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MEMORANDUM, REPORT'

INVESTIGATION OF METHODS OF REDUCING THE TEMPERATURE
VARIATION AMONG CYLIWNDERS ON AIR-COOLED
ATRCRAFT ENGINZS
By George F. Kinghorn and William A. Mueller
SUMMARY

Tests have been made to determine methods for reducing
the temperatures of the hot cylinders on air-cooled air-
craft engines. A Pratt & Whitney R-1830-L3%, 1lli-eylinder
engine was used for the tests.

Reductions of 309 F to 359 F in the cylinder-head
and barrel terperatures were obtained by the use of ducts
directing cooling air upon the rear of the cylinders.
Increasing the cyvlinder fin area,by welding additional
lehgths of metal to the existing fins resulted in temper-
ature reductions of about 26° F. Baffle modifications
which included enlarging the inlet gaps, extending the
baffles farther to the rear of the cylinder, adding a
diffuser at the baffle outlet, and providing separate
duets to the hot parts of the cylinder, resulted in head-
temperature reductions of as much as 50° F. In addition,
large reductions in the temperatures of individual

cylinders were obtained by injecting additional fuel

. ahead of the cylinder intake ports.




It appears that the pressure drop required to cool many
air-cooled sngines may be considerably reduced by decreasing
the temperatures of the individual hot cylinders through the
use of methods similar to those tested.

INTRODUCTION

The head and barrel temperatures of radial aircraft
engines vary considerably from cylinder to cylinder, Fre-
quently a few cylinders have temperatures as much as 60° F
above the average and are relerred to as the “hot" cylinders
of the engine. These temperature differences aggravate the
cooling problem because, if the hot‘cylinders are to be
cooled satisfactorily, the other cylinders must be over-
¢ooled. In some cases the pressure drep required to coocl
the engine may be decreased as much as |0 percent by reducing
the temperatures of the hot cylinders to the average cylinder
temperature.

Tests have been made to determine the effectiveness of

several methods for reducing the temperatures of the hot

cylinders on air-cooled aircraft engines. This investigation

includes: (1) directing cooling air upon the rear of the
cylinders, (2) increasing the fuel-air ratio F/A of
gseparate cylinders by injecting additional fuel just ahead of

the intake ports, (%) increasing the cooling area of the
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cylinders by attaching additional lengths of metal to the
existing fins, and (J}) medifving the cylinder baffles.
The tests were conducted with a Pratt & Vhitney R-1830-~L3
engine installed in a wing nucelle.
L APPARATUS AND TESTS
The P. & VW. R-1830-43 engine is a lli~cylinder, two-
row, air-cooled aircraft engine with a normal rating of

1100 horsepower and a military rating of 1200 horsepowcr.

The engine-‘was equipped with a Stromberg PD-12F2-1l;

injection-type carburstor. The nacelle wasmounted on
supports as shown in figure 1. A propeller-speed

fan and large-chord cowl fiaps were used to supply cooling
air for the engine.

In addition to measurements of the temperature of each
rear-spark-plug gasket and cylinder flange, measurements
were made of the temperature at 16 other points over the
head and barrel of one of the rear cylinders. Fuel-alr
ratios for individual cylinders were determined from
exhaust-gas analyses. The average engine fuel-air ratilo
was checked with measurenents df engine air and fuel con-
sumption,

Tests were made with small ducts directing cooling
air upon the rear of cvlinders 1% and 1ll, which were

chosen because of thelr accessibility. The inlet of the
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duct for cylinder 1% was located in the intercooler cooling-
air duct with a scoop to utilize the available total pressure
and the inlet of* the duct for cylinder li was located between
the cylinder rocker boxes, as shown in Tigure 2. The duct
outlets were 1 inch from the cylinders and directed u&proxi—
mately the same amount of cooling alr on the rear of the
barrels and the heads. The duct outlets were 1 inch wide
and were located approximately in the center ol the baflle
outlets. The baffle outlets on the P. & W. R-1830-)3 engine
vary from 3 to 5 inches: in width; the outlets on the! rear
cylinders are somewhat wider than on the front cylinders.
Total- and statlic-pressure tubes were used to neasure the air
flow through the ducts. In order to insure that the spark-
plug-gasket and cylinder-flange thermocoupleslwould give
reliable indications of the temperature reductions at polnts
on the cylinder not being directly cooled by this air, the
areas immediately around the thefﬁocouples were shielded from
the cooling air by small tabs extending from the duct outlets
to the cylinder walls (fig. 2).

