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AERONAUTIC SYMBOLS
1. FUNDAMENTAL AND DERIVED UNITS

Metric English
5L Abbrevi Abbrevi
X revia- . revia-
Unit tion Unit tion
Length_ ______ l meter-T e oSiisc o m foot (or'mile) o2 _ . —---- ft. (or mi.)
Bime. o2 i T ey (0 e ey e R 8 second (or hour)__._.___ sec. (or hr.)
Borcedt ste s F weight of 1 kilogram_____ kg weight of 1 pound-____ 1b.
Powerhz 5l ila 7 2 horsepower (metrie) -} oo--——--- horsepower-_._------- hp.
Snéed 74 kilometers per hour...__. k.p:h miles per hour- __ .. m.p.h.
D e meters per second._ - .____ m.p.s feet per second________ f.p.s.
2. GENERAL SYMBOLS
Weight =mg v, Kinematic viscosity
Standard acceleration of gravity=9.80665 p, Density (mass per unit volume)

m/s? or 32.1740 ft./sec.?

Mass = w
g

Moment of inertia=mk?.

(Indicate axis of

radius of gyration & by proper subscript.)
Coefficient of viscosity

Area

Area of wing
Gap

Span

Chord

Aspect ratio

True air speed

Dynamic pressure -—;pV:

Lift, absolute coefficient Cr= L

Drag, absolute coefficient Cp= B

Standard density of dry air, 0.12497 kg-m~*-s? at
15° C. and 760 mm; or 0.002378 lb.-ft.~* sec.?

Specific weight of ‘“standard” air, 1.2255 kg/m® or
0.07651 1b./cu.ft.

3. AERODYNAMIC SYMBOLS

qS
qS

Profile drag, absolute coefficient CD,QQS’,

Induced drag, absolute coefficient Cp,=—g
Parasite drag, absolute coefficient Cp = D,

Cross-wind force, absolute coefficient Cc-g

Resultant force

D,
qS

gS

g8

s Angle of setting of wings (relative to thrust
line)

Uiy Angle of stabilizer setting (relative to thrust
line)

Q, Resultant moment

Q, Resultant angular velocity

Reynolds Number, where / is a linear dimension
(e.g., for a model airfoil 3 in. chord, 100
m.p.h. normal pressure at 15° C., the cor-
responding number is 234,000; or for a model
of 10 cm chord, 40 m.p.s. the corresponding
number is 274,000)

Center-of-pressure coefficient (ratio of distance
of ¢.p. from leading edge to chord length)

a, Angle of attack

€, Angle of downwash

Angle of attack, infinite aspect ratio

ay, Angle of attack, induced

Angle of attack, absolute (measured from zero-
lift position)

Y Flight-path angle




REPORT No. 555

AIR FLOW AROUND FINNED CYLINDERS

By M. J. BREVOORT and VERN G. ROLLIN

Langley Memorial Aeronautical Laboratory

5241736




NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
HEADQUARTERS, NAVY BUILDING, WASHINGTON, D. C.
LABORATORIES, LANGLEY FIELD, VA.

Created by act of Congress approved March 3, 1915, for the supervision and direction of the scientific
study of the problems of flight (U. S. Code, Title 50, Sec. 151). Its membership was increased to 15 by
act approved March 2, 1929. The members are appointed by the President, and serve as such without
compensation.

JosepH S, AMES, Ph. D., Chairman, WiLLIAM P, MACCRACKEN, Jr,, Ph. D,,
Jaltimore, Md. Washington, D. C.
DAviD W. TAYLOR, D. Eng., Vice Chairman, AvuGusTINE W. RoBINS, Brigadier General, United States Army,
Washington, D. C. Chief Matériel Division, Air Corps, Wright Field, Dayton,
CHARLES G. ABBOT, Sc. D., Ohio.
Secretary, Smithsonian Institution. EvuceNE L. VAL, C. E,
LYMAN J. BriGcGs, Ph. D,, Director of Air Commerce, Department of Commerce.
Director, National Bureau of Standards. EbpwARrRD P. WARNER, M. S,
WirLis RAY Greaa, B. A., New York City.
United States Weather Bureau. Oscar WesTOVER, Major General, United States Army,
HHARRY I'. GUGGENHEIM, M. A, Chief of Air Corps, War Department.
Port Washington, Long TIsland, N. Y. R. D). WEYERBACHER, Commander, United States Navy,
FRNEST J. KiNG, Rear Admiral, United States Navy, Jureau of Aeronautics, Navy Department,
Chief Bureau of Aeronautics, Navy Department. OrviLLE WRIGHT, Sc¢. D,
CIARLES A. LinpBERGH, LI. D., Dayton, Ohio.

