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COMPARISON OF TAIL AND WING-TIP SPIN-RZCOVERY

PARACHUTES AS DETERMINED BY TESTS IN THE
LANGLEY 20-FOOT FREZ-SPINNING [UNNE

By Robert W. Xamm and Frank S. Malvestuto, Jr,.
SUMMARY

Tests of spin-recovery parachutes on six mod
typical fighter and trainer airgplanes were conduc ]
in the Lungley 20-foot free-spinning tunnel to obtain
data for correlating model and full-scale results.
Parachutes attached to Gthe tail of the models, to the
outer wing tip (left wing tip for a right spiu‘ to the
inner wing tip, and to both wing tips were test ed

The results indicated that parachutes of the same
size and type were more effective as spin-recovery
devices when they were attached to the outer wing tip
in the spin than when they were attached to the tail.
The diameter of the outer wing-tip parachute required

for a 2-turn recovery by parachute autlon alone varied
from l to 7 feet. Parachutes asttached to the inner
wing tip would not effect revO“ery. When parachutes
attaf‘he'q to both wing tips were used for reuoverj, the
parachute diameters required were of the same order as
for tal* yarachutes. The diameter of the tail parachute
required “or a 2=-turn recovery by parachute action alone

ried from 6.5 to 12,5 feet for the airplane designs
used.

INTRODUCTION

In order to obtain data for a correlation between
model and flight tests of spin-recovery parachutes, tests
were conducted with six airplane models of single-engine
design. The effectivenzsss of both tail and wing-tip
parachutes as spin-recovery 13J1C°s was determined for
these models. The spin-recovery parachute is normally
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usad only as a temporary emergency safety device during
spin demonstrations so that rapid recoveriss from
uncontrollable S Hnis iwvrba obtained. &Available flight
and model test data on *he use of tail paracnutes as
snin-recovery devices are presented in reference 1, and
the results of thsse tests inﬂicated that airplanes
welghing between 7500 anc l+,C pounds require tail
parachutes having diame+ers of annroximately 8 feet
(based on a drag coefficient c* 1,02) and towline
lengths between 20 and 50 feset in order to obtaln
satisfactory recoveries by the use of the parachutes
alone,

e investigation

Results are pressnted herein of
i signatea models A, B, G,
vara

the six dlfpldn’ models, des
E, and F, with spin- Lecovurr chutes attached
Yo o the tail or to tha wing %tips of the models
normal loading conditions. On each model, tall
and wing-tip parachutes of various sizes were tested witl
saveral lengths of line comnecting the parachute to the
airplane. The results are analyzed to show the minimum
satisfactory size of the TOfJCT’Ua and the optimum length
of the towline for spin-recovery-parachute installations,
Brief additional tests were conducted to investigate the
effect of mass variations on the effectiveness of the
spin-recovery parachutes when attached tc the wing and
the effect on recovery of simultaneously opening a tail
parachute and neutralizing the rudder, For one model,
tests were made at two equivalent spin altitudes to
determine whether altitude critically affected tail = or
wing-tip-parachute UffqulveneSS-

H O OO

O pee
&k
LD e

Two of the models (A and B) had been used in the
investigation of tail parachutes :upor+eu in «referende vl
and tests of tail parachutes were accordingly not repeated
for these two models., The results obtained in the
previous investigation are included hcowever in the present
paper.

SYMBOLS
b wing span, feet
m mass of airplane, slugs
Iy, Iy, and I, moments of inertia about the X, ¥, and _

7 body axes, resvectively, alu”-fee’rC




inertia yawing-moment parameter

mb
Ty i Lo
2] inertia .rolling-moment parameter
mb
IZ - IX
G s - i inertia pitching-moment parameter
mb
a dcute angle between vertical axis and thrust
line (&DOLOYLMQThTV equal to absolute
value of angle of attack at plane of
symetry), degrees
%] angle between span axis and horizontal,
degrees
Vv airplane true rate of descent (estimated
by scaling from mecel values), feet
per second
Q airplans. angular velocity about spin axis
(estimated by scaling from model values),
radians per second
D drag of pa;ach1ue, pounds; also dlameu er of
parachute sprezd flat
Tha s
o] dynamic pressure kzpvd
P air density, slugs per cubic foot
L D3
Cp drag coefficient of parachute qS
\
r
Sp surface area of parachuuv,-s&uare feet
g . S i L
Cy rolling-moment coeificient {775
1bS
| S wing area, 8quare feet
L rolling moment about. longitudinal body axis,
foot=pounds
g g N
Cn yawing-moment coefficient (-3
qbd
N yawing mement about normal body axis,
foot-pounds
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APPARATUS AND l!ODELS

The tests were performed in the Langley 20-foot
free-spinning tunnel, the operation of which is similar
to that of the 15-foot free-spinning tunnel described
in reference 2.

Models A, B, C, and D, used in the investigation,
represented typical fighter airplanes, whereas models E
and F represented typical trainer-type airplanes. The
design characteristics of the airplanes represented by
the models are presented briefly in table I and three-
view drawings of the models used in the tests in the
Langley 20-foot free-spinning tunnel are presented as
figures 1 to 6.

