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cottonseed from the time of harvest until it can

be processed. Preserving the quality of the seed
is a major problem since it tends to deteriorate in
storage because of enzymatic activity and the growth
of miero-organisms. The only method in widespread
use for controlling this hazard is to circulate air
through the stored material and to control, by this
means, its moisture content and temperature.

Very little information of a scientific or engineer-
ing nature has been recorded on factors affecting the
flow of air through piles of cottonseed as they are
ordinarily stored. It appears that no attempts have
been made to apply the basic flow-equations to this
operation.

The flow of air through cottonseed piles is an exam-
ple of fluid flow through porous media. The subject
has been studied by Darcy (1), who demonstrated
that the rate of flow of a fluid per unit of ecross-
sectional area of a permeable medium is directly
proportional to the pressure gradient and inversely
proportional to the viseosity of the fluid for laminar
flow conditions.

Darcy’s equation is as follows:

kdp

udL

v = superficial air velocity

q = air volume in cubic feet per minute

A = cross-sectional area through which air fiows, based
upon empty container

k = permeability of media

u = viseogity of air

P = pressure

L = distance along direction of flow

IT IS NECESSARY to store enormous quantities of
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‘When air is the fluid and the temperature does not
vary greatly, the viscosity may be considered con-

k
stant. Thus — may be replaced by a ‘‘pseudo perme-

ability,”” K, and Darcy’s equation may be modified to
dp dL
dL dp

This equation may be used to solve the normal
problems involved in designing an air-flow system.
For example, if the desired air flow is known, the
required pressure drop and horsepower may be
calculated.

The permeability, k, is a property of the porous
media, in this case cottonseed. The viscosity, u, is a
property of the fluid, air. T. and A show the effects
of the mechanical arrangement of the aeration sys-
tem. These are subject to change, and different aera-
tion arrangements will affect the quantity of air flow
and the power required.

v=-K orK=-—v

* The research described in this paper was conducted as a cooperative
project of the Texas Engineering Experiment Station and the Cotton
Research Committee of Texas.

Although Darcy’s equation is quite simple, its ap-
plication can become very complex. In order to in-
tegrate the equation the cross-sectional flow area and
permeability must either remain constant or their
variation must be known as a function of L. This
problem can be illustrated by the examples shown in
Figure 1.
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F1e. 1. Comparison of two types of storage.

The calculation of air flow in silos as illustrated by
example (A) is not difficult. Here both the ecross-
sectional area and the seed-pile depth are constant.
All that is needed to solve Darcy’s equation for this
type of storage is a knowledge of the relation between
K and L.

However most cottonseed is stored in ‘‘Muskogee’’
houses, where the situation resembles example (B).
The solution is complicated by the fact that A is not
known as a function of 1, also because I is not con-
stant. In short, the geometic arrangement of the
system is so difficult to express analytically that a
rigorous solution by using Darey’s equation is not
practical.

The foregoing indicates that two questions need to
be answered before Darcy’s equation can be applied.
First, what is the permeability of cottonseed at vari-
ous seed-pile depths? Second, how can Darey’s equa-
tion be solved when irregular shapes are encountered ?

Essentially all that is required to determine per-
meability is a device to hold the seed, a method of
forcing air to flow through the seed, and a means of
measuring the pressure gradients obtained. In these
studies a silo was used to hold the seed (2). It was
24 ft. high and 5 ft. in diameter. A positive-displace-
ment cyecloidal blower was used to pull air down
through the seed. Volume was controlled by means
of a valve located in the suection line near the blower.
A sharp-edged orifice was installed in the air line
in order to measure the air-flow rate. Taps were
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located along the side of the silo so that the pressure
drop over each two feet of depth could be obtained.

