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Abstract— Under floor air distribution systems (UFAD) 

have received increasing attention during the past decades 

due to potential advantage over conventional overhead 

forced air system. The diffuser inlet air velocity, Heat load 

inside the system, volume flow rate have major effect on the 

UFAD system. Here in this work we are analyzing the 

velocity flow behavior of air coming from the diffuser inlet 

in order to provide better comfort inside the system. Here it 

also analyzed the temperature stratification in order to 

maintain better thermal conditioning inside the control 

system. It consider the three point denoted by A, B, and C as 

a center of diffuser inlet, local heat source and free space 

position.   We analyzed the velocity flow profile at all these 

three position in order to provide better mixing of air so that 

it can maintain the better human conditioning inside the 

system. It also analyzed the temperature distribution at 

different horizontal plane which is at different distance from 

the ground floor. It also finds the temperature difference in 

between different horizontal plane in order to find the better 

comfort conditioning. Then after it also calculate the effect 

of the position of the diffuser inlet on the temperature 

stratification and also find the optimal position of the 

diffuser inlet in order to provide better mixing of air inside 

the system, so that better comfort conditioning can be 

achieved. 
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I. INTRODUCTION 

Since 1990s, humans have already facing a serious shortage 

of resources. Saving energy has already become the focus in 

countries around the world. In energy consumption, 

buildings section is the main energy consumer, among 

which air conditioning system is up to 60%～70%. There-

fore, to save energy, the prospect of energy efficiency of air 

conditioning is very broad. In addition, as people's indoor 

retention time increase gradually, indoor air quality is 

directly related to the personnel health and work efficiency. 

Sick building syndrome caused by the bad indoor ventilation 

has aroused wide attention of all social sectors, so the 

improvement of the indoor air quality (IAQ) has become 

one of the problems which should be solved in air 

conditioning system. 

A. Under Floor Air Distribution 

Under floor air distribution systems are a general class of air 

distribution systems that deliver air through diffusers in the 

floor, with the intent of maintaining comfort and indoor air 

quality levels only in the occupied lower portion of space. 

These systems are increasingly popular alternatives to the 

traditional overhead, or “fully-mixed” systems, which 

attempt to condition the air in the whole volume of space. 

Underfloor systems provide unique opportunities for energy 

savings, enhanced comfort control, and improved indoor air 

quality and introduce air at the floor level, with return grilles 

located near the ceiling.  

 
Fig. 1: Underfloor air distribution system 

II. OVERHEAD OR CONVENTIONAL AIR DISTRIBUTION 

For overhead air distribution system, cooled air enters the 

occupied zone through an inlet located at the ceiling level 

supplying a vertical downward inflow. Three different 

locations of the inlet diffuser are considered. For overhead 

air distribution system, the inlet is located on the ceiling 

with slower and cooler inflow. 

 
Fig. 2: Conventional air distribution system 
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A. UFAD Air Distribution and Stratification 

Thermal stratification is the result of processes which layer 

the internal air in accordance with relative density. The 

resulting air strata are a vertical gradient with high-density 

and cooler air below and low-density and warmer air above. 

Due to the naturally convective movement of air, 

stratification is used predominantly in cooling conditions. 

Air stratification capitalizes on thermal buoyancy to layer 

high quality supply air at occupant level and leave 

unoccupied air unconditioned 

III. TEST CHAMBER GEOMETRY 

The airflow patterns in different cases were very similar to 

each other as shown by Kong. Et al. Different graph shows 

the velocity distribution pattern for different vertical planes 

in different Cases. The supply air velocity in Case 2 was 

higher. The plane x = 2.1 m cuts across the center of the 

supply diffuser, the plane x = 0.9 m cuts across the center of 

the local heat source, and the plane x = 3.0 cuts across the 

post C. these are the planes on which velocity distribution 

and temperature distributions where analyzed 

A. Objective of the Work 

The main objective of the current work is 

 The objective of the current work is to numerically 

simulate the experimental work on temperature 

stratification which is performed by the kong et al. 

 The main objective of our proposed work is validation of 

the CFD model of temperature stratification through 

comparison of the numerical result with the experimental 

results performed by the kong et al. 

 To predict temperature distribution for horizontal and 

vertical plane at different heigh that is 0.1m, 0.5m, 1.0m, 

1.5m, 2m, 2.5m. 

 Preparing the CFD model of the room stratification and 

validating it by comparing it with the experimental 

values calculated by kong. 

 Finding the effect of position of diffuser inlet on the 

momentum of air inside the room in order to maintain 

the better comfort conditioning. 

