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Summary: Nikola Tesla (1856-1943) made numerous inventions and discoveries in various fields, from transmission of electrical energy, fluorescent lighting, wireless transmission and remote control to numerous applications of high-frequency currents in industry and medicine and peculiar inventions in the field of mechanical engineering and aeronautics. One of his inventions ( which differs considerably from everything else this great scientist and inventor dedicated the largest part of his creativity to – was a fountain. The abundant documents in the archives preserved in the Nikola Tesla Museum in Belgrade demonstrate Tesla’s great engagement in this ( at first glance less significant ( segment of his creative activity. This paper presents the original design of Tesla-Tiffany cascade fountain, as a result of Tesla’s creativity in field of mechanical engineering. Using the original sketches, technical drawings and some calculations related to the dimensions of fountain elements, the authors analyze and describe his designs of fluid propulsion and flow. In addition, the paper gives some recent calculations as a comment and contribution to Tesla’s original design, in order to present some modifications and improvements in his construction. CAD models based on original variants of fountain and its components are also presented.
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1. INTRODUCTION
Tesla’s abundant and interesting creative activity in the field of mechanical engineering has only sporadically been quoted in the greatest number of biographical depictions of his life and opus. Accordingly, such terms as e.g. turbines, pumps, fountains, speedometers or aeroplanes, often act confusing even on a connoisseur, deemed to be at least averagely informed about Tesla’s inventions and discoveries. Nikola Tesla devoted himself to machine engineering at the beginning of the 20th century, at the time when his grandiose Long Island project failed, due to the lack of funds. He desperately needed a new invention at the time, similar to the induction motor, required by the industry, of a simple construction and cheap to produce, in the order to fund his further research. Next twenty years of his life Tesla dedicated exclusively to researches in the field of mechanical engineering, making also use of his inventions in the field of alternating currents (motors and generators) in order to secure the necessary funds [1].

Thanks to his specialist knowledge and exceptional creativity he was able to solve some technical problems in mechanical engineering and to realize a wide range of new inventions and constructive solutions based explicitly on physical laws. One of Tesla's solutions in the field of mechanical engineering, less known until now, is his patent for a fountain. This invention differs from customary solutions applied to fountains and aquariums of the time, where the fluid was sprayed or jetted with appropriate devices for decorative purposes [2].

2. TESLA'S FOUNTAIN AND COOPERATION WITH TIFFANY STUDIOS
The Tesla fountain, a completely new type for that time, had to introduce a new type of beauty, which relied principally "on a fascinating spectacle of the large mass of fluid in motion and the display of seemingly great power". Water or other fluid would be lifted from the fountain receptacle to the horizontal flared out top of conduit, to overflow it in the form of a unique circular cascade, making a splendid sight for an observer’s eye. By applying only 1/25 of a horsepower (~30W) to the shaft and assuming a lift of eighteen inches (~45.7cm), more than one hundred gallons (~378,5l) per minute could be propelled to flow over the flared top of conduit, one foot in diameter with the depth of the overflowing fluid of approximately one-half inch (~1.27cm). As the circulation would be extremely rapid the total quantity of liquid required would be comparatively small [3].
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Fig. 1 The circular water cascade at the top of the overflow

The new type of fountain would allow for «realization of beautiful and striking views through additional colourful illumination and the disposition of voluminous cascades», with relatively low consumption of energy. Tesla’s application for his model of fountain was filed at the United States Patent Office on October 28, 1913, and the letters patent No.1.113.716 was issued one year later, on October 13, 1914. Over more than eight years, with shorter or longer breaks, Tesla developed numerous models of fountains, but without significant commercial success. The preserved archive documentation, e.g. general designs, technical drawings, calculations, correspondence with companies and individuals, magazine articles, various brochures and the like, provide an insight into the scope of his research in this field of mechanical engineering.
After submitting his patent application for "certain new and useful improvements in fountains" at the end of October 1913, Tesla started searching for the ways and options to realize his invention. He offered the model of his cascade fountain, based on the new principle, to Louis Tiffany, inventor of a special stained glass technique, famous designer and the owner of Tiffany Studios. The review of the preserved archive documents (letters from the correspondence between these two important men and between Tesla and Tiffany's associates, as well as calculations, drawings of the fountain and other documents), shows that this cooperation lasted from December 4, 1913, to January 9, 1916 [4].

