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CYLINDER BARREL COOLING WITH BONDED
PREFORMED COPPER FINS

Bradla  He Pogter and He H, BlilerbroclkSin:

SUMMARY

Preformed copver fins were furnace-brazed to a steel—
cvlinder barrel. The bvarrel was electrically heated and
blower—~cooled to determine the over-=all heat-transfer co-
efficient. The experimental coefficients, based on the
tenperature of the steel, were approximately twice as large
as tae ealculated coefficients for a similar steel eylin-
der with integral fins of the same dimensions.

Inproving the thermal bond, which can be accomplished
oY inproving the method of assendly of the fins on the
barrel bvefore the drazing, can possibly increase the heat

.transfer of the barrel 27 percent above the values obtained.

Both the copper fin and the steel barrel a2re annealed dy
the 1200° # furnace tenmperature required for bdrazing. Re-
cent developments of high-frequency induction heating for
the brazing operation are being investigated with a view
to avoiding the incidental annecaling which occurs in fur-
naece brazing of the fins.

INTRODUCTION
The NACA in the past few vears has conducted numerous
tests on the cooling of finned cylinders. A4nalyses of the
results of these tests indicate that wider and closer
spaced Tins are required for the modern air~cooled air-
craft engine than can be odtained by the usual casting or
machining technique.

The preformed fin offers the advantages of practical-
ly unlimited fin dimensions and fin spacing as well as a
fin material having a higher thermal conductivity than
that of the usual integral steel fin. Copper has a thermal
conductivity more than 8 times that of steel and more than
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imes that of aluminum alloy. The weight of copper fi
for equivalent cooling, therefore, compares Tavoraoly
that of Tinning with consideradiy lighter metals.

er is easily bonded to steel and its procurement in

s of war has usuallv been easier than that of tae

gater metals.
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report presents results of blower—cooling tests
nder varrel with furnace-brazed preformed copper
he over-=2ll heat-transfer coefficients were deter-
4 are shown plotted against the theoretical val-

o) oot in an indication of the cxcellence of the bond
covper and the steel. A discussior of the ad-
ntages of copper fing and of future methods of bon alhg
hem to the cylinder is include
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CYLINDER ASSEMBLY

. The first barrel was nade from a stock Pratt & Whitney
forging, rougaly machined to an outside diameter approxi-
natelr that of the root diameter of the fins on a finished
MWagp"-sizge varrel. Twenty—-six fins nearly 2 inches wide
and spaced about 1/8 inch apart were assenbled on the ovar-
rel., "Ihey were made from 0.026-inch sheet copper with a
flange ro;led on the innor diameter to serve as & means of

pacing and to afford a large surface for bondin“ to the
barrel (fig. 1)s. The copper-joint surfaces were clenned
with emerv cloth and a pickling fluid. The ﬂtoul barrel

was nlso thoroughly cleaned with emery cloth and washed
with benzine to remove grease; o commercinl flux was ab-
plicd. After the fins werec assembled on thée barrel © ring
of 1/16~inch diameter, low-melting, silver solder was placed
around each joint and more flux was added.

The fing, although in ore piece, weroc gplit te ‘permit
of their Dbeing svread to go over the thread helite © Tl aid
split was tacked together at the guter edge of the fins
vith solder after the rings of solder were in place.

The barrel assemdbly was electrically furnace-brazed
r a aydrogen antmosphere at a maxinun temperature of

.‘|
1200° F. Table I shows 2o time-temperature record of the
ba 1

1ile being Ddbrazed.

The fing came from the furnace in the annenled state
and a2ad lost sonme of their original rigidity, although
thew retained their originnl bright copover color.




A second and a third barrel, not yet tested, were ma-
chined like the first except that the outside diameter was
of 2 uniform size above the barrel flange so that it was
not necessary to cut the fins at assembly as in the first
set-up. The difference in diameter between the barrel and
the fin was about 0,005 inch at room temperature. It was
found better to have the fins a2 push~spring fit on the bar~
rel owing to the greater expansion of the copper so that
the sold:sr will not run down the barrel and be lost during
the time the assembly is ian the furnace.

After the fins were assembled a concentric ring of
stecel was then added for the thread belt and the whole as—

senbly was furrn acé-brazed as in the first set-up.

The copper uscd for the fins of the second and third

‘barrel was "oxygen free," a much better grade than that

weedWtor the first barrel.

Another mecthod of assemdling the fing without cutting
them would be the use of the “aero" type taread which per-
mits a uniform size for the ocutside of the dbarrel above
the varrel flange.

