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REPORT No. 6.

. PART 1.

BALLOON AND AEROPLANE FABRICS.

By WiLuis A. GisBoNs and OMAR H.'Smn.

Nore.—Although usually associated, for obvious reasons, balloon and aeroplane fab-
rics have actually become so dissimilar in many respects, such as materials of con-
struction and requirements for satisfactory results, that for the most part the two
will be discussed separately. The tearing and surface friction tests, being common
to both, are exceptions to this rule.  The plan followed as far as possible in this
report has been to give first the results of the various parts of the investigation,
-with such descriptive matter, data, and plates as are necessary to make the results
clear. The data and other details are lgu(en in the appendix. For convenience
the data is grouged-somewhat differently in the appen&";, without, it is thought,

causing any confusion.

SUMMARY.

The following conclusions are drawn from the results of our tests
hereinafter described. = It must, however, be remembered that they
are based almost entirely on experiment, so care must be used in
applying them extensively until they have been tried in actual
practice.

' COATING MATERIALS.

(1) By ;iloper treatment fabrics can be made noninflammable
even thoug
varnish. ; ; :

(2) The ordinary cellulose acetate dopes do not make fabric fire-
Froof, although themselves noninflammable. This applies particu-
arly in the case of fabrics doped, then coated with spar varnish.

(3) Fabrics coated on one side with rubber, with the other side
doped, would probably give a satisfactory tigﬁtening effect and at
the same time resist damp weather better.

(4) Maximum efficiency can apparently be best obtained by not
stretching the cloth too tightly on the wmfs before coating.

(5) Stretching and tearing tests give valuable information regard-
ing the suitability of fabrics and should be considered in addition
to the tensile strenﬁth., The area inclosed by the stretch-load,
curve, representing the work done to break the strip, gives an idea
as to its resistance to shocks, ete.
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(1) Permeability increases great.ly with temperature—about 4
per cent per degree C. for samples tested.

(2) Tests made on fabrics with varying weights of rubber indicate
that permeability is not directly proportional to the thickness of the
layer.

y(3) Tearing tests show a great superiority of bias over parallel
doubled fabrics.
SURFACE FRICTION TESTS.

(1) For very smooth surfaces the surface friction varies with the
1.8-1.85 power of the velocity; the exponent increases with the
roughness, approaching 2 for fabrics with nap on the surface.

2) Varnisied fabrics have nearly as low a resistance as plate
glass. The resistance increases greatly as the surface becomes
rougher from the presence of loose fibers.

Part L —AEROPLANE FABRIC. i
L. MATERIALS USED.

By far the greater l])m.rt'. of the aeroplanes in use to-day have wings
made of a textile fabric, usually linen, coated with a more or less
waterproof, practically nonelastic varnish. This is ordinarily some
form of cellulose acetate, or less frequently- cellulose nitrate, with
more or less softening material added, and some suitable solvent.

It is ordinarily the practice to appiy three or more coats of this
varnish, rubbing down with sandpaper after the coating is dry,
after which one or two coats of high-grade linseed oil varnish, prefer-
bly a spar varnish, are applied.

1. COATINGS.

The cellulose acetate or nitrate lacquer is chiefly useful because it
acts as a sort of waterproof sizing, which shrinks the cloth more or
less, and prevents it from changing in tension with the hy copic
conditions of the atmosphere. The spar varnish protects this layer,
which often shows a tendency to peel, and makes the wing more
waterproof.

This form of treatment is convenient, and the materials fairly
easy to obtain. On the other hand it could hardly be called perma-
nent; the varnish or dope, as it is commonly called, must be applied
to the wings of a machine every few weeks, if the machine sees much
service.

Another defect noted probably more by the United States military
branches than abroad, is that due to deterioration of the underside of
the fabric from moisture and bacteria. The dopes owe their shrinkin
action to the fact that they are colloids, and as such, when applie
to the cloth, do not penetrate but remain on one side. As the solvent
evaPorates, the gel decreases in volume. The most evident decrease
is of course in the thickness of the layer, but there is naturally a ten- .
dency for the other two dimensions of the layer of drying varnish
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to decrease, causing the well known shrinking effect. Other colloids
produce the same effect; for example, glue. Another example is
the common gummed label, which being unable to shrink, curls up.
At Vera Cruz it was found that there was considerable tendency for
the uncoated side of the wings to rot, owing to this lack of penetra-
tion. On the other hand, those varnishes which penetrate do not
produce the shrinking effect.

2. FABRICS.

Of the fabrics linen is the most satisfactory. Ramie and cotton
have been used to some extent, but the former is difficult to obtain
and the latter does not take the varnish so well as the linen and
tears much easier.

Practically all of the linen suited for this purpose comes from
abroad, chiefly from Ireland. An investigation of the relative
weights and strengths obtainable is, particularly at the present time,
rather difficult to make complete. Added to this there is the diffi-
culty of obtaining material of exactly the same grade from time to
time. The fabrics in general use weigh 3 to 43 ounces per square
yard, and have a tensile strenﬁth, tested at about 65 per cent hu-
midity, of from 60 to 70 pounds per inch for the lighter weight to
100 pounds per inch for the heavier weight.

In the following eriments we have used two grades of linen,
No. 1, called high grade, being about the best material immediately
obtainable in sufficient quantities for our work, and No. 2, medium
grade. The No. 1 weighs 4.6 ounces per s&:mre yard and has a
tensile strength of about 90-95 pounds per in warp and 60 pounds
filling. The No. 2 medium grade weighs about 3.8 ounces per
z?]ua.re yard and has a strength of about 65 pounds warp, 50 pounds

er.

DOPES.

The varnishes or dopes used were three representative products
obtained in this country. The cellulose acetate varnishes are prob-
ably far from perfect, owing to the difficulty of obtaining a sat-
isfactory product in this country. We understand that the latest
European material of this sort is a vast improvement on anything
heretofore produced. :

The solvents for cellulose acetate commonly used are acetone or
tetrachlorethane. The latter is said to be rather dangerous on
account of its poisonous properties, and care should be used to
allow the vapors, which are heavier than air, to pass through ven-
tilating openings in the floor.

Mention must also be made of a material, the use of which in
Europe has been mentioned in news reports. This is a transparent
celluloid made of cellulose acetate compounded with a camphor
substitute and used in the form of a thin, transparent, noninflamma-
ble sheet. These are used for wings instead of cloth, and are said
to be very difficult to see at a height of a few thousand feet. Whether
this is so or not there is of course this advant e, that the pilot
can have a much wider field of view than with ordi ary wings,
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We were fortunate in obta.inilzg sheets of this material. They
are of practically the same strength in both directions.

Weight (ounces|  tensile

Thickness. per square (pounds per

yard). inch), sbogs——
10/1000 . 9.33 55
64/1000 59 ‘ 325

Complete data are given elsewhere. _
While the thickest sheets are of course too heavy for wings, they
might be used for other purposes as, for example, flooring. :

II. STRENGTH, STRETCHING, AND AGiNG TESTS.
1. STRENGTH.

The samples on which these tests are based were made in two ways:
(1) The method used in most cases, except when otherwise specified: -
The linen was stretched moderately on a frame about 3 by 4 feet, and
fastened by tacking. The dopes, etc., were applied to this. (2) The
second way (used only in sfgecml cases): The linen was doped without
first being stretched on a frame.

(1) In general there is a gain in tensile strength due to the dope.
No added effect was observed from the varnish. s

(2) With a high-grade linen No. 1, the increase in strength amounted
to about 10 to 15 per cent. With a medium grade, the increase, par-
ticularly in the filler, was much higher, about 40 to 60 per cent.

3) ’IYests made on high-grade linen No. 1, coated without being
stretched on a frame, showed a much higher tensile increase—in the
neighborhood of 40 per cent in some cases. In the first samples,
stretched fairly ti%ht before coating, there was evidently not much
shrinkage, in the latter samples the cloth shrunk at will, in some
cases 3 or 4 per cent. In specifying the increase in strength due to
dopes, the method of coating is therefore of importance. ~ The first
tests 1proba,bly approach more nearly the conditions of use on the
aeroplane, ;

(4) Linen coated with rubber, with or without dopes, is stronger
than uncoated linen.

(5) Medium-grade linen shows a greater increase in tensile than
high-grade linen, in some cases about twice as great an increase being
observed. '

2. STRETCH.

The stretch at different loads was measured for several different
samples and curves glotted. The followina% points were noted:

(1) The stretch is less up to a certain load with coated fabrics than
with the same fabric uncoated.

(2) There is no decided difference between cellulose acetate and
cellulose nitrate dopes. The latter is usually supposed to give less
shrinking than the acetate. It is possible that this view arises to
some extent at least from the fact that fabrics coated with the
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nitrate varnish are often more flexible than the others, and therefore
appear, on a frame, less taut.

3) épar varnish slightly decreases the stretch. -

(4) Linen coated with rubber has a greater stretch than the linen
without rubber, the latter being, for example, 13 per cent at 96 pounds
break, the former 16} E:r cent at 100 pounds. -

(5) Medium-grade linen, while it acquires a relatively greater
strength increase due to coating, has both coated and uncoated a
lower ultimate stretch. : '

Break. Stretch.

High-grade linen No. 1 Pogoes | TTa
B bnen-INOBL I Tobivat ey o
High-grade linen No. 1 coated with var-

R A 100 14}
Medium-grade linen No. 2.« ........... 65 11
Medium-grade linen No. 2 coated with

VRERIEI ARTY i L R e s st 78 110.7

1 By extrapolation.

" 3. EFFICIENCY.

< While it is desirable to have a wing material which will not easily
sag, at the same time it is also important to have a fabric yield
rather than break under load. A material which has this abilit
will often by yielding reduce the stress, and so stand usage whic
would otherwise be disastrous.

A convenient index of this, which for want of a better term we
call the efficiency of the fabric, is the work required to break a piece
say 1 inch wide and 12 inches long. " This is represented by the area
included by the stress-stretch curve. We have calculated this value
for the various materials examined. The details and data are given
elsewhere, but the following points may be mentioned here, observa-

- tions being based on breaking in the direction of the warp, since the
fillers do not show such marked differences.

