
June 8, 1971 D. F. OTH MER 3,583,895 
EWAPORATION USING WAPOR-REHEAT AND MULTIEFFECTS 

Filed May 20, 1969 4. Sheets-Sheet l 

NDIRECT HEAT 
SEA WATER EXCHANGE 7 F G 

22 

EA WATER NDRECT HEAT 
S FEED EXCHANGE 

INVENTOR. 

DONALD F OTHMER 

  



June 8, 1971 D. F. OTHMER 3,583,895 
EWAPORATION USING WAPOR-REHEAT AND MULTIEFFECTS 

Filed May 20, 1969 4 Sheets-Sheot 2 

SEA WATER NTERMEDIATE 

Fl G 3 FEED LQUID HEAT EXCHANGE 
'w HEAT 

EXCHANGE 

SEAYATER FEED NDRECT HEAT 
EXCHANGE 

FLUID FUEL 
AND OXYGEN 

52 SUBMERGEO 
coist 

INVENTOR. 

DONALD F. OTH MER 
  

  



June 8, 1971 D. F. OTH MER 3,583,895 
EWAPORATION USING WAPOR-REHEAT AND MULTIEFFECTS 

Filed May 20, 1969 4. Sheets-Sheet S 

SEA WATER 

FIG.5 "f 
NDIRECT HEAT 
EXCHANGE 

FLUID FUEL 
AND OXYGEN 

ORGANIC MATERALS 26 
N ORIGNAL 
SOLUTION NDRECT HEAT 

EXCHANGE 

21-k 20). 
SUBMERGED 
COMBUSTION 

INVENTOR. 

DONALD F. OTH MER 

  

  

  



June 8, 1971 D. F. OTHMER 3,583,895 
EWAPORATION USING WAPOR-REHEAT AND MULTIEFFECTS 

Filed May 20, 1969 4. Sheets-Sheet 4. 

F. G.7 

SEASTER INDIRECT HEAT 
EXCHANGE 7 

INVENTOR. 

DONALD F OTHMER 

  



United States Patent Office 3,583,895 
Patented June 8, 1971 

1. 

3,583,895 
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MULTIEFFECTS 
Donald F. Othmer, 333 Jay St., Brooklyn, N.Y. 112.01 Continuation-in-part of application Ser, No. 639,989, May 

22, 1967, now Patent No. 3,446,712, which is a con tinuation-in-part of application Ser. No. 252,473, an 
18, 1963, now Patent No. 3,329,583. This application 
May 20, 1969, Ser. No. 826,134 

Int. C. B01d3/02, 1/26, 1/14 
U.S. C. 202-174 10 Claims 

ABSTRACT OF THE DISCLOSURE 
Vapor-reheat multistage flash (MSF) evaporation may 

be advantageously combined with the usual evaporation 
on one side of a metal surface, often operating in multi 
effect (ME) units. In combining Vapor Reheat MSF with 
a ME to give a Hybrid Evaporator, some of the steam 
from a flash stage is passed to closed condensation in a 
heating unit or reboiler built into or combined with a 
vaporizing zone of one of the lower stages. Steam arising 
from that stage thus comes from the flash evaporation 
due to the sensible heat of the liquid coming from the 
next higher stage, plus the surface evaporation due to the 
latent heat of the steam coming from a higher stage. This 
arrangement may be compounded; and the ME Surface 
evaporator may be worked into the vapor-reheat MSF, to 
obtain, at least in part, the advantages of each. Usually 
there is a lesser number of effects than stages, since the 
sum of the smaller temperature drops of two or more 
stages may be necessary to give an adequate temperature 
drop for one effect. 

--- 

This is a continuation in part of my application Ser. No. 
639,989 filed May 22, 1967 and issued as U.S. Pat. No. 
3,446,712 on May 27, 1969, which was a continuation in 
part of my application Ser. No. 252,473, filed Jan. 18, 
1963, issued July 4, 1967, as U.S. Pat. 3,329,583, both en 
titled Method for Producing Pure Water from Sea Water 
and Other Solutions by Flash Vaporization and Condensa 
tion. 
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This invention relates to a combination or Hybrid eva 

poration process for removing a part of the water in dilute 
aqueous solution such as, particularly, sea water, waste 
pulp liquors, sewage and sludges therefrom, using both: 
(a) vapor-reheat multiple stage flash (MSF) evaporation, 
with an open condensation of the vapors; and (b) surface 
boiling by heat transfer through a metal wall to give 
vapors, which, by repeating the operation, gives multiple 
effect (ME) evaporation. It has been found possible to 
interwork these two systems to use a minimum of heat 
in evaporation between the highest and the lowest tem 
peratures available in the system. 
More specifically, the method flash evaporates a part of 

the aqueous solution in a series of steps which may com 
prise, besides the steps of the usual ME system, and of 
the vapor reheat MSF evaporation, as described in above 
mentioned U.S. Pat. 3,329,583, some of the following: 

