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ABSTRACT

This report shows the results of tests performed to determine if modifications':
to the tr=iling edge of the airfoil section of the {in would increase the {in effec-
tiveness and therefore, the static stability of the TX-7X1.
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This report presents the results of wind turnnel tests cond;zctad on
; full-scale single-fin panels of tha TX-T7X1 special weapon. Thc o
; 1 puarpose of these tests vas to determine if modificatioms to the -

‘ trailing edge of the airfoil section of the fin would increase the
fin effectivensss and therefore, the’ static stability of tha ﬂ-m( ,

The fin panels tested cconsisted of the producticm fin incorporating
35-degrees of sweepback, and a straight fin with zero sweepback. The
teste were conducted on the single-{in panals rather than a scale
rodel of the cogplate store because of the smell changes involved in
the fin comtour.

The tests were conducted in the Southern Californie Cooperative Wind
Tuancl and covered a Mach Fumber range of 0.70 to 0».9_5. o

The results of these teets indicate that on both the sweptdack and
straighl fin replaciny the sharp treiling edge with straight sidee
and a bluff treiling edge incrensed the lift-curve slope epproximntely
12-percent. However, the drag increases were comparatively larger.

1% vae found on the sveptback {in that this drasg increese of ‘tie dluff
_f trailing edge could be reduced one-hali without losing the improvement
; . in lift-curve slope by bevuling the last five percent of the sirfoil

: ' chord to a sharp edgs. On the straight fin this change did not give
any significant drag reduction.

A boat-tatled trailing edge section which was tested did not give any
worthwhile improvement in the 11t curve slope of the basic sharp
.trailing edge secticn. Tha el{ects of the l2-percent increase in
14f¢ curve slope on thne static stadbility of the TX7-Xl are sstimated
+o be spproximately 3.5 perceant at a Mach number of 0.7 and 5.0
percent at & Mach number o‘ 0.95.

All data presented in this report ahow the comparisan of the mpt-
_bagk and straight fin. In general, the results indicate that up to
a Mach aumber of 0.95 the stability of the sweptback and straight
fin are essentially the same, but the drag of the straight fin vith
either the bluff or beveled tralling edges is appreciably Higher

¢ban the gorresponading configuration of the sweptback fin.

/ P




7.0

‘Pable of Contents

Introduction
Description of Models
Discussion of Resulis
Conclusion
References
FIGURES
Sweptback-Fin Configuration
Straight Pin Configuration
Single Pin Wind Tunnel Model Body Fairing
Lift Characteristics of Sweptback Fin
Lift Characteristics of Straight Pin
Lift Curve Slope
Drag Characteristics of anptbsck rinv
Drag Characteristics of Stra‘mht ¥in
Drag of Fin at Zero Angle of Attack
Drag of Three Pins Installed om TX-7
Estinated Drag of TX-T X1 vith Various Fin Modifications
Fin Ceanter of Prassure - Percent of Root Chbrg.
Effective Tail lLength of Fins |
Estimnted Effect of Fin Modification on TX-7 Static
Stability Margin

17
18

e

ST TSI




e e e e e i ey o

3.0  INTRODUCTION

A pravious study of possible modification to the fin on the TX-?
special weapon {Ref‘rence 1) todicated that substantial mcroauo

in the static stability might be cbtainad by modifying the: fin--
airfoll contour to incorporate slad sides and bluff or bost- tdhd
trailing edges. Wind tunnel tests were therefore conducted on a mu-
scale single-fin penol wr t..e ™X-7 a1 spaciel weapca.

In ordar to compare the effect of the svespback on ths drag and
stability & specinl fin was fadbricated with zero eveep. . The simi-
span was meintalined the same as the sweptdack fin, but the chord
vas increasod anl tie root leading edge vas assumsd -three inches
Turther back on the body in order to maintain tae static stability
at low Nach numbers at the same value as vith the sweptback fin.
Sketches of the ing and the trailing od.ga modifications tested

. are shown in FPigures 1 sad 2.
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fin for the PX7-X1 store. The basic airfoll was s modified dm

with the chord divided into thirds consisting of lseding and trailing -

edges and & flat porallel sidad centrzl sectionm.

e airfoil comtour

is further modifiod as the fin thicknass is tapered in the spanvise
direction after the basic division into thirds is mede. This results
in the leading and trailing edge secticas each deing one-third of
the chord only at the fin root and tapcrtng to zeTo pr.ccnt of t.ha

chord at the theeretical tip.

The straight fin used vas & specially manufactured fin with the same
airfoil contowr as the swept-fin, but with zero sweepback angle of

the laeding and trailing edges. Both fins vere made fram & 1" thick
alimimm plate with straight plane machine cuts forming the airfoil
contour and thickness taper. The modifications to the tralling oda

war) made by gluing sahogany ‘blocks to the metal fin.
ninzhbucfatrmgornhommundtomntbmmhwthc

wind tunnel floor. This fairing matched the contour and radius of the
TX-T special weapon in the srea of the fips. The ordinates of this

fairing are given in Figure 3.

