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Abstract. In this paper the thermal performance and experimental results of a ceramic wick working as capillary evapo-
rator of Loop Heat Pipe (LHP) and Capillary Pumped Loop (CPL) are presented. One LHP and one CPL were manufac-
tured with the similar capillary evaporators with ceramic wick. The LHP has a capillary evaporator with 10 mm of inner
diameter and 25 mm of length, its compensation chamber has the same diameter as the evaporator and length of 50 mm,
its transport lines of liquid and vapor have 2.8 mm of inner diameter and its condenser has 120 mm of length. The CPL
has a capillary evaporator with 10 mm of inner diameter and 50 mm of length (25 mm of evaporation area), its transport
lines of liquid and vapor have 2.8 mm of inner diameter and its condenser has 385 mm of length. The ceramic wick
applied to LHP and CPL has 50% of porosity, 1 to 3 µm pore size distribution and permeability of about 35× 10−15 m2.
The performance tests were carried out for the LHP and CPL using deionized water as working fluid for power inputs up
to 30 W. The thermal performance, the capillary limit and the total thermal resistance of these systems are also presented.
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1. Introduction

In the last years it has been studied the reliability and applicability of the LHPs and CPLs regarding the thermal control
of electronic equipments. This study consist of an analysis of the thermal behavior of LHPs and CPLs taking into account
changes in the working fluid, number of evaporators and condenser, inclination of the systems, materials for the systems
and materials for the porous wicks (Reimbrecht, 2004; Berti, 2008 and Santos et. al., 2010).

The porous wick characteristics, such as the effective thermal conductivity, the pore diameter, the porosity and the per-
meability, have a significant effect on the CPL and LHP Performance. Nowadays, most LHPs and CPls use polyethylene
or metallic wicks in the evaporator. There is no any CPL using ceramic wick and only few LHPs using it (Rassamakin et.
al., 2002; Rhi, 2006 and Santos et. al., 2010).

This work continues the work published by Santos et. al. (2010). However, here it is presented a theoretical and
experimental analysis of the ceramic wick applicability and reliability in one LHP and one CPL. The application of this
ceramic wick is an alternative to wicks made of metal and plastic. The thermal performance, the capillary limit and the
total thermal resistance of these systems are presented. The performance tests were carried out for power inputs ranging
from 5 to 15 W for the LHP and from 5 to 30 W for the CPL.

2. Experiment

In this work one LHP and one CPL were manufactured and tested in order to evaluate their thermal performance and
their applicability in thermal control of microprocessors and electronic components in general. The surface temperatures
at the main part of the systems, e.g. evaporator and condenser inlet and outlet, compensation chamber (in case of LHP)
and reservoir (in case of CPL) were measured while the thermal load was varied. Both systems used water as working
fluid. The systems used a ceramic wick in the capillary evaporator. For the heating of the capillary evaporators, electric
resistors (cartridge heaters inside of copper block for the LPHs and heaters in format of wire for the CPL) were used to
simulate the heat generation in microprocessors and electronic components. The condenser of the LHP was cooled using
water in forced convection and the condenser of CPL was cooled using air also in forced convection.

Figure 1(a) shows the LHP and its capillary evaporator has 10 mm of inner diameter and 25 mm of length, the
compensation chamber has the same diameter of the evaporator and length of 50 mm, the transport lines of liquid and
vapor have 2.8 mm of inner diameter and the condenser has 120 mm of length. Figure 1(b) shows the CPL and its capillary
evaporator has 10 mm of inner diameter and 50 mm of length (25 mm of evaporation area), transport lines of liquid and
vapor have 2.8 mm of inner diameter and the condenser has 385 mm of length.

The ceramic wick applied to LHP and CPL has 50% of porosity, 1 to 3 µm pore size distribution and permeability
of about 35 × 10−15 m2. Figure 2(a) depicts a view of the evaporator, the compensation chamber and the ceramic wick
of the LHP. Only the upper side of the capillary evaporator has grooves and four grooves were machined in the ceramic
wick used for the LHP. Along the work the machining technique was improved and it was possible to machine more vapor
channels (12 grooves) in the ceramic wick used for the CPL, Fig. 2(b). A thermal cleaning at 800oC for 60 min is applied
to remove the oil contamination after the machining. Figure 2(b) presents a view of the evaporator and the ceramic wick
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(a) (b)
Figure 1. (a) General view of the LHP (b) CPL.

of the CPL. Contrary to the wick for the LHP, all the circumference of capillary evaporator for the CPL has grooves.

