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1.0 INTRODUCTION 

Within the last few years, the demand for more accurate wind tunnel data has placed 

greater emphasis on the evaluation of sting-support interference effects. An understanding 

of  support interference is necessary for an aerodynamicist to accurately predict full-scale 
flight vehicle characteristics based on wind-tunnel data. To obtain information on the 
evaluation of support interference effects, a continuing research program was initiated at the 
Arnold Engineering Development Center (AEDC) yon Kdrm~n Gas Dynamics Facility 

(VKF) in 1976; results of various tests supporting this research program up to the present are 
documented in Refs. 1 and 2. Support interference effects on dynamic stability and base- 
pressure measurements of a 7-deg cone at Mach number 3 are described in the 1976 work 
(Ref. 1). Efforts in 1977 and 1978 (Ref. 2) extended the 1976 work to Mach numbers 2 to 8 

and investigated interference effects on base- and surface-pressure measurements of  a 6-deg 

sliced-base cone. The 1979 work documented in this report extended the 7-deg cone 

investigation into the subsonic-transonic region; programs are planned at AEDC to extend 
this research to the testing of aircraft and missile configurations. 

The 1979 research objective was to define critical sting lengths for a conical model in 

subsonic and transonic flow. Critical sting length is generally defined as the shortest sting 
length which does not change the level of an aerodynamic measurement obtained using 
longer stings. In this report the critical sting lengths were defined by the measurements of  
pitch-damping derivatives, static pitching moment, and base pressure. 

The test model was a 15-percent spherically blunt 7-deg cone. Data were obtained at a 

model oscillation amplitude of + 1 deg, using the forced-oscillation technique. Two 
oscillation frequencies, nominally 2.9 and 5.3 Hz, were tested, and data were obtained for 

angles of attack from 0 to 26 deg at Mach numbers from 0.2 to 1.3. The sting length was 

effectively varied from 1 to 3.4 model diameters by extending a conical flare to various 
stations along the sting. Based on model base diameter, the Reynolds number ranged from 
0.2 x 106 to 3.6 x 106, and the reduced frequency parameter (~D/2V) varied from 0.006 to 
0.048. The effects of two types of model-wake splitter plates were also investigated. The test 
was conducted in the Propulsion Wind Tunnel Facility (PWT), Aerodynamic Wind Tunnel 
(4T) from September 26, 1979 to October 3, 1979. The test data in this report are also 

documented in Ref. 3. 

A summary and discussion of available reports dealing with support interference for 

general model configurations and tunnel conditions is presented in Ref. 1, and additional 

reports were added to this summary in Ref. 2. These summaries also indicate significant 
areas where critical sting-length data are not available. The results documented in this report 

5 
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have been used to fill some of the voids in the "Suggested Sting Criteria" summaries of  

Refs. l and 2. A portion of  the "Suggested Sting Criteria" is presented in Appendix A and 

includes the present results. Only that portion of  the summary containing critical sting- 

length data for slender flat-base cones in the subsonic and transonic Mach regimes is 

presented in this report. Although an analysis of  sting-length interference effects at subsonic 

and transonic Mach numbers on general model configurations is beyond the scope of  this 

report, the results of  this report should be applicable to most flat-base bodies of  revolution 
in similar flow conditions. 

Unless otherwise stated in this report, the term "interference" refers to sting-length 

interference effects only. Stings with lengths greater than the critical sting length are referred 

to as "noninterference" stings. The term "clean sting" denotes the maximum effective 

sting-length ratio (Ls/D) used in the present test (Ls/D = 3.3 or 3.4). 

2.0 APPARATUS 

2.1 TEST FACILITY 

The Aerodynamic Wind Tunnel (4T) is a closed-loop, continuous-flow, variable-density 
tunnel in which the Mach number can be varied from 0.1 to 1.3 and can be set at discrete 

Mach numbers of  1.6 and 2.0 by placing nozzle inserts over the permanent sonic nozzle. 

Stagnation pressure can be varied from 400 to 3,400 psfa at all Mach numbers. The test 

section is 4 ft square and 12.5 ft long with perforated, variable-porosity (0.5- to 10-percent 

open) walls, it is completely enclosed in a plenum chamber from which the air can be 

evacuated, allowing part of  the tunnel airflow to be removed through the perforated walls of  

the test section. The model support system consists of  a sector and boom attachment which 

has a pitch angle capability of-7 .5  to 28 deg with respect to the tunnel centerline and a roll 

capability of  -180 to 180 deg about the sting centerline. A more complete description of  the 
tunnel may be found in Ref. 4. 

2.2 MODEL AND STING HARDWARE 

The model was a flat-base 7-deg half-angle cone with a nose bluntness ratio (nose 

diameter-to-base diameter) of  15 percent. The moment  reference axis was coincident with 
the model pivot axis at 60.9 percent of  the model length aft of  the model nose. Constructed 

of  stainless steel, the model weighed 30.4 Ib, and had a moment  of  inertia about the pivot 

axis of  0.408 slug-ft 2. Stainless-steel rings coated with Carborundum ® grit and spot-welded 

to the model just behind the model nose were used as boundary-layer trips at some of  the test 
conditions. Details of  the model and boundary-layer trips are shown in Fig. 1. 
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When mounted to the test mechanism (described in Section 2.3 below), the model had an 

effective sting-length-to-model-diameter ratio (Ls/D) of  3.4 and an effective sting-diameter- 

to-model-diameter ratio of 0.22 (Ds/D) at the model base. The sting length was effectively 

shortened by positioning a conical flare (Fig. 2) at 1.0, 1.5, 2.0, 2.5, 3.0, or 3.3 model 

diameters to the rear of  the model base along the sting. The flare was mounted to the motor 

housing without touching the sting forward of  the motor  housing. This mounting eliminated 

the possibility of  the flare changing the sting frequency characteristics or model tare 

damping. 

The two types of  model-wake splitter plates which were attached to the conical flare are 

shown in Fig. 3, and plate installation details are shown in Fig. 4. A circular clamp was 

attached to minimize vibration at the forward end of  the long plates (No. 8 Plates). Neither 

the clamp nor the plates touched the sting. The sting, conical flare components,  and splitter 

plates were designed and built at AEDC and were also used during previous tests (Refs. 1 

and 2). A sketch of  the model installation is presented in Fig. 5. A photograph in Fig. 6 

shows a typical model-sting configuration in the test section. 

2.3 TEST MECHANISM 

The VKF l.C Forced-Oscillation Test Mechanism (Fig. 7) uses a cross-flexure pivot, an 

electric shaker motor,  and a one-component moment beam instrumented with strain gages 

to measure the forcing moment of  the shaker motor.  The motor is coupled to the moment 

beam by a connecting rod and flexural linkage. The flexural linkage converts the 

translational force to a moment to oscillate the model at amplitudes up to _+3 deg 
(depending on the balance flexure) and at frequencies from 2 to 8 Hz. The cross flexures are 

instrumented to measure the pitch/yaw displacement, support the model loads, and provide 

the restoring moment to cancel the inertia moment when the system is operating at its 
natural frequency. The moment  beam is not subjected to the static loads and can be made as 

sensitive as required for the dynamic measurements. A pneumatic- and spring-operated 

locking device holds the model during tunnel startup and shutdown. 

