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ABSTRACT

Local flow conditions were measured underneath the National Aeronautics and Space 
Administration F-15B airplane to support development of future experiments on the Propulsion 
Flight Test Fixture (PFTF). The local Mach number and flow angles were measured using a 
conventional air data boom on a cone-cylinder mounted under the PFTF and compared with the 
airplane air data nose boom measurements. At subsonic flight speeds, the airplane and PFTF Mach 
numbers were approximately equal. Transonic Mach number values were up to 0.1 greater at 
the PFTF than the airplane, which is a counterintuitive result. The PFTF local supersonic Mach 
numbers were as much as 0.46 less than the airplane values. The maximum local Mach number at 
the PFTF was approximately 1.6 at an airplane Mach number near 2.0. The PFTF local angle of 
attack was negative at all Mach numbers, ranging from –3 to –8 degrees. When the airplane angle 
of sideslip was zero, the PFTF local value was zero between Mach 0.8 and Mach 1.1, –2 degrees 
between Mach 1.1 and Mach 1.5, and increased from zero to 1 degree from Mach 1.5 to Mach 
2.0.  Airplane inlet shock waves crossed the aerodynamic interface plane between Mach 1.85 and 
Mach 1.90.

NOMENCLATURE

a
x
		  longitudinal acceleration, ft/s2

a
z
		  vertical acceleration, ft/s2

AFTF		  Aerodynamic Flight Test Fixture

D		  drag, lbf

g		  acceleration due to gravity, ft/s
­
2

h		  pressure altitude, ft

M
i
		  indicated Mach number obtained from the airplane air data nose boom

M
i,PFTF

		  PFTF local Mach number calculated using the cone-cylinder air data boom

M
PC

		  indicated Mach number corrected for static pressure position error

M
PFTF

		  local PFTF Mach number calculated using the airplane air data nose boom

NACA		 National Advisory Committee for Aeronautics

NASA		 National Aeronautics and Space Administration

P
S
		  specific excess power, ft/s

p
i,nb

		  airplane air data nose boom static pressure, uncorrected for static pressure 			

		  position error, lbf/ft2

pT		  total pressure, lbf/ft2

PFTF		  Propulsion Flight Test Fixture

t		  time, sec
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T		  thrust, lbf or temperature, °R

V		  velocity, ft/s

W		  weight, lbf

ΔM
PC

	 	 Mach number static pressure position error

INTRODUCTION

The NASA F-15B research test bed airplane has a unique capability to flight test propulsion 
devices, utilizing a Propulsion Flight Test Fixture (PFTF) that is hung underneath the airplane 
centerline (refs. 1 and 2). The PFTF provides a relatively inexpensive and efficient way to develop 
and flight test a wide range of propulsion devices and components. Propulsion hardware can be 
mounted to a six-component force balance underneath the fixture. The PFTF provides the support 
structure and volume for required propulsion systems, for example, propellant feed systems, control 
systems, and instrumentation.  Subsonic, transonic, and supersonic flight data can be obtained up to 
airplane free-stream conditions of approximately Mach 2.0 and dynamic pressure of 1,100 lbf/ft2

 

(52.67 kPa).

Knowledge of the local flow conditions upstream of the propulsive device is critical to the 
determination of performance and operability. The current flight tests obtained local flow conditions 
including Mach number, angle of attack, angle of sideslip, total pressure, static pressure, and shock 
wave location at the anticipated aerodynamic interface plane of a propulsive device mounted under 
the PFTF.  Local conditions were compared to the airplane flow conditions.

AIRPLANE AND EXPERIMENT DESCRIPTIONS

The NASA F-15B is a platform uniquely qualified to support these flight tests. This high-
performance research airplane is capable of accomplishing all desired test points while providing 
instrumentation recording, data telemetry, and real-time video. The PFTF utilized during this 
experiment was designed specifically for the NASA F-15B airplane. Flight test conditions and 
maneuvers were chosen based upon expected requirements for future experiments to be carried on 
the PFTF.

