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Abstract

This paper presents the Herewater, which is an invention that cleans undrinkable water into
drinking water with very low energy demand. It uses evaporation followed by condensation.
The latent heat released during condensation is recycled back to the evaporation basin in an
innovative way. It’s efficiency depends ultimately on the thermic isolation of the device
towards the outside. The remains from the undrinkable water are dry so easy to handle.

Based on a one square meter basin, it follows from a thermodynamic analysis that the
Herewater produces 340 litres each 24 hours by 1kW, which can entirely be solar energy. It is
easy to add other energy sources to be used when needed.

The equipment is not expensive and contains no moving parts except a fan and a water pump,
which together require less than 45 W. The Herewater can be thought of as a hybrid of a solar
still and a large facility. Adding a little external energy gives a lot more water because of the
way the Herewater is designed.

If many households use recycled own wastewater, both groundwater use and sewage facilities
will be relaxed.

Patent is pending for the Herewater, and a prototype is under construction.

1. Introduction

The scarcity of clean water is a problem of increasing magnitude in the world, both in terms
of drinking water and water for irrigation. About 50% of the world’s drinking water is ground
water, which in many areas are suffering overdraft that increases every year. There are large
scale solutions for desalination of sea water, which have two disadvantages. They produce
brine, i.e. very salty water that is toxic and usually released in the sea. Furthermore, this
desalinated water is often expensive, too expensive for the purpose of irrigation. The other
drawback of the large scale solutions is that that cost of desalinated water is rather high -
around $1 per cubic meter. They also require water transportation infrastructure and energy
demands for this distribution, which requires further energy. One consequence here is that it
cannot solve water scarcity in re{mote locations.

Recycling heat energy is certainly not new. The Herewater is related to both the humid-
dehumidification (HDH) method [2] and Multiple Effect Desalination (MED) [1]. The energy
recycling can be described as multiplying the incoming energy by a certain factor, here called
the multiplier M. One letter, M, is easier to use in formulas than Gained Output Ratio, GOR,



which is commonly used. We’ll see in Section 10 that with rather normal choices, such as
power 1 kW, the Herewater has GOR = M = 84.7. Then the heat exchanger area is rather
large, about 6 m?, mounted in levels. M depends directly of the thermal isolation of the
Herewater, and is directly coupled to the amount of clean water that is delivered per day.

The Herewater also effectuates the desirable Zero Liquid Discharge (ZLD) property, meaning
that the remains are dry and thus easier to handle.

For desalination the Herewater produces only about 100 litres each 24 hours in order to avoid
the calcium sulfate problem [3], which limits the useful temperature to below 70 °C, for
MED and for the Herewater..

The small size of 1 m? basin and only 1 kW of energy is of course intended as a benchmark
for the Herewater. This invention is preferably run constantly during day and night only
interrupted fOr cleaning because it uses relatively low energy that is recycled. This means that
it takes a comparatively long time to restart the Herewater from a cold off state, alternatively
requiring much start energy.

If the Herewater becomes common it will decrease the demand on sewer facilities because
the local sewage is reused several times as drinking water.

Here is an overview of this paper in terms of the titles of the sections:
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The thermodynamic analysis is done in Sections 8, 9 and 10. In Section 12 a concrete case is
examined, providing the values for clean water production given in the abstract.

1. Basic function of the Herewater

We here present a basic version of the Herewater, focussing the main issues, which can be
scaled up in different ways. All heat energy input is multiplied by recycling the latent heat
energy released during condensation.

The device consists of two parts: an evaporation house, where the main part is the
evaporation basin, and the condensation channel (Figure 1). Containers for undrinkable water
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and for clean water are of course also needed. In the evaporation house, undrinkable water is
in a basin heated by solar energy, and/or other heat sources, to a temperature where a large
part of the water evaporates. The vapor is lead from the evaporation house to the



condensation channel, which consists of a main channel for the vapor. The walls of this
channel are channels for the undrinkable water — so called wall channels (Figure 2).
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The condensation channel is a heat exchanger where the relatively cool undrinkable water
causes condensation of the vapor, and the undrinkable water in the wall channels is heated
and later enters the evaporation chamber. Also the heat of condensate after condensation is
transferred to incoming wastewater. Ideally, the condensate has ambient temperature when
reaching the clean water container.

