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(57) Abstract: A method for deep-flying foods in which the foods to be deep-tried are delivered to hot oil or fat and transported 
out of the hot oil after a predetermined residence time, wherein a steam zone with superheated steam is generated above a free sur­
face of the oil, which shields the oil from the ambient air, and from which a flow of steam corresponding to an amount of water 
evaporating from the deep-fried foods is withdrawn.
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15 Method and apparatus for deep-frying foods

The invention relates to a method for deep-frying foods in which the foods to be deep- 

fried are delivered to hot oil or fat and transported out of the hot oil after a predetermined 

residence time. In addition, the invention relates to an apparatus which is suitable in 

particular for carrying out the of the invention, with a container for the oil, a delivery 

means for delivering foods into the oil and a conveying means for transporting deep-fried 

foods out of the oil.

In known methods and apparatuses of the above-mentioned kind, there is a 

disadvantage in that the water contained in the foods, part of which is replaced by oil or 

fat during the deep- frying process, evaporates during residence in the hot oil and rises to 

the surface of the oil in the form of bubbles of steam, where the steam and entrained 

droplets of oil mix with the air above and have to be delivered in this condition to 

recycling or at least odour-neutral disposal.

Recycling or disposing of a mixture of air, water vapour, droplets of oil and aromatic or 

odorous substances is difficult, however, since condensation is hardly possible, because 

of the air content. It is also hardly possible to recover the thermal energy contained in the 

steam produced, because of the way it is mixed with air.

The problem of the invention consists in improving a method or apparatus of the generic 

kind in such a way that the above-mentioned disadvantages are substantially overcome.

The present Invention provides a method for deep-frying foods containing water 

comprising the steps of: delivering foods containing water to be deep-fried to a container 

of oil or fat having a temperature of more than 100°C; transporting the foods out of the 

container of oil after a predetermined residence time; generating a steam zone with 

superheated steam above a free surface of the oil in the container, which shields the oil 

from the ambient air; wherein a flow of steam corresponding to an amount of water 

evaporating from the deep-fried foods is withdrawn from the steam zone and a boundary 
layer between the steam zone and the ambient air is maintained within a specific vertical 

region thereby preventing the ambient air from penetrating the steam zone and from 

coming into contact with the free surface of the oil in the container.
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15 Comprises/comprising and grammatical variations thereof when used in this specification 

are to be taken to specify the presence of stated features, integers, steps or components 

or groups thereof, but do not preclude the presence or addition of one or more other 

features, integers, steps, components or groups thereof.

The present invention further provides an apparatus for deep-frying foods in oil or fat 

having a temperature of more than 100°C, comprising: a container for the oil, a delivery 

means for delivering foods into the oil and a conveying means for transporting deep fried 

foods out of the oil; a steam cone overlapping the container above a free surface of the 

oil for generating a steam zone with superheated steam which shields the oil in the 

container from the ambient air; a steam extraction line is connected to the steam cone, 
wherein a fan and a branch conduit are disposed in the steam extraction line and a 

controlled fan is disposed in the branch conduit; a control device of the fan for receiving 
data from a sensor for withdrawing a flow of steam from the steam zone corresponding to 

an amount of water evaporating from the deep-fried foods and maintaining a boundary 

layer between the steam zone and the ambient air within a specific region, thereby 

preventing the ambient air from penetrating the steam zone and from coming into contact 
with the free surface of the oil in the container.

This object is achieved in accordance with the invention in a method of the generic kind 

in that a steam zone with superheated steam is generated above a free surface of the oil, 

which shields the oii from the ambient air, and from which a flow of steam corresponding 
to an amount of water evaporating from the deep-fried foods is withdrawn. If just as much 

steam is withdrawn as is produced by the deep-frying, the amount of steam or the steam 

volume in the steam zone remains unchanged, so that a boundary iayer between the 

steam zone and the ambient air remains substantially immobile or within a specific 

region. This ensures that virtually
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no ambient air penetrates the steam zone and that the free surface of the hot oil does not come 

into contact with ambient air.

It is preferably proposed that the foods delivered enter the superheated steam before reaching 

the oil. It may also be provided that the foods which are transported out of the oil first enter 

the superheated steam before being conveyed away.

The steam atmosphere present in the steam zone is preferably circulated, in the course of 

which the steam is extracted from the steam zone, optionally passed through a heat exchanger 

and returned to the steam zone by a fan.

It is convenient for the steam to be blown onto or across the free surface of the oil.

It is convenient for a volume of steam present or circulating in the steam zone to be kept con­

stant. That is the case if an amount of steam corresponding to the amount of steam released by 

the deep-frying is withdrawn, which can be partially or completely condensed.

