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CHARACTERISTICS OF A 1/22-SCALE MODEL OF A BOMBER
| AIRPLANE EMPLOYING A LOW-ASPECT-'

RATIO TRIANGULAR WING

By.E. Ray Phelps - 7;- o

SUMMARY

" This report presents the results of a wind-tunnel‘investigation
of the effect of model cross-sectional-area distribution, nacelle

~configuration, and landing-gear-fairing configuration upon the minimum-

drag characteristics of a 1/22-scale model of a four-engined bomber
airplane employing a low-aspect-ratio triangular wing. The drag char-
acteristics were shown for Mach numbers from 0.7 to 0.9 and from 1.k
to 1.9. The lateral-stability characteristics were also investigated
for the model with various nacelle configurations at Mach numbers of
1.4 and 1. 9. All data were Cbtalned at a Reynolds number of 3.0 '

- million based upon the wing mean aerodynamlc chord..

The effectlveness of a modification made according to the transonlc-
area rule could not be investigated at transonic.speeds; however, at
Mach numbers below 0.9 and above 1.4 the modification increased the
drag. This drag increase appeared to be associated with abrupt changes
in body contour since a revision, which reduced the abruptness of these

. contour changes, resulted in significant drag reduction in the Mach

number range of this investigation. The results of the investigation
of the effect of nacelle configuration indicated substantially less
drag for the arrangement with outboard nacelles centrally located in
the wing. The drags attributable to three types of landing-gear
fairings were approximately the same. A reduction in directional
stability resulted from the addition of the nacelle conflguratlonq
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S The results of recent experiments have shown that the drag caused
R by the effects of interference between various components of an airplane
ci.. %, . < can become excessive at transonic and supersonic speeds. Although these
MO results have indicated design criteria to be followed in order to reduce
R ‘the adverse effects of interference, the accurate prediction of such
.. ~.effects 1s difficult. At the request of the U. S. Air Force, tests have
, “been conducted in the Ames 6- by 6-foot supersonic wind tunnel to deter-
. . . mine the drag characteristics of a l/22~scale model of a bomber-type
" .7 -airplane employing a triangular wing of aspect ratio 2.3. These tests
were directed principally toward measuring the drag changes resulting
from an application of the transonic-area rule and toward investigating
. - the effects upon over-all drag of several nacelle configurations and
- .. other wing-mounted appendages. In conjunction with the drag investiga-
- "< - tion, an experimental study of the effect of nacelle configuration upon
“.the lateral-stability characteristics of the model was made.

W
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- NOTATION

o AT ~:> cross-sectional area of model in planeq perpendlcular to the

.. longitudinal axis, sq in. o . :

Ae .. ‘exit area of one nacelle, sq in.

" - b .. .wing span in chord plane, in.
. » . 4 - ' ! .
C. - . wing mean aserodynamic chord, in.

minimum drag

'CD in minlmum-dreg eoefflclent, "
. - (U - . N . . ) o
p ‘ S ' . internal dra S y o
CDi nacelle internal-drag coefficient, = S g o A

‘ ' V : side force

Cy side~force coefficient,

: . qS : -
Chav ~ T “yawing-moment coefficient, yawing moment -

C : ) asSb N

(oF N rolling-moment coefficient, r°1li?g moment

: qsSb

’ ¥

i model length, in. s

mass rate of flow through one naﬂelle, slugs/sec
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:P63-3:t free-étreéﬁ.été£ié.pfeséuré4 1b/sq in;

Aﬁe'i'- nacelle exit static pressure,llb/sq iﬁ.

qu:‘u —E;ée-stréam dynamlé pressure, lb/sq in. | f".::{fg&”;j;“
Sh_; ‘i total wing area in chord plane, including arLa formed by

=" - extending leading and tralllng edges to model plane of
Tt ' symmetry, sq in. ’ :

o free-stream velocity, ft/sec
f(¢ve'“ - nécelle exit velocity, ft/sec . o
B . N angle of sideslip of fuselage 1ongitudinai axis;'degv»

APPARATUS o v

Wlnd Tunnel and Eqnlpment

The expérimental investigation was conducted in the Ames

- 6- by 6-foot supersonic wind tunnel. In this wind tunnel, the Mach

number can be continuously varied from 0.60 to 0.90 and from 1l.15 to
2.00, and the stagnation pressure can be regulated to maintain the
desired test Reynolds number.

