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' SUVMMARY

This report presents the results of an investigatlion
of the cooling characteristics of an R-2600-22 engine
installed in a PBM-3D nacelle. The investigation was
divided into two parts; an investigation of the general
cooling characteristics of the iengine by the NACA cooling-
correlation method, and an investigation of the cooling of
specific points on the engine cylinder where cooling was
critical. Particular effort was directed toward meas-
urements -of exhaust-valve-crown temperatures and the
investigation of methods of cooling the exhaust-valve
crown. Fairly extensive tests were also made in an effort
to improve thé cooling of the number 3 cylinder.

A comparison with a torque-stand correlation obtained
with an engine having a similar cylinier head but different
barrel. fins indicated very good agreement. A comparison
of the cooling-~correlation equation dstermined during
these tests with a correlation obtained on an R-2600-22
engine in flight indicated fair agreement between the two.

The data from the exhaust-valve tests show that
control of the fuel-air ratio is the most -important
factor influencing the exhaust-valve-crown temperature.
Aside from redesign of the valve and cylinder, it does
not ap)ear possible to attain eosling by ‘external means
comparable to that-attainable by controlling the fuel-
air retio. The ground tests indicate.that 16 1Is

»
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feasible to operate the sngine in flight at 975 horse-
power at fuel-air ratios as lean as 0.056.

General engine performance, including brake specific
fuel consumption is not adversely affected by very lean
mixture operation, although the manifold pressure must be
increased by about 10 percent to maintain crulsing power,

It is recommended that endurance testing be conducted
to determine the effects on the engine of operation at
mixture ratios in the neighborhood of 0.056 to 0.058,

The service life of the engine might be extended, provided
this lean mixture operation ices not cause unforeseen
deleterious effects.

For this engine installation, removal of the baffles
from the number O cylinder reduced the temperatures at the
rear snark-plug gasket, rear midbarrel, aad base of the
cylinder, without producing messurable reductions in the
temperature of the exhaust valve. It is stressed that,
although removal of the baffles from one hard-td-cool
cylinder may often prove to be a quick fix, removal of
the bafiles from all cylinders will be definitely detri-
mental. s :

INTRODUCTION

At the request of the Bureau of Aeronautics, Navy
Department, the NACA has conducted a cooling inves-
tigation of the R-2600-22 engine installation of the
PBN-3D airplane, both on a ground-test stand at the
Langley full-scale tunnel and in flight. The inves-
tigation was requested because the engine cooling of the
PBM-% and PBM-3C airplanes was inadequate at high gross
weights. 1In cruising flight the cylinder-head temper-
ature limit was exceeded, and exhaust valve burning and
failures were frequent. When production of the PBM-3D
was started, the proto-type airplane and an engine quick-
change unit were msade available to the NACA for flight
and ground-cooling tests, since it was believed that
many of the difficultles encountered with the PBM~3 and
PBM-3C would also be experienced with the PBM-3D.

The original test programs called for a determination,
both in flight and on the ground-standi, of the improve-
ment in cooling possible with redesigned cylinder baffles
and with propeller-speed cooling fans. In addition, the
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ground~test program included some speclialized tests,
such as measurement of the exhaust-valve-crown termper-
atures, which required more extensive instrumentation
and wore Aifficult to carry out in flight. Because of
the results of the baffle revisions and fan instal-
lation during the flight tests, some modlfications were
made in the nrocram for the ground tests, The schedule
of baffle tests was greatly rduced, testing of the fan
as sueh was élinminated, greater effort was directed
toward an investigation of exhaunt-valve coolling, and
specific tests were conducted for improving the cooling
of number O cylinder.

This report presents the general cooling charac-
teristics of the engine by the HACA cooling-correlation
method, and the results of the investigation of the
effects on the exhaust-valve-crown temperature of
several methods of cooling. A brief descripntion of the
§eriesfpf-tests for, improving the cooling of the number
8. cylinder. is also included, '

APPARATIS A¥D INSTRUMENTATION

. Engine installation.- The R-2600-22 eéngine is a
1l-cyTinder two-row radial ailr-cooled engine, rated at
1900 horsépower at 2500 rpm for take-off and 1600
horsepower at 2400 rpm for maximum continuous power
from sea-level to 5300 fest. The propeller gear ratio
1s 1637, the impeller ‘diameter is 11 inches, and the
impeller gear ratlos are T.06:1 ana 10861,  The
R-2600-22 engine is of the R-2600 BB serles and differs
in several respects from the engines of the R-2600 B
series used in the PBM-3 and PBN~-3C airplanes. Alu-
minum barrel fins are used instesd of steel, nichrome-~
faced exhaust valves instead of stellite-faced,
buttress-threaded exhaust-valve seats instead of seats
shrunk into the cylinder head, and.two 0oll sumps
instead of one. The aluminum barrel fins are fabri-
cated in the form of 180° arcs which are fas-
tened by rolling them into grooves machined on the

cylinder barrels.

The staniard PBM-3D quick-change engine unit was
installed on an outdoor ground-test setup (fig. L
This unit, which included those parts of the nacelle
ahead of the rear of the engine mount, was supported
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on & -stub wing. Engine controls "and instruments were
located in a ftest house about 20 feéet from the wing, and
engine control ‘was by electric actuators in the wing.
Hydraulic pressures and air pressures were read in the
control house from direct-actuated instruments.

The engine -power was absorbed by a 15-foot 2-inch
diameter Curtiss Flectric Y-blade propeller. A :
propeller-speed fan of a Curtiss preliminary design was

s 3

installed to augmént the cooling-air flow.

The engine charge air was measured by & calibrated
venturi and was brought to the carburetor through an
external duct. The fuel flow was measured by "Stablvis"
rotameter, and the engine torgue was measured with a '
standard #right hydraulic torquemeter supplied with the
engine.

The engine was equipned with a Stromberg PR-ICAL
carburetor, with Wright Aeronautical Corporation carbu=
retor setting No. 6£973N31, The fuel system was mod-
1fied somewhat to nermit greater flexibility in fuel-
air ratio control by installing an auxiliary fuel line
from the control house to the fuel transfer pipe of the
carburetor and by installing special mixture-control
plates in the carburetor. The auxiliary. fuel line was
connected downstream from the rotameter so that the
additional fuel flow was read on the rotameter. Control
of the auxiliary flow was by a hand needle valve. The
special mixture-control plates permitted fine adjust-
ment of the manual mixture control at stations between
"gutomatic rich" and "automatic lean," and between :
"gutomatic lean" and "idle cut-off." :

The fuel used throughout the tests was specifi-
cation AW-F-28, grade 100/130.

Instrumentation.- Total-pressure tubes were
installed on all front-row (even numbered) cylinder
heads ani on the number 1 cylinder head. Static-
pressure tubes were installed on all rear-row (odad
numbered) cylinders. The jocations of the total-
pressure and the static-pressure tubes-are shown in
figure 2.

prior to installation of pressure tubes over the
entire engine, a brief investigation was conducted to
determine the fore-and-aft location most suitable for
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these tests. It was found that the smoothest and most
reoro;u01ble'reaﬂlnés were obtained: by:. logcating  the tube
ends Z/lo inch ‘¢t Df the baffle ocurl. . That location
was chosen for these tests.

Embedded iron-constantan thermocouples were :
installed in the rear-spark-plug boss of each cylinder.
The embedded thermocouple consisted of one- iron and one
constantan number 28 glass-covered wire silver soldered
into a 0.018-inch diameter soft.brass pellet, which was
driven into 'a hole‘drilled into the. spark-plug boss
(fig. 3). The number 23 wires were 31lver soldered to
heavier leads which were held rlgldlv to the cyllnder
by a small ‘brass clip. SR

A- few preliminary tests were made to combare the
temperature measured b3 the embedied thermocouple with
that measured by two spark-plug gasket-type thermocouples.
‘Both of the gasket-type thermocouples were attached to

. the same gasket, one palr of leads. being embedded in the
. body end the other pair in the tab,.projecting from the

gasket. 'The three test  thermocoupnles were installed on
the number 3 cylinder of the engine. Army-Navy standard
gasket-type thermocounles were inonalled at the rear
spark plugs of cylinder° 2 and -l Lo obtain reLcreace
temoeratures. RS ;

Three series of thermocounle tssts were run. The
first series was run with-the normal flow.of air over
the engine, and the second and third series with 167-
and 139-mile=-per-hour blasts of air from a 3/li-inch
tube directed on the thermocoupl¢s. Each serles of.
tests was run -at several -different power conditions
selected to>£1ve a8 range of cy 1inder-hesd. températures,
The test results (fig. L) show that the tnernocouple
embedded in the spark-plug boss was affected least by
stray blasts of air, while the thermocouple in the tab
projecting from the gasket was affected most. In view
of this fact, the embedded type was chosen for the
correlation work.

Each cylinder was also equipped with a conventional
gasket-type thermocouple at the rear spark plug and
thermocouples were installed at .the cylinder flanges.
During the exhaust-valve work, thermocoupnles were
Iinstalled in the exhaust-valve crown of the number 2
cylinder, in the exhaust-valve guide, and in the metal
immediately adjacent ‘to the exhaust-valve seat.
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The exhaust-valve thermocouple instsllation is
similar to thet described by Sanders and others in
reference 1, with the exception that provision was made
for installing all contacts underneath the rocker-box
cover. The general arrangement of the installation is
shown schematically in figures 5 and 6. The thermo-
couple is formed by the junction of the single con-
stanten wire and the stainless steel tube shown In
figure 5. ' The single-wire thermocouple permits g more
rugged construction than does the two-wire ‘thermo- -
couple; however, due to the fact that the temperatures
encountered are near the upper limit for an iron-
constantan thermocouple, the calivration is somewhat
uncertain and apparently changes slightly with use.
The thermocouple is considered satisfactory for
comparative tests, although the absolute values may
be in error by as much as 500 or 60° F. ' The thermo-
couple emf 1s transferred to Ghie external leads through
the contacts on the long steel springs figi ©). -Thesge
contacts are arranged to touch the contacts on the valve
during only about 1/32 inch of valvé travel. Movement
of the springs is thereby held to a minimum. ~ Inasmuch
as the valve remains closed approximately three-fourths-
of the time, no difficulty has been experienced in '

obtainingz good null balance readings on a. potentiometer .=

with a reasonably sensitive galvanomster.

This thermocouple is characterized by both compact-
ness and ruggedness. The complete installation can be
made beneath the rocker-bax cover, and  the present
{nstallation has been operated a total of more than 65
hours. The only maintenance reguired has béen replace-
ment of the contacts on one occesion, and minor adjust-
ments of the tension of the contact springs.

NOTATION
rpm engine crankshaft speed, revolutions per
minute
ihp % indicated horsepower
bhp P brake horsepnower yitts
P b engine manifoid pressufé measufea at‘mme

B _ blower rim, inches of mercury absolute
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outside air pressure, inches of mercury
absolute

mass density of cooling air, slugs per cubilc
foot

relative density of cooling air (p/0.002378)

cooling-alr pressure drop &across engine,
inches of water

engine cooling air, pounds per hour
engine charge air, pounds per hour

exponents applying to W W and o©Ap,

g al
respectlvely
constants
average temperature of all cylinders,
measured by thermocouples embedded in
the snark-plug ‘boss, “F
o
cooling-air tempersature, F
carburetor-air tempersture, °F
mean effective gas temperature, OF

reference mean effective gas temperature at
carburetor-air temperature of 0° F, OF

increment of effective gas temperature
acceleration of gravity, feet per second2

specific heat of air at constant pressure,
Btu per pound °F



G2

¥R No. L5L18

COOLING "“CORRELATION

Establishment of the Cooling Correlation

T™e fundamental principles of the NACA engine-

cooling correlation method have been expressed .in
references 2, 3, and L, and detailed lescriptions of

the application of the method are given -in reference 5,
The fundamental equation for the cooling of an alr-cooled
engine is expressed as follows:

oI

- S5y
3 o5, W, i
o Cl b s
2 R E
7 o
R 2 (gan)z

Equation (2) is aprroximate, ani 1s generally used in
applying the correlation method at low anl medium
galtitudes. At high altitude the more exact equation (1)
is used.

gas temperature tg, 1s used Instead of t

ance

Throughout this report the reference mean effective
-y -in conforms
€80

with current nrzctice.. The mean effective gas tem-

perature tg is determined from the equation:

AR T et o S

E €0 ,
where the blower rise At 1s determined from the equation:
312 '
e (Impeller tip speed) (reference 5)

778 & G,

For this engine, the equation reduces to:

(low blower),

/ o\ 2
At = 191 | amee

: TOO00
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and:
S o, N2 :
At = 3&.;( ,m> (high blowsr)
1000

For low blower, then, the correction Atg is determined
from the expression .

