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ABSTRACT

Av.lytical engineering methods are developed for use in predicting the static

and dynamic stability and control U'3rivatives and force and moment coefficients of

lift-jet, lift-fan, and vectored thrust V/STOL aircraft in the hover and transition

flight regimes. The mathode take into account the strong power effects, large
variations in angle of attack and sideslip, and changes in aircraft geometry that are
associated with high disk loaded V/STOL aircraft operating in the aforementioned

flight regimes, The aircraft configurations studied have a conventional wing,

fuselage and empernage. The prediction methods are suitable for use by design

personnel during the pielirinary design and evaluation of V/STOL aircraft of the

type previously mentioned.

This report consists of four volumes. The prediction methods are applied to

a number of V/STOL configurations in this volume. The theoretical development of

the prediction methods may be found in Volume I. Details of the computer programs

associated with the prediction methods are given in Volume III. The re'ults of a

literature survey are presented in Volume IV.
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b wing span

c local chord

6 wing mean aerodynamic chord

CD drag coefficient, D/QS

C L lift coefficient, L/QS

CM moment coefficient, M/QS5

C pressure coefficient. (P-Po )/Q

xvil
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CT thrust coefficient, T/QS
D drag force., jet diameter

De effective jet diameter, ,04/-,

FS fuselage station
h height above tunnel floor, measured to center of lift jet exit

L lift force

Lf fuselage reference length, 50 inches

My pitching memeat

P pressure

Pep ejector primary nozzle plenum pressure

Po ambient pressure

P T total pressure

Q freestream dynamic pressure, 1p, U6, 2

r radius

R. jet radius

S wing area

T total thrust

T' thrust of one nozzle

U velocity

V/V. effective velocity ratio, 4-2A.Q/T

`p ejector primary nozzle wpight flow

8s ejector secondary (inlet) weight flow

WL waterline

WS wing station (butt line)

x distance aft of wing leading edge

X distance aft of longitudinal reference

Y lateral distance

Z vertical distance

a angle of attack

6 deflectioi,

ratio of pressure to standard pressure

E downwash angle

x ratio of specific heats
e rat'o of temperature to standard temperature

P density

xvioi.
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i jet

F flap

H horizontal

V vertical

so freest ream condition

APPENDIX II

A axial force

FBAL matrix of loads measured by balance

FC matrix of corrected loads ex :ted on model

K matrix of ba•ance-.ting correction coefficients

M rolling moment

SM ypitching moment

M yawing moment
z

N normal force

Y side frce r

APPENDIX mI

A. jet exit area
J

Q frEstream dynamic pressure

T thrust

T thrust under static conditions

U. jet exit velocity

U. jet exit velocit3 under static conditions
Jo

V/V. effectw) velocity ratio

% s ejector secondary (inlet weight flow

S6. jet deflection angle

p densit"
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SECTION I

INTRODUCTION

This volume is the second of three volmnes treating V/STOL Aerodynamic

prediction methods. This volum.u is directed toward presenting applications of the

methods developed during the study program. These applications represent the

complete prediction techniques developed except for empirical methods for treating

power effects on wings and bodies which are presented in Volume 1.

1. PURPOSE

The purpose of this volume is to demonstrate the use of the prediction

methods in computing the aerodynamic coefficients and derivatives of V/STOL aircraft.

To accomplish this purpose example problems are worked out using the prediction

techniques. The accuracy of the methods can be assessed by comparing the predicted

aerodynamic coefficients against test results. Limitations of the methods are described

and the necessary assumptions and simplifications which must be made are poinwd out.

It should be possible for the user to evaluate the described methods and to assess their

limitations for use in his problems by examining the included sample problems.

2. SCOPE

The methods which are applied in this volume represent the theoretical

prediction techniques which have been developed during the study contract. The one

theoretical thechnique which is not presented is the vortex tracking method which is

not applied to a given example problem since the method was not operable. Also not

included in this volume are the empirical methods for treating wing or body. These

methods are treated completely in Volume I.

In presenting samples of the use of the method the specific nature of the

chosen problem often does not demonstrate the full capability of the methods being

employed. To further demonstrate the method capabilities it is frequently pointed out

where the methods are more general and where different problems "an be treated by

the same methods.



3. TECHNICAL APPROACH

The method of demonstra* di;e app':-Aion of the individu.] methods which

was adopted for this volume was to select a sample problem and to apply the methods

to this problem where applicable. The details involved in using each method are

explained by presenting a complete treatment of the sample problem. Where computer

progrums are involve,] complete inputs, outputs and comparison of results with experi-

ments are presented. Where computer programs are not involved the equations used

are presented and comparison with experiment is presented.

Sample problems have been chnrsen where test data is available for comparison

with theoretical results. This permits the accuracy of the prediction techniques to be

evaluated and pernits a better understanding of the difficulties to be encountered in

predicting the aerodynamics of V/STOL aircraft.

4. ORGANIZATION OF VOLUME 11

The mam body of Volume II is devoted to sample problems treating

V/STOL aircraft configurations. The treatment is divided into sections considering

the power induced effe4tu and the power off effects.

Section II presents two methods of treating power effects on the wing of a

V/STOL configuration. Each of these methods has certain advantages for the user and

both will be useful in treating power induced effects on wings.

SectioL 1Il presents the method of predicting power induced effects on the

fuselage and illustrates the accuracy which can be obtained.

Section IV demonstrates the use of the prediction methods in obtaining down-

wash and sidewash effects at the empennage location and illustrates how these results

can be used to estimate power effects on the tail surfaces.

Section V presents the method applicable to predicting the power effects of

the inlets. Comparisons are made with test data to illustrate the accuracy of the

method.

Sections VI and V11 present the methods for treating the unpowered effects of

nonlinear body and wing aerodynamics. Section VI presents the nonlinear body method

and shows comparisons with test data. Section VII presents similar comparisons for

wing aerodynamics.

2



Four appendices are added to this volume to complete the documentation

of work performed under the contract. The first three appendices describe the wind

tunnel test program undertaken during the study. This description is presc'-ted in

thi.3 volume to permit the details of the test program and model de3cription to be

available to the user. This is desirable since much of the test data used for compari-

son with the p- ediction Ancthod came from the test program. A method for estimating

normal force and pitching moment in the lift jet wake region is presented in Appendix

IV.

I



SECTION II

POWER EFFECTS ON THE WING

There are two alternative procedures for computing the power induced effects on

the wing. The fi'st of these combines the mapping method, the jet flow field
program and the traisforr.ation method. In this method the mapping program is used

to describe the wing, the ;et program calculates viocities induced by the jet at the wing

surface and the transformation method calculates pressures, forces and moments

induced by the jet on the wing.

In the second procedure the jet program is used in conjunction with the lifting
surface theory to predict power induced wing effents. The jet program computes a

downwash field at the wing plane whichi gives an effective camber distribution for the

wing. The lifting surface theory then otilizes this camber distribution to compute lift

and pitching moment on the wing. This method does not give the pressure distribution

about the wing but is simpler and easier to use than the first method.

The following subsections will describe the use of both of these methods as applied

to a given wing. The use of the methods will t- described in detail so that a complete

understanding of the methods can be obtained.

4
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1. SAMPLE PROBLEM

To demonstrate the method of predicting the power induced aerodynamic effects

on a wing, a sample problem is given, This problem is for a sinigle jet in the presence

of an isolated wing. The wing of the sam lu problem is the on'e tested in the configura-

tion wind tunnel test program discussed in Appendix I.

Wing Description: 9.760

Root chord: 10.733inches

Tip chord: 5. 367 inch ýs T:1.31 .37

Semispan: 20.125 inches

Leading Edge sweep: 9.76 degrees

Section: NACA 63A010 at all wing stations

X

Section coordinates:
X Z X Z(Percent c) (Percent c) (Percent c) (Percent c)

0 0 40 4.968

0.25 0.555 45 4.837

0.5 0.816 50 4.613

0.75 0.983 55 4.311

1, 25 1.250 60 3.943

2.5 1.737 65 3.517

5.0 2.412 70 3.044

7.5 2.917 75 2.545

10 3&324 80 2.040

15 3.950 85 1.535

20 4.400 90 1.030

25 4. 714 95 0.525

30 4.913 100 0.021

35 4.995

Leading Edge radius 0. 742 reicent c



Jet location and description:

A sketch of the coordinate system defining the jet location relative to the wing

is shown below.

z
Y

-* X

- Jet Location

(x., y., z )

For the sample problem:

x' .6 inches
yj =0

Sz -6.635 inches (positive upward)

Jet diameter d. =2. 25 inchesJ

The jet exhausts into the mainstream along the negative z-direction, that

is perpendicular to the wing planform.

U
1 0Velocity r,'tio --. 2~

Wing attitude: UOO

Angle of attack o=0 degrees X y

Sideslip angle / 0 degrees

t)



SI! 2. APPLICATION OF MAPPING METHOD TO THE WING.,

hI the sample problem all the wing sections are geometrically similar so that it is

only necessary to map a single section and then to scale the coefficients to provide a

mapping for different spanwise stations Figure 1 shows the inputs to the mapping

program used to obtain the initial mapping.

The fire. card lists in order the number: of coordinates being input, the number of

corners (and pseudo-corners) being input, the number of terms to be taken in the ex-

pansion for the potential and the mapping, and a zero to indicate that the section being

mapped is symmetrical about the x-axis.

Cards 2 through 5 give the x-coordinates selected as input points starting at the

section trailing edge -and proceeding around to the nose. Cards 6 through 9 are the

z-coordinates of the airfoil at the same points. Since the section is symmetrical only

the upper half plane coordinates are input,

Card number 10 specifies that the airfoil is to be shifted .5 units in the negative

x-direction. This is necessary since to obtain the mapping it is necessary that the air-

foil be centered with respect to the origin to some degree. It is not necessary to center

the section exactly but it should be centered somewhere near the centroid of area.

Card 11 specifies which input points are corner points. This card indicates that
the first input point (the trailing edge) is a corner point. The second number, the

zero, indicates that the second corner is a pseudo-corner; that is, is not a true corner

but merely indicates a region of large ,urvature. This second number refers to the

nose of the airfoil.

Card 12 specifies the x and z coordinates of the first corner and the angle turned

through at the corner in radians.

Card 13 similarly describes the second corner specifying the location of the center

of the leading edge radius and specifying that a corner of ir radians is turned. This angle

turned is only an approximation; it is not necessary to specify the angle exactly.

Card 14 specifies parameters needed to tell the program how to write out the

mapped section with the conters included. The first two numbers are the x- and z-

coordinates of the initial poi it to be mapped, in this case the leading edge point. The

third and fourth numbers specify the first and last points to be mapped specified as

angular distances around the mapping circle. In the .he sample section the mapping

V) t', start at the nose (180 degrees) and proceed around the lower surface until just

-7
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ahead of the trailing edge (355 degrees). The last number specifies that mapped points

are to be obtained at increments about 5 degrees apart. In this example, it was neces-

sary to choose these parameters to avoid specifying the trailing edge as one of the end

points. This is because the trailing edge is a corner and a corner point cannot be

specified as one of the end points.

Card 15 specifies the necessary parameters needed to map out points on the

section with the corners removed. This card snecifies that 37 points are to be printed

out with a spacing increment of 5 degrees about the mapping circle and that the mapping

is to start at 0 = 0 degrees on the mapping circle.

The outputs of the mapping functions for the inputs of Figure 1 are shown in

Figure 2. The first page of outputs, Figure 2(a), relates to the computations made in

calculating the potential and the point-to-point correspondence between points on the

section and points on the mapping circle.

The first two columns represent x- arnd y-coordinates of the input points with the

x-coordinate shifted by the incremental value of AX input (in this case, -. 5). The

third column represents the distance, R, from the new origin to the point on the section.

The fourth column gives the computed perimeter, S, of the section from the positive real

axis to the point in question. The fifth column gives the velocity, V, calculated due to

the unit vortex about the body. The velocities written out for corner points are mean-

ingless. ALPHA is the angle of the section slope at each point as calculated in the

program. OMEGA specifics the angular distance in degrees around the section

measured about the new origin. THETA is the predicted angular distance o" the points

around the mapping circle in degrees.

The second page of printouts, Figure 2(b), represents the results obtained by

computing the derivative of the manping function with the corners contained explicitly

and integrating the resulting expression numerically. The location of the first point

was specified as explained above (this point is not printed out). The three columns

give the x-coordinate, the y-coordinate and the angle around the mapping circle 0

for a sec'i.q of points as specified by the parameters specified in the input cards. The

degree to which the.c points agree with the original section represents the degree of

accuracy obtained by using the i-.:!pping method.

The third page of outputs, Figure 2(c). represents the results of multiplying out

factors representing any corner singularities and !iiigrating the resulting expression

analytically.,

9
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ru, the ranlu of the mapgFa circle is prted out as computed& nu the

uoeffie ss of the I I - g function are writ out - first the real pjrts an - Ceum

the imiagzm parts b%. The miappng fufmc. s wriUtt m inte form

The coefficients are written out in order a1, a2 , a3  .... an and for tis particular

case, all the imaginary parts of the coefficients are zero since the section is symmetrical.

Page four, Figure 2(d), prints out the x- and y-coordinates obtained with the

analytically integrated mapping function. It is not possible to obtain the location of the

body directly by this method of computation; i.e., the constant term in the above

mapping is missing. This prevents the location of the section being mapped from

being specified. This is readily remedied by plotting the original section and the

mapped sectios_ and the displacement required to obtain a good fit between the two

sections represents the cotstan, term of the mapping.

Figure 3 shows a comparison between tie mapped output and the original input

section, the lower surface also being shown since the section is symmetrical and the

mapping retains the proper'y of symmetry.

To obtain coefficients for the wing of the sample problem it is necessaiy to change

the coefficients to account for the size of the actual wing. The coefficients of Figure 2

are based on a unit chord and the mapping for this section can be written:

where

a' = .60815 x 10-1
1

a' = .75779x10-3
2 -

a 3 .69368 x 10-4

a'4 = .12786x 10-6

a'_= -. 23231 x 10- 6

a,, 15.O4 10-6

a6 --- .•.•14
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a'l = .11822 x 10-7

a'8 = -. 46527 x10-1 0

a'9 = -. 44950 x 1079

and

c' ei° Pc'=.2 6 9 16

a' has not been determined and it best to leave this coefficient undefined until the

coefficients have been ratioed up to •u e size.

It is desired to reexpress Equation (, in the form:

C7.o-, ÷ .... -at (2)

where the coefficients a0 a 1 , a2 , .... a9 reflect the true wing dimensions at given

stations along the wing. Rewriting Eqt';-ion (1) in the form

and equating c 1C to t we obtain

Ced; C3.& ld

so that it can be shown that

a.= c an nm ,9 . . . . .. . 19

The radius of the new mapping circle defined by r = r e' is now r C or'

To obtain the coefficient a it is sufficient to note that from the first and LJst numbers

of the last page of Figure 2, the mapping without the constant coefficient maps the

section about a chordwise point of. 4891, so that for the origin of the wing located at the

nose of the root chord and a leading edge sweep of 9. 76 degrees, the coefficient

a can be found as0

a = .4891c 4 y tan 9.76 degrees,0

where cc r -(cr - ct)Y/b/,

16



drI
For use ih. 'e transformation method, it is also necessary to define for the wing.

This can be done by noting that

r .26916c

Cdrcdo

= .26916 -

iR is now possible to compute all of the numbers needed for the transformaiion method.

These numbers are tabulated in Table 1.

-41
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3. APPLICATION OF JET FLOW FIELD THEORY TO WiNG

a. Transformazion I.iethod

The curpose of the Jet Flow Field theory, when used in conjunction with the

Transformation Method, is to predict jet-induced velocity components at those control

points on the wing at which the Transformation iuethod requires then, to evaluate

power effects. This is accomplished by executing the Jet Flow Field computer program

to generate the required data for the Transformation Method in the form of punched

data cards. To insure compatibility with the Transformation Method, the control

points on the wing are specified by utilizing the mapping coefficients for the wing cross

sections obtained by the procedure described in Section IT. 2. The punched output is

geDerated in a manner to provide a continuous block of input data to the Transformation

Method computer program. Both of the above features will be described in greater

detail in the discussion below.

(1) Sample Problem Computation

For the sample problem being considered, the Jet Flow Field program is now

used to compute the jet-induced velocities at the eight spanwise stations on the wing

described in Section 11. 2. Figure 4(a) shows a sketch of the wing and the location of

the jet with respect to the input/output coordinate system. Figure 4(b) defines the

jet exhaust angles 0 and 1'. It should be noted that the input/output coordinate system

shown below differs from the general coordinate system utilized in Section I1, Volume I.

Sz (a) )

i

Z ka) (b

Y, AVj

xi - Jet Location

FIGURE 4. COORDINATE SYSTEM FOil TYPICAL WING

19



(a) Input for Sample Problem
The input cards required for the sample prnblem are tabulated in Figure 5.

Card 1 lists three control indice3. The fl'.'st one, MULT = 1, indicates that a

single jet configuration is being tre•ned. The second one, IGEOM = 1, specifies that

control poincs on wing cross sections will be generated, utilizing the mapping coef-

ficients obtained in Section 11. 2. The third control index, IPUNCH 1, generates the

punched output for the Transformation Method program.

Card 2 specifies angle of attack a = 0, and angle of sideslip • 0.

Card 3 controls the number of steps and the step size in the numerical Integra-

tion of the equations of motion for the jet path. For the sample problem, 90 steps with

a step size of 0.4 jet exit diaineters are chosen.

Cards 4 and 5 contain information about the jet. The jet location in the coor-

dinate system of Figure 4 is X = 0.6, Y = 0., Z=-6.63. The jet exhaust angles 0 and

V1, defined in Figure 4(b) are 3 80 and 0 degrees respectively. The jet exit diameter,

do = 2.25 and the velocity ratio Uo/Ujo = 0.2.

Card 6 may be left blank for computations i.volving a single jet. For a multiple-

jet configuration it would be used to control the geometry of the jet resulting from the

intersection of two other jets.

The remaining input cards provide data to generate the control points at which

jet-induced velocities are to be evaluated. These control points are generated by

utilizing the mapping coefficients and mapping radii obtained in Section II. 2 for the

eight wing stations of the sample problem. The numbei of ,,ontrol points generated

at each spanwise station is governed by the input variable NTHT, which is the number

of increments A 0 into which the mapping circle is to be divided in the Transformation

Method computer program.

Card 7 specifies that NTHT, the number of control points at each spanwise

station or the number of AO increments around the mapping circle is 36, and that

the number of spanwise stations NS =8 . It also defines the number of terms ursed

in the mapping expansion of Section 11. 2, NCOEF = 11, and through the contro? index

IRECT = 1 indicates that the wing is nonrectangular.

Cards 8 - 12 provide che da,- from which the wing cross section at the first

spanwise station can be generated by the computer program. Card 8 specifies the

location of the station, Y = 0,, the mapping circle radius R - 2. 8889 and the rate of

20
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change of R with Y, DRDY = 0. Cards 9 - 12 list the real and imaginary parts of the

coefficients to be used in the mapping expansion. Cards 13 - 47 are similar data

blocks for the spanwise stations Y = 2.5, 5.04, 7.7925, 10.545, 13., 16.05 and 20. 125.
The data in cards 8 -- 47 are taken from the Table I in Section I. 2.

Note: The rate of change of the mapping circle radius with spanwise distance,

DRDY, is not required for any of the computations performed by the Jet Flow

Field program. It will, however, be required by the Transformation Method

program and is read as part of the input that it may be punched out in the

proper sequence in the data package to be provided to the Transformation

Method program.

(b) Output for Sample Problem

For the problem being considered both printed and punched outputs are obtained.

0 Printed Output:

Figure 6(a) shows the first page of printed output. The jet configuration

being treated is identified both by appropriate heading and by other pertinent

input information. Input controlling the numerical integration procedure is
also displayed. Figure 6(b) shows the location of the computed jet centerline.

The nondimensionalized jet speed U /Ujo and the nondimensionalized major
diameter of the ellipse representing the cross section of the jet, d/do are
also ?•'.-- nut. T'hese properties are printed out at each integration inter-

val. Output shown in Figure 6(b) shows only the initial portion of the printed
output generated for this example. The centerline was computed to Z = 87.63,

which represents integration of the jet equations over the range Z = 90 x 0.4

x 2.25 = 81. The variables XCOORD and DIA show a monotonic increase

over this region, while UJ = Uj/Ujo -. 2 as the mean jet speed approaches

the freestreaxm speed Uco. Figure 6(c) shows the printout for the jet-
induced velocity components at the first spanwise station specified, Y = 0.
The coordinates of the 36 control points at the station are identified. The

induced velocity components U, V, W all nondimensionalized by U0. are

printed out for each control point. Figure 6(d) shows the output for the last

3tation considered in the sample problem, Y = 20.125. Similar printouts
are obtained for the other intermediate stations specified as part of the input.

22



*** SINGLE JET CCKFIGURATION

XJET VJET ZJFT DHI PSI U/UJC
0.6000 0.0 -6.6300 180.0010 0.0 0.2flO

ANGLE OF ATTACK 0.0
ANGLF rIF SIDESLIP = O.C

NUMBER OF STEPS IN INTEGRATION = 90
INTEGRATION INTERVAL = C.40 JET EXIT DIAMETERS

JI

FIGURE 6(a). INPUT PARAMETERS FOR SAMPLE PROBLEM

** SINGLE JE) CENTFPL!NF **

XCOORD ¥COORO ZCOORO UJ DIA

0.6C 0.0 -6.63 1.000 1.0C
0.61 0.0 -7.53 0.948 1.18
0.64 0.0 -8.43 0.893 1.45
0.71 0.0 -9.33 0.833 1.90
0.83 0.0 -10.23 0.760 2.64
1.01 0.0 -11.13 0.688 2.93
1.27 0.0 -12.03 0.626 3.23
1.62 0.0 -12.93 0.573 3.55
2.06 0.0 -13.83 0.528 3.89
2.61 0.0 -14.73 0.489 4.23
3.28 0.0 -15.63 0.456 4.60
4.09 0.0 -16.53 0.427 4.98
5.06 0.0 -17.43 0.402 5.37
6.21 0.0 -18.13 0.381 5.77
7.56 0.0 -19.23 0.363 6.18
9.15 0.0 -20.13 0.347 6.60

11.02 0.0 -21.03 0.333 7.03
13.21 0.0 -21.93 0.321 7.47
15.78 0.0 -22.83 0.311 7.92
18.78 0.0 -23.73 0.301 8.38
22.29 0.0 -24.63 0.293 8.86
26.39 C.o -25.53 0.285 Q.34
31.18 0.0 -26.43 0.278 9.85
36.78 0.0 -27.33 C.272 10.37
43.34 0.0 -28.23 0.266 10.91
51.00 0.0 -29.13 (ý.261 11.47

FIGURE 6(b). JET CENTERLINE FOR SAMPLE PROBLEM
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*** INfUCED VELCCITIFS ON WING e

x y U V Ii

10.717 0.0 0.0 00.136?E-01 0.0 -0.47648F-01
100623 000 0.020 0.11582E-01 0.0 -0*47592F-01
10.346 0.0 0.050 0.12220F-01 0.0 -O.47586F-01
9.904 0.0 0.097 0.13282E-01 0.0 -0.4753SE-0l
Q.3 1 9 0.0 0.159 O.I4771E-01 0.0 -0.47360E-01
8.616 0.0 0.229 0.16691E-01 0.0 -0*46985E-01
7.817 0.0 0.302 0.19044F-01 0.0 -0.46294E-01
6.948 0.0 0.377 0.21786F-01 0.0 -0.45121E-01
6.043 0.0 0.449 0.24793E-01 0.0 -0.43336F-01
5.133 0.0 0.506 0027913E-01 0.0 -0.4091RE-01
4.242 0.0 0.533 0.3C975F-01 0.0 -0.37918E-01
3.394 0.0 0.529 0.33823E-01 0.0 -0.34394F-01
2.578 0.0 0.496 0.36272E-01 0.0 -0*30461F-01
1.847 0.0 0.442 0.38173F-01 0.0 -0.263601-0l
1.214 0.0 0.373 0.19493F-01 0.0 -0.22435F-01
0.699 0.0 0.292 0.40340E-01 0.0 -0019039F-01

0.321 0.0 0.203 0.40931E-01 0.0 -0.16461F-01
0.0q2 0.0 0.105 0041508E-01 0.0 -0.14885E-Cl
0.015 0.0 -0.000 0.42236F-01 0.0 -0.14410F-01
0.092 000 -0.105 0*43145E-01 0.0 -0o15127E-01
0.371 0.0 -0.203 0.44135E-01 O.n -0,17164E-01
0.6qq 0.0 -C.292 0.44971E-01 0.0 -0.2n61QE-01
1.214 0.0 -0.373 0.45273E-01 0.0 -0.2542iE-01
1.847 0.0 -0.442 0.44584E-01 0.0 -0.31202E-nl
2.578 0.0 -0.496 0.42576F-01 3.0 -0.37266E-01
3.384 0.0 -0.529 0.39'80E-01 0.0 -0.42753E-01
4.242 0.0 -0.533 0.35099E-01 0.0 -C,46970E-nl
5.133 0.0 -0.506 0.30601E-01 0.0 -0.49642F-01
6.043 0.0 -0.449 0.26276E-01 0.0 -0.5092oq-Ol
6.948 0.0 -0.377 0.22435F-01 0.0 -C.51723E-01
7.817 0.0 -0.30? 0.1922uF-01 0.0 -0.500lRF-01
8.616 0.0 -0.229 0.16644E-01 O.r -. o502q3F-01
9.319 0.0 -P.159 0.14654F-01 0.n -0.49538F-0l
9.904 0.0 -0.097 0.13177F-01 0.0 -n.48809E-fl

