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I. LIGHT WATER REACTOR SAFETY

SUMMARY

The proposed model of vapor generation following flashing inceptio: con-
sists of heat transfer coefficlents for vaporization, vapor-liquid velocity
slip and interfacial area density in five flow regimes covering the enti:e
void fraction range. The main formulas are summarized in Table 1.3.

Flashing experiments were conducted with a single beam gamma densitometer
system. During these runs, axial pressure distributions were recorded in ad-
dition to the transverse chordal averaged void profiles at various axial loca-
tions along the test section. For each axial location, an area averaged void
fraction was calculated frowm these transverse void distributions. The present
experimental data, in addition to the results presented previously, fulfill
the requirements of the proposed test matrix.

Typical results are presented showing the importance of the transverse
void profiles. Depending on the profile at the given axial location, differ-
ences are observed between the area averaged and the center line (diametral
averaged) void fraction values. From these observations, one concliudes that
in order to make fair comparisons of code calculations which predict area
averaged void fractions, with experimental data the point raised above sho.ld
be carefully considered.

An assessment was completed of how RAMONA-III might be used for analysis
of small pipe break LOCAs in LWRs. Our study has given us an understanding of
what modifications are necessary to be able to give us this capability. A re-
view of other plant transients was made in order to recommend additions to the
plant protection system modelling in RAMONA-III. Work began on implementing
the algorithms for calculating reactivity components,

The Mark Il once-through steam generator model is being tested in the IRT
code. The testing consists of analyzirg a transient similar to the Three Mile
Island event and comparing the results to a similar analysis using the Mark I
modelling.

The R"TRAN code has been used to analyze the first of a series of natural
circula a tests that are planned to be performed at the Sequoyah PWR plant.
These results provide a prediction of the natural circulation capabilities of
the reactor during the test.

A loop momentum equation is being incorporated into the IRT code to allow
calculation of such cases as natural circulation and pump trip. Results have
shown that an implicit integration of the momentum equation is accurate and
stable. The inclusion of the pump model into the system equations has been
started.

Work on the independent assessment of TRAC-PlA has continued during the

reporting perfod. The assessment with the Moby-Dick nitrogen-water tests has
been completed by using the “correct” values for the single-phase 1liquid






1. Nonejuilibrium Phaze Change Studies
1.1 Analytical Modeling (B.J.C. Wu)

It has been shown previously (Wu et al. 1979, Abuaf et al. 1980, Vol II)
that the heat transfer limited vapor generation rate following flashing incep-
tion is

TV = A’ 6" /L, {).X)

where A, 1s the total area of the liquld-vapor finterface per unit volume of
the mixture, 4" i{s the heat flux to the interface and L the latent heat of va-
porization. Both Ag and 4" are flow regime-dependent, and in each flow re-
gime, they sre funcrions of the thermodynamic state and flow variables. There-
fore, to calculate A; and 4" it is necessary to know, a priori, in which flow
regime the system is expected. In this model, the flow regime will be assumed
to be a function of the local void fraction @« alone. Thus, bubbly flow,
bubbly=-slug flow, a trancitional flow comprising the annuiar and annular-mist
regimes, and finally fully dispersed droplet flow are assumed to occur at suc-
cessively higher void fraction ranges as shown in Figure l.1. The void frac-
tions at the transition points are assumed to be

“b max = 0.3

“s max 0.8

ld = 0.95
These values may be modified according to comparison with experiments.

Previously, for « < 0.3 the flow was assumed to be in the bubbly regime.
Ag was glven by

Ag = (367 a2 a3 = 3 a/ry (1.2)

where Nj was the number of bubbles per unit vec'ume of the mixture, and Ry
was the radius of the bubbles which were supposed to be spherical and of equal
size. For q", the conduction-dominated model of Plesset and Zwick (1954) or
Forster and Zuber (1954) was used. In terms of a heat transfer coefficient

h a" Ty, - T,) (1.3)

h = hpy Py m (1.4)

