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SUMMARY

The sir permeability of fourteen experimental nylon parachute type
fabrics was determined using a sample four inches sguare in an orifice
meter whose capacity permitted testing st differential pressures across
the eloth as high as 1900 inches of water. The tegt fabries are divided
into two groups; one group in which seven identicel fabrics were subjected
to different calender pressures dwring the finishing process, snd snother
group of seven fabrice with varied warp and filling twists. The permea-
bility, P , at pressures sbove 100 inches of water cannot be expressed
as P = ¢ {Up)" as can the permeability below 50 inches of water.

Upon assuming that isentropic flew exists up to the peint of mini-
mu aresa in the fabrie interstice, the increase in effective flow area
for pressures above the critical pressure 1s calculated using the upstream
properties of the air. The experimental dats indicate that the total

effective open area of the fabric may be expressed as a function of the

. |
differential pressure across the cloth, i.e., A = Clyp)®, where the

constant, €, and the exponent, n, depend on the physicel and textile

properties of the cloth.




CHAPTER I
INTRODUCTION

The increasing need for the recovery of personnel and eguipment
from gupersonic aircraft has motivated a_research program to determine
more precisely the parsmeters relating the flow of air through fabrics
and their physical propertiea. In supersoric operstions, the parachute
mst inflate rapidly to avoid fatigue destruction of uninflsated or loose
sections. The supersonie veloeity must be reduced rapidly to avold
weakening of the perschute structure from serodynamic heating., A decrease
in the opening time, however, produces an increage in the opening shock.

The magnitude of opening shock, inflation time, critiesl or
squidding speed, rate of descent, and stability of the parachulte are all
affected by, or are functions of, the air permeability of the paraéhute
fabric. The common definition of permesbility is the voluwme rate of flow
per unit area (fts/ming-ftz) under a specified differential pressure at
sonme standard temperature and pressure.

The effect of increasing or decreasing the air permeability of
parachute fabric on the performance of the parachute is aignificant. For
exguple,; 8 parachute made from & leoogely woven fabric mey have s higher
descent veloeity than one made from a tightly woven fabric. Decreasing
the fabric permeability will result in greater oseillation or perndulation
of the parachute and its cargo.

Since the parachute design is affected by the air permeability of

the fabric, the_designer would like to be able to choose a particular value




of air permeability at a given pressure differential across the cloth.
This in twrn necessitates providing the weaver with instructions about
the number and denier of warp yarns, the pumber and denier of filling
threads, and the weave pattern. The cloth finisher must be instructed

88 to the desired air permeabllity of the cloth after finishing. Chbtain-
ing cloth of uniform perﬁadbility throughout the entire process requires

the use of very careful quality control.

A Brief History of the Problem.--A survey was made of sll availsble exist-

~ing likereture pertinent to air permsshility of parschute and-othef types
of fabriec. Very little information on this subject was found in the
literature. This is indicstive thalt very little fabric air permeebility
research has been conducted in the United States or Europe. Research in
this field heretofore has involved'the_study of the mechanics of air flow
through the cloth at pressure differential of 50 inches of water and under.

At low differential pressures (50 inches of water and under), the

flow may be compared to that of & liguid flowing through s porous media.

At higher differential pressures, the mechanlcs of flow mey be compared
to the flow through # porous non=homogencous elastic membrane, At
higher d@ifferential pressures, the effects of compressibility must be
taken into account in addition to those effects due to stretehing of the
fabric.

The Tlow through porous media has been investigated analytically.
Green and Duwez (1) have developed formulae for use in analytical treat-
ment of such flcwé° For flow of e coupressible fluid through a porocus

redia, the pressure gradient may be expressed as: .




R _opv +gev

For isothermsl flow of & gas through s porous bed the pressure-

square gradient becomes from equation (1):

L

- d(%?‘&-) G+ —g- . (2)

They define & characteristic B/ as & characteristic length to describe
the geometry of the bed.

Goglia (2) and Brown (3) developed & method of presenting the flow
data in & genersl dimensicnless form over a limited resnge of flow, Under
the asssumption that the pressure-square gradient in the flow through a
fabric is the arithmetic sum of the viscous (20(RT}J«-—) and the inertia.l
(26—- G ) contribution, they infer the existence of : characteristic

4

length B #X. They show that the relationship between the flcw-through

drag coefficient, C_, and the Reynolds number; Re, bagsed on this

f’

characteristic length is common %o all fabrics so that ¢, = 2/Re + 2.

g
The parameters (O( and ﬁ mey be estimated from physical measurements of the
eloth, thus permitiing an estimate of the permesbility of the fabric.
Thére iz ne litersture availsble concerming the flow of air through
fabries et high pressures up to the rupture point, othér than the data

obteined during the course of this project.

