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Relationship between Size Segregation Phenomenon
and Flow Characteristics
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ABSTRACT

Some geophysical flows involve rapid gravity-driven granular flow with different
interstitial fluid concentration. Debris flow is one of very typical granular-fluid flow in
Taiwan. On vertical size distribution of debris flow’s deposit, it is easy to observe the
“size segregation” phenomenon. This research tried to figure out the reason and factors by
literature review and understanding of similar mechanism when particles shake vertically.
This study shows that shear stress distribution result in the phenomenon. The main factors
are frictional stress, collisional stress, viscous stress and turbulent stress. After larger
particles (the inertia are higher) obtain kinetic energy, the motion directions are harder to
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be changed by stresses. Consequently, the larger particles increase comparatively the

vertical velocity with diameter.
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(interstitial fluid) 26 & 4~ — & 8 K7 i (granular
flow) » 71+ 1537 (debris flows) ~ fg¥(landslides) ~
ZE B (snow avalanches) ~ & 417 (lava flows) LUKz 1
B K& 2 R (submarine avalanches) %
(Ancey, 2007) - HA » +f537i(debris flows),Z #1
Bt~ 1)~ ARk (particle) Bk R & —# -
HE) G AR BRE 2 TR IR AR - W RN
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DR AR S A Bl VS B &=
B > MU /KIRIREII > AT 2 K RERL & (e
iRV - B A S > SRR g e
g o NFERAE LG 2 — % ek 53 /g (normal
grading) ZBH{5R o Nith > L iinEeE > &8
e 2 3BIRAR » WA RRAE A SRS I E) 2 I
2R (Takahashi, 1980; Parsons et al., 2001) » [fiH. »
B T iR AR 2 TR E 1w > RIE KRR
1t L& > /NFERLAE T I8 2 K 1% fii 43 (size
segregation) 15 > A& 1 fr o gk - K

1 B URIEIE 2 EE R DM (EFR I E K
SR BRETORSH - ERULRLE
MIFER R » RFRAIELIE : BHREL
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RIFREEAT T2 B Nl B e R » B —fmT
11 trh(sediment  transport) & KL 73 e 15 47 FH S5
(reverse grading)  Hfi + it 12 KFERLIREEAE
Jelmbd & - HeE LA E s - AR
REEREGENTHOE ~ i8558 0 TR - K
RER S DU o2 e R RGP - (015 TR i
i DARE R (Y G

AHFFE SR BT ST » BB — R K fifi 73
I 4R (size segregation) Y 4 “Brazil-nut effect”
(Breu et al., 2003) » 7L ~ BIEEL  {EY)EL I
(LB A2 55 sEI A B2 M e % ~ RS
[ F 7F T 3£ %072 ot (Ahmad and Smalley, 1973;
Williams, 1976; Bridgwater, 1976; Jaeger and Nagel,
1992; Shinbrot and muzzio, 2000) - FHf7 1R & /3
Hi%(size segregation) Z 5t » #EHIHEEE IR
RIS » KFER g1t LR E) - T BRI A
53 o ELE BRI B i T 2 S B A S AR
FRIE (Ahmad and Smalley, 1973; Williams, 1976;
Bridgwater, 1976; Jaeger and Nagel, 1992; Duran
et al., 1993, Knight et al., 1994) » (H .24 2 ¥
PRI R R DU RTRER B 2 2% HETIEAR
[ 2 B0 » B4 % e i Reverse Brazil-nut
effect” (Breu et al., 2003, Huerta and Ruiz-Suérez,
2004) o

Campbell and Bridgwater (1973)F]FH &)~
[Ef > (AT E B R IR E o BLRAE U R
H1(100 um~1,000 pm .z i) th Z it 84 & —Jk
HRBUR L R PIBE S - Ahmad and Smalley
Q973 ERK 24 mm ~ 17 mm Ll K 8 mm 2 3 f&
(B BK G (B HE A HZWD (PRI A% 500 pm~600
um) Z [ElffH - T ER E R EE) - BB
SRR > H AR AR RS R s |
FOEERR - BA RREIGIN#E : RE%E
ZRFERL » B A FrREZREAK s RAEIR



