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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1869

WIND-TUNNEL INVESTIGATION OF THE OPENING CHARACTERISTICS,
DRAG, AND STABILITY OF SEVERAL
HEMISPHERICAL PARACHUTES

By Stanley H. Scher and Lawrence J. Gale
SUMMARY

An investigation has been conducted to determine the opening charac-
teristics of several hemispherical parachutes at airspeeds up to 200 miles
per hour and to study the influence of the parachute deslign varisbles on
these opening characteristics. The effects of design varisbles on the
drag and stability characteristics of the parachutes were also evaluated.

Some of the parachutes "blossomed" fully when opened in the air
stream. Beneficlal effects on the parachute opening characteristice were
obtained when longer shroud lines relative to parachute diameter were
used, when the floating hem lines were tacked to prevent the hem-line
loops from pulling out under load, or when a strip of low-porosity fabric
was provided around the canopy in the area immediately above the hem
line. The drag characteristics of the parachutes were not appreciably
affected by these changes in design. The stability characteristics of
the parachutes were affected somewhat adversely by the use of the low-
porogsity fabric just sbove the hem line. For a glven parachute, increased
airspeeds generally impaired opening characteristics, lowered drag coeffi-
cients, and improved stability.

INTRODUCTION

Before some types of airplanes are accepted by the Armed Services,
the contractor is required to assure by flight tests that the airplane
will be satisfactory in recovery from a spin. During the spin demon-
stration flights, the airplane is usually equipped with a tail parachute
for use as an emergency gpin-recovery device. In the past, flat-type
parachutes made of silk or nylon such as is conventionally used in
personnel-type parachutes have been successfully used to effect gpin
recovery both in flight and with dynamically scaled-down airplane models
in the Langley 20-foot free-spinning tunnel. The use of conventional
parachutes has been objected to, however, on the grounds that, because
of their inherent instability, they cause dangerous pitching and yawing
gyrations of the airplane when opened- during level-flight check runs
prior to the spin demonstration flights. Unpublished results of a
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recent NACA investigation indicate that a stable rather than a conven-
tional parachute would be desirable for use as an emergency spin-recovery
device. In connection with the aforementioned investigation it was
noted that although the stability of a parachute could be improved by
increasing the porosity of the fabric in the canopy, the opening charac-
teristics of the par%chute m%ght be affected adversely, that is, the
parachute might not blossom fully immediately upon being opened and

its maximum potential drag would therefore not be obtained to effect
rapid spin recovery.

The present investigation was made in order to obtain more infor-
mation regarding the principal design variables that influence parachute
opening characteristics. A parachute manufacturer made available to
the NACA seven types of hemispherical parachutes for this investigation.

A feature of the design of some of the parachutes was a strip of low-
porosity material in the canopy area just above the hem line which the previ-
ously mentioned investigation had indicated would be beneficial to opening
characteristics. Each of the hemispherical parachutes differed somewhat

in design and an attempt was made to evaluate generally the effects of
shroud-line length, fabric porosity and weight, and hem-line construction
upon opening characteristics. Tests were also made to determine the

effects of some of these design varisbles on the drag and stability
characteristics of the hemispherical parachutes.

Motion pictures of the opening characteristics of the parachutes
were obtained during the tests and are available for loan upon request
from NACA Headquarters, Washington, D. C.

SYMBOLS
L length of parachute shroud lines, feet
D projected hemispherical dismeter of parachute, feet
q dynamic pressure, pounds per square foot(i%pV?)
v ( airspeed, feet per second
P density of air, slugs per cubic foot
S projected area of parachute, square feet <£gi>

drag coefficient of parachute GQEEE
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APPARATUS

Wind Tunnels

Tests to determine the opening characteristics of the various
hemispherical parachutes were made in the Langley 300 MPH T7- by 10-foot
tunnel, which is a horizontal atmospheric wind tunnel. Tests to
determine the drag and stability characteristics of the parachutes were
made both in the Langley 300 MPH 7- by 10-foot tunnel and in the Langley
20-foot free-spinning tunnel. The Langley 20-foot free-spinmning tunnel
is a vertical atmospheric wind tunnel with a vertically rising air
stream.

