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IMEMORANDUM REPORT

for the
Army Air beces, Materiel Comﬁand
fRESSURE«DISTRIBUTION MEASUREMENTS ON VARIOUS SURFACES
OF A 0.2375-8SCALE MODEL 0F THE DOUGLAS XA-26 ATIRPLANE
IN THE 19-F00T PRESSURE TUNNEL

By C, Dixon Ashworth
SUMMARY

Pressure-distribution measurements on a 0,2375~scale
model of the Douglas XA-26 sirplane were conducted in the
NABA 19-foot pressure tunnel.

The measurements were made on the spinner-cowl-
nacelle agsembly sand the fuselage for angles of yaw from
~10° to 10° and at angles of attack from -8° to 8°.
Pressures were also measured on the main-wheel door, nose-
wheel door, and bomb-bay door at door angles from closed
to full open through various ranges of angle of yaw and
angle of attack. These tests were made at an airspeed
of approximately 95 miles per hour with the air in the
tunnel compressed to 35 pounds per square inch absolute,
corresponding to a Reynolds number and Mach number of
approximately 3,900,000 and 0.12, respectively.

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

Tests of the model indicate that no critical
pressures should be encountered in the high-speed level-
£flight condition of the airplane at 17,000 feet unless
the spinner 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
c¢lose while the main-wheel and bomb-bay doors tend to
open due to the aerodynamic loads.




INTRODUCTION

Efficient aerodynamic and structural design of modern
high-speed aircraft is often dependent on a knowledge of
the static pressures acting on the surface of the airplane,
To obtain such information for application to the design
of the XA-26 airplane, the NACA has conducted an exten-
sive investigation of the pressure distribution over
various surfaces of a 0,2375-scale model of that alrplane.
The investigation was requested by the Army alr breces,
Materiel Center,and was conducted in the 19-foot pressure
tunnel at Langley Memorial Aeronautical Laboratory.

Pressure distribution measurements were made at
angles of yaw from -10° to 10° and at angles of attack
from -8° to 8° to determines

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

(2) the effect of flapvs 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 various
door angles

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

The load and hinge-moment data for the various doors
are of particular interest because it 1s believed that
this is the filrst time such complete information has been
made available.

APPARATUS AND TESTS

The principal dimensions of the 0.2375-scale model
of the Douglas XA-26 airplane are shown in figure 1,
The model. was tested as shown there exceont for one con-
figuration with the spinner removed. All pressure-
distribution tests were made with the propellers off.

The method of mounting the model in the wind tunnel
is 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 homb-bay door because of the
severe interference effects between the yaw strut and

the door). The tests were made in the 19-foot pressure
tunnel which has a closed circular test section.

The model is of all-metal construction following
very closely the lines ol 1ts wnrototype. As tested,
it was sprayed with several coats of lacquer, sanded, and
waxed to produce a smooth finish. The presgsure orifices
were installed in such a way that clean, smooth orifices
flush with the surface of the model were produced.

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

‘handling but 120 orifices at one time. Consequently,

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

From one side of the headers, which were small flat
plates, suitable tubes lead to the surface of the model,
To the other side a sim'lar flat nlate was bolted which
contained cooper tubes that extended from the model to
the control room below, In the control room the tubes

were connected to two multiple-tube manometers.

Simultaneous records of the pressures acting on a

. particular surface were obtained by photographing each

manometer., In order to provide a reference line on
each record one tube on each manometer was connected to
the reference pressure which for these tests was the
static pressure in the tunnel test ‘sectlon.

The locations of the pressure orifices on the
spinner-cowl-nacelle assenbly are shown in figure 3.
Figure |l locales the orifices on the fuselage and on the
General Electric two-gun turrets. Mgures 5, 6, and 7
show the orifice locations 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 opressures on the model
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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, & similar con-
dition exists between the model and the eirplane and

thus the internal pressures should be the same, nly
on the .doors were the internal pressures of the model

taken into account.

A1l tests were made at a tunnel alrspeed of
approximately 95 miles per hour with the exception of
the cowl tests with the spinner removed which were made
at approximately 78 miles per hour. It was necessary
to drop the tunnel airaspeed in order to record the peak
pressures on the manometer.