(a) Evaporating a small amount of the dilute solution 
in the prime heater; the steam formed being passed to what 
is described in U.S. Pat. 3,329,583 as a "half-stage' to 
heat the recycle stream of condensate to a higher tempera 
ture than any of the flash evaporations; 

(b) Supplying external heat to the recycle stream of 
condensate water leaving the top condensating zone of the 
vapor reheat system before passing to the heat exchanger 
in a “half-stage," so that this prime heat, as well as that 
absorbed in the ladder of condensing zones, is transferred 
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to the original solution by the heat exchanger as de 
scribed in U.S. Pat. 3,288,668; 

(c) Supplying external heat directly to the dilute Solu 
tion in the prime heater, or to the recycle stream of con 
densate water in a “half-stage” by a submerged combus 
tion, using added oxygen, of an organic material in the 
solution or of an added fluid fuel. 

(d) Cooling the heated stream of fresh water conden 
sate while preheating the dilute solution before entering 
the prime heater by a direct contact liquid-liquid-liquid 
heat exchanger, or by a heat exchanger which uses multi 
ple flash evaporation for cooling. Both are described in 
U.S. Pat. 3,329,583; 

(e) Withdrawing a part or all of the vapors formed in 
one of the lower of the MSF evaporation, compressing 
them to a pressure at least as high as that of the prime 
heater or the half-stage, to use as the source of Prime 
Heat, as described in U.S. Pat. 3,288,686. Either the me 
chanical cycle of compression, or the absorption cycle of 
compression described in that patent may be used; 

(f) Withdrawing steam from one or more stages above 
the bottom one, possibly also from the prime heater; 
passing each steam flow to heat by closed condensation 
heat transfer, the dilute liquid on a stage of lower temper 
ature, so as to combine Vapor Reheat and multiple effect 
in a Hybrid evaporation process. 
Water is the usual solvent in dilute solutions or suspen 

sions of the fine solids which is to be purified either by 
distillation or by chemical action at elevated tempera 
tures on impurities after heating and before cooling by 
the method herein described. However, other solvents 
may also be purified in the same manner. Sea water often 
is used as a type of dilute aqueous solution, but the method 
is not limited to it or to other saline waters, although Sea 
water may be referred to hereinafter as a general example 
of a dilute solution. Wastes such as sewage or flowable 
sludges coming from sewage treatment, black liquors from 
pulping wood to make paper, and other wastes from food 
and other industries may be handled. The production of 
distilled or twice-distilled water, of water purified by re 
moval of impurities therefrom, of concentrated solutions, 
of products separated after chemical treatment, of steam 
for other uses, and of power-all are possible with dif 
ferent embodiments of this method. 

Solutions and suspensions in flowable form of inorganic, 
or of organic materials, or of both, may be processed by 
methods to be described; particularized for the liquid to 
be processed, the reasons for processing, and the products 
desired. 

Hereinafter, recycling of solutions being evaporated in 
the flash stages is not considered, although it usually re 
duces heat requirements of evaporation both by the con 
ventional MSF, and by vapor-reheat MSF. This may be 
a saving of as much as 25% to 40% if only a few stages 
are used in many flow sheets. However, the advantages of 
the present invention improve the operation without re 
cycling; and a correct balance of the relative amounts of 
condensate formed in the vapor-reheat MSF and in the ME 
surface may give a minimum thermal requirement without 
any recycle. 
The multiple-stage flash (MSF) evaporation process, 

described in U.S. 3,329,583 and elsewhere, has no metallic 
heat transfer surfaces for condensing the vapors formed 
during the cooling of heated sea water accomplished in 
the multiple flash vaporizations. These vapors are used, 
not to preheat directly the stream of solution being 
handled, as in the usual multiple flash evaporator; but 
instead, the vaporous heat is used to reheat a cycling 
stream of colder fresh water condensate (sometimes called 
distillate) by direct contact of the vapors with and con 
densation of them on the surface of the liquid of the 
fresh water stream. There is a "ladder' of stages with hot 
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sea water descending one side as it cools by flash vaporiza 
tion in each stage; and colder pure water condensate is 
ascending the other side to be heated correspondingly by 
“flash' or “open' condensation. Vapors pass from hot 
brine to colder condensate across each stage; thus the 
metallic heat transfer surface for condensation is 
eliminated. 