(a) (b)
Figure 2. (a) Ceramic wick with vapor channels (grooves) used in the LHP (b) CPL.

The temperature distribution along the LHP was measured using thermal resistors (Pt100). Figure 3(a) depicts the loca-
tions of the temperature sensors: evaporator outlet (TEvap,out), condenser inlet (TCond,in), condenser outlet (TCond,out),
evaporator inlet (TEvap,in) and the compensation chamber (TCC). The temperature distribution along the CPL was
measured using temperature sensors (thermocouples type T). Figure 3(b) depicts the locations of the temperature sen-
sors: evaporator (TEvap), evaporator outlet (TEvap,out), vapor line (TV aporLine), condenser inlet (TCond,in), condenser
(TCond), condenser outlet (TCond,out), evaporator inlet (TEvap,in), reservoir (TRes) and reservoir outlet (TRes,out).

(a) (b)
Figure 3. (a) Positions of the thermal sensors along the LHP (b) CPL.

The LHP and CPL were first adjusted to the horizontal position and the ambient temperature was set. Once all
temperatures of the LHP or CPL showed the same value as the ambient temperature (∆Tmax = 1o C), the first power
input step of 5 W was applied to the evaporator. Once all temperatures reached a stationary value (or oscillating stationary
value), the power input was increased by steps of 5 W. The electrical power (Pel) applied to the cartridge was calculated
by measuring the current and the voltage accross it. Assuming no heat losses through the insulation at the heating zone,
the applied electrical power is taken as the heat applied to the systems. The performance tests were carried out for power
inputs ranging from 5 to 15 W for the LHP and from 5 to 30 W for the CPL.

For LHP, including the accuracy of the temperature sensors and the uncertainties of the data logger, the uncertainty
of the temperature is estimated at ±0.5 K. The uncertainty of the electrical power input is estimated at ±0.5 × 10−3

W including the uncertainty of the power supply unit and the uncertainty of the data logger. The temperature sensors
(RTDs) are of type Pt100 delivered with an accuracy of class A. Regarding to international norm IEC 751, for a maximum
temperature of 100 oC, the uncertainty of the sensor is uPt100 = ±0.35 K. For the CPL, the uncertainty of the measure-
ments were estimated for the temperature and power input. Taking into account the accuracy of the temperature sensors
(thermocouples type T) and the uncertainties of the data logger (Agilent 34970A with 20 channels), the uncertainty of the
temperature measured was evaluated to be ±1 oC. The uncertainty of the electrical power input is evaluated to be ±0.06
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W including the uncertainty of the power supply unit and the uncertainty of the data logger (Agilent N6700B).

3. Capillary Limit Analysis of the LHP and the CPL

The main operational limits of capillary pumping systems (CPL and LHP) are the boiling and capillary limits. Here,
only the capillary limit will be studied. The condition for both CPL and LHP work is that the total system pressure drop
does not exceed the maximum pressure that the porous wick can provide. Due to the vapor penetration through the porous
wick, the operating temperature of the system has a sudden increase when the capillary limit is exceeded. So, the capillary
pumping system operation requires that the sum of the pressure drops in the components and in the transport lines must
be smaller than the maximum capillary pressure head developed by the wick, i.e.,

∆Pcap,max =
2σ
rp
≥ ∆Pevap + ∆Pcond + ∆Pv + ∆Pl + ∆Pg (1)

In Eq. 1 the pressure losses are identified as: ∆Pevap - pressure losses in the evaporator, ∆Pcond - pressure losses in
the condenser, ∆Pv - pressure losses in the vapor lines, ∆Pl - pressure losses in the liquid lines and ∆Pg - pressure losses
due to the gravity action.

