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Abstract: During the operation of graphite circumferential seals, degradation in tracking performance
may cause contact between the inner sealing surface and the rotor runway , leading to wear and subsequent
failure of the dynamic-pressure wear-reducing groove. However, a theoretical basis for determining the
groove depth in engineering applications remains lacking. In this study. a numerical model of leakage and
flow characteristics for the graphite circumferential seal is established and validated through experiments.
Based on the validated model, the airflow evolution and leakage variation through the seal clearance are
comparatively analyzed under different inlet/outlet pressure differences and groove depths, aiming to reveal
the influence mechanism of groove depth on the leakage and flow characteristics. The results indicate that
as the groove depth increases to 150 pm, the area of the local high-pressure zone around the groove gradu-
ally decreases, suggesting a weakening of the hydrodynamic pressure effect. However, this decreasing
trend becomes less pronounced with increasing inlet/outlet pressure difference. The airflow velocity near
the groove wall decreases significantly with increasing groove depth. Notably, when the groove depth ex-
ceeds 100 pm, a local high-velocity region appears near the groove bottom, and its area expands with both
increasing groove depth and increasing pressure difference. When the groove depth exceeds 25 pm, reverse
flow is observed at the groove end due to the obstruction of the step wall. Further increase in groove depth
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intensifies the reverse flow velocity, which consequently reduces the hydrodynamic pressure effect of the

graphite circumferential seal.

Key words: graphite circumferential sealing; wear-reducing groove; leakage flow characteristics; hy-

drodynamic pressure effect; groove depth
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Fig.1 2-D structure diagram of graphite

circumferential seal

A s R 3E W 1 3~6 B AR 19 A A B B4,

B BE2Z [0 i 45 1 Sk AR A . R 35 Sk A B
A T A TR) B . AN A2 PR A0 A i R IR 2% L A
£ P15 9 3 1A 400 B 4 o B A L R B R A A
2 00 B A AR VE R v R S ) g S B R L 4 A 2
JIE 7 o A s Bl B DA S THT T AT PR A R D A
PRV 2 50 JE) v B DR A B A 78 43 1 A T 4
- 1825 -



hE LM T AR 28 37 B 2 S 2026 4F 8 H

T o 5 REAR I . 8 S o0 A 3 A A Bl 1) A
PEAET A BUE G RS E A R, 5
RS L A T DB R 8 B TR ™ A A
By TR (A A 3R PR L B AR S U R
VB 1 9 O
sk —
35

'’

B2 AER=H#EHMTEE
Fig.2 Graphite ring three-dimensional

structure diagram
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Fig.3 Structural diagram of graphite circumferential

seal with wear-reducing groove
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Tab.1 Structural parameters

RS RE A/mm 0.80 | FHl S w,/mm 2.00

BRI A,/ mm 0.80 || A FEE w,/mm 4.00

MR EE L, /mm 5.30 | URESHEIREE A/pm | 15~150
VR 96T w,/mm | 3.50 || VA CE L, /mm 9.00
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Fig.5 Leakages under different groove depths
withnumber of grids

A S IR 300 K 3 HE SST k- i A5
AV O J) 250~400 kPa, 3% & R
100 kPa, I P4 38 47 30 e -1 2 T SR B % B 1 » ¢
B T4 H 15 000 r/min, G HE AR SO R A%
Y EHA M1,
23 HEAEEBERIE

Y By BT 5 R HE A E L EAT A0 AR 8
EAESRIRITEER ERN v va T S O SZ RIS LI R -1 2]



R VS R A% T3 X A s 68 ] 5 0 O 9 8l e M 2 i F

A OB IV A

F2 AEERTAERRREEMNIEEH
Tab.2 Grid number of fluid domain in graphite

segment under different groove depths

MG/ pm P % 5 1 /10 4 4% &/ 10
15 139.3 123.4
25 155.7 139.1
50 197.2 179.1
75 240.2 220.5
100 280.3 259.0
125 323.5 300.6
150 365.8 341.3
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Fig.6 Test piece of graphite circumferential seal
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Fig.7 Test equipment of graphite circumferential seal

performance under high-temperature and high- speed
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Fig.8 Comparison between numerical and

experimental results
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Fig.10 Schematic diagram of radial cross section of

wear-reducing groove
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Fig.12 Pressure distribution of airflow in radial cross
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Fig.13 Change in pressure distribution of airflow in

wear-reducing groove with groove depth
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Fig.14 Change of maximum airflow pressure in wear-

reducing groove with groove depth
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Fig.15 Airflow velocities at end of wear-reducing

groove under different groove depths
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