Chinese Physical Society

%fg%"—*&Acta Physica Sinica

Institute of Physics, CAS

ET R BUREEHIENZ BN EEHRR

K HaE FHEE

Multi-segment lymphatic vessel model based on lattice Boltzmann method
Zhang Qian-Yi  Wei Hua-Jian  Li Hua-Bing

5] Fi{5 B Citation: Acta Physica Sinica, 70, 210501 (2021)  DOI: 10.7498/aps.70.20210514
TEZE RT3 View online: https:/doi.org/10.7498/aps.70.20210514
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

BT AR BR 2% 2 D5 EEUTFEARIRN S 11 H ) 250 R IR A8 R0 1 A8 sl
Investigation of NO content varaitaion in the lymphatic vessels under different outlet pressures by a lattice Boltzmann method

WIFEAEA. 2020, 69(10): 100501 https://doi.ore/10.7498/aps.69.20191944

FET RN TR -Z2 WA st I [FIRS 35 7K 2% 10 SRk O O [T 5 SRE 5T
A method combined immersed boundary with multi—relaxation—time lattice Boltzmann flux solver for fluid—structure interaction

YIFIE4. 2017, 66(22): 224702 https://doi.org/10.7498/aps.66.224702

DR F B K R AT BE IR ) — i T DR 28 S 7R
Three—dimensional lattice Boltzmann modeling of droplet condensation on superhydrophobic nanostructured surfaces

PIBR2E4. 2019, 68(3): 030501 hitps:/doi.org/10.7498/aps.68.20181665

PR30 B K 2 5 Ry v MR 7 S A o
Development of quantum voltage noise source chip for precision measurement of Boltzmann constant

YyFEEEAR. 2018, 67(10): 108501  https:/doi.org/10.7498/aps.67.20172643

JTeAR A FIB203XFLi1.3A10.3Ti1.7(PO4)3 [F| {4 i A 5 25 1~ H SR A 4
Effect of lithium—free flux B203 on the ion conductivity of Li1.3A10.3Ti1.7(P04)3 solid electrolyte
YrH2E4E. 2017, 66(20): 208201  https://doi.org/10.7498/aps.66.208201

YA 43 A7 T XS F Boltzmann 75 VB (H R IS W 43 A7

Effect of equilibrium distribution positivity on numerical performance of lattice Boltzmann method

WIFR2E4R. 2019, 68(20): 204701 https://doi.org/10.7498/aps.68.20190624


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210514
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20191944
https://doi.org/10.7498/aps.66.224702
https://doi.org/10.7498/aps.68.20181665
https://doi.org/10.7498/aps.67.20172643
https://doi.org/10.7498/aps.66.208201
https://doi.org/10.7498/aps.68.20190624

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 21 (2021) 210501

BT RS /R % B 7 A 5 Bk B A

KR

F

34

(REEARHL FRHE bR R S 5 AR, AEAR 541004)
(2021 4E 3 A 16 HYk#; 2021 4£ 6 A 16 H U MENH)

I L AR G X A 9 G e 2 i 4 9 3R SRRSO A L O . S I 20 AR AR, 9 2 R S il
Aii 42 B WA R G0, 5B Pk bR CL IR IR LA RO L A A . IR LA A 11 R WA IR A P AR L R A Bl R
B A AN -7 SRALHE i Ca R NO Y AR 55 S5t 8R 5E , NO 8 DY I 2013 Xk i B2 585 A i 4 47 2402 1)
SEVE . DRI E 90 3 1 P R L R S 1y 5 00 R R A NO i 2N AE S R G, BBk
R NO 73 23 32 3145 R BRI LA RS2, RE R b e A R B AR BUR 2R T L T
LA HA RIS H 1) 22 Btk CLAE B, 3L T 9 ELE P Ca2 A NO 1 S S AIL Y, RIS A Al At L 9 R 3 15 O
IZBE TN R AEAE 3 R LU, 0 ) A A b L AE L o I 9 LA R T 9 LA 9 LA A B ORT o B
SRTCIRY FE. A SCH R BECH 35 B, BBk DA P A TR 38 i SRS 1T 2 Boitk 8 b NO ¥k
JEOME RS 03 A L NO P23 B AR Ak, LK 3 BeAs Ay vp 4487 (14 g 12k B I [0) 22 fh 1 2L

A ZEONEVE, WAIUR I, WREURE — UL, MR

PACS: 05.10.-a

1 5 =

IR CLR S 1 B AR A R LA v B LA
[ S5 L T B AOAR A, R RO SR 5
SrICT AT /INBE, R EI 7 19 TR IO £ .
5 IMEAER R GEH, KO EAE D B — AP i i
AT IR A U A TR A O SO TR], I LA AR B
N — £ ERIRHES ) 73 A1 OR P, B BEBOR IR o B T
F 0 ST 4R LA B AR BAT ) A WA R 0 AR L 3 O 5l
fRE ST B0 S S L AE n] LIRSS MRS S 454, A
AT B e 7 o AR AR, A AP AEd MY
DR 0 B nT LASR SIS Nk LB 3, SRk
AT MU, TR IE T S R stk g sh .

