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ASSTRA

In order to determine tre uwell pressures om a Mark II aomiairment

systam during the a2hugging phase of a postulated LOCA, a medel was
developed which employs single vemt 2hugging data and a Monte-Carlo
tecimique to stmulate multivent effacts. This method utilizes 2
potential flow solution tc predict somtaimment wall pressures from
vent gource stremgths. Thie report quantifies the rerformance oF
thia model by comparing modal predictions to results of sub-scale

multivent chugging tests.
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1. INTRODUCTION

1.1 OBJECTIV

One method for calculating chugging loads in Mark II containments consists of
using measurec pressure nistories from the 4T full scale single cell tests as
inputs to a Multivent Hydrodynamic Model (MHM).* The randomness of the chug-
ging phenomenon is taken into account by use of Monte-Carlo tachniques to ran-
domly select chugs and synchronization times. 4T pressure histories ars used
to generats chugging source strengths using potential flow theory. These
source histories are then randcmly assigned to the ends of eacl. 2f the down-
comers and a potential flow solution with superposition is then used to calcu-

late the applied containmenc wall pressure histories.

The objective of this report is to develop a preliminary assessment of the
validity of the assumpticns and techniques employed and to show that the poten-
tial flow solution is a reasonable approximation to the actual pressure propa-

gation within the suppression poocl.
5

This effor. is one elemen:{of the Mark II Containment Long Range Progran
(Task A.ll Phase 3A). This task is designed to give early indications of the

model validity by making compariscns with a limited number of test data points.
1.2 STRATEGY

The verificacion of the MHM consists of comparisons hetween the multivent
aultipliet‘ curves predicted by the mcdel, and data from the 3caled Single and
Multivent Test Program (Mark II Long Range Program Task A.1l Phase l.** The
comparisons were made for 3 and 7 vents at 1/10 scale for a range of conditions
which include four different combinations of vent steam mass flux and wetwell
overpressure. Table l-1 shows the test series used in the comparisons and

their thermodynamic conditions.

*S. A. Wilsoa, et al., "The Multiveat Hydrodynamic Model for Calculating Pool

Boundary Loads due to Chugging - Mark II Containment,” NEDC-21639-2, February 1373,
**W. J. Clabaugh, "Scaled Multivent Test Program ?lan (Phase 1 Tests)," NEDO=-236574,
JJanuary 1379,

The multivent mulciplier is defined as the ratio of multivent to single vent

chugging mean peak over or undar pressures.
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1.3 MODEL MODIFICATIONS

To generate multivent multipliers for the comparisons, the MMM was modified
slightly to account for the test vessel geometry. The solution of the potential
flow equation is performed by a classical method of images, subject to boundary
conditions dictated by the Mark .I geometry. The imaging approach used for pro-
totype MK II containments is illustrated in Figures l1-1 and 1-2. As shown in these
figures, the Mark II pool is treated as a rectangular trough, with the "unrolled”
contaiament shell and reactor pedestal forming the two walls. This zeometry is
very different from that of the vessels used in the Subscale Multivent Test Program,
which utilize close packed hexagonal unit cells in cylindrical tanks, as shown in
utilize close packed haxagcnal unit cells in cylindrical tanks, as shown in

Figure 1-3. A different imaging method, therefore, is implemented into the

MHEM. This method is fully described in Subsection 2.1.

A change is alsc made in the Monte-Carlo portion of the MMM, in order to more
correccly simulate the test conditions. The MHM is designed to predict loads
resulting from "pool chugs,"” that is, events in which all vents chug at very
nearly the same time. In the chugging tests, however, it was observed that
during some pool chugs not all of the vents participated. Thus, the MHM was
given the ability to model these "partial pool chugs,” 5y inputting different

vent chugging probabilicies.

Again, this refinement is made to better model the actual phenomenon. Results

are compared to "full pool chug” rums to show that they are bounding.

-
-

his

methodology is described fully in Subsection 3.2.2.

