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Summary

The objective of this study is to reduce the cost and environmental impact caused by the air
conditioning in tropical regions. The study focuses on finding the alternatives which can reduce
the cooling loads. In this study we have utilized double skin facades and air jet impingement
cooling in order to reduce the temperature of the selected room in the building. Computational
fluid dynamics is ideal to predict the behavior of the room. Thus, we have employed Ansys
fluent for conducting the study. From the analysis it is clear that the combination of these
methods at a specified range of velocity and airway space can reduce the cooling load of the
building and can reduce the carbon foot print of the building

Keyword:DSF, Ansys, Meshing, Boundary layer, Jet impingement.



Abstract

The climate crisis has motivated researches to find new methods to reduce the emission and to
reduce the energy consumption as much as possible. The use of double skin facades has been
in practice among the archeological sector especially in Europe, since the method has been
successful in reducing the energy consumption of the building and to improve the temperature
control of the building. Another conventional method which has been used for cooling of
various components is jet impingement cooling which has been prove to be a very practical
method and convenient for cooling of electrical devices. This study objectively focuses on
combining both of these methods for the cooling of a building. For this study a building has
been adopted which is in the tropical region of Kerala, India. The study is done using
computational fluid dynamics using Ansys software. The results found that the combination of
this methods is suitable for applying in hot, humid climates.
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Chapter 1

1 INTRODUCTION

1.1 General background

Researchers are accelerating towards energy efficiency and reducing the emissions, due to
the imminent danger of climate crisis. This is a necessary journey for survival as well as a green
future. Buildings have a key role in the energy consumption and it is critical to reduce energy
consumption from the buildings to achieve zero carbon footprints. Researches have introduced
many methods to reduce the energy consumption of buildings, each contributing towards the
essential zero energy buildings. Double skin facades are interesting development that has been
found to be helpful in reducing the energy consumptions of the building. Double skin facades
have been successfully installed for reducing energy consumptions with added benefit of
having aesthetic appeal. Jet impingement cooling is another interesting technology which has
found numerous applications in cooling critical components especially in electronic devices.
This study is aimed at studying the possibility of combined effect of jet impingement cooling
and double skin facades and study the effect in reducing the energy consumption of a building.
For our study we have taken a commercial building called Muziris in Kerala, India.Kerala,
which is one of the smaller states in India have high summer temperatures which broke all
records in recent years. The commercial buildings in Kerala usually uses air conditioning
around the whole year. The objective of this study is to conduct a numerical analysis using
ANSYS software to determine whether the combined application of these two methods will
reduce energy consumption and to give an estimate on cost requirements for application of the
technology.

Thus, the concept put forth is a double skin fagade which is made up of two layers of fagades,
an inner layer and an exterior layer, with an air cavity between them. This cavity is essential to
the building's thermal performance. Solar radiation heats the fagade's outer layer during the
day. The air inside the cavity then receives this heat. The air inside the cavity rises as it gets
less dense as it heats up. This process is called natural convection. This movement of air
significantly reduces the amount of heat that reaches the inner fagade, thereby decreasing the
cooling load on the building's air-conditioning system. Essentially, the double skin facade acts
as a thermal buffer, preventing heat from penetrating directly into the building. Cooler air is
pulled in through vents at the bottom of the hollow, while rising warm air escapes through
vents at the top. The air is always moving, which aids in removing extra heat from the cavity.
To optimize the performance of the double skin facade, jet impingement has been incorporated
into the air cavity. To improve heat transmission, high-speed jets of air or liquid are directed
onto a surface via jet impingement. In our technique, the airflow velocity is increased by
carefully positioned jets inside the chamber. Through their ability to disrupt the hot air
boundary layer that forms on the interior surfaces of the cavity, these jets produce an airflow
that is more dynamic. This result in higher air movement and better heat removal.
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Fig.1 Functioning of double fagade in a building.

Objectives

The primary aim of this research is to minimize the quantity of air conditioning needed
for the chosen commercial building located in Kerala, India, where hot and humid
weather is typical.

To study the effect of double skin facades as a potential sustainable alternative.

To study if the added effect of jet impingement cooling can further reduce the cooling
load of the building

To perform numerical analysis to investigate the impact of the jet's position and velocity.
To compare the results and prepare a detailed report of the study.



