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1. INTRODUCTION 
The inflation of a parachute encomp asses problems of 

aerodyn amics, dynamics, and elasticity. The most notice
able effects of the interaction of the events are the opening 
force and the filling time. Attempts to analyse the opening 
proces s and to pred ict the opening force date back to 
J 927Cl>. Since then a considerable number of method s have 
been published . Some of them are prim arily analytic al, 
others more empirical, and several deal with isolated prob
lems. The earliest and most an alytically oriented studies 
arc by Scheube1<2, 3) and O'Hara <4l. 

Scheuber s leading concepts are a constant filling distance 
and the validity of model similarities. O'Hara introduced 
the effect of poros ity, an assumption for the inflow 
velocity, and a mechanical model for the development of 
the parachut e canopy durin g the inflation . His model is a 
truncated cone with sides which converge with the suspen
sion lines to the conflu ence point while the canopy roof is 
a flat disc. 

At the Univers ity of Minne ota a method of openin g 
shock calculation was developed<5> and pubLished in 1961; 
this met.hod includ ed a modified O'Ha ra model and is 
based on the simultaneous equ ations of motion and con
tinuity . Princip al inputs to these equ ations are numeric al 
values of effective porosity( 61 and apparent mass<7• 8l . Sub
sequently this method was adopted in the US Air Force 
Parachute Handbook C91• 

The following analysis corrects a conceptu al error 
which appe ared in the 1961 method, and introd uces a 
refined inflow function. This improved method was used 
for calculating parachute opening fo rces and filling times 
for which good field test data became available<10• 11• 12l. 

The calcul ated values agree well with the field test results 
and ind icate the effects of severa l pa ra meter , such as drag 
c effid ent, volume of the inflated can opy, and inflation 
alt itude. 

2. EQUATION OF MOTION 
fn order to iilus!ra lc the na tur e Rnd the importance of 

the term s contributin g to !be dcvcl pmen.t of the pun1-
chule ope ning f rce, a diagra m is token fr om re!. 13 and 
shown as F ig. I . 

The for ce co ntribution s and th<- tota l force were cal
culated from the terms of the equ.ttion of moti on for n 
free flying model in 1he wind tunn el, utilising average 
values of mel1sured time depend ent fu nctions drag coeffici
enls from steady sta te tests, an d apparent mas term s fro m 
ref. 8. Th e meas ured total fo rce is al o marked in tbc 
diagra m, and fro m the agree ment betw en mea ured and 
calcu lnted forces nc may conclude that the equ ation of 
motion includes nil impo rtant term. and in the rlght order. 
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NOTATION 

CD drag coefficient 
c effective porosity 

D drag, diameter 
F force 
m mass 
R radius 
S area 
T dimen sionless time 
t time 

V volume 
v velocity 

W weight, wind tunnel 
p density 
fT' den sity ratio 

Subscripts 

a apparent 
f filling 
g gravity 
i included 

o nominal, total 
p parachute, projected 
s suspended, snatch when used with velocity 

Addition al symbol s, when used, are explained in the 
text. 

For a free flying, hori zontally deployed para c-.hu.te, 
with W1, ~ W., D , ~ Dp, and neglectin g gravity terms, 
the equat i n of m lion is 

F=m dv = - _!__ pCvSv i - (dm, + dm•) 
s dt 2 clt dt 

dv 
• v-(111 11 +111, +1110 ) dt (1) 

In view of th i equ·1tion, the bjective of the folJowing 
theory is tlre dcrivu lion of th e non-steady tenns with a 
minimum of a umpti ons and experiment al inpu ts, and 10 
pr vide a prac tic;1Uy clo ·cd ·olu •ion fo r the instantan.::ou~ 
opening force. 

3. CANOPY GEOMETRY 
Th e mechanical model used for the canopy geometry i 

relateJ to the O'H:m, . bape :ind is shown in F ig. 2. TI1e 
d rag coefficients a rc obla inecl fro m simulated models con
sisting of wire frames covered with porous parachute cloth, 
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Figure 1. Measured and calculated opening forces; wind 
tunnel exper iment with 3 i t model parachute . wind velocity 

70 fp s . 

