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I. INIPODUCTION

The purpme of this talk is to describe three parts of the TRtc heat

transfer package, as shown in Fig. 1. First, the wall to fluid heat transfer

coefficient (HIC) carrelat.!cns and their selection logic are described.
Second, the current gap conc.rtance model is described and short-term and
long-term improvements are discussed. Third, an improved reflood heat
transfer model is described.

1We TRAC-PlA HIC mrrelations and gap conductance m3dels are described
and then the model corrections and improvements for TRAC-PD2 (previously
called TRAC-PIA /bODl) and subsequent mde versions is outlined. In addition,
heat transfer corrections given in the first TRAC newsletter are discussed.

The generalized boiling curve and the various TRAC-PlA heat transfer
regimes are shown in Figs. 2 and 3. The logic used for the selection of each

regime is shown in Fig.L Figures 5-12 sh w the individual correlations used
in each regime and also the methods used in splitting the heat transfer
coefficients into liquid and vapor components. We critical heat flux (CHF)

and minimum stable film boiling (Tmin) rrelations are discussed in Figs.
13-17 arxl 19-22. Figure 18 shows IDFT L2-3 peak clad temperature results for
two T rrelaticns. Figure 23-25 shw the HIC changes in TRAC-NEWS 1min
and TRAC-PD2. The gap conductance models are shown in Figs. 26-28 and the new

reflood heat transfer model inplemented into TRAC-PD2 is shown in Figs. 29-36.
These models are discussed in detail in the following sections.

II. GENERALIZED BOILI?G CURVE

The heat transfer coefficients (HIC's) used in TRAC are obtained frcm a
boiling curve constructed for the given set of fluid and wall conditions. he

HIC correlaticns used in constructing this curve, Fig. 2, are coded in a
subroutine named HICOR and in a series of subroutines called by HICOR. %is
package of subroutines is used for all conditicas and in all cmponents where
HIC's are required.

A. HIC Selection Irgic

Figure 4 shows a flow diagram of subroutine HICOR. Before discussing the
detailed selection of the heat transfer regimes available in TRAC-PlA, Fig. 3,
several general comments can be made: 1604 058
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1) IfICOR is independent of the TRAC flow regime map,

2) the flow quality is used in the correlations, and
3) in IIT00R, the slip is set equal to 1.0 if any of the following

conditions occur: a1 .001, the liquid velocity is zero, or if the

slip is negative; that is, the slip is set equal to one in

counter-current flow.
For a given set of conditions, the heet transfer coefficient is found in

the following manner (See Fig. 4):

1) if a 1 9995, IfIC is forced convection to vapor, Regime 6, Fig. 9,

2) if a < .9995, the ICHF flag is examined. IQIF is a TRAC input
variable. If IQ1F=0, no QF calculation is made and the IfIC is

calculated by using mixture equations, Regime 7, Fig.10,

3) if IQ1F / 0, the boiling curve is examined. First, the two terms of
3the Chen wrrelation are calculated. If the wall temperature is

less than the liquid tenperature or the wall temperature is less than
the saturation temperature, the void fraction is checked to see if
single phase liquid is present (Fig. 5) or condensation is occurring
(Figs 11, 12). If a < .05, forced convection to single phase liquid

is exists. Otherwise condensation exists,

4) if the wall temperature inequalities discussed in #3 do not exist

(that is if 'IW l TL andTN 1 TSAT), the steady state input flag,1SIDY,

is next checked. For eteady state conditions, ISIDY=1, only Rcyime 2
(nucleate boiling and forced convection vaporization) can occur if
Regime 1 does mt exist. For transient mnditions, the critical heat

flux temperature is next calculated. The correlation (s) used depend
upcn the input variable IQiF (Fig.13), except that IQIF=1 is always

used in the vessel. For IQiF=1, the Zuber and Biasi correlations are

used in the mass flux regims shown in Fig.14. These correlations,

which calculate the heat flux at 01F, QCHF, are shown in Figs. 15 and

16. The QF temperature, 'IGIF, is found by iteration - using the

Chen correlation and QQIF. It should be noted that these correlations
include subcooled effects,

5) if the wall temperature, 'IW, is less than 'IGIF, nucleate boiling
exists, otherwise the minimun stable film boiling temperature ('IMIN)
is calculated in order to determine if transition or film boiling

exists,

1604 059
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6) if 7W < TMIN (it is already known that TW > TCHF), transition boiling
exists, and

7) if TW > iMIN, film boiling exists.