The model was mounted on a sting hav1ng a cross- sectlonal area
of 48 percent of the base area of the model. Aerodynamic forces and

" moments were measured by means of a six-component, flexure-pivot-type

strain-gage balance mounted in the body of the model.
Model

A l/22-scale model of a four-engined bomber-type airplane consist-
ing of two separsble units, a return component and a pod, was used in
the present investigation. A photograph of the model is shown in
figure 1 and a three-view drawing in figure 2.

The return component consisted of a flat-bottomed body mounting
a triangular wing of aspect ratio 2.3 and a sweptback vertical tail.
The wing had an NACA O004.5-64 airfoil section in streamwise planes
perpendicular to the chord plane and was mounted on the body with 3.0°
incidence and 2.2° negative dihedral. - Provision was made for attach-
ing several ducted nacelles and other appendages on ‘the wing.
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"'The pod had & flat top for attachment beneath the return component
to complete the composite configuration. Two small triangular wings .
{and a sweptback vertical tail were mounted on the pod for control during
separated fllght. , :Hi.gxa_;;_,,-.,_,-t o :.;:A,ﬁ,_ -

The nacelle conflgur&tionq 1ncluded in the present investlgatlon
cons1sted of the following. - ST e : :

(1) SPlit nacelles d L 5;'.f fi,5§3}5-3n£;~{aj»~f

Inboard nacelles pylon mounted under the wing in congunctlon
with outboard nacelles mounted over the w1ng (fig. 3(a))

(2) Spllt nacelles, outboard nacelle on chord plane

1;5: - The same inboard nacelles as (l) with the outboard nacelle
S submerged in the w1ng (flge 3(b)) ; ~

(3) Slamese nacelles
Two nacelles mounted 1n Siamese arrangement under each
“wing panel (fig. 3(c))

(h) Siamese nacelles with center bodles a
. - & °
The Slamese arrangement of (3 w1th a probe and center .
- body faired between each pair of inlets (fig. 3(c))

) The aforementloned appendages on the wing were streamlined fair-
ﬁ-fings, chown in figure 4, simulating landing-gear housings. Three types
"~ of these fairings were provided: (1) an under-wing fairing mounted at
. 'the 15-percent semispan station, (2) an over- and under-wing fairing
" at approximately the same location, and (3) an over- and under-wing

.falrlng mounted at approx1mately 23=-percent qemlspan.

A modified compos1te configuratlon had a higher model fineness
- ratiol and s more gradual longitudinal progression of model cross-
sectlonal area® than the orlglnal configuration. This modification

’

Model fineness ratio is defined as the fineness ratio of an equiva=
lent body of revolution having a length equal to that of the model
and & -maximum cross-sectional area equal to the maximum model .

., Cross-sectional area. ' - -

Model cross-sectional area includes the cross—sectlonal area in a
given plane perpendicular to the body reference axis of all
components of the model.

v
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{was accomplished by lengthening and recontouring the body and pod and
‘relocating the nacelles and vertical surfaces. The original and , .
modified configurations, with the nacelles omitted for clarity, are N
compared in figure 2. The modified composite configuration utilized
- the split-nacelle arrangement with the outboard nacelles moved rear-

- ward 2,27 inches from the position shown in figure 3(a).

i L \,

.~ “TESTS AND PROCEDURE L

" Wfesit % 107 Renge of Test Variables

4

The drag characterlstlcs of the composite model with several
nacelle and landing-gear-fairing configurations, the modified com-
posite model, and the return component (composite model minus pod)
were investigated through a limited angle-of-attack range at Mach
numbers of 0.7, 0.8, 0.9, 1.4, 1.6, 1.75, and 1.9, The lateral
-characteristics of the composite model with several nacelle config-
- urations were investigated at nominally zero angle of attack at
Mach numbers of 1.4 and 1.9. All tests were conducted at a Reynolds
number of 3.0 million based upon the wing mean aerodynamic, chord. . -

" Reduction of Data

!
i
i

- The data presented herein have been reduced to standard NACA
coefficient form based upon the total wing area in the chord plane,
including the area formed by extending the leading and trailing edges
to the plane of symmetry. These coefficients were referred to the
stability axes with the origin located longitudinally at a position
corresponding to 37 percent of the mean aerodynamic chord and O. 182
inch above the parting plane between the return component and the
pod. actors which could affect the accuracy of the results, together -
W1th the correctlons applied, are discussed in the following paragraphs.

Tunnel-wall 1nterferenceo- At subsoniu speeds the effects of con-
striction of the flow around the model due to the presence of the
tunnel walls were accounted for by the method of reference 1. At
supersonic speeds, the reflection from the tunnel walls of the shock
wave originating at the nose of the model did not cross the model; no
corrections were required, therefore, for tunnel-wall effects.

