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The nonstationary method of the simultaneous definition of the relaxation time of the temperature field and the liquid heat capacity is 

proposed. The proposed method rests on the solution of the inverse problem for the heat conduction equation of the relaxing temperature 
field. The influence of the relaxation time on the heat capacity of the liquids has been estimated. 

 
The one of the important thermophysical liquid 

parameters, playing the essential role at the heat transfer,  is 
heat capacity. The different methods were elaborated for the 
investigation of the heat capacity. In the work [1], the 
temperature dependence of the several samples of the oil is 
experimentally investigated. It is established, that oil heat 
capacity increases with the temperature increase. In the work 
[2], the influence of the different physical fields on the 
thermophysical liquid properties is investigated theoretically. 

The liquid is heating under the action of the acoustic 
waves and goes to the nonequilibrium state. All 
thermophysical properties, including the heat capacity,  relax, 
i.e. they vary the depending on time. Each parameter has its 
own relaxation time, in the result the spectrum of the 
relaxation times of the thermophysical  properties appears. 

The investigation of the influence of the relaxation time 
on the liquid heat capacity presents the big interest. For the 
simplification of the narration let’s consider, that the 
relaxation time is the identical and is equal to the relaxation 
time of the temperature field for the all thermophysical  
properties. The relaxing temperature field for the one-
dimensional case is expressed by the differential equation 
(heat exchange with the environment not takes into account): 
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Here τ0 is the relaxation time, α is the absorption 

coefficient of the acoustic waves in the liquid; I is the 
radiation intensity of the acoustic waves. The rest symbols 
are common.  

Taking into consideration, that the heat transport because 
of the convection is more bigger, than because of the 
diffusion, i.e. 
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Equation (1) is expressed in the form: 
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The initial and boundary conditions are expressed in the 

following form: 
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In the given work the task about the definition of the 

relaxation time τ0 and its influence on the heat capacity of the 
liquids is solved theoretically. The given task mathematically 
leads to the solution of the differential equation (2) under the 
initial and boundary conditions (3). 

  The Laplace transformation is applied for the solution of 
this task. The equation (2) assumes the following form in 
images: 
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where 
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Solving the equation (4) at the boundary conditions (3), 

we obtain the following equation: 
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where 
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Taking into consideration, that а<1 and α<1, we expand 
lae−

 and 
lα−2e  into s power series. We confine ourselves 
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to two first members of the expansion and equation (5) 
assumes the following form: 
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The method of the determinated moments is applied for 

the definition of the relaxation time τ0 and heat capacity c. 
Expanding the functions )(*),(* sfs   ϕ  and )(* sψ  into 
series on the s power we obtain: 
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where 

 

  

( )( ) ( )( )

( )( ) ( )( )

( )( ) ( )( ) ; t   ; 

; t   ; 

;    ; 

0
1

0
0

0
1

0
0

0
1

0
0

dttdtt

dtftffdtftff

dtttdtt

∫∫

∫∫

∫∫

∞

∞

∞

∞

∞

∞

∞

∞

∞

∞

∞

∞

ψ−ψ=ψψ−ψ=ψ

−=−=

ϕ−ϕ=ϕϕ−ϕ=ϕ

. (8) 

 
Taking into account the expressions (7), for equation (6) 

we have: 
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Equating the coefficients having the equal s powers we 

obtain the following system: 
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Solving this system we obtain the two unknown values: 

heat capacity c and relaxation time τ0: 
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From the equation (11) it is seen, that liquid heat capacity 

decreases with the increase of the relaxation time.  
The experiments, carried out by us, show, that liquid 

temperature dependences on time according to the following 
law: 
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Substituting the values )(tf  and )t(ϕ  in the equation 

(8) we obtain: 
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  If the system doesn’t relax under the rest equal  

conditions, i.e. τ0=0, the equation (11) has the form: 
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From the comparison of the formulae (11) and (15), we 

obtain: 
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  Substituting the formula (14) in the formula (16) we 
obtain: 
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It is possible to estimate the influence of the relaxation 

time on the heat capacity of the liquids by the formula (17). 
At τ0=0, i.e. when relaxation absence and the system is in 

the equilibrium state, we have the ratio: 
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Taking into consideration the formula (14), the equation 

(18) is reduced to the following form: 
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  From the condition (18) we find the liquid flow velocity 

at which the relaxation absence: 
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  Therefore, we can conclude that changing the liquid 
flow velocity it is possible to operate of the thermodynamic 
state of the liquid.
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ÐÅËÀÊÑÀÑÈÉÀ  ÌÖÄÄßÒÈÍÈÍ ÌÀÉÅËßÐÈÍ  ÈÑÒÈËÈÊ ÒÓÒÓÌÓÍÀ ÒßÑÈÐÈ 

 
Àêóñòèê äàëüàëàðûí òÿñèðèíäÿí ìàéå äàõèëèíäÿ áöòöí èñòèëèê ôèçèêè ïàðàìåòðëÿð ðåëàêñàñèéà åäèðëÿð. Òåìïåðàòóð ñàùÿñèíèí 

ðåëàêñàñèéà ìöääÿòèíè âÿ èñòèëèê òóòóìóíó áèðýÿ òÿéèí åòìÿê ö÷öí éåíè ìåòîä èøëÿíìèøäèð. 
Ýþñòÿðèëìèøäèð êè, òåìïåðàòóð ñàùÿñèíèí ðåëàêñàñèéà ìöääÿòè àðòäûãúà èñòèëèê òóòóìó àçàëûð. Ðåëàêñàñèéà ìöääÿòèíè 

òÿíçèìëÿìÿê ö÷öí ìàéåíèí àõûí ñöðÿòèíäÿí èñòèôàäÿ îëóíìàñû òÿêëèô îëóíóð. 
 

Г.Т. Гасанов, А.Н. Мамедова 
 

ВЛИЯНИЕ  ВРЕМЕНИ  РЕЛАКСАЦИИ  НА ТЕПЛОЕМКОСТЬ ЖИДКОСТЕЙ 
 
Предлагается нестационарный метод одновременного определения времени релаксации температурного поля и 

коэффициента теплоемкости жидкости. Предложенный метод основан на решении обратной задачи для уравнения 
теплопроводности релаксирующего температурного поля. Оценено влияние времени релаксации на теплоемкость 
жидкостей. 
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