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Abstract

A solar chimney is an effective and sustainable ventilation technology designed to enhance airflow
within residential and commercial buildings by utilizing natural convection. Operating on principles
like a traditional fireplace, a solar chimney harnesses solar energy to generate an upward air
movement, creating a pressure difference that drives passive ventilation. The system comprises a
vertical shaft, usually constructed with heat-absorbing materials, which captures solar radiation and
heats the enclosed air. As the heated air rises, it is expelled from the structure, drawing in cooler outside
air to replace it. This continuous airflow improves indoor air quality while reducing reliance on
mechanical ventilation systems. In addition to passive ventilation, photovoltaic (PV) fans can be
integrated with solar chimneys to enhance their efficiency. These fans use solar energy to actively expel
superheated air, particularly from attic spaces, thereby reducing heat buildup. By maintaining lower
indoor temperatures, solar chimneys decrease the load on HVAC systems, resulting in energy savings
and improved thermal comfort. The effectiveness of a solar chimney is influenced by various factors,
including its height, absorber material, orientation, and ambient weather conditions. Optimized design
parameters can significantly enhance its performance, making it a viable solution for energy-efficient
buildings. This study provides a comprehensive review of solar chimneys, discussing their working
principle, classification, and performance-influencing factors. Furthermore, it highlights the
environmental and economic benefits of incorporating solar chimneys into modern architectural
designs. As the need for sustainable and passive cooling solutions grows, solar chimneys offer a
practical approach to reducing energy consumption and enhancing indoor environmental quality.
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INTRODUCTION

The climatic environment of a building influences the natural ventilation method. Different climates
require various approaches. Wind-driven ventilation and buoyancy-driven ventilation are the two broad
categories of natural ventilation systems. For instance, Indonesia's traditional architecture incorporates
natural ventilation techniques due to the country's hot and humid environment. In Indonesia, wind-
driven ventilation is the norm for conventional ventilation designs. Additionally, a hot and humid
climate has benefits over other climates. In such a
type of climate, hot and humid, the variation in
temperature recorded between day and night is not
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as great as one sees in a hot and dry environment,
and it is not as much as the yearly temperature
range, generally characteristic of a temperate
climate. The main problem in this type of climate is
the high humidity, which slows down skin
evaporation [1-5]. So, to hasten evaporation, air
movement produced by building ventilation is
required.

WORKING PRINCIPLE OF SOLAR
CHIMNEY

One invention that relies on the buoyancy
principle is the solar chimney, a location where the
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air is heated by the greenhouse effect caused by solar radiation (heat energy). The cost is not particularly
exorbitant. Buildings can be heated or cooled using a wide variety of methods. The solar chimney can
also be utilized inside a wall or at roof level. Solar chimneys are solar passive ventilation systems that
do not require mechanical components. Heat is dissipated using the convection cooling concept. The
solar chimney eliminates unnecessary heat during the day by exchanging internal (warm) air for outdoor
(cool) air using the hot air rises principle. A black hollow thermal gradient with a hole at the top allows
hot air to escape from the solar chimney. The air entered the space and left through the chimney's top.
Better ventilation serves the first goal, and lowering the room's temperature serves the second. It can
also be used in reverse to heat the space [6-9].

Classification of Solar Chimney
The solar chimney is essentially a solar air heater, depending on its position, it will either be a part
of a wall or roof. Its position can be either vertical or horizontal.

There are two types of solar chimneys:
1. Vertical solar chimneys; and
2. Inclined solar chimneys.

Solar Chimneys for Building Ventilation Can Be Categorized Based on Their Position As:
e Solar chimneys or Trombe walls,
e Roof solar chimneys, or
o Integrated wall and roof solar chimneys.

Whether A Solar Chimney Has Single, Double, Or Triple Glazing Affects How Well It Performs
The height of the solar chimney determines the ventilation rate primarily, making it one of the criteria
for classifying solar chimneys as:
o Small height,
o Medium height, and
e Large height.

The Solar Chimney is Further Divided into Four Categories:
Building ventilation (circulation);

Building heating;

Air dryer; and

Power generation.

The Solar Chimney Category Also Pertains to Building Cooling and Heating
Accordingly, solar chimneys can be categorized into three groups according to how they work in
tandem with an evaporative cooling system.

Connected to both adsorption and absorption cooling systems, as well as a heat exchanger for the
earth's air tunnel.

