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INFORMATION.
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However, AEG~TELEFUNKEN and all parsons acting in its behalf make
no guarantee, In particular, they are not liable for the correct-
ness, accuracy and comploteness of the data contained in this
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Summary

To oxplain the periodic prossure vnriati;ons observed in KWW
underncath the rclief pipe of the suppraession chamber and in

GwH in the scram tank, a physical podel .?.n olet up. This model
congsiasts of the aasumption that during the vent clearing process
in the relief pipe the air cushion situated between the cutflc'gwing
steam and the water slug is highly compressed and, when it ame;rges
from the pipe, begins to aoxpand suddenly because of its over-~
pressure., It is then compressed again by the pressure of the

vater mass loading it from above, etc., thereby creating an *

oscillation process.

The oxcellent qualitative and gquantitative agreement between the

theorotical and oxperimental prossure variations allows us to
oconclude that tha obsarved periodic praoscure £luctuations can

be doscribed by the assumcd physical model of the oscillation

of the oystem consisting of air bubble and water mass loading it
£rom above.

1)
cen  emw
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1. Introduction

Bofore the stoam "braid" is produced during cloaring through the . !
relief pipe, the wvater ilug situated in the pipe is first?expelled, .
forming a highly comprassed air cushion batween the uater“ilug

and the afterflowing steam. When that air cuﬁhicn omerges f£rom

the pipe, it bogins to oxpand again suddenly in order to come B

into oquilibrium with the surrounding pressure (which is composed : J

of the prassure in the guppression chamber and the hydrostatic

pressure) .

The suppression chamber water mass loaded by the emerging akr
cushion is driven upward until the influence of the gravitational
force and of the underpraowsure forming in the air bubble as time
passes (vhich is produccd by the continucd upwvard sovement 6: the
smater rosulting f£rom the mochanical inortia principle) leads to

a rovorsal of the procass and the air bubble is compressed againv
by downward motion of the water mass. That iz followed by
renewed oxpansion, otc., atc. The air bubble - water mass system
under consideration thus ropresents an oscillatory system whose
cscillation persists until the air bubble has risen to.the vater's
surface and breaks there or ﬁntil the oscillation amplitude becomef

pegligibly cmall due to strong damping and lateral outflow of the
water that is thrown upward. '

In the following we now get up a highly simplified model of this
ogcillation process and compare the rasults obtaine§ frem it with

2-6
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the paoriodic prassure variations observed oxperinentally in KWW
and in GwH (1].

{1} Rupp, Eismar, Pohl: KWW - Results of the rclief valve tests
vith the opecial instrumentation. AEG-E3-2160
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2. _Oscillation of the air bubble - water mags system

2.1 Equation of motion

To calculate the oscillatory bohavior of the air bubble and the
water mass loading it f£rom above, we make the following highly
simplified assumptions:

a) After cmerging from the relief pipe, the air bubble has the
shape of a flat-cylinder (see Figure below).

Y Pg = pressure in ;
h ﬁx ) suppression chamber
Water
- yer
Lfl Adx e T
Water
Bager

b) The ni; bubble aoen not risae to the surface of the water
during the opcillation procoss (the 1n£lueace of this pxocess
is taken into consideration by a paramet:ization of the air
bubble's submergence) .

¢) The air bubble oxpands only in the vertical direction (assuming
" a flat cylinder, the horizontal oxpansion is approximately
nogligible ralative to the vertical oxpansion). -

d) The water mass lying ahdve the bubble doces not change its
shape during the oscillation process (thus, no water flows

a-8
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away laterally during the lift, and no water flows in freom. the
. oide during the drop). ‘ 2 o

13

Prom the center-of-mass theorem we obtain the equation of motion

of the water mags:

m;'-mg+(P-PK).F . - (1)

-

The acceleration of the water mass m is maintained by gravitation,
the pressure p of the air bubble on the water mass axove it, and the
superession chazber pressure pp. X i6 the coordinate of the é?nter
of mass of the water mass, P is the boundary surface area between

the air bubble and water mass.

Since the oscillation procoeds rapidly anough, we can agsume an
adiabatic change of state of the gas. Thoraforo, the relation
‘betwoen th‘e instantancous state (p, V, T) and the 1n1tiai state
(Pys Vor.Ty) which provails immodiately after the oxpulsion of the
air-bubble from the rolief pipe roads: ‘

*x
Pv épa'%x

Por air, ¢ = SN

@)

The change of the gas volume fronm v° to V corresponds exactly to

the lift of the water mass. Thus:

(3)

VBV, ‘?.x'

0 .

from which we obtain for the pressure from Eq. (2):

>

2-9



e



Po
F x .

P:

If w now oxpross the state variable Vo in tarms of the staée
variables Par Vg for the initial state of the quantity of aix:
which is present before the beginning of the vent clearing p:ocess~

Po’%x=/aq_-V’° 5(5)

L

wve g

then we get for the pressure p:

Po

P:

If we ingert this axprassion into the difforential aequation 51)
we f£inally obtain for ¢hs oquation of rotion: :

[4+@0 Pﬂ) ]-x (7),

% =7" f.,A s VIF

in vhich we have get m = pwrh for the mass m of the water ‘Pw is
the denscity of the water, h is tho submargonce of the air bubble) .

In thig differential cquation of sccond order, the variables Po!
h, ¥ and v, appear as parameters (p, =(J kg/cmz. Px " ] kq/énz) .
The cquation can be colved roadily by a mumerical method (Ryingé-
Rutta, Buler, otc.) and loads to the contor~of-mass motion of the

water mass as a function of time: x = x(t). The dependence of

the prossurc oh time, p = p(t), can €£inally be determined from Eq. (6).

