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SUMMARY

Since sodium boiling temperature is very high, design limits are
imposed, unlike LWR, on the maximum temperatures of cladding and
fuel pin in sodium cooled liquid metal reactor. Designing a core with
efficient flow grouping while satisfying such design limits requires
essentially accurate prediction of core temperature distribution.

This necessity led us to develop MATRA-LMR, a detailed
subchannel thermal-hydaulics code for liquid metal reactor, based on
MATRA which is the completely rewritten version of COBRA-IV-i.
The major modifications and improvements implemented into
MATRA-LMR are as follows: A) sodium properties are added as a
subprogram, B) correlations of heat transfer coefficients are changed
for sodium coolant, and C) most recent pressure drop correlations,
such as Novendstern, Chieu-Rohsenow—-Todreas and Cheng-Todreas,

are included. This user’s manual describes code structure and equations of
MATRA-LMR (Version 1.0), and explains input data preparation.
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(~ 300 fuel assembly) Subchannel
(42~546)
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Fuel rod
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Control volume
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Fuel assembly
(19-271 rods)

a9y 1. 42 control volume

control volume for

axial momentum equation
exact control volume Q

for transverse
momentum equation

approximated control
volume for transverse

momentum equation
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t A1zt (sec)
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X Earak Z‘Jr_%’. (ft)
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o714 ARk 3 MATRA-LMReA o] A eje] atole thg3 Zth

Subchannel MATRA-LMR

<QP> <LP>>y . volume average

{0} <O>A . surface average

@ {0} : vector definition

[] [] . matrix definition

S S . gap width

Z, Vz X, Vx . coordinate sys. and velocity
Wit W . cross flow

E3 {D}E matrix operator2A4 ¥2, ddRE, 2 HE Alole 42

#AE AYgsta Yt BFEe] AZF L matrix (D], #ds55dg 52
matrix [Dd), B3 RFERL matrix [DelS AFE£3T. o] RAE9 transpose
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C,, Cm : constant functions of fluid conductivity and gap dimensions
22e IAE diagonal matrix [Clu® matrix operator [Dc), [Dc' J& Ar&3ted
Uetd | o3 Zo.

{Q} = Dk [Cla [Dedim {Tom) (2.4)
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Mass Momentum Energy
Flow from subchannels 1 and j
Diversion cross—flow Wi
Turbulent interchange Wi © Wy ™ Wiy
Turbulent plus viscous interchange Wi wWi™ Wn'H
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h @ d=3 (Btw/lbm)

W @ R -2 (Ib/sec—ft) {w=pvS}
vi ¢ B8 £& (ft/sec)

P: ¥ (by/ft) {P=Py=P}}

vy D EAEE S (ft/sec)
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(5) : Fluid massol 283+ normal fluid stress (pressure)oll &} 3F surface

force
(6) : Fluid mass®o] Z&3t= fluid shear stressol 2|3 surface force

(7) : Dispersed solidoll 2]&] fluidel] #] X+ surface force

MATRA-LMRA M= &3 2o

L ov> A+ e o> a A+ (DTN pv,0,>, S = — A~ <Py,

(1) (3) (2) ()

—-——(—L + )<pvx>AA ALp» g, c080— Co{ DI w DN v,") (2.8)

(7) (4) (8)

o 71 A,
(4) : Gravitational force

(7) : Viscous force
(8) : Transverse turbulent mixing
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W(VVU) i VVK')'{UI})= u—(s"j A Ax Nz
(1) (2) (3) 5) (7
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a <pv,v.>4 S+ CAD, }[DT][ S<pvy> cos AB}

1) (3) (2) [net lateral momentum flux]

SUDHCPy ) = L S Kooy, — <0> 8. Ssinbcos B (2.10)

5) (7) (lateral gravity force)
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MATRA-LMR (Multichannel Analyzer for Transient and steady-state in
Rod Aray-Liquid Metal Reactor)2 I &7+& COBRA FZZ= [Wheeler, 1976]°1
I k. COBRA (COolant Boiling in Rod Arrays) ZEx FE 2 #f4o|g
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%, 1997]. F71d 8 7l%S oo Zrh. A, COBRA Z=7F A& A
X o2 NI HA Zude EFJQMAAY Aol BAE subroutinecl
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® 3. COBRA =

= Jid €3

COBRA Version

Flow Solution — Steady State
Forward March x
Inlet Flow/Exit Pressure Boundary Conditions
Pressure Drop Boundary Conditions

Flow Solution — Transient
Full Inplicit
Explicit Arbitrary Flow Field and Boundary Conditions

Single Phase Flow
Nonuniform Channel Friction
Hot Wall Friction Correlation
Laminar Friction Correlation

Two Phase Flow
1-D Slip Flow x
Subcooled Voids

Turbulent Mixing
Single Phase X
Two Phase Models

Crossflow Model
Pressure Resistance Only X
Transient Monemtum Eguation
Forced Diversion
Lateral Momentum Flux

Equation of State
Reference Pressure X
Superheated Steam Properties

Geomelry
Variable Gap and Area
Grid Spacers
Blocked Crossflow (Transient)
Wire Wrap Spacer

Fluid Energy Solution
Spatially Explicit X
Spatially Implicit

Ffeat Conduction - Fuel Rods
Specified Axial / Radial Heat Flux x
CHF Correlations
Transient Fuel Rod Model Finite Difference
Axial Conduction
Temperature-Dependent Conductivity
Axial Fuel Zones
Boiling Curve Package

Heat Conduction - Fluid
Radial Conduction

I I X oIc IV-i
X
X x x
x
x x
x
x X x X
X x
x
x x x x
x x x x
X x x X
x x x x
x x
x x
x x
X
x X x x
x
x x x x
x x x x
x
x x
x x x
x
x X x x
x x
x
x
x
X
x
X x x x
X

Axial Conduction
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E 4. COBRA-IV-i$%t MATRAS®| Ao} H

(migration of code)
1. Cyber Mainframe Version -—> IBM PC and HP W/S Version

(restructuring of code)
2. Fortran 66 -—> Fortran 90

(elimination of unnecessary subroutines)

3. Complicated Structure -=> Simplified Structure

(increase in precision and correction of real constants)

4. Single-Precision - Double-Precision
Real Constants Real Constants

(modification of I/0O format)
5. Less Precise 1I/0 -—> More Precise 1/0

(switching of I/O unit system)
6. British Unit -—> British and SI Unit

(option for variable axial noding)

7. Uniform Axial -=> Nonuniform Axial
Node length Node Length

(implementation of Chexal-Lellouche Void Model)
8. Old Existing -—> New Void Model
Void Modes

(Implementation of equal volume exchange TM & VD models)

9. Less Accurate Two-Phase -—> More Accurate Two-Phase

Predictions Predictions

_12_
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3.2 A&

MATRA-LMR®| A% A8 £5F L oyx 2&PHP2L 298 control
volumes H&3ld H{FE=T -’F AT olgjgt AupEAAS E7] sl
MATRA-LMReIAM = 2714 ¢ "F"]sﬂ‘ﬂ—% Abgetn Qled, sve S|
(Implicit solution scheme)2 2 o]l A4 HIY W37t 2 FT A4S ZASH
=4 AMgEd. g2 stus Iy (Expl1c1t solution scheme)o 2 §-gko] ub
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5 W87} 4% BEAHd F2 A8dth 3, MATRA-LMR =
e B F() FFD WYY
%w. ColelElE AL T BC) WL A

9,113}. 'EE?& °J?SH‘§—°1: AHoZ -‘Jr 7] Aitelwt A1 9,1‘4 ol &3y el
AAAH 2 Bx7] Ades 25 P 5 JdeRd vld &t A g
S F(recirculation flow)7} Z2% A% A9 Pz ANIZHE T
AR FAHezE vlZ BAE7] ALE FRFozA FTH £ JE FH 9
o}, oldtd] LY olAE wire-wrap spacer =9 /\]--8—0]-04 wire =
Bek 2ol Fde2 A wire-wrapdl 23] gapg B AN F3FE FIn
Atk EFO AAT &S g Fol iAo

3.2.1 €3 (Inplicit solution scheme)

Upper . .
boundary T (my, A, Ps)
l A
VSVJ’ Cell center
w —— ® A X
h: Gap (hi, pi, Ti)
u
Y
Lower )
boundary (mi=1, Ai-1, Pi-1)

a8 4 SIE Ay FAR
R - A,
CEWE FF (Ib/sec)
c RS2 g2ud (i)
e (Iby/fth)
D EREE b/
Hyeg 2% (°F)
W §- % (Ib/sec-ft)
Uk -2 (Ib/sec-ft)
width (ft)

» £ & 9 T o> 8 U
oz 4
g ox

. ga

kvl
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h =3 A= ( Btu/lb)
h' R/ 9230 f3o 8 dgE de3 (Btwlib)
(Aavg)j . ‘Ié'ﬂ' 'IT E’i’—‘# =05 (A] + Aj—l)

(mavg)j . 0.5 (m) + mj—l)

FLK‘H
T

NZDEFTE 13 FAXNELE FAAHT, "]Zl’i}"ﬁ'ﬂ]' add AE A
F8 WEE new time, & @AY Aoz 1A FAld HE FIA fr
kA A AL time step 2719 FAIYRo]l dAD FHHNE QALY A
A=YdlA SR AAAHHNE 10e109 time steps AME3lY FIkA 28 ¢
T Atk

FUHEEgFAAME upwind (donor cell) XHEo] F & AH oz AgHT)

o714 donor celld] Ao SHE FFo] W(+) HFojgte 7M1 s o] FoH

. ZF goldlA EE B2 FRMSE WA WNE matrix® AAdY FA

o HE 6‘}74] g2a. 7z zoldA BRE B429 d¥T, Ix, VAN ITRH,
2 Fol2 JAPHI A FAl ME FIA Pt

L UFHFE, AEHARE, A2 HALVTFFE EFFAAM FHFo)

ot AAZE j FoldA AL HF h, w, me RIV|AEFAE j-1dA LR

Bt ] uf

Ao j=19 @ xr]zAoE FojAE ol oda TG, olgpe ARFE 2
2 ggo) At BEINA WS 27 A time stepdl A Dol
Re AgaT

&

AR AdEAE 29 5ol YEhd Ak ol Ed A8 49EY, o
23 g &M galA Adte] ol Rk,

% ?3?011*191 7 n4ze fFe dgT 2o
AR BEz WA Y 7 Reze) ugE FHFD
mi = m * A/A: (3.1)

(2) AR BAA Yol FaI fFI 4 FeR AYHe €% a8x
j-lelM 8] 22& o] &3te j ARdMe M2 YT T

Qi = m; * (hout - hin) (32)
(3) A& WA ] GXA e BRALE {FFI dx a2 j-loA e S
i

BN E ARt j A 20T #

Jo
of
to
_\‘J_‘
D)
fd
re
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Read and
fist input

"

Set forcing
function and
boundary condition

iteration
7

Specitied
. heat flux
Iterative Solve fuet
fuel model model for
solution TR, Q
J=1
.l
-1t
Solve the wall/ Iterative
channel energy solution at
equation for hj, Tw axial level j
Compute
i N=N+1 l pi. Hsurt, TF
‘\ * T=T+AT
Solve combined Iterative A
momentum solution
equations for Wj, P atj

v
J=J+1 Use continuity

\ to compute mj

v

I Compute DPj-1 I

€End of
channel ?

Yes

External
iteration
onverged 2

>y Yes
Compute Pj }->| Print output

29 5 SHY A 8=
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S (Awg) 05— 0 + T + (DI w) = 0 (3.3)

@) £5F WA (FARS) 1§ ARNNA TR 2FF FFS o g3 A
2o £EE Qu, O RN 2 RE2o | ANAMS FRFAE TG,

vi=m / (Ai o) (3.4)
AP = £ (DJL) (1/2) o1 vi (3.5)

(5) 2 B2 2FdA9 AP ¥ @ ETAAMY APE s 7188k 2+ &
TollA @ojR Fy2o FEAEE vl ol tidt Xpo]E T

APy = APy = AP3 =... (3.6)

6) JFAMe Az A% FF @ G)NAN TR ZF B FHA3E
v @ste] 2w g wel ByaEz Q2 £58 AAstL o)E o] &3t ¢
TN MEZE FFHS AL

mi = 0i Ai Vi (3.7)

(7) Bz %:}o{]/ﬂsﬂ AP7} zb B2ote] HlmA] o#H e Eojg o, &
(5 o] & d7tA (2)7(6) FHAR S eI

-

Jhl

3.2.2 %3] (Explicit solution scheme)

lo r'lO

Control volume 49l p, P, he} #e Heji+E AHostxn, /b7 w9
9] control volume 7}gAgldlE m, w 22 FEFHTE 7‘0«]5}‘:} /973 ek
E5F WAL 7z uske] f2ko] wel H9 control volumes A oldle] A}
£, a3 62 43 control volumedl A Aol FLHFE YeER U

A7l E dfFet BEE WPl E donor cell WMol AMEET. 1Y
sl Tds 28 SULRFo) I F(+) Wakolojorste AT I control
volume ZAAHAAM Y F3FHdko] ulgt o] 3 noded] Ftol AEFoA, F,
ANAA LG 2N FeERF mol]l o dEFFL ST Zo] Yeid & 9l
=

&
o
X
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h"=h ifm >0 (3.8a)

h" = hy ifmy <0 (3.8b)
DALY dFdel dME 22 WPeE FFo] WEgd oot o2 R
o] &< A E

h = he if w; >0 (3.9a)

h =l if wj <0 (3.9b)

7014 kb 1& o8 RezE G, $3e ) PRE kA 12 &
=,

j*+1
Cell center
(mi, A, up)
Axial * boundary
W F N
S
v Cell center
\ Gap
Vr;’, <« ® j A X
TR (P.h. p. T)
Y

Axial l boundary
{mi-1, Ai-1, Uj-1)

Cell center @

Fshg AL time step 2T YARE RUE AFoz +9€k &
m# wol @ 24T 2AZANNY GLT §FL ]8T £5T
Jozrdg Faid gk <P £71XE ¢U% 3 2Psel BEy

tlo oX of
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Fagroz N Ha 7} celldlM e A& S &
Aol A2 AL S T3, ol E ol&dd &F
FHE AMEA I g o F%&
Azt vixgtow 2 dg 2
AbE-8te) FEIRI A "ok ol g AMEE e Hgdrt
g w7z wEsle sygdd. g 7 ol#d I AN EEEE
Roltt, ol FLF R AideA wWE F£EE 47 Y9l EX factor
(accelerator)& A}§-3}x] Tolol gtk 1 o] f-& ol
H3&s FATLEN BEAGgo R QT deEg S w3sl7)
Zolth, AA A factorE AMEFoEN A QA HE AMALG FA
20%0lut o218 LAstE "xe Hato] o AL Frle oln A
o F-o] o} '

o
N
o,
)
H
'S
°

8

tlo

323 =AH A =3

b #=7] A
A7l HE F2 Fahgel tsl AFHAT. MW A$ EE time step
o s FRAHCS IPHL 27 WEolth FMPIA time stepe R

|

ofslE FH 822 &5 %< (momentum flux)dlA 2Ass ol i 2z
o,
AX
Af K (3.10)
u+ __quX v

E-Ee FAxr] AAS AAEF Zzo] Wlm, o2 X794 Ao}
FH 9 time step #ol UFole FE3IA &S 7}
)\\l.

