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L SR, H AT SPH J7 i T AR iR m sh i Dl b
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R, Cleary %5 [SURFF 7T 1 g R B0 T AL 4 3 1] 7L,
A SR 19132 ) SPH 5 iR 7T 1 B 45 #iuik 5 il
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F L T U208 x4 G SPH VAR Bk, R
L T 2R SPH Jy ik 19201 SR i
SETTVEAR T A% Gt SPH J7 vk BB RS AR E 1
A RD B 3 51N 7 A e e, B Je) 0 R B 5 5 2
St R BIAE. Kk, O 1Sl SPH 7 EIE R
W N AR S IR R A A ] R AR

A SCAE AR A U A AR DR 1k AR B 1] A AL
BF5C K SCRik [19,25) o it SPH 7 vk 4 3
AR AR R B R R AL, g5 — AL AR
01 5 14 9 B0 I REASE AU () 250 SPH(Corrected SPH
for Non-Newtonian Viscous Fluid, CSPH_NVF)
M. HFBERAET: 1) 5| T4 % SPH A&
BAERS B g 1 HAse It 2) A a8t 5, A
WA S SPH U BA B T E AR, B, A
HERA IR SRS s AR B il B 3 s A e,
ST AR AR 1 U A ) SPH I B B OB A, AL
T Je TR Poiseuille AN T 5 25 i i) @EREAT 1 45
I, BAE 7 CSPH. NVF J7 K AR R A= 01 2 14 i 3
I R AT FEE. UGl AR A5 IR Cuette HA 4:1
ARAT 248 AR T 8L P K i, BRI 1 A ST K SPHL Ui Y
RO (K47 Rk, WF T 45 RR W, CSPH_NVF J7
2 BA B U A AN B AR 2 T, 1531 Bk
ToATEINA]. f)E, K CSPH_NVF J5i% 52
H 1Y) SPH i B BB AL 25 &) 6 3] Jis Al C TR i
P AR S5 TR A JRE R A Y T B R HEAT TR,
e P PN L G A B A N R N L VA - A
AL TS O T AL BT B 5 0

2 FFRIFFVFHEREERTE

1E 4k Lagrange X Ar R F, FIE4EEE RS
PEFLAR )5 B B IR A ) R 202120 O
Dp

L __v. 1

D = PV (1)

Du 1

Y V.04 F 2

D pv o+ F, (2)
DT

pcpﬁzv-(mVT)—l—a:D, (3)

HH D/Dt AV FHD/Dt = 0/t +u-V,u =
(u,v) HEE, p, cp M w73 5 2R 75 AR 1) %
L EM SR, AP AR TH
W, FARREEEE IMEE g = (92, 9y)-
o = —pl + 2nd (Ferb I g0y b, AR T8 fE ok &
d=(1/2)(Vu + (Vu)1)).

AR S T B2 AR A R AR 1) A A IR A B0
T 3L, SR A A 286 PR A TR SRl il P2 5 86 52 ) 5%

2, BDAESS R AR A (5,10]
n(3,T) = mAig e #Tet),
,'7(,)/’ T) — m;yn—l e_<P(T_Tref)’

I Cross Zh B A Y [3,16]

U(;Va T) — Voo 1 — (T —Trer)
e AR » ©

Hrp sy = /2tr(d?), 4o &— AR/ AE, T

Btk s — OB (4) R A 7, ACH A9 = 10/s.

ZHm Mooy ale —BEREMERIELR 4

0 <n < 1B, JEAR B BT ARRE; Xn > 1H),

IR B AUV RREE. B =1, (4) X N0

TR o NIREKESEL, Tt NS EERE.
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;Y > ;Y()a (4)

3 #HSPHE ## N\ XSPHIz E &
HpE A
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1 %5 SPH 7 v £ B3 T BUME LA, Tl
AR AR TR, R — eI
()~ () L (T) B R

7ESPH S i, AL BB f(r) TERL B =
(, y) bW SRR TR 12
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(V) = =3 ")V Wi (6)

g=1 ™7
/E\:EP, *ZIZI@WZ] = W(z; — CBj,h), % 34
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Tiq 873 :
BOBEES . hJCo KT A Sr T = YR 4 I 4 1),
T, R <F e R RIE) B T 45 4 SPH

