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USER'S MANUAL FOR XTRAN2L (VERSION 1.2):- A PROGRAM FOR SOLVING
THE GENERAL-FREQUENCY UNSTEADY TRANSONIC
SMALL-DISTURBANCE EQUATION

David A. Seidel and John T, Batina
NASA Langley Research Center
Hampton, VA 23665

Summary

The development, use, and operation of the XTRAN2L program that solves
the two-dimensional unsteady transonic small-disturbance potential equation
are described. The XTRANZL program is used to calculate steady and unsteédy
transonic flow fields about airfoils and is capable of performing self-
contained transonic flutter calculations. Operation of the XTRAN2L code is
described, and tables defining all input variables, including default values,
are presented. Sample cases that use various program options are shown to
illustrate operation of XTRANZL. Computer Tlistings containing input and

selected output are included as an aid to the user.

Introduction

Considerable research is presently being conducted to develop
computational methods for calculating transonic unsteady aerodynamics for
aeroelastic applications. The methods are being developed to provide accurate
yet cost efficient means for calculating unsteady transonic airloads for the
prediction of aeroelastic characteristics such as flutter and divergence.
Computational developments and advances that are possible because of
improvements made in computer technology and numerical solution techniques are
described in Ref, 1.

Solutions for unsteady transonic flows about oscillating airfoils have

been made possible using computer codes such as LTRAN2,2 The original



LTRANZ2 code was developed to compute time-accurate solutions of the low-
frequency approximation of the transonic small-disturbance (TSD) equation.
Houwink and Van der Vooren3 extended the range of applicability of the
LTRAN2 code by incorporating the time-derivative terms in the airfoil and wake
boundary conditions. The resulting code was termed LTRAN2-NLR. The XTRANZL
code,4 developed at NASA Langley Research Center, is an extensive
modification of LTRAN2-NLR that includes monotone differencing, nonreflecting
farfield boundary conditions, an improved computational grid, a pulse
transient capability, and an aeroelastic transient capability. Details of the
algorithm used in XTRAN2L and the modifications made to LTRAN2-NLR are given
by Whitlow.# Details of the grid development and pulse transient capability
are given by Seidel, Bennett, and Whitlow,? The development of the
aeroelastic transient capability was reported by Edwards, Bennett, Whitlow,
and Seidel.b

The XTRAN2L program is operational at the NASA Langley Research Center on
a CYBER-175 computer wusing FORTRAN 1IV. The program uses the OVERLAY
capability to segment the program into 3 parts and reduce the field length
required to load and run the program. The program requires 120 kbytes to load
and run in overlayed form. On the CYBER-175, the program requires 0.25 CPU
seconds per time step.

The purpose of the present report is: (1) to summarize the XTRAN2L
developments of Refs. 4-6, and (2) to describe the operation of the XTRAN2L
(Version 1.2) code. The report reiterates the governing equations and program
input descriptions given in the LTRAN2-NLR user's manual,”’ and extends the
information to include the XTRAN2L modifications and improvements. A brief
description of XTRAN2L is presented first, highlighting the relevant equations
and computational procedures. Operation of XTRAN2L is described next, along

with tables defining all input variables, including default values. Finally,




application of XTRAN2L is illustrated by sample calculations for the NACA
64A010A airfoil at a freestream Mach number of 0.78 and a mean angle of attack
of 1.0°. In these calculations, various program options are used. Computer

listings containing input and selected output are included as an aid to the

user,
Symbols
a pulse amplitude in Egs. (8a), (8b) and (8c)
an distance in semichords from midchord to elastic axis
an harmonic coefficient in Eq. (7)
A coefficient defined in Eq. (2a)
b semichord, c/2
bn harmonic coefficient in Eqs. (6a) and (6b)
B coefficient defined in Eq. (2b)
C chordlength
Ca axial force coefficient
Cn normal force coefficient, positive up
Cn¢ control surface normal force coefficient, positive up
Cm pitching moment coefficient about pitch axis xp, positive nose
down
Cme control surface moment coefficient about hinge line xp,
positive trailing-edge up
Cy distance in semichords from midchord to hinge axis
o coefficient defined in Eq. (2c)
Cp pressure coefficient
CPu upper surface pressure coefficient
sz lower surface pressure coefficient
C; critical pressure coefficient



re

r3

instantaneous position of airfoil, defined in Eqs. (4a) and (4b)
airfoil contour
chord deformation

amplitude of harmonic chord deformation

plunge displacement of elastic axis nondimensionalized by semichord,
positive down (used for aerocelastic motion)

function for forced harmonic motion

reduced frequency, wb/U

stiffness matrix, defined in Eq. (10b)

airfoil mass per unit span

local Mach number

freestream Mach number

mass matrix, defined in Eq. (10a)

arbitrary motion specified by the user

radius of gyration of airfoil about elastic axis
radius of gyration of control surface about hinge line

parameter to turn on/off time dependent term in airfoil boundary
condition, defined in Eq. (3)

parameter to turn on/off time dependent term in airfoil wake
condition, defined in Eq. (12)

parameter to turn on/off time dependent term in Cp and Mach
number formulas, defined in Eqs. (14) and (16) ’

scaled time, kT

nondimensional time for print and plot output, krt
time, (sec.)

time at pulse center in Eqs. (8a), (8b) and (8c)
freestream speed

flutter speed

aerodynamic load vector for aeroelastic motion, defined in Eq. (10d)




Poo

parameter that controls pulse width in Egs. (8a), (8b) and (8c)

streamwise coordinate relative to leading edge, measured in
chordlength

control surface leading edge location

control surface hinge axis location

pitch axis location

distance in semichords from elastic axis to center of mass

distance in semichords from hinge axis to control surface center
of mass

displacement vector for aeroelastic motion, defined in Eq. (10c)

coordinate normal to freestream, measured in chordlength,
positive up

nondimensional plunge displacement, positive up (used for forced
harmonic and pulse motions)

harmonic plunge amplitude

pitch motion, positive nose up

mean angle of attack

harmonic pitch amplitude

control surface motion, positive trailing edge down
control surface mean def]ectidn angle

control surface harmonic amplitude

ratio of specific heats

1ifting pressure coefficient

time step size

airfoil maximum thickness-to-chord ratio

integral of state-transition matrix, used for aeroelastic motion
airfoil mass ratio, m/mpwb?

density

freestream density



T nondimensional time, UT/b

$ disturbance velocity potential

[¢] state-transition matrix, used for aeroelastic motion

@ angular frequency

wh uncoupled natural frequency of plunge, rad/sec

We uncoupled natural frequency of pitch, rad/sec

wg uncoupled natural frequency of control surface deflection, rad/sec

Description of XTRAN2L

The XTRANZL code is used to calculate time-accurate, finite-difference
solutions of the nonlinear, small-disturbance, potential equation for
two-dimensional transonic flow. The code can be used to calculate steady and
unsteady transonic flow fields about airfoils and is capable of treating
forced harmonic, pulse, or aeroelastic transient type motions. In this
section, the XTRAN2L code is described including the relevant equations and

computational procedures.

Transonic Small-Disturbance Equation

The flow field is described by the complete unsteady transonic small-

disturbance equation

A*Ptt + Bq’xt = C¢ + ¢ (1)

XX ZZz

where ¢ is a disturbance velocity potential scaled by c[aMi (v* + 1)]2/3,

2

o ?

y* = 2 - (2 - yY)MZ, and the spatial coordinates x and z and time t are

normalized from the physical quantities by c, c/[SMi (v* + 1)]1/3 and k'l,

respectively. The coefficients A, B, and C are defined as




2,2 ,2,°2 2/3

A=c” kM [mi(w-+1ﬂ (2a)
B=2ck M/ [ (v +1)]%3 (2b)
C = (1-M2)/[aM2 (v+ + )13 2 M2 (v + 1), (2)

A time-accurate alternating-direction implicit (ADI) finite-difference scheme
is used to solve Eq. (1). Details of the ADI algorithm are given by
Whitlow.4

Airfoil Boundary Condition

The airfoil flow tangency boundary condition? is

+ +

0, = f o+ fy (3)
where
£ = fo(x) +g(x,t) + 2(t) - at) [x - x.] +p(x,t) 5 x <x (4a)
and
f = fo(x) +9(x,t) + 2(t) - alt) [x - x| +p(x,t)
- 8(t) [x - x ] 5 x 2% (4b)

In Eq. (3), rp is a parameter specified by the user to be either 0 or 1.
The low frequency airfoil boundary condition is selected by setting rp to be
equal to zero. In Eqs. (4a) and (4b), fy(x) describes the airfoil contour,
g(x,t) is the chord deformation, and Z(t), a(t), and B(t) are the
nondimensional plunge displacement, pitch, and trailing edge control surface
deflection, respectively. Three types of motion may be analyzed using XTRAN2L
as described below. The motion types are forced harmonic, pulse, and
aeroelastic. The capability for specifying an arbitrary motion is provided

through the use of the function p(x,t).



Forced Harmonic Motion., - Typically, unsteady aerodynamic forces are

determined by calculating several cycles of forced harmonic oscillation with
the last cycle providing the estimate of the forces. Following Ref. 7, the

equations describing forced harmonic motion are

g(x,t) = g,(x) H(t) (5a)
Z(t) = 7, H(t) (5b)
a(t) = o + a) H(t) (5¢c)
B(t) = B) + By H(t) (5d)

where a5 and By are the airfoil mean angle of attack and control surface
mean deflection angle, respectively; gj(x) is the amplitude of harmonic
chord deformation, and Z;, a1, and 87 are the amplitudes of harmonic
plunge, pitch, and control surface motions, respectively. Two alternatives

exist for the definition of the harmonic function H{(t). The first definition

is
N 2
H(t) = ] bn sin“nkt ; 0< t< (6a)
n=1 2nk
N . m
H(t) = nzl b, sin nkt ;T > 5o (6b)

where N is the number of harmonics to be selected by the user. Equation (6a)
js used to provide a smooth start over the first quarter period of each
harmonic which reduces the starting transient. The second definition for H(t)
is

H(t) =

a cos nkt ;3 1> 0 (7)
n n

w12
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Real and imaginary parts of the unsteady aerodynamic forces in the
frequency domain may be determined two ways. First, the method used in the
LTRAN2-NLR code was retained. This method calculates the coefficients of the
first harmonics of the airloads based on information from each quarter period
of the last cycle of harmonic motion. The procedure assumes that the time
histories of the normal force and moment coefficients are periodic and simple
harmonic., The relevant equations are presented in Ref. 7. In the second
procedure, Fourier analyses of the last cycle of motion are performed to
determine all relevant harmonic components. This procedure is the preferred

method since the only assumption is that of periodicity.

Pulse Motion. - As an alternative to calculating unsteady aerodynamic

forces by forced harmonic oscillation, the unsteady forces may be obtained
indirectly from the response due to a smoothly varying, exponentially shaped
pu]se.5 In this procedure, the airfoil is given a small prescribed pulse in
a given mode of motion and the aerodynamic transients are calculated. For

plunge motion, the input pulse is given by

2
Z(t) = ae™ (T -7 (8a)
for pitch motion, the input pulse is given by
(T =T )2
a(t) = o, + ae c (8b)
and for control surface motion, the input pulse is given by
w (T -T)°
B(t) = B, + ae c (8c)

where a is the pulse amplitude, w is a parameter that controls the pulse

width, and T. is the time at the pulse center. The pulse width is inversely



proportional to w, such that as the value of w increases, the width of the
pulse decreases. To ensure adequate resolution of harmonic components up to a
reduced frequency of k = 2.0, the product of the chosen values of w and AT2
should be near the product of the default values. The harmonic response is
obtained by a transfer-function analysis using fast Fourier transforms (FFT).
Specifically, the aerodynamic forces in the frequency domain are determined by
dividing the FFT of the time histories of the output normal force and moment
coefficients by the FFT of the input airfoil pulse motion. The calculation is
performed external to the XTRAN2L code as a separate job step and thus the
post-processing program is not included within XTRAN2L. Use of the pulse
transfer-function analysis gives considerable detail in the frequency domain
with a significant reduction in cost over the alternative method of
calculating multiple oscillatory responses, as shown in Fig. 13 of Ref. 5. As
an example, Fig. 1 shows a pitch pulse input (Fig. 1(a)), a typical normal

force coefficient output (Fig. 1(b)), and the resulting unsteady forces (Fig.

1(c)).

Aeroelastic Motion. - An aeroelastic transient capability is available

within XTRAN2L wherein the structural equations of motion are coupled with the
aerodynamic solution procedure for simultaneous time-integration. The
equations of motion for a three degree-of-freedom (plunge, pitch, and control

surface motions) aeroelastic system may be written as

2
M] (%} + (K] {x} = 55 (B) {u} (9)

where [M], the mass matrix, [K], the stiffness matrix, {x}, the displacement

vector, and {u}, the aerodynamic load vector, are defined as

10




1 X, XB
: 2
[M] = X,, re (cgmap)x, + rg (10a)
2 2
Xg (Cd'ah)xﬁ + Fs rs
wrz‘ 0 0
2 2
k] =] o re o 0 (10b)
2 2
0 0 r‘B wy
) h
{x} = a (10c)
B8
-(c. -c_ )
n n,
{U} = 2(Cm - Cmo) (].Od)
2(c_ -c¢c_ )
m m
Fo0,

The dot (+) above a variable denotes differentiation with respect to time T,
and the structural parameters appearing in Egs. (9) and (10) are defined in
Fig. 2. In the aerodynamic load vector, the steady-state coefficients
Cngs  Cmgs and Cme are subtracted from the total coefficients.

