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Aerodynamic Predictions, Comparisons, and Validations Using
Missile DATCOM (97) and Aeroprediction 98 (AP98)

Thomas J. Sooy∗ and Rebecca Z. Schmidt†

Technology Service Corporation, Silver Spring, Maryland 20910

The U.S. Air Force Missile DATCOM (97 version) and the Naval Surface Warfare Center Dahlgren Division
Aeroprediction 98 (AP98) are two widely used aerodynamic prediction codes. These codes predict aerodynamic
forces, moments, and stability derivatives as a function of angle of attack and Mach number for a wide range
of axisymmetric and nonaxisymmetric missile configurations. This study evaluates the accuracy of each code
compared to experimental wind-tunnel data for a variety of missile configurations and flight conditions. The
missile configurations in this study include axisymmetric body alone, body wing tail, and body tail. The aerodynamic
forces under investigation were normal force, pitching moment, axial force, and center-of-pressure location. For the
configurations detailed in this paper, these case studies show normal force prediction for both codes to have minimal
error. Both AP98 and Missile DATCOM were effective in predicting pitching-moment coefficients, though at times
limiting factors were necessary. Finally, both AP98 and DATCOM predict reasonable axial-force coefficients for
most cases, though AP98 proved more accurate for the body-wing-tail and body-tail configurations evaluated in
this study.

Nomenclature
CA = axial-force coefficient
Cm = pitching-moment coefficient
CN = normal-force coefficient
lb = length of body (calibers)
M∞ = Mach number
Re = Reynolds number
St = sum of the squares of the residuals between the error

at each data point and the mean error
sy = rms error
XCP = center-of-pressure location nondimensionalized

by calibers
yi = error at each data point
α = angle of attack
φ = roll angle from vertical (φ = 0 deg is + configuration)

I. Introduction

T HE 1997 Version of the U.S. Air Force Missile DATCOM1

and the Naval Surface Warfare Center Dahlgren Division
(NSWC/DD) Aeroprediction 98 (AP98)2,3 are semi-empirical aero-
dynamic prediction codes that calculate aerodynamic forces, mo-
ments, and stability derivatives as a function of angle of attack and
Mach number for a variety of axisymmetric and nonaxisymmet-
ric missile configurations. Both codes have the added capability to
predict pressure contours and interference factors as well as the ca-
pability for the user to easily substitute and/or change aerodynamic
parameters to fit specific applications for a broad range of flight con-
ditions. Flight conditions and aerodynamic parameters range from
subsonic to hypersonic speeds, angles of attack up to 90 deg, and
control surface deflections from −35 to 35 deg. The output com-
putes fin-alone, body-alone, and body + finset aerodynamic forces

Presented as Paper 2004-1246 at the AIAA 42nd Aerospace Sciences
Meeting, Reno, NV, 5–8 January 2004; received 22 January 2004; revision
received 8 March 2004; accepted for publication 21 April 2004. Copyright
c© 2004 by Technology Service Corporation. Published by the American
Institute of Aeronautics and Astronautics, Inc., with permission. Copies of
this paper may be made for personal or internal use, on condition that the
copier pay the $10.00 per-copy fee to the Copyright Clearance Center, Inc.,
222 Rosewood Drive, Danvers, MA 01923; include the code 0022-4650/05
$10.00 in correspondence with the CCC.

∗Weapons Systems Engineer, Missile and Threat Systems Department,
962 Wayne Avenue, Suite 800.

†Weapons Systems Engineer, Missile and Threat Systems Department,
962 Wayne Avenue, Suite 800. Life Member AIAA.

and moments in addition to center-of-pressure location, interference
factors, and geometric data. The capabilities of each aeroprediction
code are very comprehensive.

There are key features in each code that make them both attrac-
tive for a user to produce a robust aerodynamic analysis of a missile
system. Missile DATCOM has extensive trim capabilities and the
ability to numerically model a configuration by inserting experi-
mental data. DATCOM also has the ability to model airfoils in more
detail including both user definition and a NACA airfoil database.
Additionally, Missile DATCOM has the capability to develop aero-
dynamic data for airbreathing systems. AP98’s features include a
plotting program for aerodynamic coefficients as well as a geomet-
ric sketch of the input configuration. AP98 also has improved axial-
force coefficient prediction capability and produces both structural
loading and aerothermal output.

