F 42 5% 38 T RKFF R Vol. 42 No. 3
2019 4 3 A Journal of Chongqing University Mar. 2019

doi:10.11835/5.issn.1000-582X.2019.03.005

218 I B0 DB 04 U0 Db 53 e

FAMm.RRFE, K H. kA
(FERKF RBESH AN IEFR, K 400044)

BEATAKRNLI AT LR AL RELELT WA KD F LG A K IR IR R AR KA
LR 10 RERRBEMAZTAEIX, REBA S LA A RAZ N FETREMKE H L0
BB H AR5 XZ AL Hrn, A-FHERBER TG A A FRALLSR, FAE
M B REATRTHRES XA, SR HRCHARER KT 5 AL p=23 #,
T LFHREMT T EFAABR A 42.24%, Sy LA ZHa AT 0.04%; &5 XHAME
WEMHES XHAZTTEEY 26900 F A,

KER - HREC ARG DA NP BER ;AR RNEER RAEY W

FE 5 ES:R318 Xk tRERD A M EHS:1000-582X(2019)03-050-08

Analysis of human blood circulation with lymph microcirculation

LI Mingyang s ZHAO Liangju , CAl Xiao , XU Ke
(College of Energy and Power Engineering, Chongging University, Chongqing 400044, P. R. China)

Abstract: We built a fluid network model of human blood circulation with lymphatic system based on fluid
network dynamics and circuit graph theory, and used first 10 harmonios waves to simulate the blood flow
equation. In hemodynamics respect, the effect of lymph branch on systemic circulation and mutual
influences of every branch were simulated by changing the branches resistance in the model. Hemodynamics
parameters were obtained by average method of adaptive control, and the biophysical effect of the
lymphatic system on microcirculation was discussed. The results show that, when Ilymphatic
microcirculation has a disorder, and lymph branch flow resistance ratio is 7 =3, the average flow of this
branch is decreased by 42.24 %, and the relative decrease in the awerage flow of other branches in not more
than 0.04%. The changes in the flow resistance of other branches will lead to a decrease by at least 2.69%
of the lymphatic branch flow. This study provides reference for analysis of microcirculation disorder and the
relation between systemic circulation and microcirculation.

Keywords: lymph system, hemodynamics, microcirculation, fluid network model, flow quantity effect

AR B ML Y0 P64 A48 B Il 08 2 RGO 2R SO B 60 9 Gl 3l Tk 5 i bk =2 ) ) I 98 408 20 A 3 22 70
o KBRS 5 A AR RS B IE X LA S5 A RS A TR S, R RO B Y AL G
UL 22 7 A0 LA Y AT 0.5 06 ~ 2 Do 8 Bl bk s D 1 2 4L ZUR] B 298 90 00 B4 0 L 15 DK e B EE R A, A

s B :2018-10-12
EEWE P e m i AR % 2 2% % B 5 H (2018CDXYDLO0001) .
Supported by the Fundamental Research Funds for the Central Universities(2018CDXYDL0001).
TEEB N ZWHHQ91-—) B, ERRFM A, EENE TR I 5 , (E-mail) 406590918 @qq.com,
R (RR N B TR R EHZ L4 T I0, (E-mail) zhaolj@cqu.edu.cn,



% 2 ZUA TR, A L Rk B A IR 0 R A 2R 5 AT 51

10 96 CRLAE g ok 0 VAR 1 4 1) BE A B 40 EL AL T Btk B vt o I B il o 9 SR AN 4 B HEE K
FE B TE, 25 M 3% 5 8 7= A R e I mTRE SRS K I i & AR L K 5 B s ik L B K G R g I 3R B 8 R AT i
EL R B A R A e

R.Kh.khafiz’ yanva 8&" % B H Z 8 o ok 045 38 (9 08 47 76 2 BB A2 2 4 280 Fn 40 B AR 35 7™ 42 1) 32
PRI, B AR AR AT FERE B K B FR B L G0 B AR Ak R AT 5T & B EERE P B R B I AR O B
WAE L BA —E s S ME, ATRES 5 1 EAE 2 09 AR LT . TO0E 28 5 40 A A 388 25 U0 AH 5C , T80 35 B 5
S U R 2 A8 T D RE R A 2R R A A A L SR I PR R 4 TR AE 2 W LR Bl ) 2 2 B 4
TE B TEH W GO0E R ) e R i 20 SR AT Ak S A A B 00 o PRI 0 RO B R YR T ME TR PR AR T B DG B
S A Y7 M SR 1 A T T A XA, R SR A A BN BB PR A 2 R T 2 A T IR R AR LR B AE L 2
i E e S5 fE FR 0 AR AL B AR A, IR A ST b B SO0 PR TR X B R R R TR AR, BB T
AT AR I R AL AT LA Sy A AR i 0 1) i 8 23 3 L0 1 B 6 SR s

