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INTRODUCTION

(a) Definition of Drying

Drying in its broadest sense means th2 removal of a
liquid (especisally water) from a sollé, frcm a s3s, or
even from another liquide. The chemlcal ensineering unlt
operation of drylins, however, concerns itsell ~aly wiph
the removal of a liquld by vaporization from a sclid-
licuid nmixture in which the solid forme the continuous
phasa, Thigs latter definition, of course, eliminates
denwasliclfication, the dehydration of liqulds, evaporatlicn,
dletillation, filtration, crystallization, centrifuxing,
and other wore or less remotely related fields which richt
fall unler the more general definitlon of drying.
(b) Tyvies of Tryers

Tven wihen drying 1s consldered in the rore restricted
serge, it covers a wids variety of differeat types of egulp=-
nent.s Toe type wnlch 1s best sulted to a particular ap-
Plication dausenis upon tie characteristics of the so0lld-
liqulii systan to he drisl, and upon tha require:ents of
thia sejaratlon wilh resard to product quality and ecomnoinve

fua way of clagailfylns dryers micht be aceordln: to
whether tha matarlal beinz dried has a Zefinite forn,
suzn a8 sheet, thread, block, 2tc., or vwiethisr 1t 18 a
frea flowlny bulk msterial such as powler, crystals,
fliakes, or grolns.

Another classifieation 13 bas2d on the w2y in ~Mich

varorizatlion 1g proluced. The so-callad dlrect iryers



eaploy a str2am of alr or gas, perhaps heated in an
external apparatus, to supply the heat and acti as a
carrier for the vapor., The so-called indirect dryers use
ro air or gas, but supply the heal turo..u heat transfer
surface bullt into the apraratuse There are also aryers
villch are a combinatlion of direct and indlrect action.
Lorae exaumples of ulrect uryers are trne tray and compart-
rnent dryers, tue spray drysr, the Lhrcu;h cirogulation
dryer and the tunnel dryer, Oome exanpies of ludlrect
aryers ara tue rotary snell dryer, tle screw cocnveyor
arysr, tne agitated pan dryer, tune vacuua rotary dryer,
the inairect rotary drysr, and the drua cryer,
(¢) sScope of tnis investigsation

Tuls investligation concerns itself witihi tiiz ludirzct
type of dryer wien applici to fres~flowing zaterials.
rore particularly it relutes to dryers of this Lyge in
wulcn tne solideliqula mixtbure i1s roved across tlie Lealad
gurface mechanigallys. Lryers whici {all 1a tils calte_ory
incluue tue routary shnell uryer, Lilo Jjackeled screw cone-
veyor, tiae aglialeu pan wyer, uie vacuud rolary wryer,
and peraaps tiac inuddrect rotary uryels
(i) 1ne Kotary ohell Jryex

Tie moary shiell dryor conslses ui' clrcular goeel
plates fitted 1n a horizontal posiitiocn laside a voruis .l
eylindrical slielle A rotaiting coentrul slialt Lurus aral
wnlea carry dlagonal plowse jauvorial fed conuinaously Lo

tihe centor of the Lup plave 18 wovod cutward oy tas Hiows



to successive concentric circles of material untlil it
drops through a slot onto the plate below. !Here the plcws
are orlented so as to move the material toward a slot in
the centar of the plate. Usually about ten plates are
used, Vapors from the drying acuvlion move toward a vapor
»1lpa at the top whille the dry solid comes out the botuod.
Lazh plate is constructed with interlor chanunels wiin
staan betwaen for heating.

Drysrs of this type have been known for some tluae but
heve not been promoted commercially, Tie nams rotary
shelf dryer is the name given to them Dy Rlesel. Thorpe
calle them rotatinz rabble dryers.

A great deal of interest has been shown recently in
the use of this type of dryer for desolventizing soybean
or cottonseed flakea after solvent extraction, Economles
over the usa of Jacketea s.rew conveyors have been
claimad althouizh cata on elther of these types of dryers
are badly lackin:ge.

The investisation made hiers is particularly applicable
to thls type of dryer tne apparatus beln; conctructed eo
as to ve as slullar as posslible to thls type.

(e) The Jacketed Scerew Conveyor

Tnis type of dryer oconslsts of a clrcular Jacketed
conveyor in wnich material 18 heated and dried as 1t 1is
ccnveyed. Tiie conveyln. of the material is accomplisned
by a revolving screw inside the conveyor and frequently

this ecrew is also heated., The neating mediunm depends



upon the teuperature sensitivity of the materlal belng
dried and zay be hot water, steaun, or a hliheten; erature
heat transfer medlum such ag Towtheri,

Sirce this déryer prodvces evaporation by meving a
82213 acrocs a rz2ated surface coefficients should be cf
the sa9 order of msgnitude a8 for the rotary stelf dryer
arnd should be simllarly affected by varlables of veloclity,
bed Jepth, and temperature difference, Teczuse the lackseted
Becraw conveyor dryer 1s made upy of multijple units 1t is
rerneps not so well adapted to large installations as is
the rotary shelf dryer.

(f) The Asltated ian Dryer

This type of dryer usually consists of a shallow
circular pan Jlackci=22 on tlec rotiom and partway up the
slies fur steam or cther heating meclumse. & central
vert ' tal shaft eupports an azltator to stir the material
in the pan aind bring frech moterial in contazt with the
hot surface., The agitator can e cegljned to serape the
inelda surface or set to a very close clearance,

In many reazects thls aryer ls sinilsr to a rotary
shelf dryer hut is operated batchwise instead of contire
uously, $Similar coefflicients would be ex;ected on theze
two dryers as lcng as the same type of material 1s usad
in hoth cases. However the asitated pan dryer rns been
usel larsely for thae corblned evaporation and dryiag; of
glurries,

() The vacuum “etary "ryer



Tnis type of dryer consiets of a stationary cylind-
rical suell mounted horizontally in which a set cf asitator
blaies mounted on a revolving central shaft etir and
asltate the material being dried, Meat ls furnlched by
circulztin- a suitalble heatiny medium thrcugsh a Jacket
arcuncé the rhell, The dryar 1s cliarsed throush a manhole
at tie tcp of tre shell and dlscharsed through one cr mere
aantoles at the bottom of the dryer,

The tuorling action in this type of dryer should
help to remsove any suveraeal from the n2atel sclid, leat
trunsfer 1s obtainad however by roving the sclil acrosas
ti:ie hmated svrface a3 An the previous type. Like the
aritatel pan drver it 1s declzned for bateh ojperation,

Like the Jacketed screw conveyor full use of the heat
transfear surface at the tcs of th2 cylinder is not obe
tzinel,

(r) The Inliirect Totary Dryar

Indirect rotary Idryers conclst cf a rotaiting cvlinder
inelined to tid horlzont:l with material f21 to one end
ar’ roacved from the cuposite end. TDryines hovever s
accomplished entirely indirectly with h=2at keln: conducted
to the material throuih tre metal shell or tubes. %et feed
ay enter thz dryar throu:h a ssreaw ccnveycer or sravity
enutes It vasses throuch the dryer by virtue cf tha latters
slo; 2 ani rotation. The rroiuct discharres from the dryer
throu;h periphoaral openin’zs in the shell,

Trls Jyyer Je.~nds upon gravity for agitallon of the



of the solid. There is no positive means for forcing the
s0l1id to move across the surface. When cakin:y occurs
there is very little, if any of this type of action. The
investigation made here is therefore of little interest
in connection with this dryer.