Chapter 2

2. LITERATURE REVIEW

Research have been studying and perfecting various methods for reducing the energy
consumption of the buildings in these times where adverse climate related crisis is affecting
economy as well as the humanity. The consequences of industrial revolutions which has
modernized the civilization in turn have adversely affected nature. Thus, sustainability and
drive towards reduced carbon dioxide emission has been gaining deserved attention in the
modern period. Double skin facades which were primarily introduced, due to the aesthetic
appeal as single skin facades have been proved to be reducing the cooling load of the building
throughout the years of research. The jet impingement cooling is another promising field of
heat transfer studies which have been implemented in various cases to reduce the heat transfer
of hot surfaces. The combination of these methods thus provides a promising premise for our
research.

2.1 Double skin facades

The concept of double skin facade was primarily introduced in Europe due to its
aesthetic desirability and to improve the acoustics and day light absorption. The double skin
facades have shown attributes t provide thermal comfort by controlling the solar radiation. The
cavity of double skin facade was found to be suitable for ventilation either natural or
mechanical. The Double skin facades have found to reduce cooling and heating demand during
summer and winter respectively. The main disadvantage of the double skin fagcade could be the
construction and maintenance cost associated with it. The double skin facades are essentially
two glass layers which are separated by a layer of air. The main glass is usually insulated and
the air film will use its convective nature to control the thermal transfer of energy (Arons, 2000,
pg 13). The structure of DSF includes an outer layer of glazing glass. Usually, the outer layer
is glazed on the exterior surface only. The inner layer is usually double glazed with low E
coating. This layer is usually not glazened completely. The air cavity between these two layers
usually has natural ventilation. In some tropical regions mechanical ventilation methods are
applied regardless of the added cost. Interier window is constructed in a way such that it can
be opened from inside making it adaptable to a office environment because this provides
natural ventilation even for the tall buildings. In the tropical regions, the heat absorbed by the
air cavity in sunny periods is up to 25% and have significant impact in reducing the cooling
load of the building. The added advantage of double skin facade is the reduction in noise levels
which can be achieved by adding an addition level of layer which is advantageous in city
conditions. (BBRI ,2002).

There are different types of double skin facades. The box type of facades are essentially facades
which are divided vertically and horizontally into boxes and are attached to the building. Shaft
box type is similar to box type with a exception that it is connected together by means of shaft.
The corridor fagade type has horizontal partitions which will be useful incase of emergency
situations such as fire. The multy- storied double skin facades are the most common type which
have a single facade extends over the whole surface of the building with cavities to operate the
ventilation. (Harris poirazis,2004, pg 21-22). The double skin facades can also be classified as
airflow facades which are continuous facades for more than one storeys and air flow windows



which have inlet and outlet space lower than the floor and ceiling spacing. (Arons, 2000, pg
29). The DSF can be further categorized into naturally ventilated wall, where an extra layer is
added to the wall which gives additional thermal insulation. Active wall involves an extra skin
which is applied on the inside of the wall and interactive wall which is similar to naturally

ventilated wall in exception that it is mechanically ventilated. . (Harris poirazis,2004, pg 23-
24).

Akhlish Diinal Aziiz et.al conducted study on the effectiveness of double skin facades in
controlling indoor air temperature of tropical buildings in Indonesia. They created a real scale
model and tested it in tropical conditions. From the research they find that an air cavity gap of
500mm is optimal for temperature reduction. (Akhlish Diinal Aziiz et.al, 2018, pg 6-8). Gratia,
E.; De Herde conducted study on the efficient position of shading devices in DSF. They found
that in tropical climate there would be a 20-degree Celsius increased air cavity temperature
than the required room temperature. (Gratia, E.; De Herde, 2007, pg 366-369). Guardo A et al,
2009 reported that application of low emissivity glass can substantially affect the heat transfer
properties of the DSF. Solar charge gain was found to reducing more than 40. (Guardo A et al,
2009, pg 536-540).

