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ABSTRACT: The aim of this research is to
diagnose the condition and performance of the
engine if the thermostat valve is damaged
(completely closed or open) by measuring the
temperatures of the cooling water and the water
flow rate in the engine and comparing them with
the temperature of the coolant as it exits the engine
to the appropriate system (healthy condition).
Laboratory tests were carried out on a four-stroke
gasoline engine and a conventional cooling system
for Hyundai Accent with a spark of 1300 cc. In
addition to some parts and sensors used to obtain
the required data from the cooling system and data
analysis, adding a coolant flow meter between the
coolant outlet and the engine block inlet, in
addition to adding two coolant temperature sensors,
the first detects the temperature of the coolant
outlet the engine, and the second to detect coolant
temperature between the outside of the radiator,
and another sensor was used to record the engine
speed, and all tests were conducted under different
operating conditions, speed from 1000 to 2500
rpm, at different loads (25%, 35%, 45%) of the
total load.

When the engine is running heavy duty at 2500
rpm at 45% load, the temperature of the healthy
system is 64.33°C and increases 74.89°C, if the
thermostat valve is damaged (completely closed) at
a rate of 16%, and the coolant flow rate decreases
by 80% compared to the performance of the
cooling system in the proper condition because the
thermostat valve (completely closed) prevents any
coolant from passing into the radiator and this is
because the engine is still running and the coolant
absorbs The heat from around the combustion
chambers and the coolant is unable to flow out of
the engine and go to the radiator until it is cooled

by radiation and then through the cooling fan to
reach the operating temperature of the cooling fan,
which is 88 °C. When the engine is running heavy
duty at 2500 rpm, at 45% load, it was found that
the temperature of the coolant when leaving the
engine for the proper system is 83.92°C and
decreases to 78.61°C, i.e. decreases by 6.33% in the
event of a thermostat malfunction (always open),
and the coolant flow rate increases by 21%
compared to the performance of the cooling system
in the proper condition because the thermostat
valve is (fully open), and this is because the coolant
is flowing through the radiator since the first
moment of the test and is given A better chance of
the coolant being cooled better and resulting in an
increase in the time to reach the operating
temperature of the engine and an increase in fuel
consumption and an increase in emissions.
KEYWORDS: Internal combustion engine,
preventive and corrective maintenance, durability
and reliability, heat exchanger.

l. INTRODUCTION

During the operation of automotive
internal combustion engine at full throttle, found
that the operating temperature can reach to 2700°C
for combustion gasses. Most engine’s material is
not able to sustain this high temperature and could
fail if the engine components are not properly
cooled. Overheating the engine can cause
lubrication to breakdown, oil to thin, engine
moving parts to be damaged and engine parts to
expands. So, removing heat from the engine is very
important for proper operation of internal
combustion engine. Most of the engine’s heat
dissipate by convection to the ambient air [1,2].
The cooling radiator is kind if heat exchanger and
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important component in the automotive cooling
system. Its main function is moving the excessive
heat from the engine to the ambient air, which
guarantee reliable operation of the internal
combustion engine [3-5]. Condition monitoring
aims to avoid unplanned equipment breakdown,
decrease associated hazard and make the most of
the plant availability [6]. One of the most useful
parameters is temperature to indicate the structural
health of the equipment. Therefore, coolant
temperature monitoring of the equipment or
processes has been specified as one of the best
predictive maintenance techniques [7]. Researchers
present that 50% of vehicle failure is account from
engine failure, and cooling system faults accounts
for around 50% of engine failure [8]. Automotive

-

lE SR

l.:—-._'{

Cooling system faults are divided into 5 categories:
thermostat fault, fan fault, lack of coolant, radiator
clogged in, and pump fault. Mathematical model of
each element is settled, judgment basis is given and
design fault diagnosis algorithm [9]. Engine is
coupled system between electrical and mechanical
systems, all controls are optimized to achieve best
energy management and conversion. Cooling
system one of the important ways for engine
thermal management and the cooling fan is the core
component of the cooling system [10]. There are
many methods for cooling fault diagnosis, physical
model-based method and data-driven method are
the main fault diagnosis for cooling systems [11-
13].

