- MASA TECHNICAL " NASA TM X-72779
MEMORANDUM EOPY NO.
¢ Q:
£ >k AERODYNAMIC CHARACTERISTICS OF_A TANDEM
: : WING CONFIGURATION AT A MACH NUMBER OF 0,30
5-:
By WiLL1aM P, HeENDERSON AND JARRETT K, HUFFMAN
OcToBER 1975
f
N76=10066
P My - ERODYNAMIC
, égg;gcggais;%;}: géﬁ“ﬁﬁﬁawgy 0. 30
N SO . RO Ly "

This informal documentation medium I8 used to provide accelerated or
special release of technical information to selected users. The contents
may not meet NASA formal editing and publication stahdards, may be re-
vised, or may be incotporated in another publication.

NATIONAL AERONAUTICS AND SPACE ADMIMISTRATION
LANGLEY RESEARCH CENTER, HAMPTON, VIRGINIA 23665

i .

e i Sl S
...




1, 2. Govarnment Acsession No,

Report No,
NASA 1M X~72779

3, Recipient’s Catalog No

4, Title-and Subtitle
Aerodynamic Characteristics of a Tandom
Wing Configuration at a Mach Number of 0,30

6. Roport Date
October 1975

8. Performing Omnlmlpn Codo

7 Aumor(;)
William P, Henderson and Jarrett K. Huffman

8, Porforming Orgenizetioh Roport No,

10. Work Unit No,

8. Performing Organization Name and Address
NASA Langley Research Center
Hampton, VA 23665

505-11~21~02

11, Contract or Grant Ne.

13, Type of Report end Period Covered

12. Spomsoring Agency Name and Address

National Aeronautics and Space Administration
Washington, DC 20546

Technical Memorandum

14. Sponsoring Agongv Code

15. Supplementary Notas

and converted to formal publication.

Interim release of material to be combined with additional material

18, Abstract

wing jointed at the wing tip by an end plate.

with theoretical estimates 1s also included.

An investigation has been conducted to determine the aerodynamic
characteristics of a tandem wing configuration.
a low forward mounted sweptback wing and a high rear mounted sweptforward

The investigation was
conducted at a Mach number of 0.30 at angles of attack up to 20°, A

comparicson of the experimentally determined drag due to lift characteristics

The configuration had

12, Ko;vonh (Suggested by Authoe(s)) (GTAR category underlined)
Aerodynamics ,

18. Distribution Stwatement

Unclassified
Unlimited

19. Secveity Clamit, {of this report) 20. Security Classit, (of this page) 21, No. of Pages 22, Price’
Unclassified Unclassified 28 $3.75
1he National Technical Information Service, Springtield, Virginla 22161
* Available from

STIF/NASA Scientitic and Technical Information Facility, P.O, Box 33, College Park, MD 20740




SUMMARY

An investigation has been conducted to determine thae aerodynamic
characteristics of a tandem wing configuration. The configuration had a low
forward mounted sweptback wing and a high rear mounted sweptforward wing
joined at the wing tip by an end plate. The investigation was conducted at a
Mach number of 0.30 at angles. of attack up to 20°. A comparison of the
experimentally determined drag due to lift characteristics with theoretical
estimates is also included. ,

The results of this study indicate that the complete configuration first
exhibits wing flow separation at a fairly low angle of attack, about 6°, and
complete wing stall at about 12°, The complete configuration exhibits a
linear pitching moment coefficient up to wing stall above which a sharp nose
down pitching moment occurs. The wing camber surface, which was designed to
produce a zero éitching~moment coefficlent at the design 1lift coefficient,
resulted in a complete configuration with a small poaitive‘pitch. The tandem
«ing configuration did produce a lower drag due to lift than a single element
wang having the same span and area. The complete configuration exhibits
directionul stahility and positive dihedral effect throughout the test angle-
ot-att:ck range.

INTRODUCTION

The National Aeronautics and Space Administration 1s currently
conducting wind tunnel studles to provide inforiation for use in developing
airplane concepts which possess desirable stability, control, and performance

characteristics over a wide range of flight conditions. The present paper
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discusses a tandem wing concept, whieh was first atudied at the Langley
Research Center in the 1950's as a means of achieving good stability and
control characteristics. (Scc ref, 1.) The results of that otudy werc not
promicing, primarily because of the interfercncc effccta between the wing
tips. Recently interest has been remewed in this wing concept us a result of
the increased performance potential (suggested by the Lockheed Corporation)
that may be realized from its applit¢ation to either fighter-or tramsport-type
aircraft., It can be demonstrated theoretically that the drag due to lift of
a wing with a fixed span requirement can be décreased by splitting the wing
into a tandem wing arrangement. There are also indications that the tanden.
wing concept may offer some structural advantages when the wings are joined
at the tip by forming 2 box-type structure, as well as offering possible
control advantages. There are, obviously, many unknowns in a design of this
type which are heyond the scope of this paper and will not be discussed. A
discuanion of the application of this wing to transonic transport concept is
presentcd.in reference 2.

