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THE DETERMINATION OF THE SHAPE AND INERTIAL PROPERTIES
OF AN ALL-FLEXIBLE PARAWING
By

Blair Bradley Gloss
ABSTRACT

An investigation was conducted in the 17-foot test section of the
7- by 10-foot 300-MPH wind-tunnel at Langley Research Center to determine
the shape of a 5-foot long, 45°-swept, single-keel, all-flexible
parawing. A stereo-optic camera system was used to obtain shape data
at 1ift-drag ratios of 2.429, 2.241, and 2.131. These data were used
to calculate nondimensional moments of inertia, nondimensional products
of inertia, and nondimeﬁsional center-of-gravity locations for the
‘canopy alone and the suspension lines alone at lift-drag ratios of
2.k29, 2.241, and‘2.151. No estimates or calculations of moments of

inertia were made for the apparent mass of the parawing system.
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- 45°-swept, single—keel,all-fleXible parawing using a‘photogramme%ric '

_ process. From this shape data, the moments of inertia, the products of

V. INTRODUCTION

The National Aeronautics and Space Administration (NASA) at ILangley
Air Force Base has been working on flexible lifting devices for the past
ten years. The first six years of work at NASA were focused on rigid-
leading-edge and rigid-keel parawings, and the past four years have been
spent primarily investigating all-flexible parawings which have been
constructed in a variety of designs (see reference 1).

The advent of the decoupled lifting-entry vehicle, one which has
been optimized for the hypersonic flight regime only, requires the need
for some auxiliary devices to aid the vehicle in the supersonic and
subsonic flight regimes. The all-flexible parawing is at presen£ being
considered by NASA as one such auxiliary device for the subsonic flight
regime of this type of vehicle. More information about the all-flexible
parawing, such as moments of inertia, shape data, and stability
derivatives; to name a few, must be obtained in order to.evaluate the
all-flexible ﬁarawing as an auxiliary device;

After three years of research, no means of determining the shape of
the all-flekible parawing had been found. Furthermore, moments‘of inertia
of all-flexible parawings were previously determined by suspending the

particular parawing of interest on a frame which weighed at least as much

~as the wing and swinging the entire system in the 60-foot wvacuum sphere“

at NASA (see reference 2).
The’pdrpose of this investigation was to obtain the shape qufﬁéik ‘

a
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inertia, and the center-of-gravity locations were calculated. The
results were nondimensionalized so that they applied to any size 45°-
swept, single-keel, all-flexible parawing with any weight material in
the canopy and any weight suspension lines. The changes in moments of
inertia, products of inertia, and center-of-gravity locations due to a

change in lift-drag ratio were obtained.




VI. SYMBOLS
a cross-sectional area of a suspension line, feet?
b distance between the stereo cameras, centimeters n
c 4 focal length of the lens, centimeters M?N\%
d distance of a point to a coordinate plane, inches
A,B,C,DD constents in the equation for a flat plane
Iyy rolling moment of inertia, slugs-feeta %
I'XX transferred rolling moment of inertia, slugs—feet2 g
Iyy pitching moment of inertis, slugs-feet2 ‘%
IZZ » yawing moment of inertia, slugs-feet2 ?
Ixy product of inertia, slugs-feet2
'IXZ product of inertia, slugs,-:f:‘eet2
Iyy | product of inertia, slugs-feet2
LL ‘nondimensional suspension line lengths
/o ~ lift-drag ra‘tlo |
Ik ;f ‘ | flat pattern keel length, inches
zKI‘ . inflated keel length, inches
ls 2 ~ inflated span,‘inchesv |
mo ~ mass ot a smell square of meterial in the‘cenoéy,’slugs'fjf‘
M tff fvtotal maes, slugS' S 7 | |
:'ﬁ~ e ;total number of p01nts read _
‘;p t v ‘}. | | edifference between x! Lf and ‘x R£ , mierons‘-‘
t tXTf | : | o ; distance throughwvhlch the glaes plates must bev&;;”i

translated in the x dlrectlgn, mlcrons
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xt,y'
X!ty
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Subscripts:

