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NOMENCLATURE

Symbol l Definition ' Units
R, Dupp_ dimensionless
u

where D is characteristic diameter,

u is a characteristic viscosity,

a
a

p is a characteristic density, and
a

uy is characteristic velocity.
vy Volume of Liquid Strikiné'the ‘ ml/ft2
Test Surface.
My | Mass of Solid Striking Collector.  g/ft?
c - Concentration of Dissolved Solid. gmol/ml
M Molecﬁlar Weight of Solid. g/gmole
Vie Volume of Liquid Striking the Test ml

Surface Corrected to 55ml of Ieed.

F Volume of the Liquid Feed. - ' ml



ABSTRACT

The Savannah River Plant has generated millibhé of galions
éf radiocactive liquid waste in support of the nations defense.
The Savannah Rlver Laboratory is developing technology that could
be used to solidify this waste. The reference solidification
process consists of’spray drying and vitrification. By 1978, a
dryer developed at Battelle's Pacific Northwest Laboratories (PNL)
was judged superior, but initial tests indicated that feed was
striking the walls of the dryer while still wet, which made the
design ;gss than accepﬁable.. This investigetion sought,é
correétion. .

If was found that the distribution of liquid striking the
_ sides 6f.a simulated‘room temperature spray.dryer was not sig;
nificantly altered by the choice of nozzles, nor by a varia-.
tion in nozzle operating conditions. Instead, it was féund o
to be a function of the spray dryer's configuration. A cocur-
rent flow'oanir down the drying cylinder, not possibie with
PNLt's closed top, favorably altered the spray distribution bjx
both decreasing the amount of liquid striking the interior of
the cylinder from 72 to 26 percent of the feed supplied, and
by shifting the zone of maximum impact from 1.0 to 1.7 feet
from the nozzle,

These findings led to the redesign of the laboratory scale
spray dryer to be tested at the Savannah River Plant, The
diameter of the drying chamber was increased from 5 to 8 inches,
and a cocurrent flow of air was established with a closed fe;
cycle.

Finally, this investigation suggested an unique'drying
scheme which offers all the advantages of spray drying with-

out many of its limitations.



INTRODUCTION

Since its construction by the E. I. DuPont De Nemours
Company in 195%, the Savannah River Plant, located near Aiken,
South Cardlina, hes been.producing special nuclear materials
primarily for natibnal defense purposes. The plant has been
operated exclusively by the DuPont Company, first for the
Atomic Energy Commission and currently for the Department of
~ Energy. Its production facilities include a nucleargfuel fab-
rication plant, three nuclear reactors, two fuel reprocessing
plants, and a heavy water generating plant.1

In twenty-six years of operation, the Savannah River
Plant hasgenerated millions of gallons of highly radioéctive
liquid waste, which is stored in large underground tanks as an
alkaline solution with a precipitated sludge layer.2 In 1971,
the Division of Waste Management and Transportation was created
Within the Atcmic Energy Commission and was charged with eval-
uating methods of storing radicactive waste produced af the

Savannah River Plant, as well as proposed commercial nuclear

a

reproceséing p]_a.nts_:_3 o - —_

A reference process to solidify the Savannah River Piant's
high level liquid waste was developed in 1977, after numerous
drying processes were evaluated. The fact that the material to be

dried was radiocactive resulted in three major requirements for
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this drying process, First, to eliminate human exposure to -
radiation, it had to'be adaptable to totally remote operation.

Secondly, to ensure compatibility with later steps in the sol-

idification process, it had to produce a product with a spec-~

ific chemical composition and with specific physical properties.
Finally, the volume of exhaust vapors, called off-gas, produced
by the drying process had to be minimized, because it becomes

radiocactive and requires additional treatment. For these reasons,

. a slightly modified form of‘spray drying was chosen as the dry-

ing method, and was incorporated into the Defense Waete Disposal
Process shown on the following page (see figure 1).br In the

proposed Savannah River Plant Defense Waste Processing Facility,

_ the sludge from the waste tanks is strlpped of its aluminunm

. and fed te the spray dryer. The dried product is mixed with

glass-forming materials and placed in a glass melter, from

which a molten product is poured into canisters to be cooled

" and shipped tc a federal repository.