(1) When the linen is fastened to a frame under fairly strong ten-
sion, as would ordinarily be done in covering a wing surface, and then

coated, the work required to break a piece of given dimensions is

not sensibly greater than that to break the uncoated material, in

spite of the fact that the actual tensile strength of the linen seems

{,io be higher after coating. This holds for high and medium grade
nens. ;

(2) Linen coated under no tension required about two and one-
half times as much work to break as uncoated linen. The greater
stretch and increased tensile strength are both responsible for this.

In view of this the suggestion is made that there is probably some
advantage in not using any more tension than is necessary in fasten-
ing the fabric to the frames before coating. The dopes have con-
siderable shrinking power, measured linearly, and bi allowing the
cloth to shrink a certain amount the slack will be taken up and at
the same time a greater efficiency obtained. A stress from collision,
etc., will then have a chance to exhaust itself without breaking the
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cloth, since the cloth can “give” and thus adjust itself to decrease
the amount of the stress.

We understand that one manufacturer of the varnish at least
recommends this. We have also been told that in some cases, as
when a wing collides with an obstruction in landing, a dent may be
formed in the fabric without breaking, this dent later disappearing.
Since the varnish coating is noncrystalline, and can really be con-
sidered in a sense a supercooled liquid, it seems quite likely that there
may be some flowing action permitting a slow readjustment of this
sort.

(3) The use of spar varnish seems to have no decided effect on the
efficiency.

(4) Rubber on one side of the linen with various coatings showed
an efficiency about 75 per cent higher than that of linen without
rubber, coated on frames. This is of course partly due to the greater
stretch of such a fabric, as already noted. It would be interesting
to find by practical experiment whether a fabric with rubber on one
side can be made to shrink sufficiently for use on a wing. From our
small experiments it seems likely that it would be satisfactory. If
so, it would have the advantage of being protected on the under
side, a matter of consequence in certain loca.ﬁties, as already shown, -

4. AGEING.

Samples subjected to continuous exposure for three weeks in a
location such that the material felt the full effect of sun and weather
throughout the day gave the following results on tests: :

(1) The tensile strength was 66 to 75 per cent of the original. '

(2) In all cases samples had been greatly affected by the weather,
in appearance and feeling. ~Spar varnish coatings cracked and pealed;
samples doped but not coated with spar were more or less scrubbed
off by the weather and had evidently deteriorated.

(3) In several cases samples doped and varnished with spar var-
nish showed a smaller decrease in tensile than those unvarnished,
but the effect was not so pronounced as would be expected. :

(4) Cellulose acetate coatings seemed more affected by the ageing
than cellulose nitrate. This is probably due to the hygroscopic
character of the former material, and to the ease with which oils

are blended with the latter, making it more waterproof.
III. ABSORPTION OF WATER.

Sam;iles were first weighed, then dried at 95-100° C., and reweighed,
after which they were tested. One piece of each was soaked in water
at an average temperature of 25° C., another was hung in a saturated
atmosphere at the same temperature—for two weeks in both cases.
The samples were removed, surface water wiped off the ones that
had soaked, after which they were weighed in a weighing bottle.
They were then dried at 95-100° C., and reweighed. These data
gave the amount of moisture normally present, the amount of water
taken both by soaking, and by standing in moist air, and the amount
of material washed out by soaking in water. The following results
were obtained :
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(1) Loss from soaking amounts to 3 to 74 ounces of the weight of
the sample.

(2) Compared with dried samples, fabrics exposed to saturated
atmos%l(l)ere showed 6 to 13 per cent moisture.

(éi) aking caused the samples to take up 30 to 60 per cent of
water.

(4) Cellulose acetate coatings suffer more from soaking than cel-
lulose nitrate.

. (5) Fabrics coated with rubber on one side, and doped on the other
side, show a smaller absorption of water on soaking, and a smaller
increase in weigh due to moisture taken up on standing in a saturated
atmosphere than unrubberized fabrics. The effect of spar varnish,
in preventing the absorption of water was here very apparent. :

~ IV. FIREPROOFING.

Tests on fire resisti‘till%properties of various fabrics were made, to
find the effect of the different coatings, and to investigate the possi-
blu]f} of impregnation of fabric with fireproofing materials.

 Method of test.—A strip of the fabric 4 inch wide, was held hori-
zontally, coated side up, and the end touched to a Bunsen flame for
a distance just sufficient to ignite. The time required to burn back
for a distance of 3} inches was observed; in cases where the flame
was extinguished before this point was reached, the actual distance
was noted. Care was taken to avoid drafts. - Py

(1) All coated fabrics not otherwise treated were inflammable;
that is, the piece continued to burn after the source of heat was
removed., T ;

(2) Spar varnish seemed to retard the burning of fabric coated
with cellulose nitrate, and to accelerate it in the case of fabric coated
with cellulose acetate. LT B

(4) Fabrics impregnated with ammonium chloride and ammo-
nium phosphate were more fireproof than those impregnated with
boric acid. In every case the first two prevented the flame from
being self-propagating even when the fabric was doped with cellulose
nitrate. :

(5) It is interesting to note (see appendix) that fabric impregnated

~with. ammonium chloride has an increased initial tensile strength,

but deteriorates more rapidly on exposure. This is probably on
account, of hydrolysis of the cellulose (fabric). These experiments
lead one to believe that by further investigation a thoroughly statis-
factory material may be found, which will make fabric fireproof and
- at the same time not injure it. ;

Part IL.—BALLOON FABRIC.
L. MATERIALS.

Cotton is the most widely used fabric for balloons, in spite of the
fact that it is one of the weakest textile fabrics. Sili{, the strongest
textile fabric, is used to some extent in France and Italy, when
lightness is the most important feature. In Germany, it is usually
considered dangerous, owing to its electrostatic properties. Its

25302°—S. Doc. 268, 64-1——10
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igh cost is another gbf'ection, when large amounts are needed, as in
a Zeppelin tyg:) dirigible. ;

Ramie has been used, but-is reported to be unsatisfactory, owing
to the difficulty in rubberizing. :

Linen has been used, with success, and on account of its greater
strength possesses considerable advantage over cotton. The greater:
tearing resistance of this material as compared with cotton is par-
ticularly important. On the other hand, as already stated, it is
more difficult to obtain, made according to specifications, than
cotton. ;

In large balloons, rubber is used almost without exception. Other '
materials are less permeable to hydrogen, but none possess the same
roperties of adhesion, ease of woriing, and flexibility. Several
ayers of fabric can be used, thus increasing the strengt and gas-
tight properties of the material, whereas oiled fabrics are ordinarily
used in a sm%e layer, and to f:eep this tight a thin closely woven
fabric must be used. Furthermore, oiled fabrics are subject to
change from heat and cold and must be handled with care. They
are, however, cheaper than rubberized fabrics.

We have obtained various cotton fabrics suitable for use in balloon

cloth, and from the tests on these, and also from published data ef— "

tests made in Europe, have endeavored to establish some relation
between the weight and maximum strength obtainable at that
wei%lllt. Differences in testing conditions, such as humidity and
method of testing, not usually specified, cause a certain variation,
so the probable limits of strexﬁ;th of each weight are given. :
Untii) recently it was very difficult to obtain a satisfactory fabric
made in this country. Labor and other conditions in Europe have
permitted a greater concentration upon the spinning and weaving
of such fabrics. The results have been that until recently no cotton -
fabrics comparable to those made in Europe could be obtained.
Recently there have been produced in this country fabrics which -
from the standpoint of weight and strength are probably as good
as those made in Europe. 1t is to be hoped that the same perfection
in spinning and weaving may also be obtained. - ARG
In the former operation cotton manufacturers usually admit the
superiority of European material, but probably in time this can be
met. ‘This point is important, in order to get a fabric as free from
flaws as possible. ' ;
The mean results of our tests and those from abroad would indicate

the following:

Welght of fabric. | Strength warp and

Ounces square :
'ﬁ Pounds per inch.

2 30
23 42
3 53
3% 65

33 74
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Il. STRENGTH AND AGEING TESTS.

(1) Effect o structure.—Ordinarily balloon fabrics are made of two
or more cloth layers, one of these usually on the bias. A layer of
rubber is between each ply of fabric and”a layer on the face of the
fabric which comes in contact with the gas, The outside surface

ning in the same direction—have been used to some extent in France.
hey are supposed to be stronger, but tear more easily. Since cotton
tears quite easily under ordinary conditions, it seems highly desir-

able to adopt some such method as biasing to prevent tearing.
While the biased fabric does not show so high a tensile strength test,

We]iEht of load, etc., but those localized in one area due to sudden
on ropes, etc. It is important to have a fabric that will not
continue to tear after a tear is once started.,

Tensilo strength tests made on 1-inch strips showed that the
strength of a 2-¥)ly parallel fabric was not necessarily twice that of
the single ply of uncoated fabric. On the other hand, double bias
fabrics show a greater strength than that of the single %}y of fabric
when the stress is parallel, for example, to the warp of the unbiased
piece. :

Balloon cloth made from—

Fabric No.1. | Fabric No.2.

Strength of fabric, uncoated WD Slsite St L bt 70 50
Strength of 2- ly parallel fabric warp...... ... .. 77T 125.5 92.6
Strg;fth of fabric 2-gly bias warp of unbiased ply..... ... 85 66
Tensile strength by yursting test, 2-ply bias....... ... . . 100 85

. Ageing for 13 weeks, the samples being continuously exposed to

the weather, caused a decrease in tensilg strength of about 5 per
cent. The samples were exposed during the winter months, from
January 1 to about April 1.

Other samples exposed for one month, from August 20 to September
20, showed a. decrease of about 8 to 10 per cent in tensile strength in
the warp and from 0 to 6 per cent in the filling. The rubber was
apparently unaffected.