1,2,3

‘distance through which the glass plates must be

translated in the y' direction, microns

body axis system with the origin at the confluence
point

wind-tunnel axis system
stereo-optic comparator axis system
glass plate axis system
stereo-optic camera's axis system

value of y''' when projected to the xz plane, inches

direction angles of a suspension line, degrees

transfer angle for the rolllng mpment of inertia,
degrees

transfer angle for the glass plates, degrees

density of the suspension lines, slugs/foot?

canopy
cente}'of gravity

suspension lines

left camera

right cemera

=ce11ing reference p01nt de51gnat10ns when associated

with coordinates; coordinate plane de51gnat10n when
assoc1ated with A B, and C v

)
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VII. MODEL

The flat pattérn and suspension line lengths of the parawing that
were used in this investigation are shown in figure 1 and table I,
respectively. The line material was 130-pound test dacron. The wing
was constructed of l.l-ounce per‘square yard, acrylic-coated, ripstop
iwhite nylon, which is a low porosity material. Such material is
required for maximum aerodynamic efficiency of the parawing. All seams

. L
were glued to prevent gathering of the materisd which always occurs with

a sewn seam. )

A reference system was printed oh the caﬁopy since, when reading
the pictures taken by the stereo camera, it was necessary to be able to
locate the same point in each picture. The reference system used is
- shown in figure 2. A 1/8—inch wide, black felt-tip pen was used to put

the grid on the acrylic-coated side of the material which was on the

bottom side of the wing.
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VIII. TEST FACILITY AND EQUIPMENT

Wind-tunnel tests were conducted at atmospheric stagnation pressure
in the 17-foot test section of the T- by 10-foot 300-MPH wind-tunnel at
Langley. Black cross marks, 1/2-inch wide, were painted on the test
section ceiling every foot as shown in figure 3.

The wing was attached to the balance by means of a "T" bar, shown
in figure 4. All the suspension lines were Placed in the line clamp
except for the three control lines which were tied on to the cross bar,
shovmn in figures 3 and 5, to stabilize the model in pitch and roll.

The stereo camera system is shown set up in figures 3 and 5. This
system consists of tWo camera units mounted rigidly 4O centimeters apart
with garallel optical axes. Each camera has a focal length of 6.094
centimeters. Since these cameras had very high quality lenses, there
was very little distortion on the Pictures due to the lenses, andrno
correction‘fOr lens distorfion was needed. The cameras were electrically
operated so that both cameras’ shutters were opeﬁed at the same instant.
Eﬁe pictures were taken on'glass plates so that light could be projected
through them for ease of reading. |

- Fiducial marks~(réference marks) were put on the glass plaies’ﬁhile
:fhey Were‘Still,inithe:camefés,by‘expcging each p1ate tbffour sourées of
4radium;in éach»camera for at‘léast lm1/2 minu£es, but not more than 2

minutes.

0

=




IX. TEST CONDITIONS

The wind tunnel was operated at a dynamic pressure of 0.5 lbs/ft2.
Since the wing flutéered'and vibrated least under this condition, all
data were obtained éf this dynamic pressure.

The lift-drag ratio was varied by shortening the eleventh keel line
(see table I) while the support sting remained at zero angle of attack.
Lift-drag ratio was used instead of angle of attack as the independent
variable since there was not any acéurate means for measuring thes angle
of attack of the wing while it was flying. Line lengths’were measured
immediately after each test.

