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OBJECTIVE

This computation was performed to provide velocity data necessary for @ companion
report on the Energy Absorbing Capacity of the size 24 Fig. 607 Valve Body Sect
and Disk. Studies of nuclear plant safety in the event of o postulated pipe breck
adjccent to the valve require determinction of valve functione! behavior and ifs
consequences for conditions not previously anclyzed.

RESULTS

Velocity of disk at instant of contact with seat is 106.9 ft/sec. ( 32.4 m/sec).
Contact occurs .22 seconds after line break.

ANALYSIS

The valve configuration is :52wn in the accompanying illustration. The anclysis parallels
that of J. M. Gwinn of Stone and Webster (ASME Paper 74PVP51) as regards the inlet
(overseat) pressure after the line break. The pressure necessary to decelercte the normal
flow and cccelerate it to reverse critical nozzle flow reduces the criginal static pressure
oversect to about haif, The critical mass flow rate is determined by the equivalent
nozzle area of the valve and the upstream conditions (no other flow restrictors are
included). The critical crea is ot the cross section through the central guide rib so that
the un rseat pressure is independent of the upstream pressure, but is dependent on the
back pressure crected at the line breck ikelf. This back pressure depends on the moss
flow rate .,

The other pressure which is vital to this analysis is the bonnet pressure (over the pisten).
The initicl pressure is trapped in this cavity and expands on line breck powering the
initial acceleration of the disk, since the pressure under the disk suddenly drops to less
than half at line breck. There is some flow initially out of the bonnet cavity through

the Equalizer pipe and past the piston clearance. This is inventoried in the computer
program wsed to give the fluid mass at each time interval to calculate @ new bonnet
pressure based on the increase in bonnet cavity volume. After substanticl change in

lift, the bonnet pressure becomes less than upstream and leckage flow reverses to increcse
the mass of steam in the cavity along with its pressure. Meanwhile the continued
increase in cavity volume as the valve closes tends to reduce the cavity pressure.

As the critical nczzle area decreases with‘lm, the flow decrecses and the pressure
cbove the valve seat moves bark toward its initial value., The pressure under the disk
drops toward atmosgheric as flow is reduced.

Three experimentoliy determined coefficients are wsed in the anclysis. The first relates
pressure under the disk to inlet (overseat) pressure., The effective underseat pressure is
not necessarily the same as the discharge pressure ot the line breck becouse of dynamic
effects which ore included in the coefficient. The second coefficient relates guice rib
bearing locd to inlet pressure. The third is the equivalent nczzle crea. All of these
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coefficients, as a function of lift, have been measured with locd cells in an inclined
bonnet globe valve under similar critical flow congitions on air. This Rockwell
focility contains ¢ 300 cu.ft. tank for air storage to 1500 psi. This supply is exhausted
through the &" test valve while pressures and locds cre recorded on @ 4 channel
oscillogreph. Since no similar data is available for angle valves, it has been necessary
to assume the coefficients to be the same for inclined bonnet globe and cngle config=
uration. This is the more plousible beccuse the overail flow coefficients f Rockwell
angle and Flite Flow valves are essentially equal in this valve. [t may b2 assumed
that the changed body configuration would therefore have only o small etfect un the
necessary coefficients, These coefficients have been incorporated into the empirical
equations,

The force causing disk ccceleration is then the difference between bonnet and under=
seat pressure times the disk area. To this the disk weight is cdded cnd guide rib friction
is subtracted. In calculating the latter, a high friction coefficient (I = 0.4) was used
becouse of the elevated temperature. This retarding force is found to be @ small fraction
of the total force.

The residual unbclanced force is converted into acceleration which is numericelly
integrated with time to give disk velocity, which is again numerically integrated for
disk position. A separate cnalysis will predict the comsequences of this impact on the
elastic-plostic deformation of the seat-disk geometry,

The results are shown in the attached computer printout. Only every 10th time step is
printed,

Note that the wave front has traversed only 43,4 feet ( 3.3 m) before the valve is
closed. Since this is less than twice the length of pipe, no pressure reflections will

affect the valve before it has impacted the seat,

The integrated reverse stecm flow escaping before the valve closure is 21,4 Ibs. ( 9.8 )kg.



.

...‘1

il |

ihk

i

il

N

e

SRS LM MA ANA SwE TwA Lo e W

POIRAT &0 Laah T8 1 N AN 10 08 Lesa e

e

e = o n

1411 506

SNCE  AATwLS

AT aemem VN =
.~ . o
.o LA L
—
e oa Ak e
e % 4 e
.~ o
- - —
AT M T AU wy
PO Ph 4 e
g TR LI T
Tem YN cn—

(et P—a =
b I N S e
| e Fm e »wtt L

ROCKWELL e s e e

Gt 141 5w oo | wmawal
PUELA0A Y At et e
-

LT SR
- wmie e . ]

QA A, tesy
— -




~
'fngf,- CALWE QLSS Jo0 0% LINS wbf o0 U:('.--Al-- maikera ) o ) UII’!OI‘I, T EE e e E
b llaari L l"'g\"b'l"-o«lL Ll waATIUN
-— PITTS M, »a, : B SRR o . - gl s
SIS Stasae Sde. . O —
w3 PILE = 26 [No FlGe OCL CHECA VALNE oo NP ——
‘ : o St
Wil BISK.IATA e et i & ol = L L
dikan )fz.s dealis aélLrts o«T.J LAS. Cav «lLTHeQ,0250 In. “h? LENGTHe 2,4)) 1. - -
File FRICTION #2. 7.0 e Youu2 CtF. (r “FCm, FRICT 13940.0030 QIS mElGmTe 2,250 1IN,
o A ST Rars T e e - —— g pa—
A3fae 378w Saul'le ' .
COUTLIZER TaRE CarTs T ——— e e -~ el
I10®  2.32€C0 1w, LEALTRE £5.9) 1N, FLCw FEICTICY FACTIRs Q,018%
INITIAL S0Ca £C7iCiTTCNS ' g . T s

