
 

1. Introduction 
 Isothermal quenching is a modern method for thermal 
treatment of Fe-C alloys featuring a number of advantages. It is 
characterized by soaking for a certain period of time the products 
heated up to an austenite state in cooling fluid at a temperature 
around the initial point of martensite transformation. Some of the 
advantages of this treatment technology are obtaining of structural 
homogeneity throughout the whole volume of the product and 
reducing of thermal stresses, therefore reducing deformation. 
Among the main disadvantages we can mention the necessity for 
using alloyed steels having a sufficient interval of stability of the 
austenite phase to provide a cooling velocity above the critical one, 
and to reduce the temperature gradient to the minimum. This creates 
difficulties when choosing the parameters of the thermal cycle of 
influence as they are mainly determined by the chemical contents of 
the material processed and especially by the type and the 
temperature of the cooling fluid. 

The purpose of the present study is to develop a 
methodology for determining the required parameters of the 
isothermal quenching thermal cycle. It should combine all main 
factors influencing the process, such as austenization temperature, 
heat conductivity of the product material, heat exchange between 
the detail and the cooling medium, soaking time and what is more, 
it should determine all these parameters correctly. The most 
effective means of achieving this purpose is the numerical modeling 
by the finite element method. 

 
2. Methodology 

 
To perform a numerical modeling of the isothermal 

quenching process and to assess the influence of the cooling fluid 
upon the changing temperature for each point of the specimen 
studied, it is necessary to solve the differential equation of heat 
conductivity (1) at given initial and boundary conditions for this 
particular case:  

 

 

(1),  
 
 
where T is the temperarure, h is heat transfere coefficient, q0 is heat 
flux, a is coefficient of thermal conductivity, Ts is external 
temperature. We assume that the uniform distribution of the 
temperature throughout the body is the initial condition (2): 
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The boundary conditions are determined by the dependency 
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illustrating the equality between convection heat transfere and heat 
conductivity on the body surface. 

The solution to the differential equation (1) under the initial 
condition (2) and under the boundary condition (3) is expression 
(4):  
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where: 
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Fig.1. Specimen form of finite element analysis. Finite element 
distribution. 
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dimensionless value; 
The numerical solution to 

the problem was accomplished by 
COMSOL software [1]. 

A specimen of the 
dimensions 35х30x23mm divided into 
16,000 finite elements has been 
analyzed (fig. 1) and the following 
thermal and physical characteristics 
corresponding to steel 80CrV2 DIN 
(0.8C - 0.33Si - 0.4Mn - 0.55Cr - 
0.2V, wt%) have predetermined to it. 
These have been taken from [2]. 
Starting with an initial heating 
temperature of 8600С a process of 
isothermal cooling was simulated to 
be taking place at soaking temperature 
of 1600С in a cooling medium of 
Nitrogen nitrite : Nitrogen nitrate in 
proportion 1:1 for 600 sec. Fig. 2 
shows the numerical solution to the 
problem for the predetermined initial 
and boundary conditions in terms of 
time of soaking. To verify the result of 
the simulation analysis, accomplished 
has been a real process of isothermal 
quenching of a part of the dimensions 
above, as well as another one of the 
following dimensions 10х30х23 mm, both made of steel 80CrV2. 
The hardness in depth of both specimens has been assessed. For this 
purpose the hardness has been measured by Vickers method using a 
load of 100g. A 
metallographic 
analysis has also 
been carried out 
by means of the 
light microscope 
“Neophot 32”. 

However, 
the solution to 
equation (1) and 
the use of the 
finite element 
method under the 
pre-set conditions 
impose some 
limitations 
discussed in the 
papers [3, 4, 5, 6] 
depending on each 
particular case. 
The limitations for 
our case should 
also be pointed 
out, being as 
follows: the 
solution given 
concerns a body of 
the final 
dimensions 

mentioned above; the same solution for a different body will be 
limited by its type and form and by the possibility to pre-set the 
coefficient of heat exchange between its surfaces and the cooling 
fluid; we assume that heat emission by radiant heat exchange in the 
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Fig.2. Temperature distribution in the specimen with dimensions 35х30х23 mm  in depends of  
time of isothermal holding at 160 0C. a) – 1 s; b) – 10 s; c) – 35 s; d) – 63 s; 
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Fig.3.  Disruption of  the overcooled austenite for 80CrV2 steel - a) [7], and time-temperature curve line  in  point of the 
cooled  surface - b).    Specimen dimension -  35х30х23mm. 
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surroundings is negligible, the body is homogeneous and there are 
no internal sources of heat. 

 

3. Results and discussion  
 

Fig.2 illustrates the changes in the temperature of the 
specimen in relation to the time for isothermal cooling within a 

period of 0 to 600sec. throughout the whole volume of the 
specimen under the boundary conditions set in the methodological 
part of the paper. For the time of soaking of about 60sec. there is 
unification of the temperature within almost the whole volume of 
the specimen, with its value being within 400-4200С which is 

below that of the maximum stability of the austenite phase of this 
type of steel (fig. 3). Only the internal part of the specimen is an 
exception (fig. 2d). This means that with the use of the parameters 
of influence mentioned in the methodological part a velocity of 
cooling above the critical one is achieved in the specimen volume 
which makes its quenching possible. This is shown in fig. 3 a, b 
for a point at the specimen’s surface which is in contact with the 
cooling fluid. A difference only in the central parts of the 
specimen is likely to occur but it would affect properties such as 
hardness. The change in the temperature gradient from 3000К/m 
to 500К/m (fig.4) in a point at the surface in contact with the 
cooling fluid demonstrates that for a period of about 100sec. the 
temperature of the specimen becomes uniform before reaching 
that at which the martensite phase begins. This makes it possible 
for the process to take place throughout the whole volume of the 
specimen. The same holds true even to a higher degree for the 
specimen having smaller dimensions of 10х30х23mm.  
          The results of the numerical modeling accomplished by 
COMSOL software correspond to those of the metallographic 
analysis. A decrease in hardness of the specimen 35х30х23 mm 
(fig. 5a) may be observed from approx. 750 HV0.1 to 680 HV0.1 
from the surface in-depth. The specimen of 10х30х23 mm does 
not undergo such decrease (fig. 5b). The structure consists of 
martensite and a certain quantity of residual austenite within the 
whole volume of the specimen of 35х30х23 mm. This is the 
prerequisite for the minimum change of the hardness from surface 
in-depth shown in fig. 5b. 
 
 

 
Fig.4. Changing of temperature gradient in point of the 
cooled surface in depends of time. Specimen dimension  

35х30х23 mm. 
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Fig.6. Structure in the center of investigated specimen - a) and on the 
cooled surface -b). 
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Fig.5. Changing of the microhardness distribution in depth of  the 
specimens. a) - 10x30x23 mm; b) -  35х30х23 mm. 
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          4.  Conclusions 
 
 The use of numerical modeling by the finite element 
method along with the COMSOL software allows for the effective 
study of the process of steel isothermal quenching. The results 
completely correspond to the real experiment and the 
microstructure tests carried out. The methodology suggested takes 
into consideration both the heat transfer in-depth of the material 
and the interaction between the specimen and the cooling fluid. 
This makes the methodology suggested applicable to a wider range 
of steels subject to thermal treatment, as well as to a wide variety 
of types of cooling fluids used.  
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