Thus the aeroelastic response (i.e., h(t), a{t), and B(t)) represents motion

11



about the steady-state condition. Aeroelastic equations of motion for any of
the three possible two degree-of-freedom systems are determined by deleting
the appropriate rows and columns in Egqs. (9) and (10).

The aeroelastic response is determined by numerically integrating the
equations of motion 1in time using a structural integrator based on the
state-transition matrix.6 More specifically, the time-integration of Eq.
(9) is performed by advancing the aeroelastic solution from time level n to
time level n+l using an algorithm described by

[ n+l n
QRN L) —1-(%)2.[6] o [% {u}" - %{u}"'l] (11)
(%} {x} M1

where [¢| and [9] are the state-transition matrix and its integral matrix,
respectively. These matrices are functions of the aeroelastic parameters and
are computed within the XTRAN2L code. Details of the aeroelastic solution
procedure may be found in Ref. 6. In general, several aeroelastic responses
are calculated for a range of freestream speeds, U, at a given Mach number.
The values for U are selected such that stable (converging) and unstable
(diverging) responses result. The flutter speed Up, where the damping is'
zero, is calculated by interpolating the critical damping of the responses.
Damping of the aeroelastic transients is typically determined using the modal
identification program of Bennett and Desmarais.8 The program uses complex
exponential functions and a least-squares curve-fitting technique to estimate
damping, frequency, magnitude, and phase of the aeroelastic modes from the
transient responses. This calculation is performed as a separate
post-processing job step and thus the program of Ref. 8 is not included within

the XTRAN2L code.

12




Wake Condition

The wake is represented as a slit downstream of the airfoil trailing

edge. Along the slit the condition’
[¢x] + r2[¢t] =0 ;z=0,x>1 (12)

is imposed, where | ] denotes the jump in the indicated quantity across the
wake. The parameter rp is specified by the user to be either 0 or 1. The
low frequency version of the wake condition is specified by setting ro to be

equal to zero.

Nonreflecting Farfield Boundary Conditions

The LTRAN2 and LTRAN2-NLR codes use steady-state farfield boundary
conditions which cause disturbances to be reflected from the computational
boundaries. The boundaries were éubsequently located far away to minimize the -
possibility of disturbances reflecting back into the flow field and
contaminating the solution. Therefore, nonreflecting farfield boundary
conditions were developed and implemented in XTRAN2L by Whitlow.4 These
boundary conditions, consistent with the TSD equation (Eq. (1)), are

summarized in Fig. 3, taken from Ref. 4.

Pressure Coefficient and Mach Number

The pressure coefficient Cp, may be calculated using either of two

formulae.’ The exact expression is given by

2 Y
C. = (p'-1) (13a)
P Ml

(-

where
1

-1 42 2 2 -1
o= [1- w2 (20 + of + o2+ 20)] " (13b)

2

13



The linearized TSD approximation is given by

Cp = _2(¢px + r1r3q>t) (14)

The 1local Mach number M, may also be calculated by either of two

formulae.” The exact expression is

22 (1) + o7
ME = MS 1 (15)
P
and the linearized TSD approximation is
2 2 2
M = M [1 4+ (v* + 1)¢X + r1r3(y - I)qu’t] (16)

The user may also select 1low-frequency versions of the linearized
equations, Eq. (14) and Eq. (16), whereby the time-derivative terms are
omitted, This is done by defining the product ryr3 to be equal to zero.

Otherwise the product rir3 is set equal to unity.

Normal Force, Axial Force, and Pitching Moment Coefficients

For the airfoil, the normal force coefficient <¢,, axial force

coefficient c3, and pitching moment coefficient ¢y, are defined as

1

¢, = -J ACp dx (17a)
0
1

= c f,  -C f d b

<, j‘ ( o, %, b, Xz) X (17b)
0
1

Cp = -j ACp (x - x.) dx (17¢)
0

14




where aCp = CPu - sz, and the subscripts u and & denote the upper
and lower airfoil surfaces, respectively.
For the control surface, the normal force coefficient Cngs and

pitching moment coefficient Cme are defined as

1

cnf = -J ACp dx (18a)
Xs
1

cmf = j 6 (x - x) dx (18b)
Xg

By substituting Eq. (14) for the pressure coefficients appearing in Egs.

(17) and (18), and evaluating several of the integrals by parts leads to

1
Cp = 2 Bopp + 2r1r3j Ag, dx (19a)
0
1
= c. f, - f d
Ca X ( p, T, sz x2) X (19b)
0
1 1
Cp = 2 (1 - Xr)_ Agrp + ZJ Ap dx + 2r1r3j A9y (x - xr) dx (19¢)
0 0
for the airfoil, and
1
cnf =2 A‘:’TE -2 Aq>xf + 2r1r35 A¢t dx (20a)
X¢
1
cInf =2 (1 - xh) Adpp - 2 (xf - xh) A¢xf+ 25 A¢ dx
X
f
1
+ 2r1r3 j Ay (x - xh) dx (20b)
g

15



for the control surface. In Egqs. (19) and (20), a¢ = ¢y - o5, and 49T
and A¢xf are the values of A¢ at the airfoil trailing edge and control
surface leading edge, respectively. In XTRAN2L, the normal force, axial
force, and pitching moment coefficients are calculated using Egs. (19) and
(20) when the linearized equation is selected for the pressure coefficient
(Eq. (14)). This 1is computationally more accurate than integrating the
1ifting pressure coefficients as indicated in Egqs. (17) and (18). Note that
if a particular case has no control surface then xf = xh = 1 leads to

Operation of XTRAN2L

General Information and Input Data

In this section, general information is given on the operation of XTRAN2L
including input data and recommended operating procedures. Data to define
the problem and control program execution are defined using six namelists.
The input data consists of a single TITLE card followed by the six namelists

in the following order:

AERQOEL - Definition of airfoil motion and aeroelastic parameters
INPUT - Definition of program solution parameters and constants
MESH - Definition of user-input extended fine grid

AMPLI - Definition of periodic time-dependent airfoil motion
ORD - Definition of airfoil geometry

COND - Definition of airfoil chord deformation

Namelists INPUT, MESH, AMPLI, ORD, and COND have been retained from the
LTRAN2-NLR code. A new namelist, AEROEL, has been added to allow for

specification of the type of airfoil motion (forced harmonic, pulse,

16




aeroelastic, or no motion) and for input of pulse or aeroelastic parameter
values. Tables 1-6 list the parameters input in each namelist and give a
short description of each parameter including its default value. The tables
are presented in the same format as that of the LTRAN2-NLR user's manual,’
Any parameter not explicitly defined in a NAMELIST statement assumes its
default value.

To start the solution of the unsteady flow equation, the program requires
an initial, steady-state solution for the flow field at T = 0. The
steady-state solution can be calculated in one of three ways which are
selected using the IREADAparameter in namelist INPUT. The first method is to
define the initial flow field as an undisturbed stream (IREAD = 0). The
second method is to solve for a steady-state solution using a successive
line-overrelaxation (SLOR) scheme (IREAD = 1), The third method is to solve
for a steady-state solution using the unsteady TSD scheme, termed the
"unsteady solver", with no airfoil motion (IREAD = 0 and IRESP = 5). Once a
converged steady-state solution has been achieved, the program is then
restarted using the converged solution as the initial condition (IREAD = 5).
The SLOR solution procedure normally involves using a sequence of three
default grids defined as coarse, fine, and extended fine, to accelerate
convergence. The default extended fine grid used in XTRANZ2L was developed to
increase the accuracy.of the unsteady solution while decreasing the number of
grid points used in the LTRAN2-NLR code.5 Grid point Tlocations for the
default extended fine grid are listed in Table 7. The grid distribution in
the vicinity of the airfoil is shown in Fig. 4. The coarse and fine grids
were defined to be subsets of the extended fine grid. The user may choose to
use the default extended fine grid or input a new extended fine grid using

namelist MESH.

17



Calculating steady solutions using the unsteady solver requires starting
from an initial undisturbed stream and solving the unsteady TSD equation for
no airfoil motion until a converged steady-state solution is reached. A1l
computations using the unsteady solver are performed on the extended fine grid
only. Experience has shown that for most cases the unsteady solver converges
to a steady-state solution as fast or faster than the SLOR algorithm. Use of
the unsteady solver is the preferred approach since for lifting cases the two
algorithms converge to slightly different steady-state solutions.b For
consistency with the unsteady solution it is therefore recommended that the
steady-state starting solution be calculated using the unsteady solver.

The unsteady solver can solve three combinations of the TSD equation and
boundary conditions. These are denoted as the LTRAN, HYTRAN, and EXTRAN
options. The equation set to be solved is chosen using the IEQFLAG parameter
in namelist AEROEL. Selecting the LTRAN option gives the low-frequency
approximation to the complete unsteady TSD equation (Eq. (1)) by defining the
coefficient "A" in the equation to be zero. In addition, the time-derivative
terms in the airfoil and wake boundary conditions (Egqs. (3) and (12),
respectively), and in the pressure and local Mach number equations (Eqs. (14)
and (16), respectively), are automatically deleted by the program setting the
parameters rqy and rp (variables IR and IMODFR in namelist INPUT) to be
equal to zero. Selecting the HYTRAN option defines the coefficient "A" in
Eq. (1) to be zero. The time derivative terms are included in the airfoil and
wake boundary condition equations and in the pressure and local Mach number
equations by setting rj and rp to be equal to unity. This option is the
capability implemented in LTRAN2-NLR.7 In choosing the LTRAN and HYTRAN

options, the farfield boundary conditions in Fig. 3 reduce to a set consistent
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with the low frequency approximation. Selecting the EXTRAN option defines the
coefficient "A" in Eq. (1) to be as described in Eq. (2a). The time
derivative terms are also included in the associated boundary conditions.

The unsteady solver calculates the time varying flow field by employing a
time marching solution procedure. For oscillatory cases, the time step is
implicitly defined by the user based upon the reduced frequency k, scaled

velocity U/c, and number of time steps per cycle NSPC, as

w

AT = NSPCRKFU/C (21)

For cases other than oscillatory motion, the time step is explicitly defined
by the user. In these cases, the reduced frequency k is implicitly defined
based on AT, U/c, and NSPC, using Eq. (21).

For both steady and unsteady cases, the airfoil contour is defined in
terms of the upper and lower surface slopes at the grid points, input in
namelist ORD. The program will interpolate airfoil slopes which are not
defined at the grid points and thus calculate new slopes, but this approach is
not recommended. Before running the XTRAN2L program, a pre-processor is
normally used to convert the airfoil geometry into slopes and displacements at
the grid points. This allows the user to view the geometry to be input to the
program and to take any required corrective action. This is especially true
for measured airfoil ordinates where errors or inaccuracies in the ordinates
may cause unrealistic airfoil slopes to be calculated.

The program has a restart capability designed for continuing the steady
SLOR solution or the unsteady solver from a previously saved flow field
solution. The restart capability is typically used to restart the SLOR

solution to achieve better steady-state convergence (IREAD = 3 or 4), to start
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an unsteady computation from a previously calculated steady-state solution
(IREAD = 5), or to continue an unsteady computation further in time

(IREAD = 5).

