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ABSTRACT

The Fortran program FRANCESCA for IBM 360 is a dynamic
code for boiling channels. The physica’l model is one-dimensional, and
includes subcooled boi‘ling and optiona‘Hy super]'leating of the liquid in the
bulk boi‘ling zone.

The finite difference method of calculation is em‘pv‘loyed, with up
to 100 mesh points in the active part of the channel and 10 more points
in the riser. The program is intended for forced circulation and highly
pressurized systems, for which the pressure dro‘p in the channel may be
considered negligible ci)mpared to the general pressure level, so that the
coolant fluid properties may be assumed in‘dependent of space and time.
The driving pressure may be taken as a quadratic function of the mass flow,
to simulate pump characteristics, or given as a time table. The power
distribution in the ]'leat‘mg element is given as a fixed arbitrary shape. while
the power level is any tabulated function of the time.
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Nomenclature
Latin letters
A Coolant channel cross section
C Thermal capacity in heating elements
Cp Liquid coolant specific heat
G Momentum of the fluid per unit cross section
hC Heat transfer coefficient from heating surface to coolant-
~convective
h' Coefficient in boiling heat transfer mechanism = h'Tsur’
I Inertia of the channel (cm)
H Enthalpy of the liquid (saturation taken as 0)
K Heat conductivity among regions in the heating element

K, Friction coefficient

k Bankoff's‘slip‘coefficient

P Heating perimeter

q1 Liquid volume velocity (flow per unit area)

qv Vapour volume velocity

0 Heating power addition to the coolant

R Recondansation (or vaporization)constant

Re Two phase flow friction multiplier

T Temperature (difference from saturation femperature taken as 0)
W Total volume velocity (flow per unit cross section)

~

Height of the channel

Greek letters

a Void fraction

y Vapour/liquid density ratio




A Latent heat of vaporization

u Viscosity

p Density of the liquid coolant
b Heat flux

b o Convective heat flux

¢, Boiling heat flux

X Martinelli parameter

¥ Vapour volumne source cm3/cm3sec

Vg Vapour volume source originated at the heating surface
¥b Vapour volume source in the bulk of the fluid

Ap Pressure drop

Apg Gravity pressure drop

App Friction pressure drop

Ap,g Space acceleration pressure drop

Apad Dynamic acceleration pressure drop

Indexes
i Radial index in the heating element
J Axial index along the channel

* Variable values for the preceeding time step




2)

FRANCESCA

A dynamic programme for boiling cooling channels

Purpose (x)

The code FRANCESCA, written in FORTRAN for IBM-360, performs
the dynamic calculations for boiling channels according to a
one dimensional model which is illustrated in ref. 1. The model
includes subcooled boiling and overheating of the liquid.

The channel is represented by a heating element (geometry
is chosen among cylindrical, slab, and a general geometry)
where power 1is generated according to a given law, and trans-
mitted to the coolant through a gap and a cladding. The cooclant
is represented as a one dimensional flow of pure liquid or 1li-
quid and vapour, according to the existing conditions. The re-
lative equations are discretized and treated by the backwards
difference method (up to 100 mesh points). An adiabatic riser
is represented by the same method (up to 10 mesh points). Direct
production of heat in the coolant is allowed for in the active
part of the channel; the pressure drop along the channel and
riser is calculated using empirical formulae for two phase
pressure drop friction multipliers. The inlet flow of the cool-
ant may be assumed as given or calculated at all times accord-
ing to the pressure drop and a given driving force law.

The code is intended for highly pressured channels with
forced circulations; therefore the saturation temperature of
the coolant and all its physical constants are assumed to be

independent of space and time.

——— o i M e i ol i e - - . T i e Dy . A~ ks T T s — o - — —— o — S T —— — ——

The poisson equations is discretized in the following way
at each level of the channel: '

(*) Manuscript received on 27 November 1969.
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up to 10 points are admitted in the heat generating element,
besides one for the inner surface of the cladding and one for
the outer surface in contact with the coolant. The equation
for the external surface is given by

daT

sSur 4 _ . _ -
1/2 Cclj —23d = Kclj (Tlclj Tsurj) quj
dt

In the following equations the saturation temperature Tgat
is taken as zero. The relevant equations are (see ref. 1).