This validation effort was conducted to determine the accuracy of
each code for specific missile types when compared to wind-tunnel
data. Other studies have been extended to compare AP98 and DAT-
COM with computational fluid dynamics (CFD) codes and experi-
mental wind-tunnel data.4 The following case studies are representa-
tive of a variety of missile configurations that include axisymmetric
body alone, body tail, and body wing tail at various flight condi-
tions. Missiles with inlets were not studied in this validation effort
because AP98’s prediction capability does not yet extend to air-
breathing systems. Normal forces, pitching moments, axial forces,
and center-of-pressure location were compared with experimental
results.

II. Details
The flight conditions and geometry for the configurations pre-

sented in this paper are shown in Table 1. Unless otherwise noted,
all cases are modeled with untrimmed fin data, 0-deg fin deflections
and 0-deg roll (+ configuration). Boundary layers were modeled
as either turbulent or naturally transitioning in Missile DATCOM.
AP98 has four separate boundary-layer options. A turbulent bound-
ary layer in Missile DATCOM corresponded to the “Model with
Boundary Layer Trip” option in AP98. A naturally transitioning
boundary layer in DATCOM corresponded to one of two separate
options in AP98: “Typical Flight Configuration” or “Smooth Model
With No Boundary Layer Trip.” The second-order shock expansion
method was implemented in DATCOM for all cases at supersonic
speeds above Mach 2.0 in accordance with Ref. 5. Aerodynamic
forces were calculated with either full or zero base drag as spec-
ified for each case. Unless otherwise noted, the reference length
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Table 1 Configuration geometry/flight conditions

Case Mach Reynolds Boundary Base Roll Reference Reference
number number numbera layer drag angle, deg lengtha areaa XCG

a

1 1.5 8.2 × 106 Turbulent Full 45 3.048 cm 7.30 cm2 28.9 cm
4.6 per meter

2 2.0 0.7 × 106 Turbulent Full 0 1.0 m 0.79 m2 8.0 m
per foot

3 2.01 2.0 × 106 Natural Zero 0 3.0 in. 7.07 in.2 15 in.
per foot

4 2.01 2.0 × 106 Natural Zero 0 3.0 in. 7.07 in.2 15 in.
per foot

5 2.01 2.0 × 106 Natural Zero 0 3.0 in. 7.07 in.2 15 in.
per foot

6 1.42 2.0 × 106 Natural Full 0 3.0 cm 7.07 cm2 27.0 cm
3.08 per foot

aUnits in all cases are preserved from references.

Fig. 1 Body-wing-tail configuration.7

and reference area values correspond to the missile diameter and
cross-sectional area, respectively.

The rms error is given by Eq. (1) (Ref. 6) with n equal to the total
number of data points:

sy =
√∑

(yi − ȳ)2/n (1)

where

ȳ =
∑ yi

n
=

∑[(
xexpi

− xtheoryi

xexpi

∗ 100

)/
n

]
(2)

All aerodynamic coefficient error is calculated using Eq. (1) and (2)
at intervals of 5-deg angle of attack from 0 deg to the maximum angle
of attack for each case. Errors quoted in this paper represent rms
error over the entire angle-of-attack range. All center-of-pressure
location (Xcp) data are plotted in calibers from the c.g. reference
location, with positive values reflecting a location aft of the c.g. The
difference between experimental and predicted Xcp with respect to
body length in calibers was calculated for any angle of attack by

Eq. (3):

Xcp/lb = {[(Xcp)theory − (Xcp)exp]/lb}calibers (3)

All experimental center-of-pressure data not presented in the ref-
erences were nondimensionalized by calibers and calculated using
Eq. (4). At zero angle of attack, experimental Xcp was set equal to
DATCOM’s predicted Xcp as a reference point:

(Xcp)exp = −Cm/CN (4)

III. Results
A. Case 1: Wing-Body-Tail Configuration

The first case considered for validation is a body-wing-tail con-
figuration similar to a Sparrow III type missile.7 The configuration,
shown in Fig. 1, has a tangent-ogive nose, two fin sets consist-
ing of four panels, and a moment reference location just aft of
the wing hinge line. Both the wing and tail fin sets, depicted in
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Fig. 2 Wing and tail-fin airfoil and geometry.7

Fig. 3 CN vs α, M∞ = 1.5, φ= 45 deg.

Fig. 4 CN vs α, M∞ = 4.6, φ= 45 deg.

Fig. 5 Cm vs α, M∞ = 1.5, φ= 45 deg.

Fig. 6 Cm vs α, M∞ = 4.6, φ= 45 deg.

Fig. 7 XCP vs α, M∞ = 1.5, φ= 45 deg.

