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Air distribution occupies an important position in the building design process as 
building occupants expect good standards of indoor air quality. Indoor air may 
uncomfortable because of its temperature, speed, direction, and volume flow rate. It 
doesn't matter how efficient the ventilation equipment is if the air not distributed 
well. The main aim of this study was to improve air distribution inside the office and 
avoided the local temperature difference, extract the warmed and contaminated air 
before it disperses across the room. A numerical study was performed into the 
effects of the location of inlet air and outlet air in relation to the room heat sources 
on air distribution and thermal comfort. A concept of combined indoor heat sources 
with the exhaust outlet was employed in this investigation. Also, in this research, the 
developed CFD models were thoroughly validated. This system was adopted for use 
in office spaces, where the exhaust outlet was located near the heat source. Four 
different locations studied in four cases with eight lines: four in the different corners 
and four around the heat source were analysed also the study take Air Distribution 
Performance Index and ventilation effectiveness as an indicator to the improvement 
in air distribution. The results showed a significant improvement in (ADPI) from 33% 
to 83% and the indoor thermal environment was improved using the new locations of 
the inlets and outlets. 
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1. Introduction 
 

The study of ventilation in buildings is essential to improve the quality of the indoor 
environment. Moreover, the effects of indoor factors such as airspeed and temperature 
distributions can increase the thermal comfort and benefit the air indoor quality [1]. Numerous 
analysts showed that higher ventilation rates can be helpful in work office environments [2,3] 
Ventilation involves the removal of noxious indoor air and the supply and distribution of fresh 
(outside) air into the indoor environment. Fresh air is necessary for buildings to provide oxygen for 
respiration and alleviate odors [4]. To evaluate the effectiveness and the strategy of ventilation, it is 
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necessary to quantitatively study the local thermal comfort with different air distribution systems. 
Dynamic building energy and CFD simulations showed that a change in the visible level of control 
over the thermal environment [5] and identify appropriate airspeed and air temperature could 
reduce cooling energy consumption in buildings and saving the total energy cost without losing the 
thermal comfort of the occupants [6]. Macpherson definite the physical variables affecting thermal 
sensation (air temperature, air velocity, relative humidity means radiant temperature) [7]. In real 
circumstances, thermal comfort may not be completely seen just by these variables [8].  

Ventilation is achieved through the installation of systems, which could be through natural 
ventilation [9], mechanical ventilation or hybrid ventilation [10]. The use of mechanical systems 
helps to increase ventilation rates and it can be designed or adjusted to deliver a specific flow rate. 
It may also include options to condition and clean the incoming air with cooling and filtering 
equipment. However, it is associated with energy consumption that comes at a cost [11]. 
Mechanical ventilation can categorize into several methods: mixing ventilation, displacement 
ventilation, personalized ventilation, hybrid air distribution, stratum ventilation, protected occupied 
zone ventilation, local exhaust ventilation, and piston ventilation [12]. 

 Mixing ventilation show better results than displacement ventilation, if considering the 
expression of thermal comfort and condensation danger. This emphasizes the sturdy effect of the 
air movement on heat and mass transfer phenomena [13]. The outlet location and diffuser 
characteristics are very important for indoor air quality and thermal comfort. Because in most cases 
room air is not well mixed, the thermal comfort at any given point can be different, and the mean 
value for thermal comfort is not enough. In the case of mixing ventilation, the air is supplied such 
that the room air is fully mixed. Thus, contaminant concentration is evenly distributed throughout 
the whole room and the concentration of pollutants is diluted by the incoming ventilation air. In 
some cases, supply air may not mix with the room air but, instead, flow directly to the extract air 
opening. This ‘short-circuiting’ reduces the effectiveness of ventilation and should be avoided. Air 
distribution, designed to supply clean air where, when, and as much as needed. To choose the 
location and type of supply air diffuser and the location and type of the return air grilles. makes it 
possible to efficiently achieve thermal comfort, control exposure to contaminants, provide high-
quality air for breathing and minimizing the risk of airborne cross-infection while reducing energy 
use. exposure to indoor pollution may increase due to inefficient air distribution [14]. 