MlL-C-7020, Type I. More model details are described 
in ref. 13. The related area of the coefficients is 

Since the variation is small, a constant drag coefficient 
is used in the following. 

During the process of inflation the projected area of 
the canopy increases from a very small amount to its 
maximum value. The relationship between projected area 
and time of model and full-size parachutes has been deter
mined!111, but in order to keep the mathematical opera
tions of this study relatively simple, a linear area-time func
tion is assumed. A more complex area-time relationship 
leads probably to a numerical computer solution. Recently 
the linear assumption has also been used by McEwan1 1s>, 
who found good agreement between calculations and ex
periment~ using in part a linear relationship. A linear in
crease of projected area provides Sv='TTD1,2/4=Kt, and 
the boundary condition of Dv=Dmax at f=t, gives 
K ='TTD2rna,/4t,. 

· Furthermore, restricting this derivation to circular 
flat canopies with a nominal diameter D 0 , and assuming 
that the fully inflated parachute is hemispherical, one finds 
for the maximum inflated diameter Dmax=2D 0 /,r. Com
bining now these expressions and introducing the dimen
sionless time T = t I t1, one obtains for the instantaneous 
diameter D v = 2D 0T1l2 

/ 'TT, 
From the geometry of the developing canopy shown in 

Fig. 2, one obtains for the inlet diameter d the ratio 

d - = L D o 'TTD,, 
L , ,+ 2 - -4 -

Introducing the projected diameter as time function, and 
wiving for the inlet diameter d, one finds 

d= ~ L,O~T 111 

'TT 2L, + JJ.,- D .T 1/2 . 
(2) 

4. CONTINUITY EQUATION 
The terms of projected and inlet diameters are written 

as filnctions of the dimensionless time T. For determin
ing the filling time t1 the continuity equation will be used 

72.4 

which, for an inflating parachute, must show an imbalance 
between inflowing and outflowing masses. For incornprns
sible flow conditions this can be expressed as 

(J) 

where V is the inst antaneous canopy volume and u the 
average air velocity through the porous cloth. One notices 
that the mass fl.ux through the vent is neglected. This 
appears to be permissible since the vents of modern para
chutes are relatively small. 

The flux through the cloth, expressed as an average 
velocity u, was alre ady used by O'Hara and postulated 
as a function of !:,p. A later investigation< 6l introduced the 
term of effective porosity c and established functions of 
the type 

u ( D,_p) 
C= V =f (T, !!,.pc (4) 

In this form rJ is the system velocity and D,.p ~ {pv 2
• The 

term D.Pc is the differential pressure which, under ambient 
conditions, causes sonic flow through the cloth orifices. 

The inflow and outflow velocities must satisfy the fol
lowing boundary conditions: at T = 0 the inflow velocity 
equals the system velocity, 'Vin =1J; and for a hemispherical 
canopy, one has at T = l the condition 

D / 1r D/'TT v,. -
4
- = u -

2
- or 111,.= 2u. 

Considering the pressure distribution over a hemisphere 
having the porosity of regular parachute doth one finds 
an approximate average value of D.P= I·2pv 2 /2. Using 
the definition of 

in combination with the expression for b,.p, one finds 
ll = 1·1 cv, and vin=2·2 cv at T= I. 

,J 
,__· 

CJ 
u 
~ 0/\ '- - -1-----1- - -L - ---' - - -'- --'---+- - --+- ---i 
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~ 
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Q21--- --t f----t 
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~-2 1. •71"i 

o. 0 

Figu re 2. The mechanic al mod el and the drag coeffic ient of 
inte rmedia te forms. 
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/\. very simple form of the inflow function which satis-
fies both boundary conditions is · 

<';,. = (J + 2·2 cT-T) ,,. (5) 

The actual flow relationship is probably much more com
plex. However, further details are unknown at present, and 
eqn. 5 will be used in the following . 

