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(57) Abstract

An oven for frying food products in hot oil comprises a tank (1) in which the frying oil can be accommodated, a gas-fired
heating device (9) connected to a heat exchanger (19) which is situated in the tank and through which the smoke gases flow, and
also an outlet (30) for the smoke gases emerging from the heat exchanger. In order to avoid overheating of the oil near the heating
device, a bypass pipe (34) connected to the outlet is provided for conveying at least a part of the outlet smoke gases back through

the heat exchanger.
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Oven with smoke gas bypass

The invention relates to an oven for frying food products in hot oil,
comprising a tank in which the frying oil can be accommodated, a gas-
fired heating device connected to a heat exchanger which is situated in
the tank and through which the smoke gases flow, and also an outlet for
the smoke gases emerging from the heat exchanger. Such ovens are used for
factory production of food products such as schnitzels, pre-fried chips,
etc. They generally have a conveyor belt through which the frying oil can
pass and by means of which the food products are conveyed continuously

through the hot frying oil.

A heat exchanger, comprising a number of heat exchange pipes, is provided
in the tank in order to heat the frying oil. Said pipes preferably extend
over as large a part of the tank as possible, in order to heat the oil
uniformly in this way. Nevertheless, the part of each heating pipe
closest to the heating device has a relatively high temperature.
Particularly if the inner wall of this part of the heating pipes is
directly exposed to the gas flame supplied by the heating device, there
is a risk of the oil film on the pipes becoming too hot. The oil is
cracked as a result, so that harmful products are formed. It will be

clear that the formation of such harmful products is unacceptable.

The remaining greater part of the heat exchange pipes obtains its heat
from the smoke gases flowing through it. However, the temperature of said
smoke gases has already fallen greatly, particularly near the end of the

pipes, which adversely affects uniform heating of the oil in the tank.

The object of the invention is therefore to provide an oven of the type
described above in which a more uniform heating of the oil in the tank is
ensured, in such a way that excessively high local temperatures in the
0il are avoided. This object is achieved through a bypass pipe connected
to the outlet being provided for conveying at least a part of the outlet
smoke gases back through the heat exchanger. According to the invention,
the already cooled smoke gases obtained at the outlet are mixed with the
smoke gases supplied directly by the heating device, which are still at a
relatively high temperature. The mixture formed has a lower temperature,

as a result of which overheating of the oil can be prevented.
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Mixing in a part of the smoke gases also results in the flow velocity in
the heat exchange pipes increasing. A higher flow velocity increases the
turbulence in the flow, which has a beneficiél effect on the heat .
transfer. This means that an acceptable temperature level can also be
maintained in the oil in the part of the heat exchange pipes lying

further downstream.

The admixture of smoke gases thus ensures a more uniform temperature

distribution in the oil.

A further advantage of the invention is that a part of the heat present
in the smoke gases is recovered. The heating device goes into operation
only when the temperature of the oil becomes too low. The new, hot smoke
gases formed in the process represent an additional-volume which is

discharged through the outlet in the form of cooled smoke gases.

In the case of the known gas-fired heating device a gas burner with an
open flame is generally used. The oxygen from the environment is used for
maintaining the combustion. As already mentioned, this knownrdesign has
the disadvantage that the first part of the heat exchange pipes becomes
too hot. A further disadvantage is the fire risk associated with the open
flame. In these respects a further improvement can be obtained in the
case of the device according to the invention by providing in the tank,
below its nominal oil level, a first chamber into which both the bypass
pipe and a flame tube which is comected in a sealing manner to a gas
burner open out, which chamber is also connected to the heat exchanger.
The gas flame is now not directly in contact with the walls of the
chamber flushed by the oil, but with the flame tube. This further reduces
the risk of overheating the oil. The gas flame is also completely shut

off from the environment by this, which largely eliminates the fire risk.

