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PRES?3URE-DISTRIBUTION MEASUREMENTS ON VARIOUS SDRF/LCES

OF A O.2375-SCAIE MODEL 0? THE DOUGLAS XA-26 AIRPLANE

IN THE i9-.WOT PI@3SURE T’UNIKL““ ‘

By C. Dixon Ashw-orth

SUMKARY

‘Pressure-distribution measurements on a 0.2375-scale
model of the Douglas XA-26 airplane were conducted In the
NMA 19-foot pressure tunnel.

The measurements were made on the spinner-cowl-
nacelle assembly tindthe fuselage for angles of

5
aw from

-10° to 10° and at angles of attack from -8° to 0.
Pressures were also meaaured on the main-wheel door, nose-
wheel door, and bomb-bay door at door tinglesfrom closed
to full open through various ranges of &ngle of yaw and
angle of attack. These tests were made at an airspeed
of apm’oximately 95 mtles per hour with the air in the
tunnel mmpressed to 35 pounds per square inch absolute,
corresponding to a Re~olds 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 laads and hi~e moments, whereas
the measurements obtained 6n 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 is 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
Close while the main.vrheeI and bomb-bay doors tend to
open due to the aerodynamic loads.
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Efficlent aerodynaml c 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 airplane.
The investigation was requested by the ArriiyAir ~Fbrces,
Materiel Center,and was conducted in the 19-foot pressure
tunnel at Langley Memortal Aeronautical Laboratory.

Pressure distribution measurements were made at
angles 0? yaw from -10° to 10° and at angles of attack
fr6m -8° tb 9° to determine:

(1)

(2)

(3)

(b)

The

.nreq~ures acting an the cowl with and without
sninner, on the nacelle, and on the fuselage

the effect of fla~s on the pressure distri-
bution over the nacelle and fuselage at 0° yaw

the loads and hinge moments on the main-wheel,
nose-wheel, and bomb-bay doors at vmious
door angles

the loads acting on the upper and lower two-gun
turrets

load and hinge-moment data for the various doors
are of particular interest because !t is believed that
this is the first time such complete Information has been
made available.

APPARATUS MU) TESTS

The princ!pal dimensions of the 0.2375-sc~le model
of’the Douglas XA-26 airplcne are shown in figure 1.
The model was tested as shown there extent for one con-
figuration with the spinner removed. All messure-
distribution tests were made with the propellers off.

The method of mountln.g 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

“i
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tests.were made on the bomb-bay door ?pec.aus’eof the
bevereinterference effects between the.yaw,strut and
the door). The tests “were ~de.in the 19-foot pressure
tunn~l.which has a closed.oircular test section... . . ..

The rnbdel Is:of all-metal construction followzng ,
very closely the lines of its prototype. As tested,
It was sprayed with several coats of lacquer, sanded, and
waxed to produce a smooth finish. The pressure orifices
were Installed In.suoh a way that clean, smooth orifices
flush w$th the surface of the model.were produced.

Simultaneous measurement of the pres”sure acting at
every orifice could not be obtained because of the great
number of orifices (nearly 1000) and the limitation of
handling but 120 oriftces at one time. Consequently,
various surfaces were,tested individually; Por 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 f%om 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 s:m’.le.rTlat ~late was bolted whioh
contained co~per 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
eaoh record one tube”on each manometer was connected to
the reference pressure which for these tests was the
statio pressure in the tunnel test section.

The locations of the pressure orifices on the
spinner-cowl-nacelle assembly are shown in figure 3.
Figure 4 locates the orifices on the fuselage and on the
General Electrlc two-gun turrets. Figures 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 acourate picture of the forces acting on them Is
obtained. If the internal nressurea on the model
l.”
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and the airplane ar”esimilar, correlation between wind-
tunnel and fllght data should b.egood when the doors are
closed. As soon as the doors are opened, a similar con-
dition exists between the model and the airpldne 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 nade at a tunnel airspeed of
approximately 95 miles per hour with 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 cm the manometer.

..
In general, nressure-distribution measurements over

the various surfaces were obtained through an angle-of-
attack range from -8° to 8° and at yaw angles from -10°
to 100. The tests herein reported were made with the
air in the tqnnel compressed to 35 pounds per square
Inch absolute and are llsted in detail in table I..

