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What if we build 
the greenhouse 
in Hammond? 



Greenhouse Collapse



Integration of Statistical 
Analysis  & Computational 

Fluid Dynamics (CFD)  

CFD Simulation

Wind Data Analysis

Optimized Structure of Greenhouse against wind pressure



Two Major Tasks

2.  CFD Modeling & Simulation of Greenhouse    

1. Wind Data Processing & Analysis

• Data from WRDB (Wind Resource Database) 
• Identify dominant wind characteristics     

• Wind flow Scenarios Simulation using processed data          
• Determine optimal structure types and forms for wind 

resilience         



Wind Data Processing & Analysis



Data Collection
WRDB: Wind 

Resource Database 

Purdue Indiana
 Mesonet Data Hub 



Automated Wind Data Processing 
with Excel and Python



Weibull Probability 

Density Function (PDF) 

1. Weibull Distribution

Positive Scale Parameter c

Positive Shape Parameter k

2. Rayleigh Distribution

Mean 

wind speed

Rayleigh Probability 

Density Function



Parameter Calculation 

2.157703Shape Parameter K

Scale Parameter C 4.385027587
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Density Function (PDF)
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Mean Wind Speed: 3.883 m/s

Wind Direction Average: 181.41°

Peak Probability Density: 0.206026

Dominant Wind Speed: 3.285916 m/s 

2020 Whole Year Weibull Probability Function for Wind Speed



Mean Wind Speed: 4.064 m/s

Wind Direction Average: 153.45°

Peak Probability Density: 0.189281

Dominant Wind Speed: 3.292420 m/s

2020 Year Spring & Summer Weibull PDF

Mean Wind Speed: 3.599 m/s

Wind Direction Average: 157.78°

Peak Probability Density: 0.224755

Dominant Wind Speed: 3.077465 m/s



Mean Wind Speed: 3.981 m/s

Wind Direction Average: 198.80°

Peak Probability Density: 0.204655

Dominant Wind Speed: 3.425588 m/s

2020 Year Fall & Winter Weibull PDF

Mean Wind Speed: 3.882 m/s

Wind Direction Average: 169.95°

Peak Probability Density: 0.203737

Dominant Wind Speed: 3.246261 m/s



2020 Year Monthly Weibull PDF



CFD simulation



Downstream: 15H
H = Ridge Height :  5.365 m

Upstream: 5H
Top Boundary: 5H

CFD Domain

Upstream - 26.825 m

Top Boundary - 26.825 m
Inle

t

outlet

Downstream - 80.475 m 

Domain X  - 115.3 m
Domain Y - 32.19 M

From "Wind pressure acting on greenhouses: A review"

3.285916 m/s 

CFD Setting _ a



1.225 kg/m^3

3.285916 m/s 

Cp valueLocal pressure on greenhous surface

atomospheric pressure

air density

air velocity

101,325 Pa

Cp value & Mesh

Meshing

CFD Setting _ b



Cp Distribution 
on greenhouse 

Based on 2020 
Wind Data



Fall

Spring Summer

Winter



20 degree

30 degreeArch roof

Various Geometry Conditions
From Wind of 2020 Year 



Wall Height

Roof Slope

Ridge Height

20 degree
Ridge Height
Roof Slope
Wall Height 3.5 m

4.96 m

Width 8 m

Best Greenhouse Structure 
Under Hammond Wind Condition



Python

Data Process

Statistics

CFD 

Engineering

Fluid Dynamic

3D

Future Work

Variation of Geometry Greenhouse Group

Data Analysis

ANSYS Fluent

Reflection
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