=5
ug] oWstaz WF ZFE time stepE FH A

_19_



Fol AMATE 2834 Bk wWHA 1 23EA RE AN GYY mE
Al A A time stepE T3] FojoF g}k o] O] courant FULE ALE
& 5 9e Aol A (3100l =, AZE time step, At™ & &3} o] A
AbEih

n+l ]. 1 -1
st =2(5F + =) (3.11)
o 714
= A9 time step
. CaX
o= u+ SoX v
A

Courant &=, C,9] A3 g& 020]xn o 078 YA Loltok g}t Al
PA Z W) A2 Wyl HAsE-S u, time stepe WE A Z2AEHZR
T3t Aate]l Adfgtes ALrt gAY, ol A EAE A= F&
W& F= 9| restart optione ©] &3t #FHL FA=7E AHH FIPde= A
o &, §F2E WEe] o3 EaAAol EANAS W A=7F AF F
time step2 A &3t restartE FA T + Yok

A &8l "k oA A% g 2
< 9ol —’?—733_%‘3} 74]’&% dgt NW iteration ¥ ¥ ZAT}E BRI restart
optiong °]-§3ted N+6d ¥ ohg F& Wrgel ds vz F 2 o)zt

2=

S 45 "\a’o}‘% a e AS, oldde Wz {3
Ao 3t damping factors® FATFLEZHN ALLS 7t5sHA & F 9\1‘:} e
Z3 o dE damping factorsell g F A & 0670874 0.80] FAHE
3 ok

2,
' rlr
o
(2
o
el

£ geometryel tiE JFdoleldl M E dFL Bk gt
2 Axd ¥ 98 mesh 2719 AF (A/AXHE 01710 &
1o] fa3sttt.  o]edl gt& gap spacing® centroid-centroid distance
/1 o= He"E £ Qo

[o
gt

U

E:]

(=]
=,
p=%
T

}_

o XN oo

»

Bl
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Read and
list input

Set forcing
function and
boundary condition

v

Solve fuel iterative
model for fuel model
Tr, Q
J=1
<l
I‘

Compute initial
estimates of _
m and w and I_;J—J:]ﬂ

explicit terms A

End of
channe! ?

Calcuiate energy error and
dE/dP. Then compute pressure

change and update N=N+1
P oo ]

Converged ?

-t
Oetermine next
time step
and print output

Transient

complete ?
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EgE o] g REzoo] HWAHIE 5 > A/A; > 0.2 Afold] Fojok dth
of AAHZE o] WS Hojud, A og 2 HF REIRAAY FHE &
W37l B 2 |y Rz E fFd 2 WUEE EAAE £ 7] A
o o] B¢ FAHoZ AL 2HE + A

olg}EtA FAY WBLY SFETEY Fe FFS e A dHAME &
6H‘ﬁ°i“ AH8E #71 FEH, HE dmaping && AHEIAE HE T7E

T e Z97t Atk oldele FAE S ALFeEN FTAE HAZ2E + Aok

Md ot 2

33 dds¥/y 24

e gAY 4R ¥ eE BES o]2F PHzzel

37 Aok oW F7x QAT Rdo] AgFed it o

g 29z ey LEEX % EW 952 Ausy, b
)=: N o,

o] R AAsFY 2EEXE AAStH old HY FFE B 2%
gz FARAEAL z:Yszm Ut dE wkAugke] ths] Method of
Weighted Residuals (MWR) ¥ 233 Ajzra) 33k digias f3bxa
£ At T3k dth ol digt A AEE FIEH [Stewat, 19770
e qloh

332 49 »nd

B Alolo] & F BEF£E Aol MBS lumped parameter, © Y cell &
AE 5dg AR ALg, olu £yl el g8 Adtel HEH &
APAME ¥ Nyx] FHAL A oz WA TA FA EFA HA
9 FFHAME SHF oz ¥ duyx] BAAAMN {FA dUR HA A FA

t 24g AN g

3.4 A4
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2ol AE 57b49 RERAA - A%, fA AUA, $IF &
$5F, GAE - o] AgHn Atk oY /A BAAG fAGH 3
Ho) F7kHe} 67kX WE - FALE, AT, FIF FA, ¥
98, 2 L5 -F ANsA 9. 2} 9 HE Py
ALAS, BHAAS, GREFASA P AP A7} Bago

[l o

A
=
X

34.1 B4 A
22 GH FE XL FA 2= dg3gge] JAE AFde=
Aoty TE &% d EAXE - €HAEA, A48 § - dE23d FAH
Atk HA¥Z F4 EAXNE z=W B2 QEHY ALHT glod, FoAM A
23 e 471 938 linear interpolation WH-E ol&3tx A9, =3I EE E
HAAe 8oz Fojd ¢HL 7Fog AHEFHT Ut dFBRMFZ Foixe
9717 EAXNE zagEd &5, A5 2 72 vAH, 94 2 A dEy,
EaAANEAY, 4128 € x9AE Folg. oo L ENHE ZAAte
g #olx, 25F EAHG F2 AEEY. FA7 AYGL o FH ¥ F
2 dgse FHE 2AY, /M2 AEEHA gev FAAH dEEL A
B0 0] Reynolds 2 Prandtl & d+d o]€3H3, &3 AxFLS F3
EAE A= 9A AMEET. wep §X gyt VEdFAAM =8 sba
Ao gs oM ANL g ol #3P& 31X ZE.
MATRAOA & AE2o AL 98] £ ok E4XT 2
w24 MATRA~LMR 7023 37 dA552 Y42 AMS-st Fol
3 EZXE 73t7] Y8 Argonne National Laboratoryol Al 23X 3F A3k
[Golden, 19671% ©]-&39] MATRA-LMROIM &73e EAHAE TFae
subroutines 233t} ol& Z=uld] TFAIHT. olBA JEHOER 3T A
2k

,,
o

o Ix
M o

ANl 2F BAAZ A48 £ JAEE AU EF e fA
AgE AL WAlAE 7)1EFH go] AR A olE EFA]F)
o] 7F53tEE 4t

342 €4d< A=
LALASE 4 F52d JH2iE AP FHAAE, HARY BAA

QAL TN AA2Y FH9 WF ALAFS R52e FFLEs
e ol Faheizinh
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T pog = @l;w ﬁ (0; T (3.12a)

Has= 5 3 (0.H) (3.12b)

A FEEe Y EAG FHAL S & Nusselt (Nu) FAAS o
I A=

Nu = A + B (Pe)© (3.13)

7|4 Pe = Peclet & &, {Pe = Re Pr = (DVp/u) (cpu/k) = (DV pcy/k)}.
A, B, C= geometry® AAZZAC wg} 2AHE Aggtoltt. & Peclet
= Reynolds® Prandtl ¢ Fo=z, 71 ZAx HAxd o3t & AAdD. =,
AAFE FTAY @AgdMe F=7F @ G0l £ ¢ F Utk
MATRA-LMRIA = 22 38 Azt A 2FEE FBAS 3
Roew, ol @A AAFERY] AF GHACAFE T Bol AL 3
Aoy, 53] P/D (Pitch to Diameter)t® HAFEE EAZAFY T2
He2 L3 o, wWEA AN A3 o8 FAAEE T FHLE
AE P/Del 3 Adksla Qo

e

ﬂll

do o rlr H

(7} Schad-Modified AF#2]

°]%= Carelli”t CRBRP 142 43 Schad 2HAAE FHT A2 P/DY
HE L1A 1471 A 019, Peclet (Pe) Foll W& F 222 Uyojx AlLH
3 Aot [Carelli, 1976].

150 < Pe < 1000

Nu = [-16.15 + 24.96 (P/D) - 855 (P/D)?] Pe®® (3.14)
- Pe = 150
Nu = 4.496 [-16.15 + 24.96 (P/D) - 855 (P/D)%] (3.15)

(1}) Westinghouse AF#-2]
FETFE si&jo] Al&9 d#d2oz o] w3 HELHAE P/DE L1994 14717
283 Pex 10914 50007 A2 As T3 v} [Carelli, 19761
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Nu = 4.0 + 033 (P/D)*® (Pe/100)°% + 0.16 (P/D)*° (3.16)

(th) Lyon-Martinelli A3

S F 42L& Rod bundled] gt AFA Ao o, o] A4 ¢
g tubel 2 FA7} 23, ©] tube 8-S wE AT &0 o]FoF o Ao
A dFAez 1951d Lyonel 93] 2 E=AT [Lyon, 19511

Nu = 7 + 0.025 pe®® (3.17)

712 MATRASY A2+ YAAZ & A1E3s= PWR 42 98
Dittus-Boelter 43418 A&3t gt o] %3 input optiono] o8] ¢ A A

BA 7 daFoz AL £ A [t
3.43 A5 FFAYe] ¢HAs)

EAAA AN HE FEIH = 9] FoiAE FEASE dAFEHE2
FAZA, & =49 dF B EFRE 2L ¥Fd IS v U o
FFZ3 FA dAE loop FHFY 42 AR FEIH=9 ATdzAdd 93
AZ ", CRBRP AAE& 4289 g AEA FAHALE7F 1200 'FE FoA
, AA 4YAEst 128 psicl® ol HAxAE I &E Hd =AHAIF
2 EFLEE 705 °F, 965 °Folt} [Tang, 1978].

ol k=AU FEASE FE JFA YdTF=E, AT, YA ETF=F
AA LAY 1F HAAZZAA M B GEAE 24 ok
G3te o F ¥ oA dAEedH v FHEA g% 4" As
o1 tt& dhhi whel % ¢y Aol

A

2]

X

- Feledel % FEs
AP = K (pV¥2) (3.182)

AP = £ (L/D) (p V¥2) (3.18b)
ol#]g YL grid Y9 spacer AFAAME wEFT 93 AE Bo|y

wire-wrap spacer, 53] YA FAH ATAAME AFSA Zsioh urEhA
Yt o2 wire-wapped HQEE G AL HPAM T 4H T &

o



TAE AMREAL Ut 2V AAFEZ HAES gEASNE ALsr] 98l
2 AEE AL 1960dx 2wt sz AL E 93 Stordeur [196117F Ak
3 AdAoldnh. 19603 Sangster [1968]% rod pitch-to-diameter (P/D)
ratio, wire lead-to-diameter (H/D) ratio® A}£3t4 wire spacers $13%F A#2)
N2ttt 2 F Novendstern [1972]2 o)d Aot AFdA A&
J+a o] gt AANEFTEHZ AR JAFANY FHAE AALE] A A
A& MEEgEtr. o] X Chiu-Rohsenow-Todreas [1978]9] &jal == o
o, & Cheng-Todreas [1986]o 2§t F&2o] AR HIUG. rloAe
Novendstern, Chiu-Rohsenow-Todreas, Cheng-todreas Z @& ol AHA 3]
A 3R

(7}) Novendstern©l] 23t ¢t&E 733 =4

62t8 duct <ol FHE HABF S wirei ZotAd B FAARFH FA
o FFHEFS FIFAI= wire-wrap NES A JASEHEE Ao BHF O
2 =9% /Mdeltt. 2y wiredl 930 %%‘6}% B3 ey W o &
T RE2E YdES AW qHFSE AdH o2 FFI qF37])7 7
St weEtA] AP 9% 2ay Wyo]l uj$ {8354 2d F JA "ok
Novendstern< = o]de] ¢=EHZA3} 2d /ids 28275 o83y A=
FEaS HRIPEY ole wEd 4] dFRFFAAN T FE AT 4
oA T BAXNE Fao A4stE Aoltl. E3] Novendstern Zd2 ¢4H
a7t 2 4 (3.18b)Y whEd] 9 £ 7R3t AAEAY [Novendstern,
1972].

ol

AP = M fs (L/De) (0 Vi/2) (3.19)

471 M wire’t Q& AEF BelA e mh FHARS wired] I
A7) 98 QYN F& A ot JEHOE wire leadst U
% 278 (WD) 2 WARZ pitchd AARE A9 (PO FF2 T
g0} Utk EF Dush Vi 23 8olA BEo] A7 RirzoAe 54

-1‘r JN ox M mo

A% fF) £EE YEE, L $429 3% dolg dehdnh. 7 ¥
29 WAA e FFBEE 2o AARY. Me g3 2
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Type 1 (Interior)

F N
h

Type 3 (Corner)

s

D
Lan diameter

Type 2 (Edge)

H
) Lead
Wire diameter
—
P
Pitch ( !
a3 8 52 ¥y % Wire-wrap 3834
— 1.034 29.7 (P} D)%% (Re) 0% ]0.885
m= [(P/D)0124 N (H/ D)%% (3.20)
ol 23 BoMe ul@ASF )T Blasius 282A& AMRstd thg Z2o] e
IR =3

f; = 0.316 / Re™™ (3.21)
3714 Re E¥ 2+ 2452 g e e o] oA
Rei = (o ViDa) / o (3.22)
2 319004 ¢HASE ANy AHAE sA G BERoAe
VZk 278 AFARINE & B2 e) gEAEs) 22 @),

_rO_r
SEE BAS BANE A8 T 5 Uk 2 8o UEd A ¥
B Gt 2on ARy et 2o

4
=

o]
o
%2l
)\
'T'

f, (L/Det) (o ViZ/2) = 2 (L/Ded) (0 VeY2) = 5 (L/Dey) (o ViH2)  (3.23)

_2'7__



g A 2z ohRAS BANE Thet 2ol AR

fi=C/Re" =C/ (pVDe/ )™ (3.24)

G714 Ce me A PF2 B 2R Zon AR 4 32408 4

(323)°) WY e 2L ¥ 4L & Ao

V1(2~m) / Del(1+m) - V2(2-m) / Dez(l“m) — VB(Z—m) / De3(1+m) (3.25)
ojmf HIFFA FHE VRS A% FAAE F LR q%ﬂ FAe
NiViA1 + NaVeAz + N3V3Az = VroTAT (3.26)

A7)H, Ni, Np, Ns= BEAW 2 252 898 5 A%, 293 A, Ay, At
7 352 gde $2RAL Yehie, Viors R8AY FZHES, Are 3
#2942 ushdt. 4 G25)04 Vosh VsE Vi2E Uehiel 4 (32609 o

Qe orea 2o,

Vi [N1A1 + N2A2(Deo/Det) @ + N3A3z(Dea/Der) “] = VAT (3.27)

OF vRAS die Blasius A4S F 83t

g714 @ = (1+m)/(2-m).
A (327& tA] 2E o7 7

m=0.25. &AM @ =0.714 o]t

VrorA
o P . B2
N1A1 + NZAZ( De‘i )0.714 + N3A3( D1)0.7l4 .