New York City.

GEORGE W. LEWIS, Director of Aeronautical Research
Joun K. VicTory, Seeretary
HeNrY J. E. RE, Engineer in Charge, Langley Memorial Aeronautical Laboratory, Langley Field, Va.

Joun J. Ipe, Technical Assistant in Hurope, Paris, France

TECHNICAL COMMITTEES
AERODYNAMICS ATRCRAFT ACCIDENTS

POWER PLANTS FOR AIRCRAFT INVENTIONS AND DESIGNS
AIRCRAFT STRUCTURES AND MATERIALS

Coordination of Research Needs of Military and Civil Aviation
Preparation of Research Programs
Allocation of Problems
Prevention of Duplication

Consideration of Inventions

LANGLEY MEMORIAL AERONAUTICAL LABORATORY OFFICE OF AERONAUTICAL INTELLIGENCE

LANGLEY FIELD, VA. WASHINGTON, D. C.
Unified conduct, for all agencies, of Collection, classification, compilation,
scientific research on the fundamental and dissemination of scientific and tfech-

problems of flight. nical information on aeronautics.




REPORT No. 555

AIR FLOW AROUND

By M. J. BREVOORT

SUMMARY

A study was made to determine the air-flow character-
istics around finned cylinders.  Air-flow distribution is
given for a smooth cylinder, for a finned cylinder having
several fin spacings and fin widths, and for a cylinder
with several types of baffle with various entrance and exit
shapes.

The results of these tests show: That flow character-
istics around a cylinder are not so critical to changes in
Jin width as they are to fin spacing; that the entrance of
the baffle has a marked influence on its efficiency; that
properly designed baffles increase the air flow over the
rear of the cylinder; and that these tests check those of
heat-transfer tests in the choice of the best baffle.

INTRODUCTION

Several investigations of the flow of air over flat
plates and around smooth cylinders have yielded valu-
able information on boundary-layer phenomena. No
published results are availabie, however, of the interfin
velocities of the air flow around a finned cylinder. The
velocity distribution in the fin space determines the
boundary-layer characteristicsatagiven position around
the cylinder. The fact that the entire mechanism
of cooling is not given by these measurements does
not influence the conclusions to be drawn relative to
fin spacing, fin width, and pressure drop around the
cylinder.

The present investigation was made to determine the
effect of changes in fin width, fin pitch, and cylinder
diameter on the interfin velocity of a cylinder model.
Baffles found to be the best in tests of electrically
heated cylinders (reference 1) were also tested. Inter-
fin velocities with and without baffles for each of several
positions around the cylinder were measured for five
tunnel air speeds from approximately 38 to 145 miles
per hour. The velocities in the exit passage of the
baffles were in most cases measured for the same tunnel
air speeds. The method of measurement made it
impossible to measure the air flow in the boundary
layer; it was possible, however, to measure the velocity
distribution throughout the space between adjacent fins.

In a study of the entire problem of engine cooling it
is imperative that the complete picture of air flow about
the individual cylinders and baffles be known, for ob-
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viously the study of air flow is a very effective means of
learning the conditions that give the best cooling with
the least drag. Separate studies of flows over flat
plates and over cylinders might supposedly be sufficient
to give a working picture of the desired phenomena.
It is believed, however, that the fins on the cylinder
create a mutual interference, so that conclusions drawn
from tests other than those of the combination itseif
might be misleading. The acceleration of the air
around the front part of the cylinder, the deceleration
around the rear, and the effect of the cylinder fins in
stimulating the formation of the boundary layer on
the cylinder are known to exist but are difficult to
visualize in their proper perspective except by measure-
ment.

Temperature measurements must be supplemented
by air-flow measurements to show why one condition is
good and another poor. Temperature measurements
alone show only the condition; air-flow measurements,
correlated with temperature measurements, show the
cause.

APPARATUS

Wind tunnel.—The air-flow measurements around
the cylinders were made in a 30-inch closed-throat
wind tunnel designed to give air speeds up to 200 miles
per hour. (See reference 2.) The tunnel air speeds
were measured with a pitot-static tube located to one
side and ahead of the test specimen to reduce the inter-
ference effect. Ahoneycomb grill in the tunnel entrance
reduced air disturbances.