TSR N AR S A RO T AR B IR AT T AR BT ARG R I M AR B R P AR R o R R TR
BT B IR YT RO S AE i 3 AN W B, 0 200N R 5 O LA T A Y S RS A OG, WT DR N AR B A M I
i, BAR VIR T AR T IR A B R GE R U L AR Y AR R AR RE A R AR R L CO, AR £,
TR B B HE oK feff 20 20 a) B g 38 K, 38 1R R GO0 B A o B O ) AT DA S 28 246 4 21 4[] B e
Z R CO, HEH . DT R AR 20 SR B 7 o 8 A0 B 45 38 A 381 i 28955 il g/

IR PR AE AN TE B A 38 2 rh o o EEE AT 0 GO0E PR B4 2 5 R S 00 ek R R W Ak
A G K 220 0 JT A B o AR R A PR RGO B 00 5 2R o i U L B B ) A0 A I YR O A R 6 AL R L S
HR AT o I A ST A A I YR AR S DA A 0 4 A AR 1O B A e b AR A1 A — N AR B 43 S b iU i Bl T 2 B
S AR L o SCHREAE PRI P 338 1 I 28 v 2 PR T 00 20 2 37 2 A I8 O 3R 96 18 A I YR 30 3R 9 T 4% A Y
XoF bk LB A 5 (AR A0 2 A B 5 ) AL o 2 A B
1 FHiE
1.1 HERZFEORBEARHXER

0388 28 2 00 0 0 2F A 2 8 ) B A A S S A S AT W A A I DR VR 2 10 06 33F A 4k
ELAE B I R e m A R S R G el B R k. M S A R AR R P R R R A, SR B AR L
B M A e AE L BORT Sk SR A M L A B AR L S A A 5/6 TE AN S AR . MR IR B K ik B
avE s BRI 7R A ) 2 B AL rp LI B AN A8 43 S (B T A 10 43S0 ORIE BB RS2 5 A6
52N 1 NG N 1750 L e B NGRS £ R R B e R o [ R
1.2 KRR ERET

AT — > TR 9 25 TR T 3R 0 0 I VR AR I SRR AR, B — B 3 SO R AR AR R S BB AR K SR i L 4 2% 1l A Ay
SR 2 il A S IR A (RS A8 A0 R BRI 2R T Bl Ik ol A L DK 00 O B bk T R G Y AR ) T AR R T Y 22
S AR I 48 43 s 1 45 088 40 32, B 45 0 SOARER M I A CAE RS hdsoR . BEAY v 2 22 R e AR £ 30
ik K JFE By Ik 43 SR 2 B Bl bk S H: T A 1 0 43 S5 T IRE R e IR Ak S b I R DK IR0 A3 3, Al 1 R
D 4 AR T AT 23 45003, ST 3 3 21 Ak, 11 AN ar Y e (s B B B 8O . — AN s 1 BT AL G M
T MG R G B o 1-10 43 34 R i S (L) S X W 43 SC S B FAAR o a5 11-21 43 SCAE i =2,
XI5 SC S AR o b 58 10 43 SO IR T I 48 4 3
1.3 #EESHMSIZREKE

I 7E B 45 0 S N B I 3l AT LA RS2 IR i (Posiseuille) 3t o W AR 45y it it 22 A A
iy

8ul’
FHorb gl B %Ay S M B Q o mL/ s s B AR LA 4 SR R AP, mmHgs MRS BE 2. Pa » s MU 42 s
em; MK Loem, MR & A AXE .
AP 8ul

Rzazﬁo (2

Q=m-r' D



52 TR KXKFFR %42 %

(8]

@\/( 1A BB O'____F%%EF____

14:3L FB 8 40 1. 45 R
i BRI, LES)

1245 B Bk e A B
ik, RESRK. BeBIEkSE

|

|

|

|

|

|

|

|

I

|

(0 (oo ____—] '

= 15 LK \1} 3 B AL I
s e
i | =
|% :ﬁ
% | o3 &
& | =

; 18 Bk |

o I

_ B [

-7 oHr Rk ) !

