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Abstract—In a highly developed living, people are always 

looking for a comfortable indoor environment with minimum 

energy use. Regional air conditioning mechanism (RACM) can 

create a personal thermal comfort control in a workroom which 

can contribute to save air-conditioning energy.  In this study, we 

analyze the airflow circulation cell of the RACM with varied 

inlet port opening and inlet port position dimensions using the 

computational fluid dynamics (CFD) technique. We created a 

RACM, two workstations, lightings, and a cabinet in a 

3-dimensional room. The fluid was assumed to be Newtonian, 

unsteady, and incompressible. A Bossinesq approximation was 

determined in order to consider the buoyancy effect. We 

examined the effects of the inlet port opening and inlet port 

position on airflow circulation establishing process. Air 

temperatures along the various midline of the occupied zone 

were predicted and compared for a range of inlet port opening 

and inlet port position by using non-dimensional form. We also 

showed the occupied zone temperature at various planes in the 

workroom. Results will indicate the suitable inlet port opening 

and inlet port position for maintaining individual satisfied 

occupants’ requirements and improving energy saving 

potential.

Index Terms—Environmental thermal comfort, personal 

air-conditioning, computational fluid dynamics (CFD), 

energy-saving. 

I. INTRODUCTION

The cooling costs will be increased when the 

air-conditioning system is turned on in the room. Home 

energy saving tips point out that, under setting the thermostat 

to 25.5 C, the cooling costs will be saved of 10  20%, and 5 

 12% in case of 29.4  C when you leave your home for 

more than four hours [1]. The total electric energy 

consumption is reduced by about 30 % to 40 % in room

without air conditioning [2]. Since the increasing demand for 

building services, growing in population, together with the 

rise in time spent inside buildings, assure the upward trend in 

energy demand will continue in future. If cool air could be 

directed to desired zone (s) in a room, the cooling energy 

consumption will decrease, so contributing to energy issue 

thrift. There were some studies concerning these problems 

with theory of personal air-conditioning, so far.

Zeng et al. [3] showed personalized ventilation systems 

(PVS), whose design allowed each occupant to control 
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his/her air flow direction, temperature and select his/her 

thermal comfort demands. In their studies, the perceived air 

quality of the PVS is superior to the conventional mixing 

ventilation system under the same amount of supply air.

Melikov and Fanger [4]-[6] have systematic reviews on the 

performance of personalized ventilation (PV) and on human 

response to it. PV, in comparison with traditional ventilation, 

has two important advantages: (i) it has potential for

improving the inhaled air quality, and (ii) each occupant is 

delegated the authority to optimize as well as control  the 

temperature, the flow rate, and the direction of supplied air 

according to their own preferences and to thermal comfort 

requirements.

In 2005, Huang et al. [7] adopted airflow management 

technology to improve regional airflow temperature 

distributions in an automobile to counteract the greenhouse 

effect by using computational fluid dynamics (CFD) method. 

An auxiliary power supply system that automatically powers 

the “greenhouse” ventilation system using solar-energy was 

shown in that study. The auxiliary solar-power supply can 

save energy and reduced the green effect of sunlight, while 

creating a comfort traveling environment. In 2006, Huang et 

al. [8] presented air-conditioning system of an intelligent

vehicle-cabin to satisfy with respect to occupant’s unique 

temperature demands, which can control regional airflow 

circulation in certain areas. The experimental measurement 

was conducted to test the influences on regional 

air-conditioning system as a result of introducing without 

manikin, with manikin, and a real person in the cabin. In 

recent published designs, the author [9]-[12] also 

investigated CFD simulations and experimental works in 

workroom with the theory of regional air-conditioning 

mechanism (RACM). However, most of previous studies on 

airflow circulation cell in empty workrooms have been dealt 

with limited range of physical and geometrical parameters. 

This investigation considered airflow circulation cell 

establishing process in a workroom with two workstations in 

the room for a various inlet port opening and outlet port 

position. The inlet port parameters are non-dimensionalized 

with RACM wall so as to the generalizability of results from 

this paper.

