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ABSTRACT

We focus here on an integral approach to compute compressible or incompressible fluid flows in physical
congested domains with discontinuous fluid sections. This approach is based on a multidimensional integral
formulation of the fluid model equations and aims at unifying the porous approach used at component scale
and CFD used at local scale. Its discretization uses a semi-implicit collocated finite volume scheme with an
incremental pressure-correction algorithm, implemented in the open-source CFD software Code_Saturne,
version 6.0. Numerical tests are completed by simulating a plane steady-channel flow with a fluid section
jump. The results are compared to the analytical solution and the computation obtained with a standard
equivalent porous model.

KEYWORDS
Collocated Finite Volume, Euler equations, Pressure-correction scheme, Congested media, Discontinuous
fluid sections, Nuclear thermal-hydraulics

1. INTRODUCTION

In this paper we introduce a way to numerically investigate fluid flows in thermal-hydraulic circuit compo-
nents in nuclear reactors where the computational domain is congested with many axial rod bundles, as the
reactor core. The aim is the numerical simulation of channel flow with variable cross section with coarse
meshes. An issue is to compute steady state flows in presence of discontinuous cross sections, see Figure [T}
sketch of the core entrance. Herein, an integral formulation of the fluid flow governing equations, developed
in [1,/2]], is used to deal with this flow configuration. This approach demonstrated in [1]] its ability to deal
with fast transient scenarii and to converge to the CFD solution when refining the mesh. In this framework,
the cross section discontinuity is then taken into account in the mesh of the computational domain by a fluid
and solid volume in cells and a reduction of fluid surfaces.
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Figure 1. Flow in a congested medium with discontinuous fluid sections at x = xg with w;,;e¢ 7 O.



Nevertheless, the legacy numerical scheme of the integral formulation does not allow to preserve the steady
state on either side of the discontinuous interface. This discrepancy is attributed to the fact that the pressure
drop at the discontinuous interface is not accounted for in an appropriate way at the discrete level in the
momentum balance equation. Indeed, a collocated finite volume scheme in space is used requiring cell value
interpolations to approximate the face values. These interpolations do not respect the piecewise smooth
profiles of the 1D steady state flow.

The proposed method consists in altering the collocated finite volume scheme in order to take up this discon-
tinuous cross section issue by ensuring the steady state at the discrete level. We initially focus on the Euler
equations governing inviscid barotropic compressible fluid flows over a finite time interval (0,7"), T' € R%.
and in an open connected bounded domain €2 C R (d = 1,2 or 3):
{ Oip+divQ =0, 0

0:Q+div (u® Q) + VP(p) =0,

where u : Qx (0, T) — R3 is the velocity and P : Qx (0, T) — R, the pressure of the fluid. Q = pu denotes
the momentum per unit volume with p, the density. This system must be supplemented by an equation of
state P(p), initial conditions and boundary conditions on 02 for the velocity or the pressure. In this paper,
we propose another interpolation of the pressure and the velocity at the internal faces of the mesh, based
on the local steady balances over a dual mesh attached to the face of the primal mesh of the computational
domain. It allows to enforce the preservation of the discontinuous steady state for flow configurations when
fluid section jumps at the interface. A verification test case shows the good behaviour of the new scheme
and we compare it to the classical porous approach with a staggered scheme (THYC software, [3]]).

2. INTEGRAL FORMULATION

An integral formulation is applied to the Euler equations. Set of equations (1)) is integrated over fixed control
volumes §2;, ¢ € N, which may potentially contain many disjoint solid obstacles. Before proceeding further,
we note that obstacles may be completely or partially included in €2;. Part of a control volume boundary
may coincide with the surface of an obstacle, see Figure [2|for an example of an obstructed cell. The whole
volume occupied by fluid within §2; is denoted by Q?

fluid volume SZ‘,)

. . NoJ
fluid surface [;

Figure 2. Sketch of a cell including fluid and solid.

The mean value of a quantity (x, t), with = € Q and t € R™, within each cell ; of the mesh of €, is:

pilt) = }Qlﬂ /Q , ¢l tyia @
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Integrating equations (T)) over a bounded time interval (¢, ¢"*1) C (0, T') and space with respect to the fluid
part of the cell ;, forall i € {1, ..., N}, gives:

(tn+1) pi (t7)) /t
() — Qi () /t

tn+l

/ Qe 1) - n(@)dy(a)dt = 0,
- 3)
/F (e, 1) Q1) - mla) + P (1) n{a)) dr ()t =0,

where I'; = 89? denotes the whole boundary of the fluid cell Qf’ and n(x) its unit outward normal vector.