D. Minimum Stable Film Boiling Tenperature (TMIN)

We minimum stable film boiling temperature has a significant effect on
TRIC results since it controls return to nucleate boiling. This is shown in
the IDFP Nuclear Test results of Fig.18.4 The 7tnin correlation used in
TRPC-PlA is shcwn in Fig. 20 and in this equation 7tnin is only a function of
the liquid and wall properties and the liquid temperature.

A 7tnin equation proposed for TRPC-PD2 is described in Figs. 21 and
22.5,6 In additicn to the physical properties, the Iloeje correlation
depends on the equilibrium quality arx3 the mass flux. Since the Iloeje 7tnin
increases with irx:reasing G, it was proposed at the NRC workshop on Rewet

2Phenomena in Denver that for G > 100,000 ltn/hrf t , G = 100,000 be used.

III. HTCOR ASSESSMENT

After IRAC-PlA was released, a number of organizations made calculations
for situations that had not been previously examined, and these results
indicated that discontinuities existed in the TRAC-PlA boiling curve. In
addition several constants were found to be incorrect. The coding changes
needed to correct these errors are described in Ref. 2. These problems led to
a detailed examination of the TRAC heat transfer package. We examination was
conducted by renoving the heat transfer package frcm TRAC and running a small
stand-alone computer program for a wide range of conditions. Curves were
generated for the liquid and vapor heat transfer ocefficients vs. the wall
temperature, for the HIC's vs. the void fraction and for the critical heat
flux vs. mass flux.

2It was found that at G = 300 kg/m s, a discontinuity exists between the
two equaticns used in the Biasi equation.0 Wis discontinuity results from
Biasi's reamnendation to always use one of the two equations below G = 300
and the maximum of the results of the two equations above G = 300. he

recarmendaticn was due to the fact that Biasi considered both QGF and X to be
unknowns and he wanted to avoid calculating qualities greater than 1.0. In

TRIC-PD2 the maximun QCHF fran the two equations is used for all values of G.

1604 060_3_
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In addition, it was found that the heat transfer coefficients were

disomtinuous between several regimes. We heat transfer coefficient
correlation changes made as a result of this investigation and model additions
and improvements made because of greater eroerience with an increasingly wide
range of 'IRAC calculations are discussed in the next section.

IV. TRAC-PD2 HEAT TRANSFER CHANGES

Wall to fluid heat transfer correlation changes made between TRAC-NEWS 1

and TRAC-PD2 are listed in Figs. 24 and 25. We following changes were made:

1) Sirre the experimental data used in obtaining the Chen and CHF
correlations generally involved equilibritsn data, the quality used in
evaluating these correlaticns was changed frm the flow quality to the
equilibrium quality,

2) TRAC users have identified problems with the condensation equations
(Figs.11 and 12), and several consultants have suggested replacing the
current eqtaticns with the Chen correction as irrlicated in Fig. 24,

3) As discussed above, a discontinuity exists in the Biasi equations at
2G = 300 kg/m s and this discontinuity has been removed,

4) TRAC-PIA uses only the hmogeneous nucleation Tmin equation and this

eqtuticn is rot adequate to predict IDET rewets. Therefore, the maximum of
this equation and the Iloeje equaticn will be used in TRAC-PD2 if further
assessment calculaticns confirm the accuracy of the Iloeje correlation. We
maximtun of the two equations is used since the Iloeje equation gives
unrealistically low values of Tmin at low pressures,

