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1. Introduction Table of Contents

Introduction

This advanced spiral groove face seal program was developed to accurately predict the performance of hydrodynamic spiral grooves and other groove
shapes (oblique groove and radial groove) for face seals in gas applications such as air or other gases. The governing equation is the compressible Reynolds
equation with rarefied gas dynamic effect, so that a high degree of accuracy can be obtained for low-pressure applications in the acrospace industry. Two
types of slip flow correction methods are presented. Pressures are specified at both ID and OD of'the seal. The groove depth can be a function of radial and
circumferential coordinates, although a constant depth is commonly used. Both the inward and outward pumping geometries are included. The analysis option
includes a single run analysis and muiltiple run. Multiple run allows for the design iteration and multiple cases comparison for optimization purposes. Various
postprocessor graphics allows for easy presentation and result comparison.
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2. Governing Equation Table of Contents

Governing Equation

The governing pressure distribution for a compressible Reynolds equation with rarefied gas effect (slip flow correction) in polar coordinate (7,) systemis given
below:

0 ‘ P ap
rof,

=

Zoj+ 2w -

)
where

(r,) = polar coordinate (defined by seal geometry)
r=rcosd

y=rsind

p = p(r,) Pressure to be solved (psi)

h = h(r,) Fim thickness (given) (in)

4= Dynamic viscosity (given) (Lbf-s/i*2, Reyns)

= angular velocity (rad/sec) = rpm (given) * 2P/ 60 (rpmis given)

Direction of rotation same as the theta coordinate, CCW is positive, CW is negative

QO = Slip Flow Factor (non-dimension) a finction of (p, 4, u, R, T).

Q=1 1mnEq (1), no slip flow correction is included. With slip flow correction included, the Q factor is determined below:
9
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The above equation is based on Lin Wu's paper A slip model for rarefied gas flows at arbitrary Knudsen number” Published in 2008 American
Institute of Physics. Note that the software also includes the well-known F-K model presented by S. Fukui and R. Kaneko , “A Database for
Interpolation of Poiseuille Flow Rates for High Knudsen Number Lubrication Problems”, 1990 ASME publication.

where
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a=0.81~0.93, default 0.89.
M~ RT
| . Kk
Knudsen number ph V2 3)

__ Pk
Inverse Knudsen number HN2RT (4

2D
F=min (— . IJ
)

R is gas constant (for air: 53.34 FT-LbfLbm-oR = 1716 "2/s"2.R = 247,127.2 in*2/s*2.0R)
.2
5334 | FETERT N o g [EERMTETL [P
Lbm—-"R Lhf —g* Fia ©)

Note: R = 247,127.2 in*2/s"*2.0R used in Egs. (3) & (4)

T temperature in oR is given. Note that although English units are used in this presentation, the software is capable of handling both English units
and Metric units.

Once the pressure distribution is solved for a given film thickness, the film force (opening force):
Fp= [ pda={ [ prded
3] = p = p .F ,?“
. i (LbD) (7)

Note that 4 is the film area (integration domain) where the Reynolds Eq. is solved. If the entire seal area is used, then / = 0 and 2 =2 are constant. Ifall the
grooves are identical and cyclic (periodic) boundary conditions exist in the circumferential direction, then only one sector (pitch, or pad) is needed. / becomes
the leading edge of the sector and 2 is the trailing edge of the sector, where = (r) is a function of radius, may not be a constant in this application if a sector is
used. Solving one sector will save computational time. The total opening force will be the sum of all the sectors.

The radial and circumferential flow velocities in » and directions are:
)
1249 (in/sec) (8)

]
| 2 ® ol
124 38

(in/sec) (9)
Noted Q is multiplied. Leakages (mass flow rate) at any radial and circumferential directions are:

-1, i,
o= pvhrde=| L yhrde
& “&% RT (Ibrysec)(10)

e =\ pUh dr:["RiUh dr

(brysec)(11)
Very important, R used in Egs. (10) and (11) is 640 in-Lbf/Lbm-oR (53.34 FT-Lbf/Lbm-oR X 12 in/FT).

Use this mass flow rate to check the mass conservation. Flow into the integration area must be the same as the flow out of the area.

Torque due to friction

oo eyt Bt dp
T=| l@ —+TT dﬂd?’

