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SUMMARY

An examination of the cooling finsg on several modern air-cooled
engine cylinders showed large restrictions in the air-flow passages
between individual fins, especially around the intake and exhaust
ears of the cylinders, when baffles that were in close contact with
the fins were used. Tight-fitting baffles, of NACA design, for a
cylinder from a Wright R-1820-E engine and for a cylinder from a
Pratt & Whitney R-280C-21 engine were altered to maintain a constant
free-flow area from the front to the rear of each interfin air pes-
sage. Bach cylinder was mounted on a single-cylinder crankcase and
tested, first with the tight-fitting baffles and then with the altered

affles. Tests at sea-level conditions were made at congtant indi-
cated horgepowers of €6 for the Pratt & Whitney cylinder and 80 for
the Wright cylinder (approximately cruising power in each cage) with
a fuel-air ratio of 0,08, The cooling-air pressure drop was varied
from 2 to 30 inches of water., Tomperatures were measured at 22 points
on the cylinder head, at 10 points on the cylinder barrel, and at
2 points on the cylinder flange.

The results of this investigation showed that, by modifying
tight-fitting baffles to maintain a constant free-flow area from the
front to the rear of each interfin air passage, the velbnt of cocling
alr flowing over the cylinder heads for a given pressure drop was
increaged approximately 38 percent for the Wright R- 1820 H cylinder
and from 30 to 44 percent for the Pratt & Whitnsy R-2800-21 cylinder;
the average lLecad temporature of the Vright R-l&ZO-H cylinder 'was
reduced sbout 40° I'; the temperature at one point on top of thc head
near the exhaust ear was reduced 1.04° F; the avorage head temperature
of the Pratt & Whitney £-2800-21 cylinder was reduced approximabely
23° 7; and the hottest point measured on the cylinder head was reduced
about 35° F, ‘
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INTRODUCTION

|

r Most of the single-cylinder cooling tests conducted by the NACA

} to date have been made using baffles that fitted tightly against the

J fin tips because tests on electrically heated cylinder barrels (refer-
ence 1) indicated that the best cooling of the harrels was obvtalned

‘ with this baffle condition. The cyliniars of reference 1 had fins

l of constant width., Fin width at any ocint ng the fin is defined

r as the shortest distarce botween the f£in bage end the fin tip at the

|

|

|

point in question. Fliight tests of several baffles showed, moreover,
that best heat transfcr was cobtained when the baffles were placed
close to the fin tips {reference 2).

Recent tests by the NACA on a Wright R-1820-E engime cylinder in
conjunction with baifles (of NACA design), which fitted tightly againsgt
the fin tips around the rear half of the ®V1i‘d%r’ showed several hot
spots on ths cylindew head near the extnust ear that resulted in high

| average cylinder temperatures, Eaaman°uﬁo“ of the cylinder showed a
large variation in the width of the Individual fins from the front to
the rear of the cylinder head, especially in the arsa around the exhaust
ear. For the baffles in close contact with the fin tips, the variation ¥
J of width of individual fins caused a similar variation in cross-
\ sectional area of the individual flow paths, At points the fins were
|

very narrow and the restrictions were very bad, reducing the area in s

some ceaes to one fourth of the area upstream of the restriction. It
was believed that these large reductions in free-flow area greatly
restricted the flow and, thersfore, that the cooling was impaired in

‘ front of and behind the re:t“'ctlons where the fin width was large

; and the local mass flow pv wes small The local mass flow pv, as

‘ referred to herein, is the product of the density p and the velocity v.

