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ABSTRACT 

A method is  presented for  computing the aerodynamic 

influence  coefficients  (AICa)   for a  surface  traveling at  subsonic 

speed through an oscillatory «'ist   field.      The  method is based on 

one of the  fundamental  solutions  of unotcady flow theory--that of 

Sears  for a two-dimensional  airfoil  frsiveling through a harmonic 

gust field in an incompressible   fluid. 

The harmonic gust AICs  relate the aerodynamic control 

point  forces to the   spanwise  variation of the  gust amplitude 

through the   following definition 

{rg}    pvwgbrs   (cg|{wg/wg} 

The Aerospace IBM 7090 Computer Program No,   HM02 provides 

the gust AICs  in printed and optional punched-card output formats. 

The program capacity is 100 surface  strips and 100 values of 

reduced velocity. 
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SYMBOLS 

b I^oca.'   somirhord 

b Refj-fpnc«-   somichord 
r 

C(k) Th« odorsm   function 

C Dlemcnt  of K"st AIC matrix 
g 

d Distant«' b^-tween forward and aft  control points 

y fControl   point   fore«- 
R 

.1f.,   .1. B».'ss«-1  functions of first  kind of orde»   T-.ero and one,    respectively 

k Local   reduced frequency 

k Reference   reduced  frequency 

L Lift 
K 

M Moment 
g 

■ Surface   span 

V Velocity 

W Reference  gust  amplitude 

w Local  Rust amplitude 
g 

x Leading edge  coordinate 

A Sweep angle of surface qua rte r - chord line 

\ Gust wave length 

p Aisnospheric  density 

0(k) Sears  function 

IV 



SECTION I

FORMULATION OF PROBLEM

A. Introduction

The random response of a vehicle to atmospheric turbulence can be 

analyzed if the frequency response to a harmonic gust is known. The harmonic 

gust forces acting on a high aspect ratio surface at subsonic speeds can be 

found from the incompressible two-dimensional theory of Sears* from which 

the gust aerodynamic influence coefficients (AICs) may be derived. The pres­

ent study is an extension of the computational aspects of the method previously 

reported. ^

B. Sign Convention

A consistent sign convention is chosen between the force and gust direc­

tions. If the gust is specified as an upwash, a positive force acts upward; if 

the gust is specified as a downwash, a positive force acts downward. The 

leading edge coordinate x is chosen as positive aft.

C. Derivation of Equations

We define a set of AICs for a harmonic gust that relate the complex 

amplitudes of the control point forces to the spanwise variation of the gust 
velocity:

g

This definition is completely general, being equally as applicable to 

a lifting surface theory as to a strip theory. However, in the case



of a strip theory, the AICs take on a simplified partitioned form that appears 

as follows:

(CJ =

I I
0 _p_|_ o_

C I 0
gl I 0

® I 82
I

• I

_j _ 0 

0

The first null partition is reserved for control points whose aerodynamic 

forces can be neglected (e g., external stores) or can be found from some 

other theory (e g., slender body theory). The remaining partitions are of 

size 2 X 1 since two control points are necessary on each strip if it has two 

flexible degrees of freedom (assuming a rigid chord).

To derive the strip AICs, we assume that the gust lift and moment 

about the airfoil quarter-chord are known. The equivalence between the 

given loads and the control point forces is shown in Fig. 1. From Fig. 1 we 

note the equivalence

g 8

and in matrix form, the forces appear as
* ^

F, L + M /d1 8 8
< 8 >■ - <

^2 -M /d 
g

8
k >



(o) 

Fi^.    I.     Given (a)  and  Replacement  (b)   Force Systems and Geometry. 

To  continue the derivation,   we  must   have  the   relationships between the  lift 

and  moment  and the   gust  velocity        ]o  this   end we   select the   incompressible 

solution of Sears fcf   .    Ref     1)  who gives the   lift and moment (when  corrected 

for   sweep)  as 

L 2IT  cos   A   pV w   bAy   0(k)  exp(-ikx/b) (6) 

M      --   0 
g 

(7) 

where   the  Sears  function   o(k)   is  related to the   Theodorsen  function   C(k)   as 

C>(k)       ' J0(M   -  iJ^k) 1 C(k)   + iJjW 18) 



The first swerp correction, the fa< tor cos A. adjusts the two-dimensional 
lift curve slopes the second sw« ep correction, the (actor exp(-ikx/b), accounts 

for the phase difference in the gust maximum amplitude reaching the leading 

edge of each surface strip Substituting Eqs. (6) and (7) into Eq. (5) yields 

the force-gust velocity relationship

^1
g

■ = 2ir cos A pV w

bAy 0(k) exp(-ikx/b)

^2
g 0

g

which, by comparison with Eq. (1), yields the harmonic gust AICs for the 

j'th strip.

2w cos A ■

(b7b^)(Ay7s) 0(k.) exp(-ik^x^/b^) 

0
(10)

where the local reduced frequency k. is based upon the local semichord length.

