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Dry Gas Seal Principles

Balance Seal

Stationary Ring

Rotating Ring

» Typically made
from Elastomers

» Limited to 200°C

Balance Sealing Element

The 7th International Supercritical CO, Power Cycles e February 21 —24, 2022 e San Antonio, TX, USA

Spring




Innovation: Improved EfflClency

* Performed a study using ...
a 1-D turbine analysis
(Balje Approximation)

* Major Assumption: -
replace the thermal e
management zone with e
extra stages

* Input the new turbine e s
efficiency into a cycle
analysis

Relative Isentropic Efficiency [%]

.6 2.8 . .
Rotational Speed [krpm]
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Design Requirements/Targets

| Requirement | Unit  Value |
°C 500

MPa 7.4
NI/min 120
N 1,000
Range of Movement mm 6.35
(thermal expansion)
Range of Movement um 50

(dynamic
oscillations)
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Test Rig P&ID
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| SemorPN | Sensorlwe
M-250SLP Thermal Mass flow 0.5%
Linear Actuator
CMFO050 Coriolis Mass Flow 0.25%
Rosemount 3051 Pressure 0.04%
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Test Rig

Radiant Heaters

Balance Sleeve Balance Seal

Pressure Housing
Plunger

Actuator

Slow Movement (0.25") Fast Movement (Vibration)
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Testing S
Balance Seal | Balance Sleeve | Backing Seal m
rat|n

Type 1 Sleeve 1 Seal 1 Ambient
-!- Type 1 Sleeve 1 Seal 2 Ambient 2 -
I Type 3 D1 M1 Sleeve 2 Seal 1 Ambient 4 2
B Type 4 D1 Sleeve 2 Seal 1 Ambient 5 4
R Type 3D1 M2 Sleeve 2 Seal 1 Ambient 4 3
B Type 2 D1 Sleeve 1 Seal 1 Ambient 3 3
B Type2D2 Sleeve 1 Seal 1 Ambient 3 3
Type 3 D2 Sleeve 1 Seal 1 Ambient 2 2
R Type3D2 Sleeve 2 Seal 1 Ambient 2 2
B Type 3D3 Sleeve 2 Seal 1 Ambient 3 3
I Type3D2 Sleeve 1 Seal 2 500C 2 2

Leakage/Force is rated 1-5 where

-1 is the baseline measurement -2 means it meets the target +/- 15%
-3 is between the target and 2X the target, -4 is 2-5X the target

-5 is greater than 5X
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Testing Methodology (Baseline)

EagleBurgmann
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Testing Results (Backing Seal

Total Leakage, Test 1
Total Leakage, Test 1.1

The metal Backing seal had 5X the leakage
of the baseline elastomer and will be
redesigned for the final installation

—r 1 1 1 1 1 1 1 1 r 1
20 40 60 80 100 120 140 160 180 200
Pressure [barg]
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Leakage [NI/min]

Testing Results

300

\Y%
J A \v4
270
00 a g
] 2
- O v v
A \v4 v
21040 N g ; = Target
i a ; Type 1
Type 1
180 v v T;);S:sm M1
_ v </ Type 3D1M1
g v @ Type 4 D1
150 O Type4 D1
A Type3D1M2
1 A Type 3D1M2
i Type 2 D1
120 4 ng: 2D1
Type 2 D2
Type 2 D2
90 v ng: 3D2
V Type 3 D2
Type 3 D2
60 Tzzi 3D2
%_'_J WV Type 3D3
o \/ Type 3D3
30
0+ r— 1 1 1 1 1T 1 "~ 1
0 20 40 60 80 100 120 140 160

Pressure [barg]

Force [N]

3000
= Target
Type 1
V¥V Type3D1M1
@ Type4 D1
i A Type3D1M2
2500 Type 2 D1
Type 2 D2
V Type3D2
Type 3 D2
WV Type3D3
2000
1500 ~
1000 -
500 ~
O T T T T T T T T

— 7T T T T T
0 20 40 60 80 100 120 140 160

Pressure [barg]

The 7th International Supercritical CO, Power Cycles e February 21 — 24,2022 e San Antonio, TX, USA 10



Leakage / Pressure [NI/min / bar]
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Testing Results (Statistical)

Force / Pressure [N / bar]

Test Nr.
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High Temperature Test Results
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Dynamic Movement Tests
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Teardown showed minimal damage to the balance seal
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Conclusions

The team was able to design and test a balance
seal capable of 500 C and 7.4 MPa

The seal was capable of both large and small
movement at full pressure meeting the 1,000 N
target friction force

The leakage was below the target of 120 NI/min

Leakage reduced at high temperature due to CO2
properties

International Supercritical CO, Power Cycles e February 21 —24,2022 e San Antonio, TX, USA



Moving Forward

* The team is currently procuring
components for the full Dry Gas Seal and
Rotating Test Rig

* The full Dry Gas Seal will be tested under
simulated turbine outlet conditions.
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Thank you!

* Thank you for the support from the DOE
DE-EE0008740

The 7th International Supercritical CO, Power Cycles e February 21 — 24,2022 e San Antonio, TX, USA



