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Introduction

Objectives of a physical-numerical benchmarks matrix
A physical-numerical benchmarks matrix was drawn up in the context of the ECUME
co-development action. Its purpose is to test the different potentialities required for
the numerical methods to be used in the codes of the future which will benefit from
advanced physics modellings.
This benchmarks matrix is to be used for each numerical method in order to answer
the following questions:

• What is the two-phase flow field that the combination of physics model +
numerical scheme can process ?

• What is the accuracy of the scheme for each type of physics situation ?

• What is the numerical efficiency (computing time) of the numerical scheme for
each type of physics situation ?

This benchmarks matrix is necessary to:

• guide the engineer in the choice of a method to be implemented in an industrial
code

• guide the engineer specialised in numerical methods in directing his research
towards the physical problems which are dealt with least well at the moment.

The qualities required from a numerical scheme and which have to be tested are:

• consistency: ability of a system of discretized equations to tend towards the
system of partial differential equations when the discretization steps tend to zero.

• stability: ability of a numerical scheme not to generate non-physical instabilities.



oooe
• accuracy: ability of a system of discretized equations to approach the initial

system of partial differential equations as close as possible. The accuracy
generally increases when the discretization steps tend to zero but with a given
time step and space, different schemes have different accuracies.

• robustness: ability of a discretization and solving scheme to be operational and to
always give the solution whatever the simulated flow configuration.

• CPU time efficiency: computing time required to solve a physical problem. This
time depends on the time and space steps used which also influence the
computing accuracy. This criterion therefore has to be examined at the same time
as the accuracy criterion. To compare two schemes, the CPU time required for a
given accuracy, or the accuracy obtained for a given CPU time, can for example
be compared.

State of the art
The numerical schemes used or envisaged all meet the requirements of the first two
criteria of consistency and stability. They therefore only differ by the robustness,
accuracy and efficiency criteria.
The numerical schemes used for the 6-equation two-fluid models implemented in
the system codes (CATHARE, RELAP, TRAC) are the finite volume method of first
order in time and space. They are all similar and differ essentially by time
discretization of semi-implicit or-fully implicit type. They are relatively simple and are
robust and fairly efficient. They are on the other hand not very accurate as they are
fairly diffusive and dissipative (especially the fully implicit model).

The numerical schemes used in the component codes are based on a finite volume
(FLICA, THYC) or finite element (GENEPI) method. They solve simplified 3-equation
or 4-equation two-fluid models and their extension to the 6-equation two-fluid model
is in progress. In comparison with the previous ones, they are used in a much
narrower range of flow configurations in which they have been able to achieve a
greater accuracy.

The numerical schemes used in the local two-phase codes are of the finite volume
type (ASTRID Steam-Water). They solve the 6-equation two-fluid model to which two
equations are added for processing turbulence (k-e model) and an interfacial area
equation.

The objective of the developments in progress on the numerical schemes (Roe's
solver, or Finite Volume with Characteristic Flux method) is to extend the imperatives
of accuracy and robustness in an extended range of flow configurations.

If we limit ourselves to the schemes implemented in the industrial versions of the
current codes, none fulfils all the criteria satisfactorily:

• The schemes implemented in the system codes solve the most complete
systems of equations in a very wide range of flow configurations, they are robust
and fairly efficient but not very accurate.

• The schemes which are more accurate solve simplified systems of equations in
a smaller range of flow configurations and still have to prove their robustness
when the scope of application is broadened.
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Generating the matrix
If we take the different criteria to be met, they can be broken down into various
required potentialities.