The general construction of the spin models is
described in reference 2, Briefly, the models, con-
structed of balsa, are dimensionally representative of
the corresponding airplane and are ballasted for
dynamic similarity to the corresponding airplane by the
installation of proper-size lead weights at suitable
locations,

The model parachutes used for most of the tests were
the same ones used for the investigation reported in
reference 1 and were made of parachute silk., The skirts
of these varachutes were not hemmed, nor were the para-
chutes made of individual panels. They were circular
and when spread out on & flat surface formed a disk,
Circular vent openings were cut in the center of the
parachutes and were made one-twelfth of the diameter of
the parachute when spread out on a flat surface in order
to simulate approximately full-scale vent openings.
Eight shroud lines of equal length were evenly spaced on
the periphery of the parachute., The shroud-line lengths
were made 1.35 times the diameter of the parachute
because it has previously been found (reference 3) that
with shroud lines greater than 1.25 times the diameter,
the drag coefficient varies only slightly with change
in shroud-line length.

In order to determine whether details of construc-
tion affected the action of the parachutes, a few
parachutes were constructed to simulate more nearly
full-scale parachutes - that is, the skirts were hemmed
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and the parachutes were made of individual panels sewed
together (fig. 7). Ten panels and ten shroud lines were
arbitrarily used for these parachutes,

The spin-testing technique used in the Langley free=~
spinning tunnels is described in detail in reference 2.
Briefly, the models with the rudder set for the spin are
lagunched by hand (this procedure supersedes the launching-
spindle method described in reference 2) in a spinning
attitude into the vertical upward sir stream of the
tunnel. The airspeed 1s adjusted to equal the normal
rate of descent of the model. A remote-control mechanism
1s installed in the models to actuate the controls or to
release the parachute for recovery attempts.

For tests with the parachute mounted at the tail,
most recoveries were attempted by ejecting the parachute
from a container (as described in reference 1). The
rudder was kept with the spin during recovery so that
the effectliveness of the parachute alone could be obtained.
In addition, a number of tests were conducted in which,
for recovery, the rudder was neutralized at the same time
that the parachiute was opened so that the combined effect
of opening the parachute and neutrslizing the rudder could
be evaluated.

For the investigation of wing-tip parachutes, the
parachutes were mountsd on the uprer surface of the wing
near the wing tip. Figure 3 shows the type of instal-
lation used. For attempted recoveries, a rubber band
holding the packed model parachute to the wing was
released by the remcte-control méchanism and the parachute
was opened merely by the action of the air stream over
the wing.

Tests were made to determine the parachute effec-
tivenessz with the loading along the wings and along the
fuselage variled for several of the models., Table II
presents the mass parameters of the models for the
normal lcading condition and for the slternate loading

] oy Iy » Iy Iyl
conditions, The parameters - =, —= B
Iy - Iy mio@ mb :
4 [ s 7 £ 4 . 3 L& ™ -
and e > are indicative of the relative distribu

tion of the mass along the three body axes.,
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As previously mentioned, tests of both tail and
wing-tip parachutes were made for one model ballasted
to represent the corresponding airplane at altitudes
of 10,000 and 20,000 feet.

RESULTS AND PRECISION

The results of the investigation are summarized in
tables III to VIII and figures 9 to 27.

The drag coefficients of the model parachutes were
found to be approximately 0.73 (based on flat area) by
determining in the tunnel the rates of descent of the
freely falling model parachutes with various weights
attached., The full-scale-parachute diameters referred
to herein were obtained by scaling up the model values,
inasmuch as at the present time only limited data are
available on the correct value of the drag coefficients
of freely falling full-scale parachutes, Reference 3
indicates that the drag coefficient 0.73 obtained for
model parachutes is within the range of values of drag
coefficients 0.62 to 0,79 obtained for freely falling
full-scale silk antispin parachutes. In reference 1,
the parachute diameters were corrected for a difference
in drag coefficient between model and full-scale para-
chutes on the assumption that the drag coefficient of
full=seale parachutes: was 14025%  In order toiseleet
the full-scale parachute, it is therefore necessary to
know the drag coefficient of the full-scale parachute
and to correct the parachute diameter for any difference
in drag coefficient between the full-scale parachute and
the model parachute to obtain the same drag. An example
showing the method used to determine the correct diameter
for full-scale parachutes, based on drag coefficients of
model parachutes, is given in the appendix,

The parameters given in table III present the steady-
spin characteristics of the mocels just prior to attempted
recoveries, All the models used in the present investiga-
tion had previously been tested and repaired extensively.
As a result, the steady-spin characteristics presented in
table IITI are somewhat different from those obtained
during the previous routine investigations of the models
but are considered to be accurate enough to give depend-
able results for the present investigation.




steady-s“ln parameters presented in table IIT
; eved to be the true values given by the model
nin the following limits:

&y OgPen8 ‘bl W 0% Ale ¥ «Tend 1090 S0 Se SRR Wk i
93{, degl’ees « o . s e e« e ® e e 8 = e e = o . By BB W i-l
s e

v Grcent . . . ° . . . . ° . . . . . . . . . . . . -2

s pe r’cent ‘s . . . . . . . . . . . . . . . . . . . . -'-2

licst of the recovery data plotted In the figures
were obtalned from film records and are believed to

: i BT L
be the true valuss given by the models within fr Enrn .
A few of the recoveries were obtained by visual estimates

!
and are believed to be accurate within fz LT

DISCUSSION

Parachute Construction

The TeSultS of brief tests that were conducted to
compare the drag coefficients and effectiveness of the

plain fabr lcated model parachutes used in the investiga-
tion reported in reference 1 with the drag coefficients
and effectiveness of parachutes rore nearly approximating
full=-3acale construction, as shown in figure 7, showed
that the drag coefficients of the 11 ffere ntly constructed
parachutes were similar and that the parachutes had the
same effectiveness of operation during model tests. Most
of the tests were therefore conducted with the plain
fabricated parachutes since these parachutes were readily
available in all sizes,

Tail Parachutes
The varlation of turns for recovery with tail-
parachute dismeter for the normal-control configuration
for spinning (rudder full with the snin, elevator full
up, d ailerons neutral), for the elevator-nsutral
position (ailerons neutral), ar for the elsvator-down
position (ailerons neutral) are presented in Iigures 9,
10, and 11, respectively. Recoveries were attempted by
e jecting the parachute from a cylinder installed near
the tail, In figures 9, 10, 11, and -the following
graphs, the arrows on the ends of some of the curves

r

i
b
-




me an
turns indicated Parts of the curves falling bestween
voints rupresvnting a diameter that gave recovery and
one that did not give recovery are da hed to indicate
that
questionable.
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that the model did not recover in the number of

tle fairing of that part of the curve 1s

For a constant towline length the turns for recovery
generally decreased as the tail-parachute diamet

increased. The approximate full-~c¢1°—}qrﬂc“uue Giamet
regu

o)

ired to effect a recovery from the spin in 2 turns dL
normal~control configuration are summarized in

table IV and varied from 6.5 to 1l2.5 feet.

For models A, B, and ¢, spins with the alev"tor up

required somewhat larger tail parachutes than did spins
with the elsvator neutral or down, whereas for models D,
B, and F, the opposits was true (figs. S to 11).

The explanation of this result is not aprparent.

The length of the towline of tsll parachutes had
a marked effect on the number of turans for recovery, as
ieh

nay be observed from fig

wre 12, whi gsents results

P2
<o <

for elevator -un spins. (Although not presen ted the
-

nout“AW or down.

i 0% P
esults were obtained with the eleva Jr
Towlins lengths bstween 20 and

type r

(_

~

50 feet full scale were most satisfactory because
within these limits the variation cf turns for recovery
with towline length was small, This result is con-
slistent with the conclusion of refersnce 1,

The effect of s*m”ltaneously openin@ a tail
narachute and nQHU¢aL zin: the rudder is presented in
ey ee o Sevalidan e utral, and down positions of the
elevacor (ailerons nﬁ“"ral) Neutralizing the rudder
in conjunction with opening the parachute was somewhat
beneficial for all conditions tested.

4s previously mentioned, reference 1 indlcates
that an 8-foot tail parachute \haso¢ on a drag coef-
ficient of 0.73 instead of 1.02, the diameter of the
parachute would be Ql feet instead of 3 feet) would

“a

effect a satisfactory {2-turn) rscovery from the
eady spin for airplanes weighing betwesn 7530 and

1L coo pounds.

uory recovery

i3

ne current tests indlicaté that th
1 parachute reguired for a satlis-
‘om the spin is not constant nor

As .

zter of the

ct
- O

4

g
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does it vary directly with the weight of the airplane.

ror example, airplane C having a gross weight of

7L06 pounds required a 9-foot tail parachute and air-

plane D having a gross weight of 5011 pounds required a

l2.5-foot tail parachute, but airplane R having a gross

welght of 9277 pounds (1266 pounds more than the gross

welght of airplane D) required a 9-foot parachute for |
satisfactory recovery from the spin. |

Parachutes Mounted on Outer Wing Tip

The wing-tip parachutes, mentioned previously, were |
mounted on the upper surface of the wing near the wing
tip, as shown in fizure 8. In some cases, the protuberance
of the packed parachute affected the steady spin of the
model, and for each series of tests determination of the
location at which to place the parachute pack was necessary
so that the steady-spin characteristics of the model were
not changed. For this reason, installing the parachutes
on the surface cf the wing of airplanes is not considered

.advisable. The parachute packs should instead be placed

1

inside the wing and provision should be made to eject
the parachutes into the air stream.