// % |

10) () SR ¢ WS T
NG 7H . Tk 208 k& SHLEET |
I LT T E AT )
I i
| N L
! £ AN AV ZES 8 N ] 9 8 R R
| |
| N P
N ) T |
! @- SISk, 1 E RSNk B BN L P |
| i
| |
| |
| |
| |
S —— @) j
23 F I 4L O Mk BRI . MBI . RS Bk Bk

B 1 i 4 IR Y ) 4 R B

Fig. 1 Fluid network model of systemic circulation of human blood
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Table 1 Initial parameters of the model

s 2% /mmHg M E/(mL s min ') XA/ (dyn s cm ) A &% T H
1 3.0 750 319.87 84.23
2 20.2 375 4 307.61 384.84
3 77.7 750 8 284.68 315.45
4 3.0 3500 68.54 38.99
5 4.3 800 429.83 69.04
6 72.7 300 19 378.91 207.33
7 5.1 750 543.78 77.66
8 94.9 1200 6 324.14 391.30
9 94.9 1 000 7 588.96 428.65
10 23.0 2 919 632 009 5 974.77
11 20.2 375 4 307.61 384.84
12 17.2 375 3 667.87 211.54
13 17.2 375 3 667.87 211.54
14 77.7 750 8 284.68 315.45
15 2.1 1502 111.81 86.26
16 2.1 3 498 48.01 56.52
17 17.9 1298 1102.79 112.73
18 5.1 248 1 644.50 135.05
19 67.6 250 21 623.35 187.12
20 67.6 250 21 623.35 187.12
21 71.9 500 11 499.40 382.31
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Fig. 2 The effect of lymph branch flow resistance change on the average flow ratesof other branches
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Fig. 7 The effect of brain branch flow resistance change on the average flow rates of other branches

3 4 &

FTIAT 2 R R0 b L S A P X At 23 S0 S R WA ARL /D s B3 R 9 T S LR AR R B B AL
SEMAAR TR o SCHRT 16 108 74 M A TE 8 55 A B4 L2 Gl 0 5 A0 A0 2R 0L N0 R e BT A SR L 5 45 3PP i 25 2R
Je— B . XL AT LA L S BRI PR AR v R 2 TG AE 2 WL 80 ) 2 2 B8 21 IE B IE W I SR B 2 R
BRARAATE o XoF % UATE A 1) V81 8 A A A7) ol LA — 20 b3 2 U8 ) i B O T L3 SRR g A SR
) AT e Ay A R A S 2 B A SR B R 22 A CO, HE Y DT R AR 20 28] Bt K 7 3k B2 43 S BH 7 8/
A AT B 1 30 SR ALY 25 3R o LIRS 3 )

HI T 3 AR, 25 70 S0 B QI BRI B 20 S0 1 B B 82 0, 60 4 L S0 kR R e R Y R AT 3
MAMREE R R TF L AN E i TR LR A B0 i DR BT 1T ik, 9K 05 BR IR . AT 23 S B
I M AN IR S B I A L O ) 4 4% 20 S T R T AR I I T A R A TR R e A



% 2 ZUA TR, A L Rk B A IR 0 R A 2R 5 AT 57

F8 R EEL 9 DA TR LA 2 S T B K o 45 45 e T 0 SO L IR0 MA AT B 97 1 0 4% o 0 (07, ey 11 4L 5 T L
L I B4R L R DR T X At 2 SRS 0 o O BEL 4 ORI 9L A /N B B LT 0 SR AT BRI R B
M 0 SR AL BE 38 DA T AL 5 2 B JFF 0 SR R e/ TR S G O el PR 6 AT 7 R
W 23 SR 73 3245 53 81 6 280 SR U Mk sz 255 20 S el S0 e i /N 5 22 I A JHG A 0 265 v 1 23
SRR BT ZEA R 3 AR A — g S B AR AR T R I 2 S A SR I 265 I e R s/ bk L 3
S R 2 3 O e

F T I LR B0 9 52 2k L SO R ADLAU I A 1 W B D5 1l F S 17 i LS 2R G ) (RO B0 B9 2 0 . i S T K i
— AR TR 2 R L AR G Y A B A DR L AR AR L DUIDIAS B S AR A 45 OR

SEHK:

[ 1 ] Michel C C. Immunology of the lymphatic system[ M]. New York: Springer Science and Business Media, 2013.