Inherently, this, the vapor reheat process, is economic 
of heat, particularly with an optimization of the operating 
variables, as: (a) number of stages, (b) inlet top tem 
perature of sea water feed, (c) ratio of fresh water to sea 
water fed to the ladder, and (d) ratio of amount of sea 
water recycled to the prime heater. Minimum heat require 
ments may be in the low range of 40 to 100 B.t.u. per 
pound of fresh water produced by this system, depending 
on the variables, even without the present improvements 
which reduce these requirements still lower, as noted here 
inafter. 
Vapor reheat has a fundamental thermal advantage. The 

condensate formed on each stage is added to the cycling 
fresh water stream at its temperature, thus securing an 
additional cooling and condensation on each higher tem 
perature stage. All sensible heat so accumulated in this 
stream is then recovered in the single heat exchanger in 
preheating the feed sea water. 

FIG. 1 is a schematic flow sheet of a Hybrid Evaporator 
as defined above. Here is heat reject and a half-stage in a 
vapor reheat evaporator combined with a built-in and inter 
connected multiple effect evaporator having the heat trans 
fer surfaces of its effects adding evaporation on the flash 
stage. 

FIG. 2 is a flow sheet similar to FIG. 1 and illustrating 
an alternate manner of transferring heat from an external 
source to an original solution; 

FIG. 3 is a flow sheet similar to FIG. 1 and illustrating 
an alternate manner of transferring heat from a condensate 
liquid to an original solution; and 

FIGS. 4-6 are flow sheets similar to FIG. 1 and illus 
trating different manners of heating an original solution 
from an external source. 

FIG. 1 diagrams a combination of the vapor reheat 
MSF evaporator with a multieffect evaporator using 
metallic surfaces to transfer heat for the boiling. In this 
case, the condensing-heating, or right side 11, substantial 
ly corresponds to the vapor-reheat system as described in 
U.S. Pat. 3,289,583 and elsewhere. Pumps 40 are provided 
between adjacent stages of the right side 11 to transfer 
liquid condensate and/or coolant to the next higher stage. 
There is in addition to some or all of the flash evaporation 
zones on the left side 10, of the conventional MSF ladder, 
a coil, calandria, tube bundle, or other heat transfer sur 
face 5 on which there is condensation of steam from previ 
ous evaporations as in a usual evaporator having surface 
type boiling. Several of these calandria and vaporizing 
condensation systems in the usual manner give a multiple 
effect which, in combination with the vapor reheat MSF 
gives a Hybrid Evaporation system comprising both types, 
along with some other features. 
The familiar heat exchanger 18 is above the vapor re 

heat ladder, transferring the heat from the fresh water 
stream leaving the half-stage 19 to the sea water feed 14. 
This may be of the standard shell and tube or other stand 
ard type. Alternately, as shown in FIG. 3, it may be of the 
liquid-liquid-liquid type comprising a pair of direct contact 
liquid-liquid heat exchangers 18a and 18b between which 
an intermediate heat transfer liquid is recirculated. The 
heat exchanger may also be of the MSF chilling type. Both 
of these types of heat exchanger are described in U.S. Pat. 
No. 3,329,583. In each event, heat is transferred indirect 
ly to the sea water feed 14. 
The prime heater 12 is heated by an external source, 

here shown to be prime steam supplied through line 33 to 
the closed coil 105. The sea water, heated to its highest 
temperature, is passed into the first flash evaporator stage 
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4 
the flash evaporation stages of successively lower pressure, 
finally discharging from the lowest stage PV, through line 
32 as the concentrated brine. 
Water vapor formed by normal boiling in the prime 

heater, as described in U. S. Patent 3,329,583, passes 
through line 31 to the half-stage 19, which is desirable, 
but in some cases may not be used. This water vapor is 
formed by the evaporation of a part of the sea water in 
the prime heater, as previously described. The condensate 
from the coil 105, in the prime heater is passed to the 
steam trap 4, which discharges in the half-stage 19 to 
give up its available heat in flashing to the temperature 
of the half-stage. (Alternately, the steam trap 4 may be 
located outside and pass its condensate back to the boil 
ers, as is usual practice with condensate from the prime 
steam supplied to evaporators.) An amount of vapors is 
withdrawn from the top of the prime heater, through the 
curved vapor line 103 and passed to a heat transfer evapo 
rator surface in the top or other flash evaporation zone. 
This surface is indicated as a submerged steam coil 5 
but any tubular or other suitable type of heat transfer 
surface for causing evaporation or boiling may be used. 
The vapors are condensed and the condensate from the 
coil 5 discharges through the steam trap 4. 
The condensate from each evaporator heat transfer 

