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Abstract

Nowadays, offices, restaurants, factories, etc. use liquid temperature control systems. Usually these systems are working
according to a very simple logic. For example, water heaters are closed down after boiling water. There is no temperature
control in those systems. Another water temperature system is electric water dispenser. In this system, water can be hot or cold
without temperature controller. Therefore, water or liquid at the desired temperature can be obtained. There are hot and cold
water tanks in the system. The temperatures of the tanks are kept constant. When users want water at a specific temperature,
system calculate hot and cold water rates and mix them. In this way, the desired water temperature is obtained. This system can
be use another liquid temperature control. The input values of temperature and flow rate of water is entered with the help of
MATLAB GUI interface. The values are sent to STM32F4 controller card. The flow rate of the tank is controlled by the opening
and closing of the solenoid valves. The flow rate of the water is measured by a flow meter and values sent to MATLAB in order

to control flow rate of water.
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INTRODUCTION

Nowadays, flow control systems are widely used in
many fields. Liquid flows and gas flows controls with these
systems. In addition, flow rate, pressure, temperature etc.
features of water can be controlled.

In this study, it is aimed to control the water or fluid at
the desired temperature. A simple On/Off control is used for
this system. MATLAB/Simulink toolbox is used as control
software. MATLAB/Simulink toolbox is advantageous to
design the controller in simulation environment. Therefore,
system problems can be found or system update can be set
in this simulation environment. In this system MATLAB/
Simulink Waijung block set is used. The system is controlled
in real time. The system interface was done in MATLAB/
GUI. Therefore, input and output parameters can be
monitored easily. Thus, the system can achieve controlling
of the temperature and flow rate of desired water by entering
what the user wants. GUI interface is shown in the Figure
111, 2].

System general design is shown in the Figure 2.
Mechanical drawing system design is created in Solid Works
environment. Mechanical drawing is shown in Figure 3.
The system includes two tanks. First tank has temperature
water and the other tank has fixed hot water. Second tank
temperature control with thermostat. In this system On-Off
control was done with solenoid valve. Control parameters
are flow rate of water. The flow rate of water can control
with help flowmeter. The value of the pulse from the sensor
is converted to milliliters. flow rate and temperature of water
requested by the user obtained two tanks. Given waters in
the two tanks changes requested flow rate and temperatures
of water. The flow rate is determined using the generated

mathematical model. After the requested water pass the
flowmeter sensor, sensor sent a signal to valve and valve
closes. Then two different tanks water mixes and requested
water obtain.

METHODOLOGY

Temperature Control

Temperature control is a very common application in
industry and daily life [3]. It is used in significant various
sectors such as industry, chemistry, petro-chemistry, food,
and medication. There are many techniques for requirements
and applications since temperature control is very necessary
and important process. In some applications where the
temperature is kept at sufficient certain intervals, open-
close process which has low cost is used. However, in some
applications where temperature level is desired to keep at a
certain value, more developed methods such as PID control
is used. If this control system is inefficient or works wrongly,
this can cause financial damage. In order to prevent these
damages, raise the awareness of user’s education gains
importance. Therefore, many company created their own
temperature units to give education [4].

Temperature control is done with the help of thermostat
sensor. Electric heaters resistance are used for hot water.
Thermostat probe puts in the water and measures water
temperature. Thermostat has upper and lower limit
temperature. Resistance inputs connect the thermostat. If
water is too hot thermostat sent a close signal, resistance
stop giving heat to water. If water cold thermostat sent an
open signal, resistance start giving heat to water. In this way
water temperature can be constant. Necessary processes
for temperature of water control are shown in the Figure 4.
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Resistance system reference value is obtained with digital
input block. Convert blocks allows the interconversion of
different signals; X unit delay provides with Z-X blocks.
When X= -1 used, the system sends a previous answer.
Mathematical equations have been applied to system with
MATLAB function block.

Flow Rate Control

The level of the liquid should be primarily control for
the fluid processing system in industry. Usually liquids are
used in process control systems. Controlling the status of the
liquid in the tanks is extremely important. Therefore, it is
a requirement application in many areas such as the fluid
level in the nuclear tank and the water treatment plant, dry
industry [S]. Because of the slight fluctuations in the liquid
level control is the most common in PID method [6]. In
addition, where PID is not enough for the level control,
PID is used in combination with fuzzy logic [7]. In the fluid
level control, there are studies and applications with neural
network structure [8].

A control tank is often used in the experimental setup in
the liquid level control applications as seen in the products
of Festo and Bystronic companies. With the aim of realizing
closest test as same in some industrial applications, the
experimental set with three tanks is used [9].

Flow control is measured by the flow meter sensor. There
is a system inside the flowmeter sensor which is working
like watermill. Flow gives the output as a pulse by turning
the mill inside the sensor. Output is obtained as milliliter by
applying the necessary equations [10].

Flow rate that is passing from the mill is read as a pulse
with the help of PWM capture block from the sensor output.
Reading pulse values are converted to milliliters multiplied
by coefficients in the gain blocks. Coefficients varies
according to the flow of the fluid. The system fluid flow is
constant and flow rate of output by coefficients that is set
are arranged as milliliter. Hot water and cold water flow are
controlled by two different flowmeter sensor. Processes of
the hot water flow and cold water flow are shown in Figure
5 and Figure 6.

Different equations have been created according to the
UART RX and PWM capture block in Matlab function. Hot
water and cold water pwm capture Matlab function code
in Figure 7, the hot water and cold water uvart-rx Matlab
function code in Figure 7 and temperature matlab function
code is shown in Figure 7.

Solenoid Valve Control

Solenoid valves have two different forms which are
normally closed and normally open. When voltage is applied
to the coil on the valve, position-changing valve allows fluid
to pass through or stop the passage. Solenoid valves work in
a certain pressure range, some valves that need to have zero
pressure work as on off. In general, there are the solenoid
valves which are opened when the flow at appropriate
pressure after the coil is triggered. In our system, it used two
solenoid valves; normally closed and zero pressure. When
desired flow rate of water passes through the flowmeter, the
energy of the coil was interrupted by sending information to
related valve and flow stopped. This procedure was carried
out as a separate to the cold water and hot water flows.

RESULTS and DISCUSSIONS

The desired flow rate and temperature of flow control
system had been controlled by the on off control methods.

According to the total flow rate and temperature, that user
wants coming from the system the flow rate of hot water and
cold water flow rate values are shown in Figures 8 and 9.
Output parameter refers to logic 1 and logic 0 situations. A
large coefficient was used for it can be seen in the chart. The
flow rate entered is that determined by the flow rate that the
user wants hot water and cold water flow rate.

CONCLUSIONS

In this study, desired temperature and flow rate of
water is obtained from two tanks at different temperatures.
The system has been controlled at MATLAB / Simulink
environment. The solenoid valves are controlled by using
STM32F4 controller card. Finally, desired temperature and
flow rate of water is obtained by using On/Off control of
solenoid valves.
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Figure 1. The Matlab/GUI Interface of The System
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Figure 5. Hot Water Flow Rate Control and Conversion of
Millimeter Process

Figure 2. The Experimental System Design

Figure 6. Cold Water Flow Rate Control and Conversion of
Millimeter Process
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Figure 7. Matlab Function Codes

Figure 3. Assemblyed Flow Control System
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Figure 8. Hot Water Flow Rate
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Figure 9. Cold Water Flow Rate



