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A 

AE 

ALPHA 

ALPI 

CD 

CE1, 2 

CLL 

CLLR 

CLM" 

CLMR 

CLN 

CLNR 

CONFIG 

CN 

CNR 

CY 

CYR 

DCLLR 

DCLMR 

DCLNR 

DCNR 

DCYR 

DNV 

DPV1 

EFILM 

NOMENCLATURE 

Throat area of venturl flow meter, In.2 

Nominal RCS jet exit area, 0.014698 In.2 

Angle of attack in body axes, deg 

Indicated sector pitch angle, deg 

Venturl flow meter discharge coefficient 

Hot fllm flow meter calibration factors 

Rolling moment coefficient including thrust 

Rolling moment coefficient without thrust 

Pitching moment coefficient including thrust 

Pitching moment coefficient without thrust 

Yawing moment coefficient including thrust 

Yawing moment coefficient without thrust 

RCS Jet configuration 

Normal force coefficient including thrust 

Normal force coefficient without thrust 

Side force coefficient including thrust 

Side force coefficient without thrust 

See Section 3.3.1 

See Section 3.3.1 

See Section 3.3.1 

See Section 3.3.1 

See Section 3.3.1 

Venturi flow meter throat diameter, in. 

Venturi system differential pressure, (supply total 
pressure - throat static pressure), psid 

Voltage reading of hot fllm mass flow system, volts 
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ELEVON 

EZERO 

K1, 2 

KMI, 2 

KT1 

KT2 

KT3 

KT4 

KT5 

KTHALS 

KTHARS 

KTHFLS 

KTHFRS 

L1, 2, 3 

M 

MDOT 

MDOTP 

MU 

Elevon angle, positive trai l ing edge down, deg 

Voltage reading of hot film mass flow system with 
zero flow, volts 

Calibration constants for model chamber pressures 
PCl, 2 

Rockwell-supplled mass flow calibration factor for 
forward and aft RCS Jets, respectively, 
Ibm/(sec-ORO.5-psla) 

RC$ thrust tare calibration factor for normal 
force, Ibf/psia 

RC$ thrust tare calibration factor for pitching 
moment, in.-Ibf/psla 

RCS thrust tare calibration factor for side force, 
Ibf/psia 

RCS thrust tare calibration factor for yawing 
moment, In.-Ibf/psia 

RC$ thrust tare calibration factor for rolling 
moment, in.-Ibf/psia 

Rockwell-supplled RCS group thrust calibration 
factor for aft left side, Ibf/psla 

Rockwell-supplied RCS group thrust calibration 
factor for I f t  right side, Ibf/psia 

Rockwell-supplied RCS group thrust calibration 
factor for forward left side, Ibf/psla 

Rockwell-supplied RC$ group thrust calibration 
factor for forward right side, Ibf/psla 

Reference lengths for pitching, yawing, and rolling 
moments respectively, 5.935, 11.709, 11./0g in. 

Free-stream Mach number 

Auxiliary air flow rate, Ibm/sec 

Intermediate mass flow calculation, Ibm/sec 

Dynamic viscosity at venturl flow meter, 
Ibf-sec/ft2 

Total number of active RCS Jets 



NALS 

NARS 

NFLS 

NFRS 

P 

P2PA 

PC1,2 

PC1A, 2A 

PFILM 

PHI 

PHII 

PHIM 

PS1 

PS2 

PT 

PTS 

PTV1 

Q 

RE 

RED' 

S 

T 

TC 

TFILM 

TFM 

Number of RCS Jets for aft lef t  group 

Number of RCS jets for aft right group 

Number of RCS jets for forward lef t  group 

Number of RCS Jets for forward right group 

Free-stream static pressure, psia 

Intermediate mass flow parameter 

Calculated model chamber pressures, psia 

Measured model chamber pressures, psla 

Total pressure at hot film flow meter, psla 

Model rol l  angle, deg 

Indicated sector rol l  angle, deg 

Intermediate term for venturi mass flow calculation 

Sting air supply llne static pressure, psia 

Pressure at flow meter, psia 

Free-stream total pressure, psia 

Sting air supply llne total pressure, psla 

Auxiliary air total pressure upstream of venturi 
flow meter, psia 

Free-stream dynamic pressure, psia 

Free-stream unit Reynolds number, ft-1 

Reynolds number at venturl flow meter based on 
throat diameter 

Reference area, 60.525 in.2 

Free-stream static temperature, OR 

Calculated temperature in model air supply 
chambers, OR 

Total temperature at hot film flow meter, OR 

Auxil iary air  total temperature at either venturi 
or hot film flow meter, OR 



TTV1 

V 

k#G 

Auxiliary air total temperature upstream of venturl 
flow meter, OR 

Free-stream velocity, ft/sec 

Auxiliary air flow rate calculated using Rockwell- 
supplied discharge coefficients, Ibm/sec 

