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ABSTRACT

The aerodynamic characteristics of four grains in a
rectangular cross section spouted bed dryer were in-
vestigated in this report.

Bed depth and moisture content were varied for each
grain and the effects on the characteristic pressure drop -
airflow curves, and pressure drop required for spouting
were noted. Both high bed depth and molsture content were
observed to increase hysteresis in the pressure drop -
superficial velocity curves of all grains. The character-
IsciiesReiEcoEh and Whcats bedstccenc @ iheNilcactiaffceted by
these changes.

The power requirement for the apparatus used was
relatively high. However, since drying rates for spouting
Merslsrsiabie gealn were found te ke 408 to 50% higher, it
is felt that with proper inlet and dryer design, the over-
all energy efficiency of this dryer could become at least
comparable to that obtained with cylindrical spouted bed

dryers.
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Diameter of a sphere of same volume as
particle

Gravitational acceleration

Grain bed height

Maximum spoutable height

Pressure drop across the grain bed

Maximum pressure drop prior to onset of
spouting

Pressure drop at minimum fluidization
ContdGion

Pressure drop at minimum spouting condition
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pressure drop
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Angle of internal friction
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CHAPTER 1 - INTRODUCTION



INTRODUCTION

As the trend continues towards increasing the
efficiency of agricultural operations, grain drying is be-
coming an operation of industrial magnitude. It is es-
timated that on a worldwide basis between the years 1980
and 1981 approximately 94.5 million metric tons of water
were removed from drying coarse grains (Anon., F.A.0. Prod.
Yearbook, 1980/1981).

Presently a variety of static bed or mechanically re-
circulated grain dryers exist on the market. Most are
capable of drying sufficiently large quantities of grain at
a time, however, even portable models are often large and
cumbersome to set up and dismantle. High capital cost and
non-uniformity of drying are other disadvantages of this
type of dryer.

In 1955 Gishler and Mathur published a paper on the
possible application of a "spouted bed" dryer, as they
ealsledR G fo St hieNd pyiime Ve lcearse paptilcles ineludins
agricultural materials. Fasgse of transferring solids to and
from vessels, uniformity of conditions within the grain bed,
high heat and mass transfer rates, compact size and low
capital cost were some of the positive aspects that
prompted the investigation of this dryer.

Through the years the spouted bed dryer has been used

SR Rd SEE e rs coa biino e bl ending cooling andigranulation



of various chemical products. It has not, however, been
used in the agricultural industry simply because present
models are too small in-size¥,

EhieSSsib e R o thilis S eepority, s the "rectanaullart spetited
bed dryer, is essentially a vertical column of rectangular
cross section into which air enters through a long slot,
The dryer's capacity may be increased by extending 1its
longest rectangular dimension making it a potential
candidate for "scale up" to become the first high capacity

spouted bed . dryer.

% The largest dryers are between 2 and 4 feet in diameter
by 7 to 8 feet high cylinders.
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OBJECTIVES

The purpose of this report was to study the aero-
dynamic characteristics of the rectangular dryer. More
specifically, it was the author's intention to investigate
the effect of varying bed depth and grain moisture content
on the airflow required for spouting and the differential
pressure across the grain bed. |

It was also desired to compare the drying rate for the
static bed condition to that obtained for the same grain
subjected to spouted bed drying.

The final objective was to compare the findings of
this report, where possible, to available information on

cylindrical spouted bed dryers.
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EXPERIMENTAL PROCEDURE

This experiment consisted of three sections; each of
the parts being carried out for corn, wheat, oats and
barlege &« For the first part, testing was carried out for
grain depths varying from approximately 11.5 cm to 23.5 cm.
For each depth, the airflow was varied from very low values
through those required for spouting to those at which
aggregative fluidization began to occur. Pressure drop -
velocity readings were taken at various times during the
run. In each case the airflow required to initiate and to
maintain spouting were noted as closely as possible.

The second portion of the test was conducted in ex-
actly the same manner as the first, except that the
variable was grain moisture content.

