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Tegt of 1/86-Scale Materiel Center Design Barrage Balloon X41XK660 with Six PaPL
1 Different Tail Assemblies - Five-Foot Wind Tunnel Test No, 285 T.R-4808
{ Young, D, W., Gilmore, J. H. (Dayton, C.
i Air Materisl Command, YWright-Batterson Alr Force Base,
fug 42 Restr, U.=R. Eng, 92 photos, tables, diagr, graphs s 3

The X41X-6860 barrage balloon model was tested to determine the effect of the ]
dlfferent sizes and shapes of fins, as well as ineidence of horizontal fins, on .
stability and longitudis aal trim, The results showed that the angle of longitudinal :
trim about the cable junction is increased one degree for each degree decrease ;
in Incidence of the horizortal fins. In one assembly, fins were used which were ]
thinner than in other assemblies and had the centroid of area farther aft; these

fins produced better stability,

Copiss of this report obtainabie from Air Documents Division; Attn: MCIDXD

iohter=Than-Alr (40) Ballormsi Barragf - Stability and
control (15652)
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Test of 1/36-Scale Model of Materiel Center

Design Barrage Balloon Xj1XA560

With Six Different Tail Assemblies.

(Five-Foot Wind Tunnel Tast, No. 235)

SUMMARY
- The Xi1Ké60 barrage balloon model, designed and built by the
Materiel Center was tested to determineits longitudinal and direction-
al stability with six different tail assemblies,
Tests of assemblies 1, 2, and | were made to determins the chanre
in stability and longitudinal trim due to changes in incidence of the
horizontal fins., The longitudinal stability about the flyring cable

junction at the angle of pitch for trim wes improved slightly as the

fin incidence was increased negatively, The directional stebility,

however, about the cable junction was not affected by chancing the
fin incidence., The angle of trim was increased approximatoly one
degree for emch dezree change in incidence of the horizontal fins.
In assembly No. 6 the lower vertical and horizoatal fins were
inoreased in size and made identical to the fins used on the top of
assemblies 1, 2, and L, The longitudinal stability was improved very

slightly over assembly 1, but no change was obssrved in dirsctional
\

stabildty.

In assembly & the horizontal fins were those used in assembly

3

bt J
but with the leading and trailing edges extended with clay. The
longitudinal shtahility for assembly & wae nractically idontical to that

of assembly 1o The vartical fins of assembly # were thoze used in
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assembly 6, but with the leading and trailing edges extended with
clay. No change in diractional stability is observed betwsen
agsemblies & and 6.

Finally assembly 7, which had fins of & different plan form,

was testeds With this typs of fin the longitudinal and directional

é stabillity are greatly increased. The stability of this assembly
g was superior to that of any of the previous conditions reported,
g DATES AND PIACE OF TEST
§ These tests were conducted in the Five-Foot Wind Turmnel at {
- % Wright Field from March 28 to April 1, 1941, and Yay 22 to May 23,
1961,
OBCECT

The object of these tests vas to determine the effect of the
different eizes and shapes of fins, as well as incidence of horizon-

tal fins, on stability and longitudinal trim.

DESCRIPTIOR OF MODEL

The envelope wac mads of mahogany and hollowed out to a wall

L DRI TV SR D o

thickness of 5/3 inch, The envelope used for all model conditions

had a maximum diemeter of 9,28 inches end a length of 28.365 inches.

Ay

The fins wsere of mahogany with mahogany shoes made to fair the fins

P
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into the envelope for each engle of incidence ¢f the horizontal fin,
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The seams of the fins for assemblies 1,.2, L, 6, snd & were parallsl

to tho envelope contour at the point of attachment. However, assembly
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7 had the seams running parallel to the center line of the envelope.
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SERIAL No. 1508

The followinrg tail asssmblies were tesbed:

REMARES

ASSEMBLY Top HORIZONTAL LOWZER
NO. VERTICAL LEFT RLGHT VERTICAL

1 ®akh21-1 xhidh33-1 xh4adhs3-1 X4ikLh32 Horiz. fins O°

pitch.
2 XhikL21-1 Xhidh3z-2  xadii3-2  *LIKL32 Horize firs « i
U16515-1L  XI6514-1R -3° Pitch. b
- L Wikl 31-1  xhidh3z-2  xhish33-2 xaklz2 Foriz. firs -
' X1a516-2L  XLh16516<3R -0 Pitche

6 xakh21-1  xXbigL31-1  Xaxhz-1 0 XarLZl Symmetrical
7 a7 XaMi7s xLaMilgs XA¥1175 Symmetrical
g Haxhzn-1 ®agh3z-1 dadh331 Ak

