REPORT No. 604

PRESSURE-DISTRIBUTION MEASUREMENTS AT LARGE ANGLES OF PITCH ON FINS
OF DIFFERENT SPAN-CHORD RATIO ON A 1/40-SCALE MODEL OF THE U. S.
AIRSHIP “AKRON”

By Jaxes G. McHucr

SUMMARY

Pressure-distribution measurements on a Yo-scale model
of the U. S. airship “Akron” were conducted in the
N. A. C. A. 20-foot wind tunnel.

The measurements were made on the starboard fin of
each of four sets of horizontal tail surfaces, all of approxi-
malely the same area but differing in span-chord ratio, for
Sive angles of pitch varying from 11.6° to 34°, for four
elevator angles, and at air speeds ranging from 66 to 77
miles per hour. Pressures were also measured at 13
stations along the rear half of the port side of the hull at one
elevator setting for the same five angles of pitch and at an
air speed of approximately 91 miles per hour.

The maximum pressures recorded on the leading edge of
the fins, for pitch angles up to 20°, were approximately the
same for all fins tested regardless of span-chord ratio. At
angles of pitch above 20° the mazimum fin pressures in-
creased with decreasing span-chord ratio. A megative
pressure of 13 times the dynamic pressure of the undis-
turbed air stream was measured on the fin of lowest span-
chord ratio at a pitch angle of 34°. The pitching moment
contributed by the after portion of the hull increased with
pitch until, at the mazimum angles tested, it was approxi-
mately equal to the moment contributed by the fins. The
normal force on the fin and the moment of forces about the
fin root were determined. The results indicate that,
ignoring the effect on drag, it would be advantageous from
structural considerations to use a fin of lower span~chord
ratio than that used on the “*Akron.”

INTRODUCTION

The task of obtaining load measurements on a full-
scale airship in free flight is difficult and, consequently,
only a small amount of reliable flight data on airship
loads is available. Many wind-tunnel tests of scale
models have been made but, since the scale of an airship
model for wind-tunnel tests must of necessity be very
small, the results obtained are in some cases of ques-
tionable value.

The results of previous pressure-distribution measure-
ments on the hull and fins of a relatively large (¥-
scale) model of the U. S. airship Akron fitted with

fins of the type used on the full-scale airship and tested
at angles of pitch from 0° to 18° are presented in
reference 1. Although such a range of angles of pitch
would not be exceeded under normal operating condi-
tions, it appears possible that much larger angles of
pitch might be encountered in severe gusts. No
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FIQURE. 1—The }o-scale model of the .Akron mounted in the 20-foot wind tunnel.

information concerning the magnitude of fin loads and
pressures encountered at larger pitch angles has been
available, but the results of reference 1 indicated that a
high concentration of load near the tip would be
obtained. '

At the request of the Bureau of Aeronautics, Navy
Department, the investigation herein reported was
made to obtain information concerning loads at high
angles of pitch and to determine good fin proportions.
The Y-scale airship model used in the investigation
reported in reference 1 was tested through a range of
piteh angles from 12° to 34° with the object of deter-
mining: (1) The effect of span-chord ratio on the aero-
dynamic forces acting on the fins of airships; (2) the
effect of slots between the fin and the hull on pressure
distribution over the fin; and (3) the effect of changes
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in fin span-chord ratio on pressure distribution over the
hull.

It is believed that the relatively large scale of the
model here used, the high pitch angles included, and the
fact that simultaneous measurements of pressure were
made on both surfaces of an entire fin greatly enhance
the value of these results.

APPARATUS AND TESTS

The airship model used in these tests is described in
detail in reference 1. The method of mounting it in
the wind tunnel is shown in figure 1 and is essentially

—
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ends of the copper tubes in such manner that they pro-
truded through the inboard edge, gluing the two halves
of the fin together. The ends of the copper tubing
projecting through the fin surfaces were ground flush,
thereby forming a smooth pressure orifice.

Four sets of horizontal tail surfaces, designated
Mark II fin, fin 3, fin 3—-A, and fin 4 (figs. 3 to 7), all of
approximately the same area but of different span-
chord ratios, were tested. The Mark IT fin was the
type used on the Akron. Fins 3 and 4 were basically
similar but their span-chord ratios were changed by
cutting areas off the inboard edge and adding an equiva-
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(a) Typical zectionsin direction B-B st
stations 14 and 16 ghowing radial loca-
tions of orifices in hull. Orifice mark-
ed X at station 16 only.

(b) Typicalsectionsin direction B-B at
stations 15 and 17 showing radial loca-
tions of orifices in hull.

(¢) Typical sections in direction B~B at
stations 18, 19, 20, and 21 showing radi-
al locations of orifices fn hull. Two
orifices marked X at stations 18, 20,
and 21 only. Three orifices marked
Y at station 18 only.

(d) Typlcal sectionsin directfon B-B at
statlons 22, 23, 24, 26, and 20 showlng
radial locations of orifices In hull.
Two orifices marked X at stations 22
and 23 only.

FIGURE 2—Locations of orifices for the pressure measurement on a }o-scale model of the Akron.

as described in reference 2, with the exception that for
these tests the model was suspended 3% feet above the
center line of the tunnel. The tests were made in the
N. A. C. A. 20foot wind tunnel (reference 3).

In order to determine the effect of different fins on
the pressure distribution over the rear part of the hull,
162 pressure orifices distributed among 13 stations on
the port side of the model were used. The location of
the stations and the distribution of the orifices around
the hull are shown in figure 2. Principal dimensions of
the hull and fins are given in table I.

The fins were of laminated wood. Pressure orifices
were installed by splitting the fins at their plane of
symmetry, drilling small holes at the point where
pressures were to be measured, inserting short lengths
of Ys-inch (inside diameter) copper tubing therein
until they protruded a minute distance beyond the
outer surface of the fin, and then, after alining the free

lent area at the forward part of the fin in such manner
that the position of the elevator axis, the edge shape,
and the radius of the tip plan form remained constant for
all fins. Fin 3-A was similar to fin 3 except for a
change in the plan form of the forward part of the fin.
An additional type of fin was obtained by altering the
Mark IT fin so as to form a slot between the inboard
edge of the fin and the hull of the ship. Two slot widths
(% inch and ¥ inch) were used. The longitudinal
location of the slot on the fin, which corresponded to a
location between frame 0 and frame 17.5 of the full-
scale airship, is shown by dotted lines in figure 3.
Figure 8 shows the fin with slot mounted for tests.
Pressure orifices were installed in pairs on fins
Mark IT, 3, and 4. One orifice of each pair opened on
the upper surface and the other, on the lower surface
of the fin. In the case of fin 3—A, pressure orifices
were installed only on the upper surface. On all the
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fins the pressure orifices were located to facilitate
fairing of the pressure diagram; the locations are
shown in figures 3 to 6.