The slip condition at the wall u - n|,, = 0 means that the mass flux is equal to zero through the wall boundary
I'’. Thus, the pressure integral on the wall boundary is the unique contribution. Integral formulation (3)
yields by decomposing on the fluid faces I‘f = Uje N(i)Ff} and wall I'}” boundaries, for all §2;:

tn+1

(pi (£"T1) = pi (M) / / Q- ndydt =0,
& JEN(i)
tn+1 tn+1
‘ (") — Qi(t)) +/ Z / u(Q - n) + Pn)dy dt+/ / Pndydt = 0.
tn w
‘ 4)

The subscript ij refers to the interface between the neighbouring control volumes §2; and €2, with j € N (%)
and N (i) defining the set of neighbouring cells of €2;.

3. DISCRETIZATION

The Euler equations are solved with a semi-implicit in time collocated finite volume method, using the same
control volumes for both the scalar and the vector unknowns. The algorithm, described below and inte-
grated in the open-source Code_Saturne software [4}5]], corresponds to SIMPLEC (Semi-Implicit Method
for Pressure Linked Equations-Consistent) algorithm, commonly used to solve the incompressible Navier-
Stokes equations, and falls within the class of pressure-correction algorithm, so-called projection methods.
A fractional-step method, involving a prediction and a correction of the velocity, is used to solve the mo-
mentum conservation and the mass conservation. Numerical fluxes are evaluated by finite volume space
schemes [6], considering one approximate mean fluid value ¢ per cell €2; at each discrete time ¢". Many
standard first or second order finite volume schemes are available as upwind, centred with or without lim-
iters, SOLU, see [4] for more details. In the sequel, for the sake of simplicity, an upwind scheme is consid-
ered.

3.1. Time scheme

We denote At = ¢"T1 — ¢" the time step, between two successive times ¢” and "' of the time interval
(0,7). Starting with p™, u™ and P" for all n € N, momentum balance equation (3] is first solved and
provides a predicted velocity u, with a linearisation of the convective flux:

pnﬁ _ pn—lun

A +div (@@ Q") + VP" =0. (5)



The continuity equation is taken into account during the second step: the mass flux at the faces is corrected
by solving semi-discrete equation (6) on the pressure temporal increment:

n+l _ n
PP L div (@) =0,
Q" —p'u n+l _ pn (
=R (- Py o,

Equation (6)) is used to update both the mass flux at the faces and the discrete velocity, u™*1.

3.1.1. Prediction step: momentum balance

A predicted velocity field @1 is obtained by solving momentum balance equation (5 with a semi-implicit
scheme; the velocity is implicit, while the pressure is explicit. The time scheme of the integral formulation
of the momentum equation gives for any cell 2;:

‘ ( P — pp 1 ") + At/ (a—u")(Q" -n)dy = At/ ' (Q" - n)dy — At/ Pt'ndy. (7)
r? r? réure

In equation (7)), we make appear the steady-state momentum balance at the right hand side. This first step
provides, for all €2;, the unknown 1;, by solving a linear system (using, by default, a block Gauss-Seidel
solver). This predicted velocity does not a priori fulfill the mass balance.

3.1.2. Correction step: mass balance

The second step, equation (6)), corrects the momentum at the faces to impose the mass conservation over the
time interval At. An implicit scheme of the integral formulation of the mass flux over this time interval, for
any cell §2;, reads:

n+1 pl / QTL+1 'nd’)/ _ O (8)

The implicit mass flux @**! - n is computed from semi-discrete simplified momentum equation (J) at the
fluid interfaces, with § P; = Pi”Jr]L — P} the pressure temporal increment:

Q! = p"u— AtV6P. 9)

Besides, the density time variation is linearly approximated with the linear acoustic relation:

0P
p?“ —plt = = with ()" = A(p}, P").

()"
Thus the integration of Equation (9) gives semi-discrete equation (10):
ol OF; . _
‘Qi o / AIVSP - ndy = /F? it - ndy. (10)

This second step provides, for all cells {2;, the unknown ¢ P; by solving a linear system. Thus, the pressure

is updated such that: P/"** = PP + 6P, and p't! = p? + (jp)n-

Finally, the velocity is corrected with equation (6), which corresponds to the semi-discrete simplified mo-
mentum equation (9)) written at cells:
- At
u't =@, —
‘Qf Py

7
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3.2. Space scheme
In the following, integral formulation (@) is discretized in space with a cell-centred finite volume scheme.

