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This report shows the results of tests performed to determine if modifications
to the edge of the airfoil section of the fin would increase the fin effec-
tiveness and therefore, the static stability of the TX-7X1.
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This report presents the results of wind tunnel testa comlUeted on
full-scale single-fin panels of the TX- MI special weapon. The,.
purpose of these tests was to determine if modificatiomethe" --- :
trailing edge of the airfoil section of the fin would increase the
fin effectiveneso and therefore, the static stability., of the TIC7.74,, •

The fin panels tested consisted of the production fin incorporating
35-degrees of eweepback, and a straight fin with zero sweepback. The
tests mere conducted on the single-fin panels rather than a scale
model of the complete store because of the small changes involved in
the fin contour.

The tests were conducted in the Southern California Cooperative Wind
Tunnel and covered a Mach amber range of 0.70 to 0.95.

The results of these tests indicate that on both the sveptback and
straigeC fin replacing the sharp trailing edge with straight sides
and a bluff trailing edge increased the lift-curve slope approximately
12-percent. However, the drag increases were comparatively larger.

It was found en the sweptback fin that this drag increase of the bluff
trailing edge could be reduced one-hall without losing the improvement
in lift-curve slope by beveling the last five percent of the airfoil.
chord to a sharp edge. On the straight fin this change - did not `give
any significant drag reduction.

A boat-tailed trailing edge section which was tested did not give any
worthwhile improvement in the lift curve slope of the basic sharp
.trailing edge section. The effects of the 12-percent increase in
lift curve slope on the static stability of the TX7-Xl are estimated
tj be approximately 3.5 percent at a Mach number of 0.7 and 5.0
percent at a Mach number of 0.95.

All data presented in this report show the ccaparison of the swept-
baek and straight fin. In general, the results indicate that up to
a Mach number of 0.95 the stability of the sweptback and straight
fin are essentially the same, but the drag of the straight fin with
either the bluff or beveled trailing edges is appreciablyhigher
than the corresponding configuration of the sureptback fin.
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3.0 INfRODUCIION

A previous study of possible modification to the fin on the TX-7
special weapon (Reference 1) indicated that sUbstantial increases
in the static stability might be Obtalaed bymodifying-the
airfoil contour to incorporate slab sides and bluffor-bost4ailed
trailing edges. Wind tunnel tests were therefOreeondueted on a full-
scale single-fin panel gor the TX-7 X1 special vsapoa.

in order to compare the effect of the sveepbeck on the drag and
stability a special fin vas fabricated with zero ewesp. Abe simi-
epan was maintained the sane as the eveptbaek fin, but the chord
vas increased and the root leading edge vas assumad•tbree inches
further back on the body in order to maintain the static stability
at tar Mach nudhers at the tame value as with the sweptback fin.
Sketches of the fins and the trailing edge modifications tested
are shwa in Figures 1 sild 2.
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The 'Wept-tin model used in these tests ewe an actual full-male
fie for the TX7-3:1 store. The basic airfoil. vas a 'Acidified dieMond
with the chord divided into thirds consisting of leading and trailing
edges and a flat parallel sided central section. The airfoil contour
is further modified as the fin thickness is tapered in the *pawls'
direction after the basic division into thirds is made. This Mulls
in the lending and trailing edge sections each being one-third of
the ohord only at the fin root and tapering to zero peasant of the
chord at the theoretical tip.

The straight fin used vas a specially manufactured fin with the Same
airfoil contour as the swept-fin, but with zero sweepback angle of
the leading sad trailing edges. Both fins vere node from a 1" thick
aluminise piste with straight plane machine cuts forming the airfoil
contour and thickness taper. The modifications to the trailing edge
vorl.mmde by gluing mahogany blocks to the metal fin.

A single base fairing of mahogany vas used to mount both sodelm40the
wind tunnel floor. This fairing matched the contour and radius of the
TX-7 special weapon in the area of the fins. The ordinates of this
fairing are given in Figure 3.

The pertinent dimensional data of the two fins are in the following
table.

Swept Fin 	 Straight Yin

9weepbaak

SPfte

Chord (1)

Area

Exposed Area

Aspect Ratio (2) 	 3.31 	 3.4

Root Thickness 	 (inA) 	 1.0/5.25 	 1.0/5.5

Tip Thickness 	 (111M 	 .125/.67 	 .125/.73

(deg) 35 0

(m) 29 29

(in) 19 17

(ft2) 3.545 3.425

(ft2) 2.805 2.82

to .story centerline
Sneed on two `fix in liana plane
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5.1 Lift Curve Slope

The curves of lift coefficient vs. angle of attack are shown
en Figures 4 and 5 for the sweptback and straign_finimmrpeat-
ively. Curves are shown for the bluff, beveled and sharp
trailing edges. The boat-tail trailing edge data have been
omitted :rom these curves for purposes of clarity as the
results vere essentially identical to the sharp trailing
edge fin.

The values of lift curve slope vs. Mach number are shown
on Figure 6. For the sveptback fin. the lift curve slope of
the bluff and beveled trailing edge,are identical, but for,
the straight fit, the beveled trailing edge is not quite as
effective as the bluff trailing edge above a 'Mach number of
0.9q, 'foe increase of the lift xarve slope for the modified
trailing edges compered to the sharp trailing edge is
approximately 11.57; at DI = 0.70 and 12.0 st M a 0.95.

The effect of this increase in lift curve slope.on the static
stability margin of the TX-7X1 is discussed in Section 5. 4 .

