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DEFIATED ARD DIIATED :mwa ¥ITE LARGE AND SMALL FINS,

~ (FIVE-FOOT WIRD TUNREL TEST W0. 277)

SUAARY

The Coodyear barrage balloon models whioh were submitted by the
Goodyear Tire and Rudber Company were tested to determine their longie
tudinal and directional stability,

Two different envelopee were used, ome to represent the low-altitude
or deflated condition, while the other represented the high-altitude or
dilated condition. The deflated envelops was tested with only small fiuns,
whereas the dilated envelope was tested with doth small and large fins,
Pinally a aveperndion curtain was added to the models to determine its
effect on stadility, X

Results of these tests indicate that the dilated envelops with the
lerge fins is directiomally stadle adout the flying cadle jumetion at
0, +10, and +20 degrees pitech throughout the range of yaw angles tested,
namely ~20 to ¢20 degrees. At sero degrees pitoh the degree of direstiomal
stadility is smll for angles of yaw from =2 to +2 degrees. The model is
langitudinally stable throughout the range of pitch angles tested, =20
to +20 degrees.

The dilated envelopes with the small fim is directiomally stabdle
about the flying cable junetion at +20 degrees pitch for yaw angles from
=£0 te +20 degrees. For a pitch angle of +10 degrees there is a range of

i hv,‘"'."ﬂ

]

RESTRICTED

X 1m0
M97-40




TN T P ST e —— W T ey

SERAL NS Lk
RES) 0 o
meutral directionsl stability fros =2 t0 .42 degrees yaw, At sero dlgr“s.
piteh the model 1a unstible direstionally from <2 to +3 degrees yawe The
model is longitudinally stable about the ocadle junction for nll angles of
piteh 20 to 420 degrees except for & range of piteh amgles from <2 to +2
degrees, where the model is slightly mto.blolo

Cosparison of the directiosal stdbility of the defleted shvelope with

that of the délated envelope, eash mith smill fins, ehows & elight inerease

in stadility for the deflated euvelope.

The additien:of suspeasion ourtain to both the dilated and deflated
envelopes with small firs, eaused & slight refuction in both the direstioml
and longitudipal stadbilities,

DATES ATD PIACES ! TEST

This test was conducted in the five-foet wind tumnel et Wright Pield
from Jumary 38t to 10th and from March 15th to 19th; 15hl.
gusmer

The object of this test was to determine the aerodymsmis characteristies
of the Geodyear bdarrege balloon with different sicze fins.

DESCRIPTIOR OF WOUEL

The exvelops and £ins were msde of mahogany and the exvelops hodlowed
out to & wall thickmess of approximately o8 indhe Tbe eowvelope represent-
ing the deflated condition had & maximm diameter of ;3.57 imohes and »
length of 26.53 inches. The dilated envelope had & maxiimm dimmster of
9¢10 inches and & length of 25,83 inches, Pour large fins anéd four emsll
fins were wsed, with the two eete being intershangesadle on the twe
euvelopes. The seams of the fins were made to rua parsllel to the eon-
towr of the exvelope at the poiut ef sttachment, The suspension eurtain
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was represented on the models by an alumimm alloy strip on either side,

The details of these strips oan be seen in the photographs included at

the end of this report.

et o]

The models were mounted on the NePel. balance by s 7/16 inch diameter

spindle attached at the center of buoyhnay of the envelope or referred to
later in this report as the "CeR." or "ocenter of rotation.,” The C.Re o
the dilated ‘model was located 9,95€ inches aft of nose on the centerline
of the envelope and 10,520 inches aft for the deflated envelope. The cable
Junction about whieh the full scale balloon is expected to be flown, s
8,00 imthes aft of the noee of the model and 10,00 inches below the center-
1ine of the model, The test airspeed was 50 miles per hour for ell tests.