(1) The Drum Dryer

This type of dryer consists of a revolving heated
metal drum, Drying is accomplished by applying a liquld
material, solution, slurry, or paste to the drum. The
drum conduets heat to the wet film to evaporate the water
during a partial revolution of the drum., The dry material
18 soraped from the drum by a statlionary knife.

The scraping action in this type of dryer is for
removing the solld dnly. The 8o0lid and the aurfacq move
together and there ie no motion of one relative to the
other, It is therefore not related to the work of this
thesis, '

(J) Advantages of Dryers Based on H‘oving 3Solids Across

a Heated Surface

Cryers in which sclids are moved across a heated sur-
face may advantageously be used for one or more of the
following reasons.

(1) Like other indirect dryers all the heat goes
into the product or vapor. No heat is required for raising
the temperature of a carrier gas.

(2) Since no air is used organic solvents or solids

are not likely to produce explosions.



(3) 7The gentle ajitation is not lik=sly to produce
the lar;2 guartities of dust often formed 1n dirzct dryers,

(4) 7Tre esquipzert 19 convenlertly oafe vapor tisht

W
(9]

allowir 5 operation un er Zregsurs ¢r vasuumn oSr racovery
of thas voporse

(%) 1If vegcrs are to b2 regcvrral L 2re 1s ro dlluting
2ir or ¢ne streoau.

(G) Contirvous a8 w2ll as haten equlzonent ie cona
viertly ccnstructed,

(7) e2t trarpsfer coefflclents may de quiteigood in

corparison with scne cther ty,ns of dryers. It was a

rurrcee of trls lnvestizatlon to detertine 1€ this 13 the

(k) Zfrevious ork

A survey of trhe literature for the past 15 years was
made by searching Chemicecal Arstracts. No applieable work
wvas found under ths subjects Crying arparatus, d¢riers,
rotary shelf driers, shelf driers, and indirest driers,
The {hsilcal Zn:ineers Kandbopk zives data on vacuun
rotary aryoers, jacketod scraw conveyors, indlrect rotary
drﬁers, and agltated ran dryers., The only data that was
appllicable to thle investlgation was that on the axitated
ran dryer, Joefficlients frea 5 to 75 Z.t.ul./hr. sa. fts °F,
were avotad for these dryers but no meutlon was macde of the
material dried, deptn of bted or how the coefficients varled
with the different variables: Valker lewls lcAdams &
G111ilend and Padver & liecGabe give descripticns of some of

the different types of dryers but make no menticn of



theory or deslzn data., =iesels Shemnleal achirery d=zcribes
t

rotary shnlf dryzrs and jackntel screw couveyors buht slives

vy thuoeratiol leeat traraTer conwmlaceraiions 1t

w0 b b reasasnadl thal noor ccefficlents would he obtalned.
Debwaea Liia sunface and Lhe Ml of Lhe meterial tiere is

2 shabtionary lorer of solld “na tlilemens of whilch dejends
uoson thnr dlenrnce hetween the gurface ant tho lowae If

T
4

tiils 82117 acgts asz nn el'loctiv~ insulotor, ver- poor
coaflficlents should ba obhained., In view ¢f tlie uge of
tals tyoe of equipnent In theo past and in view of the
currant litereat it vould seern; that tlis 1s nobt the czse,
a2 vorik of this thesls 1a directed toward Jleteruining in
a quantltative way what sort of cecefflclents are obtnlne
abtle,

Trne sretem of sand and water was chosen for the arying
naterial, This was decided upon because of its ccnvenience
for run and of the fewer uncontrolled variabias presented
by this aixture. The sand-water mixture probably #ives the
hicheat coafflclents attalnable with this apparatus with
lowar ccefficlenta Veln: obtained with materials that

adsoro water or solvents,



AFFARATUS

The initial proolem of this investization was to design
a plece of equipment that would assimilate as near as pos-
sible conditions in an industrial rotary ehelf dryer. It
was also paramount that this appoaratus malntalin constant
speeds of rotation under varying locads and that it be sturdy
and rugsed enoush to be avallable for further study.

The problem of obtalning a constant temperature plate
was solved when the Lukens Steel Company of Coatesville, Pa.
donated a Lukenweld Steam rlaten to Michisan State College.
The plate was forty inches square and one and three-quar-
ters inches thick (Fig. 1). DBecause of 1ts construction
and operation this type of plate 1s well sulted for the
purpose of this investigation. The platen maintains a very
uniform heat distribution and is able to withstand high
steam pressures,

From this point a drawing of the equipment was made
(Fige 2)¢ The motor, speed reducer, 2-1 gear reducer,
regulator valve and steam trap were equipment of the Cheme
lcal Engineering department at Michigan State. Using pul=-
leys from motor to speed reducer it was seen that the ro-
tational velocities commonly used industrially could be
obtained,

The 2-1 gear reducer required a 1 1/4" vertical shaft
8o the platen was sent to a local tool and dle shop and a
hole was bored in the center of the plate 1 5/8" dlameter.
This hole was then bushed with a 1/8" thick steel bushing
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by freezing the bushing and pressling into the plate. The
bushing extended 1/8" into the passages on elther side of
the center land.

The main shaft driven by the 2«1 gear reducer extended
up through the platen and had 1/16" clearance. The shaft
wag key driven by the large horlzontal gear and a blind
flange 6" in dlameter and 3/4" thick was welded to the top
end of the shaft to be attached by bolts to the plow arms,

7he plow arms were constructed of 8%-1l1l.5i;/ft. channel
iron. Two arms each 35 1/2" long were cut and connected
at right angles to each other with their flat faces to=-
gether. These arms were held tosether by 3/4" bolts that
extended throuih both plow arms and the blind flange on
the top of the main shaft.

The elght plows were constructed of 8"=11,5#/flt.
cnannel iron with one flange removeds, The plows were ¢on=-
nected to the plow armse with 3/&6" bolts, The four plows
that were attached to the bottom ciiannel iron plow arm
were milled ,220" shorter than the otner four plows to give
all the plows the same clearance with the plate.

FFour supports riding on C.I. casters were constructed
for the ends of the plow arms to reduce the thrust on the
main shaft to a minimum. These supports were constructed
from 8"=11.5¢/ft. channel iron and 3 x 3 x 1/4" angle iron.
The bolt holes connecting the channel and angle iron were
slotted to allow the clearance of the plows from the plate

to be varied. The C. I. casters were 2" diamcter wheels with



a T/8" face.

