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Abstract—Indoor air distribution has great impact on people’s 

thermal sensation. Therefore, how to remove the indoor excess heat 
becomes an important issue to create a thermally comfortable indoor 
environment. To expel the extra indoor heat effectively, this paper 
used a dynamic CFD approach to study the effect of an air-supply 
guide vane swinging periodically on the indoor air distribution within 
a model room. The numerical results revealed that the indoor heat 
transfer performance caused by the swing guide vane had close 
relation with the number of vortices developing under the inlet cold 
jet. At larger swing amplitude, two smaller vortices continued to shed 
outward under the cold jet and remove the indoor heat load more 
effectively. As a result, it can be found that the average Nusselt 
number on the floor increased with the increase of the swing amplitude 
of the guide vane. 

 
Keywords—Computational Fluid Dynamics (CFD), dynamic 

mesh, heat transfer, indoor air distribution, thermal comfort.  

I. INTRODUCTION 
N modern society, most people spend a great part of their 
lifetime staying indoors. As a result, creating comfortably 

indoor environment plays an important role on people’s indoor 
activities. Among those factors to create comfortably indoor 
environment, making comfortably thermal environment is one 
of the most important factors to satisfy human’s sensation of 
“comfort”. Thermal comfort is defined as “that condition of 
mind which expresses satisfaction with thermal environment” 
[1,2]. It is evaluated by two personal factors comprising 
activity level and thermal insulation of clothing as well as four 
environmental parameters, including air temperature, mean 
radiant temperature, air velocity, and air humidity. This study is 
motivated by creating the indoor environment with thermal 
comfort for humans. 

Thermal comfort has close relation to the indoor air 
movement. However, air movement within a room depends 
upon several factors. For example, indoor air movement is 
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often induced by the forced convective airflow supplied by an 
air-conditioning system. Also, temperature difference between 
the wall of a room and indoor air may cause indoor air 
movement, such as natural convection. Air movement caused 
by a differential pressure across the indoor structure may be 
considerable. The existence of doorways and apertures inside a 
room could have great impact on the indoor air movement. The 
opening and closing of doors coupling with people’s movement 
may have important influence on the indoor air distribution. 
Moreover, the arrangement of furniture also has some effect on 
the indoor air movement. 

 Owing to the urgent demand of comfortable living indoors, 
many numerical studies [3-20] related to the prediction of 
indoor air distribution within a ventilated room have been 
conducted in the past decades. These studies mainly focused on 
(1) inspecting the influence of different turbulence models, and 
various numerical schemes and algorithms on the simulation 
results; and (2) the verification of simulation and experimental 
results. However, most of these studies concentrated on 
predicting steady-state indoor air distribution within a 
ventilated room. In fact, transient behavior of indoor flow 
characteristics could have great influence on thermal comfort 
of human beings. For instance, Saeidi and Khodadadi [17] 
presented a numerical study on an oscillating velocity at the 
inlet port which leads to transient laminar flow and heat transfer 
with periodic state within a square cavity with inlet and outlet 
ports.  

The purpose of a ventilating system is to remove heat 
generation within a room, creating a thermally comfortable 
environment. One of the active approaches for regulating heat 
transfer in a convection-dominated cavity system is to use a 
periodic moving object. For example, Shi and Khodadadi [21] 
employed CFD method to investigate the effect of an 
oscillating thin fin on the periodic state of fluid flow and heat 
transfer in a lid-driven cavity. To remove heat generation 
within a ventilated room efficiently, the objective of this study 
is to use dynamic CFD method to investigate the effect of an 
air-supply guide vane swinging periodically on the indoor air 
distribution. 

II.  PROBLEM DEFINITION AND NUMERICAL METHODOLOGY 
To remove indoor heat generation using the active approach, 

an air-supply guide vane which can simulate periodic swing 
with a sin wave is placed near the air-supply inlet of a ventilated 
room with one inlet and one outlet ports, as shown in Fig. 1(a). 
Detailed size of the ventilated room and its inlet and outlet ports 
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is displayed in the figure. The outline of the ventilated room 
employed in this study is modified according to the model room 
used by the study of Neilson [3]. Moreover, an enlarged view 
of inlet port and swinging vane is displayed in Fig. 1b, 
accompanying with the size of each component. The inclined 
angle of the guide vane with the horizontal is 45o in the initial 
state. To simulate the heating load within the room, a constant 
heat flux,  q ′′ , is imposed on the floor. 

