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NATIONAL ADVISCRY COMMITTEL FOR AERONAUTICS

ADVANCT RiESTRICTED REPORT

OPERATING TEMPERATURES OF A 30DIUM-COOLED EYHAUST VALVE
AS MEASURED BY A THERMOCOUPLE

By J. C. Sanders, H. D. Wilsted, and B. A. Mulcahy

SUMMARY

A thermocouple was installed in the crown of a sodium-cooled
exhaust valve. The valve was then tested in an air-cooled engine
cylinder and valve temperatures under various engine operating con-
ditions were determined. A temperature of 1337° F was observed at
a fuel-air ratio of C,084, a brake mean effective pressure of
179 pounds per square inch, and an engine speed of 2C0C rpm. Fuel-
alr ratio was found to have a large iniluence on valve temperature,
but cooling-air pressure and variation in spark advance had little
eflect. An increase in engine power by change of speed or mean
effective pressure increased the valve temperature. It was found
that the tempsraturs of the rear spark-plug vushing was not a sat-
isfactory  indication of the temperature of the exhaust valve.

- DNTRODYCTION

In the course of research on cylinder cooling by the NACA at
Langley Field, freguent failure of the sodium-cooled exhaust valves
in one type of alr-cooled engine cylinder was experienced. The
cromns Qf these valves were badly corroded and collapsed.  In some
instances the crown had ruptured, permitting the sodium to leak into
the cylinder.

A review of published information revealed that high temperature
accelerates the corrosion end greatly reduces the creep strength of
these nmetals. The Brinell hardness and the creep strength of a valve
steel at elevated temperaturss ars shown in the following table. The
Brinell hardness was obtained from reference 1, and the creep strength
was obtained from reference 2,



Temperature - 3riaell Creap strength
(°%) . ' hardness . (percent)
800 | mm e 100
G30 ’ 165 70
1000 e 47
1100 ! 143 30
1200 e 17
1300 o8 "9
1400 = 4
1500 47 e

The results of a »nractical demonstration of the efiect of tem-
psrature on the strangth and corrosion resistance of valve steel are
shown in figure 1. Two of the valves were stock sodium-cooled valves
and one was the water~coslad valvs described in reference 3. The
water-cooled valve was used in taests that reproduced the conditicns
of the tests made on the sodium-ccoled valves, The fuels used in all
tests contained tetraethyl lsad. Conditions of the tests were as
follows:

\

Previous test (reference 3):

xdium-cooled Water-cooled
valve valve
(iig. 1(a)) (rig. 1(c))
Maximum imep 255 256
Maximum power, ihp 137 137
Fuel-air ratio : 0.053-0,122 0.055-0,122
Maximum temperature, rear spark-
nlug bushing, Oy 480 480
Tetraethyl lead in fuel, ml per
gallon ' 3 3
Time with coolant, hr 35,7 49.5
Time vwithout coolant, hr { 6.5
Total time, knock test, hr 36,7 56.0
Condition of wvalve Ruined Satisfactory



High-power test:

Sodium-cooled 0il-cooled
. valve valve
(fig. 1(v)) (fig. 1(c))
Maximum imep 329 310
Maximum power, ihp 215 . 202
.Fuel~air ratic 0.10 0.10
Maximum temperature, rear spark- .
plug bushing, °F ' 484 517
Tetraethyl lead in fuel, ml per
gallon 6 6
Total time, high-power test, hr 8.5 8.0
Total service time, hr 8.5 64.0
Condition of valve - Ruined Satisfactory

In figure 1 the temnlets show the contours of new valves. The
crowns of the two sodium-cooled valves were corroded and collapsed.
The water-cooled valve was not corroded and was flattened only
slightly. This flattening probably occurred during the test .in which
no coolant was circulated through the valve, No flattening of the
oil-cooled valve was observed duririg the test at high »ower.