SYMBOLS AHTlMETHOD OF ANALYSIS

The coefficients and symbols used in this report
are defined as follows:

P/q

CL

R

M

where

P,

q

pressure coefficient

lift coefficient, L/qs (corrected for support-
tare and interference effects)

Reynolds number, pVc/V

Mhch number, V/va

. .

static pressure difference between the model
surface and free stream

dynamic nressure, ;P$

.



s.

v

5

. . — -.
lift “~

wing area (30.488 sq ft)

mean aerodynamic chord (1.930 ft)

mass density of air

airspeed

coefflctent of viscosity of air

sonic vq.locity

and ..

geometric angle of attack of model fuselage
with respect to centerline of tunnel

* angle of yaw, degrees

6f flap deflection, degrees

e door deflection, degrees

Subsarlpts

m main-wheel door

n nose-wheel door

b bomb-bay door

The following example
to obtain the.doo~ moments

illustrates the msthod used
and loads:

. . . .

. ..
. .. .

Ii&I “
, ..,,

--- %:
d

. .
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AF “=

F=

AM =

Id =

.

J21
r bz

AR12

J.

Z2

L/ Wz p
or F=q ; dzdw

21 wl

d COSQ dw.;

i

.—

where

F

M

door load

door hinge mcment
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z length 01’door parallel to the vertical .
plane”of the fuselage reference ltie

w width ~f door perpendicular to l.- . .

a distance from hinge exis to centroid of pressure
diagram angle between hinge axis and orlf’ice
row

f? @ngle between hinge axts and orifice row

Gra&ical solutions of the equations for door loads
and hinge moments were obtained by plotting the values
of’ p/q in each orifice row perpendicular to the
appropriate plane against the distance Of each orif’ice
from the hinge axis. In the case of the left outboard
main-wheel door, an average plane was taken which
passed through the hinge axis and the outer edge of’the
d~or . For the left nose-wheel door a plane was chosen.
parallel to the outer flat surface of the door. Two
planes were used with the lef’tbomb-bay door, one
parallel to the outer flat surface Of the door and the
other perpendicular 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 section loads and moments were obtained from
the pressure diagrams by means of a mechanical integra-
tor and were plotted against the distance from the
leading edge of the door to each orifice row. The
area under the section moment and load curves was again
integrated to obtain values of total door load and
hinge moment.

Fbr co~venlence in obtaining a graphical solution
or the moments on the nose-wheel door8 the cos V term .
was neglected. Thus the moments are in error by about
2.0 percent.

I
In thts report the door loads and hfnge moments

per unit dynamio preesvre are presented against door
length. Poslt~ve valyes.of the loads and w~ents were
arbitrarily chosen to mean that the forces acting tended
to close the doorq .

,.,

Iilh.
\.

.’:-
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Pressure orifices were hcated”on only one-half

of the upper and lower”6un turrets; thus it was neces-
sary to assume symmetry and use data from both positive
an~ negative anfilesof yaw to obtain the loads for a
particular angle of yaw.

The turret loads are .glven by the following
expressions:

-(1)

h

&t

Wt

(2)

(3)

,

Vertical load

Side load .

h Zt

s!
Fg=q . ~.~ “dzt

3“ o

Inngitudinal load ‘

‘hwt

s!
f dh dwt%=qoo

where

R

r

maximum radius of turret “

radius qf turret at any orifice row (orifice
rows lie In nlanes which are-perpendicular
to the axis of rotation of the turret)

angular dlsplacenent of orifices as seen from
a ton or lmttom view of the turret in question

height of turret . .

length’of turret (measured along the loh&tudinal
axis of the model)

.

width of turret perpendicular to Lt
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-. . me equation for verti~al loads was solved graphi-“-.
oal-lyby,plot~lng valuq.sor x#q- againbt the o@o~-L
terbntieof the t~ret at eyer~ roy of orifices..
In~egrktfon pf’these pi?p8sure dlagrama gl%es values of

m .s.eet~onload which whereplotted. agalrist the maxlhum

R radlua-of the turret and Pgain integrated solve ‘~the

J! “, ~~ .“”” -. ~:;”””- ““
equation, ..-’”1-”

. . In like”finne~ the equations “fofi s de ‘andlongi-”
)tu~inal.loads are solved by plottlng “Pq against tie .

appropriate dlameten of the-turret, tntegrating,these .
. our”ves,plotting-the seetlon loads agalnBt”the helgh,t
-of the turret and, by again integkatlng, the “total
loads are obtained.

