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ABSTRACT

Test results conslsting of direct and transverse force coefficients are
prqsented for thirteen, hole-pattern, damper-seal configurations. The
deaignation "damper" seal refers to a seal which uses a deliberately
roughened stator and smooth rotor as suggested by von Pragenau [1] to
increase the net damping force developed by a seal. The designation
"hole-pattern" refers to a stator roughness pattern which {s developed
by & pattern of round holes which are milled into the stator. All
seals tested use the same smooth rotor and have the same constant
minimum clearance, The seal tests examined the following major design
options:

(a) hole-area density, i.e., the proportion of stator surface

area consumed by holes,

(b) hole depth, particularly the ratio of hole depth to

minimum clearance.
In addition, limited data were taken to examine the influence of
"in-1line" versus "staggered" hole patterns and flat-bottomed versus
spherical-bottomed holes.

A comparison of the results shows that, from a damping viewpoint,
the optimum seal configuration used a hole-area density of
approximately 3U4% and that the optimum hole depth is approximately
three times the minimum clearance, As compared to a smooth seal, the
optimum damper seal increases net damping by a factor of 1.38, reduces
direct stiffness by a factor of 0.73, and reduces leakage by a factor
of 0.53. A staggered pattern seems to be better than an in-line
paﬁtern, and flat-bottomed holes are much better than

spherical-bottomed holes.
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The theory of reference (2] does an adequate job of predicting the

stiffnese and damping coefficients of optimum and near-optimum
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NOMENCLATURE

Q: Cross~coupled damping ccefficient, introduced in Eq. (1),
FT/L,

k:- E:Ess-coupled stiffness coefficient, introduced in Eq. (1),

mr, nr: Empirical turbulence coefficients to define the seal-rotor
friction factor.

ms, ns: Empirical turbulence coefflicients to define the seal-stator
friction factor.

A Dynamic seal eccentricity, introduced in Eq. (2).

C: Direct damping coeffiecient, introduced in Eq. (1), FT/L.

Cor: Net damping coefficient, introduced in Eq. (10), FT/L.

Cp: Discharge coefficient, introduced in Eq. (11).

CL: Leakage coefficient, introduced in Eq. {(12).

Cp: Minimum radial seal clearance, L.

Fy, Fy: Cartesian components of the seal reaction force, introduced
in Eq. (1), F.

Fpr, Fg: Radial and circumferential components of the seal reaction
force, F.

K gizect seal stiffness coefficient, introduced in Eq. (1),

M: Szal added mass coefficient, introduced in Eq. (1), M.

Mgpi Effective seal added-mass coefficlient, introduced in Eq.
(10}, M.

AP: Seal pressure differential, F/L2.

R: Seal radius, L.

Ry = 2pVCp/us Reynolds number,

Vs Average axial fluid velocity in the seal L/T.

X, Y: Seal displacement components, introduced in Eq. (1), L.

Apt Seal rotor friction factor, defined in Eq. (5).

¢ = A(L/Cp): Axial pressure-gradient coefficient.

-8~
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pt Seal density, M/L3,
ws Seal rotational and precessional velooity, T-).

i Snal viscosity, FT/L2.



INTRODUCTION
The test and analysis results which are reported here were obtalired
under NASA Contract NAS8-35824, The present work continues research
activity which was begun 1in January of 1980 under NASA Contract
NAS8~33716. Earlier contract reports [3-6] provide detalled
information covering the following points:

(a) test-section and facility description,

(b) test-objectives and prccedures, and

{(c) data acquisition, analysis and procedures.
Most of this information is not repeated here, and interested readers
are referred to earlier reports.

From a rotordynamics viewpoint, seal analysis has the objective of

predicting the coefficients for the foilowing motion/reaction-force
model

T LIE Bl o

where X, Y are components of the seal-rotor displacement relative to

o .

=

its stator and Fy, Fy are components of the reaction force. The
diagonal and off-diagonal stiffness and damping coefficients are
referred to, respectively, as "direct" and "cross-coupled". The
cross—-coupled coefficlents arise due to fluid rotation within the seal.
The coefficient M accounts for the seal's added mass,
If a ecircular orbit of the form

X =4 cbsmt, Y = A sinuwt (2)
is assumed, Eq. (1) yields ~ the following definition of fcree
coefficients which are, respectively, parallei and perpendicular to the

rotating displacement vector

{)

(9



Fp/A » =K -cw + Mw?
{3)
Fa/A » k - Co
Observe that the cross-coupled-stiffness coefficient Kk yields =a
"driving" tangential contrit.tion in the direction of rotation, while
the direct damping coefficient develops a drag force oppesing the
tangential velocity.

A prior investigation [6] sxamined five new "damper sgeal
configurations which were largely inspired by von Pragenau's work [1].
Von Pragenau's analysis predicts that a smooth-rotor/rough-stator
combination will yield a reduced asymptotic fluid tangential velocity
within the seal, which will, in turn, yield a reduction in the
croas-goupled stiffness coefficient, A reduced cross-coupled stiffness
coefficient reduces the destabilizing tangential driving force on the
rotor, yieids an increased net damping force, and generally enhances
rotor stability and response. A subsequent an! more cciprehensive
anilysis by Childs and Kim [2), yields the same sort of enccuraging
predictions,

The results of [6] confirmed that damper seals 'could yield
increased net damping coefficients and showed particularly encouraging
results for the round-hcle pattern configuration of figure 1, This
report provides test data for twelve additional round-hecle~pattern seal

gonfigurations,

-11-
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TEST CONFIGURATIONS, CAPABILITY, AND RESULTS

Test Configurations

The ' seal test section 18 illustrated in figure 2 and is designed to

accept candidate seal inserts, All seals tested use a smooth rotor and

have a constant minimum clearance, i.e., no taper. Tests were carried

out to examine the influence of changes in the following parameters:
(a) Hole-area density. This parameter is defined by

hole area

Y = (4)

total area
(b) Hole depth to minimum-clearance ratio, h/Cp, as
illustrated in figure 4.
Figure 3 illustrates the eight hole-patterns which were tested.
Figures 4 and 5 illustrate, respectively, the two types of hole bottoms
which were tested, viz., flat-bottomed and spherical-bottomed. Table !

provides the detailed data for all thirteen hole-pattern seals.

~13-
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Hole Y h/Cp Hole

Stator Pattern Bottom
1 1 A7 1.93 flat
2 2 .34 1.93 flat
3 3 ,50 1,93 flat

4 .59 1.93 | fiat
5 5 .61 1.93 flat
6 6 .34 1,93 flat

2 .34 .96 flat
8 2 . 34 2.89 flat
9 2 .34 3.37 flat
10 2 .34 3.86__|  flat
11 7 27 2,89 flat
12 8 42 2.89 flat

_13 2 .34 2.89 spherical

Table 1. Hole-pattern-stator configurations, Cp (min) = 0.526 mm.
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Test Capability

The rotor segments of the test seal are mounted eccentrically on the
rotor of flgure 2 with the eccentricity A, Hence rotor rotation
genérates a synchronouely precessing pressure fleld. Axially spaced,
strain-gauge, pressure transducers are provided to wmeaswe the
transient pressure field, and the transient pressure measurements are
recorded and integrated to define Fn/A, Fg/A, and |F{. In any test,
five to ten oycles of data, containing on the order of 2,000 data
points, are analyzed., Each data point ylelds a calculated value for
Fp/A, Fg/A and |F|, and average and standard-deviation values are
calculated for the test case. Observe from Eq. (3) that the test
apparatus yields only the net radial and tangential force coefficienis
and can not be used to separately identify the seal coefficients,

The analysis of von Pragenau [1] and Childs and Kim [2] indicates
that the seal rotor and stator roughness are important in defining the
cross—coupled stiffness coefficient k and net-damping-force coefficient
Fg/A. Estimates for the relative roughness parameters can be obtained
from measured results for the axial pressure gradient and leakage rate.
The required data, censisting of the supply and discharge pressures and
pressure measurements at axial locations throughout the seal, are
sampled, averaged, and recorded immediately before transient data are
recorded,

Test Results

For a given seal configuration, a test matrix is carried out with
variations in the flowrate (axial Reynolds humber) and shaft rotational
speed. The flowrate 1is varied from a minimum value, which is
sufficient to yield adequate signal-to-noise ratios of the transient
pressure measunements.out to the maximum flow capability of the

_]8-



cirocuit. Shaft rotation speed is incremented from approximately 1,000
rpm to 7,200 rpm. In a given test series, the axial Reynolds number is
held constant and the running speed incremented.

' For a given test, the following two types of data are secured:

(a) eteady-state "input" data consisting of the pressure
differential average fluid densitv and viscosity mass
leakage rate, and rotational speed, and

(b) Uoutput" data consisting of Fp/A, Fg/A, |F| versus the axial
Reynolds number and shaft running speed.

The tables of Appendices A and B provide this type of data for each

test of each seal configuration.



DISCUSSION OF RBSULTS: COMPARISON TO THEORY

Introduction

The theory of reference [2] should be adequate as a model for the
hole-pattern damper seals tested in this study. The adequacy of the
theory, as determined by comparison to applicable experimental
results, is the subject of this section,

Empirical Turbulenge Coefficients

The theory of [2] characterizes the roughness of the stator and rotor
by *he empirical turbulence coefficients mr, nr (rotor) and ms, ns
(stator) in basically the same procedure ussd by Yamada [7] and Hirs
{8]. The theory requires estimates for these parameters based on the
axial pressure gradient and leakage/axial Reynolds number data.
Identification of these data was accomplished as follows,

Of the two seal inserts illustrated in figure 2, the zeal on the
left-hand saide used the smooth seal insert, while the remaining seal
inserts were tested in the right-hand-side housing. To the extent
possible, the same "very-smooth" finish was provided for both the
smooth-seal insert and the rotor, The pressure gradient was measured
for both the smooth and damper seals during all dynamic tests. The

axial pressure gradient equation has the form

ap sz
- =g (—)
9z 2

Hence. with a measured pressure gradient, and a krown dehsity p and
axial velocity V, one can calculate the parameter g, which is related

to the friction-factor coefficient by

_20_



L
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Cr
The smooth-rotor/smooth-stator data were used to calculate values op
and Ap which were assumed to apply for both the rotor and the smooth
stator. From the Ap versus running-speed, w, and axial Reynolds, Rg,

data, the empirical coefficients, mr, nr of the following

friction-factor formula are calculated

mr+1

Ap = nr Ra® [1 + (Rw/V)2] 2 (5)
These coefficlents are c¢alculated on & least-square-error basis, and
determined as follows

nr = 0,06736, mr » -0,21663 {6)
These values can be compared to

o = - 0.079, mo = =0,25
from Yamada's data for "smooth" annulll.

For the smooth-rotor/damper-stator combinations, a combined oq is
measured, which 1is related to the corresponding rotor op and (rough)'
stator og by

Op+0g

2

Oc
Hence

0g = aﬂc'ﬂp

This formula was used to caleulate gg for the damper stators by using
measured values for g, and calculating a value for o, from Eq. (5) with

the parameters of Eq. (6). The resultant empirical coefficients for

-21 -
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the damper-seal stators are given in table 2., The entrance-loss

ccefficients of the : atrance-pressure-loes relationship

pv2

8Pypiet = (14§) —

2

are also provided in table 2.

o W,

-~

10
11
12
13

Table 2.

0.011904
-0.03719
-0.29173
-0.42715
-0.24746
~0.03329
-0.29623
-0,34246
-0.39178
-0.13812
-0.39178
-0.04649
-0.46849

0.0!5027
0.31633
1,0277
6.8275
0.37522
0.045493
0.90612
1.9609
3.8690
0.12587
3.9405
0.04G7 Y46

10.981

(7)

(1+€)av

1.2845
?-3707
}.2126
1.3131
1.295
1.4795
1.3023
!.H?S
?.2278
1,593
1.5446
?.H?"Z
!.656

Empirical turbulence coefficients (ms,ns) and entrance-loss

coefficients for the hole-pattern atator configurations of

figure 3 and table 1.
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Problems were encountered in calculating the ms, ns values of
table 2 because of flow-meter difficultiss. Jpecifically, the
Fisher-Porter vortex flowmeters yielded unusable vsclllatory output at
hisﬁer Reynclds numbers. An accurate least-gguare calculation of ms,
ns requires data over a fairly wide Reynoclde-number range which, in
many cases, was simply not avajilable. The values for me, ns provided
in table 2 were the best which could be extracted from the available
test data; however, they are not generally satisfactory., Note that new
turbine flowmeters have been purchased and should be installed in July
1985.

The entrance-1oss coefficients are high compared to earlier
results for 8amooth seals. However, the damper seals operate at
significantly lower Reynolds numbers than our earlier smooth B8eals;
hence, some increase would be expected.

Dynamie¢c Test Data

Figure 6 i{llustrates measured and theoretical results for Fn/A and Fg/A
versus Ry and w for the hole-pattern stator. The measured results are
taken from table B.}, while the theoretical results are calculated
using the analysis of [2] with the empirical parameters of table 2. An
inspection of these results demonstrates a ‘'"reasonable" agreement
between theory and experiment with respect to the tangential force but
much larger measured radial-force-coefficient magnitudes at low speeds
than Eredioted. Further, the magnitude of Fp/A decreases more rapidly
with 1increasing running speed than predicted. Figures 7 through 18
illustrate messursd and throretical predictions for the remaining seals

which were tested.

_23_
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Figure 6, Measured and theoretical [2) results for Fp/A and Fg/a;
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Eq. (3) provides the basis for a quantitative oompar}son of theory
and experiment. At firat glance these equationa iuggeat that
su(rtciant independent equations onuld be obtained to calculate all the
rotordynamic coefficients by simply testing at three running speeds.
However, the fact that the coerfficients depend on w precludes this
approach., While K, C, and M are weak functions of w through their
dependence on g, the “oross-coupled" coeftricients k and ¢ are linear
functions of w. In fact, if the fluid is prerotated prior to entering
the seal such that the inlet tangential velocity is Uggy » Rw/2, then
theory predicts that k = Cw/2, ¢ = My, and

Fp/A = =K, Fg/A = =Cw/2 (8)
The present test apparatus provides no intentional prerotation, and the
expected result is of the form

k = bjCw/2, by<!

