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Numerical analysis of the front deflector at the outer air seal of low-pressure turbine 
 
ARTICLE INFO  A new design solution – the front deflector – intended to improve the performance of the outer air seals of the 

low-pressure turbine is analyzed in this paper using steady Reynolds-Averaged Navier-Stokes (RANS) simula-

tions of a three-stage, state-of-the-art LPT model, including inner and outer cavities. The regions near the 
casing in the LPT still show potential for improvement, mainly due to flow interactions associated with the outer 

air seals. One recent concept for improving these areas is the front deflector. The solution is to modify the front 

part of the cavity. Its operating principle is to introduce an additional labyrinth for the leakage while simultane-
ously minimizing the front cavity volume. In the paper, several scenarios for implementing this feature are 

analyzed, including reducing the front-cavity volume without a static fin and adding a static fin to create an 

auxiliary labyrinth. Furthermore, the effects on the flow and the potential improvements in LPT efficiency 
associated with the solution are discussed. The former reduces front-cavity recirculation and its interaction with 

the mainstream; the latter reduces seal leakage when the fin length is sufficient. Across three stages, the 

predicted changes in LPT isentropic efficiency are on the order of 0.03–0.06%, depending on the scenario. 
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1. Introduction 
There is considerable interest in improving the tur-

bomachine sealing system because it directly affects the 

performance of the entire engine. Enhancement in perfor-

mance can be achieved by either boosting or altering the 

thermodynamic cycle or increasing the efficiencies of par-

ticular components [4].  

Efficient operation of the low-pressure turbine is of high 

importance at the component level. activities aimed at im-

proving the efficiency of this module are meaningful for the 

environment, airlines, and engine producers.  

On the other hand, modern CFD-assisted designs of tur-

bomachinery are already considerably loaded and opti-

mized. The application of high-tech solutions, such as low-

loss airfoils via controlled laminar-turbulent boundary-layer 

transition, ultra-thin trailing edges, optimized work distri-

bution, endwall contouring, and other technologies, has 

enabled the edges of maximal efficiency in today's low-

pressure turbine (LPT).  

As a result, the overall isentropic efficiency of the best 

designs is already very high for the currently optimized 

designs, and gains of the order of 0.1% in isentropic effi-

ciency are difficult to achieve; however, they are still high-

ly required [19].  

Nonetheless, there are a few areas requiring further de-

velopment. The potential still exists in regions at the sides 

of the main gas path [19], where inner and outer air seals 

can be differentiated. Sealing systems in low-pressure tur-

bines are indispensable because they ensure proper engine 

operation. Nevertheless, as reported by different researchers, 

they inevitably decrease efficiency by as much as a few per-

centage points [9, 22].  

In this paper, the main focus is on the outer air seals 

(OAS) of LPT. A representative state-of-the-art outer air 

seal is shown in Fig. 1. It comprises a labyrinth seal created 

between the blade fins and an abradable structure e.g. hon-

eycomb. Labyrinth seals are effective and reliable. They are 

already very well-grounded solutions, robust and proven – 

perfect for aircraft engines as highlighted in [17]. This type 

of sealing can withstand high demands and harsh conditions 

in outer cavities.  

As indicated by Hendricks et al. [10], sealing require-

ments vary significantly between shroud regions at blade 

tips and near the shaft for sealing of platform and cavity 

interfaces. IAS are located near the disk regions, OAS in 

the vicinity of the casing. As a result, the outer seals operate 

at twice the radius of the inner cavities at very high circum-

ferential speeds. Typically, the outer air seals configura-

tions consist of two or, at most, three fins. It is because 

additional mass at such a radius is unfavorable for the dura-

bility of the rotating blade. Between the two locations, there 

are also meaningful differences in pressure gradients, ther-

mal and structural requirements. Another challenge posed 

by materials capabilities – not only due to the temperature 

level but also with respect to contact at the interface be-

tween rotating and nonrotating parts, as pointed out by 

Chupp et al. [3]. Furthermore, there are significant relative 

radial and axial movements of the parts. As a result, it is 

extremely difficult to maintain relatively small clearances 

between rotating and nonrotating parts in these regions. 

