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1 - INTRODUCTION

1.1 - SUMMIT (SORBONNE UNIVERSITE MAISON DES MODELISATIONS, INGENIERIES ET
TECHNOLOGIES)

Q SORBONNE
b UNIVERSITE

» Our university:

» Our services: provide high-quality engineering research to
private and public partners.
» Our expertise:

» Modeling Simulation and Optimization.

» Data science, IA.

» Hybrid modeling.

» Some projects:

» Obepine - Genome quantification in wastewaters /
development of smoother / model reduction of compartmental
models etc.

» Eau de Paris - anomaly detection / classification / calibration

etc. S summi
» GTT - Low Mach model for gas transport,
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1 - INTRODUCTION

1.2 - History of a collaboration for gas transport with GTT.
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1 - INTRODUCTION

1.3 - Issue
1. Complete compressible Navier-Stokes Equation:
dp
— +di =0
o + div(pu)

aa”t"+div(pu®u)+vp = pg+div(o)

+ State Equation
+ Temperature Equation
(Uew=uw’)
2. Compressible: good representation of the physical phenomena
but not applicable in practice ( CFL condition too restrictive in
the low Mach number regime)

3. Incompressible: not enough to obtain a good representation

4. Proposition: build a quasi-incompressible model: § summrr
P Good physical representation + Applicable numerical scheme
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LA quasi-incompressible model

2 - Objective
2.1 - A quasi-incompressible model
» Obtain a model of the form:

div(u) = A(T,P)P'(t)+ B(T,P)div(qr),

1 . P
pDiu = —VI1+ R—edlv(a) >
B T Op , 1 .
CthT - (_; a_T P)P (t) - Re PrdIV(qT),
p = p(Tv P)7

with
» [1: the dynamic pressure
» P: the thermodynamic pressure
» Equation (1) : the quasi-incompressibility constraint
» Equation (4) : equation of state

(1)
()

(3)
(4)

g SPMMIT
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LA quasi-incompressible model

2 - Objective
2.1 - A quasi-incompressible model

Compressible
! Three-dimensional
Compressible
Navier-Stokes system

Average over a section

4

1
1
1
1
1
1
1
1 | One-dimensional |
1
1
1
1
1
1

Complete averaged model

Density law: p = p(T) Density law:p = p(P)

Ma << 7 e
/ ~
M Low Mach Model "Model A"
f Density law: p = p(T, P) Density law: p = p(P)
1
1
1
1 p=po+f(T) Q<<CS:E Ma<<1
X =
1
1
- | Boussinesq model | | Quasi-stationary model |
Boussinesq

: S SPMMIT

'
Incompressible
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L1ip Averaged Navier-Stokes equations for ideal gases

3 - Modeling

3.1 - 1D Averaged Navier-Stokes equations for ideal gases

d5p
"
05 pu?

for ideal gases
05pu
Ox =0,
d5pu o-P .
af o ¥ —7rml) — pogsind,
o-T osT
N Gy (W + UW> = Dy(°P) + urwl — 2w lq,,

1D AVERAGED NAVIER-STOKES EQUATIONS

Gsummrr
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L Deriva
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Modeling and simulation for gas distribution.

3 - Modeling

3.2 - Derivation
» Characteristic values L., U, tc such that L. = Ut

' ' ' §— X F_t j_u 5_p
» Dimensionless variables X = t=.d={.p=

2 _ pc“?
P

Pc
055 | 0Spil 0
ot ox 7
oSpi  0Spi 1 9SP f _,~ lga
ot "oz ‘e ox ~ 20 Do omesnt
~ (0ST ~OST\ ~y—1_ zz Jf _ax  27R
CPP( 817 O% ) - v Dt(SP)+(7 1)Ma Eﬂ—pu D PrRqu'
2
FI‘ _ UC Re _ uchpc Pr _ UCCpc
Lg He ke gsummir
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LDerivaﬂ:ion

3 - Modeling

3.2 - Derivation

Assymptotic developement:

i(x,t) = io(x,t)+ Maii(x, t) + O(Ma?),
P(x,t) = Poy(x,t)+ MaPi(x,t) + Ma’M(x, t) + O(Ma3).