Two different sets of  cross-flexure pivots were used to obtain data at the high and low 

oscillation frequencies. The high frequency (5.3 Hz) was the primary frequency of  

oscillation and was obtained with cross flexures having a stiffness of  466 ft-lb/rad. The low 
frequency (2.9 Hz) was obtained with cross flexures having a stiffness of  141 ft-lb/rad. The 

same moment beam was used throughout the entire test.The beam has a thickness of 0.046 

in. and is capable of  measuring a total moment of 9.8 in.-lb. 

7 
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The cross-flexure pivot, moment beam, and flexural linkage assembly are supported by a 
long, slender cylindrical sting with a l-deg taper. This sting is instrumented with strain gages 
to measure its static and oscillatory deflections in both the pitch and yaw plane. 

2.4 INSTRUMENTATION 

2.4.1 Forced-Oscillation Instrumentation 

The forced-oscillation instrumentation (Ref. 5) uses an electronic analog system with 
precision electronics. The control, monitor, and data acquisition instrumentation are 
contained in a portable console that can be easily interfaced with the instrumentation of the 
various wind tunnels at AEDC. The control instrumentation can vary the oscillation 
amplitude of the model within the flexure limits. Oscillation amplitude is controlled by an 

electronic feedback loop which permits testing of both dynamically stable and unstable 
configurations. Data are normally obtained at or near the natural frequency of the model- 

flexure system; however, electronic resolvers in the instrumentation permit data to be 
obtained off-resonance. 

All gages are excited by d-c voltage, and outputs are increased to optimum values by d-c 
amplifiers. Typical balance outputs from an oscillating model are composed of oscillatory 
components (OC) superimposed on static components (SC). These components are 

separated by band-pass and low-pass filters. The SC outputs are used to calculate the static 
moment coefficients and static sting deflections. The OC outputs are input to the resolver 
instrumentation and precise frequency measuring instrumentation. The resolvers use 
accurate electronic analog devices to process the OC signals and output d-c voltages. The 

output d-c voltages are proportional to the square of the oscillation amplitude, the in-phase 
and quadrature (90-deg out-of-phase) balance-forcing torque components, and the in-phase 
and quadrature sting moment components. These outputs are converted to digital signals by 

an analog-to-digital (A/D) converter, and the data are recorded for a period of time at a 
sample rate appropriate for the test. 

2.4.2 Model Base-Pressure Instrumentation 

Model base pressure was measured with a pressure transducer located on the tunnel 
plenum chamber wall. The location of the orifice with respect to the model and sting is 
shown in Fig. 8. 
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3.0 TEST DESCRIPTION 

3.1 TEST CONDITIONS 

A summary of  the nominal test conditions at each Mach number is listed in Table 1. The 

test summary, Table 2, lists all configurations that were tested. 

The reduced frequency parameter (tzD/2V) at the high-oscillation frequency (5.3 Hz) 

ranged from 0.008 radians at Mach number 1.3 to 0.048 radians at Mach number 0.2. At the 

low-oscillation frequency (2.9 Hz) the range was from 0.006 radians at Mach number 0.9 to 

0.026 radians at Mach number 0.2. The oscillation amplitude was + ! deg. 

3.2 TEST PROCEDURES 

After tunnel conditions and model attitude were established, the model was unlocked 

and brought to the oscillation amplitude by the Forced-Oscillation Control System. At each 

angle of  attack, generally two data points were taken, and data were obtained over a 60-sec 

interval for each data point at approximately 200 samples per second. 

An Automatic Model Attitude Positioning System (AMAPS) was used to control the 
model position. Before the test, a list of  model angle-of-attack requirements was 

programmed into the AMAPS. After data were obtained at a given angle of  attack, the 

AMAPS was manually activated, and the model was automatically pitched to the next angle 
of  attack on the AMAPS list. 

3.3 DATA REDUCTION 

The time-wise balance and sting gage signals, and steady-state model attitude and base- 

pressure measurements were transmitted to a DEC-10 System Computer.  Values of  the 

balance and sting gage outputs were averaged by the computer and used to calculate the 

dynamic derivatives. Both the SC and OC sting gage outputs were used to correct the data 

for sting-bending effects. The method used to reduce the data is given in Refs. 5 and 6. 

3.4 UNCERTAINTY OF MEASUREMENTS 

In general, instrumentation calibrations and data uncertainty estimates were made using 

methods recognized by the National Bureau of  Standards. Measurement uncertainty is a 
combination of  bias and precision errors defined as 

U = + ( B  + t95S) 

9 
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where B is the bias limit, S is the sample standard deviation, and t95 is the 95th percentile 

point for the two-tailed Student's " t "  distribution, which for degrees of freedom greater 
than 30 is equal to 2. 

Estimates of the measured data uncertainties for this test are given in Table 3a. Tunnel 

parameter data uncertainties were determined from in-place calibrations through the data 
recording system. Static load hangings on the Forced-Oscillation Mechanism simulated the 
range of loads and deflections anticipated during the test, and measurement errors were 

based on differences between applied loads and deflections and corresponding values 
calculated from the mechanism calibration. Load hangings to verify the sting and balance 
calibrations were made in the tunnel prior to the test. 

Propagation of the bias and precision errors of measured data through the calculated 
data was made in accordance with Ref. 7. Uncertainties in the calculated tunnel parameters 

are given in Table 3b, and uncertainties in the dynamic parameters are given in Table 3c. The 
quoted uncertainties are based upon steady-state operation and do not account for the 
effects of the support boom vibrations and/or  unsteady flow phenomena. In some instances 

the repeatability of the pitch-damping derivatives (Cmq + Cm~t) was 15 to 20 percent instead 
of the quoted uncertainties. 

The static stability derivative (local scope of the pitching moment curve, Cma ) is 

proportional to the difference of the square of the model aerodynamic frequency and the 
square of the tare frequency. Since the frequency difference was less than 2 percent for the 
majority of the data, the estimated uncertainty in the static stability derivative was relatively 

large. In addition, the sting-oscillation corrections used in the reduction of the static stability 
derivative data were of the same magnitude or larger than the static stability derivative 
aerodynamic effects. For these reasons, the static stability derivative data are not presented. 

