
The following notice applies to any unclassified (including originally classified 
and now declassified) technical reports released to "qualified U.S. contractors" 
under the provisions of DoD Directive 5230.25, Withholding of Unclassified 
Technical Data From Public Disclosure. 
 

NOTICE TO ACCOMPANY THE DISSEMINATION OF EXPORT-CONTROLLED TECHNICAL DATA 
 
1. Export of information contained herein, which includes, in some circumstances, 
release to foreign nationals within the United States, without first obtaining approval or 
license from the Department of State for items controlled by the International Traffic in 
Arms Regulations (ITAR), or the Department of Commerce for items controlled by the 
Export Administration Regulations (EAR), may constitute a violation of law. 
 
2. Under 22 U.S.C. 2778 the penalty for unlawful export of items or information controlled 
under the ITAR is up to ten years imprisonment, or a fine of $1,000,000, or both.  Under 
50 U.S.C., Appendix 2410, the penalty for unlawful export of items or information 
controlled under the EAR is a fine of up to $1,000,000, or five times the value of the 
exports, whichever is greater; or for an individual, imprisonment of up to 10 years, or a 
fine of up to $250,000, or both. 
 
3. In accordance with your certification that establishes you as a "qualified U.S. 
Contractor", unauthorized dissemination of this information is prohibited and may result 
in disqualification as a qualified U.S. contractor, and may be considered in determining 
your eligibility for future contracts with the Department of Defense. 
 
4. The U.S. Government assumes no liability for direct patent infringement, or 
contributory patent infringement or misuse of technical data.  
 
5. The U.S. Government does not warrant the adequacy, accuracy, currency, or 
completeness of the technical data. 
 
6. The U.S. Government assumes no liability for loss, damage, or injury resulting from 
manufacture or use for any purpose of any product, article, system, or material involving 
reliance upon any or all technical data furnished in response to the request for technical 
data. 
 
7. If the technical data furnished by the Government will be used for commercial 
manufacturing or other profit potential, a license for such use may be necessary. Any 
payments made in support of the request for data do not include or involve any license 
rights. 
 
8. A copy of this notice shall be provided with any partial or complete reproduction of 
these data that are provided to qualified U.S. contractors. 
 

DESTRUCTION NOTICE 
 
For classified documents, follow the procedure in DoD 5220.22-M, National Industrial 
Security Program, Operating Manual, Chapter 5, Section 7, or DoD 5200.1-R, Information 
Security Program Regulation, Chapter 6, Section 7. For unclassified, limited documents, 
destroy by any method that will prevent disclosure of contents or reconstruction of the 
document. 



UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD475190

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
and their contractors; Critical Technology; SEP
1965. Other requests shall be referred to Air
Force Flight Dynamic Laboratory, Attn: FDFR,
AFB, OH 45433. This document contains export-
controlled technical data.

AFFDL ltr, 24 Jan 1973



SECURITY 
MARKING 

The classified or limited status of this report applies 

to eaoli page, unless otherwise marked. 

Separate page printouts MUST he marked accordingly. 

THIS DOCUMENT CONTAINS INFORMATION AFFECTING THE NATIONAL DEFENSE OF 
THE UNITED STATE.*) WITHIN THE MEANING OF THE ESPIONAGE LAWS, TITLE 18. 
U.S.C., SECTIONS 793 AND 794. THE TRANSMISSION OR THE REVELATION OF 
ITS CONTENTS IN ANY MANNER TO AN UNAUTHORIZED PERSON IS PROHIBITED BY 
LAW. 

NOTICE: When government or other drawings, specifications or other 
data are used for any purpose other than in connection with a defi- 
nitely related government procurement operation, the U. S. Government 
thereby incurs no responsibi'ity, nor any obligation whatsoever; and 
the fact that the Government may have formulated, curnished, or in any 
way supplied the said drawings, specifications, or other data is not 
to be regarded by implication or otherwise as in any manner licensing 
the holder or any other person or corporation, or conveying any rights 
or permission to manufacture, use or sell any patented invention that 
may in any way be related thereto. 