The researchers were in search of methods to improve the heat characteristics of the DSF. A
substantial development in the field of DSF is the introduction of spray cooling method which
is an efficient method of cooling and have been successfully applied in many areas were
cooling was critical. In this study researcher uses spray cooling between the air cavity and
found that water cooling had good impact on the cooling provided by DSF. The major concern
with this method is the aesthetic appeal will be diminished and in practical sense the customer
will not be able to open the window. (Yanjin Wang,2024,pg 3-16). A detailed representation
of computational model used for study is shown in the figure below.
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2.2 Jetlmpingement cooling

Impingement cooling began finding use in the cooling of gas turbine blades and vanes starting
in the early 1960's. It has found favor as a means of cooling in regions of high heat flux because
it is a more effective method of cooling than ordinary convection cooling. Numerous
researchers have looked into the use of single jets, rows of jets, arrays of jets, single slots, and
rows of slots particularly when they impinge on flat surfaces. Impinging jets provides an
effective way to transfer energy or mass in industrial applications. A flow released against a
surface can efficiently transfer large amounts of thermal energy or mass between the surface
and the fluid. Heat transfer applications include cooling of turbine components, cooling of
machinery structures, Dissipation of heat from small areas is a critical requirement in many
engineering applications, such as heat treatment of metal parts, thermal management in
electronic and photonic devices and many other industrial processes.

The rate of heat transfer in a jet impingement arrangement can be influenced by several factors.
For instance, the jet to target distance not only affects the heat transfer rate but also can have a
significant effect on the local heat transfer coefficient distribution. For the design and
optimization of jet impingement cooling or heating systems it is essential that the effect of these
parameters of importance be characterized. In some of the previous studies these effects have
been addressed and results of the experiments performed by different investigators have
sometimes been contradictory due to the differences in the experimental conditions for a better
understanding of the jet impingement heat transfer process the details of the flow geometry and
turbulence conditions are required so that a comparison between different experimental data
can be made.

Due to the difficulties in performing and comparing two experiments most researchers used a
numerical simulation of the problem as an ideal candidate for quantifying the effects of the
parameters of interest. However, turbulent impinging jets exhibit complex features due to high
streamline curvature, entrainment, and stagnation. Knowledge of the velocity of the jet is
required in establishing heat-transfer coefficients along an impingement surface. A submerged
impinging jet flows through multiple separate zones, as depicted in Figure. The jet exits from
a nozzle or opening with turbulence characteristics, temperature profile, and velocity that are
depending on the upstream flow. A minor amount of turbulence develops upstream along with
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Fig.4 Schematics of jet impingement cooling
(Liagat et.al, 2021,pg 3)

the flow developing into the parabolic velocity profile typical of pipe flow in a pipe-shaped
nozzle, also known as a tube nozzle or cylindrical nozzle. In contrast, a flow delivered by
application of differential pressure across a thin, flat orifice will create an initial flow with a
fairly flat velocity profile, less turbulence, and a downstream flow contraction. Conventional
jet nozzle designs employ a slot jet, which is a long, narrow jet with a two-dimensional flow
profile, or a round jet with an axisymmetric flow profile.

Investigation of the topics connected with the heat transfer from the impinging jets can be
traced back to about 1951.Freidman and Mueller conducted jet heat transfer study on a flat
plate. Heated air jet was impinged on a plate and the heat transfer was calculated. (Freidman,
S.J., and Mueller, A.C.1951, pg 200-250). Numerous researchers have emerged since then,
attempting both analytical and practical methods. Jets were made of liquid, air, fuel, various
synthetics, and even nano fluids. The high effectiveness of an impinging liquid jet makes it a
desirable method for cooling a surface. Liquid jet can be easily created using a straight tube or
contracting nozzle. John H Lienard conducted many studies on the heat transfer of liquid jet
impingement. Liquid cooling systems is usually used in cutting and chipping processes to
remain below the temperature limits of the cutting tool and materials. Liquid impingement
system requires more constructional features and is costly. (Lienard,1985) Most designers use
air cooling, which has benefits such as availability, lower cost, reliability, and previous
understanding in implementation. It was discovered that, in comparison to water, the use of a
nanofluid can improve heat transmission. Consequently, the majority of jet impingement's
practical uses are found in sectors of the economy where the need for heat transmission
demands more than the capabilities of standard heating and cooling systems. Jet impingement
cooling is primarily used for cooling applications in electric devices. This thesis is investigating
possibility of using jet impingement cooling for reducing the cooling load of the buildings. For
this particular application we are using air as the jet fluid to avoid risk of damping in the
building