Airplane Description

The F-15B airplane is a two-seat trainer–fighter version of the F-15A high-performance, air-
superiority fighter airplane built by McDonnell Aircraft Company (now The Boeing Company), 
St. Louis, Missouri. The F-15B airplane has a length of 63.7 ft (excluding the air data nose boom), 
a wingspan of 42.8 ft, and a height of 18.7 ft. The airplane is characterized by a shoulder-mounted 
main wing with a modified delta shape, twin vertical tails, all-moving horizontal stabilators, two 
engines mounted close together in the fuselage, and an elevated cockpit to enhance visibility. 
Primary flight control surfaces are controlled by a hydromechanical system and an electrical control 
augmentation system (CAS).
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The F-15B airplane is powered by two Pratt & Whitney (West Palm Beach, Florida) F100‑PW‑100 
turbofan engines that each produce an uninstalled, sea level static thrust of approximately 23,500 
lbf in full afterburner. With these powerplants, the airplane is capable of dash speeds in excess 
of Mach 2.0 at altitudes of 40,000 to 60,000 ft. The airplane has a full-fuel takeoff weight of 
approximately 42,000 pounds and a landing weight of approximately 32,000 pounds.  It has aerial 
refueling capability for extended-duration research missions.

The inlet system of the F-15B airplane consists of two two-dimensional, external compression, 
horizontal ramp inlets. Each inlet has three horizontal ramps mounted at the top of the inlet duct. 
The first ramp and upper cowl assembly rotate about a transverse hinge point at the lower cowl 
lip. Separate cowl and diffuser ramp actuators provide independent control of the first and third 
ramps, respectively. The second ramp position is dependent upon the first and third ramp positions. 
The second and third ramps, along with the side plates, are designed with porous bleed holes to 
remove the lower energy boundary layer flow. A fixed bypass bleed exit and a variable bypass 
door are provided for engine–inlet performance matching. At supersonic speeds, the bypass 
door is modulated to maintain the proper inlet throat Mach number. The system provides for a 
variable capture area that optimizes inlet performance, minimizes spillage drag, and maximizes 
inlet stability. The inlet system can be controlled automatically by the air inlet controller or, in an 
emergency, manually by the pilot.

The NASA F-15B airplane has been converted from an air-superiority fighter to a supersonic 
research test bed. Airplane modifications include the installation of research systems for the 
purposes of instrumentation, digital recording, telemetry, in-flight video, and global positioning 
system (GPS) navigation. A significant feature of the research capability of this airplane is the 
ability of the airplane to carry large experiment test fixtures on the lower fuselage centerline pylon.  
The fixtures installations are similar to the installation of a centerline fuel tank.

Experiment Description

The PFTF is a third generation research fixture that builds upon heritage from the development 
of the first and second generation Aerodynamic Flight Test Fixtures (AFTF), flown on NASA F‑104 
and F-15B airplanes, respectively (refs. 3 and 4). The PFTF complements the current inventory 
of F-15B airplane experiment flight test fixtures, the AFTF and the Centerline Instrumented Pylon 
(CLIP). The CLIP is a new fixture designed to accommodate larger span models underneath the 
airplane.

The PFTF is designed to be a flying engine test stand from which propulsion data can be obtained 
in the real flight environment. Advanced and prototype engines and propulsion technology can be 
carried and flight tested on the PFTF. The PFTF structure contains volume for propulsion system 
components such as fuel tanks, fluid systems, instrumentation, controllers, and other articles. A 
unique capability of the PFTF is the integral, six-component force balance. The balance permits 
the in-flight measurement of aerodynamic and propulsive forces.

The current flight test configuration is similar to that previously flown for the PFTF Cone-Drag 
Experiment (ref. 2), in which a cylinder with a conical nose and blunt base was carried below the 
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PFTF.  Figure 1 shows the NASA F-15B airplane with the PFTF local flow experiment, in flight.  
The cylinder, including the conical nose, was 68 in. long with a diameter of 10 in. The conical nose 
was 13.5 in. long with a semi-apex angle of 20 deg. The PFTF and cone-cylinder weighed 868.3 
lbs. Figure 2 shows the PFTF and cone-cylinder arrangement.

