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TESTS OF A LARGE SPHERICAL TURRET AND A MODIFIED TURRET
ON A TYPICAL BOMBER FUSELAGE

By Axel T, Mattson

The drags of two alternate turrets for a military
airplane were investigated through a Mach number range of
022 b0 0,70 at angles of attack oF 18", U EHNEN N
the 8~foot high—speed tunnel. Force and pressure measure—
ments were made with the turrets mounted on a bomber model.

The results show that a large spherical turret added
about 10 percent to the fuselage drag. 4 smaller, better—
shaped turret added only about 1 percent to the fuselage
drag.

INTRODUCT ION

Tests of two tulrets for a bomber—type airplane were
made in the 8—foot high—speed tunnel. The main purpose
of the test was to oualn datastoaidSie periormance
estimation of proposed nilitary airplanes

One turret corresponds to a 90—inch—diameter spheri-—
cal turret installed on a fuselage of 100-inch diameter.
The other turret corresponds to a 60—inch spherical turret
with a 20-—inch tail fairing installed on a fuselage of
100—-inch diameter.,

The turrets were installed on the fuselage of a
typical bomber model, which was available at the time
the tests were requested.

APPARATUS AND METHOD

The NACA 8-foot high—speed tunnel is a single-return,
closed—throat tunnel in which the speed can be controlled
from 90 to more than 500 miles per hour.




The large spherical turret will be referred %to as
Tturret A" and the modified turret will be referred to
as "turret B."

Turret A is spherical in shape and includes four
.50~caliber machine guns. In the full—-scale airplane
the turret is 90 inches in diameter and protrudes 15
inches from the top of the fuselage, Turret B has a
spherical ncse with an afterbody fairing. This full—
scale turret has a diameter of 60 inches with the after-—
body fairing extending 20 inches, Turret B protrudes 12
inches from the top of the fuselage,

liodels of the %turrets were constructed by the IFACA.
Figures' 1 and 2 show the model dimensions,

The models were scaled down with relation to the
nodel fuselage to obtain results that would be comparable
with the turrets installed on a 100-inch—diameter fuse-—
lage. Figures 3 and 4 illustrate the turrets mounted on
the fuselage.

The turrets were tested on a typical bomber model of
a wing—fuselage combination supplied by the U.S5. Arny Alr
Forces. The wing spanned the test section and was mounted
on the balance ring in the usual manner. The model fuse-—
lage is 114,96 inches long and has a maximum cross—sec—
tional area of 0.832 square foot.

Turret A was tested at two locations on the fuselage.
One location is rearward of the wing and on top of the
fuselage at 59.0 percent of the fuselage length. The
elternate location is forward of the wing and on top of
the fuselage at 24.9 percent of the fuselage length.
Turret B was tested at only the 53,0—-percent fuselage loca—
tion, Figure 5 shows the location of the turrets on the
model.

Force—~test and pressure measurements were taken at
Mach numbers ranging from 0.22 to 0,70, The angle of
attack of the wing was set at 3°, 5%, and 7°. The angle
of wing setting is 5° with relation to the fuselage cen—
ter line.

The corresponding average Reynolds number range
based on mean aerodynamic chord of the wing (17.66 in.)
ranged from approximately 2,000,000 to 5,000,000,
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Figure 6 is a plot of the average test Reynolds number:
against the test ilach number, !
RESULTS AND DISCUSSION
Incremental Drag Coefficients, ACDyp

The turret—drag results are presented as incremental
drag coefficients ACpyp 'plotted against llach number,

The incremental drag coefficients are defined as follows:?
g

drag of the complete model drag of the wing and
) wing, fuselage, turret fuselage
g : & g
L dynamic pressure X fuselage max. cross—sectional area

in which the model fuselaze maximun cross—sectional area is
0.832 square foot. Thus the drag coefficients include in—
terference drag as well as direct drag.

