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tions, a 20- to 25-percent reduction, refs. 1 to 3). Their low
mmar
Su ary leakage and long life make brush seals candidates for use in

Brush seals are compliant contacting seals and have signifitocket engine turbopumps, particularly for space-based
cantly lower leakage than labyrinth seals in gas turbine appliengines and reusable launch engines. The low leakage require-
cations. Their long life and low leakage make them candidategnent is critical in meeting the wide-operating-range require-
for use in rocket engine turbopumps. Brush seals, 50.8 mninent of space engines in which seal leakage can significantly
(2in.) in diameter with a nominal 13i#n (0.005-in.) radial reduce engine performance at low thrust levels. Brush seals
interference, were tested in liquid nitrogen g)tnd liquid have_also been shown tq be more rotordynamicgll){ stable than
hydrogen (LH) at shaft speeds up to 35 000 and 65 000 rpm,labyrlnth seals (ref. 4). Little brush seal data exist in the open
respectively, and at pressure drops up to 1.21 MPa (175 psid')terature and that which does has focused on gas applications
per brush. A labyrinth seal was also tested in liquid nitrogen to(refs. 5 to 9). The first brush seal data taken in liquid nitrogen
provide a baseline. The LNeakage rate of a single brush seal Were obtained by Rocketdyne under a cooperative agreement
with an initial radial shaft interference of 1@ (0.005in.)  With the NASA Lewis Research Center (ref. 10). This report
measured one-half to one-third the leakage rate of a 12-tootMill present liquid nitrogen and the first liquid hydrogen brush
labyrinth seal with a radial clearance of 127 (0.005in.).  seal data known to be taken.

Two brushes spaced 7.ath (0.248 in.) apart leaked about ~ In @ cryogenic turbopump, brush seals may be used to seal
one-half as much as a single brush, and two brushes tightlgither liquid hydrogen or liquid oxygen at locations near the
packed together leaked about three-fourths as much as a singh!mp or the bearings, or they may be used to seal hot gaseous
brush. The maximum measured groove depth on the Inconelydrogen, combustion gases, warm gaseous oxygen, or helium
718 rotor with a surface finish of 0@t (32in.) was 25um atlocations near the turbine or purge seals. In this environment,
(0.0010-in.) after 4.3 hr of shaft rotation in liquid nitrogen. The large temperature gradients, oxygen compatibility, and hydro-
Haynes-25 bristles wore approximately 25 tqu#6(0.001 to gen embrittlement are concerns. Also, shaft speeds can be quite
0.003 in.) under the same conditions. Wear results in liquidhigh, up to 200 000 rpm for future upperstage rocket engine
hydrogen were significantly different. In liquid hydrogen the liquid hydrogen turbopumps. Because brush seals are compli-
rotor did not wear, but the bristle material transferred onto the2nt contacting seals, their wear rate and wear mechanism are
rotor and the initial 12 (0.005-in.) radial interference was important. To address the full range of conditions that a brush
consumed. Relatively high leakage rates were measured if€al may be exposed to in a cryogenic turbopump, hot gas
liquid hydrogen. More testing is required to verify the |eakagetesting is also being done at the NASA Lewis Research Center
performance, to validate and calibrate analysis techniques, andef. 11).

to determine the wear mechanisms. Performance, staging The testing of brush seals in liquid nitrogen and liquid
effects, and preliminary wear results are presented. hydrogen was conducted at the NASA Lewis Research Center

at shaft speeds up to 35 000 and 65 000 rpm, respectively, and

atpressure drops upto 1.21 (175 psid) per seal. A labyrinth seal
Introduction was also tested in L)\o provide a baseline for comparison.

The apparatus, test procedures and operating conditions, calcu-

Brush seals are being tested in Cryogenic fluids to determiné’:\tions, and pl’ediC'[ion tOOIS are described. The reSU|tS Of the

their usefulness in Cryogenic turbopumps for rocket engineliquid nitrogen data presented and discussed inC|ude Iaby“nth
systems. Successfully operated for thousands of hours in ga&€al and single brush seal steady-state performance, staging
turbine applications, brush seals have shown a significaneffects, and preliminary wear data. The hydrogen data pre-
improvement in leakage performance over labyrinth seals (ented are for a single brush and include steady-state perfor-
50- to 90-percent reduction initially and for long life applica- Mance and preliminary wear data.



Apparatus 45 000 rpm. The high-speed runner, a shortened version of the
low-speed runner, accommodates just one seal but can be

Facility Description operated at speeds up to 70 000 rpm, the predicted first critical
speed.

Testing was conducted in cell 2 of the Cryogenic Compo- Liquid hydrogen or liquid nitrogen was supplied to the
nents Laboratory (CCL) at the NASA Lewis Research Center.inboard, high-pressure side of the runner at pressures up to
An aerial photograph of the CCL is shown in figure 1. The test5.52 MPa (800 psig), the maximum allowable working pres-
cell, a 4.6- by 4.6-m (15- by 15-ft) expendable building with sure of the rig. This supply fluid then passed through a perfo-
rollup doors on each side, housed the test article and theated plate, which is integral with the test-seal-end labyrinth
associated flow-control and instrumentation hardware. High-seal, to steady the flow. In tests where leakage through the brush
pressure liquid hydrogen (Lfior liquid nitrogen (LN) was seal was low, it was necessary to bypass some flow out of the
fed into the test cell from an adjacent 4.92(1300-gal), brush seal supply cavity to keep the rig cold enough. Liquid
9.93-MPa (1440-psig) run dewar. This tank was filled from hydrogen or liquid nitrogen was also supplied to the bearings
either a 45.42-fh (12 000-gal) LH low-pressure storage for coolant. Photographs of the test cell with the rig installed
dewar or a 15.14-M(4000-gal) LN low-pressure storage and after it had been chilled are shown in figures 4 and 5,
dewar, depending on the fluid required, and then was pressurespectively.
ized with gas from two 16.55-MPa (2400-psig), 1982-m
(70 000-scf) gaseous hydrogen (§Hbor gaseous nitrogen Test Hardware
(GN,) tube trailers, respectively. These two tube trailers also
supplied GN or GH, to the test rig turbine drive for the LN Brush seals are compliant contacting seals. Figure 6 shows
and LH, tests, respectively. After flowing through the test a typical brush seal, which comprises a ring-shaped pack of
rig, all fluids were vented to the hydrogen burnoff located small-diameter wire bristles set at an angle to the radial direc-
behind the test cell. All system piping, shown schematically intion and sandwiched between a front and back washer. The
figure 2, was helium and vacuum purged before eacftési. back washer is on the low-pressure side of the seal and serves
Gaseous nitrogen was used as the purge gas fotdsting. as a mechanical support to prevent the bristles from bending
These tests were controlled remotely from the CCL controldownstream as a result of the pressure load. Typically, the
room and were monitored using several video cameras, abristles are designed to have a 127.0- to 2fh0.0050- to

audio pickup, and the instrumentation systems. 0.0100-in.) radial interference with the shaft. Brush seals with
an interference leak less than those with a line-to-line or
Test Rig Description clearance fit (ref. 8). The bristles are angled, usuafy®60

and thus act as cantilevered beams. Because of their initial

The test rig is the Low Thrust Pump Tester designed byinterference with the shaft, the bristles are preloaded and tend
Rocketdyne under contract NAS3-23164 (ref. 12) and modi-to follow the shaft during rotordynamic excursions. The degree
fied to test brush seals. A cross section of the testrig is presenteéd which the bristles follow the shaft, or the frequency response,
in figure 3. Note that for clarity some of the ports are shown outis important and depends on the radial stiffness of the bristles
of rotation. The Inconel 718 shaft is supported by two pairs ofand mass.
cryogenic ball bearings and is driven by an Astroloy Thenominal geometry ofthe brush sealand runner configura-
full-admission axial-flow turbine on one end of the shaft. A tions tested is shown in figure 7. The Inconel 718 seal runner
50.8-mm-(2.000-in.-) diameter seal runner is located on thewas 50.8 mm (2.000 in.) in diameter and had a surface finish of
opposite end of the shaft. Axial loads are supported by a self0.81 um (32 pin.) on its outer diameter. The Haynes-25,
compensating gas-fed balance piston located at the center of tfe071-mm- (0.0028-in.-) diameter bristles had a @fgle to
shaft. Very little axial load is generated by the turbine; most ofthe radius, were packed at a density of 3000 bristles/in.-
the axial load is a result of the pressure drop across the brustircumference of bore diameter, and had a@#2740.005-in.)
seal. The balance piston can support axial loads due to aominal radial interference with the runner. The outside diam-
pressure drop across the seal of up to 2.07 MPa (300 psidgter of the brushes was 71.60 mm (2.8190 in.) and the axial
Intercavity sealing along the shaft is accomplished using sevthickness was 3.61 mm (0.142 in.). Both the front and back
eral labyrinth seals. washers were made of Hastelloy-X and were .42 mm (0.056 in.)

The tester can accommodate from one to five brush seals ithick. The radial clearances between the front and back washers
a variety of spacing configurations. The seal holder is 304and the runner were 5.08 and 0.279 mm (0.200 and 0.011 in.),
stainless steel. Two different Inconel 718 seal runners with aespectively. Because there was some slight variation in geom-
0.814um (324in.) surface finish were used: a long, low-speed etry from brush to brush, the pretest inspection measurements
runner and a short, high-speed runner. The low-speed runnare given in table I. The materials were chosen because they
can accommodate all five brushes at one time but is limited tavere compatible with liquid nitrogen and hydrogen. The Haynes-
40 000 rpm to stay below the predicted first critical speed of25 cobalt-base alloy was used for the bristles because it could



TABLE |.—PRETEST INSPECTION MEASUREMENTS OF BRUSH SEALS AND RUNNERS

Sedl identi- Inside diameter Outside Axial thickness
fication diameter
number
Front washer Bristles Back washer Front washer | Back washer Entire seal
mm in. mm in. mm in. mm in. mm in. mm in. mm in.
1 61.06 | 2404 | 5060 | 1.992 | 5144 | 2025 | 71.63 | 2.8200 | 1.35 | 0.053 152 |0.060 | 3620 | 0.1425
2 61.01 | 2402 | 5057 | 1.991 | 5148 | 2027 | 7162 | 2.8197 | 142 056 145 .057 | 3.627 1428
3 61.11 | 2406 | 5047 | 1.987 | 51.38 | 2023 | 7159 | 28185 | 1.37 04 137 .054 | 3.607 1420
4 60.99 | 2401 | 5047 | 1.987 | 5144 | 2025 | 71.60 | 2.8190 | 145 057 1.40 .055 | 3632 1430
5 61.19 | 2409 | 5057 | 1.991 | 5144 | 2025 | 7159 | 2.8187 | 1.37 054 150 .059 | 3627 .1428
6 61.04 | 2403 | 5055 | 1.990 | 5144 | 2025 | 71.59 | 28187 | 1.40 055 140 .055 | 3569 1405

Seal identi- | Radial distance between back | Ambient inter- Bristle
fication washer inside diameter and— ference with
number runner?
Bristle inside | Runner outside Height® Diameter Angle,
diameter diameter deg
mm in. mm in. mm in. mm in. mm in.
1 0.419| 0.0165| 0320| 0.0126| 0.099| 0.0039| 5.232 | 0.2060 | 0.071 | 0.0028 37
2 457 .0180| .345 0136| .102| .0040| 5220 | .2055 30
3 457 .0180| .295 0116| .163| .0064| 5321 | .2095 25
4 483 .0190| .320 0126| .163| .0064| 5258 | .2070 38
5 432 .0170| .320 0126| .102| .0040| 5309 | .2090 34
6 444 01751 315 0124| .127| .0050| 5245 | .2065 34

2L ow-speed runner 1 used with seals 1 to 5. High-speed runner 1 used with seal 6. Low-speed runner 1 0.d.:
50.792 to 50.794 mm (1.9997 to 1.9998 in.); high-speed runner 1 o.d.: 50.808 mm (2.0003 in.).
bRadial length of bristle from front washer inside diameter.

be drawn; the wire diameter was determined by the availableshown in figure 9. The other configurations were (2) a single
die. brush, (3) two brushes spaced far apart (7.21 mm (0.284 in.),
Spacers used to study staging effects had the same overalvo brush widths between), (4) two brushes tightly packed,
dimensions as the brush seals and an inside diameter that waad (5) three brushes evenly spaced 3.607 mm (0.142 in., or
the same as the front washer inside diameter. Some spacers hade brush width between) were tested. Tests of configurations
radial holes located to match the instrumentation holes in the3 and 5 were repeated and are identified as 6 and 7 in table 11
housing so when that spacer was used, 1.6-mm- (0.06-in.-jwo brushes spaced 7.21 mm (0.284 in.) apart and three brushes
diameter thermocouples and pressure tubes could be installeslbenly spaced. They were repeated because of a problem with
to obtain interstage fluid conditions. Seal positions and instru-the interstage pressure measurements, which is explained in the
mentation stations are defined in figure 8(a). Instrumentationnext section. Then, (8) a single brush was tested to measure
was always installed at the entrance and exit of the brush seatatic seal performance above 1.21 MPa (175 psid). Finally, in

cavity, stations 1 and 5, respectively. Figure 8(b) displays theconfiguration 9, a single brush was tested with the high-speed
circumferential orientation of the instrumentation. runner in LH.

Configurations Tested Instrumentation

Nine seal configurations were tested and are described in The steady-state temperature, pressure, and flow rate of all
table Il. Configurations 1 to 8 were tested inlddd configura-  fluids supplied to the tester were measured along with the seal
tion 9 was tested in Lk Configuration (1) was a 12-tooth, |eakage flow rate and all tester exit temperatures and pressures
1274m- (0.005- in.-) radial-clearance labyrinth seal tested as gsee fig. 2). Metal strain gage transducers were used for all
baseline with the low-speed rotor in LNts axial length is  pressure measurements. Gold-iron/chromel and chromel/
equivalent to five brushes tightly packed, and its geometry isconstantan thermocouples were used in the cryogenic liquid



TABLE II.—SEAL CONFIGURATIONS TESTED

Configuration Description Seal position Seal runner Test fluid
number
1 | 2 | 3 | 4 | 5

12-tooth labyrinth All positions Low speed LN,
Single brush Sed 2 | ———— | ———-= R R 1
Two brushes far ————| Sed 3 —_—— _ Sed 4
apart

4 Two brushes ————| ————=] Sed 1 Sed 5 R —
tightly packed

5 Three brushes Seal 1 ————| Sed 4 _ Seal 5
evenly spaced

6 Two brushes far -———] Sedl 3 | ———-— [ —— Sed 4

apart; pressure
taps at spacer i.d.
7 Three brushes Seal 1 | ————| Sed 4 - Seal 5
evenly spaced;
pressure taps at
spacer i.d.

8 Single brush; Sed 2 | ——-| ——- ____ R

blowout test Y

9 Single brush Sed 6 | ———| ———- ——— ——— High speed LH,
1

systems and gaseous systems, respectively. All flow rate med>ata Acquisition

surements were made using venturis. Venturis of two different

sizes were used in series to measure the brush seal leakage rateAll steady-state data were recorded using an Escort Il data
Four pressure and four temperature measurements each weagquisition system that has a sampling rate of 10 kHz. The

taken at stations 1 and 5. Two pressure and two temperaturgscort |l system acquires the millivolt data, converts it to

measurements could be taken at each of the interstage instr@ngineering units, makes real-time calculations, displays the

mentation stations 2, 3 and 4. Instrumentation at stations information on CRT monitors in the control room, and stores

through 5 was located 38n (0.0015 in.) from the seal runner the data to the data collector for legal tape storage. The update

in configurations 1 and 2. After testing configuration 2, sometime is 2 sec. For each steady-state condition, 10 scans of data

thermocouple damage was found and the seal instrumentatiowere recorded. All scans during the static performance test

was moved back to 76n (0.003 in.) from the seal runner. The were recorded. Once recorded, the data were sent to the scien-

damage was attributed to insufficient support of the tip in a hightific VAX cluster for postprocessing.

flow, causing the tips to bend and break. The interstage pressure Dynamic data from the eddy-current proximity probes and

tubes were pulled back to the inner diameter of the spacer foaccelerometer were recorded on a 14-channel FM tape re-

configurations 6 and 7 because significant differences betweegorder. The time code was recorded on channel 14 to enable

pressure measurements at the same station occurred in configgerrelation of the dynamic data with the steady-state data. A

rations 3 and 5 and appeared to be speed dependent. Thelgandwidth of 62.5 kHz was used with a tape speed of 381 mm/

differences were not seen when the pressure tubes were locatéec (15 in./sec). Capacitors|{f) filtered out the dc offset of

at the spacer inside diameter and are thought to be caused byilse proximity probe signals to bring them into the 1.0-V peak

flow disturbance induced by the pressure tube. range of the tape recorder. Four oscilloscopes were used to
Three eddy-current proximity probes located &t 430, monitor seal runner orbits, vibration, and speed signals.

and 220 were used to monitor seal runner orbits (see fig. 8(b) In addition to the Escort CRT monitors and oscilloscopes,

for orientation). Oscilloscopes displayed the orbits in real time.digital panel meters were used to display certain control and

Two eddy-current proximity probes were used to monitor shaftabort parameters, as shown in figure 10. A stop-shaft-rotation

speed at the single-notched balance piston. Another eddyabort would be triggered by any of the following conditions:

current proximity probe was used to monitor the axial shaftexcessive shaft speed, excessive axial shaft motion, or exces-

motion at the balance piston. An accelerometer was mountegive pressure at the turbine inlet.

on the seal end of the tester housing to measure radial accelera-

tion to monitor the health of the tester. A complete instrumen-

tation list can be found in appendix A.



Test Procedure and Nominal Operating was obtained at zero pressure drop across the seal. At 0 rpm, a

Conditions maximum pressure drop across the seal of 2.24 MPa (325 psid)
was obtained. Baseline leakage performance of the labyrinth

After the appropriate facility purges and setup, the seal testeseal was measured for pressure drops across the seal of 0.17 to

was chilled down by flowing the cryogenic test fluid to the 2.07 MPa (25 to 300 psid) at shaft speeds of 0, 5, 15, 25, and

bearings and seal cavities. When liquid temperatures in thed5 krpm. A few intermediate test conditions at 10, 20, 30, and

tester had been reached, approximately 77.8 K (140 R) for LN 31 krpm were also recorded, as indicated in table 1l1(a).

and 27.8 K (50 R) for LK testing began. Nominal inlet

pressures were 5.38 to 5.5 MPa (780 to 800 psig) fgrelrd Brush Seal LN, Tests

2.8 t0 3.4 MPa (400 to 500 psig) for Ltests. The outlet pres-

sure of the seal was kept well above the critical pressure to avoid Prior to any shaft rotation, the LNbrush seal leakage rate

two-phase flow. The pressure drop across the seal package wags measured for increasing and then decreasing pressure

set by controlling the backpressure on the seal cavity. Temperadrops across the seal of 0, 0.17, 0.52, 0.86, 1.03, 1.21, 1.03,

tures throughout the tester were monitored closely. A signifi-0.86, 0.52,0.17, and 0 MPa (0, 25, 75, 125, 150, 175, 150, 125,

cant temperature rise indicated that the test fluid had run out.75, 25, and 0 psid). Then the pressure drop across the seal was
setto 0.17 MPa (25 psid) and the shaft speed was increased to

Labyrinth Seal LN, Tests 5000 rpm. Again, data were taken for increasing and decreas-
ing pressure drops across the seal in the same order and at the

System checkout tests were conducted with the labyrinthsame levels as at 0 rpm, with the exception of the 0-MPa (psid)
sealinstalled in the tester. A maximum shaft speed of 38 000 rprpoint. Because of balance piston limitations, the 0-MPa (psid)

TABLE IIl.—TEST MATRIX FOR LABYRINTH AND BRUSH SEALSIN LIQUID NITROGEN AND IN
LIQUID HYDROGEN

(a) Labyrinth seal in liquid nitrogen

Seal pressure drop Shaft speed,® rpm
M Pa psid 0 | 5000 | 10000 | 15000 | 20000 | 25000 [ 30000 | 31000 35 000
0 0 v v v v
0.17 25 v v v v v v
0.52 75 v v v v v v
0.86 125 v v v v v
1.03 150 v v v v v v
1.38 200 v v v
1.65 225 v v v v v
2.07 300 v v v v v v
2.24 325 v
aShaft speeds of 34 000, 37 000, and 40 000 rpm were also tested.
(b) Single brush seal in liquid nitrogen
Seal pressure drop Shaft speed, rpm
MPa psd 0 5000 | O 15 000 0 25 000 0 35000 0
0 0 v v v v v
0.17 25 v v v v v v v v v
052 75 v v v v v v v v v
0.86 125 v v v v v v v v v
1.03 150 v v v v v v v v v
121 175 v v v v v v v v v
1.03 150 v v v v v v v v v
0.86 125 v v v v v v v v v
052 75 v v v v v v v v v
017 25 v v v v v v v v v
0 0 v v v v v




condition could not be reached during shaft rotation. The shafand these pressure conditions were selected to match the design

was then brought down to O rpm and data were taken as theonditions of the brush seal to be used in the Advanced

pressure drop was varied from 0 to 1.21 to 0 MPa (0 to 175 td&xpander Test Bed Lyturbopump (ref. 13). The shaft speed

0 psid). Data were taken in a similar manner for 15 000-, 0-,was then decreased to O rpm and data were taken as the pressure

25 000-, 0-, 35 000-, and O-rpm shaft speeds. The repeated dateross the seal varied from 0.17 to 1.21 MPa (25 to 175 psid)

at 0 rpm were taken to determine if wear of the brush or runneand then decreased to 0 MPa (0 psid). Data were then taken at

had occurred. The specific test conditions for the single brustshaft speeds of 55 000, 0, 45 000, 35 000, 25 000, 15 000, and

seal (configuration 2) are given in table Ili(b). For multiple 0 rpm at the pressure conditions given in table Ili(c). Again,

brush configurations, the procedure was the same, except thatach test condition was held for approximately 80 sec.

the maximum total pressure drop was greater—up to 1.9 MPa

(275 psid). However, the pressure drop across any individuaC glculations

brush seal did not exceed 1.21 MPa (175 psid). Each test

condition was held for approximately 80 sec. With the exception of the static performance test data, all
An additional static seal performance test was conducted fodata presented are an average of 10 scans. Prior to averaging,

asingle brushin LN The purpose of the test was to determine each scan was reviewed to ensure that steady-state conditions

the leakage performance for high-pressure (>1.21 MPa oexisted and that averaging was appropriate. The temperatures

175 psid) drops across the seal and to verify that a seal blowownd pressures at each seal instrumentation station were also

would not occur. The expected indication of a seal blowout, aaveraged. Pressure and temperature differences between sta-

condition in which the bristles bend downstream and lift off the tions were calculated from average values. Standard venturi

shaft, is a sudden increase in leakage rate. After the tester wasgjuations were used to calculate flow rates (ref. 14). Actual

chilled down, a 0.59-MPa (85-psid) pressure drop across thdluid properties were obtained from the program FLUID (ref.15).

seal was applied and the shaft speed was increased to 5000 rpiro account for variations in inlet conditions, a parameter called

At this low speed, the pressure drop across the seal waRODPab was calculated. RODPab is the inlet density at station

increasedto 1.2 MPa (170 psid) and then decreased to 0.59 MRamultiplied by the pressure difference between statiand

(85 psid). Next, the shaft speed was brought to zero, and thestationb. The power loss across the seal was calculated as the

the pressure drop across the seal was brought to zero. Thieal leakage mass flow rate multiplied by the enthalpy differ-

sequence was used to properly seat the seal before starting tbace of the fluid across the seal. The measurement uncertainties

static performance test. At 0 rpm, while data were continuallyof key seal performance parameters were calculated and are

recorded, the pressure drop across the seal was increased tpresented in appendix B.

maximum of 4.6 MPa (670 psid). Then the pressure load was

gradually removed. Unfortunately, the leakage rate instrumen-

:z;t;osne;ellached a maximum limit at 3.8 MPa (550 psid) acrosspredlctlon Tools

Computer analysis codes were used to predict the perfor-
Brush Seal LH, Tests mance of the labyrinth and brush seals. The code used to predict
the labyrinth seal performance was developed at Texas A & M
Only configuration 9, a single brush on the high-speedUniversity under NASA Contract NAS8-34536. The code
runner, was tested in LH The procedure for the Ljfestswas  calculates mass leakage rate forincompressible fluids in straight-
somewhat different from that for the Lests; primarily, the  through labyrinth seals using Dodge’s formula and interpolat-
differences were that the high-shaft-speed data were taken firshg experimental data (ref. 16). In making the leakage predictions
and the maximum shaft speed was 65 000 rpm. with this code, the measured fluid conditions were used for each
First, to check out the system and obtain baseline leakagdata point. The fluid properties data required for input were
data for the seal, the pressure drop across the seal was varieBitained using a program called GASPROPM, a user-friendly
from 0to 1.21 MPa (0to 175 psid) and then decreased to 0 MPfront end for the fluid properties routine called FLUID (ref. 15).
(0 psid) at a shaft speed of 0 rpm. Second, tests were conducted Analysis techniques to predict brush seal leakage perfor-
to determine the maximum shaft speed for the high-speed seahance are less developed than those used for labyrinth seal
runner. At a pressure drop across the seal of 0.52 MPa (75 psidanalysis. The brush seal is more difficult to model because of
the speed was increased and data were recorded at 15, 25, 35, compliant and permeable nature. Theories developed for
45,55, 65, and 75 krpm. A maximum shaft speed of 65 000 rpntrossflow in tube bundles and for flow-through porous medi-
was chosen to conduct the seal leakage performance tests. Atns have been applied to brush seals to account for the flow
65 000 rpm the pressure drop across the seal was varied amdsistance of packed, compliant bristles.
data were taken in the order of the following conditions: 0.52, Chupp, Holle, and Dowler (ref. 17) developed a simple flow
0.69, 0.83,1.08,1.21,1.08, 0.83, 0.69, 0.52, and 0.17 MPa (75nodel that uses a single parameter, effective brush thickness, to
100, 121, 156, 175, 156, 121, 100, 75, and 25 psid). This speecbrrelate flow through the seal. The underlying model is based



TABLE I11.—Concluded.

(c) Brush sedl in liquid hydrogen

Seal pressure drop Shaft speed,® rpm

MPa psid 0 65 000 0 55000 0 45000 35000 25000 15 000 0
0.07 10 v
0.10 15 v v v
017 25 v v v Vv v v v v v
034 50 v
052 75 v v Vv Vv v Vv Vv v Vv v
0.69 100 v v
0.83 121 v
0.86 125 v v v v v v v v v
103 150 v v v v v v v v
1.08 156 v
121 175 v v Vv Vv v Vv Vv v v v
1.08 156 v
103 150 v v v v v v v v
0.86 125 v v v v v v v v v
0.83 121 v
0.69 100 v v
052 75 v v Vv Vv v Vv Vv v v v
0.34 50 v
017 25 v v v v v v v v v v
010 15 v Vv v v v
0.07 10 v

0 0 v v v

At each shaft speed, data were taken at seal pressure drops as listed from top to bottom; shaft speeds were run
in sequence as listed from left to right.

on crossflow through staggered tubes. The simple modekquation. Onthe other hand, inaletterto Hendricks (J.W. Chew,
reveals the active nature of a brush seal as the pressure dréolls-Royce Aerospace Group, P.O. Box 31, Derby DE288J,
changes. A more comprehensive flow model was proposed b¥ngland, October, 27, 1992), Chew’s prediction showed good
Hendricks et al. (ref. 18). Hendricks’ bulk flow model is also correlation with data provided by Hendricks (ref. 19). Hendricks
based on theory that deals with crossflows in bare and extendeths further investigated the use of the Ergun equation and has
tubes. This brush seal flow model predicts leakage rates bgeveloped relations for the coefficients used in the equation
using brush seal geometry, seal pressure drop, and fluid trangref. 20). He proposed that the coefficients be a function of
port properties as inputs. Hendricks reported that the modebrush porosity, brush thickness, bristle diameter, fluid viscos-
predicted trends and general levels reasonably, but at low flow#y, density, and turbulence friction factor. Predictions from
and low pressure drops, the model deviated from experimentaiendricks, Flower, and Howe (ref. 20) showed good correla-

data provided by Cross Manufacturing. tion with gaseous helium, air, argon, and carbon dioxide brush
Another approach, proposed by Chew from Rolls Royce,seal data obtained by Carlile, Hendricks, and Yoder (ref. 19).
suggested the use of the Ergun equation: When Hendricks applied the Ergun equation to data for brush
seals tested in liquid nitrogen (ref. 10), the correlation was not

2 as good.
AP =aq+bq @ Kudriavtsev and Braun (ref. 21) proposed solving the conti-

nuity and momentum equations for flow patterns around sets of
whereAP is the pressure drop across the saandb are pins to simulate flow patterns in brush seals. To reduce com-
coefficients; andis the volumetric flow rate. The equationwas puter memory and power requirements necessary to model a
originally formulated to predict fluid flow through porous full brush seal, Kudriavtsev suggested using representative
materials. The permeability of the brush seal bristles can beegments. A few columns and rows of bristles may adequately
considered a porous medium. However, the bristle compliancyepresent a whole seal if proper boundary conditions are
complicates the flow problem and is not captured by the Ergurspecified. In addition, Kudriavtsev assumed that the first and



last couple rows of bristles for a brush seal of 10 or more rowsalf to one-third that of the 12-tooth labyrinth seal with a radial
could be neglected because they tend to spread and do notearance of 12§m (0.005 in.).
significantly effect the fluid pressure drop. Kudriavtsev  Figure 14 shows fluid temperature rise across a single brush
explored this approach and reported that it was feasible. Muclseal in liquid nitrogen between stations 1 and 3 as a function of
work, however, is still needed to fully develop it. PAP for the shaft speeds tested. As expected, the fluid tempera-
The proposed models have been developed mainly for gature rise is greater at higher shaft speeds, mainly because of
brush seals because gas turbine engines are the prime applidagher frictional heating. The fluid viscous shear forces also
tions. Consequently, ample gas brush seal data are availablgenerate more heat at higher shaft speeds. The temperature rise
However, little data exist for brush seals operating in liquid decreases for increasefiP because there is more coolant flow
environments. Although gradually changing, there are insuffi-to carry the heat away.
cient data to calibrate and validate the brush seal models for The results of the static seal performance test are shown in
liquid applications. Because more experimental data arefigure 15 in which leakage rate is plotted as a functiqu\&f
required, no analytical comparisons are presented. A pressure drop across the seal of 3.8 MPa (550 psid) was
obtained with no evidence of blowout occurring.
The power loss for a single seal in position 1 was calculated
as the product of the seal mass leakage rate and the fluid
Results and Discussion of LQITests enthalpy change from station 1 to station 2. In figure 16 the
power loss is plotted as a function of the shaft speed for several
Temperature, pressure, speed, and leakage rate data for &P values. Although highekP conditions appear to increase
configurations are presented in appendixes C and D in Sl angdower loss slightly, the variation is within the uncertainty of

English units, respectively. this calculation. The uncertainty is strongly influenced by the
sensitivity of enthalpy to temperature changes. Power loss is,
Labyrinth Seal Performance however, a function of speed cubed. The maximum power loss

measured for a single brush was 1826 W (2.45 hp) at35 000 rpm

A 12-tooth, 1274m- (0.005-in-.) radial-clearance labyrinth and a pressure drop across the seal of 1.21 MPa (175 psid).
seal was tested in liquid nitrogen to establish a baseline fotabyrinth seal power loss measurements are not provided for
comparison. The measured and predicted mass leakage ratesadfmparison because the thermocouples at station 5 were lo-
the labyrinth seal are shown in figure 11 as a function of the inletated in a relatively large cavity and were exposed to environ-
densityp multiplied by the pressure dréy®’ across the seal for mental heat loads not attributable to the seal.
all shaft speeds tested. The pressure drop across the seal was
multiplied by the inlet density to account for the variation in the Staging Effects
inlet conditions from test to test. The data show no appreciable
speed effect on the leakage rate, and the measured and predictedStaging effects on leakage rate are significant, as seen in
leakage rates are of the same magnitude and trend, increasifigure 17. In this figure, the leakage rate at a shaft speed of

with increasegAP. 5000 rpm is plotted againg®\P for a single brush, for two
brushes far apart (7.21 mm or 0.284 in.), and for two brushes
Single Brush Seal Performance tightly packed. The leakage rate for two brushes far apart is

approximately one-half that of the single brush leakage rate.

