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Abstract — 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.   
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I INTRODUCTION 

1.1 Under-floor air distribution system has been used more 

and more widely in office buildings because of its 

superiority of flexibility, energy saving, lower investment, 

improvement of comfort and health, and satisfaction with 

individual requirement of local thermal environment 

control, first, a review on the application and development 

of under-floor air condition system has been carried in 
this paper. Then an office room with under- floor air 

condition has been simulated to learn the indoor 

temperature field, velocity field and thermal comfort in 

the circumstances of under floor air distribution. 

Meanwhile, according to the thermal equilibrium and 

human physiological temperature regulation model, the 

heat dissipation of human body to environment in under 

floor air distribution room has been calculated using the 

thermal equilibrium equation of human body. And the 

analysis on human thermal comfort has been analyzed at 

the view point of human physiology. And the results have 
been compared with some thermal comfort standards, 

such as PMV.  

1.2 About the UFAD duct  

1.2.1 DUCT –Ducts are used in HVAC system and ventilation 

process in industries ,offices ,houses they consists of an plate 

assembled in rectangular form with insulation for better 

conductivity to increase heat transfer rate during operation. 

1.2.2 SOLAR ENERGY COLLECTORS 

Solar collectors are the key component of active solar-heating 

systems. Solar collectors gather the sun's energy, transform its 

radiation into heat, then transfer that heat to water, solar fluid, 

or air. The solar thermal energy can be used in solar water-
heating systems, solar pool heaters, and solar space-heating 

systems. 

Solar energy collectors are classified as:  

(1) Flat plate collectors. 

(2) Concentrating collectors. 

If the area of interception of solar radiation is same as the area 

of absorption, the collector is known as flat plate collector. 

II Room air Distribution 

Air is introduced to, flows through, and is removed from 

spaces is called room air distribution. HVAC airflow in spaces 

generally can be classified by two different types: mixing (or 

dilution) and displacement 

2.1 Mixing Systems  

Mixing systems generally supply air such that the supply air 

mixes with the room air so that the mixed air is at the room 

design temperature and humidity. In cooling mode, the cool 

supply air, typically around 55 °F (13 °C) (saturated) at design 

conditions, exits an outlet at high velocity. The high velocity 

supply air stream causes turbulence causing the room air to 

mix with the supply air. Because the entire room is near-fully 

mixed, temperature variations are small while the contaminant 
concentration is fairly uniform throughout the entire room. 

Diffusers are normally used as the air outlets to create the high 

velocity supply air stream. Most often, the air outlets and 

inlets are placed in the ceiling. Supply diffusers in the ceiling 

are fed by fan coil units in the ceiling void or by air handling 

units in a remote plant room. The fan coil or handling unit take 

in return air from the ceiling void and mix this with fresh air 

and cool, or heat it, as required to achieve the room design 

conditions. This arrangement is known as 'conventional room 

air distribution' 

2.2 Displacement Ventilation 

Displacement ventilation systems deliver air at floor level into 

the space at very low velocity, typically less than 50 feet per 

minute (fpm). At this velocity, the air coming out of the 

diffuser can barely be felt, and the fresh air “pools” onto the 
floor. The system produces two distinct zones of air, one 

characterized by stratified layers of relatively cool and fresh 

air, the other by fairly uniform hot and stale air. The vertical 

flow profile in the lower zone can be generally described as 

upward laminar flow, or “plug flow.” The effect of the plug 

flow is to displace the hot stale air into an area well above the 

breathing level of the occupants, giving occupants the benefit 

of breathing significantly higher-quality air. The displacement 
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effect is augmented by the presence of heat sources within the 

occupied space.. The thermal plume created by a heat source 

has the effect of enhancing the airflow around the source, 

thereby improving overall heat removal. The plume is 

inherently advantageous in applications where air 

contaminants and heat are linked to the same source. Draft is 
usually not an issue in spaces served by displacement 

ventilation systems, but the temperature difference between 

the floor and head levels (the temperature gradient) is an 

important design issue.  

Displacement ventilation systems are generally applied to 

spaces that require cooling during occupied hours. They do 

not function well as heating systems; when heating is required, 

it is generally supplied by a separate system. Conventional 
European design practice limits the use of displacement 

ventilation systems to spaces with peak cooling loads of 12 

Btu/hr-ft2 or less. In spaces with higher cooling loads, radiant 

cooling systems are used in combination with displacement 

ventilation. Recent U.S. research suggests that displacement 

ventilation systems can be applied to spaces with cooling 

loads up to 38 Btu/hr-ft2. 

