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UNITED STATES PATENT OFFICE. 
JOHN RARKER, OF PHILADELPHIA, PENNSYLVANIA, ASSIGNOR. To KESTNER, EVAPo 
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PHILADELPHIA, PEN NSYLVANIA, A CORFORATION OF PENN 
* EWAPORATING & P2 ARA U.S. 

Specification of i.etter's late it, Bateated Nov. 16, 1909. 
Application filed December 22, 1808, Serial No. 468,839. 

To all shon it may concerns: 
Be if known that I, Joji N PAR R Eli, a sli 

ject of the King of Great Britain and re 
laud and the Isle of Man, residing in Phila 
delphia, Pennsylvania, have invented certain 
Improvements in Evaporating Apparatus. 
of which the following is a specification. 
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My invention relates to apparatus (te 
signed fol' evaporating or conceitrating iiq 
lids of various characters; and the object 
of my invention is to provide a device where 
in Ian enabled to facilitate the separation: 
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of the steam or vapor produced from the 
liquid during the process of, concentration; 
recover the entire liquid coatent, and insure 
that no entrained liquid is passed off with 
the stean or vapor R.E. 
My invention comprises certain improve 

ments in what are known as“ climbing filin' 
evaporators; evaporators in which a body of 
liquid in the base of an externally heated 
tube or series of tubes is carried upward 
therein under the influence of the vapor 
formed by the heat. These evaporators are customarily of comparatively great height 
and dischargeE. and vapor at their top. 
In the use of these devices, the heated walls 
of the tube or tubes form vapor in the liq 

- uid, lowering its specific gravity and causing 
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it to rise while the progressive evolution of 
more and more vapor after a time converts film of liquid the liquid mass into a cl ibis, e and carried wetting the wails of the tu 
upward and forward by the current of 
vapor. If a current of yaportrayerses stich 
a tube at a suitable and relatively high ve 
locity, liquid in the tube is carried forward 
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50 
... work under atmospheric pressure, vacuum 

as a thin uniform layer along the wall, and 
where the tube is vertical this layer will 
form a substantially uniform annular wet 
ting film thereon. In the described appa 
lats, therefore, the tubes may be El 
as being almost entirely vapor filled and 
film lined, the liquid climbing upward and 
thus filming the tube or "creeping upward 
as it is sometimes expressed. 

In the described types of apparatus, the 
concentration of the liquid discharged at the 
top of the tube or tubes may be carried so 
far as Inay be desired and the apparatus may 
or plus pressure Ordinarily, vacuum is ein 
ployed. A. series gf such evaporators under 

(iiie'elt l'ess 'es, may be arranged to oR. 
erate in what is termed “ liltiple effect; 
the vajol's evolved in a prior evaporation 
inder higher press. He being used to heat the 
liquid in a succeeding evaporation under 
}ower pressure. In such a series any frac 
tioh of the total concentration to be pro 
duced may be performed in any individual 
effect. 

In the described apparatus, because of the 
high duty of the heating surfaces and the 
relatively great quantity of vapor forthed 
means are required for effecting a separa 
tion of the vapor and liquid discharged from 
the effect. iii the ordinary types of appe 
ratus working on this principle, this separa 
tion is effected in a relatively high clone o' 
separatoi' stu'mounting the effect. 

In the present invention I have devised an improvement on this type whereby the 
evaporator may be of less total height, the 
vapor, and liquid emerging from the top of 
the effect being carried downward in a suit 
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from the liquid in a given time unit, efficient 
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able separating chamber and this separating 
chamber being used to jacket the effect, 
thereby precluding losses by radiation from 
the effect itself. The upper ends of the 
tubes and their contents may be at a higher 
temperature than the lower, or, in other 
words, there may be less temperature differ 
ential between the tube contents and the 
heating steam at the top than at the bottom, 
and since the most efficient operation of the apparatus depends upon substantially uni 
foru heating of the tubes, by prolonging 
the vapor chamber dowiiward around the 
steam chamber, irregular condensation in 
the steam chamber is prevented, radiation 
losses being precluded, and the heating in 
the evaporation tubes is made more uniform, 
with the result of greater efficiency in oper 
ation. The vapor in the vapor chamber is 
of about the same temperature as the liquid 
in the evaporation tube, but it does not ab 
sorb heat to the same extent, and the main 
conduction of heat from the steam jacket 
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00 
is, therefore, inward. Radiation losses from . 
the vapor claimber outward are not so im 
portant and do not disturh the effective 
working of the apparatus. In effect, the 
vapor chamber forms a thermal sheath 
around more or less of the evaporating por 
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speed, efficient means for separating vapor 

the structure embodying my invention. 

