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AD \cceleration Drag
\DS Automatic Depressunzauon System
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SCOPE

[his technical note presents a vonservative evaluation ot the dynamic loads exerted on the
[RWST submerged structures support columns and ADS piping tollowing the ADS actuation
ind subsequent two-phase mixture blow down

The calculation has been pertormed using the sumpltied approach of a potential tlow n an
infinite (or semi-wntinite) pool, which assumes an osculating steam bubble around the sparger
center or in the ADS discharge region

[he approach used in this work cowncides with the methodology developed to compute the
dynamics loads on the PRHR Heat Exchanger Tubes.

[he general aspects ot the methodology are reported in section 2 together with  specitic
assumptions used to compute loads on head support columns and ADS piping

Section 3 presents the tinal loads on both structures to be used for structural analysis
cvaluauon

Conclusions are outlined in secuon 4
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METHODOLOGY

The methodology used in this work 1s described in this sectuon.

The methodology utlized tor the evaluation ot the hydrodynamucs loads on the support column
15 applied also to evaluate the loads on the vertical ADS discharge piping.

As far as the horizontal position of the piping, at higher elevation, is concerned, a slightly
ditterent approach 1s used.

Followtng the basic assumpuons used are summanzed:

¢ The tluld motion 15 assumed urotational, thus a velocity potential tunction describes
completely the motion state.

* [n the region around the sparger, the motion 1s assumed incompressible. Notice that the
* Support Columns interest only sparger B of Fig. 1.

e The steam osculation phenomenon occurring during blow down and pool condensation s
sunulated by means ol an ideal vibrating bubble. The radius of the bubble ( called RADIUS)
has been assumed equal to the sparger arm length (4 58 ft), see Fig. | & 2. In this model
the hubble acts as an 1deal ume-dependent source in the potential flow field.

¢ The Source Strength Rate S'( 1) 1s derived from VAPORE PHASE B930 & 330 TESTS[2]
The PE16 wall-pressure tume-history of tests B930 & 330 have been selected as the most
representative of the condensation-induced pressure field in the tank. A Method of Images
computer program (code PRECCI, Ref. Ad4) has been employed to compute the tunction
S'( 1) on the baswis of wall pressure measurements and taking nto account the VAPORE
tank cylindncal geometry.

A numecncal integration allows (o obtain the Source Strength ume-history  S( 1)

MT03-S3C-025, Rev.1 PAGE 8 OF 57 DATE 3 April 1998
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The Hydrodvnamic Model

(n order to calculate the torces exerted on submerged structures caused by
condensation oscillations at the exat ot the spargers during the blow down phase ot an

ADS actuation, a hydrodynamic model using a potential tlow approach and the image
technique 1s employed.

The ettect ot VAPORE tank boundaries 18 sumulated by an 2riay ot virtual images ot
the real source, which 1s the condensation event near the sparger.

The source strength and charactenstics are obtained from the VAPORE test data.

The Condensation Phenomenon

[t s known that steam wnjection into subcooled water produces unsteady phenomena
.‘ called chugging or condensation oscillation. These phenomena have been studied with

a special concern (o the (ransient phenomena n the light water reactor pressure
suppression system (Ref. dl, d2).

[t 1s known about downward venting systems that uf the steam velocity s rather high,
steam always condenses outside the vent pipe, and penodic pressure oscullations are
observed in the pool. The steam-water interface also oscillates.

These phenomena are called condensauon oscillauons.

A general theory ot the osculation trequency and pressure ampltude produced by
condensation oscillations can be denived from linear analysis ot steam bubble
motion at vent tube exit. Steam bubble n the analyses (Ret. d2) has in general been
assumed either of cylindncal, sphencal, or hemisphencal shape.

(1L has pounted out (Ret. d1) that u steam 15 injected from many small pipes or many
small holes (ke a sparger), the pool walls wil experience much smaller pressure
amplitudes. The smaller diameters ot the pipes and holes wul produce the smaller
bubbles, which osculate vut ot phase, thus inducing smaller pressure tield amplitudes in
the pool water and on the walls.

However the analytical model ot the condensation phenomena 4t the ¢xit ol tne
sparger holes s not simple at all.