HEAT-TRAISFER TESTS

Test zpparatus.-~ The test cylinder was electrically
heated with a wire coil wound on a soapstone core which
was ianserted in the cylinder. ULoss of heat from the ends
of the cvlinder wag prevented by using cylindrical guard
r%ngs made of -sheet metal and filled with rock wool (fig.
(gt

Surface temperatures were obtained at 29 points
around the cvlinder by moans of iron-constantan thermo-
couples made from No. 40 gage wire. Nine of the thermo-
couplcs measured the temperature of the steel barrel every
22-};5o from front to rear of the crlinder and five measurcd
the temperature at the base of tae copper fins.
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In order to attach the thermocouples to #he steel,
1/8-inch diamcter holes were drilled through the copper
and solder with a tapered drill until the drill point
touched the stcoel. Then 0,018-inch diameter holes were
drilled in the stecl and the thermocouples peened in place.

‘The holes were then filled with bakelite wvaranidh. The




thermocouples were attached to the fin base d¥ cutting
smail 0.,0l0-inch wide slots in the metal and peenifig the
thermocouples in place. Thermocouples were nlaced on the
fins one-=taird and two-thirds of the distance from base to
i Dapeand ensiihe tip eVery 45° from front to rear of the
cylinder., Tae thermocouples were soldered to the fins.
Thermocouples were distrituted over a number of ¢1ns so as
not t0 vplock the air flow in any one fin space They were
shellacked to the fins and brought out Vhroubh a bakelite
tube to a cold junction board as shown in figure 3. An
ammeter and a voltmeter were used to measure the electrical
input of the crlinder and a potentiometer measured the cyl-
inder temnor%ture“.
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Jacket.~ The test unit was enclosed in a wood jacket,
as shown in figure 3, and air was drawn over the set-up
with a Roots blower. The jacket shape and apparatus used
for such a test are fully aeucrlbau in references 1 and 2.
The jacket fitted tightly against the fin tips and guard
rings. Partitions were placed oetw=en the guard rings and
cylinder (see fig. 3) so that all the air flowing into the
jaeket would £low over the . crliinder.,  The weight of cool-—
ing air was measured with thin-plate orifices placed in
the ends of -a large tank. Temperatures of the air at the
orifices and of the cold junction were obtained with alco-
hol thermometers. A diagrammatical sketch of the appara-
tus is shown in figure 4.

.

jongs.~ The weight velocity of the cooling air,
he fins was calculated by dividing the weight

Conputat
Vp &, over t

of the air passing over the ervlinder by the free~flow area
between the fins.

The experimental heat-transfer coefficients, U, were
obtained by dividing the heat input per hour br the prod-
vet o the areal of ther wall surface of bthe cylindexr and
the difference between the average temperature of the wall
surface and the entering-air temperature. Coefficients
were determined based on both the temperature of the steel
and the bent-over portion of the fins of the cylinder.

Coefficients were also calculated for steel and prac-
tically pure copper fins, of the same proportions as those
of the test erlinder, cast integrally. These cocffi jent s
were based on data determinsd from tests of a large nunber

m
of ecylinders (reference 3). The nmethods of test¢ng, to-
gether with o more detailed description of the methods of
calicill ot ine her coefficients, are described in references
P25 4 s fand ibis




DISCUSSION

Figure 5 shows the results of the tests on the pres-
ent cylinder and calculated coefficients based on test re-
sults of other cyvlinders. The coefficients dased on the
temperature difference of the copper at the fin root and
the cooling air are approximately 9 percent lower than the
calculated coefficients for practically pure copper. Adout
5 percent of this difference can be due to variation of the
test data; the remaining difference may be due to differ-
ence in purity of the copper. The experimental coeffi-
cients based on the steel temperatures are approximately
14 Daerﬁt lower than the experimental coefficients based
on the copper temperatures at the fin root, indicating
that the thermal bond between the copper fins and the steel
barrel is not perfect; that is, a temperature drop occurs
across the joint. Improving the bond and increasing the

purity of the metal can possidbly increase the heat trans-
fer of the cylinder 27 o rcent However, the experimental
coafficients of the test crlinder based on the steel tenm-
perature are approximately twice as great as the calculat-
cd coefficients for o stocel cylinder with steel fins of
the snne dimensions, even with an inperfect thermal bond.

In all the tests the over~"ll heat—-transfer coeffi-
ciont showed that the bond between the copper fins an
stoceol crlinder was imperfect. This condition was ant1c1-
pated becausc in drilling holes at the flange of the fin
for inseriing the thermocouples, occasional voids were en-
countered. When 2 condition of this kind was experienced,
the thernocouple was placed adjacent to the void bdbut far
enough away to be unaffected by this condition. In order
to avoid an imperfect bond, leakaée of the brazing mnaterial
past the fins should be elininated so taat the space be-
tween the fins and the oarrel is conpletely filled. This
can be acconplished by making the fins o tighter fit on
the barrel at assendly.

1k
n

Future work on the adaptation of preformed copper
fins to steel eylinders will include an investigation of
the nerits of hig n~frequercv induction heating for bdbrazing.
This process will give a good bond and nay avoid anneal-
inE hhe copper fin and tho stecl-cvlinder barrel., Sirul-
tanecus induction hardening of the barrel and brazing of
the fins would afford a speedy production process.

