EP 0 031 313 A1

Europaisches Patentamt

0’ European Patent Office

Office européen des brevets

®

@ Application number: 80850191.0

@) Date of filing: 17.12.80

0 031 313
A1

@ Publication number:

EUROPEAN PATENT APPLICATION

G int.ci: F 24 C 7/02
H 05 B 6/78, F 24 H 1/10

Priority: 21.12.79 SE 7910621
Date of publication of application:
01.07.817 Bulletin 81/26

Designated Contracting States:
AT CH DE FR GB LI NL

@ Applicant: Husqvarna Aktiebolag
Fack

S$-56181 Huskvarna(SE)

@ Inventor: Risman, Per Olov Gustav
Tallbacken Gisebo
§-561 00 Huskvarna(SE)

Representative: Hagelbéck, Evert Isidor
c/o AB Electrolux Patentavdelningen
$§-105 45 Stockholm(SE)

@ Through passing heater.

@ A cylindrical microwave applicator for heating appliances
has adjusting means for varying the heating intensity in the
cross section of a cylindrical load (1) conveyed through the
applicator (2) in the longitudinal direction thereof, said means
constituted of a metal wall structure (6) positioned in the
applicator parallell with the axis thereof and adjustable from
the outside and making contact, in a microwave manner, with
the cylindrical and plane inner surface of the applicator.
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Case W 386

Through Passing Heater

The present invention relates to a cylindrical microwave applicator for
heating purposes with special arrangements for adjusting the heating density in a
section through the cylindrical load, which is conveyed through the applicator along
or parallelly with its longitudinal direction.

Microwave applicators in which the load stuff is conveyed through a heating
zone and heated to a predetermined temperature are known. If the stuff is in the

form of a liquid it is conveyed through a microwave transparent tube through the

" zone. Such a device is known from the Swedish Patent Specification No. 363 462. In
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this one a TMO2l-applicator of a cylindrical shape is used for creating a heating
zone in a rod-like load extended along the longitudinal direction of the applicator.
As a flow in a tube, owing to friction, does not have the same flow velocity at the
periphery of the cross section area as in the center, the heating must be more
effective in the center than at the periphery. In order to achieve such a distribution
of the heating effect in the cross section it is used in a known applicator a
TMO2l-type of field which has a maximum effect in the center and a minimum at
the periphery. By such a distribution of the effect over the cross section area of the
load it is possible to avoid more heating of some parts than others and over-heating
of the peripherial parts. It is shown in the said patent specification that the
TMO02l-resonator has properties which solve the problem of overheating of some
parts of the load cross section and allows greater load diameters than priorly known
types of applicators.

However, if the load is conveyed through the applicator in contact with a
conveying tube, band or the like it is desirable that the heating at the periphery of
the load shall not, proportionally, be so small, as in the above said type of
applicator. In fact, the applicator diameter for a given diameter and dielectric
constant of the load can be calculated by an exact solution of the transcendental
equations of the zero order of Bessel- and Neumann-functions and their first
derivatives., However, it may be successful to use approximative calculation
methods. As the field in the load is not homogenous it is necessary to use an integral
function. This one is approximately proportional to Joz (kr) . kr, where k is so’
estimated that the peripheral field (in a loss-free case) is zero, when k.r = 2,405.

The microwave heating in an applicator with modified measures according to
the above-said but otherwise according to the Swedish Patent Specification No. 363
462 eminates substantially from the resonance amplification of the dominating

TMO20 field, if the length of the applicator in the axial direction is about the same
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as itsdiameter. Howeve'r, also other. osclllation modes can. arise. Among several
oscillation modes are just such ones of the TM-type p0331ble in practice, . first for
the reason that the 1ntroduct10n of mlcrowave energy to the appllcator is effected
by a loop connected to the magnetic field and then for the reason that the major
part of connectlon of the field to the load is effected when the electrxc field vector
is substantlally parallell to the surface of the load. ' ' , '
The resonance field patterns which can generally prevall durlng the above
given circumstances are TMO11, VTMDIVZ, TMllD and TM111. These notations for
modes are generally :acceoted and"areexplained as follows: The first index after
"TM" means the number. of holefcyclesrin the angular direction during one revolution
around the axis, the second ;inde>r<; states the’rnUmberﬂofrmi'nima of the E-field in a

radial direction from the axis to the periphery, the ,thirdan‘dr last index is the

number of half wave lengths -in the axial direction of a standing wave in the

'appllcator. The two first said modes have no fleld variation in the angular direction

in the cyhndrlcal apphcator, but the two others have an angular function (cos ) and
another radial function J (kr) of the. radial ﬁeld component whlch is zero on the
axis and has a maximum at a somewhat less value of r than the zero ‘point of the 7
J ~function. The two flrst said resonances have a radial functlon of the radial field
component accordlng to the J (kr) function, i.e. the same as the "basic mode"
TMO20 - yet another value of k which will be different owing to the different
connection to the rod-like load. All four "distorsion modes" have variations in the
axial direction (z-) bringinrg about a tendencyl of an increase of the heating at the
periphery of the load. : ' 7

By the arrangement descrlbed in the Swedish Patent Specn’xcatxon No.
7801280-4 a possibility is introduced to dlsplace the load’ parallelly with the cylinder

axis in a radial direction, whereby a certain change in the connection of the basic

oscillation in the appllcator is achleved Thls change can easﬂy be compensated as

known per se by a so called stub in the-wave. gulde feedlng the apphcator.

