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ABSTRACT

Four conventional type parachutes, namely, a
ribbed and a ribless guide surface parachute and a ribbon
and ringslot parachute, were tested at Mach rniumber- of
0.5 and 0.8 to establish their drag and stability char-
acteristics and to evaluate their general performance in
this Mach number range. In all cases the parachute models
were stable and thelr drag coefficlents increased slightly
with increasing Mach number,

It was found that both the drag and the stability
of the gulde surface type parachutes change with cloth
porosity.

Tests also indicate that for both the ritbed
and ribless guide surface parachutes, the tangent force
coefficient increases with increasing stagnation pressure
at a constant Mach number, and while the stability of
the ribless guide surface parachute increases, that of
the ribbed type 1s ewssentlially unchanged.

Tests on ribbon and ringslot parachutes of equal
geometric porosity indicate that while the drag increases
as the ribbon width increases, the stabllity of these
parachutes doers not change significantly with wider ribbons.

The moment coefficlents of gulde surface para-
chutes and their derivatives with respect to the angle
of attack were in all cases higher than the comparative
values of the ribbon or ringslot parachutes.
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I. INTRODUCTION

The performance characteristics and the reiated
aerodynamic coefficlents of conventional parachutes and
their range and mode of variation are fairly well known,
especlally at low subsonic speeds. Although these para-
chute types have been used successfully at higher speed
for some time, no sreat deal of analytical and laboratory
studies have been performed to evaluate thelr performance
in this flow regime.

The main objective of this study is to establish
the aerodynamic coefficients of four conventional parachutes
at Mach numbers of 0.5 and 0.8, These endeavors were
carried out in wind tunnel studles using scaled models
of ribbed and ribless gulide surface parachutes and ribbon
and ringslot canoples. These studles are similar to an
early work performed at a Mach number of 0.1 (Ref 1).

Wherever possible, the measured aerodynamic coef-
ficients have been related to the physical characteristics
of the parachute. The cloth porosity was chosen as this
characteristic for the gulde surface parachutes, and in
the case of the ribbon and ringslot parachutes, the aero-
dynamic coefficlents are related to the width of the ribbons
from which the canoples are constructed.

Several additional tests were performed to
establish parachute performance at various pressure levels
and to evaluate drag coefflcient changes with Mach number.

The parameters presented in this report can be
used for the calculation of the rate of descent and for
an approximate determination of the static and dynamic
stabllity depending on the altitude and velocity at which
the parachute functions.

II. EXPERIMENTS

1. Coordinate System

In thls study the physical coordinates of the
parachute are used as the major axis (Fig 1). For this
case, the following forces ara moments are encountered:

a) The tangent force, T, acting along the center-
line of the parachute. This 1s a drag force
at zero angle of attack.
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b) The normal force, N, acting perpendicular
to the parachute centerline.

¢) The moment, M, defined as the aerodynamic
moment about the nominal confluence point
of the parachute suspension lines. The
moment 1s positive when in the same direction
as the angle of attack and 1s stabilizing
when the slope dCy/dX 1s less than O (Ref 2).

2. Aerodynamic Coefficlents

The force and moment coefficients calculated from
the test data employ the conventional relationships:

Cy = N/gs
Cy = M/aSD .

If the force N1 in Fig 1A 1s neglected (Ref 1), then the
moment about the nominal parachute confluence point can

be calculated as M = N2K (Fig 1B). The area, S, for the
gulde surface parachutes 1s based upon the constructed
dlameter, Dp, and D, the typical length in the moment
equation 1s equal to 1.33 Dg. In the case of the ribbon
and ringslot parachutes, the total area, Sy;, and the length
D =Dy = 2‘\/80717'31'6 used,