5) TRAC-PlA did not allow the user to specify ZrO at the clad outside,2

6) Previous versicns of the code set the CHF temperature equal to T
sat

+ 5.0 if the calculated T was less than TSAT + 5.0. Sme calculations
CHF

showed that the heat transfer was nucleate boiling, whereas the data indicated

that dryout had occurred. Therefore this coding was changed,

1604 061_,_
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7) The high speed flow correction to the vapor ITIC resulted in incorrect
ifIC's and is being deleted,

8) The discontinuity in the vapor heat transfer coefficients between the
transiticn and film boiling regimes was corrected,

9) The Lineham and Grolmes subcooled boiling equation does not apply to
conditions in which it was used. In addition the subcooling is accounted for
in the CHF correlaticns (see Fig.15) . Werefore this equation was renoved
frcm the code,

10) Liquid natural convection correlations were not included in the code
and these correlations have been added,

11) We Biasi and Bowring correlaticas due not apply over the entire mass
flux range of interest in a reactor; and, therefore, only the combination of
the Zuber and Biasi correlations (ICHF=1) is now available (ICHF=0 is still
allowed), and

12) The TRAC-PlA calculations for IDET L2-2 showed that the transition to
convecticn to vapor (Regime 6) should occur at a void fraction lower than

0.9995 (see Fig. 4) . In RELAP/ MOD 6 this transition occurs at a = .96, based
on the work of Hsu and Beckner.9 Werefore, in order to insure a smooth
boiling curve, linear interpolation was used for the heat transfer

coefficients between the values calculated at a = .96 and the values for a =
1.0.

Rese changes, except for the Iloeje correlation, have been implemented
into TRAC and are being assessed. The Iloeje correlation will be implemented
if further assessment shows that it gives good agreement with data.

V. GAP CONDUCTANCE

'IRAC gap conductance plans are shown in Fig. 26. As indicated in the
figure, TRAC-P1A has a constant, input radial gas gap and the gap conductance
changes during a transient cnly through the temperature effects on the gas

1604 062---
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thermal conductivity and through the radiative heat transfer term 1 (see Fig.

27).
An inproved gap conductance model is being inplemented into TRAC-PD2, and

the FRA M and FR b codes are planned for future implementation.
The model to be used in TRAC-PD2 is discussed in detail in Ref. 12. We basic
equaticn, boundary conditicns, and assumptions for this model are shown in
Fig. 28. The uncoupled, quasi-static approximation for the fuel rod
mechanical equaticns in which the mechanical coupling term in the energy
equaticn and the inertial term in the mechanical force balance are canitted, is
used. By neglecting these terms it is asstrned that the influence of the
strains in the fuel and clad on the tenperature distribution are small and
that to vibraticns due to the thermal stresses occur.

The fuel clad gap system is modeled in three regions: solid fuel, cracked
fuel, and cladding. W is simplified model is an improvement over the constant
radial gas gap in TRAC-PlA and it will be inplemented into TRAC and used until
nore detailed models are available.

VI. CONCWSIONS AND EUIURE WORK

2e conclusicns from the TRAC-PD2 heat transfer changes are shown in Fig.
37. As indicated several errors were corrected and the boiling curve was made

nore continuous. New nodels were added to reflect the results of data
conpariscns made af ter TRAC-P1A was released. It should be noted, that the
Iloeje correlation has rot yet been inplemented into TRAC-PD2. % is will only
be done if comparisons with additional data indicate that the Iloeje
correlaticn gives good results.

Heat transfer changes and assessment intended for the imediate future are
listed in Fig. 38. These items are discussed above in detail.

