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Figure 5.9 Therelationship between animal mass and mean systolic pressure. As the mass of
the animal increases, there is a general increase in systolic pressure. The relationship between
these two measurements can be correlated to many different properties of the animal, as
described in the text.
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METABOLIC POWER(KLEIBER'S LAW)

P ~ M.?S
Endotherms, 39

103 ‘g

Unicellular

Metabolic rate (kcal - h-1)

1072 10°® 105 10= 100 108 108
Mass (g)

FIEART RATE — MASS

e thof V. ~M"

* FurtherV, ~M

* http://www.biologyreference.com/Re-Se/Scaling html
» Which gives. ..
e f~M7

* Interesting... | don't know how "correct” it is

» There are other allometric observations....
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Wiy 00 BLooD VEseLg
O RANCH W KE THIS O

TABLE 1l
VESSELS IN TABLE 1 GROUPED ACCORDING TO RANK
Vessel rank =t p =t
reen’ me mm"
0 2.2 4 5.1
l i8 1.9 R )
Y 4 40 1.2 0.36
} 86 054 0043
4 20 051 0013
5 140 1.5 0021
b 20 18 0019
7 650 e | 00095
&' J&0) 55 0.10
5 200 16 0.30
4 120 Hhi 037
1 3 9 58 1.1
Y 25 19 "
I’ 744 26 5
U a9 27 Bl

The vessels of Table | have been grouped according 1o rank and the sums of r*, r”,
and r* have been calculated for each rank

The answer has to be that “nature” (millions of
years of evolution) has performed optimization, to
maximize fithess of organism, as constrained by
physical laws. '
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‘RECALL T MoRRAY'S 1AW

COSY = COsTpF 5 COSTTC
TOTAL MeTAgdue. Y YE s

COWE L REQUIRED  YIWERTD fOwes

o 10COLANTN = MANRW L NEe)ed
ﬁ\ipvl N SR Qooo+ T By #eAnT
A V BLSEIS 70 PONP

TowrPower = PTEL & APQ

Figure 5.14 Flow rate at a bifurcation

R=n+n 5.26
A rr = w2)

cost) = I
2nn

A=A STIW NENV1ON £
T WL ELATURE

FLAN BUEN SO vT & =9
Cose = —l—- @f\\, ’ﬂ:

=
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For a pressure driven flow, we could get an exact
solution for an infinitely wide channel and a
circular pipe.

This is nothing short of "great" --except if the
channel is square!

So, what do we do”?
i | 1
\F Rk £~ WEARE
VLol ALY OWL .. _ [ H%‘f ?\

T Wy 21 WE RS
THASY NP T ALY WiNE
CKRAUVEL 1S Nen— RCCVLAVE



QRQECTANFYLAL CHANNE L
CREE SETON © h X W

x direction

ooz 2ol 3 ) e
¥ direction 4

"(3‘(’ "Fa{*»%’?g) > "[FV g*.?'] | S
z direction |

,(%+VI‘T"?'+”%+ v%‘/)=_z+ "[%*%*%(i]*”}r (3.3.26¢)

Transport Phanomena in Biological Systems, Second Edtion ”musm?m‘,mmm:?a

George A Truskey, Fan Yuan, and David F. Katz All fights resoned.
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Figure 3.7 Flow in a rectangular channel of height h and width w The section is through the plane z= 0.

POl 's ER
<ruTowe ARE wes know n |
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THIS EANATION 1S EALY SO1E))
LY SECALAST/ON OF UAR)IALLES

TRE TEXT SiowéNIe On
PP 138~ 129

Blpe N VALVE PRO&-£M

“hnd the solution for the velocity field is

~ Apbz( 4>\
Vx(y g Z) 3 Sp,L 1 hz |
_ Aok & 321G
U 8uL 5

vy A LA A
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CANV WE BRACKET ANSWER
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LAMNINAL FLOW, P\gsc: w@”%w

ListLogLogPlot([{ff1, ff2, ff3, ffie, ff2e, ffiGRe},
PlotLegends -» {"aspect = 1", "aspect = 2", Maspect = 3", "aspect = 10", "aspect = 20", "16/Re"},
Joined » {False, False, False, False, False, True}, AxesLabel «» {"Re", "f"})

100 -

i

) \_m )
-.. - Y <
8
—n
&
?
NR3en =

L — Re

00 E
You can see that for aspect ratio = 1, 2, 3... 5, the hydraulic diameter works well. S

LHOond BE S ML AgLeensoT
oL T Wb UTLENT FLOW

+ 902 ACCURACY 1S USUALLY

O Foe PIPE Frow
C R\LCUL AT rofNs
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NEXT MORE COMPLICATE/
TLOAD L 4 |

Simple flow of interest

» Flow of liquid past a stationary sphere (which is the same
as single particle moving (perhaps by gravity) through an
otherwise quiescent liquid (or gas)

» Here is drawing from Denn’s book:
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—

—
—
—
—
—
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Spherical coordinates (r, 6, ¢)

p 3
at

ap _(la(prlv,) + 1 dpvgsin®) i 1 f"(PV.;))
rooor rsiné i) rsinf ad

Spherical coordinates
r direction

R L 4 WL Mg
N r @ runOﬂ
+ "{(l o ('2 lN,)) 3 1 o .N) 1 l'z\, V, 2 ,N. 2 > 2 I'N‘
—— — —_— — ——_——v —_—
r*or ar risin# 9 KF ’ % b 29 4

r- 9 sm‘
(3.3.28a)

8 direction

P(w, : v, dvo Ve dv_, + VeVe "'i}do N 5 4 = e
/r

r o rsinO' r ar

1 o (N.) 1 ﬂzVo 2 av, ’CO (W /
+ 00— | + —— sge amm—t; + 3.3.28b
rsind ¥ - a8 rsin“é 31 r r'smzo rsin” b ( )

Nl I i e

b
3 av oy, 2 2cosh W
1 —'-(smo—‘() + = l . Y-# o L . 8 ¢ 0 ‘3.3.28C)
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