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1 Inbroduction

The airflow characteristics of most of che porous fabrics now used
in the manufacture of parachutes werc cxamined during the Second World
War by Brown and Holford (Ref.1) at normal ground temperatures and
pressures, They concluded that the porosity of these fabrics, and also
of a fine wire mesh and ribbon meshes, increascd with increasing pressure
difference across vhem (that 1s, that U is equel to f(p)vp vhere f£(p)

U
15 an incrcasing function of p) and, further, that % Was independent

of p , where =x 1s a constant the valuc of which depended on whether the
yarn was composed of artifaicial or matural fibres. A limited number of

cxperiments werce also made by Duncan (Ref.2). %;~ vias considered an
b

increasing function of speed. This was accepted as a characteristic of

all parachute fabrics.

Taylor ard Davies (Ref.3) measured the aerodynamic forces on porous
sheets including fabrics and found little variation due to Reynolds number
over the ranges of their experiments.

Simmons and Cowdrey (Ref.l) also measured the acrodynamic forces on
fine wire mesh screens and noted but did not examine a 'speed cffect'.

This note records the results of an investigation into the effects
of variation of air temperature and density on the airflow characteristics
of porous fabrics idely used for the manufacture of parachutes and
indicatves how these illustrate a more general form of the conclusions
reached in Refs.i and 2.

A list of symbols 1s given in Appendix I,

2 Method

2.1 Apparatus

In order that the airflow through and pressure difference across the
fabric test specimens could bc vared and measured readily an instrument
sumilar to the High Pressure Porosity Instrument described in Ref.5 was
used. It differed in that, to avoid the variable heating effect of the
Pplower on the air passing through the fabric test specimens, the direction
of the airflow was reversed - a two stage exhauster draven by a five
horsepower electric motor replaced the single stage blower of the standard
instrument. This modification also enabled greater pressure difference to
be obtained and thus extended the range of readings at low air densitics.
The manometer board and ccrtain other ancillary camponents werc rearranged
in order that the instrument could be housed in the limited space avarlable.
The final assembly 1s illustrated in Fig.,1. The measurements were made in
the No.2 Cold and Decampression Chamber at Synehurst in order that the air
density and temperature could be vared as required.

2,2 Tabric Test Specimens

Twelve types of fabrics widely used for the construction of para-
chutes and differing from each other in porosity, treatment and/or material
were tested in order that any conclusions might have a general application
to parachutes. Debtalls of porosity, specification, etc. are given in
Table I. Each specimen was approximately one yard square and marked in
ten positions by 3 inch diameter circles in such a way that no warp or
weft threads were cammon to any two positions. An airflow measurement at
same particular pressure difference across a specimen was effected by
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taking the mean of ten readings made at the centres of each of the marked
positions as described in Ref.b.

253 Measuraments Made :

The tests carried out can be divided into two series. In the first
the effect of low air density was examined. The airflow lhrough the
twelve Tgbric test specimens was measured al various pressure differences
and air densilics corresponding to tncse at heights above sea level of ’
0 to 30,000 £5. in 1ncrements of 5000 fi. The air density Wwas measured
by & stendard aircralt altmetcr. Control of the temperaiure vas difli-
cult and 1t varaied through a range of 0°C to 20°C. Relative humadity
vas not measured bub was probably of the order of 90% to 100,

In the second series the effect of low temperature was examinod.
The measurements werc made in the same way as those of ths first series
excepl that they covered a temperature range of =50°C to 0°C and the air
pressure was hot varied Trom atmospheric. Although the operators -were
fabric Cace masks there was a continual suspension of ice particles In
the atmosphere of the chamber. This inflicated that the relative humadity
must have been of the order ol 1004

3 Results :

Pigse.3 - 14 give the results of the tests graphically. The
reliability of “he messurements made at temperatures below 0°C was
seriously affected by the atcumulation of ice particles in the interstices
0f the fabrics. It was alsc aggravated by the impaired efficiency of
the instrument. The clampang head drd not move freely, ihe 'Scrbo'! rubber
rang became hard, and 1ce accumulated in the exhauster causing the
electric motor to be overloaded frequently.

