



















CHIMNEY DEVICE AND METHODS OF USING IT TO FIGHT GLOBAL WARMING, PRODUCE WATER PRECIPITATION AND PRODUCE ELECTRICITY

Summary.

The invention suggests employing a super tall chimney to facilitate heat exchange in the atmosphere as a remedy to Global Warming. Calculations show that if we construct a chimney 5 kilometers (3 mile) tall and 1 kilometer (0.7) mile in diameter, we can expect the following amazing results:
· Just 10 chimneys like the one proposed will offset Global Warming.

· Each chimney will produce ~330,000 Mega Watts of electricity, which is equivalent to the energy 15 super powerful nuclear stations produce

· Each chimney will induce rain generation in surrounding areas and will produce roughly 70 million tons of water precipitation every day, which is equal 4% of Mississippi river flow in New Orleans or about 80 Jordan Rivers.

· Each chimney will transform at least 300 square miles of desert into arable land. 

· Each chimney will trap approximately 1,500,000 tons of CO2 per year in the newly created arable area.

How the invention works. Principle.

The physical principle underlying the invention is very simple. Hot air rises above cold air because hot air is less dense and therefore, it is lighter than cold air. In atmosphere masses of warmer air are constantly moving and cooler air goes down. The process can be made more intense if we can prevent mixing warm and cool air. For example, hot air balloon contains hot air inside and that allows the balloon to rise in the atmosphere.  A chimney is very similar to balloon, in the sense that it prevents inside air from mixing with the outside air until the air exits the chimney. Just as a hot air balloon, the chimney needs to have differential of temperature between the air inside and outside. In a conventional chimney, like one in a house, the difference in temperatures is maintained by burning some fuel. Notice, that chimney height is a very important factor when determining the speed of smoke/air passing through. The taller the chimney, the faster the smoke rises. In fact, speed increases exponentially with every extra foot of height.

Now, let us consider our atmosphere. As we climb up, the temperature drops 10° C (roughly 20° F) every 1000 meters (roughly 2/3 of a mile). Our atmosphere absorbs heat from the sun, and it absorbs more at the surface than high above. 

Let us just assume we can build a chimney 5 kilometers (3 miles) high. Let us call it a super-chimney. The air at the base of this super-chimney will be roughly 50°C  (100°F) cooler than at its top. Such a difference in air temperatures, enhanced by the height of the super-chimney, will produce an incredible airflow. The air from the earth’s surface will be sucked inside and will travel up at the amazing speed of 300 miles per hour (see Attachment A. Calculations).

There is no miracle to this: just like a normal chimney, the super-chimney operates because of a differential of temperature between the air inside and outside. The super-chimney maintains this differential because it prevents hot air inside from mixing with cold air outside until its very exit at the top. What’s more, the super-chimney will operate as described for as long as our atmosphere is heated unevenly. Notice that this is not a perpetuum mobile, because the super-chimney actually uses Sun energy, which warms the atmosphere.

The next portion of the article assumes that we are capable of building such a five kilometer-tall and one kilometer-wide super-chimney and examines various benefits we can derive from it.

How the super-chimney will produce electricity.

The super-chimney will maintain tremendous airflow. All we need to do is just attach air turbines to harvest this energy and to transform it into electricity. Alternatively or concurrently, the electrical wind turbines (8) can be positioned inside the super-chimney itself. (See illustrations below.)
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Figure 1:
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Accordingly, if we can harvest all the energy of the air going through the super-chimney, we would generate 327,786 Mega Watts of electric energy. (see Attachment A. Calculations). This amount compares to the electricity produced by 15 super powerful nuclear stations.

How the super-chimney will produce water.

Efficiency of the super-chimney will greatly depend on the climate at its location. Ideal locations for super chimneys would be tropical deserts, because they are warm all year. Another good reason for choosing a desert  as a location is the inherent ability of the super-chimney to induce water precipitation in the surrounding atmosphere.

When warm air is expelled from the super-chimney, it is cooled down by mixing with the surrounding air. Once cooled, the air becomes oversaturated with water vapors, so water naturally precipitates, causing precipitation (clouds and rain) in the surrounding area. High winds at high altitude will carry the newly formed clouds to long distances before pouring out as rain. This will allow covering large areas with additional rain, which otherwise these areas will not receive.

