


Thermodynamics

Boltzmann
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Mathematical Systems

Lyapunov
‘;f f(x)+ g ()

y = h(x)

Measurements

Availability of Superheated Steam
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Field Theory

Applications: Chemical reaction, multi-phase fluid flow, particulate systems,...
Dissipation Inequality:
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Ecopetrol, Colmbia
Minimization Principle (Min Entropy Production)

Distributed Sensing and Control
«Stability along trajectories (Poincarre Lemma)

System (1)
Average System
(Approximate Manifold)

Metric
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Fluctuating
(stochastic) System
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Netwotk Representation of Petroleum Reservoirs

continuous
domain

0,2, +0, fy =0, 1=1..,n, conservation laws
S(z) e C'concave homogeneouss degree 1

potentials: W=0,S

driving force: W =0, w
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Networks of Spinning Discs

Spin glasses, phase transition, Hamiltonian systems (broken symmetry), ..
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Orthogonality of

Voltage and current flow

Forces X connect the discs
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Application to the Grid
Juhua Liu (ABB), Bruce Krogh (ECE)

Transmission

Network

o b = we(wi—w®) E,0, 8, ) fij = EiE;Bj;sin (6; — 6;)
Jiw; Toni — Tei — D; (w; — w") ' fz'_;i =~ EijBjj (95 — ﬂj)
G fi Ppi = Tpwi  Pei = Tew L fij = —fji
PmiT Fei i fa'j
J=1,j7i



Generator Model: Swing Equations

= ws(w; —w")
T — Tei — Dj (wi - W*)
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Network Model: Algebraic Equations

o s By = EEBysn(e-0)
i Jig = —Tji



e KCL Conservation Laws:

dZ; _ _
— Generator bus: dt* = P — Diwiw; — Y. [y

Tt
j=1,j%i
— Load bus: dZi _ _p,. _ i T
dt j=1,j#i
at j=1,j7i o :
e KVL: Y (w;—w;) =0 .
loop L
7 n 7
* By Tellegen’s theorem: W 5
dt — =t
dw; e} nw nr,

dt Z w?Prm + Z &"EPH i z mi?h Z Dzwz_z Z Z (w; — wj)flj
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LCeci nest nas une nufe .



