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ABSTRACT 

This study investigates the particle deposition characteristics within a novel 

cavity featuring a transverse baffle oriented perpendicular to the coolant flow, 

positioned upstream of the pre-swirl nozzles in the turbine disk cavity. The 

baffle-induced vortex enhances particle deposition, thereby reducing particle 

ingress into the turbine disk cavity. Against such a background, a comparative 

analysis was hereby conducted to delve into the deposition characteristics of 

particles across four baffle structures. The coolant and particle temperature at 
the cavity inlet was set at 763.5 K, with a total coolant mass flow rate of 0.2475 

kg/s through two impingement holes and an outlet pressure of 2 MPa. The results 

indicate that the quantity-based deposition rate increases from 66.4% prior to the 

installation of baffle to 77.2% following the implementation of three baffles. 

Furthermore, the quality-based deposition rate rises from 14.7% in the absence 

of baffles to 37.2% following the installation of three baffles. The deposition is 

primarily concentrated in the target surface area directly opposite the 

impingement hole, between Baffle 1, and in regions located at 0.5 times the 

diameter of the impingement hole both upstream and downstream of Baffle 3. 

  

 Article History 

Received December 16, 2024 

Revised March 24, 2025 

Accepted April 11, 2025  

Available online July 5, 2025 

 

 Keywords: 

Baffle structure 

Novel cavity 

Pre-swirl nozzles 

Particle deposition 

Turbine disk 

1. INTRODUCTION 

Since the 21st century, the phenomenon of particle 

accumulation in aerospace engines has garnered 

substantial attention from the academic community. 

Studies have indicated that, under normal flight 

conditions, the concentration of particles entering the 

engine typically falls within the range of 0.1% to 2%. This 

proportion may increase significantly during extreme 

weather events or when operating in areas affected by 

sandstorms. Particles ingress into the engine induces 

compressor wear and deteriorates aerodynamic 

performance (Felix et al., 2017). Furthermore, these 
particles pose risks to other engine components, with the 

most pronounced effects observed on turbine blades. On 

the one hand, particle deposition may modify blade 

surface smoothness, disrupt airflow, increase aerodynamic 

resistance, and consequently diminish turbine efficiency. 

On the other, particles tend to accumulate within the 

cooling passages of the turbine blades, thereby adversely 

impacting internal cooling performance and eventually 

shortening blade lifespan (Yang et al., 2021). 

Regarding particle deposition on turbine blade 

surfaces, Liu et al. (2021) discovered that the particle 

deposition on vanes primarily forms near the leading and 

trailing edge on the pressure surface, and that the 

deposition area expands slowly to the whole pressure 

surface with increasing particle size. Hao et al. (2021) 
observed that particulate deposits in aero-engine turbines 

alter blade profiles, increase surface roughness, and block 

internal cooling channels and film cooling holes, thereby 

degrading aerodynamic and cooling performance. In terms 

of blade surface roughness, Wang et al. (2019) coated the 

blade with chromium carbide alloy at high temperature 

and observed reduced surface roughness and particle 

deposition. Regarding the effect of deposition on the 

cooling efficiency of the air film, Sun et al. (2024) pointed 

out that particle deposition predominantly affects the 

leading edge and pressure surface of the blade, 

compromising air film cooling efficiency. However, 
large-size particles tend to rebound and deposit on the 

suction surface. In addition to these factors, the blowing 

ratio also impacts the deposition of the blade surface. 

Specifically, Zeng et al. (2023) highlighted that particle 

deposition initially decreases and subsequently increases 

as the blowing ratio increases from 0.3 to 1.5, with a 

minimum deposition amount occurring at a blowing ratio 

of approximately 0.5. Ai et al. (2012a) indicated that the 

particle deposition rate is not only influenced by the 

blowing ratio but is also directly correlated with the 

spanning coverage area of the film cooling. Subsequently,  
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Ai et al. (2012b) claimed that the deposition rate of 

turbine blades equipped with thermal barrier coatings is 

significantly higher than that of conventional turbine 
blades without such coatings. Wylie et al. (2017) observed 

that the surface temperature of the turbine blades affects 

the deposition. Smith et al. (2010) developed an 

accelerated testing device for the particle deposition in 

turbine nozzle guide blades. Their findings indicated that 

with increasing turbine inlet temperature, a greater 

number of particles are deposited on the blade surface.  

