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CYLINDER-HEAD COOLING BY MEANS OF A SHIELD I THE EXHAUST PASSAGE

By H. D. Wilsted and B. A. Mulcahy

SUIMIARY

™

Tests were run on a single-cylinder, air-cooled engine

with a

Wright C9GC cylinder to detecrmine the improverent in cylinder-head
cooling that can be obtained by building into the erhaust passage
an insulating shield designed to protect the valve-guide boss and
the exhaust-passage walls from the ozxhaust gas.
shoued an apprecizble improvemant in cooling of the exhaust-valve-
guide boss, of the guide bushing, and of th= valwe
output of 91 indicated horsepover, the temporsture of the valve-ruide
bushing was reduced h80 ¥; that of the valve seat,
of the valve-guide boss, 82° F with the oviginal shield and 570 F
with the repaired shield. At this nowar the same guide temperature
existed at a cooling-air pressure drop of 3 incihes of water with
the shield as at a pressure drop of 22 inches of water without the
shield. The cooling-air pressure drops reguired for equal temper-
atures of the seat at this power were 3 inches of water with the

seat. At a power

The test results

24° P; and that

. Lo . . s
shield and (E inches of water vwithoub the shield. There was no

perceptible loss of power because of the use of the shield.

IXTRODUCTION

In the course of research on cylinder cooling at increased
power outputs, it was found that the heat load imposed upon ths

gxhaust valve was excessive ab higher than rated power.
and deformation of the exhaust valve rzsulited.

temperature of the oubtside of ths cylinder head by increasing the
mass flow of cooling air was found to be relatively ineffective in |
reducin: the operating temperature of th: valve (refercnce 1).

Tnasmuch as a large portion of the heat removed from the valve
it was

il

passes thorough the valve guld: and the valve-guide boss,

Corrosion
Reduction of the

thought that the flovr of heat frow the valve wight be increased by

reducing the flow of heat from the orxhaust gas vo the valve-gu

. .
Lo

boss. Other investigators (refsrences 2 and 3) have pointaed out
the importaincs of cooling the valve guide as a means of improviag

valve perrformanca.
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This report presents the resulis of comparative tests run to
deterr.dine the reductions in the temperatures of the exhaust-vealve

i
seat and gnide that are attainable by the use of an exhaust-pussage
shield. The influence of the chield on the breathing capzcity of
Tae cylinder wes also investigated.
o

Some or the data presented in this rsport have been previously
published in reference li, which dealt with the over-all problem of
failures of exhesust valves. It is believed that the use of a shield
in the exhanst passage offers sufficient possibilities to warrant
the publication of all the spplicable data obtained in these tests.

APPARATUS AMD METHODS

An insnlating shield (fig. 1) similar to the one described in
refercnce § vios fitted into the exhaust passage of a standard

“right C9GS cylinder. The shield, made of 1/16~inch sheet Inconel,
was hand-formad in four pieces to fit and entirely cover the exzhaust
passage. The exhanst passage was covered with powdered asbestos
held by porcelain insulating cement. The asbestos served to prevent
conbact of shield and cylinder-hesd material. The pieces of shield
viere gas-welded in place to form a one~piece shield. The edge of
the shield near the insert of the exheust~valve sest was then peened
into a previcusly cul anmular groove Lo make a gastight seal and to
form a smooth surface. The opening in the shield throupgh which the
valve stem passed wes sealed hy pecning the shield against the
exhaust-valve-zuide boss, Gas leaksge and leck of support at this
point cansed the eventual failvure of the shield. The shield was

not attachoed to the cylinder-hesd meierial except by peening into
the groove near the insert of the valve seat and by forming tightly
against the valve-zuide hoss and against the head material at the
passacre exit.

The cylinder, equipped with the exheust-passage shield, was
mounted on a single-cylinder crarnkecasc, The cylinder bore was

6% inches and the crankshaft used had a stroke of 7 inches. The

compression ratic vas 6.7. The principal components of the test
apparatus are shown dizgrammatically in figure 2. Standard test-
engine equinment ve: used for mecsuring engine torque, engine speed,
fuel consumption, c¢ylinder temperatures, and fuel-zir ratio. A
separately driven cenbrirugal blower supplied the cooling air.
Thermocouples were located in the exhaust-velve guide, near the

seat insert, and in the exhaust-valve-guide boss (fig, 1).

Tests with and without the shield were conducted to determine
the effect of the shield on the temperabures of the exhaust-valve-
guide bushing and the exhausl-valve seat and on engine power over
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a range of manifold pressures. Brake mean effective pressure and
mass flow of cooling air were separately varied while the remaining
factors were held constant. The tests covered a range of powers
from 36 to 236 indicated horsepower and a range of cooling-air pres-
sure drops across cylinder from L to 31 inches of water. The
cooling-air jackets used for all tests were similar to the jacket
described in reference 6, For all tests the engine speed was held
at 2000 rpm and the fuel~air ratio was held at 0.08.

During the tests the shield failed by splitting at the edge of
a welded seam. No asbestos remained behind the shield, The shield
was repaired without replacing the asbestos and the tests were con-
tinued vntil the shisld again failed. The shield was then removed
and the comparative testes werc run.

The friction horsepover was determined by motoring the engine
at test values of inlet-air pressure while oil pressure, oil temper-
ature, engine speed, and cylinder temperatures were held at values
as close as possible to t1ose obtained under power conditions.

