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FOREWORD 

An idea that has been considered to provide control to some advanced guided projectile 
concepts is to deflect the rear part of the tail surface as opposed to the entire tail surface. This 
concept offers an advantage over deflecting the entire tail surface in terms of control volume, 
weight and cost. However, to estimate the aerodynamics of these types of aerodynamic concepts 
with the aeroprediction code requires hand calculations and engineering judgment over much of 
the range of flight conditions of interest. As a result, new technology has been developed to be 
integrated into the next version of the aeroprediction code which will allow aerodynamics of 
trailing edge flaps to be computed in an automated and more accurate manner than currently 
available approximate methods. This report documents this new aerodynamic prediction 
methodology for trailing edge flaps. 
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1.0 INTRODUCTION 

Conventional approaches to control weapons include aerodynamic controls where either 
the canards, wings, or tails are deflected a given amount to provide the required maneuverability 
to intercept a target. More recently, as weapons have attempted to hit targets flying at high 
altitudes where the atmosphere is quite thin, side jet thrusters are being considered to replace or 
compliment aerodynamic controls. These side jet thrusters can also be effective in cases where 
very short airframe time constants (the time it takes for a control system to generate about 63 
percent of the required maneuverability) are required. For both the conventional aerodynamic or 
propulsive means of control, cost and control hardware weight and volume become prohibitive 
for some applications. These lower cost applications tend to be associated with stationary or 
slowly moving targets where maneuverability requirements are low, but improvements in 
accuracy over a ballistic weapon are necessary. 

One idea that has been considered to meet the lower cost, lower maneuverability control 
concept is to deflect a part of a wing or tail surface as opposed to the entire surface. The portion 
of the tail surface considered for deflection is at the tail or wing trailing edge. Figure 1 is an 
illustration of a typical concept being considered where a part of the trailing edge portion of the 
tail fin is being considered for the control surface as opposed to the entire tail surface. As seen in 
Figure 1, this trailing edge flap concept is associated with a very low drag projectile design, and 
given a high initial velocity, can produce a fairly long range, even without a rocket motor. For 
long ranges, winds and other ballistic errors can produce sizeable miss distances without some 
sort of corrective device. While the large tail fins of the Figure 1 concept are needed for stability 
at a high velocity launch, deflecting the entire tail fin a significant amount to eliminate the 
ballistic errors is not needed. Only a fraction of the tail surface is required to provide adequate 
maneuverability if the deflection occurs over a sustained period of time. The small deflected 
surface area results in a much lower volume, weight and cost for the control system. As seen in 
Figure 1, the amount of area of the trailing edge can vary depending on the requirements. Shown 
in the figure is a variable semispan, root chord and hinge line for the trailing edge flap. 

The most recent version of the NSWC aeroprediction code (AP98)1 distributed to users is 
not capable of computing aerodynamics on a concept such as that shown in Figure 1 when the 
trailing edge flaps are deflected. The objective of this report is to develop the methodology to 
allow the next version of the aeroprediction code (AP02) to compute aerodynamics on a 
configuration where some portion of the rear part of the aft lifting surface (either wing or tail) 
can be deflected to provide control. In developing this trailing edge flap aerodynamic predictive 
methodology, considerations of the cost to integrate the new methodology into the aeroprediction 
code (APC) will be a prime driver in the method chosen. 
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In reviewing the literature to determine approaches to use for calculating the 
aerodynamics of trailing edge flaps, the general approach that comes closest to that desired for 
use in the future AP02 is that adopted for the Missile Datcom.2 In that approach, an equivalent 
value of deflection for the entire wing or tail surface is determined to reflect a given flap 
deflection. In other words 

8w=f(8f) (1) 

The equivalent value of öw is determined offline using methods in the airplane DATCOM at 
subsonic speeds and the method of Goin4 at supersonic speeds. The advantage of an approach 
such as Equation (1) for codes such as Missile Datcom2 or AP981 is that this is the least costly 
and most straightforward approach to incorporate the computation of aerodynamics of trailing 
edge flaps into an existing computer code. The low cost is because codes such as AP98 or 
Missile Datcom2 are generally already set up logic wise to compute the aerodynamics of a 
configuration where one set of fins are deflected. Hence, if one can define what that wing 
deflection is in terms of some flap deflection, the codes1'2 can be exercised to provide a set of 
aerodynamics that simulate a configuration with a trailing edge flap deflected by a given amount. 

While the approach used by the Missile Datcom [Equation (1)] to compute aerodynamics 
of trailing edge flaps is the same approach that will be adopted for use here, the methods that will 
be used for the AP02 will differ from those3,4 used in the Missile Datcom.2 There are several 
reasons for this. First of all, the method of Goin4 has too many limitations. Some of these 
limitations include requirements for supersonic leading and trailing edges of the flap hinge line, 
viscous effects are not accounted for, and the method does not include nonlinearities due to large 
flap deflections or angles of attack (AOAs). Secondly, while the method of Reference 3 takes 
into account some of the viscous and nonlinear effects that Reference 4 does not account for, the 
method itself is inconsistent with that of Reference 4. 

The objective here is thus to derive an improved method to compute aerodynamics of 
trailing edge flaps that utilize the Equation (1) approach. The method should be similar for both 
subsonic and supersonic freestream Mach numbers, should not be limited to supersonic leading 
and trailing edges, should account (at least empirically) for viscous effects, and should account 
for nonlinearities associated with large flap deflections or AOAs. From a practical standpoint, 
the weapons that will use the trailing edge flaps for control will typically fly at fairly small trim 
AOAs (less than 10 deg). However, flap deflections as large as +30 deg are not unreasonable in 
order to achieve the appropriate trim AOA desired. Also, from a practical standpoint, most 
applications will be below M„ = 2.0. However, the method should be general enough to be 
applied over the Mach number range of applicability of the AP98 or AP02, which is 0 to 20. On 
the other hand, the method will not be validated over this large Mach number range due to 
limited experimental data. 
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2.0 ANALYSIS 

To most efficiently implement the methodology for computing the aerodynamics of a 
weapon concept that is controlled by trailing edge flaps, we will seek the definition of the 
equivalent wing deflection that yields the same normal force, pitching moment and trim AOA as 
that obtained by deflecting the trailing edge flaps. In mathematical terms, 

NW(B) + NB(w)=Nff1 (2) 

MW(B) + MB(w)=Nff1 [(XCP)f-Xref] (3) 

(«TR )w = («TR )f (4) 

In reality, if Equations (2) and (3) are satisfied, Equation (4) will automatically be satisfied. We 
thus must define the relationships that allow Equations (2) and (3) to be satisfied. 

Notice that in Equations (2) and (3), the wing-body normal force and pitching moments 
are equated to the normal force and pitching moment coefficients of the flap alone (with no 
interference effects present) times an empirical constant. There are a couple of reasons for this. 
First, when the entire wing is deflected it will have carryover normal force onto the wing. This 
means the equivalent control deflection of the entire wing will be lower than if no carryover 
normal force were present. Secondly, while there will be some interference carryover normal 
force onto the flap from the wing or body, this extra normal force can be lumped into an 
empirical term, fi, which will be defined later. 

