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SUMMARY

"Pressure- distribution measurements on a 0.2375-scale
model of the Douglas XA-26 airplane were conducted in the
NABA 19-foot pressure tunnel.

The measurements were nmede on the splnner-cowl-
nacelle assembly and the fuselage for angles of yaw from
-10° to 10° and at angles of attack from -8° to §°
Pressures were also meagsurcd on the main-wheel door, nose-
wheel door, and bomb-bay door at door aungles from closed
to full open through various ranges of ungle of yaw and
angle of attack. These tests were made at an alrspeed
of approxlimately 95 m!les per hour witk the alr in the
tunnel compressed to 35 pounds per square inch absolute,
corresponding to a Reynolds number and Mach number of
approximetely 3,900,000 and 0.12, respectively.

The results of the pressure measurements on the
doors are presented as loads and hinge monents, whereas
the measurements obtained on the nacelle and fuselage
are shown as pressures on ilsometric diagrams. The
latter method of presenting data was used to eliminate
tedious tables.

Tests of the model indlicate that no critical
pressures should be encountered in the high-speed level-
flight condition of the alrplane at 17,000 feet unless
the splnner 1s removed; removing the. spinner introduces
critical pressures at 265 miles per hour. The nose-
wheel door over most of the range tested will tend to
Glose while the main-~wheel and bomb-bay doors tend to
open due to the aerodynamic loads.
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INTRODUCT ION

Efficient aerodynamlic and structural design of modern
high-speed alrcraft is of'ten .dependent on a knowledge of
the statlic pressures actling on the surface of the alrplane.
To obtaln such informatlon for application to the design
of the XA-26 airplane, the NACA has conducted an exten-
slve 1lnvestigation of the pressure distrlibution over
various surfaces of a 0.2375-scale model of that airplane.
The investigation was requested by the Army Alr Forces,
Materlel Center, and was conducted in the 19-foot pressure
tunnel at Langley Mermorlal Aeronuautlical Laboratory.

Pressure dlstributlion measurements were made at
angles of yaw from -10° to 10° and at angles of attack
from -8° to 8° to determine:

(1) nrescures acting on the cowl with and without
sninner, on the nacelle, and on the fuselage

(2) the effect of flars on the pressure distri-
bution over the nacelle and fuselage at 0° yaw

(3) the loads and hinge moments on the main-wheel,
nose-wheel, and bomb-bay doors at varlous
door angles

(L) the loads acting on the upper and lower two-gun
turrets

The load and hilnge-moment data lor the varlous doors
are of partlcular interest because 1t 1s belleved that
this is the first time such complete lnformation has been
made avallable.

APPARATUS AND TESTS

The principal dimensions of the 0.2375-scale model
of the Douglas XA-206 airplene are shown in figure 1.
The model was tested as shown there exceot for one con-
flguration with the spinner removed. All pressure-
distribution tests were macde with the pronellers off.

The method of mounting the model in the wind tunnel
1s shown in figure 2(a) (yaw support on which all surfaces
were tested) and figure 2(b) (normal supports where the
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tests were made on the bomb-bay door because of the
saevere Interference effects between the yaw strut and

the door). The tests were made in the 19-foot pressure
tunnel which has a ¢losed clircular test section.

The model 1s'of all-metal construction followlng
very closely the lines of 1lts prototype. As tested,
1t was sprayed with several coats of lacquer, sanded, and
waxed to produce a smooth finish. The pressure orifices
were instelled in such a way that clean, smooth orifices
flush with the surtace of the model. were produced.

Simultaneous measurement of the pressure acting at
every orifice could not be obtained because of the great
number of orifices (nearly 1000) and the limitation of

"handling but 120 oriflces at one time. Consequently,

various surfaces werse, tested individually; for example,
measurements were made on the splnner anhd cowl, then the
forward part of the nacelle, and lastly the aft .part of
the nacelle, for ease Iin chungling from one surface to
another, headers for each surface were located in the
fuselage and were accessible through the bomb bay.

