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   This paper suggests the stages of a research and development programme
   which would lead to the production of large quantities of high-quality
   fresh water from polluted sea water using only the energy from sea
   waves.
   Background - reverse osmosis.
   The present, widely-preferred method for desalination is reverse
   osmosis with high-pressure turbo-pumps powered by three-phase mains
   electricity. The osmosis membranes have to be protected by filtration
   and chemical treatment of the feed water. The plant is vulnerable to
   polluted inputs of oil or sewage. The pressure gradient is from feed
   to product and so the slightest leak will contaminate the output. The
   process is optimised to meet, but only just meet, the 500 parts per
   million of total dissolved solids recommended by the World Health
   Organisation. Product cost is between $0.5 and $0.7 per cubic metre.
   The energy consumption with a 3.5% salinity sea water feed is usually
   between 4 and 8 kilowatt hours of electricity per cubic metre and so
   will be sensitive to future changes in energy cost.
   Vapour compression.
   It is also possible to remove salt from sea-water using a technique
   known as vapour compression. This pumps very much higher volumes of
   vapour but at very much lower pressures, of the order 0.1 bar. The
   gradient is from product to feed and so small leaks lose, rather than
   contaminate, the output. There are no concerns about pre-treatment.
   Whisky mash from distilleries, ammonium sulphate and even 100% sewage
   can be used. The technique is less widely commercialised than reverse
   osmosis. For example Google gives 14100 hits for 'reverse osmosis
   desalination' but only 406 for 'vapour compression desalination'.
   Nevertheless there is a reasonable existing commercial base. It has a
   particular advantage for renewable energy.
   Imagine that a stream of hot brine is falling down the surface of a
   vertical sheet of heat transfer material. Next imagine that some form
   of pump reduces the pressure, causing a small fraction of the brine to
   evaporate leaving its salt in the rest of the brine. The need for
   latent heat for this evaporation will cool the heat-transfer sheet.
   However if the vapour is compressed by a pump its temperature will
   rise. Imagine that the warmer vapour is sent to the opposite side of
   the heat transfer sheet which has just been cooled by evaporation from
   the brine side. When it touches the cooled sheet it will condense and
   provide the latent heat for evaporation of more brine. Thus the very
   large amount of latent heat is continuously recycled. The boiling
   temperature of brine is higher than the condensing temperature of pure
   water. For double strength brine at ambient pressure the increase is
   about 0.96 Co. The thermal resistance of the heat transfer from vapour
   to sheet and through the sheet imposes a further temperature drop,
   say, of 2 or 3 Co or more if the plant is heavily used. This total
   temperature rise must be supplied by the pump through the adiabatic
   compression of the steam. For a 2 Co additional drop the pumping
   energy will be about 18 kiloJoules per kilogram of product i.e. about
   5 kW hours per cubic metre.
   It is most unfortunate that many of the less soluble solids dissolved
   in sea water are close to the maximum concentration and that their
   solubility falls with temperature. This means that they will come out
   of solution as the brine concentration and temperature increase. The
   resulting scale sticks very strongly to metallic heat-transfer
   surfaces. It spoils the heat transfer coefficient and is expensive to
   remove. If we try to work at lower temperatures the vapour volume
   rises enormously, the pumps become too expensive and the vessels
   containing the vapour have to resist external pressure, which makes
   them subject to buckling.
   A development by Maxwell Davidson has produced an alternative heat
   transfer material known as 'mesh-plastic composite' which has greatly
   improved resistance to scaling. It consists of expanded metal sheet to
   provide conductivity and strength but is clad in a thin layer of
   non-stick plastic such as PVDF to stop fluid flow. Heat transfer is
   improved by microflakes of carbon. These materials have been in
   service for flue-gas heat exchangers since 1983. Data are available
   from [email protected].
   Use with wave energy.
   The present commercial vapour compression plant does the pumping with
   rotors which need to spin at very high speed around 20,000 rpm. The
   high-speed balance problems have made them expensive. The blades are
   vulnerable to droplet erosion. The energy efficiency is rather poor
   but acceptable for very high purities needed for medical and process
   water.
   It would be possible to make a new kind of desalination plant which
   could draw all the necessary power from the rolling motion induced by
   sea waves on a floating cylindrical vapour-compression unit built
   inside a wave energy device known as a duck. This would provide a
   positive displacement pump with low internal losses. The cylinder
   would be half full of water and would roll about its axis. The space
   above the water would be divided into two compartments by a vertical
   partition which could contain all the heat transfer surfaces. If the
   internal water remained stationary (or had a resonant period longer
   than the rolling frequency) the volumes on either side of the wall
   would alternately expand and contract as the duck rolls. We would then
   have an enormous pump with no leakage loss, very low friction loss and
   no accurate machining, coupled almost directly to a widespread source
   of renewable energy. The volume of steam processed will be set by the
   volume swept by the vertical partition. The pressure difference across
   the partition will be proportional to angular velocity and so will
   give the ideal damping needed for an efficient wave energy device.
