of metal from Udimet 500, Waspalloy, Stellite 25, Hastel-
loy R-235, Ren!, 41 and Inconel X simulated turbine inlet guide vanes in
the two-inch highbpressure research combustor under conditions producing
approximately 200OF exhaust gas, (2) extended duration metal durability
testing with the atmospheric pressure Phillips Microburner using Udimet
500, Waspalloy, Stellite 25 and RenA 41 simulated guide vanes, and (3)
determination of the tensile strengths of the above superalloys before
exposure in the 2-inch combustor for later comparison with tensile values
after exposure to sulfurous exhaust gases.

The results obtained with the two-inch combustor during this
reporting period indicate that: (1) none of the alloys tested were detri-
mentally affected by one per cent fuel sulfur at 200OF over a six-hour test
duration; (2) Stellite 25 yielded lowest metal losses while Hastelloy R-235
yielded highest metal losses -- these extremes differed by a factor of five
while the balance of the alloys were intermediate and differed by values
within the repeatability limits of method and apparatus; (3) repeated cata-
strophic failures of Rene 41 test strips tentatively appear due to inter-
granular oxide precipitation resulting in cracking which may also have been
aggravated by internal stresses caused by cold working during fabrication;
(4) accumulation of additional test time is indicated as necessary in order
to establish a trend for sulfur effects on the durability of these super-
alloys. Extended Microburner tests corroborated the need for extension of
test duration in future 2-inch combustor work. Tensile strength data ob-
tained on guide vane test strips agreed well with literature values and/or
manufacturer' s tensile data.
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I. IrTRODUCTION

The second bimonthly period under Navy Contract N600(19)-58219

has been spent continuing the study of the effects of sulfur in jet fuels

on the durability of engine "hot section" components. Efforts during this

period have included: (1) Evaluation of the effects of fuel sulfur on the

loss of metal from Udimet 500, Waspalloy, Stellite 25, Hastelloy R-235,

Rene 41 and Inconel I simulated turbine inlet guide vanes in the two-inch,

high pressure combustor under conditions producing approximately 200OF

exhaust gas, (2) extended duration metal durability testing with the atmos-

pheric pressure Phillips Microburner using Udimet 500, Waspalloy, Stellite

25 and RenA 41 simulated turbine inlet guide vanes, and (3) evaluation of

the tensile strengths of the above superalloys before exposure in the 2-inch

combustor for later comparison with tensile values after exposure to sulfurous

exhaust gases.

II. TEST METHODS AND APPARATUS

A. Phillips 2-Inch Research Combustor Tests

The Phillips 2-Inch Research Combustor, illustrated in Figure 1,

has been described in previous reports (1). Briefly, this is a 2-inch dia-

meter axial flow combustor embodying the principal features of modern jet

engine combustion systems. Air is supplied to this combustor from a com-

pression and heating plant described in (1), while fuel is supplied to the

swirl type nozzle by nitrogen pressurization. The design of the combustor

provides for ready removal of flame tubes and guide vane test pieces for

weighing and inspection.
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The test conditions employed wore the same as those used for pre-

vious investigations of the effect of sulfur and sea water on flame tubes

and turbine inlet guide vanes which have been reported in (2), (3) and (4).

Combustor pressure was held at 350 in. Hg abs., inlet air temperature at

70OF and inlet reference velocity at 100 fps, providing a severity level

which is realistic for high compression ratio turbojets operating at rela-

tively low altitudes. The tests conducted during this reporting period

have been carried out entirely at a fuel/air ratio of 0.020 (resulting in

an exhaust gas temperature of approximately 2000F) in order to provide tem-

perature conditions realistic in terms of the more advanced engine designs.

No change was made to the combustor for the investigation of guide

vane metal loss. The only change in apparatus was simply to add a six-inch

spool piece downstream from the combustor and to cut a suitable holder cavity

into its mating flange for the test pieces, placing these pieces in a posi-

tion comparable to blading in an actual engine. Earlier work reported in (4)

was carried on using a cartwheel-shaped specimen to simulate guide vunes.

Owing to the difficulties encountered in fabricating this shape from the

relatively hard-to-work superalloys, a change in specimen configuration has

been adopted during this reporting period. The new specimens are simply

1/20 x 2 3/8" strips cut from 16 gauge sheet. Two of these strips are

placed in the exhaust gas stream as shown in Figure 2.

