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6 Claims. (C. 202-205) 

This invention relates to heat-exchangers of a type 
suitable for use in the conversion of sea-water into fresh 
water by distillation. One form of apparatus used in 
effecting that conversion embodies a heat-exchanger, the 
heat transferring wails of which separate spaces in which 
different fluid pressures are maintained by a compressor. 
Water vapor given off by sea-water supplied to the space 
of lower pressure is delivered to the compressor, which 
discharges into the space of higher pressure where the 
vapor condenses and gives off heat condensation, which 
is transferred through the heat-exchanger walls to the 
Sea-water. Commonly, the operation is conducted in a 
partial vacuum in order to permit use of lower tempera 
tures and thereby reduce scaling. The temperature 
differential maintained between the condensing water va 
por and the evaporating seat-water determines the capacity 
of any specific apparatus of this type and also determines 
the pressure-differential which must be maintained be 
tween the evaporating and condensating spaces. 
The cost of conventional forms of heat-exchangers is 

such a large factor in the over-all cost of distilling sea 
water that it is advisable, in apparatus of the type referred 
to, to operate at relatively, high pressure and tempera 
ture-differentials even through the maintenance of high 
differentials may require multi-stage compressors and in 
volve relatively high power costs. If the cost of heat 
exchangers could be reduced, it would be economically 
practical, by multiplying or enlarging them, to obtain a 
given capacity with lower temperature and pressure dif 
ferentials, thus reducing power consumption and lowering 
over-all costs. . 

It is therefore an object of this invention to provide a 
relatively low-cost heat-exchanger. Another object of the 
invention is to produce a low-cost heat-exchanger es 
pecially suited for, although not limited to, use in the 
distillation of sea-water. Still another object of the in 
vention is to produce a heat-exchanger which will be self 
descaling in operation. 
A heat-axchanger in accordance with my invention is 

of the tube and tube-sheet type and, in its preferred form, 
is characterized in that the tubes are thin-walled tubes 
formed of a flexible synthetic resin, such as polyethylene. 
The tube-sheets are desirably also of synthetic plastic 
and are provided with holes receiving the ends of the 
tubes, which are conveniently united with the tube-sheets 
by heat-sealing. In a heat-exchanger so constructed and 
adapted for use in the distillation of sea-water, the tubes 
may extend vertically and the tube-sheets cooperate with 
heads on the ends of a casing to define an upper, or vapor, 
chamber and a lower, or condensate chamber. Sea-water 
Supplied to the heat-exchanger just below the upper tube 
sheet is caused to run down the outer surfaces of the 
tubes in the form of falling films from which water is 
to be distilled. In single-stage apparatus, vapor distilled 
from the falling films passes upwardly into a blower or 
compressor which discharges into the vapor chamber and 
therethrough into the upper ends of the tubes. In multi 
Stage apparatus, vapor from the falling films of each stage 
is passed to the vapor chamber of the next stage. The 
vapor condenses in the tubes, and the condensed fresh 
water runs downwardly into the condensate chamber, 
While the concentrated sea-water collects in the casing 
above the lower tube-sheet. Pressures and temperatures 
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within the heat-exchanger are maintained at the values 
necessary to effect such vaporization and condensation. 
Fresh water and concentrated sea-water separately with 
drawn from the apparatus may be passed in heat-exchang 
ing relationship with the entering sea-water to be distilled. 

Further objects and features of the invention will be 
come apparent from the following more detailed descrip 
tion and from the accompanying drawing, in which: 

FIG. 1 is a vertical sectional view, largely diagrammatic 
in character, illustrating a single-stage apparatus, in 
cluding heat-exchangers embodying my invention, Suit 
able for use in distilling sea-water; 
FIG. 2 is a fragmental view similar to FIG. 1, but on 

a greatly enlarged scale, illustrating details of construc 
tion; 