Figure (1): Schematic Diagram of the test rig and Instrumentations

Nemati established different models for
different components, gave the judgment according
to fault conditions and designed the diagnostic
algorithm, which present good diagnostic results
[14]. We used the difference between the actual
and the model coolant temperature to accurately
diagnose thermostat fault in the cooling system
[15]. Liet al. used for fault detection of chillers the
Beyesian nonlinear estimation, which has good
fault diagnosis and classification effect and good
robustness [16]. Zhanet al. used a fuzzy SVM
algorithm as fault diagnosis method for refrigerator
system, which can effectively separate fuzzy
information and can map data to high dimension by
karnel function [17]. If the state of the working
engine can be accurately diagnosis in time,
determined the fault position without disassembling
the engine. It will effectively enhance the security
and reliability for the automotive engines. During
the engine running, its signals of impulsion, noise
and vibration contains abundant information for the
faults, which can present the real-time running

states of the engine and it consider as important
source of information for fault diagnosis [18,19].

e TEST RIG DESCRIBTION

Fig. (1) represent the schematic diagram
of the test rig and Instrumentations, which contain
the conventional cooling system of Hyundai
Accent has been used in these studies, but we add
some parts and sensors which help us to get the
required data from the cooling system and analyse
the data.

The coolant flow meter was used in the
hosing between the radiator outlet and the engine
block inlet, and two coolant temperature sensors
(NTC type) was used which one is in the
thermostat hosing to detect the coolant temperature
as the engine temperature and another coolant
temperature sensor is in the hosing between the
radiator outlet and the engine block inlet to detect
the coolant temperature as the radiator temperature
and added pulley and speed sensor between the
flywheel and dynamometer to detect and record the

DOI: 10.35629/5252-0411177188

[Impact Factorvalue 6.18| ISO 9001: 2008 Certified Journal

Page 178



\’ﬂi , International Journal of Advances in Engineering and Management (1IJAEM)

—

LJAEM

Volume 4, Issue 11 Nov. 2022, pp: 177-188 www.ijaem.net

ISSN: 2395-5252

engine speed. The engine Specifications of
Hyundai Accent, which is four stoke spark ignition,

internal combustion engine with dual drive cam
shaft, as showed in Table (1).

Table (1): IC Engine Technical Specifications

Swept Volume 1300 CC

Cylinder Array In line 4 Cylinders
Valves Per Chamber 3 Valves
Compression Ratio 10:1

Cylinder Bore 71.5 mm

Cylinder Stroke 83.5 mm

Max. Torque 110 N.m @ 3000 rpm
Max. output Power 63 KW @ 5500 rpm

An electric constant cooling fan is used to
create forced air flow through radiator pipes to
increase the heat exchange between radiator and
the ambient and decrease the coolant temperature
inside the radiator pipes. The fan starts rotating at
certain engine coolant operation temperature. The
cooling system equipped with aluminium radiator
core consists of a cross flow pipes and fins to
submit the effect of the radiator is increasing the
temperature emission to the ambient by the effect
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of air passing through the element and decrease the
temperature of the coolant, the two coolant
temperature sensors are used to measure the
coolant temperature in two different locations, the
first location at the thermostat hosing at the outlet
path from the engine block to measure the engine
coolant temperature and another location at the
radiator hoses at the radiator outlet path to measure
the radiator coolant temperature.

s Hoalthy Outlet Temp. (T1)
Healthy Inlet Temp. {T2)

Defectod Outior Temgp. (T1)
Defected Inket Temyp. (T2)

Healthy Inlet Temp. {T2)

Defected inlet Tamp, (T2)

(d)
T1,45%
T1,25%
S g
= .
:; : &8 o T, 45%
3 § -
- " e
62
60
v 58
0 200 400 500 BOO 1000 1200
Teme (sexc)
- Healthy Outiet Temp{T]) s Defected Outlet Temp.(T1) B HEALTHY CONDITION W CLOSED THERMOSTAY

Figure (2): Engine coolant temperature behavior. (a) Engine coolant Temp. behavior at 1000 rpm and engine
load 25%, (b) Engine coolant Temp. behavior at 1000 rpm and engine load 35%, (c) Engine coolant Temp.
behavior at 1000 rpm and engine load 45%, (d) AVG for T1 at engine speed 1000 rpm and different loads (25%,
35% and 45%).
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Both of Coolant Temperature Sensors type were
NTC. Dynamometer was used to load on the
engine with different loads and run the engine
under different loads and different Engine rpm.

