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22 Claims. (C. 159-16) 
This invention relates to methods and appa 

ratus for the transmission of heat, and more 
particularly to methods and apparatus of this 
character that involve-the evaporation of liquids. 

It is known that evaporation can be effected 
at atmospheric pressure by circulating the liquid 
to be evaporated alternately through an appa 
ratus wherein it is heated by indirect contact 
with a condensible medium and through an ap 
paratus wherein it is cooled by direct contact 
With a permanent gas or a vapor mixture con 
taining a permanent gas. It has also been found 
that the gas vapor mixture obtained as a result 
of the cooling or evaporating step may be used 
as the condensible heating medium in the heating 
step of another phase of a multiple effect process, 
and that the relatively dry gas which results from 
the indirect heating step of any particular phase 
may likewise be utilized as the cooling or vapor 
absorbing medium in the evaporating step of some 
other phase. . . 

For example, the application for United States 
Letters Patent of Erik Oman, Serial No. 362,976, 
filed May 14, 1929, discloses a simplified multiple 
effect evaporating process wherein the Whole ap 
paratus is rendered operable under one and the 
Same total pressure, such as atmospheric pres 
Sure, by the use of a permanent gas, or gases, in 
mixture with vapors in giving off heat to a liquid 
and in evaporating the same. Furthermore, my 
own prior application, Serial No. 513,240, filed 
February 4, 1931, discloses how, in order to ob 
tain high efficiency from the standpoint of heat 
economy, Such an evaporating process should 
preferably be divided into two stages: first, the 
heating of the liquid to be evaporated, and, Sec 
ond, the cooling of the same by evaporation, both 
of these heat exchanging operations preferably 
taking place during a counterflow of the respec 
tive bodies of liquid and gas or gas vapor mix 
ture between which the exchange of heat takes 
place. 
As is disclosed in the last mentioned applica 

tion, it may be stated, as a general rule, that 
in the heating of the liquid by indirect contact 
with a condensing gas vapor mixture it is in 
portant that the mixture be cooled down to as 
low a temperature as possible, a result which is 
attained by maintaining the initial temperature 
of the liquid also as low as possible. At the same 
time, it is also important, particularly where mull 
tiple effect evaporation is the object, that the sat 
uration temperature of the new gas vapor mixture 
which is obtained at the subsequent evaporation 
of the heated liquid should be as high as possible. 

When the liquid is circulating, and is alter 
nately cooled by evaporation and heated by in 
direct heating, the initial temperature of the liq 
luid at the beginning of the indirect heat ex 
change will depend ultimately upon how far the 
cooling by evaporation is carried. Consequently, 
the heat economy of the whole method will be 
dependent upon the manner in which the evap 
oration is effected. Since the amount of vapor 
Which can be taken up by a cooling medium con- 0 
taining a certain amount of a permanent gas, 
such as air, before Saturation depends upon the 
temperature prevailing during the evaporation 
(increasing where the temperature is rising), and 
Since the prevailing temperature is greatest at the 5 
point of entrance of the hot liquid into an evap 
Orating apparatus, the evaporative process would 
be Substantially improved in efficiency if the dif 
ference between the temperature of the liquid and 
the Saturation temperature of the gas were to be 
increased where cold gas is entering the liquid 
cooling or evaporating step, and, on the other 
hand, decreased where hot-liquid is entering the 
same step. a. m 

The present invention relates to a novel method 
and apparatus for carrying out such an improved 
evaporating process. However, before proceeding 
With a detailed description of the method and ap 
paratus forming the subject matter of the in 
Vention, it is deemed advisable to first explain the 
theoretical aspects of the process of evaporation 
of a liquid by direct contact with a permanent 
gas which preferably flows in countercurrent to 
the liquid, reference being had for this purpose 
to Figs. 1-4 of the accompanying drawings where- as 
in are graphically illustrated the phenomena in 
question. - 

In connection with this explanation, it is as 
Suned that the liquid to be evaporated consists 
of Water and that the permanent gas is air, al- AG 
though it will be understood that the fundamental 
principles are the same for other liquids and 
gases. It is also assumed that a certain quantity 
of water of a constant initial temperature is 
passed in direct contact with and in countercur- 45 
rent to a certain quantity of air also of corn 
stant initial temperature, whereupon evapora 
tion takes place, the water is cooled and the air 
is Saturated to a higher temperature. The coal. 
tact surface between the air and water is assumed so 
to be infinite in extent. All temperatures are 
expressed in degrees centigrade. 
The calculations involved are based upon known 

tabular values of the content of water vapor in 
saturated air at a total pressure of 60 mm. of 



2 
gaercury and at different temperatures, and upon 
(her known values of the specific heat, etc., of 
air and water. The calculations always relate 
to air vapor mixtures containing 1 kilogram of 
dry air. s 

Referring now to Fig. 1 of the drawings, the 
curvu shown therein indicates the total heat 
(calculated from O.C.), of 1 kilogram of air sat 
urated with steam at temperatures between 15 
and 75, the temperature of the air vapor mix 
ture being plotted on the abscissa in degrees 
ceratigrade, the heat content of the mixture being 
plotted on the Ordinate in kilogram calories. It 
will be recognized that the curvature of the line 
C: Fig. 1 is due to the similar shape of the steam 
pressure curve. 
if the process of cooling or heating a certain 

quantity of liquid should be reproduced in a 
diagram of this character, such a process would 
be represented by a straight line (the inconse 
quential changes in the specific heat of the liquid 
being disregarded). For example, in the dia 
gram shown in Fig. 2, line a represents the proc 
ess of cooling 1 kilogram of water from 70 to 
30, or heating the same from 30 to 70, while 
line bindicates a similar cooling or heating of 2 
kilograms of water between the temperatures of 
43' and 20. 

the calculation of the quantity of liquid repre 
Sented by such a line is relatively simple. Line 
b-gives, for instance: 
Fall of temperature: 40-20°-20 
Quantity of heat given off (or absorbed) =4 
ca. m - 

Specific heat of water=1. 
40 
20 

if line b in Fig. 2 is shifted parallel to itself 
in the vertical direction, the new line b' thus 
obtained indicates only the rate of variation in 
the heat content of the liquid in heating or cool 
ing, and differs from the line b in that the end 
points thereof no longer indicate the total heat 
content of that particular quanity of liquid at 
the respective temperatures. In other words, in 
S. diagram such as Fig. 2, the line b or b' repre 
sents a quantity of liquid wherein the heat con 
tent varies according to the heat variation of 

50 the quantity represented by line a; however, as 
line b” does not pass through the same zero point 
as do lines a and b, the total heat content of the quantity of liquid represented by b" at any par 

30 

38 

Quantity of liquid F 2 kilograms 

45 

icular temperature cannot be determined by a 
simple observation of the ordinate of a point 
on that line corresponding to the temperature 
in question. 

