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INTRODUCTION—.

A seriesof codeswas preparedfor computingthe completeexposue historyfor the
fuel in the HWCTR (reference1). The last code,ROTAH (Recordsof Temperatureand
Heat),was the ultimategoal of the seriesand was used to calculatethe operating
conditionswithina fuel assembly. ROTAH,and the othercodes,were used in pre-

. paringthe detailedTest OperatingHistoriesto be issuedfor all testfuel assem-
bliesand for the four driverelementsthatwere inspected. This memorandumde-
scribesthe ROTAHprograms(one
equationsused in them.

SWRY

The inputinformationfor ROTAH

each for singleand two-piecefuel elements) and the

is listed. The equationsused to calculatepower,
channelcoolanttemperature,sheath(surface) temperature,core temperature,$ kd~,
heat flu, volumetricheat generation,specificpower,and also to obtaintime-
averagedvaluesfor some of theseparametersare listed. The IBM-704Fortransource
deck listingsare appendedas well as examplesof outputdata sheets. Dimensional
unitsfor quantitiesare listed. The Fortransoucedecksand theircompiledobject

. decksare availablein the permanentHWCTRfiles.
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InputInformation

The followinginputinformationabout a fuel elementis neededfor ROTAH calculations:

. The name of the elementand its type.

-1 = uraniumoxiderods
O = uraniumoxidetubes
1 = uraniummetaltubes
2 = Zircaloy-urafiumalloy
3 = thoriummetaltubes

Typesare:

metaltubes

This informationis listedon inputcard 1 accordingto FORMAT 2 (appendicesD and E).

The heat split (b(), flow split (f),velOcitYcOnstant(G2).?n@
hydraulicdiameter De) for all coolantchannelssuccessively
?rom the innermostoutwards. The heat split (bt) is not listedfor two-

tube elements. This informationis listedon inputcard 2 accordingto FO~T 3 and
is alsoprintedon the first line of the firstsheetof the ROTAHprintout(seefirst
pageAppndices B and C).

The heat split (b),area (Ah),and claddingthickness(c) for.
all fuel surfacessuccessivelyfrom the innermostoutwards. This

informationis listedon inputcard3 accordingto FmT 3 and is also printedon
the secondline of the first sheetof the ROTN printout(seefirstpage of
AppendicesB and C).

~he flow and samplingconstant(Cl),corevolume (V),core thickness(d)
and coreweight (w)for all fuelpiecessuccessivelyfrom t,he Innermost
outwards. In two tube elementsthe constantCl is not listed;heat split

betweenthe two fuel piecesis handledby @, the axialpower shapes,for theseassem-
blies.The valuefor Cl is listedin Test OperatingHistoriesas heat splitunder
Fuel Piecefor singletube elements. This informationis listedon inputcardk
accordingto FORMAT3 and is also printedon the thirdline of the first sheetof the
ROTAHprintout(seefirstpage of AppendicesB and C).

The key, date,deltaT (AtcooI),flow (F),inlettemperature(ti),
saturationtemperature(ts),and lengthof exposureIn erva~or
the firstexposureinterval. Key is +1. This informationis listedon

inputcard5 accordingto -T h.

. The ower sha e ( ) for 21 layersfor all fuel pieces successivelyfrom
*.6. These cardsare the outputof the Am (ref.2)

program. If ~one piece,thereare 3 cards;if two, 6 cards.
Thesedataare containedon thesecardsaccordingto FORMATS.

.)

.

The specificexposure(x) for 21 layersfor all fuel piecessuccessively
Trom the innermostoutwards. Thesecardsare the outputof the Am

program. If fihefuel assemblyhas one~ece, thereare 3 cards;if two 6 cards. ~hese
dataare containedon thesecardsaccordingto FO~T 5.
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For each succeedingexposureinteNal anotherset of cards (7 cardsin singletube
elements;13 cardsin two-tubeelements)startingwith card S is required.

If, atthe.endof any givenexposoreinterval,somechangein the data processingis
requir~j a cardwith ~ havingsomevalue otherthan +1 is inserted. The following
can be accommodated.

Key = O ROTAH calculatestime-weightedaveragevalues,printsthese (previously
calculateddata has alreadybeen printed), and printsthe data reduction
by layers. If this is followedby a secondcardwith Key = O, ROTAH
printsEND OF PRWRAM. If the firstkey = O card is followedby a Key = +1
card,ROTAH clearsall storeddata and acceptsa new fuel assemblyfor
calculationstartingwith the new elementJs inputcard 1.

Key=+3 The ROTAHprogramacceptsnew inputconstantson cards2, 3, and ~ (all
constantsmust be listedon thesecardseven thoughonly someconstants
change) and then continuescalculationsfor the next exposureinterval(s).
Such a case occurs,for example,when a housingis changed,resultingin
a new flow splitor a new cross-sectionalflow area (velocitychanges).
Changesin the fuel columnitselfare not handledthisway.

Key= -1 This is usedwhen the fuel columnlengthis changed(e.g., by removalof
a fuel slug in a segmentedcolumn). ROTAH completesall calculationsand
printsall datafor the before-modificationcase;it thenacceptsnew
inputconstantc=ds 1, 2, 3, and L for the titer-modificationcase. A
secondKey = -1 card is thenrequiredto obtaintime-weightedaverage
data for fuel piecesremainingin the column. Thesedata are printed.
Then the data calculationsresume with the next set of exposureinterval
cardsstartingwith a card identicalto card5.

Equations

The equationsused by ROTAH are presentedin this section. The symbols,correspond-
ing ROTAHsymbols,definitions,and unitsare presentedin AppendixA.

The powerremovedfrom an elementby the coolantis:

P = O.00026S(F)(Atcool)(Cl) (1)

whereO.000265includesP and CP fOr D20 at 18~ C and alsO includescOnversiOn
factors. The use of constantvaluesfor ~ and Cp introducesless than *O.~~ error
between169c and 2hy C. The constant,Cl, reducesthe totalflow to that fraction
whichremovesheat and also correctsfor samplingerrorswhere the thermocouple
does not see the correctmixedeffluenttemperature;the constantis equalto 1.0
for most elements. It is called‘fHeatsplit”in the listingof ROTAH inputdatafor
fuelpiecesin the Test OperatingHistories. It was not used in the !!Two-tubeROTAH”.

The temperatureof the coolantin any channelat any elevationis (seealso equation
(26)):

tc = ti + (Atcool)(~)(b)/(f) (2)

The velocityof the coolantin any channelis:

v= (F)(f)(C2) (3)
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wherethe constant,C2, is equalto conversionfactorsdividedby the crOss-sec-
. tionalflow area of the coolantchannel,Af.

The heat transfercoefficientfor a fuel surfacein any channelis:

h = 570 (v)0”8/(De)0”2 (b)
.

where v is obtainedfrom equation(3),and where570 accountsfor physicalProperties
of D20 and conversionfactors. The equationwas developedby SRL.

The film temperaturee differenceat any elevationon any fuel surfaceis:

Atf = (q/A)/ (h) (5)

This is not strictlycorrectfor all casesbecauseAtf is reducedin thosecases
where t~Wf, the fuel surfacetemperature,is limitedby localboilingas dis-
cussedsubsequently.

The heat flux at any elevationon any fuel surfaceis:

q/A = 502 (F) (Atcool)(@)(b)/ (Ah) (6)

where502 accountsfor conversionfactors.

The temperatureof any fuel surfaceat any elevationis calculatedby:

ts~f = tc + Atf (7)

wheretc is from equation(2) and Atf is from equation(~). Becausethe surface
temperaturecan be limitedto a value about10”C abovethe saturationtemperature
when localboilingoccurs,the ROTAHprogramtestseverycalculationmade by
equation(7) with equation(8) below and acceptsthe 10werOf the two valuesobtained:

tsurf ‘ = ts + 1O’-’C (8)

Note that the reductionin Atf, discussedpreviously,is not calculatedby ROTAH in
casesof localboilingbut is impliedby tsurff.

The thermalconductivitiesof the claddingand corematerialsare:

kzirc = 7.8 + 0.()()1t (usefor cladding)

kzirc-u= 6.2 + O.O@ t (usefor drivers)

~ . ~.9 + O.olt (usefor U metal)

@h = 21.27+ 0.0073t (usefor Th metal)

where the temperature,t, is selectedas followsfor the evaluationof k:

-,
(1) t in equation(9)for claddingis:

.
t = (t5wf:+ tint)/ 2

.
i.e.,the averagecladdingtemperature;

(9)

(lo)

(11)

(12)

(9a)
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(2) t in equations(10,11, 12) for variouscores is:

t = (tav + 2tcm)/3 (l@,ha, 12a)

No thermalconductivityis listedfor oxideelementsbecauseoxidetemperatms are
evaluatedby J kd~ (seebelow).

Becaueek (using,for example,(9a)in (9))isa functionof a deeiredtemperature
withina fuelpiece,and becaueethe deeiredtemperatureis a functionof k, ~TAH
dbesnot calculatek directlybut ueee equations(16),(21),(22),.and (23)below
to calculatethe desiredtemperature.