The aerodynamic data were corrected for jet-boundary effects on flow
angle (see reference.B), but not for blockage, since the blocking area of

the wing was very small compared to the cross-sectional area of the wind

tunnel.
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X. SHAPE

A. Shape Data Reduction

Throughout this investigation, the all-flexible Parawing was
assumed to be symmetric about its keel; thus, the shape of only one lobe
of the parawing was determined. |

No special care was taken in aligning each picture (glass plate) on:
the stereo-optic comparator's tables since the plates were read
individually and not in the usual stereo fashion. Figure 6 shows a
typical setup on one of the comparator's tables. When reading these
plates, it was necessary to locate the same point on each plate and
determine the coordinates of that point on each plate with respect to
the comparator's axis system. It was much simpler to read a point on one
Plate and then read that same point on the other plate, instead of the
customary way of reading stereo pictures, which is to see the subject in
stereo and locate the‘same point on each plate at the same’time. The
method of reading one plate at a time can only be done when the same
point on each plate caﬁ be éasily recégnized’separately of the’other
plate. All points that could befséen on both plates were read. The |
comparator automaticélly punéhed each sef of‘cqordiﬁates of each\point
on IBM computer‘cafds; i |

Both plates'had to‘be mathematically rotated énd'translated so that

.,the-Coordinate‘systemfof'thé-comparator:andifhercoordinate system:Of
"eachrglass plate1exactly ccincided. vihis.hécessitated Operating:on:eachv.

set of coordinates'bY’transiatiné fhem, XT in the x' direction and }f




YT in the y' direction, and rotating them through an angle of 7
(see figure 6).

Figure T shows the geometry of transforming the two sets of two-
dimensional coordinates into one set of three-dimensional coordinates.

It can be easily seen from figure 7 that

et =X, (1)
y”'=b£)°,and (2)
arer =Ryl | )

where b 1is the distance between the cameras (40 cm.) and c¢ is the
focal length of the lenses (6.09%4 ¢m$. Since this three-dimensional
coordinate system (x"';y"',z"') was not a pafticularly convenient
system to work with, a method for transfo?ming and rotating this system ,
to the one shown in figure 8 was developed S50 thaf the angle of thé
cameras Wi{h respect tb the vertical need not be known. This method is
presented,béldw; |

Threeyqf'thé painted cross marks on the ceilingé(npt in a stréight
f‘line)weré‘chosén as‘fefefggge points, so that if.stfaightylines were
dfawn jbininéfhem,a right triangle was formed’that;ﬁad‘one of its legs~'
: '(not fhe hyp6tenu§e) aligned withgthe3flow in‘fhe~wind‘tunnel;"‘Ihe@
 numbéred,points~iﬁ‘figureyS;wegef%ypiéal feference points.vahe

coordinates’bf thése‘pointsfwere;determinedfin’thé' x'te yrer gete
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coordinate system, and the equation of the ceiling plane (xy plane) was
determined by solving the following simultaneous equations for A , B ,

and C where DD was chosen as unity (see references 4 and 5).

Axl"’ + Byl"' + Czl"' + DD =0 (4)
Axelll ._;.Byetlt + Czetlt + DD =0 (5)
Ax511| + ByBIIl + Cz3tt| + DD = 0 (6)
To find the equation of the Yz plane, the following set of
simultaneous equations were solved for Ay , By, and Cy .
AAp +BB +CC =0 | (7)
Alxl”' +Bl yl'”-i-cl le|l+l=o (8)
valXBH' +Bl YB"""C]_ 23”' +1 =0 - (9)
To find the equatlon of the Xz plane, the follow1ng set of .
simultaneous equations were solved for A2 y 32 , and 02 _i
AA2+1332.+002=0,;'“ » ) (10) '
Ap xi " + By yl"' * C2 21"' +1=0 |  :_ "(11)
- Ao XQH' + Bg ye'” + 02 22”' + l "_"O, S T (12)

Equatlons (7) and (10) satlsfled ‘the condltlons that the xz‘ and

yz planes were perpendlcular to the xy plane. The equatlons of %he

three coordlnate plaqes were
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Ax'" +By'"!' + gt +]1 =0, (13)
Al xttt + Bl y"' + cl zd'?' + 1 =0 ,and (1h)
Ap xttr o+ Bo yrrr o+ Co z''' +1 =0. (15)

To find the coordinates of a point in the coordinate system shown
in figure 8, the distance of the point from each of the three coordinate

Planes were found by using the following equation:

~ | Ax+By+Cz+DD |

!
Y22+ B+ P

Thus, the coordinate equations were

' Alxt't + E"yntt +0 ozt o+ |
= 1 1 1
X = - ; > (17)

I A2 x''t + By yu:: + 02 gVt 4 1 |

,end  (18)

ol

T
.

