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PRESSURE-DISTRIBUTION MEASUREMENTS AT LARGE ANGLES OF PITCH ON FINS
OF D13?lZERENT SPAN-CHORD RATIO ON A l/40-SCALE MODEL OF THE U. S.

~m “~oN”

By JUJES G. MCHUGH

suMMARY

Pressuredtitribwtion meawrements on a xO-8ca14moo?d
of the U. S. air8hip “Akron” were conducted in the
N. A. C. A. fiO#oot wkl tunnd.

The mea.suremenis were made on the starboard ~n of
each ojfour 8ei!4oj hQrizont4d tad w.M@%?s,&of approxi-
mately the same area but dij$ering in 8pan-chord ratwj for
jive angk8 of pitch varying ji-om 11.6° to 34°, for four
ekwtor angki, and ai air 8peeds ranging from 66 to 77
mile-s per hour. Pre88ure8 were do m.emured at 13
8tdkn8 a-kg th rear hdf of the poti 8kk? of the hull & on+?
e+?evdor8etting for the 8anu?jive angtes of piich and & an
air 8peed of approximately 91 mi?es per hour.

The maximum pressur~ recoded on the leuding edge of
the$ns, for p.tch angles up to gOO,were approximately the
same for all$n.s tested regardke8 oj 8pan-chord ratw. At
angles of pitch above 20° the maximum jin prtwures in-
creased wiih decreu.wkg 8pan-chzwd Taiio. A negative
pres8ure of 13 tim.a the dynamic premure of the undis-
turbed air 8tream was meusured on the jin of lowest span-
chord ratw ai a pitch angle of i34°. Thepitching moment
wntribwted by the after portion of the hull increaaed wriih
pdch until, at the maximum ang?.a tested, it waa approxi-
mately equal to the moment contributed by the jin.8. The
normulforce on thejin and the nwmn.t of forces about the
fin root were aktermined. The r& indicate thai,
ignoring the e$ect on drag, it would be advimtugeow from
structural cmwk?qations to me a jin of I?OWer8pan+wrd
ratio thun that wsed on the “Akron.”

INTRODUCTION

The task of obtaining load measurements on a full-
scale airship in free flight is diilicult 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 necessi~ be very
small, the results obtained are in some cases of ques-
tionable value.

The results of previous pressure-d.idribution measure-
ments on the hull and fins of a relatively large (Ko-

scale) model of the U. S. airship Akron fittad with

iinsof the type used on the full-scale airship and tested
at angles of pitch from 0° to 18° are prexmted in
reference 1. Although such a range of angles of pitch
would not be exceeded under normal operating condi-
tions, it appeam possible that much larger angles of
pitch might be encountered in severe gusts. No

EmtmE. l—The Ho-ede model of the Arm moontd fntheZ-foot wind tend.

information concerning the magnitude of fin 10W3Sand
piessures 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 invwt&ation herein reported was
made to obtain information con cerning loads at I@h
angles of pitch and to determine good fin proportions.
The Ko-scale airship model used in the inves~ation
reported in reference 1 was tested through a ranga of
pitch 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 ii.n and the hull on pressure
distribution over the fin; and (3) the effect of changes
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in fin span-chord rrkio 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 iignre 1 and is essentially

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

Four sets of horizontal tail surfaces, designated
Mark H b, fin 3, fin 3-A, and fin 4 (figs. 3 to 7), all of
approximately the same area but of different sprm-
chord ratios, were tested. The Mark II 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 equivn-
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as described in reference 2, with the exception that for
these tests the model was suspended 3Z feet above the
center line of the tunnel. The tests were made in the
N. A. C. A. 20-foot 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 oriiices 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 iins are given in table I.

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

lent area at the forward part of the fin in such manner
thwt 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 iin 3 except for n
change in the plan form of the forward part of the b.
An additional type of fin was obtained by altwing the
iMark Jl fin so as to form a slot between the inboard
edge of the fin and the hull of the ship. Two slot widths
(X inch and % inch) were used. The longitudinal
location of the slot on the fin, which corresponded to a
location between fiwne O and frame 17.5 of the full-
scale airship, is shown by dotted lines in figure 3.
Figure 8 shows the flu with slot mounted for tests.

