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3,509,932 
FORCED CONVECTION SURFACE 

EVAPORATOR 
John Chambers, Rte. 1, Box M41, 

Del Mar, Calif. 92014 
Continuation-impart of application Ser. No. 528,520, 

Feb. 18, 1966. This application Nov. 16, 1967, Ser. 
No. 683,666 

Int. Cl. B01d N16 
US. Cl. 159—2 9 Claims 

ABSTRACT OF THE DISCLOSURE 

A forced convection surface evaporator comprises 
means for elfecting a ?ow of heated liquid to be evap 
orated, means for initiating evaporation of the liquid by 
varying the pressure of the liquid in a direction trans 
verse to the direction of flow and also in the direction of 
?ow, said initiating means being capable of reducing the 
pressure of the liquid in the direction of ?ow to its 
vaporizing pressure. Means for maintaining the evaporat~ 
ing of the liquid thus initiated includes means for im 
parting turbulence to the liquid and thereby effecting a 
transfer of heat to the surface of the liquid. Also included 
are means for controlling the rate of evaporation from 
the surface of the liquid so as to permit expansion of the 
vapor while preventing nucleate boiling within the body 
of the liquid. 

This application is a continuation-in-part of applica 
tion No. 528,520 ?led Feb. 18, 1966 now abandoned. 

This invention relates to methods of and apparatus for 
separating one or more vapors from a liquid or mixture 
of liquids or from a mixture of liquids and vapors or 
gases. The invention can be used in the puri?cation of 
liquids and in the fractional separation of a plurality of 
substances having different vapor pressures from a mix 
ture of such substances. The apparatus and methods de 
scribed herein may also be used to concentrate solutions 
by separating the solvent from the solution and in other 
applications. 

In the devices of the present invention vapor-liquid 
separation is accomplished in a continuous manner by 
forced convection surface evaporation. The surface evap 
oration is started by the substantially simultaneous effects 
of centrifugal force and reduction of the liquid pressure 
below that of the vapor pressure of one or more fractions 
thereof. The surface evaporation is continued after it is 
started by keeping the liquid turbulent and by controlling 
the rate of evaporation from the liquid surface in rela 
tion to the turbulency and thickness of the body of liquid 
?owing through the evaporator. 

After the required degree of evaporation has been 
reached, the vapors are removed from the structure in 
which the evaporation occurs through one or more off 
takes, depending upon the number of fractions being sep 
arated. When only one fraction is being separated, only one 
offtake is needed. Where more than one constituent is 
being removed from the mixture there may be a plurality 
of offtakes for the separated vapors. Such o?’takes are 
preferably staggered along the length of the nozzle (and 
located at diiferent distances from the inner wall of the 
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2 
nozzle in the case of a curved nozzle) to produce a clean 
separation of the different fractions. 
The present invention is highly e?icient and is especial 

ly applicable to the separation of fresh Water from sea 
water, a ?eld in which a large number of processes are 
under current investigation for the production of fresh 
water for use in industry and for drinking purposes. Other 
uses, by way of example are: .(a) forming and separating 
a vapor from a parent liquid of the same chemical com 
position; (b) forming and separating a vapor from a 
liquid containing other chemical compositions in addition 
to the chemical composition of the vapor; (C) forming 
and separating vapors or gases of dilferent chemical com 
positions from a liquid containing the same chemical com 
positions as the vapors; and (d) forming and separating 
vapors of different chemical compositions from a liquid 
containing the same chemical compositions as the vapors 
as well as other chemical compositions. In any of these 
cases the primary purpose may be the recovery of the 
separated vapor or the concentration of constituents in the 
original liquid or liquid mixture. 
From the foregoing it will be apparent that it is the 

primary object of the invention to provide novel methods 
of and apparatus for separating one or more liquids in 
the form of vapor from a liquid or a mixture of liquids. 

