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METHOD OF ESTIMATING THE MINIMUOM SIZE OF A TAIT, OR WING-~TIP
PARACHUTE FOR EMERGENCY SPIN RECOVERY OF AN AIRPLANE

By Frank S. Malvestuto, Jr.
SUMMARY

This paper presents a method for estimating the size of a tail or
wing~tip parachute required for satisfactory emergency recovery of alrplanes
during spln demonstrations. The method was developed from an enalysis of
the results of investigatlons conducted in the Lengley 20-foot free-spimning
tunnel with dynamically scaled models of 23 alrplanes. A ccmparison of
the parachute sizes calculated by this method with the sizes determined
experimentally indicated failrly satisfactory agreement. A method is &lso
included which will enable the approximate estimation of the magnitude of
the shock load assoclated with the rapld opening of the parschute.

INTRODUCTION

The spin-recovery parachute 1s a temporary emergency device normally
used on airplanes during full—scale spln demonstrations 1n order to termi-
nate wmcontrollable splns. Gnerally, the spin-recovery-~parachute size is
determined from an investligatlon with a scaled model of the alrplane in
the Langley 20~foot free-spinning tumnel such as reported in reference 1.
The purpose of this paper is to present a method of estimating from design
data the minimum size of a flat-type tail or wing~tip spin-recovery
parachute necessary for recovery fram a spin. Wing-tip parachutes attached
only to the oubtboard wing are considered in this paper inasmuch as refer-
ence 1 indlicates that wing~tip parachutes so located are effective for spin
recovery. The method is based upon a study of the results of free-spinming
tests of 23 scaled models of airplanes for which recoveries were attempted
by parachute action alone from the normal-control configuration for
spinning (ailerons neutral, elevator up, and rudder with the spin) .

SYMBOLS

The quantlties defining the atitltude and rotation of an alrplans in
a gpin are shown 1n the sketch of figure 1.

b wing span, feet
S wing area, square feet
F effective demping area, square feet (see fig. 2)
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moment arm of damping area F, feet (see fig. 2)
tail-damping ratio (see fig. 2)

grose welght of airplane, pounds

acceleration due to gravity, feet per second®

nass of alrplane, slugs (E)
g

mean aerodynamic chord, feet

ratio of dlstance of center of gravity rearward
of leading edge of mean aerodynamic chord to
mean aerodynamic chord

moments of inertle sbout ¥—, Y—, and Z—body.axes,
rqspectively,_slug—fqgte o

inertia yawlng-moment paremeter

inertia rolling—mbment parameter

inertla pltching-moment parameter

full-scale rate of descent of alrplane, feet per second

resultant veloclty at parachute, feet per second
(assumed equel to resultant velocity at towline
attachment point)

component of resultant veloclty at tail parachute
parallel to Y-body axis, feet per second

component of resultant velocity at wing—tlp parachute
parallel to X-body axis, feet psr second

alr density, slugs per cuble foot
angle between thruet line and vertical (approximately

equal to ebeolute value of angle of attack at plane
of symmetry), degrees .

angle of wing inclination below the horilzontal, degrees .
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o angle between flight path and vertical axis, degrees

8 approximate angle of sldeslip at center of gravity;
equals ¢ — o (sldeslip positive and inward for a
right spin when inner wing is down by an amount
greater than the helix angle)

Q angular rotatlon about vertical axlis, radlians

do minimm lald—out—Tlat parachute dlamster, feet

2
ndo

(S)P surface area of parachute, square feet A

(D)P drag of parachute, pounds

(D)
(Cp) drag coefficlent of parachute
P lﬁ?ge(s)
2 P
(M) yawing moment of parachute about normal body axis,
P - foot—pounds
(Cn)p yawing-moment coefficlent developed by
()
parachute —P2
Lovesp
D " drag of complete airplane, pounds
Cp drag coefficlent of complete airplane D
' Lv2s
o,

1 distance along the X-body axis between the attachment
point of the tall-—parachute towline and the center
of gravity of airplane, feet

ly distance along the Y-body axis between the attachment
point of the wing-tlp—parachute towline and the
plane of symmetry, feet (?qual to -] for models

2
in this paper)

&y - rudder deflection, degrees

Se : elevator deflection, degrees

B deflectlion of each alleron, degrees
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Subscripts:
T tail parachute Z
W wing—tip parachute T