In this study, the effects of the location of inlet and outlet air in office room where the warm 
and pollutant air is extracted and their relation to room heat sources on thermal comfort were 
investigated numerically by using computational fluid dynamic (CFD) software. In addition, the 
study by using CFD will give better understanding of the location of ventilation inlet and outlet prior 
to good air distribution acceptable thermal comfort. This work is significant in improving our 
capacity to predict in a fine way all the processes of indoor ventilation, with specific modification 
numerical simulations of the air flow process in building. Complementary results obtained through 
CFD simulations will provide an effort to expansion a deeper understanding of these complex flows 
of the air distribution. In addition, the CFD simulation is one of the alternative approaches in 
determining the uncertainties that were unable to be achieved by experimental works in term of 
reduction of cost as well as time constrain. 
 
2. Methodology  
2.1 Case Description 
 

The effect of different locations of the inlet and outlet air ventilation and their relationship with 
the heat sources and air distribution on the indoor environment were numerically investigated in 
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Modeling of an office room with mixing ventilation by using ANSYS CFD. The model room (4.8 X 4.8 
X 2.65) 𝑚³ Had two inlets via (0.4 X 0.4) 𝑚² and two outlets via (0.55 X 0.43) 𝑚² and the other 
outlet had 0.3 m diameter. Inlet one was in the middle of the top of the room. The distance 
between the center of inlet one and inlet two was 0.19 m and the distance between the midpoint 
of the room and the center of outlet one or two was 0.45 m. The center of another outlet was in 
the centerline of the room and it was about 0.2 m from the edge of the end of the room ceiling. The 
rest of the air outlet and air inlet locations listed In Table 1. Figure 1 shows the locations of the inlet 
and outlet to each case.  
 

Table 1 
Case study description listed the locations of the inlet and the outlet 

Case 
study 

Inlet location Outlet location 

Inlet 1 Inlet 2  Outlet 1  Outlet2 Outlet 3 

Case 2 X= 3.6 
Y= 2.5 
Z= 1.2 

X= 1.2 
Y= 2.5 
Z= 3.6 

X= 1.2 
Y= 2.5 
Z= 1.2 

X= 3.6 
Y= 2.5 
Z= 3.6 

X= 2.4 
Y= 2.5 
Z= 2.4 

Case 3 X= 3.6 
Y= 2.5 
Z= 2.4 

X= 1.2 
Y= 2.5 
Z= 2.4 

X= 2.4 
Y= 2.5 
Z= 4.3 

X= 2.4 
Y= 2.5 
Z= 0.5 

X= 2.4 
Y= 2.5 
Z= 2.4 

Case 4 X= 2.4 
Y= 2.5 
Z= 1.2 

X= 2.4 
Y= 2.5 
Z= 3.6 

X= 4.3 
Y= 2.5 
Z= 2.4 

X= 0.5 
Y= 2.5 
Z= 4.3 

X= 2.4 
Y= 2.5 
Z= 2.4 

 

 
                   Case 1                           Case 2 

 

 
       Case 3                Case 4 

Fig. 1. The locations of inlet and outlet to each case study 



CFD Letters 

Volume 12, Issue 3 (2020) 66-77 

69 
 

The occupant in the room was simulated by four boxes human shape seated [15] and was 
heated by 60 w/m2 human activity such as seated, reading, or writing [16]. A laptop shape with a 
dimension of 0.45 m X 0.45 m X 0.05 m, located on the meeting table in the middle of the room. 
The table had a dimension of 0.18 m long and 0.11 m wide and 0.05 m thick and 0.70 m height. 
However, the table was simulated without legs, and the chairs were not included because the 
geometrical was quite complicated and to decrease the computational grid and grid size which 
would reduce computation time. Boolean was created around generated heat sources such as 
human body, laptops and lamps Figure 2. Assessment of thermal comfort including air temperature 
and air velocity were performed in this study the comparison in air temperature distribution in four 
positions in different corners and five levels of heights inside the occupied zone. The effect of heat 
sources in the air temperature in four position and five levels of heights near to the heat sources 
(human and laptop) Figure 3. The simulation results in the present study for the tested room was 
adopted using many computational runs at various planes and for all the domain. 
 

 
Fig. 2. Physical model 

 
Fig. 3. Schematic diagram of the lines and 
occupant position in the room 

 
2.2 Modelling and Setup 
 

In the process of setup, all boundary conditions and parameters for room were set. Firstly, the 
domain should be established for all room geometry. Fluid type and its properties were added in 
the domain. Parameters were set to air as a continuous fluid while the wall was designated as a 
solid. In addition, the model should be selected. The turbulence model calculation is important. 
Before turbulence model was select in modeling solver, the (Re) for predicting the transition 
laminar to turbulent flow Reynolds number can use for this flow situations. Eq. (1) shows the 
Reynold number equation.  