The sodium-cooled valve used in the test of reference 3 was
observed to emit visible radiations during operation, but water-ccoled
and oil-cooled valves were observed to be hlaclk. Thesz observations
and the temperature measurements of the oil and the water leaving the
valves indicated that the valves were operating at widely separated
temperatures,

The evidence of these tests, together with the experience of
Banks (reference 4), Colwell (reference 5), and Young (reference 6),
shows that valve temperature has a vital influence on valve life.

Design features that might reduce valve temperatures are in-
creased diameter of valve stem, increased cross-sectional area of
metal for flow of heat from valve zuide to cooling fins, improved
fin design, and insulation of the exhausv-valve-gulde boss from the
exhaust gas, fn increase in stem diameter will give a larger area
of contact with the guide and will permit the coolant to circulate
more freely. Provision for dissipation of heat from the boss is
particularly important when sodium-cooled valves are used. Some
cylinder heads de not have enough metal arcund their exhaust-valve
bosses to adequately transfer heat to the fins. A orotecting shield
around the boss will reduce the heat transfer from the exhaust gas to
the boss and will consequently result in better valve cooling.

Direct measurement of valve temperatures would make possible the
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accurate determination of the effects of the foregoing changes in
cylinder design on the temperature of the exhaust valve, The devel-
opment of a means ¢f measuring valve temperatures was therefore under-
taken. .

A review of published literature disclosed little information on
the measurement of tempsratures in a sodium-cooled exhaust valve dur-
ing normal engine operation. Colwell (reference 7) tested a sodium—
cooled valve of a special steel for which the relation between the
hardness and the drawing temperature was accurately known. The valve
was hardensd and then used in an engine. Upon removal from the engine
the valve was sectioned and the temperatures attained at various loca-
tions on the valve were determined by hardness measurements. By this
mebthod it was estimated that the center of the valve crown reached a
temperature betwesn 1140° F and 1300° F.  The operating conditions,
however, were not reported.

The temperature of an exhaust valve has been estimated by visual
observation of its color (reference 3) and found to be 1300° F to
1400° F at a fuel-air ratio of 0.068 and at an indicated mean effec-
tive pressure of 190 pounds per square inch. This method of temper-
ature determination is, however, open to criticism because the scale
on the surface of the exhaust valve may reach a higher temperature
than the valve materials,

This report describess an exhaust valve equinped with a thermo-
couple and gives valve temperatures observed under various engine
operating conditions. Bffects of variations in msan effective pres-
swe, engine speed, fuel-air ratio, spark advance, and cooling-air
pressure drop upon valve temparature are shown.

The tests were conducted at Langley Memorial Aeronautical Lab-
oratory, Langley ¥ield, Va,, in August 1942,

APPARATUS

Thermocouple installation., - In engine operation the observed
valve reciprocated rapidly and rotated slowly at a rate depending
upon the engine sneed, At an engine speed of 2200 rpm the valve
rotated 2 rmm, It was therefore necessary to preovide sliding
brushes to make contact with the. valve thermocouple. For this type
of installation the thermccouple must be rugged enough to withstand
the high accelerations of the valve.

Figure 2 is a photograph showing the valve, the rocker with
special tappet, the rocker-box cover, and the thermocouple-contact
system. The details of the valve construction are presented in fig-
ure 3, The tip of the valve was opened with a drill, and the sodium



was removed, A steel tube containing the thermocouple leads was
installed through the stem and welded to the crown in such a manner
that the thermocouple junction was imbedded in the weld 1/16 inch
fros the surface of the crown, The valve was dried, charged with
the proper amount of sodium, and sealed with a hollow tapersd plug
driven and silver-soldersd into the valve stem. The tube for carry-
ing the commutator was silver-soldered into th: tip of the valve stem,
and the commutator was assembled, The commutator consists of two
cylindrical elements, semicircular in cross section and clamped with
insulators to the stem. Bach element is composzad of the same mate-
rial as the thermocouple wirs to which it is attached; one is chromel
and the other is alumel,

The function of the brushes shown in figures 2 and 3 is clari-
fied by the circuit diasgram in figure 4. The proper continuity of
the thermocouple-lead wires to th: cold junction is maintained by a
lead-selector switch that makes it always possible to have a chromel
lead from the chromel commutator bar and an alumel lead from the
alumel commutator bar, Ab every half revolution of the valve, the
selactor switch is changed to match the polarity of the commutator.

