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H I G H L I G H T S

• A new flat evaporator structure was
proposed to overcome its deformative
nature.

• The evaporator was implemented in
LHP and R245fa was chosen as the
working fluid.

• The LHP system possessed good
startup performance and thermal sen-
sitivity.

• The returning liquid could be equally
distributed in two parts of the CC.

• The heating block surface with
54.76 cm2 possessed good tempera-
ture uniformity.

G R A P H I C A B S T R A C T

The LHP with a strengthened ribbed plate has provided an effective way to solve the deformative nature of the
flat evaporator to the vapor pressure, and the area of the active zone for the evaporator is also greatly improved.
The experimental results showed that this system possessed good operating performance at the given operating
conditions, especially having good temperature uniformity on the surface of heating block with heat load
varying, as shown in Fig. 1. The proposed LHP system has high possibility to address thermal issues with large
footprint.

Temperature uniformity of heating block.
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A B S T R A C T

The flat evaporator loop heat pipes (FELHP) possess many advantages because of the presence of the flat thermo-
contact surface, but at the same time, one of the noteworthy drawbacks is unable to withstand high vapor
pressure inside the evaporator when the evaporator active zone becomes very large, which hinder them further
development. In this paper, a new evaporator structure with a strengthened ribbed plate on the side of the
heating surface was proposed to overcome deformative nature of the flat surface. This evaporator structure with
an active zone of 74mm×74mm was applied in the field of the LHPs for positive pressure system, and can be
used for cooling the chips with large thermal footprint. The copper was chosen as the evaporator material, and
R245fa as the working fluid. In this investigation, operating performances of the LHP with a strengthened ribbed
plate, including startup behavior, transient response to variable heat load, and thermal characteristics, were
experimentally tested and theoretically analyzed when the heat sink temperature was controlled at 25 °C and
35 °C in the horizontal orientation. The experimental results demonstrated that the new system operated nor-
mally and achieved good temperature uniformity at the given heat load range from 10W to 160W with the
heating block temperature below 80 °C.
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1. Introduction

Loop heat pipes (LHPs) are considered to be one of the most effec-
tive thermal control devices, possessing many advantages of effective-
ness, long distance, low thermal resistance, etc. [1]. With the devel-
opment of LHPs, much effort has been made to minimize the LHP
evaporator in order to meet with high heat flux occasions [2–4].

However, terrestrial electronics with a large thermal footprint, such
as telecom, data center, etc., produce a large of waste heat, urgently
needing a powerful thermal control technology. LHP technology is re-
garded as an efficient and noiseless method, and the first application
intended for cooling CPUs took place in 2001 [1]. In recent years, they
are again expected to address thermal issues on terrestrial electronics.
Most of common heat sources have a feature of the flat surface, which
properly makes full use of the advantages of FELHPs. Compared with
LHPs with the cylindrical evaporator, the heat source and the FELHP
can be joined together without any additional “cylinder-plane” reducer.
Therefore, researchers have done a lot of investigations about the
FELHPs. Chernysheva et al. [5] established a model of heat-and-mass
transfer in the disk-shaped evaporator with a fully wetted liquid, and
examined the problems of temperature distribution in the disk-shaped
evaporator of the loop heat pipe with counter heat and liquid flows.
Maydanik et al. [6] designed the visual experiment to investigate the
condensation and redistribution of a working fluid in the LHP, re-
flecting the heat transfer and hydrodynamic of the water vapor in the
condenser. Zhang et al. [7] investigated the effect of vapor-liquid dis-
tributions inside the loop on startup process and steady-state operation
of loop heat pipes, and analyzed some peculiar phenomenon occurred
during the operations. Liu et al. [8–11] have done a lot of experiments
about LHPs with the disk-shaped evaporator and different working
fluids are chosen to match the evaporator materials, providing much
guidance for practical engineering applications. Wang et al. [12–14]
proposed new different ultra-thin evaporator structures of the LHP for
power battery thermal management system, and their heat transfer
characteristics were investigated under different conditions. Xu et al.
[15] applied the modulated porous wick sintered on the heating wall to
the LHP and obtained the best geometric parameters for the porous
stacks, vapor channels and the best particle size. Wan et al. [16] pre-
sented a miniature LHP (m-LHP) and at the same time optimized the
condenser structure using the finite element analysis, and also experi-
mentally investigated the m-LHP with the optimal design parameters of
the condenser. Numerous investigations showed that FELHPs allow
reducing thermal resistance and improving the mass-and-size char-
acteristic of equipment, but there still exist some drawbacks preventing
them from applications in engineering. On one hand, they cannot bear
high vapor pressure inside the evaporator because of the presence of the
large flat surface, so the loop operating temperature and the working
fluid used are limited. On the other hand, higher requirement for

