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This invention relates to a process for heating sea 
and other saline waters to high temperatures and more 
particularly to the heating of such waters in indirect 
heat exchangers to temperatures of at least 250 F. 
without causing the usual high rate of deposition of 
hard scale on the surfaces of the heating equipment. 

If sea water is heated to such high temperatures un 
der ordinary indirect heat exchange practice, saits there 
in rapidly precipitate out and form a hard Scale which 
reduces the heat transfer efficiency and soon require that 
the equipment be taken out of use, opened up and Scraped 
or turbined to remove the scale. 
The ultimate object of the invention is to provide large 

quantities of very hot salt water at low cost. An in 
termediate object is to heat such water in indirect heat 
exchange equipment by a procedure which avoids a pro 
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hibitive rate of deposition of salts on the hot heating . 
surfaces of the equipment. 
A specific object of the invention is to cause Scale 

forming compounds including magnesium hydroxide and 
calcium carbonate which separate out from the salt Water 
during the heating operation, to deposit for the most 
part in the form of a soft, non-adherent layer primarily 
in the lower temperature portion of a multi-stage indi 
rect heating tube. This soft sludge may therefore be 
removed from the heating tubes with a minimum of 
disturbance in, and delay in the use of, the heating equip 
ment, and a substantially continuous stream of hot Water 
can be maintained. 

In its primary embodiment, the invention involves 
heating salt water containing the usual calcium Sulfate 
and other scale-forming compounds to temperatures 
above 250 F. in a two stage indirect heat eXchanger 
and controlling the heat transfer in the first stage such 
that scale-forming compounds in the water which sepa 
rate out will deposit primarily or substantially only in 
the form of a soft, non-adherent layer in the first stage 
and controlling the heating in the second stage Such that 
the thus obtained water can be and is heated to a higher 
temperature without causing deposition of appreciable 
amounts of hard scale on the heating Surfaces of said 
Stage. 

In the two stage indirect heat exchanger the Water 
is forced under superatmospheric pressure into the tube 
or bank of tubes constituting the first stage and is heated 
therein to a temperature at which scale-forming con 
pounds in the water deposit substantially only as a Soft, 
non-adherent layer by applying heat to the water from 
the heat exchange surfaces at a temperature predeter 
mined to be below that at which the scale-forming com 
pounds present in the water of the specific salinity treated 
will deposit as a hard adherent scale during the period 
the water is present in said stage. Next, the altered 
hot water thus obtained is flowed under the pressure 
through the tube or tubes of the second stage of the 
heat exchanger and therein heated to a higher tempera 
ture but below that predetermined to cause the calcium 
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Sulfate present to precipitate out in such stage during 
the period the water is present in said stage, by ap 
plying heat to the water from the heat exchanger sur 
faces maintained at temperatures predetermined to be 
below those at which calcium sulfate present in the al 
tered hot water being heated will form a scale at a pro 
hibitive rate during the period the water is present in 
said stage. Finally, the heated water is flowed from the 
said second stage before calcium sulfate precipitation has 
occurred. To maintain acceptable heat transfer rates, 
the soft layer deposited is periodically removed by forc 
ing a fluid at high velocity through the tube. 
The invention may be utilized for heating any natural 

salt water, marsh water, bay water, tidal water and 
other like natural waters containing a salinity (total solids 
content) of at least about two hundred grains per gallon 
(G. P. G.), and it is particularly applicable to the treat 
ment of brackish waters or sea water of intermediate 
Salinity, as those having a total salinity of from about 
600 to 1700 G. P. G. All of such waters invariably con 
tain in addition to the sodium chloride various scale 
forming salts principally calcium sulfate, magnesium 
salts, calcium carbonate, and minor amounts of other 
compounds. 

These salts can be removed or altered by known pro 
cedures for example ion exchange and distillation such 
that the water containing the same can be heated to 
high temperatures without causing scale formation, but 
Such processes are too expensive for use in providing 
large quantities of hot water required for a number of 
industrial purposes. 
The heating of the salt water in accordance with the 

process of the present invention is accomplished by the 
following series of steps and controls. 
The salt water is first pumped into the tubes of a two 

stage heat eXchanger under Superatmospheric pressure 
of a magnitude sufficient to provide a pressure at the 
exchanger outlet greater than the vapor pressure of the 
water and preferably also above that of the dissolved 
gases. The initial pressure applied varies with the ulti 
mate, temperature, the particular construction of the ex 
changer and other minor factors. Pressures of 250 
350 p.s. i. are suggested minimums, for contemplated 
embodiments. 
The ultimate temperature to which the water is heated 

may depend upon the use to which the heated water 
is to be put, but the maximum temperature possible is 
determined to a large extent by the salinity of the water 
being heated and the success of the first step in remov 
ing scale-forming compounds. The greater the salinity, 
the lower the maximum temperature. possible. Heating 
to excessive ultimate temperatures leads to unavoidable 
precipitation and deposition of hard calcium sulfate scale. 
By limiting the ultimate temperature to a level below 
that at which the precipitation takes place from the hot 
water from which some of the scale-forming compounds 
have been removed, such scale deposition can be sub 
stantially avoided. 
The ultimate possible maximum temperature to which 

a salt water of any specific salinity can be successfully 
heated is influenced to some extent by the particular 
heat exchanger construction or system employed, the 
velocity of the water travelling through the tubes and 
the skin temperature of the heating surfaces. In actual 
operations, if salt water is desired at the maximum pos 
sible temperature, such temperature must be determined 
by trial and error in the specific exchanger to be used. 
As a general guide to possible maximum temperatures 
at various salinities the following table is given by Way 
of example: 


