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Abstract: Partial vaned diffusers (PVDs) play a pivotal role in optimizing the performance of
turbomachinery systems by efficiently managing fluid flow and pressure differentials. This study
delves into the geometric configurations of partial vaned diffusers, examining how variations in vane
positioning impact performance. In this study, a PVD is attached either along the hub side (PHVD) or
shroud side (PSVD), and a comparison is made between these configurations. Computational fluid
dynamics simulations are carried out using ANSYS CFX to elucidate the complex flow patterns within
these diffusers for two different mass flow rates, namely 0.30 kg/s and 0.90 kg/s. Flow parameters
like pressure, total pressure in the stationary frame, meridional velocity, and velocity are measured.
The flow in PSVD is observed to be uniform and the rise in pressure in PSVD is observed to improve
by around 4.5% with respect to PHVD. Other flow parameters such as meridional velocity and total
pressure are in favor of PSVD.

Keywords: partial vaned diffuser; centrifugal compressor; shroud side; hub side; flow parameters

1. Introduction

Applications for centrifugal compressors are numerous. Small turbojet engines, tur-
bochargers, and the oil and gas sectors are some of the applications that use centrifugal
compressors. A centrifugal compressor draws energy from a turbine, which is transmitted
through the shaft to boost the flow pressure while reducing flow velocity. The impeller,
which rotates, and the diffuser, which is fixed, are the two main components of a centrifugal
compressor. High-velocity flow enters axially through the eye of the centrifugal compressor
and comes out of the impeller in a radial direction. As the flow moves through the diffuser
passage, the diffuser’s role is to transform the remaining kinetic energy into pressure
energy [1].

A numerical investigation was conducted by Shuai Li et al. [2] to study the impact
of various diffuser shapes on the aerodynamic performance and flow stability of a stage
involving a centrifugal compressor (mass flow coefficient 0.196). A shroud-side partial
vaned diffuser exhibited better adaptability than a standard full-height vaned diffuser,
whose performance rapidly deteriorated. The formation of vortices at the diffuser’s leading
edge was inhibited by the shroud-side partial vaned diffuser. As a result, it enhanced the
stage’s flow stability at low mass flow rates and lessened the flow loss inside the stage.
Issac et al. [3] examined the performance of a low-speed centrifugal compressor through
experimentation with diffuser vane heights and positions. The diffuser width and diffuser
vane height were systematically changed. The compressor performance was minimally
affected by the position of the partial vane on the shroud/hub. The compressor performed
noticeably better when the hub’s partial vanes were fastened and the shroud was stowed at
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half its normal spacing. The impact of two different types of partial vaned diffusers on the
compressor stage performance was numerically examined. The hub-side vaned diffuser
had its partial vanes fastened onto the hub’s wall, while the shroud-side vaned diffuser had
its partial vanes fixed onto the shroud’s wall. The findings demonstrate that the hub-side
vaned diffuser was not as effective as the shroud-side vaned diffuser [4].

The influence of impeller–diffuser interactions on an impeller’s performance at a
particular tip clearance was performed using CFD code ANSYS CFX [5]. The hub vaned
diffuser’s stage efficiency peaked at 0.5 h/b ratios along with lower flow rates. The
operating range of the hub vaned diffusers was greater than that of a vaned diffuser. The
shroud vaned diffuser performed better than the hub vaned diffuser for a vane of equivalent
height [6]. The diffuser vane angle affected the operating ranges of the compressor, and
variable inlet guide vane-casing treatment was required to attain the widest operating
range [7]. In a conventional diffuser, flow separation was caused by the pressure differential
along the vane’s suction surface near the vane’s leading edge [8]. Moreover, the stability of
the centrifugal compressor was significantly influenced by the way the diffuser operated
in a compressor stage [9]. A series of tests were conducted using vaned diffusers and
vaneless diffusers at high pressure ratios. The vaned diffuser gave a strong pressure rise
in accordance with the one-dimensional flow theory and improved the compressor stage
stability. Airfoil-shaped low-solidity diffusers outperformed the flat-plate and circular arc
profiles in terms of performance [10]. The compressor operated more effectively when
partial vanes were connected to the shroud and the hub was staggered at half-space [11].
Furthermore, the compressor’s performance was affected by the inlet configuration and
inlet flow structure [12].

In the low-volume range, a hub vaned diffuser with a height-to-breadth ratio of 0.3 and
a vaneless diffuser in the large-volume range gave higher mass-averaged static pressure
coefficients [13]. While the pressure ratios rose at low rotational speeds, they decreased
at high rotational speeds. The diffuser designed with a width ratio of 0.854 performed
better [14]. Experimental research on the impact of impeller width on the operation of low-
solidity vaned diffusers in centrifugal compressor stages was carried out by Hu et al. [15].
Experiments were conducted to see how the vane setting angle affected the diffuser’s
performance and stage characteristics because of the circumferential distortion of the
volute [16]. To obtain an acceptable stage performance, the diffuser must be configured
properly with respect to the impeller. Diffuser setting angles that were smaller than the
impeller outlet flow angles offered a wide operating range [17].