Parachutes

The parachutes used in this investigation had preformed hemispheri-
cal canopy shapes. The construction and dimensions of the parachutes as
well as the porosity and weight of the canopy fabrics are shown in
figures 1 to 7. The porosities given for the material in the parachutes
were obtalned from the manufacturer and are presented as the cubic feet
of air that will pass through 1 square foot of the cloth per minute
under a pressure of lﬂ% inch of water. The weight of the nylon presented
in the figures indicates the approximate weight of 1 square yard of the
cloth. The parachutes were constructed with floating hem lines. (See
fig. 8.) During many of the tests, the hem lines were tacked (fig. 9)
to prevent the hem-line loops from pulling out and thus distorting the
parachute shape during opening.

METHODS AND TESTS

For testing the opening characteristics of the parachutes in the
Langley 300 MPH 7- by 10-foot tunnel, the packed parachute wilth its
towline was fastened to a cable which in turn was fastened to the tunnel
balance scale. When an airspeed of about 200 miles per hour was
attained, the pack was opened from outside the tunnel by pulling a chord
attached to a pin which held a canvas restraining wrapper on the para-
chute pack. The ensuing action of the parachute was then observed and
motion pictures were made of the tests. A pictorial sketch of an open
parachute in the Langley 300 MPH T7- by 10-foot tunnel is presented in
figure 10.

For the parachutes which blossomed fully when opened in the
Langley 300 MPH 7- by 10-foot tunnel, drag-force measurements were
made for an airspeed of 200 miles per hour. In the Langley 20-foot
free-spinning tunnel, the drag of the parachute was determined from free
tests during which the fully blossomed parachute supported a small
spherical weight In the vertically rising air stream. The drag of the
parachute was then taken to be egual to the sum of the weight of the
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parachute and the suspended weight. The drag coefficients calculated
were bagsed on the projected area of the hemispherical canopies. The
tunnel airspeed during these tests was approximately 17 miles per hour.

The stability of each parachute which blossomed fully at 200 miles
per hour in the Langley 300 MPH 7- by 10-foot tunnel was determined by
observing its behavior at this speed. Also, the stability of each para-
chute was determined at a speed range of 30 to 46 miles per hour for
the fully blossomed parachutes which were fastened to a horizontal bar
in the Lengley 20-foot free-spinning tunnel. At a given airspeed, para-
chutes which alined themselves with the eir stream or which inclined no
more then a few degrees (3° or 4°) from the air stream and did not
oscillate were considered stable.

RESULTS AND DISCUSSION

The results of the investigation to determine the opening and
stability characteristics of the parachutes are presented in table I.
A1l parachutes which blossomed fully or even opened to a pear ghape
withstood the force of the air at 200 miles per hour without tearing.
The results of drag measurements are shown in figure 11.

Parachute Opening Characteristics

Effect of shroud—liﬁe length.- Parachute 1 did not blossom to a

hemispherical shape when the pack was opened at 208 miles per hour but
rather opened to a pear shape. Parachutes 2 and 3 did not open 8o fully
as did parachute 1 in spite of the fact that parachutes 2 and 3 were
constructed with low-porosity fabric in the canopy area Jjust above the
hem line (figs. 2 and 3), which, according to previous experience
(unpublished data), should be beneficial to opening characteristics.

It appears that the poorer opening characteristics of parachutes 2 and 3
_were caused by their lower ratio of shroud-line length to parachute
diameter (1 as compared with 3 for parachute 1). This result is in
agreement with unpublished British data which show that long shroud-line
length relative to parachute diameter is desirable for good opening
characteristice of parachutes: Film strips showing the opening of
parachutes 1 and 2 are presented in figure 12.