Two multiple-tube photographic recording manom-
eters, each composed of a circular bank of 100 glass
tubes, were mounted on pivots inside the model and
were free to swing about a horizontal axis at right
angles to the longitudinal axis of the ship, thus allowing
the manometers to remain level for any angle of pitch.
The manometers were electrically operated by remote
control from the test chamber floor. Photostat paper
was automatically drawn around the outer circum-
ference of the bank of tubes, and exposure was made
by flashing o lamp at the center of the bank of tubes.

Two simultaneous records, one for each manometer,
gave for one pitch angle a complete diagram of the

pressure distribution over both surfaces of a fin. Two

Elevator A

C D
axis "~~--2.20 &5 11.07

887
PRESSURE MEASUREMENTS ON FINS

[No pressure-distribution measurements were taken on the elevators]

Nominal | APprox-
Fin Elevator angle pitch angle mate
(deg.) velocity
(deg) (m. p. h)
Mark IT! _________.___ 10, 20 18, 2: 36 69
Mark Il e o 0'33 s 41:133’,30 ki
Mark I, ¥-Inch slot... 20 12,18, 24,30 s
Mark IT, 34-inch slot. .. 20 12,18, 24,30 v
b S —15,0,10,20 | 12, 18, 24,30,38 74
3-A - —15,0,10,20 | 12,18, 24,30, 38 58
L S, —15,0,10,20 | 12,18, 24,30,36 58
! With counterbalances.
ACCURACY

The sources of error that affect the pressure-dis-
tribution measurements are:

(1) Errors in measurements of the manometer de-
flection.
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FIGURE 3.—Dimensions and orifice locations. Mark IT fin; }{o-scale model of the Akron; slot locations are shown In dotted lines; all dimensions given in inches.

sets of pressure measurements were made at each pitch
angle and an average of the two records was used in
plotting the pressure diagram. In order to provide &
reference line on the pressure records, six of the glass
tubes spaced equidistantly around the manometer
were connected to the reference pressure, which for
these tests was the static pressure in the test chamber.

With the exception of the Mark II fin, which was
tested with and without elevator counterbalances, all
fins were tested without counterbalances. In all cases
the control car was installed on the hull of the model.
All pressure-distribution measurements were made on
the starboard fin and for all fins tested the vertical fins
were of the Mark II type with rudder neutral and the
airship at 0° yaw.

The tests herein reported are listed in the following
table: :

PRESSURE MEASUREMENTS ON HULL

Fin Blovsior | Nominal | ke
angle p angle

(deg.) (deg doctty

Mark IT. 20 | 12,18,24,30,38 91

3 20 | 12,18, 24, 30,36 o1

4 20 | 12,18,24,30,38 91

(2) Oscillation of the manometers.

(3) Fluctuation in velocity and direction of the air
stream.

(4) Shrinkage of the photostat paper.

The error due to (1) is considered to be small. The
errors due to (1), (2), and (3) are of the order of 42
percent for low pitch angles. At high pitch angles
the error is considerably greater, as shown by compari-
son of check tests. The errors from (4) were found, in
general, to be less than 1 percent for all cases.

RESULTS

The great amount of data derived from these tests
makes it impractical to present them in their entirety.
Consequently, only the portion required for the final
analysis of the results is presented.

Final results of the pressure measurements are pre-
sented in terms of dynamic pressure ¢ of the air stream.
Al pressures are referred to the test-chamber pressure,
and no correction has been made for the difference
between the static pressure in the air stream and the
reference pressure. Application of this correction
would have no effect on the integrated values of normal ,
force on the fins. Pressures were measured on both the
upper and lower surfaces of the fins (except for fin
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Fi1GURE 8.—Mark II fin with 34-inch slot, mounted for tests.

*‘3—A) and the effect of the static-pressure correction
would be to shift the position of the pressure diagram
without causing any change in the included area. The
influence of the static-pressure correction on the point
pressures would have been small. A static-pressure
survey of the tunnel, made in the absence of the model,
showed that the maximum difference between the
static pressure in the test chamber and the static
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g | - l
s =
.0~ i
3 L
§ % Indicafes correction applicable fo:—
C > pltb - G, dafain referericel | -
B - all  ~ «~ present investigation
N 111 |
x% 0 =gy T :
T&‘ [~~~ ™ ' 1
S | | 1T
Sz SV A == S
4 1
S o 4 6 12 /6 20 24 28 32 36
g Measured pitch angle, deg.

FiGURe 9.—Varlation of alr-stream angle In reglon of starboard fin with measuored
pltch of model.

pressure in the region of the air stream through which
pressure measurements were made was of the order of
0.005 ¢q.

A preliminary comparison of the results of these
tests with those reported in reference 1 showed poor
agreement. Since the only essential difference in the
set-ups was the location of the model above the center
line of the air stream, 3% feet for the present tests and

1 foot for the tests reported in reference 1, the lack of
agreement was thought to be due to the fact that the
flow characteristics of the air stream were different at
the two model locations. A stream-angle survey of
the air stream confirmed this belief. Figure 9 shows
the variation with pitch of the model of the stream
angles at the tail of the model. The results have been
corrected to take account of the pitch angle in-the air
stream. No correction has been made to take account
of the yaw angle in the air stream.

It is degired to call attention at this time to the fact
that the pressures on the upper surfaces of the fins
were much greater than had been anticipated. Con-
sequently, at high pitch angles, for the first of the tests
made, some of the negative pressures near the tip of the
fin were so great that the liquid in the manometer tubes
rose above the height of the photostat paper on which
the magnitude of the pressures was to be recorded, and
consequently no determination could be made of the
maximum pressures. In cases where only a few
pressures were indeterminate, judgment was used in
fairing in the pressure diagrams. In cases where
several pressures were indeterminate, the tests in
question were repeated at a lower air speed. Even-
tually all efforts to obtain tests at a high air speed were
abandoned and, during the latter part of the program,
tests were made at an air speed low enough to insure
that all pressures obtained would be recorded on the
photostat paper.

