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LOFTY: A Computer code for Analyzing a '"Loss of Forced
Circulation' Accident of the Multi-purpose

! High Temperature Gas-Cooled Reactor

Hazimu IMANISHI*, Masahiro EZAKI, Susumu MITAKE
Office of Power Reactor Projects,JAERI
(Received December 27, 1973)

i The code LOFTY is used for analyzing the interdependence of thermal,

nuclear and coolant mass flow transient behaviours in a 'loss of forced

circulation" accident of the Multi-purpose High Temperature Gas-cooled

! Reactor {MHTGR). It's developed by the coupling of an original hydro-

| dynamics code of one-dimensional incompressible fluid with the code

ICARUS] used for thermal and nuclear transient analysis of the MHTGR

plant.

Features of the code are;

(1) Thermal characteristics of plant components, reactor core, steam
generator, steam reformer are analyzed by a unit cell model, and
all the cooling loops are simplified into one loop.

(2) In analysis of the hydrodynamics, the one-dimensional momentum
equation is applied along the primary cooling loop.

(3) Primary coolant is assumed to be incompressible.

{4) The thermal pr0perties.o£ a coolant are taken as the functions
of temperature and pressure. |

(5) The variation in circulator head is given as input.

The code is written in FORTRAN-¥ Language and used with FACOM
230-60.

* Visiting researcher (Century Research Center Co., Ltd.)
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F%g.z.l Simulation model of reactor plant,
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Fig.2.2(a)" Bend.

— A A

Fig.2.2(e) Abrupt expansion,
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Fig.2.2(e) Expansion,
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- Fig.2.2(b) ~Abrupt contraction.

Ay { Az

B

Fig.2.2(d) Contraction.

Fig.2.2(f) Elbow.
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Fig.2.3(d) Pressure loss coefficient of expansion .
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Fig.2.3(e) Pressure loss coefficient of elbow.
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( Start )

Input .

—
Steady calculation

.

Calculation of pressure
rise in circulator

Hydrodynamics
catculation

R4
Reactor kinetics calc.

Each components heat
transfer calc.

l

{

Input for ICARUS1
Size and location of each component

Input for circulator

Calc. of initial temp. distribution

Calc. of initial pressure rise
in circulator

P, =P(tg) F(t)

By ICARUS1

Fig.3.1 Flow chart of calculation (LOFTY).
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Reformer

Fig.4.1 Plant model for test calculation,

o
—_ £
»8 mg’ -
» e} 1. Coclant mass flow rate uo
2 = 2. Inlet temp. of reformer -
- - 3. Cutlet temp. of reformer @
oA ) | 4. Qutlet temp, of S.G. =
?‘o E €0 5. Inlet temp. of S.G. Fi "3
z 6. Coolant temp. at the bottom of upper reflector =
1) g 7.. foolant temp. at core inlet 8.
= = . g
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E g Ho00
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4 400
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Fig.4.2 Temperature and coolant mass flow transients of test calculation.
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Appendix A : Input TFormat

The input data are supplied by cards and the inputs are grouped in six as
fcllows:
1. General data for the reactor plant
2 The data for the piping systen
%, The data for the circulator
4, “The data Tor the steam generator
5, The data for the steam reformer
6. The data for core

Initial temperature data are computed by following method: for cases
where the initial temperature distributicn is not known, ‘it ie possible to
run the ICARUS.1 code with arbitrary initial femperatures as a pure heat
transfer code omitting any disturbarce input to the L'_LﬂotJ.c:s section, and
obtain a temperature ulotrlbutlon appropriate teo thﬂ ind tlai power ch41tlon~-

for which Kiﬁetics problems will be dons later.

1. General data for tie reactor plant

_ _VThe_reacLOf plant model is basea upon Iour components as foliows: the
cofé, ihe refbrm,L, the steam generauor and the ecuperator. The order of
componeﬁté-from-the core outlet is spec ified by ILAY. The format for this

group is (2I10).

l.i . 110 ‘ TLAY . Must be iﬁput -1 |
1120 | ISGTYP ; Must. be input 1
1.2 1-10 NLOO? Number of e;oling loops
11-20 . NFUEL Nugber of fuel pins
Bight blank cards must be supplied here_ _ o

2. The data for the piping systems

(1) Flow conditions data

I T

Card SN . F +ran I ) o . ]

