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Characteristics:  
 
1 Operating and consumption data 

Product Appel juice  
   
Water evaporation 31.550 kg/h 
   
Intake   
- Quantity 36.000 kg/h 
- Concentration approx. 8,9 °Brix 
- Temperature 10 – 20 °C 
   
Pre-concentrate for fining   
- Quantity approx. 16.000 kg/h 
- Concentration approx. 20 °Brix 
- Temperature approx. 50 °C 
   
Outlet/Drain   
- Quantity 4.450 kg/h 
- Concentration 70 – 72 °Brix 
- Temperature 55 °C 
  after cooling 10 – 15  
   
Aroma   
- Quantity (!:150) approx. approx. 240 l/h 
- Temperature approx. 4 °C 
   
Steam consumption (5,5 bar)   
For pre-heating and steaming approx. 7.000 kg/h 
   
Cooling water consumption (26 °C)   
For condensation and cooling approx. 250 m3/h 
   
Ice water consumption (1 °C)   
for flavour retrieval approx. 4 - 5 m3/h 
   
Service water (15 °C)   
For vacuum pumps approx. 3 m3/h 
   
Electrical energy   
for pumps, vacuum pumps approx. 80 kW 

 

 

 

 

 

 

 

 

 

 



 
 

2 Evaporation technique 

2.1 Suitability of different evaporator types 

The following table shows which evaporator should be used for which requirements. 

    Requirements / product properties 
Evaporator type 1 2 3 4 5 6 7 8 
Stirring device evaporator + 0 - + - - - + 
Climbing evaporator - + - - - - 0 + 
Forced circulation evaporator - + + + 0 - + - 
Plate evaporator 0 - - - - + - + 
Spiral tube/pipe evaporator + - - + - + 0 0 
Evaporator with rotating 
internals 

+ - - + 0 + + - 

Evaporator with rotating 
heating surfaces 

+ - - + + + - - 

Downdraft vaporizer 0 + + - + + 0 0 
 

Table 1 Matrix for selecting a suitable vaporizer. (1: discontinuous operation with small 
batches; 2: very high performances; 3: low energy consumption (mechanical 
vapour compression); 4: high flow/yield limit of the product; 5: special 
temperature sensitivity; 6: short dwell time; 7: strong soiling tendency; 8: 
simplest construction) 

2.2 Components of the evaporation plants 

Evaporation plants are divided into different types according to their function and construction, which 
are briefly described in this section as "Evaporation plants". Several system components are necessary 
to operate an evaporation plant. 
This particularly includes system components for; 
• heating the liquid with different media, 
• operating the evaporation plant (Heating device; separator, mix, surface and air condensators; 

vacuum units), 
• post-treatment of the liquid (cooling system, sterilization, drying, distillation, cleaning) 

 
2.2.1 Heating types 

There are different heating possibilities of the unit: 
• Direct heating with condensed water vapor/steam 
• Heating with steam-air mixtures 
• Heating with heat carriers (water / oil) 
• Thermal vapor compression 
• Mechanical vapor compression 
 
Direct heating with steam 
The evaporation plant can be heated directly in several ways. GEA Wiegand GmbH supplies systems 
for direct heating with 
• Live steam 
• Off-steam 
 
Heating with steam-air mixtures 
The aim of heating with steam-air mixtures is the economical use of the energy introduced. Among 
others these include, 
• Recovery of the condensation heat 

In order to use the heat of condensation, the water vapor resulting of a medium is first cleaned and 
cooled to the condensation temperature. The steam is then passed through the heating side of a 
heat exchanger. 

• Condensation heat in interconnected operation 
When combining several process lines, the heat of condensation from one process - for example 
from exhaust gases - can be combined with the heating energy of a second process - for example 
the concentration of a salt solution. This results in a favourable energy balance in the network. Due 



 
 

to the small temperature difference between the condensation heat and the heating temperature, 
only downdraught vaporiser or forced circulation evaporators can be used. 

