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NATIONAL ADVISORY COMIIITTEE FOR AERONAUTICS

RESEARCH 1iE1:0RARDUL:

for the
Air liateriel Command, Army Alr Forces
AERODYNAI{IC CHARACTERISTICS OF A PORTIONW OF THE
HORIZONTAL TAIL FRO:: A DOUGLAS C-7U4 AIRPLAWE
WITH FABRIC-COVERED ELEVATORS
By Angelo Perone and Cecil L, Berthold

SUILIARY

A Douglas C-74 airplane, during a test dive at about
0.525 liach number, experienced uncontrollsble longitudinal
oscillations sufficient to czuse shedding of the outer wing
panels and the subsequent crash of the alrplane., Tests of a
section of the horlzontal tail plane from a C-74 airplane
were conducted in the Ames 16~foot high—speed wind tunnel %o
investigate the possiblility of the tall as a contributing
factor to the accident, The results of the investigations of
fabric-covered eslevators in various conditions of surface
deformation are presented in this report. Bulglng and sagglng
of the fabric were found to produce adverse effects on the
elevator hinge-moment characteristics. An analysis of the
dynamic pitching stability of the airplane together with the
data obtalned from these tests indicate that the longitudinal
csclllations could have been coused by the elevator. Longl-
tudingl dynamic instebility is indicated %o be less likely if
the elevator surface deformation is ninimized by fastening
the fabric to the nose skin and doubling the number of »ibs,
During tests of one elevator of the same construction as on
the airplane, the fabric tore loose from several of the ribs,
Thie failurc resulted in extreme ballooning of the surface
which seriously altered the hinge moments. It is possible
that the crash of the airplane during its test flight was the
result of balloonlng, and possibly rupture, of the elevator
fabric due to a similar failure of 1%e rib fastenings,
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INTRODUCTION

Pursuant to requests from the Alr llateriel Command, Arny
Alr Forceg, tests of a portion of the horizontal t4il from a
Douglas C-74 airplane were conducted in the Ames 16-foot higiw-
gpeed wind tunnel in order to analyze the aerodynamlc charac—
teristics of the tall as & possible cause of the recent orasn
of one of these alrplanes during a test Tlignt.

The disaster occurred during a flight which was to have
included e shallow dive at an indlcateld airspeed of 372 nllcs
per hour with a 2g pull-out. Just before the agccldent, the
airplane was staried in a 10° to 15° nose-down dive from
12,000 feet altitude., The pilot had noticed a few vibrations
giving about 0,22 acceleration but Gid not consider them to
Pe serious. When an indicated airspeed of 345 miles per hour
was roached at gbout 8000 feet altitude, the control stick moved
back toward the pllot and away agaln, out no pitching of the
airplane was noticed. Immcedlately thereafter, wild csclllatory
pltching of the alrplane started. The frequency was estimated
by the pllot to be about one oycle per sceond and the oscilleo-
tion persisted through four cyocles, causing an estimated
acceleration at the pllotl!s poeition of 10 to ~5g. When the
oscillations subsided the pnilot saw that both wings had broken
off just outslde the outboard nacelleg, The crew bailed out
and the alrplane crashed into high~tension power linecs, exploded,
and burned. Structural analyses made by the Douglas Aircraft
Corporation substantliate the fact that, had thesc longitudinal
oscillations of the airplane been caused by the elevator,
shedding of the outer wing panels without failure of the tall
could have resulted.

Due to the urgent need for knovledge of the cause of the
accident, a full-scale portion of the horizontal tall was
tested in the 16-~foot wind tunnel in spite of the fact that
the large size of the tall plane relative to the wind-tunnel
test section introduced serious tunnel-wall interfeorence, the
magnlitude of-which could be only roughly approximated, Tests
were conducted with the clevator fobric and its method of
attachment in essentially four different conditions, The
results and o brief analysis are precsented in this report.