. arﬂ ¢ Columm 1 ortran. .. . Description
_type do. | name

2.1 This card is Su}pllud in fOLuut (4¥12.5, 112)

H

1-12 ; ZEROM Steady state total primary coolaal flow rate

? L in Kg/sec



JAERI-M 5531
| i
Card IFortran : P
. b Column } : Description:
type No.l | name j
- i ol - - e
‘ e ; ‘ ) PR "
1324 | PZERO Steady state pressure of fhe primary ccolant
| ' o A
; ! in Kg/en ‘
i | X . S . : Lo
i \
L 25-%6 i TSTART Current time to “e“tnvt whe wroblen in =ec
. | ‘
. e 1
BT--45 5 TZERQOF Pressure head of ClLC’ or 1n An/m‘
i
| {if IRSTT=0, this, ditu need not tc be su plled,
, : :
| It - ~
49--60 | IRSTT Enter 1 for ﬁhe calculation of fthe steady state
! pressure head of circulate

(2)
(i)

Data for the system 1 and

Ho. of segments.

Card ' Colunn :Foriran D1 Crlyt70ﬂ
type Ho. N | name
' — mem__fmfme@__
2.2.1 : This card is supplied in fordat (2T6)
1.6 ! HBECF1 Number of nmesh points along the flow direction
j | in piping 1 {ro. of segrents=NSECPi-1)
/=12 © NSECP2 | Wumber of mesh points siorg the flow direction
[ § in pipinz 2 (nelof se gmonbu_thCPg—l)‘
| .. .
(ii) Type and dimensions of segments in system 1.
2.2.2 First card group : ((ITYPB TLLTY, PHErEi(I), 31(1}, I=1, NSEC1-1)})

ITYPEA(I) :

=5

=5
DELTLL(I) : Length

TEET1(I) : Angle

R1(I) : Radius

This card 1is

supplied in format (110,

1(1), DEL
Tth segment opﬁciLjurt;Or in piping 1
straight typee
- elbow Type
bend type
ﬁXDanswon type
contfactwon type
abirupt expausion type
abrupt contraction type

of Tth
L0} of

segment in piving 1

Ith scgment in piping 1 in degree

]

ES

5F10.0)

‘1th segoment in pipicg 1 in m

5F10.0, 110,

(r) of
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2.2.3 Sscond card group : ({p1aa1{J,1), 5z1{J7,I)), I=1, HSECP1-i), J=1,2)

PIAAl(l,I) : Inlet cross sectional arsa of 1Ith sesgment in
piping 1 in m2
PIAAI(Q,I) . Qutlet cross secticnal area of Ith segment in
_ _ pipivng 1 in we 7 o
Ez1(1,1) ¢ Relative heigit at the inlet of Ith segment in
piping 1 in m
'Hz1{2,I) : Relative height at the outlaet of Ith segment in
piping 1 in m

This card is supplied in format (8F10.0)

2.2.4 Thid card group : ((PE1(J,I), I-1, KSECP1-1), J=1,2)
VE1(1,I) : Equivalent diameter at the inict of Ith segment

in piping 1 in m

_DEL(Z,I).:_EQuivdlent dismeter at the outiet of Ith segment

in piping 1 in m

(ifi) Type”andidiménsions-of segments in fthe system 2.
|
’2.2'5 : . R
2.2.6 These data are_suppliéd in the same manner as'%he'piping;l
2.2.7 | | -

(iv) Previously punched temperature cards or arbitrary initial

tenperature cards.

411 of this input-is supplied in 5 word, 12 column format (5E12;5)
2.2.8 Pirst card group : (MP1(J), J=1, NSECP1)
Deta input of initial temperature distribution in piping 1

2.2.9 Second card group : (TEP2(J),_J;1,”NSECP2)

e e e e

Dats input of initial temperature distribution in piping 2

Three blank cards must be supplied.

(3) Data for the system 5 and 6.

Data input for the piping 5, £ are here in the same manner as the

piping 1, 2. Label of the pipings are showed in Fig. 2.1.
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3. Dats input for the circulator

3.1 Pimgt card : NSTEP. - 4in format (110)

Number of entries in the circulator pressudre head table.

5.2 Sceond cards group : (¥P(I), I=1, NSTEP)  in format (8F10.0)

The eirculator pressure head table. Bater in sequence_tlf\PD, t2,zle,

ete. Mhere t is in son andf.?\Ph 1s relative vaiusz fo initisl circulator

pressure head.

4. The datae for the stear generator and turbire.

(1} No. of scgmenis.and dimensions..

R o ; i
Card | Fortran
L

. o Deseription
type No. | Cplumn — JEBCI POk

4.1.1 110 | BSI | Relative height at the inlet &F tho S.G.
11-20 | HsC . Relative height a% the cutlet of the S.G.

