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2,953,199
HORIZONTAL SPRAY DRYER

William D. Kohlins, Eggertsville, James G. Moore, Buf-
falo, and Duncan B. Mortgomery, West Seneca, N.Y.,
assignors to Blaw-Knox Company, Pitisburgh, Pa., a
corporation of Delaware |

Filed Feb. 19, 1957, Ser. No. 641,187
8 Claims. (Cl. 159—4)

This invention relates to a horizontal spray dryer and
is illustrated as embodied in such a dryer for the produc-
tion of instant coffee in the form of hollow spheres, such
form being desirable to provide the desired aroma and to
reduce the hygroscopicity of the dried coffee. However,
the dryer forming the subject of the present invention is
not, of course, limited to any particular product and can
be used to dry any liquids capable of being spray dried.
This application is a continuation in part of our co-
pending application for horizontal spray dryer, Serial
Number 590,046, filed January 7, 1956, now abandoned.

An important object of the present invention is to pro-
duce materials like dried instant coffee in the form of dense
walled spheres so as to provide the desired aroma and to
reduce hygroscopicity. |

Another object is to provide a horizontal spray dryer
in which undried material does not come into contact
with the dryer walls but travels in suspension through the
drying chamber until dry with the dried material settling
to the bottom of the drying chamber where it is continu-
ously removed.

Another object is to separately control the form of the
spray of liquid to be dried, to rapidly shock or inflate the
liquid particles into spheres, this being accomplished by
introducing a primary stream of heated air at relatively
high velocity directly around the spray nozzle. |

Another object is to provide such a horizontal spray
dryer in which, foilowing the inflation of the droplets
mto spheres by said primary stream of air, the spheres
are permitted to dry more slowly as they settie to the bot-
tom of the dryer, this being accomplished by the introduc-
tion of a secondary stream of air below the primary
stream of air and greater in cross sectional area.

Another object is to provide for the control of the rela-
tive volume of the streams of primary and secondary air
to obtain a product of the desired quality with a minimum
expendiiure of heat and power.

Amnother object is to provide for the control of the rela-
tive temperatures of the streams of primary and second-
ary air to provide a product of the desired quality with a
minimum expenditure of heat and power.

Another object is to provide a horizontal spray dryer
of minimum length by positioning the spray nozzle near
the top of the drying chamber so that the material falls
through the greater part of the height of the drying cham-
ber while drying.

Amnother object is to prevent the material being dried
from contacting the inside of the dryer before being dried
and particularly in the upper part thereof, this being ef-
fected by the introduction of a third stream of air to iso-
late the upper part of the dryer from the spray.

Angcther object is to provide such third stream of air
in minimum volume so as to avoid the heating and han-
dling an unnecessarily large overall volume of air.

Another object is to introduce such third stream of air
in such manner as to destroy the aspirating effect of the

spray and which aspirating effect tends to produce a large
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eddy or backflow which in turn tends to carry undried
droplets against the inside of the dryer.

Another object of the invention is to provide for the
adjustment of the volume of the third stream of air so
isolating the upper part of the dryer from droplets in
relation to the volume of the primary and secondary
streams of air.

Another object is to provide for the regulation of tem-
perature of said third stream of air in relation to said pri-
mary and secondary streams of air.

Another object is to provide such third stream of air
and the primary stream of air in a form which is free
irom large eddies or swirls and which jointly progress as
an internally stable body the full length of the spray drver,
this being accomplished by introducing these streams of
air through multi-orifice screens at the wet end of the
dryer. | |
- Another object is to effectively isolate said three
streams of air from one another prior to their simultane-
ous discharge into the drying chamber.

Another object is to provide such a horizontal spray
dryer in which walls of the drying chamber are cooled
to reduce the tendency of solids to stick to the walls of
the drving chamber.

Another object is to employ at least a part of the air
used in cooling the shell of the drying chamber as pre-
heated air supplied to the main air heater from which
heated air is supplied to the drying chamber.

Another object is to provide inlet and outlet blowers
which can be balanced to provide any required negative
operating pressure within the drying chamber to suit the
particular material being dried.

Other objects and advantages of the invention will be.
apparent from the following description and drawings in
which:

Fig. 1 is a longitudinal vertical sectional view through |
a spray dryer embodying the present invention, parts being
shown in elevation. |

Fig. 2 is an enlarged fragmentary view similar to Fig. 1
and showing, in section, the rotary air sweep for the end
wall at the dry end of the spray dryer.