EFFECTS OF EXHAUST-PASSAGE SHIELD ON SHGINE-OPERATING CHARACTERISTICS
Temperatures

The exhaust-passage shield effectively lowered the temperatures
of the exhsust-valve seat, the guide boss, and the guide bushing, as
shown in figures 3 and L. The temperature of the cooling air was
higher when the cylinder was tested without the shield than during the
tests with the shield; therefore, a correction to the observed cylin-~
der temperatures was necessary. Data presented in figure L of refer-
ence 7 indicate that an increase of 19 F in the temperature of the
cooling air will raise the temperature of the head approximately O. 80 ¥.
The observed fLemperatures have been corrected to conform tc a common
cooling-air temperature on this basis and their variations with
changes of power and with changes of cooling-air pressure drop Oip
are shown in fignres 3(b) and L(b), respectively, where olp is equal
to the static-pressure drop of cooling eir multiplied by the ratio of
the average density of the cooling air to thzs density of sir at a
pressure of 29.92 inchas of mercury and a temperature of 70° B,

Figure 3(b) shows that the following reductions in corrected
temperatures resulted from the use of the shield: +that of the valve-
gnide bushing was reduced h8 F, from 530° F to 482° F; that of the
valve seat was reduced 2h F, from hOhO F to 3800 ?; that of the
gnide boss was reduced 82° F, from 599° F to T17° F, when the shield
was first installed, and 57° F, from 599° ¥ to 5h2° F, after the
shield hagd been repalred that of the rear spark-plug bushing was
reduced B° F, from 381° F to 353° F.
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Figure 3 shows that the temperatures of the valve seat and the
guide bushing were approximately the same with the original shield
which had asbestos behind it and with the repaired shield which had
no asbestos. The valve-guide boss, however, was hotter without
asbestos, perhaps because the shield touched the boss near the
thormecouple. The effect of the shield failure is shovm in figure 3
by the sudden rise in temperatures. The extremely high temperatures
are probably due to gases, guided by the broken shield, that impinged
on the walve-guide boss and passage viall.

The tests with variable power (fig. 3) were run with a ccoling-~
air pressure drop Ap of 16 inches of water. With a pressure drop
of this magnitude, additional quantities of cooling air are compar-
atively ineffective in reducing cylinder temperatures; therefore,
if the temperature reduction effected by the use of the shisld were
to be accomplishsd by increasing the cooling-air flow, extremely
high prassure drops would be required. The tests with variable
cooling-air pressure drop werc run at 91 indicated horsepower; the
results are shown in figurs Lh. The following table shows values of
cooling-air pressure drop JAp in the operating range that would
give efual temperatures with and without the shield. ]

iCooling—air pressure drop required, GAp‘
! (in. HZO)

With shield ; Without shield

Corrected guide temper- ! 3 22
ature, 5%0° F X

Corrected seat temper- 3 3 7%
aturs, hhlo F 3

Volumetric Efficiency

Figure 5 shows that the shield in the exhaust passagce did not
sufficicntly impade the flow of exhaust gas to cause a perceptible
reducbion in engine power. No difference in thz manifold pressure
required for a given indicated mean effective pressure, with or
without the shield, is apparent.

SUMEARY COF RE3ULTS
An analysis of the test data taken in comparative tests of a

standard Wright CSGC cylinder with and without an exhaust-passage
shicld shows that:
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1, The exhaunst-~passage shield aprreciably reduced the tempera-
tures of the sxzhaust~valve-guide hoss, the valve-guide bushing, and
the valve seat. At a power output of 91 1pdlcated orsepower the
tenperaiure of the exhaust—valve—culde bushing was reduced hB s
the temperature of the valve ceat, 24° F; and the temperatufe of the
y2lve—mide boss, 82° F with the orlglnal shield and 57° F with the
reprived shield,

2, At 91 indicated horsepower the use of the shield resduced the
temperature of the exhaust-valve guide the same amount as increasing
the conling-air pressure drop from 3 to 22 inches of water. The
cooling-air pressure drops required for equal temperatures of the
valve scat at this power were 3 inches of water with the shield and

1
7K inches of water vwithout the shield.

3+ The exhaust-passage shield did not sufficiently otstruct the

pzesage of exhaust gases to cause a parceptible reduction in the
porger of the engins.
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(a) Effect on measured temperatures.

Flgure 3.- Effect of an exhaus t-passage shield om thégtemperatures

of the exhaust-valve seat

spark-plug bushing. L Bosas ousiing,
engine speed, 2000 rpm:
water. R

Wright ¢9GC cylinder;

gulde boss, and rear
fuel-air ratio, 0.08;
cooling-air pressure drop, 16 inches of
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(b) Effect on corrected temperatures.

Flgure 3.~ Concluded. Effect of an exhaust-passage shield on the
temperatures of the exhaust-valve seat, guide boss, and rear spark-
plug bushing. Wright C9GC cylinder; fuel-air ratio, 0.08; eagine
speed, 2000 rpm; cooling-air pressure drop, 16 inches of water.
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(a) Effect on measured temperatures.

Flgure L.~ Effect or variation in cylinder-head cooling on the temper-
atures of the exhaust-valve guide, valve seat, and rear spark-plug
bushing. Wright C9GC cylinder; fuel-alr ratio, 0.08; engine speed,
2000 rpm; power output, 91 indicated horsepower.
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(b) Effect on corrected temperatures.

Figure L.~ Concluded. Effect of variation in cylinder~head cooling on
the temperatures of the exhaust-valve guide, valve seat, and rear
spark-plug bushing. Wright C9GC cylinder; fuel-air ratio,. 0.08;
engine speed, 2000 rpm; power output, 91 indicated horsepower. -
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Figure 5.~ Relation between manifold pressure and indicated mean
effective pressure with and without exhaust-passage shield.
Wright C9GC cylinder; fuel-air ratio, 0.08; engine speed, 2000
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