tion of the app8;atus. While the A 
chamber may extend downward 2round the 
entire effect, yet in the ordinary and pre 
ferred use of the apparatus it is carried 
downward only a part of the distance. 
As apparatis of the climbing filn typ operate very rapidly, producing a relatively 

high concentration in a time unit and as the evaporating tubes discharge vapor cur 
rents traveling at a relatively high rate of 
and liquid are ordinarily necessary. The 
vapor chamber should, therefore, be of com 
paratively large cross-sectional area to re 
duce the speed of travel correspondingly 
rior to emergence of the vapor therefrom 
ut prior to losing this high velocity of 

travel the vapor currents should be passed 
through a suitable separating device. In 
this, the Reid or entrained droplets of liquid are thrown out. In the subsequent 
slow travel of the vapor, separation is per 
fected and completed, - 

In the accompanying drawings: Figure 1, 
is a sectional elevation of an apparatus em bodying my invention; Fig. 2, is a plan view 
of the same; Figs. 3 and 4 are sectional 
views on the lines a--a and b-b, respec 
tively, Fig. 1, and Figs. 5 and 6, are sec 
tional views illustrating modified details of 
The evaporating tubes are indicated at 1, 

being inclosed within a shell 2 to which 
steam is admitted at the point 3, such shell 
having an outlet 4 for the discharge of 
condensation from such steam. The liquid 
is fed to a chamber 5 at the base of said 
tubes and under the influence of the heat 
surrounding the latter, rises within said 
tubes in the form of a film on the inner sur 
face of the same, being partially evaporated 
in transit, and from the ipper ends of said 
tubes it is discharged with more or less velocity together with 

. 
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/the accompanyi rig 
yapor. In the present instance, the shell 2 
is made in several sections, the upper and lower ends of the same carrying the plates 
6 into which the ends of the tubes are fitted 
in any usual and well-known manner. In 
termediate the ends, an enlarged section 
is provided, having the steam inlet connec 
tiol) 3, and a flange S for a purpose to loc 
described, which flange inay be dished, and 
below the section 7, or at any other conven 
ient point in the shell 2, an expansion sec. 
tion 9 is placed. 
Surrounding the upper portion of the 

shell 2 and in communication with the upper 
ends of the tubes ... is an annular casing 
or shell 10 fortning a vapor chamber and 
having a centrally disposed cover 11, sub 
stantially in the shape of an inverted cone, 
lying, directly oyer said tubes, which cone 
has depending from it, at or adjacent its 
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marginal edge, a series of vanes 12, for a 
purpose to be described. These Vanes may 
be of various contours and variously dis 
posed, but they are preferabiy curved and 
disposed in the manner shown. 

Below the casing i0, being interposed be 
tween said casing and the fiange 8 of tire 
section 7, of the shell 2, is a casing 3 hav 
ing a flange 14 upon which said casing 10 
rests, and a wait 15 which extends upwardly 
into the vapor chamber inclosed by the cas ing 10, such wall forming, with said casing 
wall, an annular gutter i6 to receive the liq 

- s' uid flowing down the inner surface of the 
walls of the casing 10. The top of the cas-". ing forming the vapor chamber is curved in 
the manner showia, and the liquid and vapor 
ejected from the tubes at a high velocity are 
diverted by the cone and the blades, the liq 
uid reaching the walls of the casing down 
which it flows to the annular gutter 16, and 
from the latter it may pass to the bottom of 
the casing 13, or may be drawn fronn said 
gutter 16. When delivered from the gutter 
16 to the casing 13, it is preferably by means 
of a series of pipes or tubes 17 which extend 
nearly to the bottom of said latter casing 
and engty into another pocket or gutter 18 
in the lower part of the same formed by the 
flange 8 of the section , from which latter 
pocket tie liquid may be discharged through 
a pipe 9 f{ ai: tier effect or to any other 
desired point. . if desired, the liquid may 
be drawn from the gutter 16 by means of a 
pipe i9, as indicated it, 
Fig. 5. 
The steam or vapor oatiet from the tipper 

asing structure is indicated at 20 and con 
municates directly with the casing 13 so 
that all vapor passing from the tubes after 

