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PROLOGUE AND GRATITUDE
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After the reactor, on board the first Indian indigenous nuclear submarine Arihant was made ‘critical’ in 2013, I was invited to give ‘The Founder’s Day’ lecture on October 30, Dr. Bhabha’s birthday which is celebrated as founder’s day of BARC (Bhabha Atomic Research Center) named after Dr. Bhabha’s death. I prepared and gave the lecture along with a power point presentation on the ‘Evolution of Submarine Propulsion’ It was highly appreciated and I was told by many of my former colleagues that I should write a simple and not highly technical book for the scientific and engineering community. I did write a book but not on this topic; I was so fascinated and was ‘en amour’ by my personal life & family history and my wife & her sacrifice, who had left her country & the medical profession and joined me in Mumbai to complete my mission of forty years with the Atomic Energy, that the book became my autobiography called ‘The Second Strike’ which was launched by then Director BARC, Dr S Basu, on September 14, 2014. And later it was released by admiral Bhushan in Delhi on November 21. A few months back, Mr. Joseph P Chacko approached me and published and printed the same book as ‘Ma Dame - A Nuclear Scientists tryst with love and fission’ for the overseas markets. In addition to my former innumerable colleagues, friends and well-wishers, now I have another friend Joseph P. Chacko who joined them in coaxing me to write this book; I owe my gratitude to all of them as I finish writing this book. 

I thank the Chairman Atomic Energy Dr. S Basu and Director BARC Mr. K N Vyas for writing the Forewords and also agreeing to formally release this book.

I thank my former colleagues Mr R K Garg, Dr. Dwivedi, Mrs Roy, Vyas, Bhattacharya, R P Singh, A B Mukherjee and Pradip Mukherjee for their contribution.  I thank Yves M Henon, Fernanda das Graças Corrêa & Leonam dosSantos Guimaraes and Alejandro Delaygue for their contribution on the Nuclear Propulsion in France, Brazil and Argentina respectively. I also thank Vinay Karanam, P Sreenivas, Tessie George and Pradip Mukherjee who put an effort to trace the references in the BARC library for me, based only on sketchy information provided by me. Most of the remaining information has been gathered from the internet, Google and Wikipedia. I salute the persons who provide this information on the net for persons like us and for the students who had to struggle hard to get the required answers to the queries. Though it took me > 100 hours to locate the precise information, but it is all worth; thus the references from the internet are not listed, if the reader wishes to go into some details he/she can go to the net.

Anil Anand, Mumbai,  akanand9.11@gmail.com

	[image: image]
	 	[image: image]


[image: image]

FOreword


[image: image]


‘The second strike’ was a tale of two families; Anand Family and PRP Family. You already know about the Anand Family and now it is time to know, what PRP Family did. So, the second book. It is now a story of a journey underwater and journey down the memory lane.  You all know that all forms of life evolved underwater.  When you look at sea, you get many feelings.  It is endless, it is wavy, it is blue.  As you move along, the feelings turns into curiosity; how would it feel to float in it? How deep is it?,  What is there down below? Humans had been trying to answer these questions since their existence.  They dived in on their own, they used submersibles of all shapes and sizes.  Quickly they realised they have to propel and they have to vary the buoyancy to move in the third dimension. 

Over a couple of hundred years, these submersibles developed into the submarines of today; now she can remain underwater for long, she can  propel, she can sustain human life underwater and she can fight war for her master.  Like many other major innovations of the mankind, submarines of today were developed and matured during the two world wars. Development started with amateur innovation and daring explorers, and finally reached maturity in the hands of hardcore engineers and determined submariners. This completed the first two stages of submarine evolution. 

You all know about India’s three-stage nuclear power programme  (First Stage being U235 based thermal reactors, followed by Pu239 based Fast Breeder Reactors and the third phase will have  Th232 – U233 reactors).  The submarines also had a third stage in their evolution.  In the book, Shri Anil Anand has brought out in a lucid, factual and informative manner  the third phase of submarine evolution. As you go along, you will not become an expert, but will have sufficient insight to appreciate the complexity of this technology.  