KRR ARSI B RE 28 -
Scott and Bridgwater (1975)2 B g X &R 1
RIS G BR > R (86l 0 Sl 2R R 2 B T o
Williams (1976)fR4BRT M5 A 2 B > SRR
Bi IR 2 B84 - (ST R B R R 50 7
TERIRT » A0« FERIES THR E RS » SRR E
TV (T FH A A T T e AR (AT r 8 SRR R B
—HE(pour into aheap) » AR &% AR ET TR
N 5 2 1 R Bl R A R AR IR T A 2 RIS i o0t
1R » BB KR _ L RSB E ENR ISR 2 3
RERBR R E B A B TT 2B Bhid s s
REVRE 2 4 L 77 2 22 B

TEBRET R il 73 B G 2 BRI B 7 THT > HS
o [ 2 Bl T 3 28 2 KK il o B R 2 BRI A AT
5y » HEHRW S BEEHATHE > S ErCA
D ELE G I —BEHITE SRR ST ARSI HE H
T E BB AT TR 2GR USSR E N
T R 2 RSBl 3 TR o

RE BB SRR BRI
T B B P e [F] 7 R Em e T TR ST o DA
Z AT AR R R B
[R5 R R B/ N T 2 ] Jeg 8 %8 {nf 38 £ (1 ocal
geometry)ff £t (Rosato, 1986; Jullien et al., 1993;
Duran et al., 1993) » HIfS ARERL T 772 FLIER
Ko TERFERz A FREEIRE - /NFERIZS B e A KRR
R 5 2 220 {H/ Nk 2 B RIIRE R RE R T 75
ZER AR 2 BE AR N » HoE ORRERIE 2 KR )
T ANErstrE R EE (AE 2 Frr) - R95 Lk
{Bi#% - Rosato (1986):%F 1K A /B £ B2
HIRFFRIAE L > FEFEIRLZ RS EL T » B/ N
R A KRR T 77 2 WZR R EE R » MORRERL L
FZEA IS —7E(E - Jullien et al. (1993)HI[#k Hi
(B 2R R 38 A W 18 B o B R o2 il ORL A
(critical ratio) » 7F 2 #ERH T - FEKIH L EARE
30°F 60° » [ FHRI{K LLHIH 2.993 F 12> ANt
AR AT RERL BRI IEE ) 138 2 IR DT > EHERE
SRR [ 72 A ik ) (col lective motions) o
Duran et al. (1993)#£ 5 Hi KRk B/ [N & [ 7%
BRI IE A TERRR 2 BN UE B B T (8
B EEE RRS 1.0 g) » (EAERIE LR ER FHYE

(b) Connection convection (modified by Poschel and Herrmann, 1995)

2 (a)B# Loca geometry 2T SR AITI3$IR
KREEHI N 558 Arching effect (Duran, 1993)» A
HRZEREKA - NBRSEA : (DBEIR
Connection convection 2= » £ B8EFTE
gRER BRRESNEMES  TERPR
FZAX Upward flux » B£32 2 pK Downward flux o

(2 HERR ST RIS EE=12.9 : 3 HERRST RIS L =2.78)
- RISET A Gt -

LIE# 2 AEEEITHT e & BERER - B
2 G R R B R - MR R R
— B RN 2 ) - BB a2
{525 (convection cell)fi - F8) » H KR H) %
KA  NEREECR - BLFRE A EhRE A T
W ERAERE - Ratkal (1976) SR 2IRERL 52
FIEE A 2 SRR - RN - ¥
IEER Z BIERELTR - Taguchi (1992) FIJ ] BfiE i
AREEER R EEB < BHRIR - ERENRE
oL R 2 WISV 2 R - AR BB 2GR AL B
R > TSI BRI IR - R g -
et — B S EE B AI#E (critical acceleration)
mr

