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Study on Non-Contacting Gas Seals

By
‘Naoyoshi Kumagai and Tadashi Hiki

Abstract

The need in advanced turbomachneries for shaft seals with improved pressure, temperature,
and speed capabilities is pointed out. In particular, the high-speed requirment suggests that the
seals must not have rubbing contact. Labyrinth seals have disadvantage in high leakage and
There-

fore, the seals with small air gaps based on the principle of hydrostatic or hydrodynamic gas

conventional face seals are subject to high wear and thus cause heavy rubbing contact.

bearings have become of special interest recently.
This paper describes the theoretical design methods and experimental results of hydrostatic

face seals and self acting (spiral groove) face seals with bellows for secondary seals. The

results showed that,

1. The experimental results on leakage rate and face balancing condition of hydrostatic face

seals agree with theoretical predictions.

2. The experimental results on pressure rise coefficient G of spiral groove seals are about 65%

of the theoretical values.

3. The leakage rate of these seals is less than one tenth of that of a labyrinth seal, and some-

times can be reduced to zero.

4. Clearance and seal plate dimensions must carefully be selected to eliminate instabilities.
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7%, WEB-19 X5 hifiheEx5L3E2FE0D
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THAS A VEZRD D, KMETIEA- LT -
ISN—TRORER L,

3.1 ZNAFNL - L—TH—L

TDY—NE RN T - SN~ TEFOEHEEE
AL7doTR-21 2 0iEdE% LT, FESKE
FRY— DL ELFEKREEMNT —Y v S CEESh
fotm — KTy — A MR E R 2 0 AR RS
EEEhtrr— 2 EOBICTEEE2HE->TVE, ¥—
AHROEITIEFO X 512 0 BR—ED LEARD A
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REIOFFMEEET 5 &, Rtk b RAIOE N3
kb, IOLDX S BENGAERT, (ERITEH
JFHFiz  Groove ¥4 CEEEHANCENS LA L,
Ridge TR TRLTY /¥ 7> TV EBLDE
HT#EZ25) TOENLERCIVY—LTHIE We DN
WELEL, Thiie—XO0RE PAicksl Wal
DY H S T—EDTEERED, AL F0 - T~
TERFHEANLER AP 13, REBEFENCHEAO T
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fa={Y¥X+2+X 1)+ (Y3 —1) cos? 4}/

(Y3 +X)(1+X1)

£-3 250 FL—TOREE
Blocked Centre

B-21 RAA4FH T N—THy—n
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Max. Pressure
bg/br 1
(hg+h)/h 3.61
7] 74.5°
G 0.091
H 0.183
X=bg/br Y=(hg+h)/h

IR OVEFOENEAERB LN SR E LTE-3
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BT L L DTH B,
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AN FN—TORNgBEZTER LR, ¥—1
MRz 7 4 3 = ATHL 2R ELL, B
BXERVIIRT v W —2B ok, Ebhrv A
OEFKIEHICIEREY 10% MW THES R, &
B EWMTIETRHREZFAG L CLERRS 2B, 2L
DIEZIFRI[<A /7 r A— 2T X OEHIL 4 BIEE
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MmOt EFIIR%ETE & T §b¥ L THEBKRT
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H-23 © X 5 AR E - T H—FROHMCED,
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MEBTIC X AR BT 2 eV EVERZRTR
AR XS PTv 5, CHhRERFTESIEO X 5
HRAEMRL, ISTALTOEXERE LT, ENS
i EAIPI U CEF LILBpE LR cE L Tw5
DT, FNEDLE, R4 F1 - FA—T D8, A%
1 FAHNBEAR XCREDETEREEOBR VR E DT
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ML DAL F L F—TEHZFOERITE
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5 WsbDlta ko THHERM-24 DX 5 dPT X
BF We/Ws=1.03 #3EL, G BhkiENETH
59, 20 G 2AVTR Q) KX hRdk Ws i3E
BIERLTVWAARIBIEE LW b 3,
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H-25 T, Ng o tdic G OEDAEZLRD
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R-P lc/ . %9_ =1
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FHUEHF TSR - Fr—T2EERI
T %2, SERETRANCAT 5 & RE L8fEnE S
nél)o
DLEDERTY — A iR e — 2 i ic X <&
L, HiRE r — 2 OMOEENIS p BT TR — 222
EHREZ LT 5 & & bEMT 522130072,
¥, AL FN - TA—T2E20 - LHEROFBH
REEE 120 25,
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TEzoh, ERIFERHLEY —LAKR (7¢=40 mm
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h=0.02mm DL & 1700 rps L EHWMEETRL TV 5,
COBRDY —Aix Py BREERBOEME & i
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EREEZEELHREFERT 50, EH AL
FERTHE» RV EETHHEATE 5,
3.3 ZNAFL - FTLh—7 - AFX M2 OMHEE
WEE TERLZY — L RO H L % KT B
WU TEEF TN D D 5 (Single Sided Grooving)
BaotiEr ks L, BHEORRXDOR (T - J
=T« AT AT E L CORESESNR S,
LOHMRDOLDDOEAWEE WKk Tts5125h<T
[,\67)’

