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MrJRGAffiotp - AI{ IBM TO?A rRoGnA}I FOR TIIE AIIATYSIS 0F

TIIE TGN TICS OF THE MSBE

I n fntroduction

ftrls report is a d.escriptlon of an IBM 7090 progra,m based. on a par-

tlcular sod.eJ. of the Mo.lten Salt Reactor Experiment. tbe tllfferentla.l
eguations of motion are d.lscussecl. in Sectlon II; stnce mtrch of the d.e-

rlvatlon bas appeared. e1senb"""r1 onJ.y the adclitional d.erLvatione rec-
essary ln the present problen are lneJ.udecl. fhe fifbh-ord.er Runge-IGrtta

procedr:re is a stand.ard one vhlch ean be found. ln rnany ntlmerical analysis

textbooks.2 lts prevlous successfrr,L use in the fOlr- progra.m tnt3 *ateatecl
app.Ltcablllty to the present problem and. no revision has as yet been found

eltber d.estreble or neeessaryr fbe use of tbe progran is d.lscussed. 1n

Seetlon III, with lnstruetj.ons for the preBaration of intrnrt d.ata; samtrfle

lnnrt forms and. antprt sheets are lncl.uded.

II. DlfferentlaL Equatlons of !4otlon

A. Power, fbeJ. ancl Graphlte Temperatures

Etre reaetor mocLeil used. as the basis of the progra.n is a one-point,

o[e-e[ergy group representation, rlth up to seven delayed. neutron pre-

cursors, lrhleh ls clescribed. by the followJng set of dlfferential equations:

(aff synloLs are cleflnecL in tbe Nqnencla,turei a d.ot over a strrmbol denotes

tfune cLerivative )
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(nr" subscript ?,ero d.enotes the steady state value. )



sr ff = fP - llcp $z- Tr ) + tt(re - rr) (4)
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It is nov neeessary to specif! so&e connection between the nean fuel
ternperature T3r the lnl-et temperature T, and the otrtlet temperetur" T2.

The assumptLon ls rnacte that the mean ftreJ- tenperature is a welghted. mean

of the lnJ.et and. outLet; i.e.r that

Tf = arr + (r-a) r, i $)

the welght *(O < a ( L) ts an lnput number ln the J0!0 progra,rn.

tr\rrther it is assuned. that the inlet teuperature T, ls a constant.
Wlth the d.eflnltions
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and. the initial cond.ition

the fo.Llowing eguatlons rnay be obtaineiL
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whLch, rrith the deflnitlon
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X ; P/P
ô

nay be f\rrther transforrecl to obtaln the equatlons used. ia }ftrrgatroSnl.'
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If the d.efjnitions of yf and. Xg, eqtratlons (7 )

into eguation (E ) the effective miltipl.leation
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d.lfferenttal- eguations actually used, ln
3.6, I3r and. th.

the prograJn are the set



B. hessure
flre simpllfled mocleL of the prlnery ftre1 salt system is shown in

Flg. III. It Ls assqned. that conpresslon of tbe gas ln the pumtrr bowl

ls atllabatlc, and. that the behavlor of the moJ.ten salt is atlequately

d.escrtbetL by the llnear equation of state

p(rr) = oo * *r, (r, - tro) (21)

A force bal-anee on the llquld. ln the outlet plpe ylel-cls the equatlon

5 i= A(B^-p--a-u2) t ea)i54;; {i = n(Pc - Pp - ar u2) t

ln steacly state

n*(o) = nn(o) + *f uon . (as )

fhe assumtr*Lon that compresslon of the gas ln the p:mp bov1 Ls acLiabatle

can be statecl as

nn un" * 5(o) fvnf"l l" ; (ah)
LJ

if we asfllne that Vn - Vn(o) << vn(o) and. neglect second order terms,

we obtatn

r nAV -l

Pp= q(o)[r- q1bj. e>)

fhe change AV, ln the trrump bowJ. gas space volume ts nov assumed.

to be equal to the change in volurne of the core ftreL sa.Lt tlue to the
change ln temperature of the core firel salt durlng a translentl 1.€.1

compresston of the nolten sal-t is neglected, as ls heatlng of the ex-

terna-l loop. fhe change ln voilume AV" ls expressed. as

-av=av=-vAgp 
" "Po

s -v^ +- *(r--r-^)
" Po O*f 'r ro-

and. substltuting tn (Zr) ve obtaln
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Pp= q(o) [r* ;i-t t h\,u-*,")] . pe)

Solvlng equatlon (ea) rcr the core presfltre we obtaLn

My.'

