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ABSTRACT 

Pressure data vas obtained to investigate the effect of trinle 

Twelve1,Jdifillu germeS °n, the no8e-down of the M-117 bomb. 
These modfíwí t0 T^“9^ and the de8ign currently used were tested, 

modifications consisted of blunt and round nose fairing conficuru- 
the .ft faring. Variation, l^g”^ 

diîtrit’rtion fir îhl I t ^ ^ f°rce Pitchln¿ “°®ent 
Í? th banb* In "“■t cases » noticeable effectr were confinée 

Îhat îhf^'1 m“? ff1?" 0f the P1”1 ~»"ti falcated 
reîLîÏL ;08e fairing configurations produced the best 
reduction in the nose-down pitcninc tendency. 
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SECTION I 

INTRODUCTION 

rack (TER) beneath^hrp!” aiícrSt^reatesT m°!¡nted on a triPle «Jeotor 
for the released store This t^dl^ an unfavorable nose-down pitch 
the free fall treject';, Ir the”?^ ^ Produce large perturbations in 
decrease in deli^„ ï- f'd Store,rM'iltln8 * significant 
load distributior'on haïe ^«catad that the 
TER geometry. £ “de^o Stl^ne T.be ^ ch“8as in the 
changes in the normal force coefficientSUi:h chan8es to 

^investigation was conducted usin/íl^^^^^deLT^e^ífT'1'"4 

Three^the^wL^l^nh^fti" ÍETnírf ■gati0n; 

for the case of three M^nT b^^ ts T'sts «« alao run 

obtained from these tests with the1“rent SR^re^Y'’' ^ data 
case for comparison purposes. 1 TEE are used as a reference 

from the F-tC Aircraft .""AEDC-TR-SriYoOlSYYYis^8^ St0re 

2TER-9/A 
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SECTION II 

TEST PROCEDURES 

Data for this report wore obtained from tests run in the low-speed, 

closed circuit wind tunnel located at the contractor's facility. Three 

18.75 percent models, two passive and one active, were mounted with the 
TER as shown in Figure 1. For these tests, there was no wing or pylon 

simulation. The active model had 26 pressure orifices at the locations 
indicated in Figure 2. 

Tests were run at a dynamic pressure of 3.5 inches of water which 
produced a Reynolds number of approximately SCO ,000/foot. The pressure 

distribution was read manually from a multiple-rmnometer board for roll 

angles that varied from zero to 3600 in 20° increments. In addition, 
the pressures at 90° and 270° were recorded. 

The local normal force coefficients, dCN/dx, were obtained from 

integration of the pressure distributions around the body and were used 

to determine the local pitching moment coefficients, dCM/dx. Integration 

using plots of these local values along the axis of the model yield the 
total normal force and pitching moment coefficients. 

Figures 3 to 15 show the 13 different configurations used for these 

tests. Six groupings are used in classifying the 13 configurations. 

These groupings are summarized in Table I. Group I is the case of the 

three bomb models alone with no TER. These tests were accomplished to 

measure the effect on the noraal force and pitching moment coefficients 

obtained by complete removal of the TER, the two passive bomb models being 

supported by a yoke as shown in Figure 3. Group II, illustrated in 

Figures 1+, 5, 6, and 7, is the design of the currently used TER, TER-9/A. 

Values of the coefficients for this group are used as a reference for 
comparison of the other five configurations. 

Groups III, IV, and V consist of various designs of the TER nose 

fairing. The TER nose fairings of Group III, shown in Figures 8 and 9, 

are considered to be moiifications to the shape designated as TER 1. 

(TER 1 is lengthened to 1.3 inches, and the nose is rounded to give the 

configuration TER 1A. TER IB is identical to TER 1 except that it is 

lengthened to 2.0 inches. The nose of TER J.B is rounded to produce TER 

1C.) The configurations of Group III were tested to determine the effect 

of length and shape of TER 1 on the normal force and pitching moment 
coefficients of the model. 

Figures 10 and 11 show the two TER geometries comprising Group IV. The 

basic shape for this group, TER 2, represents the mount used for attaching 

the nose fairing to the remaining portion of the TER. The only modifica¬ 

tion of TER 2 is TER 2A, a change accomplished by the addition of a 
rounded nose. 

