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VENORAITDUM REPORT

for the
Army Air Forces, Materiel Command
JDTBRALTQED PERFORMANCE SELECTION CHARTS FOR

SINGLE-ENGINE PURSUIT AIRPLANES

By ‘H. Reesé 1%weY, Godrge W. Stickle, and Maurice J. Brevoort
SUMMARY A
The NACA has carried out an investigation of the effect
of wing loading, power loading, and aspect ratio on the per=
formance of pursult airplanes. The study is based on data
combined from specifications, wind-tunnel and flight tests
of various modern fighter airplanes, and the results are
presented on graphs that show the performance that may be
obtained by airplanes having an aerodynamic cleanness that is
approximately the best found in present production airplanes;
For the purpose of this report, the charts are prepared
For airplaneé powered by one 2000-horsepower radial air-cooled
engine, but are placed on coordinates that allow their use

for airplanes of -different power for the determination of

INTRODUCTION
The NACA in cooperation with the military services has
made & study in which bomber airplane performance-has been
graphically related to bomber parameters. These studies
were basad upon statistical information obtained on existing

military bomber types. The present report continues this
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’ 7 1 AL i The weport s roughly
(1) the effect of wing lcading, power loading. and dimensions
on the general trends.of péri formance of pursuit airnlanes and
(2) the effeet of varying the wing area and aspect ratio of
& given sirplane with a fixed load, permitting changés in the
wing and power loadings according to those required dop
tructural weight variations.  The pursuit airplane differs

rom the bomber in that its gasoline and bomb loads are fixed
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at a minimun to permit high rate of climb and great maneuvera-
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refore, the se
necessary addition since the change in structural weight cannot
y alter this load as was done in the bomber study.

The maln purpose of this report is to show the trends

(o

of performance in a convenient graphical form that may bhe
used without laborious computations., The resultsiof .the
analysis are presented in the form of charts which are
discussed in the body of the report. The assumptions upon
which the charts are bullt are given in appendix Ay the fovmule

seussion oftthe 1 imita=
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used are given in uppéﬂ(iX B, and a d

in appendix’ C.

ct
‘._l
(@)
)
[97]
O
Hy
-
e
(v}
(@)
5 i
1
=
ct
n
’.J-
{n

A
e
&
o

]
bt
=
a
)
et
&)
0
i
ct
10)]
»
3
5
[
J
2
b
™
i~ s
\
Q,
Qr
$)]
)
D
| D%
3
C
9}
.

. : .
1£a) Composite selection chart sea level W/P versus W/S
1B ) e i AOsmmmm=— ————— 15,000 Do
A % T S A SIS - o WRES KN mm——=e 25,000 Do.

. T it e o it oyideaing-sen 48,000 Do,




R CA DD

P e e L e T e e e e L e e R e
e Sl S s S i S it NP B i i Wi S Mg Sl S i

QOO0 DT O R0 00 N T ®

@) OO-JOOOOOO O UNUTUTE i (NC

—
0
~

Sub ject
Take-off run
____________ O T et S
Rate of  e¢limb
------------- QO ommmm e m
-
e e o o
___________ donsans et S e
High apeea
v e 0 e AD e=rm = ———
____________ Ao ¢=~rmmmm = —-
N o Ao o= = = .
Radius of turn
o o e o e e ([ () g et o e
- QO smmmm e e -
____________ OO ¢ mrson = e e o e
liye to ‘turn
0 o ) e v wmea(JD g === -
i kA e g mmme (O g =
__________ QO -
Wleighvw variation

Rollineg welocity
Rolling velocity with a
~pound <tick force

The effect «f aspect
ratio on rower loading

(Constant loads)

The effect oy 'aspect
reatie on tsice~-of £ run
(Airplane LF

The cffect of

io on rat

(ﬁl“Dllﬁﬁ A)

The effect of
ratio on high
(Airplane A’

The effect of saspe
¢uth

aspect
of “edamnb

ra
L

< o C4
ratio o:
(Airplane

The effect ‘of wing

o lray

on take-off
irplane A)

Altitude
(££)
sea level

2i5),(Q10]0)
40,000
sea level

15,000
NL,HOO
%u 0(7
sea level
R (\ (/,O
MU,JOC
40,000
csea level
15,000
295,000
40,000
any alt.

o o
D ===

alidl- alltts

any alt.

cea level
and
5006

,\1

all alt.

