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 Poiseuille law: yield st6ess vs Newtonian fluid
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<latexit sha1_base64="Uap3o7aLOt9V8S8V/Oxcx04EqJM=">AAACzXicbZFNj9MwEIbd8LWUry5w42IRIXGhildIcEFaAYdcEEXQ7UpNFDnOtLVqO5HtsFvccOVvwBH+Ef8GJ+lht8tItl7NPPPOyM4rwY2Nor+D4Nr1GzdvHdwe3rl77/6D0eHDE1PWmsGUlaLUpzk1ILiCqeVWwGmlgcpcwCxfv2vrs6+gDS/VF7upIJV0qfiCM2p9Khs9Tt6DsBRP8Bs8yQh+4e+jbBRG46gLfFWQnQjRLibZ4eBXUpSslqAsE9SYOYkqmzqqLWcCmmFSG6goW9MlzL1UVIJJXbd+g5/5TIEXpfZHWdxlL3Y4Ko3ZyNyTktqV2a+1yf/V5rVdvE4dV1VtQbF+0KIW2Ja4fQtccA3Mio0XlGnud8VsRTVl1r/YcJgoOGOllFQVLsk1beYkdYmgaikAh2TbXCbWYDtiGxKc6I7aI1ZU9h7tqoyKNmNd3DSZC0nT+IkFLJ JSnjl/wZJmnszLc5dYrjb4w6zpmIuOcdwb9j6et3BuO7OmN4tNC7nPfsYoJPtfeFWcHI1JNCafXobHb3ffe4CeoKfoOSLoFTpGMZqgKWLoG/qJfqM/wcegDrbB9x4NBrueR+hSBD/+Abp04LE=</latexit><latexit sha1_base64="Uap3o7aLOt9V8S8V/Oxcx04EqJM=">AAACzXicbZFNj9MwEIbd8LWUry5w42IRIXGhildIcEFaAYdcEEXQ7UpNFDnOtLVqO5HtsFvccOVvwBH+Ef8GJ+lht8tItl7NPPPOyM4rwY2Nor+D4Nr1GzdvHdwe3rl77/6D0eHDE1PWmsGUlaLUpzk1ILiCqeVWwGmlgcpcwCxfv2vrs6+gDS/VF7upIJV0qfiCM2p9Khs9Tt6DsBRP8Bs8yQh+4e+jbBRG46gLfFWQnQjRLibZ4eBXUpSslqAsE9SYOYkqmzqqLWcCmmFSG6goW9MlzL1UVIJJXbd+g5/5TIEXpfZHWdxlL3Y4Ko3ZyNyTktqV2a+1yf/V5rVdvE4dV1VtQbF+0KIW2Ja4fQtccA3Mio0XlGnud8VsRTVl1r/YcJgoOGOllFQVLsk1beYkdYmgaikAh2TbXCbWYDtiGxKc6I7aI1ZU9h7tqoyKNmNd3DSZC0nT+IkFLJ JSnjl/wZJmnszLc5dYrjb4w6zpmIuOcdwb9j6et3BuO7OmN4tNC7nPfsYoJPtfeFWcHI1JNCafXobHb3ffe4CeoKfoOSLoFTpGMZqgKWLoG/qJfqM/wcegDrbB9x4NBrueR+hSBD/+Abp04LE=</latexit><latexit sha1_base64="Uap3o7aLOt9V8S8V/Oxcx04EqJM=">AAACzXicbZFNj9MwEIbd8LWUry5w42IRIXGhildIcEFaAYdcEEXQ7UpNFDnOtLVqO5HtsFvccOVvwBH+Ef8GJ+lht8tItl7NPPPOyM4rwY2Nor+D4Nr1GzdvHdwe3rl77/6D0eHDE1PWmsGUlaLUpzk1ILiCqeVWwGmlgcpcwCxfv2vrs6+gDS/VF7upIJV0qfiCM2p9Khs9Tt6DsBRP8Bs8yQh+4e+jbBRG46gLfFWQnQjRLibZ4eBXUpSslqAsE9SYOYkqmzqqLWcCmmFSG6goW9MlzL1UVIJJXbd+g5/5TIEXpfZHWdxlL3Y4Ko3ZyNyTktqV2a+1yf/V5rVdvE4dV1VtQbF+0KIW2Ja4fQtccA3Mio0XlGnud8VsRTVl1r/YcJgoOGOllFQVLsk1beYkdYmgaikAh2TbXCbWYDtiGxKc6I7aI1ZU9h7tqoyKNmNd3DSZC0nT+IkFLJ JSnjl/wZJmnszLc5dYrjb4w6zpmIuOcdwb9j6et3BuO7OmN4tNC7nPfsYoJPtfeFWcHI1JNCafXobHb3ffe4CeoKfoOSLoFTpGMZqgKWLoG/qJfqM/wcegDrbB9x4NBrueR+hSBD/+Abp04LE=</latexit><latexit sha1_base64="Uap3o7aLOt9V8S8V/Oxcx04EqJM=">AAACzXicbZFNj9MwEIbd8LWUry5w42IRIXGhildIcEFaAYdcEEXQ7UpNFDnOtLVqO5HtsFvccOVvwBH+Ef8GJ+lht8tItl7NPPPOyM4rwY2Nor+D4Nr1GzdvHdwe3rl77/6D0eHDE1PWmsGUlaLUpzk1ILiCqeVWwGmlgcpcwCxfv2vrs6+gDS/VF7upIJV0qfiCM2p9Khs9Tt6DsBRP8Bs8yQh+4e+jbBRG46gLfFWQnQjRLibZ4eBXUpSslqAsE9SYOYkqmzqqLWcCmmFSG6goW9MlzL1UVIJJXbd+g5/5TIEXpfZHWdxlL3Y4Ko3ZyNyTktqV2a+1yf/V5rVdvE4dV1VtQbF+0KIW2Ja4fQtccA3Mio0XlGnud8VsRTVl1r/YcJgoOGOllFQVLsk1beYkdYmgaikAh2TbXCbWYDtiGxKc6I7aI1ZU9h7tqoyKNmNd3DSZC0nT+IkFLJ JSnjl/wZJmnszLc5dYrjb4w6zpmIuOcdwb9j6et3BuO7OmN4tNC7nPfsYoJPtfeFWcHI1JNCafXobHb3ffe4CeoKfoOSLoFTpGMZqgKWLoG/qJfqM/wcegDrbB9x4NBrueR+hSBD/+Abp04LE=</latexit>

