M HEFAN T2, 58 40 & = 10 3 Applied Mathematics and Mechanics
2019 4F 10 A 1 H Vol.40,No.10,Oct.1,2019

X E 42 :1000-0887(2019) 10-1135-12 © N FHECEEFN 124025 2, ISSN 1000-0887

3k Newton it ¢ #9112 ik A HIF 5T

(TLPY B TR @S 52 TR
TEVEE RS 15 TR EE G E SIS, VLT 8 341000)

WE. WEHARBIEE Newton FAR IS S A T B0 TR 2 SCH BT SEAE S — B XT3 24
BRI HE AT Lagrange B3N Euler F3k AR, B 12 A% FH T84 T RE 4k,
FTYI S A NTARES SR, 081 T PIFFIE Newton AR (cross WARFIFEFR TR 7EFH Poi-
seuille i Al Couette Fi &L B i sl 485 5 L W . X} Newton HiAAS, # I A AR 01 &5 2 5 RIS 1 —
;X4 Newton JAA , #) J50  ik AT HERH AL 35 VIR AL AN 8T U0 AL R 3R 0 T ) B 12 AE A4
Newton YA ) A1 BT )38 FHPE ¥R R T 90 50 A 1 19 g FH Y FL

X @& i\, WEAE;  JFE Newton Jifk; Poiseuille Jii; Couette fi; cross Witk ;

EESESSTTREN
FESES. 0373 XHRERS: A DOI; 10.21656/1000-0887.390349

5 =

3k Newton JiA&) ZAFAE T F AR TR A0, 110 A M B R 22 5004 W P 9 I 348 7 £
WAFARBHER % T4 Newton LA, 55 707 5 W RO UIA IR SR IF W — A HE Newton JiiA, £
Tolb AR A T CRESFWATEIE Newton A,

X F9E Newton FAA , AR Sh 1185 B w AS B 5 850, 12 5 87 U1 R 5 5, BT E Newton i
RV 15 55 U AT R RO R AR Newton it 1A X3k Biof A48 P R Bof A28 4 %
I AEPEE Newton WA, Hesh 36 B2 A5 BY DI A5G, SIS RITE G, — AR T X Newton i
A XTI 28 HEE Newton JiAA, He gl ) 6 BE AL BT U 347 3¢, 3 32 35 Y4722 I 18] (14 52
uﬁl.5”3 Newton /ﬁﬁiﬁﬁﬁﬁg Newton {;ﬁﬁiﬁﬁxﬁ% E/‘Jfr"jd:“@ , ﬁt/ﬁﬁﬁi@*ﬁjﬂﬁﬁ(mjﬁ Newton it
R sh AT o B B TR

BEAE TR ALBOR I i R i, BB RN 7 B AE R Newton Wit AR AYBIFSE R B 1 B0k 1 2
MIVEF AEAEIAE Newton A A B(E Jy ik B0 WG 2. — 28 0 A WIAS 2K 07 ik, ana BT
B A B 22 4y A BRARRREETY A8 5 — 28O T AR 38 O R O RL T B ) % U i
(smoothed particle hydrodynamics, SPH) ™7 4 hg—Ffr /A A & JE 55 5 4 JG I s A 7 B ) 12 7l
Newton JiL /R (B4 7 1] CLHUS T — R 51 BB FE R Zhou FI Ge 55 SR G KL T 20 1 2 1%

« YRS HHER. 2018-12-12; 1&iTHHEA: 2019-01-14
BEE&TIH: HEFARPAEES(11902127) s 1LH4 HARFF A5 4 (20192BAB212010) ;LA HEIT
Bl H ARSI H (GII170565 ;GJJ180499 )
EE® . FEs(1988—) , L, PRI, A1 ( E-mail ;: xmzhou@ jxust.edu.cn) ;
FINBL(1986—) , 5, PRI, i+ GEIRAE# . E-mail: sunzheng@ jxust.edu.cn).
1135



