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Supersaturated solar ponds for enhanced thermal insulation by the
spontaneous formation of a thin film gas at the bottom
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(Dated: August 12, 2022)

In this work the novel approach of supersaturated solar ponds to enhance thermal insulation of
the pond by the spontaneous formation of a thin film gas blanketing its bottom which is covered
by active nucleation sites is discussed. Utilizing a simplified physical model an expression for the
heat transfer and the increase of temperature at the bottom of the solar pond was derived.
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I. INTRODUCTION

The global squeeze on energy supply are exacerbating
chronic energy shortages not only in Europe and the
United States but are wreaking havoc around the world.
According to the head of the International Energy
Agency, the world has never witnessed such a major
energy crisis in terms of its depth and its complexity,
and like the oil crises of the 1970s, which prompted huge
gains in fuel efficiency the world may see faster adoption
of government policies that speed the transition to
cleaner energy such as wind or solar energy. Among
solar technology alternatives, a salinity-gradient solar
pond SGSP is one such technology which seems to be
both relevant and promising for many countries. A
salinity-gradient solar pond is a body of water that
collects and stores solar energy and consisting basically
in three regions, namely: surface zone (Upper Convective
zone), main gradient zone (Non-convective zone), and
bottom zone (Lower Convective Zone) as sketched in
Fig. 1. Solar energy is collected and accumulated in
the bottom zone causing the temperature to increase.
The insulating properties of the gradient zone, combined
with the high heat capacity and large volume of water
make the solar pond both a solar thermal collector
and a long-term thermal storage device. Due to its
intrinsic attractiveness several aspects in solar ponds
have been researched in the last years, for example,
new novel working fluids to prevent convection, [1];
buoyancy-driven flow effects, [2]; desalination process,
[3],[4]; two-dimensional transient analysis, [5], or ther-
moelectric conversion, [6], just to name a few. For a
comprehensive up-to-day in solar ponds technology the
review from Alibakhsh Kasaeian et al, (2018), [7] is
highly recommended to the interested reader.
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FIG. 1. Schematic view of the solar pond and the respective
temperature, salinity and density profiles.

The object of this work was a first assessment for a
novel approach in which the traditional solar pond is now
supersaturated with a given inert gas which precipitates
upon contact with active nucleation sites covering the
bottom of the pond. The precipitation of the gas trans-
lates into the formation of a gas thin film which thermally
isolate the bottom of the pond in a similar fashion to the
well known film boiling regime.

II. METHODS AND MATERIALS

A. The supersaturated solar ponds

The strong thermal effect of a gas film covering the
surface of heaters is a well known phenomena in heat
transfer technology. Indeed, when the heater attains a
certain critical heat flux (CHF) the liquid boils at the
surface with the formation of a vapor film blanketing the
surface which result into an abrupt rise of temperature
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because the dramatic reduction of heat transfer owing
to the insulating power of the thin film, a heat transfer
regime known as film boiling.
By aforementioned, it is reasonable to think that thus
phenomena could be interesting in application to the so-
lar pond project, because the formation of a gas film cov-
ering its bottom will result into an increase in the thermal
insulation of the solar pond which is, of course, desired.
However, because boiling is not possible for application
to solar pond /among other things because the destruc-
tion of its stratified stability, [8], the gas film should be
promoted in other way. In fact, the gas film may be
generated from the precipitation of a pond which is su-
persaturated with a certain inert gas (for example CO2)
upon contact with the bottom when it has been deliber-
ately covered with active nucleation sites.

III. FILM-GAS HEAT TRANSFER

Because in almost every respect the theoretical treat-
ment of the heat transfer for a gas film is similar to that
of film boiling including the stability criteria being, per-
haps, the most important difference at least from a ther-
mal point of view that the heat removal is not by latent
heat (boiling) but rather by sensible heat of the precip-
itated gas. Following the classical theoretical derivation
for the heat transfer coefficient of a film boiling given
by Berenson, (1961), [14], it is easy to derive an approxi-
mated adapted expression for the film-gas. Consequently,
if the heat transfer for a film boiling is given by,[14]

hfb = 0.425
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where κ is the thermal conductivity; Δh the average
enthalpy difference between vapor and liquid; ρ density;
μ the dynamic viscosity; g gravity; ΔT the difference
of temperature, and σ the surface tension, the the sub-
scripts: l and v stand for liquid and vapor, respectively.
Then for a gas film the heat is now remove by the sen-
sible heat transported by the gas, i.e., cpgΔT being cpg
the isobaric specific heat capacity of the gas, and ΔT the
difference of temperature between the wall and the me-
dia. Thus, the term Δhv in Eq.(1) should be modified
according with the new situation and becomes

hfg = 0.425
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where the superscript g stands for gas. Eq.(2)
represents the heat transfer coefficient for a film-gas
(no boiling) which is governed by Taylor-Helmholtz
instabilities valid for horizontal surfaces.