4.1.2 .. ‘1 Two cards-are supplicd in format &15,

1-5 HEEC]L Yumber of mesh points along the flow
direction in the evaporator

r £-10 NSEC2 | lumber of wmesh points along the flow

_direqtion_in,the‘superheater (zero if no
guperheater is uéed} L _ .
' 11-25 | ISTHOG Yumber. of mesh points along the fibw
. " Jircction in the wehhater (zero if no

reheater is used)

C16-20- NEPIPE | “Humber of "the evaporator tubes .-

“superheater i3 ushd) -

26-30 BRPIPE L Humber of the rehuater tgbes_(zerq‘if no
~superheater is used).. P
%1-40 i nwot used

41.-50 ? Not used

‘51-£0 EL © Length of the evaporator tube
. 61~-70 3L . Length of the superhsater tube .0 ..
71-80 | RL | Lergth of the reheater tube

21-25 | NSPIPE | Eumber bf the sunarheater tubss {zero if no. .
P o tupes. L zero 1t

*20_—
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4.1.% | 1-10 Mot used

11-15% 112 ¥umber of entries in the data input table of
disturbance for fecd water, maxisum number =100.

(1If this table if not used, enter O.)

16-70 Hot used

7130 Ratio.of the.bypass flow rate to ths ftotal

flow rate in the primary ccolant fliow.

(2} Disturbance data input table for feed water:

(Trma(1), zpeIni(1), rLowc(I), pHCL(I), I-=1, II2) These cards are supplied
in format (4B10.5}. If II2 is not zero, enter the data in seqﬁ@hée TH1(1),
zretsi(1), wLowe(1), PHei{1), Tmi(2), arcIni{z), FLCWC(2), pHC2(2), ete..

Ir 112 is gzerc, thosz cards are not regquired.

where
TIHL = time o seo
ZTCIN] = inlet temperature of fesd water in'OC
FLOWC = total filow rate of feed water in kg/scc

. - . . 2
PHC1 = pressure of steam in the header in kg/cm

If this tsble is not usced, the steady state values must be supplied.

- 411 of the input omn follewing cards is supplied in format. (8810.5).
~ 1f data does not require the total value, each datae input on the Tollowing

cards is ‘specificd for one umit cell. .’

{3) The data input for the evaporator.

4.%.1 1-10 EAH Hydraulic cross—sectional area in tho primary

coolant region in me .

11-20 W3H Linear surfacé area along the primary.ccoolant

boundary associated with one point im me.

21-%0 WDH Hydraulic equivalent diameter of thc_primary

o coolant in m.

i 31-40 BLAM indial thermal conductivity of th: metal
§ tube in keal/m-sec. “C. -
| 41-50 ECH . i 3peecific heat of the metal tube in kcai/kg.

,,21,4
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! = P 5160 | CERM | Demsity of the metal tube in wa/nd
| ! S
i 61-70 EAM | Cross-sectional srea in the metal region
Cof tube in m2. ' ‘
| N R Co
j 71-80 ETM Thickress of the metal tube in m,
- A . e i o
4.3.2 1-10 BAC Eydraulic cross—sectional aves in water
(3team) region in mg.
11-20 | T EDC | Hydraulic equivalent diameter of water (steam)
‘ region in m.
1 5 -
. 21-30 . ESD Linegr surface arca aleng water boundary
3 B { associated with one mesh point in ne,
31-40 | .SSE | Steady state slip ratio.
41-80 1 Hot used
i : i
| 4.3.3 1-20 | Not used
| ; |
i '
| ii-20 ° EPCO Stesdy state pressure in header in K/ cm? .
| . . . .
! 2130 Hot used
3 , 21-40 EWCO Steady state total feed water fiow rate. in ka/sec.
]
| 41-50 Kot used
| : | o Qi o . . I *
: i 51-60 - Steady state Teed water-inlet temperature in "C.°
R L - L o ,
: 61-80 .1 Hot used.
Previously punched temperature cards Or arbitraaigﬁgigé%}_tcmperature,
cards
4.3.4 First cord group: (BTA{J), J=1, WSEC1)
Initial temperaturc distrioution in the - primary cooliant region in,‘i
“c.
4.%.5 Second card group: (ETM1{J)}, J=1, NSECL)
o , . . . O
Initizl temperature distribution in +he metal region in C.
A.3.6 Third card group: (BICL(J), J=1, NZSEC1)
: , . ©
Tpitini temperature distribution in the water (steam) region in C.
N ) IR ! . ”\__.‘_,_ ‘
4.3.7 TFourth cord groups {EX1(J}, J:la-kZomCl}
Tnitial steam gquality distribution.
n
— 2 2 —
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(4) The cata input for the superheater.
Doata dnput for the superheater are in the same mammer as ascending

sequence. Lf no superheater is used, three blank cards must be supplied.

