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¢ NATTONAL ADVISORY COMMITTEE FOR AFRONAUTICS

MEMORANNDUM REPORT

for the
Air Materiel Commard, U. S. Army Air Forces
HIGH-SPEED AERODYNAMIC CHARACTERISTICS OF A FOUR--
ENGINE BOMBER AIRPLANE AS DETHRMINED FROM
TESTS OF A 0.075~SCALE MODEL

By Robert H. Barnes

SUMMARY

Tests of the airplane model reported herein included investiga—
tions to destermine the longitudinal stability and control, and the
effects of various congtituent parts or their modification on
longitudinal stability and control, critical spsed, and distribution
of wing load. The changss in the model, made in attempts to improve
longitudinal control and to increase critical speed, were addition
of auxilliary control flaps on the lower surface of the wing,
revision of windshield, increasze in dimensions of outboard nacelles,
and aglteration in profile of wing leading edge. Deflection of the
landing flaps a small amount was also tried as a means for improving
the longitudinal control.

-

The results of ts indicated:

.
the te

n

1. Additional 1lift for recovery from high—speed dives may be
obtained either by deflecting the landing flaps about 10° or by
adding auxilliary control flaps.

of the model.
3. In order to fly level at any altitude above 32,000 feet,
the critical speed of the airplane will be exceeded.
TNTRODUC TTON
Tests of a 0.075—-scale model of a four—engine bomber airplane
jifele]

s were carried out in the Ames 16—Foot high—speed wind tunnel at the
request of the Army Air Forcss,

2. DNone of the modifications tested increased the critical speed




The

disbri

The

purposes of the tests were:

To investigate ths longitudinal stability end proposed
m“tuOdu lor improving longitudinal control at super—
critical speeds

To find neans of increasing the critical speed

To cbtain data showing distribution of loads on the tail
and wing

Thig report shows fthe rssults of force tests, pressure—
ibution measurements, and wake surveys.

APPARATUS AD METHCD

a three—view drawing of the model in its standard

form. The principal dimensions and areas were as follows:

Model scale 005 fullsscale

Wing area = 9,65 square feet

Wing span = 10,592 feet

Mean aerodynamic chord = 0.965 feet

Aspcet rafio = 11,62

Taper rati = 2,28

Tail :Lcngth = 3,859 feet

Tail area(including elevators)= 1.896 square feet

il

coordinates of the wing section are given in figure 2, The

thickness ratio varied from 22 percent at the root to 9 percent at

the tip.
wing, as

Pressure orifices were provided at ten stations on the
shown in figure 3, ”hc stabilizer section was symmetrical

ifom..O vercent cheord to the trailing edge. Forward orf 20 percent
chord, the mean camber line CUYVﬁd upward, The thickness ratio was
12 percent.

In

ts were made to deftermine the effect

standard form (fig. 1)

addition to tests of the model in i%
te the following modifica—

v
r.+ (0]

Addition of auxiliary control flaps on the lower surface of

the wing (figs. 4 to 6

Revision of windshield (fig. T)




3. Increase in dimensions of outboard nacelles with and without
extensions of the wing trailing edge (fig. 8)

4, Alterations in profile of wing leading edge on partial or
entire span (fige., 9 and 10)

The model was mounted on a threse—strut support systsm as shown
Sl avize 11

The forces were measured by automatic balancing and recording
scales. The static pressures werec measured on multiple—tube
nenometers and were recorded photographically. Measurements of
wake momentim were made by means of the reke of total-pressure tubes
showvn in figure 12,

SYMBOLS

The following symbols arc used in this report:

dynemic pressure (LoV2), pounds per square foot
= l

v velocity, feet per second
o] mags density, slugs per cubic foot
S wing area, squars fcet
M.A.C, mean aerodynamic chord, fest
od corrected angle of attack
N angle—of—attack correction due to tunnel-wall effects and
flow inclination
C1, 1ift coefficient /1 Ii\
\ o,
ODgross 0Teg coefficient (” asur;i dreg_ L\CD\)
ACp drag—cosfficient correction due to tunnel-wall effects and

flow inclination

Pitching-moment coeflicient about quarter point of the meen

/mtchlnu moment
\_ g5 M.A.C.