Effect of hem-line ,tacking.- As previously indicated, the para-
chutes were constructed with a floating hem line, the operation of which
is shown in figure 8; parachutes 1, 2, and 3 all had this type of hem
line when tested. Ih an attempt to obtain satisfactory opening charac-
teristics of parachutes 2 and 3 at 200 miles per hour, the hem lines of
these parachutes were tacked in such a manner as to prevent the hem-line
loops from pulling out appreciably. (See fig. 9.) With the hem lines
tacked, the parachutes blossomed fully at 200 miles per hour except for
a slight contraction caused by the shroud lines' pulling out small loops
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of the hem chord. Film strips showing the opening of parachute 2 with .
ites hem line tacked are presented in figure 13. It is believed that
had the hem line been tacked completely the slight contraction of the
parachute would not have occurred. Because tacked hem lines had such a
beneficial effect on the opening characteristics of parachutes 2 and 3,
all the parachutes subsequently tested were tested only with tacked hem
lines.

Effect of fabric porosity.- Parachute 5 (fig. 5) did not open in
the alr stream at an airspeed of 200 miles per hour. As the airspeed
was reduced, the parachute tended to open a little but still did not
open fully. The failure of this parachute to open was probably due to
the fact that the entire canopy was constructed of high-porosity
fabric (502), which result is in general agreement with previous experi-
ence. Parachute 6 (fig. 6) also did not open in the air stream at
200 miles per hour. Parachute 6 was generally similar in construction
to parachutes 2, 3, and 4, but the fabric porosity in the region Just
above its hem line was higher (162 as compared with 96, 137, and 118,
respectively). The failure of parachutes 5 and 6 to open in the air
stream may be a further substantiation of the fact that a region of low-
porosity fabric immediately above the tacked hem line of a parachute
has a favorable effect on its opening characteristics.

Effect of fabric weight.- The weight of the fabric appeared to
have little effect upon the opening characteristics of the parachutes.

Effect of crown vent.- Parachute 7 differed from the other para-
chutes tested primarily in that it had a single-thickness low-porosity
crown with a high-porosity vent. The parachute opened to a pear shape
at 200 miles per hour in a menner similar to parachute 1. As the speed
was lowered, it opened more than at high speeds but it still did not
open fully. Comparison of the construction of parachute 7 (fig. 7)
with that of parachute 1 (fig. 1) indicates that in addition to differ-
ences in crown construction, parachute 7 differed from parachute 1 in
that it had lower porosity in the main body of its canopy, had a tacked
hem line, and had a lower ratio of shroud-line length to parachute
diameter. The flrst two differences should have been beneficial to
opening characteristics of parachute 7, whereas the third should have
impaired its opening characteristics. Inasmuch as the quantitative
effects of the aforementioned design differences were not known, an
evaluation was not possible of the effect of the differences in the
crown nor the effect of the vent. A comparison of parachute 7 with para-
chute 2 indicates that, in addition to differences in crown construction,
parachute 2 had a region of low-porosity fabric immediately above the
hem line. The results indicate that alteration of the crown construction,
including the addition of the vent, did not tend to improve opening
characteristics as much as the installation of the low-porosity fabric
immediately above the hem line.
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Effect of Design Variables on Parachute Drag Characteristics

The drag coefficlents obtained for each parachute tested in the '
Langley 20-foot free-spinning tunnel (at approx. 17 mph) are plotted as
a function of the porosity of the febric of the large middle panel of
the parachute canopy- (See fig. 11.) Included in figure 11 for com-
parison is a curve from a previous investigation showing the variation
of parachute drag coefficient with parachute porosity. For the previous
tests, each hemispherical parachute had its entire canopy made of
material of a given porosity. The test points for the present investiga-
tion fall along the previously established curve and the results indicate
that the parachute design varilables investigated did not appreciably
affect the drag characteristics of the hemispherical parachutes.