   The angular velocity of the ducks so far studied for electricity
   generation in an Atlantic wave climate was about 0.12 radians per
   second per metre of wave amplitude, almost independent of wave period.
   However this produced a larger torque than would be needed to provide
   the vapour compression and so a desalinating duck would be built with
   a shorter beak to give more angle and less torque. In the lower wave
   climates (10-20 kilowatts per metre) of drought-stricken countries the
   output would be of the order of 1000 cubic metres a day.
   We can also use the rotating motion to provide pumps for all the
   internal fluid flows for recirculating fluids and pumping the fresh
   water ashore. We are familiar with the pressure created at the bottom
   of a vertical pipe containing fluid as being the product of fluid
   density, pipe length and the acceleration of gravity. If the
   acceleration were to vary so would the pressure. If rectifying valves
   are fitted pumping can occur. The same argument applies if the pipe is
   coiled into helical loops and given an angular acceleration. The
   helical loops can be wound round the inner vessel and embedded in the
   insulating foam concrete. Any required pressure can be raised by
   increasing the number of loops.
   The hot fresh water and the hot double-strength brine contain heat
   which is too precious to be discarded. Much of it can be recovered by
   transferring it to the incoming sea water flow. The heat exchanger
   consists of four lengths of sheet wound as a scroll with plastic
   separators. Two of the resulting passages contain incoming sea water
   and are interleaved with the outgoing flows. The attached figures show
   sketch drawings of the system.
   With suitable demisting meshes, the transfer of feed droplets to the
   output can be very low and so the water purity can be very high, with
   dissolved solids about one thousand times down on reverse osmosis.
   This feature is particularly important if the feed is taken near a
   sewage outfall from a large city. Vapour compression has been used to
   process hospital laundry drain water to a purity suitable for making
   medical injections. Indeed the purity is so high that it will be
   necessary to add trace minerals like iodine needed for human health.
   If the scale and bio-fouling prevention is as effective as trials
   suggest, this system will need much less maintenance than reverse
   osmosis. Units placed along a coastline can reduce the lengths of
   distribution piping ashore.
   Work programme
   Computer studies.
   The first step is the writing of a Mathcad worksheet which will
   collect and explain all the design equations in a transparent and
   verifiable form using conventional algebraic notation and easily-read
   text. Mathcad is more like a word processor than a spread-sheet but
   can be used as either. Any non-Mathcad user can understand its output.
   Mathcad allows easy variation of all the input design variables and
   will calculate the resulting values of all the dependent ones.
   The hydrodynamics of the duck model can be optimised to suit the
   damping coefficients of the steam pumping cycle using a computer
   application such as WAMIT or aquadyne.
   Starting with duck dimensions, heat transfer areas, internal working
   temperature and sea state it will predict the structural loads,
   temperatures, pressure, heat transfer coefficients, heat flows, fluid
   velocities and output volume. For a given design stress for each
   material it will calculate the thickness and so the weight of every
   part. For a given parametric material cost for each material and
   manufacturing technique, it will predict the total capital cost.
   The algebra should be accompanied by just enough sufficient mechanical
   design work to show that the various components can fit in the spaces
   available but not to the level needed for manufacture. The drawings
   will be 2-D orthographic projections of the general arrangement.
   It is expected that Mathcad and drawings will take 12 man-months.
   The Mathcad worksheet should be followed by a second computer model
   which will simulate the actual operation of every component and
   sub-system to verify all the control strategies. Two suitable and very
   similar packages are Simulink which has good linkages to Matlab, and
   Vissim, which is linked to Mathcad. Both will take a time-series wave
   input and give the resulting time-series of all the variables. If the
   real duck would sink because of too much internal water, burst because
   of excess internal pressure or cool down because of poor heat
   recovery, so should the model.
   The time series simulation will take 4 man-months.
   The two software packages should allow an estimate of the initial
   commercial feasibility of wave powered desalination or the rise in
   cost of energy needed to achieve viability. Only if these look
   sufficiently attractive would we continue.
   Mechanical design work
   Many of the components have established performance curves and
   confidence can be built up from a literature survey. However there are
   several items which have a novelty sufficient to need design and
   experimental verification. Conceptual work must be taken far enough to
   convince investors that solutions are possible and to allow patent
   protection. These are:
   The steam valves which have to work with every wave cycle, pass very
   large volumes of steam with low pressure drop and seal steam despite
   geometrical distortion of the duck casing. These are the most
   difficult part of the new technology and are of crucial importance.
   The duck bearings which have to operate continuously in sea-water with
   low friction and withstand loads due to the extreme waves. In the full
   Atlantic wave climate these would amount to 15 mega-Newtons and
   perhaps 5 mega-Newtons in tropical waters. They must tolerate at least
   a degree of misalignment caused by distortion of the duck body and