• Waste heat utilisation 
The waste heat from a relief cooling system can be used in a separate process stream for heating 
an evaporation system. The vapour obtained from the relief of hot water is condensed and used as 
heating energy. 
 

Heating with heat carriers (water / oil) 
With heating liquids, water and oil are used as heat carriers. As they flow through the outer jacket of the 
evaporator, they transfer energy to the medium to be evaporated and cool down in the process. The 
efficiency of the heat utilization is crucial in this case as well. 

 
Thermal vapor compression 
GEA Wiegand GmbH evaporation plants are equipped with in-house developed ejectors. We can 
guarantee that our evaporation plant is designed safely and with good efficiency for a wide range of 
requirements, with the precise knowledge of the behaviour of our ejectors in regard of the changing 
operating conditions. 
According to the principle of a heat pump, some of the vapours from the boiler room are densified to the 
higher pressures available in the heating room. As the driving medium for this, Steam with a sufficient 
driving steam pressure is required.  
 
 

 

 
A:     Product 
B:     Vapours 
B1:    Rest vapours 
C:     Concentrate 
E:     Vapour condensate 
 
 
1:     Drive nozzle 
2:     Diffuser 

 
Illustration 1: Downdraught vaporiser with steam jet vapour compressor (example) 
 
 
Mechanical vapor compression  
The shut sealer captures the total vapour flow in contrast to thermal sealing. The energy output is 
therefore measured higher than the one from the thermal process. 
When large volumes come through, turbo compressors or high pressure fans take over the 
compression, in a range from 1:1, 2 to 2. 
With lower volumes rotary piston compressors or screw compressors are used. 
The drive is usually being done by electric motors with frequency converters. 
In very large systems, steam turbines or gas engines are being used as they tend to be a more 
economical. 
 

2.2.2 Components of an evaporation system 

In addition to the actual evaporators, evaporation systems have other essential components: 
 
 

 



 
 

Separator 
Separators separate the liquid from the vapor, i.e. concentrate or pre-concentrate from evaporated 
water. Separators can be designed as centrifugal separators, gravity separators or separators with 
installations. The main quality criteria are the degree of separation and pressure loss as well as the 
possibility of easy cleaning. 
 
Condensers 
The vapours from the final evaporation step need to be condensed. The cooling of the vapors below the 
respective dew point leads to the formation of condensate and thus to the formation of a vacuum 
through volume reduction. 
 
Almost all evaporation systems work under vacuum and are therefore equipped with a condensation 
system to precipitate the vapor and to generate and maintain the vacuum in the system. 
 
Different condenser structures are used: 

Surface condenser 
here the vapor to be condensed does not come into contact with the cooling water 

• Mixed condenser 
here the vapor to be condensed mixes with the cooling water and can possibly contaminate it. 

• Air condernser 
The cooling medium here is the ambient air, which does not come into contact with the vapor. 
 

 

 
A:     Waste heat of system (vapour) 
K:     Condensate 
1:     Surface condenser 
2:     Ventilation 
3:     Cooling water circulation 

 
Illustration 2: Schematic representation of a surface condenser 
 
 

2.2.3 Evaporation plant types 

Agitator evaporator 
Agitator evaporators are among the oldest types of evaporators. The thin liquid product is heated inside 
them until it has reached the desired concentration. This enables a step. Since a large temperature 
difference between the heating room and the boiler room is necessary, a pre-evaporator is often 
connected to the agitator evaporator in order to achieve a better heat yield. 
 
Agitator evaporators are used for highly viscous, pasty or pulpy products that allow a long time in the 
boiler room. 
 



 
 

 

 
A:     Product 
B:     Vapour 
C:     Concentrate 
D:     Heating vapour 
E:     Condensate 
 

  
Illustration 3: Schematic representation of a simple agitator evaporator with anchor stirrer and 

heating jacket 
 
Climbing evaporator 
In a climbing evaporator, the liquid and vapor levels rise due to the the buoyancy of the vapor bubbles 
that occur. They move along the heating pipes, which are around 5-7 m long in this type of evaporator. 
An average temperature difference is sufficient to maintain the rising process due to the length of the 
pipes. It is important that a climbing film is formed, which prevents the pipes from becoming encrusted 
with the concentrate. 
In a stable working environment, climbing evaporators are used in the "single-pass" process and can 
achieve high evaporation rates. 
 