3. Models
a. Ribbed and Ribless Guide Surface Parachutes

The ribbed and ribless guide surface parachutes
have twe_ve gores and are constructed from the four cloths
listed in Table 2 in Appendix A, The ribbed guide surface
canopies have a diameter of 12 inches. The ribless guide
surface parachutes have a construction diameter, D¢, of
12.63 inches. The twelve suspension lines are 200 1b tensile
strength nylon (MIL-C-17183, Type III).

b. Ribbon and Ringslot Parachutes

The ribbon and ringslot models are linearly scaled
from 50 to 100 inch prototypes with 20 gores and 20% geometric
porosity. The nominal diameter 1s 16 inches and the suspen-
sion lines are nylon cord of 100 1lb tensile streugth (MIL-C-
15020B, Type I). Table 2 in Appendix A summarizes the model
specifications.

Since the loads on the canoples at these Mach
numbers were expected to be quite high, studles were per-
formed prior to actual wind tunnel testing to establish the
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ultimate strength of the canopy and to provide the most
desirable confluence point arrangement. From the results
of these tests, thc maximum loading and, therefore, the
maximum wind tunnel pressures were established.

These preliminary tests, the gore patterns, and

design detalls for all parachute models under consideration
are presented in Appendix A.

L, Exverimental Arrangement

The tests were conducted at the Aerodynamic Labor-
atory, David Teylor Model Basin, Washington, D. C., in the
7' x 10! transonic wind tunnel. This is a continuous flow
facility having variable density capability and a digital
read-out system for force measurements.

The three component strain gage balance, compatible
with existing wind tunnel structure, was designed and built
by D.T.M.B. personnel. From previous experience (Ref 1)
considerable effort was made to keep the centerline sting
as small as possible, and to streamline the upstream struc-
ture to avoid any unnecessary flow interference. The tan-
gent force pickup 1s a small compression member located
under the streamlining in the upstream end of the centerline
sting (Fig 2A) to which the suspension lines are attached
directly. The electrical leads from this element are carried
rearward through the centerline sting and into the permanent
structure further downstream.

The normal force balance consists of two bending
elements placed a known distance apart along the centerline
sting in the area of the canopy vent (Fig 2B). When properiy
oriented and calibrated, this device serves a twofold purpose.
First, the sum of the forces in the two elements ylelds
directly the total normal force produced by the parachute.
Second, knowing the two individual components, the vent
location can be established. Thus, the canopy and suspension
line length, d, 1s directly evaluated.

The tangent force system was desligned to measure
loads up to 600 1lbs, and two normal force elements were
constructed for ranges of 0 to 30 1bs and O to 120 1lts.

The centerline sting (FPig 2C) 1is attached to a
larger boom extending in the flow direction and attached
to a strut further downstream. The entire system was
mounted in the tunnel in such a way as tc provide the
necessary angle of attack range.

5. Test Procedure

Stagnation pressures of approximately one half
atmosphere were chosen to insure the dynamic pressure would

M




€)  PARACHUTE MOUNTED ON THREE COMPONENT STING BALANCE

Fig 2 Wind Tunnel Balance System
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not cause structural failure of the parachute canoples,
Appendix A, After a model was properly installed in the
wind tunnel, the Mach number was set at 0.5 and the oper-
ating conditions were allowed to stabilize for a sufficient
length of time. Force measurements on the garachute model
were then taken at angles of attack from -4° to +10° in 2°
increments, in such a way that any unsymmetries of the
parachute or errors due to the order of loading the balance
would be detected in the data. Approximately fifteen data
points were taken throu;h the angle of attack range. At
angles of attack of 0, ¢. and 10 degrees, high speed motion
plctures were talen. Enlargements of these plctures for
two parachutes are shown in Fig 3.

The wind tunnel speed was then increased to Mach
number = 0.8 and the same procedure was repeated. The in-
tunnel time for each parachute was approximately one hour.

In several instances where additional tests were
performed on particular parachute canoplies, the basic tests
described above were completed first and then wind tunnel
conditions were changed to produce the desired mode of
operation.