METHOD ; . . ) —

Experimental Data

The experimental data used in the enalysls have been obtalned from
the results of tests of free—splnning alrplane models in the
Langley 20~foot free—spinning tunnel, the design and operation of which
is similar to that of the Langley 15-foot free—spinning tunnel described
in reference 2. Figure 1 is a sgketch of a model (or alrplane) in a spin
and shows the quantlities that are measured 1n the free-spinning—tunnel
tests to determine the attitude (angles o and ¢) and motion
(velocity V and rotation §) of the model in a spin., Dynamically scaled
models of full-gcale alrplanes were made to recover from splns by the use
of model parachutes attgched elther to the outer wing tip of the model
(fig. 3) or to the tall (fig. 4). For ths models considered hereln, the :
towline. point of attachment for the tall parachute was located near the .
rudder hinge line (or hinge line extended for partial—length rudders)
midway between the horlzontal teil and bottom of fuselage. Three—view
drawings and plots of the turnes for recovery wilth different diamster »
parachutes for each of the 23 models consldered in the present investi—
gation are presented in-figure 5. Table I contains pertinent mass and _ -
dimenglonal data end table IT contalne steady—spln data for these models. o
A photograph of a typlcal flat—type-model parachute used in the investi— —
gation 1s presented in figure 6 togethsr with a sketch of the parachute
canopy when spread out on a flat surface, The shroud lines for these _
parachutes were made 1.35 times the dlameter of the parachute. It had -
previously been found in tunnel tests (reference 3) that with shroud
lines greater than 1.25 times the diameter of the parachute the drag
coefflcient varied only slightly with change in shroud line length. More.
detalils concerning flat—type parachutes are glven in reference 1.

The drag coefficients of some of the parachutes used for the spin— S
recovery tests were determined by free drop tests of these model para— . L
chutes in the tunnel. F¥or. the remainder of the parachutes the drag '
coefficlents were agsumed to be 0.70 which is an average parachute drag
coefficlent determined from model tests reported in reference 1 and from
the results of unpublisghed tests.

Analysls

Criterion.— The parachute which gives a 2~turn recovery by pare— .
chute actlion alone from the normal—control configuration for spinning or ... . .. ..1Z
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a zé—turn recovery from the so—called “criterion spin" is normally

considered to be the minimum—size parachute. For the criterion spin
(reference 4) the controls are set as follows: rudder full with the

spin, elevator two—thirds of full—up deflection, and the &llerons deflected
one—third of full deflection in the direction (with or against the spin)
conducive to slower recoveries. In chocosing the experimentally determined
parachute dlameters that werse applied in the present analysis, however,

the parachute diemster which gave approximately a l%-turn recovery instead
of a 2- or ai-turn recovery as suggested by the criterion stated previ—

ously was used inasmuch as for some models the minimum parachute diameter
for a 2-—turn or 2%— urn recovery (criterion spin) as determined from tests

was critical because of the raplid increase of turns for recovery with
parachute diameter as the diameters approached and became slightly smaller
than this minimm-size parachute.

It should be pointed out that the method to be pressnted has besen
developed primarlly for recoveries by parachute action alone with the
controls of the airplane in the normal or "criterion" sstting. Generally,
however, during full—scale splns, the pilot will attempt recovery by
control movement and will use the parachute only 1f the spin is not
terminated by manipulation of the controls. In this case it is likely
that, if the pllot needs to use the parachute, the controls of the
airplans will not be in the normal or criterion position. The parachuts
diameter estimated from the method presented herein, however, will still
be satlsfactory provided the allerons are approximately neutral and the
elevator up. It is possible to attempt to recover from the spin by
reversal of rudder and elevator and unintentionally put the airplane into
a spin with the elevators down and with possibly a with or against the
spin setting of the ailerons. In this case, it 1s recommended that the
pllot move the controls of the alrplane to the position normal for
spinning before attempting recovery by parachute action inasmuch as
experience and the results of unpublished tests indicate that the msthod
may underestimate the slze parachute required for recovery from such.
control configurations.

Assumptions.— In order to simplify the analysis so that a practical
estimation could be evolved, the following sssumptions were made:

(a) After the parachute was fully bloomed, it was assumed that the
parachute and towline remsined Ffixed with respect to the alrplane with
the towline alined with the relative wind at the point of attachmsnt to
the airplane and that the parachute drag force acted along the towline.

