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Design of the hole-pattern/honeycomb seals in the
high-pressure liquid oxygen turbopump
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(X?’an Aerospace Propulsion Institute, Xi’an 710100, China)

Abstract; To reduce the leakage flow rates and improve the operation efficiency of the turbopump,
as the replacement sealing scheme of the conventional labyrinth seal, the hole-pattern seal and honey-
comb seal were designed and optimized for the front and rear shoulder rotating seals of the high-pressure
liquid oxygen turbopump in a liquid rocket engine. The present numerical method based on the RNG k-¢
turbulence model and steady RANS solutions were validated by comparisons to experiment data of leakage
flow rates of a water-fed hole-pattern seal at different rotational speeds. The influences of the hole depth
and hole diameter on the leakage performance of the hole-pattern and honeycomb seals were numerically
investigated, and comparisons to the conventional labyrinth seal were also presented. The leakage flow

rates were computed for the hole-pattern seal with continuously variable hole depth (0.1 ~2.0 mm) at
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different hole diameters (0.3 ~2.0 mm). The results show that with the same hole geometry parameters

(depth and diameter) , the hole-pattern seal and the honeycomb seal possess the similar sealing perform-

ance which are both better than the conventional labyrinth seal. With the constant seal axial length, the

leakage flow rates of the hole-pattern/honeycomb seals firstly decrease and then increase with the increas-

ing hole diameter whose optimum value is 1. 4 mm in this paper. For all the hole diameter cases, the hole-

pattern/honeycomb seal possess the optimum ratio of the hole depth to diameter 0. 5, where the best seal-

ing performance were obtained. Compared to the conventional labyrinth seal, the leakage flow rates

through the front and rear rotating seals of the high-pressure liquid oxygen turbopump were reduced by a-

bout 19% and 21% respectively, when the optimized hole-pattern/honeycomb seal were introduced.

Keywords: liquid oxygen turbopump;

sealing performance
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Fig. 1 Schematic of the liquid oxygen turbine pump
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Tab.1 Assembly dimensions of the front and

rear shoulder seals Hf :mm
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Fig.2 Hole-pattern/honeycomb seal
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Tab.2 Geometry parameters of the holes in the

hole-pattern seal

e AL ALK AW
mn M G/ ) mm
0.3 13 3.900/3 750 0.1~1.0
0.5 11 2 520/2 280 0.1~1.0
0.8 9 1 35071 350 0.1~1.6
1.0 8 975/975 0.1~1.6
1.2 7 936,900 0.3~2.0
1.4 6 768/792 0.3~2.0
1.6 5 600/540 0.8
1.8 5 450/400 0.9




50 ko Fi

i Bt

2021 4£ 4 A

2 TEEBIMEESZE

2.1 tEER

B3 45 T ok e 2 b FL 7R B 2% B e 5 L
Je B 3 P T R RSB SR = 4 AR
5 UG A 3 P B R S = et H Fa sy SR 5
K ICEM {4 Az ok 25 5 30t 1A 5k 11%) 22 B 245 4 Ak 9
B o 25 R ) 9% 5 25 R 0 e e R I, SR N B
TR E BT B B 5° A IS, FL A 2 st i
o3 B IO HEFL B SIBE , Jl 1) 2 A0 1 R FH e A
PEH RSN ABRIESE O35 B B BT
BN T HE AR B, SR A O B R4 XA
HEINEE (R EEE) AL (FLAEVSE E) FIoS
T ACFL S (W8 2 ) A T 45 4 Ak A 1) 4, Xk i
BET 1 PRI WL y T B EKR B B[R] B AR In)
MET 20 ~25 N7, ARFLE FLE T LAY
MR B R T 72 T~ 175 T3 AR Y sk

(c) MBS RILIE %

B3 #E ALAEMEEEH=Z4ITEMNE
Fig. 3 Computational meshes of labyrinth seal

hole-pattern seal and honeycomb seal
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Fig. 4 Leakage flow rates of water-fed hole-pattern

seal at different rotational speeds
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Fig.5 Leakage flow rate versus hole depth for the front

shoulder seal at different hole diameter
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Fig. 6 Streamline distributions on the meridian plane

of the hole cavity at different hole depths
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Fig.7 Leakage flow rate versus hole diameter of the
font shoulder hole-pattern seal with the optimum

ratio of hole-depth to diameter

HE FLEME SRR

AR P S 1) FLAR | AL T 12 14 5 e
UL S B AL RS N Dy = 1.4 mm H,/
D, =0.5, faitl, A 3CEAT 7 S mARE RS DI R E
D, =1.2 mm " HEEEE H, =0.6 mm f1 D, =
1.4 mm,H, =0.7 mm FYFRIE S 3BT 5, 0F Sk
BB LAV AT T B R L, R4 i
T AL B T SR R B 7 SR AL R

3.4

x4 FLEMEFTTHARLERS
Tab.4 Geometry parameters of hole-pattern

seal and honeycomb seal

TR rm?;im A/mm A/mm K
FLEIRHE B E 0.12 0.7 1.4 768/792
WemBle s 1 0. 12 0.6 1.2 936,/900
WeEEe R 2 0. 12 0.7 1.4 768/792

8 9 sl thh TR a8 sha By 3 Fp
CEpIE S e AT SR R I
BB R AT AR A PR, A RE 2 e s R
B e A LT AR R T, BT AL
R/ Weas RIS B RT U5 ™8 208 it 1 0 0 e
T#519% M 21%

110 25 1 AN IR 25 8 7 S8 FLRE 1 1T A B U
LeorAi. HEIRTLUE W AHXT 0K 5 25 B A S i A% 45
4, FLAURH J& %5 e 3 BHLJE 25 B 8 02 AR A i i 45
), R TRAERIYE H B i, DR s e BE A

EHARMRELE

Fig.8 Leakage flow rates of labyrinth seal,
hole-pattern seal and honeycomb seal
for the front shoulder seal
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