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The heat transmission in a cylindrical fuel element and cladding
is considered at each axial level, with neglect of axial heat conduction.
Heat transmission from cladding surface to coolant is governed by
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ABSTRACT

FRANCESCA BWR solves the steady state and transient problem
of a number of parallel BWR coolant channels by the finite differences
method. The two-phase flow model includes subcooled boiling and vapour
recondensation in the subcooled region.

The kinematic model is essentially that of Zuber and Findlay, and
includes the average effect of local vapour drift, as well as that of
velocity and concentration distributions.

The heat transmission in a cylindrical fuel element and cladding
is considered at each axial level, with neglect of axial heat conduction.
Heat transmission from cladding surface to coolant is governed by
Colburn and Jeans & Lottes correlations respectively in convective and
boiling transmission. The subcooled boiling inception point is determined
by an original method and vapour production in the subcooled region
is evaluated essentially by Bowring’s method. DNB correlations are not
included and film boiling is not considered. The power distribution is
freely specified in input, as well as power evolution during time., The
coolant flow redistribution among the different groups of channels is
evaluated by the programme both in steady state and transients.
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1. Foreword

The code FRANCESCA BWR has been developed as the thermohydraulic
module of a two dimensional-two groups reactor dynamics code for
boiling water reactors of the COSTANZA series, which is operative
at CCR Ispra but has not been published to this date.

In the present version, a special main programme has been written
which gives the necessary power input to the problem, both in
steady state and transient situation, replacing the neutronic part
of the code.

It was felt that a thermohydraulics code for closed parallel chan-
nels might be useful in itself, both for reactor calculation and
for the analysis of experimental rigs measurements; single channel
calculation may of course be performed. The model of the single
channel is extended and improved with respect to the original
FRANCESCA code (ref.1). In the present version it applies to light
water coolant only, as it includes water properties as fitting rou-
tines, and its validity is restricted to the pressure range between
30 a,d 100 bar. The single channel model is identical with that
employed in COSTAX-BWR for axial dynamics of BWR (ref.2) and there-
fore the description of the model will not be repeated here. The
reader is referred to the abstract of the present report for a com-
pact definition of the model's nature.

2. Problem description

A number of parallel channels are considered, which are all iden-
tical in geometry and composition.

Each channel is considered to be composed of a fuel cylindrical
rod, a cladding, and the water cooling the outer surface of the
cladding pertaining to the fuel element. Local restrictions to the
coolant flow may exist along the height of the channels, these res-
trictions being identical in all the channels. The only exception
to this rule are the inlet orificing coefficients, which may be
different for different groups of channels.

In the steady state problem, a power distribution is given for each
group of parallel channels (up to 10 groups with different power
distribution). The coolant flow distribution among the different
groups of channels is obtained by an iterative procedure, varying
the initial guessed distribution until the calculated pressure
drops in each group of channels agree within 1%. Alternatively the
pressure drop across channels may be imposed as well as the flow
distribution, and the inlet gagging for each group of channels is



adjusted in order to obtain the prescribed pressure drop. In

the latter case no iteration is necessary; instead of fixing the
pressure drop it 1s also possible to determine it as the average
among the different channel groups, weighted on coolant flows.

In the dynamic part of the problem, the power level of the whole
system 1s changed according to a given time table, keeping the
steady state power distribution fixed. At the same time, the total
inlet mass flow and the inlet enthalpy of the coolant water are
also varied according to independent time tables. The programme
calculates at each time step At the new flow distribution among
groups of channels in the dynamic situation, as well as the tempe-
ratures inside the fuel rod, the cladding, the cooling water, and
the void fractions at each axial level of the different channel
groups. No DNB correlation is considered, and no special provision
for calculation after DNB is made. The code in the present version
is intended to foresee the occurring of boiling crisis, rather
than predicting the evolution of a transient after this occurrence.

3. The flow redistribution calculation

During, transient, the coolant mass flows into the dlfferent groups
of channels satisfy the following equations

1) AZ' niGoi=Q

where n; are the number of identical channels in each group 1,
A is the flow area of the channels, Goj are the inlet mass flow
rates in each channel group i and Q is the total mass flow into
the system.

e
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2) Ap:___cl_ Gi(z)dz+Apfi+Ap.+Ap
d

O

Zﬁp is the pressure drop (common to all parallel channels) across
the channels; A pgi are respectively the frictional
pressure drop, the g;av1%y head, and the space acceleration pres-
sure drop across the channels i, which are evaluated at each time €



according to the single channel model. The momentum derivative term
may be written as

L L
. dGy  _d
T J/ Go(z)dz = L % " Tat J/ (Gi(z)—Go) dz
0 o

ale

The second term in the right hand side is very small in all practi-
cal cases (ree Ref.3 for a discussion). It is therefore neglected
in the model, but it is calculated and printed as a check term in
the output, to control the validity of the assumption.

Equation 2) is therefore rewritten

dG . |
oL _ - A _A - A _Ap -
at ° Ap Pey Pqi Psi =8p Api

L

Z& p is evaluated at each time t as the average value (weighted
over the inlet mass flows) of the Apj.