The speed reducer and the 2-1 gear reducer zhafts
were connected by a flexible coupling and the motor and
apeed reducer were belt driven by cone pulleys of 2,3 and
4 inch dlameters.

When the drive unit was assempled it was moved under
the plate and shlaomed so that the maln shaft was perfectly
vertical and did not bear in the plate. A flat plece of
insulation 1/2" thick was tinen placed on the vottcm slde of
the plate to prevent the drive unit from becoming excessively
heated,

The next step was to bulld two retaining walls to
rrevent the mixture from moving cutside the drying bed,
This was done by soldering two circular sheets of 18 gauge
gheet metal to the plate. The inside wall just cleared
the leading edze of the innermost plows and was approxe
imately five inches high and 8 1/2" in diameter. This
wall also prevented any sand from getting in the hole
through which the main shaft turned. The outer ciroular
wall Just cleared the leading edge of the outermost plows
and was approximately five inches high and 30 1/2" in
dlameter,

| The final step was that of piring the steam in and out
of the platen., One-half inch steal pipe was used,.

In the original construction all plow angles were 45°,
W¥hen a trial run was made it was seen that the outermcst
plows were not shearing the material and movinus it inward.

Instead these plows were Just pushing the mixture in front
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of them. It was obvious that these plows turning on the
larger radius were offering too much face to the oncoming
material. The angles were adjusted sligshtly and it was
found that wien the plows were on 52° angles that thay
exhlbited a good plowing action, They also covered the
same bed arsa and over layrpeld each other slishtly. The
final plow angles used were 450 for the inside plowa with
1/2" overlap and 52° for the outslde plows with a very
8lisht overlap.

The sand used for tils investlgation was the white
Cttawa sand from Cttawa, Illinois. Thls sand is of a
fairly fine grain size as can be seen from the included
Bleve analyslis. The sieve arnalysis was included to glve
an 1dea of the size of the arying material and as was
mentioned beforse this substance probably s;ives the highest

coaefficisnts obtainable with this apparatuse.



wuaxe motd pue uequrd
ueeq8 utaoig yleakogoyr




R e —_————————— e e ——— ————— = — = T




aTuUn @ATJP Pue *qaoddnsg ‘ueqerd
mweeqs Fupmous ydeaxfoqoud




Fhotograph showing plow
arms with plows attached

7 >



18

FROCELURE

The steam was turned on and adjusted to the correct
pressure for the particular run by means of the steam pres-
sure regulator valve. This ﬁas done some time before the
run started to assure the plate of being at a uniform tem-
perature. UDuring the time that the plate was heating up
eteoam was bled through the cock at top of steam trap to
remove the alr from the system.

The low pressure runs were mnade when the gauge regls-
tered on the first mark. The gauge had been previously
tested on a Gead welght tester in the pressure range from
five to twenty pounds per square inch gauge. When the runs
were completed the gause was tested at the very low pressures
by calibrating using a column of water, It was found that
the first mark on the gauge corresponded to a pressure of
l.§3 pounds per square inch gauge and this 1s the reason for
the odd steam pressure for the low pressure run. During
all of the runs the barometer read approximately 740 mm of
Hg and this small correction was applied to the absolute
pressures and bolling points,

The sand and water mixture was made up by weiyht and
thoroughly mixed to assure a uniform compoéition of the
material to be dried. The final mixture was then weighed
as a check on the preceding weights and the temperature of
the mixture then taken, This was done by limmersing a ther-
mometer into the mixture.

The motor was started and the apparatus checked to

make sure that the dryer was in operating order. The time
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was then noted and the sand and water mixture was dumped on
the plate to comuence the run.

Sanpling was done at five minute intervals g ten asec-
ondss The sampling was done by means of a rectangular scoop
approximately two inches deep by two inches wide by nine
inches longe 1hls was used to obtain a representative
sample of the mixture across the drying bed. The samples
were taken Just after the mixture had been moved toward the
center of the bed by the outermost plows and were taken
parallel to the plow arms across the wildth of the bed. The
sample was then thorouihly mixed in the scoop and a repre-
sentative gample was taken from the scoop by salecting por-
tions from one end to the other with a spatula., These por-
tions were lmmedlately placed in a dry welished welzhing
bottle, covered and weighed on the analytical balance.

The remainder of the sample in the scoop bein,; returned to
the drying bed,

After being wel hed the uncovered welshing bottles
vere placed in an electrically heated oven at 130°¢, for
at least eignt hours,

The precedling sampling; procedurs was continued at five
minute lntervals until the material appeared practlcally
dry and then the time intervals were len;;thened to ten
minutes until the material appeared as dry as it was pos-
slble to obtaln with the drylng apparatus. This was easily
noted after some experience by observing the final moisturse

content of some of the previous runs. In runs 19 and 21
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ten minute intervals wers used during the ocomplete run due
to the longer Adrying times expected,

wvhen all the sampling had been completed and the samples
dried in the oven four at least elgsht hours they were removed
and placed in a dessicator. After cooling they were welghed
and the per-cent moisture was then calculated.

The welghing bottles were then cleaned and the material
rexoved from the plate and another run was started exactly
a8 in the preceding manner usling different variables of
rotation, bed cdepth or steam pressure,

In plotting the drying curves the initial molisture con-
tent was calculated from the amount of water added to the
original mixture, The sand that was used had been removed
from the drying bed for a short time and was almost per=
fectly bone dry. This method of caloculating the molsture
content of the original charge was used because the larger
welghts reduced errors and also because it was difficult
to obtaln a representative sample of the original mixture,
The difficulty encountered was when the orisinal mix was
placed in the pail prior o placing on the drying bed the
more molst materlal was toward the bottom of the pail,

After the material had been placed on the bed the materlial
was thoroughly mixed and the sande-water mixture was cone
slstent., In all but the first few runs at 15 psig steanm
pressure and 3/4" bed depth the initial moisture contents

are the same.
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Run #1

Steam pressure-l15 psiz

Riii=3/4

Flow clearance from plate-1/16"
Bed depth-3/4"

Composltion of drying mixture

Welght of dry sand (lbs.)
Welzsht of water added (lbs.)
Total welsht (lbs.)

27 3/A
1l/2
31 1

Initial teamperature of mixture-S3°F,

Time

in Sample
Min. Noe
0

5 18
10 19
15 20
20 2l
25 22
20 23
35 24
A5 25
55 26

Wl

21,4330
21.3150
20,9988
21,9413
19,9070
21.5698
20,5037
46,7351
49,3762

Dane: 7/]_5/?)(')

Wo

337235
29.9660
28,8346
28,7424
30,0503
3043626
28.6751
54,6471
58.5687

W)

12,2905
8.6510
T7.8358
6.5011

10,1433
847928
8.1714
T.9120
9.1925

W4

32,6783
29,6042
2846374
28.6434
30,0220
3043352
28,6746
54,6466
5845680

Vs

- 1.0452
« 3618
01972
«0990
+0283
<0274
0005
«0005
«0007

%
Moist.

