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Performance modeling of air cooled building
integrated photovoltaic thermal systems

Abstract: In the present study, simple and explicit relationships are proposed for
calculating the thermal parameters of building-Integrated Photovoltaic-Thermal
(BIPVIT) systems. These equations are derived based on conservation principles for
PVT systems. Simple and explicit equations are presented for determining the
photovoltaic panel temperature and the heat transferred to the room. These relations
can be applied to assess the performance of various BIPV/T systems with different
transparency levels, ranging from opaque to fully transparent. The present research’s
relationships are applicable for systems with different installation configurations using
air as the working fluid. By using these equations, there is no need to solve the full set
of energy balance equations for the combined panel-building system. Instead, with
only the electrical efficiency (1) and the transmittance coefficient (t) of the panel,
along with environmental conditions, the two key performance parameters—the
photovoltaic panel temperature and the heat transferred to the building—can be
determined.

Keywords: Building Integrated Photovoltaic/Thermal system, Modeling, Photovoltaic
panel temperature, Heat transferred
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Investigating the relationships between vehicle
exhaust pollutants using mathematical modeling,
combustion equation, and correlation matrix

Abstract: In this study, the emissions of 5,000 Pride vehicles were analyzed and
predicted using data from technical inspections. Following data pre-processing, which
included outlier removal and normalization, the correlation matrix among pollutants
was calculated. Additionally, the trend of average emissions was plotted against the
vehicles’ year of manufacture. To predict vehicle emissions for future years, a neural
network model was utilized, which demonstrated high prediction accuracy. The
findings revealed that as the vehicles’ year of manufacture increased, the overall
emission levels decreased. This trend indicates improvements in automotive
manufacturing technologies and emission standards. Furthermore, the study examined
various sensors associated with the emission control system (such as the oxygen sensor,
mass airflow sensor, and throttle position sensor) and the mathematical relationships
between these sensors and the Electronic Control Unit (ECU). For a more detailed data
analysis, a Python program was developed .The application not only identifies sensor-
specific malfunctions but also reports common or overlapping issues among the
sensors. This enhanced methodology can more accurately identify the root cause of the
problems, aiding policymakers and environmental specialists in their efforts to mitigate
air pollution. This research provides valuable insights for enhancing air pollution
management and optimizing vehicle performance.
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8 Manifold Absolute Pressure Sensor - MAP
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import pandas as pd

import numpy as np

import seaborn as sns

import matplotlib.pyplot as plt

from sklearn.preprocessing import MinMaxScaler
import warnings

warnings.filterwarnings(‘ignore('

#HERE: Put your Excel file path below
excel_file_path = "C:/Users/Y ourUsername/Documents/your_file.xlsx"

def load_data(file_path:(

try:
df = pd.read_excel(file_path(
print("Data loaded successfully("
print(f"Number of records: {len(df(" {(
return df

except Exception as e:
print(f*Error reading file: {e("{
return None

def custom_normalize(df:(
df_normalized = df.copy()

df_normalized['CO_normalized’] = df['CO".clip(0, 0.7) / 0.7
df _normalized['O2_normalized'] = df['O21.clip(0, 3) / 3
df_normalized['HC_normalized'] = df{'HC"].clip(0, 250) / 250
df_normalized['CO2_originall = df['CO2["

df_normalized['O2_Sensor_Est] = (df_normalized['O2_normalized / ['
) df_normalized['CO2_original].clip(1, None) / 14((

df_normalized['Throttle_Est] = (df_normalized['HC_normalized] * 0.6 +
df_normalized['CO_normalized] * 0.4(

df_normalized['MAP_Est] = (df _normalized['CO_normalized / ['
) df_normalized['CO2_original].clip(1, None) / 14((

return df_normalized

def correlation_analysis(df:(

# Define columns for pollutants and sensors
pollutants = ['CO_normalized', 'CO2_original’, 'HC_normalized’, 'O2_normalized['
sensors = ['O2_Sensor_Est', 'Throttle_Est', 'MAP_Est', 'Year]['