Fig. 2, are of high aspect ratio and assumed to be of constant ta-
pering thickness. A turbulent boundary layer and full base drag
conditions were assumed. The study was conducted over an an-
gle of attack range from 0 to 45 deg; Mach numbers 1.5, 2.0,
2.35, 2.87, and 4.6; 0-deg fin deflection, 0- and 45-deg roll an-
gles; and a Reynolds number of 8.2 × 106 per meter. The results
presented for this case are Mach numbers 1.5 and 4.6 at 45-deg
roll. It was determined that the reference length was the length of
the missile.

As shown in Fig. 3 and 4, the variation of normal-force co-
efficients with angle of attack is reasonably linear for the test
conditions.7 The normal-force coefficient results for both codes are
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in agreement with the experimental data with less than 9% error for
DATCOM and 7% for AP98. Additional studies of normal force at
Mach numbers 2.0, 2.35, and 2.87 proved that both codes provide
comparatively accurate results.

The pitching-moment coefficients for this configuration show
variability between the two codes. Figures 5 and 6 present the
pitching-moment coefficients vs angle of attack. In Fig. 5, the re-
sults for DATCOM are in agreement up to approximately 30-deg

Fig. 8 XCP vs α, M∞ = 4.6, φ= 45 deg.

Fig. 9 CA vs α, M∞ = 1.5, φ= 45 deg.

Fig. 10 CA location vs α, M∞ = 4.6, φ= 45 deg.

Fig. 11 Body-tail configuration.8

angle of attack, with a 12% error in this range. AP98 maintains the
trend of wind-tunnel data with the largest errors occurring between
10- and 30-deg angle of attack. Limiting the angle-of-attack range
to 15 deg in Fig. 5 gives errors of 11% for DATCOM and 22% for
AP98. In Fig. 6, DATCOM more closely follows the trend of the
wind-tunnel data, while AP98 produces significantly larger errors
above approximately 5-deg angle of attack. Limiting the angle of
attack to 15 deg for this case gives errors of 36% error for DATCOM
and 61% for AP98.

Xcp is independent of reference location, whereas the predicted
moment coefficient is highly dependent on this location. Therefore,
comparison of pitching-moment coefficients should also include an
examination of center-of-pressure location. Predicted XCP presents a
more reliable measure of code accuracy, which can help to determine
whether erratic moment coefficient results are linked to possible
difficulty in code prediction or simply a scaling factor as a result of
user-specified reference location. Figures 7 and 8 show the results
of XCP in calibers from the center of gravity. In Fig. 7, the percent
error of XCP/ lb is less than two for both DATCOM and AP98 at any
given angle of attack. DATCOM produces more accurate results in
Fig. 8 with a percent error of XCP/ lb less than two at any given angle
of attack. AP98 error for this condition is less than 3%.

Figures 9 and 10 are the axial-force coefficient comparisons for
φ = 45 deg at Mach 1.5 and 4.6. DATCOM shows discrepancy in
axial force, especially at the higher Mach number, where it appears
it can be calculating CA independent of angle of attack. The errors
for DATCOM in Fig. 9 and 10 are 4 and 12%, respectively. AP98
more closely follows the trend of the experimental data with errors
of 3% for Fig. 9 and 5% for Fig. 10.

Axial force and drag are the most difficult of aerodynamic forces
to predict. There are several components that have a combined effect

Fig. 12 Tail-fin and airfoil geometry.8
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on the total drag; they are skin-friction drag (also known as viscous
drag), wave drag, and base drag. These components are affected by
factors including configuration geometry, freestream Mach number,
Reynolds number, angle of attack, and body roughness. Consider-
ing how difficult axial-force prediction can be, AP98 results show
the code’s capability in predicting axial force within ±10% error.
Based on these results, it is concluded that AP98 produces accu-
rate axial-force coefficients for a body-wing-tail configuration with
high-aspect-ratio wings.

Fig. 13 CN vs α, M∞ = 2.0, φ= 0 deg.

Fig. 14 Cm vs α, M∞ = 2.0, φ= 0 deg.

Fig. 15 XCP Location vs α, M∞ = 2.0, φ= 0 deg.

Fig. 16 Body-alone configuration.9,10

B. Case 2: Body-Tail Configuration
The next configuration considered for validation is a conventional

body-tail missile.8 The missile, shown in Fig. 11, has a three-caliber
tangent-ogive nose with four tail fins arranged in a cruciform pat-
tern. Each fin has a leading-edge sweep angle of 33.69 deg and a
diamond-shaped airfoil, as shown in Fig. 12. A thickness-to-chord
ratio of 0.07 is maintained across the entire span of each fin. The
moment reference location is L/2 (8D). The tests were conducted at
Mach 2.0, a Reynolds number of 0.7 × 106 per foot, and a turbulent
boundary layer.

