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Synopsis 

This thesis describes some of the processes and results obtained during the design and 

prototyping of a single seat experimental aircraft.  

The major aim was to maximise the Triaviation score of the aircraft. This score is a 

combination of the top speed, the stall speed and the rate of climb.  

The aircraft has been designed constructed, inspected and flown.  

The process of designing and prototyping is outlined in this thesis. Details are provided 

regarding preliminary design, numerical optimisation and the process of building the 

prototype. 

The aircraft registered VH-ZYY is a shoulder wing monoplane using a Continental IO-

240 aircraft engine. The aircraft has a high power to weight ratio and light wing 

loading to assist it to climb well and fly slowly. Full span flaperons are used to 

increase the maximum coefficient of lift at the stall. The primary structure is 

aluminium with a carbon fibre and nomex cored cowl. All steel components have been 

formed with 4130 chrome molybdenum aircraft grade tubing. All hardware uses AN 

specification parts. VH-ZYY is registered in Australia as an Experimental aircraft. 
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1 Introduction 

Many texts and references refer to aircraft design as an iterative process. At the start of this exercise the 

author had no idea as to the significance of this statement. Weight minimisation has been the major 

focus during the entire process. This endeavour has been the single most difficult and expensive 

outcome to achieve. Often a part could be made thinner and weigh less though new materials would 

need to be purchased. Often the lighter the parts the greater the work required to build them. The quest 

for weight reduction often required that the ultimate load on most parts are know but the historical rules 

of thumb for sizes are often over estimated and hence over weight. Often when the analysis for the 

minimum skin thicknesses was carried out the values obtained were so thin that they needed to be 

chosen considerably thicker to use standard sizes and to be able to be handled during construction and 

operation.  

Many decisions have been made that compromise the aim of the triaviation score maximisation.  

1.1 Triaviation Competition 

 

The Triaviathon record is designed to reward the designer and pilot of an aircraft that performs with the 

best combination of top speed, stall speed and rate of climb. These three parameters are mutually 

conflicting design requirements. To achieve a high top speed a small wing and large engine are needed. 

To obtain a low stall speed the wing needs to be a large span and large area shaped to give a high 

coefficient of lift. High power and light weight are needed to get the maximum climb rate. 

 

Figure 1.1 Triaviation Trophy. [www.cafefoundation.org] 

Figure 1.1 shows the trophy that the designer and pilot who have beaten the existing record have their 

name engraved on. Beating this record can lead to significant improvement in the safety of sport 

aviation. As this score improves the stall speed of the piston driven aircraft is reduced while the rate of 

climb and top speed are maximised. By including the stall speed in the formula makes the aircraft safer 

to operate as a reduction in the stall speed decreases the landing speed of the aircraft. 

1.1.1 Triaviation score History 

 [www.cafefoundation.org] describes the history of the Triaviation event. Initially it was thought to be 

an annual event with the score slowly being incremented. The initial competition was dominated by 

Vans aircraft and a modified RV4 sold as a Harmon rocket held the initial record. Sanders shattered the 

record with an exceptionally light weight powerful RV4 to such an extent that the record has not since 

successfully challenged. 
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1.1.2 Scoring Formula 

The competitors in this event have the aircraft instrumented to record the manifold pressure, altitude, air 

temperature and air speed. . [www.cafefoundation.org] 

Two flights are performed to record the stall speed, Vso, rate of climb, ROC and the top speed,Vmax. 

The rate of climb is converted to equal the rate of climb from two thousand five hundred feet to three 

thousand five hundred feet on a standard day. The top speed is taken as the maximum speed at six 

thousand feet pressure altitude. 

The score is =  28110625 x (Vmax x ROC)
2
 

  (4100625 + Vso
4
) x 10

9
 

 

 

1.2 The CAFE Foundation  

[www.cafefoundation.org]. The Comparative aircraft flight efficiency foundation is a not for profit 

organisation that measures and publishes aircraft performance data. 

1.3 Objective of the project 

The ultimate objective is to design, construct and test fly a single seat aircraft. Such a project can be 

broken down into a number of steps: 

1 Preliminary design.  

Determination of the major dimensions and performance envelope desired. 

 2 Selection of key components 

Due to the small size of the aircraft, selection of the engine has a large effect on the overall 

configuration. Wheels brakes and landing gear configuration were consequently chosen. 

 3 Manufacturing considerations 

The initial design shows a need for complex shapes made of composite materials. An 

aluminium wing and fuselage was more suitable within the time and financial 

constraints.  

 4 Iterative design 

Once a particular component was manufactured, actual measurements were used to 

recalculate for the redesign of the next components. The weight was most notable 

variable between the estimated value and the actual.  

 5 Parts Manufacturing 

Individual components were either made from own design or purchased as standard 

items. 

 6 Integration of the components and parts  

This stage was the equivalent of building a kit aircraft where all of the components 

were assembled and fitted together. 

 7 Selection of avionics 
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The avionics were selected and installed in the aircraft to allow data collection as well 

as flight control. 

 8 Inspection 

An approved person from the Sport Aircraft Association of Australia inspected the 

aircraft and issued a special certificate of airworthiness.  

 9 Flight testing 

The aircraft is test flown after all the necessary documentation has been satisfied. 

 10 Aircraft performance evaluation  

Flight test data is used to determine the success or short fallings of the design. 

 11 Modification as necessary. 
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2 Design 

2.1 Design approach. 

 

Most aircraft that compete in this event are highly modified kit aircraft with high 

performance engines. The approach taken here was to design and build a small, light 

weight aircraft with a hundred and twenty horse power engine and very small size. The 

design goals of Vso of 45 mph Top speed of 250 mph and rate of climb of greater than 

two thousand feet per minute are ambitious for a low horsepower aircraft. 

2 Preliminary Design 

The progress of the preliminary design will now be outlined. 

2.1 Preliminary Design by Nomogram 

This was performed by following the methodologies as detailed by Crawford [1986]. Seven 

parameters are used at this stage to calculate the complete performance of the aircraft: 

Gross weight 

Drag area 

Wing span 

Wing area  

Maximum lift coefficient of the airfoil 

Engine horsepower 

Propeller Diameter 

 

These seven parameters were then used to calculate the complete performance of the 

aircraft. This methodology was applied to a two seat aircraft, a Vans RV6A, which has 

well documented performance [WWW.Vansaircraft.com] as shown in Figure 2.1 This 

led to a nomogram of a two seat aircraft the vans RV6A. 
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Figure 2.1 Example of aircraft design Nomogram 

The next nomogram was that of half an RV6A decreasing the drag, wing area and 

horse power. This made the aim of beating the existing triaviation record seem not 

only possible but also simple. After this started the process of optimisation. When the 

gross weight went down the score went up and so it progressed as the design variables 

became more of a number and less a practical reality. If a greater maximum lift 

coefficient is needed a better flap is added. If more power with less weight the modern 

high power two stroke engines were available and the paper was clean so anything 

could be chosen.  

At this time the numbers became less and less real and the link between the actual 

aircraft and the numbers became almost intangible. This led to the major questioning 
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of what is it possible to build and how light can it practically be? What actual 

maximum lift coefficient can be achieved? This changed the perspective a lot and 

showed how the modelling and the reality is very difficult to correlate and even harder 

to predict before the prototype is operational. To obtain a basic performance estimate 

an average of two hours was required to process a single data point. 

2.2 Preliminary Design by spread sheet 

The spreadsheets initially used were simply placing the equations used in the 

nomograms by Crawford[1986] into a spreadsheet to reduce the time required to get a 

performance estimate. This also had the advantage of determining an actual triaviation 

score. These early spreadsheet calculations were still based on the same seven input 

parameters that were used in the nomograms. This allowed a simplistic approximation 

of the drag polar to be determined and with the lack of any feedback of measurements 

from flying aircraft the maximisation of the score always appeared easy.  

The spreadsheet is an invaluable tool for analysis of preliminary aircraft design. The use of more 

complex design formula led to the adaption of an existing aircraft optimisation software package to 

include the triaviation formula.   

2.3 Preliminary Design by numerical optimisation 

The majority of the optimisation was done using Bates [1999] Airplane software. 

Typical input and out data from this software is shown in section 8.2. This software 

was customised by Bates [1999] to allow the triaviation score to be an input as the 

parameter to maximise. Usually the maximum speed is selected as the output 

parameter. The software changes the input parameters and notes if the value to be 

optimised is higher or lower. If higher the input values and then changed again by a 

small amount. This application often runs for several thousand iterations to determine 

suitable input parameters to choose a maxima. The input starting point must be varied 

to ensure that a local maximum had not been converged on rather than a global 

maximum. Initially the software could take two to three days for it to converge on a 

solution. 

As components were constructed and defined as accurately as practical and entered 

into the software by limiting the range of size to a window about one percent different 

from the manufactured component. This allowed each output to show if the made part 

was larger or smaller than the optimum value. With the exception of the aspect ratio 

tending to a value of eight most other values tended to the limits. Pazmany [1986] 

provided the only explanation for this and suggested that eight was the optimum value 

for structural efficiency in light aircraft. No justification was supplied.  
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The major disadvantage of this software is that the calculation path or relationships 

used are not defined.  

The use of this software to optimise an existing design is its main strength. With all of 

the efficiency factors set to give matching output and measured values results in 

accurate simulation of changes.   

 

2.4 Preliminary Design using PDQ 

Late in the design process Airplane PDQ software was purchased. This software 

allowed a review of the design. The output files, shown in section 8.3 include design 

reviews that assist with many parameters that Airplane does not. The advantages 

include a review of parameters including line of site for the pilot, landing angle. These 

provided a good chance to review the overall design. 

The detail of this output shows that the actual empty weight of 649 pounds is under all 

of the weight approximation methods other than the Cessna method. This suggests that 

the efforts during construction have been successful to reduce the aircraft weight. 

 The centre of gravity limits report from PDQ show the FWD centre of gravity as 

%63.76 of mean aerodynamic chord. Aft centre of gravity is %16.43 of mean 

aerodynamic chord and neutral point is at %49 of mean aerodynamic chord.  This 

result indicates no usable centre of gravity range and a totally unstable aircraft. This 

conclusion is not supported by other models. This could be a software deficiency due 

to the fully flying vee tail. Details as to the calculation path that generates the results 

are not available to the user. 

Stall speed as an output from the PDQ software with 45 degrees flaps and full power 

on indicates zero knots. This is not probably correct. It indicates that the aircraft is 

almost ballistic and can hang from its propeller. While theoretically possible it is not 

suggested by any other modelling. 

The PDQ model must be inaccurate in as much as the exact airfoil was not chosen so a 

close airfoil was selected in this model. 

2.5 Comparison to other aircraft 

The aircraft was initially based on the combination of a Davis DA9 and a Cassutt 

racer. The tail mixer was used from the Davis DA2 was used rather than the mixer 

initially designed and built due to its more elegant design and greater stiffness with 
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lower weight. The vee tail mount is similar also to the Davis using the same bearings 

and support tubes. 

Mendenhall [1994] shows air racers from the 1909 to the nineteen nineties. The sizing 

of the aircraft designed for this thesis is about ten percent bigger than the formula one 

racers shown in Mendenhall [1994], with a similar front section to the Cassutt, The 

Wing aspect ratio and plan view is similar to the MACE R1 as drawn by 

Mendenhall[1994]. 

The original intent was not to have the pilot seated like in a Cassutt racer though due to 

centre of gravity constraints the seating configuration was changed to be similar to the 

Cassutt.  

The Cassutt racer however has a smaller engine, exhaust stubs rather than an exhaust 

system, a fixed pitch prop, a rectangular planform wing and a wooden wing with fabric 

and steel fuselage. 

The Davis DA9 is a much smaller aircraft with very high power to weight ratio. It has 

a reclined pilot position with a very small cockpit, rectangular plan form wings tricycle 

undercarriage and no high lift devices. 

 

3 Detail design and manufacture of some of the key 
components 

3.1 Engine mount 

The engine mount was based on a design published by Bingelis [1983]. This mount was for the 

Continental O 200 which is very similar to the engine used. As it is common for 

aircraft that race to experience cracking on the engine mounts and fuselage attack 

points it was analysed. This analysis is shown in appendix 8.4. Dreyer [2000] 

performed the analysis. Input loads for the model were determined as the engine load 

in a nine g pull up with a factor added for the gyroscopic loads of the propeller. The 

structural shape and material sizes were inserted into Space Gas software to determine 

buckling loads and forces on the firewall. Based on the output and discussions with 

other structural engineers the engine mount tubes were sized. 
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The Author then constructed the jig to build the mount and constructed the mount to 

the point of the final welding which was done by a certified aircraft welder. The mount 

was painted white to make crack detection easier. 

Once the engine was hung on the mount it was found that the nose down pitch of the 

engine was excessive. On further analysis it was found that the deflection was allowed 

due to the engine rotating about the lower two mounts and a flexing outwards of the 

upper two engine mount tubes. This motion was not allowed in the Space Gass 

modelling though was possible due to the flexibility of the engine vibration isolators. 

To counter this static deflection a 4130 steel strap was added between the front of the 

bolts going through the engine vibration isolators. This strap stops the outward 

deflection of the top two tubes and hence greatly decreases the nose down deflection of 

the engine. 

During final assembly the engine mount was shimmed to final location with washers.  

3.2 Plenum chamber 

The plenum chamber was constructed from soft 6061 T0 aluminium for ease of 

shaping. The use of the plenum chamber decreases the cooling air loss that bypasses 

the baffling in a typical aircraft engine installation. The baffle was constructed early in 

the build as it was used to duct cooling air to the engine as it was run on a dyno in the 

engine lab at UWA.  

The plenum has been adhered to the engine in many places with high temperature 

Silastic to decrease the air escaping from the inside of the plenum without passing 

through the engine cooling fins. The intake ducts from the cowl have rubber seals 

attached inside to improve the pressure recovery in the plenum. The disadvantage of 

using a plenum is that it adds weight and makes it harder to service the engine. The 

drag reduction from minimising the cooling air drag should make the extra effort 

worthwhile. However the benefit of drag reduction can only be proven by comparison 

with a system without the plenum. The installation is shown in Figs 3.2.1 to 3.2.4. 

 
Figure 3.2,1 Plenum chamber installed on engine 
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Figure 3.2,2 Plenum showing starboard cooling air intake and intake manifold 

 

 

 
Figure 3.2,3 front baffle of plenum and port intake 

 

 

 
Figure 3.2,4 Rear view of plenum chamber showing air duct for oil cooler 

3.3 Propeller  

Once the engine was selected a propeller needed to be selected. Extensive testing on 

this type of engine for Eagle aircraft, Davies [2001-8]which shows :  

a) The Cam profile was used off a larger engine that was used only with constant speed 

propellers. This led to a torque verses rpm curve that is not suitable for use on a fixed 

pitch propeller installation. The power drops off rapidly when the engine is loaded by 

the propeller at less than full rpm. Due to the limitations of the cam shaft profile in the 

engine the aircraft needed to have a variable pitch propeller. 



18 

 

b) The intake system is very in efficient.  

c) About one inch of mercury manifold pressure can be gained by a forward facing ram 

air tube.  

 

Computer modelling of performance data showed a distinct advantage to have a 

constant speed propeller to maximize climb rate, top speed and get what thrust is 

possible within the manifold pressure limits at stall speed. 

Products that would be suitable were investigated.  

3.3.1 Variprop 

A Variprop was originally chosen due to its availability at no cost. This propeller 

operates by a hydraulic system to rotate the blades of the propeller. Unlike most 

variable pitch or constant speed propellers this particular propeller does not use engine 

oil to supply the pressurized oil. It uses an externally supplied sealed system with a 

rotational coupling and a threaded hydraulic master cylinder to adjust the pitch. The 

cockpit control was missing. Efforts to track the original manufacturer proved 

unsuccessful. It was determined that the propeller was suitable up to about one 

hundred horse power, Sport Aviation [1993] when the engine purchased is one 

hundred and twenty horse power. The Variprop Company closed due to lack of sales 

and a cockpit control was not located. [rec.aviation.homebuilt] Another alternative was 

needed. 

3.3.2 Ivo Prop 

Ivo Prop propellers are advertised as the world’s biggest selling propellers. Kitplanes 

[2005]. They can be configured as ground pitch adjustable or electrically adjustable in 

flight. They are an unusual design as twisting the blade at the tip varies the pitch. The 

root of the propeller being fixed and a steel bar attached at the tip of the propeller is 

rotated inside the blade.  

 

These propellers are widely used on ultra lights, powered parachutes and small slow 

aircraft. 

However no efficiency data are available for these propellers. 
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Figure 3.3.3.1 Factory ivo prop connection of the slip rings [WWW.IVOPROP.COM] 

 

3.3.3 Modification of propeller installation 

3.3.3.1 Slip rings 

Fig 3.1 shows the standard connection of the electrically variable pitch propeller to the 

crankshaft. At the right hand side of the image the original slip rings and Teflon 

insulators are clearly visible above the brushes. These slip rings were not used on this 

installation. Several factors led to this decision. Observing the amount of deflection of 

the teflon insulators during torquing of the propeller attach bolts showed a large 

amount of deflection. With consideration of the failure mode of the propeller due to 

torsional vibration and rapid brush wear an alternative method to provide the electrical 

power connection to the propeller hub was sought. The solution implemented was to 

use slip rings on the crankshaft of the engine. This had the advantage of reducing the 

weight of the installation, substantially reducing the diameter of the slip rings giving a 

much lower speed at the brushes at maximum rpm. The disadvantage is that the 

electrical connections are no longer simply a bolt on unit and service to the propeller 

takes about an extra hour. The electrical leads now pass through the crank flange to the 

new slip rings.  
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Figure 3.3.3.1 Slip rings cast onto crankshaft by author 

The new slip rings are based on an epoxy insulator that was cast onto the crankshaft 

using a custom made mold. The slip rings were then fabricated from brass and rolled 

and inserted into the epoxy insulator and the ends of the rings were soldered. The brass 

rings were then set in epoxy to stop motion in the insulator. The brass rings and the 

insulators were then skimmed and dressed with the engine running to get them running 

true. The original brushes and mount were used with a new mounting system to the 

engine, as seen in figure 3.3.3.1. 

