
FRESH WATER EVAPORATORS. 

PART I.-INFLUENCE OF METHODS OF OPERATION UPON 
MAINTEXANCE AND ECONOMY. 

T11e points to be considered as ~egards the production of fresh 
water from the sea in naval vessels are not by any means solely 
concerned with tllc amorult of iuel so employed, as not 0111~7 is the 
wear and tear aL tlie evaporating plaiit a mcttter of iinportdiice, but 
also there arises the question of the number of man-hours tequired 
for riiaintni~ling the plant in proper condit~on. Illis latter con- 
siderdtion 1s becoming increasingly impoi tant in model--n con- 
struction, in which the tendency is to restrict the storage capacity 
for hesh .rsdter and also to Liniit severely the dimensions (and their- 
fore increase the forcing rate) of the evaporating plant ; at the 
same timc the natural demand for improved amenities operates to 
increase the requilements for fresh mater both f o ~  washing and for 
culinary purposes ; finally, the ~ncreasing demand for fighting per- 
sonnel indirectly tends to reduce the numbers available for engine- 
room maintenance, 

Thc tendency 1s then for increasing d~fficulty to bc experienced 
in arranging for such services as the mechanical descaling of the 
evaporator coils, which entail the regular clivars~on of labour from 
other services. In any case, the operation is one that is better 
avoidcd, in so far as the damage to the coils leads t o  greater and 
greater &ficulty 111 cle'u~ing properlj no less than to fallulg off in 
efficiency and und~xc wear and tear. 'I'hese considerations led to 
the development of a method whereby the necessity for descalit~g 
of the coils has been c.i~tzrely avoidid, and to tlie further higliiy 
important advantage that the output rate of the evaporator can 
be maintained dt a reasonably high level for as long a period as 
may be desired. 

The purpose of this paper is to describe the mode of operation 
referred to, and also to give the results of careful tests, made under 
seagoing conditions taih the object of comparing the fael costs of 
various methods oi operating evaporators. 

The Formation of Scale.-It will be remembered that solid 
matter is only thrown out ol a solution if and when thc saturation 
point of that solution is passed, either by the continuous addition 
of more 'tnd more saline constituent or by decrease of the liquid's 
capacity to retain matter in suspension. It is found that as the 
temperature of most solu~tions is increased, so also is their satura- 
tion densitv ; this applies to all the norrnal constituents of sea 
water, with the sole exception of calcium sulphate (CaSO,), which 
possesses an " inverted " solubility curve, i.e., the saturation 
density dr.creasrs as the temperature rises above 130" l'., the salt 
behaving in the usual mdnner, however, a t  temperatures below 



that point. The practical result of the foregoing is that deposition 
of CaSO, will usually occur in an evaporator upon any surlace 
which is sufficiently hot to raise the ternperature of the layer of 
brine in its immediate vicinity to a point snch that the correspontling 
saturation density is below that prevailing locally. Deposition of 
the other constituents will not be experienced to any mdrked extent 
unless the workuig density is increased to a point above that at 
which evaporators are generally worked, the figure of 30" providing 
a reasonable margin in this respect. 

As the layer of scale increases in thickness, so the tempelature 
of its brine-washed surface falls (due to the heat resistance of the 
scale), till finally that ternperature is just below saturation point 
-deposition then ceases. Ihe  output of the plant will be cleter- 
mined by the he,tt resistance of tlie scale in question, and will, of 
course, be less than tllc full output, other things being the same. 
It  may be ~emarked in passing that as the output varies with the 
rate of heat transference frorn the coiI stearn to the b~ine, it evidently 
depends .to some extent upon the temperature of the brine itself- 
that is, for a given steam temperature and given resistailce of scale, 
the rate of heat transference udl increase if the temperature of the 
brine actually in contact with the coils can be lowcred. The fitting 
commonly known as an " apron plate " achievcs t b s  desirable end 
by separating the incoming " feed " from the hotter main body of 
brine, tending to keep a supply of the former against the heating 
surfaces. I t  will consequently bc found in practice that il the space 
between the lower edge of the apron plate and the bottom of the 
evaporator shell becornes obstructed by detached scale, the output 
of the evaporator may fall off to a nlarked degree. The apron plate 
performs a second service, iis use raising the output of the evaporator 
because the temper'tture oi scalc formation at the actual coil 
srrrface is 1igllcr (water density lower) than it would be if the density 
at  that point was the same as that of the main body of the brine. 

Two deductioxls can be made from the foregoing points, 
nameIy :- 

( l)  That if a given cvayorator is operated at constant coil 
pressure and constant density, its output will gradually 
fall till it reaches a certain rate, whicll wiU not diminish 
as long as these conditions are maintained. This steady 
output may convcr~iently be called the " steady rate." 