It should be mentioned that the frequency transfer of the 4T scurce strengths

ry

which was necessary when pradi~tiang Mark II loads from &

T single cell chugging
scurce strangths is not nece: .ary for these comparisons. The frequency trans-
fer is not required because, unlike the 4T and prototype, ‘oti. the single vent
data, and the multivent data being predicted from it, share the same geomecric
and thermodynamic conditions. In particular, scale, vent mass flux, air con-
tent, wetwell overpressure, pool temperature, and acoustic path lengths are

common to doth the single vent data used as source strengths and the multivent

1185 |
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Test Series
Number
2420
2620
3420
3620

Mass Flux
(1bm/frl-sec)

1.0
+.0
1.0
4.0

NEDC-25116

Table 1l-1
THERMODYNAMIC CONDITIONS USED FOR TEST COMPARISONS

Wetwell
Overpressure
(psia)

14.7
14.7
45.0
45.0

Pool
Temperature

(°F)

99
90
20
90

1185 152
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IMA'E DIAMONDS AS SHOWN IN
FIGILRE 1-1, ONE FOR EACH SOURCE

CONTAINMENT
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rigure i-2. Image Geometry of Mark II Pool
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Figure 1-3 Geometry of 7 Scaled Multivent Test Vessels Used for Comparisons
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2. CONCLUSIONS AND SUMMARY

The results of the data comparisons and sensitivity studies indicate that the

following statements can be made about the performance of the Mii:

a. The MHM is successful in predicting the general trands of the
multivent test data. The continuing decrease of the multivent multi-

plier with increasing number of vents is seen in all cases.

b. When using the MHM in the "all vents chugging" mcde, as used for
the prototype, it generally predicts conservative multivent multi-
pliers. However, when using measurad vent chugging probabilitias‘
the MHM tends to underpredict the multivent nultiplier by

10-20 percent.

e. The MHM produces peak pool boundary pressures which are nearly
insensitive to the asynchrenization* apove some critical value,
usually about 1) msec. The multivent multipliers predicted bdv the

MHM go to unity as the asynchronization goes to zero.

“The measurad probability of one, two, or three vents chugging in a given
pool chug (see Subsection 3.2.2).

*
Asynchronization is the period of time between the lst and last individual
vents to chug within a given pool chug (see Subsection 3.2.3).

1185
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3. ENGINEERING MODELS

3.1 HYDRODYNAMIC MODEL - METHOD OF IMAGES

In order to transfer vent source strengths into wall pressures, a hydrodynamic
model using a potential flow formulation, solved by a method of images is
employed. Source strengths and characteristics are obtained from single vent
test data.

3.1.1 Theory and Assumptions

The following assumptions are made in this hydrodynamic model:
a. The fluid in the vessel is incompressible and inviscid;
b. The fluid velocities are small;
£, The vessel walls are perfectly rigid.

Asssumption a leads to the application of the potential flow formulationm,
and the pressure distribution in the vessel can be detarmined from the

transient Bernoulli equation:

39

- P =
: + P E 2

E (1)

-
~

e
talo
(]

where P 1is the siatic pressure at the point of interest ia the vessel, P is
the dynamic pressure ac that point, o is the fluid densicy, and 4 is the

velocity potential.

3eczuse inertia 2ffects are small (assumption b) the second zerm of »quation 1

can be neglectad

wurfar
o
L
~

P-P =9
k.
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The growth and collapse of steam bubbles at the end of the vents are representad
by time varying point sources (at the location of the vent exit) which can be
described by the velocity potantial

- i
® *rr (3)

where:
q = volume flow rate, a function of time. -
r = distance from the source to the point of interest.

Substituting equation 3 into equation 2

The effec: of the vessel walls is simulated by creating an array of imaginary
sources arcund the outside of the vessel. These imaginary sources, lcéaced

about one vessel diameter from the vessel walls, ire arranged uniformly around
the vessel sides and below the vessel bottom. The effact of the free surface

is accounted for by the addition of a sink of equal magnitude corresponding

to eéach source, both real (inside the vessel) and imaginary (outside the vessel),

at cthe corresponding distance above tne plane of the free surface. A set of
inear equations i3 developed wnich describe the fluid wvelocitv at certain

points (nodes) on the vessel walls as a function of the imaginary scurce

strengths.