The temperaturedifferenceacrossthe claddingfor any fue1 surfaceat any elevation
is:

‘tclad = (q/A)(c)/ (k) (13)

The temperatureat the interfacebetweenthe claddingand the fuel corefor any
surfaceat any elevationis:

‘int = ‘surf + ‘tclad (14)

In ROTAH,equations(1L), (13), (9a),and (9) are combinedto yielda directsolution
for tint. Thus:

‘int = tsmf + (q/A)(c)/ (7.8+ O.000~tsmf + O.000~tint) (15)

Equation(15) is solvedfor tint:

([
tint = 1000 60.8L + .OOOOOl(t~urf)2 + .0156(t,urf)+ .002 (q/A)(c)1‘-7)(16)
For elementscooled on two surfacesan averageinterfacetemperatureis talculated
prior to obtainingthe centralcore temperature:

tav
[

= (tint)~nesurface 1/+‘tint‘othersurface 2 (17)

The volumetricheat generationrate at any elevationwithina fuel pieceis:

Q = 502 (F) (Atcool)(~) (Cl) / (V) (18)

where~02 includesconversionfactorsand C1 was previouslydiscussedunder
equation(1).

The temperaturedifferencebetweenthe centerof the core and the surface(or surfaces)
of the coreat any elevationis:

Atcore = (Q) (d)/ 8 (k) (19)

The temperatureat the hottestpart of the core at a givenelevationis:

In
to

t core = tav + AtCore (20)

ROTAH,equations(20),(19),(lOa,ha, or 12a),and (10,11, or 12) are combined
yield,a directsolutionfor tcore. TheseROTAHequationsare:
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‘core (foruranium-Zircaloyalloydrivers) =

(.0133tav-L9.6)+~.0133tav- 11/49.6)2+.1067(~9.6tav+.0133tav2+Qd2y* .633
L

t,Ore (foruraniummetalelements) = al /

,
[

1]/(..0267tav-111.2)+~..0267tav-lll.2)2+.2133(111.2tav+.0267tav2+Qd2~* .1M7

. tcore (forthoriummetal elements) =

[ Ii//(.01.9~tav-170.z)+~. 0194tav-170.2)2+.1552(170.2tav+.019Ltav2+Qd2) * .0776

The ‘temperature”of an oxideelementat any elevationis:
—

~kd9 = (Q)(d)2/ (8) (57.8) (fortubularelements)

where57.8 accountsfor conversionfactors,and:

~kd9 = (Q)(d)2/ (16)(57.8)= (Q)(r)2/ (4)(57.8) (forrods)

(21)

(22)

(23)

(2k)

(25)

The temperaturewithinthe core of an element,or theS kd~, is calculatedby equation
(19)or (2b). Theseequationsuse the slab geometryfor the fuel pieceratherthan
a cylindricalwall geometry. The more simpleslabform of the equationwas used
becauseall the ~CTR fuel testedhad a high enoughratioof diameterto wall thick-
ness so that the temperatureerrorwas at worstabout 17 and in most casesconsider-
ably below1%.

In the specialcase of a coolantannulusthathas two heatedsurfaces– the inter-
mediatechannelof a two-tubeelement– the temperatureof the coolantat any given
elevationis:

tc = ti + Atcool(Mxb+Mx b)/(f) (26)

wherethe firstMx is for the innerfuel pieceand the firstb for the outersurface
thereof,and wherethe secondMx is for the outerfuelpiece and the secondb for
the innersurface thereof,and where f is the flow splitfor the intermediatechannel.

The specificpowerof a givenfuel pieceat any givenelevationis:

P ‘ (P) (9) / (w)

whereW, the weight,is normallyin tonnes,but for driverelements
lentcore lengthtimes10-3 so that p will have the unitsRW/ft.

Time—WeightedAverageValues

Time-weightedaveragevaluesare obtainedusingan equationsimilar
shownhere for specificpower:

~(PITI + P2T2 + .......pNTN)
ptime-weightedaverage= X(T1 + T2 +

,
..... TV)

Axial PowerShape

The distributionof the totalfuel assemblyuowerwithinthe lemth

(27)

it is the equiva-

to the example

(28)

of the fuel column. .
at any giventime is describedhy the axialpowershapefor the elementfor that time.
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This quantityis @ in the equationsprecedingand is ENX in the ROTAHprogram.

It is calculatedin the TURBOand RIiE programs(ref.1) and punchedon cardsby
theAIJX-1program(ref.2). Thesecardsare a part of the inputdata for ROTAH.

The powershapeis the productof the flu shapeand the flssiomble material
abundanceshape. Power shaperatherthanflux shapeis usedbecausethereare

. significantclifferencesbetweenthe two at fuel exposuresachievedin the W TR.
.

In a singletube element,the powershapevaluesare relativeto an averagevalue
of 1.0 for the column. This can be demonstratedby summingup half of the 1st
and 21stvalueswith the other19 valuesand dividingby 20.

In a two-tubeelement,two sets of power shapevaluesare listed. Thesedescribe
not only the axialpowershapein eachfuel piecebut also the power split
betweenthe two fuel pieces. Thus,half of the 1st and 21stvaluesplus the other
19 valueson one fuel piece (eitherinneror outer)dividedby 20 will yieldthe
fractionof totalelementpowerdevelopedwithinthatfuel piece.

ROTAHfor the SOT-7 Case

Thisfuel assembly(theSOT-7-2) was uniquein the ~TR test programin that it
containedfuel pieceshavingboth naturaland enricheduranium. Thus,although
the axialflux shapewas a smoothcurvewithoutdiscontinuityies,therewas an
abruptchangein the axialpower shapeat the juncturesbetweenthe two fuel types.
A specialsubsectionof the single-tubeROTAHprogramwas preparedto handlethis
case.

The ROTAHlayersread upwardsfrom layer1 at the fuel columnbottomto layer17
at the fuel columntop (theelementhad upflow coolingin the liquidloopbayonet).
Layers1 through~ applyto the bottomtwo naturalU02 slugs. Layers5 and 6 are,
unlikeotherROTAH layers,at the sameelevationbetweenthe two fuel types;and
layerS data (usingthe naturalfuel @) are applicableto the naturalUO~ fuel,
while layer6 data (usingthe enriched@) are applicableto the enrichedU02 fuel.
Layers6 through10 are applicableto the two enrichedUOZ fuel pieces. Layers
10 and 11 are used in a fashionsimilarto layers6 and S in handlingthe return
to naturalfuel for the nmainder of the column. The last threenaturalU02 fuel
piecesare coveredby layers11 through17.

ROTAHPrintouts

The data calculatedby ROTAHareobtainedon printoutsheetsexamplesof whichare
shownin AppendicesB and C. The firstsheet (seeAppendicesB1 and Cl) liststhe
elementname and inputconstantsas previouslydescribed. This is followedby one
sheetfor each exposureintervalswherethe date of the intervalis givenin the
headingofthesheet. Examplesare shownas AppendicesB2 and C2. Data are pre-
sentedfor all layerswithinthe fuel. All unitsfor thesedataare as givenin
AppendtiA. Where not otherwiseidentified,all data in ROTAHprintoutsreadfrom
the centerof the fuel outwards.

Examplesof the time-weightedaveragevaluesare shownin AppendicesB3 and C3.
The last examplesshown,AppendicesB4 and C4, are for the data reductionby layers
wheredatafor all the exposureintervalsare shownfor one layeron each sheet.
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APPENDIXA

S~OLS, DWINITIONS, AND UNITS

Definition Units

Coolantflow area (cross-sectionalarea of a given in.2
coolantchannel)

Heat transferarea of a givensurface ft2

Fractionof totalheat withina givenfuel piece -
leavingthrougha givensurface

Fraction
channe1

Constant
and also

Velocity

Specific

Cladding

of totalheat enteringa givencoolant

to correctfor thermocouplesamplingerrors -
for flow thatbypassesthe heatedchannels

constant (ft/sec)/gpm

heat of D20 pcu/lb“C

thickness ft

Equivalent(orhydraulic) diameter in.

Core thickness(tubularfuel) ft
Core diameter(rods) ft

Totalcoolantflow rate gpm

Fractionof totalflow withinan assemblygoing
througha givenchannel

Heat transfercoefficient pcu/hrft2 “C

Thermalconductivity pcu/hrft 0C

Heataccumulatedin a givenfuel piecefrom coolant -
inletend as a fractionof totalheat in that fuel
piece.

Totalelementpower Mw

Specificpower

Volumetricheat generationrate

W/g (test)

#
kW/ft (driver

pcu/hrft

Heat flu pcu/hrft2

Lengthof a givenexposureinterval days
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ROTAH

= Symb”l

t~ TIN
,.

t~ TSAT
.

tc TCHAN

. tsurf SURVT

t,Urfi TDUM

‘int FTINT

tav AVTINT

tcm TCORE(2)

Atcool DELTAT

Atf (1)
,

Atclad (1)

AtCore (1)

v VOL

v (1)

w TON

x SPEX

~kdfl T,ORE(’)
.. KDT~TA

f (1)

Does
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APPENDIXA (Contd)

Definition Units

Coolantinlettemperature “c

Saturationtemperature “c

Coolanttemperaturewithina given channel ‘c

Fuel surfacetemperature “c

Fuel surfacetemperaturein localboiling “c

Temperatureat interfaceof coreand cladding “c

Averageof tint for two cooledsurfaces

Centralcore temperature

Coolanttemperaturerise

Film temperaturedifference

Claddingtemperaturedifference

Core temperaturedifference

Fuel elementcorevolume

Coolantvelocity

Weight
(Lengthin the case of

Specificexposure

Oxide “temperature”

Densityof D20

Axial powershape (see

not appearin ROTAH as

TCOREis used internallyin

driversx 10-3)

text)

such.

