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Abstract. In response to the problems of high-temperature gas intrusion and ablation in the expansion slit between ceramic tiles under complex
flow conditions in the floating-wall combustion chamber, as well as the issue of hooks exceeding their service temperature, numerical simulations
and analysis were conducted for this paper. The study revealed the mechanisms of gas intrusion and sealing and proposed two evaluation metrics
for evaluating the cooling effect: the maximum temperature of the hook and the proportion of high-temperature area on the sidewall of the tile.
Furthermore, the CRITIC weighting method was used to analyze the weight of these metrics. Based on this, the spacing, radius, and length
effects on sealing and cooling effectiveness were studied, and multi-parameter calculations and optimization were performed. The results showed
that the degree of gas intrusion in the transverse slit was significantly higher than that in the longitudinal slit. In addition, the sealing method of
the jet impingement could effectively cool the downstream of both the transverse and longitudinal slit. The spacing of the jet impingement holes
had the greatest impact on the cooling effect, followed by the radius and length. Finally, when the spacing of the holes is 10 mm, the length is
18.125 mm, and the radius is 1.6 mm, the cooling effect is optimal, with the proportion of high-temperature area on the side wall of the tile being
20.86% and the highest temperature of the hook reaching 836.02 K.
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1. INTRODUCTION

In the high-temperature and high-pressure working environment
of gas turbines, the metal shell of the combustion chamber is sus-
ceptible to overheating [1], leading to thermal deformation and
burn-through accidents [2]. To address this issue, ceramic tiles
are commonly used to insulate the metal shell of the combustion
chamber [3,4]. Presently, the floating-wall combustion chamber
technology has been extensively researched and implemented,
which involves creating narrow channels between insulation tiles
and injecting cooling gas to prevent high-temperature gas infil-
tration. This technology boasts low cooling gas consumption
and minimal temperature gradient on the wall, making it the
primary structural form of combustion chambers. However, the
structure and placement of jet impingement holes can signif-
icantly impact cooling efficiency [5]. Therefore, determining
suitable parameters for the jet impingement holes is of urgent
engineering significance for ensuring the safety of the insula-
tion structure and improving the wall cooling efficiency of the
combustion chamber.

Extensive research has been conducted by domestic and for-
eign experts and scholars on the issue of gas intrusion, mainly
focusing on the mechanism of gas intrusion in the areas of the
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rim of the compressor, rotors, and stators in the front end of
the combustion chamber. Owen [6, 7] proposed the mechanism
of gas intrusion based on experimental results, which generally
divides gas intrusion into outer-ring-induced intrusion, rotation-
induced intrusion, and combined-induced intrusion. Jia et al. [8]
studied the interaction mechanism between different sealing and
cooling gas flows in the gap between the rotor-stator cavity and
the slit, and the mainstream intrusion and obtained the con-
clusion that the sealing and cooling gas flow velocity has a
significant effect on the sealing effect. The above scholars have
conducted multi-angle research on the phenomenon of gas in-
trusion in the combustion chamber, but there have been few
studies on the gas intrusion phenomenon and its sealing tech-
nology associated with the floating-wall combustion chamber
and tile-hook structure.

Current research into combustion chambers has mainly fo-
cused on the cooling of the combustor liner and impinge-
ment/effusion cooling system. Andreini et al. [9] investigated
two types of shock/jet structures through simulations and ex-
periments. The results showed that the interaction of jets in a
sparsely arranged array was weaker, while in a densely arranged
array, there were strong secondary peaks and complex heat trans-
fer modes, which were greatly influenced by the sparsity of the
geometric structure on the recirculation of the cooling airflow.
Jackowski et al. [10] investigated the cooling effect of different
cavity heights and hole arrangements on the double-layer wall
combustion chamber under multiple blowing ratios through ex-
periments and obtained the local wall heat flux through sim-