   elastic strain of the legs.
   The sea bed attachment which has to take the full load of the extreme
   wave, pass the fresh water back to shore and yet allow the duck
   freedom to follow tidal rise and fall and perhaps yaw round to suit
   sea direction. Tank experiments on duck models with tensioned leg
   moorings showed that the peak tension loads were not the problem. It
   was the snatch load which followed any loss of tension that caused the
   damage. The proposal is to investigate an attachment in the form of a
   wishbone, with the apex at the seabed made from post-tensioned
   concrete which can take compression as well as tension. The wall
   thickness and diameter are chosen to make it neutrally buoyant and not
   to fail in buckling. The requirements are fairly close to hardware
   used for sea bed connections for oil transfer, and existing designs
   can be adapted. The attachment to the bed itself will depend on local
   geology. Exposed rock typical of volcanic islands with moderate wave
   activity will be the easiest. Self-embedding suction systems can be
   used in sand.
   Component and sub assembly tests.
   A useful and painfully-learned rule in innovative engineering is that
   the worst miseries always come from the parts that were not tested in
   correct working conditions before the full-scale equipment was
   assembled. It follows that we should carry out thorough tests on every
   single item. This may appear expensive but it is very much cheaper
   than discovering mistakes later in the programme. The steps are as
   follows
   A 1:50 tank model with several removable beaks pumping air with a
   forward compression leg attachment to the tank floor. This will be
   used to check numerical predictions for angular velocity and mooring
   force as a function of sea-state especially in survival conditions.
   The loop pumps and their non-return valves which are used to strip
   gases from the input feed stream, recirculate brine round the falling
   film heat exchanger and pump freshwater ashore. Small models made from
   garden hose work convincingly well but the non-return valves have to
   be tested at full pipe diameter. We could use a smaller loop diameter
   with more turns or higher operating frequency to achieve the correct
   pressures. We need to be sure of how to bend PVC pipes round the
   curvature of the duck body and how to join them to the valves. The
   most difficult application of the loop pump idea is the vacuum
   stripping stage and this should be built to the full diameter so that
   vacuum pressure will have the correct modelling at the water surface.
   The liquid-to-liquid heat exchanger which consists of four sheets of
   heat transfer material wrapped as a concentric scroll. The closer they
   are placed the better will be the heat transfer coefficients but the
   greater the pressure needed to push fluids through. It may be possible
   to press an asymmetric pattern into the sheets which will give unequal
   flow resistance in the two directions. This will mean that the pumping
   energy will be distributed through the whole length of the exchanger
   with no stresses from any external pressure source. This will allow
   the use of very thin heat transfer sheet. Any turbulence from the
   pattern will tend to improve heat transfer. Heat transfer equations
   are well known for flat sheets but textured sheets will need to be
   tested for pressure-generating capability. Several problems about
   initial filling will be solved if the outer diameter of the scroll
   heat exchanger is small enough for its top to be below the surface of
   the sea. The heat transfer coefficient for metallic sheets such as
   stainless steel or cupro-nickel will be much better than for plastic
   but they will be subject to scale deposition and so can be used only
   for the colder end of the exchanger. We need to know the maximum
   temperature for the change to a plastic sheet.
   The material for the mesh plastic falling film steam evaporation heat
   exchanger. This has been under development by Maxwell Davidson for
   many years with a well-established service life in the food industry.
   A variety of types are available. The best heat transfer will come
   from a single layer of plastic on the metallic mesh but we have to be
   sure that the exposed metal can withstand the corrosive effects of
   de-ionised water, known to be much worse than fresh water. Heat
   transfer coefficients for existing double-sided non-scaling materials
   are of the order 1.6 kW/m2K rising to 3.2 kW/m2K for single-sided 20
   micron PVDF filled with carbon platelets. We should test a wide
   selection of small samples, folded to the expected curvature, in the
   correct working conditions of temperature, salinity, vibration and
   pressure difference to confirm corrosion life, scale formation and
   heat transfer.
   The steam heat-exchanger assembly. This consists of many parallel
   hanging sheets, about 1.3 metres wide and a duck diameter (12 metres)
   in length, folded into a U-shape to give several thousand square
   metres of heat transfer area. The 0.1 bar pressure inside the U is
   taken by diagonal corrugations which touch ones on the next sheet.
   Brine will be trickle down the outside of the U while distillate
   collects on the inside. The assembly method must be demonstrated by
   the construction of a set of say ten U-shapes, subjected to working
   temperatures and pressures, loaded with maximum weights of water and
   rocked to simulate wave action. We must be sure that pressure
   variations and wave motions do not induce fretting damage at the
   contact points. The ends of the U have to be sealed. This can be done
   by a sheet of textile reinforced elastomeric sheet exposed to a
   pressure higher than the highest working value. Leakage will occur if
   the sheet edges are jagged. We must measure the leakage quantity.
   The loop pumps and both types of heat exchanger have to be tested
   under alternating angular accelerations. There is a strong argument
