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" ABSTRACT "

" An experimental multistage flash evaporator is now
running satisfactorily at Alexandria. This plant being
totally built by the local industr’al capacities, starting
fron the early designing stages untill the starting of
operat ion stage, has given & precious experience to the

egyptian Engineérs and Scientests,

This paper describes the design problens involved in
translating the theoritical conclusions into engineering
practice, together with renarks about the mechanical

' designs involved; This is followed by 2 description of the
experimenfglnguipment produced to prove these designs in
- practical Operat;bﬁ; éémééfablishMthe”réQUEéi%é”aggiéﬁm‘H'

data and to evolve suitable operating technigue.



Development Consultants Association

Introduc tion

Multistage flash distillatign is an evaporation proceduid
whe re hét brine as passed through a series of chambers(stages)
each at a successively lower pressure of vapor so that a
portion of the water will flash to vapéur, and thus cool the
reuaining brine to thé equilibriun temperature for this
pressure, The chambers also contain tube banks (or nests)
through’Which cobler briné,is passed %o condense the vapour
as pure product water, The heat of condensation from all
stages in succession provides the najority of the heat
neaded by the brine to become the hot flashing brine strean,
The additional heat is provided by stean or hot Water and

the final vapour condensetion is provided by cooling water.,

Flash evaporators have been known and built for nearly
as long as sUmberged-coil evaporators and it would have>been
an obvious sBep to build multi stage versions of them on
sinilar construction lines to those used for the subnergcd-
coil evéporatar. The following circunstances seen to have

constributed to the fairly sudden emergence of the flash type.

The multistage flash rian-s are ctpable to use the
low quality heéf‘(étg)mlowwpressurewexhaust stean or low
tenpercture from electric power stations or similar instal-

lctions,
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In early practice, scacle formation was accepted as
inevitable in evaporators. In flash eveporator, scale
could cause not only a loss of output but also a deterio~
ration in the specific heat consunption and an appreciable
change in the flow resistance of the brine circulating
systeml Modern nethods of sea water treatment removed this
disability fron evaporators which can now be operated con-
tinuouSlj over many thousands of hours, like chemical pr:iciss
plant; This,improvement has been relatinely nore important

to the flash evaporator.

A corgiderable increase in the unit size of evaporators
has taken piace very recently in the years 1967/1968/1969
flash evaporating plants with a total capacity of about
£20,000 ma/dgy were ordered. The largest constructed pliats
have a daily output of 22,500 m3 and they are provided f.r
kuwait, This trend has caused a considerable increase_cf
the vapour valune to be handled inside a single unit. At
the same time there occurred a considerable increase in the
specefic velune of the vapour, owing to the higher vacuun
dnder.which nodern units héve to poperate. The larger the

total volume of stean produced the nore natural it is to

let the steam condense on the outside of tubes, which are
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circuluted by brine, rather than to resocrt to the opposite
technique enployed in the subnerged-coil evaporator,

Tesigns have been evolved making possible the construction

of flash evaporators with a larg humber of stages, but
£voiding the need of using separate shells for each stage.,
Connected by costly inter~stage piping. The flash evaporat:rs
designs have removed certain the mnodynamié disadvantages
which handicapped the flash principle and have produced a

sreat improvenents in the economics of evaporators,

The rapid development of the flash evaporator is by no
.~ons conpleted and may be expected to continue over the rixt
few years., It is making the evaporator an econonically
vracticable proposition in an increasing number of applica-
tions, and it is therefore reasonable to expect that there
will be an increasing trend twored the construction of nore

flash evaporation plants,

According to the working progran putforward by the
Developnent consultants Association of Cairo a team of
¢xperts has been forned to cover the different specialitics

which night be needed for the required design. Those
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experts were engaged in elaborate scientific and technolo-

gical fields concerning the following itens.

a) = Oceanography and narine studies concerning the differcnt
local ities in the arab world, this included chenical
analyéed of water, cufrent, temperature, salinity... cic,

b) The studies of physico-chemical properties of matter
(vapour, liquids and solid state of natters ana best
cond itions of the chenge of the liquid to vapour stage).