Objective.~~The cobjective of this study was threefold:
1. To measure the permeability of a number of fabrics at
pressures up to the rpture point.

2. To correlste the high pressure flow deta with similar data




obtained at low presgures.
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CHAPTER IT
THEORY

In classical flow probvlems the quentity of flow is usually expressed
a3 & function of the orifice ares and the Aifferential pressure, modified
by some correcting factor such as the orifice dischexrge coefficient. In
the case of rigid orifices, the orifice diecharge coefficient changesg very
little with changes in pressure, sné the orificé ares remains the same,
regardless of pressure. Thus the volume rate of flow becomes directly
functionsl with the square root of the differentisl pressure. On the
other hand, in the cage of textile fabrics with potentiamlly expanding
orifices, the flow appears to be proportionsl to the differential pressure
raised to the power n for low differential pressures, the numerical value
of n being greater than one half, '

The work sccomplished thus far indicstes that the tighter the weave,
the greater the devistion of n from the value one helf.

Thoge fabrics of lowest permeability at low differentisl pressures
change most rapidly with incresses in pressure drop. An empiricel
analysis of the air permesability data measured at t_he Georgia Institube
of Téchnology disclosed that the line showing air permeability versus
differential pressure was straight when plotted on full logarithmic
graph paper. Data for two hundred fabric samples have been plotted and

the resulte consistently bhear out the relstionship:

Permesability = C(vp)n .




This variation is very closely followed by fabrics in the range from one
inch to 55 inches of water differential pressure.

In the renge from 100 inches of water differential pressure to the
rupture pressure of the febric, the above proportionality does not express
the relationshiy of differential pressure versus permeabllity. Throughout
the subject research it had been hoped that a theory might be developed
for deseribing the flow of air through the parschute type fabries at high
differential pressures. However, the many variasbles and the difficulty
involved in measuring the cloth thickness and increase in ares combine to
prevent a precise analyticsal solution of the flow problem.

The meagurement of the air flow through fabrics at differential
pressures up to 1500 inches of water permits the determination of the
effective open area of the fabric sample. The assumption is made that
igentropic flow exists from upstream conditions to the minimum ares in
the pore opening. Also, the Mach number is one at that positlon when
the pressure ratio 1s less than the so-called critical pressure ratio,
based on initisl conditions., The suthor recognizes that the foregoing
assumptlion may be neither necessary nor sufficient.

In order to determine the veloeity of sound in the interstice it
is first necessary to determine the stagnation conditions for .the flow
ahesd of the fabrie. The upstream Msch number mist alsc be determined
and is derived in the following equations. The velocity of sound in a

perfect gas may be expressed as

¢ = VKRT fi/sec

and for air this becomes (3)




c = 49.02y/ T ft/sec.

The equation of state gives the relstionship between pressure, density,

and tempersture ag
P = ORT.

Then, since the Mach number, M, is equel to V/c, the mass flow rate may

be related to the Mech number as follows:

OV/p = Mc/e.

Selving the equation for M, we get

w2 (@ufp) = 2Ly

Having determined the Mach number In the flow ahead of the fabrie,
the sipgnation pressure and temperature are obtained by use of the

isentropic tebles as follows:
€ from M and €/Q
T, from M end T/7.
The conditions in the interstices for M = 1 may be com}puted as follows: "

= 0,528 I,

0.833 T,
49.02 T

2.70 B /T .

(The subscript o denctes stagnation conditions and the superseript %

denotes conditions when M = 1.)




The mass rate of flow, w, expressed in lbm/sec is teken from the
caleulation sheet and then the effective flow aree or effective open

area of the febric samples is caleulated from the following equation:

* v
A = ?—.‘?,
v
By use of the above formuls and gas dynamics tebles and the

properties determined experimentally, it is therefore possidle to calcu-

late the effective open area of the fabric gexple at differential pressures

ranging from the cri_’cica,l pressure retio up te the rupture pressure.

Since all the calculstionsg are baged on the total open area neeea-;
sary to accelerate the mass flow in the pipe to Mach 1, the area of the
febric cannot be determined. In the sbsence of observed deformation dets,
the permeability (cﬁn/ftz) is determitied by utilizing the load-elongstion
characteristics for the fabrics under bisxial tension.