1604 063
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Appendix A. IDeKIA'IURE

c,c specific heatp
D hydraulic diameterH
g acceleraticn of gravity
g nstant of proporticnalitye
G,Gi mass flux
Gr Grashof Number
h
L liquid heat transfer mefficient

hy vapor heat transfer coefficient

hgg latent heat of vaporization
k,(,k,g thermal conductivityy

Nu Nusselt Number
P pressure
P critical pressurec
Pr Prandtl Number
Re Reyrolds Number
'nnin minimtra fihn boiling temperature
ATmin Tmin - Tsat
T wall temperaturey

T ' 'ICRIT critical tenperaturec
T liquid tenperatureg
Tsat, T saturaticn temperatures
St Stanton Number
u radial displacement
x flow quality
Xe equilibrium quality
p viscosity

p density
Ap P -PL v
o surface tension, Stefan-Boltzmann constant in Figure 7
a

void fraction, coefficient of thermal expansion on gap
conductance slides

c emissivity 1604 065v Poisson's ratio
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SUBSCRIPIS

L liquid

v vapor

w wall

f saturated liquid

g saturated vapor
TP two phase

NC natural convection
D-R Dougall-Rohsenow

ISC subcooled boiling
R radiation

BBDM Bromley

1604 066
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lFIGURE 3. TRAC-PIA HEAT TRANSFER REGIMES
.s

HEAT TRANSFER REGIME FLAG

IDREG HEAT TRANSFER REGIME
(IDR)

1
FORCED CONVECTION TO SINGLE PHASE LIQUID

2 NUCLEATE BOILING

3 TRANSITION B0lLING

4 FILM BOILING

6 FORCED CONVECTION TO VAPOR

7 FORCED CONVECTION TO MIXTURE

11 CONDENSATION - HORIZONTAL

h 12 CONDENSATION - VERTICAL - LAMINAR
^

13 CONDENSATION - VERTICAL - TURBULENTS
'
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START

1 r

CALCULATE ABSOLUTE
VALUES AND QUALITY

1

FREE OR FORCED
YES

a > 0.9995 ; CONVECTION TO - - >

? VAPOR (i = 6)
/
NO

1 r

YES FORCED CONVECTION
ICHF = 0 ;

TO MIXTURE (i = 7)
,

NO
ir

CALCULATE FORCED CHEN
U

CONVECTION AND -*

NUCLEATE BOILING CHEN CORRELATION

1 f

YES <T g
OR 7

\YW<Tsx
NO

1 r

FORCED COWECTION
YES

ISTDY = 1 ; VAPORIZATION AND W
7 NUCLEATE BOILING (i = 2)

NO

1( U 1(

A B C

FIGURE 4. TRAC-PlA Heat transfer regine and correlation Selection logic.
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A B C
ir y I'

CALCULATE CRITICAL CHF
HEAT FLUX AND

WALL TEMPER ATURE 1. BIA$l/ZUBER
2. BIASI
3. DOWRING

6 i6

IP 'P

CHF1 CHF2

'r

NO FORCED CONVECTION
T,, > T VAPORIZATION AND Nm,

'I NUCLEATE BOILING H = 2)y

CALCULATE MINIMUM
STABLE FILM BOILING _ YES

TEMPERATURE 1r

NOT, > T TRANSITIONa
BOILING fi = 3)

7

,YES,

I

FILM BOLLING
0 = 4)

1P

NO
e < 0.05 -

?

YES

FORCED CONVECTION
- TO $1NGLE-PHASE

LlOUID U = Il
i

<TNO g
AND I
<T

YES

If If 1f
D E F

FIGURE 4. (CONTINUED)
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,

O E F

' f1 r

NO YIHORIZONTAL FILM VERTICAL FILMGRAVG > 0.5
CONDENSATION (i = 11) y CONDENSATION li = 12)

MAXIMUM OF FILM
; AND TURBULENT 2

CONDENSATION (i = 13)

1
H,H.g g

Ty,,AND
,

I

STOP

ICHF = CHF TEST FLAG
ISTDY = STE ADY STATE FLAG
GRAVG = cos #

FIGURE 4. (CONTINUED)
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Frams 5. HTCOR - REGIME 1

FORCED CONVECTION TO LInUID

Hy = 0

HL = MAX (HLAM, HTURB)

