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SYNTHESE :

Les cœurs ou les assemblages combustibles REP et des RNR, les générateurs de
vapeur, les condenseurs, les échangeurs thermiques tabulaires sont des composants de
base d'une centrale nucléaire qui mettent en jeu des écoulements diphasiques dans des
faisceaux de tubes ou de crayons. Une connaissance approfondie du détail des
écoulements du côté enveloppe est nécessaire pour évaluer les marges de caléfaction
(DNB) dans les cœurs de réacteur, les effets particuliers (grilles, entretoises
d'espacement, plaques supports, déflecteurs), la corrosion de la paroi des tubes de
générateur de vapeur, les effets des bypass et les risques de vibrations. A cette fin,
Electricité de France développe, depuis 1986, un code à usage général appelé THYC
(code thermo-hydraulique) destiné à étudier les écoulements tridimensionnels mono ou
diphasiques dans les faisceaux de crayons ou de tubes (cœurs de réacteur à eau
pressurisée, générateurs de vapeur, condenseurs, échangeurs thermiques). Il prend en
compte le domaine tridimensionnel afin d'englober deux composantes : le fluide et les
solides. Le modèle THYC est obtenu en faisant la moyenne spatio-temporelle des
équations instantanées (masse, quantité de mouvement et énergie) de chaque phase sur
des volumes de contrôle comportant fluide et solides.

Cette note présente brièvement le modèle physique et la méthode numérique
utilisée par THYC. Il présente ensuite les cas de validation (par comparaison avec des
expériences) et les applications (couplage avec des codes neutroniques
tridimensionnels et avec les prédictions de caléfaction). Ces essais mettent en valeur
les derniers développements et les nouvelles possibilités de ce code.
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EXECUTIVE SUMMARY :

PWR or LMFBR cores or fuel assemblies, PWR steam generators, condensers,
tubular heat exchangers, are basic components of a nuclear power plant involving
two-phase flows in tube or rod bundles. A deep knowledge of the detailed flow
patterns on the shell side is necessary to evaluate DNB margins in reactor cores,
singularity effects (grids, wire spacers, support plates, baffles), corrosion on steam
generator tube sheet, bypass effects and vibration risks. For that purpose, Electricité de
France has developed, since 1986, a general purpose code named THYC1-2 (Thermal
HYdraulic Code) designed to study three-dimensional single and two phase flows in
rod or tube bundles (pressurised water reactor cores, steam generators, condensers,
heat exchangers). It considers the three-dimensional domain to contain two kinds of
components : fluid and solids. The THYC model is obtained by space-time averaging
of the instantaneous equations (mass, momentum and energy) of each phase over
control volumes including fluid and solids.

This paper briefly presents the physical model and the numerical method used
in THYC. Then, validation tests (comparison with experiments) and applications
(coupling with three-dimensional neutronics code and DNB predictions) are presented.
They emphasize the last developments and new capabilities of the code.

«3NBOTW»



Physical model

Averaging process

The two-fluid thermal hydraulic behaviour can be described by three
conservation equations (mass, momentum and energy) for each phase. After
space-time averaging3 over control volumes including fluid and solids, six
conservation equations of the two phases and three interfacial relations are
obtained. During this averaging process, interaction terms between fluid phases
and solids arise (friction, heat transfer, mass transfer) as well as an equivalent
porosity e, which stands for the volume fraction occupied by the fluid. The six
space-time averaged phase equations are then recombined to get three equations
for the two-phase mixture and three so-called non-equilibrium equations.

The physical model retained in THYC is composed of three equations for the
mixture, one equation for the mass of one phase, a closure relation for relative
velocity between phases and one phase at saturation state. This model is
supplemented by conduction equations relative to fuel rods which provide heat
source terms for the two-phase mixture.

Mixture equations

-+div(epu) = 0 (eq. 1)
ot

-^-+div(Epu ® u+EpC(I - c)Vr ® V1 ) = -EVp+div(ETv ) + Epg - eKpu (eq. 2)
ot

+ div(epuh + Ep£c(l - c)Vr) = e-^+euVp - div(Erc) + eq (eq. 3)
ui Ot

Thermal behaviour of non heating solids (such as grids, shells, particle blockages)
is taken into account, assuming their temperatures are equal to those of the
surrounding fluid. Thus, thermal energy of these solids is calculated by the fluid
enthalpy equation with modified thermal inertia and conduction terms. In the
enthalpy equation, viscous dissipation and interfacial kinetic energy transfer
terms have been neglected. In the momentum equation, surface tension has been
neglected and equal pressure for both phases has been assumed.



