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DESCRIPTION
Field of the invention

[0001] The present invention relates to an evaporator system of the mechanical vapor 
recompression type. More in particular, the present invention relates to an evaporator system 
comprising a housing and a plurality of evaporator tubes positioned parallel to each other, a 
product inlet in fluid communication with a distribution element connected to the plurality of 
evaporator tubes, a secondary channel being formed between the inside surface of the 
housing and the external surfaces of the plurality of evaporator tubes, a vapor liquid separator 
positioned at a bottom side of the plurality of evaporator tubes and the secondary channel, a 
compressor in fluid communication with a vapor outlet of the vapor liquid separator, and a 
second transport tube connected to the compressor and an inlet of the secondary channel.

Prior art

[0002] English patent publication GB-A-1 458 492 discloses a thermo-compression type 
apparatus for desalting saline water. A number of evaporator tubes are provided, the nominal 
diameter of the tubes 40 is specified as being between 50-100mm. Important feature of this 
apparatus is that it operates at a sub-atmospheric pressure (in order to lower the boiling point 
of the saline water).

[0003] American patent publication US-A-3 244 601 discloses a fluted tubular distillation 
apparatus using corrugated tubes 42. The diameter of the tubes 42 is disclosed as being 2,5 to 
6 inches.

[0004] British patent publication GB-A-967 929 discloses an evaporator system, with a 
structure resembling an MVR type of system. The passage on page 5, lines 71-79 discusses 
the graph of Fig. 8, and mentions tube diameters starting at 1 inch, and higher (1.5, 2, and 4 
inch). This document indicates that it is advantageous to use higher vapor speeds in the 
system. This document also discloses an embodiment where multiple evaporator systems are 
cascaded. American patent publication US2007/006991A1 discloses a heat exchanger with 
baffles supporting a tube bundle whereby the baffles have have passage ways around them in 
between the baffles and the housing for lowering the pressure drop by these external by 
passes. International patent publication WO2010/079148 discloses a thermo-siphon 
evaporator for heat exchange between fluids, comprising a plurality of parallel positioned 
hollow tubes for forming a flow path for a first fluid.

[0005] European patent publication EP-A-1 767 257 discloses an installation for the treatment
of liquid, comprising an evaporator of the Mechanical Vapor Recompression (MVR) type with a
primary evaporator and a compressor means.
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Summary of the invention

[0006] The present invention seeks to provide an improved evaporator system having a higher 
efficiency than present day evaporator systems.

[0007] According to the present invention as defined by claim 1, an evaporator system 
according to the preamble defined above is provided, wherein each evaporator tube of the 
plurality of evaporator tubes has an inner diameter of at least 50 mm. This will reduce the 
pressure drop in the evaporator system considerably, thus enhancing the efficiency of the 
evaporator system. Also a plurality of horizontally oriented baffles are provided in the housing, 
each structure supporting at least a part of the plurality of evaporator tubes. The baffles are 
provided with passage ways in an area between the evaporator tubes and the housing, 
reducing the pressure drop even more. In a further embodiment, the second transport tube 
has an inner diameter of at least 900 mm, e.g. 1000 mm. This will reduce the pressure drop in 
another part of the evaporator system, again resulting in an increased efficiency.

[0008] The distance between two adjacent evaporator tubes is at least 1.4 times the diameter 
of the evaporator tube in an even further embodiment. Again this will result in less resistance 
and consequently a lower pressure drop in the evaporator system.

[0009] In an even further embodiment, the housing has an internal diameter which is larger 
than the combined diameter of the plurality of parallel positioned evaporator tubes. As a result 
more volume is available for the flow of steam, again resulting in a lower pressure drop in the 
evaporator system, and an increased efficiency.

[0010] The baffles can be positioned partially overlapping seen in a longitudinal direction of the 
housing in a further embodiment, as a result of which a meandering flow path is created. In a 
further embodiment the baffles are provided with secondary passageways in an area between 
adjacent evaporator tubes, as a result of which the resistance for the steam flow may be even 
further reduced.

