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Becsuse of wile variaticns {n the venturi throat . ressure, well be:on
the ;anellit gage L/'. renge, that ocsur during the sequemnce ot o,ermt cnal
chearge-discharge. the ,anelltt As4® 2300t be (ncluied in the scram anfety
circult Juring tne eriou =7 tiae that cherge-cisclhemge 0 erations mre telnr:
erfowel. 1In {ts stem, the function of the anellit grae 16 reilacec, 'r

on overle 'ing manper, by & tubte inlet ressurw mon‘tor that !s et e wity

\\
hlat sam! low .mnur-\\r\ mac anisme that mny ba incluled (n the sc™ia anfet
cl'reust uring the tlios that the anellit gage must be by- asse!, The Lube

frlet ;ressure monitor !{e¢ then use. to roviie tre . vetection f'rom ungint Le

fiow that {8 normally obtatne. with thn wnellit $0g9, M iv weaorsnium

iescrien the manner {n wrhich the tute inlat regeure wonitor tri  olnta

aro tu be detATRINed erd Lseu. A more Jetalled docusent under re sretion v .,
sracTibe the annlytical methoudd used tu srrive st these iri settings, the
offect of Lhe severeri varisbles, and the esfety :rovideu t) the tri,s when

cslled ujom b flov recuctions or otier scctidents.

DECPLTION QI THF CRASGL-LIFCRAMG: CYCid

Tr unigetand some of the ttems to be discusses, A brief descr!i. tion of

W i8¢ 1nVOiven i Lbe O ermui1OmAL charge-ulscherge Of & . rocess tube ceenrs

in omiar, These are as follows:
1. The charging machine (s cou.leu 10 the front ball velve of the tule
to be 0, errtal u,ong

« By means of an suxilisry high rosesure (°. % .4lg wmin.,,; water aource,
the interior of the charging machine mrgesine Is  respurise. to tLhe

ressure of the tube inlet  veasure oo the other vite of the ¢ lose

hall velvs
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. Tha ball walve {a then o, enud,

s, The flow control of the suxiliary water aclition eyatem ‘s O erates
to increase the tube inlet ,rassure to s value referred t0 oa the
Nominal “djustes Mube Inlet rressure (RAT1: ;. As this . reseure
velue {n resachei, the flow control valve Of the suxiliary veter eysten
ia lockeu ant the hydreulic cherectariatic of the auxiliavy wataer
svetex then rvemwins [ljeq throughout the reasinuer of tha cycle,
Recaure the Nominal ¢ Juets! Tha Inlet i-waeure '3 miual to or sbove

the noreal tube inlet vressrare, the tubte flov rete has tersrn (DCrense.
evun trhough the flia thnt the tube receiver roa W8 NOrwn,  TuCews
inlet cmnoct:‘ heae bLeen lecreano.,
The vonr bali valve (s then O sne?, flushing the fuel ctar -, st
this tirm, the tube flow reale (ncreanes marxecly Ani the ortiom of
™

flow thvet §a su - lien by‘l*w .1nln conneclor trncreages until c-itienl
flow occure irn the llow meter (venturi). Me remmin.er of the flow
(9 su. ' lies by the auxiliery wvnter system., shen the flov throughb
the tnlet venturi is ot the critical velwe, the throst vressure {a

‘ below Atoos; haric reasure. Becruge af the wiie variations {n thia

;n.i\nra, which 1e the samamn a8 _anellit ; ressure, the .enellit gage

cannot be useu during the charge-discharge ojeretion,

.. After the charge has been rlushed {rom the tube the rear dell valwve
e cloaed,. At this time. the tube !nlet .ressure rises to s jraoaf-
mately 1.0 ;ui,

1. 'n‘ Aownatmeam dunpn  attern Lo then losdet from the charging wachine,
sach uummy Yeing eingly flushec {own the tube sesting syainet the rear
bal) valve, Another increasc in tudbe inlet . ressure resulte btecausc

nf the n-led rtydraulles reaelutance,
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3. The fuel slugs are then singly loaded from the charging machine, esch

flushing down the tube and seeting sgmninst the dumy .attern Or the
ireceding slug. The lydreulic resiatance of the charge increases

re, 131y ¢a the slugs sre added and the tube inlet :resesure rises ra.i3l,
3t firet then a;, reacher the NMomine) A justed Tube Inlet irwasure
(NATI? ) asyma toticnlly. If the charpe beirg loaded hss {denticelly

the ramo Wtraulic reelstarce of 1ts  redecespor, the inlet ;ressure
aftar the finnl slug ts chargeu will exncly oyusl the NATIV. Ac-
tuslly, this ;reseure will be slightly d{fferent than the W.TI be-
csuse of differences in filn amd slug diuensional waristioms,