3.3.3.2 Solenoid addition 

Future modifications should include the manufacture of a solenoid activated brush to 

only have contact with the slipring during the time the electrical motor is activated. 

These would be powered from the existing wiring and would effectively replace the 

springs holding the brushes in. 

3.3.3.3 Elimination of Teflon spacers 

The Ivo prop Magnum as installed was purchased second hand and new blades were 

required as this is a tractor installation and the old blades were for a pusher with more 

horse power.   

This propeller is an unusual choice. It must be cut down to allow maximum static rpm 

to be redline rpm at fine pitch setting. Many engines that are larger capacity four 
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strokes without propeller speed reduction units tend to break these propellers. (Hence 

the cheap second hand propeller that has not flown.) The aircraft engines that break 

them are usually O-320 or larger (320 cubic inches with opposing cylinders) and 

pushers rather than tractors. This installation is a tractor with a 240 cubic inch engine 

so it is expected that the impulses will be substantially less than the installations that 

sometimes fail.  

It is the authors’ opinion that the propeller may be failing partially due to the slip ring 

installation as seen in figure 3.1. The slip rings are insulated with Teflon sheet and 

insulators around the bolts. The first sign of failure is the motion of the blades in the 

hub. This is detected by stainless steel tape breaking between the hub and the filler 

sections. This indicates motion between the hub and the blades. The author suggests 

that the load on this junction has been increased by adding the flexibility and leverage 

of the slip rings and their insulators. The engine may be increasing in speed as the 

piston fires until the insulator is compressed adding to the impulse on the blade. This 

combined with the propeller transiting the downward accelerated air off the back of the 

wing in a pusher installation is then allowing a torsional resonance leading to 

premature failure if flown beyond the point of the blades loosening. It is therefore 

essential to check that the stainless steel telltale strips are intact prior to each flight. 

3.3.3.4 Extra Large Spinner 

The pitch profile of the propeller is not ideal. The theoretical thrust of the inner section 

of this propeller is negative. That is the pitch near the spinner is not adequate to 

overcome the forward speed of the aircraft and hence produces drag to the engine and 

negative thrust at the inboard section. The Magnum model has more pitch in this area 

than the standard model, hence this blade was chosen when the design limits better suit 

the standard model. Due to the increase in the minimum pitch the propeller length is 

reduced more. This is a theoretical advantage allowing more rpm without the losses 

associated with the propeller tips approaching the speed of sound. The decrease in 

propeller diameter also allows for shorter gear legs, decreasing drag and increasing 

theoretical top speed.  

The negative thrust of the inboard section of this type of propeller was widely 

discussed amongst builders. [rec.aviation.homebuilt] This is the case for many 

propellers and is minor as the outer section is the portion of the propeller that is the 

most efficient. The extra large spinner was chosen to minimize the negative thrust by 

keeping more of this section inside the spinner where the air is mostly moving around 

with the rotating propeller and the spinner. The negative thrust section does create 
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turbulence in front of the engine cooling air intakes. The effect of this has not been 

investigated. 

The propeller is installed inside a thirteen-inch diameter spinner purchased from Vans 

Aircraft. The engine cowls were designed to suit this spinner.  

 It is expected that the power available at any pitch setting should give enough thrust to 

do a missed approach or a go around in the event of a brush failure or electric motor 

failure. This is yet to be tested. 

This propeller can be assembled as a two or a three bladed propeller. It is installed as a 

two bladed variable pitch installation, ie no speed controller or governor is installed to 

automatically control the pitch to set the engine rpm, Such a device would decrease the 

pilot workload though adds weight complexity and cost.  

Computer modelling of performance during the preliminary design phase shows that 

the ideal propeller diameter is substantially less than the current diameter. The 

propeller will be clipped to a diameter suitable to get ground clearance for first flight. 

It will subsequently be further clipped to optimise performance. 

3.4 Engine selection 

The initial design was based upon a Hirth two stroke engine due to the excellent power 

to weight ratio and the relative low width to reduce the fuselage drag. This led to a 

defined preliminary design and, overly optimistic, weight and balanced estimates and a 

start of construction with the landing gear being made to order and a few ancillary 

parts being constructed. Later on a second hand Continental IO 240 A series engine 

became available at a cost of $5500 requiring another $2000 for repairs. This was 

significantly cheaper than the Hirth engine approaching $20000. The purchase of the 

continental engine led to a major redesign of the aircraft due to the increase of Horse 

Power from 110 to 120 and a significant weight increase of fifty five kg. 

3.5 Exhaust 

The exhaust system was designed with the aim of decreasing backpressure and gaining 

thrust from the exhaust. The overall concept was to use a four into one exhaust system. 

The four individual header pipes have been installed with different lengths. This is not 

ideal as it will create differing interference patterns in the exhaust pulsations. The four 

individual pipes are joined on the side of the oil sump. This allows for a more compact 

installation and decreased the tail volume needed. The joint was constructed to include 

a goilet. The goilet is a short four sided pyramid with concave sides. This minimises 

the rate of change of cross section that the exhaust gas is exposed to. This decreases 
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reflections in the exhaust pipes. After the four into one the single pipe is extended to 

allow the bolus of exhaust to collect and decrease the pressure at the opening exhaust 

valve. The exhaust pipe will be extended to a length that will maximise the static rpm 

and the exhaust will be faced rearward and downward. While a reduction of the waste 

pipe diameter would give a theoretical increase in thrust at altitude this was not tested 

due to the authors preference not to decrease the takeoff performance and climb rate. 

The exhaust system is made of 0.035” and 0.049” wall thickness 321 stainless steel. 

The system constructed is approximately two kilograms lighter than the original 

exhaust system that was used on the Eagle aircraft. The exhaust is tied to the engine, in 

two places, to minimise cracking in the exhaust stacks. Slip joints were manufactured 

to reduce stress in the exhaust system due to temperature variations.  

The approach has been to maximise the engine power by providing a tuned length 

exhaust rather than provide a cooling drag and thrust augmentation with an exhaust 

boosted cooling outlet. Thereby achieving a higher climb rate and top speed. 

Approximately fourteen to nineteen inches of length should be added to the outlet pipe 

to obtain maximum power for this installation. This would be attached under the belly 

of the aircraft and tested for maximum static engine rpm if a measurable increase was 

observed the exhaust pipe will be extended and test flown. However it is anticipated 

that an extension of this length would greatly increase the chance of cracking in the 

entire exhaust system. 

3.6 Cowl 

The design of the cowl is very significant from the perspective of fuselage drag minimisation and 

cooling drag minimisation and thrust recovery from the heat output of the engine. Up to 20% of the drag 

of the aircraft is due to cooling drag and drag inside the cowling. Pazzmany [1986] shows it is 

theoretically possible for the cooling drag to be negative! That is that the engine cooling air adds thrust 

to the aircraft. This is often achieved by using the energy of the engine exhaust and wasted heat to 

increase aircraft thrust due to the pressure acting backwards on a larger outlet area to exceed the force 

due to the pressure acting forwards on the inlet area. This has led to a variable area exit to be constructed 

by using a cowl flap to decrease cooling during flight and allowing the cooling drag to be minimised 

during competition to the extent the engine will allow. This should increase power available in a manner 

that is not sustainable. A 1960’s aircraft racer Cassutt blocked off his engine cooling totally as the 

takeoff and race time for pylon races was less than the time it took for the engine to seize with no 

cooling air. The engine was rebuilt for every race. It is anticipated that the cowl flap will be at minimum 

until redline engine temperatures are reached during the measurement of the triaviation score. 
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3.7 Cowl Construction Process 

The Shape of the engine with its exhaust and accessories was modelled and this shape 

was then added to a desired front profile that included the two air inlets and the 

backing ring for the spinner. These blocks were then used as the basis to form a plug. 

The plug is a male form the same shape and finish as the desired engine cowl. The 

basic form was then filled using paper, cardboard, MDF, foam, etc that was available 

lying around the workshop. Eight female profile boards were used to ensure that the 

engine would fit inside the cowl. 

It would have been faster if the fuselage was built at this stage and the plug was made 

over the fuselage and the engine. This would then be made of fly wire or chicken wire 

and body filler used to finish the surface and the female templates would not have been 

needed. However the fuselage was not made so a complete plug was needed. 

Once the inner form was in place a layer of automotive body filler was used to build up 

the outer surface. A thin layer of fibreglass was then applied to stop cracking during 

finishing and the outer surface was finished using the techniques described in West 

system User Manual Product guide Final fairing & finishing. These techniques were 

used for the fairing and final finishing of all the carbon fibre components. 

Once the surface was smoothed with120 grit sandpaper two fibreglass molds were 

made. These included a taped intersection line to show where the joggle was to be to 

join the upper and the lower cowls together. The outer surfaces of the two molds were 

stiffened using rope glassed to the surface. Both of these molds were then cleaned 

trimmed, polished and sprayed with a PVA release agent. The molds were then used to 

make the final cowl components. 

The process of making these cowls was the author’s first experience with vacuum 

bagging of composite components. The process started with the water based PVA 

being spray painted onto the inside of the waxed mold. The inside of the mold was 

then covered with epoxy resin using the West 105 and West 206 Slow hardener. Two 

layers of bi-directional (bid) weave carbon fibre cloth and a hollow hexagonal 

honeycomb like layer called Nomex followed. Two more layers of bid followed by a 

couple of extra layers of bid over the areas not covered by the Nomex. These extra 

layers are needed to give the edges the thickness that is necessary to attach the hinges 

and nutplates to attach the cowls. A layer of peel ply followed then a perforated plastic 

and a breather material layer. This was all inserted into a plastic bag made of dub dub 

tape, a non Newtonian fluid like silly putty that is used to seal the edges. The whole 

bag was then carefully evacuated of air while ensuring that the pressure that the outer 
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plastic was experiencing was not spanning any gaps or pulling the carbon out of place. 

This was left under vacuum for the epoxy to set. The next day the vacuum was 

removed and the outer bag removed. The peel ply is a tightly woven nylon that the 

epoxy surrounds and does not adhere to. It absorbs extra resin in the composite lay-up 

allowing excess resin to pass through it and be absorbed by the breather material. 

When the peel ply was removed from carbon it makes a load tearing sound as the resin 

that is between the nylon fibres is broken. The surface that is left after the peel ply is 

removed is rough enough for future bonding without sanding. This is a huge advantage 

in many situations. The carbon composite parts were then trimmed using a grinder 

with a diamond dust ceramic cutting disk. The inside surface of the cowl required 

several coatings of epoxy to fill the pin holes in it. These holes needed to be filled to 

stop engine oil etc from filling the nomex core. If the extent of time and effort this 

filling would take was known in advance, an extra layer of very fine fibreglass cloth 

would have been added to the inside during the initial lay-up. 

The upper cowl, lower cowl, Cowl Flap and the oil filler door were all made from the 

molds. 

The cowls were later fitted to the fuselage using typical techniques that involves 

riveting and bonding for the attachment of the military standard hinge and the nutplates 

were riveted to the lower cowl. The final cowl was then faired, high build primer was 

used followed by paint.  

The cowls were fitted to the engine with a foam block between the air inlet and the 

plenum chamber. Working through the air inlet at the front of the engine the foam was 

carved to form the inlet duct to join the plenum and the round intake. Experience has 

shown by tufting the inlet regions of other aircraft and observation at idle that the 

airflow through these two intakes can be very different. One aircraft, a Europa, was 

shown to have airflow in one side and out of the other. Europa Newsletter[undated] 

These observations led to the use of a common plenum rather than two separate ones 

as used on the Europa. The differing inlet conditions that the air flow in to the plenum 

sees was not modelled or seriously investigated. The left intake is aligned with the 

intake in the cowl, while the right has to travel inboard to avoid the large intake tube 

that joins the throttle body to the intake manifold. Laying up carbon fibre inside the 

foam finished the intake ducts. After the epoxy set the forward and rearward carbon 

was trimmed reinforced and baffle material was added to give an air seal between the 

inlet duct and the plenum chamber. The inlet ducts took approximately thirty hours to 

make. 
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These cowls are between a third and a half the weight of a typical set of aircraft cowls, 

yet they are very stiff and strong. Figures 3.7.x show the cowl manufacturing process. 

                        

Figure 3.7.1 Lower cowl showing core                  Figure 3.7.2 Top cowl showing Nomex core 

 

Figure 3.7.3 Vacuum bagging of inner layers of carbon into cowl 

 

Figure 3.7.4 Cowl halves joined off aircraft 

 
Figure 3.7.5  Cowl installed on airframe 
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Figure 3.7.6  Cowl Flap 

 

Figure 3.7.7  Front view of aircraft with cowl installed 

3.8 Canopy, Canopy skirt and fore deck 

The centre section should be designed and constructed to give the minimum drag. 

While a fuselage, like on the Venture aircraft with fineness ratio of about six to one 

seems to be close to optimum for drag minimization, Crawford [1986], an overall 

fuselage as short as this would lead to a very short coupled aircraft and such a 

compound shape was unsuitable for easy construction. This led to an overall “pod and 

boom” style of fuselage. Due to workshop and space limitations the aircraft was built 

with the engine installation and wing done first. This allowed the author to construct 

the forward deck in situ. The plug that was constructed for the tail cone fairing was 
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used to make the canopy nose extension that was necessitated by the need to contain 

the EFIS Dynon D10A mounted at the top of the instrument panel.  

3.8.1 Plexiglass canopy 

A plexiglass canopy was blown for the aircraft.  

The plexiglass starts as a flat sheet, as shown in figure 3.8.1. A sheet thickness of three 

millimetres was chosen. This should sustain standard flight loads at a minimum 

weight. It is not anticipated that it would sustain a bird strike at cruise speeds. 

 

Figure 3.9.1 Plexiglass cut to the shape of the backing plate 

Two forms are used to determine the shape of the final canopy. The outer form is made 

to shape and it determines the final shape of the canopy base. A backing plate is then 

used to attach under the plexiglass. An angle grinder with a diamond dust ceramic 

cutting disk was used to cut the plexiglass. Bolts are then used at approximately 

seventy millimetre intervals around the perimeter to sandwich the plexiglass between 

the form and the backing board, as shown in figure 3.9.2. The backing board and the 

form are cut from pine or laminated ply about thirty millimetres thick. 
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Figure 3.9.2 Base board and form bolted to support plexiglass 

When the canopy is blown the plexiglass expands to a maximum of half the distance 

across the form. Thus the form is the width of the finished bubble. The sides pull too 

much and the plexiglass fails if it is tried to expand it vertically more than this. For 

production canopies a symmetrical form is used and two are made at a time. For this 

canopy a smaller form was used and the back third was cut off as waste.  

The sandwich was then inserted into an oven for two hours and allowed to stabilize, 

figure 3.9.3. It takes less time than this to get the plastic to the necessary temperature 

of about two hundred and forty degrees Celsius. The plastic needs time at this 

temperature to expel any absorbed water. Water will cause breakage or flat spots when 

it is blown. 

 

Figure 3.9.3 Jig in the oven 

Once the part is heat soaked air is passed to the inside of the plastic through the fitting 

on the backing plate. The plastic is down in the oven at the time so gravity helps the 

plastic move. The oven preheats the air so it does not cool the plastic too much. Two 
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pieces of timber are marked with the maximum height to sight along and the air 

pressure (up to a maximum of sixty PSI) is applied and allowed to build up until the 

height is reached, figures 3.9.4-5. The base plate deflected due to the air pressure see 

figure 3.9.5. The part is then removed from the oven and all the bolts must be removed 

while they are hot. If they cool the molten plastic will harden around them and cause 

cracking of the plastic when they are removed. This is a fast operation performed with 

an air operated impact wrench.  It was at this point that the first canopy burst, probably 

due to excessive heat. The second was serviceable with a small mark in it where the air 

first blew onto the plastic.  

           

Figure 3.9.4 Plexiglass starting to deform            Figure 3.9.5 Deformation in base board  

 A canopy frame was designed and constructed and the frame was drilled on to the 

plexiglass bubble. 

The canopy was then cut from the waste. 

This produced the main portion of the canopy to build the fuselage intersection to suit. 

The sides of the cockpit were kept flat and perpendicular to the wing from the point of 

maximum thickness aft. This should reduce the intersection drag and reduce separation 

in this area. Due to the nature of this flat section needing to finish in a straight hinge 

section a forward facing strake like structure is made at each side of the fuselage at the 

front of the canopy. This area is not particularly ideal and does not get shown in any 

preliminary design sketches it is just that the time and cost to build it more elegantly 

was not spent. This structure on the left hand side is used to allow the pilot to climb in 

over the front left wing. 
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The canopy hinges on the right hand side using a piano hinge. Minimum attachment 

strength of the hinge to the canopy frame is designed into the structure so the canopy 

should tear off at the hinge in the event that the canopy is opened in flight. This canopy 

jettison is necessary if the pilot is to ditch the aircraft and use a parachute. 

Unfortunately the path the canopy is likely to take intersects the right hand tail surface. 

This could leave the craft uncontrollable if the pilot took off without the canopy 

latched. This would be unacceptable in a production or kit aircraft though is considered 

an acceptable risk in this situation. 

Catches are mounted to a 4130 square section on the left hand side. These are a 

commercially available stainless steel over centre style catch. They are adjustable and 

should have a wick in locktite thread locker applied to stop vibration from changing 

the adjustment while they are open. Two guides were installed, aft of each catch, to 

position the canopy to the fuselage while it is closing and to stop the anticipated low 

pressure area next to the side of the fuselage from drawing the canopy outboard of its 

natural line.  

Overall the canopy is formed to allow the minimum of pilot space so the author can fit 

inside with a helmet on and no other excess space. While this has led to a cross 

sectional area about half that of an RV4, [VANSAIRCRAFT.COM] it has created an 

enormous number of difficulties. This includes lack of pilot comfort a more boxed in 

feeling when in the cockpit, minimal to no intrusion protection from objects under the 

pilot, and significantly reduced area to run the control tubes from the front of the 

aircraft to the flaperons and the elevator input to the mechanical mixer for the vee tail. 