Spray drying, as conventicnally performed, does not meet
all three radioactive waste drying requirements. It has been

2

shown rapable of remote opcration,” and cerlain product prOper~
ties, 1nclud1nr chemical COTpOSltLUH, can be controlled, but

it creates large volumes of off-gas.6 Accordingly, the drying’
process vas slightly modified.with a unique dryer design first

tested at Battelle's Pacific Northwest Laboratories (PNL).

The PNL spray dryer design greatly reduced the volume of radi-

- oactive olf—rea, but in doing so limited the dryer's inherent

control over the productfs chemical-composition and physical
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~properties. Furthermore, PNL's modifications made the dryer
1ess suitable for remote §peration. ' - ‘ - f
By mid-1960, the Savannah Rivér Laboratory plans td have | i
functioning, in its remotely operated High-Level Caves, a small :
scale spray dryer_simulatiﬁg the proposed defense waste -drying
process. To accompliéh this, a spray dryer not plagued by the
PNL problems is required. The initial purpose of this in-
vestigation ﬁas to determine if the PNL spray dryer's prob-
lems could bé eliminated by the correct choice of opera}ing

conditions. It was experimentally determined, however, that

these problems did not stem from an improper choice Qf oper-
ating conditicns, but were inherent in the design itself. This %
réalization resulted}in a search for a new dryer design. This 4
quest terminated when a‘simple, but novel modification was

found which thedretically allows the simultaneous attainment

of all three radioactive waste drying requirements, d
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SPRAY DRYING AND -THE PNL DRYER

Spray dryiné is performed by introducing tiny solid-
containing droplets into a heated environment, where they
quickly evaporate, leaving a dried product. The unique
advantages of spray drying stem from the fact that the drop-
‘lets dry while freely suspended, which allows them to dry
evenly at'a regulated rate. In this manner, the physical
and chemical makeup of the product can be controlled. ;Thus,
it is imperatiVG that the particles dry completely before |
they strike the inner surfaces of the dryer. Wet particles
would adhere and dry there,and often accuﬁulate as scale
deposits. To prevent premature cohtact with the walls, a
droplet must travel some minimum distance, which is an
‘elusiveAfunction of many variables. To insure that all
droplets travel this minimum distance, the drying chamber
can be made'unduly.large, or, as prefered, the internal drop-
- let spray pattern can be controlled by the introduction of
air, or any otner gis, into the drying chamber. This air en-
trains the tiny droplets and carries them, as they dry, in a
predeterhined‘pattern that insures preﬁature.cbntact is not
made. Generally, this air sérves a second important function.
Normally, it is heated before entering the drying chamber,
thereby‘supplying the drying force. This is called direct -
“heating. Thus, spray drying .is composed of three equally im-

portant operations: atomizing the liquid feed, drying the droplets,



and controlling the droplets' trajectories.

The principle role of liquid atomization is to produce
a high droplet surface to mass ratio, which results in high
evaporation rates.’ Because this rétio increases as the di-
ameter of the droplet decreases, the atomizer's primary role
is to produce relatively small droplets. Its secéndary role
is to influence the physical properfies, and to some extent,
the chemicai composition of the dried product, which are func-
tions of the droplet's initial size and velocity. Curfently, |
the spray drying industry employs three atomization ﬁethqu:
pressure atomization, rotary atomization, and two-fluid atom-
ization.