surface, here diagrammed as a steam coil 5 is somewhat 
?warmer than the liquid on the condensing stage on which 
it operates; and some flash evaporation takes place as 
this fresh water discharges from 4 to the lower tempera 
ture and pressure of the condensate on this stage. The 
latent heat of the vapors so formed is recovered in the 
system. Alternately, if desired, condensate from 4 may 
discharge outside of the system. 

Flash evaporation takes place as usual, from the hot 
Sea water entering the top stage with pressure P', and 
this continues through each successive stage. 
The combined vapors from the flash evaporation, plus 

those formed by the evaporation due to the closed con 
densation of vapors and heat transfer through the coil 5 
are combined and pass as shown by the arrow 24 from 
the flash evaporating zone into the condensing zone of 
the stage. 
The sea water from each stage goes by the discharge 

line 13 to the next lower pressure stage for subsequent 
flash evaporations at the lower pressures P', 'P', etc. 
There is also withdrawn from each stage by the curved 
vapor line 3, fresh water vapors which are condensed in 
the heating coil 5 of the successively lower stage. In each 
flash 'stage' which is also a surface evaporator “effect,” 
there is a mixture of vapors from: (a) the flash evapora 
tion of the sea water coming from the next higher stage 
inlets, 13; and (b) the evaporation as in the ordinary 
evaporator by heat transfer in condensing steam in the 
coils 5. Condensate from the coils 5, in each case, goes 
through the trap lines 4 to discharge into the adjacent, 
condensing Zone of the respective stage. Combined vapors 
from flash evaporation and from heat transfer surface 
evaporation, pass partly as shown by arrows through 24 
into the condensation zone, and partly through the curved 
vapor lines 3 to the coil in the next lower flash evapora 
tion ZOne. 

Fresh water produced as condensate is recycled and 
withdrawn as usual on the right side 11 of the ladder of 
stages in the vapor reheat evaporator-and in this case, 
effects of the usual multieffect evaporator. In this Hybrid 
Evaporator, combining stages and effects, the fresh water 
is the Sum of the condensate in the condensation-reheat 
ing cycle, and the total of that trapped from the several 
heat transfer steam coils through the trap lines 4. 
With this Hybrid Evaporator, it may be desirable to 

operate without a recycle of any part of the concentrated 
brine discharging from line 32 back to the inlet of sea 
Water 14 to the heat exchanger, and to accomplish the 
desired concentration of the sea water before discharge 

having a pressure P, and then successively by lines 13 to 75 in a single pass. This has been found to have certain fun 
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damental economy, if the ratio of the total amount of 
flash evaporation to total amount of surface evaporation 
is at an optimum level. The condensate from the trap 
lines 4 is in each case used at the next higher stage to 
condense vapors at a higher temperature and then finally 
this heat is given up to heat the incoming liquid. This is 
a thermally efficient process. Also, all of the numerous 
heat exchangers usually used by a multieffect system are 
combined in the single exchanger 18. 

Boiler steam or other heating fluid supplied through 
line 33 may usually be the most convenient source of 
heat for this Hybrid Evaporator, as for other ME or MSF 
evaporators. Usually in an aqueous system, the steam 
may be supplied through line 33. 

However, in other cases, it has been found economic 
to supply the external energy needed through thermocom 
pression. Thus, vapors may be taken from those formed 
by flash evaporation in a low pressure stage-or the low 
est pressure stage-of the right side of the ladder 11 of 
FIG. 1 and be compressed to the higher temperature and 
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20 
pressure of the steam supply 33 to the prime heater 12. 
This is not shown in FIG. 1. 

