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Abstract: The concept of active thermal insulation is explaied and its application for induction heating of speific metal parts
is analyzed. Its features ale illustrated by a tyipal example whose results are discussed
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l. INTRODUCTION resistance conductor. The aim of the paper is topewe

. L . _the parameters of the heating process when usihgurir
In numerous technical applications (power dewce&,ﬂ

chemical reactors, metallurgy, heat treatment Eees

an important role is played by thermal insulatioh o 2.2 120
various structural parts. This is mostly realizesing 60
classical passive thermal insulations (PTIs) repres by 2.1 A7 / 7
materials with very low thermal conductivity (we can g
mention, for example, polystyrene, some plastiedt, f i A .
glass wool, grinded basalt, asbestos, etc.). Tinegerials ° °
minimize the undesired loss-making thermal flux : °.
Oss = —AgradT flowing from the insulated body to its 3 0 3 &
environment. I J e
But beside the above PTIs there exist also active . < :
thermal insulations (ATIs). These are realized by ° °
generation of another thermal flux,, going against the S ‘.
loss-making fluxq.ss. This flux g, is mostly generated i\. C °
by direct ohmic heating of appropriate current-giag : .. olo
resistance elements. If such a system is propasgety, 0 7 T ﬂ
the surface of the insulated body is characteribgd s / il
isothermic or even adiabatic state. 0 ‘
Until recently, the ATl was used only in several R S L, ,,,,, 0 T A
specific applications such as space technology revite 150
served for keeping isothermic regime of some méagur ézg
devices. But it can also successfully be applied in
common technical practice where it is able to imprthe Fig. 1. The system with heated wheel (dimensiomarim)
efficiency of various processes. 1-heated wheeR.1-passive thermal insulatioB,2-active thermal

insulation,3-inductor (Cu pipe, cooled with8), 4—fixing cylinder,

The paper shows a possibility of using the ATI 5_ambient air

principle for induction heating of active wheels gés
turbines before their pressing on a shaft. 1. MATHEMATICAL MODEL

. FORMULATION OF THE PROBLEM The general equation describing the distribution of

temperature fieldT in the heated wheel reads [3]
The principal arrangement of the inductively heated

. oT

wheel is depicted in Fig. 1. During the proceshedting div (A gradT) = peS D> 1)
the wheel is insulated by ATI in order to reduce t
thermal losses and improve its efficiency. Moreadetl - ] ]
information about induction heating of such wheela be SPecific thermal capacity of the heated materied a,
found in [1] and [2]. stands for the volumetric heat sources (in our cmgen

The heated whed fixed on cylinder4 is inserted to by the volumetric Joule losses).
the inductor3 consisting of two parts. The inductor is For example, in the laye:.1 (PTI) equation (1) in the
made from a massive copper conductor cooled witienva cylindrical coordinates may be written as follows
Time variable magnetic field produced by the induct 9%T .\ 19T +62T _ pcaT

i ——t— = . 2
generates in the wheel eddy currents and Joule Tbat a2 ror 92 A ot (2)

r’\Nhere A denotes the thermal conductivitypc is the

wheel is (with respect to its environment) insullaggther It the | i f db bestos fi ts. itemal
with PTI 2.2 formed by, for example, a layer of asbesto_i, € layer IS formed by asbeslos filaments, Xiema
filaments, or with ATI formed by an asbestos foittw surface is characterized by the boundary condition

embedded resistance heating elements, for exaraple, _A‘;_T :gC(T—Text), ()
n
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where a;; it the coefficient of convective heat transfer anblard-coupled formulation and also the energy losthe
T, denotes the ambient temperature. The influence ptem of resistance elements forming ATI.

radiation can be neglected.

In case of ATI 2.2), the boundary condition on the
surface of the heated body (where the ATI foil lizscpd)
may be characterized by the relation

oT
— =0. 4
on @

V. NUMERICAL SOLUTION AND DISCUSSION

OF RESULTS

The numerical solution of (1) for the investigated
wheel was carried out by a FEM-based code QuicélFiel
5.0 [4]. For computations we considered the ave e
— 3 ;
Iossequ =3.616x 16 W/, which was taken over from Fig. 3. Temperature field in the wheel after 15 ubés of heating with
[1] (this value corresponds to external currentsitgn ATI, the heating system being placed on the infesngiace of the shell
Jo =5%1CA/m? with frequency f =50Hz). The (leq =5x10°A, f =50Hz, g, =3.616¢ 16 W/m’,

physical parameters of materials and their tempezat Tawrg = Tmax =T (1) =696 °C, AT =0.01°C)
dependencies are also presented in [1].
Selected qualitative results are shown in Fign@a
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Fig. 4. Evolution of average temperatuiig,, of the wheel in time

(I =5%10°A, f =50Hz, q, =3.616x 16 W/m®): I-PTI, II-ATI

Fig. 2. Left — Temperature field in the wheel at&rminutes of heating

. L . V. CONCLUSION
with classical insulation I, =5%1C*A, f =50Hz, g, =3.616x 16

WM, Ty =609°C, Tray =T (1)) =696 °C, AT =50°C), Right - The results show that application of ATI may ineea
Temperature field in the wheel after 15 minutebesiting with AT, the the _ef'fICIency of the regime of induction heatirigsolid _
heating system being placed on the external sudbttee shell bodies. On the other hand, however, more attention

(le =5%10°A, f =50Hz, g, =3.616x 16 W/M’, T,y =609°C, should be paid to_ physical realizati_on of ATI, _,i.dao
arrangement of resistance elements in the asbfstas
fabric and to determination of currehiy, necessary for

Figure 2, left part shows the temperature fieldtioé elimination of thermal fluxgyss.
wheel after 15 minutes of heating provided that the
insulation is of the PTI type. The right part ofsttigure
shows an analogous field with ATI placed on theegl This work was supported by the European Regional
surface of the insulation shell. The fields arecpeally Development Fund and Ministry of Education, Youtida
the same, because the wheel is cooled by wateimfipin  Sports of the Czech Republic (project No.
the hollow conductor of the field coil. Now the cliiion  CZ.1.05/2.1.00/03.0094: Regional Innovation Ceritie

0T /on=0 holds only behind these hollow conductorglectrical Engineering — RICE) and by projects
and practically does not influence the temperatirthe P102/11/0498 and 102/09/1305 (Grant Agency of the
wheel. On the other hand, Fig. 3 shows the dididbwf Czech Republic).

temperature field for the same parameters, but Adhis
placed on the surface of the wheel. We can seetlileat

average temperature of the wheel is now substhntidll] I Dolezel, V. Kotlan, B. Ulrych: Modeling of ShiknFit of Action

higher (by about 87 oc)' Wheel in Gas Turbine. Proc XIICLEE 2011, Ponta Rdky
L. . . . Portugal, July 2011.

Some quantitative results are shown in Fig. 4slt b | “pojezel, V. Kotlan, B. Ulrych: Hard-Coupled Mdide of

obvious that ATI provides temperatures by about%d5 Induction Shrink Fit of Gas-Turbine Active WheekoP. ISTET

higher than PTI, with the same value @f. But for more 2011, Klagenfurt, Austria, July 2011.
. . . 3] J. P. Holman: Heat Transfer. McGrawHill, New Yotk$SA, 2002.
precise computations it would be necessary to bse 4] www.quickfield.com

Trnax =T (1) =696 °C, AT =50°C)
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