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Abstract: During the practical operation of gas turbines, relatively cooled air from the compressor and
the rim seal is applied in order to prevent mainstream ingestion into the space between the rotor and
stator disc cavities, which can prolong the service life of hot components. On the one hand, the purge
flow from the rim seal will inevitably interact with the mainstream and result in secondary flow on
the endwall. On the other hand, it can also provide an additional cooling effect. In this paper, four rim
seal structures, including an original single-tooth seal (ORI), a double-tooth seal (DS), a single-tooth
seal with an adverse direction of the coolant purge flow and mainstream (AS) and a double-tooth
seal with an adverse direction of the coolant purge flow and mainstream (ASDS), are experimentally
and numerically investigated with mass flow ratios of 0.5%, 1.0% and 1.5%. The flow orientation
of the coolant from the rim seal is considered as one of the main factors. The pressure-sensitive
paint technique is used to experimentally measure the film cooling effectiveness on the endwall, and
flow field analysis is conducted via numerical simulations. The results show that the cooling effect
decreases in the cases of DS and ASDS. AS and ASDS can achieve a better film cooling performance,
especially under a higher mass flow ratio. Furthermore, the structural changes in the rim seal have
little impact on the aerodynamic performance. AS and ASDS can both achieve a better aerodynamic
and film cooling performance.

Keywords: rim seal; purge flow; film cooling effectiveness; endwall

1. Introduction

The spacing between rotor and stator discs forms an unavoidable cavity in the gas
path of a gas turbine, which causes mainstream ingestion into the rotor–stator disc cavity
and makes it become overheated. In order to prevent mainstream ingestion and prolong
service life, a small amount of relatively cooled air is introduced from the compressor and
passed through the rim seal. This part of the coolant injection from the rim seal is normally
called the purge flow (PF). Because of the interaction with the mainstream, the PF from
the rim seal has a notable impact on the flow and cooling characteristics of the endwall.
It was reported that large-scale low-frequency vortices emerged on the interface between
the rim seal entrance and the endwall surface and strongly affected the flow boundary
layer. This phenomenon was experimentally supported in studies by Beard et al. [1] and
Schadler et al. [2]. Also, De la Rosa Blanco et al. [3] adopted a numerical method to study
PF from rim seals and observed a series of vortices through the blade passage. So, studies
on the effect of PF from rim seals has become a research hot spot.

Mclean et al. [4,5] and Kost et al. [6] conducted early studies on the influence of wheel
space coolant injection in turbines, especially on the endwall region. They pointed out that
due to the interaction of cooled air and the mainstream, this leakage flow intensifies the
intricacy of the three-dimensional flow characteristics on the endwall surface, and even a
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small amount of coolant injection (1%) has a significant impact on the aerodynamic and
flow field structures of the stage. In order to decrease the turbulence level, the injection slot
should be set away from the leading edge. Reid et al. [7] quantified the influence of this
interaction between the PF and mainstream with steady and unsteady calculation methods;
both these methods could generally achieve the right prediction. It was concluded that the
PF mostly affected the tangential component of the mainstream velocity, so regulating its
influence on the tangential component was verified to be effective in decreasing flow loss.
Gao et al. [8] performed experiments and numerical simulations to research the effect of the
exit inclination angle on the interaction of the PF and mainstream. It was concluded that
the interaction of the PF and mainstream becomes more intense as the inclination angle is
increased. These studies have proven the impact of PF on flow characteristics.

Apart from the interaction with the mainstream and unavoidable flow loss, PF from
rim seals was also found to have a positive effect on the cooling effect of the endwall.
A study by Lynch and Thole [9] illustrated that PF can provide an additional film cooling
effect on the endwall, which was regarded as secondary cooling. A similar conclusion was
drawn by Song et al. [10] and Cong et al. [11], who also confirmed this film cooling effect
on the endwall and found that the cooling performance is enhanced with a higher PF mass
flow ratio (MFR). But they also noted that aerodynamic loss cannot be neglected, especially
when the MFR is gradually increased. With regard to aerodynamic loss, Barigozzi et al. [12]
investigated the effect of coolant leakage flow from different widths of the slot entrance on
the film cooling effectiveness and found that the film cooling performance was improved as
the PF rate was increased. Moreover, the slot width only had a little impact on the cooling
and aerodynamic performance. Mansouri et al. [13] investigated a generic rim seal and
indicated the significance of selecting the optimal PF rate, which can provide a better film
cooling performance and relatively less aerodynamic loss.