(1) o= ¢, + ¢y

b = (T liquid 2 5
y g for Toir <O (Toyup - Tliquid)
by = 0

i~ Tsur—Tc
&b = - . . -h! 1= ——

)] ¥c [hc(Tc Tllquld) h C"(1 8, _0 ) 20 5
. = p7 ¥ sfor Tsurae(Tsur-Tliquid)
qb - sur
T. . . h 1

| with T, = g(1+V;4 _ligﬂig) nd 8 1.41/n (E$) n-1
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(3) 0 = % ¢ + Q direct

(4) Y =¥ +‘¥

"
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(5) ¥,




¥ - Ram with R = R, for Tliquid< 0
b~ liquid
(6) R =R, for Tpjon54>0
= —9: for R, = "’Tliquid = 0 (no overheating of the liquid)
PY

(7) ¥ = (1) ¥

97

oa 0g
(8) 57 =Y¥- 5%

Z

@ e
(9) ¢y =g v - ¢!
(10) q; =w - q,
(1) 52 (=)l = & = v = 2 (qym)
st til-e/ia =9 = Y- 57 (4

(12) H=20Co Tii0uiq
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15) AParop = Apg TA4Pg *Apas *8pag

17) App

ng

2
G
f ReKep % (3) az

(This integral must be thought as a general integral, as it may in-
clude local friction, as well as distributed friction)

- ol
18) apag = /5% (6-6;,)dz

To pass to finite differences form, the method chosen is the
backwards differences in space as well as in time.

The algebric equations given are taken as they stand, with all
the variables referring to the actual time, except for the equation
expressing ¢c in group (2) and ¢p in group (6) where the tempe-
rature of the liquid T*liquid and the void fraction o* are taken
from the preceding time step.

The differential equations (7, 8, 11) are written (always in-

dicating by a star the values at the preceding time step).

(1-y) AZ w

£
i

j=1

ot ¥ At Ze At
L2 = a¥. . - = . —_ ¥Yg. — .
@y =af +AT ¥y - 37 1%‘13 Y2 X TS5t pz Ivy-g

At At At
(1—0.J.)Hj = ((1—aj)ij + ) Qj - At YKVj - quHj + 57 qu—1Hj—1

In the equation for a, the value of g, is substituted from

equation (9).

The set of equations for heat transmission are then diagona-

lized by forward elimination and backwards substitution. When

sur Tliquid

the heat transmission is convective (T ?<6(T
Sul"J J

)
J
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the resulting equations are linear and may be solved directly;

when the boiling heat transfer comes in, the variables in the

heat transmission chain become uncoupled from the flow Qariables,
because of the assumption that ¢ depends on the temperature of

the liquid in the last time step, and the diagonalization leads

to an algebric equation of order n for the surface temperature
Tqure. This is solved by a dicotomic method, starting from O

and a temperature corresponding to ¢ j = ¢Cj’ which certainly
brackett the correct value. Once the value of the heat flux ¢j

is obtained, the equations for the flow variables are solved without

difficulty in the order given.

The integrals that appear in the momentum equations are eva-
luated as sum over all the mesh points.




For starting every problem, the equilibrium values of the
variables in some steady state condition are taken. The sta-
tionary conditions are evaluated using the same set of equa-
tions with the time derivatives put to zero. In the statio-

nary calculation the problem is siplified by the fact that

the total heat flow to the coolant at each level is neces-

sarly equal to the total power generated in the fuel element

at the same axial level. The heat flux ¢is therefore imme-
diatly known; as long as the heat transmission is purely con-
vective, all the relevant variables in the liquid coolant and

in the fuel element are directly calculated from the known
values of power, inlet velocity of coolant and enthalpy. A

test on the heating surface temperature (T2Surf >0 (Tsur—Tliquid]
will show if the conditions for the boiling heat transfer

are met. In the latter case, a guess at the liquid tempera-

ture T; is taken, and ¢¢, (equations 2) is calculated, then¢ p
sup from the relation ¢p = h' Thsur‘
and the other known variables, the system of the equations

as $=¢po and T From ¢b'
From (3) to (12) allows the calculation of all the variables,

and equation (12) gives the new value of T,. The process is

ll
iterated and converges very rapidly. The maximum number of

iterations is fixed in the code as 20, but it will generally
never be reached. If tais should happen, a warning is print-

ed in the output.

