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Abstract: The flow through centrifugal impeller is highly non 

uniform due to formation of regions with different energy level. 
These region mixes at the exit of the impeller leading to loss and 
bringing down the efficiency of the centrifugal impeller. The 
present study focus on analyzing the flow through an impeller and 
investigating the impeller exit flows. The simulations are carried 
out for various mass flow rates at design and off design 
conditions. The velocity vectors observed depicts the regions of jet 
along the pressure side and wake at the suction side. The contours 
of total pressure and velocity depict the diffusion process that 
occurs within the impeller and its exit. Non uniform flow is 
observed along the circumferential direction of the impeller. 
These non uniform flow leads to secondary flow as well as loss in 
total pressure thereby reducing the efficiency of the centrifugal 
impeller. 

Keywords: Centrifugal impeller, flow, exit, jet, wake, non 
uniform.  

I. INTRODUCTION 

Flow through centrifugal impellers is known to be highly 
complex in nature. As flow happens through centrifugal 
impeller, considerable distortions of flow could be visualized 
at exit of centrifugal impeller. Wake is observed in the 
suction-side-region while jet (viz., high kinetic energy fluid) 
is observed at the pressure-side-region. Sankaran [1] reported 
the study by Gallus and Subramaniam and highlighted that 
wake area covers up to 25% of the exit area. According to 
Sankaran [1] based on the work of Krain and Eckardt, the 
wake area covered up to thirty five percentage of exit area. 
The wake mass flow was around fifteen percentage of the total 
mass flow.  Interestingly, Eckardt [2] observed this separated 
region extending from about 60% of the channel length to the 
impeller exit. Dean [3] illustrated the development of wake 
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with detailed empirical studies of flow in an impeller. The 
flow left the impeller separated frequently and distorted 
significantly both in the meridional as well as in the 
circumferential plane. 

Eckardt [2] reported that separated region was extending 
about 60% of the channel length to impeller exit. This region  

 
reduced the efficiency of the stage and diffusion within the 

impeller. Therefore, the intended amount of conversion of 
kinetic energy into static pressure was not achieved. The jet 
wake formation at impeller exit decreased the stage efficiency 
due to the additional loss caused by unsteady flow in the 
adjacent diffuser and mixing. The author also observed 
different secondary flow patterns for the shrouded and 
unshrouded radial impeller. The secondary flow and the tip 
leakage severely affected the nature of separation within the 
centrifugal impeller channels. 

Sturge and Cumpsty [4] reported a 2D method of 
calculating the separated flow in centrifugal impeller. The 2D 
blade to blade flow was treated into two regions: jet region 
and wake region, separated by a free shear layer that 
maintained a distinct separation between these two regions. 
The wake region was assumed to have no flow through it. The 
jet flow was treated to be inviscid, irrotational, and finite 
difference approach was used in its solution. Eckardt [2] 
obtained 3D representation of the meridional velocity 
components between inlet and exit of the impeller at five 
different cross-sectional planes. These measured meridional 
velocity distributions portrayed the development, growth of 
the wake along suction side corner portion of the impeller. 
The circumferential velocity components were consistent and 
in line with the recognized fact about wake as a region of low 
momentum fluid. 

Also, the extent of wake would be more radial if the jet 
coming out of the impeller was highly skewed. The 
meridional wakes would not mix rapidly rather than extending 
deep into the vaneless diffuser region. Sankaran [1] 
performed exit flow studies on selected centrifugal impellers. 
The meridional velocity distributions were observed to be 
smoothening out at low mass flow rates. At higher flow 
coefficients, a depression between two peaks was observed. 
Ajith Kumar [5] performed experimental investigations on 
exit flows on three different shrouded impellers having exit 
blade angles as 55 degrees, 67 degrees and 78 degrees. The 
increase in exit blade angle increased the operating range of 
the centrifugal impeller. 

Soumya Dutta et al. [6] performed studies on impeller exit 
flow field through a highly loaded impeller using three holes 
yaw meter and hot wire 
anemometer.  

