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The PermeaMity of Balloon Fabrics to Hydrogen and to Helium '

By R. T. Elwopthy. B.Sc. and V. F. Mumav. M.A.. B.Sc.

Pretentcd by Pro»essoh J. C. McLennan, F.R.S.

(IU«d .vl«y Meeting, 1919.)

InTRODI'CTION

In view of the proposed use of helium in place of hydroRen f rfilhng airship envelopes, it became necessary to investigate thliH-rmeab-hty of fabrics to this gas; and more especL^ly to ob at The

Zulrtl
^™'^'«^- ^° "««"- -^ to hy^ogen' oTtS at

If it be assumed that the phenomenon of leaicage through afabnc can be classified as effusion, a leakage of helium n timelby volume that of hydrogen would be exited. uThis raZZ
e'Suxof a

' ?' HugoniotReynolds formula for the a^labat^efflux of a monatomic and a diatomic gas a value 0-75 is obtain«i!
The passage of a gas through a rubbered or a skin-lined fabric is

menon^Th; LrM-^l'^'l"^
^''"'''"' '"^ »« -"-^ complex phTn"

Rer-ntly, Dewar* repeated the classical work of Graham on thediffusion of gases through rubber membranes. Gases at va^ n^pressures and temperatures were allowed to diffus^ througlSrubber membranes 0-01 mm. thick into a vacuum. Relative rates of

raSToZL •''""
K-""

'"' "' ^•^^"
'" ^''•^ ^^'- -»-aCte

DlTarlou^h^Tr ,""'""'''" "^^ ^^^ P*'^ ««""« centimetre.Uewar found that the relative rates differed for different temDerature,

Tf^h J^ff
1";"^' °f

P''^''"^' P'°P«rty-" From his Jata the rToof_th^d.frus,bil.ty of helium to that of hydrogen is 0-43 atlsTl

Adm'i^rtr"""'"' "' ''™"^"''
•'• "" ''^"'-^"^"' '^•'^•^- ''>' «---- of th.

by HeSu". m'?''
"^""""''^^ '" ^"°'"'"'"- P—bility of Balloon Fabr.c,

0iP.^:SyJ;'L^:7.,r.tl9lt
^-'••'-^"^- The Determination

• Dewar. r-roc. Roy. Inrt., pp. 813- \ 1918.

,
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Work on the relativx- prnneability of fabrics to helium and hydro-
Ren has been carried out by Barr' who made careful mcas.ircments in
1915. The amount of helium at his disposal was limit -d. t! e total
bemK about .110 ccs. The area of the test pieces use.] was 25 -.quare
centimetre..: and measurements were made empl.>ying the volume-
loss method.

Experiments on the jwrneability of fabrics to helium and to
hydroKen have recently U-en carried out at the I nited States Bureau
of Standards. While no account of this work has yet ap,«ared in
print, It IS undcrstmKi that the results obtained arc io close agreement
with those Kiven in this paper.

For the present work the area of the test piece used was 500
square centimetres, and a supply of helium of practically 100 per cent
purity was available.

Definition of Pi;rmeabii.ity

The British practice is to express permeability as the volume in
litres of dry gas at 15-5°r. and 760 mm. which leaks through one
square metre of fabric in 24 hours. Permeabilities are expresse<i in
this paper according to this definition. S<,me experiments, however
express the volume in litres at 0»C. and 760 mm. In British practice
the temperature of the fabric is usually 15-5°C.

The United States BuiJau of Standards on the other hand
expresses permeabilities in litres of dry gas at O-and 760 mm. passing
through one square metre in 24 hours. The fabric is maintained at
25 C. during the period of test.'

The essential requirements for the detennination of the leakage
of a tras through a fabric are (i) an apparatus—usually called a per-
meameter-to hold a sheet of fabric so that ;

=- may be pass^ over
one surface at a definite rate while the ga passes over the other
surface, (n) a means of determining the amount of this gas which
diffuses through the fabric into the air.

In these tests a Shakespear permeameter was used and two
methods were employed to determine the amount of gas in the air •

(i) by using a Jamin Interferometer, («») by using a Katharometer!
1 he permeameter is described below under "Description of Appara-
tus ' while the use of the Interferometer and Katharometer is de-
tailed under "Measurement of Permeability."

' Barr. Loc. cil.

'Tech. Paper. No. 113.
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DKSmipTtON OF ApPARATI'*!

_

^ ^
The general arrangement of a|.,,aratut i, »hown diaRramn.atically

(<i> 7 he Air Cinuit

.t . I f"^;^^"**"
n.a.ntam«l |„ ,„can» of a water pun.p and kept

which «.rved to check the unifonnity of the rate '

(low. (,,) througha ga, meter wh.ch me..ur«l the volume of air. (in) through a dryingtram of calc.u.n chloride ar.d of sulphuric acid („) through a coLr
CO, m a thernu^tat whi. h ensured that the air wa, at the te,n(«raturcof the fabnc and then (v) through the air .