[0011] In an embodiment, the baffles are provided at a decreasing distance from each other at 
an increasing distance from the inlet. As a result, a more efficient steam path is created in the 
evaporator system.

[0012] In one specific embodiment, the housing has a height corresponding substantially to a 
length of the evaporator tubes, wherein the inlet part is positioned in a top part of the housing. 
As alternative embodiments, the housing has a height corresponding substantially to a length 
of the evaporator tubes, wherein the inlet part is positioned at between 1/3 and 2/3 of the 
height of the housing, e.g. half way the height of the housing. Circulation of steam within the 
housing is then improved. The housing comprises an air release pipe in a top part and/or a 
bottom part of the housing. This allows to let out air entrapped in the evaporator system, thus
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further enhancing the efficiency in operation of the evaporator system.

[0013] The evaporator tubes are made of lean duplex steel in a further embodiment, which 
provides sufficient strength and rigidity for application in long tubes in an evaporator system.

[0014] In an even further embodiment, the evaporator system further comprises a feedback 
channel for collecting the first fluid in bottom side of the housing and reintroducing the first fluid 
in the distribution element. Using multi-pass techniques can increase efficiency of the 
evaporator system reaching high degrees of condensed product.

[0015] The present invention further relates to a combination of at least two evaporator 
systems according to any one of the present invention embodiments, wherein the at least two 
evaporator systems are connected in a series configuration.

[0016] In a further aspect, the present invention relates to a method of operating an 
evaporator system according to any one of the present invention embodiments, wherein the 
vapor speed of the vapor inside the plurality of evaporator tubes is limited to less than 25m/s, 
e.g. less than 20 m/s. This has the effect that the internal drag in the system is lowered, with 
the result that efficiency is improved.

[0017] In a further embodiment, the vapor speed of the vapor inside the second transport tube 
is limited to less than 60m/s. This also has an advantageous effect on the internal drag and 
losses in the system, resulting in an enhanced efficiency.

Short description of drawings

[0018] The present invention will be discussed in more detail below, using a number of 
exemplary embodiments, with reference to the attached drawings, in which

Fig. 1 shows a cross sectional view of a single evaporator tube as used in the present 
invention embodiments;

Fig. 2 shows a cross sectional view of an evaporator system wherein multiple embodiments of 
the present invention are implemented;

Fig. 3 shows a cross sectional view of a further embodiment of the evaporator system of the
present invention.

Detailed description of exemplary embodiments

[0019] Evaporator systems are widely used in many applications, e.g. the drying of whey, a by-
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product of cheese making. Introduction of mechanical vapor recompression (MVR) types of 
evaporator systems has increased efficiency of the water extraction process by re-using heat 
efficiently using a mechanical compressor.

[0020] The evaporator systems have been improved in efficiency over the years, but still 
present day implementations of evaporator systems seem to function sub-optimal. It has been 
surprisingly found that pressure differences in the evaporator system (which is the driving force 
for circulation of the fluid to be treated and other fluids used in the evaporator system) are 
present in parts of the system where they would not be expected, or that pressure difference in 
certain parts are higher than expected.

[0021] In Fig. 1, a simplified cross sectional view is shown of an evaporator tube 2 as used in 
an MVR type evaporator system (using a plurality of evaporator tubes 2 positioned 
substantially parallel to each other, see below for further constructional details). The 
evaporator tube 2 provides a limitation of a product/vapor side 2a inside the evaporator tube 2 
and a steam side 2b outside the evaporator tube 2. The product to be subjected to the 
evaporation process (feed 20, e.g. a fluid product, e.g. whey or concentrated whey) is entered 
into the system, and is distributed over a number of evaporator tubes 2 using a distribution 
element 4 (in the embodiment shown additionally provided with optional vapor tubes 4a). The 
product flows downward in the evaporator tube 2 as a film along the inner surface of the 
evaporator tube 2. The evaporator tube material is heated from the outside surface by the 
steam input 24 on the steam side 2b. This causes parts of the fluid to evaporate, and due to 
the pressure difference the vapor flows downward. At the bottom of the evaporator tube 2, in 
the product/vapor side 2a, the processed part of the product ('concentrate' 21) can be 
collected (e.g. using a simple outlet structure at the bottom side), and also the evaporated 
components ('vapor' 22) can be extracted (and re-used in the MVR system as steam). Part of 
the steam in the steam side will condensate on the outer surface of the evaporator tube 2, and 
can also be collected at the bottom part of the steam side part 2b ('condensate' 23).