10.346 0.0 -0.05O 0.12154[-01 0.0 -0.492211-01
10.*623 0.0 -0.020 0.11553E-01 0.0 -0.47939F-31

FIGURE 6(c). INDUCED VELOCITY COMPONENTS AT STATION Y 0.
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OSO INDUCFO VELOCITIFS ON WING ***

x y z uv

8.8'1 20.125 0.0 0.11150F-01 -0.13150E-01 -0.43097F-n2
8.774 20.125 n.010 O.ll103E-01 -0.13115E-01 -0.42903E-02
8.635 20.125 3,025 C.11206E-01 -0.13024E-01 -0.42270E-02
8.414 20.125 0.049 0.11273E-01 -0.12A78E-01 -0.41249E-02
8.122 20.125 0.079 0.11357E-01 -0.12682E-01 -0.39885F-02
7.770 20.175 0.114 0.11454F-01 -0.12443E-01 -0.38213E-02
7.370 20.125 0.151 0.l155sdE-01 -0.1?167E-01 -0.36273F-0?
6.936 20.125 0.189 0.11661F-01 -0.11862E-01 -O.34126E-02
6.493 20.125 0.225 0.11759F-01 -0.11538E-01 -0.31849E-02
6.0?9 20.125 Q.253 O.llA47F-nl -n.11211E-01 -0.2q503F-0?
5.503 ?0.125 (.267 0.11q29E-0O -0.1C892E-01 -0.27121E-07
5.154 2C.125 0.264 O.I2004E-01 -0.10588E-01 -0.24743E-02
4.751 20.125 0.2A5 0.12070E-01 -0.1C303F-01 -0.22434E-02
4.385 20.125 0.271 0.12127F-C1 -0.10046E-01 -0.20272E-02
4.06q 20.125 0.186 0.12174E-01 -n.q9?5eF-O2 -0.1833qE-02
3.811 20.125 0.146 0.12214F-01 -O.q6477E-02 -0,16705E-02
3.62? 20.125 0.101 0.12249F-01 -0.95225E-02 -0.15429E-02
3.508 2C.125 0.052 0.12?80-01 -0.94554F-02 -0.14541E-n2
4.469 20.125 -0.000 0.1?311E-01 -0.94487F-02 -0.14057E-02
3.508 20.125 -0.0i? 0.12339E-01 -0,95020E-02 -0.13995E-02
3.622 20.125 -0.101 0.123t2E-01 -0.96145ý-02 -0.14375E-07
3.811 20.125 -r.146 n.i2377F-Ol -0.97845E-02 -0.15195F-02
4.069 20.125 -0.186 0.12383E-01 -0.10007F-01 -0.16427F-02
4.385 70.125 -0.?21 0.12374E-01 -0.10273F-01 -0.18025E-n2
4.751 20.125 -0.248 0.12'47E-01 -0.10571F-01 -0.19943E-02
5.154 20.125 -0.264 .1??799F-ol -0.1n'89F-01 -0.221?hF-02
5.543 20.125 -0.267 0.12?25f-nl -0.11212F-01 -0.24522F-02
6.029 20.125 -0.253 0.1?126F-01 -0.11531F-01 -0.27091F-02
6.443 20.125 -0.225 0.12004E-01 -0.11836F-01 -0.29737F-02
6.936 20.125 -0.189 0.11465E-01 -0.121?3F-01 -n.32386E-02
7.370 20.125 -0.151 0.11719E-01 -0.1?385F-01 -0.34906E-02
7.770 20.125 -0.114 0.115749-01 -0*12614E-01 -0.3719RF-02
8.122 20.125 -0.079 0.11440E-01 -0.12804E-01 -0.391qlE-0?
A.414 ?0.125 -0.049 0.11322F-01 -0.12954E-01 -0.40830E-02
8.635 20.125 -0.025 0.11?31F-0O -0.130641-01 -0.42056F-02
8.774 20.125 -0.010 (1.111731-01 -0.131111-01 -0.4281iE-02

FIGURE 6(d). INDUCED VELOCITY COMPONENTS AT STATION Y = 20. 125
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0.0 28868900 0.0 1
0.I00O0E 01 0.0o 9,52495E 01 0.0 O.70057E 01 0.0 1 1
0093694E 00 0.0 0.92054E 00 0.0 O.18211E-01 0.0 1 2

o -0.35514E 00 0.0 0.2S274E 01 0.0 0.20819E 01 0.0 t 3
0 -0087942E-01 0.0 -0,91189E 01 0.0 1 4

Oe0.1362E-01 0.11562E-01 0.12220E-01 0.t3262E-01 0o14771E-0t 0.16691E-01 U 1 I
S 0.190"'E-01 0.2l786E-01 0.Zi.798E-01 0.27913E-01 0.309751-01 0.33823E-01 U t 2
V 0.36Z72E-01 0.38173E-01 0.39493E-01 0.40340E-01 0.4O931E-01 0.4150OE-01 U 1 3

0.42236"l0 0.43145E-01 0.4413SE-01 0.44971E-01 0.45Z73E-01 0.4458'.E-01 U 1 4
0.42576E-01 0.39280E-01 0.35099E-01 0*30601E-01 0.26276E-01 0.2435E-01 U I S

S.. 0.9220E-01 0.16644E-01 0.14654E-01 0.13177E-01 0.12154E-01 0.11553E-01 U 1 6
'. 0.0 0.0 0.0 000 0.0 0.0 V 1 1

44 0.0 0.0 0.0 0.0 000 000 V 1 2
0.0 0.0 000 0.0 0.0 0.0 V 1 3

S 0.0 000 0.0 0.0 0.0 0.0 V 1 4
o 0.0 0.0 000 0.0 0.0 0.0 V 1 5
V 0.0 0.0 0.0 0.0 0.0 0.0 V 1 6

S-0.4?648E-01-0.4?592E-01-0.47586E-01-0.4753SE-01-0.47360E-01-0.46985E-01 W 1 1
O -0.46294E-01-0,45121E-01-0.43336E-01-O.40918E-01-0.37918E-0l-0.34394E-01 W 1 2
S-0.30461E-01-0.26360E-010.o22435E-01-0. 19039E-01-0.16461E-01-0. 148SE-01 W 1 3
~4 -0.14410E-01-0.15127E-C01-0.17164E-01-0.20619E 01-0.25421E-01-0.31202E-01 W 1 4

2.500000 2.7093"9 -0.071767 2
0.I0000E 01 0.0 0.53533E 01 0.0 0.1620E 01 0.0 2 1
0.77289E 00 0.0 0.71218E 00 0.0 0.3214E-01 0.0 2 2

-0oZ4166E 00 0.0 0.16130E 01 0.0 0.12461E 01 0.0 2 3
-0.4936SE-01 0.0 -0*48006E 01 C.0 2 4

0.12325E-01 0.12530E-01 0.13133E-01 M.4131E-01 0*15516E-01 0.17283E-01 U 2 1
0.19419E-01 0o21872E-01 0.24526E-01 0*27241E-01 0929896E-01 0.32376E-01 u 2 2
0.34548E-01 0.36300E-01 0.37600E-01 0.38516E-01 0.39194E-0l 0.39805E-01 U 2 3
0.40465E-01 0.41184E-01 0.418661-01 0.42329E-01 0*42304E-01 0o41493E-01 U 2 4
0.396976-01 0.36945E-01 0.33499E-01 0.29741E-01 0.26035E-01 0.22652E-01 U 2 5
0.197466-01 0.173666-01 0.15494E-01 0.14084E-01 0.13098E-01 0.12514E-01 U 2 6

-0.95974E-02-0.95911E-02-0.96194E-02-0.96S92E-02-0.96937E-02-0.97l02E-02 V 2 1
-0.96874E-02-0.95914E-02-0.93949E-02-0.90961E-02-0.87079E-02-0. 82380E-02 V 2 2
-0. 76951E-02-0. 71089E-02-D.65313E-02-0.60244E-02-0.56478E-02-0. 54480E-02 V 2 3
-0.54534E-02-0.56833E-02-0.61559E-02-0.68779E-02-0.78195E-02-0.88918E-02 V 2 4
-0.99505E-02-0.10833E-01-3I.114l2E-01-0.11648E-01-0.11591E-01-Oo11345E-01 V 2 5
-0.11011E-01-0.10654E-01-0.10314E-01-0.10021E-01-0.98005E-02-0.96614E-02 V 2 6
-0.45398E-01-0.45330E-01-0.45268E-01-0.4513lE-01-0.S4851E-O1-O.44363E-01 W 2 1

-012S-1019?-0-.86E0-.137 lO248-1030030E-01 W 2 4
-O383-10322-0-*25 0-.530-1047O-10473576 01 w 2 5
O0.4?4ZOE-Ol-0.47150E-oI-0.467oe6...o..o4622SE-0.1-0.o4SelqE-01o...

45 545 E-01o w 2 6

FIGURE 7. JET FLOW FIELD PROGRAM PUNCHED OUTPUT
FOR SAMPLE PROBLEM

(Wing; Transform~ation Method)
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5.o40000 2SZTM -o~owITI
0610000E 01 0.0 0.5459ZE 01 0.0 O.53613 01 0.0 3 1
0.62724E 00 0.0 0.53911E 00 0.0 0.93299E- 3 0.0 3 P

-0.lS916E 00 0.0 0.0991f 00 0.0 0.71404E 00 0.0 3 I
-0.2638E-01 0.0 -0.2"934E 01 0.0 3 41

0-1390aE-01 0.139&ME-01 0.14!512E-01 0. 1 376E-01 0.16561L-01 0. 18039tE-Ot U 34
DaIM76E-01 0.2l7Z4E-01 0*2376ZE-01 0.25790E-01 0.27730E-01 0.29511E-O1 U 3 z
0.3107SE-01 0*32354E-01 0.333Z-01 0.34055(-01 0.34604E-01 0.35093E-01 U 3 3
0*35573E-O1 0.3604SE-01 0.36446E-01 0-36669E-01 0.3656SE-01 Do35985E-01 U 3 4
0.3400X-01l 0*33009E-01 0.30704"l0 0-26074"1O 0.2534LE-01 0.22713E-01 U 3 5
0620349E-01 0.1033E-01 0.16697E-01 0.15430E-01 0.145Z3E-01 0.13987E-0ai U 3 6

*-0. 1693SE-01-0. 169IIE(-01-0. 1691 XE-01-0. 1690SE-01-0. 1686 LE-0 1-0o.16 76'.E-01 V 3 1
-0. 16585iE-01-0. 16U4E-01-0. 15637E-01-0.* 1Z59E-01-0. 14562E-0 1-0.1 339E-01 V 3 2

*-0.13017(-01-0. 12166E-01-0.11397E-01-. 17Z1E-O1-0. 10232E-01-0."9864E-0Z V 3 3
-0olOOUSE-Ol-0. 10143E-01-0. 10975E-01-0. L 906(0-0.1Oo3 12E-0 1-0. 14458E-01 V 3 4
-2. lS633E-CI-0.o11 0601-O1-.11"4E-0 1-0o18556E0-Ol-Ool758EI-0 1-. 690E-01 V 3 5
-0. 1645E-01-0. 18131EI-01-0. 1U E-0 1-0. 17448E-0l-0.J 7188E-01-0. 17019E-Ol V 3 6
-0. 390006-01-0.38916E-01-0.38763E-01-0. 3D4S4E-01-0.38O33E-0 1-0. 37366E-01 Id 3 1
-0. 3264ZE-01-O. 3544E-01 -0.33494E- 1-0.31 519E-01-0.2929 lE-0 1-0. 26S73t- 0! W 3 2
-0.24344E-01-0.U 629E-01-0. 194"0E0 -0. 17495E-1-0. 15995E-01-0. 15095E-01 U 3 3
-0. 145S4E-01-0. 15309E-01-0. 16493E(01-0. 19406E-01-0.2098 1(-0 1-0 .24037E-0l mI 3 4

*-0.Z7316E-01-O.30509E-01-0.33321E-0 1-0. 3551SE-0l-0. 37210(0-0.-O382 OSE-Ol W 3 5
-0.38923E-01 -0.392Z4E-1-0.39296E-01-0. 39Z42E-01-0.39149E-01-0. 39067E-01 V 3 6

7.792500 2.32959 -0.071767 4
*0*IOOOOE 01 0.0 0.55735E 01 0.0 0.4S5556E 01 0.0 4 1
*0*49130E 00 0.0 0*38925E 00 0.0 0.62097E-02 0.0 4 2

-0*97690E-01 0.0 0.56041E 00 0.0 0.372Z4E 00 0.0 4 3
-0.12600E-01 0.0 -0.10602E 01 0.0 4 4
0.15026E-01 0.15160E-01 0*15570E-01 0.16231E-01 0.17116E-01 0.18193E-01 U 4 t
0.19426E-01 0.20754E-01 0.22100E-01 0.23398"01 0.24612E-01 C.2571ZE-01t U 4 2
0.26666E-01 0.274S0E-01 0*2S062E-01 002SS29E-01 0*26896E-01 0.292t4E-01 U 4 3
0.29516(-01 0*Z9796E-01 0*30020E-0l 0.30133E-01 0*30069E-01 09297485E-01 U 4 4
0*29105E-01 0.Z8116E-O1 0*26S00E-01 0.25227E-()l 0*23500E-01 OoZI748E-01 U 4 5
0.20089E-01 0.166I0(-01 0.173S7E-01 0.16356E-01 0.15626E-01 0.I5SISE-01 U 4 6

-0.20S17E-01-0.20771E-01-3.20?05E-01-0.20587E-CI-0.20395E-01-0.201 16E-01 V 4 1
-0.19733E-01-0.19219E-01-0.1S5?1E-01-O.17821E-01-0.17014E-01-O.16175E-01 V 4 2
-0.15324E-01-0.14497E-1-0.13741E-01-O.13113E-01-0.12668E-01-GO.2449E-01 V 4 3
-0.1Z482E-01-0.12775E-01-0.13331E-01-0.14141E-01-0.15l74E-01-0.16361E-01 V 4 4
-0.17603E-01-0. 18787E-01-0.19803E-01-0.20572E-01--O.21 073E-01-O.21340E-01 V 4 5
-00Z1430E-01-0.Z1390E-01-0.21268E-01-0.21114E-01-0.209?6E-01-0.20877E-01 V 4 6
-0.29937E-OL-0.29848E-01-0.29637E-01-0.29274E-01-0.28)38E-01-O.28013E-01 Wd 4 1
-0.27073E-01-0.25901E-01-0.2450SE-01-O.22944E-01-0.21267E-01-0. 19524E-01 W 4 2

-0.17769E-01-O.16078E-01-0.14541FE-01-O.13524E-01-O.15046E-01-O.116865E-01 W 4 4

- 0 .1 1 5 0 0E - 0 1- 0 .1 1O7 8.E -0 1 -0 .14 54 1 E- 0l -O 
o l 33 24 E -0 1 -0 .1 5 0 4 06 E - 0 1- O e l 6 8 6 1E - O1 W 4 ?4

-O.18875E-01-0.20941E-01-0.22915E-O1-O.24681E-01-0.26174E-O1-O.27374E-01 Wd 4 5

ii-0.28291E-01-0.28951E-01-0.29394E-01-O.29676E-01-0.29845E-01-O.29931E-01 W 4 6

FIGURE?7. (Continued)
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180.S4999 2.132000 -0.011lTh 5
0.10000E 01 04a2 0.5"80E 01 040 0.38157E 01 0.0 5 I
0.3l"1E 00 0.0 0,27307E 50 0.0 Ow "669E--02 0.0 5 2

-DeS573?E-01 0*0 0,30137E 00 0.0 0.10320E 00 0.0 5 3
-0.57112f-OZ 0.0 -0,43?0SE a. 0.0 54f

.615256E-01 Do1534"~-1 0.15627"lO 0. 41"77"1 0.1644TE-01 0. 1737CIE-01 U 5 1
OolSIW4-01 Oe16975E-0 C,19704"-1 0.20541M-O& O.Z1249E-01 0.2187IE-01 U 5 2
0624625E-0 0.22"MS-01 0.Z3232"-1 0-23SIM0f-1 0.23733C-01l 0.23926E-01 U s 3
0.Z41IMO-01 0.2427"1-O 0,Z4405E-01 0.24*7P.E-0l 0.24447Th-Ok 0.Z4Z8W-01 U 5 4
OwZ3960E-0l 0.23443E-01 0.2273SE-01 0.238%EF-01 0.20050E-01 0.19?ME-01 U 5 S
O.1673E-01 0.17767"-1 0,169146E01 0.16216E-01 0.1569SE-01 0.t5371E-O1 U S 6

-0.21 136E-1-0.-O2107E-01-0.Z0959-01-0.20759E-01-0.20467E-O 1-0.20062E-01 V 5 1
-0. 195961>-0.O 19O02E-01-0 18313E-01-0. 11'M5-01-0. 16 696E-0 1-0. 1"029E-01 V S 2
-0. 15281E-O1-0. 14S1CE-01-O. k3953E-0 1-0.1 3443A-01-0. 13065E-O 1-0. 1Z906-01 V S 3
-0. 129Z7E-O1-0. IL3146E-Ol-0. 13564E-01-0. 14174E-01-0. 14954E-O01-0. 15861E-01 V 5 4

¶-0. 1"834E -01-0. 176"SE-01 -0. 187OOE-0 14-. 19463E-01-0.Z00i'7E-0 1-0.205 ISE-01 V 5 5
-0.Z0332Et-0 ol281-0.2102E-1-. 8lSE01-0.211631>01-0.21 L6S-01-0.21160E-01 V S 6
-0.212261>-01-0.21 149E-1-0.Z0942E-01-0.20597E-01-0.2011 NE-0 1-0. 9461E-01 WI 5 1
-0. 1870SE-01 -0. 17786E-V01-0. 16M4E-C, 1-0. 15630E-01-0. 144681>01-0. 13290E-01 M 5 2
-0.12132E-01-0.11037E-0l-0.10055E-01-0.92333E-02-0.86146E-02-O.822?1E-OZ M 5 3
-0.6083BE-02-0. 61932E-0-0.856Z6E-02-O. 91900E-O02-0. 10054E-0 1-0*.111 15E-01 V 5 4
-0.123191>0-0. 1o3599E-01-0. 14889E-0 1-0.16126E-01-0.1 7266E-01-O. 162 TIE-0l M 5 5
-0. 19136E-01 -0. 19829E-01-GC.20363E-0O 1-0. 20756E-01-0. 21026E-0 t-0. 211 62E-01 w 5 6

Fr13.000000 1.95569 -0.071767 6
O.10000E- 01 0.0 4.57903E 01 0.0 0.32114 01 0.0 6 1
0.27907E 00 0.0 0.. V343E 00 0.0 0.Z5909E-02 0.0 6 2

-0-34208E-01 0.0 O.L6463E 00 0.0 0.91926E-01 uou 6 3
-0.26290E-02 0.0 -0.1845Th 00 0.0 6 4
0014"69E-01 0914728">1 0.149t4E-01 O.15Z09E-01 0.15591E-01 0.16039E-01 U 6 1
0.16531E-01 0.17036">1 0.17525E-01 0ý17980E-01 0.16394E-01 O.18767E-01 U 6 2
0.19089E-01 0.193S7E-0 0.19572E-01 0.19743E-01 0.19683E-01 0.20006E-01 U 6 3
0.20121E-01 0.202251>01 0.20307E-01 0,.20353E-01 0.20346E-01 0.2026SE-01 U 6 4
0*20089E-01 0.19804E-01 0.14404E-01 0.18894E-0)1 0*18296E-01 0.11645E-01 U 6 5
0.16987E-01 0.16363E-01 0.15602E-01 0.15331E 01 0.14915E-01 0*14751E-01 U 6 6

-0.19649E-01-0. 19590E-01-0. 19455E-O 1-0. 19Z32E-01-0. 1 920E-0 10.18523E1>01 V 6 1
-0. 18041E-01-0. 11479E-01-0,16853E-01-0. 16195E-01-0. 15535E-01-0.14890E-01t V 6 2
-0125-10176-1012S-10186-1-.22E0-.28E0 V 6 3
-0. 12390E-01-0. 12548E-01-0. 12854E-01-0. 13305E-01-0.13S885E-01-0. 14565E-01 V 6 4
-0.1530?E-01-0.16067E-01-0.16796E-Ol-o.1145?E-01-0.18O2aE-01-0.18504E-01 V 6 5

0.16$887E-0-0.19177E-01-0.19381E-01-0.195171>01-0.19603E-01-0.19649E01 V 6 6
-0. 14866E--01-0. 14606E-01 -0. 14635E-0 1-0. 14354E-01-0.LI3966E-0 1-0.134 76E-01 W 6 1
-0.128O9E-C1-0.12213E-01-0.114?2E-ol-Oo.O69oC-01-0.98897E-02-0.90887E-02 w 6 2
-0.83089E-02-0.75 782E--02-0.69265E-02-0. 63822E-02-0.5969 3E-02-0. 570 32E-02 W 6 3
-0.55912E-0Z-0.56383E-0Z-(0.53493E-02-0.62230E-02-0.67473E-02-0.14004E-02 M 6 4
-0.81541E-O02-0.89752E-02-0.982S7E-02-0.10682F-01-0.I150aE-O1-0.122?7E-01 W 6 5
-0. 12963E-01-O. 13548E-01-G.14024E-0 1-0. 14393E-01--0.14657E-01-0. 148151>01 W 6 6

FIGURE 7. (Continued)
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601004a1 01 0.0 0.99174E 01. c.0 0.25332E 01 0.0 7 1
46203M2 0S 0.0 0.1203GE @0 0.0 0.143111-02 0.0 7 2

-0.16790"-1 0.0 0.71ME2-41 0.0 0.355901-01 0.0 1 3
-4.. *39*43 0.0 .5o6366E-01 0.0 7 4
0.13312-01 Oa13)31-01 0.13447"-0 0.13609"-0 0.13817E-01 0.14050-01 U 1 1
0.14310-01 0*14561141 *.1431-01 0.19062E-01 0.15272E-01 0.154611-01 U 1 2
Go15626-01 0.15765-01 0.156761-41 0.1590-01L 0.160411-01 0.1616E-01 U 7 3
0.OAMUE-Ot 0.16240E-01 0.162671-01 0.16317"-1 0.163201-01 0.162811-01 U 7 4
0.16207-0O1 Os t072F~-01 0.15670-01 0.15623E-01 0.153161-01 0.14975A-01 U 1 5
0.14622E-01 0.14260M-01 0.13966"-0 0.136961-01 0.13491E-01 0.13361E-01 U 7 6

-0.166611-01-0.166361-01-0.167111-01-0. 16508-01-0.16231E-01-0. 15866E-01 V 7 1
-0. 15401-01 -0.150231-01-0. 14527E-0 1-0. 140171-01-0. 13S1I 5E-01-0. 13032E-01 V 7 2
-0.12576E-01-0.12163E-01-0.116061E-01-0.15151-01-0.1313E-01-Do.12061-01 V 7 3
-0.1L1206E-01-0.113071-01-0.115091-1-0.118101-1-0.12 1991-01-0.126601-01 V 7 4
-0.131711-01-0.137051-01-042351-1-0.147371-01-0. 11991-01-0.156121-01 V 7 S
-0.15971-01-e. U'Z661-01-0. 165021-01-0.166771-01-0.16800-01-0.16872E-01 V 7 6
--0.907861-0-0.903991-OZ-.59215-02-0.S72681E-O-0.84680-02-0.61444E-OZ N 7 1
-0. 776381--02-0.733611-02-O.6876Z1-02-0.63986E-0Z-O.591391-02-0.*54313E-02 M 7 2
-0.496311-02-0.452721-0z-0.4l384E-02-0. 381261-02-0.356Z61-02-0. 33961E-02 N 7 3
-0.331631 -02-0.33Z651-02-0.342971-02-0.36256E-02-0. 39076E-02-0.4Z6511-02 N 7 4
-0.46852E-02-0.51529E-OZ-0.565291-2-0.617071-02-0.6691 01-02-0.719481-02 W 7 S
-0. 766131-0-0.80740E-02-0.64233E-02-0. 870351-2-0.89092E-0Z-0.90352E-02 M 7 6

20.125000 1.444599 -0.071767 a
0.100001 01 0.0 0"6066Th 01 0.0 0017518E 01 0.0 8 I
0.117151- 00 0.0 0.575551-0 0.0 0.569371-03 0.0 a 2

-0.55521E-02 0.0 0.19759-0 0.0 0.513851-02 0.0 S 3
-0o17191"-3 0.0 -0.89134E-02 0.0 6 4
0.111501-01 0.11163E-01 0*11206E-01 0.112731-01 0.113571-01 0.1.1454E-01 U 8 1
0.115561-01 0.116611-01 0.117561-01 0.118471-Ot 0.119291-01 0.12')04E-01 U 8 2
0.120701-01 0.12127E-01 0.121741-01 0.1Z214E-Oa. 0.1224%101 0.122601-01 U 8 3
0.123111-01 0.123391-01 0.12362"t0 0.123771-01 0.123631-01 0.12374E-01 U 8 4
0.12347E-01 0.122991-01 0.122251-01 0.12126E-01 0.12004E-01 0.118651-01 U 8 S
0.11719E-01 0.115741-01 0*11440E-01 0.11322E-01 0.112311-01 0.11l73E-01 U 8 6

-0.13150E-01-0. 131151-01-0.13024E-01-0.126818-01-0.126821-01-0. 12443E-01 V S 1
-0.121671-01-0.!18662EO-0.31-OlS6-1-0.112t11-01-0o.1092E-01-0.105681-01 V 6 2
-0.10303E-01-0. 10046E-01-0.982S01-02-0.9647?E-02-0.9522 51-02-0.94554E-02 V a 3
-0. %i4871-02-0.950201-2-0.9614SE-02-0.9784SE-02-0. 100071-01-0.10273E-01 V 6 4
-0.105711-01-0.10669E-01-0.1I12Ez-01-0.11531E-01-0.11636E-01-0.12123E-0)1 V 8 5
-0.123851-01-0.126141-01-0.12604E-01-0.129541-01-0. 130641-01-0.13131.1-01 V 8 6
-0.430ýY71-02-0.4Z903E-O2-0.422 701-02-0.41249E-02-0.3968SS-02-0. 38213E-02 N 8 1
-0. 36273' -02-0.341261-02-0.318491-02-0. 29503E-02-0.27 1211-02-0. 24743E-02 W 8 2
-0. 224341--02-0.202?2E-02-0. 163391-02-0. 167051-02-0, 154291-02-0.145411-02 W 8 3
-0.140571-02-0.139951-02-0.143751-02-0.151951-02-0.164271-02-0. 18025E-02 N a 4
-0.19943E-02-0.22126E-02-0.z4S22E-02-o.270s1E-oz-o*29737E-oz-o.32386E-oz N 8 5
-0.34906E-02-0.37198E-02-0.39191E-0z-o.40830E-02-Os.2056E-02-0.42SIOE-02 WI 8 6

FIGURE 7. (Concluded)
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9 Punched Output:

The punched card output for the sample problem is shown in tabulated form in

Figure 7. The output data block for the first spanwise station is identified.