Pressure orifices were installed in pairs on iins
Mark II, 3, and 4. One oritice 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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iins the pressure orifices were located to facilitate
fttiring 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 pivoti inside the model and
were free b 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 a 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 iin. Two

PRESSURE MEASUREMENTS ON FINS

[No ~WfOn mmmremonb were taken on tbe elevatem]

Fin E1eva& ~tie
Nominal

pitchangle
(d=.)

Mark II1. .- . . . . . .._-
Mark IL.----.----..-

ql~~ 131&243&30
I&w

Mork D Wncb dot... m
Merk IIj $+ineb N&..

r41&2$30

3---------------------- –l&QIC)% a~%%$
>A----.----..----.-..- –l&QIC$fu r41&2&3f436
4----------------------- –15 o,ICJ2U 12,1J3,M30,30

I with OJunterbalanc%%s.

ACCURACY

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

(1) Errors in measurements of the manometer de-
flection.

4.4.3-—+k—32~ To bow of u[rshlp 2(0./4

/ine”

FIGUBE 3.—Dlmemlons and oridca Iemtfons. Mark ~ ffn; )@cale model of tbe A&ez dot kdloos are shown in dotted @ all dlmemIoxM given fn Inches

sets of pressure measurements were made at each pikh
angle and an average of the two records was used in
plotting the pressure diagram. In order to provide a
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 lMark II h, 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.
AU 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 rmd the
airship at 0° yaw.

The teats herein reported are listed in the following
table: .

PRESSURE MEASUREMENTS ON HULL
I I 1 1 I

E:k&or Nomfnal APPI~d-

Fln
(d%.)

pitch angle
(d%.)

(:%?.)

Mark II.. -... --... . . . . . m 41s,4W,2B 91
3 . . . . . . . . . . . . ---------- m lzl&w3Q,30
4.- . . . . . . . . . . . . . . . . . . . . . m qc3,w~30 ‘R

(2) Oscillation of the manometers.
(3) Fluctuation in veloci@- and direction of the air

stream.
(4) Shrinkage of the photostat paper.
The error due to (1) is considered to be small. The

e.ilors due to (l), (2), and (3) are of the order of +2
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 thwe tests
makes it impractiwil to present them in their entire~.
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 prcswre q of the air stream.
All pressures are referred to the teshchamber pressure,
and no correction has been made for the diilerence
between the static pressure in the air stream and the
reference prwsure. Appl.ixdion of this correction
would have no effect on the integrated values of normal.
force on the iins. Pressures were measured on both the
upper agd lower surfaces of the fins (except for fin
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Sfofion
IL:7 15:99 23!38 28>0 3tl~7 3& 3t$8 3&10

–3.2
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To bow of airshrp ZIO.14

FfotmE 6.-DlmmWons and orillca focotlom. Fin ~ )&wafe modol of the Akrow all dfmonslons gfvon fn inchee.

.

F1OUBB 7.+l!ha llm onwbfchprmmm&MbuUm m easnramants were made.
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‘3-A) and the effect of the static-pressure correction
would be @ shift the position of the pressure diagram
without causing any change in the included area. The
influence of the strdic-presure 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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FIGURE 9.—Varhtfonofdruharn U@ fnregfonofstadxard fin wftb m@snred

pitch of mwieL

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

A preliminary comparison of the results of these
tests with those reported in reference 1 showed poor
aggeement. Since the only essential ditTerence 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

Fmum S.-bfarkIIllnwftb *4nd slot,mormted for ~

1 foot for the tests reported in reference 1, the lack of
agreement was thought to be due to the fact thot the
flow characteristics of the air stream were different at
the two model locations. A stream-angle survey of
the air stream contirmed 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 desired to call attention at this time to the fact
that the pressures on the upper surfaces of the ha
were much greater than had been anticipated. Con-
sequently, at high pitch angles, for the fit of the tests
made, some of the negative pressures near the tip of the
lin 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 prwsurw. In cases where only n few
pressures were indeterminate, judgment was used in
%iring in the pressure diagrams. In cases where
;everal premures were iudetermimte, the tests in
~uestion were repeated at a lower air speed. Even-
wdly all efforts to obtain tests at a high air speed were
~bandoned and, during the latter part of the program,
ES% were made at an air speed low- enough to insure
;hat all pressures obtained would be recorded on the
]hotostat paper.