‘

‘ The tight-fitiing baffles were therefore modified to eliminate

f these rectrictions for the Wrighkt cylinder, These modified paffles

} gave a congtant free-flow areca tiroughout each interfin air passage by

‘ providing varying clcaranﬂo betweon the baffles and the fin tips.
Cooling testes of the two typcs of baffle wore made on the Wright cyl-

’ inder mounted on a singlo-cylindGL crankcase, As a result of these

| baffle tosts for the Wright cylinder, the two types of baffle werc also

\ tegted on a Pratt & Whitney R-2800-21 cylinder mounted on a single-
cylinder crankcasc.

|
) The detrimental effect of restrictions in the interfin flow paths
was alego noted in roforcnce 3. Thae bafflcs of a Pratt & Whitney

’ R-1830-43 enginc werc modified to eliminatc some of these rcs trictions
‘ with a conscquont improvement in cylinder ccoling.

The purpose of the present report is to present a compafison
between the cooling obtained with tight-fitting baffles and the cooling
obtained with baffles rovised to give a constant froe-flow arca from
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the front to the rear of each interfin air passage. Both of these
types of baffle were of NACA design. Cooling tests at sea-level
conditions were made of each cylinder at constant fuel-air ratio and
at constant power over a range of cooling-air pressure drop. The
work was conducted at Langley Memorizl Aeronautical Laboratory, Langley
Field, Va., from July to September 1942.

APPARATUS AND PROCIDURE

Test units. - The setup of the test equipment is shown in fig-
ure 17 A cylinder from a Wright R-1820-H engine and one from 2
Pratt & Whitney R-2800-21 engine were used. Each cylinder was
mounted on a single-cylinder crankcase. A centrifugal blower sup-
plied cooling air to the engine through a duct. The cooling-air
quantity was measured by thin-plate orifices mounted in the end of a
tank connected to the inlet of the blowecx. A water brake and an
electric dynamometer absorbed the power develcoped by the engine.
Engine speed, torque, and fuel consumption were measured with standard
test-engine equipment. A Nash blower provided combustion air at
desired manifold pressures. A surge tank was installed in the
combustion-air system zhead of the carburetor.

Raffles. - Sketches of the two types of baffle (both of NACA
design) used for both cylinders are shown in figures Zrand, o S ke
baffles were ccnnected to the blower duct by means of an adapter, as
indicated in figure 2, and covered only the rear half of the cylinder
head and barrel. The baff{le-adapter combination, hereinafter denoted
a jacket, enclosed the cylinder, The adapter formed a wide entrance
section (see fig. 2) for the jacket giving low-velocity cooling air
in front of the cylinder. In the original jackets, the rear half of
the jackets fitted tightly against both the head and barrel fimsy as

5 )

shown in figures 2 and 3.

The revised jackets were essentially the same as the originals
except that the portions of the jackets over the heads of both cylin-
ders were modified to maintain a constant free-flow area from the
front to the rear of each interfin air passage.” In the revision of
the jackets, the profiles of the head cooling fins of varying width
(the unshaded aresas in figs. Iy and 5) were used. The numbers below
the fins correspond to those in figures 2 and 3. The fins over the
top of the Pratt & Whitney cylinder head are prefixed by a Tj those
around the exhaust side, by an E; and those around the intake side,
by an I. The restrictions to cooling-air flow in the original
jackets are especially noticeable for fins 25, 265 27, and 28 of fig-
ure !} end fins T-1 and E-10 of figure 5. Templets (shown by the
sectioned areas) were made of a thickness equal to the fin pitch and
of a sufficient width to maintain a constant free-flow area from the
front to the rear of each interfin passage. The revised jackets
were made to fit over these templets.
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Temperzture- and presgsure-mezsuring devices, - Iron-constantan
therrocouples in conjunction with a potenticmeter were used to measure >
the cylinder tGemperatures. Temperature measurements were made at
22 points on the head, at 10 points on the barrel, and at 2 points on
the flange, as shown in figures 6 and 7. The temperature of the rear
spark plug was measured by a thermocouple imbedded in a special spark-
plug gasket. The cold junctions of all thermocouples were located
in an insulated box. Temperatures in the cold-junction box, at the
thin-plate orifices, and in the combustion-air surge tank were measured .
with liquid-in-glass thermometers,

|

!

