o=&
O Original Paper
o =Y MY

!
10
1
H1
2.':'
1%
A

)

DOL: http://dx.doi.org/10.5293/kfma.2016.19.5.050
ISSN (Print): 2287-9706

U My WHE A3

| — =

Hi & - 0|2IF - RMST - Maa - ZFEO - O MR - B AT

Study on Scaling Analysis and Design Methodology of Passive Injection
Test Facility

Hwang Bae’, Minkyu Lee’, Sung-Uk Ryu’, Soo Jai Shin’, Young-In Kim’, Sung-Jae Yi,
Hyun-Sik Park™

Key Words : Core Makeup Tank(‘=+/%2 58 =), Design Methodology(&7]%%Z), Passive Safety Injection System(& S+ Y A5,
Scaling Analysis(ZZ3]4), Three-step Scale Law(3 27 Z =), Volume Scale Law(#F FEH)

ABSTRACT

A design methodology of the modeled test facility to conserve an injection performance of a passive safety injection system

is proposed. This safety injection system is composed of a core makeup tank and a safety injection tank. Individual tanks are

connected with pressure balance line on the top side and injection line on the bottom side. It is important to conserve the scaled

initial injection flow rate and total injection time since this system can be operated by small gravity head without any active

pumps. Differential pressure distribution of the injection line induced by the gravity head is determined by the vertical length

and elevation of each tank. However, the total injection time is adjustable by the flow resistance coefficient of the injection

line. The scaling methodology for the tank and flow resistance coefficient is suggested. A key point of this test facility design

is a scaling analysis for the flow resistance coefficient. The scaling analysis proposed on this paper is based on the volume

scaling law with the same vertical length to the prototype and can be extended to a model with a reduced vertical length. A

set of passive injection test were performed for the tanks with the same volume and the different length. The test results on

the initial flow rate and total injection time showed the almost same injection characteristics and they were in good agreement

with the design values.
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Fig. 1 Schematic diagram of passive safety injection system
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Table 1 Scale ratio of modeled tanks and pipes

. Model
Scale Parameter Scale Ratio (Model / Proto) I I m v
Length Le T Ly v/ Ler 7 1 12 1 1/2
Diameter Dr r Dy, 1/ Dpr, 1 1/7 V2 /7 1/7 V2 /1
Area Ar T Ap 7 (=D%, 1) 1/49 2/49 1/49 2/49
Tank Volume Ve, 1 Ar 1% Lp T 1/49 1/49 1/49 1/49
Flow rate Mg, T Ve r 1/49 1/49 1/49 1/49
Velocity UR, T Ve 1 / Ar T 1 1/2 1 1/2
Time tr, T Le, 7/ vr 1 1 1 1 1
Length Lg P; Ly, pi / Lpr, pi 1 1 0.244536 (=1/4)
Height Hg, P; Hy, pi / Hpr, pi 1 1/2 1 ‘ 1/2
Diameter Dr P; Dy pi / Dpr, pi 1/7 V2 /7 0.288889 (=2/7)
Pipe Area A, P; Ag, pi (=Dr, p) 1/49 2/49 0.0834568 (=1/12)
Volume Vi, P Agr pi * L pi 1/49 1/49 1/49
Flow rate | mg, P; Vi P; 1/49 1/49 1/49
Velocity vr, P; Ve pi /AR, Pi 1 1/2 0.244536 (=1/4)
Time tr, P; Lr pi / Ur pi 1 1 1
Pressure drop Lr P; Lr 7 1 1/2 1 1/2
1 Iy P | Le 7 (Ap 1/ Ve 1) 1 2 165 8.25
subscript R @ Ratio, M @ Model, Pr : Proto, T : Tank, Pi : Pipe
Table 2 Scale ratio of modeled tanks and pipes
Level (m) Injection Flow Rate (kg/s) Differential Pressure (kPa)
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Table 3 Acceptable mesaurement error

M
No. easgrement Type

Equipment Error (%)

1 |Pressure Transmitter | Rosemount 3051S1CA 0.025

p | Differential Pressure | o o it 3051S1CD | 0025
Transmitter

3 Level Transmitter | Rosemount 3051S1CD 0.025

4 Flow Transmitter Mass 01~0.15
5 Thermocouple TC 0.4
Table 4 Test matrix
Proto CASE-T | CASE-II
(ratio) | (model-1II) | (model-1V)
Injection amount 1 Ve Vr
Injection time 1 1 1
Initial injection flow rate 1 Vi Vi
Initial injection line
differential pressure 1 Lr Ln
Lp 1 1 1/2
%5124 Bkl
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