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RATIONAL ADVISORY COMMITTEE FOR AERQNAUTICS
—— MEMORASTIM REPCRT
for the
Bureau of Asroncutics, Navy Department
HEAT-TRANSFER THSTS OF A STEEL CYLINIER BARKEL WITH
ALIMINTM FINS OF OPTIMUM PRCPCRTICNS
By Bermar H, Ellerbrock, Jr., and Alvin H. Mann

INTRODUCTICN

Ab the request of the Bureau of Aeronsutics, Navy Depart-
ment, an engine cylinder barrel with aluminum fins was tested
by this laboratory (reference 1), later two more barrols
manufactured by a method io be used in the factory production
of large nuubers of engines were tested (referenge 2). . The
tests showed thet the thermal bonds between the aluminum fins
and the aluminum base and between the aluminum bsce and the
stecl for all three barrels were very good. In adiition, other
tests showed that the mochanical bonds between the cylinder
rarts would probedly be satisfactory.

Based on the results of tests on a large number of finned
cylinders, an analysls of optimum fin proportions kas becen
mpde (referonce ). From this cnalysis it was predicted that
the heet transfer of the barrels revorted in referonces 1 and
2 could be anprocisbly increascd by changing the fin space from
about 0.052 inch, tho spacing used on the tlhreo barrels
tested, to 0.090 inch. The amount of incresse, for instence,
was about 19 peircent for the cylinder described in refcrence

As a result of the foregolpg analysis a steel cylinder
barrcl with alumimm fins of the opticum spacing of 0,090
inch was made ond the results of tests on thls cylinder are
given in the present report. The purpose of the tests was
to determine the excellence of the thermal bonds betwecen the
aluminum fins and the aluminum bsse and between the alumdnum
buse and the stecl and to compere the heat transfer of this
Yarrel with that of the btirrols with @ fin spece of 0.052
inch. Tests were also madc to determine the adequscy of the
pechanical bonds between the fins znd the eluminum buse end
betweon the :luminum base and the stecl. The tests were mads .
ut the request of the Bureau of Acronautics, Navy Department.




APPARATUS AND METHODS

The spparatus and methods used for testing the present cylinder
barrel were similar tc those used to test the two barrels revorted
in reference 2, The Tin spacing of the barrel reported herein was
0.090 inch; the fin width, 0.375 inch; and the fin thickness, 0.026
inch, The marrel revorted in reference 1 had » fin space of t..052
inch, & fin width of 0.375 inch, and a fin thickness of 0.025 irch.
The two Larrels of reference 2 had fin widths of 0.43€ inch, fin
spaces of C.052 inch, and fin thicknesses cf 0.075 inch., The effect
of fin space oxu hexzt transfer is determined in the present reperd
by comparing the results of the tests on the #wo barrels with 0.3
ineh fin width., These two barrels are shown in figure 1. The
flange of the §,090~inch space cylinder was cut off to facilifate
instailation in the heat~transfer spp:ratus.

RESULTS AND DISCUSSICH
Heat-Transfer Tests

The swrface heat-transfer coefficients q of finned cylinders
have been correlated, as noted in reference 1, for an air-flow
arrangement as used in the present tests {reference 4). Thus, it
has been found for cylinders enclosed in a jacket and cooled by a
blower, .

ae ( e
) = f m (1)

-~

surface heat~transfer coefficient, Btu per square inch fin
surface areca per OF difference between the averssc temper—
ature of the cooling surface and the entering-air temper-

ature per hour

average space between fins. inches

thermal conductivity of the cooling alr, But per square
inch per OF per second through 1 inch

the weight velocity of the cooling air pounds per second
per square foot of free flow area between the fins




n absolute viacosity of the cooling oir, pounds per
second per foct

D diamoter of cylindcr at fin root, inches

Meure 9 (d) of reference !t shows a curve estebliched from
tests on a lorge number of cylinrders with an air-flow arrenge-
ment as in the prescnt tests, plotted in terms of functions
of equation (1). Surfuce haut-transfer coefficients for a
cylinder with fin and cylinder dimensions the same ss for the
test cylinder were caleulated froa thls curve for several weight
velocities between the fins, The results are skown in the curve
marked "caloul.oted coefficients" in figure 2, The experimental

