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Elucidation of the flow regulating mechanism in an avian respiratory system by a
combination of X-ray visualization and computational fluid dynamics with

parallel computing

Masanori, Nakamura
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The present study aims to elucidate the mechanism to regulate flow in an
avian lung. The X-ray visualization demonstrated the presence of a stenosis proximal to the first
branch of the main trachea. The flow simulations usin? an anatomically realistic model of a bird
lung revealed the stenosis caused acceleration of inflow by vena contracta. As a consequence, the
inflow is mostly directed towards posterior air sacs during an_inspiration period, corroborating the

inspiratory aerodynamic valving hypothesis stated in the earlier studies. Flow simulation studies
also demonstrated that thickening of the air sac wall induces a harmonic mismatch between the
inflating and deflating behavior of the air sac and the intra-pleural pressure. This brings
difficulties in expansion of air sacs to draw in airs during inspiration, suggesting that a phasic
match between flow and the behavior of air sacs is important for the flow regulation in avian lungs.
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Fig. 1 An anatomically realistic respiratory tract
model of a Japanese quail
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Fig. 2 Snapshots of the streamlines at tmax=T/4
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Fig. 3 Plot of the ratio Vmeso /Viniet 2gainst the phase
Of tmax
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Fig. 4 A lumped parameter model of an avian
respiratory system
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Fig. 5 Temporal variation of the flow rate
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Fig. 6 Temporal variation of the flow rate in the
parabronchi for various Young’s modulus of AS.
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Fig. 7 Relationship between the flow rate in the
parabronchi and the pressure difference between
the anterior and posterior air sacs
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Fig. 8 Pressure difference between the anterior
and posterior air sacs.
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Fig. 9 X-ray visualization of the inspiratory flow
in a Japanese quail

(A7 v VBRI BUE TR GRS X 2 S i
&I D T RAL ]

BRI EFEIZIIE TR LY < ik
PR L. BUNE DS MR RE
LTWSEDOMERZRIZBWTIEHEA Yy Vo sk
HERT 52 ERREETH DN, CT T —HIX
RIZBNT—HTHDITD, BTHRLY<

EEHWD ZETA Yy v a b ATOMRITN
HHET® 5. GPU (X CPU [T~ A E U
EAKE WO EE 2T — X Rk N Al HE T
bV, HE=y PLEHREE, EOEEE
A FF-> TR WAFHEICFHE L T\, &
HaX N2®BET 5720, BEEOHEEE T
H4 % MPI ZFIH L7-. BERE COF —Z %
Ko R AT S0, BERETOHEAY
BRL, JonERZ2MOFERICEEL
TWAHRIZ, ERELSNOG R EI T, &
72, GPGPU/MPI i@{g D¥EETH 5, HakhF
D CPU AEY T /v AZEMT H7-0,
GPUDirect RDMA #8E%# & A L7-. CT W&
DOIEE LT BMERGREIREXRE L, EF
WEFE A 5000 YA I NToTm L 2 A, W
$¥E 8IC LTS, MPI 2RI Lo T-15
A L e U CRHE R & 87%HI T & 7=, =
kv, 1A S 720 OFHEIERA 35
Wi & 7200, BERREE CRMFENTE
HE It [REOFEZ I LEZHON
SNENZEDOBBRREHWTER L. Z0%
FEDIFET NV E BIFRETER O 0L
OEERMEIZE 2, —[RH#RENSAEPRER 22l
IR DIENGM R LT, —MERJE O
RN 24T 7. IRET V& LTI,
Spring-8 THiw L7= 7 X T ® CT g HAE
BT OFERRET VEMH LT

W RIRFIZ T, — RSB S D W 23 43 I 1
A2 % & 15 52 o72. Zhicky, K
TRONEME I3 LT 4 RO — kR E K
OWN, b TRIODIGIZITIE E A EZERM
NIAE R oz, LINLARR D, LIk
TIHEEDOKT L, WRHFEARTIE KA
BR DK EDON 60%75 IEAR R & SN
~EFNTE. FEREFICRBW T, RO S
MA LT RN — KRR E I THEm L TH
NHFH L, IAE KITHFE E A EERN
Nigmoi-. UbEDX 51, WARO—RA
B 34y I T O BA AN X B T A ) A
DRGNS, TOMFIFRERNTHY, M
KIFICB W TH ERMIRE Kz, A
FHHE TITZER DTN D HIE S 5 HEAE IR
O LMo T,

PLE, GPGPU/MPI #EAT5HZ LT, 4
BRI N2 T, B AR O KRR
B EM R FETRHRICTITY) 2 LTI L
7. ABFEORERTIL, EWFriczy L &
NARNDIRE — TR SN T278,
LStk HxORESFMEERT N TEDE
R 5ERE LTz,

RN

y A gl

Fig. 9 Anatomically realistic model of a lung of a
Japanese quail
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