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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS I I 

RESEARCHMEMORANDUM 

FLIGHTMEASUREBlEN TS OF THE TRANSONIC DRAG OF MODELS OF 

sEvERAL 1s0LlATED m STXBSANDNACELLES 

By Joseph E. Stevens and Paul E. Purser 

Drag measurements have been made on models of 20 isolated external 
stores and nacelles which were flown from the helium gun at Wallops 
Island, Va., at Mach numbers between 0.8 and 1.3 and Reynolds numbers 
between 3 x lo6 and 12 x 106, based on body length. 

The data agreed fairly well in drag-rise Mach number and peak- 
pressure drag with the correlation of body-drag data presented in NACA 
RM L53122~. 

INTRODUCTION 

The National Advisory Committee for Aeronautics, for several years, 
has been investigating the drag of various combinations of wings, bodies, 
and external stores or nacelles. (See refs. 1 to 10, for example.) In 
the majority of these studies no measurements of the drag of the isolated 
store have been available for use in separating the interference compo- 
nent from the store-plus-interference drag. The present tests were 
undertaken to provide these isolated-store drag data. 

The models used duplicated the store and nacelle shapes of refer- 
ences 3 to 14 and included some other store and nacelle shapes for which 
the complete investigations are unpublished. All the models were flown 
from the helium gun at Wallops Island, Va., described briefly in refer- 
ence 1, at Mach numbers between 0.8 and 1.3 and Reynolds numbers between 
3 x 106 and 1-2 x 106. 

Although the general concept of interference drag has been modified 
to some extent by the investigations reported in references 15 and 16, a 
knowledge of the drags of the isolated components of various wing-body 
combinations is useful. This report presents the drag data for the 
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various store and nacelle shapes, along with a brief comparison of these 
data with the body-drag correlation of reference 17. 

SYMROLS . 

CD 
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db 

Reynolds nmtiber, m 
CL 

viscosity of air, slugs/ft-set 

body length, ft 

body length, neglecting cylindrical portion, ft 

body maximum diameter, ft 

body base diameter, ft 

C streamwise fin chord, ft 

f 

drag coefficient, D 
@ 

peak-pressure drag coefficient, 
Maximm supersonic CD - Subsonic CD 

area, sq ft 

d=ts, 1% 

dynamic pressure, z v2, lb/sq ft 

velocity, ft/sec 

mass density of air, slug/m ft 

Mach nmiber 

drag-rise Mach nmiber, where EQ = 1.0 
dM 

drag-rise correlation factor, 
2 

d(+ '1 
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r body radius at any station, ft 

I'max body maximum radius, ft 

X . longitudinal station on body, measured from nose, ft 

\(i/d) e extremity (nose or afterbody) fineness ratio 

MODEILSAND!CESTS 

Ordinates of all the models tested are given Fn table I, and a 
photograph of one of the models is shown in figure 1. All the models 
had maximum diameters of 1.30 inches, weighed approx3mately 11: pounds, 

4 
and were-constructed of various combinations of wood and metal. All the 
models were stabilized by three fins havFng hexagonal airfoil sections 
0.0278~ thick streamwise, 450 of sweepback, and no taper. (See fig. 2.) 
For all models the'fin chord was 1.80 inches and the exposed span, meas- 
ured from the intersection of the 0.50~ line with the body side, was 
1.74 inches per fin. 

The models were accelerated to m&imum velocity (M between 1.3 
and 1.4) by the helium gun shown in figure 3. The sabot, push plate, 
and push cup (shown in fig. 1) separated from the models shortly after 
leaving the muzzle of the gun. The pointed-base models were adapted to 
the push cup by filling the cup with a plastic material to prevent metal- 
to-metal contact and model distortion. The afterbodies of two of the 
models were so slender that, in addition to the plastic adapter, a step 
was machined on the body to take the thrust of the push cup. 