^ wb./V (lla)
J

= (2wV/M(b./V) (lib)

= 2wb./V (11c)

where K is the gust wave length, and the reference reduced frequency is 

based upon the reference semichord

k^ = 2nb^/\ (12)

Once the partitions have been obtained for each strip, the total matrix is 

assembled as indicated in Eq. (2).
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SECTION II

GENERAL DESCRIPTION OF INPUT

A. UnitB

Since all input is geometrical and the gust matrix is dimensionless, the 

units of length are only required to be consistent-- feet or inches (or 

centimeters).

R. Classes of Numerical Data and Limitations 

1. Example Problem

As an example we consider a two-strip wing with the following 

geometrical properties:

cos A ^ 0.7500

b = 2.00 ft r

s = 5.00 ft

Strip No. Ay(ft) b(ft) x(ft)

1 3.00 3.00 0.20

2 2.00 1.60 0.30

We seek the gust AICs for the two reduced velocities 1= 1.00 and 5.00, 

and for the steady case (input as 1/k^ - 0).

2. Program Restrictions and Options

a. The maximum number of wing strips per data deck is 100.

b. The maximum number of reduced velocities per data deck

is 100.

c. Any practical number of input data decks may be stacked 

successively and run during one machine pass.



SECTION III 

DATA DECK SETUP

A. Loading Ordo r

Input decks punched from keypunch forms are loaded behind column 
binary deck HM02. The data for each input deck must be in the following 
order:

(1)

(2)

(3)

(4)

(5)

(6) 

(7)

Heading card

NSTRIP, NFREQ, NPUNCH

cos A, b^, s

Ay. series 

b. scries

X. series 
1

(l/k^)j series

B. Input Data Description

The heading card is for data identification; any characters 
desired may be used in Columns 2 through 72. Column 1 should 
be blank.

Control card (FORMAT 18l4)

(a) NSTRIP = number of strips; < 100

(b) NFREQ - number of reduced velocities; < 100

(c) NPUNCH - 0 or blank if aerodynamic matrices are to be

punched in cards.

NPUNCH 4 0 if no punched output is desired.



(4)

(5)

(6) 

(7)

Constant parameters (FORMAT 6E12.8)

(a) cos A = cosine of sweep angle of quarter-chord

(b)

(c)

= reference semichord 

- surface span

Ay. series (FORMAT 6E12.8)

Ay,. Mr -^VinSTRIP) - •‘"P

local semichords
b. series (FORMAT 6E12.8) 

1
b,, b^, . b.(NSTRIP)

X. series (FORMAT 6E12.8)

«’,■ -Z- x (NSTRIP) = coordin....

(1/k ). series (FORMAT 6E12.8)
(l/ky, . (l/k^)j, ,(l/k_.),.,j.„j.Q = reduced velocity.

NOTE: Each new series starts on a new line (card).

C. Example Keypunch Forms

Keypunch forms for the example problem are shown on the following 

page. Columns 73 through 80 are for data deck sequencing and may be any 

choice of letters and numbers.

8





SECTION IV 

PROGRAM OUlPUT

Printed Output

1. All input data

2. For each reduced velocity:

a. Reduced velocity value

b. Elements of AIC matrix partition representing each strip.

c. Punched card identification and sequencing.

3. The example problem printed output is shown on the following

pages.
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B. Punched Output

1. A deck of punched cards (output) from this program is suitable as 

an input deck to other programs requiring the use of AICs.

2. All punched output is sequenced in order on Columns 73 through

80 starting with HM02000 1 he data appear in the following order:

a. Card 1 contains (FORMAT 6E12.8).

b. Card 2 contains m, the size (number of control points) of 

the AIC matrix, and n, the number of strips (partitions) (FORMAT 1814).

c. The AIC matrix punched in column binary form and its TRA 

card make up the rennainder of the punched output for (l/k^)j.

3. The order of Statement 2 is repeated for all reduced velocities 

per input deck.

4. Each matrix is punched in compact form by columns. Column 1 

begins in Origin 1 and Column 2 in Location (1 + matrix size).

5. The matrix is punched in the order: Column 1 (real). Column I

(imaginary); Column 2 (real). Column 2 (imaginary); • ; Column m (real). 

Column m (imaginary).
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SKCTION  V 

PROCESSING   INFORMATION 

Op«-rat ion 

STANDARI^  FORTRAN     lOril^K    ,y^lem 

Fsfimatfd  Machine  Timr 

T tinir   iti   )    .nute-s 

NS1 R IP nurnber  of  strips 

KRPQ number of  •> duccu  vi locilic? 

n number of nets   (decks)   of input  data 

n 
T 0  2+ 0 01   5^    (NSTRIP).  x (FREQ). 

j    I J J 

Machine   Components   Used 

About   2000  core   storages 

Standard  FORTRAN input   tape  (NT I) 

Standard  FORTRAN output  print  tape  (NT2) 

Standard  FORTRAN output  punch  tape  (NT3) 

lt> 



SECTION VI 

PROGRAM NOTES

A. Subroutines Used

RDLN: reads and prints title cards

AEROP5: punch AIC matrix 

BESSEL function routine

BJYO: computes Bessel functions, order zero

BJYl: computes Bessel functions, order one

BINPU: binary punch routine

B. Generalized Tapes

Input, print, and punch tapes are defined as Units 2, 3, and 12, 
respectively; however, these may be altered by placing the desired units 

on symbolic cards HM020028, HM020029. and HM020030.
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