  
«•r 



AFFDL-TR-e5-108 

o 
} I 
4  ) 

DRAG AND STABILITY OF GUIDE SURFACE, RIBBON, AND 
RINGSLOT PARACHUTES AT HIGH SUBSONIC SPEEDS 

£. L. HAAK 
R. /. HUBERT 

UNIVERSITY OF MINNESOTA 

TECHNICAL REPORT   FFDL-TR-65-108 

SEPTEMBER 1965 

AIR FORCE FUGHT DYNAMICS LABORATORY 
RESEARCH AND TECHNOLOGY DIVISION 

AIR FORCE SYSTEMS COMMAND 
WRIGHT-PATTERSON AIR FORCE BASE, OHIO 

4 

r 



NOTICES 

When Government drawinge, specifl^atione, or other data are used for any 
purpose other than in connection w"b a definitely related Government procure- 
ment operation, the United States Government thereby incurs no responsibility 
nor any obligation whatsoever; and the fact that the Government may have 
formulated, furnished, or in any way supplied the said drawings, specifications, 
or other data, is not to be regarded by implication or otherwise as in any 
manner licensing the holder or any other person or corporation, or conveying 
any rights or permission to manufacture, use, or sell any patented invention 
that may in any way be related thereto. 

Qualified uaere may obtain copies of this report fron Defense Documentation 
Center. 

foreign announcement and diaaemioation of thia report ia not authorized. 

TLs diatribution of thia report ia limited be sause the report contains 
Technology identifiable with itema on the strategic embargo 11 ate excluded 
from export or re-export under U. S. Export Control Act of 1949 (63 STAT. 7) 
aa amended (30 U.S.C. App. 2020.2031) aa implemented by A7R 400-10. 

Copies of this report should not be returned to the Research and Tech- 
nology Division unless return is required by security considerations, 
contractual obligations, or notice on a specific document. 

200 - November 1965 - 18-325-773 



DRAG AND STABILITY OF GUIDE SURFACE, RIBBON, AND 
RINGSLOT PARACHUTES AT HIGH SUBSONIC SPEEDS 

£. L. HAAK 
R. J. HUBERT 

UNIVERSITr ÜW MINNESOTA 



f. 1 

POREWORD 

This report was prepared by the Department of 
Aeronautics and Engineering Mechanics of the University 
of Minnesota In compliance with U. S. Air Force Contract 
No. AP 33(657)-11184, "Theoretical Deployable Aerodynamic 
Decelerator Investigations," Task 606503, "Parachute 
Aerodynamics and Structures," Project 6065, "Performance 
and Design of Deployable Aerodynamic Decelerators." 

The work accomplished under this contract was 
sponsored Jointly by U. S. Army Natlck Laboratory, Depart- 
ment of the Army; Bureau of Aeronautics and Bureau of 
Ordnance, Department of the Navy; and Air Porce Systems 
Command, Department of the Air Porce and was directed 
by a Trl-Service Steering Committee concerned with Aero- 
dynamic Retardation. The work was administered under 
the direction of the Recovery and Crew Station Branch, 
Air Porce Plight Dynamics Laboratory, Research and Tech- 
nology Division. Mr. Rudi J. Berndt and Mr. James H. 
DeWeese were the project engineers. This effort was 
funded In part by Air Porce Plight Dynamics Laboratory 
Independent Research Funds. 

The authors wish to express their appreciation 
to Mr. H. D, Davidson, Jr. and to the other personnel at 
the David Taylor Model Basin, Washington, D.C., who con- 
ducted the wind tunnel experiments; to Mr. Joseph Dslda; 
and to other students of Aerospace Engineering who aided 
In the accomplishment of this report. The study was 
conducted under the direction of Prof. H. 0. Heinrich. 

The manuscript was released by the authors In 
August 1965 for publication as an RTD technical report. 

This technical report has been reviewed and 
Is approved. 

aEOROE A.'^SOLT, JR.      r 
Chief, Recovery and Crew Station Branch 
AP Plight Dynamics Laboratory 

11 

. 



ABSTRACT 

Pour conventional type parachutes., namely, a 
ribbed and a rlbless guide surface parachute and a ribbon 
and rlngslot parachute, were tested at Mach number'- 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 their drag coefficients Increased slightly 
with Increasing Mach number. 