Figure 7 shows the increnental drag of both turrets
plotted against Hach number. At a liach number of 0.5 and
an angle of attack of 5° turret A has a drag increment. of
0.028 in the forward location and 0.0l11 in the rearward
location, Turret 3, in the rearward location, shows a low
drag increnent of 00,0005, increasing to 0,0010 in- the
upper speed raﬁge. The drag increment for turret B is for
nractical purposes negligible. This low drag increment
of turret B agrees with the results on streamline Dblisters
reported in reference 1.

On, the basis of a fuselage drag inerement of 0.1,
which may be taken as typical for bomber-~type fuselages,
turret 4 in the rearward location would increase the fuse—
lage drag Dby about 10 percent; turret B would add only
about 1 percent. In the forward locaticn, turret 4 added
about 28 percent.

It must be remembered that small differences in air-—
plane drag of large bombers and escort planes seriously
affect their range and armament eapacity and thus the
differences .in.turret drazgs, although small, are important.

-In the design. of turrets for a bomber—type airplane,
it appears highly desirable to use streamline turrets and
to limit the size of the turrets as much as possible.




The present tests serve to emphasize the large gains at—
tainable through the use of streamline turrets of as
small a size as possible.

Pressure measurements were taken at five orifice
locations on both turrets. (See figs. 1 and 2 for ori-
fice locations and turret length.) The résults were re—
duced to pressure coefficients. Pressure coefficient P
is defined as follows:

P = local. static pressure — stream static pressure
q

in whieh

pV®

e

where
q dynamic pressure

p air density

V. . airspeed

Table I shows the pressure coefficients for each
angle of attack and liach number. These values are T oP
both turrets located at 59.0 percent of the fuselage
length.

The pressurcs occurring on the side orifice for both
turrets at 59.0 percent fuselage location are plotted in
figures 8 and 9, which also include a curve of theoreti—
cal critical pressure coefficient Pgcr, for a value of
P where the local static »ressure corresponds to the
velocity of sound.

Oritical Speed

Figure 10 shows the maximum pressure coefficient
Pnax Trecorded on the top of the turret. The indicated

critical speed of turret A occurs at a Hach number of
0,65 at an angle of attack of B .~ kg eorresponding in-
dicated critical llach number of turret 3 is 0,69,
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For turret A in the forward fuselage location, the
negative pressure pealk was increased and the critical
Mach number decreased to 0.625 at an angle of attack of
5°, (See fig. 11.)

CONCLUSIONS

1, Turret A increased the fuselage drag coefficient
by about 10 percent at a Mach number of 0.5 when located
at the 59.0 percent fuselage station. At the same loca-—
tion on the fuselage, turret B increased the fuselage
drag coefficient approximately 1 percent throughout a
Mach number range of 0,22 to 0.675.

2. When located at 24.9 percent of the fuselage
length, turret A increased the fuselage drag coefficient
by apyroximaztely 25 percent at a ifach number of 0.5.

Langley lMemorial Aeronautical Laboratory,
Vational Advisory Committee for Aeronautics,
Langley Field, TVa.
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TABLE I
VALUES OF PRESSURE COEFFICIENT P TAKEN ON TURRETS LOCATED 59.0 PERCENT OF FUSELAGE LENGTH
[x/1 1is the ratio of orifice location on turret to turret length],

YOVN

s !

/1 X }0.22 [o.es 0.55 {o 41 | 0.475 | 0,525 o.575[o.6oo 0.625J 0.650 0. 675 0.700!
P N - Turret A; a = 3° -

0.01523 | 0,433 | 0,412 |0.416 0,421 | 0,425 | 0.410 | 0,425 | 0,395 | 0.388 | 0,385| 0,341 0,383
-4310 ' -, 794 | =, 796 | =.805 | -,819 | =.87T1 | =.873 | =.896 | =.904 | -. 940 | -. 968/ -1. 024 ~1.051
.8350 | -, 025 | -,030 |-,052 | =,060 | -, 074 | =,089 | =.101 | -.104 , -,118 | -.127| -.140| -.163