IIl. PERMEABILITY OF BALLOON FABRICS. |

The permeability was measured bﬂ, the chemical method similar to
that used at the National Physical aboratory of Great Britain. In
this method the fabric is held in a cell, which is divided by the fabric
into two compartments. Dry purified hydrogen at a pressure of 70
milliméters otp water is passed through one side, while air is drawn
through the other, dried and passe throth an electric furnace,
which burns the hydrogen present in the air from diffusion to water,
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which is absorbed and weighed. The cell is kept at constant tem-

perature by immersion in a thermostatic bath. ‘The permeability is

expressed in liters of hydrogen, measured at 0° C., 760 millimeters
per square meter of fabric per 24 hours. g5
In France the Renard-Sourcouf balance is ordinarily used. This

measures the net volume of gas lost by diffusion through the fabric.
It does not in reality measure the loss of hydrogen, since air passes
in while hydrogen passes out. According to T. raham,! the relative

rates of diffusion of nitrogen, air, and hydrogen are as follows:

Diffusion through rubber,

NIEPOEM. .- euee s eee st nnn e e e enan et ca et nenneas 1
3T RIS s < U O g S S LS B 1.149
HyArogen. . i csideh sty rehviian s annlstoaaion siesedoh s yadbibie e 5.5

With the Renard balance, while 5.5 volumes of hydrogen pass out,
according to the above figures, 1.149 volumes of air pass in, giving
a net change of 4.351 volumes. In other words, for an apparent
loss of 10 liters per 24 hours per square meter, we should have an
actual loss of 12.6 liters, as measured by the chemical method. (We

have not had an opportunity to test fabrics measured by the gas—

" balance method.) e volume loss is of course important, and if on
further investigation it is found that there is much variation in the
ratios given by the Graham experiments for different kinds of rubber
it would be well to make both tests standard. In fact, the intro-
duction of auxiliary coatings of cellulose esters, etc., makes this of
immediate interest.

(1) EFFECT OF VARYING AMOUNTS OF RUBBER.

The permeability decreases with increasing weight of rubber as a
general rule, but does not seem to be proportional to it.

Weight of rubber | pormeanility at 15°

betiween plies (ounces | (7 extrapolation).

1. 65 50
3.11 9
5.11 9

This is in accord with the observation of Austerweil;? who found
that the permeability of two rubber membranes, 918 and 1,675 grams
per square meter respectively, was practically the same for the first
100 hours. The rates diverged up to 400 hours, after which they
were again constant. This, according to Austerweil, marked the

oint when both membranes were saturated. Between 100 and 400
Eours the thinner membrane became saturated more rapidly than
the other, and so showed a greater rate of diffusion.

1 Phil. Trans., 1866, p. 309. 3 Die Angewandte Chemiein der Luftfahrt, p. 67.
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(2) EFFECT OF TEMPERATURE.

Experiments conducted in England at the National thsica.l Labo-
ratory * show that the permeability rises rapidly with the tempera-
ture. For two samples they found the following results:

15.5° C.— 6.711
tttttt22.1° C.—10.84 1

Parallel doubled, 2 layers rubber..........cc......... %g‘;’: 8:%%2 %

Tléese figures show more than 9 per cent increase in permeability
per degree. ;

We have made tests at approximately 20, 30, and 40° C., and found
in every case a marked temperature coefficient. If the values of
permea ilit;{1 and temperature are plotted, it will be noted (fig. 9,
appendix) that the curve rises more rapidlgiwith increasing tempera-
ture. Our results show a temperature coefficient about one-half that
given in the data just cited. 1t may be that the nature of the rubber
compound has considerable bearing.

'I'Em high temperature coefficient is of Peculia.r importance in this
country, where the aeronautic activities of both Army and Navy are
centered in the South. It seems advisable that this be considered in
specif’ the minimum gas leakage allowable when contracting for

niilgi le balloons, and that some temperature be stated, since a
balloon tested at f’enpacola would, without extra precautions, show a
higher loss than one in the vicinity of New York. A correction to a
standard temperature could probably be made.

This also shows the advisability of providing adequate arrange-
ments to Eprevent. too high a temperature in hangars. I understand
that in Europe double roofs, with fans and other suitable cooling
devices are used.

Diagonally doubled, 3 layers rubber..........

(3) EFFECT OF COATING CLOTH WITH CELLULOSE ESTER LACQUERS.

It has been the practice in Europe for some time, apparently, to
coat the outside OF balloons with some sort of varnish. These are
sold under various names, but in general are cellulose acetate lac-

uers. They are used to cut down wind resistance, to protect
the fabric, and to render it gas tight in cases where the rubber has
deteriorated.

Samples were given four coats of cellulose nitrate and celiulose
acetate lwq}tlxers 1876 and 1877, respectively, the lacquer being
applied to the cloth. In both cases the improvement in_permea-
bility was definite, though small, amounting to from 1 to 1} liters per
square meter per 24 hours.

(4) EFFECT OF COATING RUBBER WITH CELLULOSE ESTER LACQUERS.
It seemed likely that the small improvement noted above was due

to the fact that cloth offers a poor surface for obtaining a tight coat,
at least for a thin film. To verify this tests were made with the same

1 Tech. Report Adv. Committee for Aeronautics, 1910-11, p. 60.




150 :  AERONAUTICS,

materials in the same amounts on the rubber side. The improve-
ment was very marked here, amounting to 50 per cent or more of the
value found %r the same fabric uncoated. In one case there was a
reduction from 11 liters at 20° C. to 4 liters at the same temperature..
Unfortunately these lacquers are not suited for use on rubber surfaces
since they peel off. It is to be hoped that a marked improvement
may be made in them, since their use for this purpose seems very

romising. The inflammability of cellulose nitrate is of course a
srawback, but obviously a balloon filled with hydrogen must be care-
fully protected from fire, however noninflammable the material used
in its construction. It is, moreover, a simgle matter to obtain cellu-
lose nitrate blended with oil to give a flexible coating.

(5) EFFECT OF COATING RUBBER WITH GELATIN COMPOUNDS.

A flexible gelatin compound on the rubber surface in about the same
amounts as the coatings used in (4) and (5) was tested and found to
give a very low permeability:

Original permeability at 20° C., 11 liters per square meter 8er 24 hours.
Permeability after coating with gelatin compound at 20° C., .8 liter approxi-
mately per square meter per 24 hours.

-~

Part III.—TESTS ON BALLOON AND AEROPLANE FABRICS.
i I. TEARING TESTS.

- To obtain some knowledge of the behavior of aeronautic fabrics
under stresses somewhat similar to those existing in aeroplanes and
balloons, the test used by the National Physical Laboratory! was
em&loved. ) B

ethod.—A piece of fabric is clamped in the jaws, and in the center
of this a slit of definite length is cut perpendicular to the line of pull.
When stress is ap(;)lied,. the cut opens, and if the load is increa.setf the
tear widens in a direction gerpendicular to the stress and the sample

finally breaks. The threads parallel to the line of stress bend inward

| - on either side of the slit; those perpendicular to the strain bend away

" from the cut. The localization of strain on the thread at the ends of
the slit is evidently caused by the pull being transmitted from the
longitudinal threads to the transverse threads, due to the take-up in
Weavini. The general effect of stretching coated and uncoated fab-
rics is shown in the photoiraphs taken of tests. (Appendix, Plates
I-V1.) The wrinkling of the coated fabric around the cut, producing
a poor impression, is particularly of interest, showing how the dis-
turbance is more localized than in the case of uncoated fabric.

A fairindex of the ability of fabrics to resist tearing may be obtained
by plotting the results for the point at which the tear starts to widen
ancP where rupture occurs against the size of cut. The factor found by
dividing the greaking loa:ﬁ?y the width of slit gives a means of com-

‘parison which seems to have some value. (See appendix for data and
curves.)

(1) The load to break falls off more rapidly with increasing size of

slit in the case of a doped fabric than with an undoped fabric.

(2) Cotton is much inferior to linen.

1 Tech. Report of Adv. Com. for Aeronautics, 1910-11, p. 72.
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(3) Parallel double balloon fabric tears more easily than bias
doubled fabric, particularly for small cuts. Furthermore, a parallel
fabric tears evenly in a straight line, while in the case of the bias a
gnera.l rending of one layer occurs, while the other is distorted rather

torn. It can be readily seen that the effect of tearing on the
parallel fabric in a balloon would be much more disastrous.

II. SURFACE FRICTION TESTS.

Tests on the resistance of various fabrics were made in the wind
tunnel at the Washington Navy Yard.

The method used was to sus%end vertically a glass plate about 34
inches wide and 9 feet long so that its long edge 1s in the.direction of
the air flow. The following edge of the plate is connected with the
balance, allowing the horizontal moment about one knife edge to be
measured.

Corrections were found and used for the wires suspending the plate.
The ends of the plate fitted into slots in struts of stream line form.
The wind passing the slot into which the leading edge fitted caused a
diminution in gressure, giving the effect of a thrust on the plate

ainst the wind. The wind caused a compression in the slot in which

e following edge fitted, likewise giving the effect of a thrust against
the wind. e amount of pressure deve o%eld in each'slot was observed
with a hook gauge manometer, and from this and the area of the edges
could be calculated the correction to be added for each speed.

The resistance of the plate glass was taken as standard and found at
30, 40, 50, 60, and 70 miles per hour. Various sa.mlples of fabric were
then attached, covering both sides of the glass completely in each case,
and the resistance measured at different speeds.

Complete data will be found elsewhere, but the following general
points may be mentioned here. Taking, for exam le, the resistance
- of plate glass as 1, at 70 miles per hour, we have the following com-
parative resistances at this velocity:

Experi- At 70 miles per hour.
ment No.

