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meet the following criteria: relative error for measured and 
calculated temperature in the i-time must be less than 1.0 %, 
relative error for cooling rates derived of measured and 
calculated temperature must be less than 5.0 % and the 
correlation coefficient between measured and calculated 
temperatures in the cooling time must be greater than 0.99. 
 
5. RESULTS AND DISCUSSION 
 

In Fig. 1. are cooling curves for agitated oil Isorapid 
277 HM at 50 °C as the result after statistically processing and 
the numerical simulation. The temperature curve fitting is than 
very close. This fact can you see in Fig. 1. It is not possible 
represents graphically both curves. Value of the correlation 
coefficient between calculated and measured temperatures was 
obtained 0.9998. In Fig. 2 are plotted the both cooling rate 
curves. The compliance rate of curves for the cooling rate 
indicates the quality of the task processing. Maximum cooling 
rate was reached 111.0 K.s−1 at thermocouple temperature 669 
°C. Combination of experimental cooling curve and numerical 
simulation using INC method give the following values of 
average relative errors between: 

-measured and calculated temperature is 0.43 %, 
-measured vs. calculated cooling rates is 3.7 %. 

 
 

Fig. 1. Cooling curves for agitated oil Isorapid 277HM at 50 °C 
 

 
 

Fig. 2. Plot of both cooling rate curves 

 
 

Fig. 3. Combined heat transfer coefficient as a function of 
probe surface temperature 
 

Combined heat transfer coefficient dependence of probe 
surface temperatures for agitated oil and generally oriented 
walls is the main result of INC method and is shown in Fig. 3. 
 
6. CONCLUSION 
 

With combination of experiment and numerical simulation 
is able in qualitative and quantitative way to analyze the 
influence of cooling fluid on the heat transfer from the probe 
into unagitated or agitated oil at different temperatures. The 
obtained results of the combined heat transfer coefficient can be 
used as boundary condition of 3th kind in thermal transient 
analyses as the base for stress-strain state prediction. 

The next research will be oriented on exploring of the heat 
transfer from the oblique surfaces for the chosen oil 
temperatures and various intensity of the agitation. The 
calculated results will verify by different tests like C-test. 
Obtained knowledge will be used on the creation of the 
simulation models for parts behaviour prediction in heat 
treatment processes. 
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