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Test of 1/37.5-Scale Materiel Division Design Barrage Ballons X41F 1365, X41F13686, T

and X41F¥1367 (Five-Foot Wind Tunnel Test Nos. 317 and 324) noe
Young, D, W.; Gilmore, J. H,

Air Materiel Command, Wright-Patterson Air Force Base, Dayton. O R_ATT4

May ‘42 Restr, U.sS. Eng. 1 photos, tables, diagr, graphs

Tests were conducted to determine the best location for the maximum diameter of
the envelope (barrage ballon) with regard to stability, and also the change in longi-
tudinal irim angle caused by a change in the horizontal fin incidence. Results in-
dicate an improvement in longitudinal and directional stability as maximum diameter
is moved forward, and an increase in trim angle about the flying cable junction of

el mend ot L£Lo ————r o
10 per degree negative horizontal fin movement.

Copies of this report obtainable from Air Documents Divigion; Attn: MCIDXD

Lighter-Than-Air (40) Balloons, Barrage - Stability
and control (15653)
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TEST OF 1/37.5-SCALE MODEL OF
MATERIEL DIVISION DLSIGN BARRAGE BALLOONS,

NO'S. X4IF1365, X41F1366, AND XL41F1367
(FIVE-FOOT WIND TUNNEL TEST NO'S. 317 & 32L)

SUMMARY

Two series of wind tunnel tests were undertaken by the Materiel
Division., The first series, Test No. 317, investigated the effect on
directional and longitudinal stability caused by moving the maximum diameter
of the envelope forward., The second series, Test No. 324, was run at a
later date to determine the effect on the longitudinal trim and stzbility,
placing the horizontal fins at a negative angle of incidence,

Results of the first series of tests on the three envelopes, each with
the same fins, indicates an improvement in langitudinal and girectional
stability as the maximum diameter is moved forward.

The second series of tests indicates an increase in trim angle, about
the flying cablé:junction, of ore degree for each degree of negative : N
movement of the horizontal fins, This relation was found to hold for both
models which were tested, Nos. XL1F1365 and XL1F1366.

DATES AND PLACE OF TEST

The first test was conducted in the Five-~Foot Wind Tunnel at Wright

Field from November 1 to L4, 1941, and the second test was run on December
22, 191, )
OBJECT

The object of these tests was first to determine the best location for

the maximum diameter of the envelope with regard to stability and second,

RESTRIGTED
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= to determine the change in longitudinal trim angle caused by 2 change in the
- | incidence 6f the horizontal fins.

DESCRIFTION OF MODEL

Balloon XL1F1365 XL1F1366 Xh1F1367

Length (inches) 2.3 24,21 25,3

Maximum Diameter (inches) 9.0 9.00 9.0

Position of Max. Diameter 30.0 28,10 25.8
(Percentage of length)

¢.R. Location . 9.477 9.00 9.199
(Inches aft of nose) o

The envelopes and fins of the three models were made of mahogany,
and the envelope was hollowed out to a wall thickness of approximately
0.8 inch. The seams of the fins were parallel to the contour of the envelope
at the point of attachment. The same fins were used on the three models,
For the tests with horizontal fins placed at ~3 and 26 degrees to the center
line; mahogany shoes or falrings were made to Join the fins to the envelope.

PROCEDURE

The models were mounted on a 7/16~inch diameter spindle attached at the
center of buoyancy of the envelope, referred to in this report as the"C,.R,"
The cable junction, about which the full-scale balloons are expected to be
flown is located for the model 10.2l; inches below the center line of the
envelope and 7.36 inches aft of the nose for all three envelopes.

In test No., 317 for each of the conditions tested, cross wind force,
drag, and yawing moments about the C.R. were observed for a range of yaw
angles from 0 to * 20 degrees with the model set at 0, +10, and +20 degrees
pitch. Lift, drag, and pitching moments were also observed for a range of
pitch angles from 0 to * 20 degrees at zero degrees yaw. The test air speed

was 50 miles ver hour for all tests, except the yawing moment tests conducted

sk o
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E on the XL IFi366 model, which were mads abt an air speed of €0 miles per hour.
w2 Test No. 32l consisted of tests to determine the effect of incidence

of the horizontal fims. Models XL 1F1365 and X41F1366 were both tested with
horizontal fins set at -3 and -6 degrees. Lift, drag, and pitching moments
were observed for a range of pitch angles. from -20 to +20 degrees, at zero
degrees yai}° ﬁo yawing moment tests were made for these conditions.