In certain cases at high pitch angles where check
wrdi.ngs were taken at interwds of approximately 1
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0=11.6”, q=ll.59 0=17.0: q=ll.48 0-22.5: q - If. 94 0=28./: q=ll 78 6=33.9: q=l/.46

Fmumz 10.—Pr&suro dlsirlbntlon un horizontal tln of the ?&s&de model of the Ah’en atmuiouspitc3angle. Mark ~ fln(With ConnteTtmlanC@); 6.-m”.

e = /L6”, q= /5.80 8=17.0; q.15.75 0-281: q.1553 e=28./: q.15.07

FIGURE 11.-l%ssure distribntbn on horizontal fln of the ~o+oale medel of the A&en at varions piti angk Mork II fi (cunnterkdanc=3 removed); %-inch SIOt;

.
minute, n great diilerence in pressures was recorded.
This difference indicated that at extremely high pitch
rmgles (0=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 quivem. This motion was
probably due in part to the fluctuation of aerodynamic
forma on the tail of the model

Defitions of the terms used in this re~ort follow:.
pitch angle.
elevator angle.
hull orifice location, measured from keel in

degrees.
normal force on h

@
dynamic pressure (1/2 pV ‘).
mass density of the air.
air speed.
area of fin.

Fin span-chord ratio,
(maximum span of iin)’

mea of iin
P, observed point pressure.

a.+!)”.

PRESS~DISTIUBUTION MEASUREMENTS ON TEE FINS

The magnitude of the maximum pressures and the
manner in which the pressure varies over all the iins
are illustrated in figures 10 to 15. Large-scale pressure
plots of p/q against fin width were made and the
pressure diagrams thus formed were graphically inte-
grated to determine the normal force per unit length at
each station along the iin. Similarly, the spanwise
location of the centir of pressure at each longitudinal
station on the & 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 II to
VII for each station on the fin at which pressnre-dis-
tribution measurements were made. In order to show
the variation of normal force on the b, there are
included, for the various fins tested, typical plots of
normal force per unit length against length of h for
the condition of 3.=20° (figs. 16 to 22). Also includ ed,
for the same fins and elevator positions, are charts
showing the variation along the fin chord of the moment
of the forces on the iin about the fin root (figs. 23 to 27).



592 REPORT NO. 604-NA’JTONAL ADVISORY COMMITTEE FOR AERONAU!IYCS

10

8

6

4

2

$0

2

4 I

0=/16: q=l.579 0-17.0: q=15.68 0=225: q-/55O 0=28.1: q=15.20

FIQIJEE lz-~ dfstrfbotlon on horkant.al h of the 5fG+mIe madel of the Atren at varfaus pitch ax@as. Mimk ~ fin (@xmtorb0kmc39 removed); X-luch

S@ a,-w.

AIA# & ,&&:$

---- .-

4 ----- G ----- G

----------- -----------

------------- ------------ ------------
@- 11.8°, q= I.360 0-170: q=13.72 0-225: q=/.25O f3=28.1: q=13.30 0=3.39:q=lr?98

FIQUaE 13.-~ dktrftmtfon on horizontal tln of the %+cafe m@iel of the AbefIatw’forMpitchamk?.Fin3;J.-m”.

FmuaE 14—Pr6sm% distribntlon on uppar amfaco of herizonM h of the %scaIe madel of the Akron at vdou? pitchauks. Fln ?-A; &-21°.



PRIXWJREDISTRR3UTION MEASUREMENTS ON FINS OF U. S. AIRSHIP “AKRON” 593

Curves showing the vtiation of normal-force coeffi-
cient with pitch angle for various elevator settings are
given for the three types of flu tested in figures 28,29,
and 30. Figure 28 also compares the results of these
tests of the Mark H. h 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 agsginst fin length. Values of (normal
force)/g rmd the location of the center of pressure of
fin forces are presented in table VIII.

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

The integrated vahma of j from station 14 aft were
plotted against distance horn the bow of the model.
The effect at six angles of pitch of different fins on the
tiansveme force on the hull is shown in figures 34, 35,
and 36. There are tabulated in table 12K: (1) the total
transverse force over the rear portion of the hull,
which was obtained from graphical integration of the

tifa i~omplete
due to plugy~ tubes””-~s., II .