2.3 Building and Region specifics

Kerala's varied geographical features result in a diverse range of weather variations. The
climate of the state is equatorial tropical. The majority of the eastern highlands, including the



mountain regions, enjoy a cool climate, which is rather pleasant. Conversely, the coastal plains
in the western lowlands typically experience year-round heat and humidity. The average yearly
rainfall in Kerala is comparatively higher than in its bordering states. In the state, the monsoon
season usually lasts four months. The four distinct seasons that Kerala encounters are winter,
summer, northeastern and southwest monsoons. Kerala's year-round average temperature
ranges from 22°C (71.6°F) to 32°C (89.6°F). Kerala's March weather is thought to be the
hottest, and its December to mid-January temperature is thought to be the coolest. November
through March is the ideal time of year to travel to Kerala.

Building Name: Muziris
Location: Ernakulam, Kerala, India
Type: Software Service Company

Muziris, located in the heart of Ernakulam, India, stands out as an icon of innovation and
sustainability in the bustling urban landscape. Muziris, a leading software service company
with three floors, illustrates a commitment to cutting-edge technology and environmental
consciousness. A cutting-edge 30 HP top discharge Toshiba VRF (Variable Refrigerant Flow)
air conditioning system is at the heart of its operation, carefully engineered to maintain optimal
indoor climates while consuming the least amount of energy.

Building Features:

With three floors of contemporary design, Muziris seamlessly blends functionality with
aesthetics. Its sleek facade hints at the cutting-edge technology within, inviting both employees
and visitors into a space designed for productivity and comfort.

Selected Room: Service Room

Dimensions:
Width: 4010 mm
Length: 3620 mm
Height: 2350 mm

Fig.5 CAD Drawing of selected room



The closely planned service room, features two return diffusers, one supply diffuser, and a
strategically positioned fresh air duct above the ceiling to ensure precise temperature regulation
and superior air quality. This space, with a cooling demand of 1.5 tons of refrigeration, serves
as the operational hub, allowing for smooth workflow and technological efficiency. However,
Muziris' commitment to sustainability goes beyond mere functionality; the decision to encase
the building in double facade glass demonstrates its dedication to energy conservation and
architectural creativity. This innovative design not only uses natural light to illuminate the
interiors, but it also improves thermal insulation, reducing the need for artificial lighting and
cooling systems. Muziris redefines the paradigm of modern workplaces by combining
technological prowess with environmental consciousness, exemplifying a harmonious fusion
of efficiency, comfort, and sustainability.



Chapter 3

3. METHODOLOGY

Methodology of this thesis involves the following,
= Conduct literature review on the Double skin facade, jet impingement cooling and
selected area and building specification.
= Geometry modeling of the models required for numerical studies.
= Meshing of geometry and grid formation using ANSYs ICEM workbench.
= CFD analysis using ANSYs FLUENT software.
= Results and documentation.

3.1 Geometry modeling

All 3D CAD geometries were designed using Solid works software. Two geometries were
created. First geometry was created with double skin fagade only on the room. The second
geometry including the jet was drawn. The geometry assemblies were created using a
computational domain to include the air outside the room which is required for conducting the
computational analysis. In the first geometry as shown in fig.6, the room was modelled as per
the dimensions of the original room in the building we selected of dimensions, Width: 4010
mm, Length: 3620 mm and Height: 2350 mm. A box type of glass facade is drawn which is of
dimension 1200x1000 mm. The thickness of the air cavity was selected as 500 mm which was
found to be having most cooling effect on the building. (Yanjin Wang et al, 2024, pg 4) An
embedded wall is used to hold the second thick layer of glass which is placed at 224mm from
the thinner glass as shown in figure 7
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Fig.6 Room Model

Fig.7 Side view of the room



Fig.8 Room with jet holes

In the second geometry, a jet of diameter 50mm was drawn at the middle of the facade to
represent the jet of fluid which is impinging the air cavity between the facades. For the analysis
jets of varying diameters were drawn, but when conducting the analysis jet of 50 mm diameter
was found to provide maximum impact. Thus the diameter of jet was selected as 50mm.