In general, pressure-distribution measurements over
the various surfaces were obtained through an angle-of-
attack range from ~-8° to 8° and at yaw angles from =10
ho . 1O° . The tests herein reported were made with the
air in the tunnel compressed to 35 pounds per square
inch absolute and are listed in detail in table I.

SYMBOLS AND METHOD OF ANALYSIS

The coefficients and symbols used in this report
are defined as follows:
/4 pressure coefficient
Cr 1ift coefficient, L/qs (corrected for support-
tare and interference effects)
R Reynolds number, eVe/p
M Mach number, V/Vg
where
P static pressure differernce between the model
surface and free stream
7

q dynamlic nressuvre, EpV
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wing area (30.488 sq ft)

mean aeréddynamic chord (1.930 ft)
mass density of air

airspeed

coeffilclient of viscoslity DL aly

sonic velocity

goometric angle of'attack of model fuselage
with respect to centerline of tunnel

angle of yaw, degrees
flap deflection,. degrees

door deflection, degreses

scripts
main-wheel door
nose-wheel door
bomb-bay door

The following example illustrates the method used
obtain the door moments and loads:




Sy W
A
W
2
AR = q/ 2 aw
Wl q
7 Za W2
P =/21\Fd?, or qu/ /f g-dl,dw
Z’l Zl L Wl
Wf—
2
N q/ % g cos @ dw
Wl ‘
L2 Ly aWD P
M = AVAT or M=gq cos® ‘/ q ad ldw
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where
i door load

M door hinge moment
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"planes for the bomb-bay door gave the normal and trans-

[/ v length of door varallel to the vertical
plane of the fuselage reference line

W width of door perpendicular to 1

a distance from hinge axis to centroid of pressure
diagram angle between hinge axis and orifice
row

) angle between hinge axis and orifice row

Graphical solutions of the equations for door loads

and hinge moments were obtalned by plotting the values
of p/q 1in each orifice row perpendicular to the
aporopriate plane against the distance of each orifice
from the hinge axis. 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
deoor ., Tor the left nose-wheel door & plane was chosen
parallel to the outer flat surface of the door. Two
planes were used with the left bomb-bay door, one
parallel to the outer flat surface of the door and the
other permnendicular to the first plane. The use of two

verse moments and loads, respectively.

The section loads and moments were obtained from
the pressure diagrams by means of a mechanical integra-
tor and were plotted against the distance from BHS
leading edge of the door to each orifiice row. The
area under the section moment and load curves was again
integrated to obtain values of total door load and
hinge moment.

For convenience in obtaining a graphical solution
of the moments on the nose-wheel door, the cos © term
was neglected. Thus the moments are in error by about
IO nercent

In this report the door loads and hinge moments
per unit dynamic pressure are presented against door
length., Positive values 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 neees~
sary. to assume symmetry and use data from both positive
and negaijié angles of yaw to obtain the loads for a
particulsr angle of yaw.

The turret loads are given by the following
exnressions:

(1) Vertical load

B-ne
o

7GR el €
\) J
0] (®]

2 to

(2) 8ide load

h pl
i e t p
bs—q_/f adhdlt
o Vo ;

(3) ILongltudinal load

. h pw
L 3 i
FL = an Jﬁ % dh dwt
o Vo

where
R maximum radius of turret
1 radius of turret at any orifice row (orifice
rows lie in planes which are perpendicular
to the axis of rotation of the turret)
€ angular displacement of orifices as seen from
a top or bottom view of the turret in question
h height of turret
by length of turret (measured along the longitudinal

axis of the model) :

Wi width of turret perpendicular to Lt
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- The egquation for vertical loads was solved -graphi-
cally by plotting values of p/q against the circum-
ference of the turret at every row of orifices.
Integration of these pressure diagrams gives values of
section.load which when plotted against the maximum
radius of the turret and agdin Integrated solve the
eauation, »

" . In like manner the equations for side and longl-
tudinal loads are solved by plotting p/q ageinst the
appropriate diameter of the turret, integrating these

- curves, plotting.the section loads against the height

of ~the turret and, by again intearating, the total
loads are obtained.

All turret loads are measured with respect to the
bedy axis of the model and are presented as loads per
unlt dynamic pressure. Positiye vertical loads are
compressing loads parallel to the axis of rotation of
the turret, CSide loads are measured perpendicular to
& vertical plene through the fuselage reference line
and are positive to the right. Longitudinal loads are
parallel to the vertical plane of the fuselage reference
line and are positive aft.: .

