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resistance of gap and the heat transfer coefficient at every axial level
are variable functions of thermodynamic parameters. Inlet coolant tem-
peratures and velocities may be given in input for each channel as tabu-
lated functions of time as well as axial power distribution as function
of space (kept constant during transients). Up to 10 delayed neutron
groups are considered. Control rods are simulated as diluted thermal
poison in each zone which may be varied in time independently accor-
ding to any given law. In the initialization of each problem, criticality
may be searched for by varying poison insertion in any wanted zone.

Feedback reactivities in each zone are considered for both fuel and
coolant average temperatures by linear coefficients for p and 3, , ..
A free test routine may be used to insert new specifications when any
wanted conditions are reached during transients.
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1. PurEose

The code studies the spatial iynamics of a cylindrical
reactor in the two-groups approximation and one space dimen-
sion (r). A maximum number of 10 groups of delayed neutrons
can be considered. The reactor model is an infinite cylinder,
consisting of concentric regions. The regions can be ten at
the most. In each region one cooling channel may or may not
be taken into consideration.

This vertical channel, typical of the region, consists of

one fuel rod, of a gap between rod and cladding, of the clad-
ding and of the coolant correspondirg to the rod. A subrouti-
ne calculates the temperatures along the radius of the rod,
in the cladding and in the coolant, at various levels along
the height of the channel. Optionally, instead of a cylin-
drical fuel rod, the channel can be in slab geometry. In out-
put one can have a print of the temperatures of all the points
so as to find the hot spot. The average temperatures in the
fuel and in the coolant determine the temperature reaction.
The channels are assumed to be thermically isolated from the
external moderator, the temp :rature of which remains constant
and has no influence on the reactivity.

The movement of the control rods can be simulated, in each
region separately, by a diffused equivalent poison, which
varies in time according to a table of values given in in-
put. If some of the rods remain inserted, they can be simula-
ted by a part of the poison which remains constant, while
the rest of it varies with time.

The code determines first the critical value of the poison
in any wanted region and the critical distribution of the
fluxes and precursors. These can be normalized at any arbitra-
ry value of the average thermal flux. The physical characte-
ristics of the core, given in input, should be those of the
initial conditions of the reactor. Then the code calculates
the critical distribution of the temperatures at the corre-



sponding power. Subsequently the temperatures reactions
will be proportional to the differences between the ac-
tual temperatures and the initial temperatures.

Method
The quasi-linear system of the two-groups diffusion equa-
tions is:
Y _ (21 2 2 1 2%
(1) D, - (= + D,B )!+K,,(1—s)za¢+ i"‘ici = 5%
2 D‘I 1
(2) D, ¢ - C, +Z oison® DoB )¢ + P. x.¥= -‘;f-‘%

Each equation is transformed, with the finite-difference
method, into a system of linear equations, by subdividing
the radius of the reactor with a mesh of arbitrary mesh-
widths and the time in constant time steps.

Let be:
1dy _1¥-¥" nd 14 _10-¢
w dt = w &t vdt T v &t

where ¥ and ¢* are the values of the fast and thermal
flux calculated at the preceding time step. The equations
(1) and (2) can be transformed into:

(3) -D, %%+ A¥-Bg -C =0

(4) -D, %+ E'$-FY -G =0

where:

D. and D, are the fast and thermal diffusion coefficients,
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The two systems of linear equations 5) and 6), each of
which is of n equations, where n is the number of the points
of the lattice, are solved wi:th an iterative method 1i.

In the source term bi ¢i of system 5) we use the vector
¢i obtained from the calculation of the preceding time step;
the system 5) is then solved in ¥. The vector 'i is put in
the source term Bi Yi of 6) and a new vector ¢i is calculated.
This is used in the term bs ¢ of 5) and so on until it con-
verges.

Each one of the two systems 5) and 6), having a tridiagonal
positive definite matrix of coefficients and known terms con-
taining the source terms, ceau be solved directly by a factori-
zation method.

