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ABSTRACT:  In order to insure optimal operation of sensitive electronic devices in space, it is essential to 
have a dependable thermal control system to regulate their operating temperature.   A Miniaturized Loop 
Heat Pipe (mini-LHP) can provide this function without many of the restrictions of conventional thermal 
control measures.  Traditional techniques such as thermal straps and shunts, conventional heat pipes, 
mechanically pumped loops, and are oftentimes not readily scalable to small satellite applications and can 
impose large mass penalties, complicate system integration, and limit pre-launch system-level tests.  
 
This paper describes the effort performed by Swales Aerospace to design and verify the performance of 
next generation miniature LHPs.  This work was performed for NASA Goddard Space Flight Center and 
was devoted to the development of a reliable miniaturized dual-evaporator and dual-condenser LHP that is 
prototypical of a centralized thermal bus for a small satellite.  The focus of design and development was 
maximization of performance parameters such as heat transport and overall conductance, while minimizing 
auxiliary power requirements, total system mass, and integration constraints. 
 
The design description of the mini-LHP as well as a detailed discussion of test results is included in this 
paper.   Test results show that mini-LHP offers robust, reliable performance and stable operation 
throughout its entire required operational range. 
 
 
INTRODUCTION AND BACKGROUND 

 
The trends in space technology suggest that the 
demand for small and micro-satellites will 
expand significantly in the future.  As satellites 
are downsized to satisfy this demand, 
subsystems, such as the thermal management 
system, must also be downsized while 
maintaining their functionality and minimizing 
their weight and envelope. 
 
Due to their totally passive, high heat transport 
capability, coupled with their highly reliable, 
robust behavior, Loop Heat Pipes (LHPs) are 
widely used in an ever-expanding number of 
emerging spacecraft thermal control applications.  
A number of attractive performance attributes 
have contributed to the rapid growth in the LHP 
utilization.  Probably the most important feature 
is that LHPs are capable of passively 
transporting large heat loads over long distances 
with small temperature gradients.1  Another 
attractive LHP attribute is the small diameter, 
flexible transport lines, which can be used for 
deployable radiators, gimbaled heat sources, or 

to simplify integration.  LHPs are also 
reasonably insensitive to adverse elevation, 
which simplifies pre-launch system-level 
testing.2  The fact that an LHP is a natural 
thermal diode is also very attractive for many 
applications.  
 
Traditionally LHPs employ a single evaporator, 
which serves as the heat acquisition interface.  
Many applications feature multiple heat sources 
or payloads with large thermal footprints, which 
requires that the heat be collected into a single 
centralized location using conventional heat 
pipes for example, or that multiple LHPs be 
used.   Both approaches have drawbacks.  Using 
a separate heat pipe network adds another 
thermal interface and increases weight.  Multiple 
LHPs also add weight and may not participate 
equally in the heat transport function if they are 
coupled to the same heat source. 
 
LHPs with multiple evaporators represent a 
viable light-weight design alternative that can 
avoid these potential issues.  In addition to 
removing heat from multiple sources, multi-
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evaporator LHPs isothermalize the heat sources.  
In fact, heat from one source can be shared with 
unpowered heat sources, minimizing survival 
heater power. 
 
LHPs with multiple condensers also offer 
potential performance enhancements over their 
single-condenser counterparts.  Many 
applications are characterized by transient sink 
environments and are best served by radiators 
facing in different directions.    If one of the 
radiators is illuminated and warmed, that radiator 
will automatically be thermally isolated due to 
the dioding nature of the LHP, and the heat will 
be diverted to and rejected by the radiator facing 
the colder sink. 
 
The first feasibility study of a multiple 
evaporator LHP was performed by Bienert et al.3 
Bienert et al., were successful in developing a 
reliable self-starting multiple evaporator LHP.  
The operation of the multiple evaporator and 
multiple condenser LHP has also been discussed 
in detail by Ku and Birur.4,5  In their 
investigations, they studied the thermal 
performance of a mid-size dual-evaporator and 
dual-condenser LHP.  Ku and Birur found that 
the dual-evaporator/dual-condenser LHP 
demonstrated robust operation even when 
subjected to rapid power and sink transients. 
   