- In consequence of the useful - changes of the . apphcator and -the load
positioning therein in relatlon to the theoretlcal basic prlnclples the appearance of
the composite field pattern w1ll be dlfflcult to calculate. It is therefore suggested.
also to change the diameter of the apphcator and in an emplrlcal way achieve an
1mprovement of -the apphcator. In pr1nc1ple, this change brlngs about a dlplacement
of all resonances of the- system - thus, in practlce, a possibility to change the
balance between the basic mode and other modes. As all the above said other modes
make an amplification *of the electrlc field of the periphery of the load they
contributes to an equalxzatlon of the composxte field strength and thus- also of the

heatlng velocnty over the hole cross sectlon area cf the load As only the two added
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modes TM110 and TM111 have variations in the angular direction but locked in one
and the same position in relation to the antenna member a field adjustment is
possible to achieve just by making the changes of the tube in the radial direction and
the diameter of the applicator. Such an adjustment involves in general that the
operating frequency of the microwave generator does not correspond to any of the
considered resonance frequency peaks. However, it is stated in the Swedish Patent
Specification No. 363 462 that the Q-value is proportionally small and thus the band
width, where a good efficiency is obtained, so great that just by a matching
adjustment with the aforesaid stub it is possible to reach a sufficiently good
microwave matching within a necessary generator frequency range.

The purpose of the invention consists of an embodiment of an applicator with
variable inner cross section dimensions. The arrangement for enabling this feature is
stated in detail in the characterizing clause of Claim 1.

An embodiment of the applicator according to the invention is described in
the following with references to the accompanying drawing which shows in Fig. 1 a
perspective view of the applicator, wave guide and generator, Fig. 2 a cross section
through the applicator, '

An apparatus of a through passing type and microwave heating based on the
theory of the microwave field according to the foregoing is shown in Fig. 1. The load
is conducted in a tube 1 through a cylindrical applicator 2 provided with end walls 3
penetrated by the tube. This one can be displaced in a radial direction and by such a
displacement the field pattern can be located to the axial center of the load. In the
shown embodiment of the applicator the displacement of the load has been carried
out by means of a flange 4 on the tube 1 at each end wall, where the tube pass
through in a rather big hole. The tube can then be displaced laterally in this hole and
fixed in an adjusted position by means of a couple of retainers 5, which by means of
screws keep the flange pressed against the end wall. The position of the tube at the
one end can be adjusted independent of its position at the other end.

The technical embodiment of the arrangement for adjustment of the diame-
ter of the applicator is shown on the drawing in the shape of a flexible sheet 6,
which resiliently abuts the cylindrical surface 7 of the applicator and the inner
surfaces of the end walls. The sheet is kept in this position by a couple of adjusting
screws 8 each one penetrating a hole in the cylindrical wall and having a nut 9 on its
end. The length of the screws determines how far the position of the sheet can be
changed and thus how much the cross section of the applicator cavity can be
decreased. As it is designed for TM-modes the surface currents on its inside will
have components in the axial direction but not in the angular direction. This will
mean that special arrangements for achieving a good contact between the sheet 6

and the cylindrical surface 7 need not be used. A higher demand for a good contact
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is put on the abutment of the sheet against the inside of the end walls 3, where the
edge of the sheet is slitted so that thus produced contact - tongues 10 can slide

against the 1nsxde of the end wall maklng a good contact when the sheet edge is

‘moved over the 1n31de.

This now added feature to change the cross sectxon of the apphcator offers a
greater liberty to dlmensmn the cross section of the load which no longer needs to
follow the formula frem the Patent Specxflcatlon 363 462 stnctly, i.e. the radius of
the cross section of the- load = the flrst mmlmum in the function J (/_'r) J (f—'r)
where '

- %’(V?—rcmg D7 ) -a‘/f +(5">""-T>>

In many practxcal cases the cross section of the load is predetermlned as the
stuff to be heated has a determined thickness. By assuming that the applicator shall
be, e.g. a TMDZU-resonator, the designer choses a somewhat great;-yalue of the
diameter of the applicator casing than what is choeen’according":to' an ordinary

dimensioning of a TMOZO,’—resonatpr. By waypf;eXperim'ental measuring and adjust-

-ments the position of ft:he load in the applicator is adjusted empirically (by means of

:the flanges- 4) and the croes section of “the applicater cavity (adjustments of the

sheet) so that the heatlng densu:y in the load in the cross section thereof will be
symmetncal i.e. constant in the angular dlrectlon. As said in the introduction a
matching ad]ustment can be carrxed out by a stub in the wave guide so that a

sufficiently good mlcrowave matchmg of the apphcator to the microwave generator

is achleved

The descrlbed embodlment may be. regarded as example of the mventlon with
a reservation for other possible apphcator apparatus for a variable determmmg of
the cross section, which in fact need not have the 111ustrated c1rcu1ar shape but, for

1nstance, a polygon.
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Claims
1. Microwave heater of the through passing type including a cylindrical micro-
wave applicator, a microwave transmission line with an input arrangement, a
microwave generator and a conveying means for a through-passing rod-like object
positioned near to the axial center of the applicator, and adjusting means at each
end wall of the applicator for positioning of the object in the applicator, cha-
racterized in that the applicator is provided with at least one wall structure
(6) extended between the end walls (3) which wall structure is adjustable in the
radial direction thereby making the inner cross sectional area of the applicator
variable. '
2. A microwave heater of the through passing type according to Claim 1, ch a -
racterized in that the adjustable wall-structure is positioned substantially
diametrically in the applicator in relation to the input arrangement.
3. A microwave heater of the through passing type according to Claim 1, ch a -
racterized in that the direction of adjustment of the wall structure is
substantially coordinated with the direction of adjustment of the load position at the
two end walls,
4, A microwave heater of the through passing type according to Claim 1, ch a -
racterized inthat the edges of the adjustable wall structure turned to the end

walls are slitted in order to give a good galvanic contact between the wall structure
and the end walls,
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