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Solutions to Midterm

Solutions to Assignment#3

Review of Significant Figures
Review of Extraction (Problem 2.22 )

Blood Rheology Review (Problems 4.22,4.24 and
4.29)

Introduction to Mass Transfer



USEFUL REFERENCES

* Basic Transport Phenomena in Biomedical Engineering by R.L. Fournier

* Transport Processes and Unit Operations, Second Edition by C.J.
Geankoplis

* Transport Phenomena, Revised Second Edition by Bird , Stewart and
Lightfoot

http://bcs.wiley.com/he-bcs/Books ?action=index&bcsld=3406&itemId=0470115394

* Elementary Differential Equations and Boundary Value Problems by
Boyce and Diprima or any other Differential Equations Book.



REVIEW OF SIGNIFICANT DIGITS

* The number of significant digits carried varies from discipline
to discipline. However, the rules remain the same.

* This is a helpful link that summarizes the rules:
http://www.fordhamprep.com/gcurran/sho/sho/lessons/lesson23.htm
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SINGLE STAGE EXTRACTION eview)

72 BASIC TRANSPORT PHENOMENA IN BIOMEDICAL ENGINEERING

| Agueous Stream

| R S

L LV %

Extractor
Solvent

Figure 2.6 A single stage liquid-liquid extractor.

(2.157)

where E is defined ad™g extraction factor, ——. The % ey#faction of the solute from
, E

phase I1 is given by the next®
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(2.158)
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1. * The streams leaving the
out extractor are in equilibrium:

I 11
x =Kx

t

' *The extraction factor E, and
the % extraction are not the same.
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MULTI-STAGE EXTRACTION

SINGLE STAGE

LHX.H — LIxI +LHXH
n out out
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coalesced
solvent

(b)

Ficure 126-2.  Extraction towers : (a) perforated-plate or sieve-tray rower,
tated extraction tower. 4

be repeated by contacting the exit L, stream with fresh solvent V; in Fig. 1
way a greater percentage removal of the solute A is obtained. However, this
the solvent stream and also gives a dilute product of A in the outlet sol
streams. In order 1o use less solvent and to obtain a more COl

stream, C rent multi © ing is often used.

Many of the fundamental equations of countercurrent gas &
tification are the same or similar to those used in countercurrent ction
the frequently high solubility of the two liquid phases in cach other, the
relationships in extraction are more complicated than in absorption and disti

light liquid outlet’

coalesced
interface

heavy liquid outlet

FiGurE 12.6-3.  Spray-type extraction LOWer,

78 Continuous Multistage C. reat Extracti

Countercurrent process and overall balance. The process flow for this extraction
< is the same as given previously in Fig 10.3-2and is shown in Fig. 127-1. The feed
containing the solute A o be extracted enters at one end of the process and the
yent stream enters at the other end. The extract and raffinate streams flow counter-
atly from stage to stage, and the final products are the extract stream V, leaving
{ and the raffinate stream Ly leaving stage N.
Making an overall balance on all the N stages,

Lo+ Vwr=Ly+ ¥y = M (12.7-1)

o M represents total kg/h (Ib,/h) and is a constant, L, the inlet feed flow rate in kg/h,
.y the inlet solvent flow rate in kg/h, ¥y the exit extract stream, and Ly the exit
1e stream. Making an overall component balance on component 34
LoXco + VaerYensr = Ly Xen + Vidar = Mxen (12.7-2)
bining Egs. (12.7-1) and (12.7-2) and rearranging,

Loxeo + VysaYener _ Lyxex + Vider

Xew = s 2%
oM Lo+ Vies I v, (12.7-3)
\ similar balance on component A gives
Lo x40 + Vs vi  EpXantW
AD N 1."41" 1 N AN Iydll (‘3—1 ‘)

Xang =
= Lo+ Vves Ly+ W,

] Equations (12.7-3) and (12.7-4) can be used to calculate the coordinates of point M

n the phase diagr that ties the two entering streams Lo and V., and the

0 exit streams ¥, and Ly. Usually, the flows and compositions of L, and Vy, are

iown and the desired exitcomposition x .y is set. If we plot points Ly, Vyor, and M as

1 Fig. 12.7-2, a straight line must connect these three points. Then Ly, M, and ¥, must

on one line. Also, Ly and ¥, must also lie on the phase envelope, as shown. These
also hold for Ib,, and mass fraction, kg mol and mol [ractions, and so on.