Curves of pressure drop (AP) versus superficial
velocity (U), bed depth (H) and moisture content were
plotted. Airflow required for spouting was plotted versus
moisture content. A calibration curve of AP versus U was
plotted for the empty dryer so that the pressure drop
across the screen (which prevents grain in the dryer column
sl e iy che amlletemeni fol d)coulld be subtracted
from the total differential pressure across the grain and
screen.,

For the final part of this experiment the moisture loss

of corn and wheat whose initial moisture contents were



32.3% and 22.8% wet basis respectively, were measured dur-
ing 45 minutes of drying in both the spouting and static
conditions. No heat supply was provided, however friction

from the blower blades heated the air to approximately eGP



APPARATUS

The apparatus used for this experiment is illustrated
in Figure la. A five horsepower impeller - type blower was
used to force air through 20.32 cm (8 inch) diameter ducting
to an inlet manifold which redirected it through a slot
running the width of the dryer column.

As shown in Figure 1b, a screen was placed on the out-
let of the blower, and a piece of honeycomb in the cast iron
pipe, in order to provide the streamlined flow necessary
for veloclity measurement.

Velocity, temperature and static pressure measure-
ments were taken in the cast iron pipe using a pitot static
tube and manometer, thermocouple and digital meter, and
water filled manometer respectively. Referring to Figure
1c the position of measurement 1s indicated by the two
pleces of paper on the iron pipe.

Differential pressure across the bed was measured
directly with the use of a water filled manometer. One
side of the manometer was connected to a static pressure
tap near the screen-covered air inlet, and the other, to
one of the taps on the face of the dryer. Bed depth was
measured from the air inlet to the grain bed surface.
Airflow was varied by opening or closing the orifice re-
strictor and bleed valve shown in Figure 1d.

Figures le and 1f show a small depth of corn spouting,



and poorly fluidized in that order.
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b) Screen and honeycomb used to provide
streamlined airflow.

Figure 1. Experimental apparatus.
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¢) Positions of
velocity and
pressure measure-
ments.

d) Orifice restrict-
or and bleed
valve,
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f) Fluidized corn.
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THEORY

Perhaps, before delving into the findings of this and
other reports, it would be best to review the general
principles associated with the spouting bed dryer.

The spouted bed dryer is somewhat of a compromise be-
Ltween” a fluid and & static bed model. Existing types are
usually cylindrical columns which have cone-shaped bottoms.
A jet of air enters at the dryer base and blows up through
the column making the grain "spout" in the form of a

Habnha ), ac: snown Ln Fioure 2.
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Since the residence time of any ohe kernel of grain in
the hot air jet is fairly low, substantially higher drying
temperatures than found in conventional agricultural models
may be used. Higher drying temperatures combined with in-
creased gas to solid contact area provide for large convective
heat transfer coefficients. Hence, faster drying times are
achieved without the mechanical or heat démage sometimes en-
countered in conventional recirculating and batch dryers.

The actual mechanism of spouting may be better under-
stood by referring to the typical pressure drop - airflow curves
obtained by Madonna et al (Mathur and Epstein, 1974) for a

15.2 cm diameter half section circular column shown in Figure 3.
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Figure 3, Typical Pressure Drop versus velocity curves
obiiaihedt by Madonnaettay Sfeor 2 502 ¥em dia-
neter halit seetlonscirellar spoutcd bed 'deyen.
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The curves labelled ABCD and DC'B'A represent pressure
drops across the grain bed for increasing and decreasing
dirtlaws ‘in that order. At ' first the gas simply passes up
through the grain without disturbing any of the particles;
EheSpRcssume drop lneressing witth dairflow,. © Them; in Fhe
immediate vicinity of the spout, the particles are pushed
back to form a small cavity whose wall is compacted. This
offers greater resistance to airflow, causing the pressure

to rise further, as illustrated below.

a) Cavity formation b)) Formation of an c¢) Steady
internal spout spouting

Figure 4. Formation of a spout in a circular spouted bed
dryer.

