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Heat and Mass Transfer in Evaporator of Loop Heat Pipe
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Investigation of heat-exchange processes in the evaporator of a loop heat pipe is important for the development of
heat transfer devices with low thermal resistances. A two-dimensional mathematical model of the evaporator active
zone is presented. Three modes of vapor generation in the wick have been examined, where each differs in the
mechanism of the vapor phase formation and in the saturation of the capillary structure: 1) evaporation to the vapor
grooves, 2) volumetric evaporation in the two-phase zone, and 3) volumetric evaporation in the two-phase zone
separated from the heated wall of the evaporator by dried zones. Conditions identifying changes between modes have
been formulated. Structural characteristics of the wick with different pore sizes have been taken into account. Using a
numerical-analytical method, results were obtained for three copper loop heat pipes with biporous wicks, where the
working fluid was water for one of the loop heat pipes and methanol for the other two. The heat-load dependent
temperature drop between the evaporator wall and the vapor in the vapor grooves has been presented. Additionally,
a comparative analysis of calculated and experimental results was performed.

Nomenclature
Cp = specific heat at constant pressure, J/kg - K
hy, = latent heat of vaporization, J/kg
K = permeability, m?
k = thermal conductivity, W/m - K
L = length, m
n = normal vector
P = pressure, Pa
[0 = heat load, W
Gin = applied heat flux, W - m~>
R = thermal resistance, K/W
R,r = poreradius, m
T = temperature, °C
S = area, m
o = heat-exchange coefficient, W/m? - K
& = porosity
I = dynamic viscosity, Pa - s
0 = density, kg/m?
Subscripts
comp = compact
cond = condensation
cont = contact
dry = dry
ext = external
ar = vapor groove
l = liquid
1l = liquid line
nucl = nucleation
p = peak
q = active zone (heat input zone)
v = vapor
vl = vapor line
wall = evaporator wall (or case)
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single phase (saturated with liquid)
two phase

I. Introduction

LOOP heat pipe (LHP) is a two-phase heat transfer device
using capillary pumping of the working fluid. It consists of an
evaporator, a compensation chamber, vapor and liquid lines, and a
condenser, as shown in Fig. 1, where the LHP principal design is
presented. Detailed descriptions of the main working principles of
LHPs are presented in [1-3]. The evaporator, the key element of
an LHP, primarily determines the operation and performance of the
device. The evaporator includes a wall, a wick, vapor grooves, and
a liquid core passage. The evaporator is coupled to a compensation
chamber, which receives liquid displaced from the condenser during
LHP startup and operation. Heat is applied to the outer surface of the
evaporator wall where it then is transferred though the wall and wick
to the evaporating menisci. The generated vapor is collected in the
vapor grooves and travels through the vapor line to the condenser.
Liquid then returns to the compensation chamber through the liquid
line. To reach the evaporating menisci, liquid flows back through
the wick that separates the evaporation zone and the compensation
chamber.

Investigations [4-7] have shown that the evaporating menisci
creating the capillary pressure can be located both on the groove—
wick surface and inside the wick. Mathematical models of heat
and mass transfer processes in the evaporation zone consider this
situation but at the same time most are based on the assumption of
the structural uniformity of a wick, i.e., a wick having pores of the
same size [§—14]. However, in actual LHP wicks there are pores of
different sizes. In Fig. 2 a typical graph of pore-size distribution for a
sintered titanium wick with a porosity of about 60% is presented as an
example. Line A is the differential curve of pore-size distribution and
B is the corresponding integral curve, where the differential function
¥ (r) can be obtained by ¥(r) = dW*(r)/dr. According to Fig. 2, the
pore radius of this wick varies from 0.3 to 14 pm.

Figus et al. [15] developed a two-dimensional mathematical pore
network model for a wick with a varying pore-size distribution. The
pore network simulations indicated that in this case capillary effects
could lead to fractal types of vapor-liquid fronts which cannot be
predicted by a single pore-size model. A previous investigation [16]
suggested a model of heat-exchange processes in an LHP evaporator,
where structural characteristics of the wick were also taken into
account. Based on the idea regarding different pore-formation modes
in porous materials presented in [16] it was suggested using biporous
wicks to allow a more advanced vapor removal system. The main
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Fig. 1 Principal scheme of a loop heat pipe.