The solution of the static equations from (3) to (12) is
straight-forward and is made in succession, as long as R is
O or infinity in the equations (6). In that case ¥ is imme-
diately calculated and the other equations are trivial. In
case that R should be different from zero, i.e., when there
is a finite rate of recondensation (in the subcooled boiling
zone) or vaporization (in the superheated zone), it is neces-
sary to evaluate Yy, the source of vapour volume in the bulk
of the coolant. This cannot be done by the iterative method,
as it does not converge in the general case. (The method of
solution chosen, which involves the solution of a cubic equa-

tion, is illustrated in Appendix A).
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After the read out of data, the coefficients for the heat
transmission in the fuel element are evaluated according
to the geometry (see options). Then the static calculation
is started with a first value for the inlet velocity of coo-
lant and, if the corresponding option is checked, iterated
with new values of inlet velocity to reach the required
pressure drop. The index of the first boiling ncde is memo-
rized for further use with the values for all the relevant
variables.

It should be noted that the static calculation assumes
that the heat transfer mechanism is always boiling in the
active part of the channel in the points above the first
boiling node. If the heat flux in these points is not suf-
ficient to produce nucleate boiling, the surface temperature
of the heating element is set to saturation value.

Then the dynamic calculation begirs.

At the beginning of each new time step, the new value of
the inlet velocity is calculated from the last acceleration
or interpolated in a time table according to the option chosen.
The dynamic calculation proceeds from the first node starting
from the inlet of coolart. A test is rurn at each successive
node (Tzsurf>6 Tliquid) to see if the boiling transmission
occurs. In any case, however, the (subcooled) boiling boun-
dary is not allowed to move onwards faster than one node
every time step. This means that if the bciling condition is
nct reached at the first boiling node of the preceding step,
the twophase flow equations are however applied to the suc-
cessive node, as some vapour must be present proceeding from

the last section.

If the inspection of the output shows that the boiling
boundary is moving onwards one node at every time step, the
calculation should eventually be repeated with a smaller time
step for better precision. In any case the calculation is
self-consistent in energy and mass balance. Physically it

should be considered that in any case, when rucleation sites




14

are already present in a given place, boiling will continue
also with reduced thermal flux until the surface temperature

is greater than saturation.

At the end of the calculation the total pressure drop in
the channel and riser is calculated, and the momentum equa-
tion (14) is used to give the new inlet velocity for the
next time step if the corresponding option is checked.

At every step the average temperature of the fuel and
the total heat flow to the coolant are checked to see if a
maximum have been reached, in which case a special print is
made. Furthermore at every step a special TEST routine mey
be called to test burnout conditions or any wanted condition.
In the deck the TEST routine is dummy, and a special index
KTE 1s set to zero to prevent any further calling after the
first. The user may build his own routine to include any
wanted burnout correlation or special condition, utilizing
the commons of the routine, which contain all the relevant
variables. To use properly this option a thorough study of
the FORTRAN listing is required, to avoid failures due to
inconsistencies.




a)

Heating element.

Three different options are possible on the geometry
of the fuel element

1) Cylindrical geometry
2) Slab geometry
3) General geometry.

If the general geometry option is checked, the thermal
capacities of the different zones (up to 10) and the heat
conductivities from each zone to the subsequent must be
given in input and are kept constant during the transient.
The power distribution among the zones must also be given in
relative values (the normalization is performed by the code).

If a definite geometry is checked, three options are pos-
sible; the fuel may be subdivided in zones of constant thick-
ness, constant area, or arbitrary thickness given in input
(of course the first two options coincide in the case of
slab geometry). As for the radial power distribution, a
choice can be made among constant power density, constant
power in successive zones, or power shape given in input
(relative values). The heat capacities and thermal conduc-
tivity of fuel and cladding may be either constant or given
as quadratic functions of the difference between actual tem-
perature and a fixed reference temperature. If the variable
parameters option is chosen, the evaluation of the coeffi-
cients in Poisson's equation is repeated at each time step,
with the last values of the temperatures, and the diagonali-
zation procedure must also be repeated; the execution time
of the problem is consequently increased (it may double ac-
cording to the nature of the problem).

The axial distribution of power is either assumed cons-
tant or given in input as relative shape (normalization is
always performed by the code),




b)

c)

Static calculation.