R Y
Até = 0.0 ;tC + 1;.1_‘m/—i (3)
A 4 - -, ppm\© |

|
Lo
The correlation was run in accorlsnce with standard
practice, then random points were taken to verify the
correlation. All runs were made with the engine in low

blower,

Power-Charge-Air Correlation

Generally, the solution of the cooling problems
requires a knowledge of the charge-air flow, Wg. The
following method of estimating the charge-air flow
(see reference 5) 1is based upon the assgmption that

, e
the indicated specific air consumption F pounds of
P

alr per indicated horsepower hour) 1s fixel at any one
fuel-air ratio. A curve of specific air consumption
against fuel-sir rstio is olotted from the data taken
juring the correlation runs, znd the charge-alr flow is
estimated by use of the following equation:

» W \ /7 rom\ @
Sl Qv 2hls 19;0}“@“30> o Bl @m 5 pg At

ihp = bhp +
1000
(5)
which may be pgt into_the following form:rpm
bhp + 21,5 ggif - 1.60 fy - P% b v

W = ;
e o 2
S0 PR WD ﬁff§§
lg/ihp WL000/

where We/ihp i1s determined from the plot of specific air
consumption against fuel-air ratio.
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The equation with the above constants applies only
to the R-2600 engine with ll-inch diameter impeller, and
with an impeller gear ratio of 7.06:1 {low blower). The
corresponding equation for high blower operation is

Bl Rag e MEPILE Ly g e P el
o ooa (Pm 9 1000
WL (7)
i - 000431 rpm>2
Wy /ihp o

Relatibn of Engine Temperature Limits to ¢ty

The value of tp 1is determined from the engine-
temperature limits as set .by the manufacturer, given in
terms of hottest rear-snark-plug-gasket temperature.

The correlation nresented in this report is based upon
the average temperature of all cylinders (as indicated
by thermocouples embedied in the spark-plug bosses),
therefore the relationship between hottest rear-spark-
plug-gasket temperature and average embedded temperature
of all cylinders is needed. This relationship 1is deter-
mined from a plot of hottest rear-spark-plug-gasket
temperature against average embeddel-thermocouple tem-
perature,. from data obtained during the correlation runs.

Cooling-Correlation Results

A general summary of the correlation data is given
in table I, 'and the individual ciylinder temperatures are
listed in table II. - ' t:

The veriation of ‘téo with fuel-air ratio is shown

in figure 7. - It 1s.seen..that the »oints gll fall fairly
near the curve, regardless of whether the engine was oner-
ated at constant charge~air flow, constant vpower, or con-
stant manifold pressure.

Tne value of the exponent 2z (equation (2)), as
determined by the. construction -curve, is 0.50. The expo-
nent y 1is 0.5%, and Cp is 0.00420. The complete

cooling-correlation equation for this engine 1s then
-0 +54

e e oLppln e | (&)
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The cooling corrslstion for the engine, with

th - g 1
e
tg -ty We 2,

nlotted a-ainst oap, is given In flgure &

Application

An example of the use of the correlation curves
follows. The conditions are assumed for a standard

cruise setting.

Condltions:
Navy summer atmosphere
Pressure altitude, fest .« . « o o o ¢ o o o o o
Atmospheric pressure, inches of mercury . « . .
Atmospheric temperature OF « « + ¢ ¢ « o ¢+ o o o
e e S S M e S R O RS e (8
T ea Bheed, PDM. e wlce o« v sl e e & e e e s te

Engine manifolil preéssure, inches of mercury s .

il

5000
2.9

71

0.8120

1975
31.5

Brales Borsepowar” . o o s e le e e ot @ wiH T sl S

Fue]—al‘f’ I‘atiO . . . . - . . . . . . L S . . .

Assume carburetor air temperature, P Ty Ve

. 0.065

75

The normal cruising speed of the PBM airplane 1is
somewhere in the nelghborhood of 140 miles per hour at
the power condition assumed. Corrections for compress-
ibility effects have been applied and the following

corrected values are used:

ta, OF‘ L] 3 . ® . . . . . . . . . . . . - . . . . . 75
G . . . . 3 . . [} . . . . . . . . . . . . . . . 0.82
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First, Wg, tg, and typ must be determined. From fig-

. W
e y R T ]
ure 9, —— at 0.065 fuel-air ratio is 5.95 pounds of air

ihp
per indicated horsepower-hour, ani from equation 6,
Wg = 6500 pounds per hour.
From figure 7, tg, at 0.065 fuel-air ratlio 1is

1170° . Then (equation (L))
bo 2 g + 080005 + 191 (iligE el e Tame ieenie0) = 12900 F

The manufacturer lists J01° F as the temperature
1imit for the hottest heal (rear-spark-plug-gasket
thermocounle) for continuous operation, anl figure 10
shows that th (embedded thermocouple) at a hottest
rear_spark-plug-gasket temperature of [j01° F is 410° F.

Then,
B Tita " , 110 - 75 1
i e 55 - 42@0 7ulo R
tg o &, We 177 1290+~ 65000+ 55

and from figure 8,o0tp = 6.9

Supplementary Considerations

The curve of indicated specific fuel consumption
(fig. 11) is an index of the general engine performance.
The consistency of the fuel and air measurements 1is illus-
trated by the fact that the data of both figures 9 and 11
fall reasonsbly near the curves.

 Comparison with Other Correlations

4 cooling correlation for the Cl4B engine is pres-
entel by the Wright Aeronautical Corporation in refer-
ence 6. The cylinder head of the Cl,B engine is similar
to that of the ClLBB (2600-22) engine, and the cooling
correlation for the cylinder heads should therefore be
similar. -A comparison of the two correlations 1is shown
in figure 12. The Wright Aeronautical CorpOritégn data

ty = & We™*
are presented with 2 2 plotted against 2

e &
te ty cAap

» and
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for comparison the NACA data are plotted on the same basis,
The exponent, 1.66, used in the W.A.C. correlation, is
obtained by dividing the exnonent 7y by the exponent 2z,
from equation (2). The corresponding exponent from the
NACA data 1s 1.6l. The agreement between the two sets of
data is very close and indicates the probability of good
instrumentation.

The usefulness of any cooling-correlation data is
largely denendent upon whether or not the cooling require-
ments of the engine, as predicted from the curves, agree
with actual flight-test data. There have been frequent
discrepancies between some wind-tunnel and flight cooling
correlations of engines other than the R-2600. For this
reason it may be of particular interest to comnare the
cooling correlation obtained during the flight tests
with the cooling-correlation data of this report. The
flight tests vere carried out at an altitude of 5000 feet,
so the question of correctlons for high altitude does not
enter ‘into the comparison. The flight tests selected for
comparison were made with a Curtias fan installed on the
engine. -

In figures 13 and 1l are shown comparisons of the
cooling-air pressure drons and rear-spark-plug gasket
temperatures for somevhat similar conditions, for the
flight tests and ground-stand tests.

Figure 15 is a direct comnarison of the cooling-
correlation curves obtained during the flight tests and
during the ground tests. The indicated horsepower 1is
used instead of the charge-alr flow because the results
of the flight tests were available in that form. The
exnonent of the indicated horsenower determined during the
flight tests was 0,60. 1In computing the flight-test points
for figure 15, however, the same value as determined from
the ground tests, 0.59, was used in order that direct
comparison of the correlations can be made without resort
to commutetions. Use of the same value of the exponent for
indicated Horsenower as is used for Wy 1s legitimate.

Both the ground=test and flight-test correlations of fig-
ure 15 are based upon the average rear-spark-plug gasket
temperetures rather than upon the average of embedded
thermocouples. Figure 16, showing hottest rear-spark-
nlug-gasket temnerature »nlotted against average rear-
sparii-plug-gasket temperature from the ground-stand test
data, is included for convenience in malring calculations.
A check of similar dota from the flight tests shows very
good agreement with the sround-test data of figure 16,
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Tt is.seen from-figure 15 that at the higher values
of oAp the difference between the two correlations
amounts to about two inches 2f water pressure drop. At
lower values of oAp the difference between the correla-
tions is less, and the two lines woull intersect in the

neighborhood of 3 inche§ of water pressure dro;.

The comparisons of data in filgures 12 ani 15 indi-
cate that, althou&n good agreement may be reached between
-different ground-st tand correlations of similar engines,
ilsagreement still exists between ground-test and flight-
test daha. Although the flight and grouni-test pressure
drops are of the same order of magnitule, the 2C-percent
jifference is énough to account .for failure of ground-
stand correlations to »redict flight performance. It has
been suggested that 11fferences in instrumentation are
resoonsiple for the ilsaéreement since good instrumen-

. tation for flight testing 1s more difficult than for
grouni testing. It appears more probable, however, that
other factors, such as large differences in inflow pat-
tern, may be contributory.

EXHAUST-VALV¥® COOLING TESTS. .

Since one of the chief difficulties encountered with
this engine installation in service had been fallure g
the exhaust valves, a rather extensive investigation was
made of the coollng of the exhaust-valve crown an3d the-
regloq in the vicinity of the exhaust valve.

Ve thods

Cylinder number 2 was chosen for the exhaust-valve
tests because of its accessibility. Two different gen-
eral methods of cooling the valve were tried, namely,
internal cooling by varjing the fuel-air ratio, and
externel cooling by means of directed air flow.  In

der to get soms. 1dea of how much valve cooling was
p0351ble by externol cooling, one series of tests was
made with a water spray Jlrecteﬂ over the. cylinder., The
water spray was con51dered to be a more drastic method
of external cooling than any method Wthh could be used
in practice.
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Because of the known behavior of the engine tem-
peratures when the fuel-air ratio is varied (shown in
fig. 75 and demonstrated in Jdetall in references 7 sand |
B8 ), it was belleved that leaning of tiie mixture beyond
the. stoichiometric might afford an easy method of cool-
ing the valve without recourse to redesign of the cyl-
inder or valve. Accordingly, tests were maile to deter-
mine the valve temperatures throughout & wide range of
fuel-air ratios ani to see if the engine could be oper-. -
ated satisfactorily at cruise power at ‘the mixtures nec-
.essary to ‘cool the valve. 54 -

The tests were conducted at a standard crulse power.
for the engine (1975 rpm, 150 bmep). The torquemeter ;
reading at the normal cruise setting was first established,
then the fuel-air ratio was varied from.rich to lean.

The torque was maintained at the standard cruise value

by varying the manifold pressure. A later series of tests
was made, using first standard baffles and then a set ot
ducted -baffles -on the cylinder with.the thermocouple

valve installation. :

The ducted baffles that were used were similar to
the baffles that were adopted during the flight tests
with. the exception that only the cide baffles wvere
used, in conjunction with the standard top barfle.

‘The water spray nozzle at the front of the cylinder
was made of 1/L-inch-diameter copper tubing with fine
holes drilled along its length. An effort was maie, in
the design, to obtain a spray that would direct a larger
proportion of the water to the exhaust slde.

