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ABSTRACT

MULTIFLEX is a computer code to calculate hydraulic force for structure evalu-
ation during a LOCA type transient. This report describes the program and the
mathematical representation of the thermal-hydraulic system interacting with
the mechanical structure system. While the originz] beam model is described

in the previous report, WCAP-8708", and the code description of the shell model
and the projector method is given in HCAP-8920++. The present report describes
the advanced beam model; i.e., the network downcomer model equivalent to two-
dimensional fluid-structure interactions, the non-linear boundary conditions
with impact damping, the relative modal analysis for vessel motion, the sliding
friction loss, and the possible application of the external loads. It also
covers the pre-processor, RELMPDE.

The version of the code for the original beam model is referred to as
MULTIFLEX 1.0,

** The corresponding version of the code is referred to as MULTIFLEX 2.0.
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1.0 INTRODUCTION

The MULTIFLEX program is an engineering tool for calculation of hydraulic loads on
the reactor internals structure and the pressure vessel during rapid thermal hy-
draulic transients caused by an impcsed driving force on the system. The driving
force is taken, throughout this report, to be a break of a primary or secondary
loop in a PWR system or simulation of the experiments related to rapid depressuri-
zations. The hydraulic loads are computed in this code by taking into account the
hydraulic-structural interactions., It is constructed by incorporating structural
models into the thermal-hydraulic code, BLPDWN-2A (see Reference 1).

The thermal-hydraulic portion of MULTIFLEX is based on the l-dimensional homoge-
neous mode1(1’2) which is expressed in a set of mass, momentum, and energy conser-
vation equations. These equations are quasi-linear first order partial differen-
tial equations which are solved by the method of characteristics(1'3"'5’ 40), The
employed numerical method is the explicit schems., Consequently, time steps for

stable numerical integration are restricted by sonic propagation 6 .

The walls surrounding a hydraulic path may deviate from their neutral positions de-
pending on the force differential on the wall. Usually thermal-hydraulic programs
such as BLODWN-2A ignore this displacement thereby considering the wall as rigid,
i.e., rigid wall treatment., In the MULTIFLEX(7'9) code, the wall displacements

are represented by those of 1-dimensional mass points which are described by
mechanical equations of vibration. A variety of structural models have been in-
corporated in MULTIFLEX. The independent mass model was reported in Reference 7.
The second MULTIFLEX report(s) describes the original beam model. The third re-
port(1°) covers description of 2-directional beam models, shell models, and projec-
tor models. A1l of these models are available as options in the present MULTIFLEX
code. The beam model option and the shell model option are frequently referred to
as BEAMFLEX and SHELLFLEX, respectively. These structural equations are solved by
means of the Laplace transformation cver the small time step determined by the
numerical stability of the hydraulic system. Verification of the code as a general
analysis tool for a fluid-structure interaction system is given in References 9

and 11, Sensitivity study of the original beam model is made in Reference 12.

When the original beam model was developed, the gap size between the core barrel
flange and the pressure vessel was regarded as very small (on the order of 30 mils).
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In this situation, the linear MULTIFLEX structural model was proven to respond to
a LPCA transient consistent with the non-linear DARI-W@STAS mode1(13). Recently,
however, the consistency can no longer be attained as the gap size is realized
to be fairly large (on the order of 120 mils). Moreover, the boundary is non-
linear even after the gap is closed. In addition, a method of network downcomer
modeling with fluid-structure interaction has been developed for a more realistic
representation of the downcomer annulus(14']6). In order to improve the calcula-
tional technique, an advanced beam model has been developed, which is reported

in the present paper. This advanced beam model deals with

i) the non-linear boundary conditions by the intermediate pseudo-force method(17),
ii) the vessel motion by the relative modal ana1ysis(18),

ii1) the downcomer annulus by the network modeling.

These are described in the following.

In Section 2,1, the problam to be solved is expressed in a mathematical form by
presenting the thermal-hydraulic conservation equations, the mechanical equation of
vibration, and the coupling term between the two systems., However, the detailed
discussions in deriving characteristic equations and in using the steam tables are
rendered to Reference 8. The methods of solving the mechanical equations are dis-
cussed in Section 2.2, The advanced beam model is discussed in Section 2.2. First,
the conventional modal analysis is given to introduce development and formulation
of the relative modal analysis. In this new formulation, the external loads can

be also introduced. Finally, the intermediate pseudo-force method is presented.

In Section 2.3, the one-dimensional network formation is briefly reviewed that is
equivalent to two-dimensional fluid-structure interactions.

Presented in Section 3 is a brief summary of the code structure and the functional
relations of MULTIFLEX to .tructure codes such as HECAN(27) and DARI-HGSTAS(ZS’?Q).
The input data instructions are presented in Section 4.1. To supplement the in-
structions, sample input data for all IQSTYPs are explained in Section 4.2 and a
method of computing the advanced beam structural data is also discussed.

Discussed in Section 5 is a detailed description of structural input data computa-
tion. 7The structural models for non-linear boundary conditions at the barrel and
vessel flanges are discussed in Section 5.1. This is followed by the norma’ mode
analyses for the relative modal analyses, in Section 5.2 and Appendix A. An ap-

1-2



plication of the advanced beam model is explained with an example of a thermal
shield three-loop plant in Section 4.2 and it is briefly summarized in Section
6.1. The MULTIFLEX non-linear boundary condition is verified in Section 6.2 by
cumparison of barrel/vessel relative displacements computed by MULTIFLEX and
WECAN codes. Results of a sensitivity study is presented in Section 6.3 in terms
of the magnitudes of the maximum vessel support loads and the maximum fuel grid
impact loads. A detailed description of the modeling of a three-loop neutron
panel plant which has distinguished features from the thermal shield plant is
given in Section 7.1. Computed pressure differentials, hydraulic forces, and
structural response are given in Section 7.2. Computed results are also analyzed
in this section.
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2.0 MATHEMATICAL DESCRIPTION OF THERMAL-HYDRAULIC-MECHANICAL SYSTEMS

This code obtains the thermal-hydraulic state of a system and calculates hydraulic
loads on the internal structure by soiving the conservation equations shown in
Section 2.1, coupled with the structural dynamic equations for the advanced beam
model discussed in Section 2.2: The conventional modal analysis is summarized in
Section 2.2.1, which is then developed to the re'~tive modal analysis in Section
2.2.2. The non-linear boundary conditions are treated by the intermediate pseudo-
force method in Section 2.2.3. The rules of one-dimensional network formation is
summarized in Section 2.2.4.

2.1 CHARACTERISTIC EQUATIONS AND STRUCTURAL DYNAMICS

The dynamic variables that specify the thermal-hydraulic state of the fluid are
density o(z,t), mass flow rate G(z,t), pressure p(z,t), and enthalpy h(z,t), at a
certain point in space z and time t. For a one-dimensional homogeneous model, the
conservation laws become as follows:

Conservation of mass:

=t (oA) + 32 (GA) = 0 : (2-1)

Conservation of momentum:

3 3 B %
T (GA) + ; (uGA) + C -5? p pFA : (2-2)

Conservation of energy:

3h 3h uF
T{*” Jo(—g _.E)sQ+g "

(2-3)
where u is the fluid ve1oc1ty, conversion factors 9. and J are the gravitational
constant (32.2 1b ft/1b sec ) and the mechanical- thermal conversion ratio (778

1b ft/Btu). respectively The F stands for the sum of frictional and gravitational
contr1but10ns,

n—ulul +gces a ’ (2-4)

when a pipe of effective diameter D off with friction factor f is elevated at an
angle a, where g is the acceleration of gravity (32,2 ft,sec ). The heat deposi-
tion rate per unit mass is denoted by Q.
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8y the method of characteristics, the above partial differential equations are re-
duced to ordinary differential equations. The detailed derivation is shown in
Reference 8. The "C+ and C- characteristic equations"

a6 ,Jcdp . do Raviced

Ot R e SRR | (2-5)
and

. TPGEY RGN PRCORREN

dt_ cafj o ot g 4 il | Hah)

are valid respectively on the C+ and C- characteristics determined by

Lz : (2-7)

These two equations are for the acoustic signal transportation at the sonic velo-
city c. The "CH- characteristic equation"

dh . q.uF, Ldp
I R (2-8)

is defined on the material characteristics

g-& .y : (2-9)

The quantities, p, G, and h are computed as above and then p and the sonic velocity
¢ are determined by the use of the steam table (References 8 and 11).

The effect of the flow area variation appears in the last terms of Eqs. (2-5) and
(2-6). The flow area is a function of the structural deformation, vector [x],
which is obtained by solving the equation of structural motion,

M} [x] + 2n JAATKS [x] + (K} [x] = [£(p)] (2-10)

subjected to the hydraulic force on the right hand side, where (M} and (K} are
mass and stiffness matrices respectively and n is the damping ratio. In these ma-
trices, one may employ the independent mass model, the beam model, or the shell

model which is discussed in the following sections.
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The hydrailic force [f(p)] and pcA/A in Eqs. (2-5) and (2-6) constitute the coup-
1ing between the hydraulic and the structural systems. If the coupling terms are
fgnored, Eqs. (2-5) and (2-6) are reduced to the conventional characteristic equa-
tions in Reference 1 (A = constant, rigid walls). In order to specify the coupling
terms, consider N mass points representing the structure, i.e., the structural wall
is discretized into N walls, Their displacements from the neutral positions have
beeg_ggnoted by the vector [x] in which the i-th element corresponds to mass point
%

(2-1

(2-12

———e—

(a,c)
With the above coupling terms, Eqs. (2-5) - (2-10) are simultaneously solved. In

practice, the explicit-scheme difference equations are derived from the characteris-
tics (see Reference 8). The von-Neumann stability condition is found to be the
Courant-Friedrich-Lewy critericn., Although the numerical stability of the combined
hydro-structural system equations has not been analyzed, it is found b, experience
that the stability is regulated by the condition for the explicit hydraulic equa-

tions(e).

2,2 STRUCTURAL MODELS

Methods for constructing Eq. (2-10) and its sclution technique are discussed in
this section. In the case of independent mass model, M and K matrices are diagonal
and so Eq. (2-10) can be solved straight-forwardly.

For beam and shell models, M and K are non-diagonal and various solution techniques
are available in the current version of MULTIFLEX. The options developed in the
past are:

1) Independent Mass Model in References 8 and 10 is applied to analyses of steam
generators (see References 7, 19, 20, and 21).
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2) One-Directional Beam Mode! extensively aiscussed in Reference 8 is applied to
most design computations (see, for example, Reference 27).

3) Two-Directional Beam Model is explained in Reference 10 and its application can
be found in conjunction with the projector method.

4) Shell Model discussed at length in Reference 10 is applied to design computa-
tion of the reactor internals (see Reference 23).

§) Projector Method much discussed in Reference 10 is applied to analyses of ex-
periments of the 1/24-th scale RPV mode1(16).