Other objects, further advantages, and other important 
features will become apparent from the appended claims 
and as the ensuing description and detailed discussion 
proceeds in connection with the annexed drawings, where 
in: 

FIG. 1 is a section through one form of evaporator 
constructed in accord with the principles of the present 
invention; 
FIG. 2 is a similar view of a second embodiment of the 

invention; 
FIG. 3 is a view similar to FIGURE 1 of a third form 

of the invention; 
FIG. ‘4 is a vertical section through the center of an 

evaporator of the centrifugal or curved nozzle type con 
structed in accord with the principles of the present in 
vention; _ 

FIG. 5 is a view similar to FIGURE 4 of another cen 
trifugal type evaporator which has diverging diffuser sec 
tions in the discharge conduits or olftakes; 

'FIGS. v6 and 7 are views similar to FIGS. 4 and 5, 
illustrating modi?cations of the evaporators shown in 
the latter; 
FIG. '8 is a vertical section through a curved nozzle 

evaporator for a mixture of liquids having different vapor 
pressures and provided with a plurality of oiftake passage 
ways for different gases or vapors; 

FIG. 9 is a view similar to FIG. 8 of a centrifugal 
evaporator having diverging diffuser sections in the dis 
charge conduits of the evaporator; 
FIG. 10 is a section through a forced convection sur 

face evaporator in accordance with the present inven 
tion in which a reduction in static pressure is effected by 
introducing the liquid to be evaporated tangentially into 
the evaporator; and 

FIG. 11 is a section through the evaporator of FIG. 10, 
taken substantially along line 11—-1\1 of the latter ?gure. 

In the evaporators of the present invention four pre 
requisites are combined to effect liquid separation in an 
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e?icient manner. Two of the operating prerequisites are 
necessary to start the surface evaporization, and the re 
maining two are necessary to continue the surface evapo 
rization, and the remaining two are necessary to continue 
the surface evaporization after it has been started. The 
prerequisites for starting the evaporation are: > 

(1) A means for varying the static pressure of the 
liquid being evaporated in the plane normal to the axial 
?ow of the liquid. 

(2) A means for lowering the static pressure of the 
liquid to its boiling point in the axial ?ow direction. 

The prerequisites for maintaining the surface evaporiza~ 
tion after starting are: 

(3) A means for keeping the liquid turbulent after 
surface evaporization has commenced. 

(4) A means for controlling the rate of evaporization 
from the liquid surface in relation to the turbulency and 
thickness of the liquid. 
With respect to the ?rst of these four prerequisites, a 

centrifugal force can be and preferably is utilized in the 
present invention to vary the static pressure of the liquid 
in the plane normal to the axial ?ow. This centrifugal 
force can be imparted by a curved wall, by a sharply con 
vergent nozzle section, which will cause a vena contracta 
and hence a centrifugal force, or by an ori?ce, which also 
causes a vena contracta. The centrifugal force can also 
be induced by swirling the liquid by spirally twisted guides 
before the water reaches the vaporizing pressure in the 
throat of the evaporator. Swirling can also be induced 
by introducing the water tangentially into the ?ow system 
upstream of a nozzle in order to make it swirl through the 
axial ?ow point where vaporization starts. 
As far as the second of the above-mentioned prerequis 

ites is concerned, there is only one way to lower the 
static pressure of the liquid to its vapor pressure in the 
axial ?ow direction to start the evaporization. This is to 
increase the liquid velocity through a converging nozzle 
entry section. This converging section can be gradual or 
abrupt like an ori?ce. However, if it is abrupt a vena con 
tracta will be formed. This is advantageous since, as men 
tioned above, the vena contracta will also produce a 
centrifugal force, causing the ?rst prerequisite to be ful 
?lled. If the converging section is gradual the centrifugal 
force necessary to start surface evaporation has to be in 
duced by a swirl or by other means. 
The third prerequisite is that turbulency be introduced 

into the liquid after evaporation has started. This is ac 
complished through the introduction of friction by provid 
ing a surface against which the liquid can rub. The degree 
of friction produced by this surface determines the turbu 
lency, which is conventionally measured by Reynolds 
number. 
The fourth prerequisite of the present invention is that 

the rate of evaporation be controlled. This is done by 
proper selection of the inclusive angle between the walls 
in the divergentsection of the evaporatonlt is preferable 
that this angle be as large as possible since the larger the 
angle is the faster the rate of evaporation per unit area 
of the liquid surface will be. Also, if the angle of the di 
vergent section is too small choking will occur (a full 
expansion cannot be realized). However, there is a limit 
to the magnitude of this angle. Speci?cally, if the angle 
of the divergent section is too large the heat of the water 
will not be brought to the Water surface quickly enough 1 
and the surface evaporization will break down and nucle 
ate boiling will occur (vapor bubbles will form within 
the liquid). Nucleate boiling is undesirable since the whole 
mass of liquid and vapor is accelerated evenly, producing 
a problem of separating the vapor from the liquid. It is 
desirable to have two separate velocities-a high velocity 
for the vapor and a low velocity for the water. 