Actually, lines a and b under these conditions 
represent the heat exchange which would take 
place between the two liquid quantities referred 
to in the diagram when flowing in indirect con 
tact with and countercurrent to one another. 
In other words, Fig. 2 is a graphical illustration 
of the exchange of heat which takes place when 1 

55 

indirect heat exchange with 2 kilograms of water 

20° to 40°. w Now let it be assumed that the initial temper 
to ature of the water is 65, that the initial tem ... perature of the saturated air is 15, and that the 

water is to be cooled by evaporation to 30'. Un 
der these conditions, the problem is to ascertain 
whether it would be possible to obtain a final 
satuation temperature of the air of 64", for ex 

75 angle. Y. Y; , 

irilogram of water is cooled from 70 to 30' by, 

the temperature of which is thereby raised from 

2009,175 
Fig. shows that the total heats of saturated 

air at 64 and 15 are i37 and 10 cal/kg., re 
spectively. Accordingly, in order to raise the 
temperature of 1 kilogram of saturated air from 
15 to 64 by heat exchange with water, the wa 
ter would be required to give of 137-10-127 
calories during the process. The initial and final 
temperatures of the liquid having been fixed at 
65 and 30, the quantity of liquid required for 
the process would be 

so- 3.65 kilograms. 
0 

Under these conditions, the process of the 
evaporation would be represented by the curve 
A-3 and the line D-E in the diagram shown 
in Fig. 3 of the drawings. The line D-E is ob 
tained by shifting a line corresponding to the 
above mentioned quantity of liquid between the 
temperatures of 30° and 65 parallel to itself, as 
discussed above in connection with Fig. 2, until 
point E coincides with the point having the co 
ordinates ta-30, cal.=10, corresponding to the 
initial condition of the air, t-15, cal.-10. it will be seen that line D-E intersects the 
curve at two points, c and d. If the process of 
evaporation were really that indicated in the dia 
gram, then, during that portion of the process 
which takes place between the points c, and d, 
heat would be transmitted from a colder to a 
warmer medium, an obviously impossible condi 
tion. Therefore, if transmission of heat from 
the water to the air vapor mixture is to be actu 
ally possible, the straight line representing the 
cooling of the liquid must obviously, never in 
tersect the curve A-B, but must pass to the right 

5 

20 

25 

30 

35 

thereof, or at the most be tangent thereto. 
Thus it follows that is is not possible in a 

process of this kind, where the initial and final 
- temperatures of the water and the initial tem 
perature of the air are fixed, to choose arbitrarily 
the final temperature of the saturated air; but 
the latter is limited to a certain temperature, 
less than the highest temperature of the liquid, 
which is determined by the temperature drop 
which the liquid is to undergo during the evapo 
ration (in the above example, cooling from 65 
to 30). 

If, in Fig. 3, a straight line is drawn from the 
point E tangent to curve A-B, as ate, said line 
will intersect a vertical line corresponding to 
t-65° at D'. A horizontal line drawn through 
D' will then intersect curve A-B at C, a point 
corresponding to t=59. Point C (59) therefore 
represents the highest saturation temperature to 55 
which i kilogram of air can be raised during the 
evaporative cooling from 65 to 30 of the quan 
tity of water represented by line D'-E, assuming 
an infinite contacting surface between the air and 
liquid. - ', 

Since the line D'-E, by reason of its smaller 
inclination, represents a smaller quantity of liq 
uid than the line D-E, it is obvious that with 
the larger quantity of liquid represented by D-E. 
a larger quantity of air than-1 kilogram could be 
saturated to 59. - While in the above example' it is not possible 
to reach a saturation temperature higher than 
59, it is evident that under other conditions it 
would be possible to obtain a higher saturation 
temperature. For example, this may be effected " 
by maintaining the final temperature of the : 
liquid higher; that is, by using a comparatively 
smaller quantity of air for the evaporation. 
Such a process is illustrated by the following ex 
ample. , - - - 
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2,009,175 3 
Assuming that a final saturation temperature 

of 64 is desired, and that the initial tempera 
ture of the air is 15, then 127 calories must be 
exchanged per kilogram of air, as above indi 
cated. The problem is then to determine how 
far the liquid can be cooled. . 

Referring to the diagram shown in Fig. 4, the 
curve A-B represents the process of raising the 
temperature of saturated air from 15° to 64. A 
horizontal line passing through point B inter 
sects a vertical line corresponding to t=65 at D. 
If a line is then drawn tangent to curve A-B, 
it will intersect a horizontal line through point 
A. at E', corresponding to t=41.5°. The slope of 
line D-E' indicates the quantity of liquid that 
would be required for the process, and the point 
E' indicates that the lowest attainable exit tem 
perature of the liquid will be 41.5°. 
When the liquid is to be circulated in the 

evaporating apparatus-that is, to be cooled by 
evaporation in one step and, then heated in a 
subsequent step preparatory to a second evapo 
ration-this higher exit temperature after cool 
ing or evaporation naturally results in an initial 
temperature at the subsequent heating which is 
higher than that originally assumed. This con 
dition in turn limits the point to which the gas 
vapor mixture used for indirect heating of the 
liquid can be cooled, and hence prevents the at 
tainment of maximum efficiency in the . utiliza 
tion of the heat content of said mixture. 
The peculiar conditions that have been shown 

to prevail in the evaporation of a liquid with the 
aid of a gas obviously originate in the curved 
character of the steam pressure curve. As the 
Steam pressure curves of all liquids are of similar 
form, the same conditions will always prevail, no 
inatter what liquid and what gases are under 
consideration. - 
In view of the facts and phenomena set forth 

above, it should be clear that, in the evaporation 
of a fixed quantity of a liquid by means of an 
other fixed quantity of a gas in direct contact 
thereWith and flowing in countercurrent there 
to, it will not be possible, if the initial tempera 
tures of the liquid and the gas are fixed, to arbi 
trarily vary, both exit temperatures. If one of 
the exit temperatures is fixed, there will be an 
inherent limiting value for the other beyond 
which it is physically impossible to go with the 
character of process thus far disclosed. It 
should be obvious from the above values of at 
tainable temperatures, however, that, even if it is 
not possible to reach the extreme limits of cooling 
and heating which at first seem possible, it 
is nevertheless possible to effectually utilize the 
Source of heat and simultaneously obtain a useful 
air vapor mixture. Thus it is always possible on 
this basis to construct a multiple effect system. 

However, the difficulties of effectively lower 
ing the temperature of the liquid in the evapora 
tion process, without at the same time lowering 
the exit saturation temperature of the air vapor 
mixture too much below the initial temperature 
of the liquid, become greater the higher the tem 
perature of the entering liquid. . 

It is therefore the principal object of the pres 
ent invention to overcome these difficulties which 
are inherent in evaporation processes utilizing 
fixed quantities of liquid and gas, and to pro 
vide both a method and apparatus for carrying 
out the evaporative process wherein the exit tem 
perature of the liquid and the exit saturation 
temperature of the gas vapor mixture are mate 
rially lower and higher, respectively, than the 

after continuing together. 

corresponding temperatures which are attainable 
in processes hitherto known to the art, thereby 
Substantially improving their over-all efficiency. 
More broadly, it is the object of this invention to 
provide a novel method and apparatus for the 
transmission of heat between a liquid and a gas 
or a gas vapor mixture wherein the ratio of the 
quantity of liquid to the quantity of gas or gas 
vapor mixture is varied during the heat trans 
mission. 
The invention is particularly applicable to 

evaporating processes, and more especially to 
processes in which the evaporation is carried out 
With the aid of a permanent gas or gas mixture, 
and in which the liquid which is being evaporated 
may be alternately indirectly heated and cooled 
by evaporation. In such processes, the variation 
in the ratio of the quantity of liquid to the 
Quantity of gas or gas mixture may be effected 
in various ways. For example, the variation may 
take place by steps at two or more different 

0. 