ffi;i-c

subtracting equatlon (a3), we obtatn

Ap= po-p"(o)= q-rn(o)+ar(u2-una)*i44\1-; i @l)

the teru 1 - fn(o) is due to the cmpresslon of gas Jn the pumP bowl, the

.2 Iteru a-(U- - U^-) ls due to the lncrease ln frictlon lossesr ed the l-ast1-' O

teru ts the contrlbution from tbe inertla of the fluldt ln the or.rtLet plpe.
In ord.er to proceed, a relation between outlet veloelty anct fluicL

denslty ehtnge ls needed.. [lle equatton of, continuS.ty for the f'ue]- sa]t
ln the eore Ls approximately

(aB )

pc = Pp+*fue+

p= - Fpo(u-,uo) i
c

soJ.ving for the veloclty U we obtaln

Viu = uo€ ng *-'o

anil substituting the equatlon of state (af) we obtaln

V-\ru = u_- =9 L"-oAp;drr'f'

and. taktng time cl.erivatives

.Vi= - -s. r pe-'r'
A po dTt -f

I{e now substitute equatlons (a9) ana (SO) into (e?}; afber some re-
arrangement we obtaln

(ro )



Ap = - F h h [#* ;; . nn(o) tfr (r, - r,o)

+ 2uo"ri,(' &- t h *,)] (rr)

Wlth the definitlons of yf and x (equatlons 11 and. 16) equation (3f) fs
transformed. into
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. /'- V. 1 do fPo 
,.- \l+tuo*f vf tr q % q il vt)) (nz)

Wlth the definitions

or-

amd

%.8 rFhhfut
ilz e.r nn(o) qhry

rt+4 g Art
nTtAv

o f lt'i
T

V\fP
d.^ =. - =-f=- 

J oP o3 *ur% 
% 5r'tr

we obtaln the eguation used. in the prograrn:
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In tems of the d.lmensionaL groups of reference 1 and. the Para^meter Wrz

d.eflned. ln equatlon (fB), the eonstants, %.r clrr and U3 *t be wrltten
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is , as:unecl thcrt 'do = fi:/sf, '

, 
'.f t(l'' 

, ., '



q.

D
flff*
-:F
Tznr

da s 
"n' 

Cz

u3 = wrz/zt,

C. Effectlve De3.ayect Neutron YieJ.ds

In ord.er to accourrt for the reductlon ln cleJ.ayed. neutron procluction

lra tbe core clue to fluicl flov, an effectlve yleld. ls calculatecl for eacb

precursor, assuming constant flu< ancl slug flow. The fractlon v, of
cle.Iayecl neutrons of the tth group whlch are released. ln the core ls

/r, \
glven by\+ r

(rt+ )

(r: )
-h,t..,J.CJ-e

-h. *-, ].uI,
Jrgv. = 1 r

t- h.tLg

where t is the core
e

lth precursor a,nd. tl

-h" (t^ + t, )q a' C IJJ..e

re$id"ence tlme, Ii is the d.ecay constant of the

ls the externa.l J-oop transi.t ti"ue.

IIL Organlzation ancl Use of the llachlne Progra,m

[he progran Ls desS.gned. for use tn parameter studlesl therefore the
ca.lcrrlatlon is separated. lnto two parts, the flrst of vhlch d.eal.s rrlth
the characterlstlcs of the reactor wblch rematn constant for a eerles

of cases, sncl the seconcl of vhlch d.eaIs wlth the charaeteristLcs whlch

change flom case to case. Inprrt formp are shovn ln Figures Ia a^ncl Ib;
ln the usuaL procedure the first form woulcL be fl1J.ecl out once to clescrLbe

the characterlstLcs of th.e reactor, and a second forrm voul-cl be fi.l]-ecL out

to d.escrlbe eacb set of i.lritial conclltions and. ranp insertlons. fire tn-
put da.ta syubols appearlng on the tnput forrs are lLsted. ln Tables J ancl l+,

vltb tbelr d.eflnltlons, tbe nanes given then ln the progran, ancl tbe fotmat

vith whlch they are read. flom the lnprt tape.
ltre stanclard. CDP$. Monltor input (logicaL fO) ar1a outprt (foefcal 9)

tapes are used.l no other tapes are required.
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ortprt for a typical- case ls d.isplayecl ln Flgures fla and. IIb.
Flgure IIa ls an ed.1t of the lnprrt descrlblng the reactor system, lt'ith

the calculatecl effective cLelayed. neutron yielcls; Figure IIb ls the ln-
put for a particuLar case, ancl tbe contl.nuatl.ons of Blgure IIb sholr the

tLne behavlor of the reactor. llhe two colunns head'ecL

PCT DK REMOVD BY

FUH, GRAPHITE

show the percent reactlvlty renoved. flon the system by the temperatr:re

rl.se of the fgeL salt ancl graphite, respectlvely. lhe quantlty J.abelecl

"(t/p)(op/w)" is ca-lcul-ated. flm the expressloa

Arr!.