The steam zone over the oil can be kept to an oxygen content of less than 10 % by volume, 

5 % by volume, 3 % by volume, 2 % by volume or 1 % by volume.

It is convenient for the flow of steam to be partially or completely condensed and for the ener­

gy and/or material to be recovered, especially in order to heat the oil.

The invention conveniently proposes that the superheated steam is blown vertically onto the 

free surface of the oil by means of a flow component, vertically from above for example.

In terms of the apparatus, the problem of the invention is solved in an apparatus of the generic 

kind by having a means for generating a steam zone with superheated steam disposed above a 

free surface of the oil, which shields the oil from the ambient air, with a controlled withdrawal
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apparatus for withdrawing a flow of steam from the steam zone corresponding to an amount 

of water evaporating from the deep-fried food.

It may be provided that the container has a rim running over the entire circumference of the 

container at a uniform height, with an overflow channel disposed outside the rim.

A steam cone may be disposed above the container, which overlaps the container on all sides 

and which has a peripheral, drawn-down rim running outside the rim of the container and 

lower down than the latter.

A steam manifold may be disposed within the steam cone, which has a number of steam noz­

zles pointing down vertically or obliquely and is coupled to a steam circulation line.

A fan is conveniently located between the steam circulation line and the steam manifold and 

outside the steam cone, which can be controlled by means of temperature, steam-content or 

oxygen-content sensors in the region of the steam zone.

In addition, it can be provided that there is a heat exchanger disposed in the course of the 

steam circulation line. Furthermore, a branch conduit may be disposed in the course of the 

steam circulation line for diverting out the flow of steam, which constitutes part of the circu­

lated steam, in which a further fan may be disposed, which can be controlled by means of 

temperature, steam-content or oxygen-content sensors in the region of the steam zone, and 

also optionally a condenser.

It can be provided that the branch conduit is coupled to the steam circulation line via a three­

way valve.

The invention further proposes that steam lines connected to the steam cone, especially the 

steam circulation line, are arranged with a slope down towards the container in order to facili­

tate recovery of separated oil.
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The invention will now be explained in greater detail by describing a worked embodiment, 

reference being made to a drawing, in which the only

Fig. 1 shows a worked embodiment of an apparatus in accordance with the invention in a 

schematic side view.

A tub-like container 2 for oil or fat 4 has a peripheral, horizontal rim 6, around which is dis­

posed an overflow channel 8 below and spaced apart from the rim 6. In operation, the liquid, 

hot oil or fat reaches up to the height of the rim 6, so that, as products to be deep-fried are 

added, a corresponding overflowing stream of oil is established, running from the container 

over the rim and into the overflow channel 8.

A delivery means 12 is arranged such that an upper delivery end 14 is located above a free 

surface 16 of the oil 4 and products delivered fall into the oil 4 under the force of gravity.

A conveying means 20 extends in a sloping arrangement partially beneath the free surface 16 

of the oil, and partially above it, as far as a delivery end 22, from which products transported 

out drop outside the rim 6 onto a conveyor belt 24, which transports the products away for 

further processing, packaging etc.

Above the container 2 and spaced apart from it, there is a steam cone 30, which overlaps the 

container 2 and is provided with a peripheral rim 32 running outside and beneath the rim 6 of 

the container 2. The steam cone 30 thus overlaps and encloses a steam zone above the free 

surface 16 of the oil from above and the side, with a gap between the steam cone and the con­

tainer remaining only in the region of the rim 6.

The rim 32 of the steam cone may run beneath the free surface of the oil.

In the region of the delivery means 12 and the conveying means 20, the rim 32 of the steam 

cone 30 is spaced apart from the rim 6 of the container 2 so that there is sufficient room for 

the various pieces of equipment.
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Inside the steam cone 30 and spaced apart from the top of the free surface 16 of the oil there is 

a steam manifold 40, which consists, in the example illustrated, of a number of steam nozzles 

42 pointing vertically downwards in the direction of the free surface 16 of the oil. The steam 

manifold 40 is connected to a steam line 44, which passes in a steam-tight manner through the 

steam cone 30.

At a distance from the steam manifold 40, a steam circulation line 46 is connected, with 

which steam can be extracted from the interior of the steam cone 30. Connected to the steam 

extraction line 46 is a fan 48, which is connected on the exit side via a further steam line 50 to 

a heat exchanger 52, which for its part connects with the steam line 44 opening into the steam 

cone 30.

