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Development of Performance Evaluation Platforms for Journal Bearings

and Labyrinth Seals

Yoshitaka BABA - Shinichiro ABE + Shunsuke MORINAKA

£ 3=

9—%&%%%17UJE%%K@méh%V&—+wm§k?EUVx?—»@@%%ﬁﬁ%%®ﬁ%

L72En 2 BT 5720

WCLEE L DEERMERTH L. TD1D

Rt BT otERE (SR & Bh451E)

ZIEFEIC TS 2 LD B0 A, %%ﬁtﬁﬁﬂi‘iﬁ%%ﬂ&"bﬁ;’&’v —FNiliZ L T ) VAT — VO

el 72 v b7+ — A% BF L, WG & B bl s

FIHH L CwWb, 2OT7Fy 7+ —241, CFDZARE®

BT M OFP 2T TR, har— bEFVEHW RS — ﬁm/—wﬁwﬁﬁ/—w#

HEINTBY, AR MZHIRL 2205 ME AR TN ZEBR L, EikoFEEmEE, |

¥EBORFACEHR L TV 5,
Abstract
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Journal bearings and labyrinth seals used in turbo compressors and screw compressors are critical machine
components that ensure the rotating machinery achieve the specified performance and stable operation.
For this reason, it is necessary to accurately predict their performance (static characteristics and dynamic
characteristics) at the design stage. Kobe Steel has developed a performance evaluation platforms for journal
bearings and labyrinth seals, combining experiments and analysis technology, and is exploiting it in product
design and technology development. This platform uses advanced analysis technology such as CFD and
further includes bearing performance calculation functions based on surrogate models and one-dimensional seal
performance calculation tool, achieving highly accurate performance prediction while reducing calculation costs,
contributing to improving compressor reliability, and streamlining design and development work.
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Fig.2 Physical model of dynamic measurement
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Table 1 Test bearing specification

Bearing diameter (mm) 101.6
Pad length (mm) 76.2
Number of pad (-) 4
Radial clearance (mm) 0.162
Preload (-) 0.282
Pivot offset ) 0.6
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Fig.3 Experimental results of static performance

Surface speed (m/s)

LE+10 LE+07
— ~ f f
z = LE+06 :
2 LE® > ]
= £ LE+05 —
2} = i
3 § |
2 1E+8 2 LE+04 :
v = =
: g 1.E+03 i i
£ 1E z o
g Kxx § LE+02
- —Kyy g ——Cyy
LE+6 anmax: LE+01 AN RRRNRRRN
50100 150 200 250 300 50 100 150 200 250 300
Frequency (Hz) Frequency (Hz)

4 TR E R R

Fig.4 Experimental results of dynamic coefficients

18 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 74 No. 1 (Jun. 2025)



BEICIRNT % SR S R - s kBB fRAT 0 — R &2 BHSE L
B X OCBMBRICEHLTWS Y, 2o Tu s s A,
4 ittt (heg, 7Sy FEUK, BRI, L/DRY) oF
A NT 4 T8y Pz, BRI K S
NLEMAY) — Tz OMRERTHEARETHh 5. B5 L
K61k, RIWCRTTANVT A 78y FRIY v —F )L
#1522 il 52 1 £ 1 MPa Citdiz U 72 e o 4k & Btk
DOWE LR TH 2o RUIRT L 5 ITFEBRAEIH L
BIF BRI Z R L TWh, 2o7ar 5 AFHEH
STH B 720, B R A O S B 7 TR E o g
R, BWEERTOR A R ERICE DA T 3 Y OB
% EORREN LA RSITITH) T LDTE B,

1.3 YO —bETIEFE>-HBEETEY — I

L2 Tl R 7z 82 AT 2 — NILFEH 20 2 P 2 1
FETRD S I EATE, lisE e h 5 Mo MG
FCTOMA BB CHH LT b, LALRESH
W& FXFHRE RS & S 2 HT AR O R MGET B R <, R Hih
ZHREZ RS 2 LN D 5705, RN 2— FIZALL
BRI B WEEIEAE , IS HMICREL < v
MBI DR Ve T 72, FEMIEETIEIC B W T
b, #hZYERED B9 % W7 s TR A R T 5 &9

e

—_
=3
<

o | © Measurement |
E 80 A Calculation
=
5 Y.l o
=3
Eof gan é
=
cc:s 40 1 1 1 1
20 40 60 80 100 120

Surface speed (m/s)

GHEE, A 7y NHHOS SRR O K S %
BE o TL b

NS ORE RIS H720, EMAEE L EER RO
SHTELMMEN T 5 RBEAI M (Radial Basis
Function Interpolation) #H W% a7 — s EF L%
B%E L7z, RBFAIHIZ, & %0525 OFEED AT
P MG RIKE . (RBF) # MW/ v 85 X b
Uy 7 M FET, KX (6) ~ (8) TEFKE N,
COFEE, BHAOT—7Z0b0xfiMiET Y
f, BTIT— Y LT L L) R R, &
DO TS/NIEWEWT—F ThIFIE, JERTER 2 il
MTHRDONTEPTEZIULEOFE S ZHD, 20
¥ o, 2 HNEEE LR AT 2L TE
572, BRI EER R, KBS 0L K H
B WERTHIMTE %,