., 



1.0 INTRODUCTION 

The work reported herein was performed by the Arnold Engineering 
Development Center (AEDC), Air  Force Systems Command (AFSC) under 
Program Element 921E01, Control Number 9E01, at the request of NASA 
Johnson Space Center, Houston, Texas. The NASA project manager was Mr. 
O. B. Kantpe, and the Rockwell International representative was Mr. J. 
G. R. Collette. The DOFA project manager was Captain K. Gtbby. The 
results were obtained by Calspan Corporatton/AEDC Division, operating 
contractor of the Aerospace Fl lght Dynamics testing e f fo r t  at the AEDC, 
AFSC, Arnold Air Force Base, Tennessee. The test was performed in the 
yon Kav~nan Gas Dynamics Fact l t ty  (VKF), Hypersonic Wind Tunnel B, 
during the period of January 20 through February 6, 1987, under AEDC 
Project' Number CHO7VB (Calspan Number V41B-27). 

The purpose of thts test was to expand the existing Space Shuttle 
aerodynamics and reaction control system (RCS) data base to support the 
Glide Return to Launch Site (GRTLS) abort t ra jectory and the new 
Digital Autopi lot.  An existing model of the orb i ter  was used to 
investigate the aerodynamic effects of several combinations of RCS 
thrusters and thruster momentum rat ios at Mach number 6. Two separate 
model instal lat ions were  used to achieve an angle-of-attack 
range of -11 to 46 deg. The test was conducted at a unit  Reynolds 
number of 0.8 x 106 per foot. 

Inquiries to obtain copies of the test data should be directed to 
NASA/JSC, ED 3, Houston, TX 77058. A microfiche record has been 
retained at the AEDC. 

2.0 APPARATUS 

2.1 TEST FACILITY 

The von Karman Gas Dynamics Fac i l i ty  Hypersonic Wind Tunnel" B 
(Fig. 1) is a closed c i r cu i t  hypersonic wind tunnel with a 50-tn.-dtam 
test section. Two axtsymmetrtc contoured nozzles are available to 
provide Mach numbers of 6 and 8, and the tunnel may be operated 
continuously over a range of pressure levels from 20 to 300 psta at 
Mach number 6, and 50 to 900 psta at Mach number 8, with a i r  supplied 
by the VKF main compressor plant. Stagnation temperatures suf f ic ient  
to avoid a i r  l iquefaction in the test section (up to 1350 OR) are 
obtained through the use of a natural-gas-f ired combustion heater. The 
entire tunnel (throat, nozzle, test section, and di f fuser) is cooled by 
Integral,  external water Jackets. The tunnel is equipped with a model 
inject ion system which allows removal of the model from the test 
section while the tunnel remains in operation. A description of the 
tunnel may be Found in Ref. 1. 

2.2 TEST ARTICLE 

Model 70-02, a 1.25-percent scale model of the Space Shuttle 
Orbiter Vehicle 102, was supplied by Rockwell International and was 
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constructed of 17-4 PH stainless steel (Figs. 2 and 3). Elevon 
settings of O, +20, and -20 deg were provided by interchangeable 
brackets. 

Thlrty-four RCS thrusters were simulated on the model, of which 
eight were inactive. Of the twenty-six active thrusters, eight were on 
the nose and nine were on each of the Orbital Maneuvering System (OMS) 
pods (Fig. 4). The model RCS system was composed of three removable 
nozzle blocks, one for each of the two OMS pods and one for the nose. 
Each thruster could be operated separately or in combination with any 
of the other thrusters by removing plugs from specific holes in the 
nozzle blocks. Table I shows the combinations of RCS thrusters tested. 

A11 thrusters In a nozzle block were fed from a common chamber. 
The chamber for each block was connected to the Auxiliary Mass Flow 
System through the model support sting and load balance. Chamber 
pressures In both the aft and forward nozzle blocks could be measured, 
as well as the static and pltot pressure in the sting air supply llne. 

2.3 TEST INSTRUMENTATION 

The instrumentation, recording devices, and calibration methods 
used for all measured parameters are listed in Table 2. In Tunnel B, 
st i l l ing chamber pressure is measured wlth a 200- or 1000-psid 
transducer referenced to a near vacuum; the s t i l l i ng  chamber 
temperature is measured with Chromel-Alumel 
® 

thermocouples. 