Simulation of Impeller Exit Flows of A 
Centrifugal Blower 

Seralathan S, Balaji R, Mukesh Nadarajan, Ijas Ahamed A, Hariram V 

https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijrte.D9412.118419&domain=www.ijrte.org


 
Simulation of Impeller Exit Flows of A Centrifugal Blower 

10038 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: D9412118419/2019©BEIESP 
DOI:10.35940/ijrte.D9412.118419 
Journal Website: www.ijrte.org 
 

The results were compared with the CFD data which 
revealed the difference in flow angles and turbulence 
intensity. Guang Xi et al. [7] investigated on aspect of 
controlling flow separation region near exit of centrifugal 
impeller (unshrouded type).  

This separation zone, which was undesired, was controlled 
by increased nominal design flow rate, reducing the shroud 
side casing of diffuser, and reducing the shroud side blade 
loading. The authors observed that L2F readings of the 
backward curved blades gave a nearly uniform velocity 
profile than the radial tipped impeller. The classical 
“jet-wake” theory assumed an isentropic jet. The wake flow 

was also congruent with blade profile at exit of impeller. The 
authors suggested this to be corrected for any meaningful 
results.  

McDonald et al. [8] analyzed the flow pattern and its 
variations with mass flow rate. The experimental data were 
compared with numerical outcomes for the flow field near 
centrifugal impeller exit (backward curved type). Ishida et al. 
[9] studied the velocity distribution at exit of the impeller for a 
varied tip clearance conditions involving two types of 
unshrouded centrifugal impeller. Similarly, several studies 
[10-19] were carried out by researchers on understanding the 
flow field at centrifugal impeller exit and reported ways to 
improve the performance of centrifugal compressor by 
suppressing the impact of the separation zone. 

Hence, the objective of this study is to analyze the flow at 
exit of the shrouded centrifugal impeller. The numerical 
simulations are carried for three different mass flow rates, 
viz., m = 0.0331 kg/sec, 0.0419 kg/sec and 0.0552 kg/sec. All 
the numerical simulations are conducted at steady state 
condition. 

II. NUMERICAL METHODOLOGY 

The details of centrifugal compressor (low-specific speed) 
chosen for this investigations is illustrated in Table I.  

Table-I: Operating conditions and Geometric data [1] 

Pressure rise, ΔP  200 mm Water 
Column Speed, N 1800 rpm 

Outlet blade angle, β2  650 
Number of blade, Z 24 
Blade width, b  

[Width at exit, b2 is equal to at inlet, b1] 
50 mm 

Inlet blade angle, β1 350 
Diameter at impeller exit, d2 550 mm 
Diameter at impeller entry, d1 280 mm 
Diameter ratio,   d1/d2 0.51 

Mass flow rate, m 1.003 kg/s 

As experimental data [1] is on hand, the same is chosen to 
model and investigate numerically. Geometric model 
deployed for simulation consists of a shrouded impeller with 
blade. On the basis that flow is periodic in impeller’s blade 

passages, the concept of single passage approach (i.e., one 
blade passage) is deployed to model the configuration instead 
of modeling the entire impeller geometry. This approach 
saves enormous computational resources and time. The point 
by point method is adopted to design the impeller blade using 
ANSYS ICEMCFD [18, 19]. The inlet of fluid domain is kept 
at the forefront by a measurement of half the blade chord 
length whereas the domain’s exit is placed at a distance of 
1/4th of blade’s chord length. During meshing, unstructured 

grid is generated using tetrahedral elements for the entire 
computational domain. At least six fine prism shaped cell are 
deployed nearer to wall to facilitate better resolution within 
the boundary layer as illustrated in Fig. 1. ANSYS ICEMCFD 
is utilized to perform modeling and meshing of fluid domain.  