4
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MODEL AND APPARATUS

Tests were conducted of the portion of a Douglas C-Th
horizontal tall extending from the inboard end of the cleva-
tor to a point about 15 feet outboard of that station., (See
fig. 1.) The %tall was mounted in the Ames 16-foot high-
speed wind tunnel so that i1t spanned the test sectlion as
ghotm in figure 2. A gap of about one-half inch exilsted
between the tunnel walls and the ends of the elevator,

The forces and moments were measured by the six-component
balance system. The elevator and tab angles were set by _
hand, Hinge moments of hoth the control %ab and the elevator
were measured by means of calibrated electrical-resigtance
strain gages. A statlic calibration of elevator deflection
with hinge moment was made by hanging weights at thres
spanwlse locatlons along the aft portion of the elevator,
Lines were painted on the elevator surface (fig. 3) to meake
the bulging more easlily perceptible, and photographs were
taken at various Mach numbers,

The average rib spacing of the original elevator was
13 inches., For tests involving decreased rlb spacling the
number of ribs was doubled, reducing the spacing to approxi-
mately 6.5 inches.

The following 1s a 1list of the pertinent dimensiong of
the complete horizontal tall plane of the Douglas C~74 airplane:

o2+ Y <1< o § TR
Root chord . . . . . . . . & « ¢ ¢ ¢ v v o« v « « « « 200 in.
Projected tip chord | . . . . . . ¢ ¢« . . . . o . 100 in,
Bspect rablo & v ¢ ¢ v v b et e e e e e e e e e e I b5
Taper ratio . . & ¢ & ¢ ¢ v ¢t e v e e e e e e e 2:1

Airfoll section at root . . . . NACA 0015 modified by extend-
ing trailing edge by
12 percent chord
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Airfnil sectinn at
projected tip , . NACA 0012 mndified by extending trail-
ing edge by 12 percent chord

Thiloknoss ab oot v o « o = o o o o o s o 13.4 percent chord

Thickness at projected tip . + » ¢ « » » 10,7 percent chord

B+ C
2

Belance n72sc shape « o o o « Dnuglas (refercnce 1)

Balance (ratin of chord of bslance area
to elevator chord aft »f hinge 1ine « « « » + 36.7 percent
SY:IBOLS

The symbols and conefficients ugsed in thls report are
defined as fHllows:

o4 anglec »f attack of the tall relative t» the air streom,
degrees

8¢ elevator engle relative tn the stabilizer chord lino
(plus when trailing edge is dowm), degrcoces

&% elevatnr control-tab anglce reclative to the elevator
chord lino (plue when trailing odgo is dnwn), dogrecs

Chp, eolevator hinge-moment coefficient (hinge namont)

q be cg>

ngo moncnt
q bt ot”

Chit eontral-tab hinge-noment coefflclent <hi

07,  toil 1ift enefficlent <___1éf§)

S arca nf the portinn of the taill tested (193.78 sq £t)
be span of clevator tcsted (14,80 £t)
bt span »f control tab (9,583 %)

mean~squared clevater chord aft of hinge line for the
Co? portion of the tail tested (35.35 sq £t)
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ct? mean-squared control-tab chord aft of hinge line
(1.074 sq %)

q dynamic pressure ($pV?®)
p denslty of free air stream, slugs per cublic foot
v veloclity of free air strean, feet per second

Vy indicated alrspsed, miles per hour

H Hach number, ratlo of strean veloclty to veloclty of
sound
3Ch
ong = (%)
ox ‘34
oCh
08e o

(The subscripts outside the parentheses represent the factors
held constant during the measurement of the paremeters.)

Subscript
u data uncorrected for constricition and tunnel-—wall
interferences.

TESTS

The tests of the portion of the Douglas C—74 horizontal—-
tail plane were conducted wlth the elevator fabric in four
different conditions,

The first of these was one in which the elevator Trabric,
at the start of the testing, was attached to the ribs by
small screws and drawn over the metal nose skin but attached
to it only by doping. Early in the course of the tests the
fabric pulled loose from the nose skin and & bulge developed
which, upon increasing in size, began tearing the fabric
from 1ts fastenings to the fore parts of the ribs. The
bulging and Getachment from the ribs rapidly extended fron
gbout 5 to U0 percent of the elevator chord and, in extreuc
cases, bulging up to an estimated 4 inches in height occurred
over about one-half of the test span. Fabric sag verying in
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magnitude up to an estimated 1.5 inchies in depth occurred
betireon the »ibs ot the aft portion of tho elevator over the
complete test span., Typical bulging ond sag of the elevator
fabric for this condition is shown in figure 4. Thie firset
elevotor condition will henceforth be rceferred to os the
"original condition, fabric detached,”

The second conditlon embodied reattachment of the fabric
to the ribs and fastenlng to the metal nose skin by rows of
screws along the resr cdge of the nose sgkin and chordwise along
the rib lines projected forward, The bulglng was reduced con-
siderpbly by thls means and only slight bulges (not over
0.5 inch in height) at about the 1lO0-percent-chord line rcsulted
between the fastenings. Nothing wos done to minimize the sag
of the fabric between the ribs under cir load, and the sucking
in of the surfaces precvailed to approxinately the same extent
os with the first elevstor condition, This second condition
will be known as thot with the elev:tor in the "original con-
dition, fabric fastened,!