Operationality-robustness criteria:

• The scheme has to be able to deal with all the two-phase flow regimes (and the
whole range of void fraction) in a 6-equation model + k-e model + interfacial area
transport equation

• The scheme has to be able to work in a wide range of pressures and
temperatures: Water-Vapour: 0<Tv<2000°C; 0.01 bar<P<250 bars

• The scheme has to be able to operate in a free or charged (porous) medium with
complex geometries

• The scheme has to be able to deal with flows with non-condensables (e.g. water-
air, vapour-H2-N2 mixture)

• The scheme has to be able to deal with swollen levels and water-packing

• The scheme has to be able to deal with incompressible and compressible flows
with non-simplified equations of state

• The scheme has to be able to deal with flows with large interfacial mass transfers
(strong pressure-void fraction coupling)

• The scheme has to be able to deal with strong hydraulic-wall conduction couplings
(passing DNB, rewetting)

• The scheme has to be able to deal with flows in an extended range of velocities
including at high Mach, subsonic and supersonic

Accuracy criteria:

• The scheme has to be able to conserve mass and energy correctly

• The scheme has to be able to compute the propagation of a pressure wave and of
a void fraction wave correctly

• The scheme has to be able to compute the propagation of a temperature front
correctly (Reduction of numerical diffusion)

Numerical efficiency criterion:

• The CPU time must remain compatible with an industrial use.

The purpose of this benchmarks matrix must remain quite distinct from physical
validation:

• Physical validation = quantitative computation-experiment comparison to qualify
the validity of the physical models

• Numerical benchmarks = measurement of the differences between a system of
equations and its numerical solving

In the specific two-phase situation, there are hardly any actual physical problems
where an analytical solution is known apart from a few academic cases which do not
cover the physical field to be dealt with.
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• A few cases exist with a known analytical solution (or approximate analytical

solution) if the system of equations is simplified. They do not cover the whole
physical field to be dealt with.

• Necessity to complete by test cases computed with the original physical model to
complete coverage of the simulation scope aimed for. Inter-comparison of
numerical schemes with identical physical and/or qualitative comparison with an
experiment.

Consequently two types of tests were selected:

0 Type 1 : Tests with known analytical solution:
• a simplified system of equations and closure laws are imposed
• comparison between computation and analytical solution
• tests the accuracy of the numerical scheme
• tests the time step and meshing convergence
• CPU time measurement

0 Type 2: Tests with unknown analytical solution with experimental reference
• the original system of equations is used
• comparison between numerical schemes:
• compares the accuracy of the numerical schemes
• compares the time step and meshing convergence
• CPU time measurement
• qualitative comparison with the experiment:
• tests the operationality and robustness on an actual case
• tests the ability to operate with real physical laws

Comments:

• a physical-numerical method able to meet the specifications and all the criteria set
out in the introduction to this memo does not exist at present. However, several
physical models and several numerical methods can be implemented in a single
"code of the future".

• Among all the criteria set out, we would emphasise the possibility of being able to
deal with complex 3D geometries. If certain reactor components can naturally
been described with structured meshes, using a 3D model for free medium with
complex geometry will need unstructured meshes.. As far as the physical
modelling is concerned, it is clear that all the terms will have to be invariant under
rotation
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List of benchmarks

N°
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HC
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HC

HC

HC

HC
HC
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TITLE

manometric oscillations

Faucet flow (Ransom's Faucet)

dispersed two-phase flow in a nozzle

critical flow in a nozzle (Super Moby Dick)

expulsion of steam by subcooled water

core dewatering (Pericles rectangular boil-up)
boil-up: numerical variant

core dewatering with radial power profile (Pericles
rectangular boil-up)

fast depressurisation (Super Canon)

wall heat exchange with dryout and rewetting

propagation of a passive scalar front

laminar flow in a heated tube

boiling in a canal

vertical water-air canal in bubbles-pockets regime
(Dédale)

shock tube

stratified flow

flow with non equilibrium mechanics

convective sedimentation

vapour explosion (OCDE test case)

driven cavity

solving Laplace's equation with Green's function as sourc
term

flooding in a vertical tube

water-hammer

condensation shock (injector condenser)

non-stationary vertical flow with bubbles

FRIDA2

LYNX

Boiling flow of R12 in a tube : DEBORA
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2
1
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All these benchmarks are completely described in French CEA and EDF notes [1].
They will be translated into English soon and widely diffused.
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TESTS