15 

20 

Stages during the evaporative heat exchange, 
and may be effected either by a reduction in the 
quantity of liquid with respect to a fixed quara 
tity of gas or gas vapor mixture, or by a reduc 
tion in the quantity of the gas or gas vapor mix 
ture with respect to a fixed quantity of liquid, 
Or by a combination of both of these procedures. 
The variation may also be accomplished by using 
Separate, different quantities of either liquid or 
gas vapor mixture in Successive stages of the 
process, or each stage may have its own individ 
ual quantities of both liquid and gas vapor mix 
ture. S. 

If the variation in ratio is effected by With 
drawing some of the liquid and thereby reducing 
its' quantity as compared with the quantity of 
the gas or gas vapor mixture, and the process 
contemplates the subsequent reheating of the 
liquid after cooling by evaporation, the quantity 
of liquid withdrawn at any stage may be added 
to some other quantity of liquid which is in the 
process of being heated, preferably at a stage 
of heating of the latter where its temperature 
corresponds to the temperature of the liquid 
withdrawn, the heating of both quantities there 

The invention will be more clearly understood 
by reference to the accompanying drawings 
Wherein several different embodiments of the 
method and apparatus constituting the present 
invention are disclosed, it being distinctly under 
stood, however, that these drawings are for the 
purpose of illustration only and are not to be 
construed as defining the scope of the invention, 
reference for the latter purpose being had to the 
appended claims. 

In the drawings, wherein like reference char 
acters indicate like parts throughout the several 
views: 

Figs. 5, 6 and 7 are diagrams, somewhat simi 
lar to Figs. 3 and 4, graphically illustrating three 
different embodiments of the method of the pres 
ent invention as applied to the evaporation of a 
liquid by direct contact with and in counterflow 
to a gas or a gas vapor mixture; 

Fig. 8 is a schematic diagram of one form of 
apparatus embodying the present invention 
wherein separate, different quantities of liquid 
are successively indirectly heated and cooled by 
evaporation by the same quantities of heating 
medium and gas or gas vapor mixture, respec 
tively; 

Fig. 9 is a diagram similar to Fig. 8 of another 

25 
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form of apparatus embodying the present in- 5 . 
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4. w 

vention wherein the heating and evaporating 
processes are carried out in two stages with a 
variation in the quantity of the liquid between 
Said stages; - - - 

Fig. 10 is a diagram similar to Fig. 8 of still 
another form of apparatus embodying the pres 
ent invention wherein the variations in the ratios 
above mentioned are effected by adding to Or 
withdrawing from the quantity of gas or gas va 
por mixture which is being used for heating Or 
evaporating a fixed quantity of liquid; and 

Fig. 11 is a diagram of an apparatus embody 
ing the features of both Figs. 9 and 10. 

Referring first to Fig. 5, there is indicated 
therein a two-stage evaporative process whereby 
water may be cooled from 65° to 30° by direct 
contact with air having an initial saturation ten 
perature of 15 and a final saturation tempera 
ture of 64°, the conditions which it was found 
could not be met in a single step process such as 
that indicated in Fig. 3. As shown, in the first 
stage of the process a certain quantity of air 
having an initial saturation temperature of 15 
is flowed in direct contact with and COuntercur 
rent to a quantity of water having an initial ten 
perature of 52. During the counterflow evap 
oration takes place which lowers the temperature 
of the liquid to 30° and at the same time raises 
the saturation temperature of the air to 48. The 
air is then brought into contact with and con 
tinues its fow counter to that of another and 
larger quantity of liquid, evaporation of which 
raises the saturation temperature of the air to 
64 while the liquid is cooled from 65 to 52. 

In the first stage, the heat content of the liq 
uid is reduced by 60-10-50 calories while the 
temperature of the liquidis lowered 52-30-22. 
Hence the calculated quantity of liquid which is 
supplied to the first stage is - 

50 22 2.28 kilograms 
Computed in the same manner, the quantity of 
liquid which can be cooled by evaporation in the 
second stage of the process is 

75 ... is-5.77 kilograms 
Since it is assumed that the amount of heat 

given off by the liquid is absorbed without loSS 
by the air during the evaporating process, the 
total heat content of the air, during its heating 
from 15° to 64 increases from 10 to 135=125 kg. 
ca. Since, according to Fig. 1, 1 kilogram of dry 
air takes up approximately 140-10=130 kg. cal. 
in being heated from 15° to 64, a gas vapor mix 
ture containing 

125 130 0.96 kilogram 
of dry air is necessary for cooling the above quan 
tities of liquid by evaporation between the stated 

) 

- 

Carrying out the evaporation in this manner 
involves a decided advantage over and results in 
a greater efficiency than the single step evapora 
tive processes hitherto known. It will be seen 
from the diagram and the above numerical ex 
ample that the air vapor mixture obtained in the 
evaporating process has an exit saturation tem 
perature of 64, and also that a portion of the 
liquid can be cooled down to an exit temperature 
of 30°. Thus, by drawing off a portion of the liq 
uid after it has been cooled from its initial ten 
perature by a certain amount, and then continu 

A. 

2,009,175 
ing the cooling evaporative process with the re 
duced amount of liquid but with the same amount 
of air-that is, by reducing the ratio of the quan 
tity of liquid to the quantity of the air vapor mix 
ture during the course of evaporation-it is pos 
Sible to accomplish results whici are shown in 
Fig. 3 to be impossible of achievement with fixed 
quantities of both liquid and air. The quantity of 
liquid cooled to 30°, also makes possible a more w 
effective utilization of the source of heat in the 
Subsequent repeated heating of the liquid in proc 
esses where alternate heating and cooling are en 
ployed and where the heating medium comprises 
a condensible gas vapor mixture. 
In Fig. 6 there is diagrammatically illustrated 

an evaporating process wherein the same initial 
and exit temperatures of both liquid and gas are 
obtained as in the process of Fig. 5, but wherein 
the variation in the ratio between the quantities of 
liquid and gas or gas vapor mixture is attained by 
decreasing the quantity of the gas by withdraw 
ing a portion thereof at a point intermediate the 
beginning and ending of the evaporative process 
while maintaining the quantity of liquid constant. 
It will also be noted that the total heat transferred 
during the process of Fig. 6 is less than in the 
process of Fig. 5. 
As shown, a certain quantity of air having an 

initial saturation, temperature of 15 is flowed in 
direct contact with and countercurrent to a quan 
tity of the water to be evaporated until the satu 
ration temperature of the air is raised to 48°. At 
the same time, the liquid is cooled from a ten 
perature of 52 to 30°. At this point, some of the 
air vapor mixture is withdrawn and the evapore 
tive process continues with the smaller quantity 
thereof in contact with the same quantity of liq 
uid that was used in the first mentioned stage of 
the process. This second stage raises the satura 
tion temperature, of air to 64 while the liquid is 
cooled from 65° to 52. . 