4.0 RESULTS AND DISCUSSION 

The results and discussion are presented by sections dealing with particular aspects of the 

test. Investigations which were incidental to the actual determination of sting-support 

interference effects will be presented first. Section 4. l discusses an investigation of the model 

boundary-layer state and its bearing on support interference investigations. This section will 
be followed by a comparison of noninterference subsonic and transonic data with previously 
obtained supersonic and hypersonic data for this model (Section 4.2). Results pertaining 

directly to the determination of sting interference effects are discussed in Sections 4.3 
through 4.5. These sections include the effects of Reynolds number, frequency, and angle of 
attack on measurements obtained at various effective sting lengths. Section 4.6 discusses the 

10 
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evaluation of critical sting length. A comparison of critical sting-length data with previous 

test results and the results of a limited splitter-plate investigation are discussed in Sections 

4.7 and 4.8, respectively. 

4.1 BOUNDARY-LAYER INVESTIGATION 

It is documented in Refs. 1 and 2 that support interference effects on some 

measurements are dependent on the type of boundary layer at the model base. At the 
beginning of the test, data were obtained at various Reynolds numbers and with two 
different boundary-layer trips at selected Mach numbers to determine their effects on the 
measured aerodynamic results. The determination of the state of the model boundary layer 
was made by comparing pitch-damping derivatives and base-pressure ratio data with and 

without trips at the different Reynolds numbers. 

For supersonic and hypersonic Mach numbers, the effects of the state of the model 
boundary layer on pitch-damping derivatives and base pressure are well known. Typical 

variations of these two measurements with Reynolds number, obtained from Ref. 2 for the 
present model at Mach number 5, are shown in Fig. 9. An increase in damping was found 
when transition occurred near the model base. As the Reynolds number was increased, 
transition moved forward on the model and resulted in turbulent flow near the base. This 
caused the damping to decrease to about the same level as the laminar flow data. This 

known trend (Refs. 8 and 9) is shown by the dashed line in Fig. 9. The presence of a 
boundary-layer trip provided turbulent flow at lower Reynolds numbers. The base-pressure 
ratio showed a gradual decrease as transition moved upstream on the model and became 

relatively constant as fully turbulent flow was established. Similar trends of damping and 

base-pressure data for supersonic-hypersonic Mach numbers are also reported in Refs. 8 and 

9. 

In comparing boundary-layer transition effects at subsonic-transonic Mach numbers and 

at supersonic-hypersonic Mach numbers, it was assumed that some effect (although not 
necessarily similar) would occur in the damping and base-pressure data for a wide Reynolds 
number range or when trips were used. The results of a Reynolds number variation and the 
effects of boundary-layer trips are shown in Fig. 10 for Mach numbers 0.2, 0.95, and 1.3. 

This investigation of the model boundary layer was conducted With the clean sting (Ls/D 
_ 3.3) configuration and at zero angle of attack. At Mach numbers 0.95 and 1.3, both the 
pitch-damping derivatives and base-pressure ratio were essentially invariant with Reynolds 

number. The addition of the boundary-layer trips had virtually no effect on either 

measurement. Some effects of Reynolds number on the damping data were found at Mach 
number 0.2 at the lower Reynolds numbers. A similar effect at Mach number 0.2 was 
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reported in Ref. 10 for a 3-caliber secant-ogive cylinder. The base-pressure data obtained at 

M = 0.2 were not useful for indicating transition because the base-pressure ratio was very 
close to unity and no effect could be detected. 

The primary tunnel conditions presented in Table 1 were chosen such that turbulent flow 

at the model base could be confidently assumed. However, a posttest analysis of  the data in 

Fig. 10 indicated some doubt about the model boundary-layer state for the primary test 

condition at Mach number 0.2. Since sufficient data were not obtained for determining the 

model boundary-layer state at M = 0.2 and ReD = 0.3 x l0 ~ (primary test condition), the 

model boundary layer at this condition is considered unknown. It was concluded from Fig. 
i0 that at all primary test conditions other than at Mach number 0.2, the boundary layer 

near the model base was turbulent. Further effects of Reynolds number on sting-length 
interference will be discussed in Section 4.3. 

4.2 EXPERIMENTAL DATA COMPARISON 

Pitch-damping derivative and base-pressure ratio data obtained during the present test at 
subsonic and transonic Mach numbers were combined with previously obtained supersonic 

and hypersonic Mach number data from Refs. 1 and 2 and plotted versus Mach number in 

Fig. 11. All data in Fig. 1 ! are for the present model mounted on the noninterference sting 

configuration (Ls/D -> 3.0) with a turbulent boundary layer near the model base. This plot 
illustrates the variation of  the noninterference data over the subsonic-hypersonic range. The 

data obtained from the present test are in good agreement with the extrapolated results from 

previously obtained supersonic and hypersonic data. These trends are expected for a slender 
c o n e .  

4.3 EFFECT OF REYNOLDS NUMBER 

At all primary Much numbers (M = 0.2, 0.6, 0.9, 1.1, and 1.3), data were obtained at 
two Reynolds numbers for selected sting-length ratios to determine if Reynolds number 
affected the data for various interference-producing sting lengths. Figure 12 shows pitch- 

damping derivatives, the parameter AiCm~ (see Section 4.5), and base-pressure ratio data as a 

function of  effective sting-length ratio for two Reynolds numbers at Mach number 1.3. The 

boundary layer at the model base was turbulent for all conditions shown. The results in Fig. 
12 are typical of  the results at all other Mach numbers. In general, Reynolds number effects 

were not found on data obtained at various effective sting lengths. 
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4.4 EFFECT OF FREQUENCY 

At Mach numbers 0.2, 0.6, and 0.9, data were obtained at two frequencies of oscillation 

to determine if the data obtained with various effective sting lengths were dependent on 

frequency. A typical comparison of pitch-damping derivatives as a function of angle of 

attack for two reduced frequencies is shown in Fig. 13. The data are for both the 

interference (Ls/D = 1.0) and clean (Ls/D = 3.3) sting configurations at Mach number 0.9. 
No effects of frequency were found for the Much number and frequency range investigated. 

4.5 EFFECT OF ANGLE OF ATTACK 

Pitch-damping derivatives, the parameter AiCm~ ,s ta t tc  ~,,,. ,mg moment, and base- 

pressure ratio data as a function of angle of attack for various effective-sting-length ratios 
are presented in Fig. 14 for Much numbers 0.2 to 1.3. The change in the static stability 

derivative attributable to interference, A'Cm~ (see Appendix B for the definition of AiCm~ ), 
was found to be representative of the measurement of Cm,~ in determining critical sting 

length. Unless otherwise noted, all discussions on interference effects on the static stability 

derivative Cm,~ are based on the parameter AiC,,~. The parameter AiCm~ and base-pressure 
ratio data are not presented at Mach number 0.2 because the relatively large uncertainty in 

the tunnel conditions at this point (see Table 3) resulted in excessively large uncertainties in 
AiCm~ . Also at Mach number 0.2, the base-pressure ratio was essentially unity, and base- 

pressure interference effects could not be accurately discerned. A review of the data in Fig. 
14 shows that, in general, the interference effects on all measurements are smaller at high 
angles of attack than at low angles of attack. Figure 14 also shows that the angle-of-attack 
effect is influenced by Mach number. The damping data at M = 0.6 (Fig. 14b) for the 

interference sting configuration (Ls/D = 1.0) do not appear to approach the level obtained 
with the noninterference configuration (Ls/D = 3.3) as abruptly as the damping data at M 
= 1.3 (Fig. 14e) for increasing angles of attack. The static pitching-moment data generally 

exhibited sting-length dependence over the angle-of-attack range, except for Much numbers 

greater than 1.0. Although interference effects generally decrease as angle of attack 

increases, Fig. 14 indicates that the dynamic measurements  (Cmq Jr- Cm~ and A'Cm,~) may, in 
some instances, have slightly greater interference effect in the angle-of-attack range 0 < ct 

_< 12 deg than at ot = 0 for Mach numbers less than 1.10. 