Equation (2) can be expanded as 

[CNW(B)+CNB(W)1     QAref=[CN]5fflQA 
3\V 

or 

ref 

(5) 

{CNJW [kW(B) + kB(w)]8w =(cNJf 
fi 8f 

The empirical factor, fi, of Equation (5) accounts for several physical phenomena. These include 
boundary layer buildup and separation of the flow ahead of the flap on the wing surface; flap 
thickness effects; effects of the slot created between the wing and flap when the flap is deflected; 
and interference effects of the flap onto the body or wing, or the wing or body onto the flap. The 
factor f i will be determined empirically based on experimental data for wings which have trailing 
edge flaps. Figure 2 attempts to pictorially and mathematically show the representation of a 
trailing edge flap deflection by deflecting the full wing. 

To determine fu we equate the right hand side of Equation (5) to the change in normal 
force coefficient at some AOA due to a control deflection 6f. That is 
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Physical Representation 

Reality 

Body-Tail With T.E. Flap 

a 

/ 
A 

Tail With T.E. Flap 

6r 

Approximation 

Body-Tail 

'\ 

j> 

Mathematical Representation 

(CNa)ff.5f = 

^Normal force coefficient ^ 

of flap deflected an amount 8f 

5T(CNa)T(
kT(B)+kB(T)) 

^Normal force coefficient ofN 

tail deflected on amount 8T , 

Physics fi Accounts for 

Boundary layer buildup and separation 
ahead of flap 

Slot between wing and flap 

Interference effects of wing/body on flap 
and vice versa due to flap deflection 

• Viscous effects completely different 
(boundary layer, no separation bubble) 

• No slot present 

• Interference effects automatically included 

FIGURE 2. PHYSICAL AND MATHEMATICAL REPRESENTATION OF TRAILING EDGE FLAP 
DEFLECTION BY FULL WING DEFLECTION 
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fl= J^LL (6) 
(CN„ Jf 5f f 2 

ACN   of Equation (6) is the additional normal force coefficient created by a flap deflection 6f. 

(CM   )  is the theoretical normal force coefficient slope for the flap of given aspect ratio and 

taper ratio at a given Mach number and AOA. This theoretical value is determined by the 
methods in the AP02 for a flap only (no wing ahead of it). The AP02 methods include linearized 
theories at low AOA or control deflection combined with empirical approaches at higher AOA. 
These methods in the AP98 or AP02 are fairly general and can calculate aerodynamics on 
supersonic or subsonic leading edge wings or flaps at low AOA. Also, aerodynamics can be 
computed for Mach numbers 0 to 20 and AOAs to 90 deg. Hence, the theoretical methodology 
for computing fcNa )  is fairly general. The value of (cNa )f is actually computed using a 

secant slope for a given AOA. This value of (cNa )f is then multiplied by the given flap 

deflection, 6f as seen in Equation (6). The numerator of Equation (6) is based on experimental 
data, which accounts for various physical phenomena of a flap in conjunction with a wing, which 
a wing alone does not have. Hence, the empirical factor fj is generated by the ratio of 
experimental data for a flap on a wing to a theoretical wing alone solution. 

The factor f> in the denominator of Equation (6) is used to account for the fact that the 
theory in the AP02 which defines the lift curve slope of an entire wing deflected an amount 6 at a 
given AOA may not accurately predict the increment in normal force generated by a flap. The 
factor f2 is expected to be near one at supersonic speeds. However, at subsonic speeds, wind 
tunnel data suggests the theoretical predictions of additional normal force generated by a flap are 
higher than what the theory suggests. This inaccuracy of the theory arises from using the secant 
slope for (CN  )  versus using the local slope at a given value of a. At supersonic speeds, use of 

the secant slope does not appear to be a problem. However, subsonically, the CN versus a curve 
levels out at around 25 to 30 deg AOA, so an additional increase in a brings increasingly less 
increase in CN. Using a secant slope for (cNa )f versus the local tangent gives a value of (cNa )f 

which is too large and therefore a value of fi which is too low. The parameter f2 therefore 
corrects for this weakness. One could change the overall AP02 code to use local versus secant 
slopes. However, this would be a very costly and time consuming process, and it was much 
more cost effective to define the factor f2 to take care of this correction. 

In Equation (6), it is assumed both the numerator and denominator are based on the same 
reference area Aref. If (cN )  is calculated based on a wing alone solution for the flap, then the 

Equation (6) must be multiplied by Aref /Af to have consistent reference areas. 

To define the empirical factor fi, two data bases will be used.5'6 Reference 5 contains 
data for a canard-body-tail configuration (see Figure 3) with trailing edge flaps. Data is available 
for Mach numbers 1.5 to 4.63, AOAs -2 to about 30 deg (except for M- = 1.5 where some data 
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is available only to about 15 deg AOA), and control deflections 0 to -30 deg. Unfortunately, no 
positive values of öf were available in Reference 5, probably since a negative value of öf is 
required for trim to occur when a is positive. 

Reference 6 contains data for low Mach numbers (M- = 0.3 to 0.5) for several different 
configurations. These configurations included an elliptical and circular cylinder-shaped bodies 
with either a delta or sweptback rectangular wing. The wings could have either a leading or 
trailing edge flap. The configuration of most interest here is the delta wing with trailing edge 
flaps on a circular cylinder body (see Figure 4). Data is available to 40 deg AOA for flap 
deflections of ± 10 and ±30 deg. Hence, Reference 6 will complement the supersonic data of 
Reference 5. 

For Mach numbers in between M<„ = 0.4 and M. = 1.5, the following procedure will 
apply for computing fi. For Mach numbers below M« = 0.8, the value of fi computed at 
M» = 0.4 will be assumed to apply. For Mach numbers between M» = 1.5 and 0.8, linear 
interpolation will be used to compute fj based on the values of fi at M«, = 1.5 and 0.8. 

Figures 5 and 6 give the values of fi determined by using References 5 and 6 to find 
values of (ACN )f and Reference 1 to compute a value of (cNa ]f at a given AOA. Figure 5 is 

when a and 6 are of opposite signs, which is the practical case for trim when the aft located 
control surface is deflected. Figure 5 applies for M- > 1.5 and for values of a and ö of the same 
sign when a is numerically small. No data has been found to ascertain the validity of Figure 5 
when a and ö are the same sign and a is greater than a small value. For M > 4.63, the value of 
fi at Moo = 4.63 will be assumed. Also Figure 5 holds for values of 8f up to -30 deg, based on the 
Reference 5 data. 

Figure 6 gives values of f i for MM = 0.4 for values of a up to 30 deg and for values of 6f 

of ±30 deg. Figure 6 values of fi utilize the values of f2 from Figure 7. Figure 7A presents the 
most practical case for tail-located trailing edge flaps since a and öf must be of opposite signs for 
trim to occur. Figures 7B and 7C present results for f> when a and 6f are of the same sign. 
Figure 7B is for 6f = 10 deg and Figure 7C is for 6f = 30 deg. Linear interpolation of the 
Figures 7B and 7C will occur for values of 6f other than 10 or 30 deg. 