Since in the first mentioned interval of this 
process the conditions of temperature and varia 
tion in heat content of the air and liquid are the 
same as in the process illustrated in Fig. 5, the 
relative quantities of air and liquid will be the 
same as in the latter process, namely, 0.96 kilo 
gram of dry air and 2.28 kilograms of liquid. In 
the second stage of the process of Fig. 6, however, 
the quantity of liquid remains the same as in the 
first stage (2.28 kilograms) but the quantity of 
dry air contained in the air vapor mixture is sub 
stantially reduced. In this second stage, the 
saturation temperature of the air vapor mixture 
is raised from 48 to 64, during which increase. 
in temperature the total heat content of 1 kilo 
gram of dry air, as computed from Fig. 1, would 
increase 137-60-77 kg. ca. However, at the 
same time, the water gives up 90-60=30 calories, 
all of which it is assumed is absorbed by the air 
with which it is in contact. Consequently, a gas 
vapor mixture containing 

V 30 
77 0.39 kilogram 

v 

of dry air is necessary for cooling the 2.28 kilo 
grams of liquid from 65 to 52 during the second 
stage of the evaporative process. 
The process illustrated by the diagram of Fig. 7 

is a combination of the processes of Figs. 5 and 6 
in that the variation in the ratio between the 
quantities of gas or gas vapor mixture and liquid 
is accomplished by varying both the quantity of 
gas and the quantity of liquid in the two stages 
of the process. In this instance, it will be noted 

5 

20 

35 

40 

t 5 

0 

65 

0. 

75 



ing of the liquid from 65° to 30° is intermediate 
the quantities transferred in the processes of 

O 

5 

20 

Figs. 5 and 6. 
By computations similar 

and 6, it can readily be established that by uitiliz 
ing a gas vapor mixture containing 0.96 kilogram 
of dry air in the first stage wherein its saturation 
temperature is raised from 15° to 48, and 0.715 
kilogram of dry air in the second stage wherein 
the Saturation temperature is further increased 
from 48 to 64, 4.23 kilograms of water can be 
cooled by evaporation from 65° to 52, and 2.28 
kilograms thereof then cooled from 52 to 30, 
thereby again attaining the advantages and im 
proved results discussed above in connection with 
the process illustrated in Fig. 5. 

Having now described in detail the concept of 
the present invention as applied to the process 
of evaporation, reference may, now be had to 
Figs. 8-11 wherein there are disclosed various 
forms of apparatus by which the method of the 
present invention may be practiced. In general, 
Such an apparatus comprises a suitable arrange 
ment of means for flowing a liquid and a gas 
or gas vapor mixture in direct contact with but 
countercurrent to one another during which 
flow heat may be transmitted between the gas 
or gas Vapor mixture and the liquid, as by evap 
oration of the latter, and means for varying the 
ratio between the quantities of gas or gas vapor 
mixture and liquid during the heat transmission 
by either drawing off a portion of the liquid or 
withdrawing a portion of the gas or gas vapor 
mixture at some point intermediate the begin 
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ning and ending of the heat transmission process. 
It is also preferable that the means for carrying 
out the heat transmission or evaporation be con 
bined with a suitable heater or heaters wherein 
the liquid may be heated, preferably by indirect 
contact with a condensible gas vapor mixture, 
prior to entering the evaporating apparatus. 

Referring first to Fig. 8, there is diagrammati 
cally illustrated therein an evaporating system 
operating upon the principles above set forth, and 
corresponding to the evaporating process indi 
-cated in the diagram of Fig. 5. In the embodi 
ment disclosed, the variation in the ratio between 
the quantities of gas or gas vapor mixture and 
liquid is attained by utilizing entirely separate, 
different quantities of liquid in the two stages 
of the evaporative process while at the same 
time maintaining the quantity of gas or gas vapor 
Inixture constant in both of said stages. Fur 
thermore, the heating of the liquid prior to evap 
oration is also divided into two stages in both 
of which the same quantity of heating medium is 
utilized with the different quantities of liquid, 
thereby increasing the efficiency of the heat trans 
fer in the same manner as has previously been 
described in connection with the evaporating 
process. 
As shown, the heaving takes place in a pair of 

heaters 2 and 3 of any suitable character, while 
the evaporation is effected in evaporators 6 and 
f5. Preferably, each of the heaters comprises an 
outer chamber 6 for the heating medium and 
an inner separate chamber 7 through which 
flows the liquid to be heated, the heat transmis 
sion taking place through the relatively thin 
walls of inner chanbers . Each of the evap 
orators, however, consists of a single chamber 
wherein the liquid and gas or gas vapor. Six 
ture are in direct contact with but flow in coun 
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that the total heat transferred during the cool 

to those above set 
forth in connection with the processes of Figs. 5 

tercurrent to one another. Heater 2 and evap 
Orator 4 form one system while heater 3 and 
evaporator 5 form another, and the two systems 
are so designed as to operate with different quan 
tities of liquid. 

Heaters 2 and 3 are provided with conduits 
8 and 9, respectively, which supply different 
quantities of liquid to the tops of inner chambers 

and direct the liquid against the walls there 
of in such a manner that it flows downwardly 
thereover in relatively thin layers. 
bottoms of inner chambers the two different 
quantities of now heated liquid are conducted 
by conduits 20 and 2, respectively, to the tops 
of the ehambers of evaporators 4 and 5 where 

From the 
O 

5 
the liquid is again directed against the walls of 
the chambers and flows downwardly thereover in 
thin streams. The unevaporated quantities of 
liquid leaving evaporators f4 and 5 are returned 
through conduits 22 and 23, by means of suit 
able pumps 24 and 25, to conduits 8 and 9, re 
Spectively, for recirculation through the heaters 
and evaporators. Fresh liquid may be supplied 
to heaters 2 and 3 through conduits 28 and 25, 
respectively, controlled by valves 26. and 2. 
Concentrated liquidi may be drawn off from 
evaporators 4 and 5 through conduits 28 and 

20 

25 

29, respectively, controlled by valves 30 and 36, 
into Suitable collecting vessels 32 and 33. 

Heater 2 is also provided with a conduit; 38 
connected to the bottom thereof and leading into 
the outer chamber 6 through which a condensi 
ble gas vapor mixture may be supplied for heat 
ing purposes. The heating medium supplied 
through conduit 3i flows upwardly through outer 
chamber 6, giving up its heat to the counter 
flowing liquid in chamber 7, and passes from the 
top of heater 2 through a conduit 35 to the bot 
tom of heater 3 at which point it enters outer 
chamber 6 thereof. After flowing upwardly 
through heater 3, the heating medium is drawn 
off from the top thereof through the conduit 36 
whence it may be supplied to the evaporating 

30 

40 

apparatus of another unit or otherwise disposed of 
in any suitable manner. 
The flow of the evaporating gas or gas vapor 

mixture is opposite to that of the heating medium 
in that it is first Supplied to evaporator 5 where 
it comes into contact with the liquid from heater 
3, the latter constituting the second stage of the 
heating process. As shown, the evaporating gas 
or gas vapor, Enixture is supplied to the bottom 
of evaporator 5 through a suitable conduit 3, 
flows upwardly through the chamber of said evap 
orator in direct contact with but counter-current 
to the liquid therein, is conducted from the top 
of evaporator, 5 through a conduit 38 to the 
bottom of evaporator 4, and after upward flow 
therethrough is drawn off from the top thereof. 
through conduit 39. The gas vapor mixture 
leaving evaporator & through conduit, 39 is sup 
plied to the heater of another unit and there 
utilized as the heating medium. 

