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components of gas turbines. Well-designed rim seal can 
effectively prevent hot gas ingestion into the wheel space 
cavity, which represents an unavoidable cavity between 
stator-disc and rotor-disc of a turbine, to avoid the 
phenomenon of disc overheating. Hence, it is very 
meaningful to give a better understanding on flow 
characteristics and sealing effectiveness of rim seals[1]. 

Experimental measurements and numerical simulations, as 
well as theoretical analysis have been used to investigate the 
sealing performance of rim seals. Phadke and Owen [2-4] 
experimentally measured the minimum sealing flow with 
different rim seal geometries under both circumferential 
pressure symmetry as well as pressure asymmetry. The 
results show that asymmetry of circumferential pressure has 
a significant influence on the minimum sealing flow. Owen 
[5, 6] developed the orifice model to predict the mainstream 
ingestion through the turbine rim seal for the rotationally 
induced ingress and externally induced and combined ingress 
based on the experimental data.  

With the purpose of understanding the circumferential 
pressure asymmetry on effectiveness of rim seal, nowadays 
many researchers carried out experiments with turbine test 
rig including vane and blade in the annulus. Gentilhomme et 
al. [7] investigated experimentally and numerically the hot 
gas ingestion through axial rim seal on a single turbine stage. 
The pressure and gas concentration measurements were used 
to analyze the sealing performance of rim seals. They 
concluded that the highly swirling annulus air results in 
increase level of swirl in the disc cavity at low sealing flows 
condition. Roy et al. [8] made measurements on the sealing 
effectiveness in a single-stage turbine test rig. They pointed 
out that instantaneous pressure field including an unsteady 
blade periodic component and circumferential variation 
downstream the stator pitch is one of keys to hot gas 
ingestion. Bohn et al. [9-11] conducted the experimental 
measurements and numerical simulations to discuss the 
influence factors on main gas ingestion through the rim seal 
of a 1.5-stage turbine. The time-dependent pressure field 
over rim seal clearance due to the unsteady interaction 
between the stationary and rotational components is the 
dominant physics mechanism for hot gas ingestion.  

Sangan et al [12, 13] established the single-stage axial 
turbine test rig to model the steady hot gas ingestion. The 
effect of the external and rotational induced ingress on the 
sealing effectiveness of axial and radial rim seal was 
measured using CO2 gas concentration technology. In 
addition, Sangan et al. [14] experimentally demonstrated the 
advantage of the double rim seal by comparison of the single 
rim seal. They obtained that the ingested air is predominated 
to confine in the outer wheel-space of the double rim seal. 
Furthermore, sealing effectiveness of the datum doubled-rim 
seal and a new designed finned rim seal were experimentally 
measured by Sangan et al. [15]. The results concluded that 
the radial fins introduced in finned rim seal increase the swirl 
as well as the pressure in the outer wheel-space. Therefore, it 
can effectively reduce the ingress. Recently, a new rim seal 
with a stator-side angel wing and two buffer cavities between 
outer and inner seals was invented by Scobie et al. [16]. 
Numerical investigations and experimental measurements 

were used to demonstrate the high sealing performance of the 
new designed rim seal.  

Patinios et al. [17] established the new 1.5-stage turbine 
test rig for measurement the sealing performance of double 
radial clearance rim seal. They concluded that the orifice 
model can accurately predict the ingress for the upstream and 
downstream of the rotor. Unsteady pressure measurements 
from radially and circumferentially distributed transducers 
for rim seal flow with consideration of the rotor/stator disc 
cavity without external annulus flow were presented by 
Beard et al. [18]. Clark et al. [19] experimentally measured 
the sealing effectiveness of rim seal. They indicated that the 
sealing effectiveness depends on the mass and momentum 
flux ratios of the purge flows relative to the swirl velocity. 

Based on the experimental studies, subsequent steady and 
unsteady numerical works on the sealing effectiveness of rim 
seal have been conducted. Hills et al. [20] developed an 
unsteady numerical method to analyze the hot gas ingestion 
with consideration of the interaction between the stator and 
rotor blade in the main annulus. The circumferential pressure 
difference in the main annulus is the driving mechanism 
influence the ingestion degree. The rim seal purge flow 
interaction with main annulus flow was numerically 
investigated by Cao et al. [21]. The ingestion of the highly 
swirling annulus flow results in the increase vortex strength 
within the cavity according to the experimental data. Teuber 
et al. [22] conducted the fluid dynamics of the turbine axial 
and radial rim seals at the low Mach numbers using unsteady 
numerical simulations. They concluded that the peak-to-
trough pressure difference in the main annulus which is the 
driving mechanism for ingestion. Wang et al. [23] studied the 
hot gas ingestion physics of the radial rim seal using a 360° 
time-dependent numerical approach. The obtained results 
show that the irregular circumferential pressure distribution 
which is produced by the interaction between the vane and 
rotor blade provides the driving forces for ingestion. Lalwani 
et al. [24] studied the ingestion behaviour of turbine rim seal 
using steady numerical simulation. Li et al. [25, 26] 
developed the unsteady numerical method to obtain the 
sealing effectiveness of rim seals using the additional scalar 
variable approach. The main flow and rim seal purge flow 
transported with the wheel-space cavity was simulated. The 
sealing effectiveness of four different rim seals and new 
invented honeycomb structure were compared. The high 
sealing performance of the designed honeycomb rim seal was 
demonstrated. 

Above research works focus on the geometrical structures 
and sealing flow rates on the sealing effectiveness of rim 
seals using steady and unsteady experimental measurements 
and numerical simulations. A gas turbine always operates at 
off-design conditions. The sealing effectiveness of rim seals 
at different pressure ratios of main annulus and rotational 
speeds of rotational disc would influence the gas turbine 
performance. It is very important to understand the ingestion 
mechanisms of rim seal at off-designed operational 
conditions. In this paper, effects of the pressure ratios and 
rotational speeds on the sealing effectiveness of turbine 
radial rim seals were numerically investigated using 
Unsteady Reynolds-Averaged Navier-Stokes (URANS) and 
additional passive tracer method solutions. The accuracy of 
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