 Newtonian fluids:

 Yield st6ess fluids:

<latexit sha1_base64="Hu3IHZL2f8qMOJKxvjLg0sL/CB0="></latexit>

QPoise =
⇡r4

8⌘

P

L

<latexit sha1_base64="EG9FLfbs6x67pl0rHxEhvjtpwZ4="></latexit>

QPoise =
⇡r4

8⌘

✓
P

L
� ⌧y

r

◆
<latexit sha1_base64="sxzesbIklUH5gyKPVHBHQmZl7kI="></latexit>

⌧y/r

<latexit sha1_base64="P8xwsXTNeHNp5WGh7fZAuUOzXcM="></latexit>

P

<latexit sha1_base64="bhZHdArIhA4ynTLNmvbdlBi0CtA="></latexit>

Q

<latexit sha1_base64="bxsftVaEG4jhKjt1gzCqM5kLa3c="></latexit>

/L



 Water reser@oir in Dijion (H. Darcy 1840) 



 Les fontaines publiques de la ville de Dijon (H. Darcy 1856) 

<latexit sha1_base64="8e1h3F0ntbk2FBnBFRiBGJeDBM8="></latexit>

QDarcy = 
⇡r2

⌘

P

L



 Les fontaines publiques de la ville de Dijon (H. Darcy 1856) 

r2

8
!  (permeability)

<latexit sha1_base64="Uhl8vUJOT4KtqEhx7BPmydIStgI="></latexit><latexit sha1_base64="Uhl8vUJOT4KtqEhx7BPmydIStgI="></latexit><latexit sha1_base64="Uhl8vUJOT4KtqEhx7BPmydIStgI="></latexit><latexit sha1_base64="Uhl8vUJOT4KtqEhx7BPmydIStgI="></latexit>

