














Tt is seen in Pigure 30 that the true Take-Off distance may be as much
as 3.5 times greater than the simple acceleration case. It should, however,
be emphasized that, in general, the true Take-Off distances for the Irish
Flyer are extremely short as compared to a conventional airplane due
primariiy to its much smaller wing loading and riight velocity.




PRE-DESICGN ESTIMATES

The curves and equations in the preceding section provide a ready
means for estimating the pre-design flight performance of various Irish
Flyer designs ranging fre 10 pounds to 10,000 pownds. The desipner may
select any Parafoil or vehicle design he wishes, and then use the basic
aerodynamic data to provide conservative or advanced velues for the lift
and drag coeificients. The various performance curves then yield values
for the leve! flight vzlocity, the level flight horsepower and the climbing
horsepower, as associated with various desired rates of climb or angles
of climb. In the follc ¥ing paragraphs some illustrative examples are given
as a guide.

Simple Mauned Flight (Conservative)

Consider the flight vehicle shown in Figure 31. ws total weight with
pilot is 540 pounds zand it uses a Parafoil of an aspect ratio of two and a
wing arca of 360 square feet. The wing Joading therefore is, W /A = 1.5,

if a conservative angle of trim of @ =149 jg employed, Figures | and
S provide a lift coefficient of Cy.=.75. The basic drag coefficient is
Cp = .758. However, as a conservative estimate we will add ATy =.076
to account for additional vehicle drag. A« a result, a total drag coefficient
of Cp= .334 wiil be uscd. Thus, the lift-wo-drag ratio is 2.2. The ievel
flight velocity may now be obtained from Iigure 7 as 41.01 ft/sec or 27.96
miles per hour. The level flight horsepower may be obtained from Figure
11 as HP = 18. -

It is seen from Figure 20 that an additional horsepower of HP = 6.6
is required for a rate of climb of 400 ft /min. An angle of climb of y= 6.5
is obtained from Figure 22,

Thus, we have found that 25 horsepower should previde a quite
conservative flight vehicle performance.

Simple Manned Flight (Advanced)

Again using the basic vehicle of Figure 31 (W=540 pounds) but bv clean
ing up the aerodynamic design and by using a larger Parafoil (A=400) at &
smaller angle of irim (a =4"), we may obtain very significant performance
improvement. The aerodynamic data, using Figures 1 and 5 for a Parafoil

or an aspect ratio of 3.U, yields a Tift coefficient o C; = .75 and a drag
coefficient of Cpy = 148,(3(3[)=()). The resultin~ lift-to-drag ratio s
L/D = 5.1. For the wing loading of W/A = 1,5, Fizure 7 yields a level
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flight velocity of 41.01 ft/sec or 27.96 mph. at a required horsepower of
only HP = 8.0 (Figure 11). For a rate of climb of 400 ft/min AHP=6.6 is
required. Thus, the total horsepower 1s only 14.43. This represents a
42, 3% reduction from the horsepower required in the previous very con-
servative case. *

Cargo and Weapon Stand-Off Delivery System

Remotely controiled or homing designs may also be considered since
both have been successfully demonscrated. For this example a total vehicle
system weight of 10,000 pound : will be used with a Parafoil of A= 1666 ft2;
thus yielding, a wing loading of W/A=6. Again using a Parafoil of AkR=3.0
at an angle of trim of ap= 47, we obtain Cp =.75, Cpy = . 148, and
LD = 3. k.

The flight velocity is obtained from Figure 8 as 82.02 ft/sec or 535.9
mph. The required horsepewer is HP = 250 (Figure 18) and a AHP = 60 i
required for a rate of climb of 200 ft/min (Figure 21). Therefore the toral
horsepower required is HP= 310 to fly this five ton vehicle.

Maneuvering Decoy and Jammer System

For aircraft drop, a maneuvering decoy-jammer system of 10 pounds
is considered which uses a Parafoil having an ares of 6.66 square feet and
a wing loading of W/A = 1.5. Again using an AR 3 Parafoil with a lift
coefficient C; = .75 and a drag coefficient of Ch=.148 (ACjy=0), we obtain
a flight velocity of U = 41.01 ft/sec or 27.96 mph (Figure 7) and a horse-
power of HP=., 146 (Figure 10). {(For this example it is interesting to note
that successful flight demonstrations have already been carried out using
model aircraft engines and mode! aircraft control systems.)

*Underwater designs may also be considered. For example an
ymmanned 540 pound system wich a specific gravity of 3 might have a compact
underwater weight of 360 pounds. If the 360 #t2 Parafoil iv uscd, the flight
velocity would be only V=1,217 ft/sec and the required horsepower HP=. 156
_since the density ratio of water-to-air is approximateiy 770.

If a smaller Parafoil of 60 ft? were used the velocity would be
V=2.96 ft /e~c or 2.0 mph and the horsepower would be HP = . 379, (Some
underware¢  °sts have been carried out on gliding systems.



Minimum Manned Vehicle

Various examples of minimum manned vehicles have been carried out
and are shown in Figures 32-34. The reader is encouraged to try his hand
at the design of a minimum manned vehicle. It should be goted that Paia-
foils of larger area and lighter weight are ceadily possibie and, also, that
improved canopy 'ift coefficients and lift-to-drag ratios approaching 8 are
considered feasible,
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CONCLUSIONS*

The Parafoil aerodynamic data and Irish Flyer flight performance
curves and equations are presented so as to provide the interested
designer with pre-design performance estimates for svstem designs
ranging from 10 pounds to 10,000 pounds., Some examples of manned
flight, cargo and weapon delivery, decoy and jammer system, and under-
water flight have been set forth so as to aid the Jesigner, Individual
designers will of course optimize for their own special application,

*On the 70th anniversary of the Wright Brothers flight, 17 December
1973, Dr. John D. Nicolaides was privileged to carry out a flight
demonstration of Irish Flyer N3029 at Goshen, Indiana for the 1. S. Air
Force representative of the Flight Dynamics Laboratory, Mr, Michael
Higgins, The flyer demonstrated climb from 50 ft, to 1,300 ft., right turns,
left turns, complete static and dynamic flight stability, complete control,
and an accurate soft landing. This flight was documented by Mr, Morley
Safer of CBS-TV for nationwide presentation on the CBS-60 minutesTV show.
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