Tests were made with separate enrichment of the mixture
to eylinders 1 and 10, The additional fuel was fed in a

5
1§

continuous spray through the primer fittings, which are

located just ahead of .the cylinder intake ports. The amount

was manually adjusted with a needle valve. A small rotameter

was used to measure the armount of fuel injected.




Three methods were used to attach additional cooling
area to the cylinders: welding, clippling, and bolting.

xtensions were welded to the existing fins on the top of

=1

the cylinder head (figé. B by il 1y The total added cooling

\
area amounted to approximately %82 squarc inches. The

top baffle used with these extensionls is shown in figure 6.
Fin extensions were also clipped to the existing fins on

the ‘top of the cylinder head as shown in figures 7 to 9.

The added cooling area in this case wasgs about the same as
with the welded extensions. The ends of the clipped

extenslons were riveted to a plate that served as the head
bafile. The ends of the fins were scraped to obtain a
smooth surface and uniform thickness belore the sextensions
were installed. Tests were made with the joint plain

and with the connecting parts ccated with a mixture of

aluminum powder =and black lacquer in an attompt to improve

2
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the thermal bond. Tests were also made of copper fin

extensions wedged and bolted to the rear of the cylinder

o

head as shown in figures 5 and 10. The added fin area was
about 268 square inches. For this test the cylinder
baffles extended farther to the rear of the cylinder, as
shown in figurcs 6 and 10.

ests were made of the following types of baffle

modification:




(1) FEnlargement of the baffle inlets and extension of
the baffles farther around to the rear of ﬁhe cylinders

(2) Addition of diffusers at the baffle outlets to
recover part of the kinetic energy of the cooling air and to

ncrease the cooling-air £low

fdo

(3) Provision of ducts incorporated in the bafiles to
carry unheated air to the hottest parts of the head (fig. 11
shows one such baffle tssted)

In addition, completely revised bafiles combining these

three modificatlons were installed on the rear cylinder of

the P. & W. R-18%0-l;3 engine. These baffles are compared
with the original baffles in figures 12 o dle " NEditional

o -

views of the revised baffles are shown in figure 15.

)

lost of the changes were tested on only one or two
cylinders of the engine and were evaluated by comparing eng
temperature patterns obtained with and without the changes.
In order to reduce the error due to erratic variations in the
temperature pattern, five to eight tests were made of each
modiflcation. These tests were made over a range of engine
power from low-crulsing to normal.

RESULTS AND DISCUSSION

The temperature data have been correccted for variations

in atmospheric conditions and for smell variations in engine

operating conditions in order that the results obtained for




I~640

the various modifications may be compared directly with the
results obtained for the cylinder or engine in its original
condition.

Cooling-air ducts. - The effect of the cooling-air

S U

ducts is shown in figures 16 to 18. The changes in the
temperatures of the rear-spark-plug gasket and the cylinder
Flange are indicated in the figures by the svmbol At. At
97 percent normal power (fig. 16) with both ducts in place,
the air flow through the duct to cylinder 13 was 86 pounds
per hour. This flow resulted in a reduction of 36° F in
the head temperature and of 29° I in the barrel temperature.
The air flow through the ducts on cylinder 1l was 5l pounds
per hour, and the head and barrel temperatures were raduced
about 7° I and 2°F, respectively.

The temperature reductions at 58 percent and 1|8 percent
normal power (figs. 17 and 18) are somewhat less than at
97 percent normal power, When the air flow through the

duct to cylinder 13 was reduced to about three-fourths its

‘original quantity by blocking off part of the inlet, the

temperature reductions were between one-half and two-thirds
their original values. The higher air flow through the
duct. ibo sylinder 13 s due to the total pressure built up in
the intercooler cooling duct by the propeller operation.