 

Figure 1.1: Underfloor air distribution system 

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. The space is divided into two variable zones, an 

occupied zone extending from the floor to top level, and an 

unoccupied zone extending from the top of the occupied zone 

to the ceiling. 

 

 

III LITERATURE REVIEW 

3.1 CATEGORIZATION OF LITERATURE 

Literature is divided into following categories: 

1. Concept of artificial roughness 

2. Roughness geometries used in solar air heater ducts 

The thermal efficiency of solar air heaters (SAHs) has been 

found to be generally poor because of the inherent poor 

thermal conductivity of air. In order to make the solar air 

heaters economically viable, their thermal efficiency needs to 

be improved by enhancing the heat transfer coefficient. There 

are different factors affecting the SAH efficiency, for example 

collector length, collector depth, type of absorber plate, glass 

cover plate, wind speed, and so forth. 

The shape factor of the absorber plate is the most important 
parameter in the design for any type of SAH. Increasing the 

absorber plate shape area will increase the heat transfer to the 

flowing air. On the other hand, it will increase the pressure 

drop in the collector; this increases the required power 

consumption to pump the air flow crossing the collector [1]. 

Sahu and Bhagoria(2005) [1]], The investigation had been 

done on this paper is the heat transfer coefficient by using 90˚ 

broken transverse ribs on absorber plate of a solar air 

heater,the roughened wall being heated while the remaining 

three walls are insulated. We found the entire range of 

Reynolds number and Nusselt number is also increases attains 

a maximum for artificial roughness pitch of 20 mm and 
decreases with an increase of artificialroughness pitch.The 

experimental values of the thermal efficiency of the three 

roughened absorber plates tested have been compared with the 

smooth plates. A plate having roughness pitch 20 mm and 

plate gives the highest efficiency of 83.5%. 

Anil Kumar et al.(2009)[2]–- Stated artificial roughness in 

the form of repeated ribs is one of the effective way of 

improving the performance of a solar air heater ducts. It has 

been carried out to determine the effect of different artificial 

roughness geometries on heat transfer and friction 

characteristics in solar air heater ducts. The objective of that 
study is to review various studies, in which different artificial 
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roughness elements are used to enhance the heat transfer co-

efficient with little penalty of friction factor. On the basis of 

correlations developed by various investigators for heat 

transfer coefficient and friction factor, an attempt has been 

made to compare the thermo-hydraulic performance of 

roughened solar air heater ducts. It has been found that lot of 
experimental and analytical studies reported in that paper. 

Kumar and Saini[3] carried out CFD based analysis to fluid 

flow and heat transfer characteristics of a solar air heaters 

having roughened duct provided with artificial roughness in 

arc shaped geometry. The heat transfer and flow analysis of 

the chosen roughness element were carried out using 3-D 

models. Authors reported that Nusselt number has been found 

to increase with increase in Reynolds number where friction 

factor decreases with increase in Reynolds number for all 

combinations of relative roughness height (e/D) and relative 

arc angle (á/90). 

Karmare and Tikekar [4]- performed a CFD simulation of 
fluid flow and heat transfer in a solar air heater duct with 

metal grit ribs as roughness elements employed on one broad 

wall of a solar air heater. The circular, triangular and square 

shape rib grits with the angle of attack of 54°, 56°, 58°, 60° 

and 62° were tested for the same Reynolds number. Authors 

reported that the CFD results give the good agreements with 

experimental results. Hence, CFD techniques can be used for 

analyzing and optimizing complex type of roughness surface. 

Soi et al. presented a CFD based investigation of heat transfer 

and friction characteristics of artificially roughened duct of a 

solar air heater. K-shaped (combination of transverse and V-
up) roughness geometry was used as an artificial roughness. 

Authors observed, for a given type of artificial roughness, 

Nusselt number increases with an increase in Reynolds 

number for smooth as well as roughened plate. Sharma et al. 

designed a solar air heater duct in order to carry out CFD 

based investigation. CFD based performance analysis of solar 

air heater duct provided with artificial roughness in the form 

of square type protrusion shape geometry was reported. 2-D 

computational domain and grid were selected. Non-uniform 

meshing was generated over the duct. 