in operation, the liquid is supplied to the sys 
ten comprising heater 82 and evaporator 4 in a 
relatively larger quantity than it is to the sys 
te cornprising heater 3 and evaporator S. As 
indicated by Way of exainple in Fig. 8, the tem 
perature of the liquid supplied to heater 2 may 
be approximately 52, and in its downward pas 
sage therethrough may be heated to approxi 
raately 65, while at the same time the heating. 
medium may be cooled from an initial temper 
ature of 75° to an exit temperature of 64°. This 
quantity of liquid at 65 is then supplied to evap 

45 

55 



6 
orator 4 wherein it may be cooled by evapora 
tion to 52 by a gas or gas vapor mixture having 
an initial saturation temperature of 48 and an 
exit temperature of 64°. On the other hand, the 

5 liquid supplied to heater 3 may have an initial 
temperature of 30° and be heated to 52 by the 
heating medium leaving heater 2, the testsper 
at are of which will be 64 at entrance and 40 
at exit. This relatively smaller quantity of liquid 

10 leaving heater 3 at 52 may then be cooled by 
evaporation back to 30° in evaporator 5 by the 
S&SRae quantity of gas or gas vapor mixture which 
passes through evaporator f4, but during the time 
that the temperature thereof is first raised from 

15 5° to 43°. . c. 
it will be obvious from a comparison of the 

tegraperatures of the various quantities of liquid 
and gas or gas vapor mixture above referred to 

a that the apparatus thus described is capable of 
20 carrying out the process indicated in Fig. 5. 

Suitable means, such as a cross connecting 
conduit indicated in dotted lines in Fig. 8, 
Amay also be provided for transferring liquid from 
the system comprising heater 2 and evaporator 

25 4 to the system comprising heater 3 and evap 
orator 25, and vice versa, for the purpose of 
regulating the ratio between the different quan 
eities of liquid in the two systems, or for regu 
sating the concentrations thereof. It will be noted 

80 that the transfer of liquid through conduit 40 
preferably takes place between points where the 
liquid in the two systems is of the same tem 
perature. - 
As pointed out above, heater f2 and evaporator 

4, and heater. 3 and evaporator 15, form two 
Separate systems with respect to the circulating 
quantities of liquid. The only condition other 
than those already specified that must be met in 
Order for the evaporating process to take place 

40 in accordance with the diagram of. Fig. 5 is that 
the quantities. of liquid circulating - in the two 
systems conform to the ratio 2.28:577. 
In Fig. 9 there is shown an evaporating system 

in which the temperatures are the same as in 
45 the apparatus of Fig. 8, but in which the variation 

in the ratio between the quantities of liquid and 
gas or gas vapor mixture is effected by drawing 
of a portion of the liquid during the evaporative 
process. - 

50 In the apparatus shown, f2. and 3 indicate the 
heaters, and 4 and 5 the evaporators, as in the 
embodiment of Fig. 8. However, it will be noted 
that, as a matter of expediency, the two heaters 

* may be combined in a single, outer casing so that 
55 the two outer chame 

botton of the combined heating unit through a 
conduit 4 at a temperature of 75, and leaves 
through a conduit 42 at a temperature of . 40°. 

60 The liquid, which enters through conduit 43 and 
leaves through conduit 44, is raised in tem 
perature from 30 to 65 by heat transmitted 
from the heating medium. The liquid thus heated is then supplied by a pump 45 through a con 

65 duit is to the evaporator f4. After passing 
through this evaporator, the liquid is divided into 
two parts, one of which passes through the con 
duit 47 to the evaporator S, while the other ) passes through the cross connecting conduit 48 

70 to the heater 2. t - 
Air of a saturation temperature of 15 is in 

troduced to the bottom of evaporator S through. 
the conduit 49, passes through the evaporator 

... in counterflow to the liquid and is heated to a 
75 saturation temperature of 48, then through the . 

... . N 

hambers 6 are continuous one 
with the other. The heating medium enters the . 
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conduit 50 to the evaporator 14, and leaves the 
latter at 5f at a saturation temperature of 64°. 
That portion of the liquid which passes through 
evaporator 5 leaves through the conduit-52 and 
is supplied by means of a pump 53 through a con 
duit 54 to the top of heater 3. Fresh liquid may 
be supplied through conduit 55, when desired, 
while concentrated liquid may be drawn off at 56. 
The temperatures shown in Fig. 9 correspond. 

to a branching off of a quantity of liquid through 
the conduit 48 equal to - - 

5.77-2.28 
5.77 

of the liquid quantity leaving the evaporator 4. 
AS previously stated, the variation in the ratio 

between the quantities of liquid and gas or gas 
vapor mixture may also be varied by decreasing 
the quantity of gas utilized in successive stages 
of the process while maintaining the quantity 20 
of liquid constant, or by varying the quantities 
of both liquid and gas. In principle, these pro 
cedures do not differ from those above described, 
inasmuch as the improved results which flow, 
from the present invention are obtained because 25 
of the variation in the ratio between the gas and 
liquid quantities, irrespective of the specific man 
ner in which that variation is effected. 
For example, the method of the present inven 

tion may also be carried out in apparatus such 
as that disclosed in Fig. 10, wherein the varia 
tion in the ratio referred to is effected by vary 
ing the quantity of gas or gas vapor mixture 
which is utilized during different stages of the 
process, according to the process illustrated by 
the diagram of Fig. 6. 
As shown, the apparatus comprises a heater 

57 having a relatively long casing in which are 
provided an outer chamber 58 and an inner 
chamber 59, corresponding to the chambers 6 
and 7 of Figs. 8 and 9, and an evaporator 60. 
A certain quantity, of the heating medium at 
a temperature of 75° is supplied to the bottom 
of heater 57 through a conduit 6, while an ad 
ditional quantity at a lower temperature of 64°, 
for example, is supplied through conduit 62 at 
a point intermediate the ends of the heater. All 
of the heating medium is withdrawn from heater 
57 at the top thereof through conduit 63, at which 
point it has all been cooled to a temperature of 
40'. The liquid to be heated is supplied to heat 
er 57 at the top of chamber 59 through a con 
duit 64 at a temperature of 30° and leaves through 
conduit 6 at a temperature of 65°, whence it 
is supplied by means of a pump 66 through a 
conduit 67 to the top of evaporator 60. In pass 
ing downwardly through evaporator 60 in di 
rect contact with and countercurrent to the cool 
ing gas-or gas vapor mixture, the liquid is cooled 
from 65° to 30, and after leaving evaporator 60 
is returned to the top of heater 57 by means of 
a pump. 6 and through a conduit 69. 
The cooling gas or gas vapor mixture is sup 

plied to the bottom of evaporator 60 through 

5 

0. 