 

3.10 Firewall 

The firewall gives a layer of protection to the pilot in the event of an engine fire. The 

firewall is made of commercial grade stainless steel. The desired firewall was to be ten thousandths of 

an inch thick. It is comparatively common to have engine fires in aircraft with most being ingested into 

the engine or run out of fuel with no signs other than a little smoke staining under the cowl. This leads to 

most of the installations under the cowl using fire sleeved fuel and oil lines. Bulkhead fittings at the 

firewall are used to provide an air tight seal between the engine compartment and the cockpit. Severe 

flight restrictions are placed on Experimental aircraft that do not have a firewall. The firewall provides 

minimal structural strength though it does function as a major bulkhead. The ten thou thick stainless 

steel was sufficient but was not available locally so would have to have been ordered in from America. 

The thirty two thousandths of an inch thick stainless steel is available locally and cost much less. This 

was adapted but weight was increased.    
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3.11.1 Fuselage design 

The fuselage was designed to incorporate a shoulder height wing to attach the engine 

to the tail and to accommodate the pilot. To achieve laminar flow for drag reduction a 

pusher engine installation and a composite fuselage. This design work was far outside 

the scope of this project. The fineness of the fuselage for drag minimisation suggests 

that the fuselage should actually be larger with clean lines from the spinner to the tail. 

This style of aircraft often looks elegant. The initial design, when a two-stroke engine 

was being considered, gave a thinner version of what has been built without the bulges 

that became necessary with the installation of the continental IO240 engine.  

3.12 Empenage 

A full flying vee tail was designed and constructed based upon a weldment that is 

bolted to the fuselage cone. This tail attach weldment sets the dihedral angle of the 

ruddervators and supports the bearings that the tail pivots on. The bearing mount can 

be seen in the lower right of figure 3.12.1. The bearings are laid out in a configuration 

similar to that used on the Davis DA2. Tail surfaces are pivoted about their twenty five 

percent chord point to ensure they are neutrally balanced. Stability is then provided by 

the addition of anti servo tabs. The anti servo tabs have an electrically movable trim 

system. These are independent on each ruddervator to provide pitch trim by moving 

them together and yaw trim by moving them independently. The trim tabs are not full 

span and it is anticipated that the outboard section on each ruddervator will be trimmed 

back when direction stability and adequate tail volume is determined. Once the 

outboard sections are trimmed the tail surfaces will be one hundred percent balanced. 

As they are they are almost balanced. It is anticipated that the speed will not be high 

enough for a flutter issue on the tail until all the drag minimisation work is completed. 

 

Figure 3.12.1 Internal structure of the ruddervator 

 The decision to make a vee tail was made very early in the design process. The 

decision was based upon the success of the Davis DA9 in time to climb racing and the 

increase in number of vee tail models. Many reports were available to show a marginal 
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decrease in drag for the vee tail and initially the vee tail looked simpler as it eliminated 

the choice of incidence angles on all of the fixed surfaces and removed several design 

variables from the Airplane. Most of the assumptions relating to the ease of design and 

implementation of the vee tail were incorrect.  

The vee tail implemented has been sized to give the same tail volume as a twin. This was chosen with 

the intent of cutting the tail section down when the elevator power at stall has been determined. It is 

expected that the down force at stall, with full flaps, will be the critical point for the tail as the airspeed 

will be minimum. The moment coefficient of the wing due to the addition of the fat frieze flaperons is 

an unknown. Not knowing the moment coefficient of the wing stopped a reasonably accurate calculation 

of the size of the tail being done. The default values in Airplane software were used to initially size the 

tail. Godrei [2005]    

3.13 Wing 

The wing is an aluminium single piece tapered wing with flaperons. An airfoil section 

design by Riblett [1987] was adapted. A fat frieze control surface, flaperon, has been 

added. The flaperons can be drooped as a pair to act like flaps and manipulated in 

opposite directions to act as aileron. A finite element analyse of the loads on this wing 

has been done Corbett and McKinnon [1997]. Figures 3.13.x show briefly the 

construction sequence of the wing. 

 

Figure 3.13.1 Wing spar photo and dimensions to cut and bend C section 

 
Figure 3.13.2Wing spars with ribs installed 
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Figure 13.1.3 Wing lower skin being fitted 

 
Figure 13.1.4 Half Wing plan dimension in inches 

 

3.14 Wing tip design and construction 

The desired wingtip was a shark fin style tip as used on the Nexus. Vijgen and Van Dam in Sheared 

Wing-Tip Aerodynamics: Wind-Tunnel and Computational Investigations of Induced-

Drag Reduction a five percent improvement in the net aerodynamic efficiency of an unswept 

untwisted high aspect ratio wing can be achieved. The wing tip was not tapered in thickness, only 

planform as recommended by Riblett [1996-2001]. 

The prototype path to build this shape would be to define it using CAD, use CFD to analyse its 

effectiveness from stall to top speed, cut a foam plug with a robot, finish the plug, take two molds of this 

plug, make the upper and lower halves using Nomex core and carbon fibre in a vacuum bag. Repeat for 

the other wing tip. This would total at lease two months full time work.  

The next choice was for a Hoerner style wing tip. This is where the top surface of the wing is extended 

and the lower surface curves up. This gives good wing efficiencies due to an increase in span efficiency 

of the wing. Due to the added complexity of the lower curves this was simplified again to a composite 

tip with an increase in width of one hundred and fifty millimetres over what was originally chosen. It 

was thought that this extension would offset the advantage that the Hoerner tip by an actual span 

increase following the wing taper. The size was increased to a nominal six hundred millimetres as this 

was the foam size that was cut with a hot wire by the robot to make the foam core that can be seen in 

figure 3.14.1. 
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Figure 43.14.1 Hotwire cut foam 

The foam core was then filled with micro using West System epoxy and covered with a layer of bi-

directional carbon fibre. Two layers were added at the root and the tips were faired and painted. Some 

foam was then removed from the inside to decrease the weight of the tips.  

The span increase rather than the Hoerner tips saved five days work. A production 

aircraft or a kit plane would have a huge payback by making a better tip as the part 

cost from the molds would be less by avoiding the sharp edges that were used here. 

The new wingspan and an approximation of the span efficiency was then inserted into 

the preliminary design equations for future reference. 

Wing

 

Figure 3.14.2 Tip installed on wing 

3.14.1 Airfoil selection 

Initially the airfoil was selected after a lengthy process of reading Abbot and Von Doenhoff[1949], 

Ribblet[1996,2001], Lennon[1996] and discussions and correspondence with Ribblet [2001] and 

Gates[2000-2008]. The wing was manufactured early in the build process. After the wing was 

completed a software program called Airfoil optimizer became available. This software and a bit of 

understanding allowed the author to reproduce six months early work on this project in a few days. The 

output below from airfoil optimizer shows a candidate airfoil compared to the selected airfoil. 

Airfoil Optimizer 

File Name: C:\Documents and Settings\Master\My Documents\UWA 
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MASTERS\Optimizersept07.ao 

File Last 

Saved:  

Report Date: 9/7/2007 7:09:35 AM 

Aircraft Properties 

Parameter SI Units User Units 

Gross Weight 426.4 kg 940. lb 

Wing Area 6.67 m^2 71.8 ft^2 

Wing Span 5.486 m 18. ft 

Stall Speed 23.68 m/s 46. knots 

Cruise Speed 103. m/s 200. knots 

Cruise Altitude 1,828.8 m 6,000. ft 

Cruise Power 80,535.6 W 108. HP 

Calculated Values (* means override) 
  

Mean Chord 1.216 m 3.989 ft 

Max Lift Coefficient 1.88  
 

Cruise Lift Coefficient 0.119  
 

Stall Reynolds Number 1.971e+06  
 

Cruise Reynolds Number 7.403e+06  
 

Parasite Drag Coefficient 0.01694  
 

Equivalent Drag Area 0.113 m^2 1.216 ft^2 

Airfoils 

Baseline Airfoil GA40A215 

 
Thickness: 15.% 

 
GA40A215 by Harry Riblett 

 

 

Candidate Airfoil AS5046 

 
Thickness: 16.% 

 
AS5046 Airfoil Developed by Ashok Gopalarathnam for the KR-2 
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Airfoil Selector 

 

Recommended Airfoils: 

1 fx082512 Wortmann FX 082-512 airfoil 

2 dfvlrr4 DFVLR R-4 transonic airfoil 

3 hsnlf213 NASA/Langley HSNLF(1)-0213 high speed natural laminar flow airfoil 

4 whitcomb NASA/Langley Whitcomb integral supercritical airfoil 

5 k1 NYU/Grumman K-1 transonic airfoil (GAC .75-.63-11.6) 

6 AS5045 AS5045 Airfoil Developed by Ashok Gopalarathnam for the KR-2 

7 sc20710 NASA SC(2)-0710 AIRFOIL 

8 AS5046 AS5046 Airfoil Developed by Ashok Gopalarathnam for the KR-2 

9 sc20610 NASA SC(2)-0610 AIRFOIL 

10 goe484 Gottingen 484 airfoil 

11 e340 Eppler E340 flying wing airfoil 

12 sc21010 NASA SC(2)-1010 AIRFOIL 

13 fx60177 Wortmann FX 60-177 airfoil 

14 sc20712 NASA SC(2)-0712 AIRFOIL 
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15 a18 Archer A18 F1C free flight airfoil (original) 

16 rae5212 RAE(NPL) 5212 transonic airfoil 

17 e335 Eppler E335 flying wing airfoil 

18 sc20612 NASA SC(2)-0612 AIRFOIL 

19 e417 Eppler E417 general purpose airfoil 

20 k3 Grumman K-3 transonic airfoil (GAC .70-.83-17.5) 

21 AS5048 AS5048 Airfoil Developed by Ashok Gopalarathnam for the KR-2 

22 sc20412 NASA SC(2)-0412 AIRFOIL 

23 e216 Eppler E216 (10.4%) low Reynolds number airfoil 

24 ma409 Michael Achterberg MA409 F1C class free flight airfoil (original) 

25 sc20714 NASA/Langley SC(2)-0714 supercritical airfoil 

26 sc20414 NASA SC(2)-0414 AIRFOIL 

27 e330 Eppler E330 flying wing airfoil 

28 fx60126 Wortmann FX 60-126 airfoil 

29 67-215 67-215 

30 e360 Eppler E360 rotorcraft airfoil 

Performance Comparison 

 
Baseline Airfoil Candidate Airfoil Change 

Airfoil GA40A215 AS5046 
 

Clmax 1.419 1.635 0.2157 

Stall Speed 46. knots 43.79 knots -2.206 knots 

Stall Speed, Clean 55.8 knots 51.99 knots -3.811 knots 

Angle of Attack at Stall 18.73 17.23 -1.5 

Cruise Speed 200. knots 200. knots 0.001426 knots 

Cl at Cruise 0.119 0.119 -1.697e-06 

Profile Drag Coefficient at Cruise 0.004292 0.004292 -3.522e-07 

Angle of Attack at Cruise -0.7161 -1.2 -0.4837 

Wing Profile Drag at Cruise 34.93 lbs 34.93 lbs -0.002369 lbs 

Induced Drag Coefficient at Cruise 0.001426 0.001426 -4.068e-08 

Wing Induced Drag at Cruise 11.61 lbs 11.61 lbs -1.655e-04 lbs 

Wing Total Drag at Cruise 46.54 lbs 46.54 lbs -0.002534 lbs 

Moment Coefficient about AC at Cruise -0.04115 -0.05244 -0.01129 
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Aircraft Parasite Drag Coefficient at Cruise 0.01694 0.01694 -3.522e-07 

Aircraft Parasite Drag at Cruise 137.9 lbs 137.9 lbs -9.004e-04 lbs 

Total Aircraft Drag at Cruise 149.5 lbs 149.5 lbs -0.001066 lbs 

Aircraft Thrust-Power at Cruise 91.8 HP 91.8 HP -9.073e-10 HP 

 

 

 

Candidate Airfoil Polar Data 
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This output demonstrates many issues with the design of an aircraft from scratch rather than by 

continued improvement.  

The Airfoil optimizer software package starts with a series of performance criteria that are input. It 

allows a single parameter to be chosen to optimise. Typically this is maximum cruise speed or minimum 

stall speed. With all of the other aircraft parameters remaining fixed. This ideally suits building a new 

wing to improve an existing aircraft as the candidate airfoil was designed to improve the KR2, a small 

side by side experimental aircraft that originally had reasonable performance but poor slow speed 

handling characteristics. The airfoil selection graph is a good way to choose an airfoil if both the 

maximum coefficient of lift is required as well as the coefficient of drag at cruise want to be minimised. 

This graph shows man airfoils that are better for this aircraft than the one selected, at first appearance. 
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The candidate airfoil selected for this output also has the advantage of being one percent thicker. This 

would lead to a slight weight reduction in the spar as the main I beam could be bigger. Each of these 

airfoils would then need to be analysed for the suitability of adding a slotted flap to it and a full span 

aileron. The stall characteristic then needs to be looked at to analyse the need for washout or a different 

airfoil at the wing tip. 

The wing as built has a single airfoil without washout. The addition of washout was considered by 

modifying the input parameters to airplane optimizer software. This showed a high penalty in top speed 

and increase in stall speed as cost of improving the stall characteristics of the aircraft. The age of the 

software makes these results a little unpredictable. It would be more relevant to model the wing in a 

CFD package to get better data on the wing performance. 

3.15 Cockpit 

Cockpit design has been a recurring design review area throughout the project. Initially a cockpit was 

mocked up with a wing cross section and firewall to allow an approximate outline to be determined. 

This was chosen after reading about the Davis DA9 and it obtaining second place in a time to climb 

race, Kitplanes, Sport aviation. This mock up led to a semi reclining pilot in a cockpit as tight as a 

modern glider, with limited visibility. This configuration led to very difficult to solve mechanical issues 

as the pilot was in the position of the rear spar carry through and the centre of gravity was too far aft. 

Over time the easiest solution was to sit the pilot upright, in front of the rear spar carry through. This 

moved the centre of gravity forward, eliminated some of the complexity in the rear spar carry through 

and made room for the control mixer. 

The preliminary design studies showed a significant advantage of reducing the wetted area. This led to a 

poor choice in hindsight of minimising the cockpit size. A composite fuselage with a dolphin shape like 

the Jabiru would be less drag and much easier to get all of the required functionality into it. This would 

have been a lot of work without a robot large enough to carve the foam plugs to build it. 

As the main spar traverses the cockpit above the pilots knees it forms a potential hazard in an accident. 

This was initially going to be a greater clearance with the pilot reclining. With the move forward and 

upright of the pilot the clearance at this point was reduced significantly.  

Over all in keeping with a design of maximising performance the cockpit is tight and minimal. It would 

require more structural strength to make the requirements of formula 1 (Aircraft) racing aircraft. 

3.16 Flaperon Controls 

The control surface has a mixed input allowing for both the left and the right flaperon to be deployed at 

the same time to be a flap action. The control stick can then be used to deflect the controls in opposite 

directions to use for roll control.  

The aerodynamic properties of the slotted flaps are sensitive to the shape of the slot entry and lip design. 

Roskam[1997]. The pitching moment of these flaps tends to be high and negative decreasing some of 

the effect of the higher maximum lift coefficient. Roskam [1997]  

A computer software tool Xfoil was used to approximate the change in drag as the flaperon deflects up 

and down. From this data a desired differential action was determined. This allows the rate the upward 

travelling flaperon moves to be different than the downward travelling flaperon. The aim of this 

differential motion is to minimise adverse yaw. Due to the nature of the mixer it was not possible for the 
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desired differential action to be implemented. It was very difficult to get the mixer to move in the correct 

direction in the space available.  

3.17 Pedals and brake pedals 

The brake pedals were originally designed to be adjustable. During the changes necessary to ensure that 

the centre of gravity remained in the correct place the area the pedals could move is reduced such that 

there is no space for effective adjustment. The geometry of the brakes is not ideal. The brake cylinders 

are mounted on the pivot tubes at the bottom of the rudder pedals. They would be better mounted for the 

brakes if they were floor mounted in front of the pivot. This would make a trapezoid and keep the brake 

pedals upright as the rubber pedals move. The initial configuration of the pedals is shown in figure 

3.17.1 

 

5figure 3.17.1 Rudder pedals with tow brakes 

 

3.18 Landing gear and brakes 

Initial aircraft sizing suggested that wheels and brakes from an old BD5 that were available at no charge 

would be suitable. These were installed to the gear leg. As the aircraft construction progressed and 

designed weight goals were not met it became apparent that the wheels and brakes might not be suitable 

for the flying aircraft except in the racing configuration. This was due to the small tyre deflection 

transferring more load to the airframe in landing and providing less resistance and hence being harder to 

land in the first instance. The brakes on the BD5 were known to be marginal. A second set of wheels 

and brakes were purchased second hand. These are large for the aircraft and will add to the ease of 

landing, ground stability when run at low pressure and greatly add to the brake effectiveness as the 

larger brakes are acting on disks via a calliper rather than a small puck in a single acting piston as on the 

BD5. 

3.19 Instrumentation 
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The instrumentation consists of a Grand Rapids Engine Management System (EMS) a Dynon D10A, 

fuel sight gages and a panel mounted radio and GPS. These are all installed in a custom-made carbon 

fibre instrument panel.  

 

The EMS has four exhaust gas temperature sensors and cylinder head temperature sensors. It also senses 

engine rpm, oil temperature, oil pressure, outside air temperature, voltage and fuel pressure at the fuel 

distribution spider where it is a non linear measure of flow. The software includes shock cooling 

warnings and timers. Auxiliary inputs can also be used to log data from suitably scaled electrical inputs. 

WWW.grtavionics.com. These can be used to measure flap position or control positions, trim tab 

position depending on what is being investigated. 

The Dynon D10A includes an internal battery and a computerised set of sensors that allow roll, pitch, 

yaw, heading, acceleration, airspeed, altitude, angle of attack and voltage to be measured. 

The EMS, D10A and the GPS each provide serial data to enable engine and flight data to be logged 

during flight. This allows performance enhancements or changes to be accurately evaluated rather than 

trying to get small changes being detected by and logged by hand in a small cockpit as the data is 

changing rapidly. 

