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Porous modeling for the prediction of pressure drop through a perforated strainer
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Abstract: In the present paper, we apply a porous modelling technique to accurately predict the pressure drop
through the strainer by replacing all or some of the filter composed of perforated plates with porous media and
there imposing the streamwise and transverse loss coefficients required according to the Forchheimer law and
then confirm its effectiveness. At first, the streamwise coefficient is obtained by performing a simple simulation
on the pipe flow mimicking the hole flow. Subsequently, the transverse coefficient is obtained by setting a unit
pattern to have common flow loss characteristics with the repeated shape patterns in the filter, then performing
numerical simulations on the prototype and porous model of the unit shape pattern, and finally comparing their
results of pressure drop. To validate the applied modeling technique, we perform the numerical simulation with
the two specified loss coefficients on a whole shape of strainer and compare the modeling results with those of
the corresponding prototype numerical simulation. Comparison indicates that the modeling technique can predict
the pressure drop and flow characteristics comparatively accurately and save the number of nodes closely related
to the computational cost (CPU and memory) by about 3~4 times compared with the prototype simulation.
Keywords: Porous modelling, Directional loss coefficients, Strainer, Perforated plates, Forchheimer law
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(a) Prototype

(b) Porous model

Figure 1. Schematic illustrating the prototype and
porous model for the numerical simulation on a
strainer

B =R A] v 2
7k vl w27 i l( e~ 10°) A avts
Skal o3k 22> <= Forchheimer R RH-S

A,

rlr
1m
o™
2 o
irs
1o,
0,
=y
o
offf

Gamtd AR o] P eh3] A 4378 #|4%.(2013. 5)

LRI R s A

B AT BED g REEEME FAD
2718 7K ele Alel PHel we FAwes
QA Felly] Hiel o] S P

loss

1) #=x] webs A (0l d= EEAF K
TG} o] M= thEh Figure 1(b)= ©
|

o] i3k =2 (schematic) S Kot} o714 2
weky g EAASE A K9

aKo 2 EABG b 4 @ oo

o s oA % & Atk
o _ p
% - _[(loss,ng |V| Uy (3)
op _ 4
E - (a[qoss n) 9 |V|Ut @

A7IA n ¢ 22 AW
Fo}. w244 Forchheimer
Bt ol Sel 1433}7]

o} el 22

m> EEe)

AT K

loss:n

coefficient multiplier) ol

2.2 EHAx
Che g mdls] apgol A ek F eke] &4
S Qo Yot APl oEshe,
oleld Aust FolAA g AS T gol &
A om o ue dYan
WA FAE EAASE K, & BER B
FHE AL FES A o] ZfEow s
3, o] f5o theled 7ere FALAE Fae
e % olek volzel A} Bit FESEE
EFER el A9sh s AT wef
W9 7 ool PREE V= 5% 6 94
abe F-5(fully developed flow)oll A L7HE Hof
2 5 AF Aole] Wit FEAF Apehd ohew
2ol £ANG EAAFE T F Aok
AP )
L - [(1055 h 2 Vhole (5)
[(loss,h,
[(lossm = ¢2 (6)
360



e

pi

o171 ¢

B e e 3w
. — X0 =

f

I

(b) Hole pattern on

o =0 __ 0 ut
M%qﬂWoW%uﬁWﬂmo]HLﬂw -

o ‘.‘I%L\_..leuﬁo '
S NI A%mfimr 0voT i _
mM_oﬂAoWﬂﬂuL% 1
G T A U SR 2
Mﬂuhﬁﬁ.@ﬂ%LMﬂ , =
“iZRErAECF * | 5
T T __ X o i c
ﬂiiﬂﬂd.wwdfr%ﬂ , , g
DT S IR L S , =
A I G Ry , , ' &
BEELEFNRT @ K , ! I 5

0o = ) —
R e I , P! ©
N 50 =~ oy N W K < o
= EleNar Ty - 3
Ay T Th g B Wb N e -
O_,me‘l_l_tooiﬂﬁo.m.Mﬂﬁ