) Stream variations.- Previous investigations in the 6- by 6-foot
wind tunnel have indicated a significant curvature of the air stream
in a vertical plane in the test section but little or no curvature in
a borizontal plane. The effects upon a model of these stream varia-
tions were shown in reference 2 to be minimized by confining the pitch
and yaw planes of the model to the horizontal plane. This procedure
was followed throughcntu%he*yréséﬁﬁ“@%@%gﬂ?
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Sl Lk .
B

| -To déterminé the effects of stream curvature on the model of this

fT  1nvestigation, the model was tested in the normal attitude and also
~ rolled 180° on its longitudinal axis. The results of these tests

" showed negligible effects upon the minimum drag of the model; the prin-
- cipal effect was a translation from the origin of the lateral-stability
.. curves presented herein. The data presented were obtained with the
" model in the normal attitude and were not corrected for stream-angle

" effects, ° A S : :

- -In reference 2, a static-pressure gradient of sufficient magnitude
. _to affect the drag results was shown to exist along. the longitudinal
axis of the test section. A correction was made to the measured drag,
therefore, to account for the longltudlnal force caused by this statlc-
]pressure variatlon. . .

. 'Internal nacelle drag.=- The drag data presented heréin do not
. include the internal drag of the nacelleso The internal-drag coeffi-
, 01ents vere - calculated from B —

: (V - Ve ) + Ae (Po - Pe) L
-7 Cpy :

[

'_where the flow quantities at the nacelle exits were measured by means
of pitot-static rakes.. These coefflcients were subtracted from the
measured drag coefficients -—

Support interference.- The effects of support interference were
shown in reference 3 to be limited, at supersonic speeds, to a change
in base pressure for sting-body combinations similar to that of the
present test. This fact was substantiated during a previous test in
the 6- by 6-foot wind tumnel and was found, for that specific model,
.to apply also at the subsonic Mach numbers of the present investiga-
tion. The assumption was made, therefore, that the effects of support
interference were confined to a ehange in base pressure during the
-present investigdtion.

. i

The drag data presented herein were adjusted to conditions of
free-stream static pressure at the base of the model and are,
therefore, forebody drag coefficients.

Angles of attack and sideslip.- The determination of the actual
~angles of attack and sideslip of the model under load required that
several corrections be made to the calibrated static angles. Core
rections were applied to account for the angular deflection of the
sting and balance under aerodynamic load and for -angular movement due
to structural clearances in the model support system.

i
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Precision of Measurements
o . . . . ' . R
From consideration of the repeatabillty of the data and the known

‘uncertalntles of the data, the precision of measurements made durlng
-the present. 1nvest1gat10n is estlmated to be as follows:

e Quantity. ' ;Précision

" CDpin 10,0010
C3 ' - .0008

- Cn S - L0010 o
ey . . ,0015 - T Ll
M: . .Ol :
R .~ - - - ,03x108
B 10

It is estimated that the precision of the incremental drag coefficients

- is greater than that of the individual measurements, pos31bly of the
'-»order of 0.0005.

RESULTS AND DISCUSSION o "

‘Minimum-Drag Characteristics

Effect of cross-sectional-area distribution.- The longitudinal
distribution of model cross-sectional area has been shown in reference
" L to be a principal factor in determining the transonic drag-rise
characteristics of thin, low-aspect-ratio-wing and body combinations.
It was shown that, in general, a decrease in the rate of expansion or
- contraction of model cross-sectional area resulted in a decrease in
the drag rise at Mach numbers near unity. These concepts were there-
fore applied to the model of the present investigation resulting, as
shown in figure 5, in a modified composite model having a smaller
maximum cross-sectional area and a greater body length than the
original model. . :

Unfortunately, it was not possible to obtain drag characteristics
for these two models in the Mach number range wherein the modifica-
tions would be expected to show the greatest benefit, Mach numbers
from .0.9 to 1l.4. Outside this range, the data of figure 5 indicate
no improvement in the minimum-drag (approximately zero-lift drag)
characteristics due to the modifications incorporated into the model.
On the contrary, the minimum-drag coefficients of the modified com-
posite model were approximately 0.0015 greater than those for the
original model throughout the Mach number range of the investigation.