Particle deposition on the inter cooling channels of 

turbine blades was also explored. Specifically, Dritselis 

(2017) demonstrated that particle deposition on rough 

walls increases significantly in turbulent channels. This 

finding is particularly relevant to internal cooling channels 
of turbine blades featuring spoiler columns and spoiler 

ribs. Cowan et al. (2010) conducted an investigation into 

the migration and deposition characteristics of sand-ash 

particles within the spoiler column array. The findings 

revealed decreased deposition mass with increasing 

Stokes number of the particles. Singh et al. (2014) 

predicted the characteristics of particle deposition in 

ribbed channels and discovered that the rib wall facing the 

airflow impingement hole is particularly vulnerable to 

impact, leading to a heightened likelihood of deposition 

and erosion. Li et al. (2019) observed significant particle 
deposition on the rib wall and curved wall within the 

cooling channel, particularly on the windward side rib 

wall and the upstream section of the curve. In addition, for 

cooling channels of other characteristics, Liu et al. (2020) 

examined the mechanisms by which corrugated cooling 

channels capture particles. Their findings revealed that the 

deposition distribution of particles on the channel wall 

exhibits periodic variation along the flow direction. 
Cardwell et al. (2010) discovered that the impingement 

holes located in the cooling channels of double-walled 

blades effectively filter the particle size on the impact 

target surface. Borello et al. (2014) found that particle 

properties affect particle trajectories and deposition 

distributions. Dowd et al. (2017) indicated that particles 

sized between 3 and 20 μm are predominantly deposited 

in stationary channels, whereas those exceeding 10 μm are 

more likely to accumulate in rotating channels. Bowen et 

al. (2019) found that the size of the deposition pile in the 

impingement cooling structure increases with increasing 

particle temperature while decreasing with increasing 

particle velocity.  

Obviously, the majority of prior research has 

concentrated on the particle deposition on the surfaces and 

inter cooling channels of turbine blades. Excessive 

particle accumulation within blade cooling channels can 

substantially impair the cooling performance of turbine 

blades. To address this issue, it is imperative to identify an 

appropriate section of the turbine disk cavity prior to the 

internal cooling channels, thereby allowing for the 

implementation of specific measures aimed at minimizing 

particle ingress. Furthermore, this location should be 
designed for easy removal to facilitate the cleaning of 

accumulated particles.  In terms of cost, replacing a cavity 

structure is considerably less expensive than replacing the 

blade. Therefore, it is essential to investigate the behavior 

of particles within the novel cavity upstream of the pre- 
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Fig. 1 Novel cavity that upstream of the pre-swirl 

nozzles 

 

swirl nozzles. This paper proposed for the first time the 

regulation of particle deposition in the novel cavity 

upstream of the pre-swirl nozzles. This investigation holds 

significant importance for minimizing particles ingress 

into turbine blades, thereby enhancing both turbine blade 

lifespan and engine viability in dusty environments. 

2. METHOD 

2.1   Computational Model and Boundary Conditions 

The location of the novel cavity upstream of the pre-
swirl nozzles within the aircraft engine is illustrated in Fig. 

1, with the red arrows denoting the inflow of high-pressure 

coolant from the engine's air-system. Subsequently, the 

coolant flowed through the pre-swirl nozzles into the 

turbine disk cavity and ultimately entered the turbine 

blades, where it exited through the film holes. Particles 

were transported by the coolant from the inlet, directed to 

the target surface through the impingement hole, and then 

expelled through the pre-swirl nozzles. 

The fluid region of the novel cavity upstream of the 

pre-swirl nozzles presented axial symmetry. The shaft 

center in the model corresponded to the aircraft engine 
shaft. From left to right, the model was in the positive 

direction of the X axis. To streamline the model and 

optimize computational efficiency, this study employed 

one-sixth of the entire cavity as the computational domain, 

taking into account that the airflow at the inlet of the two 

impingement holes might impact with each other inside 

the cavity. The plane angle between the two periodic 

surfaces was set at 60°, as depicted in Fig 2(a). Upon 

adding the cavity with the baffles, the model is shown in 

Fig 2(b) to Fig 2(d). The target surface, located on the side 

of the cavity opposite the impingement hole, features 
Baffle 1 and Baffle 2. The impact surface, on the same side 