3 H
SFiCa—rRratr)y- 8

W=0.75 npw(ral—r2YE/h? @
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fiifi— R @), a=Fa—r0)/(ra—ri)
W5 2 2 —ORFMEE LT F-4 DEHS5 2L
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FEEIE-26 D by/by ZE(LI Ty —
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Single Sided Grooving

Max. Load
bg/br 1.93
(hg+h)/R 4.05
7} 71.2°
(Fa—70)/(Fa—71) 0.73
E 0.088
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B-28 234 5 - FN— TEFEOE

L, <e—XE Pz TARIZHET, £0LED
TEE R ERHALE @ X VEKE 2k, (A+
ho)/h L OB ZRERLEDOMRE-28 ThHd, ZOBE
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Leds, E BEHRHIC X 5F be/br WX VIE B0
el ote, FRERMMIIFLORV & & LR, 2B
AT & 72 0 DEZTRT D, TOERNEOIEH
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CEDHDTHSD, BBD bo/br XEBRIT XHT 1
HiEicd b, HEBHRED 1.93 LiIZAHTHTWS,

4. ¥ U

HESHEMZE R IUBELKKRBZROMIRAE S ¥
T =N EBT R XCEREZT R - RERK
DfEREER,

1) FEZZE Y — VBRI E X< & itk
ZRL, 3 BEOY - L ERUCEETHEL TR
52%F-5A B Cor3ickxs, ADARIIRNLY
FICTERIE, AREEHE DT TV EIBRER
BeLELTEREEDD, £, WThoBR Tk
WCHBMRRIEZ DB Y —AEIC AR LU D RET
LEENEDH LD, ADEREZHAWTHFRAZNEEL
BRENOEEL» S 7 « L —&BLTETEZH
#ZEHIET 5 LB TE S, B, CHZbLTIHORRNS
HEVRELREERZ L, AREGHIBEOSBE
v, WTFhOBEESRIIEZE Y v Ry — A L et
5 EIEFIDELTERL LB,

@ ASATA S A—THY—LOREE G X
ML D7 D EWEEZ LD TR, \r—RLDAF
VAR @ MEEBRNLT B, LILOWMEMRZTE S —
NERISTED R T S — T — L O
3.2 DERTRTEYTHY, Rk, FREIERKOS
TF<h, Wh2F I TE50, REEHN R T &%
0.01 mm, 30000 rpm T 0.91 kg/m? & 275 h iKW,

(8 ZDARSA TN - FL—TOEM(EIZ Blocked
Centre OEIFAE L CHMMHTES, X5ic Single
Sided Grooving DE-EDERE LR LT,

@) ZOXHREBRELLIEMREBDD9»H, T
NODELBAEHEEZE L THRATTHOLERD S, i

x5 BEMZAN AT —LOHER

(A) V74280 |(B) FV74AKRY|(C) AT 977V VvI| FEIVRY—N

Ps/Py 1.0 0.85 0.85
P/ Py 1.2 1.0 1.0

G1 0 0.063 gr/s 0.063 gr/s 2.14 gr/s
oW/oh 9.6 x 10t kg/cm 4.5x 10t kg/cm 1.65 x 10¢ kg/cm

ne 1380 rps 950 rps 576 rps 0o

. Py/Py=4.8

ZERIR Ga =8.089 gr/s 0 0
Pi/Py=4, Py=1.03 kg/em?, 74=40 mm, #;=20 mm HE=404 25 KX
£=0.01mm, {EX 10mm, AL %) F+ %% 0.1lmm
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2 £ X ®
D # RS, BEL Y- oME, [EE) 14 % 5
2 (1969) P. 24.
2) O. Decker, Dynamic seal technology, Mech.
Engg. Vol. 90, No. 3, (1968) P. 28.
3) J.W. Bjerklie Configurations for gasturbine End

(170)

4)

6)

7

8)

9)

Seal J. ASLE. 4 (1969) p. 169.

H.K. Miiller Self aligning Radial clearance seals
3rd International Conference on Fluid Sealing
(1967) P. H. 6.

N.S. Grassam, & ].W. Powell Gas Lubricated
Bearings. Butterworth (1964) P. 86.

B, IR, W83y 2 v O, EREHgs
234125 (1952)

S. Whitley The Design of the spiral groove
thrust Bearing, Gas Bearing Symposium (1967)
P. 13.

S. Whitley Gas Bearing Symposium (1959) p.
30.

RERS, FEEEfMH 2o —imonT, g 15 %
9 = (1970) p. 555.
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