Exhauét—Valve-Cooling Results

Results of ‘the flel-air ratio tests with staniard
baffles, and the results of the water-soray tests, are
shown in figures 17 and 18. Figure 17 shows the |
exhaust-valve crown temperature for cylinier 2, and the
engine brake specifilc fuel consumption and manifold pres-
sure, plotted against engine fuel-alr ratio. The tem-
peratures of the exhaust-valve seat, exhaust-valve guide,
and rear-gnark-plu; gasket on:cylinder- 2 are shown in
figure 18. The data for the water-sopray tests. werg
obtained by turning on the spray immediately after
obtaining the Aata for the:points on the curve.at the
same fuel-2ir ratio. _ R ~ s
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It is seen from inspection of figure 17 that the
exhaust-valve tempnerature was lowered about 85° F when
the engins fuel air ratio was leaned from 0.065 to
0L 0575« - There were mo.adverse effeects on fuel consump-
tion. The maQLIolg pressure: had 4o be: raiséd from about
£2 inches of mercury bo sbout ¥$5' inches, in order to
maintain cruising power. ;

The other measured temperatures, shown in figure 18,
were also lowered when the fuel-air ratio was leaned.
Comparison of the temperature data of figures 17 and 15
provides a.good example of the relative valuss of inter-
nal and externsl  cooling. The exhaust:valve: is irnside
the cylinder and 1s therefore. affected greatl' by inter-
nal cooling (in this' c¢ase, 'by change of fuel- air patio
and consequent change of tg). The rear—spark—gLug ‘£as-
ket, the exhaust-valve gulle, and even the metal near the
exhaust-valve seat, ‘on the other hand, are most easily:
influenced by external coolln i Fer exe *3‘8 a fuel-
aiy ratio change from 0. 065 to 0 0575 eng Iney cboled
tne number 2 0v11nle; spark-plug gasket only _abOut]
25° F and.at .the same time cooled the“exhau3t4v31Ve \
crown 350 F:  The external cooling by the water spray,
on the other hanl, lowered the tewperdtures of the rear-
snark-nlug gasket, exnaust valve.gulie, ani the- ‘megal v T
nesrs hae se_t, about 1400 F and at the same time hsd
about the same effect on the exhaust-valve-crown temper-
ature as the fuel-ailr ratio change above. -The .conclu-
sion to be drawn, then; was that .(barring Jesign changes:
in- the dyglinder heai anl valve) changing the fuel-air’
ratio is the most effective practical means for control-
ling the exhaust-valve temperature.

As might be expected after study of the foregoing
results, attempts to cool the velve externally by use of
the ducted baffles were not encouraging. Although the
directed air flow reduced the temperetures at' the rear
of the cylinder and ‘in the vicinity of ‘the exhaust:valve,
no appreciable cooling of the exhaust- valve crown
resulted. :Cansequently, no data from th ducted:baffles
are presenteld in this reoort.

Mixture Distribution

The variation of the iniividual rearesparkeplug-gase
ket temperatures with engine fuel-air ratio 1s shown
in figure 19, with the test points omisted for the
sake of clarlity. If the fuel-galyr distridbution
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were uniform, all the curves shoulld peak at the same
noint 2long the abscissa; the variation in the input
fuel-air ratio at which peak temperature occurred 1s
an Iindication of the fusl-air distribution. The curve
of average temperature of all 14 cylinders, drawn-as
the dashed line in the figure, peaks at about 0.067,
and 1t is probable that the fuel-air ratio of each
cylinier was in the neighborhood of 0.067 at the point
of maximum tempersture for that cylinder. Cylinder 2,
with the thermocouple valve installed, showed its tem-
perature peak at an engine fuel-air ratio of about
0.066, indicating that the cylinder was running
slightly richer than the average; that is, the actual
fuel-air ratio for cylinder 2 was 0.067 at thé point
of peak temperature, whereas the input fuel-air ratio
was 0.066. i - Mt

Operating Considerations

Engine operastion et fuel-air ratios as lean as
0.056 was smooth and steady. The engine has been oper-
ated at 975 horsepower at fuel-air ratios as lean as
0.05%, although there is some unsteadiness at that mix-
ture strength. .

. Present service carburetor settings for this ;
engine are arranged so that the carburetor will meter
between the limits of 0.065 to 0.065 in automatic lean
setting. Evidently then, the engines are belng oper-

‘ated in a range of fuel-alr ratios where maximum

exhaust-valve-crown temperatures occur. Assuming, then,
that it is Jesirsble for the sske of exhaust-valve cool-
ing to run the engine leaner than present practice per-
mits, the following discuyssion has been prepared to
suggest some changes in operating technique which,’

althoush small, are important.

" Mixture setting.- The first point to be emphasized
is that setting the fuel-alr ratio for best operation
is an item requiring considerable precision. The pro-
cedure should not. be condemnel upon the basis of man-
ual leaning tests conducted without adequate instru-
mentation or experience. It is believed that an auto-
matic setting must be proviied in the carburetor, so
that the "superlean'" setting is reached. without
requiring delicate manipulation of controls. According
to the Jata presented herein, the optimum fuel-air ratio
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is somewhere in the neighborhood of 0.056 to 0.053.
This value provides & mixture rich enough for stealy
engine operation, but lean enough for large cooling
ef'fects on the exhaust valve.

Changing power.- As shown in figure 17,:the man-
ifold pressure must bé increased to obtain rated
cruise power at the lean mixture setting. Normal
orocedure, in order to avoid possible detonation while
the mixture ratio is being changed through the region
of maximum detonating tendency, should be to reduce’
manifold pressure and rpm to crulise power, Seit ; -
the carburetor.to "superlean," then increase manifold
pressure until the power loss, due to leaning the mix-
ture, 1s recovered. The reverse procedure should be
followed when changing to the automatic rich setting;
thet is, first reduce manifold pressure, then set Ghe
carburetor in automatic rich, and finally increase
manifold pressure and rom to the desired power.

NUMBER 3 CVLINDER COOLING TESTS

During the flight tests, the baffle revisions and
fan installation reduced the temperatures of most of the
hot eylinders of the engine. DBecause of the position of
the number 8 cylinder (normally one of the hot cylinders
already), it was not possible to.accomplish any appreciable
improvement in the cooling of that cylinder. The oil sump
directly behind the cylinder restricts the cooling-air
exit to a very considerable extent. The position of the
sump also prevents use of the ducted baffles that were.
developed during the flight tests. Another contributing
cause for the tendency for number 8 cylinder to run hot
during cruise conditions may be poor mixture distribution
at cruising fuel-air ratio. DBecause of the fact that the
baffle imoprovements reduced the temperatures of the other
cylinders the number 8 cylinder was the hot cylinder when
the special baffles were installed. Therefore, the pro=-
gram for the .ground tests included attempts to lmprove
the cooling of the number O cylinder.

‘A number of devices were tried in attempts to
improve the cooling, including the following: turbulence-
creating baffles, elimination of cooling-air-exit
restriction by redesign of the exhaust stack to enlarge
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the space between the stack and the oil sump, instal-
lation of a fairing on the upper part of the o0il cooler,
and removal of the baffles on the cylinder. Use of
special ducted baffles was regarded as impracticsable
becaugse of the cramped space,

Of all the devices that were tried, only tune
removal of -the baffles gave results that were in any
wsy encouraging.

Because of the possibility that some portions of
the cylinder might bes affected unfavorably by removal
of the bafiles, thermocouples were installed at the rear
midbarrel, exhaust-valve gulje, exhaust-valve seat, and
exhaust-valve crown, and a seriées of tests at different
powers and fuel-air ratios was cerried out. Figurs 20
shows typical temperature data from .this series of tests.
Because of the fact that the test with vaffles removed
was carried out during the hottest part of the day, the
temperatures of the rest of the engine in general were
higher thian they were with the numoer & baffles in place.
The effect of the baffle removal is,. however, quite
apparent. A striking feature of the data was the reduc-
tion of the rear-midbarrel temperature that was produced
by the baffile removal,  With the baffles in. place; the
rear midbarrel was running at %*31° F. This temperature,
Phaugl ‘et critically hich, ‘iz .certainly 'ln a renpe
approacnin: the criticel point. Removal of the baffles
caused e rzduction of 37° F in. the. temperature, even
without sorreciling for the effect of .the higher 'coqling~
air femperatirg when the baffles were off,

The ctihsr tempevatures about the cylinder, such as
exhaust-velve, creown, exhaust-velve seat, and exhaust-
valve guidc. zhowved amincr reductions in. temperature, but
the eficcty weve rov consldered important, In . ngo case
weke any o bhe temparatures lncressed by repmoval ofithe
baffle-.

: snould be pointed out that, although removal of
the barfles from the one cylinder proved to be a gquick
fix, removal cf the baffles from all cylinders would be
definitely detrimental. '
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CONCLUSTIONS

l: The cdoling characteristics of the engine deters
mined during these tests showed very good sgreement with
the Wright Aeronautical Corporation correlation of an
older model R-2600 engine installed in a torque stand.
Cooling requirements in the cruise range as predicted
from the ground tests were about 20 percent less thian
that determined from flight tests, ;

2. At cruising-power conditlions, when the fuel-
air ratio of the R-2600-22 engine was changed from 0.065
to between 0,056 and 0,058 '

a. The temperature of the number 2 exhaust-

Y 2y 3 ~

valve crown was lowered 850 F. All other engine
temperatures that were measured were also reduced.

b. The brake specific fuel consumption was
unchanged or slightly reduced, and the general
engine performance was not affected.

¢ce. -The manifold pressure had to be Ilncreased
by about 10 percent to maintain cruising power,

de This conclusion should apply equally well
in principle to any other engine that is operated
at lean mixtures for long-range cruising, provided
that the mixture-distribution characteristics of
the engine are good enough for satlsfactory opera-
tion at the lean mixtures recommended.

3, Endurance testing should be carried out to
determine the effects on the physical conldition of the
engine of operating at cruise power using a fuel-alr
ratio of 0,056 for an extended period of time.,

i, In instances where redesign of the cylinder and
valve is not practicable, exhaust-valve cooling troubles
can be more readilv relieved by means of internal cool-
ing than by external cooling.

5, PFor this installation, the removal of the baf.
fles from the number 3 cylinder reduce3 the temperatures
at the rear-spark-plug gasket, at the rear midbarrel,
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and &t the base of the ecylinder. None of the measured
temperaturss were .adversely affected.. - -

| Lanéleylwémoriél Aeronauticai Laboratory

“National Advisory Committee for Aeronautics
+ Langley Field, Va.
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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS Table 1 Master Dete
Engine make Wright | Blower imp. dia. Ilin. make Cyrtiss Carb. model PR48AI | Fuel Spec.No. ANF-28 | Magneto make ___
_Aere. Corp. Gear ratio, 7.06 ' m . Make Strombera | Grade P“”lso ﬁm—-_&mL Sheet | of 3
Mode! _R-2600-22 10.06 ¢’ No. of blades 4 Serial No. 343544 Serial Nos. RH.,$-1998 Test of
Mfg. No. 426724 | Master rod cylinders | Cuffs Oil-Grade 1120 L.H.,T~1644 Wright R-2600-22
Prop.red.ratio _|6:7 Nos.land 12" Fan _Curtiss No. | S Model SFI4LU-10_ Cooling Corralation
Comp. ratio 69:1 Spark advance 20° Pl"s‘ LS-87
2 Series _numbar _| / / / / i / / /i / / / / / / / T / / / 7 / 7 / / /

