
dee r a et ) esteak SSNkarcct:
'

hf0 e

.

'

CGG-EIJ-f920 t

j <

Octhber 1982 ''

'

r ,

R5 FORCE: A PROGRAM TO COMPUTE FLUID INDUCED.c0RLES ,

USINGHYDRODYNAMICOUTPUTFROMTHERELAPSC0dE

3+ '

.

,

J. C. Watkins
,

i .J

.

'

idaho National Engineering Laboratory
..

Operated by the U.S. Department of Energy 3

,

[
i << v .

41 *,29 p- A.. _ ,,

Mf| 7 =NM Mamens
e m =,% 1., ;

M j d, ;
p.- ,

.
/,i'M yg - r A,, "S* .,

' '' - ' m m .wnummer - "A Na4[
'

.h~E55%5Q Qqr,., .~, . :;;;G, 7W ''*%WPT ~' #
3s m.. c w . pga - .,w : . . , , , x,,.

m - , ,

''l+.'', % Qi gm M T~~~ ~ ~ ~~i. "?''..

A&% ~1. _yj eensm4,,]g{',..> ,
'

a _ -- ; . e

. _

"
s

,,

This is an informal report intended for use as a preliminary or working document
,

i ,

8212080510 821031
PDR RES
8212080510 PDR -

i
'

Pr ared for the
U. . NUCLEAR REGULATORY COMMISSION I$ EgggIdaho
Under DOE Contract No. DE-AC07-76ID01570 yD
NRC FIN No. A6356

. . _ _ _ . _ _ . _ . . _ _ _ _ _ . _ _ . . . . _ . __. . . _ ._



1
;-

( .

' E 8daho. Inc

p 'eonu scam" ~ ~
INTERIM REPORT

- Accession No.
'

Report No. EGG-EA-5920'

s .

Contract Progrem or Project Title: NRC Safety / Relief Valve Program
.

| Subject of this Document: R5 FORCE: A Program to Compute Fluid Induced Forces.

Using Hydrodynamic Output from the RELAPS Code

Type of Document: Technical Report

,

Author (e): J. C. Watkins
. .

'
/

'

Date of Document: October 1982
4c. ,.

'

,

Responsible NRC Individ al and NRC Office or Division: J. E. Richardson, NRC-RSR*

,

t

}' This document was prepared primarily for preliminary or internat use. it has not received'

full review and approval. Since there may be substantive changes, this document should*

not be considered final.i

C EG&G Idaho, Inc.
Idaho Falls, Idaho 83415

i

+.

n.

Prepared for the
'

s U.S. Nuclear Regulatory Commission
Washington, D.C.

Under DOE Contract No. DE-AC07-76|D01570>

NRC FIN No.A6356

INTERIM REPORT

O
.

%

%

e



ABSTRACT

This report describes the development of a computer program which
operates on hydrodynamic output from the RELAPS/ MODI program and computes

piping hydrodynamic force / time histories for input into various structural
'

analysis codes. The report describes the force calculation theory, showing
the development of a general force equation and the solution of this ,

equation within the RELAPS output structure. To illustrate the
cal (llational method and provide results for discussion, a sample problem ,

is presented. A detailed user manual for the computer program is included
as an appendix.

The work was performed in support of the NRC Safety / Relief Valve

Program for which EGLG Idaho acted as the System Integrator.
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e' SUMMARY

( ;

R.J
This report describes the developm0nt of a computer program that uses

hydrodynamic output from the RELAP5/ MODI program and computes piping

hydraulic force / time histories for input into various structural analysis

codes. This program is considered an improvement over existing force
calculation techniques available at EG&G Idaho because it solvas the force.

equation using the pressure and wall shear force terms instecd of the
pressure and fluid acceleration terms, eliminating potential instabilities,

associated with computing the time derivative in the fluid acceleration
term; and uses output from the RELAP5/M001 program, an advanced

one-dimensional computer program which is fast, accurate and easy to use.

A general equation was constructed to describe the force exerted on a
container. This general equation is applicable to a wide variety of pipe
force situations and serves as the fundamental relationship for the

calculation program. Forces are computed for each RELAP5 hydrodynamic
control volume, then sununed over designated control volumes to obtain the
total force.

(g,)
v

The computer program R5 FORCE is designed to operate on input, output

and calculational phases. During the input phase, system geometry data and
user input data are read, stored in memory, and then used to set up control

arrays. The calculation phase involves a progression through the RELAPS
outout data where all required forces are computed and written to an output
file. Upon completion of the requested force calculations, the program
provides a summary identifying the maximum positive and negative forces
encountered for each volume force, subforce and combined force requested,
including the time of the maximum force.

A sample problem was considered to illustrate the calculational

technique and provide results for discussion. Two sample problems weres

used to create results for comparison with existing force calculation
techniques available at EG&G Idaho, Inc. The same system was used for both
sample problems and consisted of a supply vessel connected by a valve to an

111-
7
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accumulator which was then connected to a relief valve through a short
length of piping; a section of' relief valve discharge piping was also

~

included. The first transient consisted of a steam filled relief valve
inlet line in which the supply vessel pressure was increased until the
relief valve opened. The valve separating the supply vessel and the
accumulator was then closed, allowing the accumulator to blowdown until the
relief valve closed. The second transient was identical to the first ,

except the loop seal in the relief valve inlet piping was filled with
subcooled liquid. Force calculations were performed for each transient and -

results are presented later in this report.

A detailed user manual for R5 FORCE is included as an appendix to this
report.
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R5 FORCE: A PROGRAM TO COMPUTE FLUID INDUCED FORCES

USING HYDRODYNAMIC OUTPUT FROM THE RELAPS CODE

1. INTRODUCTION
3

There are currently available a number of computer programs (such as
IRELAPS and TRAC ) that have the capability of simulating the transient,

and steady-state flow behavior in piping systems under both single and
two-phase flow conditions. In each of these programs, the primary effort; .

was directed towards predicting the flow behavior in the piping system but4

did not included the calculation of fluid induced forces. For the design
and analysis of piping systems (such as relief valve discharge piping, or
systems undergoing pipe rupture, or abnormal valve or pump operation),
fluid forces on the piping are an important portion of the overall
structural analysis and must be computed.

This report describes the development of a computer program that
'

operates on hydrodynamic output from the RELAP5/M001 program and computes

q piping hydraulic force / time histories for input into various structural
4 Sanalysis codes, such as NUPIPE,3 SAP OR ADINA . This program is

considered an improvement over existing force calculation technique's

available at EG&G Idaho (References 6 and 7) because it solves the force
equation using the pressure and wall shear force terms instead of the
pressure and fluid acceleration terms, eliminating potential instabilities
associated with computing the time derivative in the fluid acceleration
term; and uses output from the RELAPS/ MODI program, an advanced

one-dimensional computer program that is fast, accurate and easy to use.

Section 2 of this report is a description of the force calculation

theory showing the development of a general force equation and how it.

applies to various system geometries. Section 3 details how these force
equations are then solved within the RELAPS output structure. Thes

resulting computer program R5 FORCE is described in Section 4. To

illustrate the calculational method and provide results for discussion, a
sample problem is considered in Section 5. In Section 6, this sample

i
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problem and a slightly modified form of this problem are used in a
comparison study with previously existing calculational techniques

available at EG&G Idaho. Section 7 includes several conclusions from this
work. A detailed user manual for the R5 FORCE program is included as an
appendix to this report.

This work was conducted for the Nuclear Regulatory Commission's ,

Safety / Relief Valve Program and fulfills a portion of the task described in
References 7 and 8. This report will assist in auditing utility -

safety / relief valve system analyses as requested by the NRC.
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2. FORCE CALCULATION THEORY-

i

'
2.1 General Equation

f

!- it is possible to derive a general equation for the net force exerted
! on a container based upon the following assumptions:

.

; 1. Neglect external fluid velocity and shear force effects
1

1 *

j 2. One-dimensional uniform cross sectional area control volume

!

| 3. Normal stress approximated by the quasi steady change in momentum
j (the local dynamic pressure plus the fluid momentum)

i
1

4. Uniform fluid velocity, density, and pressure over the local
,

ross sectional area and uniform shear over the local control
volume surface area,

i

Gased on the cross sectional view of the arbitrary shaped container and the'

~

! notation specified in Figure 1, this equation can be expressed as
!
!

2 2
I F = - (Pgj+pg u)AI2 + PEl El - PE2 E2 + r A III-u ) A ) + (PI2 + # I A A

g s

i
i

where -

| .

.

volume surface areaA =

fluid pressureP =

.

.

fluid velocityu =

.

fluid density=p

shear force per-unit areaT =

i o
3

.

-y - ,.,-.-___,,__._,-.___..,,.._,,-,_,_.,,._,_,-,-mm,.m.....-,,-----..m.,_m,,,._~y,- -.,-o,_,- , - . _ _ . . . . , - . . ,,e .,-
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/^ and the subscripts (I) and (E) refer to interior or external conditions,
the subscripts (1) and (2) refer to the volume inlet or outlet and the
subscript (s) refers to the interior surface area parallel to the flow.
The first four terms in this equation represent the forces resulting from
the pressure and momentum at Control Surfaces CSI and CS2. The fifth term
represents the force resulting from fluid shear on Control Surface CS3.
Starting from basic principles, a detailed development of Equation (1) is

.

included in Appendix A. This equation applies to a wide variety of pipe
force situations and serves as the fundamental relationship for the.

calculation program described herein.

A dynamic structural analysis of a piping system requires that forces
be applied, in terms of time histories, at various points or node locations
in the piping model. These nodes are generally located near components
that result in either a change in flow direction or flow area (rich as
elbows or bends, reducers, valves or an open pipe end). Since the
application of Equation (1) makes it possible to compute a net force for
each vclume in the hydrodynamic analysis, the total force at any particular
node location can be considered to be the sum of the individual forces of

O each hydrodynamic volume within the control volume defining the nodal force.

Equation (1) is made up of five terms. Two of these terms represent
forces associated with the volume inlet junction, two with the volume
outlet junction and one with the volume itself. The application of
Equation (1) will differ depending on the type of volume end geometry. In
particular, a volume can be connected to an adjoining volume in one of four
ways:

1. Continued--Adjacent volumes are at the same angle, such as

Volumes CV2 and CV3 in Figure 2.

2. Bounded--Adjacent volumes are at different angles, such as| -

Volumes CV3 and CV4 in Figure 2

|

\! V
5
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3. Open--A volume represents the end of a pipe, although continued
to an adjacent volume in the RELAPS model, such as Volume CV4 in
Figure 2

4. Special--Mechanistic junctior, models, such as the relief valve

between Volumes CV1 and CV2 in Figure 2.

.

These geometries can also contain area changes between adjacent

volumes and a constant or variable throat ratio, simulating an orifice or a .

valve. Each of these geometries will be discussed in greater detail below.

2.2 Continued Junction

from the previous discussion, the junction connecting Volumes CV2
and CV3 in Figure 2 can be considered to be continued since there is no
change in direction between the adjacent volumes. Applying the applicable
portions of Equation (1) to the inlet and outlet junctions of a general
hydrodynamic control volume results in:

2Fj = -(Pgj+pg g)Agj + PEl Elu A

2
F2 = (PI2 + #I g)AI2 - PE2 E2u A

where

fluid pressure
.

P =

I

fluid density !p =

j'

fluid velocityu =

.

A = area

6
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and the subscripts (I) and (E) refer to internal and external conditions,
and the subscripts (1) and (2) refer to the inlet and outlet junctions of a
control volume, respectively. Thus, there are four internal parameters (P,
p, u, A) and two external parameters (P, A) that must be determined for
the inlet and outlet junction of each control volume.

Tne external pressure at the inlet and outlet junction are available
,

from the input data to R5FORL.. The internal change in momentum and area
at the inlet and outlet junction are not available directly in RELAP5, .

however, they can be computed as discussed in Appendix B.