EXAMPLE 12.7-1. Material Balance for Countercurrent Stage Process
Pure solvent isopropyl ether at the rate of V., , = 600 kg/h is being used to
extract an agueous solution of L, = 200 kg/h containing 30 wt % acetic
acid (4) by countercurrent multistage extraction. The desired exit acetic acid

ration in the aq phase is 4%. Calculate the compositions and
amounts of the ether extract ¥, and the aqueous raffinate Ly. Use equilib-
rium data from Appendix A.3.

%&diﬂ: The given values are Fy, , = 600, yayoy = 0, Voner = 10 Lo =
. ¥ 40 = 0.30, xgg = 0.70, x¢o = 0, and x,y = 0.04. In Fig. 10.3-3, Vyy

solvent
V: e F, V" fﬂ__. VN I’N +1
1 2 n N
L 1 L’ Ln-l L" LN- 1 LN
raffinate
Fioure 12.7-1. Counsercurtent-mul -extraction-process flow diagram.
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Frounn 127-2 Use of the mixture poine M [t

: Il 1,
far overall material balance in .mk.ulin total HIES; COLECR g
countercurreni  soloent  ex- Lo+ ¥o=L,+ ¥ (1%.7-5)
traction.
., 4 similar balance on stage n,
2 Ly + h =L+ VW, (127-6)
B Tem— g Eq. (12.7-5) to obtain the difference A in flows,
Ly—] | Ly=Vy=Ly=VymA (12.7-T)
walue of A in kg'h is constant and for all stages,
B xupm Aely= V=L, — Vo =Ly—Vgy =1+ (12.7-8)
o holds for a balance on component A, B, or C.
and L, are plotted. Also, since Ly is on the phase boundary, it can be pi; Axy = Loxa = Vivi = Loxy — Vesaduss = Ly — Wi dwsa == (1279)

at x,, =004, For the mixture point M, substituting into Egs. ( e ing Eqs. (12.7-8) and (12.7-9) and solving for x,,

(12.7-4),
- _ Loxen 4 FuiiYens =m0J+MI.Ui=n15 i l-n-“n::ﬂ'l ="--1£-_'V;:|.I'.-l _Lrt-"‘z -_V;ﬂ?xn (12.7-10)
Lo+ Vyuy 200 + 600 Ly 1 n i ~ N
Loxeo+ V¥ 20000.30) + 6O0(0) ere x, is the x coordinate of point A.
X =2 Lot ;fkflﬂﬂ =T 00+ 600 0.073 : :urium[Ii.T-?]andl]Z.T-S]mhcw'rl'ttunas

Using these coordinates, the point M is plotted in Fig. 12.7-3.°
by drawing a line from L, through M and extending it until it
phase boundary. This gives y,, = 0.08 and y., = 090. For Ly
Xen = 0.017 is obtained. By substituting into Eqgs. (12.7-1) and (!
solving, Ly = 136kg/h and ¥, = 664 kg'h.

E. =R ESRET., DAV (127-11)

Eq. (12.7-11), we see that L; is on a line through A and ¥, L, is on a line
hA and V., ,, and so ¢n. This means & is & peint common te all streams passing
ysuch as Ly and ¥y, &, and ¥, ,, Ly and Fy, . and so on, The coordinates to
| A operating point are given for x., and x g, in Eq. (12.7-10). Since the end
fans Ly or ¥, and L, are known, x, can be calculated and point A located,
vely, the A point is located graphically in Fig. 12.7-4 as the intersection of lines
d Ly Vy. .

order o siep off the number of stages using Eq. (12.7-11) we start at L, and draw
o &, which locates ¥, on the phase boundary. Next a tie line through ¥, locates

2. Stage-to-stage coleulations for countercurrent exiraction. The n
overall balance has been made is to go stage by stage to determine th
each stage and the total number of stages N needed to reach Ly in Fig. |

C (ether) Wiiss

1.0 : - poin
BE 274, Operating polnt A and & operati t
imamber of theoretical stages G
nmeeded for countercurrent ex- v
S traction, i
&
« KBS
5 S
G
L
05 kx
B (water)

XaM

FiGuke 127-3. Method ta perform overall material balance fur Exa
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Ly, which is in equilibrium with ;. Then line L, A is drawn giving ¥, |
drawn. This stepwise procedure 15 repeated until the desired raffinate
reached. The number of stages N is obtuined to perform the extraction.

