-y g

T

v - Vg

G b

NATIONAL ADVISORY COMMITTEE ;

- FOR AERONAUTICS

TECHNICAL NOTE .

No, 1315

JUN 271 194/

FREE-FALLS AND PARACHUTE DESCENTS
¥ THE STANDARD ATMOSPHERE
By A. P. Webster

Bureau of Médicine and Surgery, Navy'Department

kY
Z

MR o

—— _ R SR

Washington
- June 1947 - . *

N2 O3S S anaa = -

LANGLEY MEMORIAL AsKU
LABORATORY
Langley Field, Ya.

RAUTICAS =77

Tl



|

Ll.

ERRATA NO. 1

.—-"

RACA TN 1315

FREE-FALIS AND PARACHUTE DESCENTS !
IN THE STANDARD ATMOSPHERE
By A. P. Webster

June 1947 |
1 L
1
;
In figure 5 an error has been found in the label of the paramet |

shown at the top right. This perameter should be

k 'EW /CDS

author of this paper suggests that, for maximum sccuracy in computa.tions 3 ‘ -
—ﬁ be used with the values of tg glven in tsble I

the relation t i »
as & substitute for figure 5. \ \ '
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FREE-FALLS AND PARACHUTE DESCENTS IN THE STANDARD ATMOSFHERE

' By A. P. Webster®

. . SUMMARY"

: -t f AEENES
A d.e’cailed. table of the standard equilibrium veloclity and, s’ca.nd.azﬂ.

equilibrium times is Pregented for bodies falling in the standard atmos~
vhere. This table gives the velocity at various. altitudes ant the time

of fall from sea-levél to -4000.feet, and from 80,000 féet to sea level.

In addition to this’ standard t&'ble, there are given short tables and
charts of en open-perachute descent and free-fallsg; the texrminal veloc-

ity at sea level, and the variation .of the weight-to-dreg ratio (2w/cps)/2
for various weight .jumners from 90 to 300 .pounds free—falling and with
parachute canopies from' 20 to 30 .feet in open-ba.ra.chu'be descent; and
estimations af d.rag coefficien‘bs of silk a.nd. n.ylon parachu'bes

— =

The table of standard. equilibrium veloci'bies and standard eq_uiliF
rium times may be used’ directly for- open-'oa.rachube deacénts, given the
weight of the Jumper, the dlameter of the parachute, and the drag coef-
ficdlent. For free-falls starting from Horizontael flight, approximately
1k second.s must be added to the equilibrium time given in the table to
obtain the total time to sea level. )

INTRODUCTION

With the edvent of high-altitude flying, hazards not previously
encountered in the event of bail-out became of extreme importance. With-
out oxygen, consciousness ls lost very quickly..- . The extreme cold peces-
sltates the wearing of heavy flying.sults which not only encumber: the
Jumper but lncrease his d'.w__e’i_@t The duratlon, of the descent sub,jec'bs
the Jumpser to anoxie and cold. A few question.s which naturally arise are:

1. Can a man safely descend from high altitudes , say 1&0 000 feet,
without oxygen equipment‘? .
2. How long will it take to lree-fall to. an alti‘bud.e at which the
alyr is dense enouch for survival without the uss of oxygen equipment ?
. T

Commander, HS, USNR, Research Division, Bureau of Medicime amd -~ -
Surgery, Navy Department. -
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3. Are the times of free—fall from high altitudes to low altitudes
short enough to prevent 1ll effects .from anoxia and cold when no special
gear is worn?

L, What is the duration of openrparachute deecents from high alti—
tudes?

5. What are the rates of free-falls and perachute deacents?

6. After free—falling 15,000 or 20,000 feet, is the velocity of fall
80 great as te cause tearing of the parachute or inJury to the Jumper
vhen . the parachute 15 0pened? £

7 How doee the Weight of the Jjumper, diamefer of the parachute,
added weight of high—altitude suits and equipment, afféct the rate of
fall at various altitudes, the time between altitudes, and the terminal

velocity et sea leyel?

| In;order to have a hackground forianswering some of the foregoing
questions, altitude, velocity, and time relationships for free—falls and
open—parachute descents have been obtainad, and values tabulated for the-

situation in which the weight of the Jumper equals the drag in the stand—
ard atmcsphere.“-

- .. - . syMBoLs

b drag, pounds
welght of Jumper, pounds

S plan area of parachute oxr Jumper, square feot

-

p - ;.maes density of air, standard atmosphere, slugs per cubic foot
Cp urag coefficient N S ’ : S
v ebaerved vertical velocity, feet per secoud

Ve equilibrium velocity, feet per second (D = W)

Vs stendard equilibrium velocity, feet per second (D = W, k=1)

k = (aw/cps)i/2 | |

h ™" "altityde,  standard atmosphere, feet -

t observed time of fall between altitudes, seconds

%S
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tg . equili‘brium time between altitudes, seconds (D = W)

tg stand.ard. eq_uilibr*um time, seconds (D =W, k = 1)

Po - standard d.ensi‘by e:b sesa level, C. 0023’{8 slugs per cubic foot

Vip teminal equili'brium velocity at séa 1evel, feat per secon& (D = W)
o | pressu.re , ‘milliheters of mercury o o
a diameter of parachute canopy, i‘eet- | o

Some useful expressions:

1/2

3 k |

-
<
ll

- 1/2.
2. Vg = VS°< / " ‘where V5o = standard. equili‘brium vel9city at
ses level " 20.51 feet per second
5.0 . Tz
: Vs Vso S
L". CD = M
PoSVT2
-2 Cp= 2W<
6. ( ~ when S = S! and W = W'
s, 1/2 . ) I
.4 (
ﬂch-oVT . Lo N . - o -
1/2 ) ’ o
8. (n_cD') for k=1

V.
. t = % ._.io. v . -
9 (=} S VT

10, — =
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following expressions’are approximate, but quité atciirate for

ordinary purposes: e el D e e e

1l.
i2.
13.
1k,

15.. e

i6.
17,
18.
19.
20.
- 21.

e22.
23.
=
a5.