A review of the biaxial tension data by Boteler (6) indlcates the
load-elongation curves for parachute type febrics may be approximated
closely by streight lines drawn frox the origin to the polnt of rupture
elongation and pressure. Since the elongation at rupture is an indicetion
of the msxinmra pogsible incresse of the fabric sample area, this load- |
clongation polnt is common to hoth the plane hiexisl and the hydx_'ostatic
case. The assuned febric sample mrea st rupture of the ¢loth in the
permeability tester is assumed to be the original area plus tbe sdditional
ares indicated by the measured elongatlons. It is then asgumed that the
fabric sample srea increases linearly under alr losd from the original
size at no load to the maximum pogsible area at rupture., The area so

determined iz used as the sample ares in calculeting the permeability.




CHAPTER IIT

EXPERIMENTAL PROCEDURE

Apparatus.~~The high pressure permeability tester vas designed to provide

a pressure dAifferentiel across the fabric sanmlé up to 1500 incheg of
water, The teater consists éasentially of an air Buﬁply system,.an orifice
meter, fabric sample holder, aﬁd recording equipment.

- A 12 x 13 inch Worthington air compressor drivem by a seventy~-five
horsepower electric motor provides compressed air up to & maximum of 125
pounds per square inch pressure. The air from the compressor is cocled
in a water-cooled eftercooler to a temperature of 100 degrees Fahrenheit,
then passed through a C. D. Kemp single tower adsorption dryer, where it
dried to a dew point of -8 ﬁegrees Fabrenheit. The air iz stored after
drying in a 1000 cubic foot capacity reservoir. The alr for testing is
reduced to the desired pressure through & pressure regulstor, then passed
through & 100 cubic fbot capacity stilling chamber to the test section.
The eir supply to the test section is controlled by a gate type wvalve
upstream of the orifice meter.

The air flows from the gate valve through a four inch pipe %o a
flenge tap type orifice meter, installed in accordance with the American
Soclety of Mechaniecal Engineers Special Research Cammittee on Fluid Meters
(7), and through the fabric sample to the atmosphere. A sample holder
having & 16 square inch (4" x 4"} opening is used in these tests. It cone
sisté of two aluminum plates with a rubber seal between them. A schematic

diagram of the permeability tester is shown in Flgure 1.




12% x 13" Compressor

106C¢ Cu. Ft. Reservoir

l. Schematic Diagram of Permeability Tester




Ingtrumentation.-~Because the air capacity provides a constant pressure

flow of only sixty seconds at high fabric differentlal pressures, the
pressures and temperatures are recorded on an osciilograph. The upsiream
static pressure, the cloth static pressure, end the orifice dlfferentisl
pressure are sensed by Ceco Type T pressure transducers. The air btemper-
sture is sensed with an iron-congtantan thermocouple inserted in the air

stream.

A Ceco Type 1-118 Carrier Amplifier supplies a carrier voltage_ to

the transducers and amplifies the response signel to any desired value.
The amplified signals are recorded by a Ceco Type 5-116 recording oscillow

graph.,

Fabric Selection.=--The fourteen experimental fabries selected for the tests

reported here were woven by the Cheney Broﬁhers Compeny. The fabrics are
divided into two groups. Seven fabrics were obteined from a plece of
MIL;G-TOQO s Type I, nylon ripstop parachute fabrle woven from the same
warp on che loom and totaling epproximately 330 yards. All the éamples
were cut from this original piece. The cloth was sewed together aflter
grey caléndering , end all finishing and dyeing operations thereafter
were .performed on the sewed plece. The other seven fabrics are of piain
weave and nominel 130 x 80 ceongtruction, with 'varie.ble £illing twist and
finishing. The physical end textlle properties of these fabrics are

pregented in Table 1 of Appendix A.

Sample Mounting Procedure.--A fabric sample 1g cut ome inch oversize to

permit the gecure clamping of the sample between the two halves of the

sample holder. The cloth iz oriented so that the warp and f£illing thresds




are mutually perpendicular to the edges of the aperture., The cloth is
drawn teut with the fingers, eliminating any slack. After the fabrie
sample is clamped, the holder is bolted securely to the end of the

perneability tester.

Test Procedure.--Preliminm test runs are made to determine approximately

the bursting differential) pressure of the fabric under test. Then the test
pressure range is d;vided into ten increments below the rupture pressure.
The fabric sample is subjected to each of the pressures by means of varying
the pressure in the stilling chamber with the pressure regulator. As the
air flows through the fabric sample, the pressures and temperatures are
recorded on the oseillograph. HNine samples of each fabric are tested, and
these samples are selected so that no two samples contsin the same warp and

filling threads.