This is where the second journey begins; journey down the memory lane.  This programme is fast approaching its 50th anniversary, if you take the beginning of 12th batch of BARC Training School as the starting date.  Imagine the number of individuals who occupied the stage during this long journey.  Anand saab has made gallant efforts, and quite successfully, so, to bring these characters alive.  I can see and feel all the scenes in that era being enacted in front of me.

This foreword will not be complete without mentioning about two events. After the PRP Plant was commissioned on 22nd September 2006, all the generations involved in this programme, from all organizations, gathered together. Seniors narrated the evolution process to the younger generations from their memoir. It is very difficult to explain the feelings of that day in words. I can only say it is the same feeling that parents have after their child is born. It is a feeling of being a creator.

Exactly one week after Arihant launch, PRP’s existence, so far a secret was announced by inviting the media to the plant site. Next day’s newspapers projected PRP as the father of Arihant.  This was the recognition of indigenous capability for developing complex technology from scratch. This is a story of struggle and conflict, sorrow and joy, success and failure and in the end the pleasure of doing a job for the nation, dwarfed everything else. 

This book also brings out a special capability of the author;  that is to bring a set of individuals together, with very different background, to deliver a complex high technology project,  of mammoth size to the country.  

I wish you happy reading.

Sekhar  Basu

Chairman Atomic Energy Commission &

Secretary Department of Atomic Energy 
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It is a well acknowledged fact that nuclear submarines are among the most complex platforms ever made by engineers.  This is due to the requirements for reliability, ability to withstand very high loads in an event of a conflict, ability to survive in totally marooned sea environment and the need for stealth.  If a nuclear submarine is required to meet above specifications, it is essential that the nuclear power-pack also needs equally stringent design requirements.  The very fact that there are only few countries, which have mastered the technology, is itself a proof that the design complexities involved are huge.

The complex design of a nuclear propulsion plant would necessarily involve contribution from a large number of persons. However, the fact that, Shri A.K. Anand has played a key role in establishing programme for nuclear propulsion in India, gives him an excellent overall perspective. The book describes very lucidly the struggle faced during the development phase.  It also goes to the credit of Shri Anand that he has been able to request specialists from other countries like France, Brazil and Argentina to describe about their own development efforts which I am sure will widen the perspective of readers.

Shri Anand, whom I met for the first time in August 1979, is my first boss as Head, Fuel Design and Development and we all fondly call him Anandsaab.  I personally have known Anandsaab to be a very enthusiastic and energetic person.  The very fact that Ananadsaab has written this book at an age of 76 and 15 years after retirement is a proof of his enthusiasm towards any work that he takes up.

I hope that this book will prove to be a key document which fills-up important footnotes in the history of development of nuclear propulsion in India.

Kamlesh N Vyas

Director Bhabha Atomic Research Centre
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SUBMERSIBLES — the Human Curiosity
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The concept of an underwater boat has roots deep in antiquity. Although there are images of men using hollow sticks to breathe underwater for hunting, the first known military use, is of divers being used to clear obstructions during the siege of Syracuse (about 413 BC), according to the History of the Peloponnesian War. At the siege of Tyre in 332 BC, divers were again used by Alexander the Great. Later legends from Alexandria, Egypt, in the 12th century AD, suggested that he had used a primitive submersible for reconnaissance missions. This seems to have been in a form of diving bell, and was depicted in a 16th-century Islamic painting.
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According to a report in Opusculum Taisnieri published in 1562, two Greeks submerged and surfaced in the river Tagus near the City of Toledo, several times, in the presence of The Holy Roman Emperor Charles V, without getting wet and the flame they carried in their hands remained still alight. 