Weight losses from the blading test pieces were measured following

each of three consecutive two-hour test periods. During this reporting period

vane pieces fabricated from Udimet 500, Waspalloy, Stellite 25, Hastelloy R-235,

Ren' 41 and Inconel X have been tested. The compositions of these alloys are

shown in Table I. Stellite 25 was substituted for Stellite 31, which is un-

available in the sheet form necessary for fabrication of test pieces.
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Stellite 25 is, however, comparable in composition to Stellite 31. Inconel

X was included primarily as a high nickel alloy for reference purposes. The

balance of the alloys are either in current use in operational engines as

blading materials or proposed for such use.

Since previous investigations (3) had shown sulfur compound type

to be unimportant as compared to gross sulfur content, it was decided to

continue using ditertiary butyl disulfide as the sulfur contaminant since

it is inexpensive and available at adequate purity. As in previous tests

this compound was employed at sufficient concentration to realize a fuel

sulfur content of 1.0 per cent.

The base fuel used in all the tests reported herein, as in pre-

vious tests, was a JP-5 type isoparaffinic alkylate containing less than

0.005 per cent sulfur.

B. Phillips Microburner Guide Vane Metal Loss Tests

Further testing has been carried on during this reporting period

using the Phillips Hicroburner which has been adapted for measuring metal

losses from simulated turbine inlet guide vanes. This apparatus has been

described in detail in (5). Briefly, this apparatus is a 1.25-inch diameter

atmospheric pressure tangential flow bench scale combustor. It is illustrated

schematically in Figure 3. The exhaust system has been modified to allow

placement of test materials in the exhaust stream. Simplified test pieces

consisting of four 1/16" x 1/4" x 1 1/2N strips have been used. The position

of these strips in the exhaust stream is illustrated in Figure 4. The holder

containing the strips is clamped between the flanges shown in Figure 3.

Exhaust gas temperature measurements are made by means of four equal area

center thermocouples placed just upstream from the strips. The conditions

of operation chosen for these tests were 500F inlet air temperature, 25 fps
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inlet reference velocity and 0.055 fuel/air ratio. This lean fuel/air ratio

was chosen to provide a moderate amount of excess air (this burner uses no

secondary air).

It will be recalled from (4) that some difficulty caused by lack

of repeatability in descaling the Microburner test strips brought about

several false starts. This problem was traced to excessive brushing of the

edges of these rather small specimens. It is believed that this problem

has been satisfactorily solved during this reporting period. Determination

of weight losses from the test strips are made in the same way as in the

2-inch combustor tests. Weighings have been made at two-hour intervals for

a total test time of 20 hours. The data are reported as combined weight

loss from all four test strips.

The Nicroburner data are intended to supplement the 2-inch combus-

tor data and eventually provide a means for more rapid evaluation of the

effect of fuel and air contaminants on a wide variety of practical turbine

blading alloys.

C. Tensile Testing of Unexposed Superalloys

Determinations of the stress-strain characteristics of Udimet 500,

Waspalloy, Stellite 25, Inconel X, Hastelloy R-235 and Ren 41 before ex-

posure in the combustor have been made during this reporting period. These

data on original strength properties will be used to determine whether or not

a loss of strength occurs as a result of exposure to oxygen-rich sulfurous

and/or sea salt laden uxhaust gases by comparison with tensile strengths of

the exposed specimens to be obtained following completion of the combustor

testing. Since there have been indications (as explained later herein) that

longer duration 2-inch combustor tests would be advisable, the tensile testing

of exposed guide vane specimens has been postponed in favor of carrying the

existing six-hour exposure specimens on to longer durations. This avoLds

restarting the combustor tests.



Research Division Report 3273-62R
Page 5

Although strength data on these alloys are available in the liter-

ature it was deemed advisable to obtain tensile strengths on the exact heats

used in the combustor tests. Additionally, it has been noted from the liter-

ature values that a significant difference sometimes occurs between strengths

obtained on specimens prepared from bar stock and those prepared from sheet

stock. Heat treatments, which were in general unknown for the samples tested,

can also bring about large changes in strength of these alloys. The decision

was therefore made to prepare tensile test specimens from the strips as used

in the guide vane metal loss tests. The configuration of these tensile speci-

mens is shown in Figure 5. They are prepared by simply milling the reduced

section from the 1/20 x 2 3/8" x 16 gauge guide vane specimens. Tensile test

specimens will be prepared from the exposed alloys in exactly the same way.