~==J0e===
—==dQe===
(D -

B

level

0
®
[\]

r

ct

sus ._)’ klvlkl

B
Do.
Do
1Be)~

VPV

versus R

versus VI/5




Filgure

=

f wing load-
e Feildmb
A

The effect of wing load-
Ingson high speed
(Airplane A)

The effeot of win
ing on radius o

Airplane A)

The effect of ‘wing lcad=-
ing on time ta turn
(Airplane A)

The effect of wing load-
ing on rolling
(Airplane A)

The effect of wing load-
ing on rolling with a
30~-pound stick force
(Airplane A)

load-

g
I barn

(03]

SYMBOL
acceleration, feet per se
wing span, feet
speed of sound, feet per
drag coefficient
induced-drag coeff'i

profile-drag coefficient

1ift coefficient

- 3 2 , o T J oy ~ 11 =
landing-gear drag, pounds

+a

experimental constant

}.—J
—~ ct
=N

=
[of
(0]
(5
O
O
3
Qu
e
—+
D

avyeter

b
(e e
\./'

v /
XF r 5 /Q
all alt. Vo versus W/S
9 P s e o
(1O g === XIIT”‘I VEeISUS W/ S
AP

P Versus R/S
=0, = t versus W/S
aQ

=m0 = p! versus W/S

"—"‘(101-""' ].):)o

feet

0]

quare



P

o]

i

L

Jach number

enigine bral

pate of re

encess
engine

pPE I SG e

time to turn,

propeller th

@

aecond

Ll

R [
ORB I n

~ = Lipy

@

£ 4
1 U

eF
CC

Tturn, £




gross weight, pounds

propeller efficiency

3election Charts. - “erlo naznce selection charts for

pursuit airplanes powered by a 2000-horsepower
engine are given for four altituces (sea level, 15,000 feet,

000 feet, and 40,000 feet) in figure 1. These charts are

drawn on the coordinates of the airplane wing and power loading.

. I
They present performance curves of speed, rate of climb, take-
- off distance, minimum radius of steady turn at constant
altitude, and minimum time to turn 360°, Using the
weight formula of appendix B, the gross weight of many airplanes
is computed for constaht internal loads (the internal loads
are considered to be the gross weight minus structural weight);
he loads are expressed as a power loading, W5/P,‘ and are
plotted on the selection charts to indicate the avallable
airplane power loading for a given load and wing loading.
A combination of the weight curves and the performance cufves
permit the determination of the effect of changing the wing
area of a pglven alrplane on its performance. Baeh of (these
: rerformance and weight curves are given in more detail as a
function of wing and power loading in figures 2.to s
-



The values of the efficlency parameters used in the con- ¢

sruction of these charts correspond to the best present-day

productiocn airplanes and therefore they are useful in obtaining
a rough approximation to the available performance of pursuit

1]

given set of primary parameters. For
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rplanes with a

s desired to determin
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example, 1f It
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2" approximately the
performance of a pursuit airplane with a wing loading of

40 pounds per sguare foot and a power loading of 6 pounds per
&= i I i

L

horsepower with an engine supercharged to 25,000 feet altitﬁde,
the performance may be read either from figure 1l(c) or in more 3
detail inflgures 2 tow8. Por airplanes having 2000 horse-
power we have W = 12,000, S = 300, and b = 41.5. ?
The performance estimates obtalned. are:
15 High speéd, 465 miles 'per: Bour
2.. Rate of eYImhd at 25,000 feet altitude, ©2a30 Teel por
ninute
3¢ Tdkewoff runl Bt sea level,. leW0.Tesk
4. Minimum radius of steady turn at 25,000 feet altitude,
2250 feet
5. Minimum time to turn 360° at 25,000 feet altitude,
45 seconds
6.  Rate of roll at- 400 wiles. por houriat 267000 feet
altitcude, 68° per second ¢
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Ralke of roll. -~ Unlike the other performances, ruabte of

roll is not & function of engine power cr airplane weight and
therefore it 1s not useful to plot this performance on th
coordinates of wing and power loading. The actusal rate of

(o)