A steam injection line 54 can be connected in the area of the steam line 50 between the fan 

and the heat exchanger or elsewhere, in order to be able to deliver steam when starting up the 

deep-frying process, and a branch conduit 56, with which, via a three-way valve 58, a flow of 

steam as part of the circulated steam can be diverted and, for example, condensed or its en­

ergy recovered, and any oil contained can be separated and recycled. It is also possible for any 

aromatic or odorous substances contained in the steam to be extracted. Arranged in the course 

of the branch conduit 56, there is a controlled fan (not shown), the control of which receives 

data from a temperature, steam-content or oxygen sensor and/or some other sensor, which 

may be disposed in the steam zone or in the steam circulation line, in order to detect the 

amount of steam in the apparatus, i.e. whether any surplus steam is about to escape down­

wards or, conversely, air is about to penetrate from below. Depending on the position of the 

three-way valve 58, all the lines 46, 50 and 56 are connected together, so that a flow of steam 

can be diverted out of the circulating steam, or only lines 46, 50, so that no partial stream can 

be removed, or alternatively only lines 56, 50 or 46, 56, so that a branch stream can be re­

moved while there is no circulation of the steam through the steam cone.

In operation, there is hot oil or fat in the container 2, at 145° C, for example. The free surface 

16 of the oil is preferably located at the height of the rim 6 of the container 2. It is advantage­

ous for the free surface 16 to be located slightly higher than the rim 6, so that a minor over­

flow stream results in the overflow channel 8. This can either be the consequence of the deliv­
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ery of products to be deep-fried, or the oil is circulated by a circulation pump between the 

overflow channel 8 and the space enclosed by the rim 6. This situation is advantageous in that 

superheated steam supplied from above can spread out unhindered over the entire free surface 

16 of the oil, without the latter’s being limited laterally by a rim projecting up higher, which 

might possibly encourage the formation of regions containing air.

In order to start up the apparatus, superheated steam is delivered by the steam injection line 

54 if necessary until the entire space beneath the steam cone 30 and in the steam lines is filled 

with superheated steam.

The fan 48 conveys the superheated steam in a circle through the heat exchanger 52, the steam 

manifold 40, across the surface 16 of the oil and through the space enclosed by the steam cone 

30 into the steam circulation line 46.

Because of the throughput of foods to be deep-fried which contain water, steam is constantly 

emerging from the oil 4, the high temperature of which converts some of the water contained 

in the products into steam after it has passed through the free surface 16 into the steam zone 

enclosed by the steam cone 30. This steam is partly saturated steam, but also partly super­

heated steam, since the fat is at a temperature of more than 100° C. This amount of steam, 

which is released in addition to the amount of steam circulating inside the apparatus that be­

comes established in a stationary operating state, is withdrawn and can be put to further use.

If the amount of steam circulating in this way increases, a border region 60, which separates 

ambient air from superheated steam enclosed within the steam cone 30, moves further and 

further downwards towards the free rim 32 of the steam cone 30. In order to prevent steam, 

which is valuable in terms of its substance and the energy it contains, from escaping into the 

surroundings, the steam volume is reduced by removing part of the circulating flow of steam 

via the branch conduit 56. This can be done by means of a separate fan, as explained above, or 

by the fan 48, by means of an appropriate position of the three-way valve 58, if for some of 

the time only the path from the steam extraction line 46 into the branch conduit 56 is opened.
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With the heat exchanger 52, the superheated steam can be heated or cooled as required. The 

energy and/or substances contained in the flow of steam removed via the branch conduit 56 

can be recovered, such as by condensation in a condenser or by compression, in the course of 

which the temperature of the steam can be raised. Then, for example, the hot oil can be heated 

with the energy recovered.

The above-mentioned fan in the branch conduit 56 or the fan 48 can be controlled by detect­

ing the position of the border region 60, such as with a temperature or oxygen sensor, so that 

it is ensured at all times that the border region 60 is located within a predetermined vertical 

region and does not shift either too far in the direction of the lower free end of the rim 32 of 

the steam cone 30 or too far at the level of the free surface 16. In the first case, the conse­

quence would be a loss of steam into the surroundings, and in the second case, air could pene­

trate, come into contact with the free surface 16 and mix with the superheated steam, which 

should be avoided in accordance with the invention.