A pressure atomizer creates a liquid jet, which later breaks
up, by fofcing the liquid feed through a narrow orifice. The
ensuing disintegrafion of the liquid jet into drops has been
unaer investigation since Lord Raylieght's studies in the early
years of this century, but no mechanism has yet been found.8
These and later studies have led to the following conciusions,
however:  if the liquid jet has a characteristic Reynolds Number
greater than <100, then it will break up without the application
of any external force; if the Reynolds Number is less than 2100,
than an external force, such as air resistance, is required.
Generally, high liquid pressures are used to insure high liquid
velocities, which inturn, result in high Reynolds Numbers and

very snmall droplets.9



Rotary atomization is achieved by centrifugally acceler-
ating the liquid feed to a high velocity before releasing it to
the drying environment, where its disintegration into droplets

occurs. This process can be seen in figure 2.

Figure 2. Rotary,Atomizer.]o
Source: Msorshall and Seltzer.

The high release velocities are achnieved without the high
.pressures required with a pressure nozzle.

In two-fluid atomization, a gas stream is used to break
up the liquid feed stream. Because an external force is being
used to bread up the lioquid stream, extensive atomization is
achieved with low liquid pressures and generally low liquid flow
_rates. A two-fluid nozzle, ‘where the feed is liquid waste, and
the atomiiing zas 1s eir, is shown in figure 3. There are four
nozzle oper;ting variables, any two of which are independeni.
They are the ras flow rate, the gas pressure, the liquid flow

rate, and the liquid pressure.  This type of nozzle is.capable of



producing very small droplets with low stream pressures.

I
il

Figure 3. Two-Fluid Nozzle.
Source: Larson and Bonner.

11

Generally, the degree of atomization increases with increasing
gas flow rates and pressures, but decreases with increasing
liquid flow rates and pressures.

The second phase of spray drying concerns the drying of
droplets. Even though the droplets are injected into the dry-
ing environment at high velocities, sometimes reaching hundreds
of feet ver second, they very quickly acquire velocities nearly

5 i 12 .
equal to those of the surrounding gas. Furthermore, their

10



initial_diameters are usually less than <00 microns. The small
sizes and low relative(velocities of the droplets'ensures that
most of the drying occurs in a regime where their Reynolds Num-
bers are less than 2.13 Under thése conditions, the evapor-
ation rates of pure water droplets can be correlated, and appear

below in figure 4.
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Figure 4., Evaporation Lifetimes For Water, '™

Source: Marshall and Seltzer,

Few stﬁdies have been made concerning the dryinngf solid-
contaiﬁihg droplets. Therefore,the correlations shown in figure
4 serve solely as initial approximations. These approximations
are valid for droplets that have a low solid content, form por-
ous product particles, or show little tendency to form solid shells

. o 1
which enclose the remaining water. >

1




The final important element of spray drying concerns the
effective control of the droplets!' trajectories in the drying
chamber. As alreédy stated, the injected droplets quickly ac;.
quiré the velocities of the surrounding gaseous medium. Fur-
thermore, as already mentioned, the uniqué advantages of spray
drying occur because a material dried in a épfay dfyer does not
contact solid surtfaces until it has become dry.16 For these
reasons, the medium's flow pattern must not carry moist drop-
lets directly to the walls of the dryer. As a résult,} spray
drying is usually performed by introducing the atomized droplets
into a well-behaved, that is not fiercely ‘turbulent, flow of gas. A
typical flow pattern:: can be seen in figure 5 on the following
page.

The advantages of spray drying, due primarily to the fact
that drying occurs at a controlled rate and prior to contact
with solid surfaces, includé:17

1. Certain product vroperties may be effectively
controlled and varied, , '

Product density.

Froduct shape.

Product sirze.

Prcduct chemical composition, when alterable.

20 oW

. It is suited to the drying of heat sensitive materials.
3. Its effidiency is comparable with that of other
direct dryers.
The conventional spray drying process described above
has many attractive features, including both adaptakility to

remote cperation and effective control -over the vroducts physical
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Figure 5. A Typical Flow Patterna18

Source: Slcan, Wheelock and Tsao.