feature of a biporous wick is the pore-size distribution differential
curve having two evident peaks, unlike monoporous wicks having
characteristics shown in Fig. 2. An additional peak on the curve
f = F(r) means that in such a porous material pores of two primary
sizes prevail. In this case, large pores serve as additional vapor
removal paths in the evaporation zone, whereas small pores fill with
the liquid and serve as the liquid conduit to the evaporating menisci.
Vapor and liquid occupied pores in total form a two-phase zone with
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Fig. 2 Pore-size distribution; A: differential curve; B: integral curve.
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an advanced evaporating surface that improves the heat-exchange
conditions. The effectiveness of such an approach has been confir-
med by both experimental and analytical investigations [17-20]. It
was shown that biporous wicks in fact allow intensifying the heat-
exchange processes in the evaporation zone of an LHP. The current
investigation is a continuation of this research and topic. The model
developed earlier has been adapted to the new configuration of
the evaporation zone. Additionally, the calculation procedure used
creates a new specified formulation of conditions for transformation
of liquid occupied pores into vapor occupied pores.

II. Physical Model and Mathematical Formulation

In Fig. 3 asegment of the LHP evaporator is presented. Depending
on the value of the applied heat load, three different operating
conditions can exist in the evaporation zone. In the case of a low
heat flux the evaporating menisci are at the wick—groove inter-
face (Fig. 3a). The wick is completely saturated with liquid and the
grooves are filled with vapor. At high heat flux, drying of large
pores takes place and a two-phase layer forms, where both dry and
saturated pores are found (Fig. 3b). When the heat load increases
close to a critical value a dry layer in the wick can occur near the
heated wall of the evaporator (Fig. 3c). The heat exchange in the
evaporating zone becomes worse because the two-phase layer is
separated from the heated wall by the vapor blanket. One of the main
parameters characterizing the evaporation efficiency is the value of
the evaporator thermal resistance, which is determined by the relation
of the temperature difference between the temperature on the outer
surface of the wall (T,,;) and the temperature of vapor in the groove
(T,) to the heat load:

T, all — Tu

R, =—/——* 1
ev 0 (€]

Correlations for the evaporator thermal resistance are given below in
accordance with the three vaporization modes described earlier:
a) First mode:

Rev = Ryant + Reont + Ry (2)
b) Second mode:
Rev = Ryant + Reonst + Rof 3)
¢) Third mode:
Rev = Ryan + Reonst + Rary + Ry “4)

Examining the right side of Egs. (2-4) for R., it is seen that two
components always present do not depend on the evaporating mode,
namely, the thermal resistance of evaporator wall R,,; and thermal
contact resistance R,,. The first is determined by the tempera-
ture difference between the internal and external evaporator walls.
Increasing the thermal conductivity of the evaporator wall and
decreasing the thickness decreases the value R,,;. The thermal
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Fig. 3 Scheme of vaporization modes.
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contact resistance R, takes into account the imperfection of the
thermal contact between the wick and the evaporator case. According
to [16], specific quantities of R.., can vary from 3 x 107> to
7 x 107 m? - K/W. It should be noted that the values R,,,;; and R,
depend only slightly on the location of the evaporating front. Thus,
the contribution of these two components in the total evaporator
thermal resistance R., can be considered constant values. Next, the
other components of Egs. (2—4) are examined. For the first evapo-
rating mode, evaporating menisci serving as heat sinks are situated
on the groove-wick interface and are separated from the hot
evaporator wall by a layer of wetted wick. Thermal resistance of this
layer is given as R, in Eq. (2) and determines the temperature
difference between the external surface of the wick and the evapo-
rating surface. For the second vaporization mode given by R,, in
Eq. (3), this is the thermal resistance of a two-phase evaporating layer
where evaporating menisci are located. In accordance with the model
of three-mode vaporization in the LHP evaporator, the second mode
is the most effective compared to the two others. The enhanced heat
exchange is first due to the increased quantity of the evaporating
menisci involved in the heat-exchange process as the evaporating
surface becomes more developed. Furthermore, in the second
regime, evaporating menisci form a two-phase layer situated closer to
the heated wall of the evaporator. Considering the third evapo-
ration mode, the main characteristic taken into account is the
presence of the dry wick zone near the evaporator wall and the
displacement of the two-phase evaporating layer deep into the wick.
As indicated previously, this negatively influences the effectiveness
of the heat-exchange processes. Thus, the thermal resistance of the
dry zone Ry, is included in the total thermal resistance for the third
mode [see Eq. (4)]. The larger the dry zone, the greater the thermal
resistance R,y . In summary, it can be concluded that the intensity of
heat-exchange processes substantially depends on the wick satu-
ration condition and on the location of evaporating menisci.

