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This invention relates to a method and means for utiliz 
ing heat from condensate in indirectly steam heated 
multistage evaporators. 

In evaporators of this kind it has been customary to 
allow the condensate produced from the heating medium 
in the heat eXchangers of preceding stages to discharge 
into the heating spaces of the heat exchangers of succeed 
ing stages so as to release flash vapor under the influence 
of the drop in pressure occurring from heat exchanger to 
heat exchanger and to obtain a correspondingly lower 
temperature. In this manner the condensate is passed 
through the evaporator from the first to the last stage so 
that from every Succeeding stage the condensate formed 
therein will be discharged together with the condensate 
received from the preceding stage so that the total amount 
of condensate produced in the evaporator will be col 
lected in and discharged from the last stage at the com 
paratively low temperature of the heating medium in that 
Stage. This condensate may in turn be utilized for pre 
heating the liquid to be evaporated, provided, of course, 
that this liquid is of lower temperature than the conden 
sate, whereby the heat thus transmitted is returned to the 
evaporator with the liquid. It is, however, clear that 
owing to the low temperature of the condensate it is im 
possibie, in this manner, to preheat the liquid to any 
considerable degree as compared with the temperature 
levels of the preceding stages and thus the possibility of 
recovering heat in that way remains comparatively 
limited. 

It should be noted that the expressions "preceding” and 
"succeeding,” “first” and “last,” used here to indicate the 
relative positions of the different stages, relate to the 
direction of flow of the heating medium from stage to 
stage if not otherwise expressly stated. 
The main object of the invention is to provide a new 

method of operation by means of which the liquid to be 
evaporated may be preheated to a temperature at most 
approaching the evaporation temperature of one of the 
preceding stages, preferably the first stage, this preheating 
being effected substantially by means of condensate only, 
collected from that stage and from the succeeding stages. 

In the new method, contrary to known methods above 
described, the condensate is passed and collected from 
succeeding stages to preceding stages, whereby in every 
preceding stage the condensate Supplied from a succeed 
ing stage will be brought into direct contact with the 
vaporous heating medium so as to be heated to at most 
approximately the temperature of the heating medium 
and then, together with the condensate produced from the 
heating medium in that stage, passed to the next preced 
ing stage. In that way the condensate will be passed, 
heated and collected from stage to stage, preferably from 
the last to the first stage and ultimately discharged at a 
temperature close to that of the heating medium of the 
stage from which said condensate is discharged and uti 
lized for heating the liquid to be evaporated, which in 
turn is passed to the last mentioned stage. 
Assuming that the collected condensate is discharged 
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from the first stage practically at the temperature of the 
heating medium therein, it will be possible to heat the 
liquid to a temperature at most, close to the evaporation 
temperature of said stage. Assuming also that the 
original temperature conditions for the liquid are not 
altered in relation to the compared prior art, it will be 
possible thereby to cool the collected condensate to a 
temperature lower than that of the condensate formed in 
the last stage, so that heat from condensate formed in 
the evaporator, not only in the first stage, but also in all 
Succeeding stages, will be transmitted to the liquid dur 
ing its heating. By supplying the heated liquid to the 
first stage, this heat will be completely returned to the 
evaporation process. 

Further features of the invention will be explained in 
connection with the following description with reference 
to the accompanying drawings, in which: 

Fig. 1 diagrammatically illustrates an embodiment of 
the invention as applied to a four-stage evaporator, 

Fig. 2 shows a modification of a detail of Fig. 1 in 
Section on a larger scale, 

Fig. 3 shows part of a modified embodiment of the 
same evaporator as in Fig. 1 on a larger scale, partly in 
section, 

Fig. 4 shows a further modification as applied to a 
three-stage evaporator of a special kind, and 