Second equation of mass

ccp
The unknown is the static vapour quality : c = — where a is the voidn J apg+ (1-OC)P1

fraction and p, and pg are the liquid and gas phasic densities.

+div(ep(u + (lc)Vr)c) er (eq.4)
ot

Turbulent viscosity equation

Three constitutive laws (see below) utilize a turbulent viscosity coefficient vT :
the viscous stress tensor, the thermal turbulent diffusion term in the conductive
flux, and the two-phase dispersion coefficient in the relative velocity.

In rod bundles associated with spacer grids, turbulence is not dissipated where it
is generated so a transport equation must be used to model these dissipation
effects downstream of a grid. A turbulent viscosity equation has been derived
from the k-L model which is a derivation of the conventional k-e model4 :

^ +CKG)u2 - e % v T
2 <eq. 5)

Ot L)

where D is a characteristic length, here the rod diameter, CKB and CKG characterise
production rates of turbulence by the rods and the grids respectively, whereas CD

is related to the dissipation rate due to the bundle.

CicB has been chosen so that in a bare bundle, equilibrium between dissipation
and production of turbulence yields the usual correlation for turbulent viscosity5:

vT = "nuD (eq. 6)
where n is a dimensionless factor which depends on the geometry of the bundle.
This assumption yields :

CKB=TI2CD (eq.7)
CQ is a dimensionless coefficient related to the bundle and not to the grid. So, it
can be determined from experiments in bare bundles. The above relationship,
established in the case of homogeneous turbulence in bare bundles can be
extended to other flow configurations by assuming that CKB is mainly influenced
by the bundle geometry.

It appears that only one coefficient CKG has to be known to model the production
of kinetic energy by the grids and, as we assume that it only depends on the grid
geometry, mis approach does not depend on the grid spacing.



Constitutive laws

The closure relations which are the physical properties of the fluid and solids, the
pressure loss and the heat exchange coefficients are given by standard or personal
correlations.

Viscous stress tensor. This tensor is modelled with respect to shear rate of
average flow.

Tv = pv([Vu + (Vu)T] - |(V.u)I) (eq. 8)

where I is the identity tensor and v = vm + vT.
vm is the fluid molecular cinematic viscosity and vT is a so-called turbulent
cinematic viscosity, which stands for the effects of averaged turbulent stresses and
average self-correlations of phasic velocities arising from the.fluid-solid
homogenization process.

Friction pressure loss tensor. The friction tensor K is written as the sum of
two terms : K = K1 + K2.
K1 accounts for the effects of plane obstacles such as grids and perforated plates ; it
is modelled by a singular pressure drop coefficient located just downstream the
singularity.
K2 accounts for the effect of the rod bundle. If one of the space co-ordinates has its
direction parallel to the rods the tensor is diagonal, according to Butterworth6.

K,=J
Kx 0 0

0 K., 0 = Mj^- (eq.9)
O O K J »

Q/Li and Mi are respectively the single-phase pressure drop coefficient per unit

length and the two-phase pressure drop multiplier for the ith component. If the
C C

rod bundle is parallel to z-axis, we have : K2 = ML—— and Kx = Ky = MTq>(8)——
LL LT

CL /U, and Gr /Lr are friction coefficients for pure longitudinal and transverse
flow. <p(8) is a correction term for oblique flow.

Conductive flux. It is expressed by a Fourier-type equation q> = -A.VT where T is
the averaged fluid temperature and 1K = Xn + Xr.
Xm is the equivalent molecular conductivity of the homogenised medium ;



X7 is a "turbulent" conductivity which stands for the effects of averaged
turbulent transfers and averaging correlations between temperature and velocity.
It is generally assumed equal to the turbulent viscosity vT.

A precise value of X is not necessary for two-phase regimes as fluid temperature
gradient is low and conductive heat transfer becomes negligible. In such a case,
turbulent diffusion in two-phase flow is taken into account through the relative
velocity term.

Volumetric thermal power. <|> = E where D4 is the thermal diameter,

R is the heat transfer resistance between rod wall and fluid and Tp is the rod wall

temperature. R is calculated for single and two-phase flow ; continuity between

these two regimes is obtained by selecting the maximum value of the two

coefficients.

