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Abstract: Contemporary sustainable architecture demands better thermal comfort which still stand as a challenge. The rapid changing climate makes it 
necessary to utilize the complete potential of construction and design techniques to achieve the desired comfort. Fenestration can offer the occupants of 
these buildings visual relief, thermal protection, light and air passage regulation, security and privacy. This can help achieve the goal of sustainability in 
contemporary Architecture. There is a need of in-depth analysis of the fenestration and their use for a precise assessment of their overall performance. 
Restructuring on the basis of this analysis can prove useful, cost effective and sustainable at the same time. The main objective of the research can be 
To identify the design parameters of fenestration design and  to quantify the effect of every parameter on solar heat gain also analyze different design 
techniques to justify the need and suitability in the given climate. Building simulation through software can be used for this analysis. And recommend 
optimum fenestration solutions for hot & dry climates. I had initiated this research contemporary buildings specific to the hot and dry climate of 
Rajasthan. The findings of this research can open up a new perspective towards thermal comfort and ways to regulate it using fenestration. 
 
Index Terms:  Fenestration, Thermal Comfort , Solar Heat gain, U-value 

——————————      —————————— 

 

1. INTRODUCTION 
Rajasthan is indeed the most colorful state in India. It has a 
novel design and is noted for it everywhere the globe. The 
design of Rajasthan is principally supported the Hindoo 
college of design that was a mix of the Hindu and Mughal 
structural style. The stupendous forts, the intricately carved 
temples and the grand havelis of the state are integral parts of 
the architectural heritage of the state. The Rajputs were prolific 
builders. Some of the foremost imposing and sumptuous forts 
and palaces within the world dot the arid Aravali landscape 
and tell the tales of their wonderful gift. The traditional legacy 
spans generations. Although the contemporary designs look 
up to the heritage but fall short of replicating them. Many 
techniques Old and New have formed a blend to reproduce a 
sustainable system. Windows fenestration can offer building 
occupants visual relief, insulation against heat and cold, air 
passage, security and privacy. Thus they play a significant role 
in providing people a higher quality of life and comfort in 
buildings. 
 

2. FENESTRATION 
Heat transfer across glazing products or fenestration windows 
is similar to the heat transfer that takes place across through 
conduction and convection. So, the U-factor of glazing, in 
addition with direct solar radiation contributes to the solar heat 
gain through the fenestration. 
 

 
(SOURCE:ENERGY CONSERVATION BUILDING CODE 2007 

BEE) 
Fig.1. Direct and indirect solar radiation 

 
 

The fenestration performance characteristics are significant in 
the ECBC: U-factor, SHGC and Visible Light Transmittance 
(VLT). The U-factor of fenestration is very important to the 
energy efficiency of buildings. A lower SHGC means lesser 
heat will meet up with the glazing. 
 

 
(SOURCE:ENERGY CONSERVATION BUILDING CODE 2007 

BEE) 
 
Vertical Fenestration U-Factor(W/m

2
K) & SHGC requirement 

 

 
 

(IMAGE SOURCE: FUTURISTIC-SUST-GLAZING-MANISH-
SRIVSTAVA.PDF) 

 

3. FENESTRATION DESIGN CONSIDERATION 
Windows square measure an important a part of any home – 
they permit natural lightweight into the house providing views 
and contemporary air. Well- planned and guarded windows 
improve comfort year- spherical and scale back the necessity 
for heating in winter and cooling in summer. Window size, 
glazing treatment, shading and internal covering can have a 
significant impact on energy efficiency and comfort. Designing 



INTERNATIONAL JOURNAL OF SCIENTIFIC & TECHNOLOGY RESEARCH VOLUME 8, ISSUE 09, SEPTEMBER 2019  ISSN 2277-8616 

765 
IJSTR©2019 
www.ijstr.org 

north windows for max star access will scale back winter 
heating bills by up to twenty fifth. External shading will jam to 
eightieth of summer heat gain through windows. Internal 
window coverings and window will scale back winter heat 
losses by around four-hundredth. 