Note

The boundary condition %% = 0, at the axis of the cylindri-
cal core, is obtained by putting the points 1 and 2 of the mesh
symmatrically to the axis i.e. r(1) = r(2), and imposing that
¥(1) = ¥(2) and ¢ (1) = #(2). This is obtained by putting
a(1) = 0 and &(1) = 0. In fact the first equation of the systems
5) and 6) is of the type:

7) -a(1).¥(1) - a(2) .%3) + e(2). ¥(2) - b(2). ¢(2) - cCc(2) =0
if 8) w¥(1) = ¥(2) then 7) can be written:
9) a(2). ¥(3) + [e(2) - a(1)] .¥(2) - b(2). ¢(2) -C(2) =0

as a(1) is also contained in €(2), 9) can be obtained from 7)
by putting a(1) = 0. The outer boundary condition is obtained
by imposing ¥(n) = 0 and ¢(n) = O.



The subroutine of the chanrel (CANCIL

and CANSL)

This subroutine calculates the temperatures at every point

of the radius of the channel at all

axial levels.

The radius of the channel is subdivided with a mesh of n mesh-
points. The last three points correspond respectively to the
coolant, to the cladding and to the gap between cladding and

fuel.
(or to the slab half thickness) and
equal meshes. The radial lattice is
level. The height of the chanrel is

The remaining n-3 points belong to the fuel rod radius

divide the radius in n-3
the same at every axial
subdivided in m equal

intervals ( m <20). The axial power distribution can be dif-
ferent for every channel, but remains constant during the

transient (see Subroutine POT).

The calculation is based on the following equation:

10) k82T 4+ P=Copt
where:
K = thermal conductivity of the media
P = specific power (assumed constant along the radius
of the rod)
C = specific heat
p = density

The finite-difference expression for the different media

are as follows:

in the fuel, neglecting the heat conduction in axial direction

a)

we have:
5 o T _,-T TI-T:
P'. K(r =1 . ).AZ+K.2!.I‘- .AZ-—'L-__J' - Ko2xor'oAZ-—L—J_ =
1 J J-1 J-1 r. J r.
J=1 J
i _ Tl*

2 2
-.x(rj r;-

;) - 8z.C.p. (11)
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where the known term dj contains:

is is

TJ_1 , Tj , Tj+1 = temperatures at the preceding time step
T;-1 = temperature of the coolant at the level i-1.

The boundary conditions are:

T = 0 at the axis of the rod

ha; = 0O at the outer surface of the channel.

The system 5) has a coefficient matrix which is tridiago-
nal, definite positive. The
system can be solved directly with the factorization method.
The value T; will be used to calculate the known term for
the level i+1.

T; is the inlet coolant temperature.

The above described calculation is done by the subroutine
CANCIL, in cylindrical geometry. The subroutine CANSL does
the same calculation for a slab geometry. In this case .the
formulas 2) and 4) become:

i ol piopl
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Note 1

The choice of the mesh width AZ and of the time interval
At should be made considering what follows.

The perturbation of the temperature in the coolant propa-
gates along the channel with the velocity v of the coolant.
The outlet temperature has over the inlet temperature a de-
lay =t = L/v (L = length of the channel).

In the finite-difference representation the delay function

is approximated and tends to the exact value with AZ tending
to zero. For a given A Z, when the time interval is At <aAZ/2.v
there are oscillations during the initial time t after the
beginning of the perturbation. After the time 1 the outlet
temperature tends to its exact value with an error which
decreases with decreasing At. The amplitude of the oscil-
lations however are greater with decreasing At.