1dent upon many factors that cannot

=

roll of an airplane is depe
be simply represented in chart form, for example, the esero-
ynamic and mechanical balance of the allerons, the aileron

effectiveness, the wing stiffness, and moment of inertia about

the rolling exls, However, certain general trends of ‘this

periormance characteristlc may be conveniently represented

in three-dimensional graphs, if representative values of

aboveé effects are taken from experience on airplanes,

1. e e

The geometric relationship of the helical path of an

alrplane in a steady roll may be written in the form

o

b &)

b = " 4
[>) a0
=

-

By assigning values to K, this relationship, may be

shown as surfaces on three-dimensional plots. It has been
found: thatethel 7804 £ thi stent ' Dop o spresentati
Tound that the value of this constant for a representative

pursult airplane is K = 0,084, This surface is plothed in

) + A ~ = . £ i S e
8 on the corrdinates of wing span in feet, airplane

and rolling wvelocity i

degrees, per second. Lo obtaln &the rvolling wvelocliy for any

other value of K, the values of rolling velocity from fig-
ure 8 may be rultiplied by the ratio of values of X.
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This relationship must be modified in the actual airplane
by the stick force the pilot can exert. If the values obtained
onn the same representative pursuit airplane are used to fix
the degree of aerodynamic balance, a new surface may be placed
onn these three-dimensional plots by fixing values of altitude
end aspect ratio. (See appendix B for methods of .analysis.)
Figure 9 shows these double surface plots for various altitudes
with an 'aspeect ratio of 5.75. These surfaces combinas with
the planes through the coordinate asws I'orm a volume. Several
planes are passed through this volume and are shown shaded in
each part of figure 9 in order to show the rolling performance
of representative airplanes as a function of speed.

Since the time required for an airplane to reach its
maximun rate of roll is very short, particuldarly gt the high
speeds at which rate of roll seems important, the initial
period of acceleration is neglected and only steady rolling
i1s considered. It is worth while to understand the limita-
tions on the airplane under these conditions. At low air-
speeds, the pilot can deflect the allerons fully "end roil at
a given helix angle in which case the rate of roll varies
directly with speed and inversely with span, being independent
of wing area. At very high airspeeds the limitation on stick
force determines the rate of roll; for airplanes having a
constant aspect ratio the maximum rolling veloclty varies

inversely with speed and inversely as the fourth power of the

span or inversely as the square of the wing area.
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Effeet of aspect retlo of airplane A =~ ThHe echange ¢

performance due to a change in the aspect ratio of the wing
of a given airplane is shown in figure 10.
chosen for the example is shewn on figure 1 as airrlane A.

It has a power loading of 6 pounds per horsepower and a wing

quare foot, which for this study

95}

loading of 40 pounds per
corresponds to a gross weight of 12,000 pounds with 300 square
feet of wing area.

The variation in the power loading due to the change in
structural weight with aspect ratio 1s gilven in figure 10(a).
In the study of the other performance character

should be remembered that this change in structural weight

increases the power loading at high aspect ratio. The
optimum aspect ratio for any performance 1s obtained by the

est balance between thils structural ef
of aerodynamic considerations. A study of figure 10(c)
showing the effect of ‘aspect ratio on rate of climb should
sutfice teo -explain this type of .ehark. In eddition to

‘airplane A, two other arbitrary airplanes (Ag and ALp) are

spobted ol the % igure. It is seen that airplane A has almost
the optimum aespect-ratio for' climhing at 25,000 feet. T4

the aspect ratlio is increased to that of airplane A, the

3

rate of climb is less because the extra structural weight
more  than loffisets any gain in, aerodynamic sefficlency. If

the aspect ratio ' is reduced to that of airplane Ag, the’
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nate of climb i1s less because the decrease in aerocdynamic

o

S L, = " RN £ Ty B oo, 2 o oy xa
efficiency more than offsets the effect of lighter structural

Bffect of design wing loading on performance. ~ The

by

change of performance due to a change in wing area of airplane

C

@

Al siaivien tdng £l gureailil The power loesding based on internal

loads only (no structural weights) is kept constant at 4,02

The dashed line in Tigure 7 gives the connection between the

o+

power loading of the airplane and the resulting wing loading

o

as the wing area is wvaried. It should be remembered for

4
<

the purpose of this section that the airplane with a light

wiling loading is heavier than the alrp & high wing

A study of figure 11(b) is helpful in understanding the
figures showing .the effect of wing loading on . psrformences.
One conclusion easgily drawn is that small changes in wing
area (and hence wing loading) have very little effect on rate
of climb at sea level, but &t high altitudes a low wing
loading i< helpful.

