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1.  introduction


The purpose of the formation of LevTech is a cooperative design and production plan to bring to development a single person hover scooter, at a reasonable price, that meets safety standards and production requirements for widespread distribution. 

This hovercraft will be designed for a market of people from ages 12 and up, with parental supervision suggested for younger children. There are several such designs currently on the market, but as they are somewhat expensive, the goal of LevTech is to make this technology available to a broader range of consumers.

2. specifications

Size: 


The craft shall be approximately 5.5 feet long by 3.5 feet wide, with a height of about 3 feet. The un-laden weight shall be approximately 50 pounds. 

Cost:

The overall budget for the prototype of this project is $400, with $300 of that being contributed by our primary sponsor, Columbia University, and the last $100 being optional discretionary funds provided by the group members.

Power:

The craft shall draw both its thrust force and lift force from gas-powered lawn mower/leaf blower engines, with approximately 2.5 horsepower for lift and at least 5 horsepower for thrust. The output of the lift fan shall be fixed, adjusted to provide approximately 1/4" of ground clearance for the weight of the given rider. The thrust fan, mounted on the aft of the hovercraft, will be throttled by the user using a handle mechanism attached to the steering device.

Control:

The craft will be controlled by a rudder system comprised of two blades mounted on the rear of the thrust fan and mounted to the frame of the fan. The blades will be directed by the rider using a cable steering mechanism.

3. concept generation and selection

The method by which team LevTech came to decide on a hovercraft for our final project is the same method that will be used for all subsequent major decisions.  Each team member developed at least one concept for group review.  The respective merits and faults of each project were then weighed. Factors taken into consideration included ease of implementation, cost, usefulness, originality and the overall aesthetic of each idea.  Once discussion of each idea was completed, the number of ideas was narrowed based upon group consensus.  There was further discussion of the three final ideas, and of the final three ideas, the hovercraft was the only one that strongly appealed to all group members, and the design was modified to a rider-controlled craft.  All remaining decisions regarding design, control, aesthetic, and budget will be decided by group discussion and consensus.  In the interest of time, when consensus cannot be reached, all group members have agreed to abide by a majority rule vote.

4. parameter analysis

4.1 Skirt

The primary issues in Skirt material selection are weight, cost, flexibility, and durability. The skirt material must be flexible in order for the craft to overcome obstacles in its path, and must be durable to withstand the friction and wear of landings and takeoffs. The skirt material must also be reasonably airtight, without being so heavy as to become a major contributor to the overall weight budget. For these reasons, and due to research of existing designs, the material used for the skirt is nylon reinforced polyurethane from a two-person whitewater raft. It satisfies the key issues, as well as being of sufficient strength and durability to withstand extended use. It is also airtight, easily repaired, and cut-resistant.

4.2 Controls


Turning the hovercraft from side to side will be accomplished using a handlebar-rudder system.  A 2-inch PVC steering column shaft will be connected to a 1 inch PVC handlebar at the top.  The base of the handlebars will sit inside a hollow cylindrical piece of aluminum, which will be attached to the standing board from the bottom using screws.  Another once inch diameter PVC pipe will fit through the two inch piece towards the bottom of the vertical shaft, about four inches from the board.  Cable will run from this pipe straight to the back of the hovercraft.  Two rectangular rudders will sit behind the thrust fan.  The rudders will be attached using door hinges from their base to a small block of wood attached to the board.  A cable linking the two rudders at their tops will ensure parallel motion.  The cable will run to “eye” holes on either side of the rudders.  Depending on the height that this cable runs, PVC pipe may enclose the cable to prevent the user from tripping.

Fan speed for both lift and thrust will be controlled with a cable and lever.  The Briggs and Stratton lawn mower lift engine will be throttled using an existing cable.  The cable will run up the handlebars to the upper “T” section and be bolted through the PVC piping.  The cable will be securely attached to the vertical shaft using zip ties.  The same system will be used for thrust control.  The thrust engine will sit behind the user on a wooden support structure.  The thrust engine must be elevated to prevent the fan from coming into contact with the ground.  Lift

4.3 Lift Motor

The pressure of the air cushion required for lift was calculated to be .125 psi, by dividing the crafts laden weight of the hovercraft (350 lbs) by the cushion area (36 in * 78 in).  To estimate the cushion power consumed in generating hydrostatic lift, we used a plenum type model.
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Figure 1
In the figure above, the air cushion is contained between the ground, the base of the hull, and the skirt walls.  Air, with a mass density of (a, is pumped into the cushion and exits out through the “daylight gap” at the lower edge of the skirt with a velocity, Vc.  The design variables are Cushion Area (S), Cushion Perimeter (C), Daylight Gap (h), Cushion Pressure ((P), Discharge Coefficient (Dc), Gap Area (Sg = hC), Reference Velocity (Vc = (2(P/(a)1/2), Flow Quantity (Q = VcSgDc), and Ideal Cushion Power (Pc,i = (PQ).