26.

27.

m = 0.00003254 per foot, altitude rate of decline of mass density
1 - ' N

o =p.e 1/ 2xih

Vo = Vi 6%/ v o xvg,

0<!
L]

Vo kgt vt
e = L s
1/2mVg oty + o n/ 2B

Vso VL ST

, by ;—-'al'ti*‘bud.e at Jump

&
n

Po . .

1
m o]
Vi 2
()
m Vs

~ 1/2mh :
—n% in (l/EmV’Tte“+ I l/- .J'> for open-parachute deacent

=
H

o3
1

- f—l in l:l/EmVT (te = 1) + o 2/ "’mhl] » for free-fall

N '
ty = —2 <e"'l/ amlh -1/ amhl) ,» Plus 14 for frée-fall
mkVSO . et - . .

61463 . o B

n Bino

2/3
0J1253 W for free—fall

Y
]

- 1.664 W/2 for Cp=10.92, k=1 v

Cp = 1.0% to 1.26 for flat plate

'5=f3"'pl

s mean density

1

in [2)
Vo = Vp <-—5~) , Mmean velocity

2

ol
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hy —h
ve

29, V, = Wy et/ um(bihy) X

~1/4mh . S :
b e / for open—parachute descent; plus 14 for free-

30. t, =
% Kig, fall .

EQUILIBRIUM VELOCITY AT ANY ALTITUDE -

It is logical to assume thet mcdern serodynamic theory should apply
to bodies faelling through air propelled by the force of gravity. The
elementary law, obtainable by dimensional analysis, for the drag, or re—
sistive force, on a body moving in s fluild

D = % CpSpV2 : S @)

is taken, thersfore, as fundamental to objects falling in air,

Defiring the equilibrium velocity as that vertical velocity at which
the drag in pounds is Just equal to the weight of the body in pounds
results in

1.
. _ W=-§CDSpV92 L (2)

The equilibrium veiocity is then given by

Vo = @ifephd Lo

Equation (3) may be used to caloulate the equilibrium velocity of falling
bodies at any:altitude, provided the drag coefficient Cp and the ares

S cen be estimated.

Replacing (EK‘I/(','])S)J'/-2 by k gives for equation (3)

R o
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By defining the standerd equilibrium velocity Vg at—any altitude as
that velocity at which the drag is Just equal to the weight, and

k = (2w/c]>s)l/2 =1

the values of the standerd equiliibrium velocity were computed from the
mass density (reference 1) of the standard atmosphere at various alti~
tudes. These values are compiled 1n teble I.

EQUILIBRIUM TIME BETWEEN ALTTTUDES

Let +te represent the time to fall between any two altitudes k,
and hy for the situation

W=D .
Then from equaticn (3) -
anfat, = (2 /cys0)*/

Inverting and integrating gives
hp

tg = (ch/zw-)l/z[ pl/a dnh (5)
1

If (CDS/2W51/2. is replaced by l/k, dh by Ah, and the integral sign
by the summation sign, then on summing from sea level (corresponding to.
a mass density of p,) to the altitude in question (corresponding to a

mass density of p), the equilibrium time from eny altitude to sea level
is given by

~

[o) .
te = l/k> o2 (6)
Bo

With the standard equilibrium time +tg defined as that time from

‘any glven altitude to sea level during which the drag on the bcdy was .
Just equal to the weight of the body, and

"

. k = (zw/c};s)l/‘2 =1

the values of this standard equilibrium'time were computed by equation
(6), ueing the mass density of the standard atmosphere at various
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eltitudes. These values are complled in teble I. The surmation was car-—
ried out by the trapezoidal rule for values of Lh = 100 feet up to
32,000 feet; Ah = 200 feet from 32,000 to 65,000 feet; ALh = 1000 feet
frem 65,000 to 80,000 feet; and Ah = 200 feet from sea level to —4000
feet, The mass density from 66,000 to 80,000 feet was computed by the
equation

b= 54.1315 x 10 p . (N

for values of the pressure p in millimeters of mercury up to 80,000
feet. (See reference 2.)

In the sppendix are given short 'Eab;es end cherts of an open—
parachute descent and frse-falls; a discussion of the computation of .the
values given in tables II and III for the teixminal velocity at sea level

and the variatién of '(2W/CDS)J'/ 2 for various weight jumpers both free—

falling and, with various diameters of parachute cancpy, in open—parachute
descent; a.nd. estima.tions of drag ccefficients of silk and nylon pmcﬁ'ﬁtes.
Biodynamics Branéh, = C s
Research Divieion . .
Bureau of Medicire and Surger;, _ - S
Isvy Department o . e
Vashington, D. C., October 10, 19hs -

APPENDIX

FIT OF EQUATION (6) TO OBSERVED DATA OF ALTITU'.DE .AND TDfE A.'ETER J'UMP

Open—Parachute Descent from ho,200 to lOOO Feet

In the following table are given the observed altitudes at various T
times after the Jump for the open—parachute desc&nt of Lieutenan‘b .
Colonel W. R. Lovélace from & density altitude of 40,200 feet (reference
3), ;sinf a 28~foot canopy parechute, The ground was 1000 feet above
see level: -
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8
h t

