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SUMMARY
USSR DD

An investigation of the IM-1 glider, which has approximately
triangular plan form, airfoil sent ons similar to the NACA 0015-6k4,
an aspect ratio of 1.8, and a 60° swept-back leading edge, has been
conducted in_the Langley full-scale tunnel, together with auxiliary
studies of == -scale model triangular wings, carried on in

the fl-scale model of the full-scale tunnel. The DM-1 glider was

designed as part of a Germesn research progrem directed towerd the
development of & supersonic airplane. The glider had a meximum 1ift

coefficient of 0.60, whereas the ié;qca1e model tests gave & maximum

1ift coefficient of approximately 1.0. The addition of sharp leading
edges to the DM-1 glider increased its maxjmum 1ift coefficient

to 1.01. Removing the vertical fin from the glider, sealing the
large control-balence gaps, and instelling & semispan sharp leading
edge increased the maximua 1ift coefficient to 1.24k. It is concluded
from these tests that the airfoil sections having sherp leading edges
or smell leading-edge radii, which are believed to be desirable for
supersonic flight, will also have acceptable end perhaps superior
low-speed characteristics when used in highly swept-back wings.

The flow over triangular wings of low aspect ratio at low scale
is characterized by vortices above the upper surface of the wing,
inboard of the tips. These vortices aid in obtaining high maximum
1lift coefficients, and they cen be produced at large scale by using
airfoll sections having sharp leading edges.

It appears that with triangular wings of aspect ratio of about 2
maximum 1if't coefficients of the order of 1.2 can be obtained. The
corresponding angles of attack, however, are likely to be considerebly
larger than those for existinn convcntional airplanes. Furthermore,
since the lift-drag ratio approaches 1, the angles of descent without
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2 CONFIDENTIAL NACA RM No. L6K20

power are likely to be prohibitive and airplanes using this type of
wing probably will not land safely without power.

INTRODUCTION

Research directed toward the attainment of supersonic flight has
led to intercst in the high-speed characteristics of wings of high
sweep and of low aspect ratio. At present, however, there is only
limited full-scale data on the maximum 1ift and stelling charac-
teristics of such wings. An investigation of the IM-1 glider, which
was designed in Germany as a part of a research progrem directed
toward the development of a supersonic airplane, was made in the
Langley full-scale tunnel to obtain information on the characteristics
of an airplane configuration having an approximately trianguler plan
form. The first tests of the DM-1 glider in the Lengley full-scale
tunnel disclosed that the maximum 1ift coefficient of the glider
was considerably lowsr then had been indicated by previous small-
scale tests of similar configuretions at DVL in Germeny and in
several tunnels in the United Stetes (see reference 1). The program
was therefore interrupted and an investigation to determinc the
cause of the low maximum 1lift was undertaken. The present paper
includes a detailed account of the steps leading to the use of a
sharp leading edge to improve the meximum 1lift coefficient, &
discussion of the aerodynemic phenomena involved, and curves showing
the serodynamic characteristice of several modifications of the
DM-1 glider.

SYMBOLS
o angle of attack, degrecs
Cr, 1lift coefficient
Ch pitching-moment coefficient
CD drag coefficient
A aspect ratio
CONFIDENTTAL
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EQUIPMENT AND TESTS

DM-1 Glider and Modifications

The DM-1 glider was designed as one step in a German research
program directed toward the development of a superscnic airplane.
The eventual airplane was to have been powered with a jet engine.
The DM-1 glider had no power and was intended primsrily for the
investigation of the flying characteristics at high angles of
attack.