The purpose ot i1als paper was to study the tandem wing configuration to
ascertain if the reduction in drag due to lift suggested by theory could
indeed be obtuined. A second purpose was to validate a recently developed
computer program which deseribed the camber lines of the multiple lifting
surfaces,

The study was conducted in the Langley high-speed 7~ by 10-foot tunnel

at a Mach numbar of 0.30 and at angles of attack up to 20°.
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SYMBOLS

The rosults as preacnted are referred to the stability axis syatem
with the cxception of the lift and drag coefficients, which are referred to
the wind axis system. The moment reference center was located at a point

40.022 inches rearward of the nose along the model reference lines (see

figure 1),
A wing aspect ratie ’
b wing reference span, 12.0 inches
Ch drag coefficient, Drag
qSs
CL lift coefficient, Lift
qSs
Cm pitching moment coefficient, Pitching moment
qS¢
CQ effective dihedral parameter, SCQ + per deg.
“8
9B
Cn acC
B directional stability paramcter, ~ n, per deg.
3B

. . ) ac
C side force parameter, ~y , per deg.
¥g a8
c local wing chord, inches
c wing mean geometric chord, 6.96 inches




L/D lift-drag ratio, EL
€p
] free-stream dynamlc pressure, lba/ftz
S wing reference area, 1.14 ft.z
x distance behind leading edge of wing, inches
y distance from fuselage center line (measured spanwise), inches
Z wing airfoil ordinate, inches
o angle of attack, deg.
. »
g angle of sideslip, deg.
n nondimensionalized spauwise station, 3%5
Subscripts
1 lower
u upper

A three-view drawing of

a photograﬁh of the model in fipure 2.

MODEL DESCRIPTION

the model studied is presented in figure 1 and

The model as illustrated in figure

conslsts of a simple fuseclage with two swept wings joined at the wing tip by

an end plate,

The tandem wing planform was formed by splitting an aspect

-




ratio 3.50 wing in half (dewn tho 50 percent chord 1line) to form two wing
planforms #nd staggering the wings such that the low forward wing 1s awept

back and the recar high wing is awept forward., The wings werc cambered and

twisted, (design lift coefficient of 0.35) with a thickness ratie of 6
percent, Ordinates for the cambered airfoils are presented in Tables I and

II. The wing panels were jointed at the tip by a flat end plate, having
beveled leading and trailing edges, A leading edge maneuvering device was

simulated by attaching a thin pilece of metAl to the wing, as shown in
figure 1. The simulated flap was deflected 20° with respect to the wing

chord plane.

WING DESIGN PROCEDURE

The main camber surface of the wings was designed by using procedures
of reference 3 for a design point corresponding to a 1lift coefficient of
0.35 at a Mach aumber of 0.30. The following items were‘a part of the design
considerations.

1. Pitching moment is zero at the design lift coefficilent.

2. The vortex drag was minimized for the tandem wing combination at the

design lift coefficient.
3. Span loadings on each wing were specified to be composed of the

following forms:

V 1 - nz, n2 1 - n2 and n“ 1 - n2

The coefficients were set to match the pitching moment cocfficilent

and 1ift coefficient constraints and drag minimization.
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'; 4, Tha chord loadings remained unchanged in shapa over the wings and

ware of conntant amplitudo over the first 50 pereent of tho chord,

The loadings varied lincarly ever the romadnder af thae cherd te

goro at the trailing cdge.

pm g et a2t E

TEST AND CORRECTIONS

The investigation was conducted in the Langley high-speed 7- by 10-foot
tunnel at a Mach number of 0,30 corresponding to a Reynolds number per foot
of 1.94 x 106. The angle of attack varied fxom =2° to 20° at sideslip angles
of 0° and +4°. Transition strips 1/8 inches wide of No. 100 carborundum
grains were placed at 0.45 inch streamwise from the leading edge of the
wings, end plates and vertical tail, and 1.0 inch behind the nose of the
fuselage.

Corrections to the model angle of attack have been made for deflections
of the balante and sting support system due to aerodynamic load. Pressure
mensurements obtained from orifices located within the fuselage base cavity
were used to adjust the drag coefficient to a condition of free-stream
statie pressuce at the model base.

Jat bowmdary and blochage corrections were found to be negligible and

were nwoi applied to the data.