Apparatus for measuring the air flow around a
cylinder.—The air flow between the fins and in the
front and rear of the cylinder was in all cases measured
with impact and static tubes. The tubes between the
fins were placed tangential to the cylinder wall; the
holes in the static tubes and open ends of the impact
tubes were in a given plane passing through the axis of
the cylinder. Never more than two tubes were located
in a given space between two fins. An impact tube
was located in one space and a static tube in the same
position in an adjacent space, a procedure based upon
the assumption that the flow through all the spaces
used is identical. No justification can be given for
such an assumption except that both static and impact

pressures vary in a regular and reasonable manner from
1
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cylinder wall to fin tip.  Of the various means by which
such a survey might have been made this method was
the most practicable for such an extended survey.

The pitot-static tubes were made of stainless steel
seamless tubing with a 0.002-inch thick wall. Two
tube sizes were used; the 0.040-inch outside diameter
tubes were used for the velocity survey ahead of the
cylinder and in the baffle exit passages, and the 0.015-
inch outside diameter tubes were installed between the
fins to obtain the interfin velocities. The impact

COMMITTEE FOR AERONAUTICS
inch to the cylinder wall. Measurements across the
fin spacing showed no measurable variation in velocity,
indicating that the boundary layer along the fin was
less than 0.010 inch. In the determination of the
average velocity between the fins at a given position on
the cylinder, the velocity was assumed to be constant
across the fin spacing.

Cylinders and baffles.—The finned cylinders used
in these tests were made of flat circular disks of differ-
ent diameters clamped together with a }-inch rod
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(a) Interfin and exit tubes.

FIGURE 1.—Assembly of finned test cylinder.

(b) Baflles mounted in place.

The cylinder can be rotated about its central axis to obtain measurements at various angles with respect to

the air stream.

tubes were made by cutting the tubes off square and
removing the burs from the ends. The static tubes
were made by closing and rounding off the ends and
then drilling four 0.004-inch holes symmetrically
around each tube about ) inch from the closed end.
Although, as previously stated, never more than two
tubes were located in a given space, all subsequent
references to the tubes will be made as though they were
all located in one space. Usually eight pairs of tubes
were used to determine the air flow between the fins.
Tubes were located both along the center line between

the fins, and as close as 0.010 inch to the fins and 0.020

through their central axis. (See fig. 1 (a).) The fin
disks were made of ¥.-inch flat steel stock and the
spacers of sheet aluminum. Two sets of disks were
required to make up a cylinder, one set of large diam-
eter serving as fins and another group of smaller
diameter and the proper thickness forming the cylinder
proper and giving the desired spacing between the fins,
Both sets were always made from selected materials to
secure perfectly flat surfaces and uniform thicknesses.
The variation in fin spacing was never greater than
0.002 inch. Enough disks were assembled to give a

cylinder 5 to 11 inches in length, depending on the
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spacing. Cylinders of two base diameters, 4.66 and 7
inches, were used. The 4.66-inch cylinders had fin
widths of %, % /4, 1%, and 3 inches and fin spaces of %,
e, %, %4, and % inch. The cylinder could be rotated
about its central axis to obtain readings at several
points with one set of pitot-static tubes.

Baffles (figs. 1 (b) and 2) were made of ¥s-inch sheet
aluminum annealed and rolled into shape. They were
mounted around the cylinder symmetrically with
respect to its central axis. One set of inner baffles
(fig. 2, II-M) was made and tested to see if it were
possible to guide the air farther around the rear of the
cylinders. These baffles were partly slotted so that
they could be installed between the fins.

TESTS

Air-flow measurements of the unbafiled cylinder com-
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2 percent and the velocities are believed to be accurate
to within +5 percent.

Most of the baffle tests were conducted on the 4.66-
inch cylinder having %-inch fins with Y-inch spacers.
The baffle used, found to be the best from previous
tests (reference 1), fitted tightly against the fins and had
an entrance angle of 140° and 3-inch extensions. The
width of the exit passage was so proportioned that the
ratio of exit area to area between fins at right angles
to the direction of the air stream was 1.6, giving the
optimum exit opening for the aforementioned cylinder
a width of 2.1 inches.

Baffle I was a standard shell baffle with an entrance
angle of 140° and an optimum exit 2.1 inches wide with
3-inch plates. (Seefig.2.) A complete velocity survey
was made with the baffles in contact with and separated
%4 inch from the fin tips. (See Iy and [, fig. 2.)
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F1GURE 2.—Plan view of cylinder and baffle arrangements tested.

binations were made with air speeds of approximately
38, 56, 80, 110, and 145 miles per hour, at positions of

0=15° 45° 90°, 120°, and 135° from the front of the
cyhndeI mth fin qucmgs of Ys, %, ¥, and % inch and
fin widths of %, %, 1%, and 3 inches. Tests of the 3-
inch fins were limited to spacings of %, %, and % inch.
The vibration of these fins made it necessary to use
four sets of small interfin spacers located to offer a
minimum of interference to the air flow in the vicinity
of the pitot-static tubes. One set of tests was also
made of the #%-inch fins using ¥%,-inch spacing.