Writing A p14y for A p - 4 Pgi 'APsi the equation for each of the
channel groups is transformed into:

Q%1 —Apr, - LPh &2
at o2

L

which is in the form of the Riccati equation and may be integrated
anlytically in the time interval A t, giving the solution

-2k At
-2k At

(1+1/R)=(1=1/R) e
(1+1/R)+(1-1/R) e

in which R = Ap 14 and X = _ L Apej

Goi (t+At)

Goi (t) R



The values obtained for Goy (t+zﬁt) for all i1 are then renormalized
to yeld the prescribed total mass flow according to equation 1).

This method of solution offers the following advantages:

—~ The method is explicit and therefore very quick, but always stable,
because of the braking term dependent on Gg.

— The effect of the dynamic redistribution of flow among the diffe-
rent channel groups 1is separated from the total mass flow varia-
tion, which depends essentially on the external loop. The total
mass flow is given in input in the code, but a representation of
the external loop may easily be implemented into the code, adding
a routine for the recirculation loop in the place of the tabula-
tion.

- Whenever R, is very near to 1 in any channel group, the redistri-~
bution calculation may be automatically skipped Ffor that group
and the error is automatically compensated in the further time
steps if the tendency to pressure unbalance is continuing in time.

5. Input Form

Many problems can be executed in one run. For every problem the
first input card is a title, in which any alphamerical information
may appear in columns from 7 to 70 included. This title will appear
in the output; a 1 in column 6 means that the problem is the 1last
of the run. ‘

A vector of 3500 memory positions DATA (1) to DATA (3500) contains
all the data in floating point form (Internal conversion is per-
formed by the code when needed). Since entire groups of memory po-
sitions are zero, it is possible to read different sets of signi-
ficant data; each set must be preceeded by a card containing the
integers Kiq, Xio defining the first and last datum of the set.
Kiqy and Kip are given in integer form adjusted to the right at co-
lumns 12 and 24. The last set of a problem is indicated by — 1 in
columns 1 and 2. The data of each set are all in floating form
(FORTRAN FORMAT 6E 12.8). Any number of problems may be run in se-
quence and only the data changing from the preceding problem need
to be given. A title card must be present for each problem. The
key to the input is given in appendix A.

6. Output description and Computer specifications

The output of the programme is largely selfexplanatory. The input
data are first printed, then the results of the steady state calcu~
lation follow. During transient, two types of printout are made,



at a frequency specified in input: a summary of average values in
the groups of channels and the complete map of results.

The map of channel results gives for each axial mesh the following
items: Power/cm POW, Heat flux FI, vapour quality Q, void fraction
VF, temperature of the cladding surface TSUR, inner temperature of
the cladding TICL, average temperature of the fuel AVTF, maximum
(central point) temperature of the fuel TMAXF and the liquid coolant
temperature TL.

The programme is written in FORTRAN and has been assembled at CETIS,
Euratom CCR Ispra in FORTRAN H level 2 under the control of IBM -
360/65 0.S..

The total length of the programme resulted in 17448 exadecimal
bytes. The computer time required by the programme on IBM 360/65
may be roughly estimated in .1 to .2 minmutes per axial node per
1000 time steps.
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Input key for FRANCESCA —-BWR-

-'['[-

DATA n° NAME DESCRIPTION UNITS NOTES
1 NCAN Number of different groups of channels (< 10) -
2 IMAX Number of meshes in the channels (< 30) -
3 POWER Total power in all the channels watt
4 ZTOT Height of the active channels cm
5 TF Final time for the dinamic calculation sec if 0, only the static
calculation will be made
6 DELT At - time step for dynamic calculation sec
7 Zuber Coefficient in Zuber's drift velocity correlation - 2.5 is suggested
1.41 has also been proposed
11-20 CHANN(M) |Number of channels of each different group
21-30 P@WF (M) Relative power factor in the different channels groups if omitted, the code will
take uniform power
100 IPOT = 0 no power changement
Power perturbation = 1 Power time table given in input
indicator = 2 Sinusoid Power=Po(1.4C1 sin C2t)
= 3 Polynome Power=Pg(1.+C1t+...+C6t)
101-15%0 POTAB |times for power tabulation (sec)

first value given must be zero, any number of values may
be given, and the power is kept constant at the corres-
ponding value after the last time given




