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This report describes system of the Two-Phase Flow Test Facility
(TPTF) and its instrumentation. The information is necessary to understand
and analyze the separate-effect experimental data for light water reactors

obtained from the TPTF thermohydraulic experiments under two-phase flow

conditions at steady state.
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1. Introduction

1.1 ROSA-IV Program

A great deal of attention has been centered on small break loss-of-
collant accidents (SBLOCAs) and anticipated operational transients since the
T™I-2 accidentﬂl). The Japan Atomic Energy Research Institute (JAERI) has
started the Rig of Safety Assessmént Number 4 (ROSA-IV) program for studying
SBLOCAs and anticipated operational transients.

ROSA-TV program(z) is consisted of .three features. They are the system
)(3)

effect tests with the large scale test facility (LSTF the separate effect

¥

tests with the two-phase flow test facility (TPTE) and the development of a
SBLOCA analysis code using the test data from LSTF and TPTF. At present,
LSTF is under construction which simulates a large pressurized water Treactor

(LPWR) of 3423 MWt and constructiom is scheduled to be completed in 1984,

1.2 Design Philosophy of TPTF

The primary objectives of TPTF test are to obtain the fundamental data
on the thermalhydraulic behavior which occurs in LPWR components including
the core, the steam generator (SG) and the horizontal and vertical pipes.
The test data are used for computer code development for a SBLOCA and an
operational transient. The technical subjects which will be investigated in
TPTF are:

(1) Heat transfer in uncovered core
a. Heat transfer in low flow rate region
b. Steam cooling with moisture and flow
c. Natural convection heat transfer by stagnant steam

(2) Two phase flow in horizontal pipe

_1_
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(4)
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a. Slug and stratified flow in a horizontal hot leg

Heat transfer in SGC

a. Steam condensation and counter current flow limiting (CCFL) in SG
primary side

b. Liquid level effect on heat transfer in SG secondary side

c. Effect of location of auxiliary feedwater (FW) inlet

Calibration of two-phase flow instruments to be used in LSTF

For these purposes, the design philesophy and the primary characteristics

~of TPTF were fixed as follows.

(1)

(2)

(3)

(4)

To achieve the two-phase fluid condition in a LPWR the maximum operating
pressure and temperature of TPTF are 12 MPa and 598K, respectivery.
Saturated steam and water are generated in the steam drum and supplied
separately by a steam pump and a4 circulation pump to the mixer at the
inlet of the test section, the desired two-phase flow conditions such as
flow rate and the quality at the inlet of test section can be achieved

by controlling the saturated steam and water flow rate separately. The
two-phase fluid returns to the original steam drum after testing to
manitain steady state test conditions.

The minimum and the maximum flow rates in the holizontal pipe test section
for the hot-leg two-phase flow test and the vertical pressure vessel test
section for the core heat transfer test are given in Table 1.1. These
values were decided to fulfill the low flow vate conditions in a horizon-
tal pipe and core of a PWR during a SBLOCA.

The hot leg diameter of LSTF is approximately one third of that of a PWR,
therefore, the two-phase flow conditions in the hot leg of LSTF can be
considered to be representative of those of a PWR. The inner diameter of
the horizontal pipe test section of TPTF is same as that of the hot leg
(HL) of LSTF, therefore, the two-phase flow conditions in the HL of LSTF

can be clarified in TPTF spearate effect test.

_2_
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(5) The heat flux can be varied between 0 and 82W/cm? at the surface of the
heater Tod installed in the vertical pressure vessel test section of |

TPTE and it can simulate the steady state heat flux in the core of a PWR.

The heater rod is heated by indirect elctrical heating.

At present, the vertical pressure vessel with the fuel assembly for the
heat transfer test in the core and the horizontal pipe test section are
attached to thelloop, A SG test a;sembly will be added in the future.

The test data are obtained under steady state fluid condition to
increase the accuracy of the test data.

This report gives the specifications of TPTF for analyzing the test data

from TPTF.
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2. Experimental Facility

2.1 General System Arrangement

The flow diagram of TPTF is shown in Fig. 2.1. Water in the steam
drum is heated to produce high temperature, high pressure steam and water,

When the two-phase flow pattern in a horizontal pipe is to be
investigated or instruments for two-phase flow are to be calibrated, steam
is fed to the mixer, MX-2Z, by the steam pump, SP-2, and water is pumped to
the mixer by the circulation pump, CP-1. The water and steam flow rates
are adjusted to give the desired two-phase fluid mixture quality at the
outlet of the mixer. After passing through the horizontal pipe (test section
TS-3) the fluid returns to the steam drum.

When heat transfer in the core is to be investigated, steam and water
from the steam drum are sent to the mixer, MX-102, by the steam pump, SP-2,
and the circulation pump, CP-1. The water and steam flow Tates are
adjusted to give the desired two-phase fluid mixture quality at the outlet
of the mixer. The fluid then flows into the pressure vessel, PV-101, where
heat transfer in a core subjected to two-phase fluid conditions is investi-
gated. The fluid then returns to the steam drum after leaving the pressure
vessel,

In the future, the test section, TS$-3, will be replaced by the steam
generator test assembly to study heat transfer under two-phase fluid
conditions.

A water treatment system will also be supplied for TPTF. Figure 2.2 is
an isometric drawing of TPTF and the length of each pipe is shown in the
figure. Figures 2.3 through 2.6 are plan views of TPTF floors while Figs.

2.7 and 2.8 are section views of TPTF. Figure 2.9 shows the electrical

equipment layout.



JAERI-M 83-042

2.2 Pressure Vessel

Figure 2.10 shows the pressure vessel which will be used for the
investigation of heat transfer in a core under two-phase fluid conditions.
A 5x5 fuel bundle will be inserted in the pressure vessecl and the mixer is
to be installed just upstream of the pressure vessel. Water flows into the
mixer through-nozzle N-2 and steam flows into the mixer through nozzle N-3.
Both fluids are combined in the mixer to give a two-phase fluid of the
desired quality. The fluid then flows into the core where the heat
transfer from a fuel pin can be investigated. (The details of the fuel
assembly are described in Section 2.3.} After passing through the core the
£luid flows out from nozzle N-3 and returns to the steam drum. Thermocouple
locations for the fluid temperature and the fuel pin temperature measurements
are shown in Section 2.3. The major specifications of the pressure vessel
are given in Table 2.1.

Figure 2.11 shows the structure of the pressure vessel mixer MX-102.
The mixer consists of 30 mixing tubes with holes on the surface and tie
plates and a tie rod for supporting the mixing tubes. The steam from
nozzle N-3 in Fig. 2.10 flows into the mixing tubes and out through the
holes mixing with the water entering the mixer from nozzle N-2. Each tube

has 16 holes with a 25mm pitch.

2.3 Fuel Assembly

Figures 2.12 to 2.22 show the structure of the TPTF fuel assembly.

The fuel assembly inserted in the pressure vessel is shown in Fig. 2.12.
The fuel assembly consists of 25 indirect electrially heated fuel rods
installed in a channel box. The fuel rods are arrayed with a 16.16mm pitch

and supported by the upper and lower tie plates and 9 spacers. Section view

— 5 -
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AA shows the set flange through which the fuel rod and instrument leads exit
from the pressure vessel. Section view BB shows the flow channels in the
preSSure‘vessel. The channel box with 25 fuel rods is fixed by supports to
the pressure vessel shell. The fluid flows in the channel box but is
stagnant in the region surrounding the channel box. Section view CC shows
the arrangement of the fuel rods in the channel box.

