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I. INTRODUCTION

The General Electric document NEDE-20942-p presents analytical

models which are used to describe che safety-relief valve discharge

phenomena and to predict the corresponding dynamic loads on the structures

of the pressure-suppression pool. These inodels have been examined care-

fully and the results of this examination are given in this report.

| Basically, the examination of these models proceeded in the I

I
| following manner:

1
4

1) To determine the assumptions made, which include those clearly
'

stated and those made implicitly;

2) To evaluate the validity and conservatissa of those assumptions

made, whenever it is possible;

3) To make sure the basic logic is followed in all the arguments:
'

,

and I,
'

4) To fill the gaps of the arguments, if they do occur, whenever
{

,

it is possible.
.

It is thought that this approach insures an objective, thorough,
and even helpful critique.

The essential conclusion of this critique can be sununarized as:

the pipe clearing transient trodel and the pool response model are judged j

acceptable if the concerns expressed are satisfied; the bubble dynamics t

{

model and the model for the translational motion of the bubble are judged
,

unreliable. IDetails upon which the judgements are Inade are presented in !

the body of the report.
,

Finally, for emphasis all the important questions raised and concerns
)

found are underlined. *
*

, ,,.v., . , s
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/ II. ANALYTICAL MODELS

1. PIPE CLEARING TRANSIENT

1.1 Assumptions
|

| The basic assumptions of the pipe clearing model (listed on page 6 of

| NEDE-20942-P) with one exception, are acceptable. It should be pointed
.

| out that the validity of the final assumption which governs the history
|

| of mass flow rate of steam is not clear. In view of the fact that the
1

\

} time scale involved in valvs actuation is comparable to that of the whole
1

pipe clearing process, it is likely that a slight deviation of the mass jI

flow rate-time relation from the assumed linear relation in the period of

. valve actuation will cause a substantial change of the distribution time-

{ history of fluid properties inside the pipe. If this is indeed the case,

the validity of this particular assumption is in doubt. It is this reviewer's

opinion that a reasonable argument should be given to justify this particular

) assumption.

1.2 Equations of Motion

'

Equations (1) - (5) of Section 3.1.2 are immediate results of the
I

| basic assumptions and are judged acceptable if the cross' sectional

area of oice is constant.
-

-. . __

1 1.3 Initial Conditions, Boundary Conditions, and Solutions

All the initial conditions and boundary conditions given in Sections

3.1.3 and 3.1.4 are all natural results of basic assumptions and phys,1 cal

reality. The solution scheme described in Section 3.1.5 is also considered

adequate.
,

.

.
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2. BUBBLE DYNAMICS

2.1 Assumptions

A basic assumption of the model dealing with the dynamic behavior of an

oscillating bubble, although it is not given explicitly in Section 3.2.1 of

NEDE-20942-P, is that the size of the bubble must be small compared with

the distance between the center of the bubble and any point on the boundary

of the pool or surface of another bubble. The validity of this assumption,

obviously, is essential for the survival of the first four assumptions given

in Section 3.2.1. In other words, this particular model should
f
I

not be applied to the situation in which the above mentioned assumption is

seriously violated unless a convincing argument can be given to show that

the calculation based on this assumption will give a fairly correct or a

conservative estimate of dynamic loads on different parts of a structure.
iBecause of the importance of this particular assumption, it is
|
I

suggested that a reasonable evaluation of its validity and the effect of
fdeviation from it be provid ed by the vendor. It will be seen in later 2

discussions that this task is indeed very complicated.

If the above mentioned assumption is not seriously violated, then
*

the seco.nd through the fourth assumptions listed in Section 3.2.1 are
i

acceptable. As for the first assumption, except in the bubble forming '

Iperiod, it is also valid. The effect of the deviation fr'om this assumption
fin the bubble forming period is considered minor. ! !-

!
-

Another important assumption of this bubblo dynamic model, unfortu- |
t

nately never mentioned any place in NEDE-20942-P, is that the bubble is f
treated as an adiabatic thermodynamic equilibrium system. This assumption

will be evaluated in the following discussion."
,

*,. , .. .. .
, >- '
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/ 2.2 Equations of Motion I
i

Equations (21) and (22) are natural results of the spherical geometry

f assumption. Equation (23) is correct if we consider E as total stored
b

energy (which includes kinetic energy and internal energy) of the bubble.

