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Abstract
The unsteady large-scale vortex near the turbine rim has an important influence on the 
sealing performance. Characteristics and performance of four sealing structures are 
researched in this paper. Three-dimensional unsteady numerical simulation was adopted to 
deeply reveal the characteristics of the rim sealing vortex and its influence mechanism on 
the rim sealing performance. The results show that the rim seal vortex structure induced by 
the interaction between ingested gas and sealing flow in the gap is the leading cause of 
unsteady flow in the rim. The vortex size is suppressed with the increasing seal flow rate or 
a Chute seal structure. However, the rim seal vortex exit in the cavity gap under a low seal 
flow rate can suppress the gas intrusion and improve the sealing efficiency of the turbine 
cavity even with a simple sealing structure. The Chute sealing structure achieves better 
performance among the four sealing structures studied in this paper. It can achieve 
complete sealing under a low sealing flow rate of 0.5% and has less impact on the 
aerodynamic performance of the mainstream even with high sealing flow rate. The research 
of this paper has guiding significance for further understanding the sealing mechanism and 
optimizing the design of the sealing structures. 
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1. Introduction
The higher-temperature gas ingests into the cavity from the gap will cause a severe threat to the cavity and shaft of 
the turbine with the increase in turbine operating temperature. Introducing air from the compressor into the cavity 
effectively prevents gas ingestion and cooling the wall surface. It is still of great significance to clarify the mechanism 
of gas ingest and the interaction between sealed air and mainstream for the design of a secondary air systems with 
good performance. It is generally believed the factors that caused gas ingestion can be summarized into three 
aspects: (1) nonuniform distribution of mainstream pressure caused by unsteady interaction between rotor and stator, 
called the EI effect; (2) The radial pressure gradient caused by rotor rotation will cause gas ingestion, even when the 
mainstream pressure is uniform. This effect is called RI; (3) Unsteady effect of rim seal, such as K-H vortex, inertia 
wave, etc. [1-2].

Many studies have shown that the EI is the main factor inducing gas ingestion compared with RI [3-4]. The main 
reason for the EI effect is the alternating high and low pressure formed in the main flow channel by the interaction 
between the rotor leading edge and the stator wake. Chew et al. [5] studied the influence of the axial position of the 
vane blade on the gas ingestion without rotor blades, and the research showed that the degree of gas ingestion 
weaken with the vane blades away from the disk cavity device. Bohn et al. [6-7]. reached a similar conclusion about the 
influence of the position of the vane on the gas ingestion. They also pointed out that both rotor blades and vane wake 
have a significant effect on gas ingestion and the degree of their impact was related to the sealing structure. Green 
and Turner et al. [3] believed that the existence of rotor blades would weaken the nonuniform pressure field caused by 
vane blade wake. Therefore, the presence of rotor blades improved the sealing efficiency of the cavity. Hills et al. [8] 
hold opposite views that the rotor blade will aggravate the gas ingestion rather than repress it.

Recent research on turbine cavities found that the unsteady effect of the rim is also considered to be an essential 
factor affecting the performance of the rim seals. Cao et al. [9] first confirmed the existence of unsteady the large-scale 
flow structure in the cavity through experimental research. They believed that the low-pressure region of large-scale 
vortex core was the main reason for increasing gas intrusion; subsequently, Jakoby et al., Savov et al., and Town et al. 
[10-12] believed that the three-dimensional unsteady flow at the rim was induced by K-H instability. The K-H vortex 
found by Rabs et al. [13] in an actual three-dimensional turbine device made the location of gas intrusion and purged 
air outflow different from the classical theory. Horwood et al. [14] found that the depth and width of gas intrusion 
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increased at a lower seal flow rate because of the increased size and strength of the K-H vortex. Savov et al., Chew et 
al., and Gao et al. [11,15-16] considered that the unsteady flow of the rim was closely related to the sealing structure. 
The more complex sealing structure corresponds to a higher unsteady frequency. The above research has reached a 
relatively consistent conclusion on the formation of K-H; that is, it is formed by the shear caused by the tangential 
velocity gradient difference between the ingesting gas and the purged flow. However, there is no clear conclusion 
about the interaction mechanism between gas intrusion and the K-H vortex and its influence on rim seal performance.