1 The turbulency of the water delivers the heat in the water 
up to the surface of the water. In order to keep the surface 
evaporation operating a balance must be maintained between 
the rate of delivery of the heat in ‘the water to the water sur~ 
face and the rate of vaporization at the water surface. 
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4 
Referring now to the drawing, FIGS. 1-3 illustrate 

embodiments of the invention in which the ?rst two pre 
requisites (variation of static pressure in a plane normal 
to axial ?ow and the lowering of the static pressure of 
the liquid to its vapor pressure) are ful?lled by using an 
ori?ce (FIG. 2) and a sharply convergent nozzle section 
(FIGS. 1 and 3). In these ?gures the flow of liquid is 
from left to right through a reduced diameter or venturi 
section of a conduit, the liquid being discharged at the 
right and vapors being removed adjacent the venturi 
section. 

Referring ?rst to FIG. 1, an inlet conduit 23 to the 
evaporator, preferably circular in cross-section, has an 
internal cross-sectional area indicated by the diametric 
line A1. The conduit has an inwardly converging section 
21 with a maximum diameter A1 and minimum diameter 
A2 and an outwardly diverging section 22. Conduit sec 
tions 21 and 22 meet at angle 0 at juncture 25. Converg 
ing section 21 and diverging section 22 are connected 
at their upstream and downstream ends respectively to a 
cylindrical section of liquid inlet conduit 23 and to a 
vapor outlet conduit 24. 
An elongated, axially extending r-od 24a is mounted 

in the evaporator in any convenient fashion. This rod is 
employed to ful?ll the third prerequisite of evaporators 
according to the present invention; i.e., to introduce tur 
bulence into the liquid in order to transfer heat to the 
vapor-liquid interface and thereby keep the evaporation 
process going. 
As shown in FIG. 1, rod 24a may be disposed in the 

conduit in such a manner that the axial centerlines of 
the rod and evaporator are substantially coincidental. 
This is not essential, however, and the rod may be dis 
posed at one side of the passage through which it extends, 
if the circumstances surrounding a particular applica 
tion of the invention so dictate. 

In operation, using sea water as an example of a liquid 
to be evaporated and water vapor as the vapor to be sepa 
rated, heated sea water enters the conduit 23 at a suit 
able temperature and velocity and passes through the 
converging section 21 and diverging section 22 of the 
evaporator. As it passes through the evaporator, the static 
pressure of the water in the transverse plane and that in 
the axial ?ow direction are decreased until part of the 
water ?ashes into steam, an annular bubble of vapor 
(indicated by the ‘dotted line 26) being formed just down 
stream of juncture 2'5. ‘Formation of the vapor is con 
tinued due to rod 24a which is surrounded by the vapor, 
as shown in FIG. 1 and by the diverging wall of evapo 
rator section 22, which permit the vapor to expand and 
thereby eliminate choking, yet con?ne the vapor to a suffi 
ciently small area to maintain surface evaporation and 
prevent nucleate boiling. 
As suggested above, the angle of divergence which is 

preferably employed is the maximum which can be used 
without nucleate boiling since this ‘will produce the maxi— 
mum rate of surface evaporation. For any particular 
evaporator con?guration and set of operating conditions 
this angle has to the generally determined by actual test 2 
although it has been established that angles as large as 
90° are too large to prevent nucleate boiling. 
To separate the annular bubble of vapor from the main 

stream of liquid passing through diverging section 22, a 
tube 27 is located coaxially within vapor outlet 24 with 
its open upstream end 28 extending into the space within 
the diverging section 22 where the annular bubble 26 
exists. The vapor within the bubble 26 is removed through 
the annular space between the tube 27 and the vapor out 
let 24, while the liquid is taken oif or removed through 
the central outlet tube 27. The annular space between 