Prom one side of the headers, which were small flat
plates, sultahle tubes lead to the surface of the model.
To the other side a sim’ler flat nlate was bolted which
contalned conper tubes that extended from the model to
the contronl room below. In the control room the tubes
were connected to two multlivle-tube manometers.

Simultaneous records of the pressures acting on a
particular surface were obtailned by photographlng each
manometer, In order to provide a reference line on
each record one tube-on ®ach manometer was connected to
the reference pressure whlch for these tests was the
statlc pressure in the tunnel test section.

The locatlions of the pressure orifices on the
splnner-cowl-nacelle assembly are shown in figure 3,
Pigure )i locates the orifices on the fuselage and on the
General Electric two-gun turrets. Flgures 5, 6, and 7
show the orifice locatlons on the left outboard main-
wheel, left nose-wheel, and left bomb-bay doors.

By locating orifices on both surfaces of the doors
an accurate plcture of the forces acting on them is
obtained. If the internal pressurea on the model




g

N

and the airplane are similar, correlation between wind-

. tunnel and flight data should be good when the doors are
closed. As soon as the doors are opened, a similar con-
dition exlsts between the model and the salrplane and

thus the internal pressures should be the same. Only
on the doors were the internal pressures of the model
taken into account.

All tests were made at a tunnel alrspeed of
approximately 95 miles per hour wlth the exception of
the cowl tests with the sninner removed which were made
at approximately 78 miles per hour. It was necessary
to drop the tunnel airspeed in order to record the peak
nressures on the manometer.

In general, nressure-distributlion measurements over
the various surfaces were obtained through an angle-of-
attack range from -8° to 8° and at yaw angles from -10°
to 10°. The tests hereln reported were made with the
alr in the tunnel compressed to 35 pounds per square
Inch absolute and are listed 1n detall in table TI.

SYMBOLS ANWD METHOD OF ANALYSIS

The coefflclents and symbols used in thls report
are defined as follows: '

p/4 pressure coefficlent
Cy, 1ift coefficient, L/qs (corrected for support-

tare and interference effects) H
R Reynolds number, pVe/u
M Mach number, V/Vg
where i
p statle rressure differénce between the model

surface and free stream

q dynamic nressure, -alpV2

[ %
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S wing area (30.488 sq ft)

c mean asrodynamlc chord (1.930 f£t)

o] masse densiti of air

f alrspsed

1 coefflclent of viscoslty of alr

Vg sonic veloclty

and

af goometrlc angle of attack of model fuselage
wlith respect to centerline of tunnel

W angle of yaw, degrées

Gp flap deflection, dégrees

0 door dasflectlon, degrses

Subscripts

m main-wheel door

n nose-wheel door

b bomb-bay door

The following example lllustrates the method used

to obtaln the door moments and loads:



rA
A

1
P =f2AFt1?. or
2

w
AM = qf Zg d;coqudw

w1
1
M =f a AMd? or
51
where
F door load

M door hinge moment

] w
quf 2P 416w
A e '
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l length of* door parallel to the vertical
plane of the fuselage reference line

w width of deor perpendicular to 1.

a dlistance from hinge axls to centroid of pressure
dlagram angle between hinge axls and orifice
row

Y angle between hinge axls and orifice row

Graphlcal solutions of the equations for door loads

and hinge moments were obtained by plotting the values
of p/ﬁ in each orifice row perpendicular to the
eppropriate plane against the dlstance of each orlfice
from the hinge axls. In the case of the left outboard
main-wheel door, an average plane was taken which
passed through the hinge axls and the outer edge of the
dosor. For the left nose-vheel door a plane was chosen
parallel to the outer flat surface of the door,. Two
planes were used wlth the left bomb-bay door, one
parallel to the outer flat surface of the door and the
other permendicular to the first plane. The use of two
planes for the bomb-bay door gave the normal and trans-
verse moments and loads, respectively.

