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THE ADVANCED ACCUMULATOR

ABSTRACT

The US-APWR Advanced Accumulator (ACC) design simplifies the emergency core cooling
system (ECCS) design by integrating the short term large flow rate design requirements
currently satisfied by the accumulators and the low head safety injection pumps of a
conventional nuclear pressurized water reactor (PWR) design into a single passive device, the
ACC. Upon initiation of a loss of coolant accident (LOCA) event, all low head injection
requirements are satisfied by the ACC. Following depletion of the AGC's water volume, the
longer term ECCS flow requirements are met by the high head safety injection pumps thus
eliminating the need for low head injection pumps. Further, the immediate availability of low
head flow provided by the ACC upon loss of electrical power provides the additional time to
permit activate emergency backup power supplies.

Characteristics of the passive ACC, detail design of the as-installed ACC, confirmation testing
program for the ACC and concept of the safety analysis model are discussed in this report.

The ACC has flow damper, primarily consisting of the stand pipe and vortex chamber. When
the ACC water level is high and above the top of the standpipe, water enters the vortex
damper through both inlets at the top of the standpipe and at the side of the vortex damper
and thus it injects water with a large flow rate. When the water level drops below the top of the
standpipe, the water enters the vortex damper only through the side inlet and thus vortex
formation in the vortex chamber achieves the small flow injection.

The ACC injects large flow to refill the reactor vessel in the first stage and then the injection
flow is automatically reduced by the flow damper.
The ACC performs the large flow injection to refill the reactor vessel and later contributes to
the small flow injection during core reflooding in addition to the safety injection pump, thereby
eliminating the conventional low-head injection system.

In order to verify this unique design for the US-APWR, four kinds of test were performed; 1/8.4,
1/3.5, 1/5, and full height 1/2 scale model test. These tests use visualization to confirm flow
rate switching, vortex formation, and prevention of gas entraining into the vortex chamber at
the end of large flow. The injection test provides performance data required for quantitative
evaluation of ACC flow.

Major results of the tests are;

(1) From the results of 1/8.4 scale test, it was confirmed that switching from large flow to small
flow could done smoothly and a stable level was kept in the stand pipe.

(2) From the results of 1/3.5 scale test, it was confirmed that the sharp flow rate switching
without gas entrainment was achieved.

(3) From the results of 1/5 scale test, it was confirmed that no vortex was found during large
flow, and a stable vortex was formed during small flow in vortex chamber.

(4) From the results of 1/5 and full height 1/2 scale tests, it was confirmed the flow
characteristics of flow damper can be represented dimensionless number and were
independent with the scaling. Therefore the similarity law that evaluates the actual flow
damper can be applied.

The ACC design will improve the overall safety of pressurized water reactors by the innovative
application of the flow damper to assure the early stage of LOCA injection flow is satisfied by a
highly reliable passive system. This innovation reduces the necessity of relying on

Mitsubishi Heavy Industries, LTD. vi
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maintenance sensitive components such as low head safety injection pumps for assuring
LOCA injection flow, and provides sufficient relief from the need for rapid start emergency
diesel generator backup power to permit use of highly reliable gas turbine generators. The
operating characteristics of the ACC have been validated by testing.

The flow characteristics of the ACC have been verified by thorough testing and can be fully
described as a function of dimensionless numbers independent of the effects of scale.
Empirical flow rate coefficients were developed from the test results and will be used in an
integrated thermal hydraulic model of the US-APWR Reactor Coolant and ECCS systems to
assure the US-APWR meets or exceeds all US safety standards.

Mitsubishi Heavy Industries, LTD.
vii



THE ADVANCED ACCUMULATOR

1.0 INTRODUCTION

This report describes the Mitsubishi Heavy Industries, Ltd. (MHI) Advanced Accumulator
(ACC) design that will be used in MHI's Advanced Pressurized Water Reactors (APWR), and
MHI's US-APWR. MHI intends to seek certification of the US-APWR design from the United
States Nuclear Regulatory Commission (USNRC) and offer the design to utility companies for
installation in the United States. The purpose of this document is to provide the design details
and confirmatory testing results of the ACC to the USNRC in order to facilitate the review of
this innovation in advance of the submission of the US-APWR Design Certification Application.
Review and approval of this Topical Report should increase the efficiency of the US-APWR
Design Certification process and any subsequent Combined Operating Licenses (COL) which
reference the US-APWR Design.

The ACC is an accumulator tank with the flow damper that is partially filled with borated water
and is pressurized with nitrogen. It is attached to the primary system with a series of check
valves and an isolation valve and is aligned during operation to allow flow into the primary
coolant system if the primary system pressure drops below the pressure of the accumulator.
The ACC design combines the known advantages and extensive operating experience of a
conventional accumulator used for loss of coolant accident (LOCA) mitigation in pressurized
water reactors with the inherent reliability of a passive fluidic device to achieve a desired
reactor coolant injection flow profile without the need for any moving parts.

Incorporation of the ACC into the US-APWR design and LOCA mitigation strategy simplifies a
critically important safety system by integrating an inherently reliable passive safety
component into the conventional Emergency Core Cooling System (ECCS). This design
improvement will allow the elimination of low head safety injection pumps, and increases the
amount of time available for the installed backup emergency power system to actuate. It is
expected that the use of ACCs rather than low head safety injection pumps in the US-APWR
design will reduce the net maintenance and testing workload at nuclear facilities while
maintaining a very high level of safety.

This Topical Report describes the principles of operation of the advanced accumulator, the
important design features, and the extensive analysis and confirmatory testing program
conducted to assure the performance of the ACC is well understood.

Mitsubishi Heavy Industries, LTD. 1-1



THE ADVANCED ACCUMULATOR

2.0 CHARACTERISTICS OF THE ADVANCED ACCUMULATOR (ACC)

2.1 ECCS Performance during LOCA

Emergency Core Cooling during a Loss-of-Coolant Accident (LOCA) is one of the primary
functions of the ECCS. During a large break LOCA, the fuel cladding temperature increases
since the liquid around the core is carried away by a significant loss of reactor coolant from the
primary system. The ECCS is required to inject water into the core to limit the rise of fuel
temperature as follows:

Step 1: Inject water at a high flow rate to fill the lower plenum and downcomer of the reactor
vessel quickly (Core Refilling)

Step 2: Recovery of the core water level using the water head in the downcomer. Large
ACC flow to the core keeps the high water level in the downcomer and quickly re-
floods the core. (Core Reflooding)

Step 3: After core reflooding is completed, water is injected to accommodate the reduction
due to decay heat and to maintain the core flooded. (Long Term Cooling)

The performance requirement for the ECCS in a conventional nuclear plant during a large
LOCA is fulfilled using the following subsystems;

Step 1: Accumulator System
Step 2: Low Head Injection System and High Head Injection System
Step 3: Low Head Injection System and High Head Injection System

Thus, in a conventional nuclear plant, the functions of the ECCS during a LOCA are assigned
to three subsystems: the Accumulator System, the Low Head Injection System and the High
Head Injection System.

In the US-APWR, the ACC, which shifts its flow rate from large flow to small flow automatically,
is incorporated into the safety system design. The function of the Low Head Injection System
is assigned to the Accumulator System and the High Head Injection System, therefore, the
Low Head Injection System can be eliminated thereby simplifying the configuration of the
ECCS.

The assigning of the function of the US-APWR ECCS subsystems during a large LOCA is
shown as follows in Fig.2.1-1.

Step 1: Accumulator System (ACC)
Step 2: Accumulator System (ACC) and High Head Injection System
Step 3: High Head Injection System

Mitsubishi Heavy Industries, LTD.
2-1
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Blow Down Core Re-flooding Long term cooling
& RV Refill

(Step 1) (Step 2) (Step 3)

0

0
t-

lime

Fig. 2.1-1 ECCS Performance during Large LOCA

During a large LOCA, it is necessary to start the ECCS pumps prior to end of accumulator
injection to inject water to the core continuously. The ACC injects water longer than a
conventional accumulator, thereby allowing more time for ECCS pumps to start. Therefore, in
the US-APWR, gas turbine generators can be used for the emergency power source, if
needed.

The system configuration of ECCS of the US-APWR is shown in Fig.2.1-2. Four accumulators
are installed and each ACC connects to a Reactor Coolant System (RCS) cold leg. Four High
Head Injection Subsystems are installed and inject directly into the vessel downcomer
following accumulator injection. Low Head Injection subsystems are not installed.

A more detailed description of the ACC will be provided later.

Mitsubishi Heavy Industries, LTD.
2-2



THE ADVANCED ACCUMULATOR

RN: Reactor Vessel ACM: Advanced Accumulator
SIG: Steam Generator SIP: Safety Injection Pump
PRZ7 Pressurizer GT/G : Gas Turbine Generator
RWSP: Refueling Water Storage Pit S: Safety Injection Signal

Fig.2.1-2 System Configuration of ECCS of the US-APWR

Mitsubishi Heavy Industries, LTD.
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2.2 The Principles of the ACC Performance

2.2.1 Concepts of Flow Switching Principal

The ACC is a water storage tank with a flow damper in it that switches the flow rate of cooling
water injected into a reactor vessel from a large to a small flow rate.

The conceptual drawing of the ACC is shown in Fig.2.2.1-1.

There is a vortex chamber at the inlet of the injection pipe in the accumulator tank. The small
flow rate pipe is tangentially attached to the vortex chamber. The large flow rate pipe is
radially attached to the vortex chamber on one end and connected to the standpipe on the
other end. The inlet port for the standpipe is located on the level of the interface between the
volume of water for the large flow rate injection and that for the small flow rate injection in the
tank. The outlet port of the flow damper is connected to the injection pipe. The ACC is thus a
simple device with no moving parts.

Accumulator Tank

N2

1oer1 Flow Water LevelSmal
Injection Pipe Standpipe Waler Lvl Injection Pipe IjcinPp

Standpipe

Diffuser IStandpipe Dfue

Throat Outlet Port Throat 44 Outlet Port

Large Flow Pipe Vortex Chamber V ChLarge Flow Pipe Vortex Chamber
SaVortex Chamber

Small Flow Pipe 
Small Flow Pipe

Large Flow (RV Refilling) Water Levels in Accumulator Tank Small Flow (Core Reflooding)

Fig.2.2.1-1 Principle of Advanced Accumulator

Mitsubishi Heavy Industries, LTD.
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When a Loss of Coolant Accident (LOCA) occurs and pressure in the reactor vessel
decreases, the check valves in the injection pipe open to permit injection of cooling water into
the vessel. Since the water level in the accumulator tank is at first higher than the elevation of
the inlet of the standpipe, water flows through both the large and small flow rate pipes. These
flows collide with each other so that no vortex is formed in the vortex chamber. The angle of
collision 6 is determined so that the flow from the large flow rate pipe cancels the angular
momentum of the flow from the small flow rate pipe. Consequently, the flow resistance is
small resulting in a large flow. Fig. 2.2.1-2 shows additional details of flow damper.

Injection Pipe

Diffuser

Throat
Outlet Port

Vortex Chamber

Large Flow Pipe

Small Flow Pipe

Fig.2.2.1-2 Flow Damper

Mitsubishi Heavy Industries, LTD.
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High flow continues until the water level in the accumulator tank comes down to the inlet level
of the standpipe, and the flow into the standpipe stops. The flow in the large flow rate pipe
almost comes to stop and the flow from the small flow rate pipe forms a strong vortex in the
vortex chamber. As a result of centripetal force, a large pressure drop occurs along the radius
of the vortex chamber between the small flow rate pipe and the output port. Therefore, a small
flow rate is achieved with a vortex rather than with moving parts.

The strength of the vortex in the chamber depends on the ratio of the diameter of the vortex
chamber, D, and that of the outlet port, d. The ACC design objective was to make the ratio,
D/d, as large as possible. The diameter of the vortex chamber, D, is determined by the
accumulator tank, while that of the outlet port, d, is limited by the required flow rate at large
flow rate condition. In order to satisfy these requirements and to achieve a larger ratio of large
to small flow rates, a throat followed by a diffuser is employed at the outlet port of the vortex
chamber.

Mitsubishi Heavy Industries, LTD.
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2.2.2 Expected Phenomena

1) At Large Flow Rate

Since there is no vortex in the vortex chamber at large flow rates, flow resistance of the flow
damper must be similar to that of a conventional pipe. The form resistance is larger than
flow friction in the flow damper because the flow has high velocity direction changes within a
short distance. Therefore pressure loss of the flow damper will be primarily due to form
resistance, and secondarily due to a flow friction. The latter can be evaluated by its
Reynolds number. The form resistance is independent of Reynolds number.

The diffuser recovers pressure after the throat in order to reduce the losses, and the
pressure at the throat is lower than that in the injection pipe at large flow rate. If the
pressure at the throat goes below the critical pressure of cavitation inception, cavitation may
occur. If cavitation occurs at the throat of the outlet port, the existence of bubbles may
reduce flow rate. Hence, a cavitation factor will be a parameter of a flow rate coefficient, if
the effect of friction is neglected.

The pressure in the accumulator tank is over 580psig (4MPa [gage]) at the beginning of
injection and comes down to about 145psig (1 MPa[gage])at the end of large flow rate
injection. Dissolved nitrogen gas in the stored water will separate out due to the pressure
drop and may affect the flow rate. However, the effects of the dissolved nitrogen were
simulated in full height, full pressure experiments to verify that dissolved das will not
significantly affect the ACC flow rate. The detail of the test will be show later in this report.

2) At Switching Flow Rate

At the end of large flow rate injection, water stops flowing into the standpipe but a water
surface is formed in the standpipe. The water column in the standpipe still has momentum
at that time. The inertia of the water column makes the water surface undershoot below the
ACC water level that balances with the pressure difference between inside and outside of
the standpipe. The water level recovers to its balanced level thereafter. Fig. 2.2.1-3 shows
schematic chart of transient of a water level in the standpipe. The standpipe must be
designed to ensure that nitrogen gas in the tank does not flow into the injection pipe during
undershoot. This effect will be evaluated in the testing described later.
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Inlet Port of Standpipe

Rapid Falling due
to Inertia of Water

U)m

/ Recovery of Water Level

"C- Slow Descent due to
C" Small Flow RateU)

Undershoot

Time

Fig.2.2.1-3 Example of Water Level Transient in Standpipe (Schematic Chart)

3) At Small Flow Rate

After flow in the standpipe is almost stopped, a strong and steady vortex flow is formed in
the vortex chamber. Since the pressure loss in the small flow rate pipe is negligible, the
static pressure at the exit of the small flow rate pipe equals the static pressure in the
accumulator tank minus the dynamic pressure in the small flow rate pipe. In other words,
the difference between the water level in the tank and in the standpipe is equal to the
dynamic pressure in the small flow rate pipe, which is much smaller than the pressure drop
due to a vortex in the chamber. This is a main feature of the flow damper which prevents
gas leakage during the small flow rate.

Pressure losses of the flow damper are due to a strong vortex at small flow rates. Pressure
recovery in the diffuser after the throat is negligible during small flow rate, and pressure at
the center of the vortex is almost approximately equal to that in the injection pipe. This
indicates that the minimum pressure is much higher than the vapor pressure of the water.
Consequently, cavitation will not occur at the throat during small flow rate.

If the influence of friction is negligible, flow rate coefficients will be common for any size of
flow damper.

Mitsubishi Heavy Industries, LTD.
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2.3 Performance Requirements for the ACC

The functions of the ACC during a large break LOCA are, as described in Section 2.1, refilling
the lower plenum and downcomer immediately following the reactor coolant blow down (Step
1), and establishing the core reflooding condition by maintaining the downcomer water level
after refilling the core (Step 2). In this Section, these functional requirements are quantified as
performance requirements and design requirements.

2.3.1 Performance Requirements for Large Flow Injection

The lower plenum and downcomer of the reactor vessel shall be filled by large flow injection.
Since the time required for accomplishing large flow injection is the dominant factor for the
Peak Clad Temperature (PCT), the performance requirement is that "the lower plenum and the
downcomer are filled with water as rapidly as possible during refilling period."

2.3.2 Performance Requirements for Small Flow Injection

1) Basic concept

It is important for core cooling to keep the downcomer filled with ECCS water, in order to
ensure that a water-head is maintained to force ECCS water flow into the core through the
lower plenum of the reactor vessel (See Fig.2.3.2-1).

2) The required injection flow rate

The required injection flow rate during the core re-flood period is determined as follows.

The required flow rate is obtained from the core re-flooding flow rate calculated by the
hypothetical LOCA analysis, which assumes that the downcomer is filled with sufficient
water to adequate safety injection flow. A double-ended, Cold-Leg break (CD (Discharge
Coefficient) =0.6), which makes the PCT worst conventionally for 4-loop plants, is assumed
for the analysis condition.

The required flow rate is obtained as the sum of the injection flow rate and the product of
flow area times the re-flooding rate for each of the following three regions (See Fig.2.3.2-1).

(1) Core region
(2) Neutron reflector cooling-holes region
(3) Neutron reflector back side region

The required injection flow rate obtained by this analysis, is shown in Fig.2.3.2-2. According
to the progress of core re-flooding, the difference of water-head between the downcomer
and the core is reduced gradually, and the required injection flow rate decreases gradually.

This analysis was calculated using the Appendix K ECCS model with the Japanese decay
heat model. Since the decay heat level of the Japanese model is lower than that of the
Appendix-K model, core re-flooding rate becomes larger. Therefore, we used the Japanese
decay heat model to obtain the conservative (larger) flooding rate requirement.
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The adequacy of the required injection flow rate will ultimately be confirmed by the ECCS
performance analysis using the WCOBRA/TRAC code with ASTRUM methodology.

3) Required injection flow rate Margin

The required flow rate for small flow will be supplied solely by the ACC as described in
Fig.2.1-1 (section 2.1). The Safety injection pumps will provide additional ECCS flow rate
margin.

SI

Assuming sufficient SI
flow to maintain the
downcomer filled with

ECOS flows into the following 3 regions
from the downcomer water-head
(1) Core region
(2) Neutron reflector cooling-holes region
(3) Neutron reflector back side region

Required flow rate: Sum of the injection flow rate in each region j

Fig.2.3.2-1 Basic Concept for Calculation of the Required ECCS Injection Flow Rate
(Core re-flooding phase)

Mitsubishi Heavy Industries, LTD.
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Note: According to progress of core re-flooding, the difference of water-head between the
downcomer and the core is gradually reduced. The required flow rate also decreases
gradually.

Fig.2.3.2-2 Required ECCS Injection Flow Rate

Mitsubishi Heavy Industries, LTD.
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2.3.3 Expected ECCS Function for Various Break Sizes

In general, high PCT is calculated in two break-size ranges. One is for a large-break LOCA
and the other is for a small-break LOCA.

Fig.2.3.3-1 shows the RCS pressure transient and ECCS flow injections for various break
sizes.

Large-break size:

Because of large break-flow the core would be uncovered deeply and fuel-cladding
temperature would rise. The injection capability to recover the core water level quickly is
needed as the ECCS function. Therefore, the prompt injection during the refill period would
be performed by large flow of accumulators. (See Fig.2.3.3-1 (a))

When the accumulators inject water for smaller break-sizes, the fuel-cladding temperature
do not reach high values because of the lower decay heat level and relatively quick core
reflooding due to the slow accident transition compared to larger break-sizes. (See
Fig.2.3.3-1 (b))

Small-break size:

Because of the loop seal and boil-off phenomena, the core would uncover and fuel-cladding
temperature would rise. In this case, the accumulators would not start injecting water for the
core reflooding. The injection capability to supply the evaporated coolant in the long-term
after core reflooding is the required ECCS function. Therefore, the safety injection pumps
are in charge of this function. (See Fig.2.3.3-1 (c))

The validity of ECCS design will be confirmed by the ECCS performance evaluation analysis.

Mitsubishi Heavy Industries, LTD.
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Fig.2.3.3-1 RCS Pressure Transients and ECCS Injection Flow for Various Break Sizes

Mitsubishi Heavy Industries, LTD.
2-13



THE ADVANCED ACCUMULATOR

2.3.4 Design Requirements for the ACC

This subsection describes specific design requirements based on the performance

requirements specified in subsection 2.3.1 and 2.3.2.

1) Design Requirements for Large Flow Injection

The performance requirements for the large flow injection discussed in Section 2.3.1 are as
follows:

Requirement
The lower plenum and the downcomer are filled with water as rapidly as possible during
refilling period.

Major parameters affecting the duration of large flow injection are specified as follows to
meet this requirement.

a Large flow injection water volume:[
o Initial gas volume: (
* Initial gas pressure:( )
* Resistance coefficient of the accumulator injection line in large flow injection:(

The RCS pressure transient during a large break LOCA is assumed as shown in
Fig. 2 .3.4-1Notel, and the injection flow rate transient for large flow that is calculated based

on the above parameters is shown in Fig. 2.3.4-2.

Notel: It is assumed that RCS pressure is reduced to( )in(
seconds after initiation of accumulator injection based on the result of APWR
LOCA analysis.

The injection flow rate transient shown in Fig. 2.3.4-2 is obtained using the following simple
equations. The concept is similar to that used in conventional nuclear safety analysis.

Pgas-Pinj= pKU 2 
_pg(Ht- Hp) (2-1)

2

Pgas - ,Vgas Pgaso (2-2)
Vgas)

dVgas = A . U (2-3)

dt
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where

Pgas : Accumulator gas pressure
Pgaso : Initial accumulator gas pressure
Vgas : Accumulator gas volume
Vgaso : Initial accumulator gas volume
Pinj : Pressure at the injection point
K : Overall resistance coefficient of accumulator injection system during

large flow
Ht : Water level elevation of accumulator tank
Hp : Elevation of the injection point
U Velocity in the injection pipe
A Cross section inside of the injection pipe
P Density of water
g : Gravity acceleration
t : Time
K Adiabatic exponent

Each parameter is shown in Fig. 2.3.4-3, which provides an overall view of the Accumulator
System.

The PCT results were confirmed in the APWR design stage by using these parameters for
large flow injection (assuming the resistance coefficient of the accumulator injection system
is[ ]) to be below( ) Since the resistance coefficient of the planned
accumulator injection piping and valves (KI) is approximately( 1, the resistance coefficient
of the flow damper during large flow (KD) was determined to b( Jusing to the design
requirement as follows:

KD= K- K,=C
=( ] (2-4)

The resistance coefficient of the flow damper during large flow changes based on the
cavitation factor as described in Section 2.2. The design requirement above is specified as
a target for the resistance coefficient of the flow damper at the end of RCS depressurization
(( ) seconds after initiation of accumulator injection), where the cavitation factor becomes
smallest.

2) Design Requirements for Small Flow Injection

The performance requirements for small flow injection during large LOCA are described in
Section 2.3.2. The required small injection flow rate following the shift of flow ii -

( )as shown in Fig.2.3.2-2. Assuming 3 of the 4 accumulators are available, the
required flow rate is( )per tank. The expected flow rate at the end of
large flow injection from each accumulator is( )as shown in Fig.2.3.4-
2. The flow-shifting ratio from large flow to small flow necessary to meet the performance
requirement is as follows:

R - 3 ) (2-5)
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Therefore, the flow-shifting ratio( ], which exceeds the required (smallest) flow-shifting ratio
(8.3)from large flow to small flow, is specified as the design requirement.

Fig. 2.3.4-1 RCS Pressure Transient during Large Break LOCA

Fig. 2.3.4-2 Large Flow Injection Transient during Large Break LOCA

Mitsubishi Heavy Industries, LTD.
2-16



THE ADVANCED ACCUMULATOR

Fig. 2.3.4-3 Overall View of the Accumulator Injection System

Note
Refer Section 3.1

Mitsubishi Heavy Industries, LTD.
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2.4 Expected Performance of the ACC

The major design parameters specified in Section 2.3.4 to meet the performance requirements
for the ACC are as follows:

" Large flow injection water volume.(
* Initial gas volume: t. .
* Initial gas pressure:[ 3
* Injection pipe inner diameter: ( 3
" Resistance coefficient of the accumulator injection line in large flow injection:(
* Resistance coefficient of the flow damper in large flow injection:( I
* Flow-shifting ratio:( I

The expected injection flow characteristics based on the parameters listed above are shown in
Fig.2.4-1.

Although the calculation method is the same as described in Section 2.3.4, for this calculation,
the resistance coefficient of the flow damper (KD) is changed from( ]to( )at the point where
the water volume for large flow injection becomes zero. The rationale of the value[ )of KD in
the small flow injection is shown as follows:

R = QL (2-6)QS

=RKsL++ Kp = Q- )2=R-2 (2-7)
KDs +Kp KQL

- -dDL+Kp Kp

= 1 (2-8)

where

R : Flow-shifting ratio
QL : Large injection flow rate
Qs Small injection flow rate
KDL : Resistance coefficient of flow damper during large flow injection
KDS : Resistance coefficient of flow damper during small flow injection

Kp : Resistance coefficient of injection pipe
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L
Fig. 2.4-1 Expected Performance of the ACC
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3.0 DETAILED DESIGN OF THE AS-INSTALLED ACC

3.1 The Design Basis and Specifications of the ACC

The performance and the design requirements for the Advanced Accumulator (ACC) were
described in Sec.2.3. This Section describes the design basis and specifications of the ACC.

Each ACC connects to a corresponding RCS cold leg (4 accumulators in all) and has the
function of injecting water into the core during the reactor vessel (RV) refilling process and
also injecting water at a lower flow rate during the core reflooding process.

The goals of the above stated functions are as follows:

" Refilling process (large flow Injection):

lnject( Notel of water rapidly (equivalent to the volume of the downcomer and
lower plenum of the RV) to initiate reflooding.

" Reflooding process (small flow injection):

Continue injecting water for approximately[ Nte2 following the refilling process
to maintain downcomer water level through core quench.

Note1: The planned volume of the downcomer and lower plenum of US-APWR is
approximatelyf J The required value( "is set to provide
additional margin.

Note2: It is assumed that the duration of small flow injection from the accumulator ist .1
seconds followed by the injection from the Safety Injection (SI) Pumps. The
duration of small flow injection is associated with the SI pump capacity. If the
duration of small flow injection is short then a larger volumetric flow rate is required
from the SI pumps.

Since the water from an ACC installed on the broken loop is assumed to spill to the
containment and does not contribute to core injection, the water injected from the remaining
three accumulators is available for core injection. Thus, the required volume of. ACC is
specified as follows:

Refilling process (large flow injection)

[ )(a) /(2/'3)(b) /3(') )~]ACC (3 .-1)

The volume of an ACC is specified to be( which is the required(
m3) plus margin.

(a) Total volume of the downcomer and the lower plenum (f)
(b) Assumption based on the experience that 1/3 of injection flow is spilt from the broken

-loop to the containment.
(c) The number of ACC assumed to inject to the core injection
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Reflooding process (small flow injection)

The relation between the amount of small injection flow and the duration of small flow
injection with regard to the expected performance of the ACC defined in Section 2.4 is
shown in Fig. 3.1-1. The exoected duration of the small flow injection from the ACC isE
seconds. Therefore,( ]of injection water is required per ACC. Thus,( )
( ])of injection water volume is specified giving a margin above approximately[ ]%.
Considering the total water volume ,[ ] and addina the volume of gas space
and dead water volume, the required volume of a single ACC is[ j The validity
of the volume will be confirmed in ECCS performance analysis. Specifications for the ACC
are shown in Table 3.1-1.

Table 3.1-1 Specifications for the ACC

Type: Vertical cylindrical
Number: 4
Volume: 3,180ft3(90m3)
Maximum design pressure:
Maximum design temperature:
Large flow injection volume:
Small flow injection volume:

Fig. 3.1-1 Basis of the Small Flow Injection Water Volume

Mitsubishi Heavy Industries, LTD.
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3.2 The Structure of the ACC

An outline drawing of the ACC is shown in Fig. 3.2-1. The inner diameter of the tank is(
) ]and total height is( I The tank inner structure includes the flow damper

and the standpipe. Because the outlet piping is above the flow damper, the un-available
"dead" water is less than that for an ACC design that has its outlet piping attached under the
flow damper due to the need for increased space for installation. The ACC main dimensions
are shown in Fig.3.2-1.
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Fig. 3.2-1 Outline Drawing of Advanced Accumulator

Mitsubishi Heavy Industries, LTD.
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3.3 The Structure of the Flow Damper

The structure of the flow damper is shown in Fig. 3.3-1 and Fig. 3.3-2. The flow damper
consists of an anti-vortex cap, standpipe, vortex chamber, small flow pipe and outlet pipe. The
inlet of the standpipe is set at the water level at which the flow rate switches from large flow to
low flow. The anti-vortex cap installed on the standpipe inlet prevents gas entrainment just
before the flow switching and improves the flow-switching characteristics. The small flow
piping is connected to the vortex chamber tangentially. An anti-vortex plate is also provided at
the inlet of the small flow pipe and prevents the gas in the ACC gas space from being sucked
into the standpipe when the water level is reduced to the small flow inlet. During large flow
injection, the flow from the standpipe and the small flow pipe collide in the vortex chamber and
the resulting water stream flows out of the chamber directly without forming a vortex. The
throat portion and diffuser are provided on the outlet pipe to increase the flow resistance
during small flow and to recover the pressure during large flow and to provide a smooth
transition for the pipe. The detailed dimensions, inner diameters of the throat and the vortex
chamber are determined from the tests using the ratio of Zobel diode. The basis for
determining the dimensions is shown in Table 3.3-1.

Anti-Vortex Cap

Outlet Pipe

0

Stand Pipe

Large Flow Pipe

S -Flow Nozzle

Vortex Chamber ISmall Flow Pipe Anti-Vortex Plate

Flow Damper

Fig. 3.3-1 Overview of the Flow Damper
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Fig. 3.3-2 Outline Drawing of the Flow Damper

Mitsubishi Heavy Industries, LTD. 3-6



THE ADVANCED ACCUMULATOR

Table 3.3-1 The Basis for the Flow Damper Dimension

Regions The bases of dimension
(1) Standpipe height Specified to assure the required injection water volume during small

flow injection is maintained between the inlet of the standpipe and
the upper end of the vortex chamber, and to prevent the water level
from reducing below the upper end of the vortex chamber.

(2) Height of standpipe Specified to be consistent with the width of the large flow pipe
inner section connecting to the vortex chamber to assure the smooth flow from the

standpipe to the vortex chamber.
(3) Width of standpipe Specified to limit the flow velocity just before the flow switching to

inner section prevent entrainment of gas during the water level transient in the
standpipe.

(4) Inner diameter of the The inner diameter of the throat is the dominant factor of the
throat resistance of the flow damper during large flow. The inner diameter

of the throat is specified to meet the required resistance of large flow.
(5) Inner diameter of the The inner diameter of the vortex chamber is determined by tests

vortex chamber using the ratio of Zobel diode.
(6) Height of the vortex The inner height of the vortex chamber is determined by tests using

chamber the ratio of Zobel diode.
(7) Width of small flow It is preferable that the width of the small flow pipe be as small as

pipe possible to enlarge the flow damper resistance during small flow.
However, if the aspect ratio of the small flow pipe (height/width) is
large, a stable jet flow is not formed. It is necessary that a stable jet
flow is induced from the small flow pipe to the vortex chamber in
order to form the stable vortex. Thus, the width of the small flow inlet
pipe is specified with an aspect ratio of( PN t.

Note: Max. aspect ratio for which a stable jet flow is acquired from
experience.

(8) Width of large flow It is preferable that the width of the large flow pipe is as large as
pipe possible to reduce the flow damper resistance during large flow.

Therefore, the width of the large flow pipe is specified to make it as
large as practical according to the structure considering the facing
angle of the large flow and small flow pipe.

(9) Facing angle of large The facing angle of the large flow and small flow pipe is specified to
flow pipe and small balance the angular momentum of each other so that no vortex is
flow pipe formed in the chamber during large flow considering the width of

large flow pipe.
(10) Expansion angle of It is preferable that the flow area from the throat to outlet pipe

the throat increases gradually in order to return the kinetic pressure to the static
pressure during large flow. However, if the expansion angle is too
large, the flow may strip off the pipe and cause an energy loss.
Therefore, the expansion angle is specified as( )degrees which is
less tharn )degrees which prevents flow stripping based on
experience.

