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Fig. 1. Phase velocity dispersion curves for a steel pipe with outer diameter of 220 mm and wall thick-
ness of 4.8 mm

dy, I+x,)A+x Nx,. —x, D) v)
a6 [+, )+H(z, —2,)]

Canl 0 0315 LS (A) dolee jd 3 &S jolatlen uublize i

s SO Y s Saolind 50 &S 395 o Lo gy b Bb day o d2e b
O9 b sl (o o 5 Sy 4 pablise (slag )
olee s Gili8l b g bl o yao plp Wb dae wblize e

b gl
Bm :/JOLHZ/G (A)

Aals odnlie Oglite sahue b 5 (Sosypd Jlw (oo)p b
Cilisen unblize glacmlus 5 5l ublize 200 b blize a5 13

oSt 18 0,8 waalgs i JSb der 4y lyhad e ccilisin YL
1D Ao (1) ©Yolre dny o olasl b 3 pate by jls Lo )5 0 ko

2,8y yx5 () geboleo 3l o 0 Jlasl olos
1 —2
Fm:_E/'lO‘H‘ Vlm (\‘)

FIOx) ™ N/AT o e g oljl clad (g pddgas ol g o o oS
o & Jlpws sl Sl 9, s g (puiolita laze 3 H o
ol 1y Jluwgyb caliseo glgil Y aliseo 3lie g cowl Jlosl oubolize
L (F) dblae G oS Conl punbline cowlus L3S Y i 0
Dy didlgs 5ol (V) U (B) Yalee Laylg) 5 ol cuslite 518 Lol S

v;gmz%;"w (0)
L _1-¢ ¢ 5)

1+, B I+ 14y,

oYV ¢



OYYs U OYYY dxbw NF- - JL‘“ N D)Lou:': HY 0,93 ‘).....g)ml ;i.yls‘o u»o.\...e(c d..;).a.w

¥ 5 YA us o ol

N up=
Fy +V-ug=0 (VY)
pP=p+Hp,—p) (OF)

ol o a5l )3 5 g e a9 L8 S )
aly St gy s SWolee (lyy wWole (gilwdiunS )
38 o S Slp opmen 5 pgd 450 gyl (by) potiege CYdlao
093 31 58 i S JSl el 0 olizl T puimcsiloil g,
S G (F) Al 3 bl (o (5968 310 plosl T o0
V38 o5 ol oS & o0 4255 C s debiyy oy & 458 e,u)S &b
Pl @b Jlel 0gs 5 (oode Jo 10,951 00,5 o adl] cuidgls
ol odds o3y L Y S
Clasuio grzped 5 LU bwgio sacaejw bz 5 (I8
obis Y gz 3 [+ ] S5 g 90)l8 Jio b o (o) (Fgeiped Sl
dwgn B Jlw oyl ddllas 4y b ye dx o ol yolie ilosds ool
Ak Col 93 0 g RE = YIVA x VT g Ca = YIVY x V77
2 odloss 8 )5 e 3 oS Lok by 25 el e g 4 &S
dne el g (ot g (9 Jow Rl silodnd bl ¥ Jou
$9) Yl g5 5 Bl mblize dae il il sl o0 S At p oS
B 5l mdslize dae .l onds Judou |y el jlad ol 5 Ce o oo
S0 538y (SloJde (59) Bl ubliso 1o b 5 A8 oy /Y

ol (g (S5 JHo 9 920 Jo) (o red 9 (Sg

=W -y
(e yliel g (Sluslore 4S5l Ml () =V =Y

lasuio Wl 558 (00 515 )2 3)50 (38 Jo @l Jid ol
IMaal g o (ol aSud 5l g8 Jo IMal 5 (Slusloe 4
9> 8)5 S o b Aty aSd bl e 4 @S ) odae >
IMiz) adllas (gl pls adllan 5 o] Slosbms aijp g B>

1 SIMPLEC

2 PRESTO

3 Georeconstruct
4 Implicit

5 UDF

oYyo

Ca=pp /o, Re=pu,L/ 1, ()

gy 6 4 joSy fy gl B ga oSy 4y ol o oS

O OS5 O i dlwge 5B (639y5 Gy U, g diwgw B J&s p,
O Jde sl cpimgy ool )3 bl o dlugnl g gy S 93 (xlaws
9 VA ol o odlisol Sl g 4,8 (g b (g Jho Sl a9
A jeSwng 9 Coll (Do S db oSy Glusy Jaee Lulpd ) [