Alternatively, and usually better, vapors are withdrawn, 
as shown in FIG. 7, through pipe 7, from a lower stage 
of 11 to a thermocompressor 9 and compressed to flow 
through pipe 8 into the half-stage 19. Here they would 
condense by direct contact with the liquid if in open flow, 
or they may pass their heat to the feed liquid through a 
tubular surface in condensing on one of its surfaces, if 
the liquid is inclosed flow. This compression of vapors 
from a lower stage to the half-stage by either a mechani 
cal or an absorption cycle is explained in U.S. Pat. 3,288, 
686 of Nov. 29, 1966. 
The Hybrid Evaporator of FIG. 1 may utilize the 

methods of preventing heat reject as defined in the co 
pending Application Serial Number 639,989 of May 22, 
1967 now U.S. Pat. No. 3,446,712 of May 27, 1969. It 
combines some of the advantages of a multieffect evapo 
rator with those of a conventional multiflash evaporator, 
and, in particular, those of the vapor reheat. evaporator. 
In this combined unit, each stage of the multiflash system 
operates, as usual, by flash evaporation on the left or 
evaporator side 10 of a succession of stages. Vapors from 
the flash evaporation are condensed on the right or con 
densing side 11 on tubes preheating the feed or in the 
familiar circulating stream of fresh water of the vapor re 
heat system, always at a lower temperature than the 
liquid which is flash evaporating. . . . . 

In addition to this flash evaporation and either closed 
or open condensation of vapors, there is withdrawn 
through the curved vapor lines 3 of FIG. 1, vapors which 
are fed to a heat transfer surface, or coil, of any de 
sired type located on a lower stage, which transfers heat 
as in any ordinary evaporator, by condensing the steam 
on one side of a metallic surface with the boiling liquid 
on the other. The temperature of the steam rising from 
the flash evaporation in any one stage, is obviously high 
er than the liquid on the next lower stage; and there is 
thus the necessary temperature drop to give the heat flow 
to cause evaporation, as is usual in an evaporator with 
heat transfer surface. FIG. 1. diagrams 5 stages; and with 
the half-stage, this gives a total of 6 condensing zones, 
with direct contact with fresh water being circulated in 
each, to condense the respective vapors formed. The 
closed condensation of the conventional multi-flash system 
is not shown; but it would be comparable to the right 
side 11, of FIG. 1. 
The operation of FIG. 1 is exactly that of a vapor re 

heat evaporator, as previously described, with a multiple 
effect evaporator of the same number of stages superim 
posed thereon. There is a combination of the steam 
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flows, also of the condensate flows, as in a vapor reheat 
unit. In this Hybrid Evaporator, the operation of each of 
the separate components is improved over what it would 
be alone. The multieffect evaporator component operates 

6 
in a forward feed manner, and it has the advantages only 
otherwise achieved with a large number of heat ex 
changers for preheating the feed up to the highest tem 
perature of the system. Thus, by this super-imposition of 
the ME upon the vapor reheat ladder, it achieves an ef 
ficiency equivalent to a multieffect, with a line of heat 
exchangers for preheating the feed, and another line for 
recovering the heat in the condensate due. It may in this 
may become much more economic evaporator for its 
service than the usual multiple-effect evaporator taken 
alone. 

Similarly, the vapor reheat ladder may be operated at 
its greatest efficiency, which is where there is no recycle 
or reflux of concentrated solution back to join the feed 
liquor. This eliminates the high elevation of boiling point 
which must be overcome in the top stage, when there is 
large reflux. It is always necessary to supply the tempera 
ture difference equal to this boiling point elevation, plus 
the other temperature differences which are involved, by 
heating in the prime evaporator. If the elevation of boil 
ing point is minimized by having the lowest concentrated 
feed, that of the dilute solution, without recycle of higher 
concentration brine-normally blow-down-this is an im 
portant heat economy. 

Therefore, the vapor reheat aspect in the hybrid evap 
orator is also simpler, as well as more efficient thermally 
since it does not require the recycle or reflux; and more 
efficient in that the boiling elevation at the top of the 
ladder is minimized. 

For these reasons, the Hybrid Evaporator has been 
found to give advantages to both of the systems over their 
individual operations; i.e., the vapor reheat MSF is sim 
pler and more economic than it would be alone, as is also 
the multieffect unit, 

While the heat transfer surfaces 5 are indicated di 
agrammatically as ordinary submerged heating coils, it is 
recognized that this is not the most efficient type of heat 
transfer Surface for an evaporator. Hence, the design of 
the heat transfer surface may be any one of the many 
types of natural or forced circulation, failing film, or 
other type of surface familiar in evaporator design, and 
Such types may be incorporated in place of the coil 5, 
which is indicated here by any suitable mechanical de 
sign. One preferred type might be a falling film evapo 
rator, with a long tube, to obtain the high heat transfer 
coefficients obtained with this type of evaporator surface. 
A large number of effects, from 12 to 20, would be in 

dicated in any commercial unit for desalination use. How 
ever, the number of multiflash stages to show minimum 
productive costs when the cost of thermal energy and the 
cost of equipment are balanced, may usually be in the 
range of 35 to 50. 

