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Abstract
The clearance gap that exists between the rotating impeller and 
stationary inlet casing in a centrifugal blower is often overlooked in 
numerical simulations or design calculations. This frequently results in 
arbitrary selection of gap size. However, the size of the gap significantly 
impacts the pe�ormance of the centrifugal fan, leading to discrepancies 
between numerical predictions and experimental data. This paper 
investigates the influence of the clearance gap on the pe�ormance of 
double-inlet centrifugal fans in terms of pressure rise, flow rates and 
efficiency across various gap sizes to identify the optimal gap size for 
maximizing the pe�ormance of the fan.

For a long time, the primary focus in the traditional market for centrifugal 
fans – used in industrial, commercial and utility applications – has been on 
their initial cost. As a result, factors such as pe�ormance improvement 
and control have received less impo�ance and are often considered 
secondary to manufacturing ease, equipment installation and field 
maintenance. [1] One significant design parameter that can improve 
overall pe�ormance while balancing initial cost is the running clearance 
between the movable blades and the su�ace of the fan hub (casing). If the 
clearance between them is too large, it can severely impact the fan’s 
pe�ormance. 
However, reducing this gap to optimize overall pe�ormance presents 
challenges in manufacturing tolerances and installation procedures. 
Maintaining tight clearances necessitates careful consideration of 
structural rigidity, vibration of all components and problems associated 
with manufacturing, shipment and field assembly of large machines. 
Nonetheless, if the cost associated with overcoming these difficulties can 
be offset by reduced operating costs resulting in improved efficiency, 
then implementing tighter clearances becomes a viable option. The first 
question that needs to be answered is: How much improvement can be 
achieved?

Introduction

Fig 1. Illustration of clearance gap
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The clearance gap is the running clearance between the movable blades 
and the casing along the direction of the rotation, as shown in the above 
figure. 

Nomenclature:

Clearance gap (m)
 Blade height (m) - h_s 
Shaft power (kW) - P 
 Total pressure rise (mm H 2 O) - Del P_T
Volume flow rate (m3/s) - Q 
Current literature does not meticulously document the pe�ormance gains 
linked to decreasing inlet clearance. Due to the proprietary nature of 
much of the research on high-specific-speed centrifugal impellers, it 
became evident that a systematic and meticulous series of experiments 
was necessary to answer the previously posed question.

Literature study

In industrial practice, the clearance gap between the impeller and the 
inlet duct is often overlooked during numerical simulations. However, T 
Wright, in his paper[1], systematically investigated the influence of the 
inlet clearance gap on centrifugal fan pe�ormance. He measured various 
parameters, including volume flow rate, pressure rise, stall margin and 
efficiency of the fan across a range of radial clearance values between the 
impeller and the stationary inlet cone. The results were correlated as 
functions of lumped clearance parameters. Wright also presented and 
discussed additional data on velocity surveys at the impeller discharge in 
relation to the fan's overall pe�ormance.

Similarly, Lee [3] conducted a numerical simulation to examine the effect 
of the clearance gap in a double-width double-inlet impeller paired with a 
double-discharge volute. The study indicated that pe�ormance could vary 
as much as 5% due to the clearance gap. Fu�hermore, Lee noted that the 
impact of the gap on the impeller pe�ormance is considerably less 
pronounced than its impact on the volute pe�ormance.

In a study conducted by Hariharan and Govardhan [2], the impact of the 
clearance gap on the pe�ormance of an industrial-sized centrifugal 
blower was examined through simulations for two volutes with different 
width ratios and various flow coefficients. The results revealed that at 
lower mass flow rates, the clearance had a positive effect, resulting in a 
1.3% increase in pressure rise and a 0.7% increase in efficiency. Conversely, 
at higher mass flow rates, the clearance had a negative effect, causing a 
1% drop in efficiency and a 1.4% drop in pressure. Additionally, the study 
found that the clearance gap had a smaller impact on the volute with a 
higher width ratio compared to the volute with a smaller width ratio.



As shown in Figure 1, a centrifugal impeller with a diameter of 40 mm is 
taken. It is rotated with a constant speed of 7900 rpm. The table below 
lists all the geometric details of this impeller.

The volute for this impeller is designed based on the principle of constant 
mean velocity within the volute[8]. The casing used has a thickness of one 
mm. To enhance the air intake, an inlet is provided on both sides of the
casing, making it a dual inlet fan. In this study, the axial clearance between
the blade and casing varies in each configuration, forming the basis of the
parametric investigation presented in this whitepaper. The
Computer-Aided Design (CAD) of the fan with casing in one configuration
is shown below.

Methodology
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Fig 2. Centrifugal impeller blade of diameter 40 mm

S. No

1

2

3

4

5

6

Parameter

Impeller Inner Diameter, D1 20.91 mm

mm

deg

deg
mm

mm

40

61.06
104.15
2

5.6

Impeller Outer Diameter, D2

Blade Inlet Angle, β1

Blade Exit Angle, β2

Blade Inlet Width, b1

Blade Exit Width, b2

Value Units
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Fig 3. CAD of dual inlet fan - centrifugal impeller with a volute casing 
designed from the method of constant mean velocity in the volute

Computational Fluid Dynamics (CFD) domain

The CAD model and CFD domain were generated using the Ansys 
Spaceclaim tool. Two chambers, representing inlet and outlet, were 
created as an extension to actual inlets and outlets to mimic the 
real-world testing conditions in the laboratory. Additionally, a rotational 
region was defined around the impeller, resulting in the creation of two 
distinct fluid regions – one for the stationary component and one for 
the rotating impeller. This dual-region setup is essential for the Multi 
Rotational Frame (MRF) method,  allowing for accurate simulation of 
the fan’s operations. The complete CFD domain for this fan setup, 
including inlet and outlet boundary conditions, is depicted in Figure 4.