The sectlon loads and moments were obtained from
the pressure diagrams by means of a mechunlcal lntegra-
tor and were plotted agalnst the distance from the
leadlng edge of the door to each orifice row, The
area under the sectlon moment and load curves was agaln
Integrated to obtaln wvalues of total door load and
hinge moment.

For convenlence in obtalning a graphical solution
of the moments on the nose-wheel door, the cos ® term
was neglected. Thus the moments are ln error by about
1.0 percent.

In this report the door loads and hinge moments
per unit dynamioc pressuyre are presented against door
length. Positlve valyes of the loads and moments were
arbitrarily chosen to mean that the forces acting tended
to close the door,




Pressure orifices were located on only one-half
of the upper and lower  gun turrets; thus 1t was neces-
sary to assume symmetry and use data from both posltive
and negative angles of yaw to obtaln the loads for a
particuisr angle of yaw.

The turret loads are .given by the following
exnressions:

-(1) Vertical load

(3) Iongltudinal load

‘ahopw
t

FL=qff L an aw,
o Vo

where

R maximum radius of turret

r radlus of turret at any orifice row (orifice
rows lie In nlanes which are perpendicular
to the axls of rotation of the turret)

€ angular dlsnlacement of orifices s seen from
a too or bottom view of the turret ln questlon

h height of turret

by length of turret (measured along the lohgitudinal
axls of the model)

Wi wldth of turret perpendlcular to Zt
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. The equation for vertical loads was solved graphi-
cally by plotting values of p/q- Bgainat.the oiroum-
ference of the turret at every row of orifices..
Integration of these pressure diagrams gives values of

-gection load which when plotted  against the maximum

radius . of the turret and again 1ntegrated solve - .the
equation.;-' i )

. - In like manner the equations ‘for side and longi-'
tudinal ‘loads are solved by plotting p/q against the
appropriaté diameter of the turret, integrating -these .

. curves, plotting-the section loads against the height
-of the turret and, by agaein integrating, the total
.loads are obtalned.

All turret loads are measured with respect to the
bady axis of the model and are presented as loads per
unlt dyneric pressure. Positive vertical loads are
compressing loads parallel to the axis of rotation of
the turret. Side loads are measured perpendicular to
a vertical plane through the fuselage reference line
and are positive to the .right: K Longltudinal locds ere
parallel to the vertical plane or the fuselage referenoe

line and .are pogltive aft.

Vertical, gilde, and longitudinal loads were .obtained
for the upper turret but due to asymmetrioal orifice
locations on the lower turret only vertical loads are
presented.

Accuraoy
Individual pressures could be read from the -
photographs to t0.1 em. Values of p/q are accurate
to within 0.001. '

- The accidental errors that exist in the final

" loads and hinge moments are due to fairing cwrves and
‘integrating thege cunves. From the results 6f the total

door loads and/pinge moments 1t would appear .that these
are about 0.0l/q for the loads and 0.002/q for moments.

RESULTS AND DISCUSSION

In order to estimate the 1lift coefficient at which
the tests were made, figure 8 1s presented. The lift
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coeffivlent has been plotted as & function of geometrioc
angle of- attack at. 0" "yaw because. the geometrtc angle
of attack remains constant. throughouq the yaw range.l

Spinner-cowl-nacelle gsseigbly and fusela .—'Valuea
of the external preasure coeliriclent, p/q, - the -
epinner-cowl-nacelle aasembly and the fuselage are shown '
in figures 9(a) through 20(e§ Presentation of data 'in
this manner 1s rather unususl but 1t was used because 1t
not -only. gives the value of p/q .at each orifice,-but
provides for easy comparisorni with tlie pressures acting
at other -orifices in the samé vicinity. For a pdrticular
model attitude all the.pressures acting on thé unlt can
be obtained from one diagram. .

