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SUMMARY

This thesis presents a study of the problem of improving the
1lift characteristics of a supersonic wing at low speeds, Trailing
edge split flaps, nose flaps, and boundary layer control were in-
vestigated singularly and together using the optimum configuration
of each.

Results indicate that the nose flap has an appreciable effect
on preventing separation and thus increasing the 1ift., Split flaps
give an increment of 1ift as would bs expected., The boundary layer
control consisted of blowing a sheet of high velocity air bhack over
the top surface of the wing with very definite improvements of the
1ift and drsg characteristies,

The work on the blowing technigue, it is suggested, indicates
sufficient promise to warrant much further study. The relatively
large increment of 1ift that can be attributed to the prevention of
flow separation at high angles of attack suggests that such boundary
layer control could be used to improve controlability and to delay
the stall, particularly tip stall, of high speed aircraft with very

large sweep back angles.



I, DISCUSSION OF PROBLEM

Currently the double circular arc or wedge airfoils have shown
considerable promise for high speed airplanes. These symmetrical
wing sections are characterized by sharp leading and trailing edges
neécessary for flight at the higher Mach numbers, The shape and the
sharpness of the airfoils, however, affect the maximum lift in an
undesirable manner at low speeds, Consequently, as the wing loading
is increased by structural requirements, fuel and power plant weight,
etc., the problem of meximum 1ift of the high speed sections has be=-
come more important particularly with respect to landing and low speed
flight.

The lift characteristics of high speed airfoils could be improved,
it was felt, by trailing edge flaps, nose flaps, and by boundary
layer control, along with still other means. From existing data,
it appears that the increment of increased lift that one could expect
from trailing flaps was not enocugh to reduce the lending speed of a
supersonic airplane sufficiently. The use of boundary layer, although
much unrelated experimental data exists, (see table of references) as
a means of increasing the 1ift and reducing the drag of wsdge or
circular arc airfoils has not been fully exploited. At least the
reports of such work are not available. The Germans have investigated
the nose flap and it appears to show considerable promise in delaying
separation , thus being effective in air maneuvers as well as in
low speed flight. .

The use of boundary layer control as a means of improving the

flight qualities of an airplane has in the past not been generally
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practicable, The aircraft reciprocating engine has not been parti-
culerly adapteble to such an instellation to say nothing of the weight
considerations, structural difficulties, or ducting complications.
Also; the requirement of & great jump in the 1lift increment has net
been sufficient to warrent solution of the aforementioned problems.
With the advent of the jet power plants has come the reguirement
that the r.p.m. not be reduced below & certain minimum velue in order
to meintain the fire in the burners. Consequently, the pilot of the
current jef plenes is handicepped in landing since considerable power
must be maintained in order:to assure that he can take & wave off
if necessary, This problem is acute in the carrier landing., The
use of boundery layer control on the jet airplene where necessary
is felt to be feasible since the power and the pump are availsble,
The axiael flow turbine type engine could accommodate a boundary layer
blowing system nicely. The turbine compressor while supplying air
to the boundsry control blowing system would necessarily have to be
operated at & relatively high r.p.m. to maintain encugh air flow to
the burning chamber, This type of system would provide a higher
1ift coefficient, less axial thrust, and would permit greater
acceleration of the airplane since the power is more readily aveil-
able.

The existing data on boundary lesyer studies, although not
directly applicaeble to this thesis, seem to indicate that suction
of the boundary layer is more effective than blowing., However,
it should be poinfed out that it is more difficult to maintain

negative pressure than positive pressure, Most of the available



reports deal with boundary layer control or improvement on low speed
conventional section wings or wing flep combinations and almost all
use low pressure systems.