3e1 Discussion of Results

It has been suggested that increasing the pressure differenoce
across a fabric iuncreases the area of the fabric interstices relative
to the yarn and that this wall produce a change in porosity characteristiilcs..
If this were the only effect we should expect the indiceted airflow to be
independent of air density (or pressure) for a gaven pressure differcnce
aoross a fabric. Refs.1 aad 2 amplicitly accept thas explanation in
their conglusionss. Fag.2 shows however that the ndicated axrflow
inecreases with anercasing alr pressure for a constant pressure difference
across the fabric test specuncns. ’

To attempt an infterpretation of thizs phenomenon let us assume that
daatortion has no appreciable eflfect on the porosity characteristics of
a fabric. We can then apply lhe laws of dynamic samalarity to the air-
flow through the fabric obtainang the well known result that the nature
of the flow and hence the porosity 1s dependent on the Reynolds number.
Thus 1f U 1s the mean velocity of the awrflow through a fabric when the
pressure difference across 1t 13 wpV2  then the relative porosity

U . PVe
7= ¥ (R) whereR:-n—- cevnenenea {1y
* This factatious V us introduced in order that results may be more

darectly applicable to parachutes. IL %p V2 corresponds to the mean
pressure difference across the fabric of o parachute canopy inflated in
& relative alrstream then the relative velocity of the airstream will
approxurate to V.

-4-



Appendax IT shows how % and. % may be expressed in temms of the
quentities measured, that is, expressed as funciions of air temperature

and pressure and, as read from the porosity anstrument, the airflow
through and pressure difference across the fabric test specimens.

All
the constaituent factors of R , except

€, were varaed.
nl 7 U R
In Figse3 - 14 T has been plotted against logg z for the twelve

It cen be seen that where the air temperature was greater than
09C the measuremunts appear to obey the relataonship (1).

)+ Further, over
this range of the anvestzgation, the relationship seems to be of the form

specimens.,

U
v:l‘ﬂlog cR ..-.-..u.(2)

where m and c¢ are constants dependent on the characteristics of the
fabric. Table I gives values of m and logg cf for each of the

specamens and the method by which they were derived from the measured
gquantities is oullined in Appendix IT.

Where the air temperature was less than 0°C the value of Y was

v
mostly less than and never greater than the value to be expected from the
relationship (1).

As the collection of 1ce particles in the febric
interslices was almost certain to effect a reduction in the value of

this ratio the results in this series yualitatively support our assumption.

An examination of the results given in Ref., shows that the 'speed
effect' on wire meshes also conforms to equation (2.

3.2 Gensralisation of Previous Work
Suppose 1in relationship (1) that
¢(R)=IC5R23C 1 ll.llllll'(j)
now
2%
=ej.r..l§= 20 (&) s e s A ES )
R=t2 [ PP (5 (&)
also
U U N
""'—5"'"""""—“—-"_1: 'OOII'O.I-(5)
Vo (/)R
Thus cambining (3), (&) and (5), (1) may be-wratten as
1
2] x-z
—‘——I—J’—-—Iq": ks [pr (—) LI ol W o .-&-(6)
P A2 ~ i
(p/%p)
or



Now Brown and Holford concluded (Ref., 1) that

i
PX

= kg where kg dis andependent of+ p
This will conform to (1, provided

kg = kg 25 p*7 (_31)23‘" e (7

Thus their relationship may be generalised as
U _ .
v—l’%@r ’Where y-—-2x 1 -cocu---||(8j

(8) may be related to (2) by

oy P———— 3

Y~1oge oR |-l|oui¢00(9)

] .

k5 :'_'3_" o-n-.--..(10)
yE

Over a narrow range of R for small values of y equation (8) approximates °
closely to equation (2) 1f the mean velues of y and kg given by equa~
taons (9) and (10) are used.
4 Conclusions

The results indicate that the laws of dynamic sim:larity hold for

parachute fabrics and suggest that over the range of the irwestigation
they may be conveniently summarised by the expression

%:mlogcR

where m and o may be regarded as febric cheraoteristics.

hoel Further Aectaon

'

The relationship between V(R;, and the fabric parameters should
be establashed analytically.
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APPENDIX T

List of Symbols

fabric constant
density of alcohol used for porosity instrument manometers
function of p
function of T

height of the pressure difference manometer of the porosity
instrument

heaght of the {low reading manometer of the porosity instrument
a constant of the flow meter scale of the porosity instrument

a constant of the venturi of the porosity ainstrument

ey %
= = 0.0151
ko

constant = 2.23 » 1012

fabric constant
2x=1
x=1 [£

pone suitable linear dimension of a febric
fobric constant

Pressure differaice across a fabric

ky {Zp U?)

pVE
M

temperature in OA, used as a suffix to denote the value of a
physical quantity at a temperature T

mean velocity of the axrflow through a fabrie when the pressure
dafference across 1t 18 p
A

(ET-)E , U =Uwhen T = 288 and o = 1
ky 1

&

fabric constant

[

O,

2x - 1

vigoosity of air



O

alr density

o relative air density T,gg = relative air pressure in standard
atmosphere

¥(R) function of R



APPENDTIX IT

Relationship between Basic and Measured Quantities

The following relatiocnships are either implied or their deravation
from basic data 1s obvious. The slug foot second system of unibs is used.

