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This invention relates to a method of and ap 
paratus for determining physical properties or 
factors related to the resistance to fluid flow 
offered by a confined mass of porous, compressi 
ble material. 
The present application is a division of my 

prior, co-pending application, Serial No. 294,727, 
filed September 13, 1939. 

Specifically, one factor which it is possible to 
determine by means of the present invention is 
the total Surface per gram of the compressible 
fibrous material such as cotton, wool, etc. 
Another factor which it is possible to determine 

by means of the invention is the density of the 
substance constituting the material. . 
When applied to fibrous materials such as raw 

cotton, for example, the invention provides a 
means for Comparing the relative fineness of the 
fibers, as the term "fineness” is popularly under 
stood. This characteristic is correlated to the 
factor which it is possible to really measure, 
namely the total surface area of the fibers per 
gram of material, and thus by determining the 
total surface area, per gram of different samples 
of cotton, a general idea of the relative fineness of 
the fibers may be obtained. 
In carrying out my novel method, I prefer to 

employ the apparatus disclosed in my said prior 
co-pending application, and in order that the 
invention may be readily understood, such ap 
paratus is illustrated in the accompanying draw 
ing, forming part of this specification, and in 
which: 

Fig. 1 is a general view showing the apparatus 
in longitudinal Section, parts being in elevation, 
and illustrating one step of my novel method; and 

Fig. 2 is a fragmentary similar view, illustrat 
ing another step in the carrying out of the 
method. 

Referring to the drawing in detail, the appara 
tus comprises a fluid conduit structure arranged 
in the form of a “bridge,' having two pairs of 
arms E, S, and F. X. The free end of one arm 
of each pair is open to atmosphere as at G, 
while the other ends of one arm of each pair are 
connected together as at J, and the common juanc 
tion connected to a source, of fluid pressure illus 
trated conventionally as a bellows H. - 
This bellows is secured at its upper end to a 

platform L. pivoted to a fixed support at N. Also 
pivoted to this support at N is an arrin C is: wing 
at its end a Weight O'. 
be turned about the pivot N from full line posi 
tion to dotted line position as shown in Fig. 1. 

This weighted ar; can 

the bellows and to force air under pressure down 
through the conduit J to the bridge structure 
above referred to. If, on the other hand, the 
weighted arm is thrown over to the dotted line 
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position, it tends to expand the bellows, thus cre 
atting a partial vacuum and drawing air up from 
G through the arms of the bridge. 
The arms E, F and S of the bridge consist of 

capillary tubes, which offer a known or deter 
minable resistance to the flow of air. As illus 
trated in the drawing, two arms S and S” of dif 
ferent length are shown, and a rotary plug valve 
W is provided for operatively connecting either 
One or the other of these arms as desired. 
The fourth arm of the bridge offers an unknown 

resistance to the flow of fluid such as air, and 
contains the sample of material to be tested. As 
shown, it comprises a cylindrical container into 
the opposite ends of which are fitted perforated 
pistons U and W, the former communicating with 
the conduzit structure Constituting the bridge and 
the latter communicating with atmosphere. 
The arrangement illustrated in the drawing is 

for the purpose of measuring the fitid flow re 
sistance of a mass of compressible fibrous nate 
rial, such as raw cotton. This is contained with 
in the cylinder X, and is confined between the 
pistons U and W. The piston W is provided with 
a rod or stem Y passing through a fixed guide 
and swiveled at 2' to the end of an adjusting 
screw Z working through a fixed support Z'. 
Thus the extent to which the sample of material 
iri the cylinder X is compressed may be varied by 
turning the screw Z. A suitable scale, preferably 
including a vernier, may be employed at Y' to 
enable the extent of movement of the piston W 
to be accurately read. 
Connected across the junction point R of the 

arms E and S, and the junction point T of the 
arms F and X of the bridge, is a pressure-respon 
sive device shown as a manometer tubeM, con 
taining a suitable liquid. . If the pressure at R 
and T are equal, then of course the liquid will 
stand at the same level in the two legs of the 
manometer, while any difference in pressure will 
be indicated by a difference in the level of the 
liquid. 
When a difference in fluid pressure is applied 

to the two ends J and G of the conduit System, 
as by means of the bellows H, fluid tends to flow 
through the arms of each pair in series and 
through the two pairs of arms in parallel. Obvi 
ously the same quantity of fluid will flow through 
the arms E and S, and the same quantity will 