In the following, the total pressure drop will be estimated and compared to the expected maximum capillary limit.

3.1 Mass Flow Rate

The mass flow rate can be approximately obtained by the energy balance in the compensation chamber and capil-
lary evaporator assembly during steady-state operation. During typical LHP operation, heat is applied uniformly to the
evaporator (Qapp). The majority of the overall applied heat load (Qevap) vaporizes the liquid on the outer surface of the
porous wick and superheats the vapor in the vapor channel up to the outlet of the evaporator. The other part of the applied
heat load is transferred through the metallic structure of the assembly to the compensation chamber, where one part is
transferred to the ambient by natural convection Qcc,amb, and the other part is transferred to the vapor transport line. Here
the heat transfer to the vapor transport line will be neglected. So, the energy balance in the compensation chamber and
evaporator is:

Qapp = Qevap +Qcc,amb (2)

where

Qevap =
.
m hlv +

.
m cp,l (Tevap,out − Tevap,sat) +

.
m cp,l∆Tsubcooled (3)

For heat transfer from the compensation chamber surface to the ambient, the heat transfer coefficient from the outer
wall to the ambient is assumed to be that of natural convection. The outer heat transfer coefficient hcc,amb of a horizontal
cylinder to the ambient can be estimated by (Holman, 1990),

hcc,amb = 1.32
(
Twcc − Tamb
dcc,out

)0.25

(4)

Where dcc,out is the outer diameter of the compensation chanber, Twcc is the temperature measured at the wall of the
compensation chamber, Tamb is the ambient temperature.

The effects of the sensible heat in the mass flow rate are only secondary in most cases and can be neglected (
.
m hlv �[ .

m cp,l (Tevap,out − Tevap,sat) +
.
m cp,l∆Tsubcooled

]
). From the applied heat (Qapp), the mass flow rate can be esti-

mated from,

Qapp =
.
m hlv + hcc,ambAcc,out(Twcc − Tamb) (5)

Since the reservoir in CPL is separated from the evaporator and assuming that there is no heat transfer from the
evaporator to the ambient (due to insulation of the evaporator), so the mass flow rate can be obtained as Qapp =

.
m hlv .

3.2 Fluid Properties

The fluid properties used in this work were obtained from the software Engineering Equation Solver (EES). These
properties include saturation pressure, latent heat, liquid and vapor densities, liquid and vapor viscosities, liquid and
vapor thermal conductivities, liquid and vapor specific heats and liquid surface tension.
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3.3 Single-Phase Pressure Drop

It is assumed single-phase flow along the grooves, vapor and liquid transport lines, liquid feeding channel and through
the porous wick. The single-phase viscous pressure drop can be estimated from the Darcy-Weisbach equation,

∆p = f

(
L

dh

)(
ρv2

2

)
. (6)

Where f is the Darcy (or Moody) friction factor. For laminar flow in circular tubes, f = 64Re−1. For turbulent flow
in smooth tubes, the solution proposed by H. Blasius, f = 0.316Re−0.25 for 4000 < Re < 105, is used.

In the vapor grooves (dimensions hgroove × wgroove), the hydraulic (equivalent) diameter is,

dh =
2hgrovvewgroove

(hgrovve + wgroove)
(7)

For the vapor and liquid transport lines the hydraulic (equivalent) diameter is the inner diameter (din).
The pressure drop in the porous wick, according to Darcy’s law, can be can calculated as,

∆pw =
.
mlµl

θρl2πLwkw
ln
(
rw,out
rw,in

)
. (8)

Where θ =
Ngroovewgroove

2πrw,out
is the is the comprehended angle by the grooves, Ngroove is the number of grooves in the

wick.

3.4 Condenser

In general, the condenser presents superheated vapor, two-phase and subcooled liquid regions. Single phase equations
as before are used for the superheated vapor and subcooled liquid regions. For the two-phase region, first its lenght must
be determined. For that it is necessary to apply an energy balance in the condenser as shown in Fig. 4.

Figure 4. Schematic diagram of the condenser with finned tube.