For example, if the condensation channel has a rectangular cross section, as in Figure 2, there
are at most four wall channels surrounding the vapor channel — only two in the embodiment
shown in Figure 2. The inside walls of the wall channels, meaning the sides they have in
common to the vapor channel, have high heat conductivity, while the outer sides are heat
insulated.

Figure 3 shows typical temperature fields in the vapor channel and the wall channels. Note
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that the undrinkable water flows in the opposite direction as the vapor and condensate — this
is an opposite flow heat exchanger. Maximum heat exchange is achieved if the flows are
turbulent, which is easy to achieve with baftles in the channels and other means. There is a
multitude of ways to design such a heat exchanger, however this text focuses the basic
function only.

The main part of the condensation happens in the upper part of the channel, here vapor-water
heat exchange happens. In the lower part, the heat exchange is water-water. We will
distinguish between these two parts in the calculations.

However, the amount of latent heat released during condensation is too large for the
undrinkable water to carry to the evaporation basin. An extra water circuit solves that,



described below. The entire water flow is shown in Figure 4, with approximate local
temperatures.

The heat energy is recycled because a major part of the heat energy is transported back to the
black basin for evaporation by the flow of undrinkable water, that is heated by the heat
exchanger action. The mass flow of evaporation is in Figure 4 denoted by b (kg/s). Note that
it is the same as the flow of condensed water to the container of clean water and the flow of
undrinkable water from its container. This keeps the water level in the evaporation basin
constant. The b flow goes upwards because it is air free from the container to the evaporation
basin as a siphon. The flow is governed by the evaouration.

b (30°C)

a (80°C)

—l water pump

Figure 4

However, the extra mass flow a (kg/s) is driven by a pump and has a higher mass flow rate,
calibrated to maximize heat transfer from the condenser to the evaporation basin. This flow,
called the a flow, goes in both wall channels in the condensation channel’s upper part, to
absorb the latent heat. In the low wall channel of the lower part there is only the b flow,
which comes directly from the container of undrinkable water and has lower temperature. In
the lower part, water heat exchanges from the condensate that flows in the bottom of the
vapor channel to the b flow of undrinkable water below it. The purpose here is to prevent heat
loss to the condensate container.
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The a and b flows mix in the evaporation basin.
Figure 5 shows the heat flow. The heat cycles back to the evaporation chamber from the
condensation channel, except only heat leakage. The heat energy coming back and again



causing evaporation constitutes the heat energy recycling, which is an energy multiplication.
The less leakage, the higher energy multiplication.

The arrival of undrinkable water that has been heated in the condensation channel keeps the
temperature high in the evaporation basin, allowing high evaporation and high production of
clean water. All heat energy sources used in the evaporation basin are multiplied in the same
way by the latent heat recycling in the condensation channel.

To maximize the amount of heat energy that is returned to the evaporation basin, the
condensation channel needs to be long enough, and all outer surfaces must be maximally
insulated thermically towards the outside. Optimal speed of the a flow in Figure 4 provides
top temperature close to 100°C when the water leaves the condensation channel to enter the
evaporation basin. It is optimal if increasing the speed even more means that the top
temperature drops. This provides a stream in the basin, from the top end with water
temperature close to 100°C to the low end, where the temperature is lower. The water cools in
the basin due to the evaporation, this is often called evaporative cooling. In the low end of the
basin water is pumped back to the high wall channel in the low end of the condensation
channel, to again condensate incoming vapor in the high end of the condensation channel.

The inside walls of the evaporation chamber should be equipped with edges that collect all
condensation that happens on the walls inside the chamber.