'—’F‘0r a particular con?guration test data can be reduced 
to a plot of Reynolds number versus maximum included angle. 
Thereafter, the included angle for turbulence of speci?ed mag 
nitude 1n the divergent evaporator section can be readily 
ascertained. 
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tube 24 and tube 27 may be connected to a conventional 
low pressure vapor removal device such as a pump or 
condenser (not shown) to facilitate the vapor removal, 
if desired. 
As discussed above, one of the requirements for proper 

operation of the evaporator just described is a sharp 
juncture between converging and diverging evaporator 
sections 21 and 22 at an angle 0 su?iciently small to pro 
duce jet flow and a contraction of the stream of unevapo 
rated liquid downstream from juncture 25. Formation of 
this vena contracta is necessary to provide two-phase 
expansion of the liquid being evaporated and clean sepa 
ration of the liquid and vapor by insuring surface evapo 
ration and con?nement of the liquid to a stream which 
will flow into exit tube or conduit 2-7 and by providing 
su?icient area for the liquid to contract and form vapor 
apart from the unevaporated liquid downstream of junc 
ture 25. 

Also, unless a vena contracta is formed by the proper 
relative disposition of converging and diverging evapo 
rator sections 21 and 22, there Will be no centrifugal 
force to start surface evaporation. ‘Instead, bubbles will 
form within the liquid and the bubbles of vapor and 
stream of saturated unevaporated liquid at juncture 25 
will have approximately the same velocity. Consequently, 
the vapor will choke the nozzle and will not expand to 
a signi?cant extent; and there will not be a clear sepa 
ration of the vapor and liquid downstream of juncture 
25 as the vapor and liquid will tend to follow the same 
paths. This is at least in part due to the negligible velocity 
of the vapor and its intricate mixture of the unevaporated 
liquid. 
As the angle 0 between converging and diverging 

evaporator sections 21 and 22 decreases (i.e., as the junc 
ture between them becomes steeper or sharper), the con 
traction of the jet of unevaporated liquid increases. This 
is re?ected in greater two-phase expansion and separation 
of the vapor and liquid phases through surface evapora 
tion. 
Maximum contraction is obtained in the evaporator 30 

of FIG. 2 in which the juncture between the converging 
and diverging sections 21 and 22 of the evaporator pre 
viously described is replaced by the upstream and down 
stream sides 31 and 32 of a sharp edged ori?ce 33 in inlet 
conduit 34 so that the evaporator inlet or converging 
section has an inlet diameter of A1 and an outlet diam 
eter of A2, and angle 0 is zero. This provides substantial 
two-phase expansion and clean separation of the liquid 
and vapor phases, the former ?owing into liquid outlet 
conduit 33a and the latter into vapor offtake conduits 33b. 

In the embodiment of FIG. 3, the liquid inlet 36‘ is a 
cylindrical tube similar to the inlets 23 and 34 of FIGS. 
1 and 2, and its cross-sectional area is represented by the 
diametric line A1 as in the latter ?gures. In this embodi 
ment the upper portion of the inlet 36 has a converging 
section 37 terminating at a neck or sharp juncture 38. 
The lower half of the inlet 36 is straight in this embodi 
ment of the invention, and it terminates in a liquid outlet 
tube 39. In this case a bubble of vapor, indicated by 
dotted line 40, forms downstream of the neck or juncture 
38; and the vapor is collected and removed by a conduit 
41, which meets the liquid outlet tube 39 at an angle, the 
juncture therebetween being indicated by the reference 
numeral 42. The cross-sectional area of the evaporator 
at the neck or juncture 38 is indicated by the diametric 
line A2. The evaporator of FIG. 2 may be altered to pro 
vide a similar one-sided con?guration having a similar 
vapor otftake, if desired. 
As mentioned previously, the present invention also 

contemplates the separation of vapors and liquids by sur 
face evaporation induced by a centrifugal force result 
ing from effecting a ?ow of a heat saturated liquid mix 
ture through a curved passage. This type of device may 
be preferred for some applicaitons of the present inven 
tion although the type of evaporator described previous 
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6 
1y is preferred for other applications because of lower 
friction losses. 

The evaporator embodiments illustrated in FIGS. 4 to 
9 are of the centrifugal type just mentioned. In these a 
vertical inlet conduit terminates at its lower end in a 
curved section which ends in a nozzle of gradually in 
creasing cross-section. Beyond the smallest cross-section 
of the nozzle, or the throat thereof, are provided an out 
let for the liquid and one or more outlets for separated 
vapors or gases. The ?ow of liquid in all cases, as indi 
cated by the arrows, is downward in the inlet conduit, 
then through its curved section and toward the throat of 
the nozzle, and thence to the liquid and vapor outlets. Al 
though the inlet conduits are shown in a vertical orienta 
tion this is for illustrative purposes alone, since the 
evaporators Will work in any position. 