These equations are solved for the imaginary source strengths which sactisiy the
rigid boundary condition of zero normal velocity at each node. Once all sourcs
strengths are determined, the pressure due to each source at a point of
interest on the test vessel wall is found from equation 4. The resulting
pressure at this point is the sum of the pressure contributions due to all

-y

sources. IhLe general arrangement of real sources, imaginary sources, nodes and

scurce reflactions for a scaled mulcivent test vessel is shown in Figure 3-1.

1185 159
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A detailed derivation of the image method is given in Appendix A. The

analysis shows that the pressure contridution from any one vent source at a

given point ia the pool is directly proportional to the source strength.

Also, the pressure due to several sources is the algebraic sum of the pras-

sure contributions of each individual source.

where:

nv

Zquation (5)

where:

riy

The MHM

vector,

pressure factor of the ith vent

source strength for zhe ith vent

number of vents.

Ccaa be written in matrix notation as

= [:‘1, L v« o fnv]

= q T
Uepr Fppr v 0 Ypav

first uses the imaging mechod to calculate the prassure factor

"y

The Monte-Carlo porticn of the calculation is then entered.

Thus the pressure is given by:

(3)

~
(% 3
—d

Here

& source strength vector, Qr’ is calculated at each time step ‘and mulriplied

by the pressure factor vector to obtain the desirad wall orassurs.
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3.1.2 Determination of the Source Strength, 4,

The source strengths Gpgr used in equation 5 are determined from wall pressure
measurements taken duriag subscale single vent chugging tests. For the case

of the single vent vessel the pressure factor vector, F, is a single number

denoted flcsv), and is found by running the MMM in the single cell mode,
which is identical to the multicell mode, but with only a single source.

The source strength is found using a single vent version of equation I:

(p-2_)
measured ‘7
(sv)

1

(sv)

L -

£

Input to the program consists of time histories of single vent chugzing ores-

(sv - . :
sure and the single vent pressure factor fl‘ ). hese pressure nistories,
. (sv . ) .
converted to source strengths >y fl‘ ), are placed in the multivent source

array, Q , using Monte~Carlo techniques (Section 3.2). The resulting multi-
¥

vent wall pressure history is then computed using 2quation 6.
3.2 MONTE-CARLO METRHODS
The Mcnte~Carlo methods used in this evaluation model are identical tc these

used in the MHM with the additional ability of generating partial pool chugs

according to given probabilities. The Monte-Carlo portion of the analvsis

"

consists of 200 pool chug trials. A trial consists of first generating a

mulrivent source array from a library of single vent pressure histories, then
using 2quation 5 of Subsection 3.1.1 to find the resulting multivent pressure
history. The peak overpressure (POP), and peak underpressure (PUP), of this
pressure history are Zound, and the next trial then begins. Upon the comple-
tion of the 200 trials a statistical analysis is performed on the resulting
POPs and ?UPs.

.

A more complete description of the Monte-Carlo methods used may be found in

1185 161
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3.2.1 Chug Library Design

A chug library is developed from wall pressure measurements from the single
vent chugging facilisy for e2ach of the thermodynamic conditions listed in
Table 1-2. As discussed in Section 1.2 no frequency transfer of the pressure
histories is necessary.

Each library has 54 chugs consisting of 768 data points each, 0.1 msec aparet.
The maximum positive pressure of each chug is always set at the midpoint
1382th time step) of the chug.

The 34 chugs of each library were picked from a complete pressure history of
2ach single vent test. All tests were run for “80 seconds, and during this
period, a different number of chugs developed depending on the thermodynamic
conditions. The 34 chugs used in each librarv were chosen from all the avail-
able chugs so that the peak overpressure and underpressure statistics were

representative of the complete sample.