f separation from the liquid is discharged 
through the sane. The blades surrounding 
the cone tend to give the liquid and vapor 
discharged from the tubes a certain amount 
of centrifugal action, which has the effect of 
hurling tile liquid against the walls of the 
casing down which it flows to the pocket be 
fore referred to. The vapor passes through 
the apertti'es of transverse battle plates 21 
and 22 disposed between the top of the evap 
orating tubes and the vapor outlet 20; each 
of said baffle piates removing practically all 
of the liquid fentaining entrained with the 
sieann whicli liquid drains into the annular 
gift These baille, piates are provided 
with well known devices such as the cupped 
apertures 23 and 24 in staggered relation fos 
the passage of the steam or vapor whereby 
the latter may find its exit, through the out 
let 20. Any suit::bie form of baile plates 

the modified view, 
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which will serve the purpose of separating : 
the liquid 9nd vapor and collecting the 
former may be used. In consequence if this 
arrangement, all of the liquid is separated 
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} from the vapor; the latter is conducted fro) liquid caught by the same to tie gutter (3. 
the separating chamber without entrained 
liqtail, and all of the liquid is conveyed to 
the annular gutter 16 from which it may be 

5 taken direct, or to the lower part i8 of the 
'asing from which it imay be discharged as 
tilesia'ed. - 

in lie of the forah of separator show: 
in Fig. 1, may empioy one of the type 

6, in which the vanes are 
somewhat different in shape, and extend 
clownward nearly to the upper tripe sheet. 
he coine too, is curved ii stead if having 

the aigular wali. illustrated in Fig. ... :) 
5 each instance the in heir edge of the vanes 

lies outside the discharge area of the tubes, 
and the possible employinent of the modified 
form of vane which extends nearly it the 
tube sheet is for the purpose of preventing 

20 the passage of vapor radially from the top 

30 

25 cover is removed. 
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of said tubes. The cover's illustrated are 
placed directly over the tubes, and they are 
of such diameter that all of the tubes may be 
readily examined from the top when such 
casing containing the feed chamber as well, 
it is possible to examine ail of the ties 
from end to end, to clean them, and to re 
piace any defective ones. 
Where the described apparatus is to be 

used as an element of a multiple effect ap 
paratus, tlie vapors passing outward tiroligh 
20 may be conducted to the heating jackei of 
a next succeeding effect in the usual way. 85 Similarly, the heating vipor in the heating 
jacket, it lieu of being live or exhaust stealin. 
may be vapor from another preceding ef 
fect. Any desired degree of plus or minus 
pressure may, of course, be maintained in 

40 the effect; and generally the pressure in the 
evaporating chanber and the temperature 
of the steam or vapor in the heating jacket 
will be so correlated as to produce a high 
rate of evaporation in the tubes. 

For the purpose of removing any air that 
may exist in the upper portion of the casing 
surrounding the tubes, I provide the pipe 25 
which leads froi said steam space to the 
botton part of the casing 10 having a valve 

50 26 controlling the passage of such air to the 
'asing 10, or to some suitable point at lower 
pressure. . 

If desired, the chamber formed by the 
casings 10 and 13 which inclose the upper 
portion of the steam shell 2 within wiich the 
evaporating tibes 1 are moulisted, may ibe 
xtended to the botton of the same, and the 
steam inlet supplying the shell inclosing said 
tubes may pass through said casing. in 

80 practice, however, prefer to employ a struc 
ture substantially of the character and de 
sign shown. . 
The deflector or baffle plates 21 and 22 air 

slightly convex to insure the fiew of th 
e 
A. 

By rentoving the botton 

and the wall 15 of said gutter is apertured 
at 5° for the passage of liquid from the 
lower plate. i desired, the baile plates may 
be lisposed at a decided angle as indicated 
in Fig. 5. 

... single vertical tube will, of course, op 
erate in the same mainner as the plurality 
shown, at it is preferable for structural 
reasons to employ a plurality of compara 
tively a 'row ties is a single heating 
'a sling. 
While i Saave described and shown the inclosing the evaporating 

-k toftwa casings 18 and i8: 
vasor chairies' 
tie cale. Serotiding the other, it will be 
aidersiogi that this whole sheathing struc 
{{le cylic be aa is in ore visiece without de 
arting iroi; : y is vention; provision being 
is de for catching and discharging the lic 
iiid in saysia a?ially tile inanaee shown. The 
shell 2 as tiescribed and as show consists 
of pixer aid iwer sections of sustantially 
the same diaineier, with an intern ediate sec 
tion of larger diameter having the steam in 
let, with an expansion joint, section dis 
posed within the iength of said shell 2. I 
inity, however, alter the shape of the enlarged 
section, and in soae instances it may be no 
greate in diameter than the other portions 
of said sicii, and when employing lietals of 
ši? sailis coefficient of expansion for the 
iii of the steain sheil as well as the tubes, 

it fray is anecessary to employ the expan 
sion section. In other instances it may be 
desirabie to corabine the expansion joint 
with the section having the steam inlet. 