X100=60.5% 
5 

.30 

40 

45 

50 

55 

'conduit 7 at a temperature of 15° and passes 
upwardly in heat exchange contact with and 
countercurrent to the liquid until its saturation 
temperature has been raised to 48, at which time 
a portion of the gas is drawn of through con 
duit. The remainderof the gas continues its 
flow through the evaporator to the top thereof. 
at which point it is drawn of through conduit 
2 at a temperature of 64°. 
The temperatures thus indicated correspond 
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to, a branching off of a quantity of gas through 
conduit equal to 

96-39 - 

96 X100 = 59.4% 
of the total gas quantity reaching the point where 
conduit 7 branches off from the evaporator 60. 
Since the quantities of gas or gas vapor mix 

ture leaving evaporator 60 through conduits 
and 2 have been heated and saturated with 
steam by contact with the liquid, they are ca 
pable of use for indirect heating of liquid in 
the heater of another system of the same type. 
In such event, as is indicated in Fig. 10, the gas 
vapor mixture leaving evaporator 6 through 
conduit 2 will enter the heater 3 of the follow 
ing system at the bottom thereof, while the quan 
tity of said mixture which is drawn of through 
conduit i? will be introduced at some suitable 
intermediate point. Similarly, the heating ine 
dium leaving heater 5 through conduit 63 at 
40 may, if desired, be returned to the evapora 
tor of the preceding system and introduced there 

25 

30 

into as the evaporating medium through a con 
duit corresponding to conduit . w 
The apparatus shown in Fig. 11 combines the 

features of both Figs. 9 and 10, and provides a 
system wherein the variation in the ratio of the 
quantities of liquid and gas or gas vapor mixture 
is effected by changing the quantities of both the 
liquid and the gas or gas vapor mixture. As 
shown, the heater 4 of the first system or unit 
is similar to that shown in Fig. 9 in that it has 
two separate liquid chambers within a com 
amon casing which forms one elongated gas cham 
ber 6. The liquid to be heated is supplied to 
heater 74 through a conduit 43 at a temperature 
of 30°, and after passing through both sections 
of the heater is withdrawn through conduit (4 at 
a temperature of 65°. The-heating medium, how 
ever, is supplied to heater A in two portions, as 
in Fig. 10, one portion entering the bottom of 
the heater through conduit 6 at a temperature 
of 75 and another portion entering through con 
duit 62 at 64° at the point where the liquid passes 
from the upper to the lower inner chamber 6 
and is increased in quantity by the portion which 
is Withdrawn from the evaporator. A through 
conduit 43. All of the heating medium leaves 
heater it through conduit 63 at a temperature of 
40°. The heated liquid leaving the heater 
through conduit éé is supplied by pump 45 through 
conduit 46 to the top of evaporator f4. After 
passing through evaporator 4, a portion of the 
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liquid is drawn off through conduit 48, as previ 
ously mentioned, the remainder continuing the 
evaporative process in evaporator A5, and finally 
being drawn off through conduit 52 and recircu 
lated by pump 53 through conduit 56 to the top of 
heater é. A 
While the treatment of the liquid in the evap 

orating process is similar to that shown in Fig. 9, 
the apparatus of Fig. 11 also includes means for 
varying the quantity of the evaporating gas or gas 
vapor mixture in the manner indicated in Fig. 10. 
Accordingly, gas or gas vapor mixture at a tem 
perature of 15° is supplied to the bottom of evap 
orator 15 through a conduit 70, and, after pass 
ing upwardly through evaporator 5 and having 
its temperature raised to 48, a portion thereof 
is withdrawn through conduit and supplied 
to an intermediate point in the heater 75 of the 
next succeeding unit or system. . The remainder 
of the evaporating gas or gas vapor mixture passes 
upwardly through conduit 50 and evaporator 14 

/ 

y - S. 

y 

-. 7 
v. ' 

to exit conduit 72 whence, at a temperature of . 
64', it may be supplied to the bottom of heater 
75, as in Fig. 10. 
In order to carry out the process indicated in 

the diagram of Fig. 7 by means of the apparatus. 
shown in Fig. 11, it is necessary that the quantity 
of liquid withdrawn through conduit 48 be equal 
to - 

4.23-2.28 
4.23 =46.1% 

5. 

0 

of the total liquid quantity leaving evaporator - 
4, and that the quantity of gas withdrawn 
through conduit be equal to 

96-75 
or=25.5% ' 

of the total gas quantity leaving the top of evap 
orator 5. f 

Obviously, the above described methods and 
apparatus for effecting evaporation are applicable 
no matter what liquids or liquid mixtures or gases 
or gas mixtures are involved. . 7 

It will be understood that in actual practice 
the processes above described will be somewhat 
more complicated in so far as the computation 
of the exact temperatures and quantities is con 
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25 

cerned because of the fact that the respective 
quantities of liquid are not actually constant 
throughout the evaporating process due to the 
evaporation itself. However, the Small discrep 
ancies which would therefore exist between the 
values shown in the drawings and above referred 
to and the actual values are immaterial for an 
understanding of the principle upon which the 
present invention is based and in no way affect 
the inventive concept. 

It will be evident that the invention is not lim 
ited to processes of two stages but that the evap 
Orating process may be Subdivided into any Suit 
able number of stages or intervals, each operat 
ing with a suitable quantity of liquid in the man 
ner above described. Likewise, a plurality of sys 
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tems or units may obviously be combined with 
one another in order to. attain multiple effect 
evaporation. - 
While a number of embodiments of the method 

and apparatus of the present invention have been 
described and illustrated in the accompanying 
drawings, it is to be expressly understood that 
the invention is not limited to the use of the spe 
cific apparatus shown Or to the exact procedural 
steps described, but that any suitable type of ap 
paratus and any appropriate procedure may be 
used which will enable the invention to be car 
ried into effect. It will also be apparent that the 
medium to be evaporated is not limited to Water 
or to a pure liquid, but may be a suspension of 
solid in liquid or a mixture of liquids, for exam 
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ple. Likewise any suitable gas or gas vapor mix 
ture may be utilized in place of air as disclosed. 
Various other changes, which will now appear to 
those skilled in the art, may be made in the de 
tails of construction and arrangement of the 
parts of the apparatus, and in the Various steps 
of the process, without departing from the spirit 
of the invention. Reference is therefore to be 
had to the appended claims for a definition of 
the limits of the invention. 
This application is a continuation in part of 

my application Serial No. 538.931, filed May 21, 
1931. 
what is claimed is: 
i. In a method of transmitting heat between 

a liquid and a gas or gas vapor mixture, the steps 

70 
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s 
comprising flowing the liquid and gas or gas vapor 
mixture in heat exchanging relation with but 
countercurrent to one another, and increasing 
the ratio of the quantity of liquid to the quantity 
of gas or gas vapor mixture when the tempera 
tures thereof reach predetermined points inter 
mediate the desired initial and final temperatures, 

2. In a process of evaporating liquids which 
consists in flowing the liquid to be evaporated in 
direct heat exchange contact with but counter 
current to a gas or gas vapor mixture having a 
relatively lower temperature, the step of in 
creasing the ratio of the quantity of liquid to the 
quantity of gas or gas vapor mixture in contact 
therewith when the temperatures thereof reach 
predetermined points intermediate the desired 
initial and final temperatures. 