& commutator was chosen instzad of slip rings becauss a commu—
tator ' could be made lighter than a set of slip rings and would conse-
quently result in lower stresses during the periods of acceleration
of the valve. Experience with the commutator has since shown that
the saving in weight does not warrant the added complication of its
brushes, Another valve has heen made with slip rings.

The test engine. - The tests were run on a single-cylinder engine
having an air-cooled cylinder. Tre bore is 6? and the stroke is
T inches; the compression ratio is 6.7. A diggrammatic laycut of the
engine and associated parts is shown in figure 5.

The cylinder was enclosed in a closely [itting steel jacket
having an ovening on the upstream side slightly less than the frontal
arza of the cylinder and an opening on the downstream side about
1.4 times the flow arca between the {ins on the cylinder., In addi-
tion to the thermocouples rormally used in cooling tests, one thermo-
couple was located on the bushing of the exhaust-valve guide and one
was located apainst the outside of the exhaust-valve-seat insert, as
shown in figurs 6, The thermocoupls on the seat insert measured the
temperature of the cylinder head somewhere in a zone between the out-
side surface of the inscrt and 1/32 inch from the insart. It is
probable that, as a rssult of the very poor thermal conductivity of

he seat insert, the surface on which the valve was scated was much
hotter than indicated by this thermocounle, 4 thermocouple consist-
ing of an exposed junction of l4-gage chromel and alumel wires was



installed in the exhaust stack. The junction was near the center
of the exhaust pipe. The length of each wire exposed to the exhaust
gas was about three-fourths inch.

TEST METHODS

4 series of six tcsts was run to determine the influsznce of the
principal engine variables on the twmperature of the exhaust valve,
The engine variables investigated ware:

Indicated mean effective pressurs, 1b/sq in. . . . . . . . . 98-254
Engine speed, rpm ., . e e e e e e e e e e e e . 1400-2400
Fuel-air ratio (tws te ste ) e e e e e e e e . . . 0.051-0.112
Spark advance, deg B.T.C., . . . « . . v .. .. . ... 0U-4S
Coolirg-air pressure drop,-in. water . . . .. . . . . . . . . 1-3C

In cach test all of the engine variables except the one under
investigation were held constent. In the investigation of the effect
of indicated mean ecffective pressure on valwve temparature, the follow-
ing constant conditions were maintained: ' '

Engine sp2ed, I'DM .« o v v v 4 v v v v v e v e e e e e e e . .. 2200
Fuel-air ratio . . . . . . . . .. .. .. .. . . .. ... 0,08
Spark advance, deg 3 T L 19
Cooling-air pressure drop, in. watsr . . . . . . . . . . . . . 16
Carburctor-air temperatwre, °F ., . . . . . . . . .. . ... 150

Except as specifically notel, thmse constant conditions ware
mainteined during all of tha otheor tests. Thz variable-speed test
was run at an indicated mran effectivs pressure of 210 pc;nuo;pﬂ
square inch, the variable-spark-advance test :t 167 pounds per square
inch, and the variable-cooling test at 130 pounds per squars inch.