as the impingement hole, features Baffle 3. In the figure, 

R1 is the radius of Baffle 1; R2 is the radius of Baffle 2; R3 

is the radius of Baffle 3; R4 is the radius of the 

impingement hole; L1 is the distance from Baffle 1 to the 

upstream stagnation point; L2 is the distance from Baffle 

2 to the upstream stagnation point; L3 is the distance from 

the Baffle 3 to the upstream stagnation point; L4 is the 

length of the impingement hole channel; L5 is the length 

of downstream of pre-swirl nozzles. The radius of R is the 

distance between the upper surface of the baffle and the 

engine shaft. Baffle 1 is positioned 0.5 times the diameter  

 

(a) Original structure 

 

(b) One baffle 

   

(c) Two baffles 

 

(d) Three baffles 

 

(e) Partial enlarged view of the cavity 

Fig. 2 Model diagram of cavity 
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Table 1 Boundary conditions 

Parameter Value 

Total mass flow rate mp 0.2475 kg/s 

Coolant velocity U 100.7m/s 

Inlet total temperature Tt,in 763.5K 

Walls temperature Tw 700K 

Outlet static pressure Ps,out 2MP 

Turbulence intensity Tu 2% 

 

of the impingement hole downstream from the center of 

the target surface area directly opposite the impingement 
hole. Baffle 2 is located at the most downstream X-axis 

coordinate position on the target surface, corresponding to 

the impact surface. Baffle 3 is situated at the X-axis 

coordinate position between Baffle 1 and Baffle 2. The 

thickness of the baffle is 1.5mm. The length of the cavity 

after the pre-swirl nozzle is L5=50mm. B1, B2, and B3 

represent Baffle 1, Baffle 2, and Baffle 3, respectively. 

Numerical simulations were hereby performed 

utilizing the commercial computational fluid dynamics 

software FLUENT 2021R1, and the discrete phase model 

(DPM) was utilized. The computational domain 
comprised a tetrahedral mesh generated using the Fluent 

meshing software. The periodic surfaces were designated 

as rotational periodic boundaries. The Reynolds-averaged 

Navier-Stokes equations, along with the SST k-ω 

turbulence model, were employed to resolve the velocity 

and thermal fields of the continuous phase using the Euler 

method. The SST k-ω model performs better in the near-

wall region and low Reynolds number flow, and more 

accurately simulates the turbulent characteristics in the 

boundary layer. Moreover, the small particle size and low 

deposition height investigated in this study are crucial for 

understanding particle movement and deposition behavior 
near the wall. The boundary conditions are provided in 

Table 1. 

The fluid type was hereby defined as an ideal fluid. 

Each of the two coolant inlets had a mass flow rate of 

0.12375 kg/s. The coolant velocity, calculated from the 

mass flow rate and inlet cross-sectional area, was 100.7 

m/s. 

The DPM tracked particles uniformly released from 

inlet after the flow field reached convergence. The 

particles were modeled as hard spheres and simplified to 

point masses at the sphere centers. One-way coupling was 
adopted, and the diameter exhibited a logarithm Rosin-

Rammler distribution. The particles' velocity and 

temperature were identical to those of the coolant. The 

material properties of the particles are presented in Table 

2. 

2.2   Particle Force Analysis 

The forces acting on particles within the fluid 

primarily consist of the drag force (Fd) induced by the 

relative motion between the particles and the fluid, 

particularly pronounced in the boundary layer; as well as 

Saffman lift (Fs) and thermophoretic force (Ft) arising 

from velocity and temperature gradients.  

 

Table 2 Material properties of particles 

Parameter Value 

Particle density ρp 1980kg/m3 

Specific heat Cp 984 J/(kg·K) 

Thermal conductivity k 0.5 W/(m·K) 

Minimum diameter dmin 0.2μm 

Maximum diameter dmax 5μm 

Average diameter dave 2μm 

 

Equations governing the motion of these particles 

could be expressed as: 

p
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where mp is the mass of the particle, Acp is the 

particle’s front area, kr is the local velocity gradient, and u 

and up represent the velocities of the fluid and particles, 

respectively. Meanwhile, μ represents the dynamic 

viscosity of the fluid, ν denotes the kinematic viscosity of 

the fluid, and ρ indicates the density of the fluid. Cd is 

defined as the drag coefficient of the particle, while DT,p 

refers to the thermophoretic coefficient. 