See fig. 5 for an inlet temperature varying as a ramp

and for AZ = % . To avoid the oscillations it should be
Az
(a) &t =375

It may be advisable to take a A Z sufficiently small in

order to reduce the error and determine At according to

AZ L]
ot = 2.V

The time interval of the thermal calculation, determined
in this way, results in any case to be much greater than the
time interval of the neutronic calculation, which should be
of the order of 1073
the power has a great variation and the temperature reaction

sec. If, in the transient to be analysed,

is very strong, it may be convenient to repeat the thermal
calculation more frequently. In that case At should be re-
duced and AZ determined according to formula (a) when the
oscillations during < are to be avoided.
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Note 2

According to fig. 3, when we write equations 11 and 13
the temperature T; is not actually the temperature of the
surface of the cladding, bgt the average temperature of the
cladding at the level i (T;_ ).

Therefore in the program the coefficient h is replaced
by the following:

L 1
b TT
h Kg
where:
s = radial thickness of the cladding
Kg = thermal conductivity of the cladding.

The same correction is introduced whenever we operate at
the boundary between two different media. In our case we have:

- Fuel-gap

h =
Arn—3 s
2.X, Bu
- Gap-cladding
_ 1
S
2K
ﬂg g
where:
Ku = uranium thermal conductivity
Kg = cladding thermal conductivity
B = heat trasnfer coefficient between uranium (cladding)
surface and the medium in the gap
s = cladding thickness

This correction has a big influence when few poirts are used
for the radial mesh.



Program composition

1)

2)

3)

4)

The code consists of the Main Program and 16 Subroutines.

It reads the input data. It calculates the constant parts
of the coefficients, and also the coefficients which are
varied by the movement of the control rods. After each
thermal calculation it determines the new values of the
resonance escape probability and of the absorption cross
section in each region according to the temperature coef-
ficients of the fuel and the coolant.

It determines all the temperature-dependent coefficients.
It is called from MAIN and CRITIC. At the first calcula-
tion it determines the coefficients, according to the
physical constants given in input, which must correspond
to the initial condition of the reactor. Subsequently it
is called after each thermal calculation and determines
the coefficients with the corrected values of the physi-
cal constants.

Sub. BARRE.

It is called from MAIN at every time step, and calculates

the new value of equivalent poison in each region. An in-
crease in reactivity &X,, in any region, may also be si-
mulated by this subroutine with a convenient negative poi-

son.

Sub. FLUSSI

It finds the solution of the fast-group system 5) and of
the thermal-group system 6) (page 6) separately with a
factorization method. It iterates from one group to the
other, varying the terms bi¢i and Bi‘i and keeping
constant all other coefficients. It is called from Main

at every time step.
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5) Sub. INIZ.

6)

7)

It is called from Main at the beginning. It starts from a
uniform distribution of fluxes, equal to the wanted value
® of the average thermal flux. It calls Subroutine Flussi
a given number of times. Each time the fluxes are normali-
zed in order to have the wanted ¢ . All the coefficients
of the system 5), 6)are kept constant (the time does not
progress). The physical distribution of fluxes is thus
obtained. Then it calculates the equilibrium precursor
concentration corresponding to the obtained thermal flux
distribution.

The value of ¢ has no influence on the thermal calcula-
tion, it is only a reference value, which can be put equal
1 for simplicity's sake.

Sub. CRITIC.

It is optionally called from Main at the beginning. It de-
termines the critical value of the poison in any wanted
region. It starts from a first-guess poison. By calling
Flussi a given number of times, it determines the period,
then changes the poison and repeats the operation until
the reciprocal of the period is smaller than a given con-
vergence parameter. The fluxes are then normalized at the
wanted value of ¢ .

Sub. STAMPA.

It prints the neutronics results. Three options are availa-
ble:
1) ™ = Time ;

PM1 = Average fast flux ;

PM2 = Average thermal flux ;

PER = Reactor period.

2) ™ = Time ;
IT = Number of time steps ;
PER = Reactor period ;



8)

9)

10)
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PINT = !ot¢> (t) dt

INT = Number of inner iteration of the Subroutine Flus-
si ;

R. = Distance of each mesh point from the axis of the
cylinder ;

P1 and P2 = Fast and thermal flux at each mesh point ;
c1, C2, ... , C10 = Precursor concentration at each
mesh point.