..gasHs
0=/1.6°,q=7.96 O= IZO: q=Z95 0=22.5; q=Z93 t9=28.l;q=7.88 (3=3.39: qm~ys

h3UIIE 15.-Pr@mre dlstribntion on horizontal fln of the }bscale medal of the Akron at verions pft@h angles. Ffn 4; 3.-W.

I’igures 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 MEMUREMENTS ON THE HULL

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

#&Jo’Pr cos WL

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 a 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 curwes shown in iigurcs 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 iins that vvwe used on
the model when the hull, pressures were messured;
(4) the moment of the fi 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 diflerent fins on
the moment, about. the center of buoyancy, of the
transverse aerodynamic forces acting on the b and
on the rear portion of the hull.

In order to facilitate the application of model teat
results to a full-scale aimhip, there is included in table
X the location of the structud frames on the Akron
and their corresponding location on the %-scale
model.
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?&ark ~ 5 (mnntarbalenm removed); ?k4nch SIOG &=m.

Distance from bow, ff.

FmtmE 19.-Nonmd form x nnft length on dn of the ;io+ade mcdel of the

Akron. Mark II fin (mnntorbalmm$ mmovti); ?Nn@JI dot:8..N”.
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Disfonce fmm bow, ff.

FIOUEE 21.—Norrod force per unit length on fln of the )&wale model of the

Akron. l%* apm.

FIGURE ‘Z3.-Momont of forca on ilriabent fhr mot of the Hc-smle medel of tbe

Akron. Mark If lln (with mnntorbahma$); 8,.$&.

FIQrJEE2&-Moment of forcm on tln abut finrmt of the )bscaIe mcdol of the bon.

Mark II fin (Wnntdmle.nc?s removed); M-fncll elob h-w.
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FlGUEE81.-Vfni8tfOOOf merimnnr h ~ With FIGURE 32-V8rieti0n of merimmn fln pr63- FrouaE %3.-Variati0n of mexlrnnm h m

pftrh angle. The !&-smle mrdel of the -4kren; sure wfth pitch angle. The %e-sale medal sore wfth pitrh engh The !&mate mtiel

Mark II fin (wfth connterbaiemd: 6,-W. of the Akren; Fin * a.=ZP. of the Aboiv Ffn $ 3,-ZY.
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FmuEE 3.t.-TramvorMforceMr nnft ler@h on the huIl of the Hc+nfe model of the Abe% Mark II h (mnntddamxs removed); a.-2fI”.

FIGURE3fi.—Thnmme force per unftlengthon the hnlf of the H@e modd of the Abm. Ffn 9; 3..xP.
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DISCUSSION

The results of these tests coniirm the conclusions 01
reference 1 concern@ 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
@/q= –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 plq obtained on iin 3 was —9.9, and
the maximum for the Mark H h 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

0, deg.
12 {6 20 24

0,
28 32

1 + t I 1 I t I I i 1

I

: One fin PIUS s farboord bolf . .~
of hull off of s+aiion 14 [

R -40

H
FIGURE 37.-C4mwison of pitcMng momenta W@ on the %+a.Ie model of the

Abon when fitted with different horizontal flux a.-2YF. (Forws on dwatom

neglected-)

up to the maximum rmgle at which tests were run, the
values of plq obtained on iin 3 reached their maximum
value of —11.1 at 0=29° and on the Mark II h the
mminmm value (—9.2) occurred at 0=28°. It is of
further interest to note that, although at th~ 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 approxinmtdy the same for all fins.

Attention is called to the fact that the pressures cited
were obtained from fr&ed curves and that, since the
peak pressure would not necessmily occur directly at
the points at which the orifices were located and since
the slope of the presure diaggm changes from a very
large positive value to a very large negative value in
the vicini~ 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-

mined from large-scale pressure diagrams of the type
shown in &urea 10, 11, and 12. It was observed that
neither the jf-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 h root, thus shifting the center of
pre.wure inboard. The shift waa small, however, and
waa greater for the Winch slot than for the ~-inch slot.
The maximum movement of center of pressure observed
occurred on stationD and at 0=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
iigure 17 in conjunction with table VIII reveals that at
the 17° pitch angle, except for an increaae in normal
force in the vicinity of the elevrdnr axis, neither slot had
an appreciable effect on the normal force or its chord-
wise distribution on the fin. At higher anglea of pitch
large fluctuations in forces occurred and the preoision
of the test results is not considered good enough to
draw deiinite conclusions concernin g the effect of the
slots. The effect, however, is considered to be small.