Tests 

As noted previously, the models were accelerated to maximum velocity 
by the helium gun (fig. 3). After the models were in free flight, the 
velocity was recorded by the CW Doppler radar set shown near the gun 
muzzle in figure 3. Radiosondes, released near the time,of firing, pro- 
vided data on atmospheric pressure, temperature, and winds over the 
firing range. Model flight paths were calculated as ballistic trajec- 
tories; spot checks, in which such calculated flight paths were compared 
to those measured with a modified SCR 584 radar set, showed that the 
calculations were acceptable for the dense, symmetrical, zero-lift models 
flown at low elevation angles. 
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The velocity-time data were differentiated to provide longitudinal 
accelerations. Drag coefficients were obtained from the accelerations 
and atmospheric data in conjunction with the calculated flight path. 
Analyses and comparisons of data from duplicate helium-gun models indi- 
cate that in general the accuracy of the data is within the following 
limits: 

Supersonic Subsonic 

CD (based on frontal area) ........... kO.005 +,O.Ol 
M ....................... to.005 to.01 

DATA 

Fins 

Drag data for the standard fins with which all the models were 
equipped are shown in figure 4. The fins were mounted on a slender cone- 
cylinder body (fig. 4(a)) and the drag of the complete configuration was 
measured. Figure 4(b) shows a partial breakdown of the drag based on the 
store frontal area of 0.0123 sq ft. The drag of the cone-cylinder body 
was established by using experimental base drag previously measured, cone 
drag from standard cone tables, and skin-friction drag calaulated by 
assuming a turbulent boundary layer. 

Bodies 

Figures 5(a) to 5(t) present, for each body tested, the variation 
of Reynolds number, total drag, and total drag minus fin drag (where 
the fin drag was obtained from fig. 4) with Mach number. The total drag 
minus fin drag is designated Wtotal-fin" in figure 5. An index to the 
figures which present the basic drag data for each body is given in 
table II. 

As noted previously, two of the models had thrust steps machined on 
the afterbody; these models were the NACA 65A-series body with l/d = 10.00 
and MCA 65-series body with l/d = 10.68, figures 5(c) and 5(d), respec- 
tively. Estimates, based on references 18 and 19, indicate that the 
steps may have caused an increase in CD of about 0.009 at supersonic 
speeds and 0.004 at subsonic speeds for these two models. These values 
amount to about 4 percent of the total drag minus fin drag. 
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RESULTS AND DISCUSSION 

Among the various bodies tested there were several families where 
systematic changes were made in shape or fineness ratio. The data for 
these families are presented as total CD minus fin CD in the com- 
parison plots of figures 6 and 7. 

The data for all bodies tested are presented in figures 8 to 10 in 
terms of body-drag correlation parameters of reference 17. 

Fineness-Ratio and Shape Effects 

NACA 65A series.- Data for the NACA 65A-series bodies of various 
fineness ratios and that for the F-84 tank which has a similar profile 
are compared in figure 6(a). The data show the expected increase in 
MDR and decrease in supersonic CD with increases in fineness ratio. 
The drag coefficient CD for the F-84 tank (Z/d = 7.43) falls very 
close to CD for the NACA 65A-series body (Z/d = 8.00); the differences 
below M = 1.1 are in the expected direction, and the tendency toward 
lower peak supersonic drag for the F-84 tank is probably a reflection of 
the higher fineness-ratio nose on this body. The NACA 65A-series bodies 
show a slight decrease in subsonic drag level with increasing fineness 
ratio whereas, generally, the other bodies tested show increasing sub- 
sonic drag level with increasing fineness ratio. 
the NACA 65A-series is, 

The variation shown by 
however, within the experimental accuracy of the 

data. 

Circular-arc series 
compared in figure 6(b). 

.- Data for the circular-arc body series are 
The circular-arc-series data show the expected 

effects of fineness ratio on &$R and peak-pressure drag with subsonic 
differences that are within the experimental accuracy as was also shown 
by the data on the NACA 65A-series bodies. 

DAC store series .- Data for the standard DAC store shape and an 
elongated DAC shape are compared in figure 6(c). Elongating the DAC 
store gave the expected increase in MDR and decrease in pressure drag, 
but the accompanying increase in friction drag resulted in higher total 
drag for the elongated store at M < 1.03. In an actual installation, 
the difference in interference effects might well m&e the elongated 
store appear better. A comparison was made between the two DAC shape 
stores without fins and the standard DAC shape with standard DAC fins 
(taken from ref. l), but the standard fins were so small-that the incre-, 
ment of drag due to the fins fell within the experimental accuracy. 
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General store series;- Figure 7(a) gives a comparison of the drag 
data for four bodies used in various general research programs on exter- 
nal stores. These bodies all have fineness ratios of approximately 10 
and pointed afterbodies with the primary differences being in detail 
shape of the bodies. As will be shown later, the differences in MDR 
and peak-pressure drag are about what would be expected from the cor- 
relation of reference 17 (see figs. 8 and 10) with the exception of MDR 
for the cylindrical body. The relative subsonic levels of CD are 
about what is expected - the NACA O-series model with the low-fineness- 
ratio afterbody is high, the cylindrical body with the large wetted area 
is next, and the NACA 65- and NACA 65A-series bodies agree within the 
experimental accuracy. The NACA 65A-series bodies showed the reverse 
trend mentioned earlier. 