11.38
8.50
4,18
2.52
1.45

028
31
006
.006
.008



Kun #2

Steam pressure-l5 psiz

Eh m-l . 5

Flow clearance from plate-1/16"
Zed depthe=3/4"

Comgosition of drying mixture
Welzht of dry sand (lbs,)

weizht of water added (lbs.)
Total welght (1lbs.)

27 7/8
8

31 158

Initial temperature of mixture-92°Fr,

Time

in Saaple
in. 30O “N’l WQ WB

0

5 10 19,4331 24,3663 4,9332
a0 11 19.7352 24,0152 &,2770
15 12 19,7156 23,1684 3.4528
20 13 22.3375 24,3694 2.0319
25 14 20,9367 22.9418 2,0051
35 15 21,3170 24.7144  3.397h
A5 16 21,1210 23,3538 2.2328

nesy T/15/.C

24,0440
23,8680
23.1130
24,3594
22,9405
24,7137
24,3530

o

2

rodet,.

10.90
6454
Seh5
1.61

49
.07
.02
.0“



aun 43

Steam pressure-l15 psig

Rrri=3

1low clearance from plate-1/16"
Jed deptihn=3/4"

Ccmposition of dryings mixture

welignt of dry sand (1ba.) 28 1/4
Welysnt of water added (lba.) 3 1/16
Total welgzht (1lba.) 31

Initial temperature of iixture-64°7,

Time

in Sauple

0

5 2 19,5052 24,2700 &,7648
10 3 20,5524 25,3588 44,8064
i5 &4 13,3110 22,6120 4,.3010
20 5 18,8730 20,8740 2,0010
20 6 18,4208 21.4540 3.0332
40 T 19,3395 22,5051 3.,1156
50 8 19.9685 22,7366 2.7681

mates 7/16/06

'ﬁt“

23.9992
25.2094
22,5538
20.8730
21,4534
22,5049
22.7358

« 2708
<1494
.0582
.0010
.0006
.0002
.0008

N
I

roist.

3.88
5.68
Je1l
1.35

«05

.006
«03



Run %4

Steam pressure-8.5 psig
REM=3/4

Flow clearance from plate-1/16"
Sed depthe3/4"

Compeosition of drying mixture
Welght of dry sand (lba,)

Welght of water added (lbs,)
Total weight (lbs.)

7,
5

Initial temperature of mixture-110°F,

Time

in oS5ample
Min. NO o Wl ‘ﬂe Wj

0

5 20 20,9988 23,5143 T «5155
10 21 21,9413 30.62 8.6827
15 22 19,9070 28,4416 B.5346
20 23 21,5698 30.5076 8.9373
25 24 20,5037 30,3488 9.,5451
30 25 46,7351 55,3848  8.6497
35 26 49,3762 56,4683 T.0921
40 27 20,9797 25,3226 4,3429
50 28 17.4224 21,8701 &, 4477

Late: 7/16/50

WA

27.9310
3041548
28,0760
30,2426
3041552
55+3026
56,4666
2543220
21,8694

‘\5

«5833
4692
+3656
«2650
+1936
0822
0017
«0006
«0007

%
MNoist.

11,40
Te76
5.40
4,28
2497
1.97

95
+02
«01
«02



Run #5

Steam pressure=38.5 psig

R.LM"l 3 5

flow clearance from plate=-1/16"

Bed deptn-3/4"

Composition of cryins mixture

welght of dry sand (lbe.) 27 1/4

welght of water added (lbs.) 3 162
290 3

Total welght
Initial temperature of nixture-100°F,

Time

in Sample
Min. NOe Wl W2 W3

(o]

5 2 19,5052 27.7188 8.2136
10 3 20,5524 28,7458 8.1934
15 4 13,3110 26,4612 841502
20 5 18,8730 26,9108 8.0378
25 6 18,4208 27.7622 9.3414
30 T 19,5895 25.9102 65207
35 8 19,9685 25,5960 5.6275
45 18 21,4330 26,6870 5.4540
vata: 7/16/50

Wh

27.1491
28.3492
26,1837
26,7456
27.7C05
25,9094
25,5952
26.8L69

g

«5697
«3966
2775
<1652
0617
«C008
«0008
«0001

Moist.

11,40
6.93
4,84
3,40
2.06

.66
«01
<01
«CC2



Run /6

Steam pressure=8.5 psig
Ril=3
Flow clearance from plate-1/16"

Composition of dryinz mixturs
welght of dry sand (1bss)

wWelzht of water added (lba.)
Total weisht (lbs.)

27 1/4
3 1§2
30 3

Initial tenperature of mixturs-£3°r,

Time

in Sanmple
¥ine. 0 W1 WQ WB

0

5 10 1944331 31.8512 12,4181
10 11 19.7302 27.1564 T.4182
15 12 19.71556 29.8350 10,1194
20 13 22,3375 3041455 Te5110
25 14 20.93267 2641104 51737
20 15 21.3170 27.06302 6,5632
40 16 21,1210 25,6846 44,5636
50 17 21.72C4 27.0074 562570

% sam:zle spllled.

atas 7/17/52

Wy

30,9109
26,7361
29,5150
30,0407
26,1097

%
25.0843
27,0070

Ve

« 9403
«3583
+3200
1073
0007

.0003
0004

%
Moist.

11.40
Te58
4.83
3.16
1.38

«01
®
007
«007



.....



Run ;7

cteam pressure-l1.63 psig
Rek=3/4

Flow clearance from plate-1l/16"
Bed depthe3/4"

Composition of drying mixture
Welzht of dry sand (1lbs.)

Welght of water added (1lbs,)
Total weight (lbs.)

27 1/4

C
o)
D] 11V]

Initial temperature of mixture-79°F.

Time

in Sample
Min. NO - Wl W2 ‘ﬁ')

O

5 23 21.5658 31,0100 9.4402
10 24 20,5037 30,1898 9.68€1
15 25 46,7351 58.6402 11,YC51
20 26 43,3762 60,7264 1l.3502
25 1l 18.5223 26,4506 7.9683
30 2 19.5052 26,9562 7.4~510
35 3 20.5524 28,9936 8.4412
40 4 18.3110 25,5528 T.2518
45 5 18,8730 26.4270 T.5540
50 6 18,4208 25,2534 T.0326
60 T 19.3895 26.2300 6.9205
70 8 19.9585 26,4300 *

#* Sam;le not neerlel for rune.