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

The variation with span-chord ratio of the fln normal-
force coefficients can be determined from an inspection
of figures 28, 29, and 30. The coefficients for the Mark
II iin are, in general, greater than for either of the other
fins. At high anglea of pitch the coefficients for tlm
Mark D fin begin to decreaae with further increase in
angle of pitch. The shapes of the curves for the other
two fins are not so clearly defined because of ermtio
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 C! against O
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 tho
wind tunnel. Figure 28, which shows valuea of C.V

obtained in these tests and corresponding values of ON

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 finis an important
kern in fin design. Figure 22 shows a comparison of
the forces acting on the upper surfaces of the tips of
6ns 3 and 3–A. Presmmes were not measured on the
lower surface of iin 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 diflerent plan forms. Inspection of figme 22
leads to the conclusion that the effect of modifying the
li.n tip was to decrease the forces over the forward por-
tion of the fin, presumably because of the decreased fin
area forwmd, and to increase the forces in the region
between the elevator axis and the iin tip, thus in effect
shifting the center of pressure toward the elevator axis.
The perks of the pressure diagrams occur farther in-
board on fin 3-A (@g. 14) than they do on fin 3 (@. 13);
also, the magnitude of the pressures near the fin root is
greatdr on fin 3–A.

A comparison of the chordwise force distribution
curves shown in figure 16 with similar curves in fi”gure
17 leads to the conclusion that for the condition of
6,=20° the effect of the elevator counterbalances is
to decrease the normal force on the rear part of the ii.n.

The chief criterion in the selection of tail surfaces for
airships 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 iins on pressural forces on the
h~ it is at once evident that the measuremem% of forces
ncting on the fins alone do not give sufficient infor-
mation for the selection of the most efficient b. The
magnitude of the presmral forces fkom station 14 aft
on the port hrdf of the hull when fitted with the Mark II
fin and with fine 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 iigure 37. It is believed that, since pressure-
distribution measurements were made on all of that
portion of the hull over which the & 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 measurements from which this chart is
derived were made at but one elevator deflection
(6C=200), 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 (0=34°) the pitching moment about
the center of buoyancy due to preawmal forces on the
rear half of the hull is approximately equal to the cor-
responding moment due to the forces on the fins them-
selves. I?rom the curves in the lower part of figure 37
it is to be seen that, except at angles of pitch greater
than 26°, the stwbtig moment obtained when the
airship is fitted with the Mark H fin is very nearly
equal to the stabilizing moment obtained with fin 3.

3S54~9

At angles of pitch greater than 26° the Mark D li.n is
~omewhat superior. With the exception of a s%ght
superiority over fin 3 at extremely high pitch angles,
in 4 is inferior to both of the other iine.

It is desired to point out that, although the narrow
ins appear to compare quite favorably with the Mark
U fins, the results here shown are not conclusive in that
they do not show the effect of the various fine on drag.
[t 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 iins of low span-chord ratio
Would show up to disadvantage.

CONCLUSIONS

1. At angles of pitch below about 20° the maximum
pressure meaaured was approximately the same for all
6ns, 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 (y/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 iin
pressures or the position of the center of pressure of
fin forces.

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

5. The pitching moment about the center of buoyancy
contributed by the rem 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 II
h w-as 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 .
iin root, has certain structural advantages over the
lMark II fin.

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics.;

Langley Field, Vs., Aptil 4, 1937.
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TABLE I I
DIMENSIONS OF THE lM-SCALE MODEL “AHRON” ‘

[Length19.62ft-; Tolumw U&@) m- ft-: location of elevator a4 (z/LIEO.~ cmter
of bnowwy, W-L) = 0-4641

AI@ 01
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(Wit#-

Ffn
elee

@q. ft.]