The leakage performance of a single brush seal in liquidHowever, the leakage rate for two brushes tightly packed is
nitrogen located in position 1 of the seal cartridge is shown inapproximately three-fourths that for the single brush seal. This
figure 12. Again, mass leakage rate is plotted as a function ophenomenon of two brushes far apart leaking less than two
the inlet density multiplied by the pressure drop across the sedirushes tightly packed occurred at all shaft speeds (5, 15, 25,
for all shaft speeds. Itis interesting to note that the first leakagend 35 krpm). Additional brushes caused the fluid temperature
rate data taken at O rpm is approximately 1.7 times greater tharise across the seal to increase because the added brushes
all the other data. This phenomenon was seen in each newaused more frictional heating. Figure 18 compares the fluid
configuration and indicates that both a pressure load and shafemperature rise between stations 1 and 5 for one, two, and three
rotation are required to seat the seal bristles into their optimunbrushes as a function pf\P at 35 000 rpm. The maximum
position. Although the leakage data for the different shafttemperature rise of approximately 53 K (95 R) occurred for
speeds exhibit some variation, there is no distinct speed depetthree brushes at the low@&P value, which is also the lowest
dence. However, the leakage rate at the end of the test wdtow rate. It is important to note that the fluid temperature
approximately double that measured at the beginning, whichmeasured at station 5 is really that of the seal leakage mixed
indicates that wear had occurred. Figure 13 compares theavith the fluid in the exhaust cavity, which tends to be somewhat
leakage performance of the labyrinth and the brush seals andarmer. Therefore, the actual temperature rise is something
shows that the single brush seal had a mass leakage rate of orless than the values shown in figure 18.



The pressure load distribution in a multistage configuration and because the shaft speed varied, itis valuable to look at wear
appears to be affected by shaft speed. Plots of leakage perforate in terms of groove area and distance, as shown in figure 25.
mance versupAP for individual brushes and for all brushes This view of the wear data shows more consistently an increase
together in the configuration three brushes evenly spaced ara wear with an increase in distance. The maximum distance
shown in figures 19 and 20 at 0 and 35 000 rpm, respectivelywas 805 km (2.64 million ft).

At 0 rpm, the first and second brushes each carried approxi- The bristles also show wear of approximately 25 tpri6
mately 25 percent of the total pressure drop across the seal, ar{8.001 to 0.003 in.). Bristle wear is difficult to quantify because
the third brush seal carried the remaining 50 percent. Atof uncertainty in the bristle bore diameter measurement. An
35 000 rpm, each of the three brushes carried approximatelyptical comparator was used to measure the inner diameter of
equal portions of the total pressure drop. A review of the datathe brush seals and, depending on the exact circumferential
at 5, 15, and 25 krpm shows a gradual transition of the pressurkcation and the person taking the reading, variations of 191
load distribution between 0- and 35 000-rpm shaft speeds. pm (0.0075 in.) were found. These measurements were also
affected by unevenness of the bristles, as shown in figure 26.
Preliminary Wear Data Early in the test matrix, approximately 10 bristles showed
evidence of some melting (see fig. 27). Melted bristles were

Brush seal wear is affected by many parameters: materiafirst found after running high-speed conditions with A#®
properties and combination, surface finish, geometry, shaftacross the seal. This implies that some leakage is necessary to
speed, friction coefficient, shaft rotordynamics, initial interfer- cool the bristles and that high-temperature bristle materials
ence, and coolant flow. The Inconel 718 rotor had a surfacemay need to be used. Once bristle melting was discovered,
finish of 0.81um (32uin.). Shaft rotordynamics were very good these high-speed and no-flow test conditions were discontin-
with a nominal seal runner orbit of less thqmn®(0.0002 in.) ued. It also appears that the wear is substantially more on the
in diameter. A maximum seal runner orbit diameter ofu®5 downstream bristles than on the upstream bristles, as shown in
(0.001 in.) occurred at 35 000 rpm for a short period of time figure 28. The bristles in region A are the downstream bristles
when the pressure drop across the seal was being adjusted. Nloat are close to the back washer and show a smearing-type
significant vibration was observed. The maximum shaft speedwear. Bristles in region B show little, if any, wear.
was 35 000 rpm, which translates to a surface velocity of
93 m/sec (305 ft/sec). Again, the bristle material was
Haynes-25. Results and Discussion of LH Tests

Seal runner wear did occur as evidenced by the tracks found
during posttest inspection. A scanning electron microscopePerformance Data
(SEM) photograph of the tracks is shown in figure 21. To
measure runner wear, profilometer traces were taken across the The leakage performance of a single brush in liquid hydro-
axial length of the runner at four circumferential locatiofis: 0 gen at all speeds tested is shown in figure 29 and is compared
90°, 180, and 270. The profilometer trace af Otaken after  with the predicted leakage performance of a 12-tooth pir2-7-
testing configuration 4 before any track was reused, is shown ir(0.005-in.-) radial-clearance labyrinth seal at 0 and 65 000 rpm.
figure 22. The final profilometer trace, taken after testing Unlike the liquid nitrogen data, the brush seal leakage perfor-
configuration 7, is shown in figure 23. The maximum groove mance is not significantly better than the predicted labyrinth
depth measured was @ (0.0010 in.) and the nominal groove seal leakage performance, and a speed effect is present. As
depth measured was s (0.00075 in.) after 4.31 hr accumu- speed decreased from 65 000 to 35 000 rpm, the leakage rate
lated shaft rotation time. A plot of the maximum groove depth decreased slightly. Then a jump occurred at 25 000 rpm, with
of each track as a function of time is shown in figure 24. The the leakage rate increasing to values approximately 50 percent
maximum, minimum, and average values of the maximumlarger than the leakage rate at 65000 rpm. As the speed
groove depth measurements are shown. Tracks 1 and 3 shodecreased further to 15 000 rpm, the leakage rate again
first an increase and then a decrease in groove depth with timelecreased but still remained higher than the data taken at
Track 5 shows a decrease in groove depth with time but reveal§5 000 rpm. Although no definitive explanation for these
variations in the depth measurement ofufirl (4.5<10°4in.). observations can be given at this time, possible causes include
The other tracks have a variation in the groove depth measurewearing of the bristles and lifting away of the bristles from the
ment of approximately@m (1.2¢<10~%in.). The weartrackshad  shaft as a result of shaft orbits or aerodynamic effects. Other
an axial width up to 1.2 mm (0.049 in.). This is larger than the studies have found that bristle hysteresis and stiffening effects
bristle pack width of 0.76 mm (0.0298 in.). The difference can significantly affect seal performance (ref. 22), and it is
between the bristle pack width and the track width is greaterlikely that these are contributing factors. The final data taken
than the measured axial motion of the shaft of 0.51 mmat 0 rpm has leakage rates one-half to one-third of the predicted
(0.020 in.). Because there was some axial motion so that théabyrinth seal leakage rates. More data need to be taken to
brushes did not run over the exact spot on the runner all the timeonfirm this result. It is possible that the bristles relaxed and



packed themselves more tightly when the pressure drop acrossuter bristles also exhibited circumferential bending as well
the seal was decreased to 0.07 MPa (10 psid). (see fig. 35).

As shown in figure 30, the fluid temperature rise between
stations 1 and 2 at all speeds pA® values was minimal, with
a maximum temperature rise of approximately 11 K (20 R).Conc|uding Remarks
Although this is substantially less than the temperature rise in
liquid nitrogen, it is not surprising. Comparing the nominal  The compliant contacting nature of brush seals gives them a
inlet conditions of LH and LN, reveals that the specific heat of very small effective clearance. Both a pressure load and shaft
hydrogen is approximately five times greater than that of liquidrotation were required to initially seat the seal bristles in their
nitrogen. optimum position. The measured liquid nitrogen §) akage

The power loss of a single brush seal in liquid hydrogen isof a single brush seal was one-half to one-third the leakage of
shown in figure 31 as a function of shaft speed for two pressur@ 12-tooth labyrinth seal. Predictions of the labyrinth segl LN
drops across the seal, 1.21 and 0.52 MPa (175 and 75 psid). Asakage were in agreement with the measured data. The leakage
observed in the liquid nitrogen data, the higher pressure droperformance of a single brush seal in liquid hydrogen,JLH
across the seal has a slightly higher power loss and the poweavas comparable to that in liquid nitrogen. However, thg LH
loss is a function of speed cubed. The maximum power loss ileakage was expected to be less because of the lower density of
liquid hydrogen was 2180 W (2.92 hp) and occurred atLH,. In comparison with predicted LHeakage performance
65 000 rpm at a pressure drop across the seal of 1.21 MP#or a 12-tooth, 127#m- (0.005-in.-) radial-clearance labyrinth
(175 psid). As expected, the power loss in liquid nitrogen wasseal, the single brush leakage was the same. Also, i LN
greater than in liquid hydrogen largely because of the greatefeakage did not depend on shaft speed but ip laHspeed
viscosity and lower specific heat of liquid nitrogen. Specifi- dependence was observed. It is possible that significant wear
cally, the power loss in LNis 1827 W (2.45 hp) and in Ltis occurred early in the Litests and that the bristles lifted off the
approximately 634 W (0.85 hp) at 35 000 rpm aAR of rotor. Another possible explanation for this observed speed

1.21 MPa (175 psid). dependence is that LHesting was conducted at higher shaft
speeds where shaft orbits were larger and that a clearance
Preliminary Wear Data opened between the bristles and the runner. This may be

combined with a hysteresis effect. Hysteresis effects have been

The bristle and seal runner materials were the same as thosiserved in hot gas brush seal studies. Duringtebting, the
used in the liquid nitrogen tests: Haynes-25 bristles and Incongpressure load on the seal was not reduced to nearly zero
718 runner. The shaft rotordynamic excursions were smallbetween each shaft speed tested, as done in theektihg.
with a maximum orbit diameter of %im (0.00225 in.) occur- As expected, the fluid temperature rise across the seal is a
ring at 65000 rpm (a surface velocity of 172.9 m/sec orfunction of the leakage rate and the shaft speed. A pressure drop
567.2 ft/sec). It should be noted that during system checkoutcross the seal of 3.8 MPa (550 psid) was applied at O rpm with
testing there were two occurrences of momentary overspeeds imo blowout of the seal. The pressure capability of brush seals is
excess of 80 000 rpm. A total of 1.8 hr of shaft rotation time wascertainly a function of the seal geometry and may be quite high.
accumulated. This is a linear distance of 869 km (2.85 millionHowever, further testing is needed at both static and rotating
ft). Although the accumulated shaft rotation time in liquid conditions. The power loss in LNvas greater than in LH
hydrogen was less than in the liquid nitrogen tests, the accumubecause of the greater viscosity of JL.NHowever, in either
lated linear distance was approximately 8 percent more. fluid the power loss was small: 1827 W (2.45 hp) in,laxd

Posttest examination revealed no wear of the runner bu634 W (0.85 hp) in LEat 35 000 rpm at a pressure drop across
instead, a deposit of bristle material on the runner (shown in figthe seal of 1.21 MPa (175 psid). The maximum power loss in
32). The bristle interference, 1@ (0.005 in.) radially, had  LH, was 2180 W (2.92 hp) at 65 000 rpm at a pressure drop
been totally consumed. This result is significantly different across the seal of 1.21 MPa (175 psid).
from the wear found in L) However, there were two major Staging effects are significant. In LNwo brushes far apart
differences in the tests. First, hydrogen is a reducing environ{spaced 7.21 mm or 0.284 in.) leaked less than two brushes
ment and nitrogen is inert. Second, the hydrogen testing wasightly packed. In the three-brushes-evenly-spaced configura-
done at shaft speeds nearly double those of the nitrogen testingon, the pressure load was not always split evenly between the
Although intuition suggests that the shaft speed is more likelyseals. The split of the pressure load seemed to depend on the
the key factor, further testing is required. An SEM photographshaft speed. Further testing is needed to fully understand
of the bristle tips (fig. 33) shows a smearing type of wear. Also,staging effects.
the outer bristles on each side of the brush pack were bent out After accumulating 4.31 hr of rotordynamically stable shaft
axially whereas the bristles towards the center of the brushotation time in liquid nitrogen, the Inconel 718 shaft had a
appeared to be uniformly packed, as shown in figure 34. Themaximum groove depth of 2n (0.001 in.), and the Haynes-25
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bristles had worn 25 to 76n (0.001 to 0.003 in.). However, in  as a catalyst to weld the similar materials within the brush and
LH, the bristle wear was substantially worse, consuming therotor materials. Further testing is needed to fully understand
entire initial radial interference of 121 (0.005 in.) after  the wear mechanisms and to investigate several runner
accumulating 1.8 hr of shaft rotation time. It is important to coatings that may alleviate the wear problem in,LAddi-
recognize that the time at which the bristle wear occurredtional leakage performance data are also needed to calibrate
during this 1.8 hr is unknown. The greater wear irj bidy be and validate analytical models of brush seals for cryogenic
attributed to the higher shaft speeds, an effect of the hydrogeapplications.

environment, or both. Because bristle material transferred onto

the runner and there was no wear of the runner in liquid

hydrogen, it is possible that the higher shaft speeds used in the

LH, testing raised the bristle temperature enough to substankewis Research Center

tially reduce its shear strength, allowing the bristle material toNational Aeronautics and Space Administration

smeatr. It is also possible that hydrogen, a reducing agent, actleveland, Ohio, April 10, 1996
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Figure 3.—Cross section of Cryogenic Brush Seal Tester. (Some parts shown out of rotation for clarity.)
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Figure 4.—Cryogenic Brush Seal Tester installation.

C-93-2294
Figure 5.—Cryogenic Brush Seal Tester during test.
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Figure 10.—Control panel for cryogenic brush seal testing.
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Figure 11.—Comparison of predicted and measured average LN» leakage
rate through 12-tooth labyrinth seal as function of inlet density times
pressure drop across seal for configuration 1 at several shaft speeds.
Seal radial clearance, 127-pum (0.005-in.); seal runner outside diameter,
50.794 mm (1.9998 in.).
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times pressure drop across seal for configuration 2 at all speeds
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brush seal initial radial interference, 0.102 mm (0.004 in.).



Temperature rise across seal (stations 1 to 3), R

30 — Shaft speed,
50 — pm
25— o 0
40 — O 5000
20— v & 15000
A 25 000
15 — \V/ v 5 000
8\ v \V2
10 — VAR V4 v

oﬁg%%@%%@
I I I I I I I |

0 200 400 600 800 1000 1200 1400 1600
Inlet density x pressure drop, pAP, kg/m3-MPa

I I I I I I I |
0 2000 4000 6000 8000 1000012000 14 000
Inlet density x pressure drop, pAP, lby-lbg/ft3-in.2

o
I

L N
o o
I I
Temperature rise across seal (stations 1 to 3), K

Figure 14.—Effect of speed on LN temperature rise across single
brush seal (stations 1 to 3) as function of inlet density times
pressure drop across seal for configuration 2.
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Figure 16.—Power loss to fluid across single brush seal in LN5 as
function of shaft speed for configuration 2.
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Region A - Region B

Figure 28.—Bristle wear in LN2 tests; substantial wear shown on downstream bristles (region A) which were closer to
back washer.
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Figure 31.—Power loss to fluid across brush seal in LH5 as
function of shaft speed for pressure drops across seal of
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Figure 32.—Bristle material transferred to seal runner after testing in LH».
Configuration 9. Magnification 510.



Figure 33.—Smearing type wear of Haynes-25 bristle tips after testing in LHo.
Configuration 9. Magnification 233.

Figure 34.—Outer bristles of brush seal bent axially after testing in
LHs. Configuration 9.
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Figure 35.—Outer bristles of brush seal exhibiting tip bending in circumferential
direction after testing in LHo. Configuration 9.



Appendix A

Instrument Description List

Escor FM-tape Expected
Chan. Chan. Engineering
No. No. Name Units Range  Location/Description
1 GHSFLY 0-3000 PSIG GH2 SUPPLY PRESSURE FROM TUBE TRAILER AT CELL
2 GHIN 0~-3000 PSIG GH2 PRESSURE UPSTREAM OF MAIN SUPPLY REGULATOR FH269 TN CELL
3 GHMNVHE 0¢=-2000 PSIG GH2 MAIN SUPPLY LINE VENTURI PRESSURE
4 GHMVDP 0©-50 PSID GH2 MAIN SUPPLY LINE VENTURI DELTA F
5 GHTBVH 0-2000 PSIG GHZ TURBINE SUPPLY LINE VENTURI PRESSURE
3 SGHTVDPF 0-100 PSID GH2 TURBINE SUPFLY LINE DELTA F
7 GHRGPR 0-2000 PSIG GHZ TURBINE SUPPLY LINE REGULATOR OUTLET PRESSURE
8 GHTRBIN 0-2000 PSIG GHZ TURBINE INLET FRESSURE AT RIG
9 GHBTVH 0-~2000 PS5IG GH2 BALANCE PISTON TURBINE SIDE VENTURI PRESSURE
1¢ GHBTDP 0-50 PSID GH2? BALANCE PISTON TUREINE SIDE VENTURI DELTA P
11 GHBTIN 0-2000 PSIG GH? BALANCE PISTON TUREBINE SIDE INLET FRESSURE AT RIG
12 GHBSVN 0-2000 PSIG GHZ BALENCE PISTON SEARL SIDE VENTURI PRESSURE
13 GHBESDP 0-10 PSID GH2 BALANCE PISTON SEARL SIDE VENTURI DELTA P
14 GHESEN 0-2000 PSIG GHZ BALANCE PISTON SEAL SIDE INLET PRESSURE AT RIG
15 GHTNIN 0-1000 PSIG GH2 TURBINE NOZZLE INLET PRESSURE
16 GHTHOC 0-1000 PSIG GH2 TURBINE NOZZLE OUTLET CAVITY FPRESSURE
17 GHROUT 0-14000 PSIG GH2 TURBINE ROTOR OUTLET CAVITY PRESSURE
18 GHTOTP 0©-1000 PSIG GH2 TURBINE OUTLET TORUS PRESSURE
i GHTNOT 0-1000 PSIG GH2 TURBINE NOZZLE OUTLET TIP FRESSURE
20 GHTHOH 0-1000 PS5IG GHZ TURBINE NOZZLE OUTLET HUB PRESSURE
21 GHROT 0=1000 P5IG GHZ TURBINE ROTOR QUTLET TIF FRESSURE
22 GHROH 0=-1000 PSIG GH2 TURBINE ROTOR OUTLET HUE FPRESSURE
23 GHTO1 0=:000 PSIG GH2 TURBINE OQUTLET LINE PEESSURE 1
24 GHTOZ 0=1000 PSIG GHZ TURBINE QUTLET LINE PRESSURE 2
25 GHBPOD 0=-2000 PSIG GHZ BALBANCE FISTON OQOUILET LINE PRESSURE
26 PRTANK 0¢=3000 PSIG LHZ TANK H-50 PRESSURE
27 LHMNVN 0©0-2000 PSIG LH2 MAYN SUPPLY LINE VENTURL PRESSURE
28 LHMVDP 0=300 PSID LH2 MAIN SUPPLY LINE VENTURI DELTA P
29 LHTBVN 0-2000 P5S5IG LH2 TURBINE SIDE BEARING SUPPLY LINE VERTURI PRESSURE
afn LHTBDF 0-100 PSID LH2 TURBINE SIDE BEARING SUPPLY LINE VENTURI DELTA P
11 LHSBVH 0=2000 PSIG LH2 SEAL SIDE BEARING SUPPLY LIWE VENTURI PRESSURE
32 LHSBDF 0«50 PSID LH2 SEAL SIDE BEARING SUPPLY LINE VENTURI DELTA P
33 LHSIVN 0-2000 P2IG ILHZ BRUSH SEAI, INLET LINE VENTURI PRESSURE
34 LHSIDF 0-100 PSID LH2 BRUSE SFAL INLET LINE VENTURI DELTA P
a5 LHTBI 0-2000 PSIG LH2 TURBINE SIDE BEARING SUPPLY LIME INLET PRESSURE AT RIG
is LHSBI 0~-2000 PSIC LH2 SEAL SIDE BEARING SUPFLY LINE INLET PRESSURE AT RIG
17 LHSI 0-2000 PSIG LH2 BRUSH SEAL INLET LINE PRESSURE AT RIG
ks LHSB¥I 0¢-2000 PSIG LH2 BRUSH SEAL CHILL DOWN BYPASS LINE INLET FRESSURE
39
40 LHTBO 0-1000 PSIG LH2 TURBINE SIDE BEARING OUTLET LINE PRESSURE
41 LHSEBO 0-2000 PSIG LHZ SEAL SIDE BEARING OUTLET LIWNE PRESSURE
42 LHSO 0-2000 PSIG LH2 BRUSH SEAL OUTLET LINE FPRESSURE
43 LHSLVY]1l 0=-2000 FSIG LHZ BRUSH SEAL LEAFAGE OUTLET LINE VEWNTURI PRESSURE 1
44 LHSDP1 0-10 PSID LH2 BRUSH SEAL LEAKAGE OUTLET LINE VENTURI DELTA P 1
15 LHSLVZ2 0-2000 PSIG LH2 BRUSH SEAL LEAKAGE OUTLET LINE VEHNTURI FRESSURE 2
48 LHSDP2z 0-=5 PSID LH2 BRUSH SEAI, LEAKAGE OUTLET LINE VENTURI DELTA P 2
47
48 GHTOTT 3160=600 R GH2 TURBINE OUTLET TORUS TOEMPERATURE
45 SHEPOT 100-600 R GH2 BALANCE PISTON OQUTLET LINE TEMPERATURE
50 GHMVT 360-600 R GH2 MAIN SUPPLY LINE VENTURI TEMFPERATURE
51 GHTIVT 360600 R GHZ TURBINE SUPPLY LINE VENTURI TEMPERATURE
52 GHTIT 160=-500 R GH2 TURBINE SUPPLY LINE INLET TEMFERATURE AT RIG
53 GHBTVT 13160-600 R GH2Z BALARNCE PISTON TURBINE SIDE VENTURI TEMPERATURE
Sd GHBSVT 23160-600 R GH2 BALANCE PISTON SEAL SIDE VENTURI TEMPERATURE

33



Escor FM=-tape Expected

Chan, Chan. Engineering

No. No. Name Units Range Location/Description

55 GHTOT1L 100-600 R GH2 TURBINE OUTLET LINE TEMPERATURE 1

56 GHTOT2 100-600 R GH2 TURBINE OUTLET LINE TEMPERATURE 2

57 LHMVT 16-600 R LH2 MAIN SUFPFLY LIKNE VENTURL TEMFPERATURE

58 LHTBVT 36-600 R LH2 TURBINE SIDE BEARING SUPPLY LINE VENTURI TEMPERATURE

59 LHSBVT 26-600 R LHZ2 SEAL SIDE BEARING SUPPLY LINE VENTURI TEMPERATURE

80 LHSIVT 23&=-600 R LHZ BRUSH SEAL INLET LINE VENTURI TEMPERATURE

681 LHTBIT 21&6=-600 R LHZ TUERBINE SIDE BEARING SUPPLY LINE INLET TEMPERATURE AT RIG

62 LHSBIT 36-600 R LH2 SEAL SIDE BEARING SUFPLY LINE INLET TEMPERATURE AT RIG

63 LHSIT 16=600 R LH2 BRUSH SEAL INLET LINE TEMPERATURE AT RIG

64 LHSBYT 236-600 R LH2 BRUSH SEAL CHILLDOWN LINE INLET TEMPERATURE AT RIG

65

13 LHTBOT 236-600 R LH2 TURBINE SIDE BEARING OUTLET LINE TEMPERATURE AT RIG
(REDUNDANT THERMOCOUPLE USED FOR ABORT)

&7 LHSBOT 36-600 R LH2 SEAL SIDE BEARING OUTLET LINE TEMPERATURE AT RIG
({REDUNDANT THERMOCOUPLE USED FOR ABORT)

68 LHSOT 36=600 R LH2 BRUSH SEAL COUTLET LINE TEMFERETURE AT RIG

69 LHSLT1 36=700 R LH2 BRUSH SEAL LEAKAGE OUTLET LINE VENTURL TEMFERATURE 1

70 LHSLTZ2 36=700 R LH2 BRUSH SEAL LEAWAGE OUTLET LINE VENTURI TEMPERATURE 2

71 16=600 R SHORTED INPUT T INDICATE REFERENCE TEMPERATURE

72 FSTL1A 0=2000 PSIG PRESSURE AT STATION 1 - 11 DEG., 15 MIH.

73 FPST1B 0=20C00 PSIG PRESSURE AT STATION I - 101 DEG., 15 MIN.

74 PST1C 0=-2000 PSIG PRESSURE AT STATION 1 - 191 DEG., 15 MIN.

75 PETID 0=-2000 PSIG PRESSURE AT STATION 1 - 281 DEG., 15 MIN.

76 PST2E 0-2000 PSIG PRESSURE AT STATION 2z - 45 DEG,

7 BPST2F 0=2000 PSIG PRESSURE AT STATION 2 - 225 DEG.

78 PSTIG 0=29000 PSIG PRESSURE AT STATION 2 - 90 DEG.

79 PST3IH 0=2000 PSIG PRESSURE AT STATION I — 270 DEG.

a0 PST4A 09=2000 PSIG PRESSURE AT STATION 4 - 11 DEG., 15 MIHN.

g1 PET4C 0=2000 PSIG PRESSURE AT STATION 4 - 191 DEG., 15 MIHN.

82 PSTEA 0=2000 PSIG PRESSURE AT STATION 5 = 11 DEG., 15 MIN.

a3 PSTER 0=2000 PSIG PRESSURE AT STATIOH 5 - 101 DEG., 15 MIN.

54 PSTSC 0=2000 PSIG PRESSURE AT STATION 5 - 191 DEG,, 15 MIN.

85 PSTSD 0-2000 PSIG PRESSURE AT STATION 5 - 281 DEG., 15 MIN.

86 TST1A A6=800 R TEMPERATURE AT STATION 1 - 78 DEG., 45 MIN.

87 TST1bB =800 R TEMPERATURE AT STATION 1 - 168 DEG., 45 MIN,

=3 TST1C =800 R TEMPERATURE AT STATION 1 - 258 DEG., 45 MIN,

-3 TSTiD 36=800 R TEMPERATURE AT STATION 1 - 348 DEG., 45 MIN,

20 TST2E 3&-800 R TEMPERATURE AT STATION 2 ~ 135 DEG.

21 TST2F 36=800 R TEMPERATURE AT STATION 2 -~ 3115 DEG.

92 TST2G 3s=-800 R TEMPERATURE AT STATICN 3 - 0 DEG.

a3 TST2H 36=800 R TEMPERATURE AT STATION 1 - 180 DEG.

94 TST4A 36=800 R TEMPERATURE AT STATION 4 - 78 DEG., 45 MIN.

95 TST4C Je=-800 R TEMPERATURE AT STATION 4 - 258 DEG., 45 MIN.

-1 TST52 36-800 R TEMPERATURE AT STATION 5 - 78 DEG., 4% MINW.

87 TETS5H 36«800 R TEMPERATURE AT STATION 5 = 168 DEG., 45 MIN.

ag TSTSC 36=800 R TEMPERATURE AT STATION 5 - 258 DEG., 45 MIN,

a9 TST5D 3j6=-800 R TEMPERATURE AT STATION 5 = 3428 DEG., 45 MIN.

100 2 5P1 0~-50000 RFM SPEED PICKUFP OFF OF BALANCE PISTGH 1

101 3 SP2 0=50000 RPM SPEED PICKUF OFF OF BALANCE PISTCN 2

102 GHMNFL 0-0.3 LB/S GH2 FLOW THROUGH MAIN SUPPLY LINE VEHTURI (CALC.)

102 GHTFL O=0.1 1B/S GH2 FLOW THROUGH TURBINE SUPPLY LINE VENTURI (CALC.)

104 GHBTFL 0-0.2 LB/S GH2 FLOW THROUGH BALAMCE PISTON TURBINE SIDE SUPPLY VENTURI (CALC.)

105 GHBSFL 0-0.2 LB/S GH2 FLOW THROUGH BALANCE PISTON SEAL SIDE SUPPLY LINE VENTURI (CALGC.)

106 LHMNFL, 0-0.5 LB/S LH2 FLOW THRQUGH MAIN SUPPLY LINE VENTURI {CALC.)
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Escor FM-tape Expected
Chan. Chan. Engineering
No. Ho. Name Units Range Location/Description
107 LHTBFL 0-0.025 LB/S LH2 FLOW THROUGH TURBINE SIDE BEARING SUPPLY LINE VENTURI {CALC.)
108 LHSBFL 0-0.025 LB/S LH2Z FLOW THROUGH SEAL SIDE BEARING SUPPLY LINE VENTURIL {CALC.)
109 LHSFL 0-0.45 LB/S LH2 FLOW THROUGH BRUSH SEAL SUPPLY LINE VENTURI (CALC.)
110 EHSLF1 0-0.2 LEfS LH2 FLOW THROUGH BRUSH SEAL LEARKAGE LINE VENTURI 1 {CALC.)
111 LHSLF2 ©0-0.2 LB/S LH2 FLOW THROUGH BRUSH SEAL LEAKAGE LINE VENTURI 2 (CALC.)
TESC, 1 0-240C PSIG TESCOM REGULATOR PRESSURE FOR VALVE 269
TESC.2 0-2400 PSIG TESCOM REGULATOR PREESURE FOR VALVE 175
DELTA 5 0-1000 PSID SEAL PISTON DELTR P — DIFFERENCE BETWEEN CH 72 AND CH B2
DELTA B 0~1000 FBSID BALANCE PISTON DELTA F - DIFFERENCE BETWEEN CH 14 AND CH 11
HYDFPFP 0=5000 PSIG HYDRAULIC PUMP PRESSURE
HYDPT TYPE T HYDRAULIC PUMP TEMPERATURE
9 B #4 10=-60 MIL 40 DEGREE SEAL END PROXIMITY PROBE
10 B #5 10-60 MIL 130 DEGREE SEAL END PROXIMITY PROBE
13 B #6 10=-60 MIL 220 DEGREE SEAL END PROXIMITY PROBE
H-27 P 0=30 PSIG H-27 TRAILER PRESSURE
Hz2 P 0=2400 PSIG H2 TUBE TRAILER PRESSURE
1 BPAPP 15=g0 MIL BALANCE PISTON AXIAL PROXIMITY PROBE
S ZDRASE 0-20 G ZERO DEGREE RADIAL SEAL END ACCELERATION
14 IRIG-B TIME CODE SIGNAL

Note: Some instrumentation ranges were changed for specific configurations.
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Appendix B

Uncertainty Analysis

An uncertainty analysis was performed to determine thewas determined from these two properties and not measured
potential error in key experimental parameters: seal leakagdirectly. The associated influence coefficients can be deter-
rate, mean pressure at each station, and pressure drop acrossnfieed by differentiating the flow equation with respect to the
seal. The procedure used to determine the uncertainty in thprimary parameters:
experimental results follows that described by Davidian, Dieck,

and Chuang (ref. 23). 45302
The total uncertainty of a measurement is caused by a random om _ c\,rrdg Ei Od, O g
(precision) error and a fixed, or systematic (bias), error. The a_dl = _—2d15 PAP H_ H@E E (A3)

sources of error can be divided into three categories: calibra-
tion, data acquisition, and data reduction. No bias errors,

however, were included in the analysis because the setup . 4732
procedure (i.e., electronic calibration) was considered suffi- om _ c,1d, Od, O
cient to make such errors negligible. Furthermore, data reduc- E "9 V2PAp éi_ HEE E (Ad)

tion errors were assumed to be small. Consequently, only
precision errors due to instrumentation calibration and data

acquisition were considered. Y
The precision of the reported leakage rate is a function of om 1 CVTIdZZpS_ Od, O g
several measured parameters because the measurement was a_p T4 200p E_Ha H g (A5)

obtained using a venturi meter. The flow equation used to
calculate the leakage rateis

om 1cmd2apl mo, D
2 om_21G6Meapr_ o f A6
m:%“’v— ”d24 200p (A1) p 4 \2p0p [ Hdlga (A9)

04O
VBaf

Two additional influence coefficients are required to relate
density to static pressure and temperature. Simple chain rule

wherec, is the venturi flow coefficient, is the throat diam- ~ Provides these relationships:
eter;d, is the main tube diametgp;is the densityAp is the

pressure drop across the venturi. By inspecting equation (Al), om _ odmadp A
the precision index, which propagates the errors occurring in P ap oP (A7)
measured parameters to the calculated parameter through the
use of influence coefficients, can be defined as
am om dp
- (A8)
oT ap oT
S, = om 152 S?Ia_mgj g grmsmg Using a fluids properties program called GASP (ref. 24), the
d partialsop/dP anddp/oT were obtained by perturbing the input

dlz pressure and temperature and observing the effect on density.
+Emspg + E@&gm (A2) Following the procedure described by Davidian (ref. 23), the
0P 0T & uncertaintyJ is then determined by applying Studentalue
tys to the precision indeg , to assign a confidence level to the
numerical value. The relationship

whereS, is the precision index. The primary measurements are

the main tube diametet;, throat diameted,, pressure drop Ugg =195 * Sy (A9)
across the ventudp, static pressur®, and temperature.