2 TR Run_number 30/ | 302|303 | 304 | 305 | 306 | 307 | 308|309 3/0 | 317 | 372 | 3/3| 3/¢ | 3/5 | 3/6 3171 318 3191 320|327 | 322| 323| 478 | 479 | 20| 437
3 | 4 £[ Date 6:239416:2344623946-2344|6-23446234416.2304 (62 394|6:2344(62399|6 73446-23:| 624446 2A-IHGUAHEN 4962 41624-44162444|620-H|6:20-44 | G447 18-H|7-1544| Z 1844 | 71899
+ |" 2 Time EWT | AW | PM | Py | PM | Par | Prr| BM | par| ooy | Par | P | pA | AN | 42| 247 | AM | AR | AR | A7 | 447 | 277 AM | AM | AM | aM | am | ar7
S Engine speed rpm 2000 | 2000| 2000|2000 |2000|2000)|2000|2000|2000|2000|2 000200022 0. 2200\ 22 2200|2200|2 2002200|2200| 220d 22 00| 22002 000| 2000|2000 2000
6 Torgque pressure Wb/in2 1270 {287 (287287287 290 2831|283|278\|270|240|205|3/0 |332|347|327 357 |349|347| 335|320 3/0 | 280|285 285 285285]
7 Brake power hp. 664 | 706 | 706 | 706 | 706 | 7/3 | 696 | 696|684 664|590| 504| 838| 896| 939 | 939 | 020 944 939| 900| 866| 838| 758| 707 | 707 | 707 | 707
8 § [_Friction power hp. 14/ | /401739 | /39 [ /38 | /39 (/39 | /38 738 [738 | /38738 | /72| 772|773 17217721777 | 777 | 770 (701777 | 17/ |72/ |739 (738 [/38
S | ¢ 5[ lndicated power hp 805 | 846|545 | 845 | 844 852|835 (834822802 | 728(622 [10/2 [/670 (7172 [ 7777 772014712 1706 7676 1036|/008| 928|842 840|839 | B38|
10 | & g Blower position ———— |LOW | LOW |LOW | LOW | LOW |LOW |Low |LoW |LOoW [Low Lo | cow|zow | zow [ Zow [2om [zow| 20w | low|zomw cow\cow | Low | zow [ cow [ cow|iom
' .ﬁ o1 Mixture contyrol T |FRE|FRY | FR | FR- | FR~ | AR—| AR~ | AR~ | AR-| 42+ | 42— | A2~ | Fror | Frr | £ | £fo- ARH AR |AR- | AL+ | 4L~ | 44- | 4L~ | Fr+| AR+ | Ao | AR #
2 S Cowling flap pesition ————— |0PE/V|OPEN | QPE/Y| OPEN|OPEN | OPENY | OPEN|OLEN| OPEN | OPEN| OPEMOPEN|OPEN|OPEN |OPEN | OPEN | OFEN|02EN DBEN | DPEN OPENY |OPEN | OPEN| OPEN|OPEN |OPEN | OPEM
3 Blower rlm pressure in. hg-abs.| 27/ |272|27 0270 (277 | 277 |26.9|270 270 270|270 |270]30.0|30.0| 30.0| 30.0|30.7 | 3G60| 30.7 | 30.0 30.0|30.0|30.0| 2802725273270
4 Comp. metering suction in.H, 0 74 | 72 |67 |63 [6/ |67 |53 |56 |54 | 55|56 |5Z |24 /2.31/2/ 170.8(9.5 9297 |88 88|97 |97 Bl |72 | 727 | 70
|5 Uncomp. " in.H.0 78 |76 |7/ |7/ |Zo | Zo |65 | 67 6.7 (6.7 |67 | 6.7 [737 729|726 2#1/231/2.0\//8 (/1.5 115148 |118 | B2 | 79 |72 | A3
16 o |_Venturi suction CCle | 99195 |90 (89 |87 (87 |87 | 85|82 | 82| B2| &2 |/6.3 /63 164 |25 51/5.3 | /RE\12.7 /123 |/4.3|/26|/26|702| 9.5 |92 |BE
17 § &|_Carburetor alr temp. °F G082 (82183 [83 [82 |82 (82 |83 |82 | 62|83 | 85| 6% | &5 &6 86 |85 (86 |87 |87 |87 |87 |79 | 7&8 | 77 | 78
18 | & 8| Charge air flow b./he__|5300|.5/60|50¢9| 50/5 | 4950|4970/ 4970/48 9514550/ 46804860 2865|6620/ 66256595| 6960642063406 3/0| 6243 62406300| 63005420 5250| 5775|5040,
19 |¥ O Fuel flow b/hr__ | 56549/ | 24542539538/ | 350323324 3/0 | 280|259 | 745 | 680| 6/0 |570 | 522 275|450 /3 1390|379|355| 595|545 | 5/5 | 476
20 Fuel - air _ratio b./hr /066 |.0946|.058¢..0 0798\.0766\.0704 070/ .0 .0636\.0576)| 0532|.7/25 |.7026)|.0926)| ,088|.0574).07¢9.077 3|.0686, J D602.0564./1100 |./038|.0996. 0975
2] ndicated specific air cons, |Ibjihp/hr |6.38 |6./3 |5.97|5.93|5.86|5.83 595 | 587|594 |6.08|6.67|758|662(6/9 |3.92|583|5.73|569 5.69|580|6.02|6.25(6.79|6.0¢|6.25|6./7| 6.0/
22 [ v fuel “ Ib/ihp/hr | 702 |.580|.526|.507 | #68 | 246 |420|4// | 392|.387|355| 404|.756 .63%|.5¢9| 573 | 466|426|#06| 384|.376|.376|,383|.707|.649|.6/3 |.
23 Barometric pressure inhg-abs | 298|298 | 298|298 [29.8(295|29.8 [ 20.8|29.8| 298| 298| 29.5| 25.6 296|29.6| 29.6|296 (296|296 296 2ﬁ 289.6|29.6|30. /2, 30. /12|30 /2|30, 4
241 P Atmospheric temperature °F EF | 8% |84 |85 |84 |83 |2 | H3 |83 |83 | &5 | &4 | &7 | &6 | 86 87 |88 |88 | 88| 86868 |88 |88 | &/ 8/ 78 | 78
25 |5 | Relative density of air, 6 e e e e e e e e e e e e e e T [ e e e e e [
26 S Average front-of-head press | in. Ha0 — == ) — | | [ [ | — | —[— 220 — |2.72|—
27 [ rear-of-head press [ in. H;0 —————-———~——————————————————.58——-72,-—
28 u head AP InAH;O——————'—-————-—-—————————————————-————2.86—3.44-—
29 ‘__g u head embedded tem, SE J*E |37% 1387 |39+ |#07 |#/2 |4/9 [#25[429 [#28 [403 |38 ¢4 [362 |38/ (405 |4/5 |436 |296 (957 |466 461 14491429 (353 (368 [370 [38%¢
30 | 8 » " spk.plug gas, " Sk 3/6 |341 |353 1360|372 [376 |38/ |386 [389 (387 (364 (348 (327 (346|370 (377 [394 |407 |4/15 (424 417 [406[388 327 [337 |338 352,
31 _ig Hottest emhb. head T4-cyl. no. °F 3713 | 4041 |4/9-) |428-/|443+/|45/-/ | 45614 6/-/| 465/ |46/-/|437-3|9717-3]383/3|902-7 |#2873| 4404|955 1] 1677|4781 | 4881|9483~/ |#69-/|447-1|385-/|209-/|903-13[729-0
32 |© W Spk.plug gas. T« cyl. no. °E s | 368 |562-7|391-1 (4941|4107 | #1871 4207|923 7|47/ 77 | 3907 |3 77-5 335751366/ |39/-8 [400-1|416-8[#308|#37-8 | #32-8|#5/-8 |79 9-8|#24-8| 35973 3681|136 6-//|3851/
33 [ 5 & Temn corr. Atg °E /26 |/22 |/27 |/28 |/28 [s27 |r27 [s27 [4,28 [s27 [/29 [/28 |/42 (/42 [142 [/43 [/%3 [/72 |/45 |/43 /43 /%3 |r#3 |s25 |y249 /23 |/a9
34 {j Eocun °F 876 |972 |r0/8 [s1038/086 (7707 | 7734 1152 1765 1163 |/069(/006 (839 (903 |98/ l/0z0l/075/709ivaa (1173 (/757 7778170531869 |920 |935 |98
35 e tg = tgo + &tg oF 7002 |1099 | 1145|1766 (/1274|1234 | 124/ |1279(/293 1290 [1798 [ ;734 |98 1 |7045 | 7723 1153 |/2/8 | /1257|1287 /376 [1300]|/267/] 1/96|99% |/0+% 7058 |//95
36 | S | (th-ta)Atg —th) —_—— ] | — —_— — A —_— —
37
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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS Table | Master Data
Engine make Wright | Blower imp.dia. llin| Prop. make Curtiss | Carb. model PR48BA| | Fuel Spec. No. ANF-28 | Magneto make
ero. Corp. Gear ratio, 706 : | Type _Electric Make _Stromberg Grade _|30 - American _Bosch Sheet 2 of 3

Model R-2600-22 10.06:1 No. of blades 4 Serial No 343544 Serial Nos. RH,S-1998 Test of

Mfg. No. 426724 Master rod cylinders | Cuffs Removed Oil=Grada 1120 LH,T16 Wright R-2600-22
Prop. red. ratio 16: Nos._ land 12 | Fan Curtiss No.l e Mode! SFI4LU-I0 Cooling Correlation
Comp. ratioc 69: | Spark advance_20° Plugs LS-87

1| J[ series number 7 A 77 e ey e sy Il | [ 77 e o ) e s [ e R R e o e e
2 | p & _Run number 22 |#23 | 424 | 425 | 426 | 427|428 |429 (442 | 443|442 | 245 | 446|448 (449 (450|257 (452|453 | 207 |402 | 203|404 | 405 |2 54| 455|456
3 ¢ €! Date —————— | WBAR |G | I THOAL| T | TG 1824 [F 1644|722 44|7.2244|7:2244|72 24472244 (72 244 .2244|7. 2 24717.2 244\ 7 2244| o2 24417244 1| 2448 2444 | F 244 4| F 2444 | Fo AL 254 72544
4 ’_: Time EW.T AM |AM, |AM |PM\PM|PM|PM|\PM|AM| AMIAM | AM| AM| PAM| PM|PM|PM|PIM|PA| A M|AM| AM| 4 M| 4 rM| A4 M| 4| A.
5 Engine speed rpm. |2000|2000|20002000|2000(2000|2000|2000|2000|2000|2000|2000|2000|2000|2000|2000(2000|20002000|2600|2600|2600|2600|2600|2400|2400|240:
6 Toraue pressure Ib./in2_ [ 285 | 285|285 |285 |285 285|285 (285250267275 (285|290 | 295|305 |295| 285 | 260|220 235|235 233| 233| 232| 500|475 |430