The pertinent dimensional data of the two fins are in the fonovtng

table.
Sweepback (deg)
Span (1n)
Chord (1) (in)
Area (fte)
Exposed Area (££%)
Aspect Ratio (2)

Root Thickness {1n/%)
Tip mchnls - {1n/3)

él; Pkruulto store centarline
r Mmtvofiumsampuae

AR S

.Swngg Pin Straight Fio

. S TR
29 29
13 17

3.545 3.425

2.805 2.82"

3.31 3.k

1.0/5.25 1.0/5.5
.125/.67  $325/.73




5.0 DYSCUSSION OF IGESULTS

5.i Lift Curve 8lope

5.2

The curves of 11ft coefficient vs. anglo of sttack are shown

en Figures 4 and 5 for the sveptback and straight fin respect- -

ively. Curves are shown for the dluff, develsd and sharp
trailing edges. The boat-tail trailing edgs data have been
onitted “rom these curves for purposes of clarity as the
results vere sssentially {dentical to the sharp trailing

edge fin.

The values of 1ift curve slope vs. Mach muber are shown
on Pigure 6. For the sweptback fin the lift curve slope of

the Pluff and develed trailing edge are identical, dut for. . ..

the straight fin, the Develed traiung edge is not quite as
effective as the bluff troiling edge sbove a Mach nuwder of
0.9¢, The increase of the lift curve slope for the wmodified
treiling edges compared (o the sharp trailing edge is
epproximately 11.5% at X = 0.70 and 12.0% st ¥ = 0.95.

The effect of this increase iz lift curve slope on the static

stability margin of the TX-TX1 &8s discussed in Sectiom 5.4.

Drag

The curves of drag coefficient vs. angls of attack are shown
on Pigures 7 and 8 for the eweptbeck and straight fin respect-
ively. The sumary of the drag coefficiant at zero anzls of
attack ve. Mach numder is presentsd on Pigure 9

" T2 drag level of the straight fin is consistently higher than

that of the sweptback fin at all Mach numbers. Wita the sna.rp
trailing edges the drag difference 18 quite small. However, -
with the bPluff or develed trailing edges, the drag difference
becomes quite large. It should siss be noted that om the
struight fin the drag of the beveled trailing edge {in is
idantical to the bluff trailing sdge, both of which have
spproximately three timss the drag of the sharp trailing edge

fin. In tae sweptback fin the beveled tralling edge has only-

about oge-half the drag inorease of the dluff trailing edge
over the sharp trailing edge fin. The drag of the bevel.e"
trailing edge f£in being only 1.9 times the drag of the drag
of the sharp trailing edge fin and the bBluff trailing edze
being 2.7 times tha sbarp treiling edge.

rigure 10 presents the drag of the vorious. thne fin mmm-
ticas on the TX-TXL; the drag coefficlent s based ch'the

_ store frogtal ares. Figure 1) shovs the total. mg»ee»ﬁé’“ﬂ—f
Y wxﬂt vurtm ﬂn mungum. With thc“: trsniag«oage §
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5.3

5.k
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beveled minng adge to the nns mcrum thc drag to

.061 or an increase of 22%. Adding the straight fin with
either the dluff or bevelsd trailing edges would increasa the
drag to .080 or an incrsase of G0%.

Center of Preesure

The location of the center cf prossure of the fine as the
percent of tiie root chord vs Mach number is shown in Pigure 12.
The center of pressure moves aft with the dluff or boat-tailed

" trailing edges as cumpared to the sharp trailing edgea. This

aft movement for the sweptback fin 1s about 2.5% at all Mach
nuzbers up o0 M = 0.95. For the straight fin the diflerence is
a little larger, deing about 3. 5% at lov loch numbers and about
6.55 ot ¥ = 0.95.

The important aspact of the center of pressure location of the
fip in determining ite effect on the static stability margin-
of a store is the distance between the store c.g. to the fin
center cof pressure. This distence in tie form of a ratio of
this distance to the store length is presented on FPigure 13.
The fin leading edge-bodv contour intersection for the straight
fin 48 assumed to be 3" further aft than the swvept fin so t!nt
the low speed stahility equals that of the swept fin.

Effect on Static Stability of TX7-X1

The effact of the bluff and beveled trailing edges on the
static stability margin of the TX-T X1 1s shown on Pigure 1b.
These curves indicate that the statie stability with either the
straight or sveptback fin 1s essentially the sanme.

The static stability mergin was computed by adding the fin -
characteristic to the body alone characteristics. The body

alone cm and CI-mc vere obtained from Referémce 1. h'hcn thc

fin parametsrs vere added directly to the body pa.raneters " m,;
static margin was guch greater than actually msasured by wind
tunnel tests of 2 scale model store with sharp trailing adge
fins. Thereforae, & reductior factor was calculat.d for the
sharp tralling edge flns t0 make 4t correlate and these factors
were then used for the other Tin conﬂgu.mtions '
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6.0 CONCLUSION

As & result of these tests the following conclusions are presented:

The static stabdbility margin of the TX7-X1 18 increased
approximately 3.5 percent at a Mach number of 0.7 apd 5.0 ..
percent st a Mach nusber of 0.95 if the sharp trailing edge

of the fin is changed to one with straight sides and either

a8 bluff trailing edge or a dbevel ocn the aft S-percent of

the chord. The beveled trailing edge has about ons-half +he
drag increase of the bluff trniling edpe and 4{s therefore
recomnended on this tasis. ;

The static stability of the TXT7-X1 is essentially the sams with
either the 35 degree sweptback or straight fin provided ths.. .
straight fin 1s locatod further aft so that it intersects the
store contour toaree inches aft of the sweptback fin-body
contour intersecticn.

Improvement in the static stability characteristics of the
straight fin by use of eitier bluff or bevelsd trailing edges
results in much higher drag increace than with svept-fins.
Beveling the aft five percent of the cnord doces not reduce
significantly the drag of the bluff trailing edge straight ...
fins. : '
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