Figure 2,13 shows a simulated fuel rod. Section view AA shows the cross
section of the non-heating section éf each fuel rod. The insulator used is
. MgO. Section view BB shows the cross section of the non-heating section
just above the heating section. Section view CC shows the cross section of
heating portion of the fuel rod. The core insulator for the heater element
is sintered BN and the insulator between the heater element and the rod
sheath is packed BN, Thermocouples to measure the fuel rod surface tempera-
ture are embedded in the sheath. The azimuthal orientation of the thermocoup-
les is shown in this figure and axial location in the fuel assembly is shown
in Fig. 2.20,

TPTF has two types of fuel assemblies., One is fuel assembly A which
gives the flat axial power profile shown in Fig. 2.14(a) and another is fuel
assembly B which gives the chopped cosine axial. power profile shown in Fig.
2.14(h). The structure and the fuel rod of fuel assembly A are as same as
those of fuel assembly B except for heater specification. The specifications
for these two fuel assemblies are given in Tables 2.2 and 2.3, respectively,

Figure 2.15 shows the details of the spacer which is used in the TPTF
fuel assemblies,

Figure 2.16 shows the tie plate of the TPTF fuel assemblies. There are
four types of flow pathes in the TPTF fuel assembly tie plate. The total flow
area of the tie plate is shown in Fig. 2.16.

Figure 2.17 shows the lower part of the pressure vessel. In the figure,

() is a ground connection plate for support of fuel rods.

-6 —
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Figure 2.18 shows the upper part of the pressure vessel. Non-heating
sections of the fuel rods and sleeves for instrument lead lines penetrate
the upper tie plate and the set flange.

The set flange of the pressure vessel is shown in Fig. 2.19. A water-
tight seal is made here by the sleeves which are installed around the fuel
rods and instrument leads.

The locatibns of the thermocouples and conduction probe type void
sensors in the pressure vessel are shown in Fig. 2.20. Ninety-nine
thermocouples are installed on the fuel rod surfaces, forty thermocouples
measure the fluid temperature, ten thermocouples measure the channel box
surface temperature and twenty-four void probes are installed for water
level measurement. The thermocouple is made of Chromel-Alumel (CA) and
the measurement grade class 1s 0.4. Specifications of thermocouples are
given in Table 3.3.

The details of the fluid temperature thermocouple installation are
shown in Fig. 2.21. The protector for the thermocouple is held by the
fuel assembly grid spacer, and the thermocouple is installed inside the
protector. The top of the protector is plugged and the fluid flows into
the protector through two holes on the protector surface. Measuring the
fluid temperature inside the protector eliminates the effect of radiation
from the surrounding structures.

Figure 2.22 shows the method of installing conduction-probe type void
sensors on the channel box surface. The locations are shown in Fig. 2.20.

The dummy heaters shown in Fig. 2.23 are installed in the water pool
outside the pressure vessl. They are necessary because the 25 fuel rods in
the channel box are heated with a three phase electricity source. The heating
capacity, and electrical registance, of the dummy heater is same as that of

a fuel rod in the channel box.



JAERI-M 83-042

2.4 Horizontal Pipe Test Section

The horizontal pipe section is pictured in Fig. 2.24. The test section

consists of five pipe components of 2m in length and made of 8B schl20 SUS304TPS
and inlet mixer. In the future, the instrumentation needed to investigate
the two-phase flow pattern in a horizonatal pipe willibe added to this test
section. Also, the test assembly needed to calibrate two-phase flow
instruments to be used in LSTF will ge added. The major specifications are
~given in Table 2.4.

The inlet mixer to the horizontal pipe test section is shown in
Fig. 2.25. The mixer consists of fifty-four mixing tubes and their
associated support structures. Each tube has twenty holes with a 25mm pitch.
The steam flows out through the holes mixing with the water.

Figure 2.26 shows the sight glass on the horizontal pipe test section.

It will enable visual observation of two-phase flow pattern in the pipe.

2.5 Pumps

Figure 2.27 shows the steam pump. It was developed for TPTF so that
the high flow rate steam could be transported at high pressure and
temperature. The specifications are given in Table 2.5. The water
circulation pump is shown in Fig. 2,28. The specifications are given in

Table 2.6.
2.6 Steam Drum and Air Condenser

The steam drum is shown in Fig. 2.29. Heaters are installed in the
drum to heat-up the water and steam in it. The water is drawn out through

nozzle N-2 by the circulation pump. The steam flows out to the steam pump

-
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and the test section through the demister and nozzles N-1 and N-5. The
specifications are given in Table 2.7.

Figure 2.30 shows the steam drum heater. It has 52 heater pins. The
arrangement of the heater pins and the support rods is show in the section
view CC.

Figure 2.31 shows the air condenser. It is psed to provide a heat

sink for the syétem to enable it to operate at steady state.
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3. Instrumentation

3.1 Physical Quantities and Methods of Measurements

In this section, measurement parameters and methods to obtain thermal-
hydraulic information are presented. Each data is measured by the instrument,
converted to a voltage and recorded on magnetic tape by data acquisition

system {DA-8500).

3.1.1 Pressure

Pressures at the inlet and outlet of both the pressure vessel and the
horizontal test section and the inlets of the steam and liquid flow meters
are measured by electronic pressure transmitters. Specifications of these
transmitters are given in Table 3.1. A block diagram of the pressure

measurement systems is shown in Fig. 3.1.

3.1.2 Differential Pressure

Differential pressure between the inlet and outlet of both the pressure
vessel and the horizontal test section and across the orifices used to obtain
steam and liquid flow rates are also measured by electronic pressure
transmitters. The liquid head in the steam drum is measured, but not
recorded, in order to control the drum liquid level. Specifications of
these transmitters are given in Table 3.2. A block diagram of the differential

pressure measurement systems is shown in Fig. 3.1.
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3,1.3 Temperature

Fluid and wall surface temperatures are measured by SUS or inconel
sheathed CA thermocouples. Thermocouple signéls are processed in two ways;
a) obtaining a thermoelectromotive forece directly throngh zero contacts

inserted in an electronic zero contact apparatus (microfreezer)
b) obtaining femperature value by an electronic temperature transducer.

The former is applied to data recorded by the DA-8500 and the latter 1s
applied to process systems either measuring liquid or steam flow rates
or contreolling the liguid livel in the steam drum. The same materials
as the CA thermocouple are used as the compensation lead wires for the
fuel assembly heater thermocouples soO as to sSuppress the increase of
error. Figures 2.20, 2.21 and 2.22 show the instrumentation of the fuel
assembly. Specifications of the thermocouples are given in Table 3.3.