(5) The data input for the steam generator header,

i i i

4.5.1 | : | Unly this card is supplied in format
(I, 7810.5)

- 1-5 NOPHED If 1.0: Steam filiow rote at the header
outlet is spccified by input WUUER,

It 2.0: Stean flow rate at the header

outlet is cgual to tho value at header inlet.

- 6~15 .| WOUHE .| . BSteady state total steam flow rate at

E header outlet in kg/scc.

E 16-25 TOUHED Steady state steam outlet temperature in “c.
i

- 26-35 VHE Volume of the header in no.

‘-.36;45 | PHO ; Stcady state preéémrerin th?nho;de} in

j 4655 é THED - Steady state mean stoan temperature in the

N header in C.

§..54—65 ;.:PQUHE , Steady stote preassurc ol the hcader cutlet

: | in kg/cm2.

6E-T59 ; TINHES Stcady state steam temperature at the header

inlet in “C.

4.5.2 1-1¢  © WINHOEL | Steady state total steam flow rate at the

header inleft in kg/sec,

i
| ;
. 1l-20 | PINHE Steady state steam pressurc at the header
%' ' | inlet in kgﬂcm2; E

21-80 i Kot used.

IF nt hedder is us=ed, fwo -blank cards must be supplied.

_23_



(6) The data input for the steam turbine.
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]

4.6.% | 1-10

11-20
21-30

41-50

51-380

33240

" BTB

DELPT

TINTE.

PINTEH

TOUTBL

Steady state

Steady state

Steady state
Steady stave

Steady state

Not used

power of turbine in keal/sec.

pressure drop in fturbine in

. . O
stear inlet temperature in “C,

‘steam inlet pressure in kg/cmz.

. O
stean outlet temperature in C.

If no-steamr turbine

(7) The date input for
Data input for the:

data inrut sequence.

suppliesd.

the reheater.-

5., The data input for the reforner.

is used, cne blank card must be supplied.

rehenter are in the same manner as the evaporator

If no reheater is used, tares blank cards must be

A1l of the input on following cards. is supplied in format (8E10.5)

—24-

Tygzrgo. QOlumn % Féi;;ié Qescription .
5.1 1-10 ! HZ1 Relatbive. height at $he inlet of the reformer
11-20 ‘;_:HZO Relative helght.at the outlet of the reformer.
5.2 i Oniyuégis cards iz supplied in formet (615)
1-5 | NZSECR HJumber of the mesh points along the coolant
B | flow direction. - o
6-25 ot used. |
26-30 | NNPIPE Nﬁﬁber-éf the elements.
5.3 1-10 ZLR Length of the eleuent tube in m.
: lieEO. _ ;Not used 7
21-30 , DT Inside diameter of element tube in u.
E é (Equivalent diameter in case of annular tube.)
31-40 E DP Aversge diameter of the catalyat pellet in m.




JAERI-M 5531

4150 E ROCAT % Density of the catalyst in ke/uwd.
|
51-h0 { CCAT & Specifie heat of the cataiyst in keal/ke.
£61-20 | Not used.
5.4 1-10 lCH4M Molecular weight of methane.
11-20 E EZ0H : Molecular weight of steam,
2130 COM Molecular weight cf carbon monoxide.
3140 HEM Mplecular weight of hydrogen.
41-50 ; 7CO2M % Molecular weignt of cawvbon dioxide.
H1~-60 CHASU | Sutherland constant of wmethune.
6170 H20SU | Sutherland constant of steam.
Ti~50 ;v COSU é Sutherland constant of carbon monoxide.
~ i o !
5.5 1-10 H23U é Sutherland constant of nydrogen.
1120 é Co23U é Sutheriand .constant of carbon dioxide.

Not uzed.

If dats does not require the total value, data input on the following

cards are spscified for one unit ceil.

]
L

5.6 1-10 ZALR Cross-sectional area in the guide sleeve
é . region in ne.
11~20 | ZLANL . -Radial thermal conductivity of the guide
sleeve in kcal/m.oc.sec.
5 21-30 ZROD Density of the guide slecve in kg/mB.
31-40 ZCML . ¢ Specific heat of the guide sleeve in keal/ke.
4350 ZDLE Thickness of the guide slesve in m.
1-6G 250 Linear surface along the primary coolant
boundary agscciated with one point in guide
- . .
sleeve in me.
61~80 . Not used.
5.7 1-10 1Y ZAME r Cross—sectional area in the cuter tube in ma.