Another notable distinction between the inner and outer 

sealing regions is the amount of cooling flow. OAS experi-

ences much less purging and, as a result, operates at higher 

temperatures, which is limiting for many solutions. 

Despite the ongoing need for enhancements to the seal-

ing system, various solutions cannot be implemented for 

OAS due to the range of abovementioned multidisciplinary 

limitations. For instance, a promising advance in sealing is 

brush seals, which can be configured in different ways [2, 

3, 12]. The sealing performance of brush seals is superior to 

that of conventional labyrinth seals. At a certain clearance, 

they can reduce leakage by up to 80% compared to the 

straight labyrinth [3]. While brush seals are suitable for 

compressors and some turbine internal locations, they are 
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not applicable to OAS for several reasons, including sub-

stantial variations in clearances, reliability at high tempera-

tures, and deterioration and oxidation of wires [3, 6].  

Different researchers have applied modifications to the 

OAS cavities to improve inflow to the mainstream and 

reduce leakage. In a typical arrangement, fins point up-

wards from the blade shroud. Mahle and Schmierer [16] 

proposed applying an inverse fin configuration, typical of 

steam turbines, to an aircraft LPT. Klingels [14] proposes  

a combined configuration of conventional and inverse fin 

designs. Besides two conventional fins at the LPT blade 

shroud, in the rear part of the cavity, his design includes 

another static fin that points down. Features in the rear part 

of OAS are also researched by Rosic et al. [23]. The authors 

investigate three different concepts: shaping of the rear part 

of the exit cavity, an axial deflector, and a radial deflector 

in several geometrical variations. Most designs demonstrate 

the positive impact of the devices in the rear cavity. Never-

theless, the application of such devices to OAS of LPT is 

problematic due to the considerable axial rotor movement, 

which limits most such solutions. A recent idea by Nishii 

and Hamabe [18] proposes a secondary-flow suppression 

structure in the rear part of a cavity. It is an additional radial 

opening of the rear cavity. In this way, the leakage flow is 

expected to decrease slightly. In this configuration, the 

blade's movements are not restricted. Fanelli et al. [5] pro-

pose another solution, suggesting the incorporation of small 

airfoil-shaped structures in specific locations along the 

blade shroud. A good example of a well-performing ad-

vance with respect to outer seals is the application of  

a separate active clearance control system to the low-

pressure turbine. It has become state-of-the-art for today's 

turbines. It provides an increase in LPT performance on the 

same basis as for high-pressure turbines, by maintaining 

radial clearances at a consistently low level throughout the 

mission.  

Sealing systems for turbomachinery are constantly 

evolving, with ongoing development of available solutions 

and recent advances. However, due to various limitations in 

novel low-pressure turbines, many of these concepts are not 

applicable.  

The objective of this paper is to analyze the front deflec-

tor (FD) as a new concept for outer air seals. The developed 

solution is intended to be simple and straightforward for 

implementation. The research primarily focuses on the 

aerodynamic operation and key sensitivities of the solution, 

providing directions for its further development. Further-

more, the research contributes to a deeper understanding of 

OAS operations, particularly in relation to the effects asso-

ciated with the proposed designs. Front deflector concept 

and its initial multidisciplinary evaluation. 

1.1. Baseline case – state-of-the-art LPT OAS 

The solution discussed in this paper is intended for im-

proving LPT operation in the area of outer air seals. Figure 

1 presents a typical OAS design for LPT, which is chosen 

as the baseline. It is a labyrinth seal with two fins and an 

abradable honeycomb structure.  

The functional principle of this sealing system is based 

on creating a labyrinth of fins and a honeycomb, effectively 

reducing the leakage mass flow rate over the blade and, 

consequently, overall losses and increasing machine per-

formance. The leakage goes through the fins and further 

inflows into the mainstream before the subsequent vane.  

 

Fig. 1. Schematic representation of a state-of-the-art Outer Air Seal of LPT 

 EP3324002B1 [14]  

 

It is important to note that the blade moves relative to 

the non-rotating parts during the mission of an engine, due 

to thermal and structural displacements. Thus, it is not 

possible to design anything in the area of the blade move-

ments. Interaction between the blade and the honeycomb is 

allowed. In regular operation, the fins rub into the honey-

comb. In addition, it should be noted that the LPT may be 

equipped with the ACC system, providing tight running 

clearances over the mission.  