“c

“c

c“

c“

c“

c“

ft,’

ft/sec

tonnes
ft x 10-3

(test)
(drivers) %~~ ~ fission

burnup

W/cm

lb/ft’

ROTAHfor ~kdQ calculationsbut
the resultsare listedin the printou{underKDTHETA.
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ROTAH FOR A SINGLE ELEMENT. SOT .6-Z’

0.43000 0.40700 0.321OO 0.341OO 0.57000 0.56000 0;21900 0.31800
0.43000 3.01000 0.00183 0.57000 4..16000.0.0,0192,

‘1:0-00-00—0:0’9ia0-0~OZ3%”0 0.02275..
—.

., . . ...1.. /—----- .—..

I
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ELEMENT SOT 6-2 OATE 1109/64 DEL T’ 9’.3 FLO\i 150.-. INLET 200.0 .PONER 0.370 :—
I

——
PO\{ER SPECIFIC K D CltANNEL ‘ SURFACE SURFACE VOL .HEAT SPEC
SHAPE EXPOSURE THETA TEMPERATURE TEMPERATURE.— ‘.;.o.HEAT FLUX:.:.’...; GENERATION ti POWER-”——

1 0.397. 15:9 4.3 200.0’ 200.0. 205.2.. 205.2 0.397E 05 0.381E 05 0.303E 07.
2 ““0.668”” ‘“- O.51OE 07. .l~:? ‘26,7 7.2 200.3 200-;3 2-09.0 209.0

——. —. —.——.—
0.668E 05 0.641E 05

————.

3 0.969 38:7 10.5 200.7 200.6. 213.3 213.3 0.969E 05 0.930E 05 0.739E 07 15.7 I
4. 1.263 50.4 13.7. 201.2 201.2 217.8 217.6 0.126E 06 0:121E 06 0e964E 07.. .20.5
5 .1.525 60:9 16.5 201.9. 201.8. 221.9. 221.7.
6 l.730”- –b9;o-”–- 18.7 202.”7” 202;6

Q.153E...O6 0.146E 06
225.3

0J116E 08 .24.8’.
22’5;–1 0.173E 06 0:166E 06 0ti132E-08~2-8Jl~

7 1.858 74:2 20.1 203.6 203.4. 227.9 227.7.. 0;186E 06 0.178E06” 0o142E 08 30.2:
8 l;89l- 75JZ 20:”5 —:2Q”Li5 204.3 ““”229<3 229.1 0c190E 06 0.182E 06
9. 1.838 73:4 19.9.

0.145E 08 .30.8 ..
205.4 205.2 229.5 229.2. 0.184E 06 0.176E 06

TO 1.672.. 66;8 18.1
0:140E 08. 29.9

206.3 206..1 228.2 .227.8 0.167E 06 0:160E 06 0:128E 08 27.2.
11. 1.391 55;5 15.0 207.0 206.8. 225.3. 224.9 0.139E 06 0+133E 06”.12_.-i.:.100----- O:1O6E .08 22.6

432-9 11.9 207.7 207:4. 222.1
—22.1=7—

OT1-l–OE 06–—O;106F—06 0.8-3-9E-O-7 . 17.9
13 0.891 35;6” 9.6 208.1. 207.8 219.8 219..4: 00891E 05 00855E 05 0i679E 07
14. 0:”730’ 29:1. 7:9 208;-5 208.2:

_i4.5.!
218.1 217.7

15 0.598
0;730E 05 0.700E 05. 0.557E 07... 1–1.9

2329 6.5 208.9 208.5 216.7 216.3 0.598E 05 0.574E 05 00456E 07:.
0.3.71E 07... .,;:]516 0.487 19i4 5*3 209.1 208.8 215;5 215.1 0.487E. 05 0.467E 05

17. 0.392 15:6 4.2. 209.3 209.0. 214.5 214.1 0..392E 05 “0.376E05 0~299E07 6.4:..18–.-:3130____
12;4 .

3.:4— 2~”9;5—2Q9;2—~-l-3;6-~ ~3;2—

9;6 2.6-’
O;alUE–O-5—i2g-8-~O-5~O~~-37E—07 ,—5:0:,

19 0.240 209.6 209.3 212.8 212.4 0.240E05 0.230E 05 _OJ1.83E 07. 3.9:
-20 0.179 7:1-—”1.9 209.8 209.4. 212.1..21-1=7. 0=r79E .05 0:.1-72E 05 0:137E 07”. 2.9
21. 0.127 5:1: 1.4: .209.8 .209.5 ‘ 211.5 211.1 0*127E 05 0.122E.05 0.970E 06 2.1 ;

,. I

,.

,C~AN--EFF-:209;8--–-SUTEMTEMp--~29:5---j--D-THET~--2~;51-–-~~*T--F~UX--1989802-

.
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... .. .. . .
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TIME HE IGHTEO AVERAGE VALUES FOR ELEMENT’ SOT’6-2. .

/l<D SURFACE “SURFACE SPEC I
ITHETA TEMPERATURE ‘. .. .. . . ... . . ---- :.. ..HEAT FLUX. .”;... POWER

,’ j

1 ....-...:-.-: :;:;—;;:=;-—0 :397E-!5.-?2?-!!.b-?.?.-—i:2-:-.—.. 2/
,;

. 0.668E 05 0.640E 05 .
3 10.5 235.0 ‘234.9 0.970E 05 0.930E 05 15.8
4. 13=7. ‘239.3 239.2. 0.127E 06 0.122E 06 20.6’ :
5 16.7 243.6 243.4. 0.154E 06 0.148E 06.-— 25.1
6“ ‘“-’19:2”””:–-247”. 4 247.2 0:178E’–06—O”:”171E 06 28.-9—
7 21:2.. 250.7.. 250.4 0.196E 06 0.188E06— .— 31.9
8

2.2;6- .;—
2S3 3 253.0

——.
O.21OE 06’ 0.20”1E 06

..—,——

.9 23.4 255.3 254.9
34.0

0.217E 06 0.208E 06—— 35.2”
10: 23.6 256.5 256.1 0.218E 06 0.209E 06 35.4
11 23.0 256.8 256.4 0.213E 06 0.204k 06 34.6

’12. 21.8 256.3 255.8 0;20”l-E~6—0;”193E 06
—..—

32.7
13 19.9 255,0 254.5 0.185E 06 O-177E 06
14. 17.7-–””

30.0
253:1 252.6— 0.164E 06-0q57”E—06 —2=

15 1“5.4 251.0 250.5.. 0.142E 06 0.136E 06 23.1
‘16 ‘13.0T4~

———
248.4 0.121E 06 “0.116E 06

17. 10.8. 246.8 246.3
—1=

O..1OOE 06 0.959E 05—-
18“

16.2
‘8 :7.— 244:8—$;;;-;-–0;’80 7E—0”~O;774-E–O-5”—l”3;l—

19 6.8 242.9 0.632E 05 0.606E 05
- 5“; 1

–-241:,1---240:_--. _.. . . . . 10.3
0.476E 05 0.456E-05~””—”—

$:
7*7

3.7: 239.6 239.1. 0.’339E 05 0.325E 05 5.5
..

—–...\ ..—– .—

I
I

‘1



----

“VARIABLES VS.-SPECIFIC EXPOSU.RE SOT 6-2 LAYER 8 “i
. . . . . . . . .. . ..—.-—.—- _—-.. ——— ——

I

——
SPECIFIC K D CHANNEL SURFACE SURFACE vOL HEAT SPEC i

.
EXP05URE THETA TEMPERATURE ‘TEMPERATURE

-.
“.:...HEAT FLUX..’ . . . .

.—.—. .——..—-——--—-—
GENERATION :;POWER

----- -1

75.7 204.5 229.3 0.190E 06 0.182E 0620.5. .. ..._?0403 ..__..._??:l:l—..— -----
30=8: !

321.0

0“.145E 08

20.7 204.4 204.2 229.4. 229.2 0.191E 06” 0.183E 06” 0.1.46E 08 3101

570.9 21.1 204; 5 204.3 230.0 229.7 0.195E 06 0.187E 06 0.149E 08 3107 ~

818.3 21.4 204.5 204.4 230.5 230.2” O;198E”06 0.190E. 06 0.151E 08 32.2

954.9 21.9 204:_6 204.5 23101 230.8 0.202E 06 0.194E 06 0i154E 08 32.9 1
_.

979.6 9.a 20-2.0 201.9 213.9 213.7. 00907E 05 0.870E 05 0.692E 07 14.7.. ;

1235:3 23.9 204.8 204.6 0.221E 06 0.212E”06 0m169E 08 36.0233.8. 233.5 _.-... . . ..—-——--— ~

1482.9 23.4 ‘234.7—-234-;b–-261.1 262-.8 0.217E 06 0.208E 06 0o165E 08 35.2:

1703:1. 2.3.3 234.7 234.6 263.0 262.7. 0.216E 06 0.207E 06 0o165E 08 35.1

191903 22.7 234.6 234.4 262.1 261.8 O.21OE 06 0.202E 06 00160E 08 34.1.

