Estimation of the Steam Generator Water Level Variation

1. Introduction

The steam generator is one of the major
it

comprises the boundary between the primary
the

content should always be maintained enough

equipments of a nuclear plant and

and secondary systems. For the safety,

to cool the reactor and proper setting values

and limitations are imposed to trip the
if the content deviates from the
But these

considerations for the safety tends to induce

reactor

permissible operating conditions.

spurious trips, particularly operators interfere
with the system during the start up or during
1986).

to maintain the desirable

the severe grid load variations(Inaba,
Therefore,
availability and the safety as well, it can be
thought to minimize the level fluctuations by
introducing proper control elements to pre-

vent spurious trips(Westinghouse, 1983).
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For this, an exact estimation of the level is
essential and from the view of real time
application, the calculation procedure should
be simple enough to permit the rapid yield of
results. In the following, one method for the
level estimation has been set up and its
results are compared with those of other

method.

2. Modeling and Governing
Equations

Usually, the steam generator is modeled

into several nodal volumes, and the basic
equations of mass, energy and momentum
are applied to each nodal volume to find
major physical parameters. This multi nodes
modeling gives a better result than a single

node of course, but considering the
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calculation time required, the multi nodes
modeling is not always preferable.

In the following, the steam generator has
been treated as one nodal volume, including
vapor region and liquid region, to establish
simple equations to describe the transient of
the key parameters.

Mass;
dM,=(w, (1) + 1 Mg )dt oo )
dM, = [,‘nfb_{nr —w, @) Jat e e @
Enthalpy: .
dH,=(w, (t)- B(t) + - hy—mg-h +Q) dt

dH,= (i h—m h—w, (1) - h(D) dt (&)

Internal energy:
dV
dU, = dH, — C.p.7: cdt eeeeereene ()
dUz — de _C.p.d?‘tz cdt reesereees (6)

where, M=mass, H=total enthalpy, U=stotal
internal energy, V=volume, subscript 1=
liquid region, 2=gas region, and

w,(t)=inlet feed water flow rate,

w,(t) =outlet steam flow rate,

rhr=rain drop rate,

rhfb=bubble generation rate,

Q=heat generation rate,

h‘(t) =gpecific enthalpy of inlet water,

h, (t) =specific enthalpy of outlet steam,

hf, h‘=speciﬁc enthalpy of saturated liquid

and steam,

c=conversion factor.

In the above equations, w,(t) and w‘(t) as
well as hi(t) are determined as operation
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conditions, and m,, and m_are caclulated by
the use of bubble rise model as below
(Nahabandi, 1976).

rhn, =V *area * P,

_(d+C)-my
S

) _my X v 1
lfa'-——bT‘< 7

r rain Xareax(l.—a) ............... (8)

where, V ==bubble rise velocity,

area=cross sectional area,

m,=mass of the bubble ih the liquid
region,

v ‘=speciﬁc volume of the saturated
steam,

a =void of the gas region.

Vi am=rain drop velocity.

Once the mass and internal energy of each
region are obtained from above equations,
the system pressure can be searched by
applying the Newton—Raphson method.
First, as an inner l.op, the enthalpy of each
region is searched with the assumed values

of the pressure(usually, the value of prior

step).

where h, and v, are specific enthalpy and
volume of gas region
Then,

U
Fa(p,hy) = hy— D—;—C’D'V_z(p.hg) -+ (10)
2
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al’z av2
T - gDt e gay,  eereeres 1
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F
neli + 1) = hy(i)— é_Fl ............... 12)
of,
(ahz)
Therefore,

h=(C,+U,+c-p- Vgeo_h2 - M)/Mi-++(13)

where Vgeq is the total volume of steam

generator.  With these values of enthalpies

and with the volume constraint,

F, =V eo—Vl'Vz=Vge°—Mx cv—M; - v;

8
.................................... (14)
dF dv dM dv dM
Voo, — =y, — =My —2— v, 2
dp dp dp dp dp
15)

where, v,=specific volume of liquid region,

v,=specific volume of gas region.

Equations (14) and (15) are used for the
outer loop of the Newton—Raphson to search
the pressure, whereas equations (10) and
(11) comprise the inner loop to determine the
enthalpies. This procedure iterates until the
pressure converges up to desirable toler-
ances. In addition, the supplementary state
equations and their derivatives as below are

used.