The arrangement of the invention permits the free surface 16 of the oil to remain in contact 

with almost or completely oxygen-free superheated steam at all times, so that oxidation of the 

oil is prevented or delayed considerably, and furthermore all or some of the energy and sub­

stances contained in the steam produced in the deep-frying process can be used and recycled 

with no difficulty. The oxygen content in the steam zone is preferably less than 10 % or less 

than 3 %, which is achieved by designing the steam cone appropriately and controlling the 

flow of steam withdrawn.
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List of reference numerals

2
4
6
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12
14
16
20
22
24
30
32
40
42
44
46
48
50
52
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Container
Oii
Rim
Overflow channel 
Delivery means 
Delivery end 
Free surface 
Conveying means 
Delivery end 
Conveyor belt 
Steam cone 
Rim
Steam manifold 
Steam nozzle 
Steam line
Steam extraction line 
Fan
Steam line 
Heat exchanger 
Steam injection line 
Branch conduit 
Three-way valve 
Border region
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15 THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A method for deep-frying foods containing water comprising the steps of: 

delivering foods containing water to be deep-fried to a container of oil or fat 
having a temperature of more than 100°C;

transporting the foods out of the container of oil after a predetermined residence 

time;

generating a steam zone with superheated steam above a free surface of the oil 

in the container, which shields the oil from the ambient air; 

wherein a flow of steam corresponding to an amount of water evaporating from 

the deep-fried foods is withdrawn from the steam zone and a boundary layer 

between the steam zone and the ambient air is maintained within a specific 

vertical region thereby preventing the ambient air from penetrating the steam 

zone and from coming into contact with the free surface of the oil in the container.

2. The method as claimed in claim 1, wherein the superheated steam is 

circulated, in the course of which the steam is extracted from the steam zone and 

returned to the steam zone by a fan.

3. The method as claimed in claim 1, wherein the superheated steam is 

circulated, in the course of which the steam is passed through a heat exchanger 

before being returned by a fan,

4. The method as claimed in any of the preceding claims, wherein that the 

steam is blown onto or across the free surface.

5. The method as claimed in any ofthe preceding claims, a volume of steam 

present or circulating in the steam zone is kept constant.
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15 6. The method as claimed in any of the preceding claims, wherein an oxygen 

content in the steam zone over the oil is kept to less than 10 % by volume, 5 % by 

volume, 3 % by volume, 2 % by volume or 1 % by volume.

7. The method as claimed in any of the preceding claims, wherein the flow of 

steam is at least partially condensed and the energy and/or material is recovered, 
especially in order to heat the oil.

8. An apparatus for deep-frying foods in oil or fat having a temperature of 

more than 100°C, comprising:

a container for the oil, a delivery means for delivering foods into the oil and a 

conveying means for transporting deep fried foods out of the oil; 

a steam cone overlapping the container above a free surface of the oil for 
generating a steam zone with superheated steam which shields the oil in the 

container from the ambient air;

a steam extraction line is connected to the steam cone, wherein a fan and a 

branch conduit are disposed in the steam extraction line and a controlled fan is 

disposed in the branch conduit;

a control device of the fan for receiving data from a sensor for withdrawing a flow 

of steam from the steam zone corresponding to an amount of water evaporating 

from the deep-fried foods and maintaining a boundary layer between the steam 

zone and the ambient air within a specific region, thereby preventing the ambient 

air from penetrating the steam zone and from coming into contact with the free 

surface of the oil in the container.

9. The apparatus as claimed in claim 8, wherein the container has a rim 

running around the entire circumference of the container at a uniform height, with 

an overflow channel disposed outside the rim.

10. The apparatus as claimed in either of claims 8 or 9, wherein the steam 

cone is disposed above the container, the steam cone having a peripheral,
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15 drawn-down rim running outside the rim of the container and lower down than the 

outside rim of the container.

11. The apparatus of claim 8, wherein the sensor is selected from a group 
consisting of a temperature sensor, a steam-content sensor, an oxygen sensor, 

and another sensor.

12. The apparatus as claimed in claim 10, wherein a steam manifold is 

disposed within the steam cone, the manifold having a number of steam nozzles 

pointing down vertically or obliquely and is coupled to a steam extraction line.

13. The apparatus as claimed in claim 12, wherein a controlled fan is disposed 

between the steam extraction line and the steam manifold outside the steam
cone.

14. The apparatus as claimed in either of claims 12 or 13, wherein a heat 

exchanger is disposed in the course the steam extraction line.

15. The apparatus as claimed in any of claims 12 to 14, wherein the branch 

conduit is disposed in the course of the steam extraction line.

16. The apparatus as claimed in claim 15, wherein a further controlled fan and 

a condenser is disposed in the course of the steam extraction line.

17. The apparatus as claimed in claim 15 or 16, wherein the branch conduit is 

coupled to the steam extraction line by means of a three-way valve.

18. The apparatus as claimed in any of claims 12 to 17, wherein the steam 

extraction line is arranged with a slope down towards the container.
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15 19. A method for deep-frying foods containing water, the method substantially 
as herein described with reference to any embodiment shown in the 

accompanying drawings.

20. An apparatus for deep-frying food in oil or fat having a temperature of more 

than 100°C, the apparatus substantially as herein described with reference to any 

embodiment shown in the accompanying drawings.
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