The above-mentioned studies summarized the influence of PF on the aerodynamic and
cooling characteristics. Additionally, a variety of studies have focused on the geometric
structure of the rim seal, which impacts the out-flowing of the PF, thus affecting the flow
and film cooling performance as well. Zhang et al. [14] and Fiore et al. [15] confirmed this
conclusion by investigating different seal geometry structures on the loss generation, which
indicated that the structural change in the rim seals should be taken into account in the flow
structure analysis of the endwall. Wang et al. [16] investigated the sealing efficiency of a
basic axial and radial seal structure and drew a preliminary conclusion that the radial seal
structure had a better sealing efficiency than the axial structure. Further studies conducted by
Schuler et al. [17] and Jia et al. [18] proposed that a radial–axial rim seal was superior to a single
radial or axial rim seal. Schular et al. indicated that the total pressure loss of the compound
seal was lower at the same sealing flow mass flow because of the favorable diversion of this
structure. The findings by Jia et al. demonstrated that the cooling and aerodynamic efficiency
were 23.71% and 12.79% higher than the axial and radial structure, respectively. Jia et al. [19]
investigated the impacts of different axial and radial rim seals on the endwall aerodynamic
performance in a low-aspect-ratio turbine. The results indicated that the capability of axial
rim seal was better in the same PF conditions. Zhang et al. [20] investigated the aerodynamics
performance of three rim seal structures in different PF ratios. The results demonstrated that
the upper structure of the seal was the dominant characteristic of the secondary flow caused
by coolant leakage flow, and the complicated lower structure of the seal can improve the
sealing efficiency while leading to a more complex vortex. Several other complicated rim seal
geometries have been researched by Wang et al. [21], Zhao et al. [22], Zhang et al. [23] and
other scholars; they found that the practical flow and cooling performance of different seal
geometries were related to the PF ratio.

Previous studies have mainly focused on the impact of the rim seal geometry and
the coolant PF on the flow and aerodynamic characteristics of the endwall; some focused
on its film cooling effect on the endwall surface. But considering the increasingly high
turbine inlet temperature (TIT) in the design of modern gas turbines, the additional cooling
effect provided by the PF is still a valuable research point. So, in this paper, four rim seal
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geometry structures, including an original single-tooth seal (ORI), a double-tooth seal (DS),
a single-tooth seal with an adverse direction of the coolant PF and mainstream (AS) and a
double-tooth seal with an adverse direction of the coolant PF and mainstream (ASDS), were
experimentally and numerically investigated with an MFR of 0.5%, 1.0% and 1.5%. The
pressure-sensitive paint (PSP) method was applied to measure the film cooling effectiveness
on the endwall, and numerical simulations were performed to analyze the flow structures
and the aerodynamic loss of the seal and the endwall. The first part of this paper introduced
the research background and summarized the previous literature. The second part presents
the experimental system and test section, and the measurement principle is also detailed
and introduced. The third part shows the numerical setups and the necessary validation
segments before the numerical calculation, including verification of the turbulence model
and validation of the grid independence. The fourth part illustrates and analyzes the film
cooling effectiveness results obtained by the experiments and the flow and aerodynamic
loss results performed by the numerical simulations. The last part summarizes the main
conclusions achieved in this paper. The results achieved in this paper can provide useful
guidance to the design of the rim seal in modern gas turbines.