1. EXPERMINTAL
Case One: Defected Thermostat (fully closed)
This experiment represents a simulation of
the performance of the engine cooling system
during thermostat malfunction (fully closed) by

using a damaged thermostat valve and adjusting it
so that it does not open at any temperature. Without
any malfunctions in the system, by measuring the
temperature of the coolant while it is leaving the
engine and measuring the temperature of the
coolant while it is exiting the radiator, in addition
to measuring the coolant flow rate and through this
comparison we can get indications that are used in
diagnosing valve malfunctions thermostat
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Figure (3): Engine coolant temperature behavior, (a) Engine coolant Temp. behavior at 2000 rpm and engine
load 25%, (b) Engine coolant Temp. behavior at 2000 rpm and engine load 35%, (c) Engine coolant Temp.
behavior at 2000 rpm and engine load 45%, (d) AVG for T1 at engine speed 2000 rpm and different loads (25%,
35% and 45%).

Coolant Temperature behaviour for 1000 rpm:
To measure the performance of the
cooling system under the operating conditions of an
engine of 1000 rpm and at a load of 25%, as
shown in Figure (2.a), it was found that the average
temperature of the coolant during its exit from the
engine to the proper system is 63.22°C and the
temperature increases to 72.64°C if the thermostat
valve is damaged (completely closed) at a rate of
15%, and when the engine is running With a load
of 35%, as shown in Figure (2.b), it was found that
the average temperature of the coolant during its

exit from the engine to the proper system was
65.66°C and the temperature increased by 74.16°C
if the thermostat valve was damaged (completely
closed) at a rate of 13%, and when the engine was
running at a load of 45%, as shown in Figure (2.c),
it was found that the average temperature of the
coolant during Exit from the engine to the proper
system 66.49°C and 73.55°C temperature increases
in case the thermostat valve is damaged
(completely closed) at a rate of 11% because the
engine is still running and the coolant is still
absorbing heat from around the combustion
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chambers and the coolant is unable to flow out of
the engine and into the direction To the radiator
until it is cooled by radiation and then through the
cooling fan to reach the operating temperature of
the cooling fan, which is 88°C, and the temperature
of the coolant increases while it is constantly

leaving the engine and the cooling system becomes
out of control. Figure (2.d) illustrate all ratios and
rates of change in temperature under the same
conditions of the operating conditions of an engine
of 1000 rpm, and different loads (25%, 35% and
45%)
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Figure (4): Engine coolant temperature behavior, (a) Engine coolant Temp. behavior at 2500 rpm and engine
load 25%, (b) Engine coolant Temp. behavior at 2500 rpm and engine load 35%, (c) Engine coolant Temp.
behavior at 2500 rpm and engine load 45%, (d) AVG for T1 at engine speed 2500 rpm and different loads (25%,
35% and 45%)

Coolant Temperature behaviour for 2000 rpm:
To measure the performance of the
cooling system under the operating conditions of an
engine of 2000 rpm and with a load of 25%, as
shown in Figure (3.a), it was found that the average
temperature of the coolant during its exit from the
engine to the proper system is 66.27 °C and the
temperature increases 72.0 °C if the thermostat
valve is damaged (completely closed) at a rate of
9%, and when the engine is running With a load of
35%, as shown in Figure (3.b), it was found that the
average temperature of the coolant during its exit
from the engine for the proper system is 60.72°C,
and the temperature increases by 72.0°C if the
thermostat valve is damaged (completely closed) at
a rate of 19%, and when the engine is running at a
load of 45%, as shown in Figure (3.c), it was found
that the average temperature of the coolant during

Exit from the engine to the proper system 59.11°C
and 73.28°C temperature increases if the thermostat
valve is damaged (completely closed) at a rate of
24% and this is because the engine is still running
and the coolant is still absorbing heat from around
the combustion chambers and the coolant is unable
to flow out of the engine and into the radiator until
it is cooled by radiation and then by the cooling fan
to reach the operating temperature of the cooling
fan, which is 88 °C, and the temperature of the
coolant increases while leaving the engine
constantly and the cooling system becomes out of
control. Figure (3.d) illustrate all ratios and rates of
change in temperature under the same conditions of
the operating conditions of an engine of 2000 rpm,
and different loads (25%, 35% and 45%).
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Coolant Temperature behaviour for 2500 rpm:
Figure (4.a) showed the performance of
the cooling system under the operating conditions
of an engine of 2500 rpm and a load of 25%, it was
found that the average temperature of the coolant
during its exit from the engine to the proper system
was 68.49°C, and the temperature increased by
76.48°C if the thermostat valve was damaged
(completely closed) at a rate of 12%, and when the
engine was running With a load of 35%, as shown
in Figure (4.b), it was found that the average
temperature of the coolant during its exit from the
engine to the proper system was 65.05°C, and the
temperature increased by 72.14°C if the thermostat
valve was damaged (completely closed) at a rate of
11%, and when the engine was running at a load of
45%, as shown in Figure (4.c), it was found that the