(In this report, contrary to NEDE-20942-P, any quantity related to the

bubble will always be denoted by a subscript "b") Although Equation (23)

is correct, the proper application of it is very difficult due to the

fact that an empirical factor n is involved. Unless this factor can be
i

calculated by another independent formula, it seems that a proper appli-

! cation of this equation is impossible. As a matter of fact, by suitably

adjusting this factor, it is not too difficult to make prediction values
,

fit those experimental data and thus conceal the weakness of other

assumptions. It is suggested that an independent correlation bei

developed for predicting the empirical factor n.
!

On page 15 of NEDE-20942-P, E is given by
b

P P V
1 b b b

E M M= a = =
b bb K-1 b K-1pb

| where

total internal energy of the bubbleE =
b

total mass of.the bubbleM =
b

specific internal energy of the bubblee =
b

P pressure of the bubble=
b

A density of the bubble=
b

volume of the bubbleV =
b

ratio of specific heatK =

| according to nomenclature of NEDE-20942-P. From this expression and the
,

'
,

* / 4

'

4
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definition of related quantities, it appears that:

(1) Change of total bubble kinetic energy is not considered in

energy Equation (23) of NEDE-20942-P,

(2) Fluid properties P ' Pb, and eb f the bubble are position
b

independent, and

(3) The equation of state of fluid particles is adiabatic.

Apparently, Assumption (3) is reasonable. Assumptions (1) and (2), .or

this explosive bubble dynamic process, seem to deserve further evaluation.

An estimate, using Raleigh's equation, indicates the validity of these

two assumptions is indeed assured if
,

(1) b 1 when P P= and
b

"L
(ii) Bubble temperature is not too close to absolute zero tempera-

,

ture when Pb << P= !

p = water density, P== hydrostatic pressure at the'
{.L center of the bubble . ,

These conditions apparently are satisfied for the current situatio'n
*

i

and Assumptions (1) - (3) are considered val'id.
.

Other equations in Section 3.2.2 of NEDE-20942-P are judged |
iacceptable.

2.3 Initial Conditions ,

All the initial conditions listed in Sec. 3.2.3 of NEDE-20942-P are

judged adequate if the bubble is fonned at the tip of the ram's head. How-

ever, as Sec. 4.1 of NEDE-20942-P indicates, it 1-s now assumed that the

bubble is formed at a point approximately four (4) feet from the exit of the,

'

ram's head. Due to this change of location of bubble formati.on, it is extremely |

unrealistic to assume the same initial conditions (i.e., the ' initial bubble
,

, , . '. . -,, .e . , ,, . .

9
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, ,



-
.

_

PkvPRIETARY INFORMATION
/

[ radius is the same as the inside radius of the ram's head; the initial
I

| bubble expansion rate is equal to the water withdraw rate; and the initial
J
|

bubble pressure is equal to that at the exit of the ram's head) as given

| in Sec. 3.2.3 of NEDE-20942-P. As a matter of fact, the true initial

conditions of bubble dynamics are expected to deviate sLbstantially from
i

those listed in Sec. 3.2.3 of NEDE-20942-P if the bubble is formed several
'
,

I

_ fee _t away from the ram's head.

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

; The reason why it is now assumed that the bubble is formed four (4)

feet from the exit of the ram's head, as explained in Sec. 4.1 of NEDE-

| 20942-P, is that this adjustment will remove the apparent discrepancy with

the measured data. In the same section, there is no mention of the

adjustment of the bubble initial conditions. If the adjustment of the

bubble fomation position is not accompanied by that of the bubble initial

| conditions as suspected, then the adjustment of the bubble fomation

f position alone can not be considered as a proper way to remove the apparent

discrepancy and bring predicted values closer to the measured values.i

I
I

Sec. 3.2.3 of NEDE-20942-P also claims that P = P) and p " b 1

[|
2 2

(P,P'# and p are explained in Figure 5(b) of the same report).j 2 1 2

Because these relations violate the adiabatic relation P/pk = constant,

it is concluded that there must be a flow discontinuity (shock) in the,

'

region between the pipe ' exit and the ram's head. If shock does occur,

its effects should be addressed. If shock does not occur, then the

relations P2 = hP) and 2 " b#1 are of concern and the assumptions which

lead to these relations must be reevaluated.