3.20 Wheel pants 

The wheel pants of similar geometry to the RV6A were constructed. These have the advantage that they 

are symmetrical about the vertical centre line allowing the left and the right to be made from the same 

mold. Gold[2004] reports a seven mph speed increase on an RV6T by using the similar two piece wheel 

fairings. After the change from the early wheel and brake choice, as discussed in section 3.18 are 

substantially bigger than is necessary. If the test flying indicates a record attempt would be possible then 

the original wheels and minimal brakes would be installed with new wheel pants.  

At the time of writing the wheel pants have not yet been installed.  

Figure 3.19.1 Carbon Fibre instrument panel 
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3.21 Weight and Balance 

 First 
weighing VH-ZYY 

Feb-
08 

     
          

  
Kg 

Error 
+- 

Firewall 
Refference 

   

Moment 
mm.kg 

Left 
wheel 

 
142.5 1 19 

0%MAC 
mm 

   
2707.5 

Right Wheel 141 1 17 
0%MAC 
mm 

   
2397 

Tail Wheel 9.5 1 3892 
0%MAC 
mm 

   
36974 

          
          
          Fuel 100 lt 
usable 71 25.56 222.25 

0%MAC 
mm Full fuel 15779.75 

Pilot 
 

85 5 933.45 
0%MAC 
mm 

   
79343.25 

 

Total 
kg 449 33.56 

     
137201.5 

 
 lbs 987.8 73.832 

      
          
        

Arm = 305.5712695 

        
24.703008 %mac 

          
    

Note wing MAC is 7.25 inches aft of firewall 

    

Wing MAC is 48.7 
inches 

    

The above copy of the initial weight and balance spread sheet shows the takeoff weight with full fuel as 

449kg gross. Minimum weight with a smaller pilot and less fuel could be as low as 360kg. This is above 

the initial design goal of 300kg. This is partly due to the engine change and this leading to requiring a 

more complex fuel system then a larger battery and larger wheels. 

Weight and balance approximations and estimations made up about ten percent of the total work 

involved in the design. This was substantially more than anticipated. As each component was 

manufactured the actual weight and its intended arm were entered into a spreadsheet replacing an 

estimate and a range of weight and location. When parts were built this approximation got better. Very 

late in the build the fuselage and wing position on the fuselage were changed to allow for the desired 

25%MAC of the C of G. This change made the pilot more upright and the cockpit tighter. At this stage it 

became similar in configuration and layout of many nineteen sixty racers. The pilot is upright and 

cramped. The author did not realise from the beginning that the pilot gets moved into that position as a 

progression from the need to get the centre of gravity in the correct place. 

The weights of sections were accumulated from the parts and when they were reweighed the spread 

sheets accuracy improved. This is shown in Figure 3.21.1. 
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Figure 3.21.1 Weight and balance tail length calculation 

 

The accumulated components have their weights set to zero and the unknown locations can then be 

estimated or determined. Figure 3.21.1 spread sheet was used to determine tail length for the final 

placement. Once this was done for the correct centre of gravity the tail length was then fixed in the 

stability calculations. 

Figure 3.21.2 shows an earlier version prior to the accumulation of the fuselage weight into one unit. 

The errors are due either to an approximate measurement error or an estimation of the weight that needs 

to be added to the component. It would have been more appropriate to work on a minimum weight 

followed by an added weight range, not an error plus or minus. The components that were weighed 

accurately never lost weight and the estimates were typically a guess of how much needed to be added. 

The weight creep of over sixty kilograms was constant through most of the build. It was very difficult to 

build to a scaled down Cessna weight approximation method.  
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Figure 3.21.2 Early weight and balance calculation 

 

3.22 Constructed parts reference listing 

Wing Airfoil  GA40A215 

Cl cruise  0.2 

Thickness  15% 

Wing area  71.8 Square feet 

MAC    48.7 inches 

MAC is  7.25 inches aft of firewall 

Span    17.96 feet 

Spar is at  30% MAC 

Root chord  64 inches at centre line of aircraft 

Tip Chord  33.375 inches 

Power   125 Horsepower  

Tail arm  152 inches aft of firewall 

Tail area  approx 20 square feet 

Empty weight  649 pounds 

Gross weight  950 pounds 

Wing loading   13 pounds per square foot 

Power loading  7.6 Pounds per horsepower  
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4 Final inspection 

4.1 Experimental aircraft  

Any aircraft in Australia that is not certified and is built for the purpose of education, recreation or 

development has to be registered as an experimental aircraft. The Civil Aircraft Safety Authority 

(CASA) does not set standards for experimental aircraft. This is to allow for the development of new 

ideas and construction materials and processes. 

The sport aircraft association of Australia (SAAA) administers the registration of sport experimental 

aircraft in Australia. [SAAA.com.au] outlines the organisation and the process of registration. 

An Experimental certificate of registration was obtained from the local SAAA approved person. This 

was valid for six months and has flight restriction areas to reduce the area that the aircraft will be 

operated in. This is usual for experimental aircraft until they have undergone their flight testing. This is 

to reduce the risk to the public by not allowing experimental aircraft to unnecessary fly over built up 

areas. 
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5 Testing 

5.1 During construction 

Before the engine was started the testing regime began.  

Every component was tested during manufacture to some extent. Tests included mechanical inspections 

for build quality. Weld inspections for penetration and holes. Foreign object inspections assured that no 

tools or rubbish was left in the airframe. All composite work had the leftover resin set aside to set. These 

were then tested the next day to ensure no batch of resin was left incorrectly mixed or used with 

hardeners that had expired. 

 

5.2 Engine start 

Initial engine starting in the airframe proved to be difficult. During the prolonged development and 

manufacture time the engine had several diaphragms in the mechanical fuel injection system go hard and 

become inoperative. This combined with a magneto fault and a wiring fault in the ignition circuit led to 

a difficult few weeks of fault finding to get the engine to operate. After these issues were sorted out the 

engine could be operated on the ground for times long enough to complete a circuit. This is the usual 

test requirement for an experimental aircraft as any longer ground run usually leads to high oil and 

cylinder head temperatures.  

The precautions taken for the engine runs included tying the airframe down, leather, cotton and wool 

safety clothing, fire extinguisher and assistant out of the aircraft during the testing. 

 

5.3 Pilot training  

The author had no experience in flying a tail dragger so a conventional gear endorsement was obtained 

in a super Decathlon.  

Several hours of experience in a tail dragger was also obtained for currency. This included a flight in a 

DHC1 Chipmunk, and time in an Extra 300L. 

The author has experience flight testing other aircraft.  

Expanding the flight envelope, a seminar for test pilots of amateur built aircraft was also attended in 

Cowra in 2007. This was presented by the SAAA. 

 

5.4 Taxi testing 

The aim of taxi testing an experimental aircraft is to determine the functionality of as many systems as 

possible before the aircraft is airborne. Askue [1992] The taxi testing schedule progresses and builds up 

speed in approximately five knot increments until the typical touchdown speed is reached. With a kit 

aircraft the testing is to ensure it is built like the plans and no faults have been added. This would often 

be completed in two or three runs. With a first of type experimental aircraft there are a lot more 

unknowns. These parameters must be determined carefully to expand the envelope of the aircraft slowly. 

With the aircraft tethered the nose over power with forward stick was determined to be 1900rpm. This is 

the minimum engine power with the stick forward and brakes on to allow the tail to rise and hence if it 

was free to nose over. This leads to a knowledge that full braking should not be carried out with any 

power setting above this and, naturally, that brakes should be used very gently when the tail is raised 
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and brakes are to be used together only when the stick is full back. As a comparison the tricycle 

undercarriage RV6A can have one or two main wheels locked up on a gravel runway with little 

consequence other than adding strain to the nose gear. 

5.4.1 Problems encountered and rectified when taxi testing 

Taxi testing was difficult in the beginning due to many new systems being tested at the same time. The 

cockpit is small, the engine unusual is to operate and directional control initially was marginal at slow 

speeds.  

Interference between the firewall and the tip of the brake pedal was stopping the brake from activating at 

full rudder. This was modified and the brakes changed slightly to give a better mechanical advantage 

when applying force to the master cylinder. 

The tail wheel was modified to be steerable. This improved the ground handling especially at low power 

with cross winds.  

During the taxi tests it became apparent that there was insufficient clearance between the cowl and the 

exhaust in one position. The evidence for this was a burning smell after the high power testing and 

ground run and a small blemish in the outside paint of the cowl. Removal of the cowl showed a burn of 

the inner carbon fibre layer and the collapsing of the Nomex core. The burn area was removed and the 

remaining Nomex sanded out in a hollow. The hollow was filled with flox, a mixture of cotton fibre and 

epoxy resin. The area then had two layers of carbon fibre and epoxy added. This area was then covered 

with a silica fibre insulating fabric, as used on Lancair firewalls. The material was bonded on using high 

temperature Silastic.  

The exhaust was removed and another retaining spring was added and a ten millimetre section removed 

from the offending pipe. 

The engine management system was reconfigured to allow much easier access to the engine operating 

parameters to help keep the pilots attention outside the cockpit. 

The Continental mechanical fuel injection system is very different to use than the carburetted Lycoming 

that the author is used to operating. The engine will stop at slow idle if the mixture is not full rich. It will 

rich cut at Idle if the electronic control for the fuel pump is turned up too much. Taxi testing has helped 

determine an operating range for these operating parameters. This would not normally be needed if the 

recommended fuel pump was used. The original fuel pump cost over five thousand dollars. The 

automotive style pump used in this aircraft cost only $160. The penalty for this solution is an increase in 

pilot workload. A large penalty on short final. 

The seat back was rebuilt to allow for an extra thirty millimetres of leg room. This greatly improved the 

comfort of the pilot and removed the pressure points of the spar on the knees. When it was moved 

rearward it started to interfere with the control linkages to the flaperons and it was then modified again 

to remove this interference. 

As this is being written taxi testing are continuing with taxi trials at increasing speeds on the runway. 

The directional control issues have been overcome by:  

1) Adding a bit more power at taxi to increase the airflow over the tail.  

2) The pedals were modified to allow a greater mechanical advantage when applying force to the master 

cylinder.   

3) Change of the tip of the left pedal stopped it from being deactivated at full rudder.  
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4) Adding a steerable tail wheel. 

By the sixth taxi test the cockpit had become a physically and emotionally more comfortable 

environment. 

5.5 Preparation for flight 

FAA AC 90-89A, SAAA Pilot advisor documentation and Askue [1992] were used as the primary 

guides to prepare for flight. Preparations include dual control inspections, fuel tank calibrations testing 

of fuel flow and all the electrical and mechanical systems. 

Controllability during a simulated takeoff roll to fifty knots was first proven, followed 

by a power reduction and a simulated post landing roll out. Further pilot training was 

undertaken prior to first flight. This included flying circuits in an Extra 300L. This was 

followed by the first Land back as suggested by Askue [1992]. This involved 

accelerating up to sixty knots with the tail up and reducing power gently to idle. The 

pitch was then changed to allow the aircraft to raise off the ground, for the first time, 

and then held in the three point attitude to settle back for the first landing. This is a 

controversial decision as many first flights for kit built aircraft do not follow this 

procedure. The land back requires the first landing to be a few seconds after the first 

takeoff. This approach was chosen as the velocity vector during this test is parallel to 

the runway, with a very small vertical component. If the control of the craft was 

compromised it is anticipated that the survivability would be better to determine any 

major problems when the craft is parallel to the ground rather than on climb out or 

descent. 

 

5.7 Flight testing 

Flight testing has just begun with the first land back occurring on 25 th May 2008. Fist 

flight followed, see report in Appendix. 

 

5.6 Risk analysis 

Risk is a necessary part of life. The aim of the risk analysis is to reduce the severity of the complications 

due to problems being compounded. The methodology has been a systematic analysis of systems and a 

testing regime to remove as many unknowns as possible from the aircraft prior to flight. This has led to 

a prolonged testing phase prior to flight.  

6 Discussion and recommendations 

6.1 Ideas Left out along the way 

This is where all the fun distractions were, the playing with ideas and the determination if they would 

actually work. This was usually followed by the realisation that they are too hard to build cost too much 

or should not be done on a proof of concept aircraft.  
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6.1.1 Concertina wing extensions.  

With the three variables of top speed rate of climb and stall speed all needing to be optimised it became 

apparent that the wing area needed to be very small for high speed and very large for stall speed. This 

led to many ideas on how a variable wing area could be achieved. The obvious flapping systems were 

investigated. A large panel that slid inside the aft section of the wing of an old glider that increased the 

chord by more than fifty percent when deployed was investigated and for a while looked possible. 

One system not seen in the literature was to build the wing with a concertina series of inner shells. A bit 

like a collapsible camping cup in an airfoil section. This would leave the inboard flaperons in place as 

the controls and allow a more highly cambered tip to extend out beyond the traditional tip. This 

extension would give a higher aspect ratio, greater wing efficiency and most importantly a much larger 

wing area at the stall. It would have to be inflated with an inside bag and a cable system to ensure the 

two sides deploy at the same rate. 

6.1.2 Engine changes and performance modifications 

These include the high power low weight, often short-term reliability, two stroke air-cooled engines. 

This style of engine has a huge theoretical advantage to achieve the maximum possible Triaviation 

score. It was rejected due to the extra cost compared to the cheap engine that was acquired. This change 

is the major reason that all the subsequent weight goals and ideal performance targets were all 

decreased. 

Other performance enhancing ideas considered include a new cam profile, supercharging, electrical 

turbo charging, improved ignition systems. These all required a large cost and weight increase and often 

an increase in the electrical power consumption. This was always difficult as there is only a small 

alternator fitted and it is installed onto the vacuum pump drive pad. 

6.1.3 Active Laminar flow 

Here the idea was to decrease the drag on the wing and fuselage using active laminar flow. The idea was 

to use perforated wing skins with an array of tiny holes drilled by an electron beam. The boundary layer 

would be sucked into these holes through a system of ducts leading to a Joey motor mounted in the aft 

fuselage. The exhaust from this Joey motor would then exit through either jets at the top of the flaperons 

or more simply at the centre of the tail cone to increase thrust. 

Along with the idea for active laminar flow was the desire to have a modern tadpole 

like fuselage. These fuselages as seen on the Jabiru and many other ultralights appear 

to minimise drag and maximise cockpit size. This design however necessitated a 

composite fuselage. When the author started this project an aluminium fuselage was 

chosen due to the experience held in these construction techniques. Now in hindsight it 

has become apparent that the composite fuselage would be elegant and simpler to 

build. It would have been more likely to be overweight though and an enormous 

undertaking.  
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This was a frustrating part of the construction process as many of the very light weight 

materials are not stocked locally so the raw material costs often exceeded the parts 

costs for similar parts of a kit aircraft. 

6.1.4 Pilot conveniences 

Many ideas for pilot conveniences were dropped along the way. These include a reasonable size for the 

cockpit. Extra crash protection or crumple zones. Comfortable seat. Dropping these ideas all help to 

maximise the Triaviation score. 

6.2 Preliminary design discussion 

The preliminary design phase was a long and iterative process. Due to the significant amount of time 

this project has taken a considerable amount of the preliminary design work has been reviewed using 

different generations of technology.  

Much of the initial work was shown to be either overly optimistic or impractical to build, and almost 

always impossible for the author to determine what parameters of the design had been met.  

The optimisation must occur after the crude system is completed and intact. As this chapter goes on to 

describe the software is ideal for measuring an existing aircraft and investigating the effect of changing 

a single variable. If you clip the wing or add more power the results of the model are very close to the 

real data. This is because the model has been tuned to what is flying before you start. This software is 

ideal for the Reno racers because they determine the values of aircraft efficiency factors and propeller 

efficiencies by changing them so that the measured performance matches the model prior to the model 

being used to optimise a particular change like building a clipped wing version. Thus the software 

showed the need to absolutely minimise the weight, maximise the power and the critical altitude, 

minimise the drag and be as close to the aft centre of gravity as possible. It also showed that the wing 

aspect ratio should be eight. This came out of the software that was closed and only the results were 

visible. The initial thought, as determined by the nomograms, was that this should be as large as possible 

as a high aspect ratio wing will increase the wing efficiency. The only other reference to why this model 

should converge at a value of eight is found in Pazzmany [1986] where it is quoted as a value of the 

optimum wing aspect ratio for aluminium light plane wings. No other justification for this value was 

found. 

During the preliminary design it became apparent that any changes from the optimum values gave a 

decrease in the Triaviaion score. This was noted whenever the weight increased, or any variable was 

changed for a non performance goal. As an example the triaviation score dropped when washout was 

simulated to assist in the stall characteristics.  

Due to the time spent focusing on this particular score it became an understood reference point for 

comparing designs. Often when customers are choosing the aircraft they will build they focus on a 

single performance criteria. This is often speed. If a few aircraft in the acceptable speed range are 

compared by the triaviation score it then gives an indication of which has a better overall performance. 

As the score has a heavily weighted stall speed built into the equation this translates into an often safer 

aircraft in a power off forced landing. This is a direct result of the lower stall speed making the forced 

landing more survivable. The aircraft with the greatest score usually has the lesser weight decreasing the 
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amount of energy to dissipate during the landing. The score does not remove the necessity of the aircraft 

to be well engineered, manufactured and suitable for the task.  

6.3 Drag minimisation required 

A lot of drag minimisation work is still to be done. The aircraft is operating without the rear intersection 

fairing and wheel pants. Then the airflow around the rear turtle deck and canopy top needs to be 

investigated to determine if this is operating effectively or is a source of unnecessary drag.  

The wing fuselage intersection requires further investigation. A small forward strake forward and below 

the wing could remove a couple of knots from the stall speed by energising the air that is between the 

fuselage and the wing. This action could delay the stall from progressing from the inboard section of the 

wing. These were effective on the RV8.  

The effect of intersection fairing needs further investigation. 

The shape of the tail cone needs more work to minimise the drag around the trim bellcranks.  

Engine power needs to be greatly improved for this aircraft to be competitive in the triaviation event.  

6.4 Propeller diameter reduction 

It is anticipated that power increase can partially be achieved by decreasing the propeller diameter in the 

first instance. This will decrease the tip speed and reduce the drag on the propeller. These reductions 

will allow the engine to rotate at a higher rpm, generating more power. Optimisation output data from 

Airplane indicates that a further six inches could be clipped off each propeller blade before this is 

optimum. This reduction will allow a greater static rpm and higher rpm at the best climb speed. This 

extra horse power will improve the overall score enormously.  