Handling of Data.~--The pressure differentisl scross the sample, presgsure

upstreamn of the orifice, pressure differential across the orifice, and
the alr tempersiures are obtalned from the oscillograph record. Figure
6 is an example of the test data obtained from the oscillograph record for
the nine samples. This data is aversged for usge in subsequent steps. The
curves are cut off at the aversge rupture pressure differential. A fabric
area increage factor, I, is computed from elongetion messurements ottained
during blaxial tension tests., The elongations of the warp and f£illing
threads are egual st the rupture point; therefore, a sample of area L2 at

zero pressure hes an area of (L +V‘.l:.)2 at the rupture point, thus &t this

2
point I = L +¥L) . A graph of area lincrease factor versus differential
I )
pressure across the sample is constructed, using the calculabed valve at




the rupture point and sasuming & linear variation for the srea between zero
pressure and the rupture pressure. A typical plot of the area increese

factor versus pressure differential is sbown in Figure 7. TFigure 8 dewon-

strates the Maaster Data and Result Sheet used in compuiing the permeabllity.




CHAPIER 1V

TEST RESULTS

Date and Resulte.--The test results for these febrics are presented in

summary form in Tebles 1 through 4. Typical curves of static pressure
versus total effective open area are showm in Figures 2 and 3. The
effective open areas for one inch of water static pressure were obtained
by measurements from phoitomicrographs. The curves for permesbility versus

static pressures are shown on Figures 4 and 5.

Discussion of Results.--A study of the air flow versus differentisl pres-

sure characteristics of the fabrics tested indieates that the flow cannot
be charascterized by the simple relationship which has been established for
flow at low differential pressures. The calculatlions for effective open
-ares indicate that the effectlive flow area change above the critiesl
pressure may be expressed as a power function of ihe differential pressure.
This relationship may be extended to low pressures for fabrics with open

weaves, such as the high twist fabrics tested here. Since the total fabric

ares incremse versus static pressure was necessarily estimated due to lack

of cobserved data, no qusntitative copclusions can be drawn from the permea-
bility caleulations. The calculated values for permeability may not hoid
for larger fabric samples at the higher pressures because the edge effect

of the pample holder hecomes more slgnificant,




CHAPIER V

CONCLUSIONS

The following conclusions may be drawn from this ptudy:

1. The total effective open ares may be expressed as

A = cigp)”

for pressures above the critical pressure.
2. The permesbility at high pressure msy be controlled by

varying twist and calender pressure.
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Teble 1. Physical and Textile Properties of Test Fabrics

Febric Number 7CL/2

Fiber Cpntent Kylon

Congtruction: Flain
Finished l30x7e

Warp Yarus:
Denier ko
Filaments 13

Filling Yarnsg:
Denier TO
Filaments 3h

Twist
Filling
Warp

Elongation (%):
Filling
Yarp




Table 1 (Cont'd). Physical and Textile Properties of Test Febrics

Fabric Warp Filling Twist Elongation Temsile Strength
Number Width Construction Yarnsg Yarns Welght Filling Warp Filling Warp Filliog Warp

(Denier/ (Denier/
(Inches) Filement )Filement) {0z/Sq.¥d.) . (%) (%)

36.1/8  126x119 3¢/10 30/10 1.11 hi 3k
36-5/8  12ix119 30/10 30/10 1.09 39 3@
36-1/8  126x119 3010  30/10 1.10 1.5 Bk
36-1/2 1252118 30/10  30/10 1.08 1.5 1o
36-1/4% 126119 30/10 30/10 1.08 1.5 39
36-3/k  124x118 30/10 30/10 1.07 1.5 33
36-1/2 116x115 30/10 30/10 .90 1.5 36 30

No grey calendering, no heat treat, finished. (5) Hot calendered in grey, 100 toms, no heat trest.
(6)

Hot calendered in grey, 19 toms, no heat treat. (6) =a.Hot calendered in grey, 19 tons, no heat treat.
Hot calendered in grey, 25 toms, no heat treat. b.Heat treat on tenter frame at 420°F, 7.1/2 gec.
Hot calendered in grey, 50 toms, no heat treat. c.Heat set on Morrison at 420°F, 9 sec.

: (7) Grey sample, no finish or hest treat - &s woven.