1136 J& I3 f# P i3

XFE Newton i Couette 3t F BT UIFGAL AT T ALY, 25 5 B0 T SPH #49E Newton A
194G 3501 s Fan 251 F1 Shamsoddini 2501 3 5% HI a2t SPH ¥ AR AT & SPH ¥4 E Newton 7%
AT 75T, R T SPH AU AR A A 50 ; Chaussonnet 25 | 155 7] e SPH
PTG SMEE Newton JAARTE 1 28 SAEFH R (9 2 ma b 647 1 8400, IF 5 e AR X L, 6
T SPH AU Z=3E Newton JiAIA] &Y fE

grange FFF1 Euler 5 5t A W i, BEAL % T Lagrange #—7 JG k% 550 (4 A 4, ST skt
o, XU W 722 TSR A S X 20T, 7T (e Wl 5 1 by R RDA, 1 B A s ) 7 AR [ B )
Euler BT 5 A& K i sl 12 5 B FIVRG B, 7T 7558 b it fin % i S5 2%, ELakE O 1 ok P48 = Ak
R B R A

FR I Z HAL W0 s i AR VS SO R AR TR R IR 45— R 4 & % TR ) b 45 3] 1
PR R SR RN A VR Y A T S SPH T SR v ok N A
B 7 R PSR ARG BE FRICR A3 M EAT T X LU 9, 25 SRR . FE PR IESK ks B2 i[RI B, 4 o
FUEARAE SPH 12 5 A 4w (K A 8038 AL T i R DA B s 7R IR Newton Y14 P B AH GBS
iR iA.

4E Newton JidAFIZRE L FEAFIIE Newton WK, cross i AL IR AR R JE F 1~ X New-
ton LA, R 77 2 B2 AN 5 Y ) 5AG SC T 5 I E) TE G, PR 25 (R AS A A5 17 B fige | HL AT A
o T oA T AR SRR ), sk e | #8526 4 DL R R I 2 2k 25 45 (14 A B v i T i) AR S
TEAE S Bk St L il 5 I AN TARZE TR, MRS ) L Newton Y {4 (cross I Al 1
W) 7E -4 Poiseuille 1 Couette i 8l I FEPESEAT 0 M 5%, 15 76 3¢ B W I A 74 78 SR A AR
Newton Jit {4 A7 25 Pk,

1 B H

1.1 #IBRE
SR PEUE T 12— W B SE T W R IR S 1 # 3 EEA T A
p+pV-V=0; (1)
BETTE
pa=V-o +pb; (2)
AE T
pe=V-(kVT) +o: (VR V), (3)
X p NBUREEE a0 HINEE R, b HERAAATU K o )y Cauchy BTk, T RIRE e
NN RN RE b MBS R IS TR] VO R R
TER AT SR T Lagrange W) SRR 1 B B, W) B R T4 B AR Al
Y5 B, LR RSy N R | AR ) RO R TR R v REOR R ) AR I T i
g, Wt AR A, FIHGESAPE R (1) AZhi L ,; ARSORFIEIRESCHL, It n] 20
RER TR (3) 5 BURALES du, MENALpREL, 1528 H 7 (2) 7RSSR Q FRYSEREES U
LR

fSu[(a’N +pb, —pu,)dV = 0. (4)
)



4E Newton AR A9 Bt AL HUUAH 5% 1137

3 (4) P2 8 — T n] G4
J pue, v = [(3uo,) ;- du, o,]dv =
JSul A - f Su, o, dV =
f Su,or,n,dA +j8uL o ndd = | du, o4V (5)

YERITI T, 4 GRS B, B S, | T, = 05 76 FL ARSI I A i i bty o | T =
L, IRASK(S) 1%

faul SV = jsutdA fsu oV, (6)
L (6) A (4) 15
JﬂpiiiSuidV ¥ fga‘ijﬁui’jdv - fniiSuidA - JgpbiSuidV: 0. (7)

