
A Small-Scale Technique for Simulating 
Large-Pile Conditions in Cooling 

and Storing Sugar B eets 
M Y R O N  SnH"T'  A N D  C .  A .  FORT� 

TUE PRIMARY PROBLEM in reducing sugar losses during storage In  
commercial piles of sugar heets is to find a practical means of  reducing the 
temperature of the heets and to find Cl way to eliminate " hot srots"' that 
are usually caused by the presence of excessive amounts of trash and dirt 
in parts of the pile .  I t  is practically impossibl e  to cool storage piles hy 
means other than the circulation of cool air through the piles. Since night 
temperatures Juring the warmer part uf the storage period <lrc usually 
20 degrees to :; 5 degrees Fahrenheit cooler than day�tirne temperatures, 
rapidly increasing use has been made hy the industry of the method of 
forced ventilating heets with cool night air, demonstrated hy thL" writers in 
1 9 4 5  ( 1 ) . " 

Recognition of the large quantities of heat given off by commercial 
storage piles of beets (2) and the important influence that temperature 
has on respiratory heat output makes it necessary that v..'e accumuLltc tc-ch · 
nical data to answer some of the fol lowing questions : 

1 .  Since respiratory heat rises progressively through upper layers of 
heets in a pile what is the practical limit to height in relation to cooling 
with forced ventilation? 

2. How much resistance d{/es a normal column of  beets have to dif/ 
ferent rates of air flow? What effect does dirt and trash h ave on air flow 
when uniformly distributed and when relatively concentrated? 

3. How much natural draft is induced through riles at various t('m� 
p.::rature differentials inside and outside the piles? 

4. What is the lowest temperature than can he safe ly used to force� 
ventilate beet piles? Is the safe temperature related to beet turgidity and 
if 80 to what extent? 

5. How important is evaporative cooling to the forccd�ventilation 
method o f  cooling beets? 

6 .  What is the relationship of temperature, relative humidity and 
dew point to cooling efficiency? 

It is obvious that information regarding most of these practical ques­
tions can not be secured unless the amount of air in relation to the tonnage 
of heets is known with some degree of  accuracy, and also unless the path 
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of the air,stream is confined to the beets under study. Commercial piles 
of beets do not allow such restrictions and are, furthermore, too expensive 
to use for some of the experimental treatments. The descrihed research 
equipment was designed to gain as much technical information as possible 
without using large tonnages of beets. 

Two insulated storage columns were constructed in three sections each . 
A general view of the columns and accessory equipment is shown in figure 
1 .  Each section is 8 feet high, :; feet inside and 44 inches outside diameter. 

Figure 1 . .  Experimenfal S\I!J;<lf beet stor;lgc colllmns with Olccessury clJ.llipment . 
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Four inches o f  rock�wool insulation are packed between the inside and 
outside shells which are made of lis-inch steel plate. Grating bars 6 inches 
apart and 2 inches high in the bottom support 2 �inch mesh wire screen on 
which the beets are placed in each section.  Each section is, therefore, inde­
pendent as far as fil l ing, weighing and emptying the beets is concerned. 
Each section weighs about 1/2 ton and holds slightly more than I ton of 
beets when ful ly fil led. 

Resistance thermometers arc inserted through I - inch pipes 1 foot from 
the hase of each section. Each thermometer is inserted in the center of a 

beet and the temperature is continuously recorded on a strip chart multiple 
recording instrument. Air temperature, pressure, humidity and dew point 
of the ambient air are made through another l �inch pipe near the base and 
extending between the grating bars to near the center of each section and 
also in the top of each column. Four short strap-iron guides, welded to the 
top of each section allow the sections to be stacked upon each other without 
slipping. An air-tight seal between sections is made hy means of caulking 
putty. Strap -iron loops inside and near the top of each section provide means 
of attaching the 2 -ton chain blocks for l ifting. The chain blocks 'He attachcJ 
to a trolley mounted on an 8 - inch '"I" beam hetween two 2 H � foot poles 
spaced 19 feet apart. Each column is 24 feet high and covered by an 
insulated cap equipped with a ring for sealing to an anemometer for 
measuring air flow through each column. 