A block diagram of the temperature recording systems is shown in Fig. 3.2,

3.1.4 Fluid Flow Rate

Liquid and steam flow rates through circulation pump CP-1 and steam
pump SP-2 are measured independently by means of a process computing system
(HOMAC 500 Series) using differential pressures across orifices, fluid
temperatures and pressures. Two orifices can be selected and installed
in the measuring sections for the low range and high range flows to achileve
the desired experimental flow rate. Information such as fluid temperatures,
used to obtain fluid flow rates, as well as fluid flow rate data, are-also
recorded by the DA-8500. This is necessary since the liquid passing through
the measuring section is saturated or slightly subcooled due to heat loss

and the steam passing through the measuring section will be slightly
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superheated by the steam pump head. To obtain the fluid condition at the
outlet of the mixers, used on the pressure vessel and the horizontal test
section, the heat loss between orifice and mixer should be measured for
both the liquid and steam piping systems. Specification of these orifices
are given in Fig. 3.3 and Tables 3.4 and 3.5. A block diagram of the flow

rate measurement system is shown in Fig. 3.4.

3.1.5 Liquid Level

Conduction probes are installed on the channel box wall surface of the
fuel assembly as shown in Fig. 2.22. Conduction probes give an ON signal
when covered with liquid and OFF signal when covered with steam. These
ON-OFF signals will be used to determine whether liquid is present or not.
When probes are exposed to two-phase flows frequent oscillations between
ON and OFF signals are obtained. A block diagram of the channel box liquid
level measurement system 1s shown in Fig. 3.5.

Liquid level in the steam drum 1s measured (but not recorded) by the

water head in the steam drum.
3.1.6 Power Supply

The power supplies for the fuel assembly, the steam drum heater, the
circulation pump and the steam pump are independently controlled by Silicon
Controlled Rectifier (SCR) and only the input power to the fuel assembly is
recorded. Power sepplied to the fuel assembly has a digital power set-up
system to control the input power with the step-wise incremented of lkw;

The SCR power control system for the steam drum heater has the air condenser
as a heat sink. Power to the steam drum heater, the circulation pump and the

steam pump can also be controlled manually to an arbitrary power level.
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Block diagrams of the power supply systems for the fuel assembly and the

steam drum heater are shown in Figs. 3.6 (a) and {(b), respectively.

3.1,7 Data Acquisition System

Measured data are converted to a voltage (2~10 V DC and 010 V DC) by
various sensors and DC amplifiers before the input of the data logger
(DA-8500) . Thereafter, analog voltage data is converted to digital data
and recorded on magnetic tape in the data logger. The experimental data
recorded on magnetic tape are processed by the FACOM system computer in
JAERLI. Specifications of the data logger (DA-8500), DC amplifiers and
other electronic devices used for data acquisition are given in Tables 3.6
throngh 3.11. Table 3.12 is a measurement list with the estimated accuracy

of the data recorded on the magnetic tape.

3.1.8 Two-phase Flow Instruments of Horizontal Pipe Test Section

Fluid flow conditions in the horizontal piping, mainly flow pattern and
interphasial drag of the two-phase flow, will be investigated with various
two-phase flow instruments, Some of the devices to be mentioned beiow are
still in the developmental stage. These instruments are located in the Zm
pipe sections which are connected by Gray Locks to form a 10m horizontal
pipe test section.

A Pitot tube and a correlation flow meter are used to measure the liquid
and steam velocities. Five point CPT (conductivity probe with thermocouple)
rakes and three-beam y-densitometers (one fixed beam type and two traversing
beam type) will be used to measure the liquid levels and the fluid density.
The full-flow type drag screen flow meter combined with the fixed three-beam

y-densitometer is used to measure the mass flow rate in the pipe. A pair of
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sight glasses installed perpendicularly to the pipe horizontal axis are
used to observe directly the two-phase flow pattern. The schematics of
device arrangement are shown in Fig. 3.7. Major specifications of the
Pitot tube, y-densitameters and the full-flow drag screen flow meter are

given in Tables 3.13 through 3.15.

3.2 Instrument Locations

Figure 3.8 shows the instrument locations for TPTF. Symbols in the
open circles correspond to those written in the measurement list of Table

3.12.
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Table 1. 1
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Flow Rates through Test Section of

TPTF at 12ZMPa

Test Section

Horizontal Pipe

Test Section

Vertical

Pressure Vessel

Min. 150.0 m3/h 2.86 m3/h
Steam
flow rate Max. 700.0 m3/h 58.60 m3/h
Min. 30.0 m3/h 0.305 m3/h
Liquid
flow rate Max. 170.0 m3/h 6.260 m3/h
*
AP 0.098 MPa 0.118 MPa
Max. flow rates are Max. total mass
Remarks same as that of the rated flux

value of the pumps

10 kg/m2h

* Differential pressure between the inlet and the outlet of the

test section

Table 2.1 Major Specifications of Pressure Vessel

Type Vertical Cylinder
Size 88 sch 160 x 5500
Volume 0.13 m3
Max. Operating 12.7 MPa
Pressure
+ Max. Operating 603 K
Temperature
Material SUS 304

mm
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Table 2.2(a) Major Specifications of Fuel Assembly A

Fluid Water
Heater Arrangement 5x%x5
Heater Type Indirect Electrical Heating, Ground

- Maximum Temperature

Fluid 603 K
Sheath 1273 K {Surface)
Electric Capacity .
MOD 1 37.04 kW/ROD (5x5 Heater Rods and 2
Dummy Heaters)
MOD 2 83.33 kW/ROD (3x3 Heater Rods)
Power Distribution '
Axial Flat
Radial Flat
- Heating Length 3700 mm
Heater Outer Diam. $12.27 mm
Heater Rod Pitch 16.16 mm
Sheath Material INCONEL 6G0
- Power Source
MOD 1 AC 400 V3¢ Y connection
MOD 2 AC 600 V 3¢ Y connection
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Table 2.2(b) Major Specifications of Fuel Assembly B

- Fluid Water
* Heater Arrangement 5x5
* Heater Type Indirect Electrical Heating, Ground

+ Max., Temperature

Fluid 603 K
Sheath 1273 K (Surface)
* Electric Capacity
MOD 1 37.04 kW/ROD (5x5 Heater Rods and 2
bummy Heaters)
MOD 2 83.33 kW/ROD (3x3 Heater Rods)
* Power Distribution
Axial Chopped-cosine (7 steps, P.F. = 1.4)
Radial Flat
- Heating Length 3700 mm
+ Heater Quter Diam. $12.27 mm
* Heater Rod Pitch 16.16 mm
Sheath Material INCONEL 600
. Por;rer Source
MOD 1 AC 400 V 3¢ Y connection
MOD 2 AC 600 V 3¢ Y connection
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Table 2.3 Major Specifications of Horizontal Pipe Test Section

* Type Horizontal Pipe
divided into 5 parts connected by Gray Locks
* Size 8B sch 120 (ID 179.9 mm) x 2000mm x 5
- Max. Operating Pressure
128 kg/cm?G (12.65 MPa)
- Max. Operating Temperature
603 K.
- Material SUS 304

Table 2.4 Major Specifications of Steam Pump

* Type Vertical Centrifugal Canned Motor Blower
. Gas Handled Saturated Steam

. Capacity (Rated) 60067 Nm3/h

. Inlet Conditions (Rated)

Inlet Volume 700 m3/b (2.47 x 10% f£t3/h)
Pressure 120 kg/cm?G  (11.87 MPa)
Temperature 596 K

Discharge Conditioms {Rated)
Pressure 122 kg/csz (12.07 MPa)
Temperature 603 K

. Adiabatic Head (Rated)}
288 kgm/kg (at 120 kg/cm’G)

