Chapter II

LITERATURE REVIEWS AND THEORETICAL CONSIDERATION

2.1 Evaporators

According to Foust et al(l), evaporation is the
operation of concentrating a solution by boiling away
the golvent. The concentration is normally stopped
before the solute begins to precipitate from solution,
So the purpose of the evaporator is to permit the transfer
of heat, the evaporization of solvent, énd the removal
of fluid droplets from the vapor before it leaves the

evaporator.

(2) (3)

Barles stated that the

» Biilig, and Werner
evaporator had two principal functions, to exchange heat
and to seperate the vapor that was formed from the liguia.
However, it usually consists of three functional units:

1) the heat exchanger, to supply sensible and
latent heat to the liquid.

2) the evaporating unit, where the fluid boils
and evaporates,

3) the seperator in which the vapor leaves the
liquid and passes off to the condenser.,
(4)

Bennett explained that the simplest device is
an open pan or kettle which receives heat from a coil or

jacket or by direct firing underneath the pam. A some



what more complicated apparatus is the horizontal tube
evaporator in which a liquid in the shell side of a closed,
vertical, cylindrical vessel is evaporated by passing
steam or other hot gas through a bundle of horizontal tubes
contained in the lower part of the vessel. In both devices
nucleate boiling occurs in the solution at the heated sur-
face, and any circulation of the liquid that occurs is a
result of the heating. The liquid level in the horizontal-
tube evaporator is usually at less than half the height of
the vessel; the empty space permits disengagement of
entrained liquid from the vapor passing overhead.

A more efficient device is the vertical tube evapo-
rator. This consists of a vertical, cylindrical vessel
with a bundle of vertical, stcam-heated tubes at the base
of the vessel. However, the bundle of tubes operates with
steam around the tubes and the liquid to be evaporated
within the tubes. TEssentially, the bundle acts as a verti-
cal shell and tube heat exchange in which steam is admitted
to the shell side and the evaporating liquid is on the tube
side. After disengagement, thelvapor is removed from the
top of the vessel and the liquid remaining flows down in an
annular space between the tube bundle and the wall of the
vessel to the space beneath the tube bundle, where it begins
the cycle once again. These evaporator are fed continuously,
and the concentrated liquer is removed continuously from the

bottom of the vessel. The apparatus described above is
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often referred to as a short-vertical-tube, basket-type
evaporator and is one of the common types. The flow is
caused entirely by natural convection.

An evaporator which works in similar fashion is
the long-tube, natural circulation evaporator. Operating
an somewhat the same principle as a smokestack, the long-
tube evaporator gives higher fluid velocities than the
short tube evaporator. This high velocity is desirable
because it promotes higher heat-transfer coefficients
between the evaporating fluid and the tube walls. A
further improvement is scmetimes made by pumping the
circulating liquid around to give even higher velocities
and higher heat transfer coefficients than can be obtained
by natural convection. These forced-circulation evapora-
tors are especially useful for evaporating viscous liquids
for which natural circulation rates would be low.

Perry(S)

concluded that evaporators may be classi-
fied as follows:

1, Heating medium seperated from evaporating
liquid by tubular heating surfaces.,

2., Heating medium confined by coil, jackets,
double walls, flat plates, etc.

3. Heating medium brought into direct contact with
evapcrating liquid

4, EHeating by solar radiation

He also classified various types of evaporator and
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ite diagram was shown in Fig 2.l1. BAmong the most impor-
tant of recent designs is the falling-film evaporator,
in which a film of solution flows down the surface of a
tube and receives heat through the tube wall. The short
exposure time in the falling-film evaporator makes it
useful for concentrating solutions of heat-sensitive
materials.,

The selection of equipment for particular service
is governed by the characteristics of the dilute and con-
centrated liquids like heat sensitiveness, crystallisation

salting, corrosion, scaling, foaming and viscosity etc.

2.2 Pilm Evaporators

Liquid films are of importance in a wide variety
of industrial processed. Falling films occur, for instance,
in a member of types of counter current mass transfer
equipment and climbing films are of importance in the
context of heat transfer in evaporating systems. Liquid
films are clearly important in the lubrication of bearings
gears and other moving parts. There are also a number of
processes such as enamelling and painting where the deposi-
tion of thin layers of liquid is necessary.

