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Abstract 
 
An automotive sirocco fan has been widely used in air-conditioning devices. It is essential to understand the flow 

characteristics of an automotive sirocco fan to satisfy the trends for more efficient and less noise. In this study, numeri-
cal calculations were conducted to explain the three-dimensional unsteady, incompressible flow characteristics and 
performance of the sirocco fan using FLUENT. Reynolds-averaged Navier-Stokes equations with the standard k ε−  
turbulence model were used for the numerical analysis. The sliding mesh was used to simulate the relative transient 
motion of impeller against scroll. It was found that the inactive zone and the secondary flow reduce efficiency because 
they cause internal losses. A parametric study was performed to improve efficiency of the sirocco fan, using two geo-
metric variables. Reducing the width of impeller could decrease the relative size of inactive zone and secondary flow. 
Changing the position of cut-off had little influence on the efficiency. Thus an improvement of efficiency could be 
achieved by reducing the width of impeller. 
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1. Introduction 

A sirocco fan, a kind of centrifugal fan with for-
ward-curved-blade, has been widely used in devices 
of an automotive HVAC (Heating, Ventilating, and 
Air Conditioning) system due to relatively high flow 
rates and low noise. In order to achieve high effi-
ciency, it is necessary to understand flow characteris-
tics of the fan. Many experimental researches have 
been done on the sirocco fan.  

Raj and Swim [1] found that the blade active area 
depends on the flow rate and the circumferential loca-
tion of the impeller and there are large flow separa-
tion zones near the inlet shroud. Roth [2] performed 
an experiment to optimize the sirocco fan. His ex-

periments included performance measurements for a 
series of rotors. Cau et al [3] explained the secondary 
flow patterns observed in the scroll by applying the 
simplified secondary flow theory and found that flow 
rate variation produces different secondary flow pat-
terns. Kind and Tobin [4] measured mean velocity, 
flow direction, and total pressure inside and outside 
the rotor by using a five-hole prove. Humbad et al [5] 
found that an important factor of noise is the flow 
separation at the cut-off. Because of the complexity of 
the fan geometry, it is not easy to know detailed in-
formation about the flow field of the fan by an ex-
periment. However, CFD study can predict the com-
plicated fluid behavior in detail. Fischer [6] per-
formed the three-dimensional flow computations for 
one blade and compared with the experiment results. 
Gronier et al [7], using STAR-CD, performed the 
three-dimensional computations.  

In this study, the three-dimensional unsteady, in-
compressible turbulent flow calculations were con- 
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Table 1. Geometric data for the sirocco fan. 
 

Parameter Size 

1d  120 mm 

2d  145 mm 

1d / 2d  0.83 
Z  44 
b  70.3 mm 
W 92 mm 

cθ  21.4º 

α  7º 

1β  80º 

2β  150º 
t  1.8 

 
ducted using FLEUNT and a parametric study was 
performed to improve efficiency of the sirocco fan, 
using two geometric variables, such as width of im-
peller and location of cut-off. 
 

2. Numerical methods 

Governing equations for unsteady incompressible 
turbulent flows are the continuity and Reynolds-
averaged Navier-Stokes equations. These equations 
are as follows: 
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where iu  and iu′  are mean and fluctuating veloci-
ties, respectively. Governing equations were solved 
with a standard k ε−  turbulence model. A central-
difference scheme was used for the diffusion terms 
while a first-order upwind difference scheme was 
used for the convection terms. The SIMPLE algo-
rithm was used to match pressure and velocities. For 
the inlet condition, the uniform mass flow on the inlet 
surface was applied. For the outlet condition, the 
static pressure on the outlet surface was applied. On 
the wall of the blades and scroll, no-slip conditions 
were imposed for the velocity components. In this 
study, there are two grid systems. One is the rotating  

Table 2. Calculation conditions. 
 

