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ABSTRACT

These analog computer studies had two naJor a1ms. The
flrst alm was to glrrc the l,tSfiE design personnel an lndlca-
tlon of the tlne-tenBerature relatlonsblp of the secondary
salt as a result of loss of flow 1n the secondary system.
Tbe second aln was to check the feasibility of a closed
Ioop prlnary pump speed controller to hold the reactor
power constant at a low power leveJ..

fhe secondary system fLow loss was slmule.ted, and the
secondary salt tenperature at the radiator outlet reaehed
the freezlng polnt ln thlrty (30) seconcls. lllie radiator
fan renalned ln operation"

fte aborre nentloned flow controller was slnrla,ted. llhe
gainr danping, etc., were varled over a wlde range, seek-
1ng a stabLe controller, Ttre controller coul-d not be uacle
to operate tn a stable llanner '

NOTICE

This document contoins informotion of o preliminory noture
ond wos prepored primorily for internol use ot the Ook Ridge
Notionol Loborotory. lt is subiect to revision or correction
ond therefore does not represent o finol report. The informotion
is not to be obstrocted, reprinted or otherwise given public
disscminotion without the opprovol of the ORNL potent bronch,
Lcaol ond Informotion Control Dcportmcnt,
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I}ITRODUCTION

From an earller investlgatlon reportecl ln ORNL C.F. 60-5-ttO, tne
reactor system cleslgnere reachetl tbe coneluslon that the prlnary sal-t
tenperatrrres attalnetl. wlth loss of prinary fLow vould. cause no
tLlfflcuJ.ty.

The cl,eslgners were coneerned. about the very cleflnlte posslblJ.lty that
the seconclary salt rcuLd. freeze subsequent to a loss of fLow acclilent
ln elther the prtnary systen or the seconclartrr system. The freezlng
uouLcl be eaused. by the contl.nuecl operatton of the racltator fan after
a loss of fLow acctdent.

During a prel{mlnary lnvestlgatlon ueing tbe analog computerr it
nas cl,etemtnecl that tbe seconclery sal.t tenperature uould reacb the
freezlng polnt much sooner for Loss of fLow ln the secondary systen
ttnn it voul-cl for loss of f].ow ln the prinary system. In vlew of
this factr ort-lX results obtalnecl as a result of Loss of fLow ln the
seconclar5r system wlll be tncluclecl ln thts relnrt'

The cLesigners of the reactor systea protrnsecl uslng flow control in
the prinary systen as a meens of hol"cllng the reactor power constant
at a low power IeveI. llhis controller vas sLmulatecl on the computer.

DESCRIPTION Otr TIIE SYSTIEM S1M'I,A55D

Therrra] Systen

Tbe ther"naL systenr was based. on tlre latest deslgn infor"nation
ancl it cllfferecl appreelably from that usecl in tbe preJ-ininary
slmrLation that was reportedl upon tn 0Rl{t C.F. 5O-5-LLO. The
cteslgn lnfonnation used ln thie elmuLatlon ls lnclucl.ed. ia thls
report on pages 5 and.5,

In ord.er to preserve cleslgn polnt tenperatr:res around. the prlnary
J.oop, the "after heat" uas aaldecL as lf it were aLl reLeased ln-
slcl.e the reactor. Of eorrrsee this le not true; however, the
error appears to be very snalJ-. P[pe J.osses, which were ignoreclt
woul-cl tencl to offset the "after heat" generated. outstd.e the re-
actor.

The loss of fLow occr:rreil exSnnentially on a three (3) second.
periocl. At thls tine there was no avatlabLe pump "run-down"
inforrratlon.

llhe heat transfer coeffLclents between the secondary saLt antl
the prinary heat exchanger waLL ancl betseen the seconclary salt
ancl ttrre ratltator r*a.l]- uere nadle to vary wlth flow rate ln
accorelance rrlth the curve shown tn Flgure 1.