1 Plate glass..ccoueceeraaepenennnennocaacaisiaciatneeasiaareanasanan 1. 000
5. Linen No. 1 (high.grade). .c...c.cccicuruenenaciiaianceaccccncnconnes 1. 362
2 Linen No. 1 (high grade), 1 coat varnish No. 1876..................... 1.162
8 Linen No. 1 (high grade), 3 coats varnish No. 1876. ................... 1.108
4 Linen No. 1 (high grade), 3 coats varnish No. 1876, 1 coat spar varnish.. 1.061
6 Linen No. 1 (high grade), 3 coats varnish No. 1877. ................... 1. 085
7 Linen No. 1 (high grade), 3 coats varnish No. 1877, 1 coat spar varnish.. 1. 081
8 Linen No. 1 (hi?h grade), 3 coats varnish No. 1877, 2 coats spar varnish. 1.078
9 Balloon fabric No. 3, cloth outside, double parallef .................... 1. 965
10 Balloon fabric No. 3, cloth outside, double parallel, freshly singed...... 1. 654

11 Balloon fabric No. 3, cloth outside, double parallel, singed and coated
onee, No. 1876.. 1. .cccieiipecencsnratoioccesaldasiceacisrnatioucanans 1.345

12 Balloon fabric No. 3, cloth outside, double parallel, singed and coated
three times: NOSABT8 . < sow o li b il c s sa o o Siste biw'a gis a6 g 5 W/ aiis s 1.107
13 Balloon fabric No. 3, cloth outside, double bias........................ 1. 902
14 Balloon fabric No. 3, cloth outside, double bias, freshly singed........- 1. 762
15 Btg!oon fabric No. 6, cloth outside (specially woven fabric), double S bda

T e O R S e Rt s i 5

16 Balloon fabric No. 6, cleth outside (specially woven fabric), double
bias, freshly Singed.ceeue:zucaeeeeecaearaeeisieenanenenacacancenns 1.372
21 Aeroplane fabric, rubberized, NO. 28. .« ecueueeucemncnsssansnnsnns 1.079
22 Aeroplane fabric, aluminum coated, No. 24...ccceennniinnneanncnn.n. 1.101
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I. From these figures it will be seen that we may roughly divide
surfaces into grou};;s as to wind resistance.

(1) Those which are what might be called continuous; in this case
the resistance Hroba.bl increases smtll;l)ly as the surfaces deviate from
a true plane due to lumps and o )
doped, varnished, and rubberized fabrics' come in this class. The
resistance does not exceed 1.20, glass being 1. _

(2) Those which have a discontinuous surface, i. e., such as would
be presented by a perfectly smooth woven material, as a wire gauze;
linen and singed cotton approach this. Here the resistance is
between 1.35 and 1.7. : :

(3) Those which have a discontinuous surface to which is added

other roughnesses, such as arise from nap. Unsigned cotton is in

this class, and the resistance is 1.5 or more.
II. It 18 interesting to note the great improvement produced on
balloon fabric by the use of one or more coats of some sort of varnish.,
lIII.( 'l;he gm%,ri:ce lsusls resistance betwe%nl an tixll;ﬁated é:brio of
class (3) and plate glass is very appreciable at high spee bemﬁ
about 0.013 pound per square foot at 70 miles per hour. This woul

mean & total head resistance in a large machine of about 18 pounds,

or a decrease in lifting power of 150-180 pounds. However, as can
be seen from the list, it is fairly simple to cut down the resistance
until it approximates that of glass.

er unevennesses. Plate glass,




APPENDIX

TO

REPORT No. 6, PART 1.

[Containing details, data, and plates.]

LINEN FABRICS.

Linen is the most widely used material for aeroplane wings, on
account of its great shﬁdz and toughness. The grades now on the
market have weights strengths as shown:

Weight Strength.

(ounces per

square yard). |  wygarp, Filler
1 3.67 65.0 54.4
11 3.78 69.5 49.2
III 3.87 80.7 79.0
v 4.04 86.9 74.0
e | 4.09 90. 2 82.7
VI 4.48 82.9 100. 1
VII 4.60 95.0 60.0
VIII 4.86 90. 4 102.5

In Great Britain there has recently been adopted the method of
testmﬁ the sample wet, after soa.kinﬁ some time., This is to avoid
error due to humidity cimnges While this method may seem some-
__what arbitrary, it is convenient and nearer the conditions of use
than a test on absolutely dry material. They figure that this test
corresponds to what could be expected at a theoretical humidity of

111 per cent.
Tests on transparent cellulose acetate sheets.

1) (2) 3) 4)
No. Weight Tensile strength Maximum difference in
Thickness. .| (ouncespet | (pounds par tnen). | US40 B SoRL S
1 10/1000 9.33 55.3 57 10.8 10.5
2 16/1000 15. 49 106. 3 85.8 14.1 8.1
3 24/1000 22. 96 127.1 130 30.6 25.2
4 32/1000 30. 35 178.6 187.7 21.2 2.6
5 64/1000 59.02 326 345. 8 10.7 8

Tests made on Riehle machine, 1-inch strips, 1-inch jaw, 8 inches between jaws;
speed, 18 inches per minute.
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The strength was measured both ways on each sheet, since it was
thought that the material might show a grain, such as often occurs
in materials in sheet form which have been made by a calendering
process. Except in the case of No. 2, there is no. ceptible differ-
ence in strength. The material runs fairly uniform in strength
except for the one sheet No. 3. Column 4 shows the difference
between the highest and lowest tests, compared to the average.

The material is quite flexible, in thin sheets, and can be bent double
several times in one place without cracking. On the other hand, it
tears very easily when once cut. It is noninflammable.

STRETCHING TESTS.

Figures 1-4 show the relation between load and per cent stretch.
The numerical values for the tests are given on page 155 and need
little comment. ]

The tests were made on a Riehle fabric-testing machine, and meas-
urements were made on an initial distance of 20 incﬁes, so the
results are probably quite accurate. The jaws moved apart at a
rate of 6 inches per minute. il

It is interesting to note that the rate of stretch is usually low in
doped fabrics up to 10 to 20 pounds load, after which it rises more
rapidly. On the other hand, the uncoated fabrics tend to be just
the opﬁosme of this—that is, there is a considerable stretch at first
under light load, up to say 20 pounds, then the “slack’ having been
removed from the fibers, the stretch is much slower. It will be
noticed that this holds true even for samples when the total stretch
of the coated fabric ?atl exceeds that of the uncoated, as in figure
2, Curves VIII, IX, X, XI when the fabric was not stretched on a
frame without coatmg. The stretch of the coated fabric only be-
comes equal to that of the uncoated at loads of 12 to 20 (ﬁgunds.

The application of this seems to lie in the fact that ordinarily even
at high speeds the loading due to wind pressure is very light. Aec-
cording to Austerweil ! even at highest speeds the load would not
amount to more than 145.5 kilograms per meter, or about 8 pounds -

er inch. Ordinarily it would be much less. It would seem there-
?ore that from the standpoint of keepi.ngb the fabric taut against
stretching just as good results could be obtained by putting it on
loosely enough to allow shrinkage and gst- the benefit of increased
tensile strength and efficiency shown by the fabrics in Curves
VIII-X, inclusive.

1 Die Angewandte Chemie in der Luftfahrt, 179.
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Stretch of aeroplane fabric,
Stretch under load of (pounds per inch)— EM-
i 1-fhoh
Fabrie.  |Curve. by 15 Lo
10120 |30 4056 |7 |8 |00]100| 1o | Sip)
Linen No. 1:
Untronted 3.

¥
b el (L83 175 2.75) 3,75 4.38] 4.2 s.38| 5.02 6.37] T00l........|......
|
{
b el 112200 3.33] 4.33) 5.07) 5.76| 6.38 7.00 7.37] ‘8.03......|.......| ...
)

- W eois v .25 5.25 5, PEE T I AN [ i » airensal oNites
Rubberized—
Varnish 1875— .
W 14.42 177
y (1), TSSO R TR SRR fnn S O
1 15.19 15,16
| | PR R WRRIDre ' ases
15.5 13.46
6. BYB RS opln be v oies v
Spar—
Worasenaiitese 1.75) 14. 69/ 12,25
{ Boitivinglis oosd 1.33 5 T DT U LT IR oo
Varnish 1876—,
Spar—
Wiirsaseniliscsin 2.50 13.64
TR R 1.37| 3.06( 4.44) 4.62) 5.19| 5.56) 6.19] 6.31|...u..feuennleeeninnni)eeininn .
| Vnsmhh 1877—
ar—
................ 2. 15. 12.66
| Biivnesislaswonon 1.33 5.

.
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Stretch of aeroplane fabric—Continued.
Stretch under load (pounds per inch). Effi-
| oy
Fabrie. Curve. 1bhy12
10 |2 [0 | 4|5 |6 |78 |s |0l
pounds
It&diu;l}»grade linen
N Widess oA } ™™ 5.08 7 9.16| .50 10.12)...ooulecnnnifounnniliennn 4.51
P ns e 2,78 5 00] 878 Geal. <Ll e L RS Gl A Y s
L sh 1875—
Woiacsoratint }mt {1 4.10) 6.42) 8.67| 9.92(10.62( 11.50)......[......[...... 'R i
5 F oo 67| 1.42| 2.33| 3.16| 3.83| 4.42| 5.00 5.12 5.50|......|-ccu0cuene
Woeneeooeones |V ITIM { 3.08| 5.08| 6.58| 7.50| 8.33| 8.75 9.50[......[...... 4.56
h F e 1.17| 2.50| 3.83| 4.02| 5.83 6.50| 7.12......]..c...|oeeii]oeiiiainns
Wik uivssqiés }wu 1.66| 3.92| 5.920 7.58 8.50] 9.4210.12f......[......].ceue. 4.18
s (el 1.42| 3.00| 4.25| 5.67] 6.25| 6.87] 7.50|......| ceri|oeenialiiiniiiint
Varnish 1875 and
- B }vn {1.1 2.75| 4.83| 6.33| 7.33| 8.75| 8.83| 9.58| 10.00...... 5.50
- S L 3.58) 5.00] 5.75 6.8 7.17] 7.78.....]oececieiee
Varnish 1876 and
- TS 1.50| 3.50] 5.50 6.92| 7.75| 8.58 9.2510.00......[...... 4.82
VIM (75)
Wi otiedatis 100 2.16] 3.17| 408 4.75| 5.25 5.88{ 6.00......[......[c.cccenen
Varnish 1877 and
... }vm( {1 3.33) 5.00 6.58 7.75| 8.50| 9.16] 9.75 10.25...... 5.68
P et 158 260 3.50 4.83 5 6.08 6.58 o.u‘ ......................

TEARING TESTS.

In these tests wooden jaws were used, fitted to a Riehle fabric test-
ing machine. The jaws moved apart at a speed of approximately
6 inches per minute.