. .

,

.
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3. POOL RESPONSE

3.1 Raleigh Bubble in an Intinite Pool

The presentation of the pool response analytical model as given in

NEDE-20942-P is not well organized logically. As a matter of fact, certain

important assumptions are not clearly ' stated and certain key conclusions

are drawn without reasonable argument.

In order to get a clearer picture about this model, the mathematical I

formulation presented in NEDE-20942-P is revised and given as follows

(Nomenclature is identichl to that in NEDE-20942-P):

Conservation of Mass (in spherical geometry): ,

av 1V=0 (3-1)+ ;ar r

!
Conservation of Momentum (in spherical geometry) i

9aV aV =- c aP
'

+Y
at ar at ar (3-2)

The solution of Equation (3-1) is

0 (t)
,

y,
24*r (3-3) |

where 0 (t) is a certain function of time. If the velocity field given fa f

Equation (3-3) represents the velocity field outside (and on) the bubble,

then on the bubble surface r = R , V = R . In ther words,
b b

Q(t) = 4w R Rb b (3 4
Fquations (3-3) and (3-4) now imply that

._

V = ( p )2b
_

With the help of Equation (3-3), integration of Equation (3-2) leads to

. .

=g ,- e gp , 6 e = ~ = * * g

7
. .
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l

L ~h(t) (Q(t))2
'P

p , p, , -,

! 9
- 32 x r4 - (3-6)

4nr 2c
!

| Thus, in general, the pressure field is neither a harmonic function nor
1

| a potential field (which contradicts repeated statements in Section 3.3.3
! ,,

and Appendix C of NEDE-20942-P). The reason it is not is that, as indicated;

in Equation (3-2), the gradient of the pressure field is not a linear function

of the velocity field. It is exactly this same reason that the image method

generally can not be used to satisy the free surface (constant pressure)
i boundary condition. Only in the case where the stream term (which is not
! linear in velocity, and for spherical geometry is V only) can be neg-7

lected will the pressure field be represented by the harmonic function and

the image method can be applied to satisfy the free surface boundary condition.

Another insight which can be drawn from Equation (3-6) is that for
,

any point far away from the center of a spherical flow field, the strength

ofthepressureislargelydeterminedbythetermwhichvariesash.In
! other words, h(t), the second time-derivative of bubble volume, is decisive

in determining the pressure strength in the region where.r >> R if the
b

flow field is spherically symmetric. ,

i

With the understandina of the roles played by h(t) and Q(t) in
'

| determining the pressure field, a further evaluation of the bubble dynamic

model is now possible. Because we are interested in the pressure field
i

around the pool wall where r >> R is assumed (if this is not the case,
'

b

the analytical models of bubble dynamics and pool response are no longer

useful), tihe accurate prediction of h(t) is far more important than that

ofQ(t). It appears that the presence of the pool wall and pool free surface

. .

.

y ,
I "e 4 "' * d *S ,

a O
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will m4h f.he prMir.t.li,n of d(f.) non-conservative and overconservative

respectively. It also appears that the opposite holds true for the pre-

dit.tlon of Q(t). Becauseh(t)playsafarmoreimportantrolethanQ(t)

in the determination of the pressure field around the walls, our observa-

tion is that the prediction based on this particular bubble model is

rion-conservative in the case where the bubble is closer to the wall than the
~ ~

free surface and overt:onservative in the case where the bubble is closer to the
ifree surface than to the wall. Futhermore, since the suppression pool is mostly {

surrounded by walls, the conclusion is that. cenerallv. this bubble
\

dynamics model is non-conservative 'in its usefulness for predicting the pressure

load on the pool walls.