Fig. 3 is an enlarged vertical transverse section taken
on line 3—3, Fig. 1.

Fig. 4 is a fragmentary horizontal sectional view taken
on line 4—4, Fig. 3.

Fig. 5 is a fragmentary enlarged sectional view similar
to Fig. 1 and taken on line 5—S5, Fig. 3, to illustrate the
form of a baffle used in conjunction with the delivery of
the air streams. -

The horizontal spray dryer of the present invention has
a horizontal drying chamber 9 formed by a pair of sheet
metal end heads 10 and 11 connected to each other by
an outer shell 12 and a conforming inner shell 13. The
end head 11 is at the dry end of the dryer and is preferably
of outwardly converging conical form while the end head
19 is provided with a laree circular opening closed by a
vertical screen 14. - |

The inner and outer shells are secured in spaced re-
lation to each other by a plurality of ribs 15 which, as
best shown in Fig. 4, are interposed between the inner and
outer shells 12 and 13 and can be secured to each of these
shells in any suitable manner as by welding. As best
shown in Fig. 4, these vertical ribs 15 are horizontally
spaced, preferably at uniform intervals, to provide a series

' of vertical air passages 16.

These air passages are for the circulation of ambient
air to cool the inner shell 13 and for this purpose, at
one side of the dryer, the shell 12 is provided with an
air inlet opening 17 for each of the passages 16 and on
the opposite side of the dryer, this outer shell 12 is pro-
vided with an outlet opening 18 for the opposite end of
each of the passages 16. Each inlet opening 17 connects



- the

o air.

wrth a-branch 19 of a mamfeld 20 which is supplied with
~ambient air under pressure from a -blower 21.
outlet opening 18 connects with a branch 22 of a mani-
fold 23 which discharges 111t0 an outlet line 24 as here-
inafter described.

The shells 12 ‘and 13. have semleyhndncal top por-

~ tions but the lower portions of these shells are respec-
- tively in the form of substantially straight walls 25 and

- 26 which converge downwardly to form a hopper dis-
- charging into a trough 28 which extends the full length
~ of the dryer. The trough 28 has a semicylindrical bottom

2,053,109

Each

5

68 1s generated at the drseharge end of the duct 51 for

the primary air so that the droplets are shocked or rapidly
inflated into spheres with a . consequent rapid reduction
in the water content of the droplets, the spheres being
then subjected to produce dense walls, to the slower

- drying action Whlle descending, under the influence of

“and houses a comreyor screw 29, one end of which can

| be suitably leurnalled in the end head 10 and the other

- end of which is journalled in an end head 36 for the
- trough 28, this end of the trough 28 being its discharge

15

end and havmg a, downwardly directed dlseharge epout. o

31
The air drseharge line 24, as best shown in Fig. 1

'eonneeta with the scroll 35 of a main fan or blewer--"

36, the shell of this fan having an air inlet 38 leading to

~ ambient air drawn in from the inlet 38 through the out-

N let 4¢ of the fan housing. This fan is preferably ar- :

- ranged above the shells 12, 13 and drseharges into the
shell 41 of a heater 42. -

‘While any suitable form of heater can be emp]oyed it

is shown as being in the form of a direct

a gas supply line 44 and these branehes carrymg a plural-
- ity of burners 45 which burn flames 46 in the air stream
passrag through the heater casing 41 so as to heat this

patible Wlth preduets of comhuetmn a different type of
“heater would be used.

The screened or dry end of the. dryer is shewn as en-.
‘closed by a. conical end head 50 the large rim of which

is joined to the end head 10 at its opening for the screen
- *14 so as to form. a continuation of this end head and
to provide a plenum chamber for the hot air drscharged
from the heater 42.°

the
pipe is supplied with heated air from the outlet end

" 52 of the heater shell 41.. The space around this primary

air pipe 51 within the comeal end head 50 is divided 1nto
two chambers 53 and 54 by a pair of horizontal partitions
55 which extend horizontally from the primary air supply

. fired combustion
~heater having, within the shell 41, branch prpes 43 from

1If, of course, the product being dried is not com-

| ‘A horizontal air inlet pipe 51 for
“the primary stream of drying- air extends through the
upper part of the conical end head 50 and also through
upper part of the screen 14. This horizontal air