FIG. 3 is a fragmental section on the line 3-3 of 
FIG. 2; and 
FEG. 4 is a diagrammatic view illustrating a multi 

sage distillation apparatus employing heat-exchangers em 
bodying my invention. 
The apparatus illustrated in FIG. 1 comprises a main 

heat-exchanger designated in its entirety by the reference 
numeral 10. Such heat-exchanger embodies a cylindri 
cal shell or casing 1 closed at its ends by upper and 
lower heads 12 and 13. Secured in the shell 11 close 
to the heads 12 and 13 are upper and lower tube-sheets 
14 and 15 which, with the respective heads 12 and 13, 
define vapor and condensate chambers 16 and 17. The 
tube-sheets 14 and 15 are provided with openings which 
receive the ends of tubes 18 formed, as previously indi 
cated, of a synthetic resin such as polyethylene and having 
walls which are thin and flexible. Wall-thicknesses in 
the neighborhood of two mils are appropriate. If, as is 
preferred, the tube-sheets 4 and 15 are of synthetic plas 
tic, the tubes 18 may be united with them by heat-sealing. 
To facilitate the heat-sealing operation, the holes in the 
tube-sheet may be countersunk as indicated in FIG. 2, 
thus permitting the sealing to be effected by insertion 
of a heated, conical element into the end of the tube. 
While the synthetic resins suitable for use in forming 

the tubes 18 have relatively poor heat-transmitting quali 
ties, that characteristic is in large part offset by the ex 
treme thinness of the tube wall. Because of that thinness, 
it is necessary that the pressure maintained within the 
tube be at least as great as that outside the tube in order 
to prevent the tube from collapsing. Preferably the in 
ternal pressure is slightly greater than the external pres 
sure, but the differential should of course not be great 
enough to incur danger of tube-rupture. 

In the complete distillation apparatus shown in FIG. 1, 
the heat-exchanger 10 is provided with an annular liquid 
receiving chamber 20, the bottom of which is formed by 
a horizontal partition 2 having a large central opening 
22 around and spaced outwardly from which the tubes 
18 are arranged. The inner wall of the chamber 20 may 
be an annular flange 23 that surrounds the opening 22 and 
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extends upwardly toward the upper tube-sheet 4 which, 
like the partition 2i, has a large central opening desig 
nated by the reference numeral 24. The partition 2 is 
provided with openings through which the tubes 18 respec 
tively pass, each of Such openings having a diameter 
corresponding to the outer diameter of the tube and pro 
vided with a circumferential series of shallow grooves 25 
through which sea-water in the chamber 20 may escape 
to run down the outside of the tube as a thin film. Sea 
Water is Supplied to the chamber 20 through a conduit 
26 containing a pressure-reducing valve 27. 
The space within the casing 11 and between the tube 

sheets. 14 and 15 communicates through the openings 22 
and 24 and a short conduit 28 with the inlet opening of a 
blower 29 mounted in the vapor chamber 16. As shown, 
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the blower 29 is driven by a motor 30 located outside the 
heat-exchanger. 
To maintain the desired sub-atmospheric pressure with 

ing the heat-exchanger 10, the condensate chamber 17 
may be connected through a conduit 31 to any suit 
able type of vacuum producing device. As shown, the 
conduit 31 is connected to the throat of a steam ejector 
32 Supplied with steam from a line 33, a branch 34 of 
which communicates through a valve 35 with the sea 
water supply conduit 26. By admitting steam into the 
conduit 26, the incoming sea-water may be preheated 
to, or approximately to, the temperature it is to have 
within the heat-exchanger. 
A conduit 36 for the withdrawal of concentrated sea 

water is connected to the interior of the shell 11 at a point 
just above the lower tube-sheet 15, while a second con 
duit 37, for withdrawal of fresh water, communicates 
with the condensate chamber 17. Desirably, the fresh 
Water withdrawn through the conduit 37 and the con 
centrated sea-water withdrawn through the conduit 36 
are passed in heat-exchanging relationship with the in 
coming sea-water which is to enter the heat-exchanger 
through the conduit 26. For that purpose, I have shown 
in the drawing an auxiliary heat-exchanger 38 having a 
first set of tubes 39 through which the fresh water with 
drawn through conduit 37 is pumped by a pump 40 
and a Second set of tubes 41 through which the con 
centrated sea-water is pumped by a pump 42. The 
space surrounding the tubes 38 and 41 is supplied with 
sea-water through a conduit 43, and the sea-water so sup 
plied is delivered to the conduit 26 for flow to the main 
heat-exchanger through the pressure-reducing valve 27. 
So far as its tubes and tube-sheets are concerned, the 
heat-exchanger 38 may be the same as the main heat 
exchanger 10. 