In certain cases at high pitch angles where check
readings were taken at intervals of approximately 1
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F1GURE 10.—Pressure distribution on borizontal fin of the }e-scale model of the Akron at varlous pitch angles. Nark II fin (with counterbalances); &,=20°.
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FIGURE 11.—Pressure distribution on horizontal fin of the }4o-8cale model of the .Akronat various pitch angles, Mark Y1 fin (counterbalances removed); 34-Inch slot; 8.=20°.

q=/5.80 6</705 q=/5.75 6=28/5

minute, a great difference in pressures was recorded.
This difference indicated that at extremely high pitch
angles (=22° to 34°) the forces on the model were
fluctuating rapidly, probably owing to instability of
the air flow. At times the model was observed to
undergo violent spasmodic quivers. This motion was
probably due in part to the fluctuation of aerodynamic
forces on the tail of the model
Definitions of the terms used in this report follow:
0, pitch angle.
5., elevator angle.
w, hull orifice location, measured from keel in
degrees.
normal force on fing
Cy, oS
¢, dynamic pressure (1/2 pV ).
p, mass density of the air.
V, air speed.
S, area of fin.

Fin span-chord ratio,

(maximum span of fin) 2
area of fin
p, observed point pressure.

g=/553

6<26./5 q=15.07

PRESSURE-DISTRIBUTION MEASUREMENTS ON THE FINS

The magnitude of the maximum pressures and the
manner in which the pressure varies over all the fins
are illustrated in figures 10 to 15. Large-scale pressure
plots of p/¢ against fin width were made and the
pressure diagrams thus formed were graphically inte-
grated to determine the normal force per unitlength at
each station along the fin. Similarly, the spanwise
location of the center of pressure at each longitudinal
station on the fin was determined. The values of the
normal force per unit length of fin and the moment of
that force about the fin root are given in tables IT to
VI for each station on the fin at which pressure-dis-
tribution measurements were made. In order to show
the variation of normal force on the fin, there are
included, for the various fins tested, typical plots of
normal force per unit length against length of fin for
the condition of §,=20° (figs. 16 to 22). Also included,
for the same fins and elevator positions, are charts
showing the variation along the fin chord of the moment
of the forces on the fin about the fin root (figs. 23 to 27).
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FIGURE 12.—Pressure distributlon on bhorizontal fin of the }4cscale model of the Akron at various pitch angles. Mark II fin (counterbalances removed); 34-lnch
slot; 3,=20°.
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Curves showing the variation of normal-force coeffi-
cient with pitch angle for various elevator settings are
given for the three types of fin tested in figures 28, 29,
and 30. Figure 28 also compares the results of these
tests of the Mark II fin with those reported in refer-
ence 1.

The chordwise location of the center of pressure on
the fin was determined from the plots of normal force
per unit length against fin length. Values of (normal
force)/g and the location of the center of pressure of
fin forces are presented in table VIII.

Negative
pressures

Positive
pressures

593

the projected distance of that point on the horizontal
radius of the section. The area of the pressure diagram
thus formed gave the transverse force per unit length
at the particular station in question.

The integrated values of f from station 14 aft were
plotted against distance from the bow of the model.
The effect at six angles of pitch of different fins on the
transverse force on the hull is shown in figures 34, 35,
and 36. There are tabulated in table IX: (1) the total
transverse force over the rear portion of the hull,
which was obtained from graphical integration of the

Dofa incomplete T
due fo p/uggxed tubes

===

ey S ——
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6=/1.6° q=7.96

=17.05 q=7.95 6=225%, q=7.93 6=28.1° q=7.88 6=33.9% g=773

F1GURE 16.—Pressure distribution on horizontal fin of the }{o-scale model of the .4kron at various pitch angles. Fin 4; 3,=20°.

Figures 31, 32, and 33 show the variation with pitch
angle of the maximum point pressure at each station
at which pressure-distribution measurements were
made.

PRESSURE-DISTRIBUTION MEASUREMENTS ON THE HULL

The value of the transverse force per unit length at
any station on the hull is given by the expression

=%——= ﬁhipr cos wdw

where F' is the total transverse force per unit length.
z, the distance from the nose of the hull meas-
ured along the longitudinal axis.
r, the radius of the hull.
P, the pressure on the section at & point whose
angular distance from the keel is w.
A graphical solution of this equation was obtained by
plotting the pressure at each point on the hull against

areas under the curves shown in figures 34, 35, and 36;
(2) the moment about the center of buoyancy of the
transverse forces on the rear portion of the hull; (3)
the normal force on the various fing that were used on
the model when the hull pressures were measured;
(4) the moment of the fin force about the center
of buoyancy; and (5) the total moment of the
combined hull and fin forces about the center of
buoyancy.

Figure 37 shows the effects of the different fins on
the moment, about the center of buoyancy, of the
transverse aerodynamic forces acting on the fins and
on the rear portion of the hull. )

In order to facilitate the application of model test
results to a full-scale airship, there is included in table
X the location of the structural frames on the Akron
and their corresponding location on the Je-scale
model.
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DISCUSSION

The results of these tests confirm the conclusions of
reference 1 concerning the presence of very large pres-
sures near the leading edge of airship fins. Figures 31,
32, and 33 show that the maximum pressure recorded
(p/g=—13.0) was obtained at the tip section of fin 4,
at the 34° pitch angle. At the same pitch angle the
maximum value of p/q obtained on fin 3 was —9.9, and
the maximum for the Mark IT fin was —6.4. Inspection
of figures 31, 32, and 33 also reveals that, although the

maximum values of p/q continued to increase on fin 4
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FI1GURE 37.—Comparison of pitching moments acting on the }o-scale model of the
Akron when fitted with different horizontal flns; 3,=20°. (Forces on elevators

neglected.)