[0022] The efficiency of this evaporation process is depending on a number of factors. The 
vapor flows downward in the evaporator tube 2 because of the pressure difference. The higher 

the vapor speed, the higher the pressure difference will be (dP ~ v2). The pressure difference 
in saturated vapor is also directly related to the temperature difference, according to well 
known steam tables).

[0023] In an exemplary existing MVR system, the vapor speed is >25m/s in a bottom part of 
the evaporator tubes and the measured pressure difference (between top (pos. TpO) and 
bottom (pos. Tp1) of evaporator tube 2, see also Fig. 2) is 15 mbar, which corresponds to a 
temperature difference of 1.5°C. So if Tpq = 60°C, then Tpo = 61.5°C. If the steam temperature 

TS=65°C the average temperature difference between the steam and the product is only 4.2°C 

instead of 5°C, which results in an efficiency loss of 15%.

[0024] According to the present invention embodiments, improvements are provided in this



DK/EP 3095497 T3

part of the MVR type of evaporator system, but also in other parts, as will be explained with 
reference to the schematic view of an MVR type of evaporator system 10 shown in Fig. 2. As a 
result of at least some of the inventive modifications to the evaporator system of the current 
invention, the vapor speed is reduced to less than 25 m/s, preferable less than 20 m/s, more 
preferably between 15-20 m/s, preferably 10-15 m/s. This leads to less temperature 
differences in the vapor tubes 2 of between 0,05 and 0,2 °C.

[0025] In general, the MVR type evaporator system comprises a housing 1 accommodating a 
plurality of evaporator tubes 2 positioned substantially parallel to each other. The product to be 
processed (a fluid, such as whey) is introduced through a product inlet 3 in fluid communication 
with a distribution element 4 connected to the plurality of evaporator tubes 2. As a result, the 
product to be processed is distributed over the plurality of evaporator tubes 2 using the 
distribution element 4, e.g. in the form of a perforated or punched plate.

[0026] A secondary channel 5 is formed between the inside surface of the housing 1 and the 
external surfaces of the plurality of evaporator tubes 2, allowing the use of e.g. steam to heat 
up the evaporator tubes 2. A vapor liquid separator 6 is positioned at a bottom side of the 
plurality of evaporator tubes 2 and the secondary channel 5, and a compressor 7 is in fluid 
communication with a vapor outlet of the vapor liquid separator 6. A second transport tube 8 is 
connected to the compressor 7 and an inlet 9 of the secondary channel 5.

[0027] A steam inlet 11 may be provided separately to allow an initiation of the evaporator 
process by allowing hot steam to be introduced into the housing 1. The steam heats up the 
evaporator tubes 2, and as a result, vapor is formed and flows downward in the evaporator 
tubes 2 (i.e. in the product/vapor side 2a as shown in Fig. 1). The vapor and concentrate 
originating from the inside of the evaporator tubes is collected at the bottom side of the 
housing 1, and separated by the vapor liquid separator 6. The vapor is then compressed using 
compressor 7, i.e. energy is added to the vapor. The compressed (and thus again heated 
vapor) is re-introduced into housing 1 using the second transport tube 8 and inlet 9 (i.e. at the 
steam side 2b indicated in Fig. 1).