The Plates I-VI were made by setting up the machine in a dark
room, putting the sample under tension, and holding a dry plate
against the sample. An electric bulb on the other side of the sample
furnishes light for the exposure. In the case of cotton fabrics the
small size of the yarn and its transparency gave poor definition; this
difficulty was removed bg first coloring the sample with a yellow
naphtha soluble dye. The photographs are therefore actu size,
a.ns show up the conditions of the threads quite clearly.

The factor obtained by dividing the breaking load for a 1-inch cut
by that for the uncut fabric gives some idea as to the relative teari
resistance of various materials. This, with the actual tensile, shoul
furnish a good basis for comparing fabrics as to suitability.
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Tensile strength
(pounds per inch). Tearing factor,

Warp. | Filler. | Warp. | Filler.

Linen No. 1, high grade:

Uncoaa,te'd..g.l.1 ............. S i e A PR 100 59 0. 50 0. 52
~106 86 .29 .44

65 45 .67 .67

85 75 .58 .58

37| 493| .48 .36

45 45 .38 .37

85 70 .36 .33

(], s a8

From the above ﬁgures it will be seen that the lower grade of linen
is relatively more difficult to tear than the high grade. This is
probably because the hifher grade fabrics, both linen and cotton, owe
their greater stre%h or a given weight to the greater number of
yarns per inch. These are of necessity smaller, and since teari
depends to a considerable extent on the strengtil of the individu
threads, we find that strong, closely woven fabrics tear more easily
in proportion than weaker ones. A Eood example of this is the filler
of the cotton fabric, compared with filler of No. 2 linen. The actual
tensile strength of the cotton is higher, but the effect of a cut much
%eaﬁ;r, giving the factors as shown: 0.36 for the cotton and 0.57 for
the linen.

Tearing tests on aeroplane and balloon fabrics—Load required to start tear, and to break,
; Jor slits of various sizes.

Size slit.
i ) j _ Oinch. | }inch. | i-inch. Linch. | Iiinch.
1 Fabric. Load per inch.
Tear. | Break. | Tear. | Break. | Tear. | Break. | Tear. | Break. | Tear. | Break.
Linen, No. 1, high grade,
WAool Lo M & 00 | 100 | 668 | 74 | 4 66 | 36 27 49
i e 59 59 | 40 44 32’ 42 | 234| 31 | 18 29
| Linen, No. 1, high grade,
| coated, 1875 var.:
Wlrp. sty 106 106 | 74 90 | 49 70 | 81 45 | 26 43
..................... 86 8 | 51 68y | 373 453 | 30 38 | 27 31
Linen, No. 2, medlum grade,
R AR sy TP, 65 65 491 51 | 32 5 | 28 44 | 21 42
) 1T e e 45 45 | 29 35 | 26 20 2% | 17 25
Linen, No. 2, medium grade,
coated, 1875 var.:
b R My R 85 85 | &7 7% | 41 64 | 23 21 49
b ;17 SRPTR e st 7% | . 75 | 55 62 | 38 46 | 29 433 | 25 38
Cotton, light weight, uncoated ;
‘ s TR R 37 37 | 16 18 | 103 18 | 10 18 |9 18
! Filler . 49y | 49| 18 20 | 14 18| 10 181 ® (15)
| Cotton, light weight, coated,
1875 var.: 3
WD 55 % deedd sandats 45 5| 2 26 | 18| 22 | 1 1 14 18
L R R S 45 | 45 | 203 2 |15 16} 1!1‘2 Qa 11 143
Balloon fabric, double, parallel:
WD - i il ucanrassdinn 85 85 | 41 46 | 30 37 | 31 | 20 25
1 AR Rl 70 70 | 34 36 | 238 204 | 173 24| 14 20
Balloon fabric,double bias....| 65 65 53 57 47 52 30 43 20 £
25802°—S8. Doc. 268, 64-1—11
§ \

| cdada St v
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COTTON FABRICS.

Sea island or Egyptian cotton, preferably the former, should be
used for fabrics intended for use in making balloon fabric. In gen-
eral the fabrics should be as nearly as possible of the same strength
in both directions. Ordinary fabrics intended for clothing are, of
course, usually much stronger in the direction of the warp than in the
direction of the filling, because the strain comes mostly on the warp,
and such fabrics are softer. Another item is, of course, the expense,
since the fillers represent a greater manufacturing outlay.

It is difficult to establish any very definite relation between weight
and maximum strength attainable, since the methods of manufac-
ture play a very important role. A heavy tightly woven fabric may
actuﬂly test much lower than one apparently not so strong, probably
on account of a shearing or grinding action. \

The fabrics examined are in general of single-ply yarns, the number
of threads varying between 120 and 144 per inch, depending on the
weight and strength. The data given represent samdples made and
tested in this country, and also test published abroad. S

Weight Strength (pounds per inch).

(ounces per
square yard). Warp. Filler.
1 1. 60 27.0 26.0
1T 1.85 24.3 24.5
111 +1.98 310 310
v 2. 44 41.5 49.0
A% “2.67 40.9 49. 2
VI 3.51 70.0 67.0
VII 3. 86 72.0 75.0
VIII 4. 05 84.0 - 78.0

The curve shows that considerable variation is to be expected
probably to a large extent owing to the great variation in methods of
testing. - Accordingly, two curves are drawn as limits, with a mean
or average value. y fabric whose tests woyld place it within the
area included by these curves would probably be about as good as
could be expected in that grade. is does not mean, of course,
that fabrics falling below this area would be unsatisfactory. It sim-
ply gives a rough idea of the possibilities under best conditions.
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Summary of various tests on aeroplane fabrics.

Tensile Water E
é (pounatlnp:'“l'x':.;sfl‘i‘l Wu:: Fire test. o psorption.
!' (per cent .
Fabrio % | original i ; ginal E E 8 %
al 'E Low ) 5 -
5 A 2%
3 . HE S
SEHHEHHE LI
B |B B = &g
Per
1. Llnl?g{o. 1 (high grade), varnish, £ cent. emt.P"
Llnen‘N;)lv ...... ; .............. (] 66.7| 65.0] 72.5 44.2] 3.96
2. 1875, and spar varnish......... 90 72 | 74.2| 80.0| 43.6| 3.33
3. 88 57 | 68.0] 65.0 43.6| 5.47
92 70 | 72.8| 76. | 38.2| 3.27
91 75 | 84.8] 82.5 51,9 3.94
83 59 | 71.7] 7.2 60.9| 4.03
68 40 | 48.4] 50.3 32.4| .84
59 40 | 74.0| 68.0| 45.0| .76
62 23 | 48.5| 36.6 37.9| .31
63 40 | 49.8| 63.2| 34.3] .7
59 44 | 87.2| 74.2 40.0| .96
53 43 | 85.2| 82.0 2.1 .1
58.4| 53.£| 61.0)
|l&‘)’ 60.2| 67.5| 60.2
96 54 | 54.2| 56.3)
T4.9].c..o]oeene]ocencfeenns
- I PR RN PR R
92 | [eeedeeecc)eccee]occnafecanc]onnes
0 fecscalsoasifssspafssasse
T8 Jecasslsananfssonsfessas .
8 Ll i]iesna]sesdd ¢
Vi R TR 79.2| 75.0! 4.34
L B (TS 89.0| 86.0| 3.27
94 96| 78 | 87.5| 78.7|.. 3.38
96 103| 85 | 94.5(100.0|.. 2.82
91 105| 74 | 93.2| 95.5|.. 5.92
97 113/ 96 | 96.5( 86.7|.. 5.23
92 111| 87 | 89.5] 92.3]. ... ]eeercfeeannsfonann]ionnn
920 115/ 84 | 90.0] 9L.0].c..ofeenefiecnacfinanilinans

Nore.—Samples Nos. 22 and 20 were exposed 2 weeks to weather; thers, 3 weeks. Varnish, 1876—
colltloss mitrate; varnishes, 1875 and 1877—cellulose acetate. ko ki .

PERMEABILITY TESTS.

As already stated in the main bod of the report, the method used
was similar to that of the Nation Physical Laboratory of Great
Britain, in which the hydrogen diffusing through the fabric is burned
to water and weighed.

Owing to the limited time at our disposal, the tests were each two
hours in length. Several tests were made on each sample at each
temperature, and ordinarily agreed within a few per cent, when the
slight temperature differences were allowed for. (To save time the
thermostat was not run always at the same temperature, but simply
kept constant at one temperature for each run. As the room
temperature varied greatly from day to day during the period in
which the tests were made, this made the operation of the thermo-
stat more simple, and in addition gave in many cases & further check
on the temperature effect.)

The diameter of the cell was 220 millimeters.
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The hydrogen was run throu§h one side of the cell at a rapid rate
for several hours at the start of an experiment, to insure the expul-
gion of air. The proper rate for the passage of the air was foun b{
experiment; it was noted that above a certain point, even wit:
increased absorption apparatus, the total weight of water absorbed
did not increase, indicating that the h{drogen was swept out prac-
tically as soon as it entered the cell. In the interval between tests
on the same fabric, the air side was continually swept out, to prevent
the accumulation of hydrogen on the air side. Fgr this purpose a
three-way stop-cock was introduced, and connections with trap-
bottles made so that the furnace and cell could be swept out sepa-
rat:}f with air. It was found that in some cases the furnace contained
small amounts of moisture that had not been all removed durinﬁ the
exﬁeriment, so at the expiration of the time by turning the coc the
cell was swept out in preparation for the next run, while dry air was
drawn from without ghrough the furnace and absorption tubes for
10 to 15 minutes.
Specimen tests are shown.

Permeability tests on various fabrics.

Permeabil-
ity (liters

Tem; square
Fabric. tse (2 C.).| Teter per

24 hours,
at 760/0°).

