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Background 
Temperature Oscillation in TES LHP EDU (25W1263K) 

Large amplitude temperature oscillations were observed in JPL LHP tests 
in 2000. 

Constant power, constant sink 

No satisfactory explanation. 

- TC31 

12/8/1999 25W start, 263K sink 

- Q l  - TC24 - TC06 

258 

h 

u) 

15': 

iij 

a 
10 6 

5 

0 

1 
L I , , ,  -5 

1 TC31 ~ : 
60 120 180 240 300 360 420 480 540 600 660 

Elapsed Time (min) 

Condenser 
Plate 

22 

LHP Temp Osci 
JTK - 9/15/03 



Three Types of LHP Temperature Oscillations 

Ultra High Frequency Temperature Oscillations 
- Periods less than 1 second 
- Related to two-phase flow characteristics. 
- No published experimental data 
- Not important in spacecraft thermal control 
- Pressure oscillations are more of a concern 

High Frequency, Low Amplitude Temperature Oscillations 
- Periods on the order of seconds to minutes 
- Amplitudes on the order of one Kelvin 
- Caused by vapor front movement near condenser inlet or exit 

Low Frequency, High Amplitude Temperature Oscillations 
- Periods on the order of hours 
- Amplitudes on the order of tens of Kelvin 
- Several possible causes 

LHP Temp Osci 
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0 bjectives 

Investigate low frequency, high amplitude temperature oscillations. 
- LHP with a single evaporator and a single condenser 
- A large thermal mass attached to the evaporator 
- Constant applied power and constant sink temperature 

Propose a new theory for low frequency, high amplitude temperature 
osc i I lations . 
- Physical processes 
- Interactions among LHP components 
- Source of temperature oscillation 
- Factors affecting the amplitude and period of temperature oscillation 

Verify the theory with test results from TES LHP EDU testing. 
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Schematic of an LHP without Thermal Mass 

Reservoir ' e  

-1 
Vapor 
Line 

Liquid 
Line 

TSi"! Condenser Section + p- Lvap + 

I v v 
Qc,sub Qe,vap 

Qe = Q , c c  + Qe,vap 

AP = h(Te - TCc ) / (TCcAv) 
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Schematic of an LHP with Thermal Mass 

Qe 

Vapor 
Line 

I 

Condenser 

Condenser Sink 
Liquid t c. 1 .  

c 
Liquid/Vapor Interface Condenser 

f-, Region I1 Region I 

I 

QS 
Q2 Q3 Q4 

Net Evaporator Power, Q, 
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CC Temperature Decreasing 
. 

1 Thermal Mass Tin I 

Q,, Liquid * Line Vapor 
Line 

I I 

Condenser 

Initially, vapor line has liquid. 

Qapp applied to thermal mass. T,, and T, increase. 

Loop starts. Cold liquid feeds to CC. T,, decreases. 

T, decreases. Q, increases. Q, > Qapp, Ttm decreases. 

T,, continues to decrease, Q, continues to increase. 

Tsink is fixed. T,, reaches a minimum. 

Q, reaches a maximum. Q,,,,, > Qapp. 

Q, begins to decrease, T,, begins to increase. 

Region Region I1 
I 

-4 I 

Qz Q3 Qq QS 

Net Evaporator Power, Q, 

= Qapp - Q e  
dTtm 

dt M tm C p,tm 
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CC Temperature Increasing 

Q,,a Liquid - Line Vapor 
Line 

Condenser 

Region Region I1 

QS Q2 Q3 Qq 

Net Evaporator Power, Q, 

T,, continues to increase. Q, continues to decrease. 

Q, = Qapp . T,, begins to increase. 

Q, 

Q, reaches a minimum Qemin T,, is so high that 

Q, begins to increase. T,, begins to decrease. 

Q, is still greater than Qapp. Ttm continues to decrease. 

Qapp because Ttm is too low to sustain Q, = Qapp. T,, 
continues to increase. Q, continues to decrease. 

Ge,tm (Ttm 0 'e) > Qe,min 

- "" 
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CC and Thermal Mass Temperatures 
I 

(T heoretica I) 

(Qe > Qapp) (Qe C QapJ 

-4 b 
TTM,max TTM,max = Qapp) 

Time 
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Review of Necessary Conditions 

The three necessary conditions to 

osc i I la t ion : 
2 To 

8 

sustain a high amplitude temperature s 
T, 

E" 
A large thermal mass is attached to the 

evaporator. u 
A small power is applied to the thermal 

mass. 
The sink temperature is colder than the 

ambient temperature. 

T, 

T3 
T4 

u 

If any of the conditions is not met, the 
thermal mass temperature will never 
decrease. Q, will gradually increase until 
Q, = Qapp at the steady state. 