The development and modeling of multiple 
evaporator LHPs has also been discussed by 
Goncharov et al.6  Design descriptions and test 
results of LHPs with two and three evaporators 
were included in their paper. Nikitkin et al., 
provided guidelines to LHP users regarding the 
applicability of LHPs as well as guidelines for 
the practical utilization of classical and multiple 
evaporator LHPs.7  
 
The current interest in small spacecraft for future 
missions expressed by NASA has mandated the 
development of a miniaturized Loop Heat Pipe 
(mini-LHP) that is capable of transporting heat 
from high power density electronics, optics, 
sensors, and lasers to remotely located radiators 
on the spacecraft.  Current state-of-the-art 
technologies typically utilize evaporators with an 
outside diameter of 25 mm.  Smaller evaporator 
sizes, with diameters down to 16 mm and as 
short as 10 cm, have been developed and 
demonstrated in the lab.8   
 
Continued development of a miniaturized dual-
evaporator/dual-condenser LHP with a flow 

isolator has been pursued in a joint effort 
between NASA Goddard Space Flight Center 
(NASA/GSFC) and Swales Aerospace, and is 
described in this paper.  Evaporators with 
diameters as small as 8 mm and lengths of 50 
mm have been successfully developed and 
incorporated into a prototypical mini-LHP.  This 
mini-LHP is capable of transferring heat load as 
low as 5 W and as high as 100W.  The authors 
believe that this novel heat transport device 
provides thermal engineers and spacecraft 
architects with an effective, flexible, and robust 
tool, providing significant mass reduction and 
component packaging options. Furthermore, the 
geometrical flexibility of the mini-LHP will 
simplify integration and pre-launch, system-level 
tests, and significantly reduce mechanical 
coupling between the spacecraft and payloads 
with critical alignment requirements. 
  
SYSTEM OVERVIEW 
 
The primary design objective of this 
development program was to maximize the heat 
transport capability and thermal conductance of a 
miniature LHP.  It was also important to 
maintain operational flexibility in terms of 
accommodating independently variable heat load 
acquisition from multiple heat sources and 
independently variable heat rejection from 
multiple radiators.   
 
Overall Design 
 
In this development program a two-phase, 
miniature LHP with two parallel evaporators and 
two parallel condensers was designed, fabricated 
and tested.  Figure 1 provides a schematic 
representation of overall design of the mini-LHP 
and Figure 2 shows the completed assembly. 
 
The design of the LHP evaporators was 
“classical” in the sense that each evaporator was 
attached to its own compensation chamber.  
These compensation chambers perform the same 
function as their counterparts in a traditional 
single-evaporator LHP, as they store excess fluid 
and maintain adequate fluid inventory in the loop 
for reliable startup and robust operation.  The 
compensation chamber also controls the 
operating temperature of the loop.  Previous 
development has shown that when more than one 
compensation chamber is used, one performs the 
temperature control function and the others fill 
with liquid.4  
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Figure 1. Dual Evaporator Dual Condenser mini-

LHP 
 
       

 
         

Figure 2. Assembled LHP 
 
As shown in Figures 1 and 2, the evaporators 
were plumbed in parallel and connected to the 
condenser using shared liquid and vapor 
transport lines. The liquid and vapor transport 

lines were fabricated using small diameter thin-
walled tubing with the outside diameters of 
approximately 1.5 and 2.5 mm, respectively.  
Each transport line includes two coiled sections 
to provide some degree of flexibility for testing.  
These coils also provide vibration isolation and 
facilitate integration.  The condensers were also 
connected in parallel.  Each condenser was 
attached to a semi-circular radiator designed for 
double-sided heat rejection and sized to fit into 
one of Goddard’s thermal vacuum chambers.  
The condensers lines were embedded in the 
radiator face sheets to provide a flat surface to 
accommodate the optical surface. 
 
