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%Ov};|t CUOx@ 3
�1 = r1(1� cos�1) + d+ r2(1� cos�2)

cos(�1 + �) + cos(�2 + �)
(2)

�2 = r1 sin�1 � �1[1� sin(�1 + �)] (3)

|x} w=R '�2 w �1 =vLv= `=aW \@=wQ R= xO=iDU= =@ u=wD|t =Q `}=t pB sHL
|xQP |oOWQD |x} w=R p=L Qy x@ "OQm u}}aD ��� T=tD |x} w=R w '��� |oOWQD
R= |a@=D u=wvax@ � u}}aD |=Q@ u}=Q@=v@ 'OQm u}}aD K} QY Qw]x@ u=wD|tv =Q QDnQR@
=]N w |aU VwQ x@ |U=tD |x} w=R w xQP wO u}@ |}=OH |xrY=i 'lU}vt sHL
R= pY=L V1 sHL |@=} RQ= =@ u=wD|t =Q '�V � `}=t pB sHL [13]"OwW|t pta
'V2 xQm C=a]k sHL Vy=m TBU w O1O2 QwLt pwL P1P3P2 u=tm u=QwO
u=wD|t 'OW=@ XNWt V xm |DQwY QO 'u}=Q@=v@ &OQm u}}aD 4 |x]@=Q CQwYx@

[12]%OQm x@U=Lt Q}N= CqO=at R= =Q �1

a = �1 sin(�2 + �) + r2 sin�2 (4)

V1 = �

8>>>>>>><>>>>>>>:
(a2 + �21)�1[cos(�1 + �) + cos(�2 + �)]

� 1
3�

31[cos3(�1 + �) + cos3(�2 + �)]

�a�21

"
sin(�1 + �) cos(�1 + �)

+ sin(�2 + �) cos(�2 + �)

#
+a�21(�1 + �2 + 2� � �)

9>>>>>>>=>>>>>>>;
(5)

V2 = �
3
"

(2� 3 cos�1 + cos3 �1)r31
+(2� 3 cos�2 + cos3 �2)r32

#
(6)

V = V1 � V2 (7)
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QO =Q 0 9 |}xQP u}@ l =m]Y= ?} Q[ =@ xvwtv |oDN}Uo VwB '14 pmW
l =m]Y= |x} w=R '0 9 l =m]Y=?} Q[ =@ xvwtv QO "OyO|t u=WvhrDNt\}=QW
?} Q[ V}=Ri= R= |W=v Qt= u}= "CU= xOW QDnQR@ l} |xvwtv x@ C@Uv ' |rN=O
|}=Hx@=H |=Q@ \}=QW u}= QO =Q} R 'CU= QwmPt |xvwtv QO |}xQP u}@ l =m]Y=
xQ=tW |xvwtv x@ C@Uv |QDW}@ |i=QLv= VvD p=ta= x@ R=}v sm =QD QF= QO C=QP
=@ xvwtv x@=Wt R}v 0 9 |}xQP u}@ l =m]Y= ?} Q[ =@ xvwtv QO "CU= xOw@ l}
|Qy=_ |oOv@UJ '`=@W= |xHQO V}=Ri= =@ '0 5 |}xQP u}@ l =m]Y= ?} Q[
VwB w xOQmv Q}}eD (') |rN=O l =m]Y= |x} w=R xm |r=L QO &CU= xDi=} V}=Ri=
Qywt Q=}at |=yQDt=Q=B '3 pwOH "CU= xOw@ |R=wt Qo}Om} =@ =yV}=tR; QO|oDN}Uo
Qw]u=ty "OyO|t u=Wv =Q |oOW`=@W= hrDNt \}=QW CLD =yxvwtv QO ?trwm �
wO QO |rN=O l =m]Y= |x} w=R u}@ hqDN= 'OwW|t xOy=Wt QwmPt pwOH QO xm

"CU= xHQO 2 R= QDtm xvwtv
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Ot"|oOW`=@W= hrDNt \}=QW CLD xvwtv QO ?trwm � Qywt Q=}at |=yQDt=Q=B "3 pwOH
�0 5 |}xQP u}@ l =m]Y= ?} Q[� 1 |xvwtv |WQ@ Ctw=kt QDt=Q=B

Sr = 0� Sr = 10� Sr = 15� Sr = 20�
� 207 2 293 8 347 9 c(Pa)

17 69 17 38 17 48 17 48 '(degree)

�0 9 |}xQP u}@ l =m]Y= ?} Q[� 2 |xvwtv
� 271 354 4 398 1 c(Pa)

18 93 18 98 18 98 18 83 '(degree)

QF= "O@=}|t V}=Ri= `=@W= |xHQO V}=Ri= =@ |oOv@UJ u}= "OvyO|t V}=Ri= =Q
C}y=t xmr@ 'CU}v |m =m]Y= CQwYx@ `=@W=Q}e l =N Ctw=kt QO |ov}} wt
x@ C@Uv =Q |QDW}@ l =m]Y= |x} w=R |xv}W}@ 'QDsm =QDt |=yxvwtv "OQ=O |oOv@UJ
"OvyO|t u=Wv OwN R= Vmt u=ty CLD w `=@W= |xHQO u=ty QO p )W |=yxvwtv
l =m]Y= |x} w=R xm OW XNWt `=@W=Q}e w lWN |=yxvwtv Q=DiQ |xU}=kt R=
xOt; CUOx@ G}=Dv "CU= Q@=Q@ Qo}Om} =@ ,=@} QkD `=@W=Q}e w lWN |=yxvwtv |rN=O
"OQ=O `=@W=Q}e |=yl =N l}v=mt |=yxDUv=O =@ |@ wN Ck@=]t '=y|R=Ux}@W R=
`=@W=Q}e |}xv=O \}Lt |R=Ux}@W QO xOWx�=Q= pOt |}=v=wD |xOvyOu=Wv Qt= u}=

"CU=

OvyO|t u=Wv =y|R=UpOt "CU= xDi=} V}=Ri= xvwtv wO Qy QO |i=QLv= VvD Q=Okt
T=U=Q@ "O@=}|t Vy=m =yxvwtv pNrND OYQO u=R}t 'x@v=Hxty VvD V}=Ri= =@ xm
QO w Ovm|t QF= C=QP |Q@ R CQwYx@ l =m]Y= ?} Q[ 'xDiQos=Hv= |=y|R=UpOt
C=QP u}@ QO QDR} Q C=QP CmQL |=Q@ QDnQR@ l =m]Y= ?} Q[ =@ xvwtv QO xH}Dv
|=Q@ xOWxO=iDU= l}v=mtwQm}t pOt "CU= R=}v |QDW}@ |wQ}v Q=Okt x@ |vwt=Q}B
xOWO=H}= ?P=H |=ywQ}v xm OyO|t u=Wv `=@W=Q}e \}=QW QO |}xv=Ol =N p}rLD
Q=}at |=yQDt=Q=B QO |tyt Vkv Ov=wD|t l}rwQO}y T}UQDU}y w |ov}} wt QF= QO
VvD O=H}= ?Hwt 'QwmPt ?P=H |=ywQ}v "Ovm |R=@ ?trwm � Qywt |oDN}Uo
l =N |DNU w OvwW|t Qy=_ l =N QO |oOv@UJ CQwYx@ xm OvwW|t |WWm

=yCWwv=B
1. macroscopic
2. microscopic
3. discrete element method
4. pendular regime
5. funicular state
6. contact angle
7. wetting angle
8. gorge
9. random
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