].EXAM_I’L.E‘ 12.7-2.  Number of Stages in Countercurrent
umlmprup:rl ether of 450 kg/h is being used 1o

solution of 150 ke/h with 30 wt % acetic acid 4 by & s et o
multistage extraction. The exit acid concentration in the agueous 5

wt %, Calculate the number of stages required. 5

Solution: The known vilues are ¥y, = 450, =

Lo = 150, %30 =030, xyo =070, xpy =0, and Yol
Fuets Lo, ml.‘n:l L, are plotted in Fig. 12.7-5 For the i
substituling into Eqs. (12.7-3p and (12.7-4),xy = 0.75 and x
point M is plotted and ¥, is located at the intersection of line,

phase boundary to give v, = 0072 and » = 0,895, This o
not shown. (See Example 12.7-1 for construction oﬁginsu?“
Tiljie lines L,;'. and Ly Fm, are drawn and the inte
operating point A as shown. ternatively, the coordinates i
caleulated from Eq. (12.7-10) te locate pui:fz A Stirting i from Lo 10 Faer:
Ly A, which locates V. Then a tic line through V, locates L; i
with ¥,. (The tie-line data are oblained from an enlarged plot
bottom of Fig. 12.5-3) Line L,A is next drawn locating
through ¥; gives Ly Aline L, A gives ¥, . A final tic line gives Ly
gone beyond the desired Ly Hence, about 2.5 theoretical stages a

#mc’hﬂ:lwlihn\iﬂ:mlwﬂi A and a tie line being the same, THeh an nov
p stages will be needed to reach the desired separation. The minimim amount of
s reached, For actual operation a greater amount of solvent must be used.

L e procedure {0 obtain this minimum is as follows. A tie line is drawn through
204 B (Fig. 12710 intersect the sxicnsion of ling Ly ¥y 1. Other tie lines to the left
drawn including one through Ly to intersect the ling Ly Vi oo The
1o of & tie line on line Ly Vs which is nearest 1o ¥y ., represents the A in
vent. The actual position of A used must be closer to Vy4q than

minimum sol
ages. This means that more solvent must be usied. Usually,

o finite number of st
fine ihrough Ly représents the A,

WmuﬂtnlaSug: Extraction with Immiscible Liquids

slvent stream V., contains components A and € and the feed stream Ly containg
and components B and C ure relatively immiscible in each other, the stage

are made more easily. The solute A is relatively dilute and is being trans-

ing 1o Fig. 12.7-1 and making an overall balance for A over the whaole system

over the first slages,

o] [ I H,-( Yuti )=z(—-—’" )-H"(-—-”' ) (12.7-12)
1 =X 1=¥u+1 1 =Xy I=n

3. Minimum solvens rate, 1 a solvent rate ¥y, , is sclected at too low & val L‘.( X3 ]+lf’( Yasd )-E( X, )-H"'( Y ) (12713

L — Vb 1—x, T=n

= kg nert Bih, V= kg incet ‘Cfh; y = mass feaction A in V' stream. and

pass fraction A in L stream. This Eq. (12.7-13) is an operating-line equation whose

=¥ Il y and x are guite diluie, the line will be straight when plotted on an xy
]

1 —xy

number of stages are stepped off as shown previously in cases in distillation and

.

equilibrium line is relatively dilute, then sinee the operating line is exsentially
the analytical Eqs. (10.3-214 101,3-26) given in Section 103D can be used 1o
the number of stages.