1120 . 6

3

e

LAMHM

AROM
ZCHE

7 DMR

Thickness 0 the outer ftube

5.9

5.10

1-10

11-20

21-3C

35-40

- 4150

ZAN

ZLAMH

| ZRON

ZCK

2T
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a

-Kadial thermal conductivity of the outer tube

. e
in kcal/m. C.sec.
. & :

D deqn o - W A 1 %
Density of the outer tube in Kg/mJ,
Specific hea®t of the outer tube in kcal/kg.
in n.

Lot used.

; 5 . SIS P
Cross-sectional area of the inner tube in m™.

Eadial thermal conductivity of the inner

tube in keal/un. C.sec.

b

' o . . . - /
-Density of the inmer tube in Kgymg.

o)

3 the inner ftube in kcal/kg.

&)

ecific heat of

Thickness of the inner tube in m.

241 Hydraulic. crogs—sectionsl area in the

7S

ZWHOR

ZDEH.

TIND

“primary coolant région’in m.

Linear surface srea along $he primary coclant

boundary associated with one point in outer’
g DR T T

tube in m .

Steady state total flow rate of the primary

ccgolant in kg/gec,

 Hydrawlic equivalent diameter oi the primary

coolent in m..

Bteady.skate primary ccolarnt inlet tempera+ .-

.0
ture in 7C,

Kot used.

' Bydraulic crossz-sectional area in

£BSe0US

~

mixture région Inh m .

Linear surface along tne gaseous mixture
boundary associated with one mesh point in

. " . e
outer tube in m .
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2150 %33 i Linear surface area along gasecus mixture
i . :
! voundary asscciated with one point in inner
; ) 2
: tube in m .
‘ 3140 Zucoe Flow rate of gaseous mixbture in rg/sec
H [
N t
i element.
i
41-5C ZDEC1 | Hydraulic ecuivelent dismeter in the gaseous
mixture regicn in m. '
| .
- 5 51~60 Not used.
|
i
i 6170 CAP 1.0 - R  H=packing fraction of catalyzer.
i . o BB e
: . . . ; . . . .0
; 7180 TINZ - CGageoug mixture inlet temperature in C.
5.11: 1-3i0 Yot used.
P 1120 SWING | Flow rate of feed methane in kg¢/se¢ element.
% 21~30 ZWINH Mow rate of feed sfteam in kg/sec-element.
j ‘ ' . '
i 3i-40 | GMOLC *Fleow rate of feed methane in gmol/sec element.
!
i A1 --50 GHOLE . Flow rate of feed steanm in gmol/sec elements
1
: ’ - . A . 2
51-6C b2 Pressure of gasecus mixture in kg/cm .
6170 - GPA . A bugger factor which muitiplies all values
of four feed gas flow rates mentioned above.
; Enter 1.0 o use the above original value.
1 . . ..
,
Ti-80 Noil used. o . _ -
5.12 1-10 Zh3 |  Hydraulic cross-sectional srea in the return
S T R o L
region of producted gas in m .
! _ T T
i 11-20 784 | Linear surface slong producted gss boundary
X associated with cne point inﬂinner_tube_in_m.
21~30- ZWe03 Flow rate of producted gus in kg/sec element.
31-40 | ZDEM ' fydraijoc eqiovajemt dos,cter om tjc retirm
regopm pf producted gas in m.
-i... e ; _D. ] . . K A . 2
41-50 | 3 Pressure of producted gas in kg/cm®.
T aB1=80 : " Not used.
i L -
Previousiy punched temperature cards or arbitary initial tempersiure
cards.
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5.1% First card Dloupn (T51(J), J=1, NZSEC)

R i

Initial temperature distribution in the primary coolant region in C.

$.14 Second ¢ card groups (TR3(F3), J=1, NZSE EC)

Initial tomperature distrivution. in the reaction bed regiom of

gaseous mixturc in “C.

5.15 Third card group: (T83(3), J=1, NZSEC)
Iinitial temperature distribution in the return region of producted

.0
. gas.in C.

5.16 Fourth card group: (TLB(J), J=1, F&SEC)

e . o]
Initial temperature distribution in the guide gleeve in C.

5.17 Fifth card group: (TB(J), J=1, NZ3EC)

it e . g e T T S

. . ) . ‘ ) On
Initial temperature distribution in the outer tube in C.