2.3 Bounded Junction

The junction connecting Volumes CV3 and CV4 in Figure 2 can be
considered to be bounded since there is a change in direction between
adjacent volumes. Applying the applicable portions of Equation (1) to the
inlet and outlet junctions of a general hydrodynamic control volume results
in:

2
Fj = -(P;j + pg g)Agj + PEl Elu #

2
F2 = (PI2 + *I u g)AI2 - PE2 E2A

2
Note: When the (P + pug )(A) term was evaluated for a continued type

of junction, the (P + pug ) term corresponded to the pressure and momentum
approximated from volume conditions impinging on a flow area restriction.
For a bounded type of junction, this force will still exist in addition to

the force resulting from the pressure and momentum at the junction acting -

on the pipe during the bend. Expanding the above expressions to account
for these force developing areas results in: *

8



2
Fj = -(Pgj + pg g)Agj- (Pgj + plJ1 u gj ) AIJ1 + PEl E1u Ag

F2 = (P!2 + "I "I IAI2+(PI2 + "IJ2 "IJ2 ) AIJ2 - PE2 ^E2

where the subscript (J) refers to junction conditions.
.

Note: Since the force on each hydrodynamic control volume is
computed, then summed over one or more control volumes with the same.

elevational angle, the results will be independent of the geometric
relationship of the volumes on the other side of a bend. Thus, the results
are not dependent on any particular bend angle.

2.4 Open Junction

The outlet junction of Volume CV4 in Figure 2 can be considered to be

open, representative of the end of a pipe. Since an open pipe is at the
outlet of a piping system, only the outlet junction of a volume will be
considered to be open. Applying the applicable portions of Equation (1) to

O the outlet junction of a general hydrodynamic control volume results in:

F = (PI2 + #I"I)AI2 E2 ^E2
-P

2

2.5 Special Junction

Because of the physical differences between an actual relief valve and
the RELAP5 model of a relief valve, the junction connecting Volumes CVI
and CV2 in Figure 2 must be treated with a special mechanistic model. Two
special mechanistic models currently exist in the code, one of which is a

"

relief valve model with the orifice on the inlet and the other is a relief
valve with the orifice on the outlet. Both of these mechanistic models

| assume the control volumes connected to the relief valve inlet and outlet
are at an angle to each other. Applying the applicable portions of

O;
'

9
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Equation (1) to the valve inlet (outlet junction of the preceding control
volume) and outlet (inlet junction of the following control volume) where
the Grifice is on the valve outlet results in:

2
F j= -(P gj+pg g)Agj - (PIJl * PIJ1 "IJ1 IAIJ1 + PE1 Elu A

F2 = (PI2 + #1 "I ) AI2 - PE2 E2A

.

where the valve outlet force (F)) is defined as though it were a bounded
junction and the valve inlet force (F ) is defined as though it were a

2
continued junction, except that area A is the full area of the pipe.

I2
For the case of the relief valve orifice being on the valve inlet, the
above equations would be reversed.

O

.
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3. COUPLING TO RELAP5s

The numerical solution of the two-phase flow equations in RELAPS is
accomplished through the use of a spatial mesh of hydrodynamic control
volumes connected by junctions. Fluid properties are defined at the center
of each control volume (such as pressure, density and velocity) and at each
junction (such as density and velocity). The application of Equation (1),

makes it possible to compute a net force for each hydrodynamic control
volume in the RELAP5 analysis. In general, each force control volume.

includes one or more control volumes. Moreover, the force acting on each
control volume can be computed, then summed over an entire force control
volume.

Examining Equation (1) yields st:yeral flow quantities that must be
obtained from RELAPS in order to evaluate the forces acting on a control
volume.

These include the following:

(
( l. Control volume pressure

2. Control volume momentum

3. Junction momentum

4 Indication of choking at a junction
5. Control volume shear force.

The control volume pressure is readily available as are the momentum

; terms and the indication of junction choking. However, both the control
'

volume momentum and junction momentum must be modified for a two-phase flow

situation as:

.

2=a 2 + (1-ag) of
2

u upu g g g f

l
where a is the void fraction and the subscripts (g) and (f) refer to the'

gas and fluid phases, respectively.

|
I

O
'
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The control volume shear force term is not available directly in
RELAP5, however, it can be computed as discussed in Appendix C. To

correctly compute the fluid shear however, system components resulting in a
frictional loss, such as elbows, must be modeled by modifing the volume
roughness rather than by adding an energy loss coefficient at a junction.
Madification of the volume roughness is also contained in Appendix C.

.

Using the internally computed properties, the following quantities are
written to the RELAPS output tape at every successful time step.

.

1. For each volume:

a. Control volume pressure

b. Total wall shear
c. Control volume momentum

2. For each junction:

a. Junction throat ratio
b. Junction momentum

c. Indication of junction choking

This information can then be used to compute the force on any RELAP5

control volume then summed over designated control volumes to obtain the
total force.

.

e
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4. THE COMPUTER PROGRAM

The computer program that solves the force equations and creates a
force / time history is entitled R5 FORCE. The program uses output data from
RELAPS in the format described in Appendix C; the code updates used to
create this data file are also included in this appendix.

.

Figure 3 shows that R5 FORCE operates in an input, calculational and

output phase. During the input phase, system geometry data (available on*

the RELAP5 output tape) and user input data are read and stored in memory.
This data is then used to set up integer control arrays that contain such
information as the force reference numbers, direction indicator flags, and
applicable RELAP5 junction and control volume numbers. Once the control
arrays are established the calculation phase involves a progression through
the RELAP5 output data, where all required forces are computed (at each
RELAP5 computational time step) and then written to an output file; forces
can also be printed at selected time steps. Upon completion of the

'

requested force calculations, the program provides a summary identifying
the maximum positive and negative forces encountered for each volume force,

Os subforce, and combined force requested, including the time of the maximum,

force. In addition, each computed force can be output in a format suitable
for plotting. Pressures at each RELAPS control volume can also be written
to an output file for use as input to structural analysis codes.

In order to be consistent with the basic equations solved in R5 FORCE,
the following conventions must be followed.

1. The RELAPS model must be developed in the direction of positive
flow.

.

2. The force direction must be colinear with the pipe axis, in any
direction.-

O
V,

13



aRead and print all input data

Read and print system geometry information
from hydrodynamic file. Input phase

}

Set up integer control arrays for force
calculations.

, ,

' '= ,

d io

Read current hydrodynamic data
,

!
il

Compute volume left'and right areas and
pressures.

,

o

Compute. forces

d

Write subforces and combined forces to
output file.

Calculation phaseg
-

Write pressures,to output file

o

Write forces,to plot file

o

Check for maximum positive / negative forces

.

lf

: Finished
?

|

U i
Yes j, ,

u

Print maximum posit,ive/ negative forces Output, phase i

F

Figure 3. R5 FORCE flow diagram.
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\

3. System components resulting in a frictional loss, such as elbows,
must be modaled by modifing the volume roughness term, not by the

addition of an energy loss coefficient. Note: The roughness
'

cannot be larger than half the volume diameter. ;

4. Branch components in RELAP5 cannot be included in the definition
of a subforce or a con 61ned force., ,

R5 FORCE has been written using Control Data Corporation (CDC) FORTRAN,

Version 5. The intrinsic functions SHIFT, MASK, LOCF, CMMALF and ENC 0DE,

which are CDC extensions to FORTRAN 77, are utilized and therefore make the
'

I program CDC dependent. A listing of R5 FORCE is included in Appendix E. ;

!

t
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5. SAMPLE PROBLEM

A sample problem is now considered in order to illustrate the

application of the methods considered previously, and also to provide
results for discussion. Detailed user input instructions for this sample
problem are discussed in Appendix F of this report.

.

The sample problem consisted of a simple relief system as shown in
Figure 4. The system involved a pressurized accumulator connected to a .

relief valve through a short length of piping which served as a loop seal.
The relief valve discharge piping terminated as an open pipe segment.

A RELAPS/M001 hydrodynarr.ic model of this system was used to generate
an input file for force calculations. This model consisted of fluid

control volumes connected by junctions and extended through the entire
piping system. Each control volume and junction was described in terms of
fluid state, geometry, and flow characteristics, with locations selected to
ensure adequate representation of the fluid transient.

Upstream from the relief valve, the accumulator and piping initially
contained saturated steam at a pressure of 16.55 MPa that was increased
linearly to 18.27 MPa in 0.5 s. The discharge piping was assumed to be

initially filled with saturated steam at atmospheric pressure; the
downstream boundary was maintamed at this pressure. The fluid transient
considered involved a 40 ms relief valve opening beginning when the relief
valve inlet pressure reached 17.24 MPa, which occurred at 0.21 s.

Following the valve opening, steady flow in the piping was achieved at
approximately 0.5 s, once the supply pressure stopped increasing. The
valve separating the supply vessel and the accumulator remaine) open until
1.0 s, at which time it was closed, allowing the accumulator to blowdown

,

until the relief valve closed at 16.38 MPa at 1.44 s. The problem was

terminated at 2.0 s. .
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A description of the various subforce and combined forces selected for
discussion is shown in Figure 5. Figure 6 is a force / time history of
subforces SF101 and SF103 which act on opposing elbows as shown in
Figure 5, and Figure 7 is the force / time history for the combined force
CF 201. Figures 8 and 9 describe the subforces and combined force on a pipe
leg which includes an area change.

.
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6. COMPARIS0N WITH EXISTING TECHNIQUES

At EG&G Idaho, Inc., fluid induced forces have typically been
approximated from RELAPS hydrodynamic output by using only the pressure and

momentum force terms applied at various points in the piping; this
technique is documented in Reference 6 and will herein be referred to as

the old approach. Recently, another technique to approximate the fluid .

induced forces was generated which utilized the pressure and momentum force
terms in addition to a fluid acceleration term; this technique is -

documented in Reference 7 and will herein be referred to as the modified
approach. This section provides a brief comparison between the old and
modified approaches and the new approach used in the R5 FORCE program.

Refering to Figure 5, subforces SF105 and SF108, and the sum of these
forces, CF203, will be used for the comparison. Two fluid transients were
used, the sample problem discussed in Section 5 and the same sample problem
with a liquid slug in the loop seal.

Evaluating the Section 5 sample problem first, Figures 10 and 11
provide time history information for subforces SF105 and SF108,
respectively. Note that prior to and during the early stages of valve
opening, the force predictions by the old, modified and new methods were
very similar; as the fluid velocity became significant however, there were
slight differences between the techniques. This was more evident in the
time history of combined force CF203 which is shown in Figure 12. The

modified and new methods predicted a peak force of approximately 7000 N
(occurring imediately after the relief valve opened) which eventually
approached zero as steady flow was achieved. The old approach predicted a
higher maximum force of approximately 11,000 N which then decreased to a

relatively constant value of 4000 N during steady flow. This significant
force observed at steady state is not consistent with theory and is the .

result of neglecting the frictional shear force term. By computing the
pressure and momentum forces at two points in a piping system, the momentum ,

change between the two points is not balanced by the shear force, resulting
in an unrealistic combined force. This was the only significant difference

9
24



,m observed between the old and the modified and new approaches. Differences

between the modified and new method are slight, however, the new method

will eliminate instabilities and data spikes previously encountered with
the modified method, as shown in the next sample problem.

.

Evaluating the second sample problem, a liquiu slug in the loop seal,
Jigures 13, 14, and 15 provide time history information for subforces SF105

,

and SF108 and combined force CF203, respectively. The trends of this
evaluation are identical to those noted is the first sample problem, except

,

for data spikes associated with the modified method. The effect of these
data spikes is clearly shown in Figure 16 for the modified method versus
Figure 17 for the new method; combined force CF203 over the time range of
0.2 to 0.5 seconds. The old approach predicted a maximum force of
approximately 47,000 N, decreasing to a relative constant value of 4,000 N
during steady flow. The modified and new approaches are effectively
identical except for the data spikes associated with the modified method.
The new method predicted a peak force of approximately 41,000 N whereas the
modified method, because of the data spikes, predicted a higher peak force
of approximately 65,000 N. The modified method in this example would have

resulted in peak forces approximately 60% higher than the new method, due

entirely to data spikes. Other problems run with both methods have
resulted in peak modified forces many or@rs of magnitude higher than the
new method. In such situations, the user is required to examir.e the data
in detail to eliminate potential data spikes, if possible.