EXAMPLE 12.7-3. Extraction af Nicotine with Immiscible Liquids.

f inlet water solution of 100 kg/h containing 0.010 wt fraction nicotine (4)
A0 wister is stripped with a kerosene stream of 200 kg/h containing 00005 wi
fraction nicotine in a countercurrent stage tower. The water and kerosene
essentially immiscible in each other, It is desired to reduce the con-
tration of the exit water to 00010 wt fraction nicotine. Determine the
ical number of stages needed. The equilibrium data are as follows
CS), with x the weight fraction of nicotine in the water solution and y in the

erosene,

= ¥ L ¥

I'.I.a LN L: L1

Frouek 1275, Graphical solution for countercirrent extraction in Ex

ﬂl
L
0001010 0000806 0.00746 000682
0.00246 0.001959 0.009HR 0.00904
0.00500 0.00454 00202 00185

X4 Xa

M.Mobed-Miremadi, SISU, 196C, Lecture 5
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0.010 -- '|—— = = = l .[ =
|

o 0.005 0.
Xy X

FiGure 12.7-6.  Solution for extraction with immiscible liquids in E:

Solution: The given values are Ly = 100 kg/h, x, = 0.010, ¥y,
kg/h, yy .y = 0.0005, xy = 0.0010. The inert streams are j

L= L{1 —x)= Lo(l = xp) = 100(1 — 0.010) = 99.0 kg water/hr
V= V(1 =) = Wyl — Paed) = 200(1 — 0.0005) = 1999 kﬁ“

Making an overall balance on A using Eg. (12.7-12) and solv
0.00497. These end points on the operating line are plotted in
Since the solutions are quite dilute, the line is straight. The

is also shown. The number of stages are stepped off, giving N
retical stages.

128 INTRODUCTION AND EQUIPMENT
FOR LIQUID-SOLID LEACHING

128A  Leaching Processes

y
1. Introduction, Many biological and inorganic and arganic subst:
mixture of different components in a solid. In order to separate (i
constituent o remove an undesirable solute component from the solid |
contacted with a liquid phase. The two phases are in intimate contact |
solutes can diffuse from the solid to the liquid phase, which causes a §
components originally in the solid, This process is called liquid-solid le
leaching. The term exiraction is also used to describe this unit
refers 1o liquid-liquid extraction. In leaching when an
moved from a solid with water, the process is called washing.

2. Leaching processes for biological substances. In the biological and
industries, many products are separated from their original natural str
solid leaching. An important process is the Jeaching of sugar from suj
water. In the production of vegetable oils, organic solvents such as

are used to extract the oil from peanuts, soybeans, flax seeds, castor bcam
wer seeds. cotton seeds, tung meal, and halibut livers. In the ?hnnmceuncal
_many different pharmaceutical products are obtained by leaching plant roots.
"~ and stems. For the production of soluble “i 1" coffee, ground roasted coffee
with fresh water. Soluble tea is prod d by water leaching of tea leaves.

in is removed from tree barks by leaching with water.

hing processes for inorganic and organic materials. Large uses of leaching pro-
occur in the metals processing industries. The useful metals usn_a!ly‘ occur in
with very large amounts of undesirable i ts. and leaching is used to
_ e the metals as soluble salts, Copper salts are dissolved or Ieacl"led from ground
_containing other minerals by sulfuric acid or ammon‘.as?al solut:ous: Cobalt and
<alts are leached from their ores by sulfuric acid-ammonia-0Xygen mixtures. F‘rol,i
from its Ore using an aqueous sodium cyanide solution. Sodium h)rdrmudg is
from a slurry of caleium carbonate and sodium hydroxide prepared by reacting

€0, with Ca(OH);..