At the end of 1913 and the beginning of 1914 Tesla intensively cooperated with Joseph Briggs, Manager of Tiffany Studios, on the development of particular structural parts of the cascade fountain and the manner of its illumination. Joint venture was formalized by signing a contract on business cooperation between Nikola Tesla and Study Tiffany on February 17, 1914. For the Tesla – Tiffany cascade fountain Tesla elaborated a complete design of the plant and its components. He also specified characteristics of the propelling motor and proposed a very interesting solution for complete electric illumination. 
[image: image3.jpg]



Fig. 2 Vertical cross section of Tesla-Tiffany Cascade Fountain, 
New York, December 22, 1913

For circulation of water and creation of “the fascinating spectacle of a large mass of fluid in motion”, the classic propeller was planned, with blades directly fixed to the driving shaft of electromotor. The driving assembly was placed vertically along the central axis of fountain in the interior of the elevated conical overflow. In the design of this fountain Tesla did not make use of his new principle of energy transmission from the fluid and to the fluid i.e. of his invention of a turbine with bladeless discs, patented on May 6, 1913.

For the illumination of the fountain and realization of a more beautiful and more fascinating spectacle Tesla used different automatically controlled coloured lights. Electric lighting of Tesla – Tiffany cascade fountain consisted of two lighting systems independent from one another, differing in number and power of electric bulbs used. One system, installed on the outer side of the fountain, was composed of four sets, two bulbs of different colours in each, distributed at an angle of 90º and placed vertically under the top of the elevated conical overflow. Two sets had blue bulbs while the remaining two were equipped with violet and yellow-green bulbs, respectively. The other lighting system was placed in the interior of the fountain, under the glass bell of a particular design. This system consisted of three bulbs of greater power, distributed at an angle of 120º and installed horizontally above the driving assembly of the fountain in the middle of the elevated conical overflow. A circular glass plate, composed of nine equal segments, was placed above the horizontally built-in bulbs. Each one of these segments was of stained glass: yellow-green, blue or violet. The glass segments of the same colour were fixed at an angle of 120º, thus forming a uniformly coloured set.