The change between vaporization modes results from the drying of
an amount of wick pores. One reason for the liquid to vapor pore
transformation is boiling of the superheated liquid. In accordance
with the nucleation theory described in [21], the formation of a vapor
bubble with radius r,, is possible only if the liquid is superheated
sufficiently relative to its equilibrium state. The lower bound of the
nucleation superheat AT, is determined by

2.0-T
ATnucl = # (5)

v Tnucl * hhv

Another cause of pore dryout is an excessive hydrodynamic load
on a meniscus, which can surpass its capillary potential. The
capillary pressure AP, is determined by

2.0
AP, = (6)

Fe

and is used for pumping the working fluid during system operation.
Thus, the second condition of dryout of a pore of radius 7. can be
presented as follows:
2.0
AP, LHP = T (7)

c

where AP, yp is the total pressure drop in the LHP. The total pressure
drop in the LHP includes the pressure difference in the wick, vapor
grooves, vapor line, condenser, liquid line, and any gravitational
head if the LHP is inclined:

APLHP = APwick + APvg + APvl + APc(md + APll + APq (8)
The wick pressure drop consists of two parts:
APwick = APoutfevfzone + APevfzone (9)

where APy v sone 18 the pressure drop in the wick portion outside
against the evaporation zone, i.e., above the boundary between
points 7 and 9 (see Fig. 3) and AP, ., is the pressure drop in

the evaporation zone, which depends on the evaporation mode,
according to the proposed model. The transfer conditions from
surface evaporation to vaporization in a two-phase layer are
described by the inequalities:

AT;h = ATnucl (Rmax) (10)

APLI—IP = APC(Rmax) (1 1)
and conditions for the formation of a dry zone by the inequalities:

ATsh = ATnucl (Rmin) (12)

AP yp = AP (Rpyin) (13)

where R, and R;,, correspond to the maximum and minimum pore
sizes of the pore-size distribution curve.

The mathematical model is based on using several assumptions.
First, the evaporation mode in the evaporation zone is assumed
steady and stable. Additionally, local thermal equilibrium between
the porous structure and the working fluid is assumed. Two separate
systems of minichannels in the two-phase zone are modeled, where
the first includes connected dry pores and the other consists of
connected saturated pores. Vapor moves through the wick via dry
pores and liquid flows via wet pores. Both the vapor and liquid flows
are assumed to follow Darcy’s law. The phase permeabilities for
liquid and vapor flows in a two-phase layer are determined by the
ratio between the quantity and the size of pores occupied with liquid
or vapor, respectively. The prevailing motion of vapor and liquid is
shown by arrows in Fig. 3. In the evaporation zone the liquid flows
along the groove—wick surface. In a two-phase layer the vapor flow
moves along the normal direction to the groove surface. Interfacial
equilibrium is supported by surface tension. The computation model
is two dimensional and the left and right borders of the computation
domain are lines of symmetry. The convective component of heat
transfer in the wick is assumed small compared to the conductive one.
The effective thermal conductivity in a dry wick was calculated
previously by Odelevski [22]:

1—¢

kwick = kc()mp : m

(14)

where ko, 18 the thermal conductivity of the bulk material and the
coefficient b in Eq. (14) was taken equal to 2.1. For a liquid saturated
wick the effective thermal conductivity is given by

ker = kyiek + €k (15)

The effective thermal conductivity of a wick portion with a two-
phase zone was determined using an average value between the
effective thermal conductivity of a dry and a saturated wick:

kZ/' =0.5- (kwick + kcff) (16)

Based on the above assumptions, the governing equations for vapor
and liquid phases are presented next. The vapor and liquid flow in the
single-phase regions of the wick, i.e., where the wick is saturated
either with liquid or with vapor, are described by

K
M[z_f'VP]/ (173)
129/ ’
and
K
u,=——-VP, (17b)
Mo ’

where K is the permeability coefficient of the porous material.
For sintered porous materials the permeability coefficient can be
determined according to the following correlation:

K=Ck'£'R§mb (18)
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where C; is a coefficient depending on the specific wick (for the
wicks used in the current investigation C; was specified as 0.5), R,
is a breakdown radius of the wick. For cases of a two-phase zone, the
governing relations, allowing for the different phase permeabilities
for liquid and vapor, respectively, are given as

uy=——-VPy (19a)
127
and
K,
Uy =——""- VP, (19b)
My

According to [22], phase permeability for liquid and vapor in a two-
phase zone can be determined by