The discussed design is a well-established configuration 

of the outer air seal, proven to be robust and reliable 

throughout the LPT's life cycle. 

1.2. New solution - Front Deflector 

The concept developed to improve the OAS is the front 

deflector. It is schematically pictured in Fig. 2, which fol-

lows patent application [20], confirming the novelty of the 

solution. It is a modification of the front part of the OAS 

cavity. The underlying principle of the concept is to intro-

duce an additional labyrinth to reduce leakage and to mini-

mize the front volume. 

The labyrinth is intended to reduce leakage through the 

seal. By decreasing the cavity volume, the gas path contour 

approaches the ideal flow path, reducing interactions be-

tween the large vortices in the OAS cavity and the main-

stream. It is expected that the solution will further improve 

performance in off-design operation when the blade moves 

close to the deflector. Additionally, the front fin of the 

blade can be inclined towards the static fin to improve the 

overlapping labyrinth. 

The assessment indicates that it is a relatively simple so-

lution that enhances the front part of OAS. 

The length of the static fin depends on the blade's keep-

out zones, which vary by machine. There are various ways 

to realize the front deflector concept; however, the aerody-

namic benefits of the front deflector depend on the primary 

geometrical features that influence the cavity volume.  
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Fig. 2. Schematic representation of the front deflector concept. Reference 

 patent EP19209602A1 [20] 

 

The deflector is expected to provide aerodynamic ad-

vantages at the LPT design point and during off-design 

operation, as the blade moves closer to the deflector due to 

the rotor's axial movement relative to the casing. In these 

operating conditions, the feature will provide additional 

sealing improvement. 

2. Numerical CFD modeling 

2.1. Geometry and mesh  

To evaluate the aerodynamic benefits of the Front De-

flector, the feature is designed for all stages of the re-

searched LPT. It is analyzed in several configurations, 

using CFD to assess the aerodynamic efficiency benefit. 

The CFD model of the turbine reflects an aerodynamic  

3-stage rig of a modern LPT. Figure 3 provides a visual 

representation of the machine.  

Accurately reflected geometry is of primary importance 

for numerical prediction. Therefore, airfoils, including all 

meaningful details, are thoroughly modeled. In addition, the 

model incorporates cavities at the inner and outer endwalls. 

As demonstrated by Gier et al. 0, the inclusion of cavities is 

of significant importance for the reliable prediction of the 

LPT flow field and its characteristics, particularly for effi-

ciency. Similar conclusions were drawn by Giboni et al. [8] 

and Henke et al. [11].  

The machine-discretization approach corresponds to the 

procedure used by Mahle [15]. It assumes separate meshing 

of the mainstream and the cavities, which enables high-

quality grids. Structured, hexahedral meshes are generated 

for both the main gas path and the cavities. The complete 

mesh consists of around 24 million cells, including 6 mil-

lion representing cavities. The grids are refined at walls and 

in regions of high gradients, e.g., at the fins of the labyrinth 

seals. The averaged dimensionless wall distance y+ is 

around 1 at the airfoils and at the endwalls in the main-

stream. This contributes to the proper resolution of bounda-

ry layers. Resolution at the cavity walls is intentionally 

coarser. It is also considered that resolving the boundary 

layers in the cavities would significantly increase the model 

size. Thus, Wall Functions are applied in these regions. The 

justification of this approach for outer air seals is broadly 

described in [19].  

The quality of the meshes is considered very good and 

meets best practices for the applied CFD solver. Exemplary 

grids for a cavity are shown in Fig. 5. 

 

 Fig. 3. CFD model of the analyzed LPT 

2.2. CFD setup  

For the efficiency assessment, numerical steady-state 

Reynolds-Averaged Navier-Stokes simulations were con-

ducted. Wein et al. [25, 26] performed high-quality meas-

urements of a straight outer air seal and compared them 

with RANS and Large Eddy Simulations. They demonstrate 

the potential application of properly configured RANS for 

OAS analyses. Their findings indicate that, despite local 

deviations in flow behavior, RANS delivers robust and 

valid predictions of the primary flow features that drive 

phenomena in the outer cavities. RANS also remains the 

industrial standard and is deemed sufficient for many tur-

bine research as pointed by Vanhaelst et al. [24].  