On evaporation heat sensitive materials, essential
operating conditions are the lowest possible evaporation
temperature and the minimum time of retention. The mini-

mum evaporation temperature is fixed by the temperature of



Fig. 2.1 Evaporator types. (a) Forced circulation.
(b) Submerged-tube forced circulation. (c) Oslo-type
crystallizer. (d) Short-tube vertical. (e) Propeller
calandria. (f) Long-tube vertical. (g) Recirculating
long-tube vertical. (h) Falling film. (i) Horizontal-
tube evaporatér, C, condensate; F, feed; G, vent; P,
product; S, steam; V, vapor; ENT'T, separated entrain-
ment outlet.
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the condenser coolant while in order to keep the heat
transfer surface reasonably small there must be a
sizeable temperature difference between vapor and the
cooling medium. However, if the ligquid had a high
boiling point this minimum temperature may be limited
by the solidifying point and on the other hand the use
of low pressure for the evaporation will increase capital
costs through the expense of the vacumn pumps. These
components, apart from adding an element of operational
unreliability, will also demand connections and pipes

of large diameter and special attention to joints to
prevent leakage. There are therefore a number of con-
flicting demands which eventual compromise in design
must recognisej; the fixing of pressure and temperature
for a given evaporation should result from an assessment
of the economic factors, the short residence time
condition being especially desirable.

The shortest residence time can be achieved if
liquid is spread in the form of a thin layer over the
‘heating surface and vaporised to a desired state in a
single pass through the evaporator.

Skocylas‘s) described that vaporization of liquids
in the form of thin films was first applied in molecular
distillation at the pressure of 107> mm Hg to 10~% mm Hg.
This process is used for evaporation of substances with

high molecular weight, boiling at high temperatures,
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sonsitive to even small increments in temperature and if

a high degree of purity is required (for instance, in

case of vitamins).

The comparison between the process

carried out in a distillation kettle, a conventional

circulation evaporator and a film evaporator is given in

Table 20

/

Table 2<1

Typve of apparatus

Concentration in
liquid subjeccted
to evaporation

Residence
time

Distillation column

Conventional circu-
lation evaporator

Film-evaporator

Increases with time

Constant

Increases along the
film

5 hr to 50 hr

15 min to
60 min
3 sec to
20 sec

It should be noted that the film evaporator

besides giving a shorter residence time also makes possi-

ble a higher concentration i the higher the concentration

the greater is the risk of decomposition.

Contrary to

the conventional circulation cvaporation and flash dis-

tillation which are carried out to reach final concentra-

tion in film evaporation, as in the case of a simple

distillation, the maximum concentration and the highest

temperature are reached at the e

apparatus.

Further advantages of film evaporation,

nd, at the exit from the

as
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in the case of a simple distillation, the reduced length
of path for diffusion of the low boiling component from
the bulk to the surface of the liquid (thickness of the
liquid layer is of the order of 1 mm only, while in a
distillation kettle it may be 1 m or even more).

With respect to the mechanism of spreading of
liquid over the heating surface, 5kocy1as(6) concluded
that film-evaporators can be divided into two groups,
static and mechanical evapnrators.

The simplest type of static apparatus is the
falling film evamorator, In this the liquid, under the
action of gravity, flows down along a heating surface
which has usually the shape of cylinder. See Fig 2.2,
According to 5chneider(72application of this type of
apparatus is justified only at high liquid loads and if
high purity of the final product in not essential., It
is Aifficult to acheive uniform distribution of liquid
over the surface because through the rapid vaporisation
of the liquid, the film is often broken, channelling
takes place and some parts of the surface remain unwetted,
Jone(aj describing this type of evaporator concluded that
it can be used only for nonviscous liquids, since the
higher the viscosity the more difficult it is to achieve
uniform liquid distribution over the surface. A viscous
liquid flows in the form of rivulets thereby leaving

parts of the surface unwetted, the process of vaporisation
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becomes irregular, resulting in variations in the com=-
position of the final product.