The variation of turns for recovery with parachute
diameter for parachutes mounted on the outer wing tip
(left wing tip in a right spin) for spins with the
elevator up, neutral, and down are presented in fig-
ures 1%, 1l;, and 15, respectively. Figure 16 shows the
action of the outer wing-tip parachute in effecting a
recovery from the spin. The towline lengths were
generally made approximately equal to the semispan of
the airplanes. 1In general, for all models a larger wing-
tip parachute was required to effect recovery from spins
with the elevator nsutral or #lown than from spins with
the elevator up. The diameters of the outer wing-tip
parachutes required to effect a recovery in 2 turns from
the spin at the normal control configuration for spinning
are given in table IV for all the models and varied
from . to 7 feet.

The results in table IV indicate that for the models
tested, a parachute attached to the outer wing tip is
more effective as a spin-recovery device than the same

ive
silze parachute attached to the tail.
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T“l

Migure 17 presents test results showing the vari-
ation of turns for reccvery with towline 1°ng th o for
wing-tip parachutes for the elevator-up spins. Towline
length did not appear to influsnce the effectiveness of
the narachutes arpreciably. “hen no towline was used
(cr when the towline was very short), however, the
parachutes sometimes fluttered in the wake of the wing
as shown in figure 18 (frames 1l and 15) and did not
function properly. If long towlines (towlines approxi-
mately equal to or greater than wing span) are used to
attach the parachute to the wing tip, there 1s the
possibility of the parachute &nd towline fculing the
tail or flSGla’G of the airplane as shown in figure 19

(franes ,) and 44) It is rec o nended, therefore, that
the length of the towlines be such *.at when fully
extended the parachute just misses both the tall and the

fuselage.

Parachutes lMounted on Inner Wing Tip

tests (test results not pressnted) made with
rachutes attached to the inner wing tip ight wing
p in a right spin) indicated that parachutes on. the
nner wing tip willl not effect a satisfactory recovery
rom the spin. For some cases use of the parachutes
was observed to flatten the spin. It is, therefore,
very important to use care in opening the correct wing-
tip parachute for attempted recoveries from spins,

—~
o OJ

Parachutes lMounted on Both Wing Tips

Te simultaneous orening of two identical parachutes,
one mounted on each wing tip, would eliminate the hazards
encountered in using only one wing-tip parachute - the
hazards are the possibility of opening the wrong parachute
or the danger of being forced into a spin in the opposite
directlon by a large wing-tip parachute (see fig. 20)
the narachute 1s not released irnmediacely after recovery.
The effect of parachute diameter for elevator-up, elevator-
neutral, and elevator-down spins on turns for recovery
attempted Ly simultaneously opening parachutes on both
wing tips is presented in figures 21, 22, and 23,
respectively. Satisfactory recoveries from the elevator-
up spins could not be effected for models A, B, E, and F
with the largest parachutes tested, The results for models B,

—~

z, and F were not plotted because, for the size of the
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parachutes investigated, recoveries could not be obtained
from spins. Modsls C and D required approximately 8-foot
parachutes for a 2-turn recovery. The results presented
in figures 21 to 23 indicate that moving the elevator
full down in conjunction with opening the parachutes

may be desirable in order to obtain recovery from spins
by simultaneously opening parachutes mounted on both
wing tips.

A comparison of the results presented in table IV
shows that much larger parachutes will be required to
obtain satisfactory recoveries by opening parachutes
mounted on both wing tips than by opening one parachute
mounted on the outer wing tip. In order to obtain
satisfactory recoveries by opening parachutes fastened
to each wing tip, the parachute diameters may have to be
as large or larger than the diameter for tail parachutes.

Figure 2L shows the effect of towline length on
turns for recovery attempted by the use of parachutes
mounted on both wing tips for the elevator-down condi-
tion. As was the case for parachutes mounted on the
outer wing tip, towline length generally had little
effect on turns for recovery., When the towlines Were
too long (equal to the span), however, they frequently
became tangled with each other and did not effect
recovery. The results presented in figure 2/, are for
the cases in which the parachutes opened properly with-
out tangling.

Loading Variations

In order to determine whether variations in loading
of the models would influence the effectiveness of
parachutes, tests were made on some of the models with
the loading varied along the wings and fuselage.

Brief tests of outer wing-tip rarachutes were made
on four ‘of rthe models with 'the loading ‘along the wilxgs
increased and on one of these four models with the
loading along the fuselage increased, The results,
which are swimarized in table VI, indicate that extreme
incregses in the loading along the wings had little
effect on the recoveries obtained by opening parachutes
fastened to the outer wing tip for models A and E but
had an adverse effect for models C and P, A moderate
increase in the loading along the fuselage had little
effect on recowveries of model F,
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Table VII ﬂummar4zes the effect of loading wvari-
ations on the recoveries obtained by simultaneously
opening parachutes mounted on both wing tips for models C,
E, and F. With the loading along the wings increased
for model C, recoveries were slower than for the normal
loading condition. As mentioned previous$y recoveries
could not be effected for models E and F in their normal
loading conditions, and incr°431ng the loading along the
wings of fthese models had no noticeable effect on recovery.
A moderate increase in loading along the fuselage had no
appreciable effect on the recoveries of model F,

£

|

Rrief tests were made with model B to determine the
effect of loeding "ariations on recoveriss attempted by
simultaneously opening a tail parachute and neutralizing
the rudder. The results are nresented in table \TLL and
show that moderate increases or dec ¢s of mass along
the fuselage and wings did not appr ably affect t"u
recoveries.