TN k2108 (LbEin)(12)
Horsepower
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_Txrpm
63025 (p)(13)

The restoring moments:

hp

- BF i a n Yy a¥ *®! r - . L
M= JJi_r xp)dA= Jr ~|®1 (l(xs + y]) (p,{:)) rdOdr

(Lbfn)(14)
Le.
xa a¥, a0,
M, =||ypda=| |, yprdédr
e A (15)
. P
M,v = —|| prsd A =_.|r -|® X rd Bdr (16)

Ore of'the user inputs is seal pressure balance diameter, , which can be a bellow mean effective diameter or a secondary seal pressure diameter. The pressure
balance diameter effectively divides the pressure on the back of the seal into two zones. The inner zone is exposed to ID pressure Pi and the outer zone is
exposed to OD pressure Po. Usually, there is a spring force that urges the seal to close. Total closing force = closing force due to pressure + spring force. Let
= pressure balance diameter and Fs is the spring force, Total closing force is:

Friose = Fs + Pom(0D? = T2) /4 + Pin(T? — ID?) /4 a7
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3. Seal Geometry & Boundary Conditions Table of Contents
Seal Geometry & Boundary Conditions
A typical inward pumping spiral groove seal with a constant groove depth is shown below:
h=h(r. )
—
o
i
1
]
]
]
1|
/"
—+[+-€2 L c.L
-I1 _|-‘
]
L
P Boo p=po —| —
Pressures are specified at Seal Inner Diameter and Outer Diameter boundaries.
h_(r.€)=h_= constant
-Constant Groove Depth, = (r.6) £
+  Basic Inward Pumping Geometry + Basic Outward Pumping Geometry
Groove ID = Seal ID + Dam Width Groove ID = Seal ID
Granye O = Seal O Graove OD = Seal O - Dam Widrh
Groove (M)
T T Liat wadth _I_ N ]
pam 1| -"'f“lOD Grouve O - Seal OD
Groove [ * |nweard Fumpng T Qubzrzr Fumping
G roove| 11}
Groove depth  a Seal |D rogve depth — Li Seal ID
i, h,
C.r.
A_(r.8)=h_(r.d) = variable depth
‘Variable Groove Depth, g( ) £ (r.6) 1
Groove depth can be varying with (7,). Groove depth only causes the addition fitlm thickness in the GROOVE area, not in the land area.
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+ Basic Outward Pumping
Geometry with “linear” Variable Depth

Dam width

]

|

Croove depin J

—

Groove Depth = hir. &)

oD
Owtward Fumping T
D
f—
—
C.L.

Coning, ¢, addition film thickness h(r)=h,(r.¢) , e is a constant given value

Additional film thickness can be caused by surface coning in the entire area. Regardless the inward or outward pumping, a POSITIVE coning is defined such
that the film thickness DECREASES with radius. A negative coning will have film thickness INCREASES with radius. Therefore, for a positive coning, the

minimum film thickness occurs at the SEAL OD, and a negative coning will have the minimum film thickness at SEAL ID.

flg(rE

Jro(r)

£

SE— + Caning

if e> 0, hmin at SEAL OD

The additional film thickness over the entire domain due to coning is:

=
Check both boundaries:
hir)=c¢

A (r)=0

if e <0, hmin at SEAL ID
by = 720 |

= F )

Check both ends:

h(7) =0
SpiralGF

SEAL OD

SEAL ID

.....

. Flow

C.L.

£
b - COning
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A (r)=-¢ (note that this is a positive number since e is a negative number)

Therefore, the film thickness in Reynolds Eq. (1) becomes:

A(r.0) =R, + 8 (r.0)+ 1 (r,5)

hmin is the minimum film thickness which is a constant and is given in the input.
hg is the groove depth and additional film thickness in the groove area only.

hc is the additional film thickness in the entire domain due to coning.

Other geometry definitions for SPIRAL groove seal are shown below.

