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Keyword Abstract
engines, air In internal combustion engines, thermal and chemical energy are
temperature, converted. into mechanical energy. Amblent weat.her conditions,
such as air temperature, relative humidity, and altitude above sea
level, affect air density and therefore the oxygen levels required for
) combustion, which in turn effects on the power Output that
altitude, produced, This study conducted by a theoretical investigation to
power observed the effect of these factors on the hypothetical engine its
output power 100 kW .to finding the impact of temperatures by chosen
among 10 to 48 C° at sea level, then make correction by added
altitude at 100 meters, with 65% relative humidity and atmospheric
pressure equal 98.8 kPa, then altitude of 800 meters with 50%
relative humidity and atmospheric pressure 91 kPa, where observed
decreases in that engine power Output with each increases in
temperature and less of density were recorded approximately 7%,
11% and 17%, at 48 C° respectively compared to its power output,
under standard conditions.
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1. Introduction:

The performance and stability of power engines are highly dependent on
some environmental factors, such as the ambient temperature, humidity,
altitude of the air pressure above sea level. These are the very parameters
which precisely influence thermodynamic cycle, air density and
combustion properties resulting into off-set of considerable amounts of
engine power output and fuel consumption [1] Working process The
internal-combustion engine transforms into mechanical work the thermal
and chemical energy of fuel whose combustion takes place within a
cylinder. A variety of conditions, such as the ambient temperature
surrounding the engine can influence the performance of a practical engine
and its ability to burn these mixtures, volumetric efficiency decreases as the
inlet air temperature increases [2] [3].
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This phenomenon is occurring because the warm air is less dense then the
cold air, and so less of it per pound by weight enters the cylinder to mix with
an equal amount by weight going out. [4].

Engine performance is significantly impacted by the surrounding
environment. Elevation, air temperature, and air humidity are a few variables
that affect internal engine performance. Humidity is the most significant
factor in combustion since it lowers combustion velocity and the highest
temperatures attained during combustion. Depending on how much of these
factors are present, the effect may be either positive or negative.[5] Also, the
variation of pressure and the high temperature of the air entering the system
may have a crucial role in the overall performance. Although this system
may help in restoring the margin of combustion and the formation of nitrogen
oxides, it may also adversely affect the engine efficiency. The high
temperature of the inlet air has an adverse effect on efficiency, leading to a
decrease in the performance output of the engine and further increasing the
stress on the cooling system [3]. The increase in the atmospheric pressure
causes an increase in the air density, hence an increase in the engine entry
pressure charge, this increases the engine's power output due to the increase
in the volumetric efficiency. The cars were tested, and they had a four-
cylinder gasoline engine with multipoint fuel injection. The tests were
conducted in temperatures ranging from 20 °C to 30 °C, both near sea level
and at a height of 827 meters, taking into account the acceleration times and
distances. The consequences showed that atmospheric pressure has a more
impact on vehicle performance than temperature, about 3% distinction in the
time taken to journey 1000 meters at a constant temperature.[6] Inversely,
elevated ambient temperatures decrease the density of air, which worsens the
power loss by reducing the mass of oxygen obtainable for combustion [7].
Related studies have shown that the power performance and fuel economy
are lessened by 4.0 %-13.0 % and 2.7 % — 12.9 % for each 1000m that
increases in altitude, respectively[8]. The effect of climate on fuel
consumption and its alteration, in America, Europe, and Asia, extensive
research has been conducted on the impact of weather conditions on fuel
usage. In terms of weather conditions, the most important factor is the
temperature[2].
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The performance of a vehicle's engine is significantly influenced by the
fluctuations in surrounding temperatures throughout the year. This highlights
the necessity to focus on the engine's cooling system in order to achieve
optimal efficiency corresponding to the required power output. Therefore, it
became essential to analyze how ambient temperature, along with various
factors, affects engine performance. This research aims to explore the
influence of environmental conditions, such as temperature, humidity, and
pressure, on the engine's power output by examining the changes in air
temperatures, air density, air moisture, and altitude in Libya.

2. Methodology:

The research utilized data pertaining to a theoretical engine, as illustrated in
Table 1. This information was sourced from an automotive industry website,
such as that of Toyota. Selected temperature ranges between 10 °C and 48
°C were identified, corresponding to the typical climate conditions
experienced throughout the year in Libya. Subsequently, the study examined
the influence of these temperatures variations at sea level on the power
production of the hypothetical engine. Following this, adjustments were
made by incorporating both altitude and humidity levels in order to assess
the impact of the identical temperature range on engine power output at an
elevation of 100 m, with an average humidity of 65% and a pressure of 98.8
kPa, and at 800 m altitude, with an average humidity of 50% and a pressure

of 91 kPa, respectively.
Table 1 : Characterization data of hypothetical engine

Specifications Value
Volume (V) 2L
No of cylinder 4
Pressure 101135 Pascal
P)
Power output 100kW

2.1 Density (p):

Density serves as a crucial factor since it influences the volume of air that e
nters the engine and the overall fuel consumption based on a reference de
nsity at 25°C.
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(ambient temperature for laboratory experiments, commonly utilized by aut
omotive manufacturers).

p=P/RT

where is:

R.ir) constant of air R, = 287 J/Kg.K(

Density of air kg / m® (Ty) temperature of air, (P) Pressure (Pascal) p)
2.2 Calculate the correction of air pressure at height and humidity:

The equation displayed below was utilized to calculate the atmospheric
pressure at the specified elevation with a temperature of 288.15 K.
Subsequently, the saturation vapor pressure was obtained from tables thermal
data standards, while at the same time assessing the partial pressure of water
vapor and the partial pressure of dry air through the following
investigations[9][10][11][12] :

Py - Py (1 —h0.0065/ T, )>**°

Py) presser at height (Pa)

Po) presser at sea level (Pa)

h) height (m)

To)= 288 k (standard reference temperature of atmosphere)
2.3 pressure of water vapor (Py) :

Pressure of water vapor was the pressure employed by water vapor
molecules in the air (whether pure or in an admixture air) to find it applied
following equation[5] :

Py= ¢ X P saturated

¢: relative humidity (0 - 1 %)

Partial Pressure of dry air (Pq): 2.4

To determine the partial pressure of dry air in a moist sample, subtract the

pressurere of water vapor from the atmospheric pressure using, the equatio
n below:
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Pd = Ph — PV
density of humid air (p): 2.5

To calculate the actual density of humid air, the formula of an ideal gas was
used, taking into account the partial pressure of dry air added to the pressure
of water vapor, which applied the following of this equation:

P actual = Pa /R4T + Py /R, T
Rq4=287 J/Kg.K (constant of air)
Ry=461 J/Kg.K (constant of water vapor)
T= Temperature (K )
2.6 Determine correction factor for both density and power [13] :

The power generated by the engine depends directly on the density of the
incoming air. A correction factor was applied to assess engine power output
recorded under varying atmospheric conditions against standard conditions,
leading to the determination of the corrected power output as follows:

Cf= P actual / Po rev correction factor
P correction = P rated X Cf

Table 2: Effect of variations in temperature among 10C° to 48 C° on the power
output of the engine at the level of sea

C’ [\ kg/m3 P kW
10 1.2305 105
15 1.2092 103
20 1.1885 101
25 1.1686 100
30 1.1493 98
35 1.1307 97
40 1.1126 95
48 1.0849 93
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Table 3: Effect of variations in temperature on the power output of the engine
among 10 C’ to 48 C’ at 100 m height, humidity 65%, and Pressure 98.8 KP

TC' Pt kp Pv kp Pa Kkp Pacul kgm® | Cf% | P kKW
10 1.23 0.799 98 1.21 1.03 103
15 1.71 1.11 97.69 1.18 1 101
20 2.34 1.51 97.29 1.17 1 100
25 3.17 2.06 96.74 1.15 0.98 98
30 4.24 2.76 96.04 1.12 0.95 96
35 5.63 3.66 95.14 1.10 0.94 94
40 7.4 4.81 94.62 1.09 0.93 93
48 11.30 7.35 91.45 1.04 0.89 89

Table 4: Effect of variations of temperatures on the power output of the engine
among 10 C’ and 48 C° at a height of 800 m, humidity 50 %, and Pressure 91 KP

TC' |Psat kp| Pv kp Pa kp | pacu kgm® | Cf% | P kW
10 1.23 0.615 90.4 1.11 0.95 95
15 1.71 0.855 90.1 1.09 0.93 93
20 2.34 1.17 89.8 1.076 0.92 92
25 3.17 1.59 89.41 1.058 0.90 90
30 4.24 2.12 88.88 1.040 0.89 89
35 5.63 2.82 88.18 1.02 0.87 87
40 7.4 3.70 87.30 1.00 0.86 86
48 11.30 5.65 85.35 0.971 0.83 83
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Figure 1 : temperature and power output at sea level
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Figure 2: Effect of temperatures on the density at sea level
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Figure 3 : Effect of temperatures on the power output at height 100 m
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Figure 4: Effect of temperatures on the actual density and correction factor at a
height of 100 m
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Figure S: Effect of temperatures on the power output at height 800 m
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Figure 6: Effect of temperatures on the actual density and correction factor at
height 800 m

3. Discussion:

Figure 1 & 2 showed that with the rise of temperatures with constant sea
levels, the power output of the engine decreases, due to the decrease in
density, resulting in a decrease in power output of approximately 7% at 48
C. Also, from figure 3&4 observed that the power output decreases from the
engine. As a result, the density decreases with constant height at 100 m above
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sea-level, it was observed that with an increase in height to 800 m, the power
output from the engine decreases, and that clear observed from the results,
reaching approximately 17%. The effect of humidity is not as significant as
that of altitude, according to computation, in generally the effect of that
elevation lessening atmospheric pressure and influence on the density of air,
on the other hand little by little reducing power output at high elevations
because lesser levels of oxygen and lower of air density, leads to less the
oxygen that was needed for combustion, which directly results in lower
engine power output[7] [14]. Accordingly, Leads to increased fuel
consumption and air pollution, which are causes in older cars or those with
faulty control systems[15].

4. Conclusions:

Generally, with higher air temperatures results in the expanding of air and a
decline in air density, thereby leading to a decrease in the engine's output
compared to the design data.

At an altitude of 800 m above of the sea level, a relative humidity of 5%
with constant lower atmospheric pressure, which causes an engine at 10 °C
to encounter a power output reduction of approximately 5%, and a drop of
around 17% at 48 °C.

Temperature, Relative humidity, and Elevation play a role in limiting airflow
into the engine, thus collectively diminishing the engine's power output and
potentially escalating fuel consumption.

Most important to keep an eye on the engine's cooling system and to ensure
that engines are designed to operate with equivalent efficiency under such
environments.
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