2. Experimental Method
2.1. Experimental System and Test Section

Figure 1 illustrates the schematic of the experimental test system, which involves the
mainstream, coolant system, measurement equipment and the test linear cascade. The
mainstream air was provided by four screw compressors. The air from the compressors
firstly passed through the dryer and filter and then passed through the bypass valve to
achieve the experimentally required velocity. After that, it then flowed through expansion
section, steady flow section, contraction section and finally entered the test section. The
mainstream grid was used to maintain the flow uniformity of the mainstream, and the
turbulence grid was used to make the mainstream turbulence intensity fulfill the experi-
mental requirements. The coolant system was equivalent to the secondary flow system in
an actual gas turbine, where carbon dioxide (CO2) was taken as the coolant. The mass flow
rate of the coolant was altered by a mass flow controller, which ensured that the MFR of
the coolant and mainstream could meet the requirements of each working condition. The
temperature, pressure and velocity were measured by a thermocouple, pressure probe and
hot wire, respectively. The experimentally required velocity was 30 m/sm and mainstream
turbulence intensity was 10%.

A photo of the test section is illustrated in Figure 2. The replaceable endwall was
well installed in the vacant part of the cascade. The blade studied in this experiment was
adapted from the rotor blade of a real gas turbine, and the main blade parameters are
presented in Table 1.

Table 1. Geometric parameters of the experimental blade.

Parameters Value

Axial chord, Cax 126.9
H/Cax 0.615
P/Cax 0.670

Inlet geometric angle, βin/deg 41.1
Outlet geometric angle, βout/deg 32.4

Attack angle, γ/deg 0
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Figure 2. Diagram and photo of test section.

The experimental cascade contained six blades and five passages in all. Due to the
existence of the passage side wall, which affected the flow field, the mass flow of the
mainstream entering each passage was generally not evenly distributed. To match the
practical operation of the gas turbine and the numerical boundary conditions, a trailing
board was arranged on one side of the outlet of the cascade to adjust the mass flow through
the five passages and ensure equality. According to Bernoulli’s principle, the periodicity
of the cascade can be considered to meet the requirements when the distribution of the
static pressure (Ps) on the pressure side and the suction side of the blades are keep constant.
Figure 3 shows the experimental results of the periodicity measurement in a 50% span of
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the cascade. The abscissa and ordinate represent the position of the pressure test point
and the pressure coefficient, respectively. The equation of the pressure coefficient (Cp) is
defined as follows:

Cp =
Ps, loc

Pt, in
(1)

where Ps, loc represents the local static pressure and Pt, in represents the total pressure of the
mainstream inlet. It can be observed from the experimental results that the static pressure
distribution of the two adjacent blades stayed very close, so the mass flow entering through
each passage was almost the same, which means that the periodicity of the cascade met the
experimental requirements.
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Figure 3. Distribution of the pressure coefficient.

Figures 4 and 5 demonstrate a whole graphic model and a detailed partial diagram of
the four seal geometries investigated in this paper, respectively. The coolant entered the
cavity and then passed through the rim seal chamber. As shown in the figures, the blue
and red arrows represent the flow direction of coolant and mainstream, respectively, which
was the same in the structure of ORI and DS and adverse in the case of AS and ASDS.
Meanwhile, the structures of ORI and AS were only designed with a single tooth, while
those of DS and ASDS were designed with two teeth, which were the main differences in
the four seal geometry structures.
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2.2. Measurement Method of Film Cooling Effectiveness

The PSP method was employed in this study to experimentally measure the film
cooling effectiveness (η) on the endwall, which could allow for a visualization of the
pressure on the test surface. The measurement principle of PSP is called oxygen-quenched
photoluminescence. From a micro-molecule aspect, when fluorescent molecules with an
appropriate energy level are irradiated by a light source with a specific wavelength, the
fluorescent molecules will obtain energy and transfer to an excited state. Excited-state
molecules are relatively unstable and will emit light quantum to the environment after a
transient moment. At the same time, the excited-state molecules will fall back to the ground
state and release the energy. This means when the oxygen molecules in the environment are
in the ground state, they will capture this part of energy and change to an excited state, and
this part of the fluorescent molecules will not emit light. The PSP method is a non-contact
measurement method, which applies the comparable law of heat–mass transfer to calculate
the local η, and the η can be expressed as follows:

η =
Cmain − Cmix
Cmain − CCO2

→ η =
T∞, in − Taw

T∞, in − TCO2

(2)

where Cmain and Cmix is the concentration of oxygen in the mainstream and in the mixture
of the mainstream and coolant, respectively. In order to obtain more accurate experimental
data, the PSP should be calibrated before the measurement and the uncertainty analysis
should be performed. For a detailed formula derivation, the PSP calibration curve and the
uncertainty results achieved, please refer to the study from Zhang et al. [24].