¢ = boMw, bp<1 (9)

Fo/A ¥ =Cop w = =C{1-b1/2)0

Fp/A 2 ~Kgp + Mgp w2 = =K + M(1 -bp)u? (10)
The term C.p denotes the '"net damping coefficient® resulting from the
drag force CwA and the forward whirl excitatio: force kA. A direct
comparison between theory and experiment is obtained by curvefitting
the theoretisal and experimental results for the Fp/A and Fg/A to
obtain predictions for Kep, Cop, and Mgp. Note that the procedure of
curvefitting the data with respect to w eliminates the running-speed
dependency. Further, Kgr ls the zero-running speed intercept of the
Fp/A versus u curve, and Cgp is the slcpe of %the Fp/A versus Q curve,

Experimentally~determined values are presented in tables 3(a)
through 3(¢) for Kgps Ceop, and Mgp. A comparison of theoretical and
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"5, 1. Uoies KEF (EXP} CEF (EXP) MEF(EXP) KEF(EX/TH) CEF(EX/TH) MEF(EX/TH)
STATOR | , DAMPER SEAL : HOLE PATTERN 1 €C =0, 5271 mm
Hole Di&. »2.0mm: Hole Pepthwi, O1&mm. Gamma=D, 17, H/€ =3, 93
RAs 0. B941E 03 0. 2752E Q& 2100, 3. 200 1, 873 0. 43046 1. 94
RAm 0, 1304E 04 0. 0111E Qb 3974, 4. 39% 1, 740 0. &997 2. 29
RAm 0. 1S97E 04 0. 1248E 07 52786, 8, 292 1. 876 0, 7847 2. 58
RA= 0. D2B4E 06 0. 9414 07 0. 1484E 05 &4, 93 2.179 1. 209 1.88
BTATOR 2 DAMPER SEAL : HOLE PATTERN 2 C = 0 9271 am
Hole Dia, =3, 8mm: Hole Depth=1, 01&6mm: Gamma=0.34, h/C =1,93
RA= 0, JO0I9E 09 0. 2823E 04 3470, &, B2 0. bb26 0. 7308 2,99
RA= O, 1305E 06 0. 7260E 06 0, 4070E 04 4, 09 0. 9454 0. 8728 2,32
RAa= 0. 1600E 06 0. 14446E 07 0. B8293E 04 4, 50% 1, 297 1. 049 1. 54
RAm 0, Q190E 04 0. 2514€ 07 0. 1249€ 08 7. 44 1. 104 1. 189 2. 34
RAn 0, D&F4E 06 0, 3970E 07 0, 1483E 05 TN -1-] 1,198 1,192 2, 64
STATOR 3 DAMPER SEAL : HOLE PATTERN 3 C = G 35271 mn
Holes Dis. =4, 7mm, Hole Depth=l, O1é&mm. Gamma=0,90, h/C =1,93
RA= 0. 20O15E 08 0. 1738 06 2941, 7. 348 0. 9407 0. 5001 2.8
RA= Q. 1301€ Q& 0. 53442€ 04 4882, 7. 048 0.6470 0. 4812 2 81
RA=m 0, 15612€ 06 0. 98B4E 05 6001, 7. 107 0. 7214 0. 7297 2,79
Ra= Q. 2439€ 04 0. 2133 07 9715, 7. 2539 0. 8040 0, 9752 2. 49
RA= 0, 354BE 06 0. 3093€ 07 0. 1394E 05 7. 818 0. 9420 1. 060 1,43
STATOR & DAMPER SEAL : HOLE RATTERN 4 € = 0, 527% am p
Hole Pia. =7, imm, Hole Depth=1, 01&mm, Gamma=0. 59, h/C =i, 93 )
RA= 0. 70RBE 08 0. 5940E 05 2927, 9. 656 0.9543E-0L 0, 333646 2,69
RAw Q. 1302E 04 0. 9373 04 4479, 4. 296 0, 3839 0. 6287 2. 12 :
RA= 0. 1602E 04 0. 819&6E 04 5&19. 5, 723 0, 2609 0. 4348 = 21
RAs Q. 249BE 056 0. 7377E 04 B&07. 8. 99& 0. 2604 0. 6120 1. 95
RA= 0. 3540 0& 0. 1553E 07 O, 1093E 05 4, 046 Q. 3971 1. 024 4. 57
STATOR 5§ DAMPER £&AL : MOLE PATTERN B €= 08278 mm ]
Hole Dua. =8, &mm, Hole Depth=i, Otémm, Gamma=0, b1, h/C =i, 53 o l
RA= 0. 9037E 0% =0, 4728E 05 2970. &4, B9 -0, 1708 0. 7274 2. 40 #
RAm 0, 1300E 046  ~0. 5320€ 05 4810, 7. 827 =0, 4634E=01 0. 8400 2. &3 "
RA= O, 15601E 04 0. 1038E 06 L4495, 8.171 0. B489E-01 0. 9838 2.20 i
RAm 0, 2GIEE 06 0. 4558E 0& O, 1043E 05 8. 012 0. 2023 1. 099 2. 36 :
AA= 0. 4114E 06 0, 3327 04 0, 1344E 05 13, &2 0. 9456E~-01 ), 143 3.21
Z““ATOR 6 DAMPER BSEAL : HDOLE PATTERN & C =0 5271 mm {7y e
Hole Dia.=2.8mm, Hole Depthei. Qlémm,, Gammas0. 34, h/C =1.93 ;
Ra= 0. 9009 0% 0. 42B4E 06 3598. 5. 250 1. 447 0. 5171 1.78
RA= 0. 1301E 06 0. 50B9E 0& 5824. 8. 315 0. 7794 0. 7524 3.77
RA= 0, 1597E 04 0. 1224E 07 7074, 7.183 1.218 0. 7904 2. 49
RA= 0, 2629E 04 0. 2474E 07 0. 1104E 05 10. 24 1. 222 Q. 8890 2. 48
RA= 0. 3140E Q& 0. 3&74E 07 0, 1389E 05 B. 774 1,171 0. 9297 2. 42
i)
!
Table 3(a). Measured values for Kef‘, cef‘. and Mef; comparison of

theory and experiment for stators 1 through 6,

h/Cr- = 10939
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KEF(EXP) CEF(EXP) MEF (EXP) HREF{EX/TH) CEF(EX/TH) MEF({EX/TH)

BTATOR 7 DAMPER BEAL : HULE PATTERN 2 ¢ = 0. 5271 mm
Hole Dia, =3, 8mm, Hole Depth<Q, 50Bmm, Gamma=0, 34, h/C =0, ?&
RA= 0, B9E9E 03 0. 2190E 04 2852, 7. 199 0. 7205 0. 85360 &, 49
RA= 0, 1304E 0b 0. 9247 0& 4814, 4.113 i, 011 0. 6804 7. 10
RA®= 0, t402E 04 0, 10848 07 &706, 3. 899 0. 8380 0. 8223 4, 33
RA= 0. 2780E 04 0. 2193 07 0. 1085E 08 8. 104 0. 8598 1,029 . 2.7
Ras 0, 3419E 0& 0, 354%9E 07 O, 1479E 05 7.776 Q. 279 1,147 2, 27
STATOR 6 DAMPER SEAL : HOLE PATTERMN 2 € = 0 5271 mm
Hole Dia, =3.8mm: Hole Dgpth=1, 524mm, Gamma=0.34, h/C =2, 6%
Ra= 0. B8998E 03 0. 1099 05 agaz. 9.027 0. 2896E-01 0. 5920 9. 16
RA= 0. 1302E 0& 0. 7763E 06 4708, 8, 218 0. 8833 0. 7288 3, §&
RA= Q, 1403E Q& 0. 1205 07 9307, 5. 74% 0, 8512 1. 078 3. &8
RA= 0. 27&42E 0& 0. 2442E 07 0. 1470 03 9. 424 0. 7087 1. 2864 3. 38
Ra= Q, 3&72E 04 0. 4133E 07 0. 1774E 0% 9, 277 0. 9893 1, 366 1. 95
STATOR ¢ DAMPER BEAL @ HOLE PATTERN 2 C = 0.5271 mm
Hole Dia. =3 Bmm: Hole Depth=}i. 778mm. Gamma=0.34, h/C =23, 37
Ra= 0O, 9018E 09 0. 108BE 0& 10468, &, 873 €. 1710 0. 1850 2. 49
RA= O, 1300E 0O& 0. 1231iE 07 5880, 0. 65032 Q. 7044 0. 7903 0. 349
AA= Q. L&0LE 0& 0. 1772€ 07 8169, 0. 3192 0. 9510 0. 9378 0, 120
RA= 0, 2599E 06 0. 2408E 07 0, 1231E 05 %. 283 0. 8491 1,122 1. 05
Ra= O, 3081E 04 0. 4001E 07 (. 1578E 08 4, 880 Q, 9045 5, 234 1. 29
STATOR 10 DAMPER SEAL : HOLE PATTERN 2 C = 0 327imm
Hole Dia. =3 8mnm: Hole Depth=2 032mm. Gamma=0, 34, h/C =3, B4
A= 0. P006E 09 0. 148%E 0o 1194, 10, 43 0. 3773 0. 2184 10. 9
RA= 0, 1304E 0& 0. B381E€ 0& 4379, &. 007 0. 2473 0. 5382 7. 36
RA= O, 1502€ 04 0, 1315 Q7 &493. 5. 409 Q, 044 0. B15% 3. 97
Ra= 0. 277&6E 04 0, 17463E 07 0O 1193E O9 8. 983 0. 8134 1, 084 2. 13
RA= 0O, BK2iE 04 0. 2605E ©7 0. 1467€ 03 13, 33 0. 7410 1,130 4, 22

Table 3(b). Measured values for Kery Cef, and Mge; comparison of

theory and experiment for stators T through 10,

Y = 0,34,
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8 1. Units

STATOR 11 DAMPER BSEAL ! HOLE PATTERN 7
Hole Dia.=3. 55mm,

RA= 0. 7029E 05
‘A= 0, 1299E 0&
RA= 0, 1400E 0&
Ra= 0, 2728E 06
RA= 0, 352&E 06

STATOR 12 DAMPER SEAL : HOLE PATTERN 8
Hole dia. =4, Simm,

RAa= 0. B997E 09
RA= 0. 1303E D&
Ra= 0. {&02E 06
RA= 0. 2620E 0&
RA= Q.3274E 06

STATOR 13 DAMPER BEAL : HOLE RATTERN 2
Hale Depth=}, 524mm,

Hole Dia. =3. Bmm,
RA= 0, 9015€ 0§
RAa= 0. 1299E 0&
RA= 0. 1&03€ 04
RA= . 26739E 0&
RA= 0. 3819E 0%

Table 3(e). Measured values for Kep, Cers and Mgp; comparison of theory

KEF (EXP }

-127%.
0. 3823E 0&6
0. 73189E 0&

Hole Depth=1. 524mn.

0. 16823E 07 0. 101%E 05

0. 2945E Q7

0. 1325€ 0&
0.847%E 0&
0. 9309E 0&
0.3712€ 07
0. 48&1E 07

0. 3207E 05
0. B8%4E Q&
0. 96918 06
0. 114%E 07
0. 1941E 07

Hole depth=1, 324mm,

CEF(EXP) MEF(EX
¢ = 0 9371
1934, 8. 094
2999, 7. 500
B11. 8. 319
10. 64
0. 1444E 05

12,19

P)

Gamma=0. 27, h/C =2. B89

=0, 3136E-02 0. 3340

Q. 4740
0, &R94
0. 7844
Q. 7987

¢ = 0. %271 om

1725,
a914,
4753,
9689

0. i337E 03

8. 789
5. 403
?. 074
7. 283
4. 977

Gamma=0, 42, h/C =2, 89

0, 3571
1. 129
0. 8972
1. 236
1.499

C = 0.%27y om

J526,
9908,
7124,
0 11308 05
0. 1340E 0%

Gamma=0, 34 (Round

4. 106
5.172
8. 108
19, 88
17, 3%

0, 4033
0, 8731
0. 4500
0. 3700
0. 5352

and experiment for stators 11 through 13.

40~

Battom},

0. 5045
0. 5279
0. 9147
1,079

0. 2979
0. 5048
0. 84648
0. B247
0, 9274

h/C =2. 8%

0. 5244
0. 7602
0. 8184
0. 9998
1. 019

a2 93
2. 80
2. 98
2.85
2,74

3, &4
2. 47
4. 27
2. 00
1,18

1.85
2 71
2,82
3, 38
4,39

L

KEF(EX/TH) CEF({EX/TH) MEF(EX/TH)

i
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experimental results {s also presented in these tables. The results of
table 3(a) generally reflect the changes in hole patterns 1 through 6
with a oconstant h/C,. ratio. The results of table 3(a) support the
foliowing general conclusions:
(a) Measured direct stiffness values are larger than
predicted for Y = 0.17, 0.34.
(b) Measured direct stiffness values are smaller than
predicted for Y = 0.50, 0.59, 0.61.
(c) Measured effective damping coefficients are reasonably
well predicted by theory, and the prediction improves with
1ncreasing'va1ues of Ry.
(d) Measured Mgp values are much larger than theory,
generally by a factor of 2 to 2.5,

The test results of table 3(b) were taken to examine the influence
of changing the h/Cp ratio of a hole-pattern-two stator. The results
support the following general conclusions:

(a} Measured direct stiffness values are slightly smaller
than predicted (generally by about 10%)

(b) Measured damping values are slightly 1larger than
predicted.

() Measured added mass values are much larger than
predicted.

As will be discussed in more detail in the following section, test
results from tables 3(a) and 3(b) showed that ﬁhe optimum zeal, from a
damping viewpoint, wused hole pattern 2 (Y = 0.34) with h/Cp = 2.89.
The results of table 3(c¢) were taken to further refine the optimum

choice by maintaining the h/C, ratic and (a) varying v, and (b) holding
Y and h/Cp constant and testing the influence of a spherical bottom.
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The results for stators 11 and 12 are similar to sarlier results with
respect to Kgp, Ceop. and Mgp; however, the spherical-bottomed hole of
stator 13 shows the measured stiffness values to be much lower than

predicted.
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DISCUSSION OF RESULTS: COMPARISON OF szTOR CONFICGURATIONS
The relative merit of the stator configurations which were tested with
reépect to stiffness, net damping, and leakage characteristica 1is the
subject of this section. The Kgp and Cop parameters of the preceeding
sections are used as a measure of the direect stiffness and net damping.
The leakage coefficient Cp is defined using the conventlonal discharge
coefficient definition

pv2

AP = Cq —~ (1)
2 )

which yields

1/2

- . C -
Q = 2nRC¥ = (=) Cq . 21R2 [ZEF = Cy, - 211&2\[@__13_
R p p

Herice,
Co. ~172
cL = (=) cy = Q/ (2nr2 [22P) {12)
R p

The coefficient Cp, is a nondimensional relative measure of the leakage
to be expected through seals housing the same radius.