PEESSUP I S45.0C0 MS1a TE¥P,.8 L90.0u CEC.F PL.vaL. . «FT 28 S -
A bl oS it a. g SP.VIL.e 0.9% CULFT, 263 (3, -l.’.n...- AATE. T764.90L38 PEa 3%z,

—— ———— - - . - -

TOSNYHALIIC (1D IAITIAL FLCH CCACITICAS) “wxILlakY PIINT
—— BAES S P B 502,004 PSlA e SPrCled e L CIA UL F T PR LB
" ——
LIET JaTy '
——ed N AT AL LIFT® 15,3750 a _ EUUIV.LLlETe. 23,515 INe LSUCH THAT_BONAET ZAVLT L 4CLa O1SC AREAS (LIETEQU Iw~LLETINIL) ) .
PIPE JAM
ol EA® 350090 See e o e
AL¢ 24T . .

—NUrERLCAL INTECRATION AT M LALER AUNGE-QUTTAL. IIME._STEP 0. 000500 SEC . PRLATIAG INLERVALSQ.305020 SEC—

——— e ————

Tt LIFT SISK VEL oISk ace NET DISK FORCE  LIFT FCacE  SIOE 323 famce
“VE VEL BLOm AP, W4T FLlw RETE (AL ST wEL V0 ET PeES IMLET $2 viL
BCU Cav. PRES — 30N CAV. F T PASS UM.OLSE o o . it T

SEPNL. L1 CESE———— N B | [y R———— PN . SS—— % | -} O 7 Se—" 5 5§ LY § PP

B § 24 § § & DU OR—— . "

1901 .5 0.26%2 1272.8 e12.4 382.% l.432
$25.¢3 leo91 21%.%0 ’ .
BT, T P . 81,37 <t450.83  =125718.4 -130323.9 BT TYery B s
1061.7 C. 2856 1287.1 556 .6 386.73 leala
PSSR | TNl | [NPRESG 5.  » FR—1 L Y . — - . . s S A+ S S
J.910 L3, ks -72.%2 =2943.5% -53192.8 -20535.5% 1563, 7
PRSI § {7 5% RRaa———— b (T ] 1isl.t.. PR - [T DERp——— T b .| - 12383 - — — - CE—— —— e
3Cv. 78 1.326 155.81
— Lo 1 RIS, 7Y peeese— L | 5% ¢ IDNR—— X ; [N T RS G § [ DN TSR T ¢ ) 0% (S | | | () T
12719, Q.06817 | $93.) mT,.8 “20.064 L2106
232.00 1.642 105. 43
e ek . e -97.48 “2000.32 | =87%15.4  <a29s8.3 sees.s T °
1820.1 C.eC22 a91.5 ol.? Se7.21 Jaibe
— - AdS1.e9 g csseeeloBBB . o e  Dladd. wue I ——— . - e - ————————— % msa -
D I58 IPPACT LN SEAT JCCUmrEd AT In __ 05,0223 SELS 5ITH A.VELSCITY CF _~1C~e9 FEET/SEC. . - 5 . -
e,

-
AT I¥P2CT DISN ®Iv NTUY 1S J.215010%5+06 LP SETS RINETIC EVERGY 1S J.1169%1Ee0s FT L3S

—_—— - . - - — - ce———a e —— - . - - T ——— i —— ———— —— % — —

VST arCE lh.lYlll SAPANSICY wavé r:avn": SURLNG Time 10 1 494(Te &5.0l FEET

STLA® LOS5 THAGLGA valvEs  21.37 POUNDS

A —— — . — - W . ——— — —— ——— ———— — — —— —— " —-———————— " — ———— " ——— . — — -

— “e - - ——-—— . — - - — - - e e - ——— — - WA m— e = . e

it LT e PUORORIBINAL"~ "\A.H 07




3
e — 5 » il P - . ——— ———— e - - - OO - —— .. - e W s wes ——
. * . <
gL A SRS EE - ol AL e B e T a
[ ]
5 - b .
— _,-.—....—:- PR ——— — - . o we - J—— -
)
.\
QUTBUT VAP IASLE DESINITICAS AND DINEASICNS
1 TIME SECCNDS
X OISk LIFT nEF_SEAT ___ INCHES __ _ _____POSITIVE 01! '_E_Cll_cn-fPC{_S‘S_-\_Y_T_Q‘_?Q'!N_E_"
vEL DISK vELCCITY FEET PER SEC -
ACC DISK ACCELE3ATION FEET PER SQ SEC
FL______LIFT FJaCE 0 POUNOS .
Fa SIDE AE29[ MG FCRCE PCUNDS
Vw « WAVE VELICITY FEET PER SEC
e A TALET FLO4 NJMBER Elme Lo ko T PP i ST T I
vl INLET VELIUCITY FEETY PER SEC i
aF1 [NLET 4EIGHT FLCa RATE POUNDS PER SEC
— F1____ INLET PRESSURE ____ pSIA e S e
svl INET SOECIFIC VOLUVE CL FT PER PCUND .
© P8 BCHMET CAVITY POESSURE PsSia ' .
w4____ BCNNET CAvlTY_FLUIC wEIGHT F CUNCS
Py PRESSUAE UNDER DISk- PSIA
' -
] .‘
’ -
)
TR ~ -
)
. .
3
T— o~ - - - ——— - . S A - ——— — - — . —— . — ——————— . — - —
)