¢) Optinization studies on flash evaporation for designing
suitable units,

d) - Thermodynanics and hydraulics.

e) ~ Heat and nmass transfere

f) Mechanical, chemnical and metalleurgical engineering

- g) —Conputer sciences and operational research

h) Menufacturing technology (e.g) netal cutting, welding,
forning, etc. '

i) Corrosion and fouling prevention studies, choice of mee?

 suitable naterials and the most convenient substitute
fron local production (e.g) Epoxy resinsj polyester,

gla~s fibers and non~porous concrete cenent etc.



Development Consultants Association

k) Autoratic conbrol

1) Low pressure technique

Infact the technical and scientific infrastructure in
Egypt and arab countries has supplied all the above uentiorcu
épecialities with a very capable personnel, All the leadi:
staff covering these topics are university prafessors and
reggarch workers fron different institutes. If we consicercd

the intellectual capacity and capability of the different.

‘Specialized groups of the D.C.A. till the point of de-

- tailed design. It is worth mentioning the great local
induStrial capability on which the D.C.A. depends upon in
the nanufacturing of the produced design in the different
well equipped shipyards in alexandria where the local trial

| and_éipérimehtal work on the sea shore are existing. Sev.rcl
firms specialized in light metal production and alloys
such as Cu.Ni and aluminiwm brass are available in cairo
and alexandria which facilitates for the production of'aﬁy

v

particular naterial required by the designers.
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Degign Considerations

It a‘flash chanber is considered with its associated

heater.

Forning part of a multi-stage flash evaporator.

5 distinct transport problems are recognized.

1)

2)

3)

4)

5)

Brine being heated has to be transported through
a succession of‘hegt—transfep surfaces belonging
to progressively hotter flash chambers.,

Hot flashing brine has to be cascaded through a
succession of flash chaubers,

Flashed-orr vapowr has to be transerred from the
flash chamber into the associated heater, passi.c
through noisture separators if required.

The distillate condensing on the heat transfer
surfaces has to be extracted from the systen,
generally by cascading it to the next lower
heater,

Venting nixture has to be extracted from the hea-

ters or, alternatively, cascaded down the systern
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Tvpe of the flash evaporators

There were two design version to select the evaporator
aubng therni. Nenely the vertical evaporator design and the
Eorizontal (eigher cross tube or long tube) evaporators.

In the vertical evaporator designe the flash chambers and
the associated heaters are arranged vertically side by

side with straight partition walls separating them from one
anofher (fige 1)e It is easily seen that 4 of the 5 trans-
port problems listed before; nanely transport of flashing
brine frou flash chamber to flash chauber, Transport of
distillate and venting nixture fromn heater to heater, and
transpért of vapour from flash chanmber to heater, are colved
simplj and cheaply by arranging suitably dimensioned aperiires
in the relevant paertition walls., The transport of heated
brine from one set of tubeé to another is achieved equally
sinply By having a couuon tube plate covering a number of
neaters and & water box with suitably arranged partitions
ensuring that the flow of brine through the heater tube

posses in the correct sequence,

This design approach removes at one stroke most of
the practical limitations to a vastly increased nunber of

stages. Apart fron e¢lininating the need for any interestage
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piping or ducting the design has considerable structural

sdvantages for a vessecl desigred to withstand vaccun.