N
aerodynamic chord = ACH)




AChy " pitching-moment—coefficient correction due to tunnel--wall
effects
- v Lo total pressure — local static pressure
S pressure coefficient
a4
AH/q (fotal pressure in free strsam — total pressure in wake\
N . /

o ) [ free—ztream velocity
M Mach number | - —
\_ velocity of sound

RESULTS AND DISCUSSION

Correction of data,— The data were obtained for a speed range

corresponding to Mach numbers from 0,22 to 0.775, and at angles of
attack from —4° to 10°, Corrections were applied for the tunnel—
wall effects and flow inclination. Tares were not evaluated because
the main interest wes in comparative values. The tunnel-wall correc—
tions were computed by the method cutlined in reference l. The
values of the flow inclination were determined by comparing the
results of tests with the model mounted inverted and upright and

were as follows:

% Flow inclination
Mach number
Radians Degrees
0.22 to 0,60 9.0027 @,15
625 ,0039 .02
.65 0054 ol
o0 ,G080 RITS
o 10 JoL12 .6l
(25 .0165 .95
i 0222 1,27
e ,0280 1,61

e total corrections applied were as follows:

&
il

0.353 C; + (flow inclination in degrees)
ad

>

a
o
]

0,00616 CL2 + Cp, (flow inclination in radians)

0,0063 Cr,

B
=
il




Longitudinal stability and control.— The variation of drag
coefficient, angle of attack, and vnitching-moment coefficient with
the 1i7't coefficient is shown in figures 13 and 14, TFigure 13 is
Tor the wing, nacelles, and fuselage; figurs 14 is for the complete
model, wing, nacelles, fuselage, and tail. Figure 15 shows the
variation of the pitching-moment coefiicient with Mach number at

constant values of the 1ift cosfficient for the complete model. These
data provide a basis for the study of the longitudinal stability and

control of the airplane,

The essential requirement for recovery from dives is to obtain
enough 1ift to change the flight path. Ordinarily, such 1lift is
derived from increasing the angle of attack by deflecting the
elevators. However, if the elsvators become difficult to move,
unstable, or ineffective, it will be extremely diffdenls, if not
impossible, to recover from a dive by this means. In such cases

it would be advantageous if the desgired 1if+t could be obtained in
some other way. Tests were made with the landing flaps deflected
10° to ascertain their utility for this purpose. The results are
shown In figurss 16 to 18,

Figure 16 shows that, for constant 1ift coefficient, landing
flap deflection in~creases the nitching-moment COG;flClent. This
would have the effect of shifting the pitching-moment curves of
figure 1k along the Cm axis in the positive direction an amount

equal to the increment, and thus of increasing the 1ift coefficient
corresponding to zero pitching-moment coefficient. It can be seen
then, that ir the airplanc wers initially balanced (cy = 0) snd 1f
the control surfaces remained fixed, it would be balanced at a
greater 1lift coefficient after the fluw were deflected, For
example, a2t a Mach number of 0.75 the model balances at a 1lift
coefficient of 0.37 with the flaps retracted and at 0.58 with the
flaps deflected 10°, an increase of 0.21. Thus it appears that
small lending flap deflections will result in extra 1ift needed for
recovery from dives,

Tests were also made of auxiliary control flaps, having verious
chords, spans, chordwisc locations, and deflections, to determine
their usefulness for recovery from dives. The results are shown
in figures 19 to 33. The effects of varying the chord and chord-
wise location are shown in figures 19 to 21 for flaps extending
from the fuselmée to the inboard nacelle and for a deflection of
4150, Tt is seen from figure 19 that for the small tapered flaps
the forward position produces the greatest increment of pitching—
moment coefficient for smell 1ift coefficients and for Mach numbers
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greater than approximately 0.6, With increasing 1lift coefficient
the increment due to these flaps becomes less, espociclly at low
Mach numbers. ‘Nevertheless, in the range of Mach numbers in wiaich
the flaps are most likely to be used, the forward position of the
small tapered flap is the more effective., Figure 19 also shows that
for the intermediate position the larger chord flaps are the most
effective, approximately in proportion to the chord. It does not
necessarily follow that this relationship will hold for still larger
chords,
Figures 22 to Qh(b cons e family of curvss for two flaps

which extend out to €0 Percer he wing span. The curves of
figure 22 show, as do those of figure 19, that in general the forward
flap location 1s better than the others. A comparison of figures 22
and 25 shows that increasing the flap span from 60 psrcent of the

ing spen to 97 percen* does not appreciably incresase the 1lift coeffi-
cient for balance. This romparison is ghown more clearly by figure 28,
which presents thes characteristics of the model with three auxiliary
flaps of varving span, It is seen that the optimum flap span is
about 60 percent of the wing span, end that increase of the flag
an beyond this does not provide enough additional 1lift to warrant

\’D
b o En
o
s |
Gl

S'l
At
The effects of varying the flap deflection are shown by figures 31
_to 33. A de: lC”uWOn of 22.5° is seen to be detrimental in all cases;

whereas a deflection of 45° is beneficial, Although these data are
for the smull spen flaps, it sesms reasoncble to assume that
similar results would be obtained with larger span flaps.