In addition, the formation of mixing shear near the cavity gap and outlet will affect the aerodynamic performance of 
the turbine by changing the upstream and downstream pressure potential fields, the downstream rotor inlet angle of 
attack, and the channel vortex strength. Zhang et al. [17] pointed out that the K-H vortex weakens the tangential 
velocity in the rotor channel and have a particular inhibitory effect on the mainstream channel vortex. Regina et al. 
[18] showed that every 1% increase in the sealing flow would reduce the turbine efficiency by 0.8%. Jenny et al. [19] 
believed that the main reason for the rise in the aerodynamic loss of the turbine is the shear mixing of the sealed air 
and the mainstream and its enhancement of the channel vortex. Yang et al. [20] believed that the loss caused by the 
mixing and shearing of sealing air and mainstream was relatively significant, but they considered that the impact of 
the change of the sealing structure on the shear loss could be ignored. In contrast, Jie et al. [21] showed that the chute 
sealing structure was superior to the axial and radial sealing structure in rim seal performance.

In general, the flow in the rim seal gap has a crucial impact on the gas intrusion and turbine aerodynamic performance 
and is closely related to the sealing structure. In this paper, the gas intrusion mechanism and rim flow conditions with 
different seal structures are analyzed in detail, as well as the influence mechanism of sealing flow on the mainstream 
loss characteristics. The main intention of this paper is to make a deeply explore the sealing mechanism and provide 
reference data for the design of the sealing structure.

2. Computational models and numerical approach

2.1 Geometries and models
The numerically invested sections include a 1.5-stage turbine with a vane-blade-vane configuration. The number of 
blades in the numerical simulation molded as 2:3:2 since the number of blades in the whole annulus was 36, 54, 36, 
respectively. Therefore, the 1/18 sector was adopted in the unsteady calculation. For more detailed instructions, see 
[22]. This paper took the turbine front cavity as the research object, and the sealing structure located in the stator 
domain upstream of the rotor-stator interface. The sealing structures studied were axial, radial, and chute with the 
angle of 30° and 45°. The inclination angle is between the seal structure and the axial direction. The turbine devices 
with four sealing structures were described as Axial, Radial, Chute_45°, Chute_30° in the paper, as illustrated in Figure 
1

2.2 Numerical approach and mesh

Numerical simulations were performed in ANSYS CFX 2020(R2) software. Reynolds-averaged Navier–Stokes equations 
and shear stress transfer (SST) turbulence model for fully three-dimensional (3D), unsteady flow were solved. The 
working medium was defined as the mixture of an ideal gas and CO2 tracer gas, and there was no chemical reaction 
between them. Structured grid generation was undertaken using NUMECA AutoGrid5 and ICEM, as displayed in Figure 
2. To minimize the interpolation error, a matching grid interface was defined between the stator and cavity domains. 
The circumferential grid resolution was set as 0.4°/cell; A boundary layer grid characterized grids near the wall with the 
first cell height of approximately y+<1. The total number of nodes was 8.0 million after grid independence verification. 
Among them, the number of grids in the circumferential, axial, and spanwise directions of the calculation channels of 
S1, R1, and S2 blade rows were: 100 × 109 × 85, 100 × 134 × 85, 100 × 82 × 85.
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Figure 1. Cross section of calculated model
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Figure 2. Computation mesh of 1.5-stage turbine with seal cavities