It is evident in Fig. 14 that interference effects are statically de-stabilizing at all Much 
numbers. At Much numbers less than or equal to 0.9, interference was dynamically de- 
stabilizing while at Mach numbers I.l and greater, the opposite was found. In all cases, 

interference caused an increase in the base-pressure ratio. 
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4.6 EVALUATION OF CRITICAL STING LENGTH 

Damping derivatives, the parameter AiCma , and base-pressure ratio data are shown in 

Fig. 15 as a function of  effective sting-length ratio for Mach numbers 0.2 to 1.3 for a = 0 

(only damping data are shown for Math number 0.2). An arrow indicating the critical sting- 

length ratio (Let/D) is shown on each plot in Fig. 15, except for the plot of  the parameter 

AiCm a at Mach number 0.9 (Fig. 15c) which is inconclusive. This exception indicates that the 

measurement of  AiCm a at Mach number 0.9 may yield an erroneous value of  Lcr/D based on 

data at a = 0. However, Fig. 14c indicates that interference based on AiCmo t data in the 

range 0 < a < 12 deg at Math number 0.9 is present for an effective sting-length ratio of  

1.5. For all data presented in Fig. 15, with the exception of  the case mentioned above, a 
relatively constant measurement level is found for effective sting-length ratios greater than 

or equal to 3.0. The constant measurement level changes abruptly at some effective sting- 

length ratio in the range 1.0 to 3.0, depending on the Mach number and measurement. For 

all data presented in Fig. 15, critical sting-length ratios determined from the measurement of 

base pressure are always greater than or equal to the value of  Lcr/D determined from the 

damping derivatives or the paramenter AiCmt ~ . Note in Fig. 15b that the critical sting length 

determined by the damping measurement at Mach number 0.6 is 1.5 model diameters. But 

the data in Fig. 14b indicate that, at Mach number 0.6 for angles of attack greater than zero, 

an Ls /D of  1.5 exhibits some interference effects. Therefore, the data in both Figs. 14 and 

15 should be considered together for the best assessment of  interference. 

4.7 CRITICAL STING-LENGTH COMPARISON 

The data in Figs. 14 and 15 were used to determine critical sting length, and the results 

are plotted in Fig. 16 as a function of Mach number. A dashed line in the AiCma 

measurement plot indicates that data at angles of attack greater than zero were considered in 

the determination of  critical sting length. Based on the data in Fig. 14, critical sting length as 

determined by the Cm measurement is certainly in the range 1.5 _< Lcr/D --- 3.3, as shown in 

the shaded area in Fig. 16. A more precise determination of  the critical sting length could not 

be made in this area because of  insufficient data; however, the dashed line for the Cm 

measurement in Fig. 16 represents the author 's  estimate. Also shown in Fig. 16 are the 

results of  Refs. ! and 2, to depict the variation of  critical sting length over the subsonic to 

hypersonic range for a turbulent boundary layer. 

A review of  Fig. 16 shows that a critical sting length of  two model diameters is suitable 

over the Mach number range 0.2 to 5.0 for the measurement of  damping derivatives. For the 
measurement of  the pitching moment slope, a critical sting length of  2.5 model diameters is 

required for the Mach number range 0.6 to 0.9, and 2 model diameters is required for the 
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Mach number range 1.1 to 3.0. The critical sting length determined by the measurement of  

the static pitching moment varies from two model diameters at Mach number 0.2 to one 

model diameter at Mach numbers greater than 1.1. The measurement of  base pressure 

indicates that a critical sting length of  two to three model diameters is required. 

Based on the data in Fig. 16, (turbulent boundary layer) a critical sting length of  three 

model diameters is satisfactory regardless of  the type of  measurement. Base pressure, which 

has been used as an interference indicator for many years, seems to indicate the longest 

critical sting length compared to all other measurements previously investigated. Thus, static 

pitching moment  and pitch-damping derivatives should be free from sting-length 

interference effects for sting lengths greater than or equal to the critical sting length 

determined by base-pressure measurements. 

Critical sting-length data from other reference sources were sought to compare with the 

critical sting-length data determined from the present investigation. Only one critical sting- 
length evaluation (Ref. 11) on damping derivative measurements at subsonic-transonic 

speeds for a blunt, flat-base cone was found. Reference I 1 reported no sting length effects 

for a blunt, flat-base cone (e.g. Lcr/D = 0) at Mach numbers 0.65 and !.0. Discussion of  

Ref. 11 data is included in Refs. I and 12. Reference 1 states that the Ref. I 1 data should be 

used with caution because the interference hardware used may have affected the 

measurements. Reference 12 states that the interference results were not representative of  

turbulent flow over the model base and that the Ref. I I data were influenced by transition- 

amplified interference effects. 

A substantial amount of  critical sting-length data for base-pressure measurements for 

similar tests was found. Figure 17 presents critical sting-length data from various sources 
(Refs. 13, 14, and 15) combined with the present data for Mach numbers 0.6 to 2.4. It is 
evident in Fig. 17 that critical sting length for the measurement of  base pressure is highly 

dependent on sting-diameter-to-model-base-diameter ratio (Ds/D) and flare angle (0s) in the 

subsonic and transonic range. In the supersonic region, (M _> 1.6), the parameters Ds/D 

and 0s do not appear to affect critical sting length significantly. In Fig. 17a, the critical sting 

length data for Os = 15 deg in the subsonic region (present data) are lower than all other 

data, probably because of  the relatively small value of  Ds/D (0.22) compared to the data 

from the other sources (Ds/D = 0.5). Although only one value of  Ds/D was used for the 

present test, it appears that this value (Ds/D = 0.22) did provide a negligible or minimal 

(within the measurement uncertainty) interference effect. 
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4.8 EFFECT OF SPLITTER PLATES ON INTERFERENCE 

A limited investigation of splitter-plate effects on interference was conducted at Mach 

numbers 0.2, 0.6, and 0.9. In Fig. 18 damping derivatives, static pitching moment,  and base- 

pressure ratio data are presented as a function of  angle of  attack for the two splitter plates 

tested at Mach number 0.9. Splitter-plateeffects in Fig. 18 for Mach number 0.9 are typical 

of  the effects at Mach numbers 0.2 and 0.6. Essentially no effects attributable to the 

presence of  either splitter plate were found at all conditions tested. 