A1l data were corrected for support interference.

DISCUSSION OF RESULTS

t

Graphs 1 through & are values obtained from Model X41F1365, which has a
maximum éiameter at 30,0 percent aft of the nose, Graphs 9 through 16 give
the values for Model X,1F1366, the maximum diameter of which is 2%.1 percent
aft of the nose,

Graphs 17 through 2l include the values obtained from model XL1F1367,
which has its maximum diameter at 25.8 percent aft of the nose,

Co@parison of graph 17 with graphs 1 and 9, in each case a plot of the
_yawing moments about the C.R., indicates some improvement as to directional
stability for the XL41F1367 model. Similarly, a comparison of graphs 5, i3,
and 21 indicates a slight improvement in longitudinal stability.

Thé vawing moments were transferred from the C.R. to the flying cable
junction for Model ¥,1F1245, Inspection of these moments, graph 33, indi-
cates the model is directionally stable at zero degrees pitch for all yaw

except from -2 to +3 degrees, when it is neutrally stable.

At +10 degrees pitch the model becomes directionally unstable for angles of
yaw from -4 to +; degrees. Then at +20 degrees pitch it is directionally stab J:
through the entire range of yaw angles tested. In'a major portion of tests ’
conducted on other barrage balloon models, the directional stability improves
as the pitch angle is increased, However, in this test the directional

stability decreased as the pitch angle was increased from 0 to +10 Deg. then in~;
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creased with an increase in pitch angle from +10 to +20 degrees.,

Graph 3L is a plet of the pitching moments about the flying cable
Junction for the XL41F1365 model with fins at zero, -3, and -6 degrees.
This graph indicates that a horizontal fin setting of O degrees, trims the
model for +9 degrees pitch, whereas a -3 degree setting trims for +12.5 degrees
and a -6 degree setting produces trim at +15.5 degrees pitch. Briefly, a
decrease of one degree in the incidence increases the angle of pitch for tiim
approximately one degree. Graph 3l also indicates that longitudinal stability,
at the angle_of pitch for trim, is not altered appreciably by a change in
incidence of the horizontal fins. However, at zero degrees pitch, the
stability is improved as the incidence of the horizontal fins is increased

negatively., The moments given in this report are aerodynamic moments only

and do not include the static moment of the gas, envelope, and fin com-
bination.

CONCLUSION

— — —
e

Both directional and longitudinal stability are improved sliéhtly as the
maximum diameter of the envelope is moved forward from 30 percent to 25.8
' perce;g-sf the envelope length.
; The angle of longitudinal trim is increased approximately one degree for

each degree decrease in incidence of the horizontal fins.

REFERENCES
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A.C. Drawing No, Title

X 1F1365 ¥odel Assembly, Barrage

Balloon, Wind Tunnel, Envelope A
X41F1366 kodel Assembly, Barrage

Balloon, Wind Tunnel, Envelope

vo)

XL 1F1367 Hodel, Assembly, Barrage

Balloon, Wind Tunnel, Envelope
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WIND TUNNEL NOMENCLATURE
== diameter of wind tunnel at test scetion = 5 ft.” ~

= wing area — sq, ft.

d
S
b == wing span—it.
c
E

==mean acrodynamic chord—I{t. (m. a. ¢.)
.M. A.R. ==cquivalent monoplane aspeet ratio
i

a ==angle of attack of longitudinal reference axis to wind—deg.
¥ ==ungle oi yaw relative to wind—deg,
Sr ==angle of rudder relative to neutral position—deg.
3 = angle of elevatof relative to stabilizer—deg.
i, ==angle of stabilizer relative to longitudinal reference axis—deg.
v == airspecd—{t per see.
\Z == airspeed-—m. p. h.
W == weight of {ull scale airplane—Ib.
M == pitching moment—lh.-it.
N = yawing montent —ib.-it.
L == rolling moment—Ibh.-{t.
¢ ==mass density of air-—slugs per eu. {t. == 002378 (standard air)
q =pV?/2 — Ib. per sq. ft.
C.. == lift eocfficient == Lift/qS
Co == drag coefficient == Drag,'qS
Ce == cross=winl force coefficient == Cross-wind force /4S5
Ae . == Prandtl’s wail eorrection for angle of attaclk
5735C 3 b
R | w—) + ]