The DM-1 glider had an approximately triangulesr plan form,
airfoil sections similar to NACA 0015-64, an aspect ratio of 1.8
and a 60° swept~back leading edge. It was constructed almost

entirely of wood; the sgkin wes fg-inoh three-ply birch plywood

and the spars end ribs were of conventional box-beam construction.
The principal dimensions of the glider are given in figure 1(a)

end table I. General views of the glider mounted on the full-scale-
tunnel balance supports for tests are shown in figure 2. The glider
as received was equipped with a rudder for directional control and
elevons for latersl end longitudinal control. Deteils of these
surfaces are also shown in figure 1l(a) and table I. The balance

on the control surfaces was similar to other elliptical overhung
control balances. The balance gap was relatively large, however,
and the shape of the wing just shead of the balance gep was elliptical.
A typical section through the contrcl surface and the ‘fear pari

of the wing is shown in figure 1(Db). i

The basic configuration for the investigetion was the original
IM-1 glider, which had the control-balance slots open and the large
vertical fin on. The first modification made to improve the maximum
1ift characteristics was the addition to the wing of the semispan
sharp leading edge shown in figure 1(b). Next, the vertical fin was
removed which left the glider as shown in figures 2(b) and 2(c). The
three configurations tested with the vertical fin removed were:

(1) Glider wing with control-balance slots open

(2) Glider wing with control-baslance slots sealed to prevent air
flow through them and faired over on the upper surface

(3) Same as configuration (2) with the sharp leading edge added
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Small -Scale Models

As a further aid in the study of the charscteristics of the
flow over the DM-1 glider, two triangular-wing models, cne having
airfoil secticns 15-percent thick and the other having very thin and

& !
csharp-edge sections, were constructed for tests in the ié-scale model

of the Langley full-scale tunnel (reference 2). These models were
not exact scale models of the DM-1 glider, but had the same aspect
ratio, the same ratio of model size to tunnel size, and slightly
greater sweepback.

Tests

The gerodynemic characteristics of each glider configuration
were determined throughout the angle-of -attack renge at zero angle
of yaw. The tunnel airspeed for the full-scale tests was limited to
approximately 45 miles per hour, because of the light structure
inside the glider that was available for connection with.the model
supporting struts. This airspeed corresponds to & Reyjnolde number

of hsSx lOb based on the mean geometric chord of 10.97 feet. For
each of the glider and model configuretions investigated, the di-
rection of the flow and the progression of the stall, as indicated
by wool yarn tufts attached to the wing, were determined. Obser-
vations of the flow were¢ also made by use of zinc chloride smoke.
The direction and nature of flow over the model wings were observed

with a single wool streamer attached to the end of a hand-held probe.
MAXIMUM-LIFT INVESTIGATION AND FLOW STUDIES

. The variationsg of.the pltching-moment cecefficient, the drag
coefficient, and the angle of attack with 1ift coefficient for the
basic configuration arec shown by the curves labeled "Originel DM-1
glider"” in figure 3. The maximum 1ift coefTicient was approximately
0.6 and the accompenylng stall, as indicated by the tuft surveys
(fig. 4(a)), progressed inwerd from the tips in much the same
menner as the stall of conventional wings of high taper ratio.

The meximum 1ift coefficient was about 0.3 less then was indicated
by low-scale wind-tunnel tests of various triangular wings and
triangular flat plates having about the same aspect ratio. (See
references l6 3, and 4.) Moreover, the wing stalled at an angle of
attack of 18°, whereas the low-scale tests indicated that the stall
angle would be about 40°. Some fundementsl difference between the
flow over the full-scale wing and the flow over the model wing
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appeared to exist.

The investigation of the flow over the -2;-scale models in the
il

>
model tunnel showed, in agreement with references 1, 3, and 4, that
the wings stalled at angles of attack near 40°, and there was no
perticular evidence of tip stalling at angles of attack below
meximum 1ift. Furthermore, there was no significant difference in
the flow for the sharp-edge thin section and for the 15-percent
thick wing. The flow for these model wings was characterized by
two vortices, which originated at the apex of the triangle and
increased in size as they passed downstream, with their cores
located ebove the upper surface of the wing and inboard of the tips.

