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LHP is a capillary-pumped device having no mechanical moving part



J’é_ LHP Steady State Operation
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LHP is a nonlinear heat transport system



,,5. Temperature Oscillations in LHPs

NRL LHP (113g/300W/273K) — 01/17/2003
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’é_ LHP Nonlinear Dynamics
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P Nonlinear Dynamics
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ar LHP Nonlinear Dynamics

Heat Transfer Across
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Jar LHP Nonlinear Dynamics

Heat Transfer Across
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)\ég LHP Nonlinear Dynamics

Heat Transfer Across
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lé‘ LHP Governing Equations
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LHP Linear Stability Theory

: _ d
Governing Equations: d_)t( =f(x)

_ [\ 4 (E) (R) (E) (R) (R)\T
Where’ X= (VC mL TSAT TSAT TW TW TL )

f= (fl f, &5 1, T3 T f?)T
Is LHP state x capable of reaching steady state Xsg ?

Let Xs5 be the equilibrium (steady) state and [X—Xgg| < €

. . _ d 8f
Linearized Equations: E(X_XSS) (X Xss) = Jss (X —Xss)
X() = Xgs = O A ™ Xss
k

where A, ’s are eigenvalues of Jg.



_ 5‘ LHP Linear Stability Theory

Characteristic Equation: det (Al -J ) =0
D2 +ba+cla (-0l a{r-0}=0

~ —bx+/b?—4c
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» Real parts of all 4,’s are negative = solution decays to zero
= steady state

« At least one real part of A4,’s Is positive = solution grows
exponentially = unstable operation

e At least one real part is zero and the rest are negative =
Inconclusive




lé‘ LHP Instability Criteria
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lé‘ Multi Time Scale Dynamical System

* Fluid Dynamic Subsystem A, and A,
— time constant t; = 0.1-1.0 seconds
— perturbations decay with time, i.e. Re(A;,) <0

* Thermodynamic Subsystem A, and A,
— time constant t, = 1-10 minutes
- A=0and A, =Q
— condensation of reservoir vapor causes instability

» Heat Transfer Subsystem A. and A,
— time constant t; = 1-10 hours
— A3=0andA, =0
— large attached thermal mass causes instability



lé‘ Very High Frequency Oscillations
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‘Jé_ High Frequency Oscillations
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Low Frequency Oscillations
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Low Frequency Oscillations
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!ar Discussion

Effects of Sink Temperature on LHP Stability
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)ar Discussion

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

e LHP as Dynamical System

— three (3) synergistically interacting subsystems: fluid dynamics,
thermodynamics, heat transfer processes

— three (3) corresponding time scales: t, (0.1-1 seconds), t, (1-
10 minutes), t5 (1-10 hours)

e LHP Linear Stability Theory
— Is LHP state x capable of reaching steady state Xqg ?

 Instability Criteria
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JQF Path Forward

Verify LHP stability theory against available test data