RELE Y F LS, S LA Ca?t
R P o R L LA Y B (LR B P, 9K ES LA
IR H B R] B 52 S, A5 R A Wi .

* ER HRFIERS (IS 11362005) B BhALEL
t BIE1E#E . E-mail: hbli@guet.edu.cn
©2021 HEHEFS Chinese Physical Society

DOI: 10.7498/aps.70.20210514

Ik B B R B0 BV S I T e A B g, ke
PN Rz 20 1 B A SRR T V) 7 s e i — 4
A A LG (eNOS) F= IR — AL A (NO)B,
IR ELEE K. AT UL, J2& NO Fl Ca? ¥k Y
JAIAMEAR AL G S T Ik EL A B R - AT TR R

MHE T 2 M RAAES % e &R
G EUEBLA A TER B Be . fe - m itk B R SE
2 & H Reddy 1 Black #2#l Navier-Stokes
Jr BRI TR A — 4B . J5 ok, Bertram 45 1011
FHAE SO AL T /N Btk EL A, A IR EERE ) bt
Jiti fINFEARERES b 1) R A6 BE AR AT A2 Ak, {H R
R, HER RN, AR, AR
AR EEORIR. FERTHIAR G, L T
TEESR B R AR A bk A, (R AE A B s
FRAE, HA 1Bl p gk L0 48 B e ELSE Ak L
Raih, WA B A g R, Bk b
NO B3 232 B H R AR SR B a2, A8 3C

http://wulixb.iphy.ac.cn

210501-1


http://doi.org/10.7498/aps.70.20210514
mailto:hbli@guet.edu.cn
mailto:hbli@guet.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 21 (2021) 210501

TEZ AT AR b, 57 1 1S nl AR A
B 1) 22 Btk L R,

2 BB REETE

A% B /K %% 2 77 7% (lattice Boltzmann meth-
od, LBM) & 1 F W8 RUBE BB 5 i, TR T

S J7 R R )2 N, 2 LA AL 2

ML 03, Z AR 1 45 LBM LAROW B iAok 1
ST RRECH B, FH 23 A1 pREION 3 B R A& AR AR
FFHOCH 2L i, WETT AR S BUE T i B K
WAZ R B S A ARG, KK T3
MERE. FE AT A sl 1k B b b S A R
i MBS F AR, R Z 6] A B AR B R or A
Mcnamara F1 Zanettil'® kT34 BREL fi
B T A& H BBl A R A8 5, H LBM
BT
fi(x+eibe, t+6)— fi(z,t)=02(f:), (1)
Horpr§ FROROW SR BE R 51, X T D2Q9 BRI (I
Bl 1),i=0,1,2, -, 8 fi(z, t)EfE chi'F . th
2, BAT e s L BRI 15340 pRER, o AIHEIZE A,
o MG TAEE; 2 (fi) &b K ¥, KRB fi
HSZIR . Chen 45 161 A1 Qian 55 07 35 H4 FH 25t 4 )
(RIS R 7201, 4k ifi7, LBM 5] LIS

i@+ eide,t 460 — filw, ) == (i~ 1), (2)

Sl O RRBOTB4M L, T AR K
HOBLT A0 B2, 2L RO P T
LRSS

P:Zifizzifi(eq)> (3)
U = Zz e'L'fi = Zz eifi(eq)’ (4)

€6 €2 1 €5
es ey
er ey ies

B 1 D2Q9
Fig. 1. D2Q9 model.
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Fig. 2. Schematic diagram of pressure boundary condition.
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Fig. 3. Schematic diagram of lymphatic vessel.
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Abstract

The lymphatic system plays an important part in the body’s immunity and cell’s internal environment
homeostasis. Like a blood circulatory system, the lymphatic system is a piping system throughout the body,
which is composed mainly of lymphatic fluid and lymphatic vessels. The spontaneous contraction of the
lymphatic vessels drives the flow of lymphatic fluid in the vessels. The spontaneous contraction-relaxation
mechanism of lymphatic vessels is determined by the oscillating feedback of Ca?* concentration and NO
concentration. The distribution of NO in the vessels plays an important role in the contraction cycle of
lymphatic vessels. The shear force acting on the lymphatic valves due to the flow of fluid is the main source of
NO. In a real system, the distribution of NO in a certain section of lymphatic vessel will be affected by other
lymphanion connected to it, especially the upstream connecting fragments. Through the lattice Boltzmann
method, a multi-segment lymphatic vessel model with valve structure is established, which reproduces the
feedback mechanism of Ca?* and NO, valve change and fluid flow. There are three types of lymphatic vessels in
the model, namely the initial lymphatic vessel, the collecting lymphatic vessel, and the outlet lymphatic vessel.
The number of lymphatic vessels can be unlimited and inputted by the parameters. The number of lymphatic
vessels is 3— 5, and there are two pairs of valves in each lymphatic vessel. In this paper studied are the
distribution of NO and pressure in multi-segment lymphatic vessel, and the change in the flow of each vessel in
the three-segment vessel model over time.
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