6.4.2 Investigation of electrically boosted manifold pressure.  

Manifold pressure or critical altitude has an enormous effect on the triaviation score. This understanding 

led to an enormous effort to ensure as close to the pitot pressure as possible is available to the engine air 

inlet.  

Some racing aircraft have a small lip, like a flap on a wing on the propeller. This lip is in line with the 

air intake for the engine and the timing of the passing of the propeller blade is such that the extra air 

velocity when the propeller passes boosts the intake manifold pressure as the inlet valve is open. To 

obtain this effect the gap between the air intake and propeller needs to be less than fifteen millimetres. 

This provided too great a challenge for a first of type aircraft. 

After discounting manifold boosting by the propeller manifold pressure boosting using a ducted fan 

model engine was investigated. This was discontinued as being very inconvenient. Since this work one 

aircraft has been reported in Sport Aviation as having done this with a large boost engine running in the 

passenger seat of a Reno racer. This has the advantage of not removing power from the crankshaft to 

boost the engine as is the case with a supercharger or turbocharger. 

Electric superchargers are now on the automotive market. These can use energy from the battery to 

boost the engine intake pressure for a short time. This appears to be an ideal solution for a sport aircraft. 

It will give a high manifold pressure for a short time maximising climb rate and minimising takeoff 

distance. The energy used is then replaced into the battery later in the flight by the alternator. 
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6.5 Drawbacks of the constructed fuselage 

The fuselage built has a few features that are not optimum in hindsight. The use of the shoulder wing 

with the pilot between the forward and the rear spars and legs under the forward spar is far from ideal. 

This fuselage layout does not allow the use of a complete wing. If the wing is a complete box from tip to 

tip with the loads on the wing there is a substantial weight advantage. With this style of layout the pilot 

would sit on the wing. The main landing gear would attach to the wing. The fuel would be contained in 

the wing and the fuselage would never see the load of these components. In the constructed fuselage a 

rather discontinuous load path exists. Loads from the wing landing gear, engine mount, tail and pilot are 

all added to the central fuselage without any continuous structure. This has led to an overly complex 

fuselage centre section. As the design developed the pilots seating position had to be raised from much 

laid back to upright. This was due to several factors influencing the choice.  

Firstly the centre of gravity was moving further aft than the initial estimates as the components were 

being made. This was partly due to material size selection and using what materials were available 

locally to reduce cost and not being able to achieve the weight estimates for the components that Cessna 

achieve. In hindsight it is apparent that a first design is not likely to get close to the mechanical 

efficiency of a well-designed production aircraft.  

Secondly the pilot position lying back in the cockpit would make the landings a lot more difficult. The 

pilot should be able to see down from the horizon by eleven degrees, Pazmany[1986]. This allows the 

pilot a clear view of the runway in landing configuration and eliminates the need for Pitts special type 

flying skills to land without a view in front of the aircraft. 

The section aft of the pilot, the tail cone was initially constructed with the view of the pilot laying back 

into the tail section. As the pilot position was made more upright the tail section needed a turtle deck to 

be added aft of the cockpit. As the tail cone was already constructed the turtle deck was added to the top. 

A more efficient structure would be to have a single skin for the tail cone and the turtle deck going to the 

tip of the tail. Many modern aircraft waist in at the section aft of the cockpit for drag reduction. This 

approach became impractical building in sheet metal and would only be possible if a composite fuselage 

was used.  

The fuselage cross sectional area was minimised for drag reduction. A choice was made early in the 

design and construction process to seat the pilot on or very close to the floor. This eliminated the 

possibility of running the controls for the elevators, flaps and ailerons under the pilot. Many small 

designs run the push tubes under the pilot. Allowing the control tubes to move down the centre of the 

aircraft under the pilot, especially if a mixer is needed for flaperons, reduces a vast amount of design 

effort.  

6.6 Incrementally Improve 

Do not try to build the prototype to a high standard. The first should be a safe but rough and heavy. 

After the flying characteristics are known, then a detailed structural analysis should be carried out to 

allow for weight optimisation and fine tuning of the centre of gravity and then a racing plane be 

constructed. Once the initial parameters and stabilities are known the computerised models can then be 

finetuned to the actual aircraft. This would allow the optimisation of wing and tail areas and detailed 

drag reduction and using more accurate computer modelling rather than generic modelling. The 

computer models will often differ by thirty percent in the triaviation score the aircraft would achieve. 
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This was a great example of the old adage of garbage in garbage out with detailed computer models. 

Raymer [2003] suggests that a simplified model be run as well as a complex model as a 

misunderstanding of the inputs can easily lead to a sophisticated program giving a silly answer. 

Accurately model an existing aircraft that is then modified to be what you want to achieve. The 

incremental improvement model would have been a lot faster and probably cheaper than building a new 

aircraft at once. This approach was suggested to the author by the airfoils designer Riblett [2001].  

Paser [1994] details many steps in improving an aircraft incrementally. A greater triaviation score would 

have been achieved modifying an existing formula one design and building a new wing rather than from 

starting from scratch.  

 

7 Conclusion 

The objective is to design, construct and test fly a single seat aircraft has been 

completed. The following steps have been taken: 

1 Preliminary design.  

Major dimensions and desired performance envelope was determined using several 

analytical methods. 

 2 key components were selected. 

The engine was selected as a function of price. Due to the small size of the aircraft, 

selection of the engine has a large effect on the overall configuration. Wheels brakes 

and landing gear configuration were chosen. Due to the selection of the engine after 

the firewall was constructed the bulbous engine cowl was manufactured.  

 3 Manufacturing considerations 

An aluminium wing and fuselage was constructed to stay within the time and financial 

constraints. Carbon fibre cowl and front deck were manufactured using a variety of 

molded and freeform techniques. 

 4 Iterative design 

It was necessary often during the project to reconsider previously made decisions often 

weight and balance changes moved the locations of parts to require shape changes. 

Often these changes were substantial like moving the fuel from the fuselage to the 

wings, or getting the plot more pright. 

 5 Parts Manufacturing 

Most individual components were made from own design. Often the design was based 

on the available materials. 

 6 Integration of the components and parts  
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All of the components were assembled and fitted together. This was not as simple as 

constructing a kit aircraft as detailed drawings had not been made and construction 

sequences needed to be determined. 

 7 Selection of avionics 

The avionics were selected and installed in the aircraft to allow data collection as well 

as flight control. 

 8 Inspection 

An approved person from the Sport Aircraft Association of Australia inspected the 

aircraft and issued a special certificate of airworthiness.  

 9 Flight testing 

Flight testing has begun and requires a lot more investigation. 

 10 Aircraft performance evaluation  

Flight test data has not yet been determined. 

 11 Modification as necessary. 

Modifications have been carried out once they have been shown to be necessary.  

Engine power needs to be greatly improved for this aircraft to be competitive in the 

triaviation event.  

 

The aircraft has been designed and prototyped within the framework of maximising the 

triaviation score. This has necessitated a process of mathematical optimization for the 

design. The work clearly showed that every decision is a compromise and every aid to 

comfort or functionality has a performance price. 
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8 Appendices 

8.1 AIRPLANE OPTIMIZER INPUT DEFINITIONS 

 

  CONTROL 

  NPAYOFF Select design objective merit function for optimization:             

          1 - Maximum velocity.                                                

          2 - Minimum cruise horsepower required at VCRS.                      
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          3 - Maximum WPAYLD at VCRS.                                          

          4 - Maximum CAFE Triaviathon Score.                                  

              SCORE=28110625E-9*(VCRS*VRC)^2/(4100625+VSTALL^4)                

 

  IOPT    Select one or more design variables to be optimized:                 

          1 - ARW, Wing aspect ratio.                                          

          2 - INCW, Wing incidence angle.                                      

          3 - SPANW, Wing span.                                                

          4 - TAPERW, Wing taper ratio, Rtip/Rroot.                            

          5 - TLGTH, Horizontal tail length.                                   

          6 - NLGTH, Nose length.                                              

          7 - RPMCRS, Design cruise RPM.                                       

          9 - ARHRAT, Horizontal tail aspect ratio/wing aspect ratio.          

          10- INCH, Horizontal tail incidence angle.                           

          11- SPANH, Horizontal tail span.                                     

          12- TAPERH, Horizontal tail taper ratio, Rtip/Rroot.                 

          13- THETP, Vertical alignment of thrust line.                        

          14- ZW, Wing root vertical position, ft.                             

          15- VCRS, Cruise velocity optimization.                              

          16- WPAYLD, Payload optimization.                                    

          17- ALPHAB, Fuselage body angle-of-attack in cruise, deg.            

          18- ALPHA0, Wing angle-of-attack for zero lift, deg.                 

          19- SESH, Elevator area/Horizontal tail area ratio.                  

          20- VSTALL, Power-off stall speed, mph.                              

          21- XCGFWD, Forward Center of Gravity location, XCGFWD/MAC           

          22- XCGAFTN, Aft Center of Gravity location fraction remaining       

          23- XCGLOC, Relative Center of Gravity location.                     

          24- FLAPDEFL, Flap deflection.                                       

          25- VCLM, Climb velocity optimization.                               

          26- SPANV, Vertical tail height (vertical span).                     

          27- ARV, Vertical tail aspect ratio.                                 

          28- TAPERV, Vertical tail taper ratio.                               

          29- ZV, Vertical tail root chord vertical location.                  

 

  ATMFLG  Selects one of the following atmosphere options:                     
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          0 - US STANDARD ATMOSPHERE 1976                                      

          1 - MIL-STD-210 B (1973), WORLDWIDE AIR/HIGH TEMPERATURE             

          2 - MIL-STD-210 B (1973), WORLDWIDE AIR/LOW TEMPERATURE              

          3 - MIL-STD-210 B (1973), NAVAL SURFACE & AIR/HIGH TEMP.             

          4 - MIL-STD-210 B (1973), NAVAL SURFACE & AIR/LOW TEMP.              

 

  BDYTYP  Selects a fuselage body type:                                        

          0 - Flat bottom and sides with elliptically rounded top.             

          1 - Round body with a circular cross section radius YFS.             

              This design is intended for a pusher and does not have           

              a canopy allowance - only circular cross sections.               

 

  BDYMOM  Selects Multhopp or NACA equations for fuselage pitching moment.     

          0 - NACA TR 711 simplified equation.                                 

          1 - Multhopp detailed integration (more exact).                      

 

  FLAPS   Selects type of flaps:                                               

          0 - No flaps. Flap options assume flap chord= 30% of wing chord.     

          1 - Plain flaps, adds 0.9 to CLSMAX at 60 deg flap deflection.       

          2 - Slotted flaps, adds 1.3 to CLSMAX at 60 deg flap deflection.     

          3 - Fowler flaps, adds 1.3*CRDRAT to CLSMAX at 60 deg flap defl.     

 

  LGEARL  Selects type of fixed landing gear leg (strut) configuration:        

          0 - Retracted.                                                       

          1 - Square or rectangular struts with flat forward face.             

          2 - Round (circular) struts.                                         

          3 - Streamlined struts.                                              

 

  LGEARW  Selects type of fixed landing gear configuration:                    

          0 - Retracted.                                                       

          1 - Wheels streamlined but without fairings.                         

          2 - Wheels with fairings.                                            

 

  PUSHER  Selects tractor or pusher configuration:                             

          0 - Tractor (default).                                               
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          1 - Pusher. Places the propeller of a single engine airplane         

              at the rear of the fuselage (most negative station).             

 

  SWPFLG  Three values select the sweepback type. Specify a value for each     

          of the wing, horizontal and vertical tail respectively:              

          0 - Set the sweep of the 1/4 chord line.                             

          1 - Set the sweep of the leading edge.                               

          2 - Set the sweep of the trailing edge.                              

 

  VTAIL   Selects type of tail configuration (also see SESH):                  

          0 - Conventional horizotal and vertical tail.                        

          1 - V-tail or Y-tail when SPANV and ARV are fixed inputs. This       

              Y-tail places the vertical tail area below the fuselage with     

              the remainder of the vertical area made up by the V-tail.        

              Tail span is the actual total surface length of the V-tail.      

          2 - Y-tail or T-tail with horizontal tail at top of vertical tail.   

          3 - T-tail only with horizontal tail at top of vertical tail.        

 

  DESLIM 

 

  ARWLIM  Minimum and maximum wing aspect ratio limits.                        

 

  CLSMAX  Maximum airfoil section lift coefficient without flaps.              

 

  DELIM   Elevator up and down deflection angle limits respectively, deg.      

          Downward elevator deflection is positive. (-25,20)                   

 

  DIAMRAT Diameter ratio limit on vertical tail span for VTAIL=1 option.       

          Used to provide ground clearance for Y-tail (<0.5 normally).         

 

  NLLIM   Minimum and maximum fuselage nose length limits forward of the       

          wing root airfoil 1/4 chord, ft.                                     

 

  REDLIM  Minimum and maximum engine/propeller gear reduction                  

          factor limits (1.0,4.0).                                             
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  SESHMAX Maximum allowable elevator area ratio, Se/Sh).                       

 

  SPANLM  Minimum and maximum wing span limits, ft.                            

 

  STBLIM  Minimum and maximum stability margin limits, DCMDLC.                 

          Negative is stable and positive is unstable (Typical: -.2,0).        

 

  SWETLIM Minimum and maximum total wetted area limits, sq-ft.                 

 

  THKMIN  Minimum wing root thickness limit, ft.                               

 

  TLMAX   Maximum fuselage tail length limit in fuselage station, ft.          

 

  TPRLMH  Minimum and maximum horizontal tail taper ratio limits.              

 

  TPRLMW  Minimum and maximum wing taper ratio limits.                         

 

  VCLIM   Minimum and maximum climb velocity limits, mph.                      

 

  VCRSLIM Minimum and maximum cruise velocity limits, mph.                     

 

  VHTMIN  Minimum allowable horizontal tail volume coefficient. Tail volume    

          coefficient is the ratio of: horizontal tail area times the tail     

          moment arm / wing area times MAC. Lower values represent lower       

          stability but higher maneuverablity. The F-86 is 0.203, Cessna 170   

          0.58 and single engine general aviation planes run 0.5 to 0.7        

          and twin engine general aviation airplanes up to 0.8 normally.       

          Automatically reduced due to cleaner air as a function of tail       

          height up to 5% for Y-tail or T-tail configurations and reduced      

          15% additionally for all-moving horizontal tails.                    

 

  VVTMIN  Minimum allowable vertical tail volume coefficient. Tail volume      

          coefficient is the ratio of: vertical tail area times the tail       

          moment arm / wing area times wing span. Lower values represent       
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          lower stability but higher maneuverablity. Typically 0.02 to 0.10    

          with single engine general aviation airplanes about 0.04 and         

          twin engine general aviation airplanes about 0.07 normally.          

          Automatically reduced up to 5% for Y- or T-tail configurations.      

 

  WPLIM   Minimum and maximum weight range of WPAYLD, lb.                      

 

  WTGMIN  Minimum allowable wtgrss, lb. The lower bound on weight equations.   

 

  XCGLOC  Desired target location of Center of Gravity within the XCGRNG       

          range as a fraction of the range. The forward end is zero and        

          the aft end is 1.                                                    

 

  XCGRNG  Minimum usable Center of Gravity range, XCGRNG/MAC.                  

 

  DESVAR 

  ALPHAB  Fuselage body angle-of-attack (normally left set at zero), deg.      

 

  ALTCLM  Climb rate altitude, feet.                                           

 

  ALTCRS  Cruise altitude, feet.                                               

 

  ARHRAT  Horizontal tail aspect ratio/wing aspect ratio. Automatically        

          limited to 0.9 to prevent the tail from stalling before the wing.    

 

  ARV     Vertical tail aspect ratio.                                          

 

  ARW     Wing aspect ratio.                                                   

 

  CRDRAT  Fowler flap extended chord ratio to wing chord, i.e., cfext/cw (1).  

 

  DIAM    Initial propeller diameter, inches.                                  

 

  DIHEDRAL Angle of wing center line measured up from the horizontal, deg.     
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  ETAPCRS Propeller efficiency in cruise. Usually .80 to .89 for clean         

          airplanes. May be .60 to.75 for slower aircraft.  Propeller          

          climb efficiency is computed as a function of advance ratio          

          and cruise efficiency.                                               

 

  FLAPDEFL Flap deflection (60 max), deg. Applies only to stall condition.     

 

  INCH    Horizontal tail incidence angle, deg. Used to balance the pitching   

          moment and requires IOPT=10 be set to enable the moment balance.     

 

  INCW    Wing incidence angle, deg.                                           

 

  NB      Number of propeller blades.                                          

 

  NG      Number of gees load factor to apply to cruise performance            

          to design for accelerated racing turns.                              

  NACLGTH Total length of each engine nacelle for multi-engine aircraft, ft.   

 

  NACXMAX Maximum cross sectional area of each engine nacelle for              

          multi-engine aircraft, sq ft.                                        

 

  OPTCLM  Climb rate optimization weighting factor (usually .01 to 10).        

          If OPTCLM>0 adds climb rate to cruise optimization.                  

          Experiment to find a short range where sensitivity increases.        

 

  OPTSTLL Stall speed optimization weighting factor.                           

          If OPTSTLL>0 adds stall speed to cruise optimization function.       

          Suggest weighting value OPTST=.01                                    

 

  REDFAC  Engine/propeller gear reduction ratio.                               

 

  RPMCLM  Initial climb rpm.                                                   

 

  RPMCRS  Initial cruise rpm or reference flight rpm measured for ADRAG        

          determination.                                                       
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  SESH    Elevator area ratio, Se/Sh (elevator area/horizontal tail area).     

          Set to one for all-flying horizontal tail, V-tail or Y-tail.         

 

  SPANH   Horizontal tail span, ft. True planform length for V-tails.          

 

  SPANV   Vertical tail height, ft.                                            

 

  SPANW   Wing span, ft.                                                       

 

  SPNRAT  Flap span to wing span ratio. Zero is no flaps, one full span flaps. 