For the analyses, the TRACE solver, specialized for tur-

bomachinery applications, has been employed. It is a densi-

ty-based code, developed by the German Aerospace Center 

(DLR) and MTU Aero Engines. TRACE uses a predictor-

corrector solution strategy. It allows fully implicit discreti-

zation of the equations at a given time step. Higher resolu-

tion spatial discretization schemes are used. For TRACE, it 

is the second-order accurate Fromm scheme [7], together 

with a special van Albada limiter [1] to stabilize the solving 

process. For time integration, implicit procedures are used 

until a steady state is reached. 

The two-equation Wilcox k-ω model [27] is used for 

turbulence modeling. As verified by Gier et al. [9] and 

Henke et al. [11], it provides reliable prediction with re-

spect to low-pressure turbines, including cavities, for  

a range of Reynolds numbers typical for aircraft engines. 

The setup also includes other extensions; in particular, the 

turbulence model is corrected by the Kato-Launder [13] 

formulation to account for turbulent kinetic energy produc-

tion at stagnation points.  

 



 

Numerical analysis of front deflector at outer air seal of low pressure turbine 

6 COMBUSTION ENGINES, 0000;XXX(X) 

2.3. Boundary conditions  

The low-pressure turbine under investigation is simulat-

ed at its design point. At the inlet of the CFD model of the 

turbine, boundary conditions measured in the test rig are 

specified. This includes radial distributions of total pres-

sure, total temperature, turbulence quantities, and velocity 

angles. At the outlet, static pressure is set, assuming radial 

equilibrium. Both the inlet and the outlet are non-reflecting. 

The boundary conditions imposed at the walls are shown  

in Fig. 4. All walls are assumed to be adiabatic. 

In steady simulations, the rows in the mainstream are 

connected via mixing planes, following the typical ap-

proach used in turbomachinery simulations. This way ena-

bles the connection of vanes and blades with different 

speeds and pitches defined in the flow domains. 

Also, in the cavities and at necessary locations, mixing 

planes between stationary and rotating domains are speci-

fied. Additionally, special interfaces, described by Yang 

[28], are used to connect the cavities and the mainstream. 

The approach is illustrated in Fig. 4. The interfaces facili-

tate the transfer of numerical information between the two 

sides, modeling inflow or outflow. To ensure proper con-

nection between the two, the grids at the interfaces are 

adjusted to provide a similar resolution on both sides.  

 

 Fig. 4. CFD modeling of the front deflector 

2.4. Convergence behavior 

The simulations are considered converged after revising 

several conditions. Parameters of the machine, such as mass 

flow, pressure ratio, and efficiency, are monitored for the 

entire system and for individual rows at specified intervals. 

Additionally, the behavior of averaged flow quantities at 

interfaces is monitored to ensure solution stability. The 

global and maximal residuals are also monitored. For all 

simulations in this article, the global RMS residuals are 

fairly below 1·10
–5

. The simulations are stopped manually 

once a prolonged steady state is reached, provided that the 

above criteria are met. For all researched cases, the effi-

ciency fluctuations were an order of magnitude smaller than 

reported changes.  

2.5. Introduction of the front deflector to the baseline 

CFD model 

As previously mentioned, the modification reflecting 

the front deflector is applied to the outer air seals for all 

stages of the reference LPT. Figure 5 indicates the crucial 

geometrical parameters of the front deflector. Those are the 

protrusions of the deflector covering the front cavity vol-

ume and the length of the static fin. In the researched con-

figurations at different stages those parameters vary 

ax = 0.4 − 0.5 bx and L = 0.7 − 1.2 H.  

The modeling approach is depicted in Fig. 4. The fluid 

control domain of the cavity, including the surrounding area 

of the feature, is modeled and appended to the main gas 

path with interfaces. The setup applied to the modified 

cases corresponds to that used in the reference turbine. 

Figure 5 also presents meshes for different configura-

tions of the front deflector. The cases represent: baseline 

outer air seal; cavity with reduced front volume without  

a static fin; and front deflector with a static fin. 

