Solar Closed-Cycle MHD Generator

CSP Dish/Turbine 

for 

(CHP) Combined Heat and Power
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Example of solar dish collector/focus

MHD – or MagnetoHydroDynamics – is a little known and under-exploited branch of physics discovered by Faraday over 100 years ago. The related phenomena of generative and motive forces are well known and aren’t exotic in the least; they are in fact very simple to reproduce and utilize. Known applications of MHD include the Tokamak and other experimental hot fusion devices, a solid-state submarine propulsion system, the Ionic Breeze air filter and other obscure inventions. Our particular system relies on focused solar energy to heat and pressurize a unique medium.

It is claimed that the design described herein is the perfect blend of solar and MHD technologies and will maximize both of these ideal conversion methods. In Solar Energy less attention has been given to collector technologies; instead, Photovoltaic cells with efficiency no greater than most fossil fuels have been adopted. This is reasonable since there have only been a few methods of using the solar focus. In Plasma physics, MHD generators have taken a back seat to Hot Fusion that requires even more insane temperatures. Through refinement of all components and aspects, our conceptual fusion will prove to be superior.
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 UNFAIR ADVANTAGES

In comparison to Photovoltaic Solar Cells, our system is far more efficient, not only in terms of manufacturing but also because it maximizes the potential of focused sunlight (from an equivalent area) to the highest degree possible – it simultaneously converts light into heat and electricity.

The Sunflower 250

In contrast to the nearest competitor IP, Innovative Energy’s SUNFLOWER 250, our system is far more efficient because our system utilizes three different means of tapping the sunlight as opposed to one Stirling engine. Another thing to consider as well is that our hydraulic/rotary system is always going to be more efficient than a pneumatic/piston system.

SUPERIOR PERFORMANCE ASPECTS

· Uses new proprietary medium better than Plasma or Liquid Metal

· Harnesses solar focus three ways (MHD Induction, Turbine, Heat)

· Uses variable combinations of forces to generate electricity

- expansion of working fluid

- convection

- magneto-caloric pumping

- induction

UNIQUE MHD WORKING FLUID

 The Solar MHD Generator uses a saturated ionic ferrofluid in critical (single-phase) state as working medium – that is, an aqueous magnetite (or other diamagnetic material with proper Curie temp) based suspension with some sea salt added. Ionic fluids are known MHD mediums but have not been used commercially; ferrofluids are unique and are just beginning to see serious research among German MHD scientists. The combination of these fluids creates a truly unique medium. Compared to the two common MHD working mediums, plasma and liquid metal, several issues have been avoided and new properties are available:

1 -
Ferrofluid has two properties that can be exploited in this system:  the ability for magneto-caloric pumping and reverse viscosity.

Magneto-Caloric Pumping -  When the Curie temperature of the ferrofluid is lower than that of the permanent magnet (in this case the same magnet used in the MHD channel) and sufficient heat is applied to one side of the MHD channel  (the ferrofluid is drawn towards the field but would other wise stop upon equilibrium of the fluid mass) the ferrofluid will flow continuously because it has lost its magnetic attraction to the magnet. This is not the primary method of moving the medium; rather, it is a positive side effect of the design.

Reverse Viscosity -  When ferrofluid is allowed to flow through a channel subjected to an alternating magnetic field, the boundary layer friction to that inner wall of the channel is significantly reduced. Utilizing this property is simple and not only adds to the efficiency, it (the frequency) can be harmonically coupled to the pulse of the pressure valve and discharge of the capacitor bank.

2 -
An aqueous medium used in its critical state doesn’t require super-heating, which in turn doesn’t burn out electrodes as plasma based systems do. The medium maintained in this state – or as near to it as possible – will allow an expansion of the fluid to occur without precipitation of the mineral suspension (a problem with the two-phase option which may or may not be negligible depending on several factors). Liquid metal based MHD generators also suffer from viscosity and the necessity to infuse gas for expansion, this makes it even more inefficient.  

MID-STAGE TESLA TURBINE

In the 50’s and 60’s the USSR and US both conducted research on large centralized MHD generators. These were mostly intended for emergency use of 10 to 15 seconds. Even though both countries approached the MHD question (Is this a viable conversion technology?) in different ways the consensus was that even though the conversion is direct and inherently efficient, the designs and methods of the day didn’t warrant further development. One attempt to increase efficiency was introducing second-stage turbines to utilize the thrust exiting the MHD channels (generally in open-cycle systems). This is a logical component, as MHD generators are essentially solid-state and adding one rotary element can only add to the output. 
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One type of turbine – also like the aforementioned to see practically no commercial use but amazingly efficient – is the Tesla Turbine. Simply stated the Tesla Turbine is a turbine in which the blades run parallel to the flow of the medium as opposed to conventional turbines where the blades meet the medium perpendicularly or at an angle. The force of the flowing medium is transferred in a Tesla Turbine therefore, not through direct impact and transfer of inertia but via the boundary layer. The primary advantage is that the freely spiraling flow can impart rotary force without incurring cavitation or any turbulence – it is laminar.

The use of the Tesla Turbine is more than an add-on source of generation; it functions as a heat sink. It is known that an inward spiraling flow of a fluid will cool, ordering and condensing that fluid. This is exactly what the Tesla Turbine does as configured with the hot input along the periphery, and cool output in the perpendicular center.

The Tesla Turbine in this design is mid-stage because there are two MHD channels, one before and one after the Turbine. 

