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Abstract

Instrumentation and control engineering education concentrates on the measurement and control of temperature, level,
pressure and flow processes in industry. As the experimental laboratory is very vital to make students more understand in
the process control, the process control laboratory offered as an important part of the engineering curriculum is recognized
as the opportunity to improve technical skill needed to solve the real work situations. It has been known that temperature
control is widely used in industrial process. Therefore, the objective of experimental setup for temperature control in the
heat transfer process based on LabVIEW software is to familiarize the students with the basic skills necessary to use
equipment and software because the control systems in many industrial processes can be implemented on a computer

which runs on LabVIEW.
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1 Introduction

A process control laboratory course offers for the third-year
undergraduate engineering students in the Instrumentation and
Control Engineering, Pathumwan Institute of Technology,
Thailand. Normally, the necessary background knowledge for
the study of process control consists of basic mathematics,
physics, electrical and electronic circuit, sensor/transducer and
signal conditioning and programming. The course description of
the process control laboratory course is following: introduction
to process control, modeling and analyzing process dynamics,
feedback and feedforward control, PID controller and tuning,
model based control and introduction to multivariable control.
The main objectives of this laboratory course are to make
students understand process control design and computer—aided
control design, to support learning by doing, to increase the
interest of students between process control theory and practice,
and to familiarize students with the implement and rapid control
tools using LabVIEW software.

Nowadays, there are various process control laboratory based
on LabVIEW for engineering teaching and practice [1-3]
because LabVIEW provides a modern tool to easily perform the
computer-based experiments, user friendly and low cost for
implementation [4]. In addition, LabVIEW has module and
toolkit for control engineering education, such as control design
and simulation module, PID & Fuzzy logic toolkit, real-time
module and other module and toolkit for engineering education.
So far, there are many applications of control system designed
by LabVIEW [5-8]. The tension control for digital picture kiosk
by LabVIEW with FPGA module was introduced by Gomez and
Goethert [5]. The LabVIEW with PID & Fuzzy logic toolkit was
applied to temperature control by auto-tuning PID via Grey-
predictor [6] and Fuzzy Logic controller and Neuro-Fuzzy
controller based on LabVIEW were proposed in [7] and [8],
respectively. Moreover, the real-time control by LabVIEW with
real-time module was also presented [9-11]. As mentioned
earlier, the process control laboratory based on LabVIEW will
become an important way and method to experimental teaching.
As a development of the lab equipment combined with
computer—aided control design is remarkably needed and the
temperature control is very useful in many industries, the heat
flow process is created and used for the experimental teaching in
the process control laboratory course. The objective of this
paper is to present the experimental setup of temperature control

based on LabVIEW for heat flow process. The results of control
system response are shown in this paper as well.

2 Heat Flow Process

A model of heat flow process was designed as shown in Fig. 1.
The atmospheric air forced by electrical fan flows across heaters
to generate hot air in which the heat flow based on internal
forced convection heat transfer was presented. The air velocity
can be measured and adjusted via LabVIEW. To control
temperature in the rectangular channel, the RTD sensors were
used to measure temperature and the heater power supply can be
adjusted. This process is widely used to perform the controller
design represented by first order plus dead time (FOPDT) model
[12, 13]. It is because of the reasonable cost of heat flow process
that makes it suitable for experimental setup for the process
control laboratory.
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Fig. 1. Model of heat flow process.

3 Experimental Setup

The experimental apparatuses of heat flow process are
composed of a set of heat flow process, DAQ card and
LabVIEW software as depicted in Fig. 2.

Fig. 2. Experimental apparatus of heat flow process.

The controlled and manipulated variables are displayed on the
front panel of LabVIEW as shown in Fig. 3. Fig. 4 shows the
model parameters displayed on the front panel of controller
configuration. Fig. 5 illustrates the block diagram of LabVIEW.
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Fig. 3. Front panel for temperature control.
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Fig. 5. Block diagram of LabVIEW.

4 Experimental Results and Conclusion

Because of the growing interest of the development of modern
experiment for process control laboratory in Instrumentation and
Control Engineering, the experimental setup of heat flow
process for temperature control based on LabVIEW has been
performed to give students a hands-on experience and view for
process control design and computer-based laboratory that
LabVIEW environment is accepted for implementation of local
instrument control that a result of the response of temperature
control system can be demonstrated by LabVIEW as shown in
Fig. 6. Using these equipment and software, students can attain
their experience to learn by the modern technology in the
process control. Students have deeper understanding of the
instrumentation and control engineering principles and their
applications.
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Fig. 6. Temperature control system response.
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