Due to the urgency vith vhilci: sests wvere—ncde of these
first two elevator conditions, the control-tab linknage was
left almost =s that on the eirplene, ~nd the tab was llnked
rigidly to the etabilizer. 1i7ith this system, the control tcdb
deflected relative to the clevaotor ns the elevator defleceted
under locad., Deformation of the linkame system also contributed
to the teb deflection, Exaoet eveluntion of the effoet of this
tob deflectlon wos not poesible but 1t is bellieved thot it
was such as to cause more positive Opg.

The third elevator condition 1s hercinafter reforred to
a8 that of "decreased rib spacing, fobric festened." In this
case the number of ribs was doublced (reducing the rib specing
to 6.5 inches) ond the febric wuas fastoned to all the ribs mnd
to the nose skin., Deflection of the control tab weos minlilzed
by linking it %o the elevator.

The fourth elevator condition was identlcal with the
Tirst, prior to testing, in representing the part direcctly off
the alrplane, However, the faobric on thils olevator did not
teer loose from the ribs and the bulging cocnd sag were con-
sideraobly lesgs than that prevalling Guring tests of the first
condition, (8ee fig. 5.) This fourth condition will bo
referred to as the "original conditlion.” Control-tab chornce
teristics were measured during this fourth set of tests,



WACA Rii No. A7D28 7

REDUCTION OF DATA

Corrections have been applied to the aerodynamic coeffi-
cients according to the method of reference 2 modified for a
circular closed—throat wind tunnel. The equations used for
computing corrections for constriction and funnel—wall
effects were as follows:

1.78 GL‘U.

Ao =

/4 2
ACL = — {0.1952 , 0.0608 (2-1,% )
T, 2 (G2 /3

-3 3
N 0.0052M(2-15,2) [1+0, U (1, ) 2] }CLu

1-1x,°

- 00,0500
AChg = "l——li—z; CLy
=L

ACht = CE_LQ'E% CLu
-J-J-u

The theory from whlch the preceding equations have been
derived assumes that the chord ond thickness of the model are
small relative to the size of the test section, that the
alrfoil section and chord are constant along the span, and
that no end leakage exists near the tunnel walls. Each of
thegse fundamental considergtions wvas violated in the wind-
tunnel teste of the C-74 tail, the deviation from the first
being perhaps the most critical.

Unfortunately, the effect of tlie tunnel walls on the
elevator hinge moments ls that Tor which the corrections are
the most uncertain. The correciions to the hinge-moment
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coefficients were as lorge as 0.030, 1ith correctlions that,
in general, were larger than the actuel values of the uncore
rected coefficlents, it must be understood that the so-called
"corrected coefficients’ are, at best, approximctions. The
magnitudes of the elevctor hinge-moment coefflclent correc—
tions, for example, were in some cases enough to reverse the
variation of hinge~moment coefficient with elevator angle.

RESULTS

The variation of hinge-moment coefficient with elevator
angle ls presented in figures to 9 for all the conditlons
tested. The positive variation for the febric-detached
(fig. 6) and the fabric-fastened conditions (fig. 7) 1s eppar~
ent. A negative slope is shown when the fabric was fastened
with decreased rib spacing (fig. &) and for the original con-
dition (fig. 9), the predominant feature being a less negative
slope with increase of lisch number, In some cases the tunnel-
w7all correctlons were of such magnitude as to convert a nega-
tive slope into & positive one, Therefore, the absolute
values of the coefficlents, 1n egch case, are subject to
guestlion.

Figures 10 %o 13 present the change of elevator hinge~
rioment coefficlient with tall angle of ~ttcck for the different
fobric conditions, the results, in general, being similar and
indiceting positive variations. The teill 1ift coefficient as
a function of elevator angle is shown in figures 14 to 17.

The positive variation of O with 8e at 0,20 iinch
number was generally the same for gll the fabric condltions
tested. It 1ls noticed that the slopes of these curves, for
the conditions in which surface deformation wos not minimized,
decreased with increase of llach nwiber, The negative elevator
effectiveness which resulted rlth incroase of iiach number for
the elevator in the original ocondition most likely was due to
fabric bulge of a type unique to this fabric condition.

