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Priklad 1.

(i) Rovnici vedeni tepla

or .
ocor = div(DVT)

ve dvou dimenzich (pro plo$ny material) rozepiste do slozek v kartézskych sourad-
nicich. Uvazujte co nejobecnéjsi piipad (nehomogenni, anizotropni).

(ii) Poté upravte rovnici z piedchoziho bodu pro jednu dimenzi (ty€ovy material).

(iii) Poté upravte rovnici z prvniho bodu pro ortotropni material orientovany tak, Ze
soufadné osy odpovidaji vlastnim smérum difuzni matice a koeficienty difuzni ma-
tice nezavisi na prostorovych soufadnicich (material je homogenni).



Priklad 2. Sténu oddélujici dvé prostiedi rozdilné teploty miazeme modelovat jako ty¢
(velmi kratkou a tlustou, ale jednorozmérnou), u které udrzujeme konce na konstantnich
teplotach. Ukazte, Ze ze staciondrni rovnice vedeni tepla plyne, Zze v homogennim
prostiedi se teplota méni linearné.



Priklad 3. Budeme studovat rozlozeni teploty v dutém vélci, u kterého udrzujeme na
dvou rozdilnych konstantnich teplotdch vnitfni a vnéjsi sténu. UkaZzte, Ze teplota se
neméni linearné.

Navod: Pro tyto p¥ipady je vhodné mit teplotu zapsanu nikoliv pomoci kartézskych
soufadnic, ale jako funkci vzdalenosti r od pocatku. Podle Wikipedie je

o*T N o*T 10 (0T 1 0°T

e Wl (il -7z

0x2  Oy2 ror \  Or r2 0p?’
kde r a ¢ jsou polarni soutfadnice, vzdalenost od osy vélce a odchylka od kladného sméru
oSy .



Priklad 4. UkaZzte, Ze operator divergence je mozné psat ve tvaru
V.F,

kde F je vektorové pole, tecka znagi skalédrni soucin vektort, pseudovektor V je definovan
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a pseudosoudin vyrazii — a u, tj vyraz —u chapeme jako parcidlni derivaci.
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Priklad 5. V publikaci Berner et al, POD and Galerkin-based reduction of a wood chip
drying model, IFAC PapersOnLine 50-1 (2017) 6619-6623 je studovan model teplotniho
pole T'(y,t) a vlhkosti z(y,t) v nasledujicim tvaru.

Oy, t) =

0 = V(0T (. 1) Vily, 1)) (1

and Fourier’s thermal conduction law for inhomogeneous
materials

pla(y.)ep(a(y. )T =V - (Ma(y. 1) VT (y.1) (2)
where y is the spatial coordinate. Here the density
p(z(y,t)) and the heat capacity ep(a(y,t)) are material
parameters and depend on the local moisture content.
The diffusion coefficients A(x(y,#)) and 8(T'(y,t)) are of
dimension R3*? due to anisotropic material behavior. Note
that the coupling of (1) and (2) is obvious. Both state
variables x(y, t) and T'(y,t) appear in both equations.

Okomentujte rovnici a jeji jednotlivé ¢leny. Jsou to difuzni rovnice, jak jsme se s nimi
seznamili na prednésce? Je zde néco navic? Chybi néktery ¢len? Je mozné néco fici
o predpokladech implicitné obsazenych v takovéto konkrétni formulaci rovnic?



Priklad 6. Gasparina et al, An adaptive simulation of nonlinear heat and moisture
transfer as a boundary value problem, International Journal of Thermal Sciences 133
(2018) 120139, studuji ulohu dle obrazku. Okomentujte rovnici a jeji jednotlivé ¢leny.

transfer through a porous material defined by the spatial domain
Q, = [0, L] and time domain Q, = [0, 7]. The following con-
vention is adopted: x = 0 corresponds to the surface in contact with
the inside room and, x = L, corresponds to the outside surface. The
moisture transfer occurs due to capillary migration and vapour diffu-
sion. The heat transfer is governed by diffusion and latent mechanisms.
The physical problem can be formulated as [22,23]:
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where p is the volumetric moisture content of the material, § , and k; ,
the vapour and liquid permeabilities, P, , the vapour pressure, T , the
temperature, R, , the water vapour gas constant, P, , the capillary
pressure, ¢ , the material heat capacity, p, , the material density, ¢, ,
the water heat capacity, 4, the thermal conductivity, and, L, , the
latent heat of evaporation. Equation (1a) can be written using the va-



Priklad 7. Zhang et al, Simulation and validation of heat transfer during wood heat
treatment process, Results in Physics 7 (2017) 3806-3812, studuji ulohu dle obrazku.
Okomentujte rovnici a jeji jednotlivé ¢leny.

~TETNPETature 1erd 0T SJAMpIes UuriTg e medt redturent. e gen-
eral equation of heat flux was written according to Fourier's law:

Lot 1
qQ=—s5n (1)
where q is the heat flux vector (W), 2 is the thermal conductivity
(W/(m:K)), n is the normal direction of the isotherm level at one
point in the direction of the temperature gradient, and t is temper-
ature (°C).

It was assumed in the model that there was no heat generation
from inside the wood during the heat treatment process. The 3D
heat conduction differential equation was established based on
Fourier's law and the law of the conservation of energy [9]:
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where p is density (kg/m?), ¢ is special heat capacity (J/(kg:K)), and t
is time (s).



Priklad 8. Zhengbin He et al, Simulation of moisture transfer during wood vacuum
drying, Results in Physics 12 (2019) 1299-1303, studuji tlohu dle obrazku. Okomentujte
rovnici a jeji jednotlivé ¢leny.

Water transfer occurs in two different processes during vacuum
drying: a portion of the water is diffused by capillary tension as capil-
lary flows through wood vessels, and the remaining water evaporates in
wood gaps and diffuses through wood pits. The mass transfer equation
can be written as follows [18]:
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where 0,, is the water volume fraction in the wood; 7 is time, s; D, is the
water apparent diffusion coefficient (m2/s); Ry, is the water evaporation
rate in wood vessels (kg/mg/s); and p,, is water density, (kg/mg)‘

The pressure gradient and volume fraction gradient in the inner

wood and at the wood surface are considered the drying forc:eI [18,19],