Bull. Pol. Acad. Sci. Tech. Sci., vol. 72, no. 2, p. e148836, 2024 1

https://orcid.org/0000-0002-2534-1501
mailto:shihong@nuaa.edu.cn


H. Shi, R. Wang, M. Chen, J. Wang, J. Yuan, Q. Zhang, and K. Yang

ulations. The study showed that the cooling effect was mainly
influenced by the cold gas coverage of the outflow and the im-
pact of shock cooling on the results was small. Kim et al. [11]
designed an impingement/effusion cooling system that realizes
the lowest thermal stress by using a second-order response sur-
face method. Ahmed et al. [12] found that an optimum spreading
hole spacing exists. Also, the minimum cooling effectiveness on
the liner wall was found to be downstream of the impingement
location. Ali et al. [13] optimized the liner cooling system and
found that adding cooling holes to the inlet section would reduce
the liner temperature but increase the combustion chamber out-
let temperature. Wang et al. [14] investigated the cooling effect
of different hole inclination angles and found that the cooling
effect was best at 30◦. Da Soghe et al. [15] explored the effect of
the wall-to-jets temperature ratio on heat transfer. Liu [16–18]
proposed two three-stage shock concepts that can effectively re-
duce cooling air consumption. The studies above did not cover
the issues of gas intrusion and sealing of the slit located at the
edge of the tile. Therefore, it is necessary to explore research
on the edge slit of ceramic tiles, especially regarding the typical
tile-hook structure, and investigate the temperature of the tile
side wall and hook, as well as the optimization space of the jet
impingement holes.

This paper investigates the typical tile-hook structure as the
object of research and uses computational fluid dynamics sim-
ulation techniques to study the flow and mixing of cooling air
and high-temperature combustion gas in the tile slit. The mech-
anism of gas intrusion and sealing in this structure is clarified
based on the simulation results. Furthermore, two evaluation
metrics are proposed to assess the cooling effect of the jet im-
pingement holes, and their weights are analyzed. Finally, the
jet impingement holes are subjected to multi-parameter calcula-
tions and optimization, resulting in the determination of optimal
hole structure parameters that meet the requirements.

2. RESEARCH METHODS

2.1. Cooling mechanism

The combustion chamber investigated in this paper is a floating-
wall combustion chamber of the gas turbine. The internal ther-
mal protection as shown in Fig. 1 is mainly achieved by fixing
ceramic tiles to the inner wall of the combustion chamber metal
cylinder through hooks, which separates the internal flow field
from the cylinder structure and avoids excessively high temper-
atures on the metal outer cylinder.

As the high-temperature gases sweep through the slit between
the ceramic tiles, a portion of the gas separates and intrudes

Fig. 1. Structural arrangement of tiles and hooks

into the slit due to the wall boundary layer and the Coanda
effect [19]. Long-term exposure of ceramic tile side walls to
high-temperature gas can cause ablation, and the high thermal
conductivity of the metal hooks imposes more stringent tem-
perature requirements. Therefore, an external cold flow is in-
troduced to cool the components and seal off gas intrusion. As
shown in Fig. 2, the cooling gas fills the outside of the metal
casing and impacts the hooks from the jet impingement holes.
Then it surges into the slit through the clearance between the
hooks and the bottom of the casing and enters the pillow-shaped
cavity, where it impacts and envelops the hooks, and collides
and mixes with the invading high-temperature gas. Based on
the cooling mechanism described above, this scheme can effec-
tively reduce the temperature of the metal hooks and ceramic
tiles while playing a sealing role to prevent high-temperature
gas intrusion.

Fig. 2. Gas intrusion sealing mechanism

2.2. Physical modelling

This paper focuses on the tile configuration of the cross-shaped
slit with the most distribution in the floating-wall combustion
chamber, and a simplified model structure is shown in Fig. 3.

Fig. 3. Modelling and simplification of tile structures with cross slit

As shown in Fig. 3, the model includes a transverse slit (par-
allel to the hook) and a longitudinal slit (perpendicular to the
hook), with pillow-shaped cavities running through the entire
longitudinal slit, and two pairs of symmetrical jet impingement
holes.
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2.3. Boundary conditions

The structural elements and boundary conditions mentioned
above are defined and numbered as shown in Fig. 4 and Fig. 5.

Fig. 4. Definition of the structure of the model

Fig. 5. Setting of the boundary conditions

The numerical simulation adopted boundary conditions based
on the actual operating conditions of the combustion chamber,
as shown in Table 1.

