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ARTICLE INFO Extended ABSTRACT
Article History: . ACKGROUND AND OBIJECTIVES: Given the significance of human presence in
Received 2021/03/25 open spaces and the influence of climate on urban activities and behaviors, this
Revised 2021/07/06 istudy addresses the crucial aspect of outdoor thermal comfort. Urban open spaces,
Accepted 2021/11/05 i especially in hot climates, make users experience high thermal loads leading to thermal
Available Online  2023/08/06 i discomfort. Outdoor thermal comfort can be improved by controlling radiation and
i shading to mitigate stresses induced by surface overheating and environmental factors.
Keywords: §This research underscores the importance of shading and radiation reduction to promote
Membrane Structure ihuman presence, create a micro-climate, and improve comfort conditions in urban open
Outdoor Thermal Comfort i spaces. Recognizing shade-producing factors, such as canopies, can contribute to creating
Simulation Edesirable outdoor environments. In this context, fabric membrane structures are suitable
Ansys Software Esolutions for hot climates, offering shade and natural ventilation. In hot and arid climates

like Semnan, outdoor thermal comfort is not met due to factors such as intense heat, clear

i skies, strong sunlight, limited vegetation, and a lack of shade. Consequently, outdoor spaces

iare usable for only limited hours and only for specific seasons. However, by controlling

ithe temperatures and introducing shading, a key factor in cooling the environment and
e e oo reducing air temperatures during hot periods, thermal comfort conditions can be provided
i to some extent. Membrane canopies, with their unique properties, are suitable for outdoor
i spaces, particularly in hot and arid climates, offering users enhanced thermal comfort.

ETHODS: This study investigates the effect of lightweight membrane canopies on

outdoor thermal comfort in Semnan, characterized by a hot and dry climate, through
%a combination of bibliographic research and simulations using ENVI-met and ANSYS
i software. The bibliographic research is conducted through scrutinizing the sources and
idocuments and analyzing Persian and non-Persian materials related to outdoor thermal
i comfort and lightweight membrane structures, employing both descriptive and analytical
éinformat'ion analysis methods. Simulations are run using ENVI-met to assess the influence
iof shade on the environment and ANSYS software to simulate various common shade
imodels, assessing their effects on thermal comfort. The simulation analysis follows a
i comparative research data analysis and review approach.

Number of References

a1 :
{F™INDINGS: The findings indicate that installing a membrane canopy during summer
results in a temperature reduction of up to 4.7 °C, substantially improving thermal
i comfort conditions. Lightweight membrane canopies effectively cool the space beneath
Number of Figures ithem and prevent ground overheating. According to previous researches and considering
13 i that there are two factors of high temperature and low humidity in the hot and dry climate

T of Semnan, the combined use of shade to reduce temperature and vegetation to increase
fhumidity has a significant effect on thermal comfort in the hot and dry climate of the
= {Semnan. This discrepancy is attributed to real-world conditions where wind, surrounding
Number of Tables i objects, and natural elements around the canopies disperse heat, and the flat plate

6 istrongly absorbs heat; however, in real conditions there are other objects around the
i canopies that reduce the intensity of heat. Although shade does not cool the ground, it
.....
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?effectively mitigates excessive heating. In the current simulations, the ground surrounding :

i the canopy heats up to 70-80 °C, but temperatures are cooler under the canopy. If the
i lowest temperature under the canopy is the criterion, the saddle canopy is more suitable,
and if the cooling capacity of the shade is important, the saddle canopy has performed
i better.

ONCLUSION: Lightweight membrane canopies cause temperature differences in hot :
H and dry climates. The Ansys simulation results with the aim of investigating the effect :
: of the membrane shade and determining the suitable form for the light membrane shade
i confirm that the membrane canopy cool the space under and prevent excessive ground
i overheating. Out of the four membrane canopy models available, namely the Simple, :
Conical, Umbrella, and Saddle designs, the Saddle canopy stands out with an effectiveness :
i rate of 43.15% in the environment, demonstrating strong performance in creating a cooler
i space beneath it and can be considered the most suitable choice among the canopy
i models.