Low-solidity vaned diffusers are considered to have a wider operating range than
vaned diffusers. The static pressure rise for the vaned diffuser was significantly smaller
at high flow coefficients because of the high incidence on the vane leading edge [18]. An
experimental analysis was carried out by Yanjie Zhao et al. [19] to compare the perfor-
mances of conventional and reduced-solidity diffuser systems in a centrifugal compressor.
A steady-state compressor stage simulation with the impeller and diffuser having three
different inlets was performed to understand the influence of each inlet type on the com-
pressor performance. As the flow from the bent intake exhibited circumferential and radial
distortions that were not axisymmetric, the diffuser and the impeller were modeled using
360-degree channels in their entirety [20].

Based on literature reviews, it is understood that partial vaned diffusers give a better
static pressure recovery and pressure rise. Therefore, the objective of this work is to
numerically examine a compressor stage comprising an impeller with a partial vaned
diffuser at different mass flow rates, and the flow parameters are examined. The numerical
investigation is carried out using CFD code, ANSYS CFX and the positioning of the partial
vanes is changed by attaching them to the hub and shroud sides, respectively.

2. Computational Methodology

The intention is to reduce the flow velocity and increase the pressure across the stage
outlet by modifying the positions of the partial vaned diffuser (PVD), i.e., attachment
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of the PVD along the hub side as well as the attachment of PVD to the shroud side. A
schematic arrangement of the centrifugal compressor with a partial vaned diffuser is shown
in Figure 1a. The numerical investigations are carried out on a centrifugal compressor
stage for two different mass flow rates, namely 0.30 kg/s and 0.90 kg/s. Table 1 lists the
geometric details of the diffusers [1].
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Figure 1. (a) Centrifugal compressor stage; (b) Geometric dimensional details [1].

Table 1. Geometric details of the diffusers [1].

Parameter Value

Vane solidity (σ) 1.4
Number of vanes (z) 15

Width (b) 32.5 mm
Stagger angle (γ) 16.15◦

Vane chord (ch) 163 mm
Vane radius (rb) 596.58 mm

Outlet vane angle (α4) 35◦

Inlet vane angle (α3) 24◦

Vane outlet radius (r4) 361 mm
Vane inlet radius (r3) 280 mm

The hub radius of the centrifugal compressor is 80 mm, and the shroud radius is
150 mm. The outlet radius is 250 mm and the outlet width is 35 mm. There are 15 diffuser
vanes and 16 impeller blades in the centrifugal compressor stage. Figure 1b depicts the
centrifugal compressor geometry [1]. Using ANSYS Blade Modeler, two geometric mod-
els are created by widening the space between the hub and shroud [21]. In steady-state
simulations, investigations are performed for two different mass flow rates. This study is
performed using the for-profit application, ANSYS CFX. The volume mesh used in the sim-
ulation is a mathematical description of a geometry-related space problem. The mesh object,
in turn, allows for the appropriate arrangement of vertices, faces, and Cartesian or curvilin-
ear cellular grids. The centrifugal impeller contains 117,872 elements and 242,913 nodes,
whereas the partial hub vaned diffuser has 263,312 nodes and 146,476 elements. Similarly,
the partial shroud vaned diffuser has 284,917 nodes and 178,086 elements. Unstructured
tetrahedral mesh is generated for the whole computational domain using ANSYS ICEM-
CFD (https://www.ansys.com/training-center/course-catalog/fluids/introduction-to-
ansys-icem-cfd, accessed on 21 January 2024).

The centrifugal compressor stage comprising an impeller and a partial vaned diffuser
is treated with a single-passage approach for the sake of conserving the computational
resources. The boundaries involved in this study are hub, shroud, impeller blades, partial
vaned diffuser, inlet, and outlet. At the inlet, a total pressure of 1 atm is specified, whereas
mass flow rate is defined as the exit boundary condition. The impeller blades and diffuser
vanes are defined as walls with no-slip conditions. Boundary conditions for the centrifugal
compressor stage are described using ANSYS CFX PRE. Rotational periodicity is defined
along the sides of the computational domain. The centrifugal compressor’s shroud and
hub have a boundary condition that is defined as a wall with no-slip conditions. The

https://www.ansys.com/training-center/course-catalog/fluids/introduction-to-ansys-icem-cfd
https://www.ansys.com/training-center/course-catalog/fluids/introduction-to-ansys-icem-cfd
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diffuser is supposed to be a stationary component, while the impeller rotates. Therefore,
an interface is introduced between the rotating and stationary domain using the frozen
rotor interface concept as the whole computational domain is defined as a rotating domain.
The diffuser is defined with a counter-rotating boundary condition that makes it stationary.
Figure 2 displays the boundary conditions. The simulations are carried out using ANSYS
CFX. A k-omega turbulence model with shear stress transport is chosen to achieve the
closure for the Reynolds Averaged Navier’s Stokes equations. The steady-state simulation
is allowed to be solved in ANSYS Solver until all the residual values become converged.
The convergence criteria for the simulations are set as 1 × 10−3.
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Figure 2. Boundary conditions.

