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ADVANCE RTSTRICTZED REPORT

DETERMINATION OF TCWLINE TE:SION AND STABILITY
0F SPIN-RECCVERY PARACHUT

By John E. Woed

SUMI ARY

Tests nave been ntade of a number of spin- recvverv
parachutes from 1 foot to 8 feet in diameter in order to
determine tiae force exerted by the parachutes on the tow-
line and the stabil*t of the parachutes. The magnitude
ef “tne shoelk load of a parachute uuwlnb opening was also
measured. In addition, the effects of various modifi-

. gations to the parachutes on thie towline tension and
stability were investigated. For several of the parachute
arrangements, a free drop was sirulated and the drag of

“ the parachute was determined.

The test results 7n01cated that the eaverage towline-
tension coefficient, based on the surface area of the

egncopy, was approximately 0,76 for conventional silk spin-

recovery parachutes and 0,56 for a nylen parachute. Th
shock loads obtained during parachute Onenln"o for
restrained parachutes were as great as 2.29 fL@SS the
average final loads. All the n';\'_wentional parachutes
tested were unstable and inclined away from the wind axis.
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Various methods were tried to decrease the insta-
billty and increase the towline tension, such as varying
shroud-~line length, adding a central shroud line, vevying

- o o~ 1 ]
fle S15% e Ccan BN cn an Galy adia anes 2
the size of the opy vent, and adding radial wvanes to
the canopy and shroud lines. These tests indicated that
- very little could be done to increass the towline~tension

coefficient of the conventional silk parachute but that
the stability could be increased by adding radial vanes
v o
to canopy and shroud lines &lulOHuL towline tersion would
H ™y, (S
be lowered.

Tests were also made of pyramidal and square pilot
parachutes. These parachutes were gencrally more stable
than conventional ones but save lowsr values of' towline-
tension coefficients.
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Tests have been made of 1l-foot to 5-foot spin-
recovery parachustes. The towline tensions of parachutes
were measured under steady conditions and during para-

clhubeSeobenings Observations were also made of the sta-
billty eof Gthe parachuuus. Alterations were made to the
conventional parachutes in order to study the general
aerodynamic effects of shroud-line length, of a central
erouq, of size of canopy vent, of decreasing the porosity
ul tlie canopies, and of attaching fabric vanes to the
shroud iines. In add1+ion, a pyramidal parachute was
teoteu full length and trur ha act ritstbaed
of a squéare pilot para e w of the
investigation was oouducted in tire Aa“ l Yy 2J«loot free-
Spipning tun rer, scme force tests were made of
several of onal parachutes in the Langley full-
scale tun: i speedg in the Li;;¢ﬂy 156-foot
hhigh-speed characteristics of gome of the
pearachutes termined in simulated free drop.
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parachute similer in shape to the one shown in reference il

i i,
and constructed a 12 -foot octagonal parachute and a l-foot-
ara

ta
squére p"raNLF al'p chute from the silk supnlled By the
Areraft Leboratory. The sil
canopies was believed to be of

reference 2.

2 used in most of the
the type specifiied in

Aveas and descrintions of the psarachutes tested are
presented in table I. A sketch of a conventional apin-
recovery parachute with a rsinforced cancpy is shown in
figure 1. The pyramidal parachute is shown in figure 2
and the square parachute is shown in figure 3. In
accordance with nast tice (reference %), the meas~
urements of onarachw ensions were made with the

canopiss laid on & flat surlace.

The airspecd for tre tests in the Langley 20-foot
free-spinning tlﬂﬁ\l was measured by the propeller tach-
one ter (LreV“OJS‘" celibrated &zainst a pitot tube).

The values of the dynamic pressure q at the test sec-
tion were computed by the use of the airspsed indicated
1 sr tachoumeter, the &air temperature, and
”

W e 1
by the yPOJG
7l

the baron

L.