[0028] In order to improve the efficiency of the evaporator system 1, a number of technical 
improvements have been implemented in parts of the system. These features can be 
implemented individually, in combination of some of the features, or in combination of all 
features.

[0029] In known evaporator systems, tubes are used for the evaporator tubes 2 having 
standardized dimensions, e.g. 38 mm (inner diameter). In order to reduce the pressure drop in 
the product/vapor side 2a (i.e. the inside of the plurality of evaporator tubes 2) of the 
evaporator system 1, each evaporator tube 2 of the plurality of evaporator tubes has an inner 
diameter de (see Fig. 2) of at least 50 mm. For example the inner diameter of evaporator tube 
2 is between 50 - 95mm, more preferably between 55-95mm, or between 65-95mm, e.g. 
between 65-80mm. In a further exemplary embodiment, the inner diameter of the evaporator 
tube 2 is between 80 and 95 mm. In order to provide sufficient contact surface for evaporation
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this will increase the total diameter dt of the plurality of evaporator tubes 2 (at same number of 
tubes 2, possibly even requiring a larger number of tubes 2). Although using larger diameter 
tubes 2 is associated with higher cost for the entire evaporator system 1, the gain in efficiency 
and resulting lower energy consumption of the evaporator system 1 will offset the increased 
cost rapidly during actual operation.

[0030] Exemplary embodiments with varying inner diameter de of the evaporator tubes 2 in 

such a evaporator system 1, based on 20.000kg/hr water vapor at 63°C (=148.000m3/hr) and
750 evaporator tubes 2, result in a respective vapor speed in the evaporator tubes 2 of:

de=50mm vapor speed = 25 m/s

de=55mm vapor speed = 21 m/s

de=65mm vapor speed = 15 m/s

de=80mm vapor speed = 10 m/s

[0031] In a further embodiment, the pressure drop in the steam side 2b of the evaporator 
system 1 is reduced, e.g. in one embodiment wherein the second transport tube 8 has an inner 
diameter ds of at least 900 mm, e.g. 1000 mm (for a vapor-flow of 20.000 kg/hr). This will 
reduce the vapor speed in the second transport tube 8 e.g. from 80-100 m/s to about 60 m/s. 
E.g. at 25000kg/hr steam the tube 8 has a diameter of 800mm as standard, resulting in a 
vapor speed of 93 m/s at 63°C. Changing the diameter of the tube 8 to 1000mm will then result 
in a vapor speed of 60 m/s at 63°C. When having a lower vapor speed, e.g. 10.000kg/hr, the 
inner diameter ds of the second transport tube 8 only has to be increased to 700mm to obtain 
a vapor speed of about 60m/s.

[0032] In addition or as an alternative the reduction in vapor speed can be achieved using 
control to lower the vapor transport or to lower the capacity, e.g. of the compressor 7.

[0033] In an even further embodiment, the heart to heart distance between two adjacent 
evaporator tubes 2 is at least 1.4 times the diameter de of the evaporator tube 2, e.g. at least 
70 mm (note that in existing MVR designs, the heart to heart distance between pipes is about 
1.2-1.3 times the tube diameter). The increased heart to heart distance of this embodiment 
does not have to result in a larger diameter dh of the housing 1. In the ultimate case, the total 
diameter dt of the plurality of tubes 2 can become equal to the housing diameter dh. In a 
further embodiment, the shortest distance between two adjacent evaporator tubes is between 
15-40 mm. This will also decrease the resistance experienced by the steam in the steam side 
2b of the evaporator system 1, as a result of which heat will be transferred to the product on 
the inner surface of the plurality of evaporator tubes 2 more efficiently.