- The higher minimum-drag coefficients for the modified composite model




;are believed to be- caused by separatlon of the boundary layer from the
aft portions of the body as a result of the abrupt variations in body

--indicated  during another portion of the investigation wherein the body

and pod of the modified composite model were revised to reduce the

= ‘abrupt variations of body contour. The data fram these tests, figure 6,

“-showed that the minimum-drag coefficients were reduced by approximately

7 70,0025 as a result of the revisions made to the modified composite

7. model. The revision had no effect on the drag rise from a Mach number
T of 0.9 to 1.4, however. It would appear from these results that the

.- shape of the individual -components of an airplane is as important as
"-. the variation of model cross-sectional area. Thus, in obtaining a

.. favorable longitudinal distribution of total cross-sectional area, the
. variation in contour of any component of the airplane must not be so -

.- most of its Mach number range. It should be noted that the data of

_‘d}figures 5 and 6 are not comparable because the results shown in the

-0 -:latter figure are for the model w1thout horlzontal or vertlcal surfaces
R on: the pod.i_ . s A

-”‘The minimm drag of the return- component (f’ig° 5) is shown to be

. about 20 percent less ‘than for the composite model. . Of this reduction,

; . .- about one-half at subsonic speeds and one-fifth at supersonic speeds

e jﬂ‘*gg?ican be. attributed to the pod surfaces° S :

R B Effect of nacelle configuratlon,= A,comparlson of the minimum-
o drag coefficients for the composite model with various nacelle con-
“-figurations is given in figure T. The results ‘show that the varicus
“nacelle configurations caused a substantial increase in minimum drag
. of the model, averaging approximately 45 percent in the Mach number

o+ “range of this investigation. Of the various configurations investi-
" .. gated, that having outboard macelles on the chord plane had the lowest
. -drags. The minimum-drag coefficient for this configuration was approx-
imately 9 percent less than that for the other configurations investi-
- gated; this is attributed t® the better design of the outboard nacelle
- located on the chord plane. At the attitude for minimum drag, the
. -angle of attack of the nacelle on the chord plane was approximately
- 0.79; whereas that of the outboard nacelle mounted above the chord
. plane was approximately -2.5°. Furthermore, the nacelle-wing juncture
-of the outboard nacelle on the chord plane contained no re-entrant
contours in contrast to that for the other nacelle configuratlons,
ithus minlmlzing nacelle-wing interference.

- It should be mentioned thst the data in figure T were obtained

. Wwith the model also equipped with the over- and under-wing landing-
‘gear fairings. In the case of the configuration indicated as the com-
posite model with split nacelles, the fairings were at the inboard
location; whereas for the remaining configurations the fairings were
at the outboard position. As shown in the next section, this difference
in arrangement of the landing-gear fairings should have llttle effect
on the results shown in figure 70 . C

NACA RM_SA53G08 - i

contdur incorporated into the modified composite model. This fact was

" _gbrupt as to promote separation, and, hence, an increase in drag, over




R Effect of landingagear falringo- Minimum-drag coefflcients as
'_ functions of Mach number are shown in figure 8 for the model with split
.nacelles (outboard nacelles mounted over the wing) and various landing-

. 'gear fairings. It may be seen that each type of landing-gear fairing
" produced an average increment of drag of about 6 percent at subsonic :

speeds and 9 percent at supersonic speeds. '

¢ -4 Lateral-Stability Characteristics’

1

. The variations of rolling-moment, yawing-moment, and side-force
coefficients with sideslip angle for the composite model with several
nacelle configurations are shown in figure 9 for Mach numbers of 1.U
and 1.9. Examination of this figure indicates that the directional
stability of the model was reduced by the addition of the nacelles.
. This condition resulted from the fact that the inboard and Siamese

- nacelles were mounted on the wing forward of the center of moments
so that the side force on the nacelles in s1desllp reduced the yaw1ng-

'-emoment coeff1c1ents.

The results.of figure 8 show, in several cases, a small moment
and side force at a sideslip angle of 0°., This characteristic was due
-principally to the effects of stream irregularities, as indicated by
the results obtained from tests of the model in the normal and
inverted attltudes.

. ‘CONCLUDING REMARKS

_ From an analys1s of the results of thls 1nvest1gat10n, the _
’ follow1ng observations can be made: '
I The effectiveness of a modification made'according to the
" transonic area rule could not be investigated at transonic speeds;
however, at Mach numbers below 0.9 and above l.4 the modification
increased the drag. This drag increase appeared to be associated
with abrupt changes in body contour since a revision, which reduced
the abrupthess of these contour changes, resulted in significant
drag reduction in the Mach number range of this investigation.