B &

Effect of Test Altitude

-
Ans

n 1 o Ao - "7 -
pRlel Te3t8 were coadilul
57

2 ot
whether variations in test gl
S ST

:1

=

ed with model E to determimns
] titude would influsnce the
sctiveness of spin-recovery parachutes for this air-
plane, The model was tested at simulated test altitudes
of 10,000 and 20,000 feet. The results are presented
325 to 27. Based on these meager results,
there appears to be little effect of altitude on the
optimum size of wing-tip or tail parachute required for
satisfactory recovery. The test altitude also had
little effsct on the variation of turns for recove”y
with towline length for parachutes attached to the tail.

Action of Spin-Recovery Parachutes

Tail Dura"hUues. The action of tail parachutes in
effecting recoveries from spins has been discussed in
referwnce 1..* Brisfly, with long towlines (towlines
longer than 50 feet, LHWI scale) the varachute towlines
tend to incline toward the spin axis. With short tow-
lines (less than 20 feet, full scale) the parachute
towlines tend to remain alined with the fuselage axis.
With towlines between 20 and 50 Teet long, the parachutes
usually ride aprroximately over the tall of the model,
although they may oscillate from thils position.

-
o
i &
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Reference 1 indicates that as the towline may usually
incline away from the plane of symmetry toward the inner
wing tip, the parachute exerts yawing as well as pitching
moments put that the effectiveness of the parachute
results more from the antispin yawing moment than from
the pitching moment produced.

Outer wing-tipn parachutes.- The typical action of
a parachute fastened to the outer wing tip in effecting
recovery is shown in figure 16. Frame 15 of figure 16
and frames 22 and 3L of figure 19 show that the parachute
towline tended to incline away from the fuselage axis
toward the vertical axis. Frame 20 of figure 16 and
frames 16 and 28 of figure 1§ show that the parachute
towline generally tended to remain parallel to the
X-7 plane of the model, although the parachute did
oscillate. The motion-picture records of all the tests
indicate that both rolling and yawing moments were set
up by the parachute. As a matter of interest, the esti-
mated vawing and rolling moments contributed by parachutes
were compared with corresponding moments contributed by
rudder reversal and full aileron deflection. The moments
resulting from rudder and aileron deflection were computed
by use of average moment-coefficlent values for angles
of attack in the spinning range obtained from force tests
on models of other airplanes. For cases in which the
outer wing-tip parachute was effective, the rolling-
moment cosfficient C; due to the parachute was in the
direction to roll the model intc the spin and variec
from 0,010 to 0.015, which is less than one-half the
typical rolling-moment coefficient of 0.0% develored by
full aileron deflection. The yawing-moment coeffi-
cient €, due to the parachute was approximately equal
to the typical yawing-moment ccefficient of 0,015, which
would be expected from full reversal of the rudder.
The effectiveness of wing-tip parachutes appears to
resnlt therefore more from the yawing moments set up
by the parachute than from the rolling moments,

Re fersnce | states that when the mass of an air-
plane is distributed chiefly along the fuselage, setting
the ailerons with the spin will assist recoveries
obtained by rudder reversal, whereas when the mass is
distributed chiefly along the wing, setting the allerons
with the spin may greatly retard recoveriss. A parachute
attached to the outer wing tip, by inducing a pro-spin
rolling moment, is in effect simulating the alleron-
with-snin configuration of the airplane. It would be
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expecved, therefore, that recoveries obtained by the use
of an outer wing-tip parachute would be retarded by
exteﬁding meass along the wing of the airplane, if the
yvawing moment due to the parachute and the yawing moment
due to rudder reversal are approximately equal. This
adverse effect of extending mass along the wing was
obtained for models C and F, whereas for nodels A and E
very little effect on turns for recowvery was obtained by
change in distribution of mass.

CONCLUSIONS

Results of tests of spin-recovery parachutes made
on six models of typical fighter and trainer airplanes
to obtain data for correlating model and full-scale
results indicatedthe following conclusions:

l. Parachutes weres more effective as spln-recovery
devices when they were attached to the outer wing tip
in the spin than when they were attached to the tail,
The diameter of the tail parachute required for a 2-turn
recovery by rarachute action alone varied from 6,5 to
12.5 feet, whereas the diameter of the outer wing-tip
parachute required for a 2-turn recovery byv parachute
action alone varied from.lL to 7 feet.

2. When a parachute attached to the inner wing tip
in the spim was opened, the parachute would not effect
recovery.

3. When hdrdcnutes attached to both wing tips were
used, the parachute dismeters required were approximately
the same size as for tall parachutes.