, *
Interfacial mass exchange. r = K--p where K is the fraction of the

thermal power O devoted to liquid vaporisation, c* is the thermodynamic quality
and T a relaxation time constant. K is within the range [0-1], with K=O if
Tp <TW + AT81, and K=I if Tp >TBl. AT^ is the minimum rod wall overheating

which leads to bubble generation. The following expression of K ensures these
two boundary values :

The second term in the expression of T accounts for the effect of vaporisation or
condensation due to pressure variation.

Relative velocity. The relative velocity Vr SF(C01VJ Vc is a vector
c(l-c)

modelled by two terms : the first term stands for small scale effects, i.e. smaller
than averaging control volume ( V8- is the local drift velocity and C0 is the
correlation between velocity and void fraction) ; the second term stands for
turbulent diffusion effects due to large scale quality gradients. In the axial
direction, C0 and V^ are given by classical drift-flux correlations. D is a turbulent

diffusion coefficient, generally considered proportional to the single-phase
turbulent viscosity vT.



Unknowns

Primary unknowns are mass velocity Q=pu, pressure P, mixture enthalpy h, static
quality c and turbulent viscosity vT. Secondary unknowns are derived as the
following, assuming gaseous phase at saturation state :
mixture density :

1 _ c t

P Pg Pi
with

and
h -

(eq. 11)

(eq. 12)

(eq. 13)
1-c

mixture velocity : u=Q/p
THYC can also be used as a homogeneous model (assuming both phases at
saturation), and with a simple diffusion model (VT given by a correlation). In
such a case, only three differential equations are used (the mixure equations); c
and vT are derived from the previous assumptions.

Numerical method

Finite volume approach

11-
•

i

•

te

•

•

•

•

•

•

4
A A if A A

k

vjv
Horizonulflow Ptasure Vertical flow

Figure 1 : Staggered mesh

The numerical method is based on the discretization of equations on finite
volumes with staggered mesh. The scalar unknowns (pressure, energy, vapour
quality and turbulent viscosity) are located at the centre of the cells and the flow
components are located on the cell sides (fig. 1). The discretization scheme is



"donor cell" for convective terms and "centred" for diffusive and propagative
terms. A second order advection scheme is available for transport of a passive
tracer7.

Incremental time discretization

In order to have no time step limitation, most terms are implicit in time,
through a "6-scheme" approach. To avoid solving a large non-linear system, a
local linearization with respect to the time increment values 8Q, 5P, OS and Oc is
performed. The energy equation has been slightly modified for the transient
calculation, using entropy increment by recombining enthalpy and pressure
increments as : pTÔS = pSh + 5P ; this allows to eliminate pressure terms.

Time increment values are defined by : 8G = Gn+1 - Gn for G = Q,P,S,c ; using these
definitions, the linear system for incremental values can be written as :

a2At At At p

+ 8e(eQnVÔS + VQ"ÔS) - efV(epaAV5S)+eSO / Tn =
At (eq. 15)

-[VeQh - hVeQ+Ve£c(l - c)pVr - V(eA.VT) - uVP - eO]n / Tn

(—+6kK)EÔQ + 6C Veun ® 8Q - 9d V(evVôQ) + eeoV8P =
At (eq. 16)

-[Veu ® Q + Vepc(l - c)Vr ® Vr - V(evVQ) + eVP + eKQ - epg]n

-[VeQc - c VeQ + Vec(l - c)p Vr - er]n

with :

Q? = T(I - 2c)pVr + c(l - c)^§^1 (eq. 18)

Each right-hand-side represents a steady state balance, so when incremental
values are zero, the steady state solution obtained does not depend on time step.

Fractional step method

A fractional step method is used to decouple the equations and the set of
equations is solved as indicated on the following flowchart :
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• Stepl : Energy. The entropy increment OS is obtained from (eq. 15) which
is de-coupled from (eq. 14) and (eq. 16), due to the choice of entropy variable. The
fuel rod conduction equations are solved simultaneously to determine the OO
term.

• Step 2 : Second phase mass balance. A first value Sc1 of quality is obtained
from (eq. 17) where pressure variation 8P, arising in OF, has not been taken into
account.

• Step 3 : Generalised advection for mass flow. A first prediction SQ1 of
mass flov rate increment is obtained by neglecting pressure increment SP in (eq.
16).

• Step 4 : Mass balance and sound propagation. The final increments SQ
and 5P are obtained by solving simultaneously :

(•7-+ ekK)8Q+6.V8P = (-J-+6,K)SQ1 (eq. 20)
At * At
• Step 5 : The final value of Sc is obtained by (eq. 17) where pressure

increment SP has been taken into account.