'and'chemical.make~up,19 gut it is not entirely suitablé for
drying fadioactive‘wgéke. Large volumes of radioactive ex-
haust have to be treated. Rising to this challenge, PNL de-
veloped a modified spray dryer which greatly reduced the vol-
ume of off-gas. The labofatory scale PNL dryer is depicted

below: Atomizing Air
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Vibralor \ Liquid \aste
L [
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~As can be seen, only the water vapor, the atomizing air
eminating from a two~fluid nozzle, and their contaminents
compose the‘exhaust stream and need to be processed, The dry-
ing heat is supplied by radiation and convection from the
dryer's inner walls, which ére kept at approximately 600°
Celsius. |

PNL's design, while greatly reducing the volume of off-
gas, lessened the operator's control over the productfs chem-
ical composition and bhysical properties. This was due to the
fact that the third key element of spray drying, control of the
droplet's trajectory, was lacking. Initial tests at PNL in-
dicated that large amounts of feed were striking the walls 6f
the dryer while still wet, and adhering there, Because drying
was taking place on the walls, many of the advéntages of spray
drying, including control of the product's chemical and physical
makeup, ﬁere lost. Furthermore, to combat the accumulation of
ép}idé'on the walls of the dryer; vibrators were attached to
shake the deposits loose. Vibrating a massive, full scale,
600° Celsius spray dryer is certain to weaken it, thereby making
it less suitable for remote operation.

As previously mentioned, by mid-1980, the Savannah River
Plant plans to have operating a small scale spray dryer simu-
lating the Defense \laste drying process. A modified spray dryer, -
emitting low volumes of off-gas, and not plagued by the PNL
problems is reguired. The initial purpose of this invest-

igation was to determine whether a change in nozzles, or a

15



change in the nozzle's two independent operating variables
(liquid flow rafe, and nozzle air pressure), could favorably

alter the spray pattern in the PNL dryer, thereby eliminating

. the scaling and control problems. These factors were found to

~have little effect on the spray pattern. 'Therefore, a more

satisfactory design was developed.

16
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EXPERIMENTAL METHOD

Experimental Objective

Unfortunately, no reliable method of.defermining the SP??Y e

pattern developed within an operatlng dryer is known.zl' Ac-
cordlngly, only the distribution of liquid strlklng the s1des of :

~ the dryer was sought. Furthermore, the spray distrlbutlon was

- sought for a room temperature dryer, which clearly, w111 be dlf»'

'ferent from that of. a dryer in normal operatlon. Thls approach
was ratlonallzed in a number of ways. Flrst 1f control of the
-spray pattern could not be achleved 1n a chamber vomd of heatlng
and drying effects, control would be impossible under normal
operating conditions. Significant 1mprovements'1n tbe.sbray
pattern, however, would be implementable. Finally, no opera-
tional dryer of PNL's configuration was available. Thus,.the
basic investigation initially entailed.determining the spray dis-
tribution striking the sides of a room temperature dryer of
PNL's dimensions and closed top configuration. Specifically,
the effect of a change in nozzles, as well as a change in the
nozzle's two independent variables, on the spray distribution

was investigated. Additionally, the effect of a closed ﬁop was

investigated.

Eqﬁipment
The test apparatus was composed of a constant speed
Master-flex peristaltic .pump (7014 pump head) supplying a .94

molar sodium nitrate solution, to one of three commercially

17
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“meter (type 26-541-23),

P

supplled air atomlzlng nozzles, at flow rates between one and

h‘three liters per hour (see figure 7). The nozzles tested were

produced by the Spraying Systems Company. These nozzles, chosen

for” thewr narrow conlcal spray pattern, flne atomization, and

»appropriate flow.ranges, were types 1/8 JJ]], 1/8JJ1¢A, and

.1/8 Jdiz, (Informatlon concerning the nozzles appears in

b

'_Appendix‘l). A 20psig source Squlled air to the nozzle through .