Files and Logical Units

The XTRAN2L program uses the logical units TAPE3, TAPE4, TAPES5, TAPE6,
TAPE7, and TAPE8. The logical units TAPE5 and TAPE6 are used for program
input and output, respectively. The logical units TAPE3 and TAPE4 are used
for restart files. The data to be saved for a restart is written to TAPE4 and
a restart reads the required data from TAPE3. The data is in unformatted
binary form and 1is input and output wusing BUFFER IN and BUFFER OUT
statements. The BUFFER IN and BUFFER OUT statements are called in subroutines

GETS and PUTS, respectively. The call to GETS and PUTS is of the form:

CALL GETS (INDEX, ARRAY, NELEMNT)

where,
INDEX - logical unit number
ARRAY - array of data to be input/output
NELEMNT - number of data elements to be input/output
The data is written to TAPE4 using the following FORTRAN statements:
CALL PUTS (4,BUF1,2)
CALL PUTS (4,BUF2,40)

CALL PUTS

(
(

CALL PUTS (4,BUF3,5)
(4,V00,80)
(

CALL PUTS (4,VLO,80)
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CALL PUTS (4,PTU(1,ITM1),JMAX1)
CALL PUTS (4,POU,JMAX1)
CALL PUTS (4,PTL(1,ITM1),JMAX1)
CALL PUTS (4,POL,JMAX1)
N0 704 J=1, JMAX1

704 CALL PUTS (4,P0(1,J),LMAX1)
CALL PUTS (4,PTT(1,1),4880)
CALL PUTS (4,PTTU(1),80)
CALL PUTS (4,PTTL(1),80)

where,
BUF1 - Array containing circulation value and time from last time step

BUF2 - Array containing array sizes, airfoil aeroelastic respénse
from last time step and calculated forces from last time step

BUF3 - Array containing calculated forces from last time step

VUO/VLO - Array of airfoil upper/lower surface boundary condition
values from last time step

PTU/PTL - Array of airfoil upper/lower surface potentials from the next
to last time step

JMAX1/LMAX1 - Number of points in extended fine grid in x/z, respectively

POU/POL - Array of airfoil upper/lower surface potentials from last
time step

PO - Array of flow field potentials from last time step
PTT - Array of flow field potentials from next to last time step

PTTU/PTTL - Array of airfoil upper/lower surface potentials from next to
last time step

The logical units TAPE7 and TAPE8 are used for storing results at each time
step for post-processing., If the IBUF parameter in namelist INPUT is set

equal to 1, the program outputs time histories of aeroelastic quantities,
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pressure coefficients, and forces in unformatted binary to TAPES. For
restarts, TAPE7 is provided to allow the merging of previous time histories
from a TAPE8 file onto a new file TAPE8. The program copies TAPE7 onto TAPES
and then proceeds as normal. This option is not recommended due to the large
size required to store a TAPE8 file. A blank TAPE7 file causes the program to
skip the copying step on restarts and continues with normal execution. The

data is written to TAPE8 using the following FORTRAN statements:

CALL PUTS (8,TITLE,8)
CALL PUTS (8,IINPUT,49)
CALL PUTS (8,X,NPTSARF)
CALL PUTS (8,FXU,NPTSARF)
CALL PUTS (8,FXL,NPTSARF)
DO 10 IA=1, NITER
CALL PUTS (8,BUF4,9)
CALL PUTS (8,CPU,NPTSARF)
CALL PUTS (8,CPL,NPTSARF)
CALL PUTS (8,XN,6)

10 CONTINUE

where,
TITLE - array containing 80 character title
IINPUT - array containing program variables and constants
X - array containing x coordinates of grid points on airfoil

NPTSARF - number of x-grid points on airfoil

FXU/FXL - array containing airfoil upper/lower surface
displacements at x-grid points
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NITER - number of iterations of time history data written
=] - steady solver solution only
=MAXIT - unsteady solution only, no restart
=MAXIT+1 - unsteady solution started from steady solver or
restart file

BUF4 - array containing nondimensional time and calculated force
coefficients

CPU/CPL - array containing upper/lower surface pressure coefficients
on airfoil

XN - array containing aeroelastic displacements of airfoil
The do-loop illustrated above is executed at every time step. If a restart is
performed, the first set of data written by the do-loop is for the data read

from the restart file.

Sample Calculations

Sample calculations were performed for the NACA 64A010A airfoil9 (NASA
Ames model) to illustrate various program options. Four cases were run to
demonstrate the program's capabilities. The first case is a steady-state
solution using the unsteady solver, The next three cases are a simple
harmonic pitching motion of the airfoil, an airfoil pitch pulse which is used
to calculate the generalized aerodynamic forces, and a transient aeroelastic
response of the airfoil at a condition just above the flutter speed. The last

three cases are restarted from the steady-state solution.

Steady Calculations

Results from the steady calculation are listed in Appendix A, The input
file read by the program is listed first, followed by the program output.
For brevity, the output included in Appendix A is only a partial listing of
the output generated by the program for the case run. The output shown

includes the banner page, echo of input parameters, airfoil description,
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computational grid listing and output of pressure distributions and forces
calculated at selected iterations. The unsteady solver was used to converge
to a steady flow field solution at Me = 0.78 and oy = 1.0° starting from
freestream initial conditions with no airfoil motion. The calculation was run
for 1024 iterations to ensure convergence to a steady-state solution. Airfoil
pressures and forces are printed every 128 iterations. The pressure dis-
tributions and forces listed in Appendix A are for the first and 1asti

iterations for which calculations were performed. The time listed with each
set of pressure output is a nondimensional time based on harmonic motion, €.

For harmonic motion, T is the measure of the angular position in radians in

the harmonic cycle. Also output 1is the equivalent angular position in
degrees. For other than harmonic motion, the time output can be considered as
a nondimensional time. The time histories of airfoil force coefficients and
the final pressure distributions are shown in Fig., 5. The plots were created
by a post-processihg program which reads the TAPE8 file and wuses the

information to generate appropriate plots for the case run.

Unsteady Calculations

Forced Harmonic Motion. - Results from a forced harmonic oscillation of

the airfoil in pitch are listed in Appendix Bl. The input file is listed
first, followed by selected program output. The airfoil was oscillated for
four cycles about the quarter-chord at a reduced frequency of k = 0.075 with
an amplitude of oy = 0.5° about the mean angle of attack oy = 1.0° The
flow field was calculated in 1° increments of a cycle of motion. Included in
the output are the pressure distributions for the first and last iterations
and time histories of the airfoil forces for the last cycle of oscillation.

In the output, the pitching moment coefficient, normal force coefficient, and
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control surface moment coefficient are labeled as "CM", "CN", and "CMF",
respectively. A Fourier analysis of the forces is performed using the last
cycle of airfoil motion and the first nine harmonics are output. The real and
imaginary components of the forces, labeled as "RE" and "IM", respectively,
are scaled by the amplitude of the motion (in radians for both airfoil pitch
and control surface motions). Also included in the harmonic quantities output
is a measure of the amount of higher harmonic components in the force time
histories, labeled as "ECM", "ECN", and "ECMF". The quantities are defined as
the magnitude of the nth harmonic component divided by the magnitude of the
fundamental, or first harmonic component. The zeroth harmonic is defined as
the mean or average value.

The first five harmonics of the airfoil pressures calculated for the last
cycle of motion are included in Appendix Bl for reference. The pressure
harmonics are calculated by a post-processing program using the information
stored on TAPE8. The time histories of the airfoil motion and corresponding
force coefficients are plotted in Figs. 6{(a) and 6(b), respectively. Figures
6(c)-6(f) show the mean pressure distribution and the first harmonic pressure

distributions calculated by the post-processor.

Pulse Motion. - Results from an airfoil pitch pulse are Tlisted in

Appendix B2. The input file is listed first followed by selected program
output. The airfoil was pitched about the quarter-chord with maximum
amplitude of a = 0.5° from the mean angle of attack of oy = 1.0°. The
exponential pulse was centered at iteration 30, and the unsteady solver was
run until the flow field returned to the steady-state condition., It is
important to ensure that the flow field returns to steady-state conditions in
order to allow accurate calculation of the generalized aerodynamic forces.

The pressure distributions for the first and last iteration are listed.
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Included in the output are the generalized aerodynamic forces calculated by a
post-processing program from the information contained on TAPE8. The time
histories of the airfoil motion and resulting force coefficients are plotted
in Figs. 7(a) and 7(b), respectively. Figures 7(c) and 7(d) show the

generalized aerodynamic forces calculated by the post-processor.

Aeroelastic Motion. - Results from aeroelastic motion of the airfoil are

listed in Appendix B3. The input file is listed first followed by selected

program output. The aeroelastic parameters used were the program default

values: ap = =-2.0, x4 = 1.8, ro = 1.865, u = 60.0, uwj 100.0
rad/sec, and wy = 100.0 rad/sec. The default values are those of Case A of
Isogail0 which were chosen to have normal modes similar to those of a
streamwise section near the tip of a sweptback wing. The wind-off coupled
plunge and pitch frequencies are 71.3 and 535.7 rad/sec, respectively. The
pivotal point for the plunge mode is located 1.44 chordlengths forward of the
leading edge; the pivotal point for the pitch mode is Tlocated 0.068
chordlengths ahead of midchord. For the sample aeroelastic calculation
presented here, the scaled velocity U/c was set equal to 330.0, which is
slightly above the flutter speed of the NACA 64A010A airfoil at M = 0.78 and
a9 = 1.0°. The program automatically calculates the state-transition matrix
[¢] and its integral matrix [6] in Eq. (11) from the aeroelastic quantities
input in namelist AEROEL. The output from this calculation is included in

Appendix B3. The [¢] matrix is labeled in the output as "PHI" and the

“THETA*B-PRIME" matrix is defined as

1 ,U,2 0
THETA*B-PRIME = == (§)° (o] 0] (22)

M1

The "I1.C. VECTOR" listed in the output contains the initial values used for

the aeroelastic displacement vector {x}. The pressure distributions output
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for the first and last iterations are included in the Appendix. The time
histories of the airfoil motion and corresponding force coefficients are
plotted in Fig., 8. As shown, the airfoil motion is slightly divergent for the

case selected.
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Table 1.

Description of input parameters to NAMELIST AEROEL.

PARAMETER

VARIABLE

DEFAULT

DESCRIPTION

IRESP

NELAST

uc

XMU
DELT

IEQFLAG

AMPLTD
WDTHPLS
TZEROST

XALPHA

XBETA

RALPHA

RBETA

U/c

AT

0

100.0

60.0
.002618

.017435
10000.0
17.5

1.8

.020833

1.865

.027169

Selects type of airfoil motion

0 - Harmonic oscillation
Aeroelastic transient response
Plunge pulse transient response
Pitch pulse transient response
- Control surface pulse transient
response

No airfoil motion allowed

PHWN =
]

5

Selects type of aeroelastic motion

1 - 2-DOF, plunge and pitch

2 - 2-DOF, plunge and control surface

3 - 2-DOF, pitch and control surface

4 - 3-DOF, plunge pitch and control
surface

Scaled freestream velocity, used to
define time step aT (IRESP = 0) or
reduced frequency k (IRESP # 0), Eq.(21)
Airfoil mass ratio

Time step (sec), calculated by program
using Eq. (21) if IRESP = 0

Selects equation set

1 - LTRAN option

2 - HYTRAN option

3 - EXTRAN option

Amplitude of pulse transient
Exponential constant for pulse

Center of pulse (iterations)

Nondimensional distance from elastic
axis to airfoil center of mass

Nondimensional distance from hinge
Tine to control surface center of mass

Radius of gyration of airfoil about
elastic axis

Radius of gyration of control surface
about hinge line
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Tabte 1. Concluded.

PARAMETER VARIABLE | DEFAULT DESCRIPTION

OMEGAH Wy 100. Uncoupled natural frequency of plunge

OMEGAA W, 100. Uncoupled natural frequency of pitch
about elastic axis

OMEGAB Wy 500. Uncoupled natural frequency of control
surface deflection about hinge line

AH 2, -2. Nondimensional elastic axis location

CBETA <, .5 Nondimensional control surface hinge
location

XIC(1) h(0) .01 Initial plunge displacement

XI1C(2) a(0) 0. Initial pitch rotation

XI1C(3) 3(0) 0. Initial control surface deflection

XI1C(4) B(O) 0. Initial plunge velocity

X1C(5) «(0) 0. Initial pitch velocity

XIC(6) é(O) 0. Initial control surface velocity
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Table 2.

Description of input parameters to NAMELIST INPUT.

PARAMETER VARIABLE | DEFAULT DESCRIPTION
XK 2k .2 Reduced frequency (based on chord), cal-
culated by program using Eq. (21) if
IRESP # 0
XM M, .85 Freestream Mach number
GAM Y 1.4 Ratio of specific heats
IREAD 1 Starting conditions
0 - Unsteady computation starting from
zero initial conditions
1 - Compute steady-state initial
conditions starting from zero, then
do the unsteady computation
2 - Compute steady-state solution
starting from zero and stop
3 - Read starting solution, compute
steady-state solution and stop
4 - Read starting solution and compute
steady-state initial conditions,
then do the unsteady computation
5 - Read initial conditions and do the
unsteady computation
Options 3, 4, and 5 require a file
which has been generated in a previous
run :
ICNVRG 1 Selects method for converging steady-
state solution
0 - Converge solution on extended fine
grid only
1 - Converge to approximations to
steady-state on coarse and fine
spaced grids, then final solution on
extended fine grid
MAXIT 360 Number of time steps
NSPC 120 Number of steps taken per cycle of

oscillation (IRESP # 0), used to define
time step AT (IRESP = 0) or reduced
frequency k (IRESP # 0), Eq. (21)
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Table 2. Continued.

PARAMETER

VARIABLE

DEFAULT

DESCRIPTION

ITRAN

ISICO

ICPRNT

JFIRST

JLAST

IBUF

LIN

IR

DEL
XAR

0

60

JFWLE

JFWTE

Selects airfoil motion

0 - Pitch, plunge and control surface
deflection

1 - Pitch, plunge, control surface
deflection and chord deformation

2 - Arbitrary user-specified time-
dependent motion only, user
specifies p(x,t), Eqs. (4)

Selects method for calculating the time-
dependent angle of attack, Egs.(6) & (7)
0 - Sinusoidal variation

1 - Cosinusoidal variation

Time step print increment for inter-
mediate Cp output

Index of first x-grid point to be in-
cluded in Cp output, JFWLE is the index

of the first x-grid point on the airfoil
in the extended fine grid

Index of last x-grid point to be include
in Cp output, JFWTE is the index of

the last x-grid point on the airfoil in
the extended fine grid

Storage on logical unit 8
0 - No storage
1 - Unsteady results are being stored

Selects formulas for Cp and local Mach

number computations
0 - Linearized expressions
1 - Exact expressions

Program selected airfoil boundary

condition based on IEQFLAG, Eq. (3)

0 - No time-derivative terms
(IEQFLAG = 0)

1 - Include time-derivative terms
(IEQFLAG = 1 or 2)

Airfoil maximum thickness to chord ratio

Location of airfoil pitch axis
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Table 2.