2 



TABLE I. SUMMARY OF TEST GROUPS AND CONFIGURATIONS 

Group Configuration Remarks 

No TER 

II Current TER 

III TER 1 
TER 1A 
TER IB 
TER 1C 

IV TER 2 
TER 2A 

TER 3 
TER 3A 

Current TER 
TER 3 
TER 3A 

Three stores, no TER 

TER-9/A 

Changed nose fairings of 
TER-9/A 

Removal of nose fairings of 
TER-9/A with modifications 

Attempts to block flow from 
region between stores with 
modified nose fairings 

All with aft extension, an 
altered TER-9/A aft fairing 

V.« inTrLtrIn Flpr12 “d i3- 
the bombs. It was int^ndod tv,«.* v-i f,r0m the open re8lon between 

Pitch of ¿h, L"“, p^.s^e ^Lí Tíl0Ckf8'J0“11 negative 
and TER 3A is that TER 3 ene«?.*'1'» ^ maln alffe™nce between TER 3 

of TER 3A are cu^e^ °f Pl“e 8Urfaces whIle th' ‘nrfaces 

ITHZl lr t°rP ”• ^ e-T-1P8h 
°f th%TST5and in with the nose fairings^esignated^8^10" current TER, TER 3, and TER 3A. airings designated as the 
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TliR Coiifij;urations

No-TLR Configuration

Figure 3. Support for T!;R Configurations 
and No-TLR Configuration



Figure 4. Assembled TER Model
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Figure 8. Configurations of Group III
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Figure 11. Dimensional Details of Group IV, Configurations 
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Figure 12. Configurations of Group V
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Figure 13. Dimensional Details of Group V, Configuration. 



Figure 14. Configuration of Group VI
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SECTION III 

TEST RESULTS AND DISCUSSION 

Groups I and II 

The normal force and pitching moment distributions along the pressure 

model for the no-TER configuration are similar to those obtained for the 

current TER configuration. As shown in Figure l6, variations in the 

magnitude of the local normal force coefficients occur primarily for the 

nose and midsection of the model. The coefficients for the no-TER case 

are less than those for the current TER over the entire length. Differences 

in the values for the two cases are insignificant over the tail section of 

the model. 

Figure 17 indicates the same similarities in the variation of the 

local pitching moment coefficients for the two configurations. Significant 

differences in values of the coefficients are confined to the nose and 

midsection of the model. 

Groups III and II 

The values of the local normal force coefficient produced using the 

TER nose fairing geometries of Group III are plotted in Figure 18, along 

with the values for the TER. Noticeable, but small, variations in the 

curves of Figure 18 appear both at the latter part of the nose section 

and at the first part of the midsection of the model. In each of these 

sections, the local normal force coefficients for TER 1 are greater than 

those of either the TER or the other three configurations of Group III. 

The values of the coefficients for all geometries decrease similarly for 

the midsection and tail section. At the end of the model, the four con¬ 

figurations of Group III have negative local normal force coefficients in 

contrast to the positive ones for the TER. 

The pitching moment coefficient variations for the TER nose geometries 

of Group III (Figure 19) indicate that the TER 1 configuration yields the 

best reduction in the negative pitching moment of the model. The effect 

of all four nose fairings in thi'; group is to decrease the negative moment 

because of the positive moment contribution produced at the aft end of 

the model. However, TER 1 is the only geometry to produce larger values 

of local pitching moment coefficient than the TER both for the latter 

region of the nose section and for the initial region of the midsection. 

Groups IV and II 

The effect of the TER nose fairings of Group IV on the local normal 

force coefficients of the active pressure model is shown in Figure 20. For 

19 
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Figure l6. Local Normal Force Coefficient; for Group I 
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Figure 'tí. Local Pitching Moment Coeffii ients for Group I 
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Figure 18. IjOouI Normal Force Coefficii ntt r<:>r Group ili 
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Figure 10. Local Pitching Moment Coefficients for Croup III 

P 3 



Figure 20. Local Normal Force Coefficient: for Group IV 
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the nose section of the model, the influence of TER 2 and TER 2A on the 

fiow field does not create large changes in the values of the curve that 

was obtained for the case of the TER. Along the constant radius mid- 

section, the local normal force coefficients for TER 2A are slightly less 

than those for the TER and TER 2. For the two TER configurations of 

Group IV, the local normal force coefficients are decreased along the 

tail section, the values becoming negative for the latter part of the model. 

/curves of the local pitching moment coefficient for this group 
I Figure 2!) show that the values for TER 2 and TER 2A are very similar to 

those obtained for the TER. Variations in the plots occur at the end 

of the nose section and for the tail section of the model. At the end 

ïnr ïî.n°8%?eCtlf?* the ValUeS 0f the local Pitching moment coefficient 
tor the configurations of Group IV are less than those obtained for the 
TER. The configurations, TER 2 and TER 2A, produce positive pitching 
moment coefficients at the end of the model. S 

Groups V and II 

The TER 3 configuration produces values of the local normal force 

coefficient for the nose section of the model that are very similar to 

v£luese*hí?r 11 e,TEB (Fig^fe 22)- For thls same region, TER 3A produces 
values -hat are less negative than those produced by the other two con- 

TErTÍÍ^b ™ íh?v,P0ÍnÍ °f the local normal force coefficient, 
TER 3 and TER 3A both produce values less than that of the current TER. 

thC ^81°11 of the tail section are similar to those of the 
rent TER except at the aft end of the model where TER 3A produces 

ïhifm Í0!?1 “f“1 “«ffioiMts. From Figure 22, It «n be seen 
that TER 3 significantly alters the normil force distribution for the tail 

section of the model. The values of the local noraal force coefficient 
do not approach zero asymptotically as in previous cases. 