3) TO ; PM71 ; PM2 ; PER as in option 1)
VELENI BARRE = Poison introduced by the control rod in
each region ;
FLM17 and FLM2 = Fast and thermal flux, averaged in each

region.

Sub. TEST.

This is a free Subroutine by means of which it is possible
to introduce some new statement, without altering the rest
of the program. It is called from Main at the first time
step and subsequently at every time step if the index

KTE >0 and has the same Common and Dimension as the Main
program. The free memories of the vector DATA may be used
to introduce any new parameter (for instance, it may be
used to command the scram, with any given delay when ¢
has reached a given threshold).

Sub. DCAN.

It reads all the input DATA relative to the thermal charac-
teristics of the channels and calculates all the coefficients
of the system 14) which do not change during the transient.

Both subroutines calculate the variable coefficients. They
solve the system of equations 14) by a factorization method

for all the points of the channel.



12)

13)

14)
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It is called from the subroutines of number 10) and calcula-
tes at every thermal time step the values of the inlet coo-
lant temperature and of the coolant velocity. These magnitu-
des can vary as a step, or as a ramp, or as any function of
time. In this last case it is possible to give up to ten
values of the function at different instants. The subrouti-
ne makes a linear interpolation at every time step.

Sub. INTEGR.

It calculates the average temperatures of the fuel, cladding,
and coolant to be used for the feed-back.

It reads the form factors of the power axial distribution
of each channel and calculates at every time step the power
corresponding at every axial level of each channel.

Sub. HTC.

This routine is optionally used to vary the heat transfer
coefficient from cladding to coolant, according to the fol-
lowing formulae

(density) Pecoolant = 21"@2 T * 383 73 * 3 3
Cc T T
c c
(specific heat) CPcoolant = ag + ag T,
i i = 1. 1 1
(viscosity) M . g1ant = 29%3g T- * 39 T3 * 290 T3
C T T
c c
(thermal conductivity) 1coolant = a,, + a,, T,
(T. = °C)



15)

16)
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n.C , )
= —2P& - PV D
Pr A : ReYn - n

h = % a,8 Reyn(a19). Pr(a20)

The ay coefficient and the hydraulic diameter D are given
in input. v

The routine is called from CANCIL and CANSL, at every time
step, for each axial level, in every channel.

(Tc = Temperature of coolant in °C).

This is a free subroutine, optionally used to vary the ther-
mal resistance of the gap between fuel and cladding during
the transient. The subroutine is called from CANCIL or
CANSLAB, at every thermal calculation and at every axial
level of the channel. One can build the subroutine to cal-
culate the thermal resistance RGAP, according to his own
formulae as a function of:

TPUR = average temperature of the section of the fuel rod
at the corresponding axial level (°C)

TPS = fuel surface temperature at that axial level (°C)

TPG = cladding temperature at that axial level (°C).

Subroutine GAPIZ (TMA, TPG, ALF, BET, RGAP, C@ST)

It is a’'free subroutine, to be used in the same occasion
of GAP, wvhich evaluates the thermal resistance RGAP of the
gap in the initial static condition as a function of:

TMA = TPUR - TPS
TPG
ALF
BET

constants appearing in the =»relation
TPS - TPG = ALF + BET ® RGAP

(The term ALF comes out from the fact that in the finite
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difference representation the thermal resistance of half
interval in fuel and cladding are added to the gap resi-

stance).
They are calculated in CANCIL or CANSL for every level of

the channel.
COST is a free constant{in the routine included as example
COST is 4.185 if calories units are used and 1 if WATT units

are used.

In the enclosed listing there is an example of these sub-

routines.
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Input

It is possible to calculate several problems in one run.
Each problem has to be preceded by a title card.

Title card
The columns 1 - 6 must be left blank, only in the last
problem they must contain some positive number .

The columns 7 - 72 contain any alpha-numeric information.