The CFD software FLUENT [22], based upon the numerical 
model of “Finite Volume Method”, was employed to simulate 
the indoor airflow distribution in this study. The governing 
equations, including the continuity, momentum, energy, and 
turbulence equations obey the principle of conservation, which 
can be expressed as the following general form 

 

( ) ( ) ϕφ ϕϕρρϕ S
t eff =∇Γ−•∇+

∂
∂

,V     (1) 

where ρ is the air density,  ϕ  is the dependent variable, V  is 

the velocity vector, eff,ϕΓ  is the effective diffusion coefficient, 

and ϕS  is the source term. To simulate the characteristics of 

turbulent flow, the standard k-ε turbulence model was used in 
this work.  

 

  
(a) 

 

 
(b) 

Fig. 1 Schematic diagram of a model room 
 
The diffusion-convection term of Equation (1) was 

discretized by the QUICK scheme and the implicit method was 

utilized to discretize the transient term. After Equation (1) was 
discretized, the general discretized equation can be written as 

 
baa nbnbcc += ∑ ϕϕ                            (2) 

 
where ca and nba  are the discretized coefficients, and b is the 
discretized source term. In Equation (2), subscript c represents 
the grid point under consideration and nb is the neighbors of 
grid point c. By employing the iterative scheme of a point 
implicit (Gauss-Seidel) linear equation solver in conjunction 
with an algebraic multigrid (AMG) method, thus the pressure, 
velocity, and turbulence fields can be solved from Equation (2). 
During the iterative procedure, the PISO algorithm was 
adopted to solve the pressure-velocity coupling equations. 

Regarding the boundary conditions, no-slip condition is used 
at the wall, and the standard wall functions for the k-ε 
turbulence model are adopted to link the solution variables at 
the near-wall cells and the corresponding quantities near the 
wall. Moreover, the turbulence kinetic energy k and the 
turbulence kinetic energy dissipation rate ε employed in air 
supply and air outlet are calculated by the following equations: 

 

( )2

2
3 Iuk avg=                               (3) 
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4
3

με =                               (4) 

hDl 07.0=                              (5) 
 

where uavg is the mean flow velocity, I is the turbulence 
intensity, Dh is the hydraulic diameter  and Cμ= 0.09. 

To simulate room air distribution affected by a swinging 
guide vane, dynamic meshes were employed in the numerical 
simulation. Basic conservation equation of the dynamic mesh 
method is described as follows:  
Within an arbitrary control volume V, as its boundary moves, 
the integral form of governing equation is given by 
 

( ) ∫∫∫∫ +⋅∇Γ=⋅−+
∂∂ VVV gV

dVSAdAduudV
dt
d

φφρφρφ
    (6) 

 
where V∂  is the boundary of control volume V and  gu  is the 

grid velocity of the moving mesh. 

III. RESULTS AND DISCUSSION 
In this study, the velocity magnitude of 15 m/s and the 

temperature of 305 K were employed as the boundary 
conditions at the inlet of air supply. The boundary condition at 
the exit was set to be pressure outlet with zero gauge pressure. 
The constant heat flux of 10000 W/m2 was imposed on the floor. 
Other walls were assumed to be adiabatic. Detailed size of the 
model room shown in Fig. 1(a) can be referred to [3]. In Fig. 
1(b), the inlet width, a, is equal to 0.056 H. The length of the 
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guide vane was set to be the same as that of inlet width. The 
grid cell of 23852 was adopted in the numerical simulation.  

The guide vane was assumed to swing periodically with a 
sine wave; as a result, the swing angle, θ , and the angular 
velocity, ω , of the guide vane are expressed by 

 
)2sin(0 ftAm πθθ •+=  (7) 

)2cos(2 ftfAm ππω ••=  (8) 
 

where 0θ is the initial position of the guide vane, Am is the 
amplitude, f is the frequency and t is the time. To investigate the 
influence of the amplitude and frequency of the swinging guide 
vane on the indoor air distribution, three kinds of amplitudes, 
Am (15o, 30o, and 45o), and three kinds of Stouhal number, St 
(5x10-4, 1x10-3, and 2x10-3), to represent the frequency were 
used in the case study. Stouhal number is given by  
 

in

h

u
fDSt ⋅

=                                       (9) 

 
where Dh is the hydraulic diameter,  f is the frequency and uin 

is the inlet velocity. There were nine simulating cases in total in 
this study. 

 To visualize the transient variation of the velocity and 
temperature fields with the swing of the guide vane within the 
model room, the movement of the guide vane is divided into 
eight periods. The time of the guide vane to swing a cycle is τ . 
Fig. 2 shows that the positions of the guide vane at eight 
periods in the case with the amplitude of 45o. The original 
position of the guide vane has the inclination angle of 45o with 
the horizontal line. It started to move upward and then moved 
downward once it hit the dead end. When it hit the other dead 
end on the downside, it moved upward and returned to the 
original position to complete one cycle. 
 