W. Schwier at Goettingen (ref. 1) has done considerable work
on the blowing technique. Using an NACA 23012-64 airfoil and blowing
air out immediately ahead of the flaps and immediately behind the
hinged nose, he reports the following results:

Plain flaps, deflection = 45°

No air blown, CQ = 0 chmax 2.18
at  Cq =.020 CLpax = 270
Corresponding velues for slotted flep
No air blown, CQ =0 CLpmex = 2438
Cq = .020 CLpex = 40
Using a 9% wing (ref. 2) with & slot=flep and a slat he reports:

With open slat, deflected fleap

No air blown CQ = 0 CL = 1.86

&t Cq = .025 CL = 3.5

The nose flap (ref. 3) used with e high-speed section has shown
considerable increase of the meximum 1ift, The effect of this high-
lift device can be explained by the fact that at a suitable deflection
angle the front stagnation point of the flow will be displaced quite
neer the lesding edge of this flep. This effect diminishes the
considerable super velocities observed near the leading edge of the
high speed profile at high angles of attack., Thus the steep pressure

rise behind the leading edge is reduced and the stalling is delsyed
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to higher angles of

!

sttack, The stelling cheracteristics of high
speed profiles with nose flaps bscoms similar to those of normal

leading edge radius,
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deflection of 60 and 1850 degrees respectively, The flap configurstion
was veried to check the best combinations (Fig. 12)

b) Part II (Model II)

A complete run without fleps or blowing was made with Model II
to compare the basic 1ift, drag and pitching moment with Model I,

The wing without flap but with &ir blowing from the slit was run at
24,7, 34.7 and 44.7.psi ebsolute pressure. Since it was apparent

(Fig. 15) that the 44.7 psi pressure gave the best relative results
this pressure was used in all the succeeding blowing runs. 4s could
be expected, CQ at the various pressures used, hed little variation,

At 44,7, 34,7, 24.7 psi absolute the valuesof the discharge coefficienﬁ
(CQ) were 0,0070, 0.0064, and 0.00654 respectively, Deformation of

the slit opening and structural consideration prevented tests at

higher internal pressures.

Separate runs were made with trailing edge flaps (Fig. 19) and
ncse flaps at C% = C.OO?O to check the optimum separate flap deflec-
tions as indicated by Model I. Then runs were mede with both flaps
installed., Various combinations of the fleps were investigated to
find the optimum configurstion {Fig. 20).

During the runs when air wes being blown frem the model slit
the pressure at the HZotameter wasmainteined constant and continuous
readings of the esir tempereture and the gquantity of flow~werevrecorded.
The pressure in the model was read at four stetions and was fouad to

be constant., Since the lines from the rmodsl to the Rotameker were

relatively short and the diameters of the lines wers large compersed
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loss in t?

The dynemic pressure of the tununsl

was computed using the readings

m

of sbatic pressure differsnce and the tunnel calibration curve, The

tunnel wveloclby was computed using the average value of dynamic pressurs

14 AN . .
(13,3 1bs, £t°) although the dynsmic pressure was essentislly constant,

The cosfficients of 1ift, drag, and pitching moment were computed
as folliows:
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but Po = RT

v = |2 RT 1
3 X..l O p() X
1/2
, 1.4-1 /
. 13)(550) 7
v, - Ja2.9Q7E)(E50) |y a7\ T, = 1340 rt/ssc
s 1.4 -1 34,7

3 . 4 % 3 k3 B
The cosflPieient (C.) was used as a ratio of the volume of air
blown out to the volume of air that would be swept out by an outliae

of the plan form of tha wing set at 90° to the air stream.

Since the Rotometer was designed for standard conditions the
following corrsction wes made as per instructions supplied with the

instrument and O, was computed *

Q

T
Q=Q 14'77 [a]

L csom—

p, 530
for p, = 44.7
g = 18.1 1.7 BaC e Aversge Qp = 18.1 c.f.m,
60 14.7 56U TO = 550° abs

Q= 0,517 cu.ft.sec.