RBEAINA 1 0=[p0c 1) 0 x)] ! |+ (6)
¢ (1, x1) b (o, x) r { n }

T A CICEETICN :
s |G

N.
......... (7)
T L B H - (b(x, c)=||x—c|| ..................... (8)
80
2
Z 00 A Calculation
£ 4 ?
£ 5 a ® ’
g Y
@ 0 i 1 L 1 1
20 40 60 80 100 120

Surface speed (m/s)

I ENUROES s i by S 2N

Fig.5 Comparison of calculated and experimental results of static performance
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Fig.6 Comparison of calculated and experimental results of dynamic coefficients

Red plot: Bearing analysis

,_‘
o B8 B B
© & o ©o

Pad temperature (°C)

70

80 %° o 9
o Qeﬁ‘“
> e‘“ﬁa“u"‘s

B 4

le8 /I Red plot: Bearing analysis

Gradation surface:
Surrogate model

Stiffhess coefticient k (N/m)
°

2.502 25,
2.00, 2
Pre 1‘5~°1.251 o
SSure L0075

60 79
2) . 0 S“&lce

7 Fur— bEFIVTORES Oy FiRE, #s2BifE, k)
Fig.7 Calculation example of surrogate model (Pad temperature and bearing dynamic coefficient, £,

ReD = 88114 /Vol. 74 No. 1 (Jun. 2025) 19



2T, x: alBHER vy BHWEE, x iFHOBEMO
FUAZER, v, i H OB O HIWZER, ¢ F8E 5 0 FERE,
SO B, w0 EAREL, ¢ SRR, N
B ZER Ly P ET 5,

SRS Lo s — P EF VT 128 TS L 72
RN 2 — FIC X 28T ot EA R BRI N TE
D, BHREL72WiEH (B, L/D, WfE, B, mEz L)
FANTIE, BAEICE 7 2R X9 SRR E2 S
VB G Z G2 155 2 AT E B,

2. ZEUCRY—IVEHET Y T+ — L

SEY VAV T T v b7+ — 2%, FEEREHE
Hefti, CEFD @Mt 3F-MiEA, Bulk Flow Model 12 & % =)
oY — VTR S, hs o T2
4 5ZET, S8 AT =IO M EE
Likat k& ¢ 2 Mg CTH 5, AETII TSI v b7
F— AR T B ENEFROEAM AL, M
BlRT %,

2.1 EERSFAERLHT 2

R8IZT Y v AL — Vil E OB % /R $ o W
22 HE — & BBy o [l iz % = @ IR 2 7)) — AF A
KX EHZ TS HEE+ 5 2 & Clill iz % B 20,000 rpm F
THRIBIRE L L7z JERERENEE CRRO—% D T e
VAT = VEMMSETEREL, EOHhIh oI A
ZWALSETHIEY Y A Y — VT TRGFER L T
b0 HADFWADR 2 TS, TNENOHENT ¥
A%y hA—=)VT 5L TEEDOTHNEEE S 2 5
ZENTED. MADICEN LB G L/2iERTT
Baim e st L, FEEPRICERT 2208 b =8 &2k
X TH ADFREmE & S, #AREZFHIILTw»
5o

FEY AV =g —FeLva2AHLT, A S0
WX o TRBEEFHENINY YV ZICHES NS, JHH
(ZHCE U 72 BRGIREE 2 X o ClalgE 7 6k L CRiT)
& (Forward) ®# A1 & (Backward) 5N b
IRz FEHL, UTOFETH ML RD TS,

Test seal
Displacement
sensor

Pitot tube

Section A Section B

8 FRICEMEEIN

Fig.8 Overview of test rig

O — % OWCE R, y 2 e b L&, HADN
IR AMEAOBEIVNESWE LT, HTAMEIC
X5 Y—=~OFNL LR (9), (10) THETS

—{ﬂ =KBJ+CBJ .................................... (9)
K= K: Zj Cc= [Zj iﬂ ................................. (10)

ZZT, 6, 6,0% WhE Y —NVOMNENTH S,
L3R W B D Forward & Backward @ 511 F b 0 Ik
2BV, FEREMOT Y ¥ A Y — IV HEFRICEL#E S
N7z 8 MOMERNAEMETY — Ny ¥ v 7 & bzl
DM EMZFH L, FREICE—FEVIZEsTIEY
VAV = IIAERT AWM EE T 5, B— KL THR
MSINBMEIE T ARIITMA T —VOEEDb &
DT, TOWEMDENEE - BrETHIETH AR
EROLIENTE L, TNEHWTIMREFICHT 5
AL OAEEBEEF, B omEBED %5 (11) <
BIRT 5,
o S X X,