Sharma and Thakur [5] conducted a CFD study to 

investigate the heat transfer and friction loss characteristics in 
a solar air heater having attachments of V-shaped ribs 

roughness at 60° relative to flow direction pointing 

downstream on underside of the absorber plate. Authors 

observed,Nusselt number increases with increase in Reynolds 

number where friction factor decreases with increase in 

Reynolds number for all combinations of relative roughness 

height (e/D) and relative roughness pitch. In the present work 

a computational investigation of turbulent forced convection 

in a two-dimensional duct of a solar air heater having 

rectangular rib roughness on the absorber plate is conducted. 

The upper wall is subjected to a uniform heat flux condition 
while the lower wall and two other side walls, except inlet and 

outlet are insulated. 

Sachin Chaudhary et al. [6] - having more concern with 

enhancement of heat transfer coefficient using artificial 

roughened absorber plate on solar air heater. The increment in 

heat transfer also leads to increase in friction factor which 

leads to increase in pumping power. In this study M shape 

geometry has been studied which is having different 

orientation. The effect of roughness parameters relative 

roughness height (e/D), relative roughness (P/e) and angle of 

attack (á) on Nusselt number and friction factor have been 

seen. The range of Reynolds number 3000-22000, e/D, P/e 

and á are 0.037-0.0776, 12.5-75 and 30-60° respectively. It 

has been found out that providing the artificial roughness of M 
shape increases heat transfer upto 1.7-1.8 times over the 

smooth duct 

IV  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. 

UFAD systems capitalize on the natural stratification that 

occurs when warm air rises due to thermal buoyancy. In a 

UFAD design, conditioned air stays in the lower, occupied 

part of the room, while heat sources such as occupants and 

equipment generate thermal plumes, which carry the warm air 

and heat source generated pollutants towards the ceiling where 

they are exhausted through the return air ducts. The 
temperature stratification created by the UFAD system has 

implication for space set points. Most of an occupant's body is 

in an area that is colder than the temperature at the thermostat 

height; therefore, current practice recommends raising 

thermostat set points compared to traditional overhead 

systems. The optimal ventilation strategy controls the supply 

outlets to limit the mixing of supply air with room air to just 

below the breathing height of the space. Above this height, 

stratified and more polluted air is allowed to occur. The air 

that the occupant breathes will have a lower concentration of 

contaminants compared to conventional uniformly mixed 

systems.  

Many factors, including the ceiling height, diffuser 

characteristics, number of diffusers, supply air temperature, 

total flow rate, cooling load and conditioning mode affect the 

ventilation efficiency of UFAD systems. Swirl and perforated-

floor-panel diffusers have been shown to create a low air 

velocity in the occupied zone, while linear diffusers created 

the highest velocity in the occupied zone, disturbing thermal 

stratification and posing a potential draft risk. Additionally, 

floor diffusers add an element of personal control within the 

reach of the occupant, as users can adjust the amount of air 

that is delivered by the diffuser though rotating the diffuser 
top. 

VI Hybrid Underfloor System 

The second general type of underfloor air distribution system 

can be characterized as a hybrid underfloor system, a 

combination of conventional mixing and displacement 

ventilation systems. Like the displacement ventilation system, 

the hybrid underfloor system attempts to condition only the 

occupied lower portion of space, producing two distinct zones 

of air, one cool and relatively fresh, the other hot and stale. 



                       © 2017 IJRTI | Volume 2, Issue 4 | ISSN: 2456-3315 
 

IJRTI1704022 International Journal for Research Trends and Innovation (www.ijrti.org) 93 
 

Unlike the displacement ventilation system, however, the 

hybrid underfloor system aims to reduce the stratification in 

the occupied lower portion by delivering air at higher velocity 

(200 to 400 fpm). While hybrid underfloor systems may more 

or less reduce the comfort problems associated with an 

excessive temperature gradient, they usually create small 
subzones of excessive draft called “clear areas “that occupants 

need to avoid. More over hybrid underfloor systems may not 

provide as dramatic an improvement in air quality at the 

breathing level as do displacement ventilation systems. Hybrid 

underfloor systems can handle higher cooling loads than 

displacement ventilation systems; the cooling load capacity is 

limited only by the number of diffusers used and the number 

of clear areas created. 
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