Given this fact, if we wish to use the super-chimney to maximize the production of water for agriculture, we would seek to not only to use the existing landscape, but also to amplify it with artificial features such as terraces and dikes. Given the average wind speed and directions, we can estimate the area that will receive the precipitation during the year as well as amount of that precipitation depending on the season. 

Depending on particular local conditions, we can vary the super-chimney’s height to receive optimal water distribution. In addition, if there is an array of super-chimneys, we can vary the amount of precipitation by turning different super-chimneys of different height on and off, as necessary. The resulting system will provide controlled and sustainable water source in a desert.

Depending on the local conditions, the rain will cover a radius of at least 16 kilometers, but probably a whole lot more. Rain droplets come down at approximate speed of 

18 km/h. Thus, each droplet will travel at least 15 minutes from the super-chimney exit to the ground. Given that wind speed at and altitude of 5000 m is roughly 85 km/h, we will come up with 16 kilometers radius. 

However, in reality it will take some time to condense water particles on the super-chimney exit to the size of a drop. Therefore, the clouds of those particles will be carried away and dispersed on much greater distances. One standalone super-chimney will provide at least 780 square kilometers of land with enough rainfall to sustain agriculture. An array of super-chimneys will obviously produce much greater amounts of rain sufficient to water greater desert areas.

Since we know that water condensate will turn into rain, we can foresee that roughly 800 tons of precipitation will be dispersed in surrounding areas every second. (See Attachment A Calculations.) Depending on wind strength and direction, the super-chimney will ensure reliable sources of water covering substantial areas (hundreds of square kilometers). Overall, it can produce ~ 70 million tons of water precipitation every day. Such an amount is equal 4% of the Mississippi River’s flow in New Orleans or about 80 times the flow of Jordan River in Israel.
How the super-chimney will trap CO2 and promote agriculture.

As has been explained, the super-chimney will make at least 300 square miles in a desert land arable. Normally, desert land is not a part of a CO2 exchange process because there are almost no plants in the desert. Thus, ordinarily CO2 cannot be trapped. By the same token, a desert does not contribute any CO2 to atmosphere because there are no decaying plants or soil to release CO2. 

Adding water into a desert will change that desert into carbon sink. The CO2 uptake capacity of arable land will be determined by the type of vegetation grown on this land because some plants bind more CO2 than others. Trapped CO2 will be partially re-released back into atmosphere because people and animals will consume the plants, but some amount of it will be retained for good forming soil on the ground. Respectively, the area surrounding one super-chimney can trap up to 1,478,354 tons of CO2 per year..(See Attachment A  Calculations.)
The impact of irrigation on agriculture will greatly depend on local conditions and on the kinds of plants grown. However, existing irrigated desert areas, such as those in Israel, demonstrate extremely high productivity. Moreover, tropical deserts can produce more than one crop per year. For example, in Egypt, the land produces up to 3 crops a year. Therefore, the super-chimney will ensure sustainable and very profitable agriculture in the surrounding areas.

The super-chimney will be the most productive in areas where climate is hot all year around because that will guarantee sustainable air draft. Economically, it makes sense to situate super-chimneys in tropical desert areas, because the land there in present state is not used for agriculture, and is otherwise worthless. Building a super-chimney or network of the super-chimneys in such areas will provide the necessary rainfall to ensure prospering agriculture and will transform the desert land into oasis. The super-chimneys can be built in places like the Sahara, the Arabian Peninsula and Australia. In USA, the super-chimneys can be built in many places in the South and in the West, such as Texas, Arizona, Nevada etc.

How the super-chimney will cool the atmosphere.

The super-chimney will cool the Earth atmosphere by facilitating the heat exchange, and this is the most important aspect of the super-chimney. If we think of Global Warming, we should understand that the phenomenon is caused not by the planet receiving more heat but rather by increasing the heat capacity of the atmosphere due to the greenhouse gases. Respectively, the super-chimney will change the amount of heat exhaled by the planet. It will accelerate the rate of the heat exchange in atmosphere, which will result in the reduction of the Earth atmosphere temperature.

There are three cooling mechanisms for air: convection, conduction and radiation. Without getting into fine details, for our planet it means the following: the planet at large receives and looses energy only via radiation, thus radiation actually is deciding factor on how much heat the planet receives. As for the air processes within the atmosphere, convection and conduction are the two determinative powers. 