 
3.0 CLIMATE   
HOT AND DRY CLIMATE 
1. Very less rain.  
2. Few trees and plants.  
3. Less humidity.  
4. High difference in temperature between day and night.  

 
CLIMATE ZONE MAP OF INDIA (as per NBC2005) 

 

 
 

3.1 FENESTRATION DESIGN PARAMETERS  
 
GLAZING  
Glass are often treated to scale back the quantity of alternative 
energy transmitted through it. This can be another technique of 
preventing summer heat gain wherever external shading 
devices ar inappropriate, like for windows that ar inaccessible, 
or have views that should be maintained. However, treated 
glass should be used with caution, because it reduces heat 
gain and light-weight in winter also as summer. 
. 
 
 
 

 
(IMAGESOURCEHTTP://WWW.FOGGEDWINDOWSFIXED.C

OM/APRIL, 2008) 
 

TONED GLASS  
Toned glass incorporates a tint applied to the glass throughout 
manufacture, to scale back the quantity of warmth transmitted 
through it. There ar 2 main styles of toned glass available: 
1. Basic tones, usually bronze, grey and green. 
2. Super tones which offer a higher level of performance, 

such as Evergreen™, Super Rey™, Solar Green® and 
Azurite®. 

 
REFLECTIVE COATINGS  
Reflective coatings are often applied to new and existing 
windows. They tend to stop greater amounts of heat gain than 
some toned glass, and increase privacy by stopping vision into 
a home. To ensure optimum performance, films ought to be 
applied professionally. 
 
LOW EMITTANCE GLASS  
Low emittance (Low-E) glass is usually used for summer sun 
management. Emittance may be a live of what proportion 
effulgent heat a fabric absorbs and emits. As Low-E glass 
reduces star gain in winter also as summer, it is not 
recommended for sun control in Victoria. It is a lot of applicable 
at complementing window to scale back winter heat loss 
through windows. 
 
ADVANCED TECHNOLOGY GLAZING SYSTEMS  
New glazing technologies will amendment the physical 
characteristics of glazing in response to external conditions.  
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(SOURCE: GLAZING DESIGN AND SECTION GUIDE) 
 

4.  LAW OF THERMODYNAMICS  
The second law of thermodynamics states that heat moves 
from high temperature regions to low temperature regions.  
 
HEAT FLOW  
Heat seeks equilibrium and always moves from hot and cold. 

 

 
 

(SOURCE: GLAZING DESIGN AND SECTION GUIDE) 
 
 
 
 

ESTIMATION OF SOLAR RADIATION THROUGH 
FENESTRATION:  
Figure shows an unshaded window made of clear plastic glass. 
As shown in the figure, the properties of this glass for solar 
radiation are: transitivity =0.80, reflectivity=0.08 and 
absorptivity=0.12. Thus out of 100% of solar radiation incident 
on the glass, 80% id directly transmitted to the indoors, 12% is 
absorbed by the glass (which increase the temperature of 
glass) and the remaining 8% is reflected back.  
 

 
 

Fig.2. Radiation properties of clear plate glass 
 
U-VALUE  
It is a measure of thermal transmittance, through conduction, 
convection, and radiation.  
U-factor is the reciprocal of R-value  
U = 1/R  
(R-3 is the same as U=0.33) R-Value is the resistance to heat 
flow (R =1/U),  
Heat flow per unit area. Time and ° F temperature difference  
(Units are BTUs/ft2-hr-°F or Watts/m2-‘K)  
With U-factor, lower is better  
U-factor permits the HVAC engineer to calculate peak 
hundreds, further as energy consumption, for any size window 
in any climate. 
 
TEMPERATURE DRIVEN HEAT TRANSFER  
Fenestration product heat loss/gain because of temperature 
may be a combination of 3 modes of warmth transfer. 
 
CONDUCTION  
It is the heat transfer through a solid, liquid or gaseous material 
via molecular contact. Example: touching a hot stove.(Through 
glazing, spacer, and frame elements.) 
To reduce conductivity in windows, add frame thermal barriers. 
 