Referring now to FIG. 4, this ?gure illustrates an 
evaporator with a vertical inlet conduit 106, preferably 
circular in cross-section, which has an internal cross-sec 
tional area indicated by the diametric line A1. Beginning 
at section B--B the conduit curves to the right and de 
creases in internal diameter to section C-C, which is at 
the throat of the nozzle (that curved or converging por 
tion of the conduit between sections B—B and C—C is 
designated by reference number 107). 

Beginning at section C—C the conduit becomes a di 
verging nozzle 108 which increases in cross-section and 
has its largest cross-sectional area at the vertical section 
D—D, This is the exit of the nozzle and has an internal 
cross-sectional area indicated by diametric line A2. Thus, 
between sections C-C and D—D, the conduit forms a 
diverging or expanding nozzle or evaporator and sepa 
rator indicated by reference number 108. This nozzle 
may be circular or rectangular in cross-section or have 
any combination of curved and/or straight walls.3 
Beyond and to the right of the nozzle throat at section 

D-—D the conduit is divided into a gas or vapor take off 
conduit 111 in alignment with upper nozzle wall 110 and 
a liquid takeoff conduit 112 diverging downwardly or 
outwardly therefrom. The two takeoff conduits meet at 
their respective inlets in a common wall 115 having an 
edge which faces the oncoming ?uids and forms a separa 
tor between the vapor and the liquid. 

In operation, using sea water as an example, heated sea 
water ?ows downwardly through the inlet conduit 106 at 
at a suitable temperature and velocity. During the passage 
of the sea water through the curved conduit portion 107 
a centrifugal force is induced, varying the water’s static 
pressure in a plane at right angles to the ?ow. This trans 
verse static pressure is highest at the bottom of the curved 
conduit portion 107 and lowest at the top. 

Starting at section C—C, where the nozzle 108 begins 
to constrict in cross-sectional area, the static pressure on 
the water starts to decrease and its velocity to increase. 
Due to the induced centrifugal force, which varies the 
static pressure of the water from the top to the bottom 
in a plane normal to the ?ow directon, and the con 
stricted cross-sectional area, which varies the static pres 
sure in the direction of ?ow, and depending upon the 
temperature and velocity of the incoming sea water, some 
of the water may reach its vapor pressure shortly after 
entering the expanding nozzle and thus start surface 
evaporation at the point of lowest static pressure. 
The juncture of dotted line 116 and upper wall 110 

indicates the point of lowest static pressure in the liquid 
and the commencing of surface evaporation. As the sea 
water continues to progress through the nozzle and in 
creases in velocity, its static pressure decreases further and 
more vaporization occurs. Dotted line 116 shows the ap 
proximate zone of separation between the vapor and 
the heavier liquid, the cross-sectional area occupied by 

8While it is preferred that the curvature of the outer or 
bottom wall 109 of the nozzle 108 be substantially the same 
as that of the outer or bottom wall of the curved portion 107 
of the conduit, as shown in FIG. 4, this is not essential. 
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the vapors increasing as the ?uid passes from section 
C--C to the nozzle throat at section D—D. The lowest 
static pressure occurs at the throat at section D—D and 
it is at this point that maximum vaporization of the sea 
water for a particular set of conditions will be substantial 
ly completed. 
As in the embodiments of the invention described pre 

viously, the diverging walls 109 and 110 con?ne the liquid 
to prevent nucleate boiling and yet permit expansion of 
the vapor so the evaporator will not choke. In this em 
bodiment of the invention, as well as those described here 
inafter, the turbulence necessary to maintain surface 
evaporation is produced by friction between the liquid 
and evaporator walls 109 and 110. 
The separator formed at 115 by the intersection of the 

adjacent walls of vapor and liquid take off conduits 111 
and 112 lies in the zone of separation between the vapors 
and the now concentrated sea water and effectively sepa 
rates them so that they exit through their respective con 
duits 111 and 112. 

FIG. 5 shows an evaporator similar to that of FIG. 4 
except for the replacement of the uniformly sectioned 
vapor and liquid outlets of the latter with diverging dif 
fuser sections 119 for the vapors and 120 for the liquid 
being discharged from the throat of curved nozzle 121. 
As in the earlier described embodiment, the curved nozzle 
is connected at its inlet end to the lower curved portion 
122 of an inlet conduit 123. The zone of separation indi 
cated by line 124 is the same as in FIG. 4, and the com 
mon wall 125 where the diffuser sections meet separates 
the vapors from the concentrated sea water as in FIG. 4. 