manometric oscillations

i 1 -.a
I

1 I
Faucet flow (Ransom's Faucet)
dispersed two-phase flow in a nozzle X
critical flow in a nozzle (Super Moby Dick) X
expulsion of steam by subcooled water
core dewatering (Pericles rectangular boil-up)
core dewatering with radial power profile
fast depressurisation (Super Canon)
wall heat exchange with dryout and rewetting X X X
propagation of a passive scalar front
laminar flow in a heated tube
boiling in a canal X X X
vertical water-air canal in bubbles-pockets regime
(Dédale)

X

shock tube X
stratified flow X
flow with non equilibrium mechanics X
convective sedimentation
vapour explosion (OCDE test case)
driven cavity X
Laplace's equation with Green's function as source term
flooding in a vertical tube
water-hammer X
condensation shock (injector condenser) X
non-stationary vertical flow with bubbles
Frida X X
Boiling flow of R12 in a tube : DEBORA
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1. MANOMETRIC OSCILLATIONS
Physics context
This benchmark was proposed by Ransom [2]. It consists in calculating the
gravitational oscillations of the liquid water contained in the bottom half of the
manometer. The device is a U-shaped tube the two ends of which are joined so that
we have a closed loop (O-shaped tube). The system initially contains steam or air
and liquid water, the liquid level being the same in both legs of the manometer. The
initial velocity of the fluid is uniform and not zero so that it is set in motion.

Numerical potentialities tested
• Estimation of the dissipation of the numerical model by measuring the damping of

the oscillations.
• Mass conservation.
• Ability to move a void front without diffusing it.

Physical potentialities tested
• Ability to deal with situations with vertical stratification, with gravitational

oscillations.

2. FAUCET FLOW (RANSOM'S FAUCET)
Physics context
Originally this was a non-stationary one-dimensional test case proposed by V.H.
Ransom as the numerical "benchmark" for 1D two-phase thermal hydraulics codes
[3]. We propose a 2D version here in addition to the 1D version.

The flow of a water column at the outlet of a faucet opening out into an enclosure
containing air is considered. The inlet velocity of the water is 10 m/s whereas the air
is at rest. The ratio of the sections of the nozzle and of the enclosure is such that the
integrated void fraction over the section is equal to 0.2. In this configuration, a
striction phenomenon of the jet is observed due to the effect of gravity. Indeed, if we
make the assumption that the jet remains coherent (no tear-off of liquid in the form of
drops, no penetration of air into jet), the acceleration of the liquid due to gravity
necessarily results in a narrowing of the cross-section of passage of the liquid, by
conservation of the flowrate. Moreover, as the initial conditions correspond to the
solution which would be obtained in the absence of gravity (therefore a =0.2
everywhere), a void fraction discontinuity is propagated from the inlet section to the
outlet section as from the initial time.

The two-dimensional extension we introduced does not consist in computing the
separate phase flow representative of the situation of the faucet and corresponding
to the 1D case dealt with above; we took the same inlet conditions applying them
uniformly to the whole inlet cross section. The initial conditions are obtained by
translations of the inlet conditions into the computing scope. The physics
interpretation of this configuration, which we have baptised "Homogeneous
Ransom's Faucet", is therefore quite different from the original 1D case. To give a
physics interpretation, what is involved here is rather more a bubbly flow in which the
interactions between phases are negligible compared with gravity.
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Numerical potentialities tested
• stability,
• accuracy, numerical diffusion (protraction of the void fraction front),
• velocity of void fraction waves,
• interaction with a simple source term (gravity).

Physical potentialities tested
• ability to treat situations where the phases are mechanically decoupled.

3. DISPERSED TWO-PHASE FLOW IN A NOZZLE
Physics context
The benchmark entitled 'Nozzle Flow' was proposed by D. B. Spalding [4]. It consists
of a series of two-phase flows in a nozzle. The flows are of one-dimensional
stationary character and the heavier phase is minority (dispersed flows with drops). It
is also assumed that there is no mass or heat transfer between the phases and that
the mechanical and thermal problems are uncoupled.