The combustion gases have the highest temperature near the flame. The
temperature of the chamber can also become exceedingly high in the region
where the flame emerges from the flame tube. The result of this is that
the oil can become overheated at that point. In drder also to avoid this
local overheating, the chamber is connected to a number of heat exchange
pipes, and the flame tube has a number of outflow apertures for the
combustion gases, each of which is aligned relative to a corresponding

heat exchange pipe. The hot gases emerging from the outflow apertures of
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the flame tube now do not come into direct contact with the outer wall of
the chamber. They are screened off to a certain extent while flowing into
the heat exchange pipes by the cooler gas around the flame tube, and

mixing of hot and cooler gas already occurs here.

In order to ensure the desired guidance of the combustion gases and the
heat exchange gases and the heat exchange pipes, the outflow apertures
are formed by pipe sections which each project relative to the flame tube

in tbe direction of a corresponding heat exchange pipe.

Conveying the cooler gas along with the hot combustion gases outside the
flame tube can be influenced beneficially if the heat exchange pipes each
have a connecting piece which is connected to the chamber and has a

decreasing cross-section from the flame tube onwards.

The velocity at which the hot gases flow into the heat exchange pipes
depends, inter alia, on their diameter. If the latter is selected greater
near the inlet, the velocity of the hot gases remains relatively low at

that point, which prevents overheating.

In connection with the supply of cooler gas into the chamber, a supply
line opens out into it, for supplying air or circulated combustion gases
at excess pressure. Under the influence of this excess pressure, the
cooler gas is forced into the heat exchange pipes, in such a way that the

desired screening off of the hot gas occurs.

A ceramic sleeve is preferably placed between the burner and the flame
tube, which sleeve lies outside the oil space of the oven and has an
external insulation. The ceramic material also has very good resistance
to the high temperatures in the flame. The insulation means that only a

little heat is lost.

The heat exchanger preferably has a first set of parallel heat exchange
pipes, running through the tank and connected at one end to the first
chamber and at the other end to a second chamber. A compact construction
can be obtained if the tank in which the frying oil can be accommodated
is elongated, the first and second chambers run in the lengthwise
direction of the tank, and the heat exchange pipes run essentiaglly in the

crosswise direction of the tank.
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The first chamber of the heat exchanger can be accommodated in a separate
compartment of the tank, which compartment is connected, on the one hand,
to a Filter unit provided on an end face of the tank and, on the other,
to a pressure pipe provided with a pump for pumping the filtered oil

along the first chamber and through the pressure pipe to the opposite end

face of the tank.

The first set of heat exchange pipes here is guided from the first

chamber to the second chamber by means of bores in the partition between

the compartment and the rest of the tank.

The oil which has flowed along the first chamber is at a relatively high
temperature. This oil is fed to the oﬁposite end face of the tank, where
the smoke gases in the heat exchanger are already partially cooled. A

uniform temperature distribution of the oil is also ensured by this.

The heat exchanger can be provided with at least a second set of heat
exchange pipes which is connected, on the one hand, to the second chamber
and, on the other, to a third chamber running in the lengthwise direction
of the tank and situated at the opposite side thereof. The smoke gases
thus follow a path running to and ffo between the longitudinal walls of

the tank, in such a way that an intensive heat exchange is possible.

As already mentioned, the heat exchange is beneficially influenced by a
high flow velocity in the heat exchange pipes. Since the cooled smoke
gases have a smaller volume than the smoke gases coming directly from the
gas flame, the flow velocity going in the downstream direction is lower.
This is all the more of a disadvantage since the heat transfer already

lies at a lower level as a result of the lower temperature -of the smoke

gases.

The invention also provides an improvement in this respect if the heat
exchanger is designed in such a way that the total flow surface of the
next set of heat exchange pipes in the direction of flow is smaller than
that of a preceding set of heat exchange pipes in the direction of flow.
The flow velocity of the smoke gases going in the downétream direction
can now be maintained at a reasonable level;,which means that a good heat

transfer can still be achieved.
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According to a first possibility, provision is made for each subsequent
set of heat exchange pipes to have a smaller number of pipes than a

preceding set.

According to a second possibility, provision can, however, be made for
each set of heat exchange pipes to have the same number of pipes, and
each subsequent set to have one or more pipes with a smaller internal
diameter than a preceding set.

10
In order to limit any tension differences as a result of temperature
fluctuations, each heat exchange pipe has parallel end pieces which are
staggered relative to each other and are connected by an essentially S-
shaped connecting piece.