Low-fineness-ratio series.- Data for three models having fineness 
ratios of approximately 5 are presented in figure 7(b). The subsonic 
drag levels for all three agree within the accuracy of the tests, but 
the MDE for the DAC lO,oOO-lb-bomb shape appears high in comparison 
with the other two models. The drag data for the short NACA 65A-series 
body was not obtained above M = 1.0 because of poor radar data in that 
region. 

Nacelle series.- Figure 7(c) presents a comparison of data for 
nacelle model 1, modification of model 1, and nacelle model 2. Data for 
nacelle model l-without a tail plug, that is, with a blunt base, were 
taken from reference 2. Nacelle model 2 has the same profile in a ver- 
tical plane as nacelle model 1 without tail plug, but was designed to be 
enough wider than nacelle 1 to house two engines side by side. The drag 
differences between nacelle model 1 and its blunt-base counterpart 
agree with estimates based on the data of reference 20. The increments 
between nacelle models 1 and 2 in both MJ-J~, and peak-pressure drag 
agree fairly well with estimates based on the correlation of reference 17. 
(See figs. 8 and.10.) 

Service store series.- Data for models of four service external 
stores and one modification of the WADC store are compared in figure 7(d). 
The modified WADC store was simply a standard WADC shape with the 
elliptic nose replaced by a standard ellipse-plus-cone tail section; the 
supersonic drag was expected to be reduced with this modification. Again 
the differences in MDR and peak-pressure drag are about as would be 
expected except that MDR for the WADC stores appears to be about 0.02 
high. The high subsonic CD of the Navy special store is probably a 
combined effect of its relatively larger wetted area and the sharp inter- 
section of the conical afterbody and cylindrical midsection. 
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Drag Correlation 
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As noted previously, the data from the present series of tests are 
shown in figures 8 to 10 in terms of the body-drag correlation parameters 
of reference 17. 

Drag-rise Mach number .- The values of MDR originally presented in 
reference 17 were based on dC!D/dM = 0.1; those given in figure 8 for 
the present tests are based on dCD/dM = 1.0, and the faired curve in 
figure 8 was taken from a replot of the data used in reference 17 with 
%P based on dCD/dM = 1.0. In general, the values of MDP from the 
present tests agree with data from reference 17 fairly well. 

Mach number for peak drag.- Figure 9 shows a comparison of values 
of the Mach numbers for peak drag from the present tests with those from 
reference 17. The scatter of data about the faired line is quite large 
and is several-times the scatter shown in reference 17. However, as 
stated in reference 17, which presented data for parabolic noses only, 
the Mach number for peak drag depends on nose shape as well as Z/d, 
and the present tests Include more blunt-nose shapes where one might 
expect the scatter in a plot against only fineness ratio to be greater. 

Peak-pressure drq.- Values of peak-pressure drag from the present 
tests are compared with the correlation curve of reference 17 in fig- 
ure 10. Flagged symbols in figure 10 refer to tests where CD was 
still increasing at the maximum test Mach number; peak-pressure drag was 
based on maximum measured CD rather than on true maximum CD. The 
present data scatter more than those shown in reference 17, aad the 
average value appears to be a little higher than the correlation curve. 
These effects may be due to the preponderance of blunt-nose shapes 
among the present models and the fact that a majority of the models in 
reference 17 had a given base size. In general, however, the present 
data agree fairly well with the correlation of reference 17. 

Friction Drag 

No attempt is made to compare the subsonic or friction-drag values 
for the various models on a quantitative basis because, for several 
reasons, the accuracy of the present tests does not warrant such com- 
parison. The wide variety of shapes considered required the choice of 
conservatively large standard fins for the tests. 
l/4 to l/2 of the total subsonic 

The fin CD was from 
CD. Calculated estimates of body drag 

were required to determine the fin qag from tests of the fins plus a 
small body. Also, a variety of construction techniques or material 
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combinations was required to achieve the proper weights of all the models; 
and the models were built in small groups and flown at intervals of time 
over a period of about one year so that it was difficult to maintain 
consistent surface finish among all the models. 

