














AFFDL-TR-71-37

a = a + 6 (5/C)C (R7.3) (1% 1,) (25)

CD = CDU + & (S/C) CLQ (26)
Assuming elliptical wing loaaing a value of -0.125 for & was chosen for the
wing span to jet diameter ratio tested, A value of 0,12 was chosen for 7,

using one-quarter of the wing chordlength as the tail length.

Substituti- g these values, the wing area, the tunnel cross section avea of 113 sf
and an assumed value ot U, 05 per degree for the lift curve slope, equations 24,

25. and 26 car be rewritten as follows:

¢ = 1.0077 ¢ (27)
a = o (1.87)c (28)

and
¢ = G, - (0.0220) ¢, 2 (29)

f, Test Program and Discussion of Results

Model angle of attack variaticn over a range without perceptible wing dis-
tortions was achicved by riser/suspension line adjustment and tunncl velocity
variation. The range of angle of attack chosen for investigation was from angles
above which the leading edge would collapse to angles of attack at which the
wing was completely stalled, A summary of the test conditions and performance

data obtained is presented in Table IV.

The performance data are plotted in Figures 16 and 17 which represent
the lift and drag curves and the polar dingrams for the two models tested., ‘or

Pa.a-Foil Flexible Model No. 1 the practical angle of attack operating range

Was TronT Zeroto i rgrees—For3 delNo—2,—the range was from -2 to 12
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AFFDL-TR-71-37

TABLLE IV

SUMMARY CF VERTICAL WIND TUNNEL
PERFORMANCE TEST CONDITIONS AND RESULTS

PARA-FOIL MODEL NO. 1 PARA-FOIL MODEL NO. 2
RUN q a ¢, Cp RUN q & B Gy
260.0 1.27  8.46 0.526 0.264 219.0 1.31 -0.74 0.310 0.178
261.0 1.69  9.57 0.317 0.255 220.0 1.69 -0.97 0.333 0.18]
262.0 2.11 11.06 0.594 0.287 221.0 2.11  -1.79 0.345 0.177
263.0 2.54 11.16 0.591 0.285 222.0 2.54 -0.90 0.356 0.183
264.0 2.96 12.45 0.600 0.294 223.0 2.96 -0.82 0.365 0.1%3
265.0 3.38 12.08 0.581 n.28$ 224.0 3.38 -1.42 0.371 0.183
266.0 3.8 14.87 0.585 0.316 226.0 3.81 -1.83 0.374 0.185
267.0 4.23 17.19 0.573 0.358 °26.0 4.27 -0.93 0.372 0.182
268.0 1.27 1.72 0.268 0.196 227.0 2.58 0.53 0.477 0.205
269.0 1.69 0.20 0.281 0.199 228.0 3.38 1.71 2.488 0.202
2700 2.11  0.48 0.294 0.203 229.0 4.23 2.10 0.492 0.209
271.0 2.54 2.1 ©.283 0.198 5300 2.54 9.8 0.526 0.289
272.0 2.9 2.07 0.305 0.204 231, 334 10.26 0.525 0.287
273.0 3.38 1.86 0.308 0.209 232.0 4.23 11.73 C.o47  0.293
274.C  3.81 1.96 0.311 C 206 233.0 1.27 2.42 0.554 0.235
275.0 4.23 1.06 0.311 0.204 234.0 1.69  9.95 0.53: 0.289
276.0 1.69  3.19 0.362 0.218 234.1 1.71  1.29 0.570 0.287
277.0 2.54 4.16 0.384 0222 235.0 1.59  4.08 0580 0.242
278.0 3.38  3.95 0.392 0.222 236.0 1.48 2.00 0.568 0.236
279.0 4.23 3.72 0.413 0.23 237.0 1.37 2.60 0.566 0.234
280.0 1.27 15.78 0.583 0.335 238.0 2.11  7.87 0.518 0.29)
239.0 2.54 9.46 0.525 0.288
22).0 3.38 10.38 0.506 U.283
24).0 4.23 9.98 0.508 0.274
242.0 1.31 1.52 0.479 0.205
243.0 1.69  2.37 0.519 0.209
244.0 2.11 2.96 0.576 0.219
245.0 2.54 3.93 0.548 0.236
246.0 2.96  3.82 0.553 0 228
247.0 3.38 7.79 0.501 (.275
248.0 3.81  8.90 0.49y 0.269
248.1 3.81  8.87 0.514 0.73¢C
249.0 4.23 9Y.28 0.506 0.268
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AFFDL-TR-71-37

O
o)
N

vO

Cp
IENT, €,

DRAG COEFFICIENT,
g |

[o—

LIFT COE

O MODEL # 2
O MODEL #1

1 : A i i L 1 1 ]