Firrspon.ohord rotlo
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D1stanw from bow
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16.06 .70
l&w .75
M. 12 .80
EL 61 .86
IQ.s .93
19. w
Mm iE

, Ill

TABLE II

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

MARK II FIN (WITH COUNTERBALANCES)

Momont (fL-lb. w ft. lewth) /oNormaI form@. w ft. Im@b) /i?

D~m
Statfnrl

bm (ftJ
(dJ+.)

o (d%.)o (d%.)

ZLfi
I

lL6 17.0

.—

2al

a?36
.424
.669

i%!
L 13J
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L89S
.8s.5
.m

=9

O.m
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.645
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L l@5
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LE36
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.WI1
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0.673
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i~
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: lh n
~ KM

I& 2-9
TIP of fin. -.-... ----. --.-– mm

Efovrdor axis~------------- 17. i8
17. m

B 17. u
17. m

; 16. w
16. 2!
16.97

5 I&n
y lh M

lh 28
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— —
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.m
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a
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TABLE III

NORMAL FORCE PER UNIT LENGTH OF FIN ON l/40-SCALE MODEL “AKRON”

MARK II FIN (COUNTERBALANCES REMOVED)

Ststfon

Elevator axk---------
;

;
E

:
~

TIP of 6n-..---.--_–

20

Normal force (lb. lmr ft. len@)/! I
8(d%.)

<

11.6 17.0 ‘22.5 23.1 23.9

.- ——— - 0.740 -—---––- L 122 -_––.—-

.--_ ——— - .744 --—–––- L 120 ._ —–—-

.— —------ .713 -–––---– L 147 --..–—–.

.— -----— .612 -––——- L lh6 ——–—
------------ .664 ----—––- 1.213 ––-–—–
..-. -— —- .616 -.–.--––- 1.303 —-—-
,-—-----—- .769 --------- L .!1S .––—---
.--—-—--- .C@3 -–––.-– L 612 -_-.——-
-- —------ LaM -–––..-.- L620 -——––-
,--— —----- .ea) -–---–-–- ~g ––-–––-
—.-—.—- .Ixm --.-–.––- ——.---

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

MARK 11 FIN, 3/S-INCH SLOT (COUNTERBALANCES REMOVED)
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B

ii
E

:
1+1

TIP of lln :______

>~ice
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(ftJ

17.78
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17.41
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. —
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.m --------.- :E -------- .m
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. — — —
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.mn -–—- .Um ---------

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

MARK II FIN, 3/4-INCH SLOT (COUNTERBALANCES REMOVED)
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. Ho --...--.–
.m . . . . . . ..-
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TABLE VI

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

FIN 3

Normel ferra (lb. L= fk ku3@/9 Moment (Ib.-ft. W fL M8W9

Dk@#e

Station . ~w (d%
o (d%.) O (de@

([L)

11.6 17.0 22.5 al 33.9 11.6 17.0 2546 28.1 23.9

_ — — — — —
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I –15
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} o
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E 16. Is
) 10
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: M. m .as .Ho .724 L125 .Om .164 .!UH .!EJ .=
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K 16 .446 :% .975 L&J4 .113 .l’al .266 .326
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M. 18

} m
.473 .785 :% .110 . lea .22J .263 .246

F l&i7 .Zn ;g :% ; %4 .918 . lwl . lW .ZM1 .260 .m
16.&J .m . 7&J Lf@J3 . lUO . Im .218 .267 .293

+ I&36 .322 .s92 .8-W L192 .110 .lx .2K1 .!295
.s95 i~ L443

.23’3

I&lb .715 . Ill .124 .255 .Wo ,36s
14% . #

Tip of dn?l--- . .
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TABLE VII

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

FIN 4

NorrndformOh w ft. Jm@)/Q Moment (lb.-fL pw fk length)/g

Dfs#:ce

Btatfon bow (d~.)
8 (d%.) 8 (dW.)

