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TESTING OF A "DURA SEAL" ROTARY SEAT

By T. H. Mauney

~ABSTRACT

Tests were run to determine the effectiveness of air cooling, the
operating characteristics, and the life expectancy for a 5% in. Dura

-Beal. It was found that air cooling was satisfactory. The power con-

sumed by the seal was generally less than 1000 watts and the leakage

of air through the seal less than 0.002 1b/sec. The rate of wear of the
face of the graphite mewber varied comsiderably with conditions; however,
it appeared that satisfactory performance can be attained only in an
installation where the seal is readily accessible and can be adjusted -
periodically.

INTRODUCTION

One of the most impertant problems encountered in designing a pump
for circulating solutions of radiocactive materials is that of selecting
the shaft seal. Selection of the proper seal is important from the
standpoint of preventing the leakage of radicactive gas or 1iquid from the
pump housing to uncorntaminated areas. A Dura Seal rotary seal, mamus=
factured by the Durametallic Corporation, of Kalamazoo, Michigan, was
selected as the seal for a vertical pump designed to utilize gas pressure
for preventing radiocactive sclutions from entering the seal.

‘The Dura Seal congisted of a stellite mewber fastened to a 5% in.
diameter pump shaft and a stationary graphite member which surrounded
the shaft and was sealed.to the pump housing. A seal to prevent escape
of gas from the housing was effected by contact between ground faces of
stellite and graphite. Standard Dura Seals are cooled by circulating
water through the graphite member; however, it was considered for that
member to break in a way that would permit the coolant to dilute the
circulating solution, so this seal was dssigned for air cooling.

Tests described in this report were made to deterwmine the effec-
tiveness of air cooling, the operating characteristics, and the life
expectancy of the 5% in, air cooled Dura Seal.

EXPERIMENTAL,

A satisfactory pump was not available for testing the Dura Seal,
80 apparatus was assewbled,; as shown in Figure 1, for obtaining the
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necessary data. The pump housing was simulated by a steel box. A 5% in.
- diameter shaft was mounted between bearings, one in the box and one out-
side of the box; the seal was mounted on the shaft and on the box at the
opening. Air and vacuum lines were comnected to the box. through a 50
gal. drum used as a buffer to smooth the pressure fluctuations, and air
vas piped to cool the graphite member of the seal. The shaft was driven
through belts by a DC motor to permit easy adjustment of speed and deter-
mination of power consumed in the seal. Rotameters and pressure gauges
were installed in the lines for measuring the flow of cooling air and
the seal leakage. Thermometers were installed in the air lines, and
thermocouples were installed in the graphite insert for measuring the
temperature of the seal. Figure 2 is a drawing of the geal show1ng the
location of the thermocouples.

-Prior to meking a run, the rotating member of the seal was adjusted
to a predetermlned compression of the springs holding the seal members
in contact. . The motor was then run at a specific speed or power output.
Seal temperatures and leakage and cooling air temperatures and flow rate
were recorded for given pressures in the box.

At the conclusion of the initial performance tests the seal was re-
moved, and the springs were tested to determine the relationship between
the spring setting and the force between the seal members. The unit
 was reassembled, and long term tests were run, during which time the
rate of wear of the seal was determined as a function of spring setting
and box pressure for a constant speed of 70Q rpm.

RESULTS

The initial qQbject of the tests was to detsrmine the ddequacy of air
.cooling for the Dura Seal. Plotted in Figure 3 are curves for the maxi-
mum temperature of the graphite face as a function of the flow of cooling
air and the shaft speed. The data were teken during tests when there
was no air pressure acting againet the seal and when there was no air
flow1ng between the faces. The spring setting was wmaintained at 0.375
in. which corresponds to a force of 150 1bs exerted in holding the
faces of the seal in contact. The relationship between the spring
setting and the force exerted by the springs is chown in Figure 4.

Coolant pressure data for air flowing theough the coolant chamber in the
graphite are plotted in Pigure 3.

