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Experimental Facility
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Brush Seals

Reduce secondary leakage in turbomachinery
Replace labyrinth seals in HP TM (hot side of st i
Wear and thermal distortions are a reliability

Hybrid Brush Seals

Novel improvement over BS. Reduce more leakage and do not
Introduce wear or thermal distortion. Allow bi-directional rotation
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* Close-up courtesy of Advanced Spring Lever
Courtesy of Advanced Turbomachinery Group® T PSR Mechanism




Dynamic Load Tests

(no shaft rotation)
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Parameter Identification (no shaft rotation)
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HBS Dynamic Stiffness vs. Frequency
(no shaft rotation) o

Load = 63 N, frequency: 20-100Hz
Pressure ratio (P, = P/P,) = Discharge/Supply
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HBS Equivalent Viscous Damping vs.

(no shaft rotation)

Frequency
Load = 63 N, frequency 20-110Hz
Pressure ratio (P, = P/P,) = Discharge/Supply
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ldentification of Rotordynamic Force Coefficients
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ldentification of Rotordynamic Force Coefficients

For periodic force excitation: " S
1.4l s % Ky, Cp o
| U 7%y

b SR b Ve
= X = xe'“
xy, Cxy
EOMS reduce to: g
> X+7 .U_E With impedances:
XL Y=
XX Xy X . . 2 .

Z,~K,,~M_ 0 +iC_ 0},

L, X+Z,-Y=0

For centered operation 7 =7 7 =_7
(axi-symmetry) XX yy Xy yX

M, 0 [[X Koo Ky [ X . C, O [[x F
+ = j
0 |lex y _ny Kxx y 0 Cxx y 0




Rotor mode shapes

First Fixed-Free Mode Shape Plot (one end fixed)

Only first mode excited
Hybrid Brush Seal Rotor Assembly -
In rotor speed range (0-
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Effect of rotor speed on rotor-HBS natural frequency

Gyroscopic effects

Location of L.
c || dispiacemen negligible for test
measurements
05 bisk — S rotor speeds
o | N
Ty St?lle(r)rtt)earlng Shaft B (600 and 1’200 rpm
D 025 | PP x
= !
S S=o==1 [20 Hz])
) T
O o2 -
= Location of
@ 0.05 external force
= Hybrid Brush
() 075 ¥ Seal location x | ]
s (§ .
0 0.05 0.1 0.25 0.3
Axial Locatlon, Z [m]
Rotor 1st Backward Nat. 1t Fgirward Nat. 2nd Forward Nat. 3rd Forward Nat.
Speed [RPM] Frequency, [Hz] FrgQuency, [Hz] Frequency, [Hz] Frequency, [Hz]
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1200 28.8 32.2 163 1351
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CROSS-Coupling Effects under rotation

Load=22 N, 600 rpm
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Test dynamic stiffness vs. frequency

Load = 22 N, frequency 25-80Hz
Pressure ratio (P, = P/P,) = Discharge/Supply

400

300

NI
o
o

l—\
o
o

,_
o
o

Re (Zxx) [KN/m]

300

Model Test Data o %
-+ XXX 6001pm, Pr=17 %@
a2 PR 12000pn - Ri= 18 gg
- OO0 600 rpm, Pr=2.4
-+« OO 1200 rpm, Pr=2.4

20 40
Frequency [Hz]

Model
reproduces the
measured real

part of

Impedance.
Little effect of
pressurization



Test quadrature stiffness vs. frequency

Load =22 N, frequency 25-80Hz
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Equivalent Viscous Damping (C,,~C,,) vs. Frequency
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HBS predicted & test direct stiffness vs. frequency

Frequency 25-100 Hz Predicted HBS stiffness
(Ke) drops slightly in
range from 20- 100 Hz.
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HBS predicted & test cross stiffness vs. frequency

Frequency 25-100 Hz
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HBS predicted & test damping vs. frequency

Frequency 25-100 Hz
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HBS direct damping (C,,,) decreases with excitation frequency. Loss factor
coefficient (») models well seal structural (hysteresis) damping



Conclusions

» A structural loss factor (y) and a dry friction
coefficient(w) effectively characterize the energy
dissipation mechanism of a Hybrid Brush Seal (HBS).

» HBS Direct stiffness (K, = K,,,) decreases minimally

with rotor increasing rotor speed for P, = 1.7 and 2.4 HBS
Cross-coupled stiffness (K, = -K) Is much smaller than the direct
stiffnesss.

« HBS Direct viscous damping coefficients decrease as a
function of increasing excitation frequency.



