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Abstract-Evaporation from a microporous flow control element on a porous heat source was studied 
experimentally and theoretically. Interfacial phenomena were used to couple, in a controllable manner, the 
mass flux and the heat flux in the flow control element. The vapor exhausted through the heat source and was 
superheated under some of the experimental conditions. A smooth transition between regimes analogous to 
normal nucleate and film boiling was obtained with some of the designs. The novel heat transfer surface 
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design could be incorporated-into a heat exchange system with us& similar to those of a heat pipe. 

NOMENCLATURE /4 viscosity [Ns/m2]: 
defined in equation (10); 71, 3.14159: 
diameter [cl] ; P> density [kg/m31 ; 
height [m] ; heat transfer coefficient interfacial resistance coefficient: 
[J/m’sK]; latent heat of vaporiza- 2’ potential function. 
tion [J/kg] ; 

Jc- 1): Subscripts 
thermal conductivity [J/msK] ; 6 externally applied pressure difference; 
permeability [m2]; evap, evaporation; 
exhaust channel width [ml; hs, heat source; 
defined in equation (12); incompressible; 
molecular weight [kg/kg-mole] ; E’ liquid: 
pressure [N/m2); I;, liquid-vapor: 
internal heat generation rate [J/sm3] ; N, dimensionless 
heat flux [J/sm2] ; 0, average integral value based on super- 
universal gas constant [Nm/kg- ficial area of the MPFCE: 
mole”K] : PY pore: 
blockage ratio-see Fig. 4; .% saturation; 
absolute temperature [OK]; complex 

;; 
mass transfer solution: 

potential function; complex. 
temperature [“Cl; 
mass flux [kg/sm2] ; INTRODUCTION 
dimensionless coordinates: IN AN effort to eliminate some of the undesirable 
coordinates [m] : 
complex geometric variable; 

characteristics of boiling a new change-of-phase 

.a .d 
heat transfer (HIS) has been proposed [l]. This 

“Z +?3y 
surface which consisted of a porous heat source 
was later modified by the addition of a porous 

rlV ; flow control element [2]. In this combined 
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arrangement liquid is fed into the flow control 
element through the surface opposite the heat 
source and the evaporant is exhausted through 
the heat source. The feasibility of using such a 
HTS and some of its operating characteristics 
have been experimentally studied [2-5-J. How- 
ever, the pore sizes in the flow control elements 
used in these studies were too large to completely 
assess the effects of capillary forces on the heat 
transfer process. One of the objectives of the 
work presented in this paper was to investigate 
both experimentally and theoretically, the effects 
of capillary forces by using a microporous flow 
control element (MPFCE). Another objective 
of this study was to design and evaluate a 
representative HTS that could be easily used in 
a heat exchanger. The potential uses of this HTS 
are similar to those of the heat pipe. 

QUALITATIVE DISCUSSION OF THE HEAT 

TRANSFER SURFACE 

The HTS surface under study is one for which 
the flow of an evaporating fluid and its vapor is 
controlled by a MPFCE. Flow control is 
accomplished by utilizing the surface forces 
present at the liquid-vapor interface (LVI) in 
the multitude of micropore openings at or near 
the down stream surface of the MPFCE. A 
cross-sectioned drawing of a portion of the 
particular configuration used for these studies 
is presented in Fig. 1. The liquid that is to be 
evaporated is fed from the liquid reservoir 
through the MPFCE to the LVI. Simultaneously 
the energy necessary for evaporation is con- 
ducted from the heat source through the MPFCE 
to the LVI. The resulting vapor is then directed 
away from the interface in the same direction of 
flow as the liquid. 

The capillary forces associated with the 
menisci in the micropores serve a threefold 
function. They direct the flow of the generated 
vapor, separate the evaporating liquid from its 
vapor, and control the fluid flow rate. The first 
two of these effects are achieved by the physical 
presence of the meniscus and its associated 
pressure drop. As long as the pressure drop 

needed to drive the vapor away from the 
meniscus is less than the maximum pressure 
drop that the meniscus can support, the vapor 
flow will be in the desired direction. The third 
effect is achieved by the ability of the meniscus 
to change shape, and, therefore, alter the pressure 
drop across it. As outlined by Potash and 

Vapor flow channel 

n 

I 

FIG. 1. Cross sectional sketch of heat transfer element. 