An attempt was made to mount the cylinder such that the local angle of attack and angle of 
sideslip were zero at a flight condition of Mach 1.5. This Mach number was selected based on 
the design point of several prospective experiments of interest at the time. Zero local angle of 
sideslip was set with respect to the airplane centerline. Zero local angle of attack was estimated 
by using local flow angle data from NASA F-15B/AFTF flight test data (ref. 4). While the AFTF 
configuration was considerably different from the current PFTF configuration, the AFTF data 
provided the best possible estimate. Based on the AFTF data, the PFTF cylinder angle of incidence 
was set at 2.5 deg nose up, with respect to the airplane air data nose boom centerline.

Instrumentation

Standard NACA air data nose booms built by SpaceAge Control, Inc. (Palmdale, California) 
were mounted on the NASA F-15B airplane nose and on the front of the cone-cylinder. Each air 
data boom measured the local total pressure, static pressure, angle of attack, and angle of sideslip. 
The air data boom contained two sets of static pressure ports separated by 0.75 in. The aft set 
of static pressure ports on the cone-cylinder air data boom were aligned with the aerodynamic 
interface plane. The measurements from the two sets of static pressure ports were averaged to 
obtain Mach number and altitude. The cone-cylinder air data boom was mounted with the angle of 
sideslip vane on the top side of the boom, contrary to standard air data boom installations that place 
the angle of sideslip vane on the bottom of the boom.

Conventional flow angle vanes, for measurement of angle of attack and angle of sideslip, were 
mounted downstream of the static pressure ports. Note that flow angle at the aerodynamic interface 
plane could not be measured with this configuration. The angle of attack and the angle of sideslip 
vanes were located 14.25 in. and 18.25 in., respectively, aft of the aerodynamic interface plane.

Three axis forces and moments were measured on the cone-cylinder using the integral PFTF 
force balance. Total temperature was measured by probes mounted on both the airplane and on the 
aft right side of the PFTF. Accelerometers were mounted on the fore and aft end of the cylinder 
to measure the cone-cylinder lateral and vertical accelerations. Other airplane measurements 
included linear and angular accelerations. All data were digitally recorded onboard the airplane and 
telemetered to ground-based recorders and control room displays in real time. Two video cameras, 
one facing forward and once facing aft, were mounted on the lower left of the airplane fuselage, 
aimed at the PFTF, and monitored in the aft cockpit and in the control room.

Flight Test Conditions and Maneuvers

Data were collected continuously from takeoff to landing. Maximum-power level accelerations 
were performed at pressure altitudes of 30,000 ft and 40,000 ft. The level accelerations were started 
at approximately Mach 0.8 and terminated at the maximum Mach number corresponding to the 
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1,100-psf dynamic pressure limit of the PFTF. Figure 3 shows the flight test points within the 
NASA F 15B/PFTF flight envelope. Only one level acceleration to maximum Mach number could 
be completed per flight because of airplane fuel limitations.

After reaching the maximum Mach number, level decelerations were performed at each altitude. 
Steady heading sideslips were performed at discrete Mach numbers during the decelerations to 
collect local sideslip data.  

Two data flights were flown; one level acceleration at an altitude of 40,000 ft and one at an 
altitude of 30,000 ft. The flight test conditions for the two flights are shown in table 1. The actual 
deviations in the pressure altitude during the level accelerations were +0/–500 ft for the 40,000-ft 
altitude maneuver and +40/–600 ft for the 30,000-ft altitude maneuver.

Table 1.  The NASA F-15B Propulsion Flight Test Fixture local flow flight test conditions.

Flight
number

Mach
number,

start – end of 
level 

acceleration

Pressure
altitude,
ft (m)

Maximum 
dynamic
pressure,

lbf/ft2 (N/m2)

Pressure,
lbf/ft2 (N/m2)

Temperature,
°R (°K)

261 0.8 – 1.975 40,000
(12,192)

1069.5 
(51,208)

391.7
(18,755)

390.0
(216.7)

262 0.8 – 1.55 30,000
(9,144)

1056.9 
(50,605)

628.4
(30,088)

411.7
(228.7)

RESULTS AND DISCUSSION

Results are presented and discussed for the local flow conditions; Mach number, angle of 
attack, and angle of sideslip. Force balance and specific excess power data are also presented 
and discussed. In general, the local flow conditions are plotted as compared with the free-stream 
Mach number (M

PFTF
). The free-stream Mach number is defined as the Mach number in the same 

vertical plane as the airplane air data nose boom but at the same altitude as the PFTF air data boom 
(see figure 2). Detailed tabular local flow data are contained in appendix A. This data may by used 
to aid in the planning of prospective propulsion experiments on the NASA F-15B/PFTF.