2= 16 d |
ACy == Prandil’s wall correction for drag coetlicient

SCs 3 5 b4

LAY A

27 d? 16 d
LD © o =lift/drag ratio == (", /Cp
Cnm == pitching mament coefficient == M, qcS
C. == yawing moment cofficient == N, 'qbS
C == rolling moment coeficient == 1. /qbS
AC,/Aa == slope of “pitching moment versus angle of attack™ eurve at trim
AC./AY ==slope of “yawing moment versus angle of yaw” eurve at zero yaw
AC /88, == siope of “yawing moment due to ridi e versus radder angic” curve at zero rudder angle

G?
Cis == induced drag cocfiicient == « — o
w0 MUACR

Coo == profile drag coefficient
Gy == parasite arvag coefficient == Cyp — (Cui 4 Cpad
A, == cquivalent flat plate area == Cp, $/1.279

Postive distinces are nyateeam, npward and to right viewed from the rear

Positive foress ar. Adownseroam, upward and to right viewed from the rear

Positive pitching monient is a sialling moment

Positive yawing moment i~ clockwise viewed from above

Positive rolling moment is cluckwise viewed from the rear

Positive angles are in the, ~upe dircetion as moments

Positive stabilizer setting . with leading edge up referred to longitudinal reference axis

Positive clevator sctting is with trailing edge down referred to stabilizer

Positive rudder setting is with trailing edge leit referred to nentral position and viewed frem the vear
Angie of attack of thrust line is referred to wind

Wrreeht Fiold #a17-3%.100

: Aug. 1, 1957
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SERIAL No.

TABLE IIX

MATERITL DIVISION DESIGN BARRAGF BALLOON XL1F1365

50 ¥.P.il. Standard Alr Wright Field, November L, 1941
Test No. 217 Plotted on Graphs 5, 6, 7, 8
Angle 00 Yaw

of .

Pitch Lift flet Pitching
Deg. Drag L/D Moment
About

C.R.
Lb. Lb. Lb.-In.
G -.Mb .298 ~-.J5 ~-.2%
+2 +.13L L2032 .42 +.7l
L ; I L322 1.97 .30
£ .60% .3L& 1.7% .72
10 1.184 436 2.72 ~-.é3
15 2.01%2 ;  ,650 3,10 7.5
20 2.272 7 .995 2.90 ~7.1%
-2 -.179 L3026 -.5% -1.73%
-l ~-.1;05 .326 -1.2h ~-1.16
-6 -.680 . 350 -1.94 ~-.76
-10 -1.25%6 L1359 -2.86 +.15
-15 -2.081 451 =3.20 %057
i =20 ~2.96L 1.007  ;  -2.95 7.42
]
f |
1
i —

IIAL L0000 TN miviueitrinld
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TABLE IV ~

MATERIEL DIVISION DESIGY RARRAGE RALLOON X)1F1366

50 M.P.H. Standard air Viright Field, November 2z, 191
Test o, 217 Plotted on Graphs 13, 1, 15, 16
{ o
Y Angle 0% Yaw
sz;h Lift Net Pitching
Drag L/D Moment
Deg About
i ° C.R.
' Lb. | Lb. Lb.-In.
;0 -.01 .250 -.05 -.36
.42 +.150 237 +.51 +.09
L 347 -317 1.09 .29
6 .S5hé .336 1.63 =
10 1.065 i) 2.84 -.L2
15 1.851 610 2.03% -7.51
20 2.6l .38 2.59 -7.10
}
to2 -.21, .302 -.71 -.66 ]
i~ ~.38% .219 -1.20 ~1.15%
j=6  |-.593 -344% ~1.73 ~1.12 |
=10 F1,166 Loy -2.73 +.1i5
15 +1.955 625 ~3.13 .49
E-eo -2.777 . 968 -2.87 7.37
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TABLE VI
MATERIEL DIVISION DESIGN BARRAGE BALLOON XL1F1367
50 M.P.H. Standard Air Wright Field, November 1, 1941
Tast No. 317 Plobted on Grephe 21, 22; 23; 2
Angle 0° Yaw
of
Pitoh Pitching
Deg. |Lift Net Homent
Drag L/D About
C'QRQ
Lbo Lbo Lbo."ID.o
0 -.009 +305 -.03 -.18
+2 +.1b.0 =312 +0L|.5 '+063
L <354 «331 1.07 W31
6 609 353 1.73 L6
10 1.203 2 2.72 -.94
15 2.031 NI 301l -}1420
20 2,938 1,012 2,90 -3.57
-2 ~0150 <307 -ol9 -o96
"'}4-’ -0367 0327 "1012 "1509
=6 =638 «3L9 ~1.83 -.68
-10 “'1e221 o 3”4 "20&(1 +osl
-1 -24057 639 -%,22 Le00
-20 -2.916 «983 -2,97 8.06
i
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| SERIAL No.