Glass Covers the Region That Receives Solar Radiation

To produce the most greenhouse effect, small radiations should enter the system in smaller quantities,
while large wavelength radiation should exit the glass cover at the slowest possible rate. Glazing
coverage and solar radiation are related to the greenhouse effect. Solar chimneys can be classified as
either (i) single glazing or (ii) multi glazing based on the amount of gazing.

In the past 20 years, increasing study has concentrated on examining and enhancing passive
ventilation due to the potential advantages of passive ventilation systems in terms of energy and
economic savings, resistance to noise and carbon dioxide emissions, and resistance to condensation.
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Passive ventilation techniques have been the subject of extensive research over time. Temperature
distributions and airflow in passive ventilation systems vary based on the local climate and the features
of the building. Certain passive ventilation systems dissipate and absorb heat for space heating and
cooling in addition to providing sufficient ventilation [4, 5, 10-13]. Most contemporary buildings use
active ventilation systems or mechanical ventilation to provide indoor comfort. Most of the energy is
used by active ventilation systems, which also take up valuable space due to their large volume and
complex structural design. An inadequate supply of fresh air is also a result of mechanically ventilated
buildings, which are often airtight to minimize energy consumption and heat loss [2].

INFLUENCING FACTORS FOR THE PERFORMANCE OF SOLAR CHIMNEYS

The factors that directly affect ventilation rate have been identified by researchers through several
parametric studies. We compiled four groups of influencing elements (a total of 13 influencing
parameters), which included solar chimney and structure configurations, installation techniques,
material properties, and the surrounding environment; But many documents explain that altering the
system's configuration parameters is the most effective and practical approach. The effects of external
environmental factors are generally associated with wind influence and the intensity of solar radiation
[5, 10, 11]. Since new materials are always being developed, the properties of different materials also
directly affect the performance of the solar chimney. The entire list of influencing factors is shown in
Figure 1.

An overview of recent advancements in solar chimney research is given in this study. To increase
thermal comfort, the construction industry makes extensive use of integrated solar chimney systems.
Monghasemi et al. provided a summary of popular integrated solar chimney setups [9]. Furthermore,
each system's difficult characteristics and advice were noted. Combination energy systems based on
solar chimneys are regarded as successful strategies for designing green buildings. Every system has
pros and cons, and there is not a single rule that can assign these systems to the second column according
to performance. More experiments must be carried out to address potential issues in their commercial
applications. Prior to creating control systems and optimization strategies, more research is advised. A
desirable control system gives residents instant feedback if they sense a thermally uncomfortable
situation and discreetly attends to their needs.

To find the best design options for the solar chimney, a variety of finite element models were
investigated in relation to actual meteorological data [14]. Along with the air velocity leaving the
chimney, the model also forecasts the temperatures of the black-painted absorb and glazing. According
to the analysis's findings, when the recommended solar chimney's dimensions are 1.4 meters in length,
0.6 m in width, and 0.20 m in air gab, an optimal air flow rate of 0.019-0.033 m®s was achieved by
88.2% during the day. Additionally, the space flow pattern was predicted using the Design Builder
software's CFD module, which is based on the Energy-Plus dynamic simulation engine. In the solar
chimney, the RNG k-turbulence model was used to solve the mass and energy equations. The model's
viability is demonstrated by comparing simulated results to CFD calculations and published
experimental research. A summary of transient statistical models for solar chimneys with and without
phase transition materials is provided in this work. Vargas-Ldpez et al. investigated Global Energy
Balance (GEB) models and provided a summary of the key publications [15]. As far as the authors are
aware, only 24 published studies employ a transient mathematical model, and only six of those studies
include phase-change material. A review of the literature on GEB-based solar chimney modeling
highlights this.

The current numerical results demonstrate that the turbulent kinetic energy and intensity in the solar
chimney are reduced when the passive wall's inclination is increased. Khanal et al. showed that the
IPWSC design significantly improves thermally driven ventilation [16]. More simulations were
performed using a single solar chimney model. The attached model outperforms the independent model
in predicting the mass flow rate, according to the results. The predicted mass flow rates for freestanding
and linked models differ by an average of 10% when inclination angles range from 0 to 6° and the
benchmark Rayleigh number is Ra 1.36 1014.
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This confirms its ability to exhaust smoke under fire conditions while preserving natural ventilation
performance. Natural ventilation and smoke exhaustion have identical patterns along the air input height
and cavity depth. Cheng et al. investigated an ideal chimney construction with a 12.5 cm deep chamber
and a 0.5 m high air entrance [14]. While external radiation has a minor impact on smoke exhaustion,
it clearly benefits natural ventilation. The flow rate was predicted using an empirical model in both fire
and normal conditions. The results of the study provide technical guidelines for solar chimney design
under both natural ventilation and smoke consumption conditions.