The inlet velocity of the coolant may be given in input
as a fixed value, or the exit quality may be specified and
the corresponding velocity calculated by the code according
to the power specification. In these cases the pressure drop
is calculated by the programme and memorized as the steady
state value.

Alternatively the pressure drop in the steady condition
may be imposed and two options are possible: either the inlet
velocity is fixed, and a local orificing at the inlet is cal-
culated to match the required pressure drop (it may turn out
to be negative if the data are not consistent), or an itera-
tive search for inlet velocity is performed, starting from
the value given in input. |

The iteration procedure is done by the tangents method in
the following way:

. : V. (1) _y, . (-1)
(i+1) _ (i) A (i) inlet inlet

Vinlet = inlet ) (1) (1-7)
bp ~ 4

where the bp are the difference between the imposed and
the calculated pressure drop. The iteration process stops
when the pressure drops agree to 1%.

Up to 10 iterations are allowed. It should be noted that
the iteration procedure may not converge in case of instable
thermohydrodynamic conditions. Such instability problems
should be treated by fixing the inlet velocity in the static
c¢ondition and observing the dynamic behaviour when a small
perturbation is introduced.

Dynamic calculation.

The inlet velocity at each new time step may be either
interpolated from a fixed time table given in input or cal-
culated by the code according to momentum equation (14). In
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the latter case the driving pressure may be itself interpo-
lated in a fixed input time table (in particular kept cons-
tant to treat parallel channel instability problems) or e-

valuated as a quadratic function of the difference between

the last value of inlet velocity and the steady state value
to simulate pump characteristics aApdriving = Apdrivingo+

+ a(v -V ) + b (Vinlet - Vinleto)

inlet inletO

The total power in the fuel at each time step may be inter-
polated from a given time table or may be fixed as a sinusoidal
or exponential function of time

Power = Power (1 + a Sin bt)

bt

Power PowerO e

The inlet temperature of the coolant is also interpolated
from a time table.

Form of the correlations.

For two phase friction factor correlation four different
forms are possible:

1) Rp = 1 + a® + ba 2
2
2) Re = 1 + ax + bx

3) Rp = 1 + a, + by

The Martinelli-Nelson parameter x is evaluated as

X = l§5 TMART where TMART is a nondimensional constant that

may be given in input as such or evaluated by the code as

_ 0.571 M1iquid,0.143
TMART = (Pvapour/Pliquid) x )

Mrapour



The two phase friction factor for local losses is always
2

taken as Rflocal = 1 #+ ax + bx

The parameter 6 appearing in equations (2) may either be
given in input or calculated as:

1
o = (%%T) n-1 (see Ref. 1).

All the other relevant constantsare given in input. It
should however be remembered that the heat transfer coeffi-
cient he is a function of the coolant velocity (through the
Reynolds number) and is recalculated by the code every time
that the inlet velocity is altered, by the formula
Yinlet )0'8.

Therefore the value hs given in input must correspond to the
velocity Vinleto given in the same input.

A special option allows to select standard correlations
for water .If it is checked the following expressions are cal-
culated by the code for the constants that may thus be
omitted in the input.

K 0.8 _ 0.4
hC = 0.023 By Reynolds Prandt
n' = 2.645 1074 ¢ 0-0632 P
n =4
T = 0.435 for p»9.5 Kg/cm2
© = 1/(1+3.2 Cppl/.)\.pv) for p<£ 9.5 Kg/cm2




In all the options mentioned care has been taken in the
construction of the input in such a way that if the user
omits to check any option index, the code automatically selects
the option that is more convenient or more commonly used in
the opinion of the author. In the same way, whenever some
constant, which is not familiar to the user, is omitted, the
code will choose values in agreement with the author’s opinion
of what is more convenient. There are of course limitations to
this facility in the sense that no sensible answer may be ex-

pected if any essential datum is missing.
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6) Input form

All the input data are given as two vectors, the first
of the integer data, and the second of the floating data.
Since entire groups of data may be zero, it is possible to
read sets of significatn data; each set must be preceded by
a card containing the indexes of the first and the last
datum of the set adjusted to the right in columns 12 and 24,
The card precedirg the last set of integer data, as well as

that preceding the last floating data set are indicated by

-1 in columns 1 and 2. At least one set of each type must

be present.

The FORMAT for integer data is 12I6, for the floating data
6E1208.