In operation of the system shown in FIG, 1, the blow 
er 29 withdraws water vapor from the space surrounding 
the tubes 16 and delivers such vapor, under an increased 
pressure and temperature, to the vapor chamber 16, from 
which the vapor flows downwardly into the tubes 18. 
The sea-water delivered through the conduit 26 into the 
chamber 20 escapes through the grooves 25 and runs 
down the exterior surfaces of the tubes 18 in the form 
of thin films. In the tubes 18 the water vapor con 
denses giving off heat of condensation which is trans 
mitted through the tube-walls to the sea-water on the 
Outer Surfaces of those walls, thus driving off vapor from 
Such sea-water. As above indicated, the concentrated sea 
water collects above the tube-sheet 15 for withdrawal 
through the conduit 36, while the condensed fresh wa 
ter collects in the condensate chamber 17 for withdrawal 
through the conduit 37. 

In a heat-exchanger, such as that indicated at 10, used 
to distill sea-water the tubes 18 may have a diameter 
of one inch and a length of ten feet or so. At tempera 
tures in the neighborhood of 100 F., and at correspond 
ing boiling-point pressures of about one pound per square 
inch operation of the apparatus in sea-water distillation 
is practical with a pressure differential on the order of 
one ounce per square inch. Under such operating con 
ditions, polyethylene tubes 18 might have a wall-thick 
ness of two mils, or even somewhat less, and still be of 
adequate strength. It is to be understood that these 
figures are set forth merely by way of example and 
that wide variation in them is possible. 

In adidition to reducing the cost of heat-exchangers, 
the thin-walled plastic tubes above described have a 
further advantage in their capability of inhibiting the 
build-up of scale. In the first place, the surface char 
acteristics of the tube-walls are such that scale does 
not readily adhere to the walls. In the second place, 
distortion of the tube walls resulting from even slight 
variations in the pressure differential will tend to break 
loose any Scale which might adhere to the tube surfaces. 
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If desired, the pressure-differential may be intentionally 75 

4. 
varied periodically to the extent necessary to produce 
such scale-dislodging distortion. 
The multi-stage distillation apparatus shown in FIG. 4 

embodies a series of heat-exchangers, 50a, 59b, etc., 
each generally similar in construction to the heat-ex 
changer () above described except for the omission of the 
blower 29 and the absence of communication between the 
vapor chamber 16 and the intermediate chamber in which 
vaporization occurs. Four of the heat-exchangers 50 are 
shown but it will be understood that in practice the num 
ber will usually be considerably higher. In addition to 
the heat-exchangers, the apparatus of FIG. 4 embodies 
a condenser 51 shown as of the tube-and-sheet type em 
bodying liquid-conveying tubes 52 extending through a 
condensation chamber 53. 

Except in the case of the last-stage heat-exchanger, 
designated 50d in the drawing, the upper portion of the 
intermediate, or vaporization, chamber of each ex 
changer is connected through a conduit 54 with the va 
por chamber 6 of the next heat-exchanger in the series, 
while the lower portion of each vaporization chamber is 
connected through a conduit S5 and pressure reducing 
valve 56 with the receiving chamber 20 of the next heat 
exchanger. Vapor given off in the last-stage heat-ex 
changer 50d flows to the condensation chamber of the 
condenser 51 through conduit 57, and the concentrated 
liquid collecting in the heat-exchanger 50d is withdrawn 
through conduit 58 by a pump 59. The condensation 
spaces of each of the heat-exchangers 50 as well as that 
of the condenser 51 are maintained under appropriate 
sub-atmospheric pressures as by being connected to the 
throats of ejectors 32. Except in the case of the first 
heat-exchanger 5Ga, the low points of the condensate 
chambers 7 are connected through pressure-reducing 
valves 60 to a distillate-header 61, which is also con 
nected to the low point of the condensate chamber 53 
in the condenser 51. Condensate is drawn off from the 
apparatus through the header 61 by a pump 62. 
To provide the initial supply of heat for distillation in 

the several heat-exchangers 50, the vapor chamber 6 of 
the first heat-exchanger 53a receives steam from a boiler 
(not shown) through a supply line 64. Condensed steam 
accumulates in the condensate chamber 17 of that heat 
exchanger and is returned to the boiler through a return 
line 65. 