2. The evaporation basin

As is shown in Figure 4, the evaporation basin has a flow from the entrance of the hot
undrinkable water replacing the evaporation, and the temperature decreases in this flow as
evaporation continues. The evaporation basin can be prolonged as a channel with air and a
water surface to obtain more evaporation and lowering the water temperature, before it re-
enters the air-free a flow pipe. This solution fits well with the re-entering solution mentioned
in Section 5. Water of lower temperature will more efficiently condense the vapor in the
condensation channel, and require a lower a flow.

If the depth of the water in the basin is small, it will empty faster in the stop-dry cleaning
method described in the next section.

The evaporation house should have a glass window and a window cover that is thermically
well insulated. When using direct solar power the glass window is open, and when solar
power is not used, it is covered by the insulating window cover.

3. Waste emptying and cleaning

The evaporation basin must be cleaned often, and the channels for undrinkable water
regularly but less often, because the waste get concentrated in the evaporation channel. To
this end the Herewater needs to be easy to disassemble and reassemble. The undrinkable
water can be wastewater for a family, where all particles larger than a few millimetres are



removed by a sieve before entering the container of undrinkable water. The undrinkable water
can also be sea water or other kinds of undrinkable water.

Further cleaning of the condensate is needed if wastewater contains ammonia, for example
from urine. Then also the ammonia may evaporate and follow to the clean water container.
Further cleaning can be done for example by activated carbon.

The use of the Herewater depends strongly on the properties of the wastewater to clean. In
some cases, the wastewater contains fluids with boiling point not far from that of water. Then
this fluid may also evaporate, so the condensate also contains that substance. One example of
this is ammonia, already mentioned.

It can be favourable to introduce pre-cleaning of the water, for example by activated carbon,
both to avoid the ammonium problem and to simplify or ease the regular cleaning of the areas
of the device.

The Herewater should always be adapted to the site of water use. This does not only include
possible pre- or post-cleaning, but also choice of which waters to include or not, and possible
change of chemicals in the site’s activity. It is recommended to add minerals to the
condensate that normal drinking water contains, to render the cleaned water completely safe
and healthy.

We next discuss cleaning of the evaporation basin. Three ways are suggested to
partially automatize this cleaning.

The first is the simplest, called the stop-dry method. When the share of pollution in
the evaporation basin water reaches a threshold, the flow of heated undrinkable water to the
evaporation basin is stopped. After a few minutes, the basin will be dry. After removing the
dry remains, the flow starts again. It is easy to calculate the time it needs to be stopped in
order to dry, in terms of flow rate, evaporation rate, and volume of water in the evaporation
basin. This method limits the salinity of the water, which improves the evaporation, and
delivers dry sea salt.

In the second, called the deposit method, a continuous out-flow is allowed from the
evaporation basin to a special deposit container, not shown in the figures. Then a specific
channel of undrinkable water is needed to heat exchange with this flow, ending at the
evaporation channel. The size of this flow should be carefully regulated as a certain share of
the total flow, algorithms for this are described below. In this method, some water is lost from
cleaning.

The third possible way suggested here, the extra container method, is to lead a certain
percentage of the flow of undrinkable water from the channel to an extra container of the
same size as the evaporation basin. When the extra container is full, the water in the
evaporation basin is emptied completely, cleaned, and replaced by the water in the extra
container. The extra container must also be heat insulated. In this method there is no pause in
the production of clean water.

In the two last methods, the content of the emptied evaporation basin can be dried for
easier handling outside the Herewater. In the first, the remains are already dry.

4. Further alternatives in the design
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A re-entering solution is shown in Figure 6. Here the end of the condensation channel and the
low end of the evaporation house are connected with a tube for air, and a fan that drives the
air in the opposite direction to the a flow, i.e. from the condensation channel back to the
evaporation house, releasing the air just above the water surface. This increases the
evaporation because the air above the water is moving — see formula for evaporation in
Section 6. This is strengthened if a thin plate is fixed in the evaporation house just above the
opening of this tube, keeping the wind close to the water. This solution also contributes in
driving the vapor into the condensation channel.

Another extra solution is to add a vibration to the evaporation basin. This increases the
surface of the water, and thus the evaporation.