Parameter Value 
Flow coefficient 0.24 

Inlet mass flow rate 0.0748 kg/s 
Outlet static pressure 101384.5 Pa 

Rotating speed 2000 rpm 

 

 
 

(a) Total 
 

 
 

(b) Blades 
 
Fig. 1. Computational grids. 

 
grid system of the impeller. The other is the stationary 
grid system of the scroll. The sliding mesh technique 
was employed at the interface of two grid systems to 
transfer of the flow variables. 

Detailed geometric data for the sirocco fan are 
shown in Table 1. Based on the geometry, a multi-
block hexahedral mesh was generated using ICEM-
CFD. The total computational grid system is shown in 
Fig. 1(a). The rotating part has 814,000 nodes and the 
stationary part has 430,739 nodes. So the total has 
1,244,739 nodes. A detailed view of grids near the 
blade is shown Fig. 1(b). 
 

3. Results and discussions  
3.1 Flow characteristics 

The simulation was conducted at φ =0.24 and the 
rotational speed of the rotor was 2000rpm. The de-
tailed calculation conditions are summarized in Table 
2. The computation was continued until the rotor 
made ten revolutions. To validate the accuracy of the 
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numerical result, the static pressure distribution along 
the scroll wall on the mid-span was presented with 
another case of experimental that of Kim et al [8] in 
Fig. 2. Both results represent that the static pressure 
increases as a scroll angle does. The curves shown in 
Fig. 3 were plotted with the efficiency and total pres-
sure coefficient versus the flow coefficient in order to 
investigate performance of the sirocco fan. Efficiency 
is almost the maximum at the design point and the 
total pressure coefficient decreases as the flow coeffi-
cient increases. The time-averaged static pressure 
fields at the mid-span plane were shown in Fig. 4. As 
shown in this figure, pressure is higher at the scroll 
wall side than at the inside of the rotor and it changes 
in the circumferential direction. It is known that the 
flow separation zones, called inactive zones, are a 
significant cause of the efficiency reduction. Instanta-
neous radial velocity contours at the blade exit plane 
(i.e., Zθ − plane) are shown in Fig. 5. There are 
large flow separation zones near the shroud plane 
while flows are well passing through the impeller 

near the hub plane. Especially, the flow separation 
zones are dominant near the cut-off region 
( 021.4θ = ). In the scroll, strong three-dimensional 
flows exist. Fig. 6 shows the secondary flow forma-
tion on cross-sections in the scroll at a scroll angle 900, 
1800, 2700, 3600 by the velocity vectors and static 
pressure contours. In this figure, ‘S’ represents the 
scroll side wall while ‘B’ represents the blade side. 
The upper line means the shroud side while the lower 
line means the hub side. The static pressure contours 
are averaged by one blade pitch time. As shown in 
this figure, the static pressure gradually increases 
from the blade side to the scroll wall side and two 
vortices govern the secondary flow on all cross-
sections. The upper vortex, clockwise rotating vortex, 
is shown entirely in cross-sections of the scroll while 
the lower vortex, counter-clockwise rotating vortex, is 
shown at the lower scroll wall. Also, this figure repre-
sents that a center of the upper vortex moves from the 
blade side to the scroll wall side as a scroll angle in-
creases. 
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                                             (a) Kim et al.                                                                                   (b) Calculation 
 
Fig. 2. Characteristics of static pressure distribution along the scroll wall on the mid-span. 
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Fig. 3. Performance curve.                                                                 Fig. 4. Time-averaged static pressure contours at mid-span 
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Fig. 5. Instantaneous radial velocity contours at the blade exit 
plane. 
 

5

6

6

7

11 40
10 20
9 0
8 -20
7 -40
6 -60
5 -80
4 -100
3 -120
2 -140
1 -160

S B

Pressure

     

2
2

3
45

6

6

7

7

8

8
9

S B  
 
                     (a) 90º                                        (b) 180º 
 

4
5

6

6

7

7

8

8
9

9

10

S B   

8

9

10

10

11

S B 
 
                (c) 270º                               (d) 360º 
 
Fig. 6. Secondary flow vectors on cross-sections in the scroll. 