The straln gage o.Cputs were recorded directly
nn a diglital readout system at each angle of attack and
were visually monitored during each test to insure proper
operation. A punch tape from the digital readout system
was utilized by a computer, programmed to reduce the data
to coefficient form.

III. RESULTS AND ANALYSIS

The values of the force and moment coefficients
were plotted directly from the computer outputs and then
adjusted and alligned to account for small deviations in
the raw data. This adjusted data 1s presented in the graphs
in Appendix B along with tabulated values. In the following
sections the adjusted or basic data are analyzed in view
of effective porosity effects, Mach and Reynolds number
effects, and canopy gecmetry changes.

3 Cloth Porosity Effects

The ribless and ribbed gulde surface parachutes
were constructed of cloth having effective porosity¥* values

* A comprehensive definition and discussion of effective
porosity may be found in Ref 3.
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A) RBBED GUDE SURFACE, 60 NOMINAL POROSITY
ax =0, M=08

B) RINGSLOT, SOIN PROTOTYPE,ac=0, M=05

Fig 3 Parachutes During Wind Tunnel
Operation
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ranging from 0.003 to 0.049 as noted in Table 2 in Appendix A,
Since all of the parachute canopies tested in thie effort
were stable at zero angle of attack, a comparison of the
aerodynamic coefficients at this condition appears to be
sufficient. Figure 4 shows the tangent force coefficient
versus effective porosity for the guide surface canopiles.

For both the test conditions of Mach = 0.5 and Mach = 0,8,

the drag or tangent force coefficient increases with in-
creasing cloth porosity. This general trend was also ob-
served in Ref 1. -

The stability derivative, dCM/dOX , has also been
plotted versus porosity as shown in Fig 5. A change in
stability 1is evident as the effective porosity 1s increased.
The stabllity of the low porosity canopies 1s not noticeab.y
affected by a Mach number increase but stronger stabillity
is indicated with higher Mach number for the more porous
canoples,

2. Pressure Effects

In an attempt to gain some insight into the ef-
fects of upstream pressure upon parachute canopies, une
ribless and one ribbed guide surface parachute were tested
over a range of wind tunnel stagnation pressure conditions.
Thé~Mach number was held conastant at M = 0.5, The 120
nominal porosity ribless guide surface data (Fig 6) shows
a measurable increase in the tangent force coefficient and
increased stability ag pressure increases. The ribbed
gulde surface canopy (Fig 7) shows some increazse in tar-
gent coefficient as pressure increases, but little varilation
of moment coefficient 1s noted.

Changes in stagnation pressure imply comparable
changes in Reynolds number; however, the effective porosity
also varies with pressure level (Fig 8) and it is possible
that the canopy shape 18 also altered. Although the effec-
tive porosity is Reynolds number sensitive (Ref 3), the
changes in shape can in no way be directly assocliated with
Reynolds number,

In-tunnel measurements from photographs at M = 0.5
and M = 0.8 (Pig 9) show that the ribless guide surface
canopies are somewhat susceptible to diameter changes at
various test ccnditions, while the diameter of the ribbed
type canopies remains constant. Since the ribbed guilde
surface parachutes contain a certain amount of supporting
structure, this would be expected.

Thus, the data 1s understood to be primarily de-
pendent on changes in shape which are influenced by stag-
nation pressure levels. If and in which manner the Reynolds
number 1s involved can not ve clearly stated at this time.
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Fig 9 Measured In-Flight Dimensions
of Ribless and Ribbed Guide Surface

Parachutes vs Nominal Porosity
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3. Parachute Geometry Effects

The geometric porosity of all ribbon and ringslot
parachutes wus approximately 20%. The number and the width
of the ribbons and slots were varied in such a way as to
hold this geometric porosity constant. The gore patterns
for the four models tested are presented in Appcndix A,

It should be noted that two ribbon parachute models have
vertlcal tapes. It was evident that after an 1nitial test
that without these tapes the canoples would not properly
inflate 1n the speed and pressure ranges of these tests.
In fact, without the vertical tapes, excessive leading
edge vibration was encountered and several ribbons falled.