*Rovised *Revised *Revised *Revised

* See sketch at end of report for dstsils.
The model wns mcunted by means of a 7/16—inch diameter srindle

attached at the center of buoyanay of tho envelope and later referred

to as the "center of rotation," or "C.R." The C.R, ig located 10,33
inches aft of the nose on the center line of the envelops. The cable
junotion, about which the balloon is expected to de flown, is 10,667

inches below the center line of the envelope and 9,055 inches aft of the
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PROCEDURE '
13
f The model mounted on the N.P.L. balence wes tested at 50 miles E
? per hour air speed for all conditions, For eaoh cordition of the
:

SRR
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model, cross wind force, drap, and yawing moments about the C.R. were

observed for a reare of yaw eniles from 0 to %20 degrees with the

AT LA

&k

5 PRI W R IOR NG F1EA%ky 722 AL Wk A 4 7 R i i 2 z . ——
4 . j SPICPEEEI L SRR S PPN -

s Ll

5 5 ~
ve PR p ~ e Paaang4 X . B T . o T T I e e e e S = —— e msp— ey
E, P R T X vy R : p k y




R

1
3

A

, At

i KL

2

s
T T AL P S T B e SRR G

FIETTR

L
At e

T S ——

SERIAL No. . ng;us

model set at 0, +10, and +20 desrees pitch, with.the following excep~
tions. Assemblies L and € were tested at O degrees pitch only and
assembly 7 was tested at O and +10 desrees vitch. For assémblies 1,
2, L4 and &, the model was tested for pitching moments for a range of
pitch angles from O to +20 degrees at zero degrees yaw. For assemblies
6 and 7 the model was symmetrical in all four quadrerts; herce, pibching
moments weore not measured but merely assumed to beequal to the
corresponding yawing momerts,

Support interference was determined by tests, and the observed

values were oorrected.

DI SCUSSION OF RESULTS

Comparisons of graphs L2 and Ll, which are & plot of the pitoh~
ing momexts about the flying cable junction for assemblies 1 and 2,
respectively, indicate a slight improvement in longitudinal stability
for asseinbly 2 at both the trim angle and zero degrees piteh. The
fin incidence for Ho., 1 was C degrees and ~2 degrees for No. 2. The
angle of trim was +9.5 degrees for zero incidence and +12,5 degrees
for-3 degrees incidence. Henoe, there is a change in angle of trim
of about one degree for each degree of change in incidence, Comparison
of graphs L1 and L3 indicates no change in directianal stability due
to incidenoe of the fins,

Transfer of moments about t;xe C.Rs to the flying cable junction
were not made for any of the remaininz conditions, but sufficlent data
are given in this report to make this possible. C(omparisons can be

drawn fror the rraphs, which give the momente ebout the C.R.

Graph 25, Assembly 6, coryrered te Greghc 1 und §, scsembly i,
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indicates very slight improvement in longitudinal stability and no
change in directional stability due to the inoreased horizontal and
lower vertical {in area.

For assembly &, the addition of horlzontel fin area was aocomplished
by extending the lesdipg and trailing edges of fins of assembly l. As
shewn by graphs 33% and 5 of assemblies 8 and 1, respsctively, the lon-

gitudinal stability was not changed. The eddition of vertical fin

area to the vertical i‘in:s which were used in assembly é ceused no
% change in dirsctional stability, graprhs 29 and 25 of assemblies & and
¢ é, respectively.

Asgembly 7, the envelops fitted with fins which were thimmer and
different ir plan form, was the bast of any assembly tested, Graph 37
indicates that the model, at zero degrees pitch, is directiorally
stable about the C4R. for =211 yaw angles testeds At +10 degrses
piteh, it is stable for s1l yaw angles tested, except -2 to +2 de-
grees, wrore it is mentrally stable, Stability about the f[lying
cable junotion would be avern greater.

CONCLUSTONS
(1) The sngle of loigitudinal trim about the cable junction is

increased cne degree for each degree dscrease in incidsnce of the

horizontal fins.
(2) The fins used in assembly 7, which were thinner and hadthe
centroid of area farther aft, produced better stability,

(3) Except for assembly 7, 1l mgitudinal and directionsl statility

for all other configurations test.d was not changed to any degree.
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Model Stabilizines {L)e Air Corps
Drawing. ‘
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WIND TUNNEL NOMENCLATURE )

Jameters { waad tomel at test seetion - 3 5t
wing area -~ ~q. ft.

wing span--ft.