2.3 Boundary conditions

The boundary condition of the research model setting was referenced in Zlatinov et al. [23]. A total pressure (140Kpa) 
and total temperature (328K) boundary condition were used at the mainstream inlet, whereas an average static 
pressure condition was set at the mainstream outlet. The sealing flow rate (purge flow) represented by parameter IR, 
defined as the cavity inlet mass to the main flow rate, was set as 0.25%, 0.5%, 1.0%, or 1.5% in the cavity inlet. 
Simultaneously, the total temperature was also placed at the inlet of the cavity. The CO2 tracer gas was employed, set 
to o in the mainstream inlet while 1 in the cavity inlet. In the unsteady calculation, a rotor blade channel was divided 
into 42 steps; the physical time step was 0.00978us. It can be determined that the unsteady data converges after about 
45 rotor rotation cycles through the pressure on the monitoring point at the outlet of the disk cavity, shown in Figure 
3 , and the statistical average value was output in the subsequent nine rotor rotation cycles.

Figure 3. Unsteady pressure at the monitoring point

2.4 Validation of numerical model
To validate the simulation method, the comparison of numerical simulation and experimental results date was shown 
in Figures 4 and 5. The total pressure coefficient is defined as Eq. (1),

cpt = (pt − ps ,exit )/(pt ,inlet − ps ,exit ) (1)

where pt  is the local total pressure, pt ,inlet  is the average total pressure at the pitch diameter at 50% of the axial chord 
length upstream of the leading edge of S1 blade, and ps ,exit  is the average static pressure at the hub position at 15% of 
the axial chord length downstream of the trailing edge of S2 blade. The flow angle is the angle between the flow and 
the axial direction.

The passage vortices near the hub and shroud can be well captured by the simulation method, which presented in 
Figure 4. The experimental measurement and numerical prediction of the outlet flow angle along the radial 
distribution are also in good agreement, especially below 60% blade height. The relative error between the numerical 
value and the experimental results is less than 2.5%. This study focuses on the mainstream gas intrusion and sealing 
air outflow, mainly concentrated near the hub. Therefore, the numerical simulation method used is reasonable and 
reliable for solving the flow field distribution near the end wall of axial the turbine hub.

https://www.scipedia.com/public/File:Draft_Bai_534964392-image6.png
https://www.scipedia.com/public/File:Draft_Bai_534964392-image6.png


https://www.scipedia.com/public/Bai_et_al_2022a 5

T. Bai, Q. Yang, J. , Y. Shi and S. qiao, Numerical study of turbine rim seals performance with different sealing 
structures, Rev. int. métodos numér. cálc. diseño ing. (2022). Vol. 38, (3), 32

Figure 4. Total pressure coefficient

Figure 5. Flow angle of rotor exit

3. Research and discuss

3.1 Gas ingestion and rim seal vortex

To show the circumferential position of gas ingestion, the radial velocity distribution of the cavity exit was displayed in 
Figure 6 for IR = 0.5%. The red area in the figure indicates that the radial velocity is positive, representing the purged 
flow; the blue area means gas intrusion. For the four sealing structures studied in this paper, gas intrusion occurs in 
circumferential regions with high pressure, such as the upstream of the rotor leading edge, the downstream of the 
stator wake, or the place where the rotor and stator are close to each other. The gas intrusion is the most serious 
when the rotor sweeps the stator wake, as displayed by the rectangular wireframe in the figure. Although the effect of 
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the sealing structure on the circumferential position of gas intrusion is minimal, the circumferential range of gas 
intrusion is evident. Among the above structures, the Axial sealing structure has the most extensive intrusion 
circumferential field, while the Chute_30° sealing structure has the smallest intrusion range.

Figure 6. Radial velocity contour at the outlet of the cavity (IR =0.5%，t =0T )

 The pressure nonuniformity distributed along the streamwise from stator wake to rotor leading edge (1-9) shown in 
12, which can reflect the degree of gas ingestion, is defined as the difference between the maximum pressure and the 
minimum pressure in the circumferential direction (Figure 7). The nonuniformity produced by stator wake reduces 
rapidly along the flow direction due to its viscous dissipation, although it is enormous near the wake of the stator. The 
above characteristics of pressure nonuniformity attenuation can explain why the axial position of the cavity is 
significant for gas ingress and consistent with Chew et al. [5] and Bohn et al. [6] study work. Therefore, the rotor 
leading edge in this research model might mainly affect the pressure distribution at the cavity exit.