The aerodynamic coefficients of these models are
presented in Appendix B. The tests indicated that all
models were stable at zero angle of attack and that both
the degree of stability and the drag effilclency increased
with Mach number.

Since all of the models had nearly equal total
porosity and the same nominal diameter, the differences
in their aerodynamic coefficlents can be directly attributed
to the geometry changes 1n the respective gore patterns,
which in the end product specify the inflated canopy shape.

Figure’lOA relates the drag coefficient to the .
ribbon width, W, of the canoples. It can be seen that the
drag of the canopy increases with the ribbon width in a
somewhat linear fashion. The stability derivative dCy/doC
(Fig 10B) appears to be somewhat dependent upon the ribbon
width, but no general statement appears possible.

Flgure 10B shows a data point for a ribbon canopy
with a width to diameter ratio, W/Do = 0.039, that differs
considerably from all other measured values. During the
testing and on the test films, violent leading edge ribbon
vibration and flutter were noticed on two of the :»ibbon
type canopies when they were restrained at angles of attack.
This phenomena was generally accompanied by a decrease in
tangent force and an increase in the normal force, as noted
on the respective graphs of the aerodynamic coefficlents
in Appendix B. If this ribbon instability occurred at low
angles of attack, some difficulty was encountered in estab-
lishing the slope of the moment curve, since the number of
useful data points was significantly reduced. For this
reason, this particular data point has been viewed with
some doubt.

In an attempt to establish a relationship between
the aerodynamic coefficlents and the ratio of ribbon width
to free length of the ribbon, the graphs of Fig 11 have
been constructed. The free length, f, is the maximum dis-
tance between vertlcal tapes. The tangent force varilation

14
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Fig IIA; appeal  somewhat random, and the moment coefficlent
Fig 11B) 1is generally independent of this parameter if the
same questionable data point 1s neglected. As additional
information, Table 1 lists the measured profile diameters

at the two test Mach number.

TABLE 1

MEASURED PROFILE DIAMETERS AT MACH NUMBERS
OF 0.5 AND 0.8 FOR 100" AND 50" RIBBON
AND RINGSLOT PA} "CHUTES

Parachute Type uso?g/b;.o.e "ybo W/T
100" Ribbon .613 .613 .020 .373
50" Ribbon .669 .675 .039 498
100" Ringslot .638 .656 LOoul .276
50" Ringslot . 700 NA .068 .553

Nominal Diameter = 16.0"

L, Mach Number Effects

The 50" prototype parachute model, ¥/Do = 0.039
was selected for further testing to establish the relative
differences in the drag coefficient with Mach number changes.

The total pressure for these tests in the Mach
number range between 0.5 and 0.9 was held approximately
constant in an attempt to rule out any differences due to
total pressur: or Reynolds number changes. These additional
tests were performed at zero angle of attack only, and in-
dicate (Fig 12) a steady increase in the drag coefficlent
with Mach number taroughout the region tested. The canopy
performed satisfactorily at all Mach numbers and no excessive
ribbon flutter or vibration was noted.

"From these tests as well as those included in
the main program, it 1s evident that:in general, the drag
coefficients of parachutes increase in a fashion similar
to those of most other bodies in the transonic flow regime.

17
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IV. SUMMARY

. The direct results of the wind {unnel testing
shown in Appendix B indicate an increasing tangent force
coefficlent for all parachutes as Mach number 18 increased.
The moment coefflcients and their variation with angle of
attack (dCy/dX ) seem in general also to increase with
increasing Mach number, but the tendency is not a strong
on:, Experiments also indicate that the aerodynamlc coef-
fliclents of the gulide surface parachutes are dependent
upon the effective porosity in the region tested.

Further analysis of this data and additional
wind tunnel tests have established several other related
facts.