Mitsubishi Heavy Industries, LTD.
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4.0 CONFIRMATORY TESTING PROGRAM FOR THE ACC

The design requirements and specifications of the ACC for the US-APWR that were discussed
in section 2 and 3 are the same as that for the APWR. The core output and the size of the
reactor vessel are the main parameters used to determine the design requirements and the
specifications of the ACC are common to both the APWR and the US-APWR. Therefore, the
confirmation test program of the ACC previously been done for the APWR is applicable to the
US-APWR. This test program was conducted as a joint study among five utilities Note and MHI,
from September 1994 to September 1996.

Note: Japan Atomic Power Co., Hokkaido Electric Power Co., Kansai Electric Power Co.,
Shikoku Electric Power Co., and Kyushu Electric Power Company.

This Section of the Topical Report (1) describes the purposes and objectives of the
confirmatory test program; (2) provides a detailed description of the tests and the test results;
(3) provides demonstration of the validity and scalability of the test results for the design of the
US-APWR; and (4) sets forth, the quality assurance performed to re-verify and confirm that the
results of the test program are reliable and accurate for use in the design of the US-APWR.

4.1 Purpose of the ACC Scale Testing

Confirmatory tests were conducted to determine whether expected performance could be
achieved from the operational principles of the ACC. The following items were tested to verify
the principles and characteristics of the flow damper:

(1) Confirmation of the principles of the flow damper:

Tests were conducted to observe the behavior of the flow in the vortex chamber of the flow
damper during large flow injection, large/small flow switching, and small flow injection and
to confirm that their behavior was as expected.

(2) Confirmation of the anti-vortex function at the end of large flow injection:

As water level in the accumulator decreases after initiation of accumulator injection, it may
be possible to form a vortex at the entrance to the standpipe and nitrogen gas in ACC gas
space can be sucked into the standpipe when the water level is low. Therefore, an anti-
vortex cap was designed for the large flow inlet. The tests were conducted to confirm that
the anti-vortex cap prevented the vortex from forming at the standpipe inlet and gas was
not sucked into the stand pipe.

(3) Confirmation of the standpipe water level transient during flow switching:

During flow switching from large flow to small flow, the standpipe water level is temporarily
decreased by inertial force, and then recovers due to the differential of the water level
between the tank and the standpipe. When the standpipe water level decreases to the top
of the flow damper, gas can be entrained the flow damper and carried to RCS.
However, the ACC was designed so that gas entrainment will be precluded.
The test was conducted and confirmed that gas was not entrained into the flow damper by
measuring the water level transient during the flow switching.
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(4) Confirmation of performance during large flow:

A test was conducted to confirm that the performance of the flow damper during large flow
met the design requirement (i.e. Resistance coefficient for large flow injection)

(5) Confirmation of performance during small flow:

A test was conducted to confirm that the performance of the flow damper during small flow

met the design requirement (i.e., flow switching ratio).

(6) Confirmation of flow switching water level:

It is assumed that the injection flow rate shifts from large flow to small flow when the tank
water level decreases to the lower edge of the standpipe anti-vortex cap. However, in the
actual tank, the flow switching level may have some variations. Therefore, the actual
switching level was confirmed through testing.

(7) Confirmation of the effect of dissolved nitrogen gas:

Since the accumulator tank is compressed by nitrogen gas, it is possible that nitrogen gas
will dissolve in the water. If the water in the accumulator tank contains nitrogen gas, it is
assumed that the gas comes out of solution and affects the flow characteristics of the flow
damper. Therefore, the test was conducted with nitrogen-rich water to confirm that the
effect of nitrogen gas was negligible with ACC design.

(8) Confirmation that the ACC flow characteristics are represented by dimensionless numbers
(cavitation factor and flow rate coefficient):

The throat portion of the ACC is located at the outlet of the vortex chamber to form a strong
vortex in the vortex chamber during small flow. Therefore, it is assumed that cavitation
could occur and affect the flow characteristics during large flow. The cavitation
phenomenon can be evaluated by utilizing a cavitation factor. The tests were conducted to
confirm that the flow characteristics obtained through the tests were a function of the
cavitation factor.

The cavitation factor a1, is defined by the following equations.

0'V - D +aPt P" (4-1)
AP

where pa, : Atmospheric pressure

p :Outlet pressure of flow damper [gage]
P, :Vapor pressure of the water

ziP : Pressure drop of flow damper
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(9) Confirmation that flow characteristics (cavitation factor and flow rate coefficient) are
independent of scaling:

To confirm the validity of applying the similarity law that evaluates the actual flow damper

by the test results using scale model of the flow damper and to acquire the data required.

These test items are summarized in Fig.4.1 -1.

Mitsubishi Heavy Industries, LTD.
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4.2 Detailed Description of the Test and Results

4.2.1 1/8.4 Scale Test

1) Objectives

To examine the basis of operation of the ACC and to understand the injection flow
characteristics and 1/8.4 scaled flow visualization experiment was designed. Items to be
confirmed in this test are as follows;

Confirmation of operating principles of the flow damper

To visualize the behavior of flow in the flow damper and the standpipe during large flow
injection, large/small flow switching, and small flow injection, and confirm the behavior
and stability of the flow in the vortex chamber and flow switching. From this test, it was
confirmed that: (1) A vortex was not formed in the vortex chamber during large flow, (2)
A vortex was formed and flow rate was decreased during small flow, and (3) injection
flow rate was shifted sharply from large flow to small flow.

Confirmation of behavior of the water level in the standpipe at flow-switching

To visualize the behavior of the water level in the standpipe at flow-switching and confirm
the behavior of the flow.

2) Test apparatus

The visualization test of operating principles of the flow damper was conducted using the
test apparatus shown in Fig. 4.2.1-1 and Photo. 4.2.1-1. The test apparatus consists of an
ACC model, exhaust tank and injection pipe. The scale of the flow damper is 1/8.4 and the
vortex chamber is upright. One side of the vortex chamber and the standpipe is integrated
into the front of ACC model, which is made of transparent acrylate so that the flow behavior
inside of the ACC, the standpipe and the flow damper can be observed. (The shape of each
part of the apparatus was simplified while assuring the operating principles of the flow
damper was not affected.)

Mitsubishi Heavy Industries, LTD.
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Anti-vortex cap

Small flow inlet

,, Stand pipe

Vortex chamber

Photo. 4.2.1-1 1/8.4 Scale Test Apparatus

The major specifications of the test facility are as follows:

(1) ACC Model

Design Pressure : r
Width
Length
Height
Volume

(2) Flow Damper and Standpipe

Dimensions : 1/8.4 of actual tank -
(Flow damper inner diameter:L

I Simplified shape

(3) Injection Piping

Diameter II

Mitsubishi Heavy Industries, LTD.
4.2.1-3
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(4) Exhaust Tank

Design Pressure
Width •
Length
Height
Volume

3) Test condition

The pressure of the gas space is [ (Max pressure of test facility)

4) Parameter to be measured

The behavior of flow in the standpipe and the flow damper was observed. Also, flow-
switching was observed on a CRT as shown in Fig. 4.2.1-1.

5) Measuring equipment

The behavior of flow in the standpipe and the flow damper was confirmed by visual
inspection. Flow switching was confirmed by visual tracking of flow rate using the flow
meter as shown in Fig. 4.2.1-1.

6) Test results and consideration

The behavior of the flow and the flow transient in the standpipe and the vortex chamber at
flow switching are shown in Photos. 4.2.1-2 to 4.2.1-7, respectively. The following items
were confirmed from the test:

(1) The behavior of the flow in the vortex chamber during large flow conditions is shown in
Photo. 4.2.1-3. It was confirmed that a vortex was not formed in the vortex chamber
since the air, which was injected as a flow tracer, directly drifted from the point where the
flow from the inlet of standpipe and the flow from small flow pipe collided to the outlet.

(2) By comparing the water level in the standpipe at shortly after the flow switching (Photo.
4.2.1-5) and during small flow condition (Photo. 4.2.1-6), it was found that the water level
during small flow is higher than the water level at flow switching. Thereby confirming that
the water level in the standpipe was temporarily reduced, and then recovered.

(3) It was confirmed that the flow switched sharply from large flow to small flow in a short
time as shown in Photo. 4.2.1-6.

(4) It was confirmed that following the initiation of small flow, the stable vortex was formed
since the air that was injected as a flow tracer was swirling into the outlet as shown in
Photo. 4.2.1-7.

From the test results above, the basic principle of the flow damper was confirmed as follows:

Mitsubishi Heavy Industries, LTD. 4.2.1-4
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(1) When the water level in the accumulator tank is above the upper end of the standpipe,
the flow from standpipe and the small flow inlet collide in the vortex chamber and flow
directly to the outlet, and a vortex is not formed in the vortex chamber. Therefore, the
resistance is small and the large flow rate is available.

(2) When the water level in the tank is reduced below the upper end of the standpipe, the
flow from the standpipe almost stops and only the flow from the small inlet flows into the
vortex chamber, forming a strong vortex. Therefore, the flow resistance is large and the
injection flow rate becomes small.

(3) When the water level is close to the flow switching level, it was confirmed that the anti-
vortex cap on the standpipe prevents a vortex from being drawn into the standpipe. The
lower end of the anti-vortex cap is almost at the same level as the upper end of the
standpipe. If the water level in the tank is reduced below the lower end of the anti-vortex
cap, the flow from the standpipe almost stops very quickly.

(4) During the flow switching, the water level in the standpipe is temporarily reduced by
inertial force. However the water level recovers quickly and the flow in the standpipe
almost stops and the water level in the standpipe is maintained. Therefore, gas does not
enter into the vortex chamber from the standpipe.

Mitsubishi Heavy Industries, LTD.
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3.37 seconds after
initiation of the test

g Large Flow

12.48 seconds after
initiation of the test
Air injection into the
vortex chamber

(This Photo. shows that
the vortex is not formed in
the vortex chamber.)

Photo. 4.2.1-2 Flow in the Standpipe and the Vortex Chamber durin

Photo. 4.2.1-3 Flow in the Vortex Chamber during Large Flow

Mitsubishi Heavy Industries, LTD.
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23.37 seconds after

initiation of the test

24.10 seconds after

initiation of the test

Photo. 4.2.1-4 Flow Just before Large/Small Flow Switching

Photo. 4.2.1-5 Flow Shortly after Large/Small Flow Switching

Mitsubishi Heavy Industries, LTD.
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27.81 seconds after

initiation of the test

34.13 seconds after initiation

of the test

Air injection into the vortex

chamber
(This Photo. shows that the vortex is
formed in the vortex chamber.)

Photo. 4.2.1-6 Flow during Small Flow

Photo. 4.2.1-7 Flow in the Vortex Chamber during Small Flow

Mitsubishi Heavy Industries, LTD.
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4.2.2 1/3.5 Scale Test

1) Objectives

The ACC design uses an anti-vortex cap at the top of the standpipe to prevent the formation
of a vortex as the flow drains from the tank such that the flow will only switch from a high
flow to a lower flow when the level in the ACC tank drops below the top of the standpipe.

Without the anti-vortex cap, as the water level is reduced close to the upper end of the
standpipe, it is possible for supercritical flow to form at the inlet of the standpipe and gas
could be entrained, and the flow rate would not shift smoothly. The purpose of the
experiments was to demonstrate that with the vortex cap design, a smooth flow switching
behavior from the high flow to the lower flow as the tank level would decrease would occur.

The test was conducted to confirm the behavior of flow and potential for vortex formation in
the ACC tank and confirming the effect of the anti-vortex cap.

2) Test apparatus

The outline drawing of the test facility is shown in Fig. 4.2.2-1. The test apparatus consists
of the standpipe, test tank, pump and piping. The anti-vortex cap that is installed at the top
of the standpipe was made of transparent acrylate such that the flow can be observed at
the standpipe inlet. The scale of the standpipe inlet is 1/3.5 of the actual standpipe.

Mitsubishi Heavy Industries, LTD.
4.2.2-1
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3) Testing Method

(1) The experiment was scaled using the Froude Number as a basis since there was an
open tank with a fluid surface. The relationship between the model tank (m) and the
actual accumulator (p) is given below assuming the Froude Number is defined as

V
Fr =g (4-2)(g -L)°'5

And FrP =Frm (4-3)

=L 2.5
Q = - Q (4-4)

VP V,, (4-5)

L.o,

where
Fr Froude number
L Typical dimension (standpipe's diameter)
Q Typical flow rate
V Typical velocity
t :Time
p Subscript of the actual ACC tank
m: Subscript of the 1/3.5 scale model

(2) The flow rate was measured by ultrasonic flow meter, and the tank water level was
measured by the level marking on the sidewall of the tank.

4) Test condition

The test conditions are shown in Table 4.2.2-1. Two types of standpipe inlet (with the anti-
vortex cap and without it) were tested. The tests were performed using two flow rates in
which the test and actual ACC Froude numbers were preserved. The flow rates were

.]and[ I that covers the flow rates at flow
switching at minimum initial gas pressure and at maximum initial gas pressure, respectively.
The injection characteristics with test flow rates are shown in Fig. 4.2.2-2 to 4.2.2-5.

Mitsubishi Heavy Industries, LTD.
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Table 4.2.2-1 Test Condition

Test Condition Remarks Corresponding Actual Condition
Test Flow Flow Rate just Initial Gas Flow Rate just

Number Anti-vortex Cap Characteristics before switching Pressure before switching

C h a r a c t e r i s t i c s ( p s i g ( M P a ( g ) ) ) ( g p m ( m 3 /h ) )

1-1 No Fig. 4.2.2-2 Froude number

1-2 Yes Fig. 4.2.2-3
2-1 No Fig. 4.2.2-4]
2-2 Yes Fig. 4.225_____ __________

5) Parameters and measuring equipment

Flow rate and water level were measured to confirm the conditions during flow switching.
The flow rate was measured by ultrasonic flow meter, and the tank water level was
measured by the level marking on the sidewall of the tank.

6) Test results and consideration

Test results are listed in Table 4.2.2-2. The flow at the inlet for various conditions is shown
in Photos. 4.2.2-1(1/2), (2/2) through 4.2.2-2(1/2), (2/2). The observations included.

(1) In the case of the standpipe inlet without the anti-vortex cap, when the water level is
slightly decreased, a slight surface dimple appeared above the inlet and the initiation of
supercritical flow developed. When the water level decreased further, the supercritical
flow condition was apparent and the surface dimple reached into the standpipe, and gas
entrainment occurred. (Photo. 4.2.2-1(1/2), (2/2))

(2) Below the water level where the supercritical flow condition becomes apparent, the
critical depth became smaller consistent with the water level reduction. This resulted in
lower flow rate and a slower reduction of the water level.

(3) The condition described in (2) above is apparent in the wave pattern. For example, in
Fig. 4.2.2-2, supercritical flow was apparent and gas entrainment started at 26 seconds
after initiation of the test, and the variation of the flow rate became bigger. As the flow
rate became smaller, it took as long as 5 seconds until the flow rate into the standpipe
became zero.

(4) This aualitative condition arn eared in the case of both the minimum initial gas pressure
of 1Jand the maximum initial gas pressure of[ 3
( ]without any significant differences.

(5) In the case of the standpipe inlet with the anti-vortex cap, a slight disturbance appeared
on the water surface as the water level decreased from just above the upper end of the
cap to the lower end of the cap. However, neither a vortex nor supercritical flow occurred,
and the flow rate switched sharply in a short time. (Photos. 4.2.2-2(1/2), (2/2))
This condition is apparent in the wave pattern. For example, in Fig. 4.2.2-3, the flow rate
into the standpipe became zero in approximately 1 second. The flow rate switched much

Mitsubishi Heavy Industries, LTD. 4.2.2-4
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more quickly than the case without the anti-vortex cap (approximately 5 seconds,
Fig.4.2.2-2).

(6) Based on the data and visual observation above, the desired effects of the anti-vortex
cap were confirmed.

Table 4.2.2-2 List of Test Results

Test Test condition Test Results

Number Flow Anti-vortex Vortex Finishing Transitiontime Remark
(T. No) Characteristics Cap Formation (sec)

1-1 Fig. 4.2.2-2 No Yes Approx. 5 Photo. 4.2.2-1(1/2), (2/2)

1-2 Fig. 4.2.2-3 Yes No Approx. 1 Photo. 4.2.2-2(1/2), (2/2)

2-1 Fig. 4.2.2-4 No Yes ( 3

2-2 Fig. 4.2.2-5 Yes No ( 3

Mitsubishi Heavy Industries, LTD.
4.2.2-5
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Photo. 4.2.2-1 (1/2) Aspect of Flow without Anti-Vortex Cap (T. No. 1-1) 1/2

Mitsubishi Heavy Industries, LTD.
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Photo. 4.2.2-1 (2/2) Aspect of Flow without Anti-Vortex Cap (T. No. 1-1) 212

Mitsubishi Heavy Industries, LTD.
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Photo. 4.2.2-2 (1/2) Aspect of Flow with Anti-Vortex Cap (T. No. 1-2) 1/2

Mitsubishi Heavy Industries, LTD.
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Th

Photo 4.2.2-2(2/2) Aspect of Flow with Anti-Vortex Cap (T. No. 1-2) 212

Mitsubishi Heavy Industries, LTD.
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I ]
Flow rate

:. "!.

Large flow rate range -i- (gpm)

Initiation of supercritical flow
(Gas entrainment occurs) 800

-S

$ •, , •- z 7.:T:3

Time (sec)

Fig 4.2.2 -2 Test Flow Characteristics without Anti-Vortex'Cap IT. No. 1-1)
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" . Large flow rate range (gpm)

Ii !•!!i:!!!•; -. •ii initiation of flow switching 80, 
.....

•..,.:.-.
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Fig 4.2.2-3Test Flow Characteristics with Anti.Vortex Cap (T. No. 1-2)
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Fig 4.2.2-4 Test Flow Characteristics without Anti-Vortex Cap (T. No. 2-1)

Mitsubishi Heavy Industries, LTD.
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Fig 4.2.2-5 Test Flow Characteristics with Anti-Vortex Cap (T. No. 2-2)

Mitsubishi Heavy Industries, LTD.
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4.2.3 1/5 Scale Test

1) Objectives

(1) Confirm the operational characteristics of the flow damper

Observation of the flow in the flow damper during large and small flow, large/small flow
switching, and confirmation of the expected behavior of the flow

(2) Confirm the performance characteristics during large and small flow by
measurement

The cavitation factor and flow rate coefficient during both flow conditions were measured,
and confirm the flow characteristics are similar to the expected ACC performance. The
flow characteristics obtained by the test were compared with the results of the full height.
1/2 scale test later in this report and are used to confirm the validity of applying the
scaling basis for these experiments.

2) Test apparatus

The outline drawings of the test apparatus is shown in Fig. 4.2.3-1. The test facility consists
of a test tank, flow damper, standpipe, injection piping and exhaust tank. The flow damper
made of transparent acrylate was installed outside of the test tank, thereby allowing fluid
characteristics in the flow damper to be observed. A ball valve (nominal diameter is( ]
I ]is provided on the injection line as the isolation valve and a gate valve (nominal
diameter is 3 is also provided on the injection line to control the flow
resistance.

Mitsubishi Heavy Industries, LTD.
4.2.3-1
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Fig. 4.2.3-1 Outline Drawing of the Visualization Test Apparatus

Mitsubishi Heavy Industries, LTD.
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The specifications of the test facility are as follows:

(1) Test tank

Design Pressure
Diameter
Height
Volume

(2) Flow damper and standpipe (1/5 scale of the Actual size)

Diameter of vortex chamber
Height of vortex chamber
Shape of standpipe

(3) Injection piping

Inner diameter

(Simulating the pressure drop)

(4) Exhaust tank

Design Pressure
Diameter
Height ]
Volume

3) Testing method

(a) Visualization test method
(1) Visualization tests were conducted for three cases: (i) examining flow characteristics

rdurinq larqe flow iniection and flow switching, setting the initial pressure at
I which is the maximum design pressure of the test tank; (ii)

examining flow characteristics during small flow injection, setting the initial pressure at
i]for a long small flow injection time, and (iii) examining flow

characteristics during flow switching, setting the initial pressure at[
which has the same Froude number as that of the actual plant condition.

(2) The flow characteristics in the flow damper were recorded and observed using a video
camera, shown in Fig.4.2.3-1.

(3) The characteristics of the flow in the vortex chamber were observed using blue ink as
a flow tracer.

Mitsubishi Heavy Industries, LTD. 4.2.3-3
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(b) Low pressure injection testing method
(1) The test tank pressure, test tank Water level, damper outlet pressure, and exhaust

tank pressure were measured and input into a PC to calculate the flow rate coefficient
and the cavitation factor.

(2) Flow rate coefficient and cavitation factor were obtained by the following equations:

Flow rate coefficient C,

CV= (4-7)

K) = (PA + pgH)-(P+PV2 /2+pgH') p .(4-8)

KD 2/2

Cavitation factor or,
cr=PD + P.t -Pv (4-9)

= (PA + pgH)-(PD + pVYD12 + pgH')

Where
KD : Resistance coefficient of flow damper
PA • Test tank pressure [gage]
P : Density of water
g • Acceleration of gravity
H : Distance between test tank water level and vortex chamber
H' : Distance between outlet pipe and vortex chamber
Pt Atmospheric pressure
P, : Vapor pressure of water.
PD " Static pressure of flow damper outlet piping [gage] Note
VD Velocity in the flow damper outlet piping Note

Note: These parameters were the values converted to the scale of the actual
ACC

Mitsubishi Heavy Industries, LTD.
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(3) Data Processing
Data smoothing techniques were utilized to eliminate noises from data of the ACC water
level, the ACC pressure and the flow damper outlet pressure data processing and is
discussed.

The water level data as a function
of time is shown here, and a
polynomial equation is made by
the least square method.

(a) Data of the ACC water level

The pressure data is shown as
a function of time. a polynomial
equation is made by the least
square method.

(b) Data of the ACC pressure

The pressure data is shown as
a function of time, and the
polynomial equation is made by
the least square method.

(c) Data of the Flow Damper outlet pressure

Mitsubishi Heavy Industries, LTD.
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4) Test Conditions

Visualization Test Conditions

Visualization test conditions are shown in Table 4.2.3-1.

Low Pressure Injection Test Conditions

Low pressure test conditions are shown in Table 4.2.3-2.
The purpose of this test was to confirm the flow characteristics of the flow damper during
large flow with wide variations of cavitation factors. The initial pressure conditions for the
test tank and the exhaust tank were set at values that facilitated the testing.

Table 4.2.3-1 Visualization Test Conditions

Table 4.2.3-2 Low Pressure Injection Test Conditions

Mitsubishi Heavy Industries, LTD.
4.2.3-6
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5) Parameters and Measuring Equipment

Pressure, water level and temperature were measured to calculate cavitation factors and flow
rate coefficients. The differential pressure transducer measuring water level in tank and the
attachments of pressure transducer are shown in Fig. 4.2.3-1.

6) Test Results and Consideration

a) The Visualization Test Results

The visualization test results are listed in Table 4.2.3-3 and the flow in the vortex chamber
during large, large/small switching and small flow are shown in Photos. 4.2.3-1 to 4.2.3-3. The
white lines are added in the photos to show the tracer trajectories clearly.

(1) The characteristic of the large flow is shown in Photo. 4.2.3-1. Since the flow tracer
traveled from the point of the flow from the standpipe directly to the flow damper exit
following collision with the water from the small flow inlet, it was confirmed that a vortex
was not formed in the vortex chamber during large flow injection.

(2) The characteristic of the large/small flow switching is shown in Photo. 4.2.3-2. It shows
transient status forming vortex under flow rate switching. It was also confirmed that
gas entrainment from the standpipe did not occur and the flow rate switched smoothly
in a short time.

(3) The characteristic of small flow is shown in Photo. 4.2.3-3. It was confirmed that the
flow tracer swirled to the outlet, and a stable vortex was formed in the vortex chamber.

Table 4.2.3-3 Visualization Test Results

Test Number Initial pressure Large flow Flow rate Small flow
(T. No.) [Test Tank] switching

A vortex was not The flow rate
formed in the switched

1/5- 1-1 vortex chamber smoothly in a
during large short time.
flow.

A stable vortex
1/5- 1-2 was formed in

the vortex
chamber.

The flow rate
1/5-1-3 switched

smoothly in a
____ _ _short time.

Mitsubishi Heavy Industries, LTD.
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Photo. 4.2.3-1 Large Flow

Photo. 4.2.3-2 Switching Flow Rate

Photo. 4.2.3-3 Small Flow

Mitsubishi Heavy Industries, LTD.
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b) Low Pressure Injection Test Results
This test was conducted at low pressure using a 1/5 scale model and the following
results were obtained.

(1) The test tank pressure and water level and the outlet pressure of the flow damper as a
function of time are shown in Figs. 4.2.3-2(1/2),(2/2) to 4.2.3-4(1/2),(2/2). It was
confirmed that the test tank water level decreased steeply during large flow and
decreased gently after the flow rate switching to small flow.

(2) The relation between the flow rate coefficient and cavitation factor in the flow damper is
shown in Figs. 4.2.3-2 (2/2) to 4 .2.3-4 (2 /2 )N"te. The behavior of large flow injection
shows that the flow rate coefficient increased when the cavitation factor increased and
became almost constant when the cavitation factor was greater than[].

Note: The data during almost steady condition were plotted.

(3) The relation between the flow rate coefficient and cavitation factor in the flow damper
during small flow is also shown. It is shown that the flow rate coefficient during-small
flow was constant and independent of the cavitation factor.

Mitsubishi Heavy Industries, LTD.
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Fig. 4.2.3-2 (1/2) Low Pressure Injection Test Results (T. No. 1/5-2-1) 1/2

Mitsubishi Heavy Industries, LTD.
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Fig. 4.2.3-2 (2/2) Low Pressure Injection Test Results (T. No. 1/5-2-1) 2t2

Mitsubishi Heavy Industries, LTD.
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Fig. 4.2.3-3(1/2) Low Pressure Injection Test Results (T. No. 1/5-2-2) 1/2

Mitsubishi Heavy Industries, LTD.
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Fig. 4.2.3-4 (112) Low Pressure Injection Test Results (T. No. 1/5-2-3) 1/2

Mitsubishi Heavy Industries, LTD.
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0

Fig. 4.2.3-4(2/2) Low Pressure Injection Test Results (T. No. 1/5-2-3) 2/2
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4.2.4 Full Height 1/2 Scale Test

1) Objectives

(1) Obtainment of the flow characteristic data and confirmation of no gas entrainment
The test was conducted to obtain the flow characteristic data in the flow damper and to
confirm that gas entrainment through the standpipe is prevented during flow switching
and small flow injection.

(2) Confirmation that the flow characteristics can be characterized by dimensionless
numbers (cavitation factor and flow rate coefficient)
Since a throat was added at the vortex chamber outlet to form strong vortex, it was
assumed that cavitation might occur at the throat. The cavitation phenomenon is
characterized by the cavitation factor which can be evaluated. It was confirmed by test
that the flow rate coefficient is characterized by cavitation factor.

(3) Confirmation of the flow switching water level
The flow rate, as expected, switched from large flow to small flow when the water level
decreased to the lower end of the standpipe cap. However, it is assumed that the water
switching level may vary in the actual accumulator. Therefore, the actual switching
water level was confirmed.

(4) Confirmation of the effect of dissolved nitrogen gas
Since the accumulator tank is pressurized by nitrogen gas, it is assumed that nitrogen
gas dissolves into the water. If the water contains dissolved nitrogen gas, the dissolved
gas may come out of solution during injection and affect the flow characteristics of the
flow damper. Therefore, the test was conducted to evaluate the effect of dissolved gas
on the injection flow.

2) Test Facility

The schematic and outline drawing of the test facility and the general flow path are shown in
Fig. 4.2.4-1 and Fig. 4.2.4-2. The test facility consists of a test tank, flow damper, injection
piping and exhaust tank. The flow damper is installed in the test tank. The height of the test
tank and the standpipe is the full scale height and the inner diameter of the test tank is 1/2
scale (Fig. 4.2.4-3 and Fig. 4.2.4-4). Therefore, the water volume is 1/4 scale and the flow
rate is also 1/4 scale. The test was conducted simulating the actual time. In addition, the
water level transient during flow switching in the standpipe can be observed to represent the
level transient in the actual standpipe. A ball valve is provided on the injection line as the
isolation valve and a gate valve is provided on the injection line to control flow resistance. A
pressure control valve is provided on the upper side of the test tank to control the tank
pressure during the test.

Mitsubishi Heavy Industries, LTD. 4.2.4-1
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Fig. 4.2.4-3 Schematic Comparison of Actual Tank and Test Tank
I

Mitsubishi Heavy Industries, LTD.
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3) Test Conditions

Full height 1/2 scale test conditions are shown in Table 4.2.4-1. The following seven cases
were tested on initial tank pressure that reflects the ACC operating conditions. And the
pressure of the exhaust tank corresponds to RCS pressure.

Case 1: The initial test tank pressure was 586psig (4.04MPa [gage]) simulating the
condition for ECCS performance during a large LOCA.

Case 2: The initial test tank pressure was 657psig (4.53MPa [gage]) to obtain data for
high pressure design.

Case 3: The initial tank pressure was 758psig (5.23MPa [gage]) to obtain data for high
pressure design.

The pressure in the exhaust tank was 14psig (0.098MPa [gage]) for Case 1, 2, and 3.
Since the pressure of the exhaust tank becomes the same as the pressure of the
containment vessel (CN) after the blow down phase during a large LOCA, and ECCS
performance analysis uses approximately 14psig(O.098MPa [gage]), the pressure of the
backpressure was set at 14psig (0.098MPa [gage]).

Case 4: The initial tank pressure was the same as Case 1. However, the pressure in the
exhaust tank was maintained at 71 psig (0.49MPa [gage]) to obtain data for high back
pressure.

Case 5: The test was conducted with water containing dissolved nitrogen to confirm the
effect of dissolved nitrogen gas on flow characteristics.

Case 6: The test was conducted with a small differential pressure between the test tank
and the exhaust tank to take into account large cavitation factors.

Case 7: The iniection test was conducted with the initial tank pressure was( J
[ assuming the pre-operational test condition.

The valve opening speed was set at( )seconds which is faster than the
depressurization time during a LOCA in order to assure smaller cavitation factors.

The resistance coefficient of the piping was controlled at the actual design condition( 3
in order to confirm the injection time during the large flow injection period.

Mitsubishi Heavy Industries, LTD. 4.2.4-6
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Table 4.2.4-1 Test Conditions of Full Height 1/2 Scale Test

Test Exhaust Initial Injection Water

Tank Tank Gas Volume

Pressure Pressure Volume Large Small Objective
Flow Flow

psig psig ft3  ft ft

[MPa [gage]] [MPa [gage]] [m3] [m3] [m3]

586 14 Obtain flow characteristics for ECCS performance
Case 1 (4.04) (0.098) evaluation during a large LOCA

657 14 Obtain flow characteristics for high pressure
Case 2 (4.53) (0.098) design

758 14 Obtain flow characteristics for large differential
Case 3 (5.23) (0.098) pressure

586 71 Obtain flow characteristics for small differential
Case 4 (4.04) (0.49) pressure

Obtain flow characteristics to confirm the effect of
Case 5 dissolved nitrogen gas

Obtain flow characteristics in large cavitation
Case 6 factors

Obtain flow characteristics for the assumed pre-
Case 7 operational test condition
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THE ADVANCED ACCUMULATOR

4) Parameters and Measuring Equipment

Pressure, water level, and temperature were measured by the instruments shown in
Fig.4.2.4-1 for all test cases and used to calculate the cavitation factor and the flow rate
coefficient.

5) Test Results and Conditions

The test results are shown in Figs. 4.2.4-5 to 4.2.4-11. The test results, such as injection
flow rate, test tank pressure, test tank water level and the flow rate coefficients Note during
both large and small flow for each test case, are shown in these figures. The conclusions
for each test are shown as follows.

Note: Where possible steady conditions were plotted.