Preparation of Solids for Leaching

anic and organic materials. The method of preparation of the solid depends to a
extent upon the proportion of the soluble constituent present, its distribution
hout the original solid, the nature of the solid—ie. whether it is composed of
¢ cells or whether the soluble material is completely surrounded by a matrix of
juble matter—and the original particle size.
if the soluble material is surrounded by a matrix of insoluble matter, the solvent
 diffuse inside to contact and dissolve the soluble material and then diffuse out. This
4 in many hydrometallurgical processes where metal salts are leached from mineral
“In these cases crushing and grinding of the ores is used to increase the rate of
jing since the soluble portions are made more accessible to the solvent. If the soluble

ince is in solid solution in the solid or is widely distributed throughout the whole

, the solvent leaching action could form small channels. The passage of additional

nt is then made easier, and grinding to very small sizes may not be needed. Grinding

¢ particles is not y if the soluble material is dissolved in solution adhering to
d, Then simple washing can be used as in washi of chemical precipitat

and vegetable materials. Biological materials are cellular in structure and the

le constituents are generally found inside the cells. The rate of leaching may be

vely slow because the cell walls provide another resistance to diffusion. How-

grind the biological material sufficiently small to expose the contents of individ-

is impractical. Sugar beets are cut into thin wedge-shaped slices for leaching so

he distance required for the water solvent to diffuse to reach individual cells is

d. The cells of the sugar beet are kept essentially intact so that sugar will diffuse

the semipermeable cell walls, while the undesirable albumi and colloidal

cannol pass through the walls.

the leaching of pharmaceutical products from leaves, stems, and roots, drying of

A before extraction helps rupture the cell walls. Thus, the solvent cin directly

the solute. The cell walls of soybeans and many vegetable seeds are largely

d when the original materials are reduced in size to about 0.1 mm to 0.5 mm by

or flaking. Cells are smaller in size, but the walls are ruptured and the vegetable
accessible to the solvent.
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R H EO LOGY (Review)

Rheology is the study of the deformation and flow of matter under the influence of an
applied stress ( T) at a certain shear rate (7 ).

rate of transfer process = driving force (AP)/resistance (Viscosity)

The apparent of dynamic viscosity (W) is a measure of the resistance of a fluid to being
deformed by either shear stress or extensional stress in units of Centipoise (cP). The
kinematic viscosity (V) measured in units of Stokes, is the defined as the ratio of the
apparent viscosity (U ) to the fluid density (p) at a given temperature. Viscosity is also

defined as the slope of the shear stress (1) .vs. shear rate (¥ )curve. For a Newtonian fluid

such as water, this slope is constant.

3/03/2008 M.Mobed-Miremadi, SISU, 196C, Lecture 5
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BOUNDARY LAYER FLOW (Close to a Surface)

(Review)

(137—146, Examples 4.4 and 4.5)
e  In fluid the boundary layer region near the solid, the fluid motion is greatly affected by the

solid surface. In the thin boundary layer, viscosity is important. Since the region is thin,
simplified solutions can be obtained for the boundary layer region.

1
- Ve Ve il _xv_p
D | ,{ \a T ——] turbulent Nies _7
o &
;,/ 3

‘ boundary layer

| .- - Laminar Flow: N, <20000
s - i 17 e —::QE‘;; Transition Flow : 20000< N, <3000000

B

=y

y laminar X

boundary layer — transition zone

* The velocity at x=0 is uniform across the fluid stream and has the value v . The velocity of
the fluid at the interface is 0 and the velocity v, increases in the x direction as one goes
farther from the plate. When the flow is laminar, the thickness ¢ of the boundary layer
increases with (x)’> as we move in the x direction. L is the line when the velocity has reached
99% the bulk velocity v... The Reynolds number is defined as

3/03/2008 M.Mobed-Miremadi, SISU, 196C, Lecture 5 13



FLOW REGIMES IN BLOOD VESSELS

R=r (at the wall)

(Review) (Simplified)

Low velocity flow in veins

|.U|
0.8}

:_E: O

@ o laminar flow

e o= f_16_ 16

E :% 0.4+ turbulent flow NR DVp/ﬂ

"% 02 04 06 03 0
Fraction of maximum velocity (v [vinax)
At =0, v=v, . t=dv/dr=0 High velocity 1f/l7ow in arteries
Atr=R, v=0 N (R—r)
max R
AL v*
F =4f===
=Y

The Fanning friction factor (f) is a ratio defined as the shear stress at the surface (t,) divided by the

velocity head (pv?/2).

3/03/2008
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The combination of Newton’s viscosity law, the Momentum Balance , Mechanical Energy ,
Bernoulli and Continuity equations and dimensionless analysis , allow Biomedical engineers to
solve for (AP), Friction losses (F ) and Pipe diameter (d), Pipe length (L).