Local Mach Number

The local and free-stream Mach numbers are calculated from the total and static pressure 
measured by the cone-cylinder air data boom and airplane air data nose boom, respectively. The 
details of the Mach number calculation are given in appendix B.
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Free-stream Mach number time histories for the 40,000-ft altitude and 30,000-ft altitude level 
acceleration or deceleration are shown in figures 4(a) and 4(b), respectively. The 40,000-ft altitude 
level acceleration was started at approximately Mach 0.84 and reached a maximum Mach number of 
1.98. The 30,000-ft altitude level acceleration was started at approximately Mach 0.8 and reached a 
maximum of Mach 1.58. The acceleration of the airplane decreased with increasing Mach number, 
indicated by the continuous decrease in the slope of the lines in figures 4(a) and 4(b). Note that the 
acceleration remains positive at the end of the maneuver.

The PFTF local Mach number is compared with the free-stream Mach number in figures 5(a) and 
5(b) for the 40,000-ft altitude and 30,000-ft altitude level acceleration or deceleration. A diagonal, 
dashed straight line drawn in each plot connects the points at which the free-stream and PFTF 
local Mach numbers are equal. As expected, the plots are similar for the two altitudes since the 
Reynolds numbers are similar. For the 30,000-ft altitude data, the Reynolds number range is from 
2.278 × 106/ft to 4.414 × 106/ft.  For the 40,000-ft altitude data, the Reynolds number range is from 
1.526 × 106/ft to 3.768 × 106/ft.

Differences are seen between the acceleration and deceleration data, especially at transonic Mach 
numbers (approximately Mach 0.95 to Mach 1.2) and at Mach numbers between approximately 
Mach 1.47 and Mach 1.7 (at an altitude of 40,000 ft only). This may be due to hysteresis in the 
shock wave development or movement in shock location due to inlet spillage during deceleration. 
The largest differences occur at transonic speeds and at high Mach numbers when the F-15B 
airplane inlet shocks are approaching and then impinging upon the PFTF air data boom.

Figures 6(a) and 6(b) show the difference between the PFTF local Mach number and the free-
stream Mach number. In general, the PFTF local Mach number is lower than the free-stream Mach 
number except in the transonic region between approximately Mach 0.995 and Mach 1.15. At 
subsonic speeds, the difference between the PFTF local and airplane Mach numbers is small.

For the level acceleration at an altitude of 40,000 ft, figure 6(a), the difference between the 
PFTF local Mach number and the airplane Mach number is increasingly negative. Subsonically, 
this reduction in Mach number ranged from approximately –0.02 at Mach 0.84 to a maximum of 
approximately –0.05 near Mach 1.0. The difference transitions dramatically very near Mach 1.0 
such that the PFTF local Mach number is greater than the free-stream value until approximately 
Mach 1.15. Between free-stream Mach numbers of 1.15 and 1.86, the difference between PFTF 
local Mach number and the free-stream value becomes increasingly negative, differing from 
0 to approximately –0.45. Beginning at Mach 1.86, the PFTF local Mach number increases 
discontinuously from approximately Mach 1.4 to Mach 1.55. This increase is likely caused by the 
passage of the F-15B airplane inlet shock across the cone-cylinder air data boom static pressure 
ports. The maximum free-stream Mach number of 1.978 corresponds to a PFTF local Mach number 
of 1.58.