[Case 1]
It was confirmed that the injection flow rate was switched from large flow to small flow
smoothly, and small injection began after large flow injection.[Refer to Fig.4.2.4-5(1/2)]
It was confirmed that the test tank pressure dropped quickly after initiating the test and
dropped gradually, after the flow rate switching at about approximately 11 4psig
(0.8MPa [gage]). [Refer to Fig.4.2.4-5(2/2)]
It was confirmed that when the test tank water level was reduced to the flow switching
level, the standpipe water level temporarily dropped to its low point level in about 1.7
seconds and then recovered and continued to drop gradually during the small flow
injection period. [Refer to Fig.4.2.4-5(1/2)]
It was confirmed that the standpipe water level did not decrease to the top of the flow
damper during flow switching. [Refer to Fig.4.2.4-5(1/2)]

[Case 2]
Although the initial test tank pressure was 71 psi (0.49MPa) higher than in Case 1, it
was confirmed that the injection flow rate, test tank pressure and water level as a
function of time were the same as in Case 1. [Refer to Fig.4.2.4-6(1/2), (2/2)]
Since the initial test tank pressure was 71 psi (0.49MPa) higher than in Case 1, the
range of the cavitation factor during large flow shifted slightly to lower side. However,
the flow rate coefficient was the same as in Case 1 in the region where the cavitation
factor was the same as in Case 1. Therefore, it was confirmed that the characteristics
of the flow rate coefficient and the cavitation factor are the same even if the tank
pressure was increased 71 psi (0.49MPa). [Refer to Fig.4.2.4-6(2/2)]
It was confirmed that the characteristics of the flow rate coefficient and the cavitation
factor during small flow were the same as in Case 1. [Refer to Fig.4.2.4-6 (2/2)]

[Case 3]
Although the initial test tank pressure was 172psi (1.19MPa) higher than in Case 1, it
was confirmed that the injection flow rate, test tank pressure and water level as a
function of time were the same as in Case 1. [Refer to Fig.4.2.4-7(1/2), (2/2)]
The flow rate coefficient was the same as in Case 1 in the performance range where
the cavitation factor was the same as in Case 1. Therefore, it was confirmed that the
characteristics of the flow rate coefficient and the cavitation factor are the same even if
the tank pressure is increased by 172psi (1.1 9MPa). [Refer to Fig.4.2.4-7(2/2)]

Mitsubishi Heavy Industries, LTD. 4.2.4-8
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It was confirmed that the characteristics of the flow rate coefficient and the cavitation
factor during small flow were the same as in Case 1. [Refer to Fig.4.2.4-7(2/2)]

[Case 4]
Although the pressure of the exhaust tank was 71psig (0.49MPa [gage]) as opposed to
14psig (0.098MPa [gage]) in Case 1, it was confirmed that the injection flow rate, test
tank pressure, and water level as a function of time were the same as in Case 1. [Refer
to Fig.4.2.4-8(1/2), (2/2)]
The flow characteristics data was obtained over a larger range of cavitation factors
than Case 1 because of higher backpressure tank pressure. [Refer to Fig.4.2.4-8(2/2)]

[Case 5]
For this case, Nitrogen gas was dissolved into the water. It was confirmed that the flow
rate coefficient during large flow was smaller than that of the case where nitrogen was
not dissolved. [Refer to Fig.4.2.4-9 (2/2)]
It was confirmed that the flow rate coefficient during small flow was essentially the
same as in Case 1 and no change was caused by the dissolved nitrogen gas. [Refer to
Fig.4.2.4-9(2/2)]

[Case 6]
It was confirmed that the injection flow rate was switched from large flow to small flow
smoothly, and small injection began after large flow injection. [Refer to Fig.4.2.4-
10(1/2)]
The flow characteristics data was obtained for a larger range of cavitation factors than
in Case 1 since the initial test tank pressure was reduced. [Refer to Fig.4.2.4-10(2!2)]

[Case 7]
Although Case 7 was a low-pressure injection test, it was confirmed that the test tank
pressure and water level were reduced rapidly during large flow and that the flow rate
switching to small flow reduced gradually, as in Case 1. [Refer to Fig.4.2.4-11(1/2)]
It was confirmed that the flow characteristics of the flow damper during both large and
small flow were consistent with those in other cases. [Refer to Fig.4.2.4-11 (2/2)]

Performance Confirmation during Large Flow
In the case that simulates LOCA conditions, the resistance coefficient during large flow
injection is less than( ). These results are generally consistent with the performance
requirements.

Performance Confirmation during Small Flow
Measurements from the test results of Case 1 show that the flow rate before and after the
flow switching was approximately 3170gpm (approximately 720m3/h) and approximately
652gpm (approximately 148m3/h), respectively. Therefore, the flow-switching ratio
(3170/652=4.9) was less than[ ] and was consistent with the performance requirements.

Flow Switching Water Level
The measured flow-switching water level in each test case is shown in Table 4.2.4-2. The
expected flow-switching water level was set at the lower end of the anti-vortex cap
installed at the inlet of the standpipe. The actual flow-switching water levels were within
the range fromrn[,t] .)of the expected flow switching
water level.

Mitsubishi Heavy Industries, LTD. 4.2.4-9
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Based on above test results, it was confirmed that the variation of flow-switching water
level was limited to a sufficiently small range by the anti-vortex cap at the inlet of the
standpipe.

Table 4.2.4-2 Flow Switching Water Level

Initial tank pressure Exhaust tank pressure Flow switching water level
[psig (MPa [gage])] [psig (MPa [gage])] [in (mm)]NOte

Case 1 586 (4.04) 14 (0.098)
Case 2 657 (4.53) 14 (0.098)
Case 3 758 (5.23) 14 (0.098)
Case 4 586 (4.04) 71 (0.49)
Case 5
Case 6
Case 7 J

Note: Reference point is bottom of anti-vortex cap. The upper is '+', and the lower is '-'.

Water Level Reduction in Switching Flow Rate
It was confirmed that the reduction of the water level in each test during flow switching
was smaller than the height of the standpipe and sufficient margin was provided to
prevent gas entrainment. [Refer to Fig. 4.2.4-12)

Effect of Dissolved Nitrogen Gas
It was confirmed that, in the test with nitrogen saturated water (Case 5), the duration of
large flow injection was slightly longer (approximately[ )) than in Case 1. Since
Case 5 was conducted with nitrogen-saturated water, and this condition was not
applicable in the actual accumulator tank, it is assumed that dissolved nitrogen is less
effective in the actual tank. [Refer to Fig.4.2.4-9(2/2)]

Result of the Test Assuming Pre-operational Test Condition
The comparison between the characteristics of cavitation factor vs. flow rate coefficient
measured in a LOCA simulation test (Case 1) and in this test is shown in Fig. 4.2.4-11.
This comparison shows that the cavitation factor over a wide range can be obtained from
this test and beyond the results of LOCA simulation test (Case 1). [Refer to Fig.4.2.4-
11(2/2)]

Mitsubishi Heavy Industries, LTD.
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Fig. 4.2.4-6 (1/2) Full Height 1/2 Scale Test Results (Case 2) 1/2
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Fig. 4.2.4-7 (1/2) Full Height 112 Scale Test Results (Case 3) 1/2
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Fig. 4.2.4-8 (1/2) Full Height 1/2 Scale Test Results (Case 4) 1/2
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Fig. 4.2.4-9 (1/2) Full Height 112 Scale Test Results (Case 5) 1/2
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Fig. 4.2.4-9 (2/2) Full Height 1/2 Scale Test Results (Case 5) 2/2
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Fig. 4.2.4-10 (1/2) Full Height 112 Scale Test Results (Case 6) 1/2
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Fig. 4.2.4-10 (2/2) Full Height 1/2 Scale Test Results (Case 6) 2/2
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Fig. 4.2.4-11(1/2) Full Height 1/2 Scale Test Results (Case 7) 1/2
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Fig. 4.2.4-11(212) Full Height 1/2 Scale Test Results (Case 7) 2/2
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4.3 Validity and Scalability of Flow Rate Characteristics

The governing equations of flow in the flow damper are the equation of continuity and the
Navier-Stokes equation for incompressible flow. The dimensionless forms of these equations
and the boundary conditions of the flow damper give two dimensionless numbers: a Reynolds
number for internal flow and a Froude number for a free surface. Therefore, a. Reynolds
number will affect the resistance of the internal flow in the flow damper without cavitation,
while a Froude number will affect the behavior of the free surfaces in the accumulator tank and
the standpipe.

Since cavitation bubbles may reduce the flow rate, a cavitation factor is another parameter that
affects the flow resistance of the flow damper in addition to the Reynolds number. Generally
speaking, friction coefficients come to a constant as the Reynolds number gets larger. If the
effect of friction can be neglected at a large Reynolds number, cavitation factor will be the only
parameter of the flow rate coefficient.

Table 4.3-1 shows the Reynolds numbers for the 1/5-scale model, the full height 1/2-scale
model and the actual plant. This table shows that each the Reynolds number is generally
large enough that the effect of friction can be neglected.

Fig.4.3-1 shows the flow rate coefficient with respect to cavitation factors obtained by the 1/5-
scale and full height 1/2-scale models of the flow damper. There are two lines: one for the
large flow rate injection and the other for the small flow rate injection. The data for both 1/5-
scale and full height 1/2-scale models collapsed into the same lines for large and small flow
rates from which in fact.

Consequently, the flow rate characteristics with respect to cavitation factor shown in Fig. 4.3-1
are the flow characteristics applicable to the actual ACC.

Table 4.3-1 Comparison with Reynolds number

Reynolds Number

Actual Plant

Full height 1/2-scale model

1/5-scale model

Note: Reynolds numbers are calculated with respect to the throat.
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Fig. 4.3-1 Flow Rate Coefficient with Respect to Cavitation Factor of the Flow Damper
for Full Height 1/2 Scale and 1/5 Scale Models

The trend that the flow rate coefficient lessens as the cavitation factor gets smaller for the
large flow rate injection is reasonable, because cavitation is stronger for a smaller cavitation
factor. And the flow rate coefficient approaches a constant value as the cavitation factor gets
larger, because cavitation is reduced and vanishes for larger cavitation factors.

Since there is no cavitation at the throat for the small flow rate injection, the flow rate
coefficient for small flow should be independent of a cavitation parameter as shown in Fig. 4.3-
1.

In case of the full height 1/2 scale model, the accumulator tank with the same height and the
same nitrogen-gas pressure as those of the actual ACC gives the same Froude number as
that of the actual ACC for a given backpressure, or RCS pressure. It simulates the same
transients of injection velocity, water level in the standpipe, and pressures in the test apparatus
as those of the actual ACC. We can thus confirm the injection of cooling water at the actual
conditions with that of the full height 1/2 scale model.

The performance of the actual accumulator will be confirmed in a pre-operational test.

Mitsubishi Heavy Industries, LTD.
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4.4 Quality Assurance of the ACC Test Program

1) General

The results of the ACC test program, performed from June 1994 to August 1996, are
applicable to the US-APWR. These results were reviewed and MHI confirmed that the
requirements of the Japanese QA Guideline and QA activities at that time met the
requirements of 10 CFR 50 Appendix B and ASME NQA-1-1994, by comparing the
requirements of the Japanese QA Guideline to those of 10 CFR 50 Appendix B and ASME
NQA-1 -1994.

2) Procedure of Re-verification

The ACC test program was re-verified and confirmed to be reliable and accurate for use in
the US-APWR. This re-verification was performed by evaluating the following items in
accordance with a written procedure.

(1) Confirmation of Test Procedure
(2) Evaluation of Test Personnel
(3) Evaluation of Test Equipment
(4) Evaluation of Test Procedure (execution)
(5) Evaluation of test results
(6) Evaluation of design Personnel Concerning to the Test

3) Results

It was confirmed that the reliability and accuracy for the ACC test program satisfied the
requirements of 10 CFR 50 Appendix B and ASME NQA-1-1994.

The following sets out the re-verification results of the above six items.

(1) Confirmation of Test Procedure

The ACC test program can be applied to the US-APWR by comparing the test conditions as
follows:

MHI established test conditions for the ACC of the US-APWR consistent with the design
requirements for the ACC of the US-APWR.
MHI compared the previous APWR test conditions with the test conditions established
for the US-APWR and confirmed that the previous test conditions are applicable to the
US-APWR.
The test conditions that were compared and confirmed were the following prerequisite
conditions for the test:
Prerequisites: - Adverse conditions (considering operating modes and environments)

- Configuration
- Test scope addressed applicable design features

(2) Evaluation of Test Personnel

It was confirmed that the test personnel who had conducted the previous tests satisfied the
current necessary qualifications as follows:

Mitsubishi Heavy Industries, LTD. 4.4-1
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MHI reviewed the qualifications of the test personnel who had conducted the previous
tests against current qualification requirements (NQA-1 -1994 2S-1).
MHI established records documenting this re-verification of the qualifications of the
testing personnel.

(3) Evaluation of Test Equipment

It was confirmed that the condition and the accuracy of the test equipment and
measurements used during the testing met current requirements taking into account the test
objectives for the US-APWR. The results of this validation were as follows:

MHI documented the test objectives and test results required for the US-APWR based
on the design conditions for the ACC of the APWR.
Based on this document, MHI established the requirements for the accuracy of test
equipment and measurements for the US-APWR.
MHI determined that the accuracy of the test equipment and measurements used in the
ACC test program at that time satisfied the requirements for the US-APWR.

(4) Evaluation of Test Procedure (execution)

It was confirmed that the test procedure used for conducting the ACC tests at that time
meets the current requirements as follows:

MHI documented the design requirements for the US-APWR (i.e., items that must be
verified in the test) based on the design conditions for the ACC as used in the US-APWR.
MHI confirmed that the test procedure used at that time the tests were conducted meets
the present requirements and are appropriate by comparing the items that were to be
verified by those tests with the above identified design requirements for the US-APWR to
be verified by test.

(5) Evaluation of Test Results

Test results were evaluated by the responsible design organization and it was confirmed
that the test results obtained could be applied to the US-APWR.

MHI documented this evaluation of the applicability of the past test results to the US-

APWR.

(6) Evaluation of Design Personnel Concerning to the Test

Design personnel responsible for the test at that time had participated in the test process
from the commencement of test preparations (e.g. test plan, test procedure, test
equipments) to the completion of the tests and had both witnessed and evaluated the test
results. MHI also confirmed that design test program was independently reviewed by
experienced engineers and the tests were witnessed by representatives of the funding the
design personnel of utilities and MHI. Therefore, the test at that time was objective. MHI
confirmed that the design personnel had participated in the design of the test plan, test
procedure, and test equipment and also in the evaluation of test results from evidence such
as meeting minutes, trip reports and document review reports etc.

Mitsubishi Heavy Industries, LTD.
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MHI confirmed based on meeting minutes, trip reports, etc. that meetings concerning the
test plan, test procedure, and test equipment had been held with the utilities and that the
designs had been reviewed by the utilities and their comments had been incorporated.
MHI confirmed that the design personnel of utilities and MHI had witnessed the actual
test.
MHI confirmed that the design review (e.g. Design Review Board) for the overall review
of the test, including the test plan, test procedure, test equipment, and test results, was
conducted by independent experienced engineers.

Mitsubishi Heavy Industries, LTD.
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5.0 CONCEPT OF THE SAFETY ANALYSIS MODEL

5.1 Characteristic Equations of Flow Rates for the Safety Analysis

The flow rate coefficient is a function of the cavitation factor as shown in Fig.5. 1-1.
Experimental formulae of the flow rate characteristics of the flow damper were derived with
respect to a cavitation factor separately for thelarge and small flow rate injections each by
curve fitting using the data of the full height 1/2-scale tests. The curve fitting is based on the
least-squares method. An exponential function was chosen'as the form of the fitting curves to
give the best fitting of the data. The resultant experimental equations are:

and

C,= 0.7787 - 0.6889exp(- 0.5238a,) For Large Flow Rate Injection,

C, =0.07197-O.0190,4exp(-6.818o') For Small Flow Rate Injection

The flow resistance coefficient of the flow damper (KD) is given by
1

CV

(5-1)

(5-2)

(5-3)

_-1
Fig. 5.1-1 The Flow Characteristics of the Flow Damper
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THE ADVANCED ACCUMULATOR

5.2 Estimation of Uncertainty of the Characteristic Equations of Flow Rates

The data from the full-height, full pressure, 1/2 diameter experiment was used to develop the
characteristic equations for the ACC performance. Errors of measured values consist of
experimental errors, instrument errors and manufacturing errors. The causes of experiment
errors may be turbulence, unsteadiness of flow, structural vibration, noises, etc. The causes of
instrument errors may be sensitivities of sensors, linearity of instruments, etc. The causes of
manufacturing errors may come from machining and assembling accuracies.

The total error of a measured value was, however, divided into a bias error and a random error
according to ANSI/ASME PTC19.1-1985 as described below. In LOCA analysis, uncertainty of
characteristic equation will be considered conservatively to evaluate fuel cladding temperature
using these errors.

Random Errors

Pressures and water levels were measured as a function of time. The raw data generally
scatter and form a band with time. For LOCA analysis, it is necessary to use the reduced data
without dispersion that represent the flow rate characteristics of the flow damper. These
reduced data were taken by curve fitting of the raw data to make a curve that lies at the middle
of the data band. The experimental equations were derived from the curves. The standard
deviation of the dispersion of the data from the experimental equations was evaluated as
random errors for each test case as shown in Table 5.2-1.

Table 5.2-1 Dispersion of the Data from the Experimental Equations

rf

Mitsubishi Heavy Industries, LTD.
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Bias Errors

A true value may be different from the experimental equations. This difference is defined as a
bias error. However, the true value is not known and needs to be estimated. The dominant
cause of the bias error may be the instrument errors. Each sensor and amplifier pair was
calibrated one by one. Instrument error consists of calibration error and resolution capability.
Consequently, the bias error can be represented by the instrument error. The instrument error
associated with flow rate coefficients is shown for each test case in Table 5.2-2.

Table 5.2-2 (112) The Instrument Error (Large Flow)

I1

Table 5.2-2 (2/2) The instrument Error (Small Flow)

Mitsubishi Heavy Industries, LTD.
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THE ADVANCED ACCUMULATOR

Manufacturing Errors

The manufacturing error of the flow damper associated with the flow rate coefficient is
determined based on the dimensions and manufacturing tolerance of the following parts that
affect the performance of the flow damper.

* The inner diameter of the throat
" The facing angle (collision angle) of the large flow inlet pipe and the small flow inlet pipe
* The inner diameter of the vortex chamber
* The width of the small flow pipe
* The height of the small flow pipe

Consequently, the manufacturing error associated with the flow rate coefficient will be less
than( ].

Mitsubishi Heavy Industries, LTD.
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5.3 Estimation of Potential Uncertainties of Water Level for Switching Flow Rates

The uncertainty in the switching levels as function of the water level in the test tankwas taken
from elevation data of the inlet port of standpipe in full height, full pressure, 1/2 diameter
experiments. A water level at switching of flow rates was defined as an intersecting point of
two curves of water levels for large flow rate injection and small flow rate injection. The
instrument errors were also counted in the estimation of the uncertainties.

Uncertainty of water level for switching flow rates in each test case is shown in Table 5.3-1.

Table 5.3-1 Uncertaintv of Water Level for Switchina Flow Rates

Mitsubishi Heavy Industries, LTD.
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5.4 LOCA Analytical Model and Computational Procedure

The resistance coefficient of the flow damper varies over time depending on the flow condition.
The resistance coefficient is calculated by the correlation equations between cavitation factor
and flow rate coefficient.

The correlation equations are incorporated into the LOCA analysis computer code and
resistance coefficient of the flow damper is calculated at each time-step in the LOCA analysis.
Compared with the ACC, the resistance coefficient of a conventional nuclear plant
accumulator does not vary for conditions such as pressure and flow rate.

The computational procedure for determining the resistance coefficient of the ACC is
determined as follows;

1) Calculate cavitation factor a, from the flow condition at the flow damper.

PD + P.f - P(54)

(PA + pgH)- PD + -P--+ pgH'

Where,
av
P.,,
PV
Pa
P,

P
pg
H
H'
VD

: Cavitation factor
: Atmospheric pressure

Flow damper outlet pressure [gage]
: Gas pressure in accumulator
: Vapor pressure
: Density of water
: Acceleration of gravity
: Distance between ACC water level and vortex chamber
: Distance between outlet pipe and vortex chamber
* Velocity of injection pipe

2) Calculate the flow rate coefficient Cv using the following correlations.

For large flow rate:
For small flow rate:

C,=0.7787-0.6889 exp(-0.5238 a,)
C,=0.07197-0.01904 exp(-6.818 a v)

(5-5)
(5-6)

The injection flow rate switches to small flow rate when the calculated accumulator water
volume becomes less than the volume below the standpipe inlet level.

Uncertainty of characteristics equations is considered conservatively to evaluate fuel

cladding temperature in LOCA analysis.

3) Convert flow rate coefficient C, to resistance coefficient of the flow damper KD.

lCD c2 (5-7)

Mitsubishi Heavy Industries, LTD.
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4) Calculate total resistance coefficient by summing up resistance coefficient of the flow
damper and that of injection piping.

Kuec = KD + K pipe (5-8)

Where,
K.cpKpipe Total resistance coefficient of the flow damper and injection piping

Total resistance coefficient of injection piping

Mitsubishi Heavy Industries, LTD.
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6.0 SUMMARY

The Mitsubishi Heavy Industries, Ltd. Advanced Accumulator (ACC) design will be used in
MHI's Advanced Pressurized Water Reactors. The ACC design simplifies the emergency core
cooling system design by integrating the short term large flow rate design requirements
currently satisfied in conventional pressurized water reactor designs by the combined injection
capabilities of the primary system accumulator and the low head safety injection pump into a
single passive device, the ACC.

The ACC is a borated water storage tank with a fluidic device that throttles the flow rate of
cooling water injected into a reactor vessel from a large to a small flow rate. A conceptual
drawing of the ACC is shown below.

N2

Larae Flow Water Level

S, EI F'. I St'Pipee P ,

Sta •,., ' I Standpipe

""'i Diffuser

Thlw PA Throat Outlet Port

SFc mW Chrie Large lw Pipe Vc,*% t ro

smal F:lw Pipe Vortex Chamber Sma F ow Poe

Large Flow (RV Refilling) Water Levels in Accumulator Tank Small Flow (Core Reflooding)

The vortex chamber at the inlet of the injection pipe in the accumulator tank accomplishes the
flow rate throttling from large flow to small flow by establishing a vortex (and thus a large
pressure drop) at a predetermined accumulator tank level. The inlet of the standpipe is located
at the ACC volume level at which the transition from large to small flow is desired to occur.
The ACC is a simple device that achieves precise throttling from a large injection flow rate to a
small injection flow rate with no moving parts.

Upon initiation of a large break loss of coolant accident, all short term low head primary
coolant injection flow requirements are satisfied by the ACC. Following depletion of the ACC
water volume, the longer term ECCS flow requirements are met by the safety injection pumps
thus eliminating the need for low head injection pumps. The immediate availability of low head
flow provided by the ACC upon loss of electrical power coincident with a large break loss of
coolant accident provides additional time for actuation of the backup emergency power source.

Mitsubishi Heavy Industries, LTD. 6-1
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The design requirements and specifications of the ACC for the US-APWR are the same as
that for the APWR. The confirmatory test program for the APWR was successfully conducted
as a joint study among five utilities (Japan Atomic Power Co., Hokkaido Electric Power Co.,
Kansai Electric Power Co., Shikoku Electric Power Co., and Kyushu Electric Power Company)
and MHI, from September 1994 to September 1996. The tests confirmed the principles of
operation of the flow damper and successfully established the ACC flow characteristics.
Specifically, the testing confirmed that:

1. No vortex was formed during large flow and a stable vortex was formed during low flow
in the vortex chamber

2. Sharp flow rate switching occurred without gas entrainment.
3. The flow characteristics of the flow damper were organized by dimensionless numbers

and were independent with scaling.

Empirical flow rate coefficients have been developed from the test results and will be used in
an integrated thermal hydraulic model of the US-APWR Reactor Coolant and ECCS systems
to assure the US-APWR meets or exceeds all US safety standards.

The ACC design is expected to improve the safety of pressurized water reactors by the
innovative application of the flow damper to assure the early stage of LOCA injection flow is
satisfied by an inherently reliable passive system. This innovation reduces the necessity of
relying on maintenance sensitive components such as low head safety injection pumps for
assuring LOCA injection flow, provides additional time for actuation of backup emergency
power for loss of power coincident with a large break LOCA, and reduces the net maintenance
and testing burden by the elimination of low head safety injection pumps from the LOCA
mitigation strategy.

Mitsubishi Heavy Industries, LTD.
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Attachment 1

Test Data

Full Height
Case 1;
Case 2;
Case 3;
Case 4;
Case 5;
Case 6;
Case 7;

1/2 Scale Tests
Al-1
A2-1
A3-1
A4-1
A5-1
A6-1
A7-1

Mitsubishi Heavy Industries, LTD.
A-i



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

time test tank pres. flow damper outee tank t atuer

(sec) (k pres. (kglcm2) w l est tank level (m) temperature- I .. °...'I I e°)I time test tank pres. flow damper outletest tank level (in) tan rare
(sac) I(kg/cm2) Ipres. (kg/cm2) I eC)

A1-1 A1-2



Full Height 1/2 Scale Test Data (Case1) Full Height 1/2 Scale Test Data (Casel)

Jtank warertime test tank pres. flow damper outle test tank level (i) wtemperature
(sac) (kg/cm2) pres. (kg/cm2) Oc)

time test tank pros. flow damper outleJ test ttank waterau
(sec) (kg/cm2) I pres. (kg/cm2) itest tank level (i) temperature~C)

A1-3 A1-4



Full Height 112 Scale Test Data (Casel) Full Height 112 Scale Test Data (Casel)

tim ts aItank arer
lime test tank pres. flow damper outlet1 tank prate

C) (kg/cn2) pres.est tank level (ec) ture
time test lank pres. flow damper outle tank warer

(sec) (kglc pres. (kglcm2) test tank level (m) temperature

III . ..... . /c)

A1-5 Al -6

0



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

tank 

warer
time test tank pres. flow damper outlel test tank level (m) temperature

(sac) .... I(kglcm2) pres. (kg/cm2! ..... 
i(Oc) ... .

time test tank pros. flow damper outle~ts tank lee i)tmeatrer

(sec) (kglcm2) pres. (kg/cm2) ts an ee (mC)teprue
time test tank pres. flow damper outletest tank level (in) eatre
(sec) (kg/cm2) pres. (kg/cm2). r C) I

A1-7 A1-8



Full Height 1/2 Scale Test Data (Case1) Full Height 112 Scale Test Data (Casel)

j tank warer
time test tank pres. flow damper outle t tank level () temperarer

(sec) (kg/cm2) pres. (kg/cm2) t (C)
time test tank pres. flow damper outle"1  ttank warer (

(sac) (kglcm2) pres. (kgci•c ) test tank level (m) )tempeature

AI-9 A1-10



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casell)

time test tank pres. flow damper outlet tank water

(sec) (kg/cm2) pres. (kg/cm2) test tank level (m) temperature

tank warer
time test tank pres. oflw damper outlei test tank level (m) temperatUre
(sec) (kg.cm2) Iprea. Qgcm2) IC)

Al-11l Al-12



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

tank warer
time lest tank pres. flow damper outeltest tank level (i) temperature

(sec) (kg/cm2) pres. (kglcm2) k (m c)
time test tank pres. flow damper oulle teank water
(seC) (kg/cm2) pres. 2 test tank level (m) lempereture(se.kgm2) IeC)

Al-13 Al-14



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

tank warer
time test tank pres. flow damper outleltest tank level (m) temperature
(sec) (kg/cm2) pres. (kglcm2) t (mc)

time t tank prs. flow damper outlel ta nk l I rare
(sec) (kgtcm2) pre s. (kg/cm2) st tank level (m)

... .. ..I I~pr s(C)

Al-A1-1 Al-16



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

time test tank pres. flow damper oulle tank warer

(ec) (kgfcm2) pres. (kglcm2) test tank level (m) temperatureI I~so Igo2 I~etgo, / ec) I
time test tank pres. flow damper outleI testtank level () tpare
I_(sec) I(kg/cm2) pres. (kg/cm2) t I ec)

Al-17 Al-18



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

tank warer
time test tank pres. flow damper outle test tank level (m) temperature
(s•c) (kg/cm2) pres. (kg.cm2) . , 'C)

I ~tank wae
time test tank pres. flow damper outletest lank level (i) tmnperatre
(sec) (kg/cm2) pres. (kg/cm2) t (m)

A1-19 AI-20



Full Height 1/2 Scale Test Data (Case1) Full Height 1/2 Scale Test Data (Casel)

time test tank pres. flow damper outletest tankl tank warer
(se-) (kg/cm2) pres. (kglcm2) t level (i) temperature__ (% I

time test tank pres. flow damper outle tank warer

(sec) (g/cm2) pres. (kg/cm2) itest tank level (m) temperature
I .(C)

Al-21 A1-22



Full Height 1/2 Scale Test Data (Casel) Full Height U2 Scale Test Data (Casel)

time test tank pres. flow damper outle itank warerau
(sec) (kqgcm2) pres. (kg/cm2) test tank level )temperature

...... .. Iec) ..
time test tank pres. flow damper outletn k .. tank watereits aklevel (in) tempereture
(sec) (kg/cm2) pres. (kg/cm2) sC)

lec)I

A1-23 Al1-24



Full Height 1/2 Scale Test Data (Casee1) Full Height 1/2 Scale Test Data (Casel)

time test tank pros. flow damper outlet tank warer

(se) (kglcm2) pres. g test tank level (m) temperatureC_ (k 2 rs.gc %
time test tank pres. flowdamper ou(le test tank level (m) temperature
(sec) (kg/cm2) pres. (kgfcm2)em

A1-25 A1-26



Full Height 1/2 Scale Test Data (Case1) Full Height 112 Scale Test Data (Casel)

tamnkpwar~er
time test tank pros. flow damper outle test tank level (i) aure
(sec) (kg/cm2) pres. (kg/cm2) e C)......... % .

time test tank pros, flow damper oultest tank level (i) pare
S(se) (kgcm2) Ipres. (kg/cm2) est le c) t e -

A1-27 A1-28



Full Height 1/2 Scale Test Data (Casel) Full Height 112 Scale Test Data (Casel)

Imtst r .fow damper tank warersetime tgreat tank pres. owdmpers. Outlentest tank level (m) temperature
tsac) (KgJc2 pres. (kglcm2) I c)I

I .1 ~tankwae
time test tank pres. iflow damper outl1test tank level (i) tepe

(sa) (kglcr2) . P-es. (kgkm2) (C)F ~e) .... .•) ._

A1-29 Al-30



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

ta:nkpwre
time test tank pres. flow damper outleil t tank level t
(sec) (kg/cm2) pres. (kg/cm2) t l (m) I mC

time test tank pres. flow damper oulle•t. .. tank latre
(sec) I(kgcm2) pres.(kg/cm2) . a ( C)

A1-31 A1-32



Full Height 112 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

time teat tank pres. flow damper outleJ .. tank warer t

(kgm2) prs. (kg test tank level (m) temperature

tank warer
time test tank pros. flow damper oulte temperature
(sec) (kg/cm2) pres. (kgacm2) t (c)

A1-33 Al-34



0
Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

time test tank pres. flow damper oule tank n) patre
(sec) I (kglcm 2) pres. (kglcm 2) _ te. st tank level (m c)

time test tank pros. flow damper oullet tank warer

(sec) (kg/cm2) pres. (kg/cm2) itest tank level (m) temperature)

A1-35 Al-36



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

tank warer
time test tank pres. flow damper ouklel test tank level (m) temperature
(se) (kgcm2) .. Ipres. (kgcm2) ec)I

time test tank pres. flow damper oule. . tank werer
pr s1test tank level (i) tem perature

(se) I(kglcm2) I pres. (kg/cm2)l ..C)

A1-37 Al-38



Full Height 112 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

time test tank pres. flow damper outel (in) t arer
(sec) (kg/cm2) pres. (kg/cm2) tCest tank level (m) (C)m ture

time test tank pres. flow damper outleet tank warer t

(sc)est tank level (m) temperatureI OC)

A1-39 Al-40



Full Height 12 Scal est Daa Cas1)2 Scale Test Data (Case Full Height 112 Scale Test Data (Case'l)

timetesltankpres 
.I tank warer

time test tank pres. flow damper outleits tank leei)tmeatrer

(Sec) (kglcin2) pres. (kgfcm2) tettnClvl( ) teprue
time test tank pros. flow damper oulle tes lank warer()

F I(sec) 
(klm) pres. (kgtcm2) t ettn ee i) tep ertr

At -41 Al-42

0



Full Height 1/2 Scale Test Data (Case1) Full Height 1/2 Scale Test Data (Casel)

time lest tank pres. flow damper outle tank warer

(sec) (kg pres) pres. (kg/cm2) test tank level (m) temperature
time test tank pres. flow damper oulleait .tank Level (i) p
(sec) I(kgcm2) pres. (kglcm2) .e C)

Al-43 Al-44



Full Height 112 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

tank warer
time test tank pres. flow damper outlet test tank level (m) temperature
(see) (kg/cm2) pres. (kgcm2) (00)

time test tank pres. flow damper oullet tank warer (
........(se) (kg/cm2) pres. (kglcm2) test tank level () temperatureC)

Al-45 A1..46



Full Height 1/2 Scale Test Data (Casel) Full Height M Scale Test Data (Casel)

.1 tank warer
time test tank pres. flow damper outleitest tank temkratre
(sec) (kg/cm2) pres. (kglcm2) t level (m) emperature

........ (
time test tank pros. flow damper outletetank warer

(sec) (kgcm2) pros. (kglcm2) teat lank level. (i) temperture

Al-47 A1,.48



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Cosel)

I . . J tank warer I
time test tank pres. flow damper outlelltest tank level (in) temperature

(sec) (kg/cm2) pres. (kg/cr2) (m )- .. " .......... '. / . . I• time test tank pres. flow damper outlevel tank warer
(sec) (kg/cm2) pres. (kg/cm2) lost lank level (m) temperature

Al-49 Al-50



Full Height 1/2 Scale Test Data (Case1) Full Height 112 Scale Test Data (Casel)

tank warer
time teat tank pres. flow damper OutIl1et tank lee i)tmeatrer

(sec) (kg/cm2) pres. (kg/cm2) Ctesttank level (m) temperatureI I I iI ec)
j tank warer

time test lank pros. flow damper outle tank level () temperature
(sec) (kg/cm2) Ipres. (kgfcm2) I t e C)

Al1-51 Al-52



Full Height 1/2 Scale Test Data (Case1) Full Height 1/2 Scale Test Data (Casell)

time test tank pres. flow damper oulet tank nmpatrer
(sec) I (kglcr2) I pres. (kglcr2) .test tank level (m) I(°C)

time test tank pres. flow damper outleJ tank warer

(sec) (kg/cm2) pres. (kglcm2) ]test tank level (m) temperature

I I I I IN)I

A1-53 Al-54



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

tow damper lewarer
time tet tank pros. 1 l mp ouItest tank level (m) temperature
(sec) (kg/cm2) pres. Qcgcm2) IC)

tankwaelime test tank pros. flow damper outletest tank level () mprate

I (ec) (kg/cm2) pres. (kg/cm2) (Ic)

A1-55 A1-56



Full Height 1/2 Scale Test Data (Casel) Full Height 112 Scale Test Data (Casel)

time test tank pros. flow damper outlet tank inpare

( ..) I(kglcm2) pros.test tank level (m) te p t

J tank warertime test tank pros. flow damper outle test tank level (i) temperature

(sec) (kg/cr2) pres. (kg/cm2) t(C)

A1-57 A1-58

0



0
Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

I [tst tnk pes. • tank warertime est tank prs. flow damper outle test tank lev
(sec) L(kalcm2 pres. (kg/cm2) r Iel (m)[tampeaue-w _o, CC)

-~ tsnk warer
time test tank pres. flow damper outle tank mperature
(sec). (kglcm2) pres. (kg/cm2) Ctest tank level (m) tem a

Al -59 Al-60



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

(s c)( gl r p e . k /c 2 t s t n lv l m tan w re
Itime test tank pres. flow damper outle ank i are
(sec) (kg/cm2) pres. (kgcm2) I eC)

I tank warer
time test tank pres. flow damper outleitest tank level (m) temperature
(sec) (kg/cm2) pres. (kg/cm2) ( eC) ..