+ Speed
Max. 3600 RPM (at 60 Hz)
Min. 1800 RPM (at 30 Hz)
+ Impeller Diam. 400 mm

.__1gﬁ
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Table 2.5 Major Specifications of Circulation Pump

* Type Vertical Centrifugal Canned Motor Pump
* Fluid Water
*+ Tnlet Pressure (Rated)
120 kg/cm?G  (11.87 MPa)
* Discharge Pressure (Rated)
123 kg/csz (12.16 MPa)
Total Differential Head (Rated)

46 m
- Rated Flow 170 m3/h  (6.000 x 103 £t3/h)
+ Temperature (Rated) 597 K
+ Motor Power (Rated) 3¢ 400 Vv 50 Hz

Table 2.6 Major Specifications of Steam Drum

i) Drum
+ Type Vertical Cylinder
+ Size $1300 I.D. x 6000 mmH
* Volume 6.5 m3

* Max. Operating Pressure
128 kg/em?G  (12.65 MPa)

+ Max. Operating Temperature

603 K
. Material SS (SB 49) + 3t inner lining (SUS 304)
ii) Heater
» Fluid Water
* Type Indirect Electrical Heating, Ground

+ Max. Operating Pressure
128 kg/em?G  (12.65 MPa)
*+ Max. Operating Temperature
603 K
+ Electric Capacity 620 kW Maximum
200 kW x2 {ON-0OFF Controlled)

220 kWx 1 (SCR Controlled)
Input Power AC 440 V 3¢ Y connection x 2
AC 400 V 3¢ Y connection x 1
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Table 2.7 Major Specifications of Air Condenser

+ Type Natural Circulation with Forced Air Cooling
+ Fluid . Steam
* Flow Rate 3000 kg/h
» Operating Temperature
Inlet 597.15 K
Outlet 596.85 K

120 kg/cmG (11.87 MPa)

Pressure Loss 0.1 kg/cm2 (Allowed)
Total Area for Heat Transfer

155,7 m?
Heat Radiation 8.6 x 107 kcal/h (1 MW)

Logarithmic Average Temperature Difference
204.1 K
Total Heat Transfer Coefficient
27.1 keal/m?h K (31.5 W/m%K)

* Cooling Air

Flow Rate 22760 kg/h (4.9 m3/S)
Inlet Temp. 305.15 K

Outlet Temp. 462.55 K

Press. Loss 8.97 mmH50
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Table 3.1 Specifications and Performance of

Electronic Pressure Transmitters

- Measuring Span 150 kgf/em? (14.8 MPa)
Qutput Signal 420 mA DC
Operating Temperature Range

Measuring Fluid 233 ~ 393 K

Transducer Ambient

243 v 373 K
Power Supply 530 Vv DC  (Max.)
Performance Characteristics (Indicated in % of Full Span)
Accuracy + 0.5%
Repeatability 0.05%
Dead Band 0.01%7 or less

Ambient Temperature Effect
+ 0.5%/ 40K on Zero Point
(at Full Span, 263373 K)
Power Supply Voltage Effect
+ 0.005%/V
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Table 3.2 Specifications and Performance of

Electronic High Pressure DP Transmitters

- Measuring Span a) 2000 mm HpO (19.6 kPa)
b) 3000 mm Hp0 (29.4 kPa)
c) 5000 mm HyO (49.0 kPa)
d) 20000 mm H50 (0.196 MPa)

- Operating Pressure -1~ 4420 kgf/cm2 (-0.2 MPav+41.3 MPa)
. Operating Temperature Range
Measuring Fluid 233 ~~ 393 K
Transducer Ambient 243 373 K
+ Qutput Signal | 420 mA DC
+ Power Supply 50 v DC (Max.)
+ Performance Characteristics {Indicated in % of Full Span)
Accuracy + 0.5%
Repeatability 0.1%
Dead Band 0.05%

Ambient Temperature Effect
0.5%/ SOK on Zero Point
(at Full Span, 263~ 373K)
Static Pressure Effect
0.2%/100 kgf/cm? (at Full Span)
Power Supply Voltage Effect
0.005%/V
+ Measurement Applications
a) Steam Drum Head
b) Orifice Measuring Liquid Flow (Low)
Orifice Measuring Steam Flow
¢) Orifice Measuring Liquid Flow (High)
d) Differential Pressure between Inlet and Outlet of

Pressure Vessel and Holizontal Test Section
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Table 3.3 Thermocouple Specificationé

i) Fluid Temperature

+ Element Chromel-Alumel
+ Class 0.4

- Sheath Diam. ?1.6

- Sheath Material SUS 316

- Measurement Junction Ungrounded (J#9)
- Standard JIS C1602-1974

* Pairs Single or Double

ii) Fuel Assembly Heater Rod Surface Temperature

+ Element Chromel-Alumel
Class Special
Sheath Diam. 0.5
* Sheath Material INCONEL 600
+ Measurement Junction Ungrounded (J#9)
+ Standard ANSI (€96.2-1973
+ Measurement Foints 11 /ROD

iii) Fuel Assembly Fluid Temperature

+ Element Chromel-Alumel

* Class 0.4

- Sheath Diam. %0.65

- Sheath Material INCONEL 600

+ Measurement Junction Ungrounded (J#Q)

+ Standard JIS C1602-1974

- Pairs Single

+ Measurement Points 8 x5 / Fuel Assembly

iv) Wall Temperature of the Channel Box Inside of the Fuel Assembly

- Element Chromel-Alumel

+ Class 0.4

- Sheath Diam. ?1.6

+ Sheath Material INCONEL 600

- Measurement Junction Ungrounded (J#Q)
Standard JIS C1602-1974

+ Pairs Single

* Measurement Points 7x2410 / Fuel Assembly



v)

vi})

JAERI-M 83-042

Table 3.3 (Continued)

Dummy Heater Surface Temperature

+ Element Chromel-Alumel
Class 0.75
Sheath Dia. $0.5
Sheath Material INCONEL 600
+ Measurement Junction Ungrounded (J#9)
Standard JIS C1602-1974
Steam Drum Heater Surface Temperature
« Element Chromel-Alumel
Class 0.75
Sheath Dia. 1.6
Sheath Material INCONEL 600

« Measurement Junction Ungrounded (J#9)

- Standard JIS C1602-1974

- Measurement Points 1 /Power Supply
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Table 3.4(a) Specifications and Calculations of Orifices

to Measure High Range Liquid Flow (FE-1-A and FE-1-B)

i) Specifications

* Orifice
Shape Edge Orifice
Pressure Taps Corner Taps, 15A (Sch 160}, PT 3/8
Material ' SUS304
Prain Gas Hole None .
* Ring
Tap Connection Screwed Type
Ring No. R46
* Flange Rating JPI (ANSI) CL. 1500
* Fluid Water
+ Flow Rate
Full Scale (Opr.) 200 m3/h (A), 50 m3/h (B)
Normal 170 m3/h (&), 30 m3/h (B)
+ Pressure
Normal 120 kg/csz (11.87 MPa)
* Temperature
Normal 597.15 K
* Pipe
Size 6B (Sch 120)
Roughness 0.05 mm