average temperature of the coolant during EXxit
from the engine for the proper system 64.33°C and
74.89°C temperature increases if the thermostat
valve is damaged (completely closed) at a rate of
16%, and this is because the engine is still running
and the coolant absorbs heat from around the
combustion chambers and the coolant is unable to
flow out of the engine and go to the radiator even It
is cooled by radiation and then by the cooling fan
to reach the operating temperature of the cooling
fan, which is 88°C, and the temperature of the
coolant increases while leaving the engine
constantly, and the cooling system becomes out of
control. Figure (4.d) illustrate all ratios and rates of
change in temperature under the same conditions of
the operating conditions of an engine of 2500 rpm,
and different loads (25%, 35% and 45%).
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Figure (5): Engine coolant flow rate. (a) Engine coolant flow rate behavior at 2500 rpm and engine load 25%,

(b) Engine coolant flow rate behavior at 2500 rpm and engine load 35%, (c) Engine coolant flow rate behavior

at 2500 rpm and engine load 45%, (d) AVG for flow at engine speed 2500 rpm and different loads (25%, 35%
and 45%)

Coolant flow behaviour for 2500 rpm:

Figure (5.a) shewed the coolant flow rate
when the engine is running at a speed of 2500 rpm,
and at a load of 25%, is reduced by 90% compared
to the performance of the cooling system in the
proper condition because the thermostat valve is
(completely closed), and when the engine is

running at a load of 35%, as shown in Figure (5.b),
the coolant flow rate is reduced by 88 % compared
to the performance of the cooling system in the
proper condition because the thermostat valve is
(completely closed), and when the engine is
running at a load of 45%, as shown in Figure (5.c),
the coolant flow rate decreases by 80% compared
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to the performance of the cooling system in the
proper condition because the thermostat valve
(completely closed) prevents the passage of any
coolant To the radiator, even after the temperature
of the coolant leaving the engine reaches a
temperature of 70°C, which is the theoretical
opening point for the thermostat valve. Figure
(5.d) illustrate all ratios and rates of change in
coolant flow rate under the same conditions of the
operating conditions of an engine of 2500 rpm, and
different loads (25%, 35% and 45%).

Case Two: Defected thermostat (fully opened):

This experiment represents a simulation of
the performance of the engine cooling system
during a thermostat malfunction (always open) by
removing the thermostat valve from the cooling
system. By measuring the coolant temperature
during its exit from the engine and by measuring
the coolant temperature during its exit from the
radiator, in addition to measuring the coolant flow
rate. Through this comparison, we can obtain
indications that are used in diagnosing thermostat
valve malfunctions.
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Figure (6): Engine coolant temperature behaviour. (a) Engine coolant Temp. behaviour at 1000 rpm and engine
load 25%, (b) Engine coolant Temp. behaviour at 1000 rpm and engine load 35%, (c) Engine coolant Temp.
behaviour at 1000 rpm and engine load 45%, (d) AVG for T1 at engine speed 1000 rpm and different loads

(25%, 35% and 45%).

Coolant Temperature behaviour for 1000 rpm:
Figure (6.a) showed the performance of
the cooling system under the operating conditions
of a 1000 rpm engine and with a load of 25%, it
was found that the temperature of the coolant
during its exit from the engine to the proper system
was 63.22°C, and in the case of damage to the
thermostat valve (fully opened) it decreased to
62.5°C, meaning that the coolant in the healthy
condition, the temperature of the coolant is greater
than the temperature of the coolant in the event of a
thermostat malfunction (always open) of 1.01%,
the engine at a load of 35%, as shown in Figure