These subjects are discussed in the previous reports, References 8 and 10. In the
oresent report, the advanced beam models are discussed., Introduced in Section
2.2.1 is the conventional beam model which is developed in Section 2.2.2, the rela-
tive modal analysis to take into accourt the vessel motion. The non-linear
boundary conditions are solved by means of the intermediate modal analysis in Sec-
tion 2,2.3 and it is incorporated into the relative modal analysis.

The rules of one-dimensional network formation are summarized in Section 2.7.4, but
the practical method of the network downcomer modeling is illustrated in later sec-
tions.

2.2,1 MODAL TECHNIQUE, IN GLOBAL COORDINATE SYSTEM
(11,12)

Modal aralysis can be used to solve the eigenvalue problem,

-1 ‘
[ o wg 0 (2-13)
with ortho-normality relation,

T - . =2 T .

.l
The i-th efgenvector ¢ is the mode shape, and m, is called the generalized mass.
The eigenvectors are collectively expressed by a matrix ¢ = [¢1].

Then, the solution of Eq. (2-10) is expressed by the eigenfunction expansion,

X ® ; qy (t) ¢, =0 q . (2-15)
2-4



The equatfon for the expansion vector q is obtaine” 4y applying Eq. (2-15) to Eq.

(2-10) and then operating by oT from the left hand side,

. . 2
q+2nn°q+ﬂ° q=f

where use 1s made of Eq. (2-14) and the definition:,

-1 .7

no z (M*) " o K¢ .
sz ) T ¢ ,
and
M= sl Mg :
R aiosaiins

2.2.2 RELATIVE MODAL ANALYSIS

(2-16)

(2-17)

(2-18)

(2-19)

(2-20)

(2-21)

(2-22)

The fluid structure interactions in the downcomer annulus are effective only

2-5
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when the core barrel displaces or deforms relative to the vessel. The original
beam model is developed based on the conventional modal analysis (see Section
2.2.1) for the absolute barrel displacements, under the assumption that the
vessel is motioniess. To take fnto account the vessel motion, a relative modal
analysis is developed below. Consequently, it is found that the formulation of
the conventional modal analysis can be utilized without changes, but the struc-
tural input data must be computed by the use of the relative modal analysis,

2.2.2.1 Fluid Structure Interactions In A Deformable Coaxial Cylinder

In order to introduce the problem, consider that beam motion of the barrel and
the vessel in the annulus region are described by displacement vectors xB and
xv for n nodes each, respectively. For linearized boundary conditior;, the
structural equation for these displacements is

2 [x X X ¢
& %y ¢ [*v v v
M +2n MK 2 + K = (2-24)
R (xa) dt (xs) ("s) (’a)

subjected to the hydraulic forces fv and fB acting respectively on the vessel
and the barrel, Feedback of the structural motion to the fluid system is ex-
pressed by changing rate of local volume, Equations (2-5) and (2:6)

Hydraulic Cons. = = oc ¥ (= = pc g) (2-25)

and

Voew X =W X

8 '8 vy (2-26)

where the direction cosines of the beam motion and the barrel surface normal are
inclusive in the wall areas HB and Hv , respectively,

2.2.2.2 Conventional Modal Analysis

The conventional modal analysis is applied to Eq. (2-24) as follows: Transform
the displacement vector to the generalized coordinate q by the mode shape matrix
¢, as Eq. (2-15),

(x"‘ (2-27
xB’ *q -27)



where ¢ 1s obtained by solving the eigenvalue problem,

Wlkeee ng ; (2-28)

The eigenvalues in the dfagonal matrix no are the in-air frequencies. Suppose
m mode shapes are chosen for the calculatifon. Then, ¢ is a (2n x m) matrix,

2 fs a (m x m) matrix, and o is a vector (m x 1). Applying Eqs. (2-27) and
(2-28) to Eq. (2-24), one finds the equation for the generalized coordinate, Eq.
(2-16),

f
- : 2 «1 .7
q + 2n Qoq + no q= (M*) " ¢ (f;) (2-29)
where M* is the generalized mass matrix. After solving Eq. (2-29), q 1s substi-
tuted to Eq. (2-27) to get the displacements,

xv = ¢y q (2-30)
where ¢ is blocked,

%y
$ = (‘B) g (2-32)

In the above expressions, the vessel and the barrel components of displacements,
mode shapes, and forces are explicitly written out of the modal anaiysis in
Section 2.2.1. But these notations are introduced to clarify the following dis-
cussions.

2.2.2.3 Relative Modal Analysis

A relative coordinate for MULTIFLEX computation is chosen as
Wy
rs: XB - Fa- xV (2-33)

such that Eq. (2-26) becomes

r . (2-34)

Its dyadic coordinate is defined by
2-7



W
R = X' + i% Xv .

(2-35)

In summary, the transformation between these two coordinate system s achieved

by (2n x 2n) matrix U,

)+

where
) :;V"‘;. -‘T
v7u8
and its inverse matrix

IR o Yo R '
4 i T :

Applying Eq. (2-27) to Eq. (2-26), one gets a new mode shape matrix ¥,

18

where

Thus, the relative coordinate becomes
re s .

Next, the force term in Eq. (2-29) is transformed,

£
_— ( ) R I P (f:)

(2-36)

(2-37)

(2-38)

(2-39)

(2-40)

(2-41)

(2-42)



Now that the hydraulic force acting on the vessel is related to that on the bar-
rel by fv = - i% fa. Eq. (2-29) for the generalized coordinate becomes

- - 2 . " .‘ T

Q+2na, q+a q= (M) y f & (2-43)
Thus, once the relative mode shapes in Eq. (2-40) are obtiined, the generalized
coordinate is calculated by Eq. (2-43)., Then, the relative coordinates are com-
puted by Eq. (2-41) and the feedback by Eq. (2-34), These equations are identi-

cal to the set of conventional model analysis except that the mode shape matrix
¢ in Eqs, (2-15) = (2-19) 1s replaced by the relative mode shape matrix.

The computational procedure is summarized as follows:

1. Perform modal analysis of a dry linearized structural mode! including the
vessel motion,

2. Use the calculated efgenvalues and generalized masses as the input data.

3. Compute the relative mode shape Vs by taking weighted difference of vessel
and barrel displacements,.

Figures 2-1 and 2-2 compare WECAN structural models for the conventional and re-
lative modal analyses. Figure 2-1 cited from Reference 8 depicts the beam model
of thermal shield, core barrel and fuel assembly, but the pressure vessel is
assumed motionless, For the relative modal analysis, the vessel supported at the
node of the inlet nozzle/downcomer joint is included in the model. The relative
mode shapes are computed by the weighted difference of the displacements at nodes
2 and 32, 3 and 31, etc., of each mode.

2.2.2.4 Absolute Displacements

Notice that the generalized coordinate computed by Eq. (2-43) is identical to the
one in Eq. (2-29) as is evident from the derivation of the former equation shown

in the previous section. So, the absolute uisplacements can be computed by the

use of Eqs. (2-30) and (2-31). For example, the distance between the barrel flange
and the vessel can be obtained by

where subscript b indicates the values at the boundary node.
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2.2.2.5 External Loads

Juring a LOCA, the external loads of loop and cavity forces are exerted on outside
the pressure vessel in addition to the internal hydraulic forces. In order to
take into account the effect of these external loads to the fluid structure inter-
actions, the relative modal analyses in the previous section are generalized be-
Tow.

Denote the exterrnal vessel force by fext and the internal hydraulic forces by fv
and fB as before. Then, Eq. (2-42) that is the force term in Eq. (2-29) become:

1
. *f f =
v t B "7
(Me)~] J( i ) . (M%) J(

Wy
fs w; foxt

W
B
U; fext)

T T

- ) (ol f

B * by ext}

where use has been made of the force relaticns above Egq. {2-43) ir the first
equality and Eq. (2440) in the second equality. by is the conventional mode
shape at the pressure .essel, So, Eq. (2-43) becomes

. d & POl 1,7 T ] ;
Q+2nn, q+a  q= (M) {y, g+ f o (2-45)

In practice, the external loads can be lumped to a lateral force and a moment
effective at the node of the inlet nozzle/downcomer joint. The moment is then
broken into two lateral forces acting at two nodes neighboring that joint node
so that the mode shapes sy at the three nodes are necessary in computation.

2,2,3 INTERMEDIATE PSEUDO-FORCE METHOD FOR NON-LINEAR BOUNDARIES
(24)

Some structural non-linearity in fluid-structure interactions can be taken in-
to account by the pseudo-force method that solves the structural dynamic equation
with the non-linear term incorporated in the external force term., Furthermore,
time dependent modal analysis is demonstrated in References 25 and 26 to be capa-
ble of solving a structural non-linear boundary problem by the use of the pseudo-
force method (known also as modal superposition). This method is generalized in
this section so as to include linearized boundary conditions in the modal analy-

sis and the difference between the non-linear and the linearized boundary condi-
2-10



tions in the pseudo-force term; the intermediate pseudo-force method.

2.2.3.1 Pseudo-Force Method On Modal Analysis

The equation of motion of a structure is
M) [X] + (€3 [X] + (K} [X] = (F) (2-6)
subjected to the hydraulic force [F], where {M}, {(C}, and (K} are respectively

mass, damping and stiffness matrices. The damping and stiffness matrices can be
composed of linear and non-linear parts;

{C} = {Cl} + (an} (2-47)

and
{K} = {Kt} + {an} (2-48)
= (Kt} + (Kﬁg} . (2-49)

In Eq. (2-46), the non-linear stiffness is factored into the linearized stiffness
and the remainder,

(K} (K} + (K} (2-50)

and

{an) - K } (2-51)

{Kl"ll} £

w

where {Knn} represents the linearized boundary conditions, for example. Then, Eg.
(2-46) is written,

(M} [X] + (€3 [X] + (k) [x]=F-qCc }[X]- (K} [X] : (2-52)
This equation can be solved as follows:

In the input structural data computation, the eigenvalue problem with the linearized
stiffness

™ k) (o) = (o) () (2-53)
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fs solved for the mode shape matrix (¢} and the in-air frequency {io}. Then, the
generalized mass matrix ic computed,

RO IR . (2-54)

Now that the structural displacement is related to the generilized coordinate [q]
by

[x] = ¢} [q] ' (2-55)
Equation (7) becomes

[a] + 2n {ay} [a] + (2} [a) = ™" ()T (LF) & D) (2-56)
where the non-linear pseudo-force is

(N] = - ¢c,} [X] - (k3 [X) . (2-57)

In Reference 24, these equations are solved for the case that {C} = 0 and the stiff-
ness is a bi-1inear or quadratic representation of plastic deformation of a pipe:
The elastic stiffness s included in {ii) and the remainder enters in {K;i}. The
term (K;i} [x] in Eq. (11) 1s taken into account by explicit integration and the
result of computation is found satisfactory as shown in Reference 24, This same
computation technique is recently applied to water hammer analyses of a stear
generator in which the stiffness increases discontinuously in contrast to the case
of plastic deformation where the stiffness sharply decreases beyond a yielding
point. The result of computation is also found satisfactory. This pseudo-force
method is now applied to the non-1inear boundary condition calculation.