With greater airflow, this cavity elongates and the
formation of an internal spout occurs. However, because

the upper wall of this spout consists of a layer of
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closely packed kernels, the pressure rises further until
poing B ig weached. Pasitithis peint at which the maximum
pressure drop (APm) across the bed is achieved, the height
of the relatively hollow internal spout becomes quite large
in comparison with the packed solids above the spout. Hence,
the pressure decreases along BC. Past point C, which is
called the point of incipient spouting, the internal spout
breaks the surface. Due to the fact that the solids
concentration immediately above the spout 1is markedly de-
creased, the pressure drop decreases to point D and steady
spouting sets in. This pressure drop, called the spouting
pressure drop (APS), remains relatively constant with
further increases in velocity until fluidization begins to
gle@lE,

By slowly decreasing the gas flow to the minimum re-
guired to sustain spouting, point C' 1is reached; the air
velocity at this point being the minimum spouting velocity
(Ums)' A élight reduction in airflow past this point
causes the spout to collapse and the pressure drop to rise
to point B'. - From this point on the pressure drop merely
falls with decreasing airflow. It should be noted that the
reverse curve for pressure drop falls below that for in-
creasing flow. This is because for a given increasing air-
flow, energy is being expended to overcome the forces due
bomaEetion and inRitial bed packineg, Whereas, for de-

creasing flows, these forces have already been overcome

and air channels through the grain bed have been



19

established making pressure drops lower.

The maximum bed depth (Hm) of a given material that may
be spouted in a given dryer depends on the column and air
inlet sizes. Grain beds of depth higher than Hm change
FrenStheNstatic to Fluldized stadite 'since the 'superficial
velocity required to maintain spouting is greater than

mam AU Rk td izestnomn iellacishy .
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LITERATURE REVIEW

Various correlations have been derived which relate
bed depth, inlet orifice size, column diameter, particle
size to the airflow, pressure drop required for spouting
and maximum spoutable depth. Although some work has been
done by Mitev and Volkov et al. on rectangular dryers in
the Soviet Union (Mathur and Epstein, 1974), work in North
America has concentrated on circular cylindrical vessels.
Hence, these correlations are applicable to cylindrical
dryers, and presenting a detailed review of existing
mathematical relations in this section would be extraneous
to the subject matter of this paper.

Instead, a few key relations will berpresented to give
the reader a general idea of the interdependence of the
above mentioned variables®*. This way the reader will hope-
fully have a better idea of the general "state of the art”
of spouted drying and thus have a better appreciation for
the results of this report.

For the prediction of minimum spouting velocity in
cireulanr spouting beds the Mathur and Gishler correlation

below, has proved valid over a wide range of variables

(Mathur and Epstein, 1974).

*¥ A more complete summary of relevant correlations may be
found in Appendix B.
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Uns = (a, /D )b, / DC)I/B(BgH(”Z ) /f9;>1/2 L)

The relation does not appear to apply for column diameters
muehslarger than 61 em, since Beterson carried oeut a test
on a 91.4 cm (3 ft) diameter by 119 cm (approximately 4 ft)
deep bed of wheat and found the value of UmS to be nearly
double that predicted by the Mathur and Gishler equation
(Mathur and Epstein, 1974).

More recently Littman and Morgan (1982) found that
Ums did not always vary as H% as suggested by equation (1).
Hence, they presented a new general correlation for UmS
based on the pressure drop at minimum spouting condition
and its derivative with respect to bed height. Apparently
the relation matches a wide range of experimental data to
L 67 G Ehvisieeyae

A number of correlations have been proposed for the

prediction of maximum spoutable depth including those of

Becker (1961), and Malek and Lu (1965).