The evaporation basin can be formed as one long winding narrow channel from the entrance
in the evaporation basin to its end, where it is lead to the deposit container if the continuous
out-flow solution mentioned in Section 3 is used. This means that, because of the
evaporation, the water at the endis cooler has a higher percentage of pollution than in the
entrance. Thus, the average pollution percentage in the basin will be lower than if the water is
mixed, without the winding narrow channel.

Many wicks can be put in the evaporation basin, sticking out of the water, which by capillary
forces further increase the water surface area and the evaporation.

An alternative to the a flow described in Section 2, Figure 4, is a clean closed loop —i.e. a
closed loop of clean water that absorbs the latent heat and delivers it to the evaporation basin.
This loop must then include a long stretch inside the basin to deliver the heat, without mixing
with the water in the basin. This loop does not need to be cleaned, but has the drawback that
the pipe in this case must be much longer, so it needs more pump energy.

Since the surface water in the basin becomes colder than lower layers, self-mixing spirals can
be introduced in the basin, i.e. shapes of the form (r sint, r cost, t), t >0, 0 <r <D/2, where D
is the depth of the water. Then the water will flow in a spiral, forcing the warmer lower water
to the surface, which increases evaporation. The spirals can be lifted when cleaning occurs.

The sun window can be double or triple glass to decrease heat loss, and have an inside pane
of glass in parallel to the glass window so that in the re-entering solution, the dry air is made
to flow between the window and the pane. This avoids mist condensate at the window. Such
mist condensate would both be a decrease the solar heat energy influx, a heat energy loss



because of the condensation, and a loss of condensate. Possible condensation on this glass
pane can be collected by edges at the pane’s lower edge.

If the temperature of the water leaving the evaporation basin is too high, the prolonged water
channel can be a solution. Here the basin is prolonged in a way so the pipe for the a flow is
replaced by a channel carrying the water but also allowing air above it, where air from the
condensation channel is transported above it in opposite direction to the water. This causes
more evaporation as well as cooling of the water flow.

In the low pressure solution, the entire Herewater is included in an air tight box, the in- and
outflows of water are attached by long hoses to a water trap, and the boxed Herewater is
mounted 5-10 meters above the level of the containers for undrinkable and clean water. The
pressure of the water in the hoses resulting from the elevation is balanced by emptying the air
around the Herewater with an air pump, so the Herewater can run normally. Because the air
pressure is considerably lower in this boxed Herewater than one atmosphere, the amount of
evaporation will be considerably higher.

5. Temperature and evaporation

A central question is how much evaporation that takes place at different temperatures.
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According to the Engineering Handbook (link:
https://www.engineeringtoolbox.com/evaporation-water-surface-d_690.html), the amount of
evaporated water (kg) each hour over a water surface is (25 + 19v)A(f(T) — r). Here v
(m/s) is the velocity of the air, A4 is the area of the surface, T is the temperature of the water,
AT) is the air’s maximum humidity ratio (kg/kg), shown in Figure 7, and 7 is the air humidity
over the surface (kg/kg).



https://www.engineeringtoolbox.com/evaporation-water-surface-d_690.html

The re-entering solution mentioned in Section 4 increases v. The value or » is not important
because a hight » anyway contributes to humid air that is taken to the condensation channel.
In a 1 m? basin at temperature T, approximately (25 + 19v) f(T) (kg) water evaporates
during one hour, or (25 + 19v)f(T) /3600 (kg) each second, according to the theory. We
can note that at 80 °C, this means (25 + 19v)0.54 (kg), so at v =0 we have 13.5 litres
evaporates each hour.

At air velocity 2 m/s, the evaporation is 34 litres each hour.

We will focus a benchmark test case where the basin is a square of side 1 (m). It turns out
that energy considerations are enough, so the function f(T) is not needed in the calculus for
the efficiency of the Herewater. Note that evaporation is extremely strongly dependent of the
water temperature, and the air velocity, so we need achieve high temperature in the
evaporation basin. From energy conservation it follows that remaining water during
evaporation cools, often called evaporative cooling.