‘When the pressure drop over a segment of the seed
pile is determined for a given superficial air veloecity,
K for this segment can be calculated. This was done
for 2-ft. segments of the silo, and the K values were
plotted as a funetion of I, the depth, which is shown
in Figure 2. Laminar flow was found at the highest
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F1a. 2. Pseudo-permeability values.

air velocity tested, 5 ft. per minute. Therefore, at
least up to this point, K is independent of the air-flow
rate. In eommercial cottonseed operations the flow is
usually 1%, to %o ft. per minute, and turbulent flow
should not be encountered except perhaps in the im-
mediate vicinity of air duects.

The effect of seed-pile depth on permeability is
immediately apparent. The upper portion of the pile
was very permeable, which corresponded to the light
fluffy condition of the seed. The first 3 or 4 ft. were
usually so permeable that no reliable measure of the
pressure drop could be obtained. The change in per-
meability as the depth increased was initially rapid,
but gradually the rate decreased and finally the per-
meability approached an asymptotic value.

Commercial seed-pile depths frequently approach
70 ft. In order to obtain data for more than 24 ft.,
extra depth in the experimental silo was simulated
by adding weight on top of the seed. The simulated
depth was that required to hold an equal number of
pounds of seed in a 5-ft.-in-diameter column.

Since a laboratory experiment can never precisely
duplicate field conditions, it was desired to measure
the permeability of cottonseed stored within a Mus-
kogee seed-house. Actual measurement of air volume
and pressure drops in such a unit would be very diffi-
cult. For this reason a special instrument was devised
for measuring the permeability (Figure 3). In op-
eration the probe was inserted into the pile of seed
until it reached the location where a permeability
measurement was desired. Air was then forced
through the probe at a measured rate. At the same
time the pressure at the probe tip was measured. If
the seed were highly permeable, the air encountered
little resistance while flowing into the pile and the
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Fi1e. 3. Construction of permeability probe.

pressure at the probe tip was low. On the other hand,
if the seed were less permeable, the air encountered
more resistance and the pressure at the probe tip
was higher.

Since the resistance is a function of the area through
which the air is flowing and since the area is spheri-
cal and increases rapidly with the distance from the
probe, practically all of the resistance is encountered
within a few inches of the probe tip. Effectively the
probe measures the local or point permeability within
the seed pile. All that is necessary is that the probe
be calibrated. This was readily done in the experi-
mental silo unit. Results obtained by using the probe
at a Muskogee seed-house are plotted in Figure 2.

When the permeability has been measured, a good
picture of the air-flow characteristics of the cotton-
seed under study is obtained. Computations to deter-
mine the power requirements for aeration in the silo
type of storage units can readily be made. However,
as indicated before, knowledge of the permeability
characteristics is only part of the solution when the
seed-pile depth and cross-sectional area vary, as in a
Muskogee house.

[n order to work problems of this type an electrical
analogue method of solution was developed. The prin-
ciple involved can be seen by comparing the equations
for electrical flow through a resistance with that for
fluid flow through a porous medium, as follows:

A. General flow equation

driving force
flow=—-—u —~

resistance
B. Electrical flow equation

volts dE A

orI=——X
ohms R dlL

I =amperage

amperage =

R = g¢pecific resistance

C. Air-flow equation

ressure dro d A
cubic¢ feet per minute = _L.‘_p_ orq= o X ——
resistance ( 1 ) daL
K

These equations show, for geometrical analogous
systems, that if the ratio of permeability to electrical
resistance is known and if the ratio of desired air-
flow to amperage is known, the pressure drop can be
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obtained by measuring the voltage drop across the
model.

In the electrical analogue simulations a silo type of
model was used inasmuch as air-flow patterns within
a silo would be symmetrical and therefore could be
plotted on two-dimensional surfaces for illustration
(Figure 4). Tap water was used as the eonductive
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Fi16. 4. Model silo and aceessory equpiment for analogue studies.

fluud. Surfaces of the seed pile through whieh air en-
tered or left the system were simulated by aluminum
sheets or strips. The source of electrical current was
an audio oscillator set at 1,000 eycles per second. This
high frequency was selected to prevent erroneous re-
sults from polarization. The voltages were measured
by vacuum-tube voltmeters.