No. 1 balloon fabric, 2-ply parallel (9.25 ounces per square yard):
1.65 ounces per square yard rubber between PUES cevvreneannnanceiannacnnnas
1 ounce per square rubber on Ingide face. ......cceveriiuiiracacanaanes

~»
-

EENRR B3N8 BRVSIRN SSSBR

ZRR2 A2888

No. 2 balloon fabrie, 2-ply parallel (10.81 ounces per square yard):
3.11 ounces per square rubber between plies .........coueecmniancaaaes
1 ounce per square rubber on iNSide fAce. ....ccoeeeeeacariasnanniaanas

No. 3 halloon fabrie, 2-pl rallel (93.2 ounces per square yard):
5.51 ounces per l’qugr{ p.m‘l rutSber Mtweenp;fh:l. .......... A R
1 ounce per square rubber on inside face. . ...cceeeeeaeannararacaaconens

op F25RE SENERRE 8I2@S®

Btlloo:)l cloth No. 3, 4 coats varnish No. 1876 on cloth (about 2 ounces per square

GEES BRREE BREESSEE 33688%
BReE JQRIS PRIBOYR SUONAS

-
~
-
-

gBR88 55

%
@«

BREERERRBESS

Balloon cloth No. 3, gelatin compound on rubber (2 ounces per square yard)....

Balloon fabric No. 3, varnish No. 1876 (2 ounces per square yard), on rubber ...

EBponomm, ~ERISEEE BE

PRERIR2VIVESY
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Permeability tests on various fabrics—Continued.

) Tem uare
Fabrie. : ture 1* C).| Teter per |

-
®

Balloon cloth No. 3, varnish No. 1877 (2 ounces per square yard), on rubber.....

~e285sR2

REZRIE

Balloon cloth No. 19 (12 ounces per square L3 b J e

(1) It will be noted that gelatin com]f)oumilfives very low per-
meability. The use of gelatin on fabric for balloons was suggeste
by Julhe.! Austerweil tried this and found ? that at first there was
practically no loss in volume, even a slight gain due to gases dissolved
in the water. After 35 hours the membrane was ap arently satu-
rated and lost gas at practically the same rate as the comparison
rubber membrane. On the other hand, although each of our tests
was only two hours long, the total time in which the cell was filled
with hydrogen, and the gelatin-rubber fabric in place, was 48 hours,
yet at the end of that time, when the tests were made at 40°C., the

ermeability was only one-fourth that of the rubberized fabric alone.

t is possible that in contact with dry rubber and dry gases, as in our
apparatus, the membrane might act differently.

(2) Another point of interest is the test on fabrics 2 and 3 compared e

with fabric 19. The first two were experimental samples, and for
convenience made parallel. The fabric 19 was bias, yet showed prac-
tically no difference in ermeability. There has been some indication
in tests made at the National Physical Laboratory that parallel fab-
rics were much more germeable. They state that probably the
method of manufacture has a considerable effect. This has not been
noticed in our tests, and the reason for any such difference is not
apparent.

’ 3) Temperature coefficient.—This varies with the temperature and
degree of ¥ermeability of the material. From our experiments we
found the following values:

d \ Rate of increase at—
‘ 10-20°C. | 20-30°C. | 30-40°C.

Percent. | Percent. | Percent.
4.4 4.6 4

Rubber fabrie, permeability at 18°C.acionsraoeinssoranssonsannanise a o
............ 1.3 3.4

Rubber fabric coated with 2-ounce gelatin on rubber......coemeenees

() Effect of Weathering.—On account of the limited time at our
disposal for making this investigation, long weathering tests on these
samples were not made. Aging by continuous exposure for one
month caused no increase in ermeability; in fact, one of our samples
seemed improved. The rubber layers were apparently unaffected,
so this improvement was not due to resinification which has been
noted in England, but was more likely due to a slight variation in
samples.

1C. R. Acad. Sc., 1912, Feb. 12. 1 Die Angewandte Chemie in der Luftfahrt, p. 90.
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Surface friction of aeronautic fabrics at different wind velocities.

Experiment No. 1. Experiment No. 2,
Oon(dluon a‘ndt )aren -
PEIERS Sawe: Linen No, 1, 1 coat varnish, 1876
Plate glass. (aten, 50.35).
Net Net

Net | Gross | Net | force Resist-| Gross | Net | force Resist-
Miles per | correc- | forog pound, | Net | ance | force, | force pound, Net |“ance
hour. £§§a. pounds. s, %tl.l. excess. | faotor, pomldl.ﬁpm& y | SX00

30 0,020 | 0.384 | 0.404 | 0.0079 0 0| 0.408 | 0.428 | 0.0085 | 0.0006 1.081
40 .031 6371 . 679 | .710| .0141| .0010 [ 1.080
50 046 .969 | 1.015 1.046 | 1.002 | .0218 | .0019 1.008
60 L071 | 1.842| 1.413 1.480 | 1.551 | .0309 | .0023 1.118
70 . 768 | 1. 2.040 | 2.134 | .0424 | .0060 1.162
Experiment No. 8. Experiment No. 4.
Condition and area
(square feet). Linen No. 1, 8 coats varnish, 187 | Linen No. 1, 3 coats varnish, 1876; 1 coat
(aresa, 50.35). spar varnish (area, sb35).
Net | arom | Mot | socon Resist-| Gross | Net P Resist-
Miles per | COITeC- | foroq Net | ance force, | pound, | Nt | ance
hour, tion 7 | excess. excess.
30 0.020 | 0.394 | 0.414 [0.00822 | 0.0003 1.042 | 0.389 | 0.409 | 0.0081 | 0.0002 1.031
40 031 .665 .696 | .0138 0007 | 1.060 .649 .680 | .0135 | .0004 1.034 //
50 L046 .098 | 1.044 | .0208 L0009 | 1.048 .981 | 1.027| .0204 | .0005 1.028
60 071 | 1.410| 1.481 1. ‘0019 | 1.067 | 1.876 | 1.447 | .0287 | .0011 1.038
70 L0904 | 1,919 | 2.013 | .0403 ‘0039 | 1.108 | 1.854 | 1.948 | .0387 | .0023 1.061
Experiment No, 5. Experiment No. 6.
Oon((lluon a?gt a)t-,
square 7
Linen No. 1, ueoated (ares, 50.18). i o, 8 S e gL
Net | aross | et | torve Resist-| G Net | fores Resist-
Mfles per | COPTee- | force, | force m, .:::;_ ehos | Sorce, | foroe A “}2‘-_ ance
pound. A"’“""' *foot. F"“d‘f""m ot
30 0.020 | 0.457 | 0.477 | 0.0005 | 0.0016 1.205 | 0.390 | 0.410 | 0.0082 | 0.0003 1.034
40 .031 778 .810 | .0161 | .0030 | 1.284 .652 .683 | .0136 0005 1.040 \
50 ,046 | 1.204 | 1.250 | .024 L0050 | 1.254 L9088 | 1.084 | .0208| . 1.039 \
60 ‘o7 | 1.738| 1.800 | .0361 | .0085 1.305 | 1.892 | 1.463 | .0202 | .0016 1.056
70 .004 | 2.395| 32.489 | .0496 | .0132 1.362 | 1.880 | 1.984 | .0395 | .0031 1.085 Y
Experiment No. 7. Experiment No. 8.
Condition and area
(squarefeet). | Linen No. 1,3 coats varnish, 1877; 1 coat | Linen No. 1,3 coats varnish, 1877; 2 coats
spar varnish (ares, 50.18). spar varnish (area, 56.18).
Net | Gross | Net foonod Resist-| Gross | Net oled Resist-
Miles per| correc- e Net . Net
hour. tlona (omon tomd,‘. pound, excess. mco. force, | force, pountl, exoess. moo.
pound. .?oot. oot.
30| o0.020| 0.303| 0.413 | 0. 0.0003 | 1.044 | 0.393 | 0.413 | 0.0082 | 0.0008 | 1.044
40 .031 .655 686 | .0137 | .0006 | 1.049 .644 .675 | .0134 | .0008 1.026
50 .046 ‘977 | 1.023| .0204 | .0005 | 1.028 .978 y H . 0005 1.028
60 ‘ont | 13ss| 1455 | .o2s8 | t0012 | 1.041| 1.367 | 1.438 | . 20010 | 1.083
70 .004 | 1.884 | 1.978 | .0394 20030 | 1.081 | 1.874 | 1.968 | .0392 .0028 1.078
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Surface friction of aeronautic Jfabrics at different wind velocities—Continued.