‘32 ]‘hyq Growva,

i J _— ﬂ}f!‘t- e ?rtfw'? uf- i' o
Zawardk P11 pubwarel pungerg

| \z&mmlﬂ\ 1’#.01'@
... , Lomd

B

on
O S\:% ) &
1] 1..
dam e i

ot Ge

"
T
A

ri = Seal Face inner radius = SEAL 1D/2

ro = Seal Face outer radius = SEAL OD/2

rgi = Groove inner radius = GROOVE ID/2

rgo = Groove outer radius = GROOVE OD/2

dw =Damwidth

For inward pumping SPIRAL GROOVE seal

rgi =ri+ dw = SEAL INNER RADIUS + Dam Width
780 =ro

For outward pumping SPIRAL GROOVE seal

rgi=ri

rgo =ro - dw = SEAL OUTER RADIUS - Dam Width

Note that for SPIRAL Groove seal, the groove inner and outer radii are constant due to constant dam width. However, for the OBLIQUE Groove seal, the
corner points are connected by straight lines, then the groove inner radius is NOT constant for inward pumping and groove outer radius is NOT constant for
outward pumping. Check the dam width to be sure that the straight lines are within the seal domain.

Ng =# of spirals

g = Groove width at groove inner radius (width between two spiral curves in circumferential direction)
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L = Land width at groove inner radius (width between grooves in circumferential direction)

T8 .
£ Land/Groove Ratio

2z

ftD: (HI + gg) =
£ One pitch

The spiral line is defined as

£
r=r; plo S 8

where is the spiral angle measured at the beginning of the spiral (at gi ), o is the spiral starting angle at "a . Or if r is know, the theta is:

111‘./ % \"
f=6,+ —L =/

tan G

To illustrate the boundaries and solution domain, a 4 general grooves (or pockets) design is sketched below:

| Groove
1 Pocket

Points (1,2,3,4) forma pocket or groove.

Points (A,B,C,D) forma pitch (sector), ifa sector is analyzed.

Curve AD has the same radius, i = Seal ID/2. Pressure is specified as Pi on curve AD.
Curve BC has the same radius, 7o = Seal OD/2. Pressure is specified as Po on curve BC.
For inward pumping, Dam o = 0, curve 23 are on the boundary curve BC.

For outward pumping, Dam i = 0, curve 14 are on the boundary curve AD.

Curves 12 and 43 are spiral curves for spiral groove and straight lines for oblique groove.
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4 _ g_z ".‘
Curve 12" on the boundary curve AB is obtained by rotating curve 12 with half of the land width CW. ie. * 2,

I
Curve 1'2" on the boundary curve DC is obtained by rotating curve 12 with groove width + half of the land width CCW. ie. * Hg i 2 f'| .
Coordinates for the 8 boundary points:
L:(rl, 1)=(rgi, 1) rgi=vi+ Dam i
2:(r2, 2) = (rgo, 2) rgo = ro - Dam o
3:(r3,3)=(rgo, 3)
4:(rd, 4)=(rgi, 4)
A:(rA, A)=(ri, A)
B: ("B, B) = (r0, B)
C:(C,C)=(r0,C)
D: (D, D)= (i, D)

The radius coordinates are known now and the angular coordinates are all related. Assuming 1 is known, it can be any arbitrary number without affecting
results. Let bl and b2 be the spiral angles for curves 12 and 43.

@=ﬂ+%
In ‘ y ‘
| Ty ]
=0+ ——7F=
& is determined by Eq. (g), tan /3 , where 12, rgi, 1, and bl are known.
In ‘ V ‘
)
=0+ ——
& is determined by Eq. (g), tan f3, , where 73, rgi, 4, and b2 are known.

Note: if spiral angle b= 900, the spiral line becomes a radial line with constant theta.

_ L
bi=6-| 5
W=

Iy 5,

— L
or-0,-( %)
w2

6p=0,+(6,+6,)=6,+ ()
6. =0;+(6,+6,)=0;+ ()

Spiral Groove Seal
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Ele Model Analysis PostProcessor  Help

Spiral Groowe Face Seal
Seal ID=15in

Seal OD=180n
Bialance Dia = 1.382 in
Dam avter =0.05 in

Ma. of Grooves = 16
Land/Groowe Yidth = 1
Spiral Angle = 9 deg
Groove Depth = 0.0004
Prezsure Pi= 14.7 psia
Prassure Pa =20 psia
Spring Farce = 4 Lbf
Cloging Force = 209555 Laf

For Help, press Fi

Oblique Groove Seal

% DyRoBeS_SpiralGF - C:\Seals\SpiralGF \Lxample\lxample_Oblique. SGF

Bie Model fnalysis PostProcessor Help

Oblique Groove Face Sasl
Seal D =15in

Seal OD=18in

Balance Dia = 1.302 in
Diam awter = 0.05 in

Ma. of Grooves = 16
Land/Groowe Width = 1
Spiral Angle = 18 deg
Growee Depth = 00004
Prezsure Pi = 14.7 psia
Pragsure Po =20 paia
Spring Force = 4 Lbf
Cloging Force = 209555 Laf

For Help, press Fi

Obligue Graove Seal - Dutward Pumping

Spiral GF
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4. Program Menu Description

Table of Contents

Program Menu Description

Once the program SpiralGF is executed, the main menu appears as below. It contains 5 primary menu options.