(£t) (sec)
4o, 200 0
37,500 - 60
3k,600 : 120
32,700 2ko
30,700 . : 300
28,000 360
26,500 . ' 420
" 24,500 - &
23,000 : . 540
21,400 . . _ . 600
20,000 . o . " 660
18,500 720
16,500 780
15,300 840
1k, 300 900
13,500 960
12,000 1020
9,700 1080
8,500 1140
7,200 1200
6,100 1260
4,800 . 1320
3,00Q © .~ - 1380
1,000 . 1k28

Figure 1 is a plot of the standard equllibrium time between the various
eltitudes and 40,200 feet as ordinates against the.observed times as
abscissas. Note the excellence of the visually fitted straight .line.
The slope of this lime is : ‘ _

k = (zw/ch)l/2 = 0.920

2.
Since the total weight of the jumper was 240 pounds, and S = ﬂ'(gg%j = 616
Bquare feet,

CD = 0,921

This value was used to compute values of Xk for various welight
Jumpers and psrachute diameters given in table IT. Figure 2 is a plot of
the raw data from the Preceding table of altitude sgainst time for the
open—parachute descent; with the smooth curve representing the equilibrium
times obtained from table I, using & value of k = 0.920. Nots the agreo—
ment of the two sets of data.
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Free—Fall from 31,400 +to 2100 Feet

The observed altitudes and times after the Jump are given in the
following table for the free—Ffall of Arthur H. Starmes from 31,400 to
2100 feet where the parachute was opened (refersnce L).

n
(£t)

L)
2]
® ct
Q
—

31,400
30,780
30,200
28,850
27,730
26,150
2,600
23,200
21,750
- 20,550
) 19,400
18,100
: 16,600

‘ - | 15,150
14,070
12,800
11,650
10,kc0
9,400
8,1k0
7,080
95700
k hs50
3,170
2,100

» 4 e =

VIHONUI 0 WY 0o

[WHVO WY U0 W U0

W o =0\

0\0\1‘8 ‘8@4—4 mmg\m\n EEWWND N -

O\ 3
O HUOW Ul W

|

EEB
N

Figurse 3 is a plot of the standard equilibrium time between the
various altitudes and 31,400 feet as ordirates against the observed
times after the Jump as abscissas. Note that the dynamic equilibrium
- velocity, when drag equels weight, was not reached for about 25 seconds,
2 after the Jump, and that to obtain the time to fall from the altitude at
the Jump to any other altitude, time must be counted from some value t!
after the jJump. J¥rom the graph, this value of t! is about 14 seconds.
After equilibrium is reached, the fit of observed values to standard val—
ues is good. The slope of the straight line of figure 3 ls

. L 172
k=<ﬂi . = 10.69
CpS
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Since the total weight of the Jumper was 286 pounds,
CpS = 5.005 |

Figure 4 is = plot of the raw data from the praceding table of
altitude agalnst time for the free-fall descent, with the smooth
curve représenting the squilibriim times obtained from table I and
with a velue of 15 = 10.59.

It is felt that Starmes' free-fall from 31,400 to 2100 feet should
glve & pretty failr average value for the drag coefficlent (if it was
calculable) because of the many attitudes his body took during the fall.
He rollied, somerseulted, fell head first, and so forth. At the present
tine there are no specific estlmatione of the drag cosfficiont of [ully
clothed jumpers or of profile arevas of fully clothed Jumpera. In order
to estimate variations of X Ffor verlous weight jumpers, 1t 1s assumpd
that Cp does not vary with varying welghts, and that the profile area
S varles as the two-thirds powor of the weight

/3
=L _
8 = W (8)
It follows that . . . —
1 /8 1/z2
k=¥ (2b/ep) . (9)

and considering'starnes' fres-fall as giving a Tair average “malue for
the drag coefficient }

1/c .
¢ o= b6k (10)

- This equation was used te determine values of k for "arious waight
Jumpers free-falljng as glven in table IX.

Free -Fall, I"rom ko, 000 to' 1160 TFeat’

At Wilmington Ajr Base, Liewbenant Colonel M. W. Boynton left an
airplane flying horizontallg at.42,000 feet and free-fell tw 1100 feet
(reference 5). His weight with full equipment was 240 pounds. The total
time of the rfall was obgerved by stop watch to be 151 to 153 seconda.

His maximwn velocity was observed to be L4OO to 405 feet per second which
was reached at 25 ssconds after leaving the alrplanc.

Entering the standard equilibrium tehle at 42,000 feet and 1100 feet
shows a difference of . 1484.05 - 53,21 = 1431.8k. For a weight of 240
pounds, k 1s estimated as 10.382 from table II. Then
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_ 1431.8)
te 310.382 ¥ 1k Ll

te = 151.9 seconds

VARTATION OF (zw/'ch)l/2 AND TERMINAL VELOCITY AT SEA LEVEL

Open—Parachute Deascents

Assuming a velue for the drag coefficient of 0.921, and further
assuming that it doss not very appreciably with the diemeter d of the
barachute, the various values of k = (EW/CDS)%/2 shown in table II

were computed by :
A . L
X = 1.6628 E-T (11)

For the terminal velocity at sea level, equation (3) becomes

Vg = (EW/CDSpo)l/2 , . (12)

"y i ‘ _ o
Since 33375 20.51, the terminal velocity at sea ;evgl

vE = p0172

glven 1n table IIL was computed for various weight jumpers and diameters
of parachutes by
Wl/2