The same trends in the Mach number differences are seen in the 30,000-ft altitude data, figure 
6(b), although the absolute values are slightly different. The maximum Mach number achieved 
at an altitude of 30,000 ft was limited by the dynamic pressure limit imposed on the airplane to 
protect the PFTF force balance from potentially excessive side loads. The transition at which the 
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PFTF local Mach number is greater than the free-stream value is slightly longer at this altitude, 
lasting until a free-stream value of Mach 1.25. As tested at an altitude of 30,000 ft, the maximum 
free-stream Mach number of 1.55 corresponds to a PFTF local Mach number of 1.4.

Local Angle of Attack

The airplane air data nose boom and PFTF local angles of attack are plotted as a function of the 
airplane free-stream Mach number in figures 7(a) and 7(b) for the 40,000-ft altitude and 30,000-ft 
altitude test points. The PFTF local angle of attack is several degrees lower than the airplane angle 
of attack for all Mach numbers, indicating a local downwash flow field beneath the airplane. The 
PFTF local angle of attack is always negative for all Mach numbers, while the airplane angle of 
attack is always positive at all speeds at an altitude of 40,000 ft and up to Mach 1.35 at an altitude 
of 30,000 ft.

For the 40,000-ft altitude data, shown in figure 7(a), the PFTF local angle of attack has a roughly 
constant value of –2 to –4 deg between Mach 0.85 and Mach 1.3. At higher supersonic Mach 
numbers, the PFTF local angle of attack decreases almost linearly from approximately –2.5 deg at 
Mach 1.3 to –7.8 deg at Mach 1.98. Note that the airplane angle of attack decreases approximately 
linearly from Mach 0.85 to Mach 1.5, then remains constant at zero from Mach 1.5 to Mach 1.98.

The 30,000-ft altitude data, presented in figure 7(b), shows trends similar to the 40,000-ft 
altitude data of figure 7(a). The PFTF local angle of attack is fairly constant at –3 to –4 deg over the 
Mach number range from Mach 0.8 to approximately Mach 1.3.  Above Mach 1.3, the PFTF local 
angle of attack shows a linear decrease. The airplane angle of attack shows a continual decrease 
throughout the Mach number range.

Local Angle of Sideslip

Angle of sideslip flight data are shown in figures 8(a) and 8(b) for an altitude of 40,000 ft, and in 
figures 9(a) and 9(b) for an altitude of 30,000 ft. The PFTF local angle of sideslip and the airplane 
air data nose boom angle of sideslip are shown plotted as compared with the free-stream Mach 
number. Figures 8(a) and 9(a) show airplane and local PFTF sideslip angles during constant-altitude 
accelerations for altitudes of 40,000 ft and 30,000 ft, respectively. No intentional sideslip was 
induced by pilot rudder input during these accelerations. Three steady heading sideslip maneuvers 
were performed as the airplane decelerated at constant altitude. These data are shown in figures 
8(b) and 9(b) for the 40,000-ft altitude and 30,000-ft altitude level decelerations, respectively.

All of the PFTF local angle of sideslip data appear to be noisier than the airplane free-stream 
data. This noise may be caused by lateral vibration of the cone-cylinder assembly. However, the 
PFTF local angle of attack data did not show the same degree of unsteadiness.

During the level accelerations at both altitudes, the airplane angle of sideslip is benign, 
remaining within one degree of zero. Between approximately Mach 1.1 and Mach 1.5, the PFTF 
local angle of sideslip indicates approximately –2 deg (nose right) while the airplane measured 
angle of sideslip is near zero. Supersonically, from Mach 1.3 to Mach 2.0, the airplane angle of 
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sideslip is near zero. The PFTF local angle of sideslip changes dramatically from –2 deg to 0 deg 
at approximately Mach 1.5. Above approximately Mach 1.55, the local angle of sideslip increases 
from 0 to 1 deg (nose left).

During installation, the cone-cylinder air data boom was carefully aligned with the airplane 
air data nose boom for these tests, so it is not believed that the local sideslip was induced by 
misalignment of the cone-cylinder hardware. The phenomenon is believed to be a result of an 
airplane asymmetry and not a local fixture asymmetry because this mismatch in airplane and local 
angle of sideslip has been noted in subsequent flight tests with the AFTF mounted in place of the 
PFTF. Slight differences in the scheduling of the right and left F-15B airplane inlet ramps could 
cause this induced sideslip.    

