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GLOBAL FORCES AND MOMENTS ON AN AIRCRAFT
For an airplane to be in equilibrium in flight we have the condition that both, the sum of the forces and moments (torque) acting on it has to be zero.
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Figure 420  Cessna I72alphanumeric soup of important points, siations, and forces.



For unaccelerated level flight we have for the forces: 
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and for the moments we have
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FACTORS INFLUENCING LIFT
First of all we should enumerate the factors influencing lift on an airplane. We have to consider also that by these airplanes the flight is done in most of cases at low powered, quasi-steady-state regime, flight path angles are small and, therefore (wings level), net lift is close to gross weight.
So here we have the factors influencing lift on an airplane:  

1. Environmental: air density (large infl.), air viscosity or Reinolds number(small infl.), Mach number (small infl.), ground effect (medium infl.), gusts (variable), centrifugal and Coriolis pseudoforces (quite small but have to be taken into account)
2. The airplane: wing area (large), wing shape (medium), wing profile (medium), angle of incidence and twist (medium), sweepback (medium), dihedral angle (small), nonwing surface (variable), surface smoothness and cleanliness (variable), protuberances (small)
3. Airplane configuration: flaps extension angle (large), landing gear extension (small to medium)

4. Operational factors: body Angle of Attack (large), air speed (large), yaw and roll angles (small), trim settings (small), throttle and/or revolutions per minute settings (medium)

DRAG FORCE
If we start with the time honored and experimentally supported ‘ quadratic drag polar’ describing the relation between drag and lift coefficients:
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(1)
of course there are cases for we can say:
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(2)
In equation (1) we know all about aspect ratio A. What remains to be found out is the pair of constants CD0 and e, e the airplane efficiency factor. Because, for the case we care about –the entire airplane – we will arrive to those two values by experimental measurements. The experiment will be described in the following.

But before that it would be indicated to familiarize ourselves with the graph of D(V). It is important to keep in mind that, because 
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 rises at low speeds, the total drag curve is cup shaped with a definite minimum.
If we consider the airplane in wings-level (unbanked) flight, we can say: 
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Figure423  Parasite, induced, and total drag force on an airplane in level flight.




where W is the aircraft weight and γ is the flight path angle, then the total drag depicted in the figure above is given by the formula:
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with
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so we will have a function in the next form :
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 where g(V)=V2  so the extremum of f occurs only when g2=B/A which means Ag=B/g. In our case, this means the minimum value of drag occurs when parasite drag is equal to induced drag. It will occur at the speed for the best (longest) glide in still air
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EXPERIMENT FOR DETERMINING CD0 AND E
The aerodynamic calculations are not very elaborate in the majority of the Ultra-Light construction plans. Usually, the construction plans start by modifying an old design. There is no real aerodynamic coefficients measurement in the wind tunnel, therefore are used some coefficients from tables (note: the coefficients from the tables do not take into account all the aerodynamic characteristics of the real structure). The same procedure is fallowed to choose the parasite drag coefficient and the Oswald’s aerodynamic efficiency coefficient.
These are the motives for which is wanted a simple (but more close to the reality) an experimental way to determine the coefficients.

One general method to determine CD0 is to make a series of glided flights at different speeds (only for the aircrafts that can glide). One h*V vs. V4 graphic is done using the gathered data regarding the vertical speed component. Starting from this graph, a series of mathematical regressions are made in order to obtain the line through the dot cloud obtained on the experiment (CD0 comes from the fit slope and e from the lift intercept).
In the next paragraph is presented a more simple and accurate method. A surprising thing is that this method remained unknown until 1991.

Having the formulas for the optimal speed and the optimal gliding angle:
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(2)

One can observe from these formulas that for one particular air density, aircraft mass and yaw angle (preferably in degrees because cos2Φ of the term) the terms V and γ are determined by the CD0 and e coefficients. By multiplying the last equation with CD0/ CD0 in order to have the same denominator with the first equation, the next form is used by squaring:
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(3)

The 2nd and 3rd term gives:
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But knowing that:
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Having the calculation formulas for CD0 and e, the only thing that remains is the experimental way to determine the Vbg and γbg values. In the next paragraph is presented the flight methodology for that.
The general way is to make a series of glided flights (in the same altitude interval) at different speeds, until the product VC*ΔT is maximum (this can be realized with a hand calculator or with the help of the ground team). The VC speed is in fact the calibrated speed and not the speed indicator reading (for this the indicator calibration curve is needed). ΔT is the time interval between the start and the end of the glided flight. After establishing the pair of values for which the product is maximum, the coefficient calculation can begine.

Next is a detailed description of the steps used in flight tests:
· Preferably the start altitude is to be greater than hp2 (the altitude that represents the superior limit of the measuring interval). The glided flight should start with the engine not running (or relanti) and when achieving the measuring start altitude hp2, the flight speed and the gliding angle to be well stabilized.

· The chronometer is started at hp2
· The wing level will be kept horizontally, the heading will be maintained, the indicated air speed will be kept constant (±1 mph). If the Vi speed is not constant during the flight, the value used in calculation will be an average value.
· At the hp1altitude the chronometer will be switched off (the altimeter will have a small delay, but the same delay was at start altitude hp2, therefore the apparatus measuring errors are canceling each other).

· The VC speed is taken versus Vi from the speed indicator calibration curve. After that the VC*ΔT product is calculated.

For time saving in the calculation process, the measured and obtained values are written in the next table:

	Flight no.
	Aircraft mass
(         * )
	Wanted speed
(           * )
	Real speed
(             * )
	VC
(         * )
	ΔT

(         * )
	VC* ΔT

(         * )

	
	
	
	
	
	
	


* the units of the aircraft instruments

A good idea for the ground observer is to note the value of the product VC* ΔT on a graphic in order to give the pilot some information about the next flight. When the maximal value of the product is achieved, another check flight is required.
 Calcularea lui Vbg se face cu formula:

The Vbg value is done with the next formula:
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where σ is the relative air pressure at the middle of the test altitude interval.
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OAT: (outside air temperature)

It has to be considered that the outside air thermometer has to be placed as far as possible from heat sources (just like exhaust gases of the engine), to have a correct temperature indication. It would be the best, to place the outside air thermometer at the extremity of the wing.

[image: image23.wmf]t

V

h

bg

bg

D

D

=

-

1

sin

g

 
After the values for Vbg and γbg are obtained, the CD0 and e coefficients can be calculated:
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