Fig. 5 illustrates a modification of Fig. 3. 
In Fig. 1 each of the four stages comprises a heat 

exchanger 1, 2, 3 and 4, preferably of the conventional 
tubular type (see Fig. 3), a steam separator 5, 6, 7 and 
8, a steam trap 9, 10, and 12 and a condensate col 
lector 13, 4, 15 and 6 respectively. Within each stage 
the heat exchanger is connected to the associated Steam 
separator through an outlet 7 for liquid and vapor, and 
to the associated condensate collector through an outlet 
18 for heating medium condensate while the separator 
communicates with the associated steam trap through a 
pipe 19 for liquid. Each heat exchanger is provided with 
an inlet 20 for vaporous heating medium and an inlet 2E 
for liquid to be evaporated. The vapor spaces of the 
separators 5, 6 and 7 are each connected to the heating 
medium inlets 20 of the succeeding stage through pipes 
22, 23 and 24, respectively. The steam traps 9 and 1. 
are each adapted to discharge liquid to the inlets 24 of 
the succeeding stages through a pipe 25. The steam trap 
12 is adapted to discharge liquid through a pipe 26 to a 
receptacle 27 which through a pipe 28, a pump 29, a 
check valve 30, a pipe 31, a preheater 32 and a pipe 33 
communicates with the inlet. 2 of the heat eXchanger . 
Steam is supplied to the system through a pipe 34 com 
municating with the inlet 29 of the heat exchanger , and 
vapor is discharged from the system by being drawn off 
from separator 8 through a pipe 35, for instance to a 
condenser, not shown. The liquor to be evaporated is 
supplied to the system through a pipe 36 communicating 
with the inlet 2 of heat exchanger 3 and discharged 
from the system by being drawn off from Steam trap it 
through a pipe 37. 

It will be clear to: any person skilled in the art that 
so far the evaporator is one of conventional type in which 
the path of flow of the heating medium from stage to 
stage will follow the order 1-2-3-4 whilst the path of 
flow of the liquid to be evaporated will follow the stage 
wise order 3-4-1-2. It will also be clear that in the 
evaporation of so called black liquor, if the evaporator 
is arranged to operate with its third stage at an evap 
oration temperature close to the temperature of the 
liquid supplied, there will be no possibility of heating 
that liquid by means of condensate at the condensing 
temperature of the last stage and thus to recover heat 
from the condensate in this manner. 
According to the invention, therefore, the condensate 
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produced in the evaporator 4 and discharged into the 
collector 16 is passed through pump 43, valve 46, check 
valve 50 and pipe 38 into the pipe 23 so as to mix with 
the heating vapor entering the evaporator 3, and in this 
manner the condensate is heated to a temperature at most 
close to the temperature of the vapor. In evaporator 3 
the heated condensate will be mixed with the condensate 
from the condensing vapor in that evaporator and both 
quantities of condensate will be collected in the collector 
15. The condensate thus collected and having approx 
imately the same temperature as the heating vapor is then 
passed through pump 44, valve 47, check valve 51 and 
pipe 39 into pipe 22 to be treated in stage 2 in the same 
manner as now described. The process is repeated once 
more by passing the collected condensate from the col 
lector 14 through pump 45, valve 48, check valve 52 and 
pipe 40 into pipe 34 and the total amount of condensate 
formed in the entire evaporator will be collected in the 
collector 13 at a temperature at most close to the ten 
perature of the heating medium of the first stage. From : 
the collector 13 the total amount of condensate is passed 
through pipe 4 and the surface heat exchanger 32 in 
heat exchange relation to the liquor which passes from 
the last to the first stage and thereby becomes heated 
to a temperature at most close to the evaporation tem 
perature of the first stage. The condensate is ultimately 
discharged from the evaporator through valve 49 and 
outlet 42. Each valve 46, 47, 48 and 49 is controlled 
by a float 53 in the associated collector 16, 15, 14 and 
13, respectively, so as to operate in accordance with the 
condensate level in the collector. In order to make cer 
tain that the condensate passed from one stage into the 
heating vapor of the preceding stage quickly assumes 
a temperature at most close to that of the heating vapor, 
we prefer to introduce the condensate into the vapor in a 
finely divided state so as to mix intimately with the heat 
ing vapor, for instance as illustrated in Fig. 2 showing 
pipes 38, 39 and 40 connected to pipes 23, 22 and 34, 
respectively, and terminating in spray nozzles 54, of 
any suitable type. 

Fig. 3 illustrates one example of a modified manner 
of mixing the condensate and the heating vapor. In this 
case the pipes 38, 39 and 40 terminate in the top space 
of the collectors 15, 14 and 13 respectively, in which they 
discharge the condensate against a baffle plate 55 thus 
producing a shower or spray of condensate which by 
causing the heating vapor collected in this space to con 
dense will assume a temperature at most close to that 
of the vapor. 