When in full line position, it tends to corn press 55 flow through the arms F and X. If the drop in 



2 
fluid pressure from the point J to the point R, 
at the junction between the arms E and S, is 
equal to the drop in fluid pressure from the point 
to the point Tat the junction between the Eliºns 

F and x, then the pressure at R and will be 
the same, and the system is balanced. 
This balancing occurs when the resistance of E 

bears the same proportion to the resistance of S, 
as the resistance of F bears to the resistance of 
X. If E and F are, as shown, equal, then, when 
the system is balanced, the resistance of X is 
equal to the resistance of S. 

In order to secure this balance, 
s are of equal resistance, the mass of material in 
x is compressed by means of the Screw Z, until 
equality is obtained, as indicated by the liquid in 
the manometer M. 
Thus by virtue of the balanced system as above 

described, the exact pressure generated by the 
bellows H is immaterial, and it is even imma 
terial whether or not this pressure remains ab 
solutely constant during the taking of a test. It 
will, of course, be understood, that in operation, 
the degree of compression is small, the resistance 
is relatively high, and the amount of fluid flow 
ing through the apparatus per second is rela 
tively small as compared with the capacity of 
the belows. 
When the above described balance is obtained, 

it is possible to express the resistance of the Un 
known arm x in terms of the resistance of , 
F, and S. 

If p is the pressure drop across the ends of a 
capillary tube of length, having a radius T, and 
across-sectional area A, Q the volume of fluid 
flowing per second, and p the Viscosity of the 
fluid, Poiseuille's equation states that: 

It has also been shown that if p is the pressure 
drop across a porous mass 9f finely divided ma 
terial, of uniform cross-section A, throughout its 
length , a the total surface area per cc. of the 
actual substance of the material exposed to the 
fluid, and f is the fraction of the total space 
which is occupied by the material itself (such 
total space being taken up by both the material 
and the voids between the particles thereof), 
then 

l 9, a "-o??? (2) 
where e is some constant, approximately unity. 
As above pointed out, it is obvious that the 

quantity of fluid flowing through E and S is the 
same, and the quantity flowing through F and 
x is the same. The first will be designated Q1 
and the second Qa. Employing these designations, and using the 
subscripts 1, 2, 3 and 4 to indicate the factors 
corresponding to the arms E, F, s and X, respec 
tively; and also assuming that the pressure drop 
across is and F is the same and consequently 
ate drop across s and x is the sau 

tion above, can, under balanced conditions, be 
applied as follows: 

where puis the pressure drop across and F. 
The ratio · - 

in which X and . 

(3) 
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which may be designated C. 

new value of l, which may be called ? 

2,352,836 
can be obtained from the above Equation 3, thus: 

li 

Qi la 

This ratio depends upon the dimensions of the 
particular apparatus being used, and is therefore 
constant which may be designated: 
similarly, Equation 2 may be applied as foll- . 

OWS: 

?a h."=a..? -?? P=0. ?=9? 2k (1-f)* 
where p is the pressure drop across S and X. 

Obtaining the ratio 
Q 
Q? 

also from the above Equation 4, the two right 
hand members of Equation 4 can be written (can 
ceiling out common terms: 

(4) 

The two right hand members of this exprest 
sion form an equation from which p, Q and is 
have been eliminated, thus showing that the re 
sult is true, regardless of the value of these face 
tors. 

From this: w 

Kost __ A2k(1-f)-16AkQ) 
Alar l9f2 ?- 9Airlf 

The above equation can be simplified to read: 
C(1-f) Ka==?=f? (6) 

Where 
16 Alek 

c- 9Aar 
In this expression, it will be remembered that is 
is the length of the capillary tube S, A3 is its 
cross-sectional area, and r3 its inside radius. A4 
is the cross-sectional area of the cylindrical mass 
of material being tested at X. Hence, all of these 
quantities are constant for a given standard re 
sistance tube and particular piece of apparat. 