Knowing fi from Figures 5 or 6, Equation (5) can be rewritten as 

5W = 
(CN«)w  (kW(B)+kB(W)) 

8f (7) 

The way Equation (7) is utilized within the AP02 is as follows: 

1.   For a given flap size, (cN  )  is computed from the wing alone solution in the AP02 

at a given ML, a, AR and A. This value of (cN(x )f is then related to Aref versus Af. 
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FIGURE 7C. FACTOR WHICH CORRECTS FOR USE OF SECANT VERSUS TANGENT IN NORMAL 
FORCE CURVE SLOPE (6f = 30 DEG) 

2. fi is then computed via table lookup for a given value of a, M» and 6f (if the flow is 
subsonic. 

3. For a given wing size, (CN  )    is computed from the wing alone solution in the AP02 

at a given M», a, AR and X. This value of (cNa )w must again be based on Aref. 

4. Values of kW(B) and kB(w) are then computed at a given a using the nonlinear control 
methodology in the AP02. This methodology uses slender body theory as a basis for 
low AOA estimates and wind tunnel data at high AOA to modify these estimates. 

5. For a given value of ö>, an effective value of 6W is then computed based on 
Equation (7). This value of öw is the amount the entire wing is deflected to 
approximate the additional normal force of a wing due to a trailing edge flap 
deflection of an amount of. 

Equation (7) defines the equivalent fin deflection to give the same normal force that 
deflecting the rear part of the fin an amount 6f would give. The normal force coefficient of the 
flap or fin is computed from Equation (6). That is 

(ACN)f=f,(cNJf5f (8) 

The question that we must now address is the pitching moment for the flap. By deflecting the 
entire wing an amount 6f defined by Equation (8), the pitching moment for the wing will be 
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based on the center of pressure of the entire wing, not that due to the flap. Thus to obtain the 
correct pitching moment for the flap, where the entire wing is deflected, a change in the center of 
pressure must be calculated. 

Most trailing edge flaps under consideration have a fairly high aspect ratio with a fairly 
small root chord. The initial thought by the author was to assume the center of pressure of the 
normal force generated by the trailing edge flap would be similar to that on a high aspect ratio 
wing alone. That is for subsonic flow, the center of pressure would be around the quarter chord 
location and then transition to the half chord location around ML = 2.0. However, in comparing 
this assumed location to the experimental data of References 5 and 6, it was clear this 
assumption on center of pressure location was not correct. It is believed the reason for the center 
of pressure assumption not being correct is that the flap cannot be treated as a wing in isolation at 
most Mach numbers. At a Mach number of 1.5, the assumption of % chord transitioning to Vi 
chord supersonically was a good assumption (see Figure 8). However, at other Mach numbers, 
assuming the center of pressure of the flap normal force could be treated similar to a high aspect 
ratio wing in isolation became increasingly erroneous as seen by the experimental data of 
Figure 8. In giving the behavior of the experimental data in Figure 8 some thought, the author 
believes that the physics of the flow can explain the Figure 8 experimental data. That is, as 
Mach number increases and the trailing edge flap is deflected, a shock is created ahead of the 
leading edge of the flap. This shock in turn creates a high pressure region on the wing where the 
flap is attached. This high pressure region is the reason for the experimental center of pressure 
of the flap normal force actually lying ahead of the leading edge of the flap as seen by Figure 8. 
The dashed line in Figure 8 is the new assumed center of pressure of the flap normal force as a 
function of Mach number. Notice that in Figure 8, [(XCP)f /Cr]avg represents the average center 

of pressure over the AOA range from 0 to 30 deg as a fraction of the root chord of the flap. 

At a subsonic Mach number of 0.4, the center of pressure also lies ahead of the flap. If 
the flap deflection has the same sign as the AOA, this center of pressure location is about 0.7 
chord lengths ahead of the flap leading edge. If the flap deflection is of opposite sign to the 
AOA, the center of pressure is about 0.4 chord lengths ahead of the flap leading edge. For Mach 
numbers 0 to 0.8, it is assumed these values of 0.4 and 0.7 chord lengths hold constant. For 
Mach numbers 0.8 to 1.5, it is assumed the location of the flap center of pressure varies linearly 
between the values at M« = 0.8 and 1.5. 

The physics which cause the center of pressure to move ahead of the flap are believed to 
be different for the subsonic and supersonic cases. Supersonically, it is believed viscous effects 
as well as the shock structure are the dominant features. However, subsonically, it is believed 
the flap deflection rearranges the pressure distribution on the wing ahead of the flap as well as 
the viscous effects, which are present at all Mach numbers. The rearrangement of the pressure 
distribution on the wing ahead of the flap occurs because in subsonic flow, disturbances in the 
flow can feed forward, whereas supersonically they cannot, except through the boundary layer. 
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FIGURE 8   FLAP ALONE AND TRAILING EDGE FLAP ATTACHED TO WING AVERAGE CENTER OF 
PRESSURE OVER ANGLE OF ATTACK RANGE OF 0 TO 30 DEG FOR VARIOUS MACH NUMBERS 

From a practical standpoint, the effect of the flap center of pressure shift diminishes its 
effectiveness somewhat in generating trim AOA. This is because the center of pressure of the 
normal force actually lies in front of the flap at most Mach numbers, decreasing the moment 
somewhat and hence the trim AOA. On the other hand, if the flap is located near the base of a 
fairly long body, a one to four inch shift in the center of pressure forward can be fairly small in 
terms of the overall moment arm. The amount of normal force created does not seem to be 
affected by the forward shift in center of pressure for trailing edge flaps. 

The center of pressure of the trailing edge flap is therefore 

(xCP)f   (xLE)w+crw-crff3-xref 
(9) 

■ ref • ref 

The term f3 of Equation (9) is based on the empirically defined dotted lines of Figure 8. That is 

f3 = +1.5 for MTO - 0.8 and (a,ö) opposite signs 

= +1.8 for M^ < 0.8 and (a, 8) same signs 

f3 = 2.53-1.29 MB for 0.8 <M00<1.5 and (a, 8) opposite signs 

= 3.17-1.71 M^ for0.8<Mo0 < 1.5 and (a, 8) same signs 
(10) 

f3 =-0.84 + 0.96 M» forl.5<M0O<2.7 

: 1.75 for ML > 2.7 

Using Equations (9) and (10), the change in pitching moment created by the fact the wing is 
deflected to simulate the trailing edge flap deflection is then 
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(ACM)f =-—^{[(XCP)f-(XCP)w]+[(XCP)w-XCG]} (11) 

Equation (11) represents the pitching moment coefficient of any configuration where the trailing 
edge flap deflection is approximated by deflecting the full wing. The first term of Equation (11) 
represents the difference in the center of pressure between the flap and wing whereas the second 
term represents the center of pressure of the wing normal force term relative to a reference 
location which is here taken to be the center of gravity of the vehicle. Of course, the center of 
pressure of the wing is computed in the AP02 using linear theory methods at low AOA and 
transitions to the centroid of the wing planform area at high AOA. 

