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Abstract: The characteristics of pressure loss in an asymmetric bifurcating tube were investigated numerically for
steady inspiratory conditions. The loss coefficient K calculated for various asymmetry and flow-distribution ratios
found in human lung airways showed a power-law dependence on the Reynolds number (Re) and length-to-diameter
ratio (L/d), with different exponents for Re = 100 and Re < 100. The fundamental characteristics of the asymmetric
bifurcation are similar to the case of symmetric bifurcation. In addition, the effect of skewed inlet velocity profiles on
the pressure loss was weak, and decreased with an increasing number of bifurcations.

- J|sAYy R, : #A|(carina) I E57
Re : #|°]&= <*(Reynolds number)
A o HEA V e EE
d & AE
K gEEdAs J2|AgA}
L 3 4ol vy : A5*(exponent)
m  : A5*(exponent) 0 : A Z}(branching angle)
P A 4 poo Al HE
AP : qt= &4 ® : 3] ZH(rotating angle)
Q : 7%
c o ouAE SHE R
R : A% =597 0 : X¥H(mother branch)
1 : $-¥H(major branch)
1 Corresponding Author, jwlee@postech.ac.kr 2 oé-?ﬂ—(minor branch)
© 2012 The Korean Society of Mechanical Engineers i : A}¥H(daughter branch)




302 AR

W :I:’;
Lo
=
3:
=3
Q
N
5
HU
—LJ

::,["ﬂ

I v st
o

=
Welbel «] ] o] YA AR YD} 7o EX3

of AgtE Ao 7]FA ol =
AF Hol9) §% EAS HIElA]E B3 gi

A 71A7F 7HA AL Q=
vl 2R ko] wkEo (¢ Q1A 7]
23 W FAHW ol V]EE9I<l %X]T&(Single
bifurcating tube)<> X¥Hmother branch), A}¥H(daughter
branch) “12]3L A F-(unction)Z -3 5 ATHFig.
@), £ BEE B A5, 2o, LA,

].x]— =

K@), #A FEVAR), A FELAR) F
@ sl ofa] 2REc 7t P WFES B

Hleh ohe ®oohe} shupe] BAwe] A
Mz Ael7k SlY(Fig. 1), ©f F #ef AHE 7

2 Bz fEE BAGAY &5 EAS AAsIE =
08 WOITh Y e vk o) Aol 47
H|(d; / do)x= 0.8 o]t thef %-¥H(major branch)e 3+t

+ RoExE JeERd w088 + 010, < ¥Hminor

branch)& 0.69 + 0.12 &] F7H] X2 71X]= Z08
AP A=

ofe] & AFM = FAMAE Tt TFH &
7|27 A A A H o] EAH
deE sl mA= g gk mi/iwHg AE
FAT. F5, T dolef EEAe] #

ofu e} ?“ﬁHH vl g o] teEEAe] mA=
FE Flstglon, A ZFAA YEYE FF
23 - % )] WEk 3 AL FA = QI
AT S5 (velocity profile)e] o= - &3S A
FAow gl

2. oA i

oft

>,
=2
rly
of
ol
o

O;

I

Extended to 20d

N

Daughter
branch

Junction

Mother
branch

(b)

Fig. 1 Geometry of a physiologically realistic bifurcation
model: (a) symmetric bifurcation(d; / dy = 0.8) and
(b) asymmetric bifurcation (d;/ dy = 1.0, d5/ dy =



WO QA Z)EA BA e o

it 43S ¥ A AH] 7} Z+2F major / minor
=09/07,10/06% F+ A5 AAFsG o, B
o] dol= freol wAF o2 E dxid
g =5 100d, 7HA], Ao Aol Al el

=T fedde o9k FHA3) sty Y 204, 7+
A FHFAH 1 9 AFES] HS Table 1. ol
A2 ot

22 =X sy

FEo ARS8 Aabr Al A =4
Ansys Fluent 12 & A}-83}¢]

Ae a7lolw W&k A k4,

1789 x 10° kg - s 7 44590k F@0pe] o
A 1.0x10° olatz Aaglow FH A&
1.0<10° & Z3sloe HE & 3
ko U}\]E]— u]—o]_o:h;]_

AAboll Alg®H AA}= EA]HF-o|=  tetra-hedra,
233 2ol = triangular prism S AF-8-gF vl
Axg Agagen 42 A4 AN 4E «
Aake] zol= 2% mwtelAT. Azt e #H
o 40 THfle]9lom o]l= Axl ="A] 7% (grid
independence test)= &3l A E A o]1:].

