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1. Introduction p'=p,

The secondary fluid is circulated by natural ®o =% =1
circulation in a PWR type steam generator. In tlaise,
a driving force of natural circulation is buoyarsaused For two-phase region
by phase change, and the fact that, for densityewav ;=p A-a)+pa
instability, natural circulation circuit is more stable " °
than forced circulation circuit, was widely know],[ pi=pi@-a)+pia
[2]. The instability may cause self-sustained oerev . -
divergent, flow oscillations in operating nucleawger " =[ (1-x) +X_} [L+1‘_Xj
plant's steam generator. Such flows could induce a o (1-a) pla’| \p. »
boiling crisis, disturb the control system, or n@use

mechanical damage due to excitation of flow induced o: {14”{&_1)] [1”(3.5&_ 1)}
(by Beattie[6])

vibrations [3].
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Bae et al. developed density wave instability model Uy =Ug +(Co-1) |

for PWR type steam generator, using Takeuchi fluikt

model, Beattie’s local loss multiplier, Thom's fitm

loss multiplier, and linear perturbation method. [4
Thus, the objective of this paper is to modify Bee

et al.[4] using Anderson et al.’s [5] experimentalta.

(ANL experimental data)
2. Mathematical M odel Description

2.1 Governing Equation

Following equations are the governing equations for

the Bae et al. [4].

Continuity equation
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Momentum equation
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For single-phase region

p=p,

Co, Ug; = Drift flux model coefficients, calculated by
Takeuchi’'s model

2.2 Linear Perturbation method

Bae et al. considered the perturbation of most of
parameters (inlet/outlet enthalpy for each node,
inlet/outlet mass flow rate for each node, system
pressure, boiling start point, other parameter’s
perturbations are derived to these perturbatioss)gu
linear perturbation method, but didn't consider for

several parametersp(, ¢, ®;

. Coand i)

2.3 Sudden expansion/contraction

When there is sudden expansion or contraction,
pressure drop is calculated by sum of spatial
acceleration (which is calculated by separated flow
model's energy balance) and local loss (which is
calculated by Beattie loss multiplier).
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But this equation has Ilimit for severe sudden
expansion (e.g. between separator and steam dign).

1 indicates predicted pressures by several models f
between separator and steam drum.

As shown in Fig. 1, pressure loss model, used & Ba
et al.[4], has different estimation value, wheredéser
correlations have similar estimation value. Thigese
pressure drop equations are replaced to homogeneous
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model, and the perturbations of these two terms are Based on Bae et al.[4], computer code was developed

derived.

—=— Baeetal.

—e— Homogeneous model
—a&— Romie's model [6]
—&— Chisholm and Sootheland [6]
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Fig. 1 predicted pressure losses by several mddels
separator and steam drum (21.7 bara, 0.458 kg/s)
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2.4 Friction loss multiplier

Bae et al. used Thom's friction multiplier, but
Martinelli-Nelson(M-N) friction loss multiplier prades
more accurate pressure drop estimates in the logs ma
velocity range (G<1360 kgfs, [6]), and velocity for
most experimental cases is lower than 1360 fg/m
Thus friction loss multiplier was replaced to M-Ndel,
and the perturbations were derived.
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Fig. 2 Mass flow rate comparison between Thom’s

correlation and Martinelli-Nelson’s model at 400gps

Fig. 2 indicates calculated mass flow rate diffeszh
by each friction loss multiplier. As shown in figyr
when mass flow rate is calculated by Thom's coti@ta

using visual basic. Fig. 3 indicates Bae et al, [4]
modified Bae et al. and ANL experimental results. |
the figure, error bar means 20 % error for expeniale
data.
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Fig. 3 Comparison between Bae et al., modified Bae et
al. and ANL experimental results

3. Conclusion

Based on Bae et al. [4], computer code was
developed using visual basic. Previous equatioms fo
sudden expansion and contraction equations are
replaced to homogeneous model due to mis-estimation
at downstream of separator, and friction loss rpligi
is replaced from Thom's correlation to Martinelli-
Nelson model due to accurate mass flow rate piiedict
As a result, through change of 2 phase multiplaerd
their perturbation derivation improved predictiormsv
obtained.
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