The tests which were carried out had the objective of
experimentally determining the round-hole-pattern-stator configuration
which would yield a maximum net damping coefficient, Cgp. The test
program proceeded by first testing hole patterns 1 through 6 with a
constant hole depth such that h/Cp = 1.93, The results of thils test
series is presented in figures 19 through 21 and supports the following
general conclusions:

- (ﬁ) Hole pattern 2 with Y = 0.34 yields the maximum damping
value,

(b) Direct stiffness generally falls with increasing Y.
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+ HOLE PARTTERN 3 @ Y = @0.508 )
< HOLE PATTERN 4 : Y = @,59 )
® HOLE PRTTERN § : Y = @.61
b | HOLE PRTTERN. 8 : Y = @.54
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214 ¢
.0812
< @1 s
Q
(7]
w008
=
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Figure 19, Cep versus AP for a smooth stator and six different hole 0

pattern with h/C.r = 1.93.
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KEF (MN/M)

b SMOOTH STATOR( C = .5271 mm)
DAMPER STATORS, K/C =1.93

O HOLE PATTERN | : Y = @.17
A HOLE PRTTERN 2 : ¥ = @.34
-+ HOLE PATTERN 8 ¢ v = 3,60
© HOLE PATTERN 4 : y = 8.59
® HOLE PATTERN § ¢ y = @.81
R HOLE PATTERN 6 : v = (@,34
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Figure 20. Kgp versus AP for a smooth stator and six different hole
pattern with h/Cr = 1,93.
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o SMOOTH STRTOR( C = .5271 mm)
DAMPER STATORS, h/C «t .93

O HOLE PRTTERN 1 : v = §.,17 )
A HOLE PARATTERN 2 : v = @.54
+ HOLE PRTTERN 3 : vy = 0.S50
¢ HOLE PRATTERN 4°: y = B.59
= HOLE PRTTERN & : vy « @.61
@ HOLE PATTERN 6 : y = @.34
11 1}2
1@ 1
q
B3~ —& —=
. e ﬂj 2
7.
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S5 o oo
8 4 1 —o- =0 UI
-1 1 Q;
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@ 4 e 12 16 20 24
> & 1@ 14 1@ = =22 26 !
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Q.

Figure 21. C, versus 4P for a smooth stator and six different hole
pattern with h/C, = 1.93. O
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(c) Leakage drops with increasing ¥ tut rapidly reaches an
asymptote.

(d) The in-line pattern of stator 6 has the same Y ae hole
pattern 2, but substantially less damping.

As a consequence of the results {llustrated in figure 19,
additional tests were carried out for hole pattern 2 (Y = 0,.34), with
different hole depths., Figures 22 through 24 illustrate Cge, Kgp, and
Cp versug AP for a smooth stator and stators using hole pattern 2 with
five different h/C, ratios. The results presented support the
following general conclusions:

(a) Starting with a smooth rotor, Cge increases with hole
depth out to h/Cp = 2,89, but fall off for larger values of
h/Cp.

(b) Kegf is about the same for all hole-pattern stators
except for h/Cr = 3.86. All of the hole-pattern stators
yleld smaller Kqop values than does the smooth stater.

(e) Cy is relatively constant for all hole-pattern stators,
and is approximately one half of the corresponding value for
a smooth stator,

Combining the results of the first two test series suggests that
the optimum seal configuration would use hole-pattern 2 with Y = 0.34
and h/Cp, = 2,89, To verify this optimum two additional stators were
tested which wused hole-patterns 7 (Y = 0.27) and hole-pattern 8
(Y = 0.42) with h/Cp = 2.89. The results of these tests are shown In
figures 25 through 27 and are seen to yleld smaller Cgp values than
hole pattern 2 with h/C, = 2,89, Finally, a stator was manufactured
which coincided with the maximum-damping configuration except. in the
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0 SMOOTH STATOR( C

= 8271 mm)

DAMPER SEAL , HOLE PATTERN 2 : Y = @,354
o h/C = @.96
A h/C = 1,93
+ h/C 2,89
o h/C = 3.387
® hW/C = 3.86
.319 q|'
A
.016 1} 5
2y
8014 ¢
-~ 812 1 o
=
o .21 |
)
@ oo8 }
£
'-'oggs *l’
L
0094 T
02 T
| 4 8 12 16 20 24
<] 1§7] 14 16 22 26
(Pa - Pblavg (Bers)
Figure 22. Cup versus AP for a smooth stator and stators using

hole-pattern 2 with five values of h/Cp,
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0 SMOOTH STARTOR( C = ,5271 mm)
DAMPER SEAL , HOLE PATTERN 2 : v « B.34

®) K/C = BD,96
A h/C = 1,935
+ n/C = 2.89
& hW/C = 3,37
® wW/C = 3.86

18 20 24
2 6 1@ 14 16 22 26

(Pe - Pblavg (Bers)

Figure 23, Kgp versus AP for a smooth stator and stators using

hole-pattern 2 with five values of h/Cp,
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0 SMOOTH STATGR( C = .8271 mm)
DAMPER SEAL , HOLE PATTERN 2 : Y = 0.54

LEAKAGE COEFF.*16060
Q@ - N KN s O N D

1

10

D

Figure

i1
{

] h/C = @.96
A h/C = 1.92
+ h/C = 2.89
© hC = 3.37
® K/C = 3.86

y.

4 a8 12 ie 20
2 & 1@ 14 ie 22

(F'a - Pblavg (Bers)

hole-pattern 2 with five values of h/Cp,
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0O SMOOTH STATOR( C = .5271 mmi -
HOLE PATTERN STRATORS, h/C =2.89

O HOLE PATTERN 7 : Y = 8,27
& HOLE PRATTERN 2 : y « 2.34
+ HOLE PATTERN 8 : v = .9.42
© HOLE PATTERN Z : Y = .34 (ROUND BOTTOM)

CEF{MN Sec/M)

2 4 8 12 16 28 24 28
2 6 1 14 18 22 26

(Pa - Pblavg (Bers)

Figure 25. Cgr versus AP for a smooth stator and four hole-pattern

stators with h/Cp = 2,89,
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O SMOOTH STARTOR( C = .5271 mm)
HOLE PATTERN STATORS, h/C =2.89

O HOLE PATTERN 7 : y = B8.27
A HOLE PATTERN 2 ¢y = B.34 )
+ HOLE PRTTERN B : vy = 0@.42
© HOLE PATTERN 2 : v = 0.34 (ROUND BOTTOM)
8. T
Els T Y
5, -
4.5} A
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_ 3.5 |
E sl T 2""
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2 4 8 12 18 20 24 2e O
2 ] 12 14 L8 22 26 b
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Flgure 26. Kop versus AP for a smosth stator and four hole-pattern
stators with h/Cp = 2.89, :
o
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O SMOOTH STARTOR( C = ,527i mm)
HOLE PRATTERN STATORS, h/C =2.89

© HOLE PATTERN 7 : Y = @,27
& HOLE PATTERN 2 : vy =« .0.2%24
4+ HOLE PATTERN B : v = @.42 |
© HOLE PATTERN 2 : Y = B@.34 (ROUND BOTTOM)
11 1
19 |
9 _ - a
S 8 cf -
=
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E ]
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L8,
==
o
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73] 4 g8 . 12 |6 20 24 28
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Figure 27. (€ versus AP for a smooth stator and four hole-pattern

stators with h/Cp = 2,89,
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introduction of a spherical bottom to the hole instead of a flat
bottom. Figure 5 {llustrates the spherical-bottom-hole oross
section. The results of this stator test are also shown in figures 25
through 27 and show a reduction in Cgp @as compered to the
maximum-damping configuration. The spherical-bottom configuration

shows a very sharp drop in Kgg.
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CONCLUSIONS:

The combined experimental-analytical results of this study support the

following conclusions:

Optimum-Damping Configuration

(a) A damper stator which uses hole-pattern 2. (Y = 0.34), h/l,.
= 2,89, and flat-bottomed holes will yleld an increase in net
damping of 38% as compared to a smooth stator. The optimum
damping configuration ylelds 73% of the stiffness of a smooth seal

and reduces leakage by 53%.

{b) Flat-bottomed holes are significantly better than

round-bottomed holes.

Experiment Versus Theory

hole

used

{a) The stiffness of the optimum-damping configuration is slightly
underpredicted by theory (approximately 10%).

{b) The net damping of the optimum configuration is slightly over
predicted by theory (approximately 20 to 30%).

(¢) Measured added-mass terms are consistently higher than
predicted,

{(d) Theoretical predictions are poor for larger values of Y,
specifically, Y = 0.50, 0.59, 0.61.

The suggestion has been made that the ratio of r/d where d is the
diameter of figure 4 might be more meaningful than the ratio h/C,

in tkis study as an independent parameter. However, no

corr<lation could be established between'h/d and the test results.
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Al

Case

oy

T B N > o LN

e =~ S “P R = S
# B 0 -~ O

15.
16.
17.
iB.
19,
20.

21,

Test data: Operating conditions and parameters for stator 1,

ROUGH STATOR :

Pa=Pb

(Barsg)

1'
1.

ST S I S T U

L3

6‘

24.
24,
24,

239
a94

. 408
. 979
. 544

399
451
410

390

. 477

769
727

. 471
. 492
478
. 730

268

. 672

235
129
128

TEXAS AWM DEC. 83
RHO MU
(Kg/M%) (N sec/M%)
1552. 474 0. 146E-03
1588. 114 0. 147E-03
1551, 696 0. 146E~03
1554. 577 0. 147E-~03
1549, 698 0. 145E-03
1545, 424 0. $44E-03
1554, 154 0. 146E-03
1548, 427 0. 145E-03
1546, 151 0. 144E-03
1546, 851 0. 144E-03
1944, 624 0. 144E~03
1551, 683 0. 145E-03
1551. 120 0. 145E-03
1592. 587 0. 144E-03
1552, 371 0. 146E-03
1555, 486 0. 146E-03
1568, 950 0. 150E-03
1552, 338 0. 144E-03
1550. 553 0. 143E-03
1549, 943 0. 144E-03
1548, 763 0. 144E-03
58~

HOLE PATTERN 2 (C=. 508mm)
HOLE DIA. =2, 8mm, HOLLE DEPTH=1, 01&6mm, GAMMAS, 17
DR. D. CHILDS

MoOT

(Kg/sec)
2.
2.
2.

2.
2.
2.
3.
3.
3.

4.

n N R DR

079
102
074
083
065
03%
994
982
971
959
980
60b
696
&78
673

3. 709

3.

797

3. 740

7.
7.

7’

659
629
bbd

CPM
(Cyc/min)

1060.
1768,
2026,
3519,
5333,
7186,
1049,
1784,
26013,
3478.
5333,
7186.
10&0.
1744,
2432,
3529,
5310.
7186.
1034,
1744,
2597,

i1

O




a22. 24. 135 1946, 733 0, 144E-03 7. 551 3468,
a9, 24. 316 19953, 221 0. 1435E-03 7. 984 5286.
24. 24,773 1552, 569 0. 145E=-03 7. 057 7186,
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A.2 Test data: Operating conditions and parameters for stator 2.

ROUGH STATOR : HOLE PATTERN 2 (Cw, 35271imm)
HOLE DIA. =3. 8mm, HOLE DEPTHa}, 014mm, GAMMA=, 343

DR. D. CHILDS TEXAS AMM AUG. ‘84
Case Pa=Pb RHD s MU 2 MDOT cPM
(Bars) (Kg/M™) (N sec/M“) (Kg/sec) (Cyc/min)
1. 2.344 1562.244 0. 148E-03 2. 126 1056,
2, 2,339 1557.355 0. 147E-03 2. 142 1770.
3. 2.399 1561.705 O.148E-03  2.134 2667
a. 2,566 1598.099 0.147E-03 2 116 3940,
5. 2.881 1952.437 0. 144E-03 2. 047 5333.
6. 3.049 1550.125 0. 145E-03 2. 094 7229.
7. 5. 180 1564.334 O, 149E-03 3. 087 1064.
8. 8. 036 15&62. 503 0. 148E-03 3. 082 1778S.
9. 3. 200 1548, 167 0. 150E~-03 3.114 - 2688,
10. 5.420 1973.362 0.1S4E-03 3,098 3604,
11, 5.724  1563.704 0.1496-03 3,045 5333.
12. &. 228 1551, 347 0. 146E-03 3. 023 7186,
13, 7.831 1571.519 0. 1S2E-03 3,838 1091,
14, 7.784 1568.312 0. 151E-03 3. 828 1796.
18, 7.899 1570.882 O0.151E-03 3. 858 2691,
16. 7.818  1543.781 0. 149E-03 0. 763 3540,
17, B.127 1544.784 0.150E-03  3.792 5333,
18, 8.606 1557.519 0. 148E-03  3.754 7186.
i9. 17. 148 1559. 147 0. 147E-03 &, 707 1040.
20. 17.106  1563.453 0. 149E-03 7. 2680 1786.
21. 1558. 413 0. 147E-03 b, 686 2659,

i7. 054
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22,
23.
24.
2s.
26,
27.
28,
29.
30.

17. 032
16. 998
16, 237
24. 907
2%. 307
25. 265
23, 390
23. 601
26, 137

1560,
1562.
1596,
1544,
1552,
1950,
1596,
1986,
1597,

589
408
292
234
118
704
351

0. 148E-03
0. 148E-03
0. 147€~03
0. 143E-03
0. 145E-03
0. 145E-03
0. 1446E-03
0. 144E-03
0. 144E-03

-61-

7. 760
6. 5898
&. 380
9. 245
e 151
8. 776
8. 241
B. 42%
7. 832

3980,
$310.
7186,
1049.
1749.
2620.
3499,
9210,
7186,



A.3 Test data: Operating conditions and parameters for stator 3.