With the functions for d, D., and ·v;,,, the mass balance 
eqn. (3) assumes the form of 

dV 
dT =t,?J 

(6) 

This equation can be simplified utilising the fact that, for 
most solid flat circular parachutes, the line length L, is 
approximately equal to the nominal diameter D 0 • Then, 
the squared term above becomes 

4 D Tl/3 f fi . 2Du Tl/3 
- -

0
-- . and a ter curve ttmg 

1T 3 -Tl/! 1T 
(Ref. 5). 

With these simplications the mass balance equation 1s 

~~ =IJV D} {[(1 +2·2cT-T)T 113 -2·2c] T}. (7) 

One notices that eqn. 7 contains the instantaneous 
velocity v which is also included in the equ ation of motion. 
Therefore, the next objective is the evaluation of eqn. I. 

5. EVALUATION OF THE EQUATION OF MOTION 
An important term in the equation of motion is the 

air mass enclosed by the canopy. For the mechanical 
model, this mass is contained in a conical frustrum and a 
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hemisphere and changes with the growth of the projected 
canopy diameter. The derivation of this term is shown in 
refs. 5 and 9, and the included mass is 

. 2pD 0
3

[ (T - 1·31)~] 
m;=pV = --. - 1·058 ~ - -,, -Jr, - 1-~,2 

(8) 

The apparent mass of fully inflated parachutes bas 
been mcasured 181 and lhc value of ,nff = 0·25 "Tl'R3p is a 
sat isfacto ry approxima tion . H owever, the C<>cfficicnt, 0·25, 
pro bably changes during l'he inflation , bec,luse in the e,irly 
st•1gcs the inflating canopy is more stre,Lm!inecl than fatcr. 
Reference 5 ·ugges led a variation corresponding to lhe 
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drag area of the canopy, and with a constant drag coeffici
ent the apparent mass may be written as ma= 0·25 T'TTR3p. 
Introducing the radius R as function of time, one obtains 

(9) 

The mass terms and their time derivatives can now be 
introduced into the equation of motion, and one finds, 
af'er some algebraic operations and simplification by curve 
fitting( 01, the equation of motion in the form of 

[
5W · 10' ] de, 

2 g<rD} + 11 ·25 T dT + 22·5 v = -

120 (CnS\11ax 11 T--2 __ D_J ___ v . 
0 

(10) 

This equation can be integrated and provides the system 
velocity 

{ 
/3- .. [ 11·25 T+A ] 

·u=·vo 2 ( l J•i S)2 (11·25T+A)ln A -11·25T 

+ 1125:+Ar . (11) 
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6. DETERMINATION OF FILLING TIME AND OPENING 
FORCE 

Combining eqns. 7 and I I provides eqn. I 2 which can 
easi.y be solved nu me rically for the filling time 11, even by 
n~eam of a hand calcu la tion 

[( I + 2·2 cT - T) T 1l3 
- 2·2 c] T dT 

Bvo_ [c11•25TLA)ln 
11

·
25:+A -11·25T] t· 

2(11·25)' 
7 

I 1·25 T+ A 
A 

(12) 

Once the filling time t1 is known, and with dv / dt from 
eqn. 10, the instantaneous force can be determined from 
Ne'wton·s Law F=111, • d;,,/dt. Using the abbreviations A 
and B the force formula reads 

V W 
F= - (1!BT+22·5) A 1125 T 

2gt, + · 
(13) 

7. FILLING DISTANCE 
Mueller and other authors(l, 2, 15,rn,i 7, 1r 1 based their 

methods on the assumption of a constant filling distance. 
The analysis above indicates that under certain circum
stances a constant d 'stance of the form L=v 0 t1 may exist. 

The conditions for its existence are that, for a given 
parachute, the velor:ity v is a unique function of T, say 
'I.'= 7.1

0
f (T), and that the effective porosity c remains un

changed. Eqn. 7 may then be written as 
Vmax 1 

• D u 
/ dV = 11,·, I f (T) - ~ {[(I+ 2·2 cT-T) T 1l3 

- 2·2c] T} dT. 
·' . 'TT 

(14) 

Since the maximum canopy volume and the integral over 
T are fixed values, the term t1v 0 must be constant. This 
product, however, represents a distance and has some 
similarities with the filling distance which Mueller(ll con
ceptually introduced. 