5.0 CONCLUDING REMARKS 

Sting interference effects as determined by the measurement of  dynamic stability 

derivatives, static pitching moment ,  and base pressure were investigated at Mach numbers 
0.2 through 1.3. The boundary layer at the model base for all Mach numbers greater than 

0.2 was turbulent. Additional variables included angle of  attack, frequency of  oscillation, 

and the addition of  splitter plates located behind the model. Data were obtained on a flat- 

base 7-deg cone with a spherical nose bluntness of  15 percent. Reynolds number, based on 

model base diameter, ranged from 0.2 x 10 6 to 3.6 x l0 6. The evaluation of  critical sting 

length (the shortest sting length which does not change the constant measurement level 

obtained by longer stings) for a slender, flat-base cone at subsonic and transonic speeds is 

summarized in Appendix A. Conclusions based on these results are given below: 

1. Critical sting length is dependent on the parameter selected as the interference 

indicator. 

2. Critical sting length as determined by the measurement of pitch-damping 
derivatives and static pitching moment  at subsonic to transonic speeds is less 

than or equal to 2 model diameters. 

3. Critical sting length as determined by the measurement of  the pitching-moment 

slope (Cm,~) is 2.5 model diameters at subsonic and transonic speeds. 

4. Critical sting length as determined by the measurement of  base pressure is 

generally 3 model diameters for Mach numbers 0.6 to 1.3. 

5. Critical sting length determined by base-pressure measurements was found to be 

greater than or equal to the critical sting length determined by the aerodynamic 

coefficients. 

6. Critical sting length was found to be independent of  Reynolds number and 

frequency of oscillation. 
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7. In general, the addition of splitter plates behind the model had no effect on any 
measurements for the Mach number range (0.2 to 0.9). 

8. The evaluation of critical sting length for a slender, flat base cone at subsonic 
and transonic speeds is summarized in Appendix A. 
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Table 1. Test Conditionsa 

Test  
C o n d i t i o n  H 

I 0.2 

2 b 

3 

4 

5 c 

6 0.4 

7 c 0.6 

8 c 

9 b 

i0 c 

II 0.8 

12 b 0.9 

13 c 0.9 

14 0 . 9 5  

15 

16 

17 

18 

19 

20 b 1.10 

21 c 1.10 

22 I. 20 

23 b 1.30 

24 

25 

26 

27 

PT, TT, Q, F, v ,  
~ s £ a  °R p s f  ps£  i t / s e t  

400 554 11 389 230 

820 550 22 797 230 

2 , 0 0 0  566 54 1 ,945 232 

3 ,200  586 87 3,112 236 

3,6011 593 98 3,501 238 

870 553 87 779 454 

410 558 81 321 671 

1,300 549 257 1,019 666 

1,630 569 322 1 ,278  678 

3,200 581 632 2,508 685 

1 ,320  55b 388 866 870 

1,260 556 422 745 965 

2 ,800 603 939 1,656 1,005 

800 550 283 448 1,005 

1,020 554 360 571 1,009 

1,220 556 431 683 1,011 

1 , 6 0 0  5611 565 895 1 ,014  

2,200 567 778 1,231 1,021 

2,800 578 990 1,567 1,030 

1,200 555 476 562 1 ,140  

2 , 6 4 0  600 1 ,047 1 ,236 1 ,185 

i , 2 0 0  556 499 495 1~222 

1,300 556 555 469 1,299 

1,600 b68 683 577 1,313 

2 j200 578 939 794 1,325 

2 ,560 588 1,093 924 1,336 

2,700 591 1,153 974 1,339 
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0.0478 - - -  0 .78  

0 . 0 6 7 0  - - -  1.20 

0 . 0 4 6 6  0 . 0 2 5 5  1 .33  

0 . 0 2 4 4  - - -  0 . 6 7  
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0.0167 - ~  1 .39  

0 . 0 1 6 4  0 . 0 0 9 0  1 . 6 6  

0 . 0 1 6 2  0 .0089  3 . 1 8  
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0 . 0 1 1 5  0 . 0 0 6 3  1 .66  

0 . 0 1 1 0  - - -  3 . 3 3  

0 . 0 1 1 0  - - -  1 .09  

0 . 0 1 1 0  ~ 1 . 3 8  

0 . 0 1 1 0  - - -  1 .64  

~.0109 - - -  2.13 

0 . 0 1 0 9  - - -  2 .88  

0 . 0 1 0 8  - - -  3.58 

0.0097 - - -  1.67 

0 . 0 0 9 4  - - -  3 . 3 3  

0 .0091  - - -  1 . 6 8  

0 . 0 0 8 5  - - -  1 .82  

0 . 0 0 8 5  - - -  2 .17  

0 . 0 0 8 4  - - -  2 . 9 2  

0 . 0 0 8 3  - - -  3 . 3 3  

0 . 0 0 8 3  - - -  3 . 4 8  

N o t e s :  

a A n g l e - o £ - a t t a c k  r a n g e  shown I n  T a b l e  2 

b p r i m n r y  LesL c o n d i t i o n s  

CData noL p r e s e n L e d  i n  t h i s  r e p o r t ,  b u t  p r e s e n t e d  i n  Re£. 3 
+ 

m 

o 
o 

~0 
& 
0 
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Table 2. Test Summary Log 

~requency, Hz 

2.9 

5.3 

Ls/B 

3.3 

3.0 

2.5 

2.0 

1.5 

] .0  

1.0 

3.4 

3.3 

3.0 

3.0 

2.5 

2.0 

2.0 

1.5 

1.0 

1.0 

3.3 

Trip No. a Plate No. b Test Conditions c 6, deg 

None None 

i 
1 

2 

None 

I 

None 

2, 9, 12 

2, 9, 12 

2, 9, 12 

2, 9 d, 12 d 

2, 9, 12 

2, 5 d, 9, I0 d, 12 

2, 9 e, 12 e 

1, 3, 4, 7, 8 f ,  lO g , 1~, ]5h~ 

17, 18, 19, 23, 25, 27, 

19, 2~, 27, 

4, 19, 25, 27, 

2, 9, 12, 20 

2 d, 6 d, 9 d, 11, 12, 

15 h, 16, 20 d, 22 d, 23 

2, 9, 12, 20, 23 

2, 5, 9, I0, t2, 

13, 20, 2[, 23, 26 

2, 5, 9 d, I2 d, 20 d, 21 d, 23 
2, 5 d, 6 d, 9, [0 d, It d, 12, 

13 d, 20, 21 d, 22 d, 23, 26 d 

2, 9, 12 

= ± I deg ~D/2V = 0.006 ~ 0.049 

Notes: 

aAs sho~ in Fig. [ 

bAs sho~ in Figs. 3 and 4 

CAs listed in Table I 

dData obtained at a = 0 only 

eData obtained at a = O, [2, 20 deg only 

fData obtained at a = 0, 15, 26 deg only 

gData obtained at a = O, 25 deg only 

~ata obtained at a = 0 to 24 deg 

0 to 20 

0 

0 

0 to 20 

0 

0 to 20 

0 to 20 

0 

0 to 20 

l 
0 

0 to 20 
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Table 3. Estimated Uncertainties 
a. Basic Steady-State Measurements 

