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USE OF DUCTED HEAD BAFFLES T0O REDUCE REAR-RCW CYLINDER TEMPERATURES

OF AN ATR~-COOLED ATRCRAFT ENGINE

By Michael A, Sipko, Charles B. Cotton, and James B. Lusk

SUMMARY

The effectiveness of ducted head baffles in reducing tempera-
tures of rear-row exhaust-valve seats was determined from tests with
a two-row radial engine. Two types of ducted head baffle were inves-
tigated on an engine-propeller test stand; the better of the two was
investigated in flight. A reduction of approximately 50° F in the
average temperature of the rear-row exhaust-valve seat vas obtained in
flight and the rsductions were reasonably consistent for all cylinders,
ranging between 35° F and 80° F. During level flight, the maximum
temperature of the exhaust-valve seat obtained when using ducted baffles
on all rear-row cylinders was reduced 50° F to 70° F below the maximum
temperature of the exhaust-valve seat obtained when using conventional
baffles on all rear-row cylinders.

INTRODUCTION

Continual efforts toward the improvement of the cooling per-
formance of air-cooled engine installations has demonstrated the
problem of cylinder-baffle design to be primarily one of directing
to esach portion of the cylinder area the least amount of air that
will cool the engine properly. The success of engine cowlings in
reducing the aerodynamic resistance of aircraft-engine installations
by limiting the air flow over the engine (references 1 and 2) first
emphagized the necessity for careful utilization and direction of
cooling air. The simple deflector (references 1 and 3), developed
to direct the air flow to the more critical areas of the cylinders,
denionstrated that by guiding the air flow across the engine cyl-
inders the required cooling-air flow could be further reduced.

From an investigation of cylinder bafflies (reference 4), 3t

developed that the most efficient utilization of cooling air occurred
when the baffles were situated very close to the fin tips. Excop-
tions to this rule were necessary where the fin was of nonuniform
width (reference 5) and such cases necessitated lifting the baffles
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from the fin tips in order to provide an effectively uniform air-
flow passace. Although this arrangement appeared optimum for cyl-
inders with relatively uniform heat dissipation, further baffle
modifications become necessary where critical cylinder areas over-
heat. Distribution of cooling air to remove temperature nonuni-
formities is facilitated by addition of special ducts designed to
carry the air to overheated regions of the cylinder. Baffles
incorporating this principle appeared first on the BMW-801 engine
and subsequently found further application (references 6 and 7) in
slightly modified forms.

Each application of ducted head baffles is a special problem
depending on the nature of the cooling factors. Of particular
interest is the problem of cooling a critical region, interior to
the cylinder, by augmentation of external surface cooling. In the
pregent investigation, it was desired to cool the exhaust-valve
seats on the rear-row cylinders of a two-row radial engine. The
exhaust-valve seats of the rear-row cylinders had been observed to
operate approximately 80° F hotter than those of the front row.
Because fins below the exhaust port were in a region of relatively
stagnant air, it appeared that ducts might be used to direct cooling
air to the external valve-gseat region and thereby reduce the internal
temperature., Two ducted head baffles were designed with different
duct size and given preliminary tests on the full-scale engine-
propeller test stand. Flight tests were then undertaken with the
better of the two baffle types. The investigation was conducted at
the Cleveland laboratory of the NACA.

DESCRIPTION OF DUCTED BAFFLES

Ducted baffles were designed to conduct cooling air to the high-
temperature regions around the exhaust-valve seats of the rear-row
cylinders. Because it was desired to augment the cooling-alr flow
the least amount that would provide adequate cooling, two ducts with
different cross-sectional arcas werc designced to aid in approaching
the optimum. The ducts with the small and the large cross-sectional
arcas will be denoted baffle A and baffle B, respectively.

Baffle A, together with the conventional baffle assembly for
the rear-row cylinder, is shown in figure 1. In this design a
U-shaped channel was insertod into the conventional cowl-ring baffle
to increase the area between the cowl-ring baffle and the inner
baffle. The side deflectors on the inner baffle (through which the
spark-plug lead passes) were trimmed to accommodate a U-sheped duct
that fitted close to the inner baffle and was attached to the
modified cowl-ring baffle. This duct was extended over the spark
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plug and shaped to direct cold air across the horizontal head fins

below the exhaust port. The lower end of the duct was supported by
a 3/16-inch stud screwed intc the boss at the rear of the cylinder.
Baffle A increased the weight of the cylinder-baffle assembly

0.58 pound.