CONVECTION  
It is the transfer of heat through the movement of liquids or 
gases.Example: facing into a cold north wind. (Through air 
layers on the outside and interior fenestration product surfaces 
and between glazing layers.) 
 
RADIATION  
It is the transfer of heat through space without relying on an 
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intervening medium.Example: the heat of sun on your face. 
 

5.  METHODOLOGY 
 

 
 

THROUGH SOFTWARE SIMULATIONS 
 
RESULTS AND ANALYSIS  
 
RESIDENCE AT JAIPUR , RAJASTHAN 
 

 
 

RESULT THROUGH SOFTWARE SIMULATIONS 
 
5.1 CLIMATIC ANALYSIS  
We gather the data from software about :Location latitude , 
longitude, time zone relative to GMT, elevation(m),Typical/ 
extreme period. Determination: summer, winter.  
LOCATION DATA  
Location name: Jaipur, Rajasthan  
Latitude:  26.82  
Longitude: 75.80  
Time Zone Relative to GMT: 5.50  
Elevation {m}: 390.00  
TYPICAL / EXTREME PERIOD DETERMINATION  
SUMMER is April:June  
Extreme Summer Week (nearest maximum temperature for 
summer)  
Extreme Hot Week Period selected: May 20:May 26, Maximum 
Temp=  42.90°C      
Typical Summer Week (nearest average temperature for 
summer)  
Typical Week Period selected: Apr 22:Apr 28, Average Temp=  

32.37°C  
WINTER is Oct:Dec  
Extreme Winter Week (nearest minimum temperature for 
winter)  
Extreme Cold Week Period selected: Dec 24:Dec 30, Minimum 
Temp=   5.70°C  
Typical Winter Week (nearest average temperature for winter)  
Typical Week Period selected: Nov 12:Nov 18, Average Temp=  
21.66°C  
 
5.2 WIND ANALYSIS  

 

 
 

Prevailing winds 
 

 
 

Prevailing winds month wise 
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Average wind speed 
 

 
 
5.3 STEREOGRAPHIC DIAGRAM  
 

 
 
It show the orientation of the study residence building in hot dry 

climate. It show the best orientation of building in hot dry 
climate. 
 
5.4 THERMAL ANALYSIS 
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5.4 THERMAL COMFORT ANALYSIS 
 

 

 
 

 
 
5.5. ZONNING PROPERTIES 
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5.6. HOURLY HEAT GAIN 
 

 

 
 
5.6. SHADING DESIGN WIZARD  
 
5.6.1 Calculating sun path & Shadow of existing design 
 

 
 

 
 

 
 
5.6.2 Calculating of optimized shading Design profile 
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Optimized shading Design profile 
 

 
 
Project Solar shading Potential 
 
5.7. MONTHLY HEATING COOLING LOAD 
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5.8. SOLAR ACCESS ANALYSIS 

 
 
 
5.9. SOLAR STRESS 

 

 

 
 

6. CONCLUSIONS 
Hence, after carrying out the simulation for various elements 
of fenestration we could conclude. Providing fenestration on 
southern side of the building is beneficial from summer 
cooling and winter heating points of view. On a mean, the 
warmth transfer thanks to fenestration is most for east and 
west facing windows. On an average, the heat Transfer rate 
due to fenestration is minimum for north facing windows. 
Provide more windows on north and south direction. Direct 
radiation should be minimized through best orientation of 
window. The four factors that must be considered foremost to 
reduce the amount of solar heat gain are Climate response, 
Orientation, Window size and glazing properties, (material 
assignment).Considering these three factors and conducting 
a detailed analysis with the help of the software, ECOTECT 
ANALYSIS SOFTWARE, I thus conclude that the CASE 6: 
DOUBLE GLAZED LOWE TIMBER FRAME is found the best 
window strategy for the exterior shading combined with a 
good glazing selection. 
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