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Abstract: In this paper, the multi blade centrifugal fan parameter CAD/CFD was developed. Before treatment with the 
traditional design method as the foundation, use AutoCAD as development of the embedded language. The work of this 
regulation to establish a set of more perfect design and optimization program of axial flow fan in air, improve its 
economy, and provided a shortcut for energy saving and noise reduction of multi blade centrifugal machine. Also in the 
establishment and the simplification of complex models, mesh generation, calculation and other aspects of the use of the 
model to do some beneficial exploration, hoping to provide reference of the similar simulation numerical type. Influence 
on the performance of multi blade centrifugal fan impeller is the largest parameters such as the blade outlet angle, inlet 
angle and blade number. As the numerical simulation application in modern design method, in order to improve the 
performance of pressure air fan as the optimization objective, the optimization of the fan, the fan impeller optimization 
parameters more reasonable flow field distribution, air pressure with better performance is obtained, and the formula to 
determine the recommended number of leaves. 
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1. INTRODUCTION 

 Multi blade centrifugal fan is a kind of special structure, 
while it with centrifugal fan in general, the efficiency is low, 
but because of its high pressure coefficient of flow 
coefficient, flow rate and pressure to meet certain 
requirements with small volume, low noise advantages has 
been widely used for air conditioning system [1]. Fan 
performance directly affects the quality of the air 
conditioning system, air conditioning system for fan 
performance optimization requirements are also getting 
higher and higher. Especially in the central air conditioning 
system in people want to meet the low noise at the same 
time, air conditioning fan can send more air volume in the 
air; can achieve the same case, fan can produce higher 
static pressure to overcome the resistance in the air 
pipeline, meet more large space air conditioning, reduce 
air conditioning system the pipeline equipment 
installation [2]. 
 Although the multi blade centrifugal fan for air-
conditioner has a long history, but to the design method of 
theoretical research is relatively less, the lack of specialized 
industry production enterprises with the design theory [3]. 
Because of multi blade centrifugal fan for air-conditioner use 
occasions, focus on design and structure of the particularity, 
long-term since, multi blade centrifugal fan in general 
engineering design method is still the design theory of wind 
turbine follow action, according to the ideal one-dimensional 
or two-dimensional flow energy equation and continuity 
equation, the velocity triangle, import and export, at the 
same time to carry out specific design with some experience  
 

of empirical data and design guidelines [4]. This method has 
the characteristics of simple, but the lack of scientific 
accuracy, product performance is difficult to grasp, to rely on 
a large number of tests in order to develop a good product 
[5]. 
 Multi blade centrifugal fan is the remarkable 
characteristics of the rotor width / diameter is relatively 
large, more leaves, can obtain the high pressure and large air 
volume at a low speed, and the noise is relatively low. So it 
is widely used in high pressure large volume low noise and 
smaller installation space usage. This paper summarizes the 
multi blade centrifugal fan in the traditional design methods, 
points out the choice of this kind of design method of 
structural parameters has great uncertainty. This method 
leads to a variety to find out the solution scheme of model 
test and a lot of work to do. 

2. RELATED METHOD AND THEORY 

2.1. Differential Control Equation 

 The internal flow of centrifugal fan for the turbulent 
viscous flow, follow the mass conservation and momentum 
conservation law, meet the mass continuity equation and 
motion equation of viscous fluid. CFD analysis using 
FLUENT software to provide the pressure correction method 
is used to solve the problem [6]. 
 The mass conservation equation: 

∂ρ
∂t

+ div(ρu ) = 0
 (1)

 

 The law of conservation of momentum equation: 

∂
∂t
(ρu)+ div(ρuu) = div(µgradu)− ∂ρ

∂x
 (2) 
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 In flow problems needed solving main variables into the 
following general form: 

∂
∂t
(ρφ)+ div(ρuφ) = div(Γgradφ)+ S  (3) 

φ : dependent variable 
ρ : density 

u : velocity vector 

Γ : diffusion coefficient, the meaning is different respect to 
differentφ  

S : source term, the meaning is different respect to different
φ  

2.2. The Reynolds Equations 

 In the Reynolds equation method, and the Reynolds 
stress equation and the turbulent viscosity coefficient method 
two categories. The turbulent viscosity method (traditionally 
called turbulent viscosity coefficient method is a method of 
calculating flow) and the most widely used numerical [7]. 
 According to the Reynolds average method, random 
variable is defined as the time average value: 

φ = 1
Δt

φ(t)dt
t

t+Δt

∫  (4) 

φ t = 0;  φ = φ ;  φ +φ t = φ

φ f = φ f ;  φ ′f = 0;  φ ′f = φ f ;  φ f = φ f + ′φ ′f

∂φ
∂xi

= ∂φ
∂xi

;  ∂φ
∂t

= ∂φ
∂t

;  ∂
2φ

∂x2 = ∂2φ
∂x2

∂φ
∂xi

= 0;  ∂
2φ

∂xi
2 = 0

⎫

⎬

⎪
⎪
⎪
⎪

⎭

⎪
⎪
⎪
⎪

 (5) 

 Based on the BouSSinesq assumption, the turbulence 
caused by the additional stress and the laminar flow stress, 
strain rate can also connect. The turbulence caused by the 
stress can be expressed as: 

−ρui′u j
′ = (τ i, j )t = − ptδ i, j +ηt

∂ui
∂x j

+
∂u j

∂xi

⎛

⎝⎜
⎞

⎠⎟
− 2

3ηtδ i, jdivV  (6) 

 Pt is caused by the pressure fluctuation velocity: 

pt =
1
3
ρ ′u 2 + ′v 2 + ′w 2( ) = 23 pk  (7) 

where k is the unit mass fluid flow: 

k = 1
2

′u 2 + ′v 2 + ′w 2( )  (8) 