PERFORIMANCE TRENDS

In order to study the trends in performance as affected
by changes in loads, wing area, and power loading, several
airplanes are spotted on figure 7. The performance of each
is tabuldted in the following sections, for airplanes having

2000 horsepcwer. The basis of combparison 1s airplane’d



with N &12,000, .8 =300, R =.5.T0. The rate of roll is

ot e b AOEL A de veT o airspeed, and all take-off
given ‘at 40Q miles per hour true alrspeed, .and a.i. LEL Ld
runs are at sea level.

The effect of removing a 1000-pound load. = Airplane Al

el

is obtained by removing a load of 1000 pounds [from alrplane A
thus obtaining W = 11,000, 8 = 300, R = 5.75. The following

tables can be used for comparison of airplanes A and hiq e
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The affect of change in deslign power loading

section shows the effect of designing an airplane for a lower

power loading with the same wing loading. Alrplane A=, the

bt

for an example, is obtained by designing
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alrplane A for a load 1000 pounds less than normal and then

i

decreasing the wing area (and hence the structural welight)

until the wing loading 1s the same ag that of airplane A.
From figure 7 we can estimate VW= 10,400, S = 260, R = 5.73.
The following tables list the details of airplanes A and Az.
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1. Take-off distance 3s adversely affected by increased

power loading or

2. Rate of climb is increased by a decrease in the power
loeding of the airplane. The effect of wing loading is

negligible at sea level, but light wing loadings are advan-

wligh altitudes.

3. The maxirum speed increases with wing loading and
decreases with power loading in the normnal rangs of values used

for pursult airplanes. The maxirmum speed of pursult airplanes

is almost unaffected by overloading. in the normal range.

' 1 » s oy =} oot s & I T R

4, The nminirmim radius of steady turn at constant altitude
° - -~ ) < oo : G N G~ E R s LT gLt MR P
is adversely affected by increased power loading or wing load-

ing in the normal range encountered on modern pursuit airplanes.

Tk

o

[

5. The ninimum. radius of accelerated turn increases w
wing loading. t is not affected by power loading.

6k - The time to turn aticonstant altitude “ligsact
affected by increased wing and power loading.
At high forward specd where the alleron defle
determined ‘by the stikk fToree, Che rate of
forward velocity and wing area. For thias conditien: the
of roll js unaffected by aspect «ratio. At low forward

9

where the pilot can give the ailerons full deflectl
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APPENDIX
Airplane Characteristics
acteristics change because of improvements

in engine: naterie and aerodynamic design.

the report represent present

study of information obtained from the Materiel Command

Liaison Office at Langley Field and from reports on pursuit

. ~r A

airplanes tested in the NACA full-scale tunnel led to the
assumption of a 1 and , ag coefficient of 00,0110 based

on wing area, and s . foy g coefficient of 0.08

o

based on frontal area ’ glves Cp=0.0010 = 0.01Y5 7%
(2

0.08F | Cp~

S enR’

the wing area enclosed by the fuselarge.
&5 o 3

the second ‘term representing s
required for pumping the engine cooling

thrust power, P?’ obtainable from the

cowling, are calculated for the high-spee

18 neglected at all other speeds.

Since high altitude operation require e ducts and

more supercharging equipment, it is necessary to increase the
effective frontal area in the alrplanes designed for high
altivude . In a 8imilar manner it 1s necessary to change the

propeller efficlency and power required for cooling with

altitude. The following table lists the sinultaneous values
s
used.
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. Span Bfficiency

ficiency factor 1s ‘assumed te be 0.8 for all

=9
LJe
i—h
ctr
Q@
O
C
]
!LJ

ficients less than 1.5, thereafter Teecreasgl
to 0.6 at a 11ft coef
Lspeet Ratlo

An, @speet ratior of 5.76 1g used ip all. the caleulations

During take~off calculations the additional air drag

that the drag of tires

'._J-
!.‘f‘
o
2
1)
3

drseg is based on tests ind
. accounts for approximately 70 °*percent of the total landing~

gear el drag. The airplanes are considered as being
supported by 1lO-ply high-pressure tires in. which case the
tire frontal area and hence drag will vary as the airplane
welght. The drag can be expressed as Dy = 1.3 X 10 WY