it is possible, it the use of the separating 
chamber i have devised to omit the vanes 
from the cover or plate ii, the conical or 
other coitour of the same serving as a de 
flector to throw the liquid with its attendant 
vapor agains the walls of the casing where 
by the desired separation is effected. 
Other modifications of the structure shown 

as elabodying my invention I deem to be 
within the scope of the same and in illus 
trating Stich structure I do not wish. to be 
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limited in any sense to the precise fora . 
shown in the drawings, nor are my claims to 
be construed as imited to such structure. 

speak in certain of the claims of a “tu 
bular colu}}}'', and this language is in 

siliigle evaporating tube as well as tended a 
a plurality of evaporating tubes. 

claim: 
i., in an evaporating apparatis, the com 

bination of a heating chamber, a vertical 
evaporating tubuliar column, and a chamber 
communicating with the upper end of said . . 

column &nd surrouaging said heat tubular column &nd g said heat 
ing chamber 83d having separate outlets for 

K coacentrated liquid and for vapor a points. 
the beiosy the upper end of said tubilar coiulian, 

3.15 
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said tubular column. 
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s 2. In an evaporating appaiatus, the coin 
bilation of a heating chamber, a verticai. 
evaporating tubular column therein, and a 
chainber containing liquid separating de 
vices communicating with the upper end of 
said tubular column and surrounding said 
heating chamber and having separate out 
lets for concentrated liquid and for vapor 
at points below the upper end of said tubu 
lar column. 

3. In an evaporating apparatus, the com 
bination of a heating chamber, a vertical 
evaporating tubular column therein, and a 
chamber containing centrifugal liquid sepa 
rating devices communicating with the ". 

apper end of said tubular coiumn and sui'- 
rounding said heating chamber and having 
separate outlets for concentrated liquid and 
for vapor at points below the upper end of 

4. In an evaporating apparatus, a steam 
chamber, a plurality of vertical tubes there 
in, means for feeding liquid to the base of 
Such tubes, a chamber inclosing the upper 
Jnd of the steam chamber and in open com 
munication with the ends of the tubes to re 
ceive liquid and vapor therefrom, means for 
separating entrained liquid from the vapors 
in Such chamber, and means for separately 
removing concentrated liquid and vapor at 
points below the upper end of said tubes. 

5. In an evaporating apparatus, a stean 
chamber, a plurality of vertical tubes there 
in, means for feeding liquid to the base of 
Stich tubes, a chamber inclosing the upper 
end of the steam chamber and in open com 
munication with the ends of the tubes to re 
ceive liquid and vapor therefrom, means for 
separating entrained liquid from the vapor 
in such chamber, means for conducting the 
liquid foa point of discharge below the level 
of the top of the tibes and means for remov 
ing vapors at a point below the liquid dis charge. 

6. A revapogating apparatus comprising 
8, plurality of vertical tubes, means for feed 
ing liquid into the base of such tubes, a 
steam jacket surrounding the tube nest, a 
chamber sulfhounting the tube nest and re 
ceiving concentrated liquid and vapor there 
from, a depending portion of said chamber 
Surrounding the steain jacket and means for 
separately removing concentrated liquid and 
vapors from said chamber at points below 
the upper end of said tubes. 

7. in an evaporating apparatus, a plural 
ity of vertical evaporating tubes, a heating 
jacket surrounding said tubes, a vapor jacket 
stai'i'oil) (ling said heating jacket and receiv 
ing vapor frolin said tubes, and means for 
alisch:irging vapor located at a low point of 
:liki Vapo: jacket. - 

8. In an upward evaporator, a combined 

above the tubes hying 
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rging iiquid and vapor upwardly into 
said receiver, a heating jacket for said tubes, 
means for separating the liquid and vapor, 
and means for conducting the vapor down 
Fardly around said jacket. 
9. In an upward evaporator, a plurality 

of evaporating tubes discharging vapor and 
liquid apwardly, a heating acket surround 
ing said tubes, a liquid and vapor receiver 
above the tube series having a downward extension surrounding the heating jacket 
and a yagor outlet in said extension, a 
vained entrainment separator in Said re 
ceiver above the tubes adapted to centrifu 
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gaily separate liquid and vapor and throw 
the former against the waii of the receiver, 80 
and an annular gutter receiving liquid flow 
ing down the waii of said receiver. 