The major focus in the analysis for estimating the aerodynamics of trailing edge flaps has 
been to determine an equivalent tail deflection which will give normal force and pitching 
moments equal to those when the flap is deflected. No mention of axial force has been made to 
this point in time. The axial force coefficient will be different for an equivalent wing deflection 
based on a flap deflection 6f. The flap deflection will generate an additional axial force term due 
to the fact öf will be generally much larger than öW- An approximate relation which can be used 
to calculate the increment in axial force coefficient that results from estimating the aerodynamics 
based on a wing deflection of 6W versus a flap deflection of öf is 

(ACA)f = A(CN)f [sin|8f|-sin|8w|] (12) 

ACN   of Equation (12) is the additional normal force contribution due to the flap. Sin ] öf | takes 

the component of this normal force term in the axial direction. Sin |6W| subtracts off the 
component of axial force of the wing since this is automatically included in the AP02 
calculations; to leave this term in the calculations would mean we would double account for the 
wing deflection axial force contribution. 

3.0 RESULTS AND DISCUSSION 

Equations (8) and (11) define the theoretical change in normal force and pitching moment 
coefficients due to a flap deflection. The value of ACNf computed by the theory is that value 

defined by 

ACNf=(CN)5w=o-(CN)8^o (13a) 

The value of 6W in Equation (13a) is obtained from Equation (7) using the process defined earlier 
in the analysis section of this report. Using the values of 6W from Equation (7) in the AP98, 
values of (CN)S _  and (CN)5w    of Equation (13a) can be computed and then ACNf defined 
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theoretically. This value of ACNf can then be compared to experimental data where ACNf is 

obtained using experimental data for (CN )5f=o and (CN )5f#o. That is 

ACNf=(CN)8M-(CN)5M (13b) 

Likewise, experimentally measured values of ACMf can be defined as 

ACMf=(CM)5M-(CM)8M (14) 

and compared to theoretical values computed from Equation (11).  ACNf of Equation (11) 

comes from the theoretical values defined by Equation (13a). Thus comparison of ACNf values 

obtained by Equation (13a) to (12) and ACMf values obtained from Equation (11) to 

Equation (14) will allow us to determine the validity and accuracy of the new theory. 

The first set of data we will consider is from Reference 5. The configuration tested in the 
wind tunnel is shown in Figure 3. Figures 9-14 compare theory and experiment for (ACN )f and 

(ACM )f at öf = -20 deg and Mach numbers 1.5, 1.9, 2.3, 2.96, 3.95, and 4.63. Results are 
plotted as a function of AOA up to 30 deg. For Mach numbers 1.5 and 1.9, experimental data 
was not available up to 30 deg AOA, so data was shown where available. As seen in the figures, 
the theory does a reasonable job in matching the data for both ACNf and ACMf, except at 

M» = 4.63 and a > 20 deg. At these conditions the theory overpredicts the normal force and 
pitching moment increments somewhat. However, since this region is beyond the anticipated 
practical range of usage (M- < 2.0, a < 20, 18f| < 30 deg), no effort will be made to try to 
improve upon the theory at this condition. 

Also shown on the (ACM )f portion of Figures 9-14 are the results of assuming the center 
of pressure of the flap is based on the flap in freestream flow and with the flap attached to the 
trailing edge. The flap attached to the trailing edge computations take into account the center of 
pressure shift shown in Figure 8. Note that at M- = 1.5, no shift is shown so the Figure 9 
pitching moment results show no change between the flap alone and the flap attached. However, 
Figures 10-14 show a change in pitching moment between flap alone and the flap attached. As 
seen in Figures 10-14, using the Figure 8 results tend to show an improvement in pitching 
moment calculations over assuming the flap alone. 

It is also worthwhile to reemphasize the fact that all the theoretical calculations shown in 
Figures 9-14 (as well as the figures which will follow) were computed by using the AP02 in 
conjunction with Equation (7) as described in the Analysis Section of the report. 
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FIGURE 9. COMPARISON OF THEORY AND EXPERIMENT FOR NORMAL FORCE AND PITCHING 
MOMENT COEFFICIENTS OF TRAILING EDGE FLAPS (M_ = 1.5, 8f = -20 DEG) 
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FIGURE 10. COMPARISON OF THEORY AND EXPERIMENT FOR NORMAL FORCE AND PITCHING 
MOMENT COEFFICIENTS OF TRAILING EDGE FLAPS (M„ = 1.9, 6f = -20 DEG) 
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FIGURE 11. COMPARISON OF THEORY AND EXPERIMENT FOR NORMAL FORCE AND PITCHING 
MOMENT COEFFICIENTS OF TRAILING EDGE FLAPS (ML = 2.3, 8f = -20 DEG) 
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FIGURE 12. COMPARISON OF THEORY AND EXPERIMENT FOR NORMAL FORCE AND PITCHING 
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FIGURE 13. COMPARISON OF THEORY AND EXPERIMENT FOR NORMAL FORCE AND PITCHING 
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FIGURE 14. COMPARISON OF THEORY AND EXPERIMENT FOR NORMAL FORCE AND PITCHING 
MOMENT COEFFICIENTS OF TRAILING EDGE FLAPS (M„ = 4.63, 6f = -20 DEG) 

Figures 15-20 compare theory and experiment for (ACN )f and (ACM )f as a function of 
flap deflection at AOA 10 deg and for the Mach numbers of the Reference 5 data base. 
Figures 15-20 are believed to be a more realistic representation of the practical case where trim is 
expected to occur for a < 10 deg with the flap deflected as high as -30 deg. As seen in 
Figures 15-20, the theory and experiment are in fairly good agreement. All pitching moment 
data in Figures 15-20 assume the Figure 8 center of pressure shift. Note also that the theory 
shows a linear variation of (ACN )f and (ACM )f for NL > 1.5 and öf to -30 deg for the small 

AOA of 10 deg. 

Reference 6 represents the only subsonic data base the author found in the literature. The 
configuration tested is shown in Figure 4. The ogive of the Figure 4 configuration can be either 
an elliptical or a circular cylinder tangent ogive. The case upon which the change in pitching 
moments and normal force coefficients were determined was based on an elliptical nose. 
However, since the data used was A(CN )f and A(CM )f, it is expected the body shape will have 
little impact since the same body shape is used for the öf = 0 case as well as the 6f * 0 case. 
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Reference 6 has both positive and negative values of öf available. Unfortunately, 1VL = 0.4 was 
the highest freestream Mach number considered, and AOA to 30 deg were also included in the 
test series. 

Figure 21 compares the theory and experiment for A(CN )f and A(CM )f where öf is 

negative for a to 30 deg. Note excellent agreement for A(CN )f is obtained between theory and 

experiment for both 5f = -10 deg and -30 deg cases. Good agreement between theory and 
experiment is obtained for A(CM )f for the 6f = -10 deg case up to a of about 20 to 25 deg, 

where the theory and experiment start to depart. For 8f = -30 deg, comparison of theory and 
experiment for A(CM )f is quite acceptable for a up to 20 deg. The trim AOA occurs at about 

6 deg for 6f = -10 deg and at about 14.8 deg for 6f = -30 deg. In other words, good accuracy in 
both&A(CN )f and A(CM )f can be obtained up to and slightly beyond the trim AOA, which is 

most critical. For a above the trim value, accuracy of A(CN )f and A(CM )f is not as important, 

and thus no attempt was made to try to improve the theory for these conditions. 