The use of parallel condensers requires the 
implementation of a flow management device to 
prevent vapor from bypassing either radiator 
section.  The flow isolator shown in Figure 1 and 
2 was designed specifically for this purpose.  
The flow isolator allows the LHP system to 
operate with non-uniform sink conditions or 
even in an environment where one of the 
radiators is illuminated and may be warmed 
above the operating temperature of the loop 
(superheated).  Under these conditions, the 
warmed radiator is thermally isolated from the 
loop via the flow isolator.   
 
The overall weight of the system including the 
working fluid but excluding the radiator face 
sheets and support structure was approximately 
316 grams. 
 
The evaporators were designed to accept powers 
varying independently between 0 and 50 watts.  
The loop was designed and sized to transport and 
reject a total power of 100 watts at an operating 
temperature of 50oC.  
 
TEST PROGRAM OVERVIEW 
 
The primary objective of the test program was to 
verify the design goals and objectives for the 
miniature LHP were satisfied.  The tests 
described herein were performed at Swales 
Aerospace prior to delivery of the prototype to 
NASA.  Additional tests are currently being 
performed at Goddard to characterize the thermal 
behavior in a vacuum environment.   
 
Thermal evaluation tests performed during the 
experimental part of this project consisted of 
startup, conductance, and maximum power for 
each evaporator as well as rapid sink and power 
cycling tests.  All tests were performed in a 
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temperature-controlled chamber at ambient 
pressure with the evaporators in a horizontal 
plane elevated 10 mm above a horizontal plane 
containing the condensers.  The coiled sections 
in the transport lines were used to elevate the 
evaporators.  Tests were performed at two 
chamber temperatures, –60oC and –10oC, to 
characterize the behavior of the mini-LHP at 
operating (saturation) temperatures of –10 to 
+30oC.   
  
Startup   
 
The goal of the startup test was to start the loop 
with low power (5 W) applied to only one 
evaporator with a substantial thermal mass (400 
gm of aluminum) attached to each evaporator. 
Temperature overshoot prior to startup, that is, 
the increase in evaporator above its initial 
temperature, was characterized. 
 
Thermal Conductance   
 
The thermal conductance of each evaporator was 
characterized, and defined as the power applied 
to the evaporator divided by temperature 
difference between the evaporator and the 
compensation chamber.  Saturated vapor collects 
at the top of the compensation chamber that 
controls the operating temperature of the loop, 
therefore measuring the temperature of the top of 
the controlling compensation chamber provides 
reliable saturation temperature measurements 
without any influence of vapor superheat or 
liquid subcooling.  
 
Maximum Power 
 
The maximum allowable evaporator power was 
determined by incrementally increasing power to 
one evaporator in 20 watts steps, up to 100 watts 
(maximum loop transport requirement) or 
evaporator dryout, while maintaining the other 
evaporator unpowered.  Tests were also 
performed with both evaporators powered 
equally at 50 watts to demonstrate overall 
transport capability of the loop.     
 
Sink Transients   
 
Operation of the system with variable sink 
conditions on each radiator was characterized.  
This test was performed by powering one 
evaporator at 50 watts to provide stable fluid 
circulation, and then alternately heating each 
condenser above the saturation temperature of 

the loop.  This test characterized the ability of 
the loop to automatically divert the vapor flow to 
the coldest radiator and the ability of the 
condenser flow balancer to thermally isolate a 
warm radiator from the loop. 
 
Power Switching and Condenser Cycling 
 
The thermal behavior of the loop during power 
switching between evaporators and sink 
temperature cycling was characterized.   
 
The power switching test was performed at a 
chamber temperature of –60°C by applying 50 
watts to one evaporator, then rapidly switching 
power to the other evaporator and then back 
again.  The same procedure was repeated with 5 
watts heat load switching. 
 