Because of difficulties arising from maldistribu-
tion of liquid over the heating surface,static film
apparatus cannot compete with mechanical evaporators,

There are several types of mechanical evaporators differing
from each other in the manner of introducing the feed or

withdrawing the product. Some of them was shown

YAt A

; 1
J U U

schematically in Fig 2,3,

The apparatus uses turbulent mixing of the film
during evaporation generated by the action of rotor blades
revolving inside a cylinder or frustum of cone; centrifugal
force created by the rotation produces the turbulent mixing
of the film on the heating surface, Liquid hold up in
the apparatus is small and the residence time is a few
seconds only. A vertical cylindrical evaporator is parti-
cularly suitable for evaporating medium of high viscosity
liquids. The design with the shape of a frustum of cone
can be operated either in vertical or horizontal position.
In the first evaporator the centrifugal force accelerates
the liquid while in the second apparatus it has a retarding
effect. The effect of viscosity which is sionificant in
the case of a static film evaporator is redﬁced to a
minimum because of intensive mixing of the liquid film.

The selection of the appropriate evaporator is

ultimately a matter of economics. The static film evaporators

| 17575825
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would be selected because of their simplicity of construc-
tion, compactness and generally high heat transfer coeffi-
cient. In the mechanical film evaporators, the cost is
often believed to be prohibitive and the technique is
considered too complex to be effective and reliable, due
to moving parts and the high vacumn generally associated
with it., FHowever,; the properties of the material being
evaporated may sharply limit the choice for instance, a
highly viscous solution might not move readily past the
heating surface by the action of matural convection alone.
In this case the use of the mechanical film evaporator

micht be necessary.

2,3 Vertical Falling Film Evaporator

2.3.1 Principle of Vertical Falling Film Evaporator -

Agarwal(g) explained that in these evaporators,
the dilute liquids flow:' downward on a heating plate or
heating tube in the form of a thin film as well as the
influence of the descending vapor created by the evapora=-
tion of the liquid, There is no static height in the tube,
but only an acceleration of the downward flow of the liquid
film by the force of gravity. The vapours formed in the
tubes pass in the same downward direction at very high
speeds and thus greatly accelerate the downward flow of the

liguid film. The high speed of both vapour and liquid
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results in shorter exposure of the product of heat,
usually less than a minute.

McCabe(lo)

added that vapor evolved from the

liquid is usually carried downward with the liquid, and
leaves from the bottom of the unit. 1In apparance these
evaporators resemble long, vertical, tubular exchangers

with a liquid vapor seperator at the hottom and a distri-

butor for the liquid at the top. .

2.342 Design Consideration

Wiegand(ll) explained that, in the evaporators,
the liquid was cauged to flow down the heating surface,
covering the surface of the tube with a thin layer of
liquid. It was usually to operated under reduced pressure,
3ie11g{3) pointed out that the liquid to be
concentrated must enter the evaporator at a temperature
very close to the boiling point in the evaporator.
Wiegand(ll) added that if this condition was not fullfilled,
evaporating could not occur, but only preheating took
place,

Chun and Seban(lz)

pointed out that the minimum
feed rate was limited by the occurance of circumferentially
nonuniform wetting, with the formation of accompanying
rivulets on the surface of the tube., Non wetting would

lead to serious local overheating. The maximum feed rate

was limited by overshooting of the feed at the @istributor,
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so that all the liquid would not attach itself to the

(53 added that it was necessary to

tube surface. Gray
design the evaporators properly for a certain minimum
liquid rate per unit width of heat transfer surface to
maintained.

Wiegand(ll) stated that the size of heated
surface, required for predetermined evaporating output,
was propertional to the difference between the heating
and boiling temperature. He also pointed that the
narrower the surface, the greater was the so-called

d(ll) and Gray(l3) found that this

"liguid load". Wiegan
liquid load must never be too small, as otherwise there

was a danger of dry spots forming on the heating surface,
with consequent burning of the liquid, increasing fouling,
and resulting poor heat transfer coefficients. HMoreever
Weigand(ll) pointed out that, higher liquid lo§dé resulted
in a better heat transfer from the heating surface to the
liquid to be evaporated. The temperature difference
between the heating and boiling temperature had necessarily

to be of a certain degree to avoid the cease of evaporation.

2,3.,3 Theoretical Consideration

A liquid solution is being fed on a wvertical heated

tube at its boiling temperature, As the solution is flowing
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downward in a form of thin film, under the gravitational
force, it gains heat from the heated tube, water in the
solution vaporised, the concentration of the solution
increases, and the thickness of the flim might change.

Let the consideration of the system be assigned
as shown in Figure 2.4. It is assumed that the temperature
gradient in y direction is negligible. Therefore, all
the heat used for vaporisation of water is being transe
ferred in x direction from the plate surface to the vapor-
liquid interface. If the liquid film is very thin, the
flow is laminar, consequently, the heat is conducted in x
direction.