3. The process step of claim 2 wherein the va 
riation in the ratio of the quantity of liquid to 
the quantity of gas or gas vapor mixture is ef 
fected by withdrawing a quantity of liquid from 
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the quantity initially brought into contact with 
the gas or gas vapor mixture. W 

4. The process step of claim 2 wherein the vari 
ation in the ratio of the quantity of liquid to the 
quantity of gas or gas vapor mixture is effected 
by withdrawing a quantity of gas or gas vapor 
mixture from the quantity initially brought into 
contact with the liquid. - 

5. The process step of claim 2 wherein the va 
riation in the ratio of the quantity of liquid to 
the quantity of gas or gas vapor mixture is ef 
fected by withdrawing quantities of both liquid 
and gas or gas vapor mixture from the quantity 
of each initially brought into contact with the 
other. 6. The process of evaporating liquids which 
consists in flowing the liquid to be evaporated in 
direct heat exchange contact with but counter 
current to a gas or gas vapor mixture having a 
relatively lower temperature than said liquid un 
til the temperature of Said gas or gas vapor mix 
ture is increased to a predetermined point, lim 
iting the quantities of liquid and gas or gas 
vapor mixture in contact during the aforesaid 
portion of the process to a predetermined ratio, 
and then increasing the ratio of liquid to gas or 
gas vapor mixture and continuing the counter 
flow until the temperature of Said gas or gas 
vapor mixture attains a still higher predeter 
mined point, whereby the process of evaporation 
can be carried out at a materially higher effi 
ciency than if Said ratio were maintained con 
Stant throughout the process. - 

7. A method of evaporating liquids which con 
sists in heating by indirect contact with a heat 
ing medium a certain quantity of liquid to be 
evaporated, then utilizing said same heating 
medium for indirectly heating another quantity 
of said liquid smaller in quantity and of lower 
initial temperature than said first named quan 
tity, and conducting a quantity of gas or gas 
vapor mixture of lower temperature than said 
liquids into direct heat exchange contact with 
but counter-current to said last named and first 
named quantities of indirectly heated liquid suc 
cessively to effect evaporation thereof. 

8. The process of evaporating liquids which 
consists in foWing a certain quantity of the liq 
uid to be evaporated at a relatively high initial 
temperature in direct heat exchange contact 
with but countercurrent to a gas or gas vapor 
mixture having a relatively low initial tempera 
ture until the temperature of said gas or gas 
vapor, mixture is increased to a predetermined 
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point, the temperature of said liquid being cor 
respondingly lowered during the counterflow due 
to evaporation, and then bringing said gas or gas 
vapor mixture into direct heat eXchange contact 
with a greater quantity of said liquid having an 
initial temperature higher than the initial tem 
perature of said first named quantity and con 
tinuing the counterflow to effect evaporation of 
said last named quantity of liquid. 

9. The process of evaporating liquids which 
consists in flowing the liquid to be evaporated at 
a relatively high initial temperature in direct 
heat exchange contact with but countercurrent 
to a certain quantity of a gas or gas Vapor mixture 
having a relatively low initial temperature until 

O 

the temperature of said liquid is decreased to a . 
predetermined point, the temperature of said gas 
or gas vapor mixture being correspondingly 
raised during the counterflow due to evaporation, 
and then bringing said liquid into direct heat ex 
change contact with a greater quantity of said 
gas or gas vapor mixture having an initial tem 
perature lower than the initial temperature of 
Said first named quantity and continuing the 
counterflow to complete evaporation of the liq 
uid. V 

10. The process of evaporating liquids which 
consists in flowing a certain quantity of the liq 
uid to be evaporated at a relatively high initial 
temperature in direct heat exchange contact 
with but countercurrent to a gas or gas vapor 
(mixture having a relatively low initial tempera 
ture until the temperature of said gas or gas 
vapor mixture is increased to a predetermined 
point, the temperature of Said liquid being cor 
respondingly lowered during the counterflow due 
toevaporation, then bringing said gasor. gas vapor 
mixture into direct heat exchange contact with a 

35 

greater quantity of said liquid having an initial 
temperature higher than the initial temperature 
of Said first named quantity and continuing the 
counterflow to effect evaporation of said last 
named quantity of liquid, heating the unevapo 
rated portions of Said quantities of liquid to their 
initial temperatures, , and recirculating said 
heated portions through their respective evap 
orating cycles. 

11. The process of evaporating liquids which 
consists in flowing a certain quantity of the liq 
luid to be evaporated at a relatively high initial 
temperature in direct heat exchange contact 
with but countercurrent to a gas or gas vapor 
mixture having a relatively low initial tempera 
ture until the temperature of said gas or gas 
vapor mixture is increased to a predetermined 
point, the temperature of Said liquid being cor 
respondingly lowered during the counterflow due 
to evaporation, then bringing said gas or gas 
vapor mixture into direct heat exchange contact 
with a greater quantity of Said liquid having an 
initial temperature higher than the initial tem 
perature of said first named quantity and con 
tinuing the counterflow to effect evaporation of 
said last named quantity of liquid, heating the 
unevaporated portions of said quantities of liq 
uid to their initial temperatures, and recircu 
lating said heated portions through their respec 
tive evaporating cycles, said heating step includ 
ing the circulation of a quantity of heating me 
dium of relatively high initial temperature in in 
direct contact with said unevaporated portions 
successively, the unevaporated portion of the . 
last named greater quantity of liquid being the 
first to be heated by said heating medium. 

12. The process of evaporating liquids which 
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effect evaporation of the latter, 
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consists in flowing a certain quantity of the liquid 
to be evaporated at a relatively high initial tem 
perature in direct heat exchange contact with 
but countercurrent to a gas or gas Vapor mixture. 
having a relatively low initial temperature until 
the tenperature of Said gas or gas vapor mixture 
is increased to a predetermined point, the tem 
perature of said liquid being correspondingly low 
ered during the counterflow due to evaporation, 
then bringing said gas or gas vapor mixture into 
direct heat exchange contact with a greater quan 
tity of said liquid having an initial temperature 
higher than the initial temperature of said first 
named quantity and continuing the counterflow 
to effect evaporation of said last named quantity 
of liquid, heating independently of one another 
the unevaporated portions of said quantities of 
liquid to their initial temperatures by indirect 
contact with another gas vapor mixture, and re 
circulating said heated portions through their 
respective evaporating cycles. 

13. A method of evaporating liquids compris 
ing simultaneously circulating in two separate 
Systems two different quantities of the liquid to 
be evaporated, the liquid in each system first be 
ing heated by indirect contact with a quantity of 
heating medium and then being flowed in direct 
heat exchange contact with but countercurrent 
to a quantity of gas or gas vapor mixture of a 
temperature lower than that of said liquid to 

the larger 
quantity of liquid being of the higher initial 
temperature, heating the different quantities of 
liquid in the two systems successively by the same 
heating medium by first utilizing the latter in the 
system containing the larger quantity of the liq 
uid and then in the system containing the small- . 
er quantity, and evaporating said quantities of 
liquid Successively by the same gas or gas vapor 
mixture but in the reverse order to that in Which 
said quantities are heated. 

14. In the method of evaporating liquids of 
claim 13, the step of transferring liquid from One 
System to the other between points at which sub 
stantially the same liquid temperatures prevail. 

- 15. The method of evaporating liquids which 
consists in heating by indirect contact with a 
heating medium a certain quantity, of liquid to be 
evaporated, utilizing said same heating medium 
for indirectly heating another quantity of said 
liquid Smaller in quantity and of lower initial 
temperature than said first named quantity, con 
ducting a quantity of relatively cold gas or gas 
vapor mixture into direct heat exchange contact 
with but countercurrent to said last named quan 
tity of indirectly heated liquid to effect evapora 
tion of the latter by progressively decreasing the 
temperature of said liquid and increasing the 
temperature of said gas or gas vapor mixture, 
and Subsequently conducting said gas or gas va 
por mixture at its increased temperature into di 
rect heat exchange contact with but counter 
current to said first named quantity of indirectly 
heated liquid to effect evaporation thereof. 

