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ABSTRACT 

Building sector is one of the prominent energy guzzlers in India. Major share in building energy is 

consumed by Heating Ventilation and Air conditioning (HVAC) and Lighting systems. HVAC is installed in the 

buildings to maintain Thermal comfort with adequate oxygen level. Thermal comfort in a building depends on six 

parameters of which three parameters namely temperature, velocity and Relative Humidity (RH) is controlled by 

the HVAC system. In modern buildings it has been found that the air velocity is far low compared to that of 

allowable maximum stated by ASHRAE standard. This paper presents the practical case study using computational 

fluid dynamics (CFD) about the comparison of actual and allowable air velocity and establishes the increase in set 

point temperature possible by improvement in velocity. The energy saving potential is also briefed in the paper. It 

has been found that even though 35% excess of air than mentioned in the standards were provided, dissatisfaction 

of 65% due to ventilation and 55% due to thermal comfort was observed during the survey taken to determine the 

levels of dissatisfaction. Results from CFD were also analysed and reduction in set point temperature was 

established to be 2.4°C which will result in huge saving.  

Keywords: Thermal comfort, Air Distribution, Heating Ventilation and Air conditioning (HVAC), Computational 

Fluid Dynamics (CFD), Green Building, Energy Conservation  

INTRODUCTION  

In India, the residential and commercial building sectors account for 29% of the total electricity 

consumption. It has been estimated that 70% of the building stock that will be there in the year 2030 is yet to come 

up in the country. This highlights the need for bringing energy conservation measures in the building sector. The 

National Building Code (NBC) sets norms and standards for health, safety and comforts of buildings. The Energy 

Conservation Building Code (ECBC) sets minimum energy performance standards of various components of a 

commercial building. Adoption of these norms and standards are a pre-requisite for obtaining green ratings such as 

“Green Rating for Integrated Habitat Assessment (GRIHA)” or “Leadership in Energy & Environmental Design 

(LEED)”. Although norms are followed in buildings it is found that people are thermally dissatisfied due to reasons 

such as incoming sun rays, draft, excessive cooling or heating etc.The predominant reason for discomfort is 

ineffective air distribution. Generally the building air distribution system will be designed based on the floor area, 

expected number of occupants and type of space. Neglecting the building operating conditions such as cabin 

position, space partitioning etc leads to wrong positioning, sizing and selection of diffuser which contributes to the 

poor air distribution. Tools such as CFD can be effectively used to predict the air flow path and optimize the air 

distribution system to achieve thermal comfort and energy efficiency in buildings. 

MATERIALS AND METHODS 

THERMAL COMFORT 

Thermal comfort is the condition of the mind in which satisfaction is expressed with the thermal 

environment. Thermal comfort of the occupants depends on six parameters, four physical parameters (air 

temperature, air velocity, relative humidity, mean radiant temperature), and two personal parameters (clothing 

insulation and metabolic rate). Based on the physical parameter of each operating environment the personal 

parameters are maintained by the building operating personnel. Hence the operating energy of the building is 

influenced by the thermal conditions inside the building. Since thermal comfort of the occupants directly influences 

their health and productivity it is important to maintain a good thermal environment and also ensure the energy 

consumption is optimum. There are two approaches to determine the thermal comfort inside a building. The first is 

heat balance approach. This method is developed by Fanger based on the experiments conducted by him in the 

climatic chamber. In these studies, participants were dressed in standardized clothing and completed standardized 

activities, while exposed to different thermal environments. In some studies the thermal conditions were chosen, 
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and participants recorded how hot or cold they felt, using the seven-point ASHRAE thermal sensation scale ranging 

from cold (-3) to hot (+3) with neutral (0) in the middle as follows: (i) ±1: slightly warm (+) or cool (-); (ii) ± 2: 

warm (+) or cool (-); (iii) ±3: hot (+) or cold (-); (iv) 0: neutral (neither cool nor warm). In other studies, 

participants controlled the thermal environment themselves, adjusting the temperature until they felt thermally 

‘neutral’. The second approach is adaptive approach which relates the outside environment with the building 

environment. For the analysis in this paper Heat transfer approach is followed. 

THEORETICAL AND ACTUAL OUTDOOR AIR REQUIREMENT OF THE MODEL ROOM 

CONSIDERED 

 For analysis purpose a room of the Centre for Excellence and Futuristic Development (CEFD) building of 

L&T, Chennai is taken. This building is a LEED silver rated building. The room is used for office purpose. The 

picture of the model room is as given in the Fig 1. Twenty sample points has been taken against the minimum of 

eighteen points as specified in the ASHRAE standards. The height of the room from the floor is about 3m and the 

floor area is 72 m2. The theoretical outdoor air requirement according to the ASHRAE 62.1 standard is 48.8 L/s. 

