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A genera heat conduction law based on the concept of
motion of therma mass

Qo Zeng-Yuathr Cao Bing Yang
( Department d Engineering Mechanics, Ténghua University , Bejing 100084, Chira)
(Recaived 1 November 2007 ; revised manuscript received 5 December 2007)

Abgiac

Based on the mass energy relation in Bndein’ s rddivity thory | therma energy has equivaent mess, which is reerred to
as thermd mass. The concepts of phoron gas maess in lids and thermon gas mass in gases are then introduced. Based on these
oconcepts, the momentim cunservation equetion, including driving force, resgance and inertid force, for the thermd mass
notion is egtablished using Newtonian mechanics. 9nce the heat conduction is just the motion of the therma mass (phoron gas
or thermon gas) in a edium, the momentum conservation equation for therma massis a genera heat conduction lav which can
unify the description of heat conduction under various conditions. The nmomentum conservation equation reduces to Fourier s heat
conduction lav when the heat flux is not very high 0 tha the inertid force of the thermal mass can be ignored. For micre /nano
scale heat conduction, the heat flux may be very high and the inertid force due to the spatid velocity variation can ot be
ignored. Therdore , the heat conduction deviates from Fourier’ s law, i. e. rorrFourier phenomernon takes place even under
deady date conditions. In such cases, the thermal conductivity can ot be cadcuated by the ratio of the heat flux to the
terperature gradient. Under ultra fag heat conduction conditions, the inertid force of the thermal mass mugt be taken into
oond deration and the nomentum conservation equetion for the thermal mass nrotion leads to a danrped wave equation. Cormpared
with the CV nodd , the generd heat conduction law includes the inertid force due to the oatid velocity variation. Thus the
physicaly imposs ble pheromeron of negative tenperatures induced by the thermd wave superpostion described by CV nodd |, is
dlimnated, which denondrates that the present generd law of hest conduction based on therma mass notion is nore
reapnabde.

Keywor ds: Fourier heat conduction law, general heat conduction law , notion of thermal mass, norr Fourier heat conduction
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