Figure 6 shows a photograph of the PSP measurement process from different views.
During the experimental process, LED blue light with a 400 nm wavelength was employed
as the optical stimulation source. When blue light was illuminated on the test endwall
surface covered with PSP, the endwall emitted red light at a wavelength of between 620 nm
and 750 nm. According to the detailed principle introduced above, when the oxygen
concentration of environment was low, more PSP molecules could release red photons
and fall back to the ground state, and when the oxygen concentration was relatively
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high, this part of the PSP molecules did not release red photons, so the endwall surface
was a weakened red color. The experimental data were collected by a charge-coupled
device (CCD) high-speed camera, where four points of images were shot for each working
condition, and the detailed requirements of each point are as shown in Table 2. In particular,
point 3 with the mainstream off was taken as a reference to point 2, and point 4 with
the LED blue light off was taken as the background image. The PSP measurement data
were subsequently treated by a certain Python program and converted to corresponding
contours and curves.
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Table 2. Detailed requirements of each point.

Point Mainstream Coolant LED Blue Light

1 On On On
2 On Off On
3 Off Off On
4 Off Off Off

3. Numerical Simulation Method
3.1. Numerical Settings

For part of the numerical simulations, ANSYS CFX was used to solve the Reynolds-
averaged Navier–Stokes (RANS) equations. The corresponding continuity equation, mo-
mentum equation and energy equation are expressed in Equations (3)–(5), respectively.

∂ρ

∂t
+∇·

(
ρ
⇀
U
)
= 0 (3)

where ρ is the fluid density and
⇀
U is the velocity vector of the fluid.

ρ
∂
⇀
u

∂t
+ ρ

(
⇀
u ·∇

)
⇀
u = ρ

⇀
f +∇·∑ (4)

where
⇀
f and ∑ represent the mass force and surface force acting on the surface of the fluid,

respectively.

∂(ρh∗)
∂t

− ∂ρ

∂t
+∇ ·

(
ρ
→

Uh∗
)
= ∇ · (λ∇T) +∇ ·

(→
U · τ

)
+
→
U · SM + SE (5)

where h* is the total specific enthalpy, ∇ ·
(→

U · τ
)

is the work of viscous force,
→
U · SM is

the work of external force and SE represents the source term of the energy.
The computational domain was the same as the experimental model which is shown

in Figure 4 and the left and right interface were both set as the translational periodic
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interface. The mainstream (air at 25 ◦C) entered through the inlet, and the equivalent
amount of coolant (CO2 at standard temperature and pressure) entered through the four
coolant channels. Then, the coolant passed through and flowed out from the rim seal
chamber, interacting with the mainstream. Figure 7 shows the velocity distribution of the
mainstream inlet. Table 3 lists the main boundary conditions in the calculations. As for the
solver control, a high resolution was selected as the advection scheme, and a time scale
factor of 1.0 was set as the convergence control. The targeted convergence precision was
set at 10−6 to ensure the rationality and accuracy of the whole calculation.
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Table 3. Boundary conditions.