Thus, it may be quite often that the most economical 
number of stages for the operation may be a much greater 
number than the optimum number of effects in the multi 
effect evaporator with heat transfer surfaces, which is a 
part of this hybrid unit. Therefore, the number of flash 
stages may be most economic with 2 or even 3 times the 
number of the effects with heat transfer surface. The de 
sign then might allow the vapor line 3 leading from the 
top stage with pressure P", to go instead to a coil on the 
stage of pressure P', and then the vapors formed at this 
pressure, P', may go to the heat transfer surface in a 
stage P', or even Pvi (not shown). In this way the tem 
perature differential, say for most economic heat transfer 
to the coils 5 may be that of several or more of the dif 
ferences of temperature realized in flashing from stage to 
Stage. 
On the other hand, there may be a compromise, and a 

Somewhat Smaller number of flash stages and a somewhat 
larger number of effects may be used than would or 
dinarily be utilized respectively, in order to optimize both 
components of this hybrid evaporator. This then would 
be balanced out at the same number of effects and stages. 

75 It has been found that the spacing of the surface boil 
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ing units or effects with regard to the flash stages may not 
be uniform throughout the whole ladder. For example, 
there may be more stages per effect in the lower pressure 
range, to give the usual higher temperature drops asso 
ciated with the low pressure effects in the usual multi 
effect. Or the effects may be in only a part of the range 
of stages; and they often may be found most advantageous 
in the higher pressure range with only multiflash stages 
in the lower pressure range. Because the viscosities of 
Solutions increase in the lower pressure range of stages, 
due to lower temperatures, and particularly increased 
concentration, particularly for some concentrated solu 
tions, heat transfer through metallic surfaces becomes less 
efficient. Thus, there may be no effects below some par 
ticular pressure; and above this pressure, the heat trans 
fer surfaces of the effects may give the larger part of the 
evaporation. Indeed, in some efficient designs for par 
ticular liquids, there may be little or no flash evapora 
tion in the upper temperature ranges. 

It is, of course, possible to take off a greater amount 
of vaporization in any one stage than would be passed 
to the condensing side of that stage, and it is therefore 
possible to withdraw some of those vapors for the heat 
transfer in the lower stage, through the condensation in 
closed tubes, as previously noted. This means that vapors 
may be withdrawn from the prime heater through the line 
103, to the closed coil in the top stage P'. This tempera 
ture drop usually will be substantial. However, it may be 
desired to remove vapors from P' and bring them to a 
stage below the next stage, e.g., P'. There may be no 
condensing coil or “effect' in the stage P', but vapors may 
be withdrawn from P' to P', where there may be a heat 
transfer coil. In that case, the vapors may then be with 
drawn from P' to Pvi, the stage below PV. Then each 
effect will actually show the temperature drop of 2 stages. 
Or, in the system shown, there may be only coils in the 
stages P, P', and Pv, in which case, the vapor lines 3 
would go only from P' to P', Pv which would have the 
coils, and P', P' would merely act as flash stages. 

Other combinations of vapor withdrawals from stages 
to supply the condensation zone of the same stage and at 
the same time to supply a heating coil or calandria of a 
lower stage, are possible. 
The evaluation of the optimum relation may be made 

through knowledge of: (a) the heat transfer coefficients 
which are to be expected in the particular type of coil 
or calandria; (b) the overall temperature which is avail 
able from the highest temperature which can be reached 
in the prime evaporator, based on steam pressure lim 
itations; (c) steam costs at different pressure; (d) scal 
ing problems of the water itself at higher temperatures; 
(e) the number of stages which may be desired; (f) the 
cost factors of mechanical design; and (g) some other 
variables. 
The advantages of this Hybrid Evaporator, either with 

conventional multiflash or with vapor, reheat, are realized 
especially well when there is considered the system of 
recovery of heat which otherwise is rejected; since this 
allows the maintaining of the optimum or near-optimum 
thermal efficiency of the multiflash ladder, as above ex 
plained. With the integration of the multieffect evaporator 
into the multiflash evaporation ladder-either conven 
tional or vapor reheat ladder in the Hybrid evaporator, 
there is an increased complexity of controls; and the pos 
sibility of an upset in operation is increased. The heat 
balance between the two sides of the ladder may be 
promptly effected with a minimum of heat rejected if 
the same systems are used as before described, each giv 
ing their relative advantages. Thus, in the Hybrid evap 
orator, with either vapor reheat or conventional multi 
flash, a part of the dilute feed may be diverted around 
the prime heater 12 by valved lines 20 and 22; while in 
the conventional multi-flash, a valved line 8 and in vapor 
reheat a valved 38 may serve as before to divert part 
of the liquid being heated to a lower stage with ad 
vantages already explained in co-pending application 639 
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8 
989, filed May 22, 1967, and issued as U.S. Pat. No. 
3,446,712 on May 27, 1969. 
As described above, vapors withdrawn from a lower 