Table 1
Initial boundary conditions of the combustion chamber

Parameter terms for boundary conditions Numerical
values

High-temperature gas inlet velocity 1 30 m/s

High-temperature gas inlet temperature 1 1550 K

Outlet pressure 1 30 000 Pa

High-temperature gas inlet velocity 2 25 m/s

High-temperature gas inlet temperature 2 1500 K

Outlet pressure 2 27 000 Pa

Single cooling jet inlet mass flow rate 0.0042 kg/s

Cooling jet temperature 700 K

Environmental pressure 1 900 000 Pa

2.4. Evaluation metrics

Compared to ceramic tiles, the heat resistance of metal hooks
is poor and they cannot withstand the intrusion of high-
temperature mainstream gases. Once the service temperature
is exceeded, it is highly likely to cause tile shaking and detach-
ment, leading to a series of secondary accidents. Therefore, the
maximum surface temperature of the metal hook under work-
ing conditions is one of the key factors determining whether
the combustion chamber can operate stably. In addition, the re-
searchers found that although ceramic tiles can withstand high
temperatures, the temperature difference between the upper and
lower surfaces of the tile sidewalls is large. If it is continuously
and extensively in a high-temperature difference state, uneven
heating will cause local ablation on the sidewall surface of the
tile. The abnormal pores caused by ablation will damage the
overall flowability of the combustion chamber and may exac-
erbate the degree of gas intrusion. Therefore, the evaluation
metrics for the gas intrusion characteristics studied in this paper
are the maximum temperature of the hook (𝑇ℎ) and the propor-
tion of the high-temperature area on the sidewall of the tile (𝑃𝑡 ).
According to the actual requirements of this type of gas turbine,
the critical temperature of the sidewall of the tile is 1300 K, and
the smaller the proportion of high-temperature areas, the better.
The maximum service temperature of the metal hook is 850 K,
and if it exceeds this standard, it is considered that the cooling
effect has not met the requirements. The formula used in this
paper to evaluate the ratio of the high-temperature area on the
sidewall of the tile to the whole area is as follows:

𝑃𝑡 =
𝑆𝑐

𝑆
. (1)

In equation (1), 𝑃𝑡 represents the proportion of the high-
temperature area, 𝑆 represents the total area of the sidewall,
and 𝑆𝑐 represents the area of the sidewall where the temperature
exceeds the critical temperature.

2.5. Algorithm validation

In this study, the standard k-𝜀 model equations were used to
close the time-averaged continuity and momentum conservation
equations [20], as this model has shown good robustness and
performance in solving flow problems at high Reynolds num-
bers. To validate the reliability of our simulation algorithm, we
conducted a verification based on the work of Bai et al. [21]. The
experimental system schematic is shown in Fig. 6. This valida-
tion was simulated numerically using the boundary conditions
specified in the literature. The numerical simulation results were
compared with the experimental data by analyzing the effect of
pitch variation on the cooling efficiency as shown in Fig. 7.

From the numerical simulation calculation results combined
with the experimental data in Fig. 7, the cooling efficiency of the
numerical simulation is slightly higher, but both have the same
trend of variation with an error of no more than 3%. The main
reason for this is that the experiment cannot achieve a completely
uniform inlet. The experimental instrumentation also has errors
arising from measurement accuracy, and components such as
thermocouples can also produce flow resistance. Therefore, the
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Fig. 6. Experimental schematic [21]

Fig. 7. Comparison of experimental and simulation conditions

experimental cooling efficiency is slightly lower than the results
of the numerical simulation. In summary, the present method
has a certain reference value for the simulation of the flow field
of the tile slit in the combustion chamber and can be used for
subsequent research and analysis.

2.6. Mesh independence validation

Prior to conducting numerical simulations of gas intrusion in the
combustion chamber, we performed mesh independence verifi-
cation. Initial target mesh sizes were set at 3.16 million, 3.88
million, 5.57 million, 7.31 million, and 9.69 million, respec-
tively. As shown in Fig. 8, it can be observed that the 𝑇ℎ value

Fig. 8. Diagram of grid numerical validation results

stabilizes when the grid size exceeds 5.57 million, with no sig-
nificant variation as the grid size further increases. Hence, con-
sidering grid density and computational resources, we opted to
set the grid size at 5.57 million. Figure 9 illustrates the grids
employed in this study. We refined the grids in regions with
noticeable flow fluctuations to ensure that the y+ range remains
within 25.5 to 34.9.

Fig. 9. Schematic of mesh

3. RESULTS AND DISCUSSION

Figure 10 shows schematic diagrams of the monitoring surfaces
in the transverse and longitudinal slits of the tile, respectively,
along with the corresponding temperature distribution.