In view of Equation (3-4), it is seen that

h(t)=4nR + 81 R
b b b (-)

.

I

Upon combining Equations (3-4), (3-6) and (3-7), we have !~ 2 4
*

n R R R 2
P - P= = k+2 k -

4 bb b

~

Let r = R and P = P , Equation (3-8) reduces to Raleigh's equation, i.e.,b b

O

b-P==fP
b b+ b (3-9) IR

c

Equations (3-8) and (3-9) can be combined to give
-

R n D. R 2(P-P)=j (Pb - P,) + k (-

b
e |. -

{ i

which is identical to Equation (33) of NEDE-20942-P. (It is noted that

several misorints occur on oace 20 of NEDE-20942-P. P= in the richt hand

sides of two ecuations followino Ecuation (33) should be reolaced by P ;
b

and the second term in the left hand side of Ecuation (33) should be
.

*

.

. a. .* . . .. v .. ; '
, . a
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b\4 k)P! reolaced by L

25 b'
c

One certain conclusion that can be drawn from Equation (3-10) is that the

pressure at any point in the infinite pool surrounding a bubble generally

f
will not vary with time in the exact same manner as the bubble pressure.

It is rather surprising to see the following statement appear on page 21

of NEDE-20942-P, i.e., "It is reasonable to assume that the pressure at

f any point in the pool will vary with time in the same manner as the bubble
I
i pressure. Since the bubble pressure time-history is known (from bubble

dynamics model), Equation (34) can be used to construct pressure-time

curves similar to Figure 6 for any point in the infinite pool." The only

i similarity between the pressure-history of any point in the infinite pool

and that of the bubble is that when the pressure at any point in the infinite ,

i i

| pool reaches maximum (minimum), the bubble pressure will reach maximum
I

(minimum) too. It is indeed very difficult to see how Eauation (34) of |
|

NEDE-20942-P can be used to construct oressure-time curves similar to j

'Fiaure 6 of the same reoart for any coint in an infinite cool . It is

suggested that the vendor clarify and answer the objections raised

here.

In addition to some misprints pointed out earlier, it is noted

that Equation (28) of NEDE-20942-P is the result of conservation of mass,

| instead of conservation of momentum as str.ted in the same report. Also

noted is that the solution given in Equation (30) of the same report is

that of Equation (28) instead of Equation (29) as stated.

3.2 Boundary Effects and Pressure Distribution

The boundary conditions stated in Section 3.3.2 of NEDE-20942-P

are all adequate. It should be pointed out, however, that the mathematical
.

|

. , ., -

,
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treatment related to boundary conditions as given in Section 3.3.3 of the

same report is rather defective. It fafis to mention clearly the parti-

cular condition on which the image method can be applied to satisfy the
!

pool free surface boundary condition. It simply states that the maximum

and minimum pressures occur when R = 0 without giving any reason (the )g

reason can be given only after the time-dependent solution is given,
|

which. surprisinciv. has never been mentinned). l

To satisfy the free surface boundary condition, on page 21 of

NEDE-20942-P, it is stated that "...it sufficies to balance each bubble f
(real and imaginary) by a " sink" which is the mirror image of that bubble

but its pressure field has the opposite sign". Based on Equation (3-6), ,

,

1 '

it is seen that, unlike the velocity field, a new physically acceptable

pressure field is not generated by simply changing the sign of a known

physically acceptable pressure field (which, by definition, is a pressure
l

!\ - field compatible with basic equations of motion). Thus it seems that the '

previously quoted statement needs some further explanation. A sink,

strictly sp,eaking, should be defined as the mirror image of the source but
i

its corresponding velocity field has the opposite sign. A sink can be used
'

to satisfy the free surface boundary condition approximately (a free surface
.

!

boundary condition is well approximated if the gradient of pressure along any |
t

direction in the free surface is much smaller than that along the direction '

normal to the free surface) if the following condition is satisfied, i.e.,

~
2

q >> 3.Q Ar
-----.