Jor sach of the eonditions tested cross wind foree, drag, and yawing
wonents adout the CoRe were odserved for e range of ysw angles from O to
120 dogrees with the Model set at 0, +10, and +20 degrees pitch. The model
was sysmetrieal in all four quadrants for the tests without the suspension
curtain, henee the pitehing moments were not measured but merely assumed
to be equal to the eorresponding yawing moments. With the suspension ecurtain
attached, this symmetry did not exist, hence the model was alsc tested for
pitching moments as wolll as 1ift and dreg. The range of piteh engles was
from ) to $20 degrees at zero degrees yaw,

Tosts wore made %0 determine support interference and data were

corrected for these effects.
D!lE._‘S;_‘IOl or m ‘s 3
The first moded condition tested was the dilated ecvelope with large

fins, graphs ), 2, 3, L, 29, and 30. The yawing moments about the cemter
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of duoyancy of the envelops are given on graph 1 while graphe29 and 30

are & plot of the yawing and pitehing moments adout the flying oable
junction, 8Since this point i1s forward of the oenter of buoyancy, an in-
crease in stadility wnuld be expected. The model ie directiomlly stabdle
for this condition, graph 29 for yaw angles from =20 to +20 degrees, at

0, +10, and ®20 degrees pitch. The pitching moment curve on graph 30
{ndicsted tre model 1s longitudinally stadle for the range of pitoh angles
tested, =20 to 420 degrees. This curve has very little slope in the region
'f tero degrees pitch, however the balloen is expescted to de flown at

approxisately +13 degrees piteh, where the slope is eatisfactory,

The seocond eondition tested was the deflated envelops with emall fine,
graphs 5, 6, 7, ané 8, %o tranefer of moments was made for this condition,
but ecomparisens oan ba made Yy using the mowents adout the ocenter aof
tuoyancy, which are plotted. Suffieient data are given in this report

to obtain the vectors aml tranefer of moments for any condition tested,

The third eendition was for the dilated snvelope with emall finas,
graphs 9, 10, 11, 12, 31, and 32, Graph 9 ie a plet of the yawing
momente about the center of buoyaney while graphs 7)1 and 32 are momente
about the flying cadble jJunstion., Imapection of graph 31 shows the model
is directionally stadble at ¢20 dagrees piteh for all yaw aingles. At 10
degrees pitel it 1s stadle except for a range of yaw angles from =2 to
*2 degrees, where the stadility is sdovt neutral. At O degrees piteh
the model is unstadle for yaw aggles from =2 to +2 degrees dut sstis-
factory for the larger anglee, The pitching moment curve on graph 32

imiicates satisfactary longitudiral stadility for all piteh angles terted,

sxcept those frem =2 to *2 degrees. A compariscon of grapis 9 and § shows

S
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a slight inorease in directional stability for the deflated envelope.

The fourth condition was the same as condition three, dilated emvelope
with small fins, but a suapension curtain was placed on the aides of the
model, graphs 33 thyough 20, Comparison of graphs 9, 13, and 17 indicates
e slight reduction in both directionsl and longitudinal stadilities due
to the addition of the suspension curtain,

The last condition was the deflated emvelope, with small fins and
suspension curtain, graphs 21 through 28, As in the previous ocondition
the suspension curtain ocaused a slight reduction in directioml and

longitudinal stadbility. This is shown by a comparison of graphs 5, 21,
and 26,

CONCLUS 10K

(1) Both directiomal and longitudinal stadilitiee are definitely
improved by the larger fins, however the small fins should grovide
sufficient stability sbout the flying cadle jumstion, if the dalloon ia

flown at a piteh angle of approxirately <13 degrees or more.

(2) A slight increase in directional and longitudimal stabilities
should exist for the deflated emvelope over the dilated envelépe proe

vided the pitch angle does not decrease as the bdalloon is lowered.