' .her of the pern.eameterThe outgomg a.r containing hydrogen .„ helium which had leakedhrough the tahnc then passed H] through a coil at air tempc-rature.
(n) .hrough a drymg lube and then (u.) through a Jan.in Inter-
lercmcter or out into the air is desired.

<l>) I he Gas Circuit

The gas, helium or hydrogen, passed (i) through calcium chloride
ul,es and a sulphuric acid wash bottle, (ii) through a Shakes.n^ar
Hydrogen Punty meter which i.,dicated the purity. {Hi) through a
CO.! m the thermostat. («) through the upper chamber of the per-
meameter. (r) through calcium chloride and phosphorus pentoxide
drymg-tubes. (w) through a chamber communicating with a Kathiiro-
meter which indicated the purity of the gas and {vii) through a wash-
bottle which served as a pressure regulator {viii) to the gas-outlet.

(c) The Ptrmeameler

The (lernieameter. made to the design of Dr. G .\ Shake arwas supplieti by the Cambridge Scientific Instrument Co. Plate Ishows the exterior with the Katharometer in position. It consists
of two shallow circular drums, each about 26 cms. diameter and 1 en,,
depth with machined flanges 1-6 cms. wide. The volume of the airchamber is 500 cc. As will be seen from Plate II. the fabric is sup-
ported by concentric rings of metal ^^ hich are notched so as to obtain
uniform diffusion of gas or air throughout the chamber.

Conditions of Testing

As permeability is dependent upon a number of factors, the
conditions under which the tests in this paper were carried out are
stated under the following headings:

5*;"»&aii;.n
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(a) Purity of Gases

41

Briflh" ^yinT'TtT d
'^^"^^" "-'.^- -^^'-^ bv the

separated from naturagarbv a ituitr
"'""°'"^^)- The helium.

by a continuous-flow ThalalLhl ^"'''"'^^^^

tically lOO^c pure.
'^'^'»^*^"^'-«bs„rpt.on method* and was prac-

(*) Temperature Control

the ^LTamet'an'd cSsld "^'f^^^'r
""^P"^'"- -^fi-nt.

placed in an electrSljtn ro 'ed th'" ''V''
''"" '" '''^-

' --
stant temperature 05 5T fn^^h

*^' maintained at a con-

variation of the thermo4ftemn ?
'""'°''"'' "^ ^'^^ *^^*^)- The

prdiminary tests wheTtttnZ?" ''"' "^""' "• '°^- '" -""^
gen perm7abih-ty .t correctedToXT "''^ '^ ^'

''V ''' ''>'^-

permeabihV. "sing a temperSt Iffi ieroTw •%;. ^"^ '^^""'"

(for less than IT.) was annlJ^H f ! .?- "^^ Th's correction

VIA in Table III given be,ow' """' "^' '"•'• '^'^' ^A and

(c) Rate of Air Flow

W Pressure Control

differL'daUaugt ^nd'tr^rf
'''

^^T^-^- -re connected by a
give an excels g^sptiureTi^ll'/'K

''' f' ^«"^'°"^ - - to

accuracy of conLl wlfnot a med at b'utte
'""'

"!^l^-
^^'^^'"^

substantially thesameforthesaml^d-fo^hXra^^^^^^

(e) Time for Equilibrium

chamber was compretely fits wTth
""'^ ^^^^f^ained that the gas

of air leaking through the f^bwf tH".''"*
^°'' ''^^ ^"^^" ^^°""t

chamber was folS bv Jl " ^f"''°" °^ ^^^ '"*« the air

that a period o Tn honr .^ffi r/'""
^b^^'"^-^"""- 't was found

established
'""^'"^ ^°'- ^^"ilibrium conditions to be

Sec. III. Sig. 4
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(J) Fabrics

The airship fabrics tested were supplied by the Department of

Aircraft Production of the Admiralty, and are described in Table I

(given below). Laboratory Reference Numbers are given in Column
I of the Table.

The date of manufacture of the fabrics was not Ruown.
The test-pieces were cut from the roll, choice being made of a

portion of the fabric free from seams or apparent defects, and inserted

in the permeameter without any preliminary drying or dessication.

Table I

Lab.

No.
Description of Fabric

.Xpprox. weight

in grammes per

square meter

I

VII

II

III

VI
\'

IV

VII!

IX

2-ply, diagonal, rubber on inner face and between plies

2-ply, diagonal, rubber between plies

2-ply, diagonal, rubber on inner face and between plies

2-ply, diagonal, rubber between plies, outer face aluminium
2-ply, diagonal, rubber between plies, outer face aluminium
vVply, inner diagonal to outers, rubber on inner face and
between plies, outer face aluminium

,?-ply, parallel, rubber between plies, outer face aluminium
Single-ply, rubber on inner face, outer face one layer

Goldbeaters' skin

Single-ply, rubber on inner face, outer face 2 layers

(loldbcaters' skin

140

2.^0

3.10

340

310

4.50

440

85

8,S

Measurement of Permeability

It has already been stated that two distinct methods were em-
ployed in these experiments to determine the amount of gas diffusing

into the air through the sample of fabric.