Vv, -

Va2t Vzoll il E Heh o] 78 & Ut

VrorAr (3.29)

2 =
L D, Dga
NAy + MA(FM™M + Ny A (o)™
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VTOTA T

N3As + NzAz(‘D—ez)o'm + NlAl("DheI)OJM
e3 e3
o]g & AAE 3 ALRE FIFHEAAE Dot W3 Zo] Fodig,
De = 4 A; / Puwi (3.31)

4714 AE # $52e f2URd, Pyt #A% AFAE Sdolth olE
7 ¥4z Bg¥E 3esd o0en 2o

- 242 894 1 (nterior)
A = _\/___:iPZ - ”DZ 7[82

) 3 — 8 (3.32a)
Py = ”TD + % (3.32b)
- 5+2 B¢ 2 (Edge)
' 2 2
A, = P(% e — ”8D - = (3.332)
pug=p+-2fz£+§ (3.33b)

- %42 B}l 3 (Corner)

_ 1 D 2 zD* . rst
_ 2 (D D xS
Py = 3 ( 5 &+ 6 T 6 (3.34b)

olmf P rod pitch, D rod 374, s&= wire 37, g& duct®} rod Arole] Zo]
£ Yetdrh

(1) Chiu-Rohsenow-Todreas (CRT)o 3§t 4873t 24
CRT 249 4¥7A3E B F&3] Ayl 9814 Novendstern ZE-S
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HA g Aol [Chiy, 1978]. & CRT EYdA = GEAIE v 93 33}
wire-wrap®l] 3 g %%giTEH Hell&4o] o stoz FA3o)
AP = APs + AP, (3.35)

UA Hel&dol 3 38 (AP)S AHEYE, 4 (3182)90A FHEjASF Ke
o714 CpA/A'RE ZEAY. or7iA Cpe —‘?‘i}% A, A FEE
wire-wrap®] F9R3H, A'E wire-wrap®] 9% #o F 2 WAHL VeEbdr).
o714 FA] Cpe wire-wrapdll £33 &= (V) 28T wire7} g B2
AN mAASF (He) @A o2y FeiE&dd o &L g3 o) 4y
Etd 4 gl

AP: (one lead)= Ci’ fs (A/A") (o V/2) (3.36)
AR B2 ol (LS 2EIE L/H HF9 lead’t o222 g3} o] &
o,
= C fs (A/A") (L/H) (o V/2) (3.37)
(x P/2)

H/2

sing "= (1 P) [(n P)? + H?

2.2 9. Chiu-Rohsenow-Todreas =€
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A (330DA = Vo 28 99 vehd 71et83e] e e g3 2
ol 3% + Uk

V2 = Vi%sin®8 = Va? [1+(V1/Va)?] sin®6 (3.38)

ek 4 (3.37)2 Bl ot Zol RFEAT.

2
AP, = Cif ﬁ,’ ‘1% (p—g‘“—)[H (——) ]sm (3.39)
7] A,
fo = 0.316 / Re’® (Blasius ##4)
, 2 |
A} = —‘/—4_:—)’~P2 - I (242 w91 - Interion) (3.40)

2
Ag = F[F@+29° - EF] (%2 B4 1 - Interion) (34D

2 (330)ell A mhEe] A% FHAE (AP)E ©&H Zo] YEE & Jioh
AP = fr (La/Der) (o Vi/2) (3.42)

ojm o} WA RE Vol BAH W5
F ek

i

Zatn), ol ThAl T o] U

2 1.375
AP, = fsTLp_;@_ 1+ (Cy IIZ (3.43)

A7 f= A (339 29 A} 23, 5 G AFAA TF olth
CRT = & td3ste A F 4 3399 (343)9 #ol=2=2 ol &
2o

AP = AP, + AP

_ s L pVA
= /D, 2[ (5

25X H)sm20[1+( ] + [1+(c2~—1%>2]l'm] (3.44)
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Chiu 5& #F2 ;A 24+Z g 1 (nterion)dAlE &L A A9
2 olFojA ulEo o3 ARYE FE FeEdd g7 4HEHF

< 23, B2 g9 2 (Edge)dllM e mhzdd o3t EAste] &S
A=ohE 7Fg Sk interiordl A E (Vi/Va)=0°1Z =8 ' 7} =9, edgedl

Ae C'=0Z 3t 2 (344)9 HA ¢FHAsE B2 HE YA, =
olm] B2 ElQl 3 (corner)d e UHA3E edged] FFAE} Zoizm v}

— PVZ Arl Dy P
APl - fsl 9 [1 + Cl Al H (7Z'P)2 T Hz ] (3.45)
2, 1.375
APy, = fg *pzi {1 + [Cz(—%:)] } (3.46)
o714,
Ci= 2 Cy (3.47)
sin@’ = N (7[1‘7’T)I;+ 7 (3.48)

EZF Chiuddl 98] (Vi/Va)e oldl9} o] n(Vi/Va)gaplE F edge Abo] gap
A A JANS 2 Ve T

8
P = Rod pitch (2198 8 #X%)
H = Wire lead (23 8 ’é}}_)

P
) (3.49)
n = 5 .
D P xD
[(F +9F - 7]

Vr — S 10.35 P Afz 0.5

( VZ )gap - 10 5( ) \/( P)2+HZ ( ) (350)
_ 1=z _ aD?

A, = 4[ (D+29— ] (351)

. 2
A, = P(—Q + o) — I (352)
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o 7)ol E Novendstern oA e} o] ZF B4R £ 2 F7] 93
APy = AP, A S AHEET ol PYPo2 £EE P o2 2
o},

v, = Vrords 55T
Dy ¢ i? (nP)é)z 7l
NA, + (N, A, + 1\731‘13)('13_61)0'714 v 7135
cg{1+[c2n( T)ga,,”
(3.53)
VsorA
Vy, = To; o
D Cg{l + [an(—vr-)gapl }
N A, (=)0 2 + Ny Ay + N3 A
DeZ C Del A?:l PZ +1
V' H A (nP 4+ HP
(3.54)

3714 C3=Cr / Ca '
A% C, Gy G & AWelN Qe Zo2 o)k TheF o

Ci1 = 2200
Cz=19
Cs =12

(th) Cheng-Todreasell 23k ¢t2izsl e
Cheng-Todreasol] 23] Add ¢EZA3 mde B AHAFAM d& &H
B2 oy Ztzhe] HER sty o3 2ol vEld 4 At [Cheng, 1986].

AP = fi (L/Da) (0 Vi/2)

- Interior 42

_ 1 P, A,
fi = ReT Cn( 1)+ Wd( 1)( )(D) (3.55)

- Edge ¥+=2
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Ce An
= 11+ W, %Y tan %4 3.
% Rez[ (Az)an] (356)
- Comner ¥4+ %
: Laom
Cs Ap 2
= + W(—=% ) tan %6 .
fm s [1 Sl ] (357)
o 7] A
1) Ci' (Bare rod® vt ASF A44)
Cs =bo+ by (P/D-1)+by (P/D-1) (358)
olu} b0, bl, b2 T2 o] FojA},
B 22 g9 1.0<pP/D=<1.1 1.1<P/D=<15
b0 bl b2 b0 bl b2
Interior 009378 1398 -8664 0.1458 0.03632 -0.03333
Edge 009377 08732 -3.341 0.1430 0.04199 -0.04428
Corner 01004 1625 -11.85 0.1499  0.006706 -0.009567

2) Wq (Wire drag 2<)
Wa = [295 - 140 (Dw/D) + 401 (Dw/D)4 (H/D) %% (3.59)
714 DeE wire 73

3) Ws (wire sweeping %)
20.0 log (H/D) - 7.0 (3.60)

4) Re (Reynolds <)
Rei= p D Vi/ 1
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5) m (Reynolds A 4=)
m = 0.18 (X glA F3h

6) Bare rod 3 H 3 9= wetted perimeter

A= G - =F

Ay = P(w—-2)- ”52
’ (w- g)z xD?

Pwll= 7[D/2
Aq714, W=D + s

7) Wire-wrapped wetted perimeter

zD,

P, = P,y + 5 cosd
o 71 A,

H
VE + [#(D + D,l°

cos @ =

8) Wire projected area

A = (1/6) 7z (D + DW) Dw
Ap = (1/4) x (D + Dw) Dw
Ar3 = (1/6) x (D + Dw) Dw

9) Hydraulic equivalent diameter
Der = 4 A1 / Py

10) Wire-wrapped flow area
A = Ay - (x Dw2)/ (8 cos@)

1D $ollA 2188 JeEL 053 2ol FogArh

H = Wire lead length
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(3.61)

(3.62)

(3.63)
(3.64)

(3.65)

(3.66)

(3.67)
(3.68)
(3.69)



Dw = Wire diameter
tan28 = (1 /cos28) - 1
P = Rod pitch

D = Rod diameter

35 Z= &

52
A

3

2EZ Bt MATRA-LMR zZ=¢ FxE& veld FHAo=x
matraf& FALZ F 679 F ZEaPo=2 FAH
Z2ole oF 15000 linel 2 BAFO v, B Z Ct o}y sl
2 7153 MeEd g A¥E velydd. % De £ T2
matrafdl AlE8-HE AR did A8 HeElAT. o dgEAEE 12719
Card Groupl.2 UFo1A Z} Groupd & F3te AE5E €A do. o &
£ o]l ZAAF Urd 983 2ol Group 1€ #A2 EAX Wi d=HAE,
Group 2% vl&EA s 2 o]lAf%F AF4, Group 32 54 £FHEXE, Group 4
T B2 X 2 7138 Fed dd AH, Group 55 FFE UE ¥z
Group 62 A= E A9 W3l Group 72 wire-wrap®] W& A=, Group 8
dAgy Hjx R AdF e EZH AF, Group 95 ALb¥<S, Group 102
FEY AFA, Group 11€ &HXZA, vARSE Group 125 AAZA I o
Aoz T4 Ay, 53] ZF JHAAEE Groupd WFEC AFH
formatel o3 A3 AFHojof gy, FE 5& =¥ YHASE 843 AR
=3

238 10& MATRA-LMR Z=9 HA AN 2EXE
7] 429 hx)7F ANE R, £33 §3F mx) 27180) o

o] &=l m(x)% ‘:‘]'75”*22}’ F%F wx) gtol FalFh  old mx)yY w(x)
gkol #HEA XY Jump ol 1o Ho E8 #Aol Hi, o]d
37 AR, o ol g M2 fEFFo] FIAA ALtol AL
Aot Jump #ol 27F HAY ol ¥BEAL AFE 2HeE AN Tad
a9 1l A4dxRE 2aFm gtk MATRA-LMR A4e diMes 9A
SPECSET, SPECSPL, GEOM, COBMAT Z=za#-g WX $£g3lof St
ol# g At T2 FIPA| VNAFLE HASHAY, F Z2aYF ALA
71683 JAFHREE 271 98l COBRA-IV-idlA dd Az 74 ©A
MATRAZ MFHEA AL HelE A3} F7HAZ HEEolth. olddiz) F
o AAs dEstE oS3 2.

N
(B

lo

2
AN
2
g 2 [ o

o

o (% Loro

> F
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E 5. MATRA-LMR 438 7l= group™ fok

Card group

Input

Priminary card

- Max. computation time limit
- Restart option and title

Group 1 (Fluid properties)

-~ Fluid property table

Group 2 (Friction factors)

Group 3 (Axial heat flux table)

- Axial heat flux table

Group 4 (Channel layout and
dimensions)

-~ Channel geometry

- Thermal connection data for subchannel

Group 5 (Channel area

variation)

- Table for axial location vs. channel area

variation

Group 6 (Gap size variation)

- Table for axial location vs. gap size variation

Group 7 (Wire wrap and
grid data)

- Wire-wrap or grid data

Loss coefficient with grid

Group 8 (Rod layout and
fuel properties)

- Rod material properties

Group 9 (Calculational variable)

criteria

Group 10 (Turbulent mixing)

Turbulent mixing correlations

Conduction geometry factor

Group 11 (Operation condition)

- Operation condition, transient forcing functions

Group 12 (Output option)

- Print option for calculation

_37_

Turbulent and laminar friction factor coefficients

Rod dimension, radial power factors

Numerical scheme option (Inplicit/Explicit)
Channel length, transient time, convergence

Crossflow resistance (KIJ, SL), damping factors




’v
Jump =2

Calculate parameters
atx=0

]

Set new value of x
calculate h(x)

r Calculate w(x)

| Calculate m(x)

_——T(X) ang
w(x)converged
?

Yes

Jump =1

\ A

( Calculate P(x)

nd of channe
?

Core pressure
drop specified
?

No

Yes

p

No Jump =2 or

maximum
iterations ?

Yes

Return

Set new inlet flowrate

a2¥ 10. MATRA-LMR A4t 8%
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geom.inp - -
/ // specdat

/  specmir
b

|
Y
, specset.f
i
/__;L
/ cobra.inp .
// i spectix
’_Eﬁ -
__y___v_1 [_____L__
cobmat.f i !‘ specspl.f
]
L | i

i o J

|
matra.inp | \

| i i

| matra_imr.f ' Z_ 7 Input
i 3 S
i :
! | -
iL hﬁ Calaulation
matra.out ' C j Output

2% 11. MATRA-LMR A=A

3.5.1 SPECSET =271 % (specset.f)
o] Bz =2 F@ 2L T2y FPA THE /194FS Ha

s8l7] YA MATRA-LMR Z=9 dimensiong Al XAsE Fgojch
walA SPECSETS €& & wel g1z st A4 wel MATRA-LMR Z=

__39_



F8 A HA3 dimensiond WAS7] 98 ANEnA e EACdA oTHE
Hd dimensiong FEF Hoglth. o]lW dimensiong L73E FL WFE
o 2o

- MC: i FEF

- MG : W F+E gap F

- MR : Hd dd8% 5 (149 AFAN)
- MX : 3 %% node T

o]tz & %A dimension FE specdatdl B2 FAHT, 19 I= FA
23 common &°]4} data &) it A& specmirel A} EF Hol it}

3.5.2 SPECSPL =219 (specspl.f)

o] ZE3WL COBRA-IV-idld MATRAZ AFHHA] Awd Holrh
COBRA-IV-iol A& SPECSETeA 3" EHEL 2+ subroutinedlA
dimension, common & data =22 AF37] 98] Z+ subroutine <toll EFHA]
Zed MATRAMAME o]l 2z} subroutineol XEFA71X &3 ‘INCLUDE'
optiong o] &3t AL 4+ YEE SPECSETY £%& ’‘spec’ directory ¢Hel
o] 2ol Fgitk. olgA do 24 39 common E& F£ASnA T o
Z} subroutine ®E Zol7} A3 HQ glo] 'spec’ directory WolA FAHETL
ZR EZe g AL F Y. F, olgE L EFHE $3) SPECSET &8
54 7} section HE U39} ‘spec’ directory ¢Hell A &AdtE 3g-& SPECSPL
T2 A F3kaL YUt

353 GEOM =21 (geom.f)

o] Bz Z2 AL 571% A8 HEC g MATRA-LMR Z=9 7|3}
th. &, MATRA-LMR {4¥87l=9] group 4, 7, 8 W& 4