Baffle B (fig. 2) utilized a U-shaped channel, slightly larger
than that provided in baffle A, inserted in the conventional cowl-
ring baffle. The side deflectors on the inner baffle were also
trimmed and a formed duct of 3-inch diameter was attached to the
modified cowl-ring baffle. The duct extended downward to a flared
gsection and directed most of the cold air against the rear hori-
zontal head fins on the exhaust side. The baffle exit was approxi-

mately 3% inches wide and 3 inches high and was tightly fitted

against the fins. Sufficient space was left under the tube for the
passage of the ignition cable to the rear spark plug., The lower end
of the duct was fastened to the cylinder by a 1/4-inch-diameter stud
gcrewed into the boss. In order to eliminate possible chafing or
failure of the stud that might be caused by vibration, a rubber
grommet was inserted into the baffle around the stud. Baffle B
increased the weight of the cylinder-baffle assembly 0.90 pound.

A sketch of ducted baffle B installed on a rear-row cylinder is
shown in figure 3.

APPARATUS AND INSTRUMENTATION

The engine used for the teats was an 18-cylinder, two-row
radial, alr-cooled engine with a normal power rating of 2000 brake
horsepower at 2400 rpm and was equipped with a gingle-gtage, single-
speed supercharger with a gear ratio of 6.06:1. Fuel conforming to
AN-F-28 specifications was metered into the combustion air by means
of a standard injection-type carburetor and spray bar. A torque-~
meter with a reduction-gear ratioc of 20:7 was installed on both the
test-stand and flight installations.

Test-stand installation. - The tost engine was installed on an
engine-propeller test stand and cooling air was drawn across the
engine by & suction system capable of producing pressure drops up
to 17 inches of water. The cooling-air pressure drop was taken as
the difference between the total pressure between fins at the bafflo
inlet and the static pressure behind the batfle cowl ring and was
meagured across a cylinder that had no baffle changes. Cooling-air
temperature was measured by three equally spaced thermocouples
located 6 inches ahead of the front-row cylinders. Combustion air
at 100° F (£5° F) was supplied by a centrifugal blower. The fuel- |
alr ratio was determined by a chemical analysis of exhaust-gag
gamples from individual cylinders.

9
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The engine temperatures were measured by iron-constantan
thermocouples located at the following five positions on each c¢yl-
inder: exhaust-valve seat, rear spark-plug gasket, rear spark-plug
bosgs, front spark-plug boss, and rear middle barrel. The exhaust-
valve-seat thermocouple (fig. 4) was located in the region of the
maximum c¢ylinder temperature. A specially designed Jig was used in
drilling the hole for this thermccouple in order that the position
would be the same for all cylinders.

Flipght installation. - The left outboard engine of the test
airplane was gselected for the baffle tests and sufficient instrumen-
tatlon was installed to allow collection of the most pertinent data.
The engine cylinder-head temperatures were measured by rear spark-
plug-casket thermocouples on all cylinders and by thermocouples
installed to measure the temperature of the exhaust-valve seat of
the rear-row cylinders. The rear-row exhaust-valve-sgseat thermocouple
was located in the same positlon as for the test-stand installation
(fig. 4). The combustion~alr temperature was measured by two thermo-
couples in the elbow leading to the carburetor and the free-air tem-
perature was obtained by using a calibrated thermocouple located near
the left-wing tip. The avepage englne fuel-air ratio was computed
from the fuel flow, which was measured with a rotameter, and from
the combustion-air weight, which was obtained from a calibration of
the carburetor uncompensated metering pressure. The cowl-flap posi-
tion was determined by the use of an electrical position transmitter
and indicator.

TEST PROCEDURE

Test stand. - In order to compare the performance obtained with
the conventicnal and with the ducted head baffles, three series of
tests at the following four specific engine operating conditions
were undertaken with each baffle:

Brake Engine  Over-all Cooling-air
horge- speed fuel-air  pressure drop
power (rpm) ratio (in. water)
1200 2000 0071 10.5

1500 2200 .082 S

1700 2300 L85 118

2000 2400 +0891 14.0

In the first series of tests, conventional baffles were installed on
all cylinders; in the second series, baffle A was installed on cyl-
inders 5, 7, and 15; and in the third series, baffle B was tested on
cylinder 7 to afford a direct comparison between baffles A and B.
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Flight tests. - Flight tests of the conventional baffles and
baffle B were conducted at take-off, climb, and level flight
according to the following flight lnd eng 1ne operating conditions:

Flight Brake Engine Carburetor Pressure

conditions horse- gpeed mixture altitude
power (rpm) - getting (£t

Take-off 2200 2600 Avtomatic rich @ -w-www--

Climb 1800 2400 ~-QCmmm e e

Level flight 1475 2100 Varied 10,000

Flight tests were made first with conven*:ional baffles on all cyl-
inders and second with baffle B installed on cylindsrs 1, 3, 5, 15,
and 17, which in previous tests had been determined the hottest
ﬂylinders at the level-flight conditions listed. Final tests were
made with baffle B installed on all rear-row cylinders; data were
obtained only for the level-flight conditions.