In a vessel of a given size an increase in the number

I stages will cause a decrease in the sieze of flash chi:i-
. bers and heaters, This will within certain linits, nake

the hole structure lighter and cheaper, if the partitions

are used as structural members. There are obvious linmita-
tions to this approach,-thé most inportant one bieng acces-
sibility to individual chanbers, The eéonomié number of
stages is found by striking the balance between the reduc—
“ion. of the. beat-transfer surface possible with an

increased nunber of'stages and the increase in fabrication
costs and the reduction in aecessibility. which occurs ln
the number of stages eXceeds a certain maxinun which depends
n1ainly on the bBize o plant, In the Horizontal evaporator
design the heat-transfere tubes are arranged horizontallye.
(Fig. 2), 'The flash chambers and their associated _heaters
be arranged in two, three or four tiers. Yach tier is split
by a longitudinal vertical partition wall, and on each sidc o
the partition wall there is one tube pass. The two passcs

in a tier are eirculeted In serises by the brine which is tixcw

e
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pumped up to the rext higher tier, Vertical transverse
partition walls, acting also as t'ub‘e'jsupports, separate eoach
pass into & number of chambers and the brire is cascaded
through the flash chanbers, in cowiterflow to the brine fl.-
wing- thr.'ough the he¢at transfere tubes., The vapour proiuced
condenses in the heater section where it is collected in tre

throughs surrounding the heater tube banks.

The Horizoﬁfally tubed evaporator requires a lowex
heat-transfere surface for a given duty because of the highei:'
heat transfere c oefficients which are cbtainable with hori-
zontal tubes. In addition the total flash chamber surfice
available for flashing - off of the brin.e is equal to the
plah.,.élrea of the pain vessel multiplisd by the number of tiurs.
The same area in the vertical design of flash evaporator
cannot exceed say 80 perclent of the total plan area of  the
vessel. the rest being occupied by the tube bundles. Both
these argunents are in favour of the horizontal design of
evaporator, on the other hand, for a given specific heat
consunption and brine circulating velocity, the designer nwust
in fact accommodate a given total length of heat-transfer
tube through which the brine has to flow (expressedc as a

nultiple of the tube diemeter), and in horizontal evaporators
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of low unit output this results in a very nabbrow vessel in
which ultindtely the width is dictated not by the output but
by accessibility requirenents, In a vertical unit the
deoigner is free to choose both the height of the vessel
and the nuuber of tube passesto be used in an& single stegc,
For lower unit outputs the vertical evaporator can theref:ire
be designed to produce a nore attractive and cheaper ves:cl.
This cax outweight the increased cost of the head transfere
surface caused by reduction in the nuwmber of stéges and 5y ti.e

iower heat=transfer coefficients obtainable with vertical

tubess

Developuent Probleuss
Before the desighs discrimed above could be put to

conuercial use a considerable number of operational prob.. s
had to be solved, suitable design data had to be aquired,

and a great deal of developnent was necessary, In order tu
tackle these developnent problens, the first experimental
evaporator was built and.erected at Alexandria, where an
cdequate supply of clean sea-water, stéam, vacecun services,
etc., are available. This evapcortaor is built on an indus.-
trial scale and this had the great advantage that the rinil ‘e
ond the experience obtained couldibe translated into
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B
industrial designs Withoutihh&ﬁe, if any scaling-up in size,

Description of the Evaporato®t

The schematic diagran of this test unit is shown in.
(fig. 3). The evaporator cbnbisted of a heat input section
followed by six vertically arranged flash chawmbers with
the ir associated heétefé; such design is reconmended for the
low capacity units as nentioned before., Normally an evaporz—
tor of ﬁhis type ahd size would have according to the opti-
nization studies, at least 12 stages, but in the case of
this btest unit, the tail of the evaporator was out off, tnd

