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Boundary conditions:

Fluid sticks to solid surfaces

. Fluid sticks to another immiscible fluid

. The shear stress is EQDM across the
luid-fluid interface

W N

—h

4. For liquid flowing next to quiescent air, the
stress can be considered approximately O.
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Cylindrical coordinates

rdirection
v, v, vein, Vg v, ap af1drv,) 1 v, 2ivg v, _
= TVt — = - V. — | R | T tg 3=tz (3.3.27a)
at or r o8 r oz ar ar\r or r oo r- o8 az

0 direction
" " - - o - . - ad
Vg Ng Vgdvg V, Vg avg 1¢ af 1 drvg) 1 0°vg 2 av '™ _
—_—+ \"'—+—_—+'—+Vz.— = ——'2*'“ - __0 +—,_—,+—,.—’+_—, +Pg0 (3.3.2 b)
ot or r 9 r oz r o8 ar\r or r o r 8 az=

z direction
" " - - - . o2
av, o, vg OV, av, ap 1 4 av, 1 oV, v, _
—tvw—t——F v, — = ——Fpu-—Ar— | t3 =t |t L (3.3.27¢)
ot or r o8 oz oz r or or reooe- az=
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RO = ¢ Ui . R
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VSTA\N G WOLFRAM /L Pt

T (25T SELI£S E#PANS/ION

7:37 AM 7 3 81% m.
3% WolframAlpha u
substitute r=R+R"eps"y into (r-R)*(r+R)*(1+eps)"2*omega/r/eps/(2+eps) Bl @
Input interpretation
ra
(r=R)(r+R)(1+€?« —— wherer=R+Rye
2+¢
Result »
Ryw(e+1*(Rye+2R)
(e+2)(Rye+R)
Step-by-step solution
7:48 AM 1% 79
% WolframAlpha
taylor series R'y*omega‘(eps+1)72*(y*eps+2)/(eps+2)/(y*eps+1) in eps (=)

Input interpretation

Yes2
series Ryw(v!-l)z :-:-;5-'-3-7 point e=0

Series expansion at e=0

Ryw-%e(RU-B)ywH—%Ry(2y2-3y+l)wez-%e3(Ry(4y’-6y2+y+l)w)+
1—16Ry(8y4-12y3+2y2+y+ l)we"--;—265(Ry(l6y5-24y"+4y3+2y2+y+l)w)+0(e°)

(Taylor series)

More terms
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8:00 AM T % 76% .

& WolframAlpha 0

dsolve(mu/r*(v'(r)+r'v"(r)-G=0,v(R)=0,v(lambda*R)=0) B|©

Input
{% V() +rv'(r)) -G =0, W(R) = 0, A R) = 0}

Differential equation solution
G (log(R) (r* - A% R?) + (R* = r*) log(A R) + (A% - 1) R? log(r))
N 4 p1 (log(R) - log(A R))

[Ste;}by-s!ep solution ’

Related Wolfram|Alpha queries

P'I.ot[{veez, vezee} /. {dpdz-» -10, u-» .01, R>» 2, A~ .01}, {(r, .02, 2}]

Bl6 “H@“

1000

400

05 1.0 1.5 20
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Plot[{veez, vezee} /. {dpdz» -10, u-» .01, R> 2, A - .0000000001},

10({:_’ .0000000002, 2}] 6(,\[ \/[/ %\ S lb»N\(‘F(CA}UX
6 AN TN £ MoLBcULAR
Dimenson | |

600
~lo
o | = FXI0 em

200

llllllllllllll

0.5 1.0 15 20

LIM T OF DVEN CHANMMEL
ERISTS, LON NORELEVANY
Paysc Ay

we- Series[veez, (A, 0, 2}]

Out{36]=

(dpdz R* Log[r] - dpdz R? Log[R] + dpdz r” Log[A] - dpdz R* Log[A]) +

4. log[A]
(-dpdz R? Log[r] + dpdz R? Log[R] ) A?
‘ +0([2)3
4 ulog(A]
In[37)= Apz
1
O
4 log(A]

dpdz R* Log([r] - dpdz R? A? Log[r] - dpdz R? Log[R] + dpdz R? A% Log[R] )

30357_17_lecture_9_19 10/ 31 9/20/16



TRANS 7o) TO TURRLEAT
FLOW .