A vector of 3500 memory positions DATA(1), DATA(2), ...
DATA(3500) contairs all the data. Since entire groups of me-
mory positions are zero, it is possible to read only the
sets of significant data. Each set must be preceded by a
and Ki,2 defining the num-

cart containing the integers Xy 4
?
); DATA (K, _+1);...
s 1 1

ber of decimal data to be read DATA (K.

1
-+ DATA(K; ,).

In the last set the second integer must be preceded by the
sign - (minus).

s 1

DATA(1) = (DELT) Integration time interval (DELT = 0.001 sec
gives good results in normal cases).

DATA(2) = (T@) Initial value of time.

DATA(3) = (IT) Initial time step number.

DATA(4) = (4 < IMAX < 100) Number of mesh points.

DATA(5) = (1 < NREG <« 10) Number of regions

DATA(6) = (1 <NRIT < 10) Number of groups of delayed-neutron
precursors.

DATA(7) = (INTE = 10) Maximum number of inner iterations.

DATA(8) = (IDST = 20) Number of initial iterations necessary

to give the fluxes, their initial shapes and norma-

lization.
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DATA(9) = (ITCR = 20) Number of iterations to calculate the
period corresponding to a given poison. If DATA(9)
= zero, the critical search will not be made.

DATA(10)= (BU = (%)2) Value of axial buckling, common to
all regions and groups.

DATA(11)= To be left blank

DATA(12)= (EPS = 0.C001) Convergence criterium for the inner
iterations (EPS = relative variation of the average
thermal flux).

DATA(13)= To be left blank.

DATA(14)= (SI) Normalization value of the average thermal
flux.

DATA(15)= To be left blank.

DATA(16)= (XPC) The thermal calculation will be made every

KPCth neutroric time step (see note of page 11).

]

DATA(17)= (NCAN) Number of channels. If NCAN O the thermal
calculations will be bypassed, their corresponding

input data ignored.

DATA(18)= (XMA1) The print of all the end temperatures will
be made at each XKMA1 thermal calculation.

DATA(19)= (KTME1) The prirt of the average temperatures in the
fuel, cladding and coolant, will be made at each

XKTME1 thermal calculation.

, 2, ...NREG). Thermal

. Y

DATA(21)......(30) = PEWER(M) (M =
powers of each channel at the initial corndition
(cal./sec) or (WATT) (the thermal units can be calo-
ries or watt, providing the same unity be used for
all the input data).

DATA(31)¢.....(40) = (BETA(J) = aj) (J=1,2,..NRIT) Yield of
delayed neutron precursors per fission.



DATA(41)..

DATA(61)..

DATA(81Y)..

DATA(201).
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..(50) = (DL(I)= xi) (I=1,2,...NRIT) Decay con-
stants of precursors.

..{(71) = Interface indexes. Index 1 must always
be given. Points 1 and 2 are symmetric to the cylin-
der-axis.

..{(200) Contain 12 data for each region in the follo-

wing order:

1) D fast

2) D thermal

3) XK = vzf/za

4) % = Fermi age

5) Source: average flux in the region (EESEEE) due
to the source

6) zéb thermal

7) (SPR = poison) This is not the poison of the
movable control rods, it is an additional con-
stant poison. It should be left blank when cri-
ticality search is requested.

8) To be left blank

9) W fast group neutron velocity

10) V thermal group reutron velocity

11) P = resonance escape probability

12) Zero if the region does not contair a channel.
1 if the region contains a channel.

...(300) Distances of the mesh poirnts from the cy-
linder-axis. They are arbitrary, except for R(1) =
= -R(2).



Control rod movement

The control rod movement is simulated in each region by an
equivalent distributed poison variable ir time. The function
zpoison(t) of each region is given in input in tabulated form;
n points of the curve (n < 30) must be conveniently chosen.

The program interpolates linearly between the points.

DATA(301) (900) 1is a vector of 600 memories which con-
tains all the points of all the curves of every region. It is
subdivided in blocks of 60 memories, one for each region.