--3 

~ r ~ m n t n r  
D e s i g n a t i o n  

PT. p s f a  

TT. aR 

P5, ps fa  

S , p p o r t  5yb rem 
S e c t o r  and Boom 
AngLe,  deg 

F r e q u e n c y ,  Ha 

Mode l  A n g u l a r  D i s  
p lacement  about  
the  F / v e t  Aaxn. 
dog  
a .  0 . 1 0  i n .  t h z c k  

c l os~  f ] e x u r e b  
b 0 .15  xn. t h / c k  

c ross  f l e x u r e s  

5 t z n g  A n g u l a r  
D i s p l a c e m e n t ,  des 

BTKADY-STATE ESTIMATED REASUREM]~T v 

Prec:J.8 J.on I n d e x  B i e n  U n c e r t a i n t y  
(S) (B) +(B + t ssB)  

~ Rlznsn 

+(0.047, + 5 15) 30 + ( 0 . 1 1 ~  ~ 1) ±(0.2"£ + 1 . 3 )  5 t o  
1. 500 
1, bOO 

+O. 7 3 0  + 2 . 9  4 - 4 . 3  t o  
4 , 0 0 0  

- - -  ±0 I 6 - -  ± 0 . 5 5  ~ ::L'O.71 4 1 0  t o  
6 1 0  

- - -  ± I , 0  32 ~(0.14% + 1) ±(0 .14% + 3) 0 t o  
2~ 165 

- 7 . 5  t o  ± ( 0 . 0 1 4 ~  0 . 0 0 4 )  7 - - -  ± 0 . 0 2 9  ± ( 0 , 0 3 %  + O,03R)  
9 5  

0 . 0 0 2 5  - - -  2 - -  O 0 . 0 1  0 t o  
- - -  I 0  

0 , 0 2 4  26 . . . .  0 . 0 4 8  ::1:3 

0 017  12 ~ - -  0 034  ::1:3 
I 

0 . 0 0 6  )2 . . . .  0 014  ±1 

• Thomp~on, J .  w. and A b e r n s t h y ,  R. B s t  a l  "Uandbook U n c e r t a i n t y  zn Gas T u r b i n e  Measurements " 
AEDC-TR-73-5  (AD 7 5 5 3 5 6 ) ,  F e b r , a r y  1 5 7 3 .  

Type o f  
M e u u r l n s  Dev ice  

D a t a m e t r x o n  
B a r o o o l  Model  
538AX-93 0 - 4 0 0 0  
p s f a  

Dual C~romel ® -  
ALums1 w T h e r m o -  
c o u p l e s  

Type o2 
Reco rd ing  Dev ice  

Datametz' lC~ g i e c l z o n l c  
Manometer C-1018 

Method  o f  
S y s t e m  C a l i b r a t i o n  

I . - P l n c e  C a l x b r a t x o n  
w i t h  a P r e c i s i o n  
P r s s ~ t l i s  S t a n d a r d  

VoLtage S t a n d a r d  
S u b s t i t u t i o n  usLng a 
S t i r r e d  Ice  Bath 
T h e r m o e o u p l e  R e f e r -  
e n c e  

Newpor t  Mode£ 26001~F 
D i g i t a l  T h e r m o m e t e r  

S , n ~ t r a r i d  P r e s t o n  A m p l i f i e r  
( g t s t l e r )  S]4D used w i t h  a P r e s t o n  I n - P l a c e  C a l l b r a t z o n  
Serve P ressu re  G-MAD-3 £or A/D wz th  a Precxszon  
T rao~du¢er  Convsrsxoo P r e s s u r e  S tanda rd  

C l i f t o n  P r e c i s i o n  
P r o d u c t s  Model 1n -P lace  C a L i b r a t i o n  
CG-10-AS-I  T h o l e  Model C-52R0 by Compar ison t o  an 
Syochro TraDe-- D i g i t a l  l n d x c a t o r  T n c i l n o m e t e r  
m t t t o r  

A/D F r e q u e n c y  
C o n v e r t o r  B u i l t  D i g i t a l  Data A c q u i -  Comparnd w i t h  a F r e -  
by VKF s z t z o n  S y s t e m  (DDAS) ¢luency S t a n d a r d  

Rondud 5 t r a x n  
G a g e s  S t a t i c  L o a d i n g  

m 
O 
O 

~0 

(D 

~ j  



m 
o 

-n  

0 

~ j  

Table 3. Continued 
b. Basic Dynamic Measurements 

oo 

l ~ m e t e r  
D e m i g n a t t o n  

O u t - o [ - P h a ~ o  
T o l q u ~  r t l l b  

I n - P h a s e  t o r q u e ,  
~ t l i b  

I n  P h a b o  ~ t l n R  
~ o m o n t ,  f t - L b  

0 cl~K 
a 0 . £ 0  i n .  t h t ~ k  

~ z ~ q s  f J o x u r o ~  
b .  0 . ~ 5  I n  T h l ~ k  

P l ' O ~  f ] f l x u / u b  

STEADY-STATE ESTTMATED MEASUREMENT v 

Px'ec z °  1on  I n d e x  
( S )  

--- 0 . 0 0 0 1  10 

--- 5 . 2 x 1 0  - b  10 

- - -  0 024  2b  

- - -  0 0 1 t  J2  

B:L&B 
( B )  

U n c c r t & i n t y  
+ ( B  + t 9 5 5 )  

N O d  , , l O B  
~ Z  

- - -  0 0 0 0 2  0 t o  
0 8 2  

- - -  0 , 0 0 0 1  0 t o  
0 R2 

- - -  0 70  0 t o  
50  

- - -  0 0 4 8  £3 

0 . 0 3 4  z 3  

~ p o  o f  
M o a s u r t n B  D e v i c e  

B¢) .ded S l r a z n  
GaRO5 

T y p e  o f  
R e c o r d x n g  D e v i c e  

DIRital Data A~q.1- 
ssti,,n System (ODA~) 

M e t h o d  o f  
8yA tom C a l t b r a l s o n  

I n - p l a c e  Mo~on¢ 
L o ~ d l n R  

Thnnlp.~on,  ,1. ~ .  a n d  A b e r n e t h y ,  II D e t  h i .  " l t n n d o o k  b n c e r t a l n t y  i n  Oa<; T u r b l a c  ~.|ca�UlCtl |ont~ ' 
A E I X ' - T R - 7 3 - f i  (AD 7 5 5 3 5 6 ) .  F e b r u a r y  / 9 1 J  