Vip = 3L.10h4 (13}~

Free—Falls

As previously shown, the values of Xk = (ZW/CDS)l/2 for free-falls
given in table II were computed by ’

LIS

K = 41647

- Then the terminal velocity at sea level
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V — k .
T pol/2

may be estimated by
ip = 85.4180%7° (1k)

DRAC COEFFICIENTS OF SILK AND NYLON PARACHUTES

The observed sltitudes and descent times to 2800 feet of 200-pound
dumnies with 28-foot silk, 28-foot nylon, and 2i-foot nylon parachutes
(reference 6) are given in ‘the follcwing table:

Descent times, T (sec)
weso . ——26-Took pilk | . 2A-Foot pylem 2h—foot nylon
Altitude No. of No. of No. of
(£t) Mean + o  dpscents %ean + 0 |gegcents | Mean * 0 lgeggcents
7,000 208 + 1h 9 208 + 11 10 —_ -
15,000 584 * 26 " 18 564 + 21 17 h6h + 17 13
26,000 992 % 68 15 g58 + 34 15 833 + 68 8
33,00¢ — — 1230 % 38 3 965 1+ T1 3
h0,000 1417 * 91 10 _ 1360 i‘TQ 1k 1154 * 7 3

The drag coefficient for bodies falling in the standard atmosphere
is given by
/ - . t 2
op ={ %)(gs-) (15)

From the range of observed—descent timea given by the standard devi-—
ation, O in this table, and the standerd equilibrium times frcm the
given altituds to 2800 feet, the range of drag coefficiente shown in the
following tebls were computsd by equation (15):

- Drag Coefficlents
Al%it§de 28foot s1lk - 28-foot nylon 2L—foot nylon
£t '

7,000 0.820 -~ 1.031 0.695 - 0.859 S — —
15,000 657 — .892 .T07 - .820 0.653 ~— 0.756
26,000 671 ~ .883 - B7L - 773 627 — .869
33,000 — -— 736 — .833 564 - L T57
40,000 672 - 751 - 632 - 786 . 686 - 702

Mean 0.705 — 0.88% 0.688 — 0.814 6.633 — 0.771

ALY

'al
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The mean-—-cbserved-descent times give the following average drag coef-
ficlents:

28-foot silk, 0.828
28-foot nylon, 0.750
2h~foot nylon, 0.699
28— and 24~-foot nylon combined, 0.727

Note that it is assumed that the dummy descents, on which these drag
coefficlents are based, were made in the standaxrd atmosphere. It 1s
thought thet the temperature and other corrections would be small com—
pared with the magnituds of the variation between different descents.

In erder to facilitate use of the matorial given in the present
paper, somes of the data have been plotted in chart form. (See fige. 5 to
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TABLE I.-
STANDARD EQUILIBRIUM VELOCITY AND STANDARD EQUILIBRIUM TIME

NACA TN No. 1315

Vs ts Vs, ts
h (ft/sec) |[(sec) Lh (£t/sec) (sec)

—4000 . 19.36 200.83 | 2000 1.12 96.11
-3800 19,41 190.51 f 2100 - 1.15 100.84
~3600 19.47 180.22 || 2200 21.18 105.58
-3400 19.52 169.96 [, 2300 21.21 110.28
~-3200 19.58 159.73 | 2400 21.25 114.99
—-3000 19.83 . 149,53 (| 2500 21.28 119.69
-2800 19.69, 139.36 {| 2600 21.31 124.39
—2600 19.75 129.22 || 2700 21.34 129.08
-2400 .| 19.80 -] 119.10 || 2800" 21.37 .133.76
-2200 . 19.86 . 109.02 || 2800 21.40 138.44
-2000' - 19.92 98.96Tl 3000 21.44 143.11
-1800 19.98 - 88.94 || 3100 21.47 7| . 147.77
-1800 . -1 . 20.04 78.94 || 3200 21.50 - 152.42
—1400 20.09 68.97 || 3300 21.53 157.07
-1200 20.15 59.03 || 3400 21.57 161.71
~1000 20.21 49.12 || 3500 21.80 166.34
-800 20.27 39.24 || 3600 21.83 170.97
~600 20.33 29.39 || 3700 21.86 , 175.59
-400 . 20.39 19.56 || 3800 21.69 180.20
' -200 20.45 9.77JJ 3900 21.73 * - 184.81
0 20.51 0.0 || 4000 21.76 189.41

100 20.54 4.87 [| 4100 21.80 . '184.00
200 20.57 - 9.74 | 4200 -} 21.83 198.58
300 20.60 14.60 [ 4300 - 21.86 203.18

" 400 " 20.63 . 19.45.[ 4400 21.90 207.73
500 20.66. - 24,29 | 4500 21.93 "212.30
+.800 20.69 29.13 || 4600 21.96 216.85
700 - 20.72 33.96 || 4700 21.99 221.41}
800 . 20.75 . 38.78 || 4800 - | ~22.03 225.95
900 20.78 ..| . 43.680 [ 4900 22.06 - | ' 230.49
1000 20.81 48.41. || 5000 22.09 . 235.02
1100 .20.84 53.21 || 5100 22.12 ' 239.54
1200 ' 20.87 ~ 58.00 || 5200 - |. "22.18 . 244.06
1300 20.90. 62.79 |- 5300 -} .22.19 248.57
1400° 20.93 67.57 || 5400 22.23 253.07
1500 20.96 72.34 || 5500 22.26 257.66
1600 21.00 77.11 §| 5600 22.29 262.05
1700 21.03 81.87 || 5700 22.33 266.53
1800 21.06 86.62 || 5800 22.36 271.01
1900 21.09 91.37 I 5900 22.40 275.48

LY

s ]
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TABLE I.- Cont'd.