a Nullmatic pressure regulator (type 40-50) and a Manostat flow

" The nozzle, oriented in various configurations spré&ed”?:
the resulting mist 1nto a clear plexiglas cyllnder (see .'
Appendix II). The cyllnder, similar to PNL's drying chamber,
had a 4,94 inch inner diameter and a 53 inch length.,,A,90‘psig
auxiliary air source supplicd eir through a Brooks flow meter
(type 1320-012IC) to the configuration % baffle chamber (see.
Appendix II).

The spray impacting the;cylinder's inner surface was
absorbed by Gelman glass fiber filters (type A/E) which were
held in vosition by a plastic positioning strip (see figure 8).
The area of the filter exposed was .938 square inches (1.5in.
by .625in.). The filters were weighed on an Ainsworth balance

(type 10).

Procedure
Initially, the glassfiber filters were cut into rectangles
slightly larger than the collecting windows, weighed, and

i

18
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placed in the plastio positioning strip. This strip was'thon_
- secured to the inner surface of the test cylinder which waéff“h

- set up in the desired configuration, If the closed conflgur—"

ation was being tested, a collector was p081tioned on. the NT’
underside of the top.

After the air flows were established, the sodium nitrate . -

solution was supplied to the nozzle at flow rates between one -and

three liters per hour. The liquid feed was continued;only'dnf

~til the drops achering to the surface of the test cylinder wefe

- about to break free. This generally required between one and

three minutes. Finally, the air flows were shut off.

During the experimental run, nozzle flow rates, nozzle .
pressures, and the duration of the liquid flow were recorded.
Visual observations, such as the distribution's maxima, were
also noted. '

After the run, the plestic positioning strip was genfly
lowered from the cylinder and the collectors were removed, dried
and weighed. The so0lid remaining on the fiber collectors de-

termined the distribution. Finally; the test cylinder was -

"rinsed to prevent the accumulation of solid sodium nitrate on

the cylinder's inner surface,

21
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RESULTS
The spray distribution calculations are extremely straighf
forward. First, the amount of liquid striking the inﬁérfsﬁrf'
faces of the cylinder (i.e. the spray distribution) is 5   _H
function of - the vertlcal dlstance from the nozzle and can

be calculated by y

—ad_ .
AR | E s
where V, is the volume of llguld striklng the t;i;g??ﬂ L

test Qurface (ml/ft<)

Md is_the mass of solid striking the .. RN
collector (g/ft2);  ~, . . - Gl le iy

C 1is the concentration of dlssolved e,
solid (gmol/ml); . ‘ SR

M dis the molecular weight of the
dissolved solid (g/gmol).

This volume is then readily corrected to correspond to 55

milliliters of licuid feed passing through the nozzle:
v V1 «55ml
1c - TTF

where I’ is the volume of liquid feed (ml).

. The Distribution Is Only A Function Of Configuration

The distribution of liquid striking the interior of the
test cylinder, as can be seen in figures 9 and 10, is nearly
independent of the choice of nozzles, for both the open and

closed configurations. Similarly, the spray distribution is




~nearly independent of‘the.nozzles two operating variaBles;j‘
-Whiph.efe its flow rate and air pressure,. Each noZzle>WeSlm
tested in at least one configuration, with typicel results'e
appearing in flgure 11. o '

A comparlson of flguree 9 and 10 qulckly reveals that the
distribution is a function of the test apparatus' conflg- .
uration. This relationship 1s-more.def1ned in flgure 12,

Awhere the spray distributions are contrasted on the same graph.