15
In order to ensure a suitable circulation velocity of the smoke gases, a

booster can be fitted in the bypass pipe.

The invention will be explained in greater detail below with reference to

20 an example of an embodiment.

Figure 1 shows a top view of an oven according to the invention.

Figure 2 shows a side view, in cross-section, of the oven according to

25 Figure 1.

Figure 3 shows a top view, partially in cross-section, of the heating

device.

30 Figure 4 shows a cross-section along the line II-II of Figure 1.

The oven shown in Figure 1 has a tank of a design which is known per se,
and is indicated in its entirety by 1. The tank is made of stainless
steel, and is insulated with mineral wool. The oil can be placed in the
35 interior space 2 of the tank. It can be seen in Figure 2 that the tank 1
is filled with oil up to the level 3. A lower conveyor belt 4 and an
upper conveyor belt 5, known per se, are also provided in this figure.
The products to be fried are placed on conveyor belt 4, are immersed in

the oil through the slanting part thereof, and are conveyed out of the
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0il again by means of the slanting part opposite. The conveyor belt 5 is

intended for preventing the products immersed in the oil from floating.

It is also shown by dashed lines that the oven 1 can have a cap 6 which
is known per se. Also shown schematically are the 1ifting devices 7, 8,
which are also known per se, and by which both the cap and the conveyor

belts 4 and 5 can be lifted out of the tank in order to clean it.

The heating device 9 is shown by dashed lines in Figure 2. This heating
device is connected in a sealing manner to a gas burner 10 at its end
projecting from the tank. As can be seen better in Figure 1, the heating
device 9 also has a chamber 11 which is flushed by the oil. The chamber
11 contains a flame tube 12, indicated by dashed lines, which is
connected to the gas burner 10. The gas flame 13 forming in.the flame
tube 12 is also shown. As can be seen, this gas flame 13 does come into

direct contact with the inside walls of the flame tube 12, but not with
the wall of the chamber 11.

The heating device 9 is fitted in a part 14 of the tank 1 which projects
outwards a little. This means that the heating device can be placed
outside the path of the conveyor belts I, 5 and of the scraper unit 15
shown schematically in Figure 2. This scraper unit 15 is known per se,
and the lower part thereof moves to the right in Figure 2, in the course
of which any waste which has collected on the bottom of the tank 1 is
conveyed to filter 16. The waste is then removed from the tank through

filter 16 by a separating device which is known per se, and which is not

shown.

The oil passing through the filter 16 passes into the part 17 of the tank
1, and can pass through recess 18 into the slightly projecting part 14 of
the tank 1, in which the heating device 9 is situated. The filtered oil
is heated here by the chamber 11, and in the end is returned to the oil

tank by means of pump 18 through pipe 19' to the opposite end face of the
tank 1. '

As can be seen clearly in the top view of Figure 1, a first set of heat
exchange pipes 19 is connected to the chamber 11. These pipes run through
the partition 20, which separates the part 14 from the interior space 2

of the tank 1. For this purpose, openings of suitable dimensions are
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provided in the partition 20. Each heat exchange pipe 19 can comprise two
pipe parts 22 connected by the S-shaped part 21. Expansion differences in
the pipes can be compensated for by this shape. It is, however, pointed
out that other pipe shapes, for example straight pipes, are possible if

the expansion differences remain limited.

The first set of pipes is also connected to a second chamber 23. The
smoke gases formed by the flame 13 can thus flow through the interior
space of the chamber 11 and through the pipes 19 to the second chamber
23. The smoke gases are collected in this chamber 23, and they can then
flow through the second set of pipes 24 to a third chamber 25. Chambers
23 and 25 are situated at opposite long sides of the tank 1. From the
chamber 25 a third set of pipes 26 then extends to an opposite-lying
third chamber 27. Finally, the smoke gases flow through a fourth set of
pipes 28 to chamber 29, which is connected to the outlet 30. Between the
outlet 30 and the chamber 29 is a flat discharge piece 31, which fits
into a recess 32 in the inner wall of the tank 1. As a result, the belts

I, 5 can pass unimpeded here too.

