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TRACE plant modeling ...
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TRACE modeling philosophy
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° TSI MO SR 79 Break
@ Pipe

o 1% it R HAF RSP B 2 Pipe with valve

° npipes, nchans, nseps, nrods .= 3 Pipe with heater or heat conductor

\
B Pump

Example : S/G tube
2 TRACE#2:¢ ¢ » ¥ m4I? § Bpipefrf Silei » RHRE
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TRACE field equations

STRACE #2355} 2w % &7 &4 « F ipeni B - &
£ ?§3¢‘iﬁf%wmm%”ﬁoaf{%
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A
+»» Solution variables: Void fraction, steam and non-
condensible pressures , liqguid and vapor

velocities, liquid and vapor temperatures ,boron
concentration, heat structure temperatures
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Mass Conservation Equations

* Mean Mass

ANap, +(1-a)p.)

- +Vi(ap b +(1—=a)pV,)=0
ol o

* Vapor mass
/‘(1 ),) 21\
2 viapl)=r.
&l
Energy Conservation Equations

« The base energy equations are

4’(41 @)oo+ ll/'vy‘.)
ol

v\ (ll a)poe b, vap ol ’“

N e a4,

Na o o ) R 2 .
((‘4' Vol p el ,): - I'# - PN <(ul £ )- Gog et et I
(ag) ol
® Here energy source terms are wall heating. direct heat (e.g. radiation), and interfacial

heat transfer

® Work Is scheduled 1o convert to a fully conservative form of the energy equation

1-D Momentum Equation

e Liquid Momentum Equation:

5 3 | [ 5
AN, =\ —]
i, (1 —u’p,( .

-7 ]t’,-i",|

ot

it

: ('-‘ V ‘A’)” “ *ll)/’

,,___“A”,I" I-,Il',lﬁg ’

« Gas Momentum Equation:

ST 7 7 SR B v T -/ M | 7 |‘]r .l’,|
P | - . 2, (I,vg( x .
l-. 3 7 Cu » »
- (1,-1-,)—-—'—:"|r,|-g.
a@p, @y,

* [ is non-zero only when net condensation occurs

I'is non-zero only when
net bolling occurs.

Wall Energy Sources

Heat to the fluid from the wall is in a standard form:
Gur = MALT, = 1)), Quy = WA, —T,)

where wall areas are expressed as an area per unit fluid volume, and heat transfer
coefficients contain information on average fraction of wall area contacting liquid
Wall temperatures are obtained from a standard conduction equation.

cl
Pl

=V AVT + g™

52
e,

Two-Dimensional conduction is permitted in Cartesian (x.y). Cylindrical (r,z), or
Spherical (r. ) Geometry,
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Annular
e Wallis
e Asali and Hanratty for cocurrent
downflow
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Simple vertical flow map
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e R Mist
B VP L] = T o Bubble /

2000 Interpo-
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Region

L

Mass Flux 4
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Bubble

R owm om0 B 0 03 0.5 0.75 I
KataOka :%E A -';2? KltSCha 'f‘? Void Fraction
Kocamustafaogullari # !
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Simple vertical flow map

Pre-chf void fraction predictions for pipes and rod bundles

Smissaert (ANL) Vertical Air-Water Tests

Predicted Void Fraction (-)

0.8
0.6

0.4

1.0 T T
+ 0045 FRIGG 36-Rod Bundle Tests
: gi g: P =5 (MPa)
s 03fus 0.8 G = 700-1500 (kg/m"s) -
o 041fs -
0 06 s S
o 08fis =
& 1.0fts = 0.6 - A |
B r{J
-
k=] F'y
2 041 2 & _
- m
3
m
[
02 |
-1
A
0.0 | | | |
0.0 02 0.4 0.6 0.8
02 04 06 0.8 1 _ _
Measured Void Fraction (-} Measured Void Fraction
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Horizontal flow map

Horizontal flow regimes

« Stratified Wavy and Plug-Slug are
not modeled explicitly. Treated as

transition regimes. : ig

Stratified Smooth

Transition criterion and weighting:
- {1 hﬂj gApcost A, /
r,crit D pg(dAg/ dhg) m Annular | Dispersed

v
wfr_p= Maz|0, Min|1, 2———"

ra

r, crit
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Horizontal flow map

Calculated Void Fraction

Horizontal flow map predictions of void fraction and flooding criteria.