Static pressure and temperature are introduced because densitas used to approximate 99 percent coverage.
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TABLE IV.—UNCERTAINTY OF
EXPERIMENTAL LEAKAGE RATE
FOR SEAL CONFIGURATIONS

Seal Config- Leakage rate precision,
uration | nercent of measured value

Venturi 1 | Venturi 2

Labyrinth 1 10.5t01.0 34t010
Brush 2 12.0t0 2.7 10.2t02.1

3 140to0 2.7 23to21

4 117t0 2.7 36t02.1

5 785t035 35t021

6 95t05.8 33t021

7 32t028 3.0t02.2

8 27t02.7 21to21

9 35t033 34t03.1

TABLEV.—AVERAGE

PRESSURE MEASUREMENT

UNCERTAINTY AT EACH

STATION
Station Average pressure
measurement
uncertainty

MPa ps

1 0.008 11

2 043 6.2

3 026 38

4 .068 98

5 011 16

TABLE VI.—MEASUREMENT

UNCERTAINTY OF PRES-
SURE DROP BETWEEN

STATIONS
Stations Measurement
uncertainty of
pressure drop
MPa ps
1to2 0.033 48
1to3 028 41
1to5 014 21
2to4 046 6.7
2to5 030 44
4t05 047 6.8

The uncertainty of the experimental leakage rate for the seal
configurations are presented as a percent of the measured
value in table IV. Uncertainty varied for each seal configura-
tion because of the changes in the hardware used to measure
leakage rates. Venturi meters and the differential pressure
transducers were changed during the test program to better
match the leakage characteristics of the particular seal being
tested. The intent was to minimize uncertainty in the results.
Furthermore, a pair of venturi meters, located in series and
downstream of the test seal, were used to provide redundancy.
The table includes the uncertainty for each venturi measure-
ment. In addition, arange of uncertainty is given for each case.
The uncertainty at low- and high-pressure drops across the seal
is reported. Although most of the cases showed small varia-
tion, venturi meter 1 for seal configurations 3 through 6
incurred high uncertainty because of the differential pressure
transducer used to measure the pressure gradient across the
venturi meter. The transducer had a high nonlinearity error
associated with it. It was replaced for later tests.

The uncertainty of the mean pressure at each station, which
was the average of four or two separate pressure transducers
located at different positions around the circumference of the
seal, were also determined and are displayed in table V. The
uncertainty of the measured pressure drop across the seal is
also important. The pressure drop was the difference between
the average of two sets of pressure transducers; each set was
located at different axial stations. Table VI presents the uncer-
tainty of the measured pressure difference between each
station. Although most of the leakage rate data are plotted
against the pressure drop measured between stations 1 and 5,
some data are not. Thus, the uncertainty in the pressure
difference measurement between each station is provided to be
complete. In general, the uncertainty of the measured mean
and differential pressures is reasonable.



Appendix C
Data Tables—SI Units

RESEARCH PROGRAM: BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELLZ  BAROMETER: 98.839 kPa
CONFIGURATION NG, 2 Single brush in pesition 1

FLUID: NITROGEN
RDG AVG SCANS AVG PRESS  AVG PRESS  AVG TEMP AVG TEMP AYERAGE AVERAGE DELTA-P

STATION 1  STATION 5 STATION 1  STATION & gggg %E#EAGE STA 1-5

(MPa) (Mpa) {K) {x) {REV/S) (kg/s) (Mpd}
125 ALL SCNS h.43 5.40 84.19 91.48 -0.1 0.000 0.03
126 ALL SCNS 5.37 5.21 B4.35 90.20 -0.1 0.072 0.16
127 ALL SCHS 5.31 4.97 83.62 88.77 -0.1 0.110 0.34
128 ALL SCHS 5.27 4.7 83.70 88.65 -0.1 0.135 0.51
129 ALL SCNHS 5.23 4.55 B3.43 88.39 -0.1 0.162 0.67
130 ALL SCHS 5.19 4.34 83.70 88,70 -0.1 0.181 0.85
131 ALL SCHS 5.16 4.14 83.70 88.74 -0.1 0.197 1.0z
132 ALL SCHS 5.13 3.9 83.41 88.41 =0.1 0.208 1.19
133 ALL SCHS 5.15 4.13 B3.94 §8.75 -0.1 0.193 1.02
134 ALL SCHS 5.18 4,32 83.53 88.68 -0.1 0.176 0.86
135 ALL SCNS 5.21 4.53 83.45 88.18 -0.1 0.15% 0.68
136 ALL SCMS 5.25 4.74 B3.97 §8.59 -0.1 0.133 0.51
137 ALL SCHS 5.29 4.86 83.70 88.41 -0.1 0.105 0.4
138 ALL SCHS 5.35% 5.18 83.88 88.88 -0.1 0.066 0.16
139 ALL SCHS 5.42 5.39 84.0t 89.90 -0.1 0.000 0.03
140 ALL SCNS 5.47 5.44 83.62 92.72 85.7 0.000 0.03
141 ALL SCHS 5.44 5.28 83.78 90.42 85.7 0.010 0.16
142 ALL SCHS 5.42 5.09 B3.75 89.44 85.6 0.032 0.33
143 ALL SCHS 5.41 5.08 83.86 89.22 85.3 0.031 0.33
144 ALL SCHS 5.39 4.87 B4.41 50.05 85.9 0.056 0.51
145 ALL SCHS 5.36 4.67 54.00 £9.61 85.7 0.078 0.69
146 ALL SCHS 5.34 4.50 83.88 89.41 85.0 0.092 0.84
147 ALL SCH3 5.31 4.26 83.72 89.05 85.5 0.108 1.06
148 ALL SCHS 5.30 4.10 83.44 B8.65 84.9 0.117 1.20
149 ALL SCHS 5.30 4.25 83.62 88.77 85.0 0.104 1.05
150 ALL SCHS 5.31 4.46 83.62 88.44 84.8 0.103 0.85
151 ALL SCHS 5.34 4.83 83.27 88.15 85.1 0.070 0.50
152 ALL SCH3 5.38 5.22 83.66 88.85 85.3 0.010 0.16
153 ALL SCHS 5.40 5.22 83.94 89.96 -0.1 0.000 0.18
154 ALL SCMS 5.39 5.04 83.47 89.14 =0.1 0.026 0.34
155 ALL SCHS 5.37 4.86 83.52 B8.78 -0.1 Q.050 0.51
156 ALL SCHS 5.34 4,51 84.17 B8.89 -0.1 0.077 0.82
157 ALL SCHS 5.31 4.29 83.93 88.79 -0.1 0.087 1.2
158 ALL SCHS 5.30 4,11 83.58 B8.47 -0.1 0.103 1.18
159 ALL SCMS 5.30 4.27 83.8!1 88.53 -0.1 0.094 1.03
160 ALL SCHS 5.31 4,48 83.53 88.22 -0.1 0.075 0.83
161 ALL SCHS 5.34 4.84 84.13 88.95 -0.1 0.047 0.49
162 ALL SCHS 5.37 5.22 84.10 89,92 -0.1 0.000 0.16
163 ALL SCNS 5.42 5.43 84.21 98.37 -0.1 0.000 -0.01
164 ALL SCMS 5.39 5.21 84.27 94.11 £53.9 0.000 0.18
165 ALL SCHS 5.35 4,26 83.89 31.14 253.8 0.050 0.49
166 ALL SCNS 5.30 4,47 84.00 90.19 292.2 0.081 0.83
167 ALL SCNS 5.28 4.26 83.90 89.81 251.5 G.102 1.02
168 ALL SCNS 5.25 4.05 83.77 89.50 251.5 0.112 1.20
169 ALL SCNS 5.26 4.22 83.98 89.73 252.0 0.103 1.03
170 ALL SCHS 5.26 4.30 84.45 90.46 252.1 0.095 0.86
171 ALL SCHS 5.29 4.77 84.63 91.04 250.5 0.062 0.52
172 ALL SCWS 5.33 5.15 85.29 93.84 250.6 0.015 0.17
173 ALL SCHS 5.33 5.18 87.51 92.94 -0.1 0.008 0.15
174 ALL SCNS 5.30 4.37 88.53 93.07 -0.1 0.041 0.52
175 ALL SCHS 5.27 4.44 89.75 93.91 -0.1 0.073 0.82
176 ALL SCNS 5.25 4.2 91.13 95.06 -0.1 0.089 1.0l
177 ALL SCNS 5.24 4.06 92.96 96.69 -G.1 0.085 1.18
178 ALL SCNS 5.24 4,21 94,83 98.43 -0.1 0.087 1.03



RESEARCH PROGRAM:

CONFIGURATION NO. 2

FLUID: HITROGEM
ROG AVG SCAHS AVG PRESS

179 ALL
180 ALL
181 ALL
182 ALL
183 ALL
184 ALL
185 ALL
186 ALL
187 ALL
188 ALL
189 ALL
190 ALL
191 ALL
192 ALL
193 ALL
194 ALL
195 ALL
196 ALL
197 ALL
198 ALL

230 ALL
231 ALL
232 ALL
233 ALL
234 ALL
235 ALL
236 ALL
237 ALL
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SCNS
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RESEARCH PROGRAM: BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELL2  BAROMETER: 97.012 kPa
CONFIGURATION NO. 3 2 Brushes far apart at stations 2 & 5

LUID: NITROGEN
RDG AVG SCANS AVG PRESS AVG PRESS AVG PRESS AVG PRESS AVG TEMP  AVG TEMP  AVG TEMP  AVG TEMP  AVERAGE AVERAGE

STATION 1 STATION 3 STATION 4 STATION 5 STATION 1 STATION 3 STATION 4 STATION 5 SfSiAFT LEAKAGE
PEED RATE

(MPa) (MPa) (MPa) (MPa) (K) (X) (K) {K) (REV/S) (kg/s)
238 ALL SCNS 5.37 5.36 5.37 5.34 83.11 85.36 84.33 89.815 -0.2 0.00
239 ALL SCNS 5.37 5.30 5.31 5.21 83.13 84.09 83.55 87.221 -0.1 0.03
240 ALL SCNS 5.37 5.22 5.23 5.03 82.99 83.76 83.23 86.402 -0.1 0.06
241 ALL SCNS 5.37 5.15 5.16 4.86 82.95 83.70 83.26 86.416 -0.1 0.07
242 ALL SCNS 5.37 5.09 5.10 4.70 83.09 83.69 83.36 86.399 -0.2 0.08
243 ALL SCNS 5.37 5.03 5.03 4.52 82.94 83.58 83.27 86.330 -0.2 0.10
244 ALL SCNS 5.37 4.97 4.97 4,34 83.05 83.62 83.34 86.514 -0.2 0.10
245 ALL SCNS 5.37 4.92 4.93 4.17 82.94 83.53 83.25 86.474 -0.2 0.11
246 ALL SCNS 5.37 4.86 4.87 4.00 82.62 83.29 83.04 86.470 -0.2 0.12
247 ALL SCNS 5.37 4.87 4.87 3.83 82.75 83.34 83.1 86.547 -0.1 0.13
248 ALL SCNS 5.36 4.82 4.83 3.65 82.89 83.47 83.25 86.777 -0.2 0.14
249 ALL SCNS 5.37 4.88 4.89 3.84 82.73 83.39 83.13 86.464 -0.2 0.13
250 ALL SCNS 5.37 4.93 4.94 4.01 82.86 83.46 83.15 86.487 -0.2 0.12
251 ALL SCNS 5.37 4.99 4.99 4.20 82.74 83.34 83.04 86.323 -0.2 0.11
252 ALL SCNS 5.37 5.04 5.04 4.35 82.80 83.35 83.09 86.452 -0.2 0.10
253 ALL SCNS 5.37 5.09 5.10 4,53 82.83 83.44 83.15 86.535 -0.2 0.09
254 ALL SCNS 5.37 5.15 5.15 4.70 82.76 83.32 83.10 86.408 -0.2 0.08
255 ALL SCNS 5.37 5.20 5.21 4,88 82.81 83.42 83.11 86.513 -0.2 0.06
256 ALL SCNS 5.37 5.25 5.26 5.04 82.77 83.42 83.00 86.513 -0.1 0.05
257 ALL SCNS 5.37 5.31 5.32 5.22 82.79 83.55 83.19 86.854 -0.1 0.02
258 ALL SCNS 5.37 5.37 5.38 5.36 82.74 84.54 83.72 90.163 -0.1 ¢.00
259 ALL SCNS 5.37 5.38 5.39 5.38 82.87 93.99 97.68 100.211 -0.1 6.00
260 ALL SCNS 5.37 5.23 82.86 88.C 87.87 93.886 85.1 0.00
261 ALL SCNS 5.37 4.86 82.84 84.43 84.30 88.210 85.2 0.02
262 ALL SCNS 5.37 4.51 82.82 83.72 83.60 86.877 84.8 0.05
263 ALL SCNS 5.37 4.18 82.91 83.60 83.45 86.561 84.4 0.06
264 ALL SCNS 5.37 3.84 82.86 83.53 83.37 86.354 84.3 0.08
265 ALL SCNS 5.37 3.67 83.02 83.68 83.50 86.376 83.9 0.08
266 ALL SCNS 5.37 3.47 83.20 83.88 83.64 86.593 83.5 0.09
267 ALL SCNS 5.37 3.34 83.26 83.87 83.79 86.514 81.3 0.09
268 ALL SCNS 5.37 3.82 83.36 84.00 83.80 86.562 83.5 0.08
269 ALL SCNS 5.37 4,18 83.35 83.86 83.73 86.434 83.0 0.07
270 ALL SCNS 5.37 4.53 83.52 84.13 83.94 86.728 84.1 0.05
271 ALL SCNS 5.37 4.88 83.42 84.07 83.92 86.932 84.1 0.03
272 ALL SCNS 5.37 5.22 83.48 85.38 85.2 89.239 84.3 0.01
273 ALL SCNS 5.38 5.38 84.20 106.06 106.23 101.822 85.0 0.00
274 ALL SCNS 5.37 5.30 5.30 5.21 83.59 84.92 84.3 89.174 -0.1 0.01
275 ALL SCNS 5.37 5.14 5.14 4.36 83.48 84.24 83.86 87.295 -0.1 0.03
276 ALL SCNS 5.37 5.01 5.01 4.51 83.66 84.26 84.06 86.931 -0.1 0.05
277 ALL SCNS 5.37 £.89 4.90 4.17 83.68 84.28 84.11 86.879 -0.1 0.06
278 ALL SCNS 5.37 4.76 4.76 3.83 83.75 84.33 84.17 86.824 -0.1 0.08
279 ALL SCNS 5.36 4.64 4.64 3.46 83.83 84.39 84.29 87.053 -0.1 0.09
280 ALL SCNS 5.37 4.77 4.78 3.84 84.00 84.47 84.33 87.118 -0.1 0.08
281 ALL SCNS 5.37 4.91 4.91 4.19 84.14 84,57 84.57 87.160 -0.1 0.06
282 ALL SCNS 5.37 5.03 5.03 4.52 84.83 85.32 85.18 87.779 -0.1 0.05
283 ALL SCNS 5.37 5.16 5.17 4.89 85.72 86.24 86.05 88.662 -0.1 0.03
284 ALL SCNS 5.37 5.29 5.30 5.22 87.63 88.26 87.94 90.937 -0.1 0.01
285 ALL SCNS 5.37 5.38 5.39 5.38 89.28 94.13 95.8 99.543 -0.1 0.00
287 ALL SCNS 5.59 5.43 83.88 93.63 93.53 104.062 253.9 0.02
288 ALL SCNS 5.59 5.10 83.88 87.42 87.32 94,244 247.5 0.04
289 ALL SCHS 5.59 4.74 83.63 85.73 85.61 50.840 246.8 0.05
290 ALL SCHS 5.59 4.39 83.73 85.51 85.43 89.775 250.9 0.07
291 ALL SCHS 5.56 4.04 83.68 85,11 85.15 88.875 249.8 0.08
292 ALL SCHS 5.58 3.68 83.75 85.18 85.02 88.678 249.8 ¢.09
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RESEARCH PROGRAM: BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELLZ  BAROMETER: 97.012 kPa
CONFIGURATION NO. 3 2 Brushes far apart at stations 2 & 5

FLUID: NITROGEN
RDG AVG SCANS AVG PRESS AVG PRESS AVG PRESS AVG PRESS AVG TEMP  AVG TEMP  AVG TEMP  AVG TEMP  AVERAGE AVERAGE

STATION 1 STATION 3 STATION 4 STATION 5 STATION 1 STATION 3 STATION 4 STATION 5 SQQEED LE%EGE

{MPa) {MPa) (MPa) (MPa) (K) (x) (K) (K) (REV/S) (Kg/$S)
293 ALL SCNS 5.59 4.05 83.70 85.05 84.98 88.617 249.0 0.08
294 ALL SCNS 5.59 4.39 83.65 84.99 84.92 88.816 248.4 0.08
295 ALL SCNS 5.59 4.72 83.57 85.07 85.00 89.035 248.3 0.06
296 ALL SCNS 5.59 5.08 83.62 85.51 85.48 90.489 248.5 0.05
297 ALL SCNS 5.59 5.43 83.89 90.15 90.09 97.375 244.9 0.02
298 ALL SCNS 5.59 5.60 84.81 117.45 117.76 116.825 249.9 0.01
299 ALL SCNS 5.58 5.52 5.52 5.42 83.07 84.10 83.75 88.798 -0.1 0.02
300 ALL SCNS 5.58 5.38 5.38 5.07 83.00 83.61 83.44 87.338 -0.1 0.04
301 ALL SCNS 5.58 5.28 5.28 4.72 83.60 83.90 83.88 87.179 -0.1 0.05
302 ALL SCNS 5.58 5.20 5.20 4.37 83.93 83.97 83.98 87.096 -0.1 0.06
303 ALL SCNS 5.57 5.10 5.09 4.04 83.66 83.81 83.80 86.742 -0.1 0.07
304 ALL SCNS 5.54 4.96 4.96 3.58 83.43 83.67 83.48 86.424 -0.1 0.08
305 ALL SCNS 5.54 5.00 5.00 3.68 83.36 83.60 83.44 86.160 -0.1 0.08
306 ALL SCNS 5.55 5.11 5.1 4.04 83.62 83.79 83.71 86.295 -0.2 0.07
307 ALL SCNS 5.56 5.20 5.20 4.37 83.65 83.84 83.71 86.236 -0.2 0.06
308 ALL SCNS 5.57 5.29 5.29 4,71 83.69 83.86 83.84 86.174 -0.2 0.05
300 ALL SCNS 5.60 5.41 5.41 5.09 83.77 84.03 83.81 86.525 -0.2 0.04
310 ALL SCNS 5.67 5.60 5.60 5.51 84.16 84.78 84.35 87.638 -0.2 0.02
311 ALL SCNS 5.59 5.59 5.59 5.57 83.34 86.86 86.52 95.284 -0.2 0.01
312 ALL SCNS 5.61 5.45 86.43 103.40 103.25 119.998 418.0 0.02
313 ALL SCNS 5.60 5.11 86.18 94.89 94.74 107.660 413.4 0.04
314 ALL SCNS 5.60 4.73 85.82 92.12 91.98 102.138 413.4 0.05
315 ALL SCNS 5.60 4.42 85.93 91.33 91.38 100.140 415.7 0.06
316 ALL SCNS 5.58 4.06 85.81 90.67 90.71 98.594 417.7 0.07
317 ALL SCNS 5.56 3.86 85.92 90.12 90.15 97.029 415.4 0.08
318 ALL SCNS 5.56 4.04 86.27 90.59 90.63 97.663 415.8 0.07
319 ALL SCNS 5.57 4.39 86.32 91.11 91.09 98.800 416.5 0.06
320 ALL SCNS 5.58 4.73 86.44 91.76 91.76 100.217 415.7 0.06
321 ALL SCNS 5.60 5.09 86.85 93.62 93.62 104.313 417.0 0.04
322 ALL SCNS 5.63 5.47 87.40 101.90 101.72 117.054 412.7 0.02
323 ALL SCNS 5.66 5.67 91.72 135,76 146.35 144,767 420.2 0.01
324 ALL SCNS 5.58 5.51 5.51 5.41 83.61 84.83 84.39 89.037 -0.2 0.02
325 ALL SCNS 5.59 5.39 5.38 5.07 83.63 84.31 84.16 88.060 -0.1 0.04
326 ALL SCNS 5.58 5.28 5.28 4.71 83.69 84.17 84.08 87.335 -0.1 0.05
327 ALL SCNS 5.58 5.23 5.22 4.4] 83.67 84.03 83.99 86.734 -0.1 0.06
328 ALL SCNS 5.58 5.13 5.13 4.03 84.07 84.14 84.22 86.850 -0.1 0.07
329 ALL SCNS 5.58 5.09 5.09 3.86 84.17 84.26 84.33 86.867 -0.1 0.07
330 ALL SCNS 5.58 5.15 5.15 4.05 84.38 84.47 84.48 87.096 -0.1 0.07
331 ALL SCNS 5.59 5.23 5.23 4.37 83.70 83.92 83.88 85.575 -0.1 0.06
332 ALL SCNS 5.59 5.33 5.33 4.74 83.51 83.85 83.72 85.520 -0.1 0.05
333 ALL SCNS 5.59 5.40 5.40 5.08 83.64 84.10 83.95 86.127 -0.1 0.04
334 ALL SCNS 5.59 5.52 5.52 5.42 83.75 84.54 84.16 87.258 -0.1 0.03
335 ALL SCNS 5.59 5.59 5.59 5.58 83.63 87.19 87.00 94,358 -0.1 0.02
336 ALL SCNS 5.62 5.47 91.24 116.93 116.87 133.276 588.4 0.02
337 ALL SCNS 5.61 5.11 90.42 104.44 104.36 122.324 584.6 0.04
338 ALL SCNS 5.59 4.74 89.82 100.54 100.68 116.322 587.1 0.05
339 ALL SCNS 5.57 4.41 89.70 99.44 99.58 113.017 591.9 0.07
340 ALL SCNS 5.55 4.03 89.26 98.10 98.19 110.128 589.2 0.08
341 ALL SCNS 5.54 3.83 89.00 97.39 97.49 108.720 588.9 0.08
342 ALL S5CNS 5.53 3.99 89.37 98.07 98.17 109.774 592.2 0.08
343 ALL SCNS 5.53 4.36 89.78 99.45 99.57 112.343 594.2 0.07
344 ALL 3CNS 5.53 4.69 90.06 100.79 100.99 115.205 592.8 0.06
345 ALL SCNS 5.53 5.04 90.41 102.30 102.34 118.573 592. 0.05
346 ALL SCNS 5.56 5.39 92.09 115,11 115.04 131.803 604.1 0.02
347 ALL SCNS 5.55 5.39 91.72 113.89 113.82 131.555 590. 0.02
348 ALL SCNS 5.57 5.58 97.73 192.36 193.28 190.752 580.6 ¢.00
349 ALL SCNS 5.52 5.45 5.45 3.36 84.87 86.67 85.87 93.094 -0.1 0.02
350 ALL SCNS 5.50 5.30 5.29 4.97 84.68 85.26 84.87 89.051 -0.1 0.04
351 ALL SCNS 5.48 5.23 5.23 4.62 84.51 84.85 84.54 87.512 -0.1 0.05
352 ALL SCNS 5.46 5.14 5.14 4.26 84.32 84.63 84.24 86.824 -0.1 0.06
353 ALL SCNS 5.44 5.06 5.06 3.89 84.33 84.49 84.29 86.554 -0.1 0.07
354 ALL SCNS 5.42 5.02 5.02 3.70 84.69 84.87 84.64 86.661 -0.1 0.07
355 ALL SCNS 5.41 5.04 5.04 3.88 85.10 85.22 84.92 87.067 -0.1 0.07
356 ALL SCNS 5.41 5.08 5.08 4.21 85.65 85.67 85.51 87.505 -0.1 0.06
357 ALL SCNS 5.39 5.14 5.13 4.54 87.08 87.15 86.98 88.969 -0.1 0.05
358 ALL SCNS 5.40 5.22 5.21 4.90 88.34 88.35 88.26 90.196 -0.1 0.04
359 ALL SCNS 5.40 5.33 5.33 5.23 90.05 90.18 89.98 92.472 -0.1 0.03
360 ALL SCNS 5.41 5.42 5.42 5.41 92.37 94.29 94.70 101.744 -0.1 0.02
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RESEARCH PROGRAM:
CONFIGURATION NO.
FLUID: NITROGEN
RDG AVG SCANS AVG PRESS AVG PRESS AVG PRESS AVG TEMP
STATION 1 STATION 2 STATION 5 STATION 1 STATION 2 STATION 5 SHAFT

(MPa)

362 ALL
363 ALL
364 ALL
365 ALL
366 ALL
367 ALL
368 ALL
369 ALL
370 ALL
371 ALL
372 ALL
373 ALL
374 ALL
375 ALL
376 ALL
377 ALL
378 ALL
379 ALL
380 ALL
381 ALL
382 ALL
383 ALL
384 ALL
385 ALL
386 ALL
387 ALL
388 ALL
389 ALL
390 ALL
391 ALL
392 ALL
393 ALL
394 ALL
395 ALL
396 ALL
397 ALL
398 ALL
399 ALL
400 ALL
401 ALL
402 ALL
403 ALL
404 ALL
405 ALL
406 ALL
407 ALL
408 ALL
409 ALL
410 ALL
411 ALL
412 ALL
413 ALL
414 ALL
415 ALL

SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCHS
SCNS
SCNS
SCNS
SCNS

BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELL2

4

5.59
5.55
5.53
5.51
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5.46
5.44
5.43
5.41
5.37
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5.43
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2 Brushes tightly packed ..

(K)

positions 3 & 4

AVG TEMP  AVG TEMP  AVERAGE
SPEED

(K) {K) (REV/S)
84.62 92.21 -0.1
84.34 91.65 -0.1
84.12 91.20 -0.1
83.98 91.01 -0.1
83.95 90.81 -0.1
83.77 90.74 -0.1
83.55 90.67 -0.1
83.57 90.78 -0.1
83.64 90.84 -0.1
83.44 90.65 -0.1
83.56 90.62 -0.1
83.53 90.60 -0.1
83.49 90.63 -0.1
83.74 90.72 -0.1
83.66 90.63 -0.1
83.83 80.84 -0.1
83.70 90.93 -0.1
83.89 91.34 -0.1
84.03 91.75 -0.1
84.75 97.54 -0.1
84.02 95.19 84.1
83.66 92.74 83.9
83.57 92.00 85.9
83.52 91.64 85.3
83.44 91.61 83.9
83.44 91.50 81.9
83.48 01.43 83.9
83.65 91.38 83.5
83.74 91.53 83.5
83.78 91.83 82.5
84.15 93.93 83.8
84.40 62.40 -0.2
84.16 91.94 -0.2
84.18 91.35 -0.2
83.97 91.35 -0.2
83.90 61.30 -0.2
83.72 91.24 -0.2
83.74 91.27 -0.2
83.77 91.12 -0.2
83.72 9l.21 -0.2
83.91 91.30 -0.2
84.15 92.70 -0.2
84.84 98.91 -0.2
85.15 103.12 254.5
84.60 97.16 249.0
84.31 95.02 249.0
84.30 93.76 250.1
84.13 93.30 247.5
84.09 93.14 248.8
84.14 93.24 249.4
84.15 93.45 248.6
84.40 94.03 249.4
84.47 94.86 248.0
84.99 101.13 248.0

BAROMETER: 99.280 kPa

AVERAGE

LEAKAGE
RATE

(Kg/$)

DELTA-P
STA 1-5

(Mpd)

0.16
0.35
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RESEARCH PROGRAM: BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELL2
CONFIGURATION NO. 4 2 Brushes tightly packed .. positions 3 & 4
FLUID: NITROGEN

RDG AVG SCANS AVG PRESS AVG PRESS AVG PRESS AVG TEMP  AVG TEMP  AVG TEMP  AVERAGE
STATION 1 STATION 2 STATION 5 STATION 1 STATION 2 STATION 5 SHAFT

SPEED

(MPa) (MPa) (MPa) (X) (K) (K) (REV/S)

416 ALL SCNS 5.54 5.55 5.38 83.59 83.87 93.09 -0.1
417 ALL SCNS 5.51 5,52 5.01 83.35 83.76 92.30 -0.1
418 ALL SCNS 5.48 5.49 4.64 83.33 83.62 91.97 -0.1
419 ALL SCNS 5.46 5.46 4.25 83.43 83.81 91.76 -0.1
420 ALL SCNS 5.43 5.44 3.89 83.32 83.70 91.61 -0.1
421 ALL SCNS 5.82 5.43 3.71 83.37 83.72 91.73 -0.1
422 ALL SCNS 5.42 5.43 3.88 83.50 83.83 91.75 -0.1
423 ALL SCNS 5.43 5.44 4.25 83.50 83.81 91.85 -0.1
424 ALL SCNS 5,45 5.46 4.61 83.62 84.02 91.97 -0.1
425 ALL SCNS 5,47 5.48 4.97 83.70 83.98 92.14 -0.1
426 ALL SCNS 5.51 5.52 5.36 83.81 84.10 93.68 -0.1
427 ALL SCNS 5.54 5.54 5.54 83.81 85.04 99.73 -0.1
428 ALL SCNS 5.54 5.42 5.38 88.26 89.42 110.95 419.7
429 ALL SCNS 5.6 5.34 4.97 87.66 88.68 99.73 419.1
430 ALL SCNS 5.43 5.30 4.58 86.81 87.86 95.36 420.7
431 ALL SCNS 5.38 5.25 4.19 86.35 87.39 93.26 419.6
432 ALL SCNS 5.35 5.22 3.81 85.85 86.94 1.84 418.9
433 ALL SCNS 5.33 5.20 3.61 85.71 86.31 91.22 417.9
434 ALL SCNS 5.34 5.21 3.81 86.04 87.08 91.90 418.8
435 ALL SCNS 5.35 5.22 1.18 85.98 86.99 92.56 419.4
436 ALL SCNS 5.37 5.24 4.52 86.42 87.48 93.82 418.8
437 ALL SCNS 5.40 5.28 4.91 87.58 88.54 98.38 417.6
438 ALL SCNS 5.44 5.32 5.28 88.35 89.30 108.96 417.3
439 ALL SCNS 5.48 5.48 5.48 85.64 92.95 111.63 -0.1
440 ALL SCNS 5.44 5.45 5.25 84.28 84.49 86.94 -0.1
441 ALL SCNS 5.40 5.41 4.89 84.51 84.56 85.49 -0.1
442 ALL SCNS 5.37 5.37 4.50 84.01 84.13 84.48 -0.1
443 ALL SCNS 5.34 5.35 4.13 83.91 84.01 83.96 -0.1
444 ALL SCNS 5.32 5.33 3.78 84.36 84.45 84.36 -0.1
445 ALL SCNS 5.31 5.32 3.59 84.14 84.18 84.28 -0.1
446 ALL SCNS 5.32 5.33 3.79 84.65 84.57 84.48 -0.1
447 ALL SCNS 5.33 5.34 .13 84.49 84.53 84.48 -0.1
448 ALL SCNS 5.35 5.36 4.49 84.34 84.39 84.54 -C.1
449 ALL SCNS 5.39 5.39 4.87 84.89 84.82 85.29 -0.1
450 ALL SCNS 5.43 5.43 5.26 85.08 85.05 86.97 -0.1
451 ALL SCNS 5,47 5.25 5.31 93.34 92.83 128.38 591.5
452 ALL SCNS 5.43 5.21 4,93 91.23 92.76 115.68 583.4
453 ALL SCNS 5.39 5.17 4.53 89.88 91.38 107.40 579.1
454 ALL SCNS 5.36 5.14 4.19 89.86 91.38 105.23 586.3
455 ALL SCNS £.33 5.11 3.81 88.96 90.48 102.57 583.8
456 ALL SCNS 5.31 5.08 3.61 88.75 90.22 101.45 584.2
457 ALL SCNS 5.31 5.08 3.78 89.22 90.70 102.68 590.1
458 ALL SCNS 5.32 5.09 4.16 89.66 91.08 104.64 592.3
459 ALL SCNS 5.33 5.11 4.49 89.97 91.36 107.00 590.1
460 ALL SCNS 5.35 5.13 4.87 91.31 92.75 113.50 589.7
461 ALL SCNS 5.39 5.17 5.22 93.24 94.68 127.10 589.8
462 ALL SCNS 5.35 5.36 5.19 84.87 84.99 87.86 -0.1
463 ALL SCNS 5.32 5.33 .80 84.39 84.40 85.71 -0.1
464 ALL SCNS 5.28 5.29 4.42 84.11 84.29 84.52 -0.1
465 ALL SCNS 5.26 5.26 4.04 83.80 84.03 84.03 -0.1
466 ALL SCNS 5.23 5.24 3.67 83.63 83.81 83.81 -0.1
467 ALL SCNS 5.22 5.23 3.51 83.59 83.75 83.68 -0.1
468 ALL SCNS 5.22 5.23 3.68 83.84 83.91 83.85 -0.1
469 ALL SCNS 5.24 5.24 4.04 83.86 83.08 84.02 -0.1
470 ALL SCNS 5,25 5,26 4.42 83.99 84.11 84.11 -0.1
471 ALL SCNS 5.28 5.29 4.78 84.03 §4.00 84.29 -0.1
472 ALL SCNS 5,32 5,32 5,15 83.97 §4.04 85.16 -0.1
473 ALL SENS 5.35 5,36 5,35 84,59 86.66 93.07 -0.1
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BAROMETER: 99.280 kPa