In Fig. 4 Lcond,v is vapor length in the condenser, Lcond,lv is two phase length in the condenser and Lcond,l is liquid
length in the condenser.

The energy balance in the superheated vapor region provides:
.
mcp,v (Tcond,in − Tcond,sat) = (UA)cond,v ∆T cond,vlm (9)

where,

∆T cond,vlm =
∆T cond,v1 −∆T cond,v2

ln
(

∆T cond,v1

/
∆T cond,v2

)
∆T cond,v1 = Tcond,in − THS,out (10)

∆T cond,v2 = Tcond,sat − THS,in (11)

(UA)cond,v =
1

1
hcond,v (πdcond,inLcond,v)

+
ln
(
dcond,out/dcond,in

)
2πλSSLcond,v

+
1

ηfin,0hHSAt

. (12)
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A finned tube is used in the condenser section and the overall surface efficiency of the fin (ηfin,0) may be determined
from

ηfin,0 = 1−
(

1− ηfin
Afin
Au

)
(13)

where the finned (Afin), unfinned (Au) and total(At) areas and the fin efficiency (ηfin) are defined as,

Afin = NfinLfin (2Hfin + δfin) (14)

Au = πdcond,outLfin −NfinLfinδfin (15)

At = Au +Afin (16)

ηfin =
tanh (mHfin)

mHfin
, where m =

√
2hHS
δfinλfin

; ηfin � Hfin. (17)

The heat transfer coefficient of the water flow in the heat sink (hHS) is estimated from

hHS =
NuHSλwater

de
(18)

where the equivalent diameter (de) based on the heat transfer area is defined as,

de =
4Ac
Ph

(19)

where the heat transfer perimeter (Ph) and the net cross sectional free-flow area (Ac) with longitudinal finned tube are
given by,

Ph = πdcond,out + 2HfinNfin (20)

Ac = Hcond,boxLcond,box −

(
π
d2
cond,out

4
+NfinδfinHfin

)
. (21)

The empirical correlation proposed by Sieder and Tate (Kakaç, 2002) is used to predict the mean Nusselt number for
the water flow in the heat sink,

NuHS = 1.86
(
PeHS

dh
Lfin

)1/3(
µwater

µwall,water

)0.14

, (22)

where PeHS = ReHS PrHS and the dynamic viscosity in contact with the wall of the finned tube (µwall,water) is a
function of the mean temperature,

T̄wall,water =
1
2

(
Tcond,in + Tcond,out

2
+
THS,in + THS,out

2

)
. (23)

The Reynolds number is determined as,

ReHS =
ρwatervHS,waterdh

µwater
, (24)

where the equivalent diameter (dh) based on the pressure drop is defined as,

dh =
4Ac

Pwetted
, (25)

where the wetted perimeter (Pwetted) of a tube with longitudinal fins is given by,

Pwetted = 2Hcond,box + 2Lcond,box + πdcond,out + 2HfinNfin. (26)

Equation 22 is valid for laminar flow, 0.48 < Prwater < 16700 and,(
PeHS

dh
Lfin

)1/3(
µwater

µwall,water

)0.14

≥ 2.
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The heat transfer coefficient of vapor flow into the condenser tube (hcond,v) is estimated from

hcond,v =
Nucond,vλv
dcond,in

(27)

It is assumed that the flow is fully developed so that the Nusselt number (Nucond,v) can be determined as Nucond,v =
4.36 for laminar regime under constant heat flux and Nucond,v = 0.023Re0.8

v Prv0.3 for turbulent regime.

Where Rev =
ρvvcond,vdcond,in

µv
.