As illustrated in the embodiment shown in Figure 1, the number of pipes
decreases in each following set. Set 19 still has 9 pipes, while the
number of pipes of set 28 is reduced to 5. The result of this is that the
total available cross-section for the smoke gas flow decreases. However,
the smoke gases at set 28 have a lower temperature, and therefore a lower
volume. As a result of the decrease in the cross-section of the pipes, a
more or less constant smoke gas velocity can nevertheless be ensured over
the entire flow path of the smoke gases in the heat exchanger, in such a
way that the desired turbulence - and consequently heat transfer - is

always ensured.

The outlet 30 is also connected by means of the branch line 32 to a
booster 33. This booster 33 extracts a part of the smoke gases from the
outlet 30, and forces them through the bypass pipe 34 to the chamber 11.
The diverted smoke gases are mixed there with the newly formed, hot smoke
gases. It can be ensured in this way that the temperature of the smoke
gases in chamber 11 does not become too high, so that the cracking of oil
near chamber 11 can be avoided. The velocity of the smoke gases in the
heat exchanger can also be maintained at a high level by means of the

booster 33, with the result that, as discussed above, a good heat
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exchange can be obtained.

Temperature sensors and a regulating device, by means of which the gas
burner 10 can be controlled, are also fitted in the device according to
the invention. If the oil is at the desired temperature level, the gas
burner 10 does not go into operation. As soon as the temperature falls
below a threshold value, the gas burner 10 is ignited automatically. New
smoke gases are formed in the proéess, which results in a part of the
cooled smoke gases being'discharged through the outlet 30, in order to

compensate for the volume of the newly formed hot smoke gases.

Figure 3 shows a part of the tank 41 containing the oil in which the food
products are fried. In this tank 41 extends the chamber 42, from the end

wall 43 of tank 41. The flame tube 44 is accommodated in the chamber 4o,

It is fixed by means of flange 45 to chamber 42.

Flame tube 44 is connected at its one side to the combustion device
indicated in its entirety by 46, and at its other side is shut off by
partition 47. The hot combustion gases supplied by the combustion device
46 can flow out of the flame tube 44 to the outside through a number of
pipe sections 48, projecting laterally relative to the flame tube 44.

These pipe sections 48 are ea;h placed directly opposite & heat exchange
pipe indicated in its entirety by 49. As can be seen in the cross-section
of Figure 4, the connecting piece 50, by means of which each heat
exchange pipe 49 is connected to the chamber b1, is tapered. The pipes
can, however, also be fully cylindrical. The flow 51 of hot combustion
gases emerging from the flame tube 44 now enters the heat pipes 49, and
in the process is screened off by the cooler gases flowing along with
them in the space bounded by the flame tube 44, on the one hand, and the

chamber 41, on the other.

The cooler gas can be fed in through pipe 52 to chamber 41. By means of
this pipe 52, it is possible as desired to feed in by means of a booster
outside air or cooled smoke gases, which are discharged to the end of the

heat exchanger formed by the heat exchange pipes hg,

The emerging flow 51 of combustion gases, at a very high temperature, now

does not come into direct contact with the wall of chamber 42 or the wall

M
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of the heat exchange pipes 49. As can be seen in Figure 4, the hpt
combustion gases are enveloped in a cooler casing, comprising the gases
coming from the chamber 42. In this way it can be ensured that at no
single point do the walls of the heating device become so hot that the

0il would ignite.

The heating device 46 comprises a burner 52 which is known per se, and in
which gas or oil can be burned. This burner 52 is connected by means of a
ceramic sleeve 53 to the flame tube 44. For this purpose the ceramic
sleeve has a flange 54 which is clamped between a fixing flange 55 on the
burner 52 and a fixing flange 56. This fixing flange 56 forms part of an
insulating casing indicated in its entirety by 57. This insulating casing
57 comprises a layer of insulating material 58, surrounded on the outside
by a steel tube 59. This tube 59 is fixed to flange 56. At the other side
this tube 59 is fixed by means of flange 20 to the wall of the tank 1.
The burner is supported relative to the tank 41 by means of the flanges
56, 70 and the tube 59.