A1-61 A1-62

0



Full Height 112 Scale Test Data (Casel) Full Height 112 Scale Test Data (Casel)

tank warer
time test tank pres. flow damper outle test tank level (i) temperature

I(see) (kglc2) Ipres. (kg/[m2) I t le c)r

.1 tank warer
time test lank pres. flow damper outle test tank level (in) temperature
(eeC) (kgcm2) pres. (kg/crn2) le c) I

A1-63 Al-64



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casell)

iieIe ak rs Itank warersime test tank pros. flow damper outeltest tank level (i) wtemperature

(sec) (kg/cl 2) pres. Or/ tcet l.. ( m C) t p.
time 1 test tank pres. flow damper oule tet tank level () pare
I c) I (k&cn2) I pors, (kg.c.2) I I ec)

Al -65 Al-66



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

time test tank pres. flow damper outlet tank warer

(sec) (kg/cm2) pros. (kg/cm2) test tank level_(m) temperature

tan k warer
time test tank pres. flow damper ostleltest tank level (m) temperature

(sec) (kglcm2) pres. (kg/cm2) te(c) t u

A1-67 Al1-68



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

time test tank pres. flow damper outlet tank warer
ou test tank level (m

) 
temperature

.. e.. (kg/cm2) pres. (kglcm2) as I J

I stnk warer
Itlele (test tank pres. flow datank level (in) parew
(sec) (kg/cm2) pres. (kglcm2) I t e C)

A1-69 Al-70



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

tank warer I
time test tank pres. flow damper outle test tank level (i) temperature
(sec) (kglcm2) pres. (kg)cm2) ec)

I Ilank water
Stime test tank pres. flow damper oute test tank level (i) wtemperature
i(sec) (kglcm2)- pres. (kg/cm2) t(m C)

Al-A1-7 Al-72



Full Height 1/2 Scale Test Data (Casell) Full Height 2 Scale Test Data (Casel)12 Scale Test Da (Case)

time tettank pros. flow damper outleJ. tankwarer
(sec) (kgfcm2) pres. (kgtcm2) /test tank level (M) temperature

Ezm. .tI I ec) .d
time Itest ank preos. flow damper outlo"1 itank warer

k/m2) . tank level (m)temperature*C) tlcm) prs. kgf-) I C)

A1-73 A1-74



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

Itank warer
time test tank pres. flow damper outlettest tank level (i) wtemperature

(sec) (kg(cm2) pres. (kg/cm2) t(m )
time test tank pres. flow damper oultesttank level () t waer
(sec) (kg/m2) Ipres. (kglcm2) temperatureI eC)

Al-75 Al-76



Full Height 1/2 Scale Test Data (Case1) Full Height 1/2 Scale Test Data (Casell)

time test tank pres. flow damper outle lest tank level (in)tpr II
(se c) (kglcm2) pr os. (g fcm2) IeC)

tank warer
time test tank pres. flow damper outletestt tan re
(sc) (kg/cm2) pres.tank level (I) temperature(sec) res. (g/cm2). __ (

0
C) . . .

Al-A1-7 Al-78



Full Height 112 Scale Test Date (Casel) Full Height 1/2 Scale Test Data (Casel)

time test tank pres. fow damper outle tta nk warer

(sec) (kg/cm2) pres.°Wsdamp ) t test tank level (m) Iemperature-I I .. ...... /co__
time teat lank pros. flow damper outlet tank warer

(sec) (kg/cm2) pres. (kg/cm2) test tank level (m) temperatureC)

A1-79 A1-80



Full Height M Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

t stank warer
time te tank pres. lodamper outetest tank level (i) Itemperature

I(sec) ( cm2) I pres. .g/cm2) . ( ec) I tlaenk wiarerrse test tank pres. f t tank level (m)
C) (kg/cm2) pres. (kg/cm2) ee ):me It-w I me aut

Al-81 A1-82



Full Height 1t2 Scala Test Data (Casel) l t esFull Height 1/2 Scale Test Data (Casel)

ankoutankpw=etime lest tan pros. flow damper otiet~~ aklvl(n eprtr
(sec) (kgfcm2) pres. (kglcm2) Its aklvl (m ) ec

time test tank pres. flow damper outle test tank level (i) te mparer
(sec) (kg/cm2) pres. (kg(cm2) (C)

A1-83 A1-84



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

time test tank pes. ý tank warar
twme ttp w c d etleest tank level (m) temperature

C(se ) (kg/ pro) pr es g ( /) I I C)
time test tank pres. flow damper outlet . tank ll n) warer

(sac) (kg/cm2) pres. (kg/cm2) test tank level (m) temperatureI %ec I

Al -85 A1-86



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

1tan~k -arertime test tank pres. flow damper oute tank paturer
(sec) 1(kglc pres. (kglcm2) e C)

time test tank pros. flow damper outlet tank lank warer

(sec) (kg/cm2) pres. (kg/cm2) test tank level (M) temperatureec) -1

A1-87 A1-88



Full Height 1/2 Scale Test Data (Case 1) Full Height 1/2 Scale Test Data (Casel)

tank warer
time test tank pros. flow damper outlel test tank level (m) temperature
(sec) (kglcm2) pres. (kglcm2) (C)

tank warer
time test tank pres. flow damper outle test tank level (m) temperature
(sec) (kg/cm2) pres. (kgfcm2) i(ec)

Al -89 Al-90



Full Height 112 Scale Test Data (Casel) Full Height 112 Scale Test Data (Casel)

I tank warer
time test tank pres. flow damper outle test tank level (i) temperature

(sec) (kglcm2) pres. (kglcm2) (m)

tank warer
time test tank pres. flow damper outlet tank lare
(sec) (kgcm2) pres. (kgcm2) test tank level (m) temperature

A1-91 Al-92



Full Height 1W2 Scale Test Data (Casel) Full Height 112 Scale Test Data (Casell)

lime test tank pres. flow damper outlet tank warerl t

(sec) (kgc2) pres. (kgcm2) test tank level (m) temperature(sec (kgcm2 pre. (ktcm) I ec
t. , tank warertime test tank pres. flow damper outleltest lank level (m) temperature

(sec) (kg/cm2) pres. (kg/cm2) CeC) I

Al -93 A1-94



Full Height 1/2 Scale Test Data (Casel)

HMO Istand pipe

I. . water levelI_~~ (M)• I!n

Full Height 1/2 Scale Test Data (Casel)

t e lstand pipev
t(s ec w ater I e e

m (sec) (m)

A1-95 A1-96



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

time stand pipe

sec water leveIse I (M) I

tm stand pipe
lime water levelI(sec) I(m) ý

A1-97 A1-98



Full Height 1(2 Scale Test Data (Casel) Full Height 112 Scale Test Data (Casel)

time stand pipe
(sec wtrLM ve

lime stand pipe
tie Iwater levelI(sec) I(m) I

Al1-99 Al-100



Full Height 1/2 Scale Test Data (Case1) Full Height 1/2 Scale Test Data (Casel)

time stand pipe
(e water level(sC) I(m)

Istand pipe
(Sac) water level(sec) (m)e

Al-101 A1-102



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Casel)

time stand pipe
tme water vel

m (sec) I(M)
time stand pipe

mec) water level
(seI ) (m)

Al-103 Al-104



Full Height 112 Scale Test Data (Casel)

stand pipe
Itim waterlevel

_(see) (m)

Al-105

B 0 0



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

test tank pres. flow tank wardr
time(sec) (kgcm

2
g) pres.(kglcm

2 "g) test tank level (m) temperature
I "I il ý /(C)

test tank pres. flow damperhOu lew tenk la(r.
(k pres.(kglcm

2g) itest tank level (i) temperaturetimesec) (kgcm~g flo daper utl

A2-11 A2-2



Full Height 1/2 Scale Test Data (Case2) Full Height 112 Scale Test Data (Case2)

test tank pres. flow damper outle~ tank warer
test tank pres. flow damper outl tank warer

time(sec) (kg/cmg) tet tank level (m) temperature
__ lm) rs(k/Mg eC)

test tank pros. flow damper outle, ... lIank warertime(oec) (klcin
2g) prr.(kgc•m 

2
•g) test tank level (in) temperature

I I I I ý C)II

A2-3 A2-4



Fall Height 11Z Scate Test Data (Case2) Full Height 112 Scale Test Data (Case2)

test lank pres. flow damper outle/ tank warer
time(sec) (kg/cm

2 g) pres.(kglcm
2g) .test tank level ()emperature

I IecC)

test tank pres. flow damper ouueJ tank warer
time(ec) Ie 2 . test tank level (m) temperature
I (kg/cm2

g) pres.(kg/cm g) ' I eC)

A2-5
A2-6



Full Height 1/2 Scale Test Data (Case2) Full Height 112 Scale Test Data (Case2)

test tank pres. flow damper outlel , tank warer

time(ec) pre.(kgcm
2
g) tes tank level (m) temperature

I I kg/C~g ro ( 3) ( C)

time(sec) test tank pres. flow damper outlej tank warer
(kgcm

2
g) pre.(kgcm

2
g) test tank level (m) temperature

A2-7 A2-8



Full Height 1/2 Scale Test Data (Case2) Full Height 112 Scale Test Data (Case2)

2test ank pres. flow damper outle tank warer
time(sec) (kg/cm2g) pres.(kglcm

2
g) test tank level (m) temperature

IC)

test tank pres. flow damper oull tank warar

time(sec) (kglcm
2
g) pres.(kglcm

2
g) ttest tank level (i) temperature

I 
.I OC ) ., .

A2-9 A2-10



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case,2)

I It~t~k pr•. I tank wrert e test tank pres. flow damper outle
(kg/cm

2
g) pres.(kg/cm

2g) test tank level (m) temperature
I I ec)

test tank pros. flow damper oulle" tank warer

time(sec) (kg/cm
2
g) pres.(Kglcm

2
g) /test tank level (m) temperature

Igg)I

A2-11 A2-12



Full Height 1(2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

test tank pres. flow damper outle tank warer

time(sec) (kg/cm
2g) pres.(kgtcmg) test tank level (m) temperature

I I i I c)I

test tank pres. flow damper outlel tank warer
time(sec) (kgtcm2g) pres.(kg/cmg) test tank level (m) temperature

(kglcm ~I prs.kgcmg IC

A2-13 A2-141



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

tima s test tank pres. , a tank warer
(k res( k- cm

2  
test tank level (m) temperature

(kg/CM2g) frow dampe outle

tm se) test tank pres. flow damper outle t~~ a
te ( kg/cm)) pa.k/mg test tank level (m,) tepe. urIF kpe.k/c~)iIe) ý

A2-15 A2-16



Full Height 1V2 Scale Test Data (Case2) Full Height 112 Scale Test Data (Case2)

lest tank pres. flow damper outlet
1 tank warer

test tank pres. !flow damper outlel tank warer

test tank pres. flow damper outle . . tank watertime(sec) (kglcm
2g) pres.(kg/cm

2g) test tank level (m) temperature

c I eaC)
Itim i(sec) I(kglcIg pres.(kgtcm 

2g) ~test tank level (in) tem pert r

A2-17 A2-1 8



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Caso2)

time(sec) teat tank pres. flow damper outle] tank warer
k res.(kgncm

2g) test klevel(i) temperature
(kg/cm2g) (C)

test tank pres. flow damper outle. tlank warer
time(sec) 2 pre(kglcmtg).test tank level (m) temperture

I (kg/cmgm gC) .

A2-19 A2-20



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

test tank pres. flow dampe ulle I are

timI(sec) (kglcm g) pre.(kglcmpg) outc)

test tank pres. flow damper outlel tank warer(kg/cM2g) 2pres.(kg/cm2g) test tank level (m) temperature
. ..... a.k )( ) .

A2-21 A2-22



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

ttest tank pres. nlow damper outle tank warer

ime(sec) (Kg/cm2e.(kgcm
2 g) test tank level (m) Itemperaturepres'kg/cmg) I(C)l

test tank pres. flow damper outlel tank warer
time(sec) (kg/lcm

/
cm2g) test tank level (m) temperature

........ .... •( c)(_

A2-23 A2-24



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

•ime(sec) test tank pres. flow damper outlel test tank tank warer I!

(kg/cm2g) _ . j pres.(kg/em2g) 
level (m) Itemperature

..... 
I(°c) 

. .. I
test tank pres. flow damper oulletl tank warer

tlme(sec) (kglcm
2g) pres.(kg/cm'g) test tank level (in) temperature

Cec)

test tank pres. flow damper outle tank warer

time(sec) (kg/cm
2

g) res.(kgl n.g) test tank level (m) temperature

. II g) p/g) I Ic) I

A2-25 A2-26



Full Height 1(2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

test tank pres. flow damper outlet tank warer

time(sec) (kglcm 2 g) pres.(kglcm 
2g) test tank level (m) temperature

I .g gC)

test tank pres. flow damper outle: tank warer

time(sec) I (kg 2g 1pres.(kgcm2g) tlest tank level (m) temperature....... )pre.Ck/ )(00

A2-27 A2-28



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

test tank pres. flow damper outle[ tank warer

ti(kglcm g) preS.(kgCM
2g) test tank level (m) temperature

Itime(see) (kg/2g re.( eC)

test tank pres. flow damper outlet tank warer
time(sec)m2g) pres.(kgcm2g) test tank level (m) temperature

-- ..m g pre . .... (. I

A2-29 A2-30



Full Height 1/2 Scale Test Data (Case2) Full Height 112 Scale Test Data (Case2)

test tank pres. flow damper outle tank warer
time(sec) (kg/cm

2
g) pres.(kglcm4) I test tank level (m) temperature

test tank pres. flow damper outlel tank warer

time(sec) (k/cm
2
g) pres.(kg/cm

2
g) test tank level (m) temperature

'I INC)I

A2-311 A2-32



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

test tank pres. flow damper oulelt tank warer

time(sec) I g) pres.(kglcm
2 g) test tank level (m) temperature

- I I I I IC)I

test tank pres. flow damper outle Itank warer
time(sec) (kg/cm

2g) pres(kg/cm
2
g) test tank level (m) temperature

II g) ..... ) I c)

A2-33 A2-34



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

test tank pres. flow damper outlet . tank warer

time(sec) (kg/cm g) pres.(kglcm2g) itest tank level (m) temperature

I I I I C) I_

I test tank pres. flow damper outlet tank n warer
time(sec) (kg/cm

2
g) pre.(kgcm

2
g) test tank level (m) tmperature..... (k/M g) ...)

A2-35 A2-36



Full Height 1/2 Scale Test Data (Case2) Full Height 112 Scale Test Data (Case,2)

test tank pres. flow damper utle tank warer

time(sec) stgtank pr es.(k-c
2

, •test tank level (m) temperature

,, I.(Kgtcm g) '(Ic)

test tank pres. flow damper outle.. lank warer

time(sec) (kglcm
2
g) pres.(kg/cm

2
g) ltest tank level (m) temperature

I . I I ( C)

A2-37 A2-38



Full Height 112 Scale Test Data (Case2) Full Height 112 Scale Test Data (Casa2)

test tank pres. flow damper outleto ta:nkgaror
time(sec) ,,) pres.(kglcm

2g) .test tank level (in) em r .tr.
test tank pres. flow damper outle. . tank warer

time(sec) ftlem 2I) pr.(kg/cm2g) test tank level (m) temperature
I cI I) Irs(gcng ecC)I

A2-39 A2-40



Full Height 1/2 Scale Test Data (Case2) Full Height 112 Scale Test Data (Case2)

test tank pres. flow damper outlest tank warer

time (kg/cm2g) I pres.(kg/cm
2
g) teat tank level (i) temperature

... .. m (g). ..
test tank pres. flow damper outlel tank warer

time(e gcmkg) pres(kgf-
2

g test tank level (m) temperature

II C)

A2-41 A242



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

lest tank pres. flow damper outlet tank warer
time(sec) (kg/cm

2
g) pre.(kglcm

2
g) tet tank level Cm) temperature

(kg/c'g) res. g c J) C)

test tank pres. flow damper oullet lank warer
time(sec) (kgcm

2
g) Ipre(kg/cm

2
g) teast lank level (m) temperature

(kg/m~g) I prs.(klCM~) I C) -

A2-43 A2-44



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

test tank pres. flow damper outlet 1et tan kwlroer
time(sec) pres.(kggcm 2g) Itest tank levet (i) temperature

teat tank pres. flow damper outleute t an k warer

time(sec) (kg/cm
2g) pres.(kg/cm~g) Jtest tank level (i) (p

.1I

A2-45
A2-46



Full Height 112 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

time(see) 
test tank pres. [flow damper ouUel 

tank warer

(kg/¢m2g) pres.(kg/em2g) test tank level (m) Itemperature
test tank pres, flow damper outle takwae

time(sec) (kglcm-g) pres.(kg/cm
2g) Itest tank level (iný C)tepeatur

lest tank pres. flow damper oullet t ank warer
time(sec) (kglcm

2
g) pres.(kg/cm

2
g) test tank level (g) temperature

I I ý - I VC)

A2-47 A2-48



Full Height 112 Scale Test Data (Case2) Full Height 112 Scale Test Data (Case2)

test tank pres. flow damper outlet tank warer

time(aec) . .•gcm•g) preo.(kgcm
2g) test tank level (in) temperature

I I lee)I

7

test tank pres. flow damper outle! lank warer
t .me(.ec) teat tank level (in) .tmerature,

(kglcm g) pres.(kgl~cmng) (C)

A2-49 A2?-50

21



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

s tet tank pres. ft.w damper ouueJ tank warer I
tie(ec)ps.(kgcm

2
g) otet tank level (m) temperature

I(kg/cmg)cmgIc)

test tank pres. flow damper outle . . tank warer

time(sec) (kg/cm
2
g) p teat tank level (m) temperature

I k/c ) prs(g mg i (OC)I

A2-51 A2-52



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

.1 tank warer
test tank pres. flow damper outle test tank level (i) temperature

.me(sec) (kg/cm
2
g) pres.(kglcm:g) .t. (m C)

K(gc s , .g c
time~sac) ank watertest tank pres. flow damper outlal test tank level w) temperature

time(sec) (kg/cm 2
g) pres.(kg/cm 2

g) e(i C)

A2-53 A2-54



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

test tank pres. flow damper outle, tank warer

time(sec) kg/cm
2g) prlw .dmglc , tes tank level (m) temperature

kgc)

tankwae
time(sec) test tank pres. flow damper outl test tank e (i) tampare

(kg/cm
2
g) pres.(kgIcm 2g) "C)p tg -/ l ee(mtmprue

A2-55 A2-56



Full Height 112 Scale Test Data (Case2) Full Height 112 Scale Test Data (Case2)

test tank pres. fow damper Outle- ta tank warer

time(se ) (kg/cm
2
g) pres.(Kglcm g) t level (in) temprt.

test tank pres. flow damper oulleo tank warer
t/me(aec) prea.akg/cm

2
g) itest tank level (im) temperature

I(kglcm g) prskl g (
0C)I

A2-57 A2-58



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

test tank pros. flow damper outlet tank warer
tme(sec) gc

2
g) . tet tank level (m) temperature

(kg/ ) prs. k~cm c)

test tank pres. flow damper outlet tank warer

time(sec) (kg/Cm
2

g) ipres.(kg/cm 2
g) test tank level (m) temperature

. .. .. .. (OC).

A2-59 A2-60



Full Height 1/2 Scale Test Data (Case2) Full Height 112 Scale Test Data (Case2)

test tank pres. flow damper outleJ tank warer

time(sec) (kg/cm
2
g) pres.(kg/cm

2
g) s tank level (i) tmp

- I I i I C)

test tan•k pros. flow damperoul, ltank warer
t ) (kgcmg) pres2(kg/cmg test tank level (m) •emperature

Itime(sec) (kg/c
2 ) 1rs(gc g) 1 (5c)I

A2-61 A2-62



Full Height 1M2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

test tank pres. flow damper outle tnlk warer
time(sec) (kgiomlg) pres.(kg/cm

2
g) test lank level (in) te•perature

I i 0C)

teat tank pres. ow damper outle tank warer
time(sec) . .. (lgCM2g) Ipres.(kg/cm

2g) - test tank level (m) emperaturetimesee) (kg/m~g) fl~wdampr oule)

A2-63 A2-64



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

test tank pres. flow damper oulleJ tank water

time(sec) _(kglcmg) pres.(kg/cmtg) |lest tank level (m) temperature
I) I c)

test tank pres. flow damper outle tank water

time(sec) I(kg/cm 
2 -g) pres.(kglcm

2g) test tank level (m) Itemperature

A2-65 A2..66



Full Height 112 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

test tank pres. flow damper outleJ tank warer

time(sec) (kg g p tetank level (m) temperature
.(kg/cm2g) pres.(kg/cmg) etC)

test tank pres. flow damper out(t tank warer
:ime(sec) (kg/cm

2
g) jpresgcm2g) test tank level (m) temperature=

... s....m g(C .)

K

A2-67 A2-68



Full Height 1/2 Scale Test Data (Case2) Full Height 112 Scale Test Data (Case2)

test tank pres. flow damper outlet tank warer

time(sec) (kg/cm
2
g) pres.(kglcmg) test tank level (m) temperature

I (0C)

test tank pres. flow damper outle. . tank warer
time(sec) 2 tpres.(kg/cm2

g) est tank level (m) temperature
(kglcm g) (0gc)

A2-69 A2-70



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Casc2)

test tank pres. low damper outlel tank warer

time(sec) (k om
2g)test tank level (in) temperature

(kg/c~g) res.(gtcm(00e)

test tank pres. flow dmpe I tank warer
e (kg/cmg) pres.(kg/cm

2 g test tank level (m) temperaturetimasec) ... (kgcm~) flw da per ut)

A2-71 A2-72



Full Height 112 Scale Test Data (Case2) Full Height 112 Scale Test Data (Case2)

test tank pres. flow damper outle' tank warer
time(sec) (kglcm

2
g) pres.(kglcm

2
g) test tank level (i) temperature)

.. .. I I

test tank pres. flow damper outlJ tank warer

time(sec) (kg/cm
2g) pres.g/cmi

2
g) rtest tank level (m) temperature

I I (g/cmg) pes.(k/cm )(le)

A2-73 A2-74



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

test tank pres. flow damper outle tank warer
(kgcm

2
g) pre.Kglcm

2g) test tank level () temperature
test tank pres. flow damper ouled tank warerk

lime(sec) (kg/cm
2

g) pres.(kg/cmg) Itest tank level (m) temperature
I pr g (0C)I

I

A•2-75 A2-76



Full Height 112 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

teat tnk pres. flow damper outle tank w.rer
t res aec)Icm e ls zn C)time(sec) gcmg) pres.(kglcmg) teat tank level (m) temperature

test tank pres. flow damper outle• tank warer

time(sec) . (1gcd
2g per.oulet .test tank level (m) temperature

I p~e~ftfc~g) c)

A2-77 A2-478



Full Height 1/2 Scale Test Data (Case2) Full Height 112 Scale Test Data (Case2)

test tank pres. flow damper outle! tank warer
time(sec) (kg/cm

2
g) pres.(kg/cm

2
g) test tank level (m) temperature

(kg/c g pes.(kal*e a, C)

te. flow damper oute lank warer
tlie(sec) Ikteat tankpres. I p ere - -t ltest tank level (m) lemnperaturetm se) (kglcm

2
g) Pre-.(gfcrn g) ](OC)

A2-79 A2-80



Full Height 1/2 Scale Test Data (Cese2) Full Height 1/2 Scale Test Data (Case2)

test tank pres. ftank warer
tmea(sec) a(kgm2g) flow damper ote test tank level (m) temperature

tl) pres.(kg/om
2
g) I°C) _

test tank pres. flow damper outtt tank warer

time(sec) (kglcm
2
g) pres.(kg/cm

2
g) test tank level (m) temperature

-- _ _C(

A2-81 A2-82



Full Height 1/2 Scale Test Data (Case2) Full Height 112 Scale Test Data (Case2)

test tank pres. flow damper outle t tank warer
time(sec) (kg/cm

2
g) pres.(kg/cm

2
g) /test tank level (i) temperature

eC)

test tank pres. flow damper oulle. tank warer

time(sec) (kgcmI
2g) prea(kg/ci ) . test tank level (m) temperature

A2-83 A2-84



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

tet tank pres. flow damper ta waer
time(sec) (kgs 2ng) pres. kgfl cm2g) test tank level (m) temperature

(C)

test tank pres. flow damper outel tank warer

time(se) t(kg/cm
2

g) pres.(kg/cm
2

g) test tank level (m) temperatureC

Itim~sec .2 2 t-i C)

A2-85 A2-86



Full Height 112 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

test tank pres. flow damper outlet ltank warer
time(sec) (kg/cm

2
g) pres.(kg/cm

2
g). test tank level (m) temperatmre

(00I)
test tank pres. flow damper outleo tank waer

time(sec) (. test tank level (m) temperature
(kglmg pres.(kglcm g)(C

A2-87 A2-88



Full Height 1/2 Scale Test Data (Case2) Full Height 112 Scale Test Data (Case2)

test tank pres. flow damper outle tank warer
time(sec) (kgtCMag) pres.(kgcm

2g) - test tank level (m) temperature
..... ~ (g/m ) _. Ire .•g m g ..1 , (°IC) .

test tank pres. flow damper outle~ tank warer

test tank pros. flow damper oulletanwte
_ time(sec) (kg/cm

2
g) pres.(kg/cm

2
g) itest tank level (m_)Itemperature

A2-89
A2-90



Full Height 1/2 Scale Test Data (Case2) Full Height 112 Scale Test Data (Caso2)

test tank pres. flow damper ]artes tank warer

time(se) (klcmg)g test tank tevel () temperature
(kg/c g prs.(kfeC)

test tank pres. flow damper outtel tank warer

time(sec) (kg/cm
2
g) pres.(kg/cg) test tank level (M) temperature

- I. ec)

A2-91 A2-92



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

time sland pipe
watlevel

stand pipe
time waterlevel

I(sec) I(m)

A2 -93 A2-94



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

time stand pipe
waterlevel(sec) (m)

time sland pipe
Iwater level(seI I5(m) I

A2-95 A2-96



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

stanpipetint Iwater leveipe
(sec) I (m) n _

time stand pipe
sec) water levetI( ) (m)

A2-97 A2-98



Full Height 1/2 Scale Test Data (Case2)

time stand pipe

(se water levelC_(e) (m) _

Full Height 1/2 Scale Test Data (Case2)

time stand pipe

( ) water le eIsec) (m n

A2-99 A2-100



Full Height 1/2 Scale Test Data (Case2) Full Height 112 Scale Test Data (Case2)

time stand pipe
e waterlevel-- I(se) I(m) I--

time stand pipe
time, water level
- I(see) I(M)-

A2-11A2-10 A2-102



Full Height 112 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

time stand pipe
watlevel(sea) I(m) ]

time stand pipe
Icwater levelI(ec I(m) I

A2-103 A2-104



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

time stand pipe

""=) water level__ (se I (M)

time stand pipe
time water level

I•sec) I(M)

A2-105 A2-106



Full Height 1(2 Scale Test Data (Case2)

time stand pipe
mer waterlevelI(•) (m)

Full Height 1/2 Scale Test Data (Case2)

time stand pipe

A2-107 A2-108



Full Height 1/2 Scale Test Data (Case2) Full Height 1/2 Scale Test Data (Case2)

time stand pipetime water level
I_ (sec) I(m)

stand pipe
time water level

_ !•ec, I(m) _

A2-109 A2-110



Full Height 1/2 Scale Test Data (Case2)

tand pipe
ime water level

I(J-C iL

A2-111



1V2 Test Data (Case3) 1/2 Test Data (Case3)

time(sec) test tank pres. flow damper outle test tank evel () tm are
(kg/cm

2
g) pres.(kg/cm

2 g) e(c)

test tank pres. flow damper outlel lank warer

tie(e) (kgcm
2
g) pres.(kg/cmg) test tank level (m) temperature

I I kg/c g) res-kg/en g)I ( C)I

A3-1
A,3-2



1/2 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. flowtank warer

tim e (sec) I(kg c r
2
g) pr o w.da m p er l e)test ta n k leve l (m ) tem perature

g pres'kg/cm2g) 
e(0C)

test tank pres. flow damper oullet tank warer

time(sec) (kglcM
2g) PrSkglCM2g) test tank level (m) temperature

I~kgcm~g pre.(kgcmC)

A3-3 A3-4



1/2 Test Data (Case3) 112 Test Data (Case3)

test tank pros. fltank warer
time(sec) t tnk p . ow damp test tank level (m)r

(k pres.(kg/cm
2g) a lv (in )

teat tan pres. flow damper oulle tank ae

.time(sec) (kg/m
2g) I 2 ipre tk ge (m ) .