(ft.)

lf.e

:~ r “ ‘-

17.0 ml 23.9 lL6 17.0 23.1 a.9

— — . — — — — — — —

Elevator ~.--... 17.76 -_a ;g ~~ –a ~ -a KU am -0.073
17.09

: ~? O.alo -: Lo cl~
.014 . ml

B 17. u
–. m

.U57
.640

. 1%3 .Xa .534 .m
17. w .148

.09s .EO
.295 .405 :%

. Km .225
.745

;
.m

le.59
.12a

.213 .330
. lb9

.m
. lm .!ms

.073 .110
16.18 .214 .m

.148
:%

.142
.495 :%

.244

F M.M -16 .214
.@x .134

.s36 .463 .Lm
. lW

.675
I& lu

:%
.210

.CEn .110
.516 .055

:Z .167
.047

; 14. M .!227
.070 .104

% ..MJ .740
. 1?$ .140

:R
14.74 .m

.074 . I@
.415 .W .Sm

.140 .140
.876 :E

J 14.54 .3M
.W3 .125

.512 .755
.164 .164

.W2 LOW .0f9
14. w

. lm . lm .174

Tfp Of fan=. _._._..
.135 .Z13 .275 .s

14.23
.335 .Om :E .041 .075 . I@

.m .m .W .m .ax .m .m .m .m .m

Elevatnr yfs______ 17.78 0.210 0.W5 o. m 0.357 0.370 alz
17.64 .1%

o. lea 0.!UC3 lllfm
.2X! .W6

a. 181
.410 .104

B 17.41
.150 .192 .m .185

.m ~g .4X3 .516 :%
17. m .214

.141 .M1 .212
.475 :%

.Zu3

:
.’W.S .W3

lIL 59 .218
.140 . lm

.&m .4!24
.m .233

E
.W

I&18 .213
.123 .155

.360 .4fo :%
.If12

:% .W4
.207

.618
M.M o .!zn

.140
.481

.175 .173
.ed2

: 15.16
.051

.212 :% :% .735
. au .110

.’W4
.142 .142

~ 14. w
.043

.Zzd .375 .mu
.m .130

.712
.140

.7W
M 74

:g
.m .&

:~ .103
.820

.l?s .140

J
.915

14, M .m
.122 . la

:%
. 16s

LWA .aw ;~ :%
14.35 :% :%’ .Sfe

.161 .184

TIP of tlnK ----------
.2YM .248

14.23
.017 .032 .114

.W3 .m .Cw .m .W3 .m .m .m .m .W

E1evatnr &.-... - 17.78 0.550 am 0.738 :% ugjl a255 0.3M Ug 0: g ag
17.69 .4s3 .W1

B 17.41 .322 .W
.m

:E .453 .6235
17. W

:% .176
.276 .361

.m
.525 .m

.232
.m3

.2%7

: 16.59
.110 .143

.277 .373
.216

.623 .77’6
.276

. MO
llL18 .237

.m
.838

%’ . lm
% .531 .735 .fE$ .103

lu. fa 10 .!W .325
.143 .159

.494
%!

:
.714

u 15 .240
.072 .114

.344 .6% :%
.135 .165

.742
y 14.95

:E .672 . la9
.374 .5ss

.130 .145
.735 .05)

14.74 :%
.076 . I@

.418 :%
.145

J M. 54 .3Z3 .492
:%

:% L w
.Iz5 . ]m

M 8-5
i% :% :% .Im . lW .L%5

Tfp Of fro=____ -
.160 . 4m .816

M !23
.021

1 .m
.035

:% .033 $%
.M2 .070 .W

.m .m -m .m .m .fm

Elevator ~.-.. ___ . 17.78 ) 0.s78 am 1. CMl 0: R :% — ~ 0.485 fL@ a467
17. @a

a 413
.740 .674

B
.823

17. u
.355

.m
.424 .425

.’59 :% .m
17. m

.253 .276
.487 %

.310
.m

: laE41
:%

:E .4@
.m

.514
:%!

.5MI .635 .m
E

:%
lfL 18 .272

.170 . KQ
. 4f5 .4$4 .e@

:%
.W

I&m 20 .249
.146 .176

.s .4$S
:

:% .7M .&m
I&IS .240

:% .I12 .146 :%
.m .mu .534 .S25 .051 :%

~ 14.85 .244
.102

.407 .540 . 7W
.HS .162

.0f8
14.74 .m

. K@
.464

.140 .163
:% 1:% .CE3 .QK1 .125

J 14.54 .332 .555
.162 .m

i%l L 275 .Cts4 .Qxl .126
14.33

.172

Tfp of 1111=._..-..- -
.125 . lm .213 .3M .018

14. m
.m .C5s .074 :%

1 .111 .W .W :% .lxll .m .m .m .Om .m
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TABLE VIII

VALUES OF NORMAL FORCE
9

AND DISTANCES OF CENTER OF PRESSURE OF FIN FORCES FROM

AXIS FOR VARIOUS FINS TESTED ON l/40-SCALE MODEL “AKRON”

rvdm Of’- ‘m ~ f., 01L9h OIIIY1

ELEVATOR

L 9 J

Normal forw (lb.)/q DBtanm of omtm of ~ from elev3tor * ([L)

(da;.)