The energy balance of a differential element dy,is

dg = RID Ay T.- T, (2+1)

Xeo

where a is the rate of heat transfer

is the thermal conductivity of the liquid

is the surface temperature of the tube

k

D is the diameter of the tube
Ts

i i

v 1s the vaporization temperature of the liquid

X, is the liquid film thickness at y=y

However, from the conventional definition of heat
transfer coefficient h,
dq = h7DavT.-~ T) (2.2)

Therefore h = Xy (2.3)

Xe
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The amount of heat transferred may be determined
from the change in liquid flow rate
dq = -AdwW (2.4)
where () is the liquid flow rate at y = y
/A is the heat of vaporization per unit mass

Then eq 2.2 becomes

-AdQ = h7p dy (T~ T,)
h — = A\ .1 aw
Tg-T, 7D dy
K al BRI - al’  (2.5)
Xe - TB—Tv ay

where ' is the flow rate of liquid per unit length of
the tube perimeter

Kk dy.

For the entire length L of the tube, let a mean heat

transfer coefficient, hm, be defined as

q hp TOL(T~ T)) = A(W -0 )
= AAW (2.7))

Where bdo is the flow rate of the feed solution

UJL is the flow rate of the concentrated solution

P e ARG o AADN (2.8)

Mo ¥ R 7/ DL h L
Combining equation 2.6 + 2.8 gives

dY =z - eth an (2.9)

ko
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For mass balance of the differential element, dy,
rectangular coordinates can be used instead of cylindriéal
coordinate because the liquid film thickness is very small
as compared to the radius of the tube.

According to the continuity equation

> ;‘f"’ 2l %cr'vy) o =% a0 a0

¢
b

For incompressible fluid and one dimensional steady flow.

f is constant, af’ =/0 and vy = v, =0
ot
Therefore B‘ﬁ: = 0 (2.11)
aY

According to the equation of motion (Navier stoke'sequa-

tion in y direction

Dy e Yy % Y= Yy
ot dx dy Sz
2 32v
- < ———3 + g (2.12)
f’ Ox x¥ O;f 0z Y

For steady state one-dimentional flow without an external

forces except the gravity, equation 2,12 becomes

2

av -g

—X AN « =9 (2.13)
ax? ¥ o

To solve this equation, two boundary conditions are
required. They are

BoC: Y 3 at x = X,

%2



Therefore N =

BsC 2 ¢ at x = 0 V. = 0

b 4

Integrating equation2.13 gives

av 5 -gX + G
L ¥

aApply B.C 1 vyields

Cc = g

b

1 e
L
Then dwv = - X
v S (%o~ x)
ax

Integrating equation( 2,16 gives

v = g (xx = 52) +
: > 2
Apply B.C 2 yields
] v = - =15 b xz)
v g 5

xe
N =/ vyjaﬂndx

- =
o

3

1DPg Xe

- )/ 3
Bl R PR
1o 3V

o ; xe
'ﬂng/ (xex..

2
x )dx

/

38}
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(2.14)

(2.15)

(2.16)

(2.17)

(2.18)

The mass flow rate of the solution at any value of vy is

(2.19)

(2.20)

(2.21)



Substituting X, into equation 2.2 yields

Gy

Integrating gives

L

o

From equation 2.8

hm
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Combining equation 2.23 + 2.24 gives

1/3
~hoL [3V[ af (2+22)
kA 1Pg
I
1/ 1/
-h L (31)) 2 an
KAT Pg I
43 . 4/3
th 33/ 1/3 3 ([; =iy, )
kAD pg) =
& k‘Arﬁ _ﬁg 1/3
3N 4/3_ }"'1/3 3V
o L
1
0,925 Al (ng3>/3 (2.23)
29/3 Y3 v
R ki
Kb (2.24)
L(Tg-T,,)
3 1/3
0,925 L(Tg~ T,,)(Pk q)
N 2/
203 1/3
0,925 L(Tg= T ) (P k g) (2.25)
A g 2
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Equation 2,25 is derived tased on the assumption
that the physical properties of liquid, density, viscosity,
thermal conductivity, and heat of vaporization, temperature
different Tg = Ty, are constant. In fact, these values are
nét constant but vary to a certain extent. However, if
their mean values are used the result might be agreeable

with the equation,

2,3.4 Heat Transfer in Vertical, Film Evaporator

Vapor production from a thin film of liquid on =2
vertical heated surface may occur as bubble formation at
the liquid-solid interface or directly by evaporation
from the liquid-vapor interface. Available observations
support the latter mechanism for modest temperature
difference between the solid and vapor (AT<f16°F). If
bubble formation makes negligible contribution to vapor
evolution, the principal resistance to heat transfer will
occur within the liquid film; several empirical and
theoretical relations have been presented for heat transfer
by conduction through this film of fluid.