Data:

7/17/5.0

Wy

30,0864
29.5018
579413
60,2510
26,2264
26,7662
28,5716
25.51783
26.4122
25.4522
25.2580

Vs

«9236
«6E50
«69261
4754
2642
«1900
«1220
<0350
»0148
0012
»0020

Y.
Moist.

11,48
9.79
T.12
5.65
4,19
3432
2455
1.45

48
«20
.02
03



Run 43

Steam pressure-1.63 psig
Rek=1l,5
ilow clearance froa plate-1/16"
Bed deptn-3/4"

Comyposltion of drying mixture

Welsht of dry sand (1lbs.)
wel.;ht of watar added (1lba.)
Total welgsht (lose.)

27 3/8
1/2

50 5

Initial teayerature of wmixiure«G6° T,

Tixe

in Sauple

Mine
0

5

10
15
20
25
30
35
40

50
60

Date

O

12
13
14

Lb1

19.7156
22.237%
20,9367
21,2170
21.1210
21.7204
21,4330
21,3150
20,9938
21.9413

T/1T/50

Wa

27.9558
3342234
30,8068
30.£6656
5.5010
29.6376
30,9766
27.1946
29.22156
2943500

W3

8.2402
10.5659
9.5316
9.5496
7800
7.5172
9.5436
587956
8.2223
T 4087

W 4

2743096
32,6664
30,4402
30,5345
29,7514
29,5648
3045759
27.1545
29,2220
29.3500

6462
<6570
4281
2521
«1496
0728
«0007
«0001
-.0010
. 0000

7

Holst.

11.40
T+85
5.98
4.32
2.96
1.70

«92
«007
.001

0.00



[un #9

Stean pressure=1.,63 psig

Rui=3

Flow clearance from plate 1/16"
Bed deptn-3/4"

Composition of drying mixture

velulit of Ary sand (1los.)
welght of water added (lpse)
Total welsht (lbsa)

27 1/4

3 142
20 o/

Initial teaperature of mixture=57°F.

Time

in GSaaple
| Mo

Fine

0

>
10
15
0
25
30
35
45
55

-
OCwv o~ Puin

Wl

18,5052
20,5524
15,3110
18.8730
18,4208
1943895
15.9255
13+56536
19.4331

2 .
% ~ - (1 r
Lothe . 7/ L o

W 2

26,8566
315858
28,2522
2649C41
30,2176
2643574
2743586
24,4723
25,7300

W3

T.3514
11.0374
9.9812
8.C311
1..7968
6.9€79
7.4201
5.8137
T+2369

W4

25.2240
30,9642
2749072
26.7314
30.1514
26.3572
27.3GC4
ch 4722
26,7252

AD
Y

5

6326
«6256
+ 3850
«1727
«CE62
+C002
«00CGC2
»0C01
+0008

o
/J
Molst,

11.40
8.60
5.66
3.86
2.15

<48
.003
.0C3
.002
.01






run /10

Steam pressure-lS psig

Riji=3/4 :

Flow clearance from plate-1/16"
Bed depth=l 1/4"

Composition of dryvin. uaixture

welsht of dry sand (1lbs.) 45 1/2
Wel.ht of water adied (1bs,.) 5 3/4
Total welht (lbss) 5L 1+

Initial temperature of mixture-80°7.

Tize

in sSample
K*:ino 130 (] wl Hz WB

0

5 2 15,5052 26,9448 T.4306
10 3 20.5524 28,5620 €.0395
1 4 15,5110 27.1146 8.8036
<5 6 18,4208 26,5068 8.1730
30 7 19,2805 26,6504 T 4669
35 & 19,5685 22,9544  8.98%9
40 g 18,6536 27.4202 B.TEHE
45 10 19.453)1 26,3220 6.55C9
55 11 19.7362 25.5670 5.£268

Dete: 7/18/50

W4

26,3997
28,1588
26,3779
26, h24h4
26.72E3
22,0728
27.4054
2C4353%4
25,5693

-

T35
24332
«3ET76
e 252
1744
1276
0816
«Cl4g
0386
-,0028

o

%
olst.

11.20
Te33
5.39
4,06
3.235
2.14
1.71

» 21
«17
«56



.....
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‘un #11

Steam pressure-l5 psig

RLM-1-5

¥low clezrance froa plate-1/16"
Bed depth-1 1/4"

Composition of drying wixture

welint of dry sand (1lte.) ) 45 14§
vielsnt of water adied (lbs. s 3
Total weignt (lbss) 51 174

Initlal temperature of mixture=-06°¢.

Tine

in Sainple
¥ine NO o Wl Wa w3

0]

) 2 19,5052 30,0303 10.53831
10 3 20.5524 28,6756 5.1232
15 4 13,3110 29,2094 10,5354
20 5 13.8730 2¢.4346 10.5616
25 6 18./4208 23,2752 9.3544
30 7 19.38395 26,7923 7.4026
25 & 13,9655 27.0096 T.1211
4G 9 15,6536 23,3574 4,6373

tate: /107

vda

293232
283.2794
28,7308
290 2054
234120

26,7452
270686
23435G4h
24,1656

#7591
«2971
« 4186
« 1545
<0441
0010
«0010

006

/ﬁ'
}olste.

11.20
Z.ls
388
3.84
2,17
1.57
« 00
.01
.02
01



Run #12

Steam pressure-15 psig

RiMe=3

rlow clearance from plate-1/16"
Ded depthel 1/4"

Composition of drying mlixture
Welzht of dry sand (1bs.)

Welzht of water added (1lbs.)
Total weight (lbs.)

45 1/§

Initial temperature of mixture-113°rF,

Time

in Sample
¥ine. }iO e Wl W2 w}

(o}

5 12 19.7156 28,0840 843634
10 13 22,3375 30.9158 845783
15 14 20,9367 29.6686 8.7319
20 15 21,3170 28.4332 Telowb2
25 16 21,1210 29,3818 8.2608
30 17 21.7204 27.3406 5.6202
40 18 21.4330 22,4335 T.CQ05

wtes T7/10/08

L

#
3045392
29,4210
28,3672
29.3586
27.3398
2%.4330

Vs

»
3766
2746
«1160
«0232
0008
« 0005

+

'

Nolat.
11.20

*
4.39
2.84
1.62

.28

.01

.01



Run /13

Stean pressure-8,5 psig

L x=3/4

rlow clearance from plate-1/16"
Eed dopth-l 1/4"

Composition of dryinz mixture

Welzht of dry sand (1lts.) 45 1/2
welsht of water added (lbs.) 5 3/4
Total w2ight (1lbs.) 1 1/4

Initial temperature of mixture-105°F,

Tine

in 8ample
¥ine  No. Wy W W

o]

5 14 20,9367 29.9726 9.0359
10 15  21.3170 31.2716 9.9%46
15 16  21.1210 29.5550  $.4550
20 17 21,7204 30,3202 8.5998
25 13 21.4330 29.3698 T.9368
20 19 21.3150 239.8314  ¢.5164
35 20 20,9088 23.3553  T.3565
40 21 21,3413 32.5808  8.6395
45 22 15.9070 23.24%56 9433 &6
50 23 21,5038 27.6426 5,0728
55 24 20,5037 26,2042 5.7005
65 25 45,7351 54,8226 8,0875

pata; T/20/50

Yy

29,2184
3047159
29.2070
29.9390
2341094
23 Ou36
2342216
2044600
23.1588
2T7.6420
25,2040
54,8242

7524
« 5557
« 3750
03312
2544
2208
1337
1148
<0463
«0006
0002
-,0016

A
Molst.