EHOE 550
Dp;
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j Ox;
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j ox;
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( Dt )f z]:mj< p? +p§) B2
+ F<. (8)
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s 22 19200 RS A6 G SPH I BT, IR 2 L%
FHE M T 2 M Bt SPH Uy, AR B i SPH
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SPH J7 5%t s & T7 R B HI R 7R IE A,
FN A0 2 1 s A It 2 1) R A AU, B 3
SOHUERE AR, 5 5 2% B 7) 45 ) A

BT Bk A B, AR S RN W R 48 % A
V- u = 0, 56380k [27) 70T SPH ik AN B
Aok AR Bk A, X Hs 79 R F R RR B B0 2K, A
B B SR [15,18,27,28] B AR, sl & 5 F2 1)
Laplace B ¥R i — B 3 800 FA IR 22 73 el i)
REEA. TRENE R (8) XN

N
Du® P, P
(Dt >z Z J(Pz /0?

4m;(n; +n;)
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+x° jzl i a + F (1)
b R, x BN IERL, 23 i R RO
AN TR DU R IREE. — B, 0 < ¢ < 0.1,
0 < x <02, AXHH ¢ =0.03, x =0.1. (10)

wij = 2(pj — pi) FER (12)
ij
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Z o) x]zy]sz] Z yﬂy]z ij

j=1
(13)
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FEGTILA, N T B R AR e PEARS L (27251,

EEf i R P AR 7S B N ol RPN L S
T 5 B3R P AZ 96 B St s 502 By HH B JR) 0
RIS BEAE AR, AR 2R
ABEAUL N I e 28 3 A 35320 57 B 30 AN SR A% A B2 it
A% (13) 2, 1 DR FE HC.

N7 AR L, HF (10)—(13) NG AR NCSPH_
NVFE (Corrected Smoothed Particle Hydro-
dynamics for non-Newtonian Viscous Fluid,
CSPH_NVF) Jji£.

A R AN T I AR R R 95 T R4 dR,
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R AR MR fE R 5 FE 4 (10) (11) AN
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FH I 5451 36 3F CSPH__NVF J 72 3R fifd 48 4= 4 26 1k
WA R,

2 S TR AR [ °F X Poiseuille 7 1] 8, % #1
RS I T80 RE 1R AR AT T L SCHR [16). B4R R 1
Ytk BN — 8 R B m = 100 Pa-s™, FAE
Ben =08, FFp=10° kg/m>, EHEHEL =1
m, MAEEEn = 10° Pa-s, 40 = 10~4/s, I [A] 25
KAt =107° s, FIENO A E 2007, EHE
R EASCIE T SPH J5 ¥EE 58 F 4R Poiseuille 7]
R, BT UR 20 T 12 SRS, S RE N s 2K 05
LRI 3 5 564, PR b 2 S0 3 R it Jon 1 72 7
F = 0.1 N, 7t Jin & 3010 726 A%

1.0

0.8 -
0.6
< L

0.4

0.2

0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0
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. Ah, SR HPE K ] BE 1 5 Ab 3,
i 8 SR B AR SR R 1 [ B R v 12010
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4.1.2 FESFANFEMEIRAL T & E A

N B AE A SCHE H ) CSPH.NVF J5 i Re %
Ab PR AR AR GRS M R T )R, AN Cross WAE
TEAE- AR B IR B e AT AL, B4 B>k FH ) Cross
B ZHOR: FHVIRE v = 0.01 m?/s, w/DE
v = 0.001 m*/s, K = m =1, B{H5EZA
D = 0.004 m, IFA& T ®ENH = 18D, Mk
TIEHEENU = 0.5 m/s, JIF X% Re = 0.2,
Fr =252, BN At =107C s.

K 225 H T Cross WA ¥ 75 7 BR 18 3l 45 51,
H5 FSE KA T A i 245 Rk T iR, vTLE
t, Cross AR FE V& 21 HR b2 1t H 3L 1 B 2 1
FEARAR I G, T S A W A I e A H R A A
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IR, H Cross It A4 2135 7B 1 i 8] 55 T 4 fi
P B IE AR I TE] (ILEEL 2 (al)—(D2)). Al 27K F
[ B J5, BT Cross AR MBI V) A2 #, Cross Hiifg[n]
PR 0 fof 1 3 5 L A A A ) 19 2 o 1
(WL 2 (c1), (c2)), BEHE KM LN, Cross it
A B s Mg, HAE A7 B B 1 M
Fa, T PR AR AR B T LA B . kAt
AT AR B, CSPH_NVF J7 35145 2 R 20 A S0
M. FIRI G SCHR [8] 45 I Z5 R AR ), 1 BHAR SC
) CSPH_NVF 77 V% RE % A RO 40 JE 24 1 &6 1 R
A4 B T ) R