.

9
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7. CONCLUSICNS

An approach has been outlined and a computer program developed for

transient and steady state force calculations using hydrodynamic output
data from the RELAPS/ MODI computer code. This progrcm is considered an

improvement over existing force calculation techniques available at EG&G
Idaho because it solves the force equation using the pressure and wall

,

shear force terms instead of the pressure and fluid acceleration terms,
eli:ninating potential instabilities associated with computing the time ,

derivative in the fluid acceleration term; and uses output from the

RELAP5/ MOD 1 program, an advanced one-dimensional computer program that is

fast, accurate and easy to use.

It must be understood that verification studies with the R5 FORCE
program have been very limited and no comparison with experimental data has
yet been made.
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!
F

j APPENDIX A

DEVELOPMENT OF THE GENERAL FORCE EQUATION

A force can be exerted on a container in only three ways:

1. By means of pressure which acts on the surface of the container -;

2. By means of a shear force (friction) between a fluid and the3

surface of the container
,

3. By means of an interaction between the container and a structural
support member.

1

:1 Consider the cross sectional view of the arbitrary shaped container
shown in Figure A-1 where:

.

S 1 cal normal stress=
n

! local shear stresst =

O
'

ds differential surface element=

!
<

local pressureP =

i

local density=o

local fluid velocityu =
;

6 unit vector normal to a surface=

.

B unit vector tangent to a surface=
T

| [ unit vector in the desired force direction=

!
- A area=

|

| A-1
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with the following subscript ' notation:s

internal |I =

l

E external=

control surface 1 (inlet)1 =
,

control surface 2 (outlet)2 =
,

control surface 33 =

.

The force acting on the control surface in the direction C can then be
written as the sum of two surface integrals, or

(B E) ds (A-1)F= S (h - [)ds + x
Tn

s s

For an inviscid treatment, the shear term in Equation (A-1) is not used and4

Q the force is obtained utilizing only the normal force term. When viscous
;

losses are considered, the shear force term in Equation (1) is generally
difficult to evaluate. Through an application of the law of conservation
of momentum, as alternate form of Equation (1) can be derived (footnote)*
and written in one-dimensional form as

i

A
2

-F=- dV; - (Pgj + pgj U )) Agj + (PI2 + 'I2 U2)A (A-2)2 I2

.

.

j * R. L. Williamson, FORCEl: A Program to Compute Fluid Induced Forces Using
Hydrodynamic Output f rom the MLLAPb Code, LWa-LA-bbJi, UCloDer 1951.

!
'

.

O'

A-3
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This technique is used extensively to evaluate fluid forces acting on a
container. However, this technique has potential instabilities associated

with computing the time derivative in the fluid acceleration term, often

requiring various smoothing techniques to make the output useful.

If however, the shear force and pressure distribution are known for a
container, Equation (A-1) can be used directly to obtain the fluid force on

,

the container. Expanding Equation (A-1) over the three control surfaces
identified in Figure A-1 and neglecting gravitational forces results in the ,

following:

F= S ("I - [)dsCSI *
.

n I"2 * C) dsCS2n gj I2
C$1 CS2

+ S ("3 * E)dSCS3 + 'Il ("Tl C) dsCS1n
13G3 C'sl

'I2 I"T2 - [)dsCS2 + 'I3 I"T3 - [)ds
'+

CS3
C'$2 C's3

- S (b C)ds b I C)dsn 1 CSI - N 2 CS2
El E2

C'51 gg2

.

("3 * E)dSCS3 - 'El ("Tl - [)dsCSIS~

i | n
C53

E3 ggj

..

(A-2)- i 'E2 I"T2 C)dsCS2 - *E3 IbT3 * E)dSCS3
C'$2 C'53

,

Sunning forces in the direction of fluid flow (C) and: *

1. Neglecting external shear force effects, and

9
A-4



,
-

2. Recognizing that for the one-dimensional uniform cross sectional

I areacontrolvblumeassumptioninRELAPS:
,

(6 C) = 03

(6T1 * C) " O,

~

(6T2 E) = 0

f Results in
"

"S I C)ds!
F= S Ib C)dsCSI +

..
n 2 CS2. n lgj I2CSl CS2'

CS3 - ]S (n )ds
~

_
I3 I"T3 C)ds+ T

n j CSIEl
C$3 CSI

'

.

j
- S I"2 * ids (A-3)

,, n CS2
E2! CS2

!

Since the local static pressure distribution is not known, the normal
stress will be defined in terms of the quasi steady change in momentum (the
local static pressure plus the fluid momentum). In addition, the external

I fluid velocity effects will be neglected which is consistent with
neglecting the external shear force effects, resulting in

..

u 2)(5] . C)dsCSI[ (Pgj + pgF=.
g

CSI

.

!

2+ (PI2 * PI "I )I 2 * E)dSCS2
CS2

i

!
*

4

) *

I A-5
i
d
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'13 Ib * E)d5 P I 1 C)dsCSI
+

T3 CS3 - . E!
CS3 CSI

CIdS (A-4)- P I"2
*

E2 CS3
CS2

Now, assuming that the fluid velocity, density and pressure are uniform -

over the local cross-sectional area and that the shear is uniform over the
local control volume surf ace area, which is consistant with the -

one-dimensional approximation used in RELAPS, results in the following:

u 2)(5] . [) Agj + (PI2 * #I "I II - [) AF = (Pgj + p g g 2 I2

I3 I"T3 )A13-PEl I"1 )AEl - PE2 I"2 )A (A-5)+T - - -

E2

For the one-dimensional uniform cross-sectional area control volume
assumption in RELAP5, the following unit vectors can be evaluated from
Figure A-1:

(6) C) = -1

(6 * C) " I2

(6 * b) " IT3

Substituting these expressions into Equation (A-5) yields the
*f ollowing expression for the force acting on a container:

.
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!

!

!

1
! 4

,

I 2 2 !
i f = -(Pg j + og g )(Agj) + (pI2 + 'I g )(AI2)u u

!
*,

iA A (A-6)* 'I3 Al3+PEl El - PE2 E2,
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APPENDIX B

DEVELOPMENT OF THE JUNCTION PRESSURE AND
5

JUNCTION AREA TERMS

|

A general equation for the force exerted on a container has been
developed and can be expressed ~as,

u)Agj + (PI2 + "I u)AI2 + PEl El - PE2 E2 + r A3(8-1)F = - (Pgj+93 A A*

:
!

where . ,

A volurae surface area=

fluid pressureP =

fluid velocityu =
,

t

fluid density=p,

shear force per unit areat =

and the subscripts (I) and (E) refer to interior or external conditions,
; the subscripts (1) and (2) refer.to the volume inlet or outlet and the

subscript (s) refers to the interior surface area parallel to the flow,

i

j Equation (B-1) is made up of five terms. Two of these terms represent

|-
forces associated with the volume inlet junction, two with the volume
outlet junction and one with the volume itself. The application of

'

Equation (B-1) will differ depending on the type of volume end geometry.
In particular, a volume can be connected to an adjoining volume in one of

,

four ways:

!

t

O
| B-1

..
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1. Continued--Adjacent volumes are at the same angle, such as
Volumec CV2 and CV3 in Figure B-1

2. Bounded--Adjacent volumes are at different angles, such as
Volumes CV3 and CV4 in Figure B-1

3. Open--A volume represents the end of a pipe, although continued
.

to an adjacent volume in the RELAPS model, such as Volume CV4 in

Figure B-1
,

4. Special--Mechanistic junction models, such as the relief valve

between Volumes CV1 and CV2 in Figure B-1.

These geometries can also contain area changes between adjacent
volumes and a constant or variable junction throat ratio, simulating an
orifice or a valve. The volume pressure and momentum, shear force and
shear force area terms are readily available on the RELAP5 output tape.
The internal and external quasi steady change in momentum at the inlet and
outlet junction of each computational volume and the areas that the change
in momentum acts on must be computed.

1. development of the Junction Change in Momentum Term

The internal and external change in momentum (pressure plus momentum
flux) at the inlet and outlet junction of each computational volume must be

determined in order to determine the forces acting on that volume. The
external pressure is defined through the input dn i and defaults to
14.7 psia (0.101 MPa) for all junction types except an open junction. For
an open junction, the external pressure is defined as the pressure plus
momentum flux in the adjacent downstream volume of the RELAP5 model. This

.

will allow the effects of variable discharge conditions to be included in
the analysis. .

O
B-2
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The internal change in momentum is defined as the pressure plus
momentum flux in a volume. The change in momentum at a junction must be
approximated from the volume change in momentum. Only che outlet junction
changa in momentum will be developed for each junction type, the inlet
junction change in momentum development being identical with the exception
of the open junction which is not allowed as an inlet junction.

.

Continued Junction

.

Figure B-2 shows the location of the desired outlet junction change in
momentum team. This quantity will be approximated using a ratio of the
adjacent volume quantities and volume lengths as

2
2 (P+pU )2 DL3 + (P+pu )3 DL2

(P + pV )J "
DL2 + 0'3

This method will provide a reasonable approximation of the outlet junction
change in momentum except for the following situations:

1. If the downstream volume (volume 3) is a time dependent volume,

then DL will be zero. For this situation, the computational
3

and upstream volumes (volumes 1 and 2) will be used to

approximate the outlet junction change in momentum as

DL
.

-

2 2 2 2
(P + 9U )2 - (P + pV )j (B-3)(P + pu )J = (P + 90 )2 + DL1 + DL2
.

-

2. If the outlet junction is choked or an area restriction (orifice,

valve) exists at the junction, a non-linear decrease in the
.

hydraulic head will occur and the adjacent change in momentum

cannot be used to determine the outlet junction change in ,

momentum. For this situation, the computational and upstream
volumes (volumes 1 and 2) will be used to approximate the outlet
junction change in momentem as discussed in item 1.

B-4
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3. If either items 1 or 2 exist and if either the upstream volume

(volume 1) is a time dependent volume (DL will be,zero) or thej
inlet junction is choked or an area restriction (or ifice, valve)

exists, the junction change in momentum will be set equal to the
volume change in momentum.

4. If a downstream volume does not exist, then the junction change
.

in momentum will be set equal to the volume char 9e in momentum.

. .

Bounded Junction
/

The internal change in momentum for this type af junction is identical
to the continued junction.

Onen Junctlon

The internal change in momentum for an open junction will be
determined by methods 2 and 3 for the continued junction. The other
techniques are not applicable since thcee is no physical piping downstream
of an open pipe (Volume 3 would not exist). '

,

1.

Special Junction /
,

The it'ternal change in momentum for this type of junct4n is identical
to the continued junction.

2. Development of the Junction Area Term ,

The areas that the internal and external change in momentum acts on in
each computational volume must be determined in order to determine the

.

forces acting on that volume. Only the outlet junction area will be
developed for each junction type, the inlet junction area development being

,

identical with the exception of the open junction which is not allowed as
an inlet junction. RELAPS internal and output termnology will be used in
the development of the following expressions.

O
B-6
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Continued Junctiong
.

Figure B-3A shows the geometric configuration of a typical continued
! junction. The internal area must account for the effects of an area' change
1

bett.een adjacent volumes and a junction flow area which could be larger or
smaller than the computational volume. The effects of these two geometries
are accounted for as -

*
,4

A =AV2 - minimum A * TR (B-6)*.