Vs Ve ts
h (ft/sec) (£t/sec) (sec)
= 6000 22.43 23.87 452.89
6100 22.46 23.90 457.08
6200 22.50 23.94 461.26
6300 22.54 23.98 465.43
6400 22.57 24.02 469.60
6500 22.60 24.06 473.76
6600 22.64 24.09 477.91
8700 22.68 24.13 482.06
6800 22.71 24.16 486.20
6900 22.74 24.20 490.34
7000 22.77 24.24 484 47
7100 22.81 24.28 498.59
7200 22.85 24.32 502.70
7300 22.88 24.35° 506.81
7400 22.92 24.40 510.92
— 7500 22.95 24.43 515.01
. 7600 22.99 24.47 519.10
7700 23.03 24.52 b23.18
R 7800 23.06 24.55 b27.26
. 7900 23.09 24.59 b31.33
8000 23.13 24.63 535.39
8100 23.17 24.68 539.45
8200 23.20 24.72 b43.50
8300 23.24 24.75 - H47.54
8400 23.27 24.79 551.58
8500 23.31 24.83 555.61
8600 23.34 24.88 559.63
8700 23.38 24.91 563.65
8800 23.42 24.96 567.66 |
8900 23.45 24.99 571.66
2000 23.49 25.03 575.66
9100 23.563 25.07 b'79.65
9200 23.56 25.11 583.64
" 9300 23.60 2b.16 587.62
) 9400 23.64 2b.20 581.59
™~ 9500 23.67 2b.24 595.56
8600 23.71 25.28 599.52
9700 23.75 2b.32 603.47
9800 23.79 25.36 607.41
9800 23.82 25.40 611.356
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TABLE I.- Cont'd.

Vs ts Vs ts
h (£t/sec) (sec) h (£t/s60) (se0)

14000 20.44 615.29 18000 27.17 76'7.60
14100 2b.48 619.22 18100 27.20 771.18
14200 25.b2 623.14 18200 27.26 774.85
%4300 2b.06 627.05 18300 27.30 778.52

4400 25.61 630.96 18400 27.34 782.18
14500 2b.65 834.86 18500 27.39 785.83
14600 25.69 638.76 18600 27.43 789.48
14700 256.73 642.65 18700 27.48 793.12
14800 2b.77 646.b3 18800 27.63 796.76
14200 2b6.81 850.41 18900 27.58 800.39
18000 25.86 654.28 18000 27.62 804.01
15100 25.90 658.14 19100 27.67 807.63
15200 2b.94 662.00 19200 27.72 811.24
15300 25.99 665.85 19300 27.71H 814.8b
15400 26.03 869.70 19400 27.81 818.45
15500 26.06 6873.b4 19500 27.86 822.04
16600 26.11 677.37 19600 2'7.89 825.63
15700 28.15 681.20 19700 27.94 829.21
16800 28.20 685.02 19800 28.00 832.78
15900 26.23 688.83 19900 28.03 836.35
%6000 28.28 692.684 20000 28.10 839.92

6100 26.32 6896.44 20100 28.14 843.47
18200 26.37 700.24 20200 28.18 847.02
18300 26.41 704.03 20300 28.22 850.57
16400 26.46 707.81 20400 28.28 8h4.11
16500 26.50 711.59 205600 28.38 857.64
16800 26.55 715.36 20800 28.38 861.17
18700 26.58 719.12 20700 28.42 864.89
16800 26.63 722.88 20800 28.4"7 868.21
189200 268.67 728.84 20900 28.52 871.72
17000 28.72 730.38 21000 28.57 875.22
17100 26.77 734.12 21100 28.63 878.72
17200 26.80 737.85 21200 28.68 882.21
17300 26.85 741.58 21300 28.73 885.69
17400 26.89 745,30 21400 28.77 889.17

Ii

17500 26.94 749.02 21500 28.82 892.64
17600 26.99 752.73 21600 28.88 896.11
17700 27.08 758.43 21700 28.93 899.57
17800 27.08 760.13 21800 28.98 903.02
17900 27.11 763.82 _ 21900 29.03 906.47
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TABLE I.- Cont'd.
Vs t8 Vs t8
h (£t/s8c) (sec) h (£f+/sec) (seo0)
22000 29.08 909.91 { 26000 31.19 1042.80
22100 29.12 913.35 | 26100 31.25 1046.00
22200 29.17 916.78 || 26200 31.31 1049.20
22300 29.22 920.20 | 26300 31.38 1052.39
22400 29.27 g23.62 | 26400 31.42 1055.57
29500 29.83 927.04 | 26500 31.47 10b68.75
22600 29.38 030.44 | 26600 31.53 1061.93
29700 29.49 033.84 | 26700 31.60 10656.10
22800 29.47 937.24 || 26800 31.64 1068.26
22900 29.52 840.63 || 26900 31.71 1071.42
23000 29.58 944.01 || 27000 31.75 1074.57
23100 29.63 947.39 || 27100 31.82 1077.72
23200 29.68 950.76 | 27200 31.87 1080.86
23300 29.74 954.13 || 27300 31.93 1083.99
23400 29.79 957.49 || 27400 31.98 1087.12
23500 29.84 8960.84 I 27500 32.04 1090.24
23600 29.90 964.19 | 27600 32.08 1093.36
23700 29 .95 967.53 || 27700 32.15 1096.48
23800 30.00 970.87 || 27800 32.21 1099.58
23900 30.086 974.20 | 279200 32.28 1102.69
24000 30.11 977.52 {{ 28000 32.32 11056.78
24100 30.17 880.84 || 28100 32.39 1108.87
24200 30.20 984.16 || 28200 32.45 1111.96
24300 30.26 987.46 || 28300 32.51 1115.04
24400 30.32 990.77 || 28400 32.56 1118.11
24500 30.36 994.08 || 28500 32.82 1121.18
24600 30.41 997.35 §| 28600 32.69 1124.24
24700 30.47 1000.64 || 28700 32.73 1127.30
24800 30.53 1003.92 || 28800 32.79 1130.35
24900 30.58 1007.19 || 28800 32.86 1133.40
25000 30.65 1010.46 || 28000 32.94 1136.44
25100 30.70 1018.72 § 29100 32.98 1139.47
25200 30.78 1016.97 || 29200 33.06 1142.50
25300 30.82 1020.22 § 29300 33.11 1145.52
25400 30.87 1023.46 §| 29400 33.17 1148.54
25500 30.92 1026.70 || 29500 33.22 1151.55
25600 30.98 1029.93 || 29600 33.30 1154.56
25700 31.03 1033.15 {{ 29700 33.36 1157.56
25800 31.08 1036.37 || 20800 33.41 1160.55
25900 31.14 1038.59 |{ 29800 33.48 1163.54