2.3.1 Pressure and Mass FLow Instrumentation 

Pressures in the sting air supply line were measured with two 
2000-psi Setra pressure transducers calibrated for the range of 200 to 
1200 psia. During the jet-callbration phase of the test, pressures in 
the model air-supply chambers were measured with two additional 2000- 
psl Setra transducers calibrated for the same range. The Tunnel B 
Standard Pressure System (SPS) was used to measure the ambient pressure 
on the model during the jet callbratlons. The SPS uses 15-psld 
transducers with ranges of 0.15, 1.5, and 15 psla and is referenced to 
near vacuum. 

The auxiliary mass flow system was used to supply air to the model 
during Jet calibrations and tests. The supply air was metered through 
a Iong-radlus venturi package for flow rates above 0.05 Ibm/sec or for 
alr supply pressures greater than 900 psla. A hot fllm anemometer 
package was used for lower flow rates and pressures. 

2.3 .2  Model Force Instrumentation 

Model forces and moments were measured with a flve-component, 
flow- through, strain gage balance (designated SS05) which was supplied 
by NASA Langley Research Center and was calibrated by AEDC. Prior to 
the test, static loads in each plane and combined loads were applied to 
the balance to simulate the range of loads and center-of-pressure 



locations anticipated for the test. This simulated loadlng was 
performed with an internal balance air pressure of 1100 psla. 

2.3.3 Optical 

Model f low-field shadowgraph photographs were obtained during the 
test on al l  configurations at selected model att i tudes. The 
photographs were obtained with a slngle-pass optical flow-visualizatlon 
system through two 17.25-1n.-dlam test section windows. 

3.0 TEST DESCRIPTION 

3.1 TEST CONDITIONS 

The nominal test condition for the test is given below: 

M PT, psla TT, OR 0. psla P, psla RE, 106/ft V, ft/sec T, OR 

5.96 40.4 850 0.66 0.027 0.76 2992 105 

A test summary showing all configurations tested is presented in 
Table 3. 

3.2 TEST PROCEDURES 

3.2.1 General 

In the continuous flow Wind Tunnel B, the model Is mounted on a 
sting support mechanism in an instal lat ion tank directly underneath 
the tunnel test section. The tank is separated from the tunnel by a 
pair of fair ing doors and a safety door. When closed, the fair ing 
doors, except for a slot for the pitch sector, cover the opening to the 
tank, and the safety door seals the tunnel from the tank area. After 
the model is prepared for a data run, the personnel access door to the 
installation tank is closed, the tank is vented to the tunnel flow, the 
safety and fair ing doors are opened, the model is injected into the 
alrstream, and the fair ing doors are closed. After the data are 
obtained, the sequence is reversed; the model is retracted into the 
tank, and the the tank is vented to atmosphere to allow access to the 
model in preparation for the next run. The sequence is repeated for 
each configuration change. 

3.2.2 Data Acquisition 

Model attitude positioning and data recording were accomplished 
with the point-pause and continuous sweep modes of operation, using the 
VKF Model Attitude Control System (MACS). Model pitch and ro l l  
requirements were entered into the controlling computer prior to the 
test. Model positioning and data recording operations were performed 
automatically during the test by selecting the l i s t  of desired model 
attitudes and in i t ia t ing the system. 
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Polnt-pause data were obtained for selected values of ALPHA and 
BETA after a 1.0 sec delay for stabil ization. Continuous sweep data 
were obtained with a pitch rate of 1.0 deg/sec. A data sample was 
recorded every 0.0208 sec and 16 samples were applied to a sliding 
Kaiser-Bessel digi tal  f i l t e r  to produce a point every 0.3 deg In pitch. 
The data were then interpolated to obtain data at the requested model 
attitudes. 

Generally, after a model jet configuration was set, the model was 
injected into the tunnel flow, and a run at zero mass flow rate was 
made. This zero-flow-rate run served to demonstrate repeatable 
operation of the force balance and was later used for computing the 
difference between jet-on and Jet-off ( i .e.  interference) force data. 
After the zero-flow-rate run was completed, the model remained in the 
tunnel test section, a mass flow rate was set, and data were obtained. 
This process was repeated for al l  desired flow rates for the specific 
configuration. 

Prior to the force testing phase, a calibration was made to 
correlate PCIA and PC2A {the model air supply chamber pressures) with 
PTS {the pitot pressure in the sting air supply line) for several RCS 
Jet configurations. These data were extrapolated to obtain 
correlations for the remaining jet configurations. The PCIA and PCZA 
pressure tubes were then disconnected from the model to eliminate 
interference with the force balance. 