The pressures measured on.the spinner, cowl, and
nacelle are prese ged for the fol%owing angles of yaw:
-10°, figure 9; -5, figure 10; 0", flgure 11; 5° ’
figure 12; 100 figure 1%; and 00 w1 th wing flaps de- -
flected 550, figure 1l, At.each angle of yaw the
reaults gre given for &n angle-of-attack range' from -

. - The cowl-alone data are presented on the
same diagrams as the spinner-cowl-nacelle pressures
at 0° yew, figure 11, For all tests made with the spinner
In place the cowling-entrance-velnclty ratio Vl/V was

approximately 0.28. . The entrance-velocity ratio vas
not measured when the .spinner was renmoved.

The fuselage pressures including the wing fillet
and the upper and lcwer turrets are shown for angles of
yaw from -10° to 10° at angles of attack from -8% to 8°
in figures 15(a) through 19(e). Values of p/q oyer
a portion of the fuselage with the flaps down at 0° yaw
are shown in figure 20,

These diagrams indicete that no critical pressures
should be encountered in the high-speed level~flight
condition of the airplane at 17,000 feet, unless the
spinner - 18 removed. Whcn the spinner 1s removed critical
pressures occur at 265 miles per hour.

]
;
!
!
'
{
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“——= ----. The following. table llsts some values of the crit-
-1cal pressures on the svinner-cowl-nacelle asséembly and
on the fuselage:

"
r\ " o Gritical
=  [surface | Mg, (deg) |(deg) g Cri;ical v§$°gégyf§t
) (2) {mph)
Cowl
with 9(d) { -10 L |-2.09| 0.46 330
* |splnner : .
Cowl . . '
alone 11(a) 0 -8 {-L.82 .32 230
Cowl
with 11(e) 0 0 ~.66 .65 L66
Spinne
Cowl
alonel {11(e) 0 0 |[-3.54 37 265
Nacelle |1%(e) 10 8 |-2.k2| c.43 %09
g;cglggo 1hi(e) 0 8 |-3.30] .39 273
acellel|{11l(e) 0 0 |--.55 .68 1,88
Fuselage '
(f11let) |15(e) 10 8 | -l.6 33 237
Fuselage
[6F .= 55°}20(e) 0 8 |-2.71 Jdia 29l
?uselage
uppeéer .
tﬁgretﬂ-17(°) 0 0 =75 .63 L52
lHigh-speed level-flight attitude,
°The velues of critical Maoh number presegted in the -
table have been estimated by the von K rmen-Talen
relation from low-speed pressure coefficlenta.




Main-wheel, nose-wheel, and bomb-bay doors.-
Diagrams of the nressures acting on The maln-wheel door,
no se-wheel door, and bomb-bay door for a few represen-
tative cases are nresented in figures 21, 22, and 2%,

The maln-wheel and nose-wheel door pressures are shown
for four door angles from closed .to fgll open at [°

angle of attack and yaw angles of -10°, 0°, and 10°.

The bomb-bay-door diagrams represent the results of tests
made at 0° yaw, -8°, -1°, 0°, L°, and 8° angles of attack,
and door angles of 09, 10°, and 60°. - These pressure
dlagrams are presented to glve a picture of how varlous
door attitudes affect the pressures. They ars not
intended to be used for determining exact values of p/q.

Section moments (1lb-ft ver ft of length/q) and
sections loads (1b per ft of lenFth/d) for the three
Qoors'ere presented in figures 2l through 29. The se
curves are particularly valuable in showlng how the
moments and loads veary along the length of each door.

As might be expected, at the higher door angles, the
curves near the leading edge of the door are very erratic.

Flgures 30 and 31 present the total noments and
loads for the maln-wheel and the nose-wheel doors.
The total moments and the normal and transverse loads on
the bomb-bay door "are nresented 1In figure 32. It 1s of
Interest to note the simllarity of results for the main- ;
wheel and the nose-wheel doors. The magnitude of the
moments and loads are different, but the slope and dis-
placement of the curves are very much allke, The |
results Indicate thut throughout most of the range tested i
the nose-wheel door will tend to close but the main-wheel
and bomb-bay doors tend to open due to the aerodynamic
loads.