18 NACA TN No., 1315
B TABLE I.- Cont'd.
Vs ts | Vs tg
h (£t/sec) (sec) h (ft/sec) (sec)
30000 33.63 1166.53 || 38000 37.69 1335.73
30100 83.59 1169.51 || 38200 37.85 1341.02
30200 33.85 1172.48 I 36400 38.04 1346.29
30300 - 33.73 1175.45 || 36600 38.21 1351.54
30400 33.78 1178.41 || 38800 38.40 1356.76
30500 33.84 1181.37 || 37000 38.61 1361.95
30600 33.90 1184.32 ' 37200 38.80 1367.12
30700 33.97 1187.27 |} 37400 38.99 1372.26
30800 34.04, 1190.21 )| 37600 39.17 1377.38
30900 34.08 1193.15 || 37800 39.34 1382.48
31000 34.16 1196.08 || 38000 39.53 1387.55
31100 34.22 1199.00 |} 38200 39.71 1392.80
31200 34.28 1201.92 {| 38400 39.90 1397.62
31300 34.34 1204.83 || 38600 40.10 1402.62
31400 34.40 1207.74 || 38800 40.29 1407.60
31500 34.46 1210.65 || 39000 40.49 1412.55
31800 34.54 1213.55§ 39200 40.68 1417.48
31700 34.60 1216.44 || 39400 40.90 1422.38
31800 34.686 1219.33 || 39600 41.07 1427.28
31800 34.73 1222.21 ) 39800 41.27 1432.12
32000 34.79 1225.09 || 40000 41.46 1436.85
32200 34.92 1230.82 || 40200 41.67 1441.78
32400 3b.06 1236.54 {| 40400 41.84 1446.55
32600 . 356.20 1242.23 || 40600 42.07 1451.32
32800 35.34 1247.91 || 40800 42.27 1456.08
33000 35.46 1253.56 | 41000 42.48 1460.78
33200 35.60 1259.18 || 41200 42.68 1465.48
33400 36.74 1264.79 )| 41400 42.88 1470.16
33600 35.89 1270.38 || 41600 43.07 14774.81
33800 36.04 1275.94 || 41800 43.27 1479.44
34000 36.156 1281.48 || 42000 43.48 1484.05
34200 36.30 1287.00 || 42200 43.73 1488.64
34400 36.44 1292.50 || 42400 43.94 1493.20
34600 36.56 1297.98 | 42600 44.15 1497.74
34800 38.71 1303.44 §| 42800 44.33 1502.27
356000 36.86 1308.87 || 43000 44.54 1508.77
35200 36.98 1314.29 || 43200 44.72 1511.25
35400 37.13 1319.69 | 43400 44.04 15156.71
35600 37.31 1325.06 || 43600 45.13 1520.15
35800 37.50 1330.41 || 43800 45.3H5 1524.57