A3-5 A3-6



1/2 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. flow damper outte tank warer

time(sec) (kglcm
2

g) pres.(kg/Cm
2
g) test tank level (m) temperature

- IIIi ec)

test tank pres. flow damper outtel tank warer

time(aec) (kglcm
2g) pres(kg/cm

2g) test tank level (m) temperature

A3-7 A3-8



1/2 Test Data (Case3) 112 Test Data (Case3)

teat tank pres. flow damper outIe~ tank warer

Stest tank pres. flow damper outlei tank warertime(sec) (kg/_2g) pres.(kg/cm
2
g) test tank level (m) temperature

SIIc)

test tank pres. flow damper outle tank warer
time(sec) (kg.cm

2
g) pres.(kg/cm

2
g) test tank level (m) temperature

I (kgcm 9 pre,(kgCM~g i 
0cc)I

A3-9 A3-10



1/2 Test Data (Case3) 112 Test Data (Case3)

test tank pres. flow damper outle] tank warer

time(sec) (kgacm
2
g) pres.(kg/cm

2
g) test tank level (m) temperature

(kg/cm~I prs(gcMg c)

j ~~tankwae
time(sec) test tank pres. flow damper ouetest tank level (i) te pare

(kg/cm 2
g) pres.(kg/cm 2

g) t tC) :et

A3-11 A3-12



0 0
1/2 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. flow damper outlet tank warer

tUme(sec) (kg/cn
2
g) pres.(kglcm

2
g) test tank tevel (i) temperature

I(c)

test tank pres. IfltW damper outle. tank warer

time(sec) (GM 2g p r a. itest tank level (m) temperature

- I (kgp .(.-,Im2 g I lc)I

A3-13 A3-14



1/2 Test Data (Case3) 1/2 Test Data (Case3)

test tank res flow damper outle tank warer
time(sec) testman) pre res.kg '2" testtanklevel(m) temperature

Ik Ir~g prs(fmg (
5C)

test tank pres. flow damper outlt tank warer
t_.e(sec) test tank level (m) temperature

tee (.kg/cm2g) reS pres.I kg/ gl

A3-15 A3-16



1/2 Test Data (Case3) 1/2 Test Data (Case3)

test lank pres. flow damper outel tank warer

time(sec) (kg/cm2g) pres.(kg/cm
2
g test tank level (i) emperature

........
Itese npros. mperou t Pwerýtest tank re . flow d a m e oull te s tank l eve m rertime(sec) (kg/cm

2
g) pres.(kglcm

2
g) test tank level (m) temperature

A3-17 A3-18



1/2 Test Data (Case3) 112 Test Data (Case3)

test tank pres. flow damper outlet ank l warer

time(sec) (kglcm
2
g) pres.(kg/cm

2g) Citest tank level (i) temperature

(Os) -. -I

test tank pres. Iflew damper outlel tank warer
time(sec) teat2tak gpres.(fawd mpe ) test tank level (m) temperature

II(kgimg pres.( g/cm g) i lC)I

A3-19 A3-20



1/2 Test Data (Case3) 1/2 Test Data (Case3)

time(sec) test tank pres. flow damper outee tank evel () u(kglcm:g) pres.(kg/cm
2
g) e c)

test tank pres. flow damper outlet tank warer
time(sec) pres.(kg/cm

2g) test tank Level (im) temperature
. (kgcm

2
g) .... C). I

I

A3-21 A3-22



1/2 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. flow damper outte~ tank warer
tank warer

test tank pres. flow damper outle lank eare
time(sc (kgcm

2
g) pres.(kg test tank level (n) temperature 7 test tank pros. flow damper oullel ta~n~k wre

Itime(sec) I(k .c
2

1 pres.(kglcm4g) - test tank level (in) tempraur

A3-23 A3-24



1/2 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. flow damper outlet. t larem

time(sec) tank level (i) temperature
(kg/c~g) res.kg/cmg) _ |let C . test tank pres. flow damper outlel tank warer[time(sec) (kg/cm

2
g) pres.(kg/cm

2
g) test tank level (m) temperature

I ý (0C)

A3-25 A3-26



112 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. flow damper outleli tank warer

time(sec) (kglcm
2g) pres.(kg/cm

2
g) test tank level (m) temperature

I I 1 -1 1 c)I

ttest tank pres. flow damper outeo s tank i p a re
time(sec) (kg/c g)test tank level (m)

- ~ ~ ~ ~ ~ ( I kImg rS(gC~)lc

A3-27 A3-28



112 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. flow damper outewarer
time(se) (kglcm

2
g) pres.(kgm

2
g) test tank level (m) temperature

(kglm. ) pes.(glC~g)eC)

test tank pros. ft d r tank warer
time(sec) (kglcm

2
g) pro w o amper.oul etest tank level (m) temperatureI......g) proo.,kgom~ I, . . IN )> ..

A3-29 A3-30



1/2 Test Data (Case3) 112 Test Data (Case3)

test tank pres. flow damper outleJ tank water

time(sec) (kglcm2g) pres.(kglcm2g) test tank level (m) temperature

.(C)

test tank pres. flow damper oulle tank warer
time(sec) testt

2
_n pres. (--/-m

2  - test tank level (m) temperature
IgI)

K

A3-31 A3-32



1/2 Test Data (Case3) 1/2 Test Data (Case3)

teat tank pres. flow damper outlet tank warer

ttm c ,kn, g ps. (test tank level (m) temperatare

tme(sec) (kg/cm2g) I p res .(dpk/gcm -)U'l11 eC)

teta tank pros. flaw d amperostl tank lv ak ( wm) re
time(sec) (kg/cm

2 g) pres.(kgfcm g) I t t l (in ) le pr

A3-33 A3-34



1/2 Test Data (Case3) 112 Test Data (Case3)

test tank pres. flow damper outltet tank wartr

lime(sec) (kg/cm
2

g) prea.(kglcm
2g) test tank level (i) temperature

•r•)c

test tank pres. flow damper outle! tank warer
time(sec) (kg/cm2g) pres.(kg/cm

2
g) test tank level (m) temperature

. .(
0c)I

A3-35 A3-36



1/2 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. flow damper oulle. . tank warer
time(sec) t(kg/cm

2
g) pres.(kg/cm;g) .test tank level (m) temperature

(kg/M~g) pres(kglmg cC)

test tank pres. flow damper oue l tank warer
time(sec) (kg/cm

2
g) pres.(kg/cmg) itest tank level (i) temperature

pre I I (IC)

A3-37
A3-38



1/2 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. flow damper outleti tank warer
time(sec) (kg/cm'g) prea.(kcmg) 2 test tank leve (im) temperature

(kg/cm~~~g) ._ prstemg _€c)I
test tank pres. flow damper outlel tank warer
(kglmec 

2g Ms 
2 . test tank level (m) temperature

tI) (kg/cm g) pres.(kgcm Y) I I(c) I

A3-39 A340

0



1/2 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. flow damper oule tkwarer

time(sec) (kglcM
2g) pres.(kglcm

2
g) test tank level (m) temperature

- I..I i • eC)

te tank prs. flow damper oulle tank warer
time(sec) $1.a2g) re. g) 'test lank level () temperature

(kgc. p .(Kg/cm g (C) I

A3-411 A3-412



1/2 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. flow damper outle tank warer
S (kglCM 2g) pres.(kglcm

2g) test tank level (m) temperature
tiesc Iklmg Irs(g/mg (°IN

Itest tank pres. flow damper outle] tank warer

time(sec) (kog.(kg/c test tank level (m) temperature

II , eC)

A3-43 A3-44



0
1/2 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. ftank water
time(sec) t t(kgpcm rg s flow damper ou2e t test tank level (m) temperature

S pres1(kgcm
2
g) 1s .. - C)

te tank pres. flow damper outlei tank warer

time(sec) testtk pres. 2g ) ttest tank level (m) temperature

.... I(kg/m~g) ..... res.k cmeC)

A3-45 A3-46



112 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. flow damper ou tank warer

tlme(sec) (kg/cm
2
g) pres,(kglcm

2
g) fetest tank level (m) temperature

I I eC)I

test tank pres. flow damper outlte tank warer
time(sec) (kg/cm

2
g) pres.(kgl, mg) test tank level (m) temperature

I I I I(00)I

A3-47 A3-48



1/2 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. flow damper t tank warer
time(sec) (kglm2g) pres.(kglcm

2
g) ltest tank level (m) temperature

I (klcm ) prs.(k/cM~) I C)

i test tank pres. flow damper outlel tank ware

time(sen) .(kg/cm
2
g) Ipres.(kglcm

2
g) test tank tevel (i) temperature

A3-49 A3-50



1/2 Test Data (Case3) 1/2 Test Data (Case3)

tank warer
test tank pres. flow damper outle tank warer

time(sec) (kg/cm
2
g) pres.(kglcm

2
g) test tank tevet (i) temperature

... I I I leve ) t

test tank pres. flow damper outle tank warer
(c pres.(kg/cm test tank level (m) temperature

A3-51 A3-52



1/2 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. flow damper outlet tank warer

time(sec) (k/cm
2g) pres.(kg/cm

2g) test tank level (m) temperature

IIi eC)

test tank pres. flow damper outlte tank warer
time(sec) 2_/2gtest tank level (n) temperature
I I~ec (kg/cm g) pres.(kglcm g) I eC)

A3-53 A3-54



1/2 Test Data (Case3) 112 Test Data (Case3)

testtan pre. fow ampe ouleitank warer

fin~e) (kg/CM2g) pres.(kg/cm~g) test tank level (in) temperature
:/C eC)

test tank res. flow damper outle• tank warer

time(sec) ( p res.,k/cm=) |test tank level (m) temperature

I. J g) kg/cm2g) I..
0 c) .

A3-55 A3-56



1/2 Test Data (Case3) 1/2 Test Data (Case3)

I . J hank warer I
flow oamper outle

time(see) test tank pres. res'k /c = " tJtest tank level (m) temperature r
.......... (kg/cm=g) . p .( g m g)_• __ (OC)

teat tank prea. flow damper outlet tank warer
time(sec) (k/mg ra(gc

2
0 ~test tank level (in) temperature

(kg/m~g) pres(kg/m g) I I C)

test tank pres. flow damper outleJ tank warer
time(sec) (kg/cm

2
g) pres-(kg/cm

2
g) Itest tank level (m) temperature|testI ...)

-- ........ C ~I

A3-57 A3-58



1/2 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. flow damper outlet itank warer
time(sec) . (kglcM

2
g) tpres.(kglcm~g) test tank tev el (m) tempeature

Isc)

test tank pres. flow damper outle( tank warer
time (kg/cmg) pre.(kglcmg) test tank levet (. ) tempeTature

..... .. I c )

A3-59 A3-60



112 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. flow damper outlet tank warer

tme(ec) m2
_ am test tank lavel (in) temperat

(kg/m. g pre.(kgcmg)eC)

test tank pros. flow damper outlel tank warer

time(sec) (kg/cm
2
g) pres.(kg/cm

2
g) Itest tank level (in temperaure~CI

A3-61 A3-62



1/2 Test Data (Case3) W/ Test Data (Case3)

time(see) test tank pres. flow damper outlete tank warer (t

..... (kglcm
2
g) pres.(kglcm2

g) jtesttank evet.(m c) .

i test tank pres. flow damper outtes tank warer

(kgcm'g) p .(kgcmg) tet ank eve () temperaturetimesec) (kg/ m~g flo dam er otle

A3-63 A3-64



1/2 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. flow damper outle tank warer

time(sec) (kg/cm
2
g) pre°"(kgrcm

2
) u test tank level (m) temperature

I I I I I c)I

test tank pres. flo dape oul ttn ee in)tank warer Iflwdamper outile:nkae

tme(ec) p test tank level (m) perature
(kg/cm2g) pres.kgcmg) CC)

A3-65 A3-66



1/2 Test Data (Case3) 1/2 Test Data (Case3)

tank warer
t ) teat lank pres. flow damper outle

time(skc) tsgtcmg) prores.(kglcm
2g) test tank level (m) temperature•g~o',, v ,• a,/ IC)

test tank pres. flow damper oullel tank warer

time(sec) (kg/cm
2
g) prs.(kg/cm

2
g) itest tank level (m) temperature

(k/mg) pa. Igcg leC)I

A3-67 A3-68



0
1/2 Test Data (Cas.3) 1/2 Test Data (Case3)

test tank pres. flow dtamper outle! tank wafer

itime(sec) kgpres.(kglcmlg) Itest tank levet (in) tempraur

test tank pres. flow damper oule ank warer
time(sec) (kgcm'g) pres.(kg/cm

2
g) test tank level (m) temperature

- I I I I)(C)

A3-69 A3-70



1/2 Test Data (Case3) 1/2 Test Data (Case3)

ttest tank pres. flow damper outlel tank warer
time(sec) (kg/cm _ ) pres.(kg/cm

2g) test tank level (m) temperature

. - I . .- C)

test tank pres. flow damper outle .tank wafer
time(sec) (kg/cm2g) pres.(kg/cm

2
g) /test tank level (m) temperature

IkI Imi I (0C)I

I

A3-71 A3-72



1/2 Test Data (Case3) 1/2 Test Data (Case3)

I test tank pres. ow damper outle ank warer
time(sec) (kglcm

2
g) pres.(kglcm

2
g) test tank level (m) temperature

test tank pres. flow damper outloe tank warer

ti-e(sec) 
2  r 

2 - test tank level (m) temperature

tImeec) . (kg/cm g) pres.gcmg) (°C)

A3-73 A3-74



1W2 Test Data (Case3) 112 Test Data (Case3)

test tank pres. flow damper outlej tank warer
time(sec) (kg/cm

2g) pres.(kg/cm
2
g) test tank level (m) temperature

- I Iic)

teat tank pres. flow damper outlet I
time(se) . 22g) ptest tank level (m) temperature.

(kg/cm~g pres.(kgloM~g e C)

A3-75 A3-76



1/2 Test Data (Case3) 1/2 Test Data (Case3)

test tank prs flow damper outlet Itank ware
tim ) [test tank pres res perkg/cm ) -u test tank level (m) temperaturetime(sec) ... (kg/cm

2
g) pe.. (k.glcmg .) .. (C) ..

test tank pres. flow damper outlet tank warer

time(sec) (glcm 2g) p) test tank level (in) temperature

(k Ipres kg/mg) 
eC)

A3-77 A3-78



1/2 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. flow damper outlet tank warer
time(sec) (kg/cm

2
g) pres.(kg/cm

2
g) .test ank level (n) temperature

I eC)

test tank pres. flow damper outle . tank warer
time(sec) (kg/cmg) P (g g) 2 testlanklevel (m) temperature

tie~Ic Ik/mg pri(gc l ec)

A3-79 A3-80



1/2 Test Data (Case3) 1/2 Test Data (Case3)

test tank pres. flow damper outle. tank warer
time(sec) (kg/cm

2
g) pres.(kg/cm

2
g)' test tank level (i) emprature__ ._. l~ra .t g g)../ eve ( )teprue

test tank pres. flow damper outle tank water

time(sec) (kg/cm
2g) pres.(kg/cm

2
g) 'test tank level (m) temperature

_C )

A3-81 A3-82



1/2 Test Data (Case3) 112 Test Data (Case3)

test tank pres. flow damper outlet tank warer

time(sec) (kg/cm
2
g) pres.(kglcm

2
g) test tank level (mi) temperature

eC)

test tank pres. flow damper outloe t ank warer
2(kgc m22g trest tank level (in) temperature

tImes (kg/cm 9) pres.(kg/cmn g) i (0C)I

A3-83 A3-84



1/2 Test Data (Case3)

tank warer
time(sec) lest tank pres. flow damper .ute •test tank level (m) temperature
I (kglCm

2
g) pres.(kglcm2g) oc)....- p . -I m g._/_(C .

A3-85



1/2 Test Data (Case3) 1/2 Test Data (Case3)

time i tand pipI
water level

__ (sec) (m) Fd

ti lstand pipe
time water level1(see) I(m)e_

A3-86 A3-87



1/2 Test Data (Case3) 1/2 Test Data (Case3)

time pipe

(sec) ý!n

time stand pipe

(se water level- (I eC) I(ml .-I.

A3-88 A3-89



1/2 Test Data (Case3)

time stand pipe

(se water levelC) I(m) 
E

A3-90



Full Height 112 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Casel)

test tank pres. flow damper outle. . tank warer

time(sec) (kg/cm g) tPres.(kg/cm2
g., test tank level (i) temperature)

m~g) pes.(kg( 0
C)

teat tank pres. iflow damper oullel t:ank warer
time(sec) ps.(kgcm

2
g) test tank level (im) temperature

tmee (kg/cm~g) ...... g/c__(C)

A4-1 A4-2



Full Height 1/2 Scale Test Data (Case4) Full Height 112 Scale Test Date (Casedl)

test tank pres. flow damper ouUe tank warer
time(sec) (kgtcm2g) p res.(kglcmzg) 'test tank level (m) temperature

.. )• _

test tank pires. flaw damper outle lnwae
time(sec) (kg/CM2g) prs(klm g test lank level (in) tem)pertr

A4-3 A4-4



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Casedl)

test tank pros. flow damper outlet tank warer

time(sec) (kglcm
2g) pres.(kg/cm

2
g) test tank level (i) temperature

.1 eC)

test tank pros. fow domper outleJ tank warer
time(sec) rpes (kg/cm

2
g) test lank level (m) temperature

(kg/cm2g) p . g) ' eve (m) ItempertC) I

A4-5 A4-6



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outte~ tank warer
test tank pres. flow damper outlet tank warer

time(sec) (kgcm 
2 g) pres.(kglcm

2
g) ftest tank tevel (i) temperature

I I I I ec) I
I test tank pros. flow damper outlel tan wateStime(sec) I(kg/em

2
g) 1pres.(kg/cm

2
g) .test tank level (m) IC)temperature

A4-7 A4-8

0



Full Height 1/2 Scale Test Data (Case4) Full Height 112 Scale Test Data (Case4)

teal tank pres. flow damper outlet tank warer

tlme(sec) (ktcgom.
2
'g) pres.(kglcmlg) jtest tank tevel (in) temperature

I I Iil IeC)

la.nkwae
time(sec) teat tank pros. fow damper outlel . . . ttn=Ir

I k0/eo~g, Ipres.(kglcm
2
g) test tank level (I) em p

A4-9 A4-10



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Casedl)

test tank pres. flow damper outle tank warer

time(sec) (kg/cm2g) pres.(kg/cmg) Itest tank level (m) temperature

,eC
test tank pres. flow damper outlet tank warer

tUme(aec) (kg.cm
2
g) prea.(kglcm

2
g) test tank level (n) temperature

I k/cng pe. ,mg I (0C)I

A4-1 1 A4-12



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4l)

test tank pres. flow damper outlet
1 tank warer

Itest tank pres. flow damper outle 1tankwrrtime(sec) (kg/CM2g) pros.(kg/CM
2
g) 1test tank tevel (M) tempeIratur

I I 
eC)I

test tank pres. flow damper outltel tank wtere
tme(sec) (kg/cm test tank eve (i)temperature

A4-13 A4-14



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

ime~aec) test tank pres. flow damper outle tank warer
ti'eI g e kg, "m

2
") /test tank level (m) temperature

I _Ig/2g) p _c g'I N I°C

test tank pros. flow damper outlet tank warerI

time(sec) .. i res par.

I(kgcM
29) Ipres.(kg/cin

2g) Iteat tank level (in) tI peatr

A4-15 A4-16



Full Height 112 Scale Test Data (Case4) Full Height 112 Scale Test Data (Case4)

time(set) test tank pres. flow damper outleitest tank Warer
e(kg/cm

2
g) pres.gtcm 

2 g) tank tevel (n) temperature
test tank pres. flow damper outleJ ta wate

tlime(sec) (kg/cm2g) rtest tank level (i)Itemperature
Spres.(kgcm.g) eC)

A4-17 A4-18



Full Height 1/2 Scale Test Data (Case4) Full Height 112 Scale Test Data (Case4)

test tank pres. flow damper outlel tank warer
time(sec) (kg/cm

2
g) pres.(kglcm

2
g) test tank level (m) temperature

I I I eC)I

i test tank pres. flow damper outlet tank warer
time(sec) g/ 2g) Ip 2

s.(kg/cmg) Itest tank level () temperature(lc g) pe......m ~C)

A4-19 A4-20



Full Height 1/2 Scale Test Date (Case4) Full Height 112 Scale Test Data (Case4)

test tank pres. flow damper o .l tank warer

time(sec) (kgl- 2g) pres.(kg cm
2g) etest tank level (m) temperature

I_ ('/I~g prs(glmg e -c)

test tank pres. flow damper oulle! lank warer
g/um) ps.l2 test tank level (m) temperature

tese) (kglcm g) pres.(kg/cm g) IN)I

A4-21 A4-22



Full Height 1/2 Scale Test Data (Case4) Full Height 112 Scale Test Data (CaseI)

test tank pres. flow damper outle t tank water

e(kg/CM2g) pres.(kg/cm
2g) test tank ee (i) temperaturetie~ea (g/m~) , I cmg (C)

te tank pres. flow damper outlet tank water
eec) tst 2 res.test tank level (m) temperature(kg/cming) 

(C)

A4-23 A4-24



Full Height 112 Scale Test Data (Case4) full Height W Scale Test Date (Case4)

test tank pres. flow damper outlet . tank warer
time(see) (kg/cm~g) plres.tkg"cm 2g" /test tank level (m) I temperature
tIe~e Iklmg Irs(gc e)j(C)

tan~k wae
test tank pres. flow damper outlete tank paretime(ses) (kg/cm2g) pres.(kglcm2g) t t (m C)

A4-25 A4-26



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Casel)

test tank pres. Iflow damper outlet tank watertime(sec) (kgcm
2
g) Pres.(kgcm

2
g) test tank level (i)(temperature

Ig i el

i test tank pres. flow damper outlet tes t tank warer (
time(sec) (kg/cm

2
g) pres.(kg/cm e e(

0
C)

A4-27 A4-28



Full Height 112 Scale Test Data (Casell) Full Height 112 Scale Test Data (Case4)

test tank pres. flow damper outle. tank warer
tlme(sec) (kg/cm

2g) pres.kgt/cm
2g)'_ est tank levet (m) temperature

(kg/cmg pres(kgC)

test tank pres. flow damper outle test tank warer
m(kgc m g) pres .kg /cm

2 ) " /est tank level (i) temperature-- 'ime~ec) ....(kg/m~g . . .(Kg g)_ • ..- (OC) .

I
A4-29 A4-30



Full Height 1V2 Scale Test Data (Case4) Full Height V2 Scale Test Data (Casell)

test tank pres. flow damper outlet tank warer
time(sec) (kglcm

2g) pres.(kg/cm
2g) test tank level (m) temperatUre

IlC).._I
I test tank pres. flow damper outlel Itnk warer

lime(sec) (kg/cm
2
g) pres.(kg/cmlg) test tank level (m) temperature

-II10)

A4-31 A4-32



Full Height 112 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

testtank res.tan~kpwarertime(sec) test tank pres. flow damper outle test tank level (m) tk ature
(kg/cm

2
g) pres.(kglcm2g) i (I C)

. . . .. .. .. . .

test tank pres. flow damper outle e tank warer
time(sec) 2M 2 test tank level (i) temperature

II(kglcin g) pres.(kglcm 2) (nO e)I

I

A4-33 A4-34



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

time(sec) test tank pres. flow damper outlei t tanank water

(kglcm
2g) pres.(kglcm

2 g).test tank level (m) temperature
test tank pres. flow damper Outle, tank werer

time(sec) (kg/cm
2
g) pres.(kg/cm g) testtank level (m 0) --

A4-35 A4-36



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outlel tank warer
time(sec) (kg/cm

2
g) pres.(kglcm

2
g) test tank level (m) temperature

I II(CC)

test tank pres. flow damper outlea tank warer
time(sec) (kg/em2g) pros.(kg/cm

2
g) test tank level (m) temperature

I .(kgcm g pre.(kgcm g i 
0C)I

A4-37 A4-38



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Caset)

test tank pres. flow damper outle.. tank warer
time(seq) (kg/cm

2
g) pres.(kg/cm

2
g) test tank level (m) temperature

... .. ... .. ec)

test tank pres. flow damper oullete tank warer

time(sec) (kg/cmg) pres.(kg/cm
2
g) test tank level (M) emperature

.c)

A4-39 A440

S



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Caset)

l test tank pres. flow damper outle tank warer
time(s

e
c) (g pres.(kg/cm)g) test tank level (m) temperature

test tank pres. flow damper outleJ lank warer

time(sec) (kg/cm
2
g) pres.(kg/cm

2
g) /test tank level (i)temperature)

(k pes.(g/cmg) C)

A4-41 A4-42



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outle ttank warer

time(sec) (kglcrn
2
g) pres.(kglcm 

2 g) test tank level (i) temperature

I 'I I c)

test tank pres. flow damper outlet tank warer

ti.e(sec) (kg/cmg) pres.(kglcm
2

g) test tank level ( C) mperature

- .1 cC)

A4-43 A4-44



0
Full Height 1W2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outlet tank warer

time(tec) (kg/cm
2g) pres.(kglcm2g) " test tank level (m) temperature

g I "I eC)

test tank pros. flow damper outls.. tank warer
time(sec) (kglcm

2
g) pres.(kglcm

2g) tlest tank level (m) temperature

0C)

A4-45 A4-46



Full Height 1/2 Scale Test Data (Case4) Full Height"IR Scale Test Data (Case4)

im test tank pres. iflow damper outleJ tank warer

timemse) I pes.(kgicrr
t g) . test tank level (m) temperature

tIe I I I CC)• •

test tank pres. flow damper outle .. tank warer
ti,-e(see) kglc ) es.- fc -z test tank level (m) temperature...... '• '•"•_ / . .I . 1

A4-47 A4-48



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outle tank warer

time(sac) (kg/lc
2
g) pres.(kg/cm

2
g) test tank level (m) temperature

eC)I

etest tank pres. flow damper outlet tank warertime(ec) I(kglcm
2

g) pres.(kg/cm
2
g) test tank level cm) temperature

.. . .. .(
0C

A4-49 A4-50



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outlet tank warer
ime(sec) ( _gc2g- - /test tank level (i) temperatureI I (kglcm g) pres.(kglcm g) ( )e

test tank pres. flow damper oulel lank warer
time(sec) (kg/cm

2
g) pres.(kgfcm

2
g) ttest tank level (m) lemperature

I I I IN

A4-51 A4-52



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

Itest tank pres. flow damper outlet tank warer
time(sec) . (kglcm 2

g) pres.(kg/cM2 U test tank level (m) temperature

(kg/CM~) g) G)

test tank pres. flow damper oullet . . ank warer•res /¢ - /s~mn~evm.m~temperaturetime(sec) (kg/cm2g) pres.(kg/cm g) teat tank level (m) .OC)

7 1-1 - - I e1 J
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Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Casel)

test tank pres. flow damper outle tank l e Walterre
(kglcrn2g) pres.(kgfcm

2g) test tank level am) Isru
tiesc Ik/mg I "i g ) / eC)

test tank pres. flow damper outlet tank warer

time(sec) (kg/cm
2
g) pres.(kg/cm

2
g) test tank level (m) temperature

._ (°c) _

7

A4-55 A4-56



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

time(sec) test tank pres. fow damper outlet tank war

time~ac I i(kg/cm'g) ._I pres,(kg/cm~g)_ tes tan e el_( )J(C]eprt

test tank pres. flow damper outlet tank warer

time(sec) (kglcm
2
g) pres.(kg/cm2g) test tank level (m) temperature

II0 C)

A4-57 A4-58



Full Height 112 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outlet tank warer
time(sec) (Pres.(kg/cm

2
g) /test tank level () tm

... I (kg/ .... ( ) tn l evel. ( C)

test tank pres. flow damper outlet tank warer

time(sec) (kg/cm
2

g) pres.(kg/
2
g) test tank level (m) temperature

I (00)I

A4-59 A4-60



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outlet tank Warer
time(e) (kg/cmg) .... pre.(kg/cmIg) m test tank level (i) temperature)(kg~~c pr g 1cmg c

test tank pres. flow damper outle. tank warer
time(sec) /cm est tank level (in) t .m(kg/cm

2
g) _ pres.(kglcm / (C)teprue

F

A4 -61 A4-62



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outlei tank warer
Ume(se/c m

2
g) a 2 - test tank level (i) temperature

I Ik)pres.(kghom g e I

t polank warer
time(sec) test/ctank p res.-lo d cm

2
e o ltest tank level (m) temperature(kg/cm2g) pres. flow damper ... C)

A4-63 A4-64



Full Height 1/2 Scale Test Data (Case4) Full Height 112 Scale Test Data (Case4)

test tank pres. flow damper outles tank warer

time(sec) (lcm
2
g) pre .(kgm g) test tank level (m) temperature

(kg )I prs.(kgm g)I I c)

test tank pres. flow damper outl tank warer

time(sec) (kg/cm
2g) pres.(kg/cm

2g) jtest tank level (m) temperature

I I I ý OC)I

A4-65 A4-66



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. 1 damper ou tank warer

time~sec) (kglcm2g) p re-.(kg-C
2g) Iltest tank level (m) temperature

I e I C

test tank pres. flow damper outlle lank water

time(sec) (kg/cm
2g) pres.(kg/cm

2
g) lest tank level (n) temperature

- I I i I CC)I

A4-67 A4-68



Full Height 112 Scale Test Data (Case4) Full Height 112 Scale Test Data (Case4)

tank warer
test tank pres. flow damper outleJ tank t atre

time(sec) 2 _ (kglcm
2

g) est tank level(m) mperature
test tank pres. flow damper outlet e tank warer

time(sec) (kglcm
2
g) pres.(kgcm

2
g) ta k le v pe

Ig (C)

A4-69 A4-70



Full Height 112 Scale Test Data (Case4) Full Height 112 Scale Test Data (Case4)

test tank pres. flow damper outleti tank warer

time(sec) WcgOM
2g) pres.(kglcm

2g) 'test tank levet (in) temperature

eC)

:ime(sec) test tank pres. flow damper oulle ts akl e l(m t p
(kg/cm2eg) pres.(kglcm

2
g) test tank level (i) temperature

r..... ....) - ._ .

A4-71 A4-72



Full Height 1/2 Scale Test Data (Case4) Full Height 112 Scale Test Data (Cosell)

test tank pres. flow damper outl. tank warer

time(sec) / test tank level (m) temperature

tImes (kg/cm2 ) pe.k/m2g) flo Iamer) Iut

test tank pros. flow damper outle• lank warer
time(sec) (kg2cm 2g) prest(kg/cm

2
g) /test tank level (m) temperature

IgCgI

A4 -73 A4-74



Full Height 112 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outle tank water

Itlme(sec) (kg/cm
2
g) pres.(kgfcm

2
g) test tank level (m) temperature

test tank pres. flow damper outleJ tank warer

time(sec) _ (kg/cmg) Ipres'(kg/cm2g) Itest tank level (m) temperature.

A4-75 A4-76



0
Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outle t tank warer
time(see) (kg/cm'g) pres.(kmr2g) rtest tank level (m) temperature
tImes (Icmg prs(c 9) eC)

test tank pres. flow damper outle. tank warer
time(sec2g) (kI29) test tank level (m) temperature

IC(kgCc)g) Ipres(gcm (0)

A4-77 A4-78



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outleJ tank warer

time(sec) (kg/cm
2
g) pres.(kglcm

2
g) test tank level (in) temperature

,(c)

test tank pres. flow damper outlet tank warer

time(sec) (kg.cm
2
g) pres.(kg/cm

2
g) test tank level (m) temperature

I (k~crng) pes.(g/cr g) l ý C)I

A4-79 A4-80



Full Height 112 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Caset)

I 
' 

I 
] 

Itank warerflow damper outle

test(kg/cm2g)tank pres. •,-res .•k"/cm2"• •test tank level (m) temperature
flme(sec)

•J_ ./ 
. ._ (%)

test tank pres. flow damper outleti tank warer

tlme(sec) (kg/cm2g) pres.(kglcm 
2g) ~test tank level (in) temperature

lec)

test tank pros. flow damper outle tank warer
time(sec) tettn pres.k /m . itest tank level (m) temperature

-(kg°m°'g Iec)

A4-811 A4-82



Full Height 1/2 Scale Test Data (Case4) Full Height 112 Scala Test Data (CaseI)

test tank pre flow damper outle tank warer

time(,ec) (kglcm
2
g) pres.(kg/cm

2
g) - iest tank tevet (m) temC) test tank pres. flow damper outle, tank water

time(sec) stc
2g P I test tank level (n temperature

I.•as¢ .(g/cm g) . pres.(kg/cm4g) il(°C) I

A4-83 A4-84
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Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outle. . tank warer

t .me(sec) (kgfcm
2
g) pres.(kg/cm

2
g) tesank level (m) temperature

.1(
0C)

time(sec) test tank pres. flow damper outlet tank water
(k pres.(kg/ test tank level () temperaturetimesec) (kg~m ~..p.e.(k/c 1 (0c) .