After the calibration of PClA and PC2A, a thrust calibration was 
performed. This was accomplished by reducing the pressure in the model 
installation tank to approximately 0.5 psia and obtaining force data at 
several mass flow rates. The reduced tank pressure was required 
to ensure that the flow from each RCS Jet was fully expanded. To 
eliminate jet impingement, a sting-mounted shield was placed at the aft 
end of the model, and the model wing and body flap were removed. This 
calibration resulted in a correlation of the thrust for each of the 
flve balance components with PTS. A thrust calibration was performed 
for each of the RCS configurations. 

3.3 DATA REDUCTION 

3.3.1 Forces and Moments 

Static force data obtained utilizing the tunnel data acquisition 
system described in Section 3.2 were reduced to coefficient form using 
the digitally filtered data points and corrected for first- and 
second-order balance interaction effects and for the RCS air supply 
pressure in the balance. The aerodynamic coefficients were corrected 
for model tare weight and balance-sting deflections. Model attitude 
and tunnel stilling chamber pressure were also calculated from 
digitally filtered values. 
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Model aerodynamic force and moment coefficients are presented In  
the body axis system. The reference area was the model planform of 
60.525 In.2. Moment coeff icients are referenced to a point 
corresponding to the orbiter center of gravity at 65 percent of the 
body length (Fig. 2). The mean cord, 5.935 In.,  was used to normallze 
pltchlng moment, and the span, 11.709 in . ,  was used in normallzlng 
yawlng and ro l l lng moment. 

The body axes coefflclents were corrected for thrust effects using 
the following equatlons: 

CNR = CN - KTI*PTS/(Q*S) 

CLMR = CLM - KT2*PTS/(Q*S*L1) 

CYR = CY - KT3*PTS/(Q*S) 

CLNR = CLN - KT4*PTS/(Q*S*L2) 

CLLR = CLL - KTS*PTS/(Q*S*L3) 

where KTI-5 were determined during the thrust calibratlon described In 
Section 3.2.2 and are listed In Table Id. 

The interference effects coefficients were calculated using the 
equations: 

3.3.2 

DCNR = CNRjet-on run - CNRJet-off run 

DCLMR = CLMRjet-on run - CLMRJet-off run 

DCYR = CYRJet-on run - CYRJet-off run 

DCLNR = CLNRJet-on run - CLNRjet-off run 

DCLLR = CLLRjet-on run - CLLRJet-off run 

Pressures 

The sting pressures, PTS and PSI, were measured parameters. For 
the calibration, the model chamber pressures, PCIA and PC2A, were also 
measured. For the remainder of the test, the model chamber pressures 
were calculated using the calibration constants, i .e . :  

PC1 = K1 * PTS 

PC2 = K 2 *  PTS 

where K1 and K2 are given for each configuration in Table Ic. 
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For the ca lcu la t lon of TC (descrlbed below in Sectlon 3 .3 .3) ,  a 
" f low meter pressure," PS2, was used. For runs uslng the hot f i l m  f low 
meter, PS2 was set equal to PFILM, and set equal to PTVI fo r  runs using 
the venturl  f low meter. Standard data reduction methods were used to 
calculate PFILM, DFVI, and PTVI. 

3.3.3 Temperature 

TFILM and TTVI were measured parameters. For the WG calculation 
of Section 3.3.4, a model chamber temperature was calculated. Thls was 
accomplished by applying the Joule-Thompson thrott l ing correction to 
the flow meter temperature which gives the equation 

TC = TFM - 0.0279"(P$2 - PTS) 

where TFM was set equal to TFILM for runs using the hot f11m flow 
meter, and set equal to TTVI for runs using the venturl flow meter. 

3.3.4 Flow Rates 

The data reduction equations used for the hot f i lm are 

MDOTP = CEI*(EFILM2 - EZERO2)CE2 

MOOT = [(TFILM/B30)1.5*728.6/(TFILM + lgB.B)I*MDOTP 

where the term in brackets is a v i scos i t y  correct ion,  

The equations used fo r  the ventur i  f low rate data reduction are 

P2PA = 1.0 - DPV1/PTV1 

PHIM = ((P2PA1.4286/0.28571)*(1.0 - P2PAO.28571)/(1.0 - 

O . O 0 0 3 9 7 * P 2 P A 1 . 4 2 8 6 ) ) O . 5  

MOOTP = 1.09822*PHIM*PTVl*A/TTVlO.5 

MU = 2.89*lO-9*TTVlO.7778 

RED = 0 .474883*MDOTP/MU/DNV 

CD = 1 . 0  - 2 , 0 3 / R E D O . 4 4  

MDOT= CD*MDOTP 
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A secondary flow rate calculation was made using discharge 
coefficients provided by Rockwell, which resulted In the equation 

WG = (KMI*PC1 + KM2*PC2)/TCO.5 

The values of 1041 and KM2 used for each RCS configuration are 
given In Table lc. 