Permeability is strongly material dependent
<latexit sha1_base64="lEhRVJwI+tqT6ZXubWSJMdODs7A="></latexit><latexit sha1_base64="lEhRVJwI+tqT6ZXubWSJMdODs7A="></latexit><latexit sha1_base64="lEhRVJwI+tqT6ZXubWSJMdODs7A="></latexit><latexit sha1_base64="lEhRVJwI+tqT6ZXubWSJMdODs7A="></latexit>

<latexit sha1_base64="8e1h3F0ntbk2FBnBFRiBGJeDBM8="></latexit>

QDarcy = 
⇡r2

⌘

P

L

<latexit sha1_base64="dFQ9TykMVcLS8doPsSyr9us0LQ4="></latexit>

QPoise =
r2

8

⇡r2

⌘

P

L



2r

2rc  Les fontaines publiques de la ville de Dijon (H. Darcy 1856) 

<latexit sha1_base64="k2U10Sch5vDTN85kgEgan0gJLhY="></latexit>

QDarcy = ⇡R2nch⇡R
4
cP

8⌘L



2r

2rc  Les fontaines publiques de la ville de Dijon (H. Darcy 1856) 

<latexit sha1_base64="k2U10Sch5vDTN85kgEgan0gJLhY="></latexit>

QDarcy = ⇡R2nch⇡R
4
cP

8⌘L

<latexit sha1_base64="jtGyYEiA5y2DqBhfK+pI/I8vej8="></latexit>

QDarcy =
⇡R4

cn
ch

8

⇡R2P

8⌘L



2r

2rc  Les fontaines publiques de la ville de Dijon (H. Darcy 1856) 

<latexit sha1_base64="k2U10Sch5vDTN85kgEgan0gJLhY="></latexit>

QDarcy = ⇡R2nch⇡R
4
cP

8⌘L

<latexit sha1_base64="jtGyYEiA5y2DqBhfK+pI/I8vej8="></latexit>

QDarcy =
⇡R4

cn
ch

8

⇡R2P

8⌘L
<latexit sha1_base64="nfQBXy1RQ0HUMO4uQPSJfhbeoUo="></latexit>



1 darcy = 10�12 m2
<latexit sha1_base64="J3wh4B4+cYmD3yZWpIJIyE/Uo1Y="></latexit><latexit sha1_base64="J3wh4B4+cYmD3yZWpIJIyE/Uo1Y="></latexit><latexit sha1_base64="J3wh4B4+cYmD3yZWpIJIyE/Uo1Y="></latexit><latexit sha1_base64="J3wh4B4+cYmD3yZWpIJIyE/Uo1Y="></latexit>

rc ⇡ 1 µm
<latexit sha1_base64="Yrc4qZkji2zZhseMMBqHBw/jEqA="></latexit><latexit sha1_base64="Yrc4qZkji2zZhseMMBqHBw/jEqA="></latexit><latexit sha1_base64="Yrc4qZkji2zZhseMMBqHBw/jEqA="></latexit><latexit sha1_base64="Yrc4qZkji2zZhseMMBqHBw/jEqA="></latexit>

 PerPeabilitQ & material dependence

<latexit sha1_base64="zKvQsyOFxy3MyLqRyLPT//1uJIo="></latexit>

 ⇠ r2c



L
<latexit sha1_base64="HVng6HDeoj6riH8bgDVhJeTPVzU="></latexit><latexit sha1_base64="HVng6HDeoj6riH8bgDVhJeTPVzU="></latexit><latexit sha1_base64="HVng6HDeoj6riH8bgDVhJeTPVzU="></latexit><latexit sha1_base64="mZ2yEdAynxqlSjsrAIkAqAS+KY8="></latexit><latexit sha1_base64="Dyy3VwaFDZZRwxZEbg/AS7oXKSw="></latexit><latexit sha1_base64="Dyy3VwaFDZZRwxZEbg/AS7oXKSw="></latexit><latexit sha1_base64="C1GXi8WhB9fR3H/6CAW2EeJIYU4="></latexit><latexit sha1_base64="HVng6HDeoj6riH8bgDVhJeTPVzU="></latexit><latexit sha1_base64="HVng6HDeoj6riH8bgDVhJeTPVzU="></latexit><latexit sha1_base64="HVng6HDeoj6riH8bgDVhJeTPVzU="></latexit><latexit sha1_base64="HVng6HDeoj6riH8bgDVhJeTPVzU="></latexit><latexit sha1_base64="HVng6HDeoj6riH8bgDVhJeTPVzU="></latexit><latexit sha1_base64="HVng6HDeoj6riH8bgDVhJeTPVzU="></latexit>