& ok

igurc Ve ased © average o:
oretical trcatmeat in reference |

empirical data given in reference 5.

o corrections were the angles msasured

i ang]
between the parachute and th axes &although some
correction might be nece ry in order to obtain the
true aEtLLUuGu Gt e iD Ces 1n free’ alipy

The operation of a spin-recovery parachute on an
airplane was sligpulated in t :angley 20-foot free-
Spinning tunnel by passai e luhvl enc of the towline
through fixed pulleys to v ' outside of the test
gection (fig. 5), or by tying the lower end of the
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towline to a taut ropne in the center of the test section
Ve % S p ~ .
(TL 0) The towline tensions were measured by balancing
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wn weights or by a de o
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recordged. | The 118 1 ckub“ was added to the
measured to ‘llnu n in order to obtain the aerody-
nemic force ex the parachute. Hach type of test
in ':e LhnaLe* free-spinning tunneli was photo-
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Measurement of shock loads during the openings of
the parachutes was ob ta;neg by means of the deflectometer.
The parachute was in a stan dard tail- parcnu+a pack mourited
on a pole held in the air stream just above the deflec-

tometer. 'Waen tile pack was opensd by pulling the release
pins, the parazhute billowed ocut and the pack was moved
out of the way. A time history of the towline teusion
was recorded cn a film. The cefieotofc“er (Shabliz el Bolels)
the parachute towline was attached weighed approximately
2.6 pounds.

In tae fo ng discussion and pressntation cof the
test results, towline tension of a psarachuts in a
simulated tow 1is e aerodynamic force parallel to the
towline and the drag in & simuluted free drop is the
aerodynamiic force parailel to the wind direction. Althoug
the towline tensions and drags are not directly compar-
able, it was obscrved durin; the investigation that a
meodification to a perachute indicated thb sanie general
effect when tested in simulated tow or free drop.

The forces were converted into coefficlent furw by
diwrding thie corrected forces by the dynamic presgsure
and the canopy area.

The various test conditions are surmarized in
table TI. Some of the tests were run on both of the

duplicate paracimutes. Inasmuch as thie results were not
uu3r°c¢ab7r different for the duplicate parachutes, data
are presented for only ons parachute in each pair. Fig-
ure 7 is a typical time-tension record of the parachuce
towline tension 1n a steady air gtream as measured by

the deflzectometer. The average, the maximum, and the
ninimum values of several time-tension rec ords of the
Ltowline tensions &are given in table 11X The towline
Lensions obtair ' g & t weights

. %]

1ed by balancing thie tension agains
5 4=
v

are given in figure G for the dZ-i oot to 8-foo
T

chutes. The tensions are plotted against the dynamic
pressure used in the tests, and in tsble IV these data
are given in coefficient LOJL. Figures § and 10 are

(=]

tyoilceal time-~tension records of the towline tensions of
1

a pareachute opening in a steady gir stream; figure 11 is
a copy of mection~picture film thut shows a 3-Tootb
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parachute opening. Figure 12 is a plot of drag an
towline~tension cosfficients against the ratio of the
shroud-line len;;th to the parachute dLmJP ter for three
parachutes, HFigure 135 is a plot of the towline-ternsion
coefficient against the central shrouﬂ~l“ length for &
5~foot octagonal paraclute. The drag coefficient is

] 3 o l el
plotted against vent area of a l~—1oot ocicagonal para-

chute in figure 1i. abhle T co*uCLn data showing the
effect of febric vanes in different arrangements on tow-
line tension, parachute drag, and angle between parachute
and wind axes on a 5-foot octagonal %arachvte. 1B

table VI comparcble values of t~w43ne—b n3icn coeffi-
cients &re given for the different conventional nara-
chutes tested in the Langley full-scale, 1l6-foot high-
speed, eand 20-~foot free-~gpinning G113

Zene “a¢lv sihowed

insta il tiie to incline
from the vertical, as indl ”n tablie ITT
whiclr ars Colzs:.;atw G I othier investi
iiien the towline at tlie center of
sarachute much as 30°

nd axis anc Al abec o Ge

axis of symuetry and abou axis of the
tunnel. RBoth P"taulOuo wWer S e se T ol iie S
shows thet the angle botween the parschute axis and the
wind axis varied with tunnel airspeed, towline dength,

1 a ar

and type of yauch,c «  JosufTicient dealba e available

to determine trends.