Figure 22 gives the complimentary results to the Figure 21 case except here 6f is positive. 
While trim cannot occur due to the fact a and 8f are of the same sign and the configuration is tail 
controlled, it is still of interest to see how well the theory compares to data for conditions where 
trim is not possible. As seen in Figure 22, agreement between theory and experiment for both 
(ACN )f and A(CM )f is quite good up to an a of about 15 deg. Above a of 15 deg, both 

A(CM )f and A(CN )f deviate from experiment at most conditions. Again, since this is not a 

practical set of conditions for trim, no effect has been made to improve A(CN )f and A(CM )f for 

a above 15 deg and öf is positive. 

Figure 23 compares the theory and experiment for axial force coefficient where the 
trailing edge flap has been deflected -10 deg and -30 deg respectively. The equivalent value of 
öw corresponding to 5f = -10 deg and -30 deg respectively is shown at the top of Figure 23 as a 
function of freestream mach number. Note that 5W is only a small fraction of öf. The wing area 
is 8.67 times that of the trailing edge flap. At the bottom of Figure 23 is the axial force 
coefficient based on the AP02 calculations plus the value defined by Equation (12). Two cases 
are shown for the theory: where the wind tunnel model has a boundary layer trip and where no 
boundary layer trip is present. The Reynolds number for the tests was 2.5 x 106. According to 
Reference 5, a boundary layer trip was present. Based on comparison of theory and experiment, 
it appears the boundary layer trip was effective in producing a turbulent boundary layer over the 
surface at the lower supersonic Mach numbers. However, at the higher supersonic Mach 
numbers, it appears that the flow partially transitions back to laminar over much of the body and 
large wing for the 6 = -10 deg case. This relaminarization of the flow is speculated to be the 
reason the theory with no boundary layer trip option agrees closer to the wind tunnel data at high 
supersonic Mach number than does the theory which assumes turbulent flow over the entire 
surface of the model at all Mach numbers. If the above hypothesis of relaminarization of the 
flow is correct, the theory predicts the experimental data quite nicely. If this hypothesis is not 
correct, then the theory is high for Mach numbers 3.0 and greater. 

28 



NSWCDD/TR-01/30 

a (deg) A 
10      V      ; 20      A-^> 
T 1—JXF     \ 

10 
' 6f (deg)   Exp   Theory 

\ -10        0 
30       A        

10   a(deg) 20 30 

FIGURE 21. COMPARISON OF THEORY AND EXPERIMENT FOR NORMAL FORCE AND PITCHING 
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The Reference 6 data base also contained axial force data. Unfortunately, the base drag 
term was subtracted out, only one fin was deflected and the numbers for no fin deflection were 
small and irregular. As a result, it was believed an accurate value of experimental data for the 
axial force would be difficult to obtain and therefore no comparisons of axial force coefficient 
will be shown at subsonic Mach numbers. 

4.0 SUMMARY 

An improved semiempirical method has been developed to estimate the static 
aerodynamics generated by a trailing edge flap. The method is based on deflecting the full wing 
or tail surface an amount that allows the normal force coefficient to be equal to that generated by 
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the flap deflected. A transfer in pitching moments is derived to account for the difference in 
pitching moment when a full wing versus a trailing edge flap is deflected. Also, an approximate 
relationship is given which accounts for the additional axial force coefficient not accounted for 
based on a full wing deflected a small amount versus a trailing edge flap a larger amount. 

In comparing the new semiempirical method to experimental data, the following 
observations were made. 

1. Normal force coefficient predictions at supersonic speeds were very good except at 
the highest Mach numbers (M« = 4.63) and AOA (a > 25 deg) where the predictions 
were only fair. 

2. Pitching moment coefficient predictions at supersonic speeds were fair to good at all 
conditions considered (1.5 < M- < 4.63, 0 < a < 30, -30 < öf < 0). The worst case 
agreement was again for IVL = 4.63 and a > 20 deg. 

3. Axial force coefficient predictions for supersonic conditions were found to be 
reasonable. However, the accuracy was seen to be dependent on whether the 
boundary layer on the wind tunnel model remained turbulent at ML > 2.3 versus 
returning to laminar flow over the model. 

4. At subsonic flow, the only data available to the author was at M» = 0.4. For this 
Mach number, it was found the predictions for both normal force and pitching 
moment coefficients were acceptable up to and slightly past the trim AOA. For larger 
flap deflections, the accuracy of the predictions was acceptable at AOAs that 
exceeded trim conditions by about 5 deg. However, since trim and slightly past trim 
are of the most practical interest, this problem was not seen as a major limitation. 

A linear interpolation of the empirical factors used in the derivation process was assumed 
between Mach numbers of 0.8 and 1.5. Also values of these factors were assumed to be constant 
below Mo» = 0.4 and above Moo = 4.63, where no data was available. 

Additional wind tunnel data is needed to refine and validate the new semiempirical 
model. Specifically, data is needed when the AOA and flap deflection are of the same sign at 
supersonic speeds. Data is needed for Mach numbers between 0.4 and 1.5 as well. However, 
until additional data becomes available, the model derived here uses engineering judgment to fill 
in these gaps and allows the model to be operational over the practical AOA, Mach number and 
control deflection range that trailing edge flaps are contemplated for use. 
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6.0 SYMBOLS AND DEFINITIONS 

AOA 

APC 

AP02, AP98 

AR 

NASA/LRC 

NSWCDD 

AREF 

Aw 

b 

(ACA)f,(ACN)f, 

(ACM)f 

CM 

CN 

CNB(W)'CNB(T) 

1
C

NJW'V
CN

JT 

CNW 

Angle of Attack 

Aeroprediction Code 

2002 and 1998 versions of the APC respectively 

Aspect Ratio = b /Aw 

National Aeronautics and Space Administration/Langley Research Center 

Naval Surface Warfare Center, Dahlgren Division 

Reference area (maximum cross-sectional area of body, if a body is 
present, or planform area of wing, if wing along)(ft ) 

Planform area of wing in crossflow plane (ft) 

Wing span (not including body)(ft) 

Axial force coefficient 

Change in axial, normal and pitching moment coefficients respectively 

due to a flap deflection of 

Pitching moment coefficient (based on reference area and body diameter, 
if body present, or mean aerodynamic chord, if wing alone) 

Normal-force coefficient 

Normal-force coefficient on body in presence of wing or tail 

Normal-force coefficient slope of wing and tail respectively 

Normal-force coefficient of wing alone 
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Cx,     ,  CM , , Normal-force coefficient of wing or tail in presence of body NW(B)'    NT(B) 

Cx, Normal-force coefficient derivative 

C- Rood chord (ft) 

c   ,c Root chord of wing and flap respectively (ft) 
rw        rf 

Ct Tip chord (ft) 

cal Caliber(s) (one body diameter) 

dB Body diameter (ft) at base 

dref Reference body diameter (ft) 

deg Degree(s) 

f,5 f2, f3 Empirical factors used in defining the semiempirical model for flap 

aerodynamics 

kB(W), kB(T) Ratio °f additional body normal-force coefficient due to presence of wing 

or tail at a control deflection to that of wing or tail alone at a = 0 deg 

kW(B), kT(B) Ratio of wing or tail normal-force coefficient in presence of body due to a 

control deflection to that of wing or tail alone at a = 0 deg 

C £n Total length and nose length respectively (ft) 

{ref Reference length (ft) 

