A Model for Analyzing CANDU-6 SDS No.2 Poison Injection System
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moderator tank via small holes on the nozzle pipes. To ensure the safe shutdown of

In CANDU reactor one of the two reactor shutdown systems is the liquid poison
injection system which injects the highly pressurized liquid neutron poison into the



a reactor it is necessary for the poison curtains generated by jets provide quick, and
enough negative reactivity to the reactor during the early stage of the accident. In
order to produce the neutron cross section necessary to perform this work, the poison
concentration distribution during the transient is necessary.

In this study, a set of models for analyzing the transient poison concentration induced
by this high pressure poison injection jet activated upon the reactor trip in a
CANDU-6 reactor moderator tank has been developed and used to generate the
poison concentration distribution of the poison curtains induced by the high pressure
jets injected into the vacant region between the pressure tube banks. The poison
injection rate through the jet holes drilled on the nozzle pipes is obtained by a 1-D
transient hydrodynamic code called, ALITRIG, and this injection rate is used to
provide the inlet boundary condition to a 3-D CFD model of the moderator tank
based on CFX4.3, a CFD code, to simulate the formation of the poison jet curtain
inside the moderator tank.

For the wvalidation, an attempt was made to validate this model against a poison

injection experimen performed at Bhabha Atomic Research Center(BARC) of India.

The interim progress will be presented and the validation analysis result is discussed.
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Fig. 1-1 Schematic of Liquid Injection Shutdown System



LA &

AlA A

N

A W=

i

N

1

& 9AR

iy
e
Hr

A

ol
ol

o}
o

T LAz A2A AAA

Nfo

A 7= WH o2 AECL(Atomic Energy of Canada Limited)ol A 4+ 7

fveel

i
No

il

= AT

a7

] el

57

24

441, 2,3

P, A el

s

o] dF TRAE 0

Eas

-
1.

SDS2

27)

£7](calandria shell)f €]

[}

Bz gt AZE el g

<
o

< 1.5% el

A=
}\o]— %'"IE

ol
ol

o HE 525 gauye]

Tor

" "

ol a

B
W o
"R
NI oo
ol

T

T oo

2. A A 2 7 E

1-13 Zo] 319}

A

-
1.

SDS2

Ny

W

AECLel A 7idgk ALITRIG

el
T

o] Azt

oL
N

Mass equation:

Continuity equation:

dE;
dt

Energy equation:

2
]

= Bj(Pj - Pnj) - C]Q

dQ,
dt

Momentum equation:
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Growth of the Poison Jet Curtain
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Table 3-1 Source Terms for Boundary Condition
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Fig. 3-1 Segment of Calandria Tank Used for 3-D Jet Simulation
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Table 4-1 Jet Growth Constant for Single Hole Case at 10, 15, 20 kg/cm?

Y? vt \/Xo Y vt \/Ko Y vt \/Xo Y
20° 24.376 1641 86.31 1853 — —
30° 4875 18.46 — — — —
342 o o o o o o
40° 85.32 18.753 — — 7835 20.42
422 o o o o o o
50° — — 12947 19.31 — —
60° 170.632 21.10 172.62 20.85 156.70 22.97
70° 219.38 22.34 230.16 21.29 203.71 24.05
80° 280.32 22.83 302.10 21.19 266.40 24.02
90* 353.45 2292 388.40 20.85 344.75 23.49
100° 450.96 22.175 489.10 20.44 438,77 22.79
110° — — — — 579.80 20.86
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Fig. 4-1 Poison Jet Propagation with Time for He Pressure of 10
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Fig. 4-2 Poison Jet Propagation with Time for He Pressure of 15 kg/cm®
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Fig. 4-3 Poison Jet Propagation with Time for He Pressure of 20 kg/cm?
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Table 5-1 Boundary Condition
Boundary condition CANDU-6

Moderator density 1098 kg/m?

Poison density 1127 kg/m’®

Liquid viscosity 0.85x10° kg/m’

Active nozzle length 6.952 m

Nozzle hole diameter 0.0032 m

Lattice pitch 0.28575 m

Driving gas pressure 8.3 MPa

Poison concentration 8.0 kg /m®
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Fig. 5-1 Nozzle Inlet Pressure Profile
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NOMENCLATURE
A “Flow area fj —Spacing' decay-constant ' '
E “Helium gas energy inside a volume 1 -Correlating factor for axisymmetric
.. jet
K -Loss coefficient . Jg? i tube d ot
-Calandria tube decay-constan

L -Length of a liquid column T v

p —Pressure d -Hole diameter

v -Liquid velocity inside the piping b ~Calandria tube pitch

element S -Hole spacing
14 -Liquid volume t -Time since poison first leaves a
174 -Mass flow, helium outflow into particular nozzle hole
a volume is positive 20 -Jet exit velocity from nozzle hole
o -Mass density of the fluid Ver -Jet center-line velocity
X -Length of jet containing poison
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