UNCLASSIFIED

AD NUMBER
ADAB00566
CLASSIFICATION CHANGES
TO: uncl assified
FROM: confi denti al

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Di stribution authorized to DoD only;

Adm ni strative/ Qperational Use; 04 JUN 1947.
O her requests shall be referred to National
Aeronautics and Space Adm nistration,

Washi ngt on, DC. Pre-dates fornal DoD

di stribution statenents. Treat as DoD only.

AUTHORITY

NACA notice no. 4 dtd Apr-Sep 1950; NASA TR
Server website

THISPAGE ISUNCLASSIFIED




Reproduction Quality Notice

This document 1s part of the Air Technical Index
[ATI] collection. The ATI collection is over 50 years
old and was 1imaged from roll film. The collection has
deteriorated over time and is in poor condition. DTIC
has reproduced the best available copy utilizing the
most current imaging technology. ATI documents
that are partially legible have been included in the
DTIC collection due to their historical value.

If you are dissatistied with this document, please feel

free to contact our Directorate of User Services at
[703] 767-9066/9068 or DSN 427-9066/9068.

Do Not Return This Document
To DTIC



AR DOCUMENTS DIVISION

_-“' N,

HEADQUARTERS AIR MATERIEL COMMAND
WRIGHT FIELD, DAYTON, OHIO










- Copy No. 61
CONFIDENTIAL " RM No. L7C24

ATI No &/ 78,

'RESEARCH MEMMNDUM

\\nﬁ‘w'

EFFECTS OF COMBINATIONS OF ASPECT RATIO AND
SWEEPBACK AT HIGH SUBSONIC MACH NUMBERS
By
AMred A, Adler

Langley Memorial Aeronautical Laboratory
& Langley Field, Va.

sments Clvigion, T-2
“ nﬁc' Wrizht FisW
Microfiz. 0.

RS/ ¥4/ 28 )

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
June 4, 1947

CONFIDENTIAL




NACA RM No. L7C2k CONFIDERTIAL
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RESFARCH MEMORANLUM

EFFECTS OF CCMBINATIONS OF ASPECT RATIO AND

SWEEPBACK AT HIGH SUBSONIC MACH RUMBERS

By Alfred A. Adler

SUMMARY

An investigation has been conducted in the Langley 24—-inch
high~apeed tunnel to determine the effacte of sweepback and low
aspect ratio on the asvodynamic charactervistice of a wing at high
subacnic Mach numbora. Teoots were conducted on a 2-inch-chord
airfoil of NACA 65~110 sgrtion normal to the leeding edgs at
aspect ratios of 2, 3, and 5 and swesepback angles of 0°, 309,
and 45°, Section charscteristice were slso dstermined. Mach
numbers ranged from 0.40 up to choking, which varied from 0.870

to above 0.960.
It was found that sweepback and low aspect ratio each tend
to both delay and leesen the affects of compreselbility.  When in
combination, the effects are cuuumlutive but lezs than additive.
The larger the amount of either variabls used in a ccoubination the
lese will be the effect of the other varlable, and, therofore, the
greater will be the departure from an additive effect.

INTRODUCTION

The marked lncrease in drag and erretic stability changes
which take place as the critical Mach number is sxceeded have
been a seriocus otetecle to trameonic flight for quite eome time,

Ap has been shown previously in refersnce 1, tile use of low aspeot
ratios leade to the allevietion of thess edverse sffscts. A eimple
theory for the infinitely long eweptback wing (reforesnce 2} predicts
that only the camponent of flow pearpendicular to the leading edge
has significance. The critical Mach nmumber will therefors rise
) invereely ss the cosine of the angle of sweepback. BExporiwmental
- inveastigations have besn conducted which verify this theory
5 {reference 3). To obtain data ut high subsonic spesde showing

e the combined effect of aspect ratio and swespback, tssts were
conducted in the Langley 2i~inch higb~spced tunnel on a 2-incb-chord
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ajrfoil of NACA 65-110 section normal to the leeding edge. The
investigation included test: of wings at aepect ratios of 2, 3,
and 5, end eweeplback anglee of 0°, 30°, and 4%°, end also a deter—
mination of section charactarietics. Mach numbere ranged from
0.4 up to choking, which varied frum 0.370 to above 0.960.

8YMBALB

wing chord, meaeursd perpendicular to leading edge
wing span, measured perpendicular to free stream

wing aree

aspect ratio (b2/8)

angle of gweepback, degrees
Ireo-stream Mach number
wing 1lift coefficient

wing drag ccefficient

wing pitcaing-noment coefficient about wing root guarter
chord

angle of attack, degrees; measured in plane of undisturbed
flow

APPARATUS AND TESTS

Ths langley 24~inch high-speed tunnel in which these teste
were run (reference 4) is a nonreturn, induction~type,tunnel with
‘the induction nozzle placed downstream frcm the teet escticm.
Previous to these teets the tunnel was modified by the inatalla-
tion of flats which reduce the teet section widthk from 2% iuches
to 18 inches.