There are two principal differences between the PFTF and AFTF air data probe configurations. 
The PFTF air data boom is mounted at a 2.5-deg nose-up angle, and the angle of sideslip vane is 
situated on top of the boom. This positions the trailing edge of the vane within 10 in. of the leading 
edge of the PFTF pylon, and aerodynamic interaction with the detached pylon bow shock may be 
occurring at low supersonic speeds. For flight tests with the AFTF, the air data boom is always 
aligned with the F-15B airplane waterline and the angle of sideslip vane is mounted on the bottom 
of the boom, avoiding any potential aerodynamic influences.

 
Steady heading sideslips sweeps were performed at approximately Mach numbers 1.2, 1.4, and 

1.8 during the 40,000-ft altitude level deceleration shown in figure 8(b) and at Mach numbers 1.1, 
1.25, and 1.4 during the 30,000-ft altitude level deceleration shown in figure 9(b). Figures 8(b) 
and 9(b) compare the PFTF local flow sideslip angle obtained from the sideslip sweeps with the 
free-stream sideslip angle. The airplane sideslip input was a maximum of approximately 1.5 to 
2 deg. The measured change in the local sideslip angle caused by the airplane sideslip input was 
approximately 0.5 to 1 deg less than input.

Note that at both altitudes, during the accelerations and decelerations, there is a repeatable 
double-spike in the PFTF local angle of sideslip just below an F-15B airplane free-stream Mach 
number of 1.1, but it is not reflected in the airplane sideslip data. The local angle of sideslip 
increases to as high as 2 deg and decreases to as low as –3 deg while the airplane sideslip remains 
constant. These spikes are believed to be a transonic phenomenon, possibly shock development 
or interaction with the sideslip vane; the airplane inlet asymmetry mentioned previously may be 
a contributing factor. These spikes in angle of sideslip have also been observed when flying the 
AFTF at similar Mach numbers.

Force Balance Data

PFTF force balance data was obtained for the cone-cylinder. The highest loads measured during 
the flight tests were with the airplane nose wheel landing gear extended. Previously collected 
vibration flight data have identified a low frequency vortex shedding from the nose wheel landing 
gear door that may be the cause of these higher loads (ref. 5). The force balance measured sinusoidal 
oscillations with a frequency of approximately 1 Hz during the level acceleration and deceleration 
maneuvers.
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Specific Excess Power

Figures 10(a) and 10(b) show specific excess power (

!

P
S
) as a function of Mach number for 

the NASA F-15B airplane with the PFTF and cone-cylinder configuration for the 40,000-ft 
altitude and 30,000-ft altitude level accelerations. The specific excess power, shown in equation 
(1), was calculated using accelerometer data for the longitudinal acceleration (a

x
) and the vertical 

acceleration (a
z
).

For both altitudes, the specific excess power remains positive at the completion of the level 
accelerations. The specific excess power increases subsonically to a maximum value, decreases 
transonically until past the transonic drag rise, then increases slightly until continually decreasing 
supersonically. At an altitude of 40,000 ft, the rise in 

!

P
S  beginning at Mach 1.5 is a result of the 

higher efficiency obtained from the F-15B airplane variable geometry inlet as the inlet third ramp 
begins to schedule.

The specific excess power data shows that the F-15B airplane is aerodynamically capable of 
accelerating to higher Mach numbers, if needed, for future test points with the PFTF at an altitude 
of 40,000 ft, but has reached the limit of available power at an altitude of 30,000 ft.

CONCLUDING REMARKS

Flight tests were conducted to characterize the local flow underneath the NASA F-15B test 
bed research airplane in a region in which potential propulsion experiments could be carried. The 
Propulsion Flight Test Fixture (PFTF) with a cone-cylinder assembly was mounted underneath 
the F-15B airplane fuselage centerline. The cone-cylinder assembly is a dimensionally crude 
representation of a propulsion-type experiment. The local Mach number, angle of attack, and angle 
of sideslip data were compared between the airplane and the PFTF local flow. Maximum power, 
level accelerations were flown at pressure altitudes of 30,000 and 40,000 ft.  Characteristics of the 
PFTF local flow are discussed below.