Table 3. Continued 
c. Calculated Parameters 

4~ 

P a r a m e t e r  
Designation 

V, f t / s e c  

Re D x 10 -6 

Q, p s £  

STEADY-STATE ESTIMATED MEASUREMENT* 

P r e c i s i o n  I n d e x  
(s )  

| 

~ o k .  ~ 0 ~ 

k 0 ~ -,~ ~ R ~ ~D ~ 0 ~ 

C~ 

--- 3.5 

--- 0.9 
--- 0.7 
--- 0.6 
--- 0.5 

--- 0.4 

--- 0.005 

--- 0. 002 
--- 0. 001 

--- 0. O01 

--- 0. O01 

--- 0. 001 

- - -  0 . 6 6  

- - -  0 . 8 1  

- - -  0 . 5 3  

- - -  0 . 4 0  

- - -  0 . 3 3  

- - -  0 . 3 5  

m _  

B i a s  
(B) 

I 

0 ~ ' ~  
~ G  

• ~ O] Q) 
. , 4 d H  

13.6 

3.5 
2.7 

2.4 
2.2 

1.5 

0.020 
0.010 

0.006 

0.006 

0.005 

0.007 

2 . 6  
3 . 1  
1 . 9  
1 . 5  
1 . 2  
1 . 4  

i 

U n c e r t a i n t y  
~ ( B  + t 9 5 S )  

I 
. I - I  ~ 0  q - 4 G )  

• ~ G o ~  .~-j 

~ o d  " ~ d t  

--- 20.6 

--- 5.3 
--- 4.1 

--- 3.6 
--- 3.2 

--- 2.3 

--- 0. 030 

--- 0. 014 

--- 0. 008 
--- 0. 007 

--- 0. 006 

--- 0. 008 

--- 3.9 

--- 4.7 
--- 3.0 

--- 2.3 
--- 1.8 

--- 2.1 

P a r a m e t e r  
R a n g e  

230 
6 7 8  
695 

1,140 

1,300 

1,336 

Test 

Condltions 

M 

* A b e r n e t h y ,  R.  B.  e t  a l .  a n d  T h o m p s o n ,  J .  W. " H a n d b o o k  U n c e r t a i n t y  i n  G a s  
A E D C - T R - 7 3 - 5  (AD 7 5 5 3 5 6 ) ,  F e b r u a r y  1 9 7 3 .  

0 . 2  
0 . 6  
0 . 9  
1 . 1  
1 . 3  
1 . 3  

0.3 0.2 

1.7 0.6 
1.7 0.9 

1.7 1.1 

1.8 1.3 
3.3 1.3 

Re D 

x 10 - 6  

0.3 

1.7 
1.7 
1.7 

1.8 

3.3 

i i I  

m 

m 

I I  

22 0.2 0.3 

322 0.6 1.7 
422 0.9 1.7 

476 I.i 1.7 

555 1.3 1.8 

1,093 1.3 3 . 3  

T u r b i n e  M e a s u r e m e n t s , "  

m 

O 
t~ 

-11 
& 
O 

~J 



Table 3. Continued 
c. Continued 

> 
m 
o 
o 

11 

O 

~J 

O 

P a r a m e t e r  
D e s i g n a t i o n  

P, psf 

a,  d e g  

STFADY-STATE ESTIMATED MEASUREMENT* 

Precision I n d e x  
( s )  

I 

¢: 0 ~  
-,-~ ::1 e 

~ 0 ¢ 1  . ~ N E  
g g G 

--- 0 . 4 3  
---- 0.72 

- - -  0 . 4 3  
0 . 4 3  

-- 0 . 4 3  
- - -  0 . 5 8  

-- 0. 003 
- - -  0 .001  
--- 0.001 

-- 0. 001 

0.001 

0.001 

0 .  030 

om 
o 

oJ a; 
ko~ 
bo~ 

+a ~o 

o q ~  
k O ~  

~ m  

~mm 

~ m  

Bias 
(B) 

I 

0 ~ +  J 

+ J m ~  
~.SB 

2.02 

2.30 

1.87 

i . 5~  
I . 4 4  
2 .02  

0 . 0 1 2  
0 . 0 0 4  
0 . 0 0 3  
0 . 0 0 3  
0 . 0 0 3  
0 . 0 0 2  

0.  040 

U n c e r t a i n t y  
± ( S  + t 9 5 S )  

I 

C r~ 0 ~ .,.~ 
• ,~ ~ G 

U q.~ "0 4J m 
~0~ ~ 

------ 2.88 

------ 3.74 

------ 2.73 

------ 2.44 

------ 2.30 

------ 3.18 

0.018 

------ 0.005 

--- O. 004 

O. 004 

-- 0.004 

--- O. 003 

--- 0. 100 

P a r a m e t e r  
R a n g e  

797 
1 ,278  

745 
562 
469 
924 

0.2 

0.6 

0.9 

].1 

1.3 

1.3 

0 - - 2 8  

Test 

Condit Aon ~. 

Re D 
M 

x 10 - 6  

0 . 2  
0 . 6  
0 . 9  
1 .1  
1 .3  
1 .3  

m m  

--ram 

~mm 

0.3 

].7 

1.7 

1.7 

].8 

3.3 

0.3 

1.7 

1.7 

].7 

1.8 

3.3 

* A b e r n e t h y ,  R. B. e t  a l .  a n d  T h o m p s o n ,  J .  W. " I I a n d b o o k  U n c e r t a i n t y  i n  Gas  T u r b i n e  M e a s u r e m e n t s . "  
A E D C - T R - 7 3 - 5  (AD 7 5 5 3 5 6 ) ,  F e b r u a r y  1 9 7 3 .  



u-i 
, . . z  

Table 3. Concluded 
c. Concluded 

P a r a m e t e r  
D e s 2 g n a t £ o n  

Cmq + Cm , r a d  - 1  

C m , rad -I 
a 

C 
m 

w D / 2 V ,  t a d  

STEADY-STATE ESTIMATED M E A S U R F ~ T *  

P r e c i s i o n  I n d e x  B i n s  
(s) (B) 

4-) P'~ 
I:: G 
0 

13 
7 
6 
3 

m 

m 

: 3 G  e ' c l  q)  .,-i 
• ,.J ~ a) e ~ )  ¢.) q.4 . o  
• , - i d  s= k e  k o ~  

i 

m 

m 

- - m  

E 

m 

7 . 1 x 1 0 - ~  
2 . 2 x 1 0 - ~  
4 . 5 x I 0 - ~  
8 . 3 1 1 0 - _  
5 . 5 x 1 0 - ~  
4.5xi0 -° 

12 
2 
i 
1 
1 

1 

I "  " 