1 to newest file format. D q f ;

Figure 3.11 The Fanning friction factor versus the Reynolds number. |
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introduced at a bell-shaped entry extends undisturbed the
whole length of the glass tube. Transition is seen in the sec-

ond of the photographs as the speed is increased; and the
last two photographs show fully turbulent flow. Modern

traffic in the streets of Manchester made the critical
Reynolds number lower than the value 13,000 found by

S
R nkend\haequﬂ\“d Reynold

6l
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rest file format.

Figure 2.17 Relationship between the shear stress and shear rate for Newtonian and non-Newtonian fluids. Fluid
properties are Newtonian fluid, « = 0.01 g cm' s°%; Bingham plastic, r; = 0.01 dyn cm2, 4, = 0.01 g cm' s°'; shear-
thickening fluid (dilatant), m = 0.01 g cm’, n = 2.0; and shear thinning fluid (pseudoplastic), m = 0.01 gcm' s°'5,

n=0.5.
0.40 , - : - 0.050 T T LT a1 T
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0351 Power law n = 2 plastic
R _ 0040 .
¢ 030 K 0.035 Power law n = 2
5 g : Newtonian
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< . "
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§ 0.20- & P % 0.025 Power law n = 0.5
“”: 015 Newtonian _| {,:, 0.020 - =
g il g 0.015 |- -
= 010+ -
0 ¥ 0010 =
0.05 Power law n = 0.5 01008 |
1 1 L (A N T U SN NN N S
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30357_17_lecture_9_19 17/ 31 9/20/16



Figure 2.18 Apparent viscosity versus shear rate for fluids shown in Figure 2.17.
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n OowNWALY

nez- Show[%, %%, PlotRange -> All] \

VX, cmys

300
250 |

200 |

Out[62]=

Ny (om)
0.02 0.04 0.06 0.08 o.t)

Plot[veex /. {gx - 980, p-»1, h-» .1, t0 520, u- .01}, {y, 20/980, .1},
AxesLabel -» {"y (cm)", "vx, cm/s"}]
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rest file format.

Figure 2.17 Relationship between the shear stress and shear rate for Newtonian and non-Newtonian fluids. Fluid
properties are Newtonian fluid, x = 0.01 g cm™' s°*; Bingham plastic, r, = 0.01 dyn cm2, j, = 0.01 g cm' s°'; shear-
thickening fluid (dilatant), m = 0.01 g cm’, n = 2.0; and shear thinning fluid (pseudoplastic), m = 0.01 gcm' s°'5,

n=0.5.
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Figure 2.18 Apparent viscosity versus shear rate for fluids shown in Figure 2.17.
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B0 Frow)

In the largest arteries for humans, the Reynolds
number is large enough that we would expect
turbulent flow and for the first few generations of
the arterial system the flow is pulsatile.

So there are some limits to exact application of
the analysis that we can do.

However, we can get some useful insights so we
shall proceed. (You can read more at another
time.)
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Superior
vena cava

Right atrium

Right ventricle

Inferior vena
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Basilar artery

Internal carotid artery
External carotid artery
External jugular vein
Internal jugular vein
Vertebral arteries
Cephalic vein Common carotid arteries

Axillary artery Pulmonary arteries
Pulmonary veins
Superior vena cava : ' / Heart
Inferior Vena cava
Descending Aorta Celiac trunk
Brachlal Artery
Basilic vein TSI
Median cubital vein P——
Cephalic vein ens: acery
Ulnar artery Gonadal vein
Radial artery ‘ ‘ Gonadal artery
Common liac vein
Common iliac artery
Internal illac artery
Palmar digital veins Internal iliac vein
PO sy External illac vein

External iliac artery

Small saphenous vein
Anterior tibial artery

Posterior tiblal artery
Peroneal artery

ITY Anterior/posterior tibial veins
l, Dorsal venous arch

'
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