A certain uniqueness of v =v 0 f (T) has been shown 
in ref. 14. Therefore, one may calculate the filling time t1 
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Vs 
(ft/sec) 

170.0 
180.0 

·214.5 
225.0 
253.0 
264.5 
291.0 
296.5 
306.0 
373.0 
377 .o 

·-
175.0 
250.0 
300.0 
350.0 
400.0 

6000 ft 13000 ft 
MEASURED MEA SURED 

OPE~~ING OPENING Ys OPENING OPENING Ys 
FORCE T IM E) 

(lb) (sec (ft/sec) FORCE 11ME) (lb) sec ( ft/sec) 

1450 1. 210 220.0 2720 0.860 282.0 
1830 1.100 232.0 3320 0.828 286.5 
2725 1.063 240.0 2850 0,805 288.0 
2405 1.025 247.0 4400 0,690 295.0 
2550 0.905 249.0 3700 0.698 295.0 
2685 0.885 252.0 3920 0,805 309.0 
3310 1.111 260.0 2920 0.750 387,0 
4275 0.640 262.0 2615 0.698 396.0 
4710 0.613 278,0 4600 0.660 
4500 0,638 280.0 3390 0.666 
5180 0.550 402.0 6150 0.570 

404.0 5995 0.610 ,. 
417.0 7645 0.564 

CALCUl...ATED · CALCULATED 
·•· ~ -· -

1600 1. 372 225.0 2580 0.815 250.0 
3180 0,960 250,0 3180 0.734 265.0 
4600 0,800 300.0 4600 0.611 300.0 
6120 0.685 350.0 6250 0. 524' 400.0 
7972 0.599 400.0 8165 ' 0.459 

TABLE I 
Measured and calculated opening forces and filling times of 
a 28 ft solid flat parachute with a 200 lb suspended weight 
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·--
.21000 ft 

ME;_ASURED 
OPENING OPENlt\JG 

F9~f)E TIME 
(sec) 

4720 0.650 
4820 0.680 
5000 0.670 
3690 0.660 
5650 0.597 
6250 0,568 
6400 0.678 
8050 0.530 

CAI CULATED 

3110 0.586 
3500 0.554 
4460 O.L188 
7900 0.367 
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corresponding to an initial velocity -i•0 from the known 
product of filling time and velocity of the same parachute 
under the same altitude and approximately identical 
porosity conditions and proceed with the linearised theory 
shown above. 

However, perfect uniqueness of ;1 = 1•of (T) has not 
be(;ll established so far, and for the time being this mode 
of filling time determination should be considered an 
approximation. 

8. MEASURED AND CALCULATED OPENING FORCES 
AND TIMES 

The US Air Force conducted a considerable number of 
carefully arranged and recorded tests in which 28 ft flat 
circular parachutes with suspended weights of 200, 440, and 
820 lb were dropped at altitudes of 6 000, 13 000, and 
21 000 ft at speeds between 175 and 450 fps. The results 
of these tests 110• 11• i,, are excellent data for checking the 
validity of the presented parachute opening theory. 

Tables I, II, and III show measured and calcu'ated 
maximum opening forces and filling times. 

Figures 3 to 8 show the same data in graphical form. 
The drag coefficient and the maximum canopy vo:urnes 
used in the calculations are indicated in the graphs, 
whereas the coefficients of effective porosity are listed 

in Table IV. These values correspond to the snatch veloci
ties and are taken from ref. 6. The .choice of these figures 
is somewhat arbitrary, and this matter will be discussed 
later. 

The measured and calculated data are summarised in 
curves of the least mean square averages up to and in
cluding the cubic power of the snatch velocity. One will 
notice that for the measured values two curves arc drawn. 
The dashed line encompasses all field lest results, whereas 
the dash-dot-line does not include data which appear to 
reflect some irregularities. In the figures the excluded data 
are identified by a circle about the force point. 