3.2.2 YVent-Chug Assignment

At the beginning of each trial the number of vents which will participace is
determined. This aumber is chosen at random from a given probability distri-

B

bution. These distributions were determined from data taken ia the 3 vent

1/10th scale facility, at the same chermodynamic sondiczisns as the single
vent case. This number of chugs is then randomly drawn from the chug library.
Reselection of chugs is permitted. The chugs are then randomly assigned to

verts and the vents not assigned a chug are given a "zero chug."

3.2.3 Chug Asvnchronization

Once the vents have been assigned chugs, the Chugs are then asynchronized in
time. An asynchronization time is chosen for =ach chug at random from a flac
discribution. The chugs are then placed into the mulsivear source array ia
accordance with their respective asynchronizacion rimes. Figure -2 illustrates

this process for three vents. The dotted lines indicate the positions of chugs

1185 162
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before being asynchronized, while the solid lines show the final osicions of
the chugs in the source array.

The bandwidth from which the asynchronization times are drawn is determined
from the observed asynchronization of chugs in the 3 vent 1/10th scale facil-
ity at the same thermodynamic conditions as the single vent cases. Chug
asynchronizaticn {s the last step in the generation of the course strength
vector, Qr'

3.2.4 Statistical Analvsis

Once the source vector is generated, equation 5 of Subsection 3.1.1 is used

to evaluate the resulting pressure history. This history is then searched in
order to determine the peak overpressure and underpressure. The POPs and PUPs
resulting from all the trials are then analyzed to determine their mean values,
maximum values, and standard deviations. Histograms of the POP and PUP dis-

tributions are also developed.

1185 163
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4. RESULTS AND DISCUSSION

The modified MHM was used to predict multivent multipliers as a funczion of
the number of vents for the four tests at different thermodynamic conditions

shown in Table 1-2. Four different chug libraries (see Subsection 3.2.1)

were developed from digitized tapes of the single vent tests. Two of the

four tests yielded significantly more chugs than were needed for the libraries,
so the data was reviewed and 54 representative chugs chosan so as tc match the

statistics of the original data sample and the chug library. Ian particular,

the maximum chug in each data sample was included in the chug library for

that run.

The other two tasts used essentially the entire datz sample in

the chug libraries.

In order to determine how well the chug libraries character.zed the chugs of

the original data samples, each library was run in the MMM, set up in the

single vent geometry. In this way the MHM was used to search the chugs cf the

chug libraries for the peak overpressures (POPs) and underpressures (PUPs) aad

then to run a statistical analysis cn them. “The results of these

rTuns,
together with the statiscics from the original tapes are shown in Table 4-1l.
As may be seen Irom Table 4~1, reasonably good agreement was obtained between
the original data samples and the caug libraries, particularly for tests 2420,
3420, and 3620, where the difference between the means of the original data

I
i

and

The

1Y

-

libraries averages less than he peaks are similar.

Differences in

o
L4

comparisons for test 2620 is

by
(a0}

N0t as good, with a difference of more than

on the mean. It shculd be emphasized that these differences are due not

247

to the chug selection used (tests 2420 and 3420 used virtually the eatire

data sample in the library) but to differsnces in data reduction technigue

(for example fixed vs floating trend removal) and the computer systems used

for analysis

The vents of the 3-vent test el were instrument2d so that chugging

probability and vent phasing cata could be obtained.

each of the four test conditions is summarized in Tzble 4=2.

the column labeled

"P-1l vent" is the probability that only

The data obtained for

In this table

. ek 11
one vent will

1185 165
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participate in a pool chug, "P-2 Vent" is the probability that 2 vents will
participate in a pool chug, and so on. Asynchronization in the last column
is the mean time between the first and last chug of a pool chug.

The asynchronization bandwidth (see Subsection 3.2.3) used as input to the
MHM was chosen as the mean plus one standard deviation found in the 3 vent
test. The same bdandwidth was used for three and seven vent runs. The
rationale for choosing the bandwideth this way is illustrated in Figure 4-1,
The asynchronization statistic shown in Table 4-2, with standard deviation
approximately equal to the means, indicate distributions highly shifted to
the low end but with relatively long tails on the high end. Thus a flat
istribucion from zero to the mean plus one standard deviation is a good

approximation to the real d.stribution.