Drag coefficlents obtained for the parachutes in the Langley 300 MPH
T- by 10-foot tunnel (at approx. 200 mph) are also plotted in figure 1l.
All these drag coefficients are appreciably lower than those obtained at
low speeds in the free-spinning tunnel. The decrease in drag coeffi-
cients may have been due in part to distortion or changes in the parachute
fabric with the increase in airspeed which may have resulted in greater
porosity. This result is in general agreement with previous NACA data
which indicated that when a hemispherical parachute was opened at low
speed, the drag coefficients decreased as the speed was increased to
200 miles per hour even though the parachute remained fully blossomed.
Tn addition to fabric distortion, the slight contraction of the para- '
chutes when opened at 200 miles per hour (table I) may have been a factor
contributing toward the decrease in drag coefficients. '

Effect of Design Variables on Parachute Stability Characteristics

The results of the investigations made to determine the stability
of the parachutes are presented, as mentioned previously, in table I.
Only parachutes 1 (porosity hoos and 5 (porosity 502) were steble at
all airspeeds tested. The results obtained with these two parachutes
indicate that the stebility of a parachute improves as the porosity
increases and that for porosities over 40O the angle a parachute makes
with the air stream approaches zero. These results are in agreement
with previous NACA experilence.

The effect of shroud-line length on the stability of a parachute
has not been specifically determined during the present investigation
but previous experience has indicated 1t to be small. Since para-
chutes 2, 3, 4, 6, and 7 were not stable at 30 to 46 miles per hour, it
appears that the use of low-porosity fabric near the hem line impaired the
stability characteristics of the parachutes somewhat for these speeds. "
At 200 miles per hour no apprecilable adverse effect of low-porosity fabric
near the hem line was indicated. A general comparison of the gtablility
indicated for the parachutes at 200 miles per hour and at 30 to 46 miles J
per hour indicated greater stability for a given parachute at the higher
airspeed. As previously discussed, possible distortion in the parachute
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fabric at high speed may have effectively increased the porosity. This
possible increase in porosity may explain the increase in stability.

As shown in table I, parachute 4 was somewhat less stable at all
airspeeds tested than were parachutes 2 and 3. This difference in
stability may be a result of the appreciably greater weight of the fabric
in parachute 4 as compared with the fabric used in the other two para-
chutes. This single test result indicates that fabric weight may be a
secondary factor contributing to parachute stability.

It should be possible to develop a hemispherical or other type of
parachute that will blossom fully and quickly and yet be stable, such
ag is desirable for spin-recovery parachutes, by application of the
principles and results discussed herein. These results indicate that
as airspeed is increased, the opening and drag characteristics of a
given parachute are affected adversely, whereas the stabllity charac-
teristics are improved. Proposed parachute designs ghould be checked
by testing the full-scale parachutes at the desired airspeeds before
being selected for a specific use.

CONCLUSIONS AND RECOMMENDATIONS

On the basis of the results of investigations of several hemispheri-
cal parachutes to study their opening characteristics and to evaluate
the effects of the parachute design variables on the opening, drag, and
gtability characteristics of the parachutes, the following conclusions
and recommendations are made:

1. Some of the parachutes blossomed fully in the air stream if
their hem lines were tacked.

2. In general, beneficial effects on hemispherical-parachute
opening characteristics were obtained when greater ghroud-line Jlength
as compared with parachute dismeter was used, when the floating hem
lines were tacked to prevent the hem-line loops from pulling out under
load, or when a strip of low-porosity fabric was provided around the
cenopy in the area immediately above the hem line.

3. The drag characteristics of the parachutes were not appreclably
affected by changes in shroud-line length, by tacking of hem lines, or
by use of a low-porosity-fabric strip above the hem line.

L. The stability characteristics of the parachutes were affected
somewhat adversely by the use of the low-porosity fabric Just above the
hem line.
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5. For a given parachute, increased airspeeds generally impaired
opening characteristice, decreased the drag coefficient, and improved
the stability.

6. Proposed barachute designs should be checked by testing of full-
gscale parachutes at the desired airspeeds before being selected for a
gpecific use.

