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where 9 is the is the film thickness, z is the is the coordinate normal to the wall, 4 9
g is the gravitational acceleration, p denotes the fluid density and p represents ; v
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Starting out from the general equation of motion and the continuity equation Wall 5 ‘ =
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Exercise 2: Conservation of Total Energy

a) Formulate the

first law of thermodynamics in the
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b) The corresponding formulation of the first law of thermodynamics in the
Eulerian frame of reference becomes:
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c¢) Balances for the various energy forms can be derived. The potential energy
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Use the potential energy equation to show that the tofal energy equation
can be transformed to the equation of internal- and kinetic energy:
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d) The kinetic energy equation is derived by taking the scalar product of the
velocity with the momentum equation. The equation becomes:
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Use this equation to show that the internal energy equation can be written
as:
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e) Derive the enthalpy equation by introducing the enthalpy quantity into the
internal energy equation:

}Zf’,\l\lﬁ‘l‘lnj (B: e=h- -E—
)VISU‘H@ i'mlo Jrhe, answer fmm &)
N
% (sleog)=-7- (5 (- 2174 -p (70 - (7 7+ 2 G

SCPN“'hV‘J ferms

N
%& - 9Py (V)7 (V) V-4 27 (@ wv) e 2 (B )

C.':

We now wenk 45 combine the pressure terms ints %%= %% +V/-7p
\Vector i(fmjtfjrf V- (ab)=aVb + b-Va
= V- (VP)=V:Vp+ p(V-V)

Kemmnj{wg o bl jchm f\\v%s

0 Jc‘ﬂ 1 V.(JoVL\>= - Vg« gf—PJrV-VFG)O(V\/)—P(V‘V))“(f‘-VV)*é‘GC'Jc)
\,/‘\:6\]

3 Jc\/l + Va(j\/l/\>= -Vq +%E —<EVV>+§(3CJL>
\l\/]/[idA i5 ﬂquiva)gn+ JCO Jd/w, ﬁMl’”'Fj wuo\‘}fov\ (()7) j:mm W"f? e,_qrm};'ons.




s equilibrium hypothes

f) The enthalpy, H, is a function of pressure, p, temperature, T, and mass frac- Introducing the local instantaneo
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Identify the different terms in the equation above.
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g) Several of the terms in the equation derived in part f) can be neglected in
common reactor modeling. Remove the terms that are negligible and write
the z component of the resulting dispersion model.
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