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T IS N E C E S S A R Y  t o  s t o r e  e n o r m o u s  quantit ies of 
cottonseed f rom the time of harvest  until  it can 
be processed. Preserving the qual i ty  of the seed 

is a major  problem since it tends to deteriorate in 
storage because of enzymatic act ivi ty and the growth 
of micro-organisms. The only method in widespread 
use for  controlling this hazard is to circulate air  
through the stored mater ia l  and to control, by this 
means, its moisture content and temperature .  

Very  little informat ion of a scientific or engineer- 
ing na ture  has been recorded on factors affecting the 
flow of air  through piles of cottonseed as they are 
ordinar i ly  stored. I t  appears  tha t  no a t tempts  have 
been made to app ly  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  Darey  (1), who demonstrated 
tha t  the ra te  of flow of a fluid per  uni t  of cross- 
s e c t i o n a l  a r e a  of  a p e r m e a b l e  m e d i u m  is d i r e c t l y  
proport ional  to the pressure gradient  and inverselY" 
propor t ional  to the viscosity of the fluid for laminar  
flow conditions. 

Da rey ' s  equation is as follows: 
q k d P  

A u d L  
v = s u p e r f i c i a l  a i r  v e l o c i t y  
q = a i r  v o l u m e  i n  c u b i c  f e e t  p e r  m i n u t e  

A = e r o s s - s e c t i o n a ]  a r e a  t h r o u g h  w h i c h  a i r  f lows,  b a s e d  
u p o n  e m p t y  c o n t a i n e r  

k = p e r m e a b i l i t y  o f  m e d i a  
u = v i s c o s i t y  o f  a i r  
P = p r e s s u r e  
L = d i s t a n c e  a l o n g  d i r e c t i o n  o f  f low 

When air  is the fluid and the tempera ture  does not 
va ry  greatly,  the viscosity may  be considered con- 

k 
stant.  Thus - -  may  be replaced by a "pseudo perme- u 

ab i l i ty , "  K, and D a r c y ' s  equation may  be modified to 

dP  dL 
v = - K ~ o r K = - v  d--F 

This equation may  be used to solve the normal  
problems involved in designing an air-flow system. 
For  example, i f  the desired air flow is known, the 
r e q u i r e d  p r e s s u r e  d r o p  and  h o r s e p o w e r  m a y  be 
calculated. 

The permeabil i ty,  k, is a p rope r ty  of the porous 
media, in this case cottonseed. The viscosity, u, is a 
p rope r ty  of the fluid, air. L and A show the effects 
of the mechanical a r rangement  of the aeration sys- 
tem. These are subject to change, and different aera- 
tion ar rangements  will affect the quant i ty  of air  flow 
and the power required. 

1 The research  described in this paper  was conducted as a eooperative 
project  of the Texas Engineer ing  Exper iment  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 
permeabi l i ty  must  either remain constant or their  
variat ion must be known as a function of L. This 
problem can be i l lustrated by  the examples shown in 
F igure  1. 
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FIG. 1. C o m p a r i s o n  o f  t w o  t y p e s  o f  s t o r a g e .  
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The calculation of air flow in silos as i l lustrated by  
example (A) is not difficult. Here  both the cross- 
sectional area and the seed-pile depth are constant. 
All tha t  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 "SIuskogee" 
houses, where the situation resembles example (B) .  
The solution is complicated by  the fact  tha t  A is not 
known as a funct ion of L, also because L is not con- 
stant.  In  short, the geometie a r rangement  of the 
system is so difficult to express analyt ical ly that  a 
r igorous solution by using Darcy ' s  equation is not 
practical.  

The foregoing indicates tha t  two questions need to 
be answered before Da rcy ' s  equation can be applied. 
First ,  what  is the permeabi l i ty  of cottonseed at vari-  
ous seed-pile depths? Second, how can Darcy ' s  equa- 
tion be solved when i r regular  shapes are encountered ? 