Hrr» T+ BFUIGERL < b GERE(m) : wo = A
J¥(rad/sec) 5 g = B/ (m/sec?) » Taguchi i
PR OB A S 0.9-1.2 2 » A g%
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* 1 AASEHZLLEDIT
Experiment & Theory Experiment Convection
Locd et -
Item (Ahmad and Smalley) 0cal geomety connection
When initial position of large particleisin Initial position isn't
Initial position of large particle the center of the cylinder bottom, ascension P O
S . remarkable factor.
duration is shorter than in the wall.
Vibration frequency increases. Ascension duration of large particleis L
(Constant vibration acceleration ) longer. O It'sincomparable.
Vibration acceleration increases. Ascension duration of large particleis O O
(Constant vibration frequency ) shorter.
Relationship between ascension Depthisn’t
velocity and depth Power law remarkable factor. O
. . Ascension duration of large particleis Diameter ratio isn’'t
Diameter ratio incr ) shorter. O remarkable factor.
Different density of large particle Density isn't remarkable factor. O O
. ) - Shape is supposed to
Different shape of large particle Shape isn't remarkable factor. be remarkable factor. O

“(O" meanstheitem is similar to Ahmad and Smalley’ s resullt.

AENRBISR - Taguchi FRFE¥NRZ 84 » RHP
AR 2 NLEE K & TIE R BOER R R R
=AM - e 4 B e - e
HeE) - HHRPKT TR G &2
DISERIRIE] 5 774 ) AT » U rp s s
HXHPRES TER - At 2 FERASRE
N BB IR 0 I ECENR o H RS
I FE/ NS B I » Taguchi (1992)37 F5 FE K
B WA IR ZIEES - N & YR - &
%> Taguchi (199230 £ & T A YRR R < B E
Ko FSFRER R ARG ) B
it SR g BRI Ef B o A SR AH I © Knight et al. (1994)
TFER I HIES 19 ~ 6 K 2 mm Z3BHEk (tracer)#
AR EAE 2 mm B EEER 2 e s E g o
FH 0472 ¥ 45 (vibration exciter) LL 7 g Z A 56
ITEE) > B 3R LA ZHEEENS s H2
mm 2 7 i Lz o BN G REERILR M
T2k H Knight et al. LS — BB A28 & THH
A2 B > B BB PIERTE B 2 L fEE R
TEER[E T - (HHAA SR EISERE A b 28I
IR A BRIGER AR C & 62/ VR
Ko b o> ARIBLLE 2 BRERSR » R gIHEE IR (S i
R IR SR E R - Poschel and Herrmann (1995)
FIH 738 /77%(molecular dynamics dgorithm) » 2
TR [T fes B A 2 R - R TR S 138

KA B o3 2 Rt » - BRI N B R SR R
HENRE S REEE KFERI R E 2 (LE - Bllerg |3
Rt - (B & (AR E (lag) » BIARH
R EORIAC % ) » B 4G 30 sec /it AT
LA HEAE EARGE P25 (whae
effect) » (RIS ELBOR » RBERIIR U Z BLSR BAR
HH#H - Poschel and Herrmann B {ERI#EEREHT - 1F
RMEEE 2 TEC T > G — SN L R ARas
HERRREE B2 05 2B - 5 (2003)fR
F AR R 5 » L) 30Hz 2 i 4HAS » 0~2 mm 2
BB - A EISH S 4.0 mm 2 VBB B 3R
PRiE A A€ 200 mm » 5 300 mm 2 BT 1A g
o Sl IASRIRAR E (B R E 5).2 FHIFI#E Bk
fi s B ik > F 28 TEL Knight et al F{DLZ &)
SR P o W EREEIRER T TR [FHERE R
J& o BLHE | FOEE 2B o (2003).2 HiERAG R
1 Knight et al. (1990376 tH A » Z8 R KLl 73
By 2 B ER S PR R 2 R ey | B
EHIR RN S REE BRI TR > A
L2 S - BT [ 1 R o S D B B
AN ik o %1 Ahmad and Smalley (1973)
FrEAT 2 B EEEBITT 8RS Z
YIEBLR R AN SR 1 A o fREEFR 1> SBILL
S 7 1 o e o 1 R A AR B 0 B R DT A
GHRAMBSE ZBS > L. Campbell and