LAMINAR : N U = I4

TURBULENT: DITTUS - BOELTER

NOTES: 1) PROPERTIES EVALUATED AT TL

2) NO NATURAL CONVECTION OPTION
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nauas 6. HTCOR - REGIME 2

NUCLEATE BOILING - CHEN CORRELATION

a%995

Hy=0

HL=HFORC+ MIN [1,Tg-TSAT 'g
NUCB

Ty-TL/

HFORC = MAX (HLAM, HTURB)

RE INCLUDES CHEN F FACTOR

KTP " 1

1-X + X

KL KV

ALL OTHER PROPERTIES AT T
L
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FIGURE 6. (CNf1NUED)

HTCOR - REGIME 2 CONTINUED
,

a z.995

H"W HFORC + MIN (1, Ty - TSAT)L F
,gNUCB

_ ( Ty - TL/
_

H

= (1 - W ) MAX (HNC' HTURB)V p

HNC = .13 (GRy pry)'333

HTURB = DITTUS - B0ELTER - VAPOR

W = 1 - ( a .995)p

.00I45
.

.
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FIGURE 7. HTCOR - REGIME 3

TRANSITION BOILING

7=/TW-TMIN T2
i 1

(TCHF-TMIN/

HTB " 7 ' OCHF + (1 - 7) ' OMIN

Ty-TSAT
- .

SAT - T )/(Tg - T )HL=HTB + W (1 - ) H+HLSC (T L LF R

. .

Hy = W a MAX (HNC, H -R)p
D

Wp = Ty - TCHF

1604 076
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FIGURE 7. (CONTINUED)

HTCOR - REGIME 3 CONTINUED _

HLSC = SUBC00 LED HTC

FROM: J. H. LINEHAN AND M. A. GROLMES,

" CONDENSATION OF A HIGH VELOCITY VAPOR

ON A SUBC00 LED LIQUID JET IN STRATIFIED
FLOW", FOURTH INT. HEAT TRANS. CONF.
PARIS, 1970

ST = NUL L = .012
RE PRL L

H = RADIATION HTCR

4 4
(Tg -T SAT)=oc

.

Ty-TSAT
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ncus 8. HTCOR - REGIME 4

FILM BOILING

_R+HLSC (TSAT - T )IIL" (1 - ) H L

Ty - TL

Hy = (1 - a ) (Ty - TSAT) H
BROM

Tg - Ty

+ a MAX (HNC, H -R)D

IF TW-T>0y

Hy = a MAX (HNC, H -R)D

IF Tg - Ty s 0 1604 078
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F'IGURE 9. HTCOR - REGIME 6

FORCED CONVECTION TO VAPOR

H=0L

Hy = MAX (HNC' HTURB)

NUNC = .13 (GR PR)'333

HTURB = DITTUS - B0ELTER - VAPOR

IF V
VAPOR 50 M/SEC

THEN HIGH-SPEED CORRECTION USED

Hy = 0 IF ADIABATIC WALL TEMPERATURE

GREATER THAN Ty

LNR.
1604 079
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noms 10. HTCOR - REGIME 7

OPTIONAL - USED IF ICHF = 0

FORCED CONVECTION TO MIXTURE

a <. 995

H = MAX (HLAM' HTURB)L

NULAM = 4

HTURB = DITTUS - B0ELTER

PROPERTIES EVALUATED AT TL

1
EXCEPT pu =

_

"L M V 1604 A.
Hy = 0
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FIGURE 10. (CONTINUED)

HTCOR - REGIME 7 CONTINUED

a >.995

L = W MAX (HLAM' HTURB)H
F

Hy = (1 - Wp) MAX (HNC' HVTURB)

Wp = 1 - ( a .995)

.00145

IF VVAPOR > 50 M/SEC, HIGH-SPEED CORRECTION

AGAIN USED
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FIGURE 11. HTCOR - REGIMES 11,13