Sea-water or other liquid to be distilled enters the liquid 
spaces of the condenser 51 through a supply line 67 con 
taining a pressure-reducing valve 68. From the conden 
Ser 51, the liquid flows through a conduit 69 to the re 
ceiving chamber 20 of the first heat-exchanger 58a, such 
liquid descending as falling films of the exterior surfaces 
of the tubes 18, as in the case of the apparatus shown 
in FIGS. 1-3. Vapor driven off from the falling films 
by heat transferred through the thin walls of the tubes 
18 passes through the conduit 54 into the vapor cham 
ber 16 of the next heat-exchanger 50b. The partially 
concentrated liquid collecting in the bottom of the vapor 
ization chamber of the heat-exchanger 50a passes through 
the pressure-reducing valve 56 into the receiving cham 
ber 60 of the heat-exchanger 50b, from which it descends 
as falling films on the outer surface of the tubes 8 of 
that heat-exchanger. In similar fashion vapor and liq 
luid of progressively increasing concentration pass from 
one heat-exchanger to the next until the final heat-ex 
changer 50d is reached. From the vaporization cham 
ber of the heat-exchanger 50d vapor passes into the con 
densation chamber 53 of the condenser while liquid at the 
bottom of the vaporization chamber of heat-exchanger 
50d, in its state of final concentration is withdrawn from 
the pump 59. 

It will be noted that in both forms of apparatus shown 
vaporization occurs from falling films. Vaporization 
from falling films in contact with heated surfaces is not 
broadly new; but so far as I am aware, the arrangement 
which provides falling films on the exterior surfaces of 
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heat-exchanging tubes is new and has the advantage both 
of providing an increase in the area of the surface from 
which vaporization occurs as well as making possible, 
in heat-exchangers of the type disclosed, a higher pres 
sure inside the tubes than outside. 

I claim: 
1. In a heat-exchanger of the tube and tube-sheet type, 

a housing, spaced tube-sheets dividing the housing into a 
middle compartment and two end compartments, a plu 
rality of tubes extending through said middle compart 
ment and interconnecting said end compartments, each 
tube being a tube of substantially uniform diameter 
throughout its length with its ends connected in tubular 
configuration to said spaced tube sheets, and being formed 
of a thin, flexible wali of synthetic plastic resin, the thin 
ness and flexibility and strength of the wall material being 
such that the tube is substantially incapable of maintain 
ing its tubular shape in the absence of support but will be 
so maintained, without rupture, by a predetermined differ 
ential of inside pressure over outside pressure, and means 
for circulating through said middle compartment and 
tubes, respectively, fluids between which heat is to be 
interchanged through the tube-walls, said circulating means 
being so constructed and arranged as to maintain within 
the tubes a fluid pressure which exceeds that maintained 
in the middle compartment by a predetermined differential 
sufficient to maintain said tubes expanded in tubular shape. 

2. A heat-exchanger as set forth in claim 1 with the 
addition that said tubes and tube-sheets are each formed 
of a synthetic plastic resin, said tube-sheets being pro 
vided with holes in which the ends of the tubes are re 
spetcively received, said tube-ends being heat-sealed to 
the tube-sheets. 

3. A heat-exchanger as set forth in claim 1 with the 
addition of means to periodically vary said predetermined 
pressure differential to dislodge scale from the tube sur 
faces. 