The diffusers are used to change the physical charac 
teristics or velocities of the vapors or liquid discharged 
by the evaporating nozzle 121. For example, the velocity 
of the vapors may be reduced in the diffusing section to 
the point that they return to a liquid state. Such diffusers 
may also be used in the embodiments of FIGS. 1 to 3. 

While it is apparent from FIGS. 4 and 5 that the angu 
lar extent of the angular nozzles 108 and 121 in the 
curved nozzle type of evaporator illustrated therein can be 
in the neighborhood of 50 degrees it should be understood 
that this angle may be larger or smaller in accordance 
with engineering considerations. 

The various values of temperatures, velocities, pressures 
and other factors necessary for successful operation of the 
type of evaporator illustrated in FIGS. 4 and 5 may be 
found in or computed from conventional steam tables. 
The following values are given by way of example for 
sea water. 

At inlet At venturi 
diameter A1 diameter A2 

Sea water temperature, ° F _______________ _. 300 260 
Speci?c volume, on. ftJlb ______ __ _ 01745 .01709 
Absolute pressure, lbs. sq. in _________ __ _ 67. 013 35. 429 
Water, lbs. per hour __________________ ._ _. 197. 117 18%. 
Steam, lbs. per hour ____________________________________ _. 

After the surface evaporization has started at the junc 
ture of dotted line 116 and the upper wall 110 in FIG. 4 
or the corresponding point in the evaporator of FIG. 5', 
it is not necessary to continue the curve in the bottom 
wall of the evaporator. That is, the wall must continue but 
it can be straight instead of being curved. 
The main reason why the curved wall may be dis 

pensed with after the initiation of the surface evaporiza 
tion is that, when the liquid changes into vapor through 
the phenomena of surface evaporation, there is a great 
change in density between the liquid and the vapor. This. 
density change necessitates a change in velocity between 
the liquid and the vapor. In order for this change in veloc 
ity to exist there has to be an acceleration of the vapor 
from the original liquid velocity. The acceleration causes 
a backwardly directed reaction force on the surface of 
the water. This reaction force replaces the induced cen 
trifugal force existing downstream of the point just men 
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8 
tioned if the curve in wall 109 is maintained beyond this 
point. . 

FIGS. 6 and 7 illustrate evaporators 108a and 121a 
which are similar to the evaporators 108 and 121 de 
scribed earlier and illustrated in FIGS. 4 and 5 except 
that the diverging sections have straight walls as described 
in the preceding paragraph. In FIGS. 6 and 7, these 
straight walls are identi?ed by reference characters 109a 
and, 111a and 122a and 122b, respectively. In both of 
these ?gures the points at which surface evaporation is 
initiated and beyond which the wall curvature may be 
ended are the intersections of the walls with line A-A. 

In the embodiment of FIG. 8 the structure is similar to 
that of FIG. 4 except that the curved expanding nozzle 
128 has a plurality of vanes 134 and 135 in the portion 
through which the vapors pass to separate vapors or gases 
of different weights, pressures, and temperatures. The ver 
tical inlet conduit 129 of this embodiment terminates at 
section E-E in a curved portion 130, which ends at sec 
tion F-F at the inlet to the curved expanding nozzle (or 
evaporator and separator) 128. The throat of the nozzle 
128 is at section F—F. Dotted line 136 indicates the line 
of separation between the vapors and the liquid. 

In operation, those liquid portions having the highest 
vapor pressure will vaporize ?rst after passing the section 
F—F where the internal diameter of the nozzle 128 be 
gins to increase. Of these vapors, and because of the 
temperature fall in the direction of ?ow, those, being the 
heaviest in weight, will be taken off between the inner 
most vane 134 and the inner or upper wall 137 of nozzle 
128. 
Those liquid portions having the next highest vapor 

pressures will be taken off between the vanes 134 and 135, 
and those having still lower vapor pressures will be 
taken'off between vane 135 and the wall 140 that sepa 
rates the unvaporized liquid from the heaviest vapors with 
the unevaporated liquid passing through take off conduit 
142. 