+, The front Tall voaive !» ther clomed and the auxilisry vater aymtem it

Gepressurlzed,

1. The tude inlet ressure Of the nev charge 18 com ared vith that of
the ;re-existing charge vhen doth are being suj;lied with weter only
through the inlet comnector, an? if oculy s mowinel wvarietion exiets
the charging sschine 1o uncou;led from tha inlet ball velve norsle --
and the o, erstion is com:letre,

The feeture making the sysiea di{fferent from other ,Lrocess tudes is the
sddi1tion of the euxiliary weter. The tude can, snd (s, noW sui;lled by two
woter sources; the norssl inlet comnector snd the suxiliar; systea. If an
avent oecurs in the tude, such ss a ;lugging or boiling of the coolant flow,
both these flow sources sre affected. Beceuse of 1ts higher ;ressur the
suailiayy system 1s laast sffected and unier those circumstances the flow
{s Jecroased in the inlet connector, end mu) be even 8t0;, @l Or raversed |f
the ; lugging event s sufficiently severe. The ;resance of the inlet connrctic

thern ncte to “mueh” tha (Alet ,ressure (NPCrease Accom AR ing & Whstrean

lusging event und flow reluction., Beceuse of the flow  ressurs loss relatior
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in the inlet comnector, in the region of smell flov through the commector
rether large chenges in flow can ocour with little change in the .ressure
loss *af tho cannector or with )ittle change i{n inlrt refoure.

€. UWMARY CF LIMITS

&
1. Tube outlat temjersture limit, during chargs-discharge o orat!omns,

{2 the normal tnutah&lﬁ’y outlet tem;erature u-lb.
+ ow Tube Inlet :ressure Irij
The low tube {nlet rwesure trip shall be 1% w! below the in-

stantancous tube inlet , ressure,

* “.  Bigh Tube Inlet : ressure Tri;

Nigh Tri; o 1/°(K? « WATIr ), where R} {s the sewociate! (romy cross-

header ressure,

6. When taitisl charge and (% nr.ho.onnt are of La® seme comjoeit!
and length; or

b. When the suxilisry weter flow (s reedjusted prior to recharging :c
that the WATIF (s reached st the eml of the charging cycle; or

c. VYhen, in the case of diecharging and recharging diseimilar fuel
sharge compoaiticns, thoe tudbe inlet ;ressure is scjusted defore
diacharging teo & valus sdove Sr belov the RATI: so that the RATI!

® is reached st the and of the eh‘lng cyclo:

b4, ltressure Papges of Tri, Vslidity

e¢ Tront Crosshesder .ressure® 1 0-41, ;eig ©

bg Auxiliery water Bu; . ly: @B%* veig minimua.

DECLI\QS\F\ED
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1. Outlotr Temersture Limit

The bYaees for the trir rressures, descridbed hers, are the samo es thorc
for the more conventional peanellit guges -- thst {s, the tri: will occur
at & ;oint vhen the flow reduction, due R0 #ither u etream or lownstream
1ov dlochase or loes, will s2ill ;erult adeyuate cnoling of the charge
following 0 rompt reacior shutiown., The tolersble” flow reduction usen
here @ thi?y ,ercent of the normml tube flowv vete, as (¢t 18 Iin the more
conventional {nstadility limits, #Hence, there (8 no remaon to ','rQQ-
scribe sany tudbe outlet tem,erature limit other than the normal imstobility
limit tube outlet tem; armtureg This, ol course, 8, lias [rom the stand-
roint of flowv etedility sni continuity, and the ;resence of lower limite

(TOA @corrosion, etcg) should be recog-isedg

2

. lo-jpn}_’»\?d,iulud Tube Inlet i'ressure (RATIF)
e

he use of auxiliery water sddi{tion, through the inlet dall
valve, the nozsle or inlet ,ressure can be sd usted to ;recdetermined value:.
This feature facilitates the apecification of s single high ; ressure tri;

(oint for sll ;rocess tubee regsrdless of charge or ty;e of normml flov pete:

[ ]
(orifice or veaturt ;.