(al) (a2)

t=0.09 s

(b1) (b2)

t=0.13s

(c1) (c2)

t=0.26s

(d2)

t=0.44s

K2 (MTIR @) AIFEE 2§ Cross Wik (742) 5 48U
PR ) WA AR

4.2 SPHIRE ERUERIIE
4.2.1 FEF & Couette i

AN G AR Couette It # % 5 )
LG UE B2 H 1) ok SPH i P 29 iR 28 1 A 1k,
FLIE B RS I PR iR AR AT g v D0 SCHR [17). B
H I E RN SN Br = nU?/(5(T; — Tw)),
Horh U N L, n, T 73990 9 J A 1) 3 B AN iR
FE, Tw N BETHR L. M e W, X AL % &
Br =10"* f1EH. FrRHAKZEy: P BoE
HUy =5.0x1073 m/s, FPHRRE N Twy, = 275.5
K, FPRIEEN Tw = 273 K, L#E R ¢, = 0.01
J/kg' K, FHAEM Kk =01 W/m-K.

1.0
r ——= —— CSPH_NVF

Analytical

(T-T)/(Tr—T)

B3 (MTIE) Couette it i H H

&l 3 45 T AEZE IR Couette W v Bl 05 A iR
FEEALIERE. AT LR W, iBA BRI IR 2
LM A, AR SCHRE Y SPH IR FE 28 HOR R 15 3|
(IR 55 SCHR [17) 26 H L AR L 34— 3K

N 2% B4R H ) SPH IR B S BORE A BLA A AT
PSS, A%l T ARRMMAN DR T8N T
5 Couette R A MR EEHI 0. 47 LA H,
h > dx BIARFRCFE0 N T 793 30 1 45 A2 e sur,
h = 1.0dz B} AN [FRLF 20N 25 R FF A AR I, 1
h = 1.2dz i 2 77 [A0RL 2R 40 F049 (138 FE 5
T TEL TN IR JEH B MR, h = 14de B o 75
)R BN 40 F160 (143 5 51 T 7E 1 A4k iR E A
BAIIRY, B FEON 40 IR RS Em H, |
A EE R N A E R b/ de, A SCHEH 1 SPH
TP B HOR A LS.

b P 3 A 4 B 45 SR M mT N, AR SCER IR
FE B U AR B @ e TS B b/ da B L T BEE A
SR RS F AR L R 3 (e AL R
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B4 (MPIE) AR b AN F Couette i i3 #
(a) h = dz; (b) h =1.2dz; (c) h = 1.4dx

422 HEFR 41 -FHOKG R

4:1 PR R A Tl AR e L — M)y,
BB RS B0 SRR (A R, i R RS AR R
i FR A T IR N A (R, B T AT A A A 2 B
R BRBTUIME ], T AR B AR FE R AE. 5 45
7 41U EIR I R TR B RSE . RS IRIR B,
JENTLEMNSH Pe = pULcy [k, "€ R LIN
A BT R, b U R, LOV%F
TEKEE, o NERE, k A RREL

BEAD b R FH PR AL, X R 4 1 2 B I
N P p = 1.0 kgm ™3, BEEHn = 0.8, MK
WItEZEE N n = 50 Pass, 49 = 0.1/s, ¢ = 0.001
°CT, Wi Z ¢, = 0.5 J/kg K, S ATk = 2.5
W/m-K, Pe = 200. B HAEN L Ab AR B 33 4MHL
T, BRI AL = 1073 5.

fEFERE M Z, & T SPH /74 1) Lagrange
A, 12 ) USRI SR FH 30 5 2% A 5 A& 8 5 1 1
W FAEEANE, AL A N Ak X
T INAKF 7 R e E ) F, A A R e s 3k 19—
AME B K, NV E Toneey = 373 K HIH
fb: R Jip = 0; [EEEQD S it Jo i #  FAA,
& BRI Ty = 273 K.