~~

2n (r2 + 2 )V?
2

(3-11)
for any point on the free surface. (It is noted that the true meaning

of Equation (3-11) is explained in Figure 1). Equation (3-11), apparently,

] can be satisfied if the distance between source and sink is large enough.
~.

0

4

*
g *d g S

e
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/
l a

/ P = pressue due to sink and source
| t o, s, t> ~ ~ s es
' 2

a 3G 1' R r
f , -4 "' 8' 3 # 4r *( r*t 2 )4

2

,- I
' I -

g) _ __ ft i Q'
I,-

f y ab &o 2WirW)ha

le N |3

f "' N | EQ. (3-11) is equivalent to:5

1 4
i

I8.o,-8) + SCdRCE $,

(r, e and z are cylindrical coordinates,
.z = 0 is the free surface)

Figure 1. Pressure Field Due to Sink and Source
;

I

I If this condition is satisfied, then the second term in the right hand

side of Equation (3-6) can be dropped. Thus we conclude that the approxi-
'

mate pressure field of a sink is the negative of that of a corresponding

source.

Based on the previous discussion, it is easy to see that the pres-

sure field inside the pool can be approximated as

P - P= = R (Pb -P=) + [lb. b (3-12) :

where K and r are defined in page 22 of NEDE-20942-P. Unlike Equation (35)j

of NEDE-20942-P, this equation * is time-dependent and can be used to calculate

the pressure at any point in the suppression pool at any time if the history

of R is known (it is noted that P is given by Equation (3-9)b b

.

|
.

9
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If we consider only the period after the bubble is formed, i.e.,

when m = 0, then Equation (25) of NEDE-20942-P leads to
b j

-3K
P =aR ~

b b

immediately. Here a is some constant. Equation (3-12) coupled with

Equation (3-13) implies that

.-

d(P-P=),,j
2P= + (3K - 2)Pb+ R (3-14)

'

bdt g b r
e 4,1 4

2-
Since 2P= + (3K-2) Pb+ b , > 0 (an immediate result of the fact |

~

C=.

K

thatK>1)and{r 0 for any point in the ' pool (which includes wall>
j

1 :1

and floor, but not free surface), an immediate conclusion of Equation (3-14)

is that P reaches an extremum if and only if k = 0. A further calculation i l
b <

'

shows that when R =0
b

1

1
1

l

d (P - P=), ,y
- . =

K
2 P= + (3K-2)P (3-15)b b rdt

- - i=1 I

The implication of Equation (3-15) is obvious, i.e., when k = 0
b

E > 0 i' E < 0, and E < 0 if N > 0. (3-16)b b

Thus we conclude that P reaches maximum (minimum) if and only if P reaches
b

minimum (maximum). With Equation (3-13) in mind, we reach the following '
.

conclu ion, i e., if R 0, then I=
b

R R=
b tmax

P =P. '

min -

(3-17)''

P P=
3 binin

.

,. .-. . .. . . .
. . .

-

@
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,! or

f R =R
b bmin

P =P
Imax
l

P =P
b g

Equation (3-17) is given on page 24 of NEDE-20942-P without giving

any explanation. Since the derivation (as aiven here) of Ecuation (3-17)

, is as comolicated as any derivation oiven in NEDE-20942-P. it is recommended

that either the validity of this derivation be confirmed or another oroof

aiven.

Equation (36) and (37) of NEDE-20942-P are the immediate results

; of Equation (3-12) and (3-17). P and P certainly can be solved
max min

i

| numerically through the use of these two equations.
Aaain. it is cuestioned why the knowledae of local values of P

max

and P_jg is sufficient for clottina local oressure vs. time as stated on

Dage 22 of NEDE-20942-P. Time deoendence of P - P=. as afven in Ecuation

(3-12). is not identical to that of P. - P= and it acoears that there is no

.iustification for assumina it.

! There is no other criticism on the analytical model of pool response
I

as given in NEDE-20942-P.

'

.

i

!