3. Results and Discussion

A turbo surface with constant spans S = 0.10, 0.50, and 0.95 is generated for post-
processing the results using ANSYS CFX POST for both the hub-side partial vaned diffuser
and the shroud-side partial vaned diffusers. The flow parameters for the hub-side-located
partial vaned diffuser (PHVD) and the shroud-side-located partial vaned diffuser (PSVD)
are compared and discussed here.

Figure 3 shows the pressure variations from hub to shroud (S = 0.1 to 0.95) for the
partial vaned diffuser located on the hub side (PHVD). The pressure across the PSVD is
higher in comparison with the PHVD. In PSVDs, the pressure increase pattern is consistent
across the spans, whereas it varies slightly in PHVDs. In PSVDs, the impeller is more
responsible for the increase in pressure than in PHVDs. Moreover, there are no flow
interruptions and a clear pressure-rising pattern is observed. At span S = 0.95, the pressure
is high for both diffuser configurations.

Figure 4 shows the variations in total pressure (S = 0.1 to 0.95) for the shroud-side-
located partial vaned diffuser at a mass flow rate of 0.30 kg/s. Flow separation across
diffusers is caused by the presence of diffuser vanes. There is a flow disturbance caused by
the flow separation in the PHVD at spans S = 0.1 and 0.5, as well as in the PSVD at span
S = 0.5. The overall total pressure across the diffuser in the PHVD configuration is greater
at spans S = 0.1 and 0.95 in comparison with the PSVD. Even though the total pressure at
the diffuser’s inlet is higher in the PSVD, the flow separation causes the total pressure at
the diffuser’s exit to decrease slightly less in the PSVD in comparison with the PHVD. Total
pressure distribution differs along the diffusers, except for the PSVD at spans S = 0.1 and
0.95, where it is consistently constant.
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Figure 5 shows the variations in absolute velocity for the partial vane located along
the shroud in the partial vaned diffuser for a mass flow rate of 0.30 kg/s. In the diffusers,
there is a significant flow separation at mid-span S = 0.5. When compared to the PHVD,
the velocity is lower in the PSVD configuration. At mid-span, the flow velocity is higher
across the diffusers, while at span S = 0.95, the flow velocity is low. Disoriented velocity
variations are more prevalent in the diffusers at span S = 0.5. Impeller crossflow velocities
vary, except for those with span S = 0.1, where they are nearly the same. In the PSVD, the
flow separation is primarily around the diffuser’s outer edge. However, it can be found
inside the diffusers in the PHVD configuration.

Figure 6 illustrates the velocity vector variations for the partial vaned diffuser config-
urations at a mass flow rate of 0.30 kg/s. When compared to the PHVD, the PSVD has a
lower flow velocity. At mid-span and span location S = 0.95, the velocity of flow is high
and low, respectively. All diffusers in the PHVD have an identical velocity vector at the
outlets across all spans. The velocity is greater at span S = 0.5, but it decreases toward the
diffuser outlet. The velocity vectors in diffusers and impellers at span S = 0.1 are identical.
Between spans S = 0.1 and 0.95, the velocity vector stays constant throughout the PSVD.

Figure 7 depicts the variations in the velocity across the diffusers for a mass flow rate
of 0.9 kg/s. At S = 0.1, close to the diffuser walls, both the PSVD and PHVD configurations
experience flow separation. The PSVD, at S = 0.95, shows a little drop despite the high-
velocity flow present in each of the spans. In comparison with the impeller, the flow
through the PSVD within the diffuser is observed to be uniform.
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Figure 8 shows the variations in meridional velocity for the partial vaned diffusers at
a mass flow rate of 0.30 kg/s. As can be seen in the Figure, a flow separation within the
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impeller is observed along the hub side. Meridional velocity is higher across the PHVD
than in the PSVD. There is a flow separation in the diffuser of the PHVD along the shroud
and flow separation in the diffuser of the PSVD at both the hub and shroud sides. The
velocity is high along the impeller, but it decreases as the flow progresses toward the inlet
of the diffuser due to diffusion. The maximum velocity observed in the PHVD is 90 m/s,
whereas it is 85 m/s in other locations. At the diffuser outlet, the velocity of the PSVD is
lower compared to the PHVD.
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4. Conclusions

A computational study was carried out on a centrifugal compressor stage with a
partial vaned diffuser. The location of the partial vane was considered on the hub side and
on the shroud side. Based on this study, the following points are concluded.

At a higher mass flow rate, the shroud-side-located partial vaned diffuser operates
well. The average pressure rise at the midspan location of the PSVD is higher compared to
the PHVD. The flow in the PSVD is observed to be uniform and the rise in pressure in the
PSVD is observed to better by around 4.5% with respect to the PHVD. With flow parameter
aspects, the shroud-side-located partial vaned diffuser outperforms the hub-side-located
partial vaned diffuser. The shroud-side-located partial vaned diffuser achieves a higher
pressure rise than the hub-side-located partial vaned diffuser. It can be concluded that
the shroud-side-located partial vaned diffuser performs better than the hub-side-located
partial vaned diffuser.
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