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Air Jet Effect on Performance Improvement of Non-Contact Type Seals for
Oil Mist Lubrication Systems

Byung Chul Na, Keyoung Jin Chun and Dong-Chul Han

A&4 A Y), Geometry Design(3/3/d Al), Two-Phase Flow Analysis(°] /&3 4])
Abstract

Recently, high performance machining center requires special type of sealing mechanism that prevent a
leakage of oil jet or oil mig lubrication system. Sealing of oil-air mixture plays important roles to have an
enhanced lubrication for performance machining center. Current work emphasizes on investigations of the air
jet effect on the protective collar type labyrinth seal. To improw sealing capabilities of conventional labyrinth
seals, air jet is injected against the leakage flow. In this study, an adapted model is introduced to improve
sealing capability of -conventional non-contact type seals. It has a conibined geometry of a protedive collar
type and an air jet type. Both of a numerical analysis by CFD (Computational Fluid Dynamics) and
experimental measurements are carried out to verify sealing improvemens. The sealing effects of the leakage
clearance and the air jet magnitude ar studied in various parameters. Gas or liquid has been used as a
working fluid for most of non-contact types seals including the labyrinth seal However, it is more reasonable
to regard two-phase flows because oil mist or oil jetare used for high performance spindle’s lubrication. In
this study, working fluid is regarded as two phases that are mixed flow of oil and air phase.Both of turbulence
and compressible flow model are also introduced in a CFD analysis to represent an isentropic process.
Estimation of non-leaking property is determined by amount of pressure drop in the leakage path.Results of
pressure drop in the experiment match reasonably to those of the simulation by introducing a flow coefficient.
Effect of the sealing improvement is explained as decreasing of leakage clearance by air jetting. Thus, sealing
effect is improved by amount of air jetting even though clearance becomes larger
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Fig. 1 Non-contact type seals and design parameters
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Fig. 2 Design parameters of Protective Collar Type
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Fig. 3 Effect of collar face and end clearance(C, and
C,) on narrow passage(H/Wo=0.1)

T el v e g% 2161
Aulel 2 AAZ Fd3td dF8E8 S A
7= ZFgola EAE ¢, C, BE ¢ 9Xd AL

FAEMN FAE AF9 nFaTg o3 ¢=HA
gt FdE 71E 5 Stk wEbA Protective
Collar Type ¢ AA¥FE ZEH(collane] ZAolH-

CHd A2 FAEAY AA(C), BE G, BE Cy)
7t @tk oW Zabel Pojsh HAAFAEA 9

AE € ol st AA=| o] At}

22 &2 $4E20M Collar Face 2 End
Clearance 2| H&k
Fig. 39 £& E2MH/W=0.1)91M 9 face clearan
ce(C)% end clearance(C,) H3lol st & 72s}
A9 g va =AEATh ZErt §1e Cavity Type
s} e FHAEES FAHoRZ AuE U2
#9 AFIEZ Cavity Flow Type BRTE 48723t
7t ZdlE Rojgte AL A5 Utk
Fig.39 A& R wFav ofd ¢H7st
«] Fde 28 24 G5 ¢ F AW ¢ o F
FAEAN AHAE A H(CAW-B)=0.125)
Zgae] 9% dHAsI} —:i‘:}‘_, ANt
‘5301 wzaze] Gl HE  BHC/ W
B)=0.25)¢} wlawste] <tEAste] WEFo] AA
wAsHA g Aotk Fig. 32 AS ¢ oA AaxT
AENZ BHEAE F9 € o B HolA

& A% =HEAstY s Fo| 12 A %S
S & 5 U olE, F& FAHERE AW ¥4
5ol A4 Ha FHAENC)E FH3] HE
of 83| HAY IS FuatA Ratd %54
B3, FE 43 aEaIGEAs FHEIIH
A TSR S-S Jehddh Zee] A e
49 A iv} 7 HlEl A T T dAse
Aol B} Z ¢EREE Yede & & Jdoh. G