Teste were conducted on a 2-inch—chord airfoil of NACA 65-110
section normal) to the leading edge et aspect retios of 2, 3, and §
and sweepbuck engles of 0°, 30°, and 45°, Section characterietics
were also detevriined. The infinite ampect retio teete wers made
vith the model ccmpletely spanning the tunnel at zero sweepback.
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The finite aepect ratioc, zerc eweepback models were obtained by
euccessively cutting off the modsl tipe parallel to tho free
etream. (See fige. 1l(a) ard 1(c).) For the sweptback tasts

the model wae rotated rearvard around the root eecticn quarter
chord and the tips wers cut off pa.allsl to the free—stream
flow. (See fig. 1(b).) 1In all conligarationn tected the model
passed throuzh end pletes flueh mounted in the flat walls of ths
teet cection. These end plates had holes in tham the eame shape
as the airfoll but elightly larger tc permilt clearancs. Two
eemispan models were ueed in order to double the magnitude of
the forces thus roducing the scatter in the data by approximately
one-half.

Lift, drag, and pitching moment were meacured over and angle—
of-attack rangs of ~2° to 6° at aepect ratios of 2, 3, and 5 and
swoepback anglce of 0°, 30°, and 45°, Section characteristice
were obtained over the same arglo-of-attack range. The Mach
nunbsr range extended from 0.4 to 0.96, corrosponding to Reynolde
numders of 5.3 X 102 to 7.6 x 102,

PRECISION

Small errors in the data rseult from inaccuraciee in the
calibration of the balancs and the eiatic-pregsure orificse and
from limitations on the maximm seneitivity of the Lalance. Since
ths ateclute inaccuraclee cof the balance are fixed, the errors
become larger as tke aspect ratic, sweepback, or Mach number
decreasce., At a Mach number of 0.50, an aepoct ratio of 2, and
zero ewegpback which 13 the configuration giving lea=st accuracy,
the crrors in cosfficlent ure of the following order:

CL = 20,358
Cp = 20.0010

cMc/u = 30.010

a = 30.1°

Tunnel-wall static-preesurs surveye, made for reprssentative con~
figurations from 80 percent chord ahead of the leading edge to
155 percent chord behind the trailing edgo, showed static-preeeure
grudienta in all cases less than 2 percent vp to the chcksd
condition. Tor thie resson it i1s folt that all data up to but
not iucluding the chokhed Mach nuuber are very nearly the same as
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free~gtream date. The end points of the curves ehown in figures 3
and 4 indicate the choked Mach numbere for all configuratlons teeted.
At en aspect ratlo of 5 and zero eweopback, teots duplicated with
only one model in the tunnel enowed excellent agreemeut on all
forcee.

The type of end—plate arrangemont previously discussed was
used for all configurations in the test proram, the gap being
veried in direct proportion to the aree of the model teeted.
Since thie resulted in leakage errors which were of the eame
relative magnitude for all configurations tested, no correctiona
were applied.

RESULTS AND DISCUSSION

The dsta are ehown 1n f gures 2 to 6. Figure 2 ehowe wing
11ft coefficlent plotted egainet angle of attack for various angles
of gweepback, Mach numbere, and aaspect ratlos. Flgure 3 showe
1lift coefficient plotted against Mach namber for all espect ratioe
and anglee of aweepbacl, sterting with e lov-sneed value of 0.20
for all configureticns and halding the rcepective englea of attack
conctoant ae the Mach nuwber was increused. The usual 1nitiel rise
in lift-curve slope witn increesing Mach number 1s evident 4n all
of the curves., As the Mach number 1s increascd further, tiae 1ift
in gensral reaches e pean eind the force breek occurs. The force
breek Mach number Increeses, amdl the magnitude of the initial rise,
tho height of the peax, end the rate of loee of 1ift beyond the peak
all becoune lese us the angle of sweepbeck is iucreased or the aepect
ratio is reduccd. For exemnle, the lift et an agucct ratio of 5
and zero sweepbuck rises wiiu Mach numhor up to 0.80 and then breaks
eharply downward until at a Mach awver of 0.97% it has fellen woll
below the low-speed value. Vhon the same espect ratio is used at
309 of eweepback, tha lift does not riee ae rapidly und doee not
attain as high a peak, but at a Mach number of 0.525 ig still detter
than at low speed. Az an extrome cese, conslider the 1lift coefficients
at an aspect ratio of 2 or 3 and #4° of eweepback which riec very
slowly with Mach number up to a Much number ol above 0.925., Thus,
within the renge of this Investigation, uee of swoepback cr low aspect
ratio tend to both deluy and reduce the effecty of compressibility.
When in combination, the effecte of ewespback and low aspect ratio
are cumulative but less than edditive. The larger the amount of
elther verlable usod 1n a combination, the leee will be the effect of
tho other veriable and, therefore, the greater will be the depurture
from an additive effect.