 

 
A:     Product 
B:     Vapour 
C:     Concentrate 
D:     Heating vapour 
E:     Condensate  

  
Illustration 4: Schematic representation of a climbing evaporator with a separator attached 
 



 
 

Circulation evaporator 
The circulation evaporator corresponds to the climbing evaporator in its basic mode of operation. 
However, the circulation technology allows shorter pipes via circulation lines.  
 
The temperature difference between the heating and boiler room determines the flow rate, which must 
not fall below a certain limit to prevent encrustation. 
 
The advantage of multi-staged circulation evaporation systems is that the liquid is conveyed from stage 
to stage without a pump, i.e., only via the pressure gradient of the individual stages. 
 
When using a multi-chambered circulation evaporator, the cost efficiency can also be increased, since 
the heating area can be kept relatively small. The liquid flows through the individual chambers with 
increasing concentration. 
 

 

 
A:     Product 
B:     Vapour 
C:     Concentrate 
D:     Heating vapour 
E:     Condensate  
 
1:     Heater 
2:     Separator 
3:     Circulation pipe 
 
I:     Chamber 1 
II:    Chamber 2 
III:   Chamber 3 

  
Illustration 5: Schematic representation of a circulation evaporator with a three-chamber boiler room 
 
Forced circulation evaporator 
The difference between a circulation evaporator and forced circulation evaporator is that a circulation 
pump is added in the latter. This allows the flow rate of the liquid to be set precisely and to prevent 
encrustation of the heating surface. Depending on the areal conditions, the radiator can be installed 
horizontally or vertically. 
 
In the case of crystallization evaporation, a special separator construction also enables the separation 
of the correspondingly large crystals from the circulated crystal slurry.. 
 



 
 

 

 
A:     Product 
B:     Vapour 
C:     Concentrate 
D:     Heating vapour 
E:     Condensate  
 
1:     Heater 
2:     Separator (expansion cooling) 
3:     Circulation pump 
4:     Concentrate pump 
 
 

  
Illustration 6: Schematic representation of a forced circulation evaporator with a horizontal radiator 
 
Fluidized evaporator 
The fluidized evaporator is basically an upright forced circulation evaporator with a specially constructed 
boiling chamber. Particles flow with the liquid, which are returned to the entry chamber after passing the 
heating path. 
 
The flow of the eddy material can be influenced by installing resistors, in order not only to prevent 
deposits but also to prevent over concentrations and critical temperatures. 
By selecting a suitable fluidized material, the fluidized evaporator can also be used as a high 
concentrator for highly viscous liquids. 
 

 

 
A:     Product 
B:     Vapour 
C:     Concentrate 
D:     Heating vapour 
E:     Condensate  
 
1:     Entry chamber 
2:     Exit chamber 
 
 

  
Illustration 7: Schematic representation of a fluidized evaporator 



 
 

 
Downdraught vaporisers 
In order to achieve optimal evaporation even with small temperature differences, the liquid is introduced 
into the boiling chamber from above in a downdraught vaporiser and it flows downwards over the 
heating pipes with the vapours due to the force of gravity. 
 
Maintaining a uniform film of liquid on the heating pipes is crucial for trouble-free operation. Risk of 
encrustation and clogging if covered insufficiently. 
 
In order to avoid “starvation”, the installation of a special liquid distributor before entering the boiler room 
is crucial. The high flow rate in the heating pipes and the use of a suitable distribution system allow the 
gentle evaporation of temperature-sensitive products. 
 
In addition, the evaporation process can be optimally controlled due to the small amount of liquid used 
in the boiler room. This helps to be able to react quickly to changes in the ambient parameters. The 
current liquid content leads to an extremely short resting time of the product at boiling point and thus 
leads to very gentle evaporation. 
 
Energy consumption is particularly low when using a multi-stage principle or mechanical vapor 
compression. 
 

