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ABSTRACT

This study shows the simulation of thermostatic valve in the
cooling system of Spark Ignition (SI) Engine and the behavior of
warm up period for difference ambient temperature. There is a
condition in the field if there is malfunction on thermostat the
fastest solutionsto dois to remove it. This study result shows that
the simulation without thermostat have 3 time longer than a
system with thermostat to reach the working temperature. If the
time to reach the optimal temperature last longer, the combustion
process becomes inefficient. The experimental data will be used to
calculate new equation for difference ambient temperature and
the result shows the recommendation to fix the cooling system
with new thermostat rather than remove it.
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1 Introduction

Heat is one of the impacts on the process of energy converting. In
an engine the chemical energy converted into mechanical energy
to drive a vehicle. This heat comes from the combustion of fuel
mixture and the friction of engine components against each
other.[10] Economical direct injection diesel engine can only
utilize at most 43% of the energy stored in the fuel and for Spark-
ignition engine it only shna; one third of overall energy (Fig 1).
The primary functions of the cooling system in internal
combustion engine are:

¢  Toreach the operating temperature of engine as soon as
possible.

¢  Toremove excess heat due to the process on the engine.
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Figure 1: Sankey Diagram [5]
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In an automotive engine, the heat comes from the friction of
engine components and the combustion itself. This rising
temperature must be managed to prevent the failure in engine
mechanical system. This failure comes from overheating oil film
between the mechanical components and also make a failure in
metal components itself. With maintain the engine temperature
we can also maintain the bad impact such as : high fuel
consumption, low engine efficiency and poor exhaust emission

(71[6][4]-

The coolin system in an automotive engine consist of sub system
such as: radiator, Radiator Fan, Water Pump and Thermostatic
valve. On traditional engine cooling system, the mechanical
connected fan and wax type of thermostatic valve are used.
Latterly the development of cooling system technology, the wax
thermostatic valve replace with electric controlled thermostatic
valve and mechanical fan drive replaced with electric fan [3][11].
Figure 2 shows the schematic system of engine cooling, the
function of thermostatic valve is to open and close the valve that
allows coolant to pass the radiator or direct through bypass.

Radiator
C Fan :
—..
Bypass Y
Thermosta pump
t
Engine

Figure 2: Schematic of Cooling System [2]

Thermostat in vehicle known a@ngine cooling control valves’,
is a part located in the engine cooling system and control the
engine’s temperature. This temperature consists of warm up
period and operating temperature. In normal condition the engine
need only partial part of coolant and in the full load condition the
engine need the maximum flow of coolant. The difference aaunt
of coolant must be controlled by engine cooling system. In warm
up period, if the coolant flows through the radiator, the engine
will be too cold, and the time to get the optimal operating
temperature is too high. The thermostat sense the temperature
and react with the opening valve. With this system, the optimal
temperature will be achieved with short time. It will be closed in
cold temperature and will be open in opening temperature. In this
paper the thermostatic valve will be open at 80°C, this temperature
has been determined by experimental result. This temperature
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means the thermostat has started opening. Another thermostat
behavior has been researched by Arici et al, the opening
temperature is 88°C (fig 3).[1] When the thermostat open, the
coolant flows through the radiator, so the temperature will be
reduced and the electric fan will be activated in certain
temperature to help the coolant absorb the heat.
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Figure 3: Thermostat characteristic [1]

2 Method

The method consists of 3 steps. The first step is data
collecting. It was an experiment with a temperature
measuring tools. The second step is a simulation. It was
simulated using Simulink® software. The last method is
mathematical calculation that be calculated with
exponential equation. The equation used is based on the
plot of graph.

2.1 Data Collecting

The experiment using a Sport Utility Vehicle (SUV) 1500cc with
Spark ignition (SI) engine as a test vehicle. The coolant
temperature data can be retrieved using standard OBD-II scanner
device. The main menu of OBD-II scanner consist of: error
read/erase, actuator activation and data stream. The function of
OBD-II for this purpose is “Data Stream”. This function allow user
to get the actual data of engine such as: Temperature of coolant,
temperature of air intake etc. The block diagram of data collecting
shows on figure 4.