 Also finding the effect different shapes of the diffuser 

inlet on the temperature stratification. 

B. Problem Formulation 

The survey of different previous works we predict the 

temperature stratification in the most important parameters 

in order to maintain better comfort conditioning. The 

purposes of this study reduce the temperature difference in 

between the two horizontal layer and increase the 

momentum of the velocity at the free space area in order to 

reduce the temperature difference in between the horizontal 

plane. 

IV. LITERATURE REVIEW 

T. Webster et al. (2002) [1], provides a current assessment 

of UFAD technology by describing key features of system 

design and operation, potential advantages over 

conventional practice, limitations and needs of the 

technology, and ongoing work to advance UFAD 

technology. Research shows the benefits of Underfloor air 

distribution (UFAD) over conventional ceiling-based air 

distribution which is an innovative technology that uses the 

underfloor plenum below a raised floor system to deliver 

space conditioning in offices and other commercial 

buildings. 

A. Musser and W.P. Bahnfleth (2001) - the 

investigation had been done A computational fluid dynamics 

(CFD) model has been developed to simulate the flow and 

heat transfer near a lower radial inlet diffuser in a cylindrical 

stratified chilled water storage tank during charging. The 

model was used to perform parametric simulations of inlet 

diffuser performance in full-scale tanks during thermocline 

formation, from which first-order correlation relating 

thermal performance to tank and diffuser design parameters 

were derived. 

E.E. Khalil and Rameez Kameel (2005) describe 

that the Energy Efficiency and Indoor Air Quality in the 

healthcare applications and particularly in surgical operating 

theatres are important features in modernized designs. The 

various reasons for deviation from obtaining optimum IAQ 

and energy efficient buildings are listed. The air 

conditioning systems serving the operating rooms require 

careful design to minimize the concentration of airborne 

organisms. Numerical approach is an appropriate tool to be 

utilized to adequately identify the airflow patterns 

temperatures and relative humidity distributions and hence 

energy efficient designs 

J. Lau and Chen, Q. Chen (2006) [5]- researched 

about the energy analysis for workshops with floor-supply 

displacement ventilation under climates. Many studies have 

shown that floor-supply displacement ventilation systems 

are better than mixing ventilation systems. The benefits 

include indoor air quality, thermal comfort, and reduced 

energy use. The energy benefits depend on the climate 

conditions. This research compared the energy use of a 

floor-supply displacement 

E.C. Montanya et al. (2009) [7] reviewed about 

how to properly implement and construct UFAD and DV 

with the potential benefits of underfloor air-distribution 

(UFAD) systems depends on the installation, operation and 

use of the system, as well as the underlying design and 

identified as improved ventilation effectiveness, occupant 

satisfaction with thermal comfort and energy performance 

with increased ease of reconfiguration. 

Bard Venas et al. (2009)  - The paper investigates 

the possibility for using a traditional ventilation system with 

ceiling mounted diffusers to provide heating under winter 

time conditions in relatively cold climates – in buildings 

with low transmition losses such as “passive houses”. The 

analysis is done through a number of CFD simulations of a 

simplified office. It is shown that even small over-

temperatures reduce the Air Change Efficiency 

substantially. 

V. GOVERNING EQUATIONS 

 Conservation of mass 

 Conservation of momentum 

 Conservation of energy  

 Conservation of species  

 Mass Conservation Equation: 

 
𝜕𝜌

𝜕𝑡
+ ∇. 𝜌𝑈 = 0  (3.1) 

 Momentum Equation: 
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𝜕𝜌(𝑢,𝑣,𝑤)𝑇

𝜕𝑡
+ (∇𝜌𝑈𝑢, ∇. 𝜌𝑈𝑣, ∇. 𝜌𝑈𝑤)𝑇 +

(−
𝜌𝑤2

𝑟
, 𝜌𝑔,

𝜌𝑢𝑤

𝑟
)𝑇 =  −∇𝜋 + ∇. 𝜏  (3.2) 

 Energy Equation: 

 
𝜕𝜌ℎ

𝜕𝑡
+ ∇. 𝜌𝑈ℎ =  ∇. 𝜆𝑒∇𝑇 − ∇. 𝑞𝑟𝑎𝑑 +

∇. ∑ 𝜌ℎ𝑖𝑖 (𝑇)𝐷𝑒∇𝑌𝑖 (3.3) 

 Species Equation: 

 
𝜕𝜌𝑌𝑖

𝜕𝑡
+ ∇. 𝜌𝑈𝑌𝑖 = ∇. 𝐷𝑒𝜌∇𝑌𝑖 − 𝑅𝑖  (3.4) 

 The enthalpy h is defined by: 

 ℎ = ∑ 𝑌𝑖𝑖 ℎ𝑖(𝑇)   (3.5) 

 Where ℎ𝑖(𝑇), is the specific enthalpy of species i, 

includes the heat of formation of i. When needed, T is 

computed using h, Yi. Where Y, h, λe, ρ and Ri are the 

enthalpy mass fraction, effective diffusivity and the 

flow density and mass rate of consumption of species 

respectively. 