Becker:

r 1. 6 1. = _OO [~
[”m]!dv’ SR S ?Zﬁem)[zz*aéog 3 Re, M2 = 2
Bl | R
dV,LDC_ Dc em

where ¥ is a shape factor (1.0 for spheres, 0.62 and 0.76
for wheat, 0.35 for flax seed etc.) and d._ is the diameter
@i a sSpliere of same Volume as particle.
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Malek and Lu:

. L ADRE der Odiabley 5
[D—szo.w%aﬂ LD—‘j P % ] o aei)

where A is a shape factor (1.0 for millet, sand, and
timothy seed, 1.65 for gravel) and A is in megagrams per
cubic meter. =

Mathur and Epstein (1974) concluded that the Malek and
Lu equation was the only equation supported by a
sufficiently wide range of variables to be of practical
interest. However, they found Becker's method to be the
most reliable when tested against a wide range of ex-
perimental data covering different materials, column
digmeters,’ and @ir inlet sizes.

Correlations for peak and spouting pressure drop are
dasffsievil 550 ‘e ompame Ydile Sto) the ‘faet fthatiithe flocation: of
the upstream pressure tap used in measuring differential
pressure across the bed varied depending on the experimenter,
This would have considerable effect on the observed value
@)1t ﬂPm due to the temporary pressure drop immediately down-
stream of an orifice plate. Nevertheless, appendix B con-
tains Manurung's relations for APS and APm. Malek and Lu
(1965) stated that the maximum pressure drop approximately
equals the weight of the bed regardless of the size of the
inlet orifice used, provided that the value of H/DC SLS haons
greater than unity. However, a check against the data of

other workers indicates that this 1s not generally valid
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(Mathur and Epstein, 1974).

The general effect of major variables was investigated
experimentally by Mathur and Gishler (1955) using 9, 13.5,
ZURZCN T a2 v e (UG o e S 28 el diame te E e ol umas .
They found bed depth to vary linearly with minimum spouting
velocity. A couple of interesting results of this study
indicated that deeper beds could be spouted with smaller
inlet sizes, and that larger diameter columns permitted
higher spoutable depths and required less airflow to spout.
Obviously, however, there exists a limiting column diameter
for which the latter observation no longer holds true and
the airflow required for spouting increases again.

Other parameters such as inlet design and cone angle
have been shown to affect the "spoutability" of a bed.
Various inlet designs shown in Figure 5 such as a con-
stricting orifice, eonverging protruding nozzle, protruding
straight pipe, and truncated conical plug insert have been
used to obtain higher spoutable depths.

The optimum cone angle for most materials in a
cylindrical column was suggested by Mathur and Epstein
(197L4) to be in the region of 40°. Although the optimum
slant angle for a rectangular dryer might be entirely
different, note that the angle used in this experiment was
60°; a substantially higher value.

Regarding the scaling up of the spouted bed dryer for

industrial application, Nemeth et al. (1982) worked on



24

AR Censtricting o)) Siezmdeint hlicw wilels 5 e tiewie e
orifice

\A‘.\ \ / A\\:“J/f ) /
‘“L\!f : “'_._'_* ‘_-MXK /1//
T f l-l 7 ] \
rf,‘ ‘.\
E ‘
c) Converging nozzle, d) Truncated conical plug insert
protruding

Figure 5. Vagious inlet designs used to improve spoutability
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determining the limits of invariance of the flow cor-
relations presently serving as the basis upon which dryers
are dimensioned.

While on the subject of the industrial application of
this dryer, one point worth mentioning is that Becker and
Sallans (1961) calculated the power cost for a spouted bed
dryer to be more than twice that for a conventional moving
bed type dryer. In other words, the overazll picture that
emerges 1s that spouted bed drying offers large savings in
capital cost and space over conventional drying methods at

ne A dditional setal cost®,

*Due to recent fuel price increases, it is not known
whether the overall costs for conventional and spouted bed
dryers are still comparable.
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RESULTS AND DISCUSSION

e iheNoraphst o AP s U for cach crain wepe cCom-

pared, most were found to have the shape shown in Figure 6.