The tensile data reported herein were obtained directly as elonga-

tion versus load on an x-y plot t er using an Instron Model TTC testing machine

operated at a crosshead travel of 0.1 inch per minute. Gage length was one

inch. The data reported herein have been reduced to unit stress versus per

cent strain plots.

III. DISCUSSION OF EXPERIMENTAL RESULTS

A. Two-Inch Cqmbustor Turbine Guide Vane Metal Loss Tests

The data obtained during this reporting period on metal loss from

Udimet 500, Waspalloy, Stellite 25, Inconel X, Hastelloy R-235 and RenA 41

simulated turbine inlet guide vanes in the Phillips 2-Inch Research Combustor

are shown in Table II and Figure 6. These tests were run at a nominal exhaust

gas temperature of 2000F, which is representative of maximum turbine inlet

temperatures in advanced design engines.

It will be observed from Figure 6 that, with the exception of

Ren! 41, 1.0 per cent sulfur had either no effect or an apparent beneficial
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effect on the durability of this group of superalloys. A simple analysis of

variance (two variables of classification fuels and metals -- single obser-

vation) was performed on these data. This analysis resulted in an acceptance

of the null hypothesis, that is, that there is no difference (95% confidence)

among the means of the two fuels (base and base plus 1 per cent S). In other

words, these tests suggest that 1.0 per cent fuel sulfur is neither benefi-

cial nor detrimental - at least for a test duration of six hours. However,

analysis of the variance of these data in terms of alloy effects resulted in

a rejection of the null hypothesis, that is, a significant difference among

means of the different metals is indicated. The results of the analysis of

variance are shown in Appendix I.

Although a numerical correlation of the above described data ob-

tained with the strip type specimen configuration with those obtained with

the cartwheel configuration reported in (4) does not appear particularly

favorable, there is qualitative agreement as to effects of sulfur in the

fuel. For the four alloys (Udimet 500, Waspalloy, Stellite 25 and Inconel X)

which have been tested in both configurations sulfur has shown no detrimental

effect in either case for a test duration of six hours.

Considering the results shown in Figure 6 simply in terms of the

relative durability of the several alloys, it will be noted that the extremes

are Stellite 25 (lowest loss) and Hastelloy R-235 (highest loss). These

extremes differ by a factor of about five while the balance of the alloys

lie approximately intermediate and differ from each other only by values

believed to lie within the repeatability of the test method and apparatus.

It is of interest that in the course of running the tests on Rent

41 with the base fuel considerable difficulty was encountered with repeated

catastrophic failures of the test strips. Four consecutive starts resulted

in complete failure of one of the two test strips within the first two-hour
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period. Although tests with and without sulfur in the fuel were eventually

completed and showed no outstandingly high metal losses, it was considered

desirable to submit a pair of the fractured strips to metallurgical examina-

tion. Although the analysis of these failures is incomplete there is sons

suggestion that intergranular precipitation of oxides resulted in cracking

of the strips. This effect may also have been aggravated by internal stresses

present at the edges of the test strips as a result of cold working arising

from the shearing operation used to prepare the strips. There is also some

evidence that propagation of cracks occurred from the edges inward. This

problem has also been referred to the manufacturer, Haynes Stellite Company,

for an expression of their opinion of the probable cause of failure.

B. Phillips Microburner Turbine Guide Vane Metal Loss Tests

The results of extended duration tests on Udiret 500, Waspalloy,

Stellite 25 and Aen4 41 conducted with the Phillips Microburner are shown

in Table III. These data show some tendency toward increased corrosion in

the presence of 1.0 per cent fuel sulfur for test durations exceeding 14

hours. The most notable feature of these Microburrer data, however, is the

indication of pronounced detrimental effect of sulfur on Stellite 25. This

was in evidence from the beginning of the test. It iill be recalled that

Stellite 25 showed little or no sulfur sensitivity in the 2-inch combustor

tests and was, in fact, the best performing alloy (on a metal loss basis) of

the group tested. It is believed, in light of the repeatedly low metal losses

obtained with ST-25 in the 2-inch combustor, that the 1 per cent sulfur test on

ST-25 in the Microburner is subject to doubt. It is possible that another

material might have been accidentally substituted in this test. Otherwise,

these data correlate fairly well for test durations of six hours in both cases,

as shown in Figure 7.
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Of additional interest, with respect to •sting in the 2-inch con-