Local Mach Number

In subsonic flight, the PFTF local Mach number and airplane Mach number are approximately 
the same. In transonic flight, the PFTF local Mach number is approximately 0.1 greater than the 
airplane Mach number, which is a counterintuitive result. Above an airplane Mach number of 1.2, 
the difference between the airplane and PFTF local Mach numbers increases from 0.0 to 0.46 at 
an airplane Mach number of 1.86. The inlet shock wave crosses the PFTF cone-cylinder air data 
boom pressure ports at approximately Mach 1.86. At an airplane Mach number of 2.0, this shock 
passage results in a PFTF local Mach number of approximately 1.6. The F-15B airplane was 
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shown to have specific excess power at 40,000 ft for accelerating to higher Mach numbers.

Local Angle of Attack

The PFTF local angle of attack was negative at all Mach numbers, indicating a local downwash 
underneath the airplane. The PFTF local angle of attack was several degrees less than the airplane 
angle of attack at all Mach numbers, ranging from –3 to –8 deg.

Local Angle of Sideslip

The airplane angle of sideslip was essentially zero from subsonic Mach numbers to Mach 2.0. 
The PFTF local angle of sideslip averaged 0 deg from Mach 0.8 to Mach 1.1, approximately –2 deg 
(nose right) between Mach 1.1 and Mach 1.5, and up to +1 degree (nose left) above Mach 1.5.

These local flow measurements are for a specific configuration flown on the Propulsion Flight 
Test Fixture underneath the NASA F-15B airplane. They provide useful guidance in designing 
potential propulsion experiments for the NASA F-15B test bed airplane and valuable data for 
making preflight predictions.

Dryden Flight Research Center
National Aeronautics and Space Administration
Edwards, California, August 25, 2005
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APPENDIX B

MACH NUMBER CALCULATION

The airplane freestream Mach number corrected for static pressure position error, M
PC 

, is given 
by equation (B.1), where M

i
 is the indicated Mach number obtained from the airplane air data nose 

boom and ΔM
PC

 is the Mach number static pressure position error.

			 				     

Note that the airplane nose boom indicated Mach number is not the cockpit indicated Mach 
number. The cockpit indicated Mach number is obtained from the production air data system of the 
F-15B airplane and incorporates a production static pressure position error correction.

Airplane Air Data Nose Boom Indicated Mach Number

The radar-rawinsonde method of reference 6 is used to calculate the indicated Mach number. The 
static pressure is assumed to be a function of geometric altitude and is obtained from rawinsonde 
data gathered on the day of the flight test. The F-15B airplane indicated Mach number is calculated 
from the airplane air data nose boom total and static pressures       and          , respectively, using 
the appropriate relationships for subsonic and supersonic flow.

Subsonic flow, M < 1.0:

For subsonic flow, the Mach number is calculated from the isentropic relationship for the 
total‑to-static pressure ratio shown in equation (B.2), where γ is the ratio of specific heats (for air, 
γ = 1.4).

Equation (B.2) can be solved directly for the indicated Mach number as shown in equation (B.3).

			 			    

Supersonic flow, M > 1.0:

For supersonic flow, a normal shock wave is assumed to be positioned ahead of the mouth of the 
air data boom. Therefore, the Rayleigh pitot tube formula for inviscid, adiabatic, supersonic flow 
is utilized as shown in equation (B.4):

!

MPC = Mi + "MPC
(B.1)

(B.3)
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In equation (B.4),      is the total pressure downstream of the shock wave and      is the static 
pressure upstream of the shock wave. The air data boom measures total and static pressures 
downstream of the shock wave. Experimental data indicates that if the static pressure measurement 
tap on the air data probe is placed at least ten probe diameters downstream of the probe nose, the 
static pressure measurement is a close approximation to the static pressure upstream of the shock 
wave (ref. 7). Therefore, the static pressure,     , in equation (B.4) is equal to the air data probe static 
pressure,        .