File — for file management.

Model — for data entry and mesh control.

Analysis — for analysis option, such as a single case or multiple cases analysis.

Postprocessor — for result display.

Help — for manual and version information.

Ifan existing file is opened, the main screen area will display that seal geometry and seal related data.

| DyRoBeS_SpiralGF - C:\Seals\SpiralGF\Examplel\Example_Spiral.SGF

F-N Model Analysis  postProcessor  Help

Spiral Groove Seal - Cutward Purnping

Ty ki
Cpen... kel
Save Chl+S
Savels.., ChH+A
Print... Chl+F
Print to Fil

Print Previces

2 Exaniple_Chlique.5GF

3 CSeall. AP akeoff, SGF
+ CiiSeals).. |Exampleizes. 5GF

5 Ciiseak).. jledase 1 Eng S5oF
B CHiSeals).. . \Example|000,5:F
T CiGeals.. . eakage 1 _SLSGF
8 ChiSeak)... \Example|123.56F

Exit

| Oipean this document

[ w4

Under Model menu, you may enter the seal data under Data Input or change the finite element mesh density under Mesh Control as shown below.

GF\Examplel\Example_Test.SGF

‘ Mesh Cantral

Spiral Graove Face Seal
SeallD=151n

Seal O0=181In
Ealance Dia=1.232in
Dam outer= 005 in

Mo, of Gromves = 16
LandiGroove Widih = 1
Spiral Angle =9 deg
Groove Depth = 00004 in
Fressure Pi=14.7 psia
Fregsure Po =20 psia
Spring Force = 4 Lbl
Closing Force = 209865 Lbf

Edit/Irgut Seal Data

Spiral Groove Seal - Ouiwiard Purnping

[ m|

Spiral GF
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Click below for more information:

Data Input
Mesh Control

Analysis

Postprocessor
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5. Data Input Table of Contents
Data Input
The data input screen is shown below and brief description is given:
Spiral Groove Seal El
Conmmrend: |‘3pirai Groowe Seal Save |
Units: |Erglish vl Units Corvvert eSS -
Gas Type: |7 - Saveds
- Geamely Tempergtur: [300 degF
Groove Type: |2 5 Vissasiy lm Regn Close
Pumping Direction: |Genersl hd Gaz Constant |53.34 F-Lbf/LbaeR
No. of Grooves: [16 Sip Flow Modet. [T-5l Flow ALFHA =] [089
- i Openating Paramelers
sealD: [15 " R D of Rictation of Mating Pt
Seal O0: ]137 in Speed RFM: |15000 oW oW |
Coning: |0 in Pressunes at 1D &0D: (147 20 psia
/G Width Ratio: |_1 Mo, of minimum fim thickpess [roing |8
PEPELN 107 00 o Starting benirc I3s-|35 Incrementat |1e05 in
. ~ Clesing Force:
Spiral dngle: |3 ] on
" : = Fiessure Balance Dia: (1,382 in
Giog-s Dieat ]tl oand IImIJDd h Spiing Force: [4 Lbf
Comment: description for the seal under study.
Units: English or Metric units.
Unit Convert: You may convert the units from English to Metrics or from Metrics to English
Geometry
Groove Type: Spiral Groove, Oblique Groove, Radial Groove, and Advanced Groove
For more information see Seal Geometry & Boundary Conditions.
Example for Spiral Groove
51DyRoBeS_SpiralGF - C:\5eals\SpiralGF\Example\fxample_Spiral SGF |Z|r§| E|
File Madsl Anabyss PostProcessor Help
Spiral Groove Seal - Outward Purmping
Spiral Groove Face Seal
Seal ID=151n
Seal OD=181in
Ealance Dia = 1.3582 in
Dram outer = 003 in
Mo. of Groaves = 16
Land/Zroove Wyidth = 1
Spiral Angle =9 deg
Graove Depth = 00004 in
Pressure Pi= 14.7 psia
Pragsure Po = 20 psia
Spring Farce = 4 Lbf
Closing Force = 20 9865 Lbl
Fo Hilp, prass FI [ ur E
Spiral GF 14/26