Before the submarines came into existence, the word was ‘submersible’ or ‘submerged’ for the objects going under water. Centuries ago, the man wished to explore under water to satisfy his curiosity; surprisingly this holds good even today; only the means and the technology have advanced, but the basics have not changed.  Archimedes principle, gravity and glass are still used for the purpose. Edith Widder, a writer, biologist and a deep-sea explorer said ‘Exploration is the engine that drives innovation and innovation drives economic growth; so let us all go exploring.’ May be about two thousand years ago, it was the glass bell in which the man was lowered; these days one is lowered from a ship to walk on the sea bed with a heavy headgear, like a helmet, for weighing down the person; the headgear has glass in the front. Two trailing hoses are attached to the headgear, one for supplying air at a pressure higher than atmospheric pressure, for breathing and the other for exhaust. One such place is in Thailand, on the way from ‘Pathaya’ to ‘Laan Island’, where a ship is anchored and the person is lowered to walk on the sea bed which is at a depth of about 7 to 8 meters, that is the maximum pressure which normal human being can withstand. The heart patients are advised not to venture into this sport.
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Modern Day Submersibles
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Modern day submersible is a small vehicle designed to operate underwater. The term submersible can be defined, to differentiate from other underwater vehicles known as submarines. A submarine is a fully autonomous craft, capable of renewing its own power and breathing air, whereas a submersible is usually supported by a surface vessel, platform, shore team or sometimes a larger submarine. In common usage by the general public, however, the word ‘submarine’ may be used to describe a craft that is by the ‘technical definition’ actually is a ‘submersible’. There are many types of submersibles, including both crewed and unmanned, otherwise known as remotely operated vehicles or ROVs.  These are also called as Deep Sea Rescue Vehicles or DSRVs. Such remotely operated vehicles are attached by a tether (a thick cable providing power and communications) to a control center on a ship. Operators on the ship see video images sent back from the robot and may control its propellers and manipulator arm. The wreck of the Titanic was explored by such a vehicle, as well as by a manned vessel. Some submersibles have been able to dive to great depths of over 10 kilometers. Single atmosphere, manned submersible, has a pressurized hull and the occupants are at the standard atmospheric pressure. This requires the hull to be capable of withstanding the high pressure from the water outside which is many times greater than the internal pressure. Submersibles have many uses worldwide, such as tourism, oceanography, underwater archaeology, ocean exploration, adventure, equipment maintenance/recovery or underwater videography.

Mass-produced underwater vehicles

Autonomous underwater vehicles are essential for tasks such as exploring the seabed in search of oil or minerals. Fraunhofer researchers have designed the first robust, lightweight and powerful vehicle intended for series production. There has never been so much human activity in the depths of the oceans. Several thousand meters below the surface, oil companies are prospecting for new deposits and deep-sea mining companies are looking for valuable mineral resources. Then there are the thousands of kilometers of pipelines and submarine cables that need regular maintenance. Not to mention the marine scientists who would like to be able to use robust devices to survey large areas of the ocean floor. All these applications mean there is a growing demand for underwater exploration vehicles. To meet this demand, researchers at the Fraunhofer Institute for Optronics, System Technologies and Image Exploitation IOSB in Ilmenau and Karlsruhe have designed a powerful autonomous underwater vehicle (AUV) capable of being manufactured in large numbers. Companies have been using AUVs for many years in deep-sea exploration missions. These untethered vehicles glide independently through the water collecting observation data, and make their own way back to the research vessel. Up to now, these have primarily been custom-built and very expensive. They have complicated structures, which makes them relatively difficult to handle by the crew on board the research vessel; for instance, accessing the batteries in order to replace them. It takes one hour to read the many terabytes of observation data out of the AUV’s onboard processor. What’s more, many of these vehicles are so heavy that only specially trained operators can place them in the water using the ship’s winch. The IOSB’s AUV overcomes all of these problems. The vehicle called DEDAVE (Deep Diving AUV for Exploration) bears a certain resemblance to the space shuttle. The research team has fitted it out with technologies not normally found in AUVs to date. To avoid the typical mess of cables, which was often a source of faults, they installed a CAN bus system like those found in every modern car. It consists of a slim cable to which all control devices and electric motors can be connected. The advantage of having so few cables and connectors is that faults are avoided. New modules, sensors or test devices can also be connected quickly and easily to the standardized CAN bus. Batteries and data storage devices are held in place by a tough but simple latch mechanism, allowing them to be removed with a minimum of effort. There is no longer any need to download data from the processor. One of the strengths of the lightweight, 3.5-meter-long underwater vehicle is that it takes up very little space. Aboard a ship, AUVs are stored in standard shipping containers, which usually offer only enough room for one vehicle. “We, on the other hand, can fit four AUVs into the same container,” says the lead researcher. “The advantage of having four vehicles available is that larger than usual areas of the ocean can be surveyed in far less time.” Despite their small size, the AUVs still provide plenty of additional carrying space. The payload bay measures approximately one meter in length, which is sufficient for installing several different sensors for capturing ocean floor survey data. The underwater vehicle is powered by eight batteries, each weighing 15 kilograms. A fast-release latch mechanism enables them to be removed and replaced with little effort. A fully charged battery holds enough power for up to 20 hours’ travel. The software for the sophisticated battery management system was specially developed by researchers at the Fraunhofer Institute for Silicon Technology ISIT in Itzehoe. In collaboration with the GEOMAR Helmholtz Center for Ocean Research, Kiel, and a Spanish research center, DEDAVE will go through deep sea testing off the coast of Gran Canaria in the coming weeks. DEDAVE is the world’s first autonomous underwater vehicle to be developed from the outset with a view to series production. It will be manufactured by a company to be specifically created for this purpose as a spin-off from the IOSB in the first half of 2016.
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SUBMARINE PROPULSION—MUSCLE POWER
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‘Muscle Power’ coupled with some mechanical advantage continued to be used, for almost three centuries, to propel the early submarines. In 1578/1580, the first published description for a submarine came, from WILLIAM BOURNE, an English innkeeper and scientific dilettante. Bourne first offered a lucid description of why a ship floats; by displacing its weight of water, and then described a mechanism by which, it is possible to make a ship or boat that may go under water, and also to come up again. The following is the drawing purported to be Bourne's scheme: leather-wrapped pads, which can be screwed in toward the centerline to create a flooded chamber, and screwed out to expel the water and seal the opening.