2. The increment of drag due to the nacelles was found to be
less for the configuration involving outboard nacelles submerged in
the wing. . . , -

¢
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R 3° A reduction in directlonal stablllty resulted from the
‘ uvaﬁdition of each of the nacelle configurations 1nvest1gated.

mﬁ—;Ames Aeronautical Laboratory I ’:3?3‘7"ﬁ:ﬁff{f;(~f9€;L'fi;
" National Advisory Committee for Aeronautlcs L
Moffett Field, Calif., July 8, 1953
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* FIGURE LEGENDS T U

o~

The composite model equipped W1th split nacelles. “" . N

~f‘Figure Q.- Three—v1ew drawing of the model.
Flgure 3. Details of the various nacelle . configuratlons used on the
model° (a) _Split nacelleso i

Flgure 30- ontinued° (b) Outboard spllt nacelle on chord plane.

w

Figure 3.- Concluded. (c) Slamese nacelles° »L- .2 vl"ii;’
Figure ho- Details of the landlngagear falrlngs used on the model.
. Figure 5.~ The effect of longitﬁdinal cross-sectional-area distribu-

.tion upon the minimum-drag characteristics of the model Wlth spllt
nacelles. Reynolds number, 3. O mllllon° oo

Figﬁre 6 - A comparison of the minimum=drag characterisfics of the

.~ modified and revised modified compos1te models w1thout pod surfaces.
Reynolds number, 3.0 mllllon.

Flgure T+~ Comparisons of the longltudlnal cross -sectional-area distri-
' "butions and the mlnimum -drag characteristics for the composite model
‘with several nacelle configurationss Reynolds number;. 3.0 million.

Flgure 8.~ The effect of several landing-gear fairings upon the minimum-

- drag ‘characteristics of the composite model with split nacelles.

SO Reynolds number, 3,0 mllllon.

Flgnre 9.~ Variation of the lateral-stabllity characteristlcs with
sideslip angle for various nacelle configurations on.the composite

.. model at a 1lift coefficient of 0.08. Reynolds number, 3.0 million.
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. SECURITY

vt

|

A -

‘4

Wing section . NACA 0004.5-64

3 Wing span in chord ptone, inches - - 31.02°

? . Wing oreo in chord plane, square inches  416.55

B N Wing mean oerodynamic chord', inches 17.9/

X Aspect! ratio 2.3

l.l, N . . i . . . -

# . ' o * . ANl dimensions shown In inches .

S : . . R unless otherwise noted

N \

: " Prantem lines indicate modified composite, model

T 47.0! ) e oot e e ...4-'._...."-._-..’:
Cos Note: ' wing _and nocellss omittsd - for clority
-2.80 : ' ,-Porting Plone
! t L ] /-Refurn Component .
g —
_ o ~ —

oea S T 4

. <Wing Root Chord

. “—Pod “3° angle of /nz:/’denc:a11 ~0.77 J
e e e 43018 S

- - 47.76  —-

e 51,55

'F/:guré_ 2.~ Three -view drowing of the model. &
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"~ SECURITY INFORMATION, * "

- - : Made/ — e 4t e —
o ] S Plan v/ew n "—] E Lo o0 s Plan view ln ’
‘ : o chord plane e L et o _ghord p(ono
SN _ . o o e ~-—""7]
"N o : - - 6.78 - . X T © 10,

o — : R i =
B et 1 Ty . o 1 e e o e - e

—— T e T , _ /J 3 , o = g e
0.69 — | 13.68 el T T \ |

Al d/mens/ans s/:am n /nc/ws
: un/ass afbm/sa noted

, T ' Chord plong S Sre s T ST e
. . . : . C e o - 13.68 . "‘-“"‘J
e . ) . 0.69 . . IR
e 2.i8 B _‘\"fot;—:,::::;“
P ettty A 1 T Y

R e e

Chord plone

Inboard split  nacelle S : LR . Outboord 'spit ndcelle .

’Z (@) Split nacelles '
Figure 3. —?Déf_a/7s of the various nocelle configurations used ‘on the ‘model R
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CURITY INFORMATION = -

L S T Tt TIPS N bt S W . ! B - . ‘

Wi.. ., NACA RMSAS3608 .

Ve—— -

... - Plan view in ’|
T :i;r;_/zard . plane

10.03 " ..

-

—1.43 1.D.

e ANl dimensions shown in Inches
<. -~ _-unless _otherwise noted

Z Chord ~Plane

() Outboard sphit nacelle on chord plane.

'«.-:vF?Q’ure 3.~ é&nf/hueb’,
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