9570 n 95 o io

of oz =0
dSpoiio  OSpodz 1SN fooomax 1. .
= = = —— D——
of 0% 5 0% 5" PolD — 2 foSgsin,
.~ (08Ty , . 9STo\  ~v—1lgzs 27R_
poC”( ot "oz ) = P B

§ summi
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LDerivation

3 - Modeling

3.2 - Derivation

050
ox

O
Ot + udyu +

p
aST  aST
PG\ e T U ox

We will denote

S . 2R

= fy_PP(t) 'y—PqW’ (6)
f ,D ,

= —gmutg —gsin 9, (7)

= SP'(t) —27Rqu.

o5
n= Ox

(8)

Ssummir
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Modeling and simulation for gas distribution.

3 - Modeling

3.3 - Boundary conditions

OPEN
DOMAINS

P EQUATION

Pl(t) =

_ 27R(y —1)

s|9|

w
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L Equation for T

Modeling and simulation for gas distribution.

4 - Numerical Method

4.1 - Equation for T

Method of characteristics

oT aTy\ (v -1)T(x, 1),
(E + Ua) = f(X, t) = "/P(t) P (t)—

27R(y — 1)T(x,t)
SyP(t)
L 4

qw

Tin+1 _ ﬁ"-‘y—Al’f( Tin+17 Pn’pn)

2
=117 2rR(y—1)T/'h
e P+

~SP(t") Tref)
27R(y=1)T'h
L+ At

Tn+1 _ -i—"" +A4t ((

Ssummir
= -
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Modeling and simulation for gas distribution.
L Method of characteristics

4 - Numerical Method

4.2 - Method of characteristics

tn+1

X(t7 tn+17 Xi)
tn

s SUMMIT
& =

DA
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L Equation for N

Modeling and simulation for gas distribution

4 - Numerical Method

4.3 - Equation for I

Equation for 1 and u

» Elliptic equation for 1

_o, <8XFI
p

D
) = 0, + udyn + 1 + f7TU175 go(x — nL)

» Method of characteristics for u

Tn+1 |-|n+1 |-|n+1
An
a4
u,f’+ =

s — gsm@)
1+ AtéwD

§ summi
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L Periodic case

5 - Pseudo analytical solution

5.1 - Periodic case

temperature evolution
w 274
2
Adiabatic E 3
E
H . . T T r ; ; -
00 05 10 15 20 25 30 35 40
x
T, Ty
27415K 7 25K
flux evolution
0.0000634
Adiabatic % 0.0000632
2
0.0000630
T T T T T T T T T
5 00 05 10 15 20 25 30 35 40
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L Periodic case
:

5 - Pseudo analytical solution
5.1 - Periodic case

oSu S 2rR(y—1) —1)
i — 7p/ G
Ox ~P (t) - ~P ’
O, f oD
0 2
oST oST
PCe| pp T

S gsinf
Ox

) = SP'(t) —27Rqw

§summir
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L Periodic case

5 - Pseudo analytical solution

5.1 - Periodic case

_ 27rR('y—1)hX

T(x)=Trer+(/0— Trr)e APT

Q(x) =I'T(x).

bPT P
= —InT,
(x) BT o (InT(x)—=1In7Ty)+ T
Where:
%@
Il e
f(ry=o.

(aTrer” — b)x +

§ summi
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L Numerical results - analytical solution

5 - Pseudo analytical solution

5.2 - Numerical results - analytical solution

T Pi(x)
— PInum new
L R L e b Prana
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6 - Conclusion

» We have developed a one dimensional low Mach model.

» We provided a set of analytical solutions.

> We have given a validation of the thermosiphon solution.

§ summi
o .
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L Conclusion

LA long-term research collaboration

6 - Conclusion

6.1 - A long-term research collaboration

Prestation

/

Service de la
valorisation

Collaboration de
recherche

Issue scientifique

e~

Es -

§ summi
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L Conclusion

LA long-term research collaboration

Thank you !

nora.aissiouene@sorbonne-universite.fr

SORBONNE UNIVERSITE
MAISON DES MODELISATIONS
INGENIERIES ET TECHNOLOGIES

S SUMMIT
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