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

Tests also Indicate that for both the ribbed 
and rlbless guide surface parachutes, the tangent force 
coefficient Increases with Increasing stagnation pressure 
at a constant Mach number, and while the stability of 
the rlbless guide surface parachute Increases, that of 
the ribbed type Is eöjentially unchanged. 

Tests on ribbon and rlngslot parachutes of equal 
geometric porosity Indicate that while the drag Increases 
as the ribbon width Increases, the stability of these 
parachutes doer not change significantly with wider ribbons. 

The moment coefficients of guide 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 rlngslot parachutes. 
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I. INTRODUCTION 

The performance characteristics and the related 
aerodynamic coefficients of conventional parachutes and 
their range and mode of variation are fairly well known, 
especially at low subsonic speeds. Although these para- 
chute types have been used successfully at higher speed 
for some time, no great deal of analytical and laboratory 
studies have been performed to evaluate their 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 studies using scaled models 
of ribbed and ribless guide surface parachutes and ribbon 
and ringslot canopies. These studies are similar to an 
early work performed at a Mach number of 0.1 (Ref l). 

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 guide surface parachutes, and in 
the case of the ribbon and ringslot parachutes, the aero- 
dynamic coefficients are related to the width of the ribbons 
from which the canopies are constructed. 

Several additional tests were performed to 
establish parachute performance at various pressure levels 
and to evaluate drag coefficient 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 
stability depending on the altitude and velocity at which 
the parachute functions. 

II. EXPERIMENTS 

1. Coordinate System 

In this study the physical coordinates of the 
parachute are used as the major axis (Pig l). For this 
case, the following forces arä moments are encountered: 

.) The tangent force, T, acting along the center- 
line of the parachute. This is a drag force 
at zero angle of attack. 



L——J  
\ 

S 

1 

I (.0 

0) 

i u 

Ü- 



b) The normal force, N, acting perpendicular 
to the parachute centerllne, 

c) The moment, M, defined as the aerodynamic 
moment about the nominal confluence point 
of the parachute suspension lines. The 
moment Is positive when In the same direction 
as the angle of attack and Is stabilizing 
when the slope dCM/dOC Is less than 0 (Ref 2). 

2.      Aerodynamic Coefficients 

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

Cm = T/qS 

CN = N/qS 
CM ■ M/qSD 

If the force Ni In Pig 1A Is neglected (Ref l), then the 
moment about the nominal parachute confluence point can 
be calculated as M = N2K (Pig IB). The area, S, for the 
guide surface parachutes Is based upon the constructed 
diameter, Dc, and D, the typical length In the moment 
equation Is equal to 1.33 Dc In the case of fche ribbon 
and ringslot parachutes, the total area, S0, and the length 
D = Do = 2VSoArare used- 

3.      Models 

a. Ribbed and Rlbless Guide Surface Parachutes 

The ribbed and rlbless guide surface parachutes 
have twelve 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 rlbless guide 
surface parachutes have a construction diameter, Dc, of 
12.63 Inches. The twelve suspension lines are 200 lb tensile 
strength nylon (MIL-C-17183, Type III). 

b. Ribbon and Ringslot Parachutes 

The ribbon and rlngslot models are linearly scaled 
from 50 to 100 Inch prototypes with 20 gores and 20^ geometric 
porosity. The nominal diameter Is 16 Inches and the suspen- 
sion lines are nylon cord of 100 lb tensile strength (MIL-C- 
15020B, Type I). Table 2 In Appendix A summarizes the model 
specifications. 

Since the loads on the canopies at these Mach 
numbers were expected to be quite high, studies were per- 
formed prior to actual wind tunnel testing to establish the 



ultimate strength of the canopy and to provide the moat 
desirable confluence point arrangement. Prom the results 
of these tests, the maximum loading and, therefore, the 
maximum wind tunnel pressures were established. 

These preliminary tests, the gore patterns, and 
design details for all parachute models under consideration 
are presented In Appendix A. 

4.      Experimental Arrangement 

The tests were conducted at the Aerodynamic Labor- 
atory, David Taylor Model Basin, Washington, L. C, In the 
71 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. Prom previous experience (Ref l) 
considerable effort was made to keep the centerllne sting 
as small as possible, and to streamline the upstream struc- 
ture to avoid any unnecessary flow interference. The tan- 
gent force pickup Is a small compression member located 
under the streamlining in the upstream end of the centerllne 
sting (Pig 2A) to which the suspension lines are attached 
directly. The electrical leads from this element are carried 
rearward through the centerllne sting and into the permanent 
structure further downstream. 