MT03-S3C-025, Rev.1 PAGE 9 OF 57 DATE 3 April 1998
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Sparger Condensation

The submerged steam  discharge rate trom ordices lke those in the ADS sparger at

low discharge rates may be slow enough to torm single bubbles which grow and detach
peniodically (Ret. d3)

Higher discharge rates . torm gas jets, which hreak up nto small bubbles. Around the
discharge device a bubble population develops which gets a statistical equilibrium
characterized by a dominant frequency and amplitude of vapor bubbles growing and
collapsing. The bubbles may also coalesce to form a large region of steam separated
trom the subcooled water by an extended interface, which vibrates rapidly.

Since the simulation ot such phenomenology requires extended experimental data and
theoretical models not avaudable at present time, the condensation osciulation svent 1s
simulated by a simplificd model as tollows.

The cttect ot the osculatory condensation phenomenology is modeled assuming an
ideal tull volume ot steam, herewnafter named steam bubble, which, because of thé
condensation occurring at the interface with cold water and mechanical nteraction
with pool water, periodically expands and concract through small volume oscillations.
This vibration produces periodic expulsion and aspiration of iquid from the volume
occupied by the steam bubble.

The volume V ot the steam bubble s assumed a tunction of the sparger arm
radius (Rs) (Ret. 1),

The concept «f the single steam bubble leads to a pulsating volume which induces a
tume-dependent tlow in the pool water.

The strength of this tluid source can be measured, in the context ol the incompressible
irrotational tluid theory, on the basis of the VAPORE pressure traces on the wall.

MT03-S3C-025, Rev. 1 PAGE 10 OF 57 DATE 3 April 1998
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IRWST Pool Flovw Field

The oscdlatory condensation phenomencn at the exit of each sparger causes tume

varying water tlow wn the [IRWST pool. To describe this transient tlow, ettect ot

mpressibility within the pool water 15 assumed to be negligible
Fig. | shows the plan view of IRWST with sparger locations. In the tigure letters A
and B are used (0 identity spargers

For an harmonic acousucal signal 1n water, the charactenstic wave length A, 1s equal to

where ¢ 18 the sound speed and [ s the excitauon trequency

[n the VAPORE test the highest substantiai excitation frequencies are in the range ot
50 to 70 Hz. For a sound speed ot ~ 5000 [Usec in water, this leads to a mummum
characteristic wave length A cqual to ~ 70 ft. This values s about the radius ot the
(RWST (65 tt) and theretore the incompressible approach cannot be uttized in order
to compute the global tluid field into the pool. For this reason the structural analysis oé
the pool walls requures the use of an acoustical model of the water (D'Alembert
boundary-value problem) as presented in Ref. a3

However i we umit the field ot observation to the region around the discharge device
ncompressibility assumptions can be made

Region close to Discharge Device

Herewmatter we reter only 1o the discharge of one sparger since structures objgect ot the
loads calculation (ADS discharge piping and Vessel Head Support Columns) are so
¢lose to one sparger that torces induced on such structures trom the other discharge
Jevice can be considered negligible

[n the region near the steam bubble around the sparger the tollowwng condition 18
saustied:

A > Ry

Therctore ncar the bubble the water motion can be considered as incompressible. We
make the tollowing turther assumptions

Friction cttects can be neglected in companson (o the ettects ol inertia torees
Vorugity cttects are not considered

The pool s intinite. Correction (o account tor the presence ol boundanies wil be
considered later

MT03-S3C-025, Rev. 1 PAGE 11 OF 57 DATE 3 April 1998
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[n such a manner the condensation oscllation at discharge device 1s sumulated by a
classical hydrodynamic source (Ret. ¢2).
We indicate with S the strength ot the source, detined hy

S=2V'/ 4r
where the apex indicate time denvauve.
Then the velocity potential close to the sparger 1s written as (Ret. 1):

® =S/

An improvement of this tlow field model can be carried out n order to account for the
wall etfect by using the image techmique (Ref. 1). Since the motion respects the
incompressiblity requuwements only n the region close to the sparger, the umage

technique allows us to sunulate walls only near the discharge device, and not
throughout all the pool.

