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the Equation of ENergy for systems with constant k ccfw

Microscopic energy balance, constant thermal conductivity; Gibbs notation
. (0T
pCy (E+y . VT) =kV?T + S

Microscopic energy balance, constant thermal conductivity; Cartesian coordinates

. (0T aT aT aT 2T 0*T 8%T
Ply (at+”xa tog T ) k(ax2+ay2+az2)
>
Microscopic energy balance, constant thermal conductivity; cylindrical coordinates O\g_
_ (0T 8T wvedT  oT 18/ 8T\ 18%T o°T s
Pcv(a“’ra*—a—e“’za):"(rar( E‘)*ﬁéﬁ*ﬁ)” S~

Sol Ho | Qolf/\,q (U= O\

Microscopic energy/ﬁalance constant thermal conductivity; spherical coordinates

. (0T \aT 93 aT vy T
pcp(a+vr‘6\+r69\+rsm6ﬂ) %
= k(ii(r 6_’[') + ! i(smHaT) 1\ 62T)+
r29r\' 9dr) r?sin6ad r2 sin? 0 0¢?
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Reference: F. A. Morrison, “Web Appendix to An Introduction to Fluid Mechanics,” Cambridge University
Press, New York, 2013. On the web at www.chem.mtu.edu/~fmorriso/IFM WebAppendixCD2013.pdf
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1D Heat Transfer: Unsteady State Heat

Conductionin a Semi-Infinite Slab rsl yL o
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Figure 5.3-3, page 364 =
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FiGure 5.3-10. Clxa:j:r determining the temperature at the center of a sphere for unsteady-state

heat conduction. [From H. P. Heisler, Trans. A.S.M.E., 69, 227 (1947). With
permission.]  From Geankpolis, 4" edition, page 374
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me Equation of Species Mass Balance in Terms of Combined

Molar qua ntities in cartesian, cylindrical, and spherical coordinates for binary mixtures of A and B.

The general case, where the combined molar flux with respect to molar velocity (Ny), is given on page 1.
Spring 2019 Faith A. Morrison, Michigan Technological University

In terms of total molar flux, N4

Microscopic species mass balance, in terms of molar flux; Gibbs notation

- AN Asflm =
%=_V'NA+RA ",,/,c_ e e = ks 11

Microscopic species mass balance, in terms of combined moIarZux Cartesnan coordinates

l/u)CL< C 3
\6cA (6NAx \aNA 5, 6NA z) \
'Q_t B

+ R,
0x dy 0z A
S‘( :/[ N
Microscopic species mass balancef\tﬁ terms of combined molarflux cylindrical coordinates ’/K/)

\3 770 /lmaé/m@f

aCA _ 1 a(TNA’T) 1 aNAlg BNA‘Z)
il s S A

Microscopic species mass balance, in terms of combined molar flux; spherical coordinates ,

dcy 1 0(r2Ny,) 1 0(Nypsin®) 1 0Ny, Q/
W__(ﬁ or +rsin9 a6 rsinf d¢ + i

Fick’s law of diffusion, Gibbs notation: N, = x4(N, + Ng) — cDsgVx,4 7 WRF 24-22

s *
= caV" — cDapVx4

axA

<~ %4 (Nax ¥ Ngz)—¢Dy

Ny ox
" d
Fick’s law of diffusion, Cartesian coordinates: | Na,y ATy ‘IVZF'{‘;’NB‘;}’)*—*E’DAB :a’i"i
Nyz P ax
xyz ‘xA (NA,Z + NB,Z) )— CDAB B_ZA -
N\, § //v://'\\ i
ax -
Ny, X4 (NA,r + NB,r) cDyp arA N '
Fick’s law of diffusion, cylindrical coordinates: | Ny =| x4 (N,w + NB,g) - Q:—B% /:\(/(Q"—( < 4
NA z dx OV
" ] _ UrA
réz X4 (NA,z + NB,z) cDyp vy | 29,
axA rx/)\ / .
' Dap @
Fick’s law of diffusion, spherical coordinates: | Nag =| x4(Nag + Npg) — : rAB % W),
Dap s

NA,¢
r0¢ X4 (NA,¢ + NB.¢) " Tsin@ a¢ r0¢
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5. (20 points) The 8 Friday topics are listed below. Answer the following questions.

a.

NV

What was your Friday project UO? In one sentence, what is the
engineering purpose of that unit operation and what physics is exploited to
i ?
achieve that purpose? %ﬂJM/-&\ / /S’ N s 7_/)WD; <
For which of the 8 Friday unit operations is the separation significantly
driven by:
(note that you can put a unit into more than one slot;
Orne unit is not used; please write the unit name, not the number):

Pressure: (1) MeEn Ltz ngaAL/Z/‘FW N/
2) //:I-L,/WWM/ /"j_/ So 64/3770/\/

Heat: MULTy — EFFS =

0. EVAPo4TDRS
Q. LY ERS

02N iearoon)
Rotary motion: (1) v ERS o FLTATION

2) CeN T2 =cA T on/ or MemBrAns Se7

Diffusion: (1) /2BSE/ D o/ o< Mem BEANE
Sefn

0t ADScPT7ON

\

1. Evaporators (single, \ 2. Membrane Separation
multiple effect) (reverse osmosis,
microfiltration,
ultrafiltration)
3. Dryers (batch continuous 4. Filtration (conventional,
continuous)
5. Absorption with a “B” \|,6. Distillation(conventional,
azeotropic,
\ multicomponent)
7. Adsorption witha “D” \8. Centrifugation (batch,
continuous)
Not~ LS/