1.0 T I | 1.0 ,
TPTF Stratification Tests
m P=3MPa
0.8 A P=5MPa — 08— |
X P=7.3 MPa
¢ P-28.6MPa & g
0.6 — — 06 —
“ En
= ||
(] -
0.4 . 04 No =
Flooding " ag
® Richter CCFL Model
icnter oae
B UPTF Data : 15 bar
02—  45% n 02— | & UPTF Data : 3 bar n
5 9 O TRACE Calc: 15 bar
& TRACE Calc : 3 bar
0.0 | | | | 0.0 | | !
0.0 0.2 0.4 0.6 0.8 1.0 D.00 0.05 0.10 0.15

Mezasured Void Fraction

= 15E

(i)
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Critical flow model

-3 el Te?i';‘ sm(Critical Flow) =3 % & >

%:P\._ rﬂ?ﬂln—-}bka'r/’;%m\/ﬁ'%‘rﬁgo

(Subcooled)m %*' m/ﬁ;i (Vi) g f’:‘ 5 i
ayiq * 4 PG AR N T(MKL) o e ZF O
% o 5 vEIR % (throat) FF o d »% 7 48 £

f-éﬁ»  Wakowmwm A, ¥R x4
@/ﬁ%ﬁ%‘*%#ﬁlw EinRE o AR R
& (Two-phase) i g8 b e 32 € ™ *% 5 ayp
G %ﬂ ! %ﬁﬁxﬂ *5"1(M>1) Ll I i

l

AN

ﬂ

TS

A

J‘-%E}i(Vt:aHE) f%an;?' J'_ﬁ
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Critical flow model

TRACE #23% P ##5 &0t in e

;\ mfz -;E-'r Bb 4 l% ¥ X5 Vi Shik.edfalow model ﬁ;z:‘aﬁgﬁﬁgfgwmdel
o , Y . st R £ 8 Ah a o ) i 1% A Choked et
R - eni g B r—— T
£ Fﬁg 5‘3 fE"ﬂ?; ’fﬁri\‘ o TRACE ’LL’:— CHOKE-?ﬂ%aKsouuoﬂ-l:lahﬁmml&&#al
EERE e RSCHKE T

e B P 2l S L F L/D=1.5or L/D<150r 348 or RA K
NE Ry s l§ Vix "ﬁ E e :}?;-i*gfi;:ﬂ:ilﬂ' A8 TR j.qqgﬁgmghz‘oﬁ:;i61@?'}.’1‘-‘
et AT % > CHOKE g i [fmom et [t |t 20 41

equnllbnum sound speed constant entropy /\

¥ H .5 — -—J- % =\ SOUND RS2 — T | expansion a. b.
_I.;]r \'—' —r'r BA | upATRACEA R st X | T=T,0rX=1 T <TgorX<1l
2 » 2 % _F' ﬁ | stgnation properties i 40k | Superheated Vapor Non -Superheated Vapor
. e e
lﬁ m._E.] 5 I;, B #B $+ }% m,g B Phase at Cell Center Phase at Cell Center

FE Rk AL 20 Sl K {
3 \ )g\t‘\———‘ j N 2 { ’

jfﬂ L;If il ‘7: d 4\‘ SOUNDN & ik & + /5 B145CHOKE + iCHOKER HIBF AL 4 &85
) '-‘f 2> e L, SV

/ N A ? '7-TB ﬂ S v O E q, o
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Counter Current Flow Limitation
(CCFL) model