Alternation of colours of electrical lighting during the work of the fountain, as requested by Louis Tiffany, had to be realized according to the following sequence: beginning from the yellow-green the colour had to be changed into blue, from blue to violet, from violet into blue and finally from blue into yellow-green. The time required for these alternations had to be about three minutes.
Though the cooperation between NikolaTesla and Louis Tiffany ended without the realization of planned projects and expected commercial success, it represents a part of Tesla’s opus in the field of fountains and makes evident his broad interests, extreme creativity and ease in solving complex engineering problems in his own, original way.
3. CALCULATIONS OVERVIEW WITH 3D MODELS
Starting point for hydraulic calculation of fountain will be the weir height, denoted as h in Fig 3. Flow over weirs is very complicated in nature because various complex phenomena are present: streamlines curvature, recirculation flows, dominant effect of inertial forces, etc. In this paper simplified hydraulic calculation is considered, based on engineering principles which are simplified theory corrected by experimental  data [5]. Based on original drawings and fontain dimensions, we may assume that weir height is h = 1 cm . Now the volume flow rate over weir is determined by following equation:
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where Cd is discharge coefficient and g  is gravitational acceleration. Discharge coefficient is complex function and it depends on Reynolds and Webber number and also on weir shape. It is determined experimentally and in literature values are known for other types of weirs, like crested weir, V shaped weir, trapezoidal weir, etc. For type of the weir on the fountain there are no data in literature, but based on other similar types it can be estimated that it’s value is Cd = 0.85.
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Fig. 3 Sketch of the weir of Fountain
Now it possible to calculate volume flow rate using previous equation and it’s value is Q = 4.182 lit/s . With this flow rate average fluid velocity over weir can be calculated using the equation:
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and it’s value is u1 = 0.532m/s . Now the the pump head can be calculated using famous Bernoulli equation, written for water level in lower reservoir of the fountain and the weir. The equation is:
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where ( is kinetic energy correction factor (Coriolis coefficient) and Hl  is sum of all head losses. Head losses are usually expressed in terms of fluid kinetic energy, like Ku12/2g, where K  is head loss coefficient. Based on geometry of fountain and it’s dimensions, and velocity distribution in the weir cross section it can be estimated that K(= ( + K ( 5, and it follows that value of pump head is Hp = 0.53m. With some standard value of efficiency factor of pump (p = 0.8 it can estimated that power needed for work of the pump is  P = ( g Hp Q /(p = 30W. It can be concluded that power needed for pump drive is relatively low, which is expected if we have in mind that lift of the fountain is only H = 0.51m . Based on data for flow rate and pump head we can choose appropriate pump for this fountain from catalogs of pump manufacturers.
Concerning the calculation of transmission mechanism for lightening system, we can say that main goal was to reduce nominal rotational speed of electric motor from nem = 1150min-1 to requested nex = 0,28min-1 for driving of lighting system. For this purpose Tesla had constructed a transmission system that consists of four stage gear reduction, with 96 and 12 tooth cylindrical gears and gear ratio i = 8 for each stage. Taking into account a friction torque loss during the rotation of lightening mechanism, we could calculate electric power for driving this mechanism [6]. Preliminary calculation of electric power needed for the transmission system gives us insignificant energy loss (less than a 1 mW) compared with hydraulic part, due to a very small dimensions and light gears material such as negligible external load.
At the end of this paper, the Fountain CAD model was made using CATIA V5 software tool [7], where complete Assembly such as driving mechanism were designed as shown in Fig. 4.
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Fig. 4 CAD Model of the Fountain and driving system with electric motor
4. CONCLUSION

This paper is an attempt aimed to present the Tesla-Tiffany Cascade Fountain as an example of Tesla’s reseach creativity in field of Mechanical Engineering. Based on materials from Nikola Tesla Museum with original sketches, technical drawings and some calculations related to the dimensions of fountain elements, authors analyse the last variant of fountain and its components focused on calculation and energy loss aspects of its operating. Even it was not the main objective of the paper, here is presented the CAD model of the Fountain where its assembly with driving and transmission mechanism could be observed. For further investigation of this Tesla’s inventions in field of Mechanical Engineering, authors attend to continue analysis of few other transmission and shape variations in order to present some modifications and improvements in his construction and also to made CAD models based on original variants of the Fountain.
LITERATURE
[1] B. Jovanovic. (2001). Tesla – Spirit, Work, Vision, Freemental, Belgrade.
[2] Tesla III Millennium, The Fifth International Conference, Proceedings, 15-18.10.1996. Belgrade,    

[3] Nikola Tesla. (1996). Patent IV, Institution for Textbooks and Teaching instruments, Belgrade.
[4] Tesla's  Fountain. (2007). Nikola Tesla Museum, Belgrade.
[5] White, F.M. (2003), Fluid Mechanics, McGraw Hill.
[6] Decker, K.H. (1995), Maschinen elemente. Hanser Verlag, 677 S.
[7] Hoffmann, M., Hack, O., Eickenberg, S. (2005). CAD/CAM mit CATIA V5. Carl Hanser Verlag. München, Wien.
HERE WILL BE LOGO








� Assistant Professor, Aleksandar Marinković, Belgrade, Mechanical Engineering Faculty University of Belgrade, Serbia, amarinkovic@mas.bg.ac.rs


� Teaching and Research Assistant, Aleksandar Ćoćić, Belgrade, Mechanical Engineering Faculty University of Belgrade, Serbia, acocic@mas.bg.ac.rs


� Museum Curator, Bratislav Stojiljković, Belgrade, Nikola Tesla Museum, Serbia, bratislav.stojiljkovic@tesla-museum.org


� MSc student, Milan Vulićević, Belgrade, Mechanical Engineering Faculty University of Belgrade, Serbia, v_milance@hotmail.com





2
3

_1364304463.unknown

_1364304706.unknown

_1364290983.unknown