[0034] In an evaporator system 10 for actual use, a large number of evaporator tubes 2 are
present. In view of the cost factor, commercially available (standard) tubes 2 may be used
having specific standardized dimensions, e.g. having a tube wall thickness of 1, 1.2 or 1.25 mm
(depending on diameter of the evaporator tube 2). The plurality of evaporator tubes 2 are
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positioned substantially in parallel to each other, using horizontally oriented structures 15, in 
the form of baffle plates. The combination of evaporator tubes 2 has a total diameter dt as 
indicated in Fig. 2. In one embodiment, the housing 1 has an internal diameter dh which is 
larger than the combined or total diameter dt of the plurality of parallel positioned evaporator 
tubes 2, e.g. at least 5% larger, even at least 10% larger or even 15% larger. This in 
combination with a usual spacing of the tubes 2, i.e. a heart to heart distance between tubes 2 
of about 1.2-1.3 times the tube diameter de. As a result, more space is created for the steam 
flow in the evaporator system 1, which effectively reduces the pressure drop in the steam side 
2b of the evaporator system 1 and thus increases efficiency.

[0035] In order to allow the steam to be in contact with the outside surface of the evaporator 
tubes 2 in an efficient manner, a plurality of horizontally oriented baffles 15 are provided in the 
housing 1 each structurally supporting at least a part of the plurality of evaporator tubes 2. The 
baffles 15 are positioned partially overlapping seen in a longitudinal direction of the housing in 
a further embodiment, providing a meander pattern for the steam.

[0036] Further measures are taken to increase efficiency, by using by-pass features in the 
steam side 2b of the housing 1. In the invention this is accomplished by having the baffles 15 
provided with passageways 16 in an area between the evaporator tubes 2 and the housing 1. 
This additional space for the steam will result in a lower pressure loss, and hence an increased 
efficiency. In an even further embodiment, the baffles 15 are additionally or alternatively 
provided with secondary passageways in an area between adjacent evaporator tubes 2. In 
theory, this will result in a reduction of the temperature difference in the evaporator tube of a 
further 0.5°C, making the evaporator system 10 even more energy efficient.

[0037] To even further improve the efficiency of the evaporator system 1, the baffles are 
provided at a decreasing distance from each other at an increasing distance from the inlet 9 
(i.e. in the upward direction of the evaporator system 10 above inlet 9 and in downward 
direction below inlet 9) in a further embodiment. E.g. starting from a mutual distance of about 
1.5m at inlet 9 of the housing closing up to about 1.0m or even less at the top part of the 
housing (resp. bottom of the housing). This provides more and smaller meanders at the parts 
of the housing 1 further away from inlet 9, forcing the steam in more meanders and higher 
speed in the housing where the lowest steam flow will be. Purpose of these smaller distances 
is to push the entrapped air to the top resp. bottom of the evaporator and to effectively remove 
it from the system, e.g. using air release pipes 18 In the embodiments shown, an air release 
pipe 18 is provided in both the top part and bottom part of the housing 1, as an alternative 
embodiment, only a single air release pipe 18 may be provided.

[0038] To further enhance the effectiveness of specifically the air release pipe(s) 18, the 
passageways 16 are not provided for in the last baffle(s) 15 near the air release pipe(s) 18, by 
making sure the fluid uses the entire trajectory defined by the baffles 15.

[0039] In an even further embodiment, the housing 1 is provided with at least one section (e.g.
two or three) having a respective internal diameter dh, wherein the internal diameter of the at
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least one section decreases with increasing distance from the inlet 9. In the section nearest to 
the inlet 9, the mass of the vapor flow will be highest. The further away from the inlet, the lower 
the mass of the vapor flow will be, allowing to work with a smaller internal diameter dh while still 
maintaining a very low resistance in the evaporator system 10. The change in internal diameter 
can be stepwise (in e.g. one or two steps), or gradual (e.g. when having only one section).

[0040] In the present invention embodiments of the evaporator system 10, evaporator tubes 2 
are used of which the length depends on the actual use of the evaporator system. Depending 
on the operational parameters of the evaporator system 10 (vapor speed, temperature 
difference of vapor/product over the evaporator tube 2, the length is e.g. more than 8m (even 
up to a length of 20m).