Essent ial ly  all tha t  is required to determine per- 
meabil i ty  is a device to hold the seed, a method of 
forcing air  to flow through the seed, and a means of 
measur ing the pressure gradients  obtained. In  these 
studies a silo was used to hold the seed (2).  I t  was 
24 ft. high and 5 ft. in diameter.  A positive-displace- 
ment  cycloidal blower was used to pull  air  down 
through the seed. Volume was controlled by  means 
of a valve located in the suetion line near  the blower. 
A sharp-edged orifice was installed in the air line 
in o r d e r  to m e a s u r e  the  a i r - f l ow  ra te .  T a p s  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 velocity, 
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 function of L, the depth, which is shown 
in F igure  2. Laminar  flow was found at the highest 
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air  veloeity tested, 5 ft. per minute. Therefore, at 
least up to this point, K is independent  of the air-flow 
rate. In  commercial cottonseed operations the flow is 
usual ly �89 to 1/lo ft. per  minute, and turbulent  flow 
should not be encountered except perhaps  in the im- 
mediate vicini ty of air duets. 

The effect of seed-pile depth on permeabi l i ty  is 
immediate ly  apparent .  The uppe r  port ion of the pile 
was very  permeable, which eorresponded to the light 
fluffy condition of the seed. The first 3 or 4 ft. were 
usual ly so permeable that  no reliable measure of the 
pressure drop eould be obtained. The change in per- 
meabil i ty as the depth inereased was initiMly rapid,  
but  gradual ly  the rate  decreased and finally the per- 
meabil i ty approached an asymptot ic  value. 

Commercial  seed-pile  depths f requent ly  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 eolmnn. 

Since a labora tory  experiment  can never precisely 
duplicate field conditions, it was desired to measure 
the permeabi l i ty  of cottonseed stored within a Mus- 
kogee seed-house. Actual  measurement  of air  volume 
and pressure drops in such a unit  would be very  diffl- 
eult. Fo r  this reason a special ins t rument  was devised 
for  measur ing the permeabi l i ty  (F igure  3). In  op- 
eration the probe was inserted into the pile of seed 
unti l  it reaehed the location where a permeabi l i ty  
m e a s u r e m e n t  was  des i red .  A i r  was  t h e n  f o r c e d  
through the probe at a measured rate. At  the same 
time the pressure at  the probe t ip was measured. I f  
the seed were highly permeable, the air  encountered 
little resistance while flowing into the pile and the 
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pressure at the probe t ip was low. On the other hand, 
if the seed were less permeable, the air  encountered 
more resistance and the pressure at the probe t ip 
was higher. 

Since the resistance is a hmct ion  of the area through 
which the air is flowing and since the area is spheri- 
cal and increases rapidly  with the distance f rom the 
probe, pract ical ly all of the resistance is encountered 
within a few inches of the probe tip. Effectively the 
probe measures the local or point permeabi l i ty  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 F igure  2. 

When the permeabi l i ty  has been measured, a good 
picture of the air-flow characteristics of the eotton- 
seed under  s tudy is obtained. Computat ions to deter- 
mine the power requirements for aerat ion in the silo 
type of storage units can readily be made. However,  
as indicated before, knowledge of the permeabil i ty  
characteristics is only pa r t  of the solution when the 
seed-pile depth and cross-sectional area vary,  as in a 
Muskogee house. 

In order to work problems of this type an eleetrieal 
analogue method of solution was developed. The prin-  
ciple involved can be seen by compar ing the equations 
for  electrical flow through a resistance with tha t  for  
fluid flow through a porous medium, as follows: 

A. G e n e r a l  f low e q u a t i o n  

d r i v i u g  fo rce  
f low -- 

r e s i s t a n c e  

B. E l e e t r i e a l  f low e q u a t i o n  

vo l t s  d E  A 
a m p e r a g e  = - -  or  I = - -  • - -  

ohms  R dL  

I = a m p e r a g e  !~ - speci f ic  r e s i s t a n c e  

C. Ai r - f low e q u a t i o n  

p r e s s u r e  d r o p  dp  A 
eub ie  f e e t  p e r  m i n u t e  = or q = • - -  

r e s i s t a n e e  ( _ ~ _ )  d L  

These equations show, for  geometrieal analogous 
systenas, that  if the ratio of permeabi l i ty  to eleetrieal 
resistance is known and if the rat io of desired air- 
flow to amperage  is known, the pressure drop can be 
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obtained by measur ing the voltage drop across the 
model. 

In  the electrical analogue simulations a silo type of 
model was used inasmuch as air-flow pat te rns  within 
a silo would be symmetr ical  and therefore could be 
plotted on two-dimensional surfaces for i l lustration 
(Figure  4). Tap  water  was used as the conductive 

osc LL~T ~ J ~  

Fla. 4. Model silo and accessory equpiment for analogue studies. 

fluid. Surfaces of the seed pile through which air en- 
tered or ]eft the system were simnlated by a luminum 
sheets or strips. The source of electrical current  was 
an audio oscillator set at 1,000 cycles per  second. This 
high f requency was selected to prevent  erroneous re- 
sults f rom polarization. The voltages were measured 
by vacuum-tube voltmeters.  