8 T — " | =Lvp/ U
6 Material of construction  Equivalent roug
D‘s ............. p
4 Drawn tubing I 50 g ! N Eu =
Commercial steel 6 %X 10 ' pVZ
ar Wrought iron 6 X 1078
. Asphalted cast iron 2% 107 )
2 : i = =TT | Gulvanized iron Sx 10 v
Cast iron R0 i N =
| Wood stove BX10* 109 X 10 Fr L

bR | - - —td  Concrete X 10 to 3 X 107 g
¥ g ; - | Riveted steel X 10 109 % 107
-t |
g  6f . . | | [ ]
“;‘_, 0.05 |~ ! . ! . I =l l t'_
A - critical | . ' ( gl -4 ( cross sectional area )
51 3 fl | roughness DH =4 x
& . o ¢/D ( wetted perimeter )
- —— i 0.04
» - I - .
=
= | e
w 001 | 00]

g laminar flow - _, 0.005

6 r 0.002

0.005 i ' ' | — 0,001 —
al ] , —T0.0005
N | 0.0001—
i | ' 100th pi I
S| L smooth pipe —
2 J . P p, | , |
a0t 7 5 456 81 T i 456 8 ] T sasasl 2 34568 2345537
10? 10° 10° 10° 10
Dup
Reynolds number, Nge = 0
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BOUNDARY CONDITIONS AND
MATHEMATICAL METHODS eview

Momentum is a function of position (X,y,z) and time (t). Regular Integration [f(x)] involves a single
lower and upper limit . For a multivariate function [f(x,t)] an initial condition and Boundary
Conditions are required to “frame” the simulation in time an space. This is an example:

IC: t=0, v(y)=0 for all y
BCl: y=0,v=V fort>0
BC2: y=o0,v=0 fort>0

Depending on the complexity of the Momentum Balance equation(s) several methods are used alone
or in conjnuction with each other to model the flow by using Partial Differential Equation(s):

Laplace Transforms (i.e. Piece-wise continuous functions)

Matrix Solutions (i.e. Eigenvectors)

Numerical Integration (i.e Newton Raphson Method, Euler Method)
Boundary Value Problems (i.e., Fourier Series)

It is more important to understand the physical phenomenon in order to set up the equations
correctly. Many of these equations are solved by a software tool (Mathematica, Matlab, Maple,
etc...)

3/03/2008 M.Mobed-Miremadi, SJISU, 196C, Lecture 5 16



KEY FLOW EQUATIONS fevew

Table 4.3 Summary of key flow equations

Relationship Non-Newtonian Newtonian

Shear Stress 7., = (P,—P)r - (P, —P)r ¥
— = — =T —
2L TR 2L ¥«

Wall Shear Stress T, = lf:, s P{ YR tH| e P‘l. VR
2L 2L

Shear Rate y= dv

di'_ ¢ 130

Rabinovitch

Volumetric Flowrate Q = Poiseuille-Hag__

aTR'AP
Sl

Wall Shear Stress 7, =

W

TR’

Wall Shear Rate [ywl = —_— 40
R

Reduced Average Velocity U = 40 40
D D

 Em— T .
— o I P T -
Q S F- 1 I R
— % I —n | + — A ———»
= e T s U
E— 7z N . I“ - -
PII IL __________ 1 pl
= Z Z tAz =

Figure 4.5 Forces acting on a cylindrical fluid element within a capillary viscometer.
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CASSON EQUATION review