3.3.5 Thrusts and Momentum Ratios 

Four groups of Jets were designated for the RC$ system: FLS, 
forward lef t  side; FRS, forward right side; ALS, aft lef t  side; and 
AR$, aft right side. For each group, theoretical and "actual" thrusts 
and momentum ratios were calculated. The theoretical thrusts were 
calculated using the nominal RCS jet geometry which resulted In the 
equation 

TxxxT = Nxxx*(O.OO19554*PCx - 0.0147"P) 

where xxx designates the Jet group and PCx was PC1 for the forward 
groups and PC2 for the aft groups. 

The "actual" thrusts were computed using discharge coefficients 
provided by Rockwell. The resultlng equation was 

TxxxA = KTHxxx*PCx - xxx*P*AE 

wlth the same conventions previously used for PCx and xxx. The KTHxxx 
values used for each configuration are given in Table Ic. 

In the same manner as for the theoretical thrusts, the theoretical 
momentum ratios were determined using the nominal jet  geometry. This 
resulted in the equation 

MRxxxT = O.O022345*Nxxx*PCx/Q 

The "actual" momentum ratio for each group was then determined using 
the equation 

MRxxxA = TxxxA*MRxxxT/Nxxx/TxxxT 

An overall momentum ratio was calculated using only the thrust 
groups on the lef t  side of the model, resulting in the equation 

MR = (NFLS*MRFLSA + NALS*MRALSA)/(NFLS + NALS) 

12 



3.4 MEASUREMENT UNCERTAINTIES 

In general, instrumentation calibrations and data uncertainty 
measurements were made using methods recognized by the National Bureau 
of Standards (NBS), (Ref. 2). Measurement uncertainty (U) Is a 
combination of bias and precision errors defined as: 

U-_+ (B + tgsS) 

where B is blas l imit ,  S Is the sample standard deviation, and tgS is 
the 95th percentile point for the two-tailed Student's " t "  
distribution, which equals approximately 2 for degrees of freedom 
greater than 30. 

Estimates of the measured data uncertainties for this test are 
given in Tables 2a and b. In general, measurement uncertainties are 
determined from In-place calibrations through the data recording system 
and data reduction program. 

The propagation of the estimated blas and precision errors of the 
measured data through the data reduction was determined for free-stream 
parameters In accordance wlth Ref. 2, and is summarized in Table 2b. 

4.0 DATA PACKAGE PRESENTATION 
i 

Force and moment data, mass flow data, and test conditions were 
reduced to tabular and graphical form for presentation as a Data 
Package. Examples of the basic data tabulations and plots are shown In 
the Sample Data. All photographic data, including model installation 
and shadowgraph photographs, were sent to the sponsor and user under 
separate cover. 

13 
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Table 1. RCS Configurations 

a. Firing Jets 

CONFIG 

FLS FRS ALS ARS 
i i 

S D S D S D S D S U D S D S U D U D D U D 
113 116 123 126 133 136 143 146 223 225 226 233 236 243 245 246 325 326 336 345 346 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

1 

2 

3 

4 

S 

6 

7 

8 X 

9 

10 

11 

12 

13 

14 

15 X 

S - Side Firing 
D - Down Firing 
U - Up Firing 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X' 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 



Table 1. (Continued) 

b. RCS Parameters 

Config. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

.11 

12 

13 

14 

15 

NARS 
I I  

0 

NFLS NFRS 

0 0 

I l r  

2 

0 

2 

0 

2 

2 

0 

NALS 

2 

1 

2 

1 

2 

3 

1 

0 

2 

3 

0 

3 

0 

I 
ql 

IP 

2 

3 

0 

3 

0 

i, 

N 

2 

1 

2 

1 

2 

3 

1 

4 

10 

4 

6 

0 

2 

23 



Config. K1 

Table 1. (Continued) 

c. RCS Parameters (Continued) 

K2 
KM1 

lO-31bmlsec 

~ ~ r l  ~ ]  i l l  ummmmm   

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1.0000 

0.9995 

0.9977 

1.0000 

KM2 KTHFLS 
10-31bf~ec (10-31b~psia) 

1~i732 o 
0.5866 

1.1960 

0.5972 

1.1887 

1.7861 

0.6052 

KTHFRS 
(10-31bflpsia) 

