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Leakage Control for Flange Gasket Using Temperature-Viscosity
Characteristics of Liquids
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ABSTRACT

Gaskets are widely used as static seals in industry, machinery, and living ware for
preventing leakage between the static solid surfaces. Since leakage of fluid is
proportional to the cube of gap height, the basic method for preventing leakage is taken
to narrow the gap. Generally, leakage is decreased by using elastic and plastic
deformation of material, which caused by the increased clamping force. However,
excessive clamping force may lead to surface damage. Moreover, it is impossible to fill
the gap completely because of the rough nature and waviness of the solid surfaces of
gasket. On the other hand, according to the liquid physical characteristics in viscosity,
leakage is inversely proportional to the lubricant viscosity, as lower temperatures
correspond to higher viscosities. Therefore, it is possible to control the leakage by
changing the temperature of sealing flanges to enhance the sealing performance of
gasket further. In this dissertation, the possibility was confirmed by using the
mathematical model based on the thermo-hydrodynamic lubrication theory (THL) and
iso-viscous (IV) theory, and experiments with a flange-type gasket which composed of
two metal disks. The dissertation consists of eight chapters in total.

Chapter 1 is the introduction. It summarizes the outline of static and dynamic sealing,
the overview of fluid lubrication theory and liquid viscosity characteristics that form the
basics of mathematical models were shown. And it reviewed plenty of conventional

studies focusing on gaskets, and described the position of this research.



Chapter 2 1s the theoretical model. The mathematical model is based on the thermo-
hydrodynamic lubrication theory, the basic differential equations such as the Reynolds
equation, the energy equation, and the heat conduction equation, as well as the boundary
conditions of pressure and temperature are derived. The theoretical solution by using
the THL theory was compared with the IV theory, the numerical calculation procedure,
and the pressure and temperature distribution were shown.

Chapter 3 is the experimental apparatus and method. The flange-type gasket model
consists of two metal disks was depicted. The configuration of the experimental devices
that controls the viscosity of the liquid flowing through the gap by cooling and heating
the disk from the Peltier module was shown, and the experimental and measurement
methods including pressurization and vibration were also described.

Chapter 4 is the experimental results under steady-state condition. The effect of the
gap height, supply pressure, sealing land size, oil viscosity grade, and gap parallelism
on leakage of flow were described.

Chapter 5 is the experimental results under the vibration condition. The experimental
and measurement methods of the vibration conditions and the experimental results on
the vibration frequency and amplitude, including the theoretical solutions of the inclined
gap with vibrations were described.

Chapter 6 is the numerical results for the curved sealing surface of flange. The effect of
temperature-controlled sealing flange with uneven surfaces on leakage was solved by
iteration calculation based on the THL theory.

Chapter 7 is the experimental results simulating an actual flange-type gasket. The
Peltier module was mounted on the JIS standard flange and the sealing surfaces were
installed vertically. The leakage—restrain phenomenon was verified by cooling the gasket
flanges under the condition of supplying bolt preload torque and pressurized lubricating
oil.

Chapter 8 is the conclusion of this dissertation. The leakage can be controlled by cooling
and heating the sealing surface of the flange-type gasket regardless of vibration, sealing
land size, oil viscosity grade, gap height, installation direction, etc., as well as under
steady-state conditions. It verified that the leakage from gasket clearance can be
effective controlled in both of theoretically and experimentally, which has effectiveness

and development potential in society.

Keywords: Seal, Gasket, Liquid, Lubricant, Viscosity, Temperature, Leakage, Vibration,

Flatness



M EEMREORE

FRax BRBEHROV AT MIHEAAEND, HERBREROO L DICMEDIT LN
HHAy M, FrIET A2 EEEMBICB T2/ EZTEDICEL AT
Wb, L EIET 2 HEARIL, MO T HEmd TTEMERD D, & D WITIKE
MEHALTTEMEZED 2R EOINER LR D, L LR, BEEREOHEE.
HER9 R OFE, BYOWHIAS I TIR0WENIT K DR OFE A LM L
DARBREICEY, MKOBEHEZHES O — L HEICHBNERRED, 01010, W
NEBEICHS I EFmO THETH D, G, BEICEEZEREL L. TOREKRD
B TH DR EITIRE OBV TH D | RIB O TSV B IXmT 5,
TEXMERMNUDMEIIEEICKEF T D LD, & 2 — VNG T
ELTH, WEEEKREZ > — 3 5 BRI 2 mES 5 2 & TR O RS EE 2B
L CIRNR BT 2Rt 2 IfF C& 5, AR TIX. Z 05 % B (KM B i
WCESSEMBETARLNNC T T oY - WAy FOET ML DFERICE D KEE
LTW5,

XUHIZ, Y= VICETAMEELZZ DD L LB, KT —~DOWEE 2D, iR
B2 O N EEEBMBL L TWb, ZOHIZEBWNWT, ATy hEHLE
L7ePERDOBEMFID L E 2 — R b IR RDOMESITEZIRXTWND, D&,
LA NV AHGRA, = xrF -G g iR oA RALR s IickE
TN ERE DR EM7e &THR S 2 BUREEEEGRICE S BT T L2 HE
LTW%, ZOETNVZHBL L TEMEMT 2TV, Z2< O TOFERRE R
LTV, — 5T, ERHAROHMEE THERIELZT7TI VY - WAFXry FOET
WX DHEEOFEMEZDOERDO FEEBRTWD, 22Tk, ZoEBEZHNT,
e VE AR T AR A GHE - MAT L Licky Mo NES T 7Y
DOIMR7Z EDEMELE DT, M/ TEM AR S > — Vil & Jit i 5 IR AR O k5 &
EHEIEILoD, TEMOKE ICWIR, v — Vi OE, HEE ORI & a2
NI —=A =L Ll BAxREFHETIIBTIEREZRL, BRI TND, &b
2, = VE O EOREBICET 5 BEmM R RFH e b UITHEL T T vV O
AXCEAMAOERBR EICER LZERICEY . EESCHRSG ~0w# AMEOKGEEZ T,
TOMREHERL TWD,

b, AFFETIET7T0Y - BAT v bOIRRA O %2 #58 ElA o Wi
FHH LT, IRE), T BR, WfE, REFEFCIST, 2or—1aeni -
MEAT 22 LIk, hRMICImNEZHIE TN TED I LA, Hind EBRo
W2 B FEMICHEE N DORIEL TWD, B RiL, fko v — x4 5 i
RFrOMmRAE LTHEICAMTHY ., ZooBoit, HBRICRKESERT LSS
DThDH, LEiCky, MEfwmXe L THUTHL EEDOND,