II. WORKING ROOM MODEL

A 3-dimensional RACM with height (H) of 2 m and 

diameter (D) of 0.075 m is modelled inside a room with 

internal dimensions of mmm 2.3510  (ceiling height) 

which is considered the atmosphere as shown in Fig. 1. Room 

has two workstations, one located in middle room, and the 

other was at corner room. Fig. 2 shows the computational 
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domain modelled using Gambit software [13]. 

A non-dimensional variable (W) is considered, it is defined 

as the ratio between the inlet port height (w) to the height of 

RACM (H). Another non-dimensional variable (L) is defined 

as the ratio between the inlet port position (l) and the height 

of RACM (H).

Fig. 1. Model of the RACM in the modeled room

Fig. 2. Computational domain

TABLE I: ANALYSIS CASE DETAILS

Equations Values

Changing the inlet port 

opening of the 

RACM− a 

non-dimensional 

number

inw
W

H


0.0117, 0.0235, 0.0352, 

0.0470, 0.0588, 0.0705

Inlet port position − a 

non-dimensional 

number

l
L

H


0.176, 0.294, 0.470, 

0.647, 0.882

III. METHOD

The fluid within the room is considered to be an unsteady 

incompressible, the flow within the enclosure is assumed to 

be turbulent, Boussinesq approximation which was valid to 

consider the gravity and buoyancy effects. 

To nondimensionalize these governing equations as shown 

in equations (1), (2), (3), (4), (5), and (6) divide all lengths by 

the height of the RACM, H and all velocity by inlet fluid 

velocity, ui. As for temperature the two values (Tin and Tw) 

are used. Make the pressure nondimensional by dividing by
2

inu . Denoting nondimensional quantities with capitalized

letter,  and t :  

x
X

H
 ; y

Y
H

 ; 

in

u
U

u


; 

in

v
V

u


; 
2

in

p
P

u
 ; 

                  

w

in

in

T T

T T


 


; .in

in

u t
t

w

                     (1)

The governing equations of continuity, momentum, and 

thermal energy are then written in dimensionless form:
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(6)

The Reynolds number is defined as Re in inu w


 , Prandtl 

number is
Pr






, and quantities  and    are thermal 

diffusivity and kinematics viscosity of fluid, respectively. The 

Reynolds number signifies the ratio of inertia and viscous 

forces. The Prandtl number indicates the ratio of the 

momentum and thermal diffusivities. Denoting inw
W

H
 .

IV. BOUNDARY CONDITIONS AND SOLUTION PROCEDURE 

The nondimensional form of the boundary conditions are: 

At the inlet port: U = 1; V = 0; W = 0; 0 

On the other solid walls: U = V = W = 0; 1 

On the adiabatic RACM walls: U = V = 0;
0

X






The initial conditions for velocity and temperature fields are 

zero velocity and 1  , respectively. 

In order to investigate the effect of the inlet port’s position, 

the value of l. A dimensionless variable for the positions of 

inlet port is defined as l
L

H


. The velocity and temperature 

distributions were taken to be fully developed. From the 

preceding formulation, it shows that the nondimensional 

parameters governing this problem are Re, Pr, W, L. In this 

study, the Prandtl number of the fluid is assumed to 0.7. The 

Reynolds numbers also to fixed to 35.10 .

The tetrahedral hybrid T grid type topological element was 

used for meshing the flow domain. 121852 nodes are used in 

the 3D model. The CFD code used in this study was a Fluent 

solver (Fluent, Inc. 2006) [14]. By using solution-adaptive 

refinement, such as gradient adaption of velocity, the model 
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could be refined by adding cells to enable the independent 

velocity field to be better resolved and coarsen the rest of the 

model room. When adaption is used properly, the resulting 

mesh is optimal for the flow solution. In other words, 

computational resources are not wasted by the inclusion of 

unnecessary cells in the rest of model. 

Fig. 3. Temperature distribution in the symmetrical

plane: (a) W = 0.0117 and (b) W = 0.0705.

The fluid was assumed to be Newtonian, unsteady, and 

incompressible. A Boussinesq approximation was determined 

in order to consider the buoyancy effect. Computer code was 

solved, finite-difference and conservative equations were 

formed for the mass, momentum, and thermal energy. The 

solving method was couple implicit. The standard k 
turbulence model was selected, while the standard near-wall 

function was used in the near-wall treatment. In the solution 

control, a second order upwind method is specified. All the 

cases are iterated up to a convergence level of 10-6.  