FILM CONDENSATION IN HORIZONTAL PIPES

!! -0
v

~

t (P - P) . FG * L
.HHy = .296 P

~

t
WL1':FTw. -W$es -

H PL kW TSAT
,

D
_

H=HIF VVAPOR = 0 L y

IF VVAPOR40

>2
PK C P(H2 = .065 t

T
p N

- - 1604 082
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Ry
2
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natmz 12. IlTCOR - REGIME 12

LAMINAR FILM CONDENSATION IN VERTICAL PIPES

Hy = 0

HL = 1.132 - p (p - p ) o c e s e s
t t

y FG"
D p

Tw-TSATg l.
.
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FIGURE 13.CHF CORRELATIONS

ICHF = 0 NO CHF, REGIME 7

HTC'S USED

ICHF = 1 ZUBER/BIASI

ICHF = 2 BIASI

ICHF = 3 B0 WRING

AND CHEN HTC CORRELATIONFOUND BY ITERATING USING QCHFTCHF

IF TCHF < TSAT + 5.0

SET EQUAL TSAT + 5.0TCHF
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FIGURE 14. ICHF = 1 ZUBER/BIASI CHF

ALWAYS USED IN VESSEL

OPTIONAL IN OTHER COMPONENTS

VERTICAL FLOW ( COSe 1 ,1 )

-6004 G4100 KG ZUBER CHF

2M3

Ge-700 OR G; 200

BIASI USED

G BETWEEN -600 AND -700

OR G BETWEEN 100 AND 200

LINEAR INTERPOLATION USED

NOTES: 1) ZUBER INCLUDES SUBC00 LED TERM

2)) FLOW OUALITY USED

IF COSO 4 .1, BIASI USED
1604 085
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n waz 15. ZUBER CHF CORRELATION

E ["kt-E>QCHF * (1- ) '131 HFG v v

(p2 jy

+O
'

SUB
.

QSUB = 2 K (TSAT - T )L

TT T K j p CP |t t

IF TSAT - T >0L

OSUB = 0 IF TSAT - T 10L

T=2,625(Ig p_p 3)@ .y g (p p , . .25

2Py- ,
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FIGURE 16. BIASI CHF CORRELATION

'F(P,G)-X}QCHFl" F1 (D, G)
,2

QCHF2 = F (D,G,P) (1-X)
3

QCHF2 " OCHF IF Gd 300 KG
2M3

OTHERWISE OCHF = MAX (0CHF1, OCHF2)

NOTE: X IS FLOW OVALITY
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FIGURE 17. B0 WRING CHF CORRELATION

XOCHF = A - B HFG

C

A = A (HFG, D, G, P)

B = B (D, G)

C = C (D, G, P)

NOTE: X IS FLOW QUALITY
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FIGURE 19.

MINIMUM STABLE FILM BOILING TEMPERATURE. Tm

TRAC-P1A CORRELATION: HOMOGENEOUS NUCLEATION

Twin = F (WALL AND LIQUID PROPERTIES )

ILOEJE CORRELATION :

Twin = F (PROPERTIES, G, X)
_

8
n

a

_
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riams 20. MINIMUM STABLE FILM BOILING TEMPERATURE

TRAC'- P1A:

Tgig = TCRIT + (TCRIT - T ) R 5L

R = K P CPtt t

K P CPww g

1604 091

9.
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FIGJRE 21. MINIMUM STABLE FILM BOILING TEMPERATURE

IL0EJE, ET. AL.:

TMIN = TSAT + .29 ATBER '

) 1 + (G X10-4)(1 .295 XE
'

TBER = .127 PFH
FG [

'

' "
'

Kp ( P+P /t y

IGc 0 ) [ Up )f
,

G(p - p ); ( G(p -p ))
l

( t y

PROPOSED TMIN:

TMIN = MAX (P1A, IL0EJE)

1604 092

!.., .
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nmas 22. IL0EJE et al. T CORRELATIONmin

