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Due to the low efficiency of internal combustion engines, a large part
of the chemical energy of the fuel they consume is dissipated to the
environment as heat through a cooling system. Unfortunately, most
engines still use the classic cooling system, which is practically unable
to cool the engine optimally unnder different operating conditions,
and this category increases fuel consumption and increases emissions
from engines. Therefore, in this paper, first, a classic cooling system
was tested and its performance recorded. Then, in the cooling system
of the same engine, a mechanical water pump and mechanical
thermostat were respectively replaced with electric water pump and
an electronic thermostat. After this upgrade, the engine was tested
under the same conditions as the classic mode, and its results were
compared with the results obtained from the classic system. The
results illustrated that if a good and complete program is used to
control the electric water pump and electronic thermostat, fuel
consumption was reduced by at least 1.19% and at most 4.33%
compared to the classic system in addition to increasing the lifespan
of engine parts. In addition, the engine warm-up time was reduced by
a minimum of 6.25% and a maximum of 18.84%. Moreover, HC and
NO pollution in most tests showed a minimum of 15.32% and a
maximum of 70% and a minimum of 9.28% and a maximum of
46.58%, respectively.
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EXTENDED ABSTRACT

Introduction

By performing optimal heat transfer in internal combustion engines, benefits such as
increasing component life and engine efficiency, reducing exhaust emissions and fuel
consumption, eliminating the possibility of knock and rapid heating of the car cabin in the
cold months can be achieved. This research was undertaken in order to optimize a water-
cooling system.

By examining available research articles, it was possible to observe that the cooling
system used in today's cars has not changed to a great extent from the old types. In these
systems, the water pump draws its power from the motor by means of a belt or chain, and
by rotating of the water pump, the cooling fluid in the motor rotates. In this type of cooling
system, by changing the engine speed, the water pump speed and the rotation speed of the
cooling fluid in the engine water channels also change in proportion to the engine speed.
Therefore, the specifications of the water pump in internal combustion engines were
designed based on the full load mode of the engine and its low speed, and for maximum
ambient temperature.

However, these operating conditions (full load mode - low engine speed) represent only
5% of engine running time. Therefore, in the remaining 95% of the engine operation time,
the water pump pumps more coolant than the engine needs. This unnecessary pumping of
the coolant causes some of the engine's output power to be lost at the water pump. On the
other hand, this excess pumping of the coolant increases the heating time of the engine, as a
result of which the fuel consumption of the engine, the amount of pollution from the exhaust
and the amount of wear of the engine parts increase.

Moreover, starting the radiator fan as needed with the water pump consumes a
considerable amount of engine power. On the other hand, the mechanical thermostat used
in conventional cooling systems responds to changes in the running conditions of the motor
with a delay. This delay causes the operating temperature of the engine to move away from
optimal temperature, increasing fuel consumption and engine emissions.

Methodology

A Ford MVH418 engine was used for this research. This engine was a four-stroke, four-
cylinder engine with water cooling system and gasoline fuel injection system mounted on a
brake dynamometer for testing. To collect engine performance data (torque, engine speed,
fuel consumption, inlet air flow to the engine, temperature change, pressure and flow of
engine cooling fluid, engine emissions), as well as control of electric water pump, electronic
thermostat, fan and to stabilize the engine speed at a certain speed (by controlling the
engine throttle), a program was provided using Lab View software.

To test the performance of the engine cooling system under different operating
conditions, a test board consisting of eight tests at different engine speeds and loads (shown
in Table 1) was designed and both classic and controlled cooling systems in accordance with
these tables (15 minutes for each test) were tested.

First, the engine was tested with the classic cooling system in the eight modes of Table 1,
and the results related to the classic cooling system were fully measured and stored.

Following the test, the water pump and alternator belt were disassembled and a
shorter belt was replaced to drive the alternator, and an electric water pump was mounted
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to the engine cooling system (before the mechanical water pump, which no longer
rotated). By opening the thermostat housing, the mechanical thermostat was removed
from the engine and a three-way valve controlled by an electric piston was added to the
engine cooling system.

Table 1. Speed and loads used to test the engine.

Test Nu. Engine Speed (RPM) Engine Load (%)
1 1500 15
2 2000 15
3 2500 15
4 3000 15
5 1500 30
6 2000 30
7 2500 30
8 3000 30

Results and discussion
Figure 1 shows the fuel economy of the engine during eight tests when the engine
cooling system was replaced by a controlled cooling system.

Fuel saving (%)
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Figure 1. Percentage of fuel saved by the controlled cooling system.

This reduction in fuel consumption was due to the fact that the mechanical water pump
was designed for the critical state of the engine, and since the engine operated in the critical
state for only 30% of its duty cycle, the remaining 70% of the water pump consumed more
than the engine needs. It sent cooling fluid which increased the fuel consumption of the
engine. Since the electric water pump was operated by the controller only to the extent
required by the motor;, the motor fuel consumption in this mode was lower than in the
classic mode.
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Conclusion

In all tests, the amount of engine fuel consumption in cooling mode with
controlled system was reduced compared to the classic mode, and this reduction
in consumption was at least 1.19 percent and at most 4.33 percent.

Engine heating time in the controlled mode was reduced by atleast 6.25% and by
a maximum of 18.84% compared to traditional mode.

Because the electronic thermostat was used in the controlled cooling system, the
hysteresis residue of the mechanical thermostat was removed and the electronic
thermostat reacted immediately to the slightest change in engine temperature
conditions and reduced engine temperature fluctuations.

By using the controlled cooling system, the power consumption of the water
pump and fan was significantly reduced.

The amount of HC pollution from the engine in the first seven tests was reduced
by at least 15.32% and at most 70% compared to the classical system and only
slightly increased (4.5%) in test number eight.

The amount of NO pollution from the engine in the first six tests was reduced by
a minimum of 9.28% and a maximum of 46.58% compared to the classic system.
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