Wayner [6] increases in the heat flux to the 
LVI are accommodated by a decrease in the 
radius of curvature of the menisci. This leads to 
a lowering of the pressure on the liquid side of 
the interface with a resulting increase in fluid 
flow rate. This stable evaporating meniscus is of 
considerable importance because its presence 
and location determines the operating charac- 
teristics of the heat transfer process. Since the 
pressure difference across a meniscus, and 
therefore the entire LVI, is directly proportional 
to the surface tension and inversely proportional 
to the radius of curvature, substantial pressure 
differences are attainable with small pores. 
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However, the use of small pores to obtain flow 
control exacts a penalty in the form of a high 
fluid flow resistance through the MPFCE. 
Therefore, externally imposed pressures are 
necessary for high volumetric flow rates in 
thick porous elements with small pores. 

This heat transfer process can be divided into 
three operating regimes which are analogous 
to the operating regimes in normal boiling. These 
are: regime (l), the MPFCE is completely filled 
with liquid (analogous to nucleate boiling): 
regime (2) transition; and regime (3) the MPFCE 
is partially dry, that is a substantial portion of 
the LVI has moved away from the down stream 
boundary of the MPFCE (analogous to film 
boiling). The positions of the LVI for these 
regimes are presented in Fig. 1. The operating 
characteristics of these three regimes are dif- 
ferent and require independent analyses. 

The HTS can be used in a heat exchange pro- 
cess in the following way. The thickness of the 
“heat source” can be increased with the down- 
stream side placed in contact with a solid surface. 
This forms vapor exhaust channels running per- 
pendicular to the page. The “heat source” could 
then be either in contact with a heated solid 
surface or have an internal heat source. The 
vapor leaving the channels would be superheated 
by the walls of the exhaust channels. With the 
proper design this heat transfer surface would be 
useful in heat pipe applications. 

EXPERIMENTAL STUDIES 

The following material was abstracted from 
a thesis [7] in which a more detailed description 
of this experimental and theoretical work can 
be found. 

Description of test apparatus 
A schematic cross sectional drawing of the 

test apparatus is presented in Fig. 2. This 
apparatus consisted of three main sections: 
(1) the heat transfer element (HTE), (2) a liquid 
reservoir, and (3) a vapor guide and condenser 
to contain’and collect the generated vapors. The 
HTE consisted of the MPFCE (porous ceramic 

E 

disks manufactured by the Coors Porcelain Co.) 
and the attached heat source (closely spaced 
parallel strips of copper resistance heaters). This 
was attached to a sheet of copper clad printed 
circuit board which served a three-fold function : 
(1) as bus-bar to supply power to the HTE, (2) as 
structural support for the HTE, and (3) as the 
separator between the liquid and vapor sections. 

Liqwd teed 
and manometer 

Heat transfer 

element 

Saturated 

-Heat transfer 

element 

FIG. 2. Schematic cross section of experimental apparatus. 

A rectangular channel, equal in size to the active 
heat transfer area, was cut in the support to 
allow passage of the evaporated fluid. Two 
O-3 m sections of 0.15 m dia Pyrex pipe were 
used for the liquid reservoir and the vapor guide. 
The upper end of the liquid reservoir was sealed 
by a stainless steel plate in which openings were 
provided for a heater to control the pool tem- 
perature, a liquid feed line, a vapor removal 
line, and a thermocouple to monitor the pool 
temperature. A funnel was sealed to the lower 
end of the vapor guide to provide a transition 
into the condenser. Auxilliary heaters were 
attached to the vapor guide to control heat 
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losses from the edges of the HTE and to prevent 
condensation from obscuring a clear view of 
the HTE. 