 To provide further insight into gas intrusion in the cavity, the circumferential region of the rectangular box identified in 
Figure 6 was divided into seven parts, each accounting for 0.5 degrees. The radial velocity contour and streamline on 
the seven planes for four seal structures were presented in Figures 8-11.
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Figure 7. Time-averaged pressure nonuniformity distributed along the streamline

Figure 8. Velocity and streamline distribution in the cavity for IR =0.5%，t =0T  (Axial)
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Figure 9. Velocity and streamline distribution in the cavity for IR =0.5%，t =0T  (Radial)

Figure 10. Velocity and streamline distribution in the cavity for IR =0.5%，t =0T  (Chute_45°)

Figure 11. Velocity and streamline distribution in the cavity for IR =0.5%，t =0T  (Chute_30°)

 The sealing gap on the cutting planes 1 and 2 of the axial sealing structure shown in Figure 8 is dominated by egress 
flow, and no vortex is generated in the gap. 4-7 cutting planes gap is mainly governed by ingress gas; in particular, the 
gas intrusion at planes 5 and 6 goes deep into the inner cavity; meanwhile, there is still a part of sealing flow near the 
stationary wall in the gap. It is noteworthy that vortices of varies sizes are formed in the gap, and the vortex size 
increases with the enlarged proportion of sealing flow, such as in plane 7. It can be conclude that the vortex can only 
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be formed in the time when there is both ingress gas and egress flow in the clearance.

According to EI induced gas ingested theory and the characteristics of the rim seal vortex analyzed above, the 
formation of the rim seal vortex can be summarized as follows: The gas enters the cavity gap from the rotor side under 
the action of high pressure close to the leading edge of the rotor. It then rolls up the vortex structure because of the 
interaction of ingested gas near the rotor side and egress air close to the stator side in the gap. According to the above 
flow mechanism, the rim seal vortex in the gap has shear characteristics. It can be inferred that the velocity gradient 
formed by the ingested gas and the egress air in the gap is the inducement for the formation of the vortex which 
property is the same as that of the K-H vortex.

Wall corner vortex structure is also found in the buffer cavity except for the rim seal vortex in the upper gap for the 
Radial structure. For plane1 and 2, the vortex in the buffer cavity is mainly formed by the radially outward sealing flow. 
The wall corner vortex enlarged for sections 3-7 as the interaction between the ingress gas and the egress flow in the 
buffer cavity. Compared with the Axial seal structure, the gas intrusion depth of the Radial seal structure is reduced 
due to the wall corner vortex structure in the buffer cavity having a hinder effect on the radial velocity of gas ingestion 
[4, 24].

In the research of this paper, the gas ingestion of the Chute sealing structure is the smallest because the reverse 
pressure gradient along spanwise produced by the sealing structure is a damping effect for gas intrusion. Only a slight 
gas intrusion occurs, and a small rim seal vortex structure is formed near the gap where the gas ingestion exists, for 
the Chute_30°.

3.2 Rim sealing performance

To further reveal the interaction between gas ingestion and rim seal vortex and its influence on the sealing 
performance of the rim seal, the radial distribution of sealing efficiency near the rotor and stationary wall of the cavity 
for four sealing structures was displayed in Figure 12. The sealing efficiency defined as Eq. (2),

ϵc = cs − ca
c0 − ca

(2)

where cs  is the local tracer gas (CO2) concentration, ca  is the mainstream inlet tracer gas concentration, and c0 is the 
tracer gas concentration of the purged flow in the cavity inlet.