up to the maximum angle at which tests were run, the
_values of p/q obtained on fin 3 reached their maximum
value of —11.1 at 6=29° and on the Mark II fin the
maximum value (—9.2) occurred at §=28°. It is of
further interest to note that, although at the highest
angles of pitch at which tests were made the greatest
..pressure recorded was that obtained on fin 4, the
maximum pressures obtained for all pitch angles below
20° were approximately the same for all fins.
Attention is called to the fact that the pressures cited
were obtained from faired curves and that, since the
peak pressure would not necessarily occur directly at
the points at which the orifices were located and since
the slope of the pressure diagram changes from a very
large positive value to a very large negative value in
the vicinity of the maximum pressure, it is conceivable
that greater pressures occurred than those given.
The effect of slots between the hull and fins on the
location of the spanwise center of pressure was deter-
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mined from large-scale pressure diagrams of the type
shown in figures 10, 11, and 12. It was observed that
neither the ¥-inch slot nor the ¥-inch slot had much
effect at pitch angles below 17°. At higher pitch angles
the effect of either slot was to increase the negative
pressure at the fin root, thus shiffing the center of
pressure inboard. The shift was small, however, and
was greater for the ¥-inch slot than for the ¥-inch slot.
The maximum movement of center of pressure observed
occurred on stationD and at§=30° where the movement
amounted to about 4 percent of the span of the fin at
that station. A comparison of figures 18 and 19 with
figure 17 in conjunction with table VIII reveals that at
the 17° pitch angle, except for an increase in normal
force in the vicinity of the elevator axis, neither slot had
an appreciable effect on the normal foree or its chord-
wise distribution on the fin. At higher angles of pitch
large fluctuations in forces occurred and the precision
of the test results is not considered good enough to
draw definite conclusions concerning the effect of the
slots. The effect, however, is considered to be small.

Figures 16 to 22 show that fins of low span-chord
ratio have a more nearly uniform load distribution
along their chord than does the Mark IT type of fin,
and therefore from structural considerations, provided
the effectiveness as shown later is equal, the low span-
chord ratio is preferable.

The variation with span-chord ratio of the fin normal-
force coefficients can be determined from an inspection
of figures 28, 29, and 30. The coefficients for the Mark
II fin are, in general, greater than for either of the other
fins. At high angles of pitch the coefficients for the
Mark IT fin begin to decrease with further increase in
angle of pitch. The shapes of the curves for the other
two fins are not so clearly defined because of erratic
results at large angles of pitch.

It is interesting to note from inspection of figures 28,
29, and 30 that the slope of the curves of Cy against 0
decreases as the span-chord ratio of the fins decreases.
This decrease is in accordance with the principle that
the decrease in span-chord ratio decreases the effective
aspect ratio of the tail.

It has previously been pointed out in this report that
original comparison of these test results did not check
the results of reference 2 and that the discrepancy dis-
appeared to a large extent when corrections were made
to take account of the air-stream-angle variation in the
wind tunnel. Figure 28, which shows values of Cy
obtained in these tests and corresponding values of Cy
from reference 1 plotted against corrected pitch angle
(fig. 9), compares the two sets of data. It is to be
noted that agreement is, in general, satisfactory.

The data obtained in these tests indicate that the
plan form of the forward part of the fin is an important
item in fin design. Figure 22 shows a comparison of
the forces acting on the upper surfaces of the tips of
fins 3 and 3—A. Pressures were not measured on the
lower surface of fin 3—A and it is therefore impossible
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to compare the total forces on the two fins. It is be-
lieved, however, that a comparison of the forces regis-
tered on the upper surfaces shows the relative merits of
the two different plan forms. Inspection of figure 22
leads to the conclusion that the effect of modifying the
fin tip was to decrease the forces over the forward por-
tion of the fin, presumably because of the decreased fin
aren forward, and to increase the forces in the region
between the elevator axis and the fin tip, thus in effect
shifting the center of pressure toward the elevator axis.
The peaks of the pressure diagrams occur farther in-
board on fin 3-A (fig. 14) than they do on fin 3 (fig. 13);
also, the magnitude of the pressures near the fin root is
greater on fin 3—A.

A comparison of the chordwise force distribution
curves shown in figure 16 with similar curves in figure
17 leads to the conclusion that for the condition of
5,=20° the effect of the elevator counterbalances is
to decrease the normal force on the rear part of the fin.

The chief criterion in the selection of tail surfaces for
nirships is the ability of the surfaces to give adequate
stability and control. In view of the fact that a large
proportion of the stabilizing force obtained with fins is
due to the influence of the fins on pressural forces on the
hull,it is at once evident that the measurements of forces
acting on the fins alone do not give sufficient infor-
mation for the selection of the most efficient fin. The
magnitude of the pressural forces from station 14 aft
on the port helf of the hull when fitted with the Mark IT
fin and with fins 3 and 4 is shown in figures 34, 35, and
36, respectively.

The moment about the center of buoyancy of the
forces represented by the area under the curves shown
in figures 34, 35, and 36 is shown as a function of angle
of pitch in figure 37. It is believed that, since pressure-
distribution measurements were made on all of that
portion of the hull over which the fins appear appreci-
ably to influence the hull forces, the curves of pitching
moment against angle of pitch (fig. 37) present a valid
comparison of the relative stability characteristics of
the airship when fitted with the various fins tested.
Attention is called to the fact that, since the pressure-
distribution messurements from which this chart is
derived were made at but one elevator deflection
(8,=20°), a complete analysis is impossible. It is
believed, however, that the same relative effects as
here shown would obtain for other elevator deflections.

Inspection of figure 37 indicates that at extremely
high pitch angles (§=34°) the pitching moment about
the center of buoyancy due to pressural forces on the
rear half of the hull is approximately equal to the cor-
responding moment due to the forces on the fins them-
gelves. Irom the curves in the lower part of figure 37
it is to be seen that, except at angles of pitch greater
than 26°, the stabilizing moment obtained when the
airship is fitted with the Mark II fin is very nearly
equal to the stabilizing moment obtained with fin 3.

38548—38—30
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At angles of pitch greater than 26° the Mark IT fin is
somewhat superior. With the exception of a slight
superiority over fin 8 at extremely high pitch angles,
fin 4 is inferior to both of the other fins.

It is desired to point out that, although the narrow
fins appear to compare quite favorably with the Mark
II fins, the results here shown are not conclusive in that
they do not show the effect of the various fins on drag.
It is possible that, if the drag of the different fins could
be compared on the basis of either equal lift or equal
moment coefficients, the fins of low span-chord ratio
would show up to disadvantage.

CONCLUSIONS

1. At angles of pitch below about 20° the maximum
pressure measured was approximately the same for all
fins, regardless of span-chord ratio.

