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HONEYCOMB LABYRINTH SEAL LEAKAGE CHARACTERISTIC ANALYSIS
WITH ACTUAL OPERATING CONDITIONS ON THE COMPRESSOR OF GAS TURBINE

S.B. Lim, MK. Kim, Y.H. Kang and W.G. Park’
School of Mechanical Engineering, Pusan National Univ.

Recently, There are many studies in progress in order to improve the efficiency of the gas turbine. Leakage in
losses of the gas turbine account for the largest proportion. Seal is a sealing device to reduce the flow from
leaking by the pressure difference inside the turbine. Compressor has another value according to the shape and
pressure conditions in each stage. Thus, it is necessary to seal design for boundary conditions in order to minimize
leakage. At the actual operating conditions of the compressor, numerical analysis of honeycomb labyrinth seal was
performed in accordance with pressure, temperature, rotor speed for CFD. As a result, when the temperature
increases, the leakage is decreased. Also, when the pressure increases linearly with increased leakage, and there

was no effect of the rotation speed.
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Fig. 1 3D geometry of honeycomb labyrinth seal
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Fig. 2 Geometry of honeycomb labyrinth seal[10]
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Table 1 Geometric parameters of the honeycomb labyrinth seal[10]

Geometry

Fin pitch(t) 28 mm
Fin height(h) 12.88 mm
Tip thickness(b) 1.316 mm
Honeycomb cell depth(H ) 24.08 mm
Honeycomb diameter(L) 6.44 mm
Clearance(s) 3.192 mm

Number of labyrinth teeth 3

Fig. 3 Grid and boundary condition
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Fig. 4 Leakage with number of grid

A8 AP ol

23 Axt 4d § BA =

U A7t s A Ale]] 76X AxlE S
Alhexa) ARSI, fse AAaA st =
UahAl AdsIsich et MRS WE SER 3]
wite] W ZAHeAY] AN o] FEe] THHES
scalable wall function ARSI, 1 O E BH Zxjo|
thato] y+7k 11.06 ool ¥ sdahs B <A A=}
5 zHshAl Adeigitk 2 sl Ak Axkel AAZA
< Fig 3o WERIE AAERDE SiAEEe ¢l
pressure inlet, Z7-+ pressure outlet, 3]Fdk= ZE|Q] B
+ rotating wall® A27335}911, AHE periodic boundary
conditions 4743} Th

Aol M AR FHEEE ERIsH] flste], A%



HONEYCOMB LABYRINTH SEAL LEAKAGE CHARACTERISTIC ANALYSIS:

Vol.20, No.4, 2015. 12 / 105

= 10,000 ~ 5,500,0008] HLlelA] M-S Tt AR
7F S71gkel| wet dw gro] FEEs Blen, I AdE
Fig. 4°] WERSITE Az vizks 4 Aw) oF 3407 7 o]
Ao o] 00005087 ke/s = AR S Felgd ¢
UGN, - AFeA] ARESE FIM RS Axpg= oF 5507
74 olct.

2.4 —’Filéﬂ**%*ﬂ

< 3F 29 A9t WEsEa otk n@aw = AFelAE
U s A g %zﬂ% o IAZ 71As] S
S Sl AaE B Aol wet Standard k-e RS
ARSI Sl A8 = l Ansys FLUENT 1503 A&
3199, AAIEE AR Table 21 LRSI

2 ool ] H
7} &yzie] F7ke HMA
Ak B AT BUF meel
ik o=
Hla Avs 157 5Uz 479 nle] b #dAG
HZ JERon, Fig st A3k idgs vlwste] el
U )=

i ) B e IR Ee B A B e i L R B o)
A9l =] s Yehie gow, 3 1w 2 g
7HAH, U ARl v 1= w7 45 2 gk

A 1 Ae gedt 2,

3]

o

tle o

CD, Honeycomb

CD, Labyrinth

Table 2 Operating Condition

Operating Condition
Software ANSYS FLUENT 15.0
Fluid ideal gas
Turbulence model Standard k-e
Inlet temperature 300K
Qutlet static pressure 101,325 Pa
Pressure ratio 1.1
Seal clearance 1.204, 1.988. 3.192 mm
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Fig. 5 Comparison of the leakage increase parameter between the
present CFD results and the experimental data
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Fig. 7 Velocity contours and distributions in the honeycomb
labyrinth seal(outlet pressure = 20bar, T = 263K)
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Fig. 8 Velocity contours and distributions in the honeycomb
labyrinth seal(outlet pressure = 20bar, T = 573K)
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Fig. 10 Velocity contours and distributions in the honeycomb
labyrinth seal(outlet pressure = 20bar, pressure ratio = 1.1)
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Fig. 11 Velocity contours and distributions in the honeycomb
labyrinth seal(outlet pressure = 20bar, pressure ratio = 1.6)
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Fig. 12 Leakage with rotor speed at low outlet pressure
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Fig. 13 Velocity contours and distributions in the honeycomb
labyrinth seal(outlet pressure = 20bar, rotor speed = 0 rpm)
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Fig. 14 Velocity contours and distributions in the honeycomb
labyrinth seal(outlet pressure = 20bar, rotor speed = 6,000
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