5.2 ps §
The curves of drag coefficient yr.. angle of attack are shown
on Figures 7 and 8 for the sveptbeck and straight fin respect-
ively. The summary of the drag coefficient at zero =ale of
attack vs. Mach number is presented on Figure 9.

tie drag level of the straight fin is consistently higher than
that of the sveptback fin at all Mach nuMbers. With the sharp
trailing edges the drag:difference is quite smell. Savever,
with the bluff or beveled trailing edges, the drag difference
becomes quite large. It should also be noted that on the
straight fin the drag of the beveled trailing edge fin is
identical to the bluff trailing edge, both of vhich have
approximately three times the drag of the sharp trailing edge
fin. in the sveptback fin the beveled trailing edge has only
about one-half the drag increase of the bluff trailing edce
over the sharp trailing edge fin. The drag of the beveled
trailing edge fin being only 1.9 times the drag of the drag
of the sharp trailing edge fin and the bluff trailing edge
being 2.7 tines the sharp trailing edge.

Figure 10 presents the drag of the various three fin-installa-
tions on the .12471; the drag coefficient is Used Oh
*toe* frontal 'Area. Figure 11 shows the total, 	 *

•with .iarigla fin itattillaticee. With the".ehlipTtrh
eriptbadk fine the total drag coefficientIs O-.,,

•

Aummwriwg.morAmm .....—

„:
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5.2 Drag - =tinned:
. 	 _ 	 .

beveled trailing edge to the fins increases the drag to
.061 or an increase of 22%. Adding the straight tin with
either the bluff or beveled trailing edges would increase the
drag to .080 or an increase of 60%.

5.3 Center of Pressure

The location of the center of pressure of the fins as the
percent of the root chord vs Mach number is shown in Figure 12.
The center of pressure moves aft with the bluff or boat-tailed
trailing edges as compared to the sharp trailing edges. This
aft movement for the sveptback fin is about 2.5% at all Mach
nuthers up to M = 0.95. For the straight fin the difference is
a little larger, being about 3.5% at low Mach numbers and about
6.5% at M = 0.95.

The important aspect of the center of pressure location of the
fin in determining its effect .on theArtatic.stabilitylargbl':
of a store is the distance between the store e.g. to the fin
center of pressure. This distance in the form of a ratio of
this distance to the store length is presented on Figure 13.
The fin leading edge-body contour intersection for the straight
fin is assumed to be 3" further aft than the swept tin so that
the low speed stability equals that of the swept fin.

5.4 Effect on Static Stability of TX7-Xl

The effect of the bluff and beveled trailing edges on the
static stability margin of the TX-7 X1 is shown on Figure 14.
These curves indicate that the static stability with either the
straight or sveptback fin is essentially the same.

The static stability margin was computed by adding the fin
characteristic to the body alone aharacteristics. The body
alone 0moc and C. were obtained from Reference 1. When the Lac

fin parameters were-added directly to the body parameters, the,
static margin was much greater than actually measured by wind
tunnel tests of a scale model store with sharp trailing edge
fins. Therefore a reduction factor was calculat..4 for the
sharp trailing edge fins to make it correlate and these factors
were then used for the other fin configurations.
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6.0 COUCLUSION

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

1. The static stability margin of the ?X7-X1 is increased
approximately 3.5 percent at a Mach ,number of 0.7 mod 5.0
percent at a Mach number of 0.95 if the sharp trailing edge
of the fin is changed to one with straight sides and either
a bluff trailing edge or a bevel on the aft 5-percent of
the chord. The beveled trailing edge has about one-half the
drag increase of the bluff trailing edge and is therefore
recommended on this basis.

2. The static stability of the TX7-X1 is essentially the same with
either the 35 degree sweptback or straight fin provided the ,

straight fin is located further aft so that it intersects the
store contour three inches aft of the sveptback fin-body
contour intersection.

3. Improvement in the static stability characteristics of the
straight fin by use of either bluff or beveled trailing edges
results in much higher drag increase than with swept-fins.
Beveling the aft five percent of the chord does not reduce
significantly the drag of the bluff trailing edge straight
fins.

411

4.
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•• 	 - - 	 -
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SWEPT-BACK FIN CONFIGURATION
SEMI—SPAN= 29 INCHES

'CHO17 = IS INCHES  (PARALLELIL CENTERLINE)
ROOT H104141E99 = 1.0 INCHES 

SECTION 8-

	 1

SECTION A—A 

BLUFF
TAPOLING fLOGE. 	 TRAILING LOGE.

..:.; -:SH:At:t Ca 	 A aoAT TAM. 	 BEVELED
TRAILING EDGE 	 TRAILING EDGE.

4014•11.1.4.11111.41••••••■■•■••....0■••••••.10.1•■■■••■••••■•■••••••••••••••e	



STRP■11-1T FIN CONFIGURATION 
SEMI— SPAN la 221 INCHES 

CHORD r7 INCHES

R001' THICKNESS as 1.0 INCHES

SECTION 15- B 

SECTION A-A

SHARP 	 BLUFF 	 BOAT-TAIL 	 BEVELED
TRAILING EDGE:TRAILING EDGE TRAILING EDGE TRAILING EDGE
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X

0
.835

1.675
3.350
5.025
6.700
10.050
13.400
16.750
20.100
23.400
26.80
31.000
61.000

0
r' 05040/ ■

4 003°
:).440

6 .390
7.080
8.050
80% 40
3.800
3.770
5.560
8.110
7.3)0
0

0
1.170
1.635
2.311
2.775
3.121:

3.595
3.860
3.987
4.020
4.000
3.917
3.750
0

•

PROFILE

LEA =.8315
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