In order to compare the effect on the heat transfer at
the bottom of the solar pond by promoting the gas film,
it must be considered also the expected heat transfer co-
efficient when there is not gas film, i.e., by the convection
between the bottom wall and the lower-convective zone
of the pond. Many semiempirical formulations for nat-
ural convection heat transfer between horizontal plates
are available; but in view of the uncertainty, the follow-
ing simplest expression seems preferable,[9]
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being β the thermal expansion coefficient; l the dis-
tance between plates (which in our case is the thickness
of the lower convective zone l = llcz); and cpl is the
specific isobaric heat capacity of the liquid.

• Discussion

If we call ΔTf and ΔTc are the temperature drop be-
tween wall and the quiescent temperature of the liquid
with and without film, respectively, then forma balance
of energy we have

ΔTf

ΔTc
=

hc

hfg
(4)

where ΔTf and ΔTc are the temperature drop between
wall and the quiescent temperature with and without
film, respectively. Inserting Eq.(2) and Eq.(3) into Eq.(4)
yields
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IV. RESULTS AND CONCLUSIONS

In order to obtain some idea of the shape of the curve
predicted by Eq.(5), we assume some typical values of
the parameters: Considering air as the dissolved gas and
a temperature for the non-convective zone 80 oC and
at 1 atmosphere of pressure: κg = 3 × 10−2 W/mK;
cpg = 1000 J/kgK; ρg = 1.1 kg/m3; g = 9.8 m/s2;
σ ≈ 71.7 mN/m; and for the water: κl = 0.64 W/mK;
ρg = 1000 kg/(m3); cpl = 4200 J/kgK; β = 7× 10−4 /K
and a lower-convective zone thickness llcz = 0.1 m,[11].
The resulting curve is shown in Fig. 2. It is seen, that,
equally than a film boiling, the effect of the film-gas has
a very strong effect on the heat transfer and then in-
creasing dramatically the temperature of the wall, and
form this fact an interesting possibility raise for the so-
lar pond, namely, because the heat transfer of the solar
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FIG. 2. The increase of temperature ratio
ΔTf

ΔTc
as function of the initial difference by the presence of the film-gas predicted by

Eq.(5).

FIG. 3. Because the very reduced heat transfer due the film-gas, heat can be transported from the non-convective zone to a
hot channel where the heat can be extracted and then eliminating the need of disturbing the non-convective zone and creation
of a lower convective region as classical approach.

heated bottom-surface of the solar pond is strongly im-
peded upwards by the presence of the film, then the heat
of the wall can be transferred to a second channel locate
below, more or less as depicted in Fig. 3. This possibil-
ity could eliminate the need of disturbing the main body
of water by the direct extraction of heat from the lower
convective zone, as in current approaches. [8].

V. SUMMARY OF RESULTS AND
CONCLUSIONS

(a) The thermal insulation from the formation of a gas
film at the bottom of a solar pond when the pond
is supersaturated with a certain gas was discussed.

(b) An analytical expression, Eq.(2), was derived which
predicts then heat-transfer coefficient for film-gas
pool from a horizontal surface.

(c) An analytical expression, Eq.(5), was derived which
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compares the temperature rise at the wall with the
presence of the film-gas.

(d) Additional R&D is required in order to explore the
possibilities of the Leidenfrost effect in solar ponds
and to arrive at a practical design promoting the
insulator film.

NOMENCLATURE:

a

cp = isobaric specific heat capacity, J/kgK
hc = convective heat transfer coefficient, W/m2K
hfb = film boiling heat transfer coefficient, W/m2K
hfg = film gas heat transfer coefficient, W/m2K
l = thickness, depth, m
lncz = thickness of the upper convective zone, m
p = pressure, Pa
T = temperature, K
Δ = difference

aaa
Greek symbols
a
β = coefficient of thermal expansion, 1/K

σ = surface tension, N/m
κ = thermal conductivity, W/mK
μ = dynamic viscosity , Pa s
ρ = density, kg/m3

aaa
subscripts
a
b = boiling
g = gas
l = liquid
lcz = lower convective zone
ncz = non-convective zone
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