# Calculate correlation matrix
correlation_df = pd.DataFrame()
for sensor in sensors:
correlations[] =
for pollutant in pollutants:
corr = df[sensor].corr(df[pollutant([
correlations.append(corr(
correlation_df[sensor] = correlations

correlation_df.index = pollutants
correlation_matrix = correlation_df.T # Transpose to get sensors as rows

# Create heatmap
plt.figure(figsize=(10, 6((
sns.heatmap(correlation_matrix ,

annot=True ,

Yy
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cmap="coolwarm ,'
center=0,
fmt="2f
square=True(

plt.title('Correlation between Sensors and Pollutants('
plt.ylabel('Sensors('

plt.xlabel('Pollutants('

plt.tight_layout()

plt.show()

return correlation_matrix

def analyze_sensor_relationships(df:(
fig, axes = plt.subplots(2, 2, figsize=(15, 12((
fig.suptitle('Relationships between Sensors and Emissions('

axes[0,0].scatter(df['O2_normalized"], df['O2_Sensor_Est"], alpha=0.5 (
axes[0,0].set_xlabel("O2 Normalized('

axes[0,0].set_ylabel("O2 Sensor Estimate("

axes[0,0].set_title("O2 vs O2 Sensor('

axes[0,1].scatter(df['HC_normalized"], df[ Throttle_Est"], alpha=0.5(
axes[0,1].set_xlabel('HC Normalized('
axes[0,1].set_ylabel('Throttle Estimate('

axes[0,1].set_title("HC vs Throttle('

axes[1,0].scatter(df['CO_normalized']/df['CO2_original'], df[ MAP_Est", alpha=0.5(
axes[1,0].set_xlabel('CO/CO2 Ratio(’'
axes[1,0].set_ylabel'MAP Estimate('
axes[1,0].set_title('CO/CO2 vs MAP('

total_emissions = (df['CO_normalized'] + df['HC_normalized'] + df['O2_normalized'])/3
axes[1,1].scatter(df["Year'], total_emissions, alpha=0.5(

axes[1,1].set_xlabel("Year('

axes[1,1].set_ylabel('Average Normalized Emissions('

axes[1,1].set_title('Emissions Trend by Year('

plt.tight_layout()
plt.show()

#Main execution

df = load_data(excel_file_path(

if df is not None:
df_processed = custom_normalize(df(
correlation_matrix = correlation_analysis(df_processed(
analyze_sensor_relationships(df_processed(
print("\nCorrelation Matrix between Sensors and Pollutants(":
print(correlation_matrix(

Yy
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Micromechanical prediction of elastic modulus
of cement-based composites reinforced with steel
microfibers and graphene nanoparticles

Abstract: A new hierarchical micromechanical approach based on the Mori-Tanaka
method is introduced to predict the elastic modulus of cement composites reinforced
with steel microfibers and graphene nanosheets. Effects of graphene agglomeration in
cement matrix, as one of the key microstructures in the micromechanical modeling are
considered. Influences of graphene content, fiber aspect ratio, content, and alignment
on the composite elastic modulus are investigated. For validation, predicted results of
this study are compared with experimental data. Findings show that uniform
distribution of graphene nanoparticles in cement composites containing steel fibers
improves elastic properties. Formation of agglomerated nanoparticles reduces
reinforcing effects of graphene. Based on the micromechanical results, increasing
content and aspect ratio of steel microfibers enhances elastic moduli of the cement
composite. Fiber alignment leads to the maximum achievable elastic modulus of steel
fibers/graphene nanosheets-reinforced cement composites. Modulus of steel
fibers/graphene nanosheets-reinforced cement composites.

