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Mathematical analysis of suspension dynamics under the effect of slope
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To consider the effect of the condition of the plate, we carried our the
experiment of the particle-laden flows in the uneven plate, which based on the case of the smooth
plate conducted in the previous study.We obtained the following results for a mathematical model
(Zhou et al.(2005)) including the wall function W(h) describing the wall effect.When W(h)=0, one of
simple waves of Riemann solution is only contact discontinuous.This contradicts that the phenomenon
of the particle ridge rich phenomenon is the caused by two shock waves. When W(h)=1, we confirmed
the existence of the 1-shock wave family under certain circumstances. In addition, we derived the
range of the the volume fraction and the size of the particles in which two shock waves (1-shock
wave and 2-shock wave) generate the particle-rich ridge by using numerical calculation.



B X C—19,. F—19—1., Z—19 (@)

1. WFFERIM SO 5

[ AR -8 B L= R IR D = & 2 BRETE & W, F oR LT T4 2 8Hm 0 lkke L sk o fE
FAIZ L > TELT D, LN BRI O84S 7emhm 2 3t T3 2 BETR O K im iZ 3R O
B BE &R DRFE S RIS U TR - IERE (settled) « IR AIREE (well-mixed)  Ki{-BE D&
(ridged) I3 %, 2 b —HOE LT, BEiE I 2 ERE-CAEROMEERICED
LOTHDHEEZLNTEY, HHIYBHEET MVIRTFAZRDO ) —~ U HBETH D,

SRR\ Z B 2 BRSO JE S FEF IR <L 1950 A0 5 2000 A2 T TE < OfER
DEIN TS, B bR RO 1 oI2, Richardson-Zaki (1954) 12 L5 b D0 H 5, 1
OIXRRE I ORI ILREDNRL - OERFES R ORETE Z D Z L2 L, b g L E O
D2~ T2, F72, Huppert(1982)X° Jerrett-Bruyn(1992) OFEHR TIX, B LE WK
JEEICRBNT T 4 o H Y I REEWNAEL D D ENRENTWD, BRIBIKOBZERICHN
BHIERL DI A 51 = KX LTV TIE Zhou 25 (2005) 12 & - TR B AL, BREIE IR AT 4 il
WICEDZ EMWRENTND, Rt EIRIKDIRAIRIEIZ OV TIE Wang %5 (2015) DFER N H 5,
P OITBEET VA HEERT 52 & T, A & EHRIE A2 RS Do AR O R R E R
(REGE S TT VA BN > T D EB) 72 PRk 70 7 7 A V&R Lz, LvL, 2
O DEATHIZIT T AAREICBE SNTZbOTHY . BEOREBIC LTl ShDE
BILEE I TR0,

— 05 ARAERIZR OFCFFERIT DWW T Lax (1954) 12 X A fE RN EE TH 5, 1T A U REAER
FRO Y —< B L, BRHEG D EICERE O G, M2 RS T 5 WA IXE R
FTIFHEEO EL N TH D  BREGPHIE R OS A Bl REE Th o Z L 2R LTz,
FIZW L O ORGFHIRITFEREBER 25D 9 5 2 &0 Keyfitz Z(1988) 12 L » TREnLTW
Do TALD OB EER A HIT AR (WFFEARERE) &N (BRS040 13 7o R 2 0 T 5 5%
IR DT T NATKET DIRNT TIE RS U, B -IERE &R O CTHLI 2 Bl o X 7 —
VEMERET D Z EHSRE [, LML, 2D OECEERAT OB BT H b 2 5B E T
IR 72RNE OGA TH 0 . RO RS MY 72560 X 5 2 Rim O AR R 2 By A7z
BHEET MZOWVWTERINTWVRVORBIRTH S,

[31H3cwk] [1] Kaname Matsue, Kyoko Tomoeda,
Toward a mathematical analysis for a model of suspension flowing down an inclined
plane, Proceedings of Equadiff 2017 Conference 349-358 (2017).

2. WHEOHM

EEEo 1. WFZEBIME LI 0T R THlR~721@ Y | IR RHE 2 T3 5 BBk o9 5%
TR A TIIR VR ENTETWD, FO—FH T, Tl TIEARWATT 27 T4 2 5Eikc
DWTIE, BFHRT 21T ) ECARARGEHET LT OLHFEVIREINTHARVDONRBIRTH
%, BIZIE LAWRED X S 7, BEOBRBL TR ONDFIIZEW T, AOESIC X
S TR B S NORPAE T2 . REORIRICE > TRIEOWNL LT b d D
725, BHE ORI L DB AT 5 2 LI TERY, T 2 CAIFE T, BEEDORITHF
T 0 EBEORRBIIHIETED LT 572012, MOBIR EFFHSOFHEIZOWTELRT B,
MY 2 A 2 30 B9 IR IR IS e T 2 BT T L2418 L, 2 OF 7 /LA o R 7 i
P, S OICHER T 7 7 ANV EFFOEREOX A F I 7 AEPTHRDZ LIk 0| HE
OB A D = XA L% WD, FieftmOya . settled (23t L7 BELE T AT HOWTIE, BF
FeREE LW HE LWL ONDOEFFRNT FIEEMEE L TV D, s OFEE FICHERS
BEETHEOEELZEZE LT-BAEDA D= XL EHRIINCHBAT 2 Z LR TH D,