The first successful submarine was built in 1620 by Cornelius Jacobszoon Drebbel, a Dutchman in the service of James I; it may have been based on Bourne's design. According to accounts, some of which may have been written by people who actually saw the submarine, it was a decked-over rowboat, propelled by twelve oarsmen, which made a submerged journey down the Thames River at a depth of about fifteen feet. It was propelled by oars. The precise nature of the submarine type is a matter of some controversy; some claim that it was merely a bell towed by a boat. Two improved types were tested in the Thames between 1620 and 1624. There are no credible illustrations of Drebbel's boat, and no credible explanations of how it worked. Best guess is that the boat was designed to have almost-neutral buoyancy, floating just awash, with a downward-sloping foredeck to act as a sort of diving plane. The boat would be driven under the surface by forward momentum, just as are most modern submarines. When the rowers stopped rowing, the boat would slowly rise.

In the year 1634, French priest MARIN MERSENNE theorized that a submarine should be made of copper, cylindrical in shape to better withstand pressure and with pointed ends both for streamlining and to permit reversing course without having to turn around. For every foot of depth, water pressure increases about half a pound per square inch (PSI). Though the first submersible vehicles were tools for exploring under water, it did not take long for inventors to recognize their military potential. The strategic advantages of submarines were set out by Bishop John Wilkins of Chester in Mathematical Magick in 1648; traditional mechanical devices are discussed such as the balance, the lever, the wheel or pulley and the block and tackle, the wedge, and the screw. The possibilities are considered to improve the design of the submarine built by Drebbel. 

Year 1653 saw the 72-foot-long "Rotterdam Boat," designed by a Frenchman (named DE SON) it was probably the first underwater vessel specifically built (by the Belgians) to attack an enemy (the English Navy). This almost submarine, a semi-submerged ram, was supposed to sneak up unobserved and punch a hole in an enemy ship. The designer boasted that it could cross the English Channel and back in a day, and sink a hundred ships along the way.
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Portraits generated from the description by WILLIAM BOURNE

––––––––
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"Rotterdam Boat." Propulsion: a spring-driven clockwork device to turn a central paddle wheel. The device was so underpowered that, when the boat was launched, it went – literally – nowhere.
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1680 -There is no evidence that Italian GIOVANNI BORELLI ever built a submarine, but this illustration continues to appear in books and magazines – in several variations – as if it was a real boat, sometimes erroneously linked with Drebbel's or Symons's  efforts. Borelli did understand the basic principle of volume vs. weight (displacement), but he illustrated a totally impractical ballast system by which weight would be increased or diminished by allowing a bank of goatskin bags to fill with water, then by squeezing the water out to rise again.