L. For wing-tip parachutes it ls recommsnded that
the towline length bYe such that when fully extsnded the
parachute just misses both the tail and. fuselage.

For tail parachutes the towline should bve
between 2Q and 50 feet long.

6.

|-4

Neutralizing the rudder at the same time that

the £ail parachute was opsned gave faster recoveries
than were whtained by opening the varachute alone,
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7. For two of the four models tested with varied
mass distribution, extension of mass along the wings
had an adverse effect on recoveries attempted by opening
parachutes attached to the outer wing tip.

8, Tests conducted with one model at two equivalent
test altitudes (10,000 and 20,000 ft) showed no noticeable
effect of a change in altitude on the optimum size of
wing-tip or tail parachute required for satisfactory
recovery,.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Fleld, Va.

5
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1 tests indicate that for mod
foot parachute fastened to

]

il fonr
L amp a G.0- the tail
will be required to effect a recovery in 2 turns by
merely opening the parachute. This diameter 1s based
on a drag coefficient Cp of 0.7% for the parachute.
If it is plaaned to use a parachute of similar shape
but of different materisl so that the parachute has a
drag coefficient of C,56, the aree must be larger in
the ratio of 0.73/0.56. The parachute diameter must
> . & R Y | g
therefore be larger in the ratio /-; é; = 1l.14, which
» 50
gives a parachute diameter of 10.) feet.
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TABLE I

COMPARISON OF FULL-SCALE DESIGN CHARACTERISTICS OF MODELS TESTED

[Normal loading conditions

*ON ¥dV VOVN

o7

g

Test Gross CeR Win Win IX 1 I ©

8+ | Span g g X z &
Airplane|altitude|weight |(percent (ft) | area |loading, (8lug=-|(s1lug~-| (slug-

(ft) (1b) | M.A.C.) (sq £t)| w/s rt2) | rt2) | £t2)

A 10,000 |11,860| 27.8 |L0.8] 300.0 L2.3 [13,867|13,047| 25,841
B 10,000 94370 | 26,8 [-hil.h 1275 o 5545 8,920| 9,181| 17,224
c 6,000 | 7,L06| 31.3 |34.0]| 213.0 36.3 5,201| 6,077 10,704
D 12,000 | 8,011] 28.6 |37.3| 2%6.0 33.9 4,903 7,237 11,441
E 10,000 | L4,227| 29.1 |L2.0| 239.0 177 2,659 L,122| 6,201
F 10,000 | L,LhL67| 26.2 |L1.0| 246.2 1851 2,741 4,237 5,681

NATIONAL ADVISORY
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19 NACA ARR No. L5G19a
TABLE II
MASS PARAMETERS OF MODELS TESTED FOR NORMAL AND
ALTERNATE LOADING CONDITIONS
Ly =T Tt =T -
X ¢ 7 1 I
Airplane| Loading condition -__E?—. -AL_EF—- 2 > e
mb mb mb
A Normal 1 x 10~ =210 x 10°Y 196 x 10-lt
Iy and I, increased
A X z N 125 Sser 200
50 percent IX
B Normal -6 -163 169
c Normal =43 -160 203
I, and I, increased
X Z =
¢ 115 percent Iy 175 389 216
D Normal 67 -121 188
E Normal -63 =90 1595
B IX and IZ increased 170 323 153
206 percent Iy
F Normal -6l -62 126
i
- vy and I; increased -118 '6h 182
50 percent Iy
I, and I, increased
F X z = 82 -206 12),
12, percent Iy

NATIONAL ADVISORY
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TABLE III

STEADY-SPIN CHARACTERISTICS OF MODELS JUST PRIOR TO ATTEMPTED RECOVERIES

[Controls set at ailerons neutral, rudder with the spin

Gt gudger El;lvator g
oading eflec~| deflec- a v
Alrplane |, hd1tion tion tion (deg) | (deg) | (fps) (Pﬂdiﬁ'/'”)
(deg) (deg) (a)
A Neormal 30 30 up la 24 226 2.7
A Normal 30 0 39 34 21l 3.2
A Normal 30 20 down 38 La 207 3.
Ix and IZ
A increased 30 0 Lo 2u 172 3.
50 percent Iy
B Normal 30 30 up 36 24 239 2.3
B Normal 30 0 38 0 226 3.1
B Normal 30 20 down 3l lu 222 3.3
c Normal 30 35 up L2 14 203 3.6
o Normal 30 0 52 14 172 L2
c Normal 30 15 down 51 14 164 L.2
D Normal 30 30 up 55 lu 197 2T
D Normal 30 0 53 3u 184 2.9
D Normal 30 20 down 5l lu 177 3.0
E Normal 35 25 up L1 3a 7 2.4
B Normal 35 0 L5 6a 125 32
E Normal 35 25 down I 8a 125 " 3.3
Ix and Iy
E increased 35 25 up 21 3u 217, 3>
206 percent Iy
Normal 35 30 up 36 Lu 178 3.6
Normal 35 0 35 lu 162 3.7
F Normal 35 20 down 36 34 U7 2.4
Ix and Iz
F increased 35 20 up 26 3u 167 3.0
12, percent Iy
Iy and Iz
F increased 35 20 up 38 0 172 2.3
30 percent IY

%n describing @, u means inner wing up; d, inner wing down.