The effect of iiach number on the cerodynamic parameters
Gha and Cha 1s shown in figures 18 to 20 for all the condi-

tlona except that with the fabric Getoched. Symbols used in
theses plots reoresent the results of cross plots of the orig-
inal data., The Gha variotion wes similor for all elevaotors
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tegted, tending to increase with increasing liach number,

Control-tab effectiveness dota were obtained for the
elevator in the origingl conditlion. The results in figure 21
show decreasing effectiveness dCp, /A8 with increase of

IIsch number.

Figure 22 presents the results of an analysis of the
dynamic pitching stability of the C-74 airplane made by the
Douglas Aircraft Corporation according to the method of
reference 3., The flight conditions for which the critical
boundaries have been calculated are aporoximately those under
which the accident occurred to the =irmnlsne, The experimental
data included in the figure are for the fabrioc-fastened -
decreased rib spacing and fabric-~-fastened condiiions., Due
to load limits, not enough Gata irere availagble for the con-
ditions without the fabric fastened to present more test
results on the pitching-stability plot. The uncertainty of
the tunnel-wall corrections is especlelly critical in apply-
ing this curve as only a slight error in thelr magnitudes
could cause a shift of the experimental points, thereby
either denoting stability or instobility.

Figure 23 shows the varlation of the indicated ailr speed
with Mach number in the wind tunnel, It is probable that the
elevator surface deformation and aerodynamic characteristics
were at least partly affected by the increase in dynamic
pressure wlth increase of illach number, In applying the
results of the wind-tunnel tests, the values of indicated
alrspeed should be considered along with the liach number,

DISCUSSION

During the tests of an elevator similar to that on the
airplane, detachment of the Tfabric from some of the ribs
occurred, This failure was accompanied by surface ballooning
of such severity that, had testing at the high ilach numbers
continued, complete fabric fallure might have resulted, It
is possible that the events directly preceding the oscilla-~
tions of the airplane (i.e., the uncontrollable fore and of%
motions of the control stick) wvere due to similar febric .
detachment ond ballooning, The possibility exists that
rupture of peart of the fastenings securing the fabric to the
elevator ribs permitted a sudden ballooning of the fabric,
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which in turn causod sudden changes in the elevator hinge
moment, These sudden changes in hinge monent may have been the
mnotivating force behind the elevalbsar oscllliations; the effect
on the stick was nnticed by the pilot. During the course »f
these clevator osclllations, progressive detachment of the
fabric may have also contributed t» the nscillatory pitching
nf the airplane. On the basis of tests of the Douglas C-Th
tall and upon conslderation »f the symptomes leading to the
crash of the alrplone, 1t appears quite presible that the
accident was the rosuit of ballooning »f the elevator rfabrle
due t» fellurc »f its fastenings during the test fllght.

It is shown on figure 22 that cither stable or unstable
dynamic pitching-moment condltions »f the eirplane arc possible,
dependeont on the extent to which eclovatnr surface deforma—
tion 2ccurs, Unfortunately, it is impnesidble to rcach any
definite conclusion fr-om this curve due t7» the uncortainty »f
the absolute valucs of the datas It 1s evident, howover, thet
for greater dynamic longltudinal stablllty morec negative valucs
7 Cpg are requirecd. The cffcet of bulge and sag, in general,
was 12 causc morc positive Chg valucs, The bulging »f the
fabric nver the nosc »f the clevalbsr changed the nasc balance
shape 9 »ne »f greater bluntness, A morc blunt nosc shape can
produce more positive Chg valucs (reference 1), which would
bo egspeclally detrimental with a cloascly balanced elevator o7
this typc. Adversc cffeocts arc also attributed, in port, t»
the beveleod trailing-cdge sectlan resulting from sag »f the
fabric botween ribs at the aft portisan »f the clevator, Tho
beveled cdge in this cose was compnsed »f the trim and control
tabs whoso surfaccs did nnot deforn oppreeiably undeor Inad.
Resulte »of flight tests of elevabtor sccetions have shown more
prsitive Chg valuecs rosulting from beveled tralling cdges
(reforonce ),  Wind-tunnecl dnto for bovoled trailling-ocdge
elevatnrs having averhanging balance and & blunt nnse have
shawn »verbalance at high lMach numbers (refercnce 5). Elimino-
tion of the ~verbalance, in that case, reosultcd upon changlng
tn stralght-sided clcva%ors. The results 2btalned from tests
nf the C~74 clevator show that the oanly fabric condition in
which Chg remalned negative with lncreasc 1n linch number was
that wherc the surface defsrmation wos held 2 a mininmum by
fabric fastoning and decreosed ridb gpacling., Fabric foastening
and decreascd rib spacing may nnt be tlhe safest s2lutinon,
however, as upnon aging and deterloration »f tho fabric, it is
possible that bulging ond sagglng moy rceur with aceompanying
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adverse effects. This consideration suggests the use of
metal-coverod elevators,