The results, shown in Figs. 13–15, demonstrate that the aero-
prediction codes are in agreement with respect to normal force,
pitching moment, and center-of-pressure location for this type of
configuration. For normal-force coefficients, Missile DATCOM pre-
dicted these values with a 4% error, and AP98 predicted these
values with a 3% error. Predicted pitching-moment coefficients
for DATCOM had a 4% error and AP98 data had a 3% error.
Finally, center-of-pressure location was predicted with a maxi-
mum error of 2% for DATCOM and AP98 at any given angle
of attack.

C. Case 3: Body-Alone Configuration
The next missile evaluated is a body-alone configuration shown

in Fig. 16 (Refs. 9 and 10). The missile has an ogive forebody with
a 20% blunt nose, a moment reference location at L/2, and a body
diameter that is 10% of the total body length. Wind-tunnel tests
were conducted at M∞ = 2.01, Re = 2 × 106 per foot, and angles
of attack ranging from 0 to 30 deg. In accordance with Ref. 8, the

Fig. 17 CN vs α, M∞ = 2.01.

Fig. 18 Cm vs α, M∞ = 2.01.



262 SOOY AND SCHMIDT

Fig. 19 Body with 10-deg flare afterbody configuration.10

Fig. 20 CN vs α, M∞ = 2.01.

Fig. 21 Cm vs α, M∞ = 2.01.

tests were conducted at a simulated zero-base-drag condition with
a naturally transitioning boundary layer.

The experimental data shown in Figs. 17 and 18 are not indicative
of an axisymmetric missile because of the negative pitching moment
and nonzero normal-force coefficient value at zero angle of attack.
This probably indicates that the data are biased. Though the trend of
the data is modeled accurately, error calculations are inconclusive
for this case. However, it can be concluded that both codes follow
the trend of the wind-tunnel data for the aerodynamic coefficients
for this configuration.

D. Case 4: Body with 10-deg Flare Afterbody Configuration
The fourth configuration evaluated is a variation of case

3. The missile, with an additional 10-deg afterbody flare, is
shown in Fig. 19. The dimensions of this flare are shown in
the figure, with the base diameter increasing, creating a fore-
body, centerbody, and afterbody arrangement. All other geomet-
ric data and flight conditions remain the same, including the
zero-base-drag condition, and the boundary-layer stipulations from
Ref. 10.

The results are shown in Figs. 20–23. The data in Fig. 20 show
minimal discrepancy in normal force, with a 13% error for Missile

Fig. 22 XCP location vs α, M∞ = 2.01.

Fig. 23 CA vs α, M∞ = 2.01.

DATCOM and 10% for AP98. This larger than expected error is
caused by a dip in the wind-tunnel data between approximately 5-
and 15-deg angle of attack. Similarly, predicted pitching-moment
coefficients from both DATCOM and AP98 follow the trend of the
experimental data. The XCP locations are shown in Fig. 22. Both
codes follow the trend of the experimental data but do not model
the sudden change in XCP at 10-deg angle of attack. The axial-
force coefficients in Fig. 23 suggest again the inherent difficulty in
predicting axial force. For a missile with body flare of this type,
DATCOM more closely follows the trend of the wind-tunnel axial
force.

E. Case 5: Body-Tail Configuration
Another variation of case 3 is shown in Fig. 24. The body-tail

configuration has four tail fins, arranged in a cruciform geometry,
with constant thickness to the tip. The fins have a leading-edge
sweep angle of 75 deg. The airfoil data for the tail fins were de-
scribed in the reference as “flat plates with rounded leading edges
and blunt trailing edges.”9,10 The configuration was modeled with
zero base drag, and all other geometric details, flight conditions, and
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Fig. 24 Body-tail configuration.10

Fig. 25 CN vs α, M∞ = 2.01.

Fig. 26 Cm vs α, M∞ = 2.01.

boundary-layer conditions remained the same as the preceding two
cases.