7 Brake power h.p. 70/ |70/ | 70/ |\ Jo/ | 70/ |70/ | 70/ | 70! | 616 |658| 676|702|7/4 | 727|757 | 727| 702| 640| 542|757 | 75/ | 745 | 745 | 742 |/475 /402/2691
8 §_:r;ctaon power hp.  |/36.3 |/355|/3560|/35.5|/355(/36.3|/399|/4¢48| /22 | /42 |/¢2 |1+ |/2/ |/39 |/138 | 139 /39 | 138|739 | 253 | 25%| 252| 252| 252|207 207|207
9 Qg Indicated power hp 837.3|836.5|836.6|836.5|836.5|536.3| 3409 8458|758 | 800|8/8 |82 3| 855|866 | 889 |B866| 84/ |7 785|687 |[/004|/005|9957 997 99L|/682|/609 /476
10 §" §_ Blower position Low |Low [Low Lo | Low|cow | tow |cow |[Low | cow|iow [cow|Low|cow|iow|iow|iow|iomw|comw [Zow|iow|cow|zow oW |Zow | oW |zomw
[ w § Mixture control FR |AR+ AR+ | AL+ | AL+ AL |AL-{AL-|FR+ |FRH|FR* |FR+ |FRY AR AR- AL+ | AL+ | 41— AL- | FR+| FRE| FR¥| FR+| FR+| AR 4R+| ARH
12 Cowling flap position ——— |OPEN| OPEN|OPEN | OPEN|OPEN)OPEN |OPEN|OPEN|OPEN |OPEN|OPEN) OPEN|0 PEN|OPEN|OPEN) OPEN| OPEN | OPEM OPEN | ClosEd \Infaryyedsate Step s JIOPEN |OPEN | OPEN) OPEN
13 Blower rim pressure inhg-abs|270|26.8 |270|270|27/ |278|293[(3/.3|26.0|26.2|262|267|268|270(27.7|275(27.5|276|274| 26 |26 |26 |26 |26 |42 |40 |37
14 Comp. metering suction in.Ha0 66|57 60|54 | 5. 371668267 |66| 66| 65| 66|56 357|55(56|5.6|56|703|/0&|70.3|70.4|703|280(25-2|22.7
15 Uncomp " in. H, 0 70|67 68|67 167|72/|83|/02|7./ |70|70|68]| 70|70 |72/ (68| 70|70 70 |/08/09|70.8|/0.9|70.0|37/5|286|225
16 0 9 Venturi _suction inCClyg | 85182 [8.3|82182(86[/00|/124]| 84| 83|83|85(85|84|88|85(8.6|85|8573./|/33(/2.8|/72,6|/2.7 449|389 |30.7
17 | .£ | Carburetor air temp. °F 78 79 78|79 |80 [fa 80 |79 78] 79| 7878179 |80 |80 |87 |87 |8/ |80 |72 |75 | 73 |75 | 76 |B2 | &2 |&2
18 g _g Charge air flow lo./Wr |49 50|26 65|48 80|4870 4870|142 9605370|5960|4940\4.9/0|4 9/0|4.9 75|42 975|494.0(5060| 49725|50/0|4 975|4975| 6150 |6/85| 6080603 0|6030|/03749520|8690
19 |W O Fuel flow lb./lr . | 440 |404|387|359.|335|3/9| 3/6 | 322|550 (305|478 | 455 |445|392 | 373| 344 320| 292| 266| 595|505 585|582 580 |[/040| 975 | 890
20 Fuel- air ratio Ib./he_ |.0889\.083/|.0793|.0737 | 0689|.0643|.0589|.0540|.//2 |./103 |.0974|.09/5|.0894.0794|.0736|.069/|,0636|.0586|.0535|.0968|.0962.0946|0963|.0962| 700309947007
21 Indicated ific_air cons. [Ib/ihp /hr|59/ |5:82|58¢|582|582(593(6395|705|6423|6./4¢|6.00|5.90 |5:82(5 70 [570 |5°75|3-96|6.40| 737 | 6.72|6./6 6/0|6.05|6.07|6./7 |6./0|6.22
22 o el " 1b/ihp/hr | 326 | 483 | #62| 429 | 400(.377|.376(.386/[.726 .632#84 SHO|.520|#53 (420|397 .38/ |.375 .39/ |592[.592|.587|584|.564|.620|.606|.603]
23 Barometric pressure in.hg.-abs)3Q/4|30./4|30./4|30./4|30./4 30./4| 30./4|30./#|30./8 | 30./18|30./8| 30./8|30./8 |30.18 | 30./18|30.48|30.78|30.78|30.78|30. 17 |30./7/|30.47 | 30.7/|30.77|30.00 30.00|30.
24 g\ Atmospheric Temperature SoF 78129178 |\ 77 | 78 | 78 78176 270 | 22|77 77 |80 |80 |78 78 |78 |78 |72 |72 |72 |72 |75 |87 |&7 |82
25 |= & Relative density of air, & — ] |—]—|—]— ] —] = | — || — | — | — | —— | = ]| —| —— | — | 97¢2| 92| 97221 9750| 9732] .953|.958 | 9@
26 3 <[ Average front-of-head press| in.Ha0 | ——|2./2 |—|2.32 | —| 2./6] —|2.60|2.48 2.321232|228|228 |2.48|228|2060|2.52|2.4€]|2.28| 448|474 486|496 |#.88|3 32|3. 092|364
27 " rear-of-head press | in. H0 | ——1[-72 [——[~72 | ——| —.68] ——|-96|=60 |-68 |-68 |-.68 |~68 |-.72 |-68 |=72 |-64 |=60 |=64 |F.92 |756 |~¢4|-8L |7 2<|-2 402 .0¢ [=./2.
28 " head AP inH O | — 284 3.04| —|2.8¢4| —|3.56|3.08|3.00|3.00(296|296|320(2.96|332|3./6 |3.04|2.92|356 438|530 |580| 6./72|5-72|5906|35-76
29 & " head embedded temp. il 394 (406 [4/7 |#3/:|439 |443 |426[403 [352[368 [377 [390[393 | 927 [439 (447 |#17 |4/8 |386 (400 |387 |374 |367% |360 |#27 |422 |#/0 |
30 -§ 4 " v spk.plug gas. " *F 36/ |373 [384 |395|100 (407386364 |323 (337 |347|358|364|390 |[400([408[49/0|384|359[363|350(338[329 |32+ 385|389 |370
31 |5 &| Hottegt emb. head T+cyl. ho. °F 429-1/1443-/) |458-13459 |468-1 | 473/ | #52-1] 938 -3|380-0|397-13| 909/ [ 4/8-1|#23-1,|#58-7 | 467/ [481-1 |4716-7| 442-1] 507-]| 4247|4757 | 40/-1|391-1|388-/|353-121#5/-1 V357
| = *_ spkr-plug gasT+cyl no. *E 393~/ 4071 | 4191 |#27-1 [ 429-1| #37-/ | #20-8|392-8|35K | 36/-4|373-/| 385>/|390-/| #20+ | 430-1| 1407/[4 79-9|#23-5 | 390-8(389-1|3751[362-1|355-/|350-/| 406729097 |39%7
33 | § & Temp. corr: Atg, °F. /24 |25 |s2¢ |/237 |/26 |/26 |/26 |125 |s24 |r25 |s2# /24 |/25 |/26 |/26 |r26 |726 |s26 |/26 |/63 |r62 | /62 |r63 |63 | /54| r5s |r5g
34 ] +q,. °F v0/4 1051 (1091|1139 [ 1163|1176 | 1119 |7043 856 [905 (936978987 [/090[1729|//60|7/60(7065(967 |953 |958(|977 |956 (958|927 |93 |929
=) »-‘jp tg = tgy * Atg i //38 | //76 |/2/5 | 1264 | /289 |/302 | 7245 |//68 [980 |/030 |/060 1702 (1772 | 1206 | 7255|7286 |1286 |/79r |1087 (1116 |1720 [ 1133 | 1479 | 7727 | r081| 1088 7083 |
36 | (th-Ta) fta—tn) — 392 | 442 [. 492 . 292 | 292 | 442 [ 92| #4212 . FIX]| 792|. #9237 7 | 4% 7|. 7/4 |.398.387 |. 572 |.534 |.507
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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS Table I Master Data
Engine make Wright | Blower imp. dia. llin.| Prop: make Curtiss Carb, ymodel PR48AI | Fuel Spec.No. ANF28| Magneto make

Aero. Corp. Gear mt?: 706 1 Type _Electric Make Str Grade _130 / 3| rl B Sheet 3 of 3
M?Js:‘b -2600-22 10.06 :| No’}‘ FF blades _j—_ Serial No. 343544 Serial Nos. RH S4998 Test of
Mfg. No. Master rod cylinders | Cuffs Rewove - LH, T-1644/ Wright R-2600-22
e ol B ey s Oil-Grade 120 | \\ /| sriali*0 ling Conalating ]
Comp.ratio §9:1 Spark odvance 20° Plugs LS-87

l.'sSeriesnumber ___333aasaaaa]aa3asaac444¢[4
2 | % & Run number 2571 459 | £60 |46/ | 462 | #63| £5¢| 265 |£05 |467 | 468|769 470 |27/ | 472|473 |# 74| 275|477 | 275 | £79| 280|457
* e "g te 7-25° S R SH\7-2 544 72544\7- 2444\ 2 2444 7-. PRI 24- 34\ F A LH -2 % \224-44)7.24- 823-4418-274418-2 344 8-2 3 Ehd
< e | Time EWT [AM |AM|PMIPMI|PMIPMIAMIAM| AL |AM| 471|407 AM|PM |PAZ|PM | PM | Pr1| AAz| A A7l Ant| AAi|4 A7
S5 Engine Speed re.m. |2400\2480|2400|2400|2400|2400(2600|2500|2400|2.300|2200|2/00|2000(/900 |/800|/700 /600 | /500|220 2000\/800|/600| 20

6 Torque pressure b./in2 | 200 |3/3 [278(220|/80|147 | 462 |2/7 |402| 382|375 | 345|300 272|250| 2(5| /65| /02| 380| 280] 225| /40203
7 Broke power hp /18] 924|821 | 650|332 |232|/276|/280|1/87 | 1082|7075 892 | 738 |6 36 | 354|450 | 325 /68 /028|689 298| 276|500
8 & Frichion power hp 208 1209 |2/1012/0 (213 |2/3 (257 |23/(|209(789 777 |/55 | /390 /23 |//0 (100 | 9/ |83 [/75 | 738|714 | O« |/738
) 2 -§ Indicated power hp /389 |//33 |1031| 860 | 745|647 1733|4157/ /1396|7277 /786 /047|877 | 759|662 |550|4/6 |320(/1203|827 672|370 638
10 ‘g\ Blovwer position LOW |LOW |LOW |LOW |[Low |[Low |LoWY [Low | Low|Low|om iow|omw | zow Lo\ LoV Low | Low Low | Low | Low| Lowlzow
t § Mixture control FRY|FR | FR+ | PR+ | FR*|FR | FR | FR | FR+ | FR¥|FRY | FR+|ER+ | FR+| FR¢ | FRY FRt|FR+ AR | AL AL | AL [ 4L~
12 Cowling flap position ———— | OPEN|OPEN|OPENIOPEN |OPEN |OPEN| OPEN | OPEN| OPEN | OPEN OPEN| OPENOPEN|OPEN|OPEN OPEN| OPEN|OPEN|OPEN| OPEN| OPEN OPEN|OPEN]
13 Blovver rim pressure inhg-absl 35| 30 [28 [25 [22 |20 |#23|38.3| 35.0|33.0|32.0|30.0 28.0|270|26.0| 24.0(22.0|1200|32 |27 |2Z |20 |27
14 Comp. metering Suction In. H0 [/9.7 [/32]//. 4|83 |63 |49 [353|267/9.7 16/ (/390877 |57 (£ 6341 2.71/3 (727 |33 |32 /-3 1352
\5 Uncomp. » int0 /9.7 1/381//.8|8.5 |66 |5/ |358|224(/97 |[/6.6|/2.5\7/.¢ |87 |60 |48 | 3.5 23|43 /39|66 |4/ |/7]65
16 Venturi suction inCCly|26.7(/7.0 |/42]70.1 | 7.4 |36 |34.7 |37351266|2/.7 /8.4 /4.7 |19.0 | 75 SO2/ [24/5 [76.8(8.7 |47 /75|79
(.5 Carburetor air temp. P11 82185187 187 [89 |92 |83 (83 [ 83 (54 |85 |85 |87 |87 |88 |86 |69 [S9 | 79 [0 [0 1 67 &7
B]'e3 Charge air flow 1b./hr (837016315 6270|5370 |45 70|3950(1112 0 96401 8330|7520, 706 06 260 5270 |4 400 4/00 I¥3012626|2/00|6820(46/5|360022370]¢