(3) Addition of the suspension ourtain to the model tedds to reduce
both directional and longitudimal atadilities alightly.
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== diametet of Wind timnel at test sectiot == § ft.
u“’iﬂgll’tﬁ‘ﬁﬂ].f!. ' RLCSTP’CT"
=2 wing span—-ft. . UL
=mean acrodynamic chord—ft, (in.a. ¢.) .
. == equivalent monoplane aspect ratio
==angle of attack of longitndinal relérence axis to wind--deg.
- angle of yaw relative to wind—<deg.
== angle of rudder relative 10 neytral position—deg.
== angle of tlevator relative'ta stabilizer—deg.
==angle of stabilizer relative to longitudinal veference axis—deg.
== airspeetl<-{t per sec.
== airspeet—nm. p. h.
== weight of full scale airplanc—Ih.
== pitching mptment--b.-ft.
== yawing mument--ib-ft.
== rolling moment—<Ih.-ft. 3 F
== mass density of air-—slugs per cu, ft. == 002378 {standard air)
=== p\"/'z ~ Ib. per sq, it.
=9 lift coefficient a= Lift/qS
= drag cocfficient == Drag/qS
== cross-wind force coefficient == Cross-wind force /qS
== Prandtl’s wall egrrection for angle of attack
5738¢C, 3 h \¢
——m B () 4
2ud® 6 d
=2 Prandtl's wall correction for drag coefficient
sc.» 3L
[ STREUIN— | |
2ud’
y wnlift/drag  ratio b= (o /Cyy
C. - pﬂdﬁng moment coefficient == M/qeS
C. =3 yawing moment coefficient == N/qbhS
C, == rolling morhent coefficient == L/AgbS
AC./5s = slope of “pntdmg mément vetsns angle of attack” cirve at grim
AC/a# waplopeof * yawing motrient vertus angle of yaw" ‘cuve at zero yaw
AC. /A3, == slope of “yawing mentent due to rudder versus rdder angle” cutye at sero rudder angle
Gt

w ¥ LE.B?.".&.I(

PRPnSc FEAREq S prer mrous

Cn == induced drag coefficient =

Coe == profile drag cocfhcient
cp, =2 parasite drag coeflicient == Oy~ (Coy + Cops)
=2 equivalent flat plate area == Cop S71.279
l”osm'e & stances are npstrean, tpward and to eight viewed from the rear
Positive forces are downm‘elpl upward and to right viewed {rom the rear
Positive pmdﬁng niontent is a stalling moment g
Positive yawing moment is clockwise viewed {ram above
Positive rolling mument s elockwise viewed from the rear
Positive angles arc in the ame direction as moments
Positive stahilizer setting is with leading alge up referped to longitudinal reference axis
Positive elevator actting is with trailing edge down referred jo stabilizer
thnmdarmhwnhm‘lm edge left rdcmdtommﬂpﬂmwlmnd(dmhmr
Angle of attack of thrust line is veferred to wind
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TABLE VIII
GOCDYEAR BARRAGE BALLOON
DILATED CONDITION = U .ZARGE PINS
WOMENTS ABOUT CABYE SUNCTION

50 MePaBe (St'deAlr) Wright FPield, Januvary 6, 1941
Test Moo 277 Mtod on Graphs 29 and 30
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TARLE IX
GOODYEAR RARRAGE BALLOON

DIIATED QOYDITION = L SWALL FINS
MDMENTS ABOUT CABLR JUNCTION

50 MePele (8t'aepir) Srigit Field, Janwary 10, 1541
Test Noe R77 Plotted on Oraphs 31 and 32,
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TITLE: Five Foot Wind Tunnel Test No. 277 of 1/36-Scale Model of Goodyear Barrage T T

Balloon for Both Deflated and Dilated Envelopes with Large and Small Fins > (None)
AUTHOR(S}: v% D. W.; Gilmore, I. H. X
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: Engineering Divislon, Air Materlel Command =P
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ABSTRACT:

Wind tunnel tests were made on a 1/36-scale modsl of a Goodyear barrage balloon to determine
ths longitudinal and directional stability with diffsrent size fins. Results showed that both dirsc-
tional and longitudinal stabilities are definitely improved by larger fins; however ths small fins
should provids sufficient stability about the flying cable junction, if ths balloon is flown &t a pitch
angle-of approximately +13° or more. A slight increase in directional and longitudinal stabilities
should exist for the deflated envelope over the dilated envelops, provided ths pitch angle do2s not
decrease as the balloon is lowered. Addition of ths suspension curtain. to the modal terds to re-
énce both directional ard longitedinal stabilities slightly.

DISTRIBUTION: Coples of this report obtninable from Air Documents Divislon; Attn: MCIDXD
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