Table 2. Experimental Data

Static Pressure Alr Density Mass Velocity of
Upgtrean Upstream Air Upstream
of Cioth of Cloth of Cloth Permeabllity

(Inches of Water) (1bm £t. ) (1tm sec. Tet.~%)

T

(efm :x';‘t.-a)

6h 0.0837 6.29 h,760
0.096h 8.76 6,180

204 0,109 10.6 7,010
274 0.122 12.1 7,610
3hy 0.135 13.5 . 8,030
413 0.147 i4.8 8,430
0,160 16.1 8,810

0.173 17.2 9,150

623 0.186 18.5 9,380
0.199 19.5 9,580

723 0,204 19.9 9,650

0.0764
0.0866
0.0970
0.107
0.132
0.123
0.133
0.143
0.154
0.164

25710
8,250
8,250
9,520
10,520
10,870
11,110
11,300
11,490
11,550
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0.087h
0.100
0,113
0.126
0.139
0.152
0.165
0.179
0.191
0. 20k
0.211
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Table 2 (Cont'd). Experimental Data

Static Pressure Air Dengsity Mags Velocity of
Upstream Upatrean Alr Upstream _
of Cloth of Cloth of Cloth Permeability

1 %

(Inches of Weter) (lbm ££.75)  (1bm sec. ~ft.” (cfm £5.°5)

€ 1/2

-

0.0890
0.105
0.120
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Pable 2 (Cont'd). Experimental Dete

Static Pressure Air Density Mass Veloeclty of
Upsireanm Upsiream Alr Upstream
of Cloth of Cloth of Cloth Permeability

= -2 )

£t."%) (efm £t.

(Inches of Water) (itm £t.™)  (1tm sec.

0.0921
0.112
0.132
0.1k3
0.163
0.173
0.183
0.193
0.213
0.223
0.233

L'} Y - » [ ]
Wi & O 4=-_oon> m%%l:

SEREEREE oo

-

0.0862

0.0973
0.109
0.120
0.132
0.1h4
0.155
0‘166
0.587

0.0849
Q.0962
0.108
0.119
0,130
0.141
0,153
0.1.64
0.175
0.164
0.188
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Table 2 {Cont'd)., Experimental Daia

Statlc Pressure Alr Density Mass Veloclty of
Upstream Upatream Air Upstream
of Cloth of Cleth of Cloth Permeability

2y (cfm ££.7°)

{Inches of Water) (lbm ft.'B) (1bm Bec. ft.”

3 _
103 0.090k
166 0.102
228 0,113
291 0.12k4
353 0.136
416 0.147
478 0.158
541 0,169
60k 0.18L

b, 7h0
5,660 -
6,350
6,780
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Teble 2 (Conttd). Experimental Data

Static Pressure Air Dena:['ty " Mass Velocity of

"~ Upstrean Upstream . Alr Upstream .
of Cloth of Cloth of Cloth Permeability
(Inches of Water) (lbm £t.75)  (1bm sec. "£t.7-)  (cfm £t.™)
6 ' - .
106 0.0897 T.37 5,390
200 0.106 - 9.5k6 6,360
294 0.123 1.4 7,120
388 0.140 13.0 7,610 .
h79 0.156 1,6 8,090
573 : 0.173 15.9 8,370
668 _ 0,190 17.3 . 8,690
762 0.206 18.8 9,070
7 _
65.7 0.0835 T.07 5,360
128 0.09%5 9.47 6,760 - |
191 0.106 11.3 7,590 i\
254 0.118 12.8 8,150 -
316 0.129 1k.0 8,540
380 0.140 15.0 8,780
4o 0.151 16.0 9,010
50k 0.163 17.0 9,220
1706 g,hoe

535 0.168




Table 3. Area Increase Factors

Static Pressure
Upatream Ares Increase
of Cloth Elongation Factor

(Inches of Water) {Inches/inch) | (1 + Elaagation)a

™1/2
117
229
3M
397
509
565
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1
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Table 3 (Cont'd).,

Aresa Incresse Factore

Static Pressure
Upstrean
of Cloth

Elongation

Area Increase
Factor

(Inches of Water)

10K 7

96
168

EILY

531
e

(Inches /ineh)

0.03%
0.063
60086
0.11k
0.140
0.162
0.187
0.268
0,233
0.25
6.265

0.015
0,04
0.082
0.114
0.149
0.183
0.217
0.245
0.277

0.034
©.063
0.095
0.123
0.153
0.179
0.204
1 0.233
0,257
0.285
0.311

{1+ Elongation)a

1.07
1:13
1.18




Table 3 (Cont'd). Area Increase Factors

Static Presaure
Upstrean
of Cloth

Elongetion

Area Increase
Factor

(Inches'oflwater)