2.3   Particle Deposition Model 

Brach and Dunn's critical velocity deposition model, 
based on the dynamic behavior of particles impacting with 

the wall, effectively describes the rebound or deposition 

phenomenon of particles after impact. Herein, this model 

was considered suitable for the particle-wall interaction 

scenario in this study to judge the adhesion of particles by 

the critical velocity. Consequently, the critical velocity 

deposition model proposed by Brach and Dunn (1992) 

was utilized in this paper, and two distinct processes were 

carried out. The first process involved the adhesion or 

rebound of particles upon contact with the wall. Key 

parameters were defined in accordance with the following 

equations: 
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Fig. 3 Shear stress on the target surface under 

different mesh numbers 

 

where vcr denotes the critical capture velocity of the 

particles, and Ep and Es represent the Young's moduli of 

the particle and wall, respectively. The Poisson's ratios for 

both the particle and wall are denoted as vp and vs, with 

values of 0.27 for each (Soltani & Ahmadi, 1994). When 

the normal impact velocity of the particle was below its 

critical capture velocity (vcr), the particle adhered to the 

wall. Conversely, if the velocity exceeded the critical 

capture velocity (vcr), the particle rebounded and 
continued to move until it exited the computational region 

or adhered to other walls. According to the experimental 

studies of Walsh and Ai et al. (Walsh et al., 1990; Bryant 

& Hurst, 2003; Ai & Kuhlman, 2011), the empirical 

equation applicable to the Young's modulus of particles 

were defined in accordance with the following equation: 

 (9) 

It was approximated that the Young's modulus on the 

deposition surface was the same as the Young's modulus 
on the particle surface, Ep=Es. Tavg was hereby taken as the 

average value of the coolant temperature and the wall 

temperature. 

The second process involved the deposition or 

detachment of particles from the wall after they adhered to 

the wall. When particles adhered to the wall, some of these 

particles might be detached from the wall, influenced by 

the force of the mainstream airflow. This phenomenon 

was the detachment process. The ability of particles to be 

detached from the wall was influenced by the combined 

effects of the force applied by the fluid on the particles and 

the adhesion the wall for the particles. The adhesion of 
particles to the wall primarily arose from van der Waals 

forces. According to EI-Batsh and Haselbacher (2002) 

from the van der Waals forces acting on particles, the 

critical shear velocity necessary for particle detachment 

from the wall was hereby defined in accordance with the 

following equations: 

 

Table2 Boundary conditions 

Number of 

meshes 
5.1million 6.6million 7.5million 

Deposition rate 66.41% 66.43% 66.42% 

 

 
(10) 

 (11) 

 (12) 

 (13) 

where WA is the adhesion work, C is the Canning 

correction coefficient, Kn is the Crusen number, K is the 

composite Young's modulus, τw is the wall shear stress, 

and ρ is the density of the fluid.  Particle detachment or 

deposition was hereby determined by comparing the wall 

friction velocity (uf) with the critical shear velocity (uτc). 

If the wall friction velocity exceeded the critical shear 

velocity, particles were detached. Conversely, particles 

were deposited. 

2.4   Mesh Independence Validation 

Herein, the mesh independent verification was 

conducted on the original structure. The variation of the 

average shear stress on the target surface with the flow 

direction is illustrated in Fig. 3. Once the mesh count 

reached 6.6 million, the average shear stress curve for the 

target surface exhibited only slight fluctuations. 

Consequently, it was determined that an optimal mesh 

number of approximately 6.6 million should be employed. 

The impact, adhesion, and deposition of particles were 

determined using the UDF function. Consequently, the 

deposition rate of particles was independent of the number 
of meshes, as shown in Table 2. The GCI value was small 

(0.7%), indicating that the particle deposition rate 

stabilized with mesh refinement. 

3   Results and Discussion 

During particle deposition, a coupled approach 

involving particle input, flow field changes, and migration 

trajectory changes was employed. After calculating 30 

flow fields for every time particle input, the wall state 

stabilized. The mass of particles one time was 1.97×10-7 
mg, respectively, and a total of particles 100 times were 

put into the simulation calculation. Considering not 

significant deposition characteristics of the impact surface 

and the pre-swirl nozzles and the downstream area, only 

the deposition characteristics of the target surface were 

studied in the contour analysis. 