‘It was recommended hy Messrs Gregory and Van Blaricom, of the
Durametallic Corporatiocn, that the tewmperature of the graphite member of
the seal be kept below 225 F. Experience had shown that trouble could
be expected with the neoprene packing in the rotary member of the
seal if that temperature was exceeded. It is evident from the curves in
-Figure 3 that a flow of at least 0.070 Iba/aec of alr is reguired at
shaft speeds greater than 800 rpm if the graphite temperature is limited
to 225°%. Tests were run at higher temperatures and trouble was experi-
enced with the neoprene packing inm the rotary menmber sticking to the shaft.
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Figure 3. Maximum temperature of Dura Seal as a function of flow of coolant and shaft speed. Box
pressure - 0 lb/1n.2, spring setting .375 in.
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As a result the rotary member could not slide and adjust itself to maintain
gontact between the stellite and graphite faces. Graphited asbestos and
then Telflon, supplied by the Durametallic Corporation, were substituted for
the neoprene, and the Dura Seal was operated without difficulty at tempera-
tures as high as 330°F.

Since the temperature of the graphite is dependent upon the power con-
sumed by the seal for any given cooclant flow, the consumption of power was
meagured as a function of shaft speed and spring setting. The data plotted
in Figure 6 show the power consumed by the seal to be small, generally be-
low 1000 watts. A decrease in the power consumption is indicated as the
speed is increased from 1000 to 1200 rpm. It is thought that this rather
unusual occurrence may be caused by the vibrations observed as the speed is
increased or by a change in the coefficient of friction which, for dry sur-
faces, has been found to decrease with increasing speed.

Changing the air pressure in the box from atmospheric to greater or less
than atmospheric pressure had a marked effect on the power consumed by the seal.
For a specific spring setting and shaft speed, increasing the pressure in the
box decreased the power consumed; reducing the pressure below one atmosphere
had the .opposite effect. Data for the relation between box pressure and power
consumption for constant spring settings and shaft speeds are presented in
Table 1. It appears that pressure in the box acts against the force applied by
the springs and that reduced pressures increase the force holding the gland
faces . together. The effective area over which the pressure acts is calculated
to be 8 to 10 in°.

Data were taken during one series of tests to show the effect of box
pressure and shaft speed on the quantity of air leaking through the seal.
They are presented in Table 2. The variaticn in leakage, in 1lbs of air/se,,
with shaft speed for a given pressure was more marked than the variation
in leakage with pressure for a given shaft speed. This could be
attributed to vibration of the seal at the higher shaft speeds. TUnder
operating conditions where the box pressure balanced or exceeded the load
applied by the springs, leakage increased markedly.

For the tests reported in Table 2 the leakage varied between 0.0005
and 0.0020 1bs/sec, 0.4 to 1.6 ft3/min, at 68°F and 1 atmosphere. It was
observed that the leakage varied comnsiderably from day to day unless the
seal was operated continuously, which may account for the seemingly
incongruous results obtained for leakage under vacuum. That much of the
air leaked through the packing that sealed the rotary member of the seal to .
the shaft was indicated by a decrease in the leakage when the change was made
from graphited asbestos to Teflon packing. :

The last tests run with the Dura Seal were those to determine the life
- expectancy. Date for those tests are given in Table 3. In running the
tests the spring setting was adjusted to 0.375 in. at the start of each run,
and no adjustments were made until the setting reached 0.415 in, It was found
that the graphite face wore at rates between 0.01 and 0.19 in./month. The
stellite face wore approximately 0,003 in. during the entire testing program.

O
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Tabrie 1, Effect of box pressure and shaft speed on power consumed by
 Dura Seal. Spring setting-0,.375 in.

Gauge Eressure, . '

Ibs/in® -1k.2 0 3 6 9 12 15

Watte at

300 rpm 50 L35 358 233 21% - =

Watts at | *700 rpm

600 rpm 935 740 645  h2s 225 129 105

Watts at . ]

800 rpm . 1000 880 €30 655 355 170 113
- Watts at ‘ ‘

1000 rpm 1030 1060 790 860 630 335 152

Watts at \

1200 rpm 1010 970 730 810 690 610 275

Table 2. Effsct of box pressure and sheft gpeed on air leakage
through Dura Seal. Spring setting=0.375 in.