 
Fig. 1. Unstructed mesh 

Table-II: Details of grid independency  

Element count 

Energy coefficient, ψ 

Standard kω kω shear stress 
transport (SST) 

397471 0.948 0.9894 

500961 0.967 1.028 

776868 1.001 1.061 

 
Table-III: Turbulence model study 

Flow 
coefficient,           
Ф = Cm/U 

Mass 
flow rate 

(kg/s) 

Energy coefficient, ψ 

Turbulence models 
Expt. 
[1] Standard 

kω 
kω shear stress 
transport (SST) 

0.19 (design) 0.04198 1.001 1.061 1.08 

 

 

Fig. 2. Boundary conditions 
Table II list the grid independency test details carried out for 
mass flow rate, m = 0.0419 kg/s. This is done to ensure 
independency of the result irrespective of mesh generated. 
Based on these, the element count (prism and tetrahedral) in 
the fluid domain is 776868 
elements. 
 



International Journal of Recent Technology and Engineering (IJRTE)  
ISSN: 2277-3878 (Online), Volume-8 Issue-4, November 2019 

10039 

 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: D9412118419/2019©BEIESP 
DOI:10.35940/ijrte.D9412.118419 
Journal Website: www.ijrte.org 
 

Two equation models namely, kω SST and standard kω 

turbulence model is utilized to perform turbulence model 
study. These details are listed in Table III. The obtained data 
are verified with the experimental result [1]. 

 Since data based on kω SST model is closer, further 
studies are performed using kω SST turbulence model [18, 
19].  

Figure 2 depicts definition of each boundary. 
Computational domain inlet is placed 105 mm ahead from eye 
of the impeller. This approach ensures that inlet boundary 
conditions aren’t impaired by the back pressure created by 

impeller. Rotating frame of reference is specified for the 
entire domain. Total pressure in stationary frame is the inlet 
boundary condition in which reference pressure mentioned is 
101.325 kN/m2. As a result, at inlet, zero Pa is the relative 
total pressure. The fluid mentioned is air at 250

C. kω SST 

turbulence model is chosen owing to its accuracy and 
robustness, and turbulence intensity is mentioned to be 1% 
(with medium level). Rotational periodic boundary is 
mentioned for the side walls of impeller domain. The outlet is 
mentioned as mass flow rate. The impeller is rotating with an 
angular velocity same as the domain. With reference to 
relative reference frame, it’s stationary and it is mentioned 

with wall boundary conditions. The wall is mentioned as 
no-slip. Roughness of wall is ignored and it is assumed to be 
smoother. Simulations are executed with FVM based CFD 
code, ANSYS CFX. The governing equations are resolved 
under steady state solutions till the residuals got converged. 
The target variable monitored at impeller outlet is mass 
averaged pressure. The RMS residuals convergence 
conditions of all governing equations are set as 10-4 [18, 19]. 

III. RESULTS AND DISCUSSION 

The numerical investigation outcomes for mass flow rate m 
= 0.0331 kg/sec, 0.0419 kg/sec and 0.0552 kg/sec at 
off-design and design conditions are discussed. Turbo surface 
is introduced to elucidate the flow physics of flow within the 
impeller. It is introduced at five axial locations namely 16%, 
33%, 55%, 66% and 81% between shroud and hub along axial 
plane in-line with impeller width. 

The stagnation pressure distribution at impeller exit is 
illustrated in Figures 3, 4, and 5 for mass flow rate m = 0.0331 
kg/sec, 0.0419 kg/sec and 0.0552 kg/sec respectively. The 
diffusion occurs due to increase in radius / area which result in 
conversion of angular momentum into rise in static pressure. 
Diffusion occurs due to increase in flow passage area which 
results in conversion of the angular momentum into rise in 
static pressure. Total pressure rises with increase in radius 
ratios which is reflected in various mass flow rates. 

Figure 6 illustrates the total pressure distributions across 
the span for various mass flow rates. The stagnation pressure 
distribution is observed to be slightly higher near the hub side. 
This similarity in the trend is observed for all mass flow rates. 
Similarly, the stagnation pressure distribution increases with 
mass flow rates. 

 
 

Fig. 3. Stagnation pressure distribution; m = 0.0331 
kg/s 

 

 
 

Fig. 4. Stagnation pressure distribution; m = 0.0419 
kg/s 
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Fig. 5. Stagnation pressure distribution; m = 0.0552 kg/s 
 

 
Fig. 6. Stagnation pressure distributions at impeller exit 

Figures 7, 8, and 9 illustrates the velocity distribution at 
impeller exit for various mass flow rate namely for mass flow 
rates m = 0.0331 kg/sec, 0.0419 kg/sec and 0.0552 kg/sec 
respectively. As radius ratio increases along with increase in 
area of the flow passage, velocity decreases. The velocities 
nearer the hub are observed to be slightly higher for various 
mass flow rates.  