When a conventional pﬂvachu te was att
unrestrained load, the parack
wandered erratically abhout the

Alr forces on parachut An epn ctu-
atien o the towline ] parachutes in a
steady air stream is laeta presented in
table IIZI. 4 typical record of towline
tension, ?ﬂeseﬁted as ustrates the nature
or the fluctuations & fluctuations appre-
ciably aoove and below towline tension
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7
ximatsly 1/i. second. The magnitude of
“VQP?”GG t12.5 percent of the average
This effect i1s belleved to be due to
about the canopy.
towline~tension coefficients listed in
A o ! i ;
45-foot, 95—foot, and 5-foot parachutes
incresase in towline-tension coefficient

iameter. The average of the towline-

ients of thsse conventional silk para-

8 2P
The tv
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0.58. This low
ely higher porosity of
re;ap‘vely shorter shroud-line 1

tests caonducted on
s in the Langley full-scal
tunnels &t dynamic pressuires u
free-spinning tunnel aff

yroximately 0,77 based on canopy
ent for the
value weas

the

engtl

some or tie con-
and

sed in

of thz correction curve gilven dn
obtained in the three tunnels are gi

e towline-tension coefficient obtained
achutss varied 1“0r 0.70 to O Cl with
0.7%6 and for the O-foot nylon ;

8 with an average vglae oft 0.56.

orded a check
igure |
ziven

!»'

In the T.angley 16~foot high-~speed tunnel an attempt
was mads to burst the j%—foot silk parachute, but the
tests were terninated at an indicated airspecd of 265 miles
per hour because of the vibration imparted to. tue side-
fakce ‘component of the. balance syﬁten. The towiine-
tension coefficient of the varachute varied r'rom 0.75 to
0.61 asg the alrspeed was inereased from 60 to 269 miles
neninours This Vur””**on'qay have been caused by a
change In canopy shape or mouth area, or botlh,

Comperison with d obtainsd fror towsé parachutes.-

he force coeificients 1 the wind-tunnel tests
appeared to be lower th previously cdeterminhed
in a flight investigati enice '35 ) Oon, the basis
of the flight tests in 1T neasurements were made
WkﬁTG parachutes were nd airplanes, the drag

efl“glcﬂt baged o 3 g of the parachutes was
l,Uc, approximately equ owline-tension coelfi-
cient of l.;c. Inasmuch parachute in the flight
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tests was ;ttac“ed to & short towline and towed at full

throttlie in the slipstrean behind the airplane, the drag
coefficient bc cd on the airplane sveed would be expected

3

to be higher than the values obtained in the tunnel.
n winicli large parea-
peeds up to 50 miles

in better agreemen
herein. Bsased on
S

An investi
chutes were towed behin
per hour yielded -results thiek"wer
with the wind-tunnel tests renort
surface areas, drag-coefficient values between U.%8 and
0.57 for a special 50 e and values between
C.75 and 1,00 Tor a 2/j~-foot szagda=d GCTVLCS pa;Qp“uLe
LC“G cbtained. The var 70-foot

@

;.

’)

M

o
1 R (=4
nd 22-foot towlines, respectively, repor °d to
have OSvilLatGd elther yvertically op Lorizonta_iy with
ai: amplltude of approximately the diemeter of the canopy.

%1otor] of the tension in

of a »Darachute lﬂ steady
n dt3( that an instan-

' the final average ten31on

o of the macinum tension to the

s termed the “"shock-load factor,’

Skhocl: loads,-
the towline du
air stream in
taneous tension in
was obteined. The ra
final average tension

L)

A maximum value of shock~load factor of 2.29 was
obtainsd in & series of 21 measurements on both a B-Poot
and a 5-foot parachute. The values ranged from 1.50 to
2.29 but cculd not be correlated with airspeed or nara-
chute size althiouglt the shock load built up in less time

with the smaller parachute. These shock locads were of

the same order of maynitude as the shock lcads subse-
quent v ' Lae warac%utﬂs were opened by

snap: t held the caaopy closed ‘ﬂll@ the
towl s were fully extended. This PCQULt
indai rtia of the nar81¢vt° nad only

