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| ntr oduction:

The ongoing objective of this project is to deshgnld and test a device that is
able to measure the amount of leakage in a lalbysetal. The rig must be able to test
multiple designs and sizes of labyrinth seals aé ageincorporate a rotating shaft whose
concentricity with the seals is changeable. Thenary objective of this report is to
breakdown the test rig into several systems and éinalyze all options for fulfilling each
systems needs. All options for each componenthweillveighed so that the best solution
can be found. Two possible design concepts have fmened from this process. The
first is to design the test rig to be an attachnterd lathe. The second is to use a motor
for power generation and create an enclosed sy®eth. ideas and all aspects of them

will be explored in the body of this report.

System Breakdown:

The rig in general can be broken down into severabsystems based on
components of the design that have multiple comaiams that need to be taken into
account. These three subsystems are: shaftingdssations, the rig body as a whole,

and finally measurement needs and options.

Shafting Consider ations
There are two main concerns for the shafting systachieving the necessary

RPMs and the alignment of the shaft. The shaftgpea typical Turbocor compressor is
about fifty thousand rpm. This speed is not reialistr the budget of this project and so a
speed of approximately ten thousand rpm will bedus¢ the request of Turbocor). One
of the options to achieve this speed is using lzel&d grasp the shaft inside its chuck.
Lathes typically operate at speeds around ningfiytdiundred rpm. An added benefit of
creating a rig that attaches to a Lathe is thatauld save a substantial portion of the
budget that would otherwise be allocated towardsgoaeneration. It is also suspected
that the Lathes dimensional systems will be useftihe task of centering the shaft. After
researching prices, it was concluded that motorsh@ased over the internet would cost
roughly half of the total budget of the project.efé could also be additional problems in

achieving the needed speeds when the rig is sketagling to a very high probability that



a gear box would also be needed. Despite these fdllsynusing a motor for power
generation has an excellent advantage in that viery versatile and can be used for
nearly all possible rig designs. To summarize,rttegor provides versatility but would
require additional design work while using a ladteachment would fulfill the power

requirements and will cost nothing to use.

L The alignment of the shaft is another
important factor to consider. At the beginning of
the design the shaft must be centered perfectly
with the seal so that any variance in concentricity
will be accurate. The space between the shaft and
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Figure 1. Drawing of an impeller labyrinth seal. The dimensions refer to the varying diameters of

the shaft inside the seal

Rig Body Considerations
The body of the rig is going to be very importar@cause it will directly

determine the conditions in air used to simulateréfrigerant. One of these conditions
is that a pressure gradient must be maintainedat¢he seal.

The high pressure side (before the seal) needs todpecified volume and cannot
allow air to leak through anywhere except througgh seal. Should there be a leak prior
to the air flowing through the seal the data wooédcompromised and inaccurate. The
lower pressure side (after the seal) can eitheopen to atmospheric conditions or
enclosed. By using and enclosed design, the flawutth the seal would need to be

measured through the pressure change. If the desigropen to the atmosphere the flow



through the seal would be measured through the fltagsate. As long as the gradient is
the same and the leak is measured through theiseat method will be acceptable

The primary purpose of this rig is to allow Turboto test seal designs to select
which one is best. To accomplish this, the rig bodyst be able to accommodate varying
seal designs while still maintaining the seal abtire shaft with correct concentricity.
There are two different ideas for accomplishings.thiihe first is to use an adjustable
chuck to close around the outer diameter of eaagh Bafortunately this idea has several
problems associated with it. The most prominentassould be maintaining and air tight
seal around the labyrinth seal so that no air leaksind the seal into the low pressure
side. There may also be some manufacturing andemmgahtation issues associated with
using the chuck idea. The second idea is to havgpteucustom built plates for each seal
design and size. Either side of the rig would beslders so that they could be moved
back to swap out plates to change the seal bestgdeWhile more parts may need to

manufactured this gives versatility and ease ofatsefairly minimal cost.

M easur ement needs and options:
A very important consideration in designing thisojpct is the choice of

measurement equipment. There are two main valwsgequire measurement: the shaft
alignment and the flow through the seal. Initiiye shaft must be completely centered
inside the labyrinth seal. Later the shaft’'s comgeity will be varied. In both instances it
is important to have a precise system of measuretoeansure accuracy. The two most
prominent instrumentation options are high preadisicalipers or laser sighting
equipment. While the laser sighting equipment mayrore precise it has the potential to
be more costly as well as more difficult to useamparison to high precision calipers.
The instrumentation for measuring the leakageuiinothe seal deserves great
considerations as the choice will most likely afféee entire testing apparatus. There are
two main methods of measurement that are beingidenesl, measuring the mass flow
rate directly or measuring the pressure and cdlogl#he flow thereafter. To measure the
flow rate directly a mass flow meter could be usHte advantage to a flow meter is that
it is relatively simple to use, placement is sim@aed there would be minimal additional