Bridgwater (1973)2 # g » HIB$ BRI R A 7 EL R
TERIR RS 1.2 157 BT AT HHEEEIH] - M B Bt S Bl
Duran et al. (1993)f#E 8.2 3 #ERR RIS 2.78
BATHIA » ANt > RS HE S g s B MR - 5
A TR ARG 25 - INFS Knight et al.
(199 fERifE L B/ BE ] Ahmad and Smalley
(1973) ~ Campbell and Bridgwater (1973) 5z Scott
and Bridgwater (1975)%1 (% FL ey f 8 /7 HERIZR
Z BB RGN IA » H R A AT RE RS Poschel and
Herrmann (1995)Ff £ Hi KRR & AR SR 2
PEm o GERCE AR 2 U A T
- B iE Knight et al. (1994)Ff i BB L&
FE(7 Q)R HHER P (L )il % » (i Rtz
SOBHAITRE -

e % L SO B A ) 2 AR
BRI IC AR 73 2 %% {H Breu et al. (2003)> Huerta
and Ruiz-Suérez (2000 B 7RIS HLZAL - 5
JEHN R B 2 28 SR MR 2 B
/INEERLZ B R » AEREE IR 1 g I > K
REVRE ST & UL © SHHEVR 1 B s B (S B /3 2 A
R BEBURIK AR 73 BRI E S 210 A RS 2l
{52 BN 2 PR R R R R BR  Z R ©

REEHRSH IR HLUEBZAK
LIHRAGER 2 WA TRERE » N7 88 3 R S FEk,
PNz 59 JIRMG B B2 F ¢ B e T Baf 2
FERLA - IERERR A 2 T Rt A g 2
BEEH] - Williams (1976)th 32 £ 5 Z Rk B,
BH — % 57 JIFE BV AT B8 28 4 R 18 6 43 -
Takahashi (1980){Ea& Ek: (LI HE IR EEET 2)
FREW 2 R T - A Bagnold's dispersive
pressure 2 {5 (Bagnold, 1954)HE& Hi AFER{E
TR b AEE (B HAR B B e o A A
b KPERLz B A EEETR > Takahashi FAH
FLAth B HI i A4 & - Dolgunin (1995, 1998) 1f
EREMZ BT > FE R AR A T E R
Z TR IR RN RE ~ FERL & AE S AR
(convection) ~ #E#EL(diffusion) ~ &F% (migration) L
B R T I il # (collision) ~ JEE#2 (friction) ~ &5 /7
(gravity) Z 52 H. [ 17 it 38 252 53 B (segretion) 1
R o S AN BRI e 2

2 o (HIE A 1 E PR AELRE & (roughness) % & 1T H:
R o

Garcia Aragon (1995){F #£E k7 Bd /K IR &
Wi (granular-fluid chute flow),Z 5501 > SR EER:
f1filfi i (collision) ~ JEE#(friction) ~ B .2 R
3 (viscous) L) K [K] 25 ¥t (turbulent) fft i B2 59 7
F RN MEPRFR TG L2 57 13 LB
RiA S 2w B8 LR/ - B
AN E R AR o2 B E A o2 - {H Sumer
and Deigaard (1981) - EIJ FI| A #8 PO &1 Ml %
(stroboscope) » #5HIE] Eb & FE KA B 2 FRRLIE 3R
I i O (turbulent flow) HR o & 17 35 I A4S 1
(brusting phenomenon) i #Hs » 11 % 28 HE Ef »
TERFLZJERRERE T - B B IRASHE 2 - B
K% &) 2§ /T - - Jenkins and Hanes (1998)
IR sheet flow Hh .z Ji ki (particle) /R & K& i
Bt 11 2 AR hlf i o

