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The mechanism of exercise-induced
asthmais . ..
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Figure 1. Airway diameters (mm) drawn against airway genera-
tions. (Adapted with permission from Ref. 6.)



MECHANISMS OF REMODELLING

perhaps best illustrated by irritant-induced asthma. Certain
characteristic changes, such as growth of ASM, seem likely to
contribute to airways hyperresponsiveness (AHR), but the
consequences of other changes, such as subepithelial fibrosis,

are not so intuitively obvious. EVeR e Ak berween growEh of

e of the major challenges facing the field is to devise
at link structure and function directly. For

strategies

Airway smooth
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Suppose we want to consider the flow Iin
a trachea.

The geometry is a cylinder.

We need the Navier-Stokes equations in
cylindrical coordinates.

TABLE 3.1
The Conservation of Mass (Continuity Equation)

Rectangular coordinates (x, v, 2 ap ( v, apv, g )

—_= il AP AP,

t iy
Cylindncal coordmates (r, 6, 2 P ( 1 wprv,) 1 % pve pv.) )
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Cylindrical coordinates
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USING MATREMATIC A,
ThHE AVELAGE VErLOOTY /S

EASW Y OZTAINEY

Find the average velocity

4 - Integrate[vzeer, {r, R, R-h}, Assumptions -+ {h>0, h<R}]/
/ Integrate[r, {r, R, R-h}, Assumptions » {h> 0, h <R}]
/ gZD(-%h(h—ZR) (3h2-5hR+2R2) + (h-R)‘Log[l-g])
Out{9]=

4(—“2—2+§ (-h+R)2)u

o~ FullSimplify [%) Q= Val4,8)d A
&

'];,

4 (h-R)‘Log[l-:I
h (h-2R)

gzp l-3h2+6hR—2R2+

Out{10]
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Suppose that we have a circular pipe
oriented,vertically. <~
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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
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VSTAING WOLFRAM &L Pt
T (2T SELIELS E*ANS N

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

4
g £

(r=R)(r+R)(1+€?« —— wherer=R+Rye
2+¢

Result »
Ryw(e+1*(Rye+2R)
(e+2)(Rye+R)
Step-by-step solution
= ¥ WolframAlpha M
taylor series R'y*omega‘(eps+1)"2*(R*y*eps+2*'R)/(eps+2)/(R'y*eps+R) in eps Bl ©

Input interpretation

Ryes2R

series  Ryw(e+1)* Ry.:z-ﬁ-R point €=0

Series expansion at =0
Ryw—%e(n(y-s)ywn%Ry(zyz-ayn)we’-%e3{ny(4y3—6y’+y+1)w)+
:—ORy(8y4—12f+2yz+y+l)we‘-%es(ky(l6y5—24y"+4y’+2y2+y+1)w)+0(e°)

(Taylor series)

L‘MQ..,O M= \6_(040\ oL
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CATHRETEL FLow

8:00 AM 7} 76% W)
& WolframAlpha 0
dsolve(mu/r*(v'(r)+r*v'(r)-G=0,v(R)=0,v(lambda*R)=0) Bl O

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())
N 4 pt (log(R) - log(A R))

[Stepby-step solution ]

Related Wolfram|Alpha queries

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

Bl6 “Hs?“

1000

400

05 1.0 15 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
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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] )
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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
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