 

𝑅𝑒 =
𝜌𝑣𝐷

𝜇
              (1) 

 
where Re: Reynold number, ρ: density of the air 1.225 (kg/m3), v: velocity 0.9 m/s, D: is linear 
dimension (m), μ: is the dynamic viscosity 1.7894 x 10 -5 (kg m/s)  

From the calculation, the result of Re was greater than 24600. The type of fluid model was 
turbulence model. Therefore, in the setup, renormalization group (RNG) k-ε model were chosen. 
Many researches have used (RNG) k-ε because it can give more accurate results for the turbulent 
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airflow comparison between other eight different turbulence models [17,18]. Therefore, in this 
study RNG k-ε model was selected. There are many turbulence models that are accepted by many 
researchers to be applied for cases such as the one being considered. RNG is one of these models 
that provides more accurate results in the simulation of air distribution around the human body.  

Another modelling setup energy equation that the air movement and detached mass was 
directed to momentum and energy equations using a finite volume method. 

 
Momentum equation 
 
𝜕(𝜌𝑢)

𝜕𝑡
+ 𝛻. (𝜌𝑢𝑉) = −

𝜕𝑝

𝜕𝑥
+

𝜕𝜏𝑥𝑥 

𝜕𝑥
+

𝜕𝜏𝑦𝑥

𝜕𝑦
+

𝜕𝜏𝑧𝑥

𝜕𝑧
+ 𝜌𝑓𝑥         (2) 

 
𝜕(𝜌𝑣)

𝜕𝑡
+ 𝛻. (𝜌𝑣𝑉) = −

𝜕𝑝

𝜕𝑦
+

𝜕𝜏𝑥𝑦

𝜕𝑥
+

𝜕𝜏𝑦𝑦

𝜕𝑦
+

𝜕𝜏𝑧𝑦

𝜕𝑧
+ 𝜌𝑓𝑦         (3) 

 
𝜕(𝜌𝑤)

𝜕𝑡
+ 𝛻. (𝜌𝑤𝑉) = −

𝜕𝑝

𝜕𝑧
+

𝜕𝜏𝑥𝑧

𝜕𝑥
+

𝜕𝜏𝑦𝑧

𝜕𝑦
+

𝜕𝜏𝑧𝑧

𝜕𝑧
+ 𝜌𝑓𝑧         (4) 

 
Energy equation 
 
𝜕

𝜕𝑡
[𝜌 (𝑒 +

𝑉2

2
)] + 𝛻. [𝜌 (𝑒 +

𝑉2

2
) 𝑉]  

=
𝜌�̇�+

𝜕

𝜕𝑥
(𝑘

𝜕𝑇

𝜕𝑥
)+

𝜕

𝜕𝑦
(𝑘

𝜕𝑇

𝜕𝑦
) + 

𝜕

𝜕𝑧
(𝑘

𝜕𝑇

𝜕𝑧
)−

𝜕(𝑢𝑝)

𝜕𝑥 
−

𝜕(𝑣𝑝)

𝜕𝑦
− 

𝜕(𝑤𝑝)

𝜕𝑧
+𝜕(𝑢𝜏𝑥𝑥)

𝜕𝑥
+

𝜕(𝑢𝜏𝑦𝑥)

𝜕𝑦
+

𝜕(𝑢𝜏𝑧𝑥)

𝜕𝑧
+

𝜕(𝑣𝜏𝑥𝑦)

𝜕𝑥
+

𝜕(𝑣𝜏𝑦𝑦)

𝜕𝑦
+

𝜕(𝑣𝜏𝑧𝑦)

𝜕𝑧
+

𝜕(𝑤𝜏𝑥𝑧)

𝜕𝑥
+  

𝜕(𝑤𝜏𝑦𝑧)

𝜕𝑦
+

𝜕(𝑤𝜏𝑧𝑧)

𝜕𝑧
+ 𝜌𝑓 ∙  𝑉          (5) 

 
𝜌 = air density, V = velocity, f = force, P = pressure, 𝜏 = shear stress, 𝑞 ̇ = heat flux, e = energy.  
 
continuity equation: 

 
𝜕𝜌𝜕𝑡+(𝜌𝒖𝑖) 𝜕𝑥𝑖=0              (6) 
 

Eq. (6) represents the time dependent three-dimensional continuity equation for a 
compressible fluid. For an incompressible flow, the density (𝜌) is assumed to be constant, and 
hence there is no change of the density with time. Therefore, Eq. (6) becomes 
 