2133.1 26.2 235.3 235.1 267.0 266.6. 0.242E 06 0.232E_06 0o185E 08 39.3
_.. .—. ..—~3.3.b:_8—_ .... ....__2.3_5.1 234.9

25.3 2“Z5;77265.4 0.234E 06 0.225E 06 0..179E 08 .38.1-:

_253105 25.1 235.1. 234.9 265.6 265.2.
24.4. 234.9 234.7

0.233E 06 0.22_3E 06’ 0.177E 08 37.8

2694;9 2K4 .5 264.1 0.226E 06 0.217E06 0.172E 08 36.7..

2857.7 24.5 234.9 234.8 264,6 264.2 0.226E 06 0.217E 06 0i173E 08 .36.8

3012s3 23.4. 234.7 234.5. 263.1 262:8’ 0i217E 06 0.208E 06 0&165E .08 35*2.

3166.8 23.5 234.7 .234.5 263.1 262..8 0.217E. 06 0.208E06

‘3322-;”5”—

0:166E 08 35.3.

24.3 “-””-”–’—–2&l26—26 1:2234.4. 234.2 0.225E 06 0.216E 06. 0.171E 08
__— .—. —

3415.4

36.5

23.4 234.2 234.0 260.3 260.0 0.216E 06 0.208E 06 0.165E 08 35.2
__— —-

3463.4. 23.6 234.2 234.1 260.6 260.3 00218E 06 0.209E 06

3608.6 23.5

00166E 08

234.2. 234.1

35.4

260.5 .“260.2 0.218E 06 0.209E 06 02166E 08 35.4.
——

372,0.3 $;:; 234.2 234.O 260.1 259.8

3786.3

0.215E 06 0.206E 06 0.164E 08 34.9

234.1 233.9 259.4 _259.1 O.21OE 06 0.201E 06’ 0.160E 08 34.1 .’

3897i’4 21.5 233.8 233.7. 257;8 257:6 o;i9~E~6-00191E 06., 0.152E 08 32.3
,. -

4008:0 21.5 0i199E ’06 0.1.91E 06 ‘O:152E 08233 ● 8 233.7 ___;;;~~_;;;;;_ 32.3

4120i4 ‘-”20.4----233”.”6- ‘233.5
—— _

0:-19”9E–06—O:lU”IE06 0.144E 08 30.7 ,

4232.1 21.4 233.8 233.7 257.8 257.5 Oi198E 06 0.190E 06 ~ 0.151E 08 .32.2

4z84T17a~ 233.7 233.~fT~-56.t.. 0.19=-E 06 0.185E 06
———

0.147= 08 “~”—313.

4491.5 20.2. 234.4 234.3 258.9 258.6 0.187E 06 0.180E 06 0.143E 08 “.30.4.
467490”--”23;”5—””235=1”’--234.9–— ---

.-.
263.5—263.2 0.2”17E 06 0.208E—06 0TE6G-E–38-—35.3 .,

-...--–._..._.......:::;::;..;;: ;..:-;:::.;--;:::;—;:;+;-–;g+;*::g:y&:y&: :: :::$;;–g-;;:;-

——.
AVERAGE 22.6 253*3 253.0 O.21OE 06 0.201E 06 34.0

-.....
.-— —. -.

-..-
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:LEMENT >,.._...,.’TyN_=~’_=~.. ___DAi_E__l:O/Z5/.62 ..DEL:.:.TJ.l'6a7...:. FLOl#. 106i..;.'.I NLET..'73W-7 PflLIFR ~.4AQ >
.gHANNE.L._l_EILPX.R_ATuRE ti*aS*wx%*iS+4U***su.REAcE_cotiDz.T_IoNs_I..Ns1.0E_To._ouTs

~~ .IA’NER I.NT.ER .OU.T.ER,,.. .TEF{P ..HEAT FLUX’. TEMP HEAT-FLUX”: TEMP HEAT f_<: . . .
,1.’ 238.2 238*2 238.2

.————— —. ——.—.-.-— ... . . . ... .— .—— . . . . ..- —...
238.5 O-134E 04: 238-5 0*115E 04: ‘238-5 .0c140E .04: 238;5. 0.130E 04;

----- . ...- - ..,-....*-:..,.- :—..
SI.OE&Siz’~”t”ff e“*&4~s’%v*’e;~’*’,_._. —..._ .._..-..—.-—
F1.UX ‘. TEMP HEAT FLUX

...2 .__.238.2..238.2 .238...2__.239...5_O.5.32E_O4._._239.4_...O.455E. 0tt.;__.239.6 ._.O.557E..Ot+._,__239.$L_.O. 51,7E...O;.;
3 238.3 238..3 238;3. .240;6”, 0.987E 04 240-4.. 0.84.4E 04:. 240.9 O.1O3E 05 240;’6 0i959E 04!

_4:23.8e.5i23.8:.5_23.8;~4 241:.l_O...l3O E_05._242..5_O ..15.9E._05_Z41, i.9_0..l4.8.E_O5_[_242.ig_O.=.l.52.E05—
-5 238.7 238.7 “238.a6 243.6’ 0-217E .05 243.3 0.185E 05. 244.4:. 0-227E .05 243.5 0w211E 05

..—6.._._.239.0 .239.O..238.8_>2~t5..l_loe293E.O5__._..245.3. ._0.250E. .O5.._247.7. ....O-3.06E..05__..245.5._.O. 285E ....O5~
7 239-4 .239..5 239:1: 248.1. 0a383E 05 247.6 0.327E 05 249.4: O-401E 05 247...9. O-372E 05,

_..8_.__..239-9. 240.0 ....259.5.___2l_..l489E_805__250_45O.4 :._O.418E!..O5_..__252c7O.512E2E .05___250i7_ .....O..405fl.O5fl
9 240.5 240.7. 240.0 254”;7 0a617E 05 253.8 0.523E’05” 256;7 0.645E.05 254:1 O-600E 05;

_10_241.4_241 ~6X$D...6L25LO.73...E_05__255__25 8...l_663E_05~25~2 61._7__0..8.llE&O5J 58..3_.O..74E_05_5_
11: .242.4 .242s7.241.4 265.1 :0.993E 05 .263.8’O.849E 05 268-5 0.104E. O6 264;1.O.965E 05
.12__243c.7..24.4..1..242.;.4_272...8_Os127.E.:.06G271il.__O.109E._06._277.I__.0i133E,..O6_2.7l..5_0..l23E._O6_
13 245-4 :245..8.243*T 279;1. 0*147.E 06” 277.1: O-126E 06”. 284-1: 0.154E 06”. 277.4: 0.143E 06

.14.:._.:247.2_ 247:.8_245..O__2.83..~O. 157E_06__281 .l._.O.134E_06 _.28806__0- 164E ....O6__28l iO__Os153E..O6.
15 249.0 249.8 246..4. .285.0 o-157E 06 283.1’” 0.134E 06’ 290.6 0.164E. 06 282.4: O-153E. 06

.16-_? 50z8_?5.&z7_24J2_8_ 2.83_..2_O..l 27.E_06—.284.7 O-14.8&_O_6_
*

290..2_O>.l55E_O6L 28 ls.7_O:*.14A&_O_6_ w

17. 252.5 253e4 :24901 282*5 ‘0.131E 06 “281.4’” 0.112E 06” 287.6 OC137E 06” 279,2: 0.128E06 z

.18._ ....253.9 ..255i.O..25O.2_278.3_._O.lO9E..O6___278.O_._O-929E..O5 ..__..283.2 ._O-ll4E .06.__275.O.~0. 106E._06. ;

19 “255.0 256e2 251.0 273-8 0.822E 05 273.6 0.703E’05 277.5 0.860E 05 269.8 ?O.799E 05 w

2O:__..255e8.._257.O...25l.6_268..$__.O.5.5lE_.O5._.268.7. :.0e4.71E..O5.~__27l.3._.O6577E.. 05__264i’2._.O.536E_.05. 0
21:’ .256.:3 257.’6. 252a0 263.4 OJ309E 05 264.1 0.264E 05 265-6 0.323E 05 259J1.: O;300E 05— .——. —— —- .— ——.—
_.,>3e’G’~’;.sP n:Q*%’;-;&INNER:_F UEL:PIECE*?’?.?’Z”*”* **?~*4<–_,..

——.
~=mw~’a~-g-g”~%~**oUTERFUE LiPIECE*.*W.a’s’Z=x-R *F.%~;.