Assume:

Pa = 1atm = 14.7 lbf/in2 = 2116.8 lbf/ft2
Ra = 53.3 ft(lbf/lbm(R

T = 75(F = 534.7 R

(a = P/RT = (2116.8 lbf/ft2)/[(53.3 ft(lbf/lbm(R)(534.7 R)]

(a = 0.0743 lbm/ft3 = 0.002309 slugs/ft3
Area of Cushion = 19.5 ft2

Laden Weight of Hovercraft = 350 lbs

(P = (Whc/S) = (350 lbf)/(19.5 ft2) = 17.95 lb/ft2
Vc = (2(P/(a)1/2 = [(2)(17.95 lbf/ft2)/(.002309 0.002309 slugs/ft3)]1/2 = 124.69 ft/s

Assume:

h = 0.25 in = 0.0167 ft

C = 23 ft

Dc = 0.95

Sg = hC = (0.0167 ft)(23 ft) = 0.3841 ft2
Q = VcSgDc = (124.69 ft/s)( 0.3841 ft2)(0.95) = 45.5 CFS = 2730 CFM

Cushion Power Pc,i = (PQ = (17.95 lb/ft2)(45.5 CFS) = 816.725 lbf(ft/s = 1.48 HP

Assume

(lift fan  = 0.7

(motor = 0.85

The fan then requires 2.11 HP

The total power needed for lift is then 2.49 HP

4.3.1 Lift Fan


The ideal lift fan has as many blades forcing air into the cushion as possible. This will continually force the air to keep moving under the craft, maintaining the pressure and resisting any tendency for air to flow back through the openings between the blades.  The casing of the lift fan is designed to be at tight a fit as possible, also to prevent the air from flowing back out around the edges of the blades of the fan.  For a given horsepower, the addition of more blades to the fan, the pitch of each blade has to be decreased so the engine can still spin up to speed.  An 6 blade, 12-inch fan will be adequate for our lift requirements.

4.4 Thrust

There are three horizontal forces present on the hovercraft during operation: the forward thrust force, the kinetic friction opposing it, and the air drag.  In order to determine the thrust force, Newton’s second law was used:
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represent mass, mass flow rate, velocity, volumetric flow rate, and density of blown air, respectively, and 
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the radius of the air outlet.  To determine the appropriate equation to use for air drag, Reynold’s number needs to be calculated:
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is the characteristic length corresponding to the craft body length and
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is the dynamic viscosity of air at 300K.  At Reynolds number greater than 1000, the following equation for air drag can be used (Vawter).
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 is the drag coefficient, 
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 the cross-sectional area exposed to air drag, and 
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the velocity of the craft at any given time t.  The value of 
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 largely depends upon the shape, velocity, and size of the object experiencing drag.  This value is difficult to determine, but using that for racing cyclist allows for a first rough approximation (Vawter).  The value of A was calculated using a simple 1.1mX1.6m plate approximation.  With that in mind, the net horizontal force on the body is
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where 
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 denotes kinetic friction between the skirt and the floor and 
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the weight of the entire craft.  If the skirt is completely off the ground at all times, 
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 would be zero, but due to vibration caused by the engine and the fan coupled with rocking caused by instability there will undoubtedly be some small value of 
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 (approximated as 0.04).  Note that the above equation is of the form,
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After solving this differential equation, the solution is
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where t is time and c is constant to be determined by boundary condition.  As t approaches infinity, the above expression simplifies to,
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which corresponds to the maximum speed that the craft can attain with a given set of parameters.  Plugging in the numerical values,
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 Note that the only unknown variables on the right side are 
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, both of which are dictated by the thrust fan to use.  McMaster has in stock a heav- duty centrifugal fan with two blades of radius 30 inches that can deliver 9500 cfm at a maximum rpm of 1750 that requires a 6hp engine with a direct drive.  In reality, an 6 hp engine will not likely be able to supply 6 hp to the fan, and an extra power must be added to compensate for the power loss.  Thus, we choose an 8 hp direct-drive engine.  Inserting these values into the equation above yields a maximum velocity of 17.0 mph.  


The vibration is an important consideration when the blade tip reaches the sonic speed.  At speeds greater than .92 mach the airflow begins to detach from the propeller which decreases efficiency and dramatically increases noise (Hoverhawk).  Higher than this speed, the blade tip could actually shatter.  Given our parameters, the blade tip velocity is,
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whereas .92 times the sonic speed is
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Our fan is within the appropriate bounds of speed.