Interesting note:

In an initial consultation with NYSERDA, and then again with a physicist at Cornell, curiously, I was told not to use a Tesla Turbine. The NYSERDA rep admitted he knew of the claims that the Tesla Turbine was the most efficient rotary engine ever conceived but stated that normal turbines have likely improved beyond the performance of a Tesla Turbine since. The physicist had never heard of a Tesla Turbine and admitted it would be efficient, but said that I shouldn’t try to be too innovative and that off-the-shelf turbines would be better.

TWIN INTERNAL INDUCTION MHD CHANNELS

Unlike conventional MHD Channels with external horseshoe magnets this design has ring or disk magnets arranged inside the center of the channel. Another major difference is that electricity is not generated via potential across electrodes, it is generated via induction. Ion transfer and direct current is not the goal but simply a varying magnetic field and perpendicular flow of a conductor across that field. This will be an AC MHD Generator not DC.

Induction and local oscillation on the permanent magnet stack occur via a bifilar coil where one coil is insulated and one is bare. The insulated wire will pulse the designated frequency at a minimal voltage (enough to produce reverse viscosity) and the bare wire will induct a current.

It is the intent, through the use of harmonic capacitor banks and diodes, to recreate the flow and pulsing of the fluid in the electric circuit – that is, to create a self-similarity of the electricity and working fluid within the wires and channels/piping respectively.

The primary purpose of two MHD channels is to provide as much effective surface for induction as possible. Secondarily, since one is before the heat source and one is after, they can help regulate temperature of the working fluid. Specifically, Channel 1, (before the heat source) is the Channel that uses the magneto-caloric pumping. As the cool fluid passes over the magnets it generates a current and in turn heats up the induction coil, which in turn adds to the effect and simultaneously preheats the fluid for the critical phase.

Channel 2 (after the heat source) will help pre-cool the fluid when it gives up energy; this makes the Turbine more effective because the fluid is that much denser.

Thermoelectric experiments to create the Seebeck and Peltier effects in the channels will be tested too.

SOLAR FOCUS CHAMBER

AND

CRITICAL PHASE REGULATION

The Solar Focus Chamber is where the sun’s rays impart their energy into the generator by thermally exciting the working fluid. It is simply a coil of tubing with the upper length returning back down through the center. It joins below to the MHD channels, and between these two junctions are valves. On the Channel 1 junction, a one-way valve is used. Heat from the coil is allowed to dissipate in heat sink fins for which the valve is also designed – a means of inducing the magneto-caloric pumping effect at the proper point in the channel. On the channel 2 side is a pressure valve. The timing and coordination of this valve with another component is necessary to isolate and harness the critical state. The other governing component is a Fresnel lens and transparent piston mechanism. This will be designed to add pressure to the fluid in the chamber while simultaneously adjusting the focal point of the Fresnel lens so that the critical pressure and temperature are self-regulating relative to the expansion of the fluid.

This is perhaps the most challenging aspect of the overall design and will require independent testing before integration. Initially, independent electronic control and feedback elements will be used in the pressure valve assembly to determine perfect timing for the pulsing of the system. Once this is determined, a mechanical feedback loop can be designed for self-regulation of pulse (according to sunlight intensity).

Another issue is whether this coil/chamber should be made of glass or copper. If glass the BLACK fluid is directly heated and this is efficient, but since this is where the system may precipitate minerals and salt a pulsed copper pipe may prevent coagulation of the minerals, it may be necessary to go with the copper pipe.

PROTOTYPING METHODOLOGY

As mentioned, the USSR and US took different approaches to their MHD designs. Each method yielded valuable information but lacked what the other had. The Russians built MHD facilities all at once as a whole. The Americans tested components individually before putting them all together.

Today we have the option of CAD/CAM but chemical and magneto-rheological aspects must be investigated before mechanical and electrical components can be tested as a whole. Due to the number of novel conversion processes happening simultaneously, it may or may not be cost effective to simulate some before field tests. Simple thermodynamic analysis of collector dimensions is easy enough but the whole system would be difficult to replicate digitally. I’ve done all the Tesla-esque, eidetic neuroCAD I can for now. It will take help from specialists and perhaps an Edisonian approach to make it happen. The KISS principle must temper the novelty.

Tests to determine the following must be done:

1 -
 Will the critical fluid expand with sufficient force to pulse jet the fluid through the system?

2 -
If sufficient force isn’t provided or the critical state timing mechanisms prove to be overcomplicated, can a two phase approach work better?

3 -
If going to steam proves a better means of transferring thermal energy, will this destroy the dispersive coating on the ferrofluid particles and precipitate the salt?

3.5 -
 How would steam affect the MHD dynamics?

4 -
If degradation of dispersive coating occurs will the vortices and overall flow keep the particles sufficiently suspended?

4.5 -
MHD is actually used for descaling of minerals and salts inside pipes in industrial applications. Will the charged fluid assist in destroying the dispersive coating? Will then the free ions clump the exposed magnetic material? Or will this be another beneficial side effect, the automatic prevention of precipitated and accumulated minerals and salt crystals? 

5 -
Despite its appeal, would ferrofluid ultimately be better left out of the ionic solution should these problems occur?

5.5 -
How will making the ferrofluid conductive affect the reverse viscosity property we wish to exploit?

6 -
Is gas infusion an option? It would come out of this liquid more easily than liquid metal, allowing for more efficient recycling.

6.5 -
Could we experiment with different gases to enhance expansion or conductivity?

7 -
If a single phase system is used, will the critical fluid cavitate after the pressure valve closes?

7.5 -
If cavitation occurs, would this necessarily cause a significant net loss of inertia? A pulse jet engine doesn’t. Could the implosion be used in some way?