IR J2 J
2

j
. V3

A4

! -

|

A zero or negative rnult means that there will be no area for the junction'

| -

change id momentum to act on, thus there will be no force at that location.
i
1
'

The external area must account for the effects of an area change
between adjacent volumes. The effect of this geometry is accounted for as3

; i
4

I
(B-7)A =AV2 ~ AV3r

ER

Y
Bounded Junction

,
,

/-

Figure B-38 shows the geometric configuration of a typical bounded
junction. The internal area must account for the effects of an area change

between the volume and the junction (AIRI) as well as the area of the
'

jmiction (AIR 2). The. effects of these two geometries are accounted for as
, y

(B-8)A =Ayj - Agj *VJ1IRI
r

AIR 2 " ^J1 *E y (B-9)
-

di.;

'

4

E'

|

| '

O
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The external area must accnunt for the effects of an area change between
the computational volume and the junction as well as the bend. These

geometries are accounted for as

(B-10)AER ' AV1

Open Junction .

Figure B-3C shows the geometric configuration of a typical open -

junction. The internal area must account for the effects of a junction

flow area which could be larger or smaller than the computational volume.
The effect of this geometry is accounted for as

-A * TR IO-1I)AIR " AV2 J2 J2

The external area must account for the effects of a junction flow area

which could be larger or smaller than the computational volume. The effect
of this geometry is accounted for as

O* TR (B-12)AER = AV2 - AJ2 J2

Special Junction

Figure B-30 shows the geometric configuration of the special relief
valve mechanistic model with the orifice on the valve outlet. The
mechanistic model with the orifice on the valve inlet can be obtained by
interchanging the inlet and outlet junction areas. The internal area must
dccount for the effects of a dead end for one junction and a bounded

junction for the other. The effects of these two geometries are accounted
,

for as
.

(B-13)AIR " AVI

-

O
B-10
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A * ^V2 -A * TR ) (B-14)IL1 gj J

G
A =A * TR (8-15)IL2 3j J1

!

The external area must account for the effects of a bend. This geometry is
accounted for as ,

1

'
.

A =A] (B-16)ER y
,

*

,

'l

A =A (8-17)EL V2
t.
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.
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APPENDIX C
''

DEVELOPMENT OF.THE SHEAR FORCE COMPONENT AND
MODIFICATI04 0F THE RELAP5 ROUGHNESS TERM

1. DEVELOPMENT OF THE SHEAR FORCE COMPONENT ,

The force component attribution to shear can be considered to be the,

!sum of 'the shear forces for the gas and fluid, or
.

F =F *I I~}shear shear shear
g f

.

where the shear force for each phase is equal to the shearing stress, or
the wall friction per unit area for the phase times the pipe surface area
proportional to the phase, or

I'g) I"g) (w D L) - (C-2)F *
shear

g
-

,

F " I'f } I"f) (w D L) (C-3)shear
f

Reference (1) defines the wall friction drag coefficient as one eighth
of the phasic friction factor times the absolute velocity times the pipe

;

i perimeter proportional to the phase divided by the pipe cross sectional
! area and the phasic void fraction, or ,

A u PER

(C-4)FW =
g 8 A a

'

9

A u PER-

7 f f
(C-5)FWf= 8 A <

a'
.

The pipe perimeter proportional to the phase can be expressed as the
phasic void fraction times the pipe perimeter (4A/D)..or

C-1

i
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4Au
PER = (ug)(PER) = D

4Aa

PERf = (uf)(PER) = 0
~

Substituting the above into Equations (C-4) and (C-5) and solving for -

A and A yields
f

.

9 (C-8)3 ,
g u

g ,

(FW ) (2 D)f
A = ----. (C-9)

f

The wall friction per unit area is defined as one eighth of the friction
f actor times the phasic density times the velocity times the absolute

velocity, or

=fA p u u (C-10)i g g g

= f A, pf f f
u u (C-ll)r

f

Substituting Equations (C-8) and (C-9) into the above yields

FW Dp u
9 9 9 ( C-1,')t =

g 4

.

FW Dp a
f i f

(C-l3),f= 4
.

O
C-2
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..

'

.

- Substituting the above into Equations (C-2) and (C-3) yie!ris

2FW Dp u u : L
9 E 9 9 (C-14)F

' =
shear 4

g

i
'

2
FW D of f a, v Lo

f
(C-15)

* '

F *
shear 4

f

i
-

! 2. MODIFICATION OF THE RELAPS ROUGHNESS TERM

Due to the solution technique used in R5 FORCE, system components which

result in a frictional loss, such as elbows, must be modeled by modifing
the volume roughness rather than by adding a form loss coefficient at a
junction. Form losses, such as orifices and valves, must still be
calculated by the addition of an energy loss coefficient or an area change

| at a junction. This section of the appendix discusses how to modify the
volume roughness term to account for frictional losses.

D
Currently, frictional loss geometries such as elbows are modeled by'

adding an energy loss coefficient at a junction. This energy loss
i coefficient is the product of the turbulent friction factor and the

L-over-D ratio, or

I

K=f 0}Lt

i

where f is based on the Colebrook Equation,
t

1=-2 log E , 2.51' (C-17)|

[ _ e
'

R!

.

C-3



Assuming tubulent flow (R = large), this expression can be simplified to
e

E
1 = -2 log 10 3.7 D

or,

.

-2-

j
(C-18)f *

t E
-2 log 10 TTU

,

- _

To modify the volu'me roughness, an equivalent turbulent friction factor

must be determined as the sum of the above ft(l/0)L and the ft
(L/D)y of the volume being modified, or

fe (L/D), = ft I'IO)v + It (L/D)L

or,

(L/D)y + (L/0)g
f =f (C-19)e t (L/0)v

The equivalent turbulent friction factor can now be used to calculate an
equivalent volume roughness by rearranging Equation (C-18) as

1

-2E = 3.7 D 10 (C-20)e

Using this value [ Equation (C-20)] of volume roughness instead of the ,

normal pipe roughness will incorporate the effects of frictional losses
into the shear term. -

An an example, consider an elbow in a RELAPS model which has an

L-over-D loss of 16 (K = 16 f ). The length and diameter of the volume
t

C-4



.

upstream of the elbow is 1.60 f t and 0.6651 f t (L/D = 2.406), and
downstream of the elbow is 2.00 ft and 0.6651 ft (L/D = 3.007). The pipe
roughness (E) is nominally 0.00015 ft.

Half the elbow resistance (L/D = 8) will be added to the volume
upstream of the elbow and half downstream of the elbow. From
Equation (C-18), the turbulent friction factor can be calculated for both

.

volumes as,

.

2
1 1

g> a
t 0.00015

-2 1o910 (3.7)(0.6651)
:

f = 0.01407
t

< .,

The equivalent turbulent friction factor can now be determined from
Equation (C-19) as,

2.
fe (upstream) = 0.01407 2 406

= 0.0614

3.'

fe (downstream) = 0.01407 3 0

= 0.520

The equivalent volume roughness can now be calculated using Equation (C-20)
as,

,

1.

Ee (upstream) = (3.7)(0.6651) 10 -2Q0.0614'

= 0.02314

C-5
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1

Ee (downstream) = (3.7)(0.6651) 10
y0.0520'

i

|= 0.01542
|

Using these E values for the respective volume roughness terms will
e

simulate the effects of an elbow. .

.

O

.

e
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APPENDIX D

RELAPS CODE UPDATES AND OUTPUT TAPE FORMAT

1. RELAP5 CODE UPDATES*IDENT JCWTEST
* DELETE PELAP5.6

* TAPE 6=00TPUT,DEBJG=0UTPUT,PLOTFL,STH2XTsTAPE23)
*BEFORE MOVER.56
C
C *******************************************
C *** UPDATE S TO WRITE A JCW STRESS TAPE *** *

C * * * AT E VE RY SUCCESSFUL TIME S TEP ****

!:::*!!"!!!!*!?*!!!!*!!!*****************;;;
8***************JCWTAPE-

**************

DATA JFLAG/0/
IF(JFLAG.NE.0) GO TO 85 *

JFLAG = 1
C

C - WR ITE TOTAL NUMBER OF VOLUMES AND JUNCTIONS
C

NVOLUMS =
1 + ((IJE - IJ)/ (IJ SKP )
1 + IVE - IV)/(IVSKP)

NJUNCTS =
WRITE (23) NVOLUMS,NJUNCTS

C
C - COMPUTE AND WRITE CONTROL VOLUME GEOMETRY
C

DO 83 I=IV,IVE IVSKP
IF(DL(I).EQ.0.0)DZDL = 3.0
IF(DL( !) .NE.O.0) DZDL = DZ (I) /(DL (I I *4.903325)

83 WRITE (23) VOLN0( I), AVOL(I ),0 ZDL,DL (!)
C

g-WRITFCON;4ECTIONANDCONTROLPARAMETERSFORJUNCTIONSs

00 84 I=IJsIJE IJSKPi

84 WRITE (23) JUNN0(IlsAJUN(I),IJ1(I),IJ2(!)
C

g-WRITETHEPROBLEMTIME
*

85 WRITE (?3) TIMEHY,

! C
l C - LOOP THROUGH CONTROL VOLUMES

C
'

00 86 !a!VsIVEsIVSKP
C
C - COMPUTE AVERAGE VOLUME SHEAR FORCE AND VOLUME PV**2 TERM
C

PIF=3.1415927
FRF=FWALF(I)*VELF(!)*VOIDF(I)*DLII)* PIE *DIAMV(!)**2*RHOF(I)*0 25
FR G= FW AL G(II * VEL G(I) * VOID G(I )* DL(I) *PI E *DI AMV(I) **2* RHOG(I)*0. 25
FRTOT=FRF+FRG

0bG( *RHG(fC EL0 **2

b-WRITEVOLUMEINFORMATIONT3 TAPE
'

C
B6 WRITE (23) P(I),FRTOT,PV2V

b-LOOP THROUGH JUNCTIONS-

C
00 87 !=IJ,IJE,IJSKP

, b-COMPUTEJUNCTIONPV**2 TERM
1 C

PV2Js0.0
IF(ATHROT(!).GT.0 0) PV2J=

E VOIDFJ (!)*RHDFJ t I)*(VELF J (I) / ATHROT(III**2+
E VOIDGJ f 1)*RHOGJ (I) *( VEL GJ(II / ATHROT(I))**2

h E - WRITE JUNCTION INFORMATION TO TAPE
N-- 87 WRITE (23) ATHROT (I), PV2J e IJ2 (I )

D-1
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2. OUTPUT TAPE FORMAT

O
System Geometry (written once).

1. Total Number of Volumes; Total Number of Junctions

2. For eacn volume, Volume Number; Volume Area; Volume Inclination;
*

Volume Length

.

3. For each junction, Junction Number; Junction Area; "From"
Junction Control Flag; "To" Junction Control Flag.

.

Output Data (written every time step)

1. Time

2. For each volume, Volume Pressure; Average Volume Shear Force;

A_verage Volume Momentum Flux

3. For eacn junction, Junction Throat Ratio; Average Junction
Momentum Flux, "To" Junction Control Flag (Contains "To" Junction

Choking Flag).

.

e
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APPENDIX F

PROGRAM USERS GUIDE

The purpose of this appendix is to provide sufficient information to
permit application of the R5 FORCE program to a typical piping system.
Included are a description of the force modeling strategy, detailed user
input instructions, and a sample problem. It is recomended that the main
body of this report be read and understood prior to using the program.,

1. FORCE MODELING STRATEGY.

The RELAPS code numerically computes the fluid transient response
within a piping' system by dividing the system into a number of hydrodynamic
control volumes connected by junctions. Associated with each control
volume and junction is a' nine digit integer reference number. This
reference number is written to the RELAP5 hydrodynamic output tape and is
therefore available for use in the force calculation program. In the
R5 FORCE input instructions, force control volumes can then be constructed
simply by specifying the applicable RELAPS control volume reference numbers.

s

e

e
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2. RSFORCE INPUT AND OUTPUT

OThis section provides detailed input instructions and a discussion of

the various modeling rules and sign conventions used in the R5 FORCE program.

2.1 Input Instructions

All input data is in free format input and default information is .

contained in parenthesis, input data need not be entered if default values
dre aCeptable.