 

 
A:     Product 
B:     Vapour 
C:     Concentrate 
D:     Heating vapour 
E:     Condensate 
 
1:     Head 
2:     Heater 
3:     Heater-Lower parts 
4:     Mix channel 
5:     Separator 
 
 
 

  
Illustration 8: Schematic representation of a downdraught vaporiser with separator 
 
Countercurrent ripple evaporator 
In the Countercurrent ripple evaporator works similar like in the downdraught vaporiser where the liquid 
flows downwards, but in the countercurrent the vapor, sometimes with the use of a draging gas, is 
directed towards it.  
 
It is important that the vapours rise slowly so as not to slow down or reverse the flow of liquid. 
This type of evaporator can be operated in a "single-pass" process or with circulation of the liquid. 
 



 
 

 

 
A:     Product 
B:     Vapour 
C:     Concentrate 
D:     Heating vapour 
E:     Condensate 
I:      Inert gas, dragging steam 
 
 
 

  
Illustration 9: Schematic representation of a countercurrent ripple evaporator 
 
Spiral tube evaporator 
As with the downdraught system, the liquid flows downwards in the spiral tube evaporator with the 
vapours. The spiral tube evaporator works with large temperature differences and achieves high 
evaporation concentrations and high viscosities, as the liquid is directed downwards via spiral tubes. 
 
Thus, a long contact time by a liquid flow along the spiral pipe axis is achieved, which increases the 
effectiveness additionally. 
 
The system is characterized by its low overall height and long heating pipe length. 
 

 

 
A:     Product 
B:     Vapour 
C:     Concentrate 
D:     Heating vapour 
E:     Condensate 
 
1:     Distribution head 
2:     Heating chamber 
3:     Separator 
 
 
 

  
Illustration 10: Schematic representation of a spiral tube evaporator with five spirals and a separator 

built underneath 



 
 

 
Plate evaporator 
In the plate evaporators, plates which allow good heat transfer due to their geometry, are used as 
radiators. 
 
This helps in making a compact design that enables favourable heat utilization. The plalets can be 
changed individually without any problems. The evaporation output can also differ by changing the 
number of plates. 
 
It is very important to select the correct sealing between the individual plates as they must be able to 
withstand all temperatures and product influences. They are pressed into specially designed grooves 
without adhesive in GEA Wiegand plate evaporators, and cannot fall out when the plate pack is 
dismantled. 
 
GEA Wiegand plate evaporators are designed for rising flow with a single pass. This means that the 
product is evaporated particularly gently and evenly. Depending on the task at hand, it is also possible 
to work with product circulation. 
 

 

 
A:     Product 
B:     Vapour 
C:     Concentrate 
D:     Heating vapour 
E:     Condensate 
 
1:     Distribution head 
2:     Separator 
 
 
 

  
Illustration 11: Schematic representation of a plate evaporator 
 
 

2.2.4 Additional systems 

The company GEA Wiegand GmbH additionally delivers: 
• Cooling system 
• Sterilisation 
• Vacuum system 
• Distillation / Aroma recovery 
• Cleaning systems 

 
Cooling system 
Effective cooling is achieved by suddenly releasing the concentrate into a sufficiently high vacuum.  
As a result the pressure drops; in addition to cooling down to 5 ° C (depending on concentration and 
boiling point), leads to a further concentration of approx. 1-3% dry matter.  
 
A relaxation cooling system has no heat exchange surfaces, no coolant storage and therefore requires 
little space. It works continuously. The cooling takes place directly in the flow, which prevents 
encrustation from viscous concentrates. 
 
Sterilisation 
The temperatures for the sterilization of high temperature-sensitive products must be reached in the 
shortest possible time in order to prevent product damage (e.g. protein decomposition).  
 
A distinction is made between the; 
• Direct heating. For example, direct steam injection is used as a method. Pure steam is injected into 

the liquid and heats the product in a fraction of a seconds. 