The first card lists the spanwise station Y = 0., the mapping radius

R = 2.8889 and the rate of change of R with Y, DRDY = 0. The next four

cards list the real ami imaginary parts of the coefficients used in the map-

ping expansion. Cards 6 - 11 list the induced velocity components in the

X direction for each of the 36 control points at Y = 0. The induced velocity

components in the Y-direction are listed on cards 12 - 17 and cards 18-23

specify induced velocity components in the Z-direction. Data blocks of tIds

type, each consisting of 23 cards, follow for each of the other 7 spanwise

stations specified as part of the input. The punched output is identified in

columns 73 - 80. The spanwise station number is shown in columns 75 - 77.

Sequence numbers for each station appear in columns 78- 80. The letters

U, V, W in column 74 identify the velocity components listed on the data

cards.

Note: From the tabulations of Figure 7 it is apparent that the first five

cards of the data generated for each spanwise station represenL an exact

duplication of input cards described previously. They are generated as

part of the punched output so that a more complete data package for the

Transformation Method program may be obtained and additional card

handling circumvented.

(2) Applicability and Limitations

The Jet Flow Field program may be utilized to evaluate the induced flow field at

given control points due to one, two or three exhausting jets. For a single jet the

initial jet exhaust direction, specified by 4 and tb, and the freestream direction, speci-

fied by a and p are arbitrary. For a two-jet configuration the jet exits must both lie

in the same XY plane and the jet exhaust planes, defined by the freestream vector and

the initial jet exhaust -vectors, must be parallel. The same restrictions apply to a

three-jet configuration. Additionally, three-jet configurations must be colinear and

negative angle-of-attack cases cannot be trcated. More complex configurtions, as

shown below, may be treated by reduction to two- or three-jet type configurations, as

indicated, and adding the induced velocities at each control point due to configurations

(al and (b).
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b 00
Four-Jet Six-Jet

Configuration Configuration

Extensive comparisons between computations and expeririental data have been made

for velocity ratios 0.10 < U0o/5o < 0. 30 and the Jet Flow Field program may be

considered most applicable in this range of velocity ratico.

The choice of the variables governing the numerical integration for the jet path

is related to the velocity ratio of the problem being considered. For Uw/UJo < 0. 125

integration in the direction normal to the freestream over an extent of at least 30 jet

exit diameters has been found desirable. As U.O/Ujo increases this may be decreased,

as the jet penetrates less at the higher velocity ratios. For the above rtknge of velocity

ratios an integration step size of 5_0.5 jet exit diameters has been found satisfactory.

Control points at which jet-induced velocity components are to be evaluated may

not lie withi a the jet itself, as the Jet Flow Field theory is not valid in this region.

Generally, control points positioned less than 2 jet exit diameters from the center of

the jet exit should be avoided, to avoid distortion in the computed velocity distributions.

b. Lifting Surface Theory

The purpose of the Jet Flow Field theory, when used in conjunction with the

Lifting Surface theory, is to predict jet-induced downwash distributions on the wing

to be utilized by the Lifting Surface theory in evaluating power effects. This is accom-

plished by executing the Jet Flow Field computer program to generate required input

data for the Lifting Surface program in ihe form of punched data cards. These data

cards will then constitute the downwash matric [W], which forms part of the input for

the Lifting Surface program described in Section 11. 5.

It should be noted that the manner in which the Jet Flow Field program is utilized

to provide dat. for the Lifting Surface program is almost identical to its application in
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conjunction with the Transformation Method described in Section 11. 3. a. The discussion

below will treat in detail only those areas of input and output which differ from Section IL 3.a

(1) Sample Problem Computation

For the sample problem being considered, the Jet Flow Field program is now

used to compute jet-induced downwash distributions at 10 spanwise stations on the

wing. Figure 8 shows details of the planform of the wing and indicates the network of

control points to be utilized in the computations.

20. 12

FIUE8 ONRLPiT ON.WN FO SAPEPRBE

S+ + +

+ + +

i+

The wing is treated as a planar surface, Z =0. Each spanwise station has 10 control
points spaced evenly between 0. 05 and 0.95 of the local chord. The spanwise stations

are distributed evenly between 0.05 and 0.95 of the semi-span.

j (a) Input for Sample Problem

j The input cards required for the sample problem are tabulated in Figure 9.
I Card 1 again lists the three control indices. IGE(•M = 3 indicates that the

coordinates of all control points will be provided directly P.s part of the input. The

other two indices remain unchanged from Section II. 3. a. The punched output generated

, will, of course, now be suitable for use with the Lifting Surface program.

S~Card 2. remains unchanged from Section fl. 3. a.

C; + + + + +
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Card 3 controls the number of steps and the step size in the numerical integra-

tion of the equations of motion for the jet path. For this case, the number of steps

has been cut down to 50, as computations in Section 11. 3. a showed that after a pene-

tration of 20 jet exit diameters into the crossflow, the nondimensionalized jet speed

UJ/Uio* = 0.202, i.e., the jet has virtually slowed to the speed of the crossflow and

further contributions to the jet-induced velocities will be negligible.

Cards 4 - 6 see S6ction 11.3. a.

Card 7 lists the number of spanwise -ontrol stations, NS = 10 and specifies that

the number of control points at each station NC = 10.

Cards 8- 57 list the coordinates for the control points of the grid shown

schematically in Figure 8. The coordinates for each control point appear in the order

X, Y, Z. Control points are listed from leading edge to trailing edge for each span-

wise station, with the spanwise stations appearing in a root-to-tip sequence. The total

number of control points is NC x NS. The listing is continuous, i.e., no new record

is required for the first control point at each spanwise station.

(b) Output for Sample Problem

Both printed and punched outputs are obtained.

"0 Printed Output:

The initial part of the printout dealing with configuration identification and

jet centerline printout will be identical to that shown in Figures 6(a) and 6(b)

of Section 11. 3. The centerline computations are now carried out to Z = 51.63

consistent with the 50 integrationi steps specified. Figure 10 shows a portion

of Lihe printout for the jet-induced velocity components at the control points

specified as part of the input. The control points are listed in the order in

which they we:e read in. All three velocity components are printed oat,

although only the downwat h component W needed in conjunction with the

Lifting Surface theory.

• Punched Output :

The punched output for the sample problem is shown in tabulated form in

Figure 11. The data block for the first spanwise station is identified. The

cards list the downwash component -W, nondimensionalized by U., f')r each

control point at the first spanwise station in n leading to trailing edge
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I** 1NDUCED VELOCITIES AT CONTROL POINTS ***

X Y Z U V w

0.96 1.006 0.0 Q.42185E-Ot" -0.25052E-02 -0.19470E-01
t.742 1.006 0.0 0941069E-01 -0,31934E-02 0. -027364E-01

2.788 1.006 0.0 0.38306E-O- .0.37568E-02 -0o34289E-01
3,835 1.006 0.0 0.34488E-01 -0.41490E-.O2 -0.39 7 42E-01
4.881 1.006 0.0 0o30233E-01 -0.43711E-02 -0.43625E-01
5o927 1.004 0.0 0.26004E--0 -0. 4 4536E-02 -0.46118E-bl
6.973 1.006 0.0 0O22069E-OL -0O44349E-02 -0.47507E-01
8.00i 1.006 0.0 O.1854?E-01 -0.43495E-02 -0.48074E-01
9.066 1.006 0.0 0.15463E-O- -0O42236E-02 -0. 4 8055E-01
10.112 1OO' 0.0 0,12797E-01 -0.40755E-02 -0.47630E-01
1.015 A.018 0.0 0,39548E-01 -0.73734E-02 -0.19404E-01
2.008 3.'018 000 0,38348E-01 -0.39783E-02 :-0.25778E-01
3.000 3.018 0.0 0.35964E-01 -0.10302E-61 -0.31410E-01
3.993 3.018 0.0 0.32795E-01 -0,11266E-01 -0.35995E-01
4.986 3.018 0.0 0.29248E-O1 -0.11869E-Ol -0.39455E-01
5.9?8 .3.018 0.0 0O2565LE-01 -0.12161E-O1 -O.41875E-01
6.971 3.018 0.0 0O22215E-01 -0.12211E-01 -0.43j418E-01
7.963 3o018 0.0 0.19056E--1 -0.12087E-Ot -0.44267E-01
8.956 3.018 0.0 0.6219E--01 -0.11845E-01 -0. 4 4 5 8 6 E-'3 1
9°949 3-018 0.0 0 .1371OE-O -0.11529E-01 -O.44514E-01

FIGURE 10. INDUCED VELOCITY COMPONENTS AT CONTROL POINTS

I0o1946997E-01 0,2736351E-01 0,342890?E-01 0.3974187E-01 0.4362537A-01
0.4611834E-01 0.4750663E-01 0.4807373E-01 0.4805501E-01 O476304SE-01

0,1940424E-01 0,2577788E-01 0.1140971E-01 0.3599505E-01 093945525E-01
0*4187481E-01 0.4341006E-01 0,4426672E-01 0.4458629E-01 0.4451389E-01
Co1722910E-01 0,2192676E-01 0.2618271E-01 0.2982682E-01 0.3278734E'-01
0.3507354E-01 0,3674650E-01 0e3789202E-01 0.3860138E-01 0.3896004E-01
0,1413587E-01 0.1145514E-01 02054700E-01 0o2331698E-01 0.2571272E-01
0.2771608E-01 0o.2933651E-01 0.3060186E-01 0.3155021E-01 0.3222350E-01
O°1101770E-01 O°1332559E-01 0.1552317E-01 0o1756243E-01 0.1940951E-01
0.2104460E-01 0.2246060E-01 0.2366059E-01 0.2465511E-01 0.2545955E-01
Oo8287247E-02 0o9881828E-02 0*1142634E-01 0.1289609E-01 0.1427143E-01
0.1553807E-01 0.1668714E-01 0.1771446E-01 0.01620OIE-01 0.1940690E-01
0O6058868E-02 O°7158797E-02 0.8237526E-02 O.9282477E-02 0.1028281E-01
0.1122979E-01 0,1211669E-01 O.129380E-01 0.1369373E-01 0.1438010E-01
Oo4310101E-02 OoS068891E-02 0.5819704E-02 0,6556150E-02 0.7272489E-02
0&7963751E-02 Oo8625664E-02 0o9254884E-02 0O9848863E-O2' 0, 1040578E-01
o.2969740E-02 Oo3493453E-02 Oo4014853E-02 Oo4530825E-02 095038351E-02
0o5534708E-02 0.6017,454E-02 O.6484497E-0210.6934032E-02 0.7364653E-02
OolT57927E-02 &.231938?E-02 0O2680826E-02 0o3040665E-02 0.3397372E-02
0*3?49519E-02 0O4095748E-02 0o4434913E-02 0,47659241-02 0.5087804E-02

FIGURE 11. JET FLOW FIELD PROGRAM PUNCHED OUTPUT
FOR SAMPLE PROBLEM

(Wing; Lifting Surface Theory)
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sequence. The sign of W is changed to provide compatibility with the
Lifting Surface theory where downwash is conventionally considered to

be positive. Similar data blocks are generated for the other 9 spanwise

stations. Each spanwise station starts on a new record.

(2) Applicability and Limitations

See discussion in Section Hl. 3. a.

Additionally, since the punched output variable -W serves as an approximation

to the tangent of the downwash angle when it is utilized as input to the Lifting Surface

program, the application of the Jet Flow Field program must be restricted to small

angles of attack.

4. APPLICATION OF TRANSFORMATION METHOD TO WING

The transformation method uses the jet-induced velocity components at a number
of stations on the wing to determine wing power effects in the form of surface pressure
distributions and integrated force and moment. The transformation method requires

that the mapping function for each of the wing sections is known. The jet induced

velocity components are determined using the jet flow field program described in
Volume T. The mapping function is determined using the techniques developed in
Section III of Volume I.

The generation of the coefficients of the mapping function for the sample problem
has been described in Section II. 2. A description of the application of the jet flow

field program to the sample problem has been given in Section II. 3. The punch3d card

output of the jet flow field program Is compatible with the transformation method and

includes the mapping coefficients and jet induced velocity components for each of the
wing sections. To complete the input to the transformation method program various
flow indices must also be specified. Most of these indices have already been defined

in the preceding section.

a. Inputs to Transformation Method for Sample Problem

Shown in Figure 12 are the input data for this sample problem in which the
punched outputs from the jet flow field program constitute the major portion. However,
to activate the computation two cards must precede this basic input block. There may

be none, two or three cards following this block, depending on the specified options.
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Card 1 lists in order the classification index (1 specifies a wing), the modi-

fication index (1 denotes the option of three-dimensional modification being exercised),

the number of iterations, the number of layers for distributing residual sources and

sinks, the power index (0 indicates the power effect), the configuration index (1 refers

to a nonrectangular wing), and the force index (1 indicates forces and moments to be

computed).

Card 2 lists in order the number of stations, the number of pairs of the

mapping coefficients, the number of coefficieuits in the Fourier series expansion, the

computaton index, the number of angular increments on the mapping circle, the free-

stream to the jet velocity ratio, the angle of attack in degrees, and the sideslip angle

in degrees.

Cards 3 through 186 contain the punched output dtta provided by the jet

flow field program, which include the y coordinate, the mapping coefficients, and the

induced velocity components for stations No. . through No. 8. There are 23 cards

for each station.

Card 187 lists in order the option index (0 denotes no average value us( J for

"he station next to the exhausting jet) and the station number where the jet is located.

Card 188 lists the number of stations on which the downwash modification :s

to be applied.

Card 189 lists in order the number of jets, the jet exit diameter, X coordinate of

the moment center, Z coordinate of the moment center, and the reference length for

making the computed moments dimensionless.

b. Outputs from Transformation Method for Sample Problem

Figure 13 lists directly or indirectly a portion of the input data on Card I

through Card 186.

Figure 14 establishes the correspondence between the angular increments of the

mapping circle and their corresponding locations on the wing section at every station.

The first column states the angular increments in degrees.

Figure 15 gives the pressure distributions in coefficient form (p- p / , at

every station after completion of the segment methoo. These coeflicients are tabu-

latud against the angular increments, To obtain the actual location, reference muist

be made to the previous figure. The second and the third i ins in this tabl'e list the

radius of the mapping ci clc (RB) and the gradieit of this radius in, y-direction (DR-DY).



Figure 16 lists the pressure distributions at various sections after imposing
the residual sources and sinks in the network. Columns 7, 8, 9 in this table remain

the same as those in Figure 15, since the flow properties noar the wingtip are not

modified.

Figure 17 lists the pressure distributions after completion of a three-dimensional

modification of one iteration.

Figures 18 and 19 show printout of the pressure coefficients after imposing the

residual sources and sinks for the second time and the completion of a three-dimen-

sional modification of two iterations.

Figure 20 lists the parameters used in the three-dimensional modification and in
the force and moment computations, originally read in as input data on Cards 187, 188,

and 189. Also tabulated are the computed forces (normalized to the thrust) and moments
(normalized by the thrust and reference length) on this wing after two iterations.

Figures 21(a) through 21(c) show the comparison between the computed pressure

coefficients and wind tunnel test data at stations y = 5.04", 7.2925", 10. 545", and 16.0".
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Comparison of forces for sample problem with wind tunnel test date of Appendix

I is shown in Figure 22, together with further calculations and test data. The calcula-

ted power-irduced lift follows the trend of the test data. The calculated values show a

greater loss in lift than the test data. This is consistent with the surface pressure

results shown in Figure 21. The reasons for these differences are not known at the

present time.

c. Method Applicability and Limitations

This method is generally applicable to power effects on the wing. In addition to

the present configuration, fairly extensive calculations on a rectangular wing of aspect

ratio equal to 3 vith a modified NACA 65-010 section have also been performed

(Figure 23(b)). The jet (or jets) was (were) situated at the midspan of the wing and

exhausted directly from the lower surface. But the chordwise location of the jet was

allowed to vary (three positions: 20 percent, 50 percent and 80 percent of the chord

length from the leading edge) and the number cf the jets could be one or two. Most

of those calculations have been compared with the wind tunnel test data which were

obtained at Northrop prior to the present study. Some of these comparisons are

shown in Figures 24 and 25.

When the jet exhausts directly from the wing surface, the induced velocity

distribution generally shows large and abrupt changes across the jet station. If two

iterations are planned these iterations should be smoothed out. Otherwise, the

computed results following the second iteration may exhibit unacceptable oscillations.

If the calculation is limited to one iteration no smoothing was found to be necessary.

Since the lift jet did not exhaust directly from the wing surface in this sample problem,

the input data was not smoothed, even though two iterations were computed.

Under the present scheme all the vertical velocity comporents at any given

station, regardless of the chordwise position, are reduced equally to a magnitude of

one third of the lifting line downwash value (see pages 101-102 of Volume I for details),

Since the aforementioned procedure is somewhat arbitrary some limitations on the

method presumably exist. For flow conditions radically different from the present

one, the approach given here may have to be modified.

The present method, even when the three-dimensional modification is used,

does not include all the three-dimensional effects., The method is, in effect, a quasi-

two-dimensional one. Like the widely used quasi-one-dimensional approximation for

diffuserE and nozzles, its applicability is not as restricted as it may appear. In every

example considered, the agreement between calculation and test data is fairly satisfactorv.

Because of the quasi-two -dimensional nature, however, computations beyond two
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iterations may not be warranted. In practice, one iteration is what is usually needed.

Two iterations have, nevertheless, been carried out in some selected problems and

also in the sample problem here. This is more for demonstration purpose than for

utility.

The present computer program is, in a formal sense, capable of treating both

power-on and power-off problems. However, for the power-off case, the wing tips

exert a much larger influence upon the flow property than in the case when power effects

are being calculated. This important three-dimensional effect has not been adequately

acconmted for by the present method and the calculations from it are likely to be less

accurate. Therefore, the lifting surface theory is recommended under such

circumstances.
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5. APPLICATION OF LIFTING SURFACE THEORY TO WING

Lifting Surface theory may be utilized to determine the load distribution and

aerodynamic coefficients for a given arbitrary planform and specified downwash dis-

tribution. The Lifting Surface computer program evaluates power effects on the wing

by considering a known, jet-induced downwash distribution.

There are three main components to the program which may be used together in

one continuous operation or independently. The downwash control point matrix [D] is

generated in the first part of the program, its least squares inverse [D] is generated

in the second part of the program. The pressure distribution produced by the speci-

fied downwash matrix [W] is computed by the third component of the program. The

downwash control point matrix and its inverse depend only on the planform, the loca-

tion of the downwash control points and the number of terms in the loading series.

Both matrices are independent of the cownwash distribution. Once the inverse is

computed it forms an input to the third component of the program, where the pressire

distribution is computed. Th'is [D] may be retainedl in punched card form and then

used as input for computing the pressure distribution due to specified downwash distri-

butions. The inverse need not be recomputed as long as the planform, location of

downwash control points and the size of the pressure loading series remain unchanged.

The Lifting Surface program is a modified version of the computer program

for it~signing and analyzing subsonic lifting surfaces documented in Reference 12.

The design options have been eliminated. The capability to calculate pressure dis-

tributions produced by a specified cambered surface has also been deleted.

a. Sample Problem Computation

For the sample problem being considered the Lifting Surface program is now

used to determine the load distribution and aerodynamic coefficients on the wing,

produced by the jet-induced downwash computed in Section 1I.3.

Figure 26 shows details of the planform of the wing and indicates the location

of downwash control points. Figure 26 is identical to Figure 8 of Section 1H.3, except

that all dimensions are now based on a semi-span of unity.
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(1) Input for Sample Problem

The hiput cards required for the sample problem are shown in Figure 27. Since

all three main components of the program, discussed in detail above, are being exe-

cuted in one continuous operation, some duplication of input data occurs.

Card 1 lists two control indices, specifying which of the three major components

of the program are to be executed. The combination of ISTART = 1, ISTOP = 3 will

execute all three major components. Consequently, the program will start by com-

puting the downwash control matrix [DI, will find the inverse LDbjand will compute the

load distribution and aerodynamic coefficients.

Card 2 is a title card.

Card 3 lists the number of spanwise stations on semispan where downwash con-

trol points are to be located, NS = 10. It specifies the number of spanwise modes to

be used in the pressure loading series, M = 6 and the number of chordwise modes,

N = 8. The input control index NEED = 1 indicates that the first chordwise mode,

i.e., cot 0/2 mode, is to bE used in the computations. The number of leading and

trailing edge flaps are specified with NFLAP =-0. The next two integers are print and

punch controls for the downwash control matrix [D]. With NPR z 0, NPU - 0, no

printed or punched output on [D] will be generate3d. The print control NAY ý 0 speci-

fies that no intermediate print is to be generated during the computation of [D. The

number of leading edge discontinuities i: pecified as NOLED - 2, and the number of

trailing edge discontinuities, NOiTED - 2, is indicated.
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Card 4 indicates that the chord'.i se locations of the downwash control points

must be specified through input cards at each spanwise station by listing SPACE = 0.

It also lists the Mach number, FMACH = 0., and defines the root-semichord F = .2667.

Cards 5 and 6 list the spanwise locations of the downwash control points.

Card 7 may be left blank for a wing with no leading or trailing edge flaps.

Card 8 specifies the tangents of the sweepback angles of the leading edges of the

geometric regions.

Card 9 specifies the tangents of the sweepback angles of the trailing edges of 'he

geometric regions.

Card 10 lists the spanwise locations of the leading edge discontinuities.

Card 11 lists the spanwise locations of the trailing edge discontinuities.

Card 12 specifies the number of downwash control points at each spanwise

station.

Cards 13 - 22 list the chordwise locations of the downwash control points at each

spanwise station (in percent of local chord).

This completes the input required for the first main component of the program,

which computes the downwash control point matrix [D].

Card 23 is a title card for the next main component of the program.

Card 24 lists the number of rows in the downwash control point matrix or the

number of control points contained in [D], NROW = 100. It specifies the number of

columns in [D], NC0L = 36. This is the product of the chordwise and spanwise pres-

sure modes. The control index NREAD = 0 indicates that the second main component

of the program is being executed in a continuous operation and hence [D] will be read

from a scratch tape, rather than input cards. With NPR = 0, NPU = 0, no printed or

punched output will be obtained for [D, the inverse of the downwash control point

matrix. The print control NAY c 0 specifies that no intermediate print is to be gen-

erated during the computation of ýD]V.

This completes the input for the second main component of the program, which

Inverts the downwash control point matrix [DI to obtain [Df

Card 25 is a title card for the third main component of the program which com-

putes the load distribution and aerodynamic coefficients for a specified downwash

matrix.
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Card 26 lists the nunber of chordwise modes used in the pressure loading

series, N = 6, and the number of spanwise modes, M = 6. It specifies the number of

spanwise, stations where downwash control points are located, NS = 10, and specifies

the number of rows in the downwaah control point matrix, NR0W = 100. It specifies

the number of spanwise stations where the chordwise pressure loading distribution is

to be calculated, NETA = 6. It lists the number of wing discontinuities, NDISC 2

and the number of leading and trailing edge flaps, NFLAP 0. The intermediate print

control is again NAY = 0. It also specifies the numb -r cýz-. -. rdwise points at which.

the pressure loading is to be computed, NPSI = 10.