welding technology is proposed and the evaporator wall thickness must
be increased when the area of the active zone is increased. Table 1 gives
some information about LHPs with the flat evaporator (disk-shaped,
rectangular and flat-oval) that have been published, the area of active
zones don’t exceed 50 cm2 for different working fluids. For heat sources
with the area of the active zone beyond 50 cm2, the corresponding flat
evaporator had better be equipped with the same or larger active zone.
Thus, the flat evaporator structure needs to be further optimized, at the
same time, keeping up the primary advantages.

Good ways to improve the strength of the flat evaporator has been
rarely reported. In terms of reinforcing the flat evaporator structure, the
common ways are to increase the thickness of the evaporator wall or
manufacturing the evaporator by using high strength metal, such as
stainless steel. However, these ways bring about some new problems,
such as the increase of thermal resistance. In order to solve the pro-
blems of the flat evaporator, a strengthened ribbed plate (an element of
body reinforcement) was added to the evaporator structure, and the
area of the active zone is increased to 54.76 cm2. The evaporator wall
thickness doesn’t need to increase more, and the copper is chosen as the
evaporator material. Two parts of the evaporator were soldered by
using welding braze, the evaporator strength is greatly improved.

2. The evaporator design and strength check

The whole LHP system consists of an evaporator, a condenser and
transport lines, 16 T-type thermocouples were arranged along the
characteristic points of the LHP system, and their locations were shown
in Fig. 1, indirectly reflecting the state of the working fluid inside the
loop.

The evaporator works as the heat absorbing element and provides
the driving force of working fluid circulation in the loop, and its
structure determines the heat transfer capacity. Thus, the evaporator
design is the most important procedure during manufacturing the LHP.
A flat evaporator structure has many advantages, but it can’t withstand
high pressure, resulting in a small active zone and limited choice of
working fluids. In this paper, a flat evaporator with a large active zone
was considered. Aiming at deformative nature of the existing flat eva-
porators, a strengthened ribbed plate on the side of heating surface was
designed, and passed through the upper part of the evaporator, as
shown in Fig. 2(a) and (b). The ribbed plate and the upper part were
joined by argon-arc welding, and its assembly diagram was shown in
Fig. 3. The ribbed plate divided the compensation chamber (CC) into
two parts, both of which were still interconnected with each other to
keep them the same state. This structure didn’t only improve the eva-
porator strength, but also guarantee the active zone an entirety. For this
evaporator with a large active zone and high structure strength, a wide
range of working fluids can be introduced into FELHPs, and some issues
of large thermal footprints can be directly addressed.

Table 1
Literature surveys about FELHPs.