DAMPER SEAL : HOLE PATTERN 3 ( C=0. 3271mm )
HOLE DIA. =4, 7mm. HOLE DEPTH=1. O0146mm, GAMMA=O. 30
DR. D. CHILDS TEXAS AlM SEP. ‘B4

Case Pa=Pb RHO MU MDOT CPM
(Bars) (Kg/M3) (N sec/MZ?) ({Kg/sec) (Cyc/min)
1. 2.219 15&0.732 0.148E-03 2. 127 1071.
2. 2.294 1565.128 0. 149E-03 2. 139 1780.
3. 2.358 1940.929 0.148E-03 2. 108 2699,
4. 2.430 1557.534 0.147E-03 2. 091 3519,
5. 2.984 1557.337 0. 147E-03 2. 094 5333.
6. 2.175 1557. 646 0.147E-03 2,112 7229.
7. 4.952 1553, 450 0. 144E-03 3. 019 1040.
8. 4.924 1594, 455 0.147E-03 3. 000 .1754.
3. 5.007 1555.71&6 0.147E-03 3. 041 2643,
10. 5.212 1596.289 0.147E-03 3. 042 352%.
11 5 681  1558.640 0. 148E-03 3. 042 5333,
12, 6. 477 1946.833 0.144E-03  2.009 7186.
13. 7.890 1561.920 0.149E-03 3,749 1036,
14, 7.761 1544.798 0. 150E~03  3.780 17864.
15, 7.731 1562.192 0, 149E-03  3.779 2661.
16. 7.809 1559.80f O0.148E-03  3.779 3540.
17, B.903 1564.298 0.149E-02  3.794 5333.
18. §.740 1565.755 0.1S0E-03  3.805 7186.
19. 16.849 1599, 766 0. 14BE-03 7. 007 1068,
20. 16,726 1556, 073 0. 147E-03  &. 247 1740.
21, 16.611 1551.626 O

. 145e-03 b, 478 2632,
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22.
23.
24.
a29.
26.
27.
28.
29.
30.

16.
16.
16
25,
a5,
a2s.
28.
29,
cb.

&91
648
615
840
600
967
484
750
i93

1850. 118
1544, 461
1451. 913
19464. 480
1548. 217
1548. 100
1846, 250
15952, 342

1586. 773

© 0o 00 o 0o © 0 o0

1435E~-03
144E-03
119E-03
144E-03
144E-03
144E-03
143E=-03
145E-03

144E-03

-63-

S. 907
9. 610
5. 263
7. 509
7.872
b. 9465
3. 457
7. 097
8. 158

3480,
9310.
7186.
10460,
1739.
2997,
34856,
833a.
7186,
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Teat dats:

DAMPER SEAL :

DR.

D. CHILDS

Pa-Pb

(Bars)

W

9.

9.
10.
18,
18.
18.

2 9 9 N W WL NN R

. 086
. 026
. 709

707
209

. 739
. 166
. 076
. 943

396

. 336
. 197

697

. 3688
. 609

475
226
304
322
295

497

Operating conditions and paramesters for stator U,

HOLE PATTERN 4 (C=0. 9271imm)
HOLE PIA, =7. 1mm, HOLE DEPTH=1. 016mm: GAMMA=O, 59

TEXAS AkM 8EP. ‘B4
RHO MU MDOT cPM
(Kg/MS) (N sec/M?) (Kg/sec) (Cyc/min)
1564, 061 0, 149E-03 2. 141 1083,
1564. 115 0. 150E-03 2, 143 1791,
1960, 285 0. 148E-03 2. 132 2673
1566. 656 0. 150E-03 2. 143 3982
1557. 314 0. 1468E-03 2 114 $357.
1551. 408 0. 145E-03 2. 109 7186,
1553. 218 0. 144E~03 2. 993 1049,
1554, 900 0. 1446E~03 3. 019 1769,
1859. 319 0. 147E-03 3. 016 2643, w
1565, 625 0. 149E-03 3. 089 3971,
1560, 210 0. 148E-03 3, 053 5397,
1557.726 0. 147E-03 3. 041 7186, -
1558. 624 0. 147E-03 3. 735 1068,
1557. 979 0. 147E-03 3.723 1770. .
1565. 278 0. 149E-03 a, 761 2673. g
1959. 228 0. 147E-03 3. 743 3940.
1556, 091 0. 147E-03 3. 714 5333, o
1561. 440 0. 148E~-03 3. 751 7186.
1567. 516 0. 150E-03 5. 292 1075.
1574.043 0. 151E-07  5.495 1802, o
1583. 479 0. 194E-03 &, 113 2740,

-
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18. 400
16, 332
18. 439
26, 176
as. 214
26. 088
26. 198
26. 214
26. 187

1962.
1462.
1561.
1546,
1561,
1532,
1562,
1562,
1950.

16
124
377
343
499
112
684
917
919

148E-03
122E-03
148E-03
144E-03
145E-03
145E~-03
148E-03
148E-03

© © 0o © 0 © 5 0 o

145E-03

5. 591
9. 3466
9. 374
8. 249
7.973
8. 387
8. 658
7. 412
7. 632

39540.
89333.
7186,
1038,
1749,
2620.
3529,
8310.
7186,
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19.
20,
21,

Test data: Operating conditions and parameters for stator 5.

DAMPER SEAL : HOLE PATTERN 9 (C=0. 327imm)
HOLE DIA. =8. &mm, HOLE LEPTH=1. 016mm, GAMMA=0. &1
DR. D. CHILDS TEXAS AlM SEP., ‘84

Pa-Pb RHO | MU MDOT CPM
(Bars)  (Kg/M”) (N szec/M%) (Kg/seec) (Cyc/min) .

2.373 1597.158 0.147E-03  2.112 1056.
2,318 1599.796 0. 108E-03 2. 124 1770.

2,492 1568.729 0. 150E-03 2. 129 2485,
2.535 1568.717 0.1%0E-03  2.153 9571,

2. 866 1959.746 0. 148E-03 2. 102 5357. |
3.184 1562.153 0. 14BE-03 2. 147 7186. N
5.289 1560.371 0. 148E-03 9. 058 1049. |
5.068  1554.541 0. 144E-03 3. 004 1754, |
5.147 1533, 143 0. 14E-03 3. 026 2637, =
5.294 1541, 406 0.14B8E-03 3. 043 3850. '
5.139 1551.512 0. 146E-03 3. 01é 5357. N
5.464 1557.536 0. 147E-03 3. 012 7186, b
7.899 1555.098 0. 144E-03 3. 704 1040. é
7.892 1555, 286 0. 146E-03 3, 728 1760. r)’
7.888 1561.310 0. 148E-03  3.742 2667. B
7.884 1562.151 0. 148E-03  3.745 as4c.

7.823 1553.518 O.144E-03  3.725  53a30. o
B.147 1553.348 0. 144E-03  3.751 - 71Be.

16.336 1560.269 O.148E-03  5.529 1056. .
16.366 1565.115 0. 149E-03  &. 128 1780. o'
16,339 1963.756 0. 149E-03 5. 508 2473. |

o
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22.
23.
a4.
295.
26.
27.
28,
29.
30.

16.

174

16, 238

16.
24,
23.
24.
24,
24,
24.

321
606
ea2e
2006
924
699
287

18562. 112
1539, 309
1561. 520
1554. 147
1546. 323
1561, 454
1560, 413
1565. 103

1553, 694

148E-03
147E-00
148E-02
1446E-03
143E-03
147E-03
147€-03

148E-03

© o ©o 6 06 0 0 © o

145E-03

-67-

6. 177
8. 798
6. 229
9.213
8. 962
9. 458
%, 365
9. 394
9.018

3530,
35333.
7186,
1064,
1734.
2453,
a929,
9333.

7186.



A.6 Test data: Operating conditions and parameters for stator 6.

DAMPER SEAL : MHOLE PATTERN & (C=0. 3271mm)
HOLE DIA. =2. Smm, HOLE DEPTH=1.0i&mm, GAMMA=0, 34
DR. D. CHILDS TEXAS8 AMM OcT. ‘84

Case Pa-Fb RHO ML MDOT CPM
(Bars) (Kg/ﬂs) (N sec/M*)  (Kg/sec) (Cyc/min)
i. 2. 145 1546, 240 0. 144E-03 2. 079 1042,
2. 2 212 1553. 160 0. 144E-03 2. 109 1749,
3. 2. 429 1961. 155 0. 14BE-03 2.104 2661,
4, 2. 768 1547, 508 0. 150E-03 2.1538 I882.
3. 2,979 1560. 484 0. 1483E-03 2.154 5310.
&, 3. 768 1559. 101 0. 144E-03 2. 094 7186.
7. 8. 303 1568. 062 0. 130E-03 3.133 1048,
8. 5. 059 1551, 301 0. 148E-03 3.076 1780.
9. 3. 293 1572. 420 0. 151E-03 3. 102 2691.
10. 3. 301 1555. 903 0. 147e-03 3. 051 3540,
i1, 9. 835 1587. 075 0. 147E-03 3. 019 5333,
12, 7. 055 1550. 410 0. 145E-03 2. 987 7186.
13. 7. 863 1562. 180 0. 149E-03 3.795 1078,
14. 7. 852 1564. 140 0. :49E-03 3. 796 1780.
i5. 7.729 15589. 632 0. 148E-03 3.77& 2661,
16. B. 122 15467. &40 0. 150E-023 3. 806 3882,
17. 8, 627 15468, 561 0. 150E-03 3, 845 5310.
18, 9.81i5 15441370 0. 144E-03 3. 642 7186,
19. 18. 080 1559. 775 0. 148E-03 4, 222 1075.
20. 17. 958 1552. 155 0. 144E-03 6. &b 1754.
21. 18.037 1564.194 0. 1459E-03 6. 333 2673,

™9



a2.
23.
24,
a235.
26,
27.
28,
27,
30.

17. 926
18, 035
17. 894
235. 833
29, 716
25. 82é
25, &42
a2s, 832
26. 349

15948.
1588.
15632.
1559,
1561.
15&4.
1557.
1561.
1544,

551
744
378
305
362
420
276
941
891

© o o © 0 0 o o o

145E-03
147E-03
149E-03
1472-03
147E-03
148E-00
146E-03
148E-03

143E-03

-G

8. 622
6. 896
4. 086
6. 753
7. 4%
7. 007
&. 784
b6, 861
8. 222

3499.
5310.
7186.
1040.
1770.
26995,
33509,
$310.
7i86,



AT

Case

%Y

-

[ ™S
o= o

ia.
14.
13,
. 16,
i7.
ie.
i9.
20,
21,

2 B NS @ P LR

Test data:

DAMPER SEAL :
HOLE DIA, =3, Bmm,

DR. D. CHILDS  TEXAS AMM  NOV.
Pa-Pb RHO MU
(Bars) (Kg/M3) (N sec/M?)
1.898 15961.952 0. 148E-03
1.960 15&7. 472 0. 150E-03
2.007 1964.30&6 0. 149E-03
2.068 1563,.861 0. 149E-03
2.3% 1554, 877 0. 147E-03
3,271 1549.347 0. 145E-03
3. 064 1580. 052 0. 153E~-03
4,845 1543. 444 0, 149E-03
4,749 1560.574 0. 148E-03
4,856 1564. 200 0. 149E-03
5.125 1563.008 0. 149E-03
6.355 1554, 171 O, 144E-03
7.512 1566.394 0. 149E-03
7.533 1563.938 0. 149E-03
7.547  15&9. 661 0. 149E-03
7.607 1564519 = 0. 149E-03
7.752 1544.910 O, 149E=-03
8.849 1553, 305 0. 1446E-03

16.477 1S561.418 0. 148E-03
16, 445  1542.724 0. 148E-03
16. 436 1571, 264 0. 191E-03

Operating conditions and parameters for stator 7.

[ ¥ 2 T

HOLE PATTERN 2@ (Cw0. 3271imm)
HOLE DEPTH=0, 508mm,

GAMMA=O, 34
‘84

mDpoT CPM
(Kg/sec) (Cyc/min)
2. 102 1083,
2. 124 1791.
2. 133 2673,
2.109 3961,
2. 084 5310,
2. 090 7186,
3,173 1075,
3, 089 1770.
3. 081 - 2455,
3. 066 3961,
3. 072 5310.
3. 017 7186,
3. 781 10953,
3. 743 1770.
3. 789 2661,
3, 791 3550,
3, 761 ééio.
3. 715 7186,
b, &71 1056.
b, 619 1780.
b, 499 2485,

O



22.
23.
24,

" pe.
27.

28,

29.
30.

16. 456
16. 479
16, 448
25. 494
2%, 873
25. 372
25. 613
29. &77
26. 043

1563, 1462
1963, 726
1599. 383
1559. 293
1564, 045
1560. 025
1562. 216
1598. 703
1857, 1683

149E-03
149E-03
148E-03
147€-03
1468E-03
. 147€-03
. 148E-03
. 147€-03

© ©o 00090 © 0 ©

. 146E-03

Ry A TR

6. 535
6. 412
b. 248
8. 609
8. 826
9. 069
8. 493
B. 419
8. 204

39850.
9310,
7186.
1093.
1770.
2443,
3529,
S26s.
7186.




A8

Case

-

2D NP @ P QD

[ b=a Pt
(1 T o
. .

13.
14,
15.
i16.
17.
18.
19,
20.
21,

DAMPER SEAL :
HOLE DIA, =3. 8mm.
DR. D. CHILDB

Pa=-Pb
(Bars)

2. 262
a2. 389
2. 257
2. 509
2,973
3.748.
9. 060
9. 212
3. 161
3. 347
9. 760
&6, 573
8. 310
B. 439
B. 459
8. 406
8. 599
9. 468
i8. 358
18, 399
18. 426

HOLE PATTERN 2 (C=0. 5271mm)

TEXAS A&M  NOV.
RHO MU
(Kg/M>) (N sec/M?)