20

center of a bladed fan wheel 39 which discharges

25
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gravlty, through the secondary stream of drying air emerg- -
ing through the multr-orrﬁce screen 14 from the cham-

- ber 53.
10

The air eScapes frem the drymg chamher 9 through an
cutlet opening 70 in the upper part of its conical end wall

11 at the dry end of the.dryer. This outlet opening com-

municates with a horizontal duct 71 which discharges. this
air into the upper part of the shell 72 of a first separator
73. This separator 73 is' shown as having an internal
vertical partition 74 which is arranged transversely of
the air flow and connects with the top and side walls of
the separator shell 72 but terminates a substantial dis-
tance above the bottom wall thereof. Accordingly, the
air entering the separator 73 from the horizontal duct
71 is first deﬂeeted dewnwardly and then horizontally and

then upwardly and then is again deflected horizontally
~ in passing out through the wupper discharge duct 75 of

the separator 73. With these abrupt ehanges in direction,

the greater part of any solids in the air entert ng the sepa-

rator 73 are deflected against the partition 74 and the walls

~ of the shell 72 and settle downwardly into the trough 28
which is commeon to this separator 73 as well as to the

shell 13 of the dryer. The partition 74 preferably can
be adjustable as to posrtmn and can be agitated, the specific

features of the separator 73 formmg no part of the present

invention. -
The duct 75 dlscharges into a secend separator 78

which can be of any suitable form to remove any re-

maining solids from the air stream. It is shown as being

of the centrifugal type having a conical bottom 7% lead--
ing to a discharge 80 for the solids and having its air -
‘outlet 81 connected with the inlet of -a centrifugal fan

or blower 82 which discharges the air through a duct 83.
It will be seen that the effects of the exhaust blower 82,
the blower 36 and preheated air blower 21 are cumula-

" five in moving air through the apparatus and that these

can be adjusted or balanced to provide any desired nega-

"~ tive pressure within the drying chamber 9. It will fur-

49

ther be seen that this negative pressure serves to draw
cool ambient air in through the ducts 59 and 63, under

“control of the dampers 60 and 64, to reduce the tempera-.

| ture of the corresponding streams of air.

pipe 5% and are bounded by ﬂ'ﬂS plpe the shell 50 and -

the screen 14.

The chamber' 53 is supphed with hot air from the out-

let end 52 of the heater shell 41 through a horizontal

duct 56 nreferably at the center of the conical end head

-~ 5¢. This hot air, which forms the stream of seeondary
air for drying the coffee, is under control .of a damper
58 which can be manua]ly adjusted. The temperature

o0

55

of this secondary air supplied from the duct 56 to the

- chamber: 53 can be rengated by bleeding in a regulated -
~ quantity of ambient air from an inlet duct 59 to the duct -

60
- provided with a plurahty of perforations 93 through

- 56. The amount of ambient air so admitted as the second-

' ary air can be under control of a daraper 60 thh can
‘be mgulated by hand.

 Hot air is supplied from the outlet end 52 of the heater

E easmg 41 to the chamber 54 through a duct 61 under con-

trol of a damper 62 which can be manually cperated. The
temperature of this stream of air can be regulated by bleed-

65

ing in a regulated amount of cool ambient air from a duct =

 63. The amount of ambient air so admitted can be under.

control of a damper 64 which can be adjusted manually.
- The liquid tg be dried is supplied under pressure to

 a horizontal pipe .65 which extends coaxrally through

the horizontal duct 51 for :the primary air. - This pipe
terminates in.a spray nozzle 66 which discharges a spray
68-of dropls tsinto the spray-chamber 9 from immediately

| ad]aeent the eutlet of the prlmary an' p1pe 51 The spray

11 at the dry end of the drying chamber. -
is shown as having a hollow. body in the form of two

~ angularly disposed arms 89 radiating from a tubular hub

An air sweep, indicated- generally at 83 is used to pre-
vent the accumulation of solids on the conical end wall
This air sweep

60. The arms 8¢ are coaxial with the conical end head
11 and their angularity is such as to conform to the coni-

‘cal end head. The free. ends of these arms can be braced

by a cross brace or arms 91 which can connect with a

~ cap 92 at the inner end of the tubular hub 96. This

hub is journalled concentrleally in the end head 11 of
the drying chamber 9 and the arms 89 of the sweep are

which streams of air are discharged against the inner.
face of the conical end head 11 for the purpose of cool-
ing the same to prevent the accumulation of solid mate-
rial thereon. The tubular hub 90 of the rotary sweep