The temperature cllfferential between the bot ancl co}d. J.egs ln
tbe seeond.ary systen produces a force chre to tbe clensity cLifferenees
ln these le&s. Thls force induces flow la the systen. Ehls
phenomenon vas i.ncorprcrated. lnto the sLmrJ.ation.
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Nuclegr Syeten

llhe cleJ.ayecl neutrons were Lunpecl, lnto,one veLghtecl, goup,
Uslng the valuee from clocument LA-?118, clatecl L957 t ) tor
the one group was found. to be 0,0769 s€c.-r arLdA was found.
to be 6.4 x lO-J. Using the given fuel translt tlnes antl the
curves ln ORNL-LR-Dwg. Sgtgr.e'*, found. to be I.BOO x 10-3,
where

o(f f" .the ratlo of the ppulatlon of the tX5 group of cle-
layecL'neutrons inslde a cLrcuLating fuel reaetor to the popuJ.a-
tlon of thls group ln an equlvalent stagnant reactor.

fa tbe sj$uLatlon, the cleJ.ayecl neutron contrtbutlon variecl
wlth prinary flow rate. fhe simulatlon methocl raas adrittedlly
not preclsely correct, but t! vas eonsld.erecL a goocl approxiua-
tton. The tl.eJ.ayed. ueutron contrlbutlon Ls eorrect at dlestgn
poiat steadly state ancl at zero prtnary fl-ov. fhe varlatlon of
the ileJ.ayed. neutron contributlon between these tro points is
on-1y an approxlmation.

III. AI{ATOG COMPIjITER FROGNAI{

B.

IV.

(,
' i ta;Ati=l

The anaLog conrputer programe of this sj.rnuLation are filed as ORNL
drawings, nuarbers E-l+0327 and. E-40328.

The progran for loss of fLow ln the prlmary is d.raw'lng ntrnber
E-4O32?. The power leveL controller progra& is aJ.so on tbls
drarring. The progran for J.oss of fLow ln the second.ary ls clrawlng
number E-LO32B.

Copies of the above rlrawiags nay be obtalned. from the Prlnt FlLes
lntheE&MDlvLslon.

FROCEDURE

These stud.les were condlrctecl ln three phages. These phases lf,ere:

1. Loss of flow accid.ent in the prJ-nary systerm.

2, fnvestigation of the characterlstles of proposecl trnwer LeveJ.
controller.

3. Loss of flow accitlent in the seconclary system.

The following proeeclures were empJ.oyed.:

1. Loss of flow acciclent in the prirnary systen.

Wlth the simuLator tn steacly state operation at cLeslgn trnintt
the prlnary fLow rete was d.ecreased. to zerorexponentially on
a three second. perlocl. llhe second.ary fJ.ow vas not tllsturbed..
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Pertlnent temperattree ancl nuclear power lrere record.ed. versus
ttme. Runs were nad.e for three cllfferent graphlte temperature
coefflclents of reactlvJ.ty.

Investlgatlon of power level" controLler characterLsttcs.

The controLLer was slnulatecl so that Lts galn, damping, and
response tLme were varlables whlch could be ehe^ngecl by changing
a potentLometer settLng. Wlth these pots set at given va.lues,
ancL the reactor simulator ln steady state operati.on with no
temperatr:re coefflclents of reactlvlty, a smeJ.l perturbatlon
r.ras Lntrocluced. lnto the system. The effect of thle perturba-
tion on the nuclear polrer Level was obserrecl. Thls proceclure
was repeatecl for a number of trntentiometer settlngs Ln an
attenpt at cleterrlnlng optimm settLngs.

Ioss of flow acclcl.ent ln the second.ary syote.m.

With the si-muLator 1n steady state operatlon at cleslgn polnt,
the fLow rate ln the seconclary system was d.ecreased. exponentla-lly
on a three second. periocL. The prlmary flow rate was not d.isturbed..
Pertinent temperatr:res and. nuclear polrer were recorded. versus
tine.

v. SUMI\4ARY OF RESUTTS

With l-oss of priuary fJ-ow, the tenperatures attalnecL were of the
sa&e order of nagnitucLe as those recorclecl in ORNL C.F. 50-5-LL0.