As shown in Fig. 10, under the specified boundary conditions,
the intrusion of high-temperature gas into the transverse slit is
much greater than that into the longitudinal slit. As shown in
Fig. 10c, the upstream part of the transverse slit exhibits severe
gas intrusion, with high-temperature gas almost completely oc-
cupying this area, resulting in temperatures exceeding the crit-
ical temperature. The downstream high-temperature zones of
the transverse slit are primarily located at the bottom and upper
regions of the pillow-shaped cavity. As shown in Fig. 10d, the
gas intrusion is more severe at the intersection of the two slits in
the middle of the longitudinal slit, resulting in a significant tem-
perature rise. Additionally, the temperature of the downstream
edge is higher, and there is a tendency for high-temperature gas
intrusion at the top of the upstream. Meanwhile, cold flow spills
over from the top downstream of the slit, impacting the high-
temperature gas and forming a gas film that provides excellent
cooling effects for the downstream tiles. Figure 11 shows the
velocity vectors on the middle monitoring surface of the tile slit.

As shown in Fig. 11a, under the influence of the Coanda effect
and accompanied by the Venturi effect, a severe gas intrusion
phenomenon occurred upstream of the transverse slit, where a
large amount of high-temperature gas poured into the region
at high speed. As a result of viscous shear, a vortex zone with
high temperature and low velocity is formed at the edges. The
high-temperature intrusion gas flowing through the transverse
slit will be split up and down due to a large amount of cooling
gas pooling in the central pillow-shaped cavity, with most of
it moving in the direction of the bottom of the transverse slit
along the tangent line and forming a vortex zone downstream.
Meanwhile, a small part of it collides with the cold gas mass and
then splits and intrudes into the top area of the downstream tile.
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(a) Monitoring surface for
transverse slit

(b) Monitoring surface for
longitudinal slit

(c) Temperature distribution of transverse slit

(d) Temperature distribution of longitudinal slit

Fig. 10. Temperature distribution on the monitoring surface

Combined with Fig. 10c, it can be observed that the stratified
flow of high-temperature gas and inadequate heat exchange with
the cold flow are the main reasons for the significant temperature
zoning downstream of the transverse slit.

As shown in Fig. 11b, the overall temperature of the longi-
tudinal slit is observed to be lower due to the cold flow being
the first to enter the longitudinal slit after impacting the hook,
which allows the area to be sufficiently cooled. Furthermore,
a large amount of cold flow rushes upwards at a higher veloc-
ity, hindering the main flow from entering and mixing with the
small amount of invading high-temperature gas. The presence
of the pillow-shaped cavity also provides favorable conditions
for the cold flow to build up and fully exchange heat. It is worth
noting that, as shown in Fig. 10d, a large vortex area is observed
downstream of the longitudinal slit, where the cold flow does
not flow sufficiently through the edge area, leading to poor heat
transfer. In contrast, the flow field upstream of the longitudinal
slit is more diffuse, with multiple vortices. Although the overall
heat transfer effect is good, the cold flow is not uniformly dis-
tributed, which allows a small amount of high-temperature gas
intrusion to occur at the top.

(a) Transverse slit velocity vector diagram

(b) Longitudinal slit velocity vector diagram

Fig. 11. Velocity vector distribution on the monitoring surface

The gas intrusion mechanism above directly leads to the
overtemperature phenomenon on the tile sidewall surface and
the hooks. Figure 12 and Fig. 13 show the temperature distribu-
tion on the tile sidewall surface and the hooks.

As shown in Fig. 12, both tile 1 and tile 4 have one side wall
surface completely exceeding the critical temperature, and tile
2 and tile 3 side wall surfaces also have some areas exceeding

Ceramic tiles 4

Ceramic tiles 3 Ceramic tiles 1

Ceramic tiles 2

Ceramic tiles 2

Ceramic tiles 1 Ceramic tiles 3

Ceramic tiles 4

Fig. 12. Temperature distribution on the side walls of the tiles
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Fig. 13. Temperature distribution on the hooks

the critical temperature, with 𝑃𝑡 reaching 23.79%. As can be
seen from Fig. 13, 𝑇ℎ reached 850.81 K, which exceeded the
service temperature. The over-temperature area is concentrated
in one corner of hook 3 because hook 3 is downstream of the
high-temperature mainstream sweeping direction, and part of
the high-temperature gas intruded in the middle of the transverse
slit retains its original flow direction, which directly impacts the
edge of hook 3 downstream and makes it exceed the service
temperature.