 
3.2 Parametric study 

It is known that the width of impeller, one of main 
design parameters of the sirocco fan, has influence on 
the efficiency. In this study, we investigated the rela-
tion of flow characteristics and the impeller width 
change. 2/b d  was used as a non-dimensional coef-
ficient of the impeller width. Calculations were con-
ducted for the impeller width of 2/b d = 0.48, 0.43, 
0.31. Fig. 7 shows comparisons of efficiency due to  

Table 3. Comparisons of inactive zones at the blade exit 
plane due to changes in width of impeller. 
 

 2( )A m  2( )IA m  IA / A (%) 

2/ 0.48b d = 0.0329 0.0066 20.1 

2/ 0.43b d = 0.0290 0.0047 16.2 

2/ 0.31b d = 0.0207 0.0019 9.2 
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Fig. 7. Comparisons of efficiency curves due to changes in 
width of impeller. 

 
changes in the width of impeller. It is found in Fig. 7 
that efficiency increases as the width of impeller re-
duces in the low flow rate regions, but reverses in the 
high flow rate regions. Compared with efficiency for 
the impeller width of 2/b d = 0.48 at the design point 
(φ = 0.24), efficiency is increased by 2, 4% for the 
impeller width of 2/b d = 0.43, 0.31, respectively. 
The total pressure coefficient for the impeller width of 

2/b d = 0.31 is rapidly decreased in the high flow rate 
regions, while the total pressure coefficient for the 
impeller width of 2/b d = 0.43 is slightly decreased. 

In order to find the reason for the efficiency im-
provement, the relative extent of inactive zones 
through the impeller was investigated at the blade exit 
plane. As shown in Table 3, the reduction of impeller 
width decreases the relative extent of inactive zones 
from 20.1% to 16.2%, 9.2% of the total blade exit 
plane area. Fig. 8(a), (b), (c) shows instantaneous 
radial velocity contours at the blade exit plane for the 
impeller of width 2/b d = 0.48, 0.43, 0.31, respec-
tively. It reveals that as the impeller width reduces, 
the negative radial velocity regions decrease, meaning 
that flows are successfully passing through the blades. 
Especially, the flow separation zones near the cut-off 
region ( 021.4θ = ) which is a major cause of energy 
loss is decreased by reducing the impeller width. 
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(c) 2/ 0.31b d =  
 
Fig. 8. Comparisons of radial velocity contours at the blade 
exit plane. 
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Fig. 9. Comparisons of performance curves due to changes in 
cut-off. 

 
The strong secondary flow in the scroll is another 

important cause to decrease the efficiency, because 
the vortex caused by secondary flows induces the 
inner loss. In order to obtain the secondary flow 
strength due to changes in the width of impeller, the 
circulations ( Γ ) on cross-sections in the scroll were  

Table 4. Comparisons of circulations between 2/ 0.48b d =  
and 2/ 0.43b d = . 
 
Scroll angle 2/ 0.48b d = 2/ 0.43b d =  Reduction(%)

+Γ 0.09 0.08 11.11 090 −Γ -0.35 -0.31 11.43 
+Γ 0.37 0.35 5.41 0180 −Γ -0.78 -0.71 8.97 
+Γ 0.53 0.51 3.77 0270 −Γ -1.23 -1.06 13.82 
+Γ 0.59 0.57 3.39 0360 −Γ -1.29 -1.10 14.73 

 
Table 5. Comparisons of circulations between 2/ 0.48b d =  
and 2/ 0.31b d = . 
 