There are probably three non-linear boundaries in the beam model illustrated in
Figure 2-3; the upper core barrel support, the hot leg nozzles, and the lower core
support plate. The solid line in Figure 2-4 illustrates a force-displacement re-
Tation at a boundary with a gap g. The dashed lines illustrate possible choices
of the linearized boundary condition: Lines AA' and BB' are the upper and lower
Timits, in practice. An intermediate case would be line CC° between these two
1imiting cases. For the chosen linearized stiffness Eni’ the pseudo-force becomes
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”

Knt (rN -g) + Cnl s for ry>9

MoK o Ka (P 2 9) + G,y for ry <= g (2-58)
0 otherwise
\

where ™ 15 the relative displacement between the barrel and the vessel at a par-
ticular boundary point, Notice that this relative displacement is not the weighted
relative displacement in Eq. (2-33) but the difference of absolute displacements

in Eq. (2-44);

2.2.3.2 Relative Modal Analysis

The above formulation is based on the conventional modal analysis corresponding
to Section 2.2.1 which is transformed to the relztive modal analysis according to
Section 2.2.2. Let us block the relative mode shape matrix defined by Eq. (2-40)
into two parts, one for the internal nodes vp and another for the boundary nodes
Vit

v
B
v . ;-;--z , (2-60)

Then, the weighted relative displacement in Eq. (2-41) becomes

re [.;5-] . HH (q] (2-61)

and the equation for the generalized cocrdinate:

- ' 2 . RN 3

[q] + 2n (ﬁo) [q] + (Qo} [q] = (M%) {VB : ¥n } [ ?;-;-N(;a’] (2-62)
where fB and fn are the hydraulic force exerted on the internal and the boundary
nodes, respectively. Eq. (2-62) is solved by the use of the Laplace transforma-
tion between a time step for numerical computations of the hydraulic system,
The pseudo-force term N(YN) is computed from Egs. (2-58) and (2-59) given q in
the previous time step.
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2.2.3,3 Impact Damping And S1iding Friction

The impact damping is the non-’ _ar damping in the pseudo-force term of Eq. (2-58).
The damping coefficient is prc..rtioned to the non-linear stiffness;

1
C"i = 2n :: Kni (2-63)

where n is the damping ratic and “ is the impact frequency.
A sliding force term can be also included in the pseudo-force term,
N, = = sign (ry) uw, ’ (2-64)

where u is the kinetic friction coefficient, we is the weight of the barrel or the
vertical force acting between the barrel and the vessel flanges. The symbol sign
(FN) means the sign of the relative velocity so that the friction force acts in the
opposite direction of the velocity,

2.2,4 ONE-DIMENSIONAL NETWORK

The downcomer annulus is represented by the one-dimensional network that is equi-
valent to two-dimensional fluid-structure 1nteractions(14'16). The rules for

the network formation are:

1. The flow area of an axial leg is equal to the flow area of the circumferential
leg.

2. The sonic velocity in the network legs is scaled by a multiplication factor
2 .

3. The coupling terms A/A in Eqs. (2-5) and (2-6) are scaled by a factor 1/2.

Rules 2 and 3 are incorporated in the code and Rule 1 is taken care of in the
modeling as illustrated in Section

The basic theory for the above rules is developed for a uniform sheet of hydraulic
volume in References 14 and 15. The rules are applied to mode! the uniform an-
nulus of the Fritz-Kiss shaker experimental facility. The computed in-water
frequency agrees very well with the measured value, verifying the method of net-
work formation (see Reference 15). This method is further applied to analyses of
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the experiment performed with a 1/24-th scale reactor pressure vessel model (see
Reference 16). Detailed description of downcomer aetwork formation for a PWP
downcomer can be seen in Sections 4.2.) and 4.2.2,
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3.0 GENERAL PROGRAM DESCRIPTION

A general description of the overall MULTIFLEX organization and major subroutines is
presented. Then the role of MULTIFLEX is shown in relation to the other codes for a
complete stress analysis.

3.1 STRUCTURE OF PROGRAM

Flexible use of input-output devices is implemented in this program as can be seen
below,

3.1.1 Table Of Subroutines

The source program is written in FORTRAN-IV, single precision for the CDC-7600. It
currently utilizes approximately 150K of the small core. Computer time ranges from
30 to 300 seconds for analysis of a simple system and approximately 20 minutes for
a typical reactor internals analysis. It may take 1 hour for an advanced beam model
computation. The program is composed of four overlays as shown in Table 3-1.

3.1.2 Input-Qutput In General

The subroutine DATAS reads in the card input data and also prints out the results of
the steady state hydraulic and heat balancing calculations, if executed. The struc-
tural data are provided by an input data deck to be read in STRUCDT and by the tapes
to be attached, TAPE7 or TAPE15 and TAPE18. The subroutine MAINTR prints out the
results of the transient calculation, it may write COMMON blocks on TAPE1l, if re-
quested, For restarts, TAPE1l is read in subroutine MAINST.

At each time step, MAINTR may dump the computed hydraulic information at printout
stations on TAPE10 and TAPE12 to be plotted by program BLOPLOX. The hydraulic in-
formation at the first and the last nodes of all the legs are written on TAPE] to
provide input data to LATFORC, FORCE-2, or BLOPLT code. The computed pressure dif-
ferentials and wall displacements are dumped on TAPE4 to be plotted by a subroutine
DIRPLT on the third overlay or by a separate code DIRPLT.

3,2 FUNCTION OF SUBROUTINES AND MAJOR NOTATION

The subroutines may be grouped into property, thermal, hydraulic, structure, and
boundary routines for their computational roles. Major subroutines and the quan-
tities to be computed are described below.
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3.2.1 Property Routines

The fluid properties (see Reference 8) are computed in the property routines PROP,
SATURE, SUB, SUP, and TMP, SUB and SUP computer partial derivatives of specific
volume for subcooled water and superheated steam respectively. The subroutine PROP,
associated with the SATURE, computes fluid quality X(I,J,k), density R(I,J,K), and
sonic velocity C(I,J,K) at the I-th node of the J-th leg during the K-th timestep.
(k=2 for the present time, K=1 for time at previous timestep.) These subroutines
are called from all the major subroutines and, therefore, with the exception of TMP
which computes fluid temperature, are located in overlay level (0,0).

3.2.2 Thermal Routines

The heat source-sink terms are computed in the thermmal routine HTCOEF, CORE, STMGN,
and (PIPE) (see References 1 and 2),

The subroutine HTCOEF computes the physical heat transfer coefficients (H.T.C.) for
the core and the steam generator wheneve~ wall temperature exceeds fluid tempera-
ture. Otherwise, these constants are computed in CORE and STMGN, respectively. The
key notatir ) appearing in HTCOEF is rather obvious, QDNB -- the heat flux to de-
parture from nucleate boiling, TCRIT - the critical wall temperature for nucleate
boiling, and TSAT - the water saturation temperature.

Although the primary function of PIPE is not the calculation of H.T.C., both H.T.C.
and heat flux between the wetted wall and fluid are computed there.

3.2.3 Hydraulic Routines

In the hydraulic routines, pressure, flow rate, and enthalpy are computed for all
nodes except for those at the boundary points. They are computed in the subroutines
PIPE, LEAK, and CHAR.

The subroutine PIPE solves the characteristic equations to get the pressure P(I1,J,K),
the flow rate G(I,J,K), and enthalpy H(I,J,K) for the internal nodes of each leg,
specified by the subscripts (i.e., same as R, etc., in Section 3.2.1).

Hydraulic specification of leg J is given in terms of the number of nodes, NO(J),

the node spacing, DX(J), and the effective diameter for friction, DIAM(J). In addi-
tion, the leg elevation with an angle & is stored in ELEV(J), which equals g cos é&.
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The dynamic variables at the point R are involved in the C+ characteristic equation
and those at the point S in the C- characteristic equation. They are calculated in
CHAR by a linear interpolation. The quantities at points R and S are denoted by
making these letters the last alphanumeric character in the variable name throughout
the entire program. For example, the pressure at R is denoted by PR and the pres-
sure at S by PS. The subroutine LEAK computes the fluid state in a leakage element.
A leg is required to be composed of at least two nodes.

3.2.4 Structure Routines

The structure routines are PIPE, the STRUCDT series (MAINI, MAINB, MAIN2DB, MAIND,
MTRXDAT, ZORGEN, ISIMEQ, MMAT, BMAT), the FORCE series (FORCEI, FORCEB, FORCE2E,
FORCED) and the STRUCT series (STRUCTI, STRUCTB, STRUC2B, STRUCTD). In the STRUCDT
subroutines, mechanical structure information is read in. After reading the hy-
draulic data and establishing the steady state in DATAS, MAINST calls STRUCDT which
calls the structural data reading routines MAINI, MAINB, MAIN2DB, and MAIND accord-
ing to the options of the independent mass model, the beam model, the 2-D beanm
model, and the shell model, respectively. In the case of the projector method,
MAIN2DB and then MAIND are called. As an option, MAIND may call MTRXDAT, the struc-
tural data processor, which further calls ZORGEN to print out matrix data, ISIMEQ

to take inverse of a mass matrix, MMAT for matrix multiplication, and BMAT to gener-
ate the B matrix for the ATB treatment of the shell model a'd of the projector method.

Differential pressures across flexible walls are computed in PIPE, Hydraulic forces
due to the differential pressures are computed in the appropriate FORCE and STRUCT
routines, which solve the mechanical structure equations of vibrations, Equation
(2-10). The A/A in the right hand side of Equations (2-5) and (2-6) is calculated.
The corresponding pressure change is computed in PIPE.

3.2.5 Boundary Routines

Most of the engineering devices are modeled at boundaries and their characteristics
are represented by the boundary values. The subroutine names imply their functions;
DEAD for the dead-end boundary, JOINT for two-leg joints, TEE for 3-6 leg junction,
PUMP for the pump, FREE for pre-determined boundary conditions.

The subroutine CROSS chooses one of these boundary routines at each boundary in ac-
cordance with the pre-selected boundary type NND2(J) at the last node of leg J.

The subroutines XIT and DXIT compute fluid discharge rate through the broken end.
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In XIT the broken end is set up at the first node so that the C- characteristic is
utilized; the first leg in the model is always assumed to have this broken end al-
though its open area can be controlled by an input value, AORIF, On the other
hand, DXIT places the broken end at the last node, using the C+ characteristic; the
leg 1.D. number is arbitrary in this case. Furthermore, the DXIT broken end can be
excluded from the system by the choice of @-type break.

Jec CSTBUCTURAL ANALYSIS PROCEDURE

The computational procedure for stress analysis is illustrated in Figure 3-1, Hy-
draulic models generally follow those developed and accepted in the previous rigid
wall hydraulic force computation carried out by the BLPDWN-2 code. For a simple
structure model, the mass and the spring constant are obtained directly from the
material properties. For 2 beam model, modal analysis is carried out by the use of
the WETAN code(27) to get generalized masses, modal frequencies, and mode shapes
which are inputted to MULTIFLEX. For a shell model, the stiffness, mass, and AT
matrices computed by the WECAN code are processed by either MULTIFLEX or MPDES (see
Appendix F) to yield TAPE7, to be read in MULTIFLEX.