A valué of rolling frictlon coefficlient of O.00 is used;
this welue is to be expected on fields with short grass,

Propeller 3izes and efficiencies were investigated with
the help of reference 10 for 15,000, 25,000, and 40,000 feet
altitude with propeller tips operating at thé speed of cound

in the high=speed ecornditilon. In order to keep the trends in

penformance correct it is/deecided to vary propeller efficlency

. with altitude and ‘speed in a manner to be expected for
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APPENDIX B
PERF'ORMANCE CATLCULATIONS

Take=-off Run

(o

Pake-off run 1s considered as the distance required

the airplane to accelerate to a speed at which it can leave

the gpound with'e 11ft coefficlient of 1.0, The propeller

designed for use at 185

servative than the propellers designed for t

o

The! thrust for the propellen

o .

per Segond by the curves

000 feet is used in the take-off

because 1t gives results that will be more con-

s matched closely up to 300 feet

{5 |
atiiges Jevel  the shprust g stalen' as 5 = BlOQ <y O 01855 i

and at 5000 Feet altibtude + T = 4470 = Q0154 V s BEquating

the summation of the forces to the mass times the accelerat

where ¢ is taken as 0.05, R 0.0110 - 0.01
ry

5 e A2 ’ 2 ; o

Dy = 1.3 x 10 W Ve Integrating and solving for

distance required we have an equation of the form

B

Keatd 2 15) ’ 1
£ g A "
b - s TRTT NS
i“.s 1 1{5 '\]’6
1 =

e
0
=)
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power required shows

and the maximum

all sirplanes and hence all rates of climb are calculated
\
% the maximum L/D
Equating the horsepower
2/(2/p) Op,

550" {enR)

mP

iils 0

1

=

Equating horsepowers

Tizalopal

rate of

cond

na £ oldmh <© mma 1
rate of climb at maximum

are very nearly the same

‘

use of the following equations.

2ble with that required
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Substituting a given value of W and S we obtain a value
of V and r for each Cj value used. P fwe ipliot AN
versus V Tfor an airplane, the minimum ordinate of the curve
represents the minimum radius of turn.

The equations used can be differentiated and solved for
the minimum radius but the assumptions are such that four
formulas of considerable complexity are required for each

altitude, each applying to some range of 1ift coefiicients

a vertical bank, the ahove formula can

. W o)

0e ik, 2 C‘:
S EPUILmax
Mininum Timed o ihrn

In.finding the ninimunm tlme to turn, the' caleulations
e el ) S ) :
are made for & bturndor S6@E1 The time ‘For turning sSnaller

angles can be found by rultiplying the time indicated on the

)

charts by the corresponding fraction of a complete turn.

§ =20

is a minimum.

1=

we see that the time to turn is a minimum wnen

A
=

This corresponds to the point of tangency of a line from the

origin to ‘the curve of P S reEsSusE & from the preceding part.




Obviously the line from the origin becameé tangent to
the curve of r wversus V at a higher speed than the minimum
point of the curve, hence the minimum time to turn is always
at a higher speed than the speed for minimum radius of turn
except where both maneuvers occur at the stall.
The Effect of Aspect Ratio

An exemple {(ailrplane A: W/P = 6, W/S = 40, R = 5.75)

1s chosen for an investigation of the effect of varying the
aspect ratio on performance. The equations used are similar
to those already given except that considerable simplifioation
of the formulas can be made. Wing area is assumed ccnstant
. but welght and hence power loading and wing loading vary as
calculated by the formulas under the heading, Weight Variation.
The Effect of Wing Loading

Alrplane A has its wing area‘varied, keeping aspect ratio
¢onstant a8t R = 5.75. Using the new weights as calculated
by the welght variation formulas, the wing loading and corre-
sponding performance 1s computed by previous methods.

Welght Variation
It 1s assumed that the weight of the wing can be calculated

by the wing weight formula,

W = 0.75(W2) = 0.5(VWgz)

Kt 41

!