The numbers in the first three columns »f Table 4-2 were used directly as
input to the MHM for the vent chugging probability distribution (see Sub=-
section 3.2.2). Because only three vents of the 7 vent test were instrumented
probability data was infe 'red from the } vent data. Table 4-3 shows the

-

inputs used for the chugging probability discribution for the four 7-vent
tests. The strategy here was tO keep the same relative probability ratiocs

of vents chugging in seven vents as in three vents.

4.1 COMPARISON OF PREDICTED TO MEASURED MULTIVENT MULTIPLIERS

The preliminary mean ?0Ps and mean PUPs found in the three and seven vent
tests Sor =he four thermodynamic conditions are shown in Table 4-4., Uncer-
tainty analyses are nct yet complete, but the initial estimate of the uncer-
tcainty i3 about 20.5 psi. The results of the three and seven vent MHM runs

for the four thermodynamic conditions are shown in Taole 4-3.

The aultivent multipliers as a function of vent number are found from this
data by dividing the 3 and 7 ~ent results by the single vent data. The
multipliars thus obtained are shown by the solid lines in Figures 4-2 through
4=3. The test results and uncertainty bands are aiso shown on these figures.

AS see. the MMM was successful in predicting the zeneral trend of the

‘\
'
[
———t
———
CO
-y

L™

~J
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o ° ivent aultiplier. In all cases the multiplier decreases with increasing
number of vents. Figure 4~ shows a comparison of all multipliers predicted
by the MHM versus tho: . measured. The MHM seems to have a slight tendency to
underestimate the data. This underestimatic.., however, is never more than

10 percent except in the case of the 2620 series tests. As discussed earlier,
there is some reason to doubt the accuracy of the chug librarv used for this
test series.

“he MHM was also run with the vent chugging probabilities set so that all
vents chug each trial. Thals is che methodology used in the Mark II MMM, The

mean POPs and PUPs obtained in this series of runs are shown in Table 4-6.

The multivent mulcipliers as a functia of vent number for cthese runs ara
shown by the broken lines in Figures 4~ through 4-3. As expectad the multi=-
vent nmultiplier found with full vent chugging are always greater than those
found when applying measurad chugging probabilities. The predicted versus
measured multipliers found in these runs are shown in Figure 4-7. Run in

this way the MHM is generallv fouad to be conservative.

4.2 SENSITIVITY TO ASYNCHRONIZATION BANDWIDTH

The effect of varying the asynchronization bdandwidth was determined by using
different bandwidchs from 0O to 40 msec, for each chug library, for both 3
and 7 vents. The case of all vents participating in each trial was used for

these studies. The multivent multiplier versus asynchronization as shown ia

1

igure 4-3 through 4-1l. As seen, the MMM is only slightly sensitive to
asynchronization above 15 msec for the 2420 and 2520 runs and 35 msec for the
3420 and 3620 runs. Below these critical values the P0Ps are very seasitive
to asyach-onization. This i{s a consequence of the way in which the chug

libraries are designed, with the POPs assigned at the =id-point ia each chug.

In the case of zero asynchronization (all vents in phase), Figures 4-8 through
4=ll show that the multivent multipliers based on the peak overpressures goes
to unity, as expected. This result is not seen in the underpressures, now=

ever, which tend to a value of about 0.3 at zers asynchronization. This
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result comes about because of the way the single vent libraries were
generated, with the POP centered in the time duration of the chug. Asyn-
shronization is based on the time between peak overpressures for the chugs
assigned to each vent. Thus, for an asynchronization of zero, all vents

heve a peak overprassure at the same instant in time. For the underpressures,
however, different chugs in the single vent library will have the peak under-
pressures at different times relative to the peak overpressures. Thus with
the asynchronization equal to zerc, different vents participating in a pool
chug will have their individual peak underpressures occurring at different
points in time, even though the overpressures are synchronized. If the

chug libraries were developed with the underpressures ceatered in eath chug,
so that the underpressure asynchronization could be set to zero, it is

expected that a unity multivent multiplier for underpressures would resulct.
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Table 4-1
COMPARISON OF POP AND PUP STATISTICS OF ORICINAL TAPES AND FINAL CHUG LIBRARIES