- Differential Pressure 5000 mmH,0 (49.0 kPa)
ii) Calculation
W = 0.01252+c-0-Bc2 D2+ VAP g

Calculation Data

+ Orifice Dia. (at 293.15K) d $92 mm(A),  48.67mm(B)
(at Opr. Temp.) d  %92.51mm(a), 48.95mm(B)
* Pipe Irmmer Dia. (at Opr. Temp) Dy ¢137.36mm(A,B)
+ Diameter Ratio di/D¢ Bt 0.6735(A), 0.3563(B)
+ Flow Coefficient a 0.6766(A), 0.6045(B)
+ Expansion Factor € 1.0000 (A,B)
* Reynolds ﬁzﬁbggr‘ Flow Rate) RED 3309461 (A), 584023 (B)
- Max. Pressure Loss PL 2652 mmHp0(A), 4287 mmH,0(B)
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Table 3.4(a) {continued)

+ Tap Location (Up) Xu 0 mm (A, B)
(Down) Xd 0 mm (A, B)
- Weight Flow Rate W 131440kg/h(A), 32860kg/h(B)
. Differential Pressure AP 5000 mmHy0 (A, B)
Specific Weight (at Opr. Temp.) Tf 657.2 kg/m3
+ Viscosity m 0.087 cp
- Flow Range* 4 - 100%
+ Standard
Corner Taps/Flange Taps JIS Z 8762-1969 (IS0 R541)
Fluid Meters 1971 (ASME)

% Deviation of the flow coefficient is within +0.5% in the Flow Range
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Table 3.4(b) Specifications and Calculations of Orifices

to Measure Low Range Liquid Flow (FE-101A and FE-101B)

i) Specifications

* Orifice
Shape Edge Orifice
Pressure Taps Corner Taps, 15A (Sch 160), PT 3/8
Material sUs 304
Drain Gas Hole None,
* Ring
Tap Connection Screwed Type
Ring No. R24
+ Flange Rating JPI (ANSI) CL. 1500
+ Fluid Water
- Flow Rate
Full Scale (Opr.) 10 m3/h (A), 2 m3/h (B)
Normal 5 m3/h (4), 1.5 m3/h (B)
* Pressure
Normal 120 kg/cm2G (11.87 MPa)
+ Temperature
Normal 597.15 K
+ Pipe
Size 2B (Sch 80)
Roughness 0.05 mm

* Differential Pressure 3000 mm Hy0 (29.4 kPa)

ii) Calculation
W= 0.01252+c-a- By 2 D2+ VAP T

Calculation Data

- Orifice Dia. (at 293.15K) d $24.35mm(A), $11.12mm(B)
(at Opr. Temp.) de  ?24.45mm(A), ®11.18mn(B)

* Pipe TInner Dia. (at Opr. Temp.) Dy ®49.78mm(A, B)

- Diameter Ratio d./Dg B 0.492 (A), 0.2246 (B)
* Flow Coefficient o 0.6232 (A), 0.5978 (B)
» Operation Factor £ 1.0000 (A, B)

* Reynolds Number
(at Nor. Flow Rate) RED 268611(A), 80583(B)

* Max. Pressure Loss PL 2214mmHy0 (4), 2824mmH,0
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Table 3.4(b) {continued)

* Tap Locatien (Up) Xu 0 mm (A, B)

(Down) Xd 0 mm (A, B)
+ Weight Flow Rate W 6572kg/h(A), 1314.4kg/h(B)
+ Differential Pressure AP 3000 mmH20 (A, B)
Specific Weight (at Opr. Temp.) Tf 657.2 kg/cm3
« Viscosity u 0.087 cp
. Flow Range™ 10 - 100%
Standard .
Corner Taps/Flange Taps JIS Z 8762-1969 (IS0 R541)
Fluid Meters 1971 {(ASME)

* Deviation of the flow coefficient is within +0.5% in the Flow Range
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Table 3.5(a) Specifications and. Calculations of Orifice

to Measure High Range Steam Flow (¥FE-2)

i) Specifications

« Orifice
Shape Edge Orifice
Pressure Taps Corner Taps, 15A (Sch 160), PT 3/8
Material SUS 304
Drain Gas Hole None

* Ring
Tap Connection Screwed Type
Ring No. R50

Flange Rating JPI (ANSI) CL. 1500
* Fluid Saturated Steam

- Flow Rate
Full Scale (Opr.) 800 m>/h

Normal 500 m3/h
+ Pressure

Normal 120 kg/cm?G (11.87 MPa)
* Temperature

Normal 596.95 K
* Pipe

Size 8B (Sch 120)

Roughness 0.05 mm

Differential Pressure 3000 mmH»0 (29.4 kPa)
ii) <Calculation
W= 0.01252° ¢ a-B 2 D - /AP Ty

Calculation Data

. Orifice Dia. (at 293,15K) d 9119.49 mn
(at Opr. Temp.) d¢ $120.16 mm

» Pipe Inner Dia. {(at Opr. Temp.) Dy $180.91 mm

+ Diameter Ratio dy /D By 0.6642

+ Flow Coefficient o 0.6721

+ Expansion Factor € $.9995

RBYHOldS(zzm;§§. Flow Rate) RED 3134412
+ Max. Pressure Loss PL 1628 mmH»0
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Table 3.5(a)

- Tap Location (Up)
(Down)
Weight Flow Rate

« Differential Pressure

specific Weight (at Opr. Temp. )

Viscosity

+ Flow Range*

Standard
Corner Taps/Flange Taps
Fluid Meters

(continued)

Xu
Xd

AP

Tf

0 mm

0 mm

55311.6 kg/h
3000 mmH, 0
69.1396 kg/m>
0.0216 cp

3 - 100%

JIS Z 8762-1969 (ISO R541)
1971 (ASME)

w coefficient is within 45% in the Flow Range
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Table 3.5(b) Specifications and Calculations of Orifices

to Measure Low Range Steam Flow (FE-102A and FE-102B)

i) Specifications
* Orifice
Shape Edge Orifice
Pressure Taps Corner Taps, 15A (Sch 160), PT 3/8
Material SUS 304
Drain Gas Hole None
* Ring |
Tap Connection Screwed Type
Ring No. R35
* Rlange Rating JPI (ANSI) CL. 1500
* Fluid Saturated Steam
- Flow Rate
Full Scale (Opr.) 100 m3/h (a), 20 m3/h (B)
Normal 80 m3/h (&), 18 m3/h (B)
* Pressure
Normal 120 kg/em?G (11.87 MPa)
+ Temperature
Normal 596.95 K
* Pipe
Size 3B (Sch 80)
Roughness 0.05 mm
- Differential Pressure 3000 mmHp0 (29.4 kPa)
ii) Calculatien

W= 0.01252'€‘u‘Btz'Dt2°¢AP'rf

Calculation Data

- Orifice Dia. (at 293.15K) d
(at Opr. Temp.) d,

- Pipe Inner Dia. (at Opr. Temp.) D¢

* Diameter Ratio  d/Dt Be

+ Flow Coefficient o

+ Expansion Factor £

* Reynolds Number RED

(at Nor. Flow Rate)

- Max. Pressure Loss PL

$43,15mm (A), 919.99mm (B)
$43,39mm (A), $20.10mm (B)
$74.31mm (A, B)