O k .*.~ 
: : I G  

. ~ m Q  
*,.( ~ II 
G e  

- - w  

m 

_ m  

2.8x1OZ~ 
1.7xI0_5 
6 . 0 x 1 0  
1 . 1 x l O - ~  
9 . 0 x 1 0 - ~  
7 . 9 x 1 0  - ' )  

U n c e r t a i n t y  

±(B + t 9 5 S )  

¢:; I:: O k  "*J 

fJ q..,'o ~ m • 
k o d  . ,4 * *8  
I ~ n®  

1 0  - -  
4 - -  
4 - - -  

4 - -  
4 - - -  

28 - - -  
15  - -  
14  - -  

8 - -  

18 - -  
4 - -  
3 - -  
3 - - -  
3 ~ ~ 

__ 4.2x10 -3 
- -  2. I110-~. 
- -  6 . 9 x 1 0 - ~  
- -  1.3xI0-~'" 

- - -  1.o~1o-.~ 
- -  8 . 8 1 1 0 - -  

P a r a m e t e r  
R a n g e  

- 5 . 5  
- 5 . 4  
- 5 . 8  
- 5 . 8  
- 4 . 9  
- 5 . 3  

T e s t  C o n d z t l o n s  

ReD ~ D / 2 V ,  
M d e g  r a d l a n s  x 10 - 6  

0 . 2  0 . 3  0 0 . 0 4 9  
0 . 6  1 . 7  0 0 . 0 1 7  
0 . 9  1 . 7  0 0 . 0 1 2  
0 . 9  1 . 7  0 0 . 0 0 6  
1 . 1  1 . 7  0 0 . 0 1 0  
1 . 3 1 . 8 0 0 . 009 

0.075 0.6 1.7 0 0.017 
-0.040 0.9 1.7 0 0.0]2 
-0.031 I.I 1.7 0 0.010 
- 0 . 0 2 9  1 . 3  1 . 8  0 0 . 0 0 9  

0 . 0 0 8  0 . 2  0 . 3  20 0 . 0 4 9  
0 . 0 1 2  0 . 6  1 . 7  20 0 . 0 1 7  

- 0 . 0 2 3  0 . 9  1 . 7  12 0 . 0 1 2  
-0.021 I.I 1.7 12 0.010 
-0.067 1.3 1.8 19 0.009 

0 . 0 4 9  0 . 2  0 . 3  
0 . 0 1 7  0 . 6  1 . 7  
0 . 0 0 6  0 . 9  1 . 7  
0 . 0 1 2  0 . 9  1 . 7  
0 . 0 1 0  1 . 1  1 . 7  
0 . 0 0 9  1 . 3  1 . 8  

. - - .  - - -  

m - _ _  

_ _ _  - - -  

* A b e r n e t h y ,  R.  B.  o t a l .  a n d  T h o m p s o n ,  J .  W. " H a n d b o o k  U n c e r t a i n t y  i n  G a s  T u r b i n e  M e a s u r e m e n t s , "  
A E D C - T R - 7 3 - 5  (AD 7 5 5 3 5 6 ) ,  F e b r u a r y  1 9 7 3 .  
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APPENDIX A 
a 

SUGGESTED STING CRITERIA 

Models 

Slender-flat- 
b a s e  c o n e s  

Model 
Regime 

Subsonic 

Transonic 

Mach 
Number 

0.2+<0.9 

0.2+<0.9 

0.2+<0.9 

0.9+1.3 

0.9+1.3 

0.9+1.3 

Measurements 

PB, CA d 

C m, CNe 

C +C 
m m. 
q 

PB, CAd 

C m, CNe 

C +C 
m m. q a 

Boundary 
Layer b 

Turbulent 

Turbulent 

Turbulent 

Turbulent 

Criticml 
Sting Length 

Lcr/D 

2 . 5  

2 c 

2 

Notes: 

= +C acriterla for u 0 for PB, CA, C m m. 
q u 

hBoundary layer condition generally at model base 

CPossible; within the range 2.0 < L /D < 3.3 
- cr - 

dpB measurements are also applicable to the calculation of C A 

(which was not measurered) 

ec m measurements are also applicable to the calculation of C N 

(which was not measurered) 
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APPENDIX B 

THE P A R A M E T E R  AiCma 

Section 3.4 explains why the static stability derivative, Cm~, was not presented in this 
report. However, the parameter AiCm, ~ was  found to be representative of the measurement 
of Cma in determining critical sting length. The parameter A'Cm~ is defined as the difference 
between Cm~ for the clean sting configuration (Ls/D -> 3) and Cm~ for any particular Ls/D. 
The effective sting-length configuration changes were made in such a way that the sting 
oscillation corrections and the model tare damping were not altered (see Section 2.2). Since 
AiCmt ~ is a difference between two measurements having relatively the same sting oscillation 
correction, the sting oscillation effects are effectively removed. Thus, A~Cm,~ is a measure of 
the aerodynamic change in the static stability derivative due to interference, but it cannot be 
used to depict the actual static stability characteristics of the model. 
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A 

A/D 

AMAPS 

CA 

CN 

Cm 

Cmq 

Cm,,, 

Cm,;. 

D 

Ds 

Lcr 

Ls 

M 

OC 

P 

PB 

PT 

q 

Q 

ReD 

SC 

TT 

A E DC-TR-80-17 

NOMENCLATURE 

Reference area [based on model base diameter (D)], 0.349 ft 2 

Analog-to-digital 

Automatic Model Attitude Positioning System 

Forebody axial-force coefficient, forebody axial force/Q • A 

Normal-force coefficient, normal force/Q • A 

Pitching-moment coefficient, pitching moment/Q • A .  D 

Pitching-moment coefficient due to pitch velocity, 0m/0(qD/2V), radian "~ 

Pitching-moment coefficient due to angle of attack, 0Cm/0,v, radian -1 

Pitching-moment coefficient due to rate of change of angle of attack, 
0(Cm)/0(&D/2V), radian -I 

Reference length (model base diameter), 0.667 ft 

Sting diameter at model base, in. 

Critical sting length, in. (for Ls < Lcr, model data are affected) 

Effective sting length (from model base to sting flare, see Fig. 2), in. 

Free-stream Mach number 

Oscillatory component 

Free-stream static pressure, psf 

Model base pressure, psf 

Tunnel stilling chamber pressure, psfa 

Pitching velocity, radian/sec 

Free-stream dynamic pressure, psf 

Free-stream Reynolds number based on reference length (D) 

Static component 

Tunnel stilling chamber temperature, °R 
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V 

d 

AtCma 

0 

0s 

00 

~ D / 2 V  

Free-stream velocity, ft/sec 

Angle of attack, deg or radians 

Time rate of change of angle of attack, radian/sec 

Incremental change in Cm~ due to interference (see Appendix B for definition), 
radian-I 

Oscillation amplitude, deg 

Flare angle of sting (see Fig. 2), deg 

Oscillation frequency, radian/sec 

Reduced frequency parameter, radian 
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