A computational domain was created for conducting the CFD analysis using Ansys as shown
in the figure. This domain represents the air outside the building which is essential to study the
heat transfer characteristics of the room in the analysis software. The air is assumed to have an
inlet and outlet for analysis considerations. For our case we assume the air to have minimum
motion because our investigation only focuses on how the introduction of DSF and jet
impingement cooling reduces the temperature of the room. The inlet of the domain and outlet
of the computational domain is marked. The walls of the domain is considered to be open
boundary. The air temperature of the domain was assumed to be 26 degree Celsius which is
the average summer temperature in Kerala.

ject an edge loop. Triple-click to select a solid

Ansys
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Fig.9 Computational domain



3.2 Mesh Generation

In any analysis creating a good mesh, that is dividing the geometry into a number of elements
is very important to get good results. A few considerations must be made during mesh
generation in order for a model to be computed successfully. It is important to make sure that
turbulence quantities are calculated correctly. It is therefore proposed to use fine meshes
(dividing the geometry in very small number of elements) as shown in figure 11 to make it easy
for the analysis software to calculate heat transfer characteristics in the near-wall regions of the
room sufficiently. A mesh grid independency test was conducted which is very important
method used to find the number of mesh elements required for the geometry to give good results
from the analysis. If the mesh generation is not optimal the errors in the analysis will be higher.
For finding out the correct number of elements which would provide best results from the
analysis a grid independency test was conducted and mesh elements above 100000 was
identified to be ideal for the geometry. As shown in the fig 10, the results stabilize between
100000 and 120000 number of mesh elements for a sample study using our geometry
.Hexahedral meshes were used to obtain maximum quality. Hexahedral meshes were effective
in capturing the curved regions of the jet geometry and thin glass facades as shown in the figure.
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Fig.11 Hexahedral mesh of the geometry.



3.3 Numerical Analysis

The heat transfer problem is numerically computed with the commercial finite-volume code
using the time-averaged Navier-Stokes and energy equations with the standard k- € turbulence
model. The k- € model is chosen due to its simplicity, computational economy and wide
acceptability. It is assumed that the thermophysical characteristics of the circular air jet, such
as density, specific heat, and thermal conductivity, remain constant. Hence, the geometric
boundaries and physical conditions are symmetric about the axis of the jet; a 3-D model is
constructed. It neglects gravitational effect during the impinging jet. The finite-volume code
ANSYS 14.0 is used to solve the thermal and flow fields using the standard turbulence model.
Using the central difference scheme, the diffusion terms of all the governing equations are
discretized. Convective components of the turbulent kinetic energy and turbulent dissipation
rate equations are discretized using a second-order upwind differencing scheme, Conversely,
the third order QUICK interpolation approach is used to separate the momentum and energy
equations' convective terms. Pressure-velocity coupling is addressed by the SIMPLEC
algorithm.

3.3.1 CFD Governing Equations

For the CFD simulation, a three-dimensional, fully turbulent, and incompressible flow is one
of the fundamental assumptions. Since it is the most appropriate viscous model with low
Reynolds number, the standard k—¢ (2eqn) viscous model with standard wall functions is used
to simulate the turbulent nature of the flow.

3.3.2 Continuity equation

The continuity equation in fluid dynamics is a statement of mass conservation. It can be
expressed as in (vector) differential form as:

ot Vi) = Sy, )

V=24 242 @)

Eq. is the general form of the mass conservation equation and is valid for incompressible as well
as compressible flows. The source Sm is the mass added to the continuous phase due to
evaporation and condensation of the liquid droplets.

3.3.2.1 Momentum conservation equation

According to Newton's second law, a fluid particle's rate of change of momentum equals the
total force acting on it. The following are the rates of increase of a fluid particle's x, y, and z
momentum per unit volume:
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There are two types of forces on fluid particles:

i.  Surface forces - pressure, viscous and gravity forces
ii. Body forces — centrifugal forces

The sources of the body's total force are the x, y, and z component's SMx, SMy, and SMz. The
rate of change of the fluid particle's x-momentum is equal to the total force acting on the
element in the x-direction as a result of surface stresses plus the rate at which the x-momentum
is increasing as a result of sources. This yields the x-component of the momentum equation.

Du ap OTxx , OTyx T2y
th_ ax+ax+3y+az

+ Smx 4

The y-component of the momentum equation is given by:

ot at T
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Dt
The z-component of the momentum equation is given by:
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'OE_ _E dx + ay dz
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where Gb is the generation of turbulence kinetic energy owing to buoyancy, and Gk is the
generation of turbulent kinetic energy due to mean velocity gradients. YM is the portion of the
total dissipation rate that is contributed by the varying dilatation in compressible turbulence.
whereas the constants Cle, C2e, and C3e. For k and ¢, rk and re are turbulent Prandtl numbers.