AVERAGE

LEAKAGE
RATE

(Kg/s)

0.025
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RESEARCH PROGRAM: BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELLZ  BAROMETER: 99.039 kPa
CONFIGURATION NO. 5 3 Brushes equally space: pos 1,3,5
FLUID: NITROGEN

RDG AVG SCANS AVG PRESS AVG PRESS AVG PRESS AVG PRESS AVG TEMP  AVG TEMP  AVG TEMP  AVG TEMP  AVERAGE
STATION 1 STATION 2 STATION 4 STATION 5 STATION 1 STATION 2 STATION 4 STATION 5 SHAFT

SPEED

(MPa) (MPa) (MPa) (MPa) (k) (K) () ) (REV/S)
475 ALL SCNS 5.50 5.50 5.50 5.49 85.12 89.34 92.35 97.688 -0.1
476 ALL SCNS 5.37 5.36 5.34 5.32 83.20 84.10 86.24 93.088 -0.1
477 ALL SCNS 5.37 5.32 5.28 5.19 83.13 83.59 84.55 87.980 -0.1
478 ALL SCNS 5.37 5.22 5.09 4.84 83.05 83.55 83.82 86.228 -0.1
479 ALL SCNS 5.37 5.14 4,92 4,48 82.90 83.45 83.62 85,639 -0.1
480 ALL SCNS 5.37 5.12 4.87 4.33 83.08 83.60 83.66 85.440 -0.1
481 ALL SCNS 5.37 5.09 4.78 4.17 83.08 83.56 83.61 85.401 -0.1
482 ALL SCNS 5.37 5.05 4.71 3.98 83.10 83.52 83.62 85.327 -C.1
483 ALL SCNS 5.37 5.02 4.64 3.81 82.92 83.42 83.45 85.236 -0.1
434 ALL SCNS 5.37 4.96 4,67 3.63 82.95 83.39 83.41 85.176 -0.1
485 ALL SCNS 5.37 4.93 4.63 3.47 82.91 83.41 83.39 85.158 -0.1
486 ALL SCNS 5.37 4.97 4.70 3.65 82.92 83.43 83.42 85.154 -0.1
487 ALL SCNS 5.37 5.01 4.77 3.84 82.95 83.43 83.37 85.110 -0.1
488 ALL SCNS 5.37 5.06 4.84 4.02 82.99 83.48 83.51 85.171 -0.1
489 ALL SCNS 5.37 5.10 4.89 4.17 83.02 83.45 83.48 85.249 -0.1
490 ALL SCNS 5.37 5.1 4.91 4.33 82.88 83.37 83.41 85.149 -0.1
491 ALL SCNS 5.37 5.20 4.98 4.51 82.89 83.39 83.49 85.327 -0.1
492 ALL SCNS 5.37 5.27 5.14 4.86 82.83 83.37 83.43 85.440 -0.1
493 ALL SCNS 5.37 5.34 5.30 5.20 82.83 83.46 83.76 86.267 -0.1
494 ALL SCNS 5.37 5.36 5.33 5.29 82.86 83.62 84.28 87.411 -0.1
495 ALL SCNS 5.37 5.38 5.38 5.38 82.86 88.14 94.18 96.327 -0.1
496 ALL SCNS 5.37 5.19 82.80 85.29 86.93 90.628 83.2
497 ALL SCNS 5.37 4.84 82.80 84.29 84.79 87.261 81.9
498 ALL SCNS 5.37 4.49 82.85 83.90 84.32 86.352 82.9
499 ALL SCNS 5.37 4.16 82.93 83.94 84.22 85.919 82.1
500 ALL SCNS 5.37 3.82 82.91 83.90 84.09 85.832 83.2
501 ALL SCNS 5.37 3.48 82.96 83.95 84.01 85.776 84.1
502 ALL SCNS 5.37 3.82 83.05 83.90 84.03 85.736 84.0
503 ALL SCNS 5.37 4.19 82.91 83.80 83.95 85.719 84.5
504 ALL SCNS 5.37 4.50 82.34 83.75 83.94 85.788 83.1
505 ALL SCNS 5.37 4.87 83.25 84.13 84.51 86.498 82.9
506 ALL SCNS 5.37 5.21 82.95 85.42 86.88 89.799 82.3
507 ALL SCNS 5.37 5.37 5.38 5.38 82.84 90.03 98.16 97.949 -0.1
508 ALL SCNS 5.37 5.33 5.29 5.18 83.01 83.85 84.78 89.940 -0.1
509 ALL SCNS 5.37 5.34 5.30 5.20 82.90 83.42 83.85 87.133 -0.1
510 ALL SCNS 5.37 5.25 5.14 4.85 82.81 83.22 83.42 85.714 -0.1
511 ALL SCNS 5.37 5.16 4.97 4.49 82.83 83.2 83.35 85.276 -0.1
512 ALL SCNS 5.37 5.13 4.90 4.33 82.97 83.38 83.48 85.212 -0.1
513 ALL SCNS 5.37 5.10 4.82 4,17 82.82 83.27 83.27 85.025 -0.1
514 ALL SCNS 5.37 5.03 4.71 3.80 82.93 83.29 83.38 85.099 -0.1
515 ALL SCNS 5.36 4.93 4.65 3.46 82.94 83.32 83.34 85.125 -0.1
516 ALL SCNS 5.37 5.02 4.79 3.82 82.95 83.34 83.35 85.133 -0.1
517 ALL SCNS 5.37 5.11 4.88 4.19 82.91 83.30 83.35 85.068 -0.1
518 ALL SCNS 5.37 5.20 5.00 4.54 82.79 83.27 83.25 85.085 -0.1
519 ALL SCNS 5.37 5.27 5.15 4.88 82.88 83.30 83.46 85.233 -C.1
520 ALL SCNS 5.37 5.34 5.30 5.20 82.90 83.46 83.73 86.096 -G.1
521 ALL SCNS 5.37 5.38 5.38 5.38 82.85 86.02 90.6 94.136 -0.1
522 ALL SCNS 5.37 5.20 83.75 91.79 96.46 102.872 252.4
523 ALL SCNS 5.37 4.84 83.54 7.62 90.02 94.789 251.9
524 ALL SCNS 5.37 4.52 83.48 86.42 88.06 §1.921 253.5
525 ALL SCNS 5.37 4.15 83.61 85.76 86.88 90.129 250.5
526 ALL SCNS 5.37 3.80 83.69 85.55 86.16 89.087 251.5
527 ALL SCNS 5.37 3.50 83.88 85.46 85.84 88.563 251.0
528 ALL SCNS 5.37 3.86 83.73 85.35 85.77 88.542 251.2

AVERAGE
LEAKAGE
RATE

{Ka/S)
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RESEARCH PROGRAM: BRUSH SEALS FOR CRYQGGENIC APPLICATIONS TEST FACILITY: CCL - CELLZ  BAROMETER: 99.039 kPa
CONFIGURATION NO. 5 3 Brushes equally space: pos 1,3,5

FLUID: WITROGEN
RDG AVG SCANS AVG PRESS AYG PRESS AVG PRESS AVG PRESS AVG TEMP  AVG TEMP  AVG TEMP  AVG TEMP  AVERAGE AVERAGE

STATION 1 STATION 2 STATION 4 STATION 5 STATION 1 STATION 2 STATION 4 STATION 5 gHﬁ.FT LEAKAGE
PEED RATE

(MPa) {MPa) {MPa) (MPa) () ) () () (REV/S)  (Ko/S)
529 ALL SCNS  5.37 4.6 83.80 85.27 85.93 88.864 249.8  0.06
530 ALL SCNS 537 4.53 83.77 85.51 86.26 89.641 249.8  0.05
531 ALL SCNS  5.37 4.86 83.89 86.35 87.82 91.631 248.6  0.04
532 ALL 5CNS  5.37 5.23 81.08 91.30 96.42  10i.564 299.0  0.02
533 ALL SCNS  5.37 5.38 5.38 5.38 83.41 88.78 95.44 97.004 0.1 0.00
534 ALL SN 5.37 5.33 5.29 5119 83.30 83.85 24,45 87.710 01 0.02
535 ALL SCNS  5.37 5.24 5.11 2.82 83.11 83.72 83.98 86.182 0.1 0.03
536 ALL SCNS  5.37 5.14 3.94 4.48 83.63 83.88 84.0: 85.970 01 0.05
537 ALL SCNS  5.37 5.09 4.79 4.16 84.05 8a.11 84.2] 85.962 0.1 0.05
538 ALL SCNS  5.35 5.0 4.77 3.82 84.95 84.81 85.11 86.719 0.1 0.06
539 ALL SONS  5.33 2.90 4.65 3.46 86.33 86.09 86.39 88.008 0.1 0.08
540 ALL SCNS  5.33 4.98 an 3.80 87.30 87.03 87.40 88.834 0.1 0.07
541 ALL SCNS  5.33 5.05 5.85 1,13 88.23 87.96 88. 45 89.701 0.1 0.0
542 ALL 5N 5.35 5.17 3.94 4.29 90.10 89.80 90.20 91.400 0.1 0.05
543 ALL SN 5.36 5.25 5.11 4.85 92.22 91.81 92.27 93.488 0.1  0.04
543 ALL 5CNS  5.37 5.34 5.30 5.20 94.36 94.00 94.61 95.258 01 0.02
545 ALL SCNS  5.39 5.30 5,40 5.40 95.34 97.45  102.79  103.209 0.1 0.00
546 ALL SCNS  5.41 5.23 85.23  101.07  109.69  127.461 4207 0.02
547 ALL SCNS  5.41 4.89 84.94 93,43 97.87  114.849 a16.9  6.03
548 ALL SONS 5.0 4.55 84.74 90.72 94.03  108.360 216.2  0.04
549 ALL SONS  5.40 4.20 84.8 88.67 90.91  102.913 419.0  0.06
550 ALL SCNS  5.40 3.85 84,35 88.20 90.1  101.140 4208 0.07
551 ALL SCNS  5.40 3.50 84.10 87.97 89.73 99.923 419.2  0.08
552 ALL SCNS  5.40 3.84 84.50 88.34 90.33 100826 621.4  0.07
553 ALL SCNS  5.40 4.20 84.49 88.26 90.29  100.757 2196  0.07
554 ALL SCNS  5.40 4.54 84.64 88.85 91.30  103.000 4206 0.05
555 ALL SCNS  5.40 4.89 84.89 90.82 94.21  108.317 231 6.0
556 ALL SCNS  5.40 5.23 85.25 99.78  107.31  124.034 4128 0.02
557 ALL SCNS  5.39 5.39 5.40 5.39 82.11 86.2 92.34 98.770 0.1 6.00
558 ALL SCNS  5.39 5.35 5.30 5.20 82.26 82.76 83.38 90,580 01 0.0l
550 ALL SCNS 5.9 5.26 5.11 2.85 2.13 82.57 82.88 88.96 €1 0.03
560 ALL SCNS  5.39 5.18 3.93 451 82.12 82.53 82.63 88.682 41 0.0
561 ALL SCNS 5.3 5.11 4.74 4.16 §2.03 82.47 82.58 88.355 0.1 0.05
562 ALL SCNS  5.39 5.07 4.58 3.82 82.17 82.52 82.68 88.512 01 0.06
563 ALL SCNS  5.39 5,01 4.31 3.47 82.22 82.53 82.68 88.645 0.1 0.07
563 ALL SCNS  5.39 5.09 453 3.83 82.18 82.52 82.66 88.331 01 0.06
565 ALL SCNS  5.39 5.15 4.76 .17 82.24 82.47 82.63 88.359 0.1 0.05
566 ALL SCNS  5.39 5.22 4.94 4,52 §2.28 82.61 82.64 88.499 01 0.0
567 ALL SCNS  5.39 5.29 5.13 4.87 82.15 82.51 82.58 88.451 0.1 0.03
568 ALL 5CNS  5.39 b.35 5.30 5.21 82.23 82.79 82.92 89.349 0.1 0.2
560 ALL SCNS  5.39 5.39 5.30 5.79 82.14 85.43 90. 62 96.859 0.1 0.00
570 ALL SONS  5.32 534 89.03  117.86  127.2  131.670 585.3  D.0L
571 ALL SCNS 5.4 1.92 88.25 102,15  109.55  130.354 5853 0.03
572 ALL SONS  5.38 4.39 87.4 92.9 96.75  113.115 583.7  0.09
573 ALL SCNS 5.38 4,56 87.91 94.03 93.34 115,110 R52.9 0.08
573 ALL SN 5.35 1.15 87.52 92.58 96.11  111.205 587.4  0.09
575 ALL SCNS 5.30 3.74 86.380 90.98 93.94 107.079 568.5 011
576 ALL SONS  5.27 3.38 86, 12 89.74 92'17  103.915 546.5  0.12
577 ALL SONS  5.27 3.75 86.75 90.87 93.74  106.435 560.0 0.1l
578 ALL SN  &.27 409 87.20 9].83 95.19  109.248 567.4  0.09
579 ALL SCNS  £.28 4.4 87.56 93.28 97.20  112.975 573.2  0.08
580 ALL SCNS  5.28 4.79 87.95 93.08 9943 116.209 570.2 0.0
581 ALL SONS  5.3) 5.15 90.59  117.98  125.63  139.558 587.8 0.0l
582 ALL SCNS 5.2 5.22 5.17 5.08 83.9 1 85.07 93.812 0.1 0.02
583 ALL SCNS  5.24 5.10 2.93 .69 83.73 83.67 84.16 90.992 0.1 0.04
584 ALL SCNS 5.22 5.01 4,71 4.33 83.39 83.41 83.77 89.961 -0.1 0.05
585 ALL SCNS 5.21 4,92 4.52 3.98 83.32 83.29 83.62 89.520 -0.1 0.06
586 ALL SCNS  5.19 4.83 4.33 3.64 83.27 83.27 83.50 89.296 0.1 0.07
587 ALL SCNS  5.16 4.73 4.13 3.26 83.09 83.17 83.47 89.219 0.1 0.07
588 ALL SCNS  5.15 4.80 4.31 3.60 83.24 83.18 83.43 88.953 0.1 0.07
580 ALL SCNS  5.i4 4.86 4.18 3.94 83.31 83.24 83.52 88.975 0.1  0.06
590 ALL SCNS  5.13 4.93 4.65 3.27 83.37 83.29 83.55 89.056 0.1 0.05
591 ALL SCNS  5.13 5.00 4.84 a.61 83.37 83.34 83.60 89.240 0.1  0.04
592 ALL SCNS 5.14 5.10 5.05 4,95 83.80 83.72 84.17 90.158 -0.1 0.01
593 ALL SCNS 5.15 5.15 5.16 5.15 8.17 85.98 90.45 96.138 0.1 0.00
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RESEARCH PROGRAM: BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELLZ  BAROMETER: 97.688 kPa
CONFIGURATION NO. 6 2 Brushes far apart - positions 2 8 5

FLUID: NITROGEN
RDG AVG SCANS AVG PRESS AVG PRESS AVG PRESS AVG PRESS AVG TEMP  AVG TEMP  AVG TEMP  AVG TEMP  AVERAGE AVERAGE

STATION 1 STATION 3 STATION 4 STATION 5 STATION 1 STATION 3 STATION 4 STATION 5 SgégID L%A#éGE
E A

(MPa)  (MPa) (MPa) (MPa) (K) (K) (K) () (REV/S)  (Kg/S)
594 ALL SCNS  5.39 5.35 5.34 5.22 83.42 85.51 84.87 89. 649 0.1 0.02
595 ALL SCNS  5.39 5.26 5.25 4.87 82.93 84.06 83.67 86. 664 0.1 0.0
596 ALL SCNS  5.39 5.34 5.33 5.21 82.35 84.23 83.74 88.537 0.1 0.03
597 ALL SCNS  5.39 5.24 5.23 4.86 82.44 83.42 82.99 86.028 0.1 0.08
598 ALL SCNS  5.39 5.19 5.19 4.5] 82.29 82.95 82.73 85.183 0.1 0.06
599 ALL SCNS  5.38 5.19 5.18 a.17 82.09 82.79 82.51 84.731 0.1 0.07
600 ALL SCNS  5.38 5.16 5.15 3.83 82.02 82.58 82.47 84.426 0.1 0.08
601 ALL SCNS 538 5.13 5.12 3.49 82.27 82.65 82.54 84.596 0.1 0.08
602 ALL SCNS 5.38 5.16 5.16 3.83 82.17 82.70 82.52 84.383 -0.1 0.08
603 ALL SCNS  5.38 5.21 5.20 1.18 82.08 82.53 82.34 84.195 0.1 0.07
604 ALL SCNS  5.38 5.24 5.24 4.53 82.32 82.81 82.70 84.422 0.1 0.06
6305 ALL SCNS 5.39 5.25 5.25 4.88 82.26 82.87 82.73 84.625 -0.1 0.04
606 ALL SCNS  5.39 5.33 5.33 5.22 82.20 83.1 82.84 85.377 0.1 0.02
607 ALL SCNS 5.39 5.40 5.39 5.39 82.21 85.34 85.29 91.947 -0.1 0.00
608 ALL SCNS  5.42 5.34 5.31 5.26 85.84  108.68  109.27  126.993 585.1  0.03
609 ALL SCNS 5.41 5.15 5.11 4.89 87.33 95.26 94.96 107.999 h84.8 0.08
610 ALL SCNS  5.41 5.02 4.98 4.54 86.94 93.51 93.22  104.197 534.9 0.1
611 ALL SCNS 5.41 4.93 4.88 4.22 86.90 92.83 92.55 102.349 583.9 0.12
612 ALL SCNS  5.41 4.86 4.82 3.85 86.69 92.24 91.92  101.009 581.5  0.13
613 ALL SCNS  5.40 4.89 4.85 3.52 86. 50 91.99 91.68  100.424 579.1 0.1
614 ALL SCNS 5.41 4,95 4.91 3.86 86.90 92.86 92.56 101.793 588.0 0.13
615 ALL SCNS  5.45 5.07 5.03 124 87.53 93.96 93.78  103.703 502.1 0.1
616 ALL SCNS 5.46 5.14 5.10 4.59 87.74 94.53 94.26 105.449 584.7 0.10
617 ALL SCNS  5.46 5.2 5.20 4.95 87.75 96.10 95.87  109.262 584.8  0.07
618 ALL SCNS 5.46 5.38 5.34 5.29 88.83 105.14 104.97 123.837 584.9 0.04
619 ALL SCNS  5.45 5.36 5.33 5.28 85.47 93.81 93.59  105.522 417.4  0.03
620 ALL SCNS 5.44 5.19 5.17 4,92 84.92 89.96 89.73 97.917 417.6 0.06
621 ALL SCNS  5.44 5.06 5.04 4.55 84.67 88.40 88.21 94.578 4175 0.09
622 ALL SCNS 5.44 4.93 4.90 4,22 84.76 87.83 87.68 93.311 417.5 0.10
623 ALL SCNS  5.44 4.86 4.84 3.89 84.84 87.83 87.61 92.820 417.5 Q.11
624 ALL SCNS 5.44 4,95 4.93 3.55 85.07 88.17 87.83 93.051 417.5 0.11
625 ALL SCNS 5.44 4.99 4,97 3.89 84.81 87.99 87.64 93.038 417.5 0.11
626 ALL SCNS 5.44 5.05 5.02 4.24 84.74 88.04 87.81 93.439 417.6 0.10
627 ALL SCNS 5.44 5.11 5.08 4.59 84,77 88.31 88.06 94.190 417.8 0.09
628 ALL SCNS 5.44 5.21 5.18 4.93 85.04 89.44 89.18 96.498 417.5 0.07
629 ALL SCNS  5.45 5.35 5.33 5.26 85.37 93.88 93.72  105.313 417.2  0.03
630 ALL SCNS 5.43 5.35 5.34 5.26 83.06 86.17 85.94 91.266 249.2 0.03
631 ALL SCNS  5.43 5.19 5.18 4.90 83.00 84.77 84.60 88.254 2491 0.06
632 ALL SCNS 5.43 5.10 5.08 4.57 83.13 84.81 84.62 87.694 249.2 0.07
633 ALL SCNS 5.43 5.01 5.00 4.21 83.04 84.47 84.30 87.207 249.3 0.08
634 ALL SCNS  5.43 5.01 2.99 3.87 83.06 84.29 84.18 86.909 249.1  0.09
635 ALL SCNS 5.43 5.07 5.05 3.70 83.27 84.47 84.36 87.112 245.3 0.09
536 ALL SCNS 5.43 5.08 5.07 3.88 83.33 84.45 84.31 87.173 249.3 0.09
637 ALL SCNS 5.43 5.11 5.09 4.22 83.17 84.50 84.39 87.061 248.9 0.09
638 ALL SCNS  5.43 5.15 5.14 4.58 83.29 84.72 84.63 87.517 249.2  0.07
639 ALL SCNS 5.43 5.23 5.21 4.91 83.16 84.79 84.74 88.137 249.0 0.05
640 ALL SCNS 5.44 5.37 5.35 5.28 83.17 88.31 88.16 93.247 249.1 0.02
641 ALL SCNS 5.43 5.36 5.35 5.25 82.85 84.14 84.03 86.607 84.0 0.03
642 ALL SCNS 5.43 5.22 5.21 4.91 82.73 83.58 83.51 85.542 83.7 0.05
643 ALL SCNS  5.43 5. 10 5.09 4.56 82.55 83.30 83.14 84,069 83.6  0.07
644 ALL SCNS  £.43 5.01 5.00 4.20 82.59 83.17 83.09 34.917 83.8  0.08
645 ALL SCNS  5.43 5.00 a.99 3.88 82.97 83.58 83.37 85.215 83,9 0.09
646 ALL SCNS  5.43 5.07 5.06 3.71 82.90 83.37 83.25 85,003 83.8  0.09
647 ALL SCNS  5.43 5.00 5.08 3.87 82.77 83.26 83.14 84955 8.0 0.09
648 ALL SCNS  5.43 5.14 5.13 3.22 82.60 83.12 83.01 84.816 83.6  0.08
649 ALL SCNS  5.43 5.17 5.17 4.56 82.43 82.99 82,84 84.703 83.6  0.07
650 ALL SCNS  5.43 5.23 5.23 4.8] 82.49 83.20 83.02 84.981 84.1  0.05
651 ALL SONS  5.43 5.35 5.34 5.26 82.60 83.72 83.59 85.901 837  0.03
652 ALL SCNS  5.43 5.35 5.35 5.23 82.67 83.43 83.16 85.246 0.2 0.03
653 ALL SCNS  5.43 5.22 §.22 1.89 82.84 83.45 83.13 84.902 0.2 0.0
654 ALL SCNS  5.43 5.16 5.15 4.56 83.84 83.37 83.06 84.789 0.1 0.0
655 ALL SCNS  5.43 5.33 5.12 4.22 83.45 83.89 83.60 85.241 0.1 0.06
656 ALL SCNS  5.43 516 5.16 3.86 83.85 34.14 83.85 85.579 0.1 0.07
657 ALL SCNS  5.43 5.21 5.21 1.2z 83.53 83.96 8354 £5.218 0.1 0.06
658 ALL SCNS  5.43 5.25 5.25 4.56 83.07 83.52 83.32 85.137 0.1 0.0
650 ALL 5CNS  5.43 5.27 5.27 4.91 83.38 83.98 83,80 85.432 0.1 0.0
660 ALL SCNS  5.43 5.36 5.36 5.27 83.67 34.52 84.11 86. 346 0.1 0.2
661 ALL SCNS  5.43 5.44 5.44 5.44 83.58 89.63 90.36 94.244 0.1 0.00
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RESEARCH PROGRAM: BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELL2  BAROMETER: 98.605 kPa
CONFIGURATION NO. 7 3 Brushes equally spaced - positions 1,3,5

FLUID: NITROGEN
RDG AVG SCANS AVG PRESS AVG PRESS AVG PRESS AVG PRESS AVG TEMP  AVG TEMP  AVG TEMP  AVG TEMP  AVERAGE AVERAGE

STATION 1 STATION 2 STATION 4 STATION 5 STATION 1 STATION 2 STATION 4 STATION 5 SHQET kiQEAGE
PEED

(MPa) (MPa) (MPa) {MPa) (K) (K) (K) (K) (REV/S) (Kg/s)
662 ALL SCNS 5.38 5.35 5.32 5.26 83.11 83.33 84.34 87.839 -0.1 0.02
663 ALL SCNS 5.38 5.27 5.14 4.89 83.36 83.63 83.91 86.372 -0.1 0.03
664 ALL SCNS 5.38 5.22 4.99 4.58 83.29 83.51 83.81 85.767 -0.1 0.04
665 ALL SCNS 5.38 5.15 4.82 4.21 83.17 83.39 83.63 85.493 -0.2 0.06
666 ALL SCNS 5.38 5.09 4.78 3.87 83.02 83.29 83.51 85.289 -0.1 0.07
667 ALL SCNS 5.37 5.05 4.74 3.67 83.06 83.24 83.47 85.233 -0.1 0.07
668 ALL SCNS 5.38 5.09 4.81 3.86 83.02 83.41 83.53 85.198 -0.1 0.07
669 ALL SCNS 5.38 5.17 4.88 4.22 83.13 83.34 83.60 85.276 -0.1 0.06
670 ALL SCNS 5.38 5.23 4.99 4.56 83.05 83.25 83.53 85.276 -0.1 0.05
671 ALL SCNS 5.38 5.30 5.17 4,93 83.00 83.33 83.51 85.558 -0.1 0.03
672 ALL SCNS 5.38 5.35 5.32 5.27 83.24 83.56 84.08 87.012 -0.1 0.01
673 ALL SCNS 5.38 5.38 5.39 5.4 83.43 84.72 87.49 95.111 -0.2 0.00
674 ALL SCNS 5.41 5.35 5.30 5.29 89.06 113.43 128.19 136.872 585.8 0.02
675 ALL SCNS 5.41 5.27 5.11 4.99 88.54 103.16 110.58 127.016 585.6 0.04
676 ALL SCNS 5.40 5.17 4.87 4.59 88.23 98.14 105.13 118.638 585.9 0.05
677 ALL SCNS 5.40 5.07 4.66 4,25 88.01 96.45 101.43 113.938 586.4 0.07
678 ALL SCNS 5.40 4.96 4.43 3.88 87.85 94.98 98.86 109.740 583.9 0.08
676 ALL SCNS 5.40 4.91 4.36 3.71 87.87 84.70 98.60 108.778 584.5 0.09
680 ALL SCNS 5.40 4.87 4.31 3.54 87.79 94.40 97.91 108.011 584.8 0.09
681 ALL SCNS 5.40 4.97 4.47 3.90 88.16 95.91 99.94 111,113 596.8 0.08
682 ALL SCNS 5.40 5.06 4.65 4.25 88.03 95.90 10C.28 112.219 585.8 0.07
683 ALL SCNS 5.40 5.15 4.84 4.58 88.29 97.26 102.88 115.653 585.5 0.06
684 ALL SCNS 5.40 5.22 5.05 4,92 88.49 100.03 107.36 121.918 585.5 0.04
685 ALL SCNS 5.41 5.33 5.28 5.27 89.08 111.10 121.23 134.032 585.5 0.02
686 ALL SCNS 5.39 5.33 5.27 5.24 85.88 96.78 102.65 117.678 417.7 0.02
687 ALL SCNS 5.39 5.25 5.08 4.91 85.58 92.69 95.78 107.088 417.9 0.03
688 ALL SCNS 5.39 5.16 4.88 4.56 85.42 91.18 93.48 102.681 417.6 0.05
689 ALL SCNS 5.38 5.08 4.67 4.21 85.36 90.08 92.08 99.741 417.7 0.06
690 ALL SCNS 5.39 4.99 4.49 3.87 85.05 89.22 90.96 97.441 417.7 0.07
691 ALL SCNS 5.38 4.88 4.38 3.50 85.14 88.97 90.44 96.279 417.9 0.08
692 ALL SCNS 5.38 4.99 4.50 3.87 85.23 89.42 91.10 97.279 417.7 0.07
693 ALL SCNS 5.38 5.08 4.67 4.23 85.29 838.71 91.75 98.588 417.8 0.06
694 ALL SCNS 5.3 5.15 4.85 4.55 85.45 90.29 92.54 100.354 417.4 0.05
695 ALL SCNS 5.39 5.23 5.06 4.90 85.95 91.89 94.72 104.443 417.9 0.04
696 ALL SCNS 5.39 5.33 5.27 5.25 86.33 98.04 103.76 117.342 418.4 0.02
697 ALL SCNS 5.38 5.34 5.29 5.25 84.11 90.03 92.87 99.938 248.8 0.02
698 ALL SCNS 5.37 5.27 5.12 4.90 83.84 87.35 88.71 94.095 248.8 0.03
699 ALL SCNS 5.37 5.19 4.95 4.55 83.70 86.46 87.26 91.581 248.7 0.05
700 ALL SCNS 5.37 5.11 4.72 4.19 83.70 85.59 86.41 89.806 248.3 0.06
701 ALL SCNS 5.37 5.02 4.57 3.84 83.82 85.35 86.05 89.098 248.5 0.07
702 ALL SCNS 5.37 4.90 4.4] 3.49 83.64 85.24 85.76 88.562 249.6 0.08
703 ALL SCNS 5.37 5.00 4.50 3.84 83.67 85.11 85.74 88.600 248.8 0.07
704 ALL SCNS 5.37 5.09 4.67 4.18 83.70 85.17 85.97 88.944 248.8 0.06
705 ALL SCNS 5.37 5.16 4.89 4.54 83.84 85.39 86.13 89.514 249.1 0.05
706 ALL SCNS 5.37 5.24 5.09 4.89 83.82 85.71 86.78 90.700 248.9 0.04
707 ALL SCNS 5.37 5.33 5.28 5.24 84.03 890.83 92.35 97.942 249.1 0.02
708 ALL SCNS 5.37 5.34 5.29 5.23 83.33 84.78 85.57 88.415 84.0 0.02
709 ALL SCNS 5.37 5.26 5.10 4.87 83.44 84.32 84.75 87.124 84.4 0.04
710 ALL SCNS 5.37 5.19 4.93 4.53 83.28 84.04 84.41 86.493 84.2 0.05
711 ALL SCNS 5.37 5.12 4.75 4.18 83.36 84.02 84.34 86.281 84.1 0.05
712 ALL SCNS 5.36 5.02 4.58 3.85 83.84 84.35 84.61 86.485 84.1 0.06
713 ALL SCNS 5.34 4.88 4.43 3.45 83.70 84.38 84.53 86.372 84.2 0.07
714 ALL SCNS 5.33 4.97 4.56 3.82 83.93 84.52 84.69 86.796 84.2 0.09
715 ALL SCNS 5.33 5.07 4.69 4.18 83.98 84.46 84.68 86.657 83.9 0.07
716 ALL SCNS 5.33 5.14 4.85 4.47 84.04 84.42 84.77 86.869 83.4 0.07
717 ALL SCNS 5.34 5.22 5.06 4.85 84.42 84.87 85.24 87.499 84.0 0.04
718 ALL SCNS 5.35 5.32 5.28 5.22 84.71 86.11 86.84 89.394 83.8 0.03
719 ALL SCNS 5.34 5.30 5.23 5.14 85.31 84.76 85.58 87.998 -0.1 0.04
720 ALL SCNS 5.32 5.21 5.05 4.80 85.18 84.70 85.41 87.201 -0.1 0.05
721 ALL SCNS 5.30 5.13 4.87 4.48 84.99 84.66 85.28 86.947 -0.1 0.06
722 ALL SCNS 5.17 4.92 4.55 3.96 83.53 83.70 84.00 85.814 -0.1 0.06
723 ALL SCNS 5.16 4.84 4.47 3.65 83.59 83.85 84.13 85.861 -0.1 0.07
724 ALL SCNS 5.16 4.79 4.46 3.45 &3.77 84.01 84.17 86.065 -0.1 0.07
725 ALL SCNS 5.16 4.83 4.53 3.64 83.83 84.06 84.25 86.173 -0.1 0.06
726 ALL SCNS 5.16 4.93 4,58 4.00 83.96 84.26 84.38 86.203 -0.1 0.05
727 ALL SCAS 5.16 5.00 4.74 £.33 83.92 84.13 84.34 86.264 -0.1 0.04
728 ALL SCNS 5.16 5.06 4.90 4.67 83.84 84.21 84.32 86.286 -0.1 0.03
729 ALL SCNS 5.17 5.13 5.09 5.02 84.08 84.39 84.70 87.097 -0.1 0.02
730 ALL SCNS 5.17 5.17 5.18 5.21 84.54 85.63 89.34 96.594 -0.1 0.00
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RESEARCH PROGRAM:

CONFIGURATION NO. 8

FLUID: NITROGEN
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RESEARCH PROGRAM: BRUSH SEALS FOR CRYOGENIL APPLICATIONS TEST FACILITY: CCL - CELL2  BAROMETER: 97.653 kPa
CONFIGURATION NO. 8 Single Brush - position I

FLUID: NITROGEN
ROG  SCAN AVG PRESS  AVG PRESS  AYG TEMP AVG TEMP AYERAGE AVERAGE DELTA-P

STATION 1 STATION 5 STATION 1 STATION 5 SHAFT LEAKAGE STA 1-5
SPEED RATE

(#Pa) {MPa) {K) (K) {REV/S) (Kg/3) (MPd)
740 55 5.28 3.55 83.27 85.10 -0.2 0.157 1.73
740 56 5.29 3.59 83.27 85.23 -0.1 0.167 1.70
740 57 5.249 3.54 83.21 85.23 -0.1 0.169 1.75
740 58 5.28 3.45 33.30 85.18 -0.1 0.173 t.82
740 59 5.28 3.43 83.37 85.18 -0.1 0.169 1.85
740 60 5,28 3.36 83.30 85.31 -0.1 0.163 1.91
740 61 5.28 3.35 83.14 85.23 -0.1 0.166 1.52
740 62 5.28 3.36 83.34 85.40 0.1 0.164 1,82
740 63 5.28 3.39 83.17 85.40 -0.1 0.162 1.89
740 64 5.28 3.41 83.27 85.18 -0.1 0.154 1.36
740 65 5.27 3.46 83.21 85.27 -0.1 0.154 1.81
740 66 5.27 3.41 83.21 35.44 -0.1 0.163 1.86
740 67 5.27 3.37 83.37 85.27 =0.1 0.169 1.90
740 68 5.28 3.37 83.14 85.31 -0.2 0.169 1.91
740 69 5.27 3.31 83.24 85.18 -0.1 0.1€6 1.96
740 70 5.27 3.28 83.34 85.10 -0.1 0.167 1.99
740 71 5.27 3.33 83.27 85.36 -0.1 0.165 1.94
740 72 5.27 3.31 83.4¢0 85.23 -0.1 0.166 1.95
740 73 5.27 3.3 83.27 85.31 -0.1 0.164 1.93
740 74 §.27 3.31 83.01 85.31 -0.1 0.170 1.96
740 75 5.26 3.24 B3.37 85.36 -0.1 6.170 Z2.03
740 76 5.25 3.16 83.27 85.27 -0.1 0.171 2.10
740 77 5.25 3.15 83.37 £5.53 ~0.1 0.171 2.10
740 78 5.2% 314 83.44 85.44 -0.1 0.171 2.11
740 79 5.26 3.15 83.34 85.31 -0.1 0.170 2.10
740 80 5.26 3.17 83.14 85.27 =0.1 0.176 2.09
740 81 5.26 3.23 83.37 85.36 -0.1 0.171 2.01
740 82 5.27 3.29 83.47 B5.44 -0.2 0.172 1.98
740 83 5.26 3.20 B3.47 85.49 -0.2 0.167 2.06
740 84 5.2% 3.12 83.34 85.40 =0.2 0.169 2.13
740 BS 5.25 3.05 83.44 85,31 -0.1 0.177 2.19
740 86 5.24 3.00 B3.40 85.36 =0.1 0.176 2.25
740 87 5.24 2.92 23.30 85.49 -0.1 0.178 2.32
740 88 5.24 2.93 83.30 B5.49 -0.1 0.176 2.31
740 B9 5.24 2.97 33.14 85.62 -0.2 0.173 c.27
740 90 5.24 3.03 83.24 B5.36 =0.1 0.174 2.21
740 91 5.25 3.06 83.21 25.36 -0.1 0.175 2.19
740 92 5.24 2.89 83.27 85.40 -0.2 0.181 2.25
740 93 5.24 2.88 83.24 35.27 -0.1 0.180 2.36
740 94 5.23 2.83 83.34 85.40 -0.2 0.178 2.41
40 95 5.23 2.83 83.37 85.36 -0.1 0.180 2.41
740 96 5.24 2.82 83.24 85.31 -0.1 0.179 2.42
740 97 5.23 2.83 83.17 85.40 -0.1 0.17¢ 2.41
740 98 5.24 2.83 83.17 85.36 -0.1 0.179 2.40
740 99 5.23 z.85 83.17 85.40 -0.1 0.157 2.38
740 100 5.23 2.86 83.17 85.36 -1 0. 04 2.37
740 101 5.23 2.75 83.11 85.27 -0.1 0.182 2.47
740 102 5.22 2.66 83.30 85.44 -0.1 0.186 2.56
740 103 5.2¢ 2.65 83.14 85.44 -0.1 0.189 2.597
749 104 5.22 2.63 83.24 85.44 -0.2 0.1/8 2,59
740 105 5.21 2.54 83.24 85.48 -0.2 0.176 2,67
740 106 5.22 2.58 83.17 85.31 -0.1 0.192 2.63
740 107 5.22 2.63 83.14 B85.36 -0.2 0.186 2.59
740 108 5.22 2.62 83.17 85.44 -0.1 0.191 2.60
740 109 5.22 2.46 83.21 85.31 -0.2 0.197 2.75%

50



RESEARCH PROGRAM: BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELLZ  BAROMETER: 97.653 kPa
CONFIGURATION NO. 8 Single Brush - position 1
FLUID: NITROGEN

RDG SCAN AVG PRESS AVG PRESS AVG TEMP  AVG TEMP  AVERAGE AVERAGE DELTA-P

STATION 1  STATION 5 STATION 1  STATION 5  SHAFT LEAKAGE STA 1-5

SPEED RATE

(MPa) (MpPa) (K) (K) (REV/S) (kg/S) (MPd)
740 110 5.21 2.31 83.21 85.44 -0.1 0.185 2.90
740 111 5.21 2.33 83.21 85.36 -0.1 0.195 2.88
740 112 5.21 2.36 83.27 85.44 -0.2 0.190 2.85
740 113 5.20 2.31 83.21 85.44 -0.1 .188 2.90
740 114 5.21 2.37 83.08 85.44 -0.2 0.189 2.84
780 115 5.21 2.36 83.07 85.44 -0.2 0.188 2.84
740 116 5.21 2.44 83.24 85.44 -0.1 0.192 2.77
740 117 5.20 2.18 83.01 85.44 -0.1 0.196 3.02
740 118 5.19 2.07 83.17 85.53 -0.1 0.199 3.12
780 119 5.19 2.05 83.14 85.53 -0.2 0.193 3.14
740 120 5.19 2.01 83.17 85.62 -0.1 0.194 3.18
740 121 5.19 2.04 83.11 85.45 -0.1 0.195 3.15
780 122 5.19 2.03 83.17 85.44 -0.2 0.195 3.16
740 123 5.19 2.07 83.17 85.53 -0.2 0.193 3.12
740 124 5.19 2.11 83.08 85.45 -0.2 0.194 3.09
740 125 5.19 2.11 83.27 85.40 -0.1 0.200 3.08
780 126 5.19 1.95 83.14 85.36 -0.2 0.196 3.23
780 127 5.19 1.93 83.14 85.70 -0.1 0.200 3.26
780 128 5.18 1.87 83.08 85.62 -0.1 0.196 3.31
740 129 5.18 1.88 83.14 85.05 -0.2 0.202 3.30
740 130 5.18 1.83 83.08 85.53 -0.1 0.196 3.35
740 131 5.18 1.82 83.21 85.27 -0.1 0.202 3.36
740 132 5.1 1.83 83.17 85.27 -0.1 0.195 3.35
740 133 5.18 1.88 83.08 85.49 -0.1 0.199 3.30
740 13 5.18 1.81 83.21 85.45 -0.2 0.207 3.36
740 135 5.17 1.71 83.14 85.36 -0.2 0.194 3.45
740 136 5.17 1.67 83.17 85.70 -0.2 0.203 3.50
740 137 5.17 1.67 83.24 85.57 -0.2 0.200 3.50
740 138 5.17 1.65 83.27 85.57 -0.1 0.201 3.51
740 139 5.17 1.66 83.14 85.70 -0.2 0.201 3.51
740 140 5.16 1.67 83.04 85.23 -0.1 0.200 3.49
740 141 5.17 1.72 83.14 85.44 -0.1 0.200 3.45
740 142 5.17 1.77 83.21 84.84 -0.1 0.199 3.41
740 143 5.17 1.74 83.30 85.18 -0.1 0.205 3.42
740 144 5.17 1.69 83.17 85.57 -0.1 £.200 3.47
740 145 5.17 1.67 83.14 85.36 -0.2 0.203 3.50
740 146 5.17 1.64 83.24 85.23 -0.2 0.202 3.52
740 147 5.16 1.63 83.17 85.49 -0.2 0.200 3.53
740 148 5.16 1.64 83.11 85.45 -0.1 0.201 3.53
740 149 5.17 1.66 83.14 85.06 -0.1 6.200 3.50
740 150 5.16 1.70 83.27 85.19 -0.2 0.198 3.46
740 151 5.17 1.76 83.08 85.40 -0.1 0.199 3.41
740 152 5.17 1.75 83.14 85.31 -0.1 0.203 3.42
740 153 5.16 1.68 83.14 85.10 -0.1 £.200 3.48
740 154 5.16 1.67 83.04 85.36 -0.2 £.200 3.49
740 155 5.17 1.65 83.14 85.62 -0.1 0.202 3.52
740 156 5.16 1.63 83.11 85.31 -0.1 0.201 3.53
740 157 5.16 1.64 83.17 85.45 -0.1 0.200 3.53
740 158 5.16 1.64 83.11 85.31 -0.2 0.201 3.52
740 159 5.16 1.70 83.17 85.36 -0.2 0.198 3.47
740 160 5.16 1.73 83.21 85.44 -0.2 0.199 3.43
740 161 5.17 1.76 83.24 85.36 -0.2 0.202 3.41
740 162 5.16 1.71 83.24 85.49 -0.1 0.200 3.45
740 163 5.17 1.68 83.31 85.53 -0.1 0.201 3.48
740 164 5.16 1.65 83.24 84.93 -0.2 0.201 3.51



RESEARCH PROGRAM: BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELL2  BAROMETER: 97.653 kPa
CONFIGURATION NO. 8 Single Brush - position 1
FLUID: NITROGEN

RDG  SCAN AVG PRESS  AVG PRESS  AVG TEMP AVG TEMP AVERAGE AVERAGE DELTA-P

STATION 1 STATION 5  STATION 1  STATION 5  SHAFT LEAKAGE STA 1-5

SPEED RATE

(MPa) (MPa) (K) (k) (REV/S) (Kg/s) {MPd)
740 165 5.16 1.63 83.31 85.53 -0.1 0.200 3.53
740 166 5.16 1.6e3 83.17 85.49 -0.1 0.199 3.53
740 167 5.16 1.64 83.27 85.62 -0.2 0.200 3.51
740 168 5.17 1.65 83.24 85.75 -0.1 0.198 3.51
740 169 5.17 1.72 83.27 85.70 -0.1 0.198 3.44
740 170 5.16 1.76 83.34 85.62 -0.1 0.199 3.41
740 171 5.16 1.71 83.17 85.70 -0.2 0.201 3.45
740 172 5.16 1.67 83.14 85.62 -0.2 0.200 3.49
740 173 5.16 1.66 83.24 85.49 -0.1 0.200 3.50
740 174 5.16 1.63 83.21 85.53 -0.1 0.200 3.53
740 175 5.16 1.63 83.14 85.57 -0.2 0.199 3.53
740 176 5.16 1.63 83.30 85.83 -0.1 0.200 3.52
740 177 5.16 1.67 83.17 85.49 -0.1 0.198 3.49
740 178 5.16 1.71 83.21 85.79 -0.2 0.197 3.45
740 179 5.16 1.76 83.21 85.79 -0.1 0.198 3.40
740 180 5.16 1.70 83.17 85.66 -C.1 0.201 3.46
740 181 5.16 1.68 83.27 85.75 -0.1 0.199 3.48
740 182 5.16 1.64 83.24 85.96 -0.1 0.200 3.52
740 183 5.16 1.63 83.27 85.79 -0.1 0.199 3.53
740 184 5.16 1.63 83.30 85.83 -0.2 0.200 3.53
740 185 5.15 1.57 83.27 85.83 -0.1 0.201 3.58
740 186 5.15 1.58 83.27 85.62 -0.2 0.200 3.58
740 187 5.16 1.61 83.11 85.62 -0.1 0.197 3.55
740 188 5.16 1.67 83.37 85.75 -0.2 0.199 3.49
740 189 5.16 1.61 83.44 85.92 -0.1 0.202 3.54
740 190 5.15 1.52 83.34 85.88 -0.1 0.203 z.63
740 191 5.15 1.50 83.53 86.09 -0.2 0.200 3.65
740 192 5.15 1.49 83.30 85.83 -0.1 0.202 3.66
740 193 5.15 1.46 83.37 85.70 -0.1 0.200 3.69
740 194 5.14 1.46 83.47 85.88 -0.2 0.202 3.68
740 195 5.15 1.46 83.37 85.92 -0.2 0.200 3.69
740 196 5.15 1.51 83.37 85.75 -0.1 0.199 3.64
740 197 5.15 1.55 83.50 85.66 -0.2 0.200 3.59
740 198 5.15 1.54 83.44 85.92 -0.2 0.205 3.61
740 199 5.15 1.44 83.50 85.92 -0.2 0.202 3.71
740 200 5.14 1.41 83.67 86.05 -0.2 0.201 3.73
740 201 5.14 1.36 83.40 85.71 -0.2 0.203 3.78
740 202 5.14 1.34 83.40 85.83 -0.2 0.201 3.80
740 203 5.14 1.31 83.37 85.96 -0.2 0.205 3.83
740 204 5.14 1.29 83.27 85.92 -0.2 0.201 3.84
740 205 5.14 1.34 83.47 85.75 -0.1 0.202 3.79
740 206 5.14 1.34 83.50 85.92 -0.1 0.203 3.80
740 207 5.14 1.27 83.57 86.14 -0.2 0.206 3.86
740 208 5.13 1.23 83.44 85.96 -0.2 0.203 3.91
740 209 5.13 1.21 83.34 85.88 -0.2 0.206 3.92
740 210 5.13 1.17 83.57 85.96 -0.2 0.206 3.96
740 211 5.13 1.10 83.53 85.83 -0.1 0.206 4.03
740 212 5.13 1.09 83.57 86.01 -0.2 0.205 4.04
740 213 5.13 1.08 83.63 86.09 -0.1 0.206 4.05
740 214 5.13 1.10 83.50 85.97 -0.2 0.202 4.03
740 215 5.13 1.15 83.37 86.05 -0.1 .205 3.98
740 216 5.13 1.11 83.44 85.96 -0.2 0.206 4,02
740 217 5.12 1.04 33.47 85.96 ~0.2 0.205 4,08
740 218 5.12 1.04 83.50 86.09 ~0.1 t.206 4.09
140 219 5.12 0.96 83.40 85.83 ~0.2 0.206 4.16
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RESEARCH PROGRAM: BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELLZ  BAROMETER: 97.653 kPa
CONFIGURATION NO. 8 Single Brush - position 1
FLUID: NITROGEN

RDG  SCAN AVG PRESS  AVG PRESS  AVG TEMP AVG TEMP AVERAGE AVERAGE DELTA-P

STATION 1  STATION 5 STATION 1  STATION 5  SHAFT LEAKAGE STA 1-5

SPEED RATE

(MPa) (Mpa) (k) {x) (REV/S) (kg/S) (MPd)
740 220 5.12 0.95 83.53 86.31 -0.1 0.206 4.17
740 221 5.12 0.96 83.44 86.01 -0.2 0.206 4.16
740 222 5.12 0.96 83.60 86.05 -0.2 0.206 4.16
740 223 5.12 0.99 83.47 86.01 -0.2 0.203 4.13
740 224 5.12 1.04 83.57 85.83 -0.2 0.206 4.08
740 225 5.12 1.04 83.57 86.01 -0.1 0.206 4.08
740 226 5.12 0.99 83.40 85.84 -0.2 0.206 4.13
740 227 5.12 0.97 83.57 86.08 -0.1 0.206 4.15
740 228 5.12 0.95 83.40 85.83 -0.1 0.206 4.17
740 229 5.11 0.87 83.44 86.01 -0.1 0.206 4,25
740 230 5.11 0.82 83.50 86.09 -0.1 0.206 4.29
740 231 5.11 0.83 83.53 85.88 -0.1 0.206 4.29
740 232 5.11 0.86 83.50 85.62 -0.1 0.205 4.25
740 233 5.12 0.87 83.37 85.06 -0.1 0.206 4.25
740 234 5.11 0.81 83.53 85.84 -0.1 0.206 4.30
740 235 5.11 0.78 83.50 85.79 -0.1 0.206 4.32
740 236 5.11 0.74 83.47 85.75 -0.2 0.206 4.37
740 237 5.11 0.69 83.47 85.92 -0.1 0.206 4.41
740 238 5.10 0.68 £3.44 85.75 -0.1 0.206 4.42
740 239 5.11 0.68 83.44 85.66 -0.1 0.206 4.43
740 240 5.10 0.68 83.44 85.79 -0.1 0.206 4.43
740 241 5.10 0.70 83.40 85.97 -0.1 0.206 4.4]1
740 242 5.10 0.73 83.44 85.79 -0.2 0.206 4.38
740 243 5.10 0.70 83.44 85.71 -0.1 0.206 4.41
740 244 5.10 0.65 83.30 85.66 -0.1 0.206 4.45
740 245 5.10 0.61 83.34 86.01 -0.2 0.206 4.50
740 246 5.10 0.59 83.50 85.79 -0.2 0.206 4.52
740 247 5.10 0.58 83.44 85.79 -0.1 0.206 4.52
740 248 5.10 0.57 83.50 85.79 -0.2 0.206 4.53
740 249 5.10 0.58 83.50 85.71 -0.2 0.206 4.52
740 250 5.10 6.57 83.37 85.79 -0.1 0.206 4.53
740 251 5.10 0.57 83.50 85.70 -0.2 0.206 4.53
740 252 5.10 0.55 83.34 85.384 -0.2 0.206 4.54
740 253 5.10 0.51 83.37 85.75 -0.2 0.206 4.58
740 254 5.09 0.49 83.50 85.79 -0.2 0.206 4.60
740 255 5.09 0.48 83.44 85.66 -0.2 0.206 4.61
740 256 5.09 0.48 83.44 85.88 -0.2 0.206 4.62
740 257 5.10 0.48 83.34 85.79 -0.2 0.206 4.62
740 258 5.09 0.48 83.30 85.79 -0.1 0.206 4.61
740 259 5.09 0.48 83.24 85.49 -0.1 4.61
740 260 5.09 0.48 83.47 85.79 -0.1 4.62
740 261 5.09 0.48 83.37 85.88 -0.2 4.62
740 262 5.09 0.48 83.24 85.62 -0.1 4.62
740 263 5.10 0.48 83.37 85.79 -0.2 4.62
740 264 5.09 0.48 83.57 85.84 -0.1 4.61
740 265 5.09 0.48 83.47 85.88 -0.2 4.61
740 266 5.09 0.48 83.24 85.84 -0.1 4.61
740 267 5.10 0.48 83.30 85.88 -0.2 4.62
740 268 5.09 0.47 83.21 85.71 -0.1 4.62
740 269 5.0% 0.48 83.37 £5.62 -0.2 4.61
740 270 5.09 0.47 83.40 85.62 -0.2 4.6l
740 271 5.09 0.48 83.40 B5.79 -0.2 4.62
740 272 5.09 0.43 83.44 £5.92 -0.2 4.62
740 273 5.09 0.47 83.44 85.75 0.1 4.62
740 274 5.09 0.47 83.37 85.84 0.2 4.62



RESEARCH PROGRAM: BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELL2  BAROMETER: 97.653 kPa
CONFIGURATION NO. 8 Single Brush - position 1
FLUID: NITROGEN

RDG SCAN AVG PRESS  AVG PRESS  AVG TEMP AVG TEMP AVERAGE AVERAGE DELTA-P

STATION 1  STATION 5  STATION 1  STATION 5  SHAFT LEAKAGE STA 1-5

SPEED RATE

(MPa) (MPa) (x) {K) (REV/S) (Kg/$) (MPd)
740 275 5.09 0.48 83.30 85.70 -0.1 4.61
780 276 5.09 0.48 83.27 85.83 -0.2 4.62
740 277 5.09 0.48 83.34 85.83 -0.2 4,62
740 278 5.09 0.47 83.21 85.88 -0.2 4.62
740 279 5.09 0.48 83.37 85.88 -0.2 4.61
740 280 5.08 0.47 83.34 85.71 -0.1 4.62
740 281 5.09 0.47 83.24 86.14 -0.1 4.61
740 282 5.09 0.48 83.60 85.71 -0.2 0.206 4,61
740 283 5.09 0.47 83.30 85.83 -0.2 0.206 4.62
740 284 5.09 0.47 83.44 86.05 -0.2 0.206 4.61
740 285 5.09 0.48 83.50 85.96 -0.2 0.206 4.61
740 286 3.09 0.47 83.50 85.84 -0.1 0.206 4.61
740 287 5.09 0.53 83.47 85.79 -0.2 0.193 4.56
740 288 5.10 0.77 83.47 85.75 -0.1 0.204 4.33
740 289 5.10 0.84 83.34 85.71 -0.1 0.201 4.26
740 290 5.11 1.09 83.44 86.09 -0.2 0.201 4.02
740 291 5.12 1.28 83.34 85.96 -0.2 0.186 3.84
740 292 5.13 1.59 83.40 85.88 -0.2 0.194 3.54
740 293 5.14 1.73 83.44 85.70 -0.2 0.193 3.41
740 294 5.15 2.01 83.53 85.79 -0.1 0.193 3.13
740 295 5.16 2.27 83.57 85.70 -0.1 0.178 2.89
740 296 5.16 2.28 83.50 85.88 -0.2 0.183 2.87
740 297 5.17 2.44 83.57 85.73 -0.2 0.177 2.73
740 298 5.17 2.52 83.53 85.83 -0.1 0.179 2.65
740 299 5.17 2.65 83.53 85.83 -0.2 0.173 2.53
740 300 5.18 2.65 83.40 85.70 -0.2 0.175 2.53
740 301 5.18 2.71 83.70 85.79 -0.1 0.171 2.47
740 302 5.19 2.91 83.63 85.88 -0.1 0.146 2.28
740 303 5.20 3.10 83.47 85.79 -0.1 0.161 2.10
740 304 5.20 3.08 83.57 85.70 -0.2 0.161 2.11
740 305 5.20 3.1 83.67 85.62 -0.1 0.160 2.03
740 306 5.20 3.15 83.60 85.53 -0.1 0.161 2.05
740 307 3.19 3.23 83.90 85.83 -0.2 0.149 1.97
740 308 5.20 3.27 83.83 85.83 -C.1 0.158 1.93
740 309 5.21 3.41 83.76 85.75 -0.1 0.144 1.80
740 310 5.22 3.51 83.80 85.66 -0.2 0.147 1.71
740 311 5.23 3.83 83.83 85.62 -0.1 0.138 1.40
740 312 5.24 4.03 83.80 85.53 -0.2 0.124 1.21
740 313 5.25 4.19 83.76 85.79 -0.2 0.099 1.06
740 314 5.25 4.20 83.83 85.75 -0.1 0.119 1.06
740 315 5.26 4.40 83.99 85.66 -0.2 0.106 0.86
740 316 5.27 4.52 83.83 85.70 -0.2 0.096 0.74
740 317 5.27 4.56 83.96 85.57 -0.1 0.097 0.71
740 318 5.29 4.70 83.96 85.57 -0.1 0.087 0.58
740 319 5.29 4.70 83.96 85.36 -0.2 0.087 0.59
740 320 5.33 5.13 83.83 86.10 -0.2 0.055 0.21
740 321 5.33 5.14 84.12 85.71 -0.2 0.043 0.19
740 322 5.34 5.20 84.16 85.79 -0.1 0.031 0.14
740 323 5.34 5.23 84.25 5.7 -0.1 0.020 0.11
740 324 5.35 5.27 84.22 86.09 -0.1 0.015 0.09
740 325 5.35 5.28 24.48 86.10 -0.2 0.014 0.08
740 326 5.36 £.29 84.45 86.05 =0.2 0.014 0.07
740 327 5.35 5.28 84.32 86,36 -0.2 0.013 0.07
740 328 5.36 5.29 84,55 86.22 -0.2 0.013 0.07
740 329 5.36 5.30 84.45 86.14 -0.2 0.012 0.06
740 330 5.36 5.30 84.55 86.53 -0.2 0.012 0.06
740 331 5.36 5.30 84.71 86.44 -0.1 0.012 0.06
740 332 5.36 5.31 84.64 86.53 -0.1 0.011 0.05
740 333 5.36 5.31 84.55 86.49 -0.2 0.011 0.05



RESEARCH PROGRAH: BRUSH SEALS FOR CRYDGEMIC APFLICATIONS TEST FACILITY: CCL - CELL2  BAROMETER: 98.363 kPa
CONFIGURATION NO. 9 Single brush in position 1 with stubby rotor

FLUIB: HYDROGEN
RGG AVG SCANS AVG PRESS AVG PRESS AVG PRESS AVG TEMP  AVG TEMP  AVG TEMP  AVERAGE  VENTURI 2 DELTA-P BELTA-P

STATION L STATION 2 STATION 5 STATION 1| STATION 2 STATION & SESEED LE:#E‘GE STA 1-5  STA 1-7

(MPa) (MPa) (MPa} (X) (K) (%) (REV/S) {(Kg/S) (MPd) {MPd)
805 ALL SCNS 3.04 2.50 2.51 26.97 29.67 31.91 1094.9 0.059 0.53 0.54
806 ALL SCNS 2.98 2.28 2.29 26.65 20.17 331.49 1092.1 0.068 0.69 0.70
807 ALL SCNS 2.92 z2.07 2.08 26.51 29.02 31.28 1094,2 0.074 (.84 0.86
808 ALL SCNS 2.85 1.76 1.78 26.30 28.64 30.96 1004.4 0.077 1.07 1.08
809 ALL SCKS 2.81 1.60 1.51 26.26 28.64 30.89 1097.6 0.000 1.19 1.21
810 ALL SCNS 2.82 1.7% 1.76 26.34 28.68 30.84 1098.1 0.000 1.06 1.08
811 ALL SCNS 2.84 1.97 1.98 26.49 28.81 31.06 1087.8 0.000 0.86 (.87
812 ALL SCNS 2.88 2.20 2.20 26.83 29,19 31.45 1093.9 0.000 0.68 0.68
813 ALL SCNS 2.93 2.39 2.40 27.23 29.70 31.80 1091.2 0.065 0.53 0.53
814 ALL SCNS 3.06 2.89 2.89 28.07 31.42 33.25 1092.8 0.039 0.17 0.17
815 ALL SCNS 3.14 3.08 3.07 28.61 28.64 30.70 -0.2 0.026 (.06 0.06
816 ALL SCNS 3.08 2.91 2.91 28.45 25.59 30.65 -0.2 0.043 0.18 0.18
817 ALL SCNS 2.94 2.40 2.41 28.82 29.00 31.10 -0.2 0.000 0.54 0.54
B18 ALL SCHS 2.86 2.02 2.02 30.43 30,71 32.50 -0.2 0.078 0.84 0.84
819 ALL SCNS 2.89 1.94 1.94 35.23 34,49 35.86 -0.2 0.060 0.95 0.95
820 ALL SCHS 2.96 2.07 2.07 53.53 50.32 51.66 -0.2 0.000 0.89 0.89
821 ALL SCNS 2.95 2.28 2.29 62.34 $0.13 h1.96 -0.2 0.031 0.66 0.66
822 ALL SCNS 2.95 2.45 2.45 69.10 67.38 69.32 -0.2 0.026 0.50 0.51
823 ALL SCNS 3.02 2.81 2.81 74.31 73.21 74.81 -0.2 0.018 0.21 0.21
824 ALL SCNS 3.07 2.98 2.98 78.08 76.93 78.33 -0.2 0.012 0.09 0.08
825 ALL SCNS 3.18 2.18 3.18 82.27 32.12 81.95 -0.2 0.000 0.00 0.00
826 ALL SCNS 3.55 3.39 3.39 28.63 31.14 32.75 923.7 0.033 0.16 0.16
827 ALL SCWS 3.43 2.91 2.92 27.87 29.87 31.36 924.2 0.055 0.51 0.52
828 ALL SCNS 3.33 2.45 2.47 27.52 29.43 30.49 925.3 0.070 0.87 0.88
829 ALL SCWS 3.28 2.24 2.25 27.49 29.29 30.29 924.0 0.079 1.03 1.05
830 ALL SCNS 3.23 1.99 2.01 27.43 29.19 30.29 921.7 0.085 1.22 1.24
831 ALL SCNS 3.26 2.20 2.22 27.28 29.18 30,34 927.6 0.079 1.04 1.05
832 ALL SCNS 3.29 2.42 2.43 27.51 29.45 30.57 919.8 0.073 0.86 D.88
833 ALL SCNS 3.37 2.85 2.86 28.02 29.99 31.14 920.5 0.059 0.52 0.53
834 ALL S5CNS 3.50 3.33 3.33 28.61 j1.21 32.44 923.6 0.035 0.17 0.17
835 ALL SCNS 3.54 3.3 3.43 29.09 31.99 33.0 923,2 0.029 0.11 0.11
836 ALL SCNS 3.66 3.65 3.65 30.19 31.69 33.87 -0.2 0.000 0.01 0.01
837 ALL SCNS 3.64 3.54 3.54 29.93 29.81 31.32 -0.2 0.025 0.10 0.10
838 ALL SCNS 3.64 3.45 3.45 30.02 29.90 31.35 -0.2 0.034 0.19 0.19
839 ALL SCNS 3.56 3.08 3.08 29.38 29.43 30.80 -0.2 0.051 .48 0.43
840 ALL SCNS 3.49 2.64 2.64 29.06 29,22 30.63 -0.2 0.066 0.84 0.85%
841 ALL SCNS 3.44 2.39 2.40 28.97 29.19 30.49 -0.2 0.072 1.04 1.05
842 ALL SCNS 3.41 2.19 2.19 28.85 29,16 30.51 -0.2 0.076 1.21 1.22
843 ALL SCNS 3,42 2.38 2.3% 29.22 29.45 30.76 0.2 0.071 1.04 1.04
844 ALL SCNS 3,45 2.58 2.59 29.70 29.91 31.18 -0.2 0.064 .86 0.87
845 ALL SCNS 3.52 2.99 2.99 31.08 31,12 32.34 -0.2 0.051 0.53 0.53
846 ALL SCNS 3.62 3.44 3.44 33.43 33.36 34,54 -0.2 0.029 0.18 0.18
847 ALL SCNS 3.67 3.54 3.54 37.17 36.99 38.20 -0.2 0.025 0.14 0.14
848 ALL SCNS 3.74 3,64 3,65 44,09 43.85 45.00 0.2 0.016 0.09 0.09
849 ALL SCNS 3.80 3.79 3.80 49.84 53.04 55.38 -0.2 0.000 ¢.00 0.01
850 ALL SCNS 4.06 3.86 3.86 28.46 30.73 32.31 756.0 0.029 0.20 0.20
851 ALL SCNS 3.91 3.38 3.28 27.79 29.48 31.28 756.6 0.047 0.53 0.53
852 ALL SCNS 3.84 3,33 3.34 27.62 29.36 30.88 755.3 0.047 0.50 6.51
853 ALL SENS 3.60 2.69 2.71 26.99 28.58 30.17 754.9 0.067 ¢.8¢ 0.90
854 ALL SCNS 3.45 2.41 2.43 26.89 28.48 30.06 753.3 0.072 1.02 1.04
855 ALL SCNS 3.22 2.04 2.06 26.71 28.44 30.09 756.2 0.078 1.17 1.18
856 ALL SCNS 3.08 2.03 2.04 26.84 28.28 29.94 754.6 0.074 1.04 1.06
857 ALL SCNS 3.04 2.17 2.18 26.90 28.40 30.26 755.4 0.069 0.86 0.87
858 ALL SCNS 3.02 2.49 2.49 27.10 28.72 30.51 756.5 0.055 0.52 0.53
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RESEARCH PROGRAM: BRUSH SEALS FOR CRYOGEWIC APPLICATIONS TEST FACILITY: CCL - CELLZ  BAROMETER: 98.363 kPa
CONFIGURATION NO. 9O Single brush in position 1 with stubby rotor