It can be found that the sealing efficiency near the rotor wall is lower than that near the stationary wall in the 
clearance of rim seal for four sealing structures. According to the formation of rim seal vortices above, this 
phenomenon can be clarified as that the rolled-up rim seal vortex makes the ingested gas flow from the rotor side to 
the stationary side. As a result, the sealing efficiency near the rotor wall side is significantly lower than that near the 
stationary wall side. Moreover, the upward driving effect of the rotor rotation on the sealing flow has a specific 
blocking effect on the mainstream gas ingested from the rotor wall side. Also, it promotes the formation of the rim 
seal vortex. In other words, the rim seal vortices have positive significance for controlling gas ingress under low seal 
flow rate. The sealing efficiency of the rotor side is much lower than that of the stator side in the cavity gap for Chute 
sealing structure because of the smaller scale rim seal vortex, which can be proved from the above analysis. The 
sealing efficiency of the rotor wall side is only 52.3% of that of the stator wall side at the exit of the cavity for the 
Chute_30° sealing structure, while 69.2% for Radial construction, 85.3% for Axial structure.

The wall vortex effect in the buffer cavity and the pressure damping effect in the cavity makes the sealing efficiency of 
the rotor and stator wall side of the Radial and Chute sealing structure significantly higher than that of the Axial 
sealing structure.
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(a) Axial (b) Radial

(c) Chute_45° (d) Chute_30°

Figure 12. Time-averaged sealing efficiency distribution (IR =0.5%)

 To evaluate the effect of sealing structure on sealing performance at different sealing flow rates, time-average sealing 
efficiency of a specific isosurface is shown in Figure 13. This surface is located at 92% height of the disk cavity, the 
junction of the cavity and the cavity gap. The cavity is considered to achieve a completed sealing state when the 
sealing efficiency reaches 99.9%.

The sealing efficiency of the Radial and Chute structures is higher than the Axial sealing structure until the disk cavity is 
completely sealed. It is completely sealed for the Chute_30° when the seal flow rate reaches 0.5%, while 1.0 for the 
Chute_45° and Radial seal structure. In other words, the minimum sealing flow decreases with the more considerable 
inclination of the sealing structure for the Chute sealing structure. Furthermore, the sealing efficiency of the Chute 
sealing structure is significantly higher than that of Axial and Radial sealing constructions when the sealing flow rate is 
lower. The sealing efficiency can reach 93% for Chute_30°, even if the sealing flow is only 0.25%.

3.3 Unsteady characteristics of rim seal

Through Fourier transform of the unsteady pressure in 9 cycles at the monitor points set in the middle of cavity 
clearance, the unsteady signals in the gaps of different sealing structures for IR = 0.5% were obtained, as shown in 
Figure 14. In the figure, f represents the frequency, and fd  represents the rotor frequency; while, Amp  is the 
amplitude.
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Figure 13. Sealing efficiency for various sealing flow rates

Figure 14. Unsteady frequency signal of monitoring point in the gap (IR =0.5%)
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 It indicates that the unsteady effect in the gap of the four sealing structures is mainly affected by the rotor frequency, 
especially for the Chute_45° and Chute_30°. In these two sealing structures, only the frequency of the rotor is 
captured, and it is obvious that their amplitude is higher than that of the axial and radial sealing structures. The 
unsteady amplitude for Chute_45° and Chute_30° is very close. It indicates that the unsteady effect of the rotor is 
independent of the inclination angle when complete sealing is achieved. In addition to the rotor frequency, other 
unsteady frequency signals are also found in the Axial and Radial seal structure..

According to the above analysis of the flow field in the cavity gap, the rim seal vortex is obvious in the Axial and Radial 
seal structure gap when the seal flow rate is set as 0.5% due to the fierce gas ingress and sealing air outflow. In 
contrast, the vortex structure size of the Chute seal structure is tiny. What needs further attention is that almost 
completely sealed is achieved for Chute seal structures from Figure 13. It can be inferred that the rim seal vortex is the 
cause of the unsteady frequency of the rim seal.