(𝒖𝑖)𝜕𝑥𝑖=0              (7) 
 

The pressure-velocity connection outline for the solution used was a pressure-based coupling 
algorithm. Standard pressure and second order for momentum, turbulence kinetic energy in the 
governing calculations were used by adopting an upwind scheme. Table 2 shows the main 
parameters and were used as input for the simulation. The table also shows the modeling selection 
in the setup simulation. The boundary condition for computer, human, lamps, wall ceiling and roof 
were selected as shown in Table 2. 
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Table 2 

Main parameter selected and modelling domain selection 

Physics Performance CFD 
Solver Performance Fluent 

Models  
Energy equation On 

Viscose turbulence flow (RNG) k-ε model 
Species model Species transport 

Boundary Condition  
Computer Heat flux 258.9 W/m2 

Occupant Heat flux 60 W/m2 
Supply air Velocity inlet 0.9 m/s, 0.85 m/s @292k 
Lamps Heat flux 166.6 W/m2 

Outlet Pressure outlet 
Wall, ceiling and floor  Adapted 

 
3. Validation of The CFD Algorithm  
3.1 Validation 
 

An experimental and CFD modelling for thermal comfort and CO2 concentration in office 
building was performed by H Kabrein [19].This work was chosen as the validation model of this 
study. In this study, the published model was modelled with similar geometrical parameters and 
settings the simulation software ANSYS 19.1 was used for simulation prediction. The results from 
the validation model were compared to H Kabrein experimental results which showed good 
agreement. The error ratio between the validation line and the measured line was 5.9%. Figure 4 
shows the simulation results validated to experimental for H Kabrein [19]. It found that the 
simulation results are in good agreement with experimental by Kabrein.  

 

     
         Line 1: X=1, Z= 2.4 (m)          Line 2: X=2.4, Z=1 (m)          Line 3: X=3.8, Z=2.4 (m)                Line 4: X=2.4, Z=3.8 (m) 

Fig. 4. Exp Kabrein et al., [19] work and validation temperature profile 
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3.2 Grid Independence 
 

As a result of the room and equipment complexity, ANSYS CFD software was used in this study 
to generate a tetrahedral mesh the significant role in the simulation study was to check the mesh 
quality by grid independence test. To make sure that this result not sensitive to the quantity of 
mesh the grid independence test helpful for this purpose. The grid on all sides of the occupants and 
other objects were designed to be good enough to solve the boundary layer and capture thermal 
environment behaviour. In other words, the solution is not depending on the mesh. In this study, 
the grid size had been chosen by comparing the simulation results for different mesh sizes as listed 
in Table 3. Figure 5 shows that increasing grid cells from mesh two to mesh three, there is no 
considerable change in the temperature and velocity. thus, mesh 2 with 2083707 cells had been 
chosen to be sufficed mesh for the rest of the simulations. 
 

Table 3 
Mesh independence test 

Type of mesh Cells number 

Mesh 1 1288922 
Mesh 2 2083707 
Mesh 3 2869325 

 

  
Fig. 5. Mesh independence test for temperature profile °C velocity profile (m/sec) 

 
4. Result and Discussion 
4.1 Temperatures Distribution 
 

The temperature difference between the different places inside the room should not be more 
than 3 °C and the effective draft temperature is between -1.5 and + 1 ºC Figure 6 shows the 
locations of four lines through points 1, 2, 3 and 4, two being on the four corners inside the 
occupied zone. Figure 7 shows the predicted temperature difference at Δ𝑇 (average for the 
maximum temperature and average for the minimum temperature) for all case studies. Although 
the thermal comfort was satisfactory. In case 1, there is a large difference in temperature at 2.3 ºC 
which means that the difference between the temperature in the four points is large because of the 
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location of the air inlets. While the case 2 and case 3 shows better result than case 1 with the least 
difference in temperature differences while case 4 , where the entry sites in the middle of the room 
near the sources of heat the better result between all cases and the smallest difference between 
the temperatures inside the room, which means case 4 has better thermal distribution and more 
thermal comfort Figure 8 shows a comparison between the amount of heat at the head level of 
every human in each case. The case 1 has the highest temperature variation between humans. This 
is due to the location of human 4, human 3 near the cold air inlet, human 2, human 1 near the exit, 
One and a human 3 which is closer to the air outlet. The figure shows that the fourth case was the 
lowest variance between the temperature of each person.  