(b) The magnitude of the drag force generated by the fully bloomsd
parachute could be determined by considering the resultant velocity at
the point of attachment of the towline instead of at the parachute. This,
in effect, assumes a negligible effect of towline length on parachute
action in producing recoveries, Ths experimental data of reference 1
partially verifies this assumption in that it indicates that for tail .
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parachutes for towline lengths greater than 20 feet and legs than 50 feet —
approximately the range of towline lengths for the models analyzed herein —
the effect of the towline length on turms for recovery 1s negligible., For
parachutes attached to the outer wing tip the resulits of reference 1
indicate no appreciable effect of towline length on parachute effectiveness.
For both tall and wing-tlp parachutes, however, extremely short towlines
may cause the parachute to be in the flow wake from the tall or wing
surface and promote improper opening of the parachute. ’

Development of Eguations

The effectiveriess of a tall or wing—tlp spin—recovery perachute in
promoting recoverles from spins by parachute action alone ies probably
caused to a large extent by the yawing moment acting against the spin
generated by the fully opened parachute (reference 1). This importance
of yawing moment 1n stopping the alrplane spin has been realized from
past investigations on spinning airplanes (references 5 and 6) in which
it has been polnted out that upsetting yawlng-moment equilibrium would
ultimately result in a recovery from the spin, whereas disturbances in
the rolling— and pitching-moment equilibrium would be compensated for
by changes in sldesllip and rate of rotation. Hence, i1t was felt that,
if for any alrplane the value of the yawing moment necessary for a satis—
factory recovery could be determined, then 1t would be possible to
esgtimate the minimum slze of the tall or wing—tip parachute required for
satigfactory recovery. Thie yawing moment needed for recovery can be
calculated by determining the drag force for the parachute giving the
gatisfactory number of turne for recovery and also the effective yawing—
moment arm of this drag Porce gbout the Z-body axis of the airplane. On
this basis, calculations were prepared to determine the value of the antl-—
spin yawing moment actually developed by the minimim—size spin-recovery
parachute for each of 23 models tested in the Langley 20—foot free—
gpinning tunnel by consldering the relative position of the fully bloomed
perachute and airplane and the steady—splnning motion of the model prior
to the blooming of the parachutes. This value of the yawlng moment of
the parachute calculated for each airplane and dencted nondimensionally
by (Cn)p was determined by the following equations which are developed

in the appendix.

Tail parachute

_ ’f(do)TE an VY) (VR)Te\- o
(Cn)p = " (%)p(g.; F}; A -—_VE_ (1)
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Outer Winé—tip parachute

n(dy) 2 (R)

2 (o, () (2

In formulas (1) and (2) the minimum-diameter tail and wing-—tip
parachute for each model (do) and (do) were obtalned from the results

(=), =

of free—spinning tests presented in figure 5. The quantities <§I> s
' T

_ R

g\ - (R) 2 (Y2 4,2

;— s ———E——j and ——— were calculated for each model as accurately
Ry v

as possible using free—spinning test data (o, @, V, and Q) obtalned
from observations and film recgrds of each Best. It should be pointed
(VR)r ("R)y
fﬁ;g—— — s
close to unity that the substitution of unity for these quantities in
equatione (1) and (2) will not appreciably alter the values of (Cn)P

calculated from these equations. The value of the drag coefficlent, as
mentioned -previously, was determined from tests of the model parachute or
a value was assumed based on the results of previous investigations
(reference 3). The values of 14, lys S, and b were obtained from

design data for the models. The values of (Cp)_  calculated from >

out that the quantities are each sufficiently

equations (1) and (2) together with the velues of (do)y, (do). V—Y s
R/p

v
and —§> used to determine (Cp).. are presented in table IT for each
w (VR) )
T W
——=— and -——m=—
cated previously can be closely approximated by unlty and therefore have
not been presented in table IT.

model considered hereln. The quantities as Indi-

An examination of equations (1) and (2) shows that, if (Cn)P,

v
EK s and X can be determined for any airplane together with an
"R /p YR/

estimation of (Cp)_ the drag coefficlent of the parachute, it is then

poassible to calculate (do) or (do)W the minimum—diameter tail or
wing—tip spin-recovery parachute.