= K . ‘/‘Rr:in rz ) W(r)dr

K ; 20a
C e R y(nar 0w
and
R, 2
max 2, d
K, =k Jx 0 (20b)

Jrr -y (ndr

min

<

where R* is a boundary meniscus radius, such that the boundary
meniscus radius implies that pores with radii larger than R* are filled
with vapor. Correspondingly, pores with a radius less than R* are
filled with liquid. For the boundary radius R* the value is taken to be
equal to the minimum of r,, and r.., which are, respectively, deter-
mined from Eqs. (5) and (7), or

R* = min(rpyq, ¥e) 201

The differential pore-size distribution for a monoporous wick is

approximated by the relation:
R — 2
- exp (_ M) .C (22)

Y = S

2-mw- %

where R, is the pore radius at which the function ¥ = f(r) has a
maximum or, in other words, the peak on the curve, and x and C are
approximation coefficients. For a biporous wick the approximation
relation is given as a binomial:

1 (R1,—r)?
W(r)—z‘ﬂ.XI-exp(— 2. x )‘Cl
1 (R2, —r)?
+2.ﬂ.Xl'exp(— 2 0 )-C2 (23)

where R1,, and R2,, are the pore sizes corresponding to the first and
second peaks, respectively, of the differential curve of pore distri-
bution ¢ = F(r), and x,, x», C;, and C, are the corresponding
approximation coefficients.

The energy equation for the evaporator wall is given by

V2T g =0 24)

The energy equation for a single-phase (wet or dry) wick is
V2T =0 (25)
And the energy equation for the two-phase regions is described by
kaVZTwick =—qqy (26)

where g, is the volumetric heat sink and it is assumed that the
intensity of heat absorption is uniform at any point of a two-phase
region.

The general boundary conditions for all regions are given next. For
the boundary 1-2, the wall temperature gradient and heat the heat
flux are related by

0T,y
O i @7
y

The heat flux g;, is calculated by taking into account the heatrate Q..,,
required to increase the temperature of the liquid as it flows from the
compensation chamber through the wick to boundary 8-9 of the
evaporation zone:

Q B Qcp
=2 = 28
in s, (28)
The velocity of the liquid flow at boundary 8-9 is taken as
Q B Qcp (29)

u =
b 2'pl'hhv'Ngr'Lgr'L89

where N,, is the number of vapor grooves and L, is the groove
length.

The temperature at boundary 7-9 equals the vapor temperature in a
vapor groove:

Twick = Tv (30)

The vapor in the grooves is taken to be saturated, such that the vapor
temperature can be defined as

dr
=T,

T v_cond + @

v

AP, 31)

where T, ., 1S the vapor saturation temperature in the condenser.
The vapor pressure drop AP, includes the pressure drop in the vapor
grooves, in the vapor line, and in the vapor section of the condenser:

APv = APvg + APVI + APu,cond (32)

Boundaries 1-7 and 2-9 are lines of symmetry so that

wall — () 33
o (33)
and
aTwick =0 (34)
ox

In the wick area along these symmetry boundaries the velocities are

u, =0, Uy, =0 (35)
The boundary conditions for the wick depend on the specific phase
conditions existing in the wick. In the case of the first evaporation
mode, boundary 5-6 is given as

aTwic
kett + =% = Gy (36)
y
qu
y = 37
uld hhv * Py ( )
and for boundary 6-8:
aTwi(:
ket *—5 % = Gy (38)
x
qu
Uyy =7 (39)
hhv Py

In the case of the second mode the fact that the intensity of heat
exchange during volumetric evaporation is much higher than under
heat transfer at the groove—wick surface is taken into account. For
this reason the following conditions for the boundaries 5-6 and 68
are used:

0 Twick

By =0 (40)

and
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3Twick =0 (41)
dx
The same conditions (40) and (41) are used for a dry zone and a two-
phase zone of the wick for the third evaporation mode.
The boundary 3—4 is represented by

k . wal — k . WIC! 42
wall ay ay ( )
where k equals k. for a saturated wick, k = ki for adry wick, and
k = k, for a two-phase wick.
At the boundary between two regions in the wick the general
condition is

T ek = k- 0T ick

k on on

(43)

where k means k. for a saturated wick or k., for a dry wick.