0 

l l i U E ~ m m ~ z 3 1 m ~ ~ l ~ U l  

KTHALS KTHARS 
(10-31bflpsia) (10-31bflpsia) 

3.4535 0 

1.7298 ! I 

u 

3.4957 I 

1.7418 

3.519 

5.2800 j 

1.7912 i 
a 

o T 
3.4957 3.5099 

5.2480 5.2033 

0 

5.2480 5.2033 

0 
| • 

T I l 



Table 1. (Conduded) 

d. RCS Parameters (Concluded) 

N 
¢1R  

C.onfig. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
i 

14" 

15 

KT1 

(10-31bf/psia) 

-2.669 

-1.428 
i i 

3.080 

1:4oo 
0.0 

0.1567 

-0.1786 
u i 

14.44 

4.711 
i i  

9.907 

0.0 

0.6287 

KT2 

(lO-3in-lbflpsia) 
I I I  I 

18.63 

9.571 
ml  i 

-17.28 
i | 1  

-7.923 

0.0 

1.157 

1.863 
Ul l l  | 

-13.63 

40.83 

-55.91~ 

0.0 

I 

-1.099 

KT3 

(10-3lbflpsia) 

0.0 
| i i 

0.8514 

0.3777 

3.392 
i 

5.313 

1.753 

-1.310 

1.143 

0.0 
JL  , ,  

m 

3.717 

KT4 

(10-3in-lbflpsia) 
I I  I 

0.0 
I 

t 
-4.323 

-1.909 

-19.48 
i 

-25.96 

-9.724 
i i  

-10.39 
i 

-4.317 

0.0 
I 

mml l  

KT5 

(lO-3in-lbflpsia) 

-5.428 

-2.826 

5.028 

2.331 

3.888 

5.898 

1.959 
i 

-0.1927 

10.83 

0.0 

m 

25.24 -0.1699 

*Not Calibrated 



TABLE 2. ESTIMATED UNCERTAINTIES 

P~Jlletar 
Detignation 

PT, 1~4 

a. Measured Ps_ra___,~__~rs 

Type of Type of Method of 
Range Measuring Device Recording Device -- System CalilxaUon 

S tead~S~ Estimated Measurement* 
Precision Index Bias Uncertainty 

(5) (O) t (8 + t~55) 
Pe#(en4id U~ts o~ Oqnmd Pemen~ al laura/ Pe~cen~ o/ UnnoJ 
ileadm9 Ideasweawn~ Fmedsm suedq MNmmmn~ eeadm9 ~ e n t  

0 1 ~,30 0.1 0 3 

P15. PSI. PCIA. PC2A. 0 22 •30  I.S 
PFILM. P1VI. psaa 

DPVl, psid 0006 >30 0.20 
TT.TTVI. "It I >30 2 " 

I~) k ~ i .  :~n~J~c 0 ~ Ibm/sic or •30 0 
(Hotfdm) 2 556 of reading, 

whJ(Jh 4v~ is le.4 
AUq. deg 0.025 • J0 0 .  

PHIl. deg 0. IS =.30 0 • 
~ m 6 |  ;~--e. Ibf 0 8 0.4 

;.+{;un9 Moment. in-lbl 0.1 0.6 

51de F~i~.e. Ibf 0. I 0. I 
Yawn9 Moment, in-lbf 0. I 0 I 
Rolling P,,;~,~i, in-lb# 0 15 0 I 

<g00 Piezoalac~¢ Digif111urtl IIIuItdl dataa~quili,~on In-~ace applicationof 
Pressure Transducer system analog-to-digltai multilde pressure levels 

converter measured with a 

calibrated in the 

1.9 <2000 Seua variable 
capacitance ixessu~ 
I r i l n~ l u rmr  

, , , , ,  

0.22 <50 " " 
4 492 to Ch~mei-Alumal Digital themlometer 

990 thennocoulde nucroprocessor 

~ ,=  
0.001 Ibm/sec or S~ 0.00004 151 thermal flow meter 151 constant temp- 

of reNUng, which ever Co 0.05 erasure ~memcxm~uw 
is&ew 

0.0S t IS Potentiameter 

030 2100 " 
Z t400 NASA SSOS $Ualn gage 

balance 
t400 " 

0. ]  . 6 o  

0 ]  ' , 4 ~ '  " 

0.4 

"Reference: Abernethy, A 8. et al and Thompson. l W "Handbook Uncertaintyin Gas Twbne Measurements" AEOC-TR-/3-S, February 1913. 

nMm_ oroupl. 
verification of NBS 
conforn~ty/voltege 
4a j [ hdeZh , t :M  r~d i lV rm t |M  