TABLE IX
MATFRIEL DIVISICN DESIGN BARRAGE BALLOON XL1F1365

HOMENTS AROUT CABLE JUNCTION

50 H.P.H. Standard Air

Vright Field, November L,1941 B
Test No. 317 3

Plotted on Graphs 33, 3L

ngle G  Piteh +10¥ Pitch +20~ Piteh) Angle 0% Yaw
of Yawing Yawing Yawing of Pitching
Yaw YHoment Moment Homent Pitch Moment
Degrees lb.=In, Lb.~In, Lb.~In, Degrees | Lb.~In.
i 0 - .og - .28 - .27 0., +2.65
1 +2 - .25 - L - .60 +2 3.29
L - .56 - .04 -1,07 L 3.16
1 6 -1.06 73 -1.93 é 218
{ 10 -3.,08 -3,38 -l.22 10 ~1.05
) 15 ~7.74 -8,18 -9.37 15 .| -6.92
| 20 ~1.31 ~14.60 -15.45 20 | -14.50
t
-2 - .24 - - .01 -2 +2.145
-4 + .13 - .52 + .38 -1 2.82
; -6 .58 + .15 1.20 -6 3.6,
“"10 2070 2037 3057 "10 ‘3.53
-15 7.50 7.20 &.53 -15 &.15
-20 14.16 13.70 14.86 -20 13.6,

MD.o

LR LR IR LY PR § BRI O




e,
Ak

B

) s:mA No. | l,_??]_,_

50 ¥Y.P.H. Standard Air

Test No. 32l

MDAC 288 WE. 1-13-41-101

TABLE X

MATERIEL DIVISION DESIGN BARRAGE BALLOON X41F1365

MOMENTS ABOUT CABLE JUNCTION

¥right Field, November l,19
Plotied on Graph 34

-3 Horiz. -6 Horiz.
Angle Fin Fins
0% Yaw 0% Yaw
of Pitching Pitching
Moment Yoment
Pitch Ib,-In, Ib.-In.
Degrees
0 4.73 7.50
+5 )-Loal, 7033
10 2.1, L.56
15 -2.82 .50
20 -9.49 - 5.95
-5 5.63 + 8,66
-10 .50 12,95
-15 11,92 17.54
-20 17.74 23,01




R-E'-!" -

auts

it

TABLE XI
MATERTEL DIVISION DESIGN BARRAGE BALLOON X);1F1366
MOMENTS ABOUT CABLE JUNCTION

50 M.P.H. Standard Air Wright Field, November l, 1oLl
Test No. 32l Plotted on Graph 35

Angle Fins Fins
0% Yaw 0% Yaw
of Pitching Pitching
Moment Moment
Pitch Lb,~In, ILb,~In,
Degrees

0 L.70 6.6
+ 5 b'h? 6;&5
10 2,16 L.57
15 -2,60
20 -%,99

.67

—ho 58

&

-5 5.45 &.50
-10 g5 12,56
-15 12.70 17.51
=20 17.51 22,80

I -3~ Horiz., -6° Horiz,

l

4 s B . B e,

MDAC Je8-Wr.

d-1b-41-2uM




B

TABLE XII

MATERIEL DIVISION DESIGN BARRAGE BALLOON X41F1366

MOMENTS ABOUT CABLE JUNCTION

60 M.P.H. Standard Air Wright Field, November L, 1941
- Test No., 317 Plotted on Graph 36

0" Horigz.
Fins

0° Yaw
Pitching
Homent
Ib,~In,

2.82
2.75
2,52
2.1l
-.51
-6'33

‘2087
2.76
3.05
5.28
9.15

+13.33

MDAC =28 WEFqo) 5.4 1-20
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