Numerical fluxes are evaluated from the discrete variables to compute the different boundary integrals. We
focus on the numerical fluxes on the boundary of a cell intersected by solids.

3.2.1. Prediction step: momentum balance

First the approximation of the convective flux is detailed. The numerical flux is summed on all the fluid
interfaces F¢ of the cell €2; and approximated here by an upwind scheme.

n)dy =) / n)dy = > @ ( )i; S5 (12)

JEN() JEN(3)

@0 Q)= uQ

F

The mass flux is known from the previous time step, and the implicit convected velocity at the fluid interfaces
is ;" = M50, + (1= A%)uy, with A, = 1if (@7 - m),; > 0, A\, = 0 otherwise.

Second, the approximation of the pressure gradient is detailed. The boundary integral is decomposed on the
fluid interfaces and the walls for all cells €2;:

:/ P”ndy—i—/ P'ndy = / Pindy+ Y PuSy. (13)
3 JEN()

The fluid interface pressure is computed by a linear interpolation of the neighbouring cell pressures:

hii i P+ h

pr — [l /iy _ oy (1 — o) PP (14)
hiji + hl]/] A v
with a;; = %leri/}im and h;; /; (respectively h;; ;) stands for the distance from the mass centre of the cell

2; (respectively €2;) to the interface F;@
For the interior walls of I'}’, a simple alternative for the wall pressure P, approximation is to take the cell

value:
P =pn. (15)

3.2.2. Correction step: mass balance

Semi-discrete equation (10)) is discretized in space by a centred scheme. The explicit mass flux approxima-
tion is computed as:

g

div;(p"w) :/d)p"ﬁ-nd’y: Z / Pl ndy = Z (p" u)f]emt Sf;, (16)
x jeN ) 7T JEN(D)

where m;; is the unit outward normal vector at the fluid interface Ffj from Qf to Qf

the fluid interfaces is linearly interpolated between the two neighbouring cell values:

The normal velocity at

(P @)™ - myj = (ugpP i + (1 — aug) piag) - mgj.
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The pressure gradient increment at the fluid interface is approximated with a “two-point flux approximation”
scheme, which is consistent for admissible meshes, see [6}[7]]:

a6pP
on |pe

6P, — 6P,
hijji + hijj;

Thus, the scheme yields for the Laplacian operator:

At
‘Qz‘dwl(AtV(SP) 2 :' |, AoP ndy '§ j‘ T (6P, —6P;) S5, (17)
JEN() " i jEN@) /" 13/

Once equation ((18)) is solved:

=Y A Gp—ary st == S (g, ()

. . v ] 157
JEN(3) higji + Tijy JEN(4)

we deduce the updated mass flux at each fluid interface, satisfying the free-divergence constraint at the
discrete level:

At

n+1 ¢ cent 10} ¢

> (@ em)Sh= 3 (MOFT S Y o (0B —0R) S =0. (19)
JEN(D) JEN(i) FEN(3) ij/i ij/j

Rhie & Chow filter is usually added, see [4] for more details.

The velocity update (I1) is discretized in space as for the pressure force in equation (7)), with a centred
scheme:

/ §Pndy= Y (6PS™ —6P) ny;Sy, (20)
réury JEN)

with: dP™ = (1 — ;)0 P* + ;0 P}*. The update of the discrete velocity then writes:

W =G - LS (BRI 6P) nySY 1)

(4)

As illustrated in in Figure [3] this scheme does not recover the exact piecewise constant states in 1D
configurations when fluid sections jump.

3.3. A new scheme preserving steady state with fluid section jumps

The new scheme consists in modifying the interpolation at the interfaces in order to evaluate numerical
fluxes, in the case of a fluid section jump, with the local steady balances in the dual pyramid of each cell.