3. WHEDTTIE

1. AT O LA A, FIaRRim 2 T3 2R (T 7 A —X L) arF A4 Lol
G OEBRICET AIEREINE LTz, HITHREOEREIKIC LT, EREEOMEH (T 27 UL
W) LIREIHE OMEL (U 3 F AN EHTAE—X) EOMOHEFERAZEA LT-, FEHEE L,
BERET 7 2o 2 — 1K UIER LTz, FEBRIZEBW T, 9T CIT b g ekt
WX D EREFHR L, AITHER TORINTZ/NZ — 2 (settled, well-mixed, ridged) ZHEFS L 7=,
WAZRHE WM TH DA OFEBREITV, B RIGA OFEBRFER & g Lz,



2. FHEDS RS E - Mg 6007 & bR O Seimftinic A C5HAIT 3 eI TH Y | Fr
(2 ridged IZBWTA LS EEHAR 2 ELET L5E6 BT H ORI AR AIRTH -7, £ 2T,
FATHIIE THRIE STV D EEBETRR AR 2 JZ BAT T &2 0 AN 7o R AR 2 8 LT,
Z OFEBEF AR D SRS TE T LR settled (xS A ABGLEUF AL, 2 &
TRIFARTH D Z ENTRTEI2OT, 2 BRORAFAROBFERITICBE T DI e e L7z,

3. RHH O E L . BBIRICE TN DR OEBEDRNBE WA, BIBIK O iz
ELHLG: (ridged) NAELT D, Z OMEREBISIZHT 2 MEK HFER GEEET V) 1X Zhou & (2005) X°
Cook 2 (2007) |12 X » CEHEINTWD, 528 L-HEET LV CiE, kiR & ki -
BERI OFAAER (BHE OIREZN RN G- 2 ZRi 7D LEB IN TR Y | BEmAREEIT, A
SR T DRI &SRR DR ST LI TH D720, A U DBEEERITR 7RIz L -
TELT D, FATHZE CIRBEmE 2D B A WT Iz 1 & LTERIN TS, R OEWNIZ
K BBEHOFEIZ OV TIERIN TV W, i 1 & L2GE . EEREEL fREE T
BIGRRME S FATIFRIC K » TR STV 72, BEmh RS % & 2 E Il S84, Uk
SNEEBEOEEHRS Z LT LT,

1~3 ZATHIZH 7=V | 2018 FJE & 2019 FLEIXE N HIRCHEANHIRIZ L 0 | BFE s 135 CBE 3
LW LRI b A AT o 72, 2020 4 L 2021 EE I 0 T RYYEDOBREAFRE SRS
WZPED B OB L > THIET D Z RN TH -T2, TODRBFEL LT AT A
W2 X AT B A b E T T,

4. WFFERR

1. FERANEICBIT 2R (TT7 A —X « U a3 A )VOIRATR) OTES) % Tk U 7= FL6
FREFCRICRE OMRAEZN R 200 AT it H AR 2188 Lo, RHmas gy a o L
FRECRIZX T 2 UH T il WA OWAVUTER — F ISR S TR Y | #9 Mk e
M1 %oe (R BT 2R AFHIR TH D, —FH, R OREDNRZZE L7256, Rk
Jin U TR - AT —H MO E B 2 2 /e Sz, Fox 1322 2 ot (B « BAT) O
BAFRR E L CHEET VA28 LT,

2. SEATHIIE TR O TES) 2 5ok 9 2 EEE SR ACRIDEEMM R A TEAdb s h Tn 5o — 75,
BRIBIE D fetmf I AE U 2 MEEBIAIT 2 SOERBICEI DD TH L &S TnD, FEEEIT
JERMVERATRONDHR TH D Z & LHIERNS | SLimf i OMEERRIIRERICLD
ARG B NS, £ 2 CTHEMGERARD O T RAZ EHT DB, TR T/ &
WE SN TWERERIMEEOEZ K Z & TRERNMRBDPREDNGBRICOHIETE LD L)
IR TR A DO E AL E1T o 7o,

3. b (BEME) OARFERN R L DB AT D720, Zhou 5 (2005) R Cook %5 (2008) THRE I
THBEET NVOERETo T, OB LT T UL, BRI W(h) 25D R17F
HRTH Y, BBROBREHRZIIZOET VKT DY —~ VMEOFHMEZHERT 5 2 DO
BWICERT S L INTWD, ZHUCKHT 28PN IELEZ R~T 720, T W(h)=0 DL x%2E
BTz, ZTORRE, BREZHERT 2 2 DOHEMIED S B 1 DITHEMMAEGE & 7o 5720, BRI
TFE L7202 &I L7, RIS W(h) =1 {2DWTEE A 1T - 72, Zhou %5 (2005) <° Cook %5 (2008)
DOFEAEEBRIC LV | 2 DOBEEW (1-HEREE & 28 E) OIFEIIMR STV TR, BT
ELTUTREH S LT, E7oFkx @ 2020 4R E TOMFIERCR Tk, 2-MEBRIEIIFEN R S
NTWEb OO, 1-EBEFICOWTUIFELZ R T I ENTE T RhoTz, Ll I
FESSHMEHBEIZL Y, BEORN FICBIT S 1-EBEOROIFEAWRT DI ENTE I,
WIZ, 2 DOEEEN (-8 & 2-HE8) BFEE L 5 DR ORISR LR O A XOHIH
WZOWTHNT, Fo, BERBG L REDE - b A XOBHRIZOWT H I,

1~3 OMFFERRIICE L CIIENA O FE - FREESSE I —TRE L, £72 3 THD
NIFFER RN DWW TIL, AP E L TEEDTER LI,

Kaname Matsue, Kyoko Tomoeda,
A mathematical treatment of the bump structure of the particle—laden flows with particle
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