(6.b), it was found that the temperature of the
coolant in healthy system is 65.66°C and decrease
in case of damage to the thermostat valve (fully
opened) is 60.47 °C, that is due to the coolant in the
healthy condition is the higher temperature of the
coolant in the event of a thermostat malfunction
(always open) of 7.91%, and at load of 45%, as
shown in Figure (6.c), it was found that the
temperature of the coolant while leaving the engine
for the proper system is 69.46°C and drops to
66.47°C,meaning that the coolant in the healthy
condition higher than the temperature of the
coolant in the case of the thermostat malfunction
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(always open) of 4.3%, and this is due to the
coolant is flowing through the radiator from the
first moment of the test and gives a better chance
for the coolant a It is cooled better and results in an
increase in the time to reach the operating
temperature of the engine and an increase in fuel

consumption and an increase in the proportion of
emissions.  Figure (6.d) illustrate all ratios and
rates of change in temperature under the same
conditions of  the operating conditions of an
engine of 1000 rpm, and different loads (25%, 35%
and 45%).
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Figure (7): Engine coolant temperature behaviour, (a) Engine coolant Temp. behaviour at 2000 rpm and engine
load 25%, (b) Engine coolant Temp. behaviour at 2000 rpm and engine load 35%, (c) Engine coolant Temp.
behaviour at 2000 rpm and engine load 45%, (d) AVG for T1 at engine speed 2000 rpm and different loads

(25%, 35% and 45%).

Coolant Temperature behaviour for 2000 rpm:
Figure (7.a) showed that the performance
of the cooling system under the operating
conditions of an engine of 2000 rpm and with a
load of 25%, it was found that the temperature of
the coolant during its exit from the engine to the
healthy condition is 74.22°C, and in the event of
damage to the thermostat valve (fully opened) it
drops to 71.95°C, meaning that the coolant is in
healthy condition, the temperature is higher than of
the coolant in the case of thermostat malfunction
(always open) of 3.07%, when the engine at a load
of 35%, as shown in Figure (7.b), it was found that
the temperature of the coolant in healthy system is
73.55°C and decrease in case of damage to the
thermostat valve (fully opened) is 69.80°C, that is
due to the coolant in the healthy condition is the

higher temperature of the coolant in the event of a
thermostat malfunction (always open) of 5.1%,and
when the engine at a load of 45%, as shown in
Figure (7.c), it was found that the temperature of
the coolant while leaving the engine for the proper
system is 74.71°C and drops to 70.64°C, meaning
that the coolant temperature in the healthy
condition is higher than the temperature of the
coolant in the event of a thermostat failure (always
open) of 5.45%, and this is due to the coolant is
flowing through the radiator from the first moment
of the test and gives a better chance for the coolant
that it is cooled better and entails an increase in the
time to reach the operating temperature of the
engine and an increase in fuel consumption and an
increase in the percentage of emissions. Figure
(7.d) illustrate all ratios and rates of change in
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temperature under the same conditions of the
operating conditions of an engine of 2000 rpm, and

different loads (25%, 35% and 45%).
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Figure (8): Engine coolant temperature behaviour, (a) Engine coolant Temp. behaviour at 2500 rpm and engine
load 25%, (b) Engine coolant Temp. behaviour at 2500 rpm and engine load 35%, (c) Engine coolant Temp.
behaviour at 2500 rpm and engine load 45%, (d) AVG for T1 at engine speed 2500 rpm and different loads

(25%, 35% and 45%).

Coolant Temperature behaviour for 2500 rpm:
Figure (8.a) showed that the performance
of the cooling system under the operating
conditions of an engine of 2500 rpm and at a load
of 25%, it was found that the temperature of the
coolant at the engine outlet to the proper system is
76.11°C, and in the case of damage to the
thermostat valve (fully opened) it drops to 74.65°C,
meaning that the coolant is in the healthy condition
is higher the temperature of the coolant in the case
of thermostat failure and when the engine at a load
of 35%, as shown in Figure (8.b), it was found that
the temperature of the coolant in healthy system is
76°C and decrease in case of damage to the
thermostat valve (fully opened) is 75°C, that is due
to the coolant in the healthy condition is the higher
temperature of the coolant in the event of a
thermostat malfunction (always open) of 1.28%,