5.18 Sixth card group: (TwB(J), =1, WASEC)

. . . . . LD
In;tlal.tcmperﬁture distribution in the imner tube in C.

5.19 Seventh card group: (BETA{T), J=1, WZSEC)

Initial cxtent distribution of nethane and stean reforming reaction

in reaction bted region.

6.

The data input for core

(1) The heat transfer data input T .
411 of this 1nput is supplled in 6 word 12 column format (6E12.4).

Rlank cards are used between sets of data te indicate the last of bBV-

‘ticular type of card. Dimensions are suppllod in inches, uempbrdturcs in

degrees F, and heat transfer coefficients to sinks in ﬂtu/hr.ftz F.

.The order of the cards is as follows;

T .
Card . s
qr‘ Column { ) Description
type No. i . T
Biank card
|
6.1 | litle cards
P . ,
I S . The integer ¢ must be supplied cn the first card.
T' " . (This code is applicable only %o problems for RZ

geoﬁetry.)
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L : _ )
| 2{1)-72! At lesst one or as many title as dssired wmay be supplied.
| : | . . . .
i ! Each title card may ccntained any information.
Black card
b, | ; Radial graodline cards
E o ) Lo . . - .
! Supoly radii in inches in ascendlng seguence.
| At -least 5 gridlines must be given and 2 grindlines
rust be given outside the higher rads zridline of
: intermedinte coolant region, sc 2 radial temperatvure
points must be given within outer noderator nrea.
Ipi+tial radius is zero unless annular fuel element
is used, in which case the firast radius to be entered.
! Maximum number is 14.
Blank card
Il
6.3 i hxial gridline cards.
| Same regquirements as for radial. Maximum
i. rnumber ‘iz 19.
Blank card
T T
i L i
ADD.1 1-300 Fross apct10n31 area of coolant in e
. -
3 11-20 Aqunvalent dlameter of coolant in m
ADD.2 Tolatlvp helght cards
Supplv relative helgq+ of sach mooh }o1nt in core.
Dimengion is m, and, ‘format is (8520.0)
6.4 Region specification cards
Two cards are regqulred per region.
6.4.1 1-12 Lower radial boundary-inches
1%~-24 Figher radial bpoundary-inches
25-%6 Lower axial boundary-inches
T-48 Higher axial boundary-inches
4960 S501id material number
Second card (which is required even if there is no
.P‘
6.4.2 1-12 Radial gap width on high index side of region~-inches.
¥May be. left blank if there is no gap..




Blank card

6-5

i-1z2

13=-24

25-36 |,

57-48 |

49+60 |
% 6172

JAERTI-M 55371
Radial gap gas material number. HMay be left blank if
is ne gap.
Axial gan w;dth qnib%gh index side of regionnindbés.
Axial gap gas naterisl punber.

(Repeat this. seguence for each regicn.)

Initial temperature aistribution cards

Tach card spscifies an area of constant tempera-

Hire bounded by 2 radial and two axial gridlines.
wf o
it least orne card mast be given., Thore is nc upper

limi% to these cards and subseguent cards may overlay

previous ones. These cards are also used to specify
constant temperature sinks as a boundary conditions.

To do this the two radial gridiines given are equal

and correspond to an’ outside boundary. The speciTied
temperzture is them assigned to the sink and the hcat
transfer coefficient supplied i assigned[ Thésé‘m'
assignments apply over the axial range specified on

the same cards.
Lower radial temperature region boundary-inches.
S S :

Eigher radial temperature region boundary-inches.

‘Lover.axial temperature region boundary-inches.

Higher axial temperature region boundary-inches.

- TR L . Oy
Témperature of the region or sink )

-~

transler coefficient

Heat to aink

,  l Oy
Btu/hr. 5.0 F.

Blank card

6.6

Coolant dats cards

4

Three ¢ards are requirsd Tox cach dutside boun-—

_dary having hcat removal by & coolant flow.

Firast card

Coolant rumber (1.0 for intermediate, 2:0 for inner)
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lst Reynclds number limit
2nd Reyncolds number limit

3rc¢ Reyvnolds number limit

4th Revnolds mamber limit

Supply two blank cards.

e.7

Fuel region designation card

the ares within the tempera-

ture nap to he considered as fuel for purposcs OfF
temperature averesging Averaging is by volume
assuming uniform noderato r density outside the inel

region which is Rpecified by a ratio. The area

specified must be untlruou hu+ nay include seversl

3

3

RAT regions if d71 of'” in eri"have the same density.

Numbar of lowest ax_:l ten oormtv““ point within fuel

Number of highest axial femperature point within fuel
area.