| B ON PLASMA) & X
or .0°
| HE 7 & ’:,n
Fi I / Q_,‘k &4 8
'i 7/ -’_.‘J//" A
| o HEMA RIT=40 S gAY
| Fi N * 63 NORMAL ! S
— | S A ¢ ¢
| P T
NE | A 6C P .\.;, /‘.A
O = N = NORMA | // <5 ¥
P ). g v
-~ Il
W | &
© e RANGE Y -
c iT TO SLOW, 7 b =— APPROXIMATE RANGE ——ea=
5‘ ITTENT FLOW IN _a” Y 4 RELEVANT TO ARTERIAL
arii I3 -,
~ | RCULATORY .« ,f/?,-/; AND VENQUS FLOW
Ll - ) I
7, I Tl
N A /—‘/_: I
L l —I‘-l’\_:‘, o .‘,/ ‘
(1Y) | .. o “/ :
(1 Y, Lo Y
- = = |
7y { - r_.“’ I
p. A N —
0.1 F W_F,,‘xi/(_ g” VISCOSITY 20 CENTIPOISE
O ’ l
g TT Ne :
", \
\ v |
Ll ' P
- l . -7 O viscosiTy=200 centipoise |l
» 00} b I
n ot | )‘- VISCOSITY = 800 CENTI 15
1 v VISCOSITY = B0O CENTIPOISE |
s |
j/’/,-;__.—L-JU B 1ESS — 0 AS VELOCITY GRADIENT — 0
0.001' = M S| [ |
0.0l 0.1 | 10 100 1000
TE =1
SHEAR RATE ( Sec™')
Figure 4.6  Shear stress versus shear rate for blood (from Replogle er al. 1967. with permission

172

172 2172
T =1 +s7
T, is the yield stress

Substituting for ¥ in the Rabinovitch equation and solving

for the reduced average velocity
1l 4 170 T
U= == T AT, —
2s2{4 7\/7) "84T 3}
7, =0.0289 dynes/ cm’
s =0.229 dynes.s / cm’

Equation 4.23 page 129 for the velocity profile
applies for

r critical SI" SR where r critical Tw

=R’Z})

At lower Shear Rates, RBC aggregate and the
assumption of blood being a homogeneous fluid
no longer applies.
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FAHRAEUS AND THE: FAHRAEUS LINDQUIST

2= | ":;
|
TT A——dy :-.I 51 o Il x |
i *I SR ';_1"]’) 3 - | J !
8 Il o ~ z [ &
g | N
0 |
> '+
|
. = ’ C I._ ot
s | 10
Tube diameter (um)
Plasma Skimming , @ HF=HD, Reduced Hematocrit ..

Because of the Hematocrit reduction,
The Poiseuille —-Hagen Flow can be applied to define
the apparent viscosity for tube diameters < 500 microns
_ 7R'AP
Hepparen = W
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APPLICATION OF THE MARGINAL

ZONE THEORY

The marginal zone theory may be used to characterize the Faharaeus-Lindquist effect in the

diameter range of 4-6 microns to 500 microns to obtain an expression for the apparent

viscosity in terms of plasma layer thickness (9), tube diameter, and the hematocrit, using the

equations for Newtonian flow.

« Plasma layer

. : % dv:
- @ . & © @ ¢ € e ¢ i) " ) @® . = — .
® 0’00 © > *J} ) dr
- dv*
e BCl:r=0,—=0
Red blood cell dr
BC2:r=R-0,7_| =T,
1. =%,
For Hematocrit <0.6 in order to find H,. and 0 _ dv!
Trz __Il'lp _ ﬂp
dr Il'lapparem‘ -

Mtpparenr ]‘_%HF

4 1-0'aH,
a(H,T)is a function
used for H<06

where o=1—
R
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BCl:r=0, v/ =v;
BC2:r=R-0, v/ =0
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3/03/2008

CAPILLARY RISE

2
P —-P = /4 This is Laplace — Young equation
r

P=P +¢gh and P, =P + @, gh

P =P and assumethat @ <<@,

r=Rcos@

_ 2ycos@
Ro. g
Assume that flow in the capillary tube is laminar ( Poiseuille flow )
wherethe fluid enters the capillary at P,,h(t)>R : i
or1)- (P~ P)
Suh(t)
Since b=P, (¢ <<@, Jand P, = P,then P, =P,

h

Re placing P, by P, inthe Young's equation :

R’ ycos 6

f)="-<"""-

o(t) 411
B 2d(h(t)):7Z'R37/c059
o)== Auh(t)

Integrating withthe I.C.h(t )=0att=0

Bt )= R ycosOt
V2w
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ASSIGNMENT

Read Chapter 5 of the Textbook.
Redo problem 2-23
Problems 4.18, 4.20 and 4.30