The normal force balance consists of two bending 
elements placed a known distance apart along the centerllne 
sting in the area of the canopy vent (Pig 2B). When properly 
oriented and calibrated, this device serves a twofold purpose. 
Pirst, the sum of the forces in the two elements yields 
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, is directly evaluated. 

The tangent force system was designed to measure 
loads up to 600 lbs, and two normal force elements were 
constructed for ranges of 0 to 30 lbs and 0 to 120 Its. 

The centerllne sting (Pig 2C) is 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 to provide the 
necessary angle of attack range. 

Test Procedure 

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

4 
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not cause structural failure of the parachute canopies. 
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 parachute 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 through the angle of attack range. At 
angles of attack of 0, o, and 10 degrees, high speed motion 
pictures were taken. Enlargements of these pictures for 
two parachutes are shown in Pig 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 canopies, the basic tests 
described above were completed first and then wind tunnel 
conditions were changed to produce the desired mode of 
operation. 

The strain gage outputs were recorded directly 
on a digital 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 aligned to account for small deviations in 
the raw data. This adjusted data is 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 geometry changes. 

1.       Cloth Porosity Effects 

The ribless and ribbed guide 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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ranging from 0.003 to 0.049 as noted In Table 2 In Appendix i 
Since all of the parachute canopies tested In this effort 
were stable at zero angle of attack, a comparison )f the 
aerodynamic coefficients at this condition appears to be 
sufficient. Figure 4 shows the tangent force coefficient 
versus effective porosity for the guide surface canopies. 
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/dOC , has also been 
plotted versus porosity as shown in Fig 5. A change in 
stability is evident as the effective porosity is increased. 
The stability of the low porosity canopies is not noticeably 
affected by a Mach number increase but stronger stability 
is indicated with higher Mach number for the more porous 
canopies. 

2.      Pressure Effects 

In an attempt to gain some insight into the ef- 
fects of upstream pressure upon parachute canopies, -»ne 
ribless and one ribbed guide surface parachute were tested 
over a range of wind tunnel stagnation pressure conditions. 
The^Mach number was held constant at M = 0.5. The 120 
nominal porosity ribless guldt, surface data (Fig 6) shows 
a measurable increase in the tangent force coefficient and 
increased stability as pressure increases. The ribbed 
guide surface canopy (Fig 7) shows some increase in tar- 
gent coefficient as pressure increases, but little variation 
of moment coefficient is 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 is also altered. Although the effec- 
tive porosity is Reynolds number sensitive (Ref 3)* the 
changes in shape can in no way be directly associated with 
Reynolds number. 

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

Thus, the data is 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 is involved can not oe  clearly stated at this time. 
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1.1 
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B) Canopy  Depth   Ratio 

120 

Fig 9    Measured   In-Flight  Dimensions 
of Ri bless and Ribbed  Guide Surface 
Parachutesvs  Nominal   Porosity 

13 



3.      Parachute Geometry Effects 

The geometric porosity of all ribbon and rlngslot 
parachutes was 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 Appendix A, 
It should be noted that two ribbon parachute models have 
vertical tapes. It was evident that after an Initial test 
that without these tapes the .canopies would not properly 
Inflate In the spe^d and pressure ranges of these tests. 
In fact, without the vertical tapes, excessive leading 
edge vibration was encountered and several ribbons failed. 

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 efficiency Increased 
with Mach number. 

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

Figure 10A relates the drag coefficient to the 
ribbon width, W, of the canopies. It can be seen that the 
drag of the canopy Increases with the ribbon width In a 
somewhat linear fashion. The stability derivative dCju/dCX 
(Pig 10B) appears to be somewhat dependent upon the ribbon 
width, but no general statement appears possible. 