Any number of problems may be solved in sequence 1in one
run, and only the data changed in the preceding problem need
to be given. A title card must precede each of the problems
containing any alphanumeric information in columns 7 to 12
that will appear in the output. Columns 1 to 6 must be left
blank, except for the last problem in each run, which will

be indicated by any positive integer.

The meaning of the data is given in the key in appendix B.
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The output is self-explanatory

Appen
mical

dix C. Two types of prints are possible ir the dyna-
calculation as it is shown in the example.

The meaning of the headings in the extended print 1is

the f
POW =

FI

H

VF

TSUR
TICL
AVTF
TMAXF

TL

Arn
Fusl,
ditio
that

ring

In

ollowing

Power per cm of height

heat flux

subcooled (or superheated ) liquid entuzlpy

void fraction

surface temperature

Inner cladding temperature

averade fuel temperature
= maximum fuel temperature

ligquid coolant temperature

extra print of the complete temperature map of the
which is normally edited only for the steady state con-
n and at the end of the problem will be dorne every time
a maximum for the average fuel temperature is found du-

the transient.

the same way an extra print of the extended type will

be done whenever a maximum for the heat flow to the coolant

is resched.
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8) Programme performance and_computer specifications
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The programme has been written in FORTRAN 360 and has
been assembled and tested on IBM 360/65 at the CETIS com-
puting centre of Euratom under the IBM 360-0S in FORTRAN H
livel 2 (the FORTRAN G has been used in the debugging phase).
The total length of the programme resulted to be 69040
(10A7C) storage locations.

The computer time required is proportional to the number
of mesh points times the number of time steps, and depends
also on the number of radial meshes in the fuel.

A rough conservative estimation is 0.005 millihours per
mesh per time step, i.e. 1 minute for an average problem
of 20 meshes and 150 time steps.

The programme has passed extensive internal tests for con-
sistency. No complete comparison with other programmes has
been possible, as no one was available with the same charac-
teristics, however a test was run against Moxon's code
Splosh-2 (ref.2) forcing the subcooled zone voids to disap-
pear by imposing a very large recondensation constant.

The agreement was very good. Some differences (~2%) ap-
pear in the void distribution, which may well be due the
difference in the slip correlation (Splosh uses the Bankoff
correlation modified by Jones, while in FRANCESCA the origi-
nal Bankoff correlation is used) but the time behaviour of

all the variables agreed completely.
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APPENDIX A

The method of solution of the stationary problem in the
boiling zone when the recondensation constant R is different

from O O w .

The system of equations to be solved is:

\Ilb = Ro‘T
T = H./C
J/ P
¥ = \YS + \!b
Wio= Wy_gt (1-y) AZY¥

qQy. = qu—1 + AZ Y

aQ =
A AN
J
.= qgy: . - Y AR
. (qu)j—1 + ¥29/p- Y NAZY
J q,

J

By substitution of 211 the other equations into the first,
and reduction to the simplest algebric form, we obtain the

following cubic equation for Yi!

¥ 3 2
bt a!b + b¥
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with a

QI - QLI - RIT + 2WS

b=-0QI « OLT + RI2 + Hy - RI3a + ¥ (¥  + OI - QLI)

where:

a = 1<qVJ.__1 + (kbz + ze)\YS

- / -
HO = (qu)j-’l + O/P AZ —yMAZY
Ro = R/Cp -1
y(1-y)AZ
RI1 =k A% A%Rg
RIZ2 =](AZRO
RI3 = YAAZR
TN.—1
QI = _hl—
YAZ
v j=
OLI = —JI=1
(1-y )AZ

The choice among the roots of the equation is made obser-
ving that, asa 5 »0, the product of the roots has the sign

opposite to Ho.

But Ho, as it may be seen, is proportional to the en-
thalpy (referred to saturation value taken as zero) of the
liquid, in the case that ¥p = (0, and therefore ¥y cannot
physically have the sign opposite to Ho. This fact rules out

the possibility of complex solutions.

The equation will have one positive and two negative so-

lutions when Hy<O and viceversa for Ho>0. The right solution
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have to be chosen between the two of equal sign. An analysis
of the limit cases show that the choice of the smaller in
absolute value is justified.