WIS o = o /p . Wil 77 = 1/p SIAK(T) W, FRGIALFZERE A, W dA =
dV/h, W1

| pii du,av + pr';.Sui‘jdV ~ [ pizh'sudv - [ pbsudv = 0. (8)
0 I 0
W T 0 S B T SR B O — RN T, SRR % v 5y

p(x )—zmlﬁ(x— x,), (9)
hit(9)1t/\t(8>
zm}, w,du, + Zm o du, Zm ,h” 8u zmpbq,f)u =0. (10)

p=1

eV L s Yo 57&?%%%“1‘%? '55’1%/\%IE¥$_IL_LT@{EL|§EL TR S
ASCR A BRICEITAESE 4 45 ST TH ST Y B E AR R 2 N, BIY) T sk p Ab {7
¥ w, MHSH u,,  DRERE R Su,, T AL u, FIRLREHS R Su, WREHAR 3] (A3
Eﬂﬁ*ﬁ U Jﬂﬂﬁj‘ﬂﬂﬂﬂpﬁ%@% RORLF, M ARFRIEEIE AT AR bR, 1AAFRTS SR
TR

u;, :Nlpu“i]’ (11)

Wy, i = N]p,juil’ (12)

du,, =N, du,. (13)
*ﬁ@ﬂ’]i’e’?%ﬂfﬁ%ﬁ IRERY i m, W] ) SRR T p BB m, WS 75 )

m; =N,m,. (14)

WA (1) ~ (1) ARAK(10) AFAET R AT 8 TRz sh i

m,i,du, + Zma' N, du, mesh N, du, Zmb N, du; =0. (15)
p=1

P Up pip Ip pip

FIE du, E’Jﬁiiﬁ P SRR R ILEI’J BT

n,

m,ii, + ZmpO':ijlpj Zmz h'N, ZmpbipN,p =0, (16)
p=1 p=1

RAWRT) 0} =0 /p, W T; = 1/p, X (16) AT5



1138 J& I3 f# P i3

n

ny . n, mp D ml) ) B ny
> mN,ii, + > Lo, N, - > —Li,h"'N, - X mb,N, =0. (17)
p=1 p=1 pp p=1

p=1 pp
T 2SI )28 TR 2 B s 4 A o i I ) N BE A B 58 I s SRR g 25
LSRR (17) WA 220 T 45T 5% AR 3 5 A S B RN 3 B A5 S 2 i AT A+ 300 4% ) T A
U RIEYIIBE Y AR VAR IS

Ny
“Zp = ZiiﬁzNu(xL), (18)
=1
L-L”:Az = lsz + u‘j.pAz, (19)
uﬁpﬂt = u;p + llj;AtAt. (20)

Yyl s b RN AR B AT B AR ALAE 2],
1.2 #HRHEE
1.2.1 RHMEAR

X P AR R A R R ] 5 A

. 2.
O’fjp = 2:““‘917,7 - ?lu’gkkpaij - PpSij’ (21)
Kot P OB AORLT: p AR ) SR BRI R A, &, WRTE RS,
. 1 . .
Eip = ?(Nlp..fuil + Ny ) . (22)

1.22 ATkREH42

XA AT AR A T3, — il ad 5 1A AR J7 FRKE AN n] R4 Wi AR B A 559 T 46 oK oK
TR P2 IR R RO AR SCR ITESR i Newton JifA 2 HI4E Newton Jii ">
Bz RN TR

P:K[C)jy —1.0}, (23)

Xhp =p/(1 + &, At) KW NTARBUWL R p, WEEHL,y =17.0.
1.2.3  3F Newton AARBEA!

X} Newton Jifd, Foal Ji B R w R 850 WXt AE Newton WAk, s R E R ¥ 559
VIR y A AL F L G A IE Newton JiLIA : cross i AR, H IS0 IR EE w 559
DI R y R0

. Mo — Mo
= +— 24
u(y) =pn, L+ (k)" (24)
e n—1 .
) Moy, vy #0,
m(y) = i (25)
Mo v =0,

K, M, 5050 B U)R A& 5 YR T ()3 JIBEEE K, M Al n SR BT cross I, /E
HE B a=p, /g, Ma=1,a < 1,a > 155X Newton FiA 55 UIFE LI BT UIFIAL cross ¥t ;
SFRERMA, n=1,n < 1,n > 155X 0 Newton JiAA BT UIHG Ak A1 55 DA fb e i Ak,

2 TR K g AT

3 BEFE AP AE Newton JiAA (cross it AT AR ) 764 Poisuille 3t 1 Couette 3 H Y
M FIIT cross i, AR H B K =M = 1.0, 433175 [E 5 FOREIA RS, 437314 . Newton Tt