Normally, heat radiation comes from sun and then it is partially absorbed by the atmosphere while it travels through. Then the heat radiation is partially absorbed by the planet surface. The other part of heat radiation is reflected back into space. The reflected heat travels back through the atmosphere and naturally, part of it is again absorbed by the atmosphere. The super-chimney will facilitate air convection by bringing masses of warm air at high altitude, resulting in the warm air coming out of the super-chimney exit. When the heat from the air radiates out it will be already at high altitude thus the  amount of energy reabsorbed by the atmosphere will be less, because there will be a thinner  layer of air for heat to travel through. Therefore, more heat will be leaving the atmosphere, thus, reducing the atmosphere temperature.

Additionally, as it was explained above, the super-chimney will create rain and clouds. Clouds will be reflecting some sunlight thus, additionally cooling the atmosphere by reducing the total amount of sun radiation received by the planet.

According to the calculations, it will take 10 super-chimneys to offset the heat surplus in the Earth Atmosphere, which causes Global Warming. (See Attachment A: Calculations). The calculations do not take into account that the super-chimney will cause extensive cloud formations, which will increase the amount of sun radiation reflected back into space. Thus, we will need fewer than 10 super-chimneys to offset the effects of Global Warming.
How we can build the super-chimney.

The issue is simple: whether we can build a chimney 5000m(3-mile) high. There are viable projects and proposals to build buildings as tall as 1.6 km(1 mile) 6. However, buildings unlike chimney entail much heavier construction because there are floors, ceilings, and all other elements within building; which are necessary to make such building useful. Chimney is just a cylinder. Thus, chimney is much lighter structure and can be build a lot taller than any building. Therefore, it is possible to build a 5-kilometer tall chimney. Arrival of new super-strong materials makes it even more probable.

The super-chimney must be high enough to produce the desired airflow speed. The height of more than 1 km will guarantee substantially high airflows to allow to operate wind turbines. Obviously, the higher the super-chimney is the stronger the airflow will be. In fact, the only limitation to the height is structural stability. 
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Figure 2:
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One design includes multiple air pipes connected on the sides to the super-chimney. Keeping winds low in the area can be achieved by spreading those pipes with openings sufficiently far removed from the super-chimney (fig. 2). The turbines can be mounted inside those pipes, which will allow for easy access for maintenance. In addition, because a plurality of such pipes will have large area of combined opening, the airflow within each individual pipe will be lower than inside the super-chimney, thus, making maintenance more convenient. By opening/closing those pipes we can regulate the combined air flow through the super-chimney.

Another design can be especially useful to reduce the size of the structure. In this case, a series of turbines can be placed inside the super-chimney one above the other. The maintenance in this design would be more difficult; however, the whole structure will occupy a smaller lot of land.
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If building the super-chimney is impossible due to structural instability, the design might include using a natural mountain as support structure. In this case, a super-chimney can either be placed on or alongside a mountain slope or drilled inside a mountain.(fig. 3 and 4.) Alternatively, multiple super-chimneys can be bundled to provide support to each other. Suspension cables can be used to increase the structural stability.

Using the natural landscape gives us an opportunity to test the whole project in an inexpensive way: the super-chimney can be mounted along the wall of Great Canyon . The difference of temperatures from bottom to top can reach 20°C, thus providing needed driving force to fuel the system 


Attachment A : Calculations

Example for calculations.

If we have super-chimney 5000 m high and 1000m in diameter, wherein the temperature of air at the bottom is 30°C and at 5000 m it is -20°C 2.

1. Air Flow Calculations, according to Natural Draft Pressure Calculator 1   

q = π dh2 /4 [ (2 g (ρo - ρr) h ) / ( λ (l ρr / dh) + Σ ξ ρr ) ]1/2  
where

dh = hydraulic diameter (m, ft)

λ = D'Arcy-Weisbach friction coefficient
l = length of duct or pipe (m, ft)
g = gravity - 9.81 (m/s2)
 q = air volume (m3/s)
ρo = density outside air (kg/m3)
ρr = density inside air (kg/m3)
h = height between outlet and inlet air (m)

Σ ξ = minor loss coefficient (summarized and taken as 1)
We can expect the natural draft of air flow at the speed of 139.2 m/s. This translates into 109,357,369 m3/s of air going through the super-chimney. As the air density equal 1.164 kg/m3  at 30°C 2, we can calculate that 127,292,000 kg/s of air moves through the super-chimney.