DATA BASE

2G = 40,000 - 100,000 lbm/hr - ft

kg

2= 54. 2 - 135. 6 ms

X .3 .8=
e

p = 1000 psia

6 2= 6. 89 x 10 ntIm

' Data Base for Iloeje Tmin Correlation

'

1604 093



COMPARISON OF TRAC-P1A AND TRAC-NEWS 1 HEAT TRANSFER

1) HTC BASED ON T SEVERAL PLACES INSTEAD OF TtSAT

2) ERRORS IN CONSTANTS IN CHF CORRELATIONS CORRECTED *

TRAC NEWSLETTER NO.1, JULY,1979

'

as

>

LOS ALAMOS SCIENTIFIC LABORATORY

FIGURE 23.

.



.

-

TRAC-PD2 HEAT TRANSFER CHANGES

1. USE EQUILIBRIUM QUALITY INSTEAD OF FLOW QUALITY IN
CHF AND CHEN CORRELATIONS

2. REPLACE CONDENSATION HTC CORRELATIONS WITH CHEN
CORRELATION, WITH THE SUPPRESSION FACTOR, S, ZERO

3. REMOVE 300 KG/M S EQUATION CUT-OFF IN BI ASI

4. USE HOMOGENEOUS NUCLEATION AND ILOEJE Tsnu

5. ALLOW CLAD OUTSIDE TO BE ZR02

6. CHANGE Tcar = TSAT + 5.0 STATEMENT TO Tsar + 0.5-

$
.

u,

LOS ALAMOS SCIENTIFIC LABORATORY

FIGURE 24.



TRAC-PD2 HEAT TRANSFER CHANGES

7. DELETE HIGH SPEED FLOW CORRECTION TO VAPOR HTC

8. MAKE Hy CONTINUOUS BETWEEN REGIMES 3 AND 4

9. DELETE LINEHAM AND GROLMES SUBC00 LED HTC
(SUBC00 LING ACCOUNTED FOR IN OTHER CORRELATIONS)

10. ADD NATURAL CONVECTION TO REGIME 1

11. DELETE ICHF = 2 (BIASI ONLY) AND ICHF = 3 (BOWRING
ONLY) CORRELATIONS

12. FOR VOID FRACTION GREATER THAN .96, USE LINEAR
INTERPOLATION BETWEEN CONVECTION TO VAPOR AND
CURRENT HEAT TRANSFER REGIME

~

as

4

Os LOS ALAMOS SCIENTIFIC LABORATORY
-

FIGURE 25.

.
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TRAC GAP CONTJC"AXCE
TRAC-P 1A:

* FUEL / CLAD GAP CONSTANT

SHORT-TERM:

* THERMAL EXPANSION MODEL

UNCOUPLED, QUASI-STATIC APPROXIMATION

TWO FUEL REGIONS - UNCRACKED AND CRACKED + CLAD

LONG-TERM:

* FRAPCON FOR STEADY STATE

* FRAP-T FOR THE TRANSIENT
S

LOS ALAMOS SCIENTIFIC LABORATORY

FIGURE 26.



TRAC-P1A GAP CONDUCTANCE MODEL

Hors = KoAs / ( Ar + 6 )

KcAs = GAS THERMAL CONDUCTIVITY

6 = MEAN FUEL ROUGHNESS ( 4.4E-6 )

Ar = RADIAL GAS GAP THICKNESS

THE RADIAL GAS GAP THICKNESS
REMAINS CONSTANT THROUGHOUT

g A RUN.
2

LOS ALAMOS SCIENTIFIC LABORATORY

FIGURE 27.
~

.
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SHORT-TERM SOLUTION
UNCOUPLED QUASI-STATIC EQUATION OF MOTION-

a2u/ ara + r-tau /ar - u/r 2 =

a(1. + v)/(1. -- v) ST/ar

BOUNDARY CONDITIONS AND ASSUMPTIONS :