Ambient air temperature, humidity, dew point, and moisture content 
measurements are made by fl1eans of an eIectric;-tlly venti1ated psychrometer 
attachahle to the hase of each sec Lion a.nd cap . Attachment is m,ade through 
;l flexihle gas mask tuhe. Evaporative cooling can he calculated by the 
moisture content increase between any points in the column. This Jetermill� 
ation has been simpl ified by preparing Cl table of the muisture content ill 
puunds per 1 ,000 cuhic feet of saturated air at different temperatures ( 3 ) . 
The amount in saturated air multiplied by the percentage relative humidity 
equals the moisture content at any given conditions. (table 1 ) .  

Multi-blade blowers deliver air to the hottom of each column through 
6�inch tile pipes set in the concrete slah_ The blowers are driven by electric 
motors equippeJ with adjustahlc " V" helt pulleys. The motors are locateJ 
outside the ventilating air�stream. The inlet side of each hlower is equipped 
with a metal ring suitable for attachment to a humidity chamber or air­
washing device. Adjustable Jampers regulate the air supply to the blowers. 

To gain the maximum value of cooling temperatures available without 
injuring the beets, onc fan motor has heen connected through two mercoid 
thermo�regulators connected in series. The mercoiJ switch is reversed in 
one regulator. One regulator turns on at temperatures below a set maxi� 
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mum (e .g .  3 3 °  F.) , the other regulator stays on until et set minimum (e.g.  
2 7 °  F.) is reached . Since the two regulators an.:: connected in series and 
are on simultaneously only bet\veen 33 degrees and 2 7  degrees Fahrenheit, 
the beets are ventilated only between these set temperatures. A counter­
halanced damper closes the column when the hlower is  off to prevent cir­
culation of  air that is too warm or too cold. 

T a b l e  I .-Wei){ht of 1 . 0 0 0  cubic feet o f  ,;utul'�t .. d aqueous valHH' at d i lfel'en t tcmpel'uhll'es. 

TempeTatuTe 

of. 0.' I .' 2 . 0  3,0 4 .0  :' .0  6 .0  7 .0  8 .0 9,0 --- - ----- -
Ibs. Ibs, Ibs. Ihs. lbs, Ibs, Ibs. Ihs. Ibs, Ibs, 

1 0  O . l I P  0 . 1 1 7  0 . 1 22 0 . 1 2 8  O . l :H 0 . 1 4 1  0 . 1 4 7  0 . 1 5 4  0 . 1 6 1  0 . 1 6�) 

2() 0 . 1 76 0 . 1 8 5  O . U)4 O . 2 0;� 0 . 2 1 2  0 . 2 2 2  0 . 2 :-l 2  0 .2 42 0 . 2 5 ::1  0 . 2 6 5  

� O  0 . 2 7 6  0 , 2 8 l) 0 , :� O 2  o . :n :J 0 . :1 2 6  O . :��R 0 . :1 5 1  0 . :.1 6 4  0 . 8 7 8  0 . :{ 9 2  

4 0  0 . 4 0 7  0 . 4 2 2  O A B S  0 0 4 5 ,1 0 . 4 7 1  () . 4 !'i. �  () . 5 0 (;  0 . 5 2 4  0 . 5 4 :) 0 . 5 6 2  

5 0  0 . 5 8 2  0 . 6 0 :{ O . (j 2 5  0 . 64 7 0 . 6 6 9  O . 6 � 3  0 . 7 1 7  0 . 7 4 2  0 . 7 6 7  0 . 7 !J 4  

60 0 . 8 2 1  0 .):': 4 (1 O .S77 0 . 9 0 7  O . U M �  0 . 9 6 !J  1 . ()()l 1 . 0 :H 1 .0 6<;) 1 . 1 0 4  
7O 1 . 1 4 0  1 . 1 77 1 .2 1 5 1 .2 5 5  1 . 205  1 . :� ;j "  1 . :1 7 9  1 .4 2 :1 1 . 4 6 :-:  1 . fi 1 4  