The LHP will operate steadily in region 1. 
If Qapp > Q4, the transient will be short 

and LHP will operate steadily in Region II. 

Region I1 Region I 

-4 Q I 

Qz Q3 Q 4  QS 

Net Evaporator Power, Q, 

d T t m  

Q e  = Qapp - M t m C p , t m  dt 
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Temperature Oscillation in TES LHP EDU 
(25 Wl263 K) 

12/8/1999 25W start, 263K sink 

-TC23 -TC31 - TC22 - TC24 
L 

-- 
I I I 
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2 
5 288 
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E" 
278 
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-~ TC32 - TC06 - Q 1 

1 30 

--j -.i;. 20 

n 
u) 

15% 

5 
a 

L 
10 g 
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Vapor Front Movement and Temperature Oscillation 
Condenser Sink 

& 
LiquidNapor Interface Condenser 

The range of the vapor front movement 
can be correlated to the amplitude of the 
temperature os c i I lation. 

The larger the Q, oscillation, the 
larger the CC temperature oscillation. 

The larger the Q, oscillation, the 
larger the range of Lvap. 

The range of Lvap is nearly 
proportional to the amplitude of CC 
tempera t u re osci I la t io n . 

Vapor front can never pass 
condenser exit. 

Region If-+ Region I1 ! -4 0 I 

4 

Q S  
Q2 Q Qq 

3 

Net Evaporator Power, Q, 
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Vapor Front Location and Temperature Oscillation 

Condenser Sink 

Q2 Q 4 4  QS 
3 

Net Evaporator Power, Q, 

With a very small applied power and/or a very cold sink, vapor may 
condense in the vapor line at the peak of the CC temperature (Q, 

The vapor line works as a condenser. 

The liquid in the vapor line provides an “initial push” for a rapid CC temperature 
drop when T,, begins to decrease. 

The smaller the applied power and/or the colder the sink, the higher the 
peak CC temperature. 

If the vapor front stays inside the condenser, the range of L will be small, 
leading to a small temperature oscillation. 
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Temperature Oscillation in TES LHP EDU 
(20 W12 63 K) 
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Temperature Oscillation in TES LHP EDU 

I 
I 

(50 W12 68 K) 

1 

1211 91999 

266 I- 
261 I io 

I I 
I I -10 256 
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Temperature Oscillation in TES LHP EDU 
(75W, 243W 253K) 

2/1/2000 
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Temperature Oscillation in TES LHP EDU 
(1 5W/253K, 20W/293K, 20Wl253K) 
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Temperature Oscillation in TES LHP EDU 
(263K, 15Wl2OWl3OW) 
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Am pl i tude of Tem perature Osci I lation 
vs Applied Power and Sink Temperature 
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Period of Temperature Oscillation 
vs Applied Power and Sink Temperature 
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Summary 
Under certain conditions, the thermal mass can modulate the constant 
applied power into an oscillating heat input to the evaporator. 
- The oscillating evaporator power has a maximum that is greater than 

the applied power and a minimum that is smaller than the applied 
power. 

- Ultimate source of the temperature oscillation 
In order to sustain a low frequency, high amplitude temperature 
oscillation, all of the following three conditions must prevail: 
- A large thermal mass is attached to the evaporator. 
- A small power is applied to the thermal mass. 
- The sink temperature is colder than the ambient temperature. 

The combination of the above three parameters governs the temperature 
osc i I lat io n . 
- In general, the amplitude and period of the temperature oscillation 

increase with an increasing thermal mass, a decreasing applied 
power, and a decreasing sink temperature. 

Once it has started, the temperature can continue indefinitely until the 
operating condition changes . 
The proposed theory agrees well with experimental data. 
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Conclusions 
In space applications, the evaporator is attached to large thermal masses 
and the radiator may be exposed to a cold environment over a long period 
of time, thus a high amplitude temperature oscillation can occur. 
Several methods can be used to reduce or eliminate high amplitude 
temperature osci I lat ions. 

Actively control the CC temperature. 
Reduce the heat leak from the evaporator to CC. 
Reduce heat leak from ambient to the liquid line. 
Heat the vapor line to prevent vapor condensation in the vapor line. 
Increase the thermal conductance between the evaporator and thermal 
mass 

Recommended f u t u re stud ies 
- Verify the oscillating evaporator power by placing a sufficient number 

- Investigate the effect of thermal diffusivity of the thermal mass. 
- Develop an analytical model to predict conditions under which high 

- Develop an analytical model to predict the amplitude and frequency of 

of temperature sensors in the thermal mass. 

am pl it ude tem pe rat u re os c i I la t io n wi I I occ u r. 

the temperature oscillation. 
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