The MPFCE were 6 mm thick and 75 mm in 
diameter. Tests were performed using disks with 
mean pore diameters of 0.25, 2 and 10 u. Direct 
contact between the MPFCE and the heat source 
was obtained, without the use of adhesives, as 
follows. First, a conductive layer of copper, in 
the desired heater pattern, was vapor deposited 
onto the surface of the disk. Then, the heater 
pattern was built up to the desired thickness by 
electroplating. The pattern selected for study 
consisted of narrow, closely spaced heater strips 
connected to a common current source at their 
ends. Two different heater strip widths and 
spacings were used. One with strips 0508 mm 
wide, and spacings 0.254 mm wide, and one with 
strips 0.254 mm wide and spacings 0.127 mm 
wide. In all cases the projected heat transfer area 
was rectangular and approximately 25 mm wide 
and 50 mm long. The actual dimensions of heat 
source and flow control element used are 
presented in Table 1. The temperature distri- 
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Table 1. Experimental con$gurations 

bution on the surface of the HTE was measured 
using fine wire copper-constantan thermo- 
couples. The average temperature of the HTE 
was determined by using the heating element as 
a resistance thermometer. The d.c. power to the 
resistance heater was supplied from an 18 kW 
Rapid Electric d.c. power supply. Voltage 
regulation was maintained to +2 per cent of 
nominal setting and ripple was less than 1 per 
cent of the d.c. output. The voltage drop across 
the HTE, the current through the HTE (using a 
constant resistance series shunt), and the millivolt 
output of the thermocouples were all measured 
using a Honeywell Electronic 19 two-channel 
potentiometric Lab. recorder. The volume of 
condensate and its collection time were also 
measured. For comparison the flow through the 
MPFCE, due to the externally applied pressure, 
was measured before energizing the power 

supply. 

Method of operation 
The liquid reservoir was filled with either 

Data 
set 

Fluid 

Mean 
pore 
size 

(PI 

Vapor 
Heat source exhaust Externally 

strip 
Number of 

channel applied Permeability 
Apparent 

width 
heat source 

width pressure (m2 x 10i6) 
porosity 

(m x 104) 
strips 

(m x 104) (N/m’) 
( % of volume) 

4-l methanol 2 5.08 

5-l 10 

32 

5-2 

5-3 
5-4 
555 I i 
&l 0.25 2.59 64 

7-1 water 
;:; ; 2j l’i” i’ 

Microporous flow control element thickness = 6 mm. 
Superficial heat transfer dimensions 25 mm x 50 mm. 

Thermal conductivitics of the MPFCE (J/msK) 

D P 

10 
2 

0.25 

Dry Liquid filled 

1.07 1.90 
1.02 1.73 
0.62 1.35 

2442 
2442 
1484 
2442 
4884 
9767 
2059 
3830 
6224 
8618 

52.2 42.1 
478 

478 

45;7 

219 
219 
219 ; 

1.57 34.3 
52.2 42.1 
52.2 
52.2 
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filtered deionized water or methanol to a pre- 
determined depth that was maintained constant 
during a test run. The vapor exhaust guide and 
condenser were vented to atmosphere. The pool 
and vapor guide heaters were then adjusted to 
heat the liquid pool and heat transfer zone to 
the desired saturation temperature. When this 
temperature stabilized the main power supply 
was turned on to energize the HTE. Once the 
power level had been set, the the~ocouples on 
the HTE were monitored on the recorder until 
the HTE temperature stabilized. As soon as 
steady state was reached (no tem~rature change 
over a period of 15 min) the condensate was 
collected for periods greater than 30min and 
measured. Concurrent records of the HT’E 
voltage drop and the standard shunt voltage 
drop were made so that the power and average 
temperature were easily calculated. 

Data reduction and error analysis 
Since the temperature differences in the heat 

transfer process studied were initially the same 
order of magnitude as the standard errors 
associated with thermocouple and resistance 
temperature measurements, all temperature 
sensors were individually calibrated using a 
constant temperature bath and a NBS cali- 
brated platinum resistance the~ometer. The 
maximum error in reading the thermocouple 
temperatures was kO.25 per cent of the centi- 
grade temperature and the maximum error in 
reading the average HTE temperature, using 
the heater as a resistance thermometer, was 
+@37 per cent of the centigrade temperature. 
The error in the measured weight flow was 
negligible. The determination of the energy 
input to the HTE was accurate to f0.36 per cent. 
The measurement of the superficial area of the 
active portion of the HTE was accurate to 
rfr 01 per cent. 