Similarly, non uniformity in the flow is observed at the 
impeller exit. The region of higher energy level (jet) and 
region of lower energy level (wake) could be clearly observed 
as flow occurs through the impeller and at the impeller exit. 
This leads to mixing of different energy level leading to loss 
in stagnation pressure and thus reducing the efficiency of the 
centrifugal compressor. Also, the flow is observed to be non 
uniform in both circumferential as well in axial directions. 

 

 
 

Fig. 7. Velocity distribution; m = 0.0331 kg/s 

 
Fig. 8. Velocity distribution; m = 0.0419 kg/s 

Figure 10 illustrates the velocity distribution for various mass 
flow rates. The velocity observed nearer the hub is slightly 
higher compared to shroud side for different mass flow rates. 
Similarly, non uniformity in the flow is observed at the 
impeller exit. 
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Fig. 9. Velocity distributions; m = 0.0552 kg/s 

 

 
Fig. 10 Velocity distribution at impeller exit 

Figure 11 depicts the velocity vectors for various mass flow 
rates. As can be seen in the Figures, the region of high velocity 
region (jet) as well as region of low energy region (wake) can 
be visibly observed. These regions possessing dissimilar 
energy level lead to non uniform flow all along 
circumferential direction. These non uniformity leads to 
mixing of fluids with different energy levels which may not 
occur instantaneously at the impeller exit but takes place in 
the vaneless diffuser region. This brings down the efficiency 
of the centrifugal impeller as the increased total pressure 
losses. 

The velocity distribution at meridional plane is shown in 
Figure 12. Velocity reduces gradually from impeller inlet to 
its exit. The meridional velocity distribution is uniform for 
mass flow rates m = 0.0331 kg/sec and 0.0419 kg/sec. At mass 
flow rate m = 0.0552 kg/sec, the flow separation is observed 
near the hub wall. 

 

 

 
 

Fig. 11 Jet and wake formation 

 
 

Fig. 12. Velocity distribution in meridional plane 
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Studies of the previous works on flow phenomena of 
centrifugal impellers indicate the accumulation of low energy 
fluid (wake) along the shroud-suction side corner of the 
impeller blade channel which leads in most cases of the highly 
loaded impellers to more or less pronounced flow separation. 
Similar pattern is also observed in this present study. This 
flow separation impairs the diffusion potential and leads to a 
highly distorted jet-wake velocity pattern at impeller exit.  

The mixing loss is also directly dependent on the 
magnitude of the wake flow, which is a function of wake flow 
area. Therefore, larger the wake flow fraction, more mixing 
will take place between the jet and wake flows and larger the 
mixing loss will be. 

Also, it leads to a significant decrease in total pressure at 
diffuser inlet. This is due to intensive jet-wake mixing at 
downstream of the impeller and because of higher velocities, 
resulting in higher frictional losses. As the flow passes 
through the diffuser, the flow becomes homogenous, so 
friction and separation losses dominate. Also, at off-design 
conditions, the jet-wake mixing strongly affects the total 
pressure loss. 

IV. CONCLUSION 

Numerical simulations are performed for the flow through 
the centrifugal impeller and the nature of flow at impeller exit 
is investigated for various mass flow rates at design and 
off-design conditions. Based on the study, the following 
observations are made.  

 As the area increases, diffusion occurs within the 
centrifugal impeller leading to increase in static and total 
pressure. 

 Total pressure gradually increases from impeller entry to 
exit 

 Increase in static pressure is observed to be gradual from 
impeller inlet to its exit. 

 Region of higher energy level (jet) and region of lower 
energy level (wake) is clearly observed as flow occurs 
within the impeller passage and its exit. 

 Flow is observed to be non uniform along the 
circumferential direction. 

 Mixing occurs due to fluid with different energy level 
leading to total pressure loss. 
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