SHAPE EXP.OS~RE~O~ERtiCO RETElfP _HEATGEN SHAP.E EXPOSURE POWER .CORETENP._HEAT GEN

3.:’ 0.005 013 0.2 ~ 239.0 0.221E 06’ 0.012: 0.4:. ‘0.2: . 239-1 : 0.’249E 06
_2_o:._02:o l&3 ‘0.9 2413.5_0.,.87..9_E_O.6~ ---0, 0+.9 ._.____l_.o_1.5 2A.1.._8_O.j9_9LLO.6_

3 0.037. 2:5 1-6” .244.4. 0e163E 07. 0.091:
4.2___.:::’
2.7. 244.,9 0J184E 07

;42:.0.057 .328. _2.i.5 2.4.7S9__0.252 E_.07_.__.0014 1.:..-. 248..T_O.284E...O.7_
5. ’0s081: 5i4.. .3.6, 252.0 0.358E 07 0.201:, 6:0; :3.9. .253.2: O-403E 07

$g

<.6__.0:110. _L7;.4 ~4...8— 257.O.j-O.484E.. 07.—-O.2717l .L–—u8.l.&.5o 3..— 258.5-...0.5.45 E.-O7_
~~

,%1:07144: 9;6 6.3 262.9. 0.632E 07. 0.354 10.5 6;9 26.4,9 0.713E 07 ~~

_8_Lo.._l84 ~ 1.2$-3 8.1: _=OAO—o.0_8.OBE—O-~0.055.3
.9 0.232

13..5__ . ~_7.2.i_5-O-.9.l.l.E-O7–
15:5 10.2: 278.4. O-102EO8 0.571.: 17.0 1:”:”; : 281”;5 0c”l15E 08t..

L

.10-O.291~ 1.9.;.5_;J 2 ..8_ 2.8.8._9_0.128E?_08 ~.0s718__-21.~-~4.l-
11.:0:373

292.8.-Oi.l44E...,8.,‘-- g
24;9 16.4. . .303.L 0.164E 08 0.919 27.3 18.0,

12.–o.4.T7._—_31 : .9.— 21’. 0.:—
.:308.0 0.185E 08”

321.a2_.O.210E_.08. ~.1.126” _35.O.=—23c0 ~
13: :0.553 .3?10.- 24’.4

_327...:.O.236E608..O8
.335.0 0.243E 08 1.364: ‘“40;6.’ 26;7

A+20..59.O
342.1: O-274E 08

3.9.:_4_ Z6_eg 33.%:._6_0...25 E_O_8.8 1...453A 43..2A28o.5 —350-.0-0..292 L08–
15 0.590 3944 26.0- 344;6’. 0.259E .08 ~ 1.454: 43.3 28.5 351.7: 0.292E 08

,16.:..Oc.556:—-37; 2_24.5~ 41..1-.245E408.18-....1.372L- 40.8.._.26;9. —..341:6.-O.276E..O8.
; 17..0 .49.3 .33;0- 21+8 .332.7 0.217E 08 1.216’ 36.2: .23.8 338-1: 0.245E 08
I-18;: 0.408.— 27. &.33.8.a-Q 320.05—O.179E .08 —-.l.oo5.-__29.9._l9.7. ~.324.5_0.202E-.O8~
~19 0.309 .20-7.. 13.6’”’ ‘305.7 0.136E 08 0.7.61 ; 22-6”’ 14.9”
.20_o..2.oi’

308.2: 0.153E 08
13.;.8~_.3 2.9-0.-0..1.0.E. O–7-7 o.*.510~ 15..2clOs.O~ 2.9.1 .0-0...1 03=08- . . .-:-

21. 0il16’ 97J8 .5.1’: 275.9 O.51OE 07. 0.286 8.5 5.6 “275.4 0.5.7.5E 07

CHAN-UEF'F:25;ii'~-$URE-TEMP-2.9O.6i..CORE-T.Elip~351..7...=HEAT...FLUXL.l6432O. ~. ““ _——
-.

k------ -. . A- .—._. _ ...__ .— - . -—_
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APPENDZXD r);)-~~-165

C VANDERVELDE COST CODE 8370 S-11 ROTAH-1
c}

~1 1 FORMAT
c’

2 FORMAT
3 FORMAT

’103 FORMAT

28H1 ROTAH FOR A SINGLE ELEMENT *2A6/11)

2A6*412)
8F905)
12F9.51

4 FORMAT[ 13S3A6J5F6.2)
5 FORMAT(7F1O.4)

‘6 FORMAT(9H1ELEMENT ~2A6!.7H DATE >3A6J7H DEL TJF5.1$6H FLOW9F5.0$
17H INLET*F6.1)7H POWER~F6.3 ///}

7 FORMAT(13>F7.3,FIOS3SF7* lvF8el~F7,1 YF8.1TF7.l*E12.3 vEII.3vE12.3*
1 F7el)

8 FORMAT(;I39F7.3>F1O.1$F7. lJF8.1~F7.1 >F8.lsF701 >E1203sE11.3$E12*3s
1 F7.1):

108 FORMAT,[1OX \FIO.l>F701>F8.l~F7 .1 !F8.1.F7.1sE12.3 sEI1.3?E12.3$

1 F701)’
118 FORMAT(1OX $F10.3>F7.1>F8.1 SF7 ●lJF8.lJF7*liE12.3 ~E1l.3$E12*3s

1 F7.11
10 FoRMA;(99H POWER SPECIFIC CORE

1: SURFACE VOL HEAT
2 99H SHAPE EXPOSURE TEMP

3E . . . . . HEAT FLUX...~.. GENERATION
110 FORMAT(99H SPECIFIC CORE

1 SURFACE VOL HEAT

2 99H EXPOSURE TEMP

3E . . . ..HEAT FLUX . . . . . . GENERATION
9 FORMAT(99H POWER SPECIFIC K O

1 SURFACE VOL HEAT
2 99H SHAPE EXPOSURE THETA

3E . . . ..HEAT FLUX . . . . . . GENERATION

109 FORMAT(99H SPECIFIC “K D

1 SURFACE VOL HEAT

2 99H EXPOSURE THETA
3E . . . ..HEAT FLUX . . . . . . GENERATION

CHANNEL

SPEC /
TEMPERATURE

POWER //1
CHANNEL

SPEC /
TEMPERATURE

POWER //)
CHANNEL

SPEC /
TEMPERATURE

POWER //)
CHANNEL

SPEC /
TEMPERATURE

POWER //)

SURFACE

TEMPERATURE

SURFACE

TEMPERATURE

SURFACE

TEMPERATURE

SURFACE

TEMPERATURE

11 FORMAT( 13*F7.ltF8.l*F7. lsE12.3?Ell.3tF7.1)
111 FORMAT(8HOAVERAGE~12x! F701*15X*F8.19F7.1 $E12 .3>E11.3>12XJF7.1)

12 FORMAT[lHO/// 9H CHAN EFFsF6.l,llH suRF TEMPtf6.l~llH K D THETA?
1F6.2!11H HEAT FLUX$F9.0)

13 FORMAT(lHO/// 9H CHAN EFF.F6.l?llH SURF TEMP>F6.l*llH CORE TEMPs
1F6.l,llH HEAT FLUX$F9.0)

14 FORMAT(42H1 TIME wEIGHTED AVERAGE vALuEs FoR ELEMENT >2A6///)
16 FoRMAT(55H CORE SURFACE SURFACE SPEC

1 / 55H TEMP TEMPERATURE . . . ..HEAT FLUX . . . . . .

2 //)

POWER

15 FORMAT(55H KD SURFACE SURFACE SPEC

1 / 55H THETA TEMPERATURE . . . ..HEAT FLUX . . . . . . POWER

2 //)
17 FORMAT(32H1 VARIABLES VS SPECIFIC ExPoSuRE~2A6t6H LAYER~13 ///)
18 FORMAT(15H1END OF PROBLEM ////// }

OIMENSION H(2) *FSPLIT(2)*VEL(2) !HSPLIT(2) $AREA(2)!DIAM( 2)*cLAD(2)s
1Z(21)>DUM(8*21)$ ENX(21) 95PEX(211*EMX(21 )*TCHAN(2192 )3HFLUX(

221 $2 )*5URFT(219219FTINT (21*21 *AVTINT(21 )$GEN(21 )>TCORE(21 )$
3SPEPOW(71)$X( 8*211 ~Al(,211)A2(211*y( 10~21*75) $Q(10~21*331

69 DUM3=0.
DO 75 J=1>21

-.-— .. . . . . .. . . . . . . . . . . ,.., ...”
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74
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DO 71 L=1$8
X(L~J)=O.
DO 72 L=1)2
TCHAN(JJL)=O.
00 73 L=1*2
HFLUX(J?L)=O.
SURFT(JSL)=O.
FTINT(J>L)=O. ”
AVTINT(J ),=0.
GEN(J ),=0.