Therefore the solution retained is in all cases the middle
one. Using the trigonometrical solution this is expressed by:

=142 212
P = g @ 3 b™>0

=1 2 .3 _1
1=gab-za -3¢

6 = arcos (qp‘ié)

a + 2p1/2 cos (% o - %70

2
Yo =3

The discussion of the limit cases follows:

a) Row H,> 0

The cubic equation reduces to a quadratic

2 ,
- RIMY, + (RI2HO - RIja.o)‘l bt RO H,

while the third solution goes to infinity V¥ p=>RI1.

Dividing by R the equation becomes

@ 1

2 H 0
V.S - (%5 - ) - ———=a H =0
b YAAZ T kAZ kY)\Azz oo
which has the solutions
%
wb=HO/YxZ>0 ¥y = -7%5<0

The first solution is evidently the right one, correspond-
irg to complete evaporation of the superheated liquid.
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The case R»w Ho< O will not be met in practice as the re-
condensation constant Rq in the subcooled zone is small. In
this case the right solution should be the second, correspond-
ing to the total recondensation of the subcooled vapour, and
this will not necessarily be the smaller in absolute value.

In such case the solution chosen by the code may lead to re-
condensation values too low, and therefore too high void con-
tent is the subcooled zone, butihis will be practically set
right at the first dynamic step, because of the high value

of the recondensation constant R,.

b) R+0

The equation reduces to

7p3 - {(OLI - ‘l’s) - (01 + WS}?bz - (Q1 + ‘YS)(OLI -vs)wb =0

The right solution is evidently Wb = O while the two others

¥, = OLI-¥_ >0 and ¥y = -(QI + WS)<O must be ruled out. The

right solutior is therefore the middle one also in this case.




28

APPENDIX B

FRANCESCA INPUT KEY

Fixed Data
1 IMAX‘ Number of mesh points in the axial directior <100
2 NF Number of zones in fuel <
3 IP1 Extensive outputs is printed every IP1 restricted

prints

4 ISTD 0 Normal irput

1 standard input for water

5 ITIPO 0O Cylindrical fuel element
1 slab fuel element

-1 general fuel element

6 IVAR 0 Fuel element properties are corstant

1 properties are functiorn of temperzture

7 JPAW 0 Power density 1is constant ir the fuel element
1 power in redial zones given ir irput

-1 power is the same on 211 radizl zores

8 TISHAP (O Power corstant along the channel ir the a2xi=al
diraction

1 power shape given in input

9 IdR 0 No operation
7 search fororificing at the charnel irlet of the

coglant

10 IVIN 0 Inlet velocity of the coolart 1s calculated by
the code during the transiert
1 dinlet velocity 1is given as tabulated furctior cf
time
11 IEX 0 Driving pressure is furction of irlet velocity of
coolant Ap = Ap, + a,(v-vo) + b (v—vo)
1 driving pressure 1s given as functior of time
12 IPOW 0 Total power in fuel is given as tabulated furnction
of time
7 power = Py (1 + a sin bt)
-1 power = Pg ebt




29

13 IFRIC O Two phase friction multiplier is given as qua-
dratic function of quality x
= 1 + ax + bx=2

-1 multiplier is given as function of void fraction

1 multiplier is given as function of x = TMART l§£

2 multiplier is given as function of X—1

14  IRIS Number of mesh points in the riser £10
(put zero if no riser is present)

15
16 XXR(I) Index of meshes in riser where local flow resis-

17 tance exists

18 Leave blank

179 1IDF 0 radial zones in the fuel have constant area
1 uniform radial mesh width

-1 radii of fuel zones given in input

20 ITHET O Teta evaluated by standard method

1 Teta given in 1input

21-30 KXC(I) Index of meshes in boiling channel where local flcw

resistance exists (grids)
31 KKC(I) Leave blank

32 IDVM Dummy




FRANCESCA INPUT KEY
Floating Data

n° Name Description Units Notes
1 ZTAT Height of active channel cm
2 POWER Total power in fuel at equilibrium watt
3 FRDF Ratio of power density directly added -
to the liquid coolant to power density
produced in the fuel
4 DT Time step for dynamic calculation sec
5 TEND Final time for transient calculation sec
6 PS Printing time interval (restricted output) sec Extended print is produced
every 1P1 such intervals
(see fixed input)
7 A Channel flow area cm?
8 DIAF Fuel pellet diameter (or thickness for slab cm Not employed for dgeneral
geometry) geometry (ITIPO = =-1)
9 GAPTH Thickness of the gap cm Mey be taken as zero
10 CLTH Thickness of the cladding cm Should not be taken as zero
11 ROF Fuel density g/cm3