4. OPTIMIZATION

Although many works of literature point out that increasing
the ram air flow can improve gas intrusion, this approach re-
quires additional energy costs. Therefore, this paper proposes a
cost-effective optimization scheme, which is a multi-parameter
integrated optimization of the spacing, radius, and length of the
jet impingement holes.

4.1. Spacing

Figure 14 shows the effect of the variation of the jet impingement
hole spacing on 𝑃𝑡 and 𝑇ℎ.

As can be seen from Fig. 14, 𝑇ℎ decreases linearly from
852.51 K to 836.5 K for the spacing of the jet impingement
holes from 10 mm to 20 mm, while 𝑃𝑡 increases linearly from
23.61% to 26.02%.𝑇ℎ increases to 850.81 K at a pitch of 20 mm
to 40 mm, while 𝑃𝑡 decreases to 23.79%. The center axis sur-
face of hooks 3 and 4 were monitored and the velocity vector
distribution was observed, as shown in Fig. 15.
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Fig. 14. Effect of spacing variation on structural temperature

(a) Spacing of 10 mm

(b) Spacing of 20 mm

(c) Spacing of 30 mm

(d) Spacing of 40 mm

Fig. 15. Cross section of hooks 3 and 4 Velocity vector distribution
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According to Fig. 15a and Fig. 15b, a vortex structure with
high heat transfer capacity is formed at the bottom of the longi-
tudinal slit of the tile when the spacing of the jet impingement
holes is between 10 mm and 20 mm. The smaller the spacing
of the holes, the higher the flow rate and therefore the lower the
𝑇ℎ. However, the formation of the vortex in the slit prevents the
cold flow from spreading in all directions, so the cold air ob-
tained from the transverse slit where the gas intrusion is severe
decreases, leading to a gradual increase of 𝑃𝑡 .

In contrast, according to Fig. 15c and Fig. 15d, when the
spacing is expanded to more than 20 mm, the wall jet at the
bottom of the hook develops uniformly in all directions, the two
vortex structures at the bottom of the hooks are destroyed, and
the overall flow field is changed considerably, so 𝑃𝑡 and 𝑇ℎ no
longer change linearly. With the continuous expansion of the
jet impingement hole spacing, the flow field in the slit is grad-
ually regularized, and the low-temperature vortex accumulated
around the hook is gradually weakened, so the 𝑇ℎ gradually in-
creases. In addition, in the area near the transverse slit, more
cold flow is absorbed by the higher velocity transverse slit be-
cause the higher velocity transverse slit invades the heat flow
and doping and cooling occurs, so 𝑃𝑡 decreases.

4.2. Radius

Figure 16 shows the effect of radius variation on 𝑃𝑡 and 𝑇ℎ.
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Fig. 16. Variation in temperature and flow rate at different radius

As can be seen in Fig. 16, when the radius of the jet impinge-
ment holes is increased from 1.6 mm to 2.4 mm, 𝑃𝑡 increases
from 22.2% to 25.57%, and 𝑇ℎ increases from 844.11 K to
853.64 K. The reason for the above phenomenon is that since
the jet impingement holes are constant mass flow inlet, increas-
ing the radius will reduce the outflow velocity and weaken the
vortex strength in the flow field and the impact capacity of the
wall-mounted jet, thus reducing the heat transfer capacity of the
entire slit.

4.3. Length

Figure 17 shows the effect of the change in the length of the jet
impingement holes on 𝑃𝑡 and 𝑇ℎ.

As can be seen in Fig. 17, with the increase of length from
5 mm to 20 mm, 𝑃𝑡 decreases from 25.52% to 23.79%, while
𝑇ℎ increases from 846.34 K to 850.81 K. Figure 18 shows
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Fig. 17. Variation in temperature and flow rate at different lengths

the velocity vector distribution on the middle axis surface of
hooks 3 and 4.

As shown in Fig. 18, the vortex structures gradually weaken
and disappear as the length of the hole is reduced from 20 mm to
5 mm. A shorter hole length results in less along-travel loss and
greater exit velocity, which reduces the strength of the vortex.
Although this results in a slightly higher 𝑇ℎ, it also results in

(a) Length of 5 mm

(b) Length of 20 mm

Fig. 18. Cross section of hooks 3 and 4 velocity vector distribution
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better development of the slit flow field, which in turn wraps
and directs more cold flow into the slit, thus reducing 𝑃𝑡 .