Fumber of, innermost radial tempersiure point within
fuel area.

orgfure pelat within

ot
w0

=
Aol

<

Number of. cutermeost radial

fuel area.

Ratic of moderator density. in fuel reglon to.modera-
tor donslty 1n non-Iuel reglongo
(No% that temperature pOlnT numb“rs are to bﬂ ep*cl—

ficd and not gridiine numbers.)

Blank card

6.8

Previously punched temperature cards
The preliminary run for tho Cu*ﬁ%LuL¢OF of t

initial temperature distribution wilil punch on cards
- s

‘a set of temperaturcs which src inserted st this

point when running kiretics probvicus.

VN
[
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(These cgrds are also punched wt tho ond of o xinetics

problem.)f

Blank card

{7hig one must be supplied only if no previously

punched temperatures are usced.)

6.9

6.9.1

519.2

6.9.%

Function parameter cards

Three cards are supplied hore giving parametdrs

il

ns

Enl

which may be used in defining t functicns in the
DATA subroutine.

First card

i-72 Numerical values of Al through A6, 6 words/card.
1-7z Sccond card

-T2 Same for AT-A1Z.

1f no parameters arc needed, thrce blank cards must
’

be supplied.)

(2) The kine
411 quan

The format is

Col.2-5
Col. 7

Col.8-71

The data

convenient groupings cn the cards.

tics data input
tities are given Tixed addresscs by means of lccatiorn numbers.
as follows:

‘Blank (except for last card of kinetics set which

haes a 1 punch).

Location number of first word on card.

JNumber of words on this cards.,

Up to seven words in 9 colum field.(7E9.4),

roquired is the following. The horizontnal 1lines indicate

Location | Fortran T
. . . L Description
Number +| - Name- - iiulat
1 PR |+ Initial power level of entire reactor-megawatts
2 SOUKCE ] Constant sourds term if present-negawatts/sec
(Units of Pi and SCURCE must be consistent).




TEND
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i
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Time to end the problem-secs.

Average power density in fuel rogion of average fuel
element~Btu/hr 713 (¥ust bte consistent with PR

supplied above. )

Frompt neutron generation time-soecs ( Ain cguation 1)

ALAN(I)

Delayed neutron precursor dsceny constants

Ai —scc_l i= 1-6

12-17

BETA(L)

Delayed noutron yleld 8, for i = 1-6

i3

19 -

20
21
22:

a3

H
SHALLH
Q1

Q2

DELAME

—

Initial tinme ise in Runge-nuitta integration-

-
)

step to

sees (V01 see is typical

Minimum. time step to use Rungo-Kutte integration-

sees (.00001 see is typical),;

Runge-Kutta accuracy criteria.

Runge-Hutta accuracy criteria.
. ' ] R . )
Maximem o T fuel to be allowed bsfore .calling RAT-7G.

Not uzed.

24

Kumber of entries in longest temperature coefficient
teble. By entry is meant g pair of associated

numbers,

2h~-84

‘TABA -

Fuel temperature coefficient table. Inter in
sequence T,, APy, To,0p o, ete where T is in “C
1 1 g =
T.

o —.‘p‘-— — 1
andoe s ”/T Fuel
1

average fuel temperature is computod by RAT,
wp.= 0.0 &t

rE . 3 . . - -
{T) dT. After the initial

the

table supplicd is renormalized so

thi=z initial temperature. Subsequent reastivity

L.

.changes are meusured relative fo this temperature.

‘The table suapplied should cover the cutire range of

temperatire possible (oxccediﬂg the range of this

A
'

wr any other table can be an cxponsive error).

The code subtracts values of Ap in the kinetic

eguation. so that positive table

given Tor a negative temperavure coeificicnt.
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Moderator temierature coefficient tuble. . ap fto be

. S ML A VA TR i
entered for-Ti LSJM)i o T \E) arT,

145-337

146

147

AVAIL(1)

AVATL(2)

AVATIL(3)

‘kinetics Common BLL for use nsg either input

variables or internal variabics for future
medifieations. The ones presentily in use are

listed here.

Ratie of irmner flow rate tc fotal flow rates:
only needed for araular fuel zloments with in-
ternal coolant.

Ty

Tenperature map print index. Iap of a1l fuel
element and coolant témperaturss is printed every

tipe tne aumber of RAT *ime stops excecds AVAIL{3).

148-150

AVAIL{4-6}

Time point ot which to start using the next time

150-155

CAVATL{8-11)

Time:éteps A)ti. These have two uses.  The first
usc is in calling the RAT heat tronsfer routines.
During the intervals of time specified in AVAIL
(4;6) tb§ correépondingaﬁti will be used for
IMTINE {see text) and RAi will be called.at least
every » t; secends. _(If may be called more often
as a result of the temperature test DELTMX) .