TCORE(J )=0.
DO 74 L=1*1O
Do 74 K=I,99
Y(L*J*K)=O
CONTINUE
K1=o !

c ITYP;=O F’OR OXIDE
c ITYPE=I FOR URANIUM
c ITYPE=2 FOR ZIRCALOY
C ITYPE=3 FOR THORIUM

20 READ 2*W1SW2$1TYPE

21

22
218

230
c

231

232

. . ..——. -

READ 33 (H(L) *FSpL1T(L)$VEL( L) !D1AM(L)$L=1~2)
READ 3> (HSPLIT(L) $AREA(L), CLAD(L)$L=1!2)
READ 33CON,VOL!CORE?TON
WRITEOUTPUTTAPEIO*lSWl ,W2
WRITEOUTPUTTAPE1O*1O3, (H(L),~FSPLIT( L)>VEL(L) ,DIAM(L)>L=1,21
WRITEOUTPUTTAPE109103t (HSPLIT (L) ~AREA(L)sCLAD(L )tL=l>2)
WRITEOUTPUTTAPE1OS1O3SCON,VOL JCORE!TON
READ 4!KEysDlsD2?D3>DELTAT?FLOw$T IN$TSATsTIME
IF(KEY)220>70s22
IFIKEY-2)218>70$20
READ 5J{ENX(J)$J=I*21)
READ 5$ (SPEX(J),J=1!21)
SUM=O.
DUM2=0.
K1=K1+l
IF(ENX(21) )230>230J245
CONTINUE
SOT 7-2 ROUTUNE
DO 231 J=1$3s2
F1=ENX(J+l)-ENX(J)
F2=ENX(J+2)-ENX(J)
A1[JI=2.*F1-.5*F2
A2(J)=.5*F2-FI .
SUM=SUM+2.*ENx (J)+2.*Al (JI+8.*A2(J) /3.
00 232 J=6,8s2
F1=ENX(J+l)-ENX(J)
F2=ENX( J+2)’-ENX(J)
A1(J)=2.*F1-.5*F2
A2(J)=.5*F2-F1
suM=suM+2.*ENx(J)+2.*A1 (J)+8.*A2iJ)/3.
DO 233 J=ll$15~2
F1=ENX(J+l)-ENX(J)
F2=ENX(J+2)-ENX(J)

A1(J)=2.*F1-.5*F2
A2(J)=.5*F2-F1

.. -,’ ., ”-..’.:. . . .:. ,
.
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233

,,,

241

242

243

244
c

245

23

24
246

25

’26
27

31
32

SUM=SUM+2.*ENX(J)+2.*A1 (J)+8.*A%(J)/3.
DO 241 J=1>3.2
DUM1=DUM2+ENX(J)+AI(J )/2.+A2[J)/3.
DuM2=DuM2+2.*ENx[J)+2.*A1 (J)+8.*A2(JI/3.
EMX(J+l)=DUMl/SUM
EMx(J+2)=r)uM2/suM
EMX(6)=EMX(5)
DO 242 J=6,8s2
DUM1=DUM2+ENX (J)+A1(J )/2.+A2
DUM2=DUM2+2.*ENX(J)+2.~Al (J).
EMX(J+l)=OUMl/SUM
EMx(J+2)=DuM2/suM
EMX(11)=EMX(1O)
DO 243 J=llj15,2

J)/3. ,.
8.*A2 J)/3.

i
1

DUM1=DUM2+ENX{J)+A1(J )/2.+A2(J)/3.
ouM2=DuM2+2.*ENx( J)+2.*A1 (JI+8.*A2(JI/3.
EMX(J+l)=DUM1/SUM
EMx(J+2)=DuM2’/suM
00 244 J=18J21
EMX(J)=l.O
END SOT 7-2
GO TO 246
CONTINUE
DO 23 J=1>19.2
F1=ENX(J+l)-ENX(J)
F2=ENX(J+2)-ENX(J)

Al (J)=2.*FI-.5*F2
A2(J)=.5*F2-F1
suM=suM+2.*ENx(J)+2.*A1 (J)+8.*A2
DO 24 J=l,19t2
DUM1=DUM2+ENX(J)+A1(J )/2.+A.?(J)/:
ouM2=DuM2+2.*ENx( J)+2.*A1 (JI+8.*1
EMX(J+l”)=DUM1’/SUM
EMX(J+2 )=DUM2/SUM
CONTINUE
EFFMAX=O.
SURMAX=O.
CORMAX=O.

HFLXMX=O.
DO 27 L=1,2
DO’ 25 J=1321

●

2[J)/3.

TcHAN(J$L)=TIN+DELTAT*EMX( J)*(H(L)/FSPLIT(L))
IF(EFFMAX-TCHAN (21,L) )26s26,27
EFFMAX=TCHAN(21$L) .
CONTINUE
DO 37 L=1!2
DO 37 J=1s21
HFLUX(J! L)=(DELTAT*FLOW*502. )*IHSPLIT(L
IF(HFLXMX-HFLUX.( J~L) )31>32$32
HFLXMX=HFLUX(J!L)
CONTINUE

/AREA L))*ENX(J)

SURFT(J>L)=TCHAN( J$L )+HFLUX(J$L)*D,1AM(L,)**02/ (570.*(FL0W*VEL(L )
l*FspLIT(L ))**.8)

TDUM=TSAT+1O.-SURFT(JSL)

IF(TOUM)33*34934
33 SURFT(J,L)=TSAT+1O.

. _ -A . . -. .’., L..—. .-. —. . . . . . . . .. .
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34 CONTINUE
IF(SURMAX-SURFT(JSLI) 35$36>36

35 SURMAX=SURFT(JrLl
“36 CONTINUE

FTINT(J~L)=1000.*(SQRTF(60.84+.OOOOOl*SURFT (J,LI**2+.0156*SURFT
I(J*L)+.002*HFLUX(J,L)*CLAD (LI )-7.8)

37

40
41

42
45

46

47
44

43

48

CONTINUE
DO 51 J=1>21
AVTINT(J )=(FTINT(J*l )+FTINT(J92 ~)/.2* ,
CONTINUE
GEN(J )=(DELTAT*FLOW*5020 )*(CON ‘. /VOL )*ENX(J)

IF(ITYPE-l )42J46t47
D=8.
TcORE(J )=GEN(J ] *coRE **2/[57.8*D)

GO TO 49
E=llI.2
F=.08/3.
GO TO 48
IF(ITYPE-3)44?43*43
E=49.6
F=.04/3.
GO TO 48
E=170.2
F=.0582/3.
CONTINUE
TCORE(J )=((F*AVTINT(J )-E)+SQRTF ((F*AVTINTIJ )-E)**2+8.*F*(

lE*AVTINT(J )+F*AVTINT(J )**2.+GEN’(J )*coRE **2)))/(4.*F)

49

50
51

52

53

54

80

CONTINUE
IF(CORMAX-TCORE(J ))50$51!51
CORMAX=TCORE(J)
CONTINUE
POW.OELTAT*FLOW*. 000265*CON
DO 52 J=1J21
SPEPOW(J)=ENX(J)*(POW/TON)
CONTINUE
WRITEOUTPUTTAPE1O,6>W1 >W2SD1SD2,D3>DELTAT)FLOW,T IN$POW
IF(ITYPE)53353!54 .
WRITEOUTPUTTAPE1O79
GO TO 55
WRITEOUTPUTTAPE1OS1O .

IF(ITYPE-2)55>80,55
WRITEOUTPUTTAPE10>7~ IJjENX(J),5pEX(J) $TCORE (JI$(TCHAN(J$L) $L=l$2 ).

l(SURFT(J,L) *L=1*2)?(HFLUX( J,L)$L=1$2)SGEN(J
GO TO 81

55 WRITEOUTPUTTAPE10,8> (J?ENX (J),SPEX(J)~TCORE
l(SURFT(J$L) ?L=1*2)$(HFLUX[ J9L)9L=1$2)$GEN(J

81

56

57

58

.

,SPEPOW(J),.J=1>21 )

J) >(TCHAN(J$L)>L=1$2 )$
*SPEPOW(J:)?J=1*21 )

CONTINUE
IF(ITYPE)56;56s57
WRITEOUTPUTTAPEIO $12JEFFMAX !SURMAX *CORMAX,HFLXMX
GO TO 58
WRITEOUTPUTTAPEIO> 13)EFFMAX }SURMAX SCORMAXSHFLXMX

CONTINUE
DO 61 J=1>21
X( lSJ)=X(l >J)+TIME*SPEPOW(J )

X(8 ,JI=X(8 .JI”+TIME*TCORE(J)
Y(I .J,K1)=SPEXIJ)

.,—. .“:.. ,,
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59
61

220

221

223

224

225

226

236

227

228

238
229

237

222
70

Y(2 *JtKl)=TCORE(J)
Y(9 >J;K1)=GEN(JI
Y(10>J.K1)=SPEPOW(J)
DO 59 L=1$2
Y(L+2*J,K1
Y(L+4?J*K1
Y(L+6>J$K1
X(L+lSJ )=X
X(L+5,J )=X
X(L+3tJ)=X
CONTINUE
DUM3=OUM3+’
GO TO 21
D=.868275

DPST-65-165
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=TCHAN(JSL)
=SURFT(J>L)
=HFLUX(J$LI
L+l.J)+TIME*SURFT(J>L)

L+5!J)+TIME*FTINT(J*L )

L+3$J)+TIME*HFLux(J.LI

IME

Z[1)=3.6345
DO 221 J=2s20
Z(J)=Z(J-l)+D
Z(21)=21.
DO 229 J=1?21
8=3.
8=8+1.
IF(Z(J)-R)224$225S223
D=2(J)-R+2.
K=B-l.
GO TO 227
K=B
DO 226 L=1*8
DUM(L!J)=X(LSJI
DO 236 N=I$KI
DO 236 L=1*1O
Q(L$J>N)=YIL$J!N)
GO TO 229
CONTINUE
DO 228 L=1)8
B1=-.5*X(LJK+1 )+2.*X(L SK)-1.5*X(L$K-11
132= .5*x(L!K+l)- X(LSK)+ .5*X(L$K-1)

OUM(L$J)=X(L$K-1 )+BI*D+B2*D*0
DO 238 N=l$KI .