Numerical potentialities tested
• Ability to compute a compressible flow with a high, subsonic, sonic and supersonic

Mach number.

Physical potentialities tested
• Ability to compute a two-phase flow with mechanically uncoupled phases.

4. CRITICAL FLOW IN A NOZZLE: SUPER MOBY-DICK
Physics context
Steady flow in a nozzle formed by a convergent, a straight part and a 7° divergent.
The phenomena involved are flashing and critical flowrate. The sub-cooled water
enters the nozzle, becomes saturated then overheated and flashes. In the divergent
the pressure increases. The flowrate is choked (sonic). The results can be compared
to experimental data [5]

Numerical potentialities tested
• Compressible flow at high Mach choked at the throat, supersonic downstream and

recompression with large mass and heat interfacial transfers.
• Ability to process a situation with strong coupling between pressure and void

fraction.

Physical potentialities tested
• Ability to predict a critical flowrate,
• Ability to process a highly compressible flow,
• Ability to process water flashing.
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5. EXPULSION OF STEAM BY SUB-COOLED WATER
Origin: V.H. Ransom [6].
Physics context
This involves a vertical tube initially filled with superheated steam, under-saturated
water then being inlet via the bottom. The top of the tube is connected to a steam
source at constant temperature and pressure. Injecting sub-cooled water into the
tube causes condensation of the steam which is sucked downwards. The enthalpy
and temperature of the liquid increase with the condensation.
The meshes usually used for this computation are too rough to describe the
temperature gradient close to the condensation front which may lead to an over-
prediction of the condensation rate. Moreover, when the mesh close to the interface
becomes filled with liquid, the direction of the liquid velocity is reversed which may
create a pressure disturbance which is propagated in the tube - this is the "water-
packing" phenomenon, the amplitude of which depends on the numerical scheme
and the time step.

Numerical potentialities tested
• Ability to move a void front without diffusing the void fraction.
• Ability to process situations with vertical stratification.
• Problem called "Water packing" linked to condensation on a moving front.

Physical potentialities tested
• Ability to compute condensation on a front.
• Ability to process situations with vertical stratification.

6. CORE DEWATERING

Pericles rectangular boil-up experiment.
Physics context
Pericles is an experiment representative of a PWR core in which cross-flows can
occur between channels [7]. In Pericles boil-up tests, sub-cooled water is injected at
constant flowrate into the bottom part of the test section. This water is heated by the
rods (single-phase liquid zone), then vaporises partially (two-phase zone) and finally
flashes totally (single-phase vapour zone). The separation between the two-phase
zone and the single-phase vapour zone is the swollen level. For a given thermal
power, the injected water flowrate is such that the swollen level is fixed.

Numerical potentialities tested
• Thermal hydraulics - heating wall coupling.
• Ability to process the whole void fraction range.
• Ability to process a swollen level with void fraction front.
• Low velocity flow.

Physical potentialities tested
• Ability to process an essential situation for reactor thermal hydraulics.
The Pericles test section is rectangular and contains 3 assemblies A, B, C of 7*17
electric heating rods (scale 1). The heat flux profile along the rods is of cosine form.
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6. BOIL-UP : NUMERICAL Variant
Physics context
The test case presented here was defined within the framework of the operation
study called "boil-up" of PWR cores in the long term phase which follows a large
break LOCA on the cold leg. In this phase, which begins a few minutes after the
LOCA and lasts for several hours, the core is reflooded and the pressure is that of
the containment: these conditions are therefore far removed from the normal range
of reactor operating conditions.
Cooling of the core must be performed permanently in order to remove the residual
power. This cooling is achieved by water recirculation which, being outlet from the
break in the form of vapour (and also of liquid in the case of hot leg injection),
condenses in the containment before being recovered in the sump and reinjected
into the tank by the Safety Injection System.
In a first phase (which is the only one we will deal with here), this water is injected in
the cold legs only. A part of the flowrate is outlet directly to the break, whereas the
rest flows down into the down-comer and passes through the core : the height of the
free level above the core is thus maintained. The flowrate which passes through the
core is outlet in the form of vapour by the hot legs, passes via the Steam Generators
and is finally outlet at the break.
For reasons connected with increase of the boron concentration in the core, injection
switches in a second phase to the hot legs (or rather to mixed hot leg and cold leg
injection). This will not be our concern here: the test case being studied is
representative of operation with injection via the cold legs only: simulation of this
operation is in fact a pre-requisite to that of injection switching.