Reviewing these figures one notices a considerable 
spread of the field test resu!ts, and in view of the rela
tively few data points and their dispersion, the least mean 
square average curves may be somewhat questionab'.e. 

Accepting the least mean square averages as representa
tive information, one recognises that in most cases the 
field \est data points are nearly as close to the least mean 
square curve of the calculated forces as to the one repre
senting the field test results. It is interesting to note that 
the heavier loaded parachutes, Figs. 4 and 5, had several 
extremely low opening forces. 

The measured and calculated opening times are com
pared in Figs. 6 to 8. One notices the same trend of all 

6000 ft 13000 ft 21000 ft 

Vs 
(ft/sec) 

229.0 
255.0 
272.0 
275 ·.0 
319.0 
397.0 
408.5 

225.0 
250.0 
275.0 
400.0 
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MEASURED MEASURED MEASURED 
OPENING OPENING Vs OPENING OPENING Vs OPENING OPENING 

FORCE T/ME) (lb) se c (tt/sec) FORCE 11ME) (lb) sec ( it/sec) F9~~f TIME 
(sec) 

5140 0.920 228.0 4-810 0.920 303.5 
5490 0.930 248.0 5900 0.830 305.5 
5900 0.839 259.0 6620 0.920 344.0 
7050 0.805 302.0 6720 0.855 376.5 
5200 0.940 302.5 7640 0.793 4G6.5 

10100 0.650 336.5 8000 0.770 441.0 
7200 0.880 362.5 9420 0.755 498,5 

371. 5 13880 0.659 
452.0 15050 0.590 
466,0 11400 0.820 

CALCULATED CALCULATED 

5073 
6263 
7578 

16030 

0 .577 225.0 4814 0.513 300.0 
0.519 250.0 5941 0.462 350.0 
0.472 300.0 8563 0.384 400.0 
0.325 350.0 11640 0.330 450.0 

450.0 19230 0.257 500.0 

TABLE II 
Measured and calculated opening forces and filling times of 
a 28 ft solid flat parachute with a 440. lb suspended weight 

Heinrich 

18400 0.648 
11000 0.764 

9925 0.570 
8420 ·0.620 

16350 0.550 
11480 0.530 

8400 0.540 

CALCULATED 

7930 0.344 
10870 0.291 
14090 0.258 
17930 0.227 
22070 0 ,• 206 
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data, but the measured opening times of the tests with 
heavier canopy loadings arc considerably longer than the 
calculated times. This difference can be caused by a 
number of reasons. 

The filling time, as reported in refs. 10 to l 2, is defined 
as the interval between the ins:ant when the snatch force 
occurs and the time when the canopy reaches the same 
projected area as it will assume under steady stat e con
ditions. 

For the calculated data the filling time is obtained from 
eqn. 12, which states that the canopy is inflated when the 
accumul ated imb alanc e of the mass fluxes equa'.s the maxi
mum volume of the canopy assumed to be hemispherically 
shaped. 

It may be argued that the canopy at the instant of t = t1 
is more like half an ellipsoid than a hemisphere . However, 
wind tunnel studies indicate that the difference of the 
volumes of the fully inflated canopy as an ellipsoid or · as 
a hemisphere is negligible in view of the total canopy 
volume. Therefore, the difference in reported and calcu
lated filling times cannot be caused by assuming a hemi
spherical canopy, but is, at least partially, a consequence 
of the different definitions. 
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Also, one no:ices that the filling time differences in
crease with canopy loading. This can be caused by short 
time canopy squidding, which would be very difficult to 

Figure 11. Measured and ca lculated opening forces arranged 
by altitude. W,=82 0 lb. 

Ve-
,.) 