The energy balance in the two-phase region provides:
.
mhlv = (UA)cond,lv ∆T cond,lvlm (28)

where,

∆T cond,lvlm =
∆T cond,lv1 −∆T cond,lv2

ln
(

∆T cond,lv1

/
∆T cond,lv2

)
∆T cond,lv1 = Tcond,sat − THS,out

∆T cond,lv2 = Tcond,sat − THS,in

(UA)cond,lv =
1

1
hcond,lv (πdcond,inLcond,lv)

+
ln
(
dcond,out/dcond,in

)
2πλSSLcond,lv

+
1

ηfin,0hHSAt

. (29)

There are several available correlations to calculate the two-phase heat transfer coefficient (hcond,lv). Here the corre-
lation proposed by Cavallini and Zecchin (Kakaç, 2002) is used to determine the two-phase heat transfer coefficient,

hcond,lv = 0.05Re0.8
eq Prl0.33

λl
dcond,in

, where Reeq = Relvv

(
µv
µl

)(
ρl
ρv

)0.5

+ Relvl . (30)

Rel
lv and Revlv are calculated by

Relvv =
ρvvvxdcond,in

µv
. (31)

Relvl =
ρlvl (1− x) dcond,in

µl
(32)

Assuming that there is a linear variation of vapor fraction (x) over a range from 1 to 0 and integrating the Eq. 30 over

the two-phase length, h̄cond,lv =
1

Lcond,lv

Lcond,lv∫
0

hcond,lvdL, the mean heat transfer coefficient in the two-phase zone

can be determined by,

h̄cond,lv = 0.028Prl0.33λlµl



ρvvcond,vdcond,in
√
ρl/ρv
µl

− ρlvcond,l
dcond,in
µl

1.8

d2
cond,in

(
ρvvcond,v

√
ρl/ρv − ρlvcond,l

)

. (33)

After the determination of the vapor and two phase lengths in the condenser, the liquid length is determined as Lcond =
Lcond,v + Lcond,lv + Lcond,l.

The two-phase pressure drop consists of gravitational pressure drop, frictional pressure drop, and accelerational pres-
sure drop. Since the condenser is placed horizontally, the gravitational pressure drop in the condenser is identically zero.
The pressure drop of the two-phase zone in the condenser is estimated using(

dp

dL

)
lv

= φ2
lv

(
dp

dL

)
liq

, (34)



Proceedings of ENCIT 2010
Copyright c© 2010 by ABCM

13th Brazilian Congress of Thermal Sciences and Engineering
December 05-10, 2010, Uberlândia, MG, Brazil

where φlv is the two-phase multiplier and
dp

dL
is the pressure drop in the two-phase (lv) and liquid (liq) zones.

The single-phase pressure drop for liquid flow in the tube can be written as:(
dp

dL

)
liq

= − fliq
dcond,in

(1− x)2

2ρliq

( .
m

Acond

)2

, (35)

where the liquid-phase friction factor (fliq) can be calculated from the Reynolds number as discussed previously for
single-phase pressure drop. The Reynolds number of the liquid phase can be calculated as:

Reliq =
4
.
m (1− x)

πµliqdcond,in
. (36)

Substituting Eq. 35 into Eq. 34 and applying the chain rule, the two-phase pressure drop becomes a function of vapor
fraction (x) as,(

dp

dx

)
lv

= −φ2
lv

fliq
dcond,in

(1− x)2

2ρliq

( .
m

Acond

)2(
dL

dx

)
. (37)

Assuming again that there is a linear vapor fraction (x) variation over a 1 to 0 range and integrating the Eq. 37 over
the two-phase length, resulting in

∆Plv =

x=1∫
x=0

[
−φ2

lv

fliq
dcond,in

(1− x)2

2ρliq

( .
m

Acond

)2(
dL

dx

)]
dx, (38)

where the two-phase multiplier can be determined by,

φlv =
(

1 +
C

X
+

1
X2

)0.5

(39)

and the Martinelli parameter X can calculated as,

X =
(
fliq
fvap

)0.5(
ρvap
ρliq

)0.5(1− x
x

)
. (40)

The constant (C) in Eq. 39 is dependent on the flow regime and is associated with the single flow of the vapor and the
liquid in the pipe. Table 1 indicates the value of the constant for four different possible combinations.

Table 1. Value of constant (C) in the two-phase correlation proposed by Lockhart and Martinelli.