This study reviews a limited number of studies that have examined the impact of objects (upstream
or downstream) and the urban environment on the ventilation efficiency of windcatchers. Jomehzadeh
et al. found that in urban environments, buildings are frequently located close together, and the effect
of surrounding structures on the airflow profile cannot be overlooked [17]. Some important research
gaps include the impact of vegetation, technological costs, and energy conservation in buildings.

Airflow was evaluated qualitatively and quantitatively as a function of the combined influence of
thermal and wind components using wind tunnel experiments and Energy Plus computer simulations.
To investigate the effect of wind interference on the performance of a solar chimney, de Oliveira Neves
and da Silva compared various wind speed and direction scenarios to a base case model [18]. The
findings demonstrated that temperature gradients and, more specifically, the direction and velocity of
external winds have an impact on the distribution pattern and airflow rate at the outlet ports of the solar
chimney. Wind incidence across from the input aperture results in a discernible decrease in the
volumetric flow rate of the chimney, even at low speeds, such as 0.6 m/s.

This study raises seven questions about parameter impacts, turbine design, flow and heat transfer
characteristics, similarity analysis, and hybrid systems in response to these recent scientific
developments and commercialization challenges. Guo et al. investigated various aspects of SCPP
technology and produced amazing advances in our understanding of SCPP; however, no SCPP on an
industrial scale has yet been developed [19]. Furthermore, current knowledge and solutions are offered
to highlight areas that need more research and to offer succinct connections to the most recent knowledge.

The SC-PCM was put in place on the south facade of a small home with concrete walls that were
10 cm thick and a volume of 4.05 m®. Thermal performance was compared to that of a typical concrete
wall (SW) using another home model of the same size. Thantong et al. discovered that a solar chimney
with a PCM chamber has a lower interior temperature than a room with a single concrete wall [20].
Additionally, the intensity of solar radiation affected the SC-PCM-induced ventilation rate. Because of
its ability to improve ventilation while drastically lowering heat gain through the south wall, the new
solar chimney structure with PCM is effective.

This study reckons that fans and air conditioners are essential in effective ventilation and space
conditioning because the natural air ventilation system does not function well in conventional buildings.
In proposed heating, ventilation, and air conditioning were the major energy consumers in the building
industry globally. This burden can be lessened by employing solar chimneys and integrated building
heating, ventilation, and air conditioning techniques. This method for various applications in buildings
is environmentally friendly. The concept, various evaluation methods, modeling and performance of
solar chimney variables, applications, and integrated techniques are all reviewed by the authors.

In this study, the ability of a solar chimney alone to provide people's necessary heat and ventilation
needs during winter days is studied. In the analysis, the heat transfer via natural convection and surface
radiation in a 2D vented room exposed to a cold external environment is investigated numerically. The
relationship between system performance and the air gap depth of the solar chimney, aperture size,
external air temperature, and solar radiation has been examined. The results indicate that even in a room
with low ambient temperatures of 5°C and inadequate solar intensity of 215 W/m?, the system can
provide sufficient interior air conditioning during day [21].

© STM Journals 2025. All Rights Reserved 26



A Review Natural Ventilation by Using Solar Chimney Sharma et al.

Numerous studies have been conducted to determine how different layouts and components affect the
performance of wind towers. Hughes et al. investigated methods for increasing a tower's thermal
efficiency, including the use of solar chimneys, courtyards, and curved roofs to improve air movement
inside the building, as well as the use of volume-controlled shutters and ceiling diffusers to optimize the
fresh air flow rate and inside conditions [22]. The review also discusses the various cooling techniques
that wind tower systems can employ to enhance ventilation and thermal performance. Each technique's
basic concepts are explained, along with the associated advantages, applications, and capabilities.

CONCLUSION

The same concept as a fireplace is used in a solar chimney, a technology that can improve ventilation
in residential or commercial buildings. Heat inherently rises, much like the way smoke will rise through
a chimney as air rises from a fire. Solar or PV fans use solar energy to extract your attic's overheated air
and replace it with the cooler outdoor air. As a result, your HVAC system will have to work less hard to
cool your upstairs living area. This study investigates how solar chimneys are classified and operated.
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