Langley Aeronautical Laboratory
National Advisory Committee for Aeronautlcs
Langley Air Force Base, Va., February 17, 1949




A~ VIVN ™

*POEWIAST,
*PONOVy 40U SUIT WOH,

*¢ ‘xeqewstp eqnuyonawd 04 YjBUST OUFT-PNOIUR JO oT9mig

*I936WBLP UL UL #g'TL OINUOBIBy

mweea}8 ITB PIOYO WY . .
WITA o0 3O 8 N om 3o 8dooT 8y 8T°e ot LET €
oTRuUB opEm o1 Kouepue Trews gno SuppTnd I
£TTRUOTSBO00 + Pued SOUTT PuoIUs udm 002 Jo
WBTTS UITA ¢ poedsays Tewuny 38
pus LTMOTE £q Ppesnso JI096WMETD
Lpreqs Ltarsl pouedo. xoed ognyovIsg
PUOIB 6TOITO ot oxon goguyourey| TF WOTIOUPST UBTTS 64T ge T 29€ 96 2
09 pepusq JoJ qdeoxe ALTng
g equuouIed POmOSS0Tq BEFNYOBIBY
g eqnyosaad ndm ooz Jo
J0J esoyq peedsate [euuny 9® I8°H gre wOR LET €5
oq JeTmrre sqTneey { peuedo owd egnyosreg
TOTFFPUOD
wedo ATTeTgred
04 uTsde perdwTTod udm gog
- £1ueppue eanyo 09 ATTeupRLd
—wred gdm 00c 3% Ppeswedouy poeds
TIJun posBOIOUT SBA —178 ueyy ‘peeds
poedsate 8w uedo =78 MOT 9% puwy £q
L) 2 egnyowIed | wedo PeoIoF ejm
POUTHWOL SITY; d P F ejngosIRy 64°T g6 T 29 96 20
613311 ® usdo
0OF POPpUe] 6qNYOBIBI peonped peedsary
SuTIBes
9938 09 eguyd
uuuuuuuuuuuuuuuuuu —eged p U308 ydx nog Jo
Bupddiys {4LTTeTgTB4 poedeaje Tewums 3@
A1uo peusdo equuowasd | pewedo jowud. ejnyoureg
peouped smM ydm ¢ 03 ydm gog
------------- poeeds sw edsys Jweed WoIJ peouped
peursjed enyoBIeg peedsars Teuuny
0°€ 03 G°T 0°c o3 ¢* 001 00% Toeqe
weed}s IT¥ UL udm gog Jo ® ._wc ot
Apweqs LIea L/ S N odeys Jeed peumsww veedsate Temms 38
SBA @nUsBIeB] pue peuedo eguyosasg | peuedo Xowd eqnuowTey
(Bep) v eulf
WeeIG8 ATE UITA UMOLO' W] PUB | SUFT WY OAOQE | WMOIO UF PUB | pey‘oioqe
g4Ueumo) opeuw egnyowTed Towed upeEm ATegeTpeumt Toued upvm AToye]peumy
oTPUs WK qdw 00z Y | ejugouwded Jo JOTAwYUSE 3803 Jo woijdiIoseq T} OTIqRL OTaqBL U OTIqEL 01248 oqnyouTeg
qdm gy 03 0f ¥V - (04 bs/70) (T03BM .«ow.ﬁ 2/T 3@
TOTAU Jo JYBTOH /33 be/a3 mo)
80798 TI0308T8Y0 LA4TTIq6IE §07481X0308I8Y0 Sutuedp £Lq190a04

NACA TN No. 1869

[wsozo ssewiorai—oTqnop pe pue fseury wey pexowy PWY

"TENNOT, DNINNTJS—HHNA LOO&0Z XETONYT FHL (NV TINNAL LOOFOT X& —L HdW 00t XATONVI HEL

I "IV

‘T Jo -werp ejugowxed 03 YIBUST SUTT-DNOJYS JO OF4RX PEH ‘SCUTT TNOMS QT PeY ‘*WRID Uf °Ul Of odes sejnyowssd TT® PeqBOTPUT 08TAI6UZO 5SOTWI)