NEDO-25116

*Bars drawn in the margin of the text of this report indicates proprietary |
information of the General Elcetric Company.
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Table 4-2
PHASING RESULTS FROM 3 VENT TESTS

Probabilitv of Vent Participation Asynchronization
Table 4-3
INPUTS FOR CHUGGING PROBABILITIES FOR

THE SEVEN VENT RUNS

Probability of Vent Parcicipation

*2ars drawn the margin of the text of rhis
Of the General EZlscrsric Company.

-

report indicate propriztary ianformation
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Table 4-4
MEAN POP AND PUP DATA FROM MULTIVENT T3ST

Table 4-3
MEAN POP AND PUP PREDICTED 3Y MHM

4=7
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Table 4-56
MEAN POPS AND PUPS WHEN ALL VENTS CHUG

2420 2620 3420 3620
Test PoP PUP POP PUP poP PUP POP PUP
1 Vent 5.72  =4.1 17.78 -6.90 6.53 =6.13 14.88 -9.25
3 Vent 3.50 =2.71 9.14 =4.40 4.78 =4,22 12.26 ~6.47
7 Vent 2.01 ~-1.72 4.87 -2.93 2.72 =2.58 7.90 =4.07

= | 1185 173



PHOBASILITY

NEDO-25116

DA RST

MEASURED DISTRIBUTION

/'—'EQUIV-\LENT FLAT DISTRIBUTION

£

s B

oy

I

18

MEAN

ASYNCHRONIZATION

(]

w
R
"

(o

M

174



NEDC-25116

The following figures are GE COMPANY PROPRIETARY and have been

removed from this document in their entirety.

Figure
Figure
Figure
Figure
Figure

Figure

4=2,
4-3,
4=4,
4-5.
4-6.

4=-7.

Test Series 2420, Asynchronization 19.5 msec
Test Series 2620, Asynchronization 33 msec

Test Series 3420, Asynchronization 12.5 msec
Test Series 3620, Asynchronization 40 msec
Predicted versus Measured Multivent Multiplier,
Assigned Chug Probabilities

Measured versus Predicted Multivent Muliipliers,

all Vents Participating
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APPENDIX A
DERIVATION OF PRESSURE FACTORS

In the calculation of source to wall pressure faccors for czhe eylindrical
test vessels a method of images type approach is used. An array of about
120 imaginary sources is cieated around the vessel. To take into account
the free surface, this array is reflected threough the plane of the free

surface. A set of lirear equations is developed describing the flui
velocity at certain points (nodes) on the vessel walls, as a function of the
imaginary source strengths. The equations are thena solved for the souvce

strength which gives zero cutward flow at the nodes. The imaging system is

illustrated ia Figurs 3-1.
A.1 DERIVATION OF PRESSURE FACTOR EQUATIONS

In this derivation, the following notation is used:

L i : o 2
gy = sStreaged of mth real source ft”/sec
. e . s 2
dpn = strengcth of ath imaginary source £t /sec
nj = unit oormal vector at jth node
¥, = velocity vector at jth node
-
Vfgq = wvelocity vactor at jth node due to the nth izaginary source
—‘I
Vi‘m = wvelocity vector at jth node due o the mth real source
FR‘m = Jlistance vector from mth real source to jth node
-
- 2 = ” 21 : : ad
Toim © distance vector from mth real source reflection to jth node
e
ijq = distance vector from ath imaginary source to ith node
.~
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P distance vector from nth imaginary source raflection to
*J
jth node.
av = pumber of real source (vents)
nn = qpumber of nodes and imaginary sources

The boundary condition of zero normal flow is specified a2t 2ach node as,
V., *n, = 0 = l,on (a-1)
TN ]