¥ ) .
can be either replaced by a cooler or run the unit as it is,

Adjustnent of the heat supply and of the cooling water
flow through the cooler nade it possible to run the unit
over a whole range of heat loadings and teuperature levels.
Brine velocities through the tubes could be changed by
adjusting the speed of the brine circulating~pump, and
nornal flow and temperature insfrumentation ( measuring
orifice, and nercury-in-glass theruoneters), combined witl
rressure neasurenents using nercury filled tﬁbes, nade it
possible to neasure heat-transfere coefficients over a wicde

range of conditions. Provision was nade for blowdown
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rcasured through an ofifice);,for feed and feed dosing,. nd:
for distillate neasurenent using a volunetric tank,. The heat
input: section condensate was discharged from.the‘éystem SepITE~
tely, and was neasured volunetrically. The pressﬁie prevaili:g
in each chamber is prinarily deternined by the capacity. of: tke.
condensing elemnent and hence is nore of less autonatitally -
fegulated by the temperature of the brine inside the conderser:
tubes. To help naintain such a. pressure the chamber:is coure-.
cted to avaceun producing device ﬁhich'continuously~bleeds

the nonncondensablg gases and prevents their accunulation,.

The vapour velocitieé and the denisters dinensioning were
adjusted.sojthat“adequate;distillate_puritiesmwere_obtained-

" The heate~transfer surface provided in the heat input secticr
and the 6 heaters of the unit, and the rating of the brine
circulating~purp would correspond to an industrial evaporeton
of about 100 nP/day output. Since the low pressure stages of
the evaporator were-dissing, the gained output of the test
evaporator under nornal, operation conditions is only of the
order of 1.5 = l,8qm3/hr, |

Egpct;gggmdf the Evagorgtorz

I} Deposition problems and seale prevention

Sea water has about 35,000 ppu = 45 ppria of varisue
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¢.imsolved salts, At high temperature and concentrations
there is & tendency for the precipitation of scale on the
heating surface of flash evaporator. (fig. 45; These
s-ale depositis are conposed of alkali scale (éalciun
carbonate and magnesium hydroxide) and non-alkaline scale
(calciun sulphate)., The build-up of écale:deposits on heat
transfere surface offers a.resistanée to the flow of heate.
Also scale deposits can accumuiate in pipelines, orifices,
and other flow passagé to the extent that flow of process

luids is seriously impeded. These two important effects

[

result ultinately in an increase in the ratio of energy
input to product fron the plant. This gives strong econo=-
ric incentive to prevent scale depogition. To fulfill this
nin, the following nethods are‘available.

i) modification of the nature of the deposits to uiake
then less adherent, less resistant to heat transfure
or both, using sone additives particularly poly-
phosphate.b V

ii) Effective renoval of part of all of nmaterials
responsible for scale fornation from the working
fluids using acids especially sulphuric acid.

iii) Provision of alternative places for scale to pre-

cipitate, preferentially as compared with the heat
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transfere surface and flow passages.
iv) Operation of the plant in a range of conditions
(tenp) where scal e precipitations is minimized.

(fig. ) showed that calciun sulphate scale formaticn
%.1ld be conpletely avoided by controle of brine concentriti
c2d. temperature within operationally acceptable limits, Tue
decision was therefore made to proceed on the lines inhdici-

ted under (i) & -iv), that is to use additives,

Such additivesvwhich are under test now is a.mixtﬁre of

sodiun tripolyphosphate and colloidal formning powder,

It is an edsily handled, readily soluble, dry powder, It is

‘mown that treatment with this powder (will be registered

Jater under comnercial nane) was.likely to cease to be
--effective ab. paximun brine. tenperatures of theworder~af fEe

£€9°C) nainly due to the tramsition from calcium carbonate

to magensiun hydroxide. It was known that with this treat—

ent, and at the tenperatures .jin question, depositA formed

on the outside of the heat‘transfere tubes of subnerged

~cil evaporators were in the forn of a coft and loose povi-

¢er, It could therefore be expected that the linmitations <f

the treatment will be less pronounced in the case of flce’

evaporators where the powder is deposited inside the tubces
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and should be, to scne extent at least, washed off by

the forced circulation. The initial progranmed tess
which is now under action is to run the unit on the rin- .
around 85°C and to assess the deposit thickness by tho
hydrochlorid acid test.