19 ul S Fuel flow Ibjhr | 830 [680 630|532 | 450|400 |/24.8(/062| 828| 745 | 708 | 628|525 | 258 |4/2 | 342 RE62|2/0|563|3/7 242|767 256
20 Fuel-air ratio Ib/hr_ |.0992 |.0997]./00¢1.0992| 0955 0987|-772 0|.7100|.0994|.0997 |.700 |.700 | 700 |.ooosl. /o7 |.700 |.700 | /oo 0826|.0659|.0 0709|.053
21 Indicated specific air cons|Ib [im[hr 6.02|602|6.02|6.25|6/3 [6./0 | 6.42|6.38|5.97 | 5:92| 595]| 5.89 S5:9¢| 6.05|6.08|623(6.3/| 656|567 | 582 |6.03|6.73 | 744
22 " " fuel » b/ihp/hr |.598.600 644 |.6/8 \604 168 |.720.703|. 593|586 507 | 600|599 603 62¢ .626)|.630|.656|268|.353|.3935|4¢35|.40/
23 Barometric pressure In. hg-abs |30.00|.30.00130.0030.00|30.00|30.00| 30./0| 20./0|30.70 | 30. 70| 30.70| 30.70] 30.70| 30.0| 30.70, 30.40) 30./0 |20. /0| 30./0| 30./4 30./0 30./0| 30, /0|
24 r Atmospheric_temperature °F 83 185 |86 |87 |89 (90 | 83 [84¢ | 85 |85 |86 |67 | &8 L8| 89|89 |88 |88 |79 |79 [0 |80 | &/
25 | & Relative density of air, & 9501944 1.9441.944|.944|.944|.953].953|.953.953|.953.952|.950|.950|.050|.94¢7| 947 |. 947,958 | 053 . Q58(.954
26 5 < Average front-of-head ssi in H,0 13801 <40013881|4.00408 (472484456380 |344\2.96|280 R.35212.36|2./2|/.88|/.52|/.36| 3.0¢| 2.40[ 1. 88| /48| 2.45|
27 =N ear-of-head n. H0 /.96 |~/.56|-/48|/24|-906 |[=96 81-2.001-/.96 |4.88 |-/.60|-/.56 |[/28 |-/.12|=96 |~76 |=56 |=52|+4/2|-72 |-52|-28 |60
28 u head AP 1 inH,0 [$76]|556|536]|524]3:04|5:08(7./2|6.56|5.76 |532|4.56|4 36|3.80| 348|308 2.64|2.08|/88|4/6 |3./2|240|/.76 |3.08
29 _g‘ L] head,em °F 408 | 380 |369 (358 |349 [339 (395 |395 |49/ [302[389|380[376 [365|356|346 |33/ 313 |#45 (448 |4x5 (383 [392
30} ¢ u » _spk.plug gas] °*F 3671347 1332132313/8 |3/0 [357 [3#8(364 |357 |359 |346|341 |333|327]3/7 307|287 408 [#07 [397|357 357
31 3 3 Hottest emb. head Tecyl no. | °F #30-1| 407-/|39811385-1|378-1|370~( | 920-4 | #/9-1| 4271 | 417-1 | 4191 | #0941|702-1| 395-7| 302-7| 375 7 36313511473~/ 478-1|158-| 7291 |#/7-1
32 P v spk.plug ggsT.,c_ll, m* *F 3891|137/ |3564|349-1|3941(335°/(3791( 3754386 1( 3794|376 /| 36 7/ 365-1| 359734943411 3337 322/ |433-8(137-8 |$19-8|393~/ [392-8
33 43 Temp. corr Atg © j ‘F /5% [43°6 |/78 | /58 |459 |62 (170 (/61 |s54 |/48 | 742 (436 137 725 720 775 |tio 706 (737 |26 |774 [70% (726
34 j J‘ 19 F 935 19321926 | 935|910 |938 |848 |859 |[934 |936 |930 |930 |930 932|929 [930 (930 (3930 [/065] /768 1769 |1747 |995
35 A tgqg = tg, *A;{-a F /089 | 7088 /084 |[7093 |[/o9s //00|/0/8 |1020 | 7088|1084 |/072 |r066(r067 1057|049 | 1045|1040 | /036 /2027294 1273|1257 |11 20
36 % (th —ta) ftg—th) #96| #3% 1 4/3|.38%| 360[.340|.5A3[.#97| 778 | . 61| 46/ | 745 | .#38| .4/7 | 407|387 | .355| 323] 486[.438 -408| 350 [. 929
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NAT,ONAL ADV'SORY COMM TTEE Fi OR AERONAUT'CS Table I Cylinder Temperatures

Engine wmoke Wright | Blower imp dia. ||| Prop. make Curtiss Carb.model PR48A| | Fuel Spec. No. ANF28| Magneto mmake Equation (2

V?Agm_.m Gear ratio, Tpre Electric Make Stromberg Gradepe|30 Aw?ericor\ Boschll © Atq:- 8&5* IB)("P")Z] Sheet | of 3

Model _R-2600-22 QQQ No.of blades 4 Serial No 343544 Serial Nos RH S-1908 Test of

Mfg. No. 426724 Master rod cylinders| Cuffs Removed Oil-Grade 1120 LHT-1644 Wright R-2600-22
Prop. red.ratio |67 Nos_| and 12 Fan Curtiss No.l Model SFI14LU-|O oolin tion
Comp. ratio 69:1 Spark advance, 20° Plugs LS-87

i 2 Series number 7 74 / / / / / / ~ il / / Z / / / Ve / 7 L / / / / 7 £ e /
2 L& Run_number ——— |30/ |302 ]| 303|304|305 306 (307 | 308 |309|3/0 |37/ |3/2|3/3|3/¢|3/5|376|3/7|3/8|3/9|320(32/ 322|323 ¢/8 |[</0|<20|42/ [422
I *E Date 2344162344162 3441623441623 441623 44623446234 462344623 44623 446 2344462444624 624416 2444162444624 4416244, 62444 6:204417/6-24l7/8 44171697 /6-44

4 S| Time EWT |57 |42 |57 ;% Edl EA Bl Bl B Al B A P d - A F A A A A B A RS AL AR B AR AR AL AR £AF E- A B FPEAEFARES
3 AR et vitiber . = F70 | POZ| 220 | 228 |43 |75/ | 58| 7O/ | 265 | 207 | R/ | ZO7. AL AR PR < LA E N 2 VAL P2 AT 2L AL E] STY0 [ FOL| 7D | F2t
6 2 LS 390 | 374|386 | 396 |A/0 |2 /5| 220 |22 | 430 |F28|F08| 392|355/ | 374|397 | L/0|L32|F¥3|F5<|FC3|H63|F50|928|337|353| 360 370|386
7 3 F 357 | 387 |#00 |F09 |26 (433 | 2L/ | 2LC|ASH|\ISH|\L3T7 | F/7 | 367 | 387|210 | 20|22/ | 253\ HC7 | 473|278 |H67|F23|353| 366|368| 380|395]
3 al 327 | 354|366 | 375|387 393 |0/ |#03|2/2 |¢/2 |07 (397 |33/ | 350|372 |38/ | R02|#/0 |233|Fgo0|447 | 442|227 32634/ | 342 3535|366
9 5 = 335 [ 367|379 (389 |F03 |[#09|#/7 | #2223/ | 432 |2/t (400|353 37/ | 395 |F02 | #25| #38|F50|L£56|¥60 |2#8|<£29(336| 3+46(348[ 36/ (374
0 6l °F 327 | 352|366 (374 |388| 393 | F00| 404 | F/3 |F/4| 399|386 |336|352|377 |382| A0/ |L/3|HL27| 434 F37|H30| /3| 32733/ [|333|345|358
M "8 7 *E 340|366 | 379 | 386|402 | LO6| /5| L22|428|F30| 404|392 | 364 |38/ |FO0L| L /0| L3/ |FF0|25/|L59| <59\ 247| 230|3425|355| 35¢2|366|386/
12 ] 8| 392|369|382 | 388 | 40/ |FOL | 2/3 | #/9 |F25|F27|399 |38/ |364|385 | #// | 4/6 | FFO|4L7|FC2| 472|480 |467|243|353|365|36#|378[39/
13 'g 9 E3 353|380 394 | 398|/) |£/5 | 923|928 |#32 |H32 |40/ | 383 | 380 | 398|222 |43/ |45/ | 460|270 |2E3|472 | 260|238 | 370|383 379|395 Za5]
14 Q o] * 329| 354|366 |372|385|357 3902|200 202|204 382|363 | 354 |87¢ | 202 |2/3 | 237 | F4L| 255|266 |75/ | 239 |F/3 34736/ 356|375 382
5 s n 3 356 | 38Z| 3907 | 20| H/5 | HL/8 | F27 | #3/ | 233 | 4428| 392 368|379 | 359|227 |39 | 459|260 |A69| 282|263 | 449|223 |385 | 04|20/ | F22|£29
16 ul i3l °F 352)| 378|389 |397| 207 |L/0 |F/9 |F23 |#22|#/2 | 377|352|363 | 382|407 |4/8 |F23 |450|260 268|247 |436|4/7 |370| 388|359 #09|4/2
\7 13 3 37/ | H00C| 2/0 |22\ 23/ |L36 |LL3 | LLO |2 26| L3739 | FO2| 378|383 | 02| 428|238 | 258 | FOL| A7\ 483|268 |453| L3038/ | 398 |03 | /9 |425]
18 14 E3 346|372 38/ |39 |4200| 202|208 |L/3 |2/6 |R// | 3BE| 364|355 |3726|F0/ |2/3 |433 | FLI| 257 |H6/ |450|F38|4/7 |353|369|377|387|392
19 Average J5 346|374 | 387 | 394|907 | ¢2/2 |2/9 | #2585 (220|228 | 403|382 |362|38/ |05 | #/5 |4£36 |446 |25 7|L66 |26/ |44/ |#£29|353|368|370| 384|394
20 :

21 (ﬁ Cylinder number | *F 337|368| 38239/ |40 |£/70 |4/8 (220423 |4/ 7 [390|370|325(366 (388 |400 |4/4 | 226|236 |4 444|439 |225|406|350|362 363380393
22 |y 2| °F 3/1| 340| 35¢| 363|37¢ |379 |385|385 39/ (389 37/1357|3761339 36/ 372|389 |403|2/2 |4/8 |#/9 406|386 309|322 |324|339|35/
23 | 3] ¢ e e e e = e = e e e e e = R = = e e e = e e === ==lie=
24 ,—— » 4 = 304|330 (340|349 36/ | 366|372 372 |38/ |382[377 | 369|305 326|345 [35/ 372 |389(398 |£00 |4£// |#09[392 |304| 3/6|3/9 |32/ | 342
25 4 _g SHEny //1340|353[362|376 | 380|388 | 392 | 397 |#00|382 |37/ |324 |3+¢5|366 |373 | 393|408 |#/6 #25 |L/2 | 393 | 308|3/7 | 324|336 |345]
26 |X|w 6 °F 293|3/7 | 328336349 | 353|359 363(368|372(3535|346|2/9 [3/6|389]322|559|373|380(389 (390|384 368|287|296|303]|3/3[32/
27 Wl S 72 G 3 3/01 333|345 35/ | 365|370 | 376 | 382 | 386 | 388 | 305 | 355 | 325 | 344|365 |37/ |389 |20/ | 405 |<¢/4 |£/3 | £02|386[309|3/9 |324|33¢ |34S]
28 |& 8 ‘F 327|352 365|370 385 | 388 384 |40/ | 406 | 207 | 382 | 366 | 344 | 364|399/ | 397 |4/6 | 430 | 437 | #52| 5/ | £HL| 424|337 | 348 | F54| 365 |375]
29 2 g\ 9 o 3/6 | 339 | 357 [355(368 | 369|376 | 382|385 384|356 340336353377 382|398 |4/3 |420|4£33|420 |4209| 39/ |328| 34/ | 344|357 | 363
30 |ul|™ 10 °F 300| 324| 335 | 347 | 352 |'354| 360|366 | 369 | 367 |34 7| 327 |320(337| 369 (375 | 393|405 |4/2 |#22|4/0 | 395|377 |320|330 |33/ [337]| 35/
31 ]—— =X [} * 324|349 359|367 | 377 | 378 |385|390 |39/ | 383|352 | 330| 340|360| 387|393 | 408 |4/7 424|434 |4/7 |#£02| 38/ |356|368| 366|385 |392
32 (il & 12 °E 32/| 345|356 | 362|373 (376(38/ | 384|384 | 374 | 342 (3/9 | 327|345|372 | 377 | 395|407 |4/6 |423 |403 |39/ |377| 349|358 |350|370(379
33 = 0 13 °F 337(362|372 |38/ | 390 | 394|399 | 404 | 403 | 596|365 | 340|345 | 362|388 | 394 |4/0 | 420|430 |436 | 420 | 208|389 | 359| 367| 362| 38/ | 387
34 |—=| & 14 r 348|340 350|358 367 | 370|375 379382 377 (355|333 [ 324 | 343|368 (376|394 | 407|417 |#22 |4/0 |398| 379 | 334|340 | 339| 355|359
35 % 8 Average F 376|341 | 353 | 360 372 376 | 38/ | 386 | 389 | 387|364 348|327 (3463701377394 | 407|215 |224 |4/7 |¢206|388| 327|337 | 338|352|36/
36 o e