16. The method of evaporating liquids which 
consists in heating by indirect contact with a 
heating medium a certain quantity of liquid to be 
evaporated, utilizing said Same heating medium 
for indirectly heating another quantity of said 
liquid smaller in quantity and of lower initial 
temperature than Said first named quantity, con 
ducting a quantity of relatively cold gas or gas 
vapor mixture into direct heat exchange contact 
with but countercurrent to Said last named quan 
tity of indirectly neated liquid to effect evapora 

9 
tion of the latter by progressively decreasing the 
temperature of said liquid and increasing the 
temperature of said gas or gas vapor mixture, sub 
Sequently conducting Said gas Or gas Vapor mix 
ture at its increased temperature into direct heat 
exchange contact with but countercurrent to said 
first named quantity of indirectly heated liquid to 
effect evaporation thereof, and recirculating the 
unevaporated portions of said quantities of liquid 
through their respective heating and evaporation, 
cycles. . m 

17. Apparatus for the transmission of heat be 
tween a liquid and a gas or gas vapor mixture 
comprising a liquid receptacle having an inlet 
and an outlet, means for Supplying a relatively 
cold liquid to the inlet of said receptacle, leans 
for heating the contents of said receptacle, a pair 
of evaporating vessels each having a liquid inlet 
and outlet and an inlet and outlet for gas or gas 
vapor mixture, said evaporating vessels being ar 
ranged in series with the liquid outlet of the first 
vessel connected with the liquid inlet of the sec 
ond and the gas outlet of the second connected 
With the gas inlet of the first, means for supply 
ing relatively cold gas or gas vapor mixture to 
the gas inlet of said second evaporating vessel, 
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means for supplying heated liquid from the out 
let of Said liquid receptacle to the liquid inlet 
of Said first evaporating vessel, and means for 
varying the ratio of the quantity of liquid to the 
quantity of gas or gas vapor mixture in contact 
therewith as between said first and second evapo 
rating vessels. 

18. Apparatus for the transmission of heat 
between a liquid and a gas or gas vapor mixture 
comprising a liquid receptacle having an inlet and 
an outlet, means for Supplying a relatively cold 
liquid to the inlet of said receptacle, means for 
heating the contents of said receptacle, a pair of 
evaporating vessels each having a liquid inlet and 
Outlet and an inlet and outlet for gas or gas vapor 
mixture, said evaporating vessels being arranged 
in Series with the liquid Outlet of the first vessel 
connected with the liquid inlet of the second and 
the gas outlet of the second connected With the 
gas inlet of the first, means for supplying rela 
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tively cold gas or gas vapor mixture to the gas 
inlet of Said second evaporating vessel, means for 
supplying heated liquid from the outlet of said 
liquid receptacle to the liquid inlet of said first 50 
evaporating vessel, means for varying the ratio 
of the quantity of liquid to the quantity of gas 
or gas vapor mixture in contact therewith as be 
tween said first and second evaporating vessels, 
and means for recirculating the liquid from the 
liquid outlet of said second evaporating vessel to 
the inlet of Said liquid receptacle. 

19. Apparatus for the transmission of heat. 
between a liquid and a gas or gas vapor mixture 
comprising a liquid receptacle having an inlet 
and an outlet, means for supplying a relatively 
cold liquid to the inlet of said receptacle, means 
for heating the contents of said receptacle, a 
pair of evaporating vessels each having a liquid 
inlet and outlet and an inlet and outlet for gas 
or gas vapor mixture, said evaporating vessels 
being arranged in series with the liquid outlet 
of the first vessel connected with the liquid inlet 
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of the Second and the gas outlet of the second 
connected with the gas inlet of the first, means for 
supplying relatively cold gas or gas vapor mixture 
to the gas inlet of said second evaporating vessel, 
means for supplying heated liquid from the outlet 
of said liquid receptacle to the liquid inlet of said 
first evaporating vessel, and means for reducing 
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1O , 
the quantity of the liquid entering the liquid inlet 
f said Second evaporating vessel below the quan 

tity leaving the liquid outlet of said first evapo 

comprising a liquid receptacle having an inlet and 
an outlet, means for supplying a relatively cold 
liquid to the inlet of said receptacle, means for 
heating the contents of said receptacle, a pair of 
evaporating vessels, each having a liquid inlet 
and outlet and an inlet and Outlet for gas or gas 
vapor mixture, said evaporating vessels being 
arranged in series with the liquid outlet of the 
first vessel connected with the liquid inlet of the 
second and the gas outlet of the second connected 
with the gas inlet of the first, means for supplying 
relatively cold gas or gas vapor mixture to the gas. 
inlet of said second evaporating vessel, means for 
supplying heated liquid from the outlet of said 
liquid receptacle to the liquid inlet of said first 
evaporating vessel, and means for reducing the 
quantity of the gas or gas vapor mixture entering 
the gas inlet of said first evaporating vessel below 
the quantity leaving the gas outlet of said second 
evaporating vessei. 

21. Apparatus for the transmission of heat be 
tween a liquid and a gas or gas vapor mixture 
comprising a pair of liquid receptacles each hav 
ing an inlet and an outlet and being arranged in 
series with the outlet of the first receptacle con 
nected with the inlet of the second, means for Supplying a relatively cold liquid to the inlet of 
Said first receptacle, means for heating the con 
tents of said receptacles, a pair of evaporating 
vessels each having a liquid inlet and outlet and 

- an inlet and outlet for gas or gas vapor mixture, 
said evaporating vessels also being arranged in 

2009,175 
series with the liquid outlet of the first vessel con 
nected with the liquid inlet of the second and the 
gas Outlet of the second connected with the gas 

rating vessel. inlet of the first, means for supplying relatively 
Apparatus for the transmission of heat be-, 

t a liquid and a gas or gas vapor mixture 
cold gas or gas vapor mixture to the gas inlet of 
said second evaporating vessel, means for sup 
plying heated liquid from the outlet of said sec 
Ond liquid receptacle to the liquid inlet of said 
first evaporating vessel, and means for cross con- . 
necting the liquid outlet of said first evaporating 
vessel and the inlets of said second liquid recep 
tacle. v 

22. Apparatus for the transmission of heat be 
tween a liquid and a gas or gas vapor mixture 
comprising a pair of liquid receptacles each hav 
ing an inlet and an Outlet and being arranged in 
series with the outlet of the first receptacle con 
nected with the inlet of the Second, means for 

5 

supplying a relatively cold liquid to the inlet of . 
said first receptacle, means for heating the con 20 
tents of said receptacles, a pair of evaporating ves 
sels each having a liquid inlet and outlet and an 
inlet and outlet for gas or gas vapor mixture, said 
evaporating vessels also being arranged in series 
with the liquid outlet of the first vessel connected 
with the liquid inlet of the second and the gas 
Outlet of the second connected with the gas inet 
Of the first, means for Supplying relatively cold 
gas or gas vapor mixture to the gas inlet of said 
second evaporating vessel, means for supplying 
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heated liquid from the outlet of said second liquid 
receptacle to the liquid inlet of said first evapo 
rating vessel, and means for drawing off a por 
tion of the gas or gas vapor mixture as it passes 
from the gas outlet of Said Second evaporating 
vessel to the gas inlet of said first evaporating 
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