1552, 077 0. 144E-03
1565. 678 0. 150E-03
1551. 055 0. 144E-03
1596. 376 0. 147E-03
1555. 157 0. 147E-03
1558, 791 0. 144E-03
1552, 454 0. 146E-03
1550. 588 0. 144E-03
1555. 151 0. 147E-03
1557.895 0. 147E-03
1554, 425 0. 147E-03
1551, 213 0. 144E~03
1590. 385 0. 14BE-03
1559, 908 0. 148E~03
1565, 629 0. 149E-03
1552. 242 0. 144E-03
1555, 446 0. 147E-03
1557. 753 0. 147E~03
1557. 865  C. 147E-03
1567. 988 0. 150E~03
1565. 774 0, 149E-03

HOLE DEPTH=1. S24mm,

Test data: Operating conditions and parameters for stator 8,

GAMMA=0. 34
‘84

mMDOT CPM
(Kg/sec) (Cyc/min)
2. 086 1049.
2. 134 1786.
2. 067 2626,
2. 098 3940,
2.104 5286.
2, 074 7186.
2. 998 1040.
3.013 1754,
3, 023 2437.
3. 092 3540.
3. 004 95310.
3. 008 7186,
3. 730 1071,
3,758 1775.
3, 798 - 2679,
3.716 3519.
2. 723 9210.
3. 746 71i8é.
b 6712 10460,
9. 993 1780,
&. 586 " 2bai,



18. 429
18, 467
18, 417
25. 753
28. 716
24, 934
29. B6é
25, 674
29, 629

1872. 089
1559. 279
1538. 978
1553, 041
1554, 792
15446, 309
1544. 419
1545, 609
1542. 700

© 0o © © 0 © 0 0 o

i51E-03
148E-03
142E-03
145E-03
144E-03
143E-03
143E-03
143E-03
143E-03

4. 5490
b. 460
4. 181
7. 839
7. 857
7.919
7.7%2
7. 699
7. 679

3962.
3310.
7186,
1042,
1749,
2592,
3436.
92B86.
7186,



A.9 Test data:

DAMPER SEAL :
DR. D. CHILDS

Case Pa-Pb
(Bars)

1. 3. 005

2, 3. 021

a 2. 796

4. 3. 048

5. 3. 497

&. 3. 877

7. b. b&5

8. b, 7i9

9. 6. 149

10. 5, 996
11, 6. 212
12. 7. 054
13, 10. 156
14, 9. 804
15, 9.713
16 9. 798
17. 8. 770
18. 9. 792
19, 18. 194
20. 18. 214
21, 18. 213

HOLE PATTERN 2 (C=0, 3271mm}
HOLE DIA. =3. 8Bmm: HOLE DEPTH=1, 778mm, GAMMA=O0. 34

TEXAS A4M  APR @3
RHO MU
(Kg/M?) (N sec/M*)
1571.021 0. $51E-03
1583. 207 0. 154E-03
1575.208 0. 152E-03
1571, 587 0. 1545-03
1577. 340 0. 153E-03
1551, 941 0. 146Z-03
1570.988 0. 151E-03
1577, 068 0. 152E-03
1563.239 0. 149E-03
1566. 624 0. 150E-03
1565. 250 0. 149E-03
1552, 381 0. 1446E-03
1573, 635 0. 151E-03
1566, 137 0. 150E-03
1567. 515 0. 150E~03
1575, 960 0. 152E-03
1560. 335 0. 148E-03
1557. 725 0. 147E-03
1566. 873 0. 150E-03
1567. 766 0. 150E-03
1572, 360 0. 151E-03

L ¥

MDOT
(Kg/sec)

2. 147
2. 197
2.170
2. 168
2.176
2. 094
3. 120
3. 128
<. 073
3. 08%
3. 048
2. 997
3. 840
3. 794
3. 809
2. 859
3. 745
3. 721
6. 324
6. 302
4, 259

Operating conditions and parameters for stator 9.

CPM
(Cyc/min)

1079.
ie24,
27198,
3604,
9286,
7186,
1083,
1807.
2661,
3971,
95310,
7186,
1068,
1786.
2689,
3514,
8286,
7186,
1087.
1786,
2491,

ﬁg




22.
29,
24.

28,

26,
az.
a28.
a9,
30.

18. 222
18. 238
17. 007
26. 9495
26, &85
26. 679
26, 789
26. 798
26, 243

1571. 510
1569, 928
1552. 019
1568. 202
{8£0, 464
1595, 206
1961. 128
1563, 844
1560. 130

0. 151E-03
0. 150E~0Q
0. 145E-00
0. 149E-03
. 147E-03
. 146E-03

0
0
0. 147E-03
0. 1468E-03
0

. 1476-03

6. 215
é. 046
S, 794
8. 023
7. 966
7.918
7. 9464
7. 861
7. 640

3%982.
s286.
7229.
1068,
17354.
2637.
3819,
5286.
7186,




A.10 Test data: Operating conditisns and parameters for stator 10,

DAMPER SEAL : HOLE PATTERN 2 (C=Q, 3271mm)
MOLE DIA. =3, @mm, HOLE DEPTH=2. 032mm, GAMMA=Q, 34
DR. D. CHILDS TEXAS AM DEC. ‘84

Case FPa-Pb RHO MU mMDOT CPM
(Bars) (KgIM3) (N sec/M2?) (MKg/sec) (Cyc/min)
1. 2. 486 1570. 427 0. 151E-03 2, 168 1083.
2. 2. 326 1565, 030 0. 130E-03 2. 120 1791.
3. 2. 319 15685. 672 0. 150E-03 2.137 2673.
4, 2, 431 1568. 240 0. 150E-03 2. 142 3971,
5. 2.986 1564.458 0. 190E-03 2. 131 9286,
6. 3, 368 1558. 000 Q. 148E-03 2.113 7186.
7. 9. 910 15958. 027 0. 14B8E-03 a. 049 1056,
8. 5. 243 15460, 787 0. 148E-03 3. 088 1780.
9. 9. 140 1562. 102 0. 149E-03 3. 077 2673,
10. 4.606 1963.383 0. 149E-03 3. 069 3571,
i1, 9.402 18567.150 0. 150E-03 3.100 5286.
i2. 6. 3268 1567. 134 0. 1S0E-03 3. 102 7229,
13. 9. 425 15&67. 048 0. 150E-03 3. 802 10&8.
14. 9. 170 15&4. 485 0. 150E-03 3. 807 i786.
13. 8. B&7 1565, 742 0. 150E-03 3.796 24679.
1é. 8. 742 1542. 775 0. 149E-03 3. 777 | 3861.
17. 7.935 1561.726 O0.1496-03 3, 753 s286.
i8. 8. 317 1554, 303 0. 147E-03 3. 732 7229.
1%. 17,749 15463. 983 0. 149E-03 b, &36 1071.
20. 12, £49 15468. 049 Q.lSOE-OS b. 783 1786.
21. 17. &67 1559. 697 0. 148E-03 b. 576 2467,
76~




22,
23,
24,
25,
26.
27.
28,
29,
20.

17.
17.
17.
26,
a2é.
26.
26.
26,
29.

7952
692
685
540
4446
419
289
170
P38

1269,
1599.
1593.
1553,
1559,
1563.
1397,
1552.
1550.

663
792
1462
521
480
840
150
4464
184

1%30E-03

146E-03
145E-03
147E-02
148E-00
144E-0D
145e-03

© © 0o 9 0 0 0 © 0

143E-03

=77=

146E-03

6. 501
6. 371
6. 339
8. 469
8. d82

- 8. voa

8. 497
e8. 248
7. 986

3962.
9286,
7186,
10495,
1769,
2649.
3519,
5263,
7166,



A.11 Test data: Operating conditisns and parameters for atator 11,
DAMPER BEAL : HOLE PATTERN 7 (C=0, 3271am)
HOLE DIA, »3. 33mm» HOLE DEPTM=1, 324mm. GAMMA=Q, 27
DR. D. CHILDS TEXAS AkM MAY 83
Case RPa-Pb RHO MU MDOT CPM
(Bars)  (Kg/M>) (N sec/M®) (Kg/sec) (Cyc/min)
1. 2,290 1575.920 0. 152E-03 2.182 1091.
2. 2, 322 1576. 961 0. 133E-03 2.168 1807,
3. a2, 396 1376, &b6 0. 133E-03 ®. 18} 2703,
4, 2,492 1573.271 0. {92E-03 2. 167 3604,
5. 2.79%9  1549. 407 0. 151E-03 2.150 5310.
6, 3.120 1555.113 0. 147e-03 2. 092 71854,
7. 4, 542 1871. 111 0. 151E-03 3. 1046 1068.
8. 4, 844 1549, 387 0. 151E-03 3. 099 1756,
2, 4, 583 1972. 943 0. 181E-03 3. 109 2703.
10. 4,838 1572.190 0. 151E-03 3. 108 3393,
i1, 9.162 1872.082 0. 153E-03 3.107 9310,
i2. 9. 479 i555.987 0. 147E-02 3. 035 7166,
13, 7.011 1576, 404 0. 152E-03 3. 862 1078,
14. 6. 845 1972, 054 0. 151E-03 3. 848 1791.
19, 6. 731 1571.719 0. 151E-03 3. 826 2703.
i6, 7. 030 1971, 493 0. 151E-03 3.844 ' asea.
i7. 7.270 1572. 563 0. 151E-03 3. 8235 5310.
i8. 7.702 1557.776 0. 147E-03 3.726 7186.
19. 15.975 1574, 128 0. 151E-03 b, 467 1048.
20. 135, 934 1570. 455 0. 1S0E-03 &, 449 1780,
21. 19.979 1570.293 0. 150E-03 6. 514 2679.

=/ B~



o Bl S Qe - i e e T A e

a2.
23.
24.
as.
2é.
az.
28,
29,
30.

2 V% S,

19. 973
19, 980
15. 9686
25. 106
24. 837
24.912
24. 950
24. 9467
25. 167

1570. 171
1571. 177
1547. 313
1565. 4468
1568, 194
1573, 044
1570, 903
1576, 031
1583G. 8268

0. 1S0E-03
0. 151E-03
0. 144E-03
0. 148E-02
0. 149E-03
0. 150E-03
0. 150E~03
0. 151E-03
0. 145E-03

e X

s01
. 414
343
253
. 308
. 361
401

D O B O ® - o O

. 372
8. 250

3871.
9310.
7166.
1045.
1770.
24797.
3561.
9263.
7186.



~.12 Test data: Operating conditions and parameters for stator 12,

DAMPER SEAL : HOLE PATTERN € (C=0. 3271imm)
HOLE DIA. =4, 31imm. HOLE DEPTH=1. 324mm, GAMMA=0, 42
DR. 0. CHILDS TEXAS AMM MAY 85
Case FPa-Pb RHO | MU 2 MDOT CPM
(Bars) (Kg/M™) (N sec/M®) (Kg/sec) (Cyc/min)
1. 2.289 18567.477 0. 150E~03 2. 144 1087.
2. 2. 200 1549, 904 0. 191E~-03 2. 144 1802.
< 2.249 1567.785 0. 150E~03 2. 128 24691,
4, 2.445 1970.382 0. 151E-0G 2. 144 2893,
3. 3.09%9 1575, 747 0. 152E-03 2 173 ©9310.
&, 3, 702 1567, 8B9 0. 150E~02 2. 150 7186.
7. 4, 737 1544, 205 0. 149E~-03 3. 087 1071.
8. 4, 842 157646, 266 0. 132E~-03 2. 180 isoa.
9. 4,914 15376.231 0. 152E-03 3.124 2703.
10. 4,974 1949, 962 0, 151E-03 3,110 3971,
ii. 9.397 154%9.173 0. 1S0E-03 3. 100 8310.
12. 6. 658 1562, R&9 0. 149e~03 3. 071 7186.
ia. 7. 209 1564. 459 0. 150E-03 3. 798 1075.
14. 7. 263 1546, 817 . 0. 150E-G3 3. 783 1773.
15, 7.076 1544, 179 Q. 149€-03 3. 788 2647,
1é6. 7. 444 1573. B61 0. 152E-03 3. 897 3614.
17.. 7. 927 1568. 427 0. 150e-03 3. 802 a3ic0.
18. e 10&6 1554. 640 0. 146E-03 3. 726 7186,
19, 14, 762 1572, 885 0. 1531E-03 &, 268 1079.
20. 146, 786 1579. 124 D, 153e~03 b, 279 1802.
2i. 16.779  1971.677 0. 131E~03 &, 229

N - ¥ 4 P

2683.

D



a2.
23.
24,
235,
‘26.
27,
26.
29.
30,

16.774
16, 780
16. 756
as. 937
29, 544
29. 437
29, 488
25. 707
29. 4353

1362. 630
1997, 929
1554. 239
1564, 319
1969. 067
1573. 256
1576, 923
1577. 407
1544, 816

© ©o 6 ©6 0 0 0 0o ©

. 148E-03

1473-03
146E-03
1468E-03
149E-23
151E-03

. 131E-03

192E-03
i43E-03

6, 196

6. 119
4, 081
7.7688
7.787
7.794
7. 740
7.703
7. 547

35%0.
5310.
7186.
1048,
1786.
2689,
3993,
9263,
7186,



A.13 Test data: Operating conditions and parameters for stator 13.

DAMPER SEAL @ HOLE PATTERN 9 (C=0, D27imm)
HOLE DIA, =3, 8mm,» HOLE DEPTH=1, 524, GAMNMA=0. 34(SPHERE ROTTOM)

DR. D. CHILDE TEXAS AWM  MAY 85
Case Pa=Pb RHO MU MDOT CPM
(Bars)  (Kg/M®) (N sec/M*) (Kg/sec) (Cyc/min)
. 3,199 1580.824 0. 1.4E-03 2. 187 1699
2. 2.988 1583.8% 0. 194E-03 2, 202 1824,
2. 2. 797 1579.632 0. 153E-03 2. 197 2727,
4, 2,765 1976. 617 0, 152E-03 2, 1468 3414,
5. 3,117 1573.474 0. 152E-03 2. 180 5310,
&, 4,002 1974.78% 0. 152E-03 2. 147 7186.
7. 7.26% 1578, 180 Q. 1S3E-03 3. 135 1095,
8. &, 490 1946k, 626 0, 150E-03 3. 070 1791.
9. 5088 1564,792 0. 149E-03 3. 072 2667,
10, 6,026 1547.886 0. 150E-03 3. 103 3571.
i1, 5.886 1563, 355 0. 149E-03 3. 08B0 5333,
12, & B13 1561, 669 0. 149E-03 3, 05¢ 7186.
13. 11. 042 1570.003 0. 151E~03 3, 815 1075,
14, 10.439 1565.961 0. 150E-03 2,791 1780.
15, 9.773 1964, 262 0. 149E-03 3. 791 2461,
14, 9.694 15968. 121 0. 150E-03 3. 822 3582,
17. B. 450 1562, 613 0. 149E-03 3. 767 5310.
18, 9,057 1553.772 0. 144E-03 3. 724 7186.
19. 18. 400 15539. 983 0. 168E~03 &. 427 1064,
20. 18, 347 1563.773 0. 149E-03 &, 3bb 1770
21, 18. 427 1956.719 0. 147E-03 6. 336 REDE.
-82-

i



22.
23.
24.
as.
26.
a7.
a8,
29.
20,

18. 363
i8, 374
18. 397
27. 283
27. 293
27. 239
27.279
a7. 186
26, 810

1536. 170
1954. 245
1559. 210
1598. 154
1942. 056
1561, 6035
1562, 9589
1564. 218
1547, 221

0. 147E-03
0. 144E-03
0. 147E-03
0. 147e-03
0. 148E-03
0. 148E-03
0. 148E~03
0. 146E-03
0. 149E-03

a0 =

4. 230
b. 064
6. 002
8. 228
8.177
8. 095
8.013
7. 6898
7. 612

3529.
5210,
7186,
1042,
1760.
2649.
3529.
9310.
7186,



APPENDIX B.