Evaporator shape Working fluid Evaporator material Wall thickness (mm) Heating area (cm2) Maximum heat load Vapor temperature °C

Rectangular [this paper] R245fa Copper 3 54.76 160W 55
Disk-shaped [17] methanol Copper 1.5 10.68 160W 55
Disk-shaped [18] methanol brass 1.5 12.56 230W 65
Disk-shaped [19] methanol Copper 1.5 14.72 240W 79
Disk-shaped [20] ammonia SS 1.5 10.17 110W 35 (ψ=0°, Tcool= 0 °C)
Disk-shaped [21] ammonia SS 1.5 8.55 30W –
Disk-shaped [21] water SS 1.5 19.63 400W –
Disk-shaped [22] ammonia SS+ copper 2+ 0.5 12.56 300W 35 (ψ=0°, Tcool= 0 °C)
Rectangular [23] acetone Copper 1.5 12 60W 47.5
Rectangular [24] Water Copper 0.8 15.75 50W 84
Rectangular [25] Methanol Copper 1 41.04 78W 114
Rectangular [26] Water Copper – 9 628W 95
Rectangular [27] Water Copper – 9 300 110
Flat-oval [28] Water Copper 0.5 35.7 100W 40
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Strength check was numerically conducted before the proposed
evaporator structure was applied in LHP. The main concern was
amount of elastic deformation when the evaporator was faced with high
pressure, affecting the contact quality between grooves on the heating
surface and the porous wick and even existing security risk.

The calculation of the strength of this evaporator structure was
made at the following assumptions: (a) The evaporator material was
uniform, isotropic, continuous and elastic medium; (b) Force was
evenly loaded to each surface inside the evaporator. The criterion of
distortion energy density was used as the criterion of failure and design:
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(1)

where σ1, σ2 and σ3 are, respectively, three main stress of the unit, σ[ ]
was allowable stress. When the R245fa vapor temperature is equal to
60 °C, the corresponding pressure is about 463 Kpa. For the pressure
vessel, safety factor is taken as 3. Thus, the calculating pressure is about
1.2 Mpa allowing for atmospheric pressure.

Under the same internal pressure of 1.2Mpa, the strength check of
the evaporator with or without a strengthened ribbed plate was con-
ducted by ANSYS 15.0, and cloud pictures of total deformation were
shown in Fig. 4, respectively. The evaporator structure parameters are
shown in Table 2, the only difference for two structures is whether or
not the strengthened ribbed plate exists. The maximum deformation of
the evaporator without a strengthened ribbed plate was almost six
times than that with a strengthened ribbed plate, identifying that the
strengthened ribbed plate played a great role in strengthening the flat
evaporator structure.

3. Experimental procedure

3.1. Experimental setup

The copper was chosen as the evaporator material, and the new
structure was first implemented in the LHP. Primary wick was sintered

by nickel powder under the instructions in Ref. [29], just changing the
formed pressure to 12Mpa. Porosity of the wick was experimentally
tested about 70%, and its microstructure diagram was observed with
the help of scanning electronic microscope (SEM), as shown in Fig. 5.
The material of vapor and liquid transport lines are red copper. The
tube-in-tube condenser was adopted, and connected with High-low
Temperature Integrated Recycling Unit, whose accuracy of control
temperature was± 0.1 °C in horizontal and vertical orientations at
temperature range from −20 °C to 150 °C. Simulated heat source was
made of copper plate with a dimension of 64× 41×8mm3 that 5
heaters were embedded into, which could supply the maximum power
of 500W.

The whole void volume in the loop is 81.32 cm3, and the CC volume
is 35.51 cm3, occupying a relatively large share. It means that the
working fluid will mainly accumulate in the CC during the operating
process. Considering that the CC, liquid transport line and half of the
condenser should be filled with the liquid under the non-operation
state, the charge ratio was finally determined at 85%, about 69.12 cm3.
R245fa was chosen as the working fluid, and its physical property was
listed in Table 3. Before charging with R245fa, the LHP system was
vacuumized to 2.5×10−4 Pa for eliminating the effect of non-con-
densable gas. The system performance tests were carried out in the
horizontal orientation when heat sink temperature was kept at 25 °C
and 35 °C, respectively.