In 1696, DENIS PAPIN, a professor of mathematics built two submarines. He used an air pump to balance internal pressure with external water pressure, thus controlling buoyancy, through the in-and-out flow of water into the hull. For propulsion, he used sails on the surface and oars underwater. Papin featured "certain holes" through which the operator might "touch enemy vessels and ruin them in sundry ways."

By the mid-18th century, over a dozen patents for submarines/submersible boats had been granted in England. In the year 1729, an English house-carpenter NATHANIEL SYMONS created a one-man expanding/contracting sinking boat, there was no locomotion, it was, as a sort of public entertainment. Sealed up inside, in front of a crowd of spectators, he cranked the two parts of his telescopic hull together, spent forty-five minutes underwater, then expanded the hull, rose to the surface, and passed the hat. One man gave him a coin. 

In the year 1773, Wagon-maker J. DAY, another Englishman, built a small submarine with detachable ballast stones, hung around the outside, with ring bolts, which could be released from inside. This worked quite well in shallow water. Encouraged by a professional gambler, he built a bigger boat; they would take bets on how long he could remain underwater, further out in the deep-water harbor. Surrounded by ships filled with bettors, they hung some stones; the boat wallowed awash, but would not go under. They hung some more stones. The boat sank, like a rock and would have collapsed long before the ballast could be released.
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Picture from the description—Papin tested his 1st boat, but his patron lost interest & the 2nd was never finished. Illustrations of this submarine look like a steam kettle. Papin also invented the pressure cooker.

The first military submarine was built in 1720 by carpenter Yefim Nikonov by order of Tsar Peter the Great in Russia. Nikonov armed his submarine with “fire tubes”, weapons akin to flame-throwers. The submarine was designed to approach an enemy vessel, put the ends of the “tubes” out of the water, and blow up the ship with a combustible mixture. In addition, he designed an airlock for aquanauts to come out of the submarine and to destroy the bilge of the ship. With the death of Peter I in January 1725, Nikonov lost his principal patron and the Admiralty withdrew support for the project.

The first American military submarine was Turtle in 1776, a hand-powered egg-shaped (or acorn-shaped) device designed by the American David Bushnell, to accommodate a single man. 

[image: image]

"Turtle," as drawn in 1875 from the best information the artist could gather. There are several important errors. It shows ballast tanks when there were none; it shows an Archimedes screw (helical) for locomotion instead of the propeller like the "arms of a wind mill" or a "pair of oars" described by Bushnell and others.

It was the first submarine capable of independent underwater operation and movement, and the first to use screws for propulsion., Yale graduate DAVID BUSHNELL built the first submarine to actually make an attack on an enemy warship. Dubbed the "Turtle" because it resembled a sea turtle floating vertically in the water, it was operated by Sergeant Ezra Lee. The scheme was that, it would be towed into the vicinity of the target; a foot operated valve would be opened to let in enough water to sink, the valve would be closed and it would be moved under the enemy by cranking the two propellers, one for forward and one for vertical movement. A drill would be turned by foot treadle like a spinning wheel" to drill into the hull, to attach a 150-pound keg of gunpowder with a clockwork detonator; the cranking would be done to get away. A foot-pump would be operated to get the water out of the hull and thus re-surface. In early-morning darkness on September 7, 1776, "Turtle" made an attack on a British ship in New York harbor, probably HMS Eagle. The drill may have hit an iron strap; it would not penetrate the hull. Contrary to most reports, the HMS Eagle of 1776 had not been fitted with a copper-sheathed bottom, so the drill did not penetrate. Lee became disoriented, soon bobbed to the surface and was spotted by a lookout. He managed to get away.