FLUID: HYOROGEN
RDG AVG SCANS AVG PRESS AVG PRESS AVG PRESS AVG TEMP  AVG TEMP  AVG TEMP  AVERAGE  VENTURI 2 GELTA-P DELTA-P

STATION 1 STATION 2 STATION 5 STATION 1 STATION 2 STATIOM 5 sggg{rn ngmez STA 1-5 STA 1-2
TE

(MPa) {MPa) (MPa) (K} (K) (K} {REV/S) {Kg/S) (Mpd) (MPd)
350 ALL SCHS 3.04 2.84 2.84 27.69 29.63 31.53 754.9 0.035 0.20 0.20
860 ALL SCHS 3.11 2.93 2.94 27.71 29.10 30.85 589,1 0.034 0.17 0.18
861 ALL SCHS 3.05 2.54 2.54 27.24 28.44 36.09 £88.4 0.054 0.51 0.51
862 ALL SCNS 2.98 2.10 2.11 26.93 28.11 20.82 587.9 0.069 0.87 0.88
363 ALL 5SCNS 2.98 1.94 1.96 26.84 28.03 20.72 £83.5 0.073 1.02 1.04
864 ALL SCNS 2.96 1.77 1.78 26.85 28.04 20.83 586.0 0.078 1.18 1.20
855 ALL SCNS 3.01 1.97 1.98 27.22 ?8.16 29.90 589.6 0.073 1.04 1.05
866 ALL SCNS 3.05 2.1¢ 2.20 27.36 28.31 30.03 588.9 0.067 0.85 0.86
867 ALL SCNS 3.12 2.62 2.63 28.19 29.19 30.74 588.9 0.052 0.50 0.50
868 ALL SCNS 3.22 3.03 3.03 29.83 30,88 32.53 585.5 0.033 0.19 0.19
860 ALL SCHS 3.28 3.18 3.18 32.14 33.20 34.71 589.5 0.022 0.10 0.10
870 ALL SCHS 3.43 3.22 3.22 27.73 29.0% 33.12 418.0 0.038 0.20 0.21
871 ALL SCNS 3.25 2.68 2.69 27.03 28.32 33.12 418.0 0.058 0.56 0.56
872 ALL SCNS 2.85 1.91 1.93 26.30 27.28 32.13 417.9 0.114 0.92 0.94
873 ALL SCNS 2.81 1.73 1.74 26.20 27.48 32.21 417.6 0.118 1.07 1.08
874 ALL SCNS 2.78 1.57 1.59 26.15 27.24 32.14 418.1 0.119 1.19 1.21
875 ALL SCNS 2.83 1.79 1.81 26.18 27.40 31.94 418.0 0.116 1.03 1.04
876 ALL SCNS 2.92 2.05 2.06 26.23 27.40 31.40 418.5 0.110 0.86 0.57
877 ALL SCMS 3.22 2.69 z2.70 26.61 27.62 32.00 418.1 0.090 0.52 0.53
878 ALL SCHS 3.42 3.25 3.25 27.10 28.00 32.44 417.9 0.054 0.18 0.18
879 ALL SCHS 3.49 3.38 3.38 27.39 28.54 32.30 418.6 0.043 0.11 0.11
830 ALL SCHS 3.50 3.40 3.40 27.75 28.40 32.53 253.2 0.041 0.10 0.10
831 ALL SCANS 3.43 3.25 3.26 £7.55 28.33 30.55 254.4 0.055 0.18 0.18
882 ALL SCHS 3.22 2.66 2.67 27.06 27.79 32.11 252.5 0.087 0.55 0.56
883 ALL SCNS 3.10 2.19 2.20 26.87 27.79 31.36 252.9 0.101 0.89 0.90
884 ALL SCHS 3.03 1.97 1.99 26.89 27.88 31.69 252.8 0.106 1.05 1.06
885 ALL SCNS 3.03 1.77 1.78 27.06 27.96 31.86 253.0 0.112 1.25 1.27
836 ALL SCNS 3.12 2.08 2.09 27.50 28.40 32.40 252.8 0.102 1.03 1.04
887 ALL SCNS 3.17 2.30 2.30 28.65 29.41 33.01 252.4 0.094 0.86 0.87
838 ALL SCNS 3.28 2.75 2.76 30.68 31.30 35.35 252.9 0.075 0.53 0.53
839 ALL SCMS 3.49 3.34 3.34 35.84 36.33 40.07 253.4 0.044 0.15 0.15
890 ALL SCNS 3.46 3.35 3.35 29,18 29.05 33.29 -D.2 0.015 0,11 0.1}
891 ALL SCHS 3.51 3.35 3.35 28.84 28.78 32.30 -0.2 0.020 0.16 .16
892 ALL SCNS 3.41 2.87 2.87 28.11 27.99 32.29 0.2 0.033 0.54 0.54
893 ALL SCNS 3.30 2.42 2.42 27.38 27.62 31.70 -0.2 0.040 0.88 0.89
894 ALL SCNS 3.26 2.22 2.23 27.33 27.65 31.72 0.2 0.041 1.03 1.04
895 ALL SCHS 3.22 1.99 1.99 27.15 27.63 31.37 -0.2 0.041 1.23 F.23
896 ALL SCNS 3.25 2.19 2.19 Z7.09 27.52 31.14 0.2 0.043 1.06 1.06
897 ALL SCNS 3.29 2.40 2.41 27.22 27.46 31.65 -0.2 0.043 0.88 0.88
898 ALL SCNS 3.37 2.87 2.87 27.62 27.56 31.34 -0.2 0.040 0.50 .50
899 ALL SCHS 3.48 3.31 3.31 28.20 27.96 32.44 -0.2 0.025 0.17 0.17
900 ALL SCHS 3.53 3.44 3.44 28.62 28.21 33.08 -p.2 0.018 0.09 0.00
901 ALL SCHS 3.63 3.62 3.62 30.39 39,97 47.13 -0.2 0.000 0.01 0.00
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RESEARCH PROGRAM:

CONFIGURATION NO. 2

FLUID;: NITROGEN

RDG AVG SCANS AVG PRESS

125 ALL SCNS
126 ALL SCNS
127 ALL SCNS
128 ALL SCNS
129 ALL SCNS
130 ALL SCNS
131 ALL SCNS
132 ALL SCNS
133 ALL SCNS
134 ALL SCNS
135 ALL SCNS
136 ALL SCNS
137 ALL SCHS
138 ALL SCNS
139 ALL SCNS
140 ALL SCNS
141 ALL SCNS
142 ALL SCNS
143 ALL SCWS
144 ALL SCNS
145 ALL SCNS
146 ALL SCNS
147 ALL SCNS
148 ALL SCNS
149 ALL SCNS
150 ALL SCNS
151 ALL SCNS
152 ALL SCNS
153 ALL SCNS
154 ALL SCHS
155 ALL SCHS
156 ALL SCHS
157 ALL SENS
158 ALL SCNS
159 ALL SENS
160 ALL SCNS
161 ALL SCNS
162 ALL SCNS
163 ALL SCNS
164 ALL SCNS
165 ALL SCNS
166 ALL SCWS
167 ALL SCKS
168 ALL SCNS
169 ALL SCNS
170 ALL SCNS
171 ALL SCNS
172 ALL SCHS
173 ALL SENS
174 ALL SCNS
175 ALL SCNS
176 ALL SCNS
177 ALL SCNS
178 ALL SCNS

STATION 1
(PSIA)

786.90
778.56

Single brush in position 1

AVG PRESS
STATION 5

(PSIA)

Appendix D

Data Tables—English Units

AVG TEMP
STATION 1

(R)

151.58
131.68
151.01
151.21
151.02
150.78
151.16
152.04
152.37
153.53
157.53
159.36
161.55
164.03
167.32
170.70

AVG TEMP
STATION 5

(R)

AVERAGE
SHAFT
SPEED
(Rew)
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BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELL2

AVERAGE
LEAKAGE
RATE

{LBM/S)

0.000
0.158
0.242
0.297
0.357
0.398
0.434
0.458
0.426
0.387
0.343
0.293
0.232
0.146

0.000
0.022
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BAROMETER: 14.337 PSIA

DELTA-F
STA 1-5

(PSID)

4.20
23.41

120.48

124.44
25.31

119.60
145.99
170.82
148.94
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RESEARCH PROGRAM:

CONFIGURATION NO. 2

FLUID: NITROGEN
RDG AVG SCANS AVG PRESS
STATION 1

179 ALL SCNS

180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196

ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL

SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SENS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS

(PSIA)

761.07
764.05
769.07
797.75
799.11
799.15
798.99
798.66
796.41
794.27
792.72
794.65
797.43
800.32
803.28
806.82
811.61
799.63
799.06
799.89
800.16
801.00
800.74
796.22
793.01
789.67
790.43
791.65
796.93
804.55
803.26
796.38
790.99
787.49
785.34
786.70
788.82
793.75
801.77
810.49
809.49
796.61
787.22
781.00
775.13
773.71
772.48
773.48
177.69
770.65
763.97
758.87
757.57
756.40
757.68
758.86
761.73
766.26
772.69

Single brush in position 1

AVG PRESS
STATION 5

(PSIA)

637.57
689.60
743.70
774.15
748.98
749.00
724.88
699.95
672.71
643.15
619.88
645.80
674.78
700.82
728.44
758.28
785.98
775.24
724.04
726.02
775.76
775.04
725.37
672.37
644.56
611.83
638.51
664.75
725.53
781.51
777.81
723.00
668.96
638.04
615.88
634.67
666.00
717.01
776.84
810.95
787.54
722.01
664.36
631.97
602.30
624.35
649.23
698.81
752.46
746.19
689,49
634.22
608.20
582.91
607.23
635.62
689.07
742.81
772.97

AVG TEMP
STATION 1

(R)

174.71
178.86
184.04
147.74
148.32
148.11
148.29
149.00
149.55
149.22
149.05
148.98
149.31
150.02
150.02
150.05
149.92
147.93
148.03
149.16
148.90
152.57
152.01
151.50

AVG TEMP
STATION 5

(R)

180.70
184.56
189.79
158.74
158.51
158.54

AVERAGE
SHAFT
SPEED
(RPM)
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BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELL2

AVERAGE
LEAKAGE
RATE

(LBM/S)

BAROMETER: 14.337 PSIA

DELTA-P
STA 1-5

(PSID)

123.50
74.46
25.37
23.60
50.13
50.15
74.11
98.70

123.70

151.11

172.84

148.84

122.65
99.50
74.84
48.53
25.62
24.38
75.03
73.87
24.40
25.97
75.37

123.86



RESEARCH PROGRAM:

CONFIGURATION NO. 3

FLUID: NITROGEM
RDG AVG SCANS AVG PRESS AVG PRESS AVG PRESS
STATION 3 STATION 4

238 ALL
239 ALL
240 ALL
241 ALL
242 ALL
243 ALL
244 ALL
245 ALL
246 ALL
247 ALL
248 ALL
240 ALL
250 ALL
251 ALL
252 ALL
253 ALL
254 ALL
255 ALL
256 ALL
257 ALL
258 ALL
259 ALL
260 ALL
261 ALL
262 ALL
263 ALL
264 ALL
265 ALL
266 ALL
267 ALL
268 ALL
269 ALL
270 ALL
271 ALL
272 ALL
273 ALL
274 ALL
275 ALL
276 ALL
277 ALL
278 AL
279 ALL
280 ALL
281 ALL
282 ALL
283 ALL
284 ALL
285 ALL
287 ALL
288 ALL
289 ALL
290 ALL
291 ALL
292 ALL

SCHS
SCNS
SCHS
SENS
SCNS
SCNS
SCNS
SCRS
SCHS
SCNS
SCNS
SCNS

SCNS
SCONS
SCNS
SCNS

STATION 1
{PS1A)

778.88
178.98
778,61
778.40
778.42
778.24
778.22
779.54

(PSIA)

777.75
768.74
757.40
747.65
738.50
729.06
720.43
713.79

2 Brushes far apart at

{PSIA}

778.80
769.79
758.37

BRUSH SEALS FOR CRYOGEX[C APPLICATIONS TEST FACILITY: CCL - CELLZ  BAROMETER: 14.072 PSIA

stations 2 & 5

AVG PRESS AVG TEMP  AVG TEMP  AVG TEMP  AVG TEMP  AVERAGE

STATION 5 STATION 1 STAYION 3 STATION 4 STATION 5 SHAFT
PEED

(PSIA) (R) (R) (R) (R) (RPH)

775.11 149,50 153,64 151.79 161.667
755.49 149,64 151.36 150,40 156.999
729.85 149,38 150.78 149, 82 155.524
705.56 149,30 150.66 149,87 155,549
631.28 149,57 150.63 150.04 155.518
655.07 149.30 150.45 149.89 155,395
629.97 148.49 150.52 150.01 155.725
605.20 149.29 150.36 149,85 155.653
580.17 148.72 149,91 149.48 155.646
555.28 148,94 150.01 149.62 155,785
529.66 149.20 150.24 149,85 156.199
557.67 148.92 150. 1% 149.63 155.636
581.79 149,15 150.22 149.68 155.676
608.44 148.94 150.01 149.48 155.381
630.57 149.04 150.03 149.56 155.614
657.45 149.13 150.20 149,67 155.799

[}
.
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681.60 148.97 149.98 149.57 155.535 -
708.11 149,06 150.15 149.61 155.723 -
731.66 148,98 150,15 149.39 155.724 -
756.81 149.03 150.39 149.75 156.338 -
777.26 148.93 152.18 150.70 162.293 -

780.38 149.16 169,18 175.82 180.379 -
757.84 149,16 158.45 158.17 168.995 510
704,89 149.12 151.97 151.75 158.778 51
654,57 149,08 150.69 150.49 156.379 5085.3
606.02 149.24 150,48 150.20 155.810 5065.9
557.08 148.15 150,36 150.06 155.437 5057.8
532.18 149.43 150,62 150,30 155.477 5034.1
503.93 149.77 150.98 150.56 155.867 5008.4
433.78 149.87 150.96 150.82 155,726 4879.1
553.48 150.06 151.19 150.84 155.811 5006.4
605.61 150.03 150.95 150.71 155.581 4981.6
636.75 150.33 151.43 151.08 156,110 5045.6
707.43 150.16 151.33 151.06 156.477 5043.8
757.60 150.27 153.68 153.49 160.630 5055.0
780.97 151.56 190.90 191.22 183.279 5039.4
735.27 150.47 152.85 151.79 160,514 -6.3

704.72 150.26 151.63 150.94 157,130 -6.3
654.72 150.59 151.66 151.31 156.477 -6.3
605.41 150,62 151.71 151.39 156.383 -6.3
535.74 150.75 151.80 151.51 £56.283 -6.3
502.50 150.99 151.90 151.73 156.695 ~6.3
556.45 151.21 152.05 151.80 156.812 -6.9
607.93 151.45 152.22 152.22 156.5888 -7.2
656.18 152.69 153.57 153.33 158.003 -7.5
709.69 154.29 155.24 154.39 159.591 -7.8
756.51 157.74 158.87 158.30 163.586 -7.8
780.45 160,70 169.43 172.61 179.177 7.8

786.84 150.98 168.54 168.36 187.311 15231.9
740.00 150.98 157.36 157.18 169.639 14852.5
687.37 150.53 154.31 154.10 163.512 14809.4
637.24 150.72 153.91 153.77 161.595 15052.8
585.81 150.63 153.20 153.27 159.975 14987.2
533.41 150.75 153.32 153.04 159.620 14885.9

AVERAGE
LEAKAGE
RATE

(L.BM/S)
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RESEARCH PROGRAM: BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELLZ  BAROMETER: 14.072 PSIA
CONFIGURATION NO. 3 2 Brushes far apart at stations 2 & 5

FLUID: NITROGEM
RDG AVG SCANS AYG PRESS AVG PRESS AVG PRESS AVG PRESS AVG TEMP  AVG TEMP  AVG TEMP  AVG TEMP  AVERAGE AVERAGE

STATION 1 STATION 3 STATION 4 STATION 5 STATION 1 STATION 3 STATION 4 STATION 5 égég lﬁE‘#EAGE

(PSIA) (PSIA) {PSIA) {PSIA) (R) (R) (R) (R} (RPH) {LBM/5}
293 ALL SCH3 810,53 587.82 150. 66 153.09 152.96 159.511 14940.9 0.19
204 AtL SCNS  310.60 636.78 150.58 152.98 152.86 159.869 14902.2 0.17
295 ALL SCNS  810.51 684,92 150.43 153,12 153.00 160.263 14900.6 0.14
296 ALL SCNS  810.49 736.60 150.52 153.93 153.87 162,880 14912.5 0.10
297 ALL SCNS  811.19 788.26 151.00 162.27 162.17 175.274 14692.5 0.05
298 ALL SCNS  811.26 812.15 152,66 211.42 211.97 210.284 14992.5 0.03
299 ALL SCNS  809.97 800.56 800.29 785.92 149,52 i51.38 150.75 159.836 -§.1 0.05
300 ALL SCNS 810,03 780.47 780.15 735.79 149.39 150,51 150.20 157.208 -6.6 0.03
301 ALL SCNS  809.75 765.52 765.17 684.35 150.49 151.01 150.99 156,922 -6.3 0.11
302 ALL SCNS  809.88 754,74 753.89 633.85 151.97 151,15 151.17 156.773 -6.3 0.13
303 ALL SCNS  807.23 738,98 738.44 586.16 156.59 150.36 150.84 156.136 -6.3 0.15
304 ALL SCNS  804.00 720.05 719.62 519.40 150.17 150.61 150.27 155.5€3 -6.3 0.18
305 ALL SCNS  a04.z2 725,18 724,96 533.86 150.05 150.48 150.19 155,088 -7.8 0.17
306 ALL SCHNS  805.31 740.78 740.29 585.96 156.52 150.82 150.67 155.331 -9.1 C.15
307 ALL SCNS  806.47 754.71 754.35 633.32 150.57 150.92 150.67 155,224 -9.4 0.13
308 ALL SCMS  807.63 767.84 767.41 683.15 150.64 150.94 150.92 155,113 -10.6 0.11
308 ALL SCNS  812.30 785.1 784.79 738.75 150.79 151.25 150.86 155.745 -11.6 0.08
310 ALL SCHS  g22.54 812.68 812.38 798.96 151.50 152,60 151.84 157.748 -12.2 0.05
311 ALL SCNS 810,16 810.44 810.09 808.47 150.01 156.35 155.74 171.512 -12.2 0.03
312 ALL 3(NS  813.89 789.84 155,57 186.12 185.85 215,997 25079.1 0.05
313 ALL 3CNS  gi2.71 741.06 155.12 176.80 170.54 193.788 24801.3 0.08
314 ALL S(NS  8l2.34 686.57 154.47 165.82 165.56 183.849 24804.1 0.11
315 ALL SCHS  812.21 641,67 154.67 164.40 164.49 180,252 24940.9 0.12
316 ALL 5CNS  809.55 £38.64 154.46 163.20 163.28 177.470 25062.5 0.15
317 ALL SCNS  806.96 559.86 154.66 162.22 162.26 174.651 24923.4 0.17
318 ALL SCNS  807.11 585.28 155.29 163.07 163.14 175.793 24946.3 0.1
319 ALL SCNS  808.13 636,11 155.37 163.99 163.96 177.840 24988.1 0.14
320 ALL SCNS 309,28 685.60 155.59 165.17 165.17 180.391 24999.7 0.12
321 ALL SCNS  812.37 737.86 156.33 168.51 168.52 187.763 25022.8 0.09
322 ALL SCHS 316,14 793.78 157.33 1§3.42 183.10 210.697 24750.6 0.05
323 ALL SCHS  320.38 822.53 165.10 262.36 263.42 260.580 25210.9 ¢.02
324 ALL SCNS  809.90 799.85 799,66 784.33 150.49 152.69 151,90 160.267 -9.4 0.05
325 ALL SCNS  810.41 781.15 780.98 735.53 150,53 15L.75 151.50 158.509 -7.8 0.09
326 ALL SCHS  809.90 766.06 765.84 682.76 150,65 151.51 15}.34 157.202 -0.6 0.11
327 ALL SCNS  309.82 757.89 757.56 639.31 150.61 i51.26 151.18 156.121 -6.6 0.12
328 ALL SCHS  809.81 744,32 743,86 583.81 151.32 i51.46 151.59 156. 330 -6.3 0.15
329 ALL SCNS  @D8.85 738.65 738.21 559.81 151.51 151.67 151.79 156.360 -6.3 0.16
330 ALL SCNS  809.61 746.72 746.41 587.34 i51.88 152.05 152.06 156.774 -6.3 0.15
331 ALL SCHS 810,33 758.61 758,12 634.40 150.66 151.05 150,99 154,034 -6.3 0.13
332 ALL 5CHS  8l0.35 772.64 772.34 687.58 150,32 150.93 150.69 153.936 -6.3 0.11
333 ALL SCHS  3810.11 783.56 783,45 736,74 150.55 151.38 151.12 155.029 -6.3 0.19
334 ALL SCNS  810.47 800.14 800.15 785.78 150.74 152.12 151.50 157.064 -6.3 0.07
335 ALL SCNS  810.38 810.97 810.98 809.35 150.53 £56.95 156.60 169,844 -6.3 0.03
336 ALL SCNS  815.05 793.32 164.22 210.47 210.37 239,897 35305.6 0.05
337 ALL SCNS  813.84 741.83 162.75 187.59 187.85 220.183 35074.4 0.09
338 ALL SCHS  811.02 687.85 161.68 180.97 181.22 209,380 35224.1 0.12
339 ALL SCNS  807.78 639.22 161.45 178.99 179.25% 203.431 35513.4 0.15
340 ALL SCHS  805.06 584.68 160.67 176.59 176.74 198,231 35351.6 0.17
341 ALL SCNS  302.81 555.42 160.21 175.31 175.48 195.696 35333.4 0.18
342 ALL SCNS  801.71 578.30 160.87 176.53 176.70 197.593 35532.8 0.17
343 ALL SCNS  802.13 632.77 161.60 179.00 179.22 202.217 35649.4 0.15
344 ALL SCNS  801.96 680.10 162.12 181.42 181.78 207.369 35570.9 0.13
345 ALL SCNS  802.34 731.61 162.73 184.15 184.21 213.431 35545.6 0.1
346 ALL SCNS  806.05 782.36 165.76 207.19 207.08 237.246 36245.6 0.05
347 ALL SCNS  805.42 781.29 165.10 205.00 204.88 236.799 35423.8 0.0%
348 ALL SCNS  807.72 809.24 175.92 346.25 347.91 343.354 34837.5 0.01
349 ALL SCNS  800.54 790.69 790.53 777.17 152.76 156.00 154.57 167.568 -6.3 0.04
350 ALL SCNS  797.14 768.02 767.92 720.89 152.43 153.47 152.76 160.292 -6.3 0.08
351 ALL SCNS  794.69 758.22 758.01 670.11 152.11 152.73 152.17 157.521 -6.6 0.11
352 ALL SCNS  792.22 745.24 744.95 617.66 151.78 152.33 151.63 156.283 -6.3 0.13
353 ALL SCNS  788.84 733.97 733.55 563.60 151.80 152.08 151.72 155.798 -6.3 0.14
354 ALL SCNS  786.20 728.44 728.01 536.71 152.45 152.76 152.35 155.989 -6.3 0.15
355 ALL SCNS  785.03 731.39 731.00 562.12 153.18 153.39 152.86 156.721 -6.3 0.15
356 ALL SCNS  783.93 736.96 736.72 610.30 154.17 154.21 153.92 157.508 -6.3 0.13
357 ALL SCNS  782.41 744.85 744.47 658.90 156.74 156.86 156.57 160.145 -6.3 0.11
358 ALL SCNS  782.73 756.40 756.10 710.39 169.01 159.04 158.86 162.353 -6.3 0.10
359 ALL SCNS  783.60 773.36 773.21 758.72 162.08 162.33 161.97 166.449 -6.3 0.07
360 ALL SCNS  785.18 785.68 785.55 784.70 166.27 169.73 170.45 183.139 -6.3 0.05
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RESEARCH PROGRAM: BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELLZ
CONFIGURATION NO. 4 2 Brushes tightly packed .. positions 3 & 4

FLUID: NITROGEN

RDG AVG SCANS AVG PRESS AVG PRESS AVG PRESS AVG TEMP  AVG TEMP  AVG TEMP  AVERAGE
STATION 1 STATION 2 STATION 5 STATION 1 STATION 2 STATION 5 ggégg
(PSIA) (PSIA)  (PSIA) (R) (R) (R) (RPM)

362 ALL SCNS  810.21 810.49 786.44 150.99 152.31 165.98 -b
363 ALL SCNS  805.32 805.57 754.26 150.58 151.82 164.97 -b
364 ALL SCNS  801.92 802.22 727.27 150.32 151.42 164.15 -6
365 ALL SCNS  798.92 799.33 697.56 150.02 151.16 163.81 -b.
366 ALL SCNS  795.43 795.84 670.17 149.88 151.11 163.45 -b.
367 ALL SCNS 791,92 792.33 642.73 149,68 150.78 163.33 -6.