I n  order to simulate a variable cross-section and 
nonrecti l inear flow, two possible al terations were in- 
vestigated. A simulated air duet  was installed half- 
way up the side of the silo. This duet  represented an 
opening 1 ft. high ci rcumferent ia l ly  around the tank  
through which air  could exit. The other alteration 
was to simulate a circular air  duet  6 ft. in diameter,  
located in a horizontal plane at the center of the silo. 
Air  could exit through both vertical sides of the duct. 
The sides were 1 ft. high. 

Air-flow pat terns  obtained with the analogue are 
shown in F igure  5. Each map shows the direction of 
air  flow and the relative quant i ty  of air flow. The 
amount  of air, using a known amount  of power and 
recti l inear flow, is a rb i t ra r i ly  called uni t  flow or flow 
of 1. When  the same power was applied to nonrec- 
t i l inear systems, var ia t ion in air-flow rates resulted. 
The values assigned the various flow-lines indicate 
the flow rate  compared to the uni t  flow rate  of 1. In  
other words, the maps can be compared and the effi- 
ciency of each a r rangement  for  cooling specified loca- 
tions in the silo can be obtained. F o r  aeration of the 
entire seed-mass, recti l inear flow could not be im- 
proved. In  some eases nonrect i l inear  flow would per- 
mit  concentrat ing upon " h o t  spo t s"  within the pile, 
and the efficiency would be bet ter  if only these spots 
were considered. 

When a model having the same geometric configu- 
rat ion as the seed pile under  s tudy  has been con- 
structed, various duet  a r rangements  can be tried 
unti l  the nmst sat isfaetory a r rangement  is found. 

There is a problem involved in using the analogue 
procedure. I t  has been shown tha t  the permeabi l i ty  
of cottonseed varies with pile depth or L. In  the 

model the electrical resistance of the conduct ing fluid 
should vary  proport ionately.  This can be accom- 
plished by using successive layers of conductive ma- 
terial  with different resistances. Gelatin layers can 
be used to reduce fluidity and mixiug. Another  pro- 
cedure would be to make a correction by distort ing 
the length of the model in proport ion to the perme- 
abil i ty 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  
permeabi l i ty  is known. The permeabi l i ty  will va ry  
as the seed-pile depth increases because of compaction 
in the lower portions of the pile. I t  is also a function 
of the length of storage time and the type of seed 
used. The permeabi l i ty  data given in this paper,  
based upon labora tory  and field tests for several 
lots of cottonseed, can probably  be used in most 
aerat ion problems without excessive error. However  
possible nouuni formi ty  within the seed pile shotfld 
be considered. Problems ean arise on account of 
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classification of mater ia l  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 permeabi l i ty  of a specific seed- 
pile. In  this ease the "Permeab i l i t y  P r o b e "  devised 
dur ing this investigation can be used to measure the 
permeabi l i ty  in si tu quickly and easily. 

Actual  solution of Darey ' s  equation can be rela- 
t ively simple, as shown in the example presented, or 
it can be quite difficult when a geometric " S h a p e  
F a c t o r "  needs to be obtained. I t  may  be desirable to 
use an electrical analogue as described in this paper  

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

The analogue technique for  sol,ring Darcy ' s  equa- 
tion and the development of the Pemneabil i ty 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 o{ Columbia 

A crys ta l l ine  ha logen  con ta in ing  ma te r i a l  p roduc ing  chick 
edema s y m p t o m s  a t  0.1 p a r t  per  mil l ion in the diet has  been 
isolated f r m n  a sampie  of t r ioleiu  which was toxic to monkeys .  
This  ma te r i a l  is s imilar  to tha t  repor ted  by H a n n a n  et al. (4) 
bu t  differs somewhat  in  u l t ravio le t  spect ra l  proper t ies .  