   for building a full diameter wheel with versatile equipment
   attachments which can be rocked like a pendulum at the correct or an
   increased frequency and carry a metre width of duck mechanism with
   additional thermal insulation or heat replacement if needed.
   The hull material of an experimental desalinating duck. This could be
   made from welded mild steel in any ship yard. However steel is
   expensive to paint and is a fairly good heat conductor. For later
   units we should investigate the possible use of ferrocement
   construction. The outline of the required shape is built up from
   reinforcing steel and covered with steel mesh. This is then plastered
   over with a covering of fine aggregate cement either by hand labour
   (in India where the material is very popular) or robot-controlled
   spray nozzles in the West.
   The thermal insulation material. The vapour compression process needs
   an internal temperatures around 100 oC and so there must be an
   efficient insulator to reduce heat loss to the sea. In normal
   operation the losses are made good by the internal churning of liquids
   but this would not be available when the plant is not operating.
   However this turns out to be a much less serious problem than it seems
   for vessels of the likely size because of the square-cube law of
   surface area to volume. Quite common insulation materials like foam
   concrete will lose about 4 Co a month in a total calm. Furthermore the
   heat could easily be replaced with solar input. Even so we need an
   insulation material which may have to take pressure from 10 metres of
   water without collapsing or changing in thermal conductivity with
   water seepage. It will have to be easily applied by spraying in
   volumes of around 1000 cubic metres. It would be desirable if it can
   contribute to both buoyancy and structural strength like the foam in a
   GRP-skinned component.
   The desalinating ducks will need control systems for the following
   parameters:
     * 
       Internal temperature and pressure
     * 
       Internal water volume
     * 
       Number of brine passes through the evaporation stage
     * 
       Rate of water transfer ashore
     * 
       Submersion for survival in extreme conditions.
   Developing electronic sensors and actuators which can work reliably in
   hot wet and salty conditions is certainly a non-trivial task. However
   it seems to be possible to develop fluidic equivalents for all the
   necessary functions. Furthermore because there has been no previous
   work in this area the controls are all patentable technology with full
   patent life.
   Final land-based demonstration plant
   The sea, especially at any site with a reasonable wave climate, is an
   inconvenient, even dangerous laboratory. You cannot control the input
   conditions. There is no emergency stop button. A mistake can drown
   people. When we are confident in the operation of all the
   sub-assemblies we should prove our confidence that they will work
   together by building everything into a land-based plant driven by
   Diesel power.
   It will consist of a full-diameter thermally insulated drum, which can
   have a reduced length and better personnel access than the final
   sea-going equipment. It can float at the right draft in an excavated
   pond or dry dock and be gently restrained by rolling against heavy
   goods-vehicle tyres. It will be driven with a sinusoidal angular
   motion with power from a Diesel engine, which can also supply heat for
   initial warm-up or by the unusable peaks of electrical energy from
   early wave systems.
   We should choose a site close to a factory which is concerned about
   the release of particularly noxious water and which is being
   threatened with environmental prosecution. There are a great many
   processes in the food industry with fish products or cooking oils
   mixed with water from which we can choose. The output of the
   experimental plant can be ultra high-purity water which can be sold.
   One product might be 'designer' drinking water with carefully selected
   and medically approved additives such as iodine, potassium and
   selenium. Individual customers can specify their personally-preferred
   additives in the way in which they can choose the colour of paint
   pigments. The bottles can carry labels with the values of many
   undesirable contaminants chosen to be far below those of rival bottled
   waters whose producers would be challenged to match them.
   The land-based Diesel plant should run at a profit and build up
   experience needed to minimise the teething troubles of the sea-going
   plant. The present selling price of bottled water is around £1 a litre
   so a plant producing 1000 cubic metres a day would produce £1 million
   a day leaving a generous margin for bottling, distribution and sales
   promotion. The sales task would be easier if plant was taking whisky
   mash from a Highland distillery rather than washings from a battery
   hen unit but the technology would be unchanged.
   SUMMARY
   Vapour compression can be as energy-efficient as reverse osmosis but
   can deliver a much higher purity of product in a single stage because
   pressure gradients are lower and in the favourable direction.
   The inside of a duck with a central partition can function as a large
   and very efficient positive-displacement pump, coupled almost directly
   to wave motion without any of the strict requirements of phase-locked
   electrical generation.
   The pressure drop across the heat transfer membrane acting on the
   central partition gives a good match to the linear damping which is
   ideal for wave energy.
   Loop pumps driven by the angular acceleration of the duck can provide
   all the necessary liquid transfers. The only moving parts are the
   non-return valves.
   Non-scaling mesh plastic heat-transfer sheets have a much longer life
   than reverse osmosis modules and need no chemical pre-treatment of the
   feed water, even if it is heavily polluted.