00 238 L=1>1O
B1=-.5*Y(L$K+1,N)+2.*Y (L9K>N)-1.5*Y( L>K-l!N)
B2= .5*Y(L*K+l*Nl- Y(L,K>N)+ .5*Y(L?K-l*N)

Q(L9J?N )=Y(L*K-1$N)+B1*D+B2*O*0
CONTINUE
DO 222 J=1>21 .
00 237 N=l,K1
00 237 L=1>1O
Y(L;J*N)=Q(LsJ$N)
DO 222 L=1,8
X(L,J)=DUM[L,J)
CONTINUE
DO 64 J=l~21
SPEPOW(J)=X(l~J
00 62 L=1>2
SURFT(J>L)=XIL+

/DuM3

9J)/ouM3

FTINT(J.L)=X(L+5$J)/DUM3
HFLUX[J,L,)=X(L+5,J)4DUM3

... ——— —+. — .-. .. ——-- . ...! .-, :.,. . .,. . .
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62

,,p4

65

66
67

.

CONTINUE
TCORE(J )=X(8 ‘9J)IDUM3
CONTINUE
WRITEOUTPUTTAPE1O,14*WI $W2

IF(ITYPE)65s65*66
WRITEOUTPUTTAPE1O$15
GO TO 67

DPsT-65-165
Page 2S r

WRITEOUTPUTTAPE1O916
WRITEOUTPUTTAPE1O$11, J,TCORE(J)> SURFT(J,L) !L=1?21?(HFLUX (J*L)> ‘.

1 L=l~2)$SPEPOW(J) ~J=l 21)
IF(KEY)21,219>21

219 CONTINUE
DO 76 J=1,21
WRITEOUTPUTTAPE1OJ17>W1 >W2!J
IF(ITYPE)77,77$78

77 WRITEOUTPUTTAPE1O,1O9
Go To 179

78 WRITEOUTPUTTAPE1O,11O
179 IF(ITYPE-2 )79s180!79
180 WRITEOUTPUTTAPE1O>118> (

GO TO 181
79 WRITEOUTPUTTAPEIOS 1O8? (

181 WRITEOUTPUTTAPE1OSII1 s
1 L=1$2)!SPEPOW(J)

76 CONTINUE
READ 4,KEY
IF(KEY)20~68*69

68 CONTINU~
WRITEOUTPUTTAPE1O*18
END(2,0,0,0,1)

I

,

Y(L,J,N),L=1,1O),N=1,K1 )

Y(L,J,N),L=1s1O),N=1SK1 )
TCORE(J) $(SURFT(J~L)!L=l t2), (HFLUX(JsL),

.::,. ,,
, “, . .
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VANDERVELDE COST CODE 8370

2T-7

1 FORMAT(28H1 ROTAH FOR A 2 TUBE ELEMENT 92A6///

2 FORMAT[2A6,412),

ROTAH-2

3 FORMAT(12F6.41
4 FORMAT( 13$3A6!5F6.2)

5 FORMAT(7F1OO4)
6 FORMAT(9H1ELEMENT s2A6>7H DATE *3A6*7H DEL T>F5c1s6H FLOW,F540J:

17H INLET,F6.I,7H POWERqF6.3 //1 )

7 FORMAT(99H CHANNEL TEMPERATURE ***************%**sURFAcE coN&

lIT IONS INSIDE TO OUTSIDE******************* /
2 99H INNER INTER OUTER TEMP HEAT FLUX TEMP HEAT

3 FLUX TEMP HEAT FLUX TEMP HEAT FLUX // 1
8 FoRMAT( 13>F8.1>2F6.1,F8. l>E1l.3>F8.l!E1l.3$F8.1 sE1l.3>F8.l$E1l.3)
9 FORMAT(lHO/ 96H *w*%***w******INNER FuEL piece*%***********

1 *********%x***OUTER FIJEL PIECE************* /

2 96H SHAPE EXPOSURE POWER KD THETA HEAT GEN

3 SHAPE EXPOSURE POWER KO THETA HEAT GEN //)
10 FORMAT(lHO/ 96H +*****xw**%*+*INNER FuEL Piece***+*********

I **************outer FuEL piece************* /
2 96H SHAPE EXPOSURE POWER CORETEMP HEAT GEN

3 SHAPE EXPOSURE POWER CORETEMP HEAT GEN // )
11 FoRMAT( 13>F7.3~F10.l*F7. 1“sF1O.IJE11.3SF1O.3!F1O.1 JF7.1*F1O.1$E11.3

1)
12 FORMAT(lHO/ 9H CHAN EFF,F6.1311H SURF TEMP>F6.l~llH K D THETA>

1F6.7J11H HEAT FLUX>F9.0)
13-FoRiAfilHo/ 9H CHAN EFF>F6.l,llH SURF TEMP,F6.ls1lH

1F6.I>llH
CORE TEMP,

‘HEAT FLUX>F9.0)
14 FORMAT(42H1 TIME WEIGHTEO AVERAGE VALUES FOR ELEMENT s2A6///)
15 FORMAT(114H *+*+****~+*%******suRFAcE conditions INsIDE To ouT

ASIDE***************+*** INNER FUEL TUBE OUTER FUEL TUBE

2 114H TEMP HEAT FLUX TEMP HEAT FLUX TEklP

3FLUX TEMP HEAT FLUX POWER KD THETA POWER KD THETA’
16 FORMAT(114H **%***************SURFAcE CONDITIONS INSIDE

ASIDE******************* INNER FUEL TUBE OUTER FUEL TUBE

2 114H TEMP HEAT FLUX TEMP HEAT FLUX TEMP
3FLUX TEMP HEAT FLUX POWER COR TEMP POWER COR TEMP

17 FORMAT( 13JF7.l$E1l.3>F8. lsE11.3>F8. lsEll.3sF8.l $E1l.3sF8.lsF
1F8.1,F1O.1)

18 FORMAT(15H1END OF PROBLEM ////// }

/
HEAT
//).
o. Ou”
/
HEAT
//)
0.1,

19 FORMAT(12F9.51
108 FORMAT(32H1 VARIABLES VS SPECIFIC EXPOSURE,2A6*6H LAyERs13)
109 FORMAT(117H ************************ INNER FUEL********************

1*** ***s*ss*********w*+s****ouTER Fuel+******+*************** /

2 117H EXPOSURE KD THETA POWER SURF TEMP SURFACE HEAT F

3LUx ExPOSURE KD THETA POWER SURF TEMP SURFACE HEAT FLUX )

110 FORMAT(2F9.1 *F8.I!F7.1 sF6.1~2E10.3~2F9.l?F8.1 sF7.l~F6.l$2E10.3)
111 FORMAT( 9H AVERAGE ~F9.l$F8.l>F7.lsF6 .1$2E1O.3>9X*F9. l~F8.1>

lF7.l~F6.l>2E10.3 )
119 FoRMAT(I17H **************++**+*%***lNNER FUEL****U+*************i.

1*** s***+******%s*s*******s*ouTER FuEL+*****************it**** /

2 117H EXPOSURE CORE TEMP pow ER SURF, TEMP SURFACE HEAT
.,,, ,.! ,,
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3LUX EXPOSURE CORE TEMP POWER .SURF TEMP SURFACE HEAT FLUX //)
DIMENSION FSPLIT(31!VEL(3),DIAM( 3) $HSPLIT(4) $AREA(4)SCLAD (4),VOL

l(21~CORE[21JEN}[21*2) >SPEX(21>2) sA1(21~2),A2 (21,2) sDuM2[2),EMx(~I, ~
< 22 )$DuMl(2) $TCHAN[21$3) ~HFLUX(21?4) 9SURFT121$4 )sFTINT (21$4) $AVTINT

3(2 ),GEN(21s2) $TCORE(21 ,2) sSPEPOW(21 S2)SX(12$21 )$TON(2),Y(21,14$53)
COMMON FSPLIT,VEL?OIAMsHSPLIT $AREAsCLAOSVOL$CORE!ENX,SPEX $A1$A2>

10UM2$EMx$DuMlSTCHANSHFLux*SURFT$FT INT?AVTINT?GEN$TCORE!SPEPOW>X s
2TON,Y

c
c
c
c

69

5?

52

20

2

22

23

24

DUM3=0. 1

K1=O
DO 52 J=1,21 ‘.
DO 51 L=1,4 \. ,’
X(L,JI=O.