(2) That the absolute value 01 this steady rate ml1 depend 
mainly upon the density of thc brine and the tempera- 
ture ol the steam in thc coils. It is evidently influenced 
by other factors in an actual cdse, where the rate of heat 
transmission necessalily varies from coil to coil (depend- 
ing upon the amount of condensed wder in Chern, etc. 
etc.) and where a higher shell vacuum niay be prdc- 
ticable at low outp~zts than at greater ones, owing to 
considerations of priming, etc. 





The validity of these deductions was tested by carrying out 
prolonged runs at different densities in each case, the coil steam 
pressrrres being, however, maintained constant. The results are 
shown graphically in Figs. I and 11, frorn which it vc.111 be evident 
that the set can be operated at  a particular output without descaling 
the coils at  all, if the density of the brine is suitably selected. 

Methods of In- the "Steady Rate."--The steady rate 
at any given density (coil steam pressure and coil-drain valve 
setting) can be increased by the use ol some regular method of 
cracking the scale. The process actually in use during the tests 
referred to above merely entailed " blowing down " the evaporator 
once every 12 horns and then filling up with cold sea water as 
suddenly as possible, the steam being turned off the heated coils 
before the cold water was admitted. 

Subsequently it was suggested that cracking might be facilitated 
if the coils were soaked in fresh water during the periods when it 
was necessary to lay an evaporating plant up for repairs to the 
pumps, valves, etc. This was done, thc set subsequently being 
put into operation, when required, by starting with the brine 
suction and feed supply valves shut u11tiI the normal water leveI 
was attained ; sea water was then fed in, and brining started when 
thc correct density was reached. The ncxt routine blow down 
was usually found to cracli off most of the scale, and in view of the 
large quantity so dislodged the main doors of the evaporators were 
removed at  this juncture as the loose deposit could not be cleared 
out sufficiently through the small cleaning doors provided. The 
initial output of the set after soaking and cracking was found to be 
somewhat less than it is with quite clean coils. The actual reduction 
is shown on Fig. I, the curves A B C being for clean coils 
and D E and F for coils treated in the above manner. The 
initial output of D E and F has been ternled the " peak " output 
for convenience of reference. 

I t  has not definitely been established whether soaking is of 
real value in loosening the scale, although there appears to be some 
improvement in this respect if coils lie in fresh water for at least 
24 hours. 

Working of '' Steady Rate " Method-The routine adopted in 
the ship where this method was used on service was as follows :- 
The two sets of evaporating plant were worked alternately, the 
" stand-by" mlit being kept with its coils soaking in fresh water. 
The working evaporators were blown down and " cracked " once 
every 12 hours, the process involving a total loss of about one hour's 
output in every 24 hours. 

With a view to ol~taining the highest possible economy con- 
sistent with the avoidance of descaling by mechanical means, the 
reductio~l from the " peak " output to the desired " steady rate " 
was made by working for the necessary period at 30° density ; 



subsequent working was carried out a t  a density selected to suit the 
ship's immediate requirements for fresh water (Fig. 11). It should 
be noted that once a set attains the steady output corresponding 
to a given density, a higher output can only be achieved by cracking 
the scale from the coils : merely decreasing the density without 
a prior cracking process wiU not raise the output, but will, of course, 
increase the fuel cxpendcd for the production of a given quantity 
of water. 

The curve in Fig. I1 shows that there is a certain density 
corresponding to the highest possible minimum rate, and that the 
change in rate is very marked with small variations of density in 
the region of this optimum point. It is thus obvious that unless 
the density in thc evaporators is very carefully maintained a t  the 
desired figure there will be marked variations in output when working 
in this region, wllicll should therefore in general be avoided as 
far as possible. For reasons which will be given later the actual 
density used should be at least 20". 

The coils were taken out of the evaporators only once per annum, 
mainly in order to remove scale from the apron plates, baffles, etc., 
and interior of the evaporators. Advantage was, however, taken of 
their removal to descale them entirely by beating over a forge ; 
this can be done on board if the coil is covered with a steel sheet 
during the heating process. 

Effect of Sea Water Temperature on Output.-The curves of 
Fig. I are based on tests carricd out with sea water at  a temperature 
of about 75" F. It  was found later Tt-llen making repeat trinls with 
a sea temperature of about 48" F. that the " steady rate " at a given 
density had increased above the figures shown on Fig, I ; this 
cbange is ascribed to the improved " cracking " eflect resulting 
from the colcler sea water, as the coils were evidently much freer 
from scale. This effect has not yet been f~dl37 explored but is of 
appreciable magnitude, the minim~zm rate at 30" density being 
raised from about 2 . 3  tons/hour at 75" F. to 3.0 tons/hour \\-hen 
the sea is at 48" F. I t  is reasonable to suppose that similar 
increases may be expected at lower densities. 