11.20
Be35
5453
4,48
385
3.34
2.71
1.82
1.33

«50
.01
«003






Run #14

Steam vressure-8.5 peig

. iﬂ_-l [} 5

#10W ‘clearance from plate-1/16"
Bed cepth-l 1/4"

Composition of drying mixture

welsht of dry sand (1lbs.) 45 1/2
Welzsht of water added (1lbs.) 5 4
Total wel.sat (lbs,) 11

Initial temperature of mixture-81°F.

Time

in Sample
kKin. 10 Wl W2 "'3

0

5 2 19,5052 28.1470 8.6418
10 3 2065524 27,4615 649062
15 4 18.211C 29.1360 10.E250
20 5 18,8730 2044518  T5H7E8
25 6 15,4208 24.5778 6,1570
35 8 19.9685 23.6800 5e7115
49 9 18.0530 27..4076 5 e TH4C
45 10 13.4331 25.1536 57265
£5 11 19,7382 20,6948 549566

Dat~: 7/20/%C

Wa

27.4098
27.0236
28,6086
2641601
24,4030
28,1746
2743312
22.15C8

20,0343

¥g

7372
« 4380
5274
<2917
«1748
«1930
«1120
L0164
,00338
+00C5

%
joist.

11.20
8454
6.35
4,87
3.84
2.84
2.15
1.29

19
0l
«01



Run #1%

Steam pressure-=t.5 pusly

Ri =D

rlow clearance from plate-1/1G"
Bed depthe=l 1/4"

Composition of arying mixture

4

wel; it of dry sand (1bs.)
wel. it of water added (lbks.)
Total wel it (lcs.)

Initial temperziure

Tice
in
¥in.

0

5
10
15
20
25
30
25
40
50

Lata;

Sauple
NoO.

13
14
15
16
17
18
19
20
2l

W

22,2375
20,5307
21.3170
21,1210
21,7204
21.4330
21.2150
20.99¢8
21.5413

7/21/ 3

2/‘2490

45 1/“
51 l 4

of mixture-108°:7,

11.€1%4
11.7CC3
12,72CC
1002&06
7.urLu
12,8L28
8.6200
8554l
T6277

33.(1“4
3106;;0
33.0E54
31 1< “'u
25.5524
34.(‘&(&
30.2342

29, r;27

v

/la.(-(J

Q135
6€12

e2tc2

odLCU
1540
oS3
+0OCO8
«0CO5
«0CO2

1

%
Molst.

11.2C
TeTh
5.€3
4,48
2.9
1.97
12
«01
01
«CC1
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run #17

Steam pressure=l.63 psig

Lh _':-1 [ 5

ilow clearance from piate=-1/16"

Ged depiin~l 1/4"

Composition of urying mixture

welgsht of

ary asnd (lus.)

valiht of water added (lus.)

Total welgit (1lbse.)

initial teiperature

Tine

in 53 .vle
l'iino I‘O ® pil

O

5 11 19.7382
10 13 2243575
15 14 1 \J. } ?',7
<0 15 AREN 7.&.70
25 16 €1.1210
20 17 2107204
25 18 CleL32
40 1s ©1.21%0
45 20 U598
50 21 21.9413
=5 22 13%.9070
60 23 21,5698
70 24 20,5037

# Samples s8pilled.
Date; 7/22/50

Vo

81 .Gh34
6) / /( ('
)’3.\;,;6
JLIL]CJG
5242295
30, 7188
277322
4544200
2062532
3343198
31.2474
29,0132
22,7602

45 1/2
4

A

51 1/%

of mixture=103°F

W3

1l.2102
163011
:Ll .'..."7'69
Eelzh
sJ- - ,If
d- ‘ 1\1.43
Ye25h4
11.3785
11.3404
7 5434
9.2565

1.7
¥

4

504434
52.7‘0(34
H2.2€608
30,0229
Lles428

S0 BIES

3G hEAR
3541002
202324

" 33.2700

31.2490
29,0278
29,6370

o .-JL‘,O

. JE\’)Q
»(723
. oc :.7
A6T
02112

0 2C30
.2638
«1208
0498



Fun 18

stesm pracsura~l.£t3 polg

Fo -2

¥low elzarzhce from plate-1/14"
el &y th-l 1/4"

Somgscziticn of dryln

W2l:-ht of &ry sand (lka.) 45 1/2
veloint of watzsr allew (lis.) 5 34&
Tenal weiosnt (iba.) L1oa/n

Iritlal te ceraturs cf mixture-70"F.

Tins
In g£amils
Fine DO o wl w2 w3 w4 w5

0

5 1 12,5023 23.23C25 2749E25 «C171
10 2 16,5052 28,3033 22641659 «TH9
e 4 1:42110 27,5410 2l e 1bh 0455
25 5 1545730 eCe.2435) e7e7 1 3 D214
3‘) 6 1: ‘}},;_";)(3 2:.17‘,“ Zie ;/+.'/C .;.;_)43
3 T 153,555 2062456 256118 e 1LATH
4 & 17092%.5% 31,3576 Al sild dUS2U
475 3 13.02230 27472Vl “747139 U2
55 10 1544231 2740526 T 7 eGHED 20Ul



nun #19

Stean pressure~l.63 psig

R.’l‘lo_)

rlow clearance from plate-l/lé"

3ed depth-l 1/4"
Dryings bed ocovered

Composition of drying mixture

Welszht of dry 3and (1lbs,.)
welzht of water added (1lbs.)

Total welight (1lbss)
Initial temperature

Tine

in BSaaple
Min. NO» Wl

0

10 1l 13,5223
20 2 19,5082
20 3 20.5524
40 4 163110
50 5 12,3730
60 6 1 4208
70 7 1703095
&0 3 12453535

Dat=: 7/23/50

Wo

28.€6502
23.5234
)l— . olk‘r
20,7062
FT2.2278
J\J\.(“-6/
7.1140
29.6500

45 1/2

17

of mixture-81°rF.