Figure 23 shows the local pitching moment coefficients produced by 

the configurations of Group V compared with the ones produced by the TER. 

"¡*Jír** curves are very similar for the nose and midsection of the model 
except that values produced by TER 3 and TER 3A are slightly less than 

those produced by the TER for some axial stations. The curve of values 

produced by TER 3A is similar to previous curves for the tail section, 

creating positive pitch at the end of the model. TER 3 produces values 

of the local pitching moment coefficient that do not approach the axis. 

Groups VI and II 

o) J°r this ßrouP» the variations in local normal coefficients (Figures 
24, 25, and 26) and local pitching coefficients (Figures 27, 28, and 29) 

indicate that the aft extension creates very little effect on either. The 

slight changes produced when the aft extension is used are confined to the 
midsection and tail section of the model. 

25 



Figure 21. Local Pitching Moment Coefficients for Group IV 
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Figure 22. Local Normal Force Coefficients for Iroup V 
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Figure 23. Local Pitching Moment Coefficients for Jroup V 



Figure 2U. Local Normal Force Coefficients for 
Original TER with Aft Extension 
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-TER 3 
TER 3 with Aft Extension 

Figure 25. Local Normal Force Coefficients 

for TER 3 with Aft Extension 
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Figure 26. Local Normal Force Coefficients 

for TER 3A with Aft Extension 
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-TER 3 
TER 3 dth Aft Extension 

Figure 28. Local Fitchinp Moment Coefficients 
for TEP 3 with Aft Extension 
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Figure 29. Local Pitching Monent Coefficient;; 
for TER hA with Aft Extension 
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Table II presents the results for CM and C„ obtained from integra¬ 
tion of the plots in Figures 16 to 29. w ” 

TABLE II. NORMAL FORCE AND PITCHING MOMENT COEFFICIENTS 

Configuration Cjf CM 

No TER 

Current TER 
TER 1 

TER 1A 

TER IB 

TER 1C 

TER 2 

TER 2A 

TER 3 

TER 3A 

Current TER with 

Aft Extension 

TER 3 with Aft 

Extension 

TER 3A with Aft 

Extension 

O.7UU -0.181+ 
0.736 -0.3676 
O.672 -O.O8I+ 

0.521* -0.281* 

O.68O -0.21*0 
O.692 -0.21*8 
0.720 -0.168 
0.576 -O.3616 
0.720 -O.6OO 
0.681* -0.200 

0.681* -0.1*00 

O.518 -O.5I+O 

O.59I+ -O.29O 



SECTION IV 

CONCLUSIONS 

The preceding plots of the local normal force coefficients and the 

local pitching moment coefficients indicate that the TER nose fairing 
configurations (except no-TEB and TER 3A) do not affect the valuea of the 

local coefficients produced for the initial region ^ ^ 
For the two exceptions, both coefficients are decreased in this region. 

The most noticeable effect of the TER geometry is at the aft end of the 

model where all of the nose fairing modifications except TER 3 changed 

the sign of the local coefficients as compared to that for the current 

TER. 

The total values of the pitching moment coefficients (Table 

indicate that TER 1 and TER 2, the flat nose configurations, create the 

largest reductLn of the negative pitch of the mod,l The ^ Produced 

by Group III indicate that a longer, flat TER nose Íairing modification 

would be more effective in reducing the negative pitching momen > 

bomb than a similar round nose modification. 

From the values of the pitching moment coefficients for ^oup V in 

Table II, diversion of the airflow in the open region by TER 3 appears 

increase the nose-down pitch tendency of the active pressure model. In 

contrast, the use of TER 3A aids slightly in the reduction of the negati c 

pitch. 

The addition of the aft extension to either the current TER, TER 3, 

or TER 3A appears to have very little effect on the pitching moment 
coefficient However, this extension tends to decrease the value of the 

normal force coefficient. 

In conclusion, these tests indicate that a sllürt’ 
modification to the TER-9/A will reduce the nose-down pitch of th Ml 

bomb. Further tests are needed to detemine what effect this modifica 

tion would have on the flight characteristics of the aircraft. 
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