While only two vanes 134 and 135 are shown, thus pro< 
viding three passageways for vapor take offs, it should 
be understood that the number of such vanes is depend 
ent upon the number of vapor fractions of different den 
sities that it is desired to separate. Also, as shown in 
FIG. 8, the leading edges of the walls separating the 
various offtakes preferably terminate at the vapor-liquid 
separation line 136. This is most effective to separate the 
different vapor fractions from each other andfrom the 
liquid fraction exiting through take off 142. 
The apparatus shown in FIG. 9 is the same as that 

shown in FIG. 8 except that the three take offs for the 
three separated vapors terminate in diffusers 145, 146, 
and 147 similar to the vapor diffuser 119 in FIG. 5; and 
the liquid take off terminates in a diffuser 150 similar to 
the liquid diffuser 120 of FIG. 5. 

Referring now to FIGS. 10 and 11, it will be remem 
bered that the centrifugal force required to produce a 
transverse pressure differential can be produced by intro 
ducing the liquid to be evaporated tangentially into the 
evaporator as well as by the techniques described above. 
The evaporator 160 shown in the foregoing ?gures oper 
ates in this fashion. 
In evaporator 160 hot water (or other liquid) enters 

the upstream end of the evaporator inlet section 162 from 
a pipe 164 through a tangential inlet 166. The water 
spirals through the gradually converging inlet section to 
the throat 168 of the evaporator with the spiralling of the 
Water being induced by the tangential entry of the water 
into the inlet section. 
The spiralling produces a centrifugal force on the water 

which varies the static pressure of the water in a direction 
normal to the axis of the evaporator, thereby ful?lling the 
?rst of the prerequisites required for evaporators in ac 
cord with the principles of the present invention to be 
operable. Because of the centrifugal force the static pres 
sure of the water is lowest in the center or on the axis of 
the evaporator. 
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Since the velocity of the water is increased due to the 

gradual convergence of the inlet section as it flows there 
through, the static pressure of the water is also decreased 
in the direction of the axis of the evaporator, ful?lling 
the second of the prerequisities just mentioned. At the 
throat of the evaporator the static pressure of the water 
is low enough to cause surface evaporation. This starts in 
the center of the liquid at evaporator throat 168 since this 
is the point of lowest static pressure due to the centrifugal 
force on the swirling water. 

After the surface evaporation is started at throat 168, 
it continues throughout the divergent section 169 of the 
evaporator. The vapor from the surface evaporation forms 
a central core 170 which has the appearance of a right 
angle cone surrounded by the unevaporated water. After 
the proper expansion is realized the vapor and water are 
separated with the vapor ?owing into a take off 172 of the 
diffuser type described above, which has an inlet 174 
equal in diameter to the diameter of the vapor cone 170 
at the upstream end of the take off. The liquid ?ows around 
the vapor take off into a liquid take off 176 which may be 
extended downwardly from the downstream end of the 
diverging evaporator 169 so that the force of gravity will 
aid in exhausting the liquid from the evaporator. 
As in the embodiments of the invention described above, 

it is important in the surface evaporation section 169 
that the included angle X between the evaporation sec 
tion walls be matched with the turbulency of the water 
rubbing the sides of these walls since, if the angle is too 
large, surface evaporation will degenerate into nucleate 
boiling. It is also important that the converging inlet sec 
tion be gradual so that a vena contracta is not formed 
at the throat of the evaporator. In this embodiment a vena 
contracta would induce a centrifugal force opposing the 
centrifugal force produce by the swirling liquid, defeating 
the effect of the latter and making the evaporator inop 
erable. 
The invention may be embodied in other speci?c forms 

without departing from the spirit or essential characteristics 
thereof such as by creating the centrifugal force required to 
produce a transverse pressure distribution by introducing 
the liquid working substance into the evaporator through 
spiral guides, for example. The present embodiments are 
therefore to be considered in all respects as illustrative and 
not restrictive, the scope of the invention being indicated 
by the appended claims rather than by the foregoing de 
scription; and all changes which come within the mean— 
ing and range of equivalency of the claims are therefore in 
tended to be embraced therein. 
What is claimed and desired to be secured by Letters 

Patent is: 
1. A forced convection surface evaporator, comprising: 
(a) a ?rst conduit means for receiving heated liquid; 
(b) means providing a ?ow restriction at the down 

stream end of said ?rst conduit means, said flow re 
striction causing a reduction of the pressure of the 
heated liquid both in the direction of the ?ow and in 
a direction transverse thereto; 