P-—-%DTVZ -o-c--oc-i(1)
P:'-thT ---u..n--o(Z)
P=H 4 voreraees o 3)
288 o
288
= ——— ceeeneaena ()
T3/2
™ =0.08"L" et bt LN N B
: 72 M288 T a0 G)
%25-11?21— ,Ui:UWhﬁnT=2889A a:n.d 0_-7-1 'I'lt..l!l'(é)
D o L 2
w -fk2 (EPTU) -.a---.-on(?)
dp = 1e64 x 1070 (1260 - T) N C))

From (1) and (7)

o

-1
W
n:lw
=]
-

-1



9
. . z
. . % =k3—ll:£ Where k:,) = (l—cl) """""(9)

Algo

T
) 2PTp
nZT
288 P [ ]
288 -3 -
) 2 [—-—T—-} 1.64. x 10 1260 T} hT_
2
3/2
2P o8 T

from (2), (4). (5) and (8)

= k), 0pgg by F(T)
where

i T

and.

w o 22X 288 x 1.64 x 10~3
421 x 0.08%5% “2288

¢l

A1
= [kl"0-288 hTF(T)]z ao.-.ocnn("O)

In Pigsed = 14 -g 1s plotted against loge% for each fabric test

specimen, the values of these being obtained from the measured quantities
by meens of equations (9) and (10).

These figures indicate that the results may be expressed in the fom
%— =m log cR where m and ¢ are constants dependent on the nature of
the fabric. DBecause no compoerative measurements of £ were possible
numerical values of ¢ can not be deraived. The following shows how m

e(mcii 1o o{i can be obtained from the measured quantities through equations
9) and (10)



Ty

&,

P

i

<lcy

m log, ok

1l

1 P B.)
m logg, o (6

»

1]

R
m loge (Z) + logge cd

sl

-[-IE “11-

- ll.l“l"'(h‘l-j-;‘
loge @-‘% = log 13-1—
& °\¢

where the suffices 1 and 2 denote-values at any two points on the curve
and

1 (U R \
loge CE = ;_'E ('{f") - loga (E) R .-..‘.“(12)'

Numerical wvalues of m and logg ¢4 are given in Table I for each
of the fabric test specimens.
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TABLE I

Detairls of Febric Test Specimens

Porosity et
Approx. pressure
sparo, [Voagee| TR |Bernes
Fabric |Specificetion| No. of |ozs./ | p 9,000| st 15°C apql m  |-loggod
Ends|Packs| 8q.¥d:| petres atmo spheric
of yarn | oressure
f.p.8.
Cotton |D.T.D.410b 99| 105 | 1.4 52 L7.3 0.01.3] 8.1
" i 105| 106 | 1.4 50 38.3 0.043] 9.1
L D.T.D.52. % 13| 140 | 1.6 L7 25.3 0.0321 9.6
" ! 1311 138 | 1.6 45 20.5 0.029 9.8
" D.T.D.583 551 57 | 2.8 195 32.6 0.030} 8.1
" D.T.D.633 631 65 | 3.2 196 17.3 0.022| 9.6
Hylon 95 98 | 1.3 51 24.0 0.017| 6.6
o D.T.D 5564 3 129 117 | 1.6 50 1.2 0.013} 8.3
i " ;o126 134 | 1.7 50 9.4 0.013] 9.9
Celenese|H1276 1031 100 | 0.8 30 25.8 0.012] 2.7
Viscose V7721 571 ™ 2.9 207 22,4 0.015} 6.0
S1lk D.T D.6YA 108 98 | 1.4 55 12.8 0.015] 9.4
" This fabric vas produced for supplies dropping parachutes and is

stmilar in construction to fabric Lo Specification D.T.D.5564 except that
To prevent "slipping" the yarn was treated
w1th bedafin resan in the manufacturing process.

1t has fewer ends and picks.

Wt.2078.CP25.43.
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FIG.1

THE HIGH PRESSURE POROSITY INSTRUMENT

FIG.1.
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FIG. 3 & 4.
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FIG. 5 & 6.
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FIG. 7 & 8.
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FIG. 13 & 14,
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