During the sink temperature cycling test, both 
evaporators were powered at 50 watts (total heat 
load on the loop of 100 watts) while the chamber 
was cycled between –60oC and –10oC.  
 
Test Setup and Instrumentation   
 
All tests were performed in an environmental 
chamber, which provided forced convection heat 
sink for the uninsulated condensers.  Controlling 
the chamber temperature regulated the sink 
conditions.  
 
During the condenser cycling tests, two 
additional heat exchanger plates were attached to 
the condenser face sheets.  The heat exchanger 
plates were used to alternately warm one of the 
condensers above the loop saturation 
temperature. 
 
Each evaporator was mounted to a 400 gram 
aluminum block to simulate the mass of 
prospective heat sources.  Electrical heat input 
was provided by a cartridge heater located inside 
each thermal mass, as shown in Figure 3.  These 
heater blocks were attached to the bottom of 
each evaporator via a 0.254 mm thick Grafoil 
gasket.   
 
Throughout the test program, both evaporators 
were leveled and positioned in the same 
horizontal plane.  This evaporator plane was 
elevated 10 cm above a horizontal plane 
containing both condensers.  
 
The evaporators, compensation chambers, liquid 
and vapor transport lines and flow isolator were 
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individually insulated prior to performing tests to 
minimize heat exchange between the mini-LHP 
and ambient.  Prior to testing, heat losses through 
the insulation were calibrated. 
 
The instrumentation of the mini-LHP included 
50 type “T” thermocouples at locations indicated 
in Figures 3 and 4. 
 
 

 
 
 Figure 3. mini-LHP III Thermocouple Locations 
 

 
Figure 4. Condenser Tubing and Instrumentation. 
 
 
RESULTS AND DISCUSSIONS 
 
Every requirement for the mini-LHP was 
routinely checked and verified in accordance 
with an extensive thermal performance test 
program.  Typical tests characterized the 
behavior of the loop with variable evaporator 

power and variable sink temperature.  A 
selection of representative tests is presented in 
this discussion. 
 
Startup   
 
A typical sequence of operations during the 
thermal performance test is illustrated in Figure 
5.  This particular test combined the cold case 
(sink temperature at –60oC) startup test with 
determination of maximum power.  Prior to 
starting the test, the loop was allowed to cool 
from room temperature to a saturation 
temperature of -25°C.  At 18:30, 5 W was 
applied to one of the evaporators (E-2).  The 
temperatures of the evaporator, its compensation 
chamber, and the liquid inlet to the compensation 
chamber started to increase gradually, which is a 
typical response to low power startup scenarios.  
These temperatures kept rising until the 
evaporator exceeded the compensation chamber 
(at saturation temperature) by a sufficient 
amount to initiate nucleation on the outer surface 
of the evaporator wick.  This temperature 
difference is known as start-up superheat.  At 
approximately 19:50 the mini-LHP started, when 
the evaporator temperature reached 1oC and the 
superheat was approximately 1.4oC.  As soon as 
the fluid on the vapor side of the evaporator 
nucleated, the working fluid started to circulate 
and the mini-LHP was operational.  Note that the 
mini-LHP evaporator temperature needed to rise 
approximately 25 degrees above its initial 
temperature, from –25oC to 0oC, before the 
required superheat was developed.  The duration 
of the period for the initial evaporator 
temperature rise is one of the major uncertainties 
during the LHP startup process.  It is highly 
dependent on the initial fluid conditions inside 
and outside of the primary wick prior to the 
startup.  The geometry of the evaporator wick 
and its thermal conductivity are factors in the 
start-up duration.    As a result, the mini-LHP 
can startup in several different scenarios9.  In this 
particular case, the initial fluid distribution (OD 
of the wick was liquid flooded and the ID of the 
wick was filled with vapor or the two phase 
mixture) created the most challenging startup 
condition, and the mini-LHP startup response 
observed in this case was expected.    
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The loop equilibrium temperature after startup 
was –33°C, which was well below the nucleation 
temperature and fairly low for an ammonia LHP.  
Such reliable startup behavior was observed with 
both evaporators powered and this test was  
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Figure 5. Typical Performance at Cold Sink Condition Power Input to E-2 (Low Power Startup /Maximum 

Power Test) 
 
repeated several times at different initial 
temperatures with similar results. 
 
