
Airway BG attempt

BG constituent relations
We model a peripheral airway embedded in surrounding parenchyma with airflow being driven by the dif-
ference between airway entrance pressure and alveolar pressure. In BGs, we model the terminal locations
using RCR Windkessel elements. The region of parenchyma served by the airway has elastance (E) and the
airway is surrounded by the parenchyma it serves. We use the pp-type model as developed by Safaei et al
2018
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Figure 1: Figure (a) shows the system being modelled, taken from Anafi and Wilson 2001. Figure (b)
represents the pp-type model developed by Safaei et al 2018

The governing equations for this model are
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R-element: Energy u can be dissipated by a resistor R in proportion to the flow v via u = vR. In
respiratory mechanics we choose the R-element to represent viscous resistance in opposition to airflow via
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Modified Poiseuille equation.
C-element: Energy, u can be stored statically by a capacitor C without any loss. Here C represents the

airway wall compliance, and we assume the airway to be homogeneous linear elastic material with compliance
C.

I -element: Dynamic energy storage is used to model the mass-inertial effects in the airway and can be
defined for straight cylindrical vessels.

Airway Dynamics
The equilibria for radii of the airway lumen can be found following the modified form of Lambert et al 1982
as described in Politi et al,2010. Here the airway radius is modeled as a function of transmural pressure utm,
where first order dynamics apply.

R (utm) =


√
R2

i (1− Ptm/P1)
−nA√

r2imax − (r2imax −R2
i ) (1− Ptm/P2)

−nB

Ptm ≤ 0

Ptm > 0
(9)

where
utm (ri) = uin −

faRref

ri
+ τ (10)

and P1, P2, Ri, and rimax are all airway specific parameters taken from Politi et al,2010. We model the time
dependent radii via the 1st order kinetic equation

dr

dt
= p (R(utm)− r) . (11)

Parenchymal tethering stress (τ) contributes to the transmural pressure via the form proposed by Lai-Fook
(1979) where

τ = uout + uout
(
1.4x+ 2.1x2

)
(12)

where x represents the parenchymal distortion and is given by

x = 1− (ri/v
1
3 ) (13)

where
v =

0.2 ∗ VTLC + (uout/E)

VTLC
(14)

denotes the nondimensionalized acinar volume at total lung capacity (TLC). We follow the work of Anafi
and Wilson 2001 and model the pressure at the top of the airway (Paw) as

uin = ū+ |uin| sin(ωt). (15)

Assuming Raw and E remain approximately constant, the Acinar pressure PA is approximately sinusodial
with phase lag α,

uout = ū+ |uout| sin (ωt− α) (16)
where

|uout| = |uin|
E√

E2 + (ωRaw)
2

(17)

and α = arctan
[
ωRaw

E

]
.

We also include the kinetic model for the 4 state ODE actin-myosin muscle contraction model as developed
by Hai and Murphy,1988

dM

dt
= −K1(c)M +K2(c)Mp +K7AM

dMp

dt
= K4AMp +K1(c)M − (K2(c) +K3)Mp

dAMp

dt
= K3Mp +K6AM − (K4 +K5)AMp

dAM

dt
= K5AMp − (K7 +K6)AM
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where M, Mp represents unphosphorylated, phosphorylated myosin and AM, AMpare the actin-myosin
bound unphophorylated and phosphorylated population respectively. This is subject to the constraint M +
Mp +AMp +AM = 1. ASM force (fa) is applied to the airway via

fa = κ ∗ (AMp +AM) (18)

where κ represents a scaling factor.

Coupled 3 airway system

Figure 2: Figure representing coupled 3 airway system

We model this system with 2 peripheral terminal airways of the form in Figure 1 (uu-type) with a uv-Type
modeled as an RCI bond graph model. Physiologically this represents the pressure modulated
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