Data from two tests were obtained to show the effects of fusl-
air rotio on exhaust-valve temperatur:. Observations of sodium-
cooled exhaust-valve temour'tur were made in February 1942 during
tests (reforence 3) made to determine the offccts of fuel-air ratio
upen the maximum permissivble power as limited by audible knock.
buring these earlier tests, the cooling-air pressure was regulated
to maintain the temperature at the rear of the barrel at 360° ¥y the
temperature of the rear spark-plug bushing varied, with changes of
fuel-air ratio, between 395° F and 470° F. At each fuel-air ratio
tested the indicated mean effective pressure was raised until knock
became auolble The absolute manifold pressure and the fuel flow
were reduced to 93 percent of the values obsarved with azudidle knock.
The cclor of the exhaust valve as observed through a hole in the
exhaust pive was compared with a color-temperature chart and the valve



temperaturz thus estimated was recorded. Six months later the oper-
ating conditions of this test were repsated, and the exhaust-valve
temperatures were measured by a thermocouple.

Additional tests showing the effacts of fuel-air ratio on valve
temperature when the indicated mean effective prassure is constant
were not made because the thermocouple failed after 13 hours of oper-
ation.

RESULTS AWD DISCUSSION
The Effact of Operating Conditions on Exhaust-Valve Temperatures

The influznce of indicated mean effzctive pressure on the tem-
peraturzs of the exhaust gas, the exhaust valve, the valve guide, the
valve seat, and the rear spark-plug bushing is shown in figure 7(a).
For example, the exhaust-valve temperature was incrzased from 990° F
to 12200 F by increasing thz indicatsd mezan effective pressure from
98 to 25l pounds per sguares inch.

Apparently the valve temperaturc at low spead is influsnced by
the frequsncy of the raciprocation of -the sodium from ths valve head
to the stem. Figure 7(b) shows that ths valve temperature did not
fall appraciably whon the speed was raduced from 1800 to 1LOO rpm at
constant maan effective pressurs. This rssult indicates that the
effzct of the change in power is partly offset by the rzduced rate
at which the heat is transferred by ths sodium.  Figurs 7(c¢), which
presents thz data of figures 7(2) and 7(b) on a powsr basis, reveals
that at 73 indicatsd horsepower the valve temperature was 1155° F at
1400 rom and 10659 F at 2200 rpm, a roduction of 90° F resulting from
the use of higher speed.

Variation in fucl-air ratio has a marksd =ffect on valve temper-
aturcs, as may be s~en in figure 8. Reducing the fusl-air ratio
from 0.112 to 0.06lL increased the temperature of tho axhaust valve
mor: than increasing the indicated mean sffective pressurs from 98 to
25ly pounds per square inch, as shown in the following table:

Variable-imep tast | Variablé~fuel-air—ratio test

t

Valve tempera-

imep ture measursd “imzp Valve

F/A  |(1t/sq in.) | by thermocouple F/A 1 {1b/3q in.) | temperature
(°F) (°r)
0.080 58 990 0.112 226 1070

.080 25l 1220 .06L 179 1337




The maxinum valve temperature was obtained at a fuel-air ratio
between 0,064 and 0.070, Both richer and leaner mixtures produced
lover valve temperatures, though lean-mixturs operation did not
result in so low a valve temperabure as did rich-mixture operation.
The important temperatures were:

Fuel-air ratio Valve temperatur
(°F)
0.052 1200
. 066 1340
L1172 1070

‘The high valve temperature accompanying operation with fuel-air
ratics in the region of 0.065 is one reason why lean-mixture opera-
tion is det“imental to valve life. InJjection carburetors are Ire-
guently adjusted to give a fuel-air ratio of 0.070 for crulsing,
From the foregolng ¢iscugsion it is evident that this mixture
ratio imposes the most severe Lemperature on the exhaust valve,

The valves would probably give more satisfactory service if

Lo

operated with a leaner mixture,

The effect of spark advance on exhaust-valve temperatures is
shown in figire 9. This figure shows that at a fuel-air ratio of
0.08 the exhaust-valve tewperature is practically unaffected by vari-
ation of tie spark advance in the rarge from 5° to 25° B,T.C. As

the spark was advanced beyond 25° B.T.C. the valve temperature
increased until at 45° B,T.C. it was the highest observed in this
cylinder, 13500 F,