CONCLUDING RFMAf(Ics 

From the data comparisons and diiT+x!sion previously presented, it 
appears that, in general, the shape variakions among the several tested 
store and nacelle shapes had about the expected effects on isolated body 
drag. Comparison of these data with the body-drag correlation of NACA 
FM L53122c showed fairly good agreement in drag-rise Mach nuxiber and in 
peak-pressure drag. 

Langley Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., December 3, 1954. 
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TABtE I.- MODE& 0rDINAm 

.- 
65.4~series body _. 

Flnenese ratio 5.03 
6~-series body / 

Fineness ratio 8.00 

o-series bcdy @A-series body 6.5~series body 

Fineness ratio 10.68 Fineness ratio 10.04, mnenese ratio 10.00 

</I, percent 

0 

1% 
1.250 

;:zE 
7.500 

10.000 
15.000 
20.000 
25.ooo 
JO.000 
35.030 
4o.ccc 
45.000 
50.000 
55.000 

ALE 
7o:ooo 

~%: 
a5:ooo 
~.OCO 
95.W 

100.000 

c/z, percent I 

0 
.m 
.7Y 

L250 
2.5W 
5.030 
7.500 

1o.ow 
15.occ 
x).om 
25 .ooo 
3O.wO 
35.mo 
4o.cm 
45.cco 
p.000 
55.000 
m.cm 
65.coO 
7o.cm 
75175; 

85.OW 
9o.oca 
95.ooO 

KO.OCO 

11, percent 

0  

x; 
21312 
3.126 
4.344 
5.280 
6.083 

2:;; 
9:012 

;.g; 
91997 
9.917 
9.597 
9.022 
8.240 
7.275 
6.237 
5.197 
4.157 
3.119 
2.078 
1.039 
0 

./1, pement 

0 
.7x, 
.a70 

1.020 
1.520 
2.040 
2.4eo 
2.850 

:-g 
4:x)0 

:t% 
4165~ 

3.2x) 
2.73o 

:22 
AlO 

.57o 

.020 

r/z, percent 11, percent x/z, percent 

0 

:% 
1.250 
2.5w 

::g 
1O.CCO 
15.oca 
2o.Mx) 
25.om 
30.000 
35.000 
40.000 
45.cm 
p.000 
2.g 

65:OoO 
p .ooo 

EE 
s5:w 
90.030 
95.000 

100 .wo 

./z, percent 

“1% 
1:4&l 2.020 
2.720 
3.320 
3.m 
4.5&z 

:.g 
2.?E 

-6.240 
6.220 
6.080 

::$Z 
4.880 

:*E 
21940 
2.220 
1.4ea 

.7@ 

.020 

0 
.760 
.9x, 

1.180 
1.620 
2.180 
2.660 

:-"6: 
4:m 
4.4&J 

:.;kz 
5:mo 

:%z 
4:640 
4.300 
3.900 
3.440 
2.920 
2.360 
1.780 
l.lrn 

.&JO 

.020 

c//l, percent 

0 

:% 
1.2yJ 

::ZG 
7.500 

1O.CCO 
~5.000 
2o.cco 
25.x0 
30.000 
35.cco 
4o.wo 
45.mo 
50.030 
55.m 
60.000 
65.000 
7o.coo 
75.om 
80.000 
85.000 
93.COO 
95.000 

103 .ooo 

; : I 

0  
l..3m 
2.100 

3.w 

I?% 
4: 810 

:.;z 

$& 

;:pg 

;::g 

1:7ca 
1.2m 
0 

0 

2% 
a.203 
27.om 
42.300 

86.203 
8g.wo 
91.700 

;tgY 

97:3co 
103.000 

Elongated DA0 store 

LE. radius = 0.6x L.E. radius = 1.000 

z..--= -~ 
Cylindrical body 

Fineness ratio 9.33 

L.E. radius = 0.640 
T.E. rad*us = 0.020 

L.E. radius = o.Em 
T.E. radius = 0.020 

Circular-arc body 

Fineness ratio 5.0s 

OAC store 
__-. 

Fineness ratio a.57 

ClrcuLar-arc bcdy 
- 

Fineness ratio 7.00 fineness ratio 10.93 

-11, percell </I, percent 

0 
2.a57 

14.286 
17.143 
ZO.000 
22.857 
25.714 
28.571 
31.428 

82.857 
85.714 
@J3.5n 

11, percen- 

0 
1.cm 
1.943 
2.800 
3.543 
4.257 

4.282 
4.428 
4.mo 
3.514 
3.028 
2.486 
1.914 
‘$J.J. 