2. At angles of pitch above 20° the maximum fin
pressures increase with decreasing span-chord ratio, the
highest pressure recorded (p/g=—13.0) being that
obtained on fin 4 at a pitch angle of 34°.

3. Slots between the hull and fins, of the type here
tested, had but little effect on either maximum fin
pressures or the position of the center of pressure of
fin forces.

4. The plan form of the forward portion of the fin
is a critical factor influencing the pressure distribution
on the fin.

5. The pitching moment about the center of buoyancy
contributed by the rear half of the hull increases with
pitch until at an angle of 33° it is approximately equal
to the moment contributed by the fins.

6. At any given angle of pitch up to 26° the restoring
moment of the model when fitted with the Mark IT
fin was slightly less than that obtained with fin 3 and
appreciably greater than that obtained with fin 4.

7. Neglecting the effect on drag, it appears that fin 3,
owing to its relatively low bending moment about the
fin root, has certain structural advantages over the
Mark IT fin.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., April 4, 1937.
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TABLE 1
DIMENSIONS OF THE 1/40-SCALE MODEL “AKRON" ]
Area o
. . Area of
[Length, 19.62 t.; volume, 115.00cu. ft l°°?fﬁ:’§ 2[(;3143:3}#.01-“15, (=/I)=0.8059; center one 20| greaof e | Ble- Mazl{Maxh{  Fip gpan-chord ratfo
veney, Fin out | °eva- | tor |VBlorigorlgpan
elova | LoF, , [counter-| ehord G| o7y | (maxirun span offin) |
Distance from bow Distancs from bow tor) |'%4- C8 t.) | (1t.) area of fin
e | Radius (oir. || T=Sioapeons | Radios (ol ) (sq. ft)
I circle) (in.) 3 circle) (in.)
MarkII___| L850 { 0.358| 0.110 [0.306 | 263 |L. 028 0. 570
.368 .402 | 3.08 ] .943 .47
0.00 0,00 0.50 10,80 . 358 .402 | 3.08 | .943 . 500
.2 4.95 .55 19.59 .358 .427 | 3.55 | .880 .421
.05 0. 96 .60 19.12
.10 14.20 .65 18.48
.16 16.65 .70 17.50
.20 18.39 .75 16.15
25 19.12 -80 1444
.30 10.61 .86 12,29
.35 10.85 .9 g.61
.40 19.90 .85 6.52
.45 19.90 100 .00
TABLE II

NORMAL FORCE PER UNIT LENGTH OF FIN AND MOMENT OF NORMAL FORCE ABOUT FIN ROOT OF
1/40-SCALE MODEL “AKRON”

MARK II FIN (WITH COUNTERBALANCES)

Normal force (Ib. per {t. length) /g Momaent (ft.-1b. per ft. length) /¢
Station =l S o (deg.) 0 (deg.)
eg. eg.
bow (i) | (des”)

1L 6 17.0 2.5 281 33.9 1.6 17.0 225 2.1 33.9

Elevatoraxis___ ... 17.78 0. 160 0. 241 0.295 0. 336 0. 286 0. 108 0.160 0.170 0. 204 Q170
A 17.69 .185 .302 .381 424 .325 120 .185 .214 .253 .185

B 17.41 425 527 . 666 .412 .148 .212 . 206 .380 .233

(8] 17.00 254 470 .635 .885 545 . 140 248 .326 .430 203

D 16.59 218 .402 .718 1. 005 . 745 110 . 230 .324 448 .358

E 16.25 o 31 . 565 .815 1136 1105 157 . 250 .361 .481 475

F 16.97 .415 715 1.013 1301 1. 546 .176 L3056 . 430 .585 .53

G 18.77 502 . 850 1.255 1.673 L8356 .184 .320 .480 .623 .62

H 15. 56 .610 .845 1.312 1665 L7556 .170 288 .375 .467 . 440

I 15.38 .361 . 631 .710 .886 .980 . 050 .067 .095 .118 122

Tipof in._ e e .| 1515 .000 . 000 .000 .000 . 000 . 000 . 000 . 000 . 000 . 000
Elevator axis. - ceeemcmmmcevaa 17.78 0.429 0.486 0.522 0.590 0.573 0. 231 0. 260 Q. 280 0. 310 0.239
A 17.69 420 .496 . 553 .855 .603 . 230 .28 . 305 .353 .313

B 17.41 .38 .515 . 635 . 808 . 604 .217 J284 .35 447 375

C 17.00 .345 . 536 .710 .94 827 .181 274 .350 .463 417

D 16.59 .32 543 . 765 L0333 .9856 163 . 265 30 . 469 442

E 16.25 10 384 .574 .83 1165 L2225 .161 <255 . 360 . 568 516

F 16.97 .431 740 1046 1380 L 614 .183 .38 445 . 565 .020

a 15. 515 844 L 224 1645 L 976 102 <320 .470 .62 .670

2y 15. 56 .632 973 1.336 1. 6855 1.885 .178 .278 .385 .475 . 485

I 15.36 .366 535 .02 . 866 1.005 .148 .070 092 118 .125
Tipoffin__ s 16.15 . 000 . 000 . 000 -000 . 000 000 . 000 . 000 . 000 000
Elevator axis 17.78 0. 650 0. 685 0. 794 0.810 0. 800 0.312 0.820 0.395 0.412 0,388
A 17.60 .623 . 656 .8156 845 .83 .312 . 336 .415 .435 420

B 17. 41 . 512 . 634 .8§67 .985 .935 . 276 .340 .460 477 . 450

(o] 17.00 .47 571 -860 1.015 1.028 .20 . 290 .418 .491 . 500

D 16. 59 .362 367 .880 1. 060 1.158 171 .261 .301 .474 607

E 16.25 20 .363 .681 .918 1185 L.390 .160 . 260 .395 . 498 . 506

F 15.97 . 483 .763 1133 1.380 L7256 .201 .32 .481 . 568 620

G 15.77 .585 .930 1.315 1. 685 2 026 .210 340 .488 622 048

B 15. 56 . 661 1019 1383 1680 183 L1856 .285 . 400 L4852 .445

I 15.36 . 406 557 .735 . 856 .870 .052 .073 . 095 .110 110
Tipoffin o eeemmmeae 15.15 .000 . 000 .000 . 000 . 000 . 000 . 000 . 000 000 . 000
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TABLE III
NORMAL FORCE PER UNIT LENGTH OF FIN ON 1/40-SCALE MODEL “AKRON”