A gtudy of the spin results and dimensional characteristice of the
models presented herein indicated that the value of (Cn)P determined

from equations (1) and (2) depended mainly upon the value of the
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tail—damping ratio TDR of the model. (See fig. 7.) The magnitude of the
gquantity TDR 1s an approximation of the effectiveness of the airplane

to damp 1te rotation in a spin, the fuselage area under the horizontal
tail being considered the "effective damping area." This factor is
discussed in reference 4 and the method of calculating its value is
shown. in figure 2. Values of (Cn)p approaching 0.05 ag the value of

TDR becomes small are not unreasconasble when it 1s realized that the
. parachute 1s acting agalnst the combined pro—epin yawing power of the
wing and of the rudder set with the spin of the alrplane. For large
values of TDR, however, the value of (Cn)p required is relatively

less since the parachute 1s now effectively assisted by the damping

moment of the TDR Aarea in producing recoverles. The scatter of test
points in figure 7 has been asmsoclated with a number of causes. Flrst,
the test data were incomplete and 1t was not always poesible to choose

rellably a parachute dlameter which gave a L%—turn recovery — the recovery

criterion used to choose the parachute dlameters for the determinatlon of
(Cn)P' For model 15, for example, the taill-parachute diameter which.gave

a %Aturn recovery was used in estimating (Cn)P because data were not
avallable for.recoverlies near l% turne. Another possible ceuse for the .

scatter of points on figure 7 is that for soms airplanes the TDR as
calculated may not be an accurate Indlcation of the effectiveness of
these alrplenes in damping the rotetion in spins.

V. V.
For the estimation of the factors Z and X s an average was
Vr T \£ "

taken of the accurately determined values of each of these factors for
the 19 conventional airplanes listed in table IT and 10 additional models
not listed in this paper. From this avegcge, for use in equations (1)
V
and (2) we may set L) =0.22 and (<X) =0.80. a study of the spin
YR/ G
characterist%cs of a large number of models indicated that these "averaged"
values of ?1 and X are just as accurate as valuee that may be
R R :
calculated from empirical formulas developed from rough relationships
between the spin characteristics and mass and dimensional characteristics

of an airplane.

RESULTS AND DISCUSSION

Conventlonal Alrplane

A comparison of the minimum—diemeter tall and wing—tip parachutes
as determined from the free—spinning-model tests and those calculated by

.
I||
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solving equations (1) and (2) for (do)T and (d.o)W and using the
v

values of (Cn)P from figure 5 and letting §£> = 0.22 and
R

V. T
(%) = 0.80 are presented in figures 8(a) and 8(b). In general, the
W
correlations between the sxperimental and calculated minimum—size
diamsters are reasonably satisfactory. It therefore appears that in
using the experimental parachute diameter as a basls the method of
estimating spin-recovery parachute dlamsters presented herein is accurate
to £1 foot although in some cases the accuracy of the method was less.
An indicatlon of the accuracy of applicabillty of the method to full—
scale alrplanes may be obtalned from teble ITI which presents for esach
of five conventional—type alrplanes a comparlson between the spln—
recovery—parachute dliamster that caussd & satisfactory recovery from the
full—scale gpln and the minimum-diamster parachute for the same alrplane
estimated using the method given herein. Thls comparison shows a satis—
factory agreement between the full—scale results and the estimations;
particularly, 1f it is pointed out that for the full-scale tests the
control positions were not In the normal or "criterion™ conflguratione,
a stipulation, as mentioned previously, In the development of the method.

For this analysis, as stated previously, it was assumed that for any
one ailrplane a gpecific amount of anti—spin yawing moment is required for
its recovery from the steady—spin condition. Hence, the parachute
whether 1t 1s atbtached to the tall or wing tip would need to supply this
gpeclflc amount of anti—epin yawing moment for recovery. A study of
table IT indicated that, in general, the antli-spin yawing-moment coef—
ficients for the tall and wing-tip parachutes which gave satisfactory
recoverles were approxlmately the same for any one alrplans., This fact
lends support to the assumption that at least for the range of mass
distribution of the models considered herein (see table I) the yawing
moment of the parachute is important for recovery inasmuch as the over—
all actlon on the splin of the tall parachute and of the wing—tip para—
chute 1eg quite different. It can be seen, based on this line of reasoning,
that for any ons airplane for a satisfactory recovery from the spin the
dlameter wing—tip parachute required will be smaller than the diameter