F
- ____1 I
N|
4L I 16L i
k
16L

5 4:1 PRI AU R

L =

(b)

K6 (MTIEM) Pe = 200 W #CRHE A 4:1 W4 i
(a) #MLk; (b) WA
K6 25 th 1 ik BT AR A I B4R T

. 6 FTRAE H, WedE b B AT AR L B
T, Vil DX AR BE T PRI, 1] 6 045 B 5 SR [16]
FIZESRIE A, RIA SR RS E VAT S, EAR
R, HTRFINEAR SR i K RS
B WA 7 VR A FR AN R D61 A 458 R D7 vk
X R AT RAUAFAEAR KN, H 24K T 1% 1]
RO SPH S DLEE A7 38, A SO R M 45 Y 1l
AR Ik BT R A N TR o A 4R, TR 4 R 530
HiR [16] B 45 R s —E
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5 A FIRFEVME R AMy 7oA 7 ALAR L

AT N HE— P AR 42 1L SPH T 45 &
SPH i & 25 HICHE TS 4U0 53 2 YAt 30 1) 3L AR A 23 P A
FEERE, XPPREIEA C R AP G O T B SEIR &
PER G VTSR AT 1 IR MRS 7T

5.1 HEIEAIEFRRE

FNVNS PO B2 I R E | S (S~ G R N Y
HARSEAT 7B BB RS W T, A
M9 L = 45 mm, #MAYE R, = 1.50, WA
42 Ry = 0.5L, W0 0(0,2.50). EXEENS
# Pe = pULcy/k. B4l R H # Cross £ 24 J
ANHEE Nu = 5.0m/s. # Cross 8 Z 5K
W po = 10° kgm ™3, BIKEE ny = 102 Pa-s,
Neo = 10.0 Pass, K = m = 1.0. BEH iR ¥
Ty, = 273K, WIREE T = 323K, R EKHS
o = 0.001°C7L e, = 111.1] kg K, F

T
. 323.0

322.8
322.6
322.4
322.2
322.0
321.8
321.6
321.4
321.2
321.0

Q T
A 3230

322.8
322.6
322.4
322.2
322.0
321.8
321.6
321.4
321.2
321.0

WEH Kk = 1.0 W/mK, XN Pe = 10000, [
K AL = 1075 s. B ECEIR AR T2 9000,
AN VAR TRCE 30 /N KEF-, I A KL R 40 46 R 1 [ R
Ndz = 0.0015 m. BLANHT 5 Pe B 1)
SO, KL T AR Pe BT B AR S5 IR AR 2R R 1 i
ERBILRE, FFHEHSE 5 (0.0, 0.75L) &bk FE B
Pe 5172 4.

115 mm

K7 B e R)

T
. 323.0

322.8
322.6
322.4
322.2
322.0
321.8
321.6
321.4
321.2
321.0

(d)

K8 (MTIRA) Ffs AR Cross MR  (a) t = 0.016 s; (b) t = 0.032 s; (¢) t = 0.050 5; (d) t = 0.076 s
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323
318
313
308
303
298
293
288
283
278
273

K9

(RFIRAL) TR AR R Pe ¥R OIRE 53 i

K 845t T M i 9 3E 25 I Cross it 2l it F£. 323
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Abstract

In this paper, a corrected smoothed particle hydrodynamics (SPH) method is proposed to solve the problems of
non-isothermal non-Newtonian viscous fluid. The proposed particle method is based on the corrected kernel derivative
scheme under no kernel derivative and incompressible conditions, which possesses higher accuracy and better stability
than the traditional SPH method. Meanwhile, a temperature-discretization scheme is deduced by the concept of SPH
method for the purpose of precisely describing the evolutionary process of the temperature field. Reliability of the
corrected SPH method for simulating the non-Newtonian viscous fluid flow is demonstrated by simulating the isothermal
Poiseuille flow and the jet fluid of filling process; and the validity and accuracy of the proposed SPH discrete scheme in a
temperature model for solving the non-isothermal fluid flow are tested by solving the non-isothermal Couette flow and 4:1
contraction flow. Subsequently, the proposed corrected SPH method combined with the SPH temperature-discretization
scheme is tentatively extended to include the simulation of the non-isothermal non-Newtonian viscous free-surface flows
in the ring-shaped and C-shaped cavities. Especially, the convergence of numerical simulations is analyzed, and the

influences of heat flow parameters on the temperature and fluid flow at different positions are discussed.

Keywords: non-isothermal, viscosity fluid, smoothed particle hydrodynamics, thermo-viscosity model
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