Both the veloc1ty and the static pressure, read on a
U-tube water manometer, were measured for all tests.
The static pressure was used as a guide to detect errors
or to determine any anomalous behavior. The manom-
eter fluid showed no fluctuation because the small
tubes damped the fluctuations in the air stream. The
tubes checked a standard pitot-static tube to within

Complete velocity surveys with baffles IT, I1I, and IV
were made to determine the effect of changes in entrance
angle and exit width on the flow characteristics around
the cylinder and through the exit of the baffle. Five
entrance angles (40°, 100°, 140°, 180°, and 220°) were
tested with each of the three exit widths (1.5, 2.1, and
2.5 inches). The velocity survey for the baffle tests
was made at angles of 15°, 45°, 90°, and 135° and, in
addition, at points 5° ahead of and behind the forward
edge of the baffle (e. g., 85° and 95° for the 180°
entrance).

Baffles V and VI were tested to determine the effect
of a pressure-type baffle on the flow characteristics
around the cylinder. They had standard exit passages
and flared entrances of 6- and 8-inch radii, respectively.

Baffle VII resembles II-D very closely and shows
the effect of a small flare on the flow characteristics
when used with a closely fitting baffle.




Baffle VIIT was tested on the 4.66-inch diameter
cylinder with %-inch fins and J.-inch spacers. Velocity
surveys were taken around the fins and through the
exit passage for entrance angles of 40°, 100°, 140°, 180°,
and 220°. The optimum exit passage was used on this
baffle so that the width of the exit opening for this fin
spacing was 1.2 inches.

Baffles IX and X were tested on the 7-inch diameter
cylinder with #%-inch fins and Y%-inch spacers. Velocity
surveys were made with each baffle having 6-inch and
3-inch exit-passage lengths to determine the effect of
the cylinder diameter on the optimum exit passage.
Baffle X had the same entrance opening as baffle IX
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Fi1Gure 3.—Velocity survey of tunnel test section. V7, 100 m. p. h.

but the exit opening, instead of being 1.6 times the
cross-sectional area between the fins, had the same
angular opening in the rear as baffle 1I, so that the
exit width was 3.38 inches.

In addition to the tests of finned eylinders, a similar
velocity survey was made on a smooth cylinder 4.66
inches in diameter to compare the results with
theoretical calculations.

RESULTS

Two velocity surveys were made in the throat of the
tunnel at a tunnel air speed of 100 miles per hour; one
along the diameter of the cylinder (extended) perpen-
dicular to the axis of the tunnel, and the other at two
stations ahead of the cylinder along horizontal lines per-
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pendicular to the tunnel axis. The results of these
surveys are shown in figure 3; the calculated curves
are based upon a nonviscous potential flow in free
space.

Although an integration of the experimental curves
for air-speed distribution across the tunnel indicates
that the pitot-static tube is so located that the readings
are about 5 percent high, no correction has been applied
because the uncorrected results will be more directly
comparable with other studies made in the tunnel.
Furthermore, the results presented here are more
valuable for the comparison of flow characteristics
under different conditions than for absolute values.
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F1GURE 4.—Calculated and experimental air flow around a smooth cylinder of 4.66-
inch diameter. V7, 100 m. p. h.

Preliminary measurements were made of the air
flow around a smooth cylinder. Figure 4 shows both
the measured and the calculated air speeds. It is
interesting to note that the experimental curves grad-
ually approach the theoretical curves as the distance
from the cylinder wall is increased and that the bound-
ary-layer thickness for some of the settings is less than
0.040 inch, the closest point measured.

The data were reduced to values of V,, average
interfin velocity, and V,, tunnel air speed, and the
results were tabulated at 100 V,/V,. The data on the
unbaffled cylinder are tabulated in table I; tables IT
to IV give the data for the complete series of baffie tests
on three different cylinders, including the variations of
baffle shape and of entrance and exit openings.
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Airspeed between fins, m.p.A.