 

 

 

Fig. 5. Primary geometrical parameters of front deflector (a), comparison 
of the meshes for different configurations. From the left: reference cavity, 

 front deflector without static fin and front deflector with static fin 

 

The changes to the mesh are kept to a minimum level – 

only the front part of the cavity is modified. In particular, 

the number of cells at the interface is the same for all con-

figurations. The region near the fin of the blade is already 

unchanged. A small refinement is necessary in the vicinity 

of the additional static fin, which is deemed acceptable. 

Mesh criteria for the modifications are also considered 

acceptable. 

The validity of the applied CFD models is comprehen-

sively discussed in [19]. The findings confirm high accura-

cy of the prediction for the outer air seals using the em-

ployed numerical method. It is concluded that modifica-

tions to the OAS, which affect the mainstream flow, can be 

quantified in terms of changes in turbine efficiency. The 

overall LPT isentropic efficiency is calculated between LPT 

inlet and outlet as:  

 ηLPT =
ht,out− ht,in

ht,out,is− ht,in
 (1) 

 

b) 

a) 
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3. Results and discussion 

3.1. Evaluation of the performance of the front deflector 

without the static fin 

At first, the aerodynamic performance and benefits re-

sulting from reducing the front OAS cavity with the front 

deflector without a static fin are assessed. Two configura-

tions, as shown in Fig. 6, are analyzed and compared to the 

baseline case.  

 

Fig. 6. Investigated cases of front cavity reduction with front deflector 

 without static fin 

 

The first modification represents the feature geometry 

with a single bend, while the second uses a double bend. 

The solution with two bends allows for reducing the step 

and achieving a very close reproduction of the ideal flow 

path. In this way, it is assumed that step losses can be fur-

ther reduced. According to Gier et al. [9], the significance 

of step losses increases for smaller leakages through the 

seal, which is often the case in today's turbines due to ad-

vanced systems for running clearance reduction. Thus, 

looking for fractions of efficiency, it is also worth checking 

this direction for improvements. 

Detailed CFD simulations of all cases, presented in Fig. 

7, indicate that both solutions are beneficial but perform 

nearly equally.  

 

Fig. 7. LPT efficiency benefits from front cavity reduction with front 

 deflector without the static fin 

 

The overall benefit is considered comparable between 

the two configurations. This indicates that such a small 

additional step in the flow path, which adds an additional 

perturbation to the fluid, has a relatively small impact on 

the overall improvement. Figures 8 and 9 present the flow 

field of the investigated cases.  

As evident from these figures, the large vortices in the 

front cavity are considerably reduced when the cavity vol-

ume is decreased. The primary benefit is indeed the reduc-

tion in interactions.  

As shown in Fig. 8, the front cavity recirculation zones 

interact with the mainstream, generating shear losses due to 

the difference in circumferential velocity between the two 

flows. 

 

Fig. 8. Relative circumferential velocity and streamlines for investigated 

 cases of front deflector without static fin in different configurations 

 

Moreover, the figure reveals that, in addition to contrib-

uting to the reduction of the vortex, the FD simultaneously 

reduces the circumferential velocity in the front part of the 

cavity, which is closer to the mainstream velocity. Conse-

quently, the mixing losses are smaller, as also indicated by 

Fig. 9. 

 

Fig. 9. Relative turbulent kinetic energy and streamlines for investigated 

 cases of front deflector without static fin in different configurations 

 
Table 1. Comparison of the characteristic numbers for OAS with front 

deflector without static fin for different configurations for one stage 

 

 

Reference FD single 

bend 

FD double 

bend 

 

   
Axial Reynolds 

number, 𝑅𝑒𝑎𝑥 1760 1760 1760 

Outlet Swirl  

ratio, 𝐾𝑜𝑢𝑡 0.68 0.66 0.66 

Windage heating, 𝜎 0.19 0.19 0.19 

 

As shown in Fig. 8 and Fig. 9, the primary leakage path 

is not affected by the presence of the front deflector without 

the static fin. This observation is further supported by the 

dimensionless numbers for OAS [21], provided for one seal 

across different FD variants in Table 1. These quantities 
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are: axial Reynolds number, swirl ratio and windage heat-

ing according to the equations below:  