The rise in valve temperature with greatly retarded spark is
probably caused by the higher exhaust-gas temperature resulting from
a decreased exvansion after combustion, The rise in valve tewpera-
ture with increase in spark advance beyond 25° B.T.C. may be caused
by the increased period of time that the crown of the valve is ex-
posed to the working fluid dwring combustion and expansion,

Tt is noted that as the spark ls advanced beyond 25° B.T.C. the
indicated temperature of the exhaust-gas thermocouple is substantvially
constant, whereas the indicated temperature of the exhaust valve rises
until it becomes greater than the temperature of the exhaust-gas ther-
rocouple. The fact that the temporature of the exhauslt valve does
become greater than the temperature of the exhaust-gas thermocouple
is, however, of no particular s:gnllacanco because, as pointed out
before, the true exnaust-gas temperature 1is greater than the tempera-
ture of the unshielded thiermocouple.

Variation in cylinder cooling resulting from change in cooling-
air pressure drop across the engine resulted in relatively little



hangz in the exhaust-valve temperature, as may be seen in figure 10,
[hp temperatures of the rear spark-plug bushing, valve-guide bushing,
and seat insert ware more greauly affected, as snovq in the fcllow-
ing tabulation:

- | Rear spark- i
Cooling-air plug-bushing | Exhaust-valve | Valve-guide | Valve-seat
pressure 4drop temperature tempegature temperature temperapﬂre
{(in. water) (°F) (“F) (°F) (°F)
1 475 1140 865 520
30 302 1030 470 350
Change 173 110 ! 195 17Q

In the ranges of the test conditions, variation in fuel-air ratio
ha'q mach greater effect than cooling-air pressure drop on the exhaust-
lve temperature. An increase in cooling-air pressure drop from
1 to 30 inches of water resulted in a reduction in exhaust-valve tem-
perature of only 110° F, whereas an increase in fusl-air ratio from

0.065 to 0.112 reduced the valve temperature 280° 7.

Reducing the fusl-air ratio from C,112 to 0.098 increased the
valve temperature as much as reducing the cooling-air vressure drop
from 30 inches to 1 inch of water,. This striking contrast shows
that relatively large increases in over-all cylinder-head cooling
are required to maintain constant valve temperature with moderate
increases in severity of engine operation. Attention should be
given to improvements in valve desien and cylinder-head design to
give the best heat flow from the valve guide and from the valve szatb.

.,

Temperatures of dxhaust Valve and Rear Spark-Plug 3ushing

The temperature of the rear spark-plug bushing is frequently
taken as an indication of tie condition of cylinder-hsad cooling.
fndurance tests at high cylinder-head temperatures and high power
indicate h the mosf critical cylinder-head temperature is that
of ths 2xh s+ valva, A study was theref{ore made of ths relation

between tnu temperaturas of the exhaust valvs and the rear svark-
nlug hushing.

An inspection of the tempsratures in figure 8 clearly reveals
that tha tempsraturzs of the reer spark-plug bushing does not indicate
variations in valvs temperature, A variation in exhaust-valve tem-

peratur: of 230% ¥ was accompanied by practically no change in the
t moerature of the rear spark-plug bushing.

Further evidence of the unrcliability of the temperaturs of the
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rear spark-plug bushing as an indication of the exhaust-valve temper-
ature is found in figure 11. The curves show valve temperatures
obtained at various spark-plug-bushing temperatures. Data from the
tests with variable indicated mean effective nressure and tests with
variable cooling-air pressure are shown. It is readily apparent
that the relation between tempsratures of the rear spark-plug bushing
and of the exhaust valve is sufficiently influenced by engine opera-
ting conditions to make use of such a relation inadvisable. At a
rear spark-plug-bushing temperature of 400° F the dlfferencp 1n
exhaust-valve temperature obtained in the two tests was 95°