MW(B), MB(W) Moment of wing in presence of body and body in presence of wing 
respectively (ft - lb) 

1VL Freestream Mach number 

NW(B), NB(W) Normal force of wing in presence of body and body in presence of wing 

respectively (lb) 

Nf Normal force of trailing edge flap (lb) 

p Pressure (lb/ft2) 

Q Dynamic pressure (lb/ft ) 
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r Local body radius (ft) 

rLE5 rTE Radius of leading and trailing edges of fin respectively (ft) 

rn Nose radius (ft) 

RN Reynolds number 

t Fin thickness (ft) 

V„ Freestream velocity (ft/sec) 

XLE, XCG Distance from nose tip to wing leading edge or center of gravity of body 
respectively (ft) 

XCP Center of pressure (in feet or calibers from some reference point that can 
be specified) in x direction 

Xrcf Reference location along x axis for moments (ft) 

x5y;Z Axis system fixed with x along centerline of body 

a Angle of attack (deg) 

aTR Trim angle of attack (deg) 

ALE Leading edge sweepback angle of fin (deg) 

Öf Control deflection (deg) of trailing edge flap, positive leading edge up 

ÖW5 ÖT Deflection of wing or tail surfaces (deg), positive leading edge up 

$ Roll position of missile fins ($ = 0 deg corresponds to fins in the plus (+) 
orientation). <& = 45 deg corresponds to fins rolled to the cross (x) 
orientation 

A. Taper ratio of a lifting surface = Ct/cr 
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ATTN   DANIEL LESIEUTRE 
NIELSEN ENGINEERING & RES INC 
526 CLYDE AVENUE 
MOUNTAIN VIEW CA 94043-2212 

ATTN   THOMAS LOPEZ 
COLEMAN RESEARCH CORP 
990 EXPLORER BLVD 
HUNTSVILLEAL 35806 

ATTN   JENNIE FOX 
LOCKHEED MARTIN VOUGHT SYSTEMS 
P O BOX 650003 
MS EM 55 
DALLAS TX 75265-0003 

ATTN   JOHN BURKHALTER 1 
AUBURN UNIVERSITY 
211 AEROSPACE ENGR BLDG 
AUBURN UNIVERSITY AL 36849 

ATTN   DR MAX PLATZER 1 
NAVAL POSTGRADUATE SCHOOL 
DEPT OF AERONAUTICS & 

ASTRONAUTICS 
CODE AA PL 
MONTEREY CA 93943 

ATTN   MIKEDANGELO 1 
MIT LINCOLN LABORATORY 
1745 JEFFERSON DAVIS HWY 1100 
ARLINGTON VA 22202 

ATTN   RICHARD HAMMER 1 
JOHNS HOPKINS APPLIED PHYSICS LAB 
JOHNS HOPKINS ROAD 
LAUREL MD 20723-6099 

ATTN   STEVE MULLINS 1 
SIMULATION AND ENGINEERING CO INC 
4935 CENTURY ST NW 
HUNTSVILLEAL 35816-1901 

ATTN   ROBERT BRAENDLEIU 
KAISER MARQUARDT 
16555 SATICOY ST 
VANNUYSCA 91406-1739 

ATTN   LAWRENCE FINK 
BOEING AIRCRAFT AND MISSILES 
P O BOX 3707 MC 4A 36 
SEATTLE WA 98124-2207 

ATTN   ROY KLINE 
KLINE ENGINEERING CO INC 
27 FREDON GREENDELL RD 
NEWTON NJ 07860-5213 

ATTN   THOMAS KLAUSE 
TRW 
PO BOX 80810 
ALBUQUERQUE NM 87198 

1 

(9) 
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ATTN   DANPLATUS 
THE AEROSPACE CORPORATION 
P O BOX 92957 
LOS ANGELES CA 90009 

ATTN   DR REX CHAMBERLAIN 
TETRA RESEARCH CORPORATION 
2610SPICEWOODTR 
HUNTSVILLE AL 35811-2604 

ATTN   PERRY PETERSEN 
NORTHROP GRUMMAN CORP 
DEPT 9B51 MAIL ZONE XA 
8900 EAST WASHINGTON BLVD 
PICO RIVERA CA 90660-3783 