CL inlet

free level

HL outlet

Figure 1 : boil-up core

Specific numerical features to be validated
Simulation of operation of the PWR core under the conditions of the long-term post-
LOCA phase gives rise to specific problems linked to the low pressure and the low
flowrate velocity at core inlet (compared with the relative velocities between phases
which occur). We therefore defined a very simple one-dimensional test case, but
which contains all these difficulties. This essentially involves cutting a vertical section
in the core.
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7. CORE DEWATERING WITH RADIAL POWER PROFILE

Pericles rectangular boil-up experiment with radial power profile.
Physics context
This is the same experiment [7] as the one described in the previous benchmark but
with an additional characteristic: the central assembly (B) rods give off a greater
thermal power than that given off by the rods of the side assemblies (A and C) which
gives a radial power profile in the test section.

Numerical potentialities tested
(as for the previous benchmark)

Physicalpotentialities tested
• (as for the previous benchmark)
• Ability to predict cross-flows in a rod assembly, a very porous medium.

8. FAST DEPRESSURISATION: SUPER CANON
Physics context
This experiment [8] deals with very fast depressurisation of a horizontal cylindrical
capacity by opening of a 100% break. The pressure drops from 150 bars to 1 bar in
less than 0.5s. The liquid flashes and a pressure wave propagates from the break
opening to the far end of the tube in a two-phase medium.

Numerical potentialities tested
• Ability to compute a very fast depressurisation with flashing
• Propagation of a pressure wave in a two-phase medium
• Strong coupling between pressure and void fraction

Physical potentialities tested
• Very fast depressurisation with flashing
• Critical flow

9. WALL HEAT EXCHANGE WITH DRYOUT AND REWETTING
Physics context
The object of this exercise is to cover the different heat transfer regimes between a
two-phase flow and a heating wall passing through the two characteristic points of
Nukiyama's curve: critical flux and minimum stable film temperature.
An imaginary experiment is used : a vertical tube containing a heating rod bundle.
The tube is supplied at the bottom part with water at a flowrate variable with time to
simulate a feedwater failure due to a break, followed by rewetting. The neutron
power decrease due to the appearance of a void fraction is modelled by a wall flux
decrease curve following an exponential law.

Numerical potentialities tested
• Ability to process thermal-hydraulic - thermal wall coupling with sharp heat

exchange variations

Physical potentialities tested
• Ability to simulate conventional accident situations with core dryout and rewetting
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10. LAMINAR FLOW IN A HEATED TUBE
Physics context
Hagen-Poiseuille type single-phase liquid flow with heating wall.

Numerical potentialities tested
• Quantification of the numerical diffusion of momentum perpendicularly to the

direction of the flow
• Quantification of the numerical diffusion of heat perpendicularly to the direction of

the flow

11. BOILING IN A CANAL
Physics context
Steady-state conditions in a vertical pipe heated by the wall.
Injection of sub-cooled water via the bottom, total vaporisation from bottom to top.
No burnout phenomenon but wall dryout.