‘esurface heat-trsusfer ceefficionts for the test cylinder are
also shown in figure 2,

The exporimentel coefficients are sppreciably greater
than the calculated cocfficients, The tests were repested
twice, znd the setup commletely checked., The cxaperimental
over-all coefficients U wore also much grester than the
calculated over-sll coefficianta for the cylinders reported
in referemces 1 and 2, It was thought, in the case of the
cylinders in these rcfererces, that the difference was due in
part to the fact that no sre:ter accuracy than that obtained
couid be exnocted vhen compsring the results of any one
cylinder with results celculstad from & corrclation curve.
The rosults of figurc 2 arc too for spart for this reasoning
to be arvlicable.

The expcrimental surfacc hest-transfer coefiicionts of
the cylindor reported in refcrence 1, onc of the cylinders
roported in reference £, the presont cylinder, =nd a steel
cylinder with integral fins of shori width have becn plotted
in figure 3 in terms of the functions of ecuation (1). Also
plotted on the figure is the curve of refercnce Y which has
been used in rofererces 1 and 2 and in ficure © of the
present report to det:rminc coleulated cocfficients, A new
curve can be drawn through the data of the cylinders with short
fins that is ap;rezially kicher than the cld curve, Reference
to figure 9 (d) of refercnco 4 shows that some points for
cylinders with short ins were much ligher than the faired
curve that was drawn throwzh the cxperimcntal points of all
the cylindcrs tested. PFrom the reosults of figure 3 it is
concluded thet the old corrclation curve is rot apnlicable
to cylinders with short width fins, l¥aquation (1) shows that
fin width docs not enter into the correlation, only fin
spacing, For large widths the fin specing is the prodominat—
ing fin dimension in host transfer, this case being analogous
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to heat transfer between two flat plates, For amall fin widths,
hovever, the case is more analogous to flow through tubes and
chsnnels #nd the functions of equation (1) should probably involve
an equivalent dlameter instead of fin space. Further effort to
correlate data of cylinders with fins of various widths is needed,

The experimental over-all hest-transfer coefficients for
vard sus pressure differences for the present cylinder and the
cyl.nder reported in reference 1 are shown in figure 4. The only
difference in the cylinders, as previously stated, is the fin
spacing. As wmentioned in the introducticn, the results of the
eralysis to deteruine the effect of changing the fin space from
C.052 to 0.C0 inch, using sluminum fins, are given in figure 5,
The calculations :re tased on a fin width of 0,375 inch and a fin
thiclmess of 0,025 inch, the fin dimensions of the first barrel
tested. The results of figure U check the results of figure 5 in
that the cylinder with 0,09~inch space showed a higher heat transfer
than the 0,052=inch fin space cylinder. At 8 inches of water
preasure difference, for instance, the increase in heat tr-nsfer
is sprroximately 26 percent based on the heat transfer of the 0.052~
inch gpace cylinder. The curves of figure 4 are higher than the
corresponding curves of figure 5 for the same pressure difference,
for the reasons given in the discussion of figure 3, but the differ-
ence in heat transfer between the two cylinders on either figure
is approximstely the same, The coefficients of the 0.09~inch fin
spece cylinder based on either the temperature of the steel or the
temperature of the sluminum base were aspproximately the same, as
shown in fipure 4, This agreement indicates that the thermal bond
betwern the steel and sluminum base is satisfactory.

The fin width of the burrels reported in reference 2 was
0.438 inch and that of the barrel reported in reference 1 was
0.375 inch, as previously noted. It was shown in reference 2
that with this increase in fin width, at a given welght velocity,
the over-all heat~transfer coefficient incre:sed approximately
15 percent. Figure 6 shows the experimental over-all heat~transfer
coeftricients of the four barrels for various pressure differences,
The grertest heat transfer was obtained from the cylinders with
0.438~inch fin width even though their fin spacing was only
0.052 inch, indicating the importance of fin width, The addition-
gl fin width,as compared with the (,375 inch width, was more than
sufiiclient to overcome the loss in heat tronsfer that occurred
because the fin space was not 0,09 inch, It is estimated that
the heat transfer of the cylinder herein reported could be increased
approximstely 35 percent, or U would be about 1.956 Btu per

per scuare inch per hour at a preesurc difference of 8 inches
of water, by increasing the fin width from 0,375 to 0,438 inch.
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Thus, with & steel barrol with aluminum fins of 0,09~-inch fin
epscing and 0.438-inch fin width epproximately 87 percent more
heat transfer should be cbtained as compared with a steel
barrel with steel fins of 0.052~inch spacing end 0,375inch
fin width. It is not neceesary to test a barrel with optimum
fin spacing and wider fins than sre on the present cylinder

to check the foregoing estimates, as the effect is well brought
out in flgure 6 with the 0.052-inch fin space cylinders,