S oo s9ym (M) 9 (Vo) Ablee jl s 5 S5 g 90yl (g5 s S

n=n,+An/1+(Ap)")" (V)

n=ky

GMBINA olois by 4y M ol 0 & gl 3 &
b (Ve) doleo 3 @ iz Sloj ol A g jio g Colag e wjgSamsy
{a=—(NV)Y) Conl cuslite (1) Y y5ly !
Cgls 6yl S g dgd00 e by I pole adlllas (giluand
olistul (gt 9 (Fgs Jlw )3 (b p oS Wole Jo 6l
Nuwgs 5 poiiage (sddlae 5 Cuwl (gdmdw odd &) Jo ol 0l
2> Jae a8 o dgazme o (g, b (05 2okl saSud Gl
L 5> silodre cobls o5 conl ond oliul (odaw (2b3) B9y Sl
5 poiege SYolae gy Sy o sabwsy 4 |y ndiligliel Sl s
sl sk 4 g o) ]y anelsy (b s Jhew po ez 8 (2,
2 hwgiond JUdl e Glise (o) (nl 9 oo odliial (loj 4 ditunly
S olgie sl nl o2l b o8 a8 o o |) Slwlre S5k
28 Jls Sl sl sl 3 <S> plSin ) 5 plod aw S
o> S & A oSy 9 (S (salawly 4 pgtiege SV oles (ol pli
g Lib ) Glitgn s oo sl ] sl il gl sles
g g ) 8 o pe o bl ) Sgde a8 Sl e
G o cnlpl sl S bl oyl pgamme 0,8 Jlisl S (slajlé
Wil (JBs siile Jlow (Shy 9 (V) doles 3o olos s (213 (61

bped s Jol U oy 4V 5 ) lagumsl & S9d e > (V) ddlee



OYY+ B OYY) dxbo MY - JL» AN b)lo..a.f} QY 0)93 ‘)....S).m‘ L&u&n L;“’*\-‘-@(" 4:)..“.3

Initialization (t > Usel‘-Dcfmcd Stor;VOF Calculat_c’\;OF
A Adjust variable gradient
] . Calculate
St]gl CdMI?gI‘lCUC ¢— Magnetic Body
User-Defined ody Force Force in 3D
() Function
No
v
Yes Update Field Solve M d
pdate Fie olve Mass an
m Variables Momentum

G39 Jo Oylagld Y S

Fig. 2. Numerical solution flowchart
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Table 1. Ferrofluid and oil density, flow rate of each inlet, mean inlet velocities and the investigated non-Newtonian
Carreau and Power-law fluid properties. k is a measure foe mean viscosity an n is the Power-law index [40].
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Table 2. Assumptions and fluid characteristics. 6=12 mN/m, Cac=2.22x10-4, Rec=2.78%10-4 in all cases.
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Fig. 3. Mesh independence results.
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Fig. 4. Validation of the ferrofluid Newtonian droplet generation without the magnetic field. First row il-
lustrates the present simulation and the second row is the reported results of Liu et al.
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Fig. 5. Validation of the ferrofluid Newtonian droplet generation for the magnetic field of B_=0.1. First row
illustrates the present simulation and the second row is the reported results of Liu et al.
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Fig. 6. Droplet generation process. Column (A) Newtonian ferrofluid with B_=0. (B) Newtonian ferrofluid
with B_=0.1. (C) Carreau ferrofluid with B_=0. (D) Carreau ferrofluid with B _=0.1 (E) Carreau ferrofluid
with B =0.2
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Fig. 7. Droplet generation process. Column (A) Newtonian ferrofluid with B_=0. (B) Newtonian ferrofluid
with B_=0.1. (C) Carreau ferrofluid with B_=0. (D) Carreau ferrofluid with B_=0.1 (E) Carreau ferrofluid
with B =0.2
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Table 3. Newtonian dimensionless droplet volume under differ-
ent magnetic fields.
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Table 4. Carreau dimensionless droplet volume under different
magnetic fields.
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Fig. 9. Upstream and downstream flow pressure difference for Carreau dispersed fluid under
B,=0,0.1 and 0.2.
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Table 5. Power-law dimensionless droplet volume under different magnetic field for
n=0.1,0.61 and 1.3..
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Fig. 10. Droplet generation process of the Power-law ferrofluid with (A) n=0.3. (B) n=0.61. (C) n=1. (D)
n=1.3 under B_=0.
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Fig. 13. Dimensionless volume of the Power-law droplets against n, the Power-law index under B _=0.1.
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Fig. 14. Conclusion and comparison of upstream and downstream flows in B_=0.1 between Newtonian,
Carreau and Power-law (n=0.61) viscosity models.
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