0 

0 
.946 

2.033 
2.869 

3.513 

::04:2 - 

:-;g 
51646 
5.507 
5.332 
5.125 

:% 
21620 
2.246 
1.944 
1.630 
I.208 
0 

./I, percent 
. 

0 
.3m 
.730 

1.440 
2.090 
2.650 
3.40 
3.290 
3.440 
3.700 
3.940 
4.120 
4.3co 
4.440 

:*z 
5:oe 
5.203 

:*z 
51360 

41760 :*:Ez 

::;:: 
2.110 
1.420 

::2: 
0 

_-... -_.-_-. 
K/l, percent 

0 
.3& 

1.210 
3.040 
4.870 

n.990 
13.140 
14.2% 
15.440 
17.740 
20.040 

29.240 
31.540 

96.890 
98.440 

1co.m 

.x/l, percent 

0 
2.857 

2:::1: 
II.428 
14.286 
17.143 
20.030 
22.857 
25.714 
28.571 
;;.4$ 
37:143 
4o.om 
::.rj:;[ 
4aI5n 

ii:: 3 
68.571 
71.428 

g::g 

is:?7 

./1, percent C/l, percent X/l, percent 

0 
1.944 
4.722 
7.m 

10.278 
13.056 
15.833 
10.611 
21.3a9 
24.167 
26.944 
29.722 
32.500 
35.278 
42.500 

85.833 
03.6~1 

i r 

0 
1.706 
4.142 

;% 
11:453 
13.890 
16.326 
18.463 
21.Xx) 
23.637 
26.074 
28.510 

~-~~ 
65h1 
68.078 
70.515 
72.952 

;;g 
&262 

0 
.742 

1.594 
2.250 
2.754 

4.318 
4.181 
4.078 
3.832 
3.625 

2.055 
1.761 
1.524 
1.278 

.947 
0 

0 
1.457 
2.771 
3.971 

5% 
61857 
7.600 t.22 91228 ;*z 
9:943 

1O.ooO 
9.943 

a.914 

EZ 

P.E. r&ius = 0.556 T.E. radius = 0.436 
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TABLE I.- l .DDEL OIcmwJTs - Concltied 

NACA RM L54LO7 

Navy special IA-2coo Ib 
D*C 10,oM)-lb bomb "mc store Modified "Act store store F-84 tank 

Finenese ratio 5.10 ~in-~ ratio 7.78 ~~~~~~~ wio a.78 ~~~~~~~ hi0 a.57 Fineness ratio 7.43 

C/l, percent r/1, percent X/l, percent r/a, percent Jl, percent r/1, percent Jl, percent r/1, percent X/l, percent r/1, percn 

0 0 .209 .934 
.41a 

1.040 :*z 
2.093 3:037 
5.233 4.847 

10.466 6.763 
15.702 a.022 

20.933 a.864 26.166 ;22 
31.399 37.500 91795 

:;*z 9.720 
53:013 C% 
48.184 81615 
%::Z ;.g; 

6kooe g!2& 5.326 

84:173 4.246 
89.210 3.150 

23::Fi 
2.001 .914 

1oo.m 0 

LE. E.&LIE = 2.016 
T.E. radius = 0.933 

0 0 .385 l.uc 
.a99 1.683 

1.285 2.m4 
1.606 2.236 
3.212 3.109 
6.424 y5; 
a.570 

12.849 51564 19.274 Z? 
25.698 
61.452 6:424 

",4$! % 
781580 41793 
87.1551 2.878 
93.575 1.439 

lm.ax 0 

0 0 5.693 1.275 
ll.386 2.550 
18.981 
22.772 :*2 
28.465 
2.2: :& 

5:693 

n:535 :% iI%; 
4124-I 

83:614 2.550 

103.m 94.3Q7 0 1.275 

0 y.926 1.561 

i%; 
a1596 ;:g 

l.LOsO 
13.602 :::z 
16.144 
72.8=2 

pm; 

g-;:: 
$64; 

891478 2125a 

1co.030 95.034 0 1.066 

L.E. radius = 1.750 

0 0 
.384 .522 

1.153 .933 
1.922 1.234 
:% 1.829 

2.746 
121928 3.695 
19.230 
23.088 :%f 
26.922 ;:;g 
:z:; 61265 

;;:K$ 2:~ 
481078 61733 
50.000 6.728 

%% 
;.zg 

z:g 4.820 5:3x, 

4.241 
84:613 
ea.502 XT 
92.350 1:973 
96.198 1.033 
98.125 .52a 

lCO.COO 0 

LE. r&iiue = 0.007 
T.E. radius = o.oi)l. 