0.5839

0.6444 (A), 0.6004 (B)
0.9992 (A), 0.9991 (B)

1220851 (A), 274692 (B)

1919mmH,0(A) , 2748mmHy0(B)
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Table 3.5(b) {continued)

.+ Tap Location (Up) Xu 0 mm (A, B)
(Dowm) Xd 0 mm (A, B)
- Weight Flow Rate W 6913.95kg/h(A), 1382.79kg/h (B)
« Differential Pressure AP 3000 mmH»0 (A, B)
- Specific Weight (at Opr. Temp.} Tf 69.1396 kg/m3
+ Viscosity 1 0.0216 cp
+ Flow Range® 6 - 100%
+ Standard
Conner Taps/Flange Taps JIS 7 8762-1969 (ISO R541)
Fluid Meters 1971 (ASME)

# Deviation of the flow coefficient is within +0.5Z in the Flow Range
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Table 3.6 Major Specifications and Performance of

Data Logger (DA-8500)

Analog Input (Multiplexer and A/D Converter)

* Type

Volt Range

Gain

Impedance

Conversion Speed

Conversion Data

Accuracy
Accuracy

Temp. Coeff.

* Number of Channels

2)

Unbalanced Input (Single-ended)
+(10 ~1LSB)V, 10V
(LSB=10/2048 (Resclution of ADC))
1
1 M (at Power ON)
3300 (at Power OFF)
10 ps (Maximum)
S+11 bit (Minus is complement of 2)

+0.2% of FS (at 293 & 5K
+130 PPM of FS/K
64 x 4

Analogue Output (D/A Converter)

* Input Type

Input Data

+ Qutput Volt Range

- Qutput Impedantce

Settling Time

Accuracy

- Glitch

* Number of Channels

3)

Control Unit

Function

Display

* Key Board

Sampling Speed

Sampling Type

Unbalanced Input (Single-ended)
S+11 bit (Minus is complement of 2)
+(10 -1LSB)V, -10V

600 @

3 us

+0.5% of FS (at 29315K)

50 pys or more

4

Data Record

Data Replay (Search or Next)
Data Number List

Data Delete

Sample Check

Diagnosis

9 inch CRT
0~9, AvF, Function

30 kHz (MT: 1600BPI, Simultaneous,
1 ch recording)

Sequential or Simultaneous
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Table 3.6 {continued)

External Control
Input Type
Signal

Logical Polality

Signal Span

Externai Clock
Input Type

Frequency

+ Logical Polality

TTL Level

LOAD, START, STOP

ON lower than 0.8V  Logic "1"
OFF Flee Logic "O"
Limited by MT control

TTL Level

30 kHz (Maximum)

" Level (0 & +0.8V)
"E' Level (2.4 ~ +5V)

Magnetic Tape Recording Unit

Record Density

- Record Type
+ Label
. Tape Speed

Data Trans. Speed

IBG

+ Scue

Tracks

+ Tape Length

Tape Width
Tape Reel

Rewind Time

Imput Signal Switching
Number of Units

Input Signals

Qutput Signals

Imput Connector

- Qutput Connector

Switching
Switching Contact

Monitor

+ Power Requirement

1600 BPI or 800 BPL

PE, NRZI

Standard Label

75 inch/s (Rated)

120 Kbyte/s (1600 BPI)

60 Kbyte/s ( 800 BPI)

0.6 inch

4.7 um (3 us) by IBM Scue Tape
9

2400 ft or less

1/2 inch

10 1/2 or 8 1/2 inch  IBM hab
less than 120s (at 2400 ft Tape)
Unit

8

64 ch/Unit

32 ch/Unit

BNC

Multi (16 ch) x 2

32 ch together

DC 200V 0.5 A (Rated)

1 ¢h out of 32 ch output

+48V DC
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Table 3.6 (continued)

General Performance

Accuracy

Power Requirement

+ Power Consumption

Operating Temperature

+ Operating Humidity

-30.25% FS at 20 + 5°C

(Input Signal Switching Unit + Interface Unit)
AC 100V + 10%, 50/60 Hz

1 KvVA

278 ~ 313 K

30 ~ 80% RH
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Table 3.7(a) Specifications and Performance of DC Amplifiers

for Temperature Measurement Systems (6B¢6YD)

Input
Type Floating Input
(Single ended input also possible)
Impedance 10 MO + 10 MQ '
Gain Control
Steps 1000, 500, 250, 100, 50, 1 and OFF
Accuracy + 0,05%
Stability + 0.01%/K
Fine Adjusting Control Gain Step x 13
- Linearity 4+ 0.01% FS
Frequency Response nC to 50 KHz, +1dB, -3dB
Output Filter
Type 3-pole Bessel low-pass filter
Passband DC to 2Hz, DC to 10Hz, DC to 100Hz,

DC to 1KHz, DC to 5KHz and Wide Band

Common-mode Rejection Ratio
(with 1K@ signal source unbalance)

110 dB at 50Hz, 150 dB at DC
Common-mode Voltage + 600 V DC or Peak AC
Allowable Differential Voltage Input

Not broken down with +40V at maximum gain

» Drift 2 uV/K after 1 hour warm-up and with

input shortcircuited
(Referred to input at maximum gain)

Noise 30 wp_p RTI + 5 mVp_p RTO
(at DC to 5 KHz Passband)

Settling Time 100 usec is required for output to reach
99.9% of final value with application of
fullscale step input (at Wide Band Passband)

. Overlcad Recovery Time

Within 1 msec (at Wide Band Passband)
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Table 3.7(a) (continued)

Output
Voltage +10 V
Current . +100 mA
Impedance 0.10
Capacitive Load Stable Operation Obtainable with up to O0.1uF
Reproducibility +0.05%/FS
- Operating Temperature Range
268 v 313 K
Operating Humidity Range
30 ~ 90% RH
Calibration Voltage
Range 0, 20, 40 mV
Accuracy +0.05%
Stability 50 PPM/K, 1000 PPM/3 months.
+ Power Requirements AC 100V + 10% 18 VA 50/60 Hz



Table 3.7(b) Specifications and Performance of

JAERI-M 83-042

for Conduction Probes (6L71YP)

* Input
Type

Impedance
Voltage

* Gain Control
Steps
Accuracy

Stability

Floating Input

(Single-ended input alsc possible)
10 MO + 10 M@

+ 10 mV to £ 10 V

1000, 500, 250, 100, 50, 1 and OFF
+ 0.2%
+ 0.05%/K

Fine Adjusting Control

* Linearity
. Frequency Response
Qutput Filter
Type

Passband

Characteristics

Gain Step x 1.3
+ 0.1% FS
DC to 2.5 KHz, +5%, -10%

3-pole Bessel low-pass filter

DC to 2 Hz, DC to 10 Hz, DC to 100
DC to 1 KHz and Flat

-3 dB + 1 dB at Cut-off frequency,

.- Common-mode Rejection Ratio
{(with 5009 signal source unbalance)