Figure 4 ehows drag coefficient at zero degrees angle of attack
plotted againat Mach muber for various anglee of sweepback and
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aspect ration. An effect simjlar to that for the 1lift character-
istice i3 noted hsre, namely, that the use of sweepback or low
aspect ratio teunds to delay the effects of ccyvpreseibility. As
the swsepback jucreassr and the aspect ratio decreaneea the drag
rise ig delayed to s nigher Mach number and occurs lsse abruptly.
When eweepback end low aspoct ratio are combined, thsir effects
become cumulative but less tkan add tive, The lacger tiae amount
of sither variable usad in a combinstlon, thc grsatsr will be ths
departure from an addltive effect. Comparing the three parte of
figure 4 shows this later effect .aarkedly. As the sspsct rutio
decreases the chenges in drag coefficient at high Mach numbers

due to changes in swsepback beccnma less and, similarly, as ths
swecpback incrsases, changss in drag cosfficient due to changes

in aspoct ratio became lessa. Dscreaging the aspsct ratio at
congtaut owespback tcuds to !ncrease the low-spced drag coefficient
due to both ths Incroase in indnced dreg snit sluo becuuse the ratio
of tip drag to total drag increnses with decreasing aspect ratlo.
However, eweeping the wing buck st constant aspect ratio tonds to
decrease the low-speed dvag coelficilent slightly.

The 11ft and drag data have been plotted togsther in the form
of polars in figure 5. Exsuination of thege curvee indicates that
ths eame conclusions con be drawn at all values of 1ift coefficient
as have bsen drawn in the precedinyg discussion.

The pitching-momont coefficiont about the root section quarter
chord is shown in f4:ure 6 as a function of lift coefficlent for
various Mach numbers, sngles of sweepback, and aspect ratios. The
negative pitching-momant coofficient of the infinits aspect ratio.
wing and unswept wing of aspect racio egqual to 5 increases elightly
with increasing Mach numher. However, compresaibillity scems to have
little effect on the swept~back or lower—aspect-ratio wings. As
ths wing le awect brelk, the negative pitchiyg mcment increasee
markedly, as thovm in fi:>; 6. This rearward shift of the center
of pressure is what would be expectad from a consideration of the
geometry of the various configurati.ns. Changos in aspect ratio
do not groatly affact the pitchinz-moment coefficlont at zero swssp,
but in tha case of a sweptback winz, lowering the azspoct ratic
reducee tue rearward shift of the center of precsure und thorefore
ocsuses a decreaee 1ln thae negatives pitshing-moment cosfficient about
the root section.

The 1ift and drag data alreedy shown world seem to indicats
that sweenback le more effective then low aspect ratio in reducing
the effucte of compressibility. It shovld be remeubsred, however,
that thcsc data src for s milar wings of constiat thlckneass~to~chord
ratio anl are tnoresore not represantative of a dosign problem
involving choice of wing plan form for a given airplans, In a given
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design problam, the thickness-~to-chiord ratio of the wing aection
may be varied and, thersfors, use of low sspoct ratio will generally
permit ths use of a thinner section, thus diseipating, to a larger
extent, the apparent sweriority of swesphack over low aspect ratio
shown by ihese duta. Concidor, for sxample, two wings having the
aame wilg loading aud operating ct the same Mach murber, one with
an aspect ratio cf % and 30° of eweephack, the other with an aspect
ratio of 2 and 0° sveopback. Due to tho smaller span, the greater
chord for equal areas, sad tne abasuce c¢f hi,h neaative pitahing
mcments about the root ssction, tha thickuesu—to—chord ratio of

the low-aspect-iutio wing could be an estimated 60 to 70 percent
lower than that of the swuptback wing. The criticel Mach nuzber

of such a wing would therefore be raised to a considerably higher
value., This point should be carcfully coneidered in the choice

of a sujtable wing plan form for high subsonic Mach nwabsra.

CONCLUDING REMARKS

An investigaticn of wings with various combinations of aspect
ratio and sweepback at high subaonic Mzach numbers has shovn that
aweepback and iuw aspect ratio each tond to toth delay and leasen
the effects of compressidility. Further, thut when in combination,
the offocts of eweepback c.i low aspect ratio tend to be cumulative
but lese than additive. Tho larger the amcunt of either variable
used in a combination, the less will be the effect of the other
variable and, therefors, the greater will be the departurs from an
adiitive e<fect.

Langley Memorial Aeronautical Laboratory
Fational Advisory Comsittes for Acronautics
Langloy Field, Va,
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