Tuft surveys and smoke-flow studies made of the full-sc%le
IM-1 glider showed that no vortex flow such as that for the:ig-scale

model existed ebove the upper surface of the wing. The only vortices
present were the usual ones originating at the wing tips. Diagrams
for the flow patterns over the full-scale DM-1 glider and the

§%~scala models are shown in figure 5. The reason for the fundamental

difference between the flow patterns is believed to be as follows:
According to the theory of reference 5, the flow about a triangular
wing can be represented as the sum of a cross compcnent, which at

esch transverse section is approximately the theorstical two-dimensional
flow about the section (see fig. 5(b)), and the longitudinal component.
'In general, such & two-dimensional transverse flow cannot exist,
because of the boundary-layer separetion around the highly curved
cdges; however, when the longitudinal velocity component is combined
with the trensverse component, the boundsry layer follows an easy

curve around the leading edge as indicated in figure 5(a) and is

not necessarily forced to separate. For either the actual glider or
the small models, it is expected that, cven at low angles of attack,
the boundary layer in this flow around the leading edge could not
withstend the adverse pressure gradient just behind the leading edge.
For the full-scale glider, any sepsration of the laminar layer would,
however, merely induce transition to a turbulent layer, which

eventually would separate near the trailing edge. On thei¥~-sc&le

model, however, such transition does not occur, because of the low
Reynolds numbers. (See reference 6.) Hence, the flow scparates
completely near the leesding edge, and the cross component tekes on
the appearance of figure 5(d). When the longitudinal component of
the volocity is superimposed, the trailing vortices are formed
above the upper surface of the model wing, as indicated in

figure 5(¢). Similar vortices have been observed at the side of

a rectanguler flat plate by Winter (reference 7). The actual stall
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possibly occurs at the angle of attack for which a stream line of
the flow off the leading edge fails to curve over enough to meet
the upper surface of the wing again before it trails downstream.

It appeared that if the vortex action could be produced on the
full-scele glider, large gains in the meximum 1ift coefficient
would result. Inasmuch as the phenomenon was attributed to a
separation at the leading edge of the wing, it was decided to force
this separation by providing the full-scale wing with a sharp leading
edge. Preliminery investigations indicated thet a 3-inch strip of
sheet metal projecting outwerd from the wing leading edge and
extending half way along it (fig. 1(b)) would produce the desired
results. Smoke-flow observations and tuft surveys indicated that
the large vortices originating at the apex of the triangle which
were observed at low scale were then present over the full-scale
glider. The acrodynamic characteristics for this configuration
are shown in figure 3. The maximum lift was increased to a value
of 1.01 at an angle of attack of 310. The drag coefficient was
not increased any appreciable amount at low lift ccefficients.

The stable slope of the pitching-moment curve was reduced by the
gharp leading edge, and the tuft surveys (fig. 4(b)) indicated a
tendency toward tip stalling.

The results obtained with this configuration, together with the
exploratory work done at low scale had accomplished the original
objective of determining the reason for and correcting the. low
maximum 1ift. However, inasmuch as both the unusually large control
balance gaps and the large original vertical fin may also havs.been
affecting the maximum-11ft characteristics of the airplane adversely,
a further investigetion was made to determine their effects and also
to determine the influence of sharp lecading edges on the maximum 1ift
of the wing alone. . The results of this investigation are shown in
figure 6. The maximam 1ift coefficient, based on the wing arca of
the basic configuration increased to O. )2 when- the vertical fin
was removed. The 1ift curve still begins to break, at & 1ift.coef -
ficient of about 0.6 and an angle of attack of. sbout. 18°, as wes the
cage with the fin on. Closing the elevon control-balance glots
increased the maximum 1ift coefficient to 1.05. With the addition
of the sherp leading edges, the highest meximum 1lift coefficient
(1.24) wes obtained. Tuft photogrephs for the threc fin-off
configurations are shown in figures U(c) to 4(e). As was the case
with the vertical fin on, the increases in drag coefficient at the
low angles of attack due to the sharp leading edges do not appear
significent. . The sharp leading edges attached to the wing for these
tests were not faired into the wing, and it is probeble thet a wing
having sharp-leading-edge sirfoil 590+ions would have less drag

