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TABLE |. SCHEMATIC DIAGRAM OF THE ORGANIZATION OF TRANSPORT PHENOMENA

? ‘ Entity Being
Transported ————> Momentum Energy Mass
Type of Transport ——l

TRANSPORT BY MOLECU- 1 viscosity u 8 THERMAL 16 pIFFusiviTy D4p
LAR MOTION X CONDUCTIVITY &k
Newton's law of vis- Fourier's law of heat Fick's law of diffusion
cosity conduction
> TemDerature.p;essure. Temperature, pressure, Temperature, pressure,
?irelge CO(;DDOSlt;_on gnd cczlmposit}c;zn and composition
gdependence o dependence o dependence of D 45
Kinetic theory of u Kinetic theory of k& Kinetic theory of D 45
TRANSPORT IN LAMINAR 2 SHELL MOMENTUM 9 SHELL ENERGY 17 SHELL MASS
FLOW OR IN SOLIDS, IN ONE BALANCES BALANCES BALANCES
DIMENSION Velocity profiles Temperature profiles Concentration profiles
Average velocity Average temperature Average concentration
Momentum flux at Energy flux at Mass flux at surfaces
surfaces surfaces
TRANSPORT IN AN 3 EQUATIONS OF 10 EQUATIONS OF 18 EQUATIONS OF
ARBITRARY CONTINUUM CHANGE CHANGE CHANGE
(ISOTHERMAL) (NONISOTHERMAL) (MULTICOMPONENT)
Equation of continuity | Equation of continuity | Equations of continuity
: for each species
Equation of motion Equation of motion Equation of motion for
. for forced and free forced and free
] convection convection
\ . Equation of energy Equation of energy Equation of energy
(isothermal) (nonisothermal) (multicomponent)
TRANSPORT IN LAMINAR 4 MOMENTUM 11 ENERGY 19 MASS
FLOW OR IN SOLIDS, WITH TRANSPORT WITH TRANSPORT WITH TRANSPORT WITH
TWO INDEPENDENT TWO INDEPENDENT TWO INDEPENDENT TWO INDEPENDENT
VARIABLES VARIABLES VARIABLES VARIABLES
Unsteady viscous flow Ut:lsteady heat con- Unsteady diffusion
uction
Two-dimensional Heat conduction in Diffusion in viscous flow
5, viscous flow viscous flow
Ideal two-dimensional Two-dimensional heat Two-dimensional diffu-
flow conduction in solids sion in solids
Boundary-layer mo- Boundary-layer energy Boundary-layer mass
mentum transport transport transport
v. TRANSPORT IN TURBULENT 5 TURBULENT 12 TURBULENT 20 TURBULENT
b FLOW MOMENTUM ENERGY MASS
o TRANSPORT TRANSPORT TRANSPORT
A8 : Time-smoothing of Time-smoothing of Time-smoothing of
A equations of equations of equations of
e change change change
B Eddy viscosity E%dy thermal con- Eddy diffusivity
gF uctivity
Turbulent velocity Turbulent temperature | Turbulent concentration
profiles profiles profiles
TRANSPORT BETWEEN TWO 6 INTERPHASE 13 INTERPHASE 21 INTERPHASE
PHASES MOMENTUM X ENERGY MASS
TRANSPORT TRANSPORT TRANSPORT
Friction factor f Ht;?t’-tr%r;,sfer coef- Mass-transfer coefficient
cien -
Dimensionless correla- Dimensionless correla- Dimensionless correla-
tions tions (forced and free tions (forced and free
convection) convection)