£ RS g€




9]

Vo, 'the alighting gear, 1s taken. asg 0.0

P

Vi; Wz, .the distrib-

uted lecad, is considered as 1800 pounds for 2000-horsepower

-

pirsuit airplanes; K 1s assumed to be 100,000;. t,  the
wing thickness ratio, 1s taken as 0.,16; f, the ultimate
load factor, is .12%

It is assumed that the weight of the tail 1s 13 percent

of the welght of the wing, and the fuselage 1s 10 percent of

2

the gross welght. The internal concentrated loads of the

airplane are consldered as Wy, Combining the parts of the

airplane

0.10W + 0,08W + Wy + 0.,18W5 + Wy + Wz,
0,82 W = 1.13Wp + Wy + Vs (%8

W - 0.75(0.08W) - 0.5(1800) _ 0.94% - 900 (2)

000 ¥ O, 16 33 2
JOOO\JO x 0.16 + 1 1\;\/(./‘..) + 1
o ¥ 3 %
i 5
T . r® g

Substituting €2)1m (L)%

o.aon = Le13(0404W = 900) L .y 4
i 1eesls 7o 4 3
- +
2 1l
B2 a2
Splving for "W .
3 1) B
- = s e 5}
_ {1333.3 + RE S%){Wi ®:Wg) = 1017 R° B°
S =z q
1095.8 = 0.2438 R 9°



Lty i

In plotting the results, Vg is substituted for W, + W=z

W :
and curwves of constant 7? dre. ‘plotted on coordinates of

W W
— versus = and R.
52)
- S
Confirmation of Validity of Wing Vieight Formula
It is desirable to show that the wing weight formula is
sufficiently accurate for use in this report. For this

purpose 1t can be used in the form:

_ W - 0.75(We) - 0.5(W3)

Wy 8.0
100000 %
Bl
f R 8%

The data from certaln actual airplanes are tabulated below:

GRI 1 02) s ke BE-d8) S 1T) B 48 (T8} " A Bk

Sfee s W ek e Lok SR R Wiy e

plane i =
(Calcu- (Actual) (10)
lated)

REODSS 16200 38 99 12 QedD 1842 215 87 931 0.94

P40F 8523 500 - 898 2t etel5 5090 =56 &2 1128 2

P43 e85l N EE G 12 w16 5,98 284 902 958 .94

P47D 13220 1116 1806 e 6 o630 0 1689 1L 515151 1Ll

P51 7967 648 485 12 <14 5.82 236 1idd 1070 1.04
The relative error seems as small as can be expected in view
of the different types of struectures, airfell shapes  end
cutouts.
Maximum Rolling Velocity

In calculating the rate of roll of pursuit airplanes,
two cases are considered: (a) airplanes rolling with maximum
aileron deflection, (b) airplanes rolling with a 30-pound

stick force.



In the first case EE = K. For one of the best pursuilt air- .
eV
planes in present production K = 0,084. Substituting
v ; 1 : 5 s
Pt mzf = p, emd ¥V _ = —— in order to obtain the units
30 mph  1.467 v
E o mpl
desired the formula as used becomes: p' = 14,12 —EEE.

In the second case 1t 1s realized that the rate of roll
with constant stick force 1s critically dependent on the
percent aerodynamic balance of the allerons and that this

o

degree of balance is different for different airplanes, a
> e

representative airplane known to have light controls 1s chosen

as a basis for the ecalculationof the'rate of rell at constent

7
T o = e I\
stislt L orcen The rolling veloclty can be stated &8s p' ¥ —EZ—
: P
for similar airplanes. From the performance of the airplane .

used as a standard, K 1s caleulated to be K = 180,200,000,

Substituting this value in the above equation and changing

units we have p! = §§%£9999.
‘ot Vmph
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APPENDIX C
DISCUSSION OF THE LIMITATIONS AND COORDINATES OF CHARTS
Take-off Run

The take~off run is largely dependent on the handling
of the controls of the airplane, and varies considerably.for
different pllots. By assuming a systematic handling of the
controls we get a reasonable distance required for take-off
and the curves show the trends to be expected when all the
alpplanesy take off at a1 1lift coefificient of 1.0.