It should be understood that Fig. 3 merely shows one 
of the heat exchangers 1, 2 or 3 of Fig. 1 together with as 
sociated steam separator, modified condensate collector 
and pipes and that the general construction of the evap 
orator may be the same as in Fig. 1. 

It is of course necessary that the outlet 18 for the con 
densate produced in the adjacent heat exchanger 1, 2 or 
3 and the collector is sufficiently large to ensure that 
heating vapor together with the condensate will pass 
continuously into, and be collected in the associated col 
lector in an amount sufficient for the condensing and heat 
ing purposes. The baffle plate 55 is shown as an example 
only, and it should be understood that other means may 
be provided to distribute the condensate to be heated. 
Thus, for instance, a spray nozzle of the kind shown in 
Fig. 2 may also be utilized in the embodiment shown 
in Fig. 3. 

Fig. 4 illustrates diagrammatically an embodiment of 
the invention in connection with an evaporator for the 
evaporation of scale forming liquid such as sulphite waste 
liquor in which the paths of flow of the heat exchanging 
media through the heat exchanger of each stage may be 
interchanged periodically by means of valves 191, 192, 
193, 194 and 195, 196, 197, 198, respectively, in a simi 
lar manner to that described in Lockman's U. S. Patent 
No. 2,488,598, so that during each period or cycle the 
vaporous heating medium will be passed into those pas 
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4. 
sages of the heat exchanger through which the liquid 
to be evaporated was passed during the preceding period 
or cycle and vice versa, whereby the heating medium Sup 
plied will be mixed with its condensate in recirculation 
as described in Lockman's pending U. S. patent applica 
tion No. 206,752, filed January 19, 1951, now U. S. Pat 
ent No. 2,734,565 for the purpose of increasing the quan 
tity of condensate flooding those heating surfaces, which 
during the preceding period were exposed to the liquid, 
whereby scale formed on such surfaces will be dissolved 
and removed. 

Each of the three stages has a heat exchanger 10, 02 
and 103, respectively, each provided with separate pas 
sages 104 and 105 for alternately passing heating vapor 
and liquid in heat exchange relation. Condensate col 
lected in the collector 150 pertaining to heat exchanger 
103 (stage 3) is recirculated through a pump 551, a pipe 
152, a float-controlled valve 53 controlled by a float 
180 and a pipe 154 and is mixed with the heating vapor 
supplied to the same stage in the pipe 293, for instance 
by means of a spray nozzle 54 according to Fig. 2. In 
the same way condensate from collector .69 is recircu 
lated in stage 2 through pump 61, pipe 62, float 
controlled valve 163 and pipe 64 into supply pipe 202 
for the heating vapor and in stage 1 from collector 170 
through pump 17, pipe 72 and pipe 73 into supply 
pipe 201 for the heating vapor. In the full open position 
of valve 153 the pressure in pipe 156 exceeds the pres 
Sure in pipe 52. Consequently, no condensate from 
pipe 52 can pass to pipe 56 but the check valve 155 
prevents the condensate from flowing in the reverse 
direction. As condensate formed in heat exchanger 103 is 
collected in the collector 150 the float 180 will raise and 
the passage through valve 153 will be throttled until the 
pressure in pipe 152 exceeds the pressure in pipe 156 
to a Sufficient degree to cause an equal quantity of con 
densate as that newly formed in and discharged into the 
collector from the heat exchanger, to pass through check 
valve 155, pipe 156 and pipe 64 into the supply pipe 
202 in which the condensate, together with the recircu 
lated condensate, becomes mixed with and heated by the 
heating medium supplied to stage 2. The total amount 
of condensate passes through the heat exchanger 02 to 
the collector 160. From this collector condensate newly 
formed in heat exchanger i02 together with the con 
densate from stage 3 is passed through check valve 165, 
pipe 166 and pipe 173 into supply pipe 205 to be treated 
in stage 1 in the same way as the condensate passed to 
stage 2 is treated in the latter stage so that the total 
amount of condensate formed in the entire evaporator 
will ultimately arrive at the collector 70 at a tempera 
ture which at most is close to that of the heating medium 
in the first stage. 
The preheating and recovery of heat may be effected 

in the embodiment according to Fig. 4 in a similar manner 
as described with reference to Fig. 1. Similar parts of 
Figures 1 and 4 have the same reference characters. 
However, the method described in connection with 