3 JeEHe Bk
714 AastA "ok 7ZF gEsi=d AAdEE WEe O 2.
- g8 = 4
B42 A3, wetted perimeter, heated perimeter, 183 WH7AuEE &5
& 2d A} EA] 2ol gap B Z4E Folth
- dF= 7
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wire-wrap®l] 3 HQ3 Fu,
- YYAE=E B ‘

dASE A, 54 28 X Sl
o] GEOM Z=21a¥& 3 d8e BE Ed AA3 Jely o
3.5.4 COBMAT X219 (cobmat.f)

o] T2aWE MATRA Z=E ALsEA F7t9 WE&o= COBRA-IV-
A HFPE 43S MATRA-LMR Yo 2 APANAFE Zzadolr, ole
MATRA ZE AXAl 9439 HEZE o7 A qHFAS F#33Ae
o, olZs COBRAGIM ZAME cobrainptt GEOM AXNEF dojx:
geomoutg ¥lE2 ALEE F glo] o]F MATRACA A4 = JEE AEs)
8] My Bx T2 golt}

4. A4t A
4.1 ORNL @9 A (19 pin) 48
4.1.1 3 A7

ORNLoIA 433 19 pin 4%F (FFM-2A)2 dAA 52 AA LA uwed
wire-wrap® WA BXo] 3ZE 9 ductidl HjXE AIAE FAHS At
o] Ayge F EZL IV 2Z=EIEE T3l ARoltt [Fontana, 1974l
FFM-2A 4¥9 FAEE 29 1241 & Jet Qv dAds5% FAAH L 023
in., wire-wrap 2742 0.056 in. Zd i pitchE 12 in. olth. 4AA 4= 719
A FEL S8 AXE 21 inelH, o] FEY AFEL o] FdHE =F
AMEE 16 in. Tolol Ytk ZE EoAE F 40 inE zHIFEH o=
=S TAARE AR 7GR EolA AZ 3 in. ZAXolth. mTFAH ET
25 & T37] 93 thermocouple2 71EE 9 EXRE oz HoMEE 37 in.ol
A= gt MATRA-LMRE F8 4Exs& & 69 e, 28 13
< 19 pin A& 913 MATRA-LMR 2E9] dAd8l L 42 HIAAS
Vel Aoltt
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DI L O e i g
s Skl Lo L

S AT N e
M

2% 12. ORNL FFM
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E 6. MATRA-LMRS #1% ORNL FFM-2A 19 pin IA¥A dEx=

2F dHEs kA
% A4 (in) 0.230
% pitch (in.) 0.286
wire~wrap 374 (in.) 0.056

‘718184 wire-wrap pitch (in.) 12
rod pitch/rod diameter (in.) 1.243
duct WEzE o] (in.) 1.343
x4 7Hd4de] (in) 21 (F40] = 40)
2748 (psia) 14.7
AFL=E (F) 599

edza AFALEE (x10° Ibm/hr-ft?) 456, 0.0614

T BFAdE (x10° Btwhr-t?) 0.55, 0.0085
e 2P Ty
RN EYEX <
wire pitch fraction (&) 0.0833

Aara % ‘&%—Eﬂii’lﬂ} (8) 0.01
dAE YA (G 05
W% node T 40
R2 a3 A

R - novendstern, CRT 0.31653:25

-CT Re

4A4g AF Lyon-Martinelli

32 31

O

s
0:010; 0N
@0@8@9&‘ (-
V6707070
005

40

73 13. MATRA-LMR ¥ 2 HIAA
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4.1.2 GEOM 489238 &4 (ORNL 19 pin)

GEOM Z213#L& 878 rod bundledl tis] MATRA-LMR & Z 2139

JEAE group 4, 7, 8 & B 9 JEF JHWoR AFHoE Al
o ZA7te e 53 dFel fed 5 AR Fo formatg LFojok

1 ORNL 19-Rod FFM-2A Test (GEOM input)

286 .2301.2431.3430.000
111100

15 .231.000 0 0 0.0833 1 0

(1) GEOM.1

1 ORNL 19-Rod FEM-2A Test (GEOM input)
T 1€ 129 137 e 2F F4E UIAAE YENE o=
2 252 9 roddll Wi HIAAE Zeth AL oY HE
default g =3 1ojt}, & AESZ column 6 72A0)d A
AE F F AU

(2) GEOM.2

(o AN

A ARHAS
option®] §lo}
g AV &

Blank card& W=A] gof Fojol gtk ol& @Aje] GEOM Y& o] F
FTH% option 20 ZFES on gt UFE option 2& AHEFrE.

(3) GEOM.3
286 .2301.2431.3430.000

(=2 ]

ol 7l=o) FolX = Ft 286 rod pitch (P), 2302 rod diameter (D), 1.243-&
P/D H], 1.3432 A &A 9 flat-to-flat WHFA A, 0.0002 rod packing factorZ 0

EE 19 #%E FAdIH

(4) GEOM.4



111100
SHRE 43k FoJ7 F 1S MATRA-LMR group 4, 7, 8¢ d8€A8& A3E
2 Jeldcre $oli, I B 02 punched deckd ¥H¥E H§o= 022 A
gistch. WA T 02 PN £ AP A2 0¥ Z% nominal el o
S 7t= 5ol Fo4A A, unit HE7F 2old JFt= 6WA AFdlFQA wkAEg
£3< 4g3) Fojof gk

(5) GEOM.5
19 .231.000 0 0 0.0833 1 0

199 2318 AU 8% A5 %2 FA, 1.000:2 nominal rod 8, ul HA
& 02 0316Re*P2 AMHE vl2AFHS A RF2d FLdve dvoH,
Wi 2zt 73 2 3y RFEEE o] e '3y & & Aok o4l
AR g 02 wire-wrap AL F S YElNE A2 oA & o whAA S
& g, AA WA G 0 wire-wrap 224 EE YehY, 43 A
0833 forcing WA W& 3o oI T&2<QA wire pitch fraction (DEL)E Y
Bttt o] g XF DEL=Ax/(wire pitch) && AH&3=E Fd=E3 Yok
a8 WA g 1L ZY RFEERE RdddAde £olx, viXT 02 SLTHEN
ool rod MIAA 3t JHEAE LF7] A% He=Z 0d AET
MATRA-LMRS HIAAE wEctE= FEolt)

(6) GEOM.7
EZUY 7] 9% blank 7=

4.1.3 MATRA-LMR 838 &34

5000 0 0 0 Matra.l
1 0 ORNL 19-ROD FFM-2A TEST BUNDLE HIGH FLOW / HIGH POWER
1 100 0 0 O 3 0 Setri.l
2 0 0 0 0 1 0 0 Setri.2
0.316-0.25 0.0 Setri.2.1
64. -1. 0.0 Setri.2.2
3 6 Setri.3
0.000 0.0.3999 0.04000 1.0.9250 1.0.9251 0.01.000 00 Setri.3.1
4 42 42 60 0 9 9 Setri4
7 1 60 0 0 0 9 Setri.7
12. .230 036 286 Setri.7.1
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8 1 1® 0o 0o 0 0 0 o0 9 Setri8

9 0 0 0 0 0 0 Setri9
40. 0, 05 Setri9.1
40 200 200 Setri9.2
10 0 0 1 0 0 0 Setri.10
0.01 - Setri.10.1
0.5 Setri.10.3
11 1 1 0 0 0 0 0 0 Setri.11
14.696 598, 456 550 Setri.11.1
12 3 0 0 0 0 0 0 0 Setri.12
(1) Matra.l

5000 O 0 0
& 5000 HUHE AVNLE JElste RoZ 500027 AW ARz
A FAEG T WA 02 9Y TS british, A AA 0& JHvlolg
o] &g british2, A% 0& ALAHE british2 EHSHATHE Fol),

[1

(2) Setri.0

1 0 ORNL 19-ROD FFM-2A TEST BUNDLE HIGH FLOW / HIGH POWER
1& case 13& YEUH, 08 BEE d8AEE &8t oz, g A
& Uedh

(3) Setri.l
1 100 0 0 0 3 0
12 group ¥ 3E, 1002 gd4Ed EAAAY =& UYEUE ALz 25U 3

£ ZZ Y FNA Aol B7F HEARY o F X Zo] 1002 ¥R
dolFojof gt A WA 0L superheated 7] EE AME3HA] EAtE Aol
3, ¥ A5 02 superheated F7] E84X9 HHE AAHsI= RL2=E A HH7}
Ool2Z ] HREs FA3] 08 Al&stdol ok, oAl ¥A 0L 24X9 s
FA interpolationdte] ol 2FttE Zolth, AAN ®HA 32 GHGATE
Lyon-Martinelli?]-& Alg3tAdctes Aol wx® 02 ¢¥Ast ZFadAES
Novenstern 4 2.2 ZAAtgrlh= U goj)

(4) Setri.2

2 0 0 0 0 1 0 0
2¥ group ¥ 3, 2 FHd JdEUE 05 o F5dd THE Aoz AFZA
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AgEA ek i WA 12 FREEAS AF FBAS SR
owl o},

i el

(5) Setri.2.1
0.316-0.25 0.0
dEgAS g,

(6) Setri.2.2
64. -1. 00

FoEAS A

=

ol
[hd)

(7) Setri.3

2 group W&, 62 g SHEX7 JUXe wet 67719 norminal &8
oltt, & AUYAge 03 18 I 2 Alolo] o]l AL
L FAHS 12 & o A vamgie] 22

(8) Setri.3.1

0.000 0.0.3999 0.0.4000 1.09250 1.0.9251 0.01.000 0.0
ol fold dudde FddAkD £23%e Jehd Ro= AL 000093
d W EFHL 00, @=2 (3999, 00), (4000, 1.0), (9250, 1.0), (.9251, 0.0),
(1.000, 0.0)o.2 & 64§ o|F1 gith

(9) Setri.4

4 42 42 60 0 9 9
4= group M Z, 42%:— 19 pin AFZAANA 2 Er2E Uedo. 60 £ gap
T, A WA 02 F+2 Alo]d thermal connectiong ©]FE Ho] goe =
o)1, g 9= GEOM°ﬂ/\'1 T3t geometry Y 8F Setr141° gl EoldeE
RAolx, vl 2 9& Setrid3S YolEATE ool

(10) Setri.7

7 1 60 0 0 0 9
7 group W3, 12 wire-wrap option, 602 gap ¥, U 052 gride) BEH
AtgEolth. mEAH 9% A Setri7.2¢ 7.3& GEOMOA A4g AL 2P0

= ojuoleh,
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(11) Setri.7.1
12. 230 056 286

12= wire-wrap pitch, .2302 rod outer diameter, .056-2 wire-wrap diameter,
2862 rod pitchE YEldic}.

(12) Setri.8

8 19 19 0 0 0 0 0 0 9
82 group HE, 19% & rod &, O 052 d8% Zdd g optionS Al
32 FATE Folz, AT 9 Setridl ¥E S GEOMOIAM Aad AL 7
Atk 2Q0E o wlolt},

(13) Setri9
9 0 0 0 0 0 0
0% group ¥13%, 22 g 02 ZFAE €8 optioneE E93 EE X dA &

g2 3AE A, A WA 05 £ optioneE R E time stepolld £#H-& 3
AE Foith Y WA 08 FXMEE S (mplicit solution)S AHE-To}
t Aotk M} FHPE ALY Ut U H97|A HIF T options HE
stadob 3tk AR A 0F roll optione AME3X] FEvleE Aol:, oA
7 02 o time stepE YEN I, 99 0= S node ZolE #L3A
AttE Eojth, W node Z71E 2o s 7o waga AEHo=w
gl AE" 5 Ut

ol 2

(14) Setri9.1

40. 0. 05
402 F 9% Zol, 02 #Ax7] AiAZ, F blank #t2 =5 default 3
2 AgsATE oz Arldle ZAF convergence limit, KIJ, SL, %
accelerator®} damping factorZt g€,  wlA|g 055 U {FFd o
damping factor® default #t& 22 &3 YEMSIT

(15) Setri9.2
40 200 200
£k node 7, 2002 Hd R IFE iteration & VERATH

rlo

40

(16) Setri.10



0 0 O 1 0 0 ¢

10 group WE, Fho] 1€ VHLF YWEEE neAGATE Aoz R W
A 0L TRETFFBA] U AHely, UnAL o AUFITHELY B

RE0] E}.

(17) Setri.10.1

Hi7guksk dAEA E5d U3k geometry factor. HEF 0571 FH D

(19) Setri.ll

11 1 1 0 0 0 0 0 0
112 group ¥3, A WA 1S AT L=/t dEo g FAXE RE 9vsty,
AA 1S dFH&l dE 43 optionE UeERd Aol Uzl Bxr]s}
A% forcing function®Z &7¢E, dF%, §77%E, HTESHT] 94
Fig=3

o

¢

(20) Setri.11.1

14696  599. 456 550
14696 (psia)e &7, 599. (‘F)& d7+2%, 45 (Mib/hr-ft2)2 A+HF
550 (MBtu/hr-1t2)& BT E&S on gt

?

(21) Setri.12
12 3 0 0 0 0 0 0 0
12 group M3, 3 &9 optionl & FZ, B4494E 43 A5 259
3l 288 XA Aotk UnA] A= AAF &3 optiong UHEME A<
=3

woh AAE LAY e AEe B2 Do F ehigieh

42 KALIMER 271 pin A # djo) €}
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421 N8

A71E&9 150 MWe (€% 392 MWth)el pool-type AFWZ=E<
KALIMER (Korea Advanced Liquid Metal Reactor)= @A 71d AAFolr).
AFAAL FAY g AFo] goem aF o wAAZE ST Active
core Zole 1m, ABL 172 m ojtk. F2 AAdoleles E 7d A3
o, BHANg EHEXE o] AdddAEs dAT Aoz AHAHAT. 2™ 14
KALIMER 127 pin blanketo] ™3 MATRA-LMRSY 342 HIEAAZE JEd
ZAojt} [Park, 1998].