.

Card Number PARAMETER_.

fitle Card, with the "=" sign in Column 1a

100 Output Units, "8RITISil" or " METRIC" (BRITISH)

Input Units, "8RITISH" or " METRIC" (BRITISH)

200 Time Between Printouts, seconds (1.0)

Start Time, seconds (0.0)

Finish Time, seconds (1.0 x 1012)

300 Ambient Pressure, psia or Pa (14.7 psia or 0.101 MPa)

400 Type of Printed Output:

Output contains problem definition and sumary output
in addition to the following options:

"CliECK"--input check only, problem stops at the end of
input processing

"NONE"--no output at requested printout times

" FORCES"--Subforce and combined force output at
requested printout times

.

"ALL"--Subforce, combined force and volume force output
at requested printout times

.

(FORCES)

500 Maximum Number of Subforces Per Combined Force (5)

1

9
F-2
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J

600 Junction number of bends when both adjacent volumes are
horizontal (more than one junction number can be on a card)

'

620 Junction number of a special geometry, such as a relief ,

valve, with an orifice at the outlet but not at the inlet.
This geometry (More than one junction number can be on aassumes the adjacent volumes are at angles to

,

each other. >
'

card)

640 Same as the 620 card except the orifice is at the inleta

t only, not the outlet.
,

! 700 Initial force zeroing
1 "NONZER0"--Do not zero initial forces,

IXXX Subforce input information for all geometries except an
open pipe (XXX is the subforce number)

.

Direction of subforce relative to the RELAPS model.- A
positive number is in the direction of positive flow in the
RELAPS model and a negative number is in the direction of

| negative flow in the RELAPS model.

Beginning control volume number of the subforce relative to
,

: the RELAPS model

Ending control volume number of the subforce relative to
tee RELAP5 model. If this control volume number is the
same as the beginning control volume number, either a zero
may be entered er the control volume number may be repeated.

Combined Force Number / Direction relative to subforce
direction. A positive number is in the direction of the
subforce and a negative number 1. in the opposite direction
of the subforce. Note that a combined fcrce number need.
not be entered.

2XXX Subforce input information for an open pipe. Input
identical to card IXXX.

2.2 Force Direction Conventions

In order to be consistent with the basic equations solved in R5 FORCE,
,

the following conventions must be followed.
.

1. The RELAP5 model must be developed in the direction of positive
flow.

F-3



2. The force direction must be colinear with the pipe axis, in any
direction.

3. Systein componentt which result in a frictional loss, such as
e! bows, must be modeled by modifing the volume roughness rather
than by adding an energy loss coefficient at a junction.

4. Branch components in RELAP5 cannot be included in the definition *

of a subforce or a combined force.
.

2.3. Output

.

The R5 FORCE program writes information to both an output file (which
is usually printed) and a disk or tape file (for structural input).

The output file contains an echo of all input data, information about
input data processing, and then force results at requested printout times.
This information is considered self-explanatory and will be shown in a
sample problem to be discussed later.

Two disk or tape files are currently written at every time step in the
following format:

(1) TIME, FORCE 1, FORCE 2, .... FORCE N.

(2) TIME, PRESSURE 1, PRESSURE 2, ...., PRESSURE M,

where N is the total number of subforces and combined forces and M is the
total number of RELAPS hydrodynamic control volumes. The force file is
called TAPE 13. In addition, a plotting file called 005CRA is generated
which contains force versus time information in a Comon Word Addressable
File (CWAF) formated data file. The last page of input processing (in the '

previously discussed output file) provides a description of the time / force
.

array. For reference purposes, the total number of time steps on the disk
or tape file is also written on the output file following the last time
step. Also written out is a summary of the maximum positive and negative
volume forces, subforces and combined forces.

O
F-4
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3. SAMPLE PROBLEM

O A detailed sample problem is now presented to help users become
familiar with the use of the R5 FORCE program.

The piping system geometry and fluid transient used for the sample
problem have been previously described in the main body of this report.

* Figure F-1 ', hows the piping system and includes a description of the
subforces and corcbined forces to be ccmputed. Figure F-2 is a RELAPS

*

nodalization diagram of this system showing the hydrodynamic control
volumes and junctions as well as each of the control volumes used for force

calculations.. Note that in general, a force control volume is made up of
several hydrodynamic control volumes. A description of the required
R5 FORCE input data for this sample problem is listed in Figure F-3.

Prior to performing any calculations the R5 FORCE program provides an
echo of the input data (Figure F-3), and then processes this data. During
processing, the user is provided with a description of the RELAPS
hydrodynamic model, information'on each of the component and combined
forces, a description of the output format of the force file, the initial
forces in the system at time zero and the resultant zerced forces at time
zero. Note that all later force values are in reference to' the zeroed
force values. Appendix G contains a copy of this input processing
description for the sample problem.

Figures F-4, F-5, and F-6 represent sample force results at times 0.1,
0.25, and 0.7 s, respectfully. At 0.1 s, the relief valve is completely
closed and the only significant unbalanced force (see the combined forces
in Figure F-4) occurs upstream of the relief valve which is undergoing
rapid pressurization. At 0.25 s the relief valve is in the process of
opening and there exists significant unbalanced forces at all points in the*

system. At 0.7 s the flow is essentially at steady-state and the
.

unbalanced forces are small.

O -
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iCLUME FORCE DATA ,

FCRCE-TIME b!5TCR1 FRCM RELAPS Cu1PUT DATA -

SAMPLE F00eLEM - RELIEF brLVE GI5CHAkCE b/C LCOP SEAL 10/15/82 iZ.C3.2C.

110PECBLEM TIME = .25C LA1A SET hum 2EE -=
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INLET 1hT. CUTLET IhT. INLET EDT. UUTLET E XT.
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'} t hE = 1 C h5 3 .. __.. .__ t h E > T 0 u l . ___ . . _ t h E h T or.5 L (NEhTCh5) (NEhTCNS). thEhT0h53

$ IC101CCCO C. -6.1Ct0SE+C5 C. C. O. -e.1C589E*C5'
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WCluPc FCRCE uATAFC9CE-TIPE PISTCRT FEC'r RELAPS CUTPLT LAT A
-

St?PLE PRCELEr - RELIEF bALVE L15 CHARGE m/0 LCLP SEAL
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4 Upon completion of the requested force calculations, the R5 FORCE
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i program provides a summary identifying the maximum positive and negative
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j -forces encountered for each. volume force, subforce and combined force .
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APPENDIX G

SAMPLE PROBLEM INPUT PROCESSING DESCRIPTION
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FCSCE-TIPE PISTCRT FEOF RELAP5 CUTPUT DATA - IhPUT DESCRIPTICh CF SLEFCRCE5
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SAMPLE PPCPLL.* - RELIEF 4ALVE CISCHARCE b/C LCCP SEAL 1C/15/02 12.C3.2C..

enarnorr ww - rierrtirN _ftt.4._. C ) ._Lb r . __ . t hD_e_ .C V ..)U R.__.__ F E C P alh. .TTPE 10 Juh.,TTPE, FCBCE CCP8. hup.
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-
' 1C? C1

+1 2CJC2C000 203CSCC00 ECUhDED '- =

IC4 -1 2C3Cc"CCC 203Co06CC -2C2 ',

2C3
1(5 -1 2032CCc0C 20320C000 ECLhCED -.

i +202'! IC* +1__ 2C1CSCC0C 2031900GG ECLhCEC +
'

1 2C3270C00 20326000C ~ E C Lh C E C ~ ~~ -~~ CPEh ;
' IC1i

ICt +1 20321CCCC 20326C00C . BGuhCEC +203-

*
. .

1 ,
---- . - . . __ . . . . _ .. .._. .._

,

' .

E
-- - - - . - - - ._. . . . . . . . . ..

e,

y - _ . _ _ . . . .- . . . . .. . . . . . . _ _ _ ,_ _
[9

| d
.i

.

m.._...__. __ .
:. - - - - - - . - - -

6 s

y
; ..n

-- , . - _. ,I-- . - - -

j . .I |
e

\.;'
i - -- ... - - _ . _ ._. , _ _ _ , , , , _ _ _

!| ,

|
g

.
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" " * * * * * ' *- we . ,
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4

+
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, '

.

FCBCE-Tl=E PI5f(PY TRCa RELaPS CUIPUT OATA - CESCRIPT10h CF RE L A PS FTCEC0th*PIC 40LbmE5 shC JuhCTICh5
.

1C/1$/82 12.C3 2C.=

$ APPLE PRC6LE P - RELitF W AL%E CISCNARCE b/0 LCCP SdAL
I FSCP JLhCTICh thFCAPATICh TC JLkCTICN thFCRPATron

5 v0L. NLr. LEhCTb AREA FRCP VCE. TE VCC. NUMEER ~~'- ARCA --~ ~ TYPC- -- numeth atta ??Pt---
(50 PETE851-

($C. METEESI
450. PETEas)

.

1 ~ ' ~~~ I C3 C I C0 0 0~ ~~~ '
'- '3C2CCCCCC .9 4 0 31 -~

103C10CCO 3.0114 .94C21 101C1CCCO 201010C0C 1C2CCCCCC .54011 3C4CCCLCC 2.3523CE-C2
101CICCC0 C. 94C 31

1C3C10CCO 2C1020C0C IC4CCCCCC 2.3t230E-C2 2C1G1CCCC 2.3523CE-C2*

2010 2.:Sc3CE-C2 2CIC2CCCC 1.3647tt-C2 E CUN D
2.3Si}ot-02.

7.35t CC-CL___201C10CCC___201030C00-~ 2CICe|CCCCCCCC'-~1.3t475E-C2' ~BCOND"- 2CIC3CCCC1. 3 6 4 7 t t - C 2 --- 2 0uh0-2CIC10CCO 4S720
201C20CCO -4572c

C) 201C40CC0 .3SICC 1.}es?St-02 201C30CCu 2CICSCLuc 2CIC3(CCC 1.3e47$E-02 BOUhD ic104CCtc 1.3647tE-C2
201030CCO 4372C 1.164PSE-C2 201C2CCC0 2G104CC0C

. *
CJ E CU ND

201C*CLtc 20100000C 2CIC4CCCC 1.3t475E-C4 2CICSCCCC 1.36475f C2 E CUN D
'

800NC- 2CactLCLC 1.36475t-1.3647SE-02
1. 364 ? S E-G2__ 2 C l( $ 0 C C0___2C 10 7C 00 C ___2 CI C t C CC C _ .1. 3 6 4 7 tt-C 2

.

201C7CCLO .3e100 1.3647St-04 201CtCCCO 201010C00 2Citt(CCC 1. 3 t 4 7 $ L- C2 6CUhC ~ 2 C I C 7 ( C C C - 1.3 6 4 7 ? E -C 2 ~--~ ' ' ~ ~~~d3 201C'CCC0 .3810C

201Ct0CCO .3e100 1 364 75E -C2 2CIC7CLLO 201090C0C 2C10iCCCC 1. 3 4 4 7 5 t - 02 (C&CtCCCC 1 3647tE-C220ltt0CCO ;4S72C*

1.3647SE-C2 201CPCCCu 203CIC000 2CICeCCCC 1.Jt47SE-C2 4CaCCCCCC 1.3647tt-C2 ECUhD*

,_2C20CCCCC 1.3t475c-C2 2CJulCCCC 3.Jt74*[-C2,

! .

22s4SI-C 20.CILC00 203C30000 2CJCl(CCC ~~ 3.12745E-02 2 C 302CCCC ~~ 3.2 2 7 4tt-C2201CGCCCC 43720
. }'.22 i 4 x-0)' _. 2 0(C9C CC0_ _2C )0/C COC9 {U3CICCCC .4b7L2

' .M 203L3CCCO 4P762 3.1274SE-02 203C20CCO 2C3C4CC0C 203020CCC 3.2 2 74 SE -02 JC3030CCC 3.2274SE-C2

.'! 203C40CC0 4eibt 3.2/74Sf-C2 203C30CCO 203050COC 2C303CCCC 3.gi?4St-C2 2C3L4CCCC 3.2274tE-C2.03C20CCO .me7ed

203CSCCCO 467th 3.2274tt-02 103C4CC(0 203Ct0000 2C3C'LCLC 3.Ji?4St-C4 2C30tLCCC 3 22 74SE-02 E DUN D
.!