~ .

A copper nuff with extruded integral fins has also




boen suggested a

& a rnethod of barrel cooling worthy of in-
vestigation. The extrusion process is now used in naking
fins on cooling coils for air-conditioning equipne ent ang
if it can be applied to the fin sizes required for air-
cooled engine eylinders it nay have sone possibilities
fron the standpoint of production.

Erzine tests have not wet been rmade to deternine the
effect of engine 71brat10n and other opesrating coaditions
on the-copper fin. It may be necessary ta support the
fins at the outer edge, particularly where very wide fins
are required to obdtain the proper cooling. Support for the
fin could be obtained by soldering or dbrazing the fin tips
to the jacket which directs the air flow across the Fans

A comparison of the relative cooling obtained with
copper, aluninun, and steel fins is shown in figure 6.
Then compared on a weight basis, it can be seen that the
higher thermal conductivity of the copper nore than offsets
its greater weight.

The large increase in over-all heat-transfer coeffi-
cient obtained with the bonded prefornmed copper fin should
pernit an inerease ir the specific putpirts of aiverarl ene-
gines of two to three times those pernissible with present~—
day integral steel fins without exceeding barrel- cooling
1initS.

CONCLUSIONS

1. The experimental heat-transfer cocfficient of a
steel=cvlinder barrel with bonded preforned copper finsg
was nore than twice that of the caleulated coefficient (o
a sinilar barrel with integral steel fins of equal dinen-
sions and spaecing,

o w0

2., The preforned copper fin can be easily bonded to
a steel-cylinder barrel. Owi to $ts high thernal conf~
duetd gty sfaehony it ccompares vorably with any of the
Tighter fin naterials en.a i e

2. The use of bonded preforned conner fins should
pernit an increase in the specific outputs of aircraft en—
gines of two to three times those pernissible with present-—
day integral steel fins without exceeding barrel—cooling
li::its.

Langley lenorial Aeronagutical Laboratory,
National Advisory Comrmittee for Aeronautics,
Langley Field, Va.
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Atmosphere Hydrogen
| Temperatures °C
Time Cylinder barrel thermocouples Furnace
—'ﬁgl 1 ‘*egl 5 No. 5§ ;;p 30¢to;

e 3h 750 750

geas | | s it o 2es | 759 750

9:40 % 280 530 U5 | 685 635

9:45 i 417 3ah Lhs 665 590

9:50 % ko5 471 520 635 615

9:55 | 560 5l 575 640 | 655
10:00 E 575 513 590 625 625
10:05 ; 590 530 595 615 615
10:10 E 618 €18 £30 63 638
10:15 | 628 628 640 I 6135
10:20 ; 630 630 6lo 620 610
10:25 % 637 637 640 | €15 610
10:30 | 652 652 660 | 640 | 645
At 10:30, work sent to cooler.







Fig 1

NACA

.%«.\NG\Q S40/3g A)gwu3ssD 43 BLyA> puo up) ~] S41bly

INYYVT72,500° e e

b
¥77705 40 /
ONIY %%

N/Y ¥TeS NOYZ

7IYYVET 777LS

N/ l\
YIS0







Fig.2
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col0 Experimental coefficients for test cylinder bgsed | //
: on temperature difference between copper base| 2& y
and cooling air : ; 4 )
X Experimental coefficients for test cylinder based
44| on temperature difference between steel barrel /
"'l ond cooling air 24
C ] 4 /
£ Colculated coefficients for steel-. L £
= . 4 : . X _— K, =18.04
W 36— cylinder with copper fins. = B / Copper Kn s
8- k)=/ /18.04 Btu/sg /n./°F/hr —Calculated co- EE‘O ] ——————— g;‘(ggl/nlté:=g.///;y RETHEE B
RS — through /in. efficients for 4 (s
> 5| steel cylinder | &
028 R with steel fins. | 3 1.6} fe o el OF LoE s
7 Cad k=27 s
m | *\'Bilu/tsag in./°Flbr| & . e
<) 2 i through /in. _| W
- 7 // e \ L2 =
/// P ///_,_,,_JL———" e
/.2 / /// 8 /]
¥l A
e s 1 o p e p
Vp1g,lb/sec/sq 7t
Cylinder diameter,8.13 in.; Fin width,1.92 in.; Fin thickness, .026 in.; Fin space,,123in.
Figure 5.- Comparison of over-all heat-transfer coefficients of test cylinder
with calculated coefficients. 0 04 .08 /2 T 20 24
Fin weight, M, Ib/sq in. wall area

Legend:
Kp , thermal conductivity coefficient

Figure 6.~ Comparison of the over-all heat-transfer coefficient
for a given fin weight for copper,aluminum,and steel.
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