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ABSTRACT 

 
     Highly cooled air conditioning systems supply air to the 

conditioned space at temperatures ranging from 5°C to 11°C 

resulting in air volume flow rates lower than that required for the 

conventional air conditioning systems, which supply air to the 

conditioned space at temperatures ranging from 13°C to 18°C, by 

about 30%. The reduced supply air volume flow rates required 

with a lower supply air temperature result in smaller air ducts, 

smaller air handling units (AHUs), reduced fan energy 

consumption, potential for thermal storage and reduced pump 

energy consumption. In addition, improvements in indoor air 

quality have been noted. 

     One concern for these systems is that the supply cold air 

volume flow rate is lower than for the conventional systems that 

result in the occupant experiencing cold drafts and hence, thermal 

discomfort. To overcome this problem, some mechanical 

engineers have used fan-powered mixing boxes to increase the 

supply air temperature. Unfortunately, fan-powered mixing boxes 

introduce maintenance problems and can negate the energy and 

first cost saving of the highly cooled air conditioning systems. 

     The most straight forward, lowest first cost and energy 

efficient approach to overcome cold drafts problems is to supply 

the highly cooled air directly to the space using supply air 

diffusers designed for the required characteristics.  

     Successful supply of the highly cooled air directly to the space 

requires a diffuser that introduces the air along the ceiling at a 

high velocity. Therefore, high air velocity increases entrainment 
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of the room air, length of attachment to the ceiling and results in 

higher air temperatures at the point where the air stream leaves the 

ceiling.  

     The current research focuses on the air distribution to 

overcome the cold draft problem. Different swirl diffuser 

configurations are designed and manufactured to meet the desired 

characteristics. 

     An experimental investigation is conducted to study the effect 

of the design parameters on the performance of the highly cooled 

air conditioning outlets. Also, comparison is made between the 

conventional diffuser and designed diffusers performances, based 

on the air temperatures distribution in different test locations in 

the conditioned space. 

For this purpose, a test rig was designed, constructed and installed 

in the refrigeration laboratory. Many experiments were conducted 

by the different diffuser configurations, under the supply air 

temperature and test heat loads. 

     The experimental results obtained are plotted to show the 

performance of the conventional diffuser with the highly cooled 

air conditioning system. Also, the results show the effect of the 

design parameters on the performance of the swirl diffuser. 

     The expected results are to show that the conventional diffuser, 

with the highly cooled air conditioning system, produces cold 

drafts and cold spots in the occupied and unoccupied zones of the 

test space but the swirl diffuser of different configurations, do not 

produce cold drafts or cold spots in the occupied zone of the test 

space. Even though, few cold spots are noticed near the ceiling for 

some configurations. 
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     Also, it is expected that the swirl diffuser configurations affects 

the range of the air temperatures inside the test space.  
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NOMENCLATURE 
 

SYMBOLS 

 

T : Air temperature [°C] 

q : Sensible heat load [W] 

Q : Air volume flow rate [L/S] 

U : Overall heat transfer coefficient  [W/m
2
. °C] 

A : Surface area [m
2
] 

S : switch [-] 
 

SUBSCRIPTS 

 

Sup. : Supply   

room : Room   

out. : Outside   

in. : Internal   

ext. : External   

tot. : Total   

 

ABBREVIATIONS   

 

AHU : Air Handling Unit 

HVAC : Heating, Ventilation and Air Conditioning 

CFD : Computational Fluid Dynamics 

ASHRAE : American Society of  Heating, Refrigeration and 

Air conditioning Engineers 
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