VI. MODEL FORMULATION 

A. Introduction to Numerical Treatment 

The steps that should be followed for solving a 

numericalproblem are as follows 

 Mathematical model 

 Discretization method 

 Finite Difference Method 

 Finite Volume Method 

 Finite Element Method 

 Coordinate System 

 Numerical Grid 

 Finite Approximations 

 Solution Method 

B. Pre-processing 

1) To prepare A CAD model and geometry dimension 

 
Fig. 3: Geometry dimension of under floor air distribution 

system 

2) Meshing 

For grids generation, the main consideration is the accuracy 

of numerical solver in modeling the airflow profile. The 

numerical solver would perform the iterations based on 

numerical models employed for the calculation from one 

cell to the adjacent cells; thus the generation of grids/cells 

plays a significant role particularly when low air momentum 

is involved 

 
Fig. 4: Meshing of under floor air distribution system 

3) Problem Justification 

The following Solution method is as follows- 

 Pressure of air consider as atmospheric pressure 

 Turbulent kinetic energy turbulence dissipation 

VII. RESULT AND DISCUSSION 

A. CFD Analysis of Temperature Stratification and the 

Effect of Diffuser Inlet Position inside the System  

In traditional air conditioner overhead systems are used 

where as in the current analysis the under floor air 

distribution (UFAD) system is used. In an underf1oor air 

distribution system air supply localized through distribution 

system (with or without individual control) and the resulting 

floor-to-ceiling air flow pattern [1].In UFAD system, the 

chiller energy consumption is less than that of overhead 

mixing system all year. As floor-to-ceiling air flow pattern 

results in thermal stratification, room cooling load is 

reduced. Many studies have been devoted to analyzing 

energy use of UFAD. However, after doing the thermal 

analysis it is shown that the thermal stratification is a very 

important issue for regarding the energy saving, and the 

control of room air stratification is critical to the design and 

operation of successful UFAD systems [6].After doing the 

thermal analysis for indoor system, it is necessary to explore 

the characteristics of indoor air flow. Many of the 

researchers have performed some experimental work that 

has been conducted to investigate the distribution of indoor 

air temperature. When the air coming inside the room 

through diffuser inlet had sufficiently large vertical 

momentum, UFAD ventilation behaved like mixing 

ventilation. The flow of air from floor to ceiling has a strong 

impact on the vertical stratification in the control space. As 

floor-mounted diffusers are used commonly in the UFAD 

systems, it is necessary for the diffusers to apply optimal 

properties of the supply airflow. The high momentum might 

bring too much air into the upper layer, and then mixing 

ventilation is created and ventilation efficiency decreases. 

Here in this analysis, airflow patterns in different cases were 

mainly similar to each other. shows the velocity distribution 

pattern at three vertical planes in Cases 1 and 3. Different 

cases used by kong et al. 
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Cases 

Local 

heat 

load, 

𝐿1(W) 

Floor 

heat 

load, 𝐿𝑓 

(W) 

Supply 

volume 

flux, 𝑄0 

(L/s) 

Supply air 

velocity, 

𝑢0 (m/s) 