mean acrodyname chord —{t (ma e
cquivalont mogoplane aspeet ratio

Bann

a s angle of attack of longinding reteronce axis to wind- -deg.
W == anle of vaw relative to wind- -deg,
Sa z=angle of rudder 1efative 1o neatral position—dea.
Ay = = aegle of devater relative to sabibzer deg,
i; =z.amele of stalalizor relative o lougntodhd reference ass- leg. :
v wooarspeed Tt per see,
v <= respeed-—m. . h,
\\Y == waght of fnfl ~eade airplane -1h.
M == vitching memant- The-it,
N == yavomy mement ih-in
L == rolfing wonment -t
” == mas~ donsity of air Jues per on it - 2378 aandar air)
q =2 pV¢ 2 - 1l per . it
C. = lift cocthicient : - Lift q=
Cy, ° == dra¢ cocthicient - Drag a3
Ce == crass=wined force cocflicrent - Cressawind fivee 3
Aa == Prandti’s wall correction {or anele of zttack
ST3ING 3 [T
A
2zl 1t 1
AC, Toe= Peandtls wall corrcetion {or drae coefficiont
3 b =
SRR ) PR
1n d

L.D s=hit draw ratio - € O
Cs sz pitehing moment vocflicient = - Al qeS
C. = vaning monent cor flickam = N gbS
C, = rolling momant coeflicient == 1. qb3
AC,.da == ~lope of “pitching mwoment versus angle of attack™ curie at 1rim
AC av m_~lope of “yawing moment verses angle of yaw ™ curve at zero vaw
AC A, == ope of yawing moment doe to radder versus rudider anele” curve at zera rinlder angle

C*
Cy. s oondnead dhag coaternr . o - oo o

-~ .M R

Cho _= prople drag cocffices
Ch, wm parasite dJdvag enctioient oo Gy - Uy = Op
A = equivalent flat plate area = - O, S 1279
Cotive D Lines < ive apstraam, npaard and to right viewed from the rar
Povtive foie s dovensraam, gpaatd and to tight Viewdd front the rear .

Positve prelnng momant i~ & salling moment
Positive yawime tontent is Gochwise viewed frgm above
PPositive rolhng moment i~ elockwise viewed from the rear
Posinive angies are i the saine Gircetion as smwoments
Pouative stabihzor -cime o th aading edee up refarred o loumuebual reieronce asas
Positive clevator setting i~ with tratling edge down referredan vabilizer
Positive' rudder ~etting 1~ winh feolme edee leit referted to nantral posation and viewed fron the rear
Angle of attack of thrist e~ roderted o wined
RSN IVET INS SR Aug. 1, }
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SERIAL No. .

TARLE XTI

MATERI oL CEZNTER BARRAGE BALLC N, NWOo. XLIRGSO

MONEMTS ABOUT CABLT JUNCTION

ASSEMELY XNO. 1

50 M.P.H. (Str'd-air)
Test No. 235

Wrizht Field, March 23, 17.%.
Plotted om 3raphs 41 snd LD,

NS iy

Angle +10° Pitch +20° Pitch Angle o° Yaw

of Yawing Yawing of Pitching )
Yaw Mowent Yonment Pitch Moment
(Deg.) (Lbe=In, ) (Lbe~In.) (Dpex.) (Lbe-In.)

0 -o1% +.,05 0 +2,91,
+2 +o 26 «20 +2 59 55
L 13 -.32 4 3,20
A -obl -1.10 IS 2,22
10 -3.66 =L A7 10 =70
1 -G 31 -10.12 15 ~7.08 :
20 =17.40 -17.70 20 -14.02 .

-2 -0 50 -.08 -2 +2.20

"'Ll- "c,-ll +.3‘7 -)4 20}42 .

-6 +.19 1.47 -5 3,27 3
~10 3,27 L.63 -10 L.o3 )
~15 9.12 .82 <15 .79 3
-20 1£.70 17.30 =20 14.12 ‘
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SERIAL No. [,508

TABLE XII

f

MATERIEL C7NT ER BARRAGE BALLOOF NC. XL41F64)

i

‘ VOMANTS ABOU'T CARLE JUICTION
. ASS.BIY NO. 2 2
i
50 M.P.H. (SH'd,-Air) Wright Fisld, Yarel 41, 1044
Test No. X5 Plotted on 3ravhs 3 and L. :
'

Angle +10% Pitch +20° Pitch Angle 0° Yaw

' of Yawing Yawing of Pitching
Yaw Homent Moment Pitch « Moment

(Deg.) (Lbo~In.) (Lbo-In.) (Deg. ) (Lte-In.)

0 ~e12 +.10 0 +4.70
+2 +.3%0 +e17 +2 5.10
‘t! )4 026 "0214- l‘ 59 15
6 -.60 ~1.59 g L.52
10 ~3,31 =162 10 2.2
15 ~9.16 ~10.05 15 -3.37
20 ~17.02 -17.80 20 16,02

-2 -e39 00 -2 +ho2y

-4 -o2h +.40 -4 '_,g')S

-6 *ohl 1&&7 "6 Ae D6 5
1 -10 3.1,8 L.60 =10 L5
i -15 9.2 9.76 -15 12.50 )
' -20 17.03 17.30 -20 17620
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