|
The cooling air flowing over the cylinder head was separated from

that flowing over the barrel by a partition (fige. 2 and 3). It was

therefore possible to measure the temperature of the cooling air flowing

over the cylinder head separately from that of the cooling air flowing

over the barrel., The air-in btemperature in eaclh case was measured by

a set of two thLermocouples, electrically connecied in series and located

ahead of the cylinder; the air-out temperature was measured by a set of ‘

four thermocouples, electrically connected in series and located in the f

Jacket exit, The cooling-air pressure drop, which included the Jackeu- v

exit loss, was measured by means of four equally spaced static openings f

in the larpe air duct ahead of the cylinder where the velocity pressure {

wag8 negligible., These openings were interconnected by a ring sur- - }

rounding the duct. |

|

Tests, - The cylinders were first tested with the original jackets. ‘
Then the originel jackets were altered as previously described and the

cylinders were tested with the revised Jackets, The tests were con- ‘

ducted at a constant fuel-air ratio of 0.08 and over a range of cooling- ’

air pressure drop from approximately 2 to 30 inches of water. The ’
tests were run at a constant indicated hLorsepower of 80 for the Wright

¢ylinder and 66 for the Pratt & Whitney cylinder, which is in each case {

approzimately cruising power. r

|

!

\

RESULTS AND DISCUSSION
Effect of Restriction in Cooling-Air Flow

Paths on Cylinder Temperature

|

Cormparison of cylinder temperatures obtained witlh original and !
rovised jackoﬁs. - Table 1 gives differences between the temperatures f
|

at 32 points on the Wright cylinder and the inlet cooling-air temper-
ature for two comparative series of data, onc for the original Jjacket
and one for the revised Jjacket, See fig. 6 for location of thermo-
couples.) The average head temperature Th is the average of thermo~-
couples 13 and 15 througnh 34; the average barrell temperature Ty is X }
the average of thermocouples 2 through 11, Because of small variations
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in cooling-air temperetures Ty from run to run, the ‘temperature

differences T, - T,, Ty - T,, and Ty - T, were coneidered better
indexes of cooling than the cylinder temperatures.

The table shows that the hottest measured head temperature, indi-
cated by thermocouple 31, was rejuced 699 ¥ by the revicion and the
next three hottest head teuperatures, indicated by thermocouples 30,
32, and 28, were lowered 104° P, 52° B and 30°.2 F, respectively.
Thermocouple 30 was located in fin space 21 and theimocouple 31 wag
located in fin space 256, as shown in figures 2 and 6., These fin
spaces were of very irregular shape, as shown by figure 4. The re-
ducticns in temperatures obtained by revising the jacket to obtain
interfin passages with constant free-flow arsea show the poor cooling
that resulted, for tue conditions of these tests, when the baffles
were fitted ulghulv against an irregularly smﬁped Tin,

The explanation for the reduction in cylinder temperature at ther-
mocouples 28 and 32 for the revised Jjacket, sven though these thermo-
couples were not located in an interfin plﬂsa e of irregular shape,
is that the entire exhausgt side of tle head was cooler becesuse the fins
acrogss the top of the head near the exhaust ear were used more effoc-
tively with the revised Jjacket than with the original Jjacket, It is
reagonable to expect that at the same pressure drop there was little
difference in local mass flow betwecn the fings at the point of minimum
fin width when either tie original or the revised Jjacket was used.
TherefO“e, any improvement CJCulnCd with the revised Jjacket at this
point may be largely attributed to the increase in cooling obtained
at sections ahead of and behind tne restriction, The increase in
cooling at these gections is caused by the incroase in mass flow
resulting from the rcmoval of the restriction, Cooling is probably
less sensitive to changes of flow conditions when the main portion of
the fin is upstream from the restriction than when it is downstrcam
because the air might have a tendency to scparatc from the fin-base
surface and follow the imnor surface of the baffle instecad of sweeping
over the entire fin-surfacc area,