To further prove this inference, Figure 15 shows the unsteady signal on the monitoring point in the gap when the 
sealing flow is 1.5%. The Axial and Radial sealing structures are completely sealed under this cavity inlet flow rate, and 
the rim seal vortex becomes weaker or disappears according to above the above research and analysis. Thus, unsteady 
signals in the gap except the rotor rotation frequency could not appear in the figure. What’s more, the unsteady 
amplitude increases when the rim shear vortex structure disappears which is similar to that of the Chute sealing 
structure, that is, the unsteady effect of the rotor blade is more significant when the rim vortex is absent.

Figure 15. Unsteady frequency signal of monitoring point in the gap (IR =1.5%)

 Some conclusions can be drawn: the rim seal vortex is the cause of the unsteady phenomenon of the rim seal, and the 
intermittent rim effect is both affected by the seal flow and seal structure. With the increase of the sealing flow, the 
unstable large-scale vortex structure of the rim seal is restrained. More importantly, even at low sealing flow, the 
unsteady frequency of the Chute sealing structure is not apparent.

3.4 The influence of sealing flow on the turbine aerodynamic loss

To describe the interference loss between the sealing air and the mainstream with the different seal structures, the 
viscous work is introduced as a quantitative parameter. The definition of viscous work was showed in Eq. (3),

Wv = mm Cp [Tt ,2
m − Tt ,1

m (
Pt ,2

w

Pt ,1
w )

γ −1
γ ] (3)

where Pt
w  is the total pressure based on the work average and Tt

m  is the total temperature based on the mass average 
of the sealed air and the mainstream inlet air for the total temperature, the detailed referred to Zlatinov [23], which 
represents the change of loss along the flow direction. The viscous work gradually increases along the flow direction 
due to the cumulative effect of losses as shown in Figure 16.
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Figure 16. Viscous work distribution along the flow direction

 The variation curve of the difference between the viscous work of the Axial sealing structure and the viscous work of 
the Radial or Chute sealing structure along the flow direction for IR = 0.5% is drawn in Figure 17 for consideration of 
the sealing structure’s influence on the turbine loss in detail based on the Axial sealing structures. The viscous work of 
the stator region with different sealing structures is almost equa.The losses of the Radial and Chute sealing structure 
begin to decrease compared with the Axial sealing structure from the outlet of the sealing gap, and the viscous work 
of Chute_ 30°is the smallest. It can be seen from the figure that the losses in the two areas marked A and B change 
sharply, and the corresponding positions of these two areas are at the outlet of the cavity exit and the rotor exit.

Figure 17. Viscous work difference along the flow direction (based on 
the Axial sealing structure, IR =0.5%)

 The variation curve of the difference between the viscous work Yang Fan and Zlatinov’s study indicates that the loss in 
the area is mainly caused by the mixing of sealing air and mainstream, which is affected primarily by the velocity 
gradient. The above research shows that the sealing air mostly flows out from the side of the cavity close to the 
stationary wall. The flow radial velocity near the stator wall in the cavity distributed along the spanwise was displayed 
in Figure 18. The interference of the sealing air to the mainstream will aggravate with the increase of the radial velocity 
of the purged air, leading to the rise of loss. It can be seen from the figure that the radial velocity of the sealing air 
flowing out of the cavity with the Axial sealing structure is the largest. In contrast, it is the smallest for the Chute 
sealing structure; of course, the most negligible loss for Chute_30° in region A.

 The interaction between sealing air and channel vortex is another reason for the increase in losses. Figure 19 shows 
the axial vorticity of rotor exit with different seal structures. It can be found that the size of the vortex core area of the 
Axial and Radial sealing structures is relatively close.Compared with the Axial and Radial sealing structures, the 
strength of the vortex shedding in the wake of the Chute sealing structure is significantly reduced, which may be 
related to the interference of the sealing air on the upstream boundary layer; The strength of the vortex core of the 
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Figure 18. Radial velocity distribution on the stationary wall side of the cavity

channel vortex and the size of the wall vortex were also decreased for the Chute seal structure. These vortexes for the 
Chute_30° sealing structure are the smallest in strength and size. The above might have been the reason for the 
viscous work of Radial sealing structure does not change; however, the viscous work of Chute sealing structure 
decreases compared with the Axial sealing structure in region B. There still more detailed work needs to be done to 
study the evolution mechanism of the above vortex with the sealing flow in the turbine device.

