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Abstract  

An experimental investigation is carried out on a semi-industrial prototype of regenerative roll 
quench system. It  allows the determination of the thermal contact conductance between a roll and a moving 
strip. The application of the quantitative infrared thermography leads to the angular evolution of the strip 
temperature while the mean roll temperature is obtained by using thermocouples connected to a wireless 
telemetry data acquisition system.  

The experimental facility and the thermal model associated to the thermal conductance 
determination are presented. The results emphasize the effect of operating parameters such as the velocity, 
initial temperature and tensile strength of the strip. Modeling of the interfacial thermal conductance is finally 
proposed. 

 

1. Introduction  

The knowledge of heat conductance between two solids is often required when designing thermal 
systems. A typical example is the continuous annealing of moving strip based on the roll quench process 
where the hot strip is cooled through contact with cold rolls [1].  The overall heat transfer coefficient depends 
strongly on  the thermal contact resistance between the strip and the rolls.  Literature shows that such a 
parameter is function of the nature of the material, surface roughness, temperature level and contact 
pressure, which is function of the tensile strength [2]. 

 
An experimental investigation has been carried out at the von Karman Institute on a semi-industrial 

prototype of regenerative roll quench system to establish a correlation of the thermal contact conductance.   
 

2. Experimental facility 

A dedicated facility, called RRF (Roll Regenerative Furnace), has been constructed, a schematic of 
which is shown in Fig. 1. 
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Fig. 1  3D schematic of the RRF facility 
 
It consists of a steel band of 0.3m wide and 0.3mm thick, entrained by a pair of rolls and passing 

through a radiant heating unit to get a maximum temperature of 650°C. The strip is put in contact with a roll 
of 0.8m in diameter and 0.02m thick. The entraining roll is equipped with tachymeter and strain gauges, all 
connected to the electrical power cabinet of command, to monitor in real-time the velocity and strength of 
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the strip, respectively. This latter is adjusted by varying the force of a mechanical tensor by means of metal 
cast weights. The line velocity ,U, may vary from 0.25m/s to 0.75m/s. An array of air jets located at plenum 1 
(Figure 1) cools the roll to maintain its initial (inlet) temperature, TR0, constant. 

 
Figure 2 provides a schematic of the instrumentation implemented in the roll-strip test section. Two 

identical combs of 5 thermocouples with 0.5mm in size, instrument the roll shell; one is placed on the 
median line of the roll and the other is off-centered close to the edge. For each comb the thermocouples are 
located in depth at 0.2mm, 5mm, 10mm, 15mm and 19.8 mm from the external surface of the roll, 
respectively. Prior to be inserted in the roll, all the thermocouples are calibrated in a thermostatic bath with a 
control temperature of 0.1°C. The thermal contact inside the roll is ensured by  coating the thermocouples 
with high thermal conductivity glue. Regular checking of calibration is performed before each test. The 
thermocouples are connected to a data acquisition card, part of a WIFI telemetry unit mounted on the axis of 
the roll. The signal received on PC is treated by dedicated software developed on Labview and Signal 
Express platforms.    

 
A SC3000 IR camera scans the external black painted face of the strip at the roll location. Markers 

are positioned at equal interval to provide reference angular position on the thermograms, which are then 
processed by an in-house DIP program to obtain the thermal mapping of the strip. Two pyrometers scan 
also the strip; the first is positioned at the exit of the heating chamber and the second downstream the roll. 
They allow the continuous monitoring of the strip temperature at the inlet and outlet of the test section. 
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Figure 2:  Measurement techniques implemented on the roll-strip test section 
 
 

3. Typical results 

 
The established thermal regime is characterized by a periodic behavior.  Figure 3 shows a cycle of the roll 
temperature distribution. 
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Figure 3.  Angular evolution of the temperature in the roll thickness during one cycle. 
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The strip temperature is inferred from false-color thermograms, a typical example of which is depicted in 
Figure 4a. Such thermals mappings allow the assessment of the transversal distribution of the strip 
temperature as shown in Figure 4b. The central region of the strip exhibits a fairly uniform transversal 
distribution. Figure 4c plots the typical angular distribution of TS  along the central axis of the strip. The 
asymptotic trend noticed in Figure 4c indicates that the heat exchange between the roll and the strip is 
achieved at about 40°. 
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Figure 4: Illustrative results 

 
 
The thermal contact conductance (TCC) determination is based on a cycle of the established regime.  In 
accordance with the engineering model developed in [3] to estimate the performance of an industrial RRF 
system, its definition is:  

( )=
−
TCC

S Rm

q
TCC

T T
        (1) 

Due to the small strip thickness, the fin theory is applied to determine the heat flux qTCC as follows: 

= −ρ ⋅ ⋅ −
θ
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dTU
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R d
      (2) 

Figure 5 illustrates the procedure to determine qTCC. A dedicated smooth curve fitting allows accurate 
computation of the derivative of the angular evolution of the strip temperature, TS, as illustrated in Figure 5a. 
The heat losses, qenv, are evaluated from convection and radiation models detailed in [3]. Figure 5b plots the 
angular variation of qTCC: the heat exchange between the strip and the roll starts with maximum plateau up 
to  approximately θ=10° and decreases gradually to 0 when θ approaches 40°. 
 