E 7. KALIMER 127 pin blanketol]l th& 98.03 4 Az &

Core thermal output (MWth) 392.2
Core electric power (MWe) 150.0
Core inlet / outlet temperature (C) 386.2 / 530.0
Total flow rate (kg/s) 2143
Core Active core height (mm) 1000
Core diameter (mm) 34473
Core configuration radial
homogeneous
Pins per fuel assembly (driver/radial blanket) 271 / 127
Total axial height (mm) - 3163.0
Rod outer diameter (mm) 12
Rod pitch (mm) 13
Wire wrap diameter (mm) 0.95
Wire wrap lead (mm) 300
127 pin Cladding thickness (mm) ‘ 0.54
assembly
Duct wall thickness (mm) 3.7
Duct inside flat-to-flat distance (mm) 1498
Nominal linear pin power (W/cm) 3491
Assembly nominal flowrate (kg/s) 459
Assembly coolant inlet temperature (C) 386.2
Number of axial nodes 250
Radial power distribution uniform
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{3
OnoSoT o eeS oo
N

ERIERAL

222222
N

23 14. KALIMER 127 pin blanket ¥ 2 3 A4

422 GEOM ¢8x5 (KALIMER 127 pin)

1 (127 pin / 0702 driver, 0.488 MWth, 459 kg/sec)

.5118.4724 .0005.898 .000
111100
12747241000 0 0  0.0322 1 0

30000 0 1 1
1 0 (127 pin / 0702 driver, 0488 MWth, 4.59 kg/sec)
1 100 0 0 0 3 1
2 0 0 0 0 1 0 0
0.316 -0.25 0.0
64. -L 0.0

3 26
0000 0000 .3530 .0000 3533 170 3612 170 3710 7920
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.3929 8730 4087 9330 4245 1.094 .4403 1159 4561 1.210
4719 1.246 A877 1.294 5035 1.299 5193 1.287 5351 1.257
5509 1.156 5667 1.099 582 1.029 5984 9480 6142 7740
6300 6870 6438 6010 6616 5260 6695 5260 6698 0000

1.000 0000
4 258 258 334 0 9 9
7 1 384 0 0 0 9
11.811° 47244 03714 5118
8 127 127 2 1 0 0 0 0 9
7.107 2269 9667 A724 1517 1219 4783 0209 24471,
9 0 0 0 0 0 0
1245 0.0
05
230 200 200
10 0 0 1 0 0 0
0.01
0.5
11 1 1 0 0 0 0 0 0

14696 72716 681001 .020352
12 2 0 0 0 0 0 0 0

4.3 Blockage A

43.1 &

dAFE£2 ATAY 273 (Blockage)S L FZoAY W4z 2 &
FeAdin, 2 A3 2F0% 2 AEA AFAAS A9 T. wEbA Ay
2 A AARIS FHSE FRH gt 2= EXE TS B4 9
3}01 22 Ay o8& 477 AgH k. HAFAUW FEHY 42
e e goez WA 4 vk 7b) HAEE swelling® bending 9l

o3 FEHA P V) £439 wire-wrap spacerstt ddz & I#H, o) A
A FARA JREH, FRENA EolA U2 gd, EAF TAT 35y A
FE S|

aAe AAFEEE F2HYL dorls e =YY F4NE AL
PAFES YAHC gom, EE solojge AT A% FH =A7R opY
D =AU 48 hs4e 3 2oln Yok 2PelE BFER VA
A3 =gueA 2ol easd fEagel 9t 3l Fid duAs
AEAAE S fgo) BIAL JAG WaGS A A2
R e A L PO
e ANFEE FARG G AADE AAFEE AADHA oA o
o WE BHE BIEN 2 sl wast AAFE2e AN BAL
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FTE29F 9% blockaged 719 AA, =AU #x), dds¥ &8 23
BZHA F&5d &) ek o] QXS] M blockage’t AAE IF
o A=/t AAHY, old 93 AAHE =AU EAYE LEEXY AEE
7hE¥ ATk

Akl AF8-E THORS 232 19719 AA8RS AHRsIH, 2 788y F
Z+¥ CRBR (Clinch River Breeder Reactor)®} FFTP (Fast-Flux Test Facility)
& F4% Zre BgFez FYHAY. F, d8%9 AEFL 023 in, AT
0056 in.¢l ¢tolo} P FA7t 12 in. 2T HAR B9 7FLS 0286 inE
T/4= o gltt [Lin, 1978].

Al4F-2 heating zone YA 7FFAEl EFEe] dE7E 2280 dAES
Boltt. AAl AgeA sHAAE dds e dEHY Atolo 7hZo] 0.028
inojx, 71gAe Yddssol AR ol FY AF EE 0028 ind ¥, =
Ao FAR Je HA8F golojY A FL 005 inclth. MATRA-LMR
FZo LdHFAA gAML AT ol AFE TYLE H2E AR okste
olfFE, dEA BE #HARFY olojd AEL 0028 inE AHEIH R, T4
BE2Ae ol& BAMN F7] sty ErZe gz s 2o AMdS
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s,

> MATRA input data Al4F3A

- mass flux

ov =814 kg/m*XT.2m/s
54.56 Ibm/ f£*% 85039.4 1t/ howur
4.64 MLB/ hr— ¥

- heat flux

q" = 8 W om? = 0.270 MBtul hr—

G

FFM bundle 5 Al 282 3709 438& syl 3Ax 6B AP 3
EH 3} blockage plateZt B&Eo] Ho] Qi A9y, FHUA 5B-d 4¥9& ¢
EB 3} blockage Atold] 0.3556 mm (0.014 in)2 Eo] VAH fH3ko] &4t
T ZA%olt, miRlg o g 5CE Z& ZAA blockageE AAF AFo|h. B
Bl AR 48 5B-d o]t}
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E 7. d=dojel (ORNL 19 pin Test of the 14 edge blockages)

Number of rods 19
Number rod channels 42
Number of gaps 60
Rod diameter 0.23 in. (5.834E-3 m)
Rod picth 0.286 in. (7.26E-3 m)
Wire~wrap diameter 0.056 in. (1.42E-3 m)
Wire-wrap picth 12 in. (0.3048 m)
Total axial length 40 in. (1.016 m)
Flat to flat of inside duct 1.277 in. (0.03243 m)
Distance between rod and duct wall 0.028 in. (7.112E-4 m)
Radial power distribution 1.0 (uniform)
0-19in. : 0
Axial power distribution(normalized) 19 - 37 in. : 1 (Heating zone = 18 in.)
37 -40in. © 0
Inlet mass flux 7.2 m/s (4.64 Mibm/hr—ft*)
Rod heat flux 85 W/cm%rod (0.270 MBtu/hr-ft*)
Initial temperature : 600 °F (316 T)
Outlet pressure 14696 psia (1.01324E5 Pa)
Thickness of blockage plate 0.125 in. (3.175E-3 m)
Location of blockage plate 4 in. from the start of heated zone (23 in.)
Thermocouple 3 in. from the end of heated zone (40 in.)
Pressure drop correlation CRT model
Heat transfer correlation : Lyon—-Martinelli model

a9 16914 HZEo] A% FFM 5B-dt 427] RF£23F 1478 2527 23 in.
=olol A blockage plated] 2ol&] &t ©]F interior ¥F2 (7, 19, 20, 21,
22, 23, 24)= 100% 3lgelolx, edge ¥F2 (25, 33, 34, 35, 36)E A A
FUE HEYT Fo] FAH AAZE 0% HIAGHE FA s U
ulR 8o 2 comer HFE (37, 422)F edge BF 29 Zo] HEY Alojd] Eo
Aot I Yo Zolo] wral 509% FEQ LIALEE FASZ

Blockage?} 243 FFM 5B-d A8olA+= YEHI blockage plate A}ojell
0.3556 mm (0.014 in)¢ AS Fof YEHE B F%F° 58 F IEE 4
e FRFAT. old TA JHEABAAE gEHTA Y AR T2
o M e 9EHI kA 03556 mm (0014 in)E Bt HFo] ZETUm
Z7}33ka blockaged] o3 Bl RE4Z WAHHIE AMstd ¢g¥ez F

2



. & interior ¥F 2 100% ““?J edge BFR2AAE 80% 93], 28n

comer 242 AE 50% H3E 1 stEt. AAE I implicit schemel &2+
L HEZd dEAE 70%°] ’“—4 F2AEA g g Ailel FIHA
gkt o]+ implicit schemel #3+ recirculation F%E°l AAIE 100%

blockage Al{tel] ZEAQ $A7F Atz AT Recirculation f%5°] It}
Al B EE 100%00 77k EAE S48 + v FHH Y= explicit
schemeol| i e B3 HL&uyYs} 287} 53 explicit schemeloZ £
A+ blockage Atns| el iz AidE FAsA] XAk FFo| explicit
schemee] i3t B} B2 (a4 L Z= E4FH ea7€En. wEA o
29 blackaged] W& dFAEE Hd 70%9 i RS YEd Ao =Z FFM
5B-d 4¥d#E ttax Aozt ok

432 GEOM 938 A% (boackage)

1 ORNL 19-Rod FFM-2A Test (GEOM input)

.286 .2301.2431.3430.000
111100

19 231000 0 O  0.0001 1 0

5000 0 1 1-
1 0 ORNL 19-ROD FFM-5B TEST BUNDLE (Blocked)
1 100 0 0 0 3 1
2 0 0 0 0 1 0 0
0.316 -0.25 0.0
64. -1 0.0
3 6
0.000 0.0 4749 0.0 A750 10 9250 10 5251 0.0
1.000 0.0
4 42 42 0 0 9
3 14 6 10
0.000 5749 5750 5781 5782 1.0
7
1.0 10 03000  0.3000 1.0 10
19
1.0 1.0 03000  0.3000 10 10
20
1.0 1.0 03000  0.3000 10 1.0



1.0

1.0

1.0
24

1.0
25

1.0

1.0

1.0

1.0

10
37

1.0
42

1.0

0.000
32
1.0

1.0

1.0

1.0

1.0
55
1.0

1.0
37
1.0

1.0
33
1.0
40
1.0

1.0
41
1.0
42
1.0
14
1.0
13
1.0
15
1.0
43

1.0

1.0

1.0

10

1.0

1.0

1.0

1.0

1.0

5749

1.0

1.0

10

10

1.0

1.0

1.0

1.0

1.0

0.3000
0.3000
0.3000
0.3000
0.2992
0.2992
0.2992
0.2992
0.2992
0.4524
0.4524

5730
0.0001
0.5000
0.0001
0.0001
0.0001
0.5000
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001

0.0001

0.3000

0.3000

0.3000

0.3000

0.2992

0.2992

0.2992

0.2992

0.2992

5781

0.0001

0.5000

0.0001

0.0001

0.0001

0.5000

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

10

1.0

10

10

10

1.0

10

1.0

10

10

10

5782

1.0

1.0

1.0

1.0

10

1.0

1.0

10

1.0

1.0

1.0

1.0

1.0

1.0

1.0
1.0

1.0

1.0
1.0
1.0
1.0

1.0

1.0

1.0

1.0

10

1.0
10
10
10
10
1.0
1.0
1.0
1.0
1.0

1.0

10
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1.0 1.0 05000  0.5000 10 1.0
44

1.0 10 05000  0.5000 10 10

60
1.0 1.0 05000  0.5000 10 1.0

58
1.0 1.0 05000  0.5000 1.0 10

59
1.0 1.0 05000  0.5000 1.0 10

57
1.0 10 05000  0.5000 1.0 1.0

7 1 60 0 0 0 9
12 230 028 286
8 19 19 0 0 0 0 0 0 9
9 0 0 0 0 0 0
40. Q.
0.5

320 200 200

10 0 0 1 0 0 0

0.01

05

1 1 1 0 0 0 0 0 0

14.696 599. 4.64 .270
12 1 0 0 0 0 0 0 0

S WAAR AEET v JAFSEAME 259 ¥ dAEHe=R
3te] =4 AJAD ddD Aol AJAN 2R 43 IF =l
3 %

3 # 9Fe
% =3 AW 5 LAY LEA} TAY f%0] He Aol 1 I
o W% & Aolth okl HYAL AL AL a4 g v} 3
g8 JFAY SERITES =3 wAdAel dE D5 4L 57 g4
Ae dA=Adel d@ FA Adel Rastd =3 AL AL Azt

d
HEA Y d4 F (bowing) Aol LA =AW W=7t E8A 2, JFEA
AY 2 AZe 98S E = Atk GFgA =4 47 S JF¢A
7 4AgL mestdol stk FAe MATRA-LMR ZE7F @9 AdA )4
Bt o] Jbedty ol Z e Y-S F7HE ORF/A sHe] st s I
A xd 248 Jid £ AA=Hdoze HFFHYe] FH3 Y. 29
17% MATRA-LMR Z=9| AAHA /LS Hetd Aol

lo



PWR

[’ COBRA-1V-1 ]
~ R

« CDC CYBER Version
« British Unit

~ ™

=

. IBM PC and HP W/S
Version

* Complicated Program
Structure (Fortran66)

* Variable Unit

» Simplified Structure
(Fortran90)

« Non-uniform Axial

! )
* Uniform Axial Noding J
\_

N v

Noding

« Water Properties

( Tabular form)

¢ Heat Transfer

MATRA-LMR
\_ o -
¢ Sodium Properties
(In the Code as Default)

» Heat Transfer

CoefTicients for Water

¢ Old Pressure Drop

Coefficient for Sedium

* New Pressure Drop

Model

- _/

UOdel with Wire Wrap

Whole Core Modeling
{Multi-assembly)

« Inter-assembly Heat
transfer
« Numerical Technique
Enhancement

Flow Redistribution

\ Model )

a9 17. MATRA-LMR 2= 71 #A
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H-Z A Connection matrix examples

rod-channel

conducting wall
connection (#5)

wall-channel

connection (#2) ;

7
! /
’i -

S
7 A

fuel rod

interchannel
connection (#5)

channel

1. Connections

Interchannel connections Rod-Channel connections

No. Chan. { Chan No. Chan. | Chan
1 1 2 1 1 i -

5 1 3 5 1 5 Wall-Channel connections
3 1 1 3 ] 7 No. Chan. i Chan
4 2 3 4 2 1 1 L 2
5 2 4 5 2 2 2 1 >
6 3 4 6 2 3 3 2 3
7 5 6 7 3 1 4 2 6
8 5 7 8 3 3 > 3 4
9 6 7 9 3 4 6 3 7
Ne = 9 Nr = 9 Nw =6

2. Matrix elements

Matrix operator [Dc], [Dr], [Dw]e 1 233 Fo o) g3t Zof.

_62_



: Channel-Channel

(7h [De]

Channel No.

2 3 4 5 6 7

1

Interchannel
connection No.

~NyMTHONDD

OOOOOO<_IO<I

[cNoNoNeoNeRellolh i e

4_|OO14|OOOO
—_——— 0 OO0 0O 00O

[Ocl =

: Rod-Channel

(1) [Dr]

Wall No.

1

Channel No.

2

2 3 4 5 6 7

1

Rod-Channel
connection No

~NOHITNHONDOD

OO OCOOO ™ — +—
QOO O OO

R o NeNoNoeNeNeNe]

QO OO OOOOO
QO OO OOOOO
QOO OOOOOO

01004_|0000
|

._|OO,_|.OO._|OO

[Or]

: Wall-Channel

() [Dw]

Wall No.

1

Channel No.

3

2

2 3 4 5 6 7

1

Wall-Channel
connection No.
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H-Z B Program MATRA-LMR code structure

matra - clear - loc4(f)
- sysdt - date(s), time(s)
- resirt
- Ssetup - clear
- sysdt
- setri - limits
- dsodium
- load
- van
- ciunit
- prop - curve
- tsa(f) - psa(D)
- taf(f) - psa(f), tsa(d)
- steam - curve
- fspre(f)- eaz
- root(f)
- curve
- taf(f
- iswap
- split - area
- prop - curve, tsa, taf, steam, fspre
- void - scqual, bvoid
- mix - curve
- differ - curve, taf
- ciunit
- setpi
- setiv



result

curve

>
s
8

scheme

xschem

iswap

curve, taf(f), sysdt

psa(f), tsa(f)

curve, tsa(f), taf(f), steam, fspre(f)

sysdt
cptime - secnds(s)
heat - rollit

- curve

- temp - gauss

- iswap

- hcool - chfcor

- htcor - curve

rollit
area - curve
prop - curve, tsa(f), taf(f), steam, fspre(f)
void - scqual(f), bvoid(f)
force
mix - curve
differ - curve, taf(f)
energy
divert - differ
iswap
pbound - iswap
heat - rollit, curve, temp, iswap, hcool
rollit
prop - curve, tsa(f), taf(f), steam, fspre(f)
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void

heat

area

chf

dumpit

force

curve, taf(f)

mix - curve
differ - curve, taf(f)
iswap

scqual(f), bvoid(f)

rollit
curve
temp - gauss
iswap
hcool - chfcor

- htcor
curve
rollit
iswap
chfl - rollit, iswap
chf2 - rollit, iswap
loc4

curve



25 C Subroutine description in program MATRA-LMR

1. Program MATRA
Driver routine for the MATRA code _
Calls most of the major subroutines controls the transient calculation, and updates the

boundary conditions.