TI)_Heat transfere neasurenenscs:

Owing to fluctuations in the work services supplicc
to the evaporatvor it was difficult 4o run it steadily
enough to obtain accurate heat transfere figures.
It was found that the results obtained agreed ¢uit
_ well with the information available about the perforicrce ..
of heaters and c¢ondensers, This was to be expected.

Since the plant was niostly operating under cleam-conditvi . —.

The best method of reducing scatter was found in ¢
suitable nodification of the well known wilson plot
(McADAM® , W,M, 1954 "Hcat transmission® third edition

- {McGraw-Hill Co., New York & London).

JIiT, The flashing—off process?

The nentioned evaporator is also used for the stucy
of flashing—off process. Where a lorge nqpber»gfﬂStC;cs o

used the plan area of individual fiash chambers will tu ..
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to becone smaller for the sare c1rchleting brine quan—
tity. Abviously flashlhg of ¥ will 1nvalVe addltlonal los
unlesbk every particle of the 01rculuting brine, in e-very fl.s3
Jhamber, is dlscharged above ﬁﬁe gencral brine level and

giveés a chdnce to reledse Vapohre

The problen was golved ﬁy developing specially shaped
bafflé on the downstream}side of the partition wall between
two adjoining flash cHanbers. This bafle forms a secondary
omifice discharging the flaehing brine upward and avove the
gereral level of fluid in the chamber, This liberates the
vapour with a ninimun of pfessure losso‘ In addition, the
secondqu orifice, avoidd the loss of stean from one flash
chamber to the other by Pailding up a back pressure inside b e
baffle-as soon &s & ninute quantlty of steum _enters, .The.

| hight and wedth of the orifice is externally coﬁ%rolled by

a specicl devicd in order to obtain the optinu heights

under different running conditions.

This control system have the ability to be fixed

Auring the running without need to dismantle the unit,
The cvaporator is also used to obtain design infor—
nation about the interrelation of the various features

influencing the flagh process, for experiental confirmaticr
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i the design of splash guards mounted sbove the baffle, cic.,

" Corrosion prohlems and gaterial of constructions

The ¢éorrosion prdBiem and the material of cdnstructi:n

differs greatly for the‘larg 'piants running with dearation

systen and small plants (or éxpernental units) Whiqh itts
size and économics cannot compensate for the required addi-
tional cost of dearator, The material of construction of
the evaporator units varies between cu Ni allowy (vhich is
locally manufactured and shaped in Egypt) with its superisr
corrosion prépeffies and the nornal carbon steel for secti . s
which are not‘a éubject of severe corrosion., The econoi.ics

of suall size plants proves that these units can be built
totally by Cu Ni for the evaporator shell, water boxes, tule
than 300 tons/day) dearcation systen can be additionally |
supplied evapdrator is made of carbon steel without protective
cocting., It is assuned that the oxygen contents of the

seca water to be fed into the plant, is reduced in an

npstrean connected deaerator to such an extent that
corrosions are excluded. In case of a vexry good deaerctior,

i.€e.y When the residual oxygen content in the feed water

R
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ié‘less than 0,010 ng/lt and with a perfect sealing of the
manhole covers and cpenings in the vacéuﬁ chambersithere
will be a corrosion factor of about 0,1 to 0.2 mm/year.. Fox
a depreciation period of 20 years, COnsequently;a cdrrqsion
allowance of 3 to 5 mnm should be sufficient. Corrosion w¥il

exist unifornslly over the total -steel area,

The ﬁube plates of the evaporator can be made of varic-c
copper alloys. (e.g) Aluniniun bress dr Cu Ni 10 which are
directly: leded."to the evaporator shell, The tube plafes con
be of course also flanged on and in this case they can be
nade of muntz metal. A flanged connthion, however, must be
very tight in order fo prevent air leakage inside the
evaporator'WhiChvwould increase the danger of corrosion in