The flame occurring behind the burner is now in contact with the ceramic
sleeve 53. The latter has good resistance to it, while in that region no
further heat losses occur as a result of the insulating casing 57. The
length of sleeve 53 (and casing 57) can be selected in such a way that

the flame extends over the desired distance in the flame tube 44.
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which the frying oil can be accommodated, a gas-fired heating device
connected to a heat exchanger which is situated in the tank and through
which the smoke gases flow, and also an outlet for the smoke gases

emerging from the heat exchanger, characterised in that a bypass pipe

connected to the outlet is provided for conveying at least a part of the

outlet smoke gases back through the heat exchanger.

2. Device according to Claim 1, in which the tank is provided below
its nominal oil level with a first chamber into which both the bypass
pipe and a flame tube which is connected in a sealing manner to a gas

burner open out, which chamber is also connected to the heat exchanger.

3. Device according to Claim 2, in which the chamber is connected to a
number of heat exchange pipes, and in which the flame tube has a number
of outflow apertures for combustion gases, each of which is aligned

relative to a corresponding heat eXchange pipe.

L, Heating device according to Claim 3, in which the outflow apertures
are formed by pipe sections which each project relative to the flame tube

in the direction of a corresponding'heat exchange pipe.

5. Heating device according to Claim L, in which the heat>exchange
pipes each have a connecting piece which is connected to the chamber and

has a cross-section which decreases from the flame tube onwards.

6. Heating device according to Claim 3, 4 or 5, in which a supply pipe
opens out into the chamber, for supplying air or circulated combustion

gases at excess pressure.

7. Heating device according to Claim 3, 4, 5 or 6, in which chamber

and flame tube are cylindrical;

8. Heating device according to Claim 7, in which chamber and flame

tube are concentric.

9. Heating device according to Claim 2, 3, 4, 5, 6, 7or 8, in which a

ceramic sleeve is placed between the burner and the flame tube, which

LS
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sleeve lies outside the oil space of the oven and has an external

insulation.

10. Oven according to one of Claims 2 - 9, in which a first set of
5 parallel heat exchange tubes is provided, running through the tank and
connected at one end to the first chamber and at the other end to a

second chamber.

11. Oven according to Claim 10, in which the tank in which the frying
10 o0il can be accommodated is elongated, the first and second chambers run
in the lengthwise direction of the tank, and the heat exchange pipes run

essentially in the crosswise direction of the tank.

12. Oven according to Claim 11, in which the first chamber is

15 accommodated in a separate compartment of the tank, which compartment is
connected, on the one hand, to a filter unit provided on an end face of
the tank and, on the other hand, to a pressure pipe provided with a pump
for pumping the filtered oil along the first chamber and through the
pressure pipe to the opposite end face of the tank.

20
13. Oven according to Claim 12, in which the first set of heat exchange
pipes is guided from the first chamber to the second chamber by means of
bores in the partition between the compartment and the rest of the tank.

25 14, Oven according to Claim 11, 12 or 13, in which provision is made
for at least a second set of heat exchange pipes which is connected, on
the one hand, to the second chamber and, on the other hand, to a third
chamber running in the lengthwise direction of the tank and situated at

the opposite side thereof.

30
15. Oven according to Claim 14, in which more than two sets of heat
exchange pipes are provided, each connected to two chambers situated. at
opposite sides of the tank, and the last chamber in the flow direction of
the smoke gases is connected to the outlet.

35

16. Oven according to Claim 14 or 15, in which the total flow surface
of the next set of heat exchange pipes in the direction of flow is
smaller than that of a set of heat exchange pipes preceding it in the

direction of flow.
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17. Oven according to Claim 16, in which each following set-of heat

exchange pipes has a smaller number of pipes than a preceding set.

18. Oven according to Claim 16, in which each set of heat exchange
pipes has the same number of pipes, and each following set has one or

more pipes with a smaller internal diameter than a preceding set.

19. Oven according to one of Claims 10 - 18, in which each heat
exchange pipe has parallel end pieces which are staggered relative to

each other and are connected by an essentially S-shaped connecting piece.

20. Oven according to one of the preceding claims, in which a booster

is fitted in the bypass pipe.
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