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ABSTRACT

There is a growing interest in sealing technology, as the demand for gas turbine performance improvements increases. The

honeycomb labyrinth seal is the most popular sealing technology, but it takes a lot of time to exactly predict its leakage

performance considering various geometrical parameters and operating conditions. This study investigated a method to reduce

computational costs involved in predicting the performance of honeycomb labyrinth seals using artificial neural networks(ANN)

and computational fluid dynamics(CFD). Firstly, the central composite design, one of the design of experiment(DOE), was used

to analyze the effects of various geometrical parameters on the leakage performance. The influences of geometric parameters

were comparatively analyzed using a Pareto chart, and it was confirmed that clearance, tooth width, pitch, and honeycomb cell

diameter were statistically significant(i.e. influential) parameters. Then, CFD simulation was performed using the combination

of the selected geometric parameters and operating conditions, generating the database for the ANN to train. The high accuracy

of the ANN’s prediction was confirmed by comparing its results with CFD simulations using mean squared error(MSE) and

root mean squared error(RMSE). The MSE and RMSE values for the training data within the generated database were 1.475
x 107 and 0.003841, respectively. For the new unseen data, the MSE and RMSE values determined to be were 0.00021 and

0.01452 respectively.
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Fig. 2 Schematic geometry and parameters of seal

Table 1 Range of design parameters of honeycomb

labyrinth seal

Parameters Description value

D/Hyc HC cell diameter/ HC cell depth 0.252, 0.504

S/Hrer Clearance / Tooth height reference | 0.083~0.33

Tooth width / Tooth height

b/H,
of reference

0.1~0.183

P/Hiet Pitch / Tooth height reference 0917~1.167

Tooth height / Tooth height

H/H
ref reference

0.75~1

Ol

o,
o N

>

)

R A

do

N
X T
o

4 oN &
N
et
>.

o

¥ (o
o

e

=

(central composite design) .= A%
ZAGA A AHE PR QAA A (full factorial design

points) 2%, & H(axial points) 2z, %4%(center point)
no 2 FAdEc) oy, x= 2%l(factor)?] g UERA
W, 2212 +1 ¥ —12 F 79 $E(level) S 7HT, &
[UAAME 2 o Eom 2PE= BE FY
Uhehulel, % e 7t 5ee] 40 0 & EHSL,
= 99l ko] 48 yeic,

et SURAAAY 2 A, 5 4 20 )

n Aol grem At o] T,

Z+ ZA)

.o

o
> o
o rlo wn

2" 4+2x+n

63



HELA -

Table 2 Candidate design point by central composite design

Design points Geometric parameters

S/Her | b/Her | PHer | HHer | D/Hyc

Point 1 0.33 0.183 | 1.167 1 0.504

Point 2 0.208 | 0.183 | 0.917 1 0.504

Point 3 0.083 | 0.141 | 1.042 | 0.875 | 0.252

Point 60 0.083 0.1 1.042 1 0.504

Point 61 0.33 0.1 0.917 1 0.504

Point 62 0.33 0.183 | 1.042 | 0.875 | 0.504
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Fig. 3 Computational domain and grids

Table 3 Numerical methods and boundary conditions(stationary)

Software ANSYS CFX 2020R2

Fluid Air (ideal gas)

Turbulence model Shear Stress Transport(SST)

Inlet temperature 300 K
Outlet static pressure 101.325 kPa
Pressure ratio 2.5

Wall Adiabatic, no slip

Lateral faces Periodicity

Advection scheme High resolution
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Fig. 4 Example of grid dependence test results of the
stationary seal(D/Huc=0.252, S/He=0.083, b/H:=0.1,
P/H.=0.917, PR=2.5)

Table 4 Comparison of CFD results & EXP data

SD EXP(Y CFD Percentage
variation(%o)
0.187 1.35 1.33 1.03
0.309 1.23 1.21 1.79
0.496 1.17 1.16 0.626
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Pareto plot of standardized effects
2.02 (Parameter: Cp, a=0.05)
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Fig. 5 Pareto chart for the reduced parameters
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Table 5 Training data & new unseen data

Parameters Training data New unseen data
D/Hic 0.252, 0.504 0.252, 0.504
S/Hrer 0.083, 0.208, 0.33 0.125, 0.292
b/Hyet 0.1, 0.1417, 0.183 0.125, 0.167
P/Heer 0.917, 1.042, 1.167 1, 1.083

PR 1.5, 2.0, 2.5 1.8, 23
X 0 500,500, 4500|3500 350 o
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