Continued.

PARAMETER VARIABLE | DEFAULT DESCRIPTION

ALFZRO o 0. Mean angle of attack of airfoil (in
degrees)

ALFONE o 1. Harmonic pitch amplitude of airfoil (in
degrees)

XFLAP X¢ 1. Control surface leading edge location

XFR X 1. Control surface hinge location

BETZRO 60 0. Mean control surface angle with respect
to airfoil (in degrees)

BETONE By 0. Harmonic control surface amplitude (in

: degrees)

71 Z1 0. Plunge amplitude

IMODFR ry 1 Program selected wake condition based on
IEQFLAG, Eq. (11)
0 - No time-derivative terms (IEQFLAG=0)
1 - Include time-derivative terms

(IEQFLAG = 1 or 2)

RSUB 1.4 Subsonic relaxation factor

RSUP 1.0 Supersonic relaxation factor

MITC 500 Maximum number of iterations

MITM 100 on coarse, fine, and extended fine grids

MITEF 25 for steady calculations, respectively

TOLC .00001 Convergence tolerance parameters in

TOLM .000001 | steady calculations on course, fine

TOLEF .000001 | and extended fine grids, respectively

ICPRUN 0 Qutput request for unsteady pressures
0 - No output
1 - Output of unsteady pressures, if

ISICO = 0
LINDIF 0 Selects differential equation

0 - TSD equation
1 - TSD equation, nonlinear term omitted
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Table 2.

Concluded.

PARAMETER

VARIABLE

DEFAULT

DESCRIPTION

ICPT

M3

1

Selects time derivative in linearized
formulas for Cpand local Mach number

Mr3

r1f3

0 - Time derivative is set equal
to zero
1 - Time derivative included in

calculation of Cp and local
Mach number
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Table 3. Description of input parameters to NAMELIST MESH.

PARAMETER VARIABLE | DEFAULT DESCRIPTION

JFMAX * 80 Number of x-grid points in extended fine
grid (Maximum value is 80)

LFMAX 61 Number of z-grid points in extended fine
grid (Maximum value is 61)

XFINE Array of increasing x-coordinates
specifying the vertical lines in the
extended fine grid (JFMAX elements)

ZF INE Array of increasing z-coordinates
specifying the horizontal lines in the
extended fine grid (LFMAX elements)

*In case the default extended fine grid is used, it is sufficient to input
the empty namelist $MESH $



Table 4.

Description of input parameters to NAMELIST AMPLI.

PARAMETER VARIABLE | DEFAULT DESCRIPTION
N N 1 Number of terms in Egs. (6) and (7)
AB a b, 1 Array a , b_ in Egs. (6) and (7)

(N elements)
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Table 5. Description of input parameters to NAMELIST ORD.

PARAMETER VARIABLE DEFAULT DESCRIPTION

NINU * Number of points on upper side of airfoil

NINL Number of points on lower side of airfoil

XINU Array of increasing x-coordinates of
points specifying upper side of airfoil
(NINU elements)

ZINU Array of corresponding z-coordinates
specifying upper side of airfoil (NINU
elements)

VINU Array of corresponding slopes specifying
upper side of airfoil (NINU elements)

XINL Array of increasing x-coordinates of
points specifying lower side of airfoil
(NINL elements)

ZINL Array of corresponding z-coordinates
specifying lower side of airfoil (NINL
elements)

VINL Array of corresponding slopes specifying
lower side of airfoil (NINL elements)

* Default -is the biconvex airfoil, § = .1

37



Table 6. Description of input parameters to NAMELIST COND.

PARAMETER VARIABLE | DEFAULT DESCRIPTION

NIN Number of points at which chord de-
formation gl(x) is specified, Eq. (5a)

XIN Array of increasing x-coordinates of
points where the chord deformation is
specified (NIN elements)

COND1 9, 0 Array of corresponding g,-values (NIN
elements)

COND2 dg1 0 Array of corresponding dg,/dx-values

T (NIN elements)

38




Table 7. XTRAN2L extended fine default grid.

INDEX

Pt b b ot b et b b b b
OWONSONITDLWNIEEOWOOSNIOI D WN =

-20.00000
-16.30961
-13.10054
-10.33987
-7.99453
-6.03136
-4.41705
-3.11817
-2.10110
-1.33204
-.77699
-.40170
-.17160
-.05175
-.00667
.00667
.02000
.04000
.06000
.08000
.10000
.12000
.14000
.16000
.18000
.20000
.22000
.24000
.26000
.28000
.30000
.32000
.34000
.36000
.38000
.40000
.42000
.44000
.46000
.48000
.50000
.52000
.54000
.56000
.58000

-25.00000
-23.36111
-21.77778
-20.25000
-18.77778
-17.36111
-16.00000
-14.69444
-13.44444
-12.25000
-11.11111
-10.02778
-9.00000
-8.02778
-7.11111
-6.25000
-5.44444
-4.69444
-4,00000
-3.36111
-2.77718
-2.25000
-1.77778
-1.36111
-1.00000
-.69444
-.44444
-.25000
-.11111
-.02778
0.00000
.02778
.11111
.25000
44444
.69444
1.00000
1.36111
1.77778
2.25000
2.77778
3.36111
4.00000
4.69444
5.44444
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40

Table 7. Concluded.

INDEX X z

46 .60000 6.25000
47 .62000 7.11111
48 .64000 8.02778
49 .66000 9.00000
50 .68000 10.02778
51 .70000 11.11111
52 . 72000 12.25000
53 . 74000 13.44444
54 .76000 14.69444
55 . 78000 16.00000
56 80000 17.36111
57 .82000 18.77778
58 .84000 20,25000
59 .86000 21.77778
60 .88000 23.36111
61 .90000 25.00000
62 . 92000

63 .94000

64 .96000

65 . 98000

66 1.00000

67 1.02000

68 1.12274

69 1.35473

70 1.75323

71 2.35080

72 3.17695

73 4,25898

74 5.62249

75 7.29170

76 9.28970

77 11.63860

78 14.35968

79 17.47352

80 21.00000




Appendix A - Results from Steady Calculations

NACA 44AQIO0 ANES AIRPUIL

nE0,780

XTRANZL Input

ALFIRCE] 0

SAENOEL IRESHRS, UELLTEO0,002454549, UCH100,0, SNV
SINPUIT XMBO,780, IREAUSO, MAX[Te§026¢, NOPCE128, LCFRANT®]23, [NUFER],
DEL®0(10, KARBO0,25, ALFINUBY,00, ALFONESQ,00, IEND

IMEIN $
SAMPLL 3
SORD NIMU
XInU @
10088067,
+160000,
.520000,
s48000V0,
Jbu0000,
«800000,
2960000,
ZINu =
2010144,
J0a1413,
052232,
051033,
,039%240,
022872,
2005196,
Vivy @
YA
108009,
033109,
., 48029,
-, 093739,
=,10783¢,
=, 122939,
XINL &
LuoB687,
2160000,
320000,
,880000,
2640000,
+800000,
2960000,
TIN &

e, 022091,
=,00087%,
VIN, ®
., 755823,
-, 409883,
=-,0329%0,
Jabulr,
,093908,
109838,
119220,
SEND
sConp 3

s 31, NIML ® L)

40200004
4100000
, 340000,
2300000,
1« 560000,
2820000,
4980000,

016499,
2033449,
082792,
080999,
087307,
020513,
J002050,

,373008,
,095780,
L022585,
., 056267,
v, 097438,
., 108138,
., 130770,

,020000,
0180000,
+340000,
1500000,
+b660000,
820000,
,980000,

»,016398,
»,083251,
v, 052706,
*,050192,
.,0376%4,
., 020088,
®,002438,

e, 364001,
20929060,
., 023698,
,084702,
096372,
110408,
et22i0,

2040000,
.200000,
360000,
520000,
080000,
2840000,
1,000000,

022301,
2088258,
2093113,
J0aB8ys,
2033305,
018343,
0,000000,

247503,
2083409,
0u9Ta3,
., 002229,
e, 100007,
.,108903,
" 133386,

,000000,
,200000,
4300000,
25200004
,080000,
L,860000,
1,000000,

2055081,
«,009027,
., 035699,
., 018409,
0,000000,

=, 243107,
=, 084019,
e,013783,
$081693,
t099288,
111029,
123219,

2060000,
,220000,
380000,
2340000,
4100000,
860000,

1020732,
T
1033200,
,087500,
,0333438,
016152,

2011018,
4076000,
*, 000503,
v, 00888581,
»,103473,
@,11003%0,

060000,
1220000,
+380000,
«340000,
700000,
+860000,

»,087730,
v, 033678,
,010229,

", 199126,
v, 077014,
*,0040%7,
L007874,
1102933,
112519,

+080000,
«240000,
400000,
2560000,
720000,
+A80000,

030412y
,04a8300,
J083113,
1086078,
031281,
013530,

174588,
ITTITH
., 007439,
*,074734,
at10%608,
-, 109200,

,080000,
.240000,
L400000,
2360000,
120000,
,840000,

e, 030929,

»,031984,
., 013974,

., 149990,
*, 069016,
005245,
JOr7337Y,
S1082%9,
112823,

BTEADYeSTATE CONVENGENCE

«100Q00,
+260000,
,920000,
4580000,
2740000,
4900000,

2033087,
,049539,
52909,
L004324,
029124,
011799,

190387,
4057081,
»,013740,
., 080404,
e,100%02,
e,100129,

4100000,
»260000,
2420000,
4380000,
4740000,
2900000,

*,033748,
. 049399,
*, 053049,
., 044793,
.,02%437,
e,031722,

e, L4T823,
0,05%127,
1014597,
079002,
108179,
Jg12177,

4120000,
1280000,
$440000,
+800000,
« 160000,
«920000,

036332,
20503089,
$US2339,
Joe2809,
1026980,
20090683,

2133838,
20488437,
e, 023947,
.,08%320,
-e107439,
103339,

1120000,
2280000,
2440000,
0800000,
2780000,
2¥20000,

., 030843,
®,050403,

e, 0483199,
=,027203,
=y0094082,

=q134034,
e,009812,
023101,
$084907,
108874,
Wit2are,

«140000)
«300000,
2860000,
+620000¢
2780000
«940000,

2039115
2031483,
0051930
2081114,
020028,
2007558,

2idze
0081197,
0,037584,
0089693,
el 07720,
e 11450,

140000,
«300009,
2400000
4620000,
«780000,
+940000,

., 039014,

»a025085,
»400724%)

w1721,
081571
030847,
0090180,
309327,
144804y
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Appendix A - Concluded

XTRAN2L Output

PP RSB NS RN A NSNS E ISR AR IS NSRRI SNSRI N IS IR NN SRR SRS SNNNANTINLSISEPSINIRESISURNUNSIZRRNES

PROGRAM XThANZL = VERSION 1.2

InPLICIT FINITE DIFFEKENCE PROGRAP SOLVING THE COMPLETE
UNSTEADY TRANSONIC SmALL DISTURBANCE ECQUATIOM

INCLUDING AERUDELASTIC RESPONSE

UNSTEADY AERODYNAMICS BRANCH
NASS LANGLEY FESEARCH CENTER

HAPPTON, Va 230t5

CUNTACT: DAVID 4. SEIDEL (B04) Bo5=422¢

JUMN T. BATINA (E60&) Be5=42230

LRI AR A S R B N I IR I SO RS Y IR R IR R R R R ]

s
s
*
»
.
L]
L]
»
.
»
»
»
»
»
L]
3
»
»
.
.
»
»
.
»
.
*
L]
-
»
»
-
»
.
H
L]

B EI IR N ESRASEIN NSNS SN EAN IR RSN ESESAS TN NARSASEUR IS NGRS NI NCIRBEFEN SRS SRS IRSASENNRDERBRESETS




AEROELABTIC #YaTex

IRESP b ]
(14 100,00000
DELY 00245
AMPLTD 201743

TIEZROST 17,%0000

INPUT PARAMETERS

XK +20000
GAN 1,40000
INEAD 0
HAXTT 1024
ITRaN 0
ICPRNTY 128
JFIRST 16
LIN [+]
OEL 210000
ALFZRO  1,00000
1 0,00000
RSUB 1,80000
MITe 500
MITK 100
MITEFP 23
ICPRUN 0
1cPT 1