bustor, is the indication from these Microburner data that test durations

longer than 14 hours are necessary in order to demonstrate sensitivity or

lack of sensitivity, to the presence of sulfur in the fuel. It is believed

that these Microburner data serve to point up the need for longer test dura-

tions with the 2-inch conbustor to properly evaluate these high temperature

alloys. In this respect it appears that the Microburner work has served an

important purpose. However, due to budgetary and time considerations it has

been decided to discontinue testing with the Microburner in order to allow

extended duration testing in the more realistic 2-inch combustor.

C. Tensile Testing of Unexposed Superalloys

The results of tensile tests conducted on new or unexposed samples

of the several superalloys involved in the combustor test program are shown

in Figures 8, 9, 10, 11, 12 and 13. These results are compared with the

manufacturer's data on the specific "heat" used (where available) or with

literature values in the following table:

Tensile Strength Tensile Strength
0 70F, psi 0 70F, psi

As Determined or Frcm Manufacturer
Alloy Guide Vane Strips.l) or Literature

Udiaet 500 156,380

Waspalloy 120,650 118,000(4)

Stellite 25 146,750 146,OO0(3)

Inconel X 106,400 100,000-140,000 (Anmealed Sheet)(2

Hastelloy R-235 130,3OO 122,O50(4)

Rene 41 136,000 128,700(4)

(1) Average of two tests.

(2) Alloy Digest, March 1953.

(3) Materials in Design Engineering, October 1961.

(4) Manufacturers data on specific sample tested.
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As will be noted from the above, agreement is good between data

obtained on the guide vane strips and literature or manufacturer's values,

indicating that the more-or-less non-standard (but necessary) tensile Bpe-

cimen configuration used has not unduly influenced the tensile strength

values obtained. As will be noted from Figures 8-13 the elongations were

quite large with this shape specimen, however. At any rate, these data

appear valid and testing of the exposed (to combustion products) guide vane

specimens will begin as soon as combustor testing is completed. It is

hoped these data will serve to show possible effects of fuel sulfur and/or

ingested sea water on turbine blading durability from the standpoint of

changes in mechanical properties. These data will also supplement the

photomicrographs to be obtained before and after exposure in the combustor.

IV. CONCLUSIONS

Two-inch combustor data obtained during the present reporting

period on the effects of sulfur on simulated turbine inlet guide vanes

suggest the following conclusions:

1. Over a test duration of six hours Udimet 500, Waspalloy,

Stellite 25, Inconel 1, Hastelloy R-235 and Rene 41 simulated

guide vanes were unaffected on a metal loss basis by the pre-

sence of 1.0 per cent fuel sulfur under conditions producing

nominal 2000F exhaust gas.

2. Consideration of the metal loss data in terms of relative dur-

ability of the superalloys tested shows that the extremes are

Stellite 25 (lowest loss) and Hastelloy R-235 (highest loss);

these extremes differ by a factor of about five while the

balance of the alloys are roughly intermediate and differ by

values believed to lie within the repeatability limits of the

method and apparatus.
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3. Repeated catastrophic failures of Reno 41 test specimne

tentatively appear due to intergranular precipitation of

oxides resulting in cracking; this effect may have been

aggravated by internal stresses arising from cold working

of specimen edges during fabrication.

4,. Accumulation of additional test time is indicated as desir-

able and/or necessary in order to establish a trend for

sulfur effects on the durability of these superalloys.

Additional metal durability testing conducted with the modified

Phillips Microburner apparatus has indicated the following:

1. Extended duration tests on Udimet 500, Waspalloy, Stellite 25

and Rent 41 guide vane specimens have shown some tendency

toward increased corrosion in the presence of 1 per cent fuel

sulfur when test durations exceed 14 hours.

2. Correlation of Microburner and 2-inch combustor metal lose

data appear encouraging for equivalent test durations (6 hours).