Cynamic Test Data for Hole-Pattern Seals

—84-»
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B.} Test Data:

and average force magnitudes for stator 1.
: HOLE PATTERN 1 (C=, 508mm)

ROUGH STATOR

Foree oocefficients (average and standard deviations)

HOLE DIA, =2, Bmm) HOLE DEPTH=1. 01&mm, GAMMA=. 17

DR. D. CHILDS

Case Ra
L. 70081,
2, 87269.
3. 70287.
4, 0671,
9. 89609,
&. 88551,
7. 129804.
8. 130709.
9. 130627,

10. 130816,

11, 129437,

i2. 130819.

13.  160279.

14, 1460489,

15. 159279.

16, 159801.

17. 1859703

18.  158409.

i9. 335238.

20. 734707,

21, 33&6738.

TEXAS AXM DEC. 83
RPM Rr/A dev,
(MN/ZMY  CMNZM)
1080. ~0.3425 0. 1542
1765, ~0. 2850 0. 0537
2626. -0.0707 0. 0532
3519, 0.1101 0. 0627
5333, 0.7439 0.1432-
7186, 1.9980 0. 4122
1049, ~0.7626 0. 1720
1754, -0. 7114 0. 1065
2603. -0.5059 0. 0794
3478, -0. 0197 0. 0717
5333. 0.3767 0. 1849
7184, 1.7430 0. 2691
1060, -1, 1806 0. 1962
1744, -1.1926 0. 1690
2632, ~0. 7364 0. 09469
3529, ~0. 5844 0. 1530
5310. 0. 4026 0. 1645
7186, 1.7762 0. 2725
1034. -5.183% 0. 4935
1744, -4, 8976  0.3017
2597, ~4.5033 0, 3621

=85=-

S W RN R

Ro/A
(MN/M)

0. 4400
0. 8891
i. 0708
1. 5943
2. 1692
i.6380
0. 7203
i.1838
1. 6455
. 2152
. 0220

. i921

o L0 W W

. 9126

[y

4742
. 1330
. 9671
. 9076
. 1804
i. 7302

w

. 2653
4. 9820

dev.
(MN/M)

0. 1030
0. 0704
0. 0566
0. 0404
0. 1051
0. 3673
0. 1723
0. 0763
0. 1267
0. 1191
0. 1295
0. 3392
0. 2619
0. 1378
0. 0932
0. 1600
0. 1545
0. 3156
1, 0361
0. 1996
0. 2974

¢S & o0 00 0 0o 0 0 ©0 0 O 0O S 0 O O O O
3
0
o
o



22.
23,
24.

331862.
329604.
3046583,

3468,
5286,
7186,

-3. B0&3
-1, 9258
0. 1359

0. 2144
0. 3734
0. 3488

6. 0478
B. 7138
i1. 9721

0. 19567
0. 3726
0. 44461

0. 8557
1. 0697
1.3705



B.2 Test Data:

ROUGH STATOR :

HOLE PATTERN 2 (Cs=, 5271mm)

HOLE DIA. =3. Bmm: HOLE DERPTH=1. O1&mm: GAMMA=, 345

DR. D. CHILDS

Rase Ca
L. 90579,
2. 20394,
3. 89924,
4, 70526,
9. 87574,
&, 0163,
7. 130&62.
8. 130001.
2. 129537.

10. 130960.

i1 130780.

12, 130947,

13,  159745.

14. 160474,

15. 159766.

146, 161027,

17. 159098,

18. 159840.

19, 292273.

20. 289253

21i. 289883.

TEXAS ALM

CPM Fr/sa
(MN/M)

1056,  -0.3452
1770. ~0. 2189
Dee7. -0. 0682
3540. 0. 317G
5333. 1.0191
7229, 2. 7257
1064.  —0. 6627
1778, ~-0. 5883
2685.  -0. 19164
3604, 0. 14364
5333. 1. 0377
7186. 2. 5854
1094.  ~=1.0517
1796,  -1.0895
2691.  -0. 4224
3540, 0.3108
5323. 0. 54603
7186. 2. 8812
1040. -2, 1752
1786,  —1.8727

26505,

~1. 5826

AUG,

‘84

dev.

(MN/M}

0.

0.

 © O 0O 0 0 0 O 0O 0O 0O 0O 0O O O O O © ©

87—

1530
o841

. 0445
. 1072
. 1635
L1112
. 2729
. 0B43
. 0854
. 1973
. 1930
. 24674
. 2473
. 0738
. 0985
. 1899
. 2442
. 27462
. 4514
. 1498
. 1591

Fo/hA
(MN/M)

0. 6353
i. 0857
i, 5531
a, 0223
2. 8127
2. 7701
i, 0827
1. 86776
2, 3826
3. 2434
4, 2600
4, 8932
i. 3089
2.2171
2. 7845
3. 9034
9. 4176
6. 5780
i. 3341
3. 9745
4. 3058

dev.
{MN/M)

. 1024
. 1178
. 0413
. 1493
. 1330
. 1259
. 1878
. Q984
. 0R99

. 1350

¢
0
0
0
0
0
0
0
0
0
0. 3511
0. 1697
0. 2044
0. 0946
0. 1414
0. 1741
0. 4008
0. 2230
0. 3094
0. 1831
0

. 1991

Force coefficients (average and standard deviations)
and average force magnitudes for stator 2.

1F3
(AN}

0. 0943
0. 1411
0. 1975
0. 2603

0.3807
0. 4937
0. 1640
0. 2261
0. 3036
0. 4130
0. 5573
0. 7095
0.2169
0. 3139
0.3579
0. 4979
0. 6996
0. 9130
0. 3670
0. 5129
0. 5831



22,
as.
a4,
29,
26,
a7.
28.
29.
30.

286825,
284490,
279428.
376602,
371952,
369170,
349743,
364083,
364450,

3350,
85310.
7186.
1049.
1749.
2620.
3499,
9310.
7186,

. 5800
. 8262
. 16B4
. 9097
. 0216
. 4308
. 7204
. 5597

. 4904

. 23171
. A733
4001
. 4607

© 0 0 ©o o

. 2013
., 24683
. 4650
. 4023

c O 0 O

. 4899

-~88—-

3. 2940
7. 8583
10. 2805
2. 1075
3. 9417
9, 0833
4. 8012
Q. 9049
13, 144635

o‘

o © 0 0O © 0 0 D

3215

. 4394
. 3761
. 8009
. 4048
. 2596
. 3996
. 4047
. 4135

1.
1.

1
i

0
0
0.
0

. 6769

0056
3670

. 893295

. 6321

7164

. B30

. 2627

, 7285

-
L



B.3 Test Data: Forge coefficients (average and standard deviations)
and average force magnitudes for stator 3.

DAMPER SEAL : HOLE PATTERN 3 ( C=0, 3271mm )
HOLE DIA. =4, 7mm, HOLE DEFPTH=1, Oi4mm, GAMMA=0. 50
DR. D. CHILDS TEXAS ALM SEP. ‘B84

Case Ra CPM Fr/a dev. Fo/A dev.
(MN/M) (MN/M) (MN/M) (MN/M)

5. 90317. 107%. -0. 2622 0.1104 0. 5028 0. 0810
2. B98264. 1780. -0. 25246 0. 0925 0. 8024 0. 1087
3. 0780, 24655, -0. 0973 0. 0551 i.11959 0. 09B4&
4, 89743. a3519. 0. 2096 0. 0733 i. 4724 0. 0890
9. 70474, 5333. i. 14600 0. 12684 2. 2723 0.1100
&. 89746. 7229, 2.7412 0. 2016 2. 2737 0. 2039
7. 129752, 1060, -0, 6310 0. 1305 0. 41056 0.1776
8. 130282, 1754, ~0. 5505 0. 1231 i.2413 0. 0774
9. 130141, 2643. -Q. 2977 0.1129 1, 7692 0. 1181
10. 130913, 3529, 0. 0307 0. 0884 2.2867 0.1179
11, 128424, 9333, 0.8252 0. 1676 3.1287 0. 1220
12. 131046, 7186, 2. 9542 0. 2007 3. 8230 0. 1811
13. 160729, 1056, =0. 9894 0. 1451 0.8117 0. 1617
i4. 160310, 1784, -0. 9042 0. 2050 1. 3917 0. 1841
13. 1604676, 2661, -0. 022 0. 1487 2. 2077 0. 1287
ié. 160377 3540, -0. 0855 0. 1495 2. 76B4 0. 1300
17. 15é914. 5333, 0. 6828 0. 14672 3. 9739 0. 1454
18, 1865073, 7186, 2. 6083 0, 2697 4.6011 0, 2011
19, 287423, 1068, -1.8745 0. 2668 0. 9149 0. 3440
20. 258623, 1760, -2, 0543 0. 1429 2. 13467 0 2097
2i. 257119, 2632, -1, 5264 0. 1502 3. 0161 0. 1481

- -89-

{F 1
(KN)
. Q721
. 1073
. 1424
. 189¢
. 3246
. 4522
1142
. 1733
. 8307

-

2907
L4117
. 5840
. 1644
. 2122
. 2914
3523
. 5126
. 6732

. 2699

OOOO_OOOOOOOOO_OOOOCOO

. 3767
0. 4297 .



22.
23.
24,
28,
26,
a7.
28.
29,

a0,

2568017,
255448,
296415,
367972,
364432,
3944647,
357668,
345832.
348999,

34886,
5310,

7186.

1060.
1739,
2597.
3458.
9333,
71Bé.

=0, 7744
0. 1609
2. 2701

-2. 2019

-2, 7262

-2, 2546

~1. 46450

-0. 2864
2. 0289

0. 1506
0. 2126
0. 3619
0. 3027
0. 1592
0. 1541
0. 2693
0. 2737
0. 4512

3. 8749
8, 9297
7. 2079
1. 0088
2. 3239
3. 8283
5. 2200
7. 5479
Q. 8321

0.1172
0. 2002
0. 3610
0. 7086
0. 2409
0. 1347
0. 4788
0. 2525

0. 4709

0. 5021

0. 7538

0. 9403

0. 4016
0. 4555
0. 5645
0. 6979
0. 9598
1. 2762



B.UW Test Data: Force coefficients (average and standard deviations)
and average force magnitudass for stator U,

DAMPER SEAL : HOLE PATTERN 4 (C=0, 5271imm)

21.

. X |

HOLE DIA. =7, imm, HOLE DEPTH=1. O1émmn, GAMMA=0, 59
DR, D, CHILDS TEXAS A&M GEP. ‘84

Case Ra CPM Fr/A dev. Fo/A dev, 1F 1
(MN/M) (MN/M) (MN/M) (MN/M) (KN)
1. 70587, 1083, -0. 1285 0. 1204 0. 4947 0.083& 0. 0648
2. 89710. 1791, 0. 0489 0. 07&2 0. 9570 0. 0855 0. 1221
a. 89926, 2673. 0. 1748 0. 1403 i, 2523 0.0894 0. 1617
4, %0907, 3982, 0.3090  0.1387 1, 3969 0.1378 0. 1829
o 20536, 5357. 1.2877 0, 1012 2 0841 0,0699 0, 3114
&, 70416, 7186. 2. 4807 0. 3913 2, 4260 0. 3093 0. 4417
7. 1304350, 1049, ~0. 2044 0. 1825 0. 6747 0. 08461 0. 0947
8. 130941, 17695, -0, 2288 0. 1034 1, 32460 0.1084 0.1714&
2. 130104, 2643, -0, 0952 0. 0928 1. 6942 0;1114 0. 2161
10. 130516. 35971, 0.2974 0. 0799 2.0463 0.0614 0, 2428
it. 129@62. 9357. 1, 48464 0. 1591 2, 93467 0. 1286 0, 4184
.12, 130390. 7186, 2. 7390 0. 3491 3. 8220 0. 2847 0. 6006
13, 160888, 10468, -0, 3408 0. 1584 0. 9931 0. 1690 0. 1354
14, 160344, 1770, -0, 3120 0.1012 1.8030 0.0999 O. 2328
i9. 160003 2673. -0. 0839 0. 0988 2 3136 0,1559 0, 2941
16, 160044, 3540. 0.2284 0. 1422 2. 5731, 0.1830' 0. 3285
17. 160936, 9333, 1, 5974 0. 1947 3.7760 0, 1561 0, 5449
18. 199402 7186, 2. 8013 0. 2823 4. 6643 0. 3058 0. 6710
19. 247837, 1079, -0, 7330 0. 2890 i. 2003 0.2662 0, 1843
20, 241502, 1802, -0, 7984 0. 1734 2. 3293 0. 1423 o.a1sq
235596, 2740, -0, 5911 0. 1668 3. 0997 0. 1254 0. 4009



23,
24,
29.
=1
27.
28,
29.
30.

244140.
278368,
234224,
3464083.
360424,
357179,
351082.
3464620,
344377,

3940,
9333,
7186.
1038,
1749,
2620,
«o29,
9u10,
71864,

=0. 1600
1. 2344
a. 9954

-1. 19592

-0. 9293

-0. 8897

-0. 30195
1. 4464
2. 9832

0. 31383
0. 2309
0. 2746
0. 3877
0. 2121
0. 2199
0. 1965
0. 3001
0. 3145

..