Factcxy calibration 
traceable to NBS 

Oigital data acquisition Haldenhalnrotary 
system ~nalng-to-digital encoder ROD~0 
converter ResoluUon: 0 0006 de9 

Overall accuracy: 
0 .00. I deg 

I ~ .  ing precision 
weights 



P O  
q , 4  

TABLE 2. CONCLUDED 

0.2 

Parameter 
Designation " 

CN 
CLM 
CY 
CLN 
CLL 

ALPHA. d~-~ 
BETA. deg 

MDOT. Ibm/see 
(venturi) 

M 
RE. h-; 
O. psia 
P, psia 
T,°R 

V, fl/sec 

b. Calculated Parameters 
I I I 

Steady-State Estimated Measurement* 
Precision Index 

(s) 
Percent of Unit of 
Reading Measurement 

0.021 
0.0032 
0.0025 
0.00031 
0.00046 

0.025 
0.03 

i i i  

Per(entof 
R, Win9 

(n) 
i i 

Unit of 
Measurement 

0.01 i 
O.O026 
0.0025 
0.00025 
0.00022 

0.05 
0.06 

Percent of 
Reading 

Uncertainty 
-+ (B ÷ t9sS) 

i 

Unit of 
Measurement 

rol l  

0.053 
0.0090 
0.0075 

0.00087 
0.00114 

0.1 
0.12 

Nominal 
Value 

1.8 
-0.23 
0.19 
-0.05 
0.02 

46 
6 

1.2 

0.08 
0.37 
0.42 
0.56 
0.19 
0.06 

0 ' 1 '  

0.43 
0.24 
0.26 
0.24 
0.12 

i.s' 

o.i6 
1.2 
1.1 
1.4 

0-62 
0.24 

0.2 

5.96 
0.766 x 106 

0.661 
0.0266 
103.8 
2976 I 

*Reference: Abemethy, R.B. et al and Thompson, J. W. "Handbook Uncertainty in Gas Turbine Measurements." 

AEDC-TR-73-5. February 1973. 

I 



CONFIGURATION 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Table 3. Test Run Summary 

a. Calibration Runs 

CHAMBER PRESSURE 
CALIBRATIONS 

800~ 8007 

800~8009 

8010,8011 

8012 

8013 

8014 
I 

8015,8016 
! 

8018, 8019 

8017 

THRUST 
CALIBRATIONS 

8043, 8044 

8045, 8046 

8047, 8048 

8049, 8050 

8051, 8052 

8053 

8054 

8055 

8056 

8057, 8058 

8065, 8066 

8132, 8133 

8071 

28 



r ~  

CONFIG 

6 

7 

8 

9 

10 

!1 

12 

13 

14 
i 

15 

Table 3. (Continued) 

b. ALPHA = -11 to  17 deg, BETA -- 0 deg 

i i i  

0 
in i 

1.2 

8 

10, 116*, 
i !8*  

le l  

16.34.81. 
114".120, 

4O 

45 
| 

51 

4g 

58 

72 

77 

7 

61 

0.001 

Ig.84 

0.002 

22, 87 

m 

0.003 

| |  | 

go 

0.004 

2S,93, 
II5",121 * 

41 

46 

52 

62 

NOMINAL MR 

O.Ol o.ols 0.02 

3 4 

9 

12, 117", 
!1 I i g *  

15 

28, g6 gg 31,102 
i i  

42 43 

47 48 

57 58 

5O 

69 

73 

65 66 
i 

0.03 

5 

13 

| 

105 

74. 75 

78 

0.04 

6 

14 

37, 108 

44 

60 

70 

76 

67 

0.05 

II1 

| 

71 

79 
i 

m 

0.06 

80 

~ ELEVON = -20 deg 
ELEVON -- + 20 deg 



CONFIG 

5 

8 

15 

0 0.001 

17, 35, 82 20, 85 

59,** 

0.002 

23, 88 

Table 3. (Continued) 

c. ALPHA = -11 to 17 deg, BETA = + 6 deg 

0.003 

91 

0.004 

26,94 

53, 55 

63 

BETA = -6 DEG 
NOMINAL MR 

0.01 0.015 

29, 97 100 

0.02 

32, 103 

• ,11 , i i  i , , ,  

0.03 

!06 

0,04 

38, 109 

0.05 

112 

0.06 
I I  I I  I I  I I I  

0 

CONFIG 

5 

8 
i 

15 

0 

18, 36, 83 

0,001 

21, 86 

0.002 

24, 89 

0.003 

92 

**BETA Sweep, + 6 to -6 deg 

i i i  

0.004 ' 

27. 95 

54, 56 

64 

BETA -- + 6 DEG 
NOMINAL MR 

0.01 0.015 
l |  . |  i .  