 

  SWEEP   Specify a sweep value in degrees for each of the wing,               

          horizontal and vertical tail resectively as designated by SWPFLG.    

 

  NACSWET Wetted surface area of each engine nacelle for multi-engine aircraft 

          The area should be reduced to compensate for any wing area covered.  

          If engines are pylon mounted, include pylon surface area, sq ft.     

          The program automatically multiplies by the number of engines.       

 

  TAPERH  Horizontal tail taper ratio, Ctip/Croot.                             

 

  TAPERV  Vertical tail taper ratio, Ctip/Croot.                               

 

  TAPERW  Wing taper ratio, Ctip/Croot.                                        

 

  THETP   Vertical alignment of thrust line, deg, positive for up thrust.      

 

  VCLM    Climb velocity, MPH.                                                 

 

  VCRS    Design target velocity for cruise, MPH, or recorded true airspeed    

          for determining ADRAG. Use this to enforce a desired cruise velocity 

          when optimizing for maximum climb thrust or minimum horsepower       

          required or to start the solution in the desired speed range.        

          When SFCRS>0, VCRS is not enforced as a target constraint.           
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          Set VCRS=0 if you only want maximum climb performance.               

 

  VSTALL  Desired power-off stall speed, mph.                                  

 

  WPAYLD  Aircraft payload weight, lb. For this program payload consists of    

          any weights that are not varied with airplane size like occupants,   

          fuel, engine, instruments, wheels, etc. WTGRSS = WT0 + WPAYLD.       

 

  WT0     Aircraft structural weight, lb. Flight structure that varies in      

          size and weight with optimization - fuselage, wing and tail.         

 

  WTBASE  Variables in the WT0 equation. Four values required. See WTFRAC.     

 

  WTEXP   Variables in the WT0 equation. Four values required. See WTFRAC.     

 

  WTFRAC  Fuselage, wing, horizontal tail and vertical tail weight             

          fractions of initial input wt0 with initial dimensions.              

          Four values required. Note: wt0ref=WT0 initially the input WT0.      

          WT0=wt0ref*( 1.0                                                     

             +WTFRAC(0)*(swetb/swetb0-1)*WTBASE(0)^(WTEXP(0)*(lod/lod0-1)      

             +WTFRAC(1)*(sw/sw0-1)*WTBASE(1)^(WTEXP(1)*(arw/arw0-1))           

             +WTFRAC(2)*(sh/sh0-1)*WTBASE(2)^(WTEXP(2)*(arh/arh0-1))           

             +WTFRAC(3)*(sv/sv0-1)*WTBASE(3)^(WTEXP(3)*(arv/arv0-1)) )         

          wtgrss= WT0 + WPAYLD.                                                

 

  LXAREA  Sum of all landing gear legs cross sectional (frontal) area, sq ft.  

 

  WXAREA  Sum of all wheels & fairings cross sectional (frontal) area, sq ft.  

 

  XP      Longitudinal location of the propeller hub center in body axes, ft.  

          This input indicates a multi-engine (2) aircraft only. Do not use    

          for single engine aircraft which assume the propeller at the nose.   

          Engines are assumed identical and in the same longitudinal and       

          vertical locations equidistant on each side of the center line.      
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  YP      Lateral location of the propeller hub center in body axes, ft.       

          This input indicates a multi-engine (2) aircraft only. Do not use    

          for single engine aircraft which assumes the propeller at the nose.  

          Engines are assumed identical and in the same longitudinal and       

          vertical locations equidistant on each side of the center line.      

 

  ZCG     Vertical location of Center-of-Gravity in body axes system, ft.      

          Body axes: X positive forward, Y positive right, Z positive down     

          from Waterline 0 (WL 0). The X-Z plane is in the vertical            

          plane of symmetry. The wing root 1/4 chord is located at X=0.        

 

  ZP      Vertical location of the propeller center line in body axes, ft.     

          If omitted for multi-engine aircraft, the engines will be placed     

          on the wing and located vertically automatically using YP.           

 

  ZV      Vertical location of the vertical tail root in body axes, ft.        

 

  ZW      Vertical location of the wing root in body axes, ft.                 

 

  TABLES 

 

  ALPHA0  Angle-of-attack for zero lift, i.e., zero-lift-line angle with       

          respect to the wing airfoil chord line. Negative for cambered        

          airfoils, deg.                                                       

 

  CDW     Wing section drag coefficient table versus CLW and REYTAB.           

          For each Reynolds number, input a corresponding set of CDW           

          versus CLW.                                                          

 

  CLAW    Wing section lift coefficient slope, per degree.                     

 

  CLW     Wing section lift coefficients for the wing drag coefficeint         

          table, CDW, and pitching moment table, CMW.                          

 

  CLWDES  Wing airfoil design lift coefficient for the input reference         
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          lift and drag coefficient data. You can choose to use the            

          required calculated lift coefficient as the design lift              

          coefficient if CMCLD and ZLLCLD are also input. CLWDES is            

          then used to shift the zero-lift-line and the input CD curve         

          to the new design condition. See CMCLD, ZLLCLD also.                 

 

  CMCLD   Cmac change per design CL (derivative). Computes a new pitching      

          moment coefficient about the a.c. to match the Cmac to the new       

          design CL at cruise. This redefines the Cmac to correspond to        

          the camber of the new optimized design. If zero or not input,        

          the program uses the input CM. See ZLLCLD, CLWDES also.              

 

  CMW     Wing section moment coefficient table versus CLW.                    

 

  REYTAB  Reynolds number table for input drag versus lift coefficient table.  

 

  TCW     Wing airfoil thickness/chord ratio.                                  

 

  XAC     Airfoil section aerodynamic center as a fraction of MAC from         

          airfoil test data. Approximately 1/4 chord.                          

 

  ZLLCLD  Change in zero-lift-line angle-of-attack per CL design. If IOPT=18   

          a new zero-lift-line angle-of-attack is computed for the new         

          design CL at cruise. This redefines the zero-lift-line to match      

          the camber of the new optimized airfoil design. If zero, or not      

          input, the program uses the input ALPHA0. See CMCLD, CLWDES also.    

 

  CLAH    Horizontal tail section lift coefficient slope, per degree.          

          If CLAH is not input, the program uses the empirical curve from      

          Perkins & Hage, Fig.5-5, p.221 for better low aspect tail values.    

 

  CLHT    Horizontal tail section lift coefficients for horizontal tail        

          drag coefficeint table, CDHT.                                        

 

  CDHT    Horizontal tail drag coefficient table versus CLHT and REYTAB.       
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          For each Reynolds number, input a corresponding set of CDH           

          versus CLH.                                                          

 

  CMHT    Horizontal tail section moment coefficient table versus CLHT.        

 

  KDDW    Wing airfoil constant for drag divergence rise increment.            

          0.35 for 6-series airfoils, 0.4 for t/c about 6%, 0.5 if thicker.    

 

  KDDH    Horizontal tail airfoil constant for drag divergence rise increment. 

          0.35 for 6-series airfoils, 0.4 for t/c about 6%, 0.5 if thicker.    

 

  KDDV    Vertical tail airfoil constant for drag divergence rise increment.   

          0.35 for 6-series airfoils, 0.4 for t/c about 6%, 0.5 if thicker.    

 

  KS      Propeller slipstream constant for drag generated on other aircraft   

          components. Drag added is KS*CT/J^2 times parasite drag. KS varies   

          from about 0.1 for tail mounted pushers to 13 for a clean streamline 

          body. NACA TR 640 suggests 2.5.   The high value for clean           

          streamline bodies is due to the relatively low drag without the      

          propeller compared to the added drag due to the slipstream effect.   

          The greater the portion of the drag coefficient that comes from      

          outside of the slipstream, the lower the value of KS will be.        

          KS is in the range of 0.1 to 0.5 for a powered high-drag parasail.   

 

  MDDW    Wing airfoil section critical Mach number for drag divergence rise.  

 

  MDDH    Horizontal tail critical Mach number for drag divergence rise.       

 

  MDDV    Vertical tail airfoil section critical Mach number for drag divergen 

 

  OSWALD  Aircraft efficiency factor, e, due to W.B.Oswald. This term only     

          affects induced drag. If the aircraft designer does not provide      

          this value, most aircraft are in the 0.70-0.95 range and you may     

          omit this input and use 0.825 the program default. This term has     

          about a 1% effect on cruise performance since induced drag is small  
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          at high speeds and maybe about a 5% influence on climb performance   

          for relatively moderate climb speeds. In the August 1993 issue of    

          the EAA Experimenter, Professor Ribbons explains how to determine    

          e from flight testing.                                               

 

  HCRIT   The altitude below which the turbo/supercharger power data are       

          constant with altitude and above which they vary with altitude.      

          The turbo/supercharged option allows power to be normalized up       

          to the altitude specified by HCRIT. The normally aspirated model     

          includes automatic power reduction with altitude.                    

 

  HPTAB   Horsepower values corresponding to RPMTAB.                           

 

  SFCTAB  Specific fuel consumption corresponding to RPMTAB, lb/hp/hr.         

 

  RPMTAB  RPM table for horsepower and specific fuel consumption               

          Extend this table to a low enough working range for                  

          propeller rpm to provide enough latitude for the                     

          optimizer to work during its search procedure.                       

 

  XFS     Fuselage axial stations in body axes positive forward, ft.           

          The wing root airfoil 1/4 chord must be at XFS=0 anywhere along      

          the Z axis. The 1/4 chords of the horizontal and vertical tail       

          root chords are located at the negative (first) end station and      

          the propeller is at the positive (last) end station.                 

 

  YFS     Fuselage butt line half widths in body axes positive right, ft.      

          Left side is automatically assumed symmetrical and equal in half     

          width, i.e., values measured from the centerline. Also, radius       

          for circular body.                                                   

 

  WLLOWER Fuselage lower waterline heights, negative down, ft. Defines         

          the bottom of the fuselage. The program assumes a rectangular        

          cross section below waterline zero so choose WL 0 accordingly.       
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  WLUPPER Fuselage upper waterline heights from WL 0, positive up, ft.         

          This is the height of the upper surface of the fuselage above        

          waterline zero. The program assumes an elliptical surface cross      

          section above WL 0 so choose WL 0 accordingly. Also, include         

          the cockpit canopy as part of the fuselage measurements.             

8.2 input and output data 

                        David Bryant Triaviathon Challenger                       

     CONTROL 

     NPAYOFF =   4 

        IOPT =   1      3   4      6   9  10  11  12  13  14  15   18  @@19 

                     20  21  22  24  25  26  27  29  23 

      ATMFLG =   0 

      BDYMOM =   1 

      BDYTYP =   0 

       FLAPS =   2     @@ SLOTTED flaps 

      LGEARW =   2     @@ 

      LGEARL =   3 

       VTAIL =   1 

         END 

      DESLIM 

      ARWLIM =    4.57, 4.6      @@to match actual wing 

      CLSMAX =    1.396 

       DELIM =   -19,2          @@Without rudder input 

     DIAMRAT =    .4 

       NLLIM =    4,4.6 

      REDLIM =    1.0      1.0   @@direct drive engine 

     SESHMAX =    1.0            @@to allow full flying tail 

      SPANLM =    15, 17.9       @@Actual span 17.9 opt hits top limit 

      STBLIM =    -0.2, -0.05    @@ 

     SWETLIM =   350           @@Guess at MAX(not range)wetted area in sq ft 

      THKMIN =   0.73            @@Actual at spar center 

       TLMAX =   18              @@Longer than probable length to optimize 

      TPRLMH =   0.98, 1.00      @@no taper 

      TPRLMW =   0.51, 0.52      @@actual 0.51 

      VHTMIN =   0.50 

      VVTMIN =   0.04 

       VCLIM =   90,160 

     VCRSLIM =   200,300 

      WTGMIN =   860 

      XCGLOC =   0.75 

      XCGRNG =   0.100 

         END 

      DESVAR 

      ALPHAB =   0.000 

      ALTCLM =    2500 

      ALTCRS =    6000 

      ARHRAT =    .35 

         ARV =   1.6 

         ARW =    4.6 

      CRDRAT =    1.30 

      SPNRAT =0.65        @@ actual ratio span flaps 

        DIAM =    70      @@initial prop diam 

    DIHEDRAL =    1.05    @@actual wing dihedral 

    FLAPDEFL =   40 

        INCH =   0.0 
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        INCW =   1.0 

          NB =   2 

          NG =   1 

      REDFAC =    1.00 

      RPMCLM =    2800    @@without over speed 

      RPMCRS =    2800 

        SESH =    1.0 

       SPANH =    9 

       SPANV =    2.5 

       SPANW =    22 

      TAPERH =    1.0 

      TAPERV =    1.0 

      TAPERW =    .5 

       THETP =    0 

        VCLM =    140 

        VCRS =    250 

       VSTALL =   50 

      WPAYLD =    800      @@non varying weight takes this to reasonable number 

         WT0 =    80 

      WTBASE =   1.3,1.05,1.05,1.3 

       WTEXP =   1.3,1.1,1,1.1, 

      WTFRAC =  .2, .1, .05, .05 

      LXAREA =   .21 

      WXAREA =   .65           !Streamlined @ wheels 

         ZCG =   0 

          ZV =  -1.0 

          ZP =   0 

          ZW =   0 

         END 

      TABLES 

      ALPHA0 =   -.44 

         CDW =   0.111000E-01   0.830000E-02   0.710000E-02   0.500000E-02 

                 0.490000E-02   0.510000E-02   0.590000E-02   0.880000E-02 

                 0.135000E-01   0.240000E-01   0.960000E-02   0.720000E-02 

                 0.650000E-02   0.490000E-02   0.450000E-02   0.460000E-02 

                 0.750000E-02   0.830000E-02   0.115000E-01   0.193000E-01 

                 0.920000E-02   0.680000E-02   0.630000E-02   0.530000E-02 

                 0.450000E-02   0.470000E-02   0.720000E-02   0.780000E-02 

                 0.104000E-01   0.157000E-01   0.920000E-02   0.680000E-02 

                 0.630000E-02   0.530000E-02   0.450000E-02   0.470000E-02 

                 0.720000E-02   0.770000E-02   0.100000E-01   0.140000E-01 

                 0.920000E-02   0.680000E-02   0.630000E-02   0.530000E-02 

                 0.450000E-02   0.470000E-02   0.720000E-02   0.760000E-02 

                 0.980000E-02   0.130000E-01 

        CLAW =   0.106000 

         CLW =  -0.800000      -0.400000      -0.200000       0.000000 

                 0.200000       0.400000       0.600000       0.800000 

                  1.20000        1.60000 

      CLWDES =  .055 

       CMCLD =  -.175 

         CMW =  10*-.01 

      REYTAB =   0.300000E+07   0.600000E+07   0.900000E+07   0.120000E+08 

                 0.180000E+08 

         TCW =   0.150000 

         XAC =   0.263000 

      ZLLCLD =   -6.25000 

        CLHT =   -1.60000       -1.20000      -0.800000      -0.400000 

                 -0.200000       0.000000       0.200000       0.400000 

                 0.800000        1.20000        1.60000 

        CDHT =   0.360000E-01   0.194000E-01   0.108000E-01   0.710000E-02 

                 0.500000E-02   0.440000E-02   0.500000E-02   0.760000E-02 

                 0.108000E-01   0.194000E-01   0.360000E-01   0.290000E-01 

                 0.150000E-01   0.870000E-02   0.650000E-02   0.520000E-02 
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                 0.430000E-02   0.520000E-02   0.650000E-02   0.870000E-02 

                 0.150000E-01   0.290000E-01   0.250000E-01   0.130000E-01 

                 0.820000E-02   0.600000E-02   0.530000E-02   0.400000E-02 

                 0.530000E-02   0.600000E-02   0.820000E-02   0.130000E-01 

                 0.250000E-01   0.230000E-01   0.125000E-01   0.820000E-02 

                  0.600000E-02   0.530000E-02   0.400000E-02   0.530000E-02 

                 0.600000E-02   0.820000E-02   0.125000E-01   0.230000E-01 

                 0.220000E-01   0.122000E-01   0.820000E-02   0.600000E-02 

                 0.530000E-02   0.400000E-02   0.530000E-02   0.600000E-02 

                 0.820000E-02   0.122000E-01   0.220000E-01 

        CMHT =   0.000000       0.000000       0.000000       0.000000 

                 0.000000       0.000000       0.000000       0.000000 

                 0.000000       0.000000       0.000000 

        KDDW =   0.500000 

        KDDH =   0.500000 

        KDDV =   0.500000 

          KS =    2.50000 

        MDDW =   0.750000 

        MDDH =   0.750000 

        MDDV =   0.750000 

      OSWALD =   0.825000 

       HPTAB =    60.0000        90.0000        125.000 

      SFCTAB =   0.660000       0.630000       0.600000 

      RPMTAB =    1250.00        1875.00        2800.00 

         XFS =   -13.5   -9   -4   -3   -2   -1   0   1    2   3    3.5 

         YFS =   0.54  0.56  0.87 0.87 0.87 0.87 1.15 1.2  1.6 1.1  0.55 

     WLLOWER =   0.54  0.54  0.54 1.38 1.38 1.38 1.38 1.38 1.5 1    0.55 

     WLUPPER =   0.54  0.54  1.6  1.75 1.5  0.3  0.4  0.6  0.8 0.75 0.55 

         END 

 EOF 

 

                ================================================ 

                 SUCCESS: THE OPTIMIZER CONVERGED ON A SOLUTION 

                ================================================ 

 

                       David Bryant Triaviathon Challenger                       

 @ 09/06/07  07:12:35.81 

 

 >>>> OPTIMIZED DESIGN: 

 

      VARIABLE   INITIALLY    OPTIMIZED        LOWER LIMIT  UPPER LIMIT 

 