I 
X a sY~ueoswh~ on the ehiek 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. I t  was estab- 
lished that  the disease is caused by a toxic fac tor  in 
the unsaponifiable fract ion of a f a t t y  by-product  of 
industr ial  stearic and oleie acid manufac tu r ing  oper- 
ations, and it  was fu r the r  suggested that  the factor  
might  possess a polynuelear  or steroidal structure.  A 
note, la ter  published as an addendum to the contri- 
bution f rom this labora tory  (2), repor ted that  the 
toxic factor  was associated with eluates f rom alumina 
and "s i lane- t rea ted  Cel i te"  chromatographic  eolmnns 
which exhibited the ul traviolet  absorption spectra of 
polysubst i tuted naphthalenes (X~,a~ at 236 mt*, second- 
a ry  AMa= at  286 and 296 mtQ. Neighboring cuts f rom 
these chromatograms showed the characterist ic spec- 
t ra  of phenanthrene  derivatives (AM,~ at 259, 282, 292, 
300 mt~) and of simpler naphthalene derivatives (AS~a_~ 
228--233 m/~, secondary X~la~ 270-280 m/x). 

Subsequent purification of substances that  had an 
absorption peak at  236 m~ demonstrated that  they 
were not the most toxic fract ions in our materials.  
Fu r the rmore  our computat ions showed that  the toxic 
factor  must  be potent  when present  in the diet at levels 
of a f ract ion of one pa r t  per  million. Recently H a t -  
man et al. (4) have reported the isolation of the chick 
edema factor  in crystall ine form f rom a feed-grade 
tallow. Their  substance was toxic to ehiekens at 0.1 
p.p.m, in the diet and had an ultraviolet  absorption 
spect rum with a major  peak at  244 mt~, a lesser peak 
at  312 m~, and a shoulder at  238 m/,. A pr ivate  com- 
municat ion f rom Tishler of the same laboratory  (5) 
disclosed tha t  the crystalline substance contains chlo- 
rine to the extent of about 47%. 

Ames et al. (6) have observed the presence of the 
toxic factor  in some commercial  oleie acids. We have 
studied a sample of triolein which had been an in- 
gredient  in a series of d ie tary  t reatments  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- 
t i re  to these monkeys was received f rom O. W. Port-  
man and S. B. Andrus  of the Depar tment  of Nutri-  
tion, H a r v a r d  School of Public Health.  

Of a g roup  of n ine  mmlkeys  t ha t  received this  t r iolein  in 
thei r  diets  a t  a level of  25% by  weight ,  one died at  one m o n t h  
and  fou r  a t  three  months .  A f t e r  three  m o n t h s  on the t r iolein 
diet  corn oil was subs t i t u t ed  for  the  triolein. The other  fou r  
monkeys  died f rom three  weeks to five m o n t h s  la te r  even though  
tr iolein had  been d iscont inued  and  replaced by  t o n i  oil. Of  
14 monkeys  in the  colony tha t  did no t  receive t r iolein b u t  were 
suppl ied  other  f a t s  and  oils at 25% of the  diet  by  weight ,  there  
was only one spon taneous  death .  E i g h t  of  the  n ine  monkeys  
fed  tr iolein were au tops ied  and  showed the fol lowing f indings :  
j aund ice  (4 ,8? ) ;  pancrea t i c  a t r o p h y  and  fibrosis ( 6 ) ;  hemo- 
siderosis  ( 6 ) ;  f a t t y  liver ( 5 ) ;  bile duc t  p ro l i f e ra t ion  ( 3 ) ;  
ex t r amedu l l a ry  ery thropoies is  (3)  ; necrosis  of  liver (2) ; gross  
hemor rhage  in ga s t ro in t e s t i na l  t r ae t  (2) ; and  e ry th roey tophago-  
cytosis  (1) .  Several  f ea tu re s  inc lud ing  marked  anemia  in  sev- 
eral i n s t ances  sugges t ed  the  poss ib i l i ty  o f  a hemolyt ic  process.  
Panc rea t i c  changes  were mos t  p ronounced  in the two monkeys  
t ha t  survived longes t  (seven to n ine  m o n t h s  f rom the b e g i n n i n g  
of  t r iolein f e ed ing ) .  The sever i ty  os the  lesions in the  panc reas  
was un re l a t ed  to t h a t  of  the  hepa t i c  changes .  Wi th  the  excep- 
t ion of f a t t y  changes  in the  liver, the  above f indings have  no t  
been reproduced  in ra ts .  These  observa t ions  are  f r om an  experi- 
men t  not  des igned  to s t udy  a toxic  principle,  and  i t  would be 
unwise  to d raw firm conclusions wi th  respect  to the  toxici ty  of  
the  t r iolein f r o m  these  l imi ted  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 repor t  the isolation of a highly 
toxic crystall ine substance f rom this triolein and to 
describe its properties.  