Keywords: Cement-based composite; Steel microfiber; Nano-graphene; Elastic
modulus; Micromechanics
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Configuration of a bio-heat model for human
hand with realistic geometry based on medical
images

Abstract: The human hand, due to its complex structure, varying tissue composition
across different regions such as the fingers, and its crucial role in thermoregulation and
blood circulation, exhibits unique characteristics in heat transfer. Conventional
thermoregulatory models are zero-dimensional and do not provide spatial temperature
distribution for body segments and causes the estimated skin temperature to differ
greatly from reality. In this study, a detailed and realistic three-dimensional model of
the human hand was developed using medical imaging data and anatomically accurate
tissue structures. The airflow around the hand was assumed to be unsteady, turbulent,
and incompressible, and was modeled using the Navier—Stokes equations with
Reynolds-Averaged Navier—Stokes (RANS) approach. The modeling results showed a
maximum mean absolute error of 3.8% compared to experimental data, indicating a
high level of accuracy. Under environmental conditions of 10 °C air temperature and
0.4 m/s airflow velocity, the skin temperature distribution was found to be non-
uniform. The minimum, average and maximum skin temperatures were 1.69 °C,
10.64 °C, and 20.21 °C, respectively. The lowest temperature consistently occurred in
the fingers, with the little finger exhibiting the coldest values. Therefore, the little finger
is identified as the most appropriate site for evaluating critical conditions related to cold
stress.

Keywords: Hand, Finger, Temperature distribution, Bio-heat model, Realistic
geometer
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3 Backward Differentiation Formula (BDF)

1 Reynolds-Averaged Navier-Stokes (RANS)
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Waste energy recovery in an industrial oil
extraction factory using ejector in the steam cycle

Abstract: The aim of present study is development and analysis of a waste energy
recovery of the return condensate tank low-pressure steam in steam distribution
system of an industrial oil extraction factory (oilseeds) via the application of an
ejector. For this purpose, the amount of recoverable energy as well as the flow rate
and thermodynamic properties of steam in the high pressure steam line of the factory
have been measured and calculated. Then the application and adaption of the ejector
for the steam waste heat recovery in various system operating conditions was
evaluated and investigated using CFD modeling and analytical approach. The results
show that the ejector back pressure in the range of 170 to 190 kpa leads to an
appropriate suction ratio of 3.5 to 4 and a desirable performance in case of preventing
shock waves and providing the minimum pressure needed for the steam heating
system. Moreover, the suction pressure in range of 100 to 200 kpa doesn’t interrupt
the heat recovery system operation even though the suction ratio is affected by the
suction pressure.
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Advanced numerical modeling for accurate prediction
and optimization of catalytic converter performance

Abstract: This study develops a one-dimensional numerical model for catalytic
converters implemented in MATLAB, integrating complex reaction kinetics and
mass transfer to enhance predictive accuracy. Unlike simplified models, the proposed
framework employs multi-species reaction mechanisms, enabling a more precise
simulation of real converter behavior. Validation against experimental data
demonstrated reductions in the discrepancy of conversion efficiencies for methane,
carbon monoxide, and nitrogen oxide to 8.72%, 5.00%, and 12.6%, respectively. Key
operational parameters—including volumetric flow rate, converter length, and
oxygen concentration—significantly influence performance. Increasing the flow rate
from 0.05 to 1 m3/s at 500 K decreased conversion efficiency and raised light-off
temperature by over 80 K. Extending the converter length from 0.05 to 0.3 m at 550
K enhanced carbon monoxide and nitrogen oxide conversion efficiencies by more
than 40%. Higher oxygen concentrations improved methane and carbon monoxide
conversion but reduced nitrogen oxide reduction efficiency. Additionally, elevated
carbon monoxide levels in the exhaust increased the light-off temperatures of
methane and carbon monoxide while lowering that of nitrogen oxide. These findings
suggest that controlling carbon monoxide concentration and optimizing converter
length can substantially improve catalytic performance, though longer converters
may increase cost and pressure drop.

Keywords: Waste energy recovery, Steam, Ejector, Suction ratio, Condensate tank
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