Heat Load Sharing   
 
Prior to the startup event during the test 
illustrated in Figure 5, all of the temperatures on 
the second evaporator (E-1) were below 
saturation indicating that there was no vapor 
communication between the evaporators during 
the entire process prior to nucleation at 19:50.  
As soon as the mini-LHP started and steady fluid 
circulation was established, the effect of 
evaporator “heat load sharing” was observed.  
Warm vapor from the powered evaporator (E-2) 
entered the un-powered evaporator (E-1) and 
filled the vapor space, which maintained the 
unpowered evaporator at the mini-LHP 
saturation temperature level.  Had there been a 
cooling source on evaporator E-1 it would have 

behaved as an auxiliary condenser, and the load 
from E-2 would have been “shared” with E-1.  
 
Steady state Performance / Conductance 
Measurements  
 
As shown in Figure 5, the heat load was 
increased to 20 W (at approximately 21:20) and 
after steady state was achieved, the power was 
increased in 20 W increments up to 100 W.  This 
portion of the test was smooth and uneventful, 
the mini-LHP responded to the power change 
(the sink conditions were stable throughout this 
test) by simply increasing the temperature of the 
main LHP components.  The overall temperature 
history in Figure 5 is a very similar to the typical 
behavior of a classical LHP with a single 
evaporator and a single condenser.  For further 
discussion on classical LHP thermal behavior, 
refer to Prager et al.1 
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Figure 6. Evaporator 2 Conductance 
 

 
The evaporator conductance for the same test is 
plotted in Figure 6.  Only the evaporator 
conductance is presented here because the 
sandwiched condenser design makes it difficult  
to measure the temperature on the condenser 
line. The overall LHP conductance is a 
combination of the evaporator and condenser 
conductance values, however extremely low heat 
fluxes from the condenser surface result in a very 
high condenser conductance over the active 
condensing length.  The condenser conductance 
is much higher than the evaporator conductance 
where the heat flux is considerably higher.  
Therefore, for the purpose of this discussion, the 
evaporator conductance can be considered as a 
representative parameter of the overall LHP 
conductance. 
 
As shown in Figure 6, the conductance value at 
5W is beyond the upper scale of the chart.  The 
temperature difference measured between the 
evaporator and the vapor line was within the 
accuracy of the thermocouple measurements, 

therefore the conductance value at this low 
power is not rational. 
A constant conductance of approximately 
15W/oC was measured for heat loads between 20 
and 80 watts.  At 100 watts, however, there was 
a sharp decrease in the conductance.  This was 
an indication that the evaporator was 
approaching its capillary pumping limit.  The 
vaporization menisci at higher powers are 
depressed farther into the surface of the wick, 
reducing the wetted area of the heated surface 
and resulting in a higher temperature drop.  A 
rapid decrease in conductance can be a sign that 
dryout is approaching.  As a result, the power 
steps in this test were discontinued at 100 watts. 
Tests were also performed with a warmer sink   
(-10°C) to simulate a hot case design condition.  
The hot case conductance of both evaporators is 
summarized in Table 1.  The evaporator 
conductance values at low powers and near 
dryout are not presented in the table for the 
reasons discussed above.  
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Table 1. Performance of Evaporators in Hot Case 
 

Hot Case 

Evaporator 
Input 
Power 
(watt) 

Operating 
Temp.  
(oC) 

Evaporator 
Conductance 

(W/oC) 
E1 20 -1.7 23.6 

E1 40 -1.3 18.4 
E1 60 +1.5 14.9 

E1 80 +3.9 10.7 
    

E2 20 -8.0 22.6 

E2 40 -0.3 27.4 
E2 60 +1.8 23.4 

E2 80 6.8 18.0 

 
 
Condenser Switching   
 
Rapid variation in sink temperature was another 
test carried out during the performance 
evaluation program.  The behavior of the parallel 

condensers and their ability to respond to a rapid 
sink temperature change was studied.  
 