2. Producing electric power.

Calculate amount of electric energy produced.

Wind Turbine Power 7:
P = 0.5 x rho x A x Cp x V3 x Ng x Nb 
where:
P = power in watts (746 watts = 1 hp) (1,000 watts = 1 kilowatt)
rho = air density (about 1.225 kg/m3 at sea level, less higher up)
A = rotor swept area, exposed to the wind (m2) count as a whole super-chimney area

(3.14 * 0.52)
Cp = Coefficient of performance (.59 {Betz limit} is the maximum theoretically possible, .35 for a good design) 
V = wind speed in meters/sec (20 mph = 9 m/s)
Ng = generator efficiency (50% for car alternator, 80% or possibly more for a permanent magnet generator or grid-connected induction generator)
Nb = gearbox/bearings efficiency (depends, could be as high as 95% if good)

P= 0.5 *1.164 * (3.14)*(500)2*0.35*(139.2)3* 0.8 * 0.95

P=327,787,194,991.65696 watt=327,786 Mega Watt

3. Calculation of amount of water condensate.
Suppose the relative air humidity at the bottom of the super-chimney is 30%, which is typical for deserts. Thus, the air contains roughly 9g of water per kg of air. At elevation of 5000m the temperature is roughly -20C and the pressure is about 55,000 Pa (and this is roughly half of the pressure existing at sea level). At such conditions, air can hold at most 1.7 g of water per kg of air (point of saturation). Therefore, once the air from the super-chimney is expelled out, water from the air will condensate in the amount of 6.3g per kg of air. In the given system, where 127,292, 000 kg/s of air is going through the super-chimney, this means that 801,939 (5745) kg of water condensate per second.

4. Calculation of CO2   uptake by irrigated desert.

There are different estimates of CO2 uptake capacity given by the EPA. For example, it is estimated that each acre of reforested land will absorb up to 2.1 tons of carbon per year for period of 120 years. In fact, this number does not count additional CO2 which will be fixed in soil. Thus, one super-chimney will allow to trap:

300* 640 Sq.Acres/ sq.mile* 2.1=403, 200 tons of carbon,

1 ton Carbon equivalent = 3.667 ton CO2,

thus one  super-chimney will allow to  trap 1,478,354 tons of CO2 per year.

5. Calculation of number of super-chimneys needed to cool the atmosphere. 

There are many factors to analyze. However, it is clear that in principle, the super-chimney will facilitate heat exchange and, given the enormous amount of air coming through the super-chimney, it will have effect on the heat balance of the Earth atmosphere. According to Kiehl3, annually Earth receives 492 W/m2 of radiation combined (direct solar and due to the green house effect) . Global Warming is attributed to the fact that the Earth is presently absorbing 0.85 ± 0.15 W/m2 more than it emits into space4 (Hansen et al. 2005). So the planet absorbs approximately 0.2% of radiation energy more than it should to maintain constant temperature.
According to Wikipedia, Earth surface heat captured by the atmosphere. More than 75% can be attributed to the action of greenhouse gases that absorb thermal radiation emitted by the Earth's surface. The atmosphere in turn transfers the energy it receives both into space (38%) and back to the Earth's surface (62%), where the amount transferred in each direction depends on the thermal and density structure of the atmosphere. 5  The super-chimney will emit air at the 5000m, which is roughly the point in the atmosphere where half the amount of air  is below and half is above. Thus, it can be assumed that re-absorption will be cut in half. So, instead of normal distribution we will have ~70 % of energy lost to space and only 30% reabsorbed into atmosphere. In other words, the air, which will go through the super-chimney, will loose 30% more heat than a normal air. 

According to the above calculation 127,292, 000 kg of air will go through the super-chimney every second. In a year it comes to 4x1015kg . According to the National Center for Atmospheric Research, "The total mean mass of the atmosphere is 5.1480×1018 kg...”.

Therefore, annually 7.7 ×10-4 of the whole atmosphere will go through the super-chimney. As shown above, that air will lose 30% more heat than normal air. Thus, the whole atmosphere will lose 2.31×10-4  or 2.31×10-2% more heat than it would otherwise. Since the planet absorbs approximately 0.2% of radiation energy more than it should to maintain constant temperature, we can aproximate that 10 super-chimneys will offset Global Warming.
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