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Abstract 

In quenching the essential point is the knowledge of the temperature distribution in the body during the 
quenching period. In the work the mathematical model for determination of the temperature dis�ribution 
and calculation of the heat transfer coefficient is given when the probe surface temperature versus time 

is known. The goal of the project was to find if thermography could be a successful tool in such a case 

for the surface temperllture measurement. 

Nomenclature 

c specific heat 
r radial direction 
t time 
w air stream velocity 

. 
z axial direction 

1. Introduction 

Greek symbols 

a heat transfer coefficient 
A. conductivity 
p mass density 
I'fJ angle direction 
/} temperature 

Subscripts 

B bottom point 
N backward point 
P central point 
S forward pOint 
T top point 

In many engineering problems bodies must be heated and cooled. Very important among them is 
the heat treatment of metals. This paper deals with the cooling of a metal cylinder inserted into the 
air stream of the arbitrary chosen temperature and velocity. In reality such a cooling takes place 
with changeable heat transfer coefficient. During the cooling, temperature field inside the body 
depends on the changes of the probe surface temperature. The problem has been solved 
mathematically by observing a cylinder with a uniform distribution of the temperature at the 
beginning of the cooling. The surface temperature during the cooling period was measured by a 
thermo vision camera in steps and the results obtained were used as the input parameters for the 
mathematical model. The solution of the temperature distribution inside probe, as a function of time 
and position can be obtained analytically, numerically or graphically. In the work the mathematical 
model based on the control volume numerical method has been used. The temperature distribution 
on the cylinder surface has been analyzed to find the influence of the cylinder real dimensions. The 
control thermocouples were placed in the center of the probe and on their surface as well as 2 mm 
below the surface. 

2. The probe, experimental rig and measurement 

The geometry of the probe is given in fig 1. together with the position of the thermocouples. The 
material of the probe is steel having the heat conduction coefficient A=49 W/mK, heat capacity 
c=500 J/kgK and specific weight of p=7840 kg/m3• The experimental rig is shown on fig. 2. ThE! 
probe was, after being heated, inserted into air stream vertically. The temperatures in the center of 
the probe, its surface and at th� point 2 mm below the surface were measured during the whole 
period of cooling and the surface temperature distribution taken in steps by means of the 
thermographic system. The average surface temperature versus time obtained by thermography 
has been used as an input parameter for the mathematical model. 
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Fig. 1. - Probe with thermocouple position Fig. 2. - Experimental rig 

3. Mathematical model 

The cooling of a cylinder is an unsteady problem where temperature of the body in the observed 
period is a function of time. 

= f(r,rp,z,t) 

The following assumption was introduced: 

• There is no temperature difference in "<p" direction 

Equation (1) can be written in differential form as: 

r c aJ = � �[r I aJ] a rtf tf 

with the initial condition 

1 = 0 -; 8- (r, z, 1=0) = f (r, z) 

and the boundary condition 

88-r=O -; -= 0  a-

r = R -; 8- = f (z, t) 

(1) 

(2) 

Numerically problem was solved as the two dimensional one. From eq. (2) the discretization 
equation for point P gives 

(3) 

o pcAV 
ap =--;;:t, 
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The cylinder was divided into Un" control volumes see fig. 4. and for each of them eq. (3) was 
written for the point P. All this equations represent a system of algebraic equations which can be 
solved by modified TDMA algorithm known as ADI (Alternating Direction Implicit). The solution of 
the system gives the temperatures in points P, .. .Pn as a function of the surface temperature versus 
time. 

Fig. 3. - Control volumes 

4. Results 

The temperature distribution on the cylinder surface (at 150 sec.) decoded from thermograms is 
shown in fig. 4. The surface thermocouple was the reference for the thermograms reading. The 
temperatures calculated by means of the two dimensional mathematical model, for one air stream 
velocity (1 mls), using IR measurement as the input data are shown in fig. 5. 

5. Conclusion 

The comparison of the measured and calculated values shows a good mutual agreement The 
main problem is the lack of real values for the heat conduction coefficient, and the heat capacity of 
the probe material. 
It can be concluded that thermography can be easily used for such a measurement and that it is in 
such a case much more comfortable. The results presented give the bases for the future 
investigations specially directed to the determination of heat transfer coefficients and heat flux for 
various cooling and heating processes. 
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Fig. 4. - The temperature distrihutian on the cylinder surface 
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Fig. 5. - Measured and calculated temperatures 
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