The main objective of this test was to verify the 
performance of the capillary isolator device, 
which was placed between the two condenser 
exits where they merge together into a single 
liquid return line.  Without this device, instances 
when one of the condensers is exposed to 
temperatures above the saturation temperature of 
the loop would allow the vapor from the hot 
condenser to penetrate into the liquid line and 
mix with the liquid returning from the cold 
condenser.  In this situation, the returning liquid 
can partially or completely lose any subcooling 
developed in the condenser.  This can elevate the 
operating temperature of the LHP to 
unacceptable levels.  The condenser-switching 
test was designed to verify the operation of this 
device in the most extreme situation: where one 
of the condensers was operated with a cold sink 
and provided all of the loop condensation area,
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Figure 7.  Overall Performance During Sink Switching Test 
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and the other was exposed to a hot sink and 
contained only superheated vapor.   After steady 
state was reached, the condenser sink 
temperatures were rapidly switched.  The control 
chamber air was maintained at –60°C to 
represent the cold sink and the condenser heat 
exchanger blocks were used to simulate the 
warm sink.  
 
The temperature history of the main mini-LHP 
components during this test is shown in Figure 7.  
At the beginning of the test, the mini-LHP was 
unpowered and both condensers reached 
equilibrium with the environment at –60oC.  
Power (50W) was then applied to E-1 at 
approximately 19:45.  At the same time, the 
heater block of one of the condensers (condenser 
1) was set approximately 10oC above the 
equilibrium saturation temperature (determined 
by the compensation chamber) of the mini-LHP.  
At the steady state condition (approximately 
21:10), the outlet of condenser 2 and the liquid 
return line were still well below the saturation 
temperature, indicating the warm condenser was 
isolated from the rest of the loop and that the 
circulation of the working fluid occurred only 
through the condenser exposed to the cold sink. 
The condenser sink conditions were switched at 
21:10 by turning off the heat exchanger used to 
maintain the superheated conditions on 
condenser 1 and simultaneously turning on the 
heat exchanger attached to condenser 2.  As 
shown in Figure 7, the condenser temperatures 
responded rapidly to these changes, indicating a 
strong thermal coupling between the condensers 
and the cold sink (the chamber) and the 
superheating heat exchanger.  Shortly after the 
switch, condenser 2 stabilized approximately at 
10°C above the saturation temperature and 
condenser 1 equilibrated at the near the chamber 
temperature.  
      
For a short period of time at approximately 21:15 
both of the condensers were warm (at 
approximately –20oC), which caused a small 
temperature excursion (2oC) on the evaporator as 
it responded to a reduced level of subcooling 
(known as auto-regulation).  
 
In less than an hour, the LHP reached an 
equilibrium state with the new combination of 
warm and cold condensers and at about 22:20 the 
test was ended.  During this sink transient test, 
the mini-LHP performed successfully and 
demonstrated that the capillary isolator 

performed as designed.  When observing the 
thermocouples on the lines, there was no 
indication of vapor penetration into the cold 
condenser or into the liquid line.  Furthermore, 
the thermal behavior of the loop was practically 
unaffected during this transition. 
 
Power Switching   
 
The behavior of the loop during rapid power 
switching from one evaporator to the other was 
also characterized. 
 