37 (W Cylinder number T F — — = = — | —=——=— | — | —=|— [ — [ — ] — | — | —[—|—|—— [—[— 253|256 | 255 | 260 | 264
38 2 °F 223|225 22/ [224[227]
39 3 oF 296|249 | 247 | 249 | 25
40 P T 222 |225|22/ |22/ |223
41 5 of 252|255 |253|257|260
42, 6 e 2/3|2/0 |2/6 (278|279
43 ZIe 247|—|2s50|25¢ 254
44 ¥ 8| % ) ) [ e
45 S 9| °F 239 |24 2| 242|245 | 240
46 a 0] °F 229|233 |228| 234 |2.35]
2 1 oF 257 259|254|258| 263,
43 12]._°F 2+#0 |24/ | 235 |24/ | 245
29 [E of 242 (2423|238 243 |2«
%0 14| °F 229|230|22/ |226|23/
51 Average oF Ay e ey ey e ey [ e oy ey ey e ey ey ey e ey e ey e Py ey e R T PR A A P A L R P
52
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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

Table IT Cylinder Temperatures
Engine make Wright | Blower imp.dia llin | Prop. make Curtiss Carb. model PR48AI | Fuel Spec.No. ANF-28 veto make
ero. s Gear ratlop 206 :( Typz Electric. Moke _Stromberg GradePISO ‘ mriwn Bosch Sheat2 of 3

Model R-2600-22 10.06:| No. of blades_4- Serial No. 343544 Serial Nos. 51998 Test of
Mfg. No. 426724 Master rod cylinders| Cuffs Rewoved Oil-Grade 1120 L HT-1644 Wright R-2600-22
Prop. red. ratio _16:7 Nos.| and 12 Fan Curtiss Noj Model SEI4LU-10 i orrelation
Comp. ratio 69 :| Spark advance 20° Plugs LS-87 ;

I_| 2| Serice number YA [/ o |27 58 - [ ] O S 3 o P Y ] I ) 7 I 4, 2 0 0 7 ] -l o e s i i s |
2 ,_E Run _number ————|4#23|422 | 425 | 426 |#27 | 428 | 420442 (4 43| 44 4[4 45| 246 |4 48| 2#9|450 |L5/ | 452|453 | 40/ | 402|203 | <o&] LOS|£5L 5 |50 |£5 7
3 'ﬁ %| Date 74844174844\ 7-E8-4 LT/ 844784471844 T 2248722447224 472. 2 22447224472 7-2. T224 4 72 AAT72: 724 -2 Y 72444\ 725 HAT-25-4 8\ 72584 7:25~
4 |F ] Time AR 5 A LA Rl B2 B A B AR AR BRAELE A A B A VA B A FaA B A P A 833 | 6'eg | 7704 | 75| 7758 | 9°3a| S8y | 5 el 122
s Cylinder number °F FL3|F56 | A5 9| F68| 73| 452|423 | 370|393 | S04 | F/8 | F23| 458|467 | 48/ | 2 76| #72| 707 | #2e| #45 | #0/ | 39/| 386| w24 <5, |#35| 230
6 2 TE FOO | LOC | #/6 | F26| 23/ | 4/#|392|334#|355|365 | 378|380 427/ | 920|229 HIL| FOC| 377|377 | 368|356 | 378|393 |F/5 |F28|F/2| #02
7 oF G0 | 2/8 | 439 | FHY| 259\ LA7| 238|3#9|370|380 (392|394 | 433 | a5/ | 458|265 738 | H05| 276 FOF | 39/ | 362|370 |F40 | gL/ | 228| #22
8 4] °F 380 | 387| #£02 | /2| F23 | F23|H04| 322| 338|347 360|36/ | 39/ | 2/0| 777|426 | #/2 | 364|386 | 37/ |36/ | 350| 345 %20 43/ A/ | F20)
9 F 7 T 368|396 | 420\ 23/ | 739|429 | F/2|3535(35/ (364|376 |360| 473 |#33| 35|23 #20| 390| 405|393 | 382| 370| 364| #OF| 396| #00| 398
0 5 6 °F 368|377 | 90/ |#// | F20|#£/7| 39832/ 337|346 358|362| 3902|a0|d/6| 425 | 904 372|382 F67| 35 FLS| 340, 395|387/ (378|377
(i} Q 7 *F 392| o/ |27 | H35| 2L/ | #30| /0| 39¢| 35%| 365|376 | F80| /5| 232|239 FIL F20|390| F0/ | 384|370 |360| 35/ |F00| 382|785 25
12 ° 8 * 398|208 | 435 | 4L F 25| 439 | 208| 360| 369|388/ | 395 | g0 232|273 d55| 264|739 F0/| #oo| 5766 372|363 | 355 | 225| #/3 | 2o/ 20/
13 -8 9 l IR\ F22 | 92T | 455\ F57| 437 |2/9| 370|379 | 388|202 |F08| 235 |2ab| 258|450 F25 SOf|F/5 | FO2| 386|377 |37/ | #28|HL/7 |F/0 | £/
14 K] 10| *F 390 |F0O | /9 |#2E| 233 | 406|379 |349|360|369 384|389 |#/9| 227|435 | L35 | #03| 372| 376|363 |34 9| 342| 336|477 |4/0| 397|398
|5 § (il fal 2 ¥38| 752|455 | 263 |59 |H426 | 400|380 | 397|203 | £/5 |F23 |75/ | 457|268 F SO | L2383\ 387 |F20| 407|390 38/ | 375 | as8| 3| 720 #/8
16 Y 12 i HR5 | 443 | 939 | 445 | P93 | 4/0 | 383|368|382| 388|702 |20¢| 237|423 #2249 F06| 370|395 |JB2| 368|358 353 |#£53|939| F20| #/+
(7 (3 °F FIL| LS8 | 250 | 257|453 | 425 396| 378| 397|702 | 2/5 | #/6| 452|460 | F65|F52| 419 | 3657 F23|FO9 | 394 |380| 80| g#/ | 436 |422| #79
18 14 bt :3 406 | F22 | 4/9 |27 | F27 |07 | 384)| 350|37/|378|390|390| 429|440| 927|435 | 20| 37/| 383|375 | 36| 35 3| 350 FL0| EF/ | F26 | F//
;3 Average 2 FOC 217 |43/ | 439 443|926 . 403/3521368|.57713901393/ 927 439|447/ 747 476|386 +00|367| 37| 364|360 427 #22|#/0|#o&|

C

21 |?| Cylinder number 1" °F 407\ 4/9 | 227 |229|L37 |#/2|388|320(358|373| 385|390 | #20| 230440 |#£39|207|373| 384|375 | 362|355 |350 | 202|209 | 394|389 |
22 oY &l °F 36/|37/ | 38/ |385|395|375|355|305|323| 333| 83¢44|328| 370 | 384#| 39/ | 394| 37/|325| 3¢3| 33/| 32/| 3/3| 307 | 37¢| 386| 369|362
23 11 .5 e _———_— ) | | | | ] | ]+
24 | }’ 4| *F F571363 | 375382393 |390| 373 303| 3/6| 328| 337 | 339| 367| 386| 392|#00 | 387|360| 3563 I3¢| 326|379 | 389| 397|38/| 37¢
25 4 [ e 3 A 259137/ | 3871398\ 403|396[379|3/3| 227 339| 8¢49| 353| 28¢|d03| 09 £741392]| 36¢ 376| 363| 350|340 325| 37/ |.966] 366| 363
26 Y g, 6| °F 33/| 34/ | 360|870 376|373 |356| 29/ |303|3/5| 323 328|353(37/|377(385|367| 337| 338| 325| 3/¢| 306|300 | 3521 B¢o| 335| 352
27 jul 7] _°F 335|367 | 387|397| 3951 987| 368| 3/3 | 323| 332 | 3¢/| 947 | 376| 39/ | #oo|#06 | 383 | 358| 363| 347 33¢| 325| 3/8| 36/| I¢5| 3£0| <9
28 || "R 383|395 | 4/7 | #25| #30 |#20| 392| 745 35¢| 366 | 379| 386| ¢/¢ | 25| £36|F¥9|#23| 390| s83| 369| I56| 347 3¢#/| 308 392| 382| 380
29 |2 |4&] 9| °F 37/ 38/ |40/ |#06|#£/0 | 387| 37/ | 33/ | 3¢/| 350| 36/| 370| 392 | ¥02|F28 | #// | 380| 354 367 | 353| 737| 329| 323 379| 370 |362| 364
30 |1,J|¥ 10| _°F 36/| 37/ | 385| 388|400 | 368| 3¢/ | 20| 33/ | 34/ | 35/| 360| 382| 385|395 |#o0| 37/| 34/ 34/ 329| F/7|3/0|F05 | 375| 370|357 357
31 | 3 [ °F Lo/ | L/ | R/9 | F/8 |#25| 988|367/ | 345|336/ | 769 | 380| 389 | #/3 |@/5 |#22|w/9]| 3 IS¢ 379 | 3635| 35/ | I43| 337|¥05| 389| 379|378
32 % 12| °F F92|203 | #02| S0/ | #/2]| 385! 342|335 380|357 | 368|373 |#0/ [#oo|¢// |08 373| 340| 357| 343| 337 | 323| 3/7|4#06| 383 377| 372
33 ul - 13 L FO3| /5 | Q/0 |2/2 |F20| FES| 357| 3¢4| 36/ | 365 | 378 | 384 | 2/0 | #/2| 22/ #/3| 382|353 58/| 368| 35¢| 345 339| 394| 380|370 377
34 Z S 14 °F F74| 383 | 385|388| 397| 375|357/ | 323| 32/| 349 357| 360| 392| 397|404 20/| 372 | 3¢/ | 349| 34/| 33/ |323| 32/| 397 400| 386| 3776
35 |0 |8 [Asrage °F 373| 384| 395|400 407| 386| 364|323 337| 347| 358| 36#| 390| 400|408 £70| 384| 354| 563| 350| 338| 329| 524¢| 385| 380|370| 367
36 |2 3

37 | Cylinder number | °F - 2691273279 |279|279|272|26/|249|244|259| 263| 265|277 | 282| 28¢| 28/ | 267| 255| 266| 26/| 256| 233| 252| 275|276 |272| 270
38 2] *F 23/ | 234|239(237(239|23/| 223\ 2/8|222| 226| 229\ 230|239 | 2¢0| 24/ |24/ [233|223| 233| 228| 223| 22/|2/9| 2¢6] 226| 2#/| 2358
39 3 bl 2356| 260(267] 207|270 264 | 253| 242 247|257 | 255| 256|268 | 272|273 | 275 | 263 | 299| 263| 258 | 254|257/ | 249| 275| 274 | 268| 266
49 4 °F 226)|12301239\239| 240|236|23712/7 |222|225|230|23/ | 240 | 243|246|246(239| 228\ 24/| 236| 23/ | 229|225 255| 254 | 249| 245
41 S1F 263|207 | 275 | 279| 279|273| 265 249| 255|259 | 263 | 264|276 | 282|283 (2584|273 262 278| 272|267 263| 260| 285]| 282|279 276
42 6 °F 2/9|223|233|236| 233|233|227|2/2|2/5|2/9|222|223|23/ | 239|289\ 238|237 220| 236| 230| 225 222| 2/8 | 223| 243| 237] 235]
4 v 74 °F —— | 259275275 255|27/ | 265|244 | 247|250 257/ |253|27 | 275|277|277|267| 257| 272| 265| 260| 257| 25¢| 278| 2 74| 26 7| 267
44 b 8_°F [y [peey [ ) [y p g ) ey ) e ] iy ) i [ [ e P ey e i i i o
45 S 8= °F 249|257/ | 266|205| 265 |25 7| 245|239 | 243|2¢8|252|2 263|266 (270268 (257245263257 | 253|248|243|27/ |268| 264|263
46 10 *E 237|239 | 247|245(249(237|227|225(229|232(236|240(248|246|228|249 | 2«40(229(237| 23/ 227|224|22/|248|227|2&2| 2«
47 [N 'E 265|269 | 277|274 274|264\ 254|250 |255|259|262(266| 275|277 280|278 267|253|269|263| 259|256|253(28/(277 (273|270
48 2 F 237|257 |256|253| 255 | 243|233 |229| 234|238 | 242|244 | 253|253 25¢| 255 | 243|222|244| 239| 233[230| 229|257 25«| 249| 2¢7
49 3 2 25/ |25#€ |26/ | 257| 258|246|237| 236|240 243|247|250|257|260| 26/ |260| 249|227 |252| 247|247 |239|238|267 | 2359|254 252
50 4 *F 233(236|239| 237|242|229|2/9|220| 224| 227|230(232| 240|240\ 242|2¢/|23/ |220| 233|227(222|2/9|2/6| 243| 243 239| 2 357
S Average *F 225|249 | 258| 257| 257|250 | 2€/| 233 | 237| 2¢/| 245|247 257 260| 26/ |26/ | 257|237 253| 247 | 242 239 236|263 | 2&/| 255| 254
52 g
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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS Table II Cylindar Tomperabiitas
Engine make Wright | Blower imp. dia llin,_| Prop. make Curtiss | Carb. wmodel PR48BAI| Fuel Spec. No. ANF-28| Magneto make Equation (2)