 Reax =
ṁ

2πRμ
  (2) 

 K =
Vθ

NR
  (3) 

 σ =
2cp(Tt,out−Tt,in)

U2   (4) 

For all variants, the characteristic numbers are nearly 

the same. It indicates that the seal's general operation re-

mains unchanged across the investigated designs of the 

concept without a static fin. In particular, the axial Reyn-

olds number [21], which provides insights into leakage 

behavior, is comparable. Thus, it is concluded that reducing 

the front cavity volume does not affect leakage through the 

seal, suggesting it is not the reason for the observed benefit 

in the cases without the static fin. 

Reducing the front cavity volume with the front deflec-

tor (without the static fin) consistently weakens the large 

vortices in the front cavity and lowers their interaction with 

the mainstream, leading to a small but repeatable LPT effi-

ciency benefit around 0.03% for the solution implemented 

in all stages. Leakage behavior remains unchanged, indicat-

ing that the improvement results solely from reduced cavi-

ty–mainstream interaction rather than from any modifica-

tion of the seal leakage. 

3.2. Evaluation of the performance of the front deflector 

with the static fin 

The static fin creates an additional labyrinth for leakage 

and, in this way, reduces it. To assess the sensitivity of the 

FD concept to the length of the fin, two cases are consid-

ered: a short fin and a long fin. These variants are compared 

with the reference OAS design and with the case without  

a static fin. The investigated configurations are presented in 

Fig. 10.  

 

 Fig. 10. Investigated design cases of the front deflector with a static fin 

 

Analyzing the flow field shown in Fig. 11, it is apparent 

that the vortex present in the front cavity is further reduced 

with the application of the static fin. Nevertheless, revising 

the benefit in LPT efficiency presented in Fig. 13, it is 

evident that the short static fin does not provide any further 

improvement compared to the front deflector without the 

static fin. It can be concluded that a decrease in the vortices 

in the front cavity has a meaningful impact only if it reduc-

es their interaction with the mainstream. 

This is reflected in Fig. 11, which compares the two 

cases by the relative TKE level and the lack of influence on 

the streamlines due to the leakage. Thus, the short fin does 

not function as intended, as its primary purpose is to create 

an additional labyrinth to reduce leakage. It is additionally 

confirmed in Table 2 by comparing the axial Reynolds 

number [21]. 

It points to a conclusion that the length of the fin is cru-

cial for the overall benefit from the solution. It is evident 

that as the clearance between the blade and the static fin 

decreases, the leakage encounters more blockage, resulting 

in its reduction. Nevertheless, it is important to ensure the 

blade does not come into contact with the fin to avoid dam-

age. Taking this into account, further investigation of the 

case with the longer fin is conducted. 

 

Fig. 11. Relative turbulent kinetic energy and streamlines for investigated 

 cases of front deflector with static fin in different configurations 

 

As noticeable in Table 2, the analyses show that the 

front deflector with the longer static fin reduces the axial 

Reynolds number [21] of the investigated OAS. The figure 

shows that the longer fin reduces leakage by around 6% 

compared to the reference case. This reflects positively on 

the efficiency gain, as depicted in Fig. 13. 

Moreover, Table 2 shows that applying the front deflec-

tor does not visibly affect the outlet swirl ratio or windage 

heating [21]. Only in the configuration with the long static 

fin is a small change in the outlet swirl observed. Thus, it is 

concluded that in the rear part of the cavity and behind it, 

the mixing as well as internal losses are not noticeably 

changed with the application of the front deflector. This is 

also confirmed by revising plots in Fig. 11, because already 
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in the vicinity of the first fin, there are no significant differ-

ences between the configurations.  

 
Table 2. Comparison of characteristic numbers for OAS with a front 

deflector and with static fin for different configurations 

 

 Reference 
FD with-
out static 

fin 

FD with 
short 

static fin 

FD with 
long 

static fin 

 

    

Axial Reynolds 

number, 𝑅𝑒𝑎𝑥 
1760 1760 1750 1650 

Outlet swirl  

ratio, 𝐾𝑜𝑢𝑡 
0.68 0.66 0.65 0.64 

Windage heating, 𝜎 0.19 0.19 0.19 0.19 

 

Further insight into the flow above the first fin is shown 

in Fig. 12 below. It provides profiles of relative velocity 

above the first fin of the seal. This comparison clearly 

shows that the front deflector concept has no significant 

influence on the velocity. Upon analysis, only a small de-

crease of up to 6% can be observed. This decrease is visible 

for both axial and circumferential components.  