PRESSURE DROP ACROSS BED, AP

SIUERRIEG AT VIR 1O G Sl

Figure 6. Typical pressure dEop viersus velocity graph
BorsaNrcctanolilal spouted hed: dEyeri.

THeNrslc e Eiat this curve is fundamentally different .from

that shown in Figure 3 may be explained by differences in
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experimental procedure and inherent behaviour of the dryer.

First of all, each of the runs for this experiment
monitored pressure drops for airflows varying from the
static condition into fluidization. Most researchers in
the past stopped increasing the airflow in the "spouting”
region shown in Figure 6. Hence, the entire section of the
curve to the right of point E is missing for their results.

Another fundamental difference is that for the rect-
angular dryer used in this test, no formation of an in-
ternal spout was observed before the onset of spouting.
This meant that the point of incipient spouting was the
point of maximum pressure drop.

This may be rationalized by considering that the air-
flow entering through the long thin slot of a rectangular
dryer is much more distributed throughout the grain than
for the circular type. For example, to obtain the results
of Figure 3, Madonna et al. used a 15.2 cm (6 in) column
and a 5.067 cm2 (0.196 inz) air inlet, (Mathur and Epstein,
1974) whereas for this experiment, for only a slightly
higher grain volume*, an inlet orifice of 47,63 cm2
(7. 38 inz) was used. Since a much greater volume of grain
ig supported above each square unit of inlet orifice sFor

the rectangular model, the airflow supplied to initiate

B e S lume contained in' 4 lunit heightiof a 19.6 e (7.7 in)
circular column is approximately equal to that contained in
a unit depth of the rectangular model used in this ex-
periment.
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spouting seems to be utilized to set a great proportion of
the grain bed in motion rather than to form a localized in-
ternal spout from a small volume of grain,

Yet another factor contributing to the discrepancy be-
tween curves is the fact that unfortunately a velocity
measurement was not taken immediately after spouting
occurred. Instead, when spouting occurred, the velocity
was lowered to the minimum spouting velocity, and a
pressure measurement was taken. The velocity was than in-
creased, and pressure and velocity readings were taken
Thimorehifspeutingtte fluidizatilon and backhaeain, " PolintiE of
Figure 6 is the point at which the spouting pattern gave
Ways tof poertqual ity Flnidizatiion characteristictof thiast ob-
tained with coarse particles. The dotted line between
points C and D shows the curve that might have been ob-
tained had the "velocity after spouting" been measured.

Note the similarity to the circular column graph.

Another observable difference between this curve and
that of Madonna and co-workers is that no marked elevation
of pressure occurred immediately after the transition be-
tween the spouting and static bed (point B' on figures 3
and o). It is possible that there exists a pressure in-
crease for a very small range of velocities lower than UmS
and that these were simply overshot by making too coarse an
airflow adjustment during the transition.

However, other factors may come into play. For

example, the greater airflow distribution in the
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rectangular dryer and small bed depths used in this ex-
periment may have prompted air channels formed during
spouting to remain open, even after the collapse of the
spout. Thils would keep the pressure drop low.

Reducing airflow past point B' generally resulted in
pressure drops somewhat less than those for the increasing
ifowsEasiigune far the circularfdryer.

Figure 7 is a summary of the various shapes of the
pressure drop - velocity graphs obtained for each grain
along with curves showing the effect of high moisture and
high depth. It may be seen that for all cases, the high
depth and moisture content plots are characterized by a
greater amount of hysteresis between the upper and lower
curves. This result supports the theory that air channels
formed during the transition from a spouting to a static
bed, remain open after spouting ceases.

Pronounced hysteresis was observed 1n the lower por-
tions of the high depth curves of oats and barley probably
due to the above mentioned reason. No such effect was ob-
served for the remaining two grains. Since the moisture
e S toNwe RN done wath relatively low graln depbhis, the hizh
moisture plots tend to show less lower curve hysteresis
whansthose ifor hichfdepth, The curvelshapes of corn and
wheat seem to be least affected by changes in moisture con-
tent and bed depth.