Exanmple for Oblique Groove

%A DyRoBe5_SpiralGF - C:\Seals\SpiralGF\Examplelfxample_Obligue.SGF
Fie Madsl Ansless PostProcessor  Help

Obligue Groowe Seal - Outward Pumping

Obligue Groove Face Seal
Seal ID=151n

Seal OD=181n

Ealance Dia = 1.3532 in
Dram outer = 003 in

Mo. of Groaves = 15
LandGroove Wyidih = 1
Spiral Angle = 18 deg
Groove Depth = 0.0004 n
Pressure Pi= 14.7 psia
Pragsure Po = 20 psia
Spring Farce = 4 Lbl
Cloging Force = 20 9855 Ll

|For Help, pressF1 [ r

Exanmple for Radial Groove

*ADyRofeS_SpiralGF - C:\Seals\SpiralGF\Example\Example_Radial. SGF
File Madel Anshyss PostProcessor Help

Spiral Groowe Seal

Radial Groove Face Seal
SealID=1510n

Seal O0 = 2in

Balance Dia = 1.932 in
Diarm outer= 005 in

Mo. of Groaves = 16
LandiGroave Width = 1
Graove Depth = 0.0004 in
Pressure Pi= 14.7 psia
Prassure Po = 20 psia
Spring Farce = 4 Lbl
Closing Force = 24 5027 Lbf

For Help, press F1 [ hum r

Advanced Spiral Groove option allows you to build not only the above standard seal geometry, but also many other possibilities.
Pumping Direction: Inward, Outward pumping, or General

A dam exists at the seal ID for inward pumping, and at the seal OD for outward pumping, General options allows for dams at both ID and OD which is NOT
common in the face seal applications.
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Spiral Groove Seal

Commeik: |Sp|ra| Groowve Seal

Geomely

Purmging Ditectior: |EERE]

L/G Widih Ratio: [1

Coning: |0 i

Groove Typer |fudvanced Spial ﬂ
=

Irwand
Mo o Groves:

Units: |English | Uniitz Corrvert

Save

Gz Propeshies

Tempersturs; | 300 deg F

Vizcoziy: [3.483%6e-03  Reyn Close

Gaz Comstant |53.24 Ft-Lbf/Lbrme R

Slip Flow Modet [1-SioFlow ALFHA =] [083

Ganearal
SealID: 1.5 in Opesating Parameters - = :
2 D of Rotation of Maling Part
seal0D: |2 M Speed RFM; {15000 C oW oW
Inward

Pressuwes at 1D & OD: |14.7 20 (=]

Mo of minienum Fim thickness (rerint [B

D widtie] JO05 o . Starting benirc | 3205 Incrementat |1e-05 in
; Closing Force
Spiral dngle- |3 3 degies .
Leading ol H--""‘-Tldililllj PFragsure Balance Dia: 1,882 n
: (00004 00004 i .
Groove Depte [ T Spiing Force: [¢ Lbi
ID oD

Gas Type: |7 =l Saveds

Number of Grooves: Self-explanatory. For more information see Seal Geometry & Boundary Conditions.
Seal ID and OD: Self-explanatory. For more information see Seal Geometry & Boundary Conditions.

Coning: Self-explanatory. For more information see Seal Geometry & Boundary Conditions.

L/G Width Radio: Land / Groove circumferential width ratio. For more information see Seal Geometry & Boundary Conditions.

Spiral Angle: For every spiral groove, there are 2 spiral lines (leading and trailing edges). Commonly there are the same values. In rare cases, they can be

different values in advanced spiral groove option. For more information see Seal Geometry & Boundary Conditions.

Groove Depth: Self-explanatory. Typically, the groove depth is a constant value. For advanced groove option, the groove depth can be a linear fimction
from ID to OD. Then the groove depth at ID and OD are entered. For more information see Seal Geometry & Boundary Conditions.

Gas Properties

The Gas Constant, Viscosity, and Temperature are needed for the gas properties. For AIR, once the temperature is specified, the viscosity and gas

constant will be auto-updated.