AR 5% IR 25 4 2 1 2 R A i A 2 TR
figg » P H b 2 B > EEMEEET b 2 ks
{RE TR -

= HRSE®

H AT ABZER] 2830 > e E Bl 2 RS 33
R e LIEHR IR R (convection connection), 2 #
BEAETTIERE o (BN RE A RN 2 5 ) ~ BRI A
filfi 88 Py 2 2 2 Bl A HA LR FERL [ 2 AR 7
AR AR A A s - IR > EEE) 2R
Bl B EBN LR - HEHE Taguchi (1992) 8
Poschel and Herrmann (1995) 2 f& ¢S 51 » 75 24
KA > KRR A v REREE ¥HRIEE A T
&) WP > HIERPUEI M ES) 2 B
R N HAT PR E A M EEB LR Z A
% o

3@F 1 =) > Bk ATRE 2 EEIR
1 f R e ) R P G (P DR A ol S B TR
MREEES 0 B 7 ERIEE b 2 EEhE > JEE
Rt R S IR 0 5 TR ZIdE B (Do) %
19 @ Fs4d BH7IR % (Taguchi, 1992; Knight et
al., 1994) » HFKFE R TR IEE K H
JIMEEE - BRI EHEE 0 HHEME 2 E

51—



(2)

Center line

(b)
A A’
S\ \'/7,{ \T

A\

\\\,.////lln\\—\,!,
A R
NNz tf v o

(©)

3 AREERINEEDETEIBR b IFZHERR B55H0 MBI NRE I > 19 MRS 2REB
BRI ¢ (D)FRAIZEEBDIERATI B HIARTBER ¢ (OFMK CRRRIARP AR B E) I T

BERENIEER D EEAME

BYRURE - TEZRIRVE TR —WH] - fEem 2 A RER
SR/ NERE o 18] T ZIEREEE RS g > LR A
LR » FUAER T 2R R RS 9 Z BBt
BlER > MR MR R MR GO IRE P 22
1 PEH A A BEE R T 2 NNR R E T
(LA s AR G T B — FHETIER E 7E - 59 71 A1
TR B BE N AFARERL - BRI i (Couette Flow) -
{RFERLIEAN A 2 8 1 E (rheology) » B 7152 &
IRE LT EER (convection cell) i - 3k 2 H]
KiszB8E 2 BT 1E T » RS XA T @5 12
E it (momentum flux){E A Efe o OFEEl » 72 7c
HBREANE 2 A s - (B %5 77 A1 BE i (%
A 2 B A e L O ARE » SERE ] L1
B > IICRRERL AINE S 3 . 2 18RS B2 L e
Q01| 3() T Z BHAIEER » LU AT RES & (] -

T TR 2 BRI IR - Bl &2 (RS
R 2 A5 2R » RERSZ RBERL dua B dio
SRIESERE AR R H ~ MRS Z/ VKL ds
A HELT 2 BRI TR E R - RO RERL
TEIE 3(b) ZEEEG A 2l B [RS8 - Mg du &
R Ou > TERHIE RS R BB e 2 i T - S
{852 {EIR IR #38 Fi7  AE  B BEUR > (R B R SFIRLZ
(BT - BERBERL TP AR IR dua b
0o 2/ NFER F 2 » DR REDRE AT B 52 2 (momentum
change) 15 2 B & FE RS dia BE dio o (HIEEE TS - N
T3 Pt M R 2 Bl B ERAG R L E AP AT 21N
*ﬁ(gﬁﬁfﬁgﬁ dua kb dp) o Rl fEGR 2 dua B dip
SR EE dy B0 A T AR 2 H OEE &R Vo
e 4 Fror o FERIAEEBI - FRIER J1(normal
force) . filf i it 25 5 2 B & A2 #a 91 - REREL
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&2 RNRLOREZAIE D