F-94 talk Nacelle model 1 Naoelle model 2 Nacelle model 3 Nace3.k model 4 

Fineness ratio 7.15 ~ineneas ratio 6.40 Fineness 9.51 ratio 

/I, percent r/1, percent X/l, percent r/1, percent Jl, percent r/1, percent X/l, percent r/1, percent X/l, percent r/t, percen 

0 0 2.614 

Ii243 22;: 4.022 5.374 

14.969 6.100 19.387 6.660 2.2 6.990 

;;:;g 2% 5:ou 
a9:614 2.539 

100.000 0 

0 0 0 0 .3a .252 .412 .289 y.008 
0 0 
2.011 7.416 y.987 

1.1% .60a 1.361 .697 10.5l-2 2.957 ll.206 2.958 2.984 I.208 3.423 1.386 14.015 3.756 12.500 3.219 
4.782 1.758 6.579 2.236 :*;E 2.016 2.565 :::;:; :*8 222; :*z 9.276 a.377 2.686 2.876 10.639 yk0a 3.080 24.527 28.051 5.256 5:151 221917 29.167 41766 

IO X2.889 .635 3.150 3.502 12.198 14.783 :*:g 41016 75.473 7I.969 5.256 5.151. 40.208 36.417 :*:zz 
17.401 3.973 19.959 4.557 4.856 

IZE a51985 :-2 
;:;g 

21.913 4.278 25.134 4.907 
26.425 4.458 30.309 5.113 . 

$i*FaZ 5$:x& 51656 
5.619 zz :*:ii 

641255 ::4$ 
$% 5.175 5.175 

731699 5.101 

09.488 92.992 2.951 2.on 701833 5.523 

l.w.m 0 
a:*;;; 

:::Ti 
yg 

751487 
4:052 ?Eg :%r: 

79.233 :Iga 861581 4:243 

891583 ::iZ 

90.878 3.748 95. a33 ::g l.w.cm 
Ezg 2.761 2.215 

a7L86 2.150 

;S:$% 3.167 

m.ccc ZS 
93.593 1.075 

103.m 0 
LE. radius = 0.206 -__- 

LE. radius = 0.m 



T?Y%E II.- AN INDEX OF BODY SHAPES, FINENESS RATIOS, AID SOURCES F 

Figure Body shape 

NACA 65A series 
NACA 65~ series 
NACA 65A series 
NACA 65 series 

NACA 0 series 
Cylindrical 

Circular arc 
Circular arc 
DAC store1 

Elongated DAC store 
DAC lO,OOO-lb bomb 

WADC store2 
Modified WADC store 

Navy special IA-2000 lb store 
F-@ttank 
F-94 tank 
Nacelle 1 
Nacelle 2 
Nacelle 3 
Nacelle 4 

1Douglas Aircraft Company. 
2Wright-Air Development Center. 

I- I Fineness ratio, :/ 
2/d Reference ' 

58’: 
1o:OC 
10.68 
10.04 

9.33 
5.00 

2; 
10.93 

5.10 

Lt;i 
8:57 
7.43 
7.15 

11.08 
6.40 

98% . 

6 
11 

Unpublished 
12 
13 

Unpublished 
14 

7 
Unpublished 

8 
9 

10 
Unpublished 
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~-79485.1 
Figure l.- Ty-pical model, push plate , push cup, and sabot with one 

section removed. 
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*o//T pf.60~~ 

~:zi;q 
.Section AiA 

/- 
A / 

930 ‘-- 
+L’ -- !” / 

/ 

/ 
/’ / 
~ i 

A\\ \\\\\\.sx\\\\\\\\\~\Yi \\\b ’ 

Figure 2.- Sketch of ty-pical model stabilizing fin. 



i ‘6 _- <&$ : ” T ?-“s;**~ “-g,&$ I, 1-ri I a?: dxW_ 1 ‘““‘I- 
_..;_I^_ “;>,” \ * *. ‘( .” ^‘.“= .I _ 

L. 