Because the pressure drop across the engine was small

[}
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(3 to L4 in. of water) during these tests, the flow through the
duct on cylinder 1l was low. In flight, the pressure drop
across the engine 1s considerably higher (8 to 15 in. of water)

and a duct similar to the one used on cylinder 1L might be

~conslderably more effective than indicated by these tests.

The effect of the cooling ducts upon the temperatures
at the front of the cylinders was not determined because re-
ductions in these temperatures are chsidered less important
than reductioﬁs in the temperatures at the rear of the
cylinders. The temperatures at the front cof the cylinders
are more than 100° I below the temperatures at the rear of the
cylinders and probably have comparatively little effect in
inducing preignition aﬂd detonation or in increasing the rate
of wear of the engine.

Mixture-enriching tests. - Inasmuch as the temperature
Qf the combustion gases in an engine cylinder decreases as
the mixture is enriched above a fuel-air ratio of 0.07,
cylinder-head temperatures may readily be reduced by increas-
ing the fuel-air ratio. As the snecific fuel consumption
increases rapidly with increasing fuel-air ratio, however,
enriching the mixture ofvthe entire engine to: improve
c¢ylinder cooling is generally undesirable except for short-
period operation. A few cylinders may be cooled in this
manner with a relatively small increase in engine fuel con-

sumption.




The results of the injection of additional pasoline
into the cylinder primer fittings are shown in figures
dol e Vaa On the egylinders with the enriched mixtures,
the head temperatures were reduced 1L° F to L)° F with
little change in barrel temperatures. In each test,
fuel-flow and exhaust-gas measurements showed that all
the fuel injected did not pass through the cylinder for
which it was intended. Becausge of the pulsating and
turbulent flow in the intake pipes, some of the fuel was
evidently carried back into the ‘blower section, Ekhaust—
gas analysis showed a slight general enriching of the mix-
tures throughout the entire engine and only from 50 to
80 percent of the admitted fuel was accounted for in the
exhaust of the cylinder for which the fuel was intended.

In practice, if the fuel were injected in & continuous
spray, as in the present tests, it would probably be
edvlisable to compensate for the resulting general enrichment
by decreasing the amount of fuel delivered by the carbu-
retor. Iff the carburetor were so adjusted, the head

i

temperatures of three cylinders on a F. & W. R-183%0-43
engine could be reduced an average of 20° F at cruising
‘ o

powers (i = 0.068) with an increase in specific fuel con-
sumption of about % percent. Without an adjustment, the

fuel consumption would be increased approximately 5 percent.




Injecting additional gasoline ahead of the intake ports
of hot cylinders would be particularly useful when the ten-
perature differences existing between cylinders are primarily
due to poor mixture distribution. For this cease, the d4if-
ferences in cylinder power output as well as the differences
in temperature would be reduced.

Additional cooling area. - Table I gives a comparison of

cylinder temperatures obtained with the original cylinder and
with the cylinder with the three types of fin extension.
Results are shown for two power conditions: 65 percent normal
power and 100 percent normal power.

The welded fin extensions (figs. 3 to 6) reduced the
temperature of the rear-spark-plug gasket about 29° F at
65 percent normal power and about 22° F at 100 percent normal

power; whereas the clipped-on extensions (figs. 7 to 9)

reduced the head temperature only 10° F and 6° F for the two
power conditions. Inasnuch as the increase in fin area was

the same 1in each case, the smaller temperature reduction with
the clipped-on extensions rmust bte due to a poor thermal bond
between the original fin and the clipped-on extensions. The
addition of a mixture of aluminum powder and black lacquer
between the connecting parts of the fins and the extensions
showed no improvement in the thermal conductance.

The addition of copper fins bolted and wedged to the

rear of the cylinder head gave no substantial reduction in
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temperatures. The ineffectiveness of theses fins may be
attributed to the higher temperature of the cooling air at
the rear of the cylinder, a poor thermal bond at the bolted

and wedged Joint, and higher resistance to the cooling ailr

resulting in reduced air flow.