3.2. Theoretical estimate

According to operating principle of the LHP, the capillary pressure
must be larger than or equal to the sum of pressure drops in all the
sections of the LHP, and this relation can be express as:

⩾ + +P P P PΔ Δ Δ Δc v l g (2)

PΔ c is the capillary pressure created in the wick, PΔ v, PΔ l are pressure
drops during the motion of the working fluid in the vapor and in the
liquid, PΔ g are pressure losses caused by the hydraulic resistance of a

Fig. 1. LHP diagram and the locations of T-type thermocouples.

Fig. 2. Design of the evaporator components, (a) bottom part for attaching to the heat source; (b) upper part for reserving the liquid.
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liquid column.
The capillary pressure is provided by the meniscus in the wick, and

can be calculated as:

=P σ θ
r

Δ 2 cos
c

eff (3)

where σ is the surface tension of the working fluid, and reff is the ef-
fective radius of the meniscus in the wick. Only the equation (2) is
satisfied, can the LHP operate normally. The effective radius of the
meniscus in the wick is closely related with radius of pores in the wick.
Assuming that the wick was saturated with liquid, θ was equal to 0.
When the LHP operated at the give heat load of 160W, the maximum
capillary force that the sintered nickel wick can provide was 7440 Pa at
vapor temperature of 60 °C. Through hydraulic calculation, the pressure
drop of the working fluid in the liquid and in the vapor was 3368.6 Pa
and 9.36 Pa, respectively. Pressure drop in the wick was 949.4 Pa based
on Darcy’s law.

The calculated results demonstrated that the wicks could provide
sufficient capillary force for the circulation of the working fluid in the
loop, guaranteeing that the LHP operated normally at the given heat
load range.

4. Experimental results and discussion

Startup performance and thermal response to variable heat load are

one of the two most important indicators for the LHP. In order to
confirm good performance of this LHP system with a strengthened
ribbed plate, the corresponding tests were set up. Because of the eva-
porator with a large active zone, the temperature uniformity of the

Fig. 3. (a) Assembly diagram of the evaporator with a strengthened ribbed plate and (b) section of the assembly of the evaporator and simulated heating source.

Fig. 4. Total deformation of the evaporator (a) without a strengthened ribbed plate; (b) with a strengthened ribbed plate.

Table 2
Structural parameters and physical properties of the LHP components.

Evaporator Overall size 80mm×80mm×21mm
Active zone 74mm×74mm
Ribbed plate 65mm×2mm×17.7 mm
Compensation chamber 70mm×61mm×9mm
Vapor grooves 65mm×2mm×1mm

Single nickel
wick

Length×Width×Height 65mm×36mm×4.5mm
Permeability 2.39× 10−13

Porosity 70%
Mean pore diameter 2.5 μm

Vapor transport
line

Length 270mm
Inner/outer diameter 5/6mm

Liquid transport
line

Length 280mm
Inner/outer diameter 5/6mm

Pipe-in pipe
condenser

Length 910mm
Inner/outer diameter for inner
tube

5/6mm

Inner/outer diameter for outer
tube

18/20mm
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heating source was also very important for cooling electronics, in case
that they were overheated partially. Thus, four T-type thermocouples
were embedded into the heating source. On the back of the evaporator,
two T-type thermocouples were attached to two sides of the ribbed
plated.

4.1. Startup performance

With the heating block temperature below 80 °C, startup tests are
conducted at a heat load range from 10W to 160W in the horizontal
orientation. The distribution of working fluid in the LHP system de-
pends on the relationship between the temperature of condenser and
the ambient, which will produce an important influence on startup
process. Therefore, two different sink temperatures of 25 °C or 35 °C
were chosen based on the ambient temperature. During LHP’s operating
process, the vapor was condensed into the subcooled liquid in the
condenser, and then returned to the CC. The liquid entering into the CC
was divided into two parts by the ribbed plate, and was supplied to two
porous wicks.