The data in table I show that the everago hcad, average barrel,
and rear spark-plug-gasket tomperatures of the wri“ht cylindor were
reduced 42° F, 35° F, and 30° F, respectively, by the rovision of the
Jacket, The Jacket revisions caused a reduction in tempcrature over
the top of the hecad of approximately 80° ¥ and an average rcduction in
tomperature of about 330 for the lower portion of the hoad having
circular fing, Since the revision was made to only the portion of
the jacket that covered the top of “he head, it is reasonable for that
portion of the head to be affectod more by the revision than the lower
portion, The decrecase in barrel temperature is explained by the fact

that the head was coolor for the reviscd jacket, which caused a dccrease




in heat flow from the head to the barrel, In addition, the reduction
in piston temperatures resulting from the improved head cooling further
reduces the heat flow to the barrel (reference L).

Two factors that affect barrel temperatures are the heat given up
to the lubricating oil and the blow-by past the piston rings. Because
the effect of these factors was not determined for the tests of this
cylinder, no conclusions can be drawn from the barrel temperatures.

An examination of cooling data for the two jackets for this cylinder
did indicate, however, that the decrease in average barrel temperature

- due to improved head cooling should be of the order of 60 percent of

the decrease in average head temperature. This examination consisted
in plotting average head temperature against average barrel temperature
for both jackets. The data were obtained from unpublished tests in
which the following items were varied: indicated horsepower, fuel-air
ratio, spark setting, carburetor-air temperature, and coeling=ajlr pres—
sure drop. This plot showed an approximate relationship between aver-
age head and average barrel temperatures; and, for the range of temper-
ature considered in this paper, this relationship indicated that, for a
change in average head temperature, the average barrel temperature
should change by the amount previously mentioned. A further examination
of these cooling data indicated that the value shown in table I for ther-
mocouple 9 for the original jacket is erratic.

Table II gives the differences between the temperatures at 32 points
on the Pratt & Whitney cylinder and the cooling-air temperature ahead of
the cylinder for two comparative series of data, one for the original
jacket and one for the revised jacket, (See fig, 7 for thermocouple
locations.) The average head temperature Ty, 1is the average of temper-
atures of thermocouples 13 and 15 through 3l; the average barrel
temperature Tb is the average of thermocouples 2 through 1l.

Table II shows that the hottest head temperature, indicated by
thermocouple 29 (see fig. 7 for location), was lowered 35° F by the
revision. The next three hottest head temperatures, indicated by
thermocouple 31 (fin space T-16, fig. %), thermocouple 30 (fin space T-9,
fig, 3), and thermocouple 27 (fin space E-13, fig. 3) were reduced 9% I,
2P F, and 2%° F, respectively, by the revision of the jacket. Although
thermocouple 29 was not in an interfin passage, it was lecated directly
behind an irregularly shaped interfin passage, which explains the
reduction in temperature at this point obtained by revising the jacket.
Several other thermocouples located in irregularly shaped interfin
passages were thermocouples 2L, 25, and 32 (fin spaces I1-3, I-%, and
E-l, respectively, fig. 3). The temperatures at thermocouples 2l
and 25 were reduced [j° F and 16° ¥, respectively, but the temperature
at thermocouple 32 was increased 10° F by the revision, The average
hgad and rear spark-plug-gasket temperatures were reduced 23° F and
Li” F, respectively, by the revision,
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The data in table II indicate that the average barrel temperature
was decreased 26° F, Inasmuch as the head portion of the jacket was
the only part altered, the average barrel temperature could not have been
lowsred more than the average head temperature. An examination of
cooling data (similar to the examination for the Wright cylinder) for
this cylinder indicated that the decrease in average barrel temperature
due to improved head cooling should be on the order of 70 percent of the
decrease in the average head temperature or that the average barrel