404 ALL SCNS  810.44 811.30 810.99 150.54 152.72 178.04 -9.
405 ALL SCNS  807.77 800. 67 783.68 151.68 153.26 185.61 15267.
406 ALL SCKS  803.53 796.90 730.72 150.95 152.28 174.90 14938,
407 ALL SCNS  797.89 791.05 672.25 150.64 151.76 171.03 14941,
408 ALL SCNS  792.41 785.24 618.85 150.37 151.74 168.77 15003 .
409 ALL SCNS 789.40 782.20 565.21 150.21 151.43 167.93 14852.
410 ALL SCNS  787.70 780.50 537.91 150.05 151.36 167.66 14927,
411 ALL SCNS  788.45 781.43 568.07 150.14 151.45 167.82 14962.5
412 ALL SCNS  790.19 783.17 617.72 150.23 151.48 168.22 14916.6
413 ALL SCNS  792.96 786.03 672.13 150.78 151.92 169.26 14964.7
414 ALL SCNS  796.07 789.30 723.46 150.92 152.04 170.76 14877.5
415 ALL SCNS  803.05 796.48 780.98 151.80 152.98 182.04 14879.7

.3

.3

.3

3

:
368 ALL SCNS  788.67 789.12 611.90 149.49 150.38 163.21 -6.3
369 ALL SCNS  786.91 787.32 589.58 149.30 150.43 163.41 -6.3
370 ALL SCNS  784.78 785.24 558.93 149,42 150.55 163.52 -6.3
371 ALL SCNS  778.81 779.36 530.33 149.22 150.19 163.17 -6.3
372 ALL SCNS  780.86 781.41 560.93 149.33 150.40 163.11 -6.3
373 ALL SCNS  782.59 782.99 582.41 149.48 150.36 163.09 -6.3
374 ALL SCNS  784.77 785.35 609.55 149.44 150.29 163.13 -6.3
375 ALL SCNS  787.68 788.16 640.40 149.45 150.74 163.30 -6.3
376 ALL SCNS  790.54 791.06 666.61 149,38 150.59 163.13 -6.3
377 ALL SCNS  793.96 794.55 695.05 149.70 150.90 163.50 -6.3
378 ALL SCNS  798.71 799.38 727.19 149.73 150.66 163.67 -6.3
379 ALL SCNS  804.17 804.81 756.67 150.04 150.99 164.42 -6.3
380 ALL SCNS  809.43 810.01 786.26 150.10 151.25 165.14 -6.3
381 ALL SCNS  817.90 818.41 818.29 150.48 152.55 175.58 -6.3
382 ALL SCNS  808.02 807.86 785.06 145.80 151.23 171.34 5043.1
383 ALL SCNS  803.20 802.33 730.43 149.49 150.59 166.93 5034.1
384 ALL SCNS  797.81 797.27 669.24 149.32 150.43 165.60 5155.0
385 ALL SCNS  794.00 793.51 616.22 149.04 150.33 164.94 5115.9
386 ALL SCNS  791.43 790.98 566.37 149.13 150.19 164.91 5032.2
387 ALL SCNS  790.29 789.87 541.60 148.94 150.19 164.70 4916.3
388 ALL SCNS  791.21 790.82 568.86 149.15 150.26 164.58 5031.9
389 ALL SCNS  793.08 792.68 618.07 149,45 150.57 164.48 5011.6
390 ALL SCNS  796.10 795.69 674.00 149.67 150.74 164.75 5009.4
391 ALL SCNS  799.59 799.07 726.06 149.88 150.81 165.29 4948.8
392 ALL SCNS  805.97 805.76 783.83 130.29 151.47 169.08 5027.2
393 ALL SCNS  806.98 807.83 783.06 150.70 151.92 166.33 -12.5
394 ALL SCNS  802.87 803.61 727.04 150.45 151.49 165.49 -12.5
395 ALL SCNS  797.60 798.41 673.58 150.37 151.52 164.43 -12.5
396 ALL SCNS  793.51 794.39 618.47 150.19 151.14 164.42 -12.5
397 ALL SCNS  790.00 790.82 566.50 149.97 151.02 164.34 -12.5
398 ALL SCNS  788.56 789.44 540.09 149.72 150.69 164.23 -12.5
399 ALL SCNS  789.80 790.60 567.07 149.78 150.74 164.29 -12.5
400 ALL SCNS  792.09 793.01 620.05 149.76 150.79 164.02 -12.2
401 ALL SCNS  795.04 795.94 671.83 149.93 150.69 164.18 -11.3
402 ALL SCNS  798.94 799.67 725.58 150.16 151.05 164.34 -10.6
403 ALL SCNS  805.98 806.88 785.36 150.49 151.47 166.86 -9.;

2

8

6

8

5

8

AVERAGE
LEAKAGE
RATE

(LBM/S)

0.127
0.196
0.236
0.274
0.311
0.345
0.369
0.379
0.392
0.395

BAROMETER: 14.401 PSIA

DELTA-P
STA 1-5

(PSID)

DELTA-P
STA 1-2

(PSID)

-0.28
-0.25
-0.31
-0.40
-0.41
-0.41
-0.44
-0.41
-0.46
-0.55
-0.55
-0.40
-0.57
-0.49
-0.52
-0.59
-0.67
-0.64
-0.58
-0.51

0.16

0.86

0.54

0.49
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RESEARCH PROGRAM: BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELLZ  BAROMETER: 14.401 PSIA
CONFIGURATION NO. 4 2 Brushes tightly packed .. positions 3 & 4

FLUID: NITROGEN
RDG AVG SCANS AVG PRESS AVG PRESS AVG PRESS AVG TEMP  AVG TEMP  AVG TEMP  AVERAGE AVERAGE DELTA-P DELTA-P

STATION 1 STATION 2 STATION 5 STATION 1 STATION 2 STATION 5 gHAFT LEAKAGE  STA 1-5  STA 1-2
PEED RATE

(PSIA) (PSIA)  (PSIA) (R) (R) (R) (RPM) (LBM/S)  (PSID) (PSID)
416 ALL SCNS  803.35 804.28  780.33 150.47 150.96 167.56 -6.3 0.054 23.02 -0.93
417 ALL SCNS  799.62 800.46  726.22 150.04 150.77 166.15 -6.3 0.109 73.40 -0.84
418 ALL SCNS  795.22 796.18  672.42 149.99 150.51 165.54 -6.3 0.162 122.80 -6.96
419 ALL SCNS  791.28 792.22  616.80 150.17 150.86 165.16 -6.3 0.199 174.48 -0.94
420 ALL SCNS  788.03 788.94  563.61 149.98 150.65 164.90 -6.3 0.226 224.41 -0.91
421 ALL SCNS  786.20 787.10  538.56 150.07 150.70 165.11 -6.3 0.236 247.64 -0.91
422 ALL SCNS  786.53 787.51  562.86 150.31 150.89 165.14 -6.3 0.223 223.67 -0.98
423 ALL SCNS  788.26 789.23  617.12 150.30 150.86 165.32 -6.3 0.193 171.14 -0.97
424 ALL SCNS  790.55 791.49  668.82 150.51 151.24 165.55 -6.3 0.162 121.74 -0.93
425 ALL SCNS  793.74 794.66  721.46 150.66 151.17 165.36 -6.3 0.119 72.29 -0.91
426 ALL SCNS  799.33 800.24  777.42 150.86 151.38 168.62 -7.2 0.056 21.91 -0.91
427 ALL SCNS  803.27 804.21  803.97 150.85 153.07 179.51 -6.6 0.005 -0.70 -0.94
428 ALL SCNS  803.18 785.52  779.92 158.87 160.95 199.71 25181.9 0.056 23.26 17.66
429 ALL SCNS  792.30 770.66  720.25 187.79 159.63 179.52 25145.6 0.114 72.05 17.64
430 ALL SCNS  786.88 768.83  664.54 156.26 158.14 171.65 25240.9 0.171 122.33 18.05
431 ALL SCNS  779.85 761.74  608.37 155.43 157.31 167.87 25175.9 6.211 171.48 18.12
432 ALL SCNS  775.36 757.15  552.70 154.54 156.49 165.32 25136.9 0.241 222.66 16.21
433 ALL SCNS  773.16 754.81  523.53 154.28 156.25 164.19 25076.6 0.256 249.63 18.35
434 ALL SCNS  773.87 755.60  552.66 154.88 156.74 165.42 25126.3 0.238 221.22 16.27
435 ALL SCNS  775.81 757.60  606.10 154.76 156.58 165.61 25161.6 0.207 169.71 18.21
436 ALL SCNS  778.28 760.49  655.25 155.55 157.47 168.88 25125.3 0.176 123.04 17.80
437 ALL SCNS  783.47 765.82  711.68 157.64 159.37 177.08 25055.9 0.117 71.79 17.65
438 ALL SCNS  788.80 771.29  766.16 159.02 160.74 195.13 25040.5 0.057 22.64 17.50
439 ALL SCNS  794.21 795.32  795.24 154.15 170.91 200.93 -7.2 0.005 -1.03 -1.11
430 ALL SCNS  788.59 789.83  762.17 151.70 152.09 156.48 -6.3 0.064 26.42 -1.24
441 ALL SCNS  783.54 784.60  709.05 152.11 15:.20 153.88 -6.3 0.120 74.49 -1.06
442 ALL SCNS  778.21 779.31  652.55 151.22 151.43 152.06 -6.3 0.179 125.66 -1.10
443 ALL SCNS  774.46 775.74  599.31 151.04 151.21 151.12 -6.3 0.213 175.05 -1.28
444 ALL SONS  772.01 773.13  547.58 151.85 152.01 151.85 -6.3 0.240 224.43 21,12
445 ALL SCNS  770.53 771.62  520.41 151.45 151.52 151.70 -6.3 0.251 250.12 -1.09
446 ALL SCNS  771.47 772.58  549.29 152.37 152.22 152.06 -6.6 0.234 222.18 -1.11
447 ALL SCNS  773.40 774.46  599.19 152.07 152.15 152.06 -6.3 0.207 174.21 -1.07
448 ALL SCNS  776.02 777.21  650.86 151.82 151.89 152.18 -6.3 0.174 125.16 -1.19
449 ALL SCNS  781.20 782.33  706.68 152.81 152.67 153.52 -6.3 0.117 74.53 -1.13
450 ALL SCNS  786.99 788.09  762.59 163.14 153.09 156.54 -6.3 0.058 24.40 -1.10
451 ALL SCNS  792.88 761.96  770.24 168.00 170.70 231.09 35490.3 0.054 22.64 30.92
452 ALL SCNS  787.11 756.15  715.46 164.21 166.97 208.23 35003.8 0.113 71.65 30.96
453 ALL SCNS  781.33 750.31  658.01 161.79 164.48 193.32 34743.8 0.174 123.32 31.02
454 ALL SCNS  777.44 785.74  608.15 161.74 164.48 189.42 35175.0 0.205 169.29 31.70
455 ALL SCNS  772.56 740.55  552.05 160.13 162.86 184.62 35030.3 0.241 220.51 32.01
456 ALL SCNS  769.77 737.41  523.47 159.74 162.40 182.61 35052.8 0.256 246.31 32.37
457 ALL SCNS  769.87 736.86  548.78 160.60 163.25 184.82 35407.8 0.241 221.09 33.01
458 ALL SCNS  771.01 738.30  602.85 161.39 163.95 188.35 35538.8 0.208 168.16 32.70
459 ALL SCNS  772.93 780.75  650.68 161.95 164.45 192.60 35407.8 0.173 122.24 32.17
460 ALL SCNS  776.31 744.74  706.03 164.36 166.94 204.30 35382.2 0.124 70.28 31.57
461 ALL SCNS  781.11 750.02  757.46 167.83 170.42 228.78 35389.4 0.058 23.65 31.09
462 ALL SCNS  776.38 777.49  752.49 152.77 152.97 158.16 -6.3 0.066 23.88 -1.11
463 ALL SCNS  772.02 773.13  696.71 151.91 151.91 154.28 -6.3 0.129 75.31 111
464 ALL SCNS  766.20 767.21  641.62 151.41 151.72 152.14 -6.3 0.187 124.58 -1.00
465 ALL SCNS  762.35 763.41  586.03 150.84 151.25 151.26 -6.6 0.222 176.32 -1.06
466 ALL SCNS  759.21 760.33  531.98 150.53 150.85 150.85 -6.6 0.250  227.23 -1.12
467 ALL SCNS  757.49 758.59  508.98 150.46 150.76 150.63 -7.2 0.259 248.52 -1.10
468 ALL SCNS  757.47 758.84  533.74 150.90 151.04 150.94 -6.6 0.244 223.73 -1.36
469 ALL SCNS  759.41 760.48  585.94 150.95 151.16 151.24 -6.9 0.213 173.47 -1.08
470 ALL SCNS  761.93 762.97  640.93 151.18 151.39 151.39 -6.6 0.178 121.01 -1.04
471 ALL SCNS  765.63 766.70  €92.51 151,25 151,21 151.73 -6.9 0.130 73.02 -1.07
472 ALL SCNS  770.91 771.96  786.75 151.15 151.28 153.29 -6.9 0.063 24.15 -1.05
473 ALL S5CNS  776.04 777.10  776.50 152,27 155.99 167.53 -7.8 0.000 -0.46 -1.06
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RESEARCH FROGRAN:

CONFIGURATION NO. 5

FLUID; MITROGEN

ROG AVG SCANS AVG PRESS AVG PRESS AVG PRESS AVG PRESS AVG TEMP
STATION 1 STATIOR 2 STATION 4 STATION 5 STATION 1

(PS1A)

475 ALL SCNS
476 ALL SCNS
477 ALL SCNS
478 ALL SCNS
479 ALL SCNS
480 ALL SCNS
481 ALL SCRS
482 ALL SCNS
483 ALL SCNS
484 ALL SCHS
485 ALL SCNS
486 ALL SCNS
487 ALL SCNS
488 ALL SCNS
489 ALL SCNS
490 ALL SCNS
491 ALL SCHS
492 ALL SCNS
493 AcL SCNS
454 ALL SCRS
495 ALL SCNS
496 ALL SCNS
497 ALL SCNS
498 ALL SCNS
459 Al SCNS
500 ALL SCNS
501 ALL SCNS
502 ALL SCNS
503 ALL SCNS
504 ALL SCNS
505 ALL SCNS
506 ALL SCNS
507 ALL SCNS
508 ALL SCNS
509 ALL SCNS
510 ALL SCNS
§11 ALL SCNS
§12 ALL SCNS
513 ALL SCNS
514 ALL SCNS
515 ALL SCNS
516 ALL SCNS

524 ALL SCMS
525 ALL SCNS
526 ALL SCMS
527 ALL SCHS
528 ALL SCNS

797.62
778,76
778.69
778.71
778,53
778.44

(PSIA)

797.71
776.70
7171.70
756.70
744.87
742.93
735.31
732.92
727.66
719.93
714.87
721.08
727.35
733.64
739.37
746.97
753.70
764,20
774.54
776.68
779.80

(PSIA)

797.54
775.04
766.07

3 Brushes egually space: pos 1,3,5

(PSER}

(R)

153.22
149,75
142.64
149.45%
149,23
149.54
149,54
149.58
149.26
149.31
149,24

BRUSH SEALS FOR CRYODGEWIC APPLICATIONS TEST FACILITY: CCL - CELLZ

AVG TEMP

STATION 2

(R)

160,82
151.37
150,46
150,39
160,22
150.48

AYG TEMP
STATION 4

(R)
166.23

155,23
152.18

BAROMETER: 14.366 PSIA

AVG TEMP  AVERAGE

STATION 5 SBAFT

SPEED
(R) (RPH)
175.839 «6.
167.559 -6,
158.363 -6.
155.211 -6,
154.151 -6.
153,793 -6.
153.722 -6.
153.589 -6.
153.425 -6,
153.316 =6.
153.285 =6.
153,277 -b.
153.199 -6
153.308 -f
153.449 -6
153.269 -6
153,589 -6
153,791 -b
155.2580 -h
157.339 -6

176.308 -8
161.892 -8
156.839 -7
154.286 ~b
153.498 -4
153.381 -5
153.044 -6
£33.178 -6
i53.224 -6
153.240 -6
153,122 -6
153.153 -8
i53.419 -6
154,972 -6
169.446 -6
185,170 15144
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AVERAGE
LEAKAGE
RATE

(LBM/S}
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RESEARCH PROGRAM:
CONFIGURATICN NO.

FLUID: WITROGEN
RDG AVG SCANS AVG PRESS AYG PRESS
STATION 1

(PSIA}

529 ALL SCNS

~530-ALL SCNS-- -

531 ALL SCNS
532 ALL 5CKS
533 ALL SCNS

534
535

ALL
ALL

536 ALL

537

ALL

538 ALL
539 ALL
540 ALL

541
542

ALL
ALL

543 ALL
544 ALL

545

ALL

586 ALL

547

ALL

548 ALL

549

ALL

550 ALL

551
552

ALL
ALL

553 ALL
554 ALL
555 ALL

556
557
558
559

ALL
ALL
ALL
ALL

560 ALL

561
362
563
564
565
566
567
568
569

ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL

570 ALL

571
572
573
574
575

ALL
ALL
ALL
ALL
ALL

576 ALL

577
578
579
580
581
582
583
584
585
586
587
588
589

64

ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL
ALL

SCNS

SCNS
SCNS
SCNS
SCNS
SCNS
SCNS

778,

5

58

STATION 2

{PSIA)

779.87
773.26
759.30
746.14
738.00
127.00
710).69
722.21
733.11
749.42
761.46
774.61
783.32

756.66
740.01
726.49
713.44
700.00
686.37
695.85
705.54
714.93
725.89
739.96
746.78

AVG PRESS AVE PRESS AVG TEMP
STATION 4 STATION 5 STATION 1

{PSIA)

780,29
766.91
741.04
715.79
694,12
691.15
674.54
691.91
703.2%
716.82
741.73
768.16
783.67

782.98
768.58
741,57
714,98
6687.49
663.61
639.10
665,67
690.76
716.28
743.47
768.85
782.73

748.40
714.66
683.11
655.67
628.15
600.92
625.65
650.12

701.26
732.73
747.75

3 Brushes equally space: pos 1,3,5

(PSIA}

603.
- €57.
704,
758.

(R}

150,84
150.78
150.99

156.96
157.62

150.72

149.88
149.56
149.83
149.95
150.07
150.06
150.84
151.51

AVG TEMP
STATION 2

155,
145,

148.
148,

148.

148.
148.
148,

148.
149,
153.
2iz.
183.
.26
.25

167
169

166.
i
.52
.57
165.
167.
169.
212.

161
163

151

150.
154.

BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: (CL - CELL2

22
98

.34
53
55
53
44
70
51
44
78
16
87

64

30
91
35
37

.38
150.
150.
149,
149,
149,
149,
149.
149,
150.

60
14
93
89
7l
73
84
93
01

76

AVG TEMP
STATION 4

(R)
154.68

AVG TEMP
STATION 5

(R}
159,955

- 161,353~

164.935
182.816
174.607
157.879
155.127
154.746
154.731
156.094
158.415
159.901
161.461
164,520
168.278
173.264
185.775
229,431
206,728
195.048
185.243
182.051
179.861
181.486
181.362
185.399
194.971
223.262
177.785

160.733
160.595
160.115
160.155
160.301
160.633
162.284
173.049

BAROMETER: 14.366 PSIA

AVERAGE
SHAFT
SPEED
(RPM)

14988, 7

-6.3

2501
2447
2513

2517

L AL T |
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35117,
35155,
35021.
35545,
35245,
34111.
32790.
33600.
34045.
34393.
34214.
35270.

-6.
-6.
-6.

-6.
6.
-6.

-b.
-6.
-6.

AVERAGE
LEAKAGE
RATE

(LBM/S)
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RESEARCH PROGRAM: BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELL2 BAROMETER: 14.170 PSIA
CONFIGURATION NO. 6 2 Brushes far apart - positions 2 & 5

FLUID: NITROGEN
RDG AVG SCANS AVG PRESS AVG PRESS AVG PRESS AVG PRESS AVG TEMP  AVG TEMP  AVG TEMP  AVG TEMP  AVERAGE AVERAGE

STATION 1 STATION 3 STATION 4 STATION 5 STATION 1 STATION 3 STATION 4 STATION 5 ???EE ngEAGE

(PSIA) (PSIA)  (PSIA) (PSIA) (R) (R) (R) (R) (RPM) (LBM/S)
594 ALL SCNS  781.39 775.73  774.87 757.50 150.16 153.92 152.76 161.368 -6.3 0.05
595 ALL SCHS  781.24 762.49  761.69 706.22 149,28 151.30 150.61 155.995 -6.6 .11
596 ALL SCNS  781.28 774.37  773.77 756.10 148.23 151.62 150.72 159.367 -6.3 0.07
597 ALL SCNS  781.21 760.10  759.36 705.52 148.39 150.16 149.39 154.851 -6.3 0.09
598 ALL SCNS  781.05 753.27  752.57 654. 34 148.12 149.31 148.92 153.329 -6.3 0.13
599 ALL SCNS  780.90 752.04  751.49 604.24 147.76 149.02 148.57 152.516 -6.3 0.15
600 ALL SCNS  780.79 747.88  747.31 555,99 147.63 148.64 148.44 151.968 -6.3 0.17
601 ALL SCNS  780.70 743.61 743.01 506.74 148.08 148.76 148.57 152.273 -6.3 0.18
602 ALL SCNS  780.70 749.01  748.29 555,24 147.91 148.87 148.54 151.889 -6.3 0.17
603 ALL SCNS  780.73 755.31  754.59 606.22 147.74 148.55 148.22 151.551 -6.3 0.14
604 ALL SCNS  780.85 760.62  759.86 656. 86 148.17 149.06 148.87 151.960 -6.9 0.12
605 ALL SCNS  781.13 762.00  7€1.13 707.58 148.06 149.17 148.91 152.325 -6.3 0.09
606 ALL SCNS  781.26 773.57  772.69 756.59 147.97 149.62 149.11 153.678 -7.5 0.05
607 ALL SCNS  781.57 782.68  781.85 781.50 147.98 153.61 153.53 165.504 7.2 0.00
608 ALL SCNS  786.46 774.44  769.68 763.07 159.91 195.63 196.69 228.587  35103.8 0.07
609 ALL SCNS  785.11 746.86  740.94 709.22 157.20 171.47 170.92 194.398  35088.4 0.18
610 ALL SCNS  784.80 728.64  722.33 658.50 156.50 168.32 167.80 187.555  35095.5 0.23
611 ALL SCNS  784.24 714.42  707.96 612.20 156.42 167.10 166.59 184.229  35036.3 0.26
612 ALL SCNS  783.97 704.76  598.37 558,92 156.03 166.04 165.46 181.816  34887.5 0.29
613 ALL SCNS  783.83 709.82  703.72 510.31 155.70 165.57 165.02 180.764  34747.2 0.30
614 ALL SCNS  784.15 718.45  712.24 559.33 156.42 167.14 166.60 183.227  35281.3 0.28
615 ALL SCNS  790.93 735.93  729.84 614.92 157.55 169.12 168.80 186.665  35528.8 .25
616 ALL SCNS  791.23 745.69  740.01 666.15 157.93 170.16 169.68 189.807  35080.6 0.21
617 ALL SCNS  791.77 760.32  754.46 718.25 157.94 172.98 172.57 196.672  35085.6 0.16
618 ALL SCNS 792,50 780.00  774.49 767.92 159.89 189.24 188.94 222.907  35094.1 0.08
619 ALL SCNS  730.10 777.11  773.42 765.18 153.8% 168.86 168.47 189.940  25041.3 0.07
620 ALL SCNS  789.38 753.30  749.48 713.79 152.86 161.93 161.51 176.250  25057.8 0.13
621 ALL SCNS  783.89 734.19  730.29 660. 49 152.41 159.12 158.79 170.240  25048.8 0.19
622 ALL SCNS  738.88 714.82  710.79 612.68 152.56 158.10 157.82 167.960  2505C.0 0.23
623 ALL SCNS  788.87 705.59  701.34 563.89 152.71 158.09 157.71 167.077  25052.8 0.25
624 ALL SCNS  789.04 718.56  714.73 514.97 153.13 158.71 158.09 167.492  25048.8 0.25
625 ALL SCNS  788.99 724.08  720.11 554. 64 152.66 158.38 157.75 167.468  25051.3 0.23
626 ALL SCNS  789.08 732.65  728.73 614.60 152.53 158.47 158.06 168.190  25054.7 0.21
627 ALL SCNS  789.28 741.23  737.39 665.21 152.59 158.96 158.51 169.542  25065.6 0.19
628 ALL SCNS  789.42 755.88  751.85 714.62 153.08 161.00 160.53 173.697  25052.2 0.14
629 ALL SCNS  789.90 776.50  772.99 763.10 153.66 166.99 168.70 189.564  25032.5 0.07
630 ALL SCNS  788.17 776.61  774.61 763.13 149,51 155.11 154.69 164.279  14950.6 0.07
631 ALL SCNS  787.75 753.17  751.26 710.28 149.41 152.59 152.28 158.856  14945.0 0.12
632 ALL SCNS  787.53 739.52  737.49 662.21 149.64 152.66 152.32 157.849  14950.6 0.16
633 ALL SCNS  787.51 727.03  724.89 610.16 149.46 152.05 151.74 156.973  14960.0 0.18
634 ALL SCNS  787.39 726.17  723.95 561.18 149.51 151.72 151.52 156.437  14945.6 0.21
635 ALL SCNS  787.51 734.70  732.83 536.56 149.88 152.05 151.85 156.802  14960.9 0.21
636 ALL SCNS  787.50 737.00  735.11 563.00 149.99 152.01 151.77 156.911  14956.6 0.20
637 ALL SCNS  787.52 780.82  738.90 12.07 149.70 152.11 151.91 156.709  14934.1 0.19
638 ALL SCNS  787.77 746.89  744.86 664.03 149.93 152.49 152.33 157.531  14951.9 0.15
639 ALL SCNS  787.98 758.07  755.90 712.86 149.68 152.62 152.53 158.647  14930.0 0.12
640 ALL SCNS  788.40 778.48  776.51 765.24 149.71 158.96 158.68 167.845  14947.5 0.05
641 ALL SONS  787.47 776.70  775.78 761.49 148.13 151.26 151.25 155.893 5039.4 0.06
642 ALL SCNS  787.17 756.81  755.73 711.65 148.91 150.45 150.32 153.976 5020.3 0.11
643 ALL SCNS  787.08 739.60 738.73 660.67 148,58 149.94 149.64 15¢.944 5018.4 .14
644 ALL SCNS  786.86 726.85  725.54 609.72 148.66 149,70 149.56 152.851 5027.8 0.17
645 ALL SCNS 786,94 724,49 723.38 562.45 149.35 150. 44 150.07 153,388 5034.1 0.19
646 ALL SCNS 787.04 735.16 734.17 537.96 149,22 150.06 149.85 133.169 5029.7 Q.20
647 ALL SENS  786.95 738.39  737.3) 561.93 148.99 149,86 149,56 152.919 5040.3 0.19
648 ALL SCNS 787,15 745,70 744,63 $12.52 148,68 149.62 149.41 162,668 5)13.8 0.17
649 ALL SCNS  787.17 750.16  749.20 661.56 148,37 149.39 149,10 152,465 5014.9 0.14
650 ALL SCNS  787.20 759.01 757.85 712.45 148.49 149.77 149.43 152.966 5043.4 0.11
651 ALL SCNS  787.4] 776.01  775.02 762.81 148.68 150,70 15D.46 154,621 5019.4 0.06
652 ALL SCNS  787.42 776.5¢  775.72 759,00 143.81 150,17 145.68 153.442 -3.4 0.06
653 ALL SCNS  787.10 757.75  756.95 705.68 149.12 150.20 149,64 152.824 -9.4 0.10
654 ALL SCNS  787.03 788.29  747.34 660,87 143,10 150,06 148.51 152.621 -8.1 0.13
655 ALL SCNS  787.06 743.46 742.60 612.56 150,22 151.¢01 150.48 153.435 -7.5 6.14
656 ALL SCNS  787.03 748.80  748.01 560.49 150.92 151.45 150,94 154,043 -7.8 0.16
657 ALL SCNS  787.11 755.92 755.05 611.64 150.36 151.13 150,55 153,747 -6.3 0. 14
658 ALL SCNS  787.1D 761.80 761.05 661.68 149.52 150.51 149.98 153.247 -6.3 0.12
650 ALL SCNS  787.25 765.04  764.29 712.03 150.09 151.17 150.49 153.778 -6.3 0.09
660 ALL SCHS 787.49 778.07 777.38 763.97 150.60 152.14 151.3% 155.423 -6.3 0.05
661 ALL SCHS  787.79 789.20  783.61 788.73 150.45 161.34 162.65 169.639 -6.3 .00
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RESEARCH PROGRAM: BRUSH SEALS FOR CRYDGEWIC APPLICATIONS TEST FACILITY: CCL - CELL2  BARDMETER: 14.303 PSIA
CONFIGURATION NO. 7 3 Brushes equally spaced - positions 1,3,5

FLUID: NITROGEN
RDG AVG SCANS AVG PRESS AVG PRESS AYG PRESS AYG PRESS AVG TEMP  AVE TEMP  AVG TEMP  AVG TEMP  AVERAGE AVERAGE

STATION 1 STATION 2 STATIGN 4 STATION 5 STATION 1 STATION 2 STATION 4 STATION & EEEEE k;#EAGE
{PS1A) {PSIA) {PSIA) {PSIA) (R (R} {R} {R) {RPH) {LBH/S)
662 ALL SCHS  78D.44 775.49 771.03 7€3.41 149,59 149.99 151.82 158.111 -7.8 0.04
663 ALL SCHS  780.24 764.47 744.90 709.84 150.04 150.53 151.03 155.470 -8.1 0.07
664 ALL 3CHS  779.97 757.32 724.25 563.94 149.92 150.32 150,85 154.380 -8.8 0.10
665 ALL SCHS  779.95 746,71 699.00 611.23 149.71 150,11 150.53 153.888 -9.1 0.12
6b6 ALL SCHS  779.60 738.12 692.79 561.01 149,43 149.92 150.32 153.521 -8.8 0.15
667 ALL SCHS 779,57 732.68 688.00 532.23 149.50 149.83 150.24 153.419 -7.5 0.15
668 ALL SCNS  779.58 737.88 697.63 559.77 149.44 150.13 150.36 153.356 -8.1 0.16
669 ALL SCNS  779.95 749.20 707.29 §12.23 149.63 150.02 150.48 153.497 -7.5 0.13
670 ALL SCNS  779.86 759.18 723.72 660.97 149.48 149,85 150.35 153. 497 -6.9 G-11
~-£71 ALL SCHNS- 77%.96 - 76%.14--. 750,13 -- 715.29...- 149,40 - ---149.9% - 150.32- 154005 - n?0 200,07
€72 ALL SCNS  780.07 776.60 772.22 763.69 149.83 150.42 151.35 156.621 -7.8 0.0z
673 ALL SCNS  780.27 780.48 782.01 785,69 150.17 152.49 157.48 171.200 -9.1 0.00
674 ALL SCNS 784.76 775.56 768.19 766.77 160.31 204.18 230.75 246.369 35145.9 0.04
675 ALL SCNS  784.51 763.79 740,74 723.84 159,37 185.6% 199.05 228.629 35136.9 0.09
676 ALL SCNS  782.84 750,14 706.94 666.19 158.82 176.66 189.24 213.549 35155.3 0.11
677 ALL SCNS  783.46 735.44 675.82 515.83 158.42 173.61 182.57 205.088 35181.32 0.15
€78 ALL SCHS  783.03 719.04 643.04 563.16 158.13 170.9% 177.94 197.532 35036.9 0.19
679 ALL SCHS  7/83.05 712,18 632.83 537.59 158,16 170.45 177.48 195.801 35070.0 0.20
630 ALL SCHS 782.92 705.99 625.64 512.88 158.01 169.92 176.24 194,420 35086.9 0.21
631 ALL SCHS  752.88 721.04 648.84 565.47 158.69 172.64 179.88 200.004 3:2810.0 0.18
682 ALL SCNS  783.10 733.81 674.22 615.54 158.46 172.62 180.51 201.994 35148.8 0.16
633 ALL SCNS  783.28 746.43 701.67 664.30 158.91 175.06 185.19 208.176 35129.1 0.14
684 ALL SCNS  783.65 757.38 731.78 713.48 159,28 180.06 193.25 219,452 35132.5 0. 10
685 ALL SCHS  784.33 773.24 765.36 764,23 160.34 199.99 218.21 241.258 35132.2 0.05%
686 ALL SCHS 781.78 772.57 764,12 760.67 154.58 174.21 184.77 211.820 25064.4 0.05
687 ALL SCHS  781.36 761.50 737.03 712.58 154.04 166.34 172.41 192.758 25072.2 0.08
688 ALL SCHNS 781.14 748.91 707.29 560.66 153.76 164.12 168.27 184.825 25055.0 0.t]
689 ALL SCHS  780.77 736.27 677.63 611,19 153.66 162.15 165.74 179.533 25061.3 0.13
690 ALL SCHS  781.21 723.83 650.88 560.67 153.09 160.60 163.72 176.394 25062 5 6.15
€91 ALL SCHNS  780.50 707.32 635.01 508.18 153.26 160.14 162.79 173.303 5375.6 0.19
E92 ALL SCHS  780.67 723.13 652.51 561.11 153.41 160.95 163.99 175.102 25060 3 0.16
693 ALL SCKS 780,87 736.131 678.01 613.12 153.53 161.48 165. 14 177.458 25070.0 0.i4
694 ALL SCHS  780.85 746,98 703.66 660.05 153.81 162,52 166.57 180.638 25042.5 g.12
635 ALL SCHS  781.26 758.73 733.22 711,13 154.71 165.41 170.50 187.998 25076.6 0.09
696 ALL SCHS  781.54 712.76 764.27 760.75 155,39 176.47 186.76 211.216 25102.8 0.05
697 ALL SCHS  779.65 778.23 767.88 761.40 151.40 162.06 167.17 179.888 14928. 0.03
698 ALL SCHS  779.37 763.72 742.34 710.04 150.91 157.24 159.69 169.371 149297 0.07
699 ALL SCHS  779.21 752,12 718.26 £59.23 150.66 155.63 157.06 164.846 14923.4 0.11
700 ALL SCNS  779.01 740,88 684.58 607.36 150.66 154,06 155.55 161.651 1£895.0 0.14
701 ALL SCNS  778.83 728.21 b62.86 556.77 150.88 153,64 154.84 160,377 14309.7 0.15
702 ALL SCHNS  778.09 710.24 639.40 506. 54 150.55 153,43 154,36 159.411 14976.9 0.18
703 ALL SCHS  778.99 725,12 £52.19 557.27 150.60 153.19 154.33 15¢.481 14927.8 0.17
704 ALL SCHS  778.74 737.57 676.79 605.63 150.66 153.31 154.75 160.099 14929.4 0.14
705 ALL SCNS  779.26 748. 86 709.28 659.13 150.9t 153,71 155.04 161,126 14948.4 0.12
706 ALL SCHS  779.14 760.40 737.79 709.15 150.87 154.27 156.21 153.261 14932.8 0.09
707 ALL SCNS  779.41 773.46 765,26 759,49 151.25 161,69 166.23 176.295 14947.8 0.04
708 ALL SCHS  778.88 774.22 767.82 759.11 150.00 152.¢1 154.03 159.143 5039.1 0.04
700 ALL SCNS  778.72 762.45 738.95 706.26 150.19 151.7 152.55 156.5823 5061.3 0.08
710 ALL SCH5 778.08 753.19 718,82 657.49 146.90 151.27 151.94 155.688 5050.6 0.10