N !
MULTIPLIERS OF (CU)BIN MARNONICS

NACA GAA010 AMES AIRFOIL  MB0,780

ND AIRFOIL MOTION
NONDIMENSTIONAL VELOCITY
TIME BTEP, BECONOY
AMPLITUDE OF PULSE
CENTER OF PULIE

REDUCED PHEQUENCY BASED OM CHORD

RATIO OF BPECIFIC MEATS

INITIAL CONDITIONS

mAX, NU, TIng STEPS

PITCH) PLUNGE, FLAP MOTION

ITERATIDON PRINT INCREMENT pOR CP

F1%3r CHONDWISE GRIOPT FOR CP PRINTING
LINEARSZED CP

AJRFOIL THICKNEYS WaTIO

MEAM ANGLE OF ATTACK

PLUNGE AMPLITUDE

SUHSUNIC RELAXATION FACTOR

MAX]mUM NUMBER OF JTEAATIDNS

QN COAWBE) PINE AND EXT, FINE GRID
RESPECTIVELY

NO REJQUEST FOR QUTPUT QP UNBTEADY PRUSSURLS

TIME«DER, CONTRIDUTES T Cp AND MACH, IP 1AW}

NUMBEK OF (CO)SIN HAMMONICS
1,00000

ALPIRORS 40

NELAST 1
1111 $0,00000
[EQPLAG 3
WOTHPLS 1000040
N 278000
ICNYRG 1
NBPC 128
131C0 0
18yf 1
JLAgr o0
In 1
XAR «25008
ALFONE 0.,00000
InQorn 1
NguP 1400000
1oLc «l0Ee0d
roum o10€003
ToLEr «10Ce03
LINDIF 0

BTEADY=STATE CONYERGENGE

29007 , PLUNGE AND PITCM
MASE RATIQ

EXTAAN LQUATIUN

PULSE CXPONENTLIAL FACTOR

MEAN FPREE=OTREAN NAGH NO,

GET 898 $0L, UN COARS, THEN PINER GNIVS
NO, STCP8 PER CYCLE

SINUSDIDAL YANIATION

QuTPUT TO LU O

LABT CHOROWISE GNIOPT FOR CP PRINTING
TIMbeOERLY, IN AINFOLL 8,C,

POSITION OF PITCH AX[S )

PITCAING AMPLETULRL

TIMRBODERIYATIVE [N waKE CONDITION
SUPLRIUNIC RELANATION FACTOR
TOLERANCE PARAMETERE IN STCADY
CALCULATIOND UN COANNE, PINE

AND X7, FINE GRID REJPECTIVELY

NLReTBP CQUATION {(mIfM NONSLINEAR TERM)

3



LTERATION NO, &

1

2000687
202000
+04000
206000
204000
.10000
+12000
13000
2108000
+18000
L20000
22000
+24000
+26000

, 30000
,32000

+80000

88000
90000
492000
,93000
. 96000
L,98000

1,00000

NAGA 83AQ10 ANES AIRFOIL  meo,780

ALF (DES)
AR 113

»
»
cPy

1,003%
PYLIT) ]
o 33224
2251068
«20978
11898
35301
PREill]
10168
J07916
#+0573¢
+0337%
200904

*,01%28

s 04050

v, 00957

»,10400

e, 13435

=, 10584

®,16701

°,21088

., 24326

o,27844

®,3033¢

e, 31080

o, d2718

0, 33954

*,35268%

=y 30450

e 37407

s dy22s

, 38951

v, 39564

e, 80028

®,40300

.,80383

s,R0289

®, 80099

©y 39928

« 39807

», 39710

#,39560

»,39143

*,36208%

e, 30073

e, 33871

., 3a52y

e, 3083

o, 22208

., 08779
038144

PORCE COEFPICIENTA AT ANGLE OF ATTACK @

ALRFOIL

PITCHING MOMENT (AQOUT x »

44

223000 )

140000000
10890874

cPL

1436001
J33781
L46393
30842
L2287
W29212

{,0000000

+2338854C01

ALFPZNGE] 0  OTRADY®BTATE CONVERGENCE

PLUNGE .
LT TTY] 0

LI}

NTITY
W31160

PLUNGE 018P, @

NOxMAL FORCE @

0,0000000
248325000

LY

0,00000
W 17837
71660
T0872

4

040000000

1043738000

DCPECPLeCPY

29007
200108
eddlee
Wi0T0
131309
11374
Wion?
11198
RELIL
12026
s1d433
32370
W11982
pli0es
011533
div0a
Q2238
2519
12392
J11808
030908
41217
11918
12189
119352
edi0062
ERLi]

409994
109080
+09810
010367
110328
08217
103823
», 04108

AXIAL FORCE »

RYTITIEI T




NACA 084010 ANES AJRFOIL 20,780 ALFIRQRE,0 STRAOYegTATE CONVENGENCE

ITERATION NU, & 1024 ALF . (0EG) » 1,0000000 PLUNGE L} 0,0000000
Tint n 50,263402% T (oed) % 2800,0000000
INDEX x (1.0} chL Ny LW pCPeCPLeCPY

10 00007 35840 ,56009 0400000 91530
17 402000 »,22203 08878 56060 38090 .
18 404000 ®,39420 0147 WoT1193 TI313
18 206000 v, 41058 960824 o70413 dattl3
20 08000 ®, 04984 ,98028 179663 s41093
21 +10000 e,a7603 99497 «82003 o39%008
22 12000 .,49304 1.00211 +84113 37019
s $ 14000 e, 32087 1,01324 #0923 S TYTL)
26 +16000 55418 1,02596 «87308 oJ02e9
23 +18000 »,57309 1,0333¢1 008407 35700
26 L20000 58709 1,03874 89270 135190
2! «22000 »,80388 1,04520 «90400 134337
28 26000 o, 02387 1,05276 091091 033303
29 220000 ., 83170 1,05960 J2801 320350
30 +28000 o, 0545 1.,06449 93860 31917
31 +30000 06657 1,06897 298433 31258
32 .32000 v, 68708 1,07683 195310 WSlae2
33 34000 71842 $,008823 190152 32408
34 «38000 e, 14912 1,09948 90777 33910
13 ,38000 »y 10851 110633 97128 « 35099
38 «40000 w1780y 1ei1027 97326 38014
37 42000 79313 141196} 297479 36000
38 48000 e 83940 t,1288) 97419 s3940
59 200000 »,84658 f415048 90788 43084
40 48000 v, 86283 1,040} 95068 1982
(3} 250000 ., 86757 1.14184 ¢ 90437 231397
[H 252000 v, 85718 1,13819 + 93200 35113
as 154000 « 65060 1.08294 192189 35007
a4 +56000 *, 32049 93021 91187 »06307
[} ,58000 e, 19644 87514 090181 9,05911
[T} 260000 .,20798 + 88040 89129 #,02399
[} 22000 *,20587 NIAIT 87920 «Q0uE0
[T $68000 ", 19568 287477 188096 001098
a9 56000 e, 18007 288760 285005 (Q2489
50 ,68000 ", 14097 285874 NITYL 02023
St 70000 wg i35y (Ba8b0 «036020 s0R019
se +12000 e, 11852 ,88774 82495} s02743
L] <4000 09310 «826%0 2832148 002936
sS4 276000 #,07060 < 81557 080047 203084
53 .78000 e 04908 +80910 270973 +03038
%% +00000 ®,02%4% JT9499 o 77950 03043
87 +82000 *,0098% 218504 70938 403043
54 + 84000 (01077 o770a8 W 75870 103032
s9 86000 M ITEL #0203 o 74683 0288
80 L83000 $08019 78848 o 733081 0d708
[3] 50000 «08148 13097 o T2009 102907
o¢ ,92000 +0%609 12852 W 70730 103790
(Y] 294000 Wi1807 WT1877 09094 (04338
b4 ,96000 16302 09088 264570 104298
3] »98000 24543 bale2 62339 2017
(1} 1,00000 38009 54777 234037 01008

FORCE CUEFFICIENTS AT ANGLE OF ATTACK & 1,0000000 PLUNGE DISP, ® 0,0000000

AIRPOIL

PITCHING MOMENT (AQOUT X m 23000 ) @ 9933741002 NORKA{ FORCE ® «3319429E000 ARIAL FURCL &  #,0)3978u48003

45



Appendix Bl - Results from Unsteady Calculations for Harmonic Motion

XTRAN2L Input

NACA 6084010 AMES ATRFOIL #E0,780 ALFIROR,0 ALFONERD,S Xn0,079

46

SAERNEL IRESPwO, uCE130,0, SEND
SINPUT XK®D,18, XnE0,780, IREADSES, MAXIT®14a0, NSPCE380, ICPRNI®9D, 1ByFui,
XARSN 25, ALFINCE],00, ALFONERN,80, SEND

DEL®0412,
INESH 8
SanpPLl 8

SORD NINU ® $1, NINL & 3%,

XINny ®
,006607,
+160000,
«320000,
+480000,
B4tN00,
+800000,
+960000,

ZINI @
010144,
L043413,
052232,
.051053,
,038280,
022872,
005198,

VINU »
b6663%,
$108089,
0335109,

e, 048629,

., 093739,

e, 107831,

122939,

XINL =
008667,
160000,
320000,
480000,
»840000,
800000,
« 940000,

2INL .

- 0099418,

-, 081272,

=,052138,

-,n51208,

-, 039338,

.,022891,

-, 0048783,

VIN, »

-, 755629,

«, 105443,

«,0329%0,
+04pa3Y,
,093908,
2109834,
119226,

SEND

SCOND 3

020060,
.180000,
,340000,
500000,
.680000,
.820000,
+98000N,

016399,
,043449,
,052792,
.049999,
L037%07,
L020813,
«002650,

373008,
«095780,
022308,
-, 056247,
.09743s,
e, 108101,
»,i30770,

L020000,
.180000,
. S4000a,
.500000,
4660000,
.B20000,
980000,

., 016598,
«,003251,
=, 052706,
., 030192,
e,0876%4,
-,020688,
»,002458,

v, 300001,
=,002900,
-, 023693,
+0%54702,
s0901372,
1100608,
Jl22218,

«340000,
«200000,
«Jb0000,
520008,
680000,
«840000,
14000000,

022384,
JDu5238,
953113,
043818,
035385,
0183458,
0.000000,

L247%03,
,085489,
L009%43,
., 002229,
w, 100687,
., 108933,
w,1333%80,

,040000,

1.,000000,

e, 022927,
- 045019,
., 053081,
.oua9027,
-, 055699,
018489,
0,000000,

.. 245107,
T ITIL
-, 013793,
2Coinos,
1399203,
oil142s,
123219,

2060000,
.220000,
380000,
.590000,
,100000,
,680000,

020732,
Jueeble,
+093200,
087508,
033343,
016152,

208101,
0706080,
.000908,

v, 103473,
e, 110038,

,060008,
.220000,
L,385000,
2540000,
LJ00000,
860000,

», 020839,
v, 086844,
,053238,
=, 047730,
.,033678,
«, 016229,

e, 19912,
- 077618,
».C040S7,
87874,
102933,
2112919,

2080000,
.240000,
400000,
.560000,
2720000,
880000,

030412,
.0a8300,
093113,
L,0a60786,
0312514,
013956,

176588,
2086554,
«,007619,
074733,
., 105608,
=,109200,

.0R0000,
,280000,
2400000,
.560000,
.720000,
L.880000

»,030529,
=, 038113,
=, 083248,
e, 0406317,
-, 031584,
=,013974,

-, 169990,
-,089016,
ITTIIN
+073371,
+106259,
112822,

.100000,
L.260000,
.420000,
.580000,
L740000,
.900000,

.150%47,
,0370%1,
°, 013740,
-, 080404,
106902,
v, l00129,

.100000,
,260000,
,426000,
.580000,
740000,
.90c000,

*,033748,
049395,
*,053049,
», 084793,
e, 029437,
e, 011722,

e 147023,
-, 089127,
014597,
.079002,
J108179,
12177,

4120000,
4280000,
440000,
4600000,
«760000,
2920000,

036532,
«050%89,
«05253%,
042889,
026980,
1009895,

,135838,
,0a8sar,
., 023947,

.,10%359,

2120000,
«280000,
s440000,
4600000,
«760000,
«920000,

., 036542,
=,050483,
-,0926%4,
., 043159,
.. 027265,
.,009482,

®e1364034,
e, 049812,
025101,
084907,
«108874,
el22r2,

140000,
+300000
«280000,
2620000,
«7800000
940000,

«039118,
$ 051483,
058928,
041114,
Q20828
2007338,

121238,
2081197,
., 037534,
es 089094,
«107720,
e }11450,

2180000,
+300000,
«480000,
«620000,
« 780000,
+940000,

s 030014,
-s091393,
s 032038
v, 041401,
. 0245083,
0007213,

se$17219,
ee0a§371,
«0384ar,
.090180,
2109377,
W116804




AERDELASTIC svsrem

1RESP (]
ue £100,00000
DELT 200146
AMPLTD 201745

TZERO3Y 17,90000

INPUT PARAMETERS

XK 13000
GAM 1440000
IREAD S
MAXTY 1440
TTRAN 0
I1CPRNT . 90
JrIRaT 16
LIN 0
DEL «10000
ALPZRD 1,00000
13} 0,00000
R3UB 1480000
MITe 00
MITH 160
MITEP 2%
1CPRUN [
1CPY 1