Fig. 6 gave startup process of 10W at 25 °C, when heat load was
applied to the evaporator active zone, the condenser inlet temperature
immediately went up, indicating that the generated vapor arrived at the
condenser. After a period of stable operation, the temperature of all the
characteristic points gradually tended to a balanced state. For heat sink
temperature of 25 °C, the ambient temperature was higher. Under this
condition, the working fluid was driven to the condenser because of the
higher pressure in the evaporator. At the moment, the CC and grooves
were two-phase state. The vapor was easily generated in the vapor
grooves, which was favorable for startup process. So startup with 10W
at 25 °C showed a relatively stable and fast process.

When heat sink temperature was set at 35 °C, startup test with 10W
was conducted. It was seen from Fig. 7 that temperature overshoot was

obviously observed during startup process. Prior to heat load applied to
the evaporator active zone, the condenser part was hottest for the
whole system. The working fluid was pushed into the evaporator, the
CC and grooves were saturated with liquid. Based on physical property
of R245fa and charging volume, the working fluid in the condenser was
the state of two-phase. Subcooled boiling firstly occurred in the vapor
grooves when the required superheat was satisfied. The condenser inlet
temperature jumped until the evaporator active zone was heated for
about 6–7min, and at the same time the temperature of other char-
acteristic points began decreasing. It took about 10min for startup with
10W at 35 °C to finish the startup process. Heat leak was very serious
under this condition, which affected the establishment of the tem-
perature difference between the evaporating surface and the CC. With
internal pressure of the LHP system increasing, the vapor in the con-
denser was firstly condensed, and then the generated vapor in the vapor
grooves entered into the condenser. The hysteresis of the returning fluid
and the effect of heat leak result in temperature overshoot when the
ambient temperature was lower than the heat sink temperature.

With heat load increased further to 60W, temperature overshoot
didn’t happen during startup tests at 35 °C, as shown in Fig. 8. When

Fig. 5. SEM diagram of the sintered porous wick.

Table 3
The basic physical parameters of R245fa.

Molecular formula CF3CH2CHF2
Normal boiling point 14.9 °C
Normal freezing point <−106 °C
Critical pressure 3.64Mpa
Surface tension (60 °C) 0.0093 N/m
Saturated liquid density (60 °C) 1236.76 kg/m3

Saturated vapor density (60 °C) 25.68 kg/m3

Liquid dynamic viscosity (60 °C) 2.55×10−4 Pa·s
vapor dynamic viscosity (60 °C) 1.17×10−5 Pa·s
Latent of vaporization (60 °C) 167.75 KJ/kg
Pressure (60 °C) 0.43Mpa

Fig. 6. Startup process of 10W at 25 °C.

Fig. 7. Startup process of 10W at 35 °C.
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heat load increased further, the generated vapor rate also increased
correspondingly. The internal pressure of the LHP system sharply went
up, and the vapor in the condenser was condensed. It took shorter time
for the returning liquid to enter into the CC, and heat leak could be
compensated for. At larger heat load, the effect of flow hysteresis and
heat leak weakened.

When heat load was beyond 60W, startup tests for two different
heat sink temperatures had similar behaviors. Fig. 9 was startup tests
with 160W at 25 °C and 35 °C, the working fluid circulation was quickly
established in the loop as the evaporator was heated. With heat sink
temperature lower or higher than the ambient, this system could start
up successfully. For this evaporator with a strengthened ribbed plate,
the evaporator active zone was greatly extended. At the same time, the
extended evaporating surface contributed to procedure of phase
change, producing good startup performance at small heat load. The
experimental results demonstrated that the LHP system could solve
thermal issues with large footprints, such as the heating area of
26.24 cm2.

4.2. Thermal response to variable heat load

The sensitivity of the evaporator with a strengthened ribbed plate to

Fig. 8. Startup process of 60W at 35 °C.

Fig. 9. Startup process of 160W at 25 °C and 35 °C, respectively.

Fig. 10. Continuous operation at 25 °C.