MARK II FIN (COUNTERBALANCES REMOVED)

NORMAL FORCE PER UNIT LENGTH OF FIN ANIV]I)

Normal force (Ib. per ft. length)/g
o bow ) o
Station ﬁonzm)w (dez) (deg.)
11.8 17.0 2.5 28.1 33.9

Elevatoraxis. . ______.______ 17.78 Q740 oo L1222
A 1769 ||  |emmemmmmmas . 744 1. 130
B 17.41 .713 L 147
C 17. 00 .812 1.158
D 14. 58 L5684 1.213
E 16.25 20 .6156 1.308
F 15. 87 .768 L 415
a 15.77 .08 1612
H 15. 56 1.030 1 620
- I 15. 38 . 620 .880

Tipof fin.eemeemeae — 15.15 000 e e .

TABLE IV

MARK II FIN, 3/8-INCH SLOT (COUNTERBALANCES REMOVED)

601

MOMENT OF NORMAL FORCE ABOUT FIN ROOT OF 1/40-SCALE
ODEL “AKRON”

Normel force (Ib. per ft. length)/g Moment (Ib.-ft. per ft. length)/g
Distance
Statfon S BN 0 (deg.) 0 (deg.)
(ft.)
11.6 17.0 225 28.1 3.9 11.8 17.0 225 28.1 3.9

Elevatoraxls...__....{ 17.78 0.875 0.971 1.143 0.475 Q. 508 Q. 576

A 17.69 T74 .888 1.076 .418 474 . 560

B 17.41 . 536 .743 ~Hb . 205 .303 . 490

C 17.60 437 . 664 OO0 | e 224 .318 412

D 16. 59 .410 . 608 1. 085 .163 .278 436

E 16.25 20 . 420 . 608 1. 000 184 .263 .462

F 15.97 . 520 Bz 2 I, 1.360 .216 314 . 585

G 15.77 .50 .843 1. 680 .219 .33 .610

H 15. 68 .712 .888 1.700 202 .283 . 450

I 15.38 .413 . 562 .860 055 .071 R 3 1 I PR
Tipof fin cmeeeeeeeeae 15.16 . 000 . 600 .000 . 000 . 000 . 000

TABLE V

NORMAL FORCE PER UNIT LENGTH OF FIN AND MOMENT OF NORMAL FORCE ABOUT FIN ROOT OF
1/40-SCALE MODEL “AKRON”

MARK II FIN, 3/4-INCH SLOT (COUNTERBALANCES REMOVED)

Normal foree (b. per ft. length)/y Moment (b.-ft. per ft. length)/q
Distance
Station o | ) ¢ (deg) o (deg))
()
11.6 17.0 22.5 281 3.9 1.8 17.0 225 28.1 33.9

Elovator axis.._....... 17.78 0.8756 0. 988 L 118 0.495 0. 535
A 17. 69 L7854 .885 Lo02 . 450 . 508

B 17.41 . 505 .638 .808 L3854 421

C 17.00 .3%0 . 685 .782 . 285 .370

D 16. 59 2 . 339 . 550 .810 .25 .358

E 16.25 L345 . 545 .810 . 250 . 380

F 15.97 L4569 . 708 Lo02 . 304 4238

G 16.77 . 530 .841 L.203 .320 . 460

H 15. 56 .681 .4 1203 . 268 . 370

I 15.33 404 . 565 . 700 .070 .088
Tipoffin. commmeeaaae 15. 156 .000 - 000 . 000 . 000 .000
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TABLE VI

NORMAL FORCE PER UNIT LENGTH OF FIN AND MOMENT OF NORMAL FORCE ABOUT FIN ROOT OF
1/40-SCALE MODEL “AKRON

FIN 3
Normal foree (Ib. per ft. length)/g Moment (Ib.-ft. per ft. length)/g
Distance s
from [
Station - bow (dez) @ (deg.) 8 (deg.)
(ft.)