Cq = —BLT = 0.00702
106 x 0.695

e |

for py 34,7
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for P,

&5

L}

30 14.7 549
0,472

C ame

A
24,7

14.7 © 548

€0

0. 467

Cy =

5 /2
18, 7 [ii;l x §§g]

Yo .
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. 487
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A, Results

A comparison of results is presented in the following tabular
forms.

The first table presents the maximum 1ift coefficient and the
corresponding drag coefficient for each of the best runs. The in-

crement of meximum 11ift and drag coefliclent ( LLVL s leb) are the
differsnces bebtween the 1ift and drag coefficients for the unflepped
wing at CQ = 0 and the 1ift and drag coefficients for the flapped
and or blowing wing.
TABLE I
Wing Configuraticn at Clog. % increase
Nose |[Trailing | pg Cq ol O Cp | ACL | Al CL Cyy a
0] o O o 10| .808 |.1586 o o o G o
0 60 G 0 611.68 |.40 |0.37 [.23 (107.8 [139 - 40
O &) 44,7 10,0070 10} 1.94 | .45 [|1.13 |,28 |140,0 (167 0
150 o] 0 C 1511.09 |.210 | .28 |.044 | 33.4 | 26.5 5C
o o 44,7 |0,0070 1 18] 1.28 1.280 | .47 |.,118 | 88.2 | 70.0 80
150 €0 0 911,90 |.430 | ,09 |.264 | 11.1 |158,0 |-10.0
150 60 44,7 | LOO70( 12| 2.18 |.480 [1.37 [.314 {170,0 |188,0 | 20.0
120 60 44,7 | L0070 24| 2.35 | .550 |1.54 |.384 |190,0 |231.0 |140.0

It is noted that the

1ift increase

drag increment is due
stall and in partizu

P o

£3

of ettack,

1}

in angle

to

the flatbening of

lar, where blowing was used,

precent drag increase 1s greater than

Howeve ry, at the higher 1ift configursa

drag

13-

the great incre

tions the gresater

curve near the

the percent
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A more favorable compariscn is presented in the se

Here the increase of the lift and drag coefficisnts and the angle
of atitack due to blowing is shown for each configuration of [laps.
It is noted thet boundary layer control by blowing increases the
1ift coeffiecient of all the wing sonfigurations tested.
TABLE II
Wing Configurstion 8t Clpax 7% increase
Hose | Trailing To Cq o C Cn| AaCn] ACp C,l ©» a
0 0 O o 10| .808) .186 o 0 V] 0 G
G 0 24,71 0083 18| 1.08] 225 .27 | 059} 33.4| 35.8 50
o G 34,71 (008 121 1.20 .25 | .33 | .GB | 48,3 48.2 2y
o G 44,7 L0070 16| 1.28] .20 | .47 | .08 | E&, 54.2 80
o 800 G o 611,68 .40 0 0 0] O 0
o 509 44,7 JOO7O 10| 1.94| .45 | .26 .05 | 15.5] 12.5 67
1500 80° 0 V) 9 11.,90] 430 o G G o Y
1500 €0 44,71 L0070 12| 2,13| .480) .28 | 0RO 14.7| 1l.€ 33

B, Conclusions

1. The slope of the 1ift curve was asssentially constant for
P

8ll configurations of the wing tested.

2. There is an appreciable increase of angle of atbb:

1ift when the nose flap walone 1is wused.

T 2 - oy o] LA . 14 R |
3. Trailing edge split flaps incrsase

the 1ift of this wing




4, The combinstion of nose and traliling edge {laps on the wing,
while giving & great increase in 1ift, ceused the wing to stall at
about the same angle of attack as the stall angle for the basic wing.

he addition of the jet boundary layer control to the flapped wing
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5, The boundary layer conbtrol by blowing improve
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tly to warrant much further study. It

should be noted that the model was tested with the jet slit located

Y

2t the 15 nercent wing chord line and st a coefficient of discharge

of air of C,0070, It is suggested therefore, that further tests

£

be made with the current nodel. The optimum position of the et
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