Airspeed betweer fins, m.p.hA.
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The results are given in two forms: As figures show-|the angle corresponding to the maximum value of
ing the air flow for typical cases, and as tables giving | KV/,.
the ratio of average velocity (V,) to the tunnel air speed | All the test data for the 4.66-inch cylinder with
(V) for the interfin and exit measurements. The|J-inch fin spaces for various baffles are shown in figures
plotted values are for a tunnel air speed of 100 miles|8 (a), 8 (b), 8 (¢), and 9 and in tables II to IV. In
per hour and the tabular data are for tunnel air speeds |figure 10 and in table VI similar results are given for
of 50, 100, and 150 miles per hour. the Js-inch spacing on the same cylinder diameter.
The results of tests of the unbaffled 4.66-inch diam-| Results of tests of the 7-inch cylinder are shown in
eter cylinder for all fin widths and spacings are shown in | figure 11 and table V. The results plotted in figures 8,
table I and figure 5. The fin spacing and the angular|9, 10, and 11 agree with those shown in figure 7 in that
station (0) at which the measurements were made are | the maximum air flow occurs with the baffle opening
designated on the figure. KEach group of curves is for |predicted by measurements on the unbaffled cylinder.
a particular fin width. Similar results for
the 7-inch diameter cylinder are shown in T =~ I
table V and in figure 6. HO 71— e / B
K
= space ||
140 . - — /32" 4.0
| 400/ A Den 39— —| |
- f T ==
| | [ [ =i / ) = e
90°| / \ 125 Qle AN RN
120 . 360
7k\ e | V
T EEEN
< ; = | 320 \
q./00 - — - : /
S_ | - L / Z ]
1‘1:) / ; 280 \
"“‘: &0 { H ,/ \\
S | < / \
v ( 2 240 el \
o T T \
3 | ' g / S
S W
N _ < 200 \
Y 2 i I\
8 |1 | = T/ \
.\ 40 i = /160 1 \
=1 | [ 17
— — / . j s
| | 120 L NN
20 — | [/ 7 \ \
/ \
| AT g e gy
| 80 i SRE iy
[ / / i !
0 2 4 G /! <
Distarice from cylinder wall, irnch / o \\
ey \
F1GURE 6.—Velocity distribution between fins of a 7-inch //'/' 27 \\
diameter cylinder. V7, 100 m. p. h.; fin width, three- &
fourths inch; fin s;mce,‘ one-fourth inch. 4 \:%
0 20 40 60 80 100 120 140 /60 /80
5 . 0,d
Figure 7 helps to explain part of the phe- Sl
nomena encountered iIl the tests Of cylinders FIGURE 7.—Effect of fin space on cooling of a 4.66-inch diameter cylinder without baffles.

with baffles. The curves are plots of ©
against the average air speed multiplied
by a factor A, which is the ratio of the cooling
area of the particular fin spacing to the cooling
area of the Y-inch spacing. The results presented are
those for the 4.66-inch diameter cylinder with a %-inch
fin width. The factor K multiplied by the air speed,
although it is not an exact measure, should give a good
indication of relative cooling for a given fin width at a
particular point on the cylinder. The curves show
definitely that better cooling should result from closely
spaced fins. The best entrance angle (8) for a cylinder
baffle for maximum cooling of the cylinder is given by

Vi, 100 m. p. h. The best entrance angle for each fin space for a cylinder baffle for maximum
cooling of a cylinder is given by the angle corresponding to a maximum value of K V,.

The most desirable entrance angle, as shown by the
figures, is 140°.

The results from tests of baffles 11, I1I, and IV are
shown in figure 12. The baffle with the 140° opening
and 2.1-inch exit gave the maximum air flow between
the fins.

Figure 13 gives a direct comparison of the relative
cooling of several of the arrangements tried in addition
to the calculated and experimental velocity distribution
around the 4.66-inch cylinder without baffles. Baffles
I1-C and VII are the best of the five plotted.
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There are many published studies on boundary layer
for various types of bodies. Doetsch, Eliss, Thom,
Fage, and Pye are among those who have made ex-
periments and calculations that are most directly ap-
plicable to this problem. (See references 3 to 10.)
Doetsch studied the problem of velocity and tempera-
ture gradient near the surface of a heated flat plate in
an air stream. His results check theory in that both
gradient curves have the same form. The tests were
run at low velocities so that the boundary layer was
laminar. Thom has made boundary-layer experiments
and calculations for the flow around a cylinder which
are in close agreement but which, like those of Doetsch,

7
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thickness at 45° for a tunnel air speed of 100 miles per
hour is calculated tobe 0.035inch. Pye has analyzed the
entire mechanism of cooling around a finned cylinder.
His article is a complete summary of the whole prob-
lem rather than a detailed study of any one part.