4.5 Material Analysis

The biggest material stress concern for Cialatron involves the board on which rider (~200lbs), thrust engine/fan (~75lbs), and lift engine/fan (~25lbs) are secured to.  Of the several materials considered by the group, but plywood seemed the most powerful, lightweight, and inexpensive.  The worst stress case will be along the centerline of the board at the driver’s location.  Since shear stress can be neglected, the maximum stress will be found with the maximum moment.  The maximum moment can be found by…

M = P L / 4

Where P = 200 lbs and L = 72 inches.

M is then put into the maximum stress equation…

( = MY/I

Where Y = distance to neutral axis = (3/4”)/2 and I = bh3 /12.

The max stress comes out to be 535 PSI, which is significantly less than the yield stress of wood (4,350 PSI).  In conclusion, ¾” thickness plywood is strong enough to support the hovercraft’s loads.

5. final design

The design presented herein is for a single-operator hovercraft capable of 30 minutes of continuous operation on relatively smooth surfaces. The craft will be comprised of a platform, upon which the lift and thrust fans, heat shield, steering column, and seat will be mounted. This solid plywood platform will be mounted upon a plywood outrigger that shall extend 6” beyond the edge of the platform, and 6” under the platform. The purpose of the outrigger is a re-distribution of load, providing greater operative stability. The skirt, which shall be made of durable nylon, will be affixed to the outer edge of the outrigger, and to the underside of the platform, to form a ring along the profile of the outrigger. The skirt will have interior slits 1” in diameter, located symmetrically around the inside. The holes will be reinforced as necessary. 

The lift shall be supplied by a 2.8 Hp gasoline-powered engine with a vertical shaft, with an attached 12-inch diameter, 6-blade fan with square edged blades. The engine shall be mounted along the centerline of the craft, at the front edge to facilitate direct flow into the skirt cavity. The fan blade will be sunk into the frame of the platform for safety reasons. 

Directly aft of the lift fan, the steering column will be mounted vertically, also along the centerline. The mechanism will consist of an I-shaped bar, with handlebars on the top, and a second small crossbeam about 4 inches above the platform surface. On the upper handlebars, there will be a switch for lift fan throttle on the left hand side, and a lever-throttle for the thrust fan on the right side. The steering column will rotate, and be held in place by a single pin mechanism at its base. Connected to each side of the lower crossbar will be a cable, which will pass through an eye-screw, travel down the length of the platform, and attach to one of the rudders. Thus, twisting the steering column will pull the rudders either left or right.

The operator will stand behind the steering column, at the approximate center of mass of the unit, and will use their position and balance to control the stability of the craft.

Immediately aft of the operator and before the thrust engine, a Plexiglas heat shield will be mounted to protect the operator from the high temperatures of an operating engine. Behind the heat shield, a horizontal-shaft gas powered motor (specs TBD), will be housed, and will drive a two blade, 30-inch diameter propeller, with rounded blades, and an attached housing to increase safety. 

The dual rudders shall be attached to the rear of the thrust fan casing with hinges at the bottom of each rudder. They will be attached to each other and to the steering column as mentioned before using cables.

6. operation

Before the craft is used, safety checks must first be performed, which shall include inspection of heat shield and fan protective coverings, exposed wires, oil levels, and steering check. The craft should have both fuel supplies full. Once all appropriate safety equipment has been put on (helmet, pads, etc), the operator will then turn on the engines, first the lift, then the thrust, then will mount the craft, with another person holding the craft steady. The operator will adjust the power to the lift engine until the craft has attained an acceptable ground clearance of approximately ¼- ½ inches. The operator will then adjust thrust power as desired and steer using the handlebars for the duration of the operating cycle.

7. problem analysis

7.1 Stability

As a mechanical balancing system is beyond current budgetary and time restrictions, we will utilize the operator’s balance as a stability control system. To aid in this endeavor, the hovercraft shall be equipped with an outrigger system to distribute the load over a broader area, thus increasing the overall rotational inertia and increasing stability. Should this system prove inadequate, a set of counterweights shall be applied to the platform.

7.2 Control


An adequate control system is vital to the operation of the Cialatron.  The mechanical advantage inherent to the steering system discussed previously will help younger operators control the rudders and thus the direction of motion. The two engines will have individual throttles, increasing operator control over all aspects of operation. The rudder blades may be lengthened if needed to provide greater steering control.

7.3 Safety


Safety is a primary concern of LevTech. For that reason, the operator will be protected from the blades of each fan by either a casing or a metal screen, and will be protected from the heat of the thrust engine by a heat shield mounted immediately adjacent to the thrust engine. To secure the fan and propeller, which will be turning at very high RPM, we will utilize shaft collars with strong keyholes to secure the fans to the shafts.  Additionally, an automatic cutoff switch will sever power to the lift and thrust motors, which will stop the Cialatron if the user were to fall off.
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9. appendices

See Attached

9.1 Safety Waiver and Release Forms

9.2 Computer Aided Design Figures

9.3 Budget Forms
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