Temperatures of Exhaust Valve under Flight Conditions

Sufficient data are presented in this report to make it nossible
to estimate exhaust-valve temperatures under {light conditions. The'
following estimates are given:

| Valve

Flight condition | Ingine speed bmep Fuel-air ; temperature
' (rom) (1b/3q in. ) ratio (OF)
Take-off 2500 209 0.10 1120
Maximum cruising 2000 141 .08 1100
Maximum cruising 2000 141 LOT 1140

estimated temperaturas were obtained by

These applying correc-
tions to the temperatures obtainad in the test of variable indicated
mean effective pressure (fig. 7(aj). The required indicated mean
effective pressurs was found by adding a value of friction mean
effective pressure of 25 pounds per sguare inch (an estimate based on
singl=s-cylinder operation) to the brake mean effective pressure.
Corrections for differences in the required speed and a speed of
2200 rpm were then obtained from figure 7(b) and corrections for the
differences in required fuel-air ratio and a fuel-air ratio of 0,08
wers obtained from figure 8. These corrections were applied to the
tempsratures read from figure 7(a). The resultant temperatures have
been listed as sstimated temperatures. '

Exhaust-valve temperatures for cruising with two fuel-air ratios
are given. Normally the fuel-air ratio for maximum cruising power
is C.08, but cruising at 0,07 is sometimes practiced,

The preceding tempsrature estimates indicate that in this type
f cylinder the exhaust valve is frequently hotter than 1000° F.
t is probable that a temperaturs of 1300) I is sometimes reached
in serv1ce.
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Accuracy

Before the thermocouple w.3 installed in the valve, the wires
were calibrated by comparison with a standard thermocouple that had
been celibrated at the National Bureaw of Standards., After the
valve va3 arssuvled a standard thermocouple was attached to the oub-
gide of “the valve crown at its center, and tie valva was pilaced in
a thermostatically controlled furnace. The sthem ant the commutator
protrudzd through a hole in the furnace. Chromel and alurel wires
were clamped to the commutator and comnnected to a potentiometer.

The potentials produced by the valve thermocouple and the standard
thermocouple were recorded at various furnace temperatures, The
calibrations of the thermocouple before and after installation in
the valve are shown in figure 1z, The error at 1155° F wag -4 F,
The close agreement betwesn the calibration of the thermocouple made
belore and af“er it wes iungtalled in the valve showed that the commu-
tator was properly connected and had introduced no error in the indi-~
cation of the thermocouple,

Tlectrical resistance at the contact surfaces of the commutator
and the brushes intrcduced no error becavse the thermoelectromotive
force was meszured by a null-type potentiometer, Lubrication of
the commutator with petrolewn oil caused the formation of an insu-
lating film between the commutator and the contacts during the
periods in which the valve was mcving., Contact was thus established
only when little or no sliding of the contaszts on the commutator
occurred and the errors frequently introduced by potentials generated
between sliding surfaces was minimized., Comparison of potential
readings with the engine motoring and with the engine at rest showed
the contact pctential to be insignificant,

No special tests were run to determine the reproducibility of
valve temperatures under similar operating conditions., It was,
however, possible to.check cne test point from each test against
corresponding test data from the test in which the indicated mean
effective pressure was varied. The variations (all positive) be-
tveen the results in each of the other tests and this test were:

Test Variation
(°F)
Variable speed 18
Variable spark advance 15
Variable cooling 10

Variabvle fuel-air ratio 22
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These tegts show a reproducibility within 22° ¥, which is
2 percent of the difference betwsen rocm temperature and the
meagured valve teuperature,

It is not lmown what influence the presence of the thermocouple
and the *tube had or the valve temperature, The valve chosen for
theose tests has a throat diameter as lzrge as the upper limit of
manufacturing tolerances and the presence of the thermocouple did
not reduco the throat area helow the equivelent throat area for
the lower limit of manufacturing tolerances., The thermocouple tube
reduced the emallegt passage area for the sodium 10.2 percent and
increased “he vebtted perimeter of that section 31.9 percent, The
area of the valve-stem wall through which the scdium was- cooled.
was unchanged.