Spouting pressure drop was found to vary, as is shown

in Figure 8 with bed height. When a graph of log (4P)
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vypical pressure drop versus superficial velocity
graphs for four grains at varying moisture contents
and bed depths,

=

Figure 7.
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Figure 8., Pressure drop required for spouting versus bed
height for four grains.
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versus log (H) was plotted for each grain the following

empirical relations were obtained:

Wheat: AP e Tk LT S
Corn: AP = 6.76 H1'22 b e e (111
Dats: AN O e S e

A relation for barley was not derived since its data
points did not linearize well on the log - log plot.
Premsthefabovetrelationsiand Eigure @ueid is appanent
that, for the range of bed heights used in this experiment,
the pressure drop required to maintain spouting was great-
est for wheat, followed by corn, then oats, and finally
barifem s SNariatienst in partiecle’ shapel ands grains buillk
density most likely accounted for these results. Oats and
barley, having the lowest bulk densities* and the most
streamlined and regularly shaped kernels, offered lower
resistance to airflow than either corn or wheat. Wheat
kernels, being fairly small tended to pack together leaving
less void space than any of the three remaining grains.
et e that cquatiions' 5), 6 andi7)icre parcticulan: bo
theeonditions "ol this ‘Test. No attempt is made: here o
suggest that these apply to rectangular dryers in general

since variations of pressure drop with dryer size and shape

HaveNn ot theen Shiakien "Lnte ac courlt.

*Densities of wheat, corn, oats and barley were found to
e 7oenoe0, 591 and 571 kg/mB respectively.
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Before continuing it might be well to mention that all
pressure drops presented in this report include the con-
tribution of the inlet screen. The lower pressure tap used
in measuring differential pressure across the bed was
llgcaite o ellose "o thie inleill screern. lHenee, due e the
venturi effect (suction at the lower tap) extremely high
and erroneous readings of pressure were obtained when the
dryer was run empty. Thus, the AP versus U calibration
curve for the inlet screen could not be used.

Results of the moisture tests for this experiment were
inconclusive. The spouting velocity versus moisture con-
tent curves of Figure 9 appear to show no set pattern for
increasing moisture content. This may be explained by con-
sideration of Figure 10 which shows that spouting pressure
drop (APS) remains approximately the same through a 10%
(wet basis) or greater increase in moisture éontent.
Apparently for the 4.34 x 107 cm? volume used in this ex-
periment, increasing grain water content by 15 to 20% wet
basis, did net ilncrease the bulk grain weight enough to
affect the airflow required for spouting. The drying rates
shown below indicate that, for all conditions equal, using
unheated air a spouting bed of grain dries between 40 and
50% faster than a static one. Although this figure is al-
ready impressive, it, most likely, will be higher for
heated air spouted bed dryers since extremely high drying

temperatures may be used.
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DRYING RATES (pts./hr.)

Wheat Sienal
22000 W, b.) initial S Sl AT
moisture content moisture content
SiEzlrdle BlS7 9,76
Spouting 5.96 13.99
%Increase 50.10 43,34

Figure 11. Spouted bed versus static bed drying rates for
wheat and corn.

The spouting pattern observed in the rectangular dryer
was more erratic than that of the circular dryers where one
central spout distributes grain to the slowly downward
moving annulus. Due to the fact that such a large inlet
area was used, spouting would occur at any place along the
long slot that corresponded to the path of least resistance
through the grain at that particular time. This has the im-
portant consequence that segregation would be minimal in
the rectangular dryer. Segregation is the term used to de-
scribe the tendency of heavy particles to congregate in the
upper and inner annular region of the circular spouted bed.

This has been found to be a problem in situations where a

steady state drying operaticn is desired.
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SUMMARY AND CONCLUSIONS

In summary, two of the major differences between the
graphs obtained in this experiment and those of other re-
searchers are as follows. Firstly, since no formation of
an internal spout was observed just prior to spouting,
spouting was.initiated at the point of maximum pressure
drop. Secondly, the pressure drop across the grain bed
following the collapse of the spout was always found to be
lower than spouting pressure drop.