P1
<latexit sha1_base64="DijPckDiZCRR0wEzNdI6PoT8kKA="></latexit><latexit sha1_base64="DijPckDiZCRR0wEzNdI6PoT8kKA="></latexit><latexit sha1_base64="DijPckDiZCRR0wEzNdI6PoT8kKA="></latexit><latexit sha1_base64="DijPckDiZCRR0wEzNdI6PoT8kKA="></latexit>

P2
<latexit sha1_base64="uPCYNn6Yv3fuZqooGT3TKtc9w3Y="></latexit><latexit sha1_base64="uPCYNn6Yv3fuZqooGT3TKtc9w3Y="></latexit><latexit sha1_base64="uPCYNn6Yv3fuZqooGT3TKtc9w3Y="></latexit><latexit sha1_base64="uPCYNn6Yv3fuZqooGT3TKtc9w3Y="></latexit>

2r
<latexit sha1_base64="ED7pTSThm0c+X5af2vBt1NUHosY="></latexit><latexit sha1_base64="ED7pTSThm0c+X5af2vBt1NUHosY="></latexit><latexit sha1_base64="ED7pTSThm0c+X5af2vBt1NUHosY="></latexit><latexit sha1_base64="ED7pTSThm0c+X5af2vBt1NUHosY="></latexit>

 Poiseuille law: yield st6ess vs Newtonian fluid

 Newtonian fluids:

�P = P1 � P2
<latexit sha1_base64="Uap3o7aLOt9V8S8V/Oxcx04EqJM=">AAACzXicbZFNj9MwEIbd8LWUry5w42IRIXGhildIcEFaAYdcEEXQ7UpNFDnOtLVqO5HtsFvccOVvwBH+Ef8GJ+lht8tItl7NPPPOyM4rwY2Nor+D4Nr1GzdvHdwe3rl77/6D0eHDE1PWmsGUlaLUpzk1ILiCqeVWwGmlgcpcwCxfv2vrs6+gDS/VF7upIJV0qfiCM2p9Khs9Tt6DsBRP8Bs8yQh+4e+jbBRG46gLfFWQnQjRLibZ4eBXUpSslqAsE9SYOYkqmzqqLWcCmmFSG6goW9MlzL1UVIJJXbd+g5/5TIEXpfZHWdxlL3Y4Ko3ZyNyTktqV2a+1yf/V5rVdvE4dV1VtQbF+0KIW2Ja4fQtccA3Mio0XlGnud8VsRTVl1r/YcJgoOGOllFQVLsk1beYkdYmgaikAh2TbXCbWYDtiGxKc6I7aI1ZU9h7tqoyKNmNd3DSZC0nT+IkFLJ JSnjl/wZJmnszLc5dYrjb4w6zpmIuOcdwb9j6et3BuO7OmN4tNC7nPfsYoJPtfeFWcHI1JNCafXobHb3ffe4CeoKfoOSLoFTpGMZqgKWLoG/qJfqM/wcegDrbB9x4NBrueR+hSBD/+Abp04LE=</latexit><latexit sha1_base64="Uap3o7aLOt9V8S8V/Oxcx04EqJM=">AAACzXicbZFNj9MwEIbd8LWUry5w42IRIXGhildIcEFaAYdcEEXQ7UpNFDnOtLVqO5HtsFvccOVvwBH+Ef8GJ+lht8tItl7NPPPOyM4rwY2Nor+D4Nr1GzdvHdwe3rl77/6D0eHDE1PWmsGUlaLUpzk1ILiCqeVWwGmlgcpcwCxfv2vrs6+gDS/VF7upIJV0qfiCM2p9Khs9Tt6DsBRP8Bs8yQh+4e+jbBRG46gLfFWQnQjRLibZ4eBXUpSslqAsE9SYOYkqmzqqLWcCmmFSG6goW9MlzL1UVIJJXbd+g5/5TIEXpfZHWdxlL3Y4Ko3ZyNyTktqV2a+1yf/V5rVdvE4dV1VtQbF+0KIW2Ja4fQtccA3Mio0XlGnud8VsRTVl1r/YcJgoOGOllFQVLsk1beYkdYmgaikAh2TbXCbWYDtiGxKc6I7aI1ZU9h7tqoyKNmNd3DSZC0nT+IkFLJ JSnjl/wZJmnszLc5dYrjb4w6zpmIuOcdwb9j6et3BuO7OmN4tNC7nPfsYoJPtfeFWcHI1JNCafXobHb3ffe4CeoKfoOSLoFTpGMZqgKWLoG/qJfqM/wcegDrbB9x4NBrueR+hSBD/+Abp04LE=</latexit><latexit sha1_base64="Uap3o7aLOt9V8S8V/Oxcx04EqJM=">AAACzXicbZFNj9MwEIbd8LWUry5w42IRIXGhildIcEFaAYdcEEXQ7UpNFDnOtLVqO5HtsFvccOVvwBH+Ef8GJ+lht8tItl7NPPPOyM4rwY2Nor+D4Nr1GzdvHdwe3rl77/6D0eHDE1PWmsGUlaLUpzk1ILiCqeVWwGmlgcpcwCxfv2vrs6+gDS/VF7upIJV0qfiCM2p9Khs9Tt6DsBRP8Bs8yQh+4e+jbBRG46gLfFWQnQjRLibZ4eBXUpSslqAsE9SYOYkqmzqqLWcCmmFSG6goW9MlzL1UVIJJXbd+g5/5TIEXpfZHWdxlL3Y4Ko3ZyNyTktqV2a+1yf/V5rVdvE4dV1VtQbF+0KIW2Ja4fQtccA3Mio0XlGnud8VsRTVl1r/YcJgoOGOllFQVLsk1beYkdYmgaikAh2TbXCbWYDtiGxKc6I7aI1ZU9h7tqoyKNmNd3DSZC0nT+IkFLJ JSnjl/wZJmnszLc5dYrjb4w6zpmIuOcdwb9j6et3BuO7OmN4tNC7nPfsYoJPtfeFWcHI1JNCafXobHb3ffe4CeoKfoOSLoFTpGMZqgKWLoG/qJfqM/wcegDrbB9x4NBrueR+hSBD/+Abp04LE=</latexit><latexit sha1_base64="Uap3o7aLOt9V8S8V/Oxcx04EqJM=">AAACzXicbZFNj9MwEIbd8LWUry5w42IRIXGhildIcEFaAYdcEEXQ7UpNFDnOtLVqO5HtsFvccOVvwBH+Ef8GJ+lht8tItl7NPPPOyM4rwY2Nor+D4Nr1GzdvHdwe3rl77/6D0eHDE1PWmsGUlaLUpzk1ILiCqeVWwGmlgcpcwCxfv2vrs6+gDS/VF7upIJV0qfiCM2p9Khs9Tt6DsBRP8Bs8yQh+4e+jbBRG46gLfFWQnQjRLibZ4eBXUpSslqAsE9SYOYkqmzqqLWcCmmFSG6goW9MlzL1UVIJJXbd+g5/5TIEXpfZHWdxlL3Y4Ko3ZyNyTktqV2a+1yf/V5rVdvE4dV1VtQbF+0KIW2Ja4fQtccA3Mio0XlGnud8VsRTVl1r/YcJgoOGOllFQVLsk1beYkdYmgaikAh2TbXCbWYDtiGxKc6I7aI1ZU9h7tqoyKNmNd3DSZC0nT+IkFLJ JSnjl/wZJmnszLc5dYrjb4w6zpmIuOcdwb9j6et3BuO7OmN4tNC7nPfsYoJPtfeFWcHI1JNCafXobHb3ffe4CeoKfoOSLoFTpGMZqgKWLoG/qJfqM/wcegDrbB9x4NBrueR+hSBD/+Abp04LE=</latexit>

 Yield st6ess fluids:

<latexit sha1_base64="Hu3IHZL2f8qMOJKxvjLg0sL/CB0="></latexit>

QPoise =
⇡r4

8⌘

P

L

<latexit sha1_base64="EG9FLfbs6x67pl0rHxEhvjtpwZ4="></latexit>

QPoise =
⇡r4

8⌘

✓
P

L
� ⌧y

r

◆ <latexit sha1_base64="sxzesbIklUH5gyKPVHBHQmZl7kI="></latexit>

⌧y/r

<latexit sha1_base64="P8xwsXTNeHNp5WGh7fZAuUOzXcM="></latexit>

P

<latexit sha1_base64="bhZHdArIhA4ynTLNmvbdlBi0CtA="></latexit>

Q



 Darcy’s law for yield st6ess fluid (numerics) 

<latexit sha1_base64="q0d99V/FCOqkzMZeiTjxKQnXoNQ="></latexit>

Q(P ) =

8
>>>>>><

>>>>>>:

⇠ P�P0
L P ! P+

0

⇠
�
P�P0

L

��
P0 < P < Psat

= ⇡r2

⌘
P�P⇤

L P � Psat

β

<latexit sha1_base64="zeka6+qzJl8TXOxvqmwYw7mBXUA="></latexit>

�P ⇡ P � P0



 Darcy’s law for yield st6ess fluid (numerics) 

<latexit sha1_base64="q0d99V/FCOqkzMZeiTjxKQnXoNQ="></latexit>

Q(P ) =

8
>>>>>><

>>>>>>:

⇠ P�P0
L P ! P+

0

⇠
�
P�P0

L

��
P0 < P < Psat

= ⇡r2

⌘
P�P⇤

L P � Psat

β

<latexit sha1_base64="zeka6+qzJl8TXOxvqmwYw7mBXUA="></latexit>

�P ⇡ P � P0

β ≈ 2

<latexit sha1_base64="i8PYwoDryJtAFg8vkLORuicWYNo="></latexit>

Psat



 Darcy’s law for yield st6ess fluid (numerics) 

<latexit sha1_base64="q0d99V/FCOqkzMZeiTjxKQnXoNQ="></latexit>

Q(P ) =

8
>>>>>><

>>>>>>:

⇠ P�P0
L P ! P+

0

⇠
�
P�P0

L

��
P0 < P < Psat

= ⇡r2

⌘
P�P⇤

L P � Psat

β

<latexit sha1_base64="zeka6+qzJl8TXOxvqmwYw7mBXUA="></latexit>

�P ⇡ P � P0

<latexit sha1_base64="hfOdw5uc/jfjmhqhlk3rHwaNqkY="></latexit>

P0 ⌧ Psat ⌧ P ⇤



P = Pc

 Darcy’s law for yield st6ess fluid (numerics) 
<latexit sha1_base64="1Sp6QAtn3bBeaVZn4xZPUCtcAaQ="></latexit>

P ! P+
0

<latexit sha1_base64="tsEV5iBYXQ5dZRHhjN2XKtwF0XA="></latexit>

P0 < P < Psat
<latexit sha1_base64="wAeu3JjKQWUAHoHmrMmg7YDhG+s="></latexit>

P � Psat

<latexit sha1_base64="k2U10Sch5vDTN85kgEgan0gJLhY="></latexit>

QDarcy = ⇡R2nch⇡R
4
cP

8⌘L



 Darcy’s law for the Bethe la9ice 
<latexit sha1_base64="h5CenuwDNHtkPwd3QQhrFKnh4u8="></latexit>

Inlet at pressure P

<latexit sha1_base64="itulirJpSozGXaPzX0SyUd8O884="></latexit>

t levels

<latexit sha1_base64="5CVSjEIS+iMxuVoCdUhcZROLwcE="></latexit>

2t�1 outlets at zero pressure



 Mapping to the directed polyPer problem  
<latexit sha1_base64="/x9X174Y0s2ZBCMrLJRCd2a9+uE="></latexit>