| CIf, as postulated the volume of liquid striking the walls of

an operating dryer, which is proportional to the area under the
distribution curve, is to be minimized; and the experimental
trends are valid for normal operation, then the open configura< .
tion is superior. Apparently, the solid deposits formed in
PNL's dryer, resulting from wet feed striking the inner sur-
faces, are due in part to its closed configuration. Visual
observations indicated that severe turbulence was creefed-in
fhe test cylinder's upper region while.operated in a closed |
configuration, This turbulence destroyed the nozzle's normal
spray pattern and caused large amounts of liquid to sfrike the
upper surfaces of the cylinder. The open configuration, on the
other hand, allowed the spray to draw a more laminar flow of
air down the cylinder, which preserved the spray pattern.
Because the internal spray pattern could not be corrected by

a change of nozzles or or a change in the nozzle's operating

cOndition, a better dryer design was sought.
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1/& Jd1e in Open and Closed Configurations.
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Auxilisry Air Was Introduced

Numerous successful attempts were made to fabricate am *» 1
operating configuration that would create“a favofable spfay'
distribution. Only a nonturbulent 1ntroduct10n of aux111ary

air into the top of the cyllnder was requlrea (which snould

‘not surprise any veteran spray dryer de51gner) - A controlled

flow of nonturbulent air was 1ntroduced 1nto ‘the test cyllnder
using a baffle chamber, which reduced the turbulence caused by
a sudden expansion (see configuration 3 in Appendlx II)e |
Auxiliary air flows between 6 and 20 otandard cubic foet pen f

minute (SCFM) were 1ntroduced w1th the resulto appearlng 1n

figure 13. . ; ;: : - sz;}.ﬂ
. . e : L
T A

As expected, the inbroduc%lon bfraukiliary.aif nobtonl§3"ﬁﬂ
favorably altered the spray pattern from tbat;of the cloeed\fﬁ{;
configuration, but if heated would aleo aid in the drying pnocess.-
The dryer would be, however, nothing more than a conventional_
spray-dryer, and would require that the off-gas system handle
a much larger volume of vapor. In a closed configurationl ’
small scale dryer , only i SCFM of atomizing.air and % SCEM -

of water vapor need to be processed.

A Closed Recycle Was Proposed And Tested

The desirability of a cocurrent flow of air is clearly'
indicated by figures 12 and 13, If this air is not to in;

crease the off-gas volume, it must be in the form of a closed

28
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Figure 132. Spray Distribution for Spraying Systems
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recycle. A dryer de51gn shown in flgure 14, would.favor- .
ably alter the spray pattern would not increase the volume j'
of vaporo to be processed, vould not 1ncrease the drye

overall size substantlally, and would not require a pump- “

ing system, The energy supplied by the spray could be 71_~~#uﬁ

| .used to drlve the recycle instead of belng d1881pated by creatlng

T o P TP e o

_damaglng turbulence. The ablllty of the nozzle's spray to

draw along a cocurrent flow of air was proven by 1ts opera-f”.:;‘p:.
tion in the open configuration, Accordlngly9 three p0551ble
recycle configurations (configurations 4L, 5, and 6 of .

Appendix III) were tested by drawing air from the surround;;;n
ings. The corresponding spray patterns are ‘shown in.figure“;p»

150

The Distribution Data Is Tabulated

. The total volume of liquid striking the cyllnder can
be detexmlned by numerically integrating the dlstrlbution
function over the entire surface using Riemann sums.22

These volumes appear in Tahle 1,

O S
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Table 1

Spray. Distribution Data

Average Volume " Vertical Distarce

of Liquid R From Nozzle To

Striking Surface . Distribution's Maxima =

Configuration | (Rercent) (ft)

26 .7§fﬁfﬂ
o |
. 26 . R ." T
47
%2

.
QO

- Lot .
e S

R

[ ] [ ]
M

.

2

oV o=

lRelative.to 55 ml of feed.