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

Accuracy

~ Individual pressures could be read from the
photographs to 0.1 cm, Values of p/q &are accurate
e wlithin 0,001,

The accidental errors that exist in the final
loads &and hinge moments are due to fairing curves and
Iintegrating these curves. From the results of the total
door loads and hinge mements 1t would appeer that these
are about 0,01/q for the losds and 0.002/q for moments.

RESULTS AND DISCUSSION

In order to estimate the 11ft coefficlent at which
the tests were made, figuyre 8 is presented, The 1lift
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coefficlent has beenaplotted,as a fuﬁction of geometric
angle of attack &t O  .yaw because the geometric angle .
of attack ' remalns censtant throughout the yaw range.

Spinner-cowl-nacelle assembly and fuselage.- Values.
of the external pressure coefficient, p/a, for the
spinner-cowl-nacelle assembly and the fuselage are shown
in figures 9(a) throughr 20(e). Presentation of data in
this manner 1is rather unusual but 1t was used because it
not only glves the value of p/a 8t each orifice, but
provides for easy comparison with the pressures acting .
at other orifices in the same vicinity. For a particular
model attitude all the pressures acting'on the unit.can
be obtained from one dlagram,

The presiures measured on the spinner, cowl, and
nacelle are presented for the following angles of yaw:
-10°, figure 9; -5°, figure 10; 0%, if1gure 113 5°,.
figure 123 10°, figure 13%; and 0% with wing flaps de-
flected 559, figure 1lli. At each angle of yaw the
results are glven for an engle-of-attack range from
-8° to 8°., The cowl-alone data are presented on the
same diagrams &s the spinner-cowl-nacelle pressures
at 0° yaw, figure 1l1. For all tests made with the splnner
in place ‘the cowling-entrance-veloccity ratio~”VI/V was
approximately 0.28., The entrance-velocity ratlo was:
not measured when the spinner was removed. :

The fuselage pressures including the wing fillet
and the upper and lcower turrets are shown for angles of
yaw from -10° to 10° at angles of attack from -89 to 8°
in figures 15(a) through 19(e). Values of p/a over
a portion of the fuselage with the flaps down at 0° yaw
are shown in figure 20, - :

These diagrams indicate that no critical pressures

,shbuld'be encountered in the high-speed level=flight

condition of the airplane at 17,000 feet, unless: the
spinner is remcved. When the spinner is removed-critical
pressures occur at 265 miles per hour.
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The following table lists some values of <bhe ecrit-
ical pressures on the spinner-cowl-nacelle assembly and
on the fuselage:

! oy é | Critical
o \ Criticallvelocity at
Surface | #Mg. |(deg) |(deg) g " 17,000 £t
(2] (mph)
Cowl
with G(d) | -10 L 1=2:0808 056 %30
Splnner
Cowl : ' ) .
(2 11(a) 0 -0 .82 .32 230
Cowl ”
with 11(e) 0 0 =4 66 .65 166
gninnerl
Cowl
alonel |11(e) 0 0 " | =Basl .37 265
Nacelle {13(e) 10 | 8 |-2:.0i248 085 %09
Nacelle .
4 (e 0 8 |-%.30 .38 2
6p = 550 {8 23 2 75
Nacellel|1l(e) 0 0 | -=u58 .68 .88
Fuselage
(f1llet) |19(e) 10 8 | -lL.6 .33 237
Fuselage ;
65 .= 55°120(e) 0 8 | =27t Jil 29l
Fuselage '
Lgpper
turretﬁ-l7(e)‘§ 0 0 =75 .63 Li52
lyigh-speed level-flight attitude,
“The values of critical Mach number presente@ in the
table have been estimsted by the von Kédrman-Tsien
relation from low-speed pressure coefficients.




for four door angles from closed to full oven at

doors'are vpresented in figures 2ly through 29.  These

12

Main-wheel, nose-wheel, and bomb-bay doors.-
Diagrams of the »nressures actbing on thne main-wheel door, L
no se-wheel door, and bomb-bay door for a few reépresen-
tatlive cases are nresented in figures 21, 28, 8ngd 25
The main-whesl and nose-wheel door pressures are F?an
o
angle of attack and yaw angles of +18% (0%, and 10°.
The bomb-bay-door diagrams represent the results of tests
made at 0° waw, -8°, -4°, @°, L°; and 8° angles of attack,
and door angles of 0°, 109, and 60°. These pressure
diegrams are presented to give a picture of how various
door attitudes affect the pressures. They are not
intended to be used for determining exact values of p/q.