In figure 14 a comparison is made between a cooling
and a velocity curve. The curves indicate how much
cooler a given location is than the rear position on the
cylinder wall at which the cooling is considered zero.
This comparison, although not physically correct, is
presented to correlate temperature and velocity meas-
urements. The discrepancy is caused by the fact that
the cooling is not shown to be due directly to boundary-
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Ficure 8.—Effect of exit width on interfin velocity of baffled cylinders having several entrance angles.

(b) Exit w

idth, 1.5 inches. (e) Exit width, 2.5 inches.

Vi, 100 m. p. h.; fin width, three-fourths inch; fin space,

one-fourth inch.

are for laminar flow. Fage presents results, both
experimental and caleulated, for turbulent flow about
a cylinder. Although the results given in the subject
paper for a smooth cylinder at 45° (fig. 4) do not
present satisfactory boundary-layer measurements,
they do, however, agree with Fage’s experiments at
49° in that the boundary-layer thickness is less than
the closest point taken in these experiments. It is

evident from the shape of the curves that the boundary
layer is less than 0.040 inch thick. The boundary-layer

layer conditions. The boundary layer and the veloc-
ities outside the boundary layer, however, are depend-
ent upon each other, and therefore the comparison
presented here has real physical significance even
though it is slightly out of proportion.

The velocity corresponds to a tunnel air speed of 50
miles per hour. Two cases are presented: (a) No
baffle, and (b), with the IT-C bafile.

In both cases the cooling and velocity curves near
the front of the cylinder are dissimilar, owing to the
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fact that an unmeasured radial component of velocity
and a relatively thin boundary layer over the front of
the cylinder exist and that relatively cool air comes
directly in contact with the cooling surfaces. In view
of these considerations, the lack of similarity is to be
expected.

Farther around the cylinder the two cases must be
treated separately. The expected similarity of the
two curves of the unbaffled cylinder is evident. It
would be incorrect, however, to ascribe the cooling
over the rear two-thirds of the cylinder directly to
velocity because the cooling-air temperature is rising,
the boundary layer is getting thicker, and there is

COMMITTEE FOR AERONATUTICS

The velocity distributions shown in figure 8 indicate
that the decrease in cooling is caused by the thick
boundary layer next to the cylinder, emphasizing the
importance of using closely fitting baffles.

Another factor of considerable importance in actual
cooling is the type of cylinder baffle used, as shown in
previous tests. The loss in total head as the air flows
around a baffle-enclosed cylinder (fig. 15) is typical of
all the combinations studied.

The curve for the 40° opening is obviously incorrect
as energy once lost cannot be regained. It is believed
that this erratic behavior is caused by the extreme
turbulence at the entrance.
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Ficure 9.—Effect of baffle shape on interfin velocity.
Vi, 100 m. p. h.; fin width, three-fourths inch; fin
space, one-fourth inch.

velocity.

breakaway of the air flow from the rear that gives
cooling phenomena rather easy to visualize but ex-
tremely difficult to predict. The vortices released at
the breakaway certainly give excellent cooling in
particular regions and undoubtedly keep the cylinder
temperature in the rear much cooler than would be
expected.

The baffled cylinder is even more illustrative than
the unbaffled one because of the simpler phenomena.
The velocity must remain the same; therefore, any
change in the cooling must be due to changes of the
boundary layer and the temperature of the cooling air.

Distance from cylinder wall, inch

F1cure 10.—Effect of entrance angle on interfin
Vi, 100 m. p. h.; fin width, three-
fourths inch; fin space, one thirty-second inch.

Distance from cylinder wall, inch

FIGURE 11.—Effect of exit width and length on
interfin velocity. V7% 100 m. p. h.;fin width,
three-fourths inch; fin space, one-fourth inch.

The effect of the entrance angle 8 on the loss in total
head is clearly shown in figure 15 for various positions
0 around the cylinder. An entrance angle of 140° gives
the most uniform loss in head and, as previously
shown, provides the best cooling. It is apparent from
these curves why one baffle is better than another.

Figure 16 shows the loss in total head through the
baffles per inch of mean fin circumference for the 4.66-
inch cylinder with Y%- and Y%.-inch spacings. Curve A
is plotted for four sets of data, two exit widths and
two entrance angles; and curve B is plotted for only
one condition. The results show that the rate of pres-
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sure drop through the baffle is very sensitive to changes

in fin spacing. The rate of pressure drop %ZaV”
where 7 is 1.8 and 1.6 for %,- and Y-inch spacing, re-
spectively. Baflles giving a large loss in total head at
the entrance or exit obviously cannot give a maximum
interfin flow around the cylinders. Those having a
uniform drop beginning just ahead of the baffle entrance
gave the highest average air flow and over-all heat
transfer.
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FIGURE 16.—Effect of fin spacing on differential pressure drop around the cylinder.