[ 2] Cheng H M. Respi-Renal Physiology[ C]//Cheng H M. eds. Physiology Question-Based Learning. Cham: Springer
International Publishing, 2015: 169-177.

[ 3] Thiriet M. PanVascular medicinel M]. Heidelberg: Springer-Verlag, Berlin, 2015.

[ 4 ] Khafiz’ yanova R K, Mukhutdinov D A. Effect of dimephosphon on lymph circulation and microcirculation, contractility of
the wall and cusps of valves in lymphatic microvessels, and cell composition of the lymph during fever[ J]. Bulletin of
Experimental Biology and Medicine, 2005, 139(6): 680-682.

(o] EaEA, B, sk, . B e KRR R B E RG], il E RS 243, 2014, 39(4): 329-332.
TONG Huasheng, DUAN Pengkai, ZHANG Xingqin, et al. Changes in mesenteric lymph microcirculation in rats
suffering from severe heatstroke [ J ]. Medical Journal of Chinese People’s Liberation Army., 2014, 39 (4). 329-
332.(in Chinese)

L6 ] XRM. IR 3N 2= M. dbat . AR A # R, 2013,

LIU Dawei. Clinical hemodynamics M. Beijing: People’s Medical Publishing House, 2013.(in Chinese)

[ 7 0 sk, Do f& 5 A 2 0 bk B0 BR LRI 52 L. BEABUIE 26 . 2009, 13(1) :5-10.

ZHANG Jin. Study on the mechanism of lymphatic microcirculation in the pathogenesis of critical disease[ J]. Journal of
Chinese Microcirculation,2009, 13(1):5-10.(in Chinese)

(8] B, BN R AR BEDL [T, JRABEE2Y . 1980(1) : 76-86.

WANG Zongyin. A survey of shock treatment by acupuncture and moxibustion[]]. Journal of Modern Clinical Medicine,
1980(1) :76-86.(in Chinese)

[ 9] Zhao L J. Acupuncture meridian of traditional Chinese medical science: an auxiliary respiratory system[]]. Journal of
Acupuncture and Meridian Studies, 2015, 8(4). 209-212.

[10] #oe, & RS, Z2BIBH. 5T I 44 19 2% 09 A (A it W AR PR 31 43 BT LT ). v [ AR B2 25 AR 2540, 2017, 36(5) : 580-588.
XU Ke, ZHAO Liangju, LI Mingyang. The analysis of the systemic circulation of human blood based on fluid network
[J]. Chinese Journal of Biomedical Engineering. 2017, 36(5);: 580-588.(in Chinese)

[11] R4, A s zIM]. dbat. AR TAE M, 2013,
ZHU Danian. Physiology[ M. Beijing: People’s Medical Publishing House. 2013.(in Chinese)

(127 SRAEML. F0fE T, BRIEU . 5. BRERE DS T — RSO ORIk ], P E R Y R4 532635, 1995,15(12) ¢ 743-745.
ZHANG Xiucheng, WANG Weigong , CHEN Rongzhou, et al. New method of TCM pulse diagnosis--Analysis of pulse
harmonic spectrum. Chinese Journal of Integrated Traditional and Western Medicine, 1995,15(12): 743-745.(in Chinese)

[13] Hu Y N, Koroleva O I, Krsti M. Nonlinear control of mine ventilation networks[ J]. Systems & Control Letters, 2003,
49(4) . 239-254.

[14] &S, BHA. LAWK HT SR LM Jbat . d 7 Tl Ak, 2013,

SUI Jinxue, YANG Li. Analysis and control of complex fluid networks[ M]. Beijing: Publishing House of Electronics
Industry, 2013.(in Chinese)

[15] Yang L, Sui J X, Shi H Z. Control modeling and Chinese acupuncture treatment on cerebral circulation[ J]. Technology
and Health Care, 2015, 23(s1): S77-S82.

[16] Krupatkin A 1. Oscillatory processes in lymph microcirculation in the human skin[J]. Human Physiology, 2014, 40(1): 52-57.

(3 HRAB%E)