The mean temperature, TRM, through the roll thickness is computed following an enthalpy approach: 
 

    

− −

= ρ ⋅ ⋅ ⋅ ρ ⋅ ⋅∫ ∫
R R

R R R R

R R

Rm R R R R R

R e R e

T C u T dr C u dr          (3) 

Where RR and eR are the external radius and the thickness of the roll, respectively. 
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Figure 6 shows that once the cyclic regime is developed, TRM keeps a constant value, which is very close to 
TR0.  
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(a)  Curve-fitting of TS           (b) Angular evolution of qTCC   
 

Figure 5: Calculation of qTCC. 
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           Figure 6: Angular evolution of  TRM.                       Figure 7: Angular evolution of TCC. 
 

As an example, Figure 7 plots the angular evolution of TCC for two values of the tensile force,σ, 
applied to the strip. TCC improves clearly when σ  increases.  

In the foreseen design of the industrial RRF, the total angular coverage, θc, of the strip on the roll is 
ranging from 25° to  45°. Therefore a mean  thermal contact conductance, TCCm, is defined  in line with that 
used in the engineering model [3]. The adopted definition anticipates an effect of the temperature on the 
value of the strip heat capacity: 

         ( ) ( ) ( )
( )θρ
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⋅ θ −∫

S c

So

T
S S
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                                         (4) 

The effect of the different operating parameters on the strip-roll heat exchange is now analysed 
through TCCm.   The first parameter to be considered is the line speed, U. Figure 8 displays the findings for 
two types of strip material. The results exhibit some scattering due to the variation of other operating 
conditions such as the initial strip temperature, TSo,  and roll-strip temperature difference, ∆TSRo. However,  
the data fall in the range of  2kW/m2.K to 4.5kW/m2.K in agreement  with the sparse  literature existing on 
this topic [4,5]. Keeping in mind that heat transfer coefficient such as TCC are generally determined with a 
confidence not better than ±15%, one can conclude from Figure 8 that rising the line velocity produces  
moderate increase of the thermal conductance.  
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Figure 9a shows that the heat exchange improves to some extent as the initial strip temperature, 
TSo, increases. However the trend becomes negligible above 400°C. Since in the industrial application 
foreseen the strip temperature can be of the order of 800°C, the TCC-values displayed in Figure 9a can be 
considered as the maximum ones. Similarly, enhancement of TCCm  of about 20% can be noticed in Figure 
9b when the initial temperature difference, ∆TSR0, between the strip and the roll exceeds 150°C. 
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Figure 8:  Effect of line speed on the heat exchange. 
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Figure 9:  Effect of the initial thermal conditions on the heat exchange. 

 

On the basis of the present data an attempt is undertaken to evaluate the interfacial thermal 
contact conductance TCCi, quantity which is very difficult even impossible to measure experimentally. 
Assuming thermal resistances in series from the temperature of the strip surface measured by the infrared 
camera to the mean temperature of the roll representative of an effective thickness eef, the final expression 
of TCCi is: 

−
 

= − − 
 

1
1 ef,RS

i
m S R

eeTCC
TCC k k

                                                                         (5) 

The effective roll thickness can be estimated from the thermal penetration theory, c R
ef,R

R

U
e

R
θ ⋅ α ⋅

=  where 

αR is the thermal diffusivity of the roll material. 

Figure 10 shows the estimated TCCi-values versus the TCCm-values obtained experimentally. The 
TCCi-values vary from 3kW/m2.K to 10kW/m2.K. Such results agree fairly well with classical data published 
in literature for metallic contacts [6] 
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Figure 10 : Interfacia0l conductance at  strip-roll contact 

4. Conclusions 

An experimental study of the thermal contact conductance between a moving strip and a roll is 
presented. A dedicated semi-industrial facility allowing strip temperature up to 650°C is used. Its main 
instrumentation involves quantitative infrared thermography and telemetric thermometry.  

 
Simple analytical model supports data processing and physical interpretation. It allows the 

determination of the angular evolution of the thermal contact conductance based on the mean temperature 
of the roll. The strip-to-roll heat exchange is achieved over an angular coverage not exceeding 45°. The 
results shows that the strip tensile strength is an important controlling parameter of the thermal performance. 

 
The value of the thermal contact conductance averaged over the angular coverage, TCCm, is 

ranging between 2kW/m2K et 4.5kW/m2K. The increase of the line velocity leads to a slight improvement of 
TCCm. Moreover, higher is the initial strip temperature and roll-strip temperature difference better is TCCm.  

 
Modelling of thermal resistances in series using the experimental TCCm-values provides an 

estimation of the interfacial contact conductance. Findings are in good agreement with published data. 
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NOMENCLATURE 

 
C  specific heat  (  J/kg.K ) 
e  thickness  (m) 
TCC conductance  ( W/m2.K ) 
q  heat flux   ( W/m2 ) 
R  radius   ( m ) 
T  temperature  ( °C ) 
U,u velocity   (m/s)  

 

 
θ angle   ( ° ) 
ρ density   ( kg/m- ) 
σ tensile strength  ( kg/mm2 ) 
Ω thermal efficiency  ( - ) 
ω rotation speed  (rd/s)

subscript 
 

c coverage    
env environment 
i interfacial 
m mean    
  
 
 

 
 
o  initial 
R roll  
S strip 
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