Card 27 lists the number of angles of attack to be treated, NALFA = 1. It also

specifies the number of EPSLN'sto be read later, NEPSLN = 1. The input control

NEED = 1 indicates that the first chordwise mode, i.e., the cot 0/2 mode, is to be

used in the computations. The control index NREAD1 "0 again indicates a continuous

operation and thus [D] will be read from a scratch tape rather than from input cards.

The next control integer, NREA 2Il indicates that the downwash matrix EW3 is read

from input cards. The number of downwash distributions to be analyzed is specified

with NW = 1.

Card 28 specifies the root semi-chord, F = .2667. It indicates that the chord-

wise locations of the downwash control points are specified through input cards at each

spanwise station by listing SPACE = 0. It lists the spanwise location of the

edge of the fuselage, YF = 0. It indicates how the points at which the pressure loading

is calculated are located chordwise, by giving the chordwise spacing DPSI = .1.

Card 29 lists the spanwise toordinates of the downwash control point stations.

Card 30 specifies the spanwise locations where the pr6ssure loading is to be

computed.

Card 31 lists the angle of incidence between the centerline of the fuselage and

wing root chord in degrees, EPSLN = 0.

Card 32 specifies the angle of attack in degrees, ALFA = 0.

Card 33 may be left blank for a wing with no leading 'or trailing edge flaps.

Card 34 specifies the chord at each spanwise discontinuity.

Card 35 gives the location of each spanwise' discontinuity.

Card 36 lists the distance from root leading edge tc the leading edge at each

spanwise discontinuity.
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Card 37 specifies the number of downwash control points at each spanwise

station.

Cards 38 - 57 specify the tangent of the downwash angle at every control point.

Cards 38 - 57 are the dowuwash matrix [W] generated in Section IL.3 and shown In

tabulated form in Figure 11 of Section I. 3.

(2) Output for Sample Problem

With the choice of the punch controls described above, only printed output is

obtained.

Figure 28(a) shows a composite of the printout generated by the first main com-

ponent of the program (CHAIN 1, 8) which computes the downwash control point matrix.

Figure 28(b) shows the printout generated by the second main component of the

program (CHAIN 6, 8) which inverts the downwash control point matrix [D]. The

determinant of the unit matrix is printed out as a check on numerical accuracy.

Figure 28(c) shows the output from the third main component of the programi

(CHAIN 7, 8) which calculates the pressure loading and aerodynamic coefficients.

Geometric parameters of the wing are shown in Figure 28(c) and are all identi-

fied. Aerodynamic coefficients and the pressure loading calculated at the spanwise

stations specified are shown in Figure 28(c). Again all computed variables are

Identified.

b. Applicability and Limitations

The program is applicable to continuous surfaces of arbitrary planform and no

interference effects such as slots, ground effects, large dihedral angles or end plates

are included. The program does contain provisions for body effects.

Downwash control points must not be located at or near the leading edge, since

the cotangent elements of [D] would become excessively large and dominate the solu-

tion for the pressure coefficient matrix [A]. Due to the computing techniques utilized,

downwash control points must not be located at discontinuities in the planform and at

flap hinge lines.
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CHAIN (19P)

CALCULATION OF DOoldNaAS4 CG&WTR3L PCIhT 4ATRIX FOR SA-'LE P4O0LEV

NO. OF SPANWISE IO0ES -

NO. OF CHURDWISE MOaES - 6

NO. OF FLAP MODES a 4

COTANGENT mOOE, NEEO -

POSITION OF FLAP I a 0.0

100 4NwASH C'4TR')L P3INTS MACH (1.8o.0i

DOWNWASH CONTROL POINTS I T3 10 Y= 0.49999117E-O1

O0WuASH CO;TROL POITS It TO 20 Ya 0.14999gqsE 00

DOWNWASH CONTROL POINTS 21 TO 30 Ya 0.?50U0OOE 30

OOWNWASH CCNTROL POINTS 31 T3 40 Ya O.34q999q9E 30

DOWNW9ASH CONTROL POINTS 41 TO &J-3 yA 0.44999199E O0

OOWNWASI CCNTROL POINTS 51 TO 60 Yx 0.54499q95E 00

OOWNWASH CONTROL POINTS 61 TO 70 Ya O.64Q49V9SE )U

DOWNWASH CONTROL POITS 71 TO PF0 Y U.75003,)OJE 09

DOWNWASH CONTROL POINTS 61 TO 140 Ya 0.641g499oE 30

DOWNWASH CONTROL POINTS 91 TJ 100 Y- o.949e•• 4qE O0

FIGURE 28(a). LIFTING SURFACE THEORY PROGRAM PRINTED
OUTPUT I OR SAMPLE PROBLEM

C'4A1 (6,6)

INVERT OOWNdASH CONTRUL POINT MATRIA FOR SAMPLE PAQLE%

DETERMINANT OF UNIT MATRIX a 0.10000O303 01

FIGURE 28(b). (Continued)
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CALCULATIJON OF PRESS¶URE LOASP4G fOISTRI3UTION FOR SAbLE ORIOLE!*

NO 300Y

GoE04ETqIC PAK44ETERS

AVERAGE C'43q0, CAVE 2 0.430130

NEA4 AER30Y'.ANIC CH0A.1% C.aAR 0 .4t,941

LOCAT1,ON Or 1/ CaA, XARA a 3.iajil;'

SPANWISE LOCATI'J4 OF Ct~iato Yea-ti .141

RESULTS FJR ALF4a 0.0 9 AND) EPSILIrN 0.0 DrG~it(s

LIFT CflIEFFICIIENTo CL. x -0. 1~111

MOMENT COFPF(CIENT, Cm -03-0

[NrltICUJ) DRAG CiKF.FsICIrs.to COT! a J.03095

PRESS'I)R L0A)INý; DISTpAiUTIUA* PR

SPAN * 0.1000 0.250i 3.i*A$0 0.5250 J.P1003 ).lsaa

FRACT ION
OF CHIORD
0.10,10 -0.2422 -u.?A'SI -J.1915 -0.1576 -0).OqdL -U.Ortol
0.21f00 -0.1684 -C.1703 -a.1437 -0.1185 -0.064') -0.0377
0.3300 -0.1A19 -0.1499 -0.128% -0.1073 -0.U635 -i.('?1%
0.43)00 -001363 -0.1242 -1j. 1098 -0.0922 -0.01521 -0.0231
0.5000 -0.10?? -0.1011 -0.01$')t -o.nfl7%, -U00419 -0.0190
0.6000 -D.US34 -0.10811 -0.073? -0.00429 -3.0'15%) -0.0162
0.7090' -0.0659 -0.0467 -;).0630 -00054q -0.0319 -0.0147
0.8030 -0*049S3 -0.0626 -3.0511 -0.046t -0032q2 -(p.0129
0.9000 -0.00?? -0.001o -'ýoO307 -U.0279 -0.0167 -1o0C'$4
1.0000 -0.0000 -0.04)03 -(1.0000 -0.n000 0.0000 -0 o r000

LOCAL SEMICm.)Pfl C/2

0.2531 C.7?313 0.'153 0.1967 0.t6'01 0.1431

CL C/CAVC

cm~ C*fl/CAVlE C"tA'

-0.013Z -0.035? o.0008 0.0044. 0.0350 0.007A

Cs)*C/CAVC

0.0024 0 13 14 0.0009 0.0003 -0.0000 -0-000f)

FIGURE 28(c). (Concluded)
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c. Additional Calculations and Comparison with Test Data

Once the inverse of the downwash control point matrix has been obtained for a

particular wing plardorm, it is a relatively easy task to obtain the power induced

aerodynamics for a range of downwash distribution corresponding to different power

conditions. Figures 29a through 29g show calculations for the test model, described

in Appendix 1, compared with test data for a number of power configurations,

velocity ratios and angles of attack.

The interference lift for the vectored thrust, forward pozition, 900 nozzle

deflection angle is shown in Figure 29a for a range of velocity ratios. The wing

calculations show that, for all velocity ratios, the induced lift L (lift with power on

minus lift with power off) is less than for the static case that is, U. = 0. In con-

trast the test data for wing plus body ilndfcate that there is a lift augmentation at

the higher velocity ratios. For nozzle deflection angles of 450 (Figure 29b), although

there is now no positive jet interference lift at the higher velocity ratios, the induced

lift from the test data is nearly constant for .3-< U,. /U O<. 5. whereas the calcula-

tions indicate the induced lift decreases as the velocity ratio increases.

For both the above cases the induced lift was determined from the test data

using the inlet plugged as the unpowered case. With the inlet open the m znstream

flow through the ejector produces a "power" effect which can be quite lrrge as

indicated in AppendLx I.

The body alone lift, with power on, for the vectored thrust, ftrward position,

90 0 nozzle deflection angle is shown in Figure 29c. Since this configuration was not

tested with the inlets plugged, it is not possible to determine the induced lift.

However, due to model symmetry, it is reasonable to assume that the power off

plugged inlet lift will be quite small and so that the induced lift graph for the body

alone configuration will be very similar to Figure 29c.

The positive lift arises due to power induced uploads on the nacelles and body

ahead of the jet exits. If this lift increment is subtracted from the wing-body test

data, we get very good agreement with the wing calculations.

Figures 29d and 29e show comparisous between the calculations and test data

for the aft nozzle positions with.two vectoring angles. For the aft position the body

alone power effects are expected to be smaller than for the forward position due to the

jet exhausts being farther removed from the nacelles. The agreement between test

and calculations is seen to be extremely good for all velocity ratios.

Figure 29f shows calculations of the induced lift on the wing with the lift jet

operating at a velocity ratio of . 20 for a range of a. For a•c 80, Li/T and hence
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CLi (induceu lift coefficient), is effectively independent of a. For larger a the

calculated induced lift is still approximately constant whereas the teEt data shows a

sudden increase in induced lift. This is due to a change in the stalling characteristics

for the wing, deduced from the pressure measurements, brought about by the jet

induced flow field producing a downwash over the wing for this particular jet

arrangement and velocity ratio.

This result identifies an area in which care must be taken in using the prediction

methods. It has been assumed that one can calculate power effects and add these

to the unpowered aerodynamics of the vehicle. This procedure of superposition appears

to be justified for the linear range of a, but must not be used for nonlinear a.

Instead, these two effects must be considered together for nonlinear a. It is possible

that the induced flow field due to the power could be included in the nonlinear wing

aerodynamics procedure presented in Section VIJ of Volume I but this has not been

studied under the present investigation.

Similar observations may be made for the vectored thrust configuration.I Calculations and test data are 3hown in Figure 29g.
Calculations of pitching moment due to power effects show that there is a

nose up pitching moment for body alone, the magnitude of which does not change

noticeably with the addition of the wing. This result is in agreement with the

calculadr ons.
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SECTION III

POWER EFFECTS ON THE FUSELAGE

The calculation of the jet induced loads on a fuselage is accomplished by using
the transformation method with the disturbance velocities at the surface of the body
calculated by the jet program. To use the transformation method, it is necessary to
map the body at different body stations. This section describes the application of
these methods to the calculation of fuselage loads.

1. SAMPLE PROBLEM

To demonstrate the application of the methods, the fuselage of the wind tunnel
test model which was tested during this investigation will be used. This fuselage is

described in Appendix I of this volume, A sketch of the model fuselage with coordi-
nate system is shown below.

z

Y

Z .j
X.2

J Jet Locn.tion
U.

.Jo
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The power and flight conditions which must be specified to complete the problem

description are as follows:

Jet location (single jet issuing from the fuselage):

X = 208 inches
j

Y-0

Zj = -30.8 inches Flight Conditions:

Jet diameter = 22.5 inches 0

U
Jet velocity ratio 0o = 0.2 p 0

U.jo

Al the above dimensions are ten times wind tannel model dimensions, as will be

the case throughout this sectior.

Jet inclination angles:

The jet will be taken to be exhausting along the negative Z direction for the

sample problem.

2. APPLICATION OF THE MAPPING METHOD

A complete description of the fuselage will not be given here sinci this is not

necessary to describe the application of the mapping method. Instead, a complete

treatment of one section of the body will be given, this being sufficient to demonstrate

application of the method.

Figure 29 shows the section of the wind cunnel test model lody at station 264. 25

together with terminology for mapping into a circle. This section has been rotated

900 counterclockwise so that the axis of symmetry is along the X-axis with the bottom

of the section cutting the positive X-axis. This coordinate system is not related to the

original fuselage coordinate system but is in the terminology used in the mapping

program. This location of the section is the proper one for the mapping method, and

the mapping coefficients obtained with this orientation are in the coi rect form for the

* transformation method. Figure 30 shows the inputs to the mapping computer program

required to obtain a mapping of this section.

The first card contains four integers. The first of these numbir: specifies the

number of points specified about the section. The second number s, eciiies the number

of corners around the section (for a symmetrical section this would represent the num-

ber of pairs of cornerE except for corners on the .- axis), which for this section is
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zero. The third number represents the number of terms in the expansions for the

potential and for the mapping function. The last number on this card specifies that

the section being mapped is symmetrical.

Cards 2 throwtrh 6 specify the X-coordinates of the (in this case) 37 points being

taken about the section starting on the positive X-axis aad erring on the negative X-axis.

Cards 7 through 11 specify the Y-coordinates of these same points on the section.

Since there are no corners to be specified on this section, the next number (on

card 12) cpecifies what shift is desired to translate the body along the X-axis. In this

case there is no need to shift the section location as it is sufficiently well centered.

Card 13 specifies inputs needed to specify parameters for the numerical inte-

gration of the mapping function obtained. The first two numbers specify the X- and

Y- locations of the initial point of the mapping.

The next three numbers specify the angular rarge (about the mapping circle) of

points to be obtained on the section, and the approximate spacings to be obtained. In

this case it is specified that points from 00 to 1800 around the mapping circle are to

be calculated and are at an interval size of 50.

Card 14 specifies a similar set of parameters for the analytically integrated

mapping. It specifies that 37 points are to be obtained with a spacing of 5'* of theta

and that the points are to start at 6 = 00.

Figure 31 shows the output of the mapping program. These outputs have been

described in Section 11.2 and so will not be further explained here.

Figure 32 shows a plot of the mapping as obtained by analytical iniegration. A

comparison of Figure 32 and Figure 29 shows that the mapped section must be shifted

4.42 inches in the negative X direction to give the best fit. This, then, is the value of

the constant term in the mapping.

The compiete tabulation of coefficients for the wind tunnel test model body with

canopy off are shown in Table 11. The values of drc/dx, the rate of change cf the map-

ping circIL radius with body station, have been obtained by graphical differenjtiation of

rc plotted versus x. In addition to the coefficients tabulated in Table H, the initial

mapping coefficient ak, required as input to the jet program, is equal to 1.0 for all

the fuselage stations.
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3. APPLICATION OF JET FLOW FIELD THEORY TO FUSELAGE

The purpose of the Jet Flow Field theory, when used in conjunction with the

Transformation Method, is to predict jet-induced velocity components at the control

points on the fuselage required by the Transformation Method to evaluate power

effects. This is accomplished by executing the Jet Flow Field program to generate
required data for the Transformation Method in the form of punched data cards. To

insure compatibility with the Transformation Method, the control po:nts on the fuse-

lage where induced velocity compcnents are to be computed are specified by utilizing

the mapping coefficients for the fuselage cross sections obtained in Section 111.2. The
punched output is generated in a manner providing a continuous block of input data to

the Transformation Method computer program. Both of the above points will be

described in greater detail in the discussion of the sample problem computations.

It should also be noted that the application of the Jet Flow Field program to pro-
vide data to the Transformation Method progra.' for the computation of power effects

on the fuselage, differs only slightly from its application to computing power effects

on the wing, discussed in Section 11.3. Consequently, much of the discussion below

will parallel that of Section r1.3.

a. Sample Problem Computation

For the sample problem being considered, the Jet Flow Field program is now

used to compute the jet-induced velocities at the 16 fuselage stations described in

Section II-11 . A sketch of the fuselage and th' location of the jet with respect to the
irput/output coordinate system is shown beic w. The jet exhaust angles 0 and ¢ are

also defined.

Z (a) (b)

Z7 @2

Xii

8Jet Location
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(1) Input for Sample Problem

The input cards required for the sample problem are tabulated in Figure 34.

Card 1 lists three control indices. The first one, MULT = 1, indicates that a

single jet configuration is being treated. The second one, IGEOM = 2, specifies that

control points on fuselage cross sections will be generated utilizing the mapping coef-

ficients obtained. The third control 'ndex, IPUNCH = 1, generates the punched output

for the Transformation Method program.

Card 2 specifies angle of attack, a = 0 and angle of sidealip, • - 0.

Card 3 controls the number of steps and the step size in the numerical integra-

tion of the equations of motion for the jet path. For the sample problem, 90 steps with

a step size of .4 (jet exit diameters) are chosen.

Cards 4 and 5 contain information about the jet. The jet location, in the coordi-

natt system of Figure 33, is X = 208., Y = 0, Z = -30.8. The jet exhaust angles 0 and

ip, defined in Figure 33(b), are 180 and 0 degrees, respectively. The jet exit diame-

ter, do = 22,5 and the velocity ratio, U,/Ujo = .2.

Card 6 may be left blank for single jet computations. For a multiple-jet

configurption it would be used to control the geometry of the jet resulting from the

intersection of two other jets.

The remaining input cards provide data to generate the control points at which

jet-induced velocities are to be evpluated. These control points, in order to insure

compatibility with the Transformation Method, are generated hy utihzing the mapping

coefficients and mapping circle radii obtained for the 16 fuselage stations of the sam-

ple problem. The number of control points generated at each fuselage station is gov-

erned by the input variable, NTHT, which is the number of increments AO into which

the mapping circle (or mapping semicircle if only half the fuselage is to be mapped at

each station) is to be divided in the Transformation Metviod computer orogram. Since

the flow is symmetric (6 ý- 0), computations will be carried out for only half the body.

Consequentlj, the number of control points at each fuselage station will be NTHT + 1.

Card 7 specifies that NTHT, the number of equal increments A0 into which the

mapping semicircle is divided, is 18, which will generate 19 control points at each

fuselage station. It defines the number of fuselage stations NS ý- 16. It also defines

the number of terms used in the mapping expansion, NCOEF =- 11, and through the

control index NSYM - 0 indicates that computations are to be effected for only half

the luselage at each station.
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The data in cards 8-55 are taken from Table I, which is determined in Section

11.2.

Cards 9-10 provide the data from which the fuselage c.o -- section at the first

station can he generated by the computer program. Card 8 specv-es tie location of

the station, X = 23.7, the mapping circle radius R = 10.2633, and the rate of change of

R with X, DRDX = .285.

Cards 9 and 10 list the real parts of the coefficients to bc used in the mapping

expansion (thus only symmetrical fuselages may be treated).

Cards 11-55 are similar data blocks for fuselage stations X = 41., 73., 94., 118.,

143.5, 16-.5, 185.5, 221.5, 264.5, 316., 343., 374., 411., 450., and 497.

Note: The rate of change of the mapping circle radius with distance along the

fuselage, DRDX, is not required for any of the computations performed by the Jet

Flow Field program. It will, however, be required by the Transformation Method

program, and is read as part of the input so that it may be punched out in the proper

sequence in the data package to be provided to the Transformation Method program.

(2) Output for Sample Problem

For the sample problem being conaidered, both printed and punched outputs are

obtained.

* Printed Output

Figure 35(a) shows the first page of printout. The jet configuration being treated

is identified both by appropriate heading and by printout of pertinent input infor-

mation. Input controlling the numerical integration procedure is also displayed.

Figure 35(b) shows a partial printout of computed jet centerline information.

The coordinates of the jet centerline are identified. The nondimensionalized jet

speed Uj/Ujo and the nondimensionalized major diameter of the ellipse repre-

senting the cross section (f the jet, d/do, are also printed out. These proper-

ties are printed out at each integration interval as specified on card 3 of the

input. The variables XCOORD and DIA show a monotonic increase over this

region, while UJ = U./Uio - . once the jet speed Uj approaches the freestrearn

speed U . Figure 35(c) shows the printout for the jet-induced velocity compo-

nents at the first fuselage station specified, X - 23.7. The coordinates of the

19 control points at the station are identified. For this symmetric flow sample

pro ilem, only the positive half of the fuselage station is generated. The induced
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SIIMGLE JET CONFIGURATION

XJE" VJE I ZJET PHI PSI UIUJO
206.0000 0.0 -30.6000 180.0000 0.0 0.2000

ANGLE OF ITTACK - 0.0
ANGLE OF SIDESLia = 0.0

NXNSEA OF STEPS IN INTEGRATION a 90
INrEGRATI13 INTERVAL 0 0.40 JET EAlS DIAMETERS

FIGURE 35(a). INPUT PARAMETERS FOR SAMPLE PROBLEM

*' SINGLE JET CENTERLINE **

XCOORD YCOORD ZCoflRO UJ DIA

Z08.00 0.0 -30.80 1.000 1.00
208.10 0.0 -39.80 0.948 1.1l
208.44 0.0 -48.80 0.893 1.45
209.10 0.0 -57.80 0.833 1.90
210.26 0.0 -66.80 0.760 2.64
21Z°10 0.0 -75.80 0.688 2.93
214.71 0.0 -84,80 0.626 3.23
218.18 0.0 -93.80 3.573 3.55
222.60 0.0 -102.80 0.528 3.88
228.11 0.0 -111.80 0.489 4.23
234.83 0.0 -120.80 0.456 4.60
242.92 0.0 -129.80 0.427 4.98
252.59 0.0 -138.80 0.402 5.37
264.06 0.0 -147.80 0.381 5.71
277.60 0.0 -156.80 0.363 6.18
293.52 0.0 -165.80 0.347 6.60
312.22 0.0 -174.80 0.333 7.03
334.13 0.0 -183.eO 0.321 7.47
359o77 0.0 -192.80 0.311 7.92
139.78 0.0 -201.80 0.301 8.38
4Z•.86 0.0 -210.80 0.293 8.86
465.87 0.0 -219.80 0.285 9.34
513.81 0.0 -228.80 0.2?8 9.85
569,84 0.0 -237.80 0.272 10.37
635.36 0.0 -246.80 0.266 10.91
711,98 0.0 -255.80 0.261 11.47

FIGURE 35(b). JET CENTERLINE FOR SAMPLE PROBLEM
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*00 I,;MJEO VELOCITIES O D 000

x z V w

23.700 0.0 -18.601 -0.4473tE--04 0.0 O.935E-O2
23.700 1.731 -18.452 -0.29299E-"0 0.74342E-04 0.93522E-02
23.700 3.392 -18.003 0. 17121E-0• 0.14471E-03 0.93320E-02
23.700 4e.929 -17.252 0.93755E-0" 0.Z0799"-03 O.9z9E-OZ
23.700 6.300 -16.217 0.19710E-03 0.2&t1SE-03 0.92517E-02
23.700 7.462 -14.928 0.32468E-03 0.30423"-03 0.91937E-02
23.700 3.37S -13.417 0.47016E--03 0.33399[-03 0.91253E-0Z
23.700 9.013 -11.720 0.62943E-0' 0.35036E-03 o.90481E-02
23. 700 9.359 -9.75 .079168E-03 0.353965E-03 0.89636E-02
23.700 9.414 -7.930 0.97076E-03 0.34585E-03 0.88739E-02
23.700 9.211 -5.925 O.11440E-02 0.32832E-03 0.87802E-C2
23.700 8.79? -3.952 0.1310ZE-32 0.30427E-03 0.86867E-02
23.700 1.190 -2.130 O.t4593E-O2 0.27544E-03 0.85993E-02
23.700 7.363 -0.557 O. 1557E-02 0.24165E-03 0.65Z34E-G2
23.700 6-282 0.728 G.16860E-02 0.20212E-03 0.84616E-02
23.700 4.954 1.724 0.1752$E-0Z O.15697E-03 O.64140E-02
23.700 3.424 2.435 0.13155E-O-2 0.10731E-03 O.6330ZE-02
23.700 z.75) 2.d o 0.16469E-OZ 0.5451ZE-04 0.83602E-02
23.700 -0.OCO 3.000 O.18572E-02 -0.10974E-08 O.S3536E-02

** 1€I0UCE0 VELOCITIES ON BODY **.

x y z u V w

497.000 0.0 11.592 -0.35669E-02 0.0 -0. 36Z83E-01
497.000 1.248 11.710 -0.3a559E-02 -0.32777E-03 -0.36249E-01
497.000 2.428 12.065 -0.38Z29E--J2 -0.63462E-03 -0.36148E-01
497.000 3.472 12.672 -0.37615E-02 -0.90060E-03 -0.35979E-01
497.000 4.344 13.559 -0.36882E-02 -0.11144E-02 -0. 35736E-01
497.000 5.048 14.731 -0.35858E-02 -0.12762E-02 -0.35474E-01
497.000 5.593 16.153 -0.34644E-02 -0.13892E-02 -0.35053E-01
497.000 5.977 17.783 -0.33281E-f 2 -0.14552E-02 -0. 3463BE-01
497.000 6.220 19.576 -0.31835E-02 -0.1481SE-02 -0.34193E-01
491.000 6.361 21.449 -0.30356E-02 -O.14813E-02 -0.33738E-01
497.000 6.404 23.268 -0.28954E-32 -0.14592E-02 -0.33306E-01
497.000 6.283 24.923 -0.27T13E-02 -0.14038E-02 -0.32923E-01
497.000 5.925 26.387 -0.26646E-02 -0.13014E-02 -0. 3?593E-01
497.000 5.323 77.673 -0.25732E-02 -0.11519E-02 -0.32310E-01
497.000 4.520 28.773 -0.24969E-02 -0.96575E-03 -0.32074E-Vi
497.000 3.553 29.651 -0.24371E-02 -0.751491-;03 -0.3le89E-0O
491,000 2.448 30.287 -0.23945E-UZ -0.514IJOE-03 -0. 31757E-01
497.000 1.2.b 30.676 -0.2369•E-02 -0.26051E-03 -0.31677E-01
497.000 -0.000 30.808 -0.23600E-02 0.91033E-08 -0.31650E-01

FIGURE 35(c). INDUCED VELOCITY COMPONENTS AT STATIONS 23,7 AND 497.
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velocity ompments U, V, W, all saimenioz lized by U , are printed out for

each contrl point. Figure 35(c also shows the printout for the last fuselage

sta2ion considered in this problem, X = 497. Simila printouts are obtained for

the otcer intermediate stations specified as part of the input.