Boundary Condition Value

Mainstream inlet static temperature 298.15 K
Mainstream inlet CO2 fraction 0%

Coolant mass flow rate 0.6375–1.9125 g/s
Coolant inlet static temperature 288.15 K

Outlet static pressure 97.5 kPa
Averaged mainstream velocity 30 m/s

Mainstream turbulence intensity 10%
Coolant turbulence intensity 5%

Wall properties Adiabatic, smooth

3.2. Turbulence Model Validation

The selection of the turbulence model will impact the numerical calculation, so three
turbulence models, including the standard k− ε, the standard k− ω and the SST k− ω,
were chosen to validate the precision of the numerical results, as shown in Figure 8. From
the contours, the distribution of the coolant PF will aggregate on the outlet of the seal
chamber and flow to the suction side of the blade. The standard k− ε model had an obvious
cooling effect extension on the passage downstream. Although the standard k−ω and SST
k−ω both had a relatively higher prediction at the outlet of the seal chamber, both of their
predictions at the endwall passage were closer to the experimental results. According to the
laterally averaged η, it was further confirmed that the standard k− ε model badly predicted
the trend of the cooling effect at the endwall passage. As for the other two turbulence
models, the standard k−ω model had a significant over-prediction at the outlet of the seal
chamber, and the prediction of the cooling effect at the passage downstream was the same.
So, comprehensively, the SST k−ω model was best matched to the experimental results
and was finally selected in the numerical calculations.
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Figure 8. Validation of the turbulence model: (a) contours of η; (b) laterally averaged η.

3.3. Grid Independence Verification

ICEM CFD was employed to generate the unstructured grid of the computational
model. In order to achieve accurate simulation results, the thickness of the first layer of
grid was set as 0.001 mm, and twenty-five layers with a growth rate of 1.1 were set in total
for the boundary layer. To meet the requirements of turbulence model, the maximum y+

was 0.5767 and the averaged y+ was 0.1309, which was suitable for SST k−ω. Meanwhile,
the local regions of the endwall and seal were both refined, as shown in Figure 9.
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The number of grid elements is very important in the numerical simulation, because an
over-dense grid will not only require a high-performance computer CPU but also occupy so
much of the computational resources in the subsequent calculations. But when the number
of grid elements is too small, the numerical results will be affected, so a grid independence
verification should be performed. Figure 10 demonstrates the grid information and the
globally averaged η, which were used to analyze the grid independence. It was found that
when the number of grid elements >32 million, the globally averaged η almost stayed the
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same. Therefore, the finally calculated grid was set as 32 million, and the other cases in this
paper were all based on these grid settings.
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4. Results and Discussion
4.1. Endwall Film Cooling Effectiveness

This section presents the contours and laterally-averaged η of the coolant PF on the
endwall surface. The different MFRs ranged from 0.5% to 1.5%, and the seal structures
(ORI, DS, AS and ASDS) were investigated by the experiments.

Figure 11 presents the contour results of the PF on the endwall surface. It was found
that the η of the coolant PF gradually became greater with the increment in the MFR.
When the MFR was 0.5%, all the structural adjustments had little impact on the cooling
performance, which were instead lower than the original structure. The changes in the
seal structure became apparent only when the MFR was greater than 1.0%. Since the
coolant distribution was highly affected by the secondary flow on the endwall surface, its
distribution and covered area did change with the MFR. Meanwhile, the cases of AS and
ASDS with an adverse flow direction of the coolant PF and mainstream revealed that the
film cooling performance of the coolant PF was higher than cases of ORI and DS, especially
in the case of AS. Under the same MFR, the portion of the coolant extending through
the endwall surface was further reduced when the flow direction of the coolant PF and
mainstream was opposite. It was also found from the results that the DS structure had no
effect on the advancement of η compared to the original structure but instead increased
the blowing off of the coolant. Compared to the original structure, the DS structure mainly
affected the angular direction of the rim seal outlet, which also affected the corner vortex
structure inside the rim seal chamber.