Turret loads.- The vertical loads on the upper and
lower-gun turrets and the longltudinal and side-force
loads on the uprer turret are given in table II. Some
of the values of total loads on the turrets, especlally
the side lcad and longitudinal loads, do not appnear as
would be expected6 fr example, the side load on the
upper. turret at 0¥ yaw is .0 because symmetry was assumed,
at -10° yaw the side loads are negative while at -5° yaw
they are positive when 1t would appear that they should
be negative. Consldering the same 1limit of accuracy
for the turret as set up for the door loads (0.01/q)
the results lle within the experimental accuracy of the

measurementa °
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- -Scale factor.- All results in this report are glven
in terms of the model. To change from model to alrplane -
loads and moments the scale factér must be taken into
account. For example, suppose the total load and the
total hinge moment were desired on the alrplane nose-

- wheel door for the following conditlonsa:

Q@ = 300 1b/aq ft3 6, = 0°; ¥ = 0°;

and a' = 0°, Figure 31 gives the values of the model
load and moment at 6, = 0°, ¥ = 0%, and a!' = 0°.
Multliply these values by the desirsd airplane q

(300 1b/sq ft) and by (1/model scale)d for moments and
(1/model scale)? for loads.

3
M(airplane) = M/q (model) X% 300 X (375%53)
= 00,0232 x 300 x 74.62
= 518 1lb-ft
1 2
F(airplane) = F/q (model) X 300 x (575373)

0.107 x 200 x 17.72

569 1b
CONCLUSIONS

Presgsure-distribution measurements of the model
indicate that:

l. In the airplane'!s high-speed levsel-flight
condition at 17,000 feet no critical pressures should be

- encountered unless the spinner is removed.%lth the

aplnner removed, critical pressuree were resched on
the covl at 265 miles per hour.
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. 2« Throughout most of thé-rdﬂgéafghted theﬁnoae-
wheel- door tends to close, whereas the main-wheel and
bomb-bay doors tend to open due to the aserodynamic loads.

3, The longltudinel and side loads on the upper
turret are small and generally lie within the experi-
mental accuracy of the measurements,

Langley Memorlal Aeronauticel Laborétory,
National Advisory Committee for Aeronautics,
Langley Field, Va.,, October 2, 1943,
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Table T
Tests and Figures

NATIONAL ADVISORY
COMMITTEE FGR AERONAUTICS

i Angle of yaw, deg. Door | &f Approx
Surface| i g at- 6ot -#oce-2e’= Floc’=Z|oc= #las= 6lac=8" Angle,degl(de (':22) R M \Fgs
spinner,|10-5, ~10,-5, -5, |03, 705, 389 9
cowl and| O, 0 0, 0 0|0 0, 0 0, — 0| 95 x/0° | AR /3
nacelle|5,10 5,10 5,10 5,10 5,10
cow!/ with
nera] @ OO0 fo oo oo o | — |0 |330 .JofN
nacelle | 0 | — o |— o |—|o |— |o — |55 90 |372| 4z| 14
-10-5 105, 10-5, /05 -/0-5, 5-
fuselage| 0, 0 | 010 |0 fo |o o | o] — |o|95|3ss|.2l"
5,10 5,00 5,10 5,10 5,10
fuselgel 0 |— |0 |— | o |— o |— | o — |s55|89 |375] 4220
4
105 40,5, 0,5 10,75, 105,
manwheel 0"l 0 |0 o |6 o oo | o o |o]|ss |399].e
5,10 5,10 5,10 5,10 5,10 2/
main wheel, -/0 -/0 =10, =10 >24
door |~ | T law | T |ow | |aw | |ow | »F |0 |94 |398] .2 (20
manwheel| | __ |05 _ |0-5| _ |w-5| _ |0-5] 85,1030,
door 0,5.10 0.5.10 05,10 0500| 5072 | 0|94 394 2|
~19~5, ~/0,~5, 1075, ~10-5, -10-5, I
rosewheel "ol o o |o | o |o | o |o|o | o |o|s+ |404]uz
5,10 5,10 5,10 5,10 5,10 22
- - _ 26
nosewheel | |0 | __ 0 1 __ -0 | _ 10, >
door 0.10 0,10 010 ogo | BSOS |0 |95 [404|.2 zr
nosewhes| _ | __ |-0-5| __ |w-5| _ |lw-s| _ |w-5|51030
door 05.10 0,5,10 05,10 0510 6086 | 0 |95 |32 | .2
* 0o |lo|o|o|o|ol|ofo]o 0 0 23
96 |3.64| 2 t£8
x lo|=1o|= — o |- 13,5,10,40,
0 0 [ ear] 9 32