Initializes variables :
. To zeroes (CLEAR)
. To the values saved from a previous run (RESTRT)

Controls input/output :
. Input (SETUP)
. output (result)
- Directs the solution approach :
. Steady-state and implicit transient (SCHEME)
. Explicit transient (XSCHEM)
- Sets the transient boundary conditions and forcing functions

at the beginning of each time step

2. Subroutine AREA (J, JX)
* Functions
- Calculates channel area and gap spacing by using the tabular list of channel area and gap
spacing variations supplied as input.
- Uses a linear interpolation to select values from these values.
- Corrects channel area and hydraulic diameter according to the wire wrap inventory when
forced crossflow due to wire wrap is included.
* Arguments
- J : Index for axial location (current calculation level)

- JX : Index for axial location (physical axial level)

3. Function BVOID (I, I)
* Acronym
- Bulk VOID fraction
* Functions
- Calculates the bulk void fraction used in the implicit solution scheme according to a
correlation selected by the user for a given quality.
- Not used in the explicit solution scheme because there the homogeneous model is used
exclusively.
- Provides several correlation forms requiring arbitrary constants read from input. These are
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provided so that the user can select the correlation form and coefficients that are most
applicable to the particular problem.

* Arguments

- I : Index for channel identification number

- J : Index for axial location (current calculation level)

4. Subroutine CHF (JSTART, JEND)

* Acronym

- Critical Heat Flux

* Functions

- Searches MATRA output at the end of each time step for the occurrence of critical heat
flux. The search is made on each rod at a specified axial location range by considering
each rod and the adjacent channels.

- At the completion of the channel enthalpy and flow calculation, an optional call to
Subroutine CHF is provided to calculate critical heat flux ratios over the portion of the
channel denoted by JX=ISTART through J=JEND. The critical heat flux ratio
CHFR(N,J) and critical channel CCHANL(N,J) are calculated for each rod N at axial
location J. CHFR(N,J) is also searched to determine the minimum critical heat flux ratio
MCHFR(J), critical rod MCHFRR(J), and critical channel MCHFRC(J) at each axial
location J. The data is printed as part of the fuel temperature and heat flux output.

- Although the B&W-2 and W-3 CHF correlations are included, users can program other
correlations of their choice as options.

* Arguments '

- JSTART : Starting axial location (physical axial level) for calculation of CHF

- JEND : Ending axial location (physical axial level) for calculation of CHF

5. Function CHF1 (N, I, J, JX)
* Acronym
- Critical Heat Flux 1
* Functions
- Returns a CHF value by the B&W-2 CHF correlation.
- Uses the coolant properties of the Ith channel to calculate the CHF of the Nth rod at the
JXth axial location.
* Arguments
- N : Index for rod identification number
- I : Index for channel identification number
- J : Index for axial location (current calculation level)

- JX : Index for axial location (physical axial level)



6. Function CHF2 (N, 1, J, JX)
* Acronym
- Critical Heat Flux 2
* Functions
- Rctﬁms a CHF value by the W-3 CHF correlation.
- Uses the coolant properties of the Ith channel to calculate the CHF of the Nth rod at the
JXth axial location.
* Arguments

- N : Index for rod identification number

I : Index for channel identification number
- J : Index for axial location (current calculation level)

JX : Index for axial location (physical axial level)

7. Subroutine CHFCOR (N, I, J, JX)
* Acronym
- Critical Heat Flux CORrelation
* Functions .
- Calculates the critical heat flux used only by Subroutine HCOOL.
- Three CHF correlations are included, and the system pressure is used as the basis for
selecting the appropriate orrelation.
* Arguments

N : Index for rod identification number

I : Index for channel identification number

3

J : Index for axial location (current calculation level)
- JX : Index for axial location (physical axial level)

8. Subroutine CIUNIT (ICIU, ICBU, NGROUP)
* Acronym
- Conversion of Input UNIT system
* Functions
- Converts SI to British (ICIU=1)
or British to SI units (ICIU=2).
- Converts British units (in -> ft ; hr -> sec) (ICBU=1)
‘ (ft -=> in ; sec > hr) (ICBU=2).
* Arguments
- ICIU : Input unit conversion switch
ICIU=0 : Converts none.
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ICIU=1 : Converts SI to British units.
ICIU=2 : Converts British to SI units.
- ICBU : British unit conversion switch
ICBU=0 : Converts none.
ICBU=1 : Converts British units (in -> ft ; hr > sec).
ICBU=2 : Converts British units (ft => in ; sec -> hr).

- NGROUP : Card group number for conversion of units

9. Subroutine CLEAR (STATUS)
* Functions
- Zeroes common blocks prior to execution
- Calculates the size of any common block to be zeroed by using Function LOC4
* Arguments
- STATUS : Flag which may be selectively used to zero common blocks for each case in
multiple case execution passes
STATUS=NEW' : All common blocks are zeroed :
ISTAT='NEW' in Main Program MATRA only for the lst case.
STATUS='OLD' : Only Common Block /LARGEL/ is zeroed :
ISTAT='OLD' in Subroutine SETUP from the 2nd case.

10. Subroutine CPTIME (MTIME)
* Acronym
- Central Processing TIME
* Functions
- Returns elapsed calculation time.
- Function SECNDS returns the number of seconds that have elapsed since midnight, less
the value of its argument.
- Function SECNDS returns a REAL*4 value, and its argument must be of type REAL*4
also.
* Arguments
- MTIME : Elapsed calculation time [sec]

11. Subroutine CURVE (FX, X, F, Y, N, JERROR, ISAVE)
* Functions

- Performs linear iﬁterpolation of tabulated data.

* Arguments

- FX : Quantity to be found

- X : Independent variable
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- F : Input array of values of the dependent variable (monotonic with Y)
- Y : Input array of values of the independent variable (monotonic increase)
- N : Number of entries in the table of F (number of F or Y values)
- JERROR : Error signal (JERROR=10)
- ISAVE : Table search switch
ISAVE=0 : A complete table search on the independent variable is done,
ISAVE=1 : The location in the table which brackets the independent variable is known

from a previous call to Subroutine CURVE, and the table search is not
performed.

12. Subroutine DIFFER (IPART, I, iX)
* Functions

- Calculates differential terms in energy and momentum equations.

- Consists of 4 parts as indicated by IPART :

- Part 1 calculates the enthalpy gradient dh/dx. For the steady-state and SCHEME transient
calculations, dh/dx consists only of the energy change due to axial conduction and energy
transport from the rods. For the XSCHEM transient, dh/dx contains all forms of energy
transport and is truly the steady-state energy gradient dh/dx. When the conducting wall
heat transport model is used, the overall wall-to-coolant heat transfer coefficient UWALL
along with a coefficient to convert coolant temperature to enthalpy is also calculated in
Part 1.

- Part 2 calculates the crossflow resistance CIJ and the lateral momentum flux term.

- Part 3 calculates the pressure loss coefficient DPK and the other components of the
pressure gradient dp/dx without the diversion crossflow w terms.

- Part 4 calculates the complete pressure gradient dp/dx including the diversion crossflow w
terms.

* Arguments
- IPART : Flag to designate a particular calculation part
IPART=1 : Calculates dh/dx (enthalpy gradient).
IPART=2 : Calculates CIJ (crossflow resistance) and lateral momentum flux term.
IPART=3 : Calculates DPK (pressure loss coefficient) and dp/dx (pressure gradient)
without w (diversion crossflow) term.
IPART=4 : Calculates dp/dx (pressure gradient) with w (diversion crossflow) term.
- J ¢ Index for axial location (current calculation level)
- JX : Index for axial location (physical axial level)

13. Subroutine DIVERT (J, JX)
* Functions
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- Sets up the coefficient matrix [AAA] and the vector {B} such that [AAA]{w}={B}, and
then solves the set of equations for w.

- Performs iterative solution by using SOR (Successive Over-Relaxation : Gauss-Seidel with
over-relaxation).

* Arguments

-] :' Index for axial location (current calculation level)

- JX : Index for axial location (physical axial level)

I4. Subroutine DSODIUM (TC, N, IIUNIT, PP, TT, VVF, VVG,
HHF, HHG, UUF, KKF, SSIGMA)
~ Thermodynamic properties of sodium.
- Reference : ANL-CEN-RSD-79-1

15. Subroutine DUMPIT (NTSAVE)
* Functions
- Stores (dumps) all common blocks on the logical unit 8.
- Allows the user to save the current calculated values, look at the results, and then, if
desired, continue the solution.
* Arguments
- NTSAVE : Index for the current time step

16. Subroutine EAZ (X, F, DF, NR)

* Acronym

- Equivalent Annular Zone

* Functions

- Calculates the function value F for NR=1, and both the function value F and 1st
derivative of the function DF for NR=2, at X.

- Here the fﬁnction is generated to find the root of the nonlinear equation : the Rehme
correlation for single-phase friction factor for the equivalent annular zone of triangular
rod array.

* Arguments

- X : Guess for root of the function F

- F : Function value

- DF : Ist derivative of the function F

- NR : Case index for number of results

17. Subroutine ENERGY (NN, J, JX, TFLO, TFLOJ, QOH)

* Functions
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- Solves simultaneous equations of energy.
* Arguments

- NN : Index for external iterations

J : Index for axial location (current calculation level)

- JX : Index for axial location (physical axial level)

TFLO : Total axial flow rate at bundle inlet for the 1st external iteration [lbm/sec]

TFLOJ : Total axial flow rate at current calculation level J for the lst external iteration
[Ibm/sec]

- QOH : Maximum enthalpy error for each external iteration

18. Subroutine FORCE (J, JX)

* Functions

Specifies forced crossflow at selected gaps and at selected axial locations.
If a forced crossflow is specified, FDIV=1. ; otherwise, FDIV=0,
Includes two options for forced crossflow :

One option is the forced crossflow due to wire wrap calculated by the wire wrap model.

- The other option is the forced crossflow due to grid spacer specified as a fraction of
axial flow.

* Arguments

- J : Index for axial location (current calculation level)

- JX : Index for axial location (physical axial level)

19. Function FSPRE (J)
* Acronym
- REhme correlation for Single-Phase Friction factor

* Functions

- Calculates the single-phase turbulent friction factor for triangular rod array with wire wrap
or grid spacer by using the Rehme correlations.
* Arguments

- J : Index for axial location (current calculation level)

20. Subroutine GAUSS (T, NP, SM)
* Functions

- Solves fuel rod heat conduction equation by the Gauss-Jordan elimination.
* Arguments

- T : Temperature of rod [F]
- NP : Number of fuel collocation points plus one

- SM : Components of coefficient matrix for the fuel rod heat conduction equation
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21. Subroutine HCOOL (N,I,J,JX,HTC,IMODE,NSS)
* Functions
- Determines heat transfer coefficient.
- Determines which regime on the boiling curve is appropriate.
- Calls Subroutine HTCOR to obtain the heat transfer coefficient, and calls Subroutine
CHFCOR to obtain the critical heat flux.
* Arguments
- N : Index for rod identification number
I : Index for channel identification number

1

J : Index for axial location (current calculation level)

- JX : Index for axial location (physical axial level)

- HTC : Heat transfer coefficient calculated in Subroutine HTCOR [Btw/sec-ft2-F]
- IMODE : Flag to designate regions on the boiling curve

- NSS : Flag to indicate from which routine Subroutine HEAT is called

NSS=0 : SCHEME

NSS=1 : XSCHEM

NSS=2 : MATRA

22. Subroutine HEAT (NSS, JB, NHT, JX3)
* Functions
- Calculates rod internal temperatures, surface heat flux, linear heat input to each channel,
average fluid temperature and heat transfer coefficient around a rod.
- Consists of 3 parts as indicated by NHT :
- Part 1 calculates the heat flux of each rod based on the rod power, and the rod internal
temperatures if the fuel model is used.
- Part 2 calculates the linear heat input to each channel using the heat flux from Part 1.
- Part 3 calculates the average fluid temperature and average heat transfer coefficient around '\
a rod used in the fuel rod heat conduction equation.
* Arguments
- NSS : Flag to indicate from which routine Subroutine HEAT is called
NSS=0 : SCHEME
NSS=1 : XSCHEM
NSS=2 : MATRA
- JB : Index for axial location (current calculation level)
- NHT : Flag to designate a particular calculation part
NHT=1 : Calculates rod internal temperatures and surface heat flux.
NHT=2 : Calculates linear heat input to each channel.
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NHT=3 : Calculates average fluid-temperature and heat transfer coefficient around a

rod.

- JX3 : Index for axial location (physical axial level)

23. Subroutine HTCOR (HTC, TSURF, N, [, J, RE, DE, IPART)

* Acronym

- Heat Transfer CORrelation

* Functions

- Calculates a heat transfer coefficient by the correlation specified in the call list.

* Arguments

- HTC : Heat transfer coefficient [Btu/sec-fi2-F]
- TSURF : Rod surface temperature [F]

- N : Index for rod identification number

-1 : Index for channel identification number

- J : Index for axial location (current calculation level)

- RE : Reynolds number
- DE : Hydraulic diameter [f]
- IPART : Flag to designate a particular heat transfer correlation

IPART=1
IPART=2

IPART=5
IPART=6

: Dittus-Boelter
: Thom

IPART=3 :
IPART=4 :

Schrock and Grossman
Mcdonough, Milich, and King

: Groeneveld
: Dougall and Rohsenow
IPART=T7 :

Berenson

24. Subroutine ISWAP (1, J, K)

* Functions

Interchanges the input and output logical unit designations in conjunction with the roll

option ; i.e., logical unit I becomes logical unit J, and vice versa.

record.

* Arguments

K is a file positioning switch :
If K is equal to 1, then both I and J are positioned at the beginning of the 1st record.
If K is not equal to 1, then both 1 and J are positioned at the beginning of the 2nd

- I : Input/output device for roll option

- J : Input/output device for roll option

- K : File positioning switch
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K=1 : Both the logical units I and J are positioned at the beginning of the 1st record
K=2 : Both the logical units I and J are positioned at the beginning of the 2nd record.

25. Subroutine LIMITS (NUM, NMIN, NMAX, NGROUP, NCARD, ERROR)
* Functions
- Enhances the editing of input data within Subroutine SETRI.
- Guarantees that the values read into an array are within the dimensioned limits of the
code.