N i
MULTIPLIERS OF (cO

Appendix Bl - Continued

XTRAN2L Qutput

NACA 644010 AMES AZRFOIL

MARMONIC OSCILLATION
NONOIMENSTONAL VELOCITY
TIME STEP, SECONDS
AMPLITUDE OF PULSE
CENTER (F PULSE

REDUCED FREGUENCY HASED ON CHORD
RATIO OF SPECIFIC HEATS

READ INITIAL CONDITIONS

MAX, NU, TIME STEPS

PITCHy PLUNGE, FLAP MOTION
ITERATION PRINT INCREWENT pQOR CP
FIRSY CHURDWISE GRIDPT FOR CP PRINTING
LINEARTZED CP

AIRFDIL THICKNESS RATIO

“EAN ANGLE UF ATTACK

PLUNGE AMPLITUOE

SUBSONIC HELAKATION FACTOR

MAXIMUM NUMBER QF ITERATIONS

NN CNANSE, FINE AND EXY, FINE GWID
RESPECTIVELY

NO REQUEST FOR OQUTPUT 0OF UNSTEADY PRESSUNWES
TIME=DEk, CONTRIAUTES TU C» aND MACH, IF [Rem}

NUMBER OF (COJBIN HARMONICS
131N HARMDNICS 1.,00000

80,780

ALFIRO®],0
NELABT

MY $0,00000
1EGFLAG ]
wOTHPLS 10000,0
x4 «78000
1CNVRG 1
NSPC 360
181C0 0
18uF 1
JLASY 1)
IR 1
ZAR 225000
ALFUNE +50000
IMODFR i
R3uP 1400000
ToLc «10€Ee08
ToLm +10€003
TOLEF «10€e08
LInNoLrP 0

ALFONERO,S

Xu0,078

2s00F , PLUNGE AND PITCH
MASS RATIO

EXTRAN EQUATION

PULSE EXPONENTIAL FACTOR

MEAN FREE=STREAM MACH NO,

GET 88 30L, UN COARS, THEN FINER GRIDS
ND, STEPS PER CYCLE

SINUSOIDAL VANIATION

QUTPUT TO LU &

LAST CHOROWISE GRIDPT FOR CP PRINTING
TIMEDERIV, IN AIRFOIL B,C,

POSITION OF PITCN AXIS

PITCAING AMPLITUOE

TIME=QERIVATIVE [N wAKE CONDITION
SUPENBONIC RELAXATION FACTON

TOLENANCE PARAMETERS IN STEAQY
CALCULATIONS On CDARSE, FINE

AND EXT, FINE GRID RESPECTIVELY

NLR=TSP EQUATION {w]TW NONOLINEAR TERNW)

47



ITERATION NO, s

1

R:LITY)
202000
+08000
+08000
08000
.10000
+12000
14000
38000
«18000
+20000
«22000
224000

,28000

«90000
92000
«94000
298000
94000
1.00000

NACA 63A0L0 AMES aIRFOIL  M#0,780

ALP  (0EG)
TIME

cru

+ 35687
., 22173
», 39406
e, d4i042
», 84954
=, 47998
., 69381
®,520691
®,55427
e, 57320
-, 58729
=,b0414a
v, 62398
®,64207
., 85497
e, 68708
e,b8763
=.71902
-, 14979
= 70924
o, T1%s
-, 79399
.,82031
°,84753
w, 88387
», 806867
*,85838
»,55189
=, 321719
*,19782
e, 2094}
*,20738
e, 19721
e, 18170
s,16207
=.dd127
», 11838
-, N9%08
=,0727S%
05168
., 03153
»,01200

+00ASS

05228

+ 05784

2074802

09440

011552

0106101

2427

+ 33350

PORCE COEFFICIENTS AT ANGLE OF ATTACK &

AIRFOI

oIl
PITCHING MOMENT (ASQUY X = ,25000 )

48

1,0087262
850,2839397

+20878
227689
«39604

1,00872062

21038989001

ALPZRON],0 ALFONEWO,S K=0,079
PLUNGE . 0,0000000
T (0L a 2841,0000000
L1T] "
98781 0,00000
L88609 «56079
96144 71196
96824 W 70413
298430 RALITY!
o 99099 282002
1,00214 84108
1,01529 489918
102602 87298
$,03337 108400
1,0388] 289203
{,0a527 .90392
1,03283 910682
1,05908 I3 LH
1,06683 293681
1,08909 9434}
1,07672 1958300
1,08833 W98141
1,09958 190708
1.10002 97117
1,11037 «27151S
1,41551 97007
1,12491 97007
1,13499 98778
14022 95685
1,1419% $04823
1,13831 93208
1,06311 292108
93038 Y1132
87530 290163
288056 89109
87961 «87909
87494 2000678
WB6778 .85887
JB5892 184022
Bu8es 830602
83793 B4l
JA2669 81194
,81377 80028
,80531 #789%4
79821 17928
.18526 16911
LT} o13847
76228 J1ase1
JTu868 133537
JTiT22 12040
L12871 «70710
71703 oH9087
09111 opb3a1
4192 2308
WJHb92 254108
PLUNGE OI8P, @ 0,0000000
NORMAL FORCE ® 223821898000

DCPaCPL=CPY

01697
38829
g2328
84082
241673
39397
37018

03107
vo3die
#03438
2034358
«0368060
203478
03456
03318
« 03178
08458
L0428
05047
J0477Y
034848
01209

AXIAL FPORCE @

, 034032002




NACA 84A010 AMES AIRFOIL He0 780 ALPIROng,0 ALPONESRO,S X80,07%

ITERATION NO, & 1840 ALF  (DEG) ® 1,0000000 PLUNGE . 0,0000000
TIME ] 79,3982237 1 (0es) u 4320,0000000
INDEX ) X (41} (478 LIV LIN OCPOCPLecPU

16 200087 060822 293036 0,00000 2114
17 02000 =, 16362 J86007 59123 48739
18 «04000 °,34308 293947 J73235 $ 43402
19 ,06000 ., 36048 ,99058 «78070 30823
20 08000 ®,40829 6712 S22 W3u4T08
21 10000 v, 43818 97933 83332 033238
22 12000 ., 45972 98807 85341 31179
23 14000 e, 43128 1,00072 87074 030620
24 J10000 »,52139 1,01282 $883080 30781
2% 18000 e, 54240 1,02087 88427 30978
L) 220000 -,35401 1,025%7 90233 229943
27 22000 56998 1,0313%2 91324 229073
28 224000 -, 59210 1,08008 92598 28384
29 . 26000 .,81330 1,048 93085 27903
30 28000 *,02733 1,05348 JNas18 21442
31 230000 e, 63918 1,05719¢0 95287 126818
L H + 32000 05972 1,06564 296133 2208063
33 .34000 e, 09187 ‘ 1,077%8 90973 28008
34 36000 e, 72333 1,08917 7584 29737
33 . 19000 e Tuars 1,09627 97900 30024
38 240000 ., 715272 1,099868 « 98053 +3195¢
17 82000 e, 16687 1,10a88 981068 «32088
38 46000 °, 19298 1,11434 4980983 035602
19 240000 e, 81988 1,12388 «97338 40023
40 48000 83308 1,12858 190134 JHGaTE
a1 +50000 82894 {,12708 RITL 48940
LH 52000 *,70356 1,08148 93650 373068
a3 . 54000 *,41370 92502 11008
1] 38000 °,25683 91468 ®,02403
45 58000 e, 20200 290488 00418
“b 260000 e, 25718 89414 W0227H
41 +02000 ., 24329 ,88201 03370
(1] 50000 ., 22478 200959 L0847
(3 +58000 »,20318 88880 200073
50 268000 *,18001 Bu889 J0ua12
91 JJ0000 *,15542 83804 204318
2 . 12000 *,15008 + 82690 (08022
$3 274000 ®,10491 81489 104030
L] +76000 .,08110 480280 104028
55 78000 v, 08879 279208 J03932
b »80000 .,03766 J8184 03832
s? 252000 e, 01722 77169 «03758
L1 234000 20080A JJel08 «03637
59 .86000 202851 JJ8927 $03u4g
80 +88000 205469 73829 203229
o1 +90000 07040 72320 03437
82 .92000 $09240 «7100% 206203
.3 294000 oliu0? 169370 ,06892
(1] 296000 «16008 1008083 04593
65 .98000 20226 b20601 «03129
L1 1,00000 58270 0Jasep JSua2e Ol

FORCE COEFFICIENTS AT ANGLE OF ATTACK @ t.,0000000 PLUNGE O18P, ® 0,0000000

ATRFOIL

PITCHING MOMENT (ABOUT X ® ,25000 ) 8 21049703Le01 NORMAL FORCE ® +2013339€400 AXTAL FORCE & ,37394908=02
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NoeCA 44aAD10 AMES sIRFOIL

LAST OSCILLATORY cYCLE OF Cn TIWME WISTONY

,01087
J0lt22
01183
,01244
01299

.01063
01128
20419
101250
«01308
101352
01392
01422
s014dal
018290
L0143
01022
01303
$01332
01202
01179
0010893
WN0%a4
200481
400782
«00890
000812
»00558
#00810
00289
+N0a8T
200301
200929
oN0SH?
00030
200869
$00729
200793
100860
200928
200998

LABY Q8CILLATORY CcYCLE

20002
21532
22836

«2030%
21063
22990
20329
25842
26491
128040
29058
229908
30560
+31019
31237
J11223
230970
230882
2291713
228860
2712
J2054¢
29207
23812
22603
210206
19728
18548
17528
10487
16078
+150687
13934
s1501%
e15927
W104A8Y
17199
18117
19108

01070
03138
W01197
01250
01330
,01357
«011398
,01828
0144l
201489
W03dad
J01419
#0138¢
L1320
01258
+01170
,01075
,00974
200871
J00772
00882
200808
,00%48
100807
,00488
,00888
200503
200832
#0087¢
100620
00673
200738
»00800
100887
00938
201008

NACA $4A010 AMES AIRPOIL

«0107e
011481
201203
01281
201318
013814
01199
01827
201044
010269
$01a40
WDtate
$01378
01319
01247
01181
$01069
«00963
LY
L00763
004874
,00%98
00841
100908
200487
200389
200808

$0033%

00878
00828
«0088¢
JNOTAR
00806
200874
00942
01010

OF CN TIME WI8TORY

420310
21794
23120
XiLlx]
Eiied!
27011
L20148
29148
W29984
« 30620
031047
JJ1240
31208
«3093¢
030024
W29690
o28759
27884
20612
23070
s23871¢
222063
«20891
219602
108438
17a3n
218828
216028
e 15000
15529
«15834
215970
a10920
17203
J18218
19302

020839
21923
23258
220898
025898
27130
128258
29238
» 30054
230473
»31078
31298
3119
230491
230358
229800
28058
27838
26281
26932
23430
22128
+20758
19280
18330
W 17380
1169586
£15981
15838
+155%2¢
215487
o16018
106893
L17369
18320
19318

nB0,780

01083
03148
01209
ixiy
«01320
+01385
201402
01429
2014848
$01449
01439
01413
3N
201313
01239
01182
+0108%
.00953
#0088
200753
200685
«00592
00538
«00501
,00087
400890
+0CS08
400539
00980

" 400630

L0068
00748
000813
,00880
,00949
+010¢8

Hm0,180

20761
*220517
23392
28727
«26029
27240
28300
.29329
30128
# 30728

15819
215531
L15883
,16068
V16062
L1ras?
J18424
219415

ALFIRCEY,0

01088
201150
0tals
201273
001323
L0189
$016035
,01032
208448
J0luds
L01437
101400
+0130%
01306
01238)
W01183
101048
,00943
200844
,0074a
200657
100388
00332
00499
200488
$ 0049
$ 00511
400543
(00588
400635
200092
200758
100820
L00887
400958
01023

ALPIRON],0

120008
22190
23327
(20059
20152
o278
L,284b4
J29417
«3019%0
230172
3115
312060
31150
,30802
30220
2%431
20846l
27290
+206018
24654
23248
21048
20492
19238
18119
RARE]
s16023
215893
$15%98
15339
13711
«16118
2106733
17548
18529
19652

ALFONESO,S

01098
Q1180
O1224
W01278
201329
201373
W0lu409
0la3e
0laa?
W0lead
201433
01400
03368
01299
JDl1222
W01133
$01039
400932
,008Y1
«00735
NITYL)
200979
WOUSe8
00897
200088
00692
+00813
Ousar
« 00590
200041
#0UB98
400781
400828
200894
V0902
«01030

ALFONE®O,Y

21019
22323
23681
224994
2e27?
27480
120%00
* 29503
3020}
30018
31153
231260
311206
0307538
30154
29340
20338
27172
23008
24519
83107
21707
20363
39319
«16018
«17028
o10360
15653
S19379
si005a2
15744
J10187
10800
17837
NYI31)
19774

x80,079%

08103
01100
01227
01268

Xm0,075

cditan

106299
13848
15569
13552
19778
db222
slb081
217730
018743
+19891

L00888
,00498
L0019
,00855
,00599
,00652
400711
,00774
00830
,00908
L00878
401043

J21273
22989
L23929
,29293
120829
L27708
,88787
129669
230189

01118
01179
01239
101294
201343
001385
01017
01438
01649
018406
101428
101394
101344
01278
01187
01104
o01008
100002
1008014
+00708
000627
00802
00836
00892
+00a8s
+00397
#00822
00588
400608
200853
00717
+00780
W00H4b
00944
+0098)Y
+01050