calculations to be made. However, based on proegisetarch flow meters have a major



drawback, the most affordable ones are not veryrate and the most accurate meters
are very expensive. Should the leakage be measasell on changes in the pressure
there are several instrumentation options: a gitatic probe, pressure transducers, or an
analog pressure gauge. The transducers and thegagelige work on the same principle
in that they would be located in a closed environinvehose pressure would increase as
air flowed through the seal. The benefit to thel@gpaauge is that it is easy to install,
cheap, and easy to use. However pressure transduoatd be much more accurate than
an analog gauge. A pitot-static probe is also amoop@nd has the benefit of accuracy,
affordability as well as all group members beingilaar in its use. However it would
place some limitations on the rig body due to #at that it must be located in a laminar
flow stream to take accurate data. At the presem¢ all measurement options are still

under review.

Fi 3: M Calli
Figure 2: Pressure Gauge L o PELs

) : ; Figure 5: Flow Meter
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Concept Classification Tree:

Bellow is a test rig that breaks down all of thengmnents of the test rig and then states

the options for solving each of the design requents.
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Decision Matrix:
In order to make the best design choices forsgkats of the rig a decision matrix was

formed. Each issue that had multiple design optiwas listed and the subsystem ideas
were not compared to one another. There were terdift criteria on which the
evaluation was based as can be seen in the talole.b€ach criterion was allocated a
number (from 1 to 5) based on its importance toaverall project. The ideas were then

evaluated on their ability to fulfill each criteno

Parameters Manufacturability | Cost | Rig versatility | Effectiveness | Ease of use | Repeatability Total
Idea 5 3 2 4.5 3.5 4 22

Shaft Rotation
Lathe 4 3 1 4.5 3.5 2 18
Motor 3 1 2 4 3.5 3.5 17
Seal Mounting
chuck 2 1 2 25 3 4 14.5
Multiple custom
plates 4 2.5 1 4 2.5 4 18
Pressure
Difference
Vacuum Sealing 2 1 1 2 1 3.5 10.5
Compresed air tank 4.5 3 2 3 3 2.5 18
Air compressor 4.5 2 2 4 3.5 4 20
Measuring
Devices
Pitot Probe 4 2 15 4 2.5 4 18
Pressure
Transducer 4.5 2 1 3.5 3 4 18
Analog pressure
gauge 4.5 3 2 3.5 3 4 20
Rotameter 4.5 3 15 3.5 2.5 4 19
Flocat meter 4.5 0 1.5 4.5 3 4 17.5




Ease of

Parameters Manufacturability | Cost Rig versatility Effectiveness use Repeatability Total
Idea 5 3 2 4.5 3.5 4 22
Body high

Pressure side

Tube directly

into seal 3 3 1 3 3 4 17
Control volume

box 5 3 1 4 3.5 4 20.5
body Low

Pressure Side

Closed system 5 3 0 4 3 4 19
Open System 5 3 0 4 3 4 19
Shaft

Placement

Multiple load

bearings 3 2 2 3 3 4 17
Lathe 5 3 1 4 3.5 4 20.5
Alignment

instrumentation

calipers 5 3 2 3 2 4 19
Laser sighting 5 1 2 4 2 4 18

Turbocor so that the client’s input and preferencas be taken into account. However,

despite some ambiguity on several of the solutibniaes two separate conceptual

As can be seen in the matrix above, many of thatisols are ranked very closely.

designs were able to be formed.

For this reason further evaluation must e perforragdvell as a review meeting with




Conceptual Design 1: Enclosed Seal System

The following conceptual designs will be referredas the enclosed seal design.
There are two variations to the enclosed seal detig first idea utilizes a closed system
which determines the amount of leakage by measarnigicrease in pressure with time,
and the second design utilizes an open system windlaew is measured through an
outlet. The two designs are very similar in natuamaed only differ by the type of
measurement that is taken on the low pressureo$itihe seal.

The conceptual design is focused on the incorporatf various seals that will be
provided by Turbocor. The main goal of this desigro create a pressure difference
across the seal, while maintaining a shaft rotatind concentricity. In order to create
the pressure difference, two “pressure vessels't ineicreated on each side of the seal,
and for discussion purposes they will be referpedd the high and low pressure sides. It
is necessary to contain the leakage through oelgéal, and therefore the respective face
of the seal must be incorporated into the desigeagh pressure vessel. It will be very
important to ensure the pressure vessels are oaotexdrin a manner that will be leak
proof, and therefore the use of gaskets, O-ringspme type of sealant must be used.