For saturated states;

dvg _ L 9P _OPp e 1 (16
dh P on  0p dny o
v _ LI Ql_ l_a_ﬂl L amn
dh P2 Oh  pl dp dhy
dvg -1 0P 1 0p; dhyg
—_— = — — — o e 8 e meeses 18
dp  PE Op Pt On dp (18
2‘ = .-_1 E‘_ . ap' .ﬂ! ..... 19)

1
dp @t 0 Pt Oh  dp

For the single phase;

dvp _ 1 dpy

= . ) 20
dh P2 dh (20)
dv, 1 dp,
L, 21
dh P2 dn S
dv, 1 dp
el = L 4 e reecricsssesrescsennccaante (22)
dp 0% dp
LB e, (23)
dp p,t  dh
For the two phase;

v, . _Ov i dv, Ovg _aﬂ ]

w0, T G ) e,

v, ave dve Bvg dx,

—L ="t 4, (—m— =)+ - (25
o )hl dp T ¢ ap dp AL dp )hl @

ov, dvg v, vy dxy

p— = —— . —_— . aee 6

w), G e ) (26)

ov, ove v, Ovg %y

= — . ——— — - - (27

s G ae ) T 0, Y

Once the enthalpy and pressure ar known,
quality and specific volume of each region
can be found, and accordingly the water
level can be found.

3. Numerical Handling

The satisfation of the real time requirement
depends on the speed of the convergence.
But the Newton method is not so efficient
when the derivative is small. Hence to boost
the convergence, the bisection method is
mixed with the Newton in the manner of
below.

1) Enthalpy searching

The Newton is used through the iterations
until the sign changes and then switches into
bisection.
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2) Pressure searching

Equation (14) shows that when the pres-
sure is high, the quality decreases and
therefore V, and V, decrease also, which
makes F,(p) positive and vice versa. Taking
this into account, a certain value of Ap is
added (negative F,) or substracted (positive
F) during the iteration of the bisection and
then the procedure is switched to the Newton
when the signs of the i th and i+1 the step

are different, say, F,{(i)*F, (i+1)<0.
The results of this switching procedure

show a more efficient convergence than the
Newton alone, since the bisection does not
call the subroutines which calculate the

derivatives of F, or F,.

4. Application and Tests
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Figure 1. Liquid mass.
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To test the program developed in the
above, a fictitious model is taken as an
example of which overall height is 10 ft,
cross sectional area 1 ft*, and the pressure
is 1000 psi. As an initial condition, both
regions are assumed 10 be saturated.

Three cases are considered. The first is
the simple compression with inlet flow rate of
1 1b/sec, and no outlet steam. The second
is the extraction with outlet flow rate of 1
1b/sec and no inlet feed. Finally, the third
one is of simultaneous inlet and outlet of 1
1b/sec.

On the other hand, for the purpose of
comparison, a different approach(Motamed,
1983) has been studied to make its
corresponding program, hereinafter called

UMI, and has been applied to the same

lom

12

|
o=

. Time, sec
Figure 2. Gas mass.
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Figure 3. Pressure.

Figure 4. Level.
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Figure 5. Liquid quality.

model. The briefs of UMI is that four cases
are considered in accordance with the states
of each region (superheated or saturated in
vapor region, and saturated or subcooled in
liquid region), and mass and energy
equations are apphed for each case.

As shown in the figures, the results are
almost same each other. But the computing
time of the switching method is less than
that of UMI, particularly when the time step
interval is large. However both approaches
yield a bad convergence efficiency when the
time step is too large.

The figures above are the results of case 3
explained already. Figure 1 through 4
describes liquid mass, gas mass, pressure
and level respectively. Those four figures are
exaclty same for two approaches. Of interest
is the level. As the pressure drops, more
bubble generates (flashes) in the liquid
region. This leads to the increase of liounid
volume,

accordingly the increase of the

the liquid
quality reaches a certain saturated value and

the level decreases by the specific volume

level. As the pressure drops on,

differences of liquid and vapor.
Figures 5 and 6 show the quality of liquid
and vapor for two methods.
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Figure 6. Steam quality.
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The values are somewhat different each
Particularly, the vapor quality of the
mixing method shows the minimum while UMI

other.

not. In a physical sense, the resut of UMI is
preferable since it shows a smooth variation.
However the absolute values are very small,
and the difference does not effect the level

variation as shown in the figures.

5. Discussions and Limitation

The model above has
First of all,
common to liquid and vapor region. But

its own intrinsic
drawbacks. the pressure is
when the physical size is large and the flow

resistance is not negligible. the pressure
This results in the
variation of major parameters along the
height,
different by the presence of the gas in the
the bubble rise

model requires an exact value of bubble

varies along the height.
and the heat transfer rate becomes
liquid region. In addition,

velocities which are to be determined

experimentally. To eliminate these draw-

backs, the moving boundary model can be

considered. In this model. the boundary be-
tween the gas and liquid region is a time

dependent junction of which the position is
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the water level. Further, by introducing the
moving boundary in the liquid region which

bounds the single and two phase zone, more
exact value of heat transfer can be obtained.
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