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Skin burns 

• A one space dimensional model for skin burnt by 
“flash” heating was developed by (Torvi and Dale, 
1994). They allowed for three skin layers, the 
epidermis, dermis, and sub-cutaneous layers. 
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Where S has the form: 



Analysis of the heat propagation in 
heat transfer problems 
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• For heat-conducting processes of sufficiently short 
timescales, it is appropriate to consider a model 
that takes into account the finite speed of heat 
propagation: 

 

 

• The derivation of this equation is based on the law 
of Cattaneo–Vernotte: 

 

 

• The Cattaneo–Vernotte law differs from classic 
Fourier’s law in that it includes the heat flux 
relaxation constant 



The Cattaneo–Vernotte law 

• The propagation speed (“c”) of thermal disturbances 
in a heat conducting medium depends on the value 
of τ: 

 

• The value of the heat relaxation constant ranges 
from 10���	to 10��	s for homogeneous materials in 
different aggregative states. 

• If timescale of the experiment is comparable to the 
relaxation time value, it is recommended to use a 
generalized Fourier’s law. 
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The heat equation of the hyperbolic 
type 
• The equation is a special case of the telegraph 

equation, which describes the wave propagation 
with losses. 

• Limit cases of Eq. (1) are the classic heat equation, 
if the term     can be neglected, and the wave 
equation, if  

• The energy balance equation takes the following 
form: 

 

• The relationship between internal energy and 
temperature is stated as follows: 
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The heat equation of the hyperbolic 
type 
• Using the Cattaneo–Vernotte law, one can write the 

system of differential equations for the temperature 
and the heat flux vector: 

 

 

 

 

 

• Initial conditions for the system are given by: 
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The heat equation of the hyperbolic 
type 
• By excluding the heat flux vector from the system, 

one obtains an equation for the temperature: 

 

 

• An additional initial condition for the first-order 
derivative of the temperature can be obtained from 
the known value of the heat flux at t =0 and the 
first equation of the system: 
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The heat equation of the hyperbolic 
type 
• Let us specify the temperature at the boundary: 

 

• It is also possible to specify a projection of the heat 
flux vector on a normal to the boundary: 

 

• When the boundary conditions are imposed on the 
heat flux, it may be easier to first findh(s,t), 
excluding the temperature from the system.  

• An equation for the vector of heat flux will be 
obtained: 
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Temperature 

• Let us write out the initial conditions: 

 

 

• Integrating the first equation of the system over 
time, one can get the expression for the 
temperature: 
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Heat flux 

• If the temperature distribution was obtained, one 
can find an expression for heat flux by solving the 
second equation of the system: 

 

 

 

• By the means of contact method, the temperature 
can be recorded only after the thermodynamic 
equilibrium over time is achieved and the 
temperature becomes a constant value. One of 
them is a laser thermometry. It allows measuring of 
the temperature and the heat flux on a surface and 
in a volume. 
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