If not, NUM is changed only for the convenience of editing :
If NUM<NMIN, then NUM=NMIN ;
If NUM>NMAX, then NUM=NUM (for dummy reads).
However, the case will be terminated after the input data are edited and printed.
A limit of NERRMX (25) accumulated errors are allowed, after which the editing will
cease.

* Arguments

- NUM : Input parameter to be checked

- NMIN : Minimum allowable value for NUM

- NMAX : Maximum allowable value for NUM

- NGROUP : Card group identifier for editing diagnostics

- NCARD : Input card counter for labeling which card may be in error

- ERROR : Alphanumeric flag for editing :
If ERROR='YES', then the code will terminate following the editing and printing of input
data.

26. Subroutine LOAD (X1, X2, X3, MIN, MAX, LIMIT, NSTEP, IMAGE, NCARD, LU)
* Functions
- Replaces redundant logic within Subroutine SETRI.
- Allows the loading of input data only after the group card parameters have been verified.
* Arguments
- X1 : lst variable to be loaded (step=1)
- X2 : 2nd variable to be loaded (step=2)
- X3 : 3rd variable to be loaded (step=3)
- MIN : Maximum allowable sets of (X1,X2,X3) which can be loaded
- MAX : Number of sets of (X1,X2,X3) which the user attempts to load:
" If MAX>MIN, then a dummy read is used to account for remaining cards. This allows
subsequent input to be edited.
- LIMIT : Maximum number of input data per card which can be loaded via the formatted
IMAGE
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- NSTEP : Number of variables to be loaded sequentially (1 to 3)

- IMAGE : Variable FORMAT to be used for loading input data

- NCARD : Input card counter for labeling which card may be in error
- LU : Input device used for reading in input data

27. Function LOC4 (IX)
* Acronym
- LOCation of variable in 4-byte unit
* Functions
- Returns the address (memory reference) of its argument as an INTEGER*4 value in
4-byte unit.
- Function LOC returns the address (memory reference) of its argument as an INTEGER*4
value in l-byte unit.
¥ Arguments
- IX : Name of the object whose address to be retrieved

28. Subroutine MIX (J)
* Functions

- Calculates the turbulent mixing w', which is designated by WP.

- Since completely general correlations for turbulent mixing have not been developed for
single- and two-phase flow, this subroutine is set up so that improved correlations can be
included when they become available.

- The approach used is to separate the turbulent mixing into boiling and nonboiling
conditions :

. For nonboiling condition (single-phase flow), several correlation forms are included.

. For boiling condition (two-phase flow), the single-phase correlations may be assumed, or
the turbulent mixing parameter may be specified as a function of quality or void
fraction.

* Arguments
- J : Index for axial location (current calculation level)

29. Subroutine PBOUND (JUMP)
* Acronym
- Pressure drop BOUNDary condition
* Functions
- Modifies the inlet flow rate for the steady-state solution until all channel pressure drops
are approximately equal to the specified pressure drop DPS.

* Arguments
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- JUMP : Convergence indicator
JUMP=1 : Not converged
JUMP=2 : Converged

30. Subroutine PROP (IPART, J, JX)
* Acfonym

- PROPerty of fluid

* Functions

Calculates fluid properties.

Consists of 2 parts as indicated by IPART :

Part | calculates the saturated fluid properties as a function of the input system reference
(exit) pressure, and sets up the table of superheated vapor properties by calling
Subroutine STEAM. _

Part 2 calculates the subcooled or superheated fluid properties as a function of enthalpy,

and limits these to saturated values during boiling, and also calculates miscellaneous
parameters.

* Arguments
- IPART : Flag to designate a particular calculation part
IPART=1 : Calculates the saturated fluid properties as a function of input system (exit)

pressure, and sets up the table of superheated vapor properties by calling
Subroutine STEAM.

IPART=2 : Calculates the subcooled or superheated fluid properties as a function of
enthalpy, and limits these to saturated values during boiling, and also
calculates miscellaneous parameters.

- J : Index for axial location (current calculation level)

- JX : Index for axial location (physical axial level)

31. Function PSA (T)
* Acronym
- SAturation Pressure

* Functions

- Calculates the saturation pressure [N/m2 : Pa] for a given saturation temperature [C] of

light water (H20) according to the 1967 IFC Formulation of Properties for Water and
Steam.

* Arguments

- T : Saturation temperature [C]

- 32. Subroutine RESTRT (NTSTRT, ISTART)
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* Acronym

- RESTaRT
* Functions

- Initializes variables to the values saved by Subroutine DUMPIT from a previous run.
* Arguments

- NTSTRT : Index for the Ist time step

- ISTART : Index for the 1st external iteration

33. Subroutine RESULT (NT)

* Functions

- Prints out and/or plots calculation results for each time step.
* Arguments

- NT : Index for the current time step

34. Subroutine ROLLIT (J, JX, SAVEA1, SAVEA2, SAVEA3, NWR, NDXP1, LUO,LUI)
* Functions
- Reads and writes temporary storage values of the axial dependent variables in conjunction
with the roll option.
* Arguments
- J : Index for axial location {current calculation level)
- JX : Index for axial location (physical axial level)
- SAVEAL : Vector of length NWR, equivalenced to the axial dependent variables
at the axial location J-1
- SAVEA2 : Vector of length NWR, equivalenced to the axial dependent variables at the
axial location J
- SAVEA3 : Vector of length NWR, equivalenced to the axial dependent variables at the
axial location J+1
- NWR : Width of SAVEA1, SAVEA2, and SAVEA3 arrays (M1)
- NDXP1 : Number of axial nodes plus one
- LUO : Qutput device for roll option
- LUI : Input device for roll option

35. Function ROOT (FTN, X1, X2, TOLX, TOLF, IMAX, METHOD)
* Functions
- Finds the root of a function known to lie between X1 and X2. The root, returned as
ROOT, will be refined until the absolute value of its accuracy is within TOLX or the
absolute value of the function value is within TOLF.
- FIN (X,F,DF,NR) is a user-supplied subroutine that returns the function value F for
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NR=1, and both the function value F and 1st derivative of the function DF for NR=2, at

X. NR is the case index for number of results.

* Arguments
- FTN : A user-supplied subroutine that returns F and DF

- X1 : Initial lower bound

-X2 Initial upper bound
- TOLX : Convergence factor for X
- TOLF : Convergence factor for F

36.

IMAX : Maximum allowed number of iterations

METHOD : Flag to designate a particular root finding method
METHOD=1 : Bisection method
METHOD=2 : Newton-Raphson method
METHOD=3 : Newton-Raphson / Bisection method

Subroutine SCHEME (JUMP, ISTART)

* Functions

Sets up and performs the solution of the implicit finite difference scheme.

Performs the steady-state and implicit transient solution.

Performs the calculations through the bundle in a stepwise manner given a set of
boundary and initial conditions.

First the enthalpy h(x) is calculated and an estimate for axial flow m(x) is made for the
Ist iteration only. The diversion crossflow w(x) and axial flow m(x) are then calculated.
Any value of w(x) or m(x) not converged to within a selected tolerance is sufficient to
set the convergence flag JUMP to 1.  Following the crossflow and axial flow
calculations, the pressure p(x) and lateral pressure difference dp(x) are calculated. The
procedure is repeated stepwise up the bundle until the exit is reached. If the crossflows
and axial flows are converged (JUMP=2), or the maximum allowable number of iterations
is reached, control is returned to the main program. Otherwise the bundle is swept again
using new estimates for flows in the calculations.

- Regardless of convergence, 2 minimum number of iterations is required depending on the

E

fuel model options employed :

Minimum Number

Iterations Fuel Model Options
2 No fuel model
Fuel model without RELAP-type heat transfer package
4 Fuel model with RELAP-type heat transfer package
Arguments
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- JUMP : Convergence indicator
JUMP=1 : Not converged
JUMP=2 : Converged
- ISTART : Starting iteration number ; May be other than 1 for restart cases

37. Function SCQUAL (1,])
* Acronym
- SubCooled QUALIity
* Functions
- Levy model for subcooled void
- Calculates the subcooled true quality as a correction to the equilibrium quality.
* Arguments
- I : Index for channel identification number
- J : Index for axial location (current calculation level)

38. Subroutine SETIV
* Acronym
- Initializing Variables in subroutine SETup
* Functions
- Initializes and sets up variables to run problems.

- Calculates miscellany from input.

39. Subroutine SETPI (ERROR)
* Acronym
- Printing out Input data in subroutine SETup
* Functions
- Prints out input data.
* Arguments
- ERROR : Alphanumeric flag for editing :
If ERROR='YES', then the code will terminate following the editing and printing of

input data.

40. Subroutine SETRI (ERROR)

* Acronym

- Reading in Input data in subroutine SETup
* Functions

- Reads in input data.

* Arguments
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- ERROR : Alphanumeric flag for editing :
If ERROR=YES', then the code will terminate following the editing and printing of
input data.

41. Subroutine SETUP
* Functions
- Reads in and prints out input data, converts input printout unit systems, and also
initializes and sets up variables to run problems.
- Reads in input data : SETRI
- Editing of input (Checks input against dimension limits) : LIMITS
- Loading of input : LOAD (& READ statements)
- Prints out input data : SETPI
- Converts input printout unit systems : CIUNIT
- Initializes and sets up variables to run problems : SETIV

42. Subroutine SPLIT (IG, GIN)
* Functions

- Corrects flow estimate by iterations. This procedure assumes that there is a density
change with length and that no diversion crossflow is occurred. Convergence tolerance is
E.

- Divides the channel flow rates at the inlet of the bundle to give equal pressure gradients
across the 1st axial node by assuming that there is no spatial acceleration component of
pressure drop.

* Arguments

- IG : Option for specified inlet mass velocity

IG=0 : Uniform inlet mass velocity GIN (SETRI 11.1) specified

IG=1 : Average bundle mass velocity GIN (SETRI 11.1) specified but channel inlet
flows split for equal pressure gradient across the lst axial node

IG=2 . Average bundle mass velocity GIN (SETRI 11.1) specified but channe! inlet
flows split by individual channel inlet flow fraction (SETRI 11.3) specified

- GIN : Inlet mass velocity [Mlbm/hr-ft2] : [kg/sec-m2]

43, Subroutine STEAM (PRESS)

* Functions

- Initializes the tabular values of superheated steam properties.
* Arguments

- PRESS : System reference (exit) pressure [psia]
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44. Subroutine SYSDT (D,T)
* Acronym
- current SYStem Date and Time
* Functions
- Returns the current system date and time.
* Arghments
- D : 9-byte character string of the form 'dd-mmm-yy’

- T : 8-byte character string of the form 'hh:mm:ss'

45. Function TAF (11, P1, P2)

* Functions

- Calculates the properties of light water in Subregion 1 (liquid) and Subregion 2 (vapor)
according to the 1967 IFC Formulation of Properties for Water and Steam.

46. Subroutine TEMP (TT, N, JJ, IFLAG, ISS, JXX)
* Acronym

- TEMPerature of rod

* Functions

- Calculates the steady-state and transient fuel rod internal temperature distribution.
- The mathematical model considers both variable thermal conductivity and axial conduction.
Also, axially varying fuel types are permissible.
The problem is solved in the radial coordinate by the orthogonal collocation method of
weighted residuals using the Kirchoff's transformation in the fuel rod heat conduction
equation.
The time derivative and axial coordinate are handled by conventional finite difference
techniques.
* Arguments
- TT : Temperature of rod [F]
- N : Index for rod identification number
- JJ : Index for axial location (current calculation level)
IFLAG : Convergence indicator
IFLAG=0 : Not converged
IFLAG=1 : Converged
ISS : Flag to designate time dependency of calculation
ISS=0 : Transient calculation

ISS=1 : Steady-state calculation

- JXX : Index for axial location (physical axial level)



47. Function TSA (P)
* Acronym
- SAturation Temperature

* Functions
- Iterates saturation temperature [C] for a given saturation pressure [N/m2 : Pa] for heavy

or light water depending what procedure for PSA has been chosen.

* Arguments
- P : Saturation pressure [N/m2 : Pa]

48. Subroutine VAN (NCARD, ERROR)
* Acronym

- Variable Axial Node

* Functions

- Allows variable axial node.

* Arguments
- NCARD : Input card counter for labeling which card may be in error
- ERROR : Alphanumeric flag for editing :
If ERROR="YES', then the code will terminate following the editing and printing of input

data.

49, Function VCHLE (L))

* Acronym

- CHexal-LEllouche correlation for bulk Void fraction

* Functions

- Calculates the bulk void fraction by using the Chexal-Lellouche correlation.
* Arguments

- I : Index for channel identification number

- J : Index for axial location (current calculation level)

50. Subroutine VOID (J)

* Functions
Calculates subcooled void fraction, bulk void fraction, two-phase mixture density,

two-phase momentum specific volume, two-phase momentum velocity, two-phase friction
multiplier, effective flow density for energy, and two-phase friction factor.

- Not used in the explicit solution scheme because there the homogeneous model is used
exclusively.

* Arguments
- J : Index for axial location (current calculation level)



51. Subroutine XSCHEM (IPART)
* Acronym

eXplicit SCHEMe

* Functions

Performs the explicit transient solution.

A normal call to Subroutine XSCHEM (IPART=2) advances the solution one complete
time step and calculates the duration of the next time step.

For the running start option, the steady-state implicit solution is first calculated. The
resulting channel flows are then used to determine the maximum time step allowed for
the explicit transient by a call to Subroutine XSCHEM (IPART=1}). Otherwise, an input
value for the maximum allowable time step is used for the Ist time step.

One pass through Subroutine XSCHEM (IPART=2) results in three channel sweeps. The
Ist sweep calculates tentative flows and also updates fuel temperatures, if a fuel model is
used. The 2nd sweep is iterated for the actual flow/pressure field solution until the
maximum dilation in any one cell is sufficiently small. The 3rd sweep finds the
maximum Courant number in the mesh for calculating the next time step.

* Arguments

- IPART : Flag to designate a particular calculation part

IPART=1 : Adjusts time step according to the maximum Courant number.

IPART=2 : Advances the solution one complete time step and calculates the duration
of the next time step.



55 D Program MATRA-LMR input description

Program MATRA-LMR

Matra.l

MAXT, IIUNIT, JIUNIT, JOUNIT/ (415)
* MAXT : Computer time limit

* JIUNIT : Input unit system

= 0 : British
=1:8I
* JIUNIT : Input print unit system
= ( : British
=1: 8l
* JOUNIT : Output printout unit system
= 0 : British
=1:8I

Restrt.1
MNJUMP, NA, IT, NTT, TTT/ (415, F5.0)
--> Option input : MAXT negative
* NJUMP : Restart flag
= 0 : Continue calculation on a previous steady-state or transient solution, do not
read in any additional data.

1 : New problem calculation with a previous solution reading additional data.

2 : Read dump tape, print input and results then stop.
= 3 : Same as (= 0), but all the input data is printed.
* NA : Number of additional iterations
* IT : Begin a transient solution at time zero from a previous solution. (= 1)
* NTT : Number of additional time steps

* TTT : Total additional transient time (sec)

Setri.0

/KASE, J1, TEXT/ 215, 17A4)
* KASE : Problem case number
* J1 : Print option for input data.