In tests on two gulde surface parachutes at a
constant Mach number, the tangent force coefficient in-
creased with a total pressure increase, while the moment
coefficlent remalned essentlally constant. These tests
indicate that although the gulde surface canoples remain
strongly stable, their drag coefficlents may for the same
Mach number posslble decrease at higher altitude.

From a comparison of the ribbon and ringslot
canopy data, there 1s an indication that for canopies of
comparable geometric porosity and the same number of gores,
the drag coefficient increases with wider ribbons, whille
the stablllity remains unaffected.

Tests on one ribbon parachute model indicate a
gradual increase in drag coefficient with Mach number in
the range between 0.5 and 0.J at a constant free stream
total pressure, further subutantiating the rest results
which show a general increase in tangent force coefficient
with Mach number,

19
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APPENDIX A

CANOPY GORE PATTERNS AND STRENGTH TESTS

1, Gore Patterns

The parachutes tested in this program are the
following:

a) ribless gulde surface, 4 porcsities

b) ribbed gulde surface, 4 porosities

¢) ribbon, 18% porosity, 2 ribbon widths

d) ringslot, 20% porosity, 2 ribbon widths

General specifications for construction of these
parachutes are presented in Ref 2, Specific dimensions
for the canoples are presented in Figs 13 through 16, and
in Table 2.

2. Strength Tests

Parachutes tested at high subsonic speeds are .
subjected to high dynamic pressures, and therefore, high
stress loadings. Particular areas of stress concentration
are at the confluence point of the suspension lines, and
along the canopy seams. Calculations at M = 0.8 (assuming
sea level stegnation density) ylelds a maximum dynauic
pressure of approximately 600 1lbs/ft2, This dynamic pressure
predicts a stress of 40 1bs/in. along the seams of a ribbed
gulde surface canopy, and a load of lbs on the con-
fluence point. Tests were performed to determine whether
the models could withstand these loadings. Results are
swmarized in .wo parts:

A. Confluence Point and Suspension Lines

To maintain minimum interference, the confluence
region was kept small in cross-sectional area. After several
arrangements had been tested, the final confluence point
configuration, shown earlier in Fig 2A, was established.
With this arrangement, the suspension lines are capable
of withstanding loads in excess of 1,000 lbs, as verified
in experimental testing.

The suspenaion line design consists of contim:ous
lines (Fig 17) sewn along the seams of the parachute canopy.

21
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Fig17. Suspension Line System
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Fig 18. Canopy Vent Ring
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At the canopy vent location, the lines are threaded through
an aluminum ring, and ithen sewn back along the same seam
on the outside of the parachute canopy. This aluminum ring
rides on the sting balance as shown in Fig 18. They are

of two types to accommodate the 12-gore gulde surface para-
chutes and the 20-gore ribbon and ringslot parachutes.

The slots in the ring mate with a key on the centerline
sting to prevent canopy rotation.

B. Canopy Seams

In an attempt to simulate the dynamic pressure
loads of a transonic wind tunnel, 1t was decided to strength
test the parachute models in water, Inltlal tests were
run using a large water tow channel. With this facility,
dynamic pressures of 120 psf were obtalned without damage
to the canopy.

Further tests behind a motor boat produced fallure
of ribless gulde surface canopies constructed of 4o 1b
and 90 1b cloth. Although highly accurate determination
of failure loadings was impossible, estimates place the
magnitude of dynamilc pressure at failure between 300 psf
and 400 psf. .

From these preliminary testvs, it was decided that
wind tunnel dynamic pressure should not be allowed to exceed
300 psf to insure reliable operation of the parachute models.

As an additional safeguard, two i1dentical models
of each test configuration were fabricated to insure against
wind tunnel shutdown caused by the lack of sufficient models,

A summary of the damage to the various canopiles
during the actual wind tunnel running is contained in Table 2,
In general, the models performed well and the damage in most
cases was slight, When damage d'd occur 1t was usually
limited to the vent area.
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