-2 0 2 4 6 8 10 12 14 1o 18

ANGLE OF ATTACK, a, DEGREES

Figure 16, Lift and Drag Curves for Para-Foil Flexible Models
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Figure 17. Polar Diagrams for Para-Foil Flexible Models
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AFFDL-TR-71-37

degrees., The lift curves for both models were characterized by nonlinearity
and low values for maximum lift coefficients. This would indicate the early and

gradual nnset of stall,

Analysis of photographs of the tufted upper wing surface, such as those in
Figures 18 and 19, led to the selection as typical those stall patterns presented
in Figure 20, It is seen that there are regions of separated flow even at small
angles of attack and that these regions increase in size as angle of attack in-
creases until the majority of the flow on the upper surface is separated. This
stall pattern and the absence cf nose swll (characterized by a sudden loss in

lift) is in agreement with the flow pattern indicated by the shape of the lift curve.

Maximum L/D ratios for Models 1 and 2 were 2,1 and 2.4 respectively.
This &'epresents a significant effect on wing performance due to flexibility and
the ad@iticn of susper.sion lines when compared to L/D values above 4,0 for the
rigid'rr'\odels. The suspensicn lines are estimated to contribute approximaiely
0,06 to the wing drag coefficient value at angles of attack near maximum L/D.
(At an angle of attack of about 10 degrees, the drag coefficients were on the
order of 0,15 and 0.28 for the rigid and flexible models, respectively.) This
line drag. rot present during the rigid model tests, accounts for a large por-
tion of the /D reduction exhibited by the flexible models, The remaining per-
formance reduction must be due to the flexibility of the models which appar-
ently resulted in slight distortion of the upper surface of the wing causing flow

separation and reduced lift,

The effect of Fara-Foil design changes on performance was indicated for
two inlet ‘flave configurations. The model with the straight inlet and triangular
flares, Model No. 1, nad higher values of drag coefficient for the same lift
coefficient as compared to the model with the shaped inlet and flares. Model
No. 1 also exhibited a larger operational angle of attack range before stall and

a more gradual onset of stall than did Model No. 2.

The resuits of these tests established the gencral performance charac-
teristics for flexible Para-Foil models and indicated the influence of suspension

lines, inlet geometry and flare geometry on performance,
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Upper Wing Surface Tuft Patterns, Para-Foil Flexible

Figure 18.

Model No. 1
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Upper Wing Surfacc Tuft Patterns, Para-¥Foil Flexible
Madel Neo. 2

Figure 19.
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Figure 20A, Para-Foil Flexible Model No. 1
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Figure 20B, Para-Foil Flexihie Model No, 2

Figure 20,
(Stalled Regon is Aft of a Lines)
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Typical Stall Patterns for Para-Fo.l Flexible Models

m&vhmi}lté'm,—« R e 2 : ;
e \.M‘l§4~a!~swv<)“m-(‘h:ka.n‘-i‘5&‘a(A‘iu\--.-m.‘..zsu Wt iR A S i e 1 4 o

$ ’



AFFDL-TR-71-37

It was initially intended to follow these wind tuunel tests with free flight
tests. Lack of suitable drop test airceraft necessitated development of an alter-
nate free {light test technique; however, design decisions necessitated proceeding
without acquixition of this free flight data. Appendix I presents a description of

this alternate wsting techniqu:,
d
4. FLEXIULE MODELS - BREEFING TESTS
a. Purpose

The purpose of these tests was to establish a method to effectively reduce

the forces produced by a Para-Foil during the period of inflation,
b. Approach

The inﬂfu;on process of the Para-IFoeil was studied using motion picture
film from free-flight drop tests to obtain an understanding of the mechanisms
governing the process, A method for simulating this opening process in the
AFFDL Vertical Wind Tunnel was established and flexible mocel tests were
conducted to evaluate various reefing techniques. Deployments were made
without and with various amounts and types of reefing, A tensiometer was
placed in the tether line and opening forces were measured. Analysis of the
opening force data allowed for the determination of the effectiveness of the

various reefing methods tested.

The inflation process testing arrangement is shown in Figure 21. The in-
flatable portion of the Para-Foil model was accordion folded, from each out-
board cell to the center and then inserted, with the trailirg edge first, into the
flexible cylindrical deployment pack, The center of the trailing edge was at-
tached to the back of the pack by a single turn of light nylon cord of length equal
to the length of the pack, With the maximum possible length of suspension lines
extending outside the pack, the pack opening was closed with this same light
nylon cord, The lines met at a confluence point which was tethered to a wire

PRERTAY rhodnets rontoas.of $ho 4aias ] L WA DR TER R o O A oY Szl Lodned ARSI LN eoxy
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pended above the attachment point by means of a pull cord and pulley arrange-

ment until the suspension lines were extended as shown, At the desired tunnel
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Figure 2°, Para-Foil Flexible Model Reefing Test Arrangement
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