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1. Introduction

A forced-draft sodium-to-air heat exchanger (FHX) is
a part of decay heat removal system (DHRS) in
Prototype Gen-1V Sodium-cooled fast reactor (PGSFR),
which is being developed at Korea Atomic Energy
Research Institute (KAERI) [1]. Sodium thermal
hydraulic Experiment Loop for Finned-tube sodium-to-
Air heat exchanger (SELFA) is a test facility for
verification and validation of the design code for a
forced-draft sodium-to-air heat exchanger (FHX) [2]. In
this paper, we have provided design and fabrication
features for the instrumentation and control systems of
SELFA. In general, the instrumentation systems and
control systems are coupled for measurement and
control of process variables. Instrumentation systems
have been designed for investigating thermal-hydraulic
characteristics of FHX and control systems have been
designed to control the main components (e.g.
electromagnetic pumps, heaters, valves etc.) required
for test in SELFA.

2. Design Features
In this section, overview of test facility and
configurations of instrumentation and control systems

for SELFA are described.

2.1 Overview of Test Facility

Fig. 1. Piping & Instrumentation Diagram (P&ID) of the
SELFA

Comma [t sedum et O]
computing g Eracng
- positioner suivated
] Limit .
Q gnor] G e
" 3 Heater
e € com Electric loop : EM pump
et {+] 5
Tempsrature
F-| 1 Local i
51 3 s
i I—_ = (=
- a-20) * 4
i . __ _ 143
T |
4 pump Lic31 hesting
TPR panel storage tank Trstem
== |nstrumentation Systems === Control Systems

Fig. 2. Configuration of Instrumentation and Control
Systems

The SELFA consists of sodium-side components and
air-side components as shown in Fig. 1. The sodium-
side components include model FHX (M-FHX),
electromagnetic pump (EM pump), flowmeters for
sodium, pressure transmitters for sodium, electric loop
heater, expansion tank, and sodium storage tank. The
air-side components include blower, dampers,
flowmeter for air, and pressure transmitter for air. Fig. 2
shows configuration of instrumentation and control
systems of SELFA. All the signals including analog
input (Al) & analog output (AO), digital input (DI) &
digital output (DO) from the sensors are collected
through Data Acquisition System (DAS). In general, the
range of Al & AO signals is from 4mA to 20mA, while
DI & DO signals are either 0 or 1. The Al signals comes
from the sensors which have continuous measurements
of process variables such as flowmeter, pressure
transmitter. The DI signals comes from the sensors
which have discrete measurements of process variables
such as level switch, limit switch. AO signals are for
control of the components which have continuous
process output such as heater control input, while DO
signals are for control of the components which have
discrete process output such as on\off valve control.

2.2 Instrumentation Systems for SELFA

Expected operation ranges for sodium side and air
side of SELFA are shown in Table 1. The
instrumentation systems for SELFA are designed based
on the expected operation range. First, all the
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temperatures of sodium side are measured by K-type
thermocouple through thermowell for preventing
leakage of sodium. Twenty multipoint thermocouples
which can measure five points for each are used for
measurement of shell-side air temperature. Second, an
electromagnetic flowmeter and a Coriolis flowmeter are
installed for measurement of sodium flow rate in the
main loop as shown in Fig. 4. The Coriolis flowmeter
which have high accuracy is for calibrating the
electromagnetic flowmeter and vice versa. A thermal
mass flowmeter is installed for measurement of air flow
rate through shell side of M-FHX. Third, NaK filled
pressure transducers are installed for measurement of
pressure at sodium side as shown in Fig. 5 and pressure
transmitters are installed for measurement of static
pressure and differential pressure at air side. Finally, all
the signals from the sensors are collected through data
acquisition system (DAS) as shown in Fig. 6.

Table I: Expected Operation Range of SELFA

Sodium side Air side
Temperature ~500C ~350C
Flow rate ~ 4.38 kg/s ~ 3.4 kgls

Fig. 3. Multipoint thermocouple installation at shell side
of M-FHX

Fig. 4 EIectromagnetlc rowmeter (left) and Cor|0|s
flowmeter (right) installation at sodium side

Fig. 5. NaK filled pressure transducer (left) at sodium
side and pressure transmitters (right) at air side

Fig. 6. Data Acquisition System (DAS) panel of the
instrumentation systems
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Fig. 7. Block diagram of PID feedback control for
continuous control variable

2.3 Control Systems for SELFA

Instrumentation systems and control systems are
closely related with each other since the control systems
use information from the instrumentation systems. The
control systems for SELFA consist of several
controllable components, local control panel, and
Human Machine Interface. The configurations of
control systems for SELFA is as follows. First, line
heater and electric loop heater are required to be
controlled in order to make appropriate sodium
temperature which satisfies test condition and prevent
solidification ~ of  sodium.  Proportional-Integral-
Differential (PID) feedback control shown in Fig. 7 is
applied to heater control to improve performance. Al
signal from thermocouple is the input to PID feedback
controller and the output of PID controller, which is AO
signal is sent to Thyristor Power Regulator (TPR)
shown in Fig. 8 to adjust input power of heater within
the range from 0 to 100 %. Second, a blower in the air
side which provides air flow rate to shell side of M-
FHX is also controlled by PID feedback control. The
output of PID feedback controller is sent to an inverter
shown in Fig. 8. The inverter which is a kind of variable
voltage variable frequency (VVVF) controller is used to
adjust revolutions per minute (RPM) of the blower from
0 to 100% by changing frequency from 0 to 60Hz. Third,
an EM pump which provides sodium flow rate to main
sodium loop of SELFA is also controlled by PID
feedback control. The output of PID feedback controller
is sent to a slidacs. The slidacs which is variable
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transformer is used to adjust input power of the EM
pump from 0 to 100%. Finally, all the controllable
components such as EM pump, heaters, pneumatic
valves, blower of SELFA can be controlled and
monitored at Human Machine Interface (HMI) as shown
in Fig. 9. Also, all the control logics such as on/off
control and PID feedback control are implemented in
HMI.
3. Conclusions

In this paper, we have provided configurations of
instrumentation and control systems for Sodium thermal
hydraulic Experiment Loop for Finned-tube sodium-to-
Air heat exchanger (SELFA). The instrumentation and
control systems of SELFA have been implemented
based on the expected operation ranges and lesson
learned from operational experience of “Sodium integral
effect test loop for safety simulation and assessment-1”
(STELLA-1). It would be worth noting that some design
features and operational experiences of instrumentation
and control systems of SELFA could be applied to
design and implementation of instrumentation and
control systems for STELLA-2.
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Fig. 8. Thyristor power regulator (left) for line heater
control and inverter (right) for blower control in local
control panel
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Fig. 9. Human Machine Interface (HMI) of SELFA
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