12
13
14
15
16
17
18
19
20

21

22

23

24

CPF
AKF
RGAP
RACL
CPCL
AKCL
SWID
HINLET

VINLET

FFK

FFRK

XOUT

DPEQ

Fuel specific heat

Fuel thermal conductivity

Thermal resistance of the gap
Density of the cladding

Specific heat of the cladding
Thermal conductivity of the cladding
Fuel element width

Inlet temperature of coolant for steady state

Inlet velocity of coolant for steady state

or a first guess at it
Friction coefficient in the active channel

Friction coefficient in the riser

Vapour quality at outlet

Total pressure drop in the channel for steady

state

joule/grecC

watt/cmeC

cm20C/watt
g/cm3

joule/grecC
watt/grecC
cm

°C or °X

cm/sec

cem” !

cm™ !

bar

For slab geometry only

Omitted if no riser is
present

If a value is given, the
code will evaluate the
inlet velocity accordingly

If a value is given, the
code will evaluate the
inlet orificing (IOR=1)
or make a search for
inlet velocity (ten trials
is & maximum)

The search may fail in
special conditions

(instability)




25
26
27
28
29
30
31
32

33

34
35

36

TSAT
RO
ROVAP
CP
HLAT
HC

HB

AN

TAU

AKX

ZE

R1

Saturation temperature of the coolant
Liquid coolant density

Vapour density

Specific heat of coolant

Latent heat of vaporization

Convective heat tronsfer coefficient
Boiling heat transfer constant ¢= H3. TV

Exponent in boiling heat transfer correlation
f= H3 . A 7"

T = Bowring ratic of heat transmitted through
bubbles to total heat tr-nsmitted ir boiling

mechanism

Bankoff's slip constant

Relaxation parameter for void profile in diabatic

flow

Recondensation time constant for subcooled

boiling

°C or °X

gr/cm3
gr/cm3
joule/grecC
joule/gr
watt/cm%C

watt/cmech

cn

(sec°c)_1

Omit if ISTD

1
-

Omit if ISTD

1l
-

Cmit if ISTD

!
—

Omit if ISTD

I
—

Omit if ISTD = 1

May be left zero lacking
better information (the
order of magnitude is
the hydraulic diameter)

Put zero lacking better
information
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38
39

40
41

42

43
44
45

46
47
48
49
50

51

52

53
54

R2

AFRIC
BFRIC

ALOC
BLoOC

TMART

CELRF3

ZIN
CFFI
ZR

ARIS
GRAV
APZW

BPZAW
APEX
BPEX

\)\/\/ A e Ve W0

Vaporization time constant for superheated
liquid (put zero if equilibrium is wanted in
the bulk boiling regicn)

Coefficients for two phase flow friction factor
multiplier (FFM = 71+AFRIC x +BFRIC x2)

Coefficients for local losses two phase multi-
plier (FFM = 1+ALOC x +BLOC x2)

Coefficient in Lokhart-Martinelli parameter
definition:

1-x v
= — « TM
X % ART

Coefficient for momentum flow of liquid at outlet
Same for vapour

Seme for liquid =t inlet

Irlet pipe height

Inlet friction coefficient

Riser height

Riser flow area

Gravity directicn cosinus (+1 for upwards flow)

Coefficients for power variation in transient
(see 1IPHW)

Coefficient for external driving pressure
DPEX = po (1 + APEXA yv+BPEXAW)

(sec°C)_1

cm

cm

cm?

sec/cm

(sec/cm)2

Put zero lacking better
information

Only if IFRIC = 1,2

Omit lacking better in-\\:
formation. They will be
taken as 1




TKF

. o v 2
Lo £=~ ) 1 T—T - . .
in formula o+a( 0)+b(T-Ty) = for Omit if IVAR = O

if IVAR=1 and no variation
is wanted put TO=O

AKF' 1T
fuel variable heat conductivity
AKF2

TCPF

CPF 1 in same formula for fuel variable idem

specific heat
CPF2

TKCL
AKCL1 % same for variable clad conductivity

AKCL2

TCCL

CPCL1 E same for variable clad specific heat

Values for local pressure drop coefficients in
§ riser

ESame for active chznnel

s Radii of successive regions in fuel pellet §On1y if IDF =
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90
to
99
100
101
102
103