       ARW         4.60000      4.57000          4.57000      4.60000     

       SPANW       17.9000      17.9000          15.0000      17.9000     

       TAPERW     0.510000     0.510000         0.510000     0.520000     

       NLGTH       4.00000      4.00963          4.00000      4.60000     

       ARHRAT     0.500000     0.500000         0.500000     0.900000     

       INCH       0.000000     -2.15461         -15.2381      15.2381     

       SPANH       9.00000      5.10351          4.50000      18.0000     

       TAPERH      1.00000     0.999737         0.980000      1.00000     

       THETP      0.000000     -15.0000         -15.0000      15.0000     

       ZW         0.000000      1.11268        -0.400000      1.38000     

       VCRS        250.000      221.030          200.000      300.000     

       ALPHA0    -0.440000    -0.850932         -8.00000     0.000000     

       VSTALL      50.0000      48.8708          12.5000      50.0000     

       XCGFWD     0.100000     0.138954         0.000000     0.900000     

       XCGAFTN   0.111111     0.121609         0.000000      1.00000     

       FLAPDEF     40.0000      60.0000         0.000000      60.0000     

       VCLM        140.000      129.234          90.0000      160.000     

       SPANV       2.50000      1.11689         0.000000      5.00000     

       ARV         1.60000     0.500000         0.500000      5.00000     

       ZV         0.486000     0.482522        -0.486000     0.486000     

       XCGLOC     0.750000     0.205464         0.000000      1.00000     
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                       David Bryant Triaviathon Challenger                       

 

  CRUISE PERFORMANCE AT  6000.0 FT ALTITUDE 

 

  VELOCITY, MPH                221.0       PROPELLER RPM          2800.0 

  MACH NUMBER                 0.293       ENGINE RPM              2800.0 

  DYNAMIC PRESSURE, PSF       104.4       REDUCTION FACTOR  1.00 

  DRAG, LB                       141.7       HP AVAILABLE             101.7 

  THRUST, LB                    146.6       SHAFT HP REQD           101.7 

  THRUST HP                      86.4       PROP EFFICIENCY         0.8500 

  ADVANCE RATIO                 1.191       THRUST COEF, CT        0.0293 

  STALL SPEED, MPH               48.9       POWER COEF, CP          0.0410 

 

 

  CLIMB PERFORMANCE AT  2500.0 FT ALTITUDE 

 

  RATE OF CLIMB, FPM           2050.7   PROPELLER RPM       2800.0 

  VELOCITY, MPH                 129.2     ENGINE RPM              2800.0 

  DYNAMIC PRESSURE, PSF        39.7       REDUCTION FACTOR    1.00 

  DRAG, LB                        77.0       HP AVAILABLE             114.9 

  THRUST, LB                    234.5     SHAFT HP REQD            114.9 

  THRUST HP                      80.8       PROP EFFICIENCY         0.7034 

  ADVANCE RATIO                 0.696     THRUST COEF, CT         0.0204 

  FLIGHT PATH ANGLE,DEG      10.4     POWER COEF, CP          0.0417 

  TRIAVIATHON SCORE            589.01 

 

 FORCES AND MOMENTS:        

WING     STABILIZER   VERTICAL FIN     FUSELAGE 

 

  LIFT, LB                  996.7        -85.1             0.0          -38.0 

  DRAG, LB: 

   PARASITE                  35.4          4.8             1.0           46.6 

   INDUCED                    9.5            0.9             0.0           0.0 

   SLIPSTREAM                0.3            0.2             0.1           2.4 

   COOLING & MISC        7.1 

   BASE                               0.0 

   LANDING GEAR           9.2 

   COMPRESSIBILITY      0.0            0.0             0.0           0.0 

   COMPONENT TOTAL  45.3            6.0             1.1           65.4 

 

   INTERFERENCE DRAG:   23.9      TOTAL DRAG:  141.7 

 

  MOMENTS, LB-FT         -1168.5         1037.0           -1.1         132.7 

 

 

  AIRPLANE DESIGN            

WING     STABILIZER   VERTICAL FIN     FUSELAGE 

 

  SPAN, FT                  17.90       5.10            1.12 

  AREA, SQ FT               70.11       11.40            2.49 

  ASPECT RATIO              4.57         2.29            0.50 

  TAPER RATIO                0.51          1.00            1.00 

  M.A.C., FT                 4.05          2.23            2.23 

  ROOT CHORD, FT         5.19          2.23            2.23 

  TIP CHORD, FT             2.65           2.23            2.23 

  AOA @ 0LL, DEG         1.85          -2.39            0.00          0.00 

  INCIDENCE, DEG         1.00          -2.15            0.00 

  CL/ALPHA, /DEG          0.1060       0.0329          0.1050 

  CL                       0.1361        -0.0787          0.0000        0.0000 

  CD PARASITE              0.0048         0.0045          0.0044        0.0656 

  CD COMPRESSIBLITY 0.0000         0.0000          0.0000 

  REYNOLDS NUMBER  7.256E+06  3.997E+06      3.998E+06     3.099E+07 

  WETTED AREA, SQ FT 109.3           23.3             5.1          112.7 
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  TOTAL WETTED AREA       =    250.3 

  CD on TOTAL WETTED AREA = 0.005420 

  ADRAG, SQ-FT             =    1.227 

 

  MISCELLANEOUS 

 

  SECTION DESIGN CL            0.1361       SECTION DESIGN CMAC       -0.0238 

  XCGFWD, /M.A.C.              0.1390       NOSE LENGTH, FT              4.01 

  XCG, /M.A.C.                  0.1605       TAIL LENGTH, FT             13.50 

  N0FREE, /M.A.C.              0.2437       HORZ TAIL VOL COEF         0.4246 

  N0FIXED, /M.A.C.             0.2629       ELEVATOR/TAIL AREA           1.00 

  THRUST ANGLE, DEG            -15.00       VERT TAIL VOL COEF         0.0387 

  PAYLOAD, LB                   800.0       WING DIHEDRAL, DEG            1.1 

  GROSS WEIGHT, LB              873.6       TAIL DIHEDRAL, DEG           21.2 

 

  ADVANCE RATIO                1.1909       THRUST COEF, CT            0.0293 

  PROPELLER EFFICIENCY         0.8500       POWER COEF, CP             0.0410 

  VSTALL, MPH                    48.9        SPAN LOADING, LB/FT         48.81 

  WING CLMAX @ STALL            2.51        WING LIFT,LB @STALL        887.78 

  ELEVATOR DEFL @ STALL       -19.0       TAIL LIFT,LB @STALL        -14.15 

  FLAP DEFLECTN @ STALL         60.0       

  STABILITY MARGIN, dCM/dCL  -0.1154 

 

  FUSELAGE DIMENSIONS, FT 

 

        XFS       YFS   WLLOWER   WLUPPER 

 

   -13.500     0.540     0.540     0.540 

    -9.000     0.560     0.540     0.540 

    -4.000     0.870     0.540     1.600 

    -3.000     0.870     1.380     1.750 

    -2.000     0.870     1.380     1.500 

    -1.000     0.870     1.380     0.300 

     0.000     1.150     1.380     0.400 

     1.146     1.200     1.380     0.600 

     2.291     1.600     1.500     0.800 

     3.437     1.100     1.000     0.750 

     4.010     0.550     0.550     0.550 

 

  COMPONENT COORDINATES, FT 

 

  C.G.            XCG=   0.363     YCG=   0.000     ZCG=   0.000 

 

  Wing root     XROOT=   0.000   YROOT=   0.000   ZROOT=   1.113 

  Wing MAC       XMAC=   0.000    YMAC=   3.991    ZMAC=   1.040 

 

  Horiz tail    XROOT= -11.825   YROOT=   0.000   ZROOT=   0.483 

  Horiz tail     XMAC= -11.825    YMAC=   1.276    ZMAC=   0.020 

 

  Vert tail     XROOT= -11.825   YROOT=   0.000   ZROOT=   0.483 

  Vert tail      XMAC= -11.825    YMAC=   0.000    ZMAC=   1.041 

 

  Propeller        XP=   4.010      YP=   0.000      ZP=   0.000 

 

  NOTE: +X FORWARD, +Y RIGHT, +Z DOWN,  XROOT & XMAC @ 1/4 CHORD 

 

 

 CONSTRAINT VALUES SHOW THE CLOSENESS TO THE BOUNDARY. 

 EQUALITY CONSTRAINTS ARE SATISFIED WHEN = 0 

 INEQUALITY CONSTRAINTS ARE SATISFIED WHEN >= 0 

 TYPE: EQUALITY = 0, UPPER BOUND = 1, LOWER BOUND = -1 

 



78 

 

 SYSTEM CONSTRAINT VALUES: 

 

                NAME  TYPE     ACTIVE        INACTIVE       REQUIREMENT 

 

             SHP=HPA       0     -0.8388E-11      SATISFIED 

       ALPHA0=DESIGN      0     -0.7289E-16         SATISFIED 

   VERTICAL FORCES=0      0      0.3460E-09          SATISFIED 

   PITCHING MOMENT=0      0     -0.1367E-07  SATISFIED 

     LIFT=WT @ STALL      0      0.8613E-10         SATISFIED 

   STALL PITCH MOM=0      0     -0.2572E-07         SATISFIED 

     STABILITY LOWER     -1           0.8457E-01    SATISFIED 

     STABILITY UPPER      1             0.6543E-01    SATISFIED 

          NEUTRAL PT       1      0.4583E-07       SATISFIED 

          FORWARD CG      -1           0.2636        SATISFIED 

     USABLE CG RANGE     -1     0.4711E-01    SATISFIED 

      TOTAL WET AREA      1         0.2848        SATISFIED 

    HORZ TAIL FORCES      1          0.1494E-01    SATISFIED 

  HORZ TAIL VOL COEF     -1      0.1117E-08       SATISFIED 

  VERT TAIL VOL COEF     -1     -0.8425E-10         SATISFIED 

     VERT TAIL CROOT     -1     -0.3693E-10         SATISFIED 

      VERT TAIL SPAN       1            1.216        SATISFIED 

  MIN WING THICKNESS     -1  0.6600E-01    SATISFIED 

    MIN GROSS WEIGHT     -1           0.1585E-01    SATISFIED 

 

 PAYOFF=-.530363      (CAFE Triaviathon Score)         TRIAL DESIGNS =1123 

 

 

                        AIRPLANE OPTIMIZER (tm) v1.50 

             Copyright 1999 Donald R Bates - All Rights Reserved 

        BATES ENGINEERING, 2742 Swansboro Road, Placerville, CA 95667 

        Phone/FAX 530-622-1886,  Website: www.innercite.com/~bateseng 

                       Registered Owner:  David Bryant 

 

                              Copy Date 3/15/99 
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8.3 Airplane PDQ output files 

Weight Estimate Comparison Report 

Design Name: DB 01 

Designer: David Bryant 

Design Date: Summary 14 sept 2007 

Weight Breakdown 

 
Current 

Value 
Cessna 

Method 

Raymer 

GA 

Method 

Stinton 

Method 
Torenbeek 

Method 
USAF 

Method 
Average 

Method 

Structures 

Group        

Main Wing 73.5 lbm 
80.92 

lbm 
75.32 lbm 

88.16 

lbm 
55.02 lbm 

68.09 

lbm 
73.5 lbm 

Horizontal 

Stabilizer 
15.94 

lbm 
18.06 

lbm 
15.08 lbm 

11.83 

lbm 
12.11 lbm 22.6 lbm 

15.94 

lbm 

Fuselage 
165.5 

lbm 
116.3 

lbm 
177.5 lbm 

217.1 

lbm 
177.5 lbm 

138.8 

lbm 
165.5 

lbm 

Landing Gear 
39.83 

lbm 
35.18 

lbm 
54.26 lbm 41.4 lbm 54.26 lbm 

14.06 

lbm 
39.83 

lbm 

Propulsion 

Group        

Engine #1 
256.3 

lbm 
256.3 

lbm 
256.3 lbm 

256.3 

lbm 
256.3 lbm 

256.3 

lbm 
256.3 

lbm 

Fuel System 
19.89 

lbm 
10.62 

lbm 
26.94 lbm 

22.16 

lbm 
17.83 lbm 

21.89 

lbm 
19.89 

lbm 

Equipment 

Group        

Avionics 
43.38 

lbm 
32.7 lbm 54.86 lbm 41.4 lbm 33.07 lbm 

54.86 

lbm 
43.38 

lbm 

Electrical 
57.74 

lbm 
24.66 

lbm 
104.2 lbm 27.6 lbm 28.08 lbm 

104.2 

lbm 
57.74 

lbm 

Flight 

Controls 
30.15 

lbm 
15.46 

lbm 
10.44 lbm 

17.26 

lbm 
31.21 lbm 

76.39 

lbm 
30.15 

lbm 

Furnishings 
10.29 

lbm 
11.58 

lbm 
-11.49 

lbm 
19.84 

lbm 
43.04 lbm 

-11.49 

lbm 
10.29 

lbm 

TOTAL 

WEIGHT 

EMPTY 

712.4 

lbm 
601.8 

lbm 
763.4 lbm 743. lbm 708.4 lbm 

745.7 

lbm 
712.4 

lbm 

Useful Load 

Group        

Crew and 

Passengers 
180. lbm 180. lbm 180. lbm 180. lbm 180. lbm 180. lbm 180. lbm 

Fuel 155.7 155.7 155.7 lbm 155.7 155.7 lbm 155.7 155.7 
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lbm lbm lbm lbm lbm 

Cargo 0.0 lbm 0.0 lbm 0.0 lbm 0.0 lbm 0.0 lbm 0.0 lbm 0.0 lbm 

AS-DRAWN 

GROSS 

WEIGHT 

1,048.1 

lbm 
937.5 

lbm 
1,099.1 

lbm 
1,078.7 

lbm 
1,044.1 lbm 

1,081.4 

lbm 
1,048.1 

lbm 

DESIGN 

GROSS 

WEIGHT 
920. lbm 

      

Weight and Balance Report 

Design Name: DB 01 

Designer: David Bryant 

Design Date: Summary 14 sept 2007 

Weight Breakdown 

Parameter 
Weight Station 

SI Units User Units SI Units User Units 

Structures Group 
    

Main Wing 33.34 kg 73.5 lbm 1.899 m 74.77 in 

Horizontal Stabilizer 7.229 kg 15.94 lbm 5.672 m 223.3 in 

Fuselage 75.05 kg 165.5 lbm 2.489 m 98. in 

Landing Gear 18.07 kg 39.83 lbm 1.878 m 73.94 in 

Propulsion Group 
    

Engine #1 116.2 kg 256.3 lbm 0.4547 m 17.9 in 

Fuel System 9.021 kg 19.89 lbm 1.604 m 63.15 in 

Equipment Group 
    

Avionics 19.68 kg 43.38 lbm 1.621 m 63.8 in 

Electrical 26.19 kg 57.74 lbm 0.9855 m 38.8 in 

Flight Controls 13.68 kg 30.15 lbm 2.489 m 98. in 

Furnishings 4.669 kg 10.29 lbm 1.494 m 58.8 in 

TOTAL WEIGHT EMPTY 323.1 kg 712.4 lbm 1.52 m 59.83 in 

Useful Load Group 
    

Crew and Passengers 81.65 kg 180. lbm 2.154 m 84.8 in 

Fuel 70.63 kg 155.7 lbm 1.604 m 63.15 in 

Cargo 0.0 kg 0.0 lbm 2.256 m 88.8 in 

AS-DRAWN GROSS WEIGHT 475.4 kg 1,048.1 lbm 1.641 m 64.61 in 

DESIGN GROSS WEIGHT 417.3 kg 920. lbm 
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CG Limits 

Parameter SI Units User Units 

Forward CG Limit 2.198 m 86.54 in 

Aft CG Limit 1.584 m 62.38 in 

Neutral Point 2.007 m 79.01 in 

Forward CG Limit (%MAC) 63.76  
 

Aft CG Limit (%MAC) 16.43  
 

Neutral Point (%MAC) 49.  
 

Loading Extremes 

Parameter 
CG Location 

Static 

Margin 

SI Units User Units % MAC 

Most Forward CG Loading 1.641 m 64.61 in 28.19  
 

Most Aft CG Loading 1.648 m 64.87 in 27.69  
 

Summary Report 

Design Name: DB 01 

Designer: David Bryant 

Design Date: Summary 14 sept 2007 

External Dimensions 

Parameter SI Units User Units 

Main Wing Span 5.486 m 18. ft 

Main Wing Chord (Root) 1.615 m 5.3 ft 

Main Wing Chord (Tip) 1.042 m 3.419 ft 

Main Wing Aspect Ratio 4.129  
 

Horizontal Stabilizer Span 2.212 m 7.256 ft 

Horizontal Stabilizer Chord (Root) 0.8425 m 2.764 ft 

Horizontal Stabilizer Chord (Tip) 0.6319 m 2.073 ft 

Horizontal Stabilizer Aspect Ratio 3.  
 