Figure 19. Axial vorticity contour at rotor exit (below 50% span)

Figure 20 shows the distribution of turbine aerodynamic efficiency under different sealing flow rates for four seal 
structures. To further consider the influence of sealing air outflow on turbine aerodynamic efficiency, turbine efficiency 
is defined as:
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η =
Tq ω

ṁ m cp Tt 01(1 − ( Pt 03¯
Pt 01¯ )

γ −1
γ ) + ṁ s cp Tt 01s (1 − ( Pt 03¯

Pt 01s¯ )
γ −1

γ ) (4)

where Tq  is the torque on the moving blade, ṁ m  is the mainstream flow, Pt 03¯  is the total pressure of the average area 
of the rotor outlet, Pt 01s¯  is the total pressure of the turbine cavity inlet, ṁ s  is the sealed flow, w  is the rotor speed, Tt 01 
is the total temperature of the turbine inlet, Pt 01 is the total pressure of the turbine inlet, and Tt 01s  is the total 
temperature of the turbine cavity inlet.

With the increase of the sealing flow, the interference between the sealing air and the mainstream will reduce the 
aerodynamic efficiency of the turbine. The aerodynamic efficiency of the turbine with a Radial or Chute seal structure 
decreases more slowly than the Axial seal structure with the increasing purged flow rate. The turbine with a Chute_ 
30° sealing structure maintains high aerodynamic efficiency in the studied flow rate range. The aerodynamic efficiency 
of Chute_30° would increase by 0.43% compared with the simple Axial sealing structure when the sealing flow is 1.0%.

Figure 20. Turbine aerodynamic efficiency

4. Conclusions
A three-dimensional unsteady numerical method was used to analyze the flow mechanism near the turbine rim with 
different sealing structures. The research shows that the rim seal vortex structure in the cavity gap has an essential 
influence on the sealing performance of the rim seal. The turbine with a Chute seal structure has a good performance 
in cavity sealing efficiency and turbine aerodynamic efficiency, although its design is straightforward. The specific 
conclusions are summarized as follows:

1) The rim seal vortex structure is formed by the interaction between the ingested gas and the purged flow in the 
sealing gap and is affected by both the sealing flow rate and the sealing structure. The strength of the rim seal 
vortex decreased with the increase of the sealing flow and was the smallest for the Chute_30°sealing structure 
under the same sealing flow rate. Moreover, the interaction between the rim seal vortex and the rotating pump 
effect blocks the gas ingested from the rotating side. Therefore, the rim seal vortex has a positive significance for 
controlling the gas intrusion in the turbine cavity at a low seal flow rate.

2) Through the frequency spectrum analysis of unsteady pressure in the gap, it can be considered that the rim 
seal vortex is the leading cause of unsteady flow in the rim seal. Thus, the intermittent frequency signal of the rim 
disappears when the sealing flow is 1.5, i.e., fully sealed, and the Chute sealing structure has a positive 
significance for restraining the unsteady flow of the rim.
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3) The Chute sealing structure has high sealing efficiency in the range of sealing flow studied. The complete 
sealing flow of Chute_30°is only 0.5%, while it is 1.5% for Axial construction.

4) The viscosity loss of the turbine with a Chute seal structure is significantly reduced compared to the turbine 
with an Axial structure due to the lower radial velocity at the outlet of the turbine cavity and the weaker 
interaction between sealing air and channel vortex. The aerodynamic efficiency of the turbine with a 
Chute_30°sealing structure increased by 0.43% compared with Axial sealing structure when the sealing flow is 
1.0%.
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