> REARR & AR W*%Wmmﬁwﬁﬁ wm?amqpﬂ%%

» ERIRWE F AR gérsm g gndeigt o H 3 ’«k@;’?’ & ’ﬁﬁlaffﬁ-w » i
' 24 (Counter— Current Flow leltlng, CCFL) - = CCFL" CFABREAFR
PRFEAF LR LT > B E R R F 4 2 T & (LBLOCA)FE > Bféﬁk %
% ar & BL(BECCS) #-i4 oK i ie B Y '»ﬁ ’f”*ﬂ‘*m.)iiﬁrﬁ @A 0 AAm grd A
CCFLe»a i@ 184 4r-kam £ 1 <EJ/$M M H_feYg s b #45 (upper tie plate)?) = #
K (poor formation) @ |t 447 %3 7 K 2 LOCAE #=pF » & Jf & ¥ g FICCFLex
B ¥ oa g 15’/4‘ FroR R oARENI N Ypeu ¥4 Fr g o
> TRACEAZ.:' Z 7 %s—%%iCCFLﬁ%l IR 4 P VAR A -D 3-Dended
AU L0 #BE&? FHCR L T_E iﬂmg enff 23 0 A CCFL#;
» & 7 Bankoff?;3;% ~ Kutateladze?) 3¢ ~ 1« ZinWallls’T"\ )

=t Afpsle
g,ﬁ = 'E‘ Fﬁg ',J‘;

]1f2

+ 1/2 _ ¢ k=ik|—F—
my]; W gd(pf—pg)

s
S Py *IEH R Py A R RS R ECRE R (k=gas or liquid)
k=Jk|—F7 d BFURER » ohREES -
0 (e — p)
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> F R B R A A% VESSEL & & #o4 »

VESSEL 5 = fale it » A 2|4 20 % ~ 613
S h LR 120 ph

> 5 lmEHsER e 0 TR F (Core
Barrel ) 2. %32 © %23 fdt F JBYp "%
i % (Reactor downcomer) ; = - & %
HBI@r 32 0 & - RHIHD:
60° » %74 12 61 £ BB T T 304
Fe b0l > & B H? > g B G :
.60 % » At e 2 %33 %6k 5 &

¥ i (Hot-leg) @ & % 13 % 84 -

4 24 B (Cold-leg) B i #3% % 27k ¢n
58K > VESSEL £ A& 2| 4o @ #7 7 o

Vessel region

Loop 1 Cold-leg

R e e e e e e e o o
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[ % =FETRACE model ]
> 2= K- < RIFRE(loop-1)2 AT A2 B7 & Bl
Ry * KA
Db, ¢ F'%&ﬁﬂ
<>!.-’*‘<> \&
<>';«{,i & — 5 Mg
Loop #1
AAALR P
UkeE
_

17K ~ 85 £1 K

# X ;£ KFILL
w % B 89 VALVE
|
S| #HERCP dht

4 3R 69 BREAK 5 ?é%?:fs :
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[ ¥ =R TRACE model

® & & kit %%&TRACE%@ il N S
28 AT A TRACE  |4p #F-4 (%)

s #F F (MW) 2822 2822 0
FRBREiL ek A 5uR4 (MPa) 15.513 15.52 0.05
F R4 ark a i n g (Mkg/hr) 49.59 49.57 0.04
BB R WA (M3) 23.79 23.77 0.084
#BFRER (KGLD 599.75 601.7 0.33
£E R R (KGL) 565.35 566.57 0.22
#AALFRA (MP)(3X2) 6.74 6.91 2.5
FAER (K)(GE2) 555.45 558.09 0.48
EAAL BF L (%)GE2) 50 50 0
i1 7] RCSH = i g2 T
(X2 0 W SGH#H22 TR
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| EBIUEEEESBOBUE |

> 7 Ry 2 2 (Station Blackout,
SBO) &% B+% ¢ ¢ =tz 10 CFR
50.2° 2. 2 Z AP T R r & 4 @ EETM2EZEIEFRA £
E Rt % & (Essential ) 2 % ?EET"?

. VEL 7o o R = Fh =3
& (Nonessential ) & R i 2. 2 il __ - fi% p
= - PREA S F RREE o~ AR R PR
B '/})%z (Alternatﬁmg currer,lt 508 F b ok R R < K B2 fok
electric power) » ® T £ fg ¢ 9% 0B B 4
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