1 

(exp) 
200 50 69 1.03 

2 700 118 99 1.47 

3 700 118 69 0.6 

Table 1: Showing the Boundary conditions for different 

cases 

Different boundary conditions for different cases 

are shown in the table. Here the case 1 is the experimental 

analysis performed by kong et al. []. The supply air velocity 

in Case 2 was higher. The plane x = 2.1 m cuts across the 

center of the supply diffuser, the plane x = 0.9 m cuts across 

the center of the local heat source, and the plane x = 3.0 m 

cuts across the post C. From Fig. 5.5(a) and (b) we can see 

that the jet of the cooling diffuser turned around and fell 

down after it moved upward and reached a height. Fluid 

from the down flow was affected by the up flow of the jet, 

while fluid was affected into the down flow from both the 

up flow and the environment. In the lower zone of the room, 

there were many eddies, and more mixing of air flow 

occurred. Different velocity profile and velocity vectors at 

different vertical plane of the room are shown in fig 

 
Fig. 5: Velocity vector field for (a) x = 2.1 m in Case 1 

B. Velocity Distribution 

Here in this case the velocity at the inlet of the diffuser is 

1.03 m/s, whereas the local heat source L_1(W) value is 

200, Floor heat load, L_f (W) is 50 and Supply volume flux, 

Q_0 (L/s) 69. Different velocity contours at different 

position are shown in fig 

 
Fig. 6: Showing the velocity contours at the middle plane of 

the diffuser inlet that is at position A 

 
Fig. 7: Showing Velocity vectors at the middle vertical 

plane of the diffuser inlet 

 
Fig. 8: Showing the velocity contour at vertical plane at 

position C 
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Fig. 9: Showing the velocity vector for case 1 in a vertical 

plane at distance 3 m that is point C 

 
Fig. 10: Showing the velocity contours in a vertical plane at 

distance 0.9 m 

 
Fig. 11: Showing the velocity contours at different vertical 

planes of the room 

 
Fig. 12: Showing the velocity contours at the different 

vertical planes of the room 

C. Temperature Distribution 

The temperature variation at numbers of horizontal planes in 

Case 1.The temperature in the center of supply jet increased 

slowly at first, and then the change of temperature was fast 

when the jet terminated. The temperature at the free area 

was also stratified, and it increased gradually with the height 

from the floor. 

 
Fig. 13: Showing the temperature distribution at the floor of 

the room 

 
Fig. 14: Showing the temperature distribution on the 

horizontal plane at distance 0.1 

 
Fig. 15: Showing the temperature distribution in a horizontal 

plane at distance 0.5 
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Fig. 16: Showing the temperature at horizontal plane 1 m 

away from the floor 

 
Fig. 17: Showing the temperature at horizontal plane 1.5 m 

away from the floor 

 
Fig. 18: Showing the temperature at horizontal plane 2.5 m 

away from the floor 

Height 

(m) 

Temperature at the free space area in degree 

centigrade 

0.1 20.6 

0.5 20.8 

1 21 

1.5 22.1 

2 22.9 

2.5 23.6 

Table 2: Showing the Temperature for case 1 at different 

horizontal plane 

 
Fig. 19: Shows the temperature values comparison for 

different cases 

VIII. CONCLUSION 

 In this work, numerical analysis is conducted in order to 

investigate the room air temperature stratification with 

UFAD system. 

 Quantitative analysis was presented. The results show 

that the different parameters effect the room air 

temperature stratification. Here it shows the effect of 

diffuser inlet temperature, heat load, volume flow rate 

and also shows the effect of diffuser inlet position on 

the velocity flow pattern and on the temperature 

stratification. 

 In order to provide the better mixing of air inside the 

system, it is necessary to find the optimum inlet 

velocity of air and also finding the optimum position of 

diffuser inlet so that it can provide the momentum to air 

molecules in order to provide the better comfort 

conditioning inside the system.  

 The above results of room air temperature stratification 

can provide the guidance on calculating the amount of 

cooling airflow needed to remove heat loads from a 

building space and establishing the model of heat 

transfer in a room with UFAD system.  

 Here we are finding the temperature difference in 

between the horizontal plane, the minimum difference 

temperature in between the horizontal plane shows the 

better mixing and also shows the better comfort 

conditioning inside the system. Here we have also 

calculated the effect of diffuser inlet and it shows that, 

type having diffuser at the middle of the system shows 

the least temperature difference in between the 

horizontal planes and shows the best case for comfort 

conditioning. 

Diffuser 

inlet 

geometry 

Temperatur

e at 0.1 m 

Temperatur

e at 1.5 m 

Temperatur

e difference 

in between 

planes 

rectangula

r 
20.8 22.5 1.7 

Circular 20.8 22.1 1.3 

Triangular 20.4 22.9 2.5 

Table 3: Showing the temperature difference in between 

planes having different conditions 
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IX. FUTURE SCOPE 

 The integrated design and construction approach should 

provide performance benefits, but also demands greater 

initial efforts, study, and design cost. 

 The integrated design approach and increased 

communication among participating disciplines and 

trades are necessary requirements for the proper 

functioning of advanced systems, such as UFAD, where 

multiple participants affect performance. 

 A high inlet/outlet mass flow rate will have a 

detrimental effect on the level of thermal stratification. 
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