VAPORE Tank Flow Field

Incompressibility Assumption

The dimensions of the tank are smaller than the IRWST dimensions. Theretore the
incompressible approach can be applied to the tlow field of the tank. This fact allows us
(0 compute the source strength knowing the pressure (races at the wall by means ot
the image technique, as will be explained in the following.

[ncompressibtlity condition ¢

A >> R(‘

where Ry, 1s the tank radius

Since Rz = 125 tt. the condition is sausticd.

MT03-S3C-025, Rev.1 PAGE 12 OF 57 DATE 3 April 1998
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Calculation of the Source Strength

The excuation source due to steam condensaton s modeled in the same way as in the
[RWST. by utiizing the concept ot hydrod, :amic source. The motion in the water
tank 1s assumed everywhere incompressible, potential and non-viscous. Theretore the

governing equations are represented by Laplace equation and unsteady-Bernoulli
cquation (Ret. ¢2)

[t 1s possible to solve Laplace equation tor the tank by means of the inage techmque.
as tully explained in Ref. 1. The effect of tank boundaries is suimulated by creating an

array of virtual image sources and the effect of (ree surface s sunulated by creating an
array ol virtual sinks.

Following Ret. |, tor a cylindncal tank with a tree surtace,
0' = S \ / rct

The geometrical factor (l/rarf ) can be computed by the Ansaldo code PRECCI
(Ret. ad). The code utilizes an array ot 8 diamonds centered on the hydrodynamic
source as reported in Fig. 33. To introduce three dimensional modeling, two more
arrays are added as reported in Fig. 34. The total number of image employed is S80.

A comparwson ot the method ot images solution with the analytical soiution given by
the Green's tunction approach is presented in Ref. d5. The results indicate that the (wo
methods compare tavorably.

Appiying unsteady-Bemoulli equation, S' can be determwed after the geometnc
tactor {1/ regp) 1s known, by means of the tollowing equation: '

S = (Pwall /P) * fef

MT03-S3C-028, Rev.1 PAGE 13 OF 57 DATE 3 April 1998
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Drag Forces on Submerged Structures in Unsteady Flow

Steam _condensation  vibration induces a tlow field in the [RWST  The liquid motion
will impose torces on submerged structures.

Siee we have assumed (hat water motion across tubes 's wncompressible and
irrotational, we can utiize the model and methodology developed in the trame of the
air cleanng phenomenology (Ret. 1) to compute the hydrodynamic torces on the tubes

The most common torce, hereatter called steady or velocity drag (VD). 1s a summation
ot skin triction and the pressure drag caused by wake tormation behind structures in a

moving tluid. Steady drag is predicted with the help of experimentally determined drag
coetticients, based on steady low tield with negligible free stream pressure gradients.

[n addition to VD, another torce can exist which s caused by acceleration of the tlow
ticld about a submerged structure. Fluid acceleration s associated with a pressure
gradient in the tree stream, which imposes a torce called acceleration drag (AD).

Structures in unsteady tlows experience a combwnation of both steady and accelerating

Jrag forces, which should be estumated in order to determine mechanical design
requirements (Ret. 1)

Notice that i unsteady tlow (with a zero mean tume value) the VD contribution to the
global drag torce 1s very low and its contnbution 1s usually neglected.

Acceleration Field

The 1dealized basis ot this approach s that submerged structures to be considered are
submerged in an intimite, spaual umtorm (low with time-dependent velocity

Vlm( L)

and accelerauon
d

dl( Vlm‘ L) '

d
The aeecleration ticld a-‘[ viut )] can be calculated at cach time instant

The submerged structure s supposed to be normal to the umtorm tlow tield (Fig. 35)

MT03-S3C-025, Rev.1 PAGE 14 OF 57 DATE 3 April 1998
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Ihe Acceleration Drag in the Potential Flow

that the acceleration drag torce (AD

where the accelerauon drag volume 1s detined by
Vad = Vs + Ma/p

where M, 15 the added submerged structure mass, also called hydrodynamic mass
and Vg 18 the volume ol the submerged structure (Ret. ¢3)

Steady Drag Formula

-
Based on untorm, non-accelerating tlow at velocity viqp, the steady drag is expressed
18 tollows