3.1   Deposition Characteristics of the Novel Cavity  

The impact, adhesion, and deposition were described 

by the impact rate, adhesion rate, and deposition  

rate, respectively. Figures 4 and 5 present the impact rate,  
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Fig. 4 Quantity-based histogram 

 

Fig. 5 Quality-based histogram 

 

adhesion rate, and deposition rate changing with the 

number of baffles based on quantity and quality, 

respectively. It was observed that with increasing number 

of baffles, the impact rate for quantity exhibited a slight 

upward trend. In contrast, the impact rate for quality 

remained relatively constant. Notably, over 95% of the 

input particles collided with the wall, yielding a near 100% 

impact rate by mass. The results indicated that as the 

number of baffles increased, more small-sized particles 

that previously did not collide with the wall surface began 

to do so. Given that these small-sized particles possessed 

lower mass, the overall impact rate for quality remained 
relatively unchanged. After the particles collided with the 

baffle, they lost a portion of their kinetic energy, leading 

to a reduced velocity. Consequently, the normal impact 

velocity of the particles was more likely to fall below the 

critical capture velocity, resulting in increased adhered 

particles. Therefore, as the number of baffles increased,  

 

Fig. 6 Position of the target surface  

 

 

  

Original structure One baffle 

  

Two baffles Three baffles 

Fig. 7 Impact density of target surface 

 

the adhesion rate for both types gradually improved. The 

frequency of deposition increased with the number of 

particles adhering to the surface. This occurred because 

the deposition mechanism remained unchanged, resulting 

in an increase in both deposition rates. Compared to the 

two adhesion rates, the two deposition rates were 
significantly reduced, indicating that after particles 

adhered to the wall, some of them detached and ultimately 

escaped through the outlet. The adhesion rate for quantity 

was significantly higher than that for quality, and the 

deposition rate for quantity far exceeded that of quality. 

This indicated smaller particle-size of adhesion and 

deposition, and the large particles were more likely to 

escape with the coolant. 

Figure 6 shows the position of the target surface in the 

model, where STP represents the upstream stagnation 

point, and PSN indicates the pre-swirl nozzles. Figure 7 
presents the impact density contours of the target surface 

of the four cavities in the X-Y plane. Obviously, the 

particles initially impacted the target surface area directly 

opposite the impingement hole, then progressively 

dispersed and diminished in intensity to the surrounding 

regions, centered on this initial impact area. Ultimately, 

the impact density decreased gradually along the flow 

direction. Combined with the airflow trace distributions 

and the velocity contours of airflow analysis in Fig. 8, it 

was observed that the coolant carried particles rushing to 

the target surface upon injection in the original structure.  



Y. Wang et al. / JAFM, Vol. 18, No. 9, pp. 2309-2320, 2025.  

 

2315 

 

  

Original structure One baffle 

  

Two baffles Three baffles 

Fig. 8 Airflow traces 

 

This resulted in a high impact density at the target area 

directly opposing the impingement hole. Subsequently, a 

portion of the coolant carrying particles continued to flow 

downstream along the target surface, while another 

portion rebounded back to the impact surface upon 
impacting with it. This rebound increased the impact 

density at the impact surface, which then flowed 

downstream along the impact surface. It subsequently 

intersected with the airflow moving along the target 

surface downstream, ultimately transporting the particles 

to the pre-swirl nozzles and downstream. The airflow 

velocity significantly decreased when passing through the 

upstream stagnation region intersecting the target and 

impact surfaces, leading to the formation of vortices. 

Moreover, the impact, adhesion, and deposition of the 

particles would appear locally dense or sparse, so that the 

impact density, adhesion density, and deposition density 
of the particles exhibited uneven distribution in space. For 

cavities featuring one or two baffles, the presence of these 

obstructions altered the direction of airflow on the target 

surface, increasing the amount of coolant carrying 

particles toward the impact surface. Then, airflow 

continued to flow downstream along the impact surface. 