An examination of the data for HTE’s 4, 5 
and 7 showed that in the 100 per cent vapor 
quality region of operation, the heat flux 
calculated from the energy input differed from 
the heat flux calculated from the weight flow 

by less than 5 oer cent. It was assumed that the 
heat balance would be at least as good in the 
region where the vapor quality was less than 
100 per cent, because of the smaller temperature 
gradients in this region. Therefore, for vapor 
qualities less than 100 per cent the evaporative 
heat flux was taken as equal to the energy input. 
For HTE 6, even though operation was always 
in the 100 per cent vapor quality region, the 
energy absorbed at the LVI only accounted for 
45 per cent of the heat generated. However, a 
theoretical analysis [7] showed that, in this 
case, the LVI temperature was so much above 
the pool saturation temperature that the heat 
loss to the liquid pool amounted to approxi- 
mately 50 per cent of the heat generated and only 
about 5 per cent of the energy flow was not 
accounted for. 

E~~eri~ntai results 
The reduced data are presented in Fig. 3. 

In this figure the average heat flux based on 
superficial area, qO, is presented as a function of 
the average temperature difference between the 

FIG. 3. Experimental heat fluxes. 
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heat source and the one atmosphere saturation 
temperature, (th, - rJ. The almost vertical 
straight line goes through the data taken in 
heat transfer regime 1. In this regime the vapor 

quality varied between 0 per cent at low t,s - ts 
and 100 per cent near the beginning of transition. 
The various points at which the individual 

curves branch off represent the beginning of 
regime 2. The vapor quality always reached 
100 per cent before this point. Examination ofthe 

experimental data demonstrates that the heat 
flux level at which transition begins is a function 

of the fluid supply rate and the heat of vaporiza- 
tion. The fluid supply rate is a function of several 
variables which includes the permeability of the 

microporous element, the externally applied 
pressure difference, the viscosity and density of 

the fluid, and the capillary suction potential. 
The effect of varying only the fluid can be seen 
by comparing data sets 4-l and 7-2. The analysis 

presented in [7] confirms that this large dif- 
ference in behavior is to be expected. Comparison 
of data sets 5-l with 5-2, and 5-3 with 5-4 and 

5-5, shows the effect of changing only the 
externally applied pressure. Comparison of 5-l 
with 5-3 shows the effect of a change in per- 
meability with all other variables held constant. 

Data sets 4-l and 6-1 show the behavior of the 
heat transfer system as the LVI moves into the 
MPFCE. The difference in the slopes of these 

two data sets can be accounted for by two factors: 
(1) the thermal conductivity of the MPFCE 
used in set 4-l was twice that of the element 
used in data set 6-1; and (2) the LVI temperature 
for data set 6-l was much higher than that for 
data set 4-l. The second factor was due to the 
large difference in the pressures needed to ex- 
haust the vapor through the two different ele- 
ments. Therefore, the saturation temperature 
at the LVI was well above the one atmospheric 
saturation temperatures and significant energy 
was conducted to the upper surface of the 
MPFCE. Data set 4-1 shows that a moderate 
range of capillary suction control can be attained 
while maintaining a heat flux level comparable 
to that of data sets 5-l through 5-5 which were 

run with a higher permeability flow control 
element. The last stable point in data set 4-1 
represents a weight flow 6.5 times the weight 
flow possible with the externally applied pres- 
sure (assuming no capillary suction). Due to the 

lower permeability, the maximum heat flux 
attained in data set 6-l was much lower than 
that attained in other runs. However, this data 

set demonstrates the wide range of stable 
operation possible when very small pores are 
used. The last stable point in data 6-l represents 
a weight flow approximately 60 times the weight 
flow due to the externally applied pressure 
(assuming no capillary suction). 