where t s the "age” of the bubble, and k , ¢, and Cpg are the thermal con~
ductivity, density and specific heat of ghe %lquid and T, and Ty are the
liquid and saturation temperatures, respectively. Thus, the earlier model for
'y 18 restricted to low void fractions with a relatively high Ny such that
the bubbles are still small even at the upper limit 1« =« 0.3 of void fraction.
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In Figure l.lla, the area averaged alpha profiles are compared to the dia-
metral averaged void fraction that would be measured along the centerline of
the test section. For this experiment, which was performed at 11.6 kg/s, the
two agree quite we!l with each other. The detailed transverse void distribu-
tions for this case are presented in Figure 1.13 for the four axial locations
corresponding (o pressure tap locations of 47, 45, 43 and &41. The transverse
void distributions at every axial locations 1.13a, b, ¢, d appear to be asym-
metrical with respect to the test section centerline, with the highest voids
being generated on the left hand side which corresponds to the pressure tap
locations.

The same comparison between the area averaged alpha with the centerline
alpha is also presented in Figure 1.12 for a mass flow rate of 13.1 kg/s. Here
the centerline void fraction is lower than the area averaged value. This fact
is clearly observable in Figure 1.14 which represents the transverse void pro-
files at four axial locations corresponding to pressure taps 47, 45, 43 and 41.
In these distributions Figures l.l4a, b, ¢, and d, the transverse void distri-
bution shows less an asymmetry than the ones presented in Figure 1.13.

Additfonal experiments were also performed for an inlet temperature of
149°C and 8.7 kg/s mass flow rate, while varying the condensing tank pressure
by additional spray cooling. The axial pressure distributions for this tast
are presented in Figure 1.15b. 1In Figure 1l.15a, the comparison of the area
averaged void fraction is made with the corresponding center line diametrial
void fraction distribution where the difference between the two is more pro-
nounced. This discrepancy can be explained by observing Figure 1.16 which
depicts the detailed transverse void profiles at four axial locations corres-
ponding to taps 47, 45, 43 and 41. This void profile shows a low void core
surrounded by a high void region along the walls and is quite symmetrical with
respect to the centerline.

As stated abuve, all the detailed information and data of these results
will be presented in the final report in addition to the experiments conducted
under other flow conditions.

These results clearly show the importance and effect of the transverse void
fraction profiles on the area averaged or center lire {(diametral averaged) val-
ues. Thus, to make fair comparisons between code predictions and experiments
these effects must carefully be considered.
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Figure 1.12. Axial distributions of the area-averaged and the center line dia-

metral void fractions (A) and of the pressure drop (B) in the test

27

section. Runs 299 and 301 were performed under the following conditions: pj,=

765.2 kPa, T;.= 148.8 C, p.,= 455.5 kPa and at a mass flow rate of 13.1 kg/s.
in ct

(BNL Neg. No. 6-956-80).
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= = SRS L e - =
Region? T = 120% T = 300°C T = 350°
U U ——— }.—_ — B -
._ s & 9 , G s
K ay 30 um any 20 pm b < 21 um
U, (30 ym) = 8.4 mm/s U, (20 um) = 6.4 mm/s U, (21 ym) = 6.0 mm/s
4
30 um < W < 0.64 mm 19.4 ym < wy < 0.39 mm 19 um < wy < 0.28 mm
2 u_ (30 ym) = 8.2 mm/s U, (19.4 ym) = 6.7 mm /s U, (19 yum) = 6.6 mm/s
U_ (0.64 mm) = 41.5 cm/s U, (0.39 mm) = 31 em/s U, (0.28 mm) = 21 em/s
0.66 mn < @ < 2.2 mm 0.4 mm < < 1.3 mm j 0.29 mm < w, < 0.74 mm
I
3 U_ (0.66 mm) = 40. cm/s U, (0.4 mm) = 30 cm/s U, (0.29 mm) = 20. cm/s
U_ (2.2 mm) = 21.8 em/s U, (1.3 mm) = 16.7 cm/s U, (0.74 mm) = 12.5 cm/s
2.2 mm < o < 4.9 mm 1.3 mm < “hy < 2.9 mm : 0.74 mm < w < 1.6 mm
4
U,= 21.8 cm/s U = 16.7 cm/s U, = 12 cm/s
w. > 4.9 mm { L$ > 2.9 mm uB > 1,6 mm
5
Same as Region 4

TABLE 1.2.

Free Rise Velocities of Steam Bubbles in Water.
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