{ HIGHLIGHTS:
i - The effect of membrane canopy on creating thermal comfort in hot and dry climate. :
i - Using software simulation to check the effect of the membrane canopy.

- Investigating the performance of four lightweight membrane canopy models.
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Table 1. Factors affecting outdoor thermal comfort

Environmental
factors

1- Relative humidity

2-Air Temperature

3- Average radiant temperature

4- Earth surface temperature

5- Spherical temperature

6- wind speed

Human factors 1-Age

2-Gender

3-Height

4-Weight

5- Clothing rates

6- Activity rate

1-Location of buildings and soft and
hard elements

2-Vegetation (climate control,
increasing humidity, shading)
3-Artificial elements of urban spaces
Materials

(Heidari & Monam, 2013; Ranjbaran, 2014)

Design factors
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Table 2. Software setting in ENVI-met

x-grids, y-grids, z-grids 50*50%12
dx, dy, dz (m) dx=0.5, dy=0.5, dz=3

Model dimensions (m) 25%25%36
Nesting grid 0

Soil Profiles Loamy soil

Material Default wall- Moderate

insulation

Top of building or element (m) 3
Bottom of building or element (m) 2.7
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Table 3. Results of canopy climatic parameters simulated in ENVI-met

Date Air Temperature Relative humidity Wind speed PET
August 13 Reference Environment 40.4 26 2.5 52.6

Canopy 4x4 35.7 13.8 1.4 48

June 8 Reference Environment 32 32 33 4.5
Canopy 4x4 28.6 19.4 1.7 38.7

May 4 Reference Environment 234 57 3.1 28
Canopy 4x4 20 33.1 1.7 26.7

Table 4. Characteristics of simulated canopies in Ansys

Canopy Canopy Size Useful height under the Overall height of Picture
canopy (H) camopy(2)
Simple canopy 4 2.70 2.70
4x4 e
Conical canopy 4 2.70 4.30 /\
4| =« ——
4x4
Saddle canopy 4 4 2.70 3.30
4x4
umbrella canopy 4 2.70 4.50
4
4x4
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Fig. 7. Earth temperature distribution around canopies

Table 5. Compare the temperature of the earth and the effect of each of canopies

Canopy The average temperature The percentage of impact on The lowest temperature of the ground
of the ground under the the environment surface under the canopy locally (C)
canopy (C)
Simple canopy 48.22 41.90% 45.41
Conical canopy 48.33 41.77% 45.48
umbrella canopy 47.28 43.03% 45.15
saddle canopy 47.18 43.15% 45.05
mmmmm Average ground temperature under [ZZZ Minimum ground surface g The p of impact in the
the canopy under the canopy environment

49 43.20%

485
5 48 42.70%

2 415

o

g & 42.20%

E’ 465
g 46 41.70%

E 455
E n 41.20%

445
44 40.70%

Simple Canopy Conical Canopy Saddle Canopy Umbrella Canopy

Fig. 8. Canopies comparison
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Fig. 9. Air temperature distribution around canopies
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Table 6. General comparison of the results of canopies

Canopy model Simple canopy

Conical canopy

Saddle canopy Umbrella canopy

Image of models simulated in Ansys AT

..

41\

The temperature of the ground 48.33 47.18 47.28
around the canopy (C)
The air temperature around the 40.07 40.09 40.05 40.09
canopy (C)
The percentage of the shading effect 41.90% 41.77% 43.15% 43.03%
in the environment
Sl o 7=l 0 e el )8 B asSeslaul gl o ISl

1. ANSYS workbench 2019 R1

2. ENVI-met

3. MRT (Mean Radiant Temperature)

4. PET (Physiological equivalent temperature)
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