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Abstract. Airflow field and effective region for pollution discharge were predicted around a 
circular flanged exhaust opening, three different turbulent models were employed to simulate 
airflow field near the exhaust opening indoor. Numerical results show that air velocity 
decreases gradually in radial direction and axis direction away from origin, and changes most 
dramatically at corner of the opening. The projection of velocity contour is similar to a 
semi-ellipse, but when the air velocity decreases, it gradually changes the hemisphere with 
larger outer radius. When the velocity is 2 m/s, the long axis of the semi-ellipse is 0.70 times 
the diameter of the exhaust port and the short axis is 0.45 times the diameter of the exhaust port. 
When the velocity is 0.3m/s, the diameter of the outlet is 1.60 times of that of the long axis and 
1.55 times of that of the short axis. The effective area of pollutant emission is similar to the 
equivalent surface with velocity of 0.3m/s, and its shape is semi-elliptic. 

1.Introduction 
The best way to ensure good industrial hygiene is to adopt indoor air conditioning and pollutant 
control by suction inlet equipment [1-4]. Air ventilation with exhauster makes a key influence on the 
circulation of the air indoor, in which many researchers have taken a lot of investigations in this field. 
The results show that in the internal space of the room, the air exhaust device generates suction effect, 
so that the air near the suction device is affected, and generated a directed suction speed from static 
state to the suction surface.  

Far away from the exhaust opening, air speed is too low to eliminate pollutants effectively, so 
velocity magnitude field is necessary to investigate. Some researchers obtained a correlation for 
velocity on the centerline of exhaust opening[5-6]. A research on the velocity magnitude field was made 
and came to a conclusion that velocity magnitude contours and streamline are similar in geometrically 
similar situation[7]. In 1952, the similarity principle of Dalla Valle [8] has been perfected, and the 
similarity principle was perfectly applied to the circular suction vent. In 1970, Drkal [9] came up with 
an analytic solution for flanged exhaust based on potential flow theory and acquired component 
velocity of the flow field around a circular export. Flynn and Ellenbecker [10] carried out empirical 
correction for the model. In 1996, F. Cascetta and Laura. Bellia [11] analyzed and compared the 
velocity values on the axial line with the empirical correlation and experimental results, aimed at the 
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flow field near the circular inlet, at the same time the condition of the isokinetic line near the suction 
outlet obtained by the experiment. In 1993, Ilpo. Kulmala [12] conducted a numerical calculation on 
airflow fields of exhaust openings and verified the validity of numerical simulation applied in the 
analysis of flow field around it. In 2004, M. T. Shervani Tabar [13] analyzed airflow field of flanged 
exhaust openings with CFD technique and found a good agreement on flow centerline velocity and 
velocity magnitude contours between numerical simulations and potential flow solutions. However, 
little research reported about the region and velocity distribution around the exhaust opening for 
pollution discharge in the room. 

In this paper, the effective region and air velocity distribution near the exhaust port were studied by 
numerical simulation. The diameter of the exhaust opening is 0.173 m, the distance between the center 
of the exhaust opening and the roof is A/2, the flow rate is 0.14 m3/s, and the Re is 68120. 

2. Simulation method 
Considering incompressible fluid. Continuity equation and momentum equation are as follows: 

In this paper, according to the results of experiment from Furio Cascetta [14]., RNG k-ε turbulence 
model and standard wall function were selected to simulate the model. 

 
 

 
 
For simplicity, the model is a single-wall model with an exhaust port. In the study, the length of the 

simulated domain is 1 m, the diameter of the opening is d=0.173 m, and the distance between the 
opening and the top a/2 varies within 0.25 m, 0.45 m and 0.5 m. Figure 2-4 shows the results of 
velocity level contours on the vertical and symmetrical planes of flange circular exhaust ports in the 
study. 

 ( ) 0i
i

u
t x
ρ ρ∂ ∂+ =

∂ ∂
                       

（1） 

 ( ) i j
i j i

j i j

pu u g
x x x

τ
ρ ρ

∂∂ ∂= − + +
∂ ∂ ∂  

                      
（2） 

 
2
3

ji t
ij ij

j i t

uu u
x x x

τ μ μ δ
  ∂∂ ∂= + −   ∂ ∂ ∂     

                      
（3） 

Figure 1.The location diagram of the flanged 
circular exhaust opening. 

Figure 2. Velocity magnitude contours in vertical 
and symmetry plane of opening, A/2=0.25. 
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When A/2 is 0.25 meters, the velocity trend is affected by the wall. When A/2 is 0.45 m and 0.5 m, 
the wind speed is zero at the boundary around the single wall, indicating that the influence area is 
smaller than the simulation area. Therefore, taking A/2 as 0.5m, and the ratio of the diameter of the 
hole to the distance between the hole center and the roof of the room as 0.35. A cubic simulation 
domain, 1m×1m×1m, is suitable when the ratio was set to be 0.17 in this numerical simulation. 

3.Results and discussion 
It considered that the shape of the exhaust opening is round, and the simulation area is symmetrical, 
Airflow field around the opening is also symmetric. In order to obtain the flow field and effective 
region, some analysis on the flow field of the vertical and symmetry plane of the flanged circular 
exhaust opening should be performed. Results of numerical simulation are fit for some similar 
situation with the application of similarity principle. Dimensionless velocity can be acquired by 
dividing velocity by the average velocity on cross-section that air flow though, which is shown as 
follows. 