DATA n° NAME DESCRIPTION UNITS NOTES
151-200 POTAB {Corresponding values (relative to nominal)
201-206 PCOEF |Coefficients in power perturbation C1-C6 (see DATA (100))
when IPOT > 1
401 NF Number of radial meshes in the fuel rod for thermal con-
duction calculation
402 IVAR Fuel thermal properties indicator
0O = constant properties
1 = temperature dependent properties |
~
403 IRED 0 = no flow redistribution in steady state '
1 = coolant flow is redistributed among channels to match
the pressure drops
404 IPRESS Pressure Perturbation indicators
0 = no perturbation
405 ITIN Inlet enthalphy 1 = time table B J7
‘ 2 = sinusoid f(t)=f(o)/ 1+C1 Sin C2t
406 IVINL
. Mass £low 3 = polynome £(t)=£(0)/1+C1t...+C6t/
407-416 KKC Meshes of the channels in which a local flow resistance
exists '
417-422 ' Dummy
423 Im Detailed map print every IP1 restricted prints DATA (506)
501 PRESSO [Pressure in steady state bar
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DATA n° NAME DESCRIPTION UNITS NOTES
502 DIAH Hydraulic diameter cm
503 FRDF Fraction of power directly added to coolant (x rays and
neutron moderation) -
504 GR Gravity cosinus (+1 for upwards flow) if omitted, the code will
take +1
505 ZE Relaxation parameter for void profile in diabatic flow cm Omit lacking information
506 PS Printing time step (restricted print) sec
507 A Coolant cross section area cm2
508 DIAF Fuel pellet diameter cm
509 GAPTH Thickness of the gap cm Omit if no gap
510 CLTH Cladding thickness (must be positive ) cm
511 ROF Fuel density gr/cm3
512 CPF Fuel specific heat (Reference temperature value when o
variable) Joule/gr Q
513 AKF Fuel thermal conductivity (Reference temperature value if
variable) watt/cm °Q
514 RGAP Gap thermal resistance cm2°C/watq
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DATA n° NAME DESCRIPTION UNITS NOTES
515 ROCL Cladding density gr/cm3
516 CPCL Cladding specific heat Joule/greq
517 AKCL Cladding thermal conductivity watt/cmeC
518 ZIN Inlet pipe height cm
519 HINO Inlet enthalpy of water in steady state Joule/gr
520 QINLET Total mass flow of water in all channels Kg/sec
521 FFK Active channels friction coefficient (single phase) -
Ap -1 EFE G2 4
Dp Q
522 R1 Recondensation constant for subcooled water. If omitted, -1
Ino recondensation is considered (sececC) 5. 1s tentatively suggested
523 DPEQO Imposed pressure drop for steady state (the code will Only if IRED = O
calculate the orificing in the different channels to match If omitted, it will be
this drop) bar evaluated by the code
524 TINERF [Total inertia of the channels
If omitted, the code will take the full lenghth including
inlet pipe and risers cm
525 ZRIS1 Riser 1 height (if omitted, no riser) cm
. 2
526 ARIS Riser 1 flow area cm
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DATA n° NAME DESCRIPTION UNITS NOTES
527 CFRF1 Riser 1 friction coefficient (Ap=3% CFRF1 G%e) -
(1iquid phase flow)
528 ZRIS2 cm If omitted, only 1 riser
529 ARIS2 Same as above for riser 2 cm?
530 CFRF2 -
. 2 .
531 TXF To) in formula X = K, (1+a(T-To)+b(T-To)") °C Only if IVAR>O
532 AXF1 a{ for fuel variable heat conductivity oc—1 Omit when K is constant
533 AKF2 b oc—2
534 TCPF To) In same formula as above for °C
535 CPF1 a ¢+ variable specific heat oc=1
536 CPF2 b oc—2
537-540 Dummy
541-550 VINP inlet flow rate for the different channels/relative If omitted the code will
values, normalized by the code (First Guess when IRED > O) - them equal (i.e.1)
551=560 CFFI - Adjusted by the code if

. . .. 2
Inlet friction coefficients (A Pin = 3} CFFI G /Q)

IRED > O




DATA n° NAME DESCRIPTION UNITS NOTES
Perturbation coefficients See DATA 404-406
Only if the corresponding options are checked indicators
=2 0or 3
561-66 CPRESS Pressure coefficients
567-72 CVIN Inlet mass flow coefficients
573-78 CTIN Inlet enthalpy coefficients
.. . 2
585=594 | CKFF(1I) Local friction coefficients (Ap ° =31 CKFF G /@) See DATA 407 f£f
corresponding to the selected meshes
Perturbation time tables
601-650 HTAB inlet enthalphy times sec Each time table is built
651-700 time table values (relative to nominal) - as 50 values of time
followed by 50 values for
701-800 QTAB Mass flow time table the variable (relative
value to nominal). Any
801-900 PTAB Pressure time table number of times and values

may be given. The variable
is kept constant to the
value corresponding to

the last time given after
it.

_9'[_



DATA n° NAME DESCRIPTION UNITS NOTES
1000 - Axial power shape indicator
0 flat power distribution
1 axial power shape input for all channels
2 axial power shape input for every channel group
1001-1030 AXSH Power shape for the first channel group (for all channels)
(Relative values-Normalized by the code)
1031-1060 " Same for 2nd channel group if DATA (1000)=2
etc

-LI_
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FUEL DATA

MASS/CM
0.12272E O4

TEMPERATURE INDEPENDENT CONSTANTS

KCL
0.130000E 00

CPCL
0. 300000 0O¢
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15.0

00.000 CM
HE LGHT

(]VT}

144.C

NUMBER OF CHANNELS

1
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05 WATT

/FFIN/= 0.22189E Q2
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