S X o oe =

g L B K o] T o
"X do T R W OB W e

T W H Ho T e k0 X o Ao
ﬂLATﬂWﬂﬁoﬁWoﬂaﬂﬂ]ﬂo‘WoEE._\_t]_l

T o, W — o B R n
TEWEP o o™X o
791&3%%%#_0%@“ O

X o - =
IS EEETIT L5 T
o pﬁrvo B orr X NS o . —_
zﬁm_- MATﬂAlEo_omﬂﬂoﬂmoqo_aﬂoq ki)
zomuutmmk@%ﬂ%i.ﬁdrﬂ;%%%
T A T I i ) i
ﬂ;lbauoﬂﬁ,wﬂtmﬂﬂoﬂoﬂ__&o#a7\_tﬂm "o
dﬂwqcﬁ PLuUmernmEATm M.r&o,a_.ﬂ;v&o 17ro
ﬂo,lﬁ ,Wodlmmh o Eo7ﬂ.o|druﬂoﬂ,ﬂ
wiETEcLeclnicgr, ¥
— T pl R 0 0 ~
uﬂoﬂkmﬁga@:%ﬂ.wﬂﬂ@ﬂewqw ol -
ThrosBPa 2X 1p@gvs 4 ©
X DS g0 ) A —~ 5 ™ i
TR T I L= B NI B S o

T _XPECWRR L OHTET D W]
Pog gyt e®® g r <l »
TosgTaTdmpg gt - 5
o T H KT R EFH GO LWET ™ =

361

plates

hole

(c) Hole pattern on
the top and bottom

Punching

@0
®

the side plate

o)

Figure 3: Shape details of the filter (perforated

plate) installed in the strainer
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Table 1: Boundary conditions and parameters applied
to the numerical simulations on the unit shape pattern
of the strainer A

Prototype \ Porous model
Inlet (V) 1.69m/s
Outlet 0 Pa
Outer boundary Symmetry
Walls No-slip condition
Ko - 14.7 /m
« - variation
No of nodes 1.0 10° 2.5 10°

T

s

(b) Porous model

(a) Prototype

Figure 4. Unit shape pattern of filter simulated to
obtain the transverse loss coefficient in the strainer
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Figure 5: Variation of the pressure drop with the
transverse loss coefficient multiplier for the unit

shape pattern of the strainer
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Figure 6: Grid-independence test on the unit
shape pattern for the strainer
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Figure 7: Comparison of pressure drop versus average
inlet velocity (strainer) between the prototype and po-
rous-model numerical simulations on the unit shape
pattern for the strainer

363



AL -

Total Pressure

(a) Prototype

1

(b) Porous model

Figure 8: Distributions of total pressure on a hori-
zontal cross section obtained from the numerical
simulations on the unit shape pattern of the strainer

(b) Porous model

Figure 9: Distributions of flow velocity on a hori-
zontal cross section obtained from the numerical
simulations on the unit shape pattern of the strainer
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Figure 10: Schematics illustrating the computational
domains for the numerical simulations on the whole
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Figure 11: Meshes generated around the filter for the
numerical simulations on the whole shape pattern of
the strainer

Table 2: Boundary conditions and parameters ap-
plied to the numerical simulations on the whole
shape pattern of the strainer

Prototype \ Porous model
Inlet (V) 25m/s
Outlet 0 Pa
Walls No-slip condition
Fluid Water at 25C
Turbul
urrnct)Jd%Tce SST (Shear Stress Transport)
Rigssm - 14.7 /m
« - 14.6
No of nodes 1.3 <107 4.0x10°
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Figure 12: Distributions of total pressure on cer-
tain vertical (upper) and horizontal (lower) cross
sections obtained from the numerical simulations

on the whole shape pattern of the strainer
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(b) Porous model

Figure 13: Distributions of flow velocity on certain
vertical (upper) and horizontal (lower) cross sec-
tions obtained from the numerical
the whole shape pattern of the strainer
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