Some of the baffles in common use, termed ‘“mixing”
baffles, are placed in such a relation to the cylinder
that they induce a mixing of the air at a point where
more cooling is desired. As long as ample cooling is
available, this practice is legitimate; but, when over-all
cooling becomes a serious problem, such a wasteful prac-
tice cannot be continued.

CONCLUSIONS

1. The results presented here do not pretend to be
directly applicable to solving the cooling problem on a
cowled and baffled cylinder using pressure cooling. 'The
results on pressure drop, the general behavior of the
baffle in influencing the flow around the rear of the
cylinder, and the study of fin spacing, however, are

COMMITTEE FOR AERONAUTICS

for a baffled cylinder obviously applies only to » cylin-
der in a free air stream. Special emphasis should be
placed on the results of the tests of flow around the
rear of the cylinder, which show the very great impor-
tance of close baffling for maximum heat transfer and
minimum energy loss.

2. Flow characteristics around a cylinder are not as
critical to changes in fin width as they are to fin
spacing.

3. Velocity measurements check temperature meas-
urements in the choice of the best baffle.

4. The position of the entrance of the baffle has a
marked influence on its efficiency.

5. The maximum air flow and the maximum heat
transfer are both obtained with the same exit opening.

LANGLEY MEMORIAL AERONAUTICAL LLABORATORY,
NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS,
LancLey Freup, Va., November 7, 1935.
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TABLE I.-DATA FOR THE 4.66-INCH CYLINDER WITH NO BAFFLES

170 50 m. p. h. ‘ % ~ 50m.p. h.
25100, where Vi=100 ‘ —2%100, where V=100
Ve 150 ‘ Ve 150
1N ‘
‘ Fin width, |
.. inches___ 3% 34 11 3 3% 34 114 3
| N
Fin space, )
inches \ = i3 0
|
\. i 0=15° 0=45°
N
- A S —— —
0 111.0 107.0 OO So oo ey
Ao e 5 111.5 108.3 | 100. 4
3 114.0 110.4 107. 2
3.6 117.0 111.7 | 114. 2
7 el R .5 113.7 108.4 104. 2 98.3
. 0 116.7 110.4 108. 6 98. 6
. 9 118.7 114. 2 106. 6 99. 2
4 i 120. 6 111.9 109. 0 102. 4
3 117.7 112.1 | 109.0 103. 8
7 117.2 | 116. 0 ‘ 109. 2 102, 0
e e e LR . 2 120.0 114.8 110. 8 103. 2
.5 119.3 ‘ 116. 5 110. 0 106. 6
0=90° 0=120°
= : -
19.0
e S s 10. 2
9.0
o B WY S T
[
1P I e D) ‘
L P

TABLE II.—_DATA FOR THE 4.66-INCH CYLINDER
HAVING %-INCH FINS AND %-INCH SPACERS WITH
BAFFLE I

Va
Vi X100, where
50 m. p. h.
V=100
150

~
N\ Position
| Ix 11,
N\ Baffle Baffle
\ contacting | 1% inch
(€] N fins ‘ from fins
degrees "\

119.4

]
)

P
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TABLE IIT.—-DATA FOR 4.66-INCH CYLINDER HAVIII\ITG #%-INCH FINS AND %4-INCH SPACERS WITH BAFFLES
TIGRTEL, EANDEL VS

Va 50 m. p. h. | 174 50 m. p. h.
—=% 100, where V=100 2% 100, where V=100
‘ Vi 150 Vi 150
| ‘:\ | |
Exit [ [
width, |
.\““']"“‘i 1.5 | 21 | 25 121 “ | 15 .1 2.5
e . | | ‘ | [ o |
degrees . ‘ ‘ ‘ \ "dcgrm-s
\
1 | ,
[ ]
25 | 4
[ 3 3.
l .6 %)
15 e 88.5 .0
| 878 ‘7
| 89.4 I L0 \
90 - 843 ) X)
[l 906 | A1
1| 90.8 [ .4
135 =elb 84.4 5__ 14 7
‘ | 830 ) l 5
| 70.4 .20 | ‘] 2
‘ Exit. ! 638 500 [ Bt )
| [l 66.7 | 47.6 || ‘l 13
! 1
!‘ B=180° ‘
= | - o |
4 ’ | 43. 4 45.0 42.4
.6 5.1 418 47.6 44,1
6. 5 l 43.0 48.8 43.6
. 4 | 1046 109. 8 105. 4
.9 45 105. 3 112.0 107. 1
.9 | 1053 113, 4 110, 0
.0 | 112.4 121.0 4
6. 3 8.3 117.2 131.0 5
4 (| 11806 131.3 3.4
5.8 | 1018 115.0 105. 6
.9 || 90.__.__|{ 109.2 119.2 111. 5
5| ‘ Il mo2 | 12103 | 133
. 2 | [| 1012 111.2 | 108.8
.0 Il 95 o187 | 17 109, 1
‘ | 100.5 120. 4 111.2
[ 100.2 105.2 104. 6
4 105.7 111.3 109. 5
[ 1070 115.2 113.2
[ 90.4 73.4 57.2
1010 76.6 64. 4
| 1010 79.7 63.1
|
|