Slip Flow Model

There are 3 options for this selection:

0 —No Slip Flow Correction, then Q = 1 in the Reynolds Equation.

1 — Slip Flow ALPHA — Based on Lin Wu’s paper.

2 — F-K model — Based on S. Fukui and R. Kaneko paper.

Operating Parameters

Speed RPM: Self-explanatory.

Direction of Rotation of Mating Part: Self-explanatory. Either CCW or CW.

Pressures at ID and OD: Specify the pressure at boundaries.

No. of Minimum Film Thickness, Starting Hmin, and Incremental Hmin: Minimum film thickness is specified and the opening force is calculated based
on this film thickness. The program will calculate the seal performance for a range of minimum film thickness. The minimum film thickness starts from Starting

Hmin and incremental Hmin for a total number of No. of Minimum Film Thickness.

Closing Force

Ore of'the user inputs is seal pressure balance diameter, , which can be a bellow mean effective diameter or a secondary seal pressure diameter. The pressure

Spiral GF
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balance diameter effectively divides the pressure on the back of the seal into two zones. The inner zone is exposed to ID pressure Piand the outer zone is

exposed to OD pressure Po. Usually, there is a spring (or magnetic) force that pushes the seal to close. Total closing force = closing force due to pressure +
spring force. Let = pressure balance diameter and F's is the spring force, Total closing force is:

Feigse = Fs + PU?T(QDz - rz)f‘l' + Pﬂl’(rz — IDz)/4-
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6. Mesh Control Table of Contents

Mesh Control

The FEA mesh density control is by the Mesh Size Scale. By default, 1 will create a very reasonable mesh size. In some cases, a finer mesh is needed for the

convergence, then use smaller Mesh Size Scale, such as 0.9 or 0.8. Note that lower the Mesh Size Scale will increase the number of meshes and increase the
computational time.

FEA Mesh Density Control §|

tezh Size Scale: | |1 | Update

1: Default mesh density
Toincrease the mesh density, uze scale less than 1

To decrease the mezh denzity, use zcale larger than 1

Spiral GF 18/26



7. Analysis

Table of Contents

Analysis

The Analysis menu has 2 options:

1 — Single Run: This will analyze the seal as given in the Data Input

2 — Multiple Runs: This allows for design iterations and perforns design optimization and parametric study.

%1 DyRoBeS_SpiralGF - C:\Seals\SpiralGF\Example\Example_Spiral SGF

Fle Model EUESEN PostRrocessor  Help

SngleRun
e

Spiral Groove Face Seal
SeallD=15in
SzalO0=18in
Balance Dia= 1382 in
Dam outer =0.05 in

Mo, of Grooves = 18
Land/Graove Width = 1
Spiral Angle = % deg
Groowe Depth = 00004 in
Pressure Pi= 147 psia
Fressure Po =20 psia
Spring Force = 4 LbF
Cloging Force = 2009585 Lbf

Spiral Groove Seal - Outward Purping

[ mm[ 4

The following display shows a nultiple run example. The spiral angle and groove depth effects are studied. Only the changed values are entered, blank and
zero indicate that the default values from Case 1 will be used.

Spiral Groove Seal Multiple Runs [z|
Enter tha values that ate changad only. Leave blznk i the valaes s the same a the (s cas. 13 Carnel
el wm | P | Po | Mg | SesllD | SenOD | Comng | LM | Damwidn | Spreérge | GreeveDeph
[ 1] 15000 uT 20 15 15 [ 0 1 [ B 0.0004
2 10
N i
| 4 | 0.000E
| 5| 7 noooz
6 | T
| 7 | e 7]
e ] r )
[ = 2
10 » o
|11 % [
12| 2 3
am 2
15| 8
| 16 |
117
[1e |
LR
20

The F-H curves are shown below for this multiple run:

Spiral GF
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Qptions

FH Curve
Spiral Groove Seal - Qutward Pumping
a0 Case

1

— 2

— 3

' 4

40 . 1 — 5
o
=2
(=]
(I
[y}
—
=
18]
[=1
(@]

10

30 40 a0 B0 70 a0
Hrmin (micro-inches)
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8. Postprocessor

Table of Contents

Post Processor

After the analysis is performed, one can view the results in text or graphic formats. Since the analysis is performed for a range of minimum film thickness, the
opening force, stiffness, and power loss can be plotted versus film thickness. At the operating point, where the opening force equals to the closing force, the
pressure distribution, film thickness, Kn, and Q factor can be plotted.