V; V
tell parachute regquired in the ratio \/%(VB) V%(VB)E If we assume
Y YN/ t\'y

that 1 1s equal to Zy (= b/2) which 18 approximetely true for most

v
of the airplanes considered herein and also let <?§> = 0.80
Ry

v
and. <%> = 0.22, asg indicated previously, then the ratio
R ' .
T - - .
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V. v
R =R\ - \’O 222 .53 1s the ratio of ths minlmum-gize wing—
Vx - V& I 0.80

tip—parachute diameter to the minimum-gize tall-parachute diameter based
upon the assumptlons and on the formulas derived herein. The results of
the parachute tests presented in figure 5 indicate that, in general, the
minimum—size wing—tlp parachute is approximately one~half of the minimim—
gize tall parachute which is in agreement witk the calculated ratio.

The applicability of the method presented hereln to slrplanee whose
mass loadinge do not fall within the range of mass loadings of the alr-
planes consldered in the analysis may yield inaccurate estimations of

the minimum—size spin—recovery parachutes for these alrplanes., Although

there 1s little experlimental date to verlify this statement, 1t may dbe
explalned on the basise of an assumed simlilarity between the effect of
control manipulation and parachute actlon on the spin of an ailrplane.
Reference T indicates that, Por alrplanes heavily loaded along the
wings, setting allerons against the spin and reversing the elevator from
up to down will cause a rapid recovery; whereas 1f the alrplane is
heavily locaded along the fuselage, setting allerons with the spin and
reverslng the rudder from with to against the spin will be the optimum
control manipulation., The parachute attached to the outer wing tip will
in 1te action after fully bloomed cause & pro—spin rolling momsent and an
antl<-spin yawing moment to act about the body exes of the alrplane. It
simulates the situetion in which the ailerons are set with the spin and
the rudder 1s reversed. for effective recovery. The wing—tlp parachute,

therefore, should be highly effectlive when the alrplane ig heavlly loaded

along the fuselage and should lose its effectiveness (increase of
diameter) when the alrplane is heavily loaded along the wings, because
for this latter loading an anti-spin rolling moment (allerons against the
spin) and a nose—down pitching moment (downward movement of elevator)
conducive for a fast recovery can be obtalned more fully by the use of

a tall parachute than & parachute attached to the outer wing tip.
Additional resesrch 1s needed before any quentlitative evaluation of the
effect of mass distribution on the minimum—size spln—recovery parachute
can be determined.

The parachutes consldered in this paper are of the conventional
flat—type design which have been found to be Inherently unstable for
the range of porosities of the fabrics generally used 1n the manufacture
of this type of parachute. Recently tests have been conducted in the
Langley 20—foot free—spinning tumnel with flve airplane models to
determine the spin—recovery effectiveness of high-—poroslity stable para—
chutes that are hemlgpherical in shape when fully bloomed. The results
of these tests and a comparison of these results with the results of
corresponding tests using the same models but with the flat—type para—
chute as a spin-recovery device are pressnted in reference 8. It is
indicated in the reference paper that, in general, the hemlspherical—
type parachute gave apin recoveries equaelly as good as flat—type para—
chutes when the projected diameter of the hemispherical parachute was
about two—thirds the lald-out—flat diameter of the flat—type parachute.
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On this basis 1f a hemlspherical—type parachute 1l used as & spln—rscovery
device, the minimum projected diameter of the hemlspherical parachute
required will be equal to two—thirds the minimum diameter of the flat—
type parachute obtained by the method presented herein.

Tailless Alrcraft

The formulas given previously for estimation of the minlmum—sgize
spin-recovery parachute for the conventlonal-type alrplane cannot be
directly applied to tallless deslgns inasmuch as the present method of
calculating TDR does not apply to this type of ailrplane. For taillless
designs a value of (Cp) = 0.02 1is considered satisfactory from a

study of the data and discussions of references 5 and 6 and unpublished
regults of & similar nature. The equation for estimation of the minimum
parachute diameter for t&illess ailrcraft ls then .

