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 Why labyrinth seal? o
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e Labyrinth seals are widely
used in turbomachinery. Or
used as a part of more
complicated seals, such as
dry gas seal.
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e In Sandia SCO2 Brayton
Cycle Experiment loop,
simple labyrinth seal is used
for compressor.
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Introduction

«  Why new model? ] I
N _:, e 95°% N e
e Old empirical methods based on ke | o Mekor e | Comepener G it
incompressible fluid or ideal gas ooy — N B
are not working for S-CO.. T |
P = 13842 kPa e .
e As aresult, new method is 8 e 1w
n e e d e d . valve - F'Wﬁk:giﬂiﬂ U Flg:n;l!i:er
e This method should also Mass Flow, Density, dP-flow
applicab|e for future more 12 - Compressor only with pump-out vanes and labyrinth seals 45000
. . M——-—-——n\_ + 40000
complicated seal design for S-CO,. s - S—"
. Comp.utatiorlal Fluid Dynamic c.ode s \L J
combined with S-CO, property is a *3&° _ /
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good option.
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« A test facility was constructed at UW- I (m
Madison to measure the leakage rate | '? N
through labyrinth seals. F] LET L

« A Hydro-Pac single-stage compressor is p— { 1 =
used to compress CO, to supercritical 4 ‘
state.

« Heater and cooler to help reach target . "

inlet temperature.
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« The test section is formed by a sub-assembly and a flange.

« Various labyrinth seal designs can be tested by changing the formation
seals.

« A pressure vessel to help stabilize downstream condition.
Flowmeters, thermocouples, pressure transducers are nised to measure

flow rate, temperature and pressure. TostsoctonFange. ——> [
Assembly release bushing ———— - e

Radial roughing bushing ——> l

{ -]

Seals (stackable drill bushings) 5 -]

o

L]

Seal Clamp S m

Collet holder
sub-assembly
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OpenFOAM is used as the
framework of numerical study.

OpenVFOAM

« |tis an open source CFD code,
which brings a lot of flexibility.

« The compressible solver was 2 i
modified to use S-CO, il
properties in simulation. B [ : |

« The S-CO, properties were
provided by a library called i n
FIT, which is developed by » i | 1"
Northland Numerics. FIT use i BNl i) i
an interpolated representation ‘" J | 3 .
of properties based on ol fr;ﬂ_ X il = = U

REFPROP.
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Geometry. Ly
e Currently, only see-through
labyrinth seals are considered.
h L.s‘ea.’ T J{’(;:wity - {
. H
« As we can see, to define a see-
. Fy
through labyrinth seal, we need : l
seven parameters. 4
¥
« However, with one inherent
correlation: L, ., =n*L ., + (N-
1 )KLcaVity
« The degree of freedom is six.
Description Shaft diameter | Shaft Cavity Cavity Seal Total length Number of
clearance Height(Cavity Length(Cavity Length(Tooth teeth
depth) width) Width)
Notation D c H Lcavity Leeal Liotal n
Value 3mm 0.105mm 0.88mm 1.27mm 1.27mm 3.81mm 2
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e SIMPLEC algorithm is used for Eie
pressure and velocity
coupling.

e Standard k-epsilon model.

— L i Lcavny "
- Re~200,000 =) “

 Boundary condition

e To know the leakage rate
corresponding to different wall
pressure drop, fixed pressure
is given at inlet and outlet.
Fixed temperature is given at
inlet.

« At wall, non-slip and adiabatic
condition are set.

f———— T ———— =]

- O e O )

 To save computational time,
pseudo-axisymmetric method
is used.

e Currently, the shaft is

ctationarv
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Recompressrion S-CO2 Brayton Cycle

* In the discharge process, two-phase may
appears when downstream condition is

inside two-phase dome.

e In this research, homogeneous
equilibrium model is used for two-phase

modeling.
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1 1 H 0.052
« A calibration case of two-teeth labyrinth o
seal are simulated and tested first at 004 S R B B —
. .y :;2"‘ 0.04
inlet condition of (10 MPa, 475 kg/m3) 2 o6 e —
Descripti | Shaft Shaft Cavity Cavity Seal Total Number % g'ﬁi T LGN .
on diameter | clearance | Height(C | Length(C | Length(T | length of teeth n; 0'024: B Ny
avity avity ooth ke 0.0 s \“\\\-U
depth) width) Width) @ 0.016k ?_EXP
Notation | D c H Leavity Lecar Looa n T o012 oF
Value 3mm 0.105mm | 0.88mm 1.27mm 1.27mm 3.81mm 2 ggi
ot
L. 02 03 04 05 FQRG 07 08 09 1
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75 Trajectory line /f 0.84
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Radial clearance (c)

0.045
e This parametric study is based 004
on three-teeth seals. T oms
E' 0.03 g
4= v
« Inlet condition is (10MPa, 498 0.025 -
kg/m3), outlet pressure is fixed 002
at SMPa' 0-01304 0.:)6 0.08 01 0.12 0.14 0.1€

¢ [mm]

« These results show that as radial
clearance increases, flow area
increases, thus more mass can
flow through the seal. Ly L, — I

Pt O e O
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 Cavity length(L ,;,)
« Total length is kept constant.

¢ L is changed according to the
Change of I-cavity

length vs m_dot

0.0255

» Larger L, Will results more
radial expansion of main stream, |
which results a larger contraction B e e
form loss at next tooth.
Wall Recirculation in side cavity 3 T ;
Wall Recirculation in side cavity

U Magnitude
157

Main stream Expansion angle

Main stream Expansion angle
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e Cavity Height (H)

height vs m_dot

- The effect of cavity height is ] |
relative complicated. |
« As an optimum value of H results
in minimum leakage. e Lot
o :‘0.0250— ) . ¢ 1
U sgas vonnol |
0. E3‘23010 Zb 3I0 4‘0 5I0 6I[] 7I0 Sll] 90

height

0.910842

Main stream Expansion angle

Wall Recirculation in side cavity No recirculation in side cavity

U Magnitude

121.72 U Magnitude

122.6602

2.680667

Main stream Expansion angle

Main stream Expansion angle is limited by wall
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Number of tooth (n)

The total length and seal width
are kept constant. Tooth is
inserted one by one to see the
change.

Inlet condition of (10 Mpa, 325
kg/m3), outlet pressure of 5
Mpa.

As more tooth in seal, more
contraction form loss is
introduced.

However, the space between
teeth is also reduced.

Maximum Mass Flow Rate (kg/s)

0.034[
0.032]

o
8

0.028/
0.026
0.024/
0.022]

002"
0.018'
0.016/

= Experimental

+ CFD Model
One tooth a

One tooth b

1 2 3 4 5 6
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« Experiment facility was build in UW-Madison for various seal
test for S-CO,

 Experiment data can serve as a data base for future
researchers.

« Numerical method is calibrated by experiment results

e Parametric study of several geometric parameters provides
guiding for design optimization.
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THANK YOU
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