2Incluaes the top.
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CONCLUSIONS

This study indicates that the disfribﬁtion'of:liQuio. o
striking the interior of the test cyllnder was 1ndependent :i?;:
of the choice of nozzles as well as the nozzle's two opera-hﬁrf&f
ting var*ables (llquld flow rate and nozzle air pressure)

_It was, however, a strong functlon of the dryer's configur-;?ir
ation., A nonturbulent cocurrent flow of alr down the drylng‘;i;fT--
cylinder sufficiently and favorably altered the 1nternal BN
spray distribution. Therefore, a new dryer de51gn incor- :ziﬁ:

porating such a flow was developed. SRR 'ﬁ'Vﬁﬁ?" B

e

Two general methods can;be used‘to:eosorezéﬁeé-therﬂ“i'
atomized particles dry before they contaéﬁ;fhe”oryér'emweiléiiﬁa
and thereby eliminate many of tﬁe problems’associated wi?hH f
the PNL dryer. Either the evaporation }até can:oe.incre;s;!np'
ed in the existing design, or the dryer itself can be |
modified. |

The evaporation rate in the PNL laboratory scalé'dryer'
can be increased by simply inoreasing the drying temberature,
or by introducing smaller particles. This is shown nicely
in figure 4. Both of these alternatives, however, have
severe complications. Iirst, the wall temperature of the
dryer already approaches 7000 Célsius, which is just below
the tebperature at which it begins to glow., Thus, higher
temperatures would greatly reduce the dryer's durability.
Next, recducticn of the particle size without reducing the

liquid flow ratec would require cither a tremendous atomiz -

Sl

i



RTINS
ing air'flow'rate'er a-smaller efifice in the nozzle's ‘?
liquid cap. The fofmer method would require a high air';'
pressure and create a larger volums of off gas, while the
| latter would result in severe nozzlo plugglngn 23 Flnally,
.1ncrea51ng the evanoratlon rate reduces control over the
dried product's chemlcal and physical makeup.

To ensure successful operation, the PNL de31gn was.

mOdifled Flrst’ lncrea81ng the dI‘yer'S dlameter increases : S

" the path lengths to the walls of the dryer and allows ; :-;f:{f.

further evaporation. For this reason, the 1n81de dlameter'
of the planned dryer was increased from a nominal five.,
inches to eight inches. The figure of eight enchee wes "
chosen because it facilitated the purchase of materiais and K
~allowed for convenient installation in the Savannah River
Laboratory's High Level Caves, A more accurate determin-
ation of the required diameter could have been made if

dr&ing rate data and particle size distribution data were
available., More importantly, a closed recycle was incorpor-.
ated into the design of the laboratory scale spray dryer.

A reeycle configuration similar to configuration 6 of
Appendix III was chosen because it favorably alters the

spray distribution, allows for the quick removal of the
'nozzle, allows the nozzle and its feed lines to be wetef
cooled if extreme heat causes clogging and material dura-
bility problems, and it is located below the recycle windows. |
As a result, the proposed dryer's configuration is given in

figure i4.




The Assumptions Are Identified.

These results rest on two major'aséﬁﬁptions;“Firsf; ) o
it was assumed that the washed radioactive’slﬁfry Will |
behave in much the same mannef as the SOQiﬁﬁ nitrate test
- solution. This assumptibn nof only seems plauéible‘
because of the spray distribution's insensitivity to a' '
change in operating variables and the fact that any drqpletéwi; 
quickly attain the surroundiﬁg air's velpcity, whichiis":“ |
primarily a function of the dryer's configuration, but Wés
verified visually using simulated waste., :Secondly,,it ﬁas.
assumed that the experimental trends would not be destroyed'A
by the heating effects. The effects of evéporation will
certainly alter the internal spray pattern to some degree,
but it must be recalled that.only‘three SCFM of water vapor -
will be produced by evaporation, while figﬁre'13 and direct
observations indicate that thé recycle rgte will bg much

greater, .