88 1s. }eurnalled in a bearing bushing 94 suitably sup-
ported in the apex of the. end head 11 of the drymfr -

chamber. ‘A pulley 96 having a drive belt 98 is fast

" to the outer end of the tubular hub 90 and it will be

70

75

“and the primary separator 73.
100 is a conduit 101 through which air is forced into-the

noted from Fig. 1 that this pulley 1S arranged in a space
100 between the end head 11 of the dryrhg chamber 9
Also located in this space

tubular hub 90 for distributon by the rotary sweep 88
against the end head 11 of the drymg ehamber |
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B
Operation

It will be assumed that the liquid to be dried is in-
stant coffee having m the order of 28% to 50% solids
to be dried in the form of dense walled spheres having
a moisture content not exceeding about 3%. It will also
be assumed that the dry bulb temperature of the ambient
air is in the order of 80° Fahrenheit and the wet bulb
temperature of the ambient air is in the order of 66°
Fahrenheit so that the relative humidity is 49%.

The bulk of the ambient air used in the drying cham-
ber 9 is admitted through the inlet 38 of the blower 36
which discharges into the casing 41 of the heater. A
second stream of ambient air which is, however, pre-
heated, is also admitted to the scroll 35 of the fan 36,
this being supplied from the inlet of a blower 21, Fig.
3. This last blower draws in ambient air and discharges
it into the manifold 2¢ from which it flows out through
the branches 19. Each branch 19 connects, Figs. 3 and
4, with one end of a passage 16 formed between the inner
and outer shells 13, 12 of the drying chamber 9 by the
ribs 15. 1In passing through these passages 16 the am-
bient air cools the inner shell 13 so as to reduce the ten-
dency for incompletely dried or thermoplastic materials
to adhere to the inside of this inner shell 13. From
the discharge end of the passages 16 the air, now pre-
heated by contact with the inner shell 13, escapes through
the branches 22 of a manifold 23. From this manifold
23 the preheated air passes through a duct 24 to the scroll
35 of the blower 36.

In passing through the heater casing 41 the air con-
tacts the flames 46 of the gas burner 42 and is heated
to the required temperature, in the order of from about
500° to 550° Fahrenheit, passing thence to the outlet

end 52 of the heater shell 41. This hot air is then divided

into three streams before being admitted to the drying
chamber 9,

Of these the primary high velocity stream of air passes
from the outlet end 52 of the heater shell 41 through
the horizontal duct 51 and discharges directly into the
upper part of the drying chamber 9 immediately adja-
cent the screen 14 which does not, however, extend over
the outlet of this horizontal duct 51 to impede this pri-
mary stream. This primary stream 1s from about 25%
to 30% of the total volume of air admitted to the dry-
ing chamber 9. Into this siream of hot primary air issu-
g from the horizontal duct 51 is discharged a spray
68 of fine droplets of the coffee solution or other prod-
uct being dried. The liguid can advantageously be sup-
plied to the nozzle 66 at a pressure of from about 325
to 400 p.s.a. and at a temperature of from about 105°

to 130° Fahrenheit. The contact between these droplets
and this primary stream of air shocks or rapidly inflates
each droplet into a hollow sphere, the larger proportion
of water in the droplet being abstracted during this proc-
ess by direct evaporation from the droplet into the hot
stream of primary air. With a coffee solution having a
concentration of about 30% solids discharged from the
nozzle 66, the coffee droplets in the spray 68 are rapidly
formed into hollow spheres with a reduction of the mois-
ture content to about 13%.

A secondary stream of heated air passes from the out-
let end 52 of the heater shell 41 through the horizontal
duct 56 1nto the chamber 53 within the lower part of
the conical end head 5@ at the wet end of the dryer.
The volume of secondary air so admitted to the chamber
53, particularly with reference to the volume of the pri-
mary air admitted through the horizontal duct 51 is under
control of a manual damper 58. This volume of second-
ary air can be from about 60 to 70% of the total air
used. Also the temperature of the stream of secondary
air admitted to the chamber 53 is under control of a
manual damper 69 which can be adjusted to bleed in
the required amount of cool ambient air to obtain the
desired temperature differential between the primary air
emerging from 51 and the secondary air entering the

10

6
chamber 53. The temperature of this see1{:}11(1.1—11*},}r streamt
of air approxmates the temperature of the primary air
stream, namely, in the order of from about 500° to 550°
Fahrenheit.