Wheel Track 1,253.3 m 4,112. ft 

Wheel Base 4.526 m 14.85 ft 

Propeller Diameter 1.5 m 4.92 ft 
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Internal Dimensions 

Parameter SI Units User Units 

Cabin Length 1.27 m 4.167 ft 

Cabin Max Width 0.661 m 2.169 ft 

Cabin Max Height 1.232 m 4.042 ft 

Areas 

Parameter SI Units User Units 

Main Wing Area, Gross 7.29 m^2 78.47 ft^2 

Flaps Area 1.303 m^2 14.03 ft^2 

Ailerons Area 0.6504 m^2 7.001 ft^2 

Horizontal Stabilizer Area, Gross 1.63 m^2 17.55 ft^2 

Stabilator Area 1.63 m^2 17.55 ft^2 

Powerplant 

Parameter SI Units User Units 

Engine Model Cont IO-240B (125 HP) 
 

Engine Power Rating 93,212.5 watts 125. HP 

Weights and Loadings 

Parameter SI Units User Units 

Empty Weight 323.1 kg 712.4 lbm 

Gross Weight 417.3 kg 920. lbm 

Baggage Capacity 0.0 kg 0.0 lbm 

Payload with Max Fuel 23.52 kg 51.85 lbm 

Fuel Capacity 0.1006 m^3 26.57 gal 

Max Wing Loading 57.24 kg/m^2 11.72 lbm/ft^2 

Max Power Loading 0.004477 kg/watts 7.36 lbm/HP 

Number of Seats 1 
 

Performance 

Parameter SI Units User Units 

Max Level Speed (SL) 95.52 m/s 185.5 knots 

Cruise Speed (SL, 75% Power) 84.11 m/s 163.4 knots 
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Stall Speed Clean (Power On) 29.94 m/s 58.15 knots 

Stall Speed 45. deg Flaps (Power On) 0.0 m/s 0.0 knots 

Max Rate of Climb 11.33 m/s 2,230.1 fpm 

Max Range @ Cruise (SL, 75% Power) 1.301e+06 m 702.4 nmi 

Fuel Consumption at Cruise (SL, 75% Power) 7.166e-06 m^3/s 6.815 gal/hr 

Geometry Report 

Design Name: DB 01 

Designer: David Bryant 

Design Date: Summary 14 sept 2007 

Engine #1 

Parameter SI Units User Units 

Ref Position X 0.0 m 0.0 ft 

Y 0.0 m 0.0 ft 

Z 0.0 m 0.0 ft 

Model Cont IO-240B (125 HP) 
 

Type piston 
 

Max Power 93,212.5 watts 125. HP 

Width 0.7976 m 2.617 ft 

Length 0.7569 m 2.483 ft 

Height 0.5969 m 1.958 ft 

Propeller #1 

Parameter SI Units User Units 

Ref Position X 0.0 m 0.0 ft 

Y 0.0 m 0.0 ft 

Z 0.0 m 0.0 ft 

Diameter 1.5 m 4.92 ft 

Number of Blades 2 
 

Mean Chord 0.07647 m 0.2509 ft 

Mean Pitch 2.647 m 8.683 ft 

Propeller Type Constant Speed 
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Main Wing 

Parameter SI Units User Units 

Ref Position X 1.697 m 5.567 ft 

Y 0.0 m 0.0 ft 

Z 0.2547 m 0.8356 ft 

Aerodynamic Center Position 1.714 m 5.623 ft 

Airfoil Section 65(sub)2-415 
 

Ref Area 7.29 m^2 78.47 ft^2 

Exposed Area 5.88 m^2 63.29 ft^2 

Wetted Area 12.05 m^2 129.7 ft^2 

Span 5.486 m 18. ft 

Fuselage Cutout 0.4496 m 1.475 ft 

Root Chord 1.615 m 5.3 ft 

Mean Chord 1.297 m 4.254 ft 

Tip Chord 1.042 m 3.419 ft 

Thickness (% Chord) 15.  
 

Aspect Ratio 4.129  
 

Incidence 0.01745 rad 0.9999 deg 

Twist 0.0 rad 0.0 deg 

Taper Ratio 0.6451  
 

Dihedral 0.01745 rad 1. deg 

Sweep (1/4 c) 0.0 rad 0.0 deg 

Control Surface Flaps 
 

% Span 70.  
 

Mean % Chord 25.  
 

Inboard Edge (% semi span) 10.  
 

Control Surface Ailerons 
 

% Span 40.  
 

Mean % Chord 25.  
 

Inboard Edge (% semi span) 55.  
 

Horizontal Stabilizer 

Parameter SI Units User Units 
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Ref Position X 5.515 m 18.09 ft 

Y 0.0 m 0.0 ft 

Z 0.2994 m 0.9824 ft 

Aerodynamic Center Position 5.567 m 18.27 ft 

Airfoil Section 0006 
 

Ref Area 1.63 m^2 17.55 ft^2 

Exposed Area 1.366 m^2 14.71 ft^2 

Wetted Area 2.76 m^2 29.7 ft^2 

Span 2.212 m 7.256 ft 

Fuselage Cutout 0.1596 m 0.5237 ft 

Root Chord 0.8425 m 2.764 ft 

Mean Chord 0.7257 m 2.381 ft 

Tip Chord 0.6319 m 2.073 ft 

Thickness (% Chord) 6.  
 

Aspect Ratio 3.  
 

Incidence -0.03491 rad -2. deg 

Twist 0.0 rad 0.0 deg 

Taper Ratio 0.7501  
 

Dihedral 0.6981 rad 40. deg 

Sweep (1/4 c) 0.08727 rad 5. deg 

Control Surface Stabilator 
 

% Span 100.  
 

Mean % Chord 100.  
 

Inboard Edge (% semi span) 0.0  
 

Fuselage 

Parameter SI Units User Units 

Ref Position X 0.0508 m 0.1667 ft 

Y 0.0 m 0.0 ft 

Z 0.0 m 0.0 ft 

Max Width 0.7626 m 2.502 ft 

Max Height 1.334 m 4.375 ft 

Length Overall 6.096 m 20. ft 
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Frontal Area 0.7987 m^2 8.597 ft^2 

Wetted Area 16.54 m^2 178.1 ft^2 

Volume 4.019 m^3 141.9 ft^3 

Cabin 

Parameter SI Units User Units 

Ref Position X 0.9855 m 3.233 ft 

Y 0.0 m 0.0 ft 

Z 0.2994 m 0.9824 ft 

Number of Passengers 1 
 

Seats Across 1 
 

Rows 1 
 

Seat Pitch 1.27 m 4.167 ft 

Width 0.661 m 2.169 ft 

Height 1.232 m 4.042 ft 

Length 1.27 m 4.167 ft 

Landing Gear 

Parameter SI Units User Units 

Gear Configuration Tail-dragger 
 

Main Position X 1.395 m 4.576 ft 

Y 0.0 m 0.0 ft 

Z -0.84 m -2.756 ft 

Main Diameter 0.2743 m 0.9 ft 

Main Width 0.1222 m 0.401 ft 

Tail Position X 5.847 m 19.18 ft 

Y 0.0 m 0.0 ft 

Z -0.0242 m -0.0794 ft 

Tail Diameter 0.09406 m 0.3086 ft 

Tail Width 0.04581 m 0.1503 ft 

Wheel Base 4.526 m 14.85 ft 

Track 1,253.3 m 4,112. ft 
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Fuel Tank #1 

Parameter SI Units User Units 

Tank Type Wing Tank 
 

Ref Position X 1.697 m 5.567 ft 

Y 0.0 m 0.0 ft 

Z 0.2547 m 0.8356 ft 

Fuel Volume 0.1006 m^3 26.57 gal 

Fuel Weight 70.63 kg 155.7 lbm 

% Span 22.84  
 

Inboard Edge (% Semispan) 21.39  
 

% Chord 35.  
 

Forward Edge (% Chord) 1.  
 

 

Drag Breakdown Report 

Design Name: DB 01 

Designer: David Bryant 

Design Date: Summary 14 sept 2007 

Component 
   

Cd 
Percent 

Total 

Main Wing 
     

 
Component Lift Coeff 0.1509 

   

 
Component Induced Drag 

Coeff 
0.002066 

   

 
Component Profile Drag 

Coeff 
0.003496 

   

 
Component Drag Coeff 0.005562 

   

 
Component Ref Area 7.29 m^2 

78.47 

ft^2   

 
Design Ref Area 7.29 m^2 

78.47 

ft^2   

 
Total Drag Coeff 

  
0.005562 26.95 % 

Horizontal 

Stabilizer      

 
Component Lift Coeff -0.1092 

   

 
Component Induced Drag 

Coeff 
0.002385 

   

 
Component Profile Drag 0.004453 
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Coeff 

 
Component Drag Coeff 0.006828 

   

 
Component Ref Area 1.63 m^2 

17.55 

ft^2   

 
Design Ref Area 7.29 m^2 

78.47 

ft^2   

 
Total Drag Coeff 

  
0.001527 7.4 % 

Fuselage 
     

 
Cutoff Reynolds Number 9.791e+07 

   

 
Fuselage Reference Length 6.096 m 20. ft 

  

 
Cruise Reynolds Number 3.629e+07 

   

 
Fuselage Form Factor 1.639 

   

 
Skin Friction Coeff 0.002343 

   

 
Wetted Area 16.54 m^2 

178.1 

ft^2   

 
Skin Friction Drag Coeff 0.06249 

   

 
Base Drag Area 

0.03993 

m^2 
0.4299 

ft^2   

 
Base Drag Coeff 0.005472 

   

 
Leaks and Proturberance 

Drag Coeff 
0.003398 

   

 
Cooling Drag Coeff 0.006796 

   

 
Fuselage Lift Coefficient -0.03302 

   

 
Fuselage Induced Drag 0.002775 

   

 
Component Drag Coeff 0.08093 

   

 
Component Ref Area 1.017 m^2 

10.95 

ft^2   

 
Design Ref Area 7.29 m^2 

78.47 

ft^2   

 
Total Drag Coeff 

  
0.01129 54.71 % 

Landing Gear 
     

 
Component Drag Coeff 0.01619 

   

 
Component Ref Area 1.017 m^2 

10.95 

ft^2   

 
Design Ref Area 7.29 m^2 

78.47 

ft^2   

 
Total Drag Coeff 

  
0.002258 10.94 % 
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TOTAL Airplane 

Drag    
0.02064 100. % 

Design Check Report 

Design Name: DB 01 

Designer: David Bryant 

Design Date: Summary 14 sept 2007 

Gross Weight Check 

Parameter SI Units User Units 

Design Gross Weight 417.3 kg 920. lbm 

As-Drawn Gross Weight 475.4 kg 1,048.1 lbm 

Percent Difference 13.93  
 

Aircraft design gross weight and as-drawn gross weight are not in good agreement. 

Design weight should be adjusted and some sizing adjustments to the aircraft's 

components may be required to achieve appropriate proportions and power. 

CG Limit Check 

Parameter SI Units User Units 

Forward CG Limit 2.198 m 86.54 in 

Aft CG Limit 1.584 m 62.38 in 

Neutral Point 2.007 m 79.01 in 

Forward CG Loading 1.641 m 64.61 in 

Aft CG Loading 1.648 m 64.87 in 

The design has no allowable CG range (i.e., the forward CG limit is behind the aft 

limit). Horizontal tail size or moment arm is probably insufficient. 

Propeller #1 Clearance Check 

Parameter SI Units User Units 

Level Clearance 0.2134 m 0.7 ft 

Tail Down Clearance 0.4945 m 1.622 ft 

Propeller has insufficient ground clearance. Gear length should be increased or engine 

position raised to increase clearance. 

View Angle Check 

Parameter SI Units User Units 
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Level View Angle 0.1734 rad 9.932 deg 

Tail Down View Angle -0.02555 rad -1.464 deg 

Pilot's view over the nose is obscured. You may want to adjust the landing gear, seat 

position, and/or fuselage nose profile to improve forward visibility. 

Tail Clearance Check 

Parameter SI Units User Units 

Tail Clearance Angle 0.1989 rad 11.4 deg 

Flare Angle 0.2144 rad 12.28 deg 

Insufficient tail clearance. Tailwheel may strike ground during takeoff or strike first 

during landing. You may want to adjust the landing gear or aft fuselage to increase 

clearance. 

Stabilizer Size and Location Check 

Parameter SI Units User Units 

Vertical Stabilizer Volume Coefficient 0.0  
 

Horizontal Stabilizer Volume Coefficient 0.4969  
 

Angle between Wing and Horizontal Stabilizer 0.01172 rad 0.6715 deg 

Power and Wing Loading Check 

Parameter SI Units User Units 

Power Loading 0.004477 kg/watts 7.36 lbm/HP 

Wing Loading 57.24 kg/m^2 11.72 lbm/ft^2 

Power loading is below historical averages. Design may be overpowered. 

Landing Gear Geometry Check 

Parameter SI Units User Units 

Forward CG Gear Angle 0.2042 rad 11.7 deg 

Aft CG Gear Angle 0.2095 rad 12. deg 

Track Angle 1.569 rad 89.9 deg 

Overturn Angle 0.2695 rad 15.44 deg 

Min Main Gear Weight Fraction (%) 89.33  
 

Max Main Gear Weight Fraction (%) 89.47  
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Forward CG position is too far forward relative to main gear. The aircraft may have a 

tendency to fall over on its nose. The forward CG gear angle should be greater than 13. 

deg. 

Performance Check 

Parameter SI Units User Units 

Cruise Speed 84.11 m/s 163.4 knots 

Target Cruise Speed 108.1 m/s 210. knots 

Stall Speed 0.0 m/s 0.0 knots 

Target Stall Speed 23.17 m/s 45. knots 

Max Rate of Climb 11.33 m/s 2,230.1 fpm 

Target Max Rate of Climb 10.41 m/s 2,050. fpm 

Range at Cruise 1.301e+06 m 702.4 nmi 

Target Range at Cruise 7.408e+05 m 400. nmi 

Cruise Pitch Attitude -0.02718 rad -1.557 deg 

Cruise Elevator Setting -0.01459 rad -0.8359 deg 

The design as drawn does not meet the target cruise speed. You may want to increase 

power, reduce wing area, and/or reduce fuselage cross section to increase cruise speed. 

Size Check 

Parameter SI Units User Units 

Wing Span 5.486 m 18. ft 

Tail Height 1.101 m 3.613 ft 

Propeller #1 Height 1.955 m 6.413 ft 
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Aircraft Performance Report 

Design Name: DB 01 

Designer: David Bryant 

Design Date: Summary 14 sept 2007 

Analysis Parameters 

Parameter SI Units User Units 

Weight 417.3 kg 920. lbm 

Altitude 0.0 m 0.0 ft 

Rate of Climb 0.0 m/s 0.0 fpm 

Flaps Setting 0.0 rad 0.0 deg 

CG Location 1.641 m 64.61 in 

Performance Data 

C:\Users\Owner\Desktop\Demo outputs\Aircraft Performance Report.htm 
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8.4 Space gas analysis of the engine mount loads 

 

  



94 
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8.5 Review as published in Sport Aviation: 

A progress report on VH-ZYY a “true experimental”  

 

 

I have designed built and flown the DB01 shown in the photo above. It has taken nine years to get from 

the first part to the first flight. It has been an interesting journey. 

 

It has a Continental IO240 A series engine, Ivo Magnum propellor and is just a little bit bigger than a 

Cassutt racer. It has a full flying Vee Tail like on the Davis DA2. 

 

I have had my permit to fly for a while now and been sorting out the odd issue or two. Replaced the tail 

wheel, added tailwheel steering and patched the cowl where the exhaust was too close. I determined the 

flaperon position required for takeoff and did about ten high speed (tail up) taxi tests. The day of the 

first flight I was intending to do a taxi test and flare it from two feet off the ground to land back on the 

runway, I had done this twice before and was determining several things including the flaperon setting 

for the first flight. I was aiming for five knots faster than the previous high speed taxi test. I would not 

do this much ground preperation for testing an RV but this was a first of type and I have only eighty 

landings in tail draggers so I was taking it “easy”. I was prepared for the event having flown a Super 

Decathalon to get my conventional gear endorsement and then did several session of circuits in an Extra 

300L. Now that is a seriously FUN aircraft to fly! This training left me current and ready to continue the 

testing at taxi speeds towards 1.3 times the anticipated stall speed. The day of the first flight I had been 

left to heat soak for fifteen miutes while the tower set off the departing aircraft at Jandakot. It was 

mostly me that was heat soaked rather than the aircraft as it was nearly lunch time and the cockpit is 

very tight and the brakes uncomfortable to hold.  

 

Once clearded for the high speed taxi on 06Left full length. I pressed the throttle smoothly forward and 

and almost imediately lifted the tail corrected for it to track straight and watched the centerline as I got 

to seventy knots I started to retard the throttle as I was aiming for seventy five. By the time I got to 

seventy two I was levetating  and accellerating upwards rather than forward, so I increase the throttle a 

bit and called Tower “going around”. Then very quickly I was approaching the departing aircraft from 

behind and hit its wake turbulance. By this time I realised that the elevator forces were higher than 

predicted and the stick was far aft. As far aft as the stall stick position that had been estimated by the 

landbacks during taxi testing! Hmm.  

 

The Tower redirected the traffic away from me and left me tracking a long way upwind, actually toward 

the old Rubbish tip! By this time I had experimented with the trim change and I could lower the elevator 

forces But the stick moved further aft! So I put the force back in by resetting the trim. I experimented 

also with retraction of the flaperons and started to feel a bit mushy at six hundred feet, so I put them 

back to where I knew it was controllable and put in a downwind full stop call. I was asked to report Ops 

normal and came back with “ I am at the end of a trim range” The tower politely asked if I expected a 

normal landing. After thinking about that for two seconds  replyed “Bloody hope so!” Cleared to land by 

mid down wind I tried to experiment with the control inputs and over controlled it a bit then calmed 

down, returned the flaperons to the position used for taxeoff and reset the trim to where it was. I turned 

base and final aiming for eighty knots, like in the extra. Short final I got down to seventy and the sink 

rate increased so I trickled on the power and pushed the nose down to hold my aiming speed. Then as I 

crossed the threshold at about seventy eight I pulled the throttle and waited in the attitude I had seen 

often before. Barely kissing the ground in the correct three point attitude I rolled out as the tower said 

“Like you have done it a million and one times before”, I answered “yes, but the first time is more 

scary.” I brake slightly and turn off the runway and pull the engine to a slow idle and it stops, The 

Continental IO240 does that after flight, I thought my homemade restricter in the vapour return would 

be ok but I will have to order the correct part from continental.  

 

I called the tower with a 5min delay, but I was clear of the runway. I sat! 

 

After a few minutes I reprimed the mechanical fuel injection system and fired it up to taxi back to the 

hangar. Now it was an aircraft. It has flown. Ok it was a circuit, Ok I never got over a third of its full 

power. But now comes the task of expanding the flight envelope.  

 

During a debrief with the local reg 35 engineer, thanks Wally, he suggested that it just needs the 

Continental restrictor and the tail travel changed by five degrees degrees. Then continue testing as it is a 

very small list of changes required after the first flight. 
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Now as I sit and write this up I have fourty eight hours to pack to go to the US to work at California 

Polytech University on an RV7 project for seven months. I am sure I have adventures ahead and I am 

sure that I will have more adventures as I continue the flight test schedule on my return in the new year.  

 

 

It is fantastic that we have the ability to experiment with aircraft. Enjoy it! But what changes the toys to 

a rewarding hobby is the people along the way. Thanks to the many people who helped especially 

chapter 24 and Keith Elis who has helped hand form ribs, buck thousands of rivets and assisted from the 

very start.  

 

 

David Bryant 

 

SAAA 02038  

 

Technical Counselor 

 

Pilot Advisor 
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QED 