3.3.1. Dual mesh

A dual mesh, associated to the faces of the primal mesh, is deﬁned with the diamond cells. For each
interface ¢j of the primal cell {2;, the two pyramids Q,;; and Q. ;. are built, in red in Figure [3| satisfying

i/ij 3/tJ

ifij
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Figure 3. Dual cell and pyramid (AZZ /ije

Thus, the fluid dual-surface vector S¢7 1s defined as the fluid surface of the face of the diamond cell in

Q; such that: Sf) /i = / nd~y. The mean value over the dual pyramid ﬁf’/l is also defined as
! (B9 /i)\I' ’
1
Pifi = T~5 1 |~ p(x)dz.
¢ ¢
‘Qi/ij iy

3.3.2. Local discrete steady mass balance

The steady mass balance is integrated over the fluid part of the pyramid ﬁj’/%] and holds:

‘ 0¢

div;/;;(pu) = /{Aﬁ’ div (pu) d = 0, (22)

i/1j

i/ij

giving at the discrete level p;u;;/; - ijg = p;u; - SZ /i with the approximation p;;/; = p;. This relation
attaches the discrete velocity at cell to the velocity at face in taking into account the ratio of fluid section.
We thus define the velocity vector in the dual pyramid as:

Wijp = | Wi~ ;;Z n;j + (Id — 5 @ my5) w;. (23)

ij

3.3.3. Local discrete steady momentum balance

Section jumps imply velocity jumps at interface, and therefore a non zero convective acceleration term in
the steady momentum balance, over the fluid part of the pyramid Q? i/ij . Let us define f;/;;, in the pyramid

Q;%j, the opposite of the discrete convective acceleration due to section jumps:

Jijij = — ' '¢ div,/;; (u® Q). (24)

The convective term reads:

o

i/ij

(09;:5)*\I'y;

5 w(Q )y + /F  w@- s

= _ui(Qi : SZ/,L) + Wi/ (Q n)zg Sd)

= (’u’ij/Z uz) (Q n)z] S(z)



Indeed, assuming that the local steady mass balance is verified over the pyramid (Alf’/ij, we get:

Q- Sﬁ/l =(Q- n)ij Sj;
Thus, using equation (23)), the projection of equation (24)) in the n;j-direction gives:
Q- n)ij SZ /i

Jijij -mig = — o T | (25)
hij/i Sij

We note that this convective acceleration per unit volume (23)), normal to the face, is only non-zero for a fluid
section jump. Then, this convective acceleration (25)) should be balanced by part of the pressure gradient to
satisfy the local discrete steady momentum balance over the cell 2;, when the fluid section, between cells
€2; and 25, is discontinuous.

3.3.4. Pressure interpolation at the interface

The interpolated pressure at face is modified to take into account the fluid section jump at the interface, and
thus to recover the steady momentum balance. We assume that the pressure field P(x,t), x € Q and t > 0,
can be decomposed into two parts, as follows:

P(z,t) = P*(x,t) + Pz, 1), (26)

where P* is a smooth part, at least C'(92), and P? is not necessary C(f2). Its discrete gradient over the
dual pyramid Q?/U is f;/i;. At the discrete level, the pressure is also assumed to be split into two parts, over

the primal cell €2; and €2; and at the face centre:

e d

Pj=P;+ P! and P; = P+ P

Thus each part of the pressure at the primal faces P or Pgﬁ is approximated separately. The pressure P at
each interface is defined by using a linear interpolation between the discrete pressures P; and P;:

P = aijPoyy + (1 — aij) PL. (28)

The pressure P%(x ﬁf)/”) is built as a linear function, locally P; per pyramid ﬁf/ij, with P4(z;) = P¢
and Pd(a:fij) = Pg, where ¢ is the mass centre of the face. We identify the convective acceleration (24)
with the pressure gradient per dual pyramid ﬁf/w and ﬁf Jij"

Vijii P = fijig and Vi, PT= .

The pressure P? is then defined by a first order expansion in the dual pyramids Ql /ij and (AZ]- Jij:
d — pd 0%

Pd($) = de+fj/ij'(m_wj)7VmEQj/ij-

Then, using decomposition (26) at the interface P;; = P;; + Pfjl- and equation (28)), the pressure at interface
reads:
d d
Py =P+ P = a; P’ + (1 — o) P} + Pjj.
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Yet, using the decomposition in the cell, P} = P; — Pid and Pj's =P; - de, we find:
Pij = aijP; + (1 — aij) Py — aig P — (1 — cg) P + P
Finally, equations (29) allow to deduce the expression of the pressure at the interface of mass center xx, :
Pij = i P + (1 = o) Py + i figij - (e, — @) + (1= ) f70 - (@2, — x5). (30)

The first part is the legacy linear interpolation (14) for a continuous pressure and the second is a correction
to account for the steady state at an interface with section jump.