DATA(301), (332),...(300+n) Times of the chosen

First region points

DATA(331), (332),...(330+n) Corresponding values
of Zp'
DATA(361), (362),...(360+n)
Second region

DATA(391°, (392),...(390+n)

DATA(841) cevunn (840+n)
Tenth region

DATA(871)¢e.... (870+n)

n, the number of points of the curve Zp(t), may be diffe-
rent from region to region. If a region does not contain rods,
the corresponding block of memory must be left blank.

DATA(300 + (i-1) *60+1) where (i = 1, 2, ...NREG), must always
be zero because it corresponds to the initial instant of the
transient.

If a step of Zp has to be introduced at the time t, in the
region number i, one must give the following data:



DATA(301 + (i-1) *60) = t - DELTA
DATA(302 + (i-1) *60) = t
DATA(331 + (i-1) %60) = 0O
DATA(332 + (i-1) *60) = zp

It is impossible to introduce a step at the very beginning
of the transient t = 0, it can be introduced at the time
t = DELTA at the earliest.

DATA(1301)......(1310) = cgu(M) (M=1,2,...NCAN)
Temperature coefficients of the fuel. They affect
the resonance escape probability of each region
containing a channel.

- * * (T -
P = Po + Po CﬂU (Tfuel To fuel)

DATA(1311)¢.e...(1320) = COR(M) (M=1, 2,...NCAN)
Temperature coefficient of coolant. They affect the
absorption cross-section of each region containing
a channel,

=2 z COR *

Z"poison O poison= “absorption

Teoolant ~ To coolant]

Criticality search (only if DATA(9) > 0)

a) DATA(1601)......(1610) = KV(I) Order number of the region,
to be written if the region is poisoned; to be left
blank if not.

b) DATA(1611) = (SPRG) Second guess of poison. It must be the
same for all the checked regions. The first guess
is zero.

c) DATA(1612) = DAPF-10-4) Convergence criterium for poison
criticality search. The absolute value of the re-
ciprocal period will be < DAPF.

d) DATA(1613) = (LF« 20) Maximum number of iterations for cri-
tical search.



Print orders

DATA(1851)......(1994)

Up to 24 cards (n=0, 1, 2..., 23) specifying the print orders
may be given. Each card contains six data as follows:

DATA(1850+6.n+1) = (KTP) multiple of I2P. It is the number
of time steps to be made until a new order of print
will be read (next card).

DATA(1850+6.n+2) = (I1P) Each I1P time step a; print of
IS1 type will be made.

1
DATA(1850+6.n+3) = (IS1) = 2 The print is of the type 1,
3 or 2, or 3 accordingly (see

Subroutine STAMPA page 16 )

DATA(1850+6.n+4) = (I2P) multiple of I1P. Each I2P time step
a print of IS2 type will be made.

1
DATA(1850+6.n+5) = (IS2) = 2 The print will be of type 1
or 2 or 3 accordingly (see
Subroutine STAMPA page 16.).

DATA(1850+6.n+6) = to be left blank.

The calculation stops at the time step, corresponding to
the last given value of DATA(1850+6.n+1) = KTP and the follo-
wing case will be started.

Specification of the axial power distribution

The axial power distribution may be different for each
channel. It remains constant during the transient.
DATA(2001)....(2200) is a vector of 200 memories subdivided
in blocks of 20 memories, one block for each channel.

DATA(2000+n+(i~1) * 20) are the ordinates of the curve of the
power distribution of the ith channel. These ordinates must
be taken in correspondance of the medium points of the n axial






‘DATA(2504)
DATA(2508)
- DATA(2512)
DATA(2516)
DATA(2506)

DATA(2507)
DATA(2508)
DATA(2509)
DATA(2510)

DATA(2511)
DATA(2512)
DATA(2513)

DATA(2514)

DATA(2515)
DATA(2516)
DATA(2517)

DATA(2518)

If DATA(2516)

If DATA(2518)

DATA(2519)
DATA(2520)

DATA(2521)

DATA(2505) =
DATA(2509)
DATA(2513)
DATA(2517)
Thickness of the coolant layer corresponding

Thickness of the cladding

to the fuel element (cm)

Density of the fuel (g/cm3) (g/cm3)

Desnisty of the gas filling the gap
Density of the cladding
Density of the coolant.

