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Abstract— Evaporation is one of the most energy intensive 

processes used in the dairy, food, and chemical industries. So 

the selection of evaporator should be done carefully. For this 

purpose various types of evaporators are used. In 

petrochemical, chemical and food industries Wiped film 

evaporators (WFEs) are used to remove a volatile component 

from a very non-volatile mixture. 
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I. INTRODUCTION 

Evaporation is the removal of solvent as vapour from a 

solution, slurry or suspension of solid in a liquid. The aim is 

to concentrate a non-volatile solute, such as organic 

compounds, inorganic salts, acids or bases from a solvent. 

Common solutes are caustic soda, caustic potash, sodium 

sulphate, sodium chloride, phosphoric acid, and urea. The 

most common solvent in most of the evaporation systems is 

water. Evaporation differs from the other mass transfer 

operations such as distillation and drying. In distillation, the 

components of a solution are separated depending upon their 

distribution between vapour and liquid phases based on the 

difference of relative volatility of the substances. Removal 

of moisture from a substance in presence of a hot gas stream 

to carry away the moisture leaving a solid residue as the 

product is generally called drying. Evaporation is normally 

stopped before the solute starts to precipitate in the 

operation of an evaporator. 

The wiped film evaporator (WFE), also known as 

an agitated thin-film evaporator (ATFE) is a device often 

used to purify liquids with viscosities up to 105 poise, to 

separate temperature-sensitive mixtures, or in general to 

provide short residence times in heated zones. 

Unfortunately, the heat and mass transfer mechanisms 

involved in wiped film evaporators are poorly understood. 

Users of the technology must rely on equipment vendors and 

experience for guidance. [1] 

II. FUNCTION OF AN EVAPORATOR 

The various functions of an evaporator are as follows. [2] 

1) Transfer large amounts of heat to the solution with a 

minimum amount of metallic surface area. This 

requirement, more than all other factors, determines 

the type, size, and cost of the evaporator system. 

2) Achieve the specified separation of liquid and vapour 

and do it with the simplest devices available. 

Separation may be important for several reasons: value 

of the product otherwise lost; pollution; fouling and 

corrosion of the equipment downstream with which the 

vapour is contacted. 

3) Make efficient use of the available energy. This may 

take several forms. Evaporator performance often is 

rated on the basis of steam economy, pounds of solvent 

evaporated per pound of steam used. Heat is required 

to raise the feed temperature from its initial value to 

that of the boiling liquid, to provide the energy 

required to separate liquid solvent from the feed, and to 

vaporize the solvent. The greatest increase in energy 

economy is achieved by re-using the vaporized solvent 

as a 4 heating medium. Energy efficiency may be 

increased by exchanging heat between the entering 

feed and the leaving residue or condensate. When this 

method is used, each evaporator is known as an effect. 

4) Meet the conditions imposed by the liquid being 

evaporated or by the solution being concentrated. 

Factors that must be considered include product 

quality, salting and scaling, corrosion, foaming, 

product degradation, holdup, and the need for special 

types of construction. 

III. SELECTION CRITERIA FOR EVAPORATOR 

During the design of evaporation plants, numerous and 

sometimes contradictory requirements have to be 

considered. They determine which type of construction and 

arrangement is chosen as well as the resulting process and 

economic data. The most important requirements are: [3] 

1) Standards and conditions for manufacture, delivery, 

acceptance 

2) Site conditions, such as available space, climate (for 

outdoor sites), connections for energy and product, 

service platforms. 

3) Capacity and operational data, including quantities, 

concentrations, temperatures, annual operating hours, 

change of product and controls automation. 

4) Legal regulations covering safety, accident prevention, 

sound emissions, environmental requirements, and 

others. 

5) Product characteristics, including heat sensitivity, 

viscosity and flow properties, foaming tendency, 

fouling and precipitation and boiling behaviour. 