PRESENTATION OF RESULTS

The basic longitudinal acrodynumie characteristics are presented in
figures 3 through 6, the major results summarized in figure 7, and three
lateral-directional characteristics in figure 8. As an aid in locating a

particular part of the data, the following list of figures is presented:

N




Effect of model components on longltudinal

aerodynamie characteriatiea, (Forward wing

o

removed firet)

Effect of model components on longitudinal
acrodynamics characteristics. (Rear wing

removed first) 4

Lffaet of wing end plates on the longitudinal

aerodynamic characteristics, 5

Effect of wing leading edge flaps on the

longliudinal aerodynamic characteristics. 6

Couvardson of experimental with estimated data

fead plates off). 7

Bffoct of modal modification on the lateral-

cipestional characteristlices. 8

RESULTS AND DISCUSSTON

The effects of the vavious model components on the longitudinal
aerodynanic charactevistics of the configuration are presented in figures 3
(forward wing removed Flest) and 4 (rear wing romoved first). The data for
the complete confipuration lllustrates that flow separation first occurs on
the wing at a fairly low angle of attack, about 60, with eomplete wing stall
occurring at approximately 120. The complete configuration exhibits a lincar

pitching moment cocfficient up to wing stall above which a sharp nose down




pitching moment occurs, It should he noted that tho configuration with tha
rear wing only (forward wing rvemoved) oxhiblta a pilteh=up (neo figure 3) at
wing stall as doeo the configuration with the forward wing only (nee {igure 4),
The tandem wing combination, however, 1lluatraten a nose dewn pltehing momaont,

The tandeom wing combination was designed and conscructed without any
congideration given to the design or lntegration of the end plates with the
wings., The primary cffects of these end plates,as would he expected (sce
figurce 5)y 18 to increasc the drag over the efitire 1ift cocfficiont range and
reduce the stability level siightly. With proper integration ¢hat is,
cambering and twisting the end plates considoring the interference effects of
the wing on the end plates and the end plates on the wing), the end plates
should provide a seduction in the drag due to 1ift of the configuration.

The tandem wiag combination (without end plates) was designed to produce
ser- picrching oment coefficient at the design 1ift coefficient., As illus-
tto.al by the ua.a of figure 5, zero pitching moment coefflelent occurred at
1 1iFy ceetfficlent of about 0.30. The {usclage used durdng this study was
conaiderab’y Taager than the fusclage used in the design ot the configuration,
The ‘onger tuselage accounts for about half the positive pitching moment that
18 goen Lo exist at the Jdesign 1ift coefficlent.

Leading-edge flap deflection by delaying flow separation over
the wing, resulted in an increcase in 1lift at the higher angles of attack
accompanied by the expected decreasc in drag due to lift., Fvon though
the drag due to lift was decreased, the maximum 1ift drag ratio

remained approximately the same.
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A proporly donigned tandem wing configuratlon should exhihit lewor drag
duo to MLt than a aingle clament wing having the pame apan or nrea,  The
theoorotical catimaten (made uning proceoduren of reforonee 3 and presonted In
figurc 7) 4lluatrate the magnitude of tho oxpoeted roductlon,  The nelid 1ina
ia the estimato for the tandem wing configuration ond the daohed Line for the
configuration with the aspect ratio 3.5 wing (wing with same span and area as
the tandem wings). The drag at zero 1lift, in these ostlmates, was obtalned
by using the experimental dray data for the fuscluge and vertical tail and
an estimatce of the friction plus form drag for the wings.

The e:iperimentul data agrees extremely well with the estimated data up
to 1ift cocfficient slightly above the desipgn LLit coefficient. Above the
degligr Lirt cocfficient flow deparation ocecurs on the wings and the drag
incredaves drostically. The implication of these data is that the computer
puograw o4 indeed a viable tool to use in the design of optimum wing shapes
ror specliie alrcraft concepts. These data also illustrdte the potentlal
veduction in drap which is obtalned, for wings with a fixed span, by
utilicivg the tandem wing concept,

The complete configuration exhibits directional stability and positive
diqwedral cffect throughout the test angle of attack range. Removing the
end plates results in a positive increment in Cn through out the test angle.
of=attack range. It ig not particularly aurpria?ng that the end plates
contribute a destubilizing moment since the surfaces are located

. }
relatively far forward on the fuselage,




GONCLUHTONSR

A wind tunnol atudy han been mnde to dotormine tho acrodynamic
characteriaties of a tondem wing conf tguration. An a renult of this
program, novoral coneluolons can be mades

L. fThe complete configuration flrat exhibits wing (low separation at
a falrly low angle of attack, about 69. and complete wing stall
at about 120. The complete configuration cxhibity a 1ineay
pitehing=-moment coufficient up to wing stall above which a sharp
fnose down pitching moment occurs.

2. The wing camber surface which was designed to produce a zero
pltehtag-moment coefficient at the design 1ift cocfficient,
rasulted in a somplate configuration with a small positive pitch.

1. The tandem wing configuration did produce a lower drag duc to 1lift
than a single element wing having the same span and arca, and the
capecinental data agreed extremely well with the theoretieal
eqst tmates.

4. "he complete configuration eshibits directional stability and

poeitive dihedral effect throughout the test angle-of-attack range.
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Figure 5. Concluded.
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Figure 7. Comparison of experimental data with estimates.
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