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Abstract: In this paper, a method of numerical simulation for the centrifugal fan was developed. A multi-regions 
system is employed to simulate the flow of the centrifugal fan, and the different grid structure is used to 
different regions. The RNG k ε−  turbulence model is used in simulation. Some important flow features have 
found from the results of simulation. The results of experiment show that the method of simulation is reliable. 
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1 Introduction 
In recent years, many kinds of numerical 

simulation for centrifugal fan have been developed, 
most of them are respectively simulating the flow 
field in impeller or scroll, but the flow field in the 
centrifugal fan is very complex and these 
conventional methods can not consider that the 
dissymmetry of scroll affects the internal flow of 
impeller, so it is difficult to give the proper boundary 
conditions, the results of the simulation are not 
accordant with the experiment. If the numerical 
simulation is based on the whole flow field in 
centrifugal fan, the boundary conditions can be 
suitably set up, and the influence of the dissymmetry 
of scroll on the flow in impeller will be found also. 
In this paper a method about numerical simulation of 
three-dimensional quasi-steady flow in a centrifugal 
fan is constituted by choosing the appropriate 
simulation method, some flow features will be 
analyzed. 
 
 

2 The Model of Numerical Simulation 
2.1 The Model of the Centrifugal Fan  

The centrifugal fan with backward blade is 
composed of three components, that is, the inlet, the 
impeller and the scroll, as shown in figure 1. 
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Fig.1   the sketch of the centrifugal fan 

1－impeller 2－scroll 3－inlet 4－back plate 5－shroud 
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2.2 The Governing Equations 
The governing equations for steady, 

three-dimensional and incompressible mean-flow in 
centrifugal fan can be written as following in 
Cartesian coordinates. 
div 0u =                                  (1) 

( ) (1div div gradu pu u
t x

ν
ρ

∂ ∂
+ = − +

∂ ∂
u )             (2) 

( ) (1div div gradv pv v
t y

ν
ρ

∂ ∂
+ = − +

∂ ∂
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( ) (1div div gradw pw w
t z

ρ ν
ρ

∂ ∂
+ = − +

∂ ∂
u )      (4)  

Here, , ,  are the fluid velocity components, u v w
ρ is the fluid density and ν is the dynamic viscosity. 

 
 

2.3 Turbulent Model 
Because of its stability, economy and the precise 

of the computation the standard k ε− turbulence 
model is widely used in simulation of flow, but it 
assumes that the turbulence is isotropic, it is not 
suitable for rotational flow. So the RNG k ε−  
model and the Realizable k ε−  model, which are 
the improved k ε−  models, are developed. In this 
paper, the RNG k ε−  model is selected, as shown 
in equations (5) and (6), it has two advantages, firstly, 
the rotational flow are taken into consideration by the 

modified viscosity, effµ , secondly, the deformation of 

the mean flow, ijE , is reflected by the accessorial 

item， ， in the equation (6). Thus the RNG *
1εC

k ε−  model is good at dealing with the flow which 
has high deformation and the large curvature of the 
stream line, such as the internal flow in centrifugal 
fan. 
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  Here k is turbulence kinetic energy and ε  is the 
turbulence dissipation rate, ui and uj are velocity 
components. 
  Because the turbulence is not well development 
near the wall zone, the standard wall function is used 
instead of original turbulence model. The governing 
equations are dispersed by the second order upwind 
difference format, because this format is more 
precise and the flow phenomenon in the centrifugal 
fan, for example, the separation of the boundary 
layer and the jet-wake flow in impeller are more 
obviously, under the same grid number. 
 
 
2.3 The Partition of the Grid 

 For giving better boundary condition, there are 
two additional pipes which are combined with the 
inlet and the scroll respectively, see figure 2. The 
length of the pipes is not specified, but the length 
must be enough long to ensure that the flow in the 
pipes are fully developed. 

 

Fig.2 the structure in simulation 
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According to the difference of the flow in 
centrifugal fan, the numerical zones is divided into 
four regions, the inlet, the impeller, the scroll and the 
pipe region, these regions are meshed respectively. 
Because the flow in the additional pipes, which are 
combined with the inlet and scroll, are relatively 
simple, the size of the grid in these two parts is large, 
but in the impeller and the scroll, the flow is much 
more complex and the rough grid will result in the 
inaccurate computation. The grid structure affects 
sharply the numerical precision and computing 
efficiency the non-structure grid is used in simulation, 
table 1 shows the grid type for every region and the 
number of grid. The boundary conditions are velocity 
in inlet, the pressure in outlet, and non-slip on wall. 
At the inlet and outlet, the turbulence parameters are 
turbulence intensity and hydraulic diameter. 

 
Table 1 
Region Grid type Grid number 

Inlet pipe Mixed grid 278304 

impeller Tetrahedral grid 1692006 

scroll Tetrahedral grid 806543 

Outlet pipe Rectangular grid 231000 

Total grid Mixed grid  3007853 

 
 

3 The Numerical Result and the 

Discuss 

The simulation in this paper is for a fan widely 
used in industry, and the rotation speed is 580 rpm. 
Figure 3 is the grey-scale map of the relative velocity 
magnitude in the plane which is close to the shroud. 
There are some low velocity zones near the suction 
surfaces. It is the boundary layer separation 
phenomenon actually. Figure 4 shows the relative 
stream lines in the flow passage of the impeller. The 
backflow and the vortex can be seen obviously. 