Section moments (1b-ft per £t of length/q) and
sections loads (1b ver Tt of length/q) for the three

curves are particularly valuable in showlng how the

moments and loads vary along the length of each door.
As.might be expected, at the higher door angles, the
urves near the leading edge of the door are very erratic.

M gures 30 and 31 present the total morients and
loads for the main-wheel and the nose-wheel doors.
The total moments and the normal and transverse loads on
the bomb-bay door are »nresented in figure 58, It is of
interest to note the similarity 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 alike. he ¢
results indicate that throughout most of the range tested
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 longitudinal and side-force
1loads on the upner turret are given in table B Some
of the values of total loads on the turrets, eapecially
the side lced and longitudinal loads, do not appear &s
would be exnected, Mr example, the side load on the
upper turret at i vaw 1s°0 because symmetry was assumed,
at =-10° vaw the side loads are negative while at -50 yaw
they are vpositive when it would appear that they should -
be negative.. Considering the samé 1limit of accuracy
for the turrét as set up for the door loads (0.01/q)
the results lie within the experimental accuracy of the 5
measurements i
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Scale factor.- All results in this report are given
in terms of the model.. To change from model to airplane
loads and moments the scale factor must be -taken. into
accounti.. For example, supposs the tctal load and the’
total hinge moment were desired on the airplane nose-~ -
wheel door, for the following conditions:

q = 300 1b/sq o910y =n0Ran s 0% aus
ol o' = 0°, Figure 31 gives the values of the model
load and moment at 8, = 00, Ww'= 0% and  ak = 0°,
Multiply these values by the desired airplane ¢
(300 1b/sq 7t) and by (1/model scale)d for moments and
(1/model scale)? for loads. -

1l

sk s $ %0
i'i[/ci (mO’iSl) X 300 X *5"",;—?—-&'

M(airplane) GZ7E

= 0,0232 X 300 x 74,62

)
1 (]
F(airplane) = F/q (model) X 300 x (5753735

= 0,107 x 300 % 178372

= 569 1b
CONCLUSIONS

Pressure-distrivbution measurements of the model
indicate that:

1. 1In the airplane's high-spsed level-flight
condition at 17,000 feet no critical pressures should be
encountered unless the spinner is removed.%ith the
spinner removed, critical pressures were resched cn
the covl at 265 miles per hour.
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2. Throughout most of the range tested the nose-
wheel door tends to close, whereas the main-wheel and
bomb-bay doors tend to open due to the aerodynamic loads.

AT = The longitudinel and slde loads on the upper
turret ere small and generally lie within the experi-
mental accuracy of the measurements.

rangley Memorilal Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va,, October 2, 1943,
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Table T
Tests and Figures