               


			  
			  
            

          

		  
		 
		  
		  
		  

		    
		  
			  	Ministerio DE Salud Publica Hospital Regional Salto  Pliego
	HOSPEDERÍA DEL COLEGIO FONSECA UNIVERSIDAD DE SALAMANCA RESERVA DE
	MINUTES APRIL 18 2017 1400 WEST WASHINGTON BASEMENT CONFERENCE
	Lectura nº 5 los Hombres que Viven en una
	?XML VERSION10 ENCODINGUTF8?   DOCS  LOGO GAF
	Recognition Sheet (karta Zaliczeń) Medical University of Lodz for
	DECLARACIÓN JURADA DE POSESIÓN EN LAS INSTALACIONES DE LA
	……………………………………………… Komendant Wojewódzki Policji w Szczecinie ……………………………………………… na Podstawie
	U SKLADU S UREDBOM (EU) 2016679 EUROPSKOG PARLAMENTA I
	Pleito Pendiente  Noción Definición Concepto  Pleito Pendiente
	PLAN FOR CHEMICAL BIOLOGICAL RADIOLOGICAL OR NUCLEAR (CBRNE) EMERGENCIES
	215 West White Horse Pike Berlin nj 08009 Application
	Teoretyczne Podstawy Wychowania Nazwa Przedmiotu (modułu) 1 Symbol Przedmiotu
	STRUKTURA PŘÍPRAVY NA VYUČOVACÍ HODINU VYUČUJÍCÍ TEMATICKÝ OKRUHTÉMA ROČNÍK
	LA EXPULSIÓN DEL PARAÍSO LA LITERATURA COMO PEREGRINAJE VIRGILIO
	html head meta Charsetutf8 titleretrouvez vos Fiches Prã©fã©rã©es sur
	Curriculum Vitae Europass Personal Information Surname(s)  First Name(s)
	CONVOCATORIA DE BECAS DE FORMACIÓN CORAL POR EL SISTEMA
	Application for Employment Chief River Nursery 976 Ulao Road
	TITLE A PILOT STUDY OF FATTY ACID METABOLISM IN
	Kodeks Dobrej Praktyki Produkcyjnej i Higienicznej Informacje Ogólne Gospodarstwo
	ADJUDICACIÓN DIRECTA SELECTIVA Nº 072011HNHU 1ª CONVOCATORIA EVALUACION Y
	 2  CONVOCATORIA A LA ASAMBLEA DE MIEMBROS
	Pytania z Biologii Komórki i Histologii 1 Podaj Skład
	FINANSINSPEKTIONEN PO BOX 6750 SE113 85 STOCKHOLM [SVEAVÄGEN 167]
	Nom Date Période Troisième Mission Saintpierre Quand Vous Allez
	SOP ID [ASSIGN UNIQUE ID UPDATE WITH EACH REVISION]
	Application for Employment an Equal Opportunity Employer (application Will
	Gobierno del Estado de Sinaloa  Secretaría de Administración
	ECUADOR Y COLOMBIA UNA FRONTERA PROBLEMÁTICA MARGARITA VALLEJO EL