Iterative methods are used to solve the linear systems arising from the
discretization process (Gauss Seidel or Preconditioned Conjugate Gradient
Square7 for non-symmetric systems and Preconditioned Conjugate Gradient for
symmetric ones).

Validation tests

Three examples belonging to THYC validation manual8 are given. They
demonstrate the state of qualification of the physical and numerical models by
comparison with experiments arid illustrate specific features of the THYC code.

VACARM experiment

VACARM is a two-dimensional model of a shell-and-tube heat exchanger9. It
allows to validate pressure drop and heat transfer predictions for various
geometrical and flow configurations (axial, intermediate and cross flows with
local recirculations). Initially, THYC could not simulate the primary flow inside
the tubes and the primary-to-second?r* heat transfer2. This capability was
introduced recently for application to steam generators.

11



Table 1.
VACARM geometry and test operating
conditions
TUBES

number

outer diameter

tube pitch

140 (7 rows of 20 tubes)

9mm

13.8 mm (square array)

SHELL

inner length

inner width

inner height

inlet nozzle length

2860 mm

276 mm

96.6 mm

250 mm

BAFFLES

thickness

hole diameter

OPERATING CONDITIONS

primary mass flow rate

primary inlet temperature

secondary mass flow rate

secondary inlet temperature

secondary pressure

8mm

92 mm

(test #62)

12.1 kg/s

63.1 0C

10.0 kg/s

20.4 0C

2310s Pa

operating parameters (used to determine the code
table 1.

The VACAKM test section
includes a bundle of straight
tubes with square pitch in
which primary hot water
flows. The tube bundle is
contained inside a rectangular
shell in which secondary cold
water flows. Tubes are
supported by transverse baffles
which block part of the
rectangular section of the shell.
These baffles are alternately
located right and left. Tests
simulations with THYC dealt
with a geometry of 9 baffles
which covered 13 rows of tubes
over a total number of 20 (table
1). The test-section geometry
being very flexible, many other
configurations have been
explored. However, only one
test is presented here, with
boundary conditions) given in

Pressure measurements along three lines parallel to the tubes allow to validate
THYC predictions of the secondary flow. On the primary side, tube outlet
temperatures were measured. Comparison with THYC predictions allows to
validate local heat transfer models. A picture of the computed velocity field is
given in fig.2. On the same figure, one can see that the code accurately predicts
the local pressures ; the global shell side pressure drop is however slightly over-
estimated. The same conclusion arises from all the tests analysed. Computed and
measured tube outlet temperatures are compared in fig.3. The agreement is very
good, except for the tubes located at the end of the baffles, where the heat
exchange coefficient seems slightly under-estimated. On the same figure,
calculated and measured secondary temperatures are also compared, and a
satisfactory agreement is obtained. THYC gives a very accurate prediction of the
global heat transfer coefficient for all the geometrical configurations analysed.

12



HYDROMEL experiment

This experiment, which was performed by the French Atomic Energy
Commission (CEA) consists of a tracer injection in the middle of a 9 by 9 rod
bundle10. The rods have a 9.5 mm outside diameter and the square pitch is equal
to 12.6 mm. The tracer is injected upstream of the first spacer grid by the central
tube and its concentration is measured at several locations downstream by
sampling tubes. The fluid is water at 5 bars and 20 0C. The inlet velocity is lm/s,
so that the Reynolds number is 12400. The results reported are relative to PWR
standard grids, with two different spacings: 52 cm and 44 cm.

The mesh layout used by THYC calculations uses one mesh for each subchannel.
The tracer is considered as a passive constituent. For both grid spacings, the tracer
turbulent diffusion coefficient was calculated using the vT equation (eq.5) with
the same QCG coefficient (CKG - 0-9)> which is characteristic of the turbulent
mixing capability of the grid, and the same CD coefficient (CD = 4), which
characterises the bundle ability to dissipate turbulence. Subchannel averaged
computed and measured concentrations are compared in fig.4 (grid spacing 52
cm) and fig 5 (grid spacing 44>cm), for two types of subchannels : in the central
ones (called zone 5), where the tracer is injected, the concentration decays from 1
at the injection elevation down to values lower than 0.2 after the second grid.
The decay is faster for the lower value of the grid spacing. The tracer
concentration in the neighbouring subchannels (zones 4) is also given. One can
see that the agreement is good, and that THYC predicts both configurations with
the same accuracy, using the same grid model. Actually, the code gives the same
peak value of vT after each grid, so that the average turbulent diffusion is higher
for grids having a lower spacing.