FBmt of Density on Economy.-Fig. 111 shows direcily ho~v the 
economy is affected by change of brine density; one curve gives 
the percentage reduction in output per pound oC coil stem1 as 
compared with that a t  30" density. The falling off in ecoIlolny 
becomes very rapid at densities below 20'. 

Effect of Coil Drain Valve opening upon monomy.-The 
steam connections to the evaporator coils are so arranged that the 
drainage all passes through the lowest coils and thus is cooled as far 
as possible by the incoming feed. The proportion of evaporation 
that takes place at  the lower coils and similarly the temperature 
of the coil drainage is largely determined by the setting of the coil 
drain valve (assuming that a constant steam pressure is maintained 
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below the coil steam valve). In slips fitted with closed feed systems, 
it is important on this account that the temperature of the coil 
drain should be kept as low as possible, consistent with maintaining 
the desired output, as losses aniountir~ to as much as 6 per cent. 
can be sustained by lack of attention to this point, when the coil 
drain is led to the feed tank. The fitting of a thermometer for this 
purpose is to be recommended, particularly if of the dial type- 
this can readily be made on board by adapting a pressure gauge to 
indicate the vapour pressure in a bulb filled with petrol and slutably 
arranged in the coil drain pipe. 

Blowing Down and Cracking.-Tests were made to determine 
the best routine for blowing down and cracking, having in view the 
consequent loss of heat and operating time on the one hand and the 
improvement in hourly rate on the other. These tests are not 
yet completed, but it appears that at 30° density, under " steady 
rate" conditions, with sea ati50° l',, the rate is improved by 
.jS- tons/hour at each cracking, depreciating a similar amount in 
the next 12 liours ; the average rate being 3.0 tonsjhour. It may 
be deduced, on the assumption that 30 minutes working is wasted 
at each "blow down," that if this operation is carried out once 
every 12 hours the net output per diem is increased by about 
g-ton at the cost of the heat lost in two blow downs and in reset- 
the plant to work. Subject to confirmation of these results and to 
further tests under other conditions, it does not appear that blowing 
down and cracking is worth while. 

PART IL-RXLATIVE ECONOBYY OF VARIOUS MJXCHODS 
OF PRODUCING D- WATER. 

Trials were carried out with a set of evaporators to demonstrate 
the relative efficiency of the follo~,s-i~ig modes of operation :- 

(U) Both working on live steam, 25 lbs. coil pressure. 
(6) Working compound, 25 lbs. primary steam pressure. 
(G) The evaporator working on live steam, 25 lbs. coil pressure ; 

vapour led through evaporator feed heater. 
(d) One evaporator on closed exhaust and one on 25 lbs. live 

steam. 
During the first three trials the closed exhaust steam was used 

for feed heating pnrposes, while in trial ( d )  the feed heater was 
shut off and all the exhaust taken through the coils of one evaporator, 
The coils were in the " steady rate " condition for 30' density, 
at which all these trials were rtm. The load on the boiler tor 
extrax~eous services other than the evaporatkg plant, was kept as 
constant as possible throughout all tests ; measurements were made 
of the steam used by each individual arrxiliary. It was possible 
from these and other tests to obtain data to enable Table I to be 
drawn up ; in this the only main variable is the steam consumption 



of the evaporating plant. The boiler efficiency has been assumed 
to be constant and equal to 80 per cent. for the purpose of making 
these figures strictly conlparative ; it having been found that such 
an efficiency can be regularly attained over the usual harbour range 
of output. 

Curves are given on Fig. IV  to show the, effect of coil pressure 
on the output and efficiency 01 a set of evaporators, worked a t  
30" density (in file " steady rate " co~ldition : sea at 50' F.). No 
difference could be observed in the output when using live steam 
or closed exhdust in the coils. As regards " compound " working, 
the rate is in general too low to meet ordinary ships 'requirements, 
unless the coils are quite clean-hence it is impracticable to make 
full use of the economy of this method. In this connection, i t  will 
be noted that the consun~ption of coil steam per unit weight of water 
distilled is not in practice by any means a complete criterion of the 
cost of producing fresh water. This apparent anomaly is due to 
the effects of feed temperature and of the changing ratio of 
superheated 

total 
steam ; these combine to alter the evaporation of the 

boiler, as judged in lbs. of water per lb. of oil fuel. 
As a general conclusion, it may be stated that if evaporators 

are ~vorked at a density of about 20" for an indefinite length of 
time without scaling coils at nll, a steady rate of water output will 
be achieved which wilI bc about three-qrarters of the normal 
maximum output with clean coils, and the amount of steam required 
per lb. of water made will only be some five or ten per cent. more 
than that required with clean coils. 

Under these conditions the output is ample for normal ship 
requirements and the slight loss of efficiency is outweiglzed by the 
saving of the labour involved in coil scaling. 
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