4. In a heat-exchanging still, a vertically extending 
housing, upper and lower horizontal tube-sheets divid 
ing said housing into upper, middle, and lower compart 
ments, means including a horizontal partition disposed 
beneath said upper tube-sheet providing an annular receiv 
ing compartment for the reception of liquid to be distilled, 
Said receiving compartment communicating above the 
level of liquid therein with said middle compartment, a 
plurality of tubes extending through said receiving com 
partment, partition, and middle compartment and inter 
connecting said upper and lower compartments, each tube 
being a tube of substantially uniform diameter throughout 
its length with its ends connected in tubular configuration 
to said spaced tube sheets, and being formed of a thin, flex 
ible wall of synthetic plastic resin, the thinness and flexibil 
ity and strength of the material being such that the tube is 
substantially incapable of maintaining its tubular shape 
in the absence of support but will be so maintained, with 
out rupture, by a predetermined differential of inside pres 
Sure over outside pressure, said partition being provided 
adjacent said tubes with openings through which liquid 
in the receiving compartment may escape to run down 
the outer surface of each tube as a thin film, means for 
Supplying liquid to said receiving compartment, means 
for withdrawing liquid from said lower compartment and 
from the bottom of said middle compartment at rates to 
maintain not more than low heads of liquid at the lower 
ends of said tubes, means for maintaining a partial vacu 
um within all said compartments, and means for with 
drawing vapor from said middle compartment and deliver 
ing it to the upper compartment under increased pressure 
at a predetermined pressure differential over that of the 

10 

20 

2 5 

30 

3 5 

40 

45 

50 

55 

60 

65 

middle compartment sufficient to maintain said tubes ex- 70 
panded in tubular shape. 

5. In a heat-exchanging still, a vertically extending 
housing, upper and lower horizontal tube-sheets dividing 
Said housing into upper, middle, and lower compartments, 

6 
means including a horizontal partition disposed beneath 
said upper tube-sheet providing a receiving compartment 
for the reception of liquid to be distilled, a plurality of 
tubes extending through said receiving compartment, par 
tition, and middle compartment and interconnecting said 
upper and lower compartments, each tube being a tube 
of substantially uniform diameter throughout its length 
with its ends connected in tubular configuration to said 
spaced tube sheets, and being formed of a thin, flexible 
wall of synthetic plastic resin, the thinness and flexibility 
and strength of the material being such that the tube is 
substantially incapable of maintaining its tubular shape 
in the absence of support but will be so maintained, with 
out rupture, by a predetermined differential of inside 
pressure over outside pressure, said partition being pro 
vided adjacent said tubes with openings through which 
liquid in the receiving compartment may escape to run 
down the outer surface of each tube as a thin film, means 
for supplying liquid to said receiving compartment, means 
for withdrawing liquid from said lower compartment and 
from the bottom of said middle compartment, means for 
maintaining a partial vacuum within all said compart 
ments, and means for withdrawing vapor from said mid 
dle compartment, the means for supplying and withdraw 
ing fluids from the respective compartments being con 
structed and arranged to maintain a pressure in said tubes 
which has a predetermined differential over the pressure 
in the middle compartment sufficient to maintain said 
tubes expanded in tubular shape. 

6. In a heat-exchanger of the tube and tube-sheet type, 
a housing, spaced tube-sheets dividing the housing into a 
middle compartment and two end compartments, a plural 
ity of tubes extending through said middle compartment 
and inter connecting said end compartments, each tube 
being a tube of substantially uniform diameter throughout 
its length with its ends connected in tubular configuration 
to said spaced tube sheets, and being formed of a thin, 
flexible wall of synthetic plastic resin, the thinness and 
flexibility and strength of the material being such that 
the tube is substantially incapable of maintaining its tu 
bular shape in the absence of support but will be so main 
tained, without rupture, by a predetermined differential of 
inside pressure over outside pressure, means for supplying 
liquid to the outer surface of each tube to run down such 
outer surface of each tube as a thin film, means for sup 
plying heat-exchange fluid to an end compartment and 
said tubes, means for withdrawing liquid from a lower 
portion of at least one of said end compartments and from 
the bottom of said middle compartment, means for main 
taining a partial vacuum within all said compartments, 
and means for withdrawing vapor from said middle com 
partment, the means for supplying and withdrawing fluids 
from the respective compartments being constructed and 
arranged to maintain a pressure in said tubes which has 
a predetermined differential over the pressure in the mid 
dle compartment sufficient to maintain said tubes ex 
panded in tubular shape. 
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