For the cavity equipped with three baffles, Baffle 3 was 

positioned on the impact surface. As the coolant 

approached this surface, it collided with Baffle 3, thereby 

altering its flow direction. The obstructive effect of the 

baffle led to a generally higher particle impact density near 
the Baffle 3 area. Due to the intersection of the airflow in 

the most downstream of the target surface, the impact 

density of the most downstream particles on the target 

surface was high and widely distributed.  

Figure 9 shows the adhesion density contours of  

the target surface of the four cavities in the X-Y plane. As  

 

  

Original structure One baffle 

  

Two baffles Three baffles 

Fig. 9 Adhesion density of target surface 

 

shown in the figure, the adhesion distribution of the target 
surface resembled the impact distribution, and the area of 

particles adhesion was basically included in the particles 

impact area. Furthermore, the adhesion density was 

significantly smaller than the impact density, indicating 

that when a majority of particles collided with the wall, 

their normal impact velocity exceeded the critical capture 

velocity, leading to a greater number of particles 

rebounding instead of adhering. For the target surface, 

their velocity decreased when particles collided with the 

baffle. Consequently, a greater number of particles 

adhered to the baffle, thereby resulting in an increased 

adhesion density on the cavity target surface equipped 
with one baffle compared to the cavity target surface  

of original structure. Contrasting with the cavity with one  
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Original structure One baffle 

  

Two baffles Three baffles 

Fig. 10 Deposition density of target surface 

 

baffle, the cavity with two baffles featured an additional 

baffle positioned downstream of the first. As the airflow 

transported particles past Baffle 1, some particles 

impacted Baffle 2 and might adhere between the two 

baffles. When the particles impacted Baffle 3, some 
particles adhered, resulting in a higher adhesion density at 

Baffle 3 compared to other impact surfaces. The airflow 

traces revealed smaller velocity of the particles carried by 

the airflow, and it was more likely to adhere, thereby 

resulting in a higher adhesion density here. 

Figure 10 represents the deposition density contours 

of the target of the four cavities in the X-Y plane. It can be 

seen that the deposition distribution of particles on the 

target surface is similar to the adhesion distribution on the 

whole. Compared with the cavity of original structure, the 

particles in the cavity with baffles are deposited more on 
the target surface and are more widely distributed. When 

one baffle is installed, particles that pass through the baffle 

continue to move with the airflow or are deposited in other 

locations. When two baffles are set, a portion of particles 

will be deposited between the two baffles. The deposition 

distribution of the cavity with three baffles and the cavity 

with two baffles is similar on the target surface. Some of 

the particles will be deposited at the Baffle 3 area. 

Combined with Fig. 11, the shear stress contours analysis 

of the target surface of different cavities. For target surface 

of original structure, the overall shear stress of the wall is 

larger, the fluid drag moment generated by the wall shear 
stress exceeds the adhesion moment between the particles 

and the wall. Particles that have been adhered are less 

likely to be deposited. The possibility of particles detached 

is greater. So the deposition density of the target surface is 

significantly smaller than the adhesion density of the 

target surface. For the target surface of setting baffles, the 

shear stress is greater in the upstream region of Baffle 1 

and decreases sharply downstream of Baffle 1. This 

observation indicates that in the area upstream of Baffle 1, 

there is a significant likelihood that particles adhered to 

the area will be detached. Conversely, in the downstream 
area of Baffle 1, particles do not be detached easily after 

adhered. In the corresponding deposition density contours,  

 

  

Original structure One baffle 

  

Two baffles Three baffles 

Fig. 11 Shear stress of target surface 

 

the deposition density upstream of Baffle 1 is 

significantly lower than the adhesion density. In contrast, 

the deposition density and adhesion density downstream 

of Baffle 1 are not much different, a finding that can verify 

with the target shear stress contours.  

3.2   Deposition Mass Distribution of the Novel Cavity  

Figure 12 shows the variation of the average adhesion 

quality and the average deposition quality of the target 
surface along the flow direction. X represents the 

projection distance in the X-axis direction from any point 

on the surface to the upstream stagnation point, while L 

represents the projection length of the target surface or 

impact surface in the X-axis direction. The average 

adhesion and deposition quality reached their first peak on 

the target surface directly opposite the impingement hole 

(X/L = 0.25–0.3), and the average adhesion qualities of the 

four cavities were around 4mg/m2. The average adhesion 

quality exceeded the average deposition quality, 

indicating that some particles detached after initial 
adhesion. The second small peak in the average adhesion 