Ihree runs lrere nad.e, psing graphite temperature, co.qfficients of
reactlvlty of -2 x LO-4, -L x LO-4r md -4 x 10-a d/Rot, Ttre
maximur prlmary temperatures attalnecl in these three runs hatl a
spread. of only 2OoF, LosE of prinary fLow vas simrlatecl ln these
three runs. Dre ,to the large heat capaclty of graphlte, the
temperature of the graphite changecl very little and. the rate of
change of temperature r,ras very low.

llhe power level contro].ler showecl a tencLency to be osclllatory ancl
it could. not be stablLlzed (see memo from E. R. Mann to J. R.
TaLLackson, cl.atecl Septenber 1,2, L95O, entittecL "Closed. Loop Rmp
Speetl Contro].Ler to EoltL the ],SRE Forser Constant at Low LeveJ." ).

In the slnnrlation of seeoncLary fl-ow Loss, the racliator fan continuecl
i.n operation. The tenperatr.re of naJor concerrr was that of the
seconclary sal.t at the ractiator outlet, slnce thls was the coLclest
point ln the system. iEtris tenperature reached. the freezing polnt
(85Oof) thlrty (30) seeonds after lnltlation of the fLow 3-oss
(see Flgure 2). Thls glves an incllcatlon of pernisslbli tLne for
eorrective actton.

2,

3.

0. W. Hrrke
Design Department
Engineering & Meehanical Dtvision
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Up, .4?t,gl_.Cg,ppulgf_ Jnfgrynallon_ tgJ.ay lvlpfq r 3rg,{,sspe

Reaetor in-let temperature :

Reactor outlet temperature :

Mean graphlte temperature :

Resld.ence tlme ln reactor:
'fui'n drop from Saphite to fuel:
Heat capacity of graphtte:

Prompt ?f and. neutron heating tn Saphite;

11?50r

r225oF

1230oF

2,O2 sec

linear w:lth power

4oho ry$ (*p = .425

6/, of ,10 Mw power

Btu
I5'T'F-

Resld.ence ttne ln plptng from reactor outLet to H.E. lnlet
Resid.ence tLme in f,.E.

Eeat capaclty of metaL in H.E.

Avg. fiLn drop between prlna,ry eooLant and metaJ. at D. P.

Avg. drop ln netal at D. P.

Avg. f1Ln drop between metal ancl second.ary eoolant at D. P.

FtLn clrop betveen prtuary cooLant antl metaL as flrnction of flow:
See graph, cl.isp.lace curve lf aecessary so that at 7.5 fps velocity
Mean seconclary eoo].ant temp. at D. P.

Resicl.enee tlme ln plplng between E.E. outLet arrcL reactor lnLet
(tncludlng coola,nt annulus)

Tota.t elreu1atton .tlme

3,55 sec

I,62 sec

2oo ryF

,5,20F

56,7otr'

6,].oF

t = 55,2oF

to5aor

5,76 sec

13.0 see

Tenp. coeff. of reactivity of graphite:
Tempr co€ff . of reactivlty of fuel:
Melting polnt of prtmary coolant:

Melting point of second.ary coolant:

-2. x I0-h

-h.5 x ro-5
Bl+eor

86oor

1.-cF'

Check points:
Thermal resistances; ( lltH "gl

ln primary coolant fil-n:
in metal:

The
the

in second.ary coolant fil-n:
rate of heat renoval in thermal

3.28 x 10-h

3,32 x IO-h

1 .56 x 1o-l+

convectlon follows the correlation (for
prlnary clrcuit)
4.48 x to[ .at (*T) -1'0 -g,J-i x ].o-3 ,, ( & ) o'8 : r+.r4

where at is the tenp. cLifferentiaL between the hot ancL gglct Ieg (of ) ana
q is the rate of heat renovaL from the prlnary system (#)

ca
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simulator d.ata for seeo@
Air temperature rise in rad.iator
Atr suction temp.

Air flow
Heat capacity of rad.iator

Heat capaclty of second.ary salt

Density of second.ary salt

Resid.ence times of seeond.ary salt:
in primary heat exchanger

in piplng to rad.iator
in rad.iator
in plplng from rad.tator

Total

Resid.enee ti^ne of alr in rad.lator
Temperature d.ifferences in rad.iator:

in salt film
in tube waII
in air fil-m

2000F

toool'
$61000 cfm (?,tt

242 +$
o.5T ffir
120 *t-

O,92 sec

2,56 see

h. 85 see

4..V2 sec

13.05 sec

0.OI sec

ea v

TBoF

T6aor

ro5 *blIlr'
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