%1 DyRoBeS_SpiralGF - C:\Seals\SpiralGF\Example\Example_Spiral.SGF

File  Model  Analysis JEGES

Stiffness ve, H Curve

Power Loss vs, H Curve

Spiral Groo

kS =
Seal OD=1Enn
Balance Dia=1.382 in
Dam auter = 0.05 in
Mo, of Grooves = 16
LandiGroowe \Width = 1
Spiral Angle = 3 dey
Groove Depth = 000004 in
Pressure Pi=14.7 psia
Pressure Po= 20 psia
Spring Force = 4 Lbf
Closing Force = 20 5655 Lbf

[ w4

‘When plotting Force, Stiffiess, or Power Loss vs. Hmin curve, the default display will appear as shown below:

EEX

Frink
Print ko File

FH Curve
Spiral Groove Seal - Oubtward Pumping

Refresh

Opening Force (Lbf)

16

Hrmin (micro-inches)

80

You may go to Options and Settings option to change some default settings. If multiple cases (runs) exist, then you may select cases which you want to be

displayed. You may change the line colors, scales, etc. For line color, if size 0 is entered, this line will be plotted in dotted line.

The horizontal dash line indicates the closing force.
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Color Setting - Click to Change ]

Title: [FH Curve | T Coior Sige |~
— 1 AT Save
HlLabel: [Hmin [miceoinches] o REE( 29.128.000] 2
*-Label.[Dpsring Farce (LoD i RGE(U0 f'?g 160) 3
RGE[255 128 064d]
Cases [1.2345 Fee eample: 123579 a3 5 | RGEMIZE0I0 6] u Lhozs
& R G000, 000,255 1
For Seleched Cases. enter case numbers separated by commas. 7 RGN 255 000] 5
E " [ a RGE(128,126.12E] 1
v CuveFr | Symbol [ MajprGid [ Mine Giid 10 | RGEO00125128) 1
1 RGE000,000.126] 1
¥ Manusl Scaing 12 | RGEIN0D.12E.000) 1
Maread Seding Data—————————————— ~ Multipliers 1 13 RGE[152,126.000] 1
. o 14 | RGE[192.000.128) 1
ire |lsu “fmire Iw o |'— 1 e 7
Himae |0 Yenax [50 16 | REEOmIZ 1
) . v |I 17 REED0.12 1
KD |5 o [4 | 13 | AeB00 1
13 | RGEON 1

Oplions
FH Curve
Spiral Groove Seal - Oubward Pumping

50 - . . T Case
1
—_— 2
— 3
1
401" 1 ——5

Opening Force (Lbf)
8

Closing Force

10 30 40 a0

Hrmin (micro-inches)

60 70 a0

Following figures show the stiffhess and power loss.
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M Stiffness vs. H Curve

Qptions

2.00E+IB

1.60E+0E

1.2

3.0

Stiffness (Lhf/in)

4.0

0.0

0E+05

0E+D5

DE+05

0E+00

Stiffness vs. H Curve
Spiral Groove Seal - Qutward Pumping

30 40 a0 B0 70 a0
Hrmin (micro-inches)

M Power Loss vs. H Curve

Oplions

Power Loss (hp)

0.0176

0.0154 K

0.0132

0.0110

0.0088

0.0086

0.0044

Pawer Loss vs. H Curve
Spiral Groove Seal - Oubward Pumping

30 40 A0 B0 70 &0
Hrmin (micro-inches)

Case

L d L0 kO =

Plots at the operating point — Operating point indicates the opening force and closing force are equal
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Spiral Groove Seal - Outward Pumping
ro-in, Fo = 20 9665 Lbf, Pi = 14 7 psia, Po = 20 psia

47 2867

14 5224
Pressure Distrbution - Prmin = 14,5224, Prmax = 47 2867 (psia)

Options  Display

M Pressure Distribution @ Operating Point E|E|E|

Spiral Groove Seal - Outward Pumping
hao = 68 4275 micro-in, Fo = 20 9665 Lbf, Pi = 14 7 psia, Po = 20 psia