quality was observed between the impingement hole 

directly opposite the target surface area and Baffle 1 (X/L 

= 0.4–0.42). This region corresponded to a higher particle 

adhesion density on the target surface, where shear stress 

was larger, leading to more pronounced detaching 

phenomena. Consequently, the average deposition quality 

in this area did not peak and was significantly lower than 

that of the average adhesion quality. The third peak of the 

average adhesion quality and the average deposition 

quality was observed in the root area upstream of Baffle 1 

(X/L = 0.5–0.52). For the cavity target surface with one 
baffle, this peak value was notably higher; and there was 

no peak value for the cavity target surface of original 

structure. The peak sizes on the target surfaces of the three 

baffled cavities were essentially similar. Furthermore, the 

average adhesion quality across all four cavities exceeded 

that of the deposition quality, and a small number of 

particles were detached. In the downstream region behind 

Baffle 1 (X/L = 0.54–0.6), the cavity target surface with 

one baffle exhibited peaks in both average adhesion 

quality and average deposition quality. In contrast, the  
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Target surface adhesion Target surface deposition 

Fig. 12 Variation of the average adhesion quality and average deposition quality of the target surface along 

the flow direction 

 

 
 

Target surface adhesion Target surface deposition 

Fig. 13 Variation of the average adhesion quality and average deposition quality of the impact surface along 

the flow direction 

 

original structure's cavity target surface did not show a 

peak in average adhesion quality. However, it remained 

higher than that of target surfaces with two or three 

baffles. Notably, the wall shear stress dropped sharply 

downstream of Baffle 1, and it was difficult to be detached 

for particles. As a result, the average deposition quality of 

the three cavities with baffles was basically equal to the 

average adhesion quality. The cavity target surface of the 

original structure, subjected to high wall shear stress, 

experienced significant particle detachment, resulting in 

the lowest average deposition quality, which was 
considerably lower than the average adhesion quality. In 

the root area upstream of Baffle 2 (X/L = 0.8–0.85), both 

the average adhesion quality and average deposition 

quality of the target surfaces of the cavities with two and 

three baffles exhibited a peak. Furthermore, the average 

deposition quality of the three target surfaces of the 

cavities with baffles was basically equal to the average 

adhesion quality. In contrast, the average deposition 

quality of the target surface of the cavity of original 

structure was significantly lower than the average 

adhesion quality. Due to the convergence of the 

downstream airflow (X/L=0.9–1) over the target surface, 

both the average adhesion quality and average deposition 

quality were significantly enhanced. 

Figure 13 illustrates the variation of the average 

adhesion quality and average deposition quality along the 
flow direction on the impact surface. The average 

adhesion quality and average deposition quality first 

peaked on the impact surface of the original cavity 

structure. The airflow initially rebounded from the target  
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Original structure One Baffle Two Baffles Three Baffles 

(a) Based on quantity 

    

Original structure One Baffle Two Baffles Three Baffles 

(b) Based on quality 

Fig. 14 Proportion of deposition 

 

surface to the impact surface (X/L = 0.7–0.75). For the 

baffled cavity, the airflow velocity carrying particles and 

bouncing back to the impact surface was higher due to the 

influence of Baffle 1. The normal impact velocity of a 

larger number of particles exceeded the critical capture 

velocity, making it difficult for these particles to adhere. 

Consequently, the peak location for the original cavity 

structure was positioned further upstream compared to 

that of the baffled cavity. The average deposition quality 
on the impact surface of the original cavity structure was 

basically equal to the average adhesion quality, with 

minimal particle detachment observed. The second peak 

of the average adhesion quality and average deposition 

quality was observed on the impact surface of the cavity 

with three baffles. In the root area upstream of Baffle 3 

(X/L=0.79–0.81), a significant accumulation of particles 

occurred due to the obstruction caused by Baffle 3. 

Consequently, both the average adhesion quality and 

average deposition quality in this region were 

considerably higher than those recorded in the other three 
cavities. The remaining small peaks were observed in the 

most downstream region of the impact surfaces. Analysis 

of the impact and adhesion density contours indicated that 

repeated particle impacts and adhesions in this area led to 

the deposition of multiple small hills. 