MULTIFLEX solves thermal-hydraulic conservation equations together with mechanical
equation of vibration to yield pressure values at all the locations in the hydraulic
system written on TAPE1l, and structural displacements, written on TAPE4 (see Section
3.].2).

From TAPE1, LATFORC or FORCE-2 (see Reference 8) selects pressure differentials and
mass velocities at necessary locations and converts them to hydraulic forces for
the purpose of structure analysis. The X-component of hydraulic forces generated
by LATFORC coincide with those used in structure computation done by the MULTIFLEX
beam model.

The hydraulic forces are the forcing functions for the detailed structure analysis
carried out by WECAN, DARI-WOSTAS, BOSOR, IENA, etc,(28+29)

Configuration absolute files can be attached as follows:

M@DES
ATTACH (M@DES ,MPDES)

MULTIFLEX
ATTACH (BL@W,MULTIFLEX)



DIRPLT
ATTACH (DIRPLT,DIRPLT)

BLRPLRX
ATTACH (BL@PLPX,BLAPLAX)

3.4 STRUCTURAL OUTPUT

The structural output of MULTIFLEX includes a listing of 211 input quantities, in-
cluding K and M matrices where appropriate, at the beginning of a problem. The
structural printout then appears with the same frequency as the thermal hydraulic
output (see NPRINT on input card No. 4). This periodic printout includes, for each
wall: Wall number, LCHAN, JCHAN (see Section 4). pressure differentia] displace-
ment (in), velocity (in/sec), channel area (ft ), and the quantity I—»where A is
the channel area. Additionally, for 10STYP=9, 10, 59, and 60, a modal analysis is
performed cn both the displacements and differential pressure, and the results
printed.

If the structural results are plotted, a plot will be produced for the displacement
and for the differential pressure across each wall. If the modal analysis option
is chosen, each level in the core will have its results (both displacements and
forces) decomposed into 8 modes. Thus, for example, a typical 10STYP=9 run would
produce 160 plots: 40 wall pressure differentials, 40 wall displacements, 40 (8
modes X 5 levels) displacement decompositions and 40 force decompositions.
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TABLE 3-1

SUBROUTINES
OVERLAY(BLOW,0,0)

PROGRAM BLOWN2
SUBROUT INE EXPLAIN
SUBROUTINE PROP
SUBROUTINE SATM
SUBROUTINE SuB
SUBROUTINE SUP

QVERLAY (BLOW,1,0)

PROGRAM MAINST
SUBROUT INE DATAS
SUBROUTIKE STRUCDT
SUBROUTINE MAINB
SUBROUTINE MAIN20DB
SUBROUTIKE MAIND
SUBROUTINE MAINI
SUBROUTINE MTRXDAT
SUBROUTINE ZORGEN
SUBROUTINE ISIMEQ
SUBROUTINE MMAT
SUBROUTINE BMAT

OVERLAY(BLOW,2,0)

PROGRAM MAINTR
SUBROUT INE XIT
SUBROUTINE OXIT
SUBROUT INE PIPE
SUBROUTINE FORCE28B
SUBROUTINE FORCEI
SUBROUTINE FORCEB
SUBROUTINE FORCED
SUBROUT INE LEAK
SUBROUTINE CROSS
SUBROUTINE DEAD
SUBROUT INE JOINT
SUBROUTINE TEE
SUBROUT INE PUMP
SUBROUTINE FREE
SUBROUTINE CORE
SUBROUTINE STMGN
FUNCTION HTCOEF
FUNCTION T™MP
SUBROUTINE STRUC2B
SUBROUTINE STRUCTI
SUBROUTINE STRUCTB
SUBROUTINE STRUCTD
SUBROUTINE CHAR



TABLE 3-1 (CONTINUED)

SUBROUTINES
OVERLAY/BLOW,3,0)
PROGRAM DIRPLT
SUBROUTINE DPLOT
SUBROUTINE MODAL
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MULTIFLEX
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LATF@RC AND FPRCE-2 DIRPLET

l f(t) BLAPLAX

L4

STRESS ANALYSIS
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FIGURE 3-1 Chart Of Fluid-Structure Computation For Structural Analysis
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4,0 MCDELING AND INPUT DATA PREPARATION

In this section rules for modeling and input data preparation are Jescribed., The
input data instructions in Section 4.1 provide the outline of modeling as well a:
the FORTRAN notation. The details of reactor component modeling are given in
Reference 8.

In Section 4,2, structural input data and interface modeling are explained.

4,1 INPUT DATA INSTRUCTIONS

The required input data are listed in Table 4-1, The fundamental units are b, ft,
sec, psi, and Btu, Those cards with asterisks must be provided for any type of com-
putation, A card group may be composed of more than one physical card. The number
of required cards is generally indicated in the parenthesis at the Card Number; for
example, Card Group No. 11 (X NPLEG) indicates that NPLEG cards must be prepared.
Most of the notation appearing in the table is used throughout the FORTRAN program,

The data can be divided into two general categories, thermal hydraulic and struc-
tural, Although the required hydraulic input is the same for each type of struc-
tural analysis (IPSTYP), the data necessary for each structural option may differ
not only in the values but in the kind of information needed. Beginning with Card
Group Number 50, therefore, the input for each type of structural model and analy-
sis will be described separately, It should be noted that several of the basic
types (I@STYP = 1-10) can be modified to use a generalized mass simply by adding
50 to the value of I@STYP, A1l necessary inout is on cards, except that the direct
and projector methods also require the matrices M"K and M'1(1 + ATB) read in from
the attached TAPE7, If, however, IPREP=1 is provided on Card No. 53, then M'IK
and M"(I + ATB) are computed (see Appendix C) provided that the M and K matrices
and AT matrix are attached to TAPE15S and TAPE18, respectively. Afterwards, the
normal transient computations are carried out, At the same time the computed ma-
trices are written on TAPE7 to be catalogued for future usage. The B matrix
necessary in the romputation is automatically generated without an additional
specification. The plottirg program, DIRPLT, may be run either as an integral part
of MULTIFLEX or as a separate program, Directions for its use follow the struc-
tural data description. Rigid wall computations can be performed with a blank card
placed after Card No. 49.

The calculated results are written on tapes in different ways than those described
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in Reference 8 and so, detailed aescriptions are given here. The pressure differen-
tials across core barrel walls and the wall displacements are written on TAPES to
be plotted by DIRPLT. The results at the first and the last nodes of all the legs
are written on TAPL1 to be plotted by BLPPLT, if NTPL@X > O, If NTPLPX < O , none
is written on TAPE1., If NTPL@X # O, the results of the first 20 plot stations are
written on TAPE1O and the remaining on TAPE12, to be plotted by BLPPLPX. These

plot stations are specified by the printout stations (JD, ID) if NST = 0 by the
separately specified stations (JST, IST) as many as NST (0 < NST < 40).

4,2 ADVANCED BEAM MODELING

The fundamental modeling technique for fluid-structure interaction systems is des-
cribed in References 5, 8, and 10. In this section, the technique for the advanced
beam modeling is described in relation to the input data instruction in Table 4-1
and 1t is i1lustrated with a three-loop thermal shield plant. First, a method of
network downcomer modeling is described in Section 4.2.1. The fluid-structure
interface is discussed in Section 4.2.2 followed by the structural input data pre-
paraticn in Section 4.2.3.

4,2.1 Advanced Beam Modeling

The rules for the one-dimensional network that is equivalent to two-dimensicnal
fluid-structure interaction are summarized in Section 2.2.4. The geometry of the
PWR downcomer is somewhat more complicated than tiie experimental situation in
References 14-16: (1) The annulus gap is not uniform, and (2) the downcomer of two-
dimensional annulus is connected to the one-dimensional inlet nozzles and to the
three-dimensional lower plenum. So, the method is gerneralized as described below.
Network formation and flow area computation are described in Section 4.2.1.1., A
method to help attaining an acceptable steady state condition in the downcomer

is discussed in Section 4.2.1.2. Scaling of the sonic velocity and an iniet
nozzle/downcomer joint modeling are contained in Sections 4.2.1.3 and 4.2.1.4, re-
spectively.

4.2.1.1 Network Formation And Flow Area Computation

' (a,¢)
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4.2,1.2 Steady State Balancing

(a,c,

Compare the downcomer network in Figure 4-2 with the original modeling in Reference
8. The downcomer/lower plenum joint, made symmetric in the new model, and lateral
flow paths have been added at three elevations: the top and the bottom of the
thermal shield and its midpeint. With the increased number of lateral flow paths,
difficulties were encountered with excessive flow unbalan:es during the steady
ctate calculations at the junctions in the thermal shield region.

To aid the current flow balancing computation, artificially small hydraulic diameters
(% 0.01) are used in these lateral legs only during the steady state calculations.
This is achieved by the input data NSBNIC = 1 in the input data Card No. 4 followed
by the data Card No. 20a with DIAMT = 0.01 at the lateral Tegs at the mid-point

and the bottom of the thermal shield J1 = 121 and J2 = 132 in the case of the mode!l
in Figure 4.2,

4.2,1.3 Scaling Of Sonic Velocity

The sonic velocity in the downcomer network can be scaled according to two input
data cards. NSPNIC = 1 in Card No. 4 and the second card is added immediately be-
fore the geometry input cards, Card No. 10a. The sonic velocity in the legs num-
bered from JC1 to JC2 is scaled by the multiplication factor FACTER (= JZ). In the
case of Figure 4-2, JC1 = 55 and JC2 = 128,

4,2,1.4 Modeling Of The Inlet Nozzle/Downcomer Joint

At the inlet nozzle/downcomer joint, one leg having sonic velocity ¢ and flow area
A1 joins three or four legs with sonic velocity v2c. The penetration factor at
this joint becomes

= g -
g = 2/7 AT A ssf A;) ; (8-7)
#1
So, the flow areas in the downcomer must be adjusted so as to get a desirable pene-
tration factor, 8 ;_sth. The theoretical penetration factor Bth is defined in

Reference 9,

By = 2¢/0F8 4 20 (r 4 F 1)) : (4-2)



where r and h are the radius of the inlet nozzle and the gap of the downcomer an-
nulus, respectively.

The flow areas in the downcomer, at the joint must be adjusted such that

A L. = l0) Li(O)

LY (4-9)

(o)

where Ai(o) and 11 are the values originally determined according to the method
described in Section 4.2.1.1,

The effects of the sonic discontinuity are illustrated by the peak total hydraulic
force (THF) on the vessel, computed by the following five models,

CASE 1 Original downcomer model (8 = 0.69; WCAP-8708).

CASE 2 Network downcomer mocel w/o scaling the sonic velocity
(8 = 0,62).

CASE 3 Network downcomer model with the scaled sonic velocity
(Base) ;. 0.777).