1 IT, modified by rear fillet.
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DATA FOR

Baflle

0 \

‘ degrees \

TABLE V.—DATA FOR 7.0-INCH CYLINDER HAVING

90

120

135

Bxit=t o

THE

{ -:%’XIOO, where Vi=
t

|

|

| 2.8 86.2
i 98. 0

| i3 i

| 3.8 108. 6

I i 128.2

| 0 102, 4

l .2 134. 5
.3 =7

AIR FLOW

4.66-INCH CYLINDER
HAVING 3%-INCH FINS AND %4-INCH SPACERS WITH
BAFFLES V, VI, AND VII

50 m. p. h.
100
150

00 BD KD H

S o

%-INCH FINS AND X4-INCH SPACERS

o
degrees

No
baffle

50.0
49.0
48.7

Va

Vi 150

Baffle IX

[
\
A B i
43.8 . 6
43.7 .
44.0 4.
103. 2 2.8
102.7 4.8
103. 0 . 2
112.0 2.6
115.0 2
115.7 .0
100. 4 4.0
104. 6 .5
107.0 1
93. 8 9.0
102. 2 8.3
106. 5 9. 0
90. 2 . 4
96. 3 5. 9
99. 6 9.0
69. 2 37. 2
75.8 59. 5
77.6 .5

l

Baffle X

Soe=

O O e O G0 O i L0 e i 0

50 m. p. h. ‘
—=% 100, where V=100
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TABLE VI.—_DATA FOR 4.66-INCH CYLINDER HAVING

%-INCH FINS AND

BAFFLE AND WITH BAFFLE VIII

(E]
degrees

95

105

Vi

Y2-INCH

SPACERS WITH NO

50 m. p. h.

X100, where V=100
150

B degrees

No
baffle

i
471 | 21.6
Gl EHE

2000

18.8
19.6
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Positive directions of axes and angles (forces and moments) are shown by arrows
Axis Moment about axis Angle Velocities
(paraiil
paralle! :
Designation Sym- 2 a:l()is% Designation Sym- Positive Designa- | Sym- (l:‘ourﬁsg' Angular
& boly | D20 g 2 bol direction tion bol |nent along
axis)
Longitudinal .._| X X Rolling..._.| L Y—7 RoH I 2 ") u ?
Lateral oo C ¥ ¥ Pitching.___| M Z—X Ritch 2271 @ v g
Normal..._.__. Z Z Yawing_.___ N X—Y ¥Yawsood ¥ w ¥
Absolute coefficients of moment Angle of set of control surface (relative to neutral
C. = L. o s M a5 N position), 8. (Indicate surface by proper subscript.)
P gbS ™ yeS = qbS
(rolling) (pitching) (yawing)

4. PROPELLER SYMBOLS

D; Diameter

D, Geometric pitch
p/D, Pitch ratio

V',  Inflow velocity
V.,  Slipstream velocity , Efficiency

luti .
T,  Thrust, absolute coefficient Or= i Revolutions per second, r.p.s -
2, Effective helix angle=tan™! <2m>

o Power, absolute coefficient OP=;W

5 pI’6

C,, Speed-power coefficient = Pri

T
pn*D*
Q, Torque, absolute coefficient 0°=pn?D‘

5. NUMERICAL RELATIONS

1 hp.=76.04 kg-m/s =550 ft-1b./sec. 11b.=0.4536 kg.
1 metric horsepower=1.0132 hp. 1 kg=2.2046 1b.
1 m.p.h.=0.4470 m.p.s. 1 mi.=1,609.35 m = 5,280 ft.

1 m.p.s.=2.2369 m.p.h 1 m=3.2808 ft.