 
Fig. 2 The position of the guide vane in a cycle (Am= 45o) 

 
Fig. 3(a)-(d) show the transient behavior of streamlines and 

temperature contour for the case of the smallest amplitude and 
Stouhal number, St (or frequency). Because the cold flow 
coming from the air-supply inlet injected into the model room, 
streamlines show two major vortices forming within the model 
room: a smaller one rotating in clockwise direction developing 
under the cold jet and a larger one rotating in counter-clockwise 
direction occupying the model room. The size of the smaller 

vortex enlarged as the guide vane moving upward, while its 
size decreased as it moving downward. The larger one had the 
opposite trend with that of the smaller one. Moreover, the 
airflow under the cold jet had higher temperature because the 
smaller vortex was encaged under the cold jet, resulting in the 
heat accumulation within the smaller vortex. The effect of the 
swinging guide vane forced the accumulating heat to leave the 
smaller vortex gradually. 

Fig. 4 (a)-(d) show the transient behavior of streamlines and 
temperature contour for the case of the largest amplitude and 
Stouhal number, St (or frequency). Initially, two primary 
vortices developed within the model room similar to previous 
case. To some extent, the enlargement and decrease of both 
vortices size in this case were larger than that of previous case 
due to the effect of large amplitude. Since the time at 6/8τ , two 
smaller vortices developed under the cold jet and moved 
outward gradually. These shedding vortices forced the flow 
under the cold jet to dispel more quickly. Therefore, these 
shedding vortices resulting from the large amplitude of the 
swinging guide vane drove away the accumulating heat under 
the cold jet more easily and quickly, as shown in the 
temperature contour of this case.  

 

 
(a) 2/8τ  

 
(b) 4/8τ  

 
(c) 6/8τ  

 
(d) 8/8τ  

Fig. 3 Streamlines (left) and temperature contour (right)  
(Am= 15o, St= 5x10-4) 
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(a) 1/8τ  

 

 
(b) 2/8τ    

 

 
(c) 3/8τ  

 

 
(d) 4/8τ  

 

 
(e) 5/8τ  

 

 
(f) 6/8τ  

 

 
(g) 7/8τ  

 
(h) 8/8τ  

Fig. 4 Streamlines (left) and temperature contour (right)  (Am= 45o, 
St= 2x10-3) 

 
Fig. 5(a)-(c) compare the streamlines and temperature 

contour of three kinds of St at the time of 7/8τ when the 
amplitude is the largest. Among the three cases, it can found 
that two vortices developing under the cold jet and they started 
to shed outward as the guide vane moved upward. As a result, 
the heat flux imposed by floor was removed gradually through 
the outlet. 

(a) St= 5x10-4 

 
(b) St= 1x10-3 

 
(c) St= 2x10-3 

Fig. 5 Streamlines (left) and temperature contour (right)  
(Am= 45o, 7/8τ ) 

 
To assess the effect of amplitude and frequency of the swing 

guide vane on the heat transfer performance within the model 
room. The instantaneous Nusselt number along the floor is 
given by 

k
LhNu f

⋅
=)(τ                                 (10a) 

))((
"

inf TT
qh

−
=

τ
                           (10b) 

where  fT  is the instantaneous average floor temperature. The 

average Nusselt number, fNu , shown in Fig. 7 is the average 
of the instantaneous Nusselt number in a cycle. Cases 1-3 of 
Fig. 7 represent St=5x10-4, 1x10-3, and 2x10-3, respectively 
when Am is fixed to be 45o. Cases 4-6 have the condtions of 
Am= 30o and three different values of St. Cases 7-9 keep Am to 
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be 15o with three different St. The results disclosed that the 
average Nusselt number was not affected by St when Am was 
fixed. However, fNu  increased with the increase of Am 
because large Am resulted in two vortices developing under the 
cold jet and these shedding vortices enhanced the heat transfer 
performance within the model room. 
 

 
Fig. 6 Comparison of average Nusselt number for each case 

IV. CONCLUSION 
This study conducted a numerical study to investigate the 

impact of the amplitude and frequency of a swing guide vane 
on the heat transfer performance in a model room. According to 
the numerical results, the following conclusions can be drawn: 
(1) As the inlet cold flow injects into the model room, one 

smaller vortex develops under the cold jet and the other 
larger vortex occupies the model room. 

(2) When Am is larger, two smaller vortices develop under the 
cold jet and shed outward continuously. As a result, the 
heat load imposed by the floor is more easily removed by 
these shedding vortices. 

(3) The average Nusselt number increases with the increase of 
the amplitude of the swing guide vane. However, it does 
not affected by the swing frequency. 
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