–M

o

10

(dL.)

11.6
17.0
2L5
ml
=9

11.6
17.0

%!
a9

lL 6
17.0
22.3
2al
%9

lL6
17.0

%:
33.9

Ffn 4

0.61
L06
1.62
L70
239

iZ
L 71
214
232

I.W
L 31
1.83
212 ‘
269

Lll
1.63

k%
2T3

Fin 4

216
201
201
z 17
LS3

L82
1.81

?:
1.91

1.63

?:
1.92
1.82

L 46
1. M

:$
L 81

—1 —l—1 —l—
--------- .........- ---------- —-.------
......... --.---..-- ---------- -..----.--
-—------ —------------------ .---------
-------- --------- -r-------- ----------

--..----- ---.---.-- —.--.---- —— ------

0.84 . . . . . . . . . . ---------- ---------
L 42 ---------- --------- ----------

;: :::::::::: ::::1:::: ::::::::1
237 ---------- ---------- ----------

1.02 ---------- --------- ----------
1. m ---------- ---------- ----------
21m ---------- ---------- ---------
274 ---------- ---------- ----------
285 . --------- ---------- ----------

L~ ---------- L 29 L 16
LiO L 63
224 -.x- –-???-– 227
2S9 3.13 289
&18 ---------- ---------- -.x-

0.65
L05

k%
227

.87
1.31

M
280

L 01

i%
2m
$@

1.23
1.74

Hi
262

--------- ---------- ---------- ..........
--------- ---------- ---------- ----------
--.---..- ---------- .-. --.—- .........-
--------- —--------........- . ..........
--------- —----------------- ----------

---------- ---------- ..........
--------- --------- .........-
---------- .........- ---------.
---------- ........- - ..........
---------- ---------- .........-

—--------.......... ........- -
---------- ---------- .........-
---------- .-.--—..- ..........
---------- --------- . ..........
---------- ---------- ..........

---------- 1.23 L23
L2JI 1.25 ;:

--------- . . . . . . . . . .
L w L34 i30

.--. —---- ---------- - . . .. -----

L%3

i:%
1.87
1.91

1.64
L 70

i%!
L 78

L 49

1: E
L65
L07

L24
1.44
1.51
L 67
L~

1.47
L44
L 47
L 47
LM

I.w
1.39
1. u
L 41
L46

L23

i%
L26
L 40

23

TABLE IX

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

Flu (da)

MmklI (VrMlrmmnteIkdances)- .

3--. -–-—–—-—------ .

L____–_________ .

lL 6
17.0
226
231
3X9
lL 6
17.0
!225

z;
lL 6
17.0
ZLb

%;

-27
–o. 3
-9.0

–12 5
–2L O

–3. 6
-6.8
-9.8

–M. 3
–22 1

-27
–7. a
-9.6

–14. 4
–22 o

-8.9
–126
–lo. 4
-2L 1
–a 1

-9.2
–126

–11. 6
–l&8
-% 4
-236
-44.1
-128
-19.4
–!& 9
-2L 3
-39.6
–10.7
-l&9
-a 4
-xl 1
-40.8

–le. 1
–l&o
–17. 5
–a o

–lL 6
–1X8
–1& 7
–18.8

TABLE X

LOCATION OF STRUCTURAL FRAMES ON U. S. AIR-
SHIY “AKRON” AND THEIR CORRESPONDING
LOCATION ON A l/40-SCALE MODEL

17.61 Km. o 7.20
1! 5 16.63 147.6 h41

1464 17a o
% 12.lm 187.5 ;;

10.95 1~ 76
1% I 9.10 21a 75 .23