The actual outdoor air into the room is calculated as below 

 Number of Inlet diffusers in the room     = 4 

 Velocity in each of the diffuser      = 0.4 m/s 

 Flow area of one diffuser       = 0.162 m2 

 Total volume flow rate into the room     = 4*0.4*0.162*1000 = 260 l/s 

 Percentage fresh air in the outdoor air     = 25% 

 Actual outdoor air intake       = 0.25*260 = 65 l/s 

 Percentage excess fresh air intake      = (1-(65/48.8))*100 = 35.4% 

Around 35% of excess fresh air is sent into the room which calls for additional energy in the form of sensible heat 

for cooling of ambient air and latent heat for the dehumidification process. 

 
Figure 1 Solid Model of the Test Room 

Thermal comfort survey results: Thermal comfort and Indoor Air Quality (IAQ) are the two predominant factors 

that affect the health and productivity of the office environment. Survey for both IAQ and thermal comfort has 

been conducted on the model room. Thermal comfort questionnaire was given to the occupants of the test room and 

it was found that 64% of the people were dissatisfied with the quality of air circulated. The mean age of air 

circulated was found to be high due to the low air velocity and inefficient circulation. Suffocation was felt by the 

occupants in the room due to insufficient oxygen in the air. On thermal comfort part of the survey, People voting 0, 

±1 on the survey sheets are considered thermally satisfied (According to ASHRAE) and rests are considered 

thermally dissatisfied. The Percentage People Dissatisfied (PPD) was found to be 55%. Although the building was 

rated silver by LEED the PPD was found to be far from the par. 

CFD Simulation: The simulation of the model room is made in ANSYS FLUENT 14.5. The following boundary 

conditions are taken for the simulation 

1. Type of simulation   = Transient simulation 

2. Momentum equation taken  = k-ε turbulent model 

3. Operating hours   = 10.00 A.M to 5.00 P.M 

4. Temperature of the inlet air  = 20°C 

5. Velocity at inlet   = 0.4 m/s 

6. Relative humidity of air  = 65% 

7. Geographical location  = Chennai 
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The velocity contour obtained at the occupancy zone (1.1 m from the floor level) is given in the figure 2. 

The average value of velocity obtained in the occupancy zone was about 0.04 m/s and the average temperature was 

found to be 21 °C. Since human occupancy and other heat loads are not considered in the simulation the 

temperature was experimentally measured and established as 27 °C. Considering the clothing insulation of 0.71 clo 

and metabolism rate of 1.4 met (calculated for the model room according to ASHRAE standard). The Predicted 

Mean Vote (PMV) was found to be + 1.08 and corresponding predicted Percentage of Dissatisfaction (PPD) was 

found to be 30 % against allowable PPD of 10 % by ASHRAE. The stream line flow of the air from the inlet to the 

exit diffuser is shown in the figure 3     

  
Figure 2 Velocity Contour at Occupancy level Figure 3 Velocity Streamline at the Test Room 

Energy savings by Velocity Improvement: In the design phase of the building the diffusers are designed 

according to the flow rate of air required. But this practice leads to the designers to neglecting the minimum 

velocity that must be present so that you go up to the maximum allowable velocity that is permitted by the 

standards. The reduction in air velocity is compensated by the reduction in Air conditioner set point temperature. 

Since the power required for refrigeration is very high compared to that of the blower the this practice increases the 

power demand of the building .The optimum temperature calculated according to the ASHRAE standards at the 

existing condition (0.04 m/s) is found to be 22.5 °C and The optimum temperature when the velocity is improved to 

0.2 m/s is found to be 24.9 °C. The temperature offset of 2.4 °C can be archived by the improvement in velocity. 

The energy saving potential by reducing the set point of the building from the literature survey is tabulated in the 

Table 1. 

Table 1 Results of thermal comfort studies on various countries 

Year Location Energy saving potential 

1993 Singapore 6% reduction for 1 ◦C increase in thermostat setting  

1994 Taiwan 34.4% savings in A/C power consumption (raising 2 ◦C)  

2004 Thailand 6.14% for each increase in ◦C 

2007 Australia 6–7.3% per ◦C  increase in thermostat setting 

2007 Taiwan 10% savings in A/C system (set-point from 24 to 26 ◦C) 

2008 Southern China 6–10% per 1–2 ◦C increase 

2012 Taiwan 13.2% (6 ◦C increase in thermostat set-point) 

CONCLUSION 

Maintaining the thermal comfort in the buildings is not possible for the building operators without 

regulating the velocity distribution in the occupancy zone hence air distribution system is as important as any other 

part of the air conditioning system and positioning, sizing and selection of the diffuser needs to be done scientifically. 

CFD can be effectively used to predict the air flow path in a building. Hence this tool will be very useful is 

designing the air distribution system. Since air conditioning system is one of the major energy guzzlers in the 

building sector regulating the air velocity will give considerable lead in the effective energy usage in the building 

sector. The other benefits of the velocity optimisation are reduced investments (smaller capacity cooling systems 

may serve the purpose in case of higher velocity), reduced maintenance improved productivity, Occupants morale 

etc. According to NRDC (2011), if developers across India implemented standard energy efficiency measures in 

new construction and major retrofits, the country could avoid the need for 2988 MW of generation capacity by the 

year of 2030. Hence the building designers should take up the energy efficiency measures seriously.  
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