Chapter 4

4 Results and discussion

Ansys fluent software was utilized for conducting the computation fluid dynamics analysis of the
given geometry. Air from the surrounding was assumed to be carrying a temperature of 26-degree
Celsius which is the average summer temperature of the selected region. Room was assumed to
be at the same temperature of the outside temperature to give room for the natural flow of air to
have interaction with the room through the fagade. Material properties of the two layers of glass
was taken as shown in the table below. K-epsilon turbulence model was assumed for the

numerical calculation.

Material Properties
Materials
Parameters Units [ ow-e | Clear Air
coated | double
glass | glazing
Density kg/m® | 2500 | 2500 1.1332
Constant J/kg K | 1008 | 837 1005
pressure specific
heat
Thermal W/(mK) | 1 0.5 0.0275
conductivity
Viscosity Kg/(m.s) | -- -- 1.903*10e-3
Absorptivity -- 0.54 0.07 --
Transimissivity -- 0.43 0.79 --

Table.1 (Yanjin Wang et al, 2024, pg 4)

Boundary conditions for the analysis

Boundary Type Thermal
External glass Wall film Coupled
Interior glass Wall film Coupled
Room Wall Adiabatic
Inlet Velocity Opaque
Outlet Pressure out Opaque

Table.2 (Boundary conditions)




4.1 Analysis of the Room with double skin facade

The which was designed in the Solid works software as per the dimensions and was imported to
Ansys fluent and analysis was conducted considering same temperature for outside air and room
air. A constant solar heat gain of 0.25 was assumed for conducting the analysis. The objective of
the study was to check if the temperature of the room can be reduced by using only double skin
fagade. From the results obtained there was very low heat transfer rate between room and air
cavity as shown in figure 12. Temperature of the room has been reduced in various points in the
room. But in some regions of the room localized heat gain was also observed as shown in the
temperature contour. The localized heat gain at the top right corner of the room might be
influenced by the air flow increase in the room as shown in the velocity contour.

contour-1
Static Temperature
3.108+02

3.09e+02
3.08e+02
3.07e+02
3.06e+02
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3.Bev02
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301802
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Figl2.Temperature contour of the air cavity between DSF and room

contour-1
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3.84e01

0.008+00
[ms]

Figl3.Velocity contour of the air cavity between DSF and room

The average heat transfer coefficient between room wall and fluid layer was observed to be 1.6
W/m?K. The lower heat transfer of the room might have influenced low performance of the DSF.



4.2 Analysis of room with DSF and Jet impingement Cooling

The second geometry with the combination of DSF and jet impingement cooling was imported
to Ansys fluent to conduct heat transfer analysis and study the flow in the air cavity. Our
objective was to create turbulence in the air cavity to increase heat transfer rate and create a
large boundary layer. The study was conducted using a jet of diameter 50 mm at the center of
the box for analysis purposes.
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Figl15.The velocity contour and streamline of air cavity at Sm/s velocity.

The jet impingement analysis was primarily conducted at high velocities as shown in the
velocity contour shown in the figure. At higher velocity inlet jet impinges on the room wall
directly without making any interaction with the air cavity and average heat transfer rate was
very low. When the velocity was increased there was further decrease in the heat transfer rate.
We conducted analysis at various jet velocities and the heat transfer rate was maximum at 3m/s.
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Fig16.Graph between average heat transfer coefficient and velocity.



As shown in the graph, 3m/s velocity was found to be optimal with a higher average heat
transfer coefficient of 2.16 W/m?K. The velocity contour of air cavity at 3m/s velocity shows
more turbulence in the air cavity inside DSF and more interaction with the air. The temperature
contour shows a significant reduction in temperature of the room. There has been a temperature
reduction up to 3-4 degree Celsius in most parts of the room. The temperature reduction can
successfully reduce energy consumption of the room up to 6 to 7 percentage. But the
temperature reduction is not uniform throughout the room. The further addition of arrays of jet
might help increase the interaction and further uniformly reduce temperature in the room and
reduce the cooling load in the room.
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Figl7. Velocity contour at 3m/s velocity
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Figl8.Temperature contour at 3m/s velocity jet




