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YOMENCLATUHE 

heat flux based on total area [WlmL]; 
total surface area [m’]; 
vapour covered surface area Cm’]; 
friction factor: 

k.zT constants; 
Reynolds number based on tl,; 
power index, equation (1); 
vapour pressure difference [Nim’]; 
wick thickness [m]; 
vapour density [kg/m3]; 
vapour viscosity [Ns/m*]: 
bulk velocity [m:?]; 
mean pore diameter [ml: 
vapour mass flow rate per unit vapour area 
[kg/s - mZ]; 
enthalpy of vapourisation [kJ/kg - K]. 

THE EVAPORATIVE heat-transfer process in porous media 
leads to the high thermal conductance of heat pipe devices. 
The actual mechanism of heat transfer at the heating 
surface is not clearly understood. Ferrell and Alleavitch [l] 
and Ferrell and Johnson [2] investigated the heat transfer 
from porous beds formed of glass and Monel beads. They 
postulated from their heat-transfer results the existence of a 
thin layer of liquid next to the heating surface and that the 
heat transfer to the bulk liquid occurred by conduction 
across this layer and the beads. On the other hand Moss 
and Kelly [3] during their neutron radiographic study of a 
planar heat pipe found evidence of the existence of a vapour 
layer at the heating surface. 

This communication presents the results of an investi- 
gation undertaken to observe the evaporative process in a 
thin porous medium. The porous medium used was a 6 mm 
thick layer of polyurethane foam and the working fluid was 
distilled water maintained at a level just above the foam. 
The rig designed for observing the process is shown in Fig. 1 
and consisted essentially of a glass cylinder (1) of 75 mm 
internal diameter with a 3mm thick Pyrex glass plate (2) at 
the base forming the heating surface and a reflux condenser 
(3). A rod (4) and a perforated plate (5) ensured a good 
contact between the foam wick (6) and the base. Four 
Carborundum heaters (7) enclosed in the furnace (8) supplied 
heat to an area 25 mm in diameter at the centre of the base. 
A mirror (9) facilitated observation and photography (10). 
The radiant energy from the heaters was absorbed within 
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FIG. 1. Visualisation rig. 

I mm of the glass base and heat reached the wick chiefly 
by conduction. 

Observation indicated the simultaneous and continuous 
existence of vapour and liquid regions in the wick. These 
regions extended through the wick thickness and the 
boundaries between them were constantly undergoing minor 
adjustments. The mean vapour covered area at each heat flux 
was determined by measuring the required area on four 
photographs of the type shown in Fig. 2. The heat flux 4 
(based on the total heat input over the plate) is found to 
vary with the proportion of vapour covered area to total 
area A,/A as shown in Fig. 3. In the absence of boiling heat 
transfer at the surface this ratio is zero and the limiting heat 
flux is reached when the ratio is unity and the surface is 
covered with vapour. For comparison the range of limiting 
heat fluxes obtained under similar boiling conditions but in 
a number of separate experiments is also indicated in Fig. 3. 

The boiling heat flux may be related to the vapour flow 
and therefore to the vapour pressure drop across the wick, 
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FIG. 2. Photograph showing liquid and vapour covered 
areas. 
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FIG. 3. Correlation between the proportion of the heating 
surface covered with vapour and the heat flux. 
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The general correlation for flow through a restriction such 
as a porous media is given by: 

f = k,Re” (1) 

where the friction coefficient 

and Reynolds number 

FIG. 5. Pressure drop characteristics of dry and saturated 
wicks (for d, = 0.59 mm and a wick diameter of 25 mm). 

In these expressions AP, is the vapour pressure drop 
across the wick of thickness I, the terms p, p and c refer to 
the vapour density, viscosity and bulk velocity and d, is a 
characteristic dimension of the wick material (conventionally 
the mean pore diameter). In the present case the pressure 
drop is additionally dependent upon whether the wick is dry 
or saturated with water. When the wick is saturated the used as the working Ruid to avoid problems of condensation 

vapour formed at positions on the boiling surface forces 
water out of the neighbouring pores within the wick in order 
to flow out of the wick. The rig sketched in Fig. 4 was 
designed to give some indication of the difference in pressure 
drops in these two conditions. Air rather than steam was 
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FIG. 4. Pressure drop rig. I. Pressure vessel: 2. pressure 
regulator; 3. nozzle; 4. liquid drain; 5. test section (25 mm 
dia.); 6. wick held between two perforated plates: 7. constant 
level water tank for saturating the wick; 8. micromanometer; 

9. receiver; 10. pressure taps. 
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in the wet wick and it was assumed that the correlation of 
equation (1) would be similar for steam. The results presented 
in Fig. 5 indicate a flow regime where j decreases with 
increasing flow and a regime where it is almost constant. 
Vapour flow through the wet wick under boiling conditions 
is within the former regime and m = - 0.7 1. 

As the flow rate of vapour is high and the wick is thin it 
is assumed that the vapour flow area A,. does not vary 
through the wick thickness. Under this condition the mass 
flow rate of vapour G,, (per unit vapour area ilr) is given by: 

G, = pc 

and substitution into equation (1) yields on rearrangement 

&I **<2+m1 
G,=k, ” 

( ! 1 
(2) 

where k, is a constant involving p, p, k,, d, and m. The 
heat flux based on total area A is given by 

G,h, u 

where h,” is the enthalpy of vaporisation. Substitution in 
equation (2) yields 

(3) 

The experimental results given in Fig. 3 show a linear 
relationship between q and A,/A which indicates that for 
this wick AP” is constant in the nucleate boiling heat flux 
range. Physically this implies that the increase in vapour 
flow rate (due to the increase in heat flux) is accommodated 
entirely by the increase in vapour flow area and a limiting 

condition is reached when this area is maximum. Sub- 
stitution ofthe appropriate properties together with the slope 
q/(A,/A) from Fig. 3 into equation (3) yields a value 01 
42 N/m* or 4.3 mm of water for AP, Since the correct value 
for AP, must be rather greater than the water head of 
6mm above the boiling surface, this value is low: but is 
nevertheless sufficient to show that the assumptions made in 
the theory are reasonable. Attempts to measure AP, using 
a micro-probe were unsuccessful owing to the interference 
with the boiling mechanism. 

In conclusion the study to date has shown that: (i) vapour 
and liquid areas co-exist at the heating surface over a wide 
range of heat flux, (ii) the extent of these areas may be 
correlated with the heat flux, and (iii) the limiting heat flux 
may be roughly estimated by extrapolating the A,.,‘4 vs 4 
curve. 
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