*Punched iCutmt

The punched output for the sample problem is shown in tabulated form in Figure

36. The output data block for the fUrst fuselage station is identified. The first

card lis.s the fuselage station X = 23.7, the mapping radi-ds R = 10.2633 and the

rate of change of R with X, DRDX = .285. The next two cards list the real parts

of the coefficients used in the mapping expansion. Cards 4-7 list the induced

velocity components in the X-drection for each of the 19 control po~iits at fuse-

lage station X = 23.7. The induced velocity components in the Y-direction are

listed on cards 8--11 and cards 12-15 specify the induced velocity components

in t.he Z-direction, Daa blocks of this type, each consisting of 15 cards, follow

for each of the other 15 fuselage stations specified as part of the input. T'he

punched ouitWt is identified in columns 73-80. The fuselage station number is

shown in columns 75-77. Sequence numbers for each station appear in columns

78-80. The letters U, V, W and coluhm 74 identify the velocity components

listed on the data cards.

Note: From the tabulations of Figure 36 it is apparent that the first three data

cards of 'he data generated for each fuselage station represent an exact e'aplication of

input cards described previously. They are generated as part of the punched output

so that a more complete data block for the Transformation Method program may be

obtained without additional card handling.

b. Applicability and Limitations

See discussion on a .lica.bility and limitations in Section I. 3.
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23*6q9f)q1 10.UdlO $3 0.?b0Ci0
O.10O0Z 01 0.7800RC 01 6*71436f 01-O.'.I564E 01-a.17270E 03 0.69240E 0) 1T Co1472?E OZ-09216C.3F 05 0.40ddi( OS~ C.?196'?Z 06-0.W~20F C7 1 ?

E' -0o44731E-04-0.79?90E-04 0hlll??E-04 00'3755S-04 0.19170E-03 0*)Z46df-0j U I I
C,.47'n1tE-0-3 C~.62Y43F-03 0.797WIEt-Oi O.97UThF-0) 0.11',4rC-02 00131C7E-02 11 1 2
I..14s9"t-C2 (:.15857r-02 U 0. 1R60C-C0? (,.17b?IF-07 %j.Z8.SiF-02 O.1I'e6')E-CZ U 1 3

;.Ib"lacU 1 4

21 C. ?434?F-04 V..19447IE-{3 6.70799E-ni04 70?iS1E-0) 0.304?3E-C3 V 1 1
I)- 1'3ts'E-03 C. i503SE-03 (i. 50) 9tIC-0 3 Q. ý4585r-01 (s. 12431E-03 C.3c.42??-C0i V 1 2

9 U27'.ACE-03 0.e'.I65F-03 0.20?LZE-03 (,.ISW9E-03 0.01131C-03 0-54SIl2E-04 V 1 3
Ll -j10'I ?4E-Cod V 1 4.

-0-~. 0. I3li V-02 O.'1352?F-02 3.?i0 U~ .97'.kZf-0? 0.92z,017E-02 O.qlq37F-02 W 1 1
%~i1~E-02 (J.'104'd I E-02 Do.)63SE-U? C,.'WI7QPE-02 G,. ti40 E-0 2 0.R686?E-02 w1 2

%.pli'159JF-02 u.I'5234E-02 'J.t4h16F-02 C.ft41',C,-0? C.d)400)C-0Z 0.83602VF-02 W 1 3
0. o 315)3 6 -0. Wi 1 4

41.0.OLOrJ 1'.05414ft 0.254c(,J
0.10,10')f 01 0."#11i4r 01 0.25264,C 0?-'n.143W~ 02-0.c):bj9'1 C3-0.t7,'.14E '34 2 1
0.4%*O,.5. 05 Q.1198C.( 06-3p.'.Q51E 01-O.193114( 09 O.5V7?'% (jd71 7 2

-Co.35.-0S-O-0.SZwT-03-3).4i496E-Ci-C,.2?036F-C3-O.6l?94E-')i 0.1'4313E-0) U 2 1
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-ti $0 60o-01V 2 4

v*1146VlE-(o C'.1l',V3E-C,1 ).I14I4j~-01 0j.11319F-01 0.11/4?C-01 OeIl1ldF-CI 6d 2 1
0(1.0V)7IF-C 0.10O'iSf-01 3,11*ZlE-ni 0'.!04s16E-Q .'01 0.10/rE1 oO14C-01 'd 7 2
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73.0CCCCO ? ;. 7;0016 0.17600n
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C~. fl 1,;E-02 0. 147565F-00? Zo.13 ?Sbf-01 0.3 f)%(-t,7 0. 11 : #.I-(. Z 0.4I0IrF-C' V v 2
-i 1145, k-03 1 fie,54, 2 (-C 1 i.%0?269(-(4 (o)( 6.0.6 fl I (is?1p.97t-C ) 0.110-S V I

-U.1i459ZF.-0b V 3 4
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Co. 15 )t IE-0L 0.15412C-01 i. 1'JIlE-)1 0*141914(-;jl (jei~t PT!-0 U .129'?-01, w 3 7
n. I Z'e,-F-01 0-11042E-01 u.115 7 I81(- Co 1fL,7?7-Ct G.W #141-C is t~o@i?F-01 w 3 I
0.07o6113-.c1 " 3 4

A'..0,,0.00 !5 o.19V7 al 0.14130')
J.tIofoel 01-0.451I42r 00 0.17&64( 01-0.6228qf 13-0.1010rf 05-0.12042F 06 4 1
00.34blA Q0b C.19b0?r 00.-U.471'00E Cl)-O01~746k 10 D.1110'& 1? 4 2

- ~2Y~2EC7-.?33T-07 .1974-C,-C. 1)',E~-7-). 'i 'SE-CtL.64711F-03 U 4 1
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FiGURE ;(6. JET FLOW FIELD PROGRAM PUNCHED OUTPUT
FOR SAMPLE PROBLEM (Fuiselage)
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0*40I6A-02 0,70119E-02 C.V0d6SC-07 C..10V38-01 C,.17125E-01 D.l29dbE-V1 U 5 2
OoL355'1E-OL 0*13')34E-01 0.14161C-O1 O.I4Z6SS-01 0.14344EV-01 Ool4376E-01 U 5 *3

J. I do3 "I'E-co U 5 4
0.0 0*1866'IF-02 0.34320E-0Z 'J.45124E-0? C,.50?14E-02 0.51665F-02 V 5 1
C.486,,c:-c2 O.47722E-02 0.3s5423E-07 0.28371E-O2 022?3'CE-02 0.17250E-07 V 5 2
3.IZO7[E-0Z 0.42349FE-03 0.64212E-03 0.42908E-01 0*?6071E-0) 0i.12162E-01 V 5 3
-0. b0b69F -CM~ V 5 4
0. t5!PC'F-01 0. S53i6E-CiI 0.S4773E-Gi 0.33459E-01 0.)257 IC-C0t 0. 3096)E-01 a 5 L
U.?9061E-01 0*Z6461E-01 (,.24360E-01 (..21Y?0E-01 0.19364E-01 0.173ZhC-01 W 5 ?
OoIS60TE-Cl r014115E-O1 0.12'#34E-01 0.1204JF-OL 0.11',321-01 *O.11CWe01- w 5 3
0.0:0931E-01 W 5 4
143*5'J0C00 30.164297 0*01 Moo) 6

0.LO00GFE 01-0.$5530C 01i ao19999C 03-0.10054E 1'-0.47'SdIE OS-0.4543OF 06 6 1
-l.e4tl116E 06-0o'10744F 00-0.37u1IF~ 10-0.66G099F 11-0.253'11E 12 6 2
-0.&jt65dE-02-Oo4572QE-02-O.27456E-02 0.36324E-')3 0.44463E-C?2 O.FsOIE-07 %j 6 1
Ool7881E-01 0.164155E-01 (,.19586C-01 O.2110?1-01 0oZ2?42E-t1 0.225M9-01 U 6 2
C,.,241AE-C1 0922159F-01 u.2t$54E-01 C,.?1571P-01 0.71)56E-01 0.21222F-n1 U 6 3
0.111 76(-CI U & ft

000 o.'*54szE-oz ',9"-2 "-0 2 C.1181?t-Cul to.12.'49t-o 1 0.11933E-01 V 6 1
v.101ff-OL 0.i?673E-CZ O.WW13,-0? 0.'314SF-02 0.2953?C-oz o.tqe02E-02 V 6 2
091.2902E-02 C.'SOS2lt-0) 0.4P.3ZE-01 0.77492F-O3 0,1416"t-03 0.t60530C-0* V 6 3
-0. lqoz'r-CS v 6 4
Cs.60)1YM-01 0.',95I2(-01 ').580?.E-01 C.55569F-DI 0.52)ACE-C.1 0.47e%7M-0l W 6 1
uo43142(C- 00 o7AjqE-C1 0,57?6SA-01 0.267349-01 0.211)831k-01 .1S?3TC-01 a 6 Z
C.159731-01 M.3187(-01 0o.lt50Cf~-fl O.W3P0(-01 0.96uAfE-O2 0.Il560E-07 W 6 1
0.90MVE-02 % 6 4
1A3.*S00t;00 31.993286 0.0540)O0 ?

00100O:1k Ol-C..34C,23F 01 C.19?4$[ 01-0o9PS2Z4 05-Q.7ZI7E 05-UoSS4791 06 1 1
0.9AU7CE 05-O*tllONE 01-0.57747F 1V-0,1914C#E 1l-0.975FAE 12 7 2

-3. 17U1 I-0?-O.S25OSF-0? 0.'EO61OE-03 0Q.N6olE-02 0.17110CE-01 0.250211-01 U 7 1
0.)074?E-01 Oo34635C--O1 0.166LIF.-01 0.3667OF-01 0. 35'.51C-fl 0. 137e66-C,1 U 7 2
0.32131-01 0oln766C-0l O.296671-01 0.76879F-01 0.18133E-01 0.2b~iC.F-01 U 7 3
f..27435C-OL U~ 7'4
0.0 0.15283E-01 Oo5.l50S[-Ol 1).2q*94F-f01 0.MA666-01 0.249231[-0 V 7 1

L.e711410651uS-01 0.017?Ef-02 0*5261IF-0Z 0o2P'o5C-0Z 0.14155f-07 V 7 2
Oo5920;#F-03 0.32~0-.NS~0-~124-)01I%-3Oq56-4V Y 3
0.7*41 1f1N v 7 4
0olOI49E 00 0.Qq479E-0I 0.94120E-01 c..'710C-.-01 0.?a)SAE1-c1 0068S90F-0t w 7 1
095861it-01 0.46239E-01 0.3440i-01 0.2815OF-01 0.2066OF-01 u.5SJ76f-0l 1 7 2
C.1176C'C-01 0.Y)3J1QI-0? 0.7610SE-07 0.A45l5F-n2 0.571211-02 0.53119F-02 w 7 3
VoLe' tRIE-02 W i1 4

1015,.5no0C,0 J33056448 0.0403001 i
C,.1000"-E 01-0o)1494E 01 0.l$101'e 03-0.124'11 04-0.101.11E 06-0.660f7C V6 8 1
V*17504h 0?-0.'#79&6t ON-0.55VA2f10I-0.40035F 11-0.10Z64C 13 4 2

-0*4b71'f-C1-0.116bbE-01 0.43731-01 f).76264r-0I 0.70;42E-01 0,q3%1't-01 U q I
0.'066LE-0L 0..J3775E-01 3.?4?53f-O! C.4..490f-01 0*512*tE-01 U,.485CZE-01 IJ 8 2
O.43144E-OL 0.4049Sf-01 0036290.-4-0 O.3bAI6-CI G.351I11-01 0.354561-01 u 8 3
0.S5 24C -Cl U A 4

4).Z .b6061E-01 t3ol0647E 00 C.')5177F-G01 .131)47F-01 0.52446F-01 V Il 1
C. to7eE-CI 00184S01-01 aof9f45C-02 0.?1'66F-0?-0.55154F-03-0.16695F-07 v * 2

-u2o~V 8 3
.,. 17980)k-(or V R 4
0*25421f 00 0.:76641 00 0.14b05f 00 0.13894F On~ 0.10'474[ 00 0.06314C-01 W A I
0*659i6*E-01 0.466621-01 0.i'9S281-01 O.16S4PF-01 0.419831-02 0-3282'F-02 w 2

FIGURE 30~. (Continued)
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4. APPIUCATION OF TRANSFORMATION METHOD TO FUSELAGE

This section bears close resemblance to the d, cussion in Section 11. 4 of "Appli-

cation of Transformation Method to WVag." A finite wing is also a three-dimensional

body but it has a distinctive property of generati'ag lift in a uniform stream. Thus, by

ignoring a part of the computer progrcam which is concerned with circulation, the power

effects on a faselage are calculated in a manner similar to that for a wing.

a. Inputs to Transformation Method for Sample Problem

All the input data for this sample problem are shown in Figure 37. The punched

outputs from the jet flow field program again make up the major portion of the input.

Two cards must also precede this basic input block to specify various flow indices,

and none, two or fovr cards may follow this block, depending on the options.

Card I and Card 2 denote the same number of flow indices as those on Cards 1

and 2 in the previous section on apf'ication to a wing. The meaning of each input is

also the same, except that the aumer J1 quantities of the following indices are differ-

ent. The classification index (IGE(, 1) is now equal to 2 tc denote a fuselage, the

number of iterations (JSTOP) i- 1, the number of stations ,'NSTA) is 16, the computation

index (NSYM) is 0 to indicate the eistence of a plane of symmetry, and the number

of angular increments from 0 to w (MTHET) is 18.

Cards 3 through 242 contain the punched output data furnished by the jet flow

field program, which include the X coordinate, the mapping coefficients, and the

induced velocity componentE for stations I through 16. There are 15 cards for every

station.

Card 243 specifies tbi station number immediately preceding the exhausting jet.

Card 244 refers to the X coordinate of the fuselage tail.

Card 245 lists in order the number of jets, the jet exit diameter, X coordinate

of the center of gravity, and the reference length for nondimensionalizing computed

moments.

Cprd 246 denotes in order the Y coordinate of the nose, Z coordinate of the nose;

X coordinate, Y coordinate and Z coordinate of the tail.

u,. Outputs fr m Transformatlon Method for Sample Problem

':gvre 38 lists diren' )r indirectly a portion of the input rata on cards 1

through 242.
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Figure 39 establishes the correspondence between the angular increments of the

mapping circle and their corresponding geometric locations at every fuselage station.

The first column gives the angular increments in degrees.

Figure 40 shows the pressure coefficient distribution at eaLch station after appli-

cation of the segment method. Since these coefficients are tabulated against angular

increments only, cross reference to Figure j9 is needed in order to establish pres-

sure distributions in the physical plane.

Figure 41 is also a table for the pressure distribution similar to the one in Fig-

ure 40 but after the three-dimen-ional modification has bee'i introduced.

Figure 42 gives the parameters used in the three-dimensional modification and ir

the computation of forces and moments, originally read in as input data on Cards 243

through 246. The computed forces (normalized to the thrust) and moments (normalized

by the thrust and reference length) on the fuselage after one iteration are also tabulated

in the same figure.

Some of the computed results of this sample problem have been compared with

the available wind tunnel test data and are shown in Figures 43(a) through 43(d). The

power-effect pressure distribudions in these fi-ures are representative for fuselages

with a lift jet in a uniform flow. The typical feature of this class may be described

as follows: The power effect in the fore part of the fuselage is generaJly very small,

as seen in Figure 43(a). As we approach the lift jet, there is a smali region in the

front where the power effect is positive (Figure 43(b)). The negative power effect then

decreases rapidly and its magnitude becomes very large in the immediate neighborhood

of the jet but tapers off to a constant level in the distance of one or two jet diameters.

This constant level of power effect is in general quite high and prevails over the 3ntire

back part of the fuselage (Figures 43(c) and 43(d)). Thus, it contributes a ir aior por-

tion of the forces and moments. The origin of this effect is due mostly to the wake

formed behind the lift jet. Its prediction lies beyond the scope of the preserL method.

Consequently, the discrepancy between the calculation and the test data in th-s region

is large.

When the sideslip angle is not zero, the jet wake region does not completely

enfold the back portion of the fuselage. 'he comparison between the prediction and

the test becomes more favorable as may be seen in Figures 44(a) to 44(c).

Further calculations and wind tunnel test data are compared in Figures 45 and

46. The body referred to in Figure 46 i•s the one tested at Northrop prior to the

present contract (see Figure 23 in Section 1I. 4).

100



o coo 000 000

0 go r4 Oj (APgy F -

00 InN co 0
00#* *~i 'a i

0. ( ~A -i f I % 0040-

I.I I I~ I NI~ I 0
gug U. gI g I I

00 009%O N.4 000 A

40 -# r-4# inf~ w O'n 00

CY v t 4 , 4 0 -InOD4
ry INN 1144f I- M.I.

$.-O o. 0-g c;Ill 4

g 400 inl~ #,0V E-4

aa 1 . UN. 52
1.0 4ON -,a'I ItFA0Am0n n y

Ml C? 0- NOC- P.Coe 00~0 0

de ) 0U.; WWWW Luý WWW U.1wW'14
1.1 cc k-ON ý-OU m WlWt- -N 01

- ~ p W~- L~-0 11 t-lO
I- rO- P,-.- 00 ItN In D

I.w 0 CC08 Co.;O 000C 1

10



N0 0r F O aNN. a ONO 0-.NNl a NNNý
W:O eoooa& &M040mcp on PNooooooo oow%&oooao.oero P

00 *. F-P , ~ .M .- . %.qP 4w . .O aQ -ON O P .0.44

0 0000000000000000 0 000000000000000

- % @6.U4 N m O p- 0 0 *-0 CAm Z 4.1P.0006 a Z

00 00 000 000 00 0000 000 00000;00 00 0 0000 0 0 oz

N N N NN NN ~NN NN N N N NN N eC 5-C-N NN N-CNC
000000")00000000000000000000 00000000 14

wwwwwwUWWWWWWWWWWWWWWWWWWWWWWWWWWWWwww

m 0 P. le N o 0 0* rA- 00 0A~ - 404 -. M Irl 00 , ma 0~ NC N: ma

0 0000000000000000 00000~0000000000000

000 00000w4 0 00 000 00 0 000 0 &C 00ý a .0 00 000 000

0.P..CP.44OFF.-0N0 OCDO .40(A U .0 0-PC~.

rz4

x 000000000 OoeO 0ooOOO000Oo 0 00000000o

0

0 .. N 00 Ce.PCltP N P.ifl0 A O C.NO40. a0m4ON0 0N 0 - 0 C, 00.q0UWmN 0 mAOOz. ý -m N 0 4.N4 0 m0
WL .N 0.PN 4 M .. O NONO f-&0 0- f 3 P -P. 4t-0N 01 r

N0 N0 4 - 00;: 0 N - P.- m 44 w0~

a 0 000000000000000000000000000008880

o w
"" M )(O o & WW WW WW WW WU U. WW WW WW WW WW WW U

0N40ONN.34P.OC0.I

0 0 0 N - w NooOooooooowoNoNoooooooo

"N N N N N N 0 C 0..,S N N N N0

-00 00 N0N m05m00 co00 4~A~Nd-0is'

-4 CY 0 N 0 N* &~ ýa LI N N ~AN' .NP 0 4 P UN S.- 4 Nl 4l N N fP. 4C 0. N NO 'A

0 00000000000000000000000000000000000

PP

b.- - - - -- - -

10000002 0 0



000000000000000 00 00 0000 00000000009 oo

0 000000 00.0I 0I e*0 I0 000 000004 A0@0 meIA0 00000

0 00000000000000000000000000000000000

* 1
)(WWWWWWWWWWWWWWILWWuWWWW'WWWWWWWWWUWWWW

N I N M M T I4 M N-I; fn 0 IAF . 0 A." IA 0 A.IAIA-.f" A mIA f"IN 0 f~v

000000000 000 00000000000000 00000000

-- A. AdO- 4 Ad 4 NN Ad IAA o p A N m No Np 0' AA .00 N A d 1*NO N~ 0A

~~O000A.IA6 P40.0. . 14 A00000 .001V .AA 0O'Ad0IAA10

0 OOOOOOC 00000000000000000000000C000

M :W - 00N000g00"0g000000000 N0 F-000M04W 040 N0,0
In WWW rWPWWFWUWWWWW tWWtJW WW WWWWWWW WWItW

*0.d-*'IAWI£AON 1.- IAI. 0 m rO .ftWmm Omm *N'vN 0

r 0000000 000OOOO0000000000000 0000000

0 CNA ONdNý400 P.NNNO d0dNNNPNNN5S wooNN
r ~ ~ ~ ~ 1 coooooooooooooN=204oooo=0

0

at 000000O00000NO' 0 0.0 t.0 00IA000.A0NNIAI00.I0W

W 0 00 0.t 0 00 00 0 M0000000000 N0000 W#0 0
1. ty; IA ~ v 11 1 1 124NzO 0 m N" 1M

0 .0000000 0000000000000,0000 000000000

0o 0 pNo o

-000ON'CN*IA0OUS A.*0000*A.'*AW'*I'*N.0d00.0

m N~ N N9 P &mN 0 JNNN-Vý& -N N-;V : .- Ad N N N NO NM

.0000000000000000 00 0000 0 0000000 0000 00

-0.~~~~~~ ~ . .0 .* 4 IA .A .0 IA .IA IA A. .. A. IA IA .. IA 0.tA 0

10



00 0 0 0 0 0 000 0 000 000 0 000 00

N v- 0 ft 00. CP 6- Pd P90F tF - ft F-04 4 ft ý o-ft 441 at 0-F

0000900094

30 NEISylB. -- d%11

0 000000000000000000000000000000000000

3001019010NN F 04 4 F-@0N f" ftN -01-b OF - - 4N N- N 4 N 01N901

ooooo0oo00ooo00000000000000.00 00000000

; 00 000 00 000 M 0 000000 00 0 0 0p

4-ivy 9~09F 9 0 9F-94 - - - F- - 0 - - 0 -

,.01%44ftft010444.4F-90009F-44..44001N00 N440

0C 0000000000000000 0000000000000700000

w "N rnaw 000400 0 00,000 &0 A4004w0kO000000m0

- ~ ~ ~ . ty410F "1940 . 0 .10. 9 -0 4. 0 11 N ON,.N0N

ooOoooooooo00ooo~oooooo100o0c0000oooooo

MD NNN N~fN~fftfNNN NNN NNN -aNNNNN"N

0 0000004010U000000000 0c,000 000'.4-00014

- N0 -001 o m PF- 0 0 F- 010 to- 01ý 0 "a 001 f4 ' 00 0 (A 0 It,0 0 0 0- 0
OD f.. n014N0992 1-.en01 F-N1-o .. M099 N-40N

fy 0000000000000000000000000000000000000

0
xA WWM DW MW W WMDWWWW MWWWWW W U WWU....2WAMMUJWUiJUUJ WUJWW)UL

0%00 NO 0101.D 01 N 4 F-, M4 a40 M 0 UN 04 F- 44j N 01- 001 M t 00M01m
a 4 N0 0.. 0.4 0,040 04. N 00w A.."0 m.NN9004 Nz

0 0000 C.D r 000 N 00 00fýi - 0 00 00 00 0 m 0 r 0 0 00 00 0 0

! N N N N N , N f UN - N * " 2D N N N N 0 N N N^ N N ftN N. N NN

1400000000000000000000000c0 00000000000
.C 4 DM DM DM DM D DM DM DM DM DM DMDM DM DM DM DM DM

.00~ A 04 04 N.---------- .. N4 4 00 10

-. 40-~90001.~4..F-0901 04 019 F-1 ---. 009-



FE F . Info t: 0- W. WE In P-9 FEF EF EF EFEF EF EF E F F EFEF EF E EF EF
OoOO~oooOO~OftOP.oon&aft":: noaoooo1

