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Analysis of particle-laden flow at high mass loading through Lattice Boltzmann Method
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Recently, a high-precision analysis technology of IAQ (Indoor Air Quality) has attracted considerable attention in
order to create a new value in buildings. In the conventional computational fluid dynamics, One-way model which
only considers the effect of fluid on particles is one of the most popular method. But, for volume fraction greater
than about 1ppm, the effect of particles on fluid can’t be ignored, and the collision between particles also has to be
considered for further higher volume fraction. In this present study, we have investigated four-way model which
consider the effect of particles on fluid as well as collision between particles, using Lattice Boltzmann
Method(LBM). This paper describes the overview of this simulation model and the comparison between One-way

model and Four-way model in 2D.
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Fig. 1 Relationship between volume fraction and simulation model
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Fig. 3 concept of PSC and volume fraction

5. One-way E5/V

AHFSETIX Four-way €7 /b & D ZDET L& LT One-way
ETNVOFREBITo72, One-way E7 /VEHRIHIIIRAG R L 1%
K- ORI GEEL TR, ETIREFO LBM 12X 0 JitisH
DHEATO, TNEE R E UTHA TR - O AT T2,
PRI AZB < HUIE, PRI DAL PR L7 B2 F yCvat
TRRAE TS T,

1
Fp = —cDAppv2

ZZC, ColdHimftk, Al 3 UCkIT 8500, o 10D
FERE, v RN R DR ORI CTh D, Cold 1.2 THE
1107,
6. WHEIR/ S0 rT I 7 DFEEE

Four-way &7 /LOFHRIZES L Cld, S TR A SIS0/ arfi & 9
B, WHHET 2EMNEE LV, ABFFETIE GPU (Graphic
Processor Unit) 2 X 2 W FIEE 21T >72, GPU 1% CPU(Central
Processor Unit) & b UC, Il a7 2254 LT A =—a 7
Trt e LT, EHERZED TN D,

Fro. AWEETIHERETES LT, 5%OT 17T LOREHE
(LRI R RAEZ . A LT T AV - TEHEOE SR05 4 75
U DFEFEIEDBLEA D Python 2 L7, Python 3L DIAT
TV &R N—EFETH Y | BEFHEH S ZIE numpy, cython,
FERO Y KIZIT matplotlib, seaborn, FEFRDAHITTRT—H 45347
(21X hSpy . pandas 72 EDEFET A 7' F U BSFIHTE, —oD7 1
75 NCT VAR DR A MR E TEHREITE 200 1 DO
#cha,

TNIT I T DFFEITONT S, BT LOBFIEE
SIETED RV T v /T I 73l A7 V=7 Ma
BWTTas T LR LIz, A7 Y27 MEECERT 2 Z & T,
BEA~DT 7 AAE— R BIHE 2%, REOT v 7T A
LI BV, T T T AOA T F U AMHIRL 2D,

AT TIIETINES T RAEAERR L, TiERT T R K L7
R0 T AEVERT A2 & C, BREZ Llo 7 e /T LanEIL
AT F U AMERBER LT, Te ST MEERHIIE, %< 0):7
4 ZDFIATE D08, ARGETIET /Ny THER N~ 3 VB
L AT I(Version Control System) & (DEHERKRE K3 FEL L TND
PyCharm %/ L7z,

Python C GPU W ZAT 5 1TII < DD 5738 273, ARS8

Tl PyCUDA £\) CUDAC DT =TTV EMALT
WD, FHEIZELCIE, GeForce 1070Ti (2432 CUDA Core)l %
ML



7. BHERER

AIFGETIE 2 RIEAR T AA A VLAY 800[ppm] DR Tk
FZ43EEHE, One-way £ /1 & Four-way ©7 /L0 2 DDET /L
THHEEIT -T2, ROV A N % Fig 4, FH5H4E% Table 1
WORT, V22 b—a VORI ETIRNOFEDLEI T,
TAFETE LI B L CEA T, 7Rk ORI
BEIE—EDT A DR ARAD L ITHLE LT, RRET-0
WREFE TR RRBI I\ MRREAARE L, 5O 90%IREE 5.2 C
WD,

One-way “E7 /L & Four-way &7 /UZI31T DI TALE & Ot
SARD B —X% Fig 5 (T~ 7, SR UOFRREEHED B E v
KEIFEIR CII7e < | PRI TN OV TR R 7R & 7283,
LAaL, SEGAZOWT AR Ippm L0 K&V
O, BTV ASERAEEETX 3, Four-way &7 /LTIt
AR T AA 2FAVIN S L L T D FN DD,

KV EEZR L AAT 2 2l 2, FAVENLDTT /U DV N TIRL 7753
THET D2 QW C 1 WIThod iz BT 7y b Licg
FERLA Fig 6 \ R, BT K DAY (2 kv | EI BN
LFRL, TSRS TS 5-10%F2(E T L, Wi TiseE
AR TIIIREIMED N EFTD LS FREHOEEH LA X T D
FGDD,

8, SEBAIZ L A MRREL

WITHER LT=3 R o L—3 5 VBT VO IRYMERGETE AT 9 412,
HELIESCROREE R To 7o, EFCROMEKIX % Fig. 7101, F5k
TIXETF v NIRRT 218 L, FTEDHE TR 71
E 0 R A SN ~E U T, ANSEBeR Tl & Bl 2
HEOVTRAERRDN D DN, FIICZERE AT D LBREF-553A1C
{0 AV UT= %, ATRNIEROT RS O[Umin)& L, BIFOATHE
BREIT o7, ZOFEEICH LC, PIV(Particle Imaging Velocimetry) ©
DR OFHN 21T o 72, TR BEE L v > — b L —H%—

Bm

e

1.377[m/5]ﬂ. e
" ® *Qi’ﬂlEO[Pa]
A e ® FEO | 1[mm]

e
® e s[um))

4[mm)]

Tin A (Canmmatmr and havmndaso nanditian

Table 1 Simulation condition

KT [ um] 5
72 [-] 64
JREgIE[mm] 1
JR[m/s] 1.377
LA/ ILRE(-] 91.1
HEDE [ppm] 800
RFRRIRE 1000 x 4000
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Fig. 5 Particle position and flow velocity distribution (top) one-way
model (bottom) four-way model
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Fig. 6 Comparison of one-way model and four-way model
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Fig. 7 Experimental set up of PIV system
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Fig. 9 Comparison of velocity distribution between dilute concentration and
dense concentration in PIV system
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