IF Newton Ji AR 5T s A 5T 1139

 (a=1) ., B5YIFL cross Tl (a =0.25,0.5) , BIUIFALL cross Jiilhk (@ =2.0,4.0) S RH
IR FERETHEA 5 FOR R RESEL, B Newton Jidk (n = 1) | BTUIRAL AR (n = 0.6,0.8) (57
PIFE R (n = 1.2, 1.4) A SGHE R TAFEE K = 143 Pa, B % %E p, = 1 000
kg/m’ JFERHAEAK N 5 ws, wy =1 x 107° Pa-s.,
2.1 Poiseuille i#

Poiseuille JRAETIUNE 1 Fi7s, #ik T E 2 AR R R R EE 2 R ) FAERR, JF
B HERE. HHERAA LIRS N H =1 mm M L = 0.5 mm, KIS 118 F = 8 mm/s;
Xt Newton WA, ARSI KGEE R V(H/2,0 ) = H Fu,' /8, BIX} Newton FiAfa 25 i Kt B -
1 mm/s JEF SR N KN 1720 mm B9IE T, BT 5 MRS YA B AT 22 N 508

non-slip boundary

non-slip boundary|

Y

|
7 |
B 1 Poiseuille Jii T4 H 1
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V(y,t) = fy+2—(—1) sm[ :ijexp(—nﬂﬂtj. (27)

HZ




1142

%

B

le

Y

<€

L
B 6 Couette i} -1 51

non-slip
boundary

Fig. 6 The model for the Couette flow

1.0 T T T
Q 0.05p = SPH solution t=10.0s
= ol _° MPM solution N\ 47 |
E | .
< 0.04 b
= oosf [ g |
g™ | g
S o : <
'GE 0.02+ /- ,,,,,,,,,,,,,,,, w041
£ .
g ool z 5 02l
e - i -
& L L G
0 1 L 1 L 1 I L 1 OI
0 04 0.8 1.2 1.6 2.0 1.0
time /s
B 7 Newton jiif& Couette it B4 5T s, 3R fiff 45 5
Fig. 7 The MPM results of the Newtonian Couette flow
0.05 0.05
———a=025 ---n=0.6
0.04F It - a=05 X N — n=08
—a=10 n=1.0
. ——=a=2.0 . ——-n=12
»0.03 ———a=4.0 20.03 e n=1.4
g =
g g
< 0.02 2 0.02
0.01 0.01
oL " — 0 PRI ISR N |
0 0.5 1.0 1.5 2.0 1.0 1.5 2.0
t/s t/s

(a) cross Jii

(a) The cross flow
Bl 8 Couette JifE y = H/2 AL V- 3430 B Bt At 17 (19 25 Ak R
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Fig. 9 The Couette flow along the y -axis for different cross flow models at¢ = 0.05 s
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RO LUEH .

1) ¥ sS2: 18 Newton A T 4 Poiseuille 3 I Couette AR 45 5 5 S 7 %éﬁﬂj"‘,
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Simulation of Non-Newtonian Fluid Flows
With the Material Point Method

ZHOU Xiaomin, SUN Zheng
(Jiangxi Provincial Key Laboratory of Environmental Geotechnique and Engineering
Disaster Control; School of Architectural and Surveying & Mapping Engineering ,

Jiangxi University of Science and Technology, Ganzhou, Jiangxi 341000, P.R.China,)

Abstract: Simulation of the non-Newtonian fluid flow is an interesting problem for engineers.
As a relatively new particle-based method, the material point method (MPM), combining the
advantages of both the Lagrangian algorithm and the Eulerian algorithm, has been widely and
effectively used to solve complex engineering problems. The plane Poiseuille flow and Couette
flow of the shear thickening and shear thinning cross fluid and power-law fluid were studied
with the artificial state equations for the MPM. The results show that, the simulation with the
MPM for the Newtonian fluid is in good agreement with the theoretical solution and the MPM
simulates the shear thinning and shearing thickening of the non-Newtonian fluid exactly. The re-
sults confirm the applicability of the MPM for simulation of the non-Newtonian fluid flow and
expand the application field of the MPM.

Key words: material point method; non-Newtonian fluid; Poiseuille flow; Couette flow; cross
flow; power-law flow
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