!
\/Ae + 322 + o2

l A xtlt + B y:tt + C ztll + l |

z = ‘ .” | (19)

'JA2+32+02>

tThe‘reference,points on the ceiling Weie carefully~chosen s0'that the

X énd ‘zr coordinates were always positive. To. determlne the s1gn of

the y coordlnate of a p01nt, the x' and z"’, coordlnates of that ‘

point were put 1n equatlon (15) and then the equatlon was solved for

I
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Co 2" + A x'“’*‘l)
tre = (2 2
yP Bo (O)

If y''" of the point was greater than yP"' , ¥ was chosen as
positive. A computer program was written that performed the above
tasks for all points that were read.

Stereo plates were read for lift-drag ratios of 2.131, 2.241, and
2,429, Figure 26 shows that the inflated span increased with increasing
lift-drag ratio, and the inflated keel length decreased with increasing
lift-drag ratio. The aspeet ratio, which was based on the projected
area and the inflated span, remained constant with cnange in lift-drag
ratio. The tunnel flight regime for this Parawing was from a lift-drag
ratio of 1.9 to 2.5. Since no accurate knowledge of the lift-drag ratio
range in free flight had been obtained, the:data in figure 26 were

extrapolated in both directions to show trends.

B. Determination of Streamwise Secticms

- The streamwise sections of the wing were ebtainedfby choosing a
distenceyfrom the keel and finding coOrdinetes'wi&hithe broper value,of,
v from the calculated data. ‘If enough coerdinates tO‘define‘fhe shape
of a sectlon“were not found, llnear 1nterpolat10ns between p01nts, wkich
'_had y values close to the approprlate ¥ value, were used to flnd the .fﬁ

,coordlnates that were needed to describe the shape of that sectlon.é Very

o few 1nterpolat10ns were needed 51nce there were approxlmately 5,300 _-

i P01nts descrlblng half the'Wlngf- F1gures 9 to 25 show streamw1se sections

‘!~




15

for a parawing flying at an L/D of 2.241. The keel section could not
be described because it could not be clearly seen on the glass plates.
Thus, the first section shown is O.4 of an inch from the keel. Stream- e
wise sections were obtained every inch until at a spanwise positibn of
8.4 inches from the keel. After this spanwise location, the fabric was
rather highly stretched, and there were fewer data points per unit
area. The streamwise sections were then obtained only every two

inches.
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¥I. ACCURACY OF THE SHAPE DATA

The only way to check the accuracy of the data was to compare the
measured distances between the painted cross marks on the ceiling and
the calculated distances between the same cross marks. Since the marks
on the ceiling were l/2minch wide, it was impossible to locate the
center of the marks while reading them on the' comparator. Even with
this inaccuracy, the calculated distances were off by dnly 5.353 percent
or less (usually less).

Since the grid lines that were marked on the wing were about
‘*1/8-inch wide, the accuracj of the wing shape data should be at
least four times bettei than the accuracy of the calculated distances
between the painted ceiling marks. Although there was no way to
calculate the accuracy of the shape data, it is believed‘that the

~ accuracy was approximately 0.8 percent.

| 1&
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XII. INERTIAL PROPERTIES