In the year 1797, ROBERT FULTON, a marginal American artist but increasingly successful inventor living in Paris, offered to build a submarine to be used against France's British enemy. Finally, in the year 1800, after protracted delays and several changes in government, Fulton was encouraged enough to build the submarine he called "Nautilus." It also had a sail for use on the surface and so was the first known use of dual propulsion on a submarine. It proved capable of using mines to destroy two warships during demonstrations. He made a number of successful dives, to depths of 25 feet and for times as long as six hours with ventilation provided by a tube to the surface. "Nautilus" was essentially an elongated "Turtle" with a larger propeller and mast and sail for use on the surface. In trials, "Nautilus" achieved a maximum sustained underwater speed of four knots. Fulton, given the rank of rear admiral, made several attempts to attack English ships, which saw him coming and moved out of the way. Relationships with the French government deteriorated; a new Minister of Marine is reported to have said, "Go, sir. Your invention is fine for the Algerians or corsairs, but be advised that France has not yet abandoned the Ocean." Fulton broke up "Nautilus" and sold the metal for scrap. He proposed an improved version, but, there are reports to the contrary, that it was never built. The name "Nautilus" was immortalized by Jules Verne in his 1870 novel, "20,000 Leagues under the Sea" and was given to several U. S. Navy boats – including the world's first nuclear-powered submarine, in the 1954 USS Nautilus. 
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This most commonly reproduced "Nautilus" was drawn two years before the submarine was built; Fulton added a deck and made a number of un-documented changes in the finished product. Illustrations, which show "Nautilus" with the hull-form and sail rig of a surface sailboat represent the never-built "improved" version.
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Year 1812-1815-operator with one hand on a tiller, the other on a crank to turn the propeller and drill bit. (From the note books, a design attributed to SILAS CLOWDEN HALSEY). A "water cock" and a "force pump" at the bottom of the boat and an "air tube to shove up when at the surface of the water." A "torpedo" is attached by a line to the drill.

During the War of 1812, in 1814 Silas Halsey lost his life while using a submarine in an unsuccessful attack on a British warship stationed in New London harbor.

In 1834 a Russian naval designer Karl Shilder built and tested an all-metal submarine in Saint Petersburg. His submarine was equipped by 6 Congreve rockets

The Submarino Hipopótamo was the first submarine in South America built and tested in Ecuador on September 18, 1837. It was designed by Jose Rodriguez Lavandera, who successfully crossed the Guayas River in Guayaquil accompanied by Jose Quevedo. Rodriguez Lavandera had enrolled in the Ecuadorian Navy in 1823, becoming a Lieutenant by 1830. The Hipopotamo crossed the Guayas on two more occasions, but it was abandoned, because of lack of funding and interest from the government.

1850-The German port of Kiel was under blockade by the Danish Navy, and Prussian army corporal WILHELM BAUER persuaded a shipbuilder to construct his design for a blockade-breaking submarine, which he called "Brandtaucher," (Incendiary Diver). The boat was made of riveted sheet iron, about the size and shape of a small sperm whale; propulsion was by a two-man-power treadmill which drove a propeller and a third crewmember steered. Buoyancy was controlled by ballast tanks, and trim was adjusted by moving a sliding weight along an iron rod.
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"Brandtaucher" was recovered in 1887 and is now on display in Dresden.

Year 1863- The propulsion remained essentially as ‘Muscle Power’ Hunley's New Orleans consortium built a second, slightly improved submarine, which may have been called "American Diver." McClintock spent some time and money trying to replace hand cranking with some sort of electrical motor, but without success.
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Phillips was granted a 1852 patent for a "Steering Submarine Propeller." The innovation: steering (as well as up-and-down movement) was controlled by a hand-cranked propeller on a swivel joint.

The "Flach" was commissioned in 1865 by the Chilean government during the war between Chile and Peru against Spain (1864–1866). It was built by the German engineer Karl Flach. The submarine sank during tests in Valparaiso bay, on May 3, 1866, with the entire eleven-man crew. During the War of the Pacific in 1879, the Peruvian government commissioned and built a submarine, the Toro Submarino. It never saw military action and was scuttled after Peru's defeat to prevent its capture by the enemy. 
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The propulsion still remained ‘Muscle Power’ the cross-section) clearly shows the tight working space inside.

The latter half of 19th century was the era of Hunley and warfare. The Hunley’s first crew was lost in August, 1863, the second in October, 1863 and the third crew was lost in February, 1864, after attacking the USS Housatonic. The Hunley was the first true submarine to successfully attack and sink a ship in combat. 

Following the Hunley’s, submarines, the submarines were not used in warfare until 1914. The submarines created after the Hunleys had many of the same features as the Hunleys. 
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