All turret loads are measured with respeot to the
body axis of the model and are pnesented as loads per
unit dynamo press~e. Posttlve vertical loads are
compressing ,loads parkll’e’lto the axis of rotation of
W? ttuweto Side loads are measured perpendicular to
a vertical plane through the fuselage reference line
and are positive to the right; ,Longltudlnallocalsare
parallel to the vertloal plane df’the fuselage referenoe
line and,are popitlve aftti “ “ . .

Vertloals sides and iongltudlnal loads were”.obtained
for the upper t~ret but due to aaymmetrloal orif%~e
locations on the lower turret only vertioal loads are
presented.

Aocuraoy .
,.

Individual pressures oould be read-from the ~
photographs to *0.1 au. Values of p/q areaoourate
to within 0.001.

..
. The accidental errors that exist in the f$nal

loads and hinge moments are due.to fairlng ourvea and
.“htegrating thepe OUVC+S. From the results Of the’total

.. door loads hnrl Inge moments It would appeer:that these.....-.. ,. ~are about 0.01 q “forthe loads and 0.002/q for umments”,
.,

RESULTS AND DISCUSSION

In order to estimate the llft ooefftolent at whioh
the tests were made, fig~e 8 is presented. The llft

L.,.-... ‘ --
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$oefflolt?nthas ~beenoplo.tteda“d‘a-furr.ct-ion. ~of geonretrlo
angle of’.abtaok.at.0 “yaw ~eoa’use.the.geometd$c angle
of attack remains.oonstant.thro.u~ou~ the yaw range. .. ‘... . .

Splnn.er-cowl-nic.i.llekiBae”~bl+a“nd.~a-elage. - l’alues
of the external preasur.e ooeff~c~ents W.qs for the -
spinner-oowl-nacelle assembl

1
and the fimelage are dhown ‘

in figures g(a) through 20(e . Presentation of data in
this danner 1.srather unusual but ~t.was used because it
not .only.gives the value of :p]q.‘at each orlfl.ce,..but
provides for easy comparison with #ie pressures aoting
at otherforifloesin the same vlointty. For a particular
model attitude all the.pressures act~ng on the unit oan
be obtained from one diagram. .

. .

The presmres measured on.the spinner, cowl, and

t
nacelle are presen ed for the fol owing angles’of yaw:
-10°, figure 9; i-5 , figure 10; O , flgurell; 5°,
figure 12; 10b, ‘figure13; and 0° utittiwing flaps de- .
fleeted 550, figure 14. At..,eachangle of yaw the .“
results re given for an angle-of-attack range’from .’8-8° ~0 8 ● ~ The Cowl-alone -dataare presented on the
same diagrams as the spinner-oowl-naoellepressures
at 0° yaw, figure 11? For all tests made with the spinner
In place the cowling-entrance-velnclty ratio Vi/V waa
approximately 0.28. : The entranoe-velooity rat~otwas
not measured when the .splnnerwas retioved.

The fuselage pressures tncluding .fhe wing fillet
and the upper and lower turrets are skown for an les of

8yaw from -10° to 10° at angles of attack from -8 to 8°
in figures is(a) through 19(e). Values of p/q oger
a portion of the fuselage with th~ flaps down at O yaw
are shown In figure 20. ,

..

These diagrams Indicate that no orftioal pressures
should be encountered In the high-speed level-flight
condition of the airplane at 17$000 feet, unless the
spinner.”is removed. When the spinner is removed critical
pressures occur at 265 miles per hour.

. . .

.

..
. ,. .

‘.
. .

. . . . .
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— ----- The”following.table I\qtq some values of the orit-
.~cal pressures on the sni.nner-cowl-riacelleassembly and
on the fuselage! “

. .

If ‘ a’
1

CriticaT

Surface age (deg) (deg ) ~ Critical velocity at

(5)
17&ft

cowl
Wt th 9(d) -lo 4 -2.09 0.46 330
spinner

cowl n(a) .0 +8 . -4.82 132 230alQne

cowl
With n(e) o 0 -.66 .65 1+66
splnnerl

cowl
alonel 11(e ) o 0 -3~54 .37 265

lTacelle 13(e) 10 8 “2*4-2 4c. 3 309

Nacelle
Rf = 550

1~~(~) o 8 -3.30 .39 273

Nacellel Ii(e) o 0 “-.55 .68 488

fiselage
fillet) l~(e) 10 0 -4.46 .33 237

Fuselage
$f-=”55? 20(e) o 8 -2.71 J@ 294 .