(ft/sec) 

240.0 
241.0 
287.5 
299.5 
322.0 
343.5 

240.0 
241.0 
287 .5 
299.5 
322.0 
343,5 

6000 ft 
MEASURED 

OPENING OPENING 
FORCE 

(I b) 
T(IME) sec 

10500 0.93 
11500 0.82 
15250 0.78 
15000 0.76 
22000 0.62 
21750 0,70 

CALCULATED 

10410 0 .308 
10500 0,306 
14900 0.257 
16200 0,247 
18730 0.230 
21330 0.215 

Vs 
(tt/sec) 

299.0 
305.0 
316.0 
318.5 
348.0 
360.0 

299.0 
305.0 
316.0 
318.5 
348.0 
360.0 

13000 ft 
MEA SUREQ 

OPENING OPENING 
FORCE 

(lb) 11tv1E) sec 

15500 0.65 
20000 0.61 
15000 0,70 
18500 0.67 
22750 0.64 
21500 0.67 

CALCULATED 

14910 
15360 
16710 
'16760 
20070 
21460 

TABLE Ill 

0.233 
0,227 
0 .:220 
0.217 
0.198 
0,191 

V s 
( tt/sec) 

290.5 
299.0 
338.0 
364.0 
386.5 
404.5 
412.0 
417.8 

290.5 
299.0 
338.0 
364.0 
386.5 
404.5 
412.0 
417.8 

Measured and calculated opening forces and filling times of 
a 28 ft solid flat parachute with a 800 lb suspended weight 

Aero.1~uucal Journal December 1972 Heinrich 

21000 .ft 
MEASURED 

OPEI\JING OPENING 

F9~~)E TIME · 
(sec1 

17240 0.64 
16000 0. 60 
20200 0.64 
19400 0.61 
19875 0. 69 " 
27500 0,58 
26000 0.76 
18750 0.65 

CALCULATED 

12750 0.226 
13510 0.220 
17040 0,192 
19740 0.179 
22490 0.170 
24620 0.162 
22250 0.159 
26350 0,158 
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TABLE IV 

Effective porosity coefficients used in Figs. 3 through 8. 

JV, (lb) 200440 820 
h (ft) C. ]02 C. JOi 

6·103 5·05 5·4 

I 3·103 5·0 5·1 

21·10" 4·6 4·8 

record by optical means The possibility of squidding is 
indicated in all three figures!G, 7· si, because of the strong 
dispersion of the high speed data. This is particularly pro 
noun ced in Fig. 8 which shows an incr ease of aver ag,e 
filling time beginning at a velocity of 350 fps. In fact it 
appears that this parachute was tested close to its critical 
speed!3l. This interpretation agrees also with the analysis 
of the force recordings shown in Figs. 3 to 5. The pre
sented theory has no provision for squidding effects and 
will fail, of course, in parachute deployments near the 
critical speed. 

The question of a possible altitude effect has been asked 
repeatedly since Hallenbeckl 19l published the results of his 
high altitude drop tests. Hallenbeck's results showed a 
strong force increase with altitude, but the comparison 
was mostly based on equal indicated air speed. The data 
published by Berndt and DeWeese( 10, 11i, which are plotted 
versus true air speed on a log-log scale, do not indicate 
an altitude influence. However, when the data of refs. 10, 
11, and 12 pertaining to a given altitude are summarised 
in least mean square averages, one obtains the information 
shown in Figs. 9 to 11. These curves do not include those 
data points which were excluded previously, and an alti
tude effect seems tn exist. 

The figures show also the calculated curves for the 
same altitudes. The theory predicts that the force decreases 
with altitude and that the altitude effect is stronger for 
the heavily loaded canopies. The field test data indicate 
a mild force increase with altitude for the lightly and 
moderately loaded canopies and a noticeable decrease for 
the canopy with high surface loading. However, the least 
mean square average curves are based on a relatively small 
number of data points, and some extremely low data points 
are omitted. This influences, of course, the averaged re
sults. However, it is interesting that the field test and the 
theory show an unmistakable force decline for the heavily 
loaded canopy. 

Two things seem to be certain: if there is an altitude 
effect, it is a weak one; and that more field test data are 
needed in order to establish more reliable averages. 