[0041] The efficiency improvement is achieved in an embodiment wherein the housing has a 
height corresponding substantially to a length of the evaporator tubes 2, and wherein the inlet 
part 9 is positioned in a top part of the housing 1. The steam is thus introduced at one end of 
the housing 1, and is forced downward throughout the housing 1.

[0042] In an even further, alternative embodiment, the housing 1 has a height corresponding 
substantially to a length of the evaporator tubes 2, and the inlet part 9 is positioned at about 
1/2 of the height of the housing 1 (more general positioned between 1/3 and 2/3 of the total 
height). E.g. when the total height of the evaporator system 1 is about 20 meter, the inlet part 9 
in this embodiment is provided at about 10 meter above the bottom part of the evaporator 
system. This is just above the compressor 7, which is usually at about 3-4 meter above the 
bottom of the evaporator system 1 (for reasons of accessibility and relation to the vapor liquid 
separator 6). As a result, the tubing 8 from compressor 7 to the inlet part 9 is shorter, and thus 
more efficient. Additional effect is that the steam spreads throughout the interior of the housing 
1 (i.e. steam side 2b) in a more efficient manner, as it is able to go both upward and downward 
in almost equal amounts.

[0043] To further enhance the flow of steam throughout the interior of housing 1, the inlet part 
9 is provided with a guiding plate 9a in a further embodiment. The guiding plate 9a may be 
present at the connecting side of the second transport tube 8 in the inlet part 9. In a further 
embodiment, the inlet part 9 is provided as a vapor inlet surrounding a part of the 
circumference of the housing or even the entire circumference, and the guiding plate 9a may 
be provided as part of the inlet part 9 (e.g. in the form of a part of a cylinder). In the invention 
the housing 1 comprises an air release pipe 18, e.g. in the top part of the housing 1. In the 
evaporator system 1, air can be trapped. As air is a bad heat conducting medium, and in 
addition will not condense under operating conditions of the evaporator, entrapped air will 
result in a loss of efficiency. By having an air release pipe 18 installed, air entrapped can be 
removed efficiently.

[0044] The possible air entrapped in the steam side 2b of the evaporator side 2b is heavier
than the steam provided at the inlet 9. In order to ensure that entrapped air in forced upward to
the air release valve 18, the speed of the steam should be sufficiently high. This can be
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controlled by the compressor 7, but is also dependent on the path of the steam in the housing 
1, which is e.g. determined by the orientation and position of the baffle plates 15.

[0045] The features allowing to reduce the pressure drop in the product/vapor side 2a and the 
steam side 2b of the of the evaporator system 10 are e.g. arranged to provide a maximum 
pressure drop related to the capacity of the compressor 7 (in the steam side 2b of the 
evaporator system). E.g. the maximum pressure drop in the entire product/vapor side 2a and 
steam side 2b is limited to 5% of the pressure increase the compressor 7 can provide. The 
pressure drop in the entire product/vapor side 2a and steam side 2b is the total of the pressure 
drops in the evaporator tubes 2 (including inflow and outflow losses), the tubes downstream 
and upstream (second transport tube 8) of the compressor 7, the inlet part 9 including optional 
guiding plate 9a, and the lower parts of the evaporator system 10 including the vapor liquid 
separator 6.

[0046] The evaporator tubes 2 of the present invention embodiments are made preferably of 
304 or 316L stainless steel, more preferably lean duplex steel). This type of steel allows to 
have a similar rigidity and constructional strength in the evaporator tubes 2 using a smaller 
thickness (e.g. 0.8mm or even 0.6mm), while still preserving good heat transfer characteristics 
(in general the heat transfer increases with smaller thickness). In general, four main types of 
duplex steels are usable, lean duplex, standard duplex, super duplex and hyper duplex. The 
differences between these types are the chemical analysis and their mechanical and corrosion 
properties. Their similarities are that they all have a ferritic solidification and that the austenite 
formation starts at app. 1.420 °C, at app. 800 °C the austenite formation is finalized. The fact 
that the duplex steels have two crystal structures results in a combination of desirable 
properties that is beneficial to the user of the steel. The ferrite basically gives high strength and 
resistance to SCC (Stress Corrosion Cracking), the austenite gives ductility and general 
corrosion resistance. In choosing duplex in a construction it is often possible to reduce plate 
thickness due to the higher strength and thereby reduce weight of the construction. Lean 
duplex steel has a low Ni content, and combines high strength with good fatigue resistance, 
very good weldability (when using the right technique), good corrosion resistance and high 
energy absorption.