After fabric bulge and sag have beon reduced to o nininum,
still gresater longitudinal dynamic stability of the sirplane
mey be obtained by using a sharper nose section or Uy decreas—
ing the area of the overhanging bolence (reference 6). Simi-
lar results may also be obtained by extension of the trailing
edge, a change which in effect amounts to a decrease in
balance, I% 18 recommended thot should further tests be con-
ducted for investigation of the effect of these modificatlons,
& smaller model be used so thot the sbsolute values of the
aerodynanic coefficlents can be obtained more accurately.

CONCLUDING REILARKS

Due to ths magnitude and uncertainty of the tunnel-wall
correctiong, the absolute values of the aerodynamic coeifi-
cients of the Douglas C~74 $ail are subject to question.

Frou results of tests of an elevotor in vorious conditions

of surfoce deformotion and on the besslis of an onalysis of the
dynamic pitching-moment charnocteristics of the airplane, 1%
is indicated that fobric bulge =ond sag may hove caused
unstable oscillatory flight and the crash of the airplme,
Lesgs likelihood of longltudinal dynomlc instability was indi-
onted wvhen the eleveotor surfcce defornation was ninimized,

In tests of an elevcotor identical to that on the Douglas C-Th
airplene the fabric ftore loose from the ribs cnd severe
surface ballooning accompanied by large changes in the hinge
moments occurred. It 1ls possible that the symptoms leading
to the crash of the airplane were ccused by the fabric
tearing loose from the ribs.

Amesg Aeronautical Laboratory, -
Hational Advisory Committec for Aeronautics,
lioffett Field, Calif,
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FIGURE LEGENDS

Figure l.~ Dinensions of the pertion of the Douglas C-7h
tail tested in the 16-foot wind tunnel,

Figures 2.~ Three~quarter rear view of the portion from &
Douglas C—74 tail being mounted in the Ames 16-foot
high—-speed wind tuannel,

Figure'B.- location of lines to showv deformation of fabric
on C~7l elevator,

Figure U4,— Type of surface deformation for the Douglas C-Ti
elevator during tests in the Ames 16-foct high-speed
wind tunnel fabric detached conditlon. a=0Y. §g= 2°, ii=0.55.

Figure 5.~ Photographs showlng diffcrences in bulging for the
upper surfaces of two slmilar elevators teated in the Anes
16~foot high-~speed wind tunnel, (&) Fabric loose.

(b) Original condition,

Figure 6.— Variation of elevabtor hinge-moment coefficient
with elevator angle for & sectlion of the horizontal tail
from a Douglas C-74 alrplanc. Original condition - fabric
detached, M=0,2,

Flgure 7.~ Variation of elecvatnr hinge-moment coefficlent with
elevator angle for a section of the horizontal tall from
a Douglas C-TY airplane, Original condition - fabric
fastened, (a) 11=0.20, (b} i=0,40,

Figurc 7.— Goncluded. (c) 1=0,50.(d} 1%=0.55. (e) 1=0,60,

Figure &,.~ Variation of clevator hinge-moment coeofficiont
with elevator angle for a sgectlon »f the horlizontal tall
from a Dougles C-74 airplanc, Decrcased rib spacing -
fabric fastened. (a) U=0,20.(b) 1=0.,40,

Flgure 8S.- Oonciuded. {(c) M=0,50.(d) 1&=0,55. (e} 1i=0,60.

Figure 9.~ Variation of clevator hinge-moment ceefficient
with elevator angle for & section »f the horizontal
tail from a Douglas C-—T4 airplanc, Fobrio in original
conditinon. (a) 1=0,20.(b) I=0,40.
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Figure 9.~ Concluded, (c) 1#=0,50, (d)¥=0,525.(c) 1=0.,55.