(0) means providing a divergent section bounding a 
space of increasing cross-section in the downstream 
direction, said divergent section being immediately 
downstream from said flow restriction, said divergent 
section de?ning the vaporization space for said heated 
liquid; 

(d) a second conduit means extending generally in the 
direction of ?ow from the downstream end of said 
divergent section; 

(e) a third conduit means having an inlet spaced down 
stream from said ?ow restriction, said inlet communi 
eating with the vaporizing space bounded by said 
divergent section at the downstream end of said sec 
tion; 

(f) means for effecting a ?ow of heated liquid through 
said ?rst conduit means and then through said ?ow 
restriction and into said divergent section and toward 
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the inlet to said third conduit means to thereby de 
velop a reduction of the pressure of the liquid both in 
the direction of flow and in a direction transverse 
thereto as it passes through said flow restriction and a 
consequent vaporization of the heated liquid in the 
space bounded by said divergent section and a flow 
of the vapor into the inlet of and through the third 
conduit means for removal from said space; 

(g) the inlet to said second conduit means being at 
the downstream end of said divergent section and ad 
jacent and communicating with the vaporization 
space; whereby unvaporized liquid is caused by said 
flow effecting means to flow into the inlet of and 
through said second conduit means to effect a removal 
of unvaporized liquid from said evaporator; 

(h) said second and third conduits cooperating with 
said divergent section to provide a means for effecting 
a separation of unvaporized liquid from the vapor gen 
erated in the vaporizing space bounded by said diver 
gent section. 

2. The evaporator of claim 1, wherein said ?ow re 
striction means comprises means capable of forming a 
vena contracta to thereby produce a centrifugal force 
on the liquid. 

3. The evaporator of claim 1, wherein said How restric 
tion means comprises a convergent evaporator inlet sec 
tion and said ?ow effecting means comprises means for 
introducing the liquid tangentially into the upstream end 
of said convergent section. 

4. The evaporator of claim 1, wherein said flow restric 
tion means comprises a convergent arcuate inlet section 
providing a curved flow path for said liquid and said 
flow effecting means comprises means for introducing the 
liquid into the upstream end of said inlet section. 

5. The evaporator of claim 1, comprising an obstruction 
disposed in said divergent section of the evaporator and 
extending in the direction of ?uid ?ow, said obstruction 
imparting turbulence to the liquid being evaporated. 

6. The evaporator of claim 1, wherein said second and 
third conduit means have a common separating wall ad 
jacent the outlet from said divergent section, said wall 
facing toward the wider portion of said divergent section 
and extending transversely across said divergent section 
in the zone where the separated vapors and liquid meet. 

7. The evaporator of claim 6, Where said third conduit 
means comprises a plurality of vapor take offs, said take 
offs comprising a ?rst vane spaced from the inner wall of 
said divergent section and a second vane substantially con 
centric with said ?rst vane and spaced farther from the 
inner wall of said divergent section, and said second con 
duit means being on the side of said divergent section 
opposite said vanes. 

8. The evaporator of claim 7, wherein said ?rst vane 
extends a distance from the throat of said divergent section 
toward the wider portion thereof and said second vane 
extends in the same direction but not as far as said ?rst 
vane. 

9. A forced convection surface evaporator comprising 
conduit means; means for effecting a ?ow of hot liquid to 
be evaporated, said effecting means being the sole means 
for supplying energy to the evaporator; means restricting 
the conduit means; a second conduit extending linearly and 
coaxially with the restricting means and having its proxi 
mate open end downstream in terms of fluid flow and 
spaced from the restricting means; the space between the 
restriction and the second conduit providing an opening 
to a third conduit, said third conduit being directed gen 
erally in the same direction as the second conduit; means 
for introducing hot liquid for flow through the ?rst con 
duit and thence to the restriction at a speed such that the 
hot liquid leaving the restriction is directed axially toward 
and through the second conduit developing a low pressure 
region adjacent to said space to vaporize a portion of the 
hot liquid, and thence to direct vapors so generated 
through the third conduit for removal of vapors from the 
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space, the third conduit directing the ?ow of vapor to form 
an acute angle With the ?ow of liquid in the second con 
duit; the point at which the second and third conduits 
intersect constituting .a means for effecting a separating of 
the liquid ?ow in the second conduit from the vapor flow 
in the third conduit. 
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