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Abstract 
In order to explore the internal wind field flow characteristics of T4-72 type 
centrifugal fan, the three-dimensional model was established based on PRO/E 
software. Combined with computational fluid Dynamics Software Fluent 6.3, 
the standard model and SIMPLEC algorithm were used to simulate the wind 
field inside the fan. Analysis of the flow characteristics, velocity distributed 
and pressure distributed of the internal fluid model of the T4-72 centrifugal 
fan, combined with the theoretical formula to obtain the full pressure, power 
and efficiency performance parameters of the fan. The centrifugal fan per-
formance curve is drawn. While compared with the experimental data, it is 
found that the internal flow disturbance is strong when the fan is running 
under low load condition and high load condition, which affects the perfor-
mance of the fan and reduces the life of the fan. The numerical simulation 
results are consistent with the experimental results. The overall performance 
parameters of the fan are in good agreement, verifying the reliability of the 
simulation results; when the fan works between 1 - 1.4 times the rated flow 
rate, it can obtain a more stable flow field while maintaining higher efficiency, 
which provides a new idea for the optimization of the subsequent fan. 
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1. Introduction 

As a kind of gas conveying equipment, fan is widely used in various industries, 
which has an important influence on the coordinated development of industrial 
economy, society and environment. Optimizing the design of fan and improving 
the efficiency of fan are of great significance for building a conservation-oriented 
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and environment-friendly society. At present, the optimization design of the fan 
can start from many aspects, the more common ones are the optimization of the 
volute and the impeller [1] [2] [3], or the noise treatment of the fan and so on 
[4] [5] [6] [7]. All along, the optimal design of the fan has to rely on the experi-
ment. The most effective method is the orthogonal test method [8] [9]. However, 
due to the complicated flow state of the wind field inside the fan, it’s difficult to 
measure by experimental means alone, and the experimental method cannot be 
widely used due to high cost and long cycle length. Therefore, the fan wind field 
simulation based on Computational Fluid Dynamics (CFD) theory has been 
gradually adopted, which has become an important means to optimize the fan 
wind field and improve its performance. Rui Rong [10] used CFD to analyze the 
flow and aerodynamic characteristics of the blades of G4-73No.8D centrifugal 
fan under different incidence angles. Xiaotie Zhang [11] used CFD simulation to 
study the flow field of an improved filter-piece respirator (FFR). Lee [12] used 
CFD to evaluate the ventilation characteristics of the Banana Jet Fan with dif-
ferent pitch angles (0 similar to 20 degrees) and to determine the optimal angle. 
Zhipeng Li [13] used CFD to simulate the flow field of two fan steam injection 
tests and analyzed and inspected based on the flow field. Sheng Fu [14] proposed 
a new fault diagnosis method based on CFD technology to research the fault 
mechanism of mine axial fan. Hung-Cheng Yen [15] used a reverse design me-
thod to design deswirl vane, and used CFD to analyze the flow field to develop a 
high efficiency in-line tube fan. Yongmin Wu [16] used the CFD software to si-
mulate three kinds of models with different hub ratios of the asymmetric 
dual-rotor small axial fan, and analyzed its internal flow field in detail. Toshiyuki 
Hirano [17] used CFD to simulate the wind field of a small axial fan to investi-
gate the effect of blade cord length and blade thickness difference on perfor-
mance characteristics. 

In this paper, through the numerical simulation of CFD software, the flow 
characteristics, velocity distribution and pressure distribution of the internal 
fluid model of T4-72 centrifugal fan are analyzed. The full pressure, power and 
efficiency performance parameters of the fan are obtained by combining the 
theoretical formula, and the performance curve of the centrifugal fan is drawn. 
Compared with the experimental data, it provides a reference for the design op-
timization of the T4-72 centrifugal fan. 

2. Numerical Simulation 

Table 1 shows the main parameters of the fan. The total pressure and rated flow 
of the fan are 650 pa and 1300 m3/h respectively, and the shaft power is 1.1 kW. 
Table 2 shows the main parameters of the impeller. The rotating speed of the 
impeller is 2900 r/min, and the number of blades is 10. 

2.1. Numerical Calculation Method 

The governing equation of this model is as follows: 
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Table 1. Main parameters of the fan. 

Variables Values 

Flow Rate (m3/h) 1300 

Total Pressure (pa) 650 

Rotational Speed (r/min) 2900 

Shaft Power (kW) 1.1 

 
Table 2. Main parameters of the impeller. 

Variables Values 

Impeller outlet diameter (mm) 650 

Impeller inlet diameter (mm) 420 

Impeller outlet width (mm) 280 

Impeller inlet width (mm) 170 

Number of blades 10 

Blade outlet angle (˚) 32 

Blade inlet angle (˚) 20 
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Here, ρ  is the density, t is the time, where u, v, and w are the components of 
the velocity vector in the x, y, and z directions. 
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Here, p is the pressure on the fluid micro-body, u is the velocity vector, xxτ ,

xyτ  and xzτ  are the components of the viscous stress τ  acting on the sur-
face of the micro-body, Fx, Fy and Fz are the components of the external force 
received by the micro-body in the x, y and z directions. 