Liquid Vapor C
Turbulent Turbulent 20
Laminar Turbulent 12
Laminar Turbulent 10
Laminar Laminar 5

4. Results

Several peformance tests were carried out for the LHP and CPL, but only the main results were presented here.
Performance tests of one LHP and one CPL, using water as working fluid and a ceramic wick (proposed as an alternative
to wicks made of metal and plastic), were carried out for power inputs up to 30 W. The properties of the ceramic porous
wick, obtained in (Reimbrecht, 2004), and the working fluids are presented in Table 2.

Figures 5 presents the performance tests of the systems for power inputs up to 15 W and 30 W for the LHP and
CPL, respectively. The thermal behavior of the LHP is shown in Fig. 5 (a), drawing attention to the evaporator outlet
(TEvap,out), condenser inlet (TCond,in), condenser outlet (TCond,out), evaporator inlet (TEvap,in), and the compensation
chamber (TCC) at horizontal position. The condenser was cooled by a heat sink at temperature of 20 oC. The LHP
has worked satisfactorily in the range from 5 to 15 W. The thermal behavior of the CPL is shown in Fig. 5(b) drawing
attention to the the evaporator (TEvap), evaporator outlet (TEvap,out), vapor line (TV aporLine), condenser inlet (TCond,in),
evaporator inlet (TEvap,in) and the reservoir (TRes) at horizontal position. The condenser was cooled by air in forced
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Table 2. Thermodynamic properties of the ceramic wick and the working fluid.

Wick material ε (%) K (m2) λeff,sat (W/m-K) rp (µ m)
Ceramica 0.50 35× 10−15 4.00 1− 3
Working fluids σ (N/m) hlv (kJ/kg) ρ (kg/m3) µ (kg/m-s)
Waterb 0.07119 2382 995.6 0.0007977

a ceramic wick properties were obtianed in (Reimbrecht, 2004).
b the properties of the working fluids (at saturation temperature of 40 o C) were obtianed by the software Engineering Equation Solver (EES).

(a) (b)
Figure 5. (a) Temperatures of LHP at heat sink temperature of 20 oC and (b) CPL for heat loads increasing at horizontal

position.

convection. The CPL had a successful startup and reached nearly the steady state for the range of heat load from 5 to 30
W and for reservoir temperature of 60 oC. It can noticed that there is a difference between temperatures of the evaporator
outlet (TEvap,out) which is presented in the following.

Figure 6(a) presents the temperatures of the evaporator outlet (TEvap,out) of the LHP and the CPL and the evaporator
temperature (TEvap) of CPL as a function of the heat load. It can be noticed a large difference between the evaporator
outlet temperatures of the LHP and CPL (TEvap,out - CPL) that varied from 19 to 44 oC. It is clear from Fig. 6(a) that in
the results of the CPL, there is a significant difference between the temperature of evaporator (TEvap - CPL) and its outlet
temperature (TEvap,out - CPL), varing from 14 to 66 oC. This difference occurs because the temperature sensor of the
evaporator (TEvap) was placed very close to the electric resistor (heating system).

A small temperature difference between the evaporator outlet and the heat sink is required for a successful application
of these specific LHP and CPL. Therefore, high temperature differences claim for changes in the properties of the ceramic
porous wick (porosity, pore size and thermal conductivity) or improvements in the original design of the systems. A total
thermal resistance, similarly to Maydanik et. al. (2009), can be defined as,

Rtotal =
(TEvap − THS)

Q̇evap
,where THS is the heat sink temperature, i.e., the average cooling temperature. (41)

The total thermal was estimated for both systems the LHP and CPL. For the LHP, however, it was considered TEvap,out
instead of TEvap, once it was not possible to fix a thermoresistor at the interface between the copper block heater and
the evaporator. For the CPL, the heat sink temperature THS is an average temperature between the inlet and outlet of
condenser. Figure 6(b) depicts the total thermal resistance for the LHP and CPL. It is noticed that the total thermal
resistance for the CPL even using the evaporator temperature (TEvap - CPL) is lower than LHP. According to the results
presented in Fig. 6(b), the total thermal resistance was maximum for heat load of 5 W (5.6 oC/W for CPL and 10.2 oC/W
for LHP using water) and it was minimum for heat load of 30 W (3.4 oC/W for the CPL) and heat load of 15 W (5.9 oC/W
for LHP).