Physical Tests

The teste to determine whether the mechanical bonds
between the fins ani the aluminum base and between the steel
and the aluminum base were satisfactory were similar to the
tests made on the other three barrels previously tested,

The barrel was cut in half, one half was cut in quarters, end
about an inch of one quarter was cut off, One edge of the
quarter piece was polished and etched, and the result shown
in figure 7. The outline of the fins did not show up as well
a8 on the previous cylinders, except for the two end fins,
although the time of etching was gre:ter for the present
barrel than for the other barrels. This result would indicate
that the bond between the fins and the aluminur base was good
but such was not the case. The bond was worse than any barrel
that has been tested. When the barrel was received some of
the fins could be worked back end forth in their grooves,

Also the fins could be easily pulled from their grocves with
pliers on the l-inch piecc cut from one querter. A similar
test on & l-inch piece from a former barrel showed that no
amount of pulling could dislodge the fins, 1t can be concluded
that the mechanical btond between the fine and aluminum base
of the present tarrel was very poor,

The steel was then pried loose from the aluminum base
of the helf section of the barrel. The force required to
remove the steel from the :luminum bese was mxch greater than
in similar tests of former barrels and it can be concluded
that the mechanicel bond is satisfactory., There seecmed to be
more mixing of the flux materisl with the sluminmm and the
steel with the present barrel than with the former barrels
as shown in figure 8, which shows the two sections, steel and
aluninum tese, of the half piece after they had been pried
epart, It has been noticed, however, in all the barrels that
there did not seem to be a chemical mixing of the aluminum in
the steel or of the stecl in the aluminum. The bond seems to
be more analogous to the case of the pasting of two pieces of
paper together,




CONCLUSI QNS

1, The over-all heat-transfer coefficient of the present
berrel vith a fin specing of 0.09 inch was aprroximetely 26
percent greater than the coefficient of the 0.052-inch fin
space barrel at 8 inches water pressure difference.

2. Heat~transfer tests indicated that the thermal bonds
between the aluminum fine and the aluminum base and between
the aluminum bese and the stcel are very goud.

3. Tests showed that the mechsnical bond between the
fins and the aluminum base was very poor.

4. The meckanical bond betwecn the steel and elumimm
base was a little better than for the otuner barrels tested
end is considered satisfactory.

5. The bonding of the stenl to the alumimum base dces
not seem to be a chemlcnl bonding but is more analogous to
the case of pesting two pleces of paper together.

6. The addition of fin width to the present barrel, if
practical, should increase the heat transfer :prreciably.
An incresse of 1/16 inch, for instance, would incrcase it
about 35 percent.

7. From the resilts of the prescnt tests and calculations
it is estimated that the heat transfer of a steel cylinder
barrel with fins of 0.052 inch space and 0.375 inch width could
be increased €7 percent if aluminum fins of 0.09 inch epace
end 0438 inch width were used,

langley Memorial Aerorautical Iaboratory,
National Advisory Committee for Aercnautice,
langley Field, Va., November 13, 1540,
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ABSTRACT

Barrel with fine spaced at 0.090 in. was tested to determine quality of thermal bondd
betveen aluminum fins-aluminum base end aluminum bese-steel and to compare ite heat trans-
fer coefficlent with that of barrel with fin spacimng of 0.052 in. Fin spacing of 0.090
in, provides 2¢§ greater heat transfer coefficient. Thermal bonds of aluminum fins-alum-
inum base and aluminum bese-steel are good; however, mechanical bonds are poar. A 1/16
in. ;:diticu in fin vidth to 0.090 in. epaced fins would increase coefficient an addition-
al 35%.
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