In order to simulate a variable cross-section and
nonrectilinear flow, two possible alterations were in-
vestigated. A simulated air duct was installed half-
way up the side of the silo. This duct represented an
opening 1 ft. high circumferentially around the tank
through which air could exit. The other alteration
was to simulate a circular air duct 6 ft. in diameter,
located in a horizontal plane at the center of the silo.
Air could exit through both vertical sides of the duect.
The sides were 1 ft. high.

Air-flow patterns obtained with the analogue are
shown in Figure 5. Each map shows the direction of
air flow and the relative quantity of air flow. The
amount of air, using a known amount of power and
rectilinear flow, is arbitrarily called unit flow or flow
of 1. When the same power was applied to nonrec-
tilinear systems, variation in air-flow rates resulted.
The values assigned the various flow-lines indicate
the flow rate compared to the unit flow rate of 1. In
other words, the maps can be compared and the effi-
ciency of each arrangement for cooling specified loca-
tions in the silo can be obtained. For aeration of the
entire seed-mass, rectilinear flow could not be im-
proved. In some cases nonrectilinear flow would per-
mit coneentrating upon ‘‘hot spots’’ within the pile,
and the efficiency would be better if only these spots
were considered.

‘When a model having the same geometric configu-
ration as the seed pile under study has been con-
structed, various duet arrangements can be tried
until the most satisfactory arrangement is found.

There is a problem involved in using the analogue
procedure. It has been shown that the permeability
of cottonseed varies with pile depth or L. In the
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model the electrical resistance of the conducting fluid
should vary proportionately. This can be aecom-
plished by using successive layers of conductive ma-
terial with different resistances. Gelatin layers can
be used to reduce fluidity and mixing. Another pro-
cedure would be to make a correction by distorting
the length of the model in proportion to the perme-
ability change.

Conclusions

Darcy’s equation for fluid flow through porous me-
dia can be used to solve engineering problems in-
volved in the aeration of stored cottonseed if their
permeability is known. The permeability will vary
as the seed-pile depth increases because of compaction
in the lower portions of the pile. It is also a funetion
of the length of storage time and the type of seed
used. The permeability data given in this paper,
based upon laboratory and field tests for several
lots of cottonseed, can probably be used in most
aeration problems without excessive error. However
possible nonuniformity within the seed pile should
be considered. Problems can arise on account of
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classification of material while filling or on account
of differences between seed lots in the amount of lint,
chaff, and debris. In some instances it may be desir-
able to determine the permeability of a specific seed-
pile. In this case the ‘‘Permeability Probe’’ devised
during this investigation can be used to measure the
permeability in situ quickly and easily.

Actual solution of Darcy’s equation can be rela-
tively simple, as shown in the example presented, or
it ean be quite difficult when a geometric ‘‘Shape
Factor’’ needs to be obtained. It may be desirable to
use an electrical analogue as described in this paper

VoL. 38

to determine the Shape Factor. An analogue also
permits flow patterns to be established.

The analogue technique for solving Darcy’s equa-
tion and the development of the Permeability Probe
should be helpful in the design of aeration systems
for many commodities other than cottonseed.
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Studies of the Chick Edema Factor. II. Isolation of a

Toxic Substance

ANDREW YARTZOFF, DAVID FIRESTONE, DANIEL BANES, WILLIAM HORWITZ, LEO FRIEDMAN,
and STANLEY NESHEIM, Bureau of Biological and Physical Sciences, Food and Drug Administration,
Department of Health, Education and Welfare, Washington, District of Columbia

A crystalline halogen containing material producing chick
edema symptoms at 0.1 part per million in the diet has been
isolated from a sample of triolein which was toxie to monkeys.
This material is similar to that reported by Harman et al. (4)
but differs somewhat in ultraviolet speetral properties.