The Rtotal is a relative estimation not suitable to take any final conclusions. In this analysis it is not possible any
comparison only based on its result. The LHP evaporation area (392.7 mm2) is half of the CPL one (785.4 mm2).
Additionally, as mentioned before, the heat sink temperatures for both cases are different. Consequently, based only on
this result one can not conclude which system worked better. Anyhow, one can say that both systems were successful and
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(a) (b)
Figure 6. (a) Outlet evaporator temperature of the LHP and CPL, and evaporator temperature of CPL and (b) total thermal

resistance for the LHP and CPL.

could work better for increasing evaporation area (e.g.: increasing the length and/or number of grooves). Even taking into
account outlet evaporator temperature (TEvap,out) for both systems, it is not possible any direct comparison, once that
there is no sufficient control of the assembling, complete vacuum and working fluid filling of the systems. The heat flux
were equal to 3.82× 104 W/m2 based on the evaporation area for the maximum heat load equal to 15 W for the LHP and
30 for the CPL, respectively.

The pressure drops of the capillary systems were evaluated for the maximum heat load applied to the each system:
15 W for the LHP and 30 W for the CPL. The temperature of the condenser inlet (TCond,in) and the temperature of the
reservoir (TRes) were assumed as saturation temperatures of the LHP and CPL, respectively. Table 3 summarizes the
estimated results from Section 3 taking into account the dimensions for both the LHP and CPL tested in the lab. For the
LHP: Lcond,v = 2 mm; Lcond,lv = 31 mm and Lcond,l = 87 mm. For the CPL: Lcond,v = 48 mm; Lcond,lv = 40 mm
and Lcond,l = 297 mm.

Table 3. Pressure drop of the LHP and CPL.

LHP CPL
Components ∆P (Pa) % ∆P (Pa) %
Vapor grooves 99.13 15.83 1088.00 42.41
Vapor transport line 44.51 7.11 173.40 6.76
Porous wick 480.00 76.65 1291.00 50.32
Liquid transport line 0.52 0.08 1.75 0.07
Two phase zone of condenser 2.08 0.33 11.26 0.44
Total pressure drop 626.24 100.00 2565.00 100.00
Capillary limit 41780.00 - 44157.00 -

Note that the total pressure drop of the both systems do not overcome the capillary limit and the total pressure drop
of the LHP is smaller than the CPL one. It can be also noticed that porcentage of pressure drop in the vapor and liquid
transport lines and in the two phase zone of condenser are almost the same. However, the porcentage of the pressure drop
in the grooves and in the porous wick are different. So, the fact of the total pressure drop of the CPL is greater than the
LHP one is due to, according to the Eqs. 6 and 8 (which depend on the number of the grooves), the greater number of
grooves in the evaporator of the CPL.

According to Ku (1994) and Ku (1999) and others researchers, the pressure drop across the two phase zone into the
condenser can be neglected when compared with the total pressure drops of the capillary pumping systems. As it can be
noticed in Table 3, the two phase pressure drop into the condenser is very small representing less than 0.5%, due to low
mass flow rates and its calculation can be neglected.
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5. Conclusions

The ceramic wick here proposed as alternative to wicks made of metal and plastic showed a reliable alternative for
applications in LHPs and CPLs. Performance tests of one LHP and one CPL with a ceramic wick and using water as
working fluid were carried out for power inputs up to 30 W. For higher power inputs, temperatures above 100 oC were
measured. The LHP worked satisfactorily in the range from 5 to 15 W and the CPL worked satisfactorily from 5 to 30 W.
The corresponding minima total thermal resistances were 3.4 oC/W for the CPL and 5.9 oC/W for LHP.

Both systems could work better for increasing evaporation area (e.g.: increasing the length and/or number of grooves).
The heat fluxes for the maximum heat load (15 W for LHP and 30 W for CPL) for both systems were equal to 3.82× 104

W/m2.
The systems did not overcome the capillary limit for their maxima heat loads, making possible significant increase of

the vapor and liquid transport lines. Further studies are planned considering similar geometry and operation conditions
with new experiments.
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