RESULTS AND DISCUSSION

The effect of the ducted baffles was observed by comparing the
temperatures of particular cylinders fitted first with conventional
baffles and then with ducted baffies. The reduction in the temper-
ature of the exhaust-valvce seat was used as a measure of tane effec-
tiveness of the ducted baifle. The effect of small variations in
cooling-air temverature occurring between different tests was
accounted for by the correction of reference 8. Cooling-air tempor-
ature variations did not excsed 10° F.

Preliminary Test-Stand Investigation

Baffle A. - In goneral the use of baffle A on cylinders 5, 7,
and 15 c CLdgldOTdbly reduced the terperatures of both the exhaust-
valve seat and the rear spark-plug gasket. The temperature reduc-
tion of the exhaust-valve socat was betwscn 6° F and. 47° I, whereas
the reduction for the rear spsrk-nlug gasket was betwsen 40° F and
7198, The temperature reductions for each cylinder at cach of tho

operating conditions is given in the following table:
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Engine power, bhp| 1200 1500 1700 2000

Cylinder 51 71151 .61 71151 5| 71164 58 7115

Exhaust-valve 14127|19] 6)19|45|35136|47 |42]42|11
geat, °F

Rear spark-plug |51(53[46)46|47|68|66(64169,71166)40
gasket, OF

Rear spark-plug |57(61(59(54{57{80;7672;8485{77|56
boss,

Baffle B, - The use of baffle B on cylinder 7 reduced the tem-
perature of the exhaust-valve seat between 27° F and 56° F and that
of the rear spark-plug gasket between 85° F and 110° F. The reduc-
tions of exhaust-valve-seat temperature are large compared with
those obtained with ducted baffle A. TInasmuch as ducted baffles A
and B were both tested under the same conditions and on cylinder 7,
it is possible to make the following direct comparison of the tem-
perature reductions:

Engine power, bhp 1200 1500 170C 2000

Baffle A B 1A B A B A B

Exhaust-valve seat, OF [ 27 |47 | 19 |27 | 36] 54 | 42| 56

Rear spark-plug gas- 535 188147 |85 641110 { 661109
ket,

Rear spark-plug boss, gl 18l 1 57 15 21103 77 130L
oF

Effect of baffles on other temperatures. - The data in the
previous section indicate that baffle B was more effective than
baffle A in lowering the temperature of the rear-row exhaust-valve
geat and that baffle B lowered the rear spark-plug-gasket tempera-
ture excessively in proportion to the decrease in the rear-row
exhaust-valve-seat temperature. The reduction of the rear spark-
plug-gasket temperature is therefore not an indication of the reduc-
tion of the internal critical temperature. The exhaust-valve-seat
temperature is indicative of that particular area, but a reduction
in this temperature must not be interpreted as a reduction of other
critical temperatures as well. The temperatures of the front spark-
plug boss and the rear middle barrel were not noticeably affected
by the use of either ducted baffle,

Because the temperature reductions obtained with baffle B were
considerably in excess of those obtained with baffle A and because
baffle B handled only a slightly greater quantity of ailr, flight
tests werce conducted with baffle B to verify its effectiveness.

6
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Flight Investigation

Baffle B on five hottest rear-row cylinders. - Although cylinder
temperatures are not stabilized during take-off and climb, a sig-
nificant comparison showing the effects of the ducted baffles may be
made by plotting cylinder temperature against time for the take-off
and climb conditions with conventional and ducted head baffles. Such
a comparison is presented in figure 5 where the averages of the
exhaust-valve seat temperatures of cylinders 1, 3, 5, 15, and 17 with
and without baffle B are plotted against time from start of take-off
until an altitude of 10,000 feet had oeen reached. The averages of
the temperatures of the front-row rear spark-plug gaskets are included
to show the similarity of the operating conditions of ths two tests.
When the cylinders were fitted with ducted baffle B, temperature
reductions between 35° F and 70° F were obtained throughout take-off
and climb, the most severe engine operating conditions.