V. VALIDATION OF ACCURACY OF SIMULATION

Validation of the CFD using experimental work has been 

done by Huang et al. [11], [12]. Experimental and CFD data 

include the temperature and velocity in the occupied zone. The 

results of simulation are slightly different from the results of 

the experiments, around 11 %. The fairly good agreement 

between experimental and simulation results indicates that the 

CFD simulation is possible to use in the investigation of 

in-room characteristics of the RACM.

VI. EFFECT OF THE INLET PORT OPENING 

We analyzed the effect of the inlet port opening on airflow 

circulation cell by varying the height of the inlet port for a 

given RACM wall. A non-dimensional variable (W), the ratio 

of inlet 

port height to the height of RACM wall, is considered. It is 

necessary to develop a non-dimensionalized number for 

generalizing this analysis. The analyzed values of W are 

provided in Table I. The minimum and maximum values of W

are 0.0117 and 0.0705 which correspond with inlet port heights 

of 0.02 m and 0.12 m, respectively, for a RACM wall height of 

2 m. CFD simulation of airflow distributions were carried out 

in the modelled room after 500 seconds of cooling. The Fig. 3 

depicts the temperature and velocity distribution in the YZ

plane at the X of 2.5 m from back room side(middle plane). 

When W = 0.0117, the cool airflow circulation cell just 

concentrate in the occupied zone, most of the cool air from the 

inlet is sucked back to the outlet port by the negative outlet 

pressure to form a circulation cell. When W = 0.0705, basically, 

the airflow circulation are still kept inside the cell, however, 

the airflow loss increases as the inlet port height is increased. 

Presumably, more of the cool air inlet flow reaches the room 

background and changes to a horizontal direction and moves 

further away from occupied zone and it may cause a larger 

temperature distribution in comparison with that of the smaller 

inlet port height cases. The vertical temperatures trends were 

recorded along x1x2, as shown in Fig. 4 for different heights of 

0, 0.1, 0.3, 0.5, 0.7, 0.9, 1.1, 1.2, 1.3, 1.5, and 1.7 m from floor 

surface level. These heights correspond to Y of 0, 0.058, 0.176, 

0.294, 0.411, 0.529, 0.647, 0.764, 0.882, and 1 of the 

non-dimensional model. When W = 0.0117, the temperature 

along x1x2 is almost constant up to 0.764 and higher than 0.764, 

increased to 1  . For the remaining W values, temperature 

decreases only from floor surface level to 0.411. The inlet port 

opening height affects the mass airflow rate entering the room. 

If the inlet port opening is smaller, the volume of air entering in 

the occupied zone is small and thus does not remove much heat 

from the occupied zone. Also, a small inlet port opening does 

not provide good regional air conditioning. In contrast, a large 

inlet port opening allows for a much volume of cool air to enter 

the room and provides better airflow circulation cell in the 

occupied zone. However, providing larger sized inlet port on 

the RACM will reduce the RACM wall’ strength as well as 

consume more cool airflow, there is thus a trade-off among 

thermal comfort, strength of RACM system, anti-clogging 

system, and energy consumption issue. Fig. 4 also indicates

that the occupied zone temperature is reduced by increasing the 

height of the inlet port opening. The air temperature zones are

occupied at P1, P2, and P3 are shown in Fig. 5. 

0 0.5 1 1.5
qWhen W = 0.0117 only a small inlet port of area becomes 

the low temperature zone. When W = 0.0235 to 0.0325, the

temperature change in the occupied zone is not significantly 

and the average temperature zone decreases linearly for 

Fig. 4. Temperature distributions along middle of occupants for different W 

values.
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planes P1 and P2. When W is higher than 0.0352, the average 

temperature zone for planes P1 and P2 is around q = 0.6. 