The results of the laterally averaged and area-averaged η are presented in Figures 12
and 13, respectively. It was found that when the MFR was less than 0.5%, the structural
changes had little effect on the cooling effect. When the MFR was greater than 1.0%, the
cases of AS and ASDS had a significant improvement in the detailed values of η. At this
time, the increase in the MFR did not change the trend of the coolant film distribution for
all the structures and only affected its peak value. Due to the influence of the secondary
flow on the surface and the passage vortices, the coolant film only covered the front and
middle region of the endwall and did not affect downstream of the endwall. The results of
the contours and laterally averaged η were consistent.
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Figure 11. Experimental contours η of four seal structures with different MFRs: (a) ORI; (b) DS;
(c) AS; (d) ASDS.
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According to the analysis of the film cooling characteristics, it was concluded that the
cooling performance of the PF was higher when the flow direction of the coolant PF and
mainstream was opposite (both in the case of AS and ASDS) when the MFR was greater
than 1.0%. In the cases with a low MFR, the original structure was more effective, and the
adjustment to the seal structure had little effect on η on the endwall surface.

4.2. Flow Field Analysis

In the flow process, the coolant leakage from the seal chamber firstly flowed through
the leading edge and then flowed from the pressure side to suction side of the blade, which
formed the coolant film on the endwall surface. The flow characteristics inside the seal
chamber affected the film cooling characteristics on the endwall. The coolant flow in the
rim seal cavity was affected by the appearance of blade and it blocked the out-flow of the
coolant since the pressure increased there. More details can be seen in the streamlines in the
cut planes 1–3 in Figures 14–18. The streamline distributions inside the rim seal chamber in
the three cross-sectional planes at y/P = 0, y/P = 0.5 and y/P = 1.0 are shown in Figure 14.
The various MFRs ranged from 0.5% to 1.5%, and the seal structures (ORI, DS, AS and
ASDS) were investigated by computational fluid dynamics (CFD).
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Figure 15 presents the vortex in the rim seal chamber of the ORI case. It was found
from the distribution of the streamlines that the PF suppressed the corner vortex generation
near the seal outlet and also weakened the corner vortex at the bottom of the rim seal
chamber when the MFR was 0.5%. With the gradual increment in the MFR, the strength
of the corner vortex at the seal outlet gradually increased. At the same time, due to the
intense momentum exchange absorbed by the two corner vortices, the effect range of
the corner vortex gradually expanded, which kept the coolant PF in the middle of these
two corner vortices and suppressed the coolant from blowing away from the endwall
surface. Furthermore, because the corner vortex at the outlet of the rim real was rotating
counterclockwise, its tangential velocity direction near the surface was opposite to the
direction of the mainstream, which in turn inhibited the mainstream from entering the
seal chamber. Figure 16 presents the streamline distribution of DS. Compared to the ORI
case, the DS case changed the number of seal teeth, thus changing the size of the internal
seal chamber, which could in turn inhibit the generation of the corner vortex at the bottom
of the rim seal chamber and increase the generation of the corner vortex at the outlet of
the seal chamber. Meanwhile, this could also lead to a further weakening of the coolant
momentum and a consequent decrease in the film cooling performance.

When the flow direction of the coolant PF and the mainstream was opposite (AS and
ASDS), the rotating direction of the two corner vortices was also opposite to the original
rim seal case, as shown in Figures 17 and 18. The adjustment of the corner vortex position
and direction also affected the coolant injection. Compared to the cases of ORI and DS,
the cases of AS and ASDS had a smaller coolant injection angle, which ultimately led to a
higher η. In the case of ASDS, due to both the adjustments of the flow direction and the
number of seal teeth, the intensity of the corner vortex near the seal outlet increased, which
in turn weakened the film cooling effect of the PF on the endwall surface, so the η was
lower than the case of AS. The results of ASDS were consistent with the conclusion of the
case of DS.

4.3. Aerodynamic Loss Analysis

Figures 19 and 20 illustrate the distribution of the total pressure loss coefficients (ζ)
and the area-averaged ζ. The distribution of ζ at the passage outlet was used to evaluate
the influence of the different seal structures on the aerodynamic loss caused by the PF. ζ is
defined as:

ζ =
P∞, re f − Pt, loc

P∞, re f − Ps, out
(6)

where Ps, out is the local static pressure at the passage outlet and Pt, loc is the local total
pressure at a selected location, in which the cut plane of the endwall passage outlet was
selected to analyze the aerodynamic performance. P∞, re f is the mass and area-averaged
total pressure of the mainstream inlet and coolant inlet, which can be defined as:

P∞, re f =
m∞, inP∞, in, t + ∑ mcPc, in, t

m∞, in + ∑ mc
(7)

in which P∞, in, t is the area-averaged total pressure at the mainstream inlet. Pc, in, t is the
area-averaged total pressure at the coolant inlet.