Since the Rayleigh pitot tube formula cannot be solved directly for Mach number, a polynomial 
curve fit to equation (B.4) is used to calculate Mach number as shown in equation (B.5).

where
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Figure B.1 shows a comparison of the curve fit [equation (B.5)] with Rayleigh pitot tube formula 
[equation (B.4)].
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Mach Number Static Pressure Position Error

The F-15B airplane ΔM
PC

 has been obtained through flight comparison of the air data nose boom 
Mach number with a true Mach number that is independent of position error. The true Mach number 
is calculated from global positioning system (GPS) flight data combined with weather balloon data. 
The difference between the true and indicated Mach number is defined as ΔM

PC
. F‑15B airplane 

flight tests have been performed to determine this correction as a function of indicated Mach 
number, as shown in table B.1.
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Table B.1.  The F-15B airplane Mach number static pressure position error.

F-15B Indicated 
Mach number,

Mi

Mach number 
static pressure 
position error, 

ΔMPC

0.000 0.0000

0.300 0.0045

0.400 0.0068

0.500 0.0091

0.600 0.0116

0.700 0.0146

0.800 0.0188

0.850 0.0217

0.900 0.0260

0.930 0.0296

0.950 0.0360

0.965 0.0500

1.015 0.0020

1.200 0.0028

1.400 0.0032

1.600 0.0032

2.000 0.0000

2.100 0.0000

Free-stream Conditions

The M
PC

 is calculated using equation (B.1) as the sum of M
i 
, calculated from equation (B.2) or 

(B.3), and ΔM
PC 

, from table B.1. After M
PC

 has been calculated, a free-stream static pressure,        is 
calculated from equation (B.2) or (B.3), assuming the      has not changed, that is, that the total 
pressure position error is zero. Altitude and dynamic pressure are calculated from the free-stream 
static pressure.
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FIGURES

Figure 1. The NASA F-15B airplane with the Propulsion Flight Test Fixture local flow 
experiment, in flight.
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Figure 2. The Propulsion Flight Test Fixture and cone-cylinder arrangement on the NASA 
F‑15B airplane.
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Figure 3. The NASA F-15B/PFTF flight envelope and flight test points.
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(a) Level acceleration and deceleration at an altitude of 40,000 feet.

(b) Level acceleration and deceleration at an altitude of 30,000 feet.

Figure 4. The NASA F-15B airplane free-stream Mach number time histories.
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(a) Level acceleration and deceleration at an altitude of 40,000 feet.

(b) Level acceleration and deceleration at an altitude of 30,000 feet.

Figure 5. The NASA F/15B/PFTF local Mach number as compared with free-stream 
Mach number.
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(a) Level acceleration at an altitude of 40,000 feet.

(b) Level acceleration at an altitude of 30,000 feet. 

Figure 6. The difference between the NASA F-15B/PFTF local Mach number and the free-stream 
Mach number.
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(a) Level acceleration at an altitude of 40,000 feet.

(b) Level acceleration at an altitude of 30,000 feet.

Figure 7. The local angle of attack as compared with the free-stream Mach number.
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(a) Level acceleration.

(b) Level deceleration.

Figure 8. The local angle of sideslip as compared with the free-stream Mach number at an altitude 
of 40,000 ft.
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(a) Level acceleration.

(b) Level deceleration.

Figure 9. The local angle of sideslip as compared with the free-stream Mach number at an altitude 
of 30,000 ft.

1.1 1.2 1.3 2.01.91.81.4 1.5 1.6 1.71.00.90.8
F-15B free-stream Mach number

PFTF local angle of sideslip

F-15B angle of sideslip
A

ng
le

 o
f s

id
es

lip
, d

eg

4

3

2

1

–1

0

–2

–3

–4

050471

1.1 1.2 1.3 2.01.91.81.4 1.5 1.6 1.71.00.90.8
F-15B free-stream Mach number

PFTF local angle of sideslip

F-15B angle of sideslip

A
ng

le
 o

f s
id

es
lip

, d
eg

4

3

2

1

–1

0

–2

–3

–4

050472



28

(a) Level acceleration at an altitude of 40,000 feet.

(b) Level acceleration at an altitude of 30,000 feet.

Figure 10. The NASA F-15B/PFTF local flow experiment specific excess power. 
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