0 . FE FE 4 0 P- 0.F 4 4PF .0 CO C F0 : 44 fEP -.0 in oft FE FEF

. 1... . .. i.. . ... : ... :. .- . .11 *3******o oooooooooooooooo00oooooooooooooooooo

* ~~~~~C oao00000000 0 000000000000o
Sw w

ow0 -4f 0WWiW W,FEIUP EFFFEWES"O .WEFSWUFUI

* * ~~. . . .. . . . .3 .*. .. . . . .
000 0000000000000000ooo000000000000000

00 000 0 0000 a f 00 00 a 00 00 0 0 0 0o 000c 0

- UU E 9A i~ @9 .4 aE~- E E9 oinc :0 Cal 1.9U9 FE- 0141 F F^
P. ~ ~ ~ %O"v Ur -F 40 5 FE4 9 E54 4 4@00@4 A"O% FE ý - 4 MFE t 0F

~FE9FEF9~.4mFO49P....E.E.. . .. .. .. .. 90E-F.9
c~UU0049404FE-;,.45.0FEFodo999FEFEoro4..04C0oU

000000000000000000000000Co0coo000
0 IIIi

*U 0o0000000000000000000;0000000000000000

01 4 S0000000000000008
0 S WJSMSSSWSSS WW WSM USUW WJSUWS

000000000000000000 0000000000000000
isitias 111111 liii (.zWu~tý: uiww

-. N.0900 4049U.09.0404.441-.0ooA

4 y N P. N 04 N ry ft). N U y FE NA FE .5 4 FE r. 0 m N NE FE e N N9 r N N 9i P.

fn 00 00 00 00 00 NO NEF9U.FF1000PFF.. 5 00 00 0000i00N

0 000000000000000000000000000000000000
Sd o oo 0 111111 11111oooo ooo e:

m0.. ~ N j o

U. -5



sof v0 F 00 s00 00 00 00 00 00 00 000

i onl i l m t m u i i i . i . , , m l i

C-0 mm mm mm m mm mmmm mm m mm mm m m mm m mm m
oem 423

at -n N m m P009.. m . ~ ~ .o ... m

-00
4P 90 9

a0O0 0000 0O00 O000~e~0 0000 O0cc
m l : , h u h mit Ic csc ; , , m g E l l i S ii 1 3 1 1 1 1 3

. . .m - e4 O iP -* . .em e . .. .. 1 ItIt 7.
man c@-e..VJ01m444444E4E E44**E 44#*440, 1e.80-m

mlii 0 31 ai i. mm i F.li.i..!m 13 1y

* . . .00 . .4Nt0P-ee .e. N. . 4. . EI30ý 1: I

000000000000000000c0000000
11131 El11113 Ii111111 iii u 331W1

0- 0-. 401E..t.£z0£404- o4r04 .t 1 F- 10 p- 4

W. ....... .... . .

U0
z C
13

NWAJNA0i0N- - - - - - - N N A 000 E

r4 't0 CyM M . N 4aW

LU........W

LL Cf

a Ne m NN N0NAJ NNAJ nNN rn N~ml lA 4 0<N P

LUjN mcc 000000 400000000000000000000000000000

IA I lil ,,,, Illi lil lili il I lilil6I



0 00 0 00 w 0 0 0 0 0 0 0 0 0 0 0 0 0 r 0 0 0 0- lip0 0

-. ~I -4Wfftok-'ft ftft ftz ftft~ftft Oftftftfwf2.f f2tftftft4

. .. ooowooo Woccoocooooo

000 0 00 0 0 0 00 0000 0...0..0000... ...

wftftfft1t1? 1t 1

*%............ . . .ff 4 0 t4 1 E P 0 .f~t~~ .1fUf0 4t..

MUMI I I I I II II I I u I . I UO a, W I I IL I '

l0000000 00m% 0000010%900a03mC-f CP0

OA.4 cz t4 O *1 0f0@ #* 4e. r- t4 E (~t0C f0 f

u * *v .*5t. .... .WN O . P 5 'ft . 5P1.5., 0 .. E.f. . . . .

as 0c000000000000000000000C,00000000000

gof

00000 C 00 0 000000000 000000000

ILIWIUW ,WIUWWUdJWWUJ WJW WLUIa O

000 ft40 - 4 0 4 - 0 O 1 f C4D 4 m 00 r ' *ý * 0104e5-~-fP5 a.- E1I15- ft10 0 -
E~~~~~0~ 0 4 N - t 0 0 N - 0O -

of

0000 0000000000 00'0 0000000C000;

0 0, 0 O50 4

0 ..

LI 410

or ~

Ze I

w 07



II
OMz1

t tg

'1010



0 .0 r,0 IM 0 0 000 M0 0 0 0 00 0 0 0 a::m z0p

.to 0 40-00-Mnrnn ovipfibftnP.rn eron.00-

erg U. E

us ~ ~ ~ ~ ~ ~ ~ ~ ~ r .90@ 0 0 0 00 0 0 0 0 0 00 0 0 0 0 0

Mm ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ r F4 UUIIUIUIIUUI

z M
ma0 00 00 ..cooooooooe00000000~0 0

00000000cooo0ooo0o0000 Ooooooooocooo

* . . *0 mo P.n .4 404 .er6r-4tr

rnoc~~ ~~ *4 44 4 rn .. '

I f i l I I

O 04- z
4 0~ 61 f4

UU)
-t lAa ~ ~ a l g~a . ~ ~ a a l a ga

D

04 ow I'

0~~~~~~ . . .--4w~o~ aw .5r .. .t- V . @ 41: 0:4t-
-. 4000 00000000000000000000000

4 -
0 4

000

U USE000C00000000000000000000000000000000

0,F. e. P, w
ON r.NN 0

0 -- - - - - - - - - - - - --- ---109



ag @00000000000000000000000000000000000

-P~f *@0 EW- Q -m 4

i . . . . . 0 @ @0 . . . . 0:0ea a...40

.08 0000000000000000 00000000000000000000

- - - -- - - - - -"- .0aV. at a a aw a aOlt a --- - -
000 00 00 000 00 00 @0000000000000004O49 :00 vaSmv-z roou= "Io 4"l 0 Vu0m 0 0, "

Aft ~ ~ ~ ~ ~ m m I aiwko mfmmmp4": pot t f 4 1, m4-3

55:;5G09:0000c000000f0000000000a" 0000000000CO
1 9 8 1 1 1 1 ' 0 1 1 1I

mcww 
t0 Sat 0:46 f W:ot- p0. f "- p0F not ' *I n 4r ýl

-~~~ - -o; W4 aaaaa a a a a a a -

z 000000000000 ---- 0000000000 ---- 000000000

" Wo am F a m AD f m fm 0. mm ma a ar Ia a a a" 1 a a ao a a a wk .

zoý04 Va- 0 ~ a 0!: Op o- or a~a~4 E a a ft
to 0fm 0a a 4 0 -* a14ýa a 4 a a 0: -t-1.ma':

a a ; q; 4; C. a; ; 00 0 0 0. 0 0 a 0 0 0 0 0 0 a - - a 0 0- 0. 0 a 0ar0

9- mugooooooooooooooooooooocoooooaooo;oaoo

1 a 0000000000 C~000000000000000O000 00

0, Z...... . . . 00- -. ..-aa. .-e aa.-a.eaa.-4 0-
4A pop a-aaaao0--ao o a .aoq aaaaaq~ oooaop-..aaaa

00 00000000000000000'd----------..ooo 00o

4 WSI.WWWWwWWSWwICIWWWWWWWWWuumWUaUIW UWUOLwaww U,

VI ~ ~ ~ ~ 0 Nao 4.0 4-p0'04-aO-4-a e 4- 0" R* po- -0 W

S 3 00000000000000000000000000000000000o

',A
aj 0-0 00000 0OO000000000000000ooo~ O0o00-c

I 0000000000000C.00 11000 0 ~ 0 C 0 0



I-o
zS

4

00

4 ,,
co' P 0

CI0

0.1040 00 ý o o c oo o o o o o

CW C:...S

U,4 % 0 '11



0
00
00

0

WI 0

an w

-a[-I

OIL 0

z Im

0 1- L Z v

i u .14

0. 00r

z 0w

IL -

I- 1- 44

4 K LI

IO0 0 a

- K I. *

cc Ma 0

&U ,m 0

oK C 0 @a. al . W
K U. 0

.. a 0 0112



000
V--4

0-4 06C~

'-4 4

bi2 M

00

1-4~

0
4-)

4). Q
0s Z ~ 1 0

4-410

~0

0)e

C U4

113l



11r44

*A * 0
I a>

0__ _ 0- 0.
NO 0

CCu

U)) bb E-40
IP M)

--- oow H E

0 0)

cu

o0

d ov '100J~a a~mod

114



q 00

4-4l

10 -1 If C

r. 0

0 X

C4

0 ~ 00

0

0 0

I C\Z

0

000

1 15



I C)

bO x

zI0

oi

bt) uz X

r-04~~ 
w z_____

_ _ _ 
V

(D C

JaHMca



060

0 0)

00

I P4

~~P4

bo0'I 0

-q o)Cý

co $-(1 J

0 Oz~

E- 0:2 . IL "I

00 00

d d0

ov ov
~OJ~JOMOdj 4-0GJJH J;DmOd

117



to I
0 0

> 0

00

0)

- ,4<
I Z M 0

tp ca

c '-4 -44

-F4I .4ý)

0G
____ __ 0$.4N ()

0 CN4

d

118



000

CV) 7 CE

Go CO)

> 0

'.4'

4-4 Cý

0 el 4.3___ ,_ _ _ _ _ oq

C )) C )

bpl C)~b 0)<1
IIbl w4m'

I -WO C

I ~~E-49

C) )
-o wo0

C.

N ~ 
-C

A-4



i,

1.o A 0 O
A I0

A 93
.8 A

A 8I
A

. 6 
t

L. .

T

Test Data

.2 - E) Calculation (Transformation)

SCalculation + Wake Correction (Appendix IV)

00 .1 .2 .3
Uo0

U.

FIGURE 45. POWER-EFFECT LIFT FOR FUSELAGE ALONE WITH LIFT JET

120



0.-

CI D
CID 0I

a I 0

-~E-

z
0

-iw C!I

IW ZI I<

IE H

I~ _ _

0~C C; c

I II I

d ov 143jja ckmol v voija3 JtamOd

121



9-4'-

0

-d Z-

I-2 0

(1) ca 0'

<I, ~E-'E-

/ 02
r44

om -

0 P4

-~-WO

d OV '409MJJ JOMOd d Oy '430JJH -19MOd

122



c. Method Applicability and Limitations

As pointed out in the beginning of this section, the method for predicting power

effect on a fuselage is very similar to that of a wing. However, for the sample

problems considered in this Volume, there are two differences between fuselage and

wing computations. The first one is the formation of a wake behind the exhausting jet

which engulfs a large portion of the fuselage and is a fundamental problem. The

second difference is computational, and may be briefly described as follows: The

induced velocities usually undergo very large changes across the jet, as discassed

previously. These are most noticeable in the mainstream direction, which is also

the longitudinal direction of a fuselage without sideslip. When we invoke numerical

differentiations in the longitddinal direction to determine the strength of the residual

sources and sinks, these large variations generally magnify the intensity of the

sources and sinks and may cause erratic behavior in the final results. This

irregularity usually gets worse when higher iterations are carried out, eve.% though

some smoothing of the input data is applied. For this reason, two iterations were not

performed. To compare the case of a wing, we notice that the largest variation in the

induced velocities exists in the mainstream direction and does not traverse any of the

iaing stations. In addition, the computational procedure automatically smooths out

some of the large variations in the mainstream direction by integration for the

"boundary functions" (see Volume I, Section IV, for detaiAs) and the subsequent

expansion in a Fourier series.

Since the power effect on a fuselage, disregarding the wake, contributes only a

fraction to the total power-effect forces and moments, some uncertainty in prediction

may be tolerable. Based on this assumption, the segment mothod is useful since it

includes some of the three-dimensional effects that are already present in the jet flow

field and gives fairly reasonable results in most cases.

As in the case for a wing, the present computer program is also capable of

treating the power-on and power- off problems in a formal sense. However, the

three-dimensioaal effectF due to the nose and the tail of the fuselage are not included.

In the e.ýampies calculated so far, no smoothing procedure was used for the

input data.

123



SECTION IV

POWER EFFECTS ON CONTROL SURFACES

To predict the aerodynamics 3, a V/STOL aircraft it is necessary to be able to

predic the effects of power on the horizontal and vertical tail surfaces. This power

effect can be attributed primarily to an induced flow angle at the tail location. Having

a method of predicting the power induced flow angle it is then possible to estimate the

aerodynamic forces and moments induced on the tail surfaces by the exiting jet. This

section will describe how to obtain the jet induced flow angles at the location of the

tail surfaces.

1. SAMPLE PROBLEM

The sample problem to demon-arate the calculation of the downwash at the tail

will be the wind tunnel test model desc Aibed in Appendix I, with the lift jet operating.

The jet parameters and the flight conditions are the same as specified in Section 1I1,
except that here three values of U /U. will be considered .1, .2, and .3.SJo

Power induced downwash and sideslip will be computed at the test rake location:

x = 44.23 inches

y = -6.75 inches Dimensions in model scale

z = .9, 2.9, 4.9, 6.9, 8.9, 10.9, 12.9 inches
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2. APPLICAT0IN OF JET FLOW FIELD PROGRAM TO CONTROL SURFACES

The use of the jet flow field program consists of specifying the points at which

jet miuced velocity coilts are to be computed, details of jet location and tae

ffigt variables. A description of sample input and output for the jet flow field program

has bee. given In Section ]1.3. The application of the jet flow field program to the tail

problem differs only in the location of the contri! pints.

In this example the down-ash and sidewash angles will be computed at the rake

location instead of tke vertical or horizontal tail location Aince test data exists for the

rake location.

Figures 47 and 48 sz4"iw a comparison of pow6r induced downwash and sidesash

obtained by the jet program and compared with wind tunnel test data for the body alone

with the rake attached. The theory will not account for the presence of a body or a

wing so it must be assumed that these components can be ignored in calculating the

power induced angles. The agreement shown in the figure can be considered satis-

factory considering the scatter in the test data.

3. CALCULATION OF POWER INDUCED FORCES AND MOMENTS ON CONTROL
SURFAC FS

To calculate the incremental force and moments induced on tte tail it is necessary

to estimate the C Laof the surface in the presence of the fuselage (and other tail panels)

and the cent. oid of the panel load. These values may be estimated by empirical methods

such as are to be found in DATCOM. When these values are known, the jet induced

downwash and sid, wash can be used to estimnate an incremental angle of attack or side-

slip on the surface in question. From these values it is possible to estimate power

induced forces and moments on the tail surfaces. Some estimates of this nature have

been made for the wind tunnel test model of this study but the accuracy with which the

incremental forces and moments can be measured from the test data precludes any

conclusions as to method accuracy. The comparisons made do show, however, that

such estimates are of the right order of magnitude.
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SECTION V

APPLICATION OF INLET METHOD

The method of force and moment estimation for normal inlets described in Voiume

I, Section V, consists of three parts. The inlet induced forces are two parts, lip forces

which act in the immediate vicinity of the inletand surface forces which act at greater

distances. The third part consists of a description of the net thrust of the propulsive

device causing the inlet flow. An approximation for a lift fan has been derived, but

data obtained from test could be used in place of the model.

The inlet method may be applied to a wide variety of configuratiom9. This versa -

tility is a direct result of the empirical nature of the model. Because of

this empirical nature, some comment is required on selection of the parameters used

in the equations summari-ed below.

V
"9 r

Mm
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( inlet + -inletlip) + (surface) /net fan\
(net fan thrusz /- (forces / \forces ] forces/

Lip Forces:

LL 110 A5 4 L4F( I -Af /4,, 7) tUwZ 7 -k5J)
DL /0, A fL V 0Df. : UL RtU• Um

Surface Forces:

A. J
A f -

Zir" Rl

o(A4 /4 'ro 4 ft ( r/R,) -I ,. e d ej

uAz (A 4 /z,.),
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Fan Flow and Force:

U, C U CoSca /Ajf

Summation: L L&. t LS

D %

Al< PfrL .9

1. SELECTION OF PARAMETERS

a. Inlet Method

In the application of the inlet method, judgement must be used in determining

the boundaries of the surface upon which the inlet is assumed to have an effect. The

magnitude of the pitching moment due to forward velocity as well as the magnitude

and sign of the static moment is a direct function of the size and distribution of the

effective area. In simple cases such as the presence of an inlet in the surface of a

rectangular wing, it is obvious that the entire surface should be considered in the cal-

culations. In more complicated situations it is presently thought that the area con-

sidered for each inlet be defined by a radius measured from the centroid of the inlet

to the nearest edge of the body or the nearest barrier to flow, such as a sharp corner.

Lift forces are concentrated in the immediate vicinity of the inlet and are not so greatly

affected by the definition of the effective area.

The radius R1, used to separate the area on which "lip" forces act from the area

on which "surface" forces act, is completely arbitrary. The value of R1 does not

affect the final result of the calculation which contains the sum of "lip" and "surface"

forces. In a particular calculation it may be convenient to make R1 correspond to the

13C



actual inlet size or to make R1 a larger value -and minimize the value of the surface

force integrals.

Although the integrals appearing in the surface force equations are easily

adapted to machine computation, graphical integration or a finite summation using a

worksheet such as that shown in Table 3 has been found to be satisfactory. Because

the forces are concentrated in the immediate vicinity of the inlet, large angular

increments may often be used with little loss in accuracy. For configurations with

more than one inlet, the present procedure is to superimpose the effects of the

individual inlets without consideration of interaction between inlets.

b. Fan Flow Model

In application of the fan flow model, values of the parameters 77 and K must be
2

selected. These parameters appear only in the combination 77 -K and this combined

parameter should be in the range ±1.

For deep inlets K may be assumed to be zero. For very thin inlets the value of

K will approach unity. Reference (2) shows that K = 0.7 for a relatively deep far-in-

wing installation.

The dynamic head recovery factor ?I varies from near unity for deep inlets (3)

to zero for thin inlets (4) Even for deep inlets, the value of 77 will fall quite rapidly

with forward speed if no flow turning device is present.

The parameier Ct is obtained by fitting static thrust versus RPM curves for a

particular fan after values bave been selected for 77 -K2 and CD SB.

2. EXAMPLES OF APPLICATION

The analytical models are applied to several configurations and indicate charac-

teristics consistent with the data. It is not possible to completely verify the analysis

as it is not presently possible to separate the effect of the propu!sive wake, present

in the data, from the effect of the inlet flow, and it is not yet possible to calculate the

exit effect with complete confidence for these configurations. No sample cqlculations

are shown because of the relative simplicity of the model, but the selection of the

empirical parameters is indicated.

Although a large amount of data is available for both lift-jet and lift-fan con-

figurations, only lift fan data is cri,sidered. Lift-jet inlet effects are relatively

small due to the lower mass flows and this may resllt in inlet force variations of the
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same order as data scatter (5). The aLloun. of usable data available is further reduced

by the presence of a high .egree of wind tunnel wall interference in some tests.

The methods have been 4pplied to four configurations,

1. fan-in-nacelle (6)

2. fan-in-fuselage (3)

3. fan-in-wing(4)

4. 1/6-scale XV5A(7)

a. Fan Flow Calculations

Reference (3) and Reference (4) have been used to substantiate the propulsion

model. The static thrust versus RPM curves were fitted for both the fan-in-fuselage

and fan-in-wing configurations. Using the value of Ct so obtained, fan flow versus

forward velocity was calculated and "- compared to experimental values in Figure 50.

Both curves are reasonably well predicted.

It should be noted that in matching the static thrust curve, the parameter

actually obtained is the combination (Ct /1 + CDSCB/Af), not Ct . Therefore, varia-

tion of the value of CDSCB does not affect the static values produced by the equations

but only varies the apparent value of Ct and the effects of translational velocity

through the parameter combination ( 7 -K 2/1 + CDSCB/Af). Th-is, it may be possible

to fit data while using values for individual parameters which are in error.

b. Fan-in-Nacelle

The fan-in-nacelle model of Reference (6) is ind~icated in Figure 49. The twelve

inch fan was electrically driven and was not e.uipped with inlet devices or exit vanes

to aid in turning the flow. The model was reversed in the wind tunnel and the fan was

tested in both leading and trailing positions.

The results yielded by the empirical model are shown in Figures 51 and 52; no

exit effects are included in the calculated curves, which include inlet effect, net fan

thrust, and unpowered aerodynamics. Available data for similar inlets indicate that

the dynamic head recovery factor can be expected to decrease rapidly as free stream

velocity increases from •he static conditions. Therefore, curves for both total loss

and complete recovery are shown. The parameter K was assumed to be zero.
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DIRECTION OF FLOW
--a-

/10.I64 I = 0. 36

0I

FIGURE 49. FAN-IN-NACELLE CONFIGURATION

The method reflects the change in flow direction as seen in the lift data. Lift

forces are reasonably well predicted by assuming high recovery at low speeds and low

recovery at high speeds. Drag is also well predicted. The lack of accuracy :n the

moment prediction may be due to uncertainties in the unpowered aerodynamics, exit

effects not included in the predictions, or errors in the selection of the propulsion

parameters. Increa.ed fan flow rates would improve overall correlation, but

arbitrary changes in propulsion parameters would yield little aeditional information.

c. Fan-in-Fuselage

The full-scale fan-in-fuselage model of Reference (3) was a shoulder wing con-
figuration of aspect ratio five. The single fan was mounted vertically in the fuselage
with the fan axis passing through the wing quarter chord and moment center. A single

semicircular vane was placed behind the leading edge of the inlet to improve pressure

recovery and inhibit separation. Only tail-off, flap-retracted data are considered.

S~133



In the application of the empirical method, the depth of the inlet led to the as-

sumption that the flow is axial to the fan; data shows that pressure recovery of the

inlet is nearly complete. Therefore, the parameter q - KI2 is assumed to be unity.

The diameter of the assumed circular inlet was chosen to contain the inter-

section of the Rctual inlet and the fuselage. The projected planform of the wing-body

was used in calculating induced surface forces. Inlet sealed data was used to repre-

sent power-off terms.

The results of the calculations and data are shown in Figures 53 and 54. Figure

53 compares fan flow rate and fan rotor thrust. Figure 54 shows lift, drag and moment

coefficients. It can be seen that drag is best predicted and pitching moment least well

predicted. This may, however, be due to the lack of fan exit effects in the analytical

predictions.

NASA TN-D-2560 identifies the presence of wind tunnel wall interference in this

test and noting that uncorrected data is presented here, removal of the interference

would be expected to improve lift correlation. The effect on the moment correlation is

not known.

d. Fan-in-Wing

Calculations were also made for the one-sixth scale model of the XV-5A reported

in Reference (7). The configuration of the test model was gear down, flaps down, and

tail off. The model moment center is ahead of the far, axis.

In the application of the model, the parameter -K 2 is assumed to be zero.

The assumed inlet size closely matches that of the actual inlets which are nearly

circular. Each fan is assumed to produce induced forces only on the wing panel in

which it is mounted. Data obtained with inlet and exit sealed are used to predict

power-off effects.

The results are presented in Figures 55, 56 and 57. The empirical prediction

is presented both with and without power-off aerodynamics. Fan exit effects present

in the test are not included in the empirical predictions. The forces and moments for

this test were nondimensionalized by the use of the "slipstream" dynamic pressure
sq ,where:

s 2
q 0.5 pwU 2 + LýAF

L = static lift at constant RPM0

A F : total fan area
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Again, arag force is best predicted and moment least well predicted. The addition of

exit effects to the prediction should improve the moment correlp.tion aLJ may improve

the lift prediction. The use of exit open, power-off data would improve the momeat

prediction at the expense of lift prediction, due to disturbance of flow on the lower

wing surface.
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FIGURE 50. FAN FLOW PARAMETERS
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FIGURE 51. FAN-IN-NACELLE, INLET LEADING
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FIGURE 52. FAN-IN-NACELLE, INLET TRAILING
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SECTION VI

NONLINEAR BODY AERODYNAMICS

The body aerodynamics are computed by combining slender body theory with

viscous crossflow effects to obtain nonlinear coefficients at high angles of attack and

sideslip. The method, described In Volume I, has been programmed for the computer

with the linear and the viscous components of the aerodynamic coefficients printed out

separately. The computer program requires that the'mapping of the body cross sec-

tions be known. This mapping is Gbtainable by means of the mapping method described

in Sections II and III. A simplified method of obtaining inputs to the computer program

is also described which permits more ready calculation of body aerodynamics by by-

passing the mapping of the body cross sections.

1. SAMPLE PROBLEM

To illustrate the use of the nonlinear body aerodynamics program the wind tunnel

test model body described in Appendix I will be used. The aerodynamic coefficients

and rotary derivatives will be calculated for this body through an angle of attack and

angle of sideslip range.

a. Description of Body Coordinate System

The axis system used to deseribe the body is shown in Figure 58. The coordinates

are body axes with the x-axis aligned along the body. The exact location of the x-axis

is chosen to permit the body cross sections to be obtained in planes perpendicular to

this axis. The exact location of the origin is not restricted to be at the body nose but

may be chosen to suit the user. The axis system chosen consists of a right hand system

with the x-axis directed aft, the y-axis to th3 right and the z-axis upward.

The flight conditions for the static coefficients are specified as a resultant angle

of attack a and a roll angle p. The resultant angle of attack is the angle between the

freestream direction and the x-axis and is always defined as positive. The roll angle

is then specified as the angle between the freestream component in the y-7 plane and

the body vertical plane (x.-z plane) as shown in Figure 58.
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Of the rotary velocities p is not considered of importance for a body and so is

not included in the computation. The rotary components q and r are specified in body

a,_ with q as a vector in the direction of the positive y-axis and r as a vector in the

direction of the negative z axis. This con-ention was chosen to be consistent with the

terminology of Reference 6.

A reference length 1r reference area Sr and a center of gravity location xcg

are specified. All of the forne coefficients are based on the same reference area.

Pitching. yawing and rolling moment coefficients are defined on the reference area

and the reference length specified. This differs from the conventional way of defining

the moments. The reference point about which the moments are taken is the specified

center of gravity location which is located on the x-axis. The effects of including

rotary velocities assume that the center of rotations of q and r are at Xcg.

The force and moment coefficients are in body axes as shown in Figure 58, CN

positive along the positive z-axis, Cm positive for a moment pitching the nose up.

C is positive in the positive y direction and Cn positive for a nose right moment.yn
Rolling moment coefficient C1 is defined positive counterclockwise the moment being

specified about the x-axis. No attempt has been made to incorporate the axial force

coefficient as the method used is not suitable for that purpose.

b. Body Description for Nonlinear Force and Moment Program

To use the computer program for aerodynamic coefficients the body must be

described for a series of sections taken perpendicular to the x-axis. It is not necessary

to take the sections chosen at equal intervals but the spacing should be relatively uni-

form with more sections being taken in regions where the cross sectional parameters

are changing rapidly.

The section inputs include both the geometrical variables S and dS/dx and the