3.3.5. Velocity interpolation at the interface

The approximation of the normal velocity at face, projected in the n;;-direction (the normal direction to the
face i), is modified in order to comply with the local dual mass balance (23), as follows:

Apai - ST 4 (1= Ay - 87 31
[Sd ’
ij

U5 - 5 =

where )\% is deduced from the scheme choice (upwind, centred, ...).
Thus the interpolated velocity at the interface can be rewritten:
wi; = A+ (1= A5/ (32)

Equation (30) (respectively (32)) is used to interpolate the pressure and its increment (respectively the ve-

locity and its increment) in (12)), (13)), (T6) and (20).

4. VERIFICATION TEST CASE: PLANE STEADY-SATE CHANNEL FLOW WITH A DISCONTINUOUS
FLUID SECTION

This section is dedicated to the verification of the numerical scheme on steady configurations including
a fluid section jump. The aim is to simulate a plane steady-state inviscid fluid flow in a channel with a
discontinuous fluid section, see Figure ] The exact velocity and pressure fields are piecewise constant.

4.1. One-dimensional analytic solution

The problem of the steady plane channel flow with a section jump is considered. The inlet fluid section is
denoted by S;,,, while the outlet fluid section is S,,;. The inlet mass flow rate Q;,,.S;, # 0 is given, and also
the outlet pressure F,,:. The analytical solution is computed by integrating the steady Euler equations in
space with respect to the computational fluid domain Q®. The density p(z), the velocity u(x), the pressure
P(z) are assumed to be uniform in the transverse directions to the z-direction. By definition, we have
Q(z) = p(x)u(x). At the steady state, the mass conservation and momentum balance give:

Qoutsout_QinSin = 07

33
(Uothout + Pout) Sout - (quzn + Pzn) S’m + Py (Sm - Sout) = 0. ( )

9
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Figure 4. Channel flow with a constriction.

We note P, = P, + AP allowing to write:

2 2
< out Sout Qout

Sou+Pou*-Pin Sou +APw Sin*Sou :07 34
Pout Sin pzn) ! ( ¢ ) ! ( t) o

with pout = P~ 1(P,ut, ho) and h being the specific enthalpy. We deduce the following equation, for
Sout 7é 0:

Sout qut
Sin Pin

Si 2
+F)in_APw (Sln _1> = pOUt +Pout- (35)
out out

The aim is to compute unknown independent variables: for instance, the velocity u;,, the pressure F;,
(the density p;,, hi, for a compressible flow model). Thus, the pressure drop, P;, — Py, due to the
discontinuous section of the channel, will be obtained. This result depends on the parameter AP", data
from the fluid model. For numerical applications, AP" is assumed to be equal to zero, that is P, = Pj,.

4.1.1. Incompressible fluid flow

For the incompressible Euler equations with p = p,,: = pin constant, one gets:

_ Qm Sout Qout Sout

Uin Din = S, P = S Uout- (36)
Py = Pout + out g Sout) | apu(Sin (37)
m — L out P Sz Sout .

4.1.2. Barotropic compressible fluid flow

For the barotropic compressible Euler equations with the thermodynamic law P = P(p), the equation is
implicit. Setting X = p;,, we look for the subsonic zero X of the function f:

Sin gut
57—1 — —— — Pou- (38)
out Pout

S out Q gut

F(X) =

+P(X)— APY (

Sout Qout

From the density p;,, we deduce the pressure P;;, = P(p;,) and the velocity u;, =

Application with an Ideal Gas (IG) equation of state: the reference entropy is so = 69785 with P = sop”
(v= 5.

10



4.1.3. Compressible fluid flow with energy

The compressible Euler equations with the thermodynamic law P = P(p, h) is considered. The dis-
cretization of the energy balance equation is detailed in [1]. At the steady state, in addition to the mass
and momentum balance equations, the energy balance equation gives the conservation of the specific to-
tal enthalpy: Hyy = Hipn, where Hoyr = h(Pout, pout) + %ugut and H;, = hin + tu2 . We deduce

2 n’

152, Q% . .
hin = Hour — 538 =5¢8*. The function [ writes:
m

Sout Q2 t 1 SQ tQ2 t Sm Q2 t
X) = ou X, Hoyt — — —out Zout ) A pw 1) - out _p . 3
f(X) S X + P\ X, Hout 252 X7 S Dout t (39)

2 2
We look for the subsonic zero of f allowing to compute p;;, and to deduce P;, = P (pm, Hou: — %% Cig“i )
_ Sout Qout
and u;, = .
Sin Pin
Application with an ideal gas equation of state, h = ——£: one have P(X) = =2 X ( H,y — 1 Sau Qo
pp g q 2T 1 p — A out 2 S?n X2 .