Fig. 4 is modified in comparison with that described with 
reference to Fig. 1 in as much as in the first mentioned 
case, the process involves the step of introducing passed 
over condensate together with recirculated condensate 
into the heating medium in order partly to utilize, for 
mixing the condensate with the heating medium, means 
which already are available in the system for quite 
another purpose, namely for dissolving the scale. The 
important similarity between the exemplified modifica 
tions of the method according to the invention is inherent 
in the fact that the passed-over condensate is heated by 
the heating vapor from the preceding stage before it is 
passed to the next preceding stage. In connection with 
the evaporator illustrated in Fig. 4 the invention would 
also be quite operative if the condensate, instead of 
being passed over to the pipes 164 and 73 respectively, 
were passed over to the collectors 160 and 170 respec 
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tively, in the manner shown and described in connection 
with Fig. 3. 

Fig. 5 illustrates a modification of Fig. 4. In Fig. 5 
a restricted passage or a manually controlled valve 205 
is provided in the pipe 154 instead of the valve 153 in 
Fig. 4. In Fig. 5 the float-controlled valve 153 is pro 
vided in the pipe 152 and is adapted to open when the 
liquid level rises in the collector 150. The restricted 
passage or valve 205 is adjusted so as to permit the 
condensate from the collector 150 to pass into the pipe 
203 in a sufficient amount. Alternatively the restricted 
passage may consist of the spray nozzle 54, the discharge 
area of which may be dimensioned so as to provide suffi 
cient flow resistance. 
What we claim is: 
1. A method of utilizing heat from heating medium 

condensate in pre-heating liquid to be evaporated in 
indirect heat exchange with condensable vaporous heating 
medium in a succession of evaporation stages, whereby 
every succeeding stage is heated by flash vapor released 
from the liquid from the immediately preceding stage, 
comprising the steps of mixing condensate from one stage 
in a finely divided state with the vaporous heating 
medium passing to the immediately preceding stage so as 
to condense a sufficient quantity of said vaporous heating 
medium to heat said condensate to a temperature at most 
approaching the same temperature as said vaporous heat 
ing medium, then mixing said heated condensate with the 
heating medium condensate thus formed, and with the 
condensate formed in the same preceding stage from the 
remaining part of said vaporous heating medium in heat 
exchange with the liquid evaporated with the last men 
tioned stage, subsequently passing the condensate thus 
collected in heat exchange relation to liquid to be evap 
orated which liquid has a temperature lower than that of 
the condensing temperature of the heating medium of 
the first mentioned stage so as to cool the collected con 
densate and heat the liquid and supplying the heated 
liquid to said preceding stage. 

2. A method of utilizing heat from heating medium 
condensate in preheating liquid to be evaporated in in 
direct heat exchange with condensable vaporous heating 
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medium in a succession of more than two evaporation 
stages, whereby every succeeding stage is heated by flash 
vapor released from liquid from the immediately pre 
ceding stage, comprising the steps of mixing condensate 
from one stage, preferably the last stage of the succes 
sion, in a finely divided state with the vaporous heating 
medium passing to the immediately preceding stage so 
as to condense a sufficient part of said vaporous heating 
medium to heat said condensate to a temperature at most 
approaching the same temperature as said vaporous heat 
ing medium, then mixing said heated condensate with 
the heating medium condensate thus formed and with the 
condensate formed in the same preceding stage from the 
remaining part of said vaporous heating medium in heat 
exchange with the liquid evaporated there, subsequently 
treating the condensate thus collected in said preceding 
stage in the same way in connection with the next pre 
ceding stage, repeating such treatment and collection 
of condensate from stage to stage, passing the condensate 
thus ultimately treated and collected from one ultimate 
stage of the treatment stages in heat exchange relation 
to liquid to be evaporated having a lower temperature 
than the condensing temperature of the heating medium 
of the first mentioned stage, preferably the last stage in 
the succession, so as to cool the ultimately collected con 
densate and heat the liquid and supplying the heated 
liquid to said ultimate stage. 
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