A. Determination of Inmertial Properties

To obtain the shape used in calculating the moments of inertia,
the plates were read again in a special manner. Again, the wing was
assumed to be symmetrical about its keel. 1Instead of reading every
point that could be seen,'only the corners of the squares of the grid
on the wing (shown in figure 2), the line attachment points on the
canopy, and the confluence point of the lines were read on the stereo-
optic comparator. Thus, all points that were read were centers of
adjoining squares of material one square inch in area except at the
boundaries (keel, trailing edge, leading edge, and nése), line attachment
points on the canopy, and the confluence point. At the boundaries, the
points that were read were not centers of squares, but they were assumed
to be centers of odd-shaped pieces of material whose sizes weré estimated
when the point was read;  The readingsvwere reduced as described earlier,
1Thé coOrdimate system shown‘in figuré 8‘was traﬁsferfed to the |
céordinate system showﬁ iﬁ figure'27,which is a body axis‘system"with
the origin at the confluencé'péinf of the lines. The wing Waé.mafhe#’}
'i matically rotated about the X and 2 axes so thét the ﬁing7ﬁa§ ndt3
~ yawed or rolled. R | T -
'_ ._n5 Us§ng‘the'équations'Swan be1ow’(see reference 6),y;£e’m6ments¢f ;i{

"'.ineﬁti%,énd products bf}inefﬁia'Weré7§$lculated‘for'theaéanéﬁy;if ;f '“.,  R _i$”
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In these equations, n was the total number of points read, and X,

(21)

(22)

(23)

(24)

(25)

(26)

Y , and Z were the coordinates of the centers of the smll pieces of

material of the cangpy; _The‘termsvthat were summed were the moménts and

prodhéts‘of inertis of each small piece of material. The mass (m) was

put to unity for ali points that were‘centers of one squqre inch’and

~put to the appropriaté,fractional_value of unity for;thosé'pbintS'that

were not»centers'of;a_square}inch"of material.

Since the coordinates of each end of all{theylines were determined,
»ffthe,leﬁgths>of‘eachl1ine were calculated and‘nondimensibﬁélized by

dividing by.‘ZKve:‘USing thé foll¢Wing equatiéns;‘the mbments of’inertia”'_" ‘,_

; and prdddcté:Of‘inertia for all the lihes wefe éélcu1aﬁed.'

) 1‘
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23 7
Ly = Y, |lra (sing g + sin® 9)LL3/3

i=l b -

(27)

Iyy = 2 lea (sin2 o + sin 9) 3/5 i (28)
i=1L | ]
- ! W
23
I, = E pa ,(sin? a + sin2 ¢)LL5/3 i (29)

i=l¢ r §

-

23 '
Ixy = — 2: [p a sin § sin 8 (II?/E) i (30)
i=l :

-

be !
<

0.0 | | (31)
Iyy = 0.0 : | (32)

The terms in the brackets were the moments andiproduc%s of. inertia of

an individual line. Figure 28 shows a typical line in the body axis

system with direction angles @, 6 , and o . A value of unity was

| used for the product pa in all ca1culations, - | | L

B. Determlnatlon of Center-of—Grav1ty Locatlons

The center of grav1ty of the canopy was calculated by us1ng the

“follOW1ng equations (see reference 6):

= #(X/ZK) m ll 7 : ~ ’, » (33)

‘ xc . i .

vu*>[~§e i - j'iefq”'Lv:-’ex;?? v,lbxﬁ,, ’  e{{ ;?
i1 ; RSy e

‘_“ ‘¥5'8'9;}ﬁ'1»;
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SN (R

1=1 Me

(35)

Where X , Y, and Z were the coordinates of the centers of each small

piece of material, m was handled as described earlier, and M. was

the sum of all the m's.

The center of gravity of the lines was calculated by using the

following equations:

e )

. % _LL(X/ i) (¢ o)

—— v—
-

:Y _S (Y/ZK) (s )I‘I'Ji

" TCe Lo ’ .
s

-

,'Zc.g.L =§ L (Z/ZK) (pa) LL;_L

wl,

(36)

- (GnN

(38)

where X , Y, and Z were the coordinates of the CenterS'of,gravity

¥. of each line. Since the‘product P a is unity, My, 1is the sum of the

LL's.