IV. CLASSIFICATION OF EVAPORATOR 

The basic type of Evaporators is incudes: [2] 

A. Horizontal Tube Evaporators 

 Horizontal spray film evaporators 

B. Short Tube Vertical Evaporators 

 Basket type evaporators 

 Inclined tube evaporators 

C. Long Tube Vertical Evaporators 

 Rising or climbing film evaporators 

 Falling film evaporators 

 Rising falling film evaporators 
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D. Forced Circulation Evaporators 

E. Plate evaporators 

F. Mechanically aided evaporators 

G. Agitated vessels 

 Scraped surface evaporators 

 agitated thin film evaporators (WFE) 

V. WIPED FILM EVAPORATOR 

The wiped film evaporator (WFE), also known as an 

agitated thin-film evaporator (ATFE).It is a device which is 

used to purify liquids with viscosities up to 105 poise to 

separate temperature-sensitive mixtures. 

In WFE, There are mainly two components. One is 

Stator and other is Rotor. Wiped filmed evaporators are 

designed to spread a thin layer or film of liquid on one side 

of a metallic wall, with heat supplied to the other side. The 

unique feature of this equipment is not the thin film itself, 

but rather the mechanical wiping device for producing and 

agitating the film. This mechanical concept permits the 

processing of high-viscosity liquids, liquids with suspended 

solids, or situations requiring liquid rates too small to keep 

the thermal surface of a falling-film evaporator uniformly 

wet. 

Most WFEs are vertical cylinders (see Figure 1) 

where the feed material is distributed to the inner surface. 

As the liquid flows downward, axially arranged blades or 

roller wipers distribute the liquid as a thin film, which is 

constantly mixed. This type of equipment can operate at 

very low pressure and provides minimum pressure drop. 

The operation process in the WFE is simple but yet 

effective. Feed is introduced at the top of the unit and spread 

on the shell inner surface by the rotating distribution plate. 

Specially designed wipers wipe the feed thus creating and 

renewing the film. This thin film enables an efficient heat 

transfer even for highly viscous fluids. The low boiling 

component evaporates and passes through an entrainment 

separator. This minimizes the carryover of liquid droplets 

along with the vapours. The vapours are removed through 

the vapour line to an external condenser (optional) and 

condensed. For specific applications which demand low 

pressure drop, the central section of the evaporator is 

provided with a condenser, thus making the unit a short 

path/molecular distillation unit. In this case, the vapours are 

allowed to condense on the outside of the tube bundle and 

flow out of the evaporator via the condensate outlet 

provided at the centre. 

The high boiling component flows along the shell 

wall and is discharged from the product outlet. Wiper action 

is important in promoting downward flow. The 

product/concentrate should be in fluid form at the operating 

temperature. Different designs of rotors are available 

depending upon the product, its viscosity and the process 

pressure. [3] 

 
Fig. 1: Line Diagram of a wiped film evaporator [3] 

VI. TYPES OF WIPED FILM EVAPORATOR 

There are mainly four types of design WFE are used in 

industry. [8] 

A. Short Path with Internal Condenser 

 Standard Vacuum Type 

 High Vacuum 

B. Top Vapour Outlet 

 Top Vapour Outlet 

 High Viscosity 

VII. UNIQUE FEATURES OF WFE 

The various features related to components of WFE are as 

follows: [6] [7] 

A. Slotted Wiper Blades 

Wiper blades effectively move the product down and off the 

heated wall in a matter of seconds. 

B. Low Rotor Speed 

High rotor speeds are not necessary. Lower speeds extend 

the service life of seals and other Components. 

C. No Bottom Steady Bearing 

Unlike a typical fixed clearance blade design, the WFE rotor 

is supported entirely from the top drive and bearing 

assembly, all mounted to the main shell flange. 

D. Low Horsepower Requirements 

The low rotor speed significantly reduces horsepower 

requirements. This will prove to be a significant savings 

when compared to the same size fixed clearance blade 

evaporator. 