10. Sr. an upward evaporator, a series of 
evaporating tubes discharging vapor and 
liquid upwardly, aheating jacket surround 
ing said tubes, a liquid and vapor receiver 

a downward exten 
sion st.Trouilding the heating jacket and a 
vapor outlet in said extension, a vaned en 
trainment separator in said receiver above 
the tubes adapted to centrifugally separate 
liquid and vapor and throw the former 
against the wall of the receiver, an annular gutter receiving liquid flowing down the 
wall of said receiver, and a series of aper 
tured plates spanning said downward exten 
sion and serving to pass liquid to said gutter. 

11, in a vertical evaporating pan, the 
combination of 8, heating chamber, evap 
orating tubes located therein, a separating 100 
chamber surrounding the said heating cham 
ber, and extending partly above the top of 
the evaporating tubes, and having outlets 
near and on the bottom for the vapors of 
evaporation and the separated liquors, and 105 
smeans for separating the iiquor from the 
Yapor. w 

12, in a vertical evaporating pan, the 
combination of a heating chamber, evap 
orating tubes located therein, a separating li0 
chamber, Surrounding the said heating 
chamber and extending partly above the top. 
of the evaporating tubes, and provided wit 
a vapor ortlet, at a point below the top of 
said tubes, an annular channel on the insidelii, of the said separating chamber above the f 
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vapor outlet, a deflecting plate or cover di- I, 
rectly over the evaporating tubes for the 
purpose of directing the entrained liquor to 
said channel, and means for conducting said i. 2; 
liquor from the channel. j, 

13. In a vertical evaporating pan, the com; 
bination of a heating chamber, evaporating", 
tubes located therein, a separating chambe 
st T'ounding said heating chamber" and ex- 125 
tending partly above the top of the evaporat 
ing tubes and partly below, said chamber be. Vapor and liquid receiver, a nest of tubes | ing provided with a vapor outlet at a point 
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940,47s 3 
below the top of said tubes; and having an orating tubes therein, and a chamber con annular receiving channel, a deflecting plate taining centrifugai liquid separating de 
or cover directly over the evaporating tubes, yies communicating with the upper end of 
blades on said deflecting plate, and auxiliary said tubes and surrounding the upper end of 

5 baffle plates between it and the vapor outlet Said heating chamber and having separate 
arranged to convey any entrained liquor to 'outlets for concentrated liquid and for vapor 

regeiving channel. at pits below the upper end of said tubes. 
In an upward evaporator, a plurality, 17. In a vertical evaporating pan, the com: 

evaporating tubes discharging vapor and bination of a heating E. a plurality of 
ing said tubes, a liquid and vapor receiver ing chamber surrounding said heating cham 
above the tube series having a downward ex-ber and extending partly above the top of 
tension surrounding the heating jacket, and the evaporating tubes and partly below said 
having a vapor outlet in said downward ex topsid separating chamber being provided 

15 tension a deflector of substantially inverted with a vapor outlet at a point below the top 
conical shape in said receiver above the tubes of said E. and having an annular receiv adapted to divert the liquid and vapor dis-ing, thfinnel, a deflecting plate or cover dis charged from said tubes and throw the for-posed/directly over said evaporating tubes, 
mer against the wall of the receiver, aid pro- spiral blades carried by said deflecting plate, 

20 vision for discharging the liquid flowing aidfauxiliary baffle plates between said de 
down the wall of said receiver. . lecting plate and the vapor outlet arranged 15. In an evaporating apparatus, the com-to/convey entrained liquid to the receiving 
bination of a heating chamber, vertical evap-channel. . . . . . orating tubes therein, and a chamber com/ in testimony whereof, I have signed my 

25 municating with the upper end of said tubes Ahane to this specification, in the presence of. 
and SEin t upper end of f two subscribing witnesses. 
ing chamber and having separate outlets for . . . concentrated liquid an E. vapor at i. JOHN PARKER 
below the upper eiid of said tubes. 7. Witnesses: 30 16. In an evaporating apparatus, the coli- MuRRAY C. Boy ER, 
bination of a heating chamber, vertical evap- jos. H. K.I.N. 
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lo liquid upwardly, aheating jacket surround. evaporating tubes located therein, a separat 
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