I n otal shock load measured. lr”¢ua¢
time on records obteined are shown in figures 9

and SlE GRS,

Pigure 11 is a motion-picture record of a typical
opening of a 5-foot tail uQP&UJuuL frori & standard para-
chute pack. The air-stream velocity was 29.5 feet per
seconds The figure sliows that tbc ;nfolding of the
canopy reguired apj *inately l)/)é szcond (the first

toox approxi-
end a "pumping”

-
15 frames ), tlie Inflatio

mately 6/32 second (tlu
cvcle lnllomud during w

4

. PO, areca ol the
canopy varied (area Wncrb”uu_ in fran

iLo

a f
21, 24, and 39




N0

NACA ARR No. L6ALS

and decreased in freames 2L, 28, and 32). As these

esults indicate shock-load f=a ctoﬁs gs hilgh a3 2,29, 1t
is recommended that the designer of the restraining
gystem for airplane parachutes consider a possible shock-
load factor of &pproximately 2.3 and also allow for addi-
fional overloadling of the pavachute if 1t is in. the
propeller slipstrean,

Modifications to Conventional Parachutes

Shroud-line length.- The effect of shroud-line
length upon the parachute towline tension and stability

c
was investigated by shortening the shroud lines of th
5~foot octaoona; and 5~fcct circular parachutes and by

§ e g ! .
equipping the 1lz-foot canopy with various alternate sets
2 o

of shroud lines. 1In all these tests thie towline length
was increased by the amount the shroud lines were
shortened. The results of these tests (fig, 12) indi-

cated tliet the shroud-~iine length should be at least
1.25 times the diameter of the fliattened-out canopy in
order to obtain ne&rly meximum towline-tension coeffi-
cient. 4 decrease in thie angle between the parachute
and the wind axss was noted when the shroud lines were
the shortest

0}

Central shroud line.- The effect
line uporn thie tov;*nc tension and stab
parachute was studied by pulli the
inflated canopy down in five s
0,67 foot from 1ts normal posi

decrease d to apvroximately
4.
¥
e

v
3

initially increased and thsn
its original value as the cen
e a ). A maximaum imer
coefficlent of apuro{- atel
the addition of & cent 1

[
tions The towllne tension
I3
2

was shortened
gge in t‘ uﬁwlire tension
3 ll percent was o%taln*d by

oud line 0.23 fo sl.orter
g.u) feet from “39 Junction
center of the canopy. The
ol the parachute was qu appre-
centrel shroud.

3

than the normal d
off the shroud lin
original poor st“
clably affected by

e

(*\ [

Canopy vent.- When the veants of the canopies were
closed by a paper insert on the 5-foot and 5-foot para-
chutes, no effect on the stability of the parachutes in

simulated tow was observed. A slight decreass in the
towline tension ceused by the closing of the wvents was

noted.
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The vent of the l%_foot octagonal canopy in a simu-

1a*ei free drop was successively increased in size until .
ent diameter was one-half that of the canopy diameter.
At a given airspeed, the drag oi the parachute generally
decreased as the size of the vent increased although the .
drag coefificient generally increased when based on the
remalning canopy area. See fig. 1&.) With the largest
io

k%
vent, the parachute occeasionally would collapse unde
load. The stability of th
T
d

e parachute was not greatly
affected by the size of the vent; however, the angle
between the parachute and wind axes tended to decrzas
as the vent area was increased.
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B
Porosity.~ Descreasing the porosi of a j%—f
FPour ‘aronles did not
ients from those

effects of inereasad

as mentioned
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coefficient thean the sili: parachutes.
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The fabric vanes ahﬁea“ed to divert the approcaching
81y flo\ to the low side of the cenopy and blanket the i

high side that could be seen occasionally to collapse

and inflate. The cause of the oscillation of the canony

was attributed to the action of tlie vanes. 4
Sveclial Parachutes
Pyramidal.~ Tests of a pyramiidal silk parachute
1 foot square and appyrox ely 57 inches high (fig. 2)
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in @ sgimulated free drop indicated that the draz coeffi-
clent based on projectsl area was 1l..43 but based on sur-
face area was only 0.2... The parachute was more stable