Specific heat of fuel

(S235) or (253

Specific heat of gas filling the gap

Specific heat of cladding

Specific heat of coolant.
( cal

$ WATT
Conductivity of fuel Eﬁ—gga—?a) or (Eﬁ__76)

Conductivity of gas filling the gap
Conductivity of cladding

(VLR) Heat transfer coefficient between cladding

surface and coolant.

1 WATT
(ce—22mss) Or (—5—)
sec cme°C cm2 oC

0 the Subroutine GAP is called.

0 the Subroutine HTC is called.

Length of channel (cm)

Slab width (only in case of slab geometry; blank
in case of cyclindrical geometry) (cm)

Initial value of coolant inlet temperature (°C)
to be left blank if this temperature is given
in tabulated form.
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DATA(2522) = Only if DATA(2521) # 0. Step of coolant inlet
temperature (°C)

DATA(2523) = Only if DATA(2521) # 0; value of %I in case of
a ramp of coolant inlet temperature (Eg

DATA(2524) = Initial value of coolant velocity (sec)
To be left blank if the velocity is given in
tabulated form

DATA(2525) = Only if DATA(2524) £ 0; step of coolant velocity
(sec

DATA(2526) = Only if DATA(2524) # 0; value of H- in case of a
ramp of coolant velocity (== 2)

se
DATA(2530) = (IT1P8) 1 for cylindrical geometry

2 for slab geometry.

DATA(2531)...(2560)
In the same order as before the data

DATA(2561) . ..(2590) for the second,third,...10th channel
DATA(2771)...(2800) (some regions may not contain a channel)

Variable inlet temperature (only if DATA(2521+(i-1)*30) = 0)
The coolant inlet temperature, of the channel number
i(i < 10), can be whatever function of time T, t(t) and

inle
can be given in input in tabulated form.

n points, of the curve Tlnlet(t)’ must be conveniently
chosen (1 < n < 9). The program interpolates linearly be-
tween the points.

DATA(2900+n+(i-1)*10) are the times corresponding to the points
of the curve of the ith channel (sec).
DATA(2900+1+(i-1) * 10), initial instant of the tran-
sient, and DATA(2900+10+(i-1) * 10) must always be
zero or left blank. The last time given must be mul-
tiple of the thermal time step.
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DATA(2800+n+(i-1) *10) are the values 6f the inlet tempera-
ture at the selected points. DATA(2800+1+(i-1)*10)
is the initial value.

After the last point of the curve, the inlet temperature
will maintain the value given at the last point.

Variable coolant velocity (only if DATA(2524+(i-~1) #30)=0)

Same as for the variable inlet temperature where:

DATA(31004+n+(i-1) * 10) are the times
DATA(3000+4+n+(i~1) * 10) are the velocities.

Variable value of heat transfer coefficient from cladding

to coolant of the ith channel

(only if DATA(2518+(i-1)*30) = 0)

DATA 3200+20(i-1)+1 = a_ (g.cm™3)

DATA 3200+20(i-1)+2 = a, (g.cm™3eC)

DATA 3200+20(i-1)+3 = a, (g.cm™3ec?)