NATIONAL ADVISORY
COMMITIEE FCR AERONAUTICS

[ Angle of yaw, deg o 1| & Approx
Surface | i gl at-¢loct-4]oce-2 = Oloc'=2oc= £l 6lac= 8 Angle,deg|de o (::Zlh) o
spinner,|~10-5, 51055 F075, =030, O3, 389 9-
cowl, and| O, 0 0, 0 0 |0 0, 0 0, — 0 195 |5, 06|02 /3
nacelle|5, 10 5,10 5,10 5,10 5,/0
cow/ with
ommerotfl © | O L0 oo oo oo — o | 7 |330| a0y
nocelle | 0 | — |0 |— o |— |0 |— | o — |55]|90 |372]| 4z| 14
10-5 -10~5, 5, -/0-8, -10-5, 5.
fuselage| O, 0 0, 0 0, 0 0, 0 0, e 0| 95 |398 | .12 19
5,10 5,10 5,10 5,10 510
fuselage| 0 = o | — 0 - 0 o 0 — |85 |89 |375| Uz |20
10-5 10,5, 0,5 =105, 10,9,
"’"g’;gﬁ’”' o0 |lo oo |la|lol|lo]|lo]l o 0 0|94 |399]| 42
5,10 5,10 5,10 5,10 5,10 o
main wheel -/0 -/0 =10, =10 4
door |~ |~ |ew |~ |aw |~ |ow| = || b3 |0 [o* |308| 2|25
mainwheell | __ (4075 __ |05 | __ |70-5| _ [10°5.| 5,10,30,
door 0,5.10 0.5,10 05,10 05.10| 5072 | O |94 (3942 i
195, ~/0-5, 105, 105, 05,
mosewheel 0l o |0 |0 |6 |0 |0 o]0 | o |o|s+ |e08|.z
5,10 5,10 5,10 5,10 5,10 sy
i 26
nose wheel| | /0, o =10, _|=o e
Woor 0.10 0,10 010 B | e S PR ) 2 (;}
nosewhesl __ | __ |0~5| _ |H0-5| _ |w0-5| _ |0-5,) 51030
aor: 05,10 0,5,10 05,10 05.00| 60,86 | 0 |97 |37 | -2
¥ o |lo|o|o|o |ol|o|o|o ) 0 23
96 |(3.64| .12 ;gg
Elo l—ol—|o |=]|0 | l2 ik 16 32
g 60,887 2

¥ bomb bay door tested on normal suvpports
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Table II
Loads on Upper and Lower Turrets
Type of | ¥ | &' | Magritude Type of | ¥ | &' |Magnitude
load |(deg)|(deg)| of load load |(deq)|(deg)| of load
(Ib/q) (Ib/q)
Upper turret Upper turret
(1 -8 | -0029 4 | -0250
-4 -0.028 | 8 ~0.26R
Side -/04| 0 ~00R4 fl -8 ~0IE
4 -0.004 -4 ~0.196
] 8 0 Vertical | 54| 0 ~0.218
(1 -8 0.00/ 4 ~0238
4 0.002 (| 8 ~0.247
Side |-5 0 0.003 1.<8 | -0
4 0.004 -4 -0.178
8 | 0004 Vertical | 04| 0 | -0.199
Ek <8 0018 4 ~0.249
0+ k: co)'gﬂ Z i
Longitudinal| -/ y ower furre
4 0.017 (| -8 ~0075
(| 8 0.013 -4 ~0.067
(| -8 0021 Vertical |-10 0 0065
-4 0.020 4 -0.064
Longitudinal | =5 <| 0 0.018 & -0.059
4 0018 (| -8 ~005
(| & 0014 -4 -0.052
(1 -8 0011 Vertical |-§ 4| 0 -0.055
4 0.0/10 4 ~0.054
Longitudinal | O<| 0 0.009 | 8 ~0.047
4 0020 1 =8 ~0.049
| 8 0.018 -4 ~0.037
(1-8 | -0186 Vertical | 0 9| 0 | -0.090
-4 -0l 4 ~0.029
Vertical | 03] 0 | -0232 | 8 | -4025

L -553
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Figure | — Flan and elevations of the 0.2375-Scale model of lhe Doyglas XA-26 arplane.




Figure 2(a).-

0.2375-scale model Douglas XA ~26 airplane on yaw support with wheel
doors full open and wing flaps deflected 55°.




Figure 2(b).-

LMAL 33455

0.2375-scale model Douglas XA-26 airplane on normal, three-support
system with bomb-bay doors full open.
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Figure 3.—Location of orifices on spinner, cowl,and nocelle of 0.2375-scale model Dovglas AA-26 airplane

NATIONAL AUVISORY
COMMITTEE FOR AERONAUTICS




25°

Orifices are approx.7# from fuselage ¢
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Fiqure 4-Location of orifices on fuselage of 0Z375-scale model of Douglas XA-26 airplane
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Figure § = Location of orifices on main wheel door of 02375-scale model Douglas XA-26 airplane
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Figure 10a.— Pressure coefficients p/g on spinner, cowl, and nacelle of 0.2575 — scale
mode/ Douglas XA—=R6 airplane; y=—5% q~80 Ibfsq It ; R~3, 7/0,000; M~0IZ .
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Figure 130 — Pressure coefficients ,o/g on spinner, cowl, and nacelle of 02375-scole mode/
Douy/as XA-26 airplane; y=10° QQ’JO/MVZ/’?‘; R~J, 870,000:; M~0/E.
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