:, : * 

Pne&tic cylimkr. -.I-.~--- ;gq:; y"py,3~-+‘- _ * ji 1 ' 
j ,.A*" : if." " 

.?. 
. ;,&y'- ",' l* 

Limit switch 

Gate valve 

k-acting valve _" .--- --..:-.,'. .._ ^ .._- I-.LZ .- 

L-66870.1 
Figure 3.- General view of hel ium gun mechanism with C W  Doppler radar set 

in tracking position. 



NACARM L54I07 - 

CD 

(a) Sketch of fin-drag test model. 

17 

.375” diam. 

.? .8 .9 1.0 I.1 1.2 1.3 
M 

(b) Drag-coefficient data (based on store frontal area of 0.0123 sq ft) 
as functions of Mach number. 

Figure 4.- Fin-drag test model and fin-drag data. 
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R 

.8 .9 1.0 I.1 1.2 1.3 
M 

.(a) NACA 65A -series body (Z/d = 5.00). 

Figure 5.- Model sketches with.Reynolds number and drag-coefficient 
as functions of I&ch number (CD 
0.0123 sq ft). 

based on store frontal area of 
data 
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NACA RM L54IO7 

R 

19 

(b) NACA 65A-series body (Z/d = 8.00). 

Figure 5.- Continued. 
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R 

NACA FM L54IO7 

(c) NACA 65A- series body (2/d = 10.00). 

Figure 5 .- Continued. 
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IO 

.6 

.5 

.4 

.2 

.I 

0 
7 .8 .9 1.0 I.1 1.2 I.3 
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(d) NACA 65-series body (Z/d = 10.68). 

Figure 5.- Continued. 
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NACARM L54m7 

.;-/g 

7 .8 .9 1.0 I.1 1.2 1.3 
M 

(e) NACA O-series body (Z/d = 10.04). 

Figure 5.- Continued. 



NACA FBI L34LO7 

2 

(f) Cylindrical body (Z/d = 9.33). 

Figure 5.- Continued. 

i 
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.I 

M 

(g) Circular-arc body (Z/d = 5.00). 

Figure 5 .- Continued. 

. 



NACA F&I L54LO7 

R 

(h) Circular-asc body (z/d = 7.00). 

Figure 5.- Continued. 
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R 

NACA RM L34J-07 

(i) DAC store shape (Z/d = 8.57). 

Figure 5.- Continued. 
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.8 .9 1.0 I.1 1.2 1.3 
M 

(j) Elongated DAC store shape (Z/d = 10.93). 

Figure 5 .- Continued. 



28 TWA RM +I137 

(k) DAC lO,OOO-lb bomb shape (2/d = 5.10). 

Figure 5.- Continued. 



NACARM L34ID7 ‘) 

R 

(2) WADC store (Z/d = 7.78). 

Figure 5.- Continued. 
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M 

(m) Modified WADC store (2/d = 8.78). 

Figure 5 .- Continued. 

NACARM L54IO7 
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NACA RM L54IO7 31 

R I 

(n) Navy special l-A-2000 lb store (Z/d = 8.57). 

Figure 5 .- Continued. 
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.8 

NACARM L9di37 

1.0 
M 

(0) F-84 tank (2/d = 7.43). 

Figure 5.- Continued. 
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NACARM L54lX7 

(p) F-94 tank (Z/d = 7.15). 

Figure 5.- Continued. 
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R I 

NACA RM L54IQ7 

.8 .9 1.0 I.1 I.2 I.5 

M 

(q) Nacelle model 1 (2/d = 11.08). 

Figure 5.- Continued. 



NACA F34 L54lX7 

2 

R 

M 

(r) Nacelle model 2 (Z/d = 6.40). 

35 

Figure 5.- Continued. 
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M 

(s) Nacelle model 3 (Z/d = 9.51). 

Figure 5.- Continued. 



NACARM L54M7 37 

(t) Nacelle model 4 (Z/d = 8.81). 

Figure 5 .- Concluded. 
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.6 

.5 

.4 

cg -3 

.2 

.I 

0 
.8 .9 1.0 I.1 1.2 I.3 

M 

(a) NACA 65A-series bodies and F-84 tank. 

Figure 6.- Fineness-ratio effects. 
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.7 .8 .9 1.0 1.1 1.2 1.3 
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(b) Circular-arc bodies. 