[0047] In an even further embodiment, the evaporator system 10 further comprises a feedback 
channel for collecting the first fluid in a bottom side of the housing 1 and reintroducing the first 
fluid in the distribution element 4. A fluid to be processed can then undergo multiple passes 
(e.g. 4 pass evaporation cycle), effectively reaching a higher degree of evaporation.

[0048] An exemplary embodiment is shown schematically in Fig. 3, where like numerals 
indicate like elements of the embodiment of Fig. 2. In order to prevent forward and backward 
mixing of the product, the product collector elements in the bottom part 22 and the distribution 
element 4 in the top of the housing are adapted. Furthermore, the product inlet 3 is split in two 
parts 3a and 3b, wherein the untreated product is introduced in part 3a, and the once 
processed product in part 3b. The distribution element 4 is split in two halves 4a, 4b by a 
dividing wall 20 (which can run all the way through to the top of the evaporator tubes 2). In the 
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bottom part 22 of the housing 1, a bottom dividing wall 21 is positioned (e.g. suspended from a 
bottom plate holding the evaporator tubes 2). The bottom dividing wall 21 is provided with an 
opening 19, e.g. by putting a part of the bottom dividing wall 21 askew (e.g. at between 20 and 
30 °, in order to obtain a good separation of the product. The opening 19 is furthermore 
adapted to allow to obtain a speed of the vapor of less than 60 m/s.

[0049] In a further embodiment, the entire evaporator system 10 is split in two or more parts. 
Specific dimensions of elements in the evaporator system can then be selected to further 
enhance the efficiency of the evaporator system 10. E.g. the internal diameter de of the tubes 
2 can be 65 mm in a first part of the evaporator system, and 50 mm in the second (and further) 
part.

[0050] The present invention embodiments of the evaporator system 1 (using MVR type of 
recompression) can be applied as a combination of at least two evaporator systems 10 
according to any one of the present invention embodiments, wherein the at least two 
evaporator systems 10 are connected in a series configuration. Very high evaporation rates 
can be achieved in such a multi stage evaporator system combination, e.g. from 6% dry solids 
to as high as 60% dry solids, for e.g. whey. Using all MVR type of evaporator systems 1 instead 
of TVR (thermal vapor recompression) types of evaporator systems or a mix of MVR and TVR 
evaporator systems will lower the total power consumption during operation.

[0051] The present evaporation system 10 can also be applied for processing of other 
products, such as milk, permeate, vegetable juices, cheese whey, delactosed cheese whey, 
sugar melasses, domestic or industrial waste water, spent culture broth, potato cut water 
(potato starch and protein recovery waste water), brewery/distillery effluents, paper industry 
waste water.
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1. Evaporatorsystem af typen mekanrsk damprekompressron, som 
omfatter et hus (1) og en flerhed af evaporatorrør (2), der er 
placeret parallelt med hinanden,
et produktrndløb (3) , der 
fordelingselement (4), der 
evaporatorrør (2),
en sekundær kanal (5) , der 
overflade af huset (1) og de 
af evaporatorrør (2),
en damp-væske-separator (6),