The velccity is broken into two components, one due to all real sources and

another due to all imaginary sources

nn Tav
T = v v + v .
v T ) . (A-2)
asl a=1
Combining (A-l) and (A-2),
an _ av k N,
a SN > Z an. * v L = () : = :,nn (A-})
o i Ijn L j Rim

an . o av _ 1,
e W AN o # BB W0 (a=4)
o=l ~ x m=l g

by
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The acceleration due to any single real or imaginary source, and

reflection (image sink above the free surface)

The squations

where

NEDO-25116

Al

3]

3
v

P
3

&3

B v su

(A-6)

(A=7)
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| a PP
[ "11 12 1 nn
a a - a, nn
2 22
:\ - ‘.l - 2 ’ ,
a a i a
' “anl an2 an an |
- - - -
£ ' n r T
Iin i ILin j
a = - -
jn ". 3 ?-.q | 3
B ek
Iin Iin
b b, AL T
{ 11 12 1 av
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|
- . . . 1
| nn an 2 an av
—
- F .- e A
- n. Rl el
: Rjm i Rim 4
D = - - - - -
in - - W%
"Rim Rin
Since we have assumed the fluid in the vessel is incompressible and iavis~-
cous, and siace the fluid velocities are small, we can write the time depen-
dent Bernoulli equation as
A
= -
AP = p =
-
The velocity potential due to a source in 3 infinite pool is
q
? = -'—._
aTT

\

(2

4

U

5
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Then the pressure distribution due to a source in an infinit

..

i
0
o
O
b
1]
w

w2 o= & 8
7 T

The pressure due to all real and imaginary sources and their reflecticns at

the kth node is

- -
an |
2, == {3 g | 2— L
: 4 In 2 SR
It e
-l Ikn Ikn

-
i

.’
o
(2
g
g '
1) )
1
ﬂIJ

Ir matrix notation this is

-
2, = 2 (R + a. ) (A-9
b 4n ( 1} Q- Rk "R/ .
whereas
RI'( 3‘ -n 3 - ’ - - s ) ks ’
; o . e 3 £l
L' Ikl Ikl Ik2 Ik2
1 1 '
- -
— - {
- ‘\-'. |
Ik an 1k an
-

e .
-
O
i
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AT i TR | AR
%k : "‘; | :‘r" ; ¥ X? ] ,;' . 2 »
L9 Rkl' TREL ' "Rk2 ""Rk2
k- 1|
" l, ." :
TRk av' TR nv'J
Combining A-8 and A-9
o) - -l 7 1¢
apk = -RR - RI A BJ QR (A=190)

This, then, gives the pressure factor matrix

r -
1:

- -

3 -
2 ol gt fnv_j 4r lRR - RI A

re
rn

-
This completes the derivation of equation 5 in Subsection 2.1.1,

AP, = f
~N

1 %1 T %2 2 * et Fav Ypav %R

a-6
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APPENDIX B
SENSITIVITY OF IMAGE METHOD TO NODE NUMBER ANT SOURCE POSITION

Ihe pressure facturs obtained by the imaging method will depend on the number
of ncdes used to define the vessel walls and the distanz- the imaginary
sources are placed from the vessel. This, of course, is undesirable since
the model rasults should -e independent of internal details of the model.

This dependence can be avoided Ly properly choosing these parameters.

Figure 3-1 shows how the pressure factor for the single vent 1/10 scale test
vess2. depends on node number and distance to imaginary sourczes, Ds. With
the imaginary sources placed 1/2 the vessel diameter from the vessel, the
pressure factor is a strong function of node number bdelow 120 nodes but is
independent of node number above 120 nodes. With t-e sources placed one
vessel diameter away this curve levels off much sooner, at 60 nodes. With
Ds equal to two vessel diameters, the solution is unstable and cannot even
be obtained with more than 64 aocdes. This is because the matrix A becomes

to ili-conditioned to invert.

Using 121 nodes and the distance from the imaginary sources to the vessel
wall equal to 1 diametar, the pressure factor is a0t 2 function of these
modeling parameters. This number of nodes was used for the MHEM verification

Tuns.
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