30, 98 101 

i m i ,  

0.02 

33. 104 

0.03 

107 

0.04 

3g, 110 

0.05 

113 

m 

0,06 



CONFIG 

1 

2 

3 

4 

5 

6 

7 

~ . 8  
' 9  

15 

0 

142 

205,210", 
216" 

172,212". 
214" 

123,148 

166 

170 

153, 154 

0.001 0.002 0.003 
I I I I  I 

175 178 181 

Table 3. (Continued) 

d. ALPHA:  18 to46deg .  BETA: 0deg 

NOMINAL MR 
u n i i n i  i 

0.004 0.01 0.015 

143 

206 

a I I  

184, 213", 187 
215" 190 

124, 149 125, 150 

167 168 
i i  m m i n i  

n I 

0.02 

144 

164 
I 

207, 21 I*, 
217. 

165 
I I I 

193 

126, 151 

169 

155 158, 159 

171 

160,161 

0.03 

145 

208 

196 

0.04 

146,147 

209 

199 

127,152 

162,163 

0.05 

202 

0.06 

* ELEVON = -20 deg 
* ELEVON = + 20 deg 

m 



CONFIG 

5 

8 

15 

Table 3. (Concluded) 

e. ALPHA- 18to46deg. BETA= d:6deg 

BETA : -G deg 
NOMINAL MR 

m m m m m m m m  
    mE mmm nmmn m  

0.03 

197 

1 

0.04 0.05 

200 203 

0.06 

CONFIG 

5 

8 

15 

0 

174 

0.001 

177 

0.002 

180 

0.003 

183 

0.004 

186 

157 

BETA: + 6 deg 
NOMINAL MR 

0.01 0.015 

189 192 

0.02 

195 

0.03 

198 

0.04 

201 

0.05 

2O4 

O.OG 



• w 

-% 
( 

4* 

# 

II 

( 

Go 

t 

| 

C£LSP~M ~ q ~ O R A I I 2 M  
A+OC DIVISI :M 
TOM RAdX4~ +AS 3¥MANICS ~ A C I L I I ¥  
&~MOLO AI • ~dlC~ STATIDN, T+NN~SSEE 
MRS& 06152 
PA~I 1 

~UN N ?T TT 
!~9  S.~6 60~33 t 0 J . 1  

~L~VON CONPIG 
0 S 

0 P T 0~ A 
0.662 0 .021 10409 0-¥SSE*06 6903ZS 

"--BODY OX|S COEFFZCZENTS--- 

---THRUST ZNCLUO~D--- 

PM ALPHA 8ET6 CM CLH CT 
1 18.02 0.01 0.3809 -0 .0122  0.0951 
2 Z0000 0.01 0 .6S8 ]  *0 .0121 000955 
3 22.00 0o01 00S291 -000127 0.0941 
4 21.00 0.02 0.6015 -0 .0162  0.0948 
S 2 6 . 0 0  0 . 0 2  006981 - 0 0 0 1 8 6  0009S!  
6 28.00 0002 0o lV lS  -000192 0.0040 
T 30000 0005 008510 - 0 . 0 2 | 1  000996 
8 SZ.O0 0003 0094S5 -0 .0213  00093$ 
9 34.00 0 .03  100160 -0 .0520 0.0929 

10 3 6 . 0 0  0003 101239 - 0 0 0 3 a i  0 . 0 9 1 8  
11 3 0 . 0 0  O.OA h 2 1 6 6  - 0 . 0 4 6 6  0 . 0 9 2 6  
12 40.00 0.04 h ) 0 1 S  -000~11 000~26 
13 42.00 0004 104040 -000593 O.~g |4  
14 4 4 . 0 0  0 . 0 4  106999 - 0 0 0 6 1 1  0 . 0 $ 3 5  
AS 40.00 O.dS 1.5904 - O . O / S t  000+3+ 
16 4~.00 0.0S 1.5816 -0.0TS3 0.0933 

REF L2NGTHS(CLNeCLNeCLL ) 
S.9)S 11 .T09  I I , T O g  

C L |  CLL CNR 
° 0 0 0 4 1 0  0 . 0 0 6 6  005809  
- 0 . 0 6 1 0  0 . 0 0 6 ]  006083  
-000616 00006s 009291 
-0 .0419  O.O04T 0.6015 
-0 .0411  000045 0.6881 
- 0 0 0 4 1 9  0 . 0 0 6 4  00TT18 
- 0 .0416  000042 0 