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Minkowycz W J;

(2) PHEONICSSS—iumlitt, 19814ERH T 5;

(3) Leonards$

g it
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4. 19804 : Patankar 3 Hjlt Numerical heat
transfer and fluid flow
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(1) BHASHABFRNE ;
(2) FESAAEMRESIAFVM;
(3) BUEHHE SR B 5 EEM;
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FIDAP; } ANSYS
CFX;

STAR-CD;
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oApg) +div(pgU) = div(I",gradg)+S,| (1)

ot
Equation 0 ¢ [y” S¢"
Continuity equation 0 1 0 0
Momentum eqn. (x direction) 0 U H Ofy— %
Momentum eqn. (i direction) 0 v U Ofy— g—ﬁ
Energy equation 0 T Alcy St/cp

URAEH LERAEXLERAN EREXNEELTES
SFETHEERTH R RETIERNER.
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d(pcyT) d(pcpuT) d(pcpvT) 0 oT J oT
of | ox | oy  ox (”\BJ oy (”‘a;,) T,
.\ 2
HRERFEBR (1) (2
J(pT) N d(puT) N 8(;)??T) _d (AT N 8 A BT +i
ot ox Yy dx \ cp dx dy \ ¢y dy Cp
1 dc JT "\ dc oT\ dc,
—— |pc, T ul — . ol — -
2 [pq 5 + (pf::t ul —A 8*{) o + (pq T —A By) E}y]
A4 ZAF T BEEHmB8 F7 (3)
Co AWE
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A % B AR T, B ERRRAR (1)
HER, ET LRERX(D)P5IAG LY BRFHER
BRI, REASIN “BEE" Bk:

5(; %) | div(p'#0) = div(T" gradg) + ;|
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Equation o ¢ 'y S¢”
Continuity equation 0 1 0 0
Momentum eqn. (x direction) 0 U i’ Ofx— a‘! :
Momentum eqn. (i direction) 0 v 7 Ofy— au
Energy equation 0Cp T A St

i%tmﬁﬁﬁ%?‘fﬂﬂ%ﬁﬁﬁﬁﬁm pCy 18
R i 24 SO &

o E)CE T d(pcyuT) d(pc,oT) 0 oT 8 oT
-+ A— A— ) +S7.
0X dy  ox \ ox 81/ dy

(nm
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LR

O (i Il) =RHOgiven
F (NF .EQ. 4) RHO(i, j)J=RHO giyen*CPgiven

15| ALATEA)

& BT BREEIT,
THENT BREA:
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,ut ) LiW, Yu B, Wang Y, et al. Communications in

Computational Physics, 2012, 12(5):1482-1494
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1 Cray AMD 2331712k
224162 1759 3444k

2 b [ B2 Intel 2984.3 5441k
120640 1271 342Kk

3 IBM OpteronDC 1375.8 342Kk
12240 1042 /3 42.4%

4 Cray AMD 1028.9 512k
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5 IBM PowerPC 1002.7 512k
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FVM solution POD solution

Comparisons of temp. & streamfunction for Ra=16800
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Comparison of computation time between SIMPLE and POD
technique (seconds)

Rayleigh 8950 17000 85700 168800
number
SIMPLE 137.36 131.08 117.96 116.09
POD with 1 1.42 1.38 1.50 1.53
mode
POD with 5 1.45 1.49 1.53 1.49
modes
POD with 10 1.53 1.56 1.56 1.56
modes

i&% WA EERBETES T HERNFRESHRN LR B2l
#, 2015
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514 45 (Shale gas) ¥t 2

-4 S

nanopores (~10°m), to
macroscale gas migration
(~10%m), length scale
covered is about 12
magnitudes

“* Multiple physic-chemical
processes

T e I * Multiscale - From gas
B I P Macroscale -
BEREE =ttt Curewnell  desorption at surface of

o desorption/adsorption
Nanessale surface diffusion
* Organic ©
matter o Knudsen diffusion
o slip flow
Molecular-scaleO Darcy flow

Surface
desorption o Particle flow 82/94


/
/

FEEAAE MOE-KLTFSE (£

By multi-step up-scaling method, we
may finally relate the shale gas

behavior in nano-pores “
with the up most
scale---gas
reservoir
V-scale effective 8
ity o
L. / Then
2 we may be
able to predict the

REYV Shale matrix-LBM

variation of shale-gas
per day output with time!

- YoM porous
structure-LBM

1., Single OM pore-MD
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1.4.4 ZRERGH T ERIFZ TG T

Methodology

Develop coarse

Coarse grid CFD/CHT modeling of a real

system with simplified board and components

models.

grid system level
model

Carry out board
level analysis

A

Carry out
component
level analysis

CFD-NHT-EHT
CENTER

‘ A
Extraction of local thermal

information on boards or
components

Y

Interpolation of local thermal
information to finer grid near
boards and components

!

Prescription of the board and
components thermal boundary
conditions: h, 9", T,,.

{

Detailed board or component level
thermal conduction analysis.
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Abraham F F. Dynamically spanning the length scales from the
quantum to the continuum. International Journal of Modern
Physics C, 2000. 11(6):1135—1148
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2013 Nobel Prize in Chemistry

Martin Karplus Michael Levitt  Arieh Warshel

Harvard U., Stanford U., U. Southern Ca.
For
“Development of Multiscale Models for Complex Chemical
Systems”

(B, Seonwrr-ewm 91/94


/
/

MOE-KLTFSE

i They used both classical
and quantum mechanical
theory to model large
complex chemical
systems and reactions

In the quantum chemical

classical‘A‘-%//’
physics
model the electrons and

the atomic nucleil are the
dielectric . .
medium particles of interest.

In the classical models atoms or groups of atoms are the
particles that are described. The classical models contain
much fewer degrees of freedom and they can be simulated

much faster by computer.
% CFD-NHT-EHT 92/94
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The key accomplishment was to show how the
two regions in the modeled system can be made
to interact in a physically meaningful way.

From Website: Royal Swedish Academy of Science, 2013-10-09

key and goal

The key and goal of multiscale simulation is to
appropriately, in a physically meaningful way ,
combine macroscale, mesoscale and micro/
nanoscale methods to reveal physical mechanism
in depth and to provide guidance for engineering
design which can not be obtained from single
scale simulation.
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People in the same
boat help each
other to cross to the
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