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Abstract:

There are indications that buildings that include vertical shafts can affect the
performance of buildings. Many Publications in major peer-reviewed journals
from different fields (energy and buildings) were found using various
keywords (Air shaft, light well, vertical shaft, thermal performance, etc.). The
review of previous studies was on the role of natural ventilation in vertical shaft
buildings in different climates, efficient design parameters, and their
application to improve thermal performance and decrease energy consumption.
These parameters include various vertical shaft configurations and components
such as vertical shaft geometry, opening characteristics, roof properties, and
materials. The height, length, and width of vertical shafts significantly impact
indoor thermal conditions and energy consumption. The second effective
design parameter was the openings, which strongly influence air velocity, air
pattern, airflow, air temperature, and ventilation rate.
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Introduction

Vertical shafts in buildings are one of the elements of sustainable design used to improve
thermal performance and reduce energy consumption in buildings. The vertical shafts have a
variety of benefits. According to (Dai et al., 2006; Freewan et al., 2014; Guangming & Ding,
2005; Li et al., 2015; Nada & Said, 2018; A. Yang et al., 2014), they are providing daylight
and natural ventilation to the interior spaces that do not have a direct opening to the external
environment. Although vertical shafts often have the same function, there are different names
such as air shaft (Ghazit et al., 2017), light well (Li et al., 2015), light shaft (Padilla-marcos et
al., 2018), ventilation shaft (A. S. Yang et al., 2014), and meenware (Mohammed et al., 2020).
Historically, vertical shafts have been used in ancient civilizations, such as: using light well in
the citadel of Qaitbay in Egyptian civilization (figure 1). In addition, the impluvium and
compluvium shafts in Romans civilization ((Bagnall & Frier, 2006). In New York City, the
vertical shafts have been used in Jewish immigrant apartment buildings for increasing the
number of rooms to accommodate the largest number of people (Biddle et al., 2003). In Saudi
Arabia, some of the building owners were using Meenware for other functions, such as a
service core for the central spaces in deep plan buildings to install plumping lines and outdoor
units of air conditions (Mohammed et al., 2020). Many studies discussed the effect of vertical
shafts design on natural ventilation, while there is a small number of studies that have examined
improving the thermal performance. For that, this study reviews previous literature to identify
the design parameters that improve the thermal performance of the vertical shafts and their
adjacent spaces.

Figure 1 Light well ceiling in aitbay Citadel in Alexandria

Methodology

Many Publications from 1990 in major peer-reviewed journals from different fields (energy
and buildings) were found using a variety of keywords (Air shaft, light well, ventilation shaft,
and vertical shaft). The review of previous studies was on the role of natural ventilation in
vertical shaft buildings in different climates, efficient design parameters, and their application
to the improvement of thermal performance and decrease of energy consumption in buildings.
The automatic search was performed via different online databases such as Thomson Reuters,
Scopus, and Google Scholar.
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Result and Discussion

The design parameters can affect vertical shaft performance with daylight, natural ventilation,
and thermal performance. In this study, the scope of the design parameters that affecting the
thermal performance only. This section illustrates how vertical shafts and adjoining spaces'
thermal conditions are improved by implementing efficient design parameters. Different
methods such as experimental, analytical, mathematical, and numerical modelling have been
used to assess vertical shaft thermal performance (see tablel).

Opening Characteristics

Many factors of opining can affect the thermal performance of vertical shafts, namely: size,
location, and the number of openings. The most influential factor is the size of the opening.
Generally, when the size of the opening increase, the air temperature reduces significantly. The
second factor is the location of the opening or the height of opining from the ground level.
According to (Hussain & Oosthuizen, 2012), when they increased the opening height from Om
to 1.2m, the temperature decreased by 2.5 C. The opening also has impact on air change.
According to (Miguel et al., 2019), the airflow through the opening increases ten times when
the flap is placed in the roof opening. In addition, (Gaber et al., 2015) found that the connection
to the outdoor environment using double-level void in cross-flow configuration was the most
effective configuration to increase air velocity and reduce air temperature. Another study
(Prajongsan & Sharples, 2012) suggested using the ventilation shaft in a room with one window
to make a cross ventilation pattern in the room with a new window in the ventilation shaft. The
result showed that the air velocities were greatly enhanced, and the percentage of comfort hours
during the summer increased from 38% to 56%.

Geometry

The geometry of the vertical shaft includes many factors, such as the vertical shaft size, height,
and form. The longer the light shaft in the wind direction was, the better the air change
efficiency. It was confirmed that light shafts up to 12 m high and with height/length (H/L) rates
lower than 3 were those achieving the best efficiency (Padilla-marcos et al., 2018). According
to (Ahadi et al., 2018), the ventilation rate increased by simulated different lengths, widths, and
heights of the vertical shaft. Results show that the square light-well with 4x4m minimum
dimensions and the rectangular light well with 3x4 m dimensions can provide an adequate
ventilation rate.

Roof and Floor Properties

According to (Nada & Said, 2017), the vertical shaft opened from the top and bottom has good
air circulation, which reduces the air temperature inside vertical shafts, leading to reduced
energy consumption. Regarding the roofs of vertical shafts, some studies showed the impact of
the roof design on air temperature and air velocity. According to (Miguel et al., 2019), the
airflow through the opening increases ten times when the cases had a triangle-shaped flap with
the base on the top and the opposite vertex in the middle of the top border of the light shaft.
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Table 1: Summary Of Thermal Performance Of Vertical Shafts Under Review.

Element p Design Impact Method Reference
arameter
Opening Air flow rate
size Temperature . . (Wang,
Location Energy Simulation model 2012)
Number demand
Size . CFD .
Height élnrefrlowlggt(;e Simulation (tha(;lelt)al.,
Form 9y Model
Ceiling flow rates Site measurement | (Wang &
Form, temperature CFD Abdullah,
Height distribution | Simulation model 2011)
Material Airflow rates (Chan et al
Thermal Thermal temperature Experimental K
Performance Mass distribution 2010)
Opening . (Miguel et
(Roof) Air change CFD al., 2019)
Airflow
Opening Air velocity CED (Gaber et
(Wall) Air al., 2015)
temperature
Thermal (Prajongsan
Opening comfort CED & Sharples,
(Wall) energy
: 2012)
consumption
Hight i .
g | Veon | (s
Width B
Conclusion

This study showed an overview of the previous academic researches on the vertical shafts in
different names around the world on influential vertical shafts design parameters. The article
explains how these parameters can be employed and improved to provide a better thermal
condition for vertical shafts and adjoining spaces. This study started with a brief overview of
the evolution of vertical shafts through history, vertical shafts design approaches, and their
problems, while giving insight into the importance of natural ventilation in the vertical shaft
and its potential capability to replace current mechanical ventilation systems with high-energy
consumption. This study emphasized the significance of vertical shaft components and
configurations, as design parameters and their application to improve indoor thermal conditions
and ventilation regime. The capability of each parameter was summarized with its efficiency,
requirements and limitations. Studies on the efficient vertical shaft design parameters and their
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thermal effects can provide a strong standing point for further researches required to develop
empirical guidelines for future vertical shaft designs.
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