X(L+4$J)=0.
00 52 L=1,2
X(L+8,J)=0.
X(L+1O,J)=O.

r TYPE=2 LIGHT METAL (METAL ORIVERS)
ITYPE=l HEAVY METAL (METAL TEST)
ITYPE=O OXIOE TUBES
ITYPE=-1 OXIOE RODS

READ 2,W1*W2,1TYPE
READ 3,( FSPLIT(L),VEL(L),DIAM( L)$L=1!3)

READ 3, (HSPLIT(L),AREA(L)$ CLAD(LI,L=1?4)
READ 3* (VOL(L”) 9CORE(L19TON( L)!L=1$2)
WRITEOUTPUTTAPE1O,1,W1 JW2
WRITEOUTPUTTAPE1.0$19, (FSPLIT (L) *VEL(L)~DIAMi L)>L=1$3)
WRITEOUTPUTTAPEIO, 19, (HSPLIT (L) ~AREA(L)!CLAD (L)>L=1,4)
WRITEOUTPUTTAPE10,19* (VOL( L) !CORE(L) 9TON(L)3L=1?2 )

REAO 4,KEY>D1>D2s03sDELTAT$FLOWST IN>TSAT>TIME
IF(KEY)20,70!22
READ 5, [(ENX(J~L),J=lS211,L=l ,2)
READ 5, l(SPEX(J$L) $J=1S21),L=1 >2)
K1=K1+l
SUM=O.
DUM2(1)=0’
DUM2(2)=0
DO 23 J=I,19,2
F1=ENX(J+l,l)-ENX
F2=ENX(J+2,1)-ENX
F3=ENX(J+1,2)-ENX
F4=ENX(J+2,2)-ENX

AI (J$1)=2.*F1-.5*I 2
Al (J>2)=2.*F3-.5*F4
A2(J!1)=.5*F2-F1
A2(J!2)=.5*F4-F3
SUM=SUM+2.* IENX(J!l

l(Js2))/3.
DO 24 J=1,19s2
00 24 L=1,2

+ENX JJ2))+2.*(AI(J$1)+A1(J$2 ))+8.*(A2(J,1

DUM1(L)=DUM2 (L)+ENX(J9L )+Al(J>L1/2.+A2(JsL)/3.
0UM2(L)=DUM2 [L)+2.*ENX (J~L)+2.*Al (J>L)+8.*A2 (J>L)/3.
EMx(J+l,L)=DuMl(L)/suM
EMX(J+2,L)=DUM2(L)/SUM

EFFMAX=O.
SURMAX=O.,

-, —---- — ..:., .
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CORMAX=O.
HFLXMX=O.
POW=DEL.TAT*FLOW*. 000265
DO 25 J=1,21
TcHAN(J~l )=TIN+DELTAT*EMX( J,l)*HSPLIT(l)/FSPLITil )
TcHAN(J,31=TIN+DELTAT*EMX(J s2)*HSpLIT(41/FSpLIT(3 )

25 TcHAN(J)2)=TIN+DELTAT*( EMX(J>l )*H5pLIT(2)+EMx[J~2 )*HSpLIT(3))/
1FSPLIT(2)

26
27

74

28

29

30

31
32

33
34

35
36

DO 27 L=1s3
IFtEFFMAX-TCHAN(21,L
EFFMAX=TCHAN(21,L).
CONTINUE ,
DO 37 L=l’,4 \
IF(L-3)28,29s29

L1=L
L2=1
GO TO 30
L1=L-1
L2=2
CONTINUE
DO 37 J=I,21
HFLUX(J$ L)=(DELTAT*FLOW*502. )*(HspLIT(L)/AREA(L))*ENx (J9L21
IF(HFLXMX-HFLUX (J,L) )31>32,32
HFLXMX=HFLUX(J$L)
CONTINUE L.
SURFT(J.L)=TCHAN(J?L1 )+HFLUX (J,L)*DIAM(Ll)**.2/(570.*( FLOW*VEL(L1)

l*FSPLIT(L1))**.8)
TDUM=TSAT+lO.-SURFT J*L)
IF(TDUM)33,34934
SURFT(J,L)=TSAT+IO.
CONTINUE
IF(SURMAX-SUR,FT(J$L
SURMAX.SURFT (’J$L)
CONTINUE

)35,36,36

FTINT(J,L)=1OOO.*(SQRTF(6O. 84+.000001*SURFT(J,L)**2+.0156*SURFT

l(J$L)+.OO2*HFLUX(J,L)*CLAD (L) )-7.8)
37 CONTINUE

DO 50 J=1,21

38

39

40
41

42
43

44

45

IF(ITYPE)39,39,38
AVTINT(l )=(FTINT(JS1 )+FTINT(J,2
AVTINT(2)=(FTINT(J,3 )+FTINT(J,4”
CONTINUE
DO 50 L=1,2
GEN(JsL )=(DELTAT*FLOW*502. )*ENX
IF(ITYPE-l )40,44*45
IF[ITYPE)41,42$42
D=16.”
GO TO 43
D=8.

)/2.
)/2.

J?k)/VOL(L)

yCOFEIJ.LI=GEN(J$LI*CORE iL)**2/(57.8*D
GO TO 47
E=llI.2
F=.026666667
GO TO 46
E=49.6
F=..J13333333

. .. ..
.

.,
‘.
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46 TcORE(J,L)=( [F*AVTINTI L)-E)+SQRTF ((F*AVTINT( L)-E)**2+8.*F*(
lE*AVTINT( L)+F*AVTINT( L)**z.+GEN (J,L)*cORE (L)**2)))/(4.*F)

47 CONTINUE
IF (CORMAX-TCORE(J,L) )48,49,49

48 CORMAX=TCORE(JSL)
49 CONTINUE
50sPEPOW(J,L)=ENX(J>L)*POW/TON( L)

WRITEOUTPUTTAPE1O,6,W1,W2>D1 >D2,D3,DELTAT!FLOWSTIN$POW
WRITEOUTPUTTAPE1O$7.
WRITEOUTPUTTAPE10!8~(J ~[TcHAN(J!Ll ;L=l!3)$(SURFT (J$L)~HFLUX(J?L)$

1L=1>4),J=1s21) i
IF(ITYPE)53,53!54’

53 WRITEOUTPUTTAPE1O*9 !, .
;.

GO TO 55
54 WRITEOUTPUTTAPE1O,1O”
55 WRITEOUTPUTTAPEIO.ll! (J$ (ENx(J>L),SPEX(J*L) SSPEPOW (J,L)sTCORE(J,L)

l>GEN(J$L) !L=13Z19J=1921 1

56

57
58

59

60
61

70

62

63
64

65

66
67

IF(ITYPE)56,56,57
WRITEOUTPUTTAPEIO, 12,EFFMAX ,SURMAX,CORMAX,HFLXMX
GO TO 58
WRITEOUTPUTTAPE1O>13!EFFMAX ,SURMAX>CORMAX,HFLXMX
CONTINUE
DO 61 J=1,21
DO 59 L=1,4
Y(J,L+lO,K1 )=HFLUX(J?L )
Y(J,L+ 6,Kl)=SURFTiJ~L)
X(L >J)=X(L ?J)+TIME*SURFT (J>LI
X(L+4 ,J)=X(L+4 ,J)+TIME*HFLUX(JSL]
00 60 L=1,2
Y(J,L >K1)=SPEX (J,L)
Y(J,L+2,K1)=TCORE (J$L)
Y(J,L+4,K1)=SPEPOW(J!L )
X(L+8 ,J)=X(L+8 ,J)+TIME*SPEPOW(J.!L)
X(L+1O,J)=X(L+IO,J)+TIME*TCORE (J$L)
CONTINUE [

0UM3=DUM3+T1ME
GO TO 21
CONTINUE
DO 64 J=1$21
DO 62 L=1,4
SURFT (J>L)=X(L *J)/DuM3
HFLUX (J,L)=X(L+4 ,J)/0UM3
DO 63 L=1,2
SPEPOW(J,L)=X(L+8 sJ)/DUM3
TCORE (J,L)=X(L+lO,J)/DUM3
CONTINUE
WRITEOUTPUT’TAPE1O$14SW1 $W2
IF(ITYPE165,65,66
WRITEOUTPUTTAPE1O!15
GO TO 67
WRITEOUTPUTTAPE1O>16

.

WRITEOUTPUTTAPEIO ,17, (J$(SURFT(J>L) !HFLUX(JsL !L=1*4) !(SPEPOW(JSL )

l>TCORE(J,L) $L=1?2)*J=1 *21)
00 75 J=1,21

WRITEOUTPUTTAPE1O,1O8,W1 sW2~J
IF(ITYPE)71,71$72 I

.

‘.
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72 wRITEOUTPUTTAPE1O,119
73 WRITEOUTPUTTAPEIO,IIO, (Y(J,1,K),Y(J,3,K),Y(J ,5,K),(Y(J$L>K ,L=7>81

1, [Y(J$L>K) $L=11*12)! Y(J,; ,K),Y(J$4,KI,Y(Js6!K)> [Y(J,L,K sL=9>lo
2), (Y (JsL>K) sL=13>14)$K=1 *K1

WRITEOUTPUTTAPE1O)111 ~TCORE J$l)?SPEPOWiJ~l), (SURFT (J?L)$L: 1,21$

l(HFLUX(J*L) *L=1*2)$ TCORE J,2)!SPEPOW[JS.2), (SURFT (J>LI$L=3>4)>
,.I 2(HFLUX(J>L) ~L=334)

.75 CONTINUE

68

READ 4,KEY
IF(KEY)20,68,69
CONTINUE
WRITEOUTPUTTAPE1O,18
PRINT 18
END(270$030*1)

,.

I
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