Therefore, the flow field of the slit and the temperature of the
tile-hook structure are influenced by multiple factors, includ-
ing spacing, radius, and length of the jet impingement holes.
Considering these factors together, conducting a comprehen-
sive evaluation and finding the best for both evaluation matrixes
under multiple objectives is necessary.

4.4. Integrated optimization based on the CRITIC
weighting method

In this paper, a total of 72 feature structures in the spacing range
of 10 mm–40 mm, the radius range of 1.6 mm–2.4 mm, and the
length range of 5 mm–20 mm were selected for the calculation
of the jet impingement holes. To further increase the number of
samples and improve the optimization-seeking accuracy, the ge-
netic aggregation algorithm in WORKBENCH response surface
analysis was used to predict the data, and finally, 2500 sets of
calculation results for different structures were obtained. In the
following section, the CRITIC weighting method will be used
to analyze the weights of two evaluation metrics.

The CRITIC weighting method is an objective weight assign-
ment method proposed by DIAKOULAKI. It utilizes the vari-
ability and conflict of evaluation metrics to comprehensively
measure the objective weight of metrics [22]. This method
is particularly suitable for multi-attribute and multi-objective
decision-making scenarios. The steps of the integrated model
construction of the CRITIC weighting method are as follows:

1. Assuming there are n samples to be evaluated and m eval-
uation metrics, a raw data matrix of the evaluation metrics is
formed:

𝑋 =


𝑥11 · · · 𝑥1𝑚
...

. . .
...

𝑥𝑛1 · · · 𝑥𝑛𝑚

 . (2)

The notation 𝑥𝑖 𝑗 represents the value of the jth evaluation metric
for the ith sample in the original data matrix, which consists of
n samples and m evaluation metrics.

2. Since this article focuses on the percentage of high tem-
perature on the side wall of the tile and the highest temperature
value of the hook, smaller values are better, and the dimensions
are different. Therefore, the original matrix is reversed and nor-
malized:

𝑥′𝑖 𝑗 =
𝑥max − 𝑥 𝑗

𝑥max − 𝑥min
. (3)

3. The variability of matrices is expressed in the form of
standard deviation: 

𝑥 𝑗 =
1
𝑛

𝑛∑︁
𝑖=1

𝑥𝑖 𝑗 ,

𝑆 𝑗 =

√√√√√√ 𝑛∑︁
𝑖=1

(
𝑥𝑖 𝑗 − 𝑥 𝑗

)2

𝑛−1

(4)

where 𝑆 𝑗 shows the standard deviation of the jth matrix.
4. Conflict of matrices is expressed by correlation coefficient:

𝑅 𝑗 =

𝑝∑︁
𝑖=1

(
1− 𝑟𝑖 𝑗

)
, (5)

where 𝑟𝑖 𝑗 denotes the correlation coefficient between evaluation
matrices 𝑖 and 𝑗 .

5. Amount of information:

𝐶 𝑗 = 𝑆 𝑗

𝑝∑︁
𝑖=1

(
1− 𝑟𝑖 𝑗

)
= 𝑆 𝑗 ×𝑅 𝑗 , (6)

where the larger 𝐶 𝑗 is, the greater the role of the jth evaluation
matrix in the overall evaluation matrix system, and the more
weight should be assigned to it.

6. Objective weights:
In summary, the objective weights 𝑊 𝑗 of the 𝑗-th matrix are:

𝑊 𝑗 =
𝐶 𝑗

𝑝∑︁
𝑗=1

𝐶 𝑗

. (7)

The high-temperature proportion of the tile sidewall surface and
the maximum temperature weighting of the hooks are shown in
Table 2.

As can be seen from Table 2, the weight of 𝑃𝑡 is 57.53%,
which is higher than the weight of 42.47% accounted for by 𝑇ℎ.
Found the optimal structural parameters on this basis, due to the
limitation of space, this paper takes the top 5 and last 5 solutions
as examples, and the specific optimization results are shown in
Table 3.