Top face Bo�om face



The clearance gap is shown in the figure below and is varied symmetrically 
and asymmetrically, giving rise to seven different configuration simulation 
studies, as shown in Table 2. 
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Fig 4.  (a) CFD domain for fan simulation (b) Cross-sectional view 
of CFD domain

Fig 5.  Upper and lower clearance gaps

Outlet
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Fan
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Ansys Fluent Meshing was utilized to create the mesh for the simulation, 
using the Wate�ight Geometry workflow. In the rotational region, local 
sizing was applied to ensure finer mesh control for more accurate results. 
Poly hex-core elements were used for the volume cells and three 
boundary layers were specified. All the other meshing se�ings were kept 
at their default values. Below is the cross-sectional view of the mesh.

A steady-state simulation was conducted for these cases to obtain quick 
with reasonably accurate. The MRF method was used for the steady-state 
simulation. In the ANSYS Fluent Solver, the SST K-omega turbulence 
model was applied. Frame motion option was enabled for rotating regions 
to activate the MRF method, with the rotation axis and origin defined and 
a speed set at 79000 rpm.

Table 2. Configuration table

Fig 6. (a) Cross-sectional view of the full mesh. (b) Fine mesh around 
rotating region due to local sizing.
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Meshing

Solver setup

Configuration

A 1

2

3
4
5

1
2

1

2

3
4
5

2
1

B

C

D

E

X
Y

Upper clearance (mm) Lower clearance (mm)

(a)

(b)



PQ and Efficiency curves for five symmetrical configurations are plo�ed in 
the graphs below. 
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Boundary conditions were defined suitably, along with the specific values 
for each parameter. The solution methods selected the COUPLED scheme, 
paired with the pseudo-time method. Default options were retained for 
other solution methods and control se�ings. Monitoring points were 
established for key parameters, including volume flow at the inlet and 
average pressure at the inlet and outlet. Then, the simulation was run for 
enough iterations until either the solution gets converged or the 
monitoring point values stabilized, whichever is earlier.

Results and discussion
CFD simulations were conducted for seven different configurations of the 
clearance gap. For each configuration, the fan was tested under five 
different conditions, including the maximum flow rate condition and 
maximum pressure difference condition. This data was used to generate 
characteristic curves—the PQ curve and the efficiency curve. For the 
maximum flow rate condition, the pressure inlet and pressure outlet were 
both set to zero. For other conditions, the boundary conditions were set to 
mass flow at the inlet and zero-gauge pressure at the outlet.

Symmetrical configuration study

The results for the maximum flow rate and maximum pressure difference 
across five symmetrical configurations are summarized in the table below. 
The  maximum flow rate was highest for configuration E (where the 
clearance gap is five mm on both sides) with the value of 12.56 Cubic Feet 
Meter (CFM) and the maximum pressure difference was highest for 
configuration A (where the clearance gap is one mm on both sides) with 
the value of 20.19 mmH2O

Configuration

A

B

C

D

E

1

2

3

4

5

1

2

3

4

5

9.42

9.63

10.76

11.49

12.56

20.19

19.11

18.37

17.56

16.83

Upper Clearance 
(mm)

Lower Clearance 
(mm)

Max Flow Rate 
(CFM)

Max Pressure 
Difference
(mmH2O)



Comparing all symmetrical configuration results, it can be understood 
that with the increase in clearance gap, flow rate increases and pressure 
drop decreases. Regarding efficiency, at lower flow rates, configuration A 
(lower gap) has be�er efficiency and at higher efficiency, configuration B 
(higher gap) has be�er efficiency. Overall, configuration B had the highest 
maximum efficiency. 
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Fig 7. Characteristic curves for symmetrical configurations
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Fig 8. Characteristic curves for asymmetrical configurations

Comparing asymmetrical configurations (X and Y), it can be understood 
that the one with a lower clearance gap (X configuration) has outper-
formed the one with an upper clearance gap (Y configuration) both in 
terms of flow rate and pressure drop. Regarding efficiency, at lower flow 
rates, configuration Y has be�er efficiency and at higher efficiency, 
configuration C has be�er efficiency. Overall, configuration Y had the 
highest maximum efficiency. 

Comparing symmetrical (A, B) and asymmetrical configurations (X, Y), 
symmetrical configurations (A and B) have pe�ormed be�er than the 
asymmetrical configurations (X and Y) in terms of both flow rate and 
pressure drop. There is no definite correlation in the efficiency between 
symmetrical and asymmetrical configurations. Overall, B and Y 
configurations had the highest maximum efficiency.
The pressure and velocity contour plots at maximum flow rate and zero 
flow rate conditions for each configuration are presented in the figure 
below. These contour plots are measured at an XZ Plane perpendicular to 
the axis of rotation.

Asymmetrical configuration study
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Fig 9. Pressure and velocity contours for each configuration
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From the CFD simulations of different configurations for the clearance 
gap, the case with the largest clearance gap resulted in the highest 
maximum flow rate, while the case with the smallest clearance gap 
yielded the highest maximum pressure drop. For the two types of 
asymmetrical configurations, the one with a higher lower clearance gap 
pe�ormed be�er in terms of flow rate and pressure drop. 
Thus, it can be concluded that a lower clearance gap leads to be�er 
overall pe�ormance for asymmetrical configurations. In symmetrical 
configurations, a higher clearance gap corresponds to a higher flow rate 
and lower pressure drop.

When comparing symmetrical and asymmetrical configurations, the 
symmetrical clearance gap configuration demonstrated superior 
pe�ormance in both maximum pressure drop and maximum flow rate.
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Conclusion
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