er r væskeforbrndelse med et 
er forbundet til flerheden af

er dannet mellem den indvendige 
udvendige overflader af flerheden

der er placeret på bundsiden af
flerheden af evaporatorrør (2) og den sekundære kanal (5), 
en kompressor (7), der er i væskeforbindelse med et dampudløb 
i damp-væske-separatoren (6), og
et andet transportrør (8), der er forbundet til kompressoren 
og et indløb (9) i den sekundære kanal (5),
hvor hvert evaporatorrør (2) af flerheden af evaporatorrør har 
en indvendig diameter (de) på mindst 50 mm, hvor en flerhed af 
vandret orienterede støtteplader (15) er tilvejebragt i huset 
(1), der hver strukturelt understøtter mindst en del af 
flerheden af evaporatorrør (2), og hvor støttepladerne (15) er 
forsynet med passager (16) i et område mellem evaporatorrørene
(2) og huset (1), og hvor huset (1) omfatter et 
luftfrigøringsrør (18) i en topdel og/eller en bunddel af 
huset (1) .

2. Evaporatorsystem ifølge krav 1, hvor støttepladerne (15) 
er anbragt tættere og tættere på hinanden ved voksende afstand 
fra indløbet (9) .

3. Evaporatorsystem ifølge krav 1 eller 2, hvor det andet 
transportrør (8) har en indvendig diameter (ds) på mindst 
900 mm, f.eks. 1000 mm.

4. Evaporatorsystem ifølge krav 1, 2 eller 3, hvor afstanden 
mellem to tilstødende evaporatorrør (2) er mindst 1,4 gange 
den indvendige diameter (de) af evaporatorrøret (2).
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5. Evaporatorsystem ifølge krav 1, 2 eller 3, hvor huset (1) 
har en indvendig diameter (dh), der er større end den samlede 
diameter (dt) af flerheden af parallelt placerede 
evaporatorrør (2) .

6. Evaporatorsystem ifølge et hvilket som helst af kravene 1 
til 5, hvor støttepladerne (15) er placeret, så de er delvist 
overlappende set i længderetningen af huset (1).

7. Evaporatorsystem ifølge et hvilket som helst af kravene 1 
til 6, hvor støttepladerne (15) er forsynet med sekundære 
passager i et område mellem tilstødende evaporatorrør (2).

8. Evaporatorsystem ifølge et hvilket som helst af kravene 1 
til 7,
hvor huset (1) er forsynet med mindst ét afsnit med en 
respektiv indre diameter, hvor den indre diameter (dh) af det 
mindst ene afsnit falder ved stigende afstand fra indløbet 
(9) .

9. Evaporatorsystem ifølge et hvilket som helst af kravene 1 
til 8, hvor huset (1) har en højde, der i det væsentlige 
svarer til længden af evaporatorrøret (2), hvor indløbet (9) 
er placeret i en topdel af huset (1) .

10. Evaporatorsystem ifølge et hvilket som helst af kravene 1 
til 8, hvor huset (1) har en højde, der i det væsentlige 
svarer til længden af evaporatorrøret (2), hvor indløbet (9) 
er placeret i mellem 1/3 og 2/3 af højden af huset (1) .

11. Evaporatorsystem ifølge et hvilket som helst af kravene 1 
til 10, der yderligere omfatter en returkanal til opsamling af 
den første væske i bundsiden af huset (1) og genindførsel af 
den første væske i fordelingselementet (4).

12. Kombination af mindst to evaporatorsystemer ifølge et 
hvilket som helst af kravene 1 til 11, hvor de mindst to
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evaporatorsystemer er forbundet i en seriekonfiguration.

13. Fremgangsmåde til drift af et evaporatorsystem ifølge et 
hvilket som helst af kravene 1 til 12,

5 hvor damphastigheden for dampen inde i flerheden af 
evaporatorrør (2) er begrænset til mindre end 25 m/s, f.eks. 
mindre end 20 m/s.

14. Fremgangsmåde ifølge krav 13, hvor damphastigheden for
10 dampen inde i det andet transportrør (8) er begrænset til 

mindre end 60 m/s.
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Fig. 2



DK/EP 3095497 T3