X bomb bay door tested on normal suvpports -
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Table II
Loads on Upper and Lower Turrets
Type of | ¥ | O | Magnitude Type of | ¥ | &' | Magnitude
load |(deg)|(deg)| of load load |(deg)|(deg)| of load
(Ib/g) | ' (1b/q)
Upper turret Upper turret
(-8 | -0029 4 | -0250
-4 ~-0.028 J 8 ~0.26%
Side |-/04]| 0 | -00r4 ‘ (-8 | -0172
4 | 0004 ' -4 | 0195
| 8 0 Vertical | -54| 0 -0218
(| -8 0.00/ : 4 -0238
-4 0.002 y 8 ~0.24T
Side |-541 0 0.003 (-8 | -0.136
4 0004 o -4 | -0178
| 8 0.004 Vertical | 04] 0 | -0.199
(| -8 0.018 | 4 | -0249
-4 0017 8 ~0.267
Longitudinal -104| 0 0017 Lower turref
4 0017 -8 [ 00737
| 8 0.019 : —4 ~0.067
1 -8 0021 Vertical |-10 4| 0 -0.065
-4 0.020 4 | -0064
Lengitudinal | -5 <| 0 0.018 J 8 -0.059
4 0018 . ' (1 -8 ~0.05%
| 8 0014 , ' -4 | -0.052
(| -8 0011 Vertical |-§<| 0 -0.055
-4 0.010 4 ~0054
Longitudinal | 01| 0 | 0009 S | 8 | -0047
4 0020 - (1 -8 | -0.049
J 8 | 008 | -4 | -0.037
1-8 | -0186 Vertical | 04| 0 | -0.030
-4 -0zl _ 4 =0.029
Vertical | =103 0 | -0232 | . \ 8 | -0025
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Figure 2(a).- 0.2375-scale model Douglas XA-26 airplane on yaw support with wheel
doors full open and wing flaps deflected 55°,
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Figure 2(b).- 0.2375-scale model Douglas XA-26 airplane on normal, three- support
system with bomb-bay doors full open.
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figure Qa—Fressure coefficients pg on spinner, cowl, and nocelle of 02375— scale model
Dovglas ¥A=26 airplone ; y=—10°; q ~80 lbsq ft; R=3,900,000; /M1 <0./2.
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Figure 10a.— Pressure coefficients p/g on spinner, cowl, ond nacelle of 0.2575 — scale
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Figure 12 a.— Pressure coefficients pfg on spinner, cowl, and nacelle of 0Z575-scale model
Dovglas A6 airplane; y=5°; q=S06/5qrt; R~3,870,000; M~0IZ .
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Figure I3 0.— Pressure coefficients pfg on spinner, cowl, and nacelle of 023 Z5-scale model
Dovglas XA-26 awplane; y=10°; g”JO/Msczﬁ; R =3, 870,000; M~0IZ .
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