104

105
106
107
108
109
110
to

119
120

to
129

130
to
139

PFAC(I)

TINPUT
PRESS
VISC
WCEN
VIsCV

DIAH
ELSUR

CLCAP

ACONCL

FMASS(I)

CAP(I)

CONF(I)

2 Corresponding power factors (normalization is
S performed by the code)

value given in input
Average pressure
Viscosity of liquid coolant
Cpnductivity of coolant

Viscosity of vapour

Hydraulic diameter

Not employed

Area of the heating surface per cm of height
Thermal capacity of the cladding per unit height

Thermal conductivity of the cladding

Mass/cm in every zone in the fuel element
’ (from inside to outside)

Thermal capacities in the fuel element zones
of unit height

Thermal conductivities from one zone to the

NN A i NN

successive in the outer directior (p.urit height)

°C
bar
poise
watt/cmecC

poise

cm

cm
joule/cmeC

watt/cmeC

gr/cm

| joule/cmeC

watt/cmeC

Give only if

Only if ITET
Only if ISTD
Only if ISTD

Only if

Only if IFRIC
and TMART

jPﬂW = 1

Only for general geometry

Only for general geometry

Only for general geometry

Only for general geometry

Only for general geometry

Only for general geometry




140
to
149

150
to
159

160
to
169

170
to
179

180
to
189

190
to
199

200
to
299

300
to
349

350
to
399

400

. o

TIMEV(I)

VVAL(I)

TIMEH(I)

HVAL(I)

TIMEPR(I)

PRE(I)

POW(I)

TIMEP(I)

PVAL(T)

DUM

TABULATIONS

Times for inlet velocities tabulation

Correspeonding values for inlet velocities

Times for inlet temperatures tabulation

Corresponding values

Times for external driving pressure tabulation

Corresponding values for driving pressure

Axial power distribution

Times for total power tabulation

Correspcnding values of power

A e Ve g A W W A e g A Ve Y A e W g A o W W Nt A W W A W g

Total inertia of the channel (cm). If zero, the
total inertia willi be taken as sum of tbe
lengths of the channel, plus riser, plus 1inlet

pipe.

secC

cm/sec

secC

°C or

sec

bar

sec

watt

°K

Only when the corresponding
option is checked

First time in each table
is always zero

If the first value is
zero, the steady state
value is kept. After

the last value of time

the velocity is kept cons-
tant to the last value in
the table

Relative values. Normali-
zation is performed by
the code.
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FUEL DATA

MASS/CM CLAD RADTUS
De 1TOTLE 02 Oe 75000E 0O

8 REGIONS IN FUEL
RADII

026516
RELATIVE POWER
0.12500

0637500 0e45928 0e 53033 059293 0+ 64952 0. 70156 Ne75N00
0. 12500 0612500 0612500 0.12500 012500 0. 12500 0612500

TEMPERATURE INDEPENDENT CONSTANTS

CPF KF cPCL KCL
0e330C00E 00  04250000E-01  0.100000E Ol  0e.125000E 00

STATIC CALCULATION

1.300 CM2 CODOLANT DENSITY Ne 750G0 G/CM3 GRAVITY= 980,000 CM/SEC**2

e SO T
QOmeZmMmp>
—) (N2
P2 -dasint I pPid
Fr0-<Im

Qe 500NGE OS5WATT
Oe0 WATT

¢ 20000F-01
6e U8
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NOTICE TO THE READER

All Euratom reports are announced, as and when they are issued, in the monthly
periodical EURATOM INFORMATION, edited by the Centre for Information
and Documentation (CID). For subscription (1 year: US$ 45, £ 635} or free
specimen copies please write to :

Handelsblatt GmbH
"Euratom Information”
Postfach 1102

D-4 Diisseldorf (Germany)

or

Office central de vente des publications
des Communautés européennes

2, Place de Metz

Luxembourg

ate knowledge is to disseminate prosperity — I mean
general prosperity and not individual riches —_ and with prosperity
disappears the greater part of the evil which is our heritage from
darker times..

Alfred Nobel
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