+ Commoun-mode Voltage

. Allowable Differential

* Drift

+ Noise

+ Qutput
Voltage
Current
Impedance
Capacitive Load

Calibration Veltage

Range
Accuracy

Stability

110 dB at 50 Hz, 150 dB at DC
+ 300V DC or peak AC

Voltage Input

40 V (DC or AC)

2 uV/Kp_p RTI + 500 uV/Kp_p RTO
30 uV/Kp_p RII + 5 mV/Kp_p RTO

+ 10V

+ 50 mA

0.1 + 200 uyH series
0.5 uF

0, =50 mv, +50 mV

+ 0.5%
100 PPM/K, 1000 PPM/3 months

DC Amplifiers

Hz

-18 dB/oct
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Table 3.7(b) {continued)

* Operating Temperature Range

268 ~ 313 K
+ Operating Humidity Range
30 v 80 ZRH
- Power Requirements AC 100V + 10% 50/60 Hz
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Table 3.7{(c) Specifications and Performance of DC Amplifiers

for Pressure, Differential Pressure, Flow and Fuel

Assemblies Power Measurement Systems (6B06, WDA-103)

Input
Type

Tmpedance
Gain Control

Steps

Accuracy

Stability

Floating Input (Single-ended input also
possible)
5 Mg + 5 MQ

1000, 500, 200, 100, 50, 20, 10, 5, 2, 1
and OFF

+ 0.1%

+ 0.01%/K

Fine Adjusting Control

- Linearity

Frequency Response

- Qutput Filter

Type

Passhand

Continuously variable between calibration
gain steps

£ 0.01% FS

DC to 50 KHz, +1dB, -3dB

3-pole Bessel low-pass filter
DC to 10Hz, DC to 100Hz, DC to 1lKHz,
DC to 10 KHz and wide band

Common-mode Rejection Ratio (with 1 KQ signal source unbalanced)

Common-mode Voltage

« Allowable Differential

- Drift

Noise

- Overload Recovery Time

120 dB at 50 Hz

160 dB at DC

+300V DC or peak AC

Voltage Input

Not broken down with + 40 V at maximum gain
2 uV/K after 1 hour warm-up and with input
shortecircuited

(Referred to input at maximum gain)

60 uV peak to peak with input shortcircuited

(Referred to input at maximum gain)

Within 1 msec
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Table 3.7(c) (continued)

+ Settling Time 100 psec is required for output to reach
99,9% of final value with application of

fullscale step input

. Output
Voltage T 10 v
Current + 100 mA
Impedance 0.1 @
Capacitive Load Stable operation obtainable with up to 0.1uF
Reproducibility + 0.05% FS
- Operating Temperature Range
273 ~ 313 K
+ Operating Humidity Range
20 ~ 90% RH
- Power Requirement AC 100V £+ 107  50/60 Hz
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Table 3.8 Specifications and Performance of

Electronic Temperature Transducers

Input

Temperature Range®

Qutput
Accuracy

Response Time

Burn-out time

Qutput ripple

Ambient Temp. Effect
Zero Point

Span

Thermocouple CA (Type K)

0 ~ 400°C (273 ~ 313 K)

0 ~ 500°C (273 ~ 323 K)

4 ~ 20 mA DC (Load resistance, 0~ 500 Q)
+ 0.5% FS

3 sec or less

(time required for 0-95% response of the
output with 100% step input)

30 sec or less

50 mV P-P (maximum)

(0.2% + 3uV + 0.3K)/ 10K
0.27/ 10K

Zero Point Shift Due to Variation of Signal Source Resistance

0.3 v/

Power Supply Voltage Effect

- Linearizer

Power Supply

+0.3%/ 10% change
Required

24 V DC
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Table 3.9 Specifications of Signal Distributer

Input Signal 4 v 20 mA DC
Qutput Signal 1~ 5VDC
+ Accuracy + 0.1% FS (for inmput)

. Operating Temperature 263 n 318 K

Table 3.10 Specifications of Signal Isolator

Input Signal 4 n 20 mA DC (Input resistance 100 R) or
1~ 5 vV DC (Input resistance 1 MQ or more)
- Voltage Drop across Terminals
2 V or less
- Allowable Voltage Supplied between Input & Output
100 V AC or less
(Both (+) and (-) input terminals are
isolated from other circuits)
+ Qutput Signal 15 V DC (Load resistance, 250 KQ or more)
(Output resistance 1 K@, approx.)
Insulation Resistance 20 MO (minimum)
Accuracy + 0.2%7 FS
Ambient Temperature Effect
0.1%/ 10K
Power Supply Voltage Effect
0.1%z/ + 10%
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Table 3.11 Specifications of Electric Zero Contact (Microfreezer)

* Type Thermoelectric Freezing of Water
- Temperature Basis 0°C (273.15 K)
+ Accuracy 273.15 K+ 0.3 K

. Available Ambient Temperature Range
275 ~ 308 K

. Preparation Time VS. Ambient Temperature
45 min. at 293 K
60 min. at 298 K
85 min. at 303 K

+ Power Supply AC 100 Vv + 10%
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Table 3.13

+ Type

« Pressure
Max.
Operating

- Temperature
Max.

Operating

JAERI-M 83-042

Major Specifications of Pitot Tube

Water Purge

175 kg/cm?G (17.26 MPa)
128 kg/csz {12.65 MPa)

350°C (623 K)
328°C (601 K)

. Flow Speed (Liquid)

Low Range

High Range

Table 3.14(a)

+ y=Source
Isotope
Activity

. Detector

Type

0~ 1mfs
0~ 10 m/fs

Major Specifications of Traversing Beam

Type Three-beam y-Densitometer

137¢g
20 Ci

NaI(T#) Scitillation Counter

High Voltage Supply

- Beam Angle
+ Traverse Length
+ Resolution

* System Noise

~600 V

-15°/0/+15° wvs. Vertical
+ 250 mm

+ 0.01 g/cm3

+ 1 mV r.m.S.
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Table 3.14(b) Major Specifications of Fixed Beam Type

Three-beam y-Densitometer

* y=Source
Isotope 137¢s
Activity “Less than 10Ci
* Detector
Type NaI(T&) Seintillation Counter
- Beam Angle 30%/40°/55° wvs. Vertical
+ Resolution —
System Noise less than 7 mV P-P

Table 3.15 Major Specifications of Full-flow
Type Dry Screen Flow Meter

* Type Perforated Dray Screen with LVDT Transducer
Fluid Water and Steam
* Measuring Span
Liquid Flow 2,78 x 1073 m/s
Steam Flow 1.94 x 107t m3/s
Momentum Flux 2.0 x 102 v lO4 kg/m-82
* Voil Fraction 01
- Pipe 8B Sch 120
+ Maximum Opr. Press. 17.26 MPa (175 kg/csz)
+ Maximum Opr. Temp. 623.15 K (350°C)
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—-57~538—

