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ABSTRACT

Vortex type Fluidic Device(FD) which is installed at the bottom of Safety Injection Tank(SIT) controls
the discharge flow rate from the tank. In case of loss of coolant accident the injection water flows into
primary system in two steps; initial high flow rate for certain period of time and subsequent low flow rate.
By two—step control of the discharge flow rate, FD can ensure the effective use of water in the tank. A
small-scale FD has been tested to obtain a required flow characteristics maintaining full pressure and height of
prototype, which are the major contributing parameters. Through the testing of many different arrangements
of internal geometry of FD, most appropriate one was selected and its performance data was obtained. As
characteristics of FD, time dependent Euler number, flow rate and pressure are presented and discussed.
Also a method to predict the full size FD is presented.
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Table 1 Major design parameters of model test facilities

4
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Description Model Reb‘f.ca]?l*‘sll
SIT Internal Diameter, m 1.25 274
SIT Internal Height, m 14.63 11.84
Initial Pressure, bar g 38-43 393
Water Volume in Tank, m’ 139 4531
Peak Flow from Tank, m’/hr 448 2150
Norminal Flow Turn~down Ratio 29-5 5
Standpipe Height, m Variable 14.267 —
Downstream Loss Factor 20;2@ é)u(ﬁ% gm@foa(ﬁ‘l
Nominal Scale of Model 1/4.8
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Fig. 5 FD insert plate geometries: {a) insert 1, {b) insert 1l, (c) exit nozzle insert
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Table 2 Major dimensions of tested FD
FD| D | & h | W | W , t Test
Type| () | ()| () | o) | )| 2| un # | PR
1 | 460 B | 46 | & | 226 [029] 1-2 | Insert T
2 1460 | 50 | 45 | 164 | 164 |067|21-32{Insert O
3 460 | 50 | 60 | 164 164 {050|33-36 "
4 | 460 | 5 | 60 | 164 | 164 |1.12|37-41 "
5 | 460 | 58 | 60 | 164 | 164 |067|42-45 v
Note :

D : Vortex chamber diameter d. : Exit nozzle diameter,
h . Vortex chamber height,  W: : Control port slot width
Ws @ Supply port slot width,

A’ © Area ratio of exit to control port
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Table 3 Test conditions and test matrix

Test Tank Stgnd Water Insert Valve a/h
Run # Piisa | -pipe| Level 4 Open ()
(bar g) | Loc. | (m) (%)
423 3 12 I H 75/4
10 " " 12.1 " " "
11 " " " " 50 "
12 ! " " " 65 "
13 " ” ” " 35 "
14 " " 6.1 " ” "
15 4 " 121 " 5 ”
16 4 ” 112 ” " "
17 " " ! " 10 "
18 40 " " " " "
19 38 " " ” 15 "
20 40 " " " 20 "
21 423 " " il 10 | 50/45
22 d i " " 15 ”
23 ! i " ” 20 "
24 " ! g " 25 “
25 " " " " 23 i
26 g " " " 215 "
27 40 g " " 25 "
28 423 " ” " 30 "
29 " " " " 35 g
30 38 " " g 30 "
31 4 4 " " 25 ’
32 " " 4 " " "
33 40 " 121 i 3B | 50/60
34 g " 11.2 " 30 "
35 " ' ” " 3H "
36 38 " " " " g
37 40 " 12.1 g " 75/60
38 " ! 11.2 " 30 "
39 " " ! " RS "
40 33 " ¢ " " "
41 40 ” 12.1 " " "
42 " " * " ! 58/60
43 " " 112 " 40 "
4 " " " g 35 "
45 38 " " ! " "
SHIAXME M4, M3S, 2001
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Table 4 Summary of FD performance parameters
FD g~
type (n/hr)

1 28 | 0038 | 452 565 1.7 176
34 | 0018 | 253 219 42 | 396
35 [ 0015 | 190 261 26 264
38 | 0036 | 38 386 37 | 550
38 | 0021 27 334 30 | 354
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Table 5 Validation test conditions

Test Parameter Nominal test |Validation test|
Initial tank pressure, bar g 39.3 36-44
Tank water level, m 112 10.7-12.6
Valve opening, % 35 35-100
Stand-pipe dia, m 0.203 0.152

Table 6 Comparison of FD performance parameters

Test type Eul EuH D'

Main test(Type 3 FD)| 26 2%.0 0015

Test 46| 259 %3 | 00160

47 276 %3 | 001%

o 48 261 249 | 00160

Va]igst“o“ 19 278 %50 | 00165

50 272 %6 | 00158

51 047 296 | 00174

Mean | 266 %5 | 00162
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System Conditions/Requirements

- Initial Press. : B, P,

- System Head Loss excl. FD : AR,
- Additional Hydraulic Head : g

\

[Calculation of FD Head Loss, APgp,

APy = Pp~ P+ YH — AP

systrem

Similitude Using Pre-determined Model
Parameter
(Bu), = (Eu),,

D,=[8(Eu,),0Q,/m?AP |14

¢

Scale factor = (D,)/(D,),,

T

Determine Major Geometries of FD by Multiplying the
Reference Dimensions of Model by Scale Factor
( bp,k,5,.s. )

{

Prediction of Discharge Flow Characteristics by;
- Using Valid 8 Code or
- Calculating equivalent K Value

Fig. 10 Procedures of scaling-up to full scale from model test
data
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Table 7 Full scale pressure toss coefficient(K value at a reference
low area of FD downstream piping)

Pressure loss coefficient
FD conditions Down-stream D Total
piping
Before FD turndown
. 14.
(high flow) 6 85 5
After FD turndown 6 % o
(low flow)
1000 -  as00
/ \ < 3000
800 - i/
7,. { J 2500
gsoo- I{ E
® / l 1 2000
[ i i
£ 400 - 1 4 1500
8 | 1
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Time (sec)

Fig. 11 Injection flow rate per SIT
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