NI SISEL WOUI CINTWHELING SEINEIVIVE TVOINIEISTWIH SOO0TYVA J0 SOIISTMALOVHVED ALTTIAVIS ANV ONINEIO




NACA TN No. 1869

O
=

*206 £31s0d0d ‘uoTfu pL dm\ 20 QG*H JO UGA TMOID UM TMOIO s5ew{0TY3—oT8uTS, o

vedeus
............................... Jeed oumoeq
apede eqnyowTed peseedou] poedsxty
gpeedsars MOT
............................... 9% woae uedo LTTMI
30U sBA qnq €eg ¢ ‘
ATz 2 ‘wmoapn LET ‘umoxp
sJom peuedo egnUdBIBI peonpea peedsITy oeT P 6T ote crowed oTE »m
moass urey uTey
I8 UL Y3I03
PuB HoBQ
£TETONUTIUOD ydm 002 Jo
“POAOE BNYIBIBL 9 ] meemmmmmee- odeye Jeed pemnsss peodeaie Towumy 39
pue_pouedo eqnyoureq |peweds soed ejnyovIed
odueus
............................... aeed ® up wedo ~
07 POpuUey SgNUORING ‘peonpex, peedsaty .
L 181 #2°3 Loy 29T 9
YA 002 30
........ 8 B uedo poedpaie Towmng 3%
qou PIP eqryouTey | pousdo Noed eguyoeLsd
R N oT9471 ® wedo
.............................. 09 pepues eguyoBIRy peoupex peedsaty
SurTeey 3838 . . .
o7 equyoesEd (481 91 208 206 4
Weoays - IT® UT 0 | ememeemeee- pOSNBS TOTJOR udm 002 Jo
Apsens faca Supddys fuedo peedslrs Toummy 38
BBM 6gnYoBIBI qou PIP eanyosTed | peuedo yowd eqnuovreq
seutrT
wWoY PeXOBg
U £ pus
2 sequuowxad
WRGIFH 88 Lpwogs
ate WML 0 JO T 8 q0U SBA [434°] H#6°L gEY 8Tt L
oTduw epem ATT® PuUw WBOIIT
—TOTBBOVO PUR ate YT eutT
3403 TUe ¥9Bq oT8uwe TTews wey PeNOTI UITA wdw 00z 30
eAom 07 POPUS 38 POYBOTT € pue g ©8 omwes poedsae Teuuny 3v
eqryoBIBg eqnyowIed pewoesoTq ejuyorled | peuedo Jowd ezmmoBIBL
paoyo Wy udm 002
ey go edooT TTwms 09 POsweISUT
............................... qmo peTInd sewyT peedsaye ‘uedo 18 gr'e ot Let €
proays s LT4UBTTS L1eqeTdmoo peool
POORIIUOD SJMDTIBRJ | o3myorTed Jo SUIT WOE
wse. .E,M_mwww - THOIO U] PUR | OUTT WON QAOQR{ UMOIO UL PUB Emﬂou.“pu
HUEUTOY opvm equyouTRd wdu 002 3V oqnyoered Jo JotAvreq | 4se3 Jo wopydrzoseq | Tewed wysw ATeg8TpOUMT Teuwed upwm JEp—-—
. up ofIqed oTIqEL up o1aqed
oTSuR wruIeR ofaqsd eqnyoBIeg
udw gy o3 OF 3V (& BB/70) (@o9ma Jo ‘Ul /T %8
wWTLT Jo uPTOM wn/33 b8/ag mo)
S04 TI0908I8Y0 £ LTIA9IS goy4eTI0q0BIEyS Bunedo £q18030d