The maximum 1ift coefflclenu obtalnea for the optlmum
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configuration is in good agreement with the model reaults, and
with the low-scale results of referencesl, 3, and 4. It is of
interest, also, to note that according to the thecry of reference 5

Z?L = gA or 2.83 for the present case; whereas the experimental
d‘ .
velue is only about 2.26. As pointed out in reference 5, the simplified
dcC
theory overestimates E,L- for aspect ratios above 1.0; the value
o

given for elliptical wings by the more exact theory of Krienes is 2.39
for an aspect ratio of 1.8 (fig. 5 of reference 5). The slope of the
lift curve (fig. 6) increases from 1.8 at low angles of attack to
approximately 2.26 and then decreases to 1.2 for angles of attack

above 28°. The value of 2.26 was used in the preceding comparison,
since it covers the straight-line part of the 1lift curve.

In order to determine the usefulness of the maximum 1lift
obtained, the velues of the lift-drag ratio must be considered since
thig relationship determines the power-off rate of descent. At a
11ft coefficient of 1.0, the lift-drag ratio ig 2.5, which
corresponds to an angle of descent of about 22 .and a rate of descent
of 0.37 times the flight speed. At a 1lift coefficient of 1.2, the
lift-drag ratio is 1.5 and the corresponding engle and rate of descent

are 3ho and 0.56 times the flight speed,respectively. It is

concluded that if any reasoneble rate of descent is to be maintained
for airplenes with wings similer to that of the DM-1 glider, it will
be necessary eithcr to use power for landing or to restrict the design
to relatively low wing loadings.

CONCLUDING REMARKS

The original DM-1 glider, which had approximately triangular
plan form, airfoil scctions somewhat similar to the NACA 0015-6L4,
an aspect ratio of 1.8 end a 60° swept-back leading edge, had a
meximum 1ift coefficient of 0.60, whcrcasiF-- scale tests of & similar

)

configuration gave a maximum lift coefficient of approximately 1.
The addition of sharp leading edges to the original DM-1 glider
increased the maximum 1ift coefficient to 1.01. Removing the vertical
fin from the glider, sealing the large control-balance gaps, and
installing a semispan sharp leading edge, increascd the maximum
1ift coefficient to 1.24k. It is concluded from these tesis that the
airfoll sections having sharp-leeding edges or small leading-edge
radii which are believed to be desireble for supersonic flight, will
also have acceptable and perhaps superior low-speced charaecteristics
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when used in highly swept-back wings.

The flow over triangular wings of low aspect ratio at low scale
is similer to that which H. Winter (see NACA T No. 798) observed
over rectangular flat plates of low aspect ratio and is characterized
by vortices above the upper surface of the wing inboard of the tips.
The action of these vortices is favorable in maintaining orderly flow
over the upper surface of the wing to very high angles of attack and
thereby aids in obtaining relatively high maximum 1ift coefficients.
At large Reynolds numbers this vortex flow can be produced by using
airfoil sections having sharp leading edges, or very small leading-
edge redii.

With triangular wings of aspect ratio of about 2, maximum 1ift
coefficients of the order of 1.2 can be obtained. The corresponding
angles of attack, however, will be considerably greater than those
for conventional eirplenes. Furthermore, since the lift-drag ratio
is approaching 1, the angles of descent without power are likely
to be prohibitive and airplenes using this type of wing probebly
willl not land safely without power.

Langley Memorial Aeronautical Laboratory ' !
National Advisory Committee for Aeronautics
Langley Field, Va.
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TABLE I
DIMENSIONS OF THE DM-l GLIDER
Wing:

Bynn, foebessooooons R R L e e 6 TS e A 19.6
Wing areca, square fe@bsrecereieiiviiritiiareccssccanesen 215.0
R8Pt PEELO. « s s vsrnes s % B s IR e iy e AT T 1.8
Alrfoil scction..... 5 o ot Ly et ...Approximately NACL 0015-64
Thickness, percent uhord ................................... !
Point of grestest thickness, percent chord...... RN RE 1 40
Root chord, feet..... YA biee s s A cesavenenes seerssese 20.75
Meen geometric chord, feuet.......... SANPEIRRE  ya c 10.97
WAnZ WOt GEEPOOB i cinis s riaivis ssiels mig enss oo sialh o ois atsishn o ataislolalstns 0
Dihedral, dogreeB..snserxscecosoonss D IO LT B R e B A e O 0
Sweepback (L.E.), degroes......vo.v.unn. s % IR Ty 60
Sweepforverd (T.E.), 46grees....cecoveves v 70 b S 15
Vertical locetion of center of gravity, percent root chord

Tecm chord 1in® +ccavvssvcnnrione w0 R S 0

Horizontal location of center of gravity percent reot chord 50

Horizontel control surfaces:

Total elevon area, equare feot....vcveieieiinivencnnnsnns 233
. BIoml CHOPR. ERDT s civninsevs s nbinensipmios wesyms sy paal 1.5
Elevon hinge location, percent chord.........ociveeceaerene 27
Elevator angle range, AegreesS. . vesecocecscrconanens 28 o 24
. Adieron sngle Penge. GO@PBOR s v s e ssis ia e eiem.s anieie oxoulots 2l to -2l
Total trim flsp area, square feet..... o P e O . 6.97
SRR TAaY [CROPE, TN o ctusransnunins s s snsss Lol n s sy 1.38
Vertical tail:
ML Kot o cowenins spmm e s ki R TR GRETy e i BN
Areg, (to chord line of wing) SquUarc feet...eeeeeneeenn. L
Fi0 T T AN R S S € AN S SRS L P T &
ALPTOLL Borbion . s evaseunsssanconqse Approximately NACA €015-64
Inloknoas, porcant cROMs: ovesvcnsnnssenssinasonbsass PRI
Point of greatest thickness........... e s aratn s S G .40
Book CROYE, £o0%:ss vovaanrsmornswesiwan AT P P » 19.7
Angle of sweepback (L.E.), dcqrces ..... T 65
Angle of sweepforward (T.E T ORI TR 0
Rudder area, square feet.....oeevevevee.. /% % 3.y . o8 8.01
WORE oM. TOBT s v s s siis paso vns & Falhhs wile o uaisny she i 1.38
Hinge location, percent...veeveee.s. T i L e Y ] T 27
ROGART BNgLe, QORYORSE v svoiseerssvssmnsrsdensssonn ereveses 423
. NATIONAL ADVISORY

‘ COMMITTEE FOR AERONAUTICS
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(4) Principal  dimensions of original  glider.

i Figure |- Dimensions of the DM-/ glider. (All dimensions
ore in inches.)
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&) Oimensions of the sharp leading edges
and of the elevon contro/ s/ots.

Frgure |- Concluded.




Figure 2.-
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(a) Original configuration; three-quarter side view.

The DM-1 glider mounted on the Langley full-scale-tunnel
balance supports. ‘
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(b) Vertical fin removed; side view,
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Figure 2.- Continued.
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(c)

. 2C

Vertical fin removed and semispan sharp leading edge attached;

top view.

Figure 2.- Concluded,
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Figure 3 ~Aerodynamic characteristc  of the DM-/
glider with and without sharp leading edges.
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(a) Original DM-1 glider.

Figure 4.- Tuft surveys of the flow over the DM-1 glider.
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(b) The DM-1 glider with semispan sharp leading edge
installed.

Figure 4.- Continued.
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(c) Wing of the DM-1 glider with elevon control slots open.

Figure 4.- Continued.
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NACA LMAL
49309

NACA LMAL
49308

a =945 CONFIDENTIAL

(d) Wing of DM-1 glider with elevon control balance
slots sealed.

Figure 4.- Continued.
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Wing of DM-1 glider with elevon control balance slots
sealed and semispan sharp leading edge installed.

Figure 4.- Concluded. CONFIDENTIAL
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Figure 5.— Diggrams of the flow over friangular wings.
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Figure 6 -Aerodynamic  characteristics of the DM-/

alicter with the vertical fin removed
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