coefficients of the mapping function and their derivatives. It is therefore necessary

to know the mapping of each of the sections being inputed. Although it is necessary to

include mapping coefficients, the nature of the slender body theory is such that only

the first few coefficients are of priimary significance. For this reason it is possible

to approximate the coefficients of the mapping function and still retain reasonable

accuracy. Therefore, methods are presented for obtaining the mapping coefficients

accurately and an easier approximate method which retains the more significant

coefficients.
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The coefficients as obtained by the mapping program must be modified before

they are suitable for use with the nonlinear body aerodynamics program and the

method of modification will be described. The simplified method of obtaining coefficients

for the mapping function will also be described and a complete set of inputs to the pro-

gram will be given for this simplified method.

c. Modification of Mapping Function for Body Aerodynamics Program

Equation (1) of Section I is not in the proper form for use with the body aero-

dynamics program. When this equation is rewritten to include the constant term, i.e.,

to locate the section

; 4= d÷O~ibo+ a, +ibl #• dzi÷ -t nibn(3
S..- (3)

the sec1" - cated and mapped as shown in Figure 59(a). For the body aerodynamics

progran c tion is rotated as shown in Figure 59(b) and the mapping is commenced

at a diiff-rtt point in the section. In addition, instead of basing the mapping on a

circle of ra'ius rc, , mapping is rewritten to base the new mapping on the unit circle

coordinate a = el. final form of the mapping is then:

c,+i , p *idz en+ idn

tcO a Co +ido + a f÷_. ..... (4)

where these coefficients are related to the coefficients of Equation (3) by the relation

Cn •idn=(-i) n*' c (n+ ibn (5)

For a symmetrical shape this reduces to the relation

t0 ia 0  - ia4  .tC +

(6)
148
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d. Simplified Hancldook Method for Obtaining Coefficients

Since it is desired to use the body aerodynamics program for preliminary design

type work it is, where possible, desirable to avoid the complexity of obtaining the

mapping function. It is possible to do this for the usual fuselage shapes encountered

and still retain sufficient accuracy for preliminary design purposes.

The actual fuselage is replaced by an equivalent body in which the sections art

replaced by equivalent ellipses keeping the same body camber. This replaces the mL,

ping of Equation (6) above with the truncated mapping

o = a ÷ do t £C _ (7)

This expression retains the most critical terms in the mapping as far as obtaining the

body aerodynamics and it is possible to approximate the three coefficients rc, d0 and

c1 •

Defining a to be half of the maximum vertical dimension of the true cross sec-

tion and b to be half the maximum lateral dimension of the section, it is possible to

approximate rc and c1 by the expressions

k= (8)

C = b a (9)

the results being reasonably accurate for fuselages which do not depart too far from

the elliptical. The coefficient d0 can be replaced by the centroid of the sectional area.

The remainder of the inputs required for the slender body portion of the computer

program are quantities which can be obtained directly from the body geometry, such

as the cross sectional areas and its derivative with respect to x.

e. Viscous Cross Flow Input

The computer program also requires that a cro&s flow drag cocfficient ':e input

for both the components of flow in the vertical plane and the lateral plane.
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The viscous crossflow terms can be obtained by using the drag coefficients of

an infinite two-dimensional elliptical cylinder at each body station, the character of

the ellipse changing according to the maximum dimensions of the body as described

above.

These drag coefficients can be obtained using the drag coefficient given in

Reference 9 for two dimensional subcritical ellipses and given by

C 1nO5 (11-9)# 1 .1 (10)

where t = maximum dimension perpendicular to crossflow

c =maximum dimension parallel to crossflow

A coefficient is computed for a crossflow velocity component in the vertical

clirection in one case and a second coefficient is computed for a crossflow component

vi• the lateral plane. These two coefficients are then multiplied by the maximu~m

dimensions perpendicular to the flow direction for the input parameters.
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2. SAMPLE COMPUTATIONS FOR TEST BODY

Table IV shows a set of computations for rc and cI for the wind tunnel test
model of this study. The computations are straightforward involving no difficulties.

The major inconvenience in developing the inputs for the program is in obtaining S

and the derivatives of each of the coefficients with respect to body station. There is

no conceptual difficulty involved but the required integration for the body cross sec-

tional area and the centroid location and the graphical differentiations needed to obtain

dS/dx, dr c/dx, ddo/dx and dc 1 /dx is tedious. If necessary, computer programs can

be written to do the necessary integration and differentiations but such programs are

not included here.

a. Sample Inputs for Force and Moment Program

Figure C0 shows a sample set of inputs for the body aerodynamics program. The

data are for the wind tunnel test model body of this study contract with the canopy off.

Card 1 specifies the maximum number of mapping coefficients for any section

input (maximum of 12) and the number of stations for which section data is input

(maximum of 40).

Cards 2-4 give the station locations of the input sections, mpximum of 40. The

remainder of the cards must be in units consistent with these numbers. The stations

input must not include the nose location nor the tail section if these stations have zero

area and mapping circle radius.

Cards 5-7 contain the radii of the mapping circle at the input stations.
dr

Cards 8-10 give the values of for the same stations.

Cards 11-13 are the cross sectional areas S of the sections.

Cards 14-16 are the values of dS/dx.

Cards 17-19 give the values of the side viscous crossflow drag coefficient per

unit length times the maximum vertical dimension at the section.

Cards 20-22 give the vertical viscous crossflow drag coefficient times the

naximum lateral section dimension.

Cards 23-76 consist of sets of three cards for each of the input sections (in this

case 18 sets). The first card of this set contains two numbers. The first of these

specifies the number of mapping coefficients of the given section. If the nuimber

specified is zero, the program uses the number given on Card 1. The number given
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4

TABLE IV. COMPUTATIONS FOR WIND TUNNEL
TEST MODEL

x y/2 Z- z. C

7.25 4.25 -14.1 -5.6 4.25 0

23.7 9.2 -18.7 3.1 10.05 -. 85

41.0 13.1 -22.2 11.0 14.85 -1.75

73.0 17.4 -26.25 24.0 21.2625 -3.8625

94.0 19.25 -27.95 31.3b 2t.45 -5.2

118.0 21.0 -29.2 37.75 27.2375 -6.2375

143.5 22.45 -30.2 40.7 28.95 -6.5

163.5 23.45 -30.55 40.7 29.5375 -6.0875

1e5.5 24.3 -30.8 40.7 30.025 --5.725

221.5 25.05 -30.6 40.7 30.35 -5.3

264.25 25.1 -29.3 40.7 30.05 -4.95

316.0 24.8 -25.0 40.7 28.825 -4.025

343.0 24.6 -21.5 40.4 27.775 -3.175

374.0 24.45 -16.3 39.75 26.2375 -1.7815

411.0 21.5 -9.1 38.3 22.6 -1.10

450.0 15.6 -. 85 35.95 17.0 -1.4

497.0 6.4 11.6 30.8 8.0 -1.6

512.0 3.545 16.11 27.5 4.62 -1.075
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must not exceed the number on the first card. The second ummber specifies whether

or not the section under consideration is symmetrical or not. If the section is sym-

metrical, the number 0 is input; cAherwise 1. The axis of symmetry is assumed to be

the vertir-al plane.

The second card for each set specifies the coefficients of the mapping function.

For a symmetrical section the coefficients input follow the order d0 , c 1 , d 2 , C3 , d4 ,

c5, ... since the other coefficients are zero. For an unsymmetrical section the

coefficients are specified in the order co, dog cis d 1 C2, d2 , ... up to the maxi-

mum number of pairs specified. The subscript 0 specifies the second coefficient (or

coefficient pair), the subscript 1 the third coefficient, etc.

The remaining cards specify the flight conditions under which the coefficients

are to be found. Card 77 is a comment card and can contain any pertinent informa-

tion desired.

Card 78 specifies four numbers: reference length, 1 r, reference area Sr, center

of gravity (and moment center) location x g and the incremental step size along the

body at which computations are made. The program assumes linearity between the

incremental steps here specified so that a reasonably large number of steps are re-

quired along the body.

The 79th card specifies, respectively, the number of angles of attnck to be

computed (maximum of 18), the number of roll angles (mr.ximum of 9), number of

pitching velocities (maximum of 9) and number of yawing velocities (maximum of 9).

Cards 80 and 81 specify the angle of attack at which the coefficients are to be

evaluated. These angles are in degrees.

Card 82 specifies the roll angles which are to be computed, also in degrees.

Card 83 specifies the desired values of pitching velocity inputs. The number

imputed represents q r/2Uo (dimensionless).

Similarly Card 84 specifies yawing velocity inputs specified as rlr /Uoo

(dimensionless).

This completes the input cards needed to compute the nonlinear body aero-

dynamics. Cards are added or subtracted as necessary to input all tie specified data.

That is, enough cards are used to input the numbers required and no blank cards are

to be inputed. As an example, the number of stations here specified is 18 which
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requires 3 cards to specify each of the first set of parameters. More of less cards

would be used depending on the number of stations specified.

b. Sample Outputs from Force and Moment Program

Figure 61 shows the output from the computer program for the inputs listed in

Figure 60. The first line written out in the information input on the comment card.

The second line lists the flight cunditions PHI ), Q (I ), and R ( ) for

which the coefficients are calculated.

After this are tabulated the five coefficients Cn: CI, Cv, Cn and C1 in that

order as functions of angle of attack. The coefficients as written out are separated

into a potential component (obtained by slender body theory) and a viscous component

(using viscous crossflow). To obtain the coefficient these two components must be

added together. The program does not calculate a viscous component to the rolling

moment so this is printed out as zero.

When more than one set of flight conditions (other than a) are input this tabula-
tion is repeated.
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3. COMPARISON WITH TEST DATA

Figure 62 shows the comparison between theory and test for normal force co-
efficient CN and pitching moment coefficient, Cm at zero sideslip. The theoretically
predicted values of C N are somewhat low. In particular, the predicted lift curve
slope at zero angle of attack is predicted to be zero while the test results show a finite
value. The value of CN at zero aagle of attack is also in error. The agreement obtained

R for the pitching moment can be considered to be good.

Figure 63 shows a comparison between test and theoretical side force Cy and
yawing moment Cn. The theoretical side force tends to be somewhat low, and the
agreement in yawing moment is somewhat worse than th,., pitching moment agreement.

The computer prog-ram does not calculate the derivatives but it is possible to

compute two sets of coefficients at different values of a parameter and obtain the
derivative by dividing the difference of the coefficients by the incremental change in

the parameter.

Figures 64 and 65 show samples of rotary derivatives obtained using the computer
program. No test data is available with which to compare the theoretical results,
so it is not possible to predict what accuracy is obtained by the theoretical method.
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SECTION VII

NONLINEAR WING AERODYNAMICS

The method used for predicting the nonlinear aerodynamics of wings is that

described in Section VII of Volume I. This method has been programmed for the

computer and essentially converts the known section characteristics for the wing

into finite wing characteristics. First the wing section characteristics have to be

identified from available test data. This information is then used to obtain the

positions and relative strengths of the two lifting lines. The wing planform and

flight condition are included with the section model into the computer program to

enable the wing aerodynamics to be determined.

1. SAMPLE PROBLEM
,f

To illustrate the use of the nonlinear wing aerodynamics program the wing for

the wind tunnel test model, described in Appendix I, will be used.

The wing planform is shown in Figure 66 with the axes system, lifting lines

(discussed later) and downwash control line indicated. The wing employed a

NACA 63A010 section.

9.76 0 '

1.0 LiftingLine 0.5

Downwash Ccntrol Line

x

FIGURE 66. WING PLANFORM WITH LIFTING LINES AND DOWNWASH CONTROL
LINE SHOWN

1, 66



The axis system chosen is a right hand system with the x-axis directed aft and the

z-axis directed upwards. The flight conditions for the sample problem will be a= 140

and 160, P= 00 with the rotrry variables p, q, r all equal to zero.

a. Determination of Section Parameters

The separation characteristics of airfoil sections are a function of the

Reynolds Nunber, R, the flow tending to separate at a lower value of a,

for lower values of R. The unpowered runs in the tests described in Appendix

I were at a Reynolds Number/foot = 1. 3 x 106. No data could be found for the

test model wing section (NACA 63A010) for Reynolds Numbers as low as the

test value. However, data for section NACA 64 1 -012, with a similar section

geometry, for the required values of R has been determined in Reference 10 and

is tabulated in Table V.

The drag coefficient for the airfoil at a= 900 is taken to be 2.08 (value for

NACA 0012 airfoil) with the line of action passing through the chord center. The

leading lifting line, in the mathematical model for the airfoil section, is

positioned at the quarter chord position (Cm 1/4 = 0 in linear a range). The

downwash control point is taken to be at .75 chord. The aft lifting line is now

chosen to give a good fit to the section pitcning moment while satisfying the

boundary condition of no flow through the section at the downwash control

station and providing an exact duplication of the section normal force. In this

case, by taking the aft lifting line to be located at .70 of the chord, a satis-

factory representation to the section characteristics is possible as shown in

Table V. The weighting function Wt (weighting of circulation bet.ween leading

and aft lifting lines) is also shown in Table V. The value of Wt is needed for

, = 0 and this is determined by extrapolation of the values for larger a.

b. Inputs to Nonlinear Wing Aerodynamics Program for Sample Problem

A sample set of inputs for the nonlinear wing aerodynamics program is

shown in Figure 67.

Card 1 specifies the initial value of wing angle of attack a, angle of sideslip

3, and the step size in a all in degrees.

Card 2 provides wing planform Information in the form of the y-coordinates

(relative to the wing root chord), of the wing root and tip chords, wing taper

ratio, and the tangent of the leading edge sweep angle.

Card 3 gives in order, the rolling, pitching and yawing velocities.

Card 4 contains the reference length (relative to the wing root chord), the x-
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TABLE V. SECTION DATA FOR AIRFOIL SECTION

NACA 64,1 -012

TEST LIFTING LINE METHOD

SC N C m 1/4 C N C m 1/4 W t

0 0 0.0 0. 0. Indet.
2 0.18 0.0 0.18 0.003 0.974

4 0.36 0.0 0.36 -0.007 0.972

6 0.54 0.0 0.54 -0.013 0.970

7 0.63 -0.004 0.63 -0.016 0.969

8 0.71 -0.008 0.71 -0.020 0.967

9 0.78 -0.010 0.78 -0.025 0.962

10 0.83 -0.015 0.83 -0.032 0.953

12 0.83 -0.060 0.83 -0.051 0.914

14 0.68 -0.095 0.68 -0.079 0.807

168



4 10

W1 P4

W lift*

* . ,I j ! I 1

1 1*9



mid z- coordinates of the center of gravity location.

Card 5 contains the wing section normal force coefficient for a = 900 and the
x-cood-.nate of the intersection of its line of action with the airfoil chord,

Caird 6 gives the number of circulation and downwash control points.

Card 7 specities the number of angle of attacks to be computed and the

number of iterations for each a .

Card 8 Indicates whether the wing loading is symmetrical about the x-axis,

in this case NSYM = 0 indicating symmetry. (NSYM = 1 indicates asymmetrical

loading. )

Cards 9 and 10 list the y-coordinates of the circulation control points and

downwash control points.

Cards 11, 12 and 13 specify the x-coordinates (relative to chord) and the

tangents of the' sweep angles for the leading lifting line, the aft lifting line and

the line conrecting the downwash control points.

Card 14 contains the effective angles of attack for the downwash control

point stations. Inthis case the values have been dctermined from the previous

calculations for a = 120.

Cards 15 and 16 list the values of a in degrees at which the circulation

wvelghting function is tabulated.

Cards 17 and 18 contaiii the tabulated values of the circulation wveighting

function determined in this case from Table V.

c. Outputs to Nonlinear Wing Aerodynamics Program for Sample Problem

Figure ;8 shows the output from the computer program for the input listed

in Figure 67. The flight condition is shown in the form of values for a , ? and

p, q, r. The spanwise loading and effective angle of attack at the spanwise

stations are shown next. The normal force coefficient and the moments about

the y - and x-axes follow. This output, excepting the flight condition variables,

is repcated for the number of iterations on a (in this case 2).

This set of output i1 then rcpeated for the number of a's input to the program

which in this case is two.

d. Method Applicability and Limitations

The method, as presently programmed, is restricted to straight tapered

wings. Because the approach uses lifting lines the method is really applicable

to large aspect ratio wings and the accuracy of the predictions will not be as

good for lower aspect ratio wings. flaps may be accounted for by changing the
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sectio characteristics fcr the wing. Calculations of the finite wing aerodyna-

mic characteristics depend on a knowledge of the section characteristics so that

in some cases this may be a limitation on the method. The method Is program-

med to calculate the effects of sideslip and the rotary derivatives although no

significant attempt has been made to valioate these options.

In typical calculations two iterations are used in the linear range of a and

five iterations for nonlinear a,. Estimates of the effective angle of attack are

determined from previous computations at lower values of a. The initial calcu-

lations have usually started with a = 40 and effective alpha equal to 2%.

2. COMPARISON WITH TEST DATA

The calculations shown in Figure 68 are for the test model described in

Appandix I. The test data for these conditions for comparison were
I

S=140 :CN = .708 CM y = . 36 5

a=16:C N =.665 C My=. 37 5

Further calculations for an aspect ratio 6 wing are shown in Figure 69 compared with

the test data of NASA TM 2-27-29A.
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Reaults for Alph - 14.0000, and Beft - 0. C+• -
P-0.0 Q-0.0 R -0.#

WANWISE LOADING AND EFF,'!TT;t ALPHA

a.04 .20 .40 .70 .90
Loading .748 .71:, .5523 .5131 .3498
Iffeetive Alpha .1506 .1537 .2444 .1474 .1070

Normal force coefic•est. Cq = .73009

Moment coefficient about Y-azds, Cy - .35045

Moment coefficient about X-axis, C Mx .00000

SPANWISE LOADING AND EFFECTIVE ALPHA

.04 .20 .40 .70 .90
Loading .8035 .7123 .5513 5s141 .3548
Effective Alpha .1571 .1558 .2444 .1514 .1093

Normal force cocfficient. CN =. 73245

Moment coefficient about Y-axis, CY -"35268

Moment coefficient about X-axis, CM .C000

Reaults for Alpha 16..000, and Beta 0.0000 Degrees
P P=0.0 Q-0.0 R-0.0

SPANWISE LOADING AND EFFrl:TIVE ALPHA
"en .04 .20 .40 .70 .90

•Loading .8905 .7586 5307 .5479 .3951
Effectlve Alpha .1882 .1790 .2793 .1735 .1214
Normal force coefficient, CN ..76861

Moment coefficitnt ut.out Y-axis, -" .38258
Moment coefflcien• about X-axis, C =. 00000

SPANWISE LOADING AND EFFECTIVE ALPHA

Spon, .04 .20 .40 .70 .90
-.oading .8875 .7549 .5298 .5470 .3638

Effective Alpha .1983 .1791 .2793 .1735 .1207

Normal force coefficient, CM N .S637

Moment coefficient about Y-axis, CMy m . 38263
Moment coefficient about X-zxIs, CMx ."00000

FJGURE 68. SAMPLE OUTPUTS FOR NONLINEAR WING
AERODYNAMICS PROCRAM
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APPENDIX I

WIND TUNNEL TESTING OF V/STOL
CONFIGURATION MODEL

A model was constructed and tested to supplement the analytical investiga

and gain further data for use in validation and improvement of the analytical pred'c-

tion techniques. The model was configured to resemble a feasible military airci -dt

but was designed to operate with jets of varied number and location to allow a v riety

of data to be generated. The test contributes new data because of extensive pressure

instrumentation present on the model. These data facilitate identification of Zhe

sources of the various induced loads measured during the test.

1. MODEL AND AFPARATUS

The model is a shoulder wing configuration equipped w-t"i an external airfoil flap

and a stabilator mounted on the vertical tail above the fuselage. Two vectored thrust

engines are contained in large nacelles mounted beneath the wing adjacent to the fuse-

lage;' a single lift engine is mounted within the body and forward of the vectored exits.

The general arrangement of the model is shown in the three view drawing of Figure

I-1 and the photographs of Figures 1-2, 1-3, and 1-4. Detailed geometrical data are

given in Table 1-I.

The vectored thrust engines were simulated by ejector type jet engine simula-

tors. Two 3.67-inch diameter nozzles were tested at two longitudinal positions (11

and 111 percent 6) at nominal deflections of 0, 45, or 90 degrees at the forward loca-

tion, and 45 or 90 degrees at ihe aft location. Larger 4.5-inch diameter nozzles were

tested in the aft position at a nominal deflection of 90 degrees. Plugs were used to

seal the inlets when 'nlet flow was net desired.

Typical operating curves for the ejectors are shown in Figure 1-5. The desig,

of the ejector nozzles produced a relatively ronuniform jet velocity profile, show:, in

Figure 1-6.

Preceding page blank
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T!'e lift jet was simdated by a convergent nozzle supplied through a perforated

.late. The exit, diameter was 2.25 irches. No inl(t simulation was provided. The li t

jet possessed a relatively uniform e€A profile, shown in Figure &-r_.

Details of jet exit location and poiht of application of resultant forces are shown

in Table I-I in terms of location along the mean aerodynamic chord and distance below

the wing plane.

The engine simulators were driven by cold dry air supplied through a commun

plenum fed by a flexible metal tube passing through the eting.

Model forces and moments were recorded using a six-component internal balance.

Two hundred and sixty-four pressure taps are present on the left haif of the

model. They are placed in four groups: a wing pattern, a lower fuselage pattern,

a circumferential pattern at five fuselage stations, a nacelle centerline pattern.

Lower fuselage and wing pressure pattern. are described in Tables I-1I1 and I-IV.

Circumferential fuselage and nacelle centerline patterns are shown in Figures I-7

and 1-8.

A seven-probe flow angularity rake was sometimes mounted at the tail station

in place of the empennage. Its general arrangement may be seen ia Figure 1-2.

Testing waf performed in the NASA Langley V/STOL tunnel which has a test

section of 14 K 22. feet.

2. TEST PROCEDURE

Testing of the model was performed in two phases: calibration of balance and

engine simulators, and aerodynamic testing with;n the wind tunnel.

a. Balance Calibration and Corrections

The testing of a powered model rtquires additional balance calibration and cor-

rection beyond that routinely performed during unpowered testing. The air supply

balance arrangement used during this test is indicated schematically in Figure 1-9.

Although the air supply line is designed to be highly flexible and cause 'ninimum

interference with force measurements, corrections must be applied to balance mea-

surements to reflect that portion of the total load which is carried by the line. A

series of known loads was applied to the balance-air supply line assembly, and the

resultant balance measurements were used to obtain a matrix of linear correction

coefficients.
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Pressurization of the system caused forces to be exerted on the model by the

flexible supply line. These forces were measured and calibrated with the plenun

vealed and no nongravitational loads applied to the model. The calibrated forces have

been removed from final force data.

The final form of the corrections is shown below. Thv momentum input due to

the supply mass flow was found to be negligible.

co KFiaI -- Fp(Pup)Fcor bt Psup

where

cor , a 6xl matrix of applied loads

SK , a 6x6 matrix of correction coefficients

F a 6xl matrix of loads measured by balance
Fbal

F (Pu), a 6xl matrix of loads applied by the air supply line, calibrated
p SUP

agains, supply pressure

Additional details concerning the magnitude and accuracy of the corrections may

be found in Appendix II.

b. Calibration of Engine Simulators

Each engine simulator-nozzle combination was tested individually to determine

direct thrust force and moment app!ied to the model. The same air supply-balance

assembly used during tunnel tests was used for this calibration. A calibrated bell-

mouth was used to monitor ejector inlet flow. A limited survey wý-as made of nozzle

exit profiles to determine their basic character.

These tests were performed with the units mounted on the bare model plenum to