Type Position (I;l;; (2:701) (?ng;:;) (Ianmr:) De41/Diss
Chiufenerhshan of Nantou County, Taiwan 153 66.9 149.6 174.0 9.8
Sanpu of Nantou County, Taiwan 24 317 720 148.0 30.1
Fengchiu of Nantou County, Taiwan 114 2.7 118.7 1735 105
Gravel Tahsing of Hualien County, Taiwan 11 18.7 64.1 185.3 60.4
Chienching of Hualien County, Taiwan 12 14.0 144.4 159.6 1224
Rock Creek of Oregon State, the United States 0.004 5.0 30 11.0 750.0
Highway 38 of Oregon State, the United States 0.007 28 10.6 13.0 1514.3
Calabria, Italy 0.450 5.8 2.8 40.0 6.2
Mud | Hsintien of Taipei County, Taiwan 0.010 0.095 0.137 0.233 132
-~ SRR E LT thElRH - MIRIERE
B SR DU R A AR 2 R - 1 24
St » BERLRS BT 80.2 51 I RORLAS AR E L - B B
El X
Fsl:dLl':u:h. &:M dy
Fo do-u d, m, (dL2)2
Fo
Horbs my fe me ol du b d 2B & 5 an v
a, Il dus S doo(KIBT 1A AZ Z IR © HfS du . | . \
B Ao ZATHEFS Voo IR dia Bz dio 7E 1 KR % - B B

o4 Tl 428 P {250 < BYREN K - WP AE T — KRl 72
HiT > HCBIRE RN DA RERL ] 2 FERR T Frrifba > Rifm]
i B H

~—.d.2.v?

2% _dous )
£ e S i S )
,.szz.VOZ d-u-S

2

x> du Bz dofE 1 KR TS B 2 B
R S B Sz o IBER A A AE (B L fGE g S EE Bl iR
JE T EFTERIEEE) - AR 12
RIS SR 1 RS - DS Vo B/ -
TRAZ(Z - AIFFEITE/ NER B SRIE T - K€ HEEE B
FHE 2 B

5_1_sz

S, dy

ERHRER BT - L2 E OHE
= MR 2 BYRek ) - RISBOR 28
RIS Z IR Pk ) 2 B RE R B HEE) » # b

4 *ﬁ@é di & do %E*TLMEEE?‘DE Vo B
EFENFa R Fo

T R R o o R R A ER A AR I T
B > R FLE B RS | ROE S B EE - ANHFSE S
ETERLEEZ

B ER T E R R 2 LR > ] fE
FTE LR Z R B R > RS2 2 J8
FERAR RS 1 B i o2 B AE R
— & RE (length order)t » DU KR E ]
REKL » 56 15471 I (Browni an effect) 5l NI FLER
71(van der Waals interaction potential )7 4= it € 14
LR o [KIIL - ARN ST SR PRI A (stony)
PR A (mud) i SR R 2 RS E R 2
i) > LAk s Bt 1T bR RIS H 2 RS
*E%Z:E 2> U\ D84.1 Bf/ﬂ)‘(U\ D15.9 ? *ﬁﬁ?ﬁth%ﬁﬁﬂ 6 %ﬁ
F| 1,514 FZERPEMK o T - FF S S I



Acrylic cylinder ﬁ

5 EERIERKEE

BB B ERER s M S R 2R - ARG
B e ki3 il 5% 25~ 7.5~ 10~ 25 i 45 % 5
AR ES T

AHFZER]H P 150 mm » & 200 mm 2
22 IR v TR BB T B B - R AR A TR
2 mm 2R SIEEERZE 150 mm 2 & EEBAE
Ba.z /NREREL TR RERL AT AR E AL FS 5 mm s
15 mm ~ 20 mm ~ 50 mm £z 90 mm [E#& Z %7
BEER o 1 2t A T 5 A (B A 8 B — (31 K 7
B S EE TR WA LR LA
EAR 2 KR A 2R 2 IR [ - AT EBade
B IRF A 5 R o H (B o) 2 R AT AT

Z =bcos(wt + ¢);