Figure 10B shows a data point for a ribbon canopy 
with a width to diameter ratio, W/l)o = 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 .vlbbon 
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 coefficients 
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 o'f 
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 coefficients and the ratio of ribbon width 
to free length of the ribbon, the graphs of Pig 11 have 
been constructed. The free length, f. Is the maximum dis- 
tance between vertical tapes. The tangent force variation 

14 
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(Pig 11A) appeal  somewhat random, and the moment coefficient 
(Pig 11B) Is generally Independent of this parameter If the 
same questionable data point Is 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 
OP 0.5 AND 0.8 POR 100" AND 50"  RIBBON 

AND RINQSLOT PAi CHUTES 

Parachute Type 
Dp/^o W/D0 W/f 

M=0.5 M=0.8 

100" Ribbon .613 .613 .020 .373 
50" Ribbon .669 .675 .039 .498 

100" Rlngslot .638 .656 .044 .276 

50" Rlngslot .700 NA .068 .553 

Nominal Diameter = 16.0" 

4.      Mach Number Effects 

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

The rotal 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 pressure or Reynolds number changes. These additional 
tests were performed at zero angle of attack only, and In- 
dicate (Pig 12) a steady Increase In the drag coefficient 
with Mach number throughout the region tested. The canopy 
performed satisfactorily at all Mach numbers and no excessive 
ribbon flutter or vibration was noted. 

Prom these tests as well as those Included In 
the main program. It Is 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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I 
IV. SUMMARY 

The direct results of the wind tunnel testing 
shown In Appendix B Indicate an  Increasing tangent force 
coefficient for all parachutes as Mach number Is Increased. 
The moment coefficients and their variation with angle of 
attack (dCM/dOC) seem In general also to Increase with 
Increasing Mach number, but the tendency Is not a strong 
on;. Experiments also Indicate that the aerodynamic coef- 
ficients of the guide 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 guide surface parachutes at a 
constant Mach number, the tangent force coefficient In- 
creased with a total pressure Increase, while the moment 
coefficient remained essentially constant. These tests 
Indicate that although the guide surface canopies remain 
strongly stable, their drag coefficients may for the same 
Mach number possible decrease at higher altitude. 

Prom a comparison of the ribbon and ringslot 
canopy data, there is an indication that for canopies of 
comparable geometric porosity and the .same number of gores, 
the drag coefficient increases with wider ribbons, while 
the stability 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 0.9 at a constant free stream 
total pressure, further subutantiating the rest results 
which show a general increase in tangent force coefficient 
with Mach number. 
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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) rlbless guide surface, 4 porcsltles 

b) ribbed guide surface, 4 porosities 

c) ribbon, 18^ porosity, 2 ribbon widths 

d) rlngslot, 20^ porosity, 2 ribbon widths 

General specifications for construction of these 
parachute« are presented In R*»f 2. Specific dimensions 
for the canopies are presented In Pigs 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 stagnation density) yields a maximum dynaialc 
pressure of approximately 600 lbs/ft2. This dynamic pressure 
predicts a stress of 40 lbs/in. along the seams of a ribbed 
guide surface canopy, and a load of 600 lbs on the con- 
fluence point. Tests were performed to determine whether 
the models could withstand these loadings. Results are 
summarized 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 Pig 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 suspension line design consists of contlnt'.jus 
lines (Pig 17) sewn along the seams of the parachute canopy. 

21 
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ALUMINUM   RING (1.5 in. I.D) 

CONFLUENCE 
POINT 

Fig 17.     Suspension   Line    System 

Fig 18.   Canopy Vent Ring 
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At the canopy vent location, the lines are threaded through 
an aluminum ring, and then sewn back along the sane seam 
on the outside of the parachute canopy. "Hils alumlnxan ring 
rides on the sting balance as shown In Pig 18. They are 
of two types to accommodate the 12-gore guide surface para- 
chutes and the 20-gore ribbon and rln^slot parachutes. 
•Rie slots In the ring mate with a key on the centeillne 
sting to prevent canopy rotation. 

B. Canopy Seams 

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

Further tests behind a motor boat produced failure 
of rlbless guide surface canopies constructed of 40 lb 
and 90 lb cloth.  Although highly accurate determination 
of failure loadings was Impossible, estimates place the 
magnitude of dynamic pressure at failure between 300 psf 
and 400 psf. 

Prom these preliminary tests. 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 Identical 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 canopies 
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 di'.d occur It was usually 
limited to the vent area. 
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APPENDIX B 

AERODYNAMIC COEPPICIENTS OP PARACHUTES 
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