(a) In the first method, the hydrogen or helium in the air was
estimated by means of a Jamin interferometer, used in the manner
described in another paper'.

The general procedure adopted was (i) to establish the rates of

flow of gas and of air, then, after an equilibrium condition in the

permeameter had been attained, (ii) to take readings of the percentage
of gas in the air at equal intervals of time over a period of about one
hour. The rate of flow of air was given by a gas meter which was read

at the beginning and end of the period. Intermediate readings were
also taken to check the uniformity of the air flow.

' McLennan and Elworthy. Proc. Roy. Soc. of Canada, 1919.
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r^^^^nlZZT^^^^^^^ -nperature and pressure

lsJc:l776oty "' "• "^^^^^^'^
'" "'- P- "o- of dry gas at

P. is given by the equation
"""'^-^ ^'l- <="is- the permeability.

p ^VXOOO^OOX 24

iooA
In the permeameter emplo\ed A - '>()n c^
the formula becomes P = 4^8><VrT

*""'"
' "" ^""^^t't^ting.

(f>) In the second method a k'^ft,
niirror galvanometer was used Th^K' T'"''"'

'"^''^'' ^^'^^ a
by the Cambridge Scientific In .

'^atharometer. manufactured
Dr. G. A. Shakes'iara'dts been !"'•?; K^'l-'

'"'' ^^^'^-^ ^v
The exDlorer.n^ 7

described by him elsewhere'

In another pa^rl'
^^'^'-°-^'- employed have been referred to

after':dSmfnt'''thrp:;:e"''^^ ^'^"^
' "-"^^ was allowed

and readings taken at one mi T -"-chamber was then closed

When the rL„S were comZ^:.'"''"''"^
''' ''"'^' ^0 minutes,

of the permeameter wTs opSllJ r*- "'"^ '•""'" '''' ->-hamber

for hyd™ge„ 0.43;7:a„d for hlru "i" Mji.""
""""" '""'"' "^

Kesults

11 an^Iirtlum^t^tes t^ ""'V'
^^ ^"-^^ ''" -'^'es

column
2. the sampi r^rk ^ofmrr'jf f""''"^

*" 'T^'^'^
'

=

the nearest decimal place at TsTc T^J '^' Permeabilities toP^^ce^t^IS^S^C^ 760 mm.; column 4, the

No. 3ir. .\new Pormea-

)inn
i \\tm

V. HRH
fi nH^n

1
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thermostat temperature and column 5, the ratio of the helium to

hydrogen permeability from permeabilities calculated to two decimal

places.

The mean value of the ratio from Table II is 0-66, from Table III

(omitting skin-lined fabrics) is 0-72. As the ratio with fabric 2 was

abnormal, additional tests are being carried out on this fabric to

ascertain the reason. For the two skin-lined fabrics the ratio is about

unity. Additional tests of higher accuracy are also being made on

these fabrics. Barr' concludes that the ratio for gold beaters' skin is

about 1-5, with a footnote that this ratio may probably be more

nearly equal to unity.

Table II

Interferometer Results

Permeabilities
Ub. No. Sample Mark Temp.oC Ratio

Hydrogen Helium

VII A 9 4 61 lS-5 0-65

II B 8-4 6-5 IS-S 0-77

III B 7-5 5-0 15-5 0-67

VI B 7-6 4-6 IS-S 0-61

V B 6-7 41 15-5 0-61

IV B 5-5 3-5 15-S 0-64

Mean 0-66

' Barr. Loc. cit.
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Table III

Kalliarometer Results

Lab. No. Sample Marl

A
A

fermeabilitlp.
— -

Hydrogen Helium
Temp. »C.

15-5

Ratio

VII
100
9-2

7-1
II 0-71

B
' - < o
0-5 - A

15-9 0-83
III A

' ^ / -6

8ft c i
15-5 0-81

B 7..! . rt
15-5 0-65

vr A
' * 4-9
81 6-1
7-3 4.5

60 "

15-5 0(56

V
B
A

15-9

15-S
0-75

0-68

B 6-4
ts 14-S 0-80

IV A 4-7
4-8

IS S 1 0-74

B 5-2
3-2

3-4
14-6

15S
0-69

065
VIII A I.X Mean 0-72

_ IX
B
A

- * i-S
2.5 2-4
013 0-17

IS.

5

ISS
lS-5 ,

102
0-97

Summary

l»nn=abilio. being (i°oZTin^ "' "" ""'» '" l'>'*<>S="

Katharometer mettod.
'^ '""rferomMtt method, (ifl 0-72 by

ub„S:^\"Serrd4i,,':^;=^p.:,r^^ ijr'^
''-'»'

Sc4«,t,Sc Advi„r ,„ ,|,e British Adm7r^.
'' "'^""». f.R.S.,

South Kensington,

14tk April, 1919.
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