Experiment No. 9. Experiment No. 10.
(square g Balloon fabric No. 3, double par. cloth | Balloon fabric No. 3 same as 9), freshl
ontside (i y ,‘“).w °< (,49.0). )N y
Net | Gross [ Net Ron Resist-| G Net' | fores Resist-
Miles per | correc- | % | force, |pound, | et | ance forosd | foree, |pound, |, et | ance
. p?\‘:’:&. W pliloltu' xCess. | fastor, |pounds,|pounds. pouatn' excess. | faotor.
30| 0.020| 0.672 | 0.602 [ 0.0139 [0.0060 | 1.766 [ 0.493 | 0.513 [ 0.0103 | 0.0024 | 1311
40 031 | 1.140 | 1.180 | .0238 | .0107 1.822 .883 L014 | 0184 | .0053 1,408
50 ‘046 | 1764 | 1.810| 0365 | -0166 | 1.838 [ 1.408 | 1.449 | .0202 | .0003 | 1.470
60 ‘o71 | 2.501 | 2.573 | .0518 | 0242 | 1.873 | 2.041 2,112 | .0426 | .0150 1,539
70 ‘004 | 3.452 | 3.546 | .0715| .0851 1. 2,808 | 2.992 | .0603 | .0239 1.664
Experiment No. 11. Experiment No. 12.
Condition and area J
(squarefeet). | Balloon fabric No. 8 isonu 82 10); 1 cost | Balloon abrie No. 3 (same a3 10); 3 coats
varnish, 1876 (area, 49.6). varnish, 1876 (area, 49.6).
Net | Gross | Net il Resist-| Gross | Net P Resst-
Miles per | correc- | g0 i, | Net Socn, | 5 g | Net
hour, tion pound, | gvoeqg, | A0S m“"“n& pound, | gysacq, | A0CE
pound. *foot.. e H"’“"‘ *oot. agaad
30 0.020 | 0.446 | 0.468 | 0.0094 | 0.0015 1.180 | 0.304 | 0.414 0083 | 0.0004 1.056
40 .031 .783 L814 | .0164 | .0033 5 . 661 L6902 | .0139 | .0008 1.063
50 L046 | 1109 | 1. L0251 | .0052 | 1. 1.009 | 1.055| .0213 | .0014 1.072
60 1. 1. L0086 | 1. 1.419 | 1.400 | .0300 | .0024 1.082
70 L004 | 2,832 | 2.426 0490 | .0126 | 1L 1.904 | 1.998 | . 1.107
Experiment No. 13. Experiment No. 14.
('qm.[n.:’g)
? Balloon fabric No. 3, bias, freshly singed
Balloon fabric No. 3, bias (area, 48.88). °(“’ 18.85) ¥
Not | rous | 2eet | so0cs, ) o e Resist-
Miles per | coIreC- | foroq br:o pound/ Net |“ance force, |pound/ Net | “ance
hour. tion }mm‘. uare | %0058 | factor | square | #X¢€5S: | tactor.
pound. *Boot. “Hoot.
30 0.020 | 0.631 651 | 0.0133 | 0.0054 | 1.601 | 0.483 | 0.508 0.0103 | 0.0024 1.208
40 L0831 | 1.078| 1,109 | .0227 | . 1.739 .864 L8905 | 0183 | .0052 1.402
50 c046 | 1.632| 1.678| .0343 | .0144 1.728 | 1.461| 1.507 | .0809 | .0110 1.555
(] 071 | 2.343 | 2.414| 0494 | . 1.782 | 2.157 | 2.228| .0457 | .0151 1.651
k(] L004 | 3.204 L0604 | . 1.002 | 3.043| 3,137 | .0642 | .0278 1702
S, Experiment No. 15. Experiment No. 16.
square 2 Balloon fabrie No. 6, double bias, special Balloon fabrie No. 6, double bias
fabric (ares, 49.34). fabric, freshly singed (ares, YA
Net | Gross | Net ol d Resist-| Gross | Net Paed Restst-
Miles per | correc- Net | ance | force, | force ,mm&, Net | “ones
pound. Tox.
30 0.020 | 0.468 | 0.488 | 0.0099 | 0.0020 1.252 | 0.423 | 0.443 | 0.0099 | 0.0020 1.139
40 .031 . 858 .880 | ,0180 | .0049 | 1.378 .744 .775 | .0157 | .0026 1.202
50 ‘046 | 1,343 | 1.380 | .0281| .0082 | 1.414 1,170 | 1.216 | .0247 | .0048 1.243
(] 071 | 1.959| 2.030 | .0412 | ,0138 1.490 | 1.744| 1.815| .0368 | .0092 1.331
70 L004 | 2,648 2.742 | . 20202 | 1.528| 2.378| 2.472| .0500 .0136 1312
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Surface friction of aeronautic fabrics at different wind velocities—Continued.

Experiment No. 21. Experiment No. 22.
Cor(ldmon .(nc% )aua
square feet). Aeroplane fabrie, rubberized, No. 23 Aeroplane fabric, aluminum coated
(aren, 48.8). No. 24 (aroa, 48.6). >
Miles per Wm o o fyrg pﬁt:%zdl Ho | R grl:a igu :n:&l Net | “ence
0 ance
hour. pm:&_ pounds./pounds, square excess. | aotor, |pounds.|pounds, square exCesS. | factor,
s0| 0.020| 0.382{ 0.412 | 0.0084 | 0.0005 | 1.070| 0.304] 0.414 0.0085 | 0,0006 [ 1.078
40 .031 653 600 | .0142 | .0011 [ 1.082 657 .688 | .0142 | .0011 1.083
50 ‘046 | 1.004 | 1,050 | .0215| .0016 1.083 1.034 | .0213 [ .0014 1.073
tos1| 1.879 | 1.460 | .0200 | .0023 1.081 | 1.875| 1.456 | .0209 .0023 1.081
70 t004 | 1.824| 1.018| .0303 | .0029 1.079 1.950 | .0401 | .0037 1.101

SURFACE FRICTION TESTS.

In the next to the last column of each experiment, pages 43-4, are

iven under the heading ‘‘Net excess” the numerical

difference

otween the resistance in pounds per square foot of the material,
and the resistance of plate glass. In the last column are given
of the material by that of

factors obtained by dividing the resistance
glass at the same velocity.

In general the resistance of an object to the wind inereases with

the square of the velocity. The general form is, for unit area:

P=K V2.

When P = pressure.
V =velocity.

‘ K =a constant.
It has been found by Froude and others that surface friction varies

with about the 1.87 power of the velocity.
Plotting the logarithms of the velocity

obtained from our results, in practica.ll[;lr 3
ittle

The values at 70 miles per hour were a

cating the pressure of another factor, ¥ossibl

rom

The logarithms were plotted and

alfa.inst the pressure
cases, a straight
off in most cases, indi-
due to tem '
e values of the faired

w

hne

rature.

curves, the approximate exponents and coefficients were obtained
algebraically for some of the most interesting cases.

General equation P= K V™.
When P =pressure in pounds per square foot.
V =velocity in miles per hour.
n and K=constants.
, K N
Experiment 1. Plate gllqam iR R U v & v e B B B et v R MRy 0.0000178  1.84
Experiment 2. Linen No. 1, varnish No. 1876 ce.ovevncnnannnennns 0000 1.85
Experiment 5, Linen No. 1, uncoated . . . . ...cxeeesnsnsssssesss .0000137 192
Experiment 9. Balloon fabric No.3........ e Sl e S .0000192  1.93
It will be noted that in general the ro her materials have higher

exponents, approaching 2 in the case of ba

oon fabric.




Absorption tests, balloon and aeroplane fabrics.
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varnish
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linen No. 1, untreated,
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Rub!
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R

Varnish 1877
Rubberized (
. it
ubberized,
varnish
ubberized,
Rubberized,
spar
nr(llig 1875.
Varnish 1875
Varnish 1876
Varnish 1878
Varnish 1877
Varnish 1!
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REPORT No. 6.

PART 2.

SKIN FRICTION OF VARIOUS SURFACES IN AIR.
By Wiuis A. GIBBONS.

INTRODUCTION.

The relation of skin friction or surface friction, to the relative
velocity of a surface and the surrounding medium, and the variation
of this relation with the nature of the surface is of growing importance
to the science of aeronautics. Owing to the greater speeds now
developed in air craft of all kinds, it was decided to investigate these
relations with particular reference to the sort of surfaces which would
be used in aeronautic work.

W. Froude® measured the resistance for various surfaces of various
lengths in a water channel, and the results of his experiments lead
to the following conclusions:

1. The force tangential to the plane due to skin friction _ord'marig
varies according to the 1.85-2 power of the velocity for smoo
surfaces. For rougher surfaces, it varies practically as the square
_ of the velocity. b

2. The length of the plane has a decided effect on the ave
resistance per unit area, the resistance decreasing as the leﬁ
increases. ; )

3. Smooth surfaces do not necessarily increase according to a
lower power of the velocity than rougher surfaces, although the
numerical value of the resistance per unit area 1s less.

4. The index decreases as the length increases for smooth surfaces.

7Zahm? measured the resistance due to surface friction of planes in
a current of air, and found that all smooth surfaces showed an increase
in resistance according to the 1.85 gowe_r of the velocity. Buckram
with 16 threads per inch gave a high resistance and an index of 2.05,
practically 2. f )

He measured the resistance of planes of various lenfnhe and
obtained the following equation connecting the length of a plane
with its velocity and surface friction:

P L~7Vis )

When V=Velocity in feet per second.
L =Length of planes.
p=Tangential force per square foot.

1 British Assoc. Report, 1872, 118; 1874, 249. % Phil. Mag., VIII, 58-66 (1904).
176
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. Lanchester! shows that to express the resistance of a ‘plane bri:f-
into account the linear size and kinematic viscosity, we have the

relation—
Roco® L Vr (2)

When g+r=2 :
v=Kinematic viscosity.
L =Linear size.
V="Velocity. 5

The kinematic viscosity? v -ﬁp

When g =Coefficient of viscosity.
p=Density.

‘ The kinematic resistance, R-Ep’ i. e, it is the resistance per unit
ensity. b by !

Lanchester points out that in terms of R, Zahm’s equation (1)
becomes :

Roc 193185 3)

whereas according to (2) L and V should have the same index. He
adopts the following for a smooth surface.

Ruv.lLl.D Vl.l (4)

Assuming, what we have found to be the case, that the exponent
varies with the nature of the surface, we may put this in the form

Rocoy*nnyn (5)
whence
F=xpp* LoV (6)
For any one surface it is convenient to neglect the length, and
embody and the p and v values in one eonstant, so we have.
F=EKV» (7)

The value of K depends of course on the units.—throughout this
paper F will be in Ibs. per square feet, and V in miles per hour. The
va.{)ue of .1 for air is 1.3 times that for water, so this and the relative
densities give a means of calculating from one medium to the other.

The values of » and K vary with the surface even for so-called
smooth surfaces, and as will be shown, seem in such cases to bear
a more or less definite relation to each other.

1 Tech. Rept. Ady. Com. for Aeronautics, 1909-10, p. 34. 3 Lanchester’s Aerodynamics, p. 36.
25302°—S8. Doc. 268, 64-1—12
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EXPERIMENTAL.

Through the kindness of the Bureau of Construction and Repair
of the Navy Diﬁartment the excellent facilities afforded b{ the
wind-tunnel of the Washington Navy Yard became available for
experiments on the frictional resistance of various surfaces. These
experiments were made for the purpose of looking into the matter
of surface friction with particular reference to surfaces of the sort
which would be of most interest from the standpoint of aeronautics,

A glass plate about 9% feot long and 34 inches wide was suspend
vertically, with its surface tangent to the direction of the wind, by
two wires fastened to the upper edge of the plate. The ends of
the dpla.te were enclosed in slots in faired struts, which were fixed

ioid to the floor and ceiling of the tunnel, and stayed to prevent
vibration. Smooth steel rollers attached to each side of the slots,
at the ugper and lower ends, prevented side movement of the plate.
They did not ordmm’i‘l_g touch the latter, bein%oset to allow a clear-
ance of 0.01 inch. free to move within limits

on'lly in the line of the air current.
he trailing edge of the plate was connected by a steel rod to the

balance, allowing the horizontal force to be measured.

CORRECTIONS.