CASE 4 Network downcomer model with the scaled sonic velocity
and with a reduced nozzle area (8 = 0.641),

CASE 5 Sonic velocity scaled in the network downcomer, the lower
plenum, and the barrel interior (g = 0.777).

Results of computations are summarized in Table 4-2 and in Figure 4-3, indicating
that:

(1) The peak THF is determined fairly well by g at the inlet nozzle/
downcomer joint.

(2) The sonic discontinuity at the lower plenum/downcomer joint does
not have a significant effect.

(3) The peak THF is decreased by approximately 20% and the force
frequency is reduced by about 25%, by forming the network.
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4,2,2 MODELING OF FLUID-STRUCTURC INTERFACE

The structural surface interfacing with the fluid in the downcomer is the outer sur-
face of the thermal shield and of the barrel and the inner surface of the vessel. But
the fluid-structure interactions in the channel between the thermal shield and the
barrel are assumed to be insignificant. Among the interfacing walls, the effect of
the vessel inner surface is incorporated in the weighted relative displacement and
only the thermal shield and barrel walls are explicitly modeled. The details of the
network interface modeling are described below, tut the fundamental aspects of the
modeling are rendered to the previous reports{5'8'1°).

—_—
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4,2.3 STRUCTURAL INPUT DATA

Structural input data for the advanced beam model are the relative mode shapes, the
generalized masses, the modal frequencies, and the data for the non-linear boundary
conditions. Preparation of the modal analysis data is discussed in Sections 4.2.3.1
through 4.2.3.3. Then, the data preparation for the boundary conditions are dis-
cussed in Sections 4,2.3.4 and 4,2.3.5,

4.2,3.1 WECAN Modal Analysis And LATFPRC Modeling

The structural Ynput data are obtained by the modal analysis performed by the WECAN
cede on the Tinearired structural model i ‘'ustrated in Figure 4-6. In this model, the
barrel, the tharmal shield, and the fuel assembly are the same as the original model
shown in Refer2nce 3, where node Nos. 21 and 32 were fixed at the ground. To take
into account the vessel motion, the pressure vessel is modeled by a beam which is
fixed to a ground v%a springs of the vessel support. This part of the model is
equivalent to ‘ne DARI-WPSTAS model 1n Reference 22 in the example. The values of

:-‘,’

(a,c)



the linear and rotary springs are V) . 69.92 x 10° Tb/in and kRC$V) = 12,68 x
1011 Ibf/rad. The top boundary of the barrel is joined to the vessel by a rotary
spring kROT(Top) e« 1.8 x 1011 Ibf/rad. The linear springs at the top and bottom
boundaries are shown to be k' °P) = 15 x 106 1b,/in and k(B9t) < 10 4 108 1b,/in

which £111 (K} in Eq. (2-52).

Elevation of the nodes is important to maintain a fair consistency in the models of
WECAN model analysis, MULTIFLEX, LATFPRC, and WECAN dynamic analysic, Nodal eleva-
tions of these models in the downcomer area are listed in Table 4-3.

The origin is taken at the level of the inlet nozzle center line. Nodal elevations
of WECAN model and dynamic analyses are identical to each other. The mass points
of MULTIFLEX are located at the elevations of the circumferential legs and the mid-
points of the axial legs in the downcomer network, Figure 4-5, There are slight
discrepancies in the nodal elevations of WECAN and MULTIFLEX: The top node of
WECAN is located at the mid-point of 3.25" thick barrel flange, while the upper
bound of fluid volume fs at most the bottom of the flange. Similarly, the bottom
WECAN node is located at the mid-point of the core support plate of 16" thickness,
while the downcomer volume extends to the lower end of the core plate. Another
discrepancy is due to the top thermal shield level; the structural node is at the
thermal shield/barrel joint and the fluid branching point is the top of the thermal
shield, The elevations of the LATFPRC boundaries are obtained by dividing the
axial downcomer lengths in proportion to the areas of MULTIFLEX walls. Computed
hydraulic forces are applied to the WECAN node from the top to the bottom without
interpclation.

4,2.3.2 Relative Modal Analysis

By the modal analysis of the structural model in Figure 4-6, system eigenfrequencies,
generalized masses, and mode shapes are computed. According to the relative mode!
analysis developed in Section 2.2.2.3, the generalized masses are input to EFFMAS

of Card Group No. 55a with MASPNT=10 and IEFF=1, The eigenfrequencies are provided
to FREQ of Card Group No. 56. But the mode shapes, PHI in Card Group No. 57, are

the relative mode shapes illustrated below.

The relative mode shape Ve is defined by Eq. (2-40) and it is computed from the
weighted difference of barrel displacements and the barrel displacements. In the
case of the model in Figure 4-6, the weight is 1,138 for the top four nodes and

the bottom node. With this weight, the relative modal displacement at the top mass
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point is computed by difference of displacements of nodes 2 ana 32 for each mode,
and so on. The weight value is 1,061 for the thermal shield nodes and the relative
displacement at the 6th mass point is the difference of modal displacements of noces
10 and 36, The weight at the thermal shield edges is 1,098, The computed rela-
tive mode shapes are illustrated in Table 4-4.

4,2.3.3 Boundary Mcde Shapes

In Table 4-4, boundary mode shapes are also shown to be used for the pseuco-force
calculation in Section 2.2.3., In this example, :he number of the non-linear boundary
conditions are two; NLBC=2 in Card Group No. 59. The weighted relative displacements,
Ve at the boundaries ippear in Eqs. (2-61) and (2-62). The data are input to PHIB

in Card Group No. 60. The difference of the absolute displacements are applied to

the pseudo-force term in Egs. (2-58) and (2-59). The data are supplied to RPHIB in
Card Group No. 61,

4.2,3.4 Boundary Conditions

The top and bottom boundaries of the core barrel are non-linear. The top boundary
s comprised of the barrel flange and the vessel flange. The gap sizes are 0,104,
0,120, and C.,144 in, respectively for typical two-, three-, and four-loop plants.
As their relative distance increases beyond the gap, the two flanges deform and
the surface area in contact increases. Consequently, the force-displacement rela-
tion becomes nun-linear even after the gap is closed, as shown in Figure 4-7 (see
Reference 32). However, it is possible to approximate the curve by a bi-linear
relation or by two linear springs with different gap sizes. For example, of three
loop plant, the twe springs are:

\
ky = 3.939 x 10° 1b_/in with g, = 0.12 in
and ) (4-13)
k, = 37,916 x 10% 1b/in with g, = 0.196 in )
2 f 2 ]
These data are input to Card Group Nos. 62 and 63, As described in Section 4.2.3.1,

the linearized spring at the top boundary (N = 1) is 15 «x 106 1bf/1n. so that

XKLIN = 15 x 10°
XFJUMPO = XJMP = XFJMP = 0

GAP1 = 0,12



XKNL) = 2.939 x 105

GAP2 = (),1096
XKNL2 = 37.916 x 105

The input data for XCNL and SLIDEF are described later,

At the bottom boundary, the core support plate closes a gap (x 0,007 in) of one of
the six radial keys as the core support plate displaces, Then, gaps of the other
keys are closed at approximately 0,135 in. The force-displacement relation is il-
Tustrated in Figure 4-8, As the first gap is closed, the key deforms elastically
to the yielding point at ~ 1 «x 106 lbf and then it deforms plastically, k = 3,481 x
106 1b,/1n. until the second gap is closed. The second yielding point is 3,46 x
106 lbf and the spring constant in the following plastic deformation is 15.424 lbf/
in. The elastic deformations are approximated by step functions and the first gap
is ignored. Then, these data for the bottom boundary (N = 2) are input in Card
Greup Nos. 62 and 63:

XKLIN = 10 x 10° (see Sectfon 4.2.3.1)
XKJMPO = 1 x 10°
XJMP = 0.135

XFIMP = 1,99 x 105
GAP1 = 0

XKNL] = 3,481 x 10°
GAP2 = 0,135

XKNL2 = 11.943 x 10°

4,2.3.5 Impact Damping And S1iding Friction

The impact damping is expressed in the form of Eq. (2-63). Thz recommended value
of the damping coefficient n is !z.sz(33) and the frequency Yy is the actual sys-
tem frequency according to Reference 34. As is seen Tater, the system frequency
is on the crder of 10 Hz and so:

XCNL = Zn/wo = 0,003979
is input to Card Group No. 62 for both top and bottom boundaries (N = 1 and 2). A
constant sliding friction force can be input to SLIDEF for the top boundary (N = 1),

During the transient, the weight at the f]an?e may vary, but the average value is
computed to be on the order of 0.1 x 106 lbf 3)
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TABLE 4-1

MULTIFLEX CODE INPUT DATA INSTRUCTIONS

NOTATION FORMAT DESCRIPTION
*Card No. !
NGO I5 Re-start Indicator
Blank =-- if not re-start case
NDUMP IS Common Dump Indicator
NDUMP>0 - the COMMON area is dumped on TAPEI
for re-start calcu:ation at the real time
limit (TEND)
Blank == dump is not required
TLIM F10 Computer Time Limit (sec.) specified in the
JOB CARD
TLIM=5 > Computer Running Time (CP) == the
common dump is executed
TLIM < CP + 5 - dump is not executed
TENDI F10 Real Time Limit (TEND) for the re-start case
Blank -- if not re-start case
TDBG F10 Real Time (sac.) after which debug printout
takes place at each time increment
Blank -- for normal printout as specified
through NDE3UG and NPRINT
TTDMP F10 Real Time (sec.) Limit for reading the data
of TAPE11. The value must be just slightly
smaller (~ 10°5) than the desired time limit
Blank == if not re-start case
*Card No. 2 And No. 3
TITLED 12A6 Any message for the computation title
TITLE2 1246
*Card No. 4
NDATA IS The number of stations for which results are
printed. The stations are specified by
JO(K) and ID(K) below
NDATA s restricted to be < 40
NPRINT IS Print Interval Multiplier

NPRINT = 1 == print after every time computa-
tion

= 2 -- after every other time computa-
tion
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TABLE 4-1 (CONTINUED)

NOTATION FORMAT DESCRIPTION

1% NPRINT 10°° = real time (sec.) increment for
printing
NPRINT = 10000 -~ printout interval is 0.1 sec.

NDEBUG 15 Print Type Indicator

NDEBUG = C -~ only for specified stations
(J0(K), ID(K))

NDEBUG > 1 -~ for additional edits of thermal
properties at each node in the reactor core

NDEBUG > 2 -- for debug printout from sub-
routines XIT and LEAK when T > TDBG

NDEBUG < 0 -~ for edit steady state convergence

NTAPE 15 NTAPE = 1 == results are printed on TAPEl (used
for plotting); otherwise enter 0
NHEAT 15 NHEAT = 1 -- heat transfer calculations for the
core and S.G. are performed; otherwise enter 0
~ NPUMP I5 Pump Operator Mode Indicator
NPUMP = 0 -- pump power is turned on at time
T=0

NPUMP = =1 -- pump is absent

NLOOPS I5 Number of external loops in the model
NLOOPS must be < 3

NWINDOW I5 Pre-determined Boundary Condition Indicator
NWINDOW > 0 -- Tables of special boundary con-
ditions are read in (see TTBL(K), WTBL(K),
HTBL(K), PTBL(K) on Card No. 51)

NST 15 Plot Station Specification for BLOPLOX
= 0 -- the printout stations specified by Card
No. 5 are the plot stations
> 0 -=- the plot stations must be specified on
Card No. 7a.