Rate of Climb

There ‘are sewveral fiactors leading te the gelection: of
climbing at the attitude for maximum L/D. If each airplane
had to be investigated as to the horsepower available and the
horsepower required at several speeds, the work would be
unnecessarily involved in finding the maximum rates of climb.
Consequently some systematic wvariation of climbing speeds is
dle slirabilier For all the practical airplanes on the eharts,
the rate of climb at maximum L/D is approximately equal to
the maximum possible rate of climb.

The assumption of relatively high propeller efficiencies
in the climb condition is Jjustified since most of the forward
speeds while flying at maximum L/D are high,

High Speeds

The actual values of speed are dependent upon the

assumptions of drag, aspect ratio, propeller efficlency, and




altitude but the curves should prove useful in showlng the

performance obtainable in new designs, and in showing the

(

Q

e

sting

designs by

o

U

gains in speed that can be obtained in ex
changes in weight, power, wing area, or altitude.
Minimum Radius of Turn
The conditions for steady turning are that the alrplanes
shall not stall, change thelr altitudes, speeds, or require
more power than that available, For most of the light-weight
airplanes, .particularly at low altitudes, the minimum radius

of steady turn occurs close to the stall. iherever needed

t is assumed that flaps can be used with optimum deflections.

e

The maximum 1ift coefficient with flaps deflected fully 1s
taken as 2.95.

The minimnum radius of accelerated turn occurs in a

vertical bank and momentarily the pllot can lose altitude
or use up part of the kinetic energy of the airplane’ to

increase effectively the power available for the maneuver.

i

This makes the radlus of turn a fuhieblon of  ondy Can
: max,

P, Bnd W/S, so the steady turn charts can be used to
pive the minimum radius of accelerated turn by using the
correct wing loading for the airplanes but a power loading
of ‘26T 0e

Minimum Time to Turn

The same assumptions used for the minirum radius of turn

calculations also apply to the calculations for minimum time




Lo G As a whole the speeds involved are slightly higher,

propeller efficlencies are higher, and 1i1ft ecoefficlienta ape
slightly lower at the speeds for minimum time to turn.
The Effect of Aspect Ratio

A particular airplane (airplane A: W/P = 6, VW/S = 40,
R .= 5.75) 1s chosen for further investigation of the effect
of changing the aspect ratio on all the performance. This
method of investigating aspect ratios must not be considersd
sufficlent for final selection of the desired aspect ratio.
For instance, the airplane considered above may be the most
desirable airplane for a specific mission at 25,000 feet, and
by varying the aspect ratio, keeplng wing area constant, we
may be able to improve the performance;- however, the original
values of power loading and wing loading do not apply to the
new airplane since the structural weight has changed.
" Figures 9 to .14 alleow for the variation In structural weight,
and these show the performance to be expected.

The Effect of VWing Loading

Airplane A is again chosen to show what happens to the
performance of an airplane when the wing loading 1s varied by
changing the wing area, allowing for the change in structural
welghts, keeping the aspect ratio equal to 5.75. Figure 7
is extremely important in that it may modify considerably the

conclusions drawn from the other figures. Its use is 8180

important because it gives a rapid method of estimating the




avellsble Wing and power lnadings of an aifplane having &
certain ratio of internal weights to horsepower.
Coordinate System

The only coordlnate system requiring an explanation 1is
one using power loading'as the ordinate and wing loadiné'as
Chelabseis el These generalized coordinates allow the
superposition of the charts to form a composite chart to be
used for airplanes of all different powers and alzes, The
performance estimated from the charts checks f11glt €es¥n of
actual alrplanes very well except for the rate-of-roll curves;
many airplanes do not have sufficient aerodynamic balance to
allow the desired aileron deflection at high speeds to attain
the rolling velocitles shown. 'The - gate 6f rFoll"ig ‘dependent,
on the. .slze of the sirplanes rather than on power and wing
loading and is not included on the latter coordinates because
the chart would have to be limited to one definite power.

The foregoing .discussion gives the uses and limitations
o the charnts. The use of the charts 1s the presentation
of ailrplane selection in a manner which shows the actual
compromises belng made. Alrplane designers will probably
have other assumptions they would preffer for bullding chazls
of 'thelr ‘owny they -can useithe 'included "formulas te 'adaps
thie charts To thelr use, or can use welght ‘varidvion ‘ceanves

of their own with the given selection charts provided the

aspect ratio of the airplanes under consideration 1is easentially

the same as that used in the charts.
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