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Control of pressure fluctuations in SPH method for
simulation of flow past a cylinder
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Abstract- Smoothed particle hydrodynamics (SPH) is a fully Lagrangian particle method which solves a problem
without using any mesh or grid. Pressure fluctuation is one of the main drawbacks of the weakly compressible SPH
(WCSPH) method that leads to an inaccurate pressure distribution. In the present work, a diffusive term is added to the
continuity equation to suppress the density and consequently pressure fluctuations. In contrast to the mesh-based
methods, flow separation and inflow/outflow boundary conditions are two challenging issues in the SPH method. To
overcome these problems, a new algorithm for inflow/outflow boundary condition as well as a particle shifting method
is utilized for simulation of flow past a cylinder. Comparing the results with those of literature, it is shown that the
method is capable to decrease the pressure fluctuations and solve problems including open boundaries as well as flow
separation.
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1. Wall Bounded
2. Periodic Boundary

¥



OlKen § ok e

Loiiane Shae ol [V ] ol oas slpriy calises Yl
L a Sl el oaald cewoasy Lol S uilse0 3,k )l
Cwddy SPH g 05050 B3 slpalFos 5l bYs
Ales g5lwainnS lp (Vo) abaly 5l dlie ol o ] oo
m; 2A;1; - VW,
ViA=Y 2ASL Vil
j IO] ‘ ‘+77
syl 7= 0.0105 £ =F —F (Aj=Ai- Aj a5

)

sl S e (A o 3l 6 S ol sl

Eoman JE i -1V

)o wdae Sblwg adg SPH iy, sose OMSCew e
8 5eSams alax 5l (39llT L Lol Lid
Ol Co 6141@ LYYl labge Lawgs ouis il cotan
oo olpiin NVYOY] ol Lwg egrme JE> sy

o

Olde Al

rVwm
P

D, 5hc022( | |+n >
J

QR

Ol Sl w03g lalige sestan &5y Jolds a5 ¥olas
A58y jomax o ddes cpl JA il oals sl /Y
o goboy am b jlad plae clilug g 485 IS esan
dloz ol jom 4y oS a0 aloz (il LS o il ou
9 052 )L ((Egiman &j58ms Sl &) (Aly & 95y
@ ,led Slleg zals gly ol o Slae 4 540 0 0ols yLis
2l Soge a il az g BB 5 (a8ly A jeSng ol e
EYolis pis g0 53,5 Ik gl a5 o ISl s,
" et 85 b canliie oo o 6l 095 co o3liul
Lol 10) (gjlwdimns 8o Ll 8l b cplpln .ol Yol

RUSUOR SIS & oW IRYE] L)"‘ )‘ JUENW 4.‘:‘)‘ L5lli> yasn

Loy p8 Hlme -V-Y
sloslne 51l Gloj o6 Jlade cso0e by ok Gl
Aoz o 2 85 Z3) fseind by 1S Cund patiine

1. Ad hoc
2. Resolution

Yo

Lo &b (505 o b oadil oo Lo 2l jo juniie o po ol
piie olgicon sgyazme Slae b JLS5 5 (s fymn 55 5
b ) Sge 4],
A= Z AW )
i p]
=5 &L Wij 908 JS5 502 oS5 4 pj g My oS
j5|o).>5¢‘5ul_§.oul_.admm)_>ui)b_mc\_fw|
=S b ) o eolaiwl 550 5,5 098 oo dwle
G 90 Sl gl Wo aS((F) alayly) 009 aduig

sl 7/(4707)
4
(1—Lj (21+1j 0<f <2
w(r,h)=w, 2h h h
r
0 2<— *)
h

Gl ool a8 F s 10 YV Gadss ol o h lade
&L Jsol 5l oolaiwl L SPH ig, 10 5 itie sl ,Sles
Slmly sl Ssd oo dmlme (Solw 4y jskS by 5 J)S

ookl Lol 8 (giluancd olp (V) alayl,) o Jas piinge
ALA

VA plzm 2 2 Vi\Nij (V)
j i

Slalbe dg azgi b g cusl )5 &b Lol 5 Viwg a5
}jlo.c 6)Luw SR ] 6‘); &9"“"(5" 4.»_‘3; la‘ | o)é
S iy L33 090 oo oolatuwl g3lu b 5 Zyb 5l Lol )F

13,5 sanlie [#] &0 @ oleee |y b ol )
Viw; = L(Fi)vivvij )

a (V) doleo 4o g cawl oas Jlo i 5,5 Lol S VW FLY

IO ed Q}‘*’gs" (5)“ASJL>V|\N|J 6l>

ow, ow, "
E/j(xj_xi)a_] ZVJ-(XJ-—Xi)—J
L= > 7
Zj‘\/,-(yj—yi)a—x” Zj)’J(yj_yi)WIJ
*)

)'| 0 w‘»}.:.) )jla& 6‘)—.’ sl r:‘j 0,3 ij as
S3bwdley gib olyen 4 (ggeme gib bm) (DSl )b

L] 35 oo oslial 5,5 &6
30 e Y Shes gjlwdinS sl u.d.m QSLQC)L’

Y 6olais V¥ 593 AYAY s (9 980 S0 (cwdiho



OlKen § ok e

o..\_ufa..:;ha.;—gi..w; M)ﬁh_iabc;}o &)9..44.350..\.&
s )9Sl (b8 (ol gl Wgdoe S

dp. .. da -

_I:D ry yu 1_I=F| ry U

o ((F,p.U) o (F, p,u)
dr

R=f = =i Ve

= f(p) ™ (%)

‘SSLA) ,ul_S/ douss o ).».4‘)[4 R )JQLD.A 5‘5:9@ :Ll>).o )b

1
4:*'5 _ Uan +£ Fan
2
et At
Pha 2 :pz: +?D:
i t.
r, 2=r"+—u,
n+1
P2 =1(pl) av

ool wl L asas Sbey o8 5o i 550 polie e

1

. N n+=

Ul =ul +AtF, 2

nel

n+l _ on 2
Pa = Pa + AtDa

1
Fn+l _en )
r, - =r +AtU,

a

1
n+l _ n+s
I:)a —f(pa ZJ (\A)

wl)d gl -F
Mg cel cwl (Ko Jlow Sy Gub o a3 oS >

iny 85 el e T &y ol g 3 5l plael i
Gilesylgan anl S plml ol B 0,8 sl oS |

Oz JSae ol de o slaglsy Gl e Sl S
5 b alwy Wé as Sy ol el ol elge
abi" oo pol 4 @id 313 ool 390 [YF] oS 50
. e . . Y . ae| &
Looysm i 5 gy el Bgyme Melate 6315V spume
Sols 5 s [vas] cad als T obals iy, c S5 ol

2. Lagrangian Finite Point Method (RLFPM)
3. Shifting method
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