COMMITTEE FOR AERONAUTICS
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21 NACA ARR No. L5G1l9a

TABLE IV

FULL-SCALE PARACHUTE DIAMETERS REQUIRED FOR VARIOUS
LOCATIONS OF PARACHUTE INSTALLATIONS TO
EFFECT RECOVERY FROM THE NORMAL~
CONTROL~-CONFIGURATION SPIN IN
2 TURNS BY OPENING
THE PARACHUTES

Approximate diameters (ft)
required with:
Model Parachute Parachute
fzggggl;gt: o fastened to fastened to
tall outer wing both wing
. tip tips
A 10.0 5 > 7
B 9.0 7 >9
C 9.0 5 9.0
D 1235 5 8
E 6.5 I >6.5
F 9.0 5 >6

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



TABLE V

EFFECT OF SIMULTANEOUSLY OPENING A TAIL PARACHUTE AND NEUTRALIZING THE RUDDER

[Normal loading conditlion; controls set at ailerons neutral, rudder with the spin]

Turns for recovery bTugnz {or rei°:§rz
y opening parachute
Full-scale|Full-scale Uy GpeRing parschute and neutralizing rudder
Alrplane parachute| towline
di??:ger 10?%2% Elevator |pevator Elgvator Elevator |Elevator |Elevator
?2) neutral ?Z? up neutral| down
A 8.8 22 2l to 2& ----- cme |cemccaa S b T b s i oo e o B
L ] 2 2
2L 2 1
B 8.8 22 Iﬁ to 2 cecocmen cececn=s | 5 tO & 1 tor 1 St ol
2 L L
c 8.8 L3 ltol'l' = to L 2t33 1 1-11:02 1—1-toz
3 2 2 9.3 2 2
1l 1, 5t
c 7.0 L3 More than 3 % |25 te 3% 2 2& | 2&
3 0} 13 1 1 1 1
D 8.8 43 More than 3312p to 23| 2 1 to2 |1f to 3 | 15 to 2
il 1 1 LESE 1 1
E Y — - - t -—
7.0 35 12tolﬁ 12to}i 2tob.21t0121Etolzlolh
1 1 il
F 6, 1l o 1= to 2 1 - i} 1
5 3 5 to 3 A ﬁola

%The values of the deflections of the elevator and rudder are given in table III.

NATIONAL ADVISORY
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TABLE VI

NACA ARR No.

EFFECT OF LOADING VARIATIONS ON TURNS FOR RECOVERY OBTAINED BY OPENING

A PARACHUTE MOUNTED ON THE OUTER WING TIP

[Controls set

at allerons neutral, rudder with the spin]

&The values o? .tl;»eviaeflections of the elevator and rudder ;x;;‘givon in table III.

Full-scale| Full-scale SULDS  for 'Te0o wary
Loeding parachute towline
ASERA DS conditions |diameter length Elevator up| Elevator El;;r::or
(ft) (ft) (a) neutral (a)
1 gk 2§
A Normal 7.0 10.0 1 to 114 1 to 12 ].h to 12
A inoreased by 7.0 10.0 1= to 2 ]‘E to 2 |cecacssa
50 percent Ix 2
1 1
N . 5 2
] ormal 5.0 17.0 lﬂ to 12 2 lﬁ te 2
c increased by 5.0 17.0 More than | -- - ==
115 percent Iy
1 1 1
c Normal 7.0 17.0 5 tol 1 to 1-5 1 to 12
C 1ncm‘.5°d by 7.0 17.0 1.— tO 2 mwcoesos | convcecans
115 percent Ix 2
C | ==e== «dOe~~ce= 8.8 170 1 to 1-;- -—- -|e=-
1
E Normal 5.6 17.3 5 to 1 e
IX and IZ
E increased by 5.6 17.3 1 - -
206 percent Iy
21
P Normal 5.0 15.8 1 1& 1 to 1
Ix and IZ
F increased by 5.0 15,8 More than 6| ==
12l percent Iy
F | ==e=- ~doeconaa 6.5 15.8 il - |-
F increased by 6.5 15.8 = 1 to X
30 percent IY 2 L N

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE VII

EFFECT OF LOADING VARIATIONS ON TURNS FOR RECOVERY OBTAINED BY SIMULTAREOUSLY
OPENING IDENTICAL PARACHUTES MOUNTED ON BOTH WING TIPS

[Controls set at ailerons neutral, rudder with the spin]