A4-85 A4-86



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (CaseI)

test tank pres. flow damper outlet tank warer

time(sec) (kglcm
2
g) pres.(kg/cm

2
g) test tank level (m) temperature

I. (eC)

test tank pres. flow damper oulel tank warer

te(sec) (kgm
2
g) pras.(kg/cm~g) test tank level (m)temperature)

(kgic g) res.kg/c g) 1 ( C)

A4-37 A4-88



Full Height 1/2 Scale Test Data (Case4)
Full Height 112 Scale Test Data (Case4)

test tank pres. flow damper outlet tank warer
time(sec) (kg/cm

2
g) pres.(kg/cm

2
g) test tank level (m) temperature

.. .... CC~)
test tank pres. flow damper outle 1tank warer

time(see) .(kg/m
2g) tpres.(kg/cm eg) st tank level (m) temperature

1M.I I( .)

A4-89 A4-90



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outled tank warer
time(sec) (kg/cm

2
g) pres.(kg/cm

2
g) test tank level (m) temperature

Igc)I

test tank pres. flow damper outlet tank warer
gres29I 2 I test lank level (i) temperaturetime(sec) (kglcm

2
g) pevel(km ) Itepnrtre I

A4-91 A4-92
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0
Full Height 112 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

Ltest tank pres. flow damper outle tank warer

time(sec) j1gclkgi c tank level (m' te.peature
test tank pres. Iflow damper o iue st , tank lev el (m P

time(sec) . .icm 
2 ) prtest tank level (in)temperature .F t I 1 -1CC

A4-93 A4-94



Rill Height M2 Scale Test Data iýCase4) t~1 eig~t 12 Sate ealDale~Cae4)Full HeiolgV V2 Scale Teal Daia (CaS84)

test tank pres. flow damper ouUeJ . .l!ank war.er

time(sec) .__ i(kglcm2g) .p .tKg/¢mg) •res" " 2 - ./test tank eve •m)l(°C)mmpera=ure

tmse) test tank pros. fLow. d agmper (o)utlen
iese (kglcm'g) pres.(k 1em2 9) tileat tank level (i)tmpertr

(C)

test tank pros. flow damper outle! tank warer
g.pres.(kgcm

2
g) .test tank level (m) temperature

t ese) (kglcm g) prs(kC)g) iI _

A4-95 A4-96



Full Height 1/2 Scale Test Data (Case4) Full Height 112 Scale Test Data (Case4)

Steat tank pres, flow damper ouletj tank warer

time(sec) (kglcm ,g) prea.(kglcM
2g) ~test tank level (in) temp ratre

I I I eC)

test tank pres. flow damper eute . tank warert
time(sec) ' pre.(kg/cm

2
g)_ test tank level (m) temperature

I(kglcm 9) prs(S mg c) : _

A4-97 A4-98



Full Height 1/2 Scale Test Daia (Case4) Full Height 112 Scale Test Data (Casedl)

.1 ~tankpwretime(sec) test tank pres. flow damper outelltest tank level (n) tmIar

tlm ) (kgtcmAg) pres.(kglCM2
g)-

A4-99

teat tank pres. flow damper outlet tank warer

time(sec) .. t(kg/cmg) Pres(g/c mg) teat tank level (i) temperature

I I kg/C~g) res.kg/cg) &C)

A4-100

0



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Casel)

test tank pres. flow damper outlet tank warer

time(sec) (kg/cm
2
g) pres.(kg/cm2g) itest tank level (m) temperature

I IN)

iese test tank pres. flow damper outle lank warer

tiese) (kglCM
2g) pres.(kglcmg) ~laest tank level (in) temperature

I I I ýcC)I

A4-1 01 A4-102



Full Height 1/2 Scala Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outlet! tank warer

time(sec) (kg/cm
2g) pres.(kglcm

2 g) test tank level (m) temperature

7 --
- .. eC)

test tank pres. flow damper outle. . tank warer
time(sec) 'I(kg/cm

2
g) tres.g/cm2  test lank tevel (n) m

r~kg/CM29 prs.(kg/ 2 g) l ee )

A4-103 A4-104
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Full Height 112 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Casel)

test tank pres. flow damper outl tank warer
.kg/cM

2g) test tank level (m) temperature

Utme(sec) .(kg/ g) pres.( gC)

test tank pres. flow damper outlet
time(sec) (kg/cm

2
g) pres.(kglcm

2
g) d test tank level (m) temperature

A4-105 A4-106



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (CaseI)

test tank warer
ime(sec) test tank pres. flow damper outlel test tware

(kglcmg) p pres.(kg/cm
2g) test tank level (m) temperature

.. re .g -I eC)

I ~ ~tankwaetest tank pres. flow damper outl test tank level (m) eper
(kg/cm2g) pres.(kg/cm g)I (°C)

A4-107 A4-108



0
Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pros. flow damper outleti tank warer

time(sec) (kg/cm
2

g) pres.(kglcm
2
g) Utest tank level (m) temperature

I.....- ..... -- ( eC)

test tank pros. flow damper outlel tank warer

.time(sec) (kglcm
2
g) pres.(kg/cm

2g) Itest tank level (m) temperature

A4-109 A4-110



Full Height 1/2 Scale Test Data (Casel) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outle tank(kg-cm
2

_ m u.( 
2  test tank level (m) temperature

tImee) (kg/cmg) pres.tog ,/C .. I c)

lest tank pros. flow damper outlet lank warer
time(sec) (kg/cm

2
g

2
) test tank level (i) tempera)ure

Sg) pres.(kg/cm g)...IC)

A4-1 11 A4-1112



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Casel)

tettank pros. flow damper outle" tank warer
time(sec) Lkglm) pres.(Kglcm`Ig) ~test tank level (in) temperature

I- ' Ikcg ec)

test tank proes. ftlwdampereu,, . Ilank rer
time(sec) ttqul,

2g) ýrnT dmer.outle itest lank level (i) jtemperature)

it Ipr %kkgjM~q) i I c)

A4-113 A4-114



Full Height 1/2 Scale Test Data (Case4) Full Height 112 Scale Test Data (Case4)

test lank pres. flow damper outlel tank warer t
time(sec) (kg/cm

2
g) pres.(kg/cm

2
g) test tank level (m) temperature

.--. 1...... .. ('C) ._
test tank pros. flow damper oulle tank warer

titte(sec) ( k p res (kg/cm'g) ttest lank level (m) temperture I
.... .. ... c• __ 1-

A4-115 A4-116



Full Height 112 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outlel tank warer

time(sec) (kg/cm
2
g) prea.(kglcm

2g) test tank level (m) temperature

r /I C)

test tank pres. flow damper outlel tank warer

time(sec) (kg/cm.
2g) pres.(kg/cm 

2
g) test lank level (m) temperature

'I IC)I

A4-117 A4-118



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outlet tank waIer

time(sec) (kglcm
2
g pres.(kgtcm

2
,) test tank level (mi) teperature.

(kg/m g)i cC)

test tank pres. flow damper outle lank warer
time(sec) 2 2 t test tank level (i) temperture

(kgfcm g) prs.(kg/cm g) (C

A4-119 A4-120



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Casel)

test tank pres. flow damper outleJ lank warer
time(sec) "2 t test tank level (m) temperature

II(kglcm g) pres.(lcglcm g) i c)

teat tank prea. flow damper oulle ~ lan w=e

Itame(sec) (kgicm.2g) Ipres.(kg/cm~g) itest tank level (mn) tempraur

A4-121 A4-122



Full Height 1/2 Scale Test Data (Case4) Full Height 112 Scale Test Data (Case4)

test tank pres. flow damper outleJ tank warer

time(sec) 2m'g) pres.(kglcm
2
g) test tank level (i) temperature)

I (k'cM ) I ý c)

test tank pres. flow damper oulet tank warer

time(sec) (kgcm
2

g) pres(kg/cm
2
g) jtest tank level (m) temperature

(k/c g) pC).kg

A4-123 A4-124



Full Height 1/2 Scale Test Data (Case4) Full Height 112 Scale Test Data (Case4)

test tank pres, 

tank warer
test tank level (m) temperature

pres'(kg/cm2g) 
. . . I(°C) ._ .

time(sec) 
.l(kg/cm=g) 

flow damper outlet

teae) teat tank pres. flow damper oullei tn ae
tmse (kgtcm~g) pres.(kglcm~g) test tank level (in) temperature

I I e(C) - -

test tank pres. flow damper out:ef tank waIer
lime(sec) (kg.cm

2
g) pres(kg/cm

2
g) test lank level (m) temperature

ggC)

A4-125 A4-126



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flw dampe Outle tank warer

time(sec) (kg/cm'g) pres.(kg"cm
2g) - test tank level (m) temperature

I .I m g . . c)

test tank pres. flow damper outlej t ank warer
time(sec) (kg/cm

2
g) pres.(kg/cm

2 g) lest tank level (i) temperature
IIc)

L

A4-127 A4-128



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outlts t tank warer
time(see) (kg/cm

2g) pres.(kg/cm
2

g) t level (i) temperature

(0C)I

test tank pres. flow damper outlet tank warer

time(sec) (kg/m.
2 g) pres.(kg/CM

2g) teast tank level (m) temperature

i (°C)

A4-129 A4-130



Full Height 1/2 Scale Test Data (Case4)
Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outlet tank warer

time(se.) (kgcm0g) p-.reakIcm°g) test tank tevet (i) temperature

r -. 
(C)

test tank pres. flow damper outlel 
tank warer

time(sec) (kg/cm2g) 
pres.(kg/cm2g) test tank level (m) temperature

........ 

(%
teat tank pres. flow damper outlettn ae

tirne(sec) (kg/CM
2
2 ) pres.(kgtcm~g) lest tank level (in) temperature

A4-131 A4-132



Full Height 1 a2 Scale Test Data (Case4) Full Height 112 Scale Test Data (Case4)

test tank pros. flow damper outle tank water

tlmeCaec) 2~lpl(kglcm g) pres.(kg/cm
2
g) test tank level (m) temperature. .. ... . (CC._

tes t tank pres. flow damper outle tank warer
tme(sec)k pres. (kglcm

2g) teast tank level (m) temperature
(kglcm

2
g) (c)

A4-133 A4-134



Full Height 1/2 Scale Test Data (Case4)

test tank pres. flow damper outlel tank warer
tUme(sec) (kg/cm

2
g) pres.(kg/cm 2

g) test tank level (i) temperature)
prs. g mg c)

L 7

A4-135



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Casel)

tm stand pipe
time water level
(see) (M)

stand p•e
ti0e water level

-- (sec) (in)

A4-136 A4-137



Full Height 1/2 Scale Test Data (Case4) Full Height 1/2 Scale Test Data (Case4)

time stand pipe
(sec) waler level

(sc (in)

time stand pipe
-imsec water evel
(sec) (in)

A4-138 A4-139

0



0
Full Height 112 Scale Test Data (CaseS) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper outewarer
(sec) (kg/cm

2
g) • test tank level (m) Itemp=

time test tank pres. flow damper outlel tank warer

(sec) (kglcm
2
g) pres.(kg/cm

2g) test tank levet (i) temperature........ (%C.

A5-1 A5-2



Full Height 1/2 Scale Test Data (Case5) Full Height 112 Scale Test Data (Case5)

time test tank pres. flow damper outlel tank warer
(sec) (kgtcm

2g) preS.(kglcm
2g) test tank level (I) temperature

eC)

time test tank pres. flow damper outlet itank werer
)(kgcm

2g) 2pr - test tank level (m) t ure
(sC) ....... g) ,, .(kgtcm g] - _ .. (Oc)

AS-3 5-A5.4



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (CaseS)

tank waretime test tank pres. flow damper outle[ lank t are

(Seo) (kglcm 2g) pres.(kg/cm~g) tettnl eve i )teprue

time test tank pres. flow damper outlelt itank warer

(sec) (kglcmng)t ank level (m) temperature
c . m(eC) .

A5-5 A.5-6



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time jtea tank pres. flow damper outleJ tank warer

S. pres.(gcmg tet t l temperature
2 .1s an ee (mC)I cI

I I~tank waetime test tank pres. flow damper outle test tank level (m) tpare

A5-7 A5-8



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time teat tank pres. flow damper outlel tank warer

(sec (kgcm~) pra.(g/cmg) test tank level (in) temperature

(se)(g/mg) prs(ktm~) i IN)I
time teat tan, pres. mflow damper oul tle v (i :ankI ware

(sec. I) (kg/) I":pres.(kg/cm'2g) I'°s t eprt•urev)IN) P=.lI

A5-9 A5-11 0



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper outle. . tank warer
(sC) (kg/cm

2 g) pres.(kglcmg test tank level (m) temperature
se 1 g) ' . IC)I

time test tank pres. flow damper outle tank warer

(sec) (kg/cm 
2
g) pres.(kg/cm

2g) testtank level (m C)

I. I -i Il e ( ) t m e tue I

A5-11 A5-112



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper outlej tank warer

p •Kg/m test tank level (m) temperature
(sc)(k Mg) prs.k I g~mg C)

time test tank pres. flow damper outlet tank warer

(sac) (kglcm
2

g) pres.(kg/cm
2
g) test tank level (m) temperature

i ý ec)I

A5-13 A5-14



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (CaseS)

¶est t'aik pT". 1VW damrps t, ,, tank warer
(sec) i(kgcm2g) pres.(kg/cm g)jtest tank level (m) temperature(-C) ~ ~ kgCg) Ipe. ... Im#) Id c) ..

fiime test• tal pTe. ampe O tank warer
(sec) (kg/cm2g) pres.(kg/cm

2g) test tank level (m) temperature

I I ICf

A5-15 A5-16



Full Height 112 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper outle
4  tank warer

(see) (kg/cm
2
g) pres.(kg/cm

2
g) test tank level (m) temperature

...... I(% ..

time test tank pres. flow damper outlee taklve.m tank wartert Y
(sac) (kg/cm g_2g .) rest tank level .(m) I P r . ..

A5-1 7 A5-18



Full Height 1/2 Scale Test Data (Case5) Full Height V2 Scale Test Data (Case5)

time test tank pres. flow damper outlet' tank warer

(Sao) (kglcm g) pres.(kg/cm2 g) test tank level (m) temperature(sec (kgcm~) p ( g ) /(Oc)
time test tank pres. flow damper outlet ank warer

(sec) (kglcm
2g) .(kg/CM

2g) . test tank level (m) temperature
pres~~om g I IC)1

A5-19 A5-20



Full Height 1/2 Scale Test Data (Case5) Full Height 112 Scale Test Data (Case5)

time test tank pres. flow damper outlel tank warer

( sec) ._ _ (kg/cm
2g) re. test tank level (m ) tem perature

(s eC) ( g M~ ) p es.( glcm g) eC)

time test tank pres. flow damper outlle tank walrer
( e )o or 2 .. g) po o.o/ro 2 9) te st ta n k le v e l (in ) te m p er a t r

A5-21 A5-22



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time tt tank pres. flow damper outleJ tank warer

(sea) (kg/cm2
g) pres.(kglcM

2g) test tank level (m) temperature..... . . . . I(c)
time test tank pres. flow damper ouleJ tank warer

2.... 2 pres,(kg/cmg test tank level (m) temperatureI(sec) 1(kg/cmr m g..) l(C) I

A5-23 A5-24



Full Height 1/2 Scale Test Data (Case5) Full Height 112 Scale Test Data (Case5)

time test tank pres. flow damper outlet tank warer

(sec (kglm
2g) aV( g 2 g) test tank level (m) temperature

C) prs.(k cm c)

time test tank pres. flow damper outla test tank level (i) takwarr
(sec) (kgIcm

2
g) prs.(kg/cm 

2g) emperature

A5-25 A5-26



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper outlel tank warer

(sec) (kg/cm
2g) pres.(kg/cm2g) test tank level (m) temperature

time test tank pres. flow damper oute le ank warer

(sec) (kg/cm
2
g) pres.(kg/cm

2
g) test tank level (m)(temperature

A5-27 A5.-28



0
Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. f etank warer
(sec) (kgtcm2g) tflow damper2 ut• test tank level (m) temperature

(se .) ... pros.,(kc ) o,../ .. I..C)

time test tank pres. flow damper outlettest lank level (i) tankrware

(sec) (kg/cm
2

g) pres.(kg/cm
2
g) . temperature

I i ý(OC)

A5-29 A5-30



Full Vietlt V12 Scale Tesit ala (Case5) ~ -ega~2SaeTs eslC~5Full 4619M V2 Scale Test Data kCzze5)

time test tank pres. flow damper outlel tank warer

(see) 
lkgfm2g) 

2  test tank level (m) temperature
g .. g pr$.(gicmg) C)

time test tank pres. flow damper outleo tank warer

(e(kgcm g) pres.(kgl m
2 . test tank level (m) temperature

(sec) Icm .Kcm I Ifc) I

A5-31 A5-32

0



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pros. fow damper outle tank warer
.2kg/cm 2g) rs""2. test tank level (m) temperature

(sec) (kgcmg) pres.(kglcm g) tp I rt
time test tank pros. flow damper out le v tank warer
(sec) (k/cm2g) pres.(kg/cm

2 g) test tank temperature
( I....s ( i (I

A5-33 A5-34



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper outlest tank water (

(sac) . (kg/cm
2g) Ipres.(kg/cm

2
g) test tank levet (i) temperature- . I(Sc) . . .

time test tank pres. flow damper outlell tank warer

(sec) (kg/cm
2g) pres.(kg/cm

2
g) Jtest tank level (m) temperature

I I I il lc)I

A5-35 A5-36



Full Height 1/2 Scale Test Data (CaseS) Full Height 1/2 Scale Test Data (Case5)

Itime Itest tank pres. flow damper outle' etanke e are
I(sec) (kg/Cm'g) I°pres.(kgcm 

2g) ps tank Joev ) (in) ire
time test lank pres. flow damper oulle• Jtank warer
(smec) t(k a2gres" pres.f cmg) / test tank level (M) temperature

(sc Ik~mg Ipe.k/mg I lo I

A5-37 A5-38



Full Height 112 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper outle. tank warer

(sec) (kg/cm
2g) pres.(kg/cm

2
g) itest tank level (m) temperature

ec)
time test tank pres. flow damper outle s tank warer

(sc)(kg/CM
2g)e test tank level (m) temperature

(s e c ) _ _s ( g / m g i (k / m g . ... ( c ) I

A5-39 A5.40



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. Ilow damper outl, tank werer

(see) (kgicm g) pres.(kg.cm<g) o test tank • e•et (MI temperature

- I I I I I C)I

ime test tank pres. flow damper oule tank warer

(sec) (kg/em~g) preskg/cm g)z /test tank level (mi) temperature
(k~m0 pe.klc )I I eC)

A5-41
A5-42



Full Height 1W2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper outlet tank warer

(sec) (kg/cm
2g) pres.(kgfcm

2
g) test tank level (m) temperature

.- 1 1_ .C )

time test tank pres. flow damper outees l e ank warer

(sec) (kg/cm
2
g) pres.(kg/cm

2
g) test tank level (m) ,p=.....(kg/%

A5-43 A5-44



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper outlei tank warer

(sec) (kg/cm
2
g) pres.(kg/cm

2g) |test tank level (m) temperature

/I° I.C)

time test tank pres. flow damper outle~tsaktvl(n tan ware

(sec .k/i
2g presestgtank levelmpeatr

- C kg g re.(gcmg)l leC)

A5-45 A5-46



Full Height 1/2 Scale Test Data (Case5) Full Height 112 Scale Test Data (Case5)

time test tank pres. flow damper outle test tank level (i) tank warer

(sec) (kg/cm
2
g) pres.(kg/cm

2
g) .... temperature

time test tank pres. flow damper outle, tank warer
(sec) (kg/cm

2
g) pres.(kg/cm

2
g) test tank level (m) m

. . 1 - I .1 - (0C)

A5-47 A5-48



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper outle tank warer

(sc) (kglcmg) pres.(kg/cm'g) teat tank level (m) temperature........ 2 2% g)e
time test tank pres. flow damper outlet test tantk w re
(sec) (kglcm~g) pres.(kglcm g) .. C) ...

A549 A5-50



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pros. flow damper ou,,It tank warer

(sec) .... I(kg/Cm
2
g) pres.(kglcmlg) rest tank level (m) temperature(see) (k p.....(geng tet a c) ..

time teal tank pres. flow damper outl,,j1  Itankl ( ate

(sec) (kg/cm 
2 g) pres.(kg/cm

2g) test tank level (m) p=t
/ I( II ) -

A5-51 A5-52

0



I/

Full Height 1/2 Scale Test Data (Casee) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper outlet tank warer

((kg/cms g pres.(kglcm
2
g) test tank level (m) temperature

I(sec) gII

time test tank pres. flow damper outleo tank water

(sec) (kg/cm 
2 g) pres.(kg/cm 

2 g) test tank level (m) temperature

Iee III•cm I"(

A5-53 A5-54



Full Height 112 Scale Test Data (CaseS) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper outlet Jtank warer
(se~c) (kglCM

2g) pres.(kg/cm~g) ~test tank level (m) temeatr
c u l t t e s t Ite m p e ~ra rtu rr e Itime test tank pres. flow damper ou tank level () warer

(sec) (kg/cm
2
g) pres.(kg/cmg) t (mC)

I I Ilec)I

A5-55 A5-56



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper oulet tank warer

(seec) ) tet tank level (m) temperature

C) (g~cmg) res.kg/m g I C)

time test tank pres. flow damper oullet tank warer

(sec) (kg/cm
2
g) pres.(kg/cm

2 g) test lank level (m) temperature

A5-57 A5-58



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper outlet tank warer

(s) res.kg 
2 • test tank level (m) temperature

*e . . (kg/emres.(kmg) I I ec)

time lest tank pres. flew damper ouueJ tank warer

(sec) (kg/cm g) pres.(kg/cm
2g) ltest tank level (m) temperature

(sc I IC2g

A5-59 A5-60



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper outle . . tank warer
2  ( g g) test tank level (m) temperature

(sec) (kglcm g) reskcm g) /resI Ian (C)

time test tank pros. flow damper outtest tank level (i)tank wrer

(sec) (kg/cm
2

g) preS.(kgCn 
2g) temperature-- .... • .... '/(C)

A5-611 A5-62



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time teat tank pres. flow damper outle lank water

(sec) (kg/cm
2g) pres.(kg/cm

2g) test tank level (m) temperature
time test tank pres. flow damper oualst tank warer

(sec) (kg/cm g) pres.(kg/cm2) (C)

A5-63 A5-64



Full Height 1/2 Scale Test Data (Case5) Full Height 112 Scale Test Data (Case5)

teat tank pres. flow damper outll tank warer

tse) te(kgscan pres.(kglcm
2g) 1test tank level (m) temperature

(sec) IgIcmeC)I

time test tank pres. flow damper oulled tank warer

(sec) ](kg/cmpg) I .res.(kg/cm
2g) test tank level m(m mpetank/level (m)teprue

A-65A5-6 A5-66



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper outlel tank warer

(sec) (kg/Cm
2
g) pres.(kglcm

2
g) test tank level (m) temperature

eC) 71 tan~k wae
time test tank pres. flow damper outle test tank level (m) pare

(sec) (kglcm
2

g) pres.(kgtcm
2
g) I lv ý(iC)(see) ... C.

i 4 . . i . .. .. I .. =

A5-67 A5-68



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

I flow damper o,,ueJ Ifank warer

Itime 
test tank pres. pres.(kg/cmZg) 

r 

__.
:est tank level (m) Jtemperature

I(sec) (kg/cm:'•g) 
.... 

I(°C)

time test tank pres. flow damper outlte; tank werer

(sec) (kg/cm
2g) sre(kglcm

2
g) test tank level (m)t temperature

pre eC)

time test tank pres. flow damper outlel tank warer

(sec) (kgcmng) preas.g/om
2
g) test tank level (mi) temperature

(5C)

AS-A5- A5-70



Full Height 112 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper outle tlank warar
(see) (kg/cm

2
g) pres.(kglcm

2g) " test tank level (in) e e
time test tank pres. flow damper outle"t (i) lank warer

(seepres.k/cm test tank level temperature
sC) (kg/cm

2
g) .c)

A5-71 A5-72



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

lank warertime test tank pres. flow damper outlet l tankratre

(see) (kg/cm
2
g) pres.(kglcm

2 g) .test tank level () emperature

eC)

time test tank pres. flow damper outlel tank warer

(sec) (kg/cm
2
g) preas.(kg/cm

2
g) test tank level (m) tempereture

I (Ic)

A5-73 A5-74



Full Height 112 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. ow o tank warer

(sec) (kg.. me, ) pres.(kglc eI' - tank level (mi) temperature

IiI c)1

time test tank pres. flow damper outlel tank warer
(sec) (kglCM

2g) pres,(kg/cm
2g) test tank level (i) temperature

I

A5-75 A5-76



Full Height 112 Scale Test Data (Case5) Full Height 112 Scale Test Data (Case5)

time Itest tank pres. flow damper outlet tankwarer

(see) (kglcm
2
g) pres (kg~cm'g) test lank tevel (i) temperaure

time test tank pres. flow damper outle- tank warer

e(tgtcrr-g) pe.-g. - test tank level (i)temperature

I (kgjc ) p o.t rnm 9 1_ 1(cC)

A5-77 A5-78



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres, flow damper outlel 
Itank warer

(kg/cm2g) 

. __ I(°C) _..

(see) 
ipres.(kg/cm2g)., 

test tank level (m) •temperature

lime lest tank pres. flow damper outletj lan warer

(sec) (kg/crng) prea.(kglcm~g) test tank level (in) t em)perature
time test tank pres. flow damper outlet lank warer
(see) (kg/cm2g) pres.(kg/emg) test tank level (m) temperature(Iec I -c (c) _

A5-79 A5-80



Full Height 1/2 Scale Test Data (Case5) Full Height 112 Scale Test Data (Case5)

time test tank pres. flow damper outlete tank warer

(sec) (kg/CM
2g) Irs(g/ g ~test tank level (in): temperature

(see( mg) pres.(kg/cm~g)

time test tank pres. flow damper outlel tank warer

(sac) (kg/cm~g) pres.(kg/cm
2g) test tank level (m) temperature

il ec)

A5-81 A"-82



Full Height 112 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Cas95)

time test tank pres. flow damper outlet tank warer
(sec) (kglcm"g) pres.(kg/cm2g) test tank temperature

eC)

time lest tank pres. flow damper outle l tank warer

(sec) (kg/cm
2g) pre.(kg.cm.

2g) test tank levet (i) temperature

I. Im ý (0C)

A5-83 A5-84



Full Height 1/2 Scale Test Data (Case5) Full Height 112 Scale Test Data (Case5)

time test tank pres. fHow damper outlet
1  tank warer

(sac) (kgCM
2g) pes.(kg/cm'g) , test tank level (i) temperature(sac (kgcm'g •,,+.tg/cmg) ./ .. I(°) .

time test tank pres. flow damper outle te .. tank warer
(sec) (kg/cm

2
g) pres.(kg-cm

2
" test tank l t

A5-85 A5-86



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper outle9 tank warer
) prea.(kgcm

2
g test tank level (m) temperature

(sec) .... (kg/cm2g) ps . .... (C)

time test tank pres. flow damper outle tank warer
(sac) __ glcm2g- 

2 
_test tank level (i) temperaturee(kgcm g)m g)C)

A5-87 AS-88



Full Height 1/2 Scale Test Data (Case5) Full Height 112 Scale Test Data (Case5)

time test tank pres. flow damper outel e tank warer

(sec) (kgc;m
2
g) pres.(kg/cm

2
g) .test tank level (i) temperature

time ost tank pres. flfow damper oute tank warert tt tk pres.fg test tank level (m) temperature
(sec) (kgI pres.(kg/cm

2g) (. . c)

A5-89 A5-90



Full Height 1/2 Scale Test Data (Case5) Full Height 112 Scale Test Data (Cas65)

time test tank pree. flow damper oute tank warer

(sec) r l test tank level (m) temperature
-- I ....... g (CC)

time test tank pres. flow damper outle tank waer

(sec) (kg/cmrg) pres.(kg/cmg) ttesltank'lvel Cm) tempe(ratur

A5-91 A5-92



Full Height 112 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper outlet tank werer

(sec) (kg.cmg) pres.(kglcm
2g) test tank level (m) temperature

- I I ýeC)

time lest tank pres. flow damper ouleJ tank warer

(sec) (kg/cm
2
g) pres.(kg/cm

2
g) test tank level (m) temperature

Ii ec)

A5-93 A5-94



Full Height 1/2 Scale Test Data (Case5) Full Height V Scale Test Data (Case5)

time test tank pres. flow damper outlet tank warer

(sec) (kglcm
2g) pres.(kglcm

2g) test tank level (m) temperature
I p g gc)

time teat tank pre.. flaw damper outla thank warer

(sec) tsl ,agk pres .(kg/cm
2g) . test lank level (m) temperatureI(kg/cmg) I (

0
C)

A5-95 A5-96



Full Height 1/2 Scale Test Data (Case5)

time test tank pres. flow damper outlet tank warer

_ (s) ... (kg/CMg) Prs'(kgcm2g) testtank level (m) temperature

(sc klc-1pea(gc g) (C)

A5-97



Full Height 1/2 Scale Test Data (Case5) Full Height 1/2 Scale Test Data (Case5)

time stand pipe
I.. waerev

time stand pipetime water level
(sec) (5m)

A5-98 A5-99

-0- --



Full Height 1/2 Scale Test Data (Case5)

time stand pipe

w rlevel

-- •sc) (m7_

Full Height 1/2 Scale Test Data (Case5)

time stand pipe

(sec) water level

K sI I(m) ]

A-00A5-10 A5-1 01



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outoe tank warer

time(sec) (c
2g) ampr ) ~test tank level (m) temperature

tIms I (kg/- g) ps. (f...) IIc(°C)

test tank pres. flow damper ouetank warer
es-I2 - ttest tank teve (in) ltemperature

time(sec) (kg/cm
2g) pres.(kg/m 2g) t (m )=

FC) re

A-A6- A6 -2



Full Hetght 1•S2 Scale Test Data (Case) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outleo tank warer
re 2 test ta (mper

time(sec) (kg/cm
2

g) pres.(kglcm g) &C tank level (m) tem a
testtanpe. ]flow damper oullet tank warer

time(sec) test tank level (m) temperature(kg/cms.g) fcm ..

A6-3 A6-4



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outlel tank warer

time(sec) (kg/cm
2g) pres.(kglcm

2g) o test tank level (m) temperature

I (0•c)

test tank pres. flow damper outle t tank warer
-- e (kg/cm 

2 g) pres.(kg/cm
2 g) / et )

A6-5 A6 -6



Full Height 1/2 Scale Test Data (CaseB) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outle nk warer

tlme(sec) ... (kgC 2g) pres.(kglcm
2g) Itest tank level (i) temperaturetlmesec) (kgcm~g flo daper utl

test tank pres. flow damper outle tanmk warer

time(sec) (kg/cm
2

g) pres.(kg.cm~ g 2 test tank level (m) emeaP u.. prs.++ g!./ . I•eC ..

A6-7 A6-8



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outle_ . tank warer

time(sec) pres.(kgtcm
2

g) test tank level (m) temperature
pres.(glcm)

test tank pres. low damper out ank warertime(sec) (kg/cm g) pres.(kg/cm2
g) . test tank level (m) temperature

..... p .•gcmg, -.. (°C) ..