9. SENSITIVITY OF THE THEORY TO NUMERICAL INPUTS 

AU conclusions based on the calculated results can, 0f 
course, be erroneous if the theory is very sensitive to the 
num erical. inputs. The principal terms in the continuity 
eq uatio n and equ::itio.n of motion are the maximum canopy 
valo,c and tl, c co efficients ()f dra g and th e effective 11orosity. 
Therefore , force and filling lime calcu lations were c;irried 
ont wi1h different ca nop y volumin:i. an d coefficien ts. 

In ref . 13 it was shown tl,a L l'he decrea se of tl1e maxi
mum proj ected diame ters from 0·70 D to 0·68 D caused 
the ~ore · increase of approximate ly 

O 

10 % nt a
0 

snatch 
vclocrly of 400 fps . Toe differences we re less nt lower 
veloci lie . TJ1e increase [ tJ.1e drag coefficie;it frorn 
C, o = 0·7 to 0·8 c,rnscd a force increase of ap pr oxim a tely 
3 i6 at a velC>city of 400 fps. Aga in, the differences were 
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r.-gu. e 12. Measu1ed and colculated of)cning forces. averaged 
effective porosity coefficients. 

Jess at lower speeds. For the scns1t1v1ty check concern
ing the ·canopy volume variation, the drag coeffic:ent was 
held to C Do= 0·75, whereas for the drag coefficient check 
the maximum diameter was assumed to be D 1,,,wx=0·7 D 0 • 

More details of these studies are shown in ref. 13. 
It appears that the uncertainties of the two parameters 

are not very important. It is interesting to note, however, 
that the theory predicl~ higher forces for smaller projected 
diameters and higher drag coefficients. 

The influence of the assumed volume and the drag 
coefficient upon the filling time wus ulso investigated. le 
was found (ref. 13) that the filling time decreases with the 
canopy volume and increases with the drag coefficient. 
Conceptually, one would expect shorter filling times for 
smaller volumina, whereas the lengthening of the filling 
time with increasing drag coefficient is surprising. How
ever, this can be understood in view of eqn. 12 which 
shows in the denominator the value of B, which is a 
strong function of the drag coefficient. 

Reference 13 shows that the filling time is more affected 
by volume and drag coefficient variation than the maximum 
forces. In view of practical applications this may be con
sidered to be a favourable situation, since it is mostly more 
important to know the maximum force more accurately 
than the length of filling time. However, a very serioJs 
matter may arise when parachute squidding leads to in
finitely long filling times. 

Finally, one should investigate the influence of the 
effective porosity. In all calculations shown previously an 
effective poro.sity coefficient was used corresponding to the 
snatch velocity. For comparison all cases involving the 
820 lb suspended weight were calculated with c-values, 
which are averages of the effective porosity pertuining to 
the initial and equilibrium velocities, c = 1 / 2 (cv + •v ). 

.I;/ s 

These values are listed in Table V. Figure 12 shows open
ing forces calculated with these porosity coefficients. Com
paring Figs. 11 and 12 one notices that the forces which 
are calculated with the new porosity values are increased 
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by 5 % or less, whereas the efk live porosit y was reduced 
by 17 % to 25 % . Also, the n_cwly ·alcula.te d for e . agr~c 
beaer with the field test result thH 11 th o ·c. sho ,vn 111 hg. 
11. In summary , it appea rs t~at the coefficient of ~ffective 
porosity is at least as influen tial as the drag coefficient. 

TABLE V 

Averaged coefficients of effective porosity 

It fl 6 ')0) 13 O:JJ 21 O:JJ 

ll s (fps) c •• C c •• C c •• C 

250 0·054 00453 0·051 0·048 
3ro 0·054 0 ·0448 0·051 0·0409 0·048 0·036 
325 0·054 0·051 0 ·0404 0·048 
350 0·054 0·0443 0·051 0·0399 0·048 0·0355 
400 0·054 0·051 0·048 0·0348 

Obviou ly the mos acc ura1e pro cedu re woul d be· to 
introduce the effective poro sity as a function of _velocity. 
However it is questionab le whether the small 1mprove
m nt of the force data would justify the additional effort, 
and it appears that the effective porosity coefficients of 
Table IV as well as Table V give satisfactory results. 
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