7C 35

.(inches/inch)

0.6k
0,063
0.082
0,100
0.118
0.1k5
0.166
0.196
0,208
0.225

(1 + Elengation)g
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Table 4, C(slculasted Effective Open Area

Total BEffective
Statie Pressure Open Area
{Inches of Water) 2

&
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Q
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388




Pable 4 (Conmt'd). Caleulsted Effective Open Avea

_ Total Effective
Statie Pressure Open Aresn

(Inches of Water) (£t _2)

&




Table & (Cont'd). Caleculated Effective Open Area

Total Effective
Static Presgure Open Ares
{Inches of Water) (7% 2)

™ 35

354
4is
570
528

7C 1/2
344

428
512
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Static Pressure Inches of Water X 10'2

Pigure 2, Total Effective Open Area Versus Differential Pressure
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Figure 3. Total Effective Open Ares Versug Differential Pressure




N

oy
9
ol
pa
£

fl
' o
g

oy
E
£
B
[}
i
g

5 . 6
Static Pressure (Inches of Water) X 10°2

Figure 4, Permeability Versus Differentiel Pressure
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Filgure 5. Permeability Versus Differential Pressure
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Item No. - Dimenelons
1. Barometer {Data) _ in, Heg.
2. Berometer (0.49L x item 1) b, 1in~?
3. Cloth Stetic Pressure {Data) psig
k., Cloth Static Pressure (item 2 + item 3) peis
5, (loth Static Pressure (item 3 x 27.7) in. W.G.
6. Temperature, T, (Dats) °F abs.
7. 2.70 # T, (From Curve)
8. air Density at cloth, @, {(item & x item 7) £\ et~3
9. Upstream Static Pressure, P, (Data) - psig
10. . Upstream Static Pressure, P, (Ttem 9 + Ttem 2) paia
11. Upstream Density, @,, (Item 10 x Item 7) 1k, £t"3
12. Orifice Pressure Drop,VP., (Data) pei
13. VP X el (Ttem 12 x Item 11)
. /g x € (Ttem 13)1/2
Estimated flow,w), 3= 0.60 (2.03 x Item 1h4) b, g3
}% (from Curve), C = 9335, 4= viscosity in C.P.
Reynolds number at orifice, {Item 16 x Item 15)
Corrected Orifice Coefficient, K , {From Curve)
kP, (1.3 x Ttem 18)

TP /kP,, (Item 12 ¢ Ttem 19)

Expansiocn Factor, Y,, {From Curve)

Figure 8. Master Dats and Result Sheet




Iten No. Dimensions

22. Yl

23, KG/K {Item 18 = 0.650)

x W, (Item 21 x Item 15)

2, Corrected Flow, > (Item 22 x Ttem 23) 1o £t73

Mass Veloeity of Cloth, G, {9.00 x Item 24) 1hmsec'lft'2

Ve, (ten 8)1/2

219 x & (219 x Item 25)

Permeability, G/l/_és'?c' (Item 27 & Item 26)
Area Incresse Factor, I, {From Curve)

Permeability, based on corrected area, (Item 28 : Item 29)

Figure 8 {cont!d). Master Data and Result Sheet




ROMERCLATURE

Quantity

Dimensions

Ares
Flow~Through-Drag-Coefficient
Constant

Sonic Velocity

Mass Velocity
Dimensional Constant
Ares Increase Factor
Ratio of Specific Heats
Tength

Mech Number

Constant

Pressure

Gas Consgtant

Reynold's Number
Temperature

Velocity

Weight Rate of Flow
Viséous Coefficlent
Inertial Ceefficient
Vigcosity

Density

fta '

Nondimensional
Kondimensional

ft/sec

lb/sec-f“t‘.2

2
32,2 (lbmftflbfsec )

Nondimensional
Nondimensional
ft
Nondimensiocnal
Nondimengional
1b f/;m-,2

ft 1b f/lbm °F
Nendimensional
¥ Absolute

£t /sec

1b/sec

1/2t7
1/8t.

b, /f<hr

3
b, /£t




NOMENCLATURE {Cont'd)

SubscriEs

1 -~ Upstream of Cloth
2 == Downstiream of Cloth

0 -- Stagnation Conditions

Superscriﬂs

% -- Conditions where M= 1