TRANSPORT BY 14 RADIANT ENERGY

RADIATION R R R L A R A L) Pl ;RANz?OtRT l
5 g anck's radiation law
N';,’,'Lb;{ :,;’{:’ ,;::-; %:ok Stefan-Boltzmann law
" Geometrical problems
Radiation through ab-
sorbing media
TRANSPORT IN LARGE 7 MACROSCOPIC 15 MACROSCOPIC 22 MACROSCOPIC
FLOW SYSTEMS BALANCES BALANCES BALANCES
(ISOTHERMAL) (NONISOTHERMAL) (MULTICOMPONENT)
Mass balance Mass balance Mass t;alances for each
species
Momentum balance Momentum balance Momentum balance
Mechanical energy Mechanical and total Mechanical and total
balance (Bernoulli energy balance energy balance

equation)
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The Equ'ations of Change for NOll

318
TABLE 10.2-2 1 i i
THE EQUATION OF ENERGY IN TERMS OF ENERGY A
(Eq. 10.1-19 )

Rectangular coordinates:
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FARAMPLE <\ UATIONS

Fluidized-solids reactors with continuous solids feed—II

Conversion for overflow and carryover particles

SAKAE Yacl and Daizo Kuxnu
Department of Chemical Engineering, University of Tokyo, Tokyo, Japan

(Received 6 April 1960; in revised form 4 January 1961
cv

Shrinking Core!

FiGc. 1. Model of single particle, in which solid phase
remains around the unreacted core. Dr = X,

ON THE APPLICATION OF THE SHRINKING CORE
MODEL TO LIQUID-SOLID REACTIONS

NILS LINDMAN and DANIEL SIMONSSON
Department of Chemical Technology. Royal Institute of Technology, S-100 44 Stockholm 70, Sweden

(Received 4 December 1977 accepted 2 May 1978)

The basic equation in the shnnking core model for a
sphienical partcle s denved from a differential mass
balance for the fluid reactant diffusing through the ash

layer

1 4 ac
(r’D..;-r’vc) re<r<R (n




Theoretical Analysis of Antibody Targeting of Tumor Spheroids: Importance of

Dosage for Penetration, and Affinity for Retention'

Christilyn P. Graff and K. Dane Wittrup®

The moving reaction front observed in these simulations is analo- 9Ab )'_ 8 20\ K., , o+ kel
gous to one described in the classic chemical reaction engineering o rory erj e '
lterature. Combustion of carbon deposits in catalyst particles is ob-
served to produce such moving fronts with outer shells and inner ﬂ=kﬂ‘”,4.\, — kopB — keB
cores, and a simplified analytical theory termed the SCM* was derived v
to describe these phenomena (27, 28). The central assumption of the i

kl'l
— = Ry — —ADbAQ + koyB — k Ag
at £

SCM is that diffusion from the surface of the sphere to the internal
reaction front is significantly slower than consumption of the reactant
at the reaction front at a critical radius .. The antibody spheroid
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From a paper in the journal g 06 ]
“Cancer Research”,2003 by E f
two Chemical Engineers . ]
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ancer: Shrinking core

Inf67]= eqs = {D[l\b[ra t], t] = 30[:*2 D[Ab([r, t], r], r] - - Ab[r, t] Ag[r, t] + k¢ B[r, t],
€
D[Ac(r, t], t] = gotr‘z D(Ac(r, t], £], £],
Kon
D[B [r, t], t] = T Ab(r, t] Ag[r, t] - koge B[r, t] - kgeaen B[r, t],
kon
D[Ag[r, t], t] = r, - T Ab[r, t) Ag(r, t) + koeeB[r, t] - k,Ag(r, t]}
Inj71j= 8ol = NDSolve[{eqs, inits, bcs), {Ab, Ac, B, Ag), (r, r0, R}, {t, O, t1}, MaxSteps » 50000]
{
05 1.0
0.0 e S e

Out[20]= BO.5 |

0.0




* Flow of oil in sandstone e« |nterstitial lymph fluid flow

— Governing equation — Governing equation

- Pis the local pressure
causing flow

- K. is an effective hydraulic
“conductivity” the
response of fluid flow to
the change in pressure




Flow in microfluidic devices
— When things shrink, qualitative differences occur.