121602
22723
24002
125383
sdbb4a8
27820
128804
«297%0
«30435¢
30943
12t
31248
«31039
+30898
299352
290938
28002
20797
25400
28094
1226084
121290
019978
10772
217718
16887
o16184
157488
015943
+19578
+19848%
«16337 .
+170306
17920
+18983
220133




NACA 0GAQ10 AMES aIRFOIL Mg ,780 ALPIROm},0 ALFONERO,S K20,075

LAST OSCILLATORY CYCLE OF CHF TIME WISTORY

0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0400000
0,00000 0,00000 0,00000 n,00000 0,00000 0,00000 0400000 0,00000 0,00000 0400000
0,00000 0,00000 0400000 0,006n00 0,00000 0,00000 0,00000 0,00000 0,00000 0400000
0,00000 0,00000 0,00000 0,00000 0,00008 0,00000 0,0V000 0.00000 0,00000 0400000
6,00000 0,00000 n,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000
0,00000 0.00000 0,000C0 0,00n00 0,00000 0,00000 0,00000 0,00000 0,00000 0400000
0,00000 0400000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0400000
n,0U000 0,00000 0,00000 0,00000 0,00000 0,00000 0400000 0400000 0,00000 0,00000
0,00000 0,00000 0,00000 0,00000 0,00000 0,00009 0,00000 0,00000 0,00000 0,80000
n,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0400000 0,00000 0,00000 0400000
0,00000 0400000 0,00000 0,00009 0,00000 0,00000 0,00000 0,00000 0,00000 0400000
0,00000 0,00000 0,00800 0,00000 0,00000 0,00000 0400000 0,00000 0400000 0,00000
0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0000000
0,00000 0,00000 0,00000 0,n0000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000
0,00000 0,00000 0,00000 0,00n00 0,00000 0,00000 0,00000 0,00000 0,00000 0400000
0,00000 0,00000 0,00000 0,00000 0,0C000 0,00000 0,00000 0,00000 0,00000 0,00000
0,00000 0,00000 0.00000 0,00000 0,00000 0,30000 0,00000 0,00000 0,00000 0,00000
0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0400000 0,00000 0,00000 6,00000
0,00000 0,00060 0,00900 8,00000 0,00000 0,00000 0,00000 0,00000 0400000 0400000
0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0400000 0,00000 0400000
0,00000 0,00000 0,00000 0,06A00 0,00000 0,00000 0,00000 0,00000 0,00000 0400000
0,00000 0,00000 0,00000 0,0C000 n,00000 0,00000 0400000 0,00000 0,00000 0400000
0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0400000
6,06000 0,00000 0,00000 0400000 0,00000 0,00000 0,00000 6,00000 0,00000 0,00000
0,00000 0,00009 0,10000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0400000
0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,60000 0,00000 0400000
0400000 0,n0000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0400000
6,06000 0,00000 2,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0400000 0400000
6,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0400000
6,00000 0,00000 0400060 9,00000 0,00000 0,00000 0400000 ©,00000 0,00000 0400000
0.00000 9,00000 0,00000 0,n0000 0,00000 0,00000 0,00000 0,00000 0,00000 0400000
0,10000 0,00000 0,00000 0,00A00 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000
0,0U000 0,00009 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000
0.0C000 0,00000 0,00000 2,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000
0,00000 o,00000 0,00000 0.00000 0,00000 0,00000 0,00060 0,00000 0,00000 0,00000
0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000 0,00000

NACA 634010 ANEQ AIRFOIL He0,740 ALFIRON] O ALPONERD,S XB0,07%

HARMONIC FORCES

N CHRE (£ 3¢ (1] CNRE CNIN ECN CHIRE CHPIN ({11

0 L,9T902E=02 Q, . «233912e00 O, 0, 0,

t ,53083Ee00 ,93%960Es0¢ 282406Ce0) 0,360638E00) 0, O,

2 », 581818001 o,75849L002 ,1078 w,77573Cen1 ,82979Ee0f ,01d6 O, 0, 1,0000
3 ,6961TEe02 #,133138002 (0130 ,19932€a02 »,79029L~02 ,000% 0, 0, 140000
& =,5%973E=03 ,080337€=03 ,0088 ,15848Fe02 ,b6550£=03 ,0002 0, 0, 11,0000
5 o, 73478Ew3 o, 216088003 ,0014 ,28400Fe08 ,633063E03 ,0008 O, 0, 1,0000
6 ,L10882E003 ,53786Ee0Q 0003 ,82862¢en3 o,84612E004 ,0000 O, 0, 1,0000
Y o, 7977ufena 936488204 ,0002 LJAS52TE=03 ,16652€03 ,0000 O, O, 1,0000
8 ,26849Ee04 »,50839€e04 L0003 L20800Eeq) e,$2070Le04 ,0000 0, 0, 140000
9 ©,JGA97E=08 769408005 ,0000 ,21157¢en3 ,18137€204 0000 O, 0, 1,0000
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PRESSURE COEFFICIENT wARMONICS
UPPER PRESSURE COEPFICTENT

WeMN—-O

"R YPR T -]

M ABWMN~OD N AP MN-O AW O i3

BB wuN—-O

MEBEMNMN-O

«00087 +0200
REAL IMA6 REAL
3563 0,0000 o,2238

10,1853 S5,8240e11,30062
«,2053 ,0608
20150 =,0088 0192
(0038 0050  ,0051
w0010 «0006 o,0050

«1600 +1800

REAL 1MAG REAL
»,551% 0,0000 «,9730

85,0793 3,3452 35,7901

w3839 45,3037 o,6208!

,008f e, 0330 0097
=,0143 0293 ,0tal
-,01424 0030 o,0091

3200 +3400

REAL IMAG RELL
»,6884 0,0000 e,7197
«5,3107 3,384a o%,1382
»,0233 @,1707 o,0033
J0318 e,0120 L0829
®, 0093 ,0130 o,0128
=,0028 o,0017 e,0019

04800 +3000

REAL IMAG REAL
e, 8008 0,0000 o,8510
«b,0122 33,0099 29,2412
»,3578 =, q%40 »2,1998
L0088 e, QA3 2471
L0189 w0199  ,S28e
L0088  _0090 ,0829

«8400 «2600

REAL MG REAL
o, 1858 0,0000 e,1710
3,0387 «a,08034 2,8330
w9929 L1291 e 0028

.0870 =,0349 L0908

(0038 JONAS L0017
»,0033 =,001% ,0029%

«8000 8200
REAL 14AG REAL

®,0271 0,0000 ,0078

2873 o1, ,2949 42051
, 22280 0487 e, 1923

L0152 e,0068 0129

0002 <0008 0002
*,0005 «,0001 0004

#9800 +9800
REAL 1MAG REAL
Jlba0  0,0000 L2461
L0808 =, 5177 095

=, 0702 J0210 ,0%80
+0039 e, 0027 J002%¢
3002 <0002 0002

=, 0001 J0000 ,0001

Appendix Bl - Concluded

Post-Processed Pressure Harmonics

04800 #0600
IMAG REAL 1HAG REAL
0,0000 e,3963 0,0000 e,4110
60,6943 o9,84aa7 35,9173 7,9872
01564 «,0117 L0216 e, 0068
«,0854 20187 e,0280 «0183
40037 =, 0008 L0078 e,0012
®,0013 e,00i0 L0003 ,0023
2000 2200
IMAG REAL TMAG REAL
0,0000 «,5879 10,0000 we,b0a8
3s6401 »5,9621 3,84006 3,884}
., 1304 =, 1023 =,3177 e,0824
= 0769 0843 0341 J1119
., 0198 L0039 «,0062 w,0104
#0011 0090 e,0000 L0028
+ 3600 . 3800
IMAG REAL TMAG REAL
0,0000 =,7%503 0,0000 w»,769%
3,2599 €4,9962 3,1386 5,000}
w1631 ,002%1 e,1827 o,0237
01093 0488 M-TLY 0498
®,0022 =,0139 0068 e ,01ab
., 0028 @«,0021 ,00287 e,0017
+5200 » 3400
1MAG REAL IMAG REAL
0,0000 «,7708 0,0000 o,b338

5,4083022,6313 12,0245436,5951
{7403 ©7,2331 53,3557 31,9378

wl,2940
=, 1327
1298

IMAG

0,0000
e3, 7028
PRELL
»,d242
20040
®,0010

IMAG

0,0000
el,1220
20838
v, 00587
.0007
*,0000

IMAG

0,0000
®,4953
.0187
=,0022
+0001
«0000

7894
el,0844
«,5037

4800
REAL

e,1562
1,9182
», 6508
L0439
0007
-,0019

«8400
REAL

0126
L16%0
ETYY
2110
»0002
=,0003

1.0000
WEAL

+38%52
o718
., 0613
0020
«0001
=,0001

*1,0934
L9216
., 4791

I1MAG

09,0000
=3,0319
1008
.. 0170
0033
=, 0007

1MAG

0,0000

IMAG

60,0000
., 2968
0189
=,0017
.0001
0000

L9991
1,293
.9840

21000
REAL

e,1340
1,4028
5309
20370
10008
»,0014

28600
REAL

+0361
«1016
e, 843
,0093
0002
e,0003

REAL

20800
tMag REAL
0,0000 »,a3t9
Q,0622 o7,8733
., 0288 L0404
o,0219 #0139
L0088 0139
20009 =, 0029

+2800
IMAG REAL
0,0000 =,6281
348138 o3,392]
oy, 1008 ..0905
21098 L0773
J0286  ,0093
.,005% ,0048
64000
IMAG REAL
0,0000 e,7793
3,1008 oS, 1168
s, 1782 o,0982
0207 L0488
.0106 »,0151
., 0028 «,0007
25600
IMAG REAL
0,0000 ,d829%
21,2036032,3097
*3,2191 13,9317
6,080% o, 8782
e, 0009 11,8410
0727 1362
7200
1nAG REAL
0,0000 «,1120
e2,5264 31,0272
L0888 o,a389
,0133 ,0309
10023 - 0001
*,0008 =, 0011
,8800
InAG REAL
0,0000 0016
e, 9073 ,0728
«03% o,12%3
«,0066 L0079
,000%  ,0002
*,0000 e,0002
Imag REAL

«1000
1MAQ REAL
0,0000 e,4792
4,0054 «7,4138
*,0030 1707
0, 0019 ,00060
®,000% «0054
e, 0002 #,0138

2600
MG REAL
0,0000 = 6423
3,9990 «5,3387
©, 3103 =,0752
0011 $0372
.0203 =,0023
., 0023 20003
4200
InaG REAL
0,0000 «,7933
3,191 o5,2881¢
0, 2087 o,0863
L0235 L0480
L0109 ,0156
»,0020 20008
%800
IMAG REAL
0,0000 =,3086
19,4620010,715¢
4,5857 12,338}
3,39509 31,9680
o] ,9553 7629
0020 =,9983
+1400
1MAG REAL
0,0000 w=,089%
02,1399 7518
0778 e,35630
e,0108 0257
L0018  ,0001
*,0003 ,000¢
49000
1MAG REAL
0,0000 L0682
e, 8112 #0388
20319 ¢,1093
*, 0082 L0087
,0008  ,0002
»,0000 e,0002
INAG REAL

1E.TY )

0,0000
4,59%8
L0338
»,0865
WO132
*, 0024

IMAG

0,0000
3,395
», 1208
», 0009
*, 0095
=,0031

1nas

0,0000
3,1940
., 2598
JU195
(0081
«,001%

1nag

0,0000
811966
4.3020
ed 3009

0837
s,2208

PLTY ]

0,0000
1,6390
JV088
o000
L0016
., 0002

ImaG

0,0000
o, T30}
L0288
°, 0038
(0004
»,0000

g

1200

REAL 1MAG
e,49a8
8,37%3
s,0700

$0329
»,0037?