H O  1 . 5 62 1 . 6 1 1  1 . 6 6 1  1 . 7 1 2  l . i G r,  U H f) L R 7 5  1 . 9 :i2 l . !H)  1 2 . 0 5 1  

!IO 2 . 1 1  :� 2 . 1 76 2 . 2 4 1  2 . :�O:' 2 , ;l 7 (; 2 . 4 4 !; 2 . 5 1 R  2 .592 2 . (i G 7  2 .745 
=--=:c;=c=-==� .. =-=cc-=-�c====----- -- ---l.Values in this column 8 1'C fOL' tht' tt'nlperatu \'e>; 1 0 - ,  2 0 � ,  :� O Q  F . •  etc. The interpol ated 
values are shown in the othet· nine column>;. 

Use of tabl e : To finrl. for'  cXllrrtple.  the weight of 8queous v a p O I' i n  1 , 000 cubic feet of 
nil' at a 6 °  F. and 78 percent R . H . ,  take the value from the table at 3 (; o r·'. whieh i s  O . :{ 5 1 ,  a n d  
multiply by O . 7 R .  

0 . :l 5 1  x . 7 l'  0 . 2 7 4  p o u n d ,;  p e r  1 , 0 0 0  c u b i c  feeL 

Expc r i nlcnta1 Rcs ults to Date 

The experimental equipment descrihed was ohtained tuu bte for m;lllY 
of the studies planned for the first ye;lL All heets were at temperatures near 
the freezing point when the columns were fil led Novemher 2 1 ,  1 9 4 7 .  How­
ever,  a.ir�resistance data,  natural ventilation rates in  relation to temperature 
and limited data on moisture content of  the air passing up through the 
column at different rates Cln he repurted. A few other ohservations that 
may aid further planning a re reported. Air v,.'as blown through the empty 
column at rates up to 1 5 0 cubic feet per minute and the pressures were 
carefully measured. Tinted xylol ( Sp . G.  0.86) w,tS used in the mano' 
meters.  Air was again blown through after fil l ing each column with � tons 
of unwashed beets.  Graphs were prepared from the pressure and rate of  
ventilation data .  Pressures for  a given rate  of ventilation were read from 
the graphs. The pressures measured at the different levels of the empty 
columns were the same for a given rate of  ventilation hecause p ractically 
al l  resistance was caused hy forcing the air through the 4 - ioch annemometer 
openings in the top. When the columns were filled. with beets the pressures 
progressively decreased from bottom to top, the pressure in the top of  the 
column was the same as that for the empty column. The data :in table 2 
are therefore, pressures at the base of the columns expressed in inches o f  
water pressure. 
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Tablt' 2.- A il" ).Ireti� u r  . .  a t  'I.' a d" u<.; Y�'n t i l a t ioIL I'u l ps Ill, t h�' ha::;c of R ;,,! ·1-foot " , d u m n  con t a i n i n g  

: �  tons of SUJ!II I' h" ,'I .... . 

Cuhic feet 
per m inute 

Total 

25 
.50 
7 5  

1 0 0  
1 2 5  
1 5 0  

Per tun 
of beets 

.s.a 
1 0 . 7  
2 5 . 0  
3 3 . 3  
4 1 . 7  
5 0 . 0  

Empty 
coluInn 

lUl l 
0.02 
0 . 0 4  
0 . 0 7  
0 . 1 1  
0 . 1 7  

South column North column 
filled fi l l ed 

0 . 0 1  
0 . 0 4  
0 . 0 7  
0 . 1 1  
0 . 1 7  
0 . 2 6  

0 . 0 2  
0.05 
0 .0 8 
0 . 1 3  
0 . 2 0  
0.28 

It can readily be seen from the data in table 2 that resistance to the 
flow of air in a column of heets is practically neglible unless excessive trash 
is present. Even at Cl rate of 1 ) 0 C . F.M. the resistance of the beets amounted 
to only 0.09 to 0. 1 1  inch water pressure. The mean velocity of air through 
the column filled with heets was only 5 :;  linear feet per minute at a ven� 
tilatiol1 rate of  1 ) () C.F.M. Sil1ce beets arc quite large in si�e and actually 
occupy only ahout 60 percent of the volume of a filled column the airspaces 
are relatively large. The low pressures developed are perfectly reasonable. 

