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SUMMARY

1. Project Title
Experimental Study on the Air/steam discharging load of Safety

Depressurization System(I)

II. Objective and Importance of the Project

In the Korea Next Generation Reactor (KNGR) design, the Safety
Depressurization System (SDS) plays a great role in reducing the core
damage frequency and improving the severe accident performance of the
KNGR. The actuation of POSRVs results in a time-varying high-energy
flow of air, steam, two-phase, and liquid from the pressurizer into the
Incontainment Refueling Water Storage Tank (IRWST). The successive
discharge of water, air, and stearmn induces thermal hydraulic phenomena
such as a water jet, air clearing and steam condensation, and these
phenomena impose the relevant hydrodynamic forces on the IRWST
structures. In the KNGR design, totally twelve 6inch I-tvpe spargers will
be installed in the IRWST. Therefore, an understanding of the related
phenomena such as the characteristics of dynamic pressure loads is a
prerequisite for the design of the sparger and IRWST structure to
withstand the pressure loads. In the present study, four Zinch I-type
spargers test were performed to characterize the pressure loads at the
(juench tank wall as a pre-stage of a unit cell test which will be
performed by using prototype sparger of the KNGR.

. Scope and Contents of Project
To investigate the pressure loads behavior in the quench tank during the
air clearing period, four different spargers whose P/d ratios and
discharging hole diameters are 3.2, 47 and 5mm, 10mm respectively were
tested with the variation of pool temperature in the range of 30 to 95T.
In the present report, the main description is focused on the test facility
and the pressure loads behavior on the quench tank wall

Thermal-hydraulic behaviors in the depressurization line are not included

-iv_.



here.

IV. Result of Project
The geometric configuration of sparger such as the P/d ratio and
discharging hole diamenter, d, affect the characteristics of pressure loads
at the quench tank wall. The peak pressures of discharging hole diameter
10mm are greater than those of 5mm. The dominant frequencies are

increased with the pool subcooling temperature and P/d ratio.

V. Proposal for Applications
The present test is a pre-stage test of a scheduled unit cell test which
will be carried out by using a 6inch prototype sparger of the KNGR in
KAERIL By the present test, the basic behavior and measuring technigue
of pressure load can be derived. Moreover, by comparing the unit cell test
data with the present data, the effect of the size of sparger will be

evaluated.
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Fig. 2.1 Flow Diagram of the SDS (Safety Depressurization System)

Fig. 2.2 Schematic diagram of test facility and locations of temperature and
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Fig. 2.3 Sparger’'s Dimensions and Set-Up in the Water Pool Tank
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Fig. 3.3 Pressure trend in the piping during blowdown period
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air, and steam
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Table 3.1 Test matrix and technical specifications of sparger

Spl Sp2 Sp3 Spd
Quantity of Hole (EA) 24 24 96 96
Length (H,, mm) 94.8 237.0 260.7 110.6
Pitch (P, mm) 31.6 47.4 23.7 15.8

Hole diameter (d, mm)

10

Size of sparger {(mm)

2inch, Sch 40S

Hole/Total flow area (%)

Steam mass flux (kg/m*-s)

1,230 ~ 2,380

Pool temperature (C)

36 ~ 95

- 19 -~
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Table 3.2 Test Conditions and Results (1/4)

1] 1] [E | 2.8 .0 ._ 43.26] 46.81 .
2| 1] |A | 2.824| 1498.1| 116.98| 0.04| 0.31| 38.65 42.66| 39.30 11.8 8.2| 19.2
23] 1) |H | 3.880] 2058.4| 149.95| -0.05] 0.24/ 165.44 _ 41.40) 49.22 29.1 14.21 26.3
|4 1] |A | 3.380| 1793.1| 156.46] -0.09| 0.22 | 41.26| 39.53] 22.9 211 217
5] 11 |BE | 2.869] 1522.0f 110.77{ 0.09; 0.38 63.87| 63.97) 13.9) 7.0 21.7
_ 6] 1 A | 2,986, 1584.1| 116.98] -0.15] 0.18 - 63.97| 63.27 11.4 17.4, 17.9
7 1 |E | 4.100] 2175.1] 150.85| -0.14] 0.23 63.41| 64.89| 32.6 20.3| 24.4
8] 1, A | 3,056 1621.2| 157.14] -0.13] 0.23] 1| 62.72| 61.16 36.7 30.8) 16.1
9] 1 |E | 2.753] 1460.5 110.38) 0.09] 0.40 24| 81.68| 82.32 43.6 62.5 17.5
10) 1} |H | 3.865 2050.4| 150,28/ 0.02 0.36 2l 81.90| 82.59 62.2 24.1} 20.0
11 1 E 4135 2193.6] 156.93 0.01 0.34 | 81.40| 80.11 33.7 51.1] 12.0
12 1 H 2.813] 1492.3; 110.49 0.03; 0.36 90.54{ 90.68 26.6 - 11.9
13| 1] |A | 2.999| 1591.0| 117.32] -0.04] 0.29 90.27| 89.58|  21.0 26.2| 10.2
14 1 H 3.273] 1736.3] 130.30 0.02 0.29 93.34/ 102.17 26.6 ~| 8.1

No. of Sparger (K) 1 2 3 4 Temp. of TC206

No.of Hole in a row 6 4 8 12 A 15~50°C

Total no. of Hole 24 24 96 96 E 50~90°C

Pitch / Diameter 3.16 4.74 474 3.16 H 90~100°C

Hole Dia. 10 10 5 5
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Table 32 Test Conditions and Results (2/4)
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Table 32 Test Conditions and Results (3/4)
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Table 3.2 Test Conditions and Results (4/4)
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(c) Air/Steam Clearing (d) Steam Discharging

Fig. 34 Image of water/air/steam discharging stages (Sp2, T,=4TC,
Ppzr=117bar)
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Fig. 3.5 Typical pressure signal induced from successive discharging
of water, air, and steam
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Abstract (15-20 Lines)

In the Korea Next Generation Reactor (KINGR) design, the Safety Depressurization
System (SDS) plays a great role in reducing the core damage frequency and
improving the severe accident performance of the KNGR. The actuation of POSRVs
results in a time-varying high-energy flow of air, steam, two-phase, and liquid
from the pressurizer into the Incontainment Refueling Water Storage Tank
(DRWST). The successive discharge of water, air, and steam induces thermal
hydraulic phenomena such as a water jet, air clearing and steam condensation, and
these phenomena impose the relevant hydrodynamic forces on the IRWST
structures. In the KNGR design, totally twelve 6inch I-type spargers will be
installed in the IRWST. Therefore, an understanding of the related phenomena such
as the characteristics of dynamic pressure loads is a prerequisite for the design of
the sparger and IRWST structure to withstand the pressure loads. In the present
study, four 2inch I-type spargers test were performed to characterize the pressure
loads at the quench tank wall,
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