Fuselage
[upper I
turret} 17(e) I ~ o -975 .65

I
452 ~

&h-speed level..f’lightattitude,

‘The values of erltlcal Maob number prese ted in the
2table have been estimated by the von K ~n-Tslen

relatlon from low-speed pressure coefficients..
I

. ..-
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@in-wheel, nose-wheel, and bomb-bay doors .-
Diagrams of he nressures acting on he main-wheel door,
nos=-wheel door, and bomb-bay d~or for a few represen-
tative cases are nresented In figures 21, 22, and 23.
The main-wheel and nose-wheel door pressures are shown
for four door angles from closed.to f&l ~pen at l~”
angle of’attack and yaw angles of -10 , 0 , and 10°.
The bomb-bay-door diagram represent’ the results of tests
made et 0° yaw, -8°, -4°, 0°, 4°, and 8° an@es of attack,
and door angles of 0°, 10°, and 60°. ““These pressure
diagrams are presented to give a picture of how various
door attitudes affect the pressures. They are not
intended to be used ~or determining exact values of p/qb

Section moments (lb-ft ~er ft of length/q) and
sgctfons loads (lb per ft of’len th/q) for the three

r.Qoors”are presented in figurus 2 + through 29. The se
curves are particularly valuable in showing how the
moments and losds vary al~ng the length of’each door.
As,might be expected, at the higher door angles, the -..
curves near tk.eleading edge of the door are very erratic.

Figures 30 and 31 present the total moments and
loads for the”main-wheel and the nose-wheel doors.
The total moments and the narnal and transverse loads on
the bomb-bay door .are nresentwd in figure 32. It iS Of
Interest to note the s?-milarityof results for the maln-
wheel and the nose-wheel doors. The na~nitude of the
moments and loads are different,but the slope and dis-
placement of the curves are Wry much alike. The
results indicate thut throughout most of the range tested
the nose-wheel door wI1l te~d to close
and bomb-bay doors tend to open due to
loads.

Turret loads.- The vertical loads
lower-gun turr~ and the langitud?-nal
loads m the upner turret are Riven in

but the m~in-wheel
the aerodynamic

on the upper and “
and side-force
table II. Some

of the values of total loads O: the turrets, e~pectally
the side Icad and longitudinal loads, do not appear as
would be expecteda ~%r example, the side load on the
upper.lxirret at 0 yaw Is -O because symmetry was assumed,
at -10° yaw the side loads are negative while at -50 yaw
they are positive when it.would appear that they should
be negative. Considering the same limit of accuracy
for the turrqt as set up for the door loads (O.01/q)
the results lie within the experimental accuracy or the
measuremetiti‘ ..“-

1

I

1

:4
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.F“ ...,-
- -Scalefac3tor.-.All results in

In terms of model. To Chan@
loads and moments the scale factor

13

this report are given
from model-t-o airplane -
must be taken into

account. For example, suppose the tcitalload and the
total hinge moment were desired on the airplane nose-
wheel door for the following conditions:

q = 300 lb/sq ft; On = OO; W= OO;

and a~ = 00. Figure 31 gives the values of the model
load and moment at On = Oo, W= OG, and at = OO.
Multlply these values by the desired airplane q
(300 lb/sq ft) and by (l/model scale )3 for moments and
(l/model soale)2 for loads.

M(airplane) = ~q (model) x 300 x (-)3

= 0.0232 X 300 X 74.62

= 516 lb-f%

F’(airplane) =
‘/q ‘mOdel) x 300 x (-r

= 0.107 X S00 X 17.72

= 569 lb

CONCLUSIONS

Pressure-distribution measurements of’the model
Indicate that:

1. In the airplane 1s high-speed 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 reeched on
the oorL at 265 miles p“erhour.

iii.. -.._.__ ___
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2. Throughout most of the ran&..~;sted the”+ose-
whee”l-door tends to close, whereas tli~“win-wheel and :
bomb-bay doors tend to open due to the .aerodynamtcloqdd.

.-

3* The longltudlngl and d.idqloads on the upper
turret are small and penerally lie within the experi-
mental acouracy of the measurements.

‘LangleyMemortal Aeronautical Laboratory,
National Advisory Comrilttee for Aeronautics,

Langley Tleld, Vs., October 2, 1943,

,
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Loud6 on Upper and Lower Turrets
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Figure2(a).- 0.2375-scalemodel DouglasXA-26 airplaneon yaw supportwithwheel
doorsfullopen andwing flapsdeflected55°.
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Figure2(b).- 0.2375-scalemodel DouglasXA-26 airplaneon normal,three-support
system withbomb-bay doorsfullopen.
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