The temperature determined by the unshielded exhaust-gas therms-
couple was not the true gas temperature, but a uvseful indication of
the heating effect of the gas upon engins parts is believed to have
been provided. The temperatire indicated by this thermocouple was
lower than that of the exhaust gas becauge of cyclic variation in
the temperature of the gas and because of radiation and conduction
of leat from the thermocouple junction.

The temperatures determined by the thermocouples installsed in
the exhaust-valve-guide busiiing, the rear spark-plug bushing, and tie
exnaust-valve seat insert were accurate Lo within +4° F. It hza been
found in these and in otler tests that, with a given cylinder and
thermocoupls installation, the operating conditions could be repeated
closely enough to meke temperatures reproducible within 210° F, With
a different cylinder, or even a new installation of thermocouples in
the same cylinder, greater variations wers observed.

CONCLUSIONS

The trends of exhaust-valve temperatures obtained in laboratory
tests on an air-cooled cylinder shiowed that:

1, The temperature of the crown of the exhaust valve was 1337° F
atv the following conditions: unel-air ratio, 0.064; indicated mean
offective pressure, 179 pounds per square inch; engine speed, 2000 rym;
and spark advance, 19° B.T.C. This was the highest temperature ob-
served in the normal range of spark advanca,

2. Variation in fuel-air ratio had relatively great eifect on
valve temperature. The valve temperature changed from a maximum of .
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1337° F at a fuel-air ratio of 0.064 to 1055° ¥ at a fuel-air ratio
of ¢,112, Operation with fuel-air ratios lower than 0.064 also
resulted in valve temperatures appreciably below the maximum,

3. An increase in power resulted in an increase in the tempera-
ture of the exnaust valve, An increase in indicated mean effective
pregsure from 98 to 2 4 pounds per square inch increased the valve
temperature from 990° F to 1220° ¥, Changes in power resulting from
changes in speed had slightly less influence on the valve temperature

4, An extrems change in cooling-air pressure drop from 1 to
320 inches of water had less effect on the temperature of the exhaust
valve than did variations in other operating conditions.,

5. Variation of spark advance in the range from 5° to 25° B.T.C.
had little effect on the temperature of the exhaust valve.

6. The temperature of the rear spark-plug dbushing is not a
gatisfactory indication of the %temperature of the exhaust valve.

Aircraft Engine Research Iaboratovg,
National Advisory Committee for Aeronautics,
Cleveland, Ohio,
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Figure 2.- Photograph of thermocouple-equipped exhaust
valve and associated parts.
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equipped with a thermocouple.
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Figure 8.- Effect of fuel-air ratio on the temperature of the ex-

haust valve in an air-cooled cylinder. Engine speed,
2200 rpm; indicated mean effective pressure, approximately 93 per-
cent of that occurring at the audible knock limit; spark advance,
19° B.T.C.: compression ratio, 6.7; temperature of center of barrel
downstream, 360°F. :
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Figure 9.- Effect of variation in spark advance on the temperatures
of the exhaust valve and associated parts in an air-cooled

cylinder. Indicated mean effective pressure, 167 pounds per square

inch; engine speed, 2200 rpm; fuel-air ratio, 0.08; charge-air temper-

ature, 150%F; cooling-air temperature, 100°F; cooling-air pressure
drop, 16 inches of water.
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NACA : . | Fig

Temperature of exhaust valve, °F
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1400 ———+ Test with variable cooling-air pressure (fig. 10)
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pressure (fig. 7)
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Temperature of rear spark-plug bushing, OF

Figure 1l1l.- Illustration of error in using the temperature of the

rear spark-plug bushing as an indication of the
temperature of the exhaust valve. Air-cooled cylinder; engine
speed, 2200 rpm; cooling-air temperature, 85° - 1090F; fuel-air
ratio, 0.08.
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Figure 12.- Calibration of thermocouple installed in exhaust valve.
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