[ temperature should be decreased only about 16° F instead of 26° F for
a decrease of 23° F in average head temperature. The apparent discrep-

’ ancy is believed to be due to two factors, It was found that the oil
pressure to the cylinder-liner spray, which sprayed oil on the piston
at the bottom of the stroke, was greater for the tests of the revised
jacket than for those of the original jacket, Tests were made to
determine the effect of this factor and it was found that the higher
0il pressure for the revised jacket tests lowered the average barrel
temperature 6° F but had no effect on the average head temperature.
The second factor is that the piston rings were replaced after the
original jacket was tested and before the revised jacket was tested.
Although no change in power was observed for wide-open throttle for the

i two cases, it is believed that the piston rings were not in as good con-

dition for the case of the original jacket as for that of the revised

\

\

jacket because of different lengths of service. The cylinder, therefore,
3 had more leakage past the pisten rings for tests of the original jacket;

and the sweeping of the hot gases over the inside cylinder wall caused

the average barrel temperature to be increased, which is a possible

explanation for the decrease in barrel temperature not accounted for by

the change in oil pressure. Because no change in power was observed

for the two cases, it is believed that the change in piston-ring con-

dition did not affect the average head temperature. Because this

inconsistency exists, no conclusions can be drawn from the barrel data. |

Although the cylinder-head temperatures were not lowered nearly
so much for the Pratt & Whitney cylinder as for the Wright cylinder,
they definitely show that the cooling of the Pratt & Whitney cylinder
was improved by the revision. It may be noted from figures Ly and- 5 that
the restrictions in the interfin passages are much less for the Pratt &
Whitney cylinder than for the Wright cylinder, especially for the case
of the interfin passages around the exhaust ear of the cylinder head.
(See fin spaces 19 to 2} in fig, 4 and fin spaces T-10 to T-17 in
fig. 5.) The revisions to the jacket over the top of the head reduced
the average cylinder temperature in this locality only about 187 8,
but the revisions made on the sides of the head reduced the temperatures
around the lower portion of the head approximately 350 F.

Effect of cooling-air pressure drop on average cylinder temper-
aturs, - The elfect of the revision on average head and average barrel
Temperaturss for the Wright cylinder and for the Pratt & Whitney cyl-
inder over a range of cooling-air pressure drop is graphically shown
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in figure 8, It is noted from figure 8(a) that, for a range of
pressure drop from 2 to 30 inches of water, the average head tem-
perature was reduced 20° F to LO° F and the average barrel tempera-
ture was lowered 20° F to 25° F by revising the tight-fitting jacket
for the Wright cylinder. The reason for the reduction in barrel
temperature has been previously given. Figure 8(b) shows that the
average head temperature for the Pratt & Whitney cylinder was lowered
approximately 20° F by the revision. The curves indicate that the
average barrel temperature of the Pratt & Whitney cylinder was lowered
more than the average head temperature by the revision. This discrep-—
ancy has been previously explained.

The curves also show that the revised jacket for the Wright cyl-
inder requires an average of approximately 60 percent of the pressure
drop required by the original jacket to maintain a given average head
temperature., The revised jacket for the Fratt & Whitney cylinder
requires an average of about 70 percent of the pressure drop required
by the original jacket to maintain a given average head temperature.
Additional calculations showed that, even though the revised jackets
required more eooling air for a given cooling pressure drop than the
original jackets, the cooling power for maintaining a given average d
head temperature was considerably lower for the revised jacket because
of the great reduction in cooling-air pressure drop. Cooling horse-

power 1is represented by 3g%2, where Q is the quantity of air flow,

cubic feet per second, and Ap is the pressure drop across the cylinder,
pounds per square foot.