LY

-~



It

NACA TN No. 1315 19
TABLE I.- Cont'd.
Vs t8 Vs t8
h (£t/sec) (see) h (£4/sec) (sec)
44000 45.80 1528.97 || 52000 5b5.22 1688.66
44200 45,79 1533.35 || 52200 55.568 1692.28
44400 46.02 1537.70§ 52400 55.80 1695.87
44600 46.23 1542.04 || 52600 56.09 1699.44
44800 46.47 15646.35 || 2800 56.34 1703.00
45000 46.69 1550.65 | 53000 56.63 1706.54
45200 46.88 1554.92 || 53200 56.79 1710.07
45400 4'7.15 1559.18 | 53400 57.08 1713.58
45600 47.35 1563.41 || 53600 57.34 1717.08
45800 47.682 1567.82 || 53800 57.64 1720.56
46000 47.85 1571.81 || 54000 57.94 1724.02
46200 48.0b 1575.98 || 54200 58.14 1727.46
46400 48.29 1580.13 || 54400 58.41 1730.90
46600 48.50 1584.27 )} 54800 b8.72 1734.31
48800 48.73 1588.38 || 54800 59.03 1737.71
47000 48.97 1592.48 | 55000 59.35 1741.09
47200 490.21 1596.55 |} 55200 590.56 1744.45
47400 490.48 1600.60 || 55400 59.88 1747.80
47600 49.70 - 1604.64 || 55600 60.20 1751.13
47800 49.95 1608.65 || 55800 60.42 1754.45
48000 50.20 1612.65 ) 56000 60.75 1757.75
48200 b0.45 1616.82 || 56200 61.09 1761.03
48400 50.63 1820.58 || 568400 61.31 1764-30
48600 50.89 1824.52 || 56600 61.65 1767.55
48800 51.18 1628.44 {| 56800 61.88 1770.79
49000 51.36 1632.34 1 57000 82.27 1774.01
49200 51.65 1636.22 1§ 57200 82.50 1777.22
49400 b1.84 1640.08 }| 57400 62.85 1780.41
49600 b2.14 1643.93 || 57600 63.13 1783.58
49800 52.41 1647.76 || 57800 63.49 1786.74
50000 52.63 1651.57 |} 658000 63.78 1789.89
50200 b2.85 1655.36|] 58200 64.14 1793.01
50400 53.16 1659.13 || 58400 64.43 1796.12
50800 53.39 1662.88 || 58600 64.68 1799.22
50800 53.68 1668.62 || 58800 684.98 1802.31
51000 b3.91 1670.34 || 59000 65.36 1805.38
51200 b4.14 1674.04 |} 59200 65.53 1808.43.
51400 b4.47 1677.72 || 59400 65.79 1811.48
51600 54.70 1681.39 || 59600 66.09 1814.51
51800 54.98 1685.03 |} 59800 66.53 1817.53
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TABLE I.- Concl'd.
Vs t8 Vs tg
h (ft/sec) | (sec) h (ft/sec) (sec)
60000 66.80 1820.53 || 84000 73.53 1877.59
60200 67.11 1823.51 || 64200 73.91 1880.31
60400 67.43 1826.49 || 64400 74.35 1883.00
60600 67.75 18298.456 || 64600 74,74 1885.69
60800 68.03 1832.39 |t 64800 75.19 1888.36
61000 68.35 1835.32 || 65000 75.36 1891.01
61200 68.82 1838.24 || 66000 77.16 1904.13
61400 69.186 1841.14 || 67000 79.05 1916.93
81600 69.49 1844.02 || 68000 80.84 1929.44
61800 60.83 1846.90 || 69000 82.78 1941.87
62000 70.18 1849.75 || 70000 84.82 1953.60
62200 70.52 1852.60 |[ 71000 87.03 1865.24
62400 70.87 18566.42 || 72000 89.13 1976.60
62600 71.07 1858.24 | 73000 91.32 1987.68
62800 71.43 1861.05 || 74000 93.28 1998.52
63000 71.79 1863.84 |} 75000 95.79 2009.10
63200 72.15 1866.82 | 76000 98.04 2019.42
63400 72.57 1869.39 | 77000 100.50 2029.49
63600 72.94 1872.13 || 78000 102.67 2039.34
63800 73.31 1874.87 | 79000 105.37 2048.95
80000 107.87 20568.33
oo 2448

ty
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TABLE II.- COMPUTED VALUES OF k.

Weight Diameter of parachute (ft)
(1b) 20 | B2 | =4 26 | 28 | 30 Free-fall
Values of k

80 0.79 0.72 0.66 0.61 |0.566 |0.53 8.82

85 .81 74 .68 .62 .58 .54 8.90
100 .83 76 .69 .64 .bo .bb 8.97
1056 .85 ST 1 .66 .61 DT 9.05
110 .87 ) 12 67 .62 .b8 9.12
115 .89 81 74 .69 .64 51 9.18
120 91 .83 .76 710 't .65 .61 9.25
125 .93 .85 .78 T2 .66 .62 9.31
130 .95 .86 79 .73 .68 .63 0.37
136 97 .88 81 14 .69 .64 9.43
140 .98 .89 .82 .76 .70 .66 9.49
145 1.00 o1 .83 17 12 B7 9.55
150 1.02 .93 .85 .78 13 .68 . 9.60
156 1.04 .94 .86 .80 14 .69 9.65
160 1.05 .96 .88 81 75 .70 9.70
165 1.07 97 .89 .82 718 71 8.75
170 1.08 .99 .90 .83 ST T2 9.80
175 1.10 1.00 .92 .85 .79 .73 9.85
180 1.12 1.01 .93 .86 " .80 .74 8.90
185 1.13 1.03 94 .87 .81 75 9.94
190 1.15 1.04 .96 .88 .82 .76 9.99
195 1.16 1.06 97 .89 .83 ST 10.03
200 1.18 1.07 .98 .90 84 .18 10.07
206 1.19 1.08 .99 .92 .85 79 10.11
210 1.21 1.10 1.00 .83 .86 .80 10.15
215 1.22 1.11 1.02 94 87 81 10.19
220 1.23 1.12 1.03 .95 .88 .82 10.23
225 1.25 1.13 1.04 .96 .89 .83 10.27
230 1.26 1.16 1.06 97 .90 .84 10.31
235 1.28 1.16 1.086 08 91 .85 10.35
240 129 |1.17 | 107 | .99 | .92 | .86 10.38
245 1.30 1.18 1.08 1.00 .93 87 10.42
250 132 |1.20 | 110 |1.01 | .94 | .88 10.45
255 133 |1.21 | 111 |102 | .95 | .89 10.49
260 132 7122 | 1012 {103 | 96 | 89 | 10.52
265 1.35 1.23 1.13 1.04 97 .90 10.56
270 1.37 1.24 1.14 1.0 .98 91 10.59
275 1.38 1.25 1.15 1.06 .99 .92 10.62
280 1.39 1.27 1.16 1.07 .99 .93 10.65
285 1.40 1.28 1.17 1.08 | 1.00 .94 10.68
290 1.42 {1.29 | 1.18 | 1.09 |1.01 .94 10.72
295 1.43 1.30 1.19 1.10 |1.02 95 10.75
300 1.44 | 131 |1.20 [1.11 |1.08 | .96 10.78
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TABLE III.-