Isometric Drawing of TPTF

Figure 2. 2
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i - o E ) Je T ~ :
=~ —=] ] .@g{:ﬁ'—
r t —
0% 200 o0 - - e T e *
25000 L 4
: | |
OO B ® ® ®
MARK DISCRIPTICN SIZE
D L 66KY HIGH VOLTAGE SWITCHBOARD | 2B0OW X 2350H X 22000
2 | 6.6KV/660V 1700KVA TRANSFORMER 2600W X 2200H X 19500
A | 6.6KV/440V 750KVA TRANSFORMER 1850w X 2000H X 15000
D | 6.6KV/480V SO0KVA TRANSFORMER 1350W X 1750H X 12000
® [ ND.5 HARMONIC FILTER 950W X 2135H X 9500
5 | NO.7 HARMOMIC FILTER BBOW X 2040H X 8500
5 | FUEL ASSEMBLY POWER CONTROLER 1400M X 2350H X 14000
T | STEAM DRUM HEATER POWER CONTRCLER 1200w X 23504 X 14000
@ | LOW VOLTAGE SWITCHBOARD 1200W X 2350H X 10000
@ | CONTROL CENTER CUBICLE | 2400W X 23504 X 5000
@ | STEAM PUMP SPEED CONTROLER | 2910 X 2650H X 12800
ib | CIRCULATION PUMP SPEED CONTROLER " B0OW X 2485H X BOOD
T2 | MAIN CONTROL PANEL 2200W X 2600H X 23000
3 | DATA LOGGER 1223 X 1845H X 315D
@® | POWER SUPPLY FOR INSTRUMENTATION S00W X 1100H X 6000
T5 | 400 4407 440Y 400 200 200KVA TIE-TRANSFORMER | 1310W X [890H X 15550
% | A TERMINAL £OCW X 1850H X 8000
7 | FUEL ASSEMBLY TEMPERATURE MONTOR 700W X 18504 X 8000
® | DC AMPLIFIER L 543w > 1845H X BOSD
g TRANSFORMER FOR INSTRUMENTATION 400W X 650HX 4000
-2 ! DC. AMPLIFIER | 5704 X 1845H X 7000
Figure 2. 9 Electrical Equipment Layout of TPTF
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I [ TIE ROD 4| 5US42002 2
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Figure 2.11

Pressure Vessel Mixer { MX-102 )
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TOTAL OUTPUT 83.33kW/ROD
[22.52 kw/m)

{ MODE - 2)
{ HEATED RODS 3x3}

TOTAL QUTPUT 37.04 kW/ROD

{10.01 xW/m)
{ MODE -1 )
{ HEATED RODS 5x5)
3685
. 3670 3}41.4 1 2084.2
g 4857 957.1 428.5 1898.9  1371.3 1 842.7
o g

evel

o N

3700 HEATING ZONE

HEATER PIN QUTPUT

37.04kW/ROD (MODE-1) SPECIFICATION 83.33 kW/ROD (MODE-2) SPECIFICATION

QUTPUT 37.04 kW QUTPUT 83.33 kW
HEAT - FLUX 26.0 W/cm? HEAT - FLUX 2

RESISTANCE (DESIGN) 1.43980 RATED RESISTANCE { DESIGN) 1.43980 RATED

POWER SOURCE AC400V 3¢ Y CONNECTION POWER SOURCE AC60QV 3¢ Y CONNECTION

Figure 2.14(a) Axial Power Distribution of Heater Rod of Fuel Assembly A
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8.32xw  B.32kW
31.49kW/m | 31.43 kWm 5 o

b 30 1 kw/m

\\57. AkW/m
N

\5.44 kW

1.97
L

7.36 kW
2784 kW/m

VA
24 35k TOTAL OQUTPUY 83.33kW/ROD

W (MODE - 2)
W (HEATED RODS 3x3)

i
/o \
i | \3.92kw
: ! 14.81 kW/m
2.41 kW

\9.H kW/m

\

1.07 kw
.05k m

24 35 kw/m

5.27 kw

5.27
. 19.92kWm

3.92 kW /
14.81kw/m

2. 41kW
9. 11 KwAm,

ﬁk'ﬂ‘ 3.?0“ AT0EW b sa
1 . O2KW4rla 02k Wiy
13, 30kWH o 1§§§m

/

Y

. 2TXW
237

)

tIZ.BGR\‘l'K
TOTAL OQUTPUT_37.04 kW/ROD
{MODE - 1)

(HEATED RODS 5x5)

)
AN

[t
E:

=

ga27

85.7 | [2428.5

120842
1899.9

@

C = : i i :

® © ® OO

’ *

3713

3 9

l
P64.3 1264.1 |
hall]

3700 HEATING  ZONE

HEATER PIN OUTPUT

37.04 kW/ROD (MODE-{) SPECIFICATION 83.33kW/ROD (MODE-2) SPECIFICATION

(POWER SOURCE AC400V 3P Y CONNECTION)

Figure 2.14(b) Axial Power Distribution of Heater Rod of Fuel Assembly B

OIVISION o PER et ey e OIVISION g ST e
() @ |0.405|1.07 | 10.5 |0.0416 (0 @ |0.405( 2.4t 1 23.6 |0.0416
(2 (13 |0.659|1.74 | 17.1 |0.0676 @ @ [0.659] 3.92 1 38.4 |0.0676
3 @ |0.885|2.34 | 23.0 [0.0910 @ @ |0.885] 5.27 | 51.7 [0.0910
@ {0 {1.082|2.86 | 28.1 [0.1112 @ @@ [1.082 | 6.44 [63.2 [0.4112
(® 40 [1.236 | 3.27 | 32.1 {0.1271 ® © [1.236 | 7.36 | 72.2 |0.1274
® (© 11.339 | 3.54 | 34.7 0.1376 ® @ [1.339 | 7.97 | 78.2 0.1376
@ ® [1.400 |3.70 | 36.3 |0.1438 (@ ® |1.400 | 8.32 | 81.7 [0.1438
TOTAL | —— |37.04 |peomeaz|1.4398 TOTAL | — |83.33 [Sas weed1.4398

{POWER SOURCE AC600V 3% Y CONNECTION)
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mADC VDC VDC vDC
Figure 3. Pressure and Differential Pressure Measurement System
Block Diagram
----------- —o e A e
0-10
vDC
Figure 3. 2 Temperature Measurement System Block Diagram

Notation ( Figure 3.1 through Figure 3.6 )

~DA

~DA

Symbol Item

M Electronic Pressure Transducer

@ Electronic Differential Pressure Transducer

3) Thermocouple

A DC Amplifier

C Operation Controller ( HOMAC 500 Series, EKH311A )
D Signal Distributer 4-20mABC / 1-5VDC
DA Data Acquisition System { DA-8500 )

I Signal Isolater 1-5VDC or 4-20mADC / 1-5VDC
L Loop Module { HOMAC 500 Series, EKH320A System )

T Electronic Temperature Transducer

i Electric Zero Contact ( Microfreezer )
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Figure 3. 4(a) Liquid Flow Rate Measurement System Block Diagram
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Figure 3. 4(b)} Steam Flow Rate Measurement System Block Diagram
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- 750 kVA , Low Voltage Switching-board
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Figure 3. 6(b)
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Steam Drum Heater [A),(B),(C) Power Supply Block Diagram

—100-

-



Steam
—

JAERI-M B83-042

10 m

] Mixerl

Liquid/l\

kb

E=

No. [tem
] Traversing Beam Type Three-beam v-Densitometer
2 Pitot Tube
3 Correlation Flow Meter
4 Conduction Probes { Liquid Level Meter )
5 Fixed Beam Type Three-beam Y-Densitometer
6 Full-flow Type Drag Screen Flow Meter
7 Shut-off Valve
8 Glay Lock

Figure 3. 7 Schematic of Two-Phase Flow Instrument Arrangement in

Horizontal Pipe Test Section
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