NES A#A FEANS WRE el AT
of ezl FZF2 *7] el Lq“(pushmg) =7
& AL FAR AA ABFE S9A
ko] Hxzo Awel os ¥7|7F WelEoA=
(pulling) =31l O 7}7b9-m ofw]

o] Wl 7S 4= gk

Qocd” (1)
Murray Law'Poll o]abd oux] £45 243}
sh7] 918k HA m 2 3.0 olu, AA AA 7]HA

o] that Al ©]&bH m = 2.8 ~ 2.9 Alo]o] S

7HA e Aoz HaEt ! wela B Ao A=
79 FES #AEY m *<>ﬂ e} Eu)Ekal m
=3.0,2.8,2.6 &2 WSIA7|H FEFEAle] WSt

g EHo A= JEge IRl ol flsh
o] Z(exit)ol| = Fluent 9] velocity inlet =S, ¢
T-(entry)oll & Pressure outlet Z=71S AF-&3F3I T}
HolE2 FRe)= AT A5 HdFHoE
Axkslgl e 10 oA 1000 Akele] 8 7] #e
glsto] ALkslh olw Ape] A EFS Fofxl
Hlo g oll o) we] ZAHER {F58& Re ©f
S A S ek 3] Re 7F 1000 Hrp A
A9 B2 Re & Holgddom Hoj7HA Fr=
ALt ol A Al 2] ek STt

Al
=

b
J|m

3 303

Table 1 Values of geometrical parameters

do L()/d() Li/di 0 D IUri RC/I'O

2mm | 100 20 35° 90° 8 0.1

Majof

1

‘ minof

Dividing Line

Fig. 2 Determination of dividing line. Green and red
lines indicate path lines

. H = = —
# hHEALS 2] F % (dynamic pressure) -
2 Fakdster b EAA K2 Rdesith
K _ AP _ PJunction inlet P (2)
0.50V? 0.50V?
ojuj Z} e ¥ fF& FX WEE 1
3F9] mass weighted integral 3+ 7 St(total pressure)

Jlpv-d Y

Hg A k& AAAE BARRE E0]o+

ZF Ao oug v &R Yy =X
87 rt. ofoll WA {59 pathline
2 7*(junction inlet)2] TH

a; %%]'(major - minor branch)ell 3ld3h=
dqoz FEg T ZF J9oA mass weighted
integral 3}¢] 7 <k(total pressure)= Al2FS}A TH(Fig.



304 R g oz d

Major (d./d, = 1.0) minor (d,/d, = 0.6)
b 4 - Fitcurve 1 ---- Fitcurve
g = (solid) y=05 ® L,=3.5d 3 » (solid) y=05 = | =35d,
. =5 o (open)y=0.75 e 5d, ¥ o (open)y=0.75 5d
- \\ 10 L N 2
» ) } ‘ 7d, . % A 7d,
s v 1od
oy EN ¢ 1 = o v 10d,
T Re1'1 & EN o~
a i _ Re '
: - 0.5 : ¥ Rez-u.5
‘§-... Re ™
¥ 8 s ¥ g Wy
s . R |
i 3 1+
1 1 1 1 1 1
10 100 1000 10 100 1000
Re, Re,
(a)
Major (d /d, = 0.9) minor (d,/d = 0.7)
b4 ---- Fitcurve I z ---- Fitcurve
; = (solid)y =0.5 = L =3.5d, : " (solid) y=0.5 = L,=3.5d,
op S o (open)y=075 o  5q b g 7 (open)y=075 e  5d,
b R | A7, : | 474,
= ¥ I v ootod, | e . i v 10d,
-c‘_ - -cN 1\\
=~ 0 = Re,” s
C) Re, = :,'N wF 05
= g g Re™ = g w-_Re
X ke X Yo
1k » 1 Sy
g g
1 1 1 1 1 1
10 100 1000 10 100 1000
Re, Re,
(b)

Fig. 3 Effect of flow velocity and tube length on pressure loss coefficient of asymmetric bifurcating tubes consisting of
daughter branches which have different diameter ratios (Major / minor): (a) 1.0 / 0.6 and (b) 0.9 /0.7
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