Gauge Pressure,

ibs / lﬁd : o ' =‘_‘Lh el 3 6 9 12 15
'Leakag@*”at o ',. '

300 rpm - . 0,0013  G.0006 00,0007 0,0006

, ‘ acend :

Ieakage at ' - | .

5OQ rpm - 10,0013 0,0009 QOOOOS 0.0006 0.0005  0,0007
Leakage atb ,  , “f | L |

800 Tgmo - 0.0023 0.0016 0.,0019 0.0007 0,0005 0,0007
“Ipaxage atb S ‘:" - - ‘. ‘ . . :
’1@0@.fpm ' _ 0.,0014 0,0016 0,0017 OQOOEO 60,0006 0.0007
Teakags ab o -

12060 rpm 000013/’ 0,0015 ¢.0018 0.001g 0,001 0,0020

#1bafsec at 68°F.




MDDC - 1176

9L0°0 Gfo°0 - 09T Gtrh0°0 9T000°0 £€000°0 A och 9
0T0°0 200°0 G0t . GihO°O €000°0 ., <ST00°0 T OHT Ut
261°0 9€0°0 LT Chho°o TO00°0  GT000°0 G GET 9
le1°o €40°0 0T Chi0°0 0°0 0°0 i 0 HE e
G90°0 ~ STO°0 992 SHho°0 070 0°0 0 891 T
°OAY ¥Ry h

ou/eut “uy 008 /sqT SUT/AT LT puB d,LL Z0T/4T

JeSM o f1TR JUITOCD 1R wmm\maﬁ fsanssoad 8JaY °ON
sovg oaTydean ¢°dumeoq °xei IO MOTT ‘aBexeet JTV JTR XOg STOTARINT anyg

, CREUL CUT (TH°=-Fulqos SuTads Teurd
‘WL GLE0-3uTgges Butade TeTSFIL ‘mda 00g ©3 00L-peods 4JBUS S8l TROS BJng JO OFTT JIOJ Ti6(  °C OTGRL




The rate of wear varied consgidsrably, but air lsaking between the
faces of the seal to provide Llubrication and some cooling 4id not ap=-
pear to be an importent factor. The only satisfactorily low rate of
wear occurred when the pressure in the box was maintained at 15 Jbs/in s
-to almost balance the force exeried by the springs. Although the wear
tests were run at a shaft gpeed of 700 to 800 rpm, it is believed that
the wear is proportional to the powsr consumed by the seal at speeds
below 1000 rpm and that the rate of wear at shaft speeds less than
800 rpm can be vredicted on that basis.

CONCIUSIONS
It car be concinded from the tests that for the 55 inch Dura Seals

1). Air cooliing is adequate. Iess than 0.07 Ib/sec of air will be.
needed and the pressure drop in the seal will be less than 15 1bs/in .

2). For the application under congideratbion, the power consumption
will be less than 1000 watts.

3). Ieakage of air between the faces of the seal can be kept at
less than 0.C02 1b/sec and probably at less than 0.0002 1b/sec if
necessary.

4y, Teflon should be used as the shaft packing for the’rotating
member.

5). For gobd performance , the shaft speed should be less than
1000 rpm. , '

6). Adjustment of the spring settings will probably be the only
maintenance required by the geal, '

The life of a Dura Seal is difficult to egtimate. Depending upoun
the installation and operating cornditiong, it may be a few weeks with
adjustments of the gprings required every few days, or it may be one
or more years with epring adjustzent required only at irntervals of
geveral months. On the basis of *the prezent knowledge regarding the
intended applications, it seems probable that the life will not be
greater than six months and that it will be necsasary to adjust the
seal at least once each month. If such a seal is used, it appsears
necessary that it be readily accessible, so that the adjustments can
‘be made with a minimum of difficulty.
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Figure 5. Coolant pressure data for Dura Seal.
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