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Fig. 1. Microscopic velocity of D2 Q9 lattice Boltzmann

model.
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Fig. 3. Lymphatic section.
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Table 1.  Chemical parameters of Ca?* and NO.

ZH L Hife
Do cm?/s 1.2 x 104
NO Ky 5 3.7594
Kl o 400
Dca cm?/s 6.5 x 106
Kg, 51 37.6
Kéra st 1.2
Cat K;" st 15038
Cin e 0.015
Reca cm 0.005
Kcano e 5.3
h IR 0.03

*2 MEESRIESK

Table 2. Parameters of Lymphatic and valve.
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A cm 2 x 10+
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* 3 M ORIERE T AR R 22

Table 3. Positive pressure when outlet pressure is higher than inlet pressure.

B2
Pout/ g-cm® 1.0020 1.0015 1.0010 1.0008 1.0006 1.0004 1.0002
Ap/ gem® 0.0020 0.0015 0.0010 0.0008 0.0006 0.0004 0.0002
AP/gcms™ 60.3 45.225 30.15 24.12 18.09 12.06 6.03

# 4 ARG T A ORI R ) 22
Table 4. Negative pressure when outlet pressure is
lower than inlet pressure.

Ui

pout/ gcm®  1.0000 0.99998 0.99996 0.9998 0.9996
Ap/ g-em 0 -0.00002 —0.00004 —0.0002 —0.0004
AP/gemls? 0 0603 -1.206 -6.03 -12.06

E@ AP=60.3 g-cm—1.s~2
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M AP=0 g-cm—l.s2
ti_ij AP=—-0.603 grcm~1.s2
l j AP=—1.206 g-cm~!.s—2
Eﬂ AP=—6.03 g:cm~l.s—2
E—i AP=—12.06 g-cm~!.s—2

B 5  t=2.296s 5, NO ¥R/ #i &
Fig. 5. t = 3.003 s, NO concentration distribution map.
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Investigation of NO content varaitaion in the lymphatic
vessels under different outlet pressures by a
lattice Boltzmann method”
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Abstract

The lymphatic system is an important defense function system in the human body. It is also critical to
humoral homeostasis. Local dysfunction will cause edema, immune deficiency, and a high incidence. There are
intraluminal valves in the lymphatic system, which allows the lymph fluid to flow to the large veins and heart.
It has three major immune functions. First, it can resist bacterial viruses and protect the human body from
disease attacks. Secondly, it is supplemented by lymphocytes to remove the products produced by metabolism.
In the end, The damaged organs and tissues are repaired by lymphocytes to restore normal physiological
functions. The lymphatic system does not have the same pump as the heart of the blood circulatory system.
The driving of lymph is mainly done by the spontaneous contraction of the lymphatics (the lung lymphatic
system is compressed by the alveoli). The autonomic contraction cycle of lymphatic vessels is caused by the
increase of Ca?* in lymphocytes, and the contraction drives the fluid to produce shearing force. The shearing
force produces nitric oxide synthase (eNOS) in lymphatic endothelial cells, and eNOS increases NO and
increases NO. Decreasing Ca?t relaxes lymphatic vessels, fluid shear rate decreases after lymphatic vessel
relaxation, eNOS decreases, NO decreases, Ca’* increases, lymphocytes contract, and a new cycle begins. It can
be seen that the concentration of NO and its distribution play a key role in the contraction of lymphatic vessels.
Obviously, export pressure affects the shear rate of fluid in the lymphatics, which in turn affects the
concentration of NO and the contraction of lymphatic vessels. To investigate the effect of lymphatic outlet
pressure on lymphatic vessel contraction, we established a lattice Boltzmann model to simulate the initial
lymphatic vessels embedded in porous tissue and the collecting lymphatic vessels with two pairs of valves. The
valve is the main source of NO. Once contraction begins, the contraction is spontaneous, self-sustaining, and the
system exhibits non-linear dynamics. This model can reproduce NO and The interaction of Ca?t and the
spontaneous contraction of lymphatic vessels, and the distribution of NO under different outlet pressures and

their average values were studied.

Keywords: Lymphatic vessel, lattice Boltzmann method, valve, NO
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