It can be seen from Fig.3 that the separation of 
boundary layer does not exist in each impeller flow 
passage, for example, on the left of the impeller, 
there is no separation of boundary layer. It is caused 
by the dissymmetry of the scroll which makes the 
dissymmetrical distribution of the velocity and static 
pressure. Fig.5 is the grey scale map of the static 
pressure in the plane which is close to the shroud. It 
can be seen from Fig.5 that in the flow passage of 
impeller where the boundary layer does not separate 
from the suction surface, the variety of the static 
pressure centralizes to the edge region of the suction 
surface, but in the flow passage where the boundary 
layer separates, the static pressure varies obviously 
from the middle of the suction surface. 
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Fig.3 the relative velocity magnitude  

(x-y)-plane view at z=-0.18m 
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 Fig.4 the relative stream lines near the suction surface 

(x-y)-plane view at z=-0.18m 

 

Fig.6 is the relative velocity magnitude of a 
plane which is close to the shroud. The relative 
velocity magnitude of each flow passage of impeller  
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Fig.5 the static pressure  

(x-y)-plane view at z=-0.18m 

 

is also not the same. At the inlet of the flow passage 
in which the boundary layer separates from the 
suction surface, the relative velocity magnitude is 
small. And at the inlet of the flow passage in which 
the boundary layer does not separate, the relative 
velocity magnitude is large. The difference of the 
relative velocity magnitude is the reason of the 
dissymmetrical distribution of the boundary 
separation phenomenon. Fig.7 is the relative velocity 
magnitude in the plane which is close to the back 

plate. The status of the flow is much better and there 
is no boundary layer separation phenomenon. From 
the comparison of the Fig.7 and Fig.11 it can be seen 
that the energy loss of the centrifugal fan is 
concentrated on the zone which is close to the shroud. 
The relative velocity magnitude at the inlet of each 
flow passage in Fig.7 is more symmetrical than that 
in Fig.6. This is one of the reasons why there is no 
boundary layer separation phenomenon in Fig.7. 

Fig.8 and Fig.9 are shown respectively the static 
pressure and the velocity magnitude in the plane 
which is close to the back plate. From Fig.8 it can be 
seen that the variety of the static pressure centralizes 
to the edge region of the suction surface. This is 
another reason why there is no boundary layer 
separation phenomenon. The jet-wake flow can be 
seen in Fig.9 
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Fig.6 the relative velocity magnitude 

(x-y)-plane view at z=-0.18m 
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Fig.7 the relative velocity magnitude 
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(x-y)-plane view at z=-0.06m 
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Fig.8 the static pressure 

(x-y)-plane view at z=-0.06m 
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Fig.9 the velocity magnitude 

(x-y)-plane view at z=-0.06m 

 
Table 2 is the comparison of experimental static 

pressure and computational static pressure under the 
different rotation speed. It is shown that the 
computational results are coincident with the 
experimental results very well. So the computational 
model in this paper is suitable for the simulation of 
the centrifugal fan. 

 
Table 2 

Rotation speed  

(rpm) 
580 730 960 1450

Experimental static 

pressure (ESP) 

(Pa) 

189.5 300.6 513.6 1166.3

Computational static 

pressure (CSP) 

(Pa) 

175.0 316.5 548.4 1257.0

CSP/ESP 

 (%) 
92.3 105.3 106.8 107.8

Volume flow rate 

( ) 3 /m h
1.8698 2.370 3.1203 4.7076

 
The gird is very important for obtaining an 

accurate result. For example, if the size of the grid in 
the impeller region is large, the separation of the 
boundary layer is not obvious, because in this region, 
the flow field is very complex, the velocity and the 
pressure vary rapidly. On the contrary, if the size of 
the grid is too small, the computational efficiency 
will be low and the solution is hard to be converged. 
The difference scheme is also very important, if the 
difference is first order precise, the jet-wake flow can 
not be found in the flow field. To get a better result, 
the first order format is used in the computation at 
first. When the solution is converged, the second 
order format is selected to the continuous 
computation. 

 
 

4 The Conclusion 
Some phenomena of the flow in the centrifugal 

fan are found by the simulation. For example, the 
boundary layer separation, the dissymmetrical 
distribution of the velocity and the static pressure, 
the jet-wake flow and the different distribution of the 
pressure and the velocity in the two planes one of 
which is near the shroud and the other one is near the 
back plate. The flow in the centrifugal fan is complex 
and the dissymmetry of scroll will affect the flow in 
impeller, so the simulation only in the impeller or in 
the scroll is inaccurate, and the results of simulation 
are usually different with the experimental results. 
Only the simulation of the whole centrifugal fan 
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could get the accurate results and can provide the 
guidance for the improvement and design of the 
centrifugal fan. 
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