Surveys of the wake in the region of the tail (sce stations,
fig. 3) were made for the wing with no auxiliary flaps, and for the
ing with the smell tapersd 0.16 span flaps at the reer spar (Eig, o).
During these surveys, the turrets and sighting domss (fig. 11) were
ace, but it is believed that thelr effect on the wake was
negligible, The resulte of the surveys are shown in figures 34 and

Critical Msaech numbc — The pressure distribution over the wing

g presented in rigures ( ) to 36(g) and 37(a) to 37(g) for the
nacull :s—of T and naﬂnlles—on conditions, respectively. In these
figures, wherever thé peak-—pressure coefficient exceeded the
critical value, the curve from that peak value to the next value
which was less than the critical was drawn with a dotted line,
This procedure was followed becau“n the exact point of recovery,
which is usually sbrupt when pessing from supersonic to subsonic
local speeds, is not known.




Figures 38 and 39 show, for constant 1lift coefficients, the
maximum pressure coefficients for the upper surface of the wing as
functions of Mach number., Figure 38 is for station 35.6L4 on the
bare wing, and figure 39 for station 25.45 when the nacelles are
mounted. With the nacelles on, the maximum local velocities
measured were at station 25.45, However, for the nacelles—off
condition, the data for station 25.45 indicated that the meximum
local velocity was at a chordwiss location beyond the pressure
orifices provided. Consequently, for nacelles off, the data of
station 35.6L4 were used; it being assumed that since the stations
were not far apart, there would be no significant difference
between them in the chordwise distribution and magnitude of the
local velocities on the bare wing. Figure LO shows the variation
with 1ift coeflicient of the critical Mach number for these two
stations., It is seen from this figure that for 1lift coefficients
less than 0.4k, the critical Mech number at the wing—nacelle
Juncture was increased by the nacelles, However, it was found that
the nacelles had an insignificant effect on the local velocities
at station 35,6L, Consaquently, the critical speed of the wing as
a whole would be unchanged by the nacelles for lift coefficients
less than 0.4k, TFor groster lift coefficients, the critical Mach
number of the wing was decrcased by the addition of the nacelles.
It must be remembersd that the critical Mach number may have been
lower at some point on the model where the pressures were not
measured. Referring again to figure 40 it is seen that, in order
to fly level at any speecd whatsoever at altitudes above approxi-—
mately 32,000 feet with a wing loading of 61,25 pounds per sgquare
foot, the critical speced of the airplane will be exceeded,

It is seen in Ti
maximum pressure coefficients continued to increase with Mach
number until their critical values had been exceeded dby 0,3 or
more and until the corresponding critical Mach numbers had been
exceeded by 0.06 or mors, As the Mach number was further
increased, the pressure coefficients decreased., In this range,
the pressure cosfficients corrcspond approximately to those
derived for a local static prescure of 45 percent of the
atmospheric pressure., A curve for such pressure cosfficients is
given. The pressures at station 25.45 (fig. 39), however,
reached values as low as 35 psrcent of atmospheric pressure, but
general agreement was lacking.

Figure 41 presents the pressure—distribution data for the
leading—edge portion of the upper surface of the wing and for
various cooling—flap deflections. The data are given for one
station only (outboard juncture of inbosrd nacelle with wing)




|

o
-

as 21l the wing-nacelle Jjunctures showed similar characteristics, .
In general, opening the cooling Tlaps decreased the pressure coeffi-

cients and consequently increased the critical Mach number. The

first 2° of opening had the greatest effect and the effectiveness

decrzased for larger openings, This reduction in pressure coecffi-

cient was probably due to the formation of a region of separation

next to the nacelles, |

The effect of the cooling flaps on the minimum drag coefli—
cient is shown in figure 42. At subcritical Mach numbers, the
drag coefficient increased with flap opening, being doubled at
20°, At higher speeds, however, the drag coefTicient was minimum
for a flap opening of approximately 2°, At a Mach number of 0.775
the drag was the same for openings of 0° and of 10°, but was
smaller Tor intermediats positions. At these higher speeds the
drag was presumebly decreoased becauss of the greater crifGlcal
speeds, which would result from lowering the maximum pressure .
coefficients, as shown in figure L1,

Pressurc—distribution measurements were made on a revised
windshield to determine its criticel Mech number. The results,
as presented in figure 43, show that the critical Mach number of
this windshield is greater than that of the wing and nacelles.
Force meagurements showed no appreciable effect from the revised
windshield, The data are therefore omitted.