ATTN   DR JAMES HÄUSER 
AERO SPECTRA INC 
2850 KENYON CIRCLE 
P O BOX 3006 
BOULDER CO 80307 

ATTN   DARRELL AUSHERMAN 
TRW SPACE AND DEFENSE 
ONE SPACE PARK 
MAIL STATION Rl-1062 
REDONDO BEACH CA 90278-1071 

ATTN   JAY EBERSOHL 
ADV ATECH PACIFIC INC 
2015 PARK AVENUE SUITE 8 
REDLANDS CA 92373 

ATTN   PAUL WILDE 
ACTA INC 
2790 SKYPARK DR SUITE 310 
TORRANCECA 90505-5345 

ATTN   DR MICHAEL HOLDEN 
CALSPAN UB RESEARCH CENTER 
PO BOX 400 
BUFFALO NY 14225 

ATTN   RICHARD GRABOW 
SPACE VECTOR CORP 
17330 BROOKHURST ST SUITE 150 
FOUNTAIN VALLEY CA 92708 

Copies 

1 ATTN   BRENT APPLEBY 
DRAPER LABORATORY 
555 TECHNOLOGY SQ MS77 
CAMBRIDGE MA 02139 

ATTN   JAMES JONES 
SPARTA INC 
1901 N FORT MYER DR SUITE 600 
ARLINGTON VA 22209 

ATTN   SCOTT HOUSER 
PHOENIX INTEGRATION 
1872 PRATT DRIVE SUITE 1835 
BLACKSBURG VA 24060 

ATTN   SROMMURTY 
TELEDYNE BROWN ENGINEERING 
MS 200 
300 SPARKMAN DRIVE 
HUNTS VILLE AL 35807 

ATTN   STUART COULTER 
SVERDRUP TECHNOLOGY 
673 2ND ST MS4001 
ARNOLD AIR FORCE BASE 
TULLAHOMATN 37389-4001 

ATTN   DR RICHARD HOWARD 
NAVAL POSTGRADUATE SCHOOL 
DEPT OF AERONAUTICS AND 

ASTRONAUTICS 
CODE AA HO NPS 
MONTEREY CA 93943 

ATTN   J BRENT RUMINE 
MIT LINCOLN LABORATORY 
244 WOOD STREET 
BUILDING S ROOM 52-327 
LEXINGTON MA 02173-9185 

ATTN   ANDY MOORE 
SVERFRUP TECHNOLOGY INC 
AEDC GROUP 
740 FOURTH ST 
MS 6001 
ARNOLD AFBTN 37389-6001 

Copies 

1 
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Copies Copies 

ATTN MICHAEL A GLENN 
TASC 
1992 LEWIS TURNER BLVD 
FORT WALTON BEACH FL 32547-1255 

ATTN   CARLOS RUIZ (MP 135) 
LOCKHEED MARTIN ELECTRONICS 

AND MISSILES 
5600 SAND LAKE RD 
ORLANDO FL 32819-8907 

ATTN   ERICGRABOW 
SPACE VECTOR CORPORATION 
9223 DEERING AAVE 
CHATSWORTHCA 91311 

ATTN   SRMURTY 
TELEDYNE BROWN ENGINEERING 
MS 200 
300 SPARKMAN DRIVE 
HUNTSVILLEAL 35807 

ATTN   STEVE JOHNSON 
DELTA RESEARCH INC 
315 WYNNDR SUITE 1 
HUNTSVILLEAL 35805 

ATTN   EDWARD ZABRENSKY 
TRW 
MAIL CODE SBCA 971 
PO BOX 1310 
SAN BERNARDINO CA 92402 

ATTN   CARMEN J PEZZONE JR 
SYSTEMS ENGINEERING GROUP INC 
9861 BROKEN LAND PARKWAY 
SUITE 350 
COLUMBIA MD 21046 

ATTN   GORDON S SCHMIDT 
LOCKHEED MARTIN TACTICAL 

DEFENSE SYSTEMS 
1210MASSILLONRD 
AKRON OH 44315-0001 

ATTN   DANIEL B CORBETT 
DELTA RESEARCH INC 
315 WYNNDR SUITE 1 
HUNTSVILLEAL 35805 

ATTN   JAMES WJOBE 
THE BOEING COMPANY 
BOEING INFORMATION DEFENSE AND 

SPACE SYSTEMS 
20403 68TH AVE SO MS 8Y 69 
KENTWA 98032 

ATTN   BRIAN K BENNETT 
BOEING 
MAIL CODE 5221 1350 
PO BOX 516 
ST LOUIS MO 63166 

ATTN   DARRELL E GILLETTE 
CO ALESCENT TECHNOLOGIES CORP 
7061 UNIVERSITY BLVD 
WINTER PARK FL 32792 

ATTN   SALMICELI 
LOCKHEED MARTIN ASTRONAUTICS 
P O BOX 179 
DENVER CO 80201 

ATTN   MINHDANG 
ITT SYSTEMS AND SCIENCES CORP 
600 BOULEVARD SO SUITE 208 
HUNTSVILLEAL 35802-2104 

ATTN   FRANCIS J PRIOLO 
ANSER 
DEFENSE SYSTEMS DIVISION 
1215 JEFF DAVIS HWY SUITE 800 
ARLINGTON VA 22202-3251 

ATTN   KENNETH V CHAVEZ 
SANDIA NATIONAL LAB 
P O BOX 5800 
ALBUQUERQUE NM 87185-0825 

ATTN   MARKAJANTSCHER 
ALLIANT TECH SYSTEMS INC 
600 2ND ST NE 
MAIL STATION MN11 2626 
HOPKINS MN 55343 

ATTN   DR DANNY LIU 
ZONA TECHNOLOGY INC 
7430 E STETSON DR STE 205 
SCOTTSDALEAZ 85251 
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ATTN   LES WIGGINS 
THE BOEING COMPANY 
499 BOEING BLVD MS JN 67 
P O BOX 240002 
HUNTSVILLEAL 35824-6402 

ATTN   KENNETH M ELLIOT III 
APPLIED ORDNANCE TECHNOLOGY INC 
P O BOX 899 
5254 POTOMAC DRIVE STE E 
DAHLGRENVA 22448 

ATTN   DARRELL GILLETTE 
MICHAEL CEBULA 

CO ALESCENT TECHNOLOGIES 
10640 CHARLES CIRCLE 
CYPRESS CA 90630 

ATTN   DR RICHARD KROEGER 
NICHOLS RESEARCH 
4040 SOUTH MEMORIAL PARKWAY 
MAIL STOP 912 
HUNTSVILLEAL 35802 

ATTN   DAVID REINBOLD 
ORBITAL SCIENCES CORP 
3380 S PRICE RD 
CHANDLER AZ 85248 

ATTN   RALPH H KLESTADT 
RAYTHEON MISSILE SYSTEMS 
POBOX 11337 
BLDG 801 MS C6 
TUCSON AZ 85739-1337 

ATTN   RONALD W GREEN 
SANDIA NATIONAL LAB 
P O BOX 5800 
MS 0303 
ALBUQUERQUE NM 87185-0303 

ATTN   WAYNE HAT AW AY 
ARROW TECH ASSOCIATES 
1233 SHELBURNE RD SUITE D8 
SOUTH BURLINGTON VT 05403 

Copies Copies 

1 ATTN   KEITH ODELL 
THIOKOL 
MS 251 
P O BOX 707 
BRUGGAM CITY NT 84302-0707 

1 

ATTN   PAUL D THORNLEY 
ITT INDUSTRIES SYSTEMS DIV 
POBOX 15012 
COLORADO SPRINGS, CO 80935-5012 

ATTN   NICHOLAUS BONAFEDE 
NORTHROP GRUMMAN RYAN 

AERONAUTICAL CENTER 
POBOX 85311 
SAN DIEGO CA 92186-5311 

ATTN    KARL L BRUNSON 
SAIC SCIENCE APPLICATIONS 

INTERNATIONAL CORP 
1901 N FORT MYER DR STE 301 
ARLINGTON VA 22209 

ATTN   JAMES QTALLEY 
GENERAL DYNAMICS ARMAMENT SYS 
LAKESIDE AVE ROOM 1305 
BURLINGTON VT 05401 

ATTN   DANIEL SHEDD 
SCIENCE APPLICATIONS INTL 
1710 GOODRIDGE DR MS 188 
MCLEAN VA 22102 

ATTN   SEAN GEORGE 
CHARLES S DRAPER LAB 
555 TECHNOLOGY SQUARE 
MS 23 
CAMBRIDGE MA 02139 

ATTN   DARKTEDQUIST 
APPLIED RESEARCH ASSOC INC 
5941 S MIDDLEFIELD RD STE 100 
LITTLETON CO 80123 

ATTN   KENNETH SCHROEDER 
COLEMAN AEROSPACE COMPANY 
7675 MUNICIPAL DR 
ORLANDO FL 32819 
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ATTN   GARY DON VINCENT 
SPARTA INC 
6000 TECHNOLOGY DR BLDG 3 
HUNTSVILLEAL 35805-1955 