,_,\H_o,] ogsot% C, ‘_"‘H7]‘ HET% E‘ Z oLa]7]-
32 UYgde ¢ F ok ¢, BAZE AR 1S
agel 9% ¢HERs I Fasn A gk 2
ol7} ¢ty ste AFS uiAA RIA €Y. F,
C, Aol HIHCyWo)7} 0.3,06,09,12, 142 H
gag e CyW, 7t 0.1 d A5 Ad3tae &
gtatel wgsl A9 fFAES ¢ 5 Utk

23 e $MdE20|M Collar Face 2 End
Clearance & & &

Fig. 4 A& VS FHABZH/W=04)9 419 face
clearance(C1)¢} end clearance(Cy) A3}l thdk &+
Za 2435 na =AFHAT. 2RE RYE C 9
Ha2 FAEAT ZAHAE AHC/(WoB)=
0.125) LEEI 3 AR FHAAS
& ¢ F Utk ¢ BV PE F€ H(CHW

s}



2162 Wy -

B)=0.125)° ¥]&td C, BT HAX nZ a9
o] Folt AY ¢¥AIIt A HAFHAF
& g STk olE C o H& FAHAEAVE A
HAS A AZaT o3 g As Szt o
FolAeS YeE Zolt. o A¢ HFE4
deEdete wFagd st sjulEl ADC H
Ayl Al BAYste] webA R E Add] HARA
EAE FAEEE ZelcollanE A X e Ao
dEo EFAYE ¢ F Uk

2.4 AirJet Type 8| MAB %

Fig. 5ol Air Jet Type &l AARFTE A3,
A714 U, V, 65 474 TSR, TV RASE, T
7184 2= & YER® Wo/H=1.0, WH=0.5 o]t} 4
ARFEV;, 0, AAUE AAFF ojrt,

2.5 BAIZESl HEt

Fig. 6 ol 3718 A= & g7dste] ¥z
g =AY Hd d¥idste BAMESE 90°
A AS DAY ZAZETL 90°F dold A%
FAREE NISAI7IRE @& g E e
At 90° Zt =2 AL -9 2742 B M (effective

tlo

=2

A - Effect of Collar Face-Clearance
V/2pu,
8.0
6.0
Q
°
[=)
% 4.0
8
%20
0.0
0.125 0.25 0.5 0.75
Collar-Face Clearance {C+/(Wq-B))

Z
s

AX

3 5

leakage clearance)’} A7} o 4 Aees
2 #L JeldA ok Fig 79 AME AS
As9 gle AS F7] AN wEle g o4y

oT
Aetel WaE EASATh FARFUY o]

F7RAS 2Vt B4 B 2 gEget
Ao WxaAs} ZU9Ee ¢ & Uk 232

M
r

Hoz FIIEAY 218 T84 24 B
Q71 WMol oed H3o WRYHE w4
o e A%l EHHoZ A48 & AT
S gtk AMEY AE FAYHE Dojx
%8 ehi. @ Aok 37 BA
Jstel Fohad fAFHEML AHE Foo
ste} w57 B dYBeAE "olmgE A
o2 478 % 3ok

T

o

S pe ol

T ool M

3. o7 Hgado| it MY

SE=

i

3.1 74 HTE HEZY

71E HAZE AdY Aes A7 Hg @
T4 J4ndo] =YFU2 Fig § of A58
& T A, AL2 92 Protective Collar Type

AP
1200/

Effect of Jetting Angle for Air Jet Type

0.7 g

0.6

Pressure Drop
°© o o o
N w £ w

o

[=}

30 60 90

Jetting Angle (8)

120 150

Fig. 4 Effect of collar face and end clearance(C, and C;)
on wide passage(H/Wy=0.4)

r'd

Fig. 5 Design parameters of air jet type

Fig. 6 Effect of jetting angle of air jet type
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