The results of the level-flight test at 10,000 feet and
1475 brake horsepower using ducted baffle B on each of the five
hottest rear~row cylinders are presented in figure 6., Average reduc-
tions of approximately 50° ¥ and S7° F are shown for the exhaust-valve
seat and the rear spark-plug gasket, respectively. The exhaust-valve-
geat temperature reduction ranged from 37° F to 64° F. The temperature 1
reductions for each of the five cylinders using ducted baffle B are
tabulated for three over-all fuel-air ratios:

F/A = 0.065 F/A = 0.071 F/A = 0,079
Exhaust-| Rea Exhaust~:Rear Exhaust-|Rear
Cylinder|valve spark-| vaive gpark- | valve apark=
seat plug | seat plug seat plug
(°F) gasket (°r) gasket (“r) gasgket
(°r) (°F) (°F)
1 37 60 48 s 47 e
3 56 95 64 109 60 110
5 46 | 104 Sif 100 47 105
15 56 120 49 SRS 55 122
47 S il 48 D2 41 89
vorage | 46 52 49 | 98 50 100

The installation of baffle B on the five hottest cylinders of i
the ergine resulted in a marked change in the temperature pattern.
However, & large temperature spread existed in instances where some
of the cylinders, which normally ran much hotter than the average,
were co effectively cooled after installation of the special baffles
that they operated at temperatures far below the mean.

il
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Baffle B on all rear-row cylinders. - Because the results of
tests with five ducted head baffles showed that no group of cylin-
ders could be selected as the hottest over the range of engine oper-
ating conditions, level-flight tegts at 10,000 feet were conducted
with ducted baffle B on all rear-row cylinders. The results of these
tests (fig. 7) show that the temperature of the exhaust-valve seat
attained with ducted baffles was 42° F to 8C° F below that atbtained
with conventional baffles. The cylinder-temperaiure reductions for
the rear-row exhaust-valve seats and the rear spark-plug gaskets are
ag follows:

F/A = 0,064 F/A = 0,077 F/A = 0,084

Exhaust- |Rear Exhaust~- {Rear |Exhaugt- |Rear
Cylinder valve gpark-| valve gspark-|valve spark-

geat plug seal plug seat rlug
(°F) |gasket (°F) |gasket! (°F) |gagket

(°F) (°F) (°F)

i 43 70 53 84 42 72

) 65 90 80 122 €4 110

5 64 110 48 108 o6 105

7 69 182 60 130 66 124

9 49 (a) 48 (a) 52 (a)

11 46 108 43 119 49 104

15 57 £3589 57 134 57 124

15 Te 128 64 138 €8 125

47 50 84 Sl 100 48 94
Average ST  |====== 57 |=m=e== 55 |e=eee-
Maximum* 64 lemeea- 70 fmemmee 50 jem-e- -

aThermocnuple failure.

bThe amount the maximum temperature obtained with ducted
baffles was reduced below the maximum temperature
obtained with conventional baffles.

The gubstantial and consistent reduction of exhaust-valve-seat

demonstrates that ducted head

bar

temperaturs cbtained at all engine operating conditions tested
S i 5
fles which conduct air to a specific

portion of the cylinder surface are effective in reducirg the inter-

ral cylinder temperature. This reduction depends, of course, on the

existence of adequate internal heat-transfer paths between the inter-

nal location to be cooled and the external location to which the
coling air is applied.
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SUMMARY OF RESULTS

From flight investigations of ducted head baffles of type B
installed on the rear-row cylinders of an air-cocled radial engine,
the following results were obtained for take-off, climb, and level-
flight conditions:

1. For all fiight tests the temperatures of the rear-row
exhaust-valve seats were reduced an average of approximetely 50° F.
The reductions were reasonably consistent for all cylinders, ranging
between 35° F and 80° F.

2. During level flight, the maximum temperature of the exhaust-
valve seat obtained when using ducted baffles on all rear-row
cylinders wos reduced 50° F to 70° F below the maximum temperature
of the exhanst-valve seat obtained with standard baffles on all rear-

row cylinders.

CONCLUSION

Special ducted baffles may be used to reduce internal cylinder
temperature when an adequate internal heat-transfer path exists.

Aircraft Engine Research Laboratory,
National Adviscry Committee for Aeronautics,
Cleveland, Chio, October 18, 1945.
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Figure 4. - Location of exhaust-valve-seat thermocouple on a
rear-row cylinder of an air-cooled engine.
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