J,__JQ&EO [ g OQ& =g 0052 “e Qgé o e 030 —LOO_T =) 042 L "oéi‘ ~e 062 l =e 014 e Q76 Te 087JL": 106

T . Turret A; a = &

0.01523 | 0,347 1 0,350 [0.274 [ 0,330 | 0.32% | 0,312 | 0,273 | 0,287 | 0.281 | 0.285] 0. 288 |————s
<4510 | -, 778 | =.809 | ~.804 | -,830 | -=.857 | =,873 | =,912 | =.936 | ~.963 | =.980|~1. 051 |<—eemem

| o 8350 ’ e 034 e 055 e 077 e 092 - 109 - 129 -=e 145 - 161 e 179 ~e 175 ~X5 176 ------

9850 [ -,008 | =,017 [-.051 | ~,04k | =,053 | -, 082 | -,098 | =,119 | =.125 | =.130| =. 138 |mcecce

. Turret A; a = 7T

0.01525 | 0.297 | 0,304 [0.235 [ 0,290 | 0,270 | 0,260 | 0,255 | 0.220 | 0, 226 Fe—moc | —ceeee SRS
04‘310 ' =e 806 e 795 e 811 - 835 e 865 e 899 s 952 e 9“‘6 e 990 = = S——
.8350 ‘—.085 -.098 |-.088 | =.128 | -.152 | -.183 | =201 | ~.203 | . 219 - a i
9850 | -.084 | -,036 | ~.050 | =, 065 | =,088 | =4117 | =,118 | =,127 | =. 137 eemme

s o e Turret B; a = ¢

10.01531 | 0,399 10,397 |0.400 0,416 [ 0,420 | 0,403 [0,396 | 0,394 | 0.386 | 0.380 5 W7 T ) S———

| +2840 | -,720 | -, 703 |-,730 | ~.T4T | =.T69 | =.T76 | =.785 | =805 |-.821 | ~.822| -. 865 |——oev

| «6100 | -,209 | -,198 |-, 202 - =,281 | ~-,198 | -,192 | ~-,178 |-.176 | -.175 | -.166 - 166 |=eea—-—
| «9620 | ,185| .188 | .192 | ,193 | .202 | ,109 | ,180 | .201 | .195| .199| .198 |eewce
i - Tarret B; a = 5

0.01531 | 0.327 [ 0,340 [0,333 [ 0,320 | 0.332 | 0,311 |0.294 |0.290 [0.289 [ 0,285 0,299 |—eeem

. 2840 e 709 =a 71# - 745 e 754 s 788 e 799 e 806 ™ 831 | - 8‘5 e 879 e 892 ------

-6100 | -.199 | -,206 |~-.188 | -.200 | -.197 | -.190 |=.175 [ -.168 |-.162 | -.164 | =.160 momv——
.9620 | .173 | .164 | .171 | .156  ,168 | ,158 | .156 | .156 | .149 | .151| .150 leem—em

PR — e . ety

10.01531 | 0,285 | 0,296 [0,291 [0,287 [0.269 | 0,261 [0.278 [0.273 |0.260
. 2840 Te 721 (gt 714 e 7w —e 753 - 805 bocs ) 820 =_e 876 -y 8“ =~ 877
6100 | -.190 | -,237 | ~.189 |-,184 | -.187 | -,179 [-.176 |-.163 |-.173 - -

|
{
+ & e e e

159 | .143 | ,136 | ,138 | .124 | .126 | .187 | .139 |- »
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{c) Side view of turret on model
fuselage.

(a) Looking to the rear of fuselage.

(b) Rear view on model fuselage.

(d) Turret in forward location on
model fuselage.

Figure 3.- Views of turret A.
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NACA Fig.4

(a) Looking to the rear (b) Rear view of turret on
of fuselage. model fuselage showing
afterbody fairing.

(c) side view of turret on model fuselage.

Figure 4.- Views of turret B.
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