C ()
Tiian tho conventional canopies in that 1ts axis was more
a8t Ly VeltLCdl in the tumnel. The inflated parachute
assumed the shape of a cone. With a l-foot-square wire
frame ab the skirt, a smaller drag coefficient (1.35)
as obtained. Without the scuare wire frame but with

+
B

o

the upper two-thirds of the pyramid removed and an E-inch-

agusre céap sewn over the EOD, the drag coefficient of the
i - 7 - ~

truncated parachute was 1.6, & decrsase of 7 percen

based on hro,ecued area, but was 0,36 based on surface
area, an increase of 50 percent. With the cap removed
the parachubte would not inflate. This truncated pyramidal
parachute is uneconoun because of the amount of
meferidl wused. Tes the full pyramidal shape with
various shroud-l hs indicated that the minimum
shroud-~lins length d in order to keepn the canopy
fLrom collapsi ] pproximately 1.7 times

-

’

mFsé:#n-

ng unde ax )
the width of the. bas e ¥ uy reanid.

4 : 3 : FIR=" o
the 2=-foot-square pilot parachute sketched in figure 3
s
based on projected area was G.69 and based on surface
area was 0.29., DBecause of tlie amount ol material used,
this parachute is also uneconomical. This paracinute was
1 -

the most stable of the parachutes tested in that it did
not wander about the test scction during simulated free

drop and did not tilt from the verticecal more than 8. fop
eithisr ueuc cendition,., ' The Fabwicivanes.and twe canopy
g d wibrate, however, and occasionally a corner of the
canopy vohlu norgentarlily coliaps The 1lhbbqu:O” of
104 a 111, .fer this para-

plie towllnc tension, shown in t©
chute weas apprec Lauly niors than
perigchutes.

OO

ol
G B G

e conventional

Tests of the 1 t to O-foob parachutes to deber-
mine towline tension and Lty ( gted the following:
1. of conventional parachutes:
> avarace towlins-t
basec on suriece area of the
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TABLE I.- AREAS AND DESCRIPTIONS OF PARACHUTES TESTED

Projected Normal
d?i;i?g? Ng:ﬁil Egzﬁagg area of | Materlal|length of

Parachute designation of canopy|diameter|canopy |inflated of shroud
(ft) (ft) (sq £t) | c&nopy canopy line
1-ft pyramidal (37 in. high)| 1.00 e 6.17 1.00 S11k 1.7
l%-ft octagonal 1.46 0,12 1,78 98 | ===do==~ 137
2.%-ft square pilot 2,68 |~cmcecea 17.20 7419 |--=do--~]. P19
3-ft octagonal 2.93 25 7.06 5.88 cwedOw=-- 3.2
:%-ft octagonal 3.51 .25 10422 5462 |===do=-~| 4.0
5=ft circular 4.85 «29 18.51 10.18 ceewdOw—- 5.3
8-ft l6-sided 7 .67 .88 46.70 25.68 Nylon 7.2

8Including vent.