Full-scale | Full-scale Turng {Vr. FECEMry
Loading parachute towline
Alrplane| .. aitions |diameter length Elevator up|Elevator El;;::or
(re) (ft) (a) neutral
(a)
1 3
c Normal 7.0 68.0 | 1 to aﬁ 2 to 23(2, 3, 2
Ix and IZ
c increased by 7.0 68.0 |More than L
115 percent I.x
1 1
c Normal 8.8 17.0 5 to 13 1 1
Ix and IZ
c increased by 8.8 17.0 1 to2 cocecoce|cecccane
115 percent Iy
. Rl
E Normal 5.6 3.6 13, 1" 15, 25
E increased by 5.6 3L.6 eo meeceren|ena
206 percent Iy
F Normal 5.0 15.8 0o z}‘, 5—;- 2, 2
F increased by 5.0 15.8 o0 --
12l; percent Iy
F Normal 6.5 15.8 | More than 6 1 1
I.x and IZ
F increased by 6.5 15.8 o9
12l; percent Iy
IY and IZ ‘
F increased by 6.5 15.8 | More than 4] 1 to 1% 2
30 percent Iy ll

“'me values of the elevator and rudder deflections are given in table III,

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




TABLE VIII M)
3]
EFFECT OF LOADING VARTATIONS ON TURNS FPOR RECOVERY BY SIMULTANEOUSLY
OPENING A TAIL PARACHUTE AND NEUTRALIZING THE RUDDER
(Full-scale parachute diameter, 8.8 feet; towline length, 21.8 feet (full scale);
controls set at allerons neutral, rudder with the spin]
Turns for recovery by opening parachute
' and neutralizing rudder
Atrplane S amion
Elevator up Elevator neutral Elevator down |
(a) (a)
1 1 |
B Normal = to é 1 to L 1l tol
2 L |
I, and I
X Z 3 1 1 1
B increased by L to 1= 1l to 23 1l to 1E
20 percent Ix 2 i
\
IX and IZ 1 1 1 }
B decreased by Iz 13 to IE 1 to 15
20 percent Iy
Iy and I
Y Z 1l =
B increased by 1% to lﬁ ]."l to 17 1l to 12 >
20 percent Iy i 2 2 N o
I, and I >
B decreased by 1 to 15 lE tolm | ececmcnce- cm—- oy
20 percent Iy 2 =
o

8The values of the deflections of the elevator and rudder are given in table III.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 1.- Drawing of model A used in the teste in the Langley 20-foot
free-spinning tunnel. Normel loading condition.
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Figure 2.- Drawing of model B used in the tests in the Langley 20-foot
free-spinning tunnel. Normal loading condition.
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Figure 3.- Drawing of model C used in the tests in the Langley 20-foot
free-spinning tunnel. Normal loading condition.
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Figure 4.- Drawing of model D used in the tests in the Langley 20-foot
free-spinning tunnel. Normal loading condition.
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Figure 5.- Drawing of model E used 1n the tests in the Langley 20-foot
free-spinning tunnel. Normal loading condition.




Bigs 6 NACA ARR No. L5G1l9a

963"

_ 4.28
¢ elevator hinge e

/383
n ”
6,60—.-' /_06” /_3053

LI e g7 ¢ hi
R ndlid 1 , -1 s il & aileron hinge
e O, DR ! ! S NG W
H T T A
; A
D/ N
+ '/}
\ "
Lozt 360

=2.03"

Fuselage reference [~——/.87"

/ine 7 39% 4.89//
Theusk it Ly S
28"l ” .
3.68 e s IAE ~¢& rudder hin 9e
- 22.65*

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure 6.- Drawing of model F used in the tests in the Langley 20-foot
free-spinning tunnel. Normal loading condition.
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(a) Model parachute. (b) Construction details of
model parachute spread out
on a flat surface.

Figure 7.- Model of a typical full-scale 10-panel circular-type parachute.
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Fig. 12 NACA ARR No. L5G1l9a
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Fig. 14 NACA ARR No. L5G19a
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Figure 16.- Photographic record of free-spinning model tests
of airplane E showing a satisfactory recovery from the
spin effected by opening a 7-foot parachute (full-scale
value) attached to the outer wing tip with a 17-foot

t OWl £RE ( full-scale Value ) ? NATIONAL ADVISORY COWMMITTEE FOR AERONAUTICS

LANGLEY MEMORIAL ABRRONAUTICAL LABORATORY - LANGLEY FIELD, VA.
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Initial steady spin
Parachute collapses

opens

-4 Parachute

Figure 18.- Photographic record of free-spinning model tests
of airplane E showing an outer-wing-tip parachute attached
directly to the wing tip (no towline). Frames 14 and 15
show parachute collapse. Parachute does not effect a
satisfactory recovery from the spin. Full-scale parachute
diameter, 4 feet.
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Figure 19.- Photographic record of free-spinning model tests
of airplane E showing a parachute attached to the outer
wing tip with a long towline hitting the tail surfaces.
Parachute diameter, 4 feet; towline length, 34.5 feet;
(full-scale values).
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Figure 20.- Photographic record of free-spinning model tests
of airplane D showing the direction of spin changing from
right to left because of the large yawing moment of the
wing-tip parachute. Full-scale parachute diameter,

Oh Leelts,
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