W3

10.1279
8‘ 0521*2
12.J642
11. v 52
13.15842
12,2355
TT245
SeCC1E

¥4
27,7602
27 . TOE2
22,2576
25.5153
31.500
:"-" - '/\‘190
27 1140
23.0510

¥

5900
26212
« 6290
39CH
278
20575
OOOO\)
-,0010

%
Moist.,

11.20
8473
7.05
5410
3443
1.73

31
0,00

- e



un 520

Steam pressure=l5 pslg

Keile3

ilow clearance from plate-3/8"
Jed depthel 1/4"

Composition of crying mixture

welsht of éry sand (1bs,) L5 1/2
welzhy of water adced (ibs.) 5 Z/4
Total weigsht (lbs,) bLodj4

Initial temperature of nixture=81°F,

Time

in Sample
Fine NOe Wl w2 w3

0

5 9 18,6536 29,7056 11,0520
10 10 13,4331 31,6224 12,1853
5 11 13.7382 31,6576 11.91%4%
2 13 2243375 33.3264 10,9583
25 14 20453507 33,5930 12,0563
30 15 21,3170 21,8860 1U.BEGS0
z5 15 21,1210 30,25C8 2.1055
475 17 2le72C4 33,2514 11.031C

lave; T/24/70

28,8100
30 'Y ":‘7 49
3141706

22,0210

23,4164

y [eals’

J] P {‘54
2.~ ~ATAN
IR 026
5y
p

e 2019
Sex oY



Run #21
Stean preassurs-15 psis
Wi

G2l 42, th-l 1/4%

Compousition of drying mixture

welght of dry sand (lbs.) 45 1/2
welcht of water addel {(1lbs.) _5 3/4
Tobtal weliht (lbs,) 51 1/4

Initial teamperature of mixture-81°F.

Time

in Sample
¥in. O Wl W2 W3

¢

10 9 18.6536 29.9736 11.3200
20 10  19.4321 28.1%542 9.7211
30 11 19,7502 33,5554 10,7572
43 13 22,3375 34,3703 12,0323
570] 14 20,9707 30.9003  10.0491
0 15 21.3170 3l.0250 10,5020

ntes T/24/50

29.5530
27,0102
Sh.30c2
306003
3170

~

4206
#1330
¢ 1300
.07:«'6
222
+CU10

Moist.

11.20
2eT1
1.43

o5
o352

22

<01
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Iritial
TLaam ned TAuDe Of

W AiT9LG. cepth LAxture o F
foe  {810) DRI iushes (°7,) LY We
1 15 /4 2/4 83 33 4946 1EGO
2 15 1.5 3/4 9 35 55,7 2230
3 15 3 3/4 E4 33 701 2665
4 545 344 3/4 110 24 5e5 1595
5 GeH 1.5 3/4 100 24 75«4 1905
6 8¢5 3 3/4 &3 24 Ge8 2370
T 1.63  3/4  2/4 (o £ 239.0 1195
8 1.63 145 3/4 86 5  231.0 1555
9 1,63 3 3/4 67 5 Z58.0 1950
10 15 3/4 11/4 EO 36 £4,5 2070
11 15 1.5 11/4 £6 24 73.0 2775
12 15 3 11/4 113 33 f0e5 3060
13 6.5 3/46  11/4 105 24 77.6 1862
14 £e5 1.5 11/4 £l 4 91,0 215
15 Bs5 3 114 108 24  110,0 2540
16 1.63 3/4 11/4 75 5 20440 1420
17 1,63 145 11/4 103 5 341.0 1705
18 163 3 114 78 S  440,0 2200
19% 1,03 165 11/4 £l 5  2v1.0 14:th
20 15 3 1 1/4 g1 33 £641 3270
21 15 ) 11/4 81 33 42,2 1600

* un Moe 19 & 17 are the 8ane@ except that the dryer is
coversd in un Ho. 19.
Note: All runs with the excertion of No. 20 have a plow
clearance with the plais of 1/16"
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DISSTIOICH

The drying curves are all conslstent in so far as the
slower a_itatlon runs regulred tne longer cAryins tines.

In souie cases, for examyle in Flg. 7, it is seen that the
Instantaneous drying rates of the slower a;ltatlon runs are
larser tian those of the increased asitatlon runs during
the initial time intervals. Tnis is noted where the

slopes of the curves are stezper and cross under tne curves
for the faster agltated runss This 1s tiie case in Flge 7
wihere tiie curve at 75 r.p.m. shows a faster drying rate
during the first 10 or 12 minutes of the run than the other
rurnis ab increased ugzltations, The reasons for this lie in
tiie initlal texperature differences of the mlxtures and
also by the fact that the worst source of inconsistencies
probably exists during ths initial stases of the runs when
tire cnarge is beling heated up.

It may seeum ratiner inconsistent that the overall
coefflcleants optained deorease witn an increasin; tamp-
erature difference as shcwn in Fig. 13 & 14. It 1s belleve
that thls can be explalined by the fact that in run no. 21-
Fige 11, in wihich no agltation was used, 1t was noted that
the material on the top and bottom of tihe bel was dry while
the mgterial in tne center was stlll moliste Zventually
all the material becaus dry but the mat~rial on the torp
and bottom of the bed were cry some tine before the materia
in the widdle. 7The material next to tie plate would be

expected to becoume dry flrst sincse it was in contact with
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the hot surface, The material on top becoming 4ary sooner
than the material under it leads to the conclusion that
air curr~ig were assisting the aryinsg process. If thia
vag the cacse, the apjaratus was not entirely an indirect
dryere. Tuls phenomenon was suspgected before run rwe 21
and that 1s tie reason for run noe 15-Figze 9. In this
run a carcbcard box was placed over the drying apparatus
and 1t was se2n that the drying time was increased as com=-
pared te the sawe run with no cover in rFig. €. while thie
method ol covering the dryer was not alir tight it served
the purpose of protecting some of the surface from stray
alr currents., 7This run showed a somewnat léwer coefficlent
that the similar run no. 17 indicating that air currentis
over thne bed were helping to dry the mixture,

rrom the above observalion 1t is seean that if steaa
at atuosgheric pressura were used giving a zero temperature
difference there would be sowme drying by the alir currents
and tre overall coeffliclents would be infinites Since the
tenperature cdifference in the runs using the low steanm
pressure were small (5°F,) this 1s believed to ba the
reason for the extremely hiih coefficients obtained for
these runs, (f course the runs at the hicher steam prese
suregs were all assisted by the alr currents so the coefe
ficients obtalned here willl be hiiher than those in &
sealed rotary shelf dryer that is the common installation
indvstrially.