Directed Path ↵

<latexit sha1_base64="jME0nQusige2JsKBQMwBK/o7L9E="></latexit>

Path energy



 Darcy’s law for the Bethe la9ice 

<latexit sha1_base64="8hYJuRbYfoqoakDz98Qs1+070dU="></latexit>

Qij(P ) =
⇡r4ij
8⌘`

✓
Pi � Pj �

l⌧y
rij

◆

+

<latexit sha1_base64="7VmJEPio4vNFRo2L/xWl0yT9WXg="></latexit>

i

<latexit sha1_base64="Gp+92nvVUrfU21ra4edWu38T9j4="></latexit>

Pi
<latexit sha1_base64="gYX8bbku8YSYDPxndvxKk52Q3w0="></latexit>

Pj

<latexit sha1_base64="BHafzwvHQWSUUuNNY3BMMACnOM8="></latexit>

P



 Darcy’s law for the Bethe la9ice 

<latexit sha1_base64="7VmJEPio4vNFRo2L/xWl0yT9WXg="></latexit>

i

<latexit sha1_base64="Gp+92nvVUrfU21ra4edWu38T9j4="></latexit>

Pi
<latexit sha1_base64="gYX8bbku8YSYDPxndvxKk52Q3w0="></latexit>

Pj

<latexit sha1_base64="BHafzwvHQWSUUuNNY3BMMACnOM8="></latexit>

P

⌧ij
<latexit sha1_base64="8w5OyFD4Jxau8ZZzcb9pMgc71ug="></latexit><latexit sha1_base64="8w5OyFD4Jxau8ZZzcb9pMgc71ug="></latexit><latexit sha1_base64="8w5OyFD4Jxau8ZZzcb9pMgc71ug="></latexit><latexit sha1_base64="8w5OyFD4Jxau8ZZzcb9pMgc71ug="></latexit>

�⌧ij
<latexit sha1_base64="qCGhPibtoWXknB+AJpGYUuXfn+M="></latexit><latexit sha1_base64="qCGhPibtoWXknB+AJpGYUuXfn+M="></latexit><latexit sha1_base64="qCGhPibtoWXknB+AJpGYUuXfn+M="></latexit><latexit sha1_base64="qCGhPibtoWXknB+AJpGYUuXfn+M="></latexit>



 Darcy’s law for the Bethe la9ice 

<latexit sha1_base64="7VmJEPio4vNFRo2L/xWl0yT9WXg="></latexit>

i

<latexit sha1_base64="Gp+92nvVUrfU21ra4edWu38T9j4="></latexit>

Pi
<latexit sha1_base64="gYX8bbku8YSYDPxndvxKk52Q3w0="></latexit>

Pj

<latexit sha1_base64="BHafzwvHQWSUUuNNY3BMMACnOM8="></latexit>

P

<latexit sha1_base64="Gcskqqhal1COFqr28dVg8bu4px0="></latexit> X

j2n(i)

Qij(P ) = 0

<latexit sha1_base64="JJYmNXmr1FMFOL2oIKLrGaXUHB8="></latexit>

Kirchho↵ non-linear problem
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 Mapping to the directed polyPer problem  
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Extensive  and sub-extensive parts 

 fluctuations

  Exact results 1: the g6ound state energQ (KPP approach)

  Refs: Der6ida, Spohn, BrZnet, Majumdar and Mo9ishaw
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c(�c),�c depends on p(⌧), the threshold distribution



q̂↵1,↵2 = q̂
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t = 8

✏0
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 Sequence of subsequent channels: energQ and overlaps 
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High Overlap
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Low overlap 
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Low overlap High Overlap

P (q =
̂q

t ) = T yδ(q) + (1 − T y)δ(q − 1)

̂q

̂q
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  Exact results 2: the low energQ excited states. One step RSB 

  Refs: Der6ida, Spohn J Phys Stat (1988)
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the sequence of channels are the low overlap and low energy excitations!

Low overlap 
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Q1(P ) ≈
P − Pc

t
+

P − P1

t

Additive 
independent 

channels

  Pressures and flow in the low overlap limit ( t verQ large)
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  Adapting KPP approach by Deridda & BrZnet
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  Main results: first tao flow regimes
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Qt(P ) = (P � P ⇤) with P ! 1

 Main results: Large linear  flow regime
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  Intial linear  flow regime
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  SatZration pressure by matching the tao limits
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Psat = P0 + (1/�c) ln t
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  Numerical simulation for t=12,…,21
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• Explicit determination of , P0, P ⇤ and of the non-linear regime for the
Bethe lattice

• Psat is reached after the opening of the first t channels

• Darcy law in finite dimension (role of the low overlap excitations)

   Conclusions and Perspectives
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