Zcm Corp. Gear ratiop 206 :1 Typ: Electric Moke Stromberg Gradepe_l_ai L 1 A?;:_&[ccﬂa({-@'_] Sheat 3 of 3
Modal R-2000-22 10.06 3] No. of blades 4 Serial No. 343544 Serial Nos. RH,51998 Tast of
Mfg. No. 426724 Master rod cylinders | Cuffs Removed Oil-Grade 1120 LH T Wri -2600-2
Prop. red ratio 16:7 Nos.| and 12 Fan Courtiss No.{ Model SFi4[ (-0 Cooling Correlation
Comp. ratio £9'] Spark advance 20° Plugs LS-87 |

I | 2| Series number 3] |9 ]I 3 ][] [ ][l |le|e|[«]|«
2 |y 3| Rum number 459|460 |46/ | 462 | 403 | 46#| #05| 466|407 468|469 (470 |47/ | 272 (473|474 |£75 | 477| 478|479 | 450 45/
3 | ¢ £[ Date 72544 22544] 7.254 4| 7-25 44| 7254|724 4472444 724 4A 124 44T 44| 1244412444 |7-24-44T-24SAR 4-49|7 2444 (12444 |8.23-44\5 2344182344 8239 4823
4 F 4 Time EWT |/5% Jos | 223 zige| dioe Sisp| yorie /3’:”;5 P AR PRRAR AP 1208 | 25| sz as| sioe |AM[AMAMIAMAM
5 Clisdar: Aumbal | _°F 407|398 | 386|378 | 370 | #20| # /4| #27 | £/7 | #/# 402| 395| 382|373 (363|350 468 |£L78 |[#58 | 429 |4/4
6 | ZIF 370|362 350|349 34/ |F9%| 388| 39| 395| 379 | 376 | 367|355 | 279 | 342(325|3// | #33|#£30|#08]| 363|386
7 °F 397|382 37/|366|358| #£/8| 708 | 4/5 | 4068 | 404 | 39| 388|386/ |373|366|354| 3#/|452|#53|433| 396|400
8 4 F 368|356 | 343 |337| 330|383|379|395|380(372(363|377|350|347|343|322|3// | #/9|#£/9 |396|34/|377
= o3 L2 375|305 | 353 | 300| 34/|389| 378| 397| 390|387 |375|369|362|356(3+9|735(320|F29|£35|#£/2|374#|382
10 o é]l °F 352|345| 334| 330| 323| 370|355|372|366| 365|355 | 349 3¢5| 339|332|3/5|302| 4£09| £/9|397| 342|367
1 Q T F 366 | 353 | 34£| 342 334|367| 354|383 | 360|376 |367 | 362|35/ | 3#8|3+/|33/(3/0|£3/|#36|4/6 | 376|385
2 g 8| °F 37#|363| 350| 345| 335| 392| 378| 397 | 389| 389|378 | 373(36#| 365|347 | 329|309 |4£50| £53|43/ | 376 |0/
(3 9 o] °F 390 | 378 36/ | 3543 #5] #02| 394|409 | #£02| 39%| 382 | 376]|366|356|347|336|3// | £60| £65| 44| ¢/ / | #08
14 2 10| °F 365 | 353|335|327|3/8| 380|367 |384|370| 373 368|357 |347| 339| 325 308|285 | 443 | F4H 4/7 | 364|395
15 & 11 °F. 400| 388| 370|367/ | 328| 4/5|40/ | 420|£/5| #09] 397 |39+ | 382|37/|355| 3437 375|472 468|457/ | 424|403
16 w V2= 384| 368 | 357 |34/ | 33/ | 399|383 | 409 393| 394 387| 380|370 |355|337| 3/6 | 295 | £64|4£58| 32| 378|389

2 ) Z£00| 397/ |375| 366| 355| 405|399 | 4/9 | #/3| #/2|402 | 397| 387| 376| 360| 349| 328|46/| 466| 449| 4/ | 402

8 14| °F 377|367 352|344| 336| 403| 394|399 | 387 | 384|379 | 370| 355| 349| 33/| 3/3| 2905 | 445| 442|4£/7| 368|380

) Averoge °F 380| 369 | 358| 349| 339 | 395| 35| 40/ | 392| 369| 360| 376| 367| 356| 346| 33/| 3/3| 445 #48| 4251383 | 392
20 =
21 ﬁ Cylinder number ¥l CE 377 | 356 | 349 | 344| 335 | 979|375 | 386( 379|376 3673653359 349| 3¢/ | 333| 322 |J25| 430 |4/5 | 793 | 37/

22 |y 2|=E 536 | 323|3/7 | 3/7 | 310 | 354|399 | 356| 349| 344|339 33/[323([320(3/3 [299| 286| 396(393(|377 | 336 | 35/
23 L 3| °F [y [—— [— [— — — [ —— —— — p— e e e e ) e R S el e
24 E _3 4| °F 547 329| 320| 376 | 3// | 356| 35/ | 362|350 | 346|338 | 333|327 |326| 32/ 303 | 290[39/ | 390 | 370|323 | 349
25 < a S| °F 357 | 334 | 326|323 3/7 | 357|349 | 365 | 36/ | 356|345 | 342|334 332|323|.3/3 | 2090|402 | 408 | 386| 355 | 355
26 | g. o] “*F 379 | 304| 298| 296|290 | 327 3/6 | 333 [327]| 326| 3/8 | 3/5 |3// | 3/0|30/ | 289|277 | 363|375 | 353| 3/3 | 926
27 |l 7 _°F 335| 320 | 3/2 | 3/2 | 305 | 330| 32/ | 349 | 343| 3¢/| 33/ | 328|379 | 3/9 |509]302|283|387|393| 375| 343 | 344
28 Q.3 8 °F 355|344 | 333| 330| 320| 370| 356| 379 | 369 | 370 | 359 | I5F|3#5 |34/ | 33/ | 3/0 | 297 | 433|437 | 4/9 | 368| 992
29 |> 'E,l ol °F 3%/ | 335 | 323| 3/7| 309| 353| 345 | 86/ | 359| 35/| 340 336|327 322|3// | 305| 28/ |4/5 | 420 | 403 | 375| 368
30 Jy|-¢ 10| °F 533| 320 306 | 299| 29/ | 345| 333 | 350| 338| 34/ | 33%5| 327 | 377 | 373 | 299|284(263|42/3 |409| 390 | 344|365
31 || g | °F 360| 350| 335 | 326| 3/7 | 375|362 | 380|377 37/ | 36/ | 358| 348|337 | 324 | 3/4 | 289 | 43/ |427 |4// | 389| 365
32 @ 12| °F 3546| 330| 3/9 | 37/ | 302 | 362| 347 | 370 | 359| 356| 355 | 3¢5 338 | 324 3// |29/ | 373 | 4#29|#22|398| 352|355
33 |W “ 13] °F 360| 347 | 336| 330| 323 | 362| 357| 377 | 373| 369 | 362| #58| 350| 340 | 327 | 3/9 | 300| 424|423 | 4#/2 | 387|365
34|Z|¢ 4] °F S44| 330| 320| 3/5 | 307 | 369| 360 | 366 | 357| 332| 347| 3¢0| 729 | 322| 307| 289| 273| 397| 39/ | 37£ | 332|337
35 1O & Average °F 547 332 | 322 3/8 | 370 | 357| 348 364 357| 354| 340| 34/ | 333| 327| 3/7 | F04| 287| #08|#0/| 39/ | 35#1357
36 |2 2

37 (W Cylinder number FRASE 263 | 256 | 253 | 257 | 247 | 266 | 263 | 267 | 26¢| 264| 259 | 255|257 | 245|239|233 |225128/|277| 267| 25%| 253
38 2] *F 330|225 | 222 | 222| 22/.| 237|234 | 237 | 236| 234[231| 227|22/|220|2/5| 209|203 |243|238| 229|2/9 |225
39 3] _°F 260| 253 | 250| 248| 246| 266| 263 | 260 | 205| 265| 260| 255|248 |225| 239(233(227| 274|265|257| 246| 246
40 4| °F 238| 23/ | 227 | 227|227 | 243 | 239| 245 | 242| 242|237] 23523/ (230|223 | 2/7| 2// | 249|224/ |23/ | 2/5 | 227
41 F-J el 3 270 | 264|260 | 258| 2551277278 | 277 | 275| 274| 268| 26/|256| 254|246| 239| 23/, 288|280|268| 252|259
42 6| °F 23/ | 224| 227 |22/ |2/9|236| 232| 236| 23¢] 233| 228(|225(222|222|2/5 | 209| 203|243|238|228/ 2/3 |2/9
43 0 71 % 250|242 | 252|252 | 249 | 270|263 270 | 267 265| 257| 246240 233|— |—— |—— [292|—— | 267 | 247 | 257
44 0 8| °F oy [y Pe—mvesy AusuNey, peTEY UneRIN [ — R Ry =) e el [ [ [l el e (el e el )
45 ‘S 9| °F 235 | 250|245 |242| 24/ |263| 258|263 | 260| 256|249| 244|237 |232|225|2/8| 20927927/ | 257| 240|249
46 10| °F 237 | 227|223 222|220 | 24/ | 236| 240| 237| 238| 232|227|222|2/9|2/3 |205| /97 | 255|257 |243 (230 |235
47 [ 3 262|257 | 252 |25/ | 247 | 272|267 | 277 | 268| 267 | 267 | 255| 250| 245| 239|23/|22/|285|278|27/ [260[258
48 2] *FE 240| 237|233 | 23/ | 229 | 246| 24/| 246| 246| 246| 24223523/ [ 228|220|2/3|205|26/|256|/250|237 |239
49 13| °F 244| 24/ | 237 | 235|233 | 255 | 250| 259 | 252|257 |247| 240|235 232|225|2/8(|209|268| 258| 252| 240|24/
50 14 °F 228|222 220|2/8 | 2/7 | 236|232| 235 |233|233|229| 225|22/]2/6 | 209|203| /97| 245| 2¢42| 233| 220|229
51 verage L 246|240 | 238|237 | 234 | 254| 250| 254 | 252| 25/ | 246| 24/ | 236|232 225| 2/9| 2// | 266| 258| 250| 236| 24/
32
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(a) Front of front cylinder (b) Rear of rear cylinder

@ -total-pressure tube

=P open-end static tube NACA
> closed-end static tube LMAL 39117.1

Figure 2.- Locations for pressure-tube installation on R-2600 cylinders.
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MR No. L5L18
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Figure 3.- Embedded thermocouple installed on front cylinder of
R-2600 engine.
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Figure 4 ,- Comparison of temperatures measured by test thermocouples.
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Figure 5 .— Derails of sodiurm-cooled exhaust
valve eguipped with a thermocodyple.
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Figure 6. - General arrangement of exhaust-valve thermocouple
contacts inside rocker-box of engine cylinder.
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Figure 7.- Variation of effective gas temperature with fuel-air ratio.

Cylinder heads; Wright R-2600-22 engine.
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Figure 11.- Indicated specific fuel consumption; Wright R-2600-22 engine.
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Figure l14.- Comparison of typical temperature patterns for ground test and flight

test. Wright R-2600-22 engines.
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