6. Efficiency of the Herewater

As mentioned, at equilibrium the mass rate of evaporation is the same as the mass flow of
condensed water, which is the same as the mass flow of undrinkable water from its container,
called b flow in Figure 4. The evaporation regulates these flows. The water level in the
evaporation basin is kept constant, for example by a floater controlled valve in the
evaporation houseSo t

Let us denote by x the share of the total heat energy entering the condensation channel that is
brought back to the evaporation basin. Hence the total relative heat leakage is 1 — x. But also
the recycled share x is recycled anew with a new factor x, which in the second recycling
gives a share x2, and so on. The result is in total that the energy is multiplied by a factor 1 +
x + x? + --- by energy recycling. This is a geometric series with sum 1/(1 — x), which we
call the multiplication factor M = 1/(1 — x). So the inverse value of the multiplier M is the
relative heat leakage 1 — x. The value of M tells how much the heat supply is multiplied
because of the energy recycling.

The multiplier M depends not only on the insulation, the length of the condensation channel
and the waste handling, it depends also on the construction of the device. If M is high, very
little energy is needed for the device to clean water. Denote condensate mass flow denoted by
b (kg/s), and temperature difference between condensed water entering the clean water
container and the container temperature by AT. Then the rate of energy leaving the device by
this water is bewAT, where ¢y = 4184 (J/(kg K)) is the specific heat or water. It is natural to
choose the length of the condensation channel so the energy loss bcwAT equals the total heat
leakage through the isolation of the device. Then the device can be said to be leakage
compatible. This is valid for a certain mass flow.

If the heat energy input is increased in a heat leakage compatible device, the clean water
output increases but the multiplication factor M decreases because of higher relative leakage.

The multiplier M for a fixed intended mass flow is characteristic for the device.

7. Heat exchange in the condensation channel



In the upper part of the condensation channel, the main part of the condensation happens —
here the heat exchange is vapor-water. In the lower part the condensate flows to the clean
water container, simultaneously exchanging heat to the cool flow from the container of
undrinkable water. In the lower part we have water-water heat exchange.

We first consider the upper part of the condenser. It is a heat exchanger with effectiveness €.
The value € = 1 would denote a perfect condenser. The effectiveness € is dependent of its
design: turbulence, fouling, and other factors. We have here a counter current heat exchanger,
where 0.75 < € < 0.95 is normal. The heat energy rate is m'L,,, where L,, = 2260 (kJ/kg) is
the latent heat of vapor and m' is the mass flow of the b flow, denoted m’. We denote the
mass flow of the a flow by m’,. This should be matched with the heat energy rate of the
counterflowing water, which is (T, — Typye) (M’ + m’)c,,. Here Ty, refers to water
temperature when it enters the evaporation basin and leaves the condensation channel. The
water has temperature T,,,; when leaving the evaporation basin, form where it is pumped
back to the condensation channel with only marginal change of temperature. So the indices
T;, and T,,,; does not refer to the condenser, but to the basin.

Heat energy balance gives the necessary rate m’, of the a flow to be able to absorb the latent
heat with effectiveness €, thus requiring

(Tin — Tour)(M'q + m’)c,, = €L,m’.

Note that € does not denote energy loss, just the effectiveness of the heat exchanger, part of
determining m’,. We will regulate m’, to achieve T;;, = 95°C, or even closer to 100°C, to
achieve maximum temperature in the basin and thus maximum evaporation. Hence, the mass
rate of the a flow should be close to

€Ly

m,=(———-1m"

a ((Tin_Tout)Cw )

Thus the m’, that is required will increase as T,,,; increases, and as m' increases. If m’, is
increased further, it will absorb more heat energy, but the temperature T;,, will become lower.

: - . L
We prefer high temperature T}, to maximize evaporation. Note that ((TET—")C -1 =
in~ fout/tw

( by _ 1) = 5.5 if € = 0.9, but more commonly this factor is around 25, if Ty, is

(100-25)cy,
close to 75°C.