DATA 3200+20(i-1)+4 = a, (g.cm™3ec3d)

DATA 3200+20(i-1)+5 = ag (cal.g”'ec™?) or (7.g"1.ec™Ty

DATA 3200+20(i-1)+6 = ag (cal.g™ ") or (7.9~

DATA 3200+20(i-1)+7 = 2, (g.cm‘1.sec‘1)
DATA 3200+20(i-1)+8 = ag (g.cm™'.sec™'.ec)
DATA 3200+20(i-1)+9 = a4 (g.cm™1.sec™1.0c?)
DATA 3200+20(i=1)+10= a (g.cm™'.sec™',0c3)

DATA 3200+20(i=-1)+11= a,, (cal sec”lem™2oc™ Nor (Ww.cm™2 oc™)
DATA 3200+20(i-1)+12= a , (cal sec™lem™?) or (W.cm™2)
DATA 3200+20(i-1)+17= hydraulic diameter (cm)
DATA 3200+20(i-1)+18= a g

DATA 3200+20(i-1)+19= ajg

DATA 3200+20(i-1)+20= a,,

The coefficients a are defined in subroutine HTC.
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SUBROUTINE CANSL(FVI,ICANyNS,NP3,TEM,DT,P)
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SUBROUTINE CANSL(FVI,ICANsNS,NP3,TEVM,DT,P)
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SUBROUTINE VINIZ (JJyICsToTPI,HWS)
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SUBROUTINE POT(JJyICyNyNSyTO,POWER,W)
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SUBROUTINE INTEGR{JJ4ICyNyNS,NP1,NP2,NP3)
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SUBROUTINE GAPIZ(TMA,TPG,ALF,BET,RGAP,CQST,IC)
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SUBROUTINE GAP(TPUR,TPS,TPG,RGAP,COST,IC) 10724766
SUBROUTINE GAP(TPBR TIPS, TPG,RGAP,COST,IC)

3%5%73§°¥r8?{3(35)°"RU"0)' OX(T10),VLR(10),RS(10),MZ(10),
DIMEN516N‘VL(]§.10) SC(15510)3RO(15,10) 3DR(15,10) 4R(15,10)

DIMENSION TP(15421, 107, TMED(10,4)

%gM?gN MZ.MSV,DLTA.TP,THED.VL,&C.ROgDR.DX,VLR,RS.R,RU,TMU
Gla=-58.04003;3*(TPG+273.0)-0.INB-(TPUR+273.0)

5569%065.6)1’ 22
gg%ﬁ;;9.7-GIOG(TPS-TPG)I((TPS+273.0)--1.65-(TPG#Z?B.O)lll.bS)OCOST
END(1,0,0,0

PAGE 1



PAGE 1

10724766

SUBROUTINE HTC(TPCO,TPGsWS,VLT,IC)
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TEMPERATURE MEDIE

M

1
2

TU

Ty
7

CANALE N 1

1
2
3
4
5
)
7
8
9

0.
818.238
889.587
97T4.912

1027.348
1079.887
1084.394
1040. 465
9964159

CANALE N 2

VO OB~ O F WN -

0.
59.526
6U, 156
67.725
71.523
74,097
75.266
764295
75.712

6
0

7
y

N

TIPO 1

0.
775,933
836.707
211,455
9584602

1065.853
1010.3¢0
971.719
932.702

TIPC 2

0.
59.469
64,088
674651
Tl.bly
74.018
75.192
76,226
75655

= 0.2000
TG1 162
451.93 405
69.98 69
TO = 0.200
0. 0.
691.342 56L4.739
730.979 572.856
784,560 594,500
821.121 615.218
857.808 636.068
862.314 640.565
834,248 628.337
805.818 615.979
TO = 0. 200
0. 0.
59.357 59.074
63.953 63.613
67.504 67.135
71.285 70.887
73.859 73.460
75.045 T4.6Th
76.090 75.747
75.541 75.255

O.
435,538
432,235
434,995
Uy2,773
450.817
455.435
456.300
457,617

0.
58.677
63.136
66,617
706327
72.898
T4, 150
75.262
Th.849

0.
385.526
389.555
394.380
399.1u7
404,254
4€9.009
413.073
416.713

45.000
U6.651
48.65Uu
50.868
53.314
55.835
58,257
60.561
624556

Print of
average temperatures

every KTME 1 time steps

Print of
temperatures map

every KMA']l time steps
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