ancl ls therefore approxlmately the lnverse perJ.ocl at t - btfzt vtrere At

ls the 1ntrut tlme step.
Since the frequency of prlnttng Ls an lngrt number, speclal provlslon

has been mad.e for lndlcatlng the flrst power nanci.uum, the flrst pressure

naxluqm ancl the subsequent pressure mtnlmruo. ("],1a.:rlmruail ancl t'minLrmrn"

are to be taken here ln tbe nathematlcaL sense of polnts of zero flrst
d.erLvatlve and. negatlve or positlve second d.erivatlver respectively. )

The values LabdleaL "VALUES AT PolJm MAXIM'MTT are the values at the tlrne

t. rrhen the pover has fi.rst d.ecreasecLr ed the vaLues at the tvo previous
J

tJ.mes, t, ancl t2r as shoun in Tabl-e 1.

Ia,b1e J. Power FlffciJrrum Ind,icatlon

Tlme

tt

tz

t3

Power

r(t, )

r(t, )

r(t, )

$/r)(nrlpr)

%,2

or13
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The criteri.on for prlnting is

r(tr )

and. the qlrantities Or, j are

r(tr) - p(tr) 
zor.,J = --ffi .r"ct;f;=op '

S{mlflar remarks apply., uutatls nnrtantlls. to the val-ues LabelecL t'VALUES AT

TRESSITNE },IAXS{TII.{'' Arrd. ''VALUES AT PBSSSURE MINil.4['I'{. "
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the cLerlvatlon of the equatlons ancl other heLpfr:-l comreats ancl srrggestlonsl

to M. P. tietzke, for consld.erabLe progranning asslstance; and. to S. A.

tr4acCo11, for preparatlon of the input forros.
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Ta,b1e 2, Nornenclature

Definitlon

area of outlet plper fta

f?iction factor, psl./(ft/tu* )2

lnltlal ranxp reactlvlty lntrrut

speciflc heat of fuel salt

t?action of power genera,ted. tn ftrel sa-lt

conversion factor

product of heat transfer coefficlent ti.mes
wetted area of graphtte

effective nmfltlplleatlon constant

prompt neutron }i fetime

1nass of fluld. in outlet plper l-b

ratJ.o of $peclflc heats (cr/c' ) for trnlnp
bowl gas

power

core pressure, psi

pump bowl pressure, psl

lnttlal. core pressltrer psl

lnitls.I pump bowl pressure, psi

flrel salt heat capaclty

graphlte heat eapaclty

fireJ. temperature

graphite tenperature

tlme

core resld.ence ti"me

flrel sal.t ln-let temperature

firel sa-lt outlet temperature
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Table

Definition

2, -, Cont Id.

outlet speed. in piper fb/see

initial gas spaee volume in pump bowI,

mass flow rate of f\rel through core

total d.elayed. neutron yle3-d.

yleJ.d. of ith d.elayed. neutron precursor

latent power due to ith precursor

initial step reactivity lnput

flrel sal.t d.enslty

fb3

ngggll,on

22

24
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fable 3. fnlut for Descrtptlon of Reactor System

1.

Title

Core eharacterlstlcs
?V^ sal.t volurne, ft-

e

f

sr

ssl
dr<*/d*r 

l

resid.ence tLme, sec (ff fbel. ls not cireu-
latlng, enter zero )

welghting faetor for mean temperature

heat transferred. f?om graphite to^sale per unlt
temperature d,lfference, nftd sec/tF

f?actlon of power generated, ln salt

fuel heat capaeltyr Mt^r sec/otr'

graphite heat capacltyr IA,r "*"ff
ftrel tepperature coeffielent of reactivtty,

(or1*r

graphlte temperature eoefflcient of reactlvity,v 
(or 1-1

prompt neutron J-lfetlme, sec

flrel d.ensityr fU/ft,3

d.ecay constants, sec

yteld.s

Fortran Na.me

nlLM

vc

rcdRE

ATM(

HTNASI

TBACT

HCAHF

HCAFG

rcfiF

rcfiG,

flrf

DETISE

m(Pcl

rr.os{(r )

BErAs (r )

r*fifrp

AREA

PT,GTH

a

h

| 
,o.ra** 

[

!'

po

I 
trlo ) (Ap/aTf )l fue:. expansion coefflclent, (or )-1

d.elayed. neutron precurs or

d.e1ayed. neutron preeursor

3.oop characteristlcs

resid.enee ti-me, sec (if frrel ls not circrrJ.a,tlng,
enter zero )

outlet pipe area, fbe

outlet plpe length, fb

steady state outlet veJ.ocltyr ffifsee

frtction faetor, ps:./ (tt/ reez )

-]I.
r.