‘The air temperature in the drying chamber 9 is from
about 305° to 330° Fahrenheit.

An important feature resides in the provision of the
screen 14 between the secondary air chamber 53 and the
spray chamber 9. The screen is preferably in the form
of a perforated plate with many small closely spaced
holes so as to create a uniform orifice pressure drop
across the entire area of the screen 14 which encloses
the chamber 53. Such a screen prevents any major tur-

- bulence in the stream of secondary air entering and flow-

15

20

29

30

39

ing through the drying chamber 9 and insures the prog-
ress of the stream of secondary air as an internally stable
body the full length of the drying chamber 9.
rollowing the formation of the hollow spheres in the
primary stream of hot air issuing from the horizontal
duct S1 these spheres settle by gravity into the stream of
hot secondary air flowing through the lower part of the
spray chamber 9 and which occupies a much greater
cross sectional area of the spray chamber than the pri-
mary stream of air. These spheres give up additional
moisture to this stream of secondary hot air as they settle
toward the bottom of the chamber but at a much slower
rate since the hollow spheres rapidly solidify and the
moisture is required to escape through the solid skins of
these spheres. The length and height of the spray cham-
ber is selected to insure that the spheres are dry, namely,
to less than about 3% moisture content by the time they
reach the bottom of the spray chamber. In this regard
1t will be noted that the horizontal duct 51 for the pri-
mary stream of hot air and also the nozzle 66 are located
well above the horizontal center of the drying chamber
9 and close to the top thereof so as to provide the max-

- imum distance of fall of the hollow spheres to the bot-

40

45

o0

59

60

65

70

75

tom of this drying chamber.

On reaching the bottom of the drying chamber the
spheres are picked up by the screw conveyor 29 and dis-
charged unbroken through the discharge spout 31.

The spray 68 has an ejector action upon the air in the
drying chamber 9 particularly in tending to produce a
backflow of air above the spray. If permitted, such a
backilow of air would carry with it some of the droplets
or moist spheres and which would deposit both on the
inner shell 13 above the spray 68 and also on the area
of the screen 14 surrounding this spray. To prevent this
result, a third stream of hot air from the outlet end 52
of the heater shell 41 passes through the vertical duct 61
into the chamber 54 formed in the extreme upper part
of the conical end head 5¢ by the pair of horizontal
partitions 55 which abut the horizontal primary air duct
51 as best shown in Fig. 3. This third stream of air can
be from about 5 to 10% of the total volume of air. This
third stream of hot air emerges from the extreme upper
end or segment of the perforated screen 14 to proceed,
as with the secondary air, without eddies or swirls as an
internally stable body above the spray 68 and along the
top of the shell 13. This third stream of hot air effec-
tively prevents any backflow created by the spray 68 and
also provides a layer of air which isolates both the upper
part of the screen 14 and also the roof of the chamber
9 from contact with the droplets discharged in the spray
68 or the spheres formed from these dreplets.

The volume of this third stream of air is preferably
held to a minimum since it has no great drying effect
and if prowded in excess would merely waste heat and
result in the handling of an excessive amount of air.
Also, the temperature of this air of the third stream is
not particularly critical and a substantial amount of cool
ambient air can be admitted through the duct 63 under
control of the manual damper 64.

Any materials reaching the end head 11 at the dry end

of the dryer are prevented from accumulating thereon
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by the rotai'y sweep 88 which dfis_chargés' a Pﬁlﬂl‘aliffﬁ of

 streams. of cool air from the orifices 93 in its rotating

hollow, arms 89 directly against the conical end head 11.
These streams serve both to cool this end bead -and also-

~to.dislodge any. materials tending to collec’__t_f on_this end

~ head. These materials, of course, fall-downwardly to the .
- screw-conveyor. 29. - | R

By far the p , du
drying chamber 9 falls directly into the trough 20 and
is immediately conducted away- by the conveyor screw

29. A small amount, however, of dry material will be

rep(}ndera'ﬁpe_._ olf' the dry 'pI'_O,‘dllin from the

‘the production of the dry .Pfrdduct' in unbroken ‘hollow

spheres which are shocked or rapidly inflated from drop-
lets and-then dried: at a.slower rate.
“Weclaim: - ’