stage and compressed to the pressure of the half-stage 19 
may serve as the prime heat. Similarly, as illustrated in 
FIG. 2, boiler steam may be supplied through line 333 
as the source of external heat, again to the half-stage, 
for heating the recycling stream of condensate water in 
open flow to a temperature sufficiently higher than the 
feed solution, so that the heat from the boiler steam 
added to the condensate stream may be transferred to the 
feed solution by the heat exchanger 18. In such case the 
feed solution passes directly from the heat exchanger 18 
to the first evaporation stage. 

Also, as described more fully in co-pending applica 
tion Ser. No. 639,989, now U.S. Pat. No. 3,446,712 of 
May 27, 1969, and in its continuation-in-part co-pending 
application Ser. No. 826,135 of May 20, 1969, now aban 
doned, and as illustrated in FIGS. 4 and 6, the vapor 
reheat MSF evaporator may be supplied with the prime 
or external heat by means of a combustion in a chamber 
50 of organic materials which may be present in the orig 
inal feed, or in a fluid fuel which is added through a feed 
line 52. In either case, oxygen as such, or more usually 
in the form of air, is also added. If a fluid fuel is used, 
it must be ignited. If the feed liquid is a solution or sus 
pension-solution of organic materials, which has been pre 
heated to 300 to 400 F., or even higher, addition of air 
or oxygen gives an exothermic wet combustion. Non-con 
densable gases may be vented through an exhaust line 54. 

Similarly, in this hybrid modification of the vapor re 
heat System, external heat may be supplied in the prime 
heater 12 by the addition of air or pure oxygen to com 
bust added fluid fuel or organic materials in the dilute 
liquid feed. Such heat supply, diagrammed by line 52, 
and the necessary accesories, are well known in the art 
and are explained in the copending applications. 

Similarly, as illustrated in FIG. 5 the external heat may 
be supplied by a submerged combustion of a fluid fuel 
in the half-stage 19, to supply heat to the condensate 
stream being recycled, before this stream goes to the 
heat exchanger 18. As shown, the fuel and oxygen are 
Supplied via a line 56 to the half-stage 19. A vent 54 for 
the resulting gases and vapors is provided in said half 
stage. In this case, as in others where external heat is sup 
plied to the half-stage, the total of the pre-heat obtained 
by the condensation of vapors in the condensing-heating 
side of the vapor reheat ladder, and the external or prime 
heat Supplied by submerged combustion is added to the 
stream leaving at 29, to go through the heat exchanger 
18. The total heat-or as large an amount as possible 
is thus transferred to the dilute solution. The mechanics 
of such submerged combustion is familiar to the art and 
is described, to some extent, in co-pending application 
639,989 and now U.S. Pat. No. 3,446,712 of May 27, 
1969, and U.S. application Ser. No. 826,135 of May 20, 
1969. 

In any such oxidation, provision must be made by well 
known means to remove the combustion gases from the 
vapors, to allow their condensation. In this case, par 
ticularly, but also in other systems, a system must be 
made for exhaust of non-condensible gases from the con 
densing vapors. 
What is claimed is: 
1. In the process of heating and evaporating solutions, 

and condensing vapors formed therefrom, the steps of: 
(a) driving a stream of condensate water so that it 

passes in dispersed flow through the open condensing 
Zones of a series of plural stages a stream of con 
densate water being maintained at a temperature 
below its boiling point at the pressure prevailing in 
the respective condensing zone of each of said stages, 
said flow being in the direction of increasing tem 
peratures of said condensing zones; 

(b) transferring heat from the said heated stream of 
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condensate water leaving the said condensing Zone 
of highest temperature to preheat the said original 
aqueous solution; 

(c) further heating via a source of external heat at 
least a major portion of the said original solution 
to the highest temperature it attains in the System; 

(d) passing said original solution at its highest tempera 
ture in open flow through the evaporating zones of 
the said series of plural stages in counter-flow relation 
to that of the said stream of condensate water, but 
out of contact therewith said open flow of solution 
through said evaporating zones being in the order 
of their successively lower pressures and lower boil 
ing point temperatures corresponding to the respec 
tive pressures, the temperature and pressure of any 
evaporating zone being greater than the tempera 
ture and pressure of its corresponding adjacent con 
densing zone; 

