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THE INFLUENCE OF THE RELAXATION TIME ON THE LIQUID HEAT CAPACITY

G.T. GASANOV, AN. MAMEDOVA
Azerbaijan State Oil Academy, 370012, Baku, Azadlig av., 20

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 1 is the relaxation time, « 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:

T(0,x)=T, =const; T(0,t)= f(t);
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%T(o, X)=0; () = (t).

In the given work the task about the definition of the
relaxation time 7, 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
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T *(x,s) = TT(x,t) e~ dt;
0
I*(s):TI(t)-e*Stdt.
0

Solving the equation (4) at the boundary conditions (3),
we obtain the following equation:
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f*(s) = Of f)esdt, @*(s) :Ofgo(t)e-stdt,
0 0

Taking into consideration, that a<l and a<1, we expand
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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 7, and heat capacity c.
Expanding the functions @*(s), f *(S) and y *(S) into
series on the s power we obtain:
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0o = [(0t) - 0, )dt; o1 = [(o(t)— ., )tdt;
0 0
fo = [(f(t)-f,)dt; f=[(f(t)-f,)tdt; .(@®
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wo = [(wt) -y, )dt; wy = [(w(t)-w.,)tdt;
0 0

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 ¢ and relaxation time z:
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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:

Ty + T, (1 — e™)
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Substituting the values f(t) and ¢(t) in the equation
(8) we obtain:
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If the system doesn’t relax under the rest equal
conditions, i.e. =0, the equation (11) has the form:

20y,

; .
PU[% —fi-— fo}
v

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 =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:
L=
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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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RELAKSASIYA MUDDOTININ MAYELORIN ISTILIK TUTUMUNA TOSIRi

Akustik dalgalarin tesirinden maye daxilinde biitiin istilik fiziki parametrlor relaksasiya edirlor. Temperatur sahesinin
relaksasiya miiddetini ve istilik tutumunu birge teyin etmak iigiin yeni metod islonmisdir.

Gostorilmisdir ki, temperatur sahesinin relaksasiya miiddeti artdiqca istilik tutumu azalir. Relaksasiya miiddetini
tonzimlomak ii¢lin mayenin axin siirotindan istifade olunmasi toklif olunur.
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BJUSIHUE BPEMEHM PEJIAKCAIIMU HA TEIUIOEMKOCTbD )KHJIKOCTEM

[Ipenmaraercs HecTaMOHAPHBII METOJ] OAHOBPEMEHHOTO ONPEACIICHNUS BPEMEHH pellakCaliy TeMIIEPaTypHOTo OIS U
ko3 dulreHTa TermIoeMKoCTH KUAKOCTU. [IpesioKeHHbI METO/1 OCHOBAH Ha PEIlIeHHH 00paTHOM 3a1a4uu AJisl ypaBHEHHs
TEIUIONPOBOAHOCTH PENAKCUPYIOIIEr0 TeMIIepaTypHoro noist. OIieHeHo BIMSHUE BPEMEHU pelakCallii Ha TeTJIOEMKOCTh

JKUJIKOCTEMH.
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