1. A horizontal spray dryer, compriSingc a-horizontally

" elongated tubular shell, an end head enclosing each end
of said. tubular shell, a multi-orifice- screen spaced- from.

one- end head to. provide horizontally ‘a relatively. long

_carried. out of the drying chamber 9 with the escaping

‘moist air, this moist air passing into.the first separator

73. The separator can be in the form of a simple fall-
out separator having a baffle 74 which, requires. the leav-
ing air to first pass downwardly. and then abruptly up-

wardly so that the solid particlés.tend to settle out. Such

15

drying. chamber at one side. thereof and horizontally. a-
10.

relatively- short space at the opposite side-thereof; a.
first- horizontal duct: extending through said one eénd head,
space -and- screen and arranged: to. project: a primary.

“stream of gas into said drying chamber and"directly. and
in-a substantially straight path toward the other end head,

means within-said first duct arranged. to- project:a spray

~ of: liquid particles into said primary .gas stream issuing.
from said first- duct, horizontal partition means. bounded

particles.are discharged by, the screw. 29-through the out-

 let3l.

Any remaijning, solids. can, be. removed from the moist

~air-in. any suitable manner depending upon the character.

of the materjal and the separation: economies involved.

A cyclone separator 78 is shown for this purpose, al-

though- it will be understood that electronic precipitators
or other forms: of separators can be employed where

"_required;- S

~ Specific examples of the practice of the invention in

_ producing spheres of instant coffee are as follows:

25

by said-one end head, screen and first. duct. and: dividing.

said- space-into an- upper and a. lower chamber, means

arranged- to- force gas to said lower chamber to- pass .
through said: screen and - form a secondary stream.of hot

gas- flowing- below- and substantially parallel. with. said
primary stream: of- gas ‘and through which said particles
settle, means-arranged to” heat the gas supplied to said.
ducts, means arranged to force-gas-to said upper chamber.
to pass through said screen-and form a third stream of

~gas flowing above and substantially parallel” with' said

primary stream and isolating the top of said drying.cham-.

ber and said screen. from said particles, and means ar-

30

35-

410

~|'BExample 1-|-Example 2 | Example 3

Ajr temperature from-heater 42 |- R |

R ' °F__| 520 545 - 800.
Percent solids in feed 65 -—_ . 29 - 31 31
Temperature of feed 65_...__° E__|. 108 | 1201 126 -
Pressure of feed 65_ - S, o JF: 3% W 260 400 | 400
Temperature drying-chamber 9 - |- | - E |
T O 325 | 8251 325 -
Pressure drying chamber 9__ps.i..| = —.2 25 | —.3.
Temperature exhaust 71_....° F:_ - 290 | 205 |- 280
Final moisture—product | N [
- o percent. _ 1.5 | 2.4 . 2.0
Bulk density—product - - | B T o

R . ' - Ibjeu. fE}. 13:5 | 12.5 12.5

 being arranged in the upper part

| ';ivei-age-prﬂdﬁctio_n—Q?S?ﬁlb./ﬁr. Powder/sq. ft ~—cross sectioﬁal_area |

- As significant features of the invention it will be noted
that: the liquid spray 68 is projected. concurrently into the
 primary. stream of: hot air and the particles therefrom

settle into the secondary stream of air flowing below. the

primary stream of air; the primary: air stream is admitted.
to the upper part. of the drying chamber 9 and is of
smaller cross. sectional size and has a greater velocity -

than the secondary air stream which occupies the greater

part of the cross sectional area of the spray. chamber 9;
‘the secondary air stream emerges from the multi-orifice

45

ranged to exhaust the moist gas from the end- of said dry-

ing chamber adjacent said other end head: -

9. A horizontal spray dryer as set forth in claim 1
wherein said first duct is arranged above the longitudinal.
center of said shell and said lower chamber is of: sub-

stantially greater-size than said upper -chamber.