According to the contours, the total pressure loss distribution of the four seal structures
was similar under the same MFR, and with the increase in the MFR, the area of the pressure
loss became larger. This was because the momentum exchange level of the coolant and
mainstream at the seal chamber outlet was higher and the intensity of the corner vortex
also gradually increased, which resulted in larger aerodynamic loss. Furthermore, from the
results of the area-averaged ζ, it was obviously found that the results had little difference
in the cases of DS, AS and ASDS under the same MFR, which indicates that the structural
changes had little influence on the aerodynamic performance, and the ORI case had the
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highest total pressure loss among all the cases. This was because the corner vortex at the
bottom and outlet of seal chamber of ORI case was the most intense among all the cases.
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Combined with the conclusions achieved in Sections 4.1 and 4.2, which have proven
that the cases of AS and ASDS performed with a better cooling performance than the other
two cases (ORI and DS), the structural changes in the cases of AS and ASDS also had
little impact on the aerodynamic penalty, which means that both the AS and ASDS cases
achieved good aerodynamic and cooling performances.

5. Conclusions

In this paper, the effects of four rim seal structures with MFR values of 0.5%, 1.0% and
1.5% on the endwall film cooling performance were investigated through experiments in a
linear cascade. The turbulence model and grid independence were verified to analyze the
structure of the vortices inside the rim seal chamber and the flow structures of the blade
passage, and the passage aerodynamic loss characteristics were investigated by numerical
calculations. The main conclusions are presented as follows:

(1) The cooling effect of the PF was higher when the flow direction of the coolant and
mainstream was opposite (both in the cases of AS and ASDS). When the MFR was
greater than 1.0%, in the cases with a low MFR, the original structure (ORI) was
more effective, and the adjustment to the seal structure had little effect on η on the
endwall surface.

(2) The case of DS changed the direction of flow out of the seal gap and the size of the
two angular vortices at the outlet, resulting in the absorption of cold air energy and a
decrease in η. Compared to the cases of ORI and DS, the cases of AS and ASDS had a
smaller injection angle, which ultimately led to a higher η.

(3) The aerodynamic loss became larger with the increment in the MFR, and the struc-
tural changes had little influence on the aerodynamic performance of the four seal
structures. The aerodynamic performances of the DS, AS and ASDS cases were all
better than that of the ORI case, and the cases of AS and ASDS could achieve a better
cooling effect while having little impact on the aerodynamic penalty.

Rim seals are widely used in modern gas turbines to prevent mainstream ingestion
and are of great research value. Besides the film cooling effectiveness and aerodynamic loss
of the rim seal leakage investigated and analyzed in this paper, other characteristics such as
heat transfer characteristics are also worth studying. Meanwhile, because of the limitations
of the experimental conditions, the experiment in this paper was carried out in a linear
cascade. In the future, experiments in an annular cascade under rotating conditions can be
conducted to provide more comprehensive results to the design of gas turbine cooling.
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Abbreviations

C Concentration
Cax Axial chord (mm)
H Blade height (mm)
MFR Mass flow ratio
P Pressure
PF Purge flow
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RS Rim seal
Re Reynolds number
T Temperature
Tu Turbulence intensity
U Velocity
h Height
x X axial length
Greek symbol
α Injection angle (◦)
β Blade geometric angle (◦)
γ Blade attack angle (◦)
η Film cooling effectiveness
ζ Pressure loss coefficient
Subscripts
aw Adiabatic surface
c Coolant
a Area-averaged
loc Local parameter
in Inlet
out Outlet
main Mainstream
max Maximum
mix Mixture
l Laterally averaged
t Globally averaged
ref Reference
s Static
∞ Infinity of the passage
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