The results are shown in Figs. 25–28. The results for normal-force
coefficients are predicted with an 11% error for Missile DATCOM
and 6% error for AP98. Pitching-moment coefficient results follow
the experimental data closely with an 11% error for DATCOM and a
4% error for AP98. As shown in Fig. 27, center-of-pressure locations
are predicted with minimal error. The maximum error calculated is
less than 1% for DATCOM and 2% for AP98 at any given angle of
attack. For axial force, shown in Fig. 28, AP98 follows the trend of
the wind-tunnel data above approximately 10-deg angle of attack;
however, both codes show difficulty in predicting axial force for this
case.

F. Case 6: Body-Wing-Tail Configuration
The next missile modeled for comparison is a high-aspect-ratio

body-wing-tail configuration.10,11 Shown in Fig. 29, the missile has a
1.5-caliber tangent-ogive nose. The wings have a hexagonal double-
wedge airfoil, a leading-edge sweep angle of 63.4 deg, a wedge
angle of 15 deg, and a thickness-to-chord ratio of 0.0178. The tail
fins have a leading-edge sweep angle of 33.69 deg, with a wedge
angle of 20 deg. The tail fins also have a hexagonal airfoil with

Fig. 27 XCP location vs α, M∞ = 2.01.

Fig. 28 CA vs α, M∞ = 2.01.

a thickness-to-chord ratio of 0.05. Both fin sets were assumed to
have a constant tapering thickness to the tip. The tail-fin root chord,
shown in Fig. 29, is determined from Ref. 11 to be 1.67*D. The
flight conditions this case was modeled under include an angle-of-
attack range of 0–25 deg, Mach numbers 1.42 and 3.08, with full
base drag, a naturally transitioning boundary layer, and a Reynolds
number of 2 × 106 per foot.

Figures 30 and 31 show that the normal-force coefficient results
are in agreement with the wind-tunnel data. DATCOM predicted
normal force with errors of 7 and 3% for Mach 1.42 and 3.08, re-
spectively. AP98 errors were 5 and 7% for Mach 1.42 and 3.08, re-
spectively. The predicted pitching-moment coefficients, in Figs. 32
and 33, show variability especially with the results of DATCOM.
In Fig. 34 the center-of-pressure location predicted by DATCOM is
closer to the nose than that predicted by AP98. This location pro-
duces a larger moment arm, which explains the large discrepancy
in pitching-moment coefficient. These results show a possible dif-
ficulty in DATCOM’s predicted center-of-pressure location for this
type of configuration. Given the results shown in Figs. 32–34, it can
be concluded for this case study that AP98 predicts more accurate
pitching moments, along with center-of-pressure location for this
type of configuration at these flight conditions.
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Fig. 29 Wing-body-tail configuration.10,11

Fig. 30 CN vs α, M∞ = 1.42, φ= 0 deg.

Fig. 31 CN vs α, M∞ = 3.08, φ= 0 deg.

Fig. 32 Cm vs α, M∞ = 1.42, φ= 0 deg.

Fig. 33 Cm vs α, M∞ = 3.08, φ= 0 deg.

Fig. 34 XCP location vs α, M∞ = 1.42, φ= 0 deg.

IV. Conclusions
This study was conducted to validate the results produced by two

semi-empirical aerodynamic prediction codes, NSWC/DD AP98
and USAF Missile DATCOM (97 version), for various missile con-
figurations including body-alone, body-tail, body-with-flare, and
body-wing-tail missiles.

For the configurations detailed in this paper, these case studies
show normal-force prediction for both codes to have minimal error.

Both Missile DATCOM and AP98 had discrepancies in pitching-
moment coefficient prediction with case 1; however, Missile
DATCOM more closely followed the trend of the wind-tunnel data.
For body-tail configurations, the results show predicted pitching-
moment coefficients to be accurate. In the body-wing-tail config-
uration of case 6, AP98 more closely followed the trend of the
experimental data for pitching moment, which resulted from a more
accurately predicted XCP.

Axial force is one of the most difficult aerodynamic forces to accu-
rately predict. For the body-wing-tail configuration in case 1, AP98
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results show the code’s capability in predicting axial force within
±10% error, while error for DATCOM was 12%. For the body-with-
flare configuration in case 4, DATCOM more closely followed the
trend of the wind-tunnel data. Overall, both codes showed difficulty
in predicting accurate axial-force data.

For the body-wing-tail configuration in case 6, DATCOM shows a
possible difficulty in predicting XCP. This possible prediction prob-
lem can easily be adjusted by an analytical correction factor, but
this is beyond the scope of this paper. Overall, both codes predicted
center-of-pressure locations that followed the trends of the experi-
mental data with minimal errors.

It can be expected that for similar configurations and flight con-
ditions both codes will produce results that closely follow the trends
presented in this report.
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