ATTN   DR JOHN L PORTER 
SVERDRUP TECHNOLOGY INC 
P O BOX 1935 BLDG 260 
EGLIN AFB FL 32542 

ATTN   STEVE BROWN 
LOCKHEED MARTIN MISSILE AND 

FIRE CONTROL 
9500 GODWIN DRIVE 
MANASSASVA 20108 

ATTN   AL HASTINGS 
HASTINGS CHARIOTS 
6280 SOUTH VALLEY VIEW BLVD 
UNIT 108 
LAS VEGAS NV 89118-3814 

ATTN   GERALD SOLOMON 
PRIMEX TECH WARHEAD SYSTEMS 
4565 COMMERCIAL DRIVE STE A 
NICEVILLEFL 32578 

Copies Copies 

1 ATTN   JAHNDYVIK 
UNITED DEFENSE 
M170 
4800 EAST RIVER RD 
MINNEAPOLIS MN 55421 

1 

ATTN   PROF DOYLE KRUGHT 
RUTGERS UNIVERSITY 
DEPT OF MECH AND AERO ENG 
98 BRETT RD 
PISCATAWAYNJ 08855 

ATTN   RICHARD A HAMMER 
JOHNS HOPKINS APPLIED PHYSICS LAB 
11100 JOHNS HOPKINS RD 
LAUREL MD 20723-6099 

ATTN   DR BARTLEY L CARDON 
MIT LINCOLN UNIVERSITY 
244 WOOD STREET 
LEXINGTON MA 02173-9108 

ATTN   DEWEYH HODGES 
GEORGIA INSTITUTE OF TECH 
SCHOOL OF AEROSPACE ENGNR 
ATLANTA GA 30332-0150 

ATTN   LAWRENCE FINK 
BOEING 
P O BOX 3707 MC 4A 45 
SEATTLE WA 98124-2207 

ATTN   KAREN Y EVANS 
AEROJET 
1100 WEST HOLLYVALE STREET 
BLDG 160 1 D8320 
AZUSACA 91702 

ATTN   JONATHAN KATZ 
THIOKOL PROPULSION 
ELKTON DLV OPERATIONS 
55 THIOKOL ROAD 
ELKTON MD 21921 

ATTN   JIMHURRELL 
SAIC 
14 EAST WASHINGTON STREET 
ORLANDO FL 32801-2320 

ATTN   DR DEAN WILKENING 1 
STANFORD UNIV 
CENTER FOR INTERNATINAL SECURITY 

AND COOPERATION 
ENCINA HALL 
STANFORD CA 94305-6165 

ATTN   WILLIAM H MASON 1 
VIRGINIA TECH 
DEPT OF AEROSPACE AND OCEAN 

ENGINEERING 
MC 0203 
BLACKSBURG VA 24061-0203 

NON-DOD ACTIVITIES (EX-CONUS) 

ATTN   A BOOTH 1 
BRITISH AEROSPACE DEFENCE LTD 
MILITARY AIRCRAFT DIVISION 
WARTON AERODROME WARTON PRESTON 
LANCASHIRE PR4 1AX 
UNITED KINGDOM 
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ATTN   RCAYZAC 1 
GIAT INDUSTRIES 
7 ROUTE DE GUERCY 
18023 BOURGES CEDEX 
FRANCE 

ATTN   MAJFDECOCK 1 
ECOLE ROY ALE MILITAIRE 
30 AV DE LA RENAISSANCE 
1040BRUXELLES 
BELGIUM 

ATTN   JEKEROOT 1 
BOFORS MISSILES 
691 80 KARLSKOGA 
SWEDEN 

ATTN   M HARPER BOURNE 1 
DEFENCE RESEARCH AGENCY 
Q134 BUILDING 
RAE FARNBOROUGH 
HAMPSHIRE QU14 6TD 
UNITED KINGDOM 

ATTN   AH HASSELROT 1 
FFA 
POBOX 11021 
161 11 BROMMA 
SWEDEN 

ATTN   B JONSSON 1 
DEFENCE MATERIAL ADMINISTRATION 
MISSILE TECHNOLOGY DIVISION 
115 88 STOCKHOLM 
SWEDEN 

ATTN   PLEZEAUD 
DASSAULT AVIATION 
78 QUAI MARCEL DASSAULT 
92214 SAINT CLOUD 
FRANCE 

ATTN   JLINDHOUT 
NLR 
ANTHONY FOKKERWEG 2 
1059 CM AMSTERDAM 
THE NETHERLANDS 

1 

ATTN   AMICKELLIDES 
GEC MARCONI 
DEFENCE SYSTEMS LTD 
THE GROVE WARREN LANE 
STANMORE MIDDLESEX 
UNITED KINGDOM 

ATTN   KMOELLER 
BODENSEE WERK 

GERAETETECHNIK GMBH 
POSTFACH 10 11 55 
88641 ÜBERLINGEN 
GERMANY 

ATTN   RIBADEAU DUMAS 
MATRA DEFENSE 
37 AV LOUIS BREGUET 
BP1 
78146 VELIZY VILLACOUBLAY CEDEX 
FRANCE 

ATTN   R ROGERS 
DEFENCE RESEARCH AGENCY 
BLDG 37 
TUNNEL SITE 
CLAPHAMBEDSMK41  6AE 
UNITED KINGDOM 

ATTN S SMITH 
DEFENCE RESEARCH AGENCY 
Q134 BUILDING 
RAE FARNBOROUGH 
HAMPSHIRE QU14 6TD 
UNITED KINGDOM 

ATTN   JSOWA 
SAAB MISSILES AB 
581 88LINKOPING 
SWEDEN 

ATTN   D SPARROW 
HUNTING ENGINEERING LTD 
REDDINGS WOOD 
AMPTHILL 
BEDFORDSHIRE MK452HD 
UNITED KINGDOM 
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Copies 
STUDER 

-E TECHNOLOGY AND 
CUREMENT AGENCY 

MS ANALYSIS AND INFORMATION 
EMS DIVISION 

.ERMUEHLESTRASSE 25 
iBERNE 

/ITZERLAND 

iTTN   J M CHARBONNIER 
VON KARMAN INSTITUTE 
72 CHAUSSEE DE WATERLOO 
1640 RHODE SAINT GENESE 
BELGIUM 

ATTN   PCHAMPIGNY 
DIRECTION DE L AERONAUTIQUE 
ONERA 
29 AV DE LA DIVISION LECLERC 
92320 CHATILLON SOUS BAGNEUX CEDEX 
FRANCE 

ATTN   DRPHENNIG 
DEUTSCHE AEROSPACE (DASA) 
VAS414 
ABWEHR AND SCHUTZ 
POSTFACH 801149 
8000 MUENCHEN 80 
GERMANY 

ATTN   PETER CAAP 
HD FLIGHT SYS DEPT 

FAA AERONAUTICAL RESEARCH INST 
OF SWEDEN 

BOX 11021 
BROMMA SWEDEN 16111 

ATTN   DAVE BROWN 
WEAPON SYSTEMS DIVISION 
AERONAUTICAL AND MARITIME 

RESEARCH LABORATORY 
P O BOX 1500 SALISBURY 
SOUTH AUSTRALIA 5108 

INTERNAL 

B 
B04 
B04       (ZIEN) 
B05       (STATON) 
BIO 

1 

BIO (HSIEH) 
B51 (ARMISTEAD) 
B60 (TECHNICAL LIBRARY) 
C 
D 
G 
G02 
G20 
G205 
G21 
G21 (COOK) 
G22 
G23 
G23 (BIBEL) 
G23 (CHISHOLM) 
G23 (GAYLORD) 
G23 (HANGER) 
G23 (HARDY) 
G23 (HYMER) 
G23 (KNIESS) 
G23 (OHLMEYER) 
G23 (MALYEVAC) 
G23 (PHILLIPS) 
G23 (ROWLES) 
G23 (WEISEL) 
G24 
G24 (ROBINSON) 
G24 (VAVRICK) 
G30 
G305 
G31 (RINKO) 
G32 (DAY) 
G33 (FRAYSSE) 
G33 (LUU) 
G33 (RINALDI) 
G50 
G50 (SOLOMON)     ^ 
G60 
G70 
G72 
G72 (CHEPREN) 
K 
K40 
K44 (SITZMAN) 
N 
N92 (ROOS) 
T 
T13 (ALEXOPOULOS) 
T13 (CARSOLA) 
T406 
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