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Cryogenic Bearing and Seal Test Facility for a Turbopump
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ABSTRACT
To perform a cryogenic development test for Tribo-elements in a turbopump, a cryogenic bearing and
seal test facility (BSTF) is designed and currently under construction in KARI. The working fluid is liquid
nitrogen operating at a temperature -197 C. The maximum operating pressure and volume flow rate of
BSTF are 100 bar and 10 liters per second, respectively. The development tests of floating ring seals,
inter-propellant seals (IPS) and cryogenic ball bearings in a turbopump will be performed using the BSTF.
This paper briefly described design requirements and procedures of BSTF.
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Table 1 Verification test list and design requirements of
BSTF for cryogenic ball bearing

Verification Test List
Load capacity test | Axial and radial loading test
No failure allowed under
Endurance test maximum loading in cryogenic
environment
Heat generation Measure temy ture
test increasement of cooling flow
due to friction
Verification of material
Material test compatibility in cryogenic
environment
Design Requirements of BSTF
Max. RPM 20,000 rpm
. . Cryogenic Fluid
Working fluid (Liquid Nitrogen)
Temperature ~197T
Flow rate range 0 ~ 2 liters/sec
Pressure range 0 ~ 10 bar
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Table 2 Verification test list and design requirements of
BSTF for floating ring seal

Verification Test List

Leakage characteristics in
cryogenic environment
No failure allowed under

Leakage
performance test

Endurance test maximum operating pressure in
cryogenic environment
Dynamic Measure stiffness and damping

coefficients
Verification of material

characteristic test

Material test compatibility in cryogenic
environment

Design Requirements of BSTF

Max. RPM 20,000 rom
. . Cryogenic Fluid

Working fluid (Liré]ui%l Nitrogen)
Temperature -197C
Flow rate range 0 ~ 10 liters/sec
Pressure range 0 ~ 100 bar
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Fig. 1 Operating scheme of IPS
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Table 3 Verification test list and design requirements of

BSTF for IPS
Verification Test List
Leakage Leakage characteristics in
performance test cryogenic environment
No failure allowed under
Endurance test maximum operating pressurs
in_cryogenic environment
Verification of material
Material test compatibility in cryogenic
environment
Design Requirements of BSTF
Max. RPM 20,000 rpm
. . Cryogenic Fluid
Working fluid (Liquid Nitrogen)
Temperature -197C
Flow rate range 0 ~ 05 liters/sec
Pressure range 0 ~ 10 bar
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Fig. 2 Conceptual drawing of BSTF
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Table 4 Design specifications of BSTF

Table 5 Driving motor specifications
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Blow-down of LNZ using high | Permanent Magnet Synchronous

Type pressure GN2 { Type Motor (PMSM)

. . LN2 for cryogenic test ' Power 100 kW
Working fluid 1} oo for blowing-down of LN2_| Max. rpm 30,000 rpm
Max. pressure 100 bar (LN2), 270 bar (GN2) | Motor cooling Water
Max. flow rate 10 liters/sec (LN2) I . Angular contact ball bearing
Max. test time 300 seconds at max. flow rate 1 € lubricated by oil (include oil cooler)
Driving type Motor ! Input power 3 phase 380 VAC
Max. rpm 30,000 rpm ! Table 6 LN2 and GN2 line specifications
Max. power 100 kW ‘

LN2 Line
Type Super Insulated vacuum pipe
Size 50A sch 20 STS316 (inner pipe)

100A sch 10 STS304 (outer pipe)
10 MPa

Max. pressure

gree of Less than 10° Torr
vacuum
gree of heat Less than 1 W/m
exchange
Zzltmm leak Less than 1x10°° SCC/sec
GN2 Line )
Max. pressure 32 MPa
T ASTM A269(STS316TP) SMLS
ype SS Tube
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Table 7 LN2 and GN2 tank specifications

High Pressure LN2 Tank
Type Vacuum tank
Capacity 825 litters x 4 ea
Design pressure 153 MPa
Proof pressure 199 MPa
Temperature -196 ~ 40T
Degree of vacuum 0.05 Torr
Insulation Perlite

Low Pressure LN2 Tank
Type Vacuum tank
Capacity 4851 litters x lea
Design pressure 1.76 MPa
Proof pressure 2.7 MPa
Temperature -196 ~ 40T
Degree of vacuum 0.05 Torr
Insulation Perlite

High Pressure GN2 Tank
Type High pressure vessel
Capacity 1300 litters x 3ea
Design pressure 216 MPa
Proof pressure 41.4 MPa
Temperature -40 ~ 93T
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Fig. 3 3D schematic drawing of BSTF
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