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Linearized description of lung mechanics:

Qs —> *The airways are divided into two categories: the
Eﬂ. A HHG,..,, T ® N A s Pa larger or central airways and the smaller or
Q Faw A, peripheral airways, with fluid mechanical
= CL resistances equal to Rc and Rp, respectively.

i *Air that enters the alveoli also produces an

Q-Q, s ® - -
expansion of the chest-wall cavity by the same
| | —— volume. This is represented by the connection o
¢ T W the lung (C; ) and chest-wall (C,) compliances in

Fn._'—*—'—""' series.
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Linearized description of lung mechanics:

fio i ﬂh — FPa
._W.Wﬂ *The pressures developed at the different points of
g - this lung model are: P,  at the airway opening, P_,,
e CL in the central airways, P, in the alveoli and P ,; in the
Q-Q, sy Cs e pleural space (between the lung parenchyma and
| chest wall).
¢ | — Cu *These pressures are referenced to Po, the ambier‘
Py pressure, which we can set to zero.
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*A given property of the model is assumed to be "concentrated” into a single

element.
*The total resistance of the central airways is "lumped" into a single quantity, Rc,

even though in reality the central airways are comprised of the trachea and a few

branching generations of airways, each of which has very different fluid
mechanical resistance.
*Similarly, a single constant, C, is assumed to represent the compliance of the/

lungs, even though the elasticity of lung tissue varies from region to region.

*Suppose the volume flow-rate of air entering the respiratory system is Q. Then,

the objective here is to derive a mathematical relationship between P, and Q. ‘
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Lung Model

*From Kirchhoff's Second Law (applied to the node P_,), if the flow delivered to the
alveoli is Q, then the flow shunted away from the alveoli must be Q - Q, Applying,

Kirchhoft's First Law to the closed circuit containing C,, Rp, C,,and C,, we have

| ] ]
RpQy + (EL““ E) JQA dt = E;‘{Q - ) di

*Applying Kirchhotft's First Law to the circuit containing R. and C, we have

P,Q=REQ+E'S~j[Q—Qa)m

d*P,, 1 dP, d*Q (1 RE)dQ l (l I)Q

2 rRe a e t\atre )@ tra\c e,

11 1y
= (areta)



Analysis of Lung Model
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We'consider a simplified version of the linearized lung mechanics model. In addition,
however, we will also add an inductance element, L, that represents fluid

inertance in the airways.

d
Fao Fa P,—P,=1L JQ-I-RQ-}- J'Qdf
Py—F -l‘.Qdf
C A 0 ':
d? dP
P, =LC d£“+m:-f+m
Ry

T — Fﬁ{s] :

—— P..(5) ~ LCs? + RCs + 1
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Fm _ | _ F’PA P.ﬂ, -+ - i |
LCs®+ ACs+1 | I 2 | LCs?+RCs+1
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P, (s) —kP,(s) LCs®+RCs+1

Pals) i .
P,(s)  LCs®+ RCs+ (1 + k)
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