It was found by experiment that the ends of the plate, altho
protected by the struts, were affected by the air cgmnt. 'l‘uubgel:
were set in the slots an connected with a hook gauge manometer,
From the pressure at each end, the force on the plate was moas

for different velocities, and by & faired curve, a set of corrections at
different velocities was obtained. Both of these corrections are to
be added since the air rushing past the slot in which the leading edge
fits causes a diminution in pressure, and in the other slot, an increased
pressure. Both of these changes in pressure would give a thrust

ainst the wind. ;

The correction for the wires was found by adding 4 more sut
porting wires, makin% 6 in all and measuring the force on the pla
with these additional supports, then removing the original wires
and measuring the resistance of the plate at different velocities with
four wires. Subtraction gave the act of the two wires, which were
used as supports in all lar tests. This correction is of course
to be deducted from the o served force. To avoid maskinf, small
wedges were used to hold the added wires away from (i aass, the
added wire passing around under the lower edge of the pla in

case.
SURFACES.

Plate glass was used as a standard, or ideal surface, since it is
R‘rﬁ)bably as smooth as any surface, and can be easily duplicated.
o various fabrics were attached to this by a nitrocellulose v i
by which, with a little practice, we were able to obtain a surface
practicailg smooth, so far as unevennesses from wrinkles, etc., were
concerned. The amount of varnish needed was so small and its
colloidal nature such that it was ible to attach an uncoated
linen to the glass without affecting the outer surface of the fabric
appreciably. The linen surface could then be tested, and treated

further as desired
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When more than two coats of varnish were applied, the surface
was sand-papered between each coat.

Where fabrics were singed between tests, the singeing was done
A v bt sy ed as foll

e surfaces may be grouped as follows:

1. Plate glass.

2. Fabric surfaces with naF.

8. Fabrio surfaces without nap (linen and cotton).

4. Varnished fabrics (cotton and linen).

5. Rubber coated linen (plain and aluminum surface).

The experiments were made at velocities of 30, 40, 50, 60, and 70
miles per hour. Owing to the large size of the plate (area about 50
square feet) the forces were large enough to enable considerable
accuracy to be obtained. For example in the case of plate glass,
the uncorrected force is about 0.27 pound at 30 miles per hour.
On account and also on account of the greater range of veloci-
ties we were able to detect variations in apparently smooth surfaces
which were not noticeable in earlier experiments at low velocities.

The values of F' (pound per square feet) the relative value of F'
compared with that for glass called for want of a better term, the
’lr?sli)slt‘ime factor (R. F.) and the values of » and K are given in

able 1.

Tanwr I.—Results of experiments on surface friction, in avr, of various surfaces.
[Tests wero made in wind-tunnel, Washington,'D. C.]
Nore,—n, k, and ' are values In equation Fe EVn, Felb./sq. ft.

Ve hour,
R. F,=Resistance factors= Foburvaglm.

L 30 miles/hr. | 40 miles/hr, | 50 miles/hr, | 60 miles/hr. | 70 miles/hr,
No n, | K107,
F. |R.F.| F. |R.F.| F. |R.F.| F. |R.F.| F. |R.F.
; 1.81] 166 |.0079 | 1.000(0. o X o .0276] 1. .0864] 1.000
84) 163 |.0085 | 1.081] .0141] 1. d . 0309 1. L0424 1.162
129 |. l.(KzL B o . " .0205| 1.067 . 1.108
153 [.0081 | 1.031] . 1. . 1.061
5 128 1.0005 | 1. L0161 1. 1. .0496] 1.362
6 149 |.0082 | 1.034] . 1. o
z 149 [.0082 | 1.044] .0137] 1.041} .0304] 1.081
0 84| 157 |.0082 | 1.044] .0134 1 1.078
% 219 |.0139 | 1. o 1 * 1.965
n 96.5{.0103 | 1.311] .0184 1 .0603| 1.654
123 |.0004 | 1 L0164 1.300| .0490| 1.345
1 153 |.0083 | 1. 1 .0403| 1.107
% 207 |.0133 | 1.691] . 1 0694 1.902
= 03| 99.7(.0009 | 1. 1.490| .0556] 1.528
82.5(.0088 | 1. ¢ 1.331 . 1.372
21
1.83| 165 |.0084 | 1. .01 1.081| .0393] 1.079
2
1.83| 166 |.0085 | 1. .01 99| 1.081) .0401| 1 101
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ABERONAUTICS,
RESULTS.

at resistance offered by fabrics
The effect of the weave is shown

20 - ° o

seems to increase the index,

not be noted except at very high speeds.

with nap on the surface will
by comparison of experi-
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Cotton shows a higher resistance than linen, although the cotton
surfaces were finer weave than the linen. The linen yarn, while of
more varying thickness, is smoother than cotton yarn, due to the
nature of the ultimate fiber and its greater length.” The linen yarn
is more like a wire. )

The effect of varnishing is very apparent, although no conclusion
can be drawn as to the relative merits of various aeronautic varnishes.
Probably it is more a matter of workmanship in ap lyi.uﬁfand finish-~
i:;g the coat than anfy particular merit in the varmsg itself. The use
of a finishing coat o .sgar varnish gives some improvement.

The use of a varnish seems particularly advantageous in the case
of cotton fabrics. This explains the _goo results obtained in Europe
by varnishing the gas bags of les with cellulose acetate var-
nish, which both improves the gas-holding properties of the bag and
decreases the frictional resistance. In a well-designed balloon most
of the resistance offered by the air to the motion of the balloon is due
to friction. :

' QUANTITATIVE.

If we plot the logarithms of the velocity (V) and frictional resist-
ance in pounds per square foot, (/) we obtain [imctically straight lines.
From their slope we find the indexn. Figure II shows the logarithmic
plots for the most interesting cases. It will be noted that in many
cases the value for 70 miles per hour seems to lie above the line, pos-
sibly indicating an increase in the index as velocity increases, due to
greater turbulence. This has been predicted.

Using the slope obtained by logarithmic plots and F=pounds per
square foot, V=miles per hour, we may obtain the constant K, as
given in Table I.

From these results it will be noted that the smooth surfaces do not
necessarily have lower indices. When this was first noted it seemed
so anomalous that it was thought at first that there might be some
experimental error. However, we note that Froude found a similar
result (Table III) in the case of tin foil, varnish, and paraffin.

Thlf high resistance of fabrics having nap on the surface is note-
worthy.

Froude’s results obtained with an 8-foot plane in a water channel
were reduced to the same units, and to air conditions. The values are
given in Table II. Considering the differences in conditions the
agreement for smooth surfaces is close. The resistance of calico
was somewhat higher than the cloth resistance found in our tests.
from the photoFraph accompanying Froude’s paper ! the fabric used
by him probably had about 80 threads per inch. Those used by us
had about 120 threads per inch, and on this account presumably a
smoother surface.

VALUES OF K AND N.

As already noted, smooth surfaces may show a higher index than
rougher ones, while the coefficients K vary in the opposite direction.

To obtain an idea as to the relative values of these two quantities, we
plotted the values of K and N as shown in Figure IIL. It will be

1 Brit. Assoc. Report, 1874, p. 249.
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noto&thattherestﬂtsofourexpeﬁmentsuomtolhowm&tinot

t of surface:

“Those having nap on the surface have ‘;l:ﬁh indices and high
exponents They act somewhat similarly to calico and sand d-coated
surfaces mvestxgated by Froude, and may be as

=03
Veloeity - Mile v Hr.

relatively. The index is 1.9 to 2, usually nearer 2, and the coeﬂicnent

K, 0. 00002 ormore. (Vin miles per hour.)

2. Surfaces which are free from na , and more or less continuous
and even. Fabric surfaces of fine threads closely woven and free
from nap (due to singeing or natural gmat length of fiber, as linen)
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are the roughest of this class. At the other extreme we have coated
andvm:ihpd fabrics, which may approach glass in smoothness under
good conditions.

Considering the nature of the quantities n and K, the points for

n

amounting to not more than 6 to 8 per cent, except in two cases, and
these fall on opposite sides of the line (Fig. III).

The values found by Froude for varnishes, tin foil and paraffin for
an 8-foot plane in water are also shown (Table II), and fall close to the
line. On the other hand, “‘rough” surfaces, calico and roughened
sand, do not come near the line.

ooth surfaces lie remarkably close to a straight line, the deviation

e T T T R T N N
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TasLe IL.—Results of Froude's experiments, calculated to air,
[8-foot plane (600 feet per minute) X in terms of miles per hour,

Surface, n | K0
R el SRl 1.85 156
PR i o st il 1.94 126
g (L BRI 1.99 101
Calico...... 1.92 261
Fine sand.. 2.00 209
Medium sand 2.00 223
Coarse sand. .......... 2.00 265

From these figures we ma ress the relation of » and K for
‘““smooth” surfaces by the emypig:g.l equation—

K= .0000746 —.000032n (8)
F=(.0000746 — .000032n) V™ )]

F being in pounds per square foot and V in miles per hour. While
this expression is purely empirical, in view of our results it would
seem as if it might be possible, within limits, to evaluate the complete
equation for a smooth plane of fixed size, from the results of one ex-
periment. To apply this rigidly would of course mean that the
curves for smooth surfaces must not cross, i. e., that one given value

whence

of Fand V apgaes to one curve only. While our results do not_ -

adhere strictly to this the deviations occur .ﬁ;nerally in the case of
curves which are so close together as to almost overlap, and are
grobably due to experimental error. The value of K depends on L,
ut this ean be figured as already shown.
On the other hand, Froude’s results indicate that in the case of
water, there is a fall in the index as the length of the plane increases.
This ch seems to be in the opposite sense to what would be ex-

ted. e equation
i Roaxo® L*V* @)

shows that L and V vary according to the same power in every case.
We should expect from this the same change in », whether due to
change in L or V. It is known, and our own experiments indicate
that increase in V tends to increase r; in other words, at high sEeeds
the resistance would vary according to a higher power of langt and
velocity. It seems logical to assume that this interchangeability of
V and L would give a similar result as L increases, namely, that »
would also increase, for both L and V. These changes in index would
probably be so small for ordinary experimental differences as to be

negligible.

—