For v = g we compute p;, = 47.4599 kg/m? and deduce h;, = 1143810.0776143975 J/kg.

variable incomp. IG baro. IG ener.

pin (kg/m?>) 47.5 47.4582 47.4599

P;, (Pa) 15509500  15509501.88649098 15510031.972163301
Uin, (M/S) 10 10.008807750820722 10.008449238198985
Out state % =2 P, =155 bar and Q;, Sin, = QoutSout = 475 kg/s

Pout = 47.437 kg/m?

4.2. Standard porous approach: THYC component code

Numerical computations are compared to the reference porous code THYC for thermal-hydraulic simulation
at the component scale [3]]. Set of equations (40), based on the barotropic compressible Euler equations, is
the porous model involving a steady porosity €:

Oc(ep) + div (peu) = 0, 40)
O(epu) + div (u® epu) + VP = 0.

The discretization uses a staggered space scheme on a Cartesian grid and an incremental pressure-correction
time algorithm. In this model, the pressure drop, at the channel fluid section jump, is dealt with the non-
conservative term e V. The approximation of the porosity at the discontinuous interface, x = xg, controls
the pressure drop value: ¢ = %(sm + €out) is used here. The other approximation £ = min(&;y,, €oyt) is
actually relevant and allows to recover the analytic solution.

4.3. Numerical results
4.3.1. Case description

The one-dimensional computational domain 2 = (0,40 m) is meshed with a uniform Cartesian grid with
N cells, N = 10, 80 or 1280. The jump section is located at x = 0 m. The section ratio is % The initial

11



conditions are: V x € Q, u(z,t = 0) = 0 m.s~*
performed with a constant time step complying with CF L, =

and P(z,t = 0) =

Uin

Py = P,y:. The computations are

Am < 1. The boundary conditions are

a Dirichlet condition on the mass flow on 9Q™, a Dirichlet condition on the pressure on 92°**, and a slip
condition, implying u = u e, on 9QW,

4.3.2. Results

For steady-state incompressible flows, the analytical piecewise constant fields are recovered with the solver
precision (10~ '2) for the velocity and the pressure (see Figure for different mesh refinements. The discrete
L2 err01l lis 10712 and the L2 time residuals of the velocity and the pressure are zero (machine precision

» = 2, for instance, with N = 10, the time convergence is reached after 63

iterations. The discrete pressure errors, in function of the cell centres x;, are given in Table[I} For the other
section ratios, the velocity and pressure profiles are given in Figures [6|and [7]and the discrete pressure error

in Tablefor the inlet condition u;,, = 1 m.s™

Profiles 1

Config.

n Figure 8] for 5

1

Table 1. Steady-state discrete pressure errors (Code_Saturne incompressible).

| zi (m) l

2

| 6

| 10

5 = 2, compare the results obtained with different models (incompressible or

compressible flows) and software (Code_Saturne or THYC) for Q;, Sip, = 475 kg.s~! and P,y = 155 bar.

| 14 | 18 | 22 | 26 | 30 | 34 | 38
g’—?"t = |P; — Pezact| (Pa) | 1.3e-11 | 2.8e-11 | 1.6e-11 | 1.2e-11 | l.de-11 | 6.7e-12 | 2.0e-12 | 2.3e-12 | 2.3e-12 | 8.9e-13
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Figure 7. Steady approximate solutions for %"t = 100 (Code_Saturne incompressible).

ou

5. CONCLUSION

A multi-dimensional integral formulation has been proposed to approximate solutions of the Euler equations
in a medium with fluid section jumps on coarse meshes. The discontinuous geometry of the fluid section
does not need to be explicitly meshed by using a wall boundary condition. The integral formulation is
discretized by a semi-implicit collocated finite volume scheme using an incremental pressure projection
method. The proposed space scheme corrects the interpolation at the interface of both the velocity and
the pressure. This technique is based on the discrete local steady balance equations over a dual sub-mesh,
similarly to a staggered scheme. Numerical verification tests show the ability of the scheme to recover
the analytic steady-state flow solution. Indeed, the analytic piecewise constant solution is recovered on
a collocated mesh with the correct pressure drop and acceleration at the discontinuous interface. Even if
only illustrated on a one-dimensional case in this paper, this scheme is applicable to multi-dimensional
computations and its impact will decrease when refining the mesh in all directions. Additional ad hoc head
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Figure 8. Comparison of steady approximate solutions between THYC and Code_Saturne for %
2.

loss correlations could be added to the present developments.
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