2 ,jo.02 [s\[ 'R
oy = =\ T < )( ) (3)

The moment arm iy 1s used 1n this squation since it is assumed

that the point of attachment of the parachute ls on the lateral axis of
the airplane that extends through the center of gravity. An analysis of
free—spinning-test results for four tailless—alrcraft models indicates
that an average value of 1.2 gave a satisfactory representation of the

v
guantity <ﬁ%§ . Making thie substitution, equation (3) becomes
W
1 Sh
(do),, = 0.17 ——(—) (4)
W (cp), \y
If 1y 1s assumed equal to “(%)’ equation (4) becomes
(do), = 024 \[—=2 (5)
(CD)IJ

Teble IV pressntse a comparison of calculated diameters using equation (5)
and experimentally determined dlameters for two tailless models tested in
the Langley 20—Poot free—spinning tunnel. ' Although the data are meager,
the 'correlatlion for the models presented 1s considered satlsfactory.
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Batimation of Sheck Load Developed by the
Opening of the Spin-Recovery Parachute

The shock load can be defined as the steady—state load acting on
the ,parachute times a shock-load factor. The steady—state load l1s
merely the load that would be acting on the parachute after 1t ig fully
opened In an eir stream having a velocity which is equal to the resultant
velocity at the parachute when 1t 1g attached to the splnning airplane.
The shock—load factor is a coefficlent which gives the ratio of the
meximum load developed by the parachute during 1its rapid opening process
(shock load) to the steady—state load. Reference 3 indicates from a
geries of wind—tunnel tests with full-scele spin-recovery parachutes that
the shock—load factor may be as large as 2.3. The shock load can then
be determined from the equation

Shock load = 2.3 (cD)p <%°V32>(S)p (6)

In the dynamic—pressure term of equation (3) the velocity Vi may be

assumed to be closely approximsted by V, +the rate of descent of the .
airplane, From a study of the geometry of the spin for zero sideslip at

the center of gravity it can be shown that V = In this relation-

M
Gpes*
ship the value of Cp — the drag coefficlent of the alrplane — can be
assumed approximately equal to 0.6 when the TIDR of the airplane is
greater than 0.02 and CD equal to 1.0 when the TIR value is less than

0.02. These values have been derived from a. study of the results of
teste of over 50 free—splimning-model alrplanes. With proper substitutlon
equation (6) now becomes

Shock load = 2.3 < (W) [(Gg;p [Ss__ﬂ (7)

where Cp 1s to be determined by the method previously gilven.
CONCLUDING REMARKS

1. A method has been developed for the estimation of the dlameter
of the tall or wing—tip spin-recovery parachute required for a 2-—turn
recovery from the normal-control spin by parachute action alone. 4
correlation of the calculated perachute dlameters with the parachute
dlameters determined from free—spinning-model tests and from full-—
scale gpin teste of five conventional-type alrplanes indicates that
the method developed herein will enable falrly sstisfactory sstlimatlons

SN
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to be made of the minimum—dismeter tail or wing—tip spin—recovery para—
chute for alrplanes whilich fall within the limits of the mass and
dimensional parameter range consldered.

2. A method is also presented which will enable the approximate
estimation of the magnitude of the shock loed associated with the rapld
opening of the parachute.

Langley Aeronautical Leboratory
National Advisory Commlttee for Aeronautics
Langley Fleld, Va.
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APPENDIX

DEVELOPMENT OF EQUATIONS (1) AND (2)

Equations (1) and (2) enable the computations of the yewing-moment
coefficient developed by the tall or wing-tlip parachute in effecting the
recovery from the spin of a free—spinning model. The equations are
developed as follows: '

Tail parachutes.— In accordence with the agsumptione presented in

the text, the drag of the parachute co=-linear with the towline direction
is equal to

), = () [%p (VR>T--é]ts-)p.

2

w(d,)
)3 (| 3 s

The component of thls drag force (QL in the direction of the Y-body
axis is

(®),

(0) /‘1’1)
Y p\VR -

(°n) [“’( R)T } (VR>T .' (h2)

l’.v, ) .
where $£> is the cosine of the angle between the resultant
R
T

veloclty (VR) and the component of resultant veloclity along the Y-body
T

axis CVY)T' The yawing moment due to the parachute a&bout the Z-body axis
of ths airplane 1s then

(W) = @)y 1 (43)
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where 14+ 18 the dlstance along the X—body axis from the point of

attachment of the parachute towline to the center of gravity of the model.
Substituting equation (A2) in equation (A3) we obtain

= (On)p[%p(vn)f] [(%) J(—l) (4) (k)

and nondimensionally (I\I)p hae the form

Cm n(d) (V)2
(%), = lpvazb - (%), (& < ) ia (45)
2

which 1s the form of equation (1).