			  

		  
			  	GRUPPIEREN 7 INSTITUT FÜR PATHOLOGIE LERNZIELKATALOG PATHOLOGIE I FÜR
	DARMSTADT DEN 952014 LIEBE MITGLIEDER LIEBE FREUNDINNEN UND FREUNDE
	MODEL ADT AUTORITZACIÓ DELS DIRECTORS  CODIRECTORS  PONENTS
	178 LESSON 8 – SCENE AND PLOT DEEPENING TECHNIQUES
	TERMO DE COMPROMISSO E RESPONSABILIDADE PELO PRESENTE NOS TERMOS
	POUFNE KARTA ZGŁOSZENIA WYNIKU PRACY INTELEKTUALNEJ DATA WPŁYWU ZGŁOSZENIA
	REGULAMIN ŚWIADCZEŃ DLA STUDENTÓW UNIWERSYTETU RZESZOWSKIEGO ZAŁĄCZNIK DO ZARZĄDZENIA
	NAME MICHAEL EFFIONG EKPO REG NO 18ENG04079 DEPT ELECTELECT
	SEÑORES CONCURSO DE INCENTIVO AL PATENTAMIENTO UNIVERSIDAD DE CHILE
	INSTITUTIONAL ANIMAL CARE & USE COMMITTEE  270 ENGELMANN
	DIGITAL VISUAL RESOURCES PLANNING REPORT OF THE DIGITAL VISUAL
	NA OSNOVU ČLANA 3033 ZAKONA O RADU («SLUŽBENI GLASNIK
	16 ANTROPOLOGIA MEDICA E ORGANIZZAZIONE SANITARIA PER UNA CULTURA
	NAVODILO ZA SPOROČANJE OPOZORILNIH NEVARNIH DOGODKOV IZ BOLNIŠNIC V
	DIVISIÓN DE FISCALIZACIÓN OPERATIVA Y EVALUATIVA DEPARTAMENTO DE EMPRESAS
	 1  SZÁMVITELI RENDSZEREK SZERVEZÉSE 41 SZÁMVITELIPÉNZÜGYI INFORMÁCIÓS
	SHORT TITLSHORT TITLE CASE NUMBER PAGE   AFFIRMATIVE
	P ÁGINA 11 DE 11 MONEDERO ADAPTADO ESTE OBRA
	TESTIMONY OF DAVID A THOMPSON DIRECTOR CORPORATE ENVIRONMENTAL DEPARTMENT
	ANEXO I FICHA INSCRIPCIÓN REV 03 VISITA FERIA DRUPA



			  
        

		 
      

	  
    

          

    
    
      
     
      
      
      
      
        
          
            
              
                Todos los derechos reservados @ 2021 - FusionPDF

              
              
                
                 
                
                
                
                
                
                
              

            

          

        

      

      

    
      

    
    
      
    

    
          
    
    
    
    
    
    
    
    
    
    



  