Visual observations made during the course 
of the experiments showed the following: (1) At 

the heat flux level where the mass flux first 
started to increase (approx. 10 per cent vapor 
quality), the surface of the vapor exhaust channel 
was still covered by a thin film of liquid: (2) 
there was no vapor evolution from the upper 
surface for HTE 4, 6 and 7: (3) at the higher 

heat flux levels, there was some vapor evolution 
from the upper surface of HTE 5. The first of 
these observations indicate that capillary suc- 
tion and the inception of transition begins in a 
very narrow region adjacent to the heat source- 
vapor exhaust channel interline. Examination 

of the mass flow data showed the following: 
(1) as expected the mass flux for HTE 4 and 6 
increased with increasing heat flux: (2) this was 
also true of HTE 5 in the high vapor quality 
region; and (3) in the low vapor quality region 
of operation, HTE 5 exhibited a decrease in 
mass flux with increasing heat flux. This initial 
decrease in mass flux and the later observed 
evolution of vapor from the upper surface of 
HTE 5 leads to the hypothesis that this behavior 
was due to the formation of vapor pockets in the 
flow control element. This would be more 
evident for HTE 5 than for other elements 
because HTE 5 had the largest pores combined 
with the fluid with a lower surface tension. 
Examination of the data for HTE 7 showed that 
there was much less of an increase in mass flux 
due to capillary suction than expected. Subse- 
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quent testing demonstrated that the MPFCE 
was poorly wetted by water. 

Of all the previous data taken for this type 
of heat transfer surface the experimental de- 
sign used in these studies was most similar to 
design “A” of reference [5]. However, the 
following major differences prevent direct nu- 
merical comparison: (1) the pore size in the 
MPFCE was much larger in [5]; (2) in [5] the 
contact between the MPFCE and the heat 
source was provided by physical pressure 
whereas in these studies the heat source was 
deposited directly onto the MPFCE; and (3) in 
[5] vapor exhaust channels below the MPFCE 
was provided by a pattern of circular holes in 
the heat source, whereas in these studies the 
vapor exhaust channels were parallel rectangu- 
lar spaces between the heater strips. Neverthe- 
less, the mode of operation and heat transfer 
characteristics of the HTE were similar. 

ANALYTICAL STUDIES 

The symmetry of the experimental configura- 
tion is utilized to reduce the area for analysis 
to the two dimensional region presented in Fig. 4. 

Exhaust channel 
center I ine 

Heat source 
center line 

FIG. 4. Cross sectional drawing of analytic model 

In order to reduce the analysis to manageable 
proportions the MPFCE surface between the 
heating dtips and the LVI are assumed to be at 
constant potential whenever possible. For the 
fluid flow analysis this assumption is exact 
at the MPFCE surface between the heating 
strips when there is uniform pressure (liquid 
flow, either with no capillary suction or with 
uniform capillary suction, and when there is 
vapor flow). In all other cases it is only true in an 
average sense. This assumption cannot be used 
for the heat flux analysis as long as the LVI is in 
contact with the heat source-exhaust channel 
interline, for it would require a step change in the 
temperature at the interline. A finite difference 
solution is used for this case. The following 
solution is for Regime 1 during which the 
MPFCE is completely filled with liquid. 

Equation (I) is the differential equation 
for the pressure distribution in the porous media 
based on the following assumptions: (1) two 
dimensional incompressible steady flow; (2) 
no sources or sinks; (3) the Darcy relationships 
between superficial velocity and pressure drop 
for flow in porous media apply; and (4) the fluid 
viscosity is independent of temperature [S]. 

If we now define tke dimensionless quantities 
X = x/d, Y = yfrl, V = rlV, and the dimen- 
sionless mass flow potential, 

@Nwi = & (P + PgrlY) 
0 

(2) 

equation (1) becomes 

%BNWi = 0. (3) 

The boundary conditions for equation (3) are 

X = 0 or +, 0 G Y G hfrl; a@,wi/ax = 0 (4) 

O<X<&Y=h/rl; a@,&+,JaY = 1 (5) 

O<Xc$r,Y=O; aNwi = constant (6) 

$r < X < $, Y = 0; aq+,wi/a~ = 0. (7) 
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The solution to this mass flow problem can be 
effected using the methods of conformal trans- 
formation due to Schwarz and Christoffel 
[9, lo]. Using Z = X + iY, the complex physical 
variable, and TN,,, = Q,.,,,,, + iYy,,,,, the complex 
potential variable, the solution is 

TN,,, = 1 cash- 1 sin (7rZ) [ 1 (8) 71 sin (n/2r) . 