(e) flash vaporizing a part of the water from the orig 
inal solution in each of said evaporating Zones to 
obtain water vapors and a solution which is some 
what more concentrated as it leaves each successive 
evaporating Zone: 

(f) withdrawing from each of the evaporating zones 
of the said plural stages some part of the said water 
vapors formed therein; 

(g) passing at least a portion of said withdrawn part of 
said water vapors to a closed condensing element 
which is in contact with the said somewhat more 
concentrated solution in the evaporating Zone of 
another one of the said plural stages at a lower 
pressure than that from which the said vapors are 
withdrawn; 

(h) condensing in said closed condensing element the 
said part of said water vapors and transferring the 
heat of condensation to the said somewhat more con 
centrated solution on the said stage of lower pres 
sure, so as to cause evaporation of water from said 
more concentrated solution and to form additional 
water vapors which combine with those formed by 
the flash evaporation at said stage of lower pressure; 

(i) directing the water vapors which are formed in the 
evaporating zones of the respective stages, and which 
are not withdrawn and passed to a closed condensing 
element in a stage of lower pressure, to the respective 
open condensing zones of said stages; and 

(j) condensing in the respective open condensing Zones 
the water vapors directed from the evaporating Zone 
of that respective stage, by direct contact with the 
said stream of condensate water passing in dispersed 
flow through the open condensing zones in the direc 
tion of increasing temperature thus heating the said 
stream of condensate Water. 

2. In the process of claim 1, wherein the said trans 
ferring of heat from the heated stream of condensate 
water leaving the said condensing Zone of highest tem 
perature to heat the said original aqueous solution com 
prises: 

(a) contacting directly by a counter-current, liquid 
liquid relation the said heated stream of condensate 
water leaving the said condensing Zone of the highest 
temperature with an intermediate cooler stream of a 
substantially water-insoluble liquid, which is being 
heated thereby and 

(b) cooling said stream of substantially water-insol 
uble liquid, after being so heated, by a direct liquid 
liquid contacting with the said original aqueous solu 
tion which is being heated thereby. 

3. The process of claim 1, wherein the external heat 
supplied to heat at least a major portion of the said orig 
inal solution to bring it the highest tempreature it attains 
in the system, is added in a prime heater after heat from 
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the condensate water has been transferred to preheat the 
said orginal aqueous solution. 

4. The process of claim 3, wherein the heat from said 
external source is used to evaporate in the prime heater 
some part of the water in the original solution to give 
fresh water vapors which are passed to and condensed 
in an open condensing zone at a higher temperature and 
pressure than prevails in the condensing zones of any of 
the series of plural stages, while heating the said stream 
of condensate water in said open condensing Zone. 

5. The process of claim 3, wherein the said external 
heat comes from the submerged combustion of a fluid 
fuel, the combustion products being in direct contact with 
the said original solution. 

6. The process of claim 3, wherein the said external 
heat comes from the combustion with added oxygen of 
organic materials contained in the original aqueous solu 
tion, the combustion products being in direct contact with 
the said original solution. 

7. In the process of claim 1 wherein the external heat 
supplied to heat at least a major portion of the original 
solution to bring the solution to the highest temperature it 
attains in the system, is transferred from the external heat 
source to further heat the condensate water after said con 
densate water has been heated in said open condensing 
2ones, to its maximum temperature prior to receiving heat 
from said external heat source, and thereafter transferring 
heat indirectly from the condensate water, which has been 
heated from said external heat source, to said original 
solution. 

8. The process of claim 7, wherein the said external 
heat comes from steam supplied at a higher temperature 
than that of the said stream of condensate water leaving 
the said condensing zone of highest temperature, said 
stream being directly contacted with the stream of con 
densate water leaving the condensing zone of highest tem 
perature. 

9. The process of claim 7, wherein the said external 
heat comes from the submerged combustion of a fluid 
fuel with added oxygen, the combustion products being in 
direct contact with said condensate stream which has 
passed the said open condensing Zones. 

10. The process of claim 7, wherein the external heat 
supplied comes from the compression of water vapors 
drawn from one of the said plural stages having a lower 
pressure and temperature; 

said water vapors being compressed to a sufficiently 
high temperature to heat the stream of condensate 
water to a temperature higher than the highest tem 
perature which the said original solution attains in 
the system. 
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