Effect of jackst revision on relationship between rear spark-plug-—
casket temperature and average head temperature. ~ Figure § gives the
relationship between the rear spark-plug-gasket temperature and the
verage head temperature for both cylinders with the two types of jacket.
From figure 9(a) this relationship is, by a coincidence, the same for
the original and revised jackets for the Wright cylinder. Figure 9(b),
however, shows that this relationship is different for the two jackets
for the Pratt & Whitney cylinder. Over a range of average head tem-
perature from LOO® F to LBO® F, the rear spark-plug-gasket temperature
for the revised jacket is an average of about %220 F higher for a given
average head temperature than that for the original jacket. For a
given cooling-air pressure drop, however, the rear spark-plug-gasket
temperatures for the two jackeis are about the same, -as is shown in
table II. Because the cooling criterion at the present time is the
rear spark-plug temperature and because the jacket did not improve the
cooling of the rear spark plug, the revised jacket will require as large
a cooling pressure drop as the original jacket to maintain a given rear
spark-plug temperature, even though the other cylinder temperatures
are lower. :

0Q

\8)
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On the other hand, the rear spark-plug temperature is the cooling
criterion only bescause there are relationships between it and other
cylinder temperatures (average head and hot spots). These relation-
ships for a cylinder are true only for a given set of baffles, it
baffles other than those for which the rear spark-plug-temperature
limits were set are used, new spark-plug-temperature limits must be set
that give weight to average cylinder temperatures and to hot-spot tem-
peratures. It must be noted that none of the baffles reported herein
were the manufacturers' baffles and therefore that the limits of the rear
spark-plug temperatures set by the manufacturers do not necessarily apply
to these baffles. Hence, the only fair bases on which to compare the
two types of baffle described in this paper are the average cylinder
temperatures and the hot-spot temperatures. From this viewpoint, it
appears that the Pratt & Whitney cylinder could be operated at higher
rear spark-plug temperatures (but at the same average head and hot-spot
temperatures) with the revised jacket than with the original jacket and
consequently at a lower cooling-air pressure drop.

Effect of Restrictions in Cooling-Air Flow
Paths on Cooling-Air Mass Flow

It may be seen in figure 1C that the ccoling-air mass flow across
the heads of the cylinders for a given pressure drop was increased
approximately 36 percent for the Wright cylinder and from 30 to ll; per-
cent for the Fratt & Whitney cylinder by the revision. It is apparent
that the revision should increase the mass flow over the cylinder heads
because the free-flow area was increased. This increase in mass flow
may be considered a good measure of the restrictions present when tight-
fitting baffles were used on these cylinders. Since the revision was
necessary for only a few of the passages, it can be seen that these
passages were restricted greatly by the nonuniform width of the indi-
vidual fins. Inasmuch as the barrel portion of the jacket was not
altered, the curves of figure 10 showing the mass flow across the
barrel should coincide for the two types of jacket for each cylinder.

A fair check was obtained.

The increase in mass flow across the cylinder heads resulted in
some cases in the feeding of relatively fresh cooling air to the rear of
the passages. This effect is very desirable because, in general, the
cylinder temperatures are higher at the rear than at the front of the
cylinder and the fresh cooling air would tend to reduce the rear-
cylinder temperatures.

GENERAL DISCUSSION

The results of this investigation have shown that, for the con-
ditions of these tests, a large improvement in cooling can be obtained
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on cylinders having nonuniform width of the individual fins and tight-
fitting baffles by varying the clearancs between the fin tips and the
baffles to maintain a constant interfin flow-path area. Examination
of several service-type engine cylinders with their production-type
baffles has revealed similar variations in the width of individual fins
and the use of fairly small clearances (1/8 to 5/16 in,) between the

baffles and the fin tips. The clearances between these production-type

baffles and the fin tips, however, are not sc small as those of the

original baffles of this investigation. The authors believe, therefore,

that the improvement in cooling to be had by revising these production-
type baffles will not be quite so large as the improvement reported
herein.

