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Tablel Physiological variables and parameters

Paco2(t) | CO, partial pressurein the integrated alveolus
Pecoa(t1) | in theinegrsed mimonay cepilny
Pecoq(t,L) gt?ﬁep g;édofp{ﬂ;;rmw pulmonary capillary
Vacoa(t) gct)ﬁ giifr:tlfgi Pa? e\éoglu\rlneglfljgm the integrated capillary
acont) o] Sopdrusng ion rom ety s il
VR(t) Ventilation volume
dVR(t)/dt | Ventilation flow
CO, fraction concentration
Faicoz(1) | of inspired gas into the integrated alveolus
Fumico,(t) | CO, fraction concentration of inspired gasin mouth
FRC Functional residua capacity
DLco2 CO, diffusing capacity in the whole lung
Ve Volume of the integrated pulmonary capillary
Vaw Volume of the integrated airway
L Length of the integrated pulmonary capillary
S Cross section area of the integrated pulmonary capillary
Oc(t) Pulmonary blood flow
Te(2) Transit time through the integrated pulmonary capillary
a Slope of CO, dissolution curve in blood
PB Atmospheric pressure
PH,0 H,O saturated vapor pressure in alveoli
2
LW e, 1) Pacan()

_DLCOZ'{ 1

PB—P,0 | dVico,(t)
+ .
a-Ve FRCHVER() dt 1)

DICQT%‘ {Pcco,(t.L)~Peco, (10)}

+DLco, (P8 —Piz0)- Faico, (£) - (1)

dPACOz (t)
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dPcco,(t,L) _ DLco, APaco, (t) - Peco, (1, L)}
dt a-Ve

N [ T 4 fpecon 1-1:0).0)

— Paco, (t - Te(t))}-

Dico, -0t ~1e(1)) ] @
a-Ve- Qc(t)

.exp(_DL_CVOZ ) TC(;)J
c

= f(¢)- Paco, (t)
PB—PH:0  dVdco, (1)

FRC +VR(t) dt
—(PB = PH,0)- Faico, (1) - £ (t)

MDRE)

dt

1@ (4)

B 1 'dVR(Z) <
£(0) = FRC+Vr(t) dt

0 < >

Faico, (t)

©®)

1

F MICOz(t) COZ

Paco,(t) _

Ps— Pu,0 g (5)

Fuico,(t) =
Fuico,(t) < >

(5)

TIs TIe
Tpi(TIs)

(6) (6)

(7
Vaw dva(t)/dt
Ts<t<Tus+TorTr) < >
Ts+Tords)y <t <Tr <

Tis+Toi(Tss
Vaw=.[ 1s+T0i(Tis) dVR(t) dr
Tis dt

CO2
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Table2 Representative parameterson resting respiration
in healthy adults

value | Unit of measure

Tidal volume 500 | ml
Frequency of ventilation 15 | times/min
Ratio of inspiration time ]
to expiration time 2:3
Functional residual capacity 30|/
CO, diffusing capacity 200 | ml/mmHg/min
Volume of pulmonary capillary 75 | m/
Length of pulmonary capillary 12 | mm
Volume of airway 150 | ml
Pulmonary capillary blood flow 5.0 | //min
Slope of CO, dissociation curve
CO, partial pressurein mixed 45 | mmHg
venous blood
Respiratory quotient 0.83
CO, fraction concentration of 0
inspired gas observed in mouth 0.032 | %
Atmospheric pressure 760 | mmHg

- Inspiration Expiration

\g 1.6sec 2.4seC

S FRC+0.5

>

B

g

=

< FRC+0.0 ‘ ‘ ‘

0 1 2 3 4

Time (sec)
Fig.2 Setting of alveolar volumein a ventilation cycle
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Fig.3 CO, diffusing flow and various P, in the same ventilation cycle
dependent on the change of CO, diffusing capacity.
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Theoretical analysis of CO2 gas exchange involving structure
and physical property in alveolar tissue

Abstract
In succession to the analysis of dynamic alveolar CO2 gas exchange using our previously proposed
dynamic model at resting respiration of healthy adults, the model is further verified by its
physically important analysis and estimation of the change of physical and/or chemical property in
alveolar tissue.
The gas exchange dynamics are discussed in the following cases:
a) Change in only CO:2 diffusion capacity
b) Proportional change in both CO: diffusion capacity and pulmonary capillary volume
¢) Change in only functional residual capacity
The above simulation yields the verification of the proposed model which agrees with the
physiological knowledge within the dynamic range of the model prescribed under its given
structural and chemical assumption. In each simulation experiment, the gas exchange dynamics
was also confirmed in consistent with the physiological phenomenon in respiration. Thus, the
theoretical analysis of alveolar gas exchange was basically established in connection with the
change of structure and/or physical property in alveolar tissue using our model.

Key word; Simulation of gas exchange dynamics, CO2 gas exchange model, Diffusion capacity,
Pulmonary capillary volume, Functional residual capacity

-11-