NSONIC 15 > 0 == for network computation
= ( -= otherwise

*Card Group No. 5 (x NDATA/7)
1415 } The leg and node I.D. numbers specifying the

stations for printing out the results (NDATA
stations)
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TABLE 4-1 (CONTINUED)

NOTATION FORMAT DESCRIPTION

*Card No. 6

W F10 Time (sec.) to reach steady state. During the
time interval from -W to 0, the transient
routines are run to settle the oscillations

AORIF F10 Final flow area (ft2) of rupture or break at the
first node of the first leg

co F10 The discharge coefficient at the rupture (0.61 -
1.0)

CBACK F10

; _— — (a,c)

TSTAR F10 Rupture or Break Opening Time (sec.)

TEND F10 Real Time (sec.) for the end of transient cal-
culation

TPUMP F10 Real Time Duration (sec.) for which pump power
is on

*Card No. 7
NOLEG IS Total number of legs (< 200)

NTPLOX 15 Mode indicator for dumping results
NTPLOX > 0 -~ for dumping the plot stations on
TAPE10 and TAPE12 for BLOPLOX
NTPLOX = 0 -- for dumping on the first and last
nodes of all legs on TAPEl for BLOPLT
NTPLOX < 0 -- TAPE10 and TAPE12 for BLOPLOX and
TAPE1 for BLOPLT

DTR F10 Time Increment Divider. The increment is given
by DT = DT'/DTR, where DT' is determined in-

ternally.
OTR ‘t? is recommended

(a,c)
FCOEF F10 Mean Friction Coefficient
FCOEF = 0.015 is recommended
TOL F10 Tolerance for pressure calculations in sub-
routines PIPC and JOINT
TOL > 0.051s recommended
NITER IS Maximum times of iterations in subroutines JOINT,

TEE, and PIPE
2 < NITER < 5 is recommended

4-13



TABLE 4-1 (CONTINUED)

NOTATION FORMAT DESCRIPTION

If NST = 0 (Card No. 4), then skip Card No. 7a.

Card No. 7a (x NST/7)

el 1415 The leg and node I.D. numbers specifying the
IST (K) plot stations.

*Card No. 8

BRKTYP Al Break Type Designator

BRKTYP = § -- for small orifice break

BRKTYP = D -- for guillotine break, either
complete or partial

BRETYP = S -- for propagating longitudinal
split, modeled through multiple orifices

NORIF 14 Number of legs with orifice break
Blank -- for BRKTYP = §
NORIF = 2 -- for BRKTYP = D
NORIF = 6 -- for BRKTYP = §

KBRK I5 = 1 For Piccolo break analyses
Blank otherwise

NASPLT I =0 If it is split
= 1 If the unbroken inlet nozzle is not split

If XKBRK = C, skip Card No. 8a.

Card No. 8a
A@RIF] F10 The second break area for Piccolo break
TSTAR] F10 Break time

If BRKTYP = W, Card No. 9 should be skipped. Prepare Card Mo. 9a for BRKTYP = D
and No. 9b for BRKTYP = S,

Card No. 9a
JBRK2 IS The leg I.D. number other than 1 to which ori-
fice break is attached
IBRK2 ‘ IS The last node of leg JBRK2
Card No. Sb
VCRACK F10 Maximum crack propagation velocity (inch/sec.)
VCRACK = 4600, -- is suggested
PAREST Fo Crack tip arrest pressure (psia)
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TABLE 4-1 (CONTINUED)

NOTATION FORMAT DESCRIPTION
DPIPE F10 Pipe internal diameter (inch)
ORIFSP F10 Spacing of orificed leg axes (inch)
CRACKL F10 Initial crack length (inch)

[f NSONIC < 0, skip Card No. 10.
Card Group No. 10

Ja1 IS
JC2 IS
FACTOR F10

*Card Group No. 11 (XNOLEG)

J IS
NO(J) 1%
NND1 (J) IS
NND2(J) I5

Multiplication factor (FACTOR = /2); sonic
velocity in the legs J (JC1 < J < JC2) is
scaled by this multiplication factor

FACTOR*C

Leg no. The first leg must have an orifice
break at its first node

The number of nodes in leg J (< 10)
Type of boundary condition at the first node of leg

Boundary condition type at the last node of lec .
NND2 = 1 -- Dead end (Accumulator SIS/Deluge
system)
NND1, NND2 = 2 == Two leg joint
NND1, NND2 = 3-6 -- 3-6 leg junction. The Y-
junction is registered as if a 3-leg junction.
NND2 = 7 == Pressurizer tank .
NND1, NND2 = 8 == Pump
NND1, NND2 = 9 -- Accumulator
NND1, NND2 = 10 -- Rupture
NND]%\) = 10 always and NND2(J) = 10 for
J #
NND2 = 11 -- Core spray **
NND2 = 12 =-- p(t) in table PTBL (see Card No. 51)

NND2 = 13 -- w(t) and h(t) in taple WTBL and
HTBL (see Card No. 51)

**n.b. - These boundary conditions are specified internally by the program. As input
data, NND2 = 1 for accumulator and SIS/Deluge system and NNDZ = blank for

core spray -~vstem,

LEG(J,1) 15
LEG(J,2) 15
A(J) F10
DX(J) F10
ELEV(J) F10

Junction I.D. number at the first node.
Junction I.D. number at the last node
Flow area (sq. ft.)

Node spacing (ft.)

32.174 * cos & for angle & between the leg di-
rection and the upward vertical line
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TABLE 4-1 (CONTINUED)

DESCRIPTICN

NOTATION FORMAT
Al
(Col. 61)
AMIN (J) F10

*Card Group No. 12 (XNOLEG)

J 15
0K(J) F10
TOK(J) F10
DIAM(J) F10
NM 15

*Card No. 13

NLEL IS

Letters H, C, or M indicating that leg J belongs

to the hot, cold or mean portion of the system.

The core and S.G. belong to the M category.

Orifice flow area (sq. ft.) at the last node of
leg J
(= 0 if there is no orifice)

Leg no.

Hydraulic Loss coefficient at the last node of
leg J

For NND1(J) = 2 == An adjusting constant for
sudden expansion or contraction loss

For NND1(J) # 2 == Hydraulic less coefficient
at the first node of leg J

Effective diameter

= blank -- DIAM = /A*A(J)/~ applied interrally

Suggested values:

= 2 - gap thickness -- downcomer

=4 . A/P == core legs, where A is flow area anc
P is wetted perimeter

= a large value -- plenums

= |1 -- the last card of this set
= 0 == otherwise

Total number of leakage elements

If NLEL = 0, Cards No. 14 and 15 should be skipped.

Card Group No. 14 (x NLEL) (each card is followed by the corresponding Card Group No. 15)

LEL 15
JLEL(LEL) 15
NODE (LEL) 15
NLINK(LEL) 15

The leakage element I.D. number

Leg I.D. number of system leg representing
leakage element LEL

Junction I.D. number at the first node of
the above system leg

Number of legs connecting with leakage
element LEL

4-16

o



NOTATION

TABLE 4-1 (CONTINUED)

FORMAT

DESCRIPTION

VoL (LEL)

F10

Card Group No. 15 (x NLINK(LEL))

LINK(LEL,I)

LINKTYPE(LEL,I)

ALEAK(LEL,I)
ALOSS(LEL,I)

*Card No, 16
JCOR

JINSGY
JOUTSG1

JINSG2
JOUTSG2
JCLAST
NCHAN
NCVERT
JINSG3
JOUTSG3
IWS

IS

IS

F10
F10

IS

IS

IS

IS
IS
IS
IS
IS
IS
I5
I

Volume of the leakage element LEL

Leg I.D. number of the I-th path connecting to
the leakage element LEL

Leakage path type indicator
= ) -- normal path (another system leg)
= 1 -- abnormal path (another leakage element)

Orifice flow area at the joint of path I (ft?)

Hydraulic loss coefficient at the orifice

The 1.D. number of the first leg in a series
of legs representing the core regiorn (bottom
of core)

In the case of multi-channel, it must be the
bottom leg in the average channel

The leg I1.D. number of the first of S.G. legs
in external loop No. !

The leg 1.D. number for the last of S.G. legs
in external loop No. !

Same as JINSG! for loop No. 2

Same as JOUTSG! for loop No. 2

Last leg number in the core (or in the average
channel for the case of multi-channel option

Number of core channels (< 3)

Number of legs forming one of the core channels
Same as JINSG! for loop No. 3

Same as JOUTSG1 for loop No. 3

Heat flux correlation indicator

= 1 -= W5B critical heat flux correlations
= ) -- W3 + GE correlation
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TABLE 4-1 (CONTINUED)

NOTATION FORMAT DESCRIPTION

*Card No. 17

HOTCF F10 Ratio of the mean power density in the hot chan-
nel to that in the core

AVGCF F10 Ratio of the mean power density in the average
channel to that in the core

HOTCFR F10 Axial het channel factor
If HOTCFR = 10, then u? sin u axial heat profile
is chosen instead of cut-off cosine an! the
value of (HOTCFR - 10) becomes the hot channel

factor
SPUT F10 Exponent for sputtering effects
*Card No. 18
JBOTPL IS The first and last leg I.D. numbers in the se-
JTOPPL 15 quence of series-connected legs around the
core
JCRBYP IS = blank -- for no core by?ass
= the [.D. number of the leg connected to the

lower plenum in the periphera’ leg series

*Card No. 19

PM F10 The expected initial value of fluid pressure
(psia) in the system

WM Fo The initial flow rate (1b/sec)
= ,]1 -- presence of closed loop
= 0, -- for open loop
(# 0 implies that t.e steady state balancing
calculation is requested)

ENTHOT F10 Initial fluid enthalpy (Btu/1b) in the hot legs

ENTCLD F10 Same as ENTHOT for cold legs

PSATHOT F10 Initial saturation pressure in Lhe hot legs
(psia)

PSATCLD F10 Same as PSATHOT for cold legs

DENSHOT Fo Initial fluid density (1b/ft?) in the hot leg
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TABLE

NOTATION FORMAT

4-1 (CONTINUED)

DESCRIPTION

*Card No. 20
DENSCLD
TEMPHOT

TEMPCLD

*Card Group No. 21

J1
JZ
DIA

If NSONIC < 0, skip Card No.

Card Group No, 22

M
J2
DIAMT

F10
F10
F10

IS
IS
F10

22.