(14)et al showed that heat transfer to

McAdams
subcooled falling water films was a function of the water
flow rate substantially independent of tube length, tube
diameter, temperature difference, and inlet fluid tempera-

ture., The recommended correlation was
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h = 120[‘1/3 (2.26)
for values of film Reynolds number ( D?M), from 400 to
5000 and maximum water temperature of 200°F,

Nusselt(lz) proposed an equation for local heat

transfer coefficients in liquid film for laminar flow as

follows:

1 1 7 =1
X 3 /3 - /3 al /3
h s = afy (2.27)
d 3 2 P
(15)
Kapitza predicted that capillary waves would

form on the laminar laver surface when the Reynolds number

excecded the value of

-1
_ﬂ_f_) . 2,43/_/_‘(_4_3 &3 (2.28)
— \f 63

/fg/}’63 is the Kapitza number, Ka.

The analysis of Kapitza, presuming wavelengths
long compared to layer thickness, indicated that the
average layer thickness for a given flow rate is reduced
by the action of the ripples, so that the heat transfer
coefficient is increased.

Zazuli(ls)

examined condensation data and formulated
an empirical correction factor for condensation data in

terms of average heat transfer coefficients.

0.11
= n )
(h)ripples = 0.8 (?Zf> h Nusselt (2.29)
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By assuming,; for the condensation problem, hfb(il-)n’
it is found that the local coefficient to be consistent

with equation (2,29) must be

1 -0,22
s s kg) /3 (_/_"_) thin0)
ve P

or assuming that the increase in local heat transfer
coefficient arises entirely from a reduction in the averag:
film thickness,
-0.,11
cfripples 1.33 ﬁll) (2.31)

= /4

CfNusselt
For the turbulent regime, initiated at some
postulated Reynolds number, theoretical predictions of
(12)

Chun and Seban have been used to estimate the local

heat transfer coefficient

T 0.4 0.65
h(” >/3=3.8X10—34P) (_%) (2,32)
gk3 Y X

§19) numerically integrated the equations

Dukler
for the transfer of heat and momentum across the falling
film. Results for film thickness and local and average
heat transfer coefficients were presented graphically,

Fig 2,5 contains curves showing the prediction
value of the heat transfer coefficient for the Nusselt
layer and for turbulent flow according to Dukler, Equation
2,30 and 2,32 is curve B and C of Fig 2,5, The results

for.lf = 5.7 imply ‘"turbulent" flow at Reynolds number
K
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down to the order of 1500 and those for the lowest

Prandtl number of 1,77 imply the possibility of laminar
flow up to 4[‘ = 3200, or somewhat less if a more gradual
transition is considered. The intersection of equation
2,30 and 2.32 indicates a departure from the "wavy laminar"

regime at the Reynolds number

/M

the latter form arising from the fact that the Kapitza

' ~1.06 "'1/
f‘....’:. = 5800 (-—25-) = 0.215(Ka) : (2.33)
tE X

number is a power function of the Prandtl number in the

temperature range vhvoived, witn The vistosity meing he
controlling element of both Kapitza and Prandtl numbers.
(X7

Wilke ) pfesented results for the heating,
essentially without evaporation, of falling films of water
and mixtures of water and ethylene glycol on the exterior
of a vertical tube. He gave a correlation for "turbulent"

heat transfer coefficient as

1
- i 0.4 0.344
h, / )Y B 8.4X10-3(4P> (ﬁ) (2.34)
— . . S
ka P <L
valid for 4 >»3200. For "non-laminar" flows for
A :

& 1 { 3200, Wilke presents seperate correlations which,

il

only for water, -%%j = 5.4, depart less than 15 percent
from equation (2.32). Wilke defined a "departure" Reynolds

number in his experiments in terms of the first departure
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of the heat transfer coefficient from laminar performance,
Because the transfer from the iaminar to the turbulent
line is actually less abrupt than given by the intersec-~
tion of equations like 2.30 and 2.32, his departure Reynolds
numbers are relatively lower; they were given as:

p /y -0465 .
(), g™ e

Equation 2,30 and 2,32 are representative of expectation
as long as no nucleate boiling occurs.