-
-~

Fsg=Cg*Ax® 1/2%p % vy

Structures are considered submerged in a undorm tlow whose direction 1s aligned with

the x-axis, as shown in Fig. 35 The area Ay 15 the projection of surface body area A
n a plane normal to the x-axis. C4 18 a coetlicient depending on the torm of the body

and the Reynolds number, and it s usually determined through experimental charts
sce Ret. al)
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LOADS CALCULATION
Following the methodology just described the S'(1) function has been determined usui? data
trom VAPORE PHASE B tests 330 & 930 using the PE16 wall prescure ume histones
Starting trom this source strength tunction S'(t) the tollowing steps ha' e been pertormed.
e An S(t)tunction has been determined trough numencal integration.
e The velocity tield at the bubble surtace can be computed by:
VEL_SURF = S(t,/RADIUS
e The accelerauon tield at the bubble surtace s coinputed by:

ACC_SURF =S'(t)/RADIUS®

e The Support Column has been subdivided into 9 segments each one 3.12 ft long, in
accordance to structural analysis (ANSYS code) indications.

e The velocity tield at each Support Column element surface 1s computed by:

VEL_COL =S(t)/DIST"

bewng DIST the distance trom the bubble center (sparger center) to the submerged structure
clement (see Fig. 2)

e The accelerauon Lield at the Support Column element surtace 1s computed by:
ACC_COL =S'(t)/DIST"®
e The VD magnitude at the bubble surtace 1s computed by:
VD(t)=VCOEF * VEL_SURF * ABS( VEL_SURY )
where VCOEF 15 2 p Cd Ax where:
Ax 15 the cross llow section ot the structure

p is the water density
Cd 1 the Drag coetlicient (chosen conservatvely equal to 2.0)
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o The VD magnitude atthe Support Column element surtace 1s computed by
VDI l-; = VCOEF * VEL_COL * ABS(VEL_COL)
e The AD magnitude close to the bubble surtace i1s computed by:
AD(t)= ACC_SURF * ACOEF
where ACOEF 1s detined below:
ACOEF = RHO * n * DIAM* /2. * HEIGHT
RHO = water density, = 62.9 Ibm/13

DIAM = Support Column cross section diameter,
( = 18 inch)

HEIGHT = 3 12 FT, = Support Column clement length

e The AD magnitude at the Support Column clement 1s computed by:
AD(t)=ACC_COL * ACOEF
where ACOEF 1s detined as above
e The AD & VD ume-histones are algebraically added at each wnstant to obtain the Total

Drag Force.

o Funally, torces obtained have heen projected along the direction perpendicular to the
Support Column axis (see Fig. 2)
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o This approach presents some conservausm since:

The random character of the steam oscillations 18 modeled using a unudorm bubble
pulsaung mouon, where all the pool liquid moves in phase with the vibraung source

Any dissipative or vorucity etfect is neglected.

The submerged structure s assumed to be rigid, thus neglecting surtace pressure
reduction due to tlud-structure interacuon.

[t 1s remarkable that either the effect of the second sparger bubble or the etfect of the
walls are negligible since the Support Columns are very close (o sparger B, and the
source tlow lield goes down following the inverse of the squared-distance.

¢ Notice that the incompressible-urotational flow assumption allows for the space-time
separation of the space-tume dependent pool flow field. Therefore the tune-dependence of
all meanungtul fluid dynamics varables cowncides with the time-dependence of tne PE16
pressure torcing function. As a consequence, the spectral content of velocity, acceleration

and drag force ume-histonies s identical to the PE16 spectrum throughout the whole
discharge region.
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The same procedure outhned with reterence to Support Column has been used tor
the node B. C. D ot Fig. 3 (up to the curving bend) ot botn the discharge lines.

Note that in this case the osculating bubble has been located at a distance equal to the
sparger radius (= bubble radws) along a durection perpendicular to the vertical axis ot
the pipe (see Fig. 4) and rotated ot 45 deg. with respect to the quencher arm ( the
choice of the arm s not intluent). Moreover, the long segment  A------venee B has been

subdivided into 5 element in order to make a more detaied evaluation of ihe torces.
These elements have been indicated as B1, 2. 3, 4. 5.