Numerical potentialities tested
• Ability to cover the whole range of void fractions with wall heat transfers
• Ability to simulate boiling flows

Physicalpotentialities tested
• Ability to qualitatively predict the axial and radial void fraction distributions in all

flow regimes

12. PROPAGATION OF A PASSIVE SCALAR FRONT (CONVECTION-
DIFFUSION)
Physics context
Convection and diffusion of a square of uniform concentration equal to 1 into a
medium of zero concentration by a constant convector field is considered. This test
case is classical.

Numerical potentialities tested
• Qualitative measurement of the numerical diffusion of the scheme.

Physical potentialities tested
• Transportation of a pollutant.

13. VERTICAL WATER-AIR CANAL IN BUBBLES-POCKETS REGIME
(DEDALE)
Physics context
This case corresponds to the DEDALE experiment [9] carried out at EDF for the
purposes of studying the axial evolution of two-phase flows with bubbles in a vertical
tube. The velocity fields of the two phases, the void fraction distribution and the
diameter of the bubbles are measured by hot film and optic sensor.

Numerical potentialities tested
• From a numerical point of view, this involves being able to simulate a two-phase

isothermal flow. This type of simulation is fundamental for the nuclear industry.

Physical potentialities tested
• Ability to qualitatively predict the axial and radial void fraction distributions.
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14. SHOCK TUBE
Physics context
This case is a standard shock tube case. It relates to a one-dimensional case. A tube
of constant cross-section is considered divided in the middle by a membrane. Air at
rest at two distinct pressure and density levels is located on each side of the
membrane.
At t = 0, the membrane is removed. This is a Riemann's problem where a pressure
reduction wave, a discontinuity of contact and a shock occur. It is known how to
compute the exact solution analytically (or almost) (see for example [10]).

Numerical potentialities tested
The purpose of this case will be for us to study the behaviour of a numerical scheme
on a discontinuous solution, in particular by verifying the absence of interference
oscillations and by qualitatively analysing the numerical diffusion introduced by the
scheme. A study of sensitivity to the mesh will be carried out.
More precisely it has to be verified that the numerical scheme tested has the
following behaviours:
• the accuracy for the constant states is excellent,
• the discontinuities are displaced with the right velocity,
• there is no tendency to oscillate.

15. STRATIFIED FLOW
Origin: D. B. Spalding [11].
Physics context
A closed horizontal tube separated in the middle by a membrane with simulation of
breaking of the diaphragm. To the left of the diaphragm, stratified water and air at
rest. To the right stratified water and air at a different level at rest. After the
membrane has completely broken, the difference of water level creates a
gravitational wave which propagates along the tube and reflects on the walls.

Numerical potentialities tested
• Void fraction wave propagation in stratified flow.
• Numerical diffusion.

Physical potentialities tested
• Ability to deal with a flow with separate phases and a well located interface.

16. FLOW WITH NON-EQUILIBRIUM MECHANICS
Physics context
Steady adiabatic non-viscous flow of a mixture of a liquid and gas bubbles in a
straight tube is considered.

Numerical potentialities tested
On inlet, a high value of the relative velocity between the phases is imposed so as to
have a large viscous force effect. The purpose of this flow configuration is to test the
ability of the code to compute a stationary solution in the presence of a fairly stiff
non-linear source term, like the viscous term for the bubbles with the inlet conditions
below. The results obtained will be able to be compared with an approximate
analytical solution which we propose.
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17. CONVECTIVE SEDIMENTATION
Physics context
This test is a steady air-water flow in a horizontal duct of square cross-section. A
homogeneous two-phase mixture is imposed at the inlet of the section and gravity
force generates a stratification of the phases along the pipe.

Numerical potentialities tested
This case does not have an analytical solution but it validates the ability of the
numerical method to cover the whole void fraction range, from 0 to 1. In addition, it
demonstrates the ability to describe migration of the two phases in opposite
directions. Furthermore, this case is a really multidimensional test.

18. VAPOUR EXPLOSION (OCDE)
Physics context
This case is close to the boil-up case, but here it is not the stationary but the
transient that is involved.
The case considered is essentially one-dimensional.

Numerical potentialities tested
Computation of a vapour explosion: wave propagation velocity, computation of a stiff
transient.