Pshroud lines replaced by fabric vanes extending 1.9 feet below the canopy

(see fig. 3).
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155 NACA ARR No. L6Al5
TABLE II.- CONDITIONS TESTED ON PARACHUTES
[Data obtained inaicated by »]
Towline tension
Approx. Shock load Drag of Angle
Parachute towline| Measured |Balanced|in towline| free para- between
designation length | ¥ith deflec-|against during chute with |parachute Data
(£t) tometer known openings |load attached|and wind
weights axes
Tested in Langley 20-foot free-spinning tunnel
8)-ft pyramidal 0.2 # Text
b1-ft pyramidal 0.2 #* Text
‘1%~rt octagonal 0.2 #* Fig. 12
°1%-ff octagonal 0.2 #* Fig. 14
%—rt square pilot) 4 * * Table IV, fig. 8
a%-re square pilot| 2.2 * # Table III
3-ft octagonal 2.2 * * Table III, fig. 7
3-ft octagonal 4 * able IV, fig. 8
3~-ft octegonal 4 # Figs. 9, 11
43.ft octagonal 4 to 6 * Fig. 12
dz.ft octagonal 4 * Fig. 13
®3-ft octagonal 4 # 3 e Table V
3-ft octagonal 4 #* Text
gS%fft octagonal 4 #* Text
%—ft octagonal 2.2 * » Table ITI
3%.-ft octagonal 17e8 » * Table III
&%—rt octagonal 4 2 Table IV, fig. 8
5-ft circular 2.2 #* * Table III
5-ft circular 17.5 * * Table III
5-ft circular 4 * Table IV, fig. 8
5-ft circular 4 * Fig. 10
a5-ft circular 4 to 7 %* Fig. 12
f5-ft circular 4 # Text
8-ft 1l6-sided 1 3* Table IV, fig. 8
g-ft 16-sided 2.2 * d Table III
B-Tt 16-1ded 15 ® Table III
Tested in Langley full-scale tunnel
-ft circular 1) Table VI
R-ft 16-sided 15 Towline tension measured on balance system of tunnel Table VI
Tested in Langley 18-foot highespeed tunnel
3-ft octagonal 0.2 Table VI
;%-rt oétagonal 0.2 Table VI
. Drag component of towline tension measured on
5=-ft cireular 0.2 balance system of tunnel Table VI
8-t 16-sided 0.2 ¥ Table VI

8gshroud-1line length varied.

bUpper two-thirds of canopy removed, O.67-foot-square cap sewn on.

Cyent diameter was

varied.

dCentral shroud line added between apex of canopy and junction of shroud lines.
emour fabric vanes added to parachute.
fparachute with vent closed.

Eparachute with double and quadruple canopye

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



NACA ARR No. L6AlS5 16
TABLE III.- MAXIMUM ANGLES OF PARACHUTE AXIS FROM WIND AXIS
AND TOQWLINE TENSIONS TAKEN FROM TIME-TENSION RECORDS
OF PARACHUTE TENSION IN LANGLEY 20-FO0O0T
FREE-SPINNING TUNNEL
Maximum Towline
Towline| Tunnel air- jangle of tenslon
d§:§2§zzign length speed parachutd (1b)
(ft) (ft/sec) laxis fron (a)
wind axig 2y, [ min.| Max.
(deg)
2%~ft square pilot| 2.2 44.40 2 11.0f 6.0} 15.0
Dowencacca= 262 60,40 2 21504 12502855
Do--------- 2.2 77.75 2 34'0 14.0 41.5
DO"" ----- - 2.2 92.55 2 4600 2100 65'0
3=-ft octagonal 2.2 44,25 23 1050 1O GO 2D
1 DOommm e —- 2ol 60,20 22 21,51 20501 24.5
o5=-ft octagonal 2.2 44,35 ol 166} " E5C0HREBSS
Dommmcnncna 22 53 .60 25 20288 SleD
Dowre o omwoe = 17.5 60.30 -------- 54.0 OO0 o0 40,0
Dosvcone —w= 1'7.5 77.60 -------- 58.0 50.0 65,
DO--m---- 17.5 92.20 16 84.5 74.5 94.5
5-ft circular oNS 44,55 28 3051 2960/ 'S5.5
DOmemcncmca 202 60.60 28 67,9 64075 0
Dormmm—me—— 2.2 78,00 26 112.5| 95.0(124.0
Do=meemenee 2.2 92.60 24 156.0[133.0(173.5
DOo=memmmm—= 17.5 78,00 14 126.,5|117.0{144.0
Do=mmmmecn— TeS 92.60 14 140, 51235 . QS5 S
8-ft 16-sided el 26,90 29 28.01 " 28501280
Domemmwcmea 2ol 46.80 1135 82.5] 80.5] 85.8
DOowm=mme=—= 2.2 62.85 8 149.5/141.5}156.0
Do-=~==-~=-== 2.2 78.70 6§} 235.0{229.51239.0
Do=mmmmm——a S 2 95.60 8 @22.0 308¢5] 331.5
Dommmen e 15.0 26,90 abal 23,01 230 2540
5 L 15.0 49,75 617 87.0] 85.0| 92.0
Dommemmmmee 15.0 62 .85 13 138.51131.5] 141.0
v RS 15.0 78.70 10 205.5]196.0]209.0
Dommemm—e= =] 15,0 95.60 15 88.5|282.5]296 .0