- thé«evapmt#@arfu,Theupu%es~can~bewmade~af.aluminiumwbrass
which is a very cost saving naterial. With respect fb wates
boxes care should be taken that the differences in the
glectric séif—potehtials are not too higb; Because of
exceSSigs carrqgion rates it is not possible tb use copper-
nickel plates. together with éteel chambers, that is why
the boxgs-mp§tdbe either internally coated &ith plastic

matgriq;s or plated with sheets of copper alloy,

o —
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The distillate collecting trays arranged in the evapo-
rator are nade of steel,
Manufacturing technology & welding of Cu Ni alloyss

It is of utnost inportance to follow a very accurate
prédédﬁre'during the manufacture of the mﬁltié%age flash
evapqpator conponents, The degrée of success of the unit cen
ends to-é large extent. on_its tightness.to vacecun fééé;A
ther with accurate internal diuiensions. Special care should
also be paid for the erectioh procedure due to the largs
nuber of components and auxilicrics existing in the sane
unit it is fe&ommeﬁded to utilize a time saving techniques
during the donstruction of the flash evaporator (e.g) P.E.R.7.

(prgjeb% evaluation and review technique).

In the other hand, if special alloy ig{gppliﬁd,the
welding technology and the skill ofﬂiéﬂéur must be ;of the
highest quality. The D.C,A. has carriecd out a series of
experinments on the welding of Cu Ni sheets and tubes the.
results was very prouising, and will be directly applied
in the pro&uction of a totally build Cu Ni sﬁell for snall

size evaporators (50-250 m3/day distillate). Welding of

such alloy is nmainly carried out in the form of argon are
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welding with tungesten electrodes followed by special heat

treatnent, In order to release the residual stresses.

Special care nust be taken to maintain a high quality
of the argon to keep the oxidation of the weld surfaces cs
low on the inner surfaces.as possible, Not nore than a thix:

blue grey oxids filln can be accepted,

All welds are to be completel y radiographed. to attair
this high quality of weld.

If the naterial thickness exceeds 3 mn, the welded ends
nust be prepared with 2.5 mm thick weld lips which were butd
welded without filler netal, After radigraphing this root
pass;.ﬁbe weld was built up to the full thickness by

Aﬂelectrodeé‘%hibn gove-the sane analysis for the filler

etal as the basic material in the sheets,

For naterial thickness not exceceding 3 nm, the ends
are to be plain out and.then buttwelded without filler netal.
Most of the welding Withdut fil;er netal is to be carried
out using an autonatic welding niachine, with expected.vefy

good results,
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Future outlook

' The designs and developuent results described in this
papeT are the autcone of a basic theoritical investigation
of the subject, followed by a certain amount of the design
effort. This was b~led by Alexandria test nultistage flach
evaporator intended specifically to prove the design and tl:o
operational methods, In.view--of-the rapid developmgnt in
this impoftant field. The progran of work planned by the
D4Cily still carry a lot to Yealize., Anong those efforts

which are now under execution are the followings

1) Developnent and execution of a water saparation
test unit with facilities for varying the circu~-
la tiﬁg ‘brine quantity, the brine.concentration .
the quantity of the vapour flasing off, the
tenperature level at which the flashinghbff
takes plrrne, the vapour velocity and the geometry

of the flash chanber.

~ A large nuwber of test will be carried out on this
test unit, including special tests in which the
geonetry of the flash chambers corresponding to tre

horizontal evaporator design was reproduced.
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~_ Various types of separators will be tried., in:. -l

cyclones, wire nesh separators, inpingenent-type
baffles, etc. In order to avoid joints and necha
nical surfaces. inside the evaporator vessel, the
separators will be nounted in very simply arrang:

water seals.

Carrying out the theoritical nathenatical, studis=
and calculations including the developnent of

nathenatical model for the optinization of lar .
nultistage flash evaporation plant designs. and
off-design performance analysis by applying the

couputer sinulation of the process. These studies

are based on the works 1 (MANDIL, & ABDEL GHAFCUR

& EL ANSARY)
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