3. Apparatus for drying liquids into hard, dense - walled

hollow spheres, comprising a horizontally elongated:shell

forming a drying chamber; a first horizontal duct having
an outlet of much smaller cross sectional size than the

cross sectional size of said drying chamber and said outlet
of said drying chamber
and with said duct arranged to project a first stream of
gas horizontally into one end of said shell and in a sub-
stantially straight path toward the -opposite end' thereof,
means in said duct arranged to project a spray of said
liquid in the form of particles into the center of -said:

-

© first stream of gas concurrently therewith, means heating

50

~ duct having an
height and cross

" screen- 14 as an internally stable body; the relative vol-

~ ume, temperatures and rate of flow of the air supplied
to the primary and secondary streams can be regulated;
~ a third stream of air is projected into the drying chamber
. 9 above the primary air stream: to travel along the top.
~ of the drying chamber; this third air stream emerges from
the multi-orifice screen 14 as an internally stable moving.
- body; the volume, rate of flow and temperature of the
third stream of air, with reference to the primary air

stream, can be regulated; and the three air streams are

. provided by the very simple structure comprising the
primary air duct 5%, conical -end head 50, multi-orifice

~screen 14 and partitions 55. It will be noted that the

- depth of the second. stream: of "air- from the duct 53-is

substantially equal- in height and cross section to the

~height and cross section of the drying chamber 9 and that
the nozzle 66 is recessed in the ‘duct 51 thereby to avoid |
| 70,

turbulence in this second-stream and provide an internally
stable “or: rectilinearly “streamlined: flow of - this second
- stream. - | )

" From the foregoing it will be seen that the present in-
vention -provides a horizontal spray- dryer- achieving the

~ many objectives set forth and is particularly adapted.for

75 ly

~ ranged to project a second:
55
‘the height and cross section

said first stream of gas before contact with said particles

cause said: particles to rapidly in-
flate into incompletely dried ‘hollow spheres, -a second
ving outlet of a size substantially equal in
section to the height and cross section
of said drying chamber and with said second duct ar-
' -oject” a tream of hot gas having a
depth substantially equal in height and cross -section to
' of said drying. chamber

to a temperature to

" horizontally into said one end of said shell below, con-.

60

_ currently and in contact

with said first stream of: gas,
said outlet for said
stream-lined:flow in

a multi-orifice screen arranged across

second duct to provide a rectilinearly

~ said second stream of hot gas, said incompletely. dried .

" hollow spheres settling

_through said second stream. of

" hot gas and slowly drying therein to render the walls of
 said spheres hard and dense, and means at the bottom. of

65

“heating means- are common 1o

said- drying chamber’ to collect and remove the. dried
hollow spheres therefrom, means arranged to exhaust the.
moist gas from said opposite end of the shell shell:
‘4, Apparatus as set forth in. claim -3 wherein: said:
ng means- are. o said first and. second:
streams and wherein means are provided for applying
a cooling medium to the gas passing through said second
duct to reduce the temperature. of said second: stream
of gas below the temperature of said first stream of gas.
5. A horizontal spray dryer, comprising a horizontal=.

elongated enclosed shell forming 2 drying chamber,
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means arranged to project a primary stream of gas hori-
zontally into one end of said shell and directly in a sub-
stantially straight path toward the opposite end there-
of, means at said one end of said shell arranged to pro-
ject a spray of liquid particles to be dried into said
primary gas stream concurrently therewith, means ar-
ranged to project an internally stable secondary stream
of gas horizontally into said one end of said shell below
and substantially parallel with said primary stream of
gas and through which secondary stream said particles
settle, said upper primary stream being of materially small-
er cross sectional size than said lower secondary stream,
means arranged to supply said gas under pressure to said
projeciing means for both said primary and secondary
streams, means arranged to heat the gas so supplied,
means arranged to project a third stream of gas hori-
zontally along a substantially straight path into said one
end of said shell above and substantailly parallel with
said primary stream of gas to travel along the top of
said drying chamber, and means arranged to exhaust the
moist gas from said opposite end of said shell.

6. A horizontal spray dryer as set forth in claim 5
wherein a mulii-orifice screen is arranged across the out-
let of said means to project a third stream of gas, to ef-
fect an orifice pressure drop 1 the third stream of gas
passing therethrough and to render said third stream of
gas internally stable.

7. A horizontal spray dryer as sei forth in claim §

o
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wherein damper means are provided for regulating the
volume of gas supplied to said third stream with refer-
ence to the volume of gas supplied to said primary
stream.

8. A horizontal spray dryer as set forth in claim 5
wherein means are provided for regulating the temper-
ature of the gas supplied to said third stream in relation
to the temperature of the gas supplied to said primary
stream.
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