Fig. 11. Continuous operation at 35 °C.
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variable heat load was tested at 25 °C and 35 °C, respectively. Figs. 10
and 11 were operations with variable heat load at two different heat
sink temperatures. With the heating block temperature blow 80 °C, Heat
load was increased step by step from 10W to 160W. During every
operation stage, the loop system had self-ability to achieve the steady
state, and temperature overshoot that occurred at 10W was clearly
observed at heat sink temperature of 35 °C. When heat sink temperature
was lower than the ambient temperature, the operating temperature
gradually went up and the effect from the ambient reduced little by
little with heat load increased further. In a contrast, the heat sink
temperature was higher than the ambient temperature, small part of
heat would be directly dissipated to the ambient because of the pre-
sence of thermal insulation materials.

The continuity of the working fluid circulation was the guarantee
that the loop could operate normally. On one hand, the subcooled li-
quid from the condenser could be distributed evenly to two parts of the
CC, and two porous wicks also got enough liquid. On the other hand,
the wicks had to provide the sufficient driving force. Because capillary
force was affected by the effective pore diameter inside the porous wick
and the temperature of the working fluid, each working condition had
the corresponding driving force for circulation at different heat loads.
Sintered nickel wicks had the mean diameter of 2.5 μm by analyzing
morphological analysis with the aid of SEM, and could provide suffi-
cient capillary force. The experimental results demonstrated that the
LHP system satisfied two requirements mentioned above at the given
operating conditions.

In the practical engineering applications, it’s common to see that
equipment that’s cooled operate under variable conditions. The LHP
with a strengthened ribbed plate have good sensitivity to variable heat
load, and have high potential for cooling equipment with large thermal
footprints.

5. Thermal performance of the LHP system

5.1. The system temperature analysis

The temperature of characteristic points along the loop was ana-
lyzed in Fig. 12, the temperature difference between the heating block
and the evaporator outlet rose with heat load increased. However, the
temperature of the CC left and the CC right was almost the same, in-
dicating that the subcooled liquid was equally divided into two parts by
the strengthened ribbed plate and the CC was evenly cooled. The

temperature slope of the other characteristic points showed flat with
heat load smaller than 80W, the LHP operated at variable conductance
mode. When heat load was increased further, the operating temperature
linearly changed with heat load, the LHP operated at constant con-
ductance mode. The mass flow rate of the working fluid was increased
and amount of the subcooling returning to the CC also got more because
the temperature of the condensed liquid leaving the condenser was
constant. However, amount of heat leak from the active zone was larger
than the carrying subcooling, leading to the increase of the CC tem-
perature. The CC state determined the loop operating temperature, the
temperature of the evaporator inlet, the CC left and the CC right rose up
together. Otherwise, for smaller latent of the R245fa, the flow rate of
vapor would increase more with heat load increased, and the flow re-
sistance became large compared with other working fluids, such as
methanol, acetone and ammonia.

In addition, the temperature uniformity on the blocking surface was
tested by the means that four T-type thermocouples were embedded
into the heating block with the depth of 10mm. As depicted in Fig. 13,
the monitoring temperature showed good agreement. The average
temperature was coincided with four monitoring points, and the tem-
perature difference between each monitoring point was less than 0.5 °C,
which signified that heat source could be evenly cooled. For the eva-
porator with large active zone, the good temperature uniformity was
very important for reducing the effect of hot points on the surface of
electronic instruments.

5.2. Thermal resistance analysis

For analysis of thermal property of the LHP, thermal resistance of
each part during operation is affected by many factors. The evaporator
thermal resistance and the total thermal resistance are the main in-
dicators to evaluate thermal performance of the LHP, and they can be
calculated by the following equations (4) and (5). Fig. 14 gave the trend
of thermal resistance dependence of heat load at 25 °C and 35 °C.

=
−R T T

Qevap
e v

app (4)

=
−R T T
QLHP

e cond

app (5)

= ∑T Te i
1
4

1

4
represents the average temperature of heating block, Tv is

the evaporator outlet temperature, measured by Tc7. The average
temperature of the condenser inlet and outlet is calculated byFig. 12. Temperature analysis of characteristic points along the loop.