— For example, a miniature propeller would not pump
fluid!
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TABLE 3.4

(Continued)

Spherical coordinates

rdirection
W v, { Ve v/ Vi + \/'/ )
( ov \Y cV aov (
pl~7— + v =2 + ) — +p
ot rjt r d rsin# /6 ar

Q0D (_1(;%)) (,,9_)+ Sy P L T
T\ F\Ea\" o)) " Psine 0\™™ @) " Psin’e /62 PO e AT Aine

& direction

LY v, Vg OV, v v VaVv Vl cor# 14 7] LY
it ar r of rsin @ /6 r / r r uo ” or or
| o ("Vg) 1 d"\/ 2 av, Vo 2cosH "‘}1/
4 —{ sinf— | + 3.3.28b
rsinf 0 ) rsin’@ (;ﬂ r2 e rlsinll) rsin’@ p;( ( )

(3.3.28a)

& direc

tion
\9 d Ve ('\/ /‘V, VQV/ 0) [ i( 1)
; rsin# /kb r r cot rsm0 d(b 0

( 2 v, Vé§  2cosh av,] §/
s no I_ ’ + ’ + 3. 3.28 -
r smo o\” rzsm'O /¢' Psing 96 rAsin®0  rsinif o] | (3.3.28¢)
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PARTICLE CHEAL W
MEC /A UV 1< ML

T.C. Carvalho et al. / International Journal of Pharmaceutics 406 (2011) 1-10

Inertial , _ o
Impaction Sedimentation Diffusion
g R J Y J
Inertial Impaction Directly related  Directly related Inversely
tod? to d? related to d
Y Y
&.‘2.v %—P‘).dz.' tor

D

Y
Aerodynamic Diameter: dae=4d- jg

Fig. 2. The influence of particle size on deposition. d: particle diameter; Stk: Stokes
number; p,: particle density; V: air velocity; #: air viscosity; R: airway radius; Vis:
terminal settling velocity; p,: air density; g: gravitational acceleration; Dif: diffu-
sion coefficient; k: Boltzmann's constant; T: absolute temperature; d,.: aerodynamic
diameter; pq: unity density.

B, mass, m, and velocity, v, according to Eq. (1) (Gonda, 2004):

Wieee ) ® EQUATION LOME
= RoM 7
ZN O TION T) NADEL-

STOEL FRUATIONS FOZ
S1Low VAN A SPBEAE § R =0
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T'wo layer laminar flow

Fluid 2
R

— T | ]
+ Itis easy to solve a laminar flow with two different
liquids flowing.

* Suppose one of them is much more viscous than the
other.

* We normally expect that the pressure drop increases as
the flowrate increases.....

Increasing flow of water decreases pressure drop
TR “#]

stratified Pressure drop (dynescm® 3 P O" W/ Water
k] @ Stratified flow
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. Eriction, Lubrication, and Wear of Articular Cartilage and Diarthrodia,

FRICTION, LUBRICATION, AND WEAR
OF ARTICULAR CARTILAGE AND
DIARTHRODIAL JOINTS

GERARD A. ATESHIAN
VAN C. mow

Quadricep Tendon

Bursa

Patella

1 |NTRODUCTION a47

H MATERIALS OF NATURAL JOINTS 449
3 Articular Carcilage 449

21 Synovial Fluid 431

13 Bone 433

3 ANATOMIC FORMS OF DIA‘“HODN» ."
JOINTS 453 7

Meniscus

Patellar Ligament
Joint Capsule
Cancellous Bone

4 MOTION AND FORCES ON
DIARTHRODIAL JOINTS 456

5 FRICTION 458
51 Basic Concepts 458 _
15 of Coceflicients of

32 Measuremen
Friction 459
€2 n.o

Cancellous Bone
ond Marrow

Articular Cartilage Cortical Bone

~=—-— Meniscus ﬁ
Caicified Cartilage . ———
Bas
Subchondral Cortex | B::)g:mmom;mc

Vo layers of articular cartilage (each <7
"contains approximately 80% fl<u Id'.nm) [9,171]. Each layer
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