11.6 17.0 25 28.1 33.9 11.6 17.0 5 8.1 3.9
Elevatoraxis___...... 17.78 —0.280 | —0.300 | —0.233 | —0.147 | —0.008 | —0.116 | ~O0. —0.067 | —0.020 0.011
A 17.69 —.140 —. 160 —. 077 022 .100 —. 038 —.018 .002 .038 . 088
B 17.41 .108 .142 .24 304 .865 . 066 .092 .128 . 167 170
o] 17.00 171 285 .38 .493 .494 .084 13 .180 .218 .208
D 16.59 .21 .345 478 .603 . 665 .080 .133 187 .30 222
E 16.18 —15 .21 .385 . 526 .685 . 696 .030 .130 .179 .28 .240
F 16.77 . 260 425 .628 825 .938 .081 .1356 .181 . 243 278
a 15. 56 278 .478 . 686 .928 L115 .088 146 .188 . 268 .312
H 15.35 .35 . 568 755 1.068 1208 . 100 .166 .24 .34 .303
I 15.16 .435 .675 715 1285 1.563 .110 176 .28 322 .370
J 14.95 .450 . 700 .43 1.195 1373 .076 17 .168 204 . 220
Tipoffin ... 14.72 .000 .000 . 000 .000 .000 . 000 .000 000 .000 000
17.78 |\ 0.178 0.5 0.322 0.270 0.378 0106 0.1568 0. 198 0. 160 0.210
A 17.69 .200 275 .383 .303 . .116 .180 .210 .16l <225
B 17.41 264 .335 404 .33 .51 .130 .166 . . 180 . 262
C 17.00 . 263 .370 . 565 . 475 719 .120 .163 . 248 .203 200
D 16.59 243 .302 .610 .516 804 084 .150 .23 .210 <290
E 16.18 0 . 268 .390 .633 . 603 .910 .084 .134 208 L200 .202
F 15.77 .288 .443 .716 .78 1085 .089 .13 .203 .21 304
G 15. 66 208 .482 .738 .876 1160 093 .143 .218 .266 324
H 15.35 .351 . 570 .814 1 008 L305 104 .168 242 . 300 303
I 15.16 .455 .78 1028 1258 L 504 .13 . 100 263 .318 . 360
J 14. 95 .468 . 736 LO45 1247 L &6 .088 120 176 . 208 <0
Tipof fin. cecenaaaas 14.72 .000 . 000 . 000 .00 .000 .000 000 . 000 .000 . 000
Elovator axis_........ 17.78 0514 0. 685 0.680 0.700 0.738 0.290 0,353 0.373 0,374 0,390
A 17.69 .473 .605 . 656 877 .T35 L254 .33 .35 348 305
B 17.41 .36 . 508 585 .863 .765 .182 244 . 280 L304 . 338
(o] 17.00 .318 484 582 708 .863 137 208 . 250 . 300 L3
D 16. 59 204 473 . 592 .T42 . 008 114 . 180 .28 . 280 .337
E 16.18 10 276 L4641 .67 .T74 .83 . 100 167 .210 <27 .313
F 18.77 287 504 .676 .867 L1z .00 . 156 . 200 254 321
G 15. 56 .238 . 540 708 930 L1256 . 090 184 <208 . 206 L3306
H 15.35 . 847 624 .805 L0483 L2756 . 108 .183 .25 .307 . 358
I 15 16 448 .748 975 1283 L 504 113 . 180 . 256 .325 . 308
J 14.95 .480 .755 1020 1203 L 500 .074 125 175 . 205 L6
Tipof fin. .. 14.72 .000 . 000 .000 .000 .000 . 000 .000 . 000 .000 . 000
Elevatoraxis.......... 17.78 0.916 1a20 L1043 0.7 0.867 0. 542 0.550 0. 568 0.494 0.446
A 17.69 .82 .910 . 955 . 9056 775 .48 .467 .488 452 .375
B 17.41 543 . 856 .758 792 .616 . 255 . 304 347 .358 . 260
C 17.00 .404 .538 .688 .82 L6268 .170 .22 . 288 302 . 2056
D 1659 .352 . 604 .8565 . 730 .6535 .136 .160 . 248 . 280 220
E 18.18 20 .318 .478 . 667 . 785 736 .110 . 180 .220 L2563 <45
F 158.77 .33 522 753 .874 .918 .100 .108 .20 . 250 .288
G 15. 50 .328 . 525 .756 .880 1030 L1060 . 108 .218 . 267 . 206
H 15.36 .362 592 .850 904 1192 110 .128 .250 295 .333
1 15.15 445 716 005 1235 1.443 A1 L134 . 258 320 .365
J 14.95 . 525 .T37 . 955 L 185 1.313 .088 .128 .161 204 L2156
Tipoffin_________... 14.72 . 000 030 000 .000 . 000 . 000 030 .000 . 000 . 000
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TABLE VII

NORMAL FORCE PER UNIT LENGTH OF FIN AND MOMENT OF NORMAL FORCE ABOUT FIN ROOT OF
1/40-SCALE MODEL “AKRON"

FIN 4
Normal force (Ib. per ft. length)/g Moment (b.-{t. per ft. length)/g
Distance
Station Tom | (ame) 6 (deg.) 6 (deg.)
(ft.)
11.8 17.0 25 281 33.9 11.6 17.0 25 281 3.9
Elevator axige.oraoa- 17.78 —0.195 | —0.167 | —0.032 | —Q. 100 0.000 | —0.073 | —0.047 0.000 | —0.010 0. 025
A 17.69 —.319 —. 050 .30 014 .16L —. 038 .000 .40
B 17.41 057 L1980 .280 .30 . 534 .039 .095 .130 108 <225
[8] 17.00 148 L2085 .405 200 .T45 . 065 .122 .166 .120 285
D 16.59 213 330 .430 .422 .78 073 .110 .148 142 244
E 16.18 214 L3356 444 . 485 .75 . 067 .098 L1 . 150 185
F 15. 58 —~16 .214 .338 .468 . 550 .875 .051 .80 .110 135 157
G 15.15 .210 340 .518 .655 720 J47 .070 104 130 .140
H 14.05 14 L3587 . 585 .40 748 .04 .074 .108 .140 140
I 14.74 . 262 .4156 .654 .870 .876 048 .083 125 .164
J 14.54 .305 .512 755 992 1.035 .49 .084 120 .160 174
K 14.35 .136 .203 .275 .333 .385 .02 .031 041 078 .100
TMpoffineeaccae—- 1423 . 000 . 000 . 000 . 000 000 . 000 .000 . 000
Elevator axiS.......... 17.78 |\ 0.210 0.305 0.388 0.357 0.370 0.123 0.160 0. 203 0.190 Q.181
A 17.69 108 285 380 .410 .34 .104 .150 192 202 .185
B 17.41 . 180 . 306 .413 .516 .495 .084 141 . 180 .212 203
8] 17.00 .214 .356 .476 . 585 .695 .088 140 .180 <204 233
D 16. 59 .218 .867 .405 592 .635 077 13 .1656 .12 207
E 16,18 .213 . 360 .480 . 602 .6818 .063 . 140 175 178
F 15, 56 0 .20 .356 .481 .608 .612 .05L sl .110 .142 142
a 16.16 .212 .358 . 504 . 660 . 736 043 0723 .102 .130 140
H 14,95 <220 .375 .535 712 . 700 083 0768 . 105 .135 148
I 14.74 . 263 434 . 650 .820 .15 .031 122 152 1
J 14,54 .324 . 509 47 .65 L84 . 050 085 .125 .161
K 14.35 .160 . 205 . 248 .370 508 .017 036 .053 114
Tip of fin 14.23 . 000 . 000 . 000 . 000 .000 . 000 000 . 000 000
Elevator ax{go.ocoooo. 17.78 0. 550 0. 650 0.738 0. 602 0.620 0.255 0. 305 0. 350 0. 268 Q.300
A 17.69 .45 .560 . 655 545 637 .27 .20 .3138 . 260 . 2056
B 17.41 L322 .400 540 .45 . 695 . 147 178 232 232 <287
[&] 17.00 276 .361 525 572 .78 110 .143 . 200 .216 215
D 16.59 217 .373 . 522 .623 .76 .100 .130 172 .170 234
E 16.18 .287 .338 .483 .531 .735 .088 .100 .143 .152 .208
F 15. 56 10 . 285 .326 404 572 714 .058 .072 114 L1385 .185
G 15 15 240 .34 .533 .670 .742 . 050 072 .108 .130 .145
H 14.95 .25 .874 . 568 L7368 .735 . 050 076 .108 133 145
I 14.74 274 .418 .667 .870 924 . 052 .07 .125 .163 .170
J 14.54 .328 492 .74 1.008 1108 .053 .030 120 .168 .185
K 14, .160 <230 .470 . 620 .816 021 .35 .052 .070 .038
Tipoffin.cccmmmeemen 14,23 . 000 . 000 . 000 . 000 . 000 . 000 . 000 . 000 . 000 . 000
Elevator axiSeemv - 17.78 0.878 0.990 1.030 0.950 L0832 0.413 0.470 0.485 0.440 0.467
A 17,69 . 748 .874 .922 .845 .843 .885 .410 .430 .392 .425
B 17.41 .453 .588 .662 .625 . 800 .197 .253 278 . 258 .310
o] 17.00 .338 .487 575 516 . 705 .130 .185 .208 <206 L2456
D 16.59 208 .450 .514 . 590 .635 .103 .160 170 .180 <200
E 16.18 272 .418 484 . 584 . 660 L0385 122 . 146 .176 . 1800
F 15. 58 20 249 .389 .485 .613 700 .080 . 090 112 146 .158
G 16.15 . 240 .300 . 505 .684 .825 .052 .084 .102 133 .162
H 14.95 . 244 .407 548 750 925 .48 .081 108 140 .168
I 14,74 .27 .464 652 . 867 1.100 .053 . 090 125 . 162 202
J 14,54 .332 .555 .743 1033 1275 034 .090 12 .205
K 14.35 .125 .170 .213 . 260 .365 .018 .037 055 .071 .18
Tipoffin. o cmeaemen 1423 . 000 . 000 . 000 . 000 . 000 . 000 . 000 000 . 000 . 000
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TABLE VIII
NORMAL FORCE