3.3   Proportion of Deposition at Typical Locations 

Figure 14 illustrates the percentage of particle 

deposition by quantity and quality at each section, with the 

outlet indicating that undeposited particles have exited 

through it. From a quantitative perspective, the proportion 

of target surface deposition in the four cavities was 

observed to be the highest. Furthermore, as the number of 

baffles increased, the proportion of target surface 

deposition exhibited an overall upward trend, while that of 

impact surface deposition was significantly higher 

compared to the original structure. Given that the pre-swirl 

nozzles and downstream structure remained unchanged, 

the flow characteristics of the airflow carrying particles 

through this region were also consistent. Consequently, 

the deposition proportion in this area remained essentially 
stable. As the number of baffles increased, however, the 

overall deposition rate within the cavity rose 

correspondingly, leading to a progressively smaller 

proportion of outlet escape. From a qualitative 

perspective, the proportion of deposition within cavities 

with baffles significantly increased compared to the 

original structure. Conversely, from a quantitative 

standpoint, minimal change was observed. This indicated 

that the baffle effectively obstructed a greater number of 

larger particles. The proportion of target surface 

deposition did not change significantly for the three 
baffled cavities. The qualitative deposition proportion on 

the impact surface of the original cavity structure 

exceeded that observed in cavities with one or two baffles. 

Conversely, the quantitative deposition proportion in the 

cavity of original structure was lower than that found in 

cavities with one or two baffles. These results indicated 

that after installing a single baffle on the target surface, the 

particles rebounding to the impact surface exhibited 

smaller diameters and higher quantities. In contrast, before 

baffle installation, rebounding particles were larger in size 

and fewer in number. Given that the Baffle 3 was 

positioned on the impact surface, both the quantity and  
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Fig. 15 Total pressure loss coefficients of different 

cavity structures 

 

quality of the cavity deposited on impact surface were 

naturally greater, resulting in an increased deposition 

proportion. From both quantitative and qualitative 

perspectives, the proportion of pre-swirl nozzles and 

downstream deposition remained relatively constant, 

while that of total deposition within the cavity increased 

with more baffles. Consequently, this led to a gradually 

decrease in the proportion of particles escaping through 

the outlet with an increasing number of baffles.  

Figure 15 represents a histogram of the total pressure 

loss coefficient of the four cavities. In the process of 

increasing the number of baffles from zero to three, the 

total pressure loss coefficients were recorded as 4.81, 4.85, 

4.86, and 4.87, respectively. Based on the total pressure 

loss coefficient observed cavity of original structure, the 

total pressure loss coefficients for cavities with 1, 2, and 3 

baffles exhibited increases of 0.83%, 1.04%, and 1.25%, 

respectively, compared to the cavity of original structure. 

Evidently, the total pressure loss coefficient of the cavity 

remained relatively unchanged before and after the baffle 
installation, thereby demonstrating the rationality of the 

baffle structure. The baffle only slightly increased the 

complexity and resistance of the flow, altering the flow 

path of the fluid. 

4   CONCLUSIONS 

Using the critical velocity deposition model, this 

study examined how baffle structures affected the 

migration and deposition characteristics of the novel 

cavity upstream of the pre-swirl nozzles. 

The main conclusions could be listed as follows: 

1) With an increasing number of baffles, the quantity-

based impact rate, adhesion rate, and deposition rate 

within the cavity exhibited a corresponding increase. 

However, the quality-based impact rate remained largely 

unchanged, while the quality-based adhesion and 

deposition rates rose. 

2) The target surface area directly opposite the 

impingement hole and the baffles area exhibited 

significantly broader distributions of impact, adhesion, 

and deposition compared to other regions. 

3) Before and after the installation of the baffles, the 

deposition rates for quantity within the cavity were 

recorded at 66.4%, 73.9%, 75.5%, and 77.2%, 

respectively. These figures corresponded to a reduction in 

the number of particles entering the turbine disk cavity by 

33.6%, 26.1%, 24.5%, and 22.8% respectively. The 

deposition rates for quality were 14.7%, 25.5%, 28.9% 

and 37.7%, respectively, corresponding to a reduction in 

the mass of particles entering the turbine disk cavity by 

85.3%, 74.5%, 71.1%, and 62.3%, respectively. Overall, 

the baffle structure could effectively reduce particle 

ingress into both the turbine disk cavity and rotor blades. 
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