N A sYMPOSIUM on the chick edema disease in Octo-
ber, 1958, several laboratories (1,2,3) presented
reports on their progress toward the isolation and
elucidation of the toxic factor responsible for the
occurrence of this unusual syndrome. It was estab-
lished that the disease is caused by a toxic factor in
the unsaponifiable fraction of a fatty by-product of
industrial stearic and oleic acid manufacturing oper-
ations, and it was further suggested that the factor
might possess a polynuclear or steroidal structure. A
note, later published as an addendum to the contri-
bution from this laboratory (2), reported that the
toxie factor was associated with eluates from alumina
and ‘‘silane-treated Celite’’ chromatographic columns
which exhibited the ultraviolet absorption speetra of
polysubstituted naphthalenes (Aynx at 236 mpy, second-
ary Avax at 286 and 296 mp). Neighboring cuts from
these chromatograms showed the characteristic spee-
tra of phenanthrene derivatives (Aa: at 259, 282, 292,
300 mp) and of simpler naphthalene derivatives (Ayrax
228-233 my, secondary Ayax 270-280 mp).

Subsequent purification of substances that had an
absorption peak at 236 mp demonstrated that they
were not the most toxie fractions in our materials.
Furthermore our computations showed that the toxic
factor must be potent when present in the diet at levels
of a fraction of one part per million. Recently Har-
man et al. (4) have reported the isolation of the chiek
edema factor in crystalline form from a feed-grade
tallow. Their substance was toxic to chickens at 0.1
p.p.m. in the diet and had an ultraviolet absorption
spectrum with a major peak at 244 my, a lesser peak
at 312 my, and a shoulder at 238 mu. A private com-
munication from Tishler of the same laboratory (5)
disclosed that the crystalline substance contains chlo-
rine to the extent of about 47%.

Ames ef al. (6) have observed the presence of the
toxic factor in some commercial oleic acids. We have
studied a sample of triolein which had been an in-
gredient in a series of dietary treatments involving
changes in the level and types of fats to which a
group of Cebus monkeys had been subjected.

The following summary of experimental results rel-
tive to these monkeys was received from O. W. Port-
man and S. B. Andrus of the Department of Nutri-
tion, Harvard School of Public Health.

Of a group of nine monkeys that received this triolein in
their diets at a level of 259 by weight, one died at one month
and four at three months. After three months on the triolein
diet corn oil was substituted for the triolein. The other four
monkeys died from three weeks to five months later even though
triolein had been discontinued and replaced by corn oil. Of
14 monkeys in the colony that did not receive triolein but were
supplied other fats and oils at 25% of the diet by weight, there
was only one spontaneous death. Eight of the nine monkeys
fed triolein were autopsied and showed the following findings:
jaundice (4,87); pancreatic atrophy and fibrosis (6); hemo-
siderosis (6); fatty liver (5); bile duct proliferation (3);
extramedullary erythropoiesis (3); necrosis of liver (2); gross
hemorrhage in gastrointestinal tract (2); and erythroeytophago-
cyvtosis (1). Several features including marked anemia in sev-
eral instances suggested the possibility of a hemolytie proeess.
Pancreatic changes were most pronounced in the two monkeys
that survived longest (seven to nine months from the beginning
of triolein feeding). The severity of the lesions in the pancreas
was unrelated to that of the hepatic changes. With the excep-
tion of fatty changes in the liver, the above findings have not
heen reproduced in rats. These observations are from an experi-
ment not designed to study a toxie principle, and it would be
unwise to draw firm conclusions with respect to the toxicity of
the triolein from these limited data.

The fact that, in our laboratory, marked symp-
toms of chick edema disease were produced by this
sample of triolein suggests the possibility that the
chick edema factor may have been responsible for the
toxic effects noted in the triolein-fed monkeys.

We now wish to report the isolation of a highly
toxie erystalline substance from this triolein and to
describe its properties.



