Verification of LHP
Stability Theory Part Il

Triem T. Hoang
TTH Research Inc.

ANALYSIS WORKSHAOP

Robert W. Baldauff
GSFC: 2015 U.S. Naval Research Laboratory



__ .5 Outline

 Loop Heat Pipe (LHP) Stability Theory
 Instablility Criterion for High-Frequency Osclillations
 Theory Verification Process

 Model Predictions vs. Test Data

o Summary / Conclusion
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LHP is a capillary-pumped device having no mechanical moving part



LHP Linear Stability Theory

Is LHP state x capable of reaching steady state Xsg ?
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Instability Criterion for High-Frequency/Low-Amplitude Oscillations
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‘Jé_ High Frequency Oscillations
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RL Loop Heat Pipe
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lé‘ NRL Loop Heat Pipe

Dimensions and Properties of LHP Components

Evaporator
Primary Wick
Material:
Outer Diameter:
Inner Diameter:

Casing/Saddle, 1% Wick, and Attached Thermal Mass
Thermal Mass of Heater
Plate + Saddle + Casing: 1,575J/K
Thermal Mass-to-Vapor

Sintered Powder Nickel
24.21mm (0.9507)
9.525mm (0.3757")

Active Length: 0.3048m (12”) Conductance Gg: 18.00 W/K
Max. Pore Radius: 1.3um Vapor Grooves
Permeability: 1.3x10*m? Number of Channels: 4
Effective Conductivity: 7.80W/m-K Hydraulic Diameter: 0.05”
Transport Lines
Vapor Line Liquid Line
Outer Diameter: 4.76mm Outer Diameter: 4.76mm
Wall Thickness: 0.508mm Wall Thickness: 0.508mm
Length: 1.524m Length: 1.96m (incl. bayonet)
Condenser Reservoir
Number of Parallel Passes 1 Outer Diameter: 25.4mm
Heat Exchanger Tubing Wall Thickness: 1.27mm
Inner Diameter: 3.744mm Active Length: 0.127m
Length: 2.032m (80™) Thermal Mass (Mcp)g: 135.80J/K
Conductance G M) - 6.75W/K Conductance Gg: 16.50W/K



,5 NRL LHP Ambient Tests

Ambient, Elevation = 0” Chiller Set Point = -10C
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!’5. NRL LHP Thermal Vacuum Tests

Vacuum, Elevation = 0" Chiller Set Point = -10C
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.Jé_ NRL LHP Vacuum Instability Prediction
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Dimensions and Properties of LHP Components

Evaporator
Primary Wick
Material:
Outer Diameter:
Inner Diameter:
Active Length:
Max. Pore Radius:
Permeability:
Effective Conductivity:

Transport Lines
Vapor Line
Outer Diameter:
Wall Thickness:
Length:

Condenser
Number of Parallel Passes
Heat Exchanger Tubing
Inner Diameter:
Length:
Conductance G :

Sintered Powder Nickel

12.00mm
4.5mm
0.120m
1.2um
4.0x10™m?
7.80W/m-K

3.175mm
0.1875mm
0.160m

1

2.800mm
0.100m
3.300W/K

Casing/Saddle, 1% Wick, and Attached Thermal Mass

Thermal Mass of Heater
Plate + Saddle + Casing:

Thermal Mass-to-Vapor
Conductance Gg:

Vapor Grooves
Number of Channels:
Hydraulic Diameter:

Liquid Line
Outer Diameter:
Wall Thickness:
Length:

Reservoir
Outer Diameter:
Wall Thickness:
Active Length:
Thermal Mass (Mc;)g:
Conductance Gg:

147.66J/K
13.50 W/K

4

0.05”

3.175mm
0.1875mm
0.250m (incl. bayonet)

13.0mm
1.00mm
0.030m
14.83J/K
8.168W/K
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FC Mini Loop Heat Pipe
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| a GSFC Flat Loop Heat Pipe

coolantin | 1 out 0-Sune 19, 2002
°33 34°
24 S o5 .
S ™ e mr(mr“ \ ;
| N—r
| e (1T =
65C TS. 2207k il =)
1 28 26 5 A i =
[4¢] . i —_
—‘ I I l o Liq. Inlet : o
o 15 o
] () ' ' : (@)
78 o5 ~ 10 N—" Condenser Exit (30) 20 O
- . Power
3) 0
10:00 11:00 12:00 13:00 14:00 15:00 16:00
Time
Dimensions and Properties of LHP Components 0 February 18, 2015 10 106
Evaporator : = =
Primary Wick Casing/Saddle, 1% Wick, and Attached Thermal Mass ; ; 8
Material: Sintered Powder Nickel Thermal Mass of Heater d ~ o
Outer Diameter: 25.00mm Plate + Saddle + Casing:  75.50J/K ~ 28 ] 8 = i 0.8 1
Thickness: 4.00mm Thermal Mass-to-Vapor (o') Ve v ! o feh)
Active Length: - Conductance Gg: 7.20 W/K < c c E T o
Max. Pore Radius: 1.0um Vapor Grooves e 26 ] 6 \CD 0.6 H‘E
Permeability: 1.0x10 “m? Number of Channels: 4 S : s o
Effective Conductivity:  2.50W/m-K Hydraulic Diameter: 0.05” E : — -E
Transport Lines o> : O —_
Vapor Line Liquid Line o 24 T 4 < 04 —
Outer Diameter: 2.000mm Outer Diameter: 2.000mm e TS/ T (1\/| odel) ) 8_
Wall Thickness: 0.1875mm Wall Thickness: 0.1875mm [<5) ’ ! c o
Length: 0.770m Length: 0.760m (incl. bayonet) — 22— / : B 0.2 >
Condenser Reservoir ‘ g~ 8 . '&5
Number of Parallel Passes 1 Outer Diameter: 30.00mm P O 5
Heat Exchanger Tubing Height: 25.00mm 20 /’ o g 0 o
Inner Diameter: 1.625mm Active Length: 0.127m N ! ! =
Length: 0.760m Thermal Mass (Mc;)g: 65.30J/K 0 10 20 30 40 50 60 70 80 90 wn —
Conductance G 3.10W/K Conductance Gg: 5.50W/K

Power Input (W)



Jé_ GSFC Flat Loop Heat Pipe
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)\é‘ Conclusion / Summary

 LHP Linear Stability Theory

— high-frequency/low-amplitude oscillations are caused by direct
condensation of vapor in reservoir by return subcooled liquid

— theory is limited to single-pass condenser LHPs

e Theory Verification
— model predictions agreed very well with test data from 3
different LHPs
e Path Forward
— continue with verification when additional data available
— add multiple parallel evaporators/condensers to theory