Further Research Is Pronosed

The final design of the full scale spray dryer to be
used in the provosed Defense Waste Processing Facility should
be based on additional research. Many questions, thus far
left unanswéred, will be cleared up by the laboratory tests
of an actual dryer to take place at the Savannah River
Laboratory in 1980. These tests will indicate if a recycle

of air will be established in the more turbulent environment




ex1st1ng w1th1n the operatlng dryer. Spec1flc tests,'
khowever, should be developed to determine the dlstrlbutlon
of wet solids striking the 51des of.the operating dryer.

X Furthermore, the partdcle size distribution ghould be

A determined and related drying modeis shouid.be developed.
These models, describing the evaporation.of the liquid
‘droplets, based on experlmental studles, would prove', -

invaluable in the de51gn of the dryer.

The Investigation Suggesfs A New Drying Scheme

Finally, this 1nvest1gat10n has resulted 1n an unlqueiﬁj;f“

S
T

drying scheme, having all the aavantages of spray drylng

without the conventlonal 1ntroduct10n of.aux1llary~a1ro P e

The first element of this proposed scheme 1s srmply that
the drying energy is to be supplled through the walls of
" the drying chamber,; just as in the PNL design. Any

method of achieving this energy transfer is sufficient,

The second, and unique, element of this proposed‘drying |
process is the establishment of a well-behaved flow pattern:
within the drying chamber without the introduction of
auxiliary gas. The well-behaved pattern is in the form of
a cocurrent recycle produced without the use of an auxili-
ary pumping system. Instead, the desired cocurrent rlow of
gas is drawn along by the spray eminating from any type of"
nozzle creating a conical spray pattern, such as a two .

fluid nozzle, or a pressure nozzle. As shown, these liquid

]
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g sprays are capable of drawlng along a substantlal cocurrant

flow, which greatly influeaces ‘the 1nternal spray pattern.;lff*f
There are many advantages of the drylng scheme '

descrlbed above., Some follow:. o

-1, It has all the advantages “of conventlonal
- spray drying. S S

2. Any type of heating energy capable of belng
- transmitted through the walls of the drylng
chamber can be used. . .

3, The piping system carrying the drylng gas m.;: ;\' K

.~ has been eliminated, thereby reduc1ng the BT S I
~dryer's size:and heat losso e ey K ‘”f’&ﬁfff'i

)
LY ° AR R S

4, The requlred cocurrent flow of gas is drlven .
. Solely by the effects of the nozzle and f*ufu
‘requires no pumplng system.- 4 . oo
5. The well-behaved spray pattern-allows thei ;;'ﬂ‘,ﬁ

-~ size of the drying chamber to be kept to o

a minimum. e

The fact that a well-behaved spray pattern can be -
produced without the introduction of an auxiliary gas flow.
‘has led not only to a modified design for the Savannah'lnv
River Laboratory's small scale spray dryer, but to an unlque

drying scheme which offers all the advantages of spray dry-

ing w1thout possessing many of its limitations.
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APPENDIX I

Nozzle Specifications

ORI TGRS Y -

Three two-fluid atomizing nozzles produced by the Spray-

ing Systems Company were tested.

.These nozzles were chosen

for their narrow conical spray patterns, fine atomizing prop-

erties, and appropriate flow r::tnges.abr The expected mean par-

ticle diameter for these nozzles is less than 60 microns.25 ’

These nozzles, portrayed in figure 3, have the following

specifications:26
Table 2
Nozzle Data
Liquid Liquid Air Cap . Air Cap.

- Orifice Cap Tip - Inlet - Outlet
Spray Diameter ~ Diameter @~ Diameter Diameter
Set Up (in.) (in.) (in.) (in,)
1/83J11 .020 050 .067 - .047
1/8JJ12A .020 .050 073 060
1/8dd12 .028 .050 .073 060

i1
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Figure 1, Test Configurations 1 and 2. .
(1) Open Configuration.
(2) Closed, PNL type Configuration.
Scale: 1 inch = 2 inches
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