The M winal ijusted Tube Inlet rressure; for vroutine o;evetcral
cmm-dnc:-rg. o,erations, wvill be equal te, or higher than, the maxinus
normal tube inlet prescure of thoee tudbes to be chargo-dischr rged,

® Tho normsl tube inlet , ressure may be rWM the equationn de-

scribing the inlat fitting ; ressure gpee@

[}
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1
Normal Tude Inlet 'rossure = I -/g;)“

Vhere M. (g the froot crossheadar ) Tessure - .sig
‘ 7 is the tube rlow rete - gim

Kc 8nd n ere celibretion cumstants for the
ticular inlet fittinga.

e
For the tubes m e fittes wien cherga-dlecharge SQul, ment , \'c- T}
ond p = . %)2,
' ®
It will be seen fres the Squatig@n, thet the rmximua Dormel tube (nlet

® redsure will be obtatned in the iovest flow tube, (¢ *11 Srossheader
®

. TOSIUTeR are fi rozlmmtely the sage,

To mssure that & sufficient incrense in the tube {nlet iresaure will
occur, {n the event of flow blocxag.o 6t & dowvnstreanm location, » minimun
TeSsure change .er ' ercont inlet connactor flow change 1s sjecified me
el .81 jer ~ercent change !n flow. This ACte am a restrictionm u;'om ths
mximun Moninal fojieted Tube Inlet Yressurvg Without this restriction, (t
vouls be ;oasible to Ojerste the facility In such s caAnner taat large changes
(decreeses ) in tube rlov rete could occur with little change ‘n inlet renmsur
and little high ;reseure trig . rotectiong

The c~reseure change vith flov rete change My be found In the following

meaner! o
@, pi/n

¥ flow change loo.l,;Kel/n

7 1e the inlet connector flov at tr’lbin 5.0,
It cen Ye showm that, to meet the requirements above, the RAT], must be
ROt lees than L .8t below the fromt crossheader sressures TRz

svriction

, DECLASSIFIED
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is erditreary, but 1s baged UpOn Assuring tri, res;yonse by the high tubde
{nlet preesure wercouid. Laborator; tests, now being scheduled, will define
ROTe precisely the , ro,er degreo of com;ensation for the "wmushy" ;ressure
° res, onse aa the tudbe inlet ;ressur- ®. jrosches fromt croashender |remssuire.
"o Trpy; bettinge

t® Lcv Inlet ‘yeemure Ir! X

Turough the use of 'Anlzuc hydreulic memory feature, {ncluded {n
the charging rachine a,iaretus, s following lov . rescure \ri, is i ro-

® -
vided thet 1s bemru u on the 'nstanteneoun inlet | ressureg with this

feuture, the low ty!: Rreduslly tncreages np the {nlet . TOROUTe riuna
due to the aadition of fuel elowents to the tubegy
The following low {nlet u-um! tri. should be set not pore than
1.0 va1 bdelov the [netantaneour tube inlet ressuregy This tri: sctting
Ssfurve & sceram tri- ujon 8 flow reduction of thir.y "ercent or leas.
¢ YO Bigh Inlat "ressure Trij, °
As stated above, the acd!ticn of suxiliary water ; ressure makes
.»m-i‘oln tha s,ecification of a tingle high tnlet tri  ressure for
all tudbes to de o eratec upon. The high :nlet tvi, ;ressure shall be
set nidway detveen the Bominal ‘Justad Tube Inlat iressure end the
front crosshesder rressure®
High Fressure Tri, = 1/2(F: + MATI))
The high v.roooun triy fo wnl{d for all o;ernticnal ShArge-
aischarge o erations ; rovided thet either®
L. The charge %0 be losded han a hydraulic charscteristic (same
oharge lonxt.h and tyie of slugs) @o that of the omtgoing
charge; or °