2-10






2.2 Performance of the numerical calculation

" The ‘input quantities in Bq. (7) consist of measurable data ,

, {(maximum pressure, normal air volume) and alsoc of data :esu;}ing
from the assumption of the calculated model. In order to ié%lude
quantitatively the effect of those calculation aunumptions,%

parareter calculations were performed starting from a :eferé%ce

Py

P
g

cage.

2.2.1 Data

= 2T AT sy

The data for the referance case were: !
a) Initial pressure

P\ "\ AW\ )
corraesponding to a moasurcmont of the maximum pressure

b) Spocific woight of the water:
0y = SO\ kg/m?

¢) Hoight of the trater cushion h:

b = NN
The air bubble was assumea to be at the height of the end

of the reliof pipe. Therefore,
h 8 gubmergance of the relief pipe

d) surface arca of the cylindrical steam bubble: .-
« It was assumed that the stoam bubble expands cylindrically
as far as the cdge of the suppression chamber. Therefore:

2-11







2.2.2

re§ & B 777

1

©) Normal air volume va: '
The air volume in the relief pipe was determined in AEG-E;/

£2-2160 to be a

077727777 1

With this data we obtain for the constant:

P77 77 %005

The numerical gvaluation was accompliched by using the Runge-
Rutta method with a time sharing system. The result of the cal-,
culation is iliustrated in Figure 2. A comparison with the
measured prossure variation (Pigure 1) raveals good qualitative
agreecment and thus provides the cought proof that the observed

oscillations were interpreted corroctly.

Ffor amqunptitative interpretation it is necessary to perform
geveral (parameter) calculations to exhibit the influence of the

various influential parameters on the oscillation data.

Parameter calculation

The input quantities into the oscillation model are based partially
on measurements and partially on assumptions conceraning the shape
of the air bubble. To determine the influence of this "arbitrary"
initial data, it ip necessary to porform a paramster calculation.

2-12
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The following quantities were varied in the parameter calculation:

Po

P t Prossure ratio of the blow-out process
a

h t Distance of the air bubble from the water surfacez

.V : .
55 + This quantity represents a form factor, since, in,
[
addition to the known quantity V,, it also contains
an assumption concerning the spreading of the surface

area (cylindrical).

A survey of the calculations performed is given in Table 1,

4

The variation of the pressure in the air bubble and the displace-
ment amplitude of the water layer for a half oscillation period
are illustrated for the various calculations in Pigures 3-1ll.
Prom them we can dotormine the various characteristic magnitudes
characterizing the oscillation:

Maximum vartical displacement

Hinimum pressure ratio

(Half) oscillation period and oscillation frequency

The éo:renponding values for the computation runé are listed in

Table 1.

A graphical evaluation was performed in Figure 12, -

2-13
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 glat air-bubble ghape with a diameter of

s

3. Digcussion

The frequency is of primary interast in connection with the
uqaaured pressure oscillations, since only through it is it pps-
sible to confirm quantitatively the calculation results. (Tﬁ;
maximum pressure is an input quantity into the calculation; ;pe

3

vartical displacement of the water was not measured.) >

" The only "arbitrary" input quantity into the computation model

was the bubble's surface area F, which contained a hypothesis con-
ce;ning the {(cylindrical) shape of the air bubble. The influence
of the corresponding parameter (it involves the parameter va/r)

on the fraquency therefore provides an indication of a possible
quantitative- agreement between calculation and measurement. As
follows from Pigure l2a, such agrecment: does exist for a :clftivclg

»
“

ae s V7,
W

KRAFTWERK UNION
AG PROPRIETARY INFORMATION
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This result is confirmed qualitatively by the observed rapid
oproading of the air axpelled during the blow-out.

fﬁe bubble's sulmergence h decroases during the oscillation process.
It follows from Pigure l2a that this (as in the tests) is assgr
ciatadvuith a sharp increase of the f£requency and therefore péb-
vides another confirmation of the correctness of the physical%
xodel, The maximum pressure ) {(or the ratio polpa) is tixed?}y
the blowdown process '‘and can only be changed by design measu:§s.

As axpected, this quantity influences primarily the minimum p;es—'

gure ratioc and the maximum vertical displacoment (Figures 12b-and

12¢).

-

S N S SS N Am RS E B PO RS M8 B Sw
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4., Conclusion

|
|
' The purpose of the study was to provide computational proof that
the p:éssure oscillations occurring in the condensation tests are
' related to the amount of air oxpelled at the beginning of the

e blowdown. < "

|

A physical model was set up and calculated in accordance with the
éonéept that the expelled air, which is at an overpressure relative
to the steady-state conditions, forms a cylindrical bubble and

* represents an oscillatory structure together with the water layer

‘ lying above it.

Using this aimplified model and the meagurable input magnitudes,
and assuming a particular dimension of the cylindrical air bubble,
both q;xalitative uu! quantitativo agroement was found betwsen the
H neasured and calculntkd oscillation mode and the frequency behavior
of-the oscillation was correctly predicted. :

2-16
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.Berechneter. Druckverlauf- unterhalb des Ent!astungsrohres
(in der Luftblase) - Referenzfall “

Piﬂte 2
- Calculated variation of pressure beneath the relief pipe (in the air bubble) - Reference ‘case

— 1 Period
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Pigure 3

Variation of the pressure relative to the initial
pressure and of the vertical displacement of the water
as a function of time

( T/2 =halbe Periode)

. half period
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