The Army Air Forces requested that tests be made with larger
outboard nmcelles vhich are interchangeeble with the inboard
nacelles., In conjunction with thsse tests, the effect of a wing
trailing—edge extension similar to that between the fuselage and
inboard nacelles was determined, The results are presented in.
figures Wb to 46(c). The lerge outboard nacelles, as compared with
the stendard nacelles, decreased the pitching-moment coefficient
for equal 1ift coefficients by approximately 0.01, and decreased
the 1ift coefficient for equal angles of attack by approximately
0.02, However, when the trailing—edge extensions were added, the
pitching—moment coefficient was essentially the scme as with the
small nacelles and the 1ift coofficient was increased. The addition
of the nacelles, both with.and without the trailing—edge extensions,
changed the drag coeflicient negligibly. Iv may therefore be
nesumsd that the critical Mach number was practically unchanged.

Tn an attempt to increase the critical Mach number and decrease
the drag at high angles of attack, the wing leading edge was
modified, as shown in figures 9 and 10. Results of tests are shown 3
in Tigures 47 to Sh. The pitching-moment data, presented in




figure 47, indicate that no advantage is to be gained from any of these
modifications, since the Mach number at which the pitching-moment
coefficient begins to decrease is in no case greater. From the
standpoint of drag, shown in figures 48(a) to 48(d), the extreme
leading—edge droop was definitely detrimental throughout the Mach
number range and none of the other leading—edge modifications
decreased.the drag except at Mach numbers above the critical. Figures
L9 to 54 show typical pressure distributions for several angles of
attack and Mach numbers. From these data it is seen that any increase
of critical Mach number at high angles of attack which might be gained
is s0 small as to be unimportant; whereas the critical Mach number at
moderate angles of attack would definitely be decreased.

Loads on surfaces.— Owing to the fact that pressure orifices

were not provided over the rear portion of the wing at enough wing
stations, it was not possible to determine accurately the wing load
distribution. However, a study of figures 36(a) to 36(g) and 37(a)
to 37(g) does reveal some information regarding the variation of the
load distribution with Mach number.

As the Mach number increases, the wing begins to lose 1ift over
the inboard portion first. Inasmuch as the inboard sections of the
wing are the thicker, it is to be expected that the compressibility
effects would occur on these portions of the wing first.

Likewise a comparison of figures 36(a) and 37(a), for example,
shows the effect of the naceclles on the local velocities. The
nacelles increased the local velocities over the forward portion of the
upper surface of the wing, but decreased them over the remaining por—
tion. On the lower surface the nacelles caused increased local
velocities, but did not change the character of the pressure distri—
bution as they did on the upper surface. At low angles of attack the
peak velocities on the upper surface were actually reduced by the
presence of the nacelles. With increasing angle of attack, however,
the maximum local velocities became pronounced and soon exceeded
those for the wing without nacelles. The effect is seen in figure 40
by the reduction of the critical Mach number. Critical Mach number
is defined as the free—stream Mach number at which the maximum local
velocity over the wing is equal to the local velocity of sound.

CONCLUSIONS
The results of the tests indicate that:

1, Lowering the landing flaps 10° will provide additional 1ift
for recovery from high—speed dives.




10

2, Auxiliary control flaps will provide additional 1lift. The
optimum arrangement appears to consist of flapz on the lower surface
at the foxrward spar of the wing, having a span 60 percent of the
7ing span and a deflection of U450,

/0

3. Addition of the nacelles lowers the critical speed for lift
coefficisnts greater than 0.hh,

4., The critical speed of the airplene will be exceeded in
order to fly level at any speed whatsoever above approximately
32,000 fect altitude with a wing loading of 61,25 pounds per square
foot,

5. Opening the cooling flaps decreases the pressure peaks at
the wing—-nacelle junctures. Deflections up to 29 do not materially
increase the low—speed drag coelficient, and actually decrease the
drag at high Mach numnbers.

6. Tae critical Mach number of the revised windshield is
greater than that of the wing and nacellcs.

7. The large outboard nacelles in place of the standard
outboard nacelles make no appreciable difference in the character—
igtics of the model,

8, The modified wing leading edges would not increase the

S O (]
critical Mach number appreciably at high angless of attack, while at
low angles of attack they would decrease the critical Mach number.

Ames Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Moffett Field, Calif.
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Figure 1ll.- The model mounted in the 16-foot high-speed wind tunnel,




Figure 12.- Wakeesurvey rake.
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