Figure 6.- Continued. 
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cD 

.6 

.5 

.4 I 

.3 

- -- DAC store 

7 .8 .9 1.0 
M 

1 
Ii 1 
I 
-1 Ii 

-I I 
1.3 

(c) DAC store and elongated DAC store. 

Figure 6.- Concluded. 
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NACA RM L54ID7 
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0 i 65 series I I I 

41 

.7 .8 .9 I.0 I.1 1.2 
M 

1.3 

(a) NACA 65-series body, NACA 65A-series body, NACA O-series body, and 
cylindrical body. 

Figure 7.- Shape effects. 
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.6 - 

.4 

CD .3 

.2 

.I 

0 

Clrculqr- ar;: bo;ly, 17=5 

I 
7 -8 .9 1.0 

M 

‘ . 

/ 

-- 

-: -I[ -I ~~-.. 
:I 
l- 

I 
I 

.*--:I 

~ 
1 
1 

y DAC, lO,O?O-Iv boy b 

.i”A ~~j= 

I.1 1.2 

(b) NACA 65A-series body, circular-arc body, and DAC 

Figure 7.- Continued. 

-O,OOO-lb bomb. 
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.5 

.4 

CD .? 

-~- _. AL_  -.--- _... _. , , . ..- i  -.._ i  -.i -._ rm-L- 

Nacelle model I without 
tail plug (ref. 2 I-, 

IcelIe r 

- - 

Gel-. e! 

3 
Tl7 -7 r/T ==T= 

.8 
I LNacelle model I I I 

19. ’ I:0 I.1 I.2 I.3 ’ 
M 

(c> Nacelle models 1 and 2 and nacelle model 1 without tail plug. 

Figure 7.- Continued. 

I- - 
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M 

(d) WADC store, modified WADC store, DAC store, Navy special IA-2000 lb 
store, and F-94 tank. 

Figure 7.- Concluded. 



65A-series body, I/d=500 
65A-series body, I/d=8.00 
65A-series body l/d= 10.00 
Circular- arc body, l/d=5.00 
Circular- arc body, L/d=7.00 
DAC store 
Elongated DAC store 
DAC IOOOO-lb bomb 
WADC ‘store 
Modified WADC store 

g 
u 
c 
D 
a 
0 
0 
0 

65-series body 
0-series body 
Cylindrical body 
Nacelle model I 
Nacelle model 2 
Nacelle model 3 
~agcq$l~an;clodel 4 

F-94 tank 
Navy special IA-2000 

Least fineness ratio, (l/d), 

6 

Figure 8.- Drag-rise Mach.number as a function of the fineness ratio 
the shorter extremity. Flagged symbols indicate afterbody. 



q 65A-senes body, l/d=8.00 d 65-series body 
0 65A-series body, l/d=1000 u O-series body 
D Circular-arc body, -L/d=7.00 z Cylindrical bod 
v DAC store Nacelle mode 
a Elongated DAC store D Nacelle model 
(1 DAC 10000 lb-bomb a Nacelle model 
b Modified WADC store 0 F-84 tank 

0 F-94 tank 

l.3r 

EJ 1.) 
\. 

I.2 D 
u 

\- 9 4, bd, I I 
t 

I I I 
I I I 

I.1 

1.0 
0 I 2 3 4 5 

I I I 

Scatter band (ref. \7 

Nose fineness ratio, I/d 

Figure 9.- Mach number at which peak drag occms as a function of 
fineness ratio. 
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g 65A-serjes body? L/d=5.00 d 
65A-series body, L/d=8.00 

65-series body 

2 
6$A-series body, L/d= 10.00 

p O-series body 
q Cylindrical body 

D 
Cjrcular-arc body,l/d=5.00 g Nacel1.e model I 
Cwcular- arc 

v DAC store 
body, L/d= 7 .OO Nacelle model 2 

D Nacelle model 3 a Elongated DAC store a Nacelle model 4 
DAC IOOOO-lb bomb 

? WADC ’ store 
0 F-84 tank 

Modified WADC store 
2 F-94 tan8 

Navy special IA-2000 

I --~- I 
$ .- -... - / I( 

.2 

i ._ _-mL .- - ~- 1  I 8  I 

Scat& band (ref. 17 1 

.4 .6 .8 I .o 
. 

f-2(l-db/d) 
‘I: /d 

Figure lO.- Peak-pressure drag as a function of the correlation factor 
of reference 17. Flagged symbols indicate CD still increasing at 
maximum test Mach number. 
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