The second vse is tqlspecify the time mesh to be
used when running-the code as a steady state heat

transfer prcolem.

159

160

161

o avarn(1e)

AVAIL(15)

IVATLART)

Enter 1.0 for steady state temperature calculation.

A bugger factor which multiplics all values ofap

'suppiiéd in the fuel ifemperature cocfficient table.

A value of 1.0 is used if inpus value is not

‘Supplied. Very useful to make pararster surveys

and if one forgets +to use correct algebraic sign
in a table.

Sawe %thing for moderator coefficient table.

~34-"




162

AVATL(18)

3531
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If problem is to be run from & power table enter

number. of table envrics here. The firsv card

;
\
punched for a nower table rov<d this number).

163 AVAIL(1G) Enter 1.0 to suppress punching of powsr table.
300 i AVAIL(156) Humber of entries in the fuel cogfficient table.
1 .

201 AVAIL{157) | Kot used.

302 AVAIL(158) | Number of entries in the moderator coefficient
table.

303 AVAIL(159) | Number of cntries in the ramp tal

'304 AVAIL(160) Tumber of entries in the scram table.

305 - AVATL(161) funber of entries in the coclant inlet temperature

5 table.

306 TAVAIL(162) ¢ Number of éntries in the coolant flow rate table.
(Information on this card is used fo cause an
error stop if the Tange of a table iz exceeded.)

324 RAMPI Kumber of entries in RAMP tablc or SCRAN tadle,
whichever .is loanger. -

335 TRAMP Last time to lock Up in RAMD 3able-sccs.

336 ENDRAM If_E Rﬁw = 0.0 RaMT continues alfter scram starts.
If ENDRAM = 1.0 RAMP ctops after sceram starts.

337—396 TARC Ramp resctivity ftable. IEanter in sequence time,
ap, time, Ap ete. Time ls in secs. 1T it is
desired to insert a precisc amount of reactivity
"an sdditionsl entry skould continue .the ramp at.
this constant value for a short timc interval
and the la%t +imp to look'up in the vable (TRAMP)
shouid bo spb01f10d within this interva This

is because of tqo vurlablﬂ tﬂm, step the code
uscs.*

397 : TENDSC Last time to look up in SCRAM +dable.

*Thiv
tablo%.

comment also appll & to scram,

fleow rate, end iniet temperature




i
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3G . ;. POWRAT Power level at which to initiate scranm.-
; 399"'H"TDELﬁY - | Time deldy aft“r ‘power reaches POWRAT efter

which'soram”is started.‘

400-459 TABE ,Scram react 1v1ty Lahlu. Enter in é°ﬁuence time,

Np, tlmw,igp, ote,  Enter pogitive values of

gince scram term is subtracted in kinetics equation.

-~

460 TINL Steady state coolant gap inlet temporature- "F.
461 FOTAN Steady state total coolant fiow rate lbs/ﬁr~

clement.

i

462-451 | WSTAN(J) pIP: axi dl power distri bution Function. Valucs
' given at points at which: t cmperutures will be
computed (not at axiai ﬂrlalprv). Sould be

P . -properly,normali2ed to axial sverapge of 1.0,

482 - PBIL Number of entries in flbw_rato tablc.
483 ) ENDCOL Last time +to look up in flow rate table.
484543 TARE Plow rate. table. Enter in seguznce time, flow

rate, time, flow rate, etc. Flow is in lbs/hr—
element for total cooiant. It innér éoolant is
used, the code will ﬁdltipiy'the table.values

by AVATL(2) sapecified above. If table is used,

the steady state value FSTAN necd not be %qullud

544 XPT 'Number of enfrios'iﬁ iﬁietstemperature table.
545 . BWDINL | Last time fto lock up in inlet temperature table.
546—605‘ TARG ' Inlet femperatnre table. Bnter in sequence time,

mperaturu, tlmc, tempe ratur ste. ‘Tanperature
in °P. If tablb is used, the steady state value

TIML need not be gupplied. Sswe inlet tempera-

ture assumed for inner and ouLer fiows,

The last card of this set must have a l punch in Column 1. This cen e

a separate-otherwise'blank card if desired.
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If problem is to be run from a power table, insert fhoe punched cards hers,

except for the first punched card which contains AVAIL(lB) and goes an
IS ¥ g y

where before the last card with the 1 punch menticned ahove.

SN