1. ZERO TRACTIONS AT BOUNDARIES

h 2. AXIAL EXPANSION IS ALLOWED

3 3. PLAIN STRAIN IS ASSUMED

b LOS ALAMOS SCIENTiflC LABORATORY

FIGURE 28.
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FIGURE 29. QUENCH FRONT PROPAGATION
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Ceeweettee

(LOW k) (HIGH M)

NARROW REWETTING REGION ( ~1 MM)*

* LARGE HEAT FLUXES

* AXIAL CONDUCTION

QUENCH FRONT VELOCITY NOI, IN GENERAL, CONSTANT*

PRE-COOLING (I.E., CONVECTION & RADIATION TO DROPLETS)*

LAGRANGIAN OF MOTION*

WQ 1604 100
MULTIPLE QUENCH FRONTS*
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FIGURE 30. TRAC MODIFICATIONS

IMPROVED ROD CONDUCTION MODEL*

REMOVEc QF PROPAGATION CORRELATIONe

INTERNAL FINE MESH L0alc.

MULTIPLE OUENCH FRONTS*

_ = = = = _
e ===** el* e4 *

1604 101



. .

nces n. CONDUCTION MODEL

2 - D (R, Z) CONDUCTION.

GENERAL FORMULATION*

INTERNAL HEAT GENERATION

METAL-WATER REACTION

GAP CONDUCTANCE

VARIABLE ROD PROPERTIES

DIFFERENCE Eos. CONSERVATIVE*

AXIAL-DIFFERENCING EXPLICIT.

RADIAL-DIFFERENCING IMPLICIT.

COUPLING WITH FLUID Eos. SEMI-lMPLICIT.

1604 102
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ria ms 32. DIFFERENCE CONDUCTION RELATIONS

'8 I b I 12 15 I if' "
''
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nwPE 33. FINE MESH N0 DING

Z
4

'

: :: :,.

o o o
o o

8 I!
O O

,

:...

'

:

T

x ORIGINAL NODES (PERMANENT)

O N0 DES ADDED AT THE START OF REFLOOD (PERMANENT)

o NODES ADDED TO RESOLVE THE OF

1604 104
ADDED IF AT > ATMAX

DELETED IF AT < ATMIN

~ =~ m r = -~ - ~o- ~ ~
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ricum 34. R0D PROPERTIES

COMPUTED FROM PROPERTY ROUTINES ONLY ATe k, cp, c , ...

FLUID CELL BOUNDARIES

OBTAINED BETWEEN CELL BOUNDARIES BYe k, cp, c , ...

LINEAR INTERPOLATION

e h,b COMPUTED FROM HTCOR AT ALL SURFACE N0 DESg y

L%
_=wr=_
Aa e act5= laqud e ny w

1604 105

. .,



FIGURE 35. TRAC 00MPARIS W WITH DATA

(UC-Berkley Reflood Test 114)
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FIGURE 36. TRAC OOMPARISON WTHI DATA
'

(UC-Berkley Reflood test 187)
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g __g._____ __g. __
.

V V. J V __ __
__

IOLEJE Tum IMPROVES LOFT*

DATA COMPARISON SIGNIFICANTLY
(ADDITIONAL ILOEJE ASSESSMENT REQUIRED)

SOME KNOWN ERRORS CORRECTED*

BOILING CURVE MADE MORE CONTINUOUS*

LIQUID NATURAL CONVECTION ADDED*
_

Z;
a

OS ALAMOS SCIENTIFIC LABORATORY

'

Fig. 37
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TLT!LRT WORK

1. ADD BUXDLE CHF CORRELATI0X TO COJE

2. IM? ROVE GAP COXDUCTANCE YODE1
INTERIY MODEL*

FRAPCOIN/FRAP-T*

3. ADDITIONAL ASSESSYEXT
* ILOEJE CORRELATION
* XEW HEAT TRANSFER PACKAGE

&
T
CD
e

LOS ALAMOS SCIENTIFIC LABORATORY

FIGURE 38.