In order to create
the pressure difference
needed in the designs, both
systems utilize a form of
compressed air at an inlet
of the high pressure side.
The air will be provided to
the system by either an air
compressor or a

compressed air tank, but

both options will utilize a

Figure 6: Assembled system drawing of Enclosed Seal System
pressure regulator prior to the inlet. Using thgulator will be important when ensuring

the system has reached a steady state, and vallpatsvide a quantitative measurement

of the actual pressure on the high pressure Sithe. amount of pressure needed from the



compressed air will depend on Reynolds number Glons and the requirements of
matching the air to R134a.

In order to meet the requirements of Turbocor, tbs rig will incorporate a
rotating shaft, which should help simulate the flpatterns inside the actual seal. As a
part of Turbocors request, our design will incluaeotating shaft at a speed of 10,000
rpm, and should likely be driven by an electric anoand gearbox. The labyrinth seal
itself is stationary in the application and in aesign, but a component labeled as the
balancing piston will be connected to the shafte Teakage that occurs is seen at the gap
between balancing piston and the teeth of the lathyiseal. This gap will need to be
maintained and measured during testing, and stadsitdbe able to be adjusted to achieve
different levels of concentricity. The position thie shaft will need to remain constant,
and to adjust the concentricity, the seal positrah be varied using some form of
jacking bolts. Jacking bolts will allow very smathanges to be made to the position of
the seal, and therefore allowing concentricity écaldjusted. A measuring system for this
component is still needed. Due to the very sma&i@dnce size, measuring devices are
very limited. The two ideas that are being disedsare laser and caliper type measuring
systems. The incorporation of either of these awmistill needs to be discussed with

Turbocor, in order to determine which is most eafftctive.

Figure 7: Exploded View of Enclosed Seal Assembly Drawing



The most important portion of this design is thewfland pressure measuring
devices. The closed system will use a pressursdiger on the low pressure side to
determine the increase of pressure with time, amlving this increase will allow for
calculations of a mass flow rate through the sBaé& type of measuring device that will
most likely be used in this application is a presdtansducer. This device will be linked
to a computer, so that precise measurements catobed relative to time. The open
system will most likely incorporate the use of topstatic probe at the outlet of the low
pressure side. With the fluid velocity and areahef outlet know, a volumetric flow rate
can then be determined from a simple set of cdiomis. The pitot-static probe will also

be linked directly to a computer in order to proeltite most accurate readings possible.

Conceptual Design 2: L athe Attachment System

Implementing the lathe system
L \would limit the design to using a single-
: chamber design. It would not be feasible
. to enclose the entire lathe, which would
mean that only the free end of the shaft
would be enclosed. This would also mean
= that the flow would need to be measured

on the high-pressure side of the labyrinth

Figure 8: Example of atypical Lathe

seal. In order to measure the flow through the, e of two methods would be used.
Both methods rely on a steady-state condition bestgblished. The first method uses a
fixed-volume reservoir, such as with high pressyme tanks, and uses a mass balance
approach to calculate the flow through the seails Would require recording the pressure
and temperature inside the gas tank once steatyyftav conditions inside the test rig
have been established. The Ideal Gas Equation, PRMsmwould be used to determine
the mass of gas inside the tank. At that pointreetiwould be started. Once the pressure
inside the gas tank reservoir has fallen to theaipey pressure of the test rig, it will no
longer be able to sustain that operating pressutettze steady-state condition will end.

At that point the timer will be stopped, pressunel ¢emperature inside the gas tank will



be recorded and the mass inside the gas tank wifiobnd again using the ideal gas
equation. Knowing the mass inside the tank ab#ginning and end of the steady-state
condition will allow us to find the mass changeidgrthe test. Dividing that mass change
by the duration of the steady-state test will gaweaverage mass flow rate. It should be
noted that the test may require more gas than asladle inside the gas tank, and
repeating the test will require ordering more pueged gas.

The other option would be to use an air
compressor. In this case, a pitot-static probe will

be used to measure the velocity of the flow. A test

area, an area of straight tube with constant cross-

area, will be created to allow the probe to Shaft B

determine volumetric flow. Knowing the

pressure, temperature, and the volumetric flow Seal ﬁ
[ ~

rate will allow us to use the ideal gas equation to
determine the mass flow rate. Figure 9: Conceptual drawing of high P side.

Both of the above methods to implement a singlevddea design will require the
determination of the steady-state flow conditionomtler to determine the mass flow
through the seal. During a steady-state condit@ndonservation of mass principle for
flow applies. This states that mass flowing inteyatem is equal to the mass flowing out
of the system. During start-up of the test rig, shaft rotation will begin. Once the shaft
is at the desired rpm, the gas flow will be startdd the gas begins to bring the high
pressure side of the system up to the operatirgspre, a mass of gas will build up inside
the main chamber. During this time, the mass argeiie chamber is NOT equal to the
mass exiting the chamber. As the system presswehes the designed operating
pressure, the mass flow into the system will bégimear the mass exiting the system.
The steady-state operating condition of the systeaid be defined as the point in time
in which constant pressure and constant temperatutbe high-pressure side of the

system have been established.
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