Z = —bWy SINWSE+@); oo (4)

Z =—bwf cos(wit + @)

Hp» 7 - GABEBIEE P OB (ZE (M) < b iR
(m) = w = A (rad/sec) : t « [Kfi](sec) < ¢ = 4]
U A (rad) © AGABRAG E E IR 5~ 102030 ~
40 ~ 50 ~ 60 ¢ 70 mm <5 8 ffifHIER AT - SRASEY
0~4Hz nF - EB7E L HR A% 4.00 g - HATE
PR IRE T R AR R - BlERaE Y
bR BRI 2 B - S 2 B B R A
0~2g [ » FEig{EH 30 Kz 40 mm R -
AR STRERGE TR E RS RESE
SRS HE AR BRI R B R 5 75 s ]
DRI SZ 2 e filfifea 7 » 7 2 DRI e 1 BB 2 BRAR
/NFERLER S TREBR SO & (R R e J 133 e | - FRERET
FRRIAIRF B S R E R 2 8 ASEE

100 mm & » Dso = 1.68 mm ;2 fb ki » 31 TEAER -
KRB AR AR 2 B B - HOB A R AR
BBk 8L/ [NFERL Dso 2 RI{R L5 18.9

T (8 72 B R (A 43 2 B ) 5% 55 BE it 7
KLz 8977 » & BRRR  Z flf 8 > filid 2 1 e
11 S EIRE(ENR » T RERRIE R < SEEIRGE -
YAz 5 ) HIES FEk 7 A R o B DL B2
f# » B )Ry 2 SRR (Grandlar-fluid flow) »
AHIFFE A8 L A A R AR i 73 2 LR TR RS R R 2
Tt 2 Ffr L2 - [ 3(0) A5 [l » B AR A R
W > Bl A A E B (conveyer-belt-like flow)
2B (Takahashi, 1980; Parsons et al., 2001) » [l
A2 KR AR RIDRRER NIRRT iR
GRS 2 AT » N 1 B2/ N
KPR » (H R A T BRI B S 2
2 o QSRR A 2 KRERL L sy » BIE— K5
L T i e 2 U KT ][R i 2 el K SR 2R
88 Rzt e AR 722 (dynamic) PR E DL -
LA P B [ R AT EEYS2 > i i K L SR S s
2 KFERL o REAR RSk R R B 5 B
BB > FOOEES) 2 B - HEB) R
(kinetic characteristic) S LIARRIEER AU » K
Riis a2 g2t B —>A'>A—>B—B’ - £ A
—B Bt » KFER &SRS R 2 5 1ER
RS CEENC L LYot )iy ANSY
KL MAERHZ A (inclined channel) 2 & R E A HH
KL B Bt N (exer) 57 77 £ B—>B'EE » K
REVRE A 2 e R B R A B o rp 2 R ) BRI AT
g8 AT MBEELE 70 WK
BHGES) - fEERLR A - KRERE BB B2
8> FRZAERANERBES  GBRIKFERGEA
GREIE LG -

FERDA IR IR AR > e I AR 712
X AR REST IR WL T g2 d
(LB Lg 2w g8 b &

Ju Jau

a_y X > a—y P (5)
{E Hertz (1881)5#MERlifE 2 3% T > R TERK A
MBI 2 i K SER T F 3



2.20

b R SR B % W44 B

A& 25
48 10

2.00

AT LTS
FAE 2.5

1.80

AT 45
H A8 H19(5))

O m X X O »

160 Ht

i TR (HL1E $145)
,,,,,, T F(F1E H25)

1.40

— R F(HLAE 610)
— RF(FARIT.S)

E 8% (2)

T (RLAE L19(5D))

KR P45 1y =1.7887x "

R*=0.9875
FLAE 125 1y = 1.8404x7" 07
R*=0.9736

FAE 10 @y =3.0695x"7
R*=0.8171

AR TS5 1y =2.6865x """

0 10 20 30 40 50 60 70
kB 85 B (min)
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