8yeight of parachute and

total alr load along axis of parachute.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE IV.- TOWLINE-TENSION COEFFICIENTS BASED ON DIRECT FORCE

MEASUREMENTS OF PARACHUTES IN THE LANGLEY 20-FOOT FREE-SPINNING TUNNEL

Parachute description tensiggw%gggzicient
Based on Based on

Material Towline surface projected

Parachute designation of length area given | area given

canopy (ft) in table I | in table I
2%-1‘1; square pilot Silk 4 0.29 0.69
3-ft octagonal ~==dOo=== 4 .73 1.33
3%-ft octagonal ~==@O==- 4 .78 1.42
5-ft circular wew@Om—- 4 82 1,47
8-ft 16-sided Nylon «58 1.04
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COMMITTEE FOR AERQNAUTICS

4T

*ON H¥V VOVN

GTV9l



NACA ARR No. L6Al5

18

TABLE V.~ EFFECT OF FABRIC VANES ON TOWLINE TENSION, DRAG, AND ANGLE

BETWEEN PARACHUTE AND WIND AXES ON 3-FOOT OCTAGONAL PARACHUTE

[Datt obtained in Langley 20-foot free-spinning tunnel]

Location of fabric Towline=- Angle between para-
vanes (four radial tension Dra chute and wind axes
vanes intersecting coef~ coef- (deg)
perpendicular at ficient ficient Tn simu- %ﬁ simu- |
axis of symmetry) lated lated
tow free drop

(a) (b) Av, [Max.| Av. | Max,
Without fabric vanes 0.73 0.79 26 29 c—- 34
Extending from apex of
canopy to periphery of .68 .66 - 25 ——— 30
canopy . ;
In cavity of canopy
extending downward
one-fifth of shroud- »68 «65 - 12 ——— 22
line length
In cavity of canopy
extending downward
one-half of shroud- 60 +70 "o 9 | ===1:20
line length®
Extending from towline
attachment to periphery «59 62 10 14 15 24
of canopy
Extendi?g from peri-
phery of canopy down-
ward one-half of +61 .63 10 15 27 27
shroud-line length
Extending from towline
attachment upward one-
half shroud-line e «70 23 e =
length

8yalues given are averages of several tests.

Pvalues given are for single test with load of approximately

10 pounds.

CFigure 15.

NATIONAL ADVISORY
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TARLE VI.- COMPARISON OF TOWLINE-TENSION CQEF*ICIENTS OBTAINED
FOR PARACHUTES IN LANGLEY 20-FO0T FREE-SPINNING, FULL-SCALE,

AND 16-FOO0T HIGH-SPEED TUNNELS

[Coefficients are based on surface area of canopy]

Towline-tension coefficlents
, Parachute Langley 20-foot free-|Langley full-scale|Langley l6-foot high-
designation spinning tunnel tunnel speed tunnel
(a)
3-ft octagonal B0 T L N etieeenee bo 75
Sé-ft octagonal 78 | memescac-- 73
5-ft circular .81 070 79
8-ft 16-Sided 058 057 0055

ayglues obtained at approximately 60 miles per hour indicated alrspeed.

brstimated value assuming an average angle of 27° between the parachute
and wind axes.

Crpstimated value assuming an average angle of 10° between the parachute
and wind axes.

‘ON ddV VOVN
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Figure 7.- Typical time-tension record of parachute towline
tension in steady air stream. Record is for 3-foot
octagonal silk tail parachute tested in Langley 20-foot
free-spinning tunnel at 60.2 feet per second; towline
length, 2.2 feet.
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Figure 1ll.- Typical opening of 3-foot parachute from
standard parachute pack tested in Langley 20-~foot
free-spinning tunnel. Air-stream velocity, 39.5 feet
per second; time interval between each frame approxi-
mately 1/32 second.

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS
LANGLEY MEMORIAL AERONAUTICAL LABORATORY - LANGLEY FIELD, VA.
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NACA ARR No. L6A15 Fig.

Figure 15.- The 3-foot parachute equipped with fabric
vanes tested in Langley 20-foot free-spinning tunnel.
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