A more sophisticated model, using a description of the mixing vanes by 3D
pressure loss coefficients in conjunction with the k-L equation turbulence model,
has also been developed and validated on the same experiments11. Its accuracy is
about the same as the pure k-L model on such a symmetrical configuration,
although it allows to separate isotropic turbulent effects and directional
convective effects due to the mixing vanes arrangement.

13



VATICAN experiment

VATICAN test section12 consists of a vertical bundle of 40 electrically heated rods
in a 10 by 4 array (square pitch). The scale is 1:1 in relation to a 900 MWe PWR
core (9.5 mm outer diameter, 1.33 pitch to diameter ratio), except for the elevation
which is only 2.10 m. The coolant (refrigerant 114) is introduced via two side-
entry orifices at the bottom. The lower part of the bundle is separated into two
halves by a vertical divider plate (fig.6). Three separated heating zones of 50 kW
maximum power are available. Therefore, desequilibria in flow, power and fluid
enthalpy between the two halves can be set in order to study mixing phenomena.
VATICAN-I configuration includes simple spacer grids without mixing vanes.
In addition to global boundary measurements, instrumentation consists of static
pressure transmitters along the casing wall, platinum resistance sensors for fluid
temperature and y-ray densitometer for line integrated void fractions. A specific
procedure allows to get subchannel void fractions integrated over the thickness
of the test section, which are directly comparable to calculated values13. The
absolute uncertainty of the void fraction measurements is assessed to be ±0.04.

131.9

1348 500

1

k

5

i k

500

600

1=2 I 3 I 4 I 5 I 6 M 8{ 9 1101 11112113
Lateral indexes location

\

Left healing zone

Upper right heating zone

Lower right heating zone

Grids

Void measurements

axial locations

\
THYC nodes axial

locations

THYC horizontal mesh layout

Fig. 6 : VATICAN test section
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The experimental results presented here were obtained with desequilibria in
flow-rate and power between the two halves, giving rise to very different
enthalpies at the end of the divider plate. The test point chosen (table 2) has been
already used to compare THYC and VIPRE-0214. However, in the present
calculation, the THYC model has been notably improved by using the second
mass equation which allows to simulate subcooled boiling. Grids are described by
a k-L turbulence model with a source term CKG = 0.05 (non mixing grids).

Two vertical void fraction profiles have been plotted on fig.7-a and 7-b.
1=3 corresponds to subchannels close to the left side of the test section (the "cold"
side), and 1=12 to the symmetrical subchannels on the "hot" side. The agreement
between calculated and measured void fractions is excellent. On fig. 7-c, a
horizontal void fraction profile is shown at an elevation just above the end of
the divider plate (K=46). A good agreement is also found, except in the central
subchannels where void fraction is both difficult to predict and to measure : local
void fraction is far from being uniform in these subchannels which are located
just downstream of the separation plate.

Table 2.
Operating conditions for VATTCAN-I ; test
number 09 (ex-test#ll)
Left side flow rate
Right side flow rate
Outlet pressure
Inlet enthalpy
Lower right heating
zone power
Upper right heating
zone power
Left heating zone
power

9.89 kg/s
5.06 kg/s
0.8508MPa
278.559 kj/kg
29.7 kW

27.1 kW

33.8 kW

Fig. 7-d shows the effect of
subcooled boiling modelling
for another test (number 16) at
low void fractions. It can be
seen that the use of a "fourth
equation" considerably
improves predictions in such a
case.Finally, fig. 8 shows an
overall comparison of
predicted and calculated void
fractions, for all measurement
locations and for a wide range
of two-phase flow test
conditions.

Some single phase tests including temperature measurements were also
performed. They could not be used to validate THYC, because accurate
subchannel average temperatures could not be derived from these experiments,
due to the high non-uniformity of the temperature field inside each subchannel.

15



Applications

Synchronous coupling with 3D neutronic code

For its neutronics calculations EDF has developed a 3D code called
COCCINELLE15. A neutronics calculation requires a thermal-hydraulic model for
the evaluation of fluid temperature, density and rod temperature. In its present
version, the COCCINELLE code uses a simple one-dimensional thermal-
hydraulic model. In order to enhance thermal-hydraulic representation using
three-dimensional modelling, the two codes THYC and COCCINELLE have been
coupled. The coupling method16 ensures the synchronisation of the two codes at
each time step and data are exchanged via UNIX-specific "pipe" files.
As an example, a calculation of a Steam line Break transient is presented. This
transient corresponds to a break at a steam generator steam outlet. This break
induces a sudden increase in the thermal power extracted from the primary
circuit and consequently a decrease in pressure and temperature. This cold shock
causes a sudden power excursion. A first decrease of the power is produced by
neutronic feed-back effects, but the safe state is only reached after safety injection.
Results obtained with the two coupled codes are presented in fig. 9. In the first
run, 3D thermal-hydraulic effects are taken into account whereas in the second
run, the 3D effects are not taken into account, since the one-dimensional
thermal-hydraulic model of COCCINELLE has been used.