Figure 10,— Variation of elevator hinge-moment coefficient
with tall angle »f attack for a section »f the horizontal
tall from a Douglas C—74 airplane, Original condltisn —
fabric detached. 1:=0,20,

Figure 1l1l,-~ Varlation 2f elevator hinge-n-ment crefficient with
tall angle »f attack for a section »f the horizontal tall
from a Dougles C-7L eirplane, Original conditi-n - fabric
fastened, %a) 11=0,20, (b) Mz0,40. :

Figure 1ll,— Onncluded. (c¢) 1i=0,50, (&) i&=0.55, (e) 4=0,60,

Figure 12.,— Variatlion of the elevatosr hinge-monent coefficilent
with tall angle »f attack for & section 2f the horizontal
tail from a Douglas C-74 airplane. Fabric fasbtened —
decreased rld spacing, (a) 1=0,20, (b) i=0,U0,

Figure 12.- Concluded. (c) 1=0.50, (&) 1i=0.55, (e) 1=0.£0,

Flgure 13.— Varlation »f elevator hinge-moment cnefficlent
with talil angle of attack rfor & sectisn »f the horlzontal
tall from a Douglas C—74 airplane, Febric in original
¢condition, (a) 1#=0.20, (b) 1i=0,L0.

Figure 13, Concluded, {(c) 1i=0,50, (&) 1:=0,525, (c) i=0,55,

Figure 1.~ Variation of taill 1ift cnefficient with elevator
angle for a section of the horizontel fail from a Douglas
C~74 alrplane, Original conditi-n -~ fabric detached. 1=0,20,

Pligure 15,— Variation »f tail 1ift coefficient with elevator
angle for a section of the horizontal tail from a Douglas
C—7L4 airplene. Original condition — fabric fastened.

(a§ 11=0,20, (b) 1=0,4,

Figure 15.— Continued. (c) i=0.50, (&) :=0,55,

Figure 15. Goncluded, (e) 1&=0.60.,

Figure 16,~ Variation »f tail 1ift cnefficlent with elevabor
angle for a scotisn »f the horiz-ntal tall fron a Douglos

C—Zh airplane, Fabric fastened — decrcosed rik spacing.
(a- .IJ-.=O.2. (b) I:’—'O.L!'.
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Figure 16.- CGontinued, {(c) l=0,50, (&) 15=0,55,
Figure 16.~ Cnoncluded, (e) 11=0,60,

Figure 17.— Varlation of tall 1if{ coefficient with elevatbor
angle for & sectlion of the horizontal tail from a Douglas
C~74 airplane, Fabric in original conditien,

(a) 1i=0,20, (b} 1=0.40.

Figure 17.~ Concluded. {c) 150,50, (a) :=0,525, (e) 1"=0,55,

Figure 18, Variation of elevator hingc-monent poarameters
wlth liach number for a sectlon of the horizontal tail
from a Douglas C-74 alrplone., Original condition fabric
fastened.

Figure 19.,—~ Variation of elevator hinge-moment paramsters
with HMach number for a section of the horizontal tail
from a Douglas C-74 airplane, Fabric fastened - decreased
rib spacing.

Figure 20,~ Varlation »f elevabtor hinge-moment parameters
with llech number for a section »f the horiznontal tail from
a Douglas C—74 airplane, Fabric in original condition.

Figure 2l.-— Variation of elevator hinge-moment with control
tab angle for a sectlon of the horizontal tall from a
Douglas O-74 airplane. Fabrie in eriginal condition, a=07,
{a) 11=0,20, (b) 1=0,40.,

Figurc 2l.- Cnhncluded. (c) =0.45. (d4) 1=0.,50, (e) 1i=0.525,
(£) 1=0,55.

Figure 22,- C~TH airplane elevabor—free longitudinal stabllity
boundaries at consbtant speed. (Stability boundaries
reproduced from figure preparcd b{ Aerodynamics Department,
Dougles Aircraft Co., Inc., 1ll-1-46)

Figurc 23.~ Varliation of indicated alrspeed with lfach number
for the conditionsg in the wind ftunnel during tests of the
horizontal tail from a Douglas C~7U airplane.
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(a) Fabrioc loose, (b) Original condltion.

Figure 5.- Photographs showing differences in bulging for the
upoer surfaces of two similar elevators tested in the Amesg
16-foot high—-speed wind tunnel.
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