E. Expandable WFE Sizes 

Additional thermal sections, for some models, can be 

installed above the original thermal section at your plant site 

to provide increased capacity. 
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F. Bottoms Outlet 

For viscous materials with high melting bottoms, the 

bottoms trough can be heated and extruder blades can be 

utilized to mechanically aid the discharge of bottoms 

materials. 

G. High Vacuum Operation 

Our high vacuum design WFE can operate to vacuums as 

low as one micron. 

H. Efficient Entrainment Separators 

Specially designed full-length entrainment separators for 

standard and high vacuum operation effectively remove 

entrained droplets from the vapour stream and improve the 

purity of the distillate product. 

I. Internal Condenser 

WFEs with internal condensers minimize pressure drop 

between the heat transfer shell and the condenser. The high 

vacuum (short path) condenser surface areas are 

approximately three times the jacketed heat area ensuring 

condensation and sub-cooling. 

J. Easy Rotor Removal 

Any size WFE rotor can be removed and reinstalled in 30 

minutes or less because there is no bottom bearing. 

Disconnect the motor leads, feed line and clamps, and then 

lift the rotor out of the shell as one complete assembly. 

VIII. PROS AND CONS OF WFE 

A. Pros [5] 

1) Residence time can be easily measured as it is very 

short compared to other types of evaporators. [6] 

2) High Turbulence due to rotor so, it has high heat 

transfer coefficients. 

3) Various Viscous and High solid concentrations can be 

handle using WFE. 

4) Decomposition of product is very low which gives 

higher yields. 

5) Residuals recovery by rotor is high. 

B. Cons 

A major disadvantage of WFE is Cost which is high 

compared to other evaporators. It has rotating Parts more 

than other evaporators so, ultimately maintenance cost is 

also increased. 

IX. APPLICATION FOR WFE 

Application in terms of product of WFE are As follows: [7] 

A. Chemicals 

Acid chlorides, amino-acid, bisphenol, caprolactam, 

chlorinated hydrocarbons, cumene hydrogen peroxide, 

acetic acid, dimethyl sulfoxide, dioctyl phthalate, dyes, 

ethanolamine, glycols, insecticides, petroleum sulfonates, 

plasticizers, urea, solvents, acrylates, isocyanates, 

herbicides, EPD, silicone oils. 

B. Food 

Tomato paste, fruit nectars, chicken stock, fish protein, 

vanillin, corn syrup, whey, fruit purees, lecithin, marigold 

extract, milk solids 

C. Polymers & Resins 

Epoxy resins, latex, synthetic rubber, polystyrene, phenolic 

resins, adhesives, resin co-polymers, silicone polymers, 

urethane pre-polymers, styrene monomer. 

D. Pharmaceuticals 

Amino acids, alkaloids, ascorbic acid, biochemical, 

penicillin, Vitamin E, Vitamin C, steroid derivate. 

E. Fats & Oils 

Cotton seed oil, dimer and trimer acids, edible oils, fatty 

acids, glycerides, glycerine, mineral oils, paraffin, rosin 

acids, tall oil, fatty amides, palm oil. 

F. Other 

Coal tar products, dyestuffs, fire retardants, rubber coatings, 

paint wash solvents, lube oils, pitch petroleum wax, 

pyrethrum, PTA, catalyst concentration (2-EH). 

X. CONCLUSION 

The basic process of Evaporation and types of evaporation 

mainly used in industry can be understand. The various 

selection criteria of evaporator are explained. The wiped 

film evaporator it’s unique features with pros and cons are 

explained. 

It can be assured that use of WFE (Wiped Film 

Evaporator) is simple & effective. It is broadly used in 

dairy, pharmaceuticals, petrochemicals, food industries etc. 

Thus various processes comes under WFE are Stripping, 

Deodorization, Reboiling, Concentration, Solvent Recovery 

and Distilling. 
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