The desired solution is the real part of equation 

(8) 

1 
@ 

,a + b (9) =- 
NW 

cash-’ - 
71 [ 1 2 

where 

a = [(l + WI)~ + n2]* where a and b must 

be the positive root (10) 

b = [(l - rr~)~ + n2]+ (11) 

and 

m = sin rcX cash rcY/sin (n/2r) 

II = cos rcX sinh 71 Y/sin (n/2r). 

(12) 

The complex mass flux ratio, (w/w,), may be 
obtained from [ 1 l] 

W i-) - dTVW 

\‘“O z dz ’ 
(13) 

Using equation (13) and evaluating the result 
at Y = 0 gives us the mass flux distribution ratio 
at the surface of the MPFCE between the heater 
strips, 

W ( > cos (71X) 
- 
w0 y=O = [sin’ (nX)-sin2(n/2r)]+ (14) 

where w,, is the undisturbed mass flux at Y = h/r1 
and is a function of the sum of the external 
pressure drop and capillary suction. A plot of 
this distribution is presented in Fig. 5. The 
blockage ratio, I, of 3 is the theoretical blockage 
ratio for the experiments that were performed. 
The mass flux ratios listed in Fig. 5 are those at a 
point one pore radius away from the heater- 

exhaust channel interline for each of the three 
average pore diameters used. Unfortunately 
since the Darcy assumptions no longer apply 
when the averaging volume is the same order of 
magnitude as the pore diameter, the mass flux 
ratio loses meaning as the heat source is 
approached. Nevertheless, the results are useful 
in this region in that they demonstrate the con- 
verging nature of the flow field. 

Heat f Iux ratios - q /q o 

DP center Of Average for 
4. (microns) first Pore tint pore 

10 1395 3000 

To 200 01 
0.125 micron _ 

from edge 
cl, heat 
SOYrCe 

If 

I t.25 4400 100~00 

200~00 460.00 I I I 
Effectwe thermpI conci = I.7 J/In 5 K 
heVOP - 6.!0= J/m2 s K 

32 
hta*,s +IUX ratios - a/r, 

4 center Of Averape for 

0 (mlcronr) first pore first pore 

? 10 660 945 

2 14 50 20-35 

3 24 0 25 29.00 41 00 
Hi 

I_ 

0.06 0 12 0 16 

Non-dimensional distance from vopour exhaust 

channel center ltne (,:) 

FIG. 5. Flux distribution across the exhaust channel surface 
for a blockage ratio of 3. 

Equation (15) is the two dimensional steady 
state differential equation for heat flow in both 
the porous media and the heat source assuming 
that the local fluid and solid temperatures are 
equal. 

KV2t + QBon = 0 (15) 

the boundary conditions are 

x = O,OG y d h; at/ax = 0 (16) 
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x = ~112, -Vy < y < h; at/ax = 0 (17) 

x = r/z, -by < y < o;at/ax = 0 (18) 
0 < x 6 l-112, y = h; at/ay = 0 09) 

0 d x < 1/2, y = 0; li;(&/ay) = h_ (tl,- t&20) 

E/2 < X < rl/2, y = -Ay; atjay = 0. (21) 

For evaporation at a LVI the heat transfer 
coefficient can be represented by [12] 

h 
M 

[ 1 +h2p iv 0 
evap =Ol m T’ (22) 

Except for equation (18), the boundary condi- 
tions are straightforward. There are two possible 
limits for the boundary condition on this surface. 
One is to consider the surface with a meniscus 
on it and the other is to consider it dry. The first 
of these two possible boundary conditions when 
used in the analysis demonstrated that contrary 
to the experimental results the average HTE 
temperature did not rise appreciably above the 
saturation temperature. Upon analytically ex- 
amining the possibilities for the dry surface 
approximation, it was found that unless the heat 
transfer coefficient was large (on the order of 
lo4 J/m*sK) the calculated average temperature 
of the HTE was not affected appreciably by 
changes in the coefficient. Therefore, to simplify 
the analysis the surface was taken as adiabatic. 
These results demonstrate the importance of the 
location of the evaporating meniscus. 