19. DRIVEN CAVITY
Physics context
This involves studying the laminar flow induced in a square cavity by a moving wall.
The reference solutions are constituted by the horizontal velocity profiles on the
vertical mid-line of the cavity. These limit profiles are taken from the reference [12]

Numerical potentialities tested
The numerical potentialities tested are the ability of the numerical method to
reproduce non-compressible and low Mach flows.

20. SOLVING LAPLACE'S EQUATION WITH GREEN'S FUNCTION AS
SOURCE TERM
Numerical context
The objective is to evaluate the performances of a finite volume scheme for solving
an elliptic equation in space. The computing domain is an unstructured mesh made
up of triangles.

21. FLOODING IN A VERTICAL TUBE
Physics context
When liquid is injected into the top of a vertical tube and gas is injected into the
bottom of this tube, a counter-current can occur in this tube. An increase of the gas
flowrate can reduce the descending liquid flowrate until the latter is annulled - this is
the flooding limitation. It is a local phenomenon which often occurs at the inlet or
outlet of a tube and which arises when the annular regime is disturbed. It depends to
a great extent on the local geometry.
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Purpose
In reactor accident transients, when the mass inventory is downgraded, this
phenomenon can control the distribution of the water mass in the circuit. As any
water retention outside the core has a negative effect on core cooling, predicting this
phenomenon is essential for safety.

Numerical potentialities tested
• Ability to compute flows with separate phases up to flooding limitation. This test

case was proposed in order to check whether the ATHENA code [13] can correctly
compute the flooding phenomenon which constitutes a severe test for separate
flow models.

Physical potentialities tested
• Ability to compute flows with separate phases up to flooding limitation.

22. CONDENSATION SHOCK (INJECTOR CONDENSER)
Physics context
A steam injector is a system which serves pumps a liquid at low pressure and
temperature condition using the driving force of a high pressure steam. This test
case investigates the numerical aspects of a convergent-divergent nozzle with a
water-vapour mixture at inlet and such that at the outlet of the nozzle a pure liquid or
slightly two-phase flow (with little vapour) is obtained. This is a simplification of what
happens in an injector condenser. The operating conditions are such that the two-
phase liquid-vapour flow is sonic at the throat and supersonic in the divergent.

Numerical potentialities tested
• Pressure wave propagation.
• Going from two-phase liquid-vapour to single-phase liquid with condensation front.

Physicalpotentialities tested
• Pressure wave propagation.
• Going from two-phase liquid-vapour to single-phase liquid with condensation front.

Subsorique

Liquide-Vapeur

Supersonique

Sonique ^

Col

Sens de l'écoulement

Subsonique

Choc

- "

Liquide

Figure 2 : Diagram of the computing scope
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23. WATER-HAMMER
Physics context
The experiment to be run consists of a vertical water tank of large dimensions
connected via the bottom to a slightly sloping pipeline equipped with a valve at its
downstream end opposite from the tank. A transient flow is initialised by fast closure
of the valve. Propagation of a pressure wave is observed in the pipeline. The
phenomena observed during this test case are propagation of pressure waves,
flashing and condensation (but on small quantities of water) due to the pressure
variations on each side of saturation. These phenomena are of interest in safety of
nuclear installations, as condensation shocks and water-hammers can damage the
installations and can thus be the cause of problems on the primary and secondary
cooling systems.
Three water-hammer tests are proposed, the first one is one-phase flow and the
second one is two-phase flows. Both tests are extracted from experimental data of
the Simpson's thesis [14].

Numerical potentialities tested
• Ability to compute fast transients with pressure wave propagation.

Physical potentialities tested
• Pressure wave propagation
• Flashing, condensation

24. NON-STATIONARY VERTICAL FLOW WITH BUBBLES
Physics context
Non-stationary ascending water-air flow with bubbles in a vertical cylindrical tube
(described in [15]). The water is at rest and the bubbles are injected periodically into
the bottom of the tube to create a void fraction wave which propagates along the
tube.