The presented model was solved using a numerical-analytical
method. In the first stage of the computational procedure for every
value of heat load Q, the vapor temperature in vapor removal grooves
T, was calculated by Eq. (31). Then, the temperature field in the
evaporation zone was calculated. To this effect a computational grid
was created that covered a typical domain of the evaporation zone. A
control volume method was used for discretization of the governing
equations of the heat-mass transfer process in the computation
domain. A vaporization mode in every control volume around the
node was chosen using criteria (7—10). During this procedure the
calculated boundary pore radius in the control volume R* was
compared with the values of maximum R,,,, and minimum R, of
the pore-size distribution curve f = F(r).

The computation output was the temperature field in the
evaporation zone. The intensity of the heat-exchange processes was
estimated using the temperature difference AT between the wall
temperature 7', and the vapor temperature in the grooves T,. The
average temperature of the exterior evaporator case was used as T,
In conformity with the typical domain considered here, the value
T Was determined as the mean along boundary 1-2.

III. Results and Discussion

Numerical results were obtained for three copper loop heat pipes,
with one using water and the other two using methanol as the
working fluid. The LHPs also differed in terms of the wick pore sizes,
where all wicks were made from sintered copper powder. Differential
curves of the pore-size distributions for each wick are shown in
Fig. 4. According to the graph, the wick of LHP2 can be characterized
as the most macroporous of all wicks presented here, whereas the
most microporous wick is that of LHP3. At the same time all curves
exhibit a bimodal form. Hence, all wicks can be characterized as
biporous and all have almost the same porosity of about 70%. Exact
porosity values are shown in Table 1.

All other main design parameters of the LHPs were identical. The
geometrical parameters of evaporators, vapor lines, condensers, and
liquid lines are highlighted in Table 2.
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Fig. 4 Differential curves of the wick pore-size distribution for LHP1,
LHP2, and LHP3.

Table 1 Distinctive features of LHPs and wicks

LHP1 LHP2 LHP3
Porosity &, % 69 70 68
Wick Midporous ~ Macroporous Microporous
Working liquid Water Methanol Methanol

Table 2 Main geometrical parameters of LHPs

Length of vapor line, mm 350
Length of liquid line, mm 900
Outer diameter/inner diameter of vapor line, mm 5/4
Outer diameter/inner diameter of liquid line, mm 5/4
Heating zone area, cm? 16
Length of active zone, mm 40
Evaporator wall thickness, mm 0.5
‘Wick thickness, mm 6
No. of vapor grooves 12
Length of vapor grooves, mm 40
Cross section of vapor grooves, mm X mm 1.8 x 1.8
Evaporator wall/wick material Cu/Cu
Heat sink and ambient temperature, °C 20

LHP orientation Horizontal

The geometrical parameters of a typical domain were as follows:
L172 =1.7 mm, L173 =0.5 mm, L375 =04 mm, L5—6 =0.9 mm,
and Ls ; = 1.8 mm. The model results for the investigated LHPs are
presented in Fig. 5 for heat-load dependence of the temperature
difference AT. To evaluate the accuracy of the model experimental
data are also presented in Fig. 5. The good correlation between the
analytical results and the experiment data provides validation that the
proposed model effectively describes the vaporization processes in
the evaporation zone of an LHP.

It should be noted that the behavior of the curves AT = f(Q)
presented in Fig. 5 is different for water and methanol LHPs, where
the curve for the water LHP in the range of heat loads is linear. This
monotone growth of the temperature difference in the evaporation
zone as the heat load increases points to a lack of any critical change
in the character of the heat and mass transfer processes. However, the
results for LHPs with methanol (nos. 2 and 3) have a different
character. Overall, the behavior of the two methanol LHPs is similar,
so it can be characterized as consistent behavior. Namely, each of
these curves has an inflection point that conditionally divides the
results into two distinct parts with different inclination angles. At the
same time, at low heat loads, the behavior of the methanol LHPs is
situated quite close to each other and to that of LHP1 with water,
where the temperature differences are almost the same. When the
heat load exceeds 30 W the behavior of the methanol LHPs changes,
such that the increase in temperature difference is much sharper for
increasing heat loads. Such a change in the behavioral dynamics of
LHPs 2 and 3 indicates the existence of processes in the evaporation
zone that affect adversely the heat transfer conditions.
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Fig. 5 Temperature difference AT as a function of the heat load.
Experimental data: diamonds, circles, and squares; calculated data:
solid, dashed, and dot-dashed lines.
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According to the model the reason for such behavioral changes of
the relation AT = f(Q) for methanol LHPs is an appearance of local
dry zones close to the evaporator wall. As the wicks have different
structural characteristics, the dynamics of the pore dryout processes
differ as well. Transformation of liquid-filled pores to vapor-filled
pores occurs with a slight delay in LHP2 compared with LHP3. This
results from the presence of smaller pores in the wick of LHP3, which
can withstand higher liquid superheats and higher pressure gradients.
As aresult, under equivalent heat loads the temperature difference in
the evaporation zone of LHP2 is higher compared with LHP3, which
is supported by the results presented in Fig. 5. Thus, the structural
characteristics of the porous material directly influence the heat-
exchange processes in the evaporation zone of an LHP.