= (0 : Print only new input data.

1 : Print all input data.
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*

i

2 : Print only operating conditions.

I

10 : Print all input data, then stop.
TEXT : Output text for problem identification.

Group 1 - Fluid property table
Setri.1
/NGROUP, N1, N2, N3, N4, N5, Né/ (715)

NGROUT = 1
NI1(NPROP) : Number of property cards to be read (= 100)
N2(ISTEAM) : No superheated steam properties (= 0)
N3 : Not applicable if N2=0 (= 0)
N4(J9) : Method for calculation of fluid properties (= 0 : interpolation)
NS(FLUID) : Option for heat transfer coefficient
= ( : Dittus-Boelter (for water)
= 1 : Schad-modified (CRBRP)
= 2 : Westinghouse (FFTF)
3 : Lyon-Martinelli
N6(NFSPLT) : Option for flow split and pressure drop
= ( : Novendstern
1 : Chiu-Rohsenow-Todreas (CRT)
2 : Cheng-Todreas (CT)

Il

il

It

Group 2 - Friction factor and two phase flow correlation
Setri.2
/ANGROUP, N1, N2, N3, N4, N5, N6, N7/ (8I5)

*

*

*

NGROUP = 2
N1(J2) : Subcooled void formation correlation (= 0 : no subcooled voids)
N2(J3) : Void fraction correlation (= 0 : homogeneous model)
N3(J4) : Two phase friction multiplier (= 0 : homogeneous model)
N4(NVISCW) : Wall viscosity correlation

= 0 : No heatd wall correlation in friction factor

= 1 : Include heated wall correlation in friction factor
NS(LAMNF) : Laminar friction factor (= 0 : no laminar correlation)
N6 : = 0 (not use)
N7(J8) : Single phase turbulent friction factor (= 0 for sodium)

Setri.2.1

/AA, BB, CC/ (3F5.3)
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* Turbulent friction factor coefficient : f = AA (Re)BB + CC (0.316 Re"o‘zj)

Group 3 - Axial heat flux table

Setri.3
/NGROUP, N1/ (2I5)
* NGROUP = 3

* NI(INAX) : Number of entries in heat flux table

Setri.3.1
YD), AXIAL(I)Y (12F5.3)
* Y : Relative position (X/L)
* AXIAL : Relative heat flux at (X/L) (Local flux / average flux)

Group 4 - Channel layout and dimensions

Setri.4
/NGROUP, N1, N2, N3, N4, N5, N6/ (715)
* NGROUP = 4

* NI : Number of data cards of subchannel

* N2(NCHANL) : Total number of subchannels

* N3(NS) : Number of gaps

* N4(NWK) : Number of thermal connections (= 0)

* NS5 : Logical unit from which card set Setri.4.1 is to be read. (= 9)
* N6 : Logical unit from which card set Setri.4.3 is to be read. (= 9)

Setri4.1

: Read datas from results of geometry calculation (geom.out)

Setri.4.3

: Read datas from results of geometry calculation (geom.out)

Group 5 - Subchannel area variation

--> Not use without area variation

Setri.5
/NGROUP, N1, N2/ (31I5)
* NGROUP = 35

* NI(NAFACT) : Number of subchannel for which area variation tables are to be read

* N2(NAXL) : Number of axial location for subchannel area variations



Setri.5.1
JAXL(I)/ (12F5.3)

* AXI : Axial location (X/L) where subchannel area variations will be specified

Setri.5.2
/I, AFACT(I)Y (I5 / 12F5.3)
* I : Identification number of a subchannel with area variations
* AFACT : Relative subchannel area(Ai/Anominal) at each axial level(AXL)

Group 6 - Gap size variation table
--> Not use without gap variation
Setri.6

/NGROUP, N1, N2/ (3I5)

* NGROUP = 6

* NI(INGAPS) : Number of gaps with gap variation

* N2(NGXL) : Number of axial location for gap variation

Setri.6.1
/GAPXL(I)/ (12F5.3)
* GAPXL : Axial locations (X/L) where GAP variations will be specified

Group 7 - Wire wrap and spacer disign information
Setri.7
/NGROUP, N1, N2, N3, N4, NS5, N6/ (715)
* NGROUP = 7
* N1{J6) = 1 : Wire wrap input
= 2 : Grid spacer input
= 3 : Wire wrap input and grid spacer loss coefficient input
* N2 : Number of GAPs
* N3(NGRID) : Number of axial location for grid spacers (= 0)
* N4(NGRIDT) : Number of grid types for which data will be supplied (= 0)
N5S(NRAMP) : Number of iterations over which the loss terms and wire wrap effect are to
be ramped into the solution (= 0)
* N6 : Logical unit that card sets Setri.7.2 and Setri.7.3 are to be read (= 9)

Setri.7.1
/PITCH, DIA, THICK, PITCHR/ (4E10.5)
* PITCH : Wire wrap pitch (in.)
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* DIA : Rod or cladding outer diameter {in.)
* THICK : Wire wrap diameter (in.)
* PITCHR : Rod pitch (in.)

Setri.7.2

Read‘datas from results of geometry calculation (geom.out)

Setri.7.3

Read datas from results of geometry calculation (geom.out)

Group 8 - Rod layout and fuel properties

Setri.8
/NGROUP, N1, N2, N3, N4, N5, N6, N7, N8, N9/ (10I5)
* NGROUP = 8

* N1 : The number of cards of rod data to be read

* N2(NROD) : The total number of rods

* N3(NC) : Order of approximation used in fuel model (= 0 no fuel model)
* N4(NFUELT) : The number of fuel materials (= 0 : not applicable)

* NS(NCHF) : Critical heat flux option (= 0 : no CHF calculation)

* N6(NQAX) : Additional fuel model options (= 0 : not applicable)

* N7(NHTC) : Heat transfer correlation option (= 0 : Setri.1.N5)

* NS(NRODTP) : Option for axially varying fuel material (= 0)

* N9 : Logical unit from which card set Setri.8.1 is to be read (= 9)

Group 9 - Calculation variables

Setri.9
/NGROUP, N1, N2, N3, N4, N5, N6/ (715)
* NGROUP = 9

* NI(NSKIPX) : Output print option
= (0 or 1 : Print all axial levels
> 1 : Print every N1 axial levels
* N2(NSKIPT) : Output print option
= 0 or 1 : Print all axial levels
> 1 : Print every N2 axial levels
* N3(K11) : Specifies the solution algorithm to solve the problem
= 0 : Implicit for both steady-state and transient
= 1 : Implicit steady-state and explicit transient with ap

2 : Start explicit transient with zero flow initial condition, and 4 p B.C.
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3 : Implicit steady-state and explicit transient with inlet flow B.C.
4 : Start explicit transient with zero flow I.C. and inlet flow B.C.
* N4(IROLL) : Problem roll option (= 0 : no roll option)

* NS(ITSTEP) : Maximum time step table

= 0 : FDT(Setri.9.3) for all time

> 0 : Read variable max. timestep (time vs. max. time step)

it

* N6(NVAZ) : Number of axial zones for variable axial node length
= 0 or 1 : Uniform axial node length

> 1 : Read variable axial node length (no. of nodes vs. axial length fraction)

Setri.9.1
/Z, TTIME, WERRX, WERRY, FERROR, KIJ, SL, FTM, THETA, USDON, DAMPNG,
ACCELY, ACCELF/
(13E5.0)
* Z : Total axial length (in.) .
* TTIME : Total transient time (sec)
* WERRX : External crossflow convergence limit (= 0 : default = 0.1)
* WERRY : Internal crossflow convergence: limit (= 0 : default = 0.001)
* FERROR : External axial flow convergence limit (= 0 : default = 0.01)
* KIJ : Turbulent crossflow resistance factor (= 0 : default = 0.5)
* SL : Transverse momentum factor (= 0 : default = 0.5)
* FTM : Turbulent momentum factor (= 0 : default = 0.)
* THETA : Bundle orientation (= 0 : vertical)
* USDON : Contribution of velocity from the donor and receiver subchannels (= 0)
* DAMPNG : Damping factor for iterative SP term (= 0 : default = 0.8)
* ACCELY : Crossflow solution accelerator (= 0 : default = 1.6)
ACCELF : Damping factor for iterative axial flow (= 0.5 recommand : default = 1.)

Setri.9.2
/NDX, NDT, NTRIES, ITRY, ITRYM/ (515)
* NDX : Number of axial nodes
* NDT : Total number of time steps allowed. For implicit transient the time step size is
(TTIME / NDT)

* NTRIES : Max. number of external iterations allowed in implicit solution scheme
(resonable value = 200)

* ITRY : Max. number of internal iterations allowed in implicit solution scheme
(resonable value = 200)

* ITRYM : Min. number of iterations in the internal crossflow solution(= 0 : default = 5)
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Group 10 - Turbulent mixing correlation
Setri.10
/NGROUP, N1, N2, N3, N4, NS, N6/ (715)
* NGROUP = 10
* NI(NSCBC) : Single phase turbulent mixing option
=0 : Wk = ABETA * (SkG)
* N2(NBCC) : Option for two phase mixing (= 0 : same as subcooled)
* N3(J5) : Option for radial thermal conduction mixing
= 0 : No thermal conduction (for water)
= ] : Read thermal geometry factor at Setri.10.3
* N4(j10) : Independent variable of two phase turbulent mixing function (= 0)
* N5(ISTM) : Turbulent mixing model (= 0)
* N6(ISVD) : Void drift model (= 0)

Setri.10.1
/ABETA, BBETA/ (2F5.3)
* ABETA, BBETA : Constants coefficients for the turbulent mixing correlation (Recom. =
0.01, 0.0)

Setri.10.3
/GK/ (F5.3)

* GK : Geometry factor for radial thermal conduction mixing (= 0.5 : recommand)

Group 11 - Operating conditions and transient forcing functions
Setri.11
/NGROUP, N1, N2, N3, N4, N5, N6, N7, N8/ (915)
* NGROUP = 11
* N1(IH) : Inlet enthalpy or temperature

0 : Inlet enthalpy
=1 : Inlet temperature

= 2 : Inlet enthalpy for each subchannel

3 : Inlet temperature for each subchannel
* N2(IG) : Inlet mass flux (= 1 : recommand)

= ( : Inlet mass flux for each subchannel

1 : Average bundle mass flux but subchannel flow is split to give equal dp/dx

2 : Average bundle mass flux but flow is split by flow fraction supplied
* N3(NP) : Transient forcing function for system pressure (= 0)
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N4(NH) : Transient forcing function for inlet temperature (= 0)

NS(NG) : Transient forcing function for inlet mass flux or pressure drop (= 0)
N6(NQ) : Transient forcing function for average heat flux (= 0)

N7(K10) : Option for pressure drop boundary condition transients (= 0)

* NB(NHK) : Transient forcing function for exit enthalpy (= 0)

Setri.11.1
/PEXIT, HIN, GIN, AFLUX, HOUT, DPS/ (6F10.0)
* PEXIT : System pressure (psia)
* HIN : Inlet temperature (F)
* GIN : Inlet mass flux (Mlb/hr-f2)
* AFLUX : Average heat flux (MBtwhr-fi2)
* HOUT : Exit enthalpy (= blank)
* DPS : Option pressure drop rather than flow B.C. in the steady-state (= blank)

Group 12 - Output options for calculations
Setri.12
/NGROUP, N1, N2, N3, N4, N5, N6, N7, .N8&/ (915)
* NGROUP = 12 -
* NI(NOUT) : Print option

0 : Subchannel data only

: Subchannel data and crossflow only

1
= 2 : Subchannel data and fuel rod temperatures only
3 : Subchannel data, crossflows and.fuel rod temperatures
* N2(NPCHAN) : Option for subchannel data printout
= 0 : All subchannel data
> 0 : Read N2 subchannel identification numbers of subchannels to be printed
N3(NPROD) : Option for fuel rod heat flux and temperature printout
= ( : All rods are printed
> 0 : Read in N3 rod id. no. of rods to be printed
* N4(NPNODE) : Option for interior fuel node temp. printout for all rods
= 0 : Print rod centerline, rod surface and cladding surface temp.
* N5S(NPGAP) : Option for GAP crossflow printout
= 0 : Print crossflow for all GAPs
> 0 : Read GAP no. of GAPs to be printed
* N6(NSKPLT) : Option for transient plotting (= 0 : no plots are printed)
* N7(NPLTCH) : Option to plot channels (= 0 : no plots)
* NB(NPLTGP) : Option for GAP crossflow plotting (= 0 : no plot)
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55 E Geometry input description

Program GEOM

Program GEOM automatically calculates, and makes card images of, MATRA input data
for input card groups 4, 7, 8, for hexagonal rod bundles.

Card 1
/JCONTU, HEADER/ (I5, 18A4)
JCONTU = 1 : standard GEOM run
HEADER : job title

Card 2
Blank card.

Card 3
/RPITCH, RODDIM, PD, FFD, PACFAC/. (5E5.3)
RPITCH : rod pitch (in.) |
RODDIM : rod diameter (in.)
PD : ratio of rod pitch to rod diameter
FFD : flat to flat I.D. duct dimension
PACFAC : rod packing factor
0 : assembly telerances are applied only to the peripheral gaps and the interior gaps
are assumed to have a width defined as the rod pitch minus the rod diameter.
= 1 : assembly telerances are applied uniformly and the peripheral and interior gaps
have the same dimensions.

Card 4
/IOUT(1), IOUT(2), IOUT(3), I0UT(4), NPUN, IRODP/ (611)
IOUT(1) = | : area and gap connection data for MATRA group 4 are output.
IOUT(2) = 1 : gap direction angles for MATRA group 4 are output.
IOUT(3) = 1 : MATRA group 7 wire wrap data are output.
IOUT(4) = 1 : 1od to channe! connection data for group 8 are output.
NPUN = 0 : output is to be on logical unit 9.
IRODP

0 : use the nominal value of the rod power factor in Card 5.
= unit no. : individual relative rod powers for group 8 are to be read sequentially
from logical unit IRODP.
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Card 5 4
/NRODS, RDIAM, RAD, NTYPO, CW, IS, DEL, CORNER, ICOBRA/
(15, 2F5.3, 315, F5.3, 215)
NRODS : number of rods _
RDIAM : nominal rod diameter (in.)
RAD : nominal rod power factor. If IRODP = unit no., NTYPO = 0
NTYPO : subchannel friction factor typing parameter.
= 0 : all subchannels are type 1. (0.316Re*%)
= 1 : interior subchannels are type 1, side are type 2, and corner are type 3.
CW : wire wrap direction indicator.
= 0 : counterclockwise wrapping
= 1 : clockwise wrapping
IS : wire wrap starting angle (degrees).
DEL : the effective wire pitch fraction for forcing crossflow.
CORNER : corner subchannel switch.
= 0 : corner subchannels omitted
= ] : they are included
ICOBRA : option for for cobra rod sequence for input
= 0 : cobra code rod sequencing

= 1 : slthen code rod sequencing (change cobra rod sequencing)

Card 6
If IRODP = unit no. in Card 4, use relative rod powers (12F5.3)

Card 7
Blank card.
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