and when the engine at a load of 45%, as shown in
Figure (8.c), it was found that the temperature of
the coolant while leaving the engine for the proper
system is 83.92°C and drops to 78.61°C, meaning
that the coolant in the healthy condition is greater
than the temperature of the coolant in the case of
the thermostat malfunction (always open) by
6.33%, and this is due to the coolant is flowing
through the radiator from the first moment of the
test and gives a better chance for the coolant that it
is cooled better and entails an increase in the time
to reach the operating temperature of the engine
and an increase in fuel consumption and an
increase in the percentage of emissions. Figure
(8.d) illustrate all ratios and rates of change in
temperature under the same conditions of the
operating conditions of an engine of 2500 rpm, and
different loads (25%, 35% and 45%).
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Figure (9): Engine coolant flow rate, (a) Engine coolant flow rate behaviour at 2500 rpm and engine load 25%,
(b) Engine coolant flow rate behaviour at 2500 rpm and engine load 35%, (c) Engine coolant flow rate
behaviour at 2500 rpm and engine load 45%, (d): AVG for Flow at engine speed 2500 rpm and different loads
(25%, 35% and 45%).

Coolant flow behaviour for 2500 rpm:

Figure (9.a) showed that the coolant flow
rate when the engine is running at 2500 rpm, 25%
load, increases by 23% compared to the
performance of the cooling system in the proper
condition because the thermostat valve is (fully
opened), and when the engine is running at 35%
load, as shown in Figure (9.b), the coolant flow
rate increases by 16% compared to the performance
of the cooling system in the proper condition
because the thermostat valve is (fully opened), and
when the engine is running at a load of 45%, as
shown in Figure (9.c), the coolant flow rate
increases by 21% compared to the performance of
the cooling system in the proper condition because
the thermostat valve is (fully opened), because the
thermostat valve allows the coolant to pass from
inside the engine to the thermostat, then to the
radiator, and then to the engine again since the
beginning of the test without waiting for the
coolant temperature to reach 70°C. Figure (9.d)
illustrate all ratios and rates of change in coolant
flow rate under the same conditions of the
operating conditions of an engine of 2500 rpm, and
different loads (25%, 35% and 45%).

I11. CONCLUSION

A simulation of the performance of the
engine cooling system during thermostat failure
(completely closed and open) was conducted using
the thermostat valve in a healthy condition to make
a comparison between the two cases.
The experimental results are concluded as follows,
e The new diagnostic system relied on making
malfunctions in some parts of the cooling cycle and
then measuring the temperatures of the cooling
water to and from the engine, as well as measuring
the flow rate of water in the engine, during
thermostat failure (completely closed and open)
malfunctions and comparing these results with the
first case without any malfunctions (the health
condition of the engine).
e The laboratory experimental results showed
that the effect of changing the temperatures of the
coolant leaving the radiator is not effective in
diagnosing the temperatures of the engine that are
used in the diagnosis, and that is why the study
focus was on the temperatures of the coolant
leaving the engine.
e When the engine is running in heavy duty
condition at 2500 rpm and at 45% load, the
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temperature of the healthy system is 64.33°C and
increases 74.89°C, if the thermostat valve is
damaged (completely closed) at a rate of 16%, and
this is because the engine is still running and the
coolant absorbs the heat from around the
combustion chambers and the coolant is unable to
flow out of the engine and go to the radiator until it
is cooled by radiation and then through the cooling
fan to reach the operating temperature of the
cooling fan.

e Coolant flow rate when the engine is running
in heavy duty condition at 2500 rpm, and at 45%
load, the coolant flow rate decreases by 80%
compared to the performance of the cooling system
in the proper condition because the thermostat
valve (completely closed) prevents any coolant
from passing into the radiator even after the arrival
of the temperature of the coolant leaving the engine
to a temperature of 70°C, which is the theoretical
opening temperature of the thermostat valve.

e When the engine is running in heavy-duty
conditions at 2500 rpm and at 45% load, it is found
that the coolant temperature from the engine in a
healthy state is 83.92°C and drops to 78.61°C, i.e.
decreases by 6.33% in the event of thermostat
faults (always open ), because the coolant flows
through the radiator from the first moment of the
test and gives a better chance to cool the coolant
better, which leads to an increase in the time to
reach the engine operating temperature, increased
fuel consumption and increased emissions.

e Coolant flow rate when the engine is running
in heavy duty condition at 2500 rpm, and at 45%
load, the coolant flow rate increases by 21%
compared to the performance of the cooling system
in the healthy condition because the thermostat
valve is (fully open), because the thermostat valve
allows the passage of coolant from inside the
engine to the thermostat, then to the radiator, and
then to the engine again since the beginning of the
test without waiting for the coolant temperature to
reach 70°C.
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