Equation (15) was solved using a numerical 
“relaxation” technique on a digital computer. 
In the MPFCE a minimum grid dimension at 
the comer was chosen to be one mean pore 
diameter, because it is a characteristic dimen- 
sion of the porous media. Physically this as- 
sumer that the first node at the surface of the 
porous media in the vapor exhaust channel next 
to the heat source represents an average pore 
with a uniform flux and temperature. Further, 
the fluid distribution in the pore can self-adjust 
as a result of surface forces to match the real 
variation in the heat flux across the pore. As a 
result of this choice the heat flux profile on the 

exhaust channel surface was a function of pore 
size. The size of the nodes surrounding the comer 
node were varied to assure a converged solution. 
The dimensionless heat flux distributions across 
the vapor exhaust channel surface, calculated 
using the numerical relaxation program, are 
presented in Fig. 5. The average flux based on 
the superficial area is 

q0 = Qgrn AY. 

The use of the effective thermal conductivity 
(the numerical values based on experimental 
measurements made using liquid filled samples 
of the MPFCE are given in Table I), and the 
differential equation for the temperature distri- 
bution to calculate the heat flux ratio in the 
region right next to the heat source is more 
meaningful than the calculation of the mass flux 
ratios. Comparison of the results presented in 
Fig. 5 demonstrates the way the process was 
mass flow limited at the corner for a given 
average mass flow rate. Once this mass flux limit 
has been reached, further increases in the heat 
flux will cause the LVI to recede from the bottom 
surface. Because of the increased conduction 
distance from the heat source to the LVI, the 
slope of the average heat fux, qO, vs the tempera- 
ture difference, tks - t, will decrease and transi- 
tion to regimes two and three will occur. 
Preliminary analyses [7] of these regimes, 
which is beyond the scope of the present paper, 
indicate that the LVI profiles are as presented 
in Fig. 1. 

COMPARISON OF EXPERIMENTAL AND 

THEORETICAL RESULTS 

The comparison between the theory and the 
experimental results for regime 1 is based on the 
constant heat transfer coefficients. These co- 
efficients are as follows: For D,, = 10~1, the 
theoretical coefficient is 6530 J/m’sK and the 
experimental coefficient is 6439 J/m2sK. For 
D, = 2~ the theoretical coefficient is8347 J/m%K, 
and the experimental coefficient is 6882 J/m*sK. 
For Do = Oa25u, the theoretical coehicient is 
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11357 .i/m2sK. Due to the extremely low value of 
the critical heat flux for the 0.251.~ element, it was 
not possible to obtain experimental data in 
this operating regime. Comparison of the experi- 
mental and theoretical results demonstrates that 
the liquid was not in contact with the edge of the 
heat source. Otherwise the average temperature 
of the HTE would have been much lower. This is 
reasonable since the menisci adjacent to the 
interline must recede to the porous element to 
provide suction for the fluid flow. 

and properties, the fluid properties. and 
the heat flux level. 
The forces associated with capillarity were 
successfully utilized to couple the mass 
flux and heat flux at the LVI. 
The use of micropores in the MPFCE 
gave a region of operation in which 100 
per cent vapor product quality was ob- 
tained without the use of “non-wetting” 
materials. 

CONCLUDING REMARKS 

An examination of the heat flux distribution at 
the exhaust channel surface, leads to the conclu- 
sion that approximately 50 per cent of this 
energy is removed in 20 per cent of the exhaust 
channel adjacent to the heat source. Therefore, 
the overall efficiency of the heat transfer process 
can be increased if the fraction of the total 
evaporating area close to the heat source is 
increased. This could be accomplished either 
by producing narrower, more closely spaced, 
heater strips in the present configuration, or by 
altering the con~guration. It should be em- 
phasized that the present design did not maxi- 
mize the performance of the HTE because the 
MPFCE was chosen for experimental con- 
venience and was very thick and had a low 
thermal conductivity. An increase in the thermal 
conductivity of the MPFCE would give a more 
uniform heat flux distribution across the ex- 
haust channel and, therefore, a higher average 
heat flux before the inception of transition. Since 
the process is mass flow limited a decrease in the 
fluid flow resistance, due to an increase in 
permeability or the use of a thinner MPFCE, 
would further enhance the process. The use of a 
working fluid with a higher surface tension, such 
as liquid metals, would also enhance the mass 
flow and increase the heat flux attainable before 
the inception of transition. 
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(3) 