 

Fig. 12. Profile of relative velocity above the first fin of the outer air seal 
 for different configurations of the front deflector 

 

Based on Fig. 13, the overall efficiency potential of the 

front deflector concept is estimated to lie between 0.03% 

and 0.06%, depending on the length of the static fin. As 

pointed out earlier, the configuration with the short static 

fin is close to the variant without a static fin. Thus, for 

turbines where the length of the fin is significantly limited 

due to keep-out zones of the blade, it is applicable to omit 

the static fin. Additionally, it is anticipated that the concept 

can yield further benefits when combined with inclined fins 

to enhance the efficiency gains. 

The addition of a static fin improves performance only 

when the fin is long enough to act as an effective additional 

labyrinth. While the short fin does not reduce leakage, the 

long fin reduces OAS leakage and yields a higher LPT 

efficiency gain of up to 0.06% for the solution implemented 

across all stages. Other flow characteristics remain largely 

unchanged, highlighting fin length as the key parameter 

influencing the benefit. 

 

Fig. 13. LPT efficiency benefit from front deflector in different configura-

tions 

4. Future work 

Analyses of cases with the longer fin indicate the fea-

ture could have potential in off‑design operation when the 

blade moves forward. Verifying this requires future work.  

Furthermore, successful implementation in an engine re-

quires a detailed assessment of durability, mechanical ro-

bustness, and manufacturability of the proposed geometry. 

Experimental validation of the specific designs also re-

mains outstanding and is essential to confirm the numerical 

findings presented herein. 

5. Conclusions 

This work investigated a new front deflector concept for 

outer air seals in a low-pressure turbine, aiming to improve 

near‑casing aerodynamic performance at minimal integra-

tion cost, while simultaneously providing a small overall 

efficiency benefit. 

The assessment was carried out on a three‑stage, 

state‑of‑the‑art LPT configuration with detailed inner and 

outer cavities using steady RANS simulations. 

The concept has been investigated in two main configu-

rations – with and without the static fin. The feature im-

proves OAS performance in two ways. Firstly, it reduces 

interactions between the mainstream and the front cavities 

for all investigated configurations.  

Secondly, it provides an additional labyrinth for the leak-

age reduction in the configuration with the long static fin.  

The efficiency gain in the case without the static fin re-

sults from reduced interactions in the front cavity. The 

reduction in the front cavity volume does not influence the 

leakage through the seal, yielding a small but repeatable 

efficiency benefit. 

It is observed that the inclusion of a static fin reduces 

leakage only if it is long enough, and this depends strongly 

on the turbine's design. 

The overall improvement in LPT efficiency from the 

front deflector implemented across all three stages is be-

tween 0.03% and 0.06%, depending on the application. The 
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final benefit must be weighed against implementation costs 

to justify its adoption in engines. 
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Nomenclature 

ax [m] axial protruding of FD 

bx [m] axial shroud length 

c [m] radial clearance 

cp [J/(kg·K)] specific heat capacity  

h [J/kg] specific enthalpy 

H [m] first fin height 

L [m] FD static fin length 

ṁ [kg/s] mass flow rate 

K  [–] swirl ratio  

N [rpm] rotational speed 

R [m] average radius of fins 

Reax  [–] axial Reynolds number 

Ref  any reference quantity 

T [K] temperature 

U =
πN

30
R  [m/s] rotor fins circumferential velocity  

Vx [m/s] axial velocity component 

Vr [m/s] radial velocity component 

Vθ [m/s] circumferential velocity 

component 

η [–] isentropic efficiency 

μ [Pa∙s] dynamic viscosity 

σ [–] windage heating  

Δ  change in any quantity 

FD  front deflector 

IAS/OAS  inner / outer air seal 

LPT  low pressure turbine 

TKE  turbulent kinetic energy 
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