 
 

• Indirect heating. The product is heated via a heat exchanger. The heating phase is much longer 
than it is with direct heating. This can lead to product damage due to longer dwell time of the 
product at higher temperatures.   

 
Vacuum system 
Air can penetrate the boiler rooms due to the low pressure in the evaporation system and impair the 
evaporation performance. Additionally, introduced inert gases also reduce the low pressure and 
decrease the evaporation capacity. 

 
Connected vacuum pumps enable effective ventilation. They are connected to the condencers. Water 
ring pumps and jet stream pumps are used here. 
 
Additionally, vacuum is generated by surface condensers. They create low pressure during the 
operation which is caused by vapor condensation. Connected vacuum pumps withdraw air via the 
condenser when the system is started up, so that a continuous low pressure can be maintained. 
 
Distillation 
The task of distillation is, for example, the separation and enrichment of volatile substances in order to 
possibly add them back to the end product (e.g. aromatic substances in food) or to further treat them in 
concentrated form (e.g. solvents). 
 
Distillation is used in a wide variety of areas, whereby the systems used must meet pharmacological, 
environmental, chemical and food-technical requirements.    
 
Areas of application for solvent recovery include: 
 

• In the pharmaceutical industry (e.g. butanol recovery, concentration of antibiotics, concentration 
of isopropanol) 

• In the chemical industry (e.g. rectification of a methyl ester-fatty acid mixture, ethanol / phenol 
separation, chloroform-butanol rectification) 

• In the food industry (e.g. ammonia removal from ion exchange eluates, dealcoholisation of four 
with alcohol recovery, recovery of various solvents) 

• In environmental technology (e.g. recovery of ethanol / acetone from production wastewater, 
recovery of propylene carbonate from circuit boards) 

• When producing alcohol (cleaning raw alcohol, draining (absolute) alcohol, combining alcohol 
lines with systems to produce baker's yeast, glue, glucose, etc.) 

 
Cleaning systems 
Crusts and deposits can form in the system during the evaporation process of certain products which 
impair the function. The type of crust and/or deposit depends on the composition of the liquid used and 
the operating mode of the system. 
 
The system must therefore be cleaned after a certain period of operation. The choice of cleaning agent 
depends on the products used and the material of the evaporation plant. 
 
The cleaning agents must neither affect the material of the evaporation plant nor the quality of the 
concentrate. At the same time, they should thoroughly clean the surface and even make it sterile if 
necessary. 
 
 

2.3 Multi-stage evaporation systems 

Several heating elements are connected in series in a multi-stage evaporation plant in order to use the 
condensation heat of the steam several times in order to achieve economical operation of the 
evaporation plants. Additionally vapor compressors are used to bring a further improvement in the 
degree of heat. 
 
The maximum permissible heating temperature of the 1st stage and the lowest boiling temperature of 
the last stage bind an overall temperature difference that can be divided between the individual stages. 
The result, the higher amount of stages causes the temperature difference per stage to become smaller 
and smaller. Their heating surface must be dimensioned correspondingly larger in order to achieve a 
specified evaporation output. First we come to the result that the total heating surface to be used for all 



 
 

stages increases proportionally with the number of stages used in the system and so the investment 
costs rise considerably, whereas the steam savings become increasingly smaller. 
 

 

 
1:     Downdraught vaporiser I / heater 
2:     Forced circulation evaporator heater 
3:     Downdraught vaporiser II / heater 
4:     Separator 
5:     Preheater and heater 
6:     Surface condenser 
7:     Thermic vapour compressor 
8:     Cleaning material container 
9:     Pumps 
 
 

  
Illustration 12: Perspective view of a three-stage evaporation circulation system with thermal vapor 

compression 
 

 
A:     Product 
B:     Concentrate 
C:     Condensate 
D:     Main steam 
E:     Cooling water 
F:     Ventilation 

1-4:  Evaporator stage I-IV 
5:     Surface condenser 
6:     Collection container 
7:     Kondensatsammelbehälter 

  
Illustration 13: Flow diagram of a four-stage, continuously operating vacuum downdraft evaporation 

plant for glycerine water, directly heated.  
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