F= Bgffﬁj D:|:Y// Yﬂ ................................. 11)
MR KIE (12), RERBCEISN T DY HEK
2QElLces, X (13) TEELD,

K=—[Re(F)] [Re(D)]_l .............................. (12)
1 1 e,
Cc= 2nQIInN10][hn(D>]1 (13)

HAGAINC & DAEFRBERDO T ) ¥ 2 ¥ — VEhFEE
FARREICLDERTRDDLZEDNTE D,
2.2 CFD s s

BIE, SiRSEOBRBESLNR H AMEOHRIC L > TE
REBREEBT A PN ELLEELH L, 2T
CFD#rZFH L, EUMTELRVWEHFIIBVTH ¥ —
VENEE R P 5 Z EAILLAThILTE Y, Z O
HM iz oW T T THAT %,

BRI S 5 WA S E M IRIE ICAE 3 5 25, BIFER
72 §PH TN T BN RIE I N L TRIBIRGECTH 5 =
Lo TBY, BEM#HETSENEDD ERE LY
&, SNED VIR ¢ &RATIO LRSS, Bl
Fms s e oBfRIE (14) TIN5,

fi/e=—K—cQ
file= k—CQ

X (14) 2o&sNTbLYEEE Q) KBFs0—
TN 2 3R] OB MR G5 & Hei 7 o % oK
D5 E TR (K, b LERE (C, o) 258H
THeTH L5, B9 (a) IRTHILEERTIIA Y ¥
2 BT S % hY 5 DI T IFHT & WO TR TR
FTELENDY, FHHRIX M KRELRD, 22T, I
Y YAy = Vol FEr AL, M9 (b) IIRT
£ 9 R BY LM AR TR o0 v % il G L Tl & R
L, #CEIEZ shEb ) FEBTINEDLY L)
M Aldis S B2 W2 EH L2 BT, mohea)t
VHLEETHIETRME I A MK L 72 ETEBS %
B L 23 i 2 7o T b Y

20 R:D KOBE STEEL ENGINEERING REPORTS/Vol. 74 No. 1 (Jun. 2025)



(a)Stationary  (b) Moving
(a)FEEER  (b) BEEER

9 CFDE7 IV OJEEER
Fig.9 Coordinate system of CFD model

Stator

Fin ' —g Cavity

=> =

Rotor
Setting calculation conditions

Calculation of choking critical pressure ratio

Below the critical
pressure ratio or Not

Convergence calculation of Convergence calculation of
flow rate under choked flow rate under non-choked
conditions conditions

Calculation of state quantities

Convergence calculation of swirl
speed

Calculation of RD coefficients

10 Bulk Flow Model ® F 5B [X]
Fig.10 Process flow diagram of the bulk flow model

2.3 Bulk Flow Model (- & 3 #REMFMETE Y —IL

Bulk Flow Model & &, x4 & 7% % iRl EI D
WC, HEBOMT S MARE CHEHIL L, SRS
TARD L) R & HARA MR O TEAR D IRAE & % 5
T5 1 RIEMEFTRFETH D, Wb IEY v A
— VOB SN TE DY, CED#NT & Hk
LTCESEI A PAVNE W2, 10— 7 REMEOZREFEL
WIEH &SN D, W olE) T, ¥Y—BIRDENIZHES &
BEFNOERR, BT 5 BEERET TV ORVHFE
RGBT 5720, EBRLMTRERE L OREKICX %
FEEMGEALHTH B UL CTREFIEH O Y —
ELTHI%L, ARt - BT REE OREKIC X 5T
AR E AR L TV 2,

K102 Bulk Flow Modell2& %5 ¥ ¥ 2 ¥ — VE)
BEOFEMERZ R, Y= VIBIRE T AW, BER
KM, Fa—rREOEETE &S TR L2 LT,
TG S - ADHOOBERSGEDEHT 5 X
IR EHE %247V, ¥ — U Fin & Cavity ® @ Hi# O
REREZRDODTWE, Y= IVNDOJHEES 2OV T,
S SR L BRI 7OV, I L 7R R A L TR R
o EFfl A SNEIE S 5, B oW TR
R L TEBIEZ TR L, WcEHST A E
NOEBR > % fn LA e Hl$5Z L TRDS
N5,

2.4 FHEREROLLE

REETHRIN L 72 FBedidts, CED @M, Bulk Flow
Model 548 — W2 & 2 5] % 77§70 S ARBI£E109 mm,
T 4 BB 13D Straight B & Step Down % fik ik &

R2 VIO MiSH

Table 2 Evaluation conditions for seals

Differential pressure (kPa) 100 500
Rotating speed (rpm) 5,000 15,000
Excitation freq. (Hz) 50 50
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