The air conditioning system of the Muziris New Building is based on the supply and installation
of Toshiba VRF (Variable Refrigerant Flow) systems. It contains a wide range of equipment,
including outdoor units (14.0 HP to 16.0 HP), medium and high static ductable AC units, ducts,
grills, diffusers, refrigerant pipes, electrical cabling, and insulating materials. The BOQ also
includes auxiliary services such as canvas connections, acoustic and thermal insulation, and
extra refrigerant gas. Installation fees and other pertinent expenditures are included, and the
entire cost, including GST, is precisely estimated to be 1,497,180 INR.

Installing a double fagade on the building will cost an extra 5194 INR per square meter (without
taxes). An inventive architectural approach known as a double facade consists of two facade
levels divided by a vented air gap. This design improves thermal insulation, increases natural
ventilation, and lowers energy consumption by managing the internal environment. Addition
of Jet impingement cooling will cost additional 1,00000 INR with a complete compressor,
nozzle, pipes and frame design for keeping the Jet nozzle.

4.3 Benefits and considerations:

e Thermal Performance: The double facade and Jet impingement cooling when combined
will provide an extra barrier against external weather conditions, lowering heat gain in the
summer and heat loss in the winter. This improves the overall thermal comfort of the
building.

e Energy Efficiency: By strengthening the thermal insulation of the structure, the setup
minimizes the need for HVAC systems, resulting in energy savings. The double facade is
expected to reduce the building's electricity usage by around 6%, resulting in cheaper
energy expenses during its lifespan.

e Ventilation and Air Quality: The ventilated space between the two facades allows for natural
ventilation, which improves interior air quality. This can be especially useful for decreasing
the demand on mechanical ventilation systems.

e Noise Reduction: The double facade can also act as a noise barrier, decreasing the
transmission of outside noise into the building and increasing inside acoustic comfort.

e Aesthetic and Functional Flexibility: The design of a double fagade may be tailored to
improve the building's aesthetic appeal while also including functional components like
Installing the setup might be costly at first, but the long-term benefits of energy savings and
increased building efficiency make it worthwhile. The initial cost may be high, but the
reduction in energy usage and the potential for increased occupant comfort and productivity
make this an attractive investment.

In summary, adding a double facade and jet impingement cooling together to the Muziris New
Building creates a substantial enhancement that meets current building efficiency criteria.
Despite the high initial costs, the estimated 6% decrease in power consumption and several
performance benefits make it a reasonable investment for long-term sustainability and
operating efficiency. and further minimizes solar gain and glare.



Chapter 5

5. CONCLUSION

In this study we conducted analysis of a room from a commercial building in Kerala, India
which have tropical climate with high humidity and temperatures. We conducted two studies
which involves study of the room with a double skin fagade made of two layers of glass out of
which the outer layer is thin and 4 mm thick which was glazed on the exterior side and thick
layer of glass which was glazed in both the sides and have 8 mm thickness and the objective
was to study how much energy can be saved from using the fagade alone. The second study
was conducted with a combination of double skin fagade and jet impingement cooling to further
reduce the temperature of the room. In this study the analysis shows that there was low impact
of fagade on the room. The facade alone was able to give low reduction in temperature of
around 1 to 2 degrees of temperature and have low average heat transfer coefficient of
1.6W/m?K.The second method used air jet impingement cooling which have shown good
potential in the previous studies. We used a jet of air with diameter of 50mm. We used an initial
velocity of S5m/s which was not able to have any significant impact on the room temperature.
The further increase in velocity created less impact on the air cavity. When the velocity was
decreased, jet is found to increase the turbulence in the airway and causing more boundary
layers and increases the Nusselt number. At 3m/s jet velocity the heat transfer was found to be
optimum. From our study it was evident that a combined use of double skin fagade and jet
impingement cooling would have significant effect on the cooling properties of the room.
These methods are environment friendly and can reduce the amount of air conditioning
required for the room originally. Although the aesthetic appeal of the room would be at stake
using jet impingement cooling and double skin facades are costly in construction. There would
be long term benefits in using the both methods. To increase the aesthetic appeal, the jet
assembly can be placed closer to the top or bottom of the air way.
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