Increases in bed depth and grain moisture curve shifted
the decreasing flow curve of the AP versus U graphs to the
right. The graphs for high grain depths showed the great-
est amount of hysteresis in the lower pressure and velocity
region. The curve shapes of corn and wheat seemed to be
least affected by changes in bed depth and moisture content.
For a given height of grain the pressure drop across a bed
of wheat was the highest, followed by corn, oats and barley.
Raising moisture content did not appear to affect the air-
flow required for spouting for a bed depth of 15.62 cm.
Natural air drying rates were 40 to 50% higher for the
spouted bed than the static bed.

In comparison to the circular spouted bed dryer the
rectangular dryer has the advantage of not causing
segregation of hsavy particles in the inner and upper

o

annulus recicrn. lHowever, its main limitation is a high

A



Lo

inlet area to column area ratio which means that the air-
flow must be able to support a great proportion of the bed
before spouting initiates. An improvement might be ob-
tained by redesigning the air inlet so that the flow is
somewhat nozzled.

Another possibility would be to compartmentalize the
alrflow before it reaches the inlet dryer orifice by using
a series of slats in the inlet manifold. This would
eliminate the lateral airflows occurring under high pressure
drop conditions where the supplied airflow sometimes hits
the dryer screen, and is merely redirected sideways and
forced back into the supply pipe.

Yet another alternative might be a design tried out in
the Soviet Union where the air inlet is such that the air-
stream enters at an angle from the vertical. This shifts
some of the grain bed weight off the air jet.

Lowerihg the slant angle from the 60° value used in
this experiment and increasing the shorter rectangular
dimension of the dryer column might also aid the bed weight
distribution.

If higher operating costs are not to outweigh the ad-
vantages of low capital cost and fast drying time, much
work must be done on the rectangular dryer to optimize
dryer shape and provide smooth nozzled inlet orifice that
will supply a concentrated jet of air.

Once these obstacles are overcome, however, the authof

sees no reason why this dryer could not be implemented for
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ggricultural use since it has the definite advantages of be-
ing more compact and less cumbersome to set up than present

models.
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RECOMMENDA T LONS

The first recommendation to anyone carrying out fur-
ther work on this subject is to pay close attention to the
points made about slant angle and air inlet orifice design
made in the summary and conclusions section.

Secondiys=itiis best o 1imif the scope of varizbles
to be investigated and attempt to attain meaningful re-
sults for those tested. For example, when obtaining pres-
sure drop versus velocity characteristics for a given grain
bed it is best to take as many as 30 readings, especially
concentrating on the region near spouting.

Superficial velocity measurement should be done
directly in the dryer column if some means of not obstruct-
ing the spouting pattern or clogging the measurement de-
vice can be devised.

I i G hillowey o f ‘consbant eapacity is tol be Lsed
such as the one used for this investigation, a better set
up than an orifice restrictor and bleed valve for airflow
variation would be the combination of a gate and bleed
valve., A funnel shaped nozzle could then be placed on the
inlet orifice of the blower. This would aid the problem
encountered in this experiment of air backing up due to
the sharp pressure transitiocn, and blowing out around the
periphery of the blower inlet orifice.

Lastly, when measuring the differential static
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pressure drop across the grain bed, the lower static tap
should not be placed too near the inlet screen for reasons

discussed previously.

v
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QAMDTT DRICA™N TYAD ERarie o 53 - e e e
SAMPIE PRESSURE DROP VERSUS SUPERFICIAL VELOCITY GRAPHS:

Presented here are three sample plots of pressure drop versus

superficial velocity. Comparing the three curves one may confirm the

ok

afore-mentioned effects of high moisture and high bed depth.