Research on these air-cooled aircraft engines should be conducted
in order to determine the magnitude of the improvement obtainable by
revising their production-type baffles in the manner previously
described. If such research indicates that cooling is as sensitive
to the clearance between the ba{fles and the fin tips as was indicated
in the present tests, care must be exercised in the construction of
baffles for multicylinder engines to make this clearance the same for
/all the cylinders, This special care in baffle construction would
eliminate irregularities in temperature distribution between cylinders
resulting from variation in flow caused by a différence in baffles for
different cylinders., A revision of the nature described herein would
neither increase the weight of the baffles nor make the manufacture
and installation of the baffles more difficult.

Even though the baffle revision described in this report tends
to offset cooling difficulties resulting from fins of irregular shape,
care should be exercised in future cylinder design to eliminate irreg-
ularities in fin shape. Where it is impossible to eliminate these
irregularities in fin shape, however, the baffles should be designed
to correct them,

The modified baffle of the present investigation fitted tightly
against the fin tips over the entire rear half of the cylinder where
the individual fins were of uniform width. Other than removing the
restrictions in the interfin passages, no attempt was made to obtain
a uniform temperature distribution around the cylinder, Other
investigators (references 3 and 5) have found that a more uniform
temperature distribution and also a reduction in temperature at the
rear of the cylinder may be obtained by leaving a clearance between
the baffles and the fin tips at the leading edge of the baffle and by

making the baffle fit tightly against the fin tips at only the rearmost
. portion of the cylinder. Even though the temperatures at the front

of the cylinder were increased by this revision, the critical temper-
aturss at the rear of the eylinder were reduced. This baffle modifi-
cation merits consideration because the temperatures at the rear of
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the cylinder are almost invariably higher than those at the front and
also because it is usually desirable to have a uniform temperature
distribution arcund the cylinder.

SUMMARY OF RESULTS

For the Wright R-1820-H and the Fratt & Whitney R-2800-21 cylinders
having fins of nonuniform width, the major results obtained with tight-
fitting baffles revised to maintain a constant free-flow area from the
front to the rear of each interfin air passage were:

1. The weight of cooling air flowing across the cylinder heads
for a given pressure drop was increased approximately 36 percent for
the Wright cylinder and from 30 te Ll percent for the Pratt & Whitney
cylinder,

2. The average head tmpsrature of the Wright cylinder was reduced
about L,0° F and the temperature at one point on top of the head near
the exhaust ear was reduced 10,° F.

3, The average head temneraturu of the Pratt & Whitney cylinder
was reduced approximately 29 F and the hottest p01n+ measured on the
oylinder head (thermocoupls 29) was reduced 35°

Aircraft Engine Research Laboratory,
National Advisory Committee for Aercnautics,
Cleveland, Ohio.
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TABLE I. - COMPARISOYN OF INDIVIDUAL AND AVERACE CYLINDER
TEMPERATURES OBTAINED ¥ITH ORIGINAL AND REVISED
JACKETS ON A WRIGHT R-1820-H CYLINDER

Original| Revised
jacket | jacket
Cooling~air pressure drop, in. water| 5.10 5.02
Indicated horsepower 30 80
Fuel-air ratio 0.08 0,08
.. Head temperature minus
cooling-air temper— - T[T, - T, | Reduc~
Thermocoup1§\‘\\\\\\. g ature, gF Tx a% i x tion
number l Tr— —> |
e Ll |
15 330 302 28
15 281 | 221 2l
16 236, 1 L2 28
187 | 181 6
18 219 - Nl -2
19 315 | 288 27
20 B2l | -wwams (S
21 212 | 280 82
22 328 | 263 6
23 255 Wl S a0 L
2l 168 | 167 1
25 228 i\ 1218 10
26 191 137 5L
9 33) 261 73
2 386 356 30
29 ?61 221 LO
30 62 i:8 104
31 516 L7 69
2 393 341 52
55 369 321 L8
3l 346 280 66
‘\\\‘\\ggfzii\fémporature minus
1, cooling-air temper- | p _ il x o
Thei?i le number L P i i i Rigzg
P I e
2 223 SN2 05 20
3 225 fisrmten | e e
L 191 165 26
5 195 156 22
6 2l3 | 225 20
Z 192w pHED 29
. 195 160 25
9 245 185 60
10 207 170 b 1)
2Lk 251 205 26
Average head tempersture minus
cooling-air temperature (Ty~T,),°F 211 269 12
Average barrel temperature minus
cooling-air temperature (Ty~T;),°F 215 180, 14138
Rear spark-plug-casket temperature ]
minus cooling-air temperature,®F 351 521 30
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TABIE II. - COMPARISON OF INDIVIDUAL AND AVERAGH