In the lower part of the condenser, condensed water is cooled by incoming wastewater, which
is the b stream, in conventional heat exchanger fashion. The outgoing condensate, i.e. the
distilled water, should have temperature very close to the ambient temperature when it leaves
the device, to limit the heat loss. This may require a long, winding lower condensation
channel.

8. Relation of energy to clean water output

We in this section calculate the volume of clean water (litres) that results from a certain
energy input (kWh) for the Herewater. If the basin is well insulated, the temperature change
due to heat energy conservation fulfils T'mc,, = MP — m'L,,, where P is the power (J/s)



added to the basin, solar or otherwise. It is multiplied by the factor M by the recycling of heat
energy. The equilibrium happens when T' = 0, which gives the vapor flow

, _MP
m —LW.

Produced weight of vapor is V = m't (kg), where t is time in seconds. So after the time
1000/m’, the flow has produced 1 m? of water. The amount of energy to achieve 1 m? of
distilled water is then

,_loooL, 627 ..

The time it takes to produce one cubic meter clean water is

L 1000  1000L, 627 - 10°
~m'  MP ~ MP

(h)

9. Heat leakage

We have seen in the previous section how essential it is to limit heat leakage to increase M.
We next look closer to the different types of heat leakage. There are three:

1. Through the walls, denoted S;.
2. Through condensate leaving the device: S,.
3. Through the solar window, when solar is used: S3.

Fourier’s law describes conductive heat transfer, which is k4AAT:/d. Here k is the wall
material heat conductivity, 4 is the wall area, AT the temperature difference, and d is the wall
thickness. For a basic estimate of S;we pick the wall thickness d = 10 cm, the mean
temperature difference over the outside wall in the condensation channel A7; =90 —25 =
65°C, and total area A = 4 m>. There are many isolation materials with k£ = 0.03 or below,
which gives the exterior wall heat loss close to §; = 0.03-4-65/0.1 =79 (W). This leakage is
independent of the mass flow m .

With a triple glass sun window we use the formula UAAT for the heat loss, where U is the
overall heat transfer coefficient. Often U = 0.7 for triple glass. We then get k=0.7, 4 = 1.4,
$0 S3 = 0.7-1.4-65 = 63.7 (W).

When sun is not used as a heat source, the glass window is covered. Then we get S3 =
0.03-1.4-65/0.1 =27.3 (W). If we denote sun energy use by 8 = 1 and no sun energy use by
6 = 0, we can with 8 describe the two cases:

S; =63.70 + 27.3(1 - 9).

Denoting by AT the temperature difference between the condensate when entering the clean
water storage and the ambient temperature, we have the heat loss S, as follows:

MP
Sp = m'c, AT = ——c,, AT = 0.00185MPAT.
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For example, with P = 1 (kW), M = 10 and AT = 5°C, we get S, = 92.5 (W). But when m’
increases, so does AT. It the Herewater is calibrated to give AT = 1 at m’ = 0.0579 (kg/s),
corresponding to 500 litres per day, then a linear approximation is AT = m’/0.00579, so

51+m'2 S3=P,

CW
0.00579 *
which gives

m’ = 0.00118,/P — 5; — Ss.

With P =1 000 (W) we with solar energy (8 = 1) get m’ = 0.0345, meaning 298 litres each
24 hour. Without solar energy (6 = 0) we get m’ = 0.0353, which is 314 litres during 24
hours. Comparing this mass flow to Fig. 7 in Section 6, this indicates the temperature close to
80 °C in the evaporation basin, although this temperature is not constant, as indicated in
Figure 6. This is reasonable because the incoming water in the a-flow has temperature around
95 °C.

With direct heating and no heat energy recycling, we get the mass flow m' = Li, so the

v

multiplying factor is

0.00128,/P — S, — Ss.
M= 5

= 2890

JP =S, —S,.
> :

Ly
With P =1 000 (W), for example, we get M = 84.7. The factor M decreases with increasing
power P because then the relative losses increase.