Judging from Fig. 5, the air temperature in plane P3 is around 

q = 1 as W = 0.0117 to 0.0705. Because the plane P3 was far 

from the cool airflow source and cool airflow circulation cell 

located. The Fig. 5 show that, there is a gap between 

temperatures of the occupied zone with the RACM located 

(P1 and P2) and the occupied zone without the RACM setup 

(P3). The low average air temperature is greatest at planes P1

and P2. This suggests that the indoor air temperature is lower 

at the area around the RACM located. Since the average low 

temperature for cases where W = 0.0352 to 0.0705 has 

minimal variation, the case where W = 0.0352 is identified as 

a suitable size for providing sufficient thermal comfort and 

consuming cool airflow, and strength of the RACM pipe.  
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Fig. 5. Average temperature at P1, P2, and P3 zones with different W values

VII. EFFECT OF THE INLET PORT POSITION 

The effect of the inlet port position (i.e., the ratio of the 

inlet port position (l) to the height of the RACM (H)), L, is 

varied for a given the RACM wall of 2 m. The temperature 

distribution in the middle plane is shown in Fig. 6. For the 

smaller values L, the inlet port is near the outlet port and room 

surface. In this case, the cool airflow entering the room travels 

shorter distance before leaving the room. In addition, the cool 

airflow reaches the room surface quickly; then, the airflow 

circulation cell is less uniform and more airflow loss changes 

to a horizontal direction in the room. However, when L is 

increased from 0.47 to 0.882 and the distance between inlet 

and outlet ports becomes longer, the cool airflow entering the 

room flows longer distance possible before reaching outlet port 

and room surface. A good airflow circulation cell will be filled 

almost the entire occupied zone with small loss that is located 

at the room surface. The reason for this is that, presumably, the 

distance between inlet and outlet port is long enough let the 

cool airflow be sucked back to outlet port. When L = 0.176, the 

airflow circulation cell is less concentration in the occupied 

zone. This is attributable to the insufficient and non-uniform 

flow of circulation cell in the occupied zone. The vertical 

temperature trends were recorded along x1x2, as shown in Fig. 

7 for different heights of 0, 0.058, 0.176, 0.294, 0.411, 0.529, 

0.647, 0.764, 0.882, and 1 from floor surface level. When L = 

0.176 and 0.294, only area for height from Y = 0 to 0.176 

becomes the low temperature and after Y = 0.176 where the

temperature is held constant. 

Fig. 6. Temperature distribution in the symmetrical plane: (a) L = 0.176 and (b) 

L = 0.882.
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Fig. 7. Temperature distributions along middle of occupants for different L

values
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Fig. 8. Average temperature at P1, P2, and P3 zones with different L values

When L = 0.470 to 0.882m the temperature along x1x2 is 

below 0.74 up to a height of Y = 0.529, above which it is 

constant. From theses trends it is clear that are with RACM 

system have lower temperature in the occupied zone. In all the 

vertical lines, the temperature is lowest when L = 0.882 and 

increase until L = 0.176. From this, it is seen that higher inlet 

port maybe better maintain the occupied zone’s temperature at 

lower level that other locations in the room. However, when L

is higher than 0.470, the temperature change is not significant 

and average temperature point where L = 0.470 to 0.882 has 

minimal variation. The case where L = 0.470 is identified as a 
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suitable size for providing sufficient thermal comfort and 

anti-clogging system for the RACM. Fig. 8 shows the 

predicted area of the low temperature zone for planes P1, P2, 

and P3. When L = 0.167 to 0.47, the average temperature zone 

decreases linearly for plane P1 and P2, whereas plane P3 yields 

same average temperature of 1q  for all values of L. When 

L is higher than 0.47, the average temperature zone increases 

for plane P1 and P2, however, the temperature change is not 

significant and the average low temperature is around 0.6. All 

of these findings support proving the RACM that, under 

suitable adjustments of L = 0.47, the highest level of thermal

comfort demands and anti-clogging RACM system potential 

can be achieved. 

VIII. CONCLUSIONS

The paper investigated the effect of non-dimensional 

variables such as the inlet port opening (W) and inlet port 

position (L) on airflow circulation cell establishing process to 

improve individual thermal comfort and energy efficiency in 

the RACM system. We varied the parameters W and L from 

0.0117 to 0.0705 and 0.176 to 0.882, respectively. Based on 

our results, W = 0.0352 is the suitable inlet port opening for 

trade-off between thermal comfort and RACM strength, and 

energy-saving issue. Under the suitable adjustment of L = 

0.47, the highest thermal comfort and anti-clogging system 

can be achieved. Therefore, these simulation results will be a 

valuable basis for the research and the design of the RACM 

system.  
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