Fig. 13. Temperature uniformity of heating block.
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= +T T T( )/2cond C c9 12 . Qapp is the input power, and is altered by the
voltage regulator.

It could be seen from the Fig. 14 that all of them reached the valley
value together at 60W. With heat load lower than 60W, the evapora-
tion intensification was gradually enhanced, and the heat transfer ef-
ficiency was improved. Thus, the evaporator thermal resistance de-
creased. When heat load was larger than 60W, the evaporator thermal
resistance gradually became large. For the evaporator thermal re-
sistance, it is mainly made up of three parts: thermal resistance re-
sulting from thermal grease, conductive thermal resistance of the eva-
porator wall and contact thermal resistance between fins and the
surface of porous wick. The first two parts are determined by physical
property of thermal conductive grease and the material of the eva-
porator active zone, respectively. However, the contact thermal re-
sistance, including thermal resistance between the fins and the fluid, is
affected by the evaporation mode inside the evaporator. When heat
load is relatively small and porous wick is saturated with the working
fluid, the evaporation happens on the contact lines between fins and the
surface of porous wick, which is considered to be nucleation mode.
Under this condition, pores on the surface of porous wick provide many
nucleation sites for evaporation. With heat load increased further, more
nucleation sites are activated, so heat transfer inside the evaporator is
intensified, leading to the decrease of the evaporator thermal re-
sistance. However, when heat load is beyond 60W, the liquid-vapor
interface recedes into porous wick and the contact surface between fins
and porous wick is covered by vapor blanket, which is called: film
evaporation. Under this condition, heat needs to be transferred to li-
quid-vapor interface through porous wick. Therefore, heat for eva-
poration is hindered by vapor blanket and porous wick with low
thermal conductivity, resulting in the increase of the evaporator
thermal resistance.

The total thermal resistance is determined by the evaporator
thermal resistance and the condenser thermal resistance, as depicted in
Refs. [20,30]. Both of the evaporator thermal resistance and the con-
denser thermal resistance will be varied with heat load, so the total
thermal resistance follows. The condenser thermal resistance decreases
with heat load increasing because of the motion of the condensing
surface. The total thermal resistance had the same trend as the eva-
porator thermal resistance, indicating that the evaporator thermal re-
sistance was the main factor at heat load than 60W.

For the whole experimental system, uncertainty main resulted from
temperature measurement, the supplied heat load, and heat exchange
from the ambient. According to the calculated methods introduced in

Ref. [31–32], the relative uncertainties of Revap−25°C Revap−35°C and
Rtotal−25°C, Rtotal−35°C were 4.6%, 3.7%, 5.3% and 6.2%, respectively.

6. Conclusions

In this paper, the large squared evaporator with a strengthened
ribbed plate has been put forward, and implemented in loop heat pipe
with R245fa as the working fluid. At two different heat sink tempera-
tures of 25 °C and 35 °C, with the goal of cooling heating source with
64× 42mm2, thermal characteristics of this new loop system have
been investigated in the horizontal orientation. Good performance is
achieved at the given operating conditions, and it is expected to address
thermal issues that terrestrial electronic instruments are faced with.
Some main conclusions can be drawn from the testing results as follows:

(1) The evaporator with a strengthened ribbed plate can withstand
against working pressure with the allowable temperature of the
normal operation for electronics, and the deformation is not ob-
served during tests.

(2) The evaporator active zone is greatly extended, and effectively re-
ducing the transferred heat flux.

(3) Temperature uniformity test showed that heat source could be
uniformly cooled, and temperature difference between each mon-
itoring point was less than 0.5 °C.

(4) The CC is divided by the strengthened ribbed plate into parts, and
the returning liquid can be evenly distributed. Thus, heat leak from
the active zone was well compensated for.

(5) The new loop system shows good startup performance and thermal
property and has high possibility of addressing terrestrial thermal
issues with large foot prints.
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