VALUES OF AND DISTANCES OF CENTER OF PRESSURE OF FIN FORCES FROM ELEVATOR
AXIS FOR VARIOUS FINS TESTED ON 1/40-SCALE MODEL “AKRON”
[Values orL_'m;lif_“.marefor onaﬂnonly]
Normal force (b.)/g Distance of center of pressure from elevator axis ({t.)
@) | e Aark IT Mark IT
.. ..

* Mark IT| "“fin | Mark IT | Mark II Ak M| fin | MarkIT | Mak IT

(eith (connter- | fin G41n. fin GIn.|  Fin3 | Find fer- | {connter- | fin Gin.| fin Gin| Fin3 | Find
ot ) ces | alot) slot) mm) ces| alot) slot
CeS)| ramoved) removed)
1.6 I —_ 0.65 0.61 198 2,16
17.0 - | I SO, 105 1.08 1.94 2.01
—15 25 | 150 1.52 1.87 .01
%1 2.00 L70 1.87 217
3.9 : 227 2.39 | o1te L8
11.6 Q.84 .87 .77 1.47 1.64 182
{ 17.0 142 1.31 1.25 144 o 1.70 1.81
0 225 198 196 171 L47 163 L83
2.1 2,60 2.01 214 L47 - 1.83 1.88
3.0 237 2,80 2.32 160 1.78 101
1.6 1.02 .- L01 1.00 1.33 | L49 1.63
17.0 1.56 1.60 131 3.38 1.66 L6D
10 { 23 2.09 2@ 1.89 141 S| 160 1.76
281 274 2,50 2SI (NS 1 SR NN MO IS 1.65 1.92
3.9 PR 305 2.63 148 . ] Ler 1.82
1.6 L2 feremeoaen 129 116 1.25 11 125 123 12 L34 146
17.0 170 177 180 1.68 1.7 1.63 L34 130 1.2 L2 1.44 1.66
20 25 24 e o 2 2.2 108 138 ewoos o 1.31 1.51 164
281 288 315 2,80 2.67 253 298 138 1.30 13 1.3 187 L7
3.9 318 A 22 273 140 170 1.81
TABLE IX

NORMAL FORCE ON FINS AND HULL AND PITCHING MOMENT ABOUT CENTER OF BUOYANCY OF FINS
AND AFTER PART OF HULL OF 1/40-SCALE MODEL “AKRON”"

[Values are for one fin and starboard half of hull aft of station 14; 8,=220°.]

Transverse {o!
o 1ransverse force M,,

Transverse forcs | =& M;‘l_m_‘” ™ }‘}grl]’éll T, {of forees on
o of forces of force —m =
Fin (deg) on gml] on hall on fin 7 hull and

fin
b

G & @ [ED) s

1.6 Q17 -2.7 L20 —8.9 L37 L V]
17.0 .78 —6.3 L70 —12.5 2.48 —18.8
AMark I (with counterbalances). 2.5 L44 —-0.0 2.24 —16.4 3.68 —25.4
23.1 233 -12.5 2 88 —3L1 5.21 —-3.0
3.9 4.25 —2L0 3.18 -24.1 7.43 —4.1
1L6 .30 —3.8 125 -0.2 L.56 -12.8
17.0 -89 —6.8 L74 —12.8 2,63 —19.4
3.- 25 1.86 —~9.8 225 —16.1 3.00 —25.9
28.1 2.65 —15.3 2.63 —-18.0 5.18 —-33.3
3.9 4.21 —-22.1 251 —=17.5 6.72 —30.0
1L 6 - =27 L —~8.0 1.34 -10.7
17.0 114 -~7.3 L& —11.6 277 —18.9
4. 2.5 L63 —~9.6 198 —13.8 3.59 —-23.4
281 273 —14.4 2.28 =167 5.01 —30.1
3.9 4.35 2.0 273 —18.8 7.08 —40.8
TABLE X

LOCATION OF STRUCTURAL FRAMES ON U. 8. AIR-
SHIP “AKRON” AND THEIR CORRESPONDING
LOCATION ON A 1/40-SCALE MODEL

Ringlocation | Ring location |} Ring location | Ringlocation

{rom 0 sta- from bow from 0 sta- from bow

tio;éﬂﬁfull— (1/40-zcale tion (full- (1/40-scale
e) model) ) model)

(meters) (feet) (msters) (feet)

0 17.51 125.0 7.26

17.5 16.08 147.6 b5.41

35.0 14684 170.0 3.587

57.6 12,80 187.5 213

80.0 10.85 108.756 1.21

102.56 9.10 210.75 .23