Chun and Seban(lz) was suggested that boiling could
be made to occur in some conditions of operation, usually
at a location near the bottom of the tube. This could be
determined visually and also by a sudden reduction of wall
temperature in the region where bubbles were observed,

This indicates that once nucleation is initiated it will
continue at the lower superheat associated with the higher
(18)

heat transfer coefficient for boiling. Chun has also
applied the elementary liquid superheat model to specify
the incidence of nucleate boiling and equation 2.36 is the

most appropriate for these results

2
- - 2,
Tg T 2T, R6 (2.36)
. /.pr
(19)
Chen correlated avaiable data on flow boiling in tubes;

for high flow rates he postulated that nucleate boiling was
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suppressed and vapor production occured at the vapor liquid
interface. For this condition Chen's correlation reduced to

0.8 0.4
h = F(0.023)(Npe); (Np,.) ky (2.37)

De

where the Reynolds number was evaluated assuming the liquiad
filled the cross section of the tube. Value of the empirical
correction factor, F, were presented graphically:

Penman and Tait(zo) have measured the value of local
heat transfer coefficient of liquid vapor mixtures flowing
inside vertical tubes at atmospheric pressure. They derived

an equation to calculate the local heat transfer coefficient.

This equation was expressed as below 3

2\ x 0.5
h D 020022 v D
Sy ——-—P I [ VJ Py ] (2.38)
epl . (AT 69,

They also recommended that their equation have been derived

irrespective of whether the film be moving upward or down-
ward in vertical tubes, or on the inside of a horizontal

tube.

Wallgren(zl)

integrated an empirical equation for
the local heat transfer coefficient in liquid £ilm flowing
presented by Penman and Tait and obtained the following

expression for the average heat transfer coefficient

a

h —D 2.88 X 10°° Cc_. AT ¥ ( £ 0.5
- = p:l L —l— 2.
cp? Jp1€ e SRR D ] (2.39)
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2.3.5 Special Features of Vertical Film Evaporator

The four different evaporator characteristics
that are of interest in connection with this type of
evaporator are briefly recommended by Agarwal(g) as

follows:

l, Steam @onsumption
The gravity flow evaporator offers the
agvantage of low steam consumption. Since these
evaporators do not require energy for any upward move=
ment of liquid in the tubes, they can be operated with
exceptionally small temperature differences. Hence, it
becomes possible to increase the number of stages without
changing the pressure of the exhaust steam or vapor
pressure in the last stage, ie. without changing the
total temperature difference, and thereby reducing the
steam consumption. The steam consumption is less with a
great number of stages of evaporation,
2. Heat transfer area
Heat transfer values in these evaporators, are
better than those of the conventional evaporators because
of high velocity of flow in the tuﬁes. In other words,
the heat transfer area requirements are less, and since
this represents the largest part of evaporator cost, the

falling film evaporators are cheapter per unit evapora-
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tion capacitys. Morever, since these are built with long
tubegs, valuable floor space is saveds

3: Entrainment and production losses

Good vapor~liguid seperation is important for
a number of reasons. Most important is the prevention
of entrainment because of the value of product lost,
contamination of condensing water and corrosion of surfaces
on which vapors are condensed. The entrainment and pro=-
duction losses are low with this type of evaporator, on
account of using centrifugal seperators of high efficiency.

4, Cleaning cycles

Because of the high falling speed of both vapor
and liquid in this evaporator, scaling is reduced by a
considerable extent. Hence cleaning required is less
freguent resulting in much less downtime. These evapora-
tors normally do not require mechanical cleaning and are
easily cleaned by rinsing with chemical cleaning agents
dilute acid or dilute alkali as the requirement may be.
When need arises the tubes and the distribution daévice
can be cleaned with brushes having bristles of stainless
sgeel or suitable material.

The gravity flow evaporators are most suitable for
the evaporation of heat sensitive products, for example:
in the chemical industry pharmaceuticals, élycol, gelatine
tannin extract etc; in the food industry;sugar, glucose,

steep water, fruit juices, etc,
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