Meanwhile, The SIMPLE algorithm and the standard turbulence model are 
used in Fluent, and the specific theoretical equations involved are as follows: 
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here, Gk is the turbulent kinetic energy caused by the average velocity gradient, 

https://doi.org/10.4236/ojfd.2019.93016


X. K. He et al. 
 

 

DOI: 10.4236/ojfd.2019.93016 244 Open Journal of Fluid Dynamics 
 

Gb is the turbulent kinetic energy caused by buoyancy, and YM is the effect of 
compressible turbulent pulsating expansion on the dissipation rate. tµ  is the 
turbulent viscosity coefficient, which makes the default value constant in the 
Fluent. 1C ε  = 1.44, 2C ε  = 1.92, 3C ε  = 0.09, kσ  = 1.0, εσ  = 1.3. 

2.2. Three-Dimensional Modeling 

The model of inlet section, worm shell, outlet section and impeller is established 
by software Pro/E respectively, and then assembled together to form a complete 
model. Figure 1 shows the complete model. 

2.3. Grid Partitioning 

Due to the shape of the fan inlet segment and outlet segment model is more reg-
ular, the mesh type uses the tetrahexon mesh as the main hexaid and the di-
amond mesh as the auxiliary type, and the mesh size is set to 12 cm. The impel-
ler part is a rotating body with a mesh size set to 2 cm. The volute part is large in 
size and irregular in shape with a mesh size set to 10 cm. Figure 2 is the model 
after the grid is divided and the number of mesh grids for each part is shown in 
Table 3. 

2.4. Boundary Conditions and Related Settings 

The inlet surface is defined as a speed import (velocity inlet), the outlet surface is 
defined as a free stream (outflow), the rest of the interface is set to an internal 
surface (interior), the rest is set to a wall (wall), and each part of the flow me-
dium is defined as air (air). 

The pressure speed coupling method of SIMPLEC is used, while the iteration 
precision monitoring setting is set in the solution monitors, and its iteration ac-
curacy is set to 0.0001. 

3. Results and Discussion 

In this paper, seven different working conditions are simulated, where q is the 
rated flow of the fan. 

3.1. Velocity Distribution of Each Working Condition 

Figure 3 shows the speed distribution of different operating conditions. The 
flow rate at the outlet of the fan volute increases with the increase of flow. In 
lowload conditions, the speed distribution of the fan outlet tube is uneven, ac-
companied by the phenomenon of reflux. After reaching the rated operating 
condition, the speed in the outlet pipe segment gradually tends to be uniform. In 
 
Table 3. Number of grids. 

Parts Import Impeller Volute Export Total 

Number of Grids 12,604 1,992,831 84,393 170,474 2,368,302 
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Figure 1. Three-dimensional wind field model of fan. 

 

 
Figure 2. Grid diagram of wind field inside fan. 

 

 
(a) 0.6 q 

 
(b) 0.8q                                                      (c) q 

 
(d) 1.2 q                                                     (e) 1.4 q 

 
(f) 1.8 q                                                         (g) 2.2 q 

Figure 3. The cloud charts of velocity distribution. 
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the vicinity of a reflux area near the volute tongue, the reflux phenomenon 
gradually weakens with the flow rate continues to increase. Similarly, because 
the flow rate is low at the volute outlet, the reflux phenomenon occurs. With the 
increase of flow, the internal velocity of the volute is gradually uniform, and the 
reflux phenomenon at the outlet of the volute gradually weakens. 

3.2. Full Pressure Distribution of Each Working Condition 

Figure 4 shows the full pressure distribution cloud map different flow condi-
tions. The trend of the full pressure change of the impeller channel is similar to 
that of static pressure, the pressure is increasing from import to export, and the 
pressure reaches the maximum at the fan outlet. 

3.3. Velocity Vector Distribution of Each Working Condition 

Figure 5 shows the velocity vector of the impeller surface. Overall, most of the 
velocity vectors are along the direction of the impeller rotation and gradually  
 

 
(a) 0.6 q 

 
(b) 0.8 q                                                     (c) q 

 
(d) 1.2 q                                                  (e) 1.4 q 

 
(f) 1.8 q                                       (g) 2.2 q 

Figure 4. The cloud charts of full pressure distribution. 
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(a)             (b) 0.6 q 

 
(c) 0.8 q                      (d) q                       (e) 1.2 q 

 
(f) 1.4 q                     (g) 1.8q                      (h) 2.2 q 

Figure 5. The cloud charts of velocity vector. 

 
spread toward the outside along the center of the impeller. The speed at the im-
peller inlet is small and the speed is maximized at the exit edge of the impeller. 
The velocity at the impeller exit gradually increases with increasing flow, peaks 
near the rated operating conditions, and then decreases with increasing flow. 