(4) 

(5) 

The inception of transition in the present 
configuration with micropores did not 
exhibit the type of burnout characteristic 
of this transition in boiling. 
The analytical model accurately describes 
the heat transfer process when the MPFCE 
is completely filled with liquid. 
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EVAPORATION DEPUIS UN ELEMENT POREUX DE CONTROLE D’ECOULEMENT 
PLACE SUR UNE SOURCE POREUSE DE CHALEUR 

R&sum~ a &udit experimentalement et thcoriquement l’tvaporation depuis un micro-element poreux 
de controle d%coulement sur une source poreuse de chaleur. Des phtnomenes d’interface ont et6 utilisCs 
atin de coupler de man&e controlable le flux massique et le flux thermique dans I’ClCment de controle. 
La vapeur evacu&. a travers la source de chaleur est surchauffee dans quelques conditions experimentales. 
01: a obtenu dam certains cas une transition deuce entre des regimes semblabl~ & l’~bullition nucl&e 
normale et B l’tbuilition en film. La nouvelle realisation pourrait etre incorporee a un systcme d’echange 

de chaleur comparable aux caloducs. 

VERDAMPFUNG VON EINER PORaSEN STRoMUNGSFiiHRUNG AN EINER 
PORGSEN W~RMEQUELLE 

Zusammenfassung-Die Verdampfung von einer feinporosen Striimungsfiihrung an einer porosen Warme- 
quelle wurde experimentell und theoretisch untersucht. Grenzschichtphlnomene wurden benutzt, urn 
in einer bestimmten Weise Massenstrom und Warmestron in der Strijmungsfiihrung zu verbinden. Bei 
einigen Versuchen warder Dampf, der aus der Wlrmequelleausstromte, tiberhitzt. Bei einigen Anordnungen 
erhielt man einen glatten ffbergang zwischen ZustLnden 5hnlich dem Blasensieden und dem Filmsieden. 
Die neue Ausf~hrung der W~rme~bergangsfl~che in einem W~meaustauschsystem konnte ahnhch wie 

ein Warmerohr verwendet werden. 

~CIIAPEHIlr; E13 SIOPMCTOI’U 3JIEMI:llTA, PEI’YJIkIPYIOLljl31’~) 1’E:4tiHIiiE; 
HA IIOPI/ICTOM ~CTO~H~~E TEIIJIlIA 

A~OTa~~~-~pOBe~eHO 3Kcnepl5mewra~bfioe H TeopeTw5ecKoe z5ccnKzoeaHHe XcnapeHasi 
Ha ~aKponopricTor0 aneMeriTa, perynlipyrourero TeqeKne aa II~~IICTOM w209HHKe Tenna. 
B3aHMOCBK3b MaCCOBOrO M TeIIJIOBOrO IIOTOKOB B 3JIeMeHTe peryJIHpOBaHI4H Tf2YeHIIIfI 
gowrnranacb 38 cYeT wno~b30BaKn~ RBneHnfi Ha rpaaqo @aa. IIap BbrnycKancK Yepea 
ACTOYHHKT~WI~ 5f 3aTeM neperpeBanc5inpeorrpe~eneHHbIx ~IF~~~~BM~KT~J~~H~I~~c~oBBYIFTx. 
C ~0Mo~b~ c~e~~a~bH~x ~CT~~~CTB ~O~TI~~H~T ~~aBK~~ nepexon OT oaHor0 peHtnr4a 

K RpyroMy, KOTOpbIe aHaJlOl‘M4Hbl 06bIW0My fIy3bIpbKOBOMy 11 ~~e~[OI~HOMy KIfIieHMIO. 
nOEepXHOCTb TelUIOO6MeHa HOBO@ KOHCTpyHqHH MOH(H0 llCIIOJIb30BaTb B TeIlJIOO6MeHHIIKaX 

C TOI? We qeJIbIO,YTO II TenJIOBbIe Tpy6~". 