3. The Microburner data corroborate the need for extension of

test duration in future 2-inch comustor work; due to budget-

ary and time considerations it has been decided to discontinue

Microburner testing in order to allow more extensive testing

in the Phillips 2-Inch Combustor which more nearly simulates

actual operational conditions.

Tensile testing of new or unexposed samples of the several superalloys

involved in this test program has shown the following:

1. Tensile strength values obtained on guide vane test strips agree

well with literature values and/or manufacturer's tensile data.

2. The tensile test specimen configuration employed (Figure 5) did

not unduly influence tensile strength results although elonga-

tions were quite large with this shape.
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V. OUTLIN (7 PROJECTED WCEK

It is planned to extend the six-hour duration guide vane metal dura-

bility tests in the Phillips 2-Inch Research Combustor to longer durations dur-

ing the coming reporting period in order to better establish a trend for the

effect of fuel sulfur on superalloys. In addition to the superalloys tested

thus far it is also planned to evaluate Udimet 700 and Hastelloy I in future

work. Metallurgical and mechanical properties tests on samples of each alloy

before and after exposure to sulfurous gases will begin as soon as the extended

duration combustor tests are completed.
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TABIZ II

TURBINE GUID VANE DURABILITY TESTS IN PHILLIPS 2-INCH RESEARCH COMBSTOR

Combustor Operating Conditionets P - 350 in. Hg abel V - 100 f.p.s.; IAT - 70OF;
F/A - .020; Exh. Temp. - 2000F Nominal

Test Accumulated
Time, Metal Lose,

Guide Vane Alloy Test Fuel Description Hr. "9.

Inconel I Base Fuel (350-550F Alkylate) 2 26.5
4 79.5
6 139.3

Inconel X Base Fuel + 1% Sulfur 2 13.2
4 49.8
6 102.8

Waspalloy Base Fuel 2 85.4
4 118.6
6 178.6

Waspalloy Base Fuel + 1% Sulfur 2 47.1
4 103.7
6 144.0

Stellite 25 Base Fuel 2 5.5
4 18.9
6 52.4

Stellite 25 Base Fuel + 1% Sulfur 2 4.3
4 30.1
6 52.0

Hastelloy R-235 Base Fuel 2 60.1
4 169.1
6 234.5

Hastelloy R-235 Base Fuel + 1% Sulfur 2 26.1
4 131.6
6 210.1

Udimet 500 Base Fuel 2 16.4
4 67.9
6 174.2

Udiimt 500 Base Fuel + 1% Sulfur 2 14.5
4 52.2
6 109.5

Renae 41 Base Fuel 2 37.7
4 82.0
6 133.3

Reni 41 Base Fuel + 1% Sulfur 2 44.8
4 92.1
6 156.9
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APPIMDIX I

ANALYSIS OF VARIAMCE (TWO VARIABLES OF CLASSIFICATION - SINGLE OBSERVATIONS)

OF TWO-INCH COMBUSTOR DATA ON DURABILITY OF SUPERALLOY TURBINB GUIDE VANES

Sum of Squares Degroes of Freedom Mean Square

Metal Means 30,643.90 5 6,128.78
Fuel Means 1,538.25 1 1,538.25
Residual 2,395.74 47.I2u
Total 34,577.89 11

F (metal means) - 6,128.78 - 12.79 ; F. 9 5 (5,5) - 5.05
479.15

Reject hypothesis of no difference among means of different metals.

F (fuel means) - 1.538.25 - 3.21 ; F. 95 (1,5) - 6.61
479.15

Accept hypothesis of no difference among means of different fuels.
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FIGURE 2
SPECIMEN HOLDER FOR PHILLIPS 2-INCH COMB USTOR SIMULATED

TURBI1NE IN LET GUIDE VANE DURABILITY TESTS
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4 -1/16" X 1/4"X 1 1/2!1 TIST STRIP
PLIACEID IN HOLDER SLOTS
DURING EACH TEST
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HOLDER MAT L: 310SS; STRIP MAT'L: VARIOUS TURBINE BLADING ALLOYS
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FIGURE 4
METAL DURABILITY SPECIMEN HOLDER FOR MICROBURNER APPARATUS
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LOSSES FOR SIX-HOUR TEST DURATION
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