203Ct0CCO .3C4ec 3.il)*>t-C2 20JCSCCCO /03C7L000 eCJ0*CLCC 3.447%Si-C2 BCUhC 2 C300C C Ct ' 1.22 7 4 t t-C2 - -
-

2C3C70(C0 .3C4tC J.2/i4St-C/ 203Ct0CCO 203Chuc00 4CJ0tCCCC 3.24/ASL-C2 2CJC7CCCC 3 2274SE-C2

203C80CC0 .4S77C e.4571LL-C2 203C70CCG 20309C000 2CJC7CCCC 3.e274St-C2 2C3CeCCCC 6.S$71CE-C2*

203CGCC00 .43 72 C t .S $ 71LL-C 4 _. 2030tt(Lu._ 201100000 2Cice(LCC 6.St71CE-C2 2LIGsCCCC 6.S$71Ct-CJ..

20i10CCCO 4S7(C 6.t%710t-cl 203C9CCCC 20311CC00 2C30SICCC 6.S$71CE-C2 2C31CCCCC 6.SS71CE-C2- ,,

20111CCCO .4t 74 c t . S S ) t ot -04' 2031(LLLL 20312C400 2C310ttCC t.SS71CL-C2 2C311CCCC e.SS71Ct-02i

203120((0 .*S7?C 6.S$710E-Cl 2031tCCCO 2031JCC00 2C311CCCC t.St710E-C2 2C312CCCL 6.SS7tCEdC2''

203130t(0 .4S720 L.5371ci-02 20312CCC0 2C3140C00 20314(CCC e.SSf1CE-CJ 2C313CCLC 6.St7tCE-C2m

| 2C3140(C0 .4$72C e.SS7101-01 203110000 2CJ1$0000 2 Cit:(CCC 6.tttit[-Cl 2C)14LCCC 6.SS7tCE-C2,,

203150CCO 4572C t . S S 7101 - O l 20314CCCJ 20J100000 2C314CCCC 6. 3710L-C2 2CJ1SCCCC C.SS71CE C2

t.SSilot-CI 2u3150L00 2L)17CCcJ 2Cilt(CCC t.tt71CL-02 2CJitCCCC t.$37tCE-C2,
#'

2C317CCCC 6.SS 10E-C2
* 2C31tCCCC"-~6.S$]rtCE-C2

* as

20317CCC0 4S72C t.55710C-04 _ (02140CLQ __201130000 {ClitCCCC 6.tt7104-C22C31tCCCO .* t ??C

3i 2031e0CCO 45720 6.S$710E-02 40317CCCJ 2CJ1%CC00 4C311CCCC - L.St71CE-Cl
~ ~-

' c.! 2C3190((0 4S720 t.SS710E-C2 2031ECLlu 2C3200C00 2031tCCCC c . i t /10t -C 2 2 C 31S C C C C 6.5571CE-C2 EDUNDy

y (03200CCO .5334C e.SS7101-Cl 203190CC0 2C3/10000 JC31SCCCC t.5571CL-C2 BOUhD 2C32tLCCC 6.SS7tCt-C2

2 0 3 2 t C C C 4--___. 3 J 3 4C _____ E.SSiloi-02 _ 2032COCCO 2C322CC00 {0st(LCCC t.tt71CL-C2 2C321CCLC 6.557tCE-C2

203220CCC .533*C o.S$710E-C/ 20321CCLO 203/30000 .C321(CCC t.tt?106-C2 2C324CCCC ~~t.SS7tCE-C2

20323CCCC .$33'C e.5571et-02 203/2C(CC 2L3/4u000 2 Cit.CCLC e.tt7101-C2 2Cl23CCCC t.SS7101-C2

20324CCCO . SSP 70 t.td710t-C2 2CJ23CClu /03250C00 4CJ/3(LCC L .S ill Ct - Cl /CJ24CCCC 6.S$710E-Cl'a

- , - -- 2 0 3 2 5 0 C C O -_- . t S e 70 t.tS71CL-L2 (C'24CCCO 203260Cuc 2C344CCCC t.it71Ct-(2 {C32tC(CC 6.S$71CE-C2i ,

5, 2032tCCCC .t it 74 t.5571bi-C2 .03/$C000 <03/70C0C 2CittCCCC (.tS71CL-Cl <CJttCCLC 6.SSFICE-C2 ~~tCUND-w

203270CCO 4t ?/C t.SS73bf-02 /C32fuCCO 2Cl260000 2C12fCCCC t.St71CL-C2 80LNC 2C327ttCC 6.SS71CL-C2

,) 2C32POCCO 4S7;0 6.S$710t-02 403270(00 tut 010000 J C12 7( C C C t.it7tCl-C2 2C4CC0000 6.S$71CE-L2 CP E N

20$C10(CO - C. .925CJ 2C32uCCtd 404000CLC t.tS71bt-C2 ,m

4

]
-

~

. . , _
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,
FCRCE-T IPE HISTCRY F ECP RELAPS GUTPUT LATA - CE5CRIPT10h 0F FORCE AERAY wp!TTEh TO THE ST8UCTLRAL CLTFLT FILE

v.

| 5 AMPLE PROBLEP - PELIEF %ALVE C15CHARGt b/0 LCCP SEAL 1C/15/82 12.C3.2C.

l .

*
,

E A CCPEthtC FUhCEi$Ejega.IgCPPCNEATSOF5 ADCITICN;~' ' I P P L I E S ' 5G E Tk A CT ICN1 ''
|

annas rmnew w,tp _ID& f.E. buf.d ER . ..|
| l P

a[i

| 001 _ _ . 5FIC1. . . . . . .

t
' ' ' ,

4 * CC2 SFice
t

! OJ3 >FIC3,

C04 SFICA ' *

| cc5 ._5 F i C 5 . . _ _ _ _ _ __ . _ . . . . . . . _ _ , ,_

*

.'
'

CCA SFIC6i
' CC7 SFIC71

1 CC8 SFIC6
I! '' eC9 C Fi C 1._ -101 __*1C'l

o C10 CF2LI -1C2 -104 *106
._ _, . '

,

C11 CF2CJ -IC5 +106 i; .

?s

, m _ _ - - . . . - . _ _ _ . . _ . _

#
s

v
. . - - . ..,_. ~._ . - . . _ .,. .. . .. . ._ ... . _ . _,,_

h e

i , .!
,

__.. _.. .... _ . . _ . . . . ... . .. . .. _

,

|
rc.

'

| .- . . . -. .. .
.

9.. l;

i ,J
.,

,
. _ _ . . _ . _ . . ... ._. .. . . _ _ . _ _ _ . _ . _ . . . . . . . . _ . . . ;

1
s

.

?
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-1
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?i,
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'

.

Ih!TI aL12EC VGLOPE F CFCE L AT AFCRCE-TIPE PISTCRY FRCr RELAPS Cu1PbT CATA -

SAMPLE PEGBLEP - EELIEF 4AlbE DISCHARCE t/0 LCOP SEAL 10/15/02 12.C3.2C.

TIPt 2ERC = C.
. . .

INLET F r.T . CUTLET INT. INLET EX1. DUTLET EXT.
VOL. htM. 5 FEAR FCRCE FCRCE F06CE FCWCE FORCE TOT AL FORCE,

thLaTCAS3 _ thEmTGb5) -_.._ _ IbEhTCNS) . _ _thEWTCh5) thEmTCh53 _ t h E b_T0 h 5_)'

4
10101CCOC 0. -1.5559tE+07 0. 9.5303tE+C4 0. -1.54645E*C1*

1CJC10CCn D. O..__ 1.t1705E+07 C. 's.29195E+04 1.*C77tE+C7'

2CICICC00 0. c. c. C. --~ 0 .
'

'-C.
'

'

2C102CCCC 0. 6. 3 89246E+05 C. -23b4 1 3.etE62E*C5
2CIC3CCCC 0. -2.25830E+05 2.25u30E*05 1363.2 -1383.2 C..

2C104CCc0 C. -2.2563CE*GS_ G._ _. 13 0 3. 2___-- 0. -2.24441E+C5,

2CIC?CCC0 C. C. 2.2 38 30E + 35 C. 13d3.2 ~ ~~ ~ 2 . 2 4 4 4 ? E * C',

2CicoCC0C 0. -2.2583CE+05 2.2583CE+05 1313.2 -1383.2 C.

20107CCCC 0. -2.2563CE*05 O. 1383.2 0. - 2 . 2 4 4 4 7 E * C',i

. ?CICSCCCc n: C. 0. C. c. C.p

A 2CIC9CCCO 0. C.
.____

2.25830f+'05 c.- -1383.2 '2.24447E*Cs
.'!
,j 2C3C2CCCC 0. O. O. O. U.

. -1.45515E-112C3CICCCC C. -3271.1 C. 3273 1 u.
C.

2C3C3CCCC C. 0 .. _ ___ _ 0. C.
*i 20304CCCO G. O. O.

__ ' _ . _ - - C. c.
- ~ ~ -

C.C. '~~ ~'-- ~ ~~~ 0 .
-! 2C3C5CC00 0. O. 3271.1 C. -3271.L. 1.45515E-11

,! 2C3CtCCCC C. -3271.1 0. 3271.1 u. - 1.4 5 515 E- 11
2C301CCCG n- C. C. C. O. C.

*| 2C3C9CC00 C. -3374.7 C.~ 3374.7~ 0.
~ - - -- -1. 4 5 $ 19 E-11

2C309CCCC 0. G. O. C. O. C.
2C31CCCCO 0. O. O. O. G. C.

C.
'', JC311CCCC 0. C. _ . . .._c.._ C. ~ ~ - ~ ~

v.
- ~ '~ C. - - ~ -

,

2C312CCCO 0. O. c. C. 0.

2C313CCCO 0. O. J. C. O. C.
.i

2C314CCCC 0 c. C. C. v. C.

. 2C315CCLC C- O. O. O. O. C..

* 2C316CC00 0. O. L. C. 0 . ''' O ."

.f 2C317CCCO 0. O. C. G. O. C.

. 2C31*CCCC 0. O. O. C. u. C.

2C319(C00 0. _ .C. - - - _

___0.
__ C. -6645.8 2.91038E-11ct45.5

2C32CCCC0 6. -6645.e t645.E 0. -2.910 3 8 E- 11*

3 2C321CCCC C. C. C. C. O. C.
,J 2C322CCc0 C. u. u. C. L. C.

2C323CCC0 _C. G. C. C. c. C.
2C324CC00 C. O. C. C. C. C.*

2C325CC00 C. C. G. C. u. C.
2C32eCCCC C. C. ett5.6 6. -o645.8 5.22077E-11

- 2C327CCCO C. -te45.c C. 6645.t O. *.E2C77E-11 -,,

2C322CCLO 0. L. c. 6. 6. C."

2C5CICCCC C. -6. 7 5141C +04 9.41600E*04 a.75141L*C4 -v.416CCL+04 C.

,

- - --- g __

. - - . . . _ _ _ . .--

--N

. . , ,



_ ___ _ _ _. _ . . _ _ .. __ _ .

. . ' ~

f\ s
'

G
.'

,
a-

e

FC RCE-TIPE HIS TDRV FFOM RELAP5 GuTPUT DATA - th171AL12E0 SuBFCRCE Ahl CCME!hED FORCE CATA

5 APPLE PROBLEP - RELIEF 4ALVE CI5(FARCE b/C LCCP SEAL
AC/15/82 12.C3.2C.

.TIPE ZERO = C.