Scroll angle 2/ 0.48b d = 2/ 0.31b d =  Reduction(%)

+Γ 0.09 0.09 0 090 −Γ -0.35 -0.02 37.14 
+Γ 0.37 0.29 21.62 0180 −Γ -0.78 -0.52 33.33. 
+Γ 0.53 0.46 13.21 0270 −Γ -1.23 -0.72 41.46 
+Γ 0.59 0.66 -10.61 0360 −Γ -1.29 -1.02 20.93 

 
evaluated. Table 4 shows comparisons of the circula-
tions between 2/b d = 0.48 and 2/b d = 0.43 on a 
scroll cross-section at a scroll angle 900, 1800, 2700, 
3600. The positive circulations ( +Γ ) and the negative 
circulations ( −Γ ) are presented in the Table 4. The 
positive circulations mean the strength of counter-
clockwise rotating vortices while the negative circula-
tions mean the strength of clockwise rotating vortices. 
As shown in the Table 4, it is found that the circula-
tions are decreased by reducing the impeller width. 
Table 5 shows comparisons of the circulations be-
tween 2/b d = 0.48 and 2/b d = 0.31. Compared with 
the circulation reduction in the case of Table 4, the 
circulation reduction in the case of Table 5 is larger. 

The position of cut-off is another important design 
parameter of the sirocco fan. Another parametric 
study was performed by changing the cut-off position. 
To investigate the effect on flow fields due to changes 
in cut-off position, calculations were conducted for 
the cut-off position of 0 0 021.4 ,40.1 ,10.1cθ = . Fig. 9 
shows comparisons of performance curves due to 
changes in cut-off position. For the three cases, the 
efficiency is almost same at the design point. How-
ever, the sirocco fan for the cut-off position of 

040.1cθ =  has almost constant total pressure coeffi- 
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Table 6. Comparisons of inactive zones at the blade exit 
plane due to changes in cut-off position. 
 

 A(m2)  AI (m2)  AI /A(%) 
21.4cθ = 0 0.0329 0.0066 20.1 
40.1cθ = 0 0.0329 0.0074 21.4 
10.1cθ = 0 0.0329 0.0060 18.5 

 
 

 
 

(a) cθ = 21.4º 
 

 
 

(b) cθ = 40.1º 
 

 
 

(c) cθ = 10.1º 
 
Fig. 10. Comparisons of time-averaged total pressure contour 
at mid span plane. 
 
cient in the overall flow rate regions. It reveals that 
the sirocco fan has wide operating range. Table 6 
shows comparisons of inactive zones at the blade exit 

plane due to changes in cut-off position. As shown in 
Table 6, there is no great difference in the extent of 
inactive zones. Fig. 10 shows comparisons of time-
averaged total pressure contour at mid span plane. 
Also, there is no great difference in energy loss as 
shown in Fig. 10. 
 

4. Conclusions 

To improve the efficiency of the sirocco fan, para-
metric studies were performed using two geometric 
variables, such as the width of impeller and the loca-
tion of cut-off. At the design point, the efficiency was 
increased by 2% and 4% for the impeller width of 

2/b d = 0.43 and 0.31 respectively. In case of 2/b d = 
0.31, large energy loss was generated in the high flow 
rate regions. The efficiency for 2/b d = 0.43 was 
improved at the design point not having any large 
energy loss at the overall operating range. The posi-
tion of the cut-off had little influence on the efficiency. 
However, in case of 040.1cθ = , the total pressure 
coefficient was almost constant in the overall operat-
ing range. It means that the sirocco fan of 040.1cθ =  
has more wide operating range that the original one. 
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Nomenclature----------------------------------------------------------- 

IA  : Inactive flow area 
b  : Width of impeller 

1,d 2d  :  Inner and outer diameter of impeller,  
  respectively 
t  : Blade thickness 
W  : Width of scroll 
Z  : Number of blades 
 
Greek 
α  : Expansion angle of scroll 

1β , 2β  : Blade inlet and outlet angle, respectively 
φ  : Flow coefficient 
Γ  : Circulation 
η  : Efficiency 
θ , cθ  : Angle of scroll and cut-off, respectively 
ρ  : Density 
ψ  : Total pressure coefficient 
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