the nondimensional yawing—moment coefficilent developed by the parachute
attached to the outer wing tip is similar in form to the determination
of the equation for tall parachutes; that is, the yawlng moment due to
the wing~tip parachute about the Z-body axls is given by

@] [(2]@), @

.,'V'
where Kv—x) is the cosine of the angle between the resultant velocity

Wing—tip parachutes.— The determination of equation (2) which gives

at the wing tip (VR)W and the component of thls resultant velocity

elong the X-body axils (VX)W and (1y) ie the distance along the wing

lateral axis between the plane of symmetry and point of attachment of
parachute towllne. Nondimensionally N is‘_s_j_.\:en by

(C],J)p=]_(N)P ﬂ(do)w @), < )( ) M | (A7)

2

which is the form of equation (2).
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TABLE III.— A COMPARISON FOR EACH OF FIVE CONVENTIONAL-TYPE ATRPLANES OF

THE TATL. PARACHUTE DIAMETER USED TO OBTAIN A SATISFACTORY RECOVERY

FROM THE FULL—SCALE SPIN WITH THE MINIMUM TAIL PARACHUTE

DIAMETER ESTIMATED FROM THE METHOD PRESENTED HEREIN

Parachute dia.méter in feet Minimum parachute diameter.
Airplane |used to obtaln a satisfactory |in feet estimated from method
recov_ery from full—scale spin presgented herein
A 6 T.5
- B 8 10.0
) C 6 (too small) T
D 8 8
E 7 T
~NACA -~



TABLE IV.— COMPARISON OF EXPERIMENTALLY DETERMINKED AND CALCULATED

FULT~SCALE SPIN-RECOVERY WING—I'IP-PARACHUTE DIAMETERS FOR TWO

TATLLESS-ATRCRAFT MODELS

Steady—spln characuierlstics P&r&chu'l(:gtc;iametar
Medel Control settings a ¢ v 0 From free— Calculated
. sploning from
(deg) |(deg) | {£t/sec) |(radien/mec) teste oquation (5)
Both elevons deflected up 21°
and both elevon balances :
22 deflected down 42°. Rudder 75 0 246 6.02- 6.5 5.0
vertical spread in inches
11.5 up, 11.5 down.
Right elevon up 36°. Left
slevon down and up 9°. Right
o3 scoop rudder deflected 69° aﬂ E“*g 158 1.3 0:0 6.5
down and right pltch flap 3
deflects 260 up.
80gcillatory epin. AR ~@E

o2
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Projection of sirplane normal to
horlzontal axis indicated by line a-a

M

Horizontal plane

I

Body Axes System

longitudingl force
lateral force
vertical force
rolling moment
pitching moment
yawlng moment

2R NN

Note:- Positive vealues of
L and N indicate pro-spin
rolllng and yawing moments
Projection of respectively
alrplane in
vertical plane

wind
direction .

Radius of spin —» ——

,/—-Vertical axlis

\

Figure 1.- Sketch of an airplane in a steady spin. Arrows indicate positive
direction of forces and moments along and about the body axes of the

airplane. L
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F
[kg J:> centroid
L l of area
1
Relative wind
(&) Full length rudder,
F
TO Cege centroid
-— of —N\ML - of ares
airplane /

Relative wind
(b) Pertiel length rudder.
2
FL

s(b/2)2 ~gaE

Figure 2.- Method of computing tail-damping ratic, TDR.
S

Tall-Damping Retio = TDR =
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Figure 3,- Typical wing-tip-parachute Installation,
W

“ON Wi VOVN

l2agt

te







NACA RM No. I8D27 25

Figure 4.- Parachute-pack installation used in model tests.
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Model 1
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7L — - ] S I | L L 1 ! 1 ! [ S
il Wl A sy o K 4 6 8 10 12 1h
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Model as tested

Figure 5.- Three-view drawings of models considered in investigatlon together
with the results of free-spinning model parachute fests giving the variation
of parachute diameter with turns for recovery by parachute action alone for
each model. Controls kept with the spin (ailerons neutral, elevator full up,
rudder full with the spin) unless otherwise indicated.
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Figure 5.- Continued.
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Figure 5.- Continued.
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Figure 5.- Continued.
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Figure 5.- Continued,
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Figure 5.- Continued.
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Figure 5.- Continued.
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Figure 8,- Model of a typical full-scale 10-panel, flat-type parachute. w
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