IS
IS
F10

Same as DENSHOT for cold legs

Fluid temperature (°F) in the hot legs

Fluid temperature (°F) in the cold legs

DIAM(J) inputted on Card No. 12 may be updated;
DIAM(J) = DIA for J ranging from J1 to J2.
This is useful for the downcomer and plenum

regions.

Blank == a) no need of this operation
b) ending the series of these cards

Temporary hydraulic diameter of legs J
(J1 < J < J2) for improved steady statem com-

putation.

If NPUMP (Card No. 4) < 0, then the following Cards No. 23-25 for the pump characteris-

tic data should be skipped.

Card Group No. 23 (a card for each table)

HAN(T)
HAD(I)
HVH(T)
HVD(I)
HVT(I)
BAN(I)
BAD(I)
BVN(I)
BvD(I)

9F5 For
9F5 For
9F5 For
9F5 For
9FS For
9F5 For
9F5 For
9FS For
9F5 For

the
the
the
the
the
the
the
the
the

HAN curve
HAD curve
HVN curve
HVD curve
HVT curve
BAN curve
BAD curve
BVN curve

BVD curve
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TABLE 4-1 (CONTINUED)

NOTATION FORMAT DESCRIPTION
BVT(1) 9F5 For the BVT curve
Pump torque (speed,
HAT(1) 9F5 For the HAT curve discharge rate)
characteristics
BAT(1) 9F5 For the BAT curve
Card No. 24
=4 F10 Nominal pump head (total, ft)
QR F10 Nominal discharge rate (gpm « 10°%)
ENR ' Ffo Nominal pump speed (rpm)
TR F10 Nominal torque (ft « 1b)
XITER F10 Inertia of all rotating parts attached to the
pump rotor including motor (1b - ft2)
APIMP 10 Pump inlet flow area (ft2)
Set equal to the broken loop flcw area upstream
of the pump -
ENO F10 Pump speed before power loss (rpm)
Card No. 25
EM F10 Density ratio expcnent (1.0 is suggested)
C1LOSS F10 Bearing torque loss coefficient
C2L0SS F10 Windage torque loss coefficient

If WM = 0,0 on Card No. 19, then the next card to be entered is Card No. 31.
Even if WM # 0,0, Card No. 26 should be skipped in the case of NLOOPS = 0,

Card No. 26

NLGLOOP(1) IS Number of series-connected legs in external
S loop No. 1

NLGLOOP (NLOOPS )

NLGTOPR I5 Number of series-connected legs from the upper

plenum junction to the junction where the
pressurizer branch is attached
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TABLE 4-1 (CONTINUED)

NOTATION FORMAT DESCRIPTION
NLGPRES IS Number of legs in the pressurizer branch
Card No. 27
JACT I5 The leg 1.D. No. attached to the accumulator of
loop 1, at its last node
JACIN 15 The leg I1.D. No. attached to the accumulator of
loop 1, at its first node
JAC2 I5
JAC2N IS5 The leg 1.D0. No. similar to JAC! and JACIN con-
necting to the accumulators of loops 2 and
JAC3 IS5 3
JAC3N IS
JOELHI IS The leg 1.D. No. attached to the SIS/Deluge pump
of loop 1, at its last node
JOELHIN 18 Tre leg I.D. No. attached to the SIS/Deluge cumy
of loop 1, at its first node
JDELHZ IS
JDELH2N IS The leg I.D. No. similar to JDELH! and JOELHIN
connecting to the SIS/Deluge pumps of loops
JDELH3 IS 2 and 3
JOELH3N IS
Card No. 28
LOOP(I,J) B (- The leg 1.D. No. of the J-th leg in the I-th

external loop in sequence

Card No. 29

WLOOP F10 Initial mass flow rate (1b/sec) in a (non-
lumped) loop
PPRESS Ao Initial pressurizer pressure (psia)

1f NLOOPS = 0 on Card No. 4, then Card No. 30 should be skipped.
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TABLE 4-1 (CONTINUED)

NOTATION FORMAT DESCRIPTION

Card No. 30
LPRESS(I) 15 The leg I.D. numbers representing the pressurizer
surge line. The sequence starts with the pres-
surizer (I=1) and ends up with the leg

(I=NLGPRESS) that connects with the main ex-
ternal loop.

If JCREYP = 0 (Card Mo. 18), then Card Nos. 30a and 30b should be skipped.
Card No. 30a
NBYP 15 Number of core bypasses (peripheral, former

region, etc.)

Card No. 30b

NLK (N) IS No. of legs forming the n-th bypass.
JBYP(N,J) 1315 Leg I.0. Nos. in sequence from tne tottom of
A=Y NLK) the core to the top, in the n-th bypass
*Card Group No. 31
J IS Leg No.
I I5 Node No.
H(I,J,2) F10 The abnormal enthalpy at node I of leg J; a

card for each abnormal point. To stop
reading this data, set J > NOLEG.

[f NHEAT = 0 on Card No. 4, then the next card to be prepared is Card No. 39,

Card No. 32

NROD IS Number of fuel rods in the core
NTUBE IS Number of tubes in the S.G.
Card No. 33
RADF F10 Fuel pellet radius (inches)
RADCL F10 Quter radius of fuel cladding (inches)
DRCL F10 Cladding thickness (inches)
RADTUB F10 Inner radius of S.G. tube (inches)
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TABLE 4-1 (CONTINUED)

13

NOTATION FORMAT DESCRIPTION
DRTUBE F10 S.G. tube thickness (inches)
Card No. 34
CONF F10 Thermal conductivity of fuel pellets
(Btu/hr « ft « °F)
CONCL F10 Thermal conductivity of cladding
(Btu/hr « £t - °F)
CONTUBE F10 Thermal conductivity of S.G. tubes
(Btu/hr « ft « °F)
CPF F10 Specific heat of fuel pellets (Btu/hr « ft « °F)
cPCL F10 Specific heat of cladding (Btu/hr « ft « °F)
CPTUBE F10 Specific heat of S.G. tubes (Btu/hr « ft - °F)
Card No. 35
RHOF F10 Density of fuel pellets (1b/ft?)
RHOCL F10 Density of cladding (1b/ft3)
RHOTUBE F10 Density of S.G. tubes (1b/ft3)
Card Nn, 36
HFCO F10 Steady-state heat t ansfer coefficient at clad-
ding surface (Btu/hr « ft2 « °F)
HFCSG F10 Steady-state heat transfer coefficient at the
inner surface of S.G. tubes
HFBO F10 Steam film coefficient at cladding, based on
the steady state mass flow rate and the con-
tainment pressure
HFBSG Fo Steam film coefficient at inner surface of S.G.
tubes
HGAP F10 Heat transfer coefficient at the gap between

the fuel pellet and the cladding; mean value
during blowdown

4-23



TABLE 4-1 (CONTINUED)

NOTATION FORMAT DESCRIPTION

HSECOND F10 Heat transfer coefficient at the outer surface
of S.G. tubes, mean value during blowdown

Card No. 37
TEMPSG F10 Average temperature of secondary coolant at
S.G. tube outer surface (°F)
POWERD F10 Steady state reactor power (Btu/sec)
TIMROD F10 Control rod trip delay time following initiation

of blowdown (sec)

Skip Card No. 38 if POWERO > 10%,

Card No. 38
DTPOW(I) 8F5 Time table (sec) after scram
POWKIST(I) 8rs Power history tabls after scram (reactor power =

POWER + POWKIST(I))

*Card No. 39

TSEP F10 Time (sec) when phase separation calculation
begins (sputtering effects)

XFRIC F10 Fluid quality above which the Martinelli-Nelson
model is used for frictional pressure drop
calculation provided that p < 500 psia.

XFRIC < 0.05 is recommended

VBUB2 , F10 Bubble rise velocity (ft/sec) to be used in the
phase separation calculation

PCONT F10 Containment pressure (psia)

If JACY = JAC2 = 0 on Card No. 27, skip Card Nos. 40 and 41,

Card No, 40
PGO1 F10
Accumulator initial gas pressure in the external
PGO2 F10 loops 1, 2, and 3, respectively. When this
value is set to 0, then that accumulator is
PGO3 Fo inactive.

4-24

14



w

TABLE 4-1 (CONTINUED)

NOTATION FORMAT DESCRIPTION
VAC F10 Volume of an accumulator (ft?3)
VGO F10 Initial gas volume of an ac~umulator
ELAC F10 Length of pipe connecting the external loop
and the accumulator (ft)
ACK F10 Hydraulic loss coefficient for flow between the
loop and the accumulator
Card No. 41
EXPN F10 Polytropic exponent for the accumulator gas ex-
pansion
HAC F10 Enthalpy of the accumulator water (Bgu/1b)
*Card No. 42
JACS 15 The core leg number at whose last node a vessel
accumulator is attached
LEA¥4 15 Leakage element leg number where the vessel ac-

cumulator is attached. [f none, set to zero.

If JAC4 = 0, then Card No. 43 should be skipoed.

Card No, 43
PGO4
VAC4
VG4
ELAC4
ACK4
HACK

*Card No, 44

PDELAC

F10
F10
F10
F10
F10
F10

F10

Variables for the vessel accumulator -- same
& meaning as PGO1, VAC, VGO, ELAC, ACK, and
HAC on Card Nos. 40 and 41

SIS/Deluge system activation pressure (PDELAC <
PGO). This is in case this system is attached
to an accumulator
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TABLE 4-1 (CONTINUED)

NOTATION FORMAT DESCRIPTION
PDELLP F10 The activation pressure of the SIS/Deluge system
that is not attached to an accumulator
TS1S F10 Delay time (sec) in bringing the SI1S/Deluge pump
up to speed
DTSIS F10 Delay time in opening the discharge valve down-

If PDELAC = PDELLP = 0,0, then the next

Card Group No. 45a

PD(1)
(25 data)

Card Group No. 45b

Wo(I,N)
(25 data)

*Card No. 46
PCSP

HCSP
RCSP
ELCSP
ACSP
CSPK

OFFSP

8F10

8F10

F10

F10
F10
F10
F10
F10

IS

stream of the SIS/Deluge system

card to be prepared is Card No. 46.

Pressure (psia) -- corresponding to discharge
rate (WD below) -- characteristics for the
SIS/Deluge pumps

Discharge flow rate (1b/sec) for tne N-th SIS/

Deluge pump. The 25 pieces of data are to
be provided for N = 1, 2, 3, 4,

Activation pressure for incore spray system
(psia)

Enthalpy of incore spray water

Density of incore spray water (1b/ft?)

Length of incore spray water supply pipe (ft)
Flow area of the incore spray supply line (ft?)

Hydraulic loss coefficient for the incore spray
supply line

Core channel number for which the incore spray
will not be activated. Leave blank if not
applicable.