I

.
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4 TRANSLATIONAL MOTION OF THE BUBBLE

$

Section 3.4 of NEDE-20942-P gives a very confusing presentation of

the analytical model of translational motion of the bubble. No assumptions

are listed and discussed. Several terms used are not defined. Additional in- t

formation is needed before a ccmplete evaluation of this model can be

pursued.
i

Although it is impossible to pursue a complete evaluation of this ; )
i

model, a serious mistake about this model can be pointed out. It is

stated on page 25 in NEDE-20942-P that the force of buoyancy results in a

one g acceleration upward. This statement is not only misleading but, in

fact, a mistake. According to the result given on page 467 of Reference.3,

a massless spherical bubble immersed in an infinite incompressible
.

tirrotational fluid will rise with a 29 acceleration, instead of a one g '

acceleration. In Amendment No.1 of NEDE-20942-P(Reference 2), in response j
I

to a question raised, an attempt is made to justify the one g acceleration. I

This attempt; however, is a total failure because so called apparent mass1.

(in most books, it is called virtual mass) is treated as both inertial
:

mass and gravitional mass. As a matter of fact, the concept of apparent :
'. !mass is devised to account for the resistance of fluid. Thu: apparent i
i !mass can only be considered as inertial mass but never be considered as '

|

gravitational mass. The use of apparent mass as demonstrated in
|

Amendment No.1 of NEDE-20942-P, is apparently a mi. stake.

As indicated in previous discussions, the pool response model presented \
|

in NE'DE-20942-P will be useless in the period just before the bubble becaks

through the free surface. A further discussion of dynamic loads in t.his
period is desirable.

-.

*o.
'
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/ 5. SUPERPOSITION OF PRESSURE WAVES '

I l

I

,

Secticn 3.5 of NEDE-20942-P was substantially revised in Amendment |
No.1 [2] of NEDE-20942-P. The evaluation of the analytical model of

I
superposition of pressure waves, therefore, will be carried out after making I

l

,a care uf l study of this amendment. |

|

I
|

i
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III. RECOMMENDATIONS AND CONCLUSIONS

1
!

As repeatedly demonstrated in previous discussions, a major portion

of NEDE-20942-p is not written adequately. As a matter of fact, part of this

report is so confusing that a meaningful evaluation of it is difficult to
|
lmake,
i

Specifically, it is recomended that;

(1) The areas of concern expressed in the main body of this critigue
{t

and briefly summarized below be fully addressed and misprints as

pointed out previously be confirmed.
! i(2) Scales be attached to all figures and diagrams; other specifications, i <

!
e.g., positions and times of data taking and so on, be supplied so t

that the diagrams and figures will be useful in terms of assumption

evaluation.
j

(3) The implicit assumptions found in the process of review and briefly !

II
summarized below be confirmed, and the claims of conservatism be fully i

supported by a definite argument.
i,

t |

The areas of concern and implicit assumptions found are summarized below:
|

Areas of concern:

(a) In the pipe clearing transient model, the mass flow rate-time

relation. in the period of valve actuation is assumed to be linear, j j
If a slight deviation from this assumption causes a substantial

change of the theoretical prediction of the distribution time- I
j

history of fl0id properties inside the pipe, then the validity of .f
f

this assumption is in doubt.
.

(b) An important assumption dealing with the dynamic behavior of an oscillating !

bubble and pool response is that the size of the bubble must be small I

1

~

_.

compared with the distance between the center of the bubble and any
f

.

. r.. . , . . . . . . .
..

.. .

. .
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l
j point on the boundary of the pool or the surface of another bubble.

It is suggested that the validity of this assumption be carefully

f evaluated.

| (c) The initial conditions for bubble oscillation as listed in Sec. 3'2.3.

!
'

of NEDE-20942-P are considered extremely unrealistic in view of the

i fact that the position of bubble formation is now assumed to be four

feet away from the exit of the ram's head. It is obvious that these

initial conditions and the position of bubble formation are inter-

|
dependent. If the position of bubble formation is considered as a

f parameter in the bubble dynamics model and is adjusted to remove the
1

| apparent discrepancy between the data and the predicted values

! (as has been done by the vendor), then the initial conditions for

bubble dynamics must also be considered as interrelated parameters;

: and be adjusted as the position of bubble formation is adjusted.
|

Another concern related to the initial conditions for bubble
.

f. dynamics is the assumption that both the exit of the pipe and the ram's
!