However, Equation 6 cannot be solved in terms 
of known quantities, because it contains two n 
knowns, namely, a and f. I propose, ho??????, 
to develop a second equation involving these 
terms, by securing another set of data, to obtain 
a new value of C. To accomplish this, I provide 
a second standard capillary tube, designated S' 
in Fig. 1, controlled by the valve W. By turning 
this valve clockwise 90° from the position shown 
in Fig.1, the tube S will be cut of, and the 
tubes connected to the arm E of the bridge." 
as shown in Fig. 2. Having connected the tube 
s', as described, the porous body of fibrous In 
terial in the cylinder at X is compressed long 
tudinally by means of the screw Z, also as shown 
in rig. 2, thus increasing its resistance until a 
condition of balance, as indicated by the nanon 
eter, is again obtained. 
The compression of the material produce 

new value of f, which may be called f', and 

although. A remains the same, 
diferent tube Sº gives rise to a niev 

On the basis of Equation 6, 
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remains the Same, a new equation can now be 
written, thus: 

C(-f) C" (1-f') (7) 
1.j2 1'.j"2 

Let m designate the total mass or weight of 
the sample being tested, and d designate the 
density of the actual substance of the material. 
Then, since f is the fraction of the total space 
Al4 which is occupied by the actual substance of 

K2 

the material, 
7 

fA,al (8) 
and 

-- " - f=aAl (9) 
Subsituting these values of f and f' in the two 

right hand members of Equation 7, (omitting the 
left hand member), it will be obvious that it is 
possible to solve this equation for d, in terms of 
the two standard resistance tubes (embodied in 
the constants C and C'), the cross-sectional area 
and mass of the sample, (both of which remain 
constant for any given experiment) and the 
lengths la and 24 of the sample. All of these 
quantities are known or can be measured. 

It will thus be seen that my novel process and 
apparatus makes it possible to achieve the re 
markable result of measuring the density of the 
actual substance of a body of fibrous or other 
finely divided material by a purely hydrody 
namical method. 
With the value of di determined by the above 

method, or otherwise known, this value of d can 
be substituted in Equation 8, and the value of f 
thus becomes known. Hence, every quantity on 
the right hand side of Equation 6 is known, and 
since K is the constant of the instrument and 
can be measured, a can be determined from this 
equation. As already explained, a is the total 
surface per cc. of actual substance of the fibers 
making up the porous body of material, and this 
factor has a definite relation to the popular Con 
cept of "fineness.' 

It follows that the total surface per gram of 
material is a/d, where di is the density, as before. 
Hence it is obvious that, by using a Sample of 

predetermined weight and known density, the 
cross-sectional area of the container and other 
constants of the instrument being also known, 
and compressing the sample until the bridge is 
balanced as above described, the length of the 
compressed sample is the only variable in Equa 
tions 7 and 8, and it is possible to determine to 
tal area of the fibers per unit of mass simply by 
measuring such length. 
While, in regard to fibrous material, I refer in 

the specification and claims to the density of the 
substance of the individual fibres, it will be un 
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3 
2. The method of determining physical prop 

erties related to the resistance to fiuid flow of 
fered by a confined mass of compressible porous 
material which comprises first causing fluid to 
flow through said mass and determining its rel 
ative resistance, then compressing such mass to 
vary its resistance to fluid flow and again deter 
mining its relative resistance, deriving an equa 
tion in terms of said relative resistances and the 
desired property, and solving for that property. 

3. The method of determining values express 
ing physical characteristics related to the resist 
ance to fluid flow offered by a given mass of com 
pressible, porous material which comprises. con 
fining Such mass in a form having a uniform 
cross-section and known length, causing fluid to 
flow through said mass and determining its rela 
tive resistance, in terms involving its length, the 
desired value, and an unknown quantity, then 
compressing said mass in such manner as to de 
crease its length while maintaining its cross-sec 
tion unchanged, determining its new length and 
relative resistance in terms of such new length, 
the desired value, and the same unknown quan 
tity, deriving an expression for the unknown 
quantity from each such determination, equating 
said expressions, and solving for the desired 
value. 