A6-9 A6-10



0
Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (CaseG)

test tank pres. flow damper outlet tank warer
time(sec) (kg/cm 2

g) pres.(kg/cm 2
g) test tank level (m) temperature. ...... (%...

test tank pres. flow damper oall tank warer
time(sac) (/mdapeg2 test tank level (m) temperature

ne (kg/cmlg) pres.(kgtcm i (OC)

A6-11 A6 -12



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outlej tank warer

time(sec) (kg/cm
2g) pres.(kg/cm

2
g) Jtest tank level (m) temperature

I I eC)

test tank pres. flaw damper outlet tank warer
tinie(sec) (kg/cm

2
g) pres.(kgfcmr

2
g) testtanklevel m) temperaturel(C)

A6-13 A6-114



Full Vielght 112 SL-ala Test Daia ýCwLS) F Wt Hw~t% 1 (2 Sr atz- Te,ýsk Data ýCasea%

test ank res. I J tank warer

(kls-s( -g 
2

. test tank level (m) temperaturetime~se c) _Ikg/cm2g) fo dapr e r outle~g test tank pres. flow damper outle test tank level (m) mpere
time(se) (kg/cm

2
g) pres.(kg/cm2g) (

0
C)

A6-15
A6-16



Full Height 1/2 Scale Test Data (Case6) Full Height 112 Scale Test Data (Case6)

teat tank pres. fow damper outIe tank warer

lme(sec) (, p cn
2 

" test tank level (m) temperature

e cc)•I

Itest tank pres. flow damper outle• tank warer
time(sec) IVeg.kg~ojq . test tank level (m) temperature

it I I(m~g eC)I

A6-1 7 A6-118



Full Height 112 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outle t tank warer
tlme(aec) 2 test tank level (m) temperature

ese) (kg/cmg) pres.(kgcm g) CC)

lest tank pres. flowdampr tank warer
time(sec) pres.f dmpr 

2 
- teat tank level (m) temperature

(kmpse).(g/cm
2
g) w dC)

A6-19 A6-20



Full Height 112 Scale Test Data (Case6) Full Height 112 Scale Test Data (Case6)

test tank pros. flow damper outlet. tank warer
tim-(sec) (kg/cm

2g) pres'(kglcm
2
g) I test tank level (m) temperature

test tank pres. flow damper outlet tank warer
time(sec) k 2rs 2 - test tank level (m) temperature)

(kg.cm g) gr. _/(C) g)

AG-21 A6-22



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (CaseS)

test tank pres. flow damper outle"1 tank warer
time(sec) (kg/cm

2
g) 93 pres.(kglcm

2 g) . test tank level ((m) temperature
......... ec) I

time(sec) test tank pres. flow damper outle lank warer
t(kglcm

2
g Ipres(g/cm

2
g) test tank level (m) temperature

...... e.( 9)c) ..

A6-23 A6-24



Full Height 1/2 Scale Test Data (Case6) Full Height 112 Scale Test Data (Case6)

test tank pres. flow damper outle" tank warer
time(sec) ((kg/cm

2
g) pres.(kg/cm

2
g) test tank level (m) temperature

IIc)I

I test tank pres. flow damper outlet tank warer
time(sec) '(kg/cm'k

2
g) -test tank level (m) teiperature

Jgcmg pre.( g (,e0) , I

A6-25 A6-26



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outle Itank warer
time(,sc) (kg/cm~g) pres.(kglcm

2g) lost tank level m) jtemperature
test tank pres. flow damper out,, tankwarer

~time(sec) I~gcng I(aC) -
- -- (kg1_2g) pres.(kg/cm

2g) 1test tank level (m) temperature

A6-27 A6-28



Full Height 1/2 Scale Test Data (Case6) Full Height 112 Scale Test Data (Case6)

test tank pres. flow damper outlet tank warer
time(sec) (kgcmi

2
g) pres.(kglcm

2
g) test tank level (m) temperature

ecC)

k testtankpres. flow damper outlea tankware
time(sec) m~g) pres.(kg/cm

2
g) test tank: evet (m) inteperature

Ik i~g (0C)I

A6-29 A6-30



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

t test tank pres. flow damper outle Itankpwarer
time(sec) 3zkmg) t tank level (m) temperature_ (kg/cm~) . pres'(kg/cmg 1testan

test tank pres. flow damper outlet tank warer

time(sec) (kgcm
2
g) pres.(kg/cm

2
g) test tank level (m) temperature

Sg). ....g°c) 
I

A6-31 A6-32



Full Height 1/2 Scale Test Data (Case6) Full Height 112 Scale Test Data (Case6)

time(sec) test tank pres. flow damper outle tank warer
(kg/cmg) pres/(kg/cm

2g) test tank level (m) temperature
tesl tank pres. flow damper oullel tank warer

time(sec) (kgI c
2

g) pres(kgm 2-) test tank level (in) t mperaturepr &Kglcm g,_ . • level(
0C) Ieprtr

A6-33 A6-34



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outlet
1  tank warer

time(sec) prea2()g l test tank level (m) temperature
(kgcmg) pres.(kg/cmg) (oC)

test tank pres. flow damper oullet tank wearer
time(sec) X

2
g) pr e /2 test tank level (M) temperature

(kg/cm pres.(kgcm eC)

A6-35 A6-36



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outle tank warr I
ime( (kg/cmg) pres.(kglcm

2
g) test lank level (m) temperature.k/C~ p. c m' c g. I

test tank pres. flow damper oulle tank water

time(sec) (kg/cm
2
g) p,,S.(kg/cm g) test tank level (n) temperature

)emperaC)

A6-37 A6-38

0



F Hg Sc T D CsFull Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outle ~ tank warer

time(sec) (kgcm ) pres.(kglcmrg) ~test tank level (in) temperature

j eC)

test tank pres. flow damper oulle tank warertime(sec) . p res.(kg/cm
2
g) test tank level (i)(temperture .

(kglcm g) prs( )(C)

A6-39 A6-40



Full Height 1I2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

teat tank pres. flow damper oulle~ lank warer
teat tank pres. flow damper outiots akle ve m tank warer

time(sec) (kglcm
2 g) pres.(kg~cm

2g) tatanlel(i)temperature

- I ICf

test tank pres. flow damper outleJ tank water
time(sec) (kg.m

2
g) pr$ test ank level (m) temperature

pres(kg/m~g) . /est .. ('C) .. .

A6-41 A6-42



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. How dam er outJe tank warer

tinr(sec) I'l es- 2g) . test tank level (m) temperature
e) (kgcm )"g I p gc)

test tank pres. flow damper outlet tank warer

time(sec) (kglcm
2
g) pres2(kg/cmng) test tank level (m) temperature

I I kg~c g) res(kalm g)i ýc)I

A643 A644



Full Height 1t2 Scale Test Data (Case6) Full Height U2 Scale Test Data (Case6)

test tank pres. flow damper outle tank warer

time(sec) (kg/cm
2

g) pres.(kgIcmg) test tank level (m) temperature

- I I 'I 
0C)

test tank pres. flow damper oute tacnk warer

time(sec) I(kg/cm
2g) presw(kgcm 2,g) ttest tank level (m) [temperature. pre.(kgcm g,.[ .. [(C) ..

A6-45 A6-46

0



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outlet tank I are

time(sec) . t(kgcmg)et tank level (in) temkper

( k g / r n~ gp r e s ( k g f m ge C )

test tank pres. flow damper outlet tank warer

time(sec) (kg/cm
2

g) pres,(kg/cm
2
g) jtest tank level (i) temperature

las tan Ieve I(mC) •nprt

A6-47 A6-48



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

i test tank pres. flow damper outleJ tank warer
time(sec) gm

2
g) s..t tank level (m) temperature

II(gcg pres.ftglem.2 ) tes tan eC)

test tank pres. flow damper outlel tank warer
time(sec) (kgtcm

2
g) pres.(gfcm

2
g) est tank level (m) temperature

A6-49 A6-50



Full Hegh 12 Scale Tet Data (Case)Full Height 1/2 Scale Test Data (Case Full Height 1/2 Scale Test Data (Case6)

teat lank pres. flow damper outlet! tank warer
test tank pros. fo ape ul tank warer

time(sec) . (kgcm
2
g) p.lo dtest tank level (m) temperature

Ipres'(kg/cm2g) 1 e(C)

test tank pres. flow damper outlel t ank warer
timI(sec) (kg/cm

2
g) pres.(kg/cm

2 g) test tank level (i) temperature
........ (% .

A6-51 A6-52



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outle test ttanv k ( em) rterre
time(sIc) (kg/cm

2
g) pres.(kglcm g) I ev c)

test tank pros. flow damper oute ltank warer
time(sec) 2 I test tank level (m) temperature
tIIgec)m ) pre.(kg/cm dampe oC)

A6-53 A6-54



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

tese teat tainkpres. flow. daper OUtle takI ae

time~sec) (kgbcin ~m) prs( gc g itest tank level (in) tmprte
-k/mg pe.kf eC)

test tank pres. flow damper outlet tank warer

time(sec) (klmg rs(gcng test tank level (in) temperature
(kg~m~g) p-s.kglcg) C)

A6-55 A6-56



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outle tank warer

time(aec) 2m rea 
2g ~test tank level (m) temperature

t e (kglcmg) pres.(kgcmg) et(°C)

test tank pres. flow damper outlet tank warer
- / 2 . Itest tank level (m) temperature

t,.-- ec (kg/cm
2g) __pres.(kg/cm g9)_.j . (OC) _.

A6-57 A6-58



Full Height 112 Scale Test Data (Case6) Full Height 112 Scale Test Data (Case6)

test tank pres. flow damper outletI tank warer
t2me(ses) 2_ 2 test tank level (m) temperature
I I~ec (kg/cm g) pres.(kglcm g) 1 1 eC)I

time(sec) test tank pres. flow damper outlet .... tank warer
2g itest tank level (n) temperature.... (kg/cm~g) pres.(kg/cm rg) (C)

A6-59 A6-60



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. [flow damper outleteJ tank warer Itime(sec) (kgcm
2
g) p res.(kg/cm) test tank level_(in) temperature

pC.(Cg/cm g))

te ttank pres. flow damper outel tanmpe,"re
tie~ec s peS(k/C2g test tank level (in) tmeaure....ec (kg/cm

2
g) p resg/cm 2"

A6-62



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outle . tank warer

time(sec) (kg/cm
2
g) pres.(kglcm

2
g) test tank level (m) temperature

IC)I

test tank pres. flow damper to, tank watuer
time(sec) (kglcm

2g) pres.(kgcm
2
g) est tank level (m) temperature

A6-63
A6-64



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outlet
1  tank warer

time(sec) (kglcm
2
g) pres.(kg/cmIg) test tank level (m) temperature

IC)I

teat tank pres. flow damper outle tank warer
time(sec) Istk pres.(kgcm

2g) itest lank level (m) temperature(kg/cm
2
g) re.gcmg / (°C)

A6-65 A6-66



Full Height 1/2 Scale Test Data (Case6) Full Height M Scale Test Data (Case6)

test tank pres. flow damper outlet tank warer
time(sec) g/m test tank level (m) temperature
trIee) ~~Icm prs(kglcmlg PrS g) I eC)

time(sec) test tank pres. flow damper oulle . tank warerau

e ) (kglcm
2
g) pros (kgfcm

2
g) t level (i) lemIperlure

( 0 CI

A6-67 A6-8



Full Height 1/2 Scale Test Data (Case6) Full Height 112 Scale Test Data (Case6)

ttank warer
test tank pres. flow damperoute test tank emperature
(kg/cm2g) pres.(kglcm 2

g) tev (i C)

test tank pres. flow damper oulloe lank water
time(sec) (kg/cm

2
g) pres.(kglcm2g) test tank level (m) mperature

A6-69 A6-70

0--- ft



Full Height 112 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outlete takp:wrer

time(sec) n (kglcm
2
g)t tank level (in) t rure

eO)

test tank pres. flow damper outlet lank water
time(sec) (kg/cm

2
g) pret.(kg/cm

2g) leist tank level (m) temperature

A,6-71 A6-72



Full Height 112 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (CaseG)

test tank pres. flow damper outlet , tank warer
time(sec) (kg/cm

2g) pres.(kgfcmg) 2 test tank level (m) temperature
I I ~g) pre . ..... ) i I( ._. ý

teat tank pres. flow damper outlet. tank warer

time(sec) (kglcm
2

g) pres.(kg/lm
2
g) test tank level (m) temperature

... .. ... .. C)

7-

A6-73 A6-74



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

time(ac) test tank pres. hfow damper outl te l tankWarer
.... (kgfm' I2g presgcm'g) est tank level (n) temperature

pros. C)

teast tank pres. flow damper outlet tank warer
lime(se') j(kg/cm'g) pres.(kgicm 2 g) test tank level (m) temperature

t ..... e..... (C)

A6-75 A6-76



Full Height 1/2 Scala Test Data (Case6) Full Height 112 Scale Test Data (Case6)

test tank pres. flow damper outel tank te aretime(sec) (kg/cm
2
g) pres.(kglcm

2
g) test tank level (m) te r re

I.I.I. .. e _
test tank pres. flow damper outlel tank warer

time(sec) pres.(kglcm
2

g) test lank level (m) temperature
IkI /ImI ) eC)I

A6-77 A6-78



Full Height 1/2 Scale Test Data (Case6) Full Height 112 Scale Test Data (Case6)

test tank pres. flow damper outle tank l n rer
t(gtcM

2g) pres.(kg/cm
2g) test tank level (m) temperature

test tank pros. flow damper outleJ tank ware
time(sec) (kg/cm

2
g) pres.(kgfcm'g" ]test tank level (in) temper

ýtime~sc) 2 1 g) I I) -

A6-79



Full Height 1/2 Scale Test Data (Case6) Full Height 112 Scale Test Data (Case6)

test tank pres. flow damper outlet ttank warer
time(ec) res.(kgm

2  
test tank level (i) temperature

t s) (kg/cm~g) pr .K 3 g) l IC) -

test tank pres. flow damper outlet tank warer
tine(sec) (kg/cm

2
g) pres.( level (st) temperature

I c)I

A6-81 A6-82



Full Height 112 Scale Test Data aCases)Full Height 112 Scale Test Data (Case6)

test tank pres. flow damper outle. tank warar

time(sec) 2(kglcmg) pres.(kg/cm
2
g) itest tank level (m) temperature

I kgc g rs.ktc ) i ecC)I

dampertank warertest tank pres. flow damper outle test tank Level (m) temperature

time(sec) pres.(kglcm
2

g) (in)
kgm.9 I'I cC)

A6-83 A6-84



Full Height 1/2 Scale Test Data (Case6) Full Height 112 Scale Test Data (Case6)

test tank pres. flow damper outlet tank warer
time(sec) (kg/crn

2
g) pres.(kg/cm

2
g) test tank level (m) temperature

- _(C)

test tank pros. flow damper oullet tack wae

tmse) (kg/cm 2 g) pres.(,cM~g itest tank tevet (in) tempraur
- -- . - ( C)

A6-85 A6-86



Full Height 112 Scale Test Data (Case6) Full Height 112 Scale Test Data (Case6)

test tank pres. flow damper outlel tank water
..me(sec) (kg/cm

2
g) pres.(kglcm

2
g) test tank level (m) temperature

le()
tlme(sec) test tank pres. flow damper outlet. tank warer
... ......e (kg/cm2g) pres.(kg/crn

2
g) test lank level(m)temperatureC

A6-87 A6-88



Full Height 1/2 Scale Test Data (Case6) Full Height 112 Scale Test Data (Case(i)

,test tank pros. flow damper outle tank werpres.(kg-cm
2g) itest tank level (m) Itemperaturetimesec) .I~k/cm~) flw daper ut) test tank pres. flow damper outle • lank water

time(sec) (kg/CM2g) pres.(kg/cm 
2

g) Itest tank level (m) temperature
I I Im i) 

0 C)I

A6-89 A6-90



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (CaseG)

test tank pres. flow damper t ank nlpwarter,
2img/cm2g stest tank level (in) tmp ture

tImes (kg/cin g) pres.(kgfcm g) 'Iý C)

test tank pres. flow damper out leitank warer
tieIec res " c 2. Ztest tank level (m) tnIte pert~ur8

tIme(sec) (kg/cm
2
g) pres.(kg/CM

2g) em rau..... p •g g'_./... Ic) _

A6-92



Full Height 1/2 Scale Test Data (Cese6) Full Height 112 Scale Test Data (Case6)

test tank pres. flow damper outte tank warer

tirne(sec) (kg/cm
2
g) pres.(kg/cm

2
g) .test tank level (in) temperature

cC)

test tank pres. flow damper outle tank warer

time(sec) (kg/cmtg) pres.(ncm
2
g) test tank level (m) temperature.....M 2 )

A6-93 A6-94



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. tlow damper outled tank warer
ýtime(sec) (kgtcm

2g) pres.(kgCM
2g) - test tank level (m) temperature

I(C)

S tea tank pres. flow damper ou te s t n l ( ank warer
. pras.(kg/cm

2
g) I tes tank () temperature

.1 (kg.cm.. ) prs°k°°'g eC)

A6-95 A6--96



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

I 
test tank pres. flow damper outle 

tank warer

time(sec) (kg/cm2g) i pres.(kg/cm2g) 
:est tank level (m) temperature

....... 
(°c) .__

test tank pres.. flow damper outlet tenk warer
time~sec) (kglcm2g) pres.(kglcm 

2g) Itest tank level (in) temperature

test tank pres. flow damper oulet

time(sec) (kg _cm~g) plow(damper u test tank level (m) temperature
g) pres'(kg/cmZg) 

i. 
ý(C)

A6-97 A6-98



0
Full Height 112 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outlet tank warer

time(sec) (kg/cm
2
g) pres.(kglcm

2
g) test tank level (m) temperature

Iec)

I tea tan pres flo dampr ce~at!tank ae
time(sec) tet ak pres flo dapr e r! og/m ll) test lank level (mn) tempertr

Ik/mg re.kmg leC) I
~I - .1 .

A6-99 A6-100



Full Height 112 Scale Test Data (Case6) Full Height 112 Scale Test Data (Case6)

test tank pres. flow damper oulle tank warer
tlme(sec) (kg/cm

2  kg/cmg) /test tank level (m) temperature

I g) pre.( c g I ýCC)

test tank pres. flow damper outlet tank warer

time(sec) (kglcm
2
g) pres,(kg/em

2
g) test tank level (m) temperature

I kgcn ) prs(k/ ) il IC)I

A6-1101 A6-102



Full Height 122 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

lest tank pres. flow damper outlell tank warer

I test tank pros. flow damper outleJ tank warertime(sec) (kg/cm
2
g) pres.(kg/cm

2g) test tank level (m) temperature

I I i e a n C)

test tank pres. flow damper outleJ tank warer

time(sec) (kg/cm
2g) pres.(kgIcmg) test tank level (i) temperature

I I g ge (m )

A6-103 A6-104



Full Height 1/2 Scale Test Da (Case)Full Height 1/2 Scale Test Data (Case Full Height 112 Scale Test Data (Case6)

teat tank pres. flow damper outle tank water

lime(s.c) (kglcm
2
g) pres.(kgfcm g) itest tank level (in) tem a

test tank pros. flow damper outlet tank warer

.time(sec) 2(kg/cmTg) pres.(kg/cm'g) test tank level (m) emperatureC)

A6-105 A6-1(06



Full Height 1/2 Scale Test Data (Case6) Full Height 112 Scale Test Data (Ca4e6)

test tank pres. flow damper outlet , tank worer

me(sec) g 2g• p.test tank level () temperature
(kg/C~g) pes.(kfcm C)ec

test tank pres. flow damper outlel tank warer

time(sec) (kg/cm2g) pres.(kg/cm
2
g) test tank level(mn temperature

(kg/m~g) I pes.( 9) C)

A6-107 A6-108



Full Height 112 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

4 tank Warertest tank pres. flow damper outlet t tank level (i) temperature
time(sec) (kg/cm

2
g) pres.(kg/cm

2
g) (m0)

test tank pres. flow damper outltank wter
time(sec) pres.(kg/cg Itest tank level (m) temperature

(kgcm
2
g) r(c)

A6-109 A6-110



Full Height 1/2 Scale Test Data (Case6) Full Height 112 Scale Test Data (Case6)

test tank pres. flow damper ou4tle tank warer
time(sec) (kglcmg) pres.(kglcm. g) , test tank level (m) temperature

) / . • m /c)
test tank pres. flow damper outlet tank warer

t.me(.ec) (kg/cm
2
g) pres.(kg/cm

2
g) test tank level (m) temperature

ec)

A6-.1 11 A6-112



Futt H-eigt AQ Sk2&te. Test Data (Case6) iQteg~ 2SseTs ~t Cs8Fulk kiaýghk 112 Scaý% Test Data ýCaseS)

test tank pres. flow damper outlel tank warer

time(sec) (kglCrn
2
g) . pres.(kgcm

2
g) test tank level (M) temperature

I. .. .. g) I

test tank pres. flow damper outlet tank warer

time(sec) (kg/.m
2
g) pres.(kg/cm

2
g) test tank level (m) temperature

I I kg/c g) res(kgfm g) I 1c)I

A-13A6-1 A6-114



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

testtan pres. flow damper outle tank warer

ttme(sec) I a(kgm
2g) pres.(kg/cm

2g) - test tank level (m) Itemperature
timesec) (kg/m~g) . ... •,, J(c)

test tank pres. flow damper .ull. tank warer
time(sec) (kg/em g) pres.(kg/cm 

2 ng) test tank level (m) temperature
IIC)I

A6-115 A6-116



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres.J 
JIi

flow damper outle 
tank warer

(line(see) (kg/cm2g) 

res 
"k /c 

2 .
/test 

tank 
level 

(In) 
Itemperature

... ... P 'g " °J_./ •.. I•°• ...
lest tank pres. flow damper outlet

1  tank warer
time(sec) (k/CM2g) pr I(gCM

2g) ~test tank level (in) temperature

I Ios,,ook proo. I•owdampo, ou,,o, I•°kw°•r I
time(see) 

I 
I
pres.(kg/crn2g) test tank level (m) Jtemperature

-- ..... ](kg/cm2g) .. ] . ..... 
I(°C• .__

teal tank pros. flow damper uti testln ee m Itank ware
tan~sc) (kg/cm g) pres.(kg/crn

A-1 17 A6-118



Full Height 12 Scale Test Data (Case)Full Height 1/2 Scale Test Data (Case6) Full Height IJ2 Scale Test Data (Case6)

test tank pres. fow damper outlete tank wa .rer

IeI (kglcmzg) pres.(kg .g) 1test tank level (i ) temperaturet~meCol Cg~cm.• •o•..omg, 
0C)

test tank pres. flow damper outlal tank warer 1
time(sec) testctank pres. (gnomw g) Itest tank level (m) temperature
ImeIe) (kglcrm2g) Ipres.(kglcm g) icC)

I ... I .. I

A6-119 A6-1120



Full Height 1/2 Scale Test Data (Case6) Full Height 112 Scale Test Data (Case6)

time(sec) test tank pres. flow damper outlee tank warer
(kgIcm

2
g) pres.(kg/cm

2
g) test tank level (m)(temperature

test tank pres. flow damper oulle, tank warer

time(sec) (kg/cm~g) pres.kglcrn
2g) test tank level (m) temperature

(k/mg) pe.kgc A) (°C)

A 121A6-12 A6-122



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case(i)

"test tank pres. I flow damper outlel tank warer ]time(sec) (kg/cm
2
g) c test tank level (m) temperature

test tank pres. flow damper outle, ve
time(sec) g 22 jtest tank level (m) temperature

(kg/cm g) pres.(kg/cm g)_ (°C)7I

A6-123 A6-124



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outlete tank warer
time(sec) / ) ... test tank level (mi) temperature

(kglCM 2g) re.k& 1 eC)

test tank pres. flow damper ou'l.lank warertime(sec) r_ w( )a/mp e . test tank level (m) temperature
(kgfcm.g) pres.kgcm C)g

A6-125 A6-126



Full Height U cZ Scale Test Data (Case6) Full Height M Scale Test Data (Case6)

test tank pres. flow damper outlev tank warer

time(sec) (kglcm
2g) pres.Qcg/cm

2g) "ste tank level (i) temperature

I re..I i I C)I

teal tank pres. flow damper outle , t tank . . ( warer

tesestan(kgic p
2 g) pres.(kg/cm

2
g) Iteslank level (i) Itemperaturetime~ee) (g/cm~) ... . I(C) ._.

A6-127 A6-128



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outlee tamnkpwrer
time(sec) (kgcm

2
g) pres.(kglcmg) test tank level (in)

- g) pe.kgc ) I ecC)

test tank pres. flow damper outleJ • tlank warer
(kglcm

2
g) pres.(kg/cm2g) t. C)

A6-129 A6-130



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Casefl)

mtest tank pres. flow damper outle Itank wer
t(kglsec}g) kg/¢m.g)g lost tank level (M,) temperature

.Icmg p I mg) eC) ý I test tank pres. flow damper outle, Itank warer

Itime(sec) i prs.(kgtmg) test tank level (m) temperature
-~~~ Ifte~g I s(k/ing

A6-131 , A6-132



Full Height 1/2 Scale Test Data (Case6) Full Height 112 Scale Test Data (Case6)

test tank pros. flow damper outlet tank warer

time(sec) (kg/cm
2
g) presr(kg/cm

2
g) test tank level (m) temperature

Itim~sec I kg/c g) pres(kgcm 23( C)

test tank pres. flow damper outleo tank warer
time(sec) 9/e) pres.(kg/cm2g) Ilast tank level.(i) temperaturetm ( kgcmg ]rs(gc I) 

I
0

A6--133 A6-1134



Full Height 112 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outle tank warer(kgs c m~ T pres.(kg/cm 
2g) - test tank level (mi) ite perature

test tank pros. flow damper outla . tank warer
time(sec) 2g pres.gcm

2
g) 1test tank level (m) temperature

I.I(kglcm g) prs(gcmg IlC)I

A6-135 A6-136



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (CaseG)

time(sec) test tank pres. flow damper outlet tank warer
(kg/cm

2
g) pres.(kg/cm

2
g) testtank level (m) temperature

(0C)

test tank pres. flow dampe tank warer
time(sec) (kg/cm2g pres.kg/cm

2
g) test tank level (m) temperature

I(Ig/cm() INC)I

A6-137 A6-138



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outett tankI wrer

(kglcm
2

g) pres.(kg/cmg) t level (gI) temperature

test tank pres. flow damper oullet tank warer

time(sec) (kgIcm
2g) pres.(kg/cM2g) test tank level (m) temperature

I I leC)I

A6-1 39 A6-140



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outletl lank warer

time(sec) (kg/cm
2g) pres.(kglem

2
g) O test tank level (i) temperature

F...... 2g( Ic) _

1
test tank pres. flow damper outlete tank warer

time(sec) (kg/cm
2
g) Pres.(kg/cm

2
g) test tank level (m) temperature

.... e...(g 10C)

A6-141 A6-142



0
Full Height 112 Scale Test Data (Case6) Full Height 112 Scale Test Data (Case6)

test tank pres. flow damper outletm tank warer

time(sec) (kg/cm
2

g) prea.(kg/cm
2g) o test tank level (i) temperature...... I. ... .. ./ . . •° __

test tank pres. flow damper outlet " tank warer
tme(sec) . .._(kgcm2g) pres.(kg/cm'g) . test tank level (i) temperature
tI I Ic (kimg eC)

A6-143 A6-144



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

tl tank pres. Hw damper outlet Itank warer

ttestaetan(kgl ) pres. (glowd mper ou test tank level (m) temperaturetime(sec) ... (kg/cm2g) pre.(kg/c 2g) (C)

test tank pres. flow damper outll ttank warer

time(sec) ,(kg/cm
2
g) prs .(kgcm 

2g) Itest tank level (in) tempeIN ture

.IgI

A6-145 A6-146



Full Height 112 Scale Test Data (CaseS) Full Height 1/2 Scale Test Data (Case6)

test tank pros. flow damper outlet tank warer
tiie(sec) (kglcm 2 g) pres.(kg/cm

2g) Itest tank level (m) temperature
I t aeC)

test tank pres. flow damper ouriaj tank warer
-- - 2 - test tank level (m) temperaturetlIe(sec) (kg/cm

2
g) pres.(kg/cm g) / I C)

A6-147 A6-148



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

time(aec) test tank pres. flow damper outle v itank waterat(kglcm 'g) prest tank level (_m) te mperature

test tank pres. flow damper outle. tank warer

time(sec) I(kgcm
2g) pres.(kg/cm 2g) /test tank level (m) temperature

AS-149 AS-150



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. o ampr outte tank warer
time(sec) g g) prea"k d cm

2 
" test tank level (M) temperature

t Ie F(kg/pmeg) t gl g), IIý C)

test tank pres, flow dampe t lank warer
time(sec) 2 2 otest tank levelf (m) temperature
S(kgcmg) pres.(kg /cm g) C)

A6-151 A6-152



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. 
tank warer

test tank level (m) Jtemperature

pres'(kglcm2g) 
. .. [(°C) ..

tlme(sec) 
(kg/cm2g) 

flow damper outlel

tese) test tank pres. flow damper outletan re
tmse) (kglCM2g) p-re.(kgtcm

2g) test tank level (in) temperature
I d ec)

test tank pres. flow damper outlel tank wre 12 2g) test tank level (i) temperature

Itime(sec) I(kglcm g) Iprea.(kglcm g)- (0C)

A6--153 A6-154



Full Height 1S2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outel tank warer
time(sec) (kg/cmrg) pres.(kg/cm

2
g) test tank level (im) temperature

II ecC)

test tank pres. flow damper tank warer

time(sec) I/cm
2 g) Ipres.(kg/cm

2
g) test tank level (m) temperaturetimese¢) I (k/cm~) flw daper utCe

A6-1155 A6-1 56



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

tlmesec) test tank pres. flow damper oute ta~nkwae

Itmesc) I(kg/cm
2g) pres.(kglcm'g) titlest tank level (m)Inc) tepeatre

test tank pres. flow damper oulte s tank warer

tlmo(see) (kg/cm
2
g) pres'(kg/cm

2
g) test tank level (n) temperature

I I I 'I I c)I

A6-157 A6-158



Fual Height 112 Scale Test Data (Case6) Full Iielghl V2 Scale TesiDala (Caseb)

S tanmkpwairer
ttest tank pres. flow damper oull test tank level (m) t prature

time(sec) . g.cm g) pres.(kglcm~g)

test tank pres. flow damper outlel tank warer
. .g g p .c2_ test lank level (m) temperature

time(se gcmg) pres.(kgcmg)

A6-159 A6-160



Full Height 1/2 Scale Test Data (CaseB) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outlet Itank warer
time(sec) I(kg/cm~g pres.(kgtcm 

2
) - test tank level (m) temperature(kg/m~g pe xgtmg) I(c.

test tank pres. flow damper oulla ltank warer

time(saec) (kg/cm
2

g) pres.(kg/cm
2
g) test lank level (m) temperature

I(!C)

A6-1611 A6-162



0
Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flowdampe outle, tank warer

time(sec) (kglcm
2
g) pres.(kglcmeg) o test tank level (m) temperature

r (0I)

test tank pres. flow damper outlel tank warer
t (kg/cmg) prs.(kg/cm2g) test tank level (m) temperatUre
timesec) (kg/m~g pre.(kgcm g 1 (C)

I

A6-163 A6-164



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pr flow damper outle tank warer

ftime(sec) (kgt Mg) l pres.(kglcm
2

"g) test tank level (m) temperature

I I i )e.(
0

•I

test tank pres. flow damper outle tank warer
tme(see) 2e.( test tank level (m) temperature

...... s.(/cm)g) eC)

A6-165 A6-166

O



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper oulle
1  Iakwae

time(sec) test pres.(kgl/cm
2
g) test tank level (m) temperature

(kglcm
2
g) C)

test tank pres. flow damper outlete tank water.

time(aec) (kgcm
2
g) prea.(kg/cm

2g) test tank level (i) temperature
... ... .. I(c )_

A6-167 A6-168



Full Heighnt 112 Scale Test Data (CaseS) Full Heligbl M Scale Test Data (Caseb)

t test tank pros. flow damper outle tank warert
time(sec) (kgcm

2g) es ( "c
2 - test tank level (m) temperature

pres.9kglemg)_ _ . . . . { .

test tank pres. flow damper outleJ tank warer

time(see) (kglcm
2

g) pres.(kg/cm
2
g) - test tank level (m) temperature

A6-169 A6-1 70



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

Jtest tank pres. fodmpruteitank 
warer

timo(sec) (kglcm.
2g) pres.(kglcmg) ~test tank level (in) temperature

I I I I I C)I

test tank pres. flow damper oule ank waterItlie(set) (kg/cin
2

9) pres.(kg/cm
2g) test tank level (m) temperaturetimesec) .... i~k/cm~) owdamp uC)

A6-1717 A6-1172



Full Height 1/2 Scale Test Data (Case6) Full Height 112 Scale Test Data (Caso6)

flow damper outlet tank warer
time(sec) tet tank pres. -ow d .ame tltest tank level (m) temperature

s (kg/cmg) pres.(kgfcm g)_ C)

test tank pres. flow damper outle" tank warer

time(sec) (kg2cm g) pres.kg/r"g, /test tank level (m) temperature

I k/c ) rs-ktc )I lec)I

A6-1173 A6-1174



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

tank warer
test tank pres. fow damper outlet

time(see) (kg/CM2g) pres.(kglcm
2 g) test tank level (m) temperature

mC)

test tank pres. flow damper outle~ tank warer

time sec) test tank pros. flb w dam per outle s'Itank warer
time(sec) 

2  test tank level (m) temperature

...... (kg/cm2g) prs.(kgcm g•_ . C) i

A6-175 A6-1 76



Full Height 1/2 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

t lest tank pres. flow damper outle tank warer
tlme(sec) (kglcm

2
g) pres.(kglcm 

2
g) test tank level (m) temperature

lest lank pres. flow damper outlet
1  tank warer

ttkme(sec) pres(kglcm
2g) /teal tank level (m) temperature

I Igcm I I (C)

A6-177 A6-178



Full Height 112 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outle
4  tank warer

time(sec) i(kg/cm
2
g) pres.(kglcm

2
g) itest tank level (i) temperature

I (m)I

test tank pros. jflow damper outlet tank warer
time(sec) . (pres.(kg/cmg) test tank level (m) temperature

(kg cm2g) I(C)

I ..... I .... I . .-- I . . .