2.2 Simulations

Simulink® is used to make simulations, all of data parameter are
used to make the simulation closer to reality. The data subsystem
consists of: Thermostat, Radiator, Water Pump and Engine. The
important data has been filled. The data are opening valve
temperature (353,15 K), the coolant volume and the physical
dimension of the sub system. The other parameter which are not
examined in this research, filled using the parameter values in the
simulation
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Figure 4: Automotive OBD-II Components [9]

2.3 Mathematical Analysis

The temperature graph has been analyzed with mathematical
equation. The formula of the graph has been determined. This
formula could be used to make the mathematical analysis in future

work.
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3 Simulations and Experimental

The simulations is used to examine the time to reach the working
temperature. The method that has been used in this simulation is
elimination model. The eliminated subsystem is Thermostat. The
first simulation using a thermostat and the second simulation does
not used thermostat.

Figure 5 and 6 shows a simulation created using Simulink. There
are 2 model of simulation such as: with thermostat and without
thermostat
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Figure 5: Simulation of Engine Cooling System

There are many sub system of engine simulation, in this case the
simulation using a necessary detail according to the cooling

system (Fig.5)
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Figure 6: Detail of Engine Sub System
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4 Result and Discussion

Fig 7 shows the result of temperature simulation with thermostat
and without thermostat. Without thermostat the temperature
need more time to reach working temperature

The function of thermostat is to regulate the water flow through
the radiator. The opening temperature of thermostatic valve from
our test vehicle is 807 C or 353,15 K.
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Figure 7: Result of Simulations with and without
thermostat

As shown on figure 7, The system with thermostat need 91 s to
reach the 353 K temperature. The system without thermostat need
291 s to reach the 353 K temperature. longer time to reach the
working temperature make inefficiency of engine. This efficiency
will be examined on next project.

To prevent the uncontrolled temperature rising, the engine
equipped with a fan. The radiator fan are using the mechanical
system or mechanical system. Figure 8 shows the experimental
result of engine coolant temperature in complete period until fan
motor activated. The graph shows the warm up perod, the
opening time of thermostatic valve that caused the flat graph and
the rising temperature until fan motor active (98°C) and inactive
(95°C). The system of temperature reading and motor fan
actuation control the engine coolant temperature between 98°-95°
C

Figure 9 shows the experimental data result of engine coolant
temperature in warm up period with different ambient
temperature 29°C and 31°C. according to this graph the formula of
time and temperature could be written as exponential function

[8]:
y = be™ (1)
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m=_—-_In2 (2)
X2=x1 W

b= yemu (3)

y = Temperature (Kelvin)

m = gradient

x = time (second)

b = ambient temperature (Kelvin)
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Figure 8: Result of Experimental Data in complete period
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Figure 9: Result of Experimental Data in in different

ambient temperature

The calculation of average graph as sampling data has been
developed (figure 10). The average data using the result of 29°C
and 31°C temperature. this average data has been used to
determine the new formula of warm up behavior.
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Figure 10: Average Data for calculations

According to equation (1), (2), (3) and figure 10 datasheet, we
make a new equation to calculate the warm up behavior. This new
equation are:

__ 1 35215
~ (360 -0) 30315

m

1
m = ﬁln 1,16 = 4,16E — 4

b = 303,15 e~5%6*107"+0 — 303 15

y = 303,15 H16+107"x (4)
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The plot has been developed to validate the equation 4. Figure
11 shows The graph of equation (4) :
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Figure 11: Average Data for calculations

The number of 303.15 comes from ambient temperature, with this
equation, the new calculation of difference ambient temperature
could be calculated as shown on figure 12. For example for new
ambient temperature in 41°C.

y = (41 + 273,15)e*1°* 104y
y = 314,15 e®16+10 4




ICONETSI 2020, September 28-29 Tangerang, Banten, Indonesia

380
370
360

w W W w
MW B
o o o o

temperature (K)

310

300
290

0 30 60 901201501802102402703003303603590

time (s)
w3 Mbient 29 °C e ambient 31 °C sss===ambient 41 °C

Figure 12: Graph of Equation

5 Conclusion

The Simulation to shows the engine coolant temperature has been
made with simulink®. It shows that the system without
thermostat have more than 3 times longer than the system with
thermostat, to reach the working temperature. The experimental
data has been take from vehicle using an OBD-II device. The
ambient temperature difference of 2°C has a little effect to graphic
result. But in an extreme condition the ambient temperature could
atfect in wide range. The equation of warm up behavior have been
developed.
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