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LHP Steady State Operation
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NRL LHP (113g/300W/273K) 01/17/2003

Temperature Oscillations in LHPs
NRL LHP (113g/300W/273K)  01/17/2003
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LHP Nonlinear Dynamics
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LHP Governing Equations
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LHP Linear Stability Theory
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LHP Linear Stability Theory

Characteristic Equation: 0)( det  SSJI
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• Real parts of all k’s are negative  solution decays to zero

 65432,1     0        0    
2

Real parts of all k s are negative  solution decays to zero
 steady state

• At least one real part of k’s is positive  solution grows 
exponentially  unstable operation

• At least one real part is zero and the rest are negative 
i l iinconclusive



LHP Instability Criteria
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Multi Time Scale Dynamical System

• Fluid Dynamic Subsystem 1 and 2
 time constant 1 = 0.11.0 seconds1
 perturbations decay with time, i.e.  Re(1,2) < 0

• Thermodynamic Subsystem 3 and 4Thermodynamic Subsystem 3 and 4
 time constant 2 = 110 minutes
 3 = 0  and 4 = 
 condensation of reservoir vapor causes instability

• Heat Transfer Subsystem 5 and 6y 5 6
 time constant 3 = 110 hours
 3 = 0  and 4 = 

l tt h d th l i t bilit large attached thermal mass causes instability



Very High Frequency Oscillations
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High Frequency Oscillations
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Low Frequency Oscillations
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Low Frequency Oscillations

   
  )CRIT(

LFHAINPEP

)L(
RP

)W(
RP

SSE

)E(
W

G
1

Q
1

cMc
McMc

Q
T















For Unstable LHP Operation:
ESS

0e

Zone 1 Zone 2
Zone 3

(E)
WT

0

SSIN

)E(
W

Q
T














nd
uc

ta
nc

e

1 3

tu
re

 o
r C

o

)3(
INQ)1(

INQ

1’ 3’
3”1”

)CRIT(G/1 f d i tt h d

Te
m

pe
ra

t

4
)CRIT(

LFHAG/1 for decreasing attached 
thermal mass



Discussion

Effects of Sink Temperature on LHP Stability
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Discussion

Effects of Bayonet Heat Exchanger on
High-Frequency/Low-Amplitude Oscillations
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Summary

• LHP as Dynamical System
– three (3) synergistically interacting subsystems: fluid dynamics, 

thermodynamics heat transfer processesthermodynamics, heat transfer processes
– three (3) corresponding time scales: 1 (0.11 seconds), 2 (1

10 minutes), 3 (110 hours) 

• LHP Linear Stability Theory
– Is LHP state x capable of reaching steady state xSS ?

I bili C i i• Instability Criteria
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Path Forward

Verify LHP stability theory against available test data 