On .2 basis of this new location ot the bubble Velocity And Acceleration Drag
Forces have been computed.

4 * Horizontal Piping.

We reter here to the piping between nodes E & [ in Fig. 3. This piping s honzontal and
near to the tree surtace. Since the discharge IRWST region is approximately a closed
box, the streamlnes charactenizing the bubble oscilation flow pattern are deviated by

the pool tloor and canalized by the vertical walls towards the free surtace, as depicted
in Fig. §

Thus the horizontal piping 15 subjected to an osculating tlow which 1s pracucally
perpendicular to its axis. To obtain a conservative evaluation of the loads on the
horzontal piping the tollowing approach has been used:

The sparger bubble has heen assumed to move randomly around the quencher,
pusitioning below any horizontal pipe element. As a consequence the condensation
hubble 18 located under the vertical line which passes through the pipe clement (1 1t
long), and at the quencher elevauon.

To account tor the tree surtace cltect (see Fig. 7). a bubble sink image s located above
the Iree surface n accurdance to the Method ot Images. Fig. 6 shows the  bubble
position with respect to the piping in this approach.

Notice that the load cxerted by the bubble tlow on cach 1t pipe clement has been

assumed 0 act along the perpendicular trom the bubble center to the pipe clement axis
(hne OP ot Fig 6)

Notice that n the caleulation ot the torces acting on the HORIZONTAL  PIPING.
hecause of the ditterent methodology utihized. the loads are given in LBRFT
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3. RESULTS

[ he unalysis have been pertormed tor both tests B930 and B330 using the whole tume histories.
[n the tollowng tigures only the B930 test (15-30 s) interval 1s here presented. since it presents
the highest oscillation peaks

The ADS-VAPORE pressure ume-history is reported in Figs. 8 and 9

The Source Strength Rate tume-history evaluated as described i section 2 1s reported in Fig.
10, whereas the Source Strength time-history s presented in Fig. 11

The surtace bubble velocity and acceleration are reported in Figs. 12 and 13 respectively. It is
seen that the velocity values are very small, theretore the velocity drag is negligible and only
the acceleration drag gives contribution to the calculation of the loads.

However the total drag torce calculation takes into account also the VD contribution, although
very small

3.1 Support Column

4 Figs. 14 and 15 show the AD & VD at Support Column eclement no. 5 respectively. [t can be
observed that the velocity drag 1s quite negligible in companson with acceleraton drag.

Figs. trom 16 to 24 report the total torce time-history on the Support Column clement no. 1.
2.3.4.5.6.7, 8Band 9 respectively

3.2 Vertical ADS discharge Piping

Fig 's trom 25 to 29 report the total torce tume-history on the segment trom node A to node
8. that 1s with reterence to clements no. |, 2, 3, 4 S respectively (each one 3.5 ft height, tor a
total height ot 17 5 t1). Note that the torces are identical tor both the discharge lines.

Fig. 30 shows the load tume-history on segment (rom node B to node C, whereas Fig. 31
shows the load tume-history on segment (rom node C to node D and higher ¢clevations untd the
connection 1o honzontal piping.

The peak values reported are as tollows: Scgment [A-1B ( 5 clements from bottom Lo top) -
Elem. | - 200 Ibt, Elem_ 2 - 300 Ibt, Elem 3 - 1000 Ibt . Elem. 4 - 3000 Ibt, Elem. 5 - 7500 Ibt
Scgment [ B-1C 4000 Ibt, Segment [C-1D (bend included) 800 Ibt.

| y i A

Fig 32 shows the ume-history on the huonzontal piping trom node E w node [ in LBRFT.
Notice that the torees are identical tor both lines. The load peak 1s approximatcly 650 Ibt/tt.
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4. CONCLUSION

A Simpltied Approach has been used to evaluate the Drag Forces on IRWST Support Column
and ADS PIPING during the ADS blow down.

On the basis of VAPORE blow down tests, pressure torcing tunction tume-history ot Phase-B
Tests 930 & 330 have been selected.

The condensation phenomenon has been simulated by me  of an osculating bubble in an
ietinue or semi-intinite pertect tluid pool.

On the basis of a serics ot described assumptions concerning the position of the condensation
bubble with respect (o the submerged structure of interest, the velocity and acceleration drags
have been computed.