 
 
 
 

3. CFD TECHNOLOGY OF MULTI BLADE 
CENTRIFUGAL FAN IN MODERN DESIGN 

3.1. Field Initialization 

 The solution of the flow field before the flow field of the 
initialization, initialize the flow field can be set at a rate of 0, 
can also according to the given speed estimate value is given 
at the same time, pressure and turbulence correlation. In this 
paper, the calculation of the different operating conditions, a 
condition previously calculated results as the initial flow 
under the condition of initial [8]. 
 In order to solve each equation is solved independently, 
but because the equations are nonlinear, must pass through 
the iterative solutions to converge. The method of the 
calculation, the solving steps are as follows: 
1. Initial flow field; 
2. With the given pressure and the speed of solving 

other surface fluxes of u, V, and W, update the flow 
field; 

3. The second step in the speed can not satisfy the 
equation of continuity, and therefore must be the 
velocity pressure coupling correction with the 
appropriate method to satisfy the velocity and 
pressure field and flux continuity equation; 

4. Then use the rate of pressure solution of turbulent 
energy of the scalar equation obtained; 

5. Check whether the convergence, convergence of 
iterative computation is stopped, otherwise it returns 
the first step. 

 The solving process of independent solution can be 
expressed in the following diagram (Fig. 1). 

4. EXPERIMENTAL RESULTS 

4.1. Optimization of Numerical Simulation of Multi 
Blade Centrifugal Fan 

 Design of multi blade centrifugal fan with the traditional 
design theory, the fan impeller inlet and outlet angle, number 
of blades and some have important effects on the fan 
performance parameters have great uncertainty in the 
selection, so the product scheme design is not necessarily the 
optimal solution, flow rate, pressure is not up to the 
requirements often appear to cause engineering products, so 
people of multi blade centrifugal fan structure parameters 
optimization of the test. 
 As shown in Table 1 and figure in the channel, leaves 
were counterclockwise number, respectively, by 1#, 1 serial 
number, φ is volute spiral angle. 

4.2. Analysis of Flow Field Characteristics of Wind 
Turbine 

 The wind machine is designed in accordance with the 
best operating point, when the fan in the operation of the 
small flow rate condition, the performance of non steady 
state. At this time, the interior flow of air duct complicated. 
The typical characteristics of the curve in Fig. (2) flow fan. 
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Table. 1. Impeller parameters with different design 
scheme. 
 

Design  
Scheme 

Inlet  
Angle β1A  

Outlet  
Angle β2A  

Impeller  
Diameter (mm) 

1# 54.0° 155° 103.45 

2# 66.0° 165° 105.04 

3# 60.0° 160° 104.14 

 

P

P

Q

abcd

η

typical characteristics curves of axial flow wind turbine
 

Fig. (2). The typical characteristics of the curve in flow fan. 

 The airflow around the wing surface smoothly through 
the upper wheel hub surface no separation and vortex 
phenomenon, indicating that the fan root shape and 
installation angle of reasonable design. Air inlet to outlet 
total pressure variation curve was shown in Fig. (3). 

4.3. Experiment and Analysis 

 Three different schemes of fan whole flow total pressure, 
static pressure and dynamic pressure distribution is the same:  
 

the distribution centers, in the radial direction from the fan 
impeller inlet to outlet flow part of total pressure, dynamic 
pressure are steadily increasing, which is due to the reason of 
impeller fluid power; but in the from the exit of the impeller 
volute casing wall to import into a dynamic pressure 
gradually decreased, static pressure, total pressure, static 
pressure, little change, dynamic pressure drop of fluid is 
volute diffuser, recovery of the kinetic energy of the 
performance [9-10]. 

 
Fig. (3). Air inlet to outlet total pressure variation curve. 

 The circumferential stress is not symmetry distribution: 
in the impeller region near the volute outlet total pressure, 
the dynamic pressure is very high, the total pressure and 
dynamic pressure in the spiral case of low helix angle small 
area; and the static pressure distribution trend is just the 
opposite, in the impeller region on the outlet pressure is low, 
it is described in the forward multi blade centrifugal fan full 
pressure in dynamic pressure accounted for a larger 
proportion, the forward multi blade centrifugal fan with low 
degree of reaction. In the presence of a local high pressure 
area of the volute tongue head, it is the high pressure leads to 
the noise of the fan in the volute tongue. The distribution of 
3# fan whole flow field pressure was shown in Fig. (4). 

Update the flow field characteristics

Solution of the momentum equation

Solution of the pressure correction equation(continuity equation), update the pressure, surface flow rate

Solution of turbulent scalar equation

Whether convergence Stop 
YN

 
Fig. (1). The solving process of independent solution diagram. 
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3# fan static pressure distribution 

 
3# wind pressure distribution scheme of maneuver 

Fig. (4). The distribution of 3# fan whole flow field pressure. 

CONCLUSION 

 Fan product development process is the traditional 
conventional design, prototype production, prototype test, 
repeated production prototype and tested until the 
development of a product. The prototype production and test 
not only high cost, and long cycle, so that the product 
development cycle is longer. The development of numerical 
simulation technology to the traditional design method to 
transform to the modern design method, the modern design 
method is difficult in CFD numerical simulation, and the 
CAD modeling and meshing simulation model for the 
workload of CFD value 80%. Simulation of a variety of 
design schemes were selected and optimized by numerical, 
replace and reduce the test to a certain extent, so as to 
shorten the product design cycle, reduce product 

development costs, but also to ensure the quality of the 
product. 
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