I
1 FORCE 1hLET IhT. OUTLET INT. IhtEl E)T. DUTLET EFT.
' ht f'E E A SHEAR FCPCE FDPCE F0kCE FCRCF FORCE TOTAL FCBCE
' ..i t.E as T Ch 5 3 thEmTch5) thEhTCh51_ _ thEmith5) _._ _ thENTON53 thEhTCh53

SF101 C. 3271.1 C. -3272.1 0. 1.45515E-11

gin ; n. 3 2 71.1 ~ .. U. -3271.1 6. 1. 4 5 515 E- 11

.j 5F163 c. C. 3 2 71.~1 ' "C.
-

-3 271.r-
-'' 1. 4 5 515 E- 11

5FIC4 C. 3374.7 6. -3374.7 6. 1.45515E-11

''.
5F105 c. 6e45.6 0. -664*.E 0. 2.91C3eE-11

N 5F101 C. 6643 6 C. -66*t.2
- ' -6645.8 2.51C3ef-11

SF10e ''. f. . . . .._.6t45.8 C.
_ C.

' ~ - ~ ' 5. E 2 C71 E-I I

.i 5F10E C. O. 6L45.8 C. -6645.8 5.22C77E-11
3211.1 3271.1 3271.1 -3271.1 C.

) CF20) O. -
C.

? CF2C4 0. _ -6645.8. . 6695.8 66%t.t - -6645.8 - 2 .51 C'J 8 E-11
ui CF203 0. -6t45.d 6t45 6 664t.8 -6645.8

*

4

*
. _ _ - . n . .~~

. _,_, ,

*;

1
=-

_ .~. ---.-- .. . . . . . . .- _ ,,
. _ , . . _ , . . . , . ,

.

t'
~ ~*- *- ~.= . ' ~ = . . . .. .,. . - , . . . _ _

t
4

- - . - . .. - - . . _ , _

!
4

- . . . - . . . . __.
,,

*
.

e

* *"w..-- e a .o a .
g. .. . - , ,

04

9%
* - .. - - .. . .-. .. . ._ , _ ,

**"*
.a

sy

w

!
---- . . - . . ..,,. _ .

,.

| " . .
' - ~ ~

%
i

..

4

. . . . .. , .. . ... .~ _
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.

%CLUPE FORCE D ATA .FC8CE-TIPE NISTCRY FROM RE LAPS CUIPUT DAT A -

SAPPLE PRCELEP - RELIEF bALbE DISCFAdGE b/0 LCCP SEAL IC/15/82 12 03.20.

10. CATA SET huMEERPECBLEM TIFF ==

IhLET IhT. cuTLCT INT. INLET E)T. CUTLE T EXT.
VCL. >LP. SHEAR FCaCE FCPCF FOPCE FORCE FOKCE TOTAL FORCE

_
.thEmTChSI . thEa10hSI thLnT0NSI _ _. thEhTCh5) __ _ (htmTONSI t hE h T 0h 5 f_

i

i ICICICCCO 0. O. C. C. O. C.
,
' LC3CICCCO C._____..._____0. . C. C.

_

..O.
_

__,L.b. -

2CICICCCO 0. c. O. C. C.

2CIC2CC00 C. O. o. C. c. C.
2C103CCCC C. 6. O. L. C. C.
2CIC4CCCC C. _.___.L. 6. C. c. C.,,

20105CCCC C. 6. c.
_ . . _ _ _ . _ _ _ _ _

C. O. s.'

2CICeCCCO G. C. C. C. U. C.,

2C107CCCO C. O. C. L. u. C.
.| O
', a 2CIC9CCCO 0. u.

._ 0. . _ . -. _
C.

-
U. C.' 2CICECCCO 0. .._____0. -- C.'C. C. O.

2C3CICCC0 0. O. C. C. O. C.
i

! 2C3C2CCCO 0. O. O. O. O. C.
2C3C3CCCC 0.. _ 0. __ 0. - ~ -

O. u.
- -

t.
-"

''

2C3C4CCCC C. u. C. O. C. C.*

2C305CCCO C. C. O. C. O. C.
.

2C306CCCO 0. C. C. C. O. C.
2C3C7CC00 C. . . _ G. O. -- ~ ~ ~ ~ ~

0.
-~-~ C.'~- -

C.C. L.,

2C30PCC00 0. O. C. C.*

l 2C3C9CCCO 0. c. u. C. u. C.
' 2C310CCCO u. O. O. L. u. C.

t2C311CC00 C..__.. _ . _ b._ 0. ~~

C.
--

L.
- - '-' -

C.
-C. O.'

2C312CC00 0. O. G. C.-
>

20313CCCO 0. C. L. C. u. C..

2C314CCCO 0. c. O. C. O. C.
,'.

2C315CCCD 0.... ,_ 0. c. -
C.

-
u.

-
C.

2 C 31t C C CO C. C. C. C. O. C.'

2C?17CCCO 0. c. O. C. O. C.
-

| 2C31HCCCC 0. O. O. L. 6. C.
2C319CCuc C.. _ . _ u. O. L. 6. C.

- - ~-

2C320CCCO 0. O. C. c. O. C.*

20321CC00 C. u. O. L. 6. C.
)' 2C322CCCC C. C. c. C. C. C.

_2C323CCCC. C. d. c. C. b. c.
- - - -

2C324CCCU C. C. C. C. J. C.
, 20325CCCO 0 O. c. 6. u. C.

d 2C326CCCO C. O. C. C. v. C.
- _2C327CCuc C. __ 0. O. O. u. C.

-

2C328CC00 C. L. C. C. O. C.*

2C501CCCO C. c. u. C. O. C.

- . . _ _ _ . , ,

_e -WP. 6_.s

g
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FCRCE-T IME HISTCRT FROP. RELAP5 CU1PUT DATA - SteFORCE AhD CCPBikEC FCACE C ATA

SAMPLE PRCBLEP - RELIEF %ALVE 015CHAPCE h/0 LCCP SEAL 10/15/82 12.C3.2C.

PSCELEM TIPE = 0. CATA Sei kUMPER = 1 ,

FCACE IhLET Ihi. Cb1LET INT. IhLE T EDT. CUTLET E XT.
be"EER SHEAR FCRCE FCRCE FORCE FCkCE FORCE TOT AL FDACE,

i m tDhil thE.mIDh5).___. tht>TONSI thew 1Ch5) (f.Eh10h5 8 thEmT0b51'

*
1

SF101 c. c. O. C. O. C..

5F101 o- c. C._ C. O. C.'

5F103 C. O. O. 'C. U.' s.*

5F104 C. C. C. C. L. C.

5F105 C. 0.- O. C. O. C..
*

5F10e E. O. O. C. C. C.*

c SF101 0. O. O. C .' C.- - C . ~',

5F10f C. C. C. C. C. C.

CF2C1 0. O. C. C. O. C.,

a CF20; al - 0. C.' C. O. C.*

4 CF203 0. O. C. O .- O. C ;.
*
.

5

4

?
e

O

k

U
i e

2

3

.

9:

..|
1 .~. . . . . .
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APPENDIX H

SAMPLE PROBLEM OUTPUT SUMMARY
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FCECE-TIPE HISTCRY FkOP RELAP5 Ob1PUT DATA - $UPMARY OF NAXtrum F0511IvE bCLUME FCRCtS ,

$ AMPLE PROELEM - RELIEF 4ALVC DISCPARCE b/0 LCUP SEAL LC/15282 12.C3.2C.

TIPE CF*

NT. IMET TYT. - EUTLti tXT. 7 AKTrur. r ATf Ft;ri FORCE INLET ThT. CUT UT I
F' RCC FORCF FLPCE FLRCE FORCENUMEER SHEAR FCkCE FORCE u

, ,

t hE hT0Fn5 ) thEmTCNSI thE. TONS) thEWTCh5) ChE>TCNS) thEm1Ch53 (SECChD51
-

101010CCO C. -1.62069t+06 1.71dO7E*07 0. C. 1.5559eE*07 1.CC
103C10CCO 1.2286 C. 1.$9679E+C6 u. L. 1.59679t+C4 .510
2 01010CLn 67.212 C. C. O. C. 67.772 .257* *

* 201C2CCCO 127.49 C. 4.1E364E+C4 u.''"-" C. 4.1*i t 3 9 t + C .510
--

201C3CCCO P.e579 -4785.0 $492.C 0. C. 2715.0 1.43
.

201C40CCO .974t1 7349.3 C. - O. C. 735C.2 1.44
-2 01 C S C C'M 21C.f 7 C..__ J . 4 8 9 3 2f.*_0_i 0. C. 2 51C32E*C4 .555'

o 201C60CC0 13.t47 -7283.7 9144.2 0. ~C. .1874.2- 1.43.

201C7CCCC 2.2Ce7 1.1C1%$E+04 C. O. C. 1 10177E+C4 1.44,

z 20106CCCO 11E.to C. C. O. C. 11t.t6 .549
'i - 2CIC90CC" 141.43 C.._.._ 2 42 3bbf +.0 4 0. C. 2 43tCCE*C4 .S5e
8 4.13 412 E-C 3 1317.2 C. O. C. 2317.2 1.52
.!'-'

2 C 3 C 10 C C O
2C3CICCCO 3e3.4b 0. C. O. C. 363.4d .246

*| 203C30CCO 441 1t C. C. b. C. 441 1S .247
203C40CCa 47t.55 .C. ______C. _

0. C. 4ie.55 .248
* 203CSCCCO 12ee.1 C. 7.05485C+04 0. w.

- ~

- -- ~ ~ 7.1614 4 E 4 C4 7 .C1
4 203C6CCCO .34317 122C.6 C. O. C. 1220.9 1.52
*1 203C70CCO 3 t,2 . 3 5 C. C. b. C. 362.35 .5t1

12 3 3. L ___ __ _ C . 0. C. 1233.4 1 51203CBCCCO .2730t
._0. C. '. O . _ C. ~

4 t2 4 . 2 t. .273203Cs0CCG 264.2e*

e| 2031CCCCO 294.56 C. C. O. C. 294.tb .273
20311CCCO 311.11 C. C. O. C. 311.11 .273

,,.

:2 203130CCO 32t.55 C.
.. __..C._ U. C. .-,- - " -' 320.8% .27320312CCCO 32C.89 ___. C .'

C. C. ~C. 32e.55 .277
en| 203140CCC 329.JC C. C. O. C. 329.3C .273
. .| - 2C3150CCO 129.7G C. C. O. C. 329.FC .273

mi 203170CCO 324.40 C. C. .
O. C. 324.C2 .2142 011e 0 C C F 325.C2 C. C.
0.' ~ C . --" - ~ ~ 3 2 4. 4 C .274

2031eCCCG 31e.Se C. C. o. C. 31e.se .214*

*'
20319CCCO 1261.6 C. 6.95467E+0* 0. C. 7.CeCs3E+C4 1.C2

,

- -2032CCCCO 9.%C79-__._
. _ _ . C. C.

, _ . O. C. 19 6 9. t. 1.501979.7-.__ . C.
9 20321CCCO 363.39 O. C. 363.39 .277* ' - '

:. 203220CCO 3tt.7e C. C. O. C. 306.70 .279
,J 20323CCCO 37c.35 C. C. C. C. 3Fi.35 .572

20324CCCO 4CL.31 C. C. O. L. 4Ct.37 .612
203250CCO 41t.7t C. C. C. C. 41 t . 7 t. .t14"

n 2032eCCCO 1t24.7 C. e.59C22E+04 0. C. 6. 75 2tet * C 4 1.C2
203270CC0 10.e3t 434.13 t. . G. C. '44.76 1.5C

,. C. C. J. C. 575.c4 .(16203260CCO ' 7 5.0 4 ~ _ -.
-916.76 9bt.3d G. C. -

4 9. c.19 .261-205C10(C0 0."

. . . _ .
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FCRCE-TIPE HISTCRV FROP RELAPS CUIPUT OATA - SUPMARY OF PAX 1PU' %EGA11vE DCLUPE FORCES
.