DNB predictions

Critical heat flux (CHF) is one of the most important limits on nuclear power
plant operation. Safety analysis requires that no onset of CHF occurs under
operating conditions. Since no accurate theory exists, prediction of the
phenomenon is obtained by correlations compiled from experimental data.

Here, an advanced statistical technique has been used to derive a CHF predictor
that is not based on a parametric least-square method. This has been achieved by
the pseudo-cubic spline method (PCSM), a statistical technique based on spline
functions which does not need predetermined knowledge about the way CHF
varies with the various parameters17. The predictor has been built from CHF
experimental data taken from the EPRI compilation18. Eight data banks, that
include 570 data points, have been investigated. Detailed results of this study
have been reported by Banner19. In this analysis, three flow parameters are used

16



as "explaining variables" : local subchannel pressures, mass velocities and steam
qualities, calculated by THYC with a standard three-equation model. Two
geometrical parameters are also explicitly taken into account : heated length and
grid spacing.

Comparisons have been made with the WRB-I correlation, obtained on the same
data bank with local parameters calculated by the THINC code20 : lower standard
deviations of the predicted over measured (P/M) CHF ratio were found for all the
data banks analysed (table 3).

Table 3.

Comparison between THYC-PCSM predictor and
WRB-I

Data base

E156

E157

E158

E160

EI61

E162

E164

Mean (P/M)

THYC-PCMS

0.999

1.00

0.997

1.00

0573

0.975

1.05

WRB-I

1.0041

1.01

1.030

1.050

0.996

1.00

1.002

Standard
deviation

THYC-PCMS

6.6

4.84

7.73

5.11

520

621

6.40

op/M (%)

WRB-I

8.05

8.48

10.48

10.20

6.55

7.96

852

A design criterion
based on these results
(probability of not
having CHF equal to
95% with a confidence
level equal to 95%) was
calculated using
Owen's method21: it
was found equal to
1.13, instead of 1.17 for
WRBl. This result,
illustrated by fig.10,
could lead to an
appreciable increase in
CHF margins for

design core calculations. Further studies will be devoted to this point ;
simultaneously, more sophisticated models, like those used in the validation
tests presented above, will be used to derive more accurate and less geometry
dependent results.

Conclusion

The general purpose code THYC can be used thanks to a "porous medium"
approach for calculation of three-dimensional two-phase flows in tube bundles
(reactor cores, steam generators, condensers and heat exchangers).
THYC is based on a transient, eulerian, time-space averaged model for single and
two-phase flows. The THYC model is mainly a 4 equations model (3 conservation
equations for the mixture and one phasic conservation equation of mass) with a
set of closure relations.
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Numerical solution is based on a finite volume approach in order to ensure mass
and energy conservation. Time linearization and implicit treatment allow
stability of the scheme for large time steps as long as the flow remains subsonic
and source terms do not involve too strong coupling. Thanks to incremental
formulation steady state solution does not depend on the time step.
Validation tests presented demonstrate the state of qualification of the physical
and numerical models (VACARM and VATICAN experiments) and illustrale
specific features of the THYC code (HYDROMEL experiment).
Two examples of application (synchronous coupling with 3D neutronic code and
DNB predictions with pseudo-cubic spline method) have shown the
potentialities of the THYC code.

More extensive validation and further studies are under way to improve the
accuracy of CHF predictions for design core calculations.

Nomenclature

h

C

g
K

P
q
Q
S
tn
T
T v

U

Vr
a

•©
•

V

D

r
£

£

P

Enthalpy

Static vapour quality
Gravity
Friction tensor
Pressure
Thermal power
Mass velocity

Entropy
Time
Temperature
Viscous stress tensor

Mixture velocity
Relative velocity

void fraction
passive scalar
conductivity
viscosity coefficient
conductive flux
Turbulent diffusion coefficient

Interfacial mass exchange
Enthalpy difference

Porosity
Density
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1 • Neuttonie calculation with ID thennalhydnulie model
2 • Synchronous couplingTHYC-COCCINELLE
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