711 ALL SCNS  778.47 742.46 688.63 605.96 150.06 151.24 151.82 155.307 5043.4

0.12
712 ALL SCNS  777.88 728.76 664.39 558.17 150.91 151.83 152.30 155.672 5043.8 0.14
713 ALL SCNS  774.96 708.04 643.19 500.89 150.66 151.88 152.16 155.470 5054.1 0.16
714 ALL SCNS  773.61 720.36 661.81 553.98 151.07 152.14 152.44 156.232 5051.9 0.20
715 ALL SCNS  773.47 735.31 679.95 605.60 151.16 152.02 152.43 155.983 5036.9 0.15
716 ALL SCNS  773.59 744.88 703.49 648.54 151.27 151.95 152.58 5004.4 C.16
717 ALL SCNS  774.34 757.46 733.94 702.78 151.95 152.77 153.43 157.498 5040.3 0.09
718 ALL SCNS  776.43 771.74 765.14 757.74 152.48 155.00 156.30 160.910 5028.1 0.07
719 ALL SCNS  774.89 768.49 759.10 745.87 153.56 152.56 154.04 158.397 -7.2 0.08
720 ALL SCNS  772.03 756.03 732.20 696.38 153.32 152.47 153.74 156.962 -6.3 0.11
721 ALL SCNS  768.93 744.69 706.89 649.74 152.98 152.40 153.50 156.504 -6.3 0.12
722 ALL SCNS  749.14 714.11 660.36 574.71 150.39 150.65 151.21 154.465 -6.3 0.12
723 ALL SCNS  748.97 702.47 648.18 528.85 150.46 150.94 151.43 154.550 -6.3 0.15
724 ALL SCNS  748.88 694 .82 646.90 501.04 150.79 151.22 151.50 154.917 -6.3 C.i%
725 ALL SCNS  748.80 700.77 657.29 527.47 150.89 151.31 151.65 155.112 -6.3 0.14
726 ALL SCNS  748.86 714.43 664.52 579.79 151.12 151.67 151.88 155,166 -6.3 0.11
727 ALL SCNS  749.07 724.64 686.92 628.67 151.06 151.43 151.81 155.275 -6.3 0.10
728 ALL SCNS  749.07 733.70 711.24 677.50 150.92 151.57 151.77 155.314 -6.3 6.07
729 ALL SCNS  749.15 744.65 737.81 728.31 151.34 151.90 152.47 156.775 -6.3 0.04
730 ALL SCNS  749.32 749.62 751.28 754.93 152.17 154.67 160.81 173.869 -6.3 G.00

66



RESEARCH PROGRAM: BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELL?Z  BARDMETER: 14.165 PSIA
CONFIGURATION NG. 8 Single Brush - position 1
FLUID: NITROGEN

RD& SCAN AYG PRESS  AVG PRESS  AVG TEMP AVG TEMP AVERAGE AVERAGE DELTA-P

STATION 1 STATION 5  STATION 1 STATION 5  SHAFT LEAKAGE STA 1-5

SPEED RATE

(PSIA) (PS14) {r (R} {RPM) (LBN/3) {PS1D)
740 1 789.80 760.96 151.19 154.89 -9.4 0.008 28.84
740 2 786.13 742.23 150.83 154.74 -9.4 0.137 43.91
740 3 785.33 730.97 150.60 154.27 -9.4 0.163 54.36
7140 4 785.40 725.21 150.83 154.1¢ -9.4 G.158 60.19
740 5 785.02 728.06 150.71 154,03 -9.4 0.154 56.96
7 6 785,48 733.40 150.83 154.03 -9.4 0.141 5¢.08
40 7 786.19 733.75 150.89 154.11 -9.4 0.155 52.44
740 8 783.17 713.27 150.65 154.35 -9.4 0.187 69.90
740 9 7BL.38 69/.58 151.07 154.11 -9.4 0.215 83.80
740 10 780.79 687.30 150.89 153.80 -9.4 0.208 93.49
740 11 780.27 685.70 150.77 133.72 -9.4 0.208 94.56
740 12 781.18 684.79 150.95 153.96 -9.4 0.208 96.38
740 13 781.51 686.46 150.77 153.88 -6.3 0.206 95.03
740 14 781.00 688.55 15G.66 153.56 -9.4 0.198 9z.44
740 15 781.56 695.64 150,72 153.96 -6.3 0.193 85.92
740 16 781.59 693.35 150.77 153.57 -6.3 0.211 88.24
740 17 781,00 683.97 150.66 153.72 -6.3 0.214 97.03
740 13 780.40 677.86 150.54 153.80 -9.4 0.221 102.54
740 19 773.95 670.63 150.48 153.96 -9.4 0.224 109.32
740 20 779.11 665.83 150.71 153.41 -6.3 0.223 110.28
740 21 779.26 668.35 150.60 153.88 -6.3 0.223 110.90
7480 22 778.86 660.37 150.22 154,11 -9.4 0.235 118.50
780 23 779.00 665.98 150.18 154,11 -6.3 0.222 113.02
740 24 177.79 656.55 150.60 153.72 -6.3 0.241 121.24
740 25 777.92 652.24 150.24 153,564 -6.3 0.245 125.68
740 26 775.75 632.80 150.54 153.88 -9.4 0.260 142.85
740 27 774.561 624.47 150.66 154.03 -6.3 6.278 150.14
740 28 174.57 625.93 150.71 153.57 -6.3 €.2N1 148,65
740 29 774.84 518.83 150.48 153.96 -6.3 0.290 156.01
740 30 774,18 620.02 150.36 153.95 -6.3 0.271 154,16
740 31 774.41 620.93 150.30 154,11 -9.5 0.281 153.47
740 32 778,22 623.57 150.72 153.80 -9.4 0.278 150.64
740 33 774,99 617.25 150.12 153.41 -6.3 Q.276 157.74
740 34 773.38 606.21 150.30 153.49 -9.8 0.285 167.17
740 35 773,73 600.93 150.30 153.95 -6.3 0.293 172.80
740 36 172,13 590.25 150.18 133.33 -6.3 0.297 181.88
740 37 771.78 587.25 150.%4 153.56 -9.4 0,301 184.53
740 38 772.71 591.01 150.13 153.96 -9.3 0.293 181.70
740 39 771.60 591.01 150.48 153.64 -93.4 0.298 180.59
740 40 773.22 592,25 150.30 153.57 -6.3 0.294 180.596
740 41 772.41 580.87 150.01 153.25 -5.3 0.313 191.54
740 42 770.20 571.14 150.13 153.72 -9.4 0.312 199.05
740 43 769.71 564.83 150.36 153.96 -6.3 0.319 204.88
740 44 769.12 55G.59 150.30 153.49 -9.48 0.338 218.53
740 45 168,77 546.29 150.13 153.88 -6.3 0.331 222.48
740 46 768,07 545.04 150.24 153.88 -6.3 0.329 223.04
740 47 765.81 548.10 150.01 153.49 -6.3 0.33% 221.72
740 43 768.71 551.51 150.24 153.64 -3.4 0.336 217.21
740 49 769.68 548.03 149.71 153.49 -9.4 0.352 221.65
740 50 768.49 534.97 150.01 153.49 -6.3 0.353 233
740 51 768.01 526.99 149.89 153.25 -6.3 0.341 241.02
740 52 766.19 508.03 150.18 153.56 -6.3 0.349 258.15
740 53 765.97 509.00 150.13 153.56 -6.3 0.359 256.97
740 54 766.12 511.58 149.89 153.17 -6.3 0.345 254.54
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RESEARCH PROGRAM:

CONFIGURATION NO. 8

FLUID: NITROGEN

RDG

SCAN

AVG PRESS
STATION 1

(PSIA)

766.30
767.49
767.06
765.51
765.34
765.09
765.24
765.20
765.34
765.27
764.90
764.55
764.30
765.31
764.78
763.99
764.20
764.05
763.85
764.22

Single Brush - position 1

AVG PRESS
STATION 5

(PSIA)

514.77
520.68
513.59
500.82
467.55
487.48

491.37
495.11
502.06
494.15
488.60
488.46
480.67
475.05
483.03
480.67
483.52
480.40
469.29
457.97
456.93
455.75
457.00
459.65
471.58
476.93
463.94
452.69
442.77
434.50
423.81
425.13
431.10
439.51
443.40
419.16
417.28
410.13
409.93
408.82
409.99
410.89
413.33
415.07
399.44
385.63
324.17
381.53
368.54
374.38
382.09
379.99
357.02

AVG TEMP
STATION 1

(R)

149.89
149.89
149.77
149.95
150.07
149.95
149,65
150.01
149.71
149.89
149.77
149.77
150.07
149.65
149.83
150.01
149.89
150.13
149.89
149.42
150.07
149.89

AVG TEMP
STATION 5

(R)

153.17
153.41
153.41
153.33
153.33
153.57
153.41
163.72
153.72
153.33
153.49
153.80
153.49
153.56
153.33
153.18
153.64
153.41
153.57
153.56

AVERAGE
SHAFT
SPEED
(RPM)

-9
-6.
-6.
-6.
-6.
-6.
-6.
-6.
-6
-6.
-6.
-6.

. . E e w4 e 4 e e e e e as D N . .
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BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELL2

AVERAGE
LEAKAGE
RATE

(LBM/S)

.345
.367
.372
.382
.372
.359
.366
.362
.357
.341

OO0 OOLOOCOOTDDODOOCOOODOOODOODOOTDOODOOOOOQOOO

BAROMETER: 14.165 PSIA

DELTA-P
STA 1-5

(PSID)
251.53

246.81
253.47



RESEARCH PROGRAM: BRUSH SEALS FOR CRYDGENIC APPLICATIONS TEST FACILITY: CCL - CELLZ  BAROMETER: 14.165 PSI1A
CONFIGURATION ND. B Single Brush - position 1
FLUID: NITROGEN

RDG SCAN AVG PRESS  AVG PRESS  AVG TEMP AVG TEMP  AVERAGE AVERAGE DELTA-P

STATION 1 STATION 5  STATION 1 STATION 3 SHAFT LEAKAGE STA 1-5

SPEED RATE

{PSIA) {PSIA) (R) (R} (RPH) (LBM/S) {PSID)
740 110 755,15 335.07 149,77 153.80 -6.3 0.407 420.08
740 111 755,15 337.30 i49.77 153.64 -6.3 0.430 417.85
740 112 755,15 341.95 149,39 153.80 -9.4 0.418 413.20
740 113 754.90 334,80 149,77 153.80 -6.3 0.415 420.10
740 114 755.01 343.13 149.54 163.80 -9.4 0.416 411.89
740 115 755.07 342.85 149.53 153.80 -9.4 0.415 112.22
740 116 755.54 354.10 149.83 153.80 -6.3 0.424 401.44
740 117 754.03 315,70 149,42 £53.80 -6.3 0.431 418.32
740 118 752.83 300.29 149.71 153.96 ~6.3 0.438 452.55
740 119 752,60 297.71 149,65 153.95 -9.4 0.426 454.88
740 120 752.91 291.68 149.71 154.11 -6.3 0.428 461.23
740 121 752.50 295.43 149,39 153.80 =6.3 0.430 457.07
740 122 752,39 294.46 149.71 153.80 -9.4 0.431 457.92
740 123 753.22 300,15 149,71 153.96 -9.4 0.425 453.07
740 124 753.08 305.57 149.54 153.80 -9.4 0.427 447,52
740 125 752.83 306.67 149,89 153.72 -6.3 0.441 446.16
740 126 752.15 283.48 149,65 153.64 -9.4 0.432 452.67
740 127 752.25 280.15 149.65 154.27 -6.3 0.441 472.10
740 128 751.49 270.92 149,54 154,11 -6.3 0.431 480.57
740 129 751.34 272.65% 149,585 153.10 -9.4 0.444 478.69
740 130 751.02 265.84 149,54 153.96 -6.3 0.433 485.18
740 131 750.67 263.43 149.77 153.49 -6.3 0.445 487.24
740 132 750.89 265.64 149.711 153.49 -6.3 0.429 485.26
740 133 751.27 273.21 149,54 153.88 -6.3 0. 440 478.06
740 134 750.58 262.58 149,77 153.80 -9.4 0.456 487.99
740 135 749.56 248.70 149,65 153.65 -%.4 0.429 500.86
740 136 749.24 242.31 149.71 154,27 -5.4 0.438 506.93
740 137 749.14 241.55 149.83 it5.03 -8.4 0.441 507.59
740 138 749.70 239.94 149.89 154.03 -6.3 0.444 509.76
740 139 749.32 240.385 149,65 134.27 -9.4 0.444 508.47
740 140 748.90 242.37 149.48 153.41 6.3 0.440 506.53
740 141 750.18 250.02 149,65 153.80 -6.3 0.440 500.17
740 142 750.33 256.48 149,77 152.71 ~5.3 0.440 493.85
740 143 749.52 253.00 149.95 153.33 -6.3 0.452 496.52
740 144 749.21 245.22 149.71 154.02 -6.3 0.441 503.98
740 145 749.52 242.37 149.65 153.65 -9.4 0.447 507.15
740 146 749.17 238.42 149.83 153.41 -9.4 0.445 310.76
740 147 748.65 237.03 149.71 153.88 -9.4 0.442 511.62
740 148 749.11 237.73 149.59 153.80 -5.1 0.443 511.38
740 149 749.21 241.33 149,65 153.10 ~6.3 0.440 507.88
740 150 748.72 247.25 149,89 153.33 -9.4 0.436 501.48
740 151 750.39 255,36 149.54 163.72 -6.3 0.439 495.02
740 152 750.05 254,11 £49.65 153.57 -6.3 0.447 495.94
740 153 748.93 243.77 149.65 153.18 =6.3 0.441 305.15
740 154 748.96 242.65 149.43 153.64 -9.4 0.442 506.31
740 155 749.21 239.32 149.65 154.11 -5.3 0.444 509.89
740 156 748.76 236.12 149.60 153.57 -b.3 0.442 512.63
740 157 748.63 237.30 149.71 153.80 -5.3 0.441 511.34
740 158 748.58 238,35 149.59 153.57 -9.4 0.442 510.23
740 159 748.41 245.85 149.71 153.65 -9.4 0.437 502.56
740 160 748.84 251.40 149.77 153.80 -9.4 0.439 497.44
740 161 749.21 255.02 149.83 153.65 -9.4 0.446 494.18
740 162 748.89 247.94 149.83 153.88 -6.3 0.442 500.95
740 163 749.17 243.77 148,95 153.96 -6.3 0.443 505.41
740 164 748.37 239.61 149.83 152.87 -9.4 0.442 508.76



RESEARCH PROGRAM: BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILETY: CCL - CELLZ  BAROMETER: 14.165 PSIA
CONFIGURATION NO. 8 Single Brush - position 1
FLUID: NITROGEN

RDG  SCAN AVG PRESS  AV6 PRESS  AVG TEMP  AVG TEMP AVERAGE AVERAGE DELTA-P

STATION |  STATION 5  STATION 1 STATION 5 SHAFT LEAKAGE STA 1-5

SPEED RATE

(PSIA) {pS1a) (R} (R} (RPH} {LBM/S) (PSID}
780 165 748.75 236.69 149,95 153.96 -6.3 0.442 512.06
740 166 748.02 236.55 149.71 153.88 -6.3 0.440 S11.47
740 167 747.70 238.01 149.89 154,11 -9.4 0.442 509.69
740 168 749,43 239.94 149.383 152,35 -6.3 0.437 509.49
740 169 749.21 250.02 149.89 154.27 -6.3 0.436 459.19
740 170 748.85 254.67 150.01 154,11 -6.3 0.439 493.87
740 171 748.51 247,45 149.71 154.27 -9.4 0.444 501.06
740 172 748.85 262.10 149,65 154.11 -9.4 0.440 506.75
740 173 748.58 240.50 149.83 153.88 -6.3 0.442 508.08
740 174 748.40 237.00 149.77 153.96 -6.3 0.442 511.37
740 175 748.20 235.71 149,55 154.03 -9.4 0.439 512.49
740 176 747.97 236.76 149.95 154.50 -6.3 0.440 511.22
740 177 748.66 241.89 148.71 153.88 -6.3 0.436 506.76
740 178 748.85 248.42 149,77 154,42 -9.4 0.434 500.44
740 179 748.76 255.50 149,77 154.43 -6.3 0.437 493,26
740 180 748.15 245,85 149,71 154.19 -6.3 0.443 502.30
740 181 748.43 243.49 149.89 154,35 -6.3 0.438 504.94
740 182 748.30 237.66 149,83 154,74 -6.3 0.441 510.64
740 183 748.06 236.20 149.89 154.43 -6.3 0.439 511.86
740 ia4 747.88 235.99 149,95 154,50 -9.4 0.441 511.89
740 185 747.52 227.66 149,89 154.50 -6.3 0.443 519.86
740 186 747.52 228.84 149,89 154,11 -9.4 0.440 518.468
740 187 747.89 233.70 149.59 154.11 -6.3 0.435 514,19
740 188 748,37 241.90 150.07 154.35 -9.4 0.439 506.47
740 189 747.77 233.97 150.1% 154.66 -6.3 0.445 513.80
740 19¢ 746,94 219.39 150.01 154.58 -6.3 0.447 527.05
740 191 746.67 216.96 150.36 154.97 -5.4 0.441 529.71
740 192 746.56 215.64 149,95 154.50 -6.3 0.444 530.91
740 193 746.55 211.96 150.97 134.27 -6.3 0.441 534,59
740 194 746.14 211.82 150.24 154.58 -9.4 0.445 534.32
740 195 746.56 211.06 150.07 134.66 -9.4 0.442 535.48
740 196 746.86 218.92 150.07 154.35 -6.3 0.440 527.95
740 197 746.48 225.44 150.30 154.1% -9.4 0.44]1 521.04
740 198 746.97 223.98 150.18 154.66 -9.4 0.451 523.00
740 199 746.28 208.29 150.30 154.66 -9.4 0.446 537.99
740 200 745.82 204.54 150.60 154.89 -9.4 0.444 541.28
740 201 745.61 197.25 150.13 154.27 -9.4 0.448 548.37
740 202 745.78 154.82 150.13 154.50 -9.4 0.444 550.96
740 203 745.43 190,16 150.07 154.74 -9.4 0.453 555.27
740 204 744.95 187.67 145.89 154.66 -9.4 0.444 357.29
740 205 745.02 194.82 150.24 154.35 -6.3 0.445 550.20
740 206 745.37 194.82 150.30 154.66 -6.3 0.447 550.55
740 207 744.97 184.68 150.42 155.05 -9.4 0.455 560.29
740 208 744.70 177.88 150.19 154.74 -9.4 0.448 566.82
740 209 744 .57 175.72 150.01 154,53 -9.4 0.454 568.85
740 210 744,31 169.47 150.42 154,74 -9.4 ¢.455 574.84
740 211 743.68 169.54 150.36 154.50 -6.3 0.453 584.14
740 212 743,62 157.80 150.42 154.82 -5.4 1.453 585.83
740 213 743.65 156.07 150.54 154.97 -6.3 0.455 587.58
740 214 743.53 159.61 150.30 154.74 -9.4 0.446 583.91
740 215 744.00 166.98 150.07 154,89 -5.3 0.451 577.02
740 216 743.76 160.73 150.18 154,74 -9.4 0.455 583.04
740 217 742,99 151.29 150.24 154,74 -9.4 0.453 591,70
740 218 742.96 150.24 150.30 154.97 -6.3 0.455 592,72
740 219 742.71 139.55 150.13 154.50 -9.4 0.454 603.16



RESEARCH PROGRAI
CONFIGURATION N

FLUID: NITROGEN
RDG  SCAN

740 220
740 221
740 222
740 223
740 224
740 225
740 226
740 227
740 228
740 229
740 230
740 231
740 232
780 233
740 234
740 235
740 236
740 237
740 238
740 239

M:
0.

AVG PRESS
STATION 1

(PSI

742.
742,
742.
742.
742,
782,
742.
742.
742.
741.
741.
741,
741,
742.
741.
741.
740.
750.

BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELL2

8

R)

Single Brush - position 1

AVG PRESS
STATION 5

(PSIA)

138.23
139.89
138.86
143.78
150.59
150.86
143.86
140.80
137.33
126.08
119.21
120.04
124.77
126.43
118.03
113.79
107.69
100.59

99.13

98.93

88.03
101.01
105.32
160.87

AVG TEMP
STATION 1

(R)

150.36
150.19
150.48
150.24
150.42
150.42
150.13
150.42
150.13

AVG TEMP
STATION 5

(R)

155.36
154.81
154.89
154.82
154.50
154.81
154.50
154.97
154.50
154.81
154.97
154.58
154.11
153,10
154.51
154.43
154.35
154.66
154.35
154.19
154,42
154,74
154.43
154.27
154.19
154.82
154.43
154.42
154.43
154.27
154.43
154.27
154.51
154.35
154.43
154.19
154.58
154.42
154.43
153.88
154.43
154.58
154.12
154.43

154.27
154.11
154,11
154.43
154.66
154.35
154.50

AVERAGE
SHAFT
SPEED
(RPM)

1
NROCOHR OO DNIODAATANAONOAOOAO N OO OO
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w0

AVERAGE
LEAKAGE
RATE

(LBM/S)

454
.455
.455
.448
454
.455
.455
455
455
.454
.455
-453
.452
.455
.451
.454
.454
.454
.455
.455
.454
.455
.455
.455
.455
.452
.455
.452
.455
.455
.455
.455
.455
.452
.454
.454
.454
.455
.455

COOOCCOOODOOOOOOOOOOOOOOOOOODODOOOOOOOOOO

BAROMETER: 14.165 PSIA

DELTA-P
STA 1-5

(PSID)

604.41
602.81
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RESEARCH PROGRAM:

CONFIGURATION NO. 8

FLUID: NITROGEN
RDG  SCAN

AVG PRESS
STATION 1

(PSIA)

Single Brush - position 1

AVG PRESS
STATION 5

(PSIA)

69.01
68.94
68.94
68.80
68.94
68.23

608.51
637.95
656.21
660.79
682.24
681.54
743.35
746.05
754.23
758.88
763.95
765.07
766.53
766.52
767.29
768.19
768.53
768.68
769.44
769.78

AVG TEMP
STATION 1

(R)

149.95
149.89
150.01
149.77
150.07
150.01
149.83
150.48
149.95
150.19
150.30
150.30
150.24
150.24
150.01
150.18

AVG TEMP
STATION 5

(R)

154.
154.
154,
154.
154,
154.
155.
154,
154.
154,
154.
154.
154.
154.
154,
154.
154.
154.
154.
154.
154.
154,
154.
154.
154.
154,
154.
154.
154.
154.
154.
153.
154.
154.
154,
154.

AVERAGE
SHAFT
SPEED
(RPM)

t

o]
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BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELL2

AVERAGE
LEAKAGE
RATE

(LBM/S)

0.455
0.455

BAROMETER: 14.165 PSIA

DELTA-P
STA 1-5

(PSID)

668.92
669.55
669.61
669.96
669.30
669.87



RESEARCH PROGRAM: PBRUSH SEALS FOR CRYOGEMIC APPLICATIONS TEST FACILITY: CCL - CELL2
CONFIGURATION NO. 9 Single brush in position 1 with stubby retor
FLUID: HYDROGEN

RDG AYG SCANS AVG PRESS AVG PRESS AVG PRESS AVG TEMP  AVG TEMP  AVG TEMP  AVERAGE
STATION 1 STATION 2 STATION 5 STATION 1 STATION 2 STATION 5 SHAFT

SPLED
{PSIA) (PSIA) (PSIA) (R} (R} (R) {RPM)
805 ALL SCHS  440.66 362.78 363.51 48.54 53.41 57.44 63691.3
806 ALL SCNS  431.66 330.39 331.55 47.96 52.51 56.68 65526.3
807 ALL SCNS  423.80 299,72 301.37 47.71 52.23 56.31 65650.6

808 ALL SCRS  413.00 255.82 257.78 47.34 51.54 55.72 65663.8
809 ALL SCNS  406.95 231.88  234.0% 47.26 £1.54 55.61 65858.1
810 ALL SCNS  409.50 253.31 255.22 47.42 £1.62 55.52 65885.6
811 ALL SCNS  411.44 285.16  286.79 47.69 £1.85 55.96 65269.4
BI2 ALL SCNS  417.70 318.39 319.55 48.29 52.54 56.61 65631.9
813 ALL SCNS 424,41 347.26  347.56 49.02 53.46 57.25 65470.¢

814 ALL SCNS 444,39 419.50 419.23 50.52 £6.56 59.8% 65565.6
815 ALL SCNS  455.07 446.01 445.93 51.50 51.54 55.27 -12.5
816 ALL SCNS  44B.33 422.39 422,51 51.21 £1.47 55.17 -12.5
817 ALL 5CNS  426.96 348.72 349.13 51.87 £2.21 55.99 -12.5
818 ALL SCNS 415,16 292.86 293.68 54.95 £5.28 58.50 -12.5
819 ALL SCNS  418.92 280,87 2B1.83 63.41 62.08 64.56 -12.5
820 ALL SCNS 420,65 299.99 300.70 96.36 90.58 92.99 -12.5
821 ALL SCNS  427.73 331.40 331.95 112.22 108.24 111.53 -12.5
822 ALL SCNS  428.38 354,77 355.19 124.39 121.28 124.78 -12.5
823 ALL SCNS  438.00 407.18 407.27 133.75 131.78 134,65 -12.5
824 ALL SCNS 445,67 432.09 432.01 140.54 138.48 141.00 -12.5
825 ALL SCNS  460.75 460, 66 460.56 148.09 147.82 147.50 -12.5
826 ALL SCNS  515.42 49]1.85 49208 51.53 56.05 58.95 55423.8
827 ALL SCNS 497,55 422,62 423.87 50.16 £3.77 56.44 55450.6
828 ALL SCNS  483.13 355.65 3537.61 49,54 52.98 54,87 55520.4

B29 ALL SCNS 475,84 324.20 326.43 49.49 §2.72 54.53 55442.5
830 ALL SCHS  468.85 289.27 291.68 19,37 52.54 54.53 55299.4
B31 ALL SCNS  472.45 319.46 321.51 49. 10 52.52 54.61 55658.8
832 ALL SCNS  477.58 350.37 352.2% 49.51 53.00 55.03 55185.0
833 ALL SCNS  489.29 412.93 414,18 50.43 53.97 56.05 55230.6
834 ALL SCNS  507.71 482.34 452.57 51.49 £6.18 58.39 55416.9
835 ALL SCNS  513.38 497.87 497,58 52.36 57.59 59.42 55389.4

836 ALL SCNS  530.48 529.35 529.61 54.33 §7.05 60.97 -12.5
837 ALL SCNS  527.43 513.25 513.57 53.87 53.67 56.37 -12.5
838 ALL SCNS 528.11 500,17 500.51 54.03 £3.82 56.42 -12.5
839 ALL SCNS  516.87 446.06 446.67 h2.88 52.98 55.44 -12.5
840 ALL SCNS  505.51 382,75 383.57 52.31 52.59 55.13 -12.5
841 ALL SCNS  499.23 346.93 347.92 5¢.14 52.54 54.87 -12.5
842 ALL SCNS 493,92 317.09 318.18 51.94 52.49 54.93 -12.5
843 ALL SCNS  496.61 345.24 346.24 52.60 53.00 55.37 -12.5
844 ALL SCNS 500,52 374.65 375.51 53.46 53.85 56.13 -12.5
845 ALL SCNS  5)0.26 433.28 433,94 55.95 56.02 58.21 -12.5
846 ALL SCNS  525.37 499,04 499,42 60.17 60.04 62.17 -12.5
847 ALL SCNS  532.94 513.00 513.30 66.91 66.59 68.76 -12.5
848 ALL SCNS  542.08 528.41 528.78 79.36 78.93 81.00 -12.5
849 ALL SCNS 551,08 550.16 550.46 89.71 9b.48 99.68 -12.5
850 ALL SCNS  589.25 560.02 559.43 51.23 55.31 58.16 45361.3
851 ALL SCNS 566,71 489.92 490.50 50.03 53.06 56.30 45387.5
852 ALL SCNS  557.08 483.60 484.21 49.71 52.85 55.58 45315.6
853 ALL SCNS  521.69 380.72 392.82 48.59 51.45 54.31 45296.3
854 ALL SCNS  500.45 349,70 351.89 48.41 51.27 54.11 45200.0
855 ALL SCNS  467.70 296.04 298.28 48.08 51.19 54.17 45371.3
856 ALL SCNS  447.20 294,14 296.26 48.31 5G.91 53.90 45276.3
857 ALL SCNS  440.42 314.23 316.10 48.42 51.11 54.46 45322.5
358 ALL SCNS  437.49 360.51 361.75 48.77 51.70 54.91 45380.4

VENTURI 2
LEAKAGE
RATE
{LBN/S)

0.131
0.150
0.163
0.169

BAROMETER: 14.268 PSIA

DELTA-P
STR 1-5

{PSID)

77.15
100.11
122.42
155.22
172.90
154.28

DELTA-F
STA 1-2

{PSID)

77.88
101.27
124.08
157.18
175.07
156.19
126.28
99.3]
77.15
24,88
9.06
25.94
78.24
122.30
138.04
12966
96.33

73



RESEARCH PROGRAM:

CONFIGURATION NO. 9

FLUID: HYDROGEN
RDG AVG SCANS AVG PRESS AVG PRESS AVG PRESS AVG TEMP
STATION 2 STATION 5 STATION 1

(PSIA)

411.
426.
369.
306.
283.
258.
286.
319.
381.
440,
461.
467.
390.
279.

859 ALL
860 ALL
861 ALL
862 ALL
863 ALL
864 ALL
865 ALL
866 ALL
867 ALL
868 ALL
869 ALL
870 ALL
871 ALL
872 ALL
873 ALL
874 ALL
875 ALL
876 ALL
877 ALL
878 ALL
879 ALL
880 ALL
881 ALL
882 ALL
883 ALL
884 ALL
885 ALL
886 ALL
887 ALL
888 ALL
889 ALL
830 ALL
891 ALL
892 ALL
893 ALL
894 ALL
895 ALL
896 ALL

898 ALL
899 ALL
900 ALL
901 ALL

74

SCNS
SCNS
SCNS
SCNS
SCNS
SCNS
SCNS

SCNS
SCNS

STATION 1
(PSIA)

440.36
451.11
442.44
432.42
432.02
429.80
437.23
442.55
453.24
467.56
475.79
496.92
471.05
413.61
407.78
403.04
410.88
423.63
466.85
496.71
506.06
507.41
497.98
467.15
449,02
440.02
439.97
452.06

(PSIA)

411.
425.
367.
304.
281.
256.
285.
317.
380.
439.
460.
467.

(R)

Single brush in position 1 with stubby rotor

BRUSH SEALS FOR CRYOGENIC APPLICATIONS TEST FACILITY: CCL - CELL2

AVG TEMP  AVG TEMP  AVERAGE

STATION 2 STATION 5 SHAFT
SPEED

(R) (R) (RPM)
53.33 56.75 45293.8
52.39 55.53 35348.8
51.19 54,17 35302.5
50.60 53.67 35272.5
50.45 53.50 35310.0
50.48 53.69 35157.5
50.68 53.83 35374.4
50.96 54.06 35331.9
52.54 55.34 35331.3
55.59 58.55 35308.8
59.76 62.48 35367.5
52.30 59.62 25079.4
50.97 59.62 25078.1
49.11 57.84 25074.4
49.46 57.98 25055.0
49.03 57.85 25086.3
49.31 57.50 25080.0
49.31 56.52 25111.9
49.72 57.60 25088.1
50.56 58.40 25076.3
51.38 58.14 25117.5
51.12 58.56 15191.9
50.99 54.99 15261.3
50.03 57.79 15154.4
50.03 5€.45 15172.5
50.18 57.04 15169.4
50.33 57.36 15181.3
51.12 58.33 15166.3
52.93 59.42 15143.1
56.34 63.64 15175.6
65.40 72.13 15203.1
52.29 59.91 -12.5
51.80 58.15 -12.5
50.38 58.13 -12.5
49.71 57.06 -12.5
49.77 57.10 -11.9
49.74 56.47 -11.3
49.54 56.06 -12.5
49.43 56.96 -12.5
49.61 56.40 -12.5
50.32 58.38 -12.5
50.78 59.55 -12.5
71.95 84.83 -12.5

VENTURI 2
LEAKAGE
RATE
(LBM/S)
0.077
0.074
0.120
0.152
0.161
0.172
0.160
0.148
0.115
0.072
0.049
0.084
0.128
0.252
0.261
0.262
0.255
0.243
0.199
0.120
0.094
0.091
0.121
0.191
0.223
0.234
0.246
0.224
0.208
0.166
0.097
0.034
0.044
0.073
0.089
0.090
0.091
0.094
0.095
0.088
0.056
0.040
0.000

DELTA-P
STA 1-5

BAROMETER: 14.268 PSIA

(PSID)

DELTA-P
STA 1-2

(PSID)
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