As can be seen from Table 3, the result of the No. 1 scheme
has the highest overall score of 0.89746. The 𝑃𝑡 accounts for
20.86% and 𝑇ℎ is 836.02 K, which meets the design require-
ments. Correspondingly, the jet impingement hole spacing is

Table 2
Results of the weighting calculatio

Object Sample
size

Average
value

Standard
deviation

Variability
of metrics

Conflict
of metrics

Volume of
information Weight

𝑇ℎ (K) 2500 0.563 0.168 0.168 1.305 0.220 42.47%

𝑃𝑡 (%) 2500 0.368 0.228 0.228 1.305 0.298 57.53%
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Table 3
Optimization results

Number Composite score 𝑃𝑡 (%) 𝑇ℎ (K)

1 0.89746 20.861 836.016

2 0.89729 20.821 836.409

3 0.89365 20.929 835.693

4 0.89276 20.813 836.862

5 0.88663 21.018 835.449

2496 0.20420 25.288 852.655

2497 0.20049 25.217 853.640

2498 0.19895 25.545 850.682

2499 0.19877 25.488 851.233

2500 0.19855 25.282 853.191

10 mm, the length is 18.125 mm and the radius is 1.6 mm. In
this paper, numerical simulation is further developed to verify
this solution and compare it with the initial structure, as shown
in Figs. 19 and 20.

As can be seen from Fig. 19, after optimization, the over-
temperature phenomenon downstream of the transverse slit was
greatly relieved, and 𝑃𝑡 was reduced to 21.03%. As can be seen

Ceramic
tiles 4

Ceramic
tiles 3 Ceramic

tiles 1

Ceramic
tiles 2

Ceramic
tiles 4

Ceramic
tiles 3

Ceramic
tiles 1

Ceramic
tiles 2

Fig. 19. Comparison of the temperature distribution on the side walls
of the tiles

Hook 1 Hook 2

Hook 4 Hook 3

Hook 1 Hook 2

Hook 4 Hook 3

Fig. 20. Comparison of the surface temperature distribution
of the hooks

from Fig. 20, the effect of temperature reduction of hook 3 and
hook 4 is remarkable, and 𝑇ℎ of hook 3, which was originally
over-temperature, has been reduced to 833.7 K, which has met
the service requirements. It is verified that the error between
the prediction result of the No. 1 scheme and the numerical
simulation result is only 0.8%, which has high accuracy.

5. CONCLUSIONS

This paper investigates the arrangement and distribution charac-
teristics of tiles and hooks in a floating-wall combustion chamber
of a gas turbine and analyzes the gas intrusion mechanism of the
typical tile hook at the cross-shaped slit. The temperature field
distribution of the tile hook and the flow field characteristics
of the slit are obtained, and the effects of the spacing, radius,
and length of the jet impingement holes on the gas intrusion
sealing performance are examined. The genetic aggregation al-
gorithm is used to expand the sample capacity for prediction,
and the CRITIC algorithm is employed for weight analysis and
multi-objective optimization. Ultimately, a jet impingement hole
structure with excellent gas intrusion sealing performance is ob-
tained. The main findings are as follows:
1. For the ceramic tile sidewall surface and slit, the trans-

verse slit is much more susceptible to gas intrusion than the
longitudinal slit, and there’s significant temperature zoning
on downstream wall surfaces. The longitudinal slit is suffi-
ciently cooled and more resistant to gas intrusion.
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2. For the metal hooks, the 𝑇ℎ of hooks 3 and 4 is higher in
the initial working condition, and the maximum difference 
with hooks 1 and 2 is above 30%. The main reason is that 
hooks 3 and 4 are in the mainstream sweeping direction 
and downstream of the transverse slit, and some of the gas 
intruding from the middle of the transverse slit still retains 
the original sweeping angle, resulting in impingement on 
hooks 3 and 4.

3. The spacing of the jet impingement holes has the most sig-
nificant impact on the sealing and cooling effect, followed 
by the radius and length. The optimal solution has a spacing 
of 10 mm, a length of 18.125 mm, and a radius of 1.6 mm. 
Compared to the initial model, this solution reduces𝑃𝑡 from 
23.79% to 21.03%, and 𝑇ℎ is reduced from 850.81 K to 
833.7 K, which meets the service requirements. However, 
despite our optimization efforts, the transverse slit cooling 
performance still falls short of excellence. This is because 
the evaluation indicator we employed is a composite measure 
and cannot guarantee the optimization of every individual 
sub-criterion, such as the transverse slit cooling indicator.

4. The optimization process resulted in the identification of
the ideal structural parameters for the holes that meet the re- 
quirements. Through this approach, the enhancement of both 
combustion chamber sealing and cooling is achieved while 
significantly reducing the need for extensive alterations to
the overall structure, thus achieving higher feasibility.
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