Table II shows the results of the inertial and center-of-gravity

_calculations for lift-drag ratios of 2.131, 2.241, and 2.429.
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XIII. RESULTS AND DISCUSSION

A. The Parawing Shape

Since, when the plates were read, no attempt was made to read
small wrinkles in the canopy, the streamwise sections were fairly smooth. —
The deep wrinkles in the sections shown in figures 17 and 22 were due to
canopy line attachments which were close to these deep wrinkles. The
section shown in figure 25 occurred because the .tips (last lines on the
leading edges) doubled back under the canopy. A close examination of
figure 3 will show that these sections were possible and were,in fact,
expected. |

Fignre 26 shows that, while lift-drag ratios increased from 2.131
to 2.439, the inflated span increased 3.6 percent, the inflated keel
length decreased 3.0 Percent, and the aspect ratio, which was based on
the projected area and inflated span,remained constant.

As can be seen from figures 9 to 25, this parawing'has extremely
~large amounts of d1hedral, twist, and camber. As a measure of twist,

the streamw1se sections vary 1n angle of attack from 11.5 to 39°.

| VB. Inertlal Propertles V]d'h . ’_ i . ,‘ ég*ﬂ'

With the llft -drag ratlo increased from 2. 131 to 2.429, the . .
kfeliOW1ng changes 1n the 1nert1al propertles of the canopy were noted
‘IXX flncreased h h percent,, IYY 1ncreased 0.5 percent,' IZZ decreased £ o g ; 
17. 8 percent, and IXZ decreased 8. 6 percent. Wlth the same change in n;; = cd" },h“
llft drag ratlo, the follow1ng changes in the 1nert1a1 propertles of the e

i

7' llnes were ‘noted: IXX‘ 1ncreased 6 0 percent,, Iyy 1ncrea3ed 1.9 percent,t‘f.hliefi %&

'"IZZ decreased 18.5 Percent, and Ixz decreased 9.8 percent. Figure 29 ;;:fj;;;s.
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- was 4;6 grams per foot of length, and the average weight of the material

. follow1ng equatlon was used to transfer the calculated rolllng moment of

jjThe values of IXX ’ IZZ ] and IXZ that were used 1n equatlon (59) were

155592 l slugs ft2 ll9 5 slugs fta, and -185 2 slugs ft2, respectively.,.

A

20

shows that the wing essentially rotated around its confluence point with
change in lift-drag ratio, and figure 26 shows that the canopy shape

did change somewhat with'change in lift-drag ratio. The above changes in
Iyx » Iyy » and Iy, were msinly due to the wing's rotation about its
confluence point. The small changes in Iyy ’were caused by the change

in canopy shape.

C. Comparison of Inertial Results With Another Investrgation

The pitching and rolling moments of inertia and the center of
gravity for a 2b-foot, 45°-swept, single-keel, all-flexible parawing
were meesured by swinging this wing in a vacuum about its confluence
point while the canopy was held in its approximete shape’by a 1ignt-

weight frame (see reference 2). The weight of the lines of this wing

of the canopy was 5. 07 ounces per yard.
Slnce this w1ng was suspended and not flying, the w1ng angle of
attack.was off by-26.5"from 1ts flylngrangle of attack. Thus, in order -

to compute ‘the measured and calculated rolllng moment of inertla, the

inertia through 26 5 (see reference 6) :j:“.uu‘;~ﬁ_'-f'_;._;_;]:~.g',_-f;.g_ ) .

81

= L |
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The calculated value of I'y, was 486.1 slugs-ft°, while the measured
rolling moment of inertia was 502.5 slugs~ft2. The calculated
pitching moment of inertia was 478.14 slugs-ft2,while the measured jmm*“'*
value was 501.6 slugs-fte.

The Appendix shows the method used in calculating the moments and
products of inertia from the nondimensional values in Table II.

Figure 30 shows a comparison of the calculated and measured center

of gravity of the 2k-foot wing in question.