If PCSP = 0.0, then Card No. 47 should be skipped.
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TABLE 4-1 (CONTINUED)

NOTATION FORMAT DESCRIPTION
Card No. 47
—_— \
pPICSP F10 Pressure (psia) - discharge rate (1b/sec) charac-
teristics of the core spray system, PCSP >
W1CSP F10 P2CSP > PI1CSP., For the pressure at the dis-
& charge point p > PCSP, the flow rate w = O,
P2CSP F10 For PCSP > p > P1CSP, w is given by quadratic
interpolation of (PCSP, 0), (P2CSP, W2CSP),
W2CSP F10 and (P1CSP, WICSP). For p < PICSP, w = WICSP,

*Card No., 48

TWHT F10 Time (sec) after which the wetted wall heat trans-
fer calculations can be performed. To ignore
such a calculation, set TWHT = 9999,

DTWALL F10 A fixed time increment tc be used in the wetted
wall heat transfer calculations, ODTWALL = 0.1
sez, is recommended.

DWALL F10 Wall thickness (inches) of typical legs

PERIM Fio Length of circunference (ft) of typical legs

If TWHT = 9999,, then Card No. 49 should be skipped.

Card Group No. 49

J 1S Leg I.D. numper

DWALL(J) Fo Wall thickness of non-typical leg J.
PERIM(J) F10 Circumference of non-typical leg J
NN IS = 0 -- for continued data

# 0 -« end of the data group
If NWINDOW # O on Card No. 4, the following data for initial conditions on Card Group

No. 50, and for predetermined boundary conditions on Card Group No. 51 must be prepared.
Otherwise, the next card is No. 52.

Card Group No. 50 (J = 1, NOLEG)

° F10 Pressure at the first node of leg J
opP F10 Pressure increment per node in leg J
G F10 Mass flow rate in leg J
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TABLE 4-1 (CONTINUED)

NOTATION FORMAT DESCRIPTION
H F10 Enthalpy at the first node of leg J
DH F10 Enthalpy increment per node

Card Group No. 5la

TTBL(I) 7F10 The time table
(21 data)

Card Group No. 51b

WTBL(I) 7F10 The table for tota! mass flow rate (1b/sec).
(21 data) UsgaIIy, they are negative values (NND2 =
13).

Card Group No. Slc¢

HTBL(I) 7F10 The tabie for the enthalpy of in-flow water
(21 data) (NNDZ = 13)

Card Group No. 514

PTBL(I) 7510 The table for pressure (NND2 = 12)
(21 data)

If PTBL(21) > 4000, prepare steady state oscillation data.

Card G~oup No. Sle

AMP F10 Pressure boundary condition is
MG F10 p = AMP * sin (OMG * t)

———

s e i
19STYP=1,2 (a,¢)
e Ry
Card Group No. 52
MAXITER I5 Number of iterations for fluid-structure cal-

culations (=5, suggested)
4.28



TABLE 4-1 (CONTINUED)

NOTATION FORMAT DESCRIPTION
—_——————————— e e e e ———————
NSEG IS
i —1 (a,c)
IPSTYP 15 Type of analysis (=1 or 2)
NINPLA 15 i
e e g
Card Group No. 53
One blank card
Card Group No. 54 (one blank card at the end of this group)
K 15 Wall number (in sequence)
JCHAN{K) IS Leg number on one side of wall
LCHAN(¥) IS Leg number on other side of wall
NWALL (K) 15 Wall number acrcss JCHAN(K)
« 0, Fer JCHAN(K) to he surrounded by
fiexible wall K and a rigid wall
— S
FLEXY F10
FLEX2 F10
FLEX3 F10
FLEX4 F10
FLEXS F10
Card Group No. 55 | (a,c)
ETA F10 ]
Card Group No. 56
[¥MAX 15
ISKPRP IS5
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NOTATICN FORMAT
RIZ IS
J2CHPK 15
GCH0K 10
J28C IS
TJ23C o

card Group No.

§7 {*IKMAX

KKK (1) 15 } U
KKKZ(I) I8
WOISPY(I] 10 }
WDISP2 (1) F10
FACTKI (1) F10 )
FACTI2(]) £10
FACTX3(I) £ 5
Card Group MNo. 58
KRIP 15

JRIP 15
OIRRIP F10
ARIP F10
WIDTH 10
HRIP Fo

TABLE 4-1 (CONTINUED)
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TABLE 4-1 (CONTINUED)

NOTATION FORMAT _DESCRIPTTON

" 1psTYP=3,4,53,54
L L1 8

fard Group No, 52

MAXITER 15 Number of iterations for fluid-structure cal-
culations (=5, suggested)
NSEG I5
1STYP 15 Type of analysis (=3,4,53 or 54) (a,c)
NINPLA 15 ]
(a,c)

Card Group No. 53

DELTA 12F5 Half the angle (in degrees) subtended by each
wall 2long the core circumference; used in
curvature correction. For symmetric cores,
-3goé/(2. * NSEG). For asymmetric cores,

z
z . .

Card Group Ne. 54 (one blank card at the end of this group)

K IS Wall number (in sequence)
JCHAN(K) IS Leg number on one side of wall
LCHAN(K) IS Leg number on other side of wall
NWALL(K) IS Wall number across JCHAN(K)
FLEX] F10 For IPSTYP=3 or 4, mass in ]bm
= —
FLEX2 F1o
FLEX3 F10
FLEX4 F10
FLEXS F10
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TABLE 4-1 (CONTINUED)

(4

4-32

NOTATION FORMAT DESCRIPTION
Ltard Group No. 55
MASPNT 15
IEFF 15
(a,c)
Card Group No. 55a
EFFMAS(J) 7F10 [ J
J=1,MASPNT
(a,c)
Card Group No. 56
FREG(J) 7F10
J=1 ,MASPNT _—
(a,c)
Card Group No, 57
((PHI)I,J) 7710 La
I=1,MASPNT) I
J=1 ,MASPNT) y
(a,c)
Card Group No. 58
ETA F10 ::]
\
Card Group No. 59 (a,c)
NLBC 15 r '
b _
(a,c)
Card Group No. 60
PHIB(N.J) 7F10 Weighted relative mode shapes
J=1 MASPNT (Weighted Relative Displacements - V)
kRt



TABLE 4-1 (CONTINUED)

NOTATION FORMAT DESCRIPTION
——
Card Group No. 61
RPHIB(N,J) 7F10
J=1 ,MASPNT
Card Group No, 62
XKLIN(N) F10
XFJUMPO(N) F10
|
f
XJMP(N) F10 !
XFIMP(N) F1¢
|
XCNL(N) F10
SLIDEFIN) F10
Card Group No. 63 |
GAP1(N) F10 }
XKNLT(N) F10
GAPZ(N) F10 }
XKNL2(N) F10

: 19STYP=5,55 :

Card Group No. 52

MAXITER ) Number of fterations for fluid-structure cal-
culations (=5, suggested)

NSEG Is
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TABLE 4-1 (CONTINUED)

24

NOTATION FORMAT DESCRIPTION
1pSTYP IS Type of analysis (=5 or 55)
NINPLA IS [:
Card Group Nc, 53
DELTA 12F8 Half the angle (in degrees) subtended by each

wall along the core circumference; used in

curvature correction.

Card Group No. 54 (one blank card at the end of this group)

K
JCHAN(K)
LCHAN(K)
NWALL(K)
FLEX)

FLEX2
FLEX3

FLEX4
FLEXS

Card Group No, 55

MASPNT
NBEAM2
NBEAMY

IS5
IS
IS
IS
F10

F10
F10

F10

F10

IS
IS
IS

Wall number (in sequence)
Leg number on one side of wall
Leg number on other side of wall

Wall number across JCHAN(K)

-

4-34
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TABLE 4. (CONTINUED)

FORMAT

DESCRIPTION

25

Zard Group No, 56
‘FRIQ(J) ,J=1 ,MASPNT)

(YFREQ(J) ,J=1 ,MASPNT)

Card Group No. %7

(NBE/#2-NBEAM1 ) )

7F10

TF10

1415

|
(.
Card Group No. 58

(PHI(1,J),I=1,
number of mass
points in this
beam)

7F10 )

[
=

Card Group No. 59

(PHI(I,o), =1, number
of mass goints in
this Seam)

Card Group No. 60
ETA

F10 F-

o

4-35
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TABLE 4-1 (CONTINUED)

NOTATION FORMAT DESCRIPTION
[10STYP=9]
Card Group Mo, S2
MAXITER IS Number of iterations for fluidestructure cal-
culations (=5, suggested)
pr— —_
NSEG 15
1PSTYP 18 Type of analysis (=9, required) (a,c)
NINPLA 1§ o ol
(a,c)
Card Group No, 53
DELTA 12F5 Half the angle (in degrees) subtended by one
wall along the core circumference; used in
curvature correction (=22.5, required)
Card Group No. 54 (one blank card at the end of this group)
K I Wall number (in sequence)
JCHAN(K) 15 Leg number on one side of wall
LCHAN(K) IS Leg number on nther side of wall
NWALL (%) 15 Not used (=0, required)
FLEX F10 - ¥
FLEX2 F10
FLEX3 F10
FLEX4 F10
FLEXS F10
—_— J
(a.c)
Card Group No. 55
NWINL] IS5 r
JSEG 15
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TABLE 4-1 (CONTINUED)

NOTATION FORMAT RIPTION

Card Group No. 55 (Continued) ‘r"‘ .
SRATIQ F10
[PREP 15

o --%a.c

Card Group No. 56
(JINWLY (1,K) I=1,JSEG) 515
L _—
Card Group No. 57 (a,c
— | ———
(RATWA (I,K) I=1,JSEG) 5F10
Ll e ‘
. 10STYP=10,60 , (a,c

Card Group No. 52

MAXITER 15 Number of iterations for fluid-structure cal-
culations (=5, suggested

NSEG 5 [ ‘]

19STYP 15 Type of analysis (=10 or 60, corresponding to  (a,c
a 2-dimensional beam analysis of 5 or 55,

respectively)

NINPLA 15
(a,c)

4-37



TABLE 4-1 (CONTINUED)

WOTATION FORMAT DESCPIPTION

ro
o

-

Card Group No. 53

DCLTA 12F% Half the angle (in degrees) subtended by one
wall along the core circumference; used in
curvature correction (=22.5, required)

Card Group No. 54 (one blank card at the end of this qroup)

K 15 Wall number (in sequence)
JCHAN(K) IS Leg number on one side of wall
LCHAN(K) IS Leg number on other side of wall
NWALL(¥) 15 Not used (=0, required)

FLEX] F10

FLEX2 F10

FLEX3 F10

FLEX4 F10

FLEXS F10

Card Group No. 55

—
MASPNT IS
NBEAM2 IS
NBEAM! IS

Card Group No. 56
(FREQ(J),J=1,MASPNT) 7F10

(YFREQ(J),J=1 ,MASPNT) 7F10
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TABLE 4-1 (CONTINUED)

NOTATION FORMAT

DESCRIPTION

Card Group No., 57

(MNLAST(1),1=1, 1415
(NBEAMZ +NBEAM1 ) )

_——

Card Group No. S8 |

(PHI(I,J),I=1, 7F10
number of mass
points in this
beam)

b —

Card Group No, 59

(PHI(I,J),I=1, 7F10
number of mass
points in this
beam)

—_

Card Group No. 60
ETA F10

Card Group No. 61
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