In contrast to methanol, a transition from the second vaporization
mode to the third was not observed for water in the tested range of
heat loads. The dryout of the wick layer situated near the heated
wall is not observed as water has better thermophysical properties
compared with methanol. A significant role in this case is played by
surface tension, which is 3 times greater for water than for methanol.
The level of superheat in the range of heat load Q turns out to be
insignificant for the appearance of dry regions in the evaporator of
the water LHP. This is supported by data presented in Fig. 6, where
the values of nucleation superheat AT, calculated by Eq. (5) are
presented for varying pore sizes at a temperature 7, of 80°C. Hence,
the influence of the working fluid properties on the vaporization
mechanism and on the dynamics of the evaporation mode can be
shown to be very significant. Thus, it is necessary to take this factor
into account when selecting the LHP working fluid.

One additional factor that influences the heat-exchange processes
in the LHP evaporator needs to be considered, which is the configu-
ration of the evaporation zone. In this investigation, this was modi-
fied compared with the previous investigation [17]. A distinctive
feature of the new configuration is that between the vapor grooves
and the evaporator wall there is a wick layer, as shown in Fig. 3. In the
previous case no wick layer was present under the region 5-6 and the
vapor grooves were directly adjacent to the heated evaporator wall.
Thus, it was decided to make configuration modifications of the
evaporating zone. The function of the additional wick layer is to
facilitate enhanced vaporization in the evaporation zone due to the
increased evaporation surface area. In this case, a positive effect can
be expected only when two conditions are fulfilled. First, this layer
should be saturated with liquid to provide an evaporation zone. Given
that, the evaporating menisci can be located both on the surface
of this wick layer and within the wick layer. Secondly, the layer
thickness should be minimized to minimize the impact on thermal
resistance.

It was found that such a configuration of the evaporation zone is
efficient only for the case of water. According to the calculations,
over the entire range of examined heat loads, LHP1 did not experi-
ence a full dryout of the wick layer under the vapor groove. Whereas
with methanol, this layer functioned only under low heat loads
followed by it becoming dry with increasing heat loads. Such a
transformation of the evaporation zone adversely affected the heat
transfer processes. An exclusion of a reasonably large area from the
active evaporation process resulted in increasing heat load on the
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Fig. 6 Nucleation superheat as a function of pore size.

wick segment located between two neighboring grooves. The evapo-
rating menisci forming the two-phase evaporating layer were then
located only in this area. After the dryout of the wick layer situated
under the groove, the configuration of the evaporation zone becomes
similar to the zone considered in [17]. It should be mentioned that
such a transformation of the evaporation zone was not detrimental
to the operation of LHPs 2 and 3 as operational capability was not
lost. But, as can be seen from Fig. 5 for methanol, starting from a heat
load of 30 W the heat transfer effectiveness in the evaporation zone
decreases, which resulted in an abrupt increase of the wall to vapor
temperature difference. This resulted in the thermal resistance of the
evaporator and of the entire LHP to increase. In this case it becomes
clear that even a partial dryout of the layer near the wall is quite
critical for the heat exchange in the evaporation zone and, thus, is
extremely undesirable during LHP operation.

IV. Conclusions

The heat and mass transfer processes in the evaporator of a loop
heat pipe were examined. A two-dimensional mathematical model of
the evaporation zone of an LHP evaporator was developed. Solutions
of the heat and mass transfer were obtained for three modes of vapor
generation: evaporation at the wick—groove interface, evaporation in
atwo-phase zone, and evaporation in a two-phase region coupled to a
vapor zone. The wick structural characteristics, including porosity
and pore-size distribution of the porous material, were taken into
account.

The model was used for investigation of copper LHPs using
both methanol and water as the working fluids. The direct effects of
working fluid properties on the evaporation mechanism were exa-
mined. The results of the model and experiment data compared
very favorably and showed that the behavior and intensity of heat
transfer depend on the structural characteristics of the capillary
porous materials. Satisfactory agreement between the model results
and experimental data confirms that the model provides a good
description of the evaporation processes in the LHP evaporation
regions.
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