7@ (he auxiliary water sidition (rolw Tete Lo firet adJjustad Lo caune

the tube (nlet ressure to equal the NATI, for the ({actary
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sn then {s reed)usted eftar discherge, dut nrior to charging
® hydraulicelly disaim{lay cherge, 50 that the finsl tube inlet
:Tedfure at the end of the charging cycle will equel or eaceed
the NaPl or
[ ]
"+ The muxilisry water addition fiow rate 1a adjurted befor
charging to cause the tube ‘nlat ;ressure o reach o ' rOesurs
*VO¥e or Bslow the NeTIi 1o ending u;on the ty,es of charges °
being “{ucharged and charged, a0 that at the conclusion of the
churging ceuence the tube inlet | reagure eQuals or eaceeud the
RaTl
It tv ex, ectea that o tiong 1 and " above wij}l ultimetely become
the routine i roceduresg Hovever, to :orfurm ehnrgo-‘xuchargo o,ere tiona
unitr the  ruvisions of o;tion ? reguires thorough calibretion of the @
auxilisry vater {low control aqul;ment, To .emmit early ojeretion of
the equi ment anu to  rovide e mosns for the celibretion to be er-
fermes tha thir: methou hac been rormhzocg A wore detefled ais-

(-]
gussion of the ; roceuures involved is found {n the folloving section.

'‘© Auxilispy Wete AdJustaent for the Discharge an: Charging of Liseimilar

lcadings

Rejlecing s Charge with one having lover hydraulis resiutance

Under these circumstances (for exsa;le, re;lacing s solid slug charye
vith »n lar elug shargs or Te, laSiag & Aorwml vherge with one that 19
rignificently ehorter; the {nitisl sdjusted tube inlet ,ressure shoul.
ba anrnna sbove the KATL, so that when the new charge is {nsertea
into the tube the tube {nlet i ressuTre Teturna fproximetely to the
MTI: any the Bigh Inlat l‘nuuroorvx; vill be valid for the new chargeg

I7 the uxjectes flow of the Ltube with Lhe new charge 1o lesr thmn

i’ .ercent of the norml tube Flow with Its inttinl charge, tha -.
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discharge tube (nlet ; ressure shoul! exceed the normsl MATI' hy the amoun'
f of 1. ,si. Rocouse of limitations ujon the ;,roximity of the inlet
jressure to the high tri; |ressure. ressure incresses Above the MATI}

of greater than 1 sl are not ;racticsl,

b. P. lacipg » Charge with one heving higher hyirmslic resistence
&
To r1e,lnce n charge with one of highor reslatance (re, lacing IAf

charge with 8 #0ild slug cherge, or Ay 0he -t charge with & full leangth
charge ) the roblem {s to bewin with an {nitisl wnjustesd tube inlet
.Tessure suffic’'ontly telow the Biminal "cjusteyd Tube Inlet | ~esaure th-t
the nev charge \all cause the inlet ressure to return to the WTI',

Uhe ~tiache’ [igure cascribee the '1{fe:ence {rn , ressur~ betveen the
fntti-1 atjuste. {(nlet ; resgure »nd the BAT] tn Lerma of the ratio of ti.
oxrec\.o\é\lov vith the new charge to thet with the {nitial chargr. that
ory be nx.oct.:a‘m cnise the fimml tube 1#&". respure Lo eyueal ~r allgntl

*

excent the N-T1 o

@ ®
*. ‘Vanges of Frecsurs for which limits are wnli: °
@

A1l limits adove sre valid ovar the reange Of crossheausr ressures
‘Ig)lly:ﬁ‘: to dete, that is oOver the range .. %o Wl .alyg.
The limits are ru-ther velid for auxiliary water niditi{on source ; rewsure
of 2% ,slg or higher. Although the limits should be wletively insens!tive
C)

to ressures moterstWly lower than this value, these cnses have not nas jet

been anelyged,

@) (’.) 7)) @
©® rvw Van -orur/cn * ®
‘..’!‘.Lé,!!.‘.l.‘!! 4 ‘
wgwommam ol Fotle
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5 P )e This report was prepared as an account of work sponsored by an agency of the United States

Fs Van Wormer Government. Neither the United States Government nor any agency thereof, nor any of their
¢ won employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
o bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or

process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
! manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
i mendation, or favoring by the United States Government or any agency thereof. The views
3 and opinions of authors expressed herein do not necessarily state or reflect those of the
i United States Government or any agency thereof.
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