10. Pump and fan energy demand

The energy to drive the a flow requires less than 2 (W) per meter, so the pump requires less
than 15 (W). The device does not need a strong fan, so 30 W is enough. Together less than 45
W is needed for the pump and the fan, which of course can be provided by energy from solar
panels

11. Dimensions of the heat exchanger

We here approximately sketch the sizes of the heat exchanger’s two parts: the upper part with
vapor-water heat exchange, and the lower part with water-water.

In the upper part, vapor condenses. The condensate initially has saturation temperature Tsat. =
100°C. The heat transfer rate in a heat exchange is Q = L,m"=U-A-ATvm, so

L,m’
A= :
UAT

Here ATvpwm is the logarithmic mean temperature difference
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If we design the size of the heat exchangers after production of 500 litres each 24 hours, the
flow is m’ = 0.00579 (kg/s), ma’ = 0.127 (kg/s) so
L,m’

Toue = Tin + ——o——
out mn (m'a + m/)cw

gives Ty, = 75.5, assuming T, = 95. We also assume U = 200 (W/(m?K)), which is rather
low. Thus AT, = 100 — 75.5 = 24.5 and ATz = 100 — 85 = 5, so AT;,=12.3, which gives

A = 6.25 (m?). This area can for example be designed as 12 connected channels on top of
each other, each with area close to 0.5 m?.

For the lower channel we have the area

_ ey ATym’
UAT,

where AT, = 75.5 — 25 = 50.5 °C. Since both flows are m’, the symmetry makes the
temperature differences equal, and in this case ATim= AT, , simply, which is AT in Section
10. U is in the range 800 — 2500 (W/(m?K)), so picking U = 1500 and AT = 1 gives 4 = 0.95
(m?). This adds two layers of the condensation channel.

Thus, if we for example aim for AT = 0.25 °C, we need eight layers of water-water heat
exchange of the size mentioned.

Note that the assumption U = 200 (W/(m?K)) for the upper channel is very uncertain. It can
be anything between 50 and 2000, depending on the design of the heat exchanger. With U =
2000 we only need 0.625 m? of area in the upper channel.

12. Summary and discussion

We have seen that the mass rate of the a flow should be close to

€Ly

——1)m’
(Tin—Tout)cw ) ’

m, = (

and the vapor mass flow is

, _MpP
m’ = L
The amount of energy to achieve 1 m? of distilled water is
627
E =— (kWh),
- (kwh)
and the time that takes is
627 - 103
t =——— (h).

MP



We denote total heat loss through the walls by S;, the heat loss through the solar window by
S5, and AT the difference between temperature of condensate leaving the device to ambient
temperature. Assuming AT = m’/0.00579, i.e. a linear dependence of AT to the mass flow,
and designing the heat exchanger for AT = 1 for 500 litres per day, we can calculate the mass
flow from energy conservation:

m’ = 0.00118,/P — 5, — S5

. This gives the multiplier M:

P_Sl_S3.

M = 2890
P

With P = 1kW, we get M = 84.7, and then m' is 340 litres each 24 hours.

If the Herewater is fed by solar power only, with other sources mainly as a backup, it needs
solar panels and a battery to power it during nights. It can also be built without a solar
window and placed indoors, fed by solar panels. The Herewater always needs an extra energy
source for cloudy days.

The Herewater is easy to place and can immediately give clean water, particularly in dry
areas with much sun. If it becomes common, the local sewage systems will receive less
sewage water because much water is cleaned locally. Instead, a storage system for the dry
remains need to be built. This is a much easier problem than that with brine from desalination
plants.

Concerning further developments, the size and design of the heat exchanger need attention,
and the exact way to perform cleaning of areas touched by wastewater. The control of the b
flow may or may not need electronic supervision rather than controlled by a floater and a
valve. There are many such practical design problems that need to be tested and evaluated. A
prototype is under construction.

The Herewater can no doubt be scaled to industrial use. It is of course not limited to 1 m? and
1 kW, as is used as benchmark in this report.
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