In this test, the test control chamber was set at    
–60oC.  Temperature and power profiles during 
the test are shown in Figure 8.  Power (50W) 
was first applied to evaporator E-1 at 10:10, then 
switched to evaporator E-2 at 11:40, and then 
switched back to E-1 at 13:15.  The loop 
accommodated the power switching without 
failure, however, large temperature oscillations 
at the liquid entrance to each compensation 
chamber were observed.  Temperature 
oscillations with the same period but much 
smaller amplitude (1-2°C) were also observed in 
the evaporators and compensation chambers.  
 
Temperature oscillations in the liquid return line 
in traditional single-evaporator LHPs are not 
uncommon.  As shown in Figure 8, liquid line 
moderate temperature oscillations were also 
observed during the condenser cycling test 
(performed between 20:20 and 1:00 the next 
day).  These oscillations had no effect on the 
temperature of the evaporator.  Evaporator 
temperature oscillations were only observed 
during the power switching test. 
 
The amplitude of the temperature fluctuations 
are greatest at the liquid entrance to the 
compensation chamber, which is an area with 
high temperature gradients, as the liquid is 
subcooled before entering the compensation 
chamber, but rapidly rises to nearly the 
saturation temperature of the loop.  The 
temperature fluctuations in this area suggest that 
the flow rate is oscillating.  It was hypothesized 
that these oscillations may have been the result 
of vapor bubbles collapsing in the liquid-filled 
compensation chamber.   
 
 Note that later in the test (16:10 to 20:20), 
power switching was performed with the 
evaporators powered at 5 watts.  Once again, the 
loop accommodated the power switching, but no
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Figure 8. Overall Performance of the mini-LHP during Power Switching and Condenser Cycling 

 
 
temperature fluctuations were observed. 
 
Condenser Cycling   
 
The behavior of the loop during condenser 
cycling was also characterized.  This test was 
performed directly after the power switching test, 
and the temperature history is shown after 20:20 
in Figure 8.  The condenser cycling test was 
performed with each evaporator powered at 50 
watts while the chamber was cycled from the 
cold sink condition (-60°C) to the hot sink 
condition (-10°C) at 21:50 and back again at 
23:50.   
 
The loop operated successfully during condenser 
cycling and its response to chamber temperature 
cycling was uneventful.  Modest temperature 
fluctuations were observed in the liquid line at 
the entrance to the compensation chamber, but 
all other temperatures were stable.  As expected, 
all loop temperatures increased in response to the 

chamber temperature increase and then 
essentially returned to the same levels once the 
chamber temperature was reduced to –60oC.   
 
CONCLUSIONS 
 
This development program proved that a 
miniaturized dual-evaporator/dual-condenser 
LHP is a valid, realistic, and feasible concept 
suitable for thermal management of small 
spacecraft.   
 
The mini-LHP thermal performance has matched 
and, in some instances, exceeded predictions.  
The dual-evaporator/dual-compensation chamber 
system was able to successfully transport and 
reject heat loads as low as 5 W and as high as 
100W.  The loop also demonstrated reliable, 
robust behavior with one or both evaporators 
powered, with nonuniform evaporator load, and 
as power was rapidly switched from one 
evaporator to another.   
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The loop also demonstrated reliable, robust 
response to significant variations in sink 
conditions.  This included successful operation 
during rapid sink transients and nonuniform sink 
conditions on each radiator.  The implementation 
of a condenser flow balancer also enabled 
successful operation even with a superheated 
sink conditions on one radiator.   
 
The ability to share heat between heat sources 
was also demonstrated.  Immediately after 
startup, vapor generated at one evaporator 
condenses at the other.  This feature maintains 
unpowered heat sources at the saturation 
temperature of the loop, which minimizes 
survival power requirements.  
   
The demonstrated performance capabilities of 
the multi-evaporator/multi-condenser LHP 
makes this thermal device suitable for many 
thermal management applications in small and 
conventional spacecraft.  Swales Aerospace will 
continue its efforts to develop and optimize this 
technology, as the interest from NASA and the 
small satellite industry in a reliable miniaturized, 
flexible, highly capable, thermal management 
tool with multiple evaporators and condensers 
increases.  
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