1.57081

—_
o
-1

Slip Flavy Correction - Qrmin = 1.02587, Qmax = 1.57081

Test Output Example
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24/26



Ble Edt Famat Yew Heo
IyRoBes-SplralaF ver 1,0, W. 1, Chen, A1l Rights Reservad,

Filaname: C:iaealshipiralarexanplesixanple_spiral. sof

Comment: Spiral Groowe Seal - Outward Pumping
Grogve Type: Spiral Groove
Futping Direction: outward

ne. of Grooves - 1d
s&al ID - 1., 00000 fim
seal oo - 1. BO0000G n
confing - 0, Q00000 in
LG width Zatio = 1,00
pam wigth - Qe QEO000D in
spdral Angle = 9,00 eg,
Groova Depth - 0y Q00 GOl in
TRTEACATUrE 00,0 dez F

BaR-08

Gas Wiscosity o, 34 REyT
0. 5338E402 Ft-Lbf/Lbm-r
1

Caz Canstant
=lip Flow model

S1ip Flim ALFHA - . 5O

Fresiuré at In - 14, FOODD pet

FrESSUrE At oD = 20 Q000D 51

palance pla. = 1,38200 n

spring Foroe = 4, 00000 Yot

clozing Force - 20, 9664 Tof

Spead = 13000, ripm

D?sf of rotation of Mating Part: Cw

Mesh Size Scala - 1. 000

Total Ho. of Elements = 5340

hmin cpening Force Film stiff Targue Moment
Cind (1hf C1bf nd Clbf*in)

1 0.3000s-04 35,220 512333.4 0. GEEEE-0L
2 0.4000=-04 30,377 4527402 G, 493BE-0L
3 0.5000E-04 6,246 IGETEL.G G, 4000E-01
4 0.6000e-04 IF.026 277467 @ 3371E-01
5 Q.700ke-04 0,630 2030040 G 2924e-01
& 0,8000E-04 13, 902 147443.1 @, Z5EUE-01

output at operating painm
1 0.0BL3E-04 0, 9ok Z13410.5 &, ZPEOE-01

Fawer LDoss

CHF}
0. 15GBE-L1
0. 1180E-11
0. 9521E-02
0. 3023E-02
0. S950E-02
0. 5LEZE-L2

0. TLOTE+OL

Leakagse at oD

¢lbmsa) (FEA3 e]

0. 4303E-D6 0. G172E-05
0. TS42E-DG 0.1240E-04
0. 9580E-05 0. 1E49E-04
0. 110LE-0F 0. 210ZE-04
0. 1164E-0F 0. 2222E-04
0. 1173E-05 0., 2240E-04
0. 1158E-0% 0. 2211E-04
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9. Validation Example Case with NASA Code

Table of Contents

Example 1

This example is used to compare the results with NASA SpiralG code. Due to many assumptions and restrictions used in the NASA code, following seal data

is used in the comparison purposes. The results are in good agreement. However, only F-H curve is presented here.

Spiral Groove Seal

Conmmrend: |‘3pirai Groove Seal - Oubward Pumging - Companed sith NASA SpirzlG code

Units: |Erglish vl Units Coevvert
G ¥

Graosee Type: W
Pumping Directiort [Dutwerd |
No. of Grooves: ]an_
Sealll: [[41 in
Seal OD: [1.66 in
Coning: ]07 in
uewidhRat [I
Dam wittc [oosos " in
Spiral Anglec l?'ﬁi degien
Groove Depth: [0.0003 b

- Gz Propeshies

Gas Type: m Saveds

Temperstuie: 175 deg.F

Wiecosky, | 304656203 Reyn Llose

Gaz Constant 53,34 F-Lbf/LbaeR
Slip Flow Modek |0 - Mo Slio Flove Conectio

Openating Paramelers
2 Dk, of Rctation of Maling Part

Speed RFM, 12600 C oW oow

Pressures at 1D & 00: [14.7 28T psia
Mo, of minimum fim thickness fming |11
Starting benirc IZ;-UE Incrementat |1e05

~ Clasing Force

Fressure Balance Dia: |1.558 in
Sping Farce: 4.5 Lbsf

in

Oplions

FH Curve

Spiral Groove Seal - Qutward Pumping - Compared with NASA SpiralG code

40

L}

Opening Force (

10

20 40 B0

g0 100 120

Hrnin (micro-inches)
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