The loafAlS]vcrsus loz (H) plot was included as a check for the
reader. The remaining data has been summarized in the results and
discussion section and need not be included here.

The key below will help the reader to interpret the following

KLY 1 - [Haximum flow and pressure drop for
which the grain bed remains static.

2 = The minimum pressure and velocity re-
quired to maintain spouting.
3 = Transition point from spouting to

ageregative fluidization.

S0

r—
A=

-— The point at which collapse of the

a
spout occurs
® - Points plotted for increasing flow,

B - Points plotted for decreasing flow,

ILJI
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In this section the reader will find the correlations suggested
65
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by various researchers, the bed geometry and the materials for which
o '

they were developed.
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Velocity was calculated using the following relations:

" \
VE = {2y 3 .
25 hal S il
Soan
AV Ll

where: v the air velocity at the position of the pitot tube

g = 9,506 m/s2

h . = the velocity head read off the aleohol containing manometer

S = specific gravity of alcohol at standard temperature

0 - :
and pressure.
Sair = gpecific gravity of air at standard temperature and

pressure.

Volumetric flow in the pipe at the position of the pitot static
tube was calculated by multiplying "v" by the cross-sectional area of

9) sz A0 T o

D
[ae]
Do

the pipe which was 3.24

A
T

=2
AU }V

=.(3.2129 x 10

Superficial velocity could then be obtained by dividing V by

' ) . -2 2
the cross-sectional area of the dryer column which was 2.779 x 10 " m—,

Hise alalar iy



Correlation and Remarks Bed Solids Used

jResearcher
{ GCeometry

e

E
HraTalk A &3 D O'?S “1- O'L]' 2
(i L L AL L — 1(},, L D n = 10 —
it cf195z) | e B e & 1 g
pLu L1203, | : w 2 &3 Jenl
@ 1B /.9 ) n
1 1 PJ 4 -~
| i S
{ } T FL - 1-— 7 [
e ‘ P LATTEerensc Lol = 1.\__,-
i Iredicted and measured values differ by + 11%. orifice d = 0,8 = 3.7 mm
:‘ : ol K ice e C 3.7 m
; i cYrac £ = N 04 N
E sizes Ak 0.21 2,00
¢ i = me f'!f“;
| ‘ mg/r
i /7
i 3 \ - 1 - —i 8] =1 ™ ~ R )
IReddy et aldH_ = 11.6 ¢ ~*'“" D, ‘“BBF 0.2 Yor e 70 Cnly 15 cm | Several materials
Y n v i S i i i
{{FHathur and - 5 of mixed size in
! Epstein : s o sops the range 0.25 -
‘r.lf‘,r.‘ t 13 — ] Iy 3 - I = N/ b i ""rJ ;,‘ = e W 2 mm
il P S 2Ues 4 Bt .,J\ ' For Re 70 JeJ M.
| m \ e @5
|
h 1 5 am £ . ~
| 2 p G and D, in inches, /3 in 1lbs per cubic foot,
oo = . :

ecker ; 8l e o H
1961) #Lms “m 1 #s1n (}T ; 1 Re_l_n of 10 - 100

1t

Sk
@]
\Y

0.0071 [ P1 \re ©+295,3/3

_;_j_._ nem w

e

otjl o
=
N
N

1.6 exp(-0,0072 Rem)

fa
oy

2600 + 22 W?/B Re_ Ll ey

M 2.2 7 ERE
m

v (¢ c

wll—' )

il
=t

Good for D_ > O. 61 m, but for D < 0,61 Mathur and Gishler
eguation g:wea better results.




Correlation and Remarks
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Correlation and Remarks

hey = M 587 - 7.5 g%+ 4098 - 516 )

Fits a large amount of literature data to 11.6 < on average.
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Where tan P is the coefficient of internal friction (1.25 for rape
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seed to 3.2 for coal), d_ was taken as the reciprocal mean dia.
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Predicted values are up to 30 ¢ higher than those observed for
large diameters (30.5 cm and 61 cm wheat).
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