V*=u/V
___

                                   (4) 
Likewise, dimensionless axial distance in terms of y direction can be obtained. 

y*=y/D                                   (5) 
Where y is distance of the origin in the axial direction, D is the opening diameter. 
Dimensionless radial distance: 

 x*=x/D                                   (6) 
Where x is distance of the origin in the radial direction, D is the opening diameter. 
In the influence of pressure gradient caused by the suction of exhauster upstream of which negative 

pressure exists in, air in region of influence flow toward exhaust opening. The Velocity magnitude 
contours show that the region of influence around circular flanged exhaust opening varies with the 
change of air speed. At high speed, the region can be described with a semi-ellipsoid, long axis is in 
the radial direction and major axis of the semi ellipsoid decreases in radial direction, however, minor 
axis in axial direction increases, as the air speed decreases. The two-dimension Velocity magnitude 
contours also show that different contours, the magnitude of which decrease as y* increasing, are 
similar semi ellipse and become more and more similar with semicircle in an arrangement of layer 
after layer away from the origin. Through an observation on Figure 2, the direction of velocity of air in 
region of influence is toward the exhaust opening. 

Research can be conducted through analyzing the maximum region influenced by suction in terms 
of removing pollutants in different average velocity of cross section. As figure 3 and 4 show. In order 
to exhaust the pollutant, speed of air have to be more than 0.3m/s. Shape of contours of different air 
speed induced by the suction of flanged exhaust opening is different. Two contours of air speed, 2m/s 
and 0.3m/s, were discussed respectively and after analyzing the vertical and symmetry plane of the 
flanged circular exhaust opening, there are two conclusions. When the air speed is 2m/s, the major 

Figure. 3 Velocity magnitude contours in 
vertical and symmetry plane of the opening. 

Figure.4 Velocity magnitude contours in vertical 
and symmetry plane of opening, A/2=0.5. 
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axis of the semi ellipsoid is 0.7 times the diameter of the circular opening, while the minor axis is 0.45 
times the diameter. When the air speed is 0.3m/s, the major axis of the semi ellipsoid is 1.6 times the 
diameter, and minor axis is 1.55 times the diameter. 

               
 

 
 
 
Analysis is performed on the dimensionless velocity in lines that are parallel with centerline and  

whose projection points extend away from the origin on y* axis, and in lines that are parallel with the 
circular opening plane and whose projection points extend away from the origin on x* axis to study 
the airflow field out of the centerline. Part of dimensionless projection points were shown in figure 7. 

 
Fig.7 Dimensionless projection points of lines in parallel with the centerline in the opening plane. 
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Fig.5 Velocity magnitude contours in vertical and 
symmetry plane of the opening u=2m/s. 

Fig.6 Velocity magnitude contours in vertical and 
symmetry plane of the opening, u=0.3m/s. 

Fig.8 Dimensionless velocity varying with y* for 
different x*. 

Fig.9 Dimensionless velocity varying with y* 
for different x*. 
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In figure 8, the average cross-sectional velocity is decreased by more than 70% at y*=0.5 for 

x*=0.231, 0.173, 0.116, 0.058. The changes of V* are gentle at y*>1, and V* is lower than 5% of the 
average cross-sectional velocity when y*>1.6, which means air speed in those space is less than 0.3m/s 
and there is no suction effect for pollutants. In figure 9, likewise, velocity decreases rapidly, when 
y*<0.5. Velocity is bigger away from the origin along x* axis, when y*<0.1. However, things are 
opposite, when 0.1<y*<1. Velocities in different x* become consistent gradually when y* >1 and all 
the v* are less than 5%, no suction effect for pollutants existing, when y*>1.55.In figure 10 and figure 
11, the smaller x* is, the bigger v* is, at the same y*, when y*<1. While, V* become consistent when 
y*>1, too. That means airflow field changes more dramatically in interior zones. 
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      Fig.12 Dimensionless velocity varying with x*for different y*. 

Figure 12 gives a view of dimensionless velocity varying with x* for different y*. V* is less than 
5% in the whole extent of x* when y*=1.734, which means there is no effect suction for pollutant, and 
the dimensionless variable y*=1.734 is the ultimate distance in y direction for pollution discharge. All 
the V* are more than 0.05 when y*<1.156 and 0<x*<1, so there exists an effective region like a 
cylinder above the exhaust opening plane for pollutants elimination, called core effective region. 

4. Conclusion  
Within the present investigation, the main conclusions are listed in the following:  

① RNG k-ε turbulence model and standard wall function are suitable for simulating the flow field 
around the circular flange exhaust opening in the room. 

② The contour shapes are different under different air velocity. When the speed is 2m/s, the major 
axis of the semi ellipsoid is 0.7 times the diameter of the circular opening, while the minor axis is 0.45 
times the diameter. When the air speed is 0.3m/s, the major axis of the semi ellipsoid is 1.6 times the 
diameter, and minor axis is 1.55 times the diameter. 

③Numerical results by simulation with this model gave a profile of the effective region for 
pollution discharge, which is like a semi ellipsoid whose major axis is 1.6 times the diameter of the 
exhaust opening and minor axis is 1.55 times the diameter in a case that the average cross-section 
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Fig.10 Dimensionless velocity varying with y* 
for different x*. 

Fig.11 Dimensionless velocity varying with y*for 
different x*. 
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velocity of the exhaust opening is 5.96m/s. 
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