0072

0,0000
3,939
=,02%0
,0268

20138
=,0078

2800

REAL pLT 1)
*,#536
e5,2023
0488
0218
, 0031
,0018

0,0000
3,308
., 1479
e, 0282
e, 0174
»,0011¢

18400

REAL IMAG
»e8196
«5,3048
o, 1113
0ars
*,0138
40039

0,0000
3,2039
s 227
L0182
,0029%
»,0001

+6000
REAL

»,2003
8,5568
140879
e, 6323
e,5636

Jd008

InAG

0,0000
5,583
L8857
e} ,897¢
9718
-, 0801

7600

REAL 1MAG
®, 0876
« 5488
, 3087
0218
«0001%
*,0007

0,0000
®1,002%
W08
e,0080
$0011
*,0004

9200

REAL 144G
0980
20586

.,009%9
0087
0002

®,0002

0,0000
., 5607
J0261
*, 0038
,000%
0000

REAL pLIY)

+1800
REAL 1nag
v,5242 10,0000
o5,9261 35,0826
. 8170 ,15%7
0884 0082
°,0203 L0383
L0207 =,0016
«3000
REAL PLIY]
v, 6078 0,0000
»8,3432 3,39%8
=, 0387 = 107}
L0218 e, 0279
«, 0001 =,0186
=,0033 s=,Qu02
+ 84600
REAL InAg
°,0863 0,0000
5,079 3 2887
o, 1138 =, 3273
0483 e,0427
U020 #0091
L0088 (0029
0200
REAL IMAQ
«, 1927 0,0000
§,0708 o%5,8357
e}, ,2309 1398
10033 e, 0048
(0066 L0048
v, 0026 *,0022
27800
REAL FLIY ]
.,086% V,0000
#3987 ol,4119
w2998 L0546
40181 e,007%
L0001 0009
,0006 =,0001
+9400
REAL IMAg
21190 040000
JOOT8  e,5070
»,0838 L0235
L0048 ,003)
40002 «0003
0008 40000
REAL InAg




€S

0000°
6000°»
£100°e
ot10°
2190°
00000

EALH

0000°%s
1000
0100°
22€0%
Onng*
tget

wvas
0000°%

LI
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PRESSURE COEFPICIENT MARMONICS
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Appendix B2 - Results from Unsteady Calculations for Pulse Motion
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Appendix B2 - Continued
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LIN 0 LINEAXIZEDL CP N 1 TINGeOERTY, IN AINFULL 8,C,

OEL «10000 AINFOUIL THICKNESYH WATED XAn +23000 POSITION OF PLTCH AXIB

ALFZRU 1,00000 MEAN ANGLE OF ATTACK ALPUNE Q.,00000 PITCHING AMPLITUUE

139 0,00000 PLUNGE AMPLITUDE Ingurn 1 TIMEeDEMIVATIYE [N wAKE CONOITION

R3us 1440000 SUASUNIC MELAXATION FACTOR nauP 1,0000U0 QUPERSONIC WELAXATION FPACTOA

3814 SO0 MAXIMUW NUMHER OF JTERATIONS 104C «10€e04  TULERANCE PARAMETRRS IN S{ELADY

MITH 100 o~ Coaw8E, FINE AND ExT, FINC QNID 10LM 2106903 CALCULATIONS UN CUARSE, FlInn

MITES 25 WESPELTIVELY ToLLF 210€903  AND EXT, FINE GNIU WESPECTIVELY

1CPRUN 0 ~NU REQUEST FOR QUTPUT OF UNSTEADY PREBBUWES  LINDLP U NLReTSP EQUATION (wiTH NONSLINEAR TERRM)
1cPY 1 tInEeDEN, CUNTRIBUTES TO CP AND MACH, IF IRm}

N 1 NUMBEN OF (CU)SIN MARMONICS
MULTIPLIERS OF (CO)SIN MARMUNICS 1.00000
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NACA 04A030 AMES aINFOIL

JTERATION NO, = 1 ALF  (DEG)
Tint
INOLX X

16 0oee7

17 ,02000 -
14 204000 -
19 +06000 -
20 408000 .
21 10000 .
ee +12000 -
23 14000 -
24 216000 .
23 +18000 .
206 220000 -
27 .22000 .
28 +28000 .
29 .26000 .
30 226000 .
31 +30000 L]
32 032000 .
3 +34000 .
34 36000 .
33 + 38000 .
36 L,40000 .
37 +42000 .
38 44000 .
39 L48000 .
40 ,48000 -
a1 250000 .
['H] .52000 .
a3 »54000 .
4 +56000 .
4S5 .98000 .
(13 +60000 .
a7 62000 .
'Y ,64000 .
a9 ,66000 .
50 168000 .
$1 70000 .
e +72000 .
53 14000 .
sS4 16000 .
(1) .18000 .
k1] ,80000 -
s? ,82000 .
- 84000

59 +86000

60 ,88000

sl »90000

82 292000

63 ,93000

(1] + 96000

by 98000

60 1,09000

FORCE COLFFICIENTD AT ANGLE QF ATTACK

AIRPOIL
PITCHING MOMENT (ASOUT X » 25000 )

cry

035660
22203
039320
091058
194964
War8C3
9381
32087
.S5a18
«37305
.58709
160588
62507
04170
265654
L66657
,68708
sT1842
JT4912
o 70685¢
J17887
#719313
81940
84655
80203
80757
83718
0350066
.32049
s190d0
20798
+20587
+19865
18007
16097
+33991
o11052
«09319
«07080
04968
L02948
,00985
201077
2035487
«0801¢
08184
209689
11807
103062
e24543
.364389

1,0000000
50,31645698

CPL-

97191

30687

274y

« 03057
=, 03271
., 07993
®,12302
", 16203
., 19189
®,2160%
., 23519
», 20031
«,20984¢
" 31540
w,33537
,35399
o 37427
®, 39438
., 40942
e 41792
42213
ETIIT
., 42098
®, 40970
., 38281
e, 353080
e,3260%9
®,30059
e, 27742
., 25557
., 23197
.,20547
., 17867
=, 15522
v 13474
*,11332
»,0890%
»,06383
., 04038
*,01%90

+00097

02001

,00089

$ 06315

O8728

odiitt

33078

10343

120810

W27820

39473

1,0000000

,9293374E002

80,700  ALFINDE] 0

PLUNGE ]
T (0€6)

LU}

506009
,88078
BRI
,90824
,98428
299497
1,00211
1,01929
1,02398
1,03331
1,05874
1,04520
$,09276
1,05980
1,064a83
1,06897
1,07603
1,00823
1,09948
1410053
{11027
1,11541
1,1240)
1,13004
$,14018
1,14108
1.13819
1,08298
,93024
287518
,88040
287944
87477
180760
+83874
84866
LA3778
,82090
#81537
280510
2719499
S 18504
77045
J18208
gl4844
o 13087
2052
11817
09083
,0a102
,5u777

PLUNGE OI8P, B

NOXRMAL FORCE ®

PITChePyLSE o 0,9

0,0000000

s 2502,0125000

L%

0,00000
236066
o71183
o70413
J19663
+82005

434037

0,0000000

s231ve20teQu

ocPsCPLetPyY

91550
234890
32107
Ja4113
s41093
39008
37019
R IYTY]
3oy
39700

AXIAL FURCE a

®,03397838202

[$a)
~



ITERATION NO, @

1024

200807

+20000
$22000
224000
+26000
28000
+30000
232000
+ 34000
+ 36000
+38000
+ 40000
242000
224000
446000
248000
+50000
«52000
+ 54000
+56000
»58000
260000
262000
464000
.506000
268000
»10000
L12000
,74000
216000
278000
280000
,82000
,84000
,86000
.08000
+90000
192000
294000
98000
98000
1,00000

NACA $GAOLO AMES alRFOIL

ALF  (0EG)
TIME

140000000

8 100,5309449

cru

o« 33640
®,22203
e, 39428
®,41056
., 44984
“ 47603
., 49501
e, 32087
®,35418
.,57305
e, 58709
., 00588
*, 02367
e, 04170
e 054540
. 000657
64708
e, 71342
s PYIY
o, Tbb3]
=, 17887
«, 7951}
81940
., 84655
w,86263
*, 806756
=, 85718
“e63065
., 52049
e, 19648
e,20798
-,20%87
*, 19968
=,18007
®e18097
13954
o, 11632
®,09319
=,07080
®, 00904
°,0294p
®,00984

01077

+08asy

06019

08142

«09689

s110807

sl03062

24503

TS

FORCE COLFPICIENTI AT ANGLE OF ATTACK @

ATRFOIL

PITCHING MOMENT (ASOUT X ®

58

229000 )

1,0000000

9293373k 002

“m0, 780

ALF2HOR1,0  PITCH®PULGE ® 0,9

PLUNGE ] 0,0000000
T (0Ea) ® 3700,0000000
ny "
+ 30809 0400000
L8078 2586066
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98820 ofou13
8428 RLITY]
99497 182008
1,00211 04113
1,01524 285923
1,02%96 087309
1,03881 (88407
1,03874 289270
1,04520 + 90400
1,09278 91891
1,05900 192801
106445 93660
1406897 RITEE]
1,07686% +93310
1,08823 It
1,099a8 177
1,10033 97128
te11027 297326
1,149a88 77479
142481 JITa19
t,13004 96788
1,168013 295808
1,14184 4437
1,43819 + 98260
1,06298 92159
93021 1147
07514 90181
28040 09125
87944 87928
JBrary NTIL]
88760 «8%608
89874 $B84040
8asee o 81620
83114 18248
JB2630 01218
81587 280047
+80510 078978
19499 271950
18508 Jevsa
J1744% 13870
JTH208 o 74089
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NI NYYIL)
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PLUNGE DIOP, @ 040000000
NOMMAL FORCE ® W2319020€000

DCPRCPLeCPY

«019%0
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30249
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31917
o3l258
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W J24V8
033970
«33039
33014
30010
MLLLT]
Ja3088
NILTT)
W S1397
335112
«35004
043ur
e,05%1}
v, 02399
200040
101698
102403
02028

AXIAL FORCE

8339780002




POINT

-
SO OGNT A DN

FREQUENCY

0,
+250000027E¢01

+500000053¢¢01
«150000080t 01
«100000011£+02
#12500003 32902
«150000016E¢02
«175000019¢402
+200000023L902
+225000024E002
«2350000027E¢02
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+325000035E¢02
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J2W8nnn2ekend

Appendix B2 - Concluded

REFYALLARINY

ML R IRATTEN]

.210301695E+01

Post-Processed Generalized Aerodynamic Forces
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Appendix B3 - Results from Unsteady Calculations for Aeroelastic Motion
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(a) Pulse input. (b) Force output. (c) Uunsteady force response.

Fig. 1 Pulse transfer-function analysis for unsteady aerodynamic forces;
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Fig. 3 Nonreflecting farfield boundary conditions,
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Fig. 4 XTRAN2L default grid near airfoil,
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(a) Normal force coefficient and pitching moment coefficient time
histories.

Fig. 5 Results from steady calculations (no airfoil motion, IRESP = 5) for
the NACA 64A010A airfoil at Ms = 0.78 and o = 1.0°%;
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(b) Steady pressure distribution.

Fig. 5 Concluded.
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Fig., 6 Continued.
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Fig. 6 Continued.
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(a) Pitch pulse input.

Fig. 7 Results from unsteady calculations due to pitch pulse (IRESP = 3) for
the NACA 64A010A airfoil at Me = 0.78 and oy = 1.0°;

79



80

(b)

321 - .024
O—— ¢
30— —_— —
0 Cn .020
B 1
28— —{.016
.26 | —.012
O
24 =1 .008
D o |
022 — ] 0004
.20 1 | 3 | 1 ] ! | 1 0
50 60 70 80 30 100
t

Resulting normal force coefficient and pitching moment

coefficient responses.

Fig. 7 Continued.
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(c) Normal force coefficient due to pitching as a function of reduced
frequency k.

Fig. 7 Continued,
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(d)

Pitching moment coefficient due to pitching as a function of
reduced frequency k.

Fig. 7 Concluded.
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(a) Pitch and plunge aeroelastic transients.

Fig. 8 Results from unsteady calculations for aeroelastic motion (IRESP = 1)
for the NACA 64A010A airfoil at Mo = 0.78, oo = 1.0°, and
U/c = 330.0;



T o Ch -7 .34
30— — .30
-26 = O - -26
s @] i
am :
022 T - -22 C
.1 0
. 0
-18 :' - -18
=
1t — .14
.10 1 ] ] ] 1 ] 1 l 1 | .10
S0 60 70 80 S0 100

(b) Normal force coefficient and pitching moment coefficient
aeroelastic transients.

Fig. 8 Concluded.




1. Report No. 2. Government Accession No. 3. Recipient’s Catalog No.

NASA TM-87737

4. Title and Subtitle 5. Report Date

USER'S MANUAL FOR XTRAN2L (VERSION 1.2): A PROGRAM July 1986

FOR SOLVING THE GENERAL-FREQUENCY UNSTEADY TRANSONIC 6. Pertorming Organization Code
SMALL-DISTURBANCE EQUATION 505-63-21-01

7. Author(s) - 8 Performing Organization Report No.

David A. Seidel and John T. Batina

10. Work Unit No.

9. Performing Organization Name and Address

NASA Langley Research Center 11. Contract or Grant No.
Hampton, VA 23665-5225

13. Type of Report and Period Covered

12. Sponsoring Agency Name and Address Technical Memorandum

National Aeronautics and Space Administration

Washington, DC 20546 14. Sponsoring Agency Code

15. Supplementary Notes

16. Abstract

The development, use, and operation of the XTRAN2L program that solves
the two-dimensional unsteady transonic small-disturbance potential equation
are described. The XTRAN2L program is used to calculate steady and unsteady
transonic flow fields about airfoils and is capable of performing self-
contained transonic flutter calculations. Operation of the XTRAN2L code is
described, and tables defining all input variables, including default values,
are presented. Sample cases that use various program options are shown to
illustrate operation of XTRAN2L. Computer listings containing input and
selected output are included as an aid to the user.

17. Key Words (Suggested by Author(s)) 18. Distribution Statement
Transonic Unsteady Aerodynamics Unclassified - Unlimited
Transonic Small Disturbance Potential Subject Category - 02
Equation
Finite Difference, Aeroelastic
19. Security Classif. (of this report) 20. Security Classif. {of this page) 21. No. of Pages 22. Price
Unclassified _ Unclassified 87 A05

N-305 For sale by the National Technical Information Service, Springfield, Virginia 22161



End of Document