‘pepnTouo) — THNNAL DNTNNIAS-EIEI J00J-02 KTTONVI FHL NV TINNOL IOOX-0T X —L HIW 00t ZFTONVI HHL

NT SISEL WOud CENDWEETEC SEINFOVIVE TYOTSFHASTIEN SNOTMVA 40 SOIISTHAIOVEVAD ALITIAVIS aNV ‘DNINEIO

popNToWR) — I WIHVL




11

NACA TN No. 1869

*I06WBIP YOUT—Q  IT {1 oInyosIey —°'T OJINITI

S3NIT 9|

00Y ALISOHOd

(a31viniLs3)
NOTAN 20 02 0L S'i

NMOYD
SS3ANMOIHL1-3719Nn0a




* 1030WBTP YOUT—OE (g ©3NUOBIBI —'Z OINIT]

NACA TN No. 1869

e

S3ANIT 9l

96 AlISOY0d
NOTAN ZO 8¢l

29¢ AlisSO¥Od
NOTAN ZO 61

NMOYO
SSANMOIHL - 3718N0d

12




13

NACA TN No. 1869

*J696eWwBTP YOUT—OE {f ejnyosaei —°*¢f eIndLd

N

S3ANIT 9l

L€l ALISOY0d
NOTAN ZO 8i'2

~ NMOYD
SSINMOIHL - 318N00

Y0¥ ALISOYOd
NOAN 20 I8tV




*JeqemslP YOUT-QE £f e3nyowIB —°'4 SMMITH

NACA TN No. 1869

7 VIOVN ™

S3NIT 9l

3NIT W3H a3aXoVL

811 ALllso¥od
NOTAN ZO +61L

NMOYO
SSANNMOIHL-318N034

get ALISO¥Od
NOTAN ZO0 GI'9

ik




15

NACA TN No. 1869

*I8q6mWBTD YOoUT—QL ¢ eqnyoBIsi —°¢ oandiqg

SANIT 9l

3NIT W3H a3axovl

S phcksd
s SRR R IR KGR et
d

ATt tetetetedele LSRRI
IR ICRAI 00 RCRHLK LKA
RSN RIRRRALKKOE
R0 R [O000 RIS
R0 R [0 RR R INKILRS
0 R H IR 19 RR KIS

AR bt

m .r-F_MWﬁVNKAVAm KR
L%
10965 %
‘adetele!
LRRKS
LR
. LXK
alelelniely
£50K
%580
o teletete:
Welelelele!
(088874
0XRe
5855 Z;omuv

SSANMOIHL-379N0a




°J0q0ewBTP YOUI—Qf {9 equyoBIBl —*Q 8INITH

NACA TN No. 1869

. | TN

S3NIT 9|

3NITT W3H a3xovi

391 AlISO¥Od
NOTTAN ZO v2'2

LO0bv ALISOMOd

NMOYO
NOTTAN ZO0 +I°2

SSANMOIHL~- 3718100




17

NACA TN No. 1869

*J9qemwBTP UYoUul—Of ¢/, ejnyosasg —') 6anITL

'S3NIN 9l

3NIT WN3H aaxovil

8le AliSO¥0d
NOTAN ZO 8¢l

206 AlISONOd
NOTAN 20 S'v
LN3IA NMOY¥D

L€l AlLISO¥Od
NOIAN ZO €2
NMOY¥O SSINMIIHL- JTIONIS




NACA TN No. 1869

= g
s
> .
. 2 =
5 X et <
W 2z ')
< q
%) m ord
L e - £
o x S
8 w ==z th
>= |
Y o= - w
: - o
. w = 5
= v ot
w = P
T




NACA TN No. 1869

Z

HEM - LINE LOOPS FULLY

LOOPS EXTENDED

MAXIMUM ALLOWED BY TACKS

19

Figure 9,— Tacked hem line.
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Figure 12,— Film strips showing the opening of parachutes 1 and 2 in the
Langley 300 MPH 7- by 10-foot tunnel. Pictures were made at camera
gpeed of 64 frames per second.

O
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Figure 13.— Film strips showing the opening of parachute 2 with tacked
hem 1line in the Lengley 300 MPH 7— by 10-foot tunnel., Tunnel airspeed,
200 miles per hour, Pictures were made at camera speed of 64 frames
per second,
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