{ head are in a choked condition. This leads to the conclusion that

there must be shock in the region between the Dipe exit and the ram's

head. The effect of this shock has not been addressed. If shocki

I
does not occur, the choking condition might not be correct.

(d) The " efficiency" of the bubble formation proces.: n is another paramenter

.

of the bubble dynamics model. In order to bring the experimental data
i

| closer to predicted values, n is determined to be less than 0.1.

This means that more than 90% of the energy stored in the air will be

lost before the bubble formation is complete. Unless this factor

can be calculated by another independant fomula, the determination

of n from a small body of data is not convincing and might have the
'

effect of concealing the weaknesses of other assumptions.

i*

.
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(e) It is assumed in the bubble dynamics model that the pool boundary

does not affect the motion of the bubble. Our discussion indicates

that this assumption is ' non-conservative in its effect on pre-

dicting the pressure load on the pool walls. However, in a case

where the bubble radius is much smaller than the distance between

the center of the bubble and any point on' the:b'oundary, the non-

conservatism is judged insignificant.

(f) The time-dependent solution of the pressure field which satisfies

the boundary conditions has not been given in NEDE-20942-P. It

is only assumed that the pressure at any point in the pool will

vary with time in the same manner as the bubble pressure. It

further states that knowing local maximum and minimum pressures
'

is sufficient for plotting local pressures vs. time. Contrary
s

to these assumptions, a time-dependent solution [ Equation (3-12)]

derived in the process of our review indicates otherwise. Unles- i

l
Equation (3-12) is wrong, these two particular assumptions are 1 :

1 i
incorrect. I l

(g) As explained in our discussion on the translational motion of the
i

bubble, the rising acceleration of the bubble due to buoyancy and j

drag is 2 , rather than one g as stated in Sec. 3.4 of NEDE-20942-P. I9

One of, the results of a larger bubble rising acceleration is the

earlier collapse of a basic assumption of the bubble dynamics model, l
,

1.e., tha effect of variation of pressure with elevation is

negligible. -

(h) It is also mentioned in Sec. 3.4 of NEDE-20942-P that the prefer-

ential direction of expansion and contraction will contribute to

the vertical motion of the bubble in water. A substantiation to, .
.

this statement is needed before an evaluation of it ca., be made. '

.

, O t c % *
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/
/ (1) The dynamic models for the oscillating bubble and pool response,
I

as discussed in NEDE-20942-P, will be totally useless in the period

just before the bubble breaks through the free surface.

Implicit assumptions found:

(j) The change of total bubble kinetic energy is considered negligible.

(k) Fluid properties P ' # and e f the bubble are position independent.b b b

(1) The condition as given in Equation (3-11) of this report is valid.

This report is concluded with the following judgement on the reliability

. of safety-relief valve discharge analytical models as presented by NEDE-20942-P.
1

(1) The pipe clearing transient model is considered acceptable if concerns

expressed in (a) and (c) are fully addressed.

(2) The bubble dynamics model is considered very unreliable. The concerns

i expressed in (b) and (e) are considered minor if the bubble radius
!

| is not comparable to the distance between its center and any point

on the pool boundaries. However, the concerns expressed in (c) and (d)

are serious. Unless model parameters discussed in (c) and (d) are

. determined and confirmed by a large body of test data, this model
i can not be considered reliable.

(3) The pool iesponse nodel is judged acceptable if Equation (3-11) of

this report is valid and the concern expressed in (f) is addressed.

(4) The analytical model for translational motion of the bubble, as

explained in (g), (h) and (i) is judged unacceptable unless a major

revision of this model is made.

(5) The model for tne superposition of pressure waves will be evaluated

in another report.

.

O

.
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(6) Based on the judgement of the individual models and the fact that

the individual models are interrelated and that little substantiation

of the claims of conservatism is given in NEDE-20942-P, the safety-

relief valve discharge analytical models as a whole as presented

in the same report are judged unreliable at this stage in time.

<
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