RS O T T




XIV. CONCLUDING REMARKS

An investigation to determine the shape and inertial properties
of an all-flexible parawing indicated the following conclusions:

l. Photogrammetric techniques can be used to obtain accurate
shape and inertia data of an all-flexible parawing.

2. Since this parawing had such high camber, twist, and dihedral,
a three-dimensional, aerodynamic analysis, such as the Weissinger~L
method, would be extremely difficult.

3« The inertial properties and shape of this parawing cannot be

assumed constant with change in lift-drag ratio.
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XVII. APPENDIX

The procedure for calculating the pitching moment of inertia for

the canopy alone of a 24k-foot parawing at a L/D of 2.13). is as follows:
| 2 [24h £t\2
yy, = (4118. 493) (2lL ft) ( 5 ft)

5. 07 ozlyde :
16 oz/1b X 32.2 ft/sec® X 9 £t2/yd x 14k in°/ft
2

I = 415 slugs-ft

ot

The third term scales the one-square inch pieces of material that were
used to calculate the moments of inertia of the 5-foot wing to the
appropriate size square for a 24-foot wing. The fourth term is the
- calculation of fhe mass of one-square inch of material.
The procedure fbr calcdlating the'pitching moment of inertia for

the lines of a 2k-foot paraving at a L/D of 2.131 is as follows:

| =\ | ’ | 5[ 4.6 grams/ft _ ) 2
IYYL (14. 5h) (2&- f‘) (1&53 grams/lb X 32.2 ft/sece) , 63.4 slugs-ft

The total pitching moment of inertia is 478. 4 slugs4ft2.

et S o
= o




TABLE I

LINE LENGTHS (INCHES)

Line No. L/D Keel | Right Leading Edge | Left Leading Edge
1 81 82 81-7/8
2 81-5/8 78-1/k4 78-7/8
3 81-1/8 75-1/2 75-5/8
4 80-3/8 T2-1/8 T2-7/8
5 79-3/8 69-15/16 68-5/8
6 78-3/8 59-5/8 59
T T1-1/2 |
8 - 76-1/8
9 - Th-1/2
10 72-5/16
11 la.429| 65-1/2
- 1 |aek 6i+-,1/2
‘1 |25 e




§ .
B o

TABLE II

INERTTAL AND CENTER-OF-GRAVITY DATA

Nondimensional Inertial Properties of the Canopy

L/b

Ixx

Iyy

Iyz

Ixz

2. 429
2,241

2.131

350k, 294
336k 880
3349, 587

4113.679
4137.219
4118.493

875. 341
1040. 183

io6u.590

-148k. 800
-162k.178

Nondimensional Inertial Properties of the Lines

L/D

Ixx

vy

Iyy

IXZ,

2.429

2.2

- 2.131

13.276
12. 609

12,525 |

14.812

14.540

1h.5ko | 2,728

2.282

2.799

4. 465
-4, 881
'-h.952

| Center-of-Grav1ty Coordinates for the Llnes and

Canopy in Percent, ZK

Zc. o 1

‘Xc o e C

'.xb‘gfé'

Zoog.
! & e o

229 |
2.2k |

S 0.210|

0.257|
o.2k1|

0. 560 . k
0:550 |

- o:Ség' |
0,592  1  
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Figure 5. - Side view of the test section setup.
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Figure 12. - Streamwise section 3.4 inches from the keel.
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Figure 14%. - Streamwise section 5.4 inches from the keel.
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Figure 15. - Streamwise section 6.4 inches from the keel.
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Figure 16. - Streamwise section 7.4 inches from the keel.
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Figure 17. - Streamwise section 8.4 inches from the keel.
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Figure 18. - Streamwise section 10.4 inches from the keel.
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Figure 20. - Streamwise section 1k.4 inches from the keel.
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Figure 21. - Streamwise section 16.4 inches from the keel.
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Figure 22. - Streamwise section 18.4 inches from the keel.
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Figure 25. - Streamwise section 24.4 inches from the keel.
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Figure 29. - Center-of-gravity shift with change in 1ift-drag ratio.
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