minimize static interference effects by reducing surface area near the exits. Some smaql

interference is of necessity present in the data because of the physical proximity of

the external portions of the nozzles and drive system.

Lift jet thrust was calibrated on the basis of total pressure within the nozzle.

Ejectors were calibrated as a function of primary nozzle plenum pressure. No cor-

rections were made to ejector calibr'itions due to forward ipeed present in the tunnel.

Ero,-r due to this approximation is examined in Appendix Ul.
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c. Wall Corrections

No corrections were made to the data' for possible wall effects. The dimensions

of the 14 X 22 foot test section are quite large ii, comparison to basic model dimen-

siors, and computations, made prior to the test using Heyson's method (11), indicated

that wall interference effects would be within the accuracy of the data acquistion

system. However, the pitch mechanism used during the test was not capable of

maintaining the model at a fixed position within the test section, causing the model to be

nearer the floor at the lowest angle of attack tested. An investigation was made to

determine if the ground effect of the floor, the nearest surface, was causing any

significant effect on the model. The wing-body-nacelle-tail was equipped with the

large exitz, pitched .o a 6 degiee angle, and tested at various forward speeds at

different heights. An effect was observed a the lowest forward spee-• tested but not

at higher speeds nor statically (see Figure 1-10). The minimum 'O:-el height during

normal testing was 42 inches. The nondimensionalized minimur. neight shown below

indicates. that the large exits will show the most severe interferE rce at lower aIgles

of attack and low forward speed. The order of magnitude may bt i -- to three percent

of total load.

Nozzle Lift Jet Small Vector T arge Vector

hiD 13.7 11.4 9.3

d. Test Parameters

The testing of powered models creates a requirement for a parameter relat-ig

propulsive and aerodynamic forces. The effeclive ,%elocity ratio as used in this series

of tests is the square root of the ratio of freestream unit momentum flux to mean jet

unit momentum flux. It is obtained from the following expression:
i~Z 

1 0• 5.=

WJ UT/ Aj

Another paramete,", a -e!ative measure of prop~ulsive and aerodynamic forces,
is the thrust coefficient -- the ratio of thrust to the product of freest ream dynamic

pressure and wing area.

CT l/QS
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The two parameters arc related In tho manner nhown below,

0.5"

V/V L2

The effective velocity ratio is used ait the prime parameter of this report

because it is less related to the geometry of the particular configuration being con-
sidorod, and it better describes the state of the highly deflected jet.

o. Test Program

The model was constructed auch that nacelles, lift engine, wing, and empennage

could be mounted on the fuselage in any combination. Complete model buildups wore
performed for the wing-body-nacello-tail configuration powered by the two ejectors
in the forward position, and for the wing-body-tail powered by the lift jet. Emphasis
was placed on the wing-body nacelle powered by the two ejectors with nozzles in the
forward or aft position, and the wing-body without nacelles powered by the lift jet.

A standard series of runs was used throughout the test although not all configura-
tions were tested at all conditions. The series, shown in Table I-V, consists of an
unpoworod anglo-of-attack variation, followed by anglo-of-attack variation at several
velocity ratios, and velocity ratio variation at fixed angles of attack. A similar pattern
was adopted for runs involving sideslip. Both force and pressure data were recorded

for most runs.

The range of variabloe tested included anglo-of-attack variations of 0 to 20
degrees, angles of sideslip from 0 to iA 12 dogrees, and velocity ratios of 0 to .3 for
lift jot powered configurations and 0 to . 5 for ejector powered configurations. Very
limited testing was performed at combined angles of attack and sideslip. Testing was
accomplished at dynamic pressures of 0 to 71 psf, resulting in Reynolds numbers of

up to 1.5x10( per foot.

Dynamic pressure and thrust combinatiens used to acieove these velocity ratios
are listed in Table. I-Ve. Because of tunnel velocity limits, higher velocity ratios wore
obtained with the use of reduced thrust. Note that those are nominal valuus. In general,
actual thrust levels wore slightly lower than those shown.

A summary of configurations tested is given in Table I-VII.
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2. Rlesults

The results of this test are presented in varioX Ls sections of this report in support

of the ckvelopment and verification of analytical prediction techniques. Complete

results will be published in two NASA Technical Memorandums at a later date.

a. Presentation of Results

The force cLta recorded during the test are presented in several forms:

(1) Body axis aerodynamic coefficients.

(2) Stabi1 ity axis aerodynamic coefficients.

(3) Forces and moments nondimensionalized by thrust.

(4) Forces and moments with direct thrust effects removed, nondimensionalized

by thrust.

(5) Forces and n1.rents with direct thrust effects removed, nondimensionalized

by dynamic pressure.

In the reduction of aerodynamic coefficients, forces were nondimensionalized by

the product of freestream dynamic pressure and wing area. Longitudiral moments

were nondimensionalized by the product of freestream dynamic pressure, wing area,

and wing mean aerodynamic chord length; lateral moments were nondimensionalized

by the product of freestream dynamic pressure, wing area, and wing span.

In the reduction of thrust coefficients, forces were nondimensionalized by the

total calibrated thrust of all nozzles operating. Moments were nondimensionalized by

the product of total thrust and an effective diameter. The effective diame,.er is defined

as the diameter of a circle equivalent in area to the sum of the exit areas of the operat-

ing nozzles.

Thrust removed coefficients we:e obtained by removing the forces and moments

of the Gperating engine simulators, as determined during static calibration, from the

balance measured loads prior to nondimensienalization.

b. Selection of Unpowered Baseline Data

Analysis of the vectored thrust configuration tests has revcaled that signifi-

cant differences exist in unpowered data taken with the ejector inlets open and closed.

These differences exceed those directly attributable to vectoring oi freestream flow
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through the undriven ejectors. When these data are used to obtain an interference
effect due to jet operation, two significantly different answers resuit, dependent on
which "unpowered" coefficient is used in the calculaticns.

interference [total] _ direct + unpowered i

effect I [load [thrust aerodynamics

The effect of the open versus the closed inlet on the power off longitudinal
ae:'¢dynamic coefficients is shown in Figure 1-11 as a function of nozzle deflection

angle. Opening of the inlet produces a lift increment of 0. 216 with the forward small
nozzles deflected 90 degrees. The portion of this increment attributable to momentum
change of the frea flow passing through the ejectors and nozzles may be found u.~ing

Figures 1-12 and 1-13. The unpowered inlet weight flow is found to be 0.46 lbs/sec/
ejector produ;cing an estimated vertical force of 2. 43 lbs. This is equivalent to a
lift coefficient of only 0. 018. Thus, the large part of the inlet lift increment cannot
be attributed to flow-through momentum, but must be due to interference with the

external aerodynamics.

Powered lift data, nondimensionalized by thrust and shown in Figure 1-14, do
not reflect the significant differences caused by the open inlet in the unpowered data.

The difference in powered lift is seen to remain approximately constant at various
velocity ratios and, in general, it is small in comparison to the lift loss equivalent
to the aerodynamic coeffL-:m increment obtained from power off data. In contrast,
the change in inlet mass flo% r-atio produced b,- opening the inlet is greater for the
powered case than for the unpowered case.,

Further examination of the inpowered data, as presented in Figure 1-15,
indicates that the longitudinal coefficients of the inlet open configurations are functions
of nozzle deflection angle while those of the inlet closed configuration are not.. This
observation in combination with the lack of difference in powered data suggests that
the unaccounted inlet increment may be due to the exit interactions of the inlet mass
flow as opposed to the variation of the inlet condition per se. This conclusion must
be considered tentative, however, because the inlet mass flow ratio as well as the
exhaust exit angle are varied by nozzli, deflection. An examination of the pressure
data for this configuration will give more insight to the cause of the open inlet effect

on power off data.

Wing pressure differentials are shown for both inlet conditions in Figure 1-16.
Opening of the inlets causes a pressure ch-,nge similar to that produced by a positive
angle of attack. Examination of both upper and lower surface pressures at WS 10., 55,
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Figure 1-17, indl -ates that the effect is present on both surfaces, confirming that

r 1pening of the ,ulets induces a positive angle of attack change of one to two degrees

across the wing, and that the effect is not limited to one of the surfaces.

Pressure distributions about the six fuselage stations are shown in Figure 1-18.

The data are shown as a locus of pressure normals about the local fuselage contour.

Lines within the section indicate positive pressures; lines outside the section indicate
negative pressures. At interior corners of the body some data have been eliminated

for clarity. The effects of the open inlet on fuselage pressures are noted below.

At the most forward station 73 7. 3, the pressure change is similar to that which

would be produced by a positive angle of attack of approximately two degrees.

Changes occur on both upper and lower surfaces.

In front of the nacelles at FS 11. 8, pressure changes on the fuselage sides are

dominated by apparent changes in nacelle blockage.

Lower fuselage and nacelle pressures are made more positive in front of t0e

nozzles at stations 11. 8 and 19. 65. Upper surface pressures are not affected

at these staticns.

Aft of the nozzles and nacelles at I 1 26. 425, opening of the inlets induces a

more negative pressure on the lower fuselage sides; other areas are not

strongly affected. No data are available on the upper surface of the fuselage at

this station,

At FS 34. 30, a more negative pressu.v is induced about the section due to

opening of inlets.

Upper nacelle centerline pressures, shown in Figure 1-19, are unaffected

except in th,ý vicinity of the inlet lip. Lower surface pressures are made more

positive in the vicinity of the exit.

Lower fuselage centerline data, Figure 1-2C, indicate that opening of the inlets

creates more positive pressures ahead of th ý exit and more negative pr'essures aft of

the exit.

Data from the tail flow angularity rake indicate increased do,, nwash when the

inlets aee open, Figure 1-21.
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In summary, opening of the inlets produces:

(1) An induced positive angle of atack on the wing.

(2) An induced positive angle of r..,ack at the nose.

(3) Positive pressure increments on the lower fuselage and nacelle

ahead of the exits.

(4) Negative pressure increments aft of the exits.

(5) Little effect on upper fuselage pressures.

(6) Increased downwash at the tail station.,

These flow changes are consistent with those associated with jet exit interference

effects at high velocity ratios and tend to confirm the initial observation that the

"inlet" effect is largely caused by the exit of the inlet flow.

Further confirmation can be gained by observation of lower fuselage centerline

pressures for the configuration equipped with the large aft nozzles. It can be seen in

Figure 1-22 that the largest effect of the open inlet occurs in the vicinity of the exit

not the inlet. If the differential lower centerline pressures due to the opening of the

inlet are plotted against distance from the exit as in Figure 1-23, it is seen that data

for the for'4add small 90 degr7ee nozzle and the aft large 90 degree nozzle show a

surprisingly stiong correlation.,

It is concluded that the proper unpowered data for the vectored thrust configura-

tions are that taken with the inlets closed. Data taken with the inlets open, though the

model was unpowered in the sense that no drive pressure was supplied to the ejectors,

are • fact power on data at a very high velocity ratio, V/V. 2. 9 for the small forward

90 degre nozzle which has been discussed.



TABLE I-I. MODEL PROPERTIES AND DIMENSIONS

Wing:

Span, b .......................................... 40.25 in

Area (projected ), S ............................... 324.00 in2

Mean aerodynamic chord, F ........................ 8.35 in

Location of 25% 6

F. S ............................... 23.83 in

W. L .............................. 3.555 in

B.L ............................... ± 8.94 in

Taper ratio, x ..................................... 0.50

Aspect ratio, AR ................................. 5.00

Airfoil section ..................................... 63A010

Leading edge sweep, ALE . ......... 9.76 deg
SQuarter chord sweep, A 045.96 deg

Horizontal Tail:

Span, b ........................... 22.40 in

2
Area (projected), SH .............................. 110.72 in

Mean aerodynamic chord, 6H ...................... 5.14 in

Location of 25% "CH

F. S .............................. 44.22 in

W.L .............................. 6.62 in

B. L .... ................ .......... 5.00 in

Taper ratio. H .................................. .50

Aspect ratio, ARH ....................... ........ 4.50

Airfoil section .......................... ........ 63A008

Leading edge sweep, ALE .................... 13.40 deg

Quarter chord sweep A C.HA ............. 8.86 deg

Vertical Tail:

Span (centerline), b .............................. 11.00 in
Ve

Sran (exposed), b.................9. 00 in
Ve

Area (exposed), SV .............................. 71. 10 in 2

Me-an aerodynamic chord (exposed), Zv ............. E.66 :n
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TABLE I-L MODEL PROPERTIES AND DIMENSIONS (CONTINUED)

Location 25% V

F. S ............................... 43.93 in

W. ............... ........... .... 7.25 in

BL ................ ......... 0. 00 in

Taper ratio (exposed), Xv .................. . ....... .26

Aspect ratio (exposed), AR .-........... 4.........4.56

Airfoil scetion . ......... .. .... ... o . .. ........ 63A008

Leading edge sweep, A ......................... 42.9 deg

Quarter chord sweep, A v ...................... 34.0 deg

Flap:

Span, bF ...... ..................... 0.65 wing span

Chord, oF -........ ........................... o .0.25 local wing
chord

Deflection, 6 F ......... ....................... 45, 0 deg

Airfoil Section
FLAP ORDINATES

X/C Yu/C Ye/C

0 .9350 -.0350
.0125 .0544 -.0194

D25C 0650 -.0150
.0500 .0788 -.0094
.0750 .0888 -.0063
.J000 .0950 -.0013
.1500 .1069 -.0003
.2000 .1138 0
.3000 .1169 0
.4000 .1/J8 0
.5000 .1050 0
.6000 .0913 0
.7000 .073 0
.8000 .0525 0
.9000 .0281 0
.9500 .0150 0

1t0000 .0013 0

Overlap .......................................... 0.01 c

Gap ... ..........*o......... ...................... 0.02 c

Location of mom,- c ,'er:

F. S ................................ 23.82 in

W. L ............................... 0.00 in

B. L ...................... .. 0.00 in
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TABLE ITV. WING PRESSURE PORTS

Port Numbers
Ch-3rd Sudfa Spanwise Loca~im W(b/2)

% .25 .39 .52 .80

0.0 - 1 24 47 70

U 2 251.0 L 13 36

U 48
1.5L

L 59

U 3 26 49 712.5 U 14 37 60 81

U 4 27 50 72
5.0

L 15 38 6. 82

U 5 28 5i 73
10.0 L 16 39 F2 83

U 6 29 52 74
L 17 40 63 84

U 7 30 53 7525.0 L 18 41 64 85

U 8 31 54 7640.0
L 19 42 65 86

U 9 32 55 77
55.0

L 20 43 66 87

7 U 10 33 56 7870.0
L 21 44 67 88

U 11 34 57 7985.0
L 22 45 68 89

U 12 35 58 80
95.0

L 23 46 69 90

Note: U - Upper Surface
L - Lower Surface
* - Nacelle Centerline
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Angle of Angle of
LVeloEty AUack Sideslip

SRa~oDegrees Degrees

UnoWere 0 to 20 0

0.3 Oto20 0

0.2 0 to 20 0

0.1 Oto20 0

0 to 0.*/0.5 0 0

0 to 0.3/0.5 10 0

Unpowered 0 -12 to 12

0.3 0 -12 to 12

0.2 0 -12 to 12

0.1 0 -J2 to 12

0 to 0.3/0.5 0 -8

0 to 0.3/0.5 0 8
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TABLE 1-VI. TSTr (ODX)NX1

EJECTORS EECTORS LIFT JET
3.67-hich D Nozzles 4.5-inch D Nozzles 2.25-inch D Noz_-le

HIG "7MRUST LOW THRUST

V/Vj Q T V/Vj Q T V/Vj Q T V/Vj Q T

pd lb -pd 3, pef Mb pd RD

0.00 0.00 140 0.00 0.00 aO 0.00 0.00 177 0.00 0.00 80
0@J0 4.76 140 0.10 2.86 80 0.10 4.00 177 0.10 14.4- 80

0.15 10.71 140 0.15 6.43 80 0.20 16.00 177 0.15 32.60 80

0.20 1L9.05 140 0.20 11.40 80 0.30 36.00 177 0.20 57.96 to

0.25 29.76 140 0.25 17.86 80 0.39 60.0!) 177 0.20 26.67 37

0.30 42.86 140 0.30 25.?0 80 0.25 41.66 37

0.40 60.00 110 0.40 45.60 80 0.30 60.00 37

0.50 60.00 70.5 0.45 58.00 80

0.50 71.40 80

LIFT JET WITH EJECTORS, 3.67-inch D NozzJes

TOTAL EJECTOR LIFT JET

V/IV Q T V/V. T V/V J T
p b Ib

0.00 0.00 188 0.00 140 0.00 48

0.09 4.76 188 0.10 14u 0.07 48

0.14 10.71 188 0.15 140 0.11 48

0.19 19.05 188 0.20 140 0.15 48

0.24 29.76 188 '., 1  140 0.19 48

0.28 42.86 188 0.30 140 0.22 48

0.38 ,0.00 143 0.40 110 0.32 32.5

0.50 60.00 84,2 0.50 70.5 0.49 13.7

190



vwaI ccIiGURATIO

c'. 13 d

do A. IA

LIFT JET AS As AT

IFOR • VETO O°F A A A
45 0 A A A
900 AB AT ABI A

AFT VECTOR DES 00
S450 A

S90°0 AB A A

A.FT VECTOR 4.50 90°0 A

LIFT ABFOiR VECTOR DEF 90°0A

LIFT JET& 0A

3 3

note: t longitudinal data

F lateral! data

T- stabilator effectiVemess

TABLE I-VII. TEST PROGRAM SUMMARY
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Wing-Body-Nacelle, Forward Small Nozzles, 6.j 900
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Wing Body Nacelle, Forward Small Nozzles, 6 = 9O
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APPE1 Ir

BALANCE CORRECTIOKS AND CAUBRA11OC

Calibration of the basic balane -as performed by NASA-- Lanley using well

established procedures. The effects of tL- air supply line, which spmned The balance,

were determined by loading of the balance both with and without the airline Wing the

rfune 3eries of loads. A matrix of correction coefficients was then derived which

caused the corrected airline-on loads to match the measured airlire-off or applied

loads. The loads were applied through the use of a complex device utilizing a system

of weigh pans, fulcrums, and levers. The resulting correction factors are shown

below. The 6 x 6 matrix indicated in Appenoux I is shown here as two 3x3 matrices

as longitudinal and lateral components were not found to interact.

Corrected -Correction Measured Loads
Loads Matrix Airline-On

N 1.0 0 -. 0021 N

A -. 0019 1.002 -. 0014 A

M 1 .056 -. 0115 1.107 M
C1 1 I Bal

x 1.025 -. 0181 0 Mx

M = -. 0592 1.085 0 M
z z

Y .0008 -. 0014 .9960 BaC Y Bal

Because of initial difficulties in obtaining the longitudinal corrections shown

above, a second loading of normal force and pitching moment was made with the use

of a bar and moving weight pan. This resulted in a different set of longitudinal

corrections. Interactions due to axial force were taken from the previous :oading.

N .9945 0 -. 00198 N

A .01167 1.002 -. 00316 A

M .27 0 1.109 M
Y 02 C Bal
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Tms umartr dMkrs slgaffimfity from the orightal in the callbratics of cot recd
axial ft 1 pitching io, momt The pueNcg moma difference wood came norml
forews bs oalear approxinae .2 h faxrter forward if the second a 'ris md i

prefer n c e first e use of the seaoud matixf vodd also iticatse imcie-eu

drag with positive norm force d decreed drag wit positive pitching moment uten
compared wilt data reduced by the first matri.

The ea matrix has been used ID reduce the data presented in this report

became more experience was available with the method of loading. In addition, the

second matrix g•ae better results on the positio of a small test weight and it

indicated that the lift jet center of pressure, which was not constant, approached the

geometric center of the exit at higher thrusts as opposed to moving away. However,

the results of these checks were not colclusive. "be matrix below indicates the final

matrix of correction coefficients K.

.9945 0 -. 00198 0 0 0

.01167 1.002 -. 00316 0 0 0

K .27 0 1.109 0 0 0

0 0 0 1.025 -. 0181 0

0 0 0 -. 0592 1.085 0

0 0 0 .0008 -. 0014 .9960

The matrix shown below will convert the longitudinal data presented in this report

to the form it would have had if the original corrections wer.- used.

N 1.0055 0 -.0001 Nj

A -. 014% 1.000 .0016 A

M -. 213 -. 0315 .9975 Mj
YC1  C2

Nominal accuracy of the basic balance is indicated bdlow.

Component N A Y Mx My Mz
Accuracy - lb or in.-Ib ±2.5 ±1.0 ±1,5 ±5 ±15 j :10
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APPENMIX MI

EFFECT OF FORWARD SPEED ON

EJECTOR JET ENGINE SIMULATORS

In order to investigate the effect of forward speed on the thrust of the ejector jet

engine simulators, the bellmoiih used during static calibration was atacled to the

ejector unit fiomted in the test section. The inlet mass flow varation with forward

speed was then determined. The effect of forward speed on inlet mass flow is shown

in Figure -Ml. The champs shown are small, less than six percent, and may reflect

changes in the effective area of the bellmouth which was calibrated under static condi-

tions.

If the thrust of the ejectors is assumed to vary with the square of the total mass

flow, the change in thrust may be computed.

T _ _AiU;) U; w

The computed change in thrust du- to forward speed is shown below. The maxi-

muim thrust change occurs at the highest forward speed.

Nozzle To, lb T Max Q, psf

136 1.026 0 - 60

Small Forward 105 1.026 0 - 60

6j = 900 s0 1.059 0- 70

60 1.061 0 - 60

Large Aft 178 1.001 0 -60
61 = 90g 178__.001 _0_-__0

A greater change occurs at lower thruist levels because of the larger ratio of

secondary to primary flow.
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The maximum thrust errors are of a magnitude less than twice the ncmiial

securacy of the normal force beam, mad the maximum pitching moment errors are of

the same relative mapitede. Correction for the errors would be significant only at

the higher velocity ratios tested. At maximum dynamic pressures correctioi would

result in a three percent reduction in velocity ratio and a six percent reduction in

thrust - lomdized data. As the majority of data show a positive slope at high

velocity ratios, the effect is minimized, because the corrected datum tends to move

along the established curve.
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APPENDIX IV

NORMAL FORCE AND PITCHING MOMENT IN THE
LIFT JET WAKE

The jet model includes no mechanism which will account for the wake region

behind the jet. Consequently, calculations utilizing the jet flow field program are not

in good agreement with test data in this region. As indicated in Section III the wake

region contributes the major part of the loads on the fuselage so that it is desirable to

have some method for estimating the integrated force and pitching moment for this

region.

To enable estimates of the fuselage loads in the wake behind the lift jet to be

made, it has been assumed that the difference between test data and calculations in

this region is the same as the difference between test data and calculations for the

component model of Reference 99.

Thus, for example, if the fuselage is at zero degrees angle of attack and sideslip,

the wake contribution to the interference lift, A Li, is given by

ALL = ý. ( U40  JJa() SW'iE

WAkE_

in which T is the jet thrust. This double integral has been evaluated for a range of

position along thn test fuselage and is shown in Figure IV-1.

The wake contributions to pitching moment may be determined in a similar man-

ner. The results, for the three velocity ratios .125, .2, .3 are shown in Figure IV-2.

The moment axis has been taken through the center of the iet.

In Section III adjustments to the calculaticns have been made to account for the

jet wake effect. The jet wake contributions were obtained from Figure IV-1 for a

wake length of 13. 5 jet diameters.

225



C-3 F

0 0 0

(L)Z

z

o

0

0

0 E-40

C4 1 0 0

226



'I E-4

00 0
I--

0

E-

0

00

2277



REFERENCES

1. Daaek, G. L., "Body Jet Interference Lift Data," NRL-A-769, Northrop Memo

No. 3744-67-33, Northrop Corporation, Narair Division, 1967.

2. Gregory, N., Raymer, W. G., Love, E. M., "The Effect of Forward Speed on

the Inlet Flow Distribution and Performance of a Lifting Fan Installed in a Wing,"

Aeronautical Research Council, R&M 3388, June 1962.
3. Aoyagi, K., Hickey, D. H., Desavigny, R. A., "Aerodynamic Characteristics

of a Large-Scale Model with a High Disk-Loading Lifting Fan Mounted in, the

Fuselage,," NASA TN D-775, October 1961.

4. Hickey, P. H., Hall, L. F., "Aerodynamic Characteristics of a Large Scale

Model with Two High Disk-Loading Fans Mounted in the Wing," NASA TN D-1650,

February 1963.

5. Margason, R. J. Gentry, G. L., "Aerodynamic Characteristics of a Five-

Jet VTOL Configuration in the Transition Speed Range," NASA TN D-4812,

October 1968.

6. Trebble, W. J. G., Williams, J,, "Exploratory Wind Tunnel Investigations On

a Bluff Body Containing a Lifting Fan," Aeronautical Research Council CP 597,

1962.

7. Anon, "Wind Tunnel Test Report, Lift-Fan Powered Scale Model," G.E. Report

No. 137, November 1963.

8. Sacks, A. H., "Aerodynamic Forces, Moments, and Stability Derivatives for

Slender Bodies of General Cross Section," NACA TN 3283, November 1954.

9. Hoerner, S. F., Fluid Dynamic Drag, 1958.

10. Loftin, L. K., Jr., and Smith, H. A., "Aerodynamic Characteristics of

15 NACA Airfoil Sections at Seven Reynolds Numbers from 0. 7x 106 to

9.0x 106 ,' NACA TN 1945, October 1949.

11. Heyson, H. H., "Use of Superposition in Digital Computer to Obtain Wind Tunnel

Interference Factors for Arbitrary Configurations, with Particular Reference to

V/STOL Models," NASA-TR-R-302, February 1967.

12. Stevens, J. R., McDonald J. W., "Subsonic Lifting Surface Design and Analysis

Procedure", Northrop Report NOR 64-196, April 1964.

228