Only the ACCELERATION DRAG s signuficant because ot the relatvely high frequency
content ot the sparger torcing tunction,

The loads are vibratory with the trequency content of the expenmental measurements.
The load magnitude depend on the distance between the condensation bubble anc the
submerged structure ot concemn

Tume histories ot the loads tor the vessel head support column as well as tor ADS discharge
piping have been computed and presented.
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FIGURES
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I. TRWSTSPARGER LOCATIONS AND IDEAL SPARGER BUBBLE
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2. SUPPORT COLUMN - ST RGER PUBBLE CONFIGURATION
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3. PIPING GEOMETRY AND NODING
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4 ADS PIPING - CONDENSATION BUBBLE CONFIGURATION

—
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/ (at distance=4.6 ft from piping)
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5. CLOSED BOX FLOW PATTERN
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6. HORIZONTAL PIPING: APPROACH CONFIGURATION

-
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angle PIPING,
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condensation bubble assumed under the vertical
and at the quencher elevation (18 it)
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7.  FREE SURFACE EFFECT AND SINK IMAGE
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8. PHASE.BI-TESTY3-PE16-PRESSURE TIME-HISTORY
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9. PHASE-B1-TESTY30-PE16-PRESSLURE TIME-HISTORY
(15-30 S INTERVAL)
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1. SOURCE STRENTGH TIME-HISTORY --ecveen FTVS
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12. BUBBLE SURFACE VELOCITY TIME-HISTORY --- FT/S
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14. ADDRAG WITH REFERENCE TO s ELEMENT (LBF)
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1S. VDDRAG WITH REFERENCE TO s ELEMENT (LBF
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i6. TOTAL DRAG ON I'"ELEMENT (B1) -«(LBF)
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17. TOTAL DRAG ON 2™ ELEMENT (B2) -(LBF)
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18. TOTAL DRAG ON 3*Y ELEMENT (B3) -(LBF)

TEST 930~PE16~FORCE 3
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TIME —----SEC
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19. TOTAL DRAG ON 4™ ELEMENT (B4) -(LBF)
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20, TOTAL DRAG ONS™ ELEMENT (BS)-(LBF)
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21. TOTAL DRAG ON6"™ ELEMENT (B6)-(LBF)
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22. TOTALDRAGONT™ ELEMENT (B7) -(LBF)

TeST 930-PE16—-FORCE 7
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24. TOTAL DRAG ON 9™ ELEMENT (BY) -(LBF)
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,DRAG ON I ELEMENT (NODING: A---B) -(LBF)

T930-FORCE B.1, LBF
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26. TOTAL DRAG ON 2" ELEMENT (NODING: A---B) «LBF)

T930-FORCE B.2, LBF

10
TIME, ~--~SEC

MT03-S3C-025, Rev. 1 PAGE 48 OF 57 DATE 3 April 1998
MT3S3C25.00C




AP600

- -

DESIGN SPECIFICATION WESTINGHOUSE

27. TOTAL DRAG ON 3*" ELEMENT (NODING: A---B) -(LBF)
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28. TOTAL DRAG ON 4™ ELEMENT (NODING: A---B) -(LBF)
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29. TOTAL DRAG ON §™ ELEMENY (NODING: A---1") -(LBF)

T930~-FORCE B.S, \.BF b
8000 1

6000
4000

2000

~2000

-4000 |

ok
6000o 5 10 15

TIME ~--~SEC

MT03-S3C-025, Rev.1 PAGE 51 OF 57 DATE 3 April 1998
MT383C25.00C




o e —

"AP600
DESIGN SPECIFICATION WESTINGHOUSE =~~~ "~

36. TOTAL DRAG ON 6™ ELEMENT (NODING: B----C) -(LBF)
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3 TOTAL DRAG ON 7™ ELEMENT (NODING: Cee-D---BEND) «(LBF)
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32. TOTAL DRAG ON A ONE-FUET ELEMENT OF HORIZONTAL PIPING (Ibf/ft)
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34, PRECC1 3-DIMENSIONAL MODELING
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3s. UNIFORM FLOW PAST A STATIONARY STRUCTURE
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