CYLINDER

TEMI'ERATURES OBTAINED WITH ORIGINAL AND RTVISED JACKETS

ON A PRATT & WHITNEY R-2800-21 CYLINDER
Original|Revised
Jjacket | jacket
Cooling-air pressure drop, in. water i 2 L)
Indicated horsepower 66 A6
Fuel-air ratio 0,08 0.08
=~ ___ Head temperature minus
‘ T~ cooling~air temper-| T. - T.IT. = Tl Reduc—
TnermoFouple ~~—__  ature, OF & I bkain
number l “~\\s‘\\\\::fi
13 230 216 jbi]
15 2h1 16L i
16 220 186 BQ
17 Lo 7 28
10 e 150 22
19 218 169 29
20 ! 190 160 26
21 I 199 172 27
22 [ 228 150 28
2 201 19% 8
2 ! 11,9 11,2 L
25 ! 190 174 16
26 11} 6 8
2 27'—7 2L4 9
28 25l 243 6
29 320 285 Al
30 285 263 ez
54 507 298 9
52 23l 2ﬁh -10
55 R
3l 2L5 2T 28
"“‘\\m\\\ﬁarrel temperature minus
Tharmoe . ?3S}in5~fifrzﬁmggr— Tx = Ta)Tx = T, Reguc~
couple number | '\~\\“\\;’_~_, tion
V) B
2 155 100 53
3 1287 28 29
n 108 81 27
9 116 95 a8
6 1l 125 24
Z 119 93 21
‘ 10L 87 17
i 122 G3 2l
10 120 91 29
11 136 110 26
Average head temperature minus
cooling-air temperature (Ty-T,),°F 222 199 23
Average barrel temperature minus
cooling-air temperature (Tp-Tg),°F 12) 98 26
Rear spark-plug-;asket temperature
minus cooling-air temlbrature, On 252 228 i

1,
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FIGURE 2.-GENERAL OUTLINE OF ORIGINAL AND REVISED JACKETS

AROUND WRIGHT R-I1820-H CYLINDER.
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FIGURE 4. - RELATIVE

POSITIONS OF ORIGINAL AND
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ﬁ FIGURE 5.-RELATIVE POSITIONS OF ORIGINAL AND
REVISED JACKETS WITH RESPECT TO FIN TIPS

OF PRATT & WHITNEY R-2800 - 2| CYLINDER.

T-16 HEAD. HATCHING INDICATES AMOUNT BAFFLE
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(b) AROUND INTAKE AND EXHAUST EARS.
FIGURE 5.- CONCLUDED.
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Figure 6.- Three views of Wright R-1820-H cylinder showing
location of thermocouples.
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Figure
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7. - Three views of Pratt and Whitney R-2800-21 cylinder
showing location of thermocouples.
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(b) Pratt & Whitney R-2800-2! cylinder. Indicated horsepower, 66.

Figure 8.— Effect of jacket design on average head and average barrel temperature
(corrected for variations in cooling-air temperature). Fuel—air ratio, 0.08.
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Figure 9.— Variotion of reor spark-plug-gasket temperature with average head temperature.
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Figure 10.— Effect of jacket revision on

cooling-air mass flow.
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