Natural draft of air through the columns of beets was measured at 
several inside and outside temperatures. The direction of flow depended 
on the direction of the inside and outside temperature differentia l .  For 
example, when the average temperature differentials between beets and 
outside air were 4 . 5  degrees and R . 5  degrees Fahrenheit the corresponding 
natural ventilation rates were 1 ,.  and 28 C.F .M. respectively. Thi.s further 
indicates very free circulation of air. 

The consistency and precision of the detern1ination of the total water 
content of air was greater than expected . At wet�bulb temperatures above 
3 2  degrees Fahrenheit this determination is rapid and fairly reproducible. 

It was observed that moisture uptake was quite rapid at normal venti l ,  
;ltion rates in columns of beets and that the moisture uptake between differ, 
ent elevations could be determined with a. fair degree of accuracy. If a 
relatively constant degree of saturation of the air is  attained under dry�air 
conditions it should he possible to approximately calculate the evaporative 
cooling obtainable under more hUfl1id conditions and thus make data oh, 
tained at Salt Lake City useful for other climates. This observed rapid 
moisture transfer also indicates some danger from ventilating cold beets in 
the bottom of a pile with air having a higher dew point than the bottom 
heets. Such a practice would moisten the surfaces of the heets and enhance 
the development of maIds. 

The beets were kept in the columns until April 2 1 ,  1 94R ,  a total of 1 5 2  
days. FrOfll February 3 one colulnn (south) was left open t o  natural venti, 
lation and the other (north) was thermostatically controlled. The north 
column was ventilated only between set temperatures. The lower limit was 
set at 2 5  degrees Fahrenheit and the upper limit was set at 34 degrees 
Fahrenheit until March 1 6 .  As warmer telnperatures prevailed the upper 
limit was raised. The volume of air used was 35 C.F .M. per ton of  beets. 
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()n the l Tlorning of Fehruary 1 2  the air temperature was ilS low as 4 
degrees Fahrenheit. At R : OO a .m. ,  when the air temperature was 10 degrees 
Fahrenheit, 30 .4  C.F.M. of air was flowing up through the 4 -inch outlet 
of the south column. The heets in the hottom of this naturally ventilateJ 
column reached a temperature of 1 8  degrees Fahrenheit. Although the heets 
for about 2 to 3 feet up in the column were frozen the losses were not as 
great as expected. Two samples of these previously frozen beets showed 
1 3 . 5  percent and 1 2 . 7  percent direct polarization (as recovered basis) . The 
beets above thjs point were in excellent condition. 

Greater weight and sugar losses occurred in the north colunln indi' 
eating that the beets in that column were ventilated ex(essively. The total 
sugar losses (direct polarization) in pounds per ton per day in the top 
center and bottom sections, respectively, were 0 . 2 2 4 ,  0 . 3 1 :; and 0.2 5 6  for 
the north column and 0. 1 5 4 ,  D. 1 0? and 0 .285  for the south column. Reduc­
ing sugar determinations showed that the respiration loss was higher in  the 
north column and the inversion loss was greater in the south column. 

No mass spoilage occurred in either column except for the greater 
losses shown by the froz,en beets in the south column. Only a few inoi' 
vidual beets were partly or almost completely spoiled. Beets next to spoiled 
ones were apparently healthy, indicating vcry little transfer of spoilage 
but rather that some heets were much less resistant to spoilage or possihly 
had heen slightly frozen hefore they were placed in the columns. 
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