5 APPLE PROBLEP - RELItF vsLVE CI5CbARCC w/0 LCCP SCAL
1C/15/62 12.C3.2C.

TIPE CF

} FORCE 1hLtf~!hi.
-

C'u T'L' E l ~1NT. ~~7tE T " D T .' -- ~ ~ CUTLET' EXT. PAXTrun r art 1'Ur~~~

FCRCE F66CE FCNCE FORCE
FGRCEhu"fER 5 FEAR FCRCE FORCE
thE TCNS) (hEwTCh5) thihTCh5) (bEkich5) (SEC0h053

i thL%TCh53 thCpTCN5)
,

- - -- - .- .. . _ _ . . . . _ __
. .

101CICCCO C. -1.e2112t+0e C. O. C. -1.62112E+06 .5CC

103C10CCC 1.1357 -1.717eit+C7 1.57597E+06 u. C. -1.5tCO2L+C7 1.CC

?O1C1CCCC -0.12Cc 0.______ _ C. O. L. -3.12LG 1.44

201CICCCO .33296 C. -8676".9 0. - ~~ C . -2676.5- 1.47

201C30CCO 1.le71 $114.0 -7349.3 0. C. -2234.1 1.44

2GIC40CCO 210.21 -2.52530C+04 C. O. C. -2.5C428e*C4 .511

2 201C6CCCO 25.45C -*891.7.
-1.01950Et04 u. L. ~~ ~~

-a.0193eE+C4 1.44
?O1CSCCCC 1.i379 C . ._ .

3449.C 0. "C. -1377.2 .219

201C7CCCO 209.19 .4tt31E+C4 C. O. C. -2.49539E+C4 .55e

2CICbCCCC .362C3 C. C. u. C. .362C3 1.49i

,! at -2CIC9CCCO 2.0252 C. . - 1. 0 6 9 2 3 t +0.4 6. C. - 1.ce 90 3t + C 4 1.44

}N 2CJC10CCO 109.64 -7.41091E+04 L. C. C. ' -7.4C592E+C4 .559:

2 03CcOC CO .2eL45 C. C. O. C. .2tC45 1.54*

,' 203C3CCC0 .6e 47 C. C. O. C. .teC47 1.54..

* 203C5CCC0 .31977 C.
_.

-122G.6 _
__ _

O. . -
C.

- -- -
-1.13*C 1.54

203C*0CCO -1.164C .C.. C.
0. C. -1220.3 1.52

203Ce0CCO 1111.1 -7.054o5E+04 C. u. C. -e.9427aE+C4 1.01

203C7CCC0 -1.e197 C. C. O. C. -1 6197 1.547

+ 203C90CCO -1. 729 C. O.
_ _ . . _ 0._.. C. -3 69713LeC4 1.C1

2 C 3 Ct.0 C LL 2C1.01 -3.7174M *94 C.,

O . .. C. -1.5789 a.54

a 203100CCO -2.CtC7 C. C. O. L. -2. cec 7 1.54
,

,| 203110CCO -2.5355 C. O. O. C. -2.5355 1.54

8 20313GCCC -3.3t21 C.
_ _..C. ______._______0. . _ .

C. ._ .
-2.9239 1.54

203120CCC ~2.9t39 C.
C. O. C. -3.3921 A.54

3 20314CCCO -3.7t12 C. C. O. C. -3.7512 1.54

2C3150CCO -4.Ct?C C. C. O. C. -4.C570 1.54

| 20317CCC0 -4.5C73 C. C. O. . , _
_,,_0. -4.30e3 1.54

203160C00 -4.3063 .C._.,___._.______C.___ .0.,

C. -4.5C73 1.54

+ 20318CCCO -4.t55C C. C. O. C. -4.t550 1.54',

J 203190CCO H.1956 C. -1979.7 0. C. -1971.5 1.5C

*; 203210Clu -5.7554 C. C. O.~
- ^ - -

L. -c.62C4aE+C4 1.C2
' 2032CCCCO 1341.9 _. .. _ -c.954670*04 .C. O.

C. -t.?U94 1.54-

4 203220CCO -f.765c C. C. O. C. -5.1456 1.54

j 20223CCCO -$.t*77 C. C. O. L. -5.5677 1.54

- --203240CCA .-5.t. 7 3 7 . _ . - C. _ _ C. O.
-

C. -5.673? 1.54

20325CCC0 -5.t360 C. G. ~''--~~~~0.' C. -5.636G 1.55 -

30326CCCO 12.7C7 C. -434.13 0. C. -521.42 1.50

. , ' 203270CCO 16tt.7 -t.59022E*04 C. G. C. -6.42335E+C4 1.C2..

1.55

'#, 205CICCCC C. C.
-

C.
. _ _ . _ 0. L. ~4.3t92

- O. ---

2032eCCCO -4.3852 __._.___ C. C.
O. C. C.

.s;
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FCPCE-T IPE HIS TCPY F 20 P RELAPS duTPci CATA - SbPMARY CF PAxlNLM FCSITIVt SLBFORCES .

SAPPLE PROBLEM - RELIEF NALbC C15CbARCE b/0 LCCP SEAL LC/15/82 h2.C3.2C.
i * TIPE CF

FCRCE I hLTt7hT T~~ 7CTEENT. IhLET tas. CUT ET ex6. M A YT r un r 3X T f'tr-

h0 PEER SHEAR FORCE FDRCE F0xCE F O RC E FORCE FCRCE FCRCE
thEhTCh5) thEhTch5) thEhich53 (bEhTCh5) thEhich5) t>Eh10h53 (SECOFD53,

,

101 -109.64 1.41691F.04 C. O. C. 7.4C592E*C4 .559
102 -14t2.8 7.0$4t>E+04 C. O. C. e.9C650t+C4 1.C1

7. 0.5MSEL+Q3 c. L. 7.3Ce41E*C4 1.C1' 'C' 2511.3 C. ._ ..

C. G. C.' ~~ 3.69713E+C4 1.C1104 -201.C1 3.71723E+C4
.' 105 -1341.9 t.95467E*C4 C. O. C. 6. 82C4eE * C 4 1.C2'

106 3972.9 c. e.954t6E+04 0. C. 7.3519tE+C4 1.C1
G .' C. 6. 36 5 8 2E + C 4 1.C2' 10? -2244.C 1 59C22L*Q4 C.. _.R+04e.59C2 0. 'C. 3 6.94511E+C4 a.Cee 108 3S4E 9 C.

.

f - - - _ _ -.
*

2 w
.

'

.

?

e

.

C

-- ._

a .

%.e
'

.!
-!
,' .- ._ . _ . . . . - _ . . . _ . _ __- .. ..

5
:

. . . . _ . . - . -. .. -

J

"
.. .. . .-

..

'
. _.. _- . _ _ _ _ .

- - . . . . _ _

i

- ---



, _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.*

.

FC ECE-TIPE HISTCRY F RCP RELAPS UUTFtT DATA - SUMMARY OF MAxlf.UM hEGA11vE 58:BFCRCES ,

5A.*PLE PROBLEM - RELIEF 4ALDE U15CPARCE h/O LCCP SEAL 1C/15/82 12.C3.2C.

TleE CF
i F CP C E thLETIhTF CuTLE f7hT. 16LtI TAT.

-

LUTLET EIT.- MAXTr.un e tx171.r
huPEER ShfAk FORCE FddCE F0kCE FORCE F6kCE FCRCE FORCE

a

tkFSTCNSI t hE h T Lt; S i thEeTCNS) IhE TCASI tht TCNSI thEb1CN5) ISECCADS)
,

3
- - . - - - . . - - - . . . _ . _ . ,_ _

101 -4.13412E-C3 -1317.c C. O. C. -1317.2 1.52,

102 .45926 -1220.6 C. O. C. -1221.1 1.52

' IC4 .273et -1233.1. . _ _ .
-122C,4 0. O. -122C.1 1.52' 1C3 .i2CCt C.
C. o. C. -1223.4 1.*1

e 105 -9.9C79 -1979.7 C. O. C. -19ES.6 1.SC
106 16.477 C. -1979.7 C. C. -19tl.2 1 50
4 07 -13.C59 -434.13 C. _ . . ~ O. C. -447.19 1.50*

108 31.tS6 C. -434.13 c. C.~ -4c2.47 s.50-
-

.! m
- - . - . . . . - . - _ _ _ _ . ... _. ,

a

%
- . - - - - - - -- _. __. . _ _ _ . . . . . . . _ _

f

.I
,

- - _ . _ - . . _ . _ _ _ _ . . . _

y
..i

?O

.,

te

,,!
- - - . - . . _ _ . . _ _ _ . . _ ____..,

1.

t,;
,

- - - - - - - . . - - . _ . , _ . _ . . _ . _ _ . . . . . .. _.
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J
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FCPCE-TIPE HISTCFY FF0F RELAP5 OUTFUT CATA - SUPMARY CF EAXIMUM PC51TivE (CMBINEC F0kCES
*

SAPPLE P900LEP - RELIEF 4ALVE CISCPAEGE b/0 LCCP SEAL IC/15/82 12.C3.2C.

i

~
TIPE CF

'' FCREE t r.L E T Iki. ~~~ Cb f LTT ~ I N T . I nLET~E) T. CUTLET EXT. ^" PAXfPun PARIFCP
a huMEER SHEAR FCRCE FCWCE FUkCF FCRCE FukCE FORCE TCRCE

thrkTChS) (NL'TCh53 thE>TCNSI thEwTCh5) thE>TCh5) thE>TCh5) (SEconD51
,

.
-

. 201 236.74 -$192.1 9197.6 u. C. 4242.3 1.43
202 t*7.C4 -1.21636E.04 2.11611E+04 0. C. Sef4.6 1. s. 3
20? 10LSJ - 1.l tt S c T L t 0A 1.714271104 0. C. 9.lC5.7 1.44*

*
.

_ _ _ _

f

2 1 *

;
-

+

S

.

7

.

|
w
.e

12|

fB

te
- - . .

.,
-e.==== == ..e.-. -w ... w . - % . . . , , , ,,

.J
'

.
-. ----. - . - --.... _ _ .. . . . - _ . . . .

]
,

;-- - - _ _ _ . - - - - . _ _ _ _ . _ _ _ _ . . _ . . . _ _. _

..

. : -- - -- -
- . . . - .

%

' ' ~ ~ " * '
. . _ .

- -



_'

.

.

FCRCE-TIME PISTCRY FROM RELAPS CU1 PLT DATA - SL*PARY CF PAXIPUP hEGA11%E CCNB1 HEC FORCES
.

SAPPLE PRCeLEP. - RELIEF NALVE DISCHAkCE m/0 LCOP SEAL 10/15182 12.C3 2C.

TIME [F

FORCE IhLET Ibi. CdfECTTKT. I h'IET D I . LtITIE TTX I . 7X s ru r. naxirur-

hu.9 E E R SPEAR FCRCE FCkCE F0ECE F CRCE FLkCE FCRCE FOREE

thEwichSI thEh10NSI thEmTChS) thEhfChSI thEhTChSI skE>T0hS3 (SECCh0SI
.

.-. . _ . _ _ . _ _ _ . _ . . _ __. _._

,| 201 153.tc -942*.1 3o13.6 0. C. -5456.8 1.46,

202 4ece.3 -t.12292E+04 3.39981E +04 0. C. -4.24246E+C4 .248

.203 2714.6 _ - 2 . 2 21 t s t, ' C 4__ . _ ._. i . 2 t S9 4 E + 0 4 0. C. -t9C2.5 .247"

.!
**** 2184 T IPE-FORCE RECCRDS b AVE BEEh ak!TTEh T O~T FE 51RUC1LT A C 00TP t,T F IL E~ ~~ ~ '- ~ ~ - - - -; .

.t
n! r _ _ . _ _ _ _ _ _ _
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_._ - _ . ... __._ _... _. . . _ _ - _ . . _ . _ _ _ - . .
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