Numerical potentialities tested
• Void fraction wave propagation.

Physicalpotentialities tested
• Flows with bubbles.

25. FRIDA2
Physics context
Mock-up of the bottom of a PWR steam generator [16] (see Figure 3).
Steady state in a vertical rectangular tube electrically heated by a tube bundle, in the
presence of obstacles. Injection of sub-cooled Freon 114, laterally, at the bottom of
the tube and vaporisation from bottom upwards. Fluid outlet, in two-phase (void
fraction about 70 %), via the top of the tube.
2D computation : large multidimensional effects.

Numerical potentialities tested
• Ability to cover a large part of the void fraction range
• Ability to simulate the occurrence of a boiling front
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Physical potentialities tested
• Ability to model wall friction in a tube bundle under various incidences and on the

tube support plates
• Ability to model the thermodynamic disequilibrium between the liquid and its

vapour
• Ability to model the kinematic disequilibrium between the liquid and its vapour
• Ability to model a wide range of flow regimes (forced liquid convection, under-

saturated boiling, boiling at saturation)
• Ability to model turbulent momentum and energy transportation
• Ability to quantitatively predict the spatial void fraction distribution

Outlet

- Tube support plate

- Tube support plate

Flow distribution baffle
(3 zones: 1,2,3)

. Heating tubes

41,1 cm

Figure 3 : Diagram of the test section

26. LYNX
The LYNX experiment is in the course of construction at the Paul Scherrer Institute in
Switzerland. All the data necessary for computing this benchmark is therefore not yet
available.
Physics context
The Lynx facility has been designed to study condensation and mixing phenomena
encountered in passive Advanced Light Water Reactors, such as direct-contact and
surface condensation in the presence of non-condensable gases, and pool thermal
mixing induced by single and two-phase plumes. The experiments are conducted at
a fairly large scale and under prototypical pressure and temperature conditions.

Numerical potentialities tested
From a numerical point of view, the schemes of the Riemann approximate solvers
family should be able to simulate a "low-Mach" flow.
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The facility (Figure 4) consists of a pressure vessel, 2 m in diameter and 3.4 m in
height, steam and nitrogen (or air) supply lines, and a water conditioning loop.
Twelve 150 mm diameter windows at various elevations in the vessel wall, and one
on the top, allow direct flow visualisation. Eleven instrument flanges are positioned at
various locations to optimise access for measurement devices.

Physical potentialities tested
• Ability to model turbulent momentum and energy transportation
• Ability to quantitatively predict the spatial void fraction distribution

pressure s?>

(D=2m) .

recirculation^

zone

plume

needle plate

(d*300 mm)

vent

I
r—S

liquid free
surface ^ spout

j V,° » o / 1u
t

gas inlet

Figure 4 : Schematic diagram of the facility

27. BOILING FLOW OF R12 IN A TUBE : DEBORA
Physics context
This case is intended to qualify modelling of nucleate boiling caused by a heat flux
on a wall in a cylindrical geometry for subcooled boiling levels. It enables evaluation
of closure laws of vapour creation on a wall and of closure laws of core heat and
mass transfers (boiling and condensation).
This case corresponds to the DEBORA experiment carried out at the CEA Grenoble
for the purpose of studying nucleate boiling and departure from nucleate boiling
(DNB). The void fraction distribution and the diameter of the bubbles are measured
by optic sensor.

Numerical potentialities tested
From a numerical point of view, this involves being able to simulate a flow with stiff
source terms on a wall. This type of simulation is fundamental for the nuclear
industry.

Physical potentialities tested
• Ability to model the thermodynamic non equilibrium between the liquid and vapour
• Ability to model the kinematic non equilibrium between the liquid and its vapour
• Ability to model turbulent momentum and energy transportation
• Ability to quantitatively predict the spatial void fraction distribution
• Ability to quantitatively predict the steam production at the wall.
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