4. 0238
5. &57%
b6, 7580
1. 4246
2. 588
3. 3648
4, 74465
b, 7491
8. 45955

0. 2044
0. 2057
0. 3948
0. 3922
0. 205%
0. 12895
0. 187%
0. 2917
O.QEEQ

0. 9129
0. 7362
0. 9397
C. 2426
0. 3500
0. 4345
0. 4046
0. 8799
1.1236

iy



B.5 Test Data: Foree coefficients (average and standard deviations)
and average forece magnitudes for stator 5.

DAMPER BEAL : HOLE PATTERN 95 (C=0. 3271mm)
HOLE DIA. =8, &mm, HOLE DEPTH=1.01émm. GAMMA=0, &1
DR, D. CHILDS TEXAS AkM BEP. ‘B4

Case Ra CPM Fr/A dev. Fo/A dev. IF!
(MN/M) (MN/M) (MN/M) (MN/M) (KN)

8 50493, 1056. 0. 0722 0. 1237 0. 6143 0. 1044 0. 0802
2. 70365, 1770. 0. 0599 0. 0529 0. 9462 0. 04569 0, 1206
3. 90120, 26885, 0. 4472 0. 0778 1.4188 0.0609 O.lB?é
4. 20494, 3571, 0. 5252 0. 0424 1. 5922 0, 05146 0.2130
5. 70348, 5357. 1.7820 0.0884 2.2717 0.0773 0.3470
b, - 20402, 7186. 3.2224 0. 1219 2.5000 0.1286 0,5184
7. 130480. 104%. 0. 0480 0. 2041 0. 7980 0. 1606 0.1050
8. 130144, 1754, 0. 156462 0. 0849 1. 5510 0.0840 0.1982
9. 129804. 2637. 0. 220% 0. 0615 1. 9320 0. 1056 0. 2542
10, 130414, 3550. 0. 6038 0. 1357 2.7918 00,0832 0. 3&32
11, 129188, 5397. 2. 2267 0. 16464 3. 4808 0.1138 0. 5254
12, 129921, 7186, 3.8131 0.1482 3.9362 0.0997 0.4&%62
13. 160060. 1040. -0. 0001 0. 1693 0. 9701 0.1079 0.1280
14, 159976, 17460, 0.11958 0. 0854 1.7502 0. 0914 0.2231
15. 159413. 2667, . 48213 0. 12684 2, 3731 0.1224: 0. 3077
16. 160374.H 3540, 0. 8792 0. 1045 3. 2545 0.0848 0. 4283
17.  160670. 5333. 2. 4007 0. 17u# 4, 6761 0, 1253 0. 4481
i8, 159993, .7186. 4.3383 0. 2727 5.1110 0.1758 0.8520
19. 2&67882. 1054, =0. 0495 0. 2591 1.4131 0.0833 0. 1825
20. 262804, 1780. 0. 0914 0. 0925 2. 4833 0.1224 0. 3158
21, 2&1592. 24673. 0. 6547 0. 1424 3. 4726 0.1241 0.4494

9%



29,

30.

2575386,
a5572a.
261492,
418640.
417050,
409732,
407323.
A4036C1.

411964,

39550,
9333,
7186,
1044,
1734.
2659,
3529.
9333.

71846,

1. 3746
3, 2213
5. 4965
=0. 2622
0.1611
0. 7278
1. 2729
3. 6427

6. B4&0

0. 1539
0. 2771
0. 3022
0. 3130
0. 2259
0. 1139
0.1725
0. 2787

0. 3262

4, 7276
&. 6321
B. 05671
1.6583
a, 8446
4, 2364
5. 9111
B. 1418
10. 2643

0.

0.

o ¢ O 0 O O

1180

21951

. 2161
. 1822
. 1140
. 1301
. 1191
. 2671
. 24951

0. 6286

0. 9373

0.2148
0. 3620
0. 5444
0. 7683
1. 1334
1. 5678

)

0



DAMPER SEaAL
MOLE DIA. =2. Bom.
DR. D. CHILDS

Case

-

2T D N> U LN

10,
11,
12,
13,
14,
15,
16.
17.
18,
19,
20.

a1,

B.6 Test Data:

Ra

202864.
89889.
70462,
B87344.
70430.
70130.
130471,
129893.

130075,

129881,

130062,

130116.
160067,
159741,
160043,
159351,

160070.

158956,
264864.
268211,
260596.

HOLE PATTERN & (C=0. 5271imm)
HOLE LDEPTH=1.01&mm,

TEXAB A&M
cPM Fr/A
(MN/M)
1042. -0. 3611
1749, -0. 2836
2661, 0. 0081
3582, 0. 1482
9310. 1. 2429
71Bé. 2, 4421
1048, ~0. 7655
1780, —0. 68v5
2691, ~0. 2349
3540. -0. 1194
5333, 0. 8319
7186, 2. 8454
1075. -1, 1900
1780, -1, 16514
2661, -0. 7819
_ 3582, -0, 3959
5310, 0. 5682
7186, 2. 3963
1075. -2, 6355
1754, -2. 5414
2673, -2, 1370

Force coefficients (average and standard
and average force magnitudes for stator 6,

6AMMA=0. 34
oCcT. ‘84
dev, Fo/A
(MN/M) (MN/M)
0. 1599 0. 59460
0. 0844 0, 9903
0. 0756 i.3013
0.0899.  1.7427
0. 1350 2. 5076
0. 2124 2. 8556
0. 1318 0. 9847
0. 0823 1.4123
0. 0784 2.1107
0.1135 2. 7863
0. 1363 3. 4301
0. 2893 4. 729%
0. 1859 1, 150G
0. 0583 1, 8551
0. 0757 a. 5277
. 0. 1261 3. 5149
0. 1428 4. 6926
0. 3018 5. 6329
0. 3285 i. 6810
0. 1818 2. 8026
0. 1678 4. 1198

_95-

deviations)

dev.
(HN/M)

0. 1030
0. 0625
0. 1370
0. 0686
0. 1002
0. 1424
0.1723
0. 1084
0. 1293
0. 0894
0. 0878
0. 2241
0. 2517
0. 04685
0. 0929
0. 1435
0. 1261
0.2192
0. 5844

0. 1880

0. 1894

tFi
(AN)

0. 0915
0. 1312

0. 1635
0. 2249
0. 3599
0. 4781
0. 1604
0. 2000
0. 2698
0. 3507
0. 4733
0. 7024

0. 2136

0. 2784
0. 3361
0. 4496
0. &007
0. 7784
0. 40356
0. 4807
0. 5882

gt e <



22,
a3.

as.
2&.
a7.
28.
29,
a0.

268168,
257031.
256710.
3154649,
313599.
31278%.
313420.
309368.
2190644,

3499,
5310,
7186,
1040,
1770.
2653,
3909,
5310,
7186,

-1,
-0,

so022
0577

. 4456
. 4471
. 4047
. 0241
. 6344
. 6245
. 2698

© 0 0 0O O © 9 ©0 ©

~06-

. 1408
. 2324

4529

. 4077
. 2870
. 1182
. 2309
. 35931
. 9174

9. 2239
7. 1822
8. 7247
2. 0473
3. 4949
4, 5919
&, 5809
B. 6814
11, 0243

0.2234
0. 2753
0. 3156
0. 7117
0, 2327
0. 1477
0. 2194
0. 3519
0. 3617

=

o O O ©

. 6942
. 9187

. 5192
. 6204
. 6985

. 9009
. 1062

. 4114

Laast



B.7 Test Data:

DAMPER SEAL :
HOLE DIA.=3.8
DR, D. CHILDS

Case Ra
1. 89471
2. 89495
3. 90313
4. 89410,
5. 89799
6. 90871.
7. 130825
8. 130911.
9. 130183,
10. 129549,
11. 130496

12. 130166

13. 160012,

14.  159075.

15. 160957,

16, 160969,

17.  159556.

18, 160815

19. 286324,

20,  277971.

21, 78744

HOLE PATTERN 2 (C=0, 527 1imm}
mm: HOLE DEPTH=0, 508mm,.

TEXAS A&M

CPM Fr/A
(MN/M)
1083. -0. 2988
1791, ~0. 2655
2&73. 0. 0286
33861. 0. 3007
9310. 1,.1428
7186. 2. 8424
1075, -0. 6572
1770, =0. 60463
26585, =0. 1206
3561, 0. 3281
9310, i, 1292
7186, 2. &210
1083, -0, 8794
17790. =0. 9353
2b41. -0. 5412
.. 3950. ~0. 0623
9310. 0. 9738
7186, 2. 53468
10356, -1, 9889
1780. -2. 0240
2683. -1, 27953

GAMMA=0, 34
NOV. ‘84
dev. Fo/A
(MN/7M) {MN/M)
0.1179 0. 3734
0. 04iB 0. 9813
0. 0973 i, 3056
0. 0811 . 1.8332
0. 1270 2. 5184
0. 5108 2. 2416
0. 1517 0. 87465
0. 0B256 1, 4993
0. 0838 1. 9808
0. 1214 2. 5818
0, 1803 3. 7830
0. 3927 3. 8107
0. 20335 1. 1054
0. 1219 1, 8396
0. 1200 2. 4249
0. 1068 3. 3445
0. 1692 4. 7491
0. 4106 5. 2702
0. 28460 1.8817
0. 1266 2, 7097
0. 1181 3. 7594

-97~

dev.
{MN/M)

0. 0996
0. 0897
0. 0721
0. 050%
0. 0841
G, 4570
0, 1695

0. 0773

0.1752
0. 1462

0. 1130
0. 3564
0. 1938
0. 1106
0. 1764
0.1114
0. 1171
0. 4012
0. 3611
0. 1783

0. 1951

Foroe coefficients (average and standard deviations)
and average force magnitudes for stator 7.

0
0
0
0
0
o
0
0
0
0
0
0
¢/
0
0
o
0
0
(¢}
o
0

tF1
(AN)

. 0840
. 1294
. 1663
. 2361
» 35195
. 4640
1417
. 2057
. 2019

. 3308

. 5020
. 5905
. 1829
. 3627
. 3155
. 4276
. 8161
. 7451
. 3251
. 4298
. 5052




a29.

30.

273769.
276488,
274838,
341011.
340526.
348504,
942201,
399147,
340039,

3950,
w310,
7186.
1053,
1770,
2643,
3529.
wassk,

7186.

-1. 0391
0. 81356
2. 6264

~3. 1939

-2, 9940

~2. 5825

-1. 94621
0. 1047

2. 5281

0. 1501
0. 2728
0. 45683
0. 4368
0. 2301
0. 2293
0. 2834
0. 3980
Q. 3004

=98

4, 8550
6. 9235
8. 5215
2. 0067
3. 3096
4. 2797
&, 1803
8. 7277
11. 4756

0. 1512
0. 2406
0. 4399
0. 8B4%
0. 2049
0. 1890
0. 3005
0. 2671
0. 3911

0. 6308

o

. 8B24
1. 1343
0. 48723
0. 5674
0. 6354
0. 5106
1.1101

1. 4928

O




B.8 Test Data: Force coefficients (average and standard deviations)
and average force magnitudes for stator 8,

DAMPER BEAL : HOLE PATTERN 2 (C = 0. 5271mn)

0. 14625

-99-.

MOLE DIA.=3. Emm, HOLE DEPTH=1. 524mm, GAMMA=0. 34
DR. D. CHILDB  TEXAS A%M  NOV., ‘B4

Case  Ra CPM Fr/a dev. Fo/A dev. IF
(MN/MY  CMNZM) (MNZM)  CMN/ZM) C(KN)

1. 0188 1049. ~0. 3349 0, 1879 0. 6446 0.0788 0. 0970
2. 90079 1786. ~0. 2644 0. 0809 1.2894 0.0942 0. 1675
3. B89557. 2626 -0.0821  0.0466 1.9924 0.0430 O0.2026
4, 90083 3540, 0.0682 0.0618 1.9880 0.0748 0. 2528
5. 90461. 5286. 0.8406 0. 1099 2,7089 0.1000 0. 3608
& B9521. 7186. 2,7572 0. 2249 2, 7487 0.1880 0. 4951
7. 12989, 1060. -0.7247 0.2313 0.9422 0.183&6 0.1552
8. 130690. 1754, ~0.7138 0. 0774 1.5157 0.0991 0. 2131
9. 130120 2637. ~0. 4502 0. 0824 2.5033 0.0819 0.3242
10. 130750, 3540. -0.1095 0, 0791 3.1280 0.0&91 O0.3977
11, 129440. 5310. 0.5952 0. 1611 4.3958 0.1485 0. 5637
12. 130365, 7186. 1.9310 0. 1917 5.1881 0.1384 0.7036
13. 159641, 1071. -1.138¢ 0. 2553 1.0912 0.2993 0.2052
14. 160384 1775. -1.0338 0. 1138 2, 1352 0.1486 O0.3018
15. 160486, 2679 -0.6677  0.0836 3.1357 0.0901 0.4073
16, 160700. 3519, -0.4459  0.1570 32,6978  0.1201 0.4734
17. 160123, 5310, 0.5332 0. 1836 5.7384 0.1744 0.7313
18. 160483 7186. 2,0735 0. 1987 7.1138  0.1933 0. 9414
19. 284517. 1060.  =2.5054 0.5206 1.6B21  0.6324 O0.3959
20. 281597. 1780. -2. 4220 0. 3061 3. 1751 0.2344 0. 5089
21, 272480, 2661, ~2, 0944 4.3516 0.31622 0.6134



22,
23,
24,
as.
2é.
27.

28.

29.
30,

278613.
272537,
267343,
369702,
344593
389222,

363144,

362145,
354033,

35682,
9310.
7186.
1042,
1749,
2992,

3458,

5286.
7186.