TERMINAL VELOCITY AT SEA LEVEL FOR JUMPERS OF VARIOQOUS

WEIGHTS IN FREE-FALL AND, WITH VARIOUS DIAMETERS OF

PARACHUTE CANOPY, IN OPEN-PARACHUTE DESCENT.

t

Welght Parachute diameter (f% Free-fall
(1b) 20 [282 T 24 26 28 | 30 (ft{ (mph) ¢
Terminal velocity (ft/sec) Bec
80 16.2 | 14.7 13.5 | 12.4 11.5 | 10.8 181 123
95 16.6 | 15.1 13.8 | 12.8 11,9 | 11.1 182 124
100 17.0 | 15.5 14.2 | 13.1 12.2 | 11.4 184 125
105 17.56 | 15.9 14.6 | 13.4 12.6 | 11.6 186 126
110 17.9 | 16.3 14.8 | 13.8 12.8 | 11.9 187 127
115 18.3 | 16.6 15.2 | 14.1 13.1 | 12.2 188 128
120 18.7 | 17.0 15.6 | 14.4 13.3 | 12.4 180 129
125 19.1 | 17.3 15.9 | 14.7 13.6 t 12.7 191 130
130 19.4 | 17.7 16.2 | 14.9 13.9 | 13.0 192 131
135 19.8 | 18.0 16.5 | 156.2 14.1 | 13.2 193 132
140 20.2 | 18.3 16.8 | 1b.56 14.4 | 13.5 195 133
145 20.5 | 18.7 17.1 | 158 14,7 | 138.7 196 133
150 20.2 | 19.0 17.4 | 16.1 14.9 | 13.9 197 134
155 21.2 | 19.3 17.7 | 16.3 15.2 | 14.1 198 135
160 21.6 | 19.6 18.0 | 16.6 15.4 | 14.4 199 136
1656 21.9 | 19.9 18.3 | 16.8 15.6 | 14.6 200 136 .
170 22.2 | 20.2 18.5 | 17.1 15.9 | 14.8 201 137 .
175 22.6 | 20.5 18.8 | 17.3 18.1 | 15.0 202 138
180 22.9 | 20.8 19.1 17.6 | 16.3 | 156.3 203 138 .
185 23.2 | 21.1 19.3 | 17.8 16.6 | 15.5 204 139
190 23.5 | 21.4 19.6 | 18.1 16.8 | 1b.7 205 140
195 23.8 | 21.6 19.8 | 18.3 17.0 | 15.9 206 140
200 24.1 | 21.9 20.1 18.5 17.2 | 16.1_ 207 | 141
205 24.4 | 22.2 20.3 18.8 17.4 | 16.3 - 207 141
210 24.7 | 22.b 20.6 19.0 17.7 { 186.5 208 142
216 25.0 | 22.7 20.8 | 19.2 17.9 | 16.7 209 143
220 256.3 23.0 2l1.1 19.5 18.1 | 16.9 210 143
v 225 25.6 | 23.3 21.3 19.7 18.3 | 17.0 211 144
© 230 25.9 | 23.5 21.6 | 19.9 18.6 | 17.2 211 144
235 26.1 | 23.8 21.8 | 20.1 18.7 | 17.4 212 145
240 26.4 [ 24.0 22.0 | 20.3 18.9 | 17.6 213 |- 1456
245 26.7 | 24.3 22.2 | 20.b 19.1 | 17.8 214 146
250 27.0 | 24.5 22.5 | 20.7 19.3 | 18.0 214 146
255 27.2 | 24.8 22.7 | 20.9 19.4 | 18.1 215 147
260 27.5 | 26.0 22.9 | 21.1 19.6 | 18.3 216 147
265 27.7 | 25.2 23.1 | 21.3 19.8 | 18.5 218 148 -
270 28.0 | 26.5 23.3 | 21.6 20.0 | 18.7 217 148
275 28.3 | 25.7 23.6 | 21.8 20.2 | 18.8 218 149 K
280 28.5 | 25.9 23.8 | 21.8 20.4 | 19.0 218 149
285 28.8 | 28.2 24.0 | 22.1 20.5 | 19.2 219 149
290 29.0 | 26.4 24.2 | 22.3 20.7 | 19.4 220 150
295 29.3 | 26.6 244 | 22.5 20.9 | 19.5 220 150
300 29.5 | 26.8 24.6 | 22.7 21.1 | 19.7 221 151
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Figure 1l.- Plot of the standard egquilibrium time between various

altitudes and 40,800 feet against the observed times after
the jump, for the open—parachute descent of Lt. Col. W. R. Lovelace
from & deneity altitude of 40,200 feet, using & 28-foot-~canopy
parachute. (8ee referénce 3.)
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Figure 8.- Plot of the observed altitudes against the obrerved times

after jump for the open-parachute descent of Lit. Col. W. R,
Lovelace from a density altitude of 40,200 feet, using & 88-foot-canopy
parachute. (8ee reference 3.) The smooth curve through the observed
points represents the equilibrium times obtained from table I using a
value of k = 0,820,
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