4. The method of determining the density of 
the Substance of the individual fibers constitut 
ing a sample of fibrous material, which comprises 
first measuring the resistance to fluid flow of a 
confined volume of such material of known cross 
Section and length, and deriving an expression 
containing the factor of density but involving an 
unknown quantity, then varying the length of the 
Sample while maintaining its cross-section and 
mass unchanged and again similarly measuring 
the resistance which it offers to fluid flow, de 
riving a second corresponding expression con 
taining the factor of density and the same un 
known quantity, equating the two expressions to 
eliminate the unknown quantity, and solving the 
equation for density in terms of the other known 
factors. 

5. The method of determining the aggregate 
surface area per unitº mass of the flbers con 
tained in a sample of compressible fibrous ma 
terial, of which the density of the substance of 
the fibers is known, which comprises taking a 
Sample of predetermined weight, confining such 

55 

60 
derstood that, in the case of fibres, which like. 
cotton, contain an enclosed cavity or cell, I mean 
the density of the substance of the fibres includ 
ing Such cell. 
I claim: 
1. The method of determining physical fac 

tors related to the resistance to fluid flow, offered 

65 

by a confined mass of porous material which 
comprises first causing fluid to flow through said 
mass and determining its relative resistance, then 
varying the resistance to fluid flow offered by 
such mass and again determining its relative re 
sistance, deriving an equation in terms of said 
relative resistances and one desired factor, and 
Solving for that factor. 

Sample in an elongated form having a uniform 
and known Cross-section, compressing the sam 
ple longitudinally until it has been reduced to a 
definite length, while maintaining its cross-sec 
tion unchanged, causing fluid to flow through the 
compressed sample and determining the resist 
ance it offers to fluid flow, relative to that of a 
known standard, and then measuring the length 
of the compressed sample and deriving an ex 
pression for aggregate surface area per unit of 
mass in terms of such length, cross-sectional area 
and density of the sample, and other known 
quantities defining its relative resistance. 

6. The method of determining physical proper 
ties related to the resistance to fluid flow offered 
by a mass of compressible porous material which 
comprises confining such mass in an elongated 
form having a uniform and known cross-section 
and given resistance, causing fluid to flow 
through said mass, compressing said mass lon 
gitudinally to reduce its length and increase its 
resistance, determining the amount of suchi in 
creased resistance, measuring the length of the 

75 compressed mass, and computing the value of 



other known quantities, 
7. In the determination of the relative resist 

ance to fluid flow offered by a confined mass of 
compressible porous material interposed in one 
arm of a fluid flow bridge consisting of four arms, 
another arm of which is constituted by a stand 
ard of known resistance, and having means for 
indicating when the flow through the two oppo 
site sides of the bridge is balanced, the steps which 
comprise Selecting and employing a mass of ma 

O 

terdal of such volume and porosity that its resist- . 
ance is relatively low and the bridge is initially 
unbalanced, and then progressively compressing 
Such mass to increase its resistance until the 
bridge is balanced and the relation of the resist 
ance of the mass to that of the known standard 
thus established. 

5 
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the desired property in terms of such length and 8. Apparatus for determining the relative re 

sistance to fluid flow offered by a mass of con 
pressible porous material comprising a plurality 
of fluid conduits connected to form the four arms 
of a bridge, each offering a substantial resistance 
to fluid flow, one of said arms including an elon 
gated container of uniform cross-section adapt 
ed to receive the material being tested, means for 
causing fluid from a common source to flow si 
multaneously through both sides of said bridge, 
means for indicating any differences in the fluid 
pressures existing at Opposite points of the 
bridge, means for compressing the mass of mate 
rial longitudinally in said container to increase 
its resistance, so that the bridge may thus be bal 
anced, and means for indicating the extent of 
Such compression. 
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