-1, 5113
0. 2396
2, 3887

=3. 4540

-2, 9511

-2, 97593

=1,7432
0. 3735

2. 1899

. 3957
. 3622
. 3284
. 4321

c O O O ©

. 2011
0. 4181
0. 3521
0. 3645
0. 4030

~-100~

5, 2260
8. 8020
11. 0811
1. 5101
3. 9082
%, 1524
b. 0447
9. 9312
13. 4101

. 13995
. 3608
. 2932
. 4361

0
0
0
0
0. 1870
0. 2882
0. 2833
0. 3627
0. 3310

L 6912
. 1192
. 4404
.48?71
. 6223
. 7995
. 8002
. 2631

. 7285

e

-
~y

oy

i |

€



DAMPER SEAL :
HOLE DIA. =3. 8mm,
DR. D. CHILDS

Case

[+

2 DN e B BD

[y
o

i1,
12,
13.
i4,
18.
16,
17.
18,
19.
20.
21,

B.9 Test Data:

Ra

89768,
89992.
?0084&.
?0552,
70001,

90662.
130573.
129576,
130472.
130189,
129783,
129682,
160105.
160325,
160528,
160189,
159798,

' 159540.
267052,
265871,
261914,

HOLE PATTERN 2 (C=0, 5271mm)

HOLE DEPTH=1. 778mm, GAMMA=0, 34
TEXAS AXM APR 85
CPM Fr/A dev. Fo/A
(MN/M) (MN/M) (MN/M)
1079. ~0, 2752 0 1168 0. &957
1824, -0, 3501 0. 0642 1. 2786
27185. -0. 0341 0. 0945 1. 495%
3604, 0.2439 0.0704 1. 9187
9286, 0.35380 0.7612 2. 3250
7i86. 2. 2639 0. 3832 1. 2945
1083. -0, 7941 0. 1691 1.0439
1807. =0, 8937 0. 0840 i. 8462
2661, -0.3088 0.0892 2.398%
a571. 0. 2997 0. 13261 2. 7695
5310. 0.8282 0.1721 4. 4126
7184, i.7822 0.913%9 4.7177
1068. -1,0473 0. 2428 1, 25064
1786, -0, 8806 0. 1398 .2, 36&7
2685. -0, 6176 0. 1340 3. 0032
3614. 0. 252% 0. 1412 2. 4446
92864, 1. 3186 0. 3057 5. 5107
7i86. 2.1056 0.3374 4. 5280
1087. =1, 9235 0. 4460 1. 6996
178s4. -1.9731 0.2321 3. 3570
2691, -1.5443 0.1779 4. 05414

~101-

dev.
(MMN/M)

0. 1023
0. 0526
0. 0937
0. 0848
0. 44648
0. 5346
0.1371
0. 0849

0. 0484-

0. 1406
0. 1513
0. 7577
0. 1999
0. 1213
0. 1984
0. 1502
0. 1466
0. 2342
0. 3500

0. 2229

0. 14633

Force coefficients (average and standard deviations)
and average force magnitudes for stator 9.

1F 1
(KN,

0. 0979
0. 1686
0. 2156
0. 2458
0. 3208
0. 33864
0. 1683
0. 2465
0. 3074
0. 3541
0. 5707
0. 6529
0. 2104
0. 3211
0. 3901
0. 4390
0. 7210
0. 8724
0. 3321
0. 4955
0. 5516



22.

23.
24.
25,
26.
27.

28.
29.

30.

2460450.
254271,
249743,
339361,
341694,
342873.
341272,
335283,
328291.

30682,
5286,
7229,
1068.
1754,
2637.
3519,
9206.
7186,

-1. 0091
0. &657
2. 0893

-3. 1015

=3. 014

~2, 4732

-1, 14658
0. 5843
2. 4900

0. 1727
0. 3510
0. 4061
0. 6045
0. 2917
0. 1962
0. 2573
0. 5029
0. 4625

=102=

4. 4906
7.8771
?.7154
1. 9725
4. 0833
4, 5055
9. 8703
B. 7744
12. 6393

© 0 0o O © © O © O

. 1829
. 3117

3442

. 7928
. 3708
. 4063
. 3745
. 3388
. 4367

0. 5850
1. 0051

1, 2631

0. 4822
0. 6484

0.4536

0. 7608
1.1190
1. 6421



B.10 Tast Data:
aad average force magnitudes for stator 10,

DAMPER SEAL :@: HOLE PATTERN 2 (C=0. 5271imm)

HOLE DIA. =3. 8 mm: HOLE DEPTH=R. 032mm. GAMMA= 0. 34
DR. D. CHILDB TEXAS A&M DEC. ‘84
Case Ra cPM Fr/a dev. Fo/A
(MN/M) (MN/M) (MN/M)
1. 70672, 1083, ~-0. 5821 0. 1181 0. 54694
a. 89309, 17921, =0. 4459 0. 0575 1. 0014
3. 70108. 2&73. =0. 2485 0. 0521 1, 3665
4, B9948. 3571, -0.1549 0,0682. 1. 4945
8. B89748. 528&. 0.7144 0. 1414 1. 8823
&, 90328. 71866. 2.8992 0. 2583 1. 2936
7. 130519. 1054, -0, 9232 0. 1021 0. 8083
8. 130170. 1780. -0, 9104 0. 0360 1. 4449
9. 130418. 2673, -0.6154 0. 0632 1.94463
10, 130229, 3571, =0. 4903 0. 0672 a.7704
11, 1304&3. 9286, G, 2279 0. 1928 3. 2581
12. 130485, 7229, 1.46588 0. 2585 3. 6616
13. 150156, 1048, -1.3523 0. 2212 i.05864
14, 160499, 1786. -1.1234 0.1033 1.45865
15. 1602985, 2679. -1. 0051 0. 1599 2. 35942
16. 160278. ., J561. =0. 9929 0. 1297 3. 6634
17. 1595&0. 5284, 0. 2413 0. 14678 4, 6383
i8. 1460296, 7229. 1.3920 0. 2759 5. 0562
i9. 281288. 1071, -2, 0322 0, 3900 1. 5736
20. 283452. 1786. ~1.753& 0. 1877 2. 2556
21i. 260920, 2667, -2.2904 0, 1439 3, 3996

1NN

dev.
(MN/M)

0. 0997
0. 0580
0. 0871
0. 0894
0. 1361
0. 2891
0. 1831
0. 0723
0. 1426
0. 0878
0. 1541
0. 2124
0. 3220
0. 1315
0. 1498
0. 1599
0. 1649
0. 1832
0. 4496
0. 1484
0. 1477

Force coefficients (average and standard deviations)

IF1
(KN)

0. 1050
0.1394
0. 1763
0. 1910
0. 2564
0. 4054
0. 1575
0. 2171
0. 2592
0.3574
0. 4157
0. 5120
0. 2226
0. 2339
0. 3259
0. 4823
0. 5903
0. 6674

0. 3631
0. 5209



272841,

272031.

274810,
367614,
368521,
362380,
366370,

258774,
3486834.

3562,
U286,
7184,
1049,
1745,
2649,
3919,
9263.
7186,

-2. 1989
-0. 3040
0. 6162
-3. 3361
~-3. 1501
~3. 0220
=3, 20686
-2. 1499
0. 3195

0. 3160
0. 4010
0. 4936
0. 4029
0.1921
0. 2327
0, 2249
0. 4103
0. 6680

-104-

5, 1814
&, 9722
B. 9997
1. 9720
2. 6452
4. 4992
8. 7931
7. 9783
11, 4223

0. 1723
0. 220%
0. 3118
0. 6482
0. 1477
0. 5371
0. 1804
0. 3448
0. 4598

0. 7140

0.8879 -

1. 1475
0. 5007
0. 5231

0. 68846

0. 8449

1.0508
1. 4544

!

o




B.1t Test Data: Force coefficients (average and standard deviations)
and average force magnitudes for stator 11.

DAMPER SEAL : HOLE PATTERN 7 (C=0. 5271mm)
HOLE DIA, =3. 58mm, HOLE DEPTH=1, 524mm. GAMMA=0. 27
UR, D. CHILDS TEXAS AkM MAY 835

Case Ra CPM Fr/7A dev. Fo/A dav. IF1
(MN/ M) (MM/M) (MN/M) (MN/M) (KN)

1. 7?0484, 1091, -0, 3031 0. 1008 0.5337 0.1016 0.079%
2. 70556. 1807, =0. 2564 0. 1203 1. 0102 0. 0678 0.1333
3. 70351. 2703, -0. 0399 0. 0B44 1. 2438 0.0783 0.1384°
4, 70241, 2604, -0. 0603 0. 0864 1.3081 0, 11846 0. 16467
5. 50102, 5310. 0.7717 0. 1283 1, 46202 0, 0830 0. 2285
b. 90027. 7186. 2.0876 0, 1692 1.926%9 0, 1834 0.3679
7. 129947, 10468. -0, 5589 0. 1206 0, 7126 0.0924 0.1164
8. 130000. 1794, -0. 4513 0. OB&3 1. 2823 0. 0909 0. 1828
9. 129592, 2703, =0. 1984 0. 14688 i.B89465 0. 0598 0.2429
10. 129720. 3993, -0. 1306 0. 0857 2.1870 0.0980 0.2784
11. 129773. 5310. 0.5i81 0. 1246 2.6743 00,1207 0. 3444
12. 130547, 7186. . 2.2494  0.2259 3.1418 0,1768 0. 4918
13. 1460018, 107S. -0. 2083 0.1357 0. 8172 0. 0987 0.15§4
14. 160630. 1791. -1.0113 0. 0964 1. 85984 0. 0663 0.2342
15, 159752, 2703, -0. 4480 0. 1077 2.2785 0. 1248 0.2957i
16, 160582, . 3582 -0, 5350 0. 0784 2.8273 0.0831 0.34&54
i7. 159552. 9310, 0. 4105 0. 1704 3.4107 0.1209 O0.4349
18, 159644, 7186, 2.2255 0. 2041 4.26B1 0.1791 0, 4116
19, 2469841. 1048. -1, 9641 0, 2040 i. 0227 0.371i4 0, 2857
20. 271653, 1780. -2, 2029 0. 1242 2. 1422 0. 2103 0, 3908

R
=

273972, 2679, ~1. 6683 0. 1194 5.1799 0.1535 0.4562 |




22,

=3,
24,
9.
26,
a7.
28.
29.
30.

263881,
262643,
262724,
331941,
329191,
326932,
3224691,
520883.
333001,

3350,
0310.
7186,
1068,
1786&.
246889,
3993,
5243,
7186.

-2. 23681
-0. 5493

0. 7347
=4, 2594
-4. 4640
~3. B042
-3. 3849
-1, 3849
~0. 3019

0. 2302
0. 2814
0. 2929
0. 5327
0. 4007
0. 2932
0. 3955
0. 5001
0. 3632

4.8371
6. 8933
7. 4248
i. 4106
3. 000
4. 7658
6. 1338
8. 3613
10, 0505

0. 1344
0. 2448

|0, 2648

0. 9520
0. 2893
0. 2564
0. 3414
0, 3978
0.411%9

0. 6776
0. 8743
0. 9484
0. 5859
0. 4838
0. 7747

0. 89146

1. 0827

1. 2780

-

&)

&

“‘Tz‘
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12.

13.

14,

15,

16,

17.

18.

19,

20.

21.

B.13

DAMPER SEAL
HOLE DIA. =3. Bmm.
DR. D. CHILDS

Ra

e98s87.
f0028.
20510,
B?798.
0710.
89967,
129444,
129373.
129911.

130525,

130586.
129781.
159936.
160066
160470.
140706,

159924,

160642.
274861,
270433.
272482

Tust Data:

HOLE PATTERN 9 (C=0, 527imm)
HOLE DEPTH=1. S24mm,

TEXAS AWM  MAY B8S
CPM Fr/A dev.
(MNZMY  (MNZMD
1095, -0, 3463 0. 1673
1824, ~0. 1624 0, 0826
a727. 0.2950 0. 0645

3614, 0.1406 0.1008 .
5310, 0.8950 0. 1304
7186, 2.0844  0.3400
1095, ~0. 7044 0. 2143
1791, -0. 6732 0.1332
D667, -0.8406 0. 1097
3371. -0. 2847 ©.1328
5333. 1.1306 0.1984
71864, 2, 0634 0. 3747
1075, -0.9184 0. 2408
1780. -0.9183 0.1111
2661. -0.7624 0. 1332
.. 3582 -0. 5579 0. 3851
5310, 1.1851 0. 2392
718¢4. 2. 5484  0.3617
1044, ~1.4369  0.38596
1775. -1. 46083 0. 3091
2459, -1. 46121 0. 1843

Fa/A
{MN/M)

0. 5841
i. 0520
1. 43582
i. 85078
2. 1264
2, 9670
0, 7993
1.4121
i, 9348
2. 2944
3. 4527
4, &852
0. 8975
i. 8352
2. 2233
3, 0B58
4, 3534
9. 5614
i,.2140
2. 8952
3. 8298

dev.
(MN/M)

r 2099
0. 0892
0. 1321
0. 1009
0. 0942
0. 2696
0. 1607
0. 1B94
0. 0962
0.1714
0. 2847
0. 26567
0. 2070
0.1934
0. 1639
0. 2840
0. 2342
0. 3364
0. 4290
0. 2141
0. 2294

Qorce coefficientr (average and standard deviationg)
and average force magnitudes for stator 13.

GAMMA=Q. 34 (IPHERE BOTTOM)

IFt
(KN)

0. 0842
0. 1356
0. 1864
0. 1927
0. 2934
0. 4629
0. 1382
0. 1991
0. 2559
0. 2941
0. 4421
0. 6519
0. 1666
0.2612
0. 2993
0. 4013
0. 5737
0. 7784
0. 2672
0. 3573
0. 5287



2a.
23.
24.
25.
26.
a27.
28.

29

20,

268162,
261884,
297071,
394260,
490603,
344542,
342331,
334682,
322641,

3529.
8310.
7186,
1042,
1760,
2649,
3529.
5310,
7186,

~1. 4701
0. 9757
3. 1014

~-2. 4074

-2, 0711

-2, 0475

~1.7764

~-0. 62714
2. 9407

o O © o O 0 o © o©

. 4240
. 5872
. 7080
. 8369
. 2721
. 4B33
. 2836
. 8208
. B98&

4. 3013
b, 1199
8. 8276
1.2772

2. 9958

3. B&4B
4. 7306
7. 4478
10. 2557

0. 2645
0. 4188
0. 4394
0. &953
0. 3977
0. 5908
0. 587%
0. 5402
0. 5718

o.
01
1.

c ¢ O O o©

10

9799
7841
1709

. 3508
. 4632
. 3576
. 6438
. 9551

3604

'

{

{)

e
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