B.'1

2, E:cternal

tr

A

t

U
o

*f

vm,lx
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Table 3, Cont td.

Title

3. Punp bov3. characterlstlcs

v-(o) tnltlal gas volum", ft3
P

p-(o) initiaL pressure, psl
P

N ratlo of specLflc heat at constant Bressure
to speeS.flc heat at constant volume for
gas ln punp bolrl

TttLe card ls reacl rith fo:mat L?JIG; others vlth 7ELO.0.

Fortran Na,me

VFRS

PTRS

cPfrcv



Case nurnber

Tltle

s@93.

P
o

Tfo

Tgo

Ak(o )

u(o)

dt

NP/

Ksr/P

srlP Tn4E

NTC

T5

Table h 
"

fnlvut for Ind.lvidual Cases

Definitlon

tnltial powerr uatts

lnitia.l fire1 mearl temperature, o3'

initial graphlte mea,rl tenperature, oF

lnltial step insertion, ft

inltlal rantr) rate, $f sec

ti-me step, sec

prlntout f?equency

number of tlne stePs to be run after
power peak

total tlme to run

nunber of ramp rate changes

tlme to ehange ralnp rate, see

new ramp rate, $f sec

Fortran na,Ine Format

16, l]-ACrcAsE I
nflr,c )

ruytr(fi

TFO

TGO

STEP

rufrE

HTT

NP/

rGsrlP

6nao.or zry

810.0, I'

6Elo, o

pairs to a eard. )

Ym\ID )
NTC I
rc)

I
BNEIil ) 3



MURGATROYD INPUT

CORE DATA

, ldur/d rr I ldne / drgl
tl

I
2l

P
3l 4, l+ tu-r

dtr' 5l 8073

-T-r-rrn illiltl
DELAYED NEUTROI.I DATA

Fr
I

9z
tl

Fs
?l

F+
3l

Fs
.+l

Bo
5l'

Ft
6l

"lo
EO

n-nT nt-l_-rrt tl
l-r
--J

EXTER}IAL LOOP DATA

PUiltP DATA

Pp (o)

Tre T"q. I * p u r De sc RrBtr.cG Rg A<roR Str.€rv\



l;l U nGATlqOYD I l,l PUT - 2

CASE TITLE

rr Tfo
?r 

T go Ax (o)

STO P TltulE, sec

TlfiE, sec.
I

t{ E\y RAtn p, %/soc.
ll

Tll,lEf sec.
?l

NEV/ RAldlB %/sec
3t

TIME, sec.
4.1

N EIV RAM ?, o/olsec
sl 73 80tilililtt Hililttl Irt-rrn

H
@

n lzt !s l l+r

?t l3l

Frc Tb. Ii\riruT Foe Or-:e C*s€
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Fre . if b.

CASE I

pnorlpt-bnJrtcAL sTFP AT lu'mw

iuiltAL vAr-uFs

PotlER i.tl(l0E $t I.JAITS
FUEL TEHP IAtltl. |J(ltl UEGTTbES T

oRApHiir'TEHp tz30.tt00 -urGRbES 
F

STEP DLLTA K 0.336 PERCbNT_hIMP.RATF .0. PERCeI.IT PER SEUOITD
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Ad.clendun to 0RNt-fItI-201

An add.ition has been mad.e to the IS,I-7090 program MJRGff$OID to produce

a rough graph of the reactor power ver,sus tLme. A logtca3- tape 6 J.s requlred.

for storage of the power vergus tLne resrrlts in adcLltlon to the stancl.ariL input

encl output tapes. fhe plotttng frequency (ana]ogous to tbe prlntout frequency)

Ls speclfled ln co3-ums L6-ZL of tbe card contalntng the stop tlme ancL the nun-

ber of ranp rate changes (see p 18, ORNL-TI{-2O3 ). A sampl-e of the graphlcal.

ontput ls attacbed. for the case gl.ven as an example oo pages I9-2r. If the

plottlng frequeney speclfletl ln the tnput ls zero or blankr no plot Ls produced-j

bowever, a logtca-l tape 6 must be speclflecL even lf no p.Lot ts d.esired'.

9orrlgenclum

Or page )-), ln tbe J.ast sentence, for "I2AG" read' t'f.2A5t'.
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