A6-179 A6-180



Full Height 112 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outlet tank warer

time(kgcm
2
g) pres.(kg/mg) test tank level (m) temperature

. 1 .... I . .... I c)

test tank pres. flow damper oulle, tank warer
time(sec) (kg/CM2g) pros.kg/cm

2g) . test tank level (m) temperature
II. I . . c) I

7

A6-1811 A6-182



Full Height 112 Scale Test Data (Case6) Full Height 1/2 Scale Test Data (CaseB)

teat tank pres. flow damper outlet Itank warer
time(sec) . test tank level (m) 1temperature

pres. Ipie.. I c) I
teat tank pres. flow damper outle, tank=war

time(sec) . kglcff~g) pres.(l•gcrn
2

) test tank level (i) temperature.. I IcI.I

A6-1 83 A6-184



Full Height 1/2 Scale Test Data (Case6)

test tank pres. flow damper outle tank warer

tlme(sec) (kg/cm
2
g) prer.(kglcM

2g) test tank level (m) temperature

pres-I gI mg I(c)

A6-185

-I*- SO



Full Height 112 Scale Test Data (Case6) Full Height 112 Scale Test Data (Case6)

time stand pipe

(se) watelevelI I 5 (m)

stand pipe
time water level
L(I ,-) I(M) n

A-86A6-1 A6-187



Full Height 1/2 Scale Test Data (Case7) Full Height 112 Scale Test Data (Case7)

lime test lank pres. flow damper outle tank warer
(sec) (kgcm2g) p res.(kgfl cm2g) test tank level (m) temperature

(sac) Im Im c)I
time test tank pres. flow damper outlet tkl e itank warer

(sec) (kg/cm 2
g) pres.(kg/cm2

g) temperature

A7-1 A7-2



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank'pres. flow damper oule tank warer

J(sec) J(kg/cm'g) p-res.k/cm
2

) ]test tank level (m) temperature
I ._ , g I__c IC

Itime test tank pres. flow dmper outle tank wvae

(seca (test tank level (m) temperature

1(sec) (kg/cm g) pras.(kg/cm 2g) (Ine) IC

A7-3 A7-4



Full Height 1/2 Scale Test Data (Case7) Full Height 112 Scale Test Data (Case7)

time test tank pros. Ilow damper ouule tank warer

sCM
2g I reskc

2 - test tank level (m) temperature
(sec) (kg g Pra-kgf mý g] 1 IN(C)

time test tank pres. flow damper lewarer•k,,om') ,•oW M~2gO uOtest tank level (m) ,omp eoa(sec) (kg/cm) pre.(kgmg) e (i C) tpu

A7-5 A7-6



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pros. fow damper outle ttank water

(sec) (kglcm
2 g) pres.(kglcm

2g) test tank level (m) temperature
I I I 'I leIC)

time test tank pres. flow damper outle• tank water
2 I/test tank level (m) temperature

(sec) (kglcm.2g) pres.(kglcm g) il CN)

A7-7 A7-8



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time Itest tank pres. flow damper outlet tank warer

(sec) (kg/cm~g) pres.(kgtcm
2g) .test tank level (m) temperature

1 Jec)

time st tank pres. flow damper outlet ta. k warer.
(sec) (koc g) Ipres.(kg/cm2g) test tank level (M) temperature

I s .c) I

A7-9 A7-10



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Cese7)

time test tank pres. flow damper outlett tank warer

(sec) (kglcm2g) pres.(kg/cm
2
g) test tank level (n) temperature

III' I ec)

time test tank pres. flow damper outlet tank warerI
(see) (kg/cm

2
g) pres.(kg/cm

2
g) test tank level (m) temperature

A7-111 A7-12



Full Height 1/2 Scale Test Data (Case7) Full Height 112 Scale Test Data (Case7)

time test tank pres. flow damper outlet tank warer
(seC) (kglCM

2g) pres.(/c/cM 
2g) jtest tank level (i) temperature

I I I i lec) ý

time test tank pres. flow damper outloJ tank warer
(se ( g 2g) test tank level (m) temperature

(sC) (kgkcm g) pros.( glcm g) i IN)I

A7-13 A7-14



S
Full Height 112 Scala Test Data (Case7) Full Height 112 Scale Test Data (CaseT)

time test tank pres. flow damper outle!t tank warer

(sec) (kglcm
2
g) pres.(kglcm

2
g) test tank level (n) temperature

time test tank preo, flow damper outlet! tank warer

(sec) (kg/cm
2 g) pres.(kg/cm

2
g) ilest tank level (i)(lemperature I

A7-15 A7-16



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

lime test tank pres. flow damper outlete tank werer
(sec) (kg/cm g) pres.(kg/cm

2g) e(c)

time test tank pres. flow damper oullel tank warer
22 M test tank level (m) temperature

(sec) (kglcm g) pres.(kg/cm 9) C

A-A7-1 A7-18



Full Height 1/2 Scale Test Data (Case7) Full Height 112 Scale Test Data (Case7)

time test tank pres. flow damper utleank warer
(sec) I (kglcm

2g) Ipres.(kg/cm
2g) test tank level (m) t mperature(sec flo damer otle)

time test tank pres. flow damper oulletetanlel(i)akwrr
(sec) (kglcm g) pres.(lcg/cm2g) -1 tempreu

A7-19 A7-20



Full Height 1/2 Scale Test Data (Case7) Full Height 112 Scale Test Data (Case7)

time test tank pres. flow dampe utle
1  tank water

(sec) (kg/cm
2g) presa.(kgfcamp

2  testtuk level(i) temperaturep .t~gcmg,• _
0CI

time test tank pres. flow damper outlet tk v ( tenk water .
(s.c) pkg/tagkresevk /cm

2 (m tem)pC (kg"cm g) plevel (m ) temperature

A7-21 A7-22



0
Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper ouUet tank warer

(s tesm tank level (m) temperature
(kg/cm2g) _) IO(C)

time test tank pres. flow damper oulle t l ave k (mw)rIeurre
(sec) _ kgcm

2g) pres.(kgcmg)

A7-23 A7-24



Full Height 1/2 Scale Test Data (Case7) Full Height 112 Scale Test Data (Case7)

time test tank pres. flow damper out leel tan wrer

(se) (Jgicm2g) pres.(kgcm
2
9) Itest tank level (in) temperature

(C)

time test tank pres. flow dampe outle ak ware
e)(kgfcm g) pres.(/c ) test tank level (m) temperature

(see) ( m2g) 1 .( 2g) ie(C)

A7-25 A7-26



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper ouule. tank warer

(sec) _ (kgcm
2
g) prt.,kgcmg) test tank level (m) temperature

ý(kgcm g prs.(k/cM~) lc)

time test tank pres. flow damper oulletest itank warer

(sec) (kg/cm
2g) pres.(kg/cm

2
g) ank level (m) temperature

C) ~ ~ I C/mg Ipe.kfmg1C)I

A7-27 A7-28



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outlel tank water II

. . ipres.(kg/em2g) 
test lank level (m) temperature

!,eo, •om',• ..... itOI
time test tank pres. flow damper outlet tank warer

(sec) (kg/cm
2  kgcm

2
g) test tank level (i)Jtemperatureg) pC) g)

time test tank pres. flow damper outledl tank warer

(sec) (kgjCi
2g) pres.(kg/cm

2g) ~test lank level (mn) Itemperature

F I~ - J 
Ic)

A7-29 A7-30



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outles tank warer t u

(sec) (kglcig) pres.(kglcm g) test tank level (m) temperature

time test tan, pres. ow damper outle tank warer
tiec teat prea . (klcm2 ltest tank level (m) temperature
(sec) (kglcm g) pres.(kglcin g) il (0)

A7-31 A7-32



Full Height 112 Scale Test Data (Case?) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper ou.e1 tank warer

(sec) (kg/cm
2g) pres (kg/cm

2g) ltest tank level (m) temperature0g eC)

time test tank pres. flow damper oute le tank warer

e(sec) te(kg/cmgta pres.(kg/cm
2
g) test tank level (m) temperature

(sIc) kc (cc)I

A7-33 A7-34



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outlet Itank warer

(e (kg/cm
2
g) pres.(kgcm;g) test tank level (m) temperature~sc) (kg I e......i I C)

time test tank pres. flow damper outleat tank warer
time test 2 test tank level (m) temperature

C(ec) (kglcm
2

g) pres..kgc g)

I

A7-35 A7-36



Full Height 112 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outlete tankrware

(sec) (kg/cm
2
g) pres.(kglcm

2
g) ein c)

time test tank pres. flow damper outle, tank warer

(sec) (k pres.(kg/cm
2
g) test tank level (m) temperature

I Ilcml I eC)

A7-37 A7-38



S
Full Height 112 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outlel tank warer

(see) (kg/ m. g) pres.(kglcm
2

g) test tank level (m) temperature
time test tank pres. Iflow damper outlel Itank warer

(sec) (kg/cm
2g) ipres.(kg/cm g) test tank level (i)Ctemperaure

. .1 -

A7-39 A7-410



Full Height 1/2 Scale Test Data (Case7) Full Height Ir2 Scale Test Data (Case7)

time test tank pres. flow damper outlest tank warer
(sec) (kg/cm

2
g) pres.(kgcmg) test tank level i(m) temperaturepres'kg/¢mg) .... I(C) .. time test tank pres. flow damper outlet tank warer

(sec) (kg/cm
2g) pres.(kg/cm

2g) test tank level (m) temperature

I ec)

A741 A7-42



Full Height 112 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flw damper outlal tank warer
((kg/cm

2
g) preskg/cm

2 . /test tank level (in) temperature(sc (gC~g . 1k/ g (00)

time test tank pres. flow damper outlee tank warer

(sec) (kg/cn g) pres.(kg/cm2 g) Itest lank level (in) tempertur

-J

A7-43 A7.44



Full Height 1/2 Scale Test Data (Case7) Full Height 112 Scale Test Data (Case7)

time test tank pres. flow damper outle! tank warer

(see) (kg/cm
2

g) pres.(kgfcm
2g) test tank level (m) temperature

C)(grmg re.k/C2) i rcC)

! I
time test tank pres. flow damper oultest tank level (m) pare
(see) (kg/cm

2
g) preS.(kgCM

2g)..... v ... " .I ., (C)

A7.45 A7-46



Full Height 112 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outlet! tank warer time lest tank pres. flow damper celIa~test tank level (in) tenk warer

time test tank pres. flow damper outlet tank warer
(sec (klcm~) pes.(gc 2 ,) ~test tank level (in) temperature

(sec (kg cm~g pres(kg/ m g 1 ýeC)I

ti e es tnkprs. flow dampe r outla ettn ee l tank werer

(sec) (kgcm 
2 rg) pres.(kgcm' g) temperture

.... " ... . _ I _ _ eC)

A7-47 A7-48



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. now damper outlete tank warer (I
(sec) (kgCM2g) Ipres.(kg/cm

2
g) test tank level (in) temperature

time test tank pres. flow damper oulte s l tank warer

(sec) (kg/cm
2
g) pres.(kg/cm

2
g) e(C)

A7-49 A7-50



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

I ! It°nk
time Itest tank pres. flow damper outlet] warer

tank level (m) •temperature

(sec) .... J(kg/cmJg) .. pres.(kg/cm'g). .... ]testI_(°C) 
...

time test tank pres. Swdme ul"tn ae
(S-c ~ gc~) pres.(kg/cn~g) itest tank level (in) temeatr

ec)

time test tank pres. flow damper outlet itank warer

(sec) _(kgcm2g) _Itpres.(kg tcm 2g) temperature
(•se) (•kgm I Im) e

A7-51 A7-52



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test lank pres. flow damper outle tank warer

(sac) (kg/cm
2g) pres.(kg/cm

2g) test lank level (m) temperature
I I I ý c)

time test tank pres. flow damper outles tank warer

pres.(kg/cm
2g) test tank level (m) temperature

(sec) (kglcm g rs.k/m g) I &C)

A7-53 A7-54

0



Full Height 112 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outle tank warer

(sec) (kg/cm
2
g) pres.(kglcm

2g) ()temperature

I I I 'I I c)I

time test tank pres. flow damper outlet tank warer

(sec) (kg/cm
2
g) pres.(kg/cm

2
g) test tank level (m) temperature

I I c)I

A7-55 A7-56



Full Height 1/2 Scale Test Data (Case7) Full Height 112 Scale Test Data (Case7)

time test tank pres. flow damper outle[test tank levet (i) tapnratrer

(sec) (kg/cm
2
g) pres.(kglcm

2 g) temt pevr(m ) at

I I ýcC)

time test tank pres. flow damper outlet tank warer
(sec) (kg/cm~g) pres.(kg/cm2g) test tank level (m) temperaturec g rsk) gCI

A7-57 A7-58



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (CaS07)

time test tank pres. flow damper outlet tank warar

(sec) (kg/cm
2
g) pres.(kg/cm

2
g) test tank level (m) temperature

I I c)

time test tank pres. flow damper oulle itank

(Sec) (kg/cm
2

g) pres.(kg/cml
2g) temperature-- )(ec) res..•g~cg, . ... (

0
C) ..

A7-59 A7-60



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outlet
1  tank warer

(sec) (kglcrn
2
g) pres.(kg/cm

2g) test tank level (m) temperature
I i I e%

time test tank pres. flow damper oulle tank warer

(sC) (kg/cm2 g) pres.(kg/cm
2
g) test tank level (m)(temperature

(sI (kimg I (C)I

A7-61 A7-62



Full Height 112 Scale Test Data (Case7) F uTI Height I r2 Scale Test Data (Case7)

m"

time teat tank pres. flow damper outle tank warer

(sec) (kg/cm
2
g) pres.(kg/cm g) _test tank level (in) temperature

time test tank pres. flow damper outlet. tank warer

(sc) _(kg/cmlg) pres.(kg/cm2g) /test tank level (m) temperatureIs II (()) g g

A7-63 A7-64



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outle t tank warleuratu
(sec) (kgcm 2g) pres.(kglcm

2g) /est tanK level (i)
•sec•Ckg~o~g• p .•g mg• / __ Cc) .. .

time test tank pres. 'flow damper outleJ tank warer
(kg/cmg) t.. level (i) temperature

(sec) ( g c g) pres.(kg/cm 2g) 1 te t a k _ _ (C)

A7-65 A7-66



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outlet lank warer

e 
2  test tank level (m) emperature

(sec (kgcmlg prs.(kfcm ) .1d. C)

time test tank pres. flow damper outle tla:nkwarer
(sec) (kglcm

2
g) pres.(kg/cm

2g) Itest tank level (mi) temperature(C)

I

A7-67 A7-68



Full Height 1U2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outlet tank warer
(sec lglcm

2g pres.(kglcm
2
g) test tank level (i) temperature

s c) g/ g) .... C)_
time test tank pres. flow daper outle tank warer

Sdamp 2 test tank level (m) temperature
(sec) (kg/cm

2
g) pres.(kglcm g) 1 CC)

A7-69 A7-70

0



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outlel tank warer
me (kgtc 2

g) tapres.(kg/cmg) tes tank level (m) temperature
( s k g /g) • )•I

time test tank pres. flow damper outetest.tankl tank warer
(sec) pres.(kg/cm

2
g) lee t perature- (e) .. . (kg/cm

2
g) . .. . (aC) . .!

A7-71 A7-72



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

~time ~ test tank pres. flo. damper .0.e
1  Jtank warer

(sec) j(kglcM'g) pres(kg/cm 2 g) test tank level (m) tmemperatur

I m I I _ec) I
time Itest tank pres. flow damper ouut tank warer
(sac) (k pres.(kg/cmg) I test tank level (m) temperature

Ik I~g leC

r-

A7-73 A7-74



0
Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time t tank pres. flow damper outlell tank warer
time) testtank pres. (ktest tank level (m) temperature

(see) L(kc ) p 0
C)

time test tank pres. flow damper outlet tank water
(sec) (kglcm2

g) pres.(Kg/cm" g)I .C)FI

A7-75 A7-76



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outle. tank water

(sec) (kg/cm
2g) pres.(kg/cm

2g) test tanklevel (in) .t a
eC)

jtime test tank pres. flow damper outlet tank warer

(kg/c
2gm test tank level (m) temperature

J(sec) ....... ( OC)

A7-77 A7-78



Full Height 112 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outlet t ank larer
(se c test tank level ()

(Sc)

• ,,..

time test tank pres. flow damper outlet tank warer

( ...) grea . ... g. /test tank level (m) temperature"(k m g) 
(
0C(k m test tan)k

A7-79 A7-80



Full Height 112 Scate Test Data (Case7) Full Height 112 Scale Test Data (Case7)

time test tank pres. flow damper outle
4  tank warer

(seep 2 itest tank level (m) temperature
(sC) (kg/cm g) pres.(kglcm g) I leC)I

time test tank pres. flow damper outle• tank warer

tie teata(kglc pes pres.(kg/c
2
g) itest tank level (m) temperature

I(sec) I g/m~g) pe,.k/ g I eC) I

A7-81 A7-82



Full Height 1/2 Scale Test Data (Case7) Full Height 112 Scale Test Data (Case7)

lime test tank pres. flow damper outlee tank warer I
I (sec) (kg/cm2g) I pres.(kg/cm

2
g) test tank level (m) perature(sac)....... )(%...

time test tank pres. flow damper oullei tank warer
(sac) (kg/cm 2

g) pres.(kg/cm 2
g) ftest tank level (m) temperature

(se jkgCMg( C)

I

A7-83 A7-84



Full Height 1/2 Scale Test Data (Case7) Full Height 112 Scale Test Data (Case7)

time test tank pres. flow damper outleJ tank warer

(sec) (kgtcm
2g) pres.(kglcm

2g) - test tank level (m) temperature

I g g g gC)

time test tank pres. flow damper outlel tank warer

(sec) (kg/cm
2
g) pres.(kg/cm

2
g) test tank level (m) temperature

I i I ec)I

A7-85 A7-86



Full Height 112 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. Iflow damper oullet
1  tank warer

(sec) (kg/cm~g) pres.(kglcm4g) test tank level (i) temperature
I (m c) I

time test tank pres. flow damper outlet tank warer

(sec) (kg/cm2 g) pres.(kg/cm
2
g) test tank level (m) temperature

(Ic I I mig I (0C)I

A7-87 A7-88



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

jtime test tank pres. ow damper outle Itank warer
(kgc ) ipres.gi o g) .test tank level (m) tempeature

. .I I i •_)

time teat tank pros. flow damper oulletest lank level (m) tank war=r
-sec) •t"c g) IpTz.. t cm2g te•pert _r

A7-89 A7-90



Full Height 1/2 Scale Test Data (Case7) Full Height 112 Scale Test Data (Case7)

time test tank pres. flew damper outlet tank warer

.
2  

2resk/c
2 . test tank level (m) temperature

(ec) ..... (kg/cmg) ._ kgcmg) .- (
0
C)

(sec) t(kg/cm2g)n pres. (kg/cm2g) test tank level (m) temperaturer cC)

A7-911 A7-92



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper ou.lej tank warer

(sec) (kg/cm
2g) pres.(kg.cm'g) test tank level (m) temperature

time test tank pres. flow damper outlel level (i) tank warer

(sec) (kg/cm
2
g) pres.(kg/cm

2 g) .lstItank I temperature

I I I(00)I

I

A7-93 A7-94



Full Height 1/2 Scale Test Data (Case7) Full Height W Scale Test Data (Case7)

time test tank pres. flow damper outle( tank warer. kgc2g 2g_ tet(an°C)e
(sec) I(kgtcmg) pres.(kg/cm

2
g). lest tank level.(in) temperature

time test tank pros. flow damper outlet tank warer
pres.(kg/cm~g)te 

prue

(sec) (/ (kg/cmg2g_ test tank level (m) temperatureec)

A7.95 A7-96



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

Itime Itest tank pres. ] ' ... I tank water
Iflow camper ouueu

res °• / • . I.test tank level (rn) Itemperature

}•o'°•0> ._i ..i .._i
(sec) 

p .(.Kg cm g• 
(o(3) __ .

time test tankp ps. flow damper outletesttnklveM tankerwarer
(sac) (kg/cm 9) pres.(kg~cm-ig) Jtes tefktae i)teeate

owtest tank pres. rwdamper oulle tank warer

~(e)(kglcmf~g) pres~fticrnz g) itest tank level (in) tem)pe=tr

A7-97 A7-98



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test'Data (Case7)

time test tank pros. flow damper outle t a tank warer

(sec) (kg/cm
2g) pres.(kg/cmg) test tank level (i) temperature

0) 1 1 ) I I c)I

time test lank pros. flow damper outlet le tank warer

(sac) (kgc
2
g) prs.(kg/cmg) test tank level (m) temperature(I 

I c)

A7-99 A7-100



Full Height 1/2 Scale Test Data (Case?) Full Height 1/2 Scale Test Data (Case7)

lime test tank pres. flow damper outle tank warer

(sec) (kgtCM
2g) pres.(kg/cm

2g) itest tank level (m) temperature

I IgIgI eC)

time test tank pres. flow damper outle. tank water

(seC) (kg/cm 2g) pres.(kg/cm
2g) itest lank level (m) temperature

IseI (kimg (0C)I

A7-1 01 A7-102



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pros. w damper outle Itnkwarer

(sec) I(kg/cm
2
g) pres.(kg/cm g) test tank level (i) temperature

time test tank pres. flow damper outlet l tank wa.er
(sec) . kgc..

2g) pres.(kg/cm~g) test tank: level (m) te)p=t

A7-103 A7-1104



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outlet tank warer
(sec) (kg/cm

2
g) pres.(kg/cm

2
g) itest tank level (m) temperature. ..... (% __ _

time test tank pres. flow damper outlee tank warer

pres(kg/cm
2g) est tank level (m) temperature

(ec) (kg/cm
2

g) I (c)

A7-105 A7-1106



0
Full Height 1/2 Scale Test Data (Case7) Full Height 112 Scale Test Data (Case7)

time teal tank pres. flow damper outle tank wnpatre

(sec) (kg/cm
2g) , pres.(kglcm2g)" testtanklevel.(m)t .ature

time test tank pres. flow damper outel tank warer

(sec) g pres.(kgcm
2g) test lank level (m) temperature

(sc k/m9 rs(kglcmlg)gC

A7-1107 A7-108



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time esttank pres. flow damper outleto . tank warer

() ~ co~g) pres.ft c
2g) ~est tenk level (in), temperature

.:91I It jec) Itime test tank pres. flow damper outlets tank warer

,sc .. I(,glcn
2g) p "tcin

2g) [test lank level (m) temperature

A7-109 A7-1 10



Full Height 1(2 Scale Test Data (Case?) Full Height 1/2 Scale Test Data (Case7)

time test taok pres. fIl tank warer

(sec) g pres.(kg"cm= " itest tank level (m) temperature
(kg/cm

2g) o, t

time test tank pres. flow damper outlet tank warer

(sac) .... (kgcm
2
g) pras(kg/cmg) .test tank level (i) temperature

eC)

A7-1111 A7-112



Full Height 112 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outlel tank warer

(sec) (kg/cm
2
g) pres.(kglcm

2g) test tank level (i) temperature

- 'I I (cC) Itime test tank pres. flow damper .utie k tank warer
e-) p... ,r res.k.mg test tank tevel (in)tempeatu.re

(e)(kglcm g) (00)(g/m

A7-113 A7-114



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outlel tank warer

(sec) (kgfcm
2g) pres.(kglcm

2
g) test tank level (m) temperature

IC) I

time test tank pres. flow damper outle test lank level () tank waer

.......(sec)I (kcmg) Ipres.(kg/cmig) temperatureC)

A7-115 A7-116



Full Height 112 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper out e v tank warer
e "" c2-|test tank level (m) temperature

(sec) (kg/cm
2g) pres.(kglcm g) I tm ru

_2_ 1 lc)

time test tank pres. flow damper outlet tank ware,

(sec) (kg/cm
2

g) pres.(kg/cm
2
g) itest tank level (m) perature

A7-117 A7-1 18



0
Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow dampe outle tank warer

.sec. (kg/cm g) pret.(kglcm g) est tank level (m) temperature
(se.) __g/1rr __e m 2,_)eC)

time teat tank pres. flow damper outlet lnev(i tank warer

(sec) (kg/cin g) pres.(Kg/cm~g) tIempertur

A7-119 A7-120



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outle tank warer

(sac) (kgim
2 g) pres.(kg/cm 2 g) test tank level (m) temperature

I ( C)

time test tank pres. flow damper outle test tank level Cm) ta .

(sec) (kg/cm 
2g) pres.(kg/

2g) I -)temperture._ pe .•g cmg,..I ._ !QC)

A7-121 A7-122



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outet tank warer

(sec) (kg/cm
2
g) pres.(kglcm

2
g) test tank level ) tmperatureI 1 I

time test tank pres. flow damper outlel lank warer

(sec) (kglCM
2g) pres.(kg/cm

2g) test tank level (m) temperature

(Ic)

7

A7-123 A7-124



Full Height 1/2 Scale Test Data (Case7) Full Height 112 Scale Test Data (Case7)

time test tank pres. flow damper ouuee l tank warer

(sec) (kglcm
2

g) pres.(kg/cm
2
g) test tank level (m) temperature

1 e
0C)

time test tank pres. flow damper outlel tank warer
(see) (kg/cm

2
g) pres.(kg/cm

2
g) test tank level (m) temperatureICc)

A7-125 A7-126



Full Height 1/2 Scale Test Data (Case7) Full Height M Scale Test Data (Case7)

time test lank pres. flow damper outleJ/ tank tank warertstaklevel (m) temperature

(sec) (kg/cm'g) pres.(kg.cm. ) 1 e eiC)
time test tank pres. flow damper outlettest tank level (m=) tankratre
(sac) (kg/cm

2
g) pres((kg)cm2g)

A7-127 A7-128



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outet t tank warer

(see test tank level (n) temperature
(se) (kgl/cm g) pres.(kglcm g) 'I l eve ( ) tmeaue I

time test tank pres. flow damper outle. tank warer

(sec) (kglcm 
29) pres.(kgcm 

2
g) test tank level (m) temperature

Is'I ( eC)

A7-129 A7-130



Full Height 1/2 Scale Test Data (Case7) Full Height U2 Scale Test Data (Case7)

time test tank pres. flow damper outle .... tank warer
(sec) (kg/cm

2
g) pres.(kglcm'g) tea tank level_(i) temperatureC)

time teat tank pres. flow damper outle lank warer

(sec) Ik pres. 2eg.... cm 
2g) test tank level (m) temperature

I Ic) (kg/cm g) . pre m g -1../ _°eC)

A7131A7-13 A7-1132



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time. 
teSt(kg/crn2g)tank pres. flow damper outlet 

I(°C)tank warer _

(sec) ..... 
ipres.(kg/cm=g)" 

testtanklevel.(.m.) temperature.

time test tank pre. low damper outle te tank warer

(sec) (kglcm
2g) Po' pres.(kglcm

2g) tes tank level (in) temperature
time test tank pres. flow damper outlel tank warer
(sec) (kg/cm

2g) 2pres.(kg/cm~g) test tank level (m) temperature
....... ). g(C)

A7-133 A7-134

S



0
Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time Itest tank pres, Iflow damper ouUel 
Itank water

_ .Ipres'(kg/cm2g)_ 
./testtank 

+_

(sec) I(kg/cm2g) 

level. (m).. I(°C)ltemperature

time test tank pres. flow damper outlet! tank warer

(sec) (kalcm
2g) pres.(kgtcm

2g) ~test tank tevel (in) temperature

I I - I (C)E

time test tank pres. flow damper outlet ttank warer

(sec) (kg/cm g) pres.(kg/cm
2g) test tank level (m) t(C)

*~1tes tank eve epraue-

A7-135 A7-136



Full Height 1V2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case,7)

time I tank pros. flow damper outle lank waera

(sec) J(kg m g) p r... . test tank level (i) temperature
Isr (gc ) pe.k/m2g I ýec)

ttime 
1test tank pres. fltow damper outte lta nk warer

S (kg/CM2g) pres.(kg/cm
2

g) est tank level (i)I~~cI f.... ec) ..

A7-137 A7-138



Full Height 112 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time est tank pres. flow damper outlt tank warer

(SeOO g.cm.g) pres.(kg/cmg) test tank level (in) t1

I I I C)

time test tank preS. flow damper oUtle tank warer
(sec) (pres.(kg/cm g) test tank level (mn) temperature

I I lcI g) I(C)I

A7-139 A7-140



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outle l tank warer

(sec) (kg/cm
2g) pres.(kg/cm~g) test tank level (i) temperatureI.. I ec) I_

time test tank pres. flow damper oueltest tank level(m tankewarer

(sec) .kglcm2g) pres.(kg/cm
2g) temperature

sC) (kgcmg) pres.(c(c)

A7-141 A7-142



Full Height 1/2 Scale Test Data (Case7) Full Height 1/2 Scale Test Data (Case7)

time test tank pres. flow damper outle tank warer

(sec) (kg/cm
2g) pres.(kg/cm

2g) test tank level (m) temperature

I. ... .. . e C )I

time test tank pres. flow damper outl a l tank warer

Ie(sec) (kgicm2
g) I pres.(kg/cm

2g) N ) temperature
eCI

A7-143 A7-144



Full Height 112 Scale Test Data (Case7)

time stand pipe
(sac water level__ (sec) inm)

A7-145

--- I* -- I



THE ADVANCED ACCUMULATOR

Attachment 2

Flow Characteristics of Flow Damper

Full Height
Case 1;
Case 2;
Case 3;
Case 4;
Case 5
Case 6;
Case 7;

1/2 Scale Tests
B1-1
B1-2
B1-3
B1-4
B1-5
B1-6
B1-7

Mitsubishi Heavy Industries, LTD.
A-ii



Flow Characteristics of Flow Damper ( Full Height 1/2 Scale Test (Casel))

Large Flow Small Flow
cv I Cv cv I Cv

B1-1



Flow Characteristics of Flow Damper ( Full Height 1/2 Scale Test (Case2))

Large Flow 1 Small Flow
Cv T cv av I Cv

B1-2



Flow Characteristics of Flow Damper ( Full Height 1/2 Scale Test (Case3))

Large Flow Small Flow
av I Cv cv I Cv

0
BI-3



Flow Characteristics of Flow Damper ( Full Height 1/2 Scale Test (Case4))

Large Flow 1 Small Flow
v I Cv 1 cv I Cv

B13-4



Flow Characteristics of Flow Damper ( Full Height 1/2 Scale Test (Case5))

Large Flow Small Flow
(V Cv cv I Cv

B1-5



Flow Characteristics of Flow Damper ( Full Height 1/2 Scale Test (Case6))

I
Large Flowov I Cv II

Small Flow
Cav I Cv -ý

BI-6



Flow Characteristics of Flow Damper ( Full Height 1/2 Scale Test (Case7))

Large Flow Small Flow
ov Cv Orv Cv

B13-7