3.4. Overall Streamline Distribution of Each Working Condition 

Figure 6 shows the overall streamline distribution cloud map of the fan under 
different working conditions. It can be seen that the streamline at the inlet sec-
tion of the fan is denser, the overall streamline is well guided and conforms to 
the wall surface, while there is no obvious collision phenomenon. In the low load 
condition, the streamline from the volute to the outlet section is disordered and  
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(a)                (b) 0.6 q 

 
(c) 0.8 q                       (d) q                      (e) 1.2 q 

 
(f) 1.4 q                        (g)1.8 q                    (h) 2.2 q 

Figure 6. The cloud charts of velocity vector. 
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the speed is uneven, forming a reflux zone, causing flow disturbance and low fan 
efficiency. Under the rated working condition, the streamline and the wall sur-
face of the volute and the outlet section have good adhesion with no obvious col-
lision phenomenon. While the flow effect is good, the energy loss is small and 
the fan efficiency is high. As the flow increases, the streamline in the volute be-
gins to deviate from the wall surface. When the flow reaches 1.4 q, the flow in 
the volute appears to be disordered. At the same time, the streamline of the out-
let pipe segment is gradually disordered and distorted, the energy loss is gradu-
ally increased, and the fan efficiency is gradually reduce. 

3.5. Performance Curve of Centrifugal Fan 

According to the inlet and outlet pressures of the centrifugal fan calculated by 
the extracted Fluent, the total pressure, power and efficiency of the fan are cal-
culated. The curves of total pressure, power and efficiency and flow characteris-
tics of the fan are plotted, and the actual total pressure, power and efficiency are 
calculated according to the experimental and theoretical formulas. The results 
are shown in Figure 7, Figure 8 and Figure 9. It can be seen that the trend be-
tween the numerical simulation results and the theoretical results is basically the 
same, but there are still errors. The average errors of total pressure, power and 
efficiency were 6.61%, 4.35% and 3.03%, respectively, and the maximum errors 
were 10.06%, 5.47% and 4.30%, respectively. Through analysis, the main causes 
of error are as follows: First, the wind field inside the fan is simplified in 3D 
modeling; second, the size of the grid is divided and the influence of the algo-
rithm used; Third, there is wheel resistance loss and friction in the actual expe-
riment loss and so on. 
 

 
Figure 7. Curve of fan total pressure characteristic. 
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Figure 8. Curve of fan power characteristic. 

 

 
Figure 9. Curve of fan efficiency characteristic. 

 
In addition, it can be seen that the total pressure of the fan decreases with the 

increase of the flow rate, which is in line with its theoretical variation characte-
ristics. At the rated flow rate, the simulated total pressure of the fan is basically 
the same as the total pressure of the fan design; The efficiency of the fan increas-
es first and then decreases with increasing flow rate, and the efficiency reaches a 
large value at the rated flow rate. At rated flow rates, the simulated fan efficiency 
is essentially the same as the actual fan efficiency. When the fan is working be-
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low the rated flow, the efficiency will be low due to the disorder of the internal 
flow field. When the flow is higher than the rated flow, the fan efficiency will al-
so decrease, but the curve of the efficiency reduction is relatively flat. When the 
flow rate reaches 1.4 times of the rated flow rate, the flow in the volute of the 
centrifugal fan is disordered. The above results show that: when the centrifugal 
fan is working, in order to ensure its high efficiency, it should work at the rated 
flow rate as much as possible; if it can not maintain the rated flow rate at all 
times, try to keep the flow rate between 1 - 1.4 times the rated flow rate, so that it 
can keep The higher efficiency of the fan can also result in a more stable flow 
field. 

4. Conclusions 

1) Through simulation and test, it can be found that the flow disturbance in-
side the fan is strong under low load conditions. When operating under high 
load conditions, the fan efficiency decreases with the increase of the flow rate, 
and the internal flow field disturbance of the fan is small. But both will affect the 
performance of fan. 

2) The performance curves of the centrifugal fan are plotted against the simu-
lation results of the internal flow of the fan under different flow conditions. 
Compared with the theoretical data, the two trends are basically the same, which 
basically conforms to the fan performance curve. It shows that the simulation of 
T4-72 centrifugal fan is reliable, and its numerical simulation results can be used 
as a theoretical reference for engineering design. 

3) When the T4-72 centrifugal fan works between 1 - 1.4 times of the rated 
flow rate, it can maintain a higher efficiency and obtain a more stable flow field, 
which provides a new idea for the optimization of the subsequent T4-72 centri-
fugal fan. 
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