The curves in Fig. 12 show an incrsase of cverall
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goefficients with increased rate of agltation and this 1s
a8 would be expected cue to hlger asitation rates bringing
wore maberial 1n cunbact with the hot surf-ces and hreakling
upy the mixture to allov the wolsture toe escape.

vhen Lhe Initlal wet nmixturas wag placed on tiie dryling
bed not all of the heat transfer area wus utiilaed during

Lhe initial stases of L2 run, vince the sand was meolst

it tendai to alowerate tosether and with a plow clearance
of ouly 1/15" tie tralling space behind th#s _lows was bare
of matarial. ‘raen tue naxt set of plows :ovel material
onty tils space 1t 1aft a bare ¢.ace In the aw - manun=r and
BO One. Tala was the ¢i82 until the antsrial tecuvie drier
anl tanded to he .wors granular and free flowir:s and then
thera was a constant shallow layer under tne plows and

alao a siiznt amount of nuterial fell bohlnd the plows,
This is not the case in thae 1industrial installation waiere
the material moves in one direction across the plate bvut

in thlas casa, due (o the limited equlinxent, thae mixture

wa3 raka:d dback and forth. In accounting for the slightly
increaseli coefficlents with greater bed dGepth 1t seens
possible that thlis unused area was diflerent for the two
bed derpths, It seens that with tha graater bed desth taat
there woulld be more of a tendency for the wet materlal to
fall benind thae plows and utilize some of tha space left
bare by the plows, Thsoretically one would exact the

sane coelficlents for all bed depths,

In run noes 21-13. 11 in which no azitatlion was used
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a longer drying time was required than in the slmilar runs
usin; agitatione 48 the drying time 1s 1ncreasad the dryling
ratz falls off, This 18 because the insulating lsyer of dry
eand is becouing thickor as the materlal is dryinge. VWhen
tris layer of dry sand becomes thicker 1t offers more
resistance tc the passaze of heat and thereby reduces the
heat transferred to ths moist materlal above the dry sand
layer, uring the agltated runs this extrems decrease

in drying rate was not presents. Also during the run with

no azitation 41t was noteda i™hen 9 run was conmpleted that

a thin black secale had fcrmed on the dryinz beds The run
was only conductad for one hour and the scale was probably
rct toc serious although continued operation would bulld

uy the scale and recduce the heat transfer andi thereby the
cajpacity. The absence of the scale 138 another distinct
aivantazse of usirn; agitation while dryling,

Tre curves of Fige. 15 show the expected increase of
heat transferred per unit area with an increase in tem-
perature difference.

In run no. 20-Fige 10 in which the plow clearance was
increased to 3/8" a higher heat transfer coefficient was
obtained., In this run all the heat transfer area was
utilized during the run and this probably accounts for the
krisher coefficlents. 5ince only one run was made at this
increased rlow clearance as a matter of curiosity no valid
conclusions can be drawn due to the limited investigation,

As was mentlioned before the outermost plow ancle was
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adjusted to 52° to obtain a suitable plowlng action from
these plows,

The tenperature difference used tihroucshout in the
calculationg wars the cifference betiween tha temperature of
the atecn at the existing preassgura sl the temperature at
witlch water vajor wags formed at the exletin: atrospherlc
LTeB8UY8,

Tha bed area used in the calculations was the entire

ar2a included batween the two clrecular retaining walls,



CCLOLUSITHS
1. Heat transfer coefficients were obtained for the
érying of wet sand by plowinz it across a heated surface,
For a variety of conditions these coeffliclents ranged
upward from 49 Ztu's/ur. transferred per sguare foot
of heated surfacs per de;;ree -ahretvhelt temperature
cifiersnce between the surface and the holliny point of
trhe vater.
2. It may be necessary to lower the above ficure
somewhal when a ccrrection 18 rade for dryin; caused hy
stray air currents.
De The ratz of plowing wags varied from 6 tites per
ninute at any given point to 24 tires per alnute, the
ccefficlernts being consistently greater at the hi~her
ratles.
4, Ded cepths cf 3/4" and 1 1/4" were used, greater
coefficlents helin:; noted at the greater deptrs.
5 Temperature cdifferences ranging from 5°F, to 38°F.
wore used. juch hichier coefficients were noted at the
lower uJifferences. 7113 may be due in part to the effect
of air currents.

G Cne run in walch the jlow clearance was increased

63

frou 1/16" to 3/8" showed an increase rather tran a decrease

in coefficient,

Te. ifor the same plowin<t actlion, the an;le between the

plow edge and it's path must be less for plowes rating toward

tiia centar ol the prlate than for thoege rakln: teward tue

perighery.
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TLOCULLTDATICNS WOR FURTHAR WORK

An Invastlgsaticn conducted in tre same manner as this
cn2 only ~ . loyin; an alr ti it system would sive more of
an in'dlecatlsn ¢f thie heat transfer ccefficlents that could
ba sxrecteld industrially. It would alss show to vhat extent
hi her gsoefficliants at low tenmperature differences are due
tu alr currents,

Tne effoet of bec depth and plow anszle couldl te
stuilad nmore thercushly. A different nethod cf asitaticn
nl ht alss be studled such as a plew that wsuld cover the

comyrlets bed auld Ju

.

st scrap2 the bettom thereby noving
thie matsrial ovsr 1t and tumdling it behind the low,

The effect of different érying materlals suzh an
fibrous uaterials aud those that adsorh molsture and show
dlatinct fallinz rate perlods could be investigated,

The effect of plowiniy the material continuously 4in

ona direction couldl be studisl as opposed to this method

of movini the material b»ack and forth,
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fa T5. T Sl Rdbd ST Ay
CALSULATIOLS

(1) rrying bed area

slameter of outer retalrning wall-32,56"
Diaxeter of inner retalniny walle &.,50"

_L__Z_},__ (30.56)2 = (8.5)2 = 4,71 5q. f.
X ai44

(2) rer cent mcisture

losgs in vwhs of B8ample X 100 = & nolsture
garniple whe

(3) 3amsple calculation for Run i16 (Fige. &)

Steam pressure-l.63 psig
=34

Ced depth-l 1/4"

ilow clearance frou plate-l/16"

Initial temperature of mixture-75°r

Wte of bone dry sand-45.5 lbs.

te of water at start of r™ine5.75 lbs.
Tine to dry mixture-70 minutes

Final nclsture content of mixture-0,00%

ilooz x Y = ,O8 Y = ,0364 1bs, of water at end of run.
55 4 Y

57500

- .O7Z€l+

He7120 Wte of water renoved in drying.

Leat required as sensible heat and heat of vaporization.

Gengsible heat
Censible lieat of 11,0 latent ht. of H,O of sand
»

Q=(5.7T130) (1) (211=75F  « (5.T136)(971) "+ (45.5)(.23)
(211-75)
Q=775C BTU/TO minutes
7750 ZTU x 60 min. = €650 ETU/hr.
TO wlile 1 Lir.
qQ=Ut A=4,.71 8q. ft. Teupe. of 1.63 psig steam=216°F.,
41t=216=211=5°F,

U= g = 6650 a 284 BTU/ hLr. sq. ft. OF.

At 4071 x5

The coefficlients for all the runs were caloulated in
the same manner ags the above calculation,



NORINCSLATUIE

wWwelght of welgning bottle

welsht of weighing bottle + sample

Sample weight (wg-wl)

weignt of welghing bottle # sample after drying
welzht of water removed in arying (WE-U4)

lieat transferred to drying mixture, 2TU/hr.

(verall heat transfer coefficlent, 77U/hr. sq. ft. °F.
Area of dryins bed, sq. fte

Temperature difference between dryin;g surfage and
boiling polnt of the water, °r.

revolutions per minute of plow arms



(1)

(2)

(3)

(4)
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