 

    
Fig. 6. Simulation of temperature profile in four line in different corners 

 

 
Fig. 7. The different in maximum average temperature and minimum average temperature 
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Fig. 8. The air temperature gradient at point located at head level of each person  

 
Figure 9 a and b display the comparison for the contours of air temperature distribution in 

horizontal plane and height 1 m near to the occupied between case 1 and case 4.  
 

 
  (a) Case 1, plane(X,Z) Y=1m            (b) Case 4, plane (X,Z) Y=1m 

 

 
  (c) Case 1, plane(Z,Y) X=4.3m                         (d) Case 4, plane (Z,Y) X=4.3m 

Fig. 9. The air temperature distribution for case 1 and case 4 
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Figure 9 c and d shows the comparison in the side view in plane (Z,Y) from the figure it can be 
observed that in case 1 there are two area one is low temperature where the inlet air located and 
the other high temperature where the outlet air located while in case 4 the air temperature is 
distributed uniformly in all area. 

 
4.2 Air Velocity Distribution 
  

The air velocity could be a significant parameter for human thermal comfort because the 
increased air velocity will lead to a cooling effect. However, when the air velocity is too high, this 
may cause discomfort sensation. ASHRAE standard recommended that air velocity should not be 
more than 0.2 m/s and not recommend for the less air velocity. The air velocity in these cases was 
calculated numerically in eight lines for five levels of heights also the air velocity inside the room 
was investigated at locations around the occupants. The maximum air velocity was recorded in the 
case 3 and case 4. where the velocity in line 6 and line 8 which located on the same side of the air 
inlet is higher than line 1 and line 2 which located in the opposite sit side for case 3 the maximum 
velocity in line which located near to the humans. However, the four lines become very close to 
each other in the level near to the floor. For case 1 and case 2 the all lines close to each other and 
the average air velocity inside the chamber, ranged between 0.13 to 0.2 m/s. At a height of 1 m, the 
air velocity concentrated between human 1 and human 4, also, on both sides of room near to the 
sidewall. The air spread down and the height of an airstream due to the reflection of the airway in 
the ground at the area between inlet 1 and inlet 2. Figure 10 shows the air velocity above each 
person's head. In all cases, all the results were satisfactory and within the tolerable temperature 
range between 20 ºC to 26 ºC and air velocity less than 0.2 (m/sec). 

 

 
Fig. 10. The air velocity at point located at the head level of each person  

 
4.3 ADPI and Effectiveness of Ventilation 
 

Air Distribution Performance Index (ADPI) and effectiveness temperature were determined to 
indicaces the amount of the improvement of air distribution as illustrated in Table 4 variables were 
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Table 4  
Air Distribution Performance Index (ADPI) effectiveness temperature 
 Case 1 Case 2 Case 3 Case 4 

ADPI% 33.33 66.6 75 83.33 
Effectiveness 1.034 1.039 1.11 1.26 

 
5. Conclusions 
 

The air distribution system has a major influence on various indoor environmental system 
parameters such as thermal comfort, energy efficiency, indoor air quality. This study was conducted 
by CFD simulation in an office room to improve the indoor environment system and thermal 
comfort through the arrangement of air distribution systems with different locations of the inlet 
and outlet air inside the environmental chamber represent the office room. However, the 
advantage of the numerical simulation is the ability to depict the air velocity and air temperature 
distribution at any layers or location in the room. The assessment of air distribution depends on the 
purpose of the airflow distribution which might need different indices like air distribution index 
ADPI and ventilation effectiveness. 

In this investigation, the effects of the location of the inlet and outlet air ventilation on the 
thermal indoor comfort and vertical and horizontal temperature different inside the occupied zone 
in an environmental chamber were investigated and the result was concluded as follows 

 
i. A significant improvement achieved when the outlet was combined with the room heat 

sources in case 2 and 3 where outlet 3 located in the centre of the room between the heat 
sources. Also, in case 3 where the outlet 1 and outlet 2 was closed and combined with the 
lamps. 

ii. The result of the investigation also showed that the location of the inlet and outlet of air in 
different corners inside the room as in case 2 more efficient and effective than case 1 where 
the locations of the inlet in a side and the outlet on another side of the room. also, a 
significant improvement was made when delivering the supply air to a specific point in a 
room like a case 3 when the supply air was delivered to the human. case 4 showed the 
lowers temperature different and best ventilation effectiveness, overall a better indoor 
thermal environment and air distribution in term of thermal comfort was achieved by 
combining the indoor heat sources withe the outlet and select location far as possible from 
the inlet which will increase the ventilation effectiveness and avoid short-circuit. 
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