Baffle modifications. - Temperature data cbtained from

the tests of the various baffle modificaticns are gilven in
table IT. Inmportant temperature reductions were obtained
with several of the configurations tested. Reductions of

)

3% P in the temperature of the rear-spafxmplug'gasket at
65 percent normal power and of 25° B oat 100 mafcent normal
power were obtained by enlarging the paffle-inlet gap to
5/8 inch, extending the baffle farther to the rear of the
cylinder, and providing a radius of curvature of 1/2 inch
st ineoutlst (condition 5 in teble T1): As éhown’for
condition 7, temperature reductions of PP an AR
were obtained at 65 percent and 100 percgnﬁ normal power,
respectively, by continuing the baffle farther to the rear
of the cylinder -and adding & short diffuser.

Reductions in temperature Of.90 F and 12° ¥ at 65
percent and 100 percent normal power; respectlively, were
obtained with a top head baffle having a separate duct
carrying cooling air to the rear of the fins féondition L 08

£

The inlet to. this duect is shown in Tigures 12 to 15. As
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shovn in figures 12 and 13, fingers projected from the baffle
into the fin passages at the top of the head to divert the
heated air that flowéd over the front fins out of the rear
fin passages., A side baffle incorporating a similar duct
(fig. 11) gave tempefature reductions’of 20° at’ &5 percent
normal power and 18° F at 100 percent normal power

(éondition XG0, With both these new baffles on the cylinder,
temberature reductions of 31° F and 35° F were obtained
feondition 11).

The completely revised baffles (figs, 12 to 15) combining
many of fhe separate modifications tested, when installed on
single cylinders of the engine, gave temperature reductions
of about 50° F (condition 12). Tests with the revised
baffles installed on all cyiinders are reported in refergnce l.

As first tested, the temperature of the exhaust-valve
cuide was somewhat higher with the revised baffles than with
the original baffles although the temperatures at all other
hot points on the cylinder were reduced (reference 1). This
increase in the temberature of thébexhaustnvalve guide was
found to be due“to a restriction at the baffle outlet .on the
exhaust side of the cylinder below the rocker box, as indicated
by the arrow labeled "Restricted outlet" in figﬁre 13(b).

The temperatureé at various points around cvlinder 1 with the

restriction removed are shown 1n figures 23 and 2l,. It will
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be noted that substantial reductions have been obtained in
the temperatures at the hotter parts of the cylinder. The
temperature at nearly every point measured over the com-
bustion chamber has been reduced. The single exception
was & comparatively cool point located toward the front of
the cylinder. The temperatures at several polnts on the
front and sides of the eylinder head were increased slightly.
The temperatures of the rear center of the barrel and
cylinder flange were reduced 10° F to 15° F whereas the
temperature of the front of the barrel was increased about
LS Y Tnasmuch as the temperatures at the front of the
cvlinder are so much lower than the temperatures at the
rear of the cvlinder, the increases in .the temperatures on
the front are not considered particularly undesirable.
Further reductions ih exhaust-valve-guide temperature
of about 5° F were obtained by increasing the gap between
the fins and baffles, where the fins are short, to eliminate
the restriction at that point and by cut£ing a hole in the
side of the baffle to provide an outlet for the cooling
air passing between the fins at the front of the rocker box.
A sketch of these modifications is given in figure 25,

Application. - It will be noted by reference to the

temperature patterns shown in figures 16 to 22 that, by

cooling the heads of cylinders 1, 3%, and 13, the maximum
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head temperature of the engine could be greatly reduced at
both normal and cruising powers. Similarly, on most other
air-cooled engines considerable improvements in cooling may
be obtained by reducing the temperatures of a few hot cylin-
ders, On certain large engines, however, the highest temper-
atures on the engine do not remain fixed but wvary from
cylinder to cylinder with changes in power output. In such
cases, improvements in engine performance can be achleved by
increasing the cooling of those cylinders that are the hot
gglinders et the critical cooling conditions - namely, normal
rated power or maximum crulsing power.

COIICLUSIONS

In tests with a P, & W. R-1830-,3 air-cooled engine to
determine the effectiveness of several methods for reducing
the temperatures of the hot cylinders, the following results
were obtalined:

1. The cylinder-head and barrel temperatures were reduced
30° F to 35° F by the installation of individual air ducts
directing cooling alr upon the rear of the cylinder. This
method can be used advantageously to cool hot cylinders,

2, -Additional fuel may be supplied to a few hot
cylinders to reduce their head temperatures with comparatively
small increases in engine fuel consumption. The enriching
may be accomp%ished by admitting additional fuel ahead of the

intake ports.
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3, Extensions welded to the fins on the head of a
cylinder reduced the tempersature at the rear-spark-plug
gasket 26° F. Clipping the sxtensions to the fins was less
effective, as this method reduced the head temperature only
go%m,

h. Baffle modifications - which included enlarging the
inlet gaps, extending the baffles farther to the rear of the
cylinder, adding a diffuser at the balffle outlet, and pro-
viding separate ducts to the hot parts of the cylinder -

resulted in head-temperature reductions of as much as

Ta i

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics
J 3
Lengley Fleld, Ve.;  July 19,1943,
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EFFECT OF DIFFERENT FIN

TABLE I

EXTENSIONS

ON CYLINDER-HEAD THMPERATURES

100 percent
normal power

65 percent
normal power !
Condition Tempera—eTempera- Tempera-
ture Gure drop ture
(°r) (°F) (°F)
Original 128 -- 1126
i'ins welded on top of
cylinder head (figs.
g5 G0 5) -1 399 29 Lol
s elipped on'top of
cylinder head (plain ,
feint, filgs. 7 to 9) 1,18 10 1420
Fins bolted on back of
cylinder head (figs.
5,6, and 10 125 3 L2l

Tempera-
vure drop
(S

e

Rk

v o e e
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TABLE .- £FFECT OF BAFFLE MODIFICAT/IONS ON

CYLINDER - HEAD TEMPERLATULRLLS.

Coror #1027

65 percern
rnorzc/ Lower

|

/00 percerr

Jempers
Tere
(deo )

f(/}eaﬁz’p

rnormal power ‘

Tempera; lempena, Jempera;

(oeg F)

Jure
(deg F)

&re orop
(oo )

O

Original baffre ; oaf/ez‘

gap, B mlet gap, 3 5
outlet wrotfr, I

<45/

/0

@

Barf/e o,oe»ed wo ; ourfet
gap. & mlet gap, £,
barfle extended fan‘/ler
fo rear; no outlet rad-
s, ourlet width, 2

446

Batfle o,oened «up ; oa;‘/e/-
gap,i& s mlfet gap, £
baff/e exrernded rarrhHrer
ro rear ;, »o owr/fert rao-
rets; outlet width, 2 X

434

I

395

)

Baff/e o,oenea’ o ; oaz‘/ef

oap, js s et gap, §
barfrfe exrexrided farfﬁer
Yo rear; owllet reaosus,
3" outlet width, 27

/9

<

I&4

<6

Boff/e o,oe»eo’ wp ; ourret
gap, £ et gap, §
bar e exrerded rarrtber
fo rear ; owl/er reaius,

3 outtet wrath, 2£.

/7

I

3&5

i

Barr/e o,oe»eo’ &0 ; oa//ef
0ap. %" et gap, £;
barfle exrernded far;‘ﬁer
ro rear; owrer ragius,
F; outlet wrodth, 227

44




TABLE T - CONTINUVED

Cornartrorn

65 percent

vorna/

poower

/00 percent
zorzna/ power

Terpera-
Jure
(oeg f)

Yure argp
(deg F)

Tempera{7&

Orrgrnal barffle wrrsh aaf/ef
orffuser; aa;‘/ef gao, 2 .
et gao, 2, owte’ W/o’z%
21 outlet rads, -
0’/ffa.ser lengrth, 3.7

Orrgmnze/ barfle wirh ocr/er
arffuser ; oa;‘/e/ ozp, 27
mlet gap, 3 ; ourter W/o/i%
2} ; owllet raotus, /F°;
o ffuser /feng’h, /.

(See £19s.

Orrorna/ Sroe barr/e ; seoa-
rafe oucH mr fop Lbarf/e

/2, /3and/5.) drreciing coolrng asr Sfo

rear sfa oF Cylroer
tead.

1O

Jee g /1)

Separarte dwuc’t or exteus’t
S/0le of cy/rnder-sfeed’ Srde
baffSe. Iy)ake s/de sawne
as orxgral/ S/oe be/Te
Orrgra/ rgo Lba/fe.

(

A

Sevararte owuckH orn exhausrt
S/0e of cviirnoer-fead s/
Dafe. Ir/zke s/oe sane as
orvgrna/ ssoe barFe. Sepa -

rzre guck /n Yoo b/ e.

(See fig. /)

fTrna/ rewseo’ barfr/e; oaf/e/
gap, O mles 9ao, ;f owlfel
woth, LF . owulet mo?w, 2
oIffuser lenoth, 2F. Separate
oucrH 1 Yoo beffe.
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Three-quarter front view. (b) Three-quarter rear view.

Figure 2.- Cooling-air duct installed on cylinder 14.
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Figure 4.-
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~= WELDED F'n\_: EXTENSIONS
! ' ' (| ‘_‘ 1 g
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e e

View of cylinder 1 showing welded fin extensions.
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Bolted fin extensions

ILMAL

wWelded fin extensions
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Figure 5.- View of cylinder 1 showing welded and bolted fin extensions.
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Figure 6.- View

1

of cylinder 1 showing fin extensions and baffles.
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Figure 8.-

Clipped fin extensions:
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View of cylinder 13 showing clipped fin extensions.
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11.- Views of rear-cylinder side baffle with a separate cooling-air duct.




Figure 12.-

2
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(a) Original baffle.

Comparison of original and revised baffles.

Front view.
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INLET TO SEPARATE
COOLING PASSAGE

(b) Revised baffle.

Figure 12.-

Concluded.
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(a) Original baffle.

Figure 13.- Comparison of original and revised baffles. Rear view.
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(b) Revised baffle.

Figure 13.- Concluded. ‘
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CROSS-SECTIONAL AREA
OF DUCT, 3 SQ IN—_ iy

(a) Three-quarter front view.

Figure 15.- Revised baffles installed on rear cylinder of
P. & W. R-1830-43 engine,
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(b) Three-quarter rear view.

Figure 15,- Concluded
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(a) Front view.

Figure 23.- Temperature on cylinder 1 with original and revised
baffles. Engine speed, 2250 rpm; manifold pressure, 28.0 inches
of mercury; engine fuel-air ratio, 0.072; average cooling pressure
drop oAp, 3.41 inches of water.




452 394 517 488

’-& 400 396 483 436 ~d

L-640

464
457
( Expoust-
valve guiae)
1 332
320
| 349 .
| 361 A
402
365
287
252
339
" 37]

Rearspark- { 469
pluggaskel | 418

M T wsr‘w

i 2 e
B LMAL INCHES 3255049

(b) Rear view.

Figure 23.- Concluded.




Jemperature

Original baffle 32-9) 354
Revised boffle 322 359
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(a) Front view.

Figure 24.- Temperature on cylinder 1 with original and revised
baffles. Engine speed, 2550 rpm; manifold pressure, 39.5 inches
of mercury; engine fuel-air ratio, 0.105; average cooling pressure
drop oAp, 4.51 inches of water. ‘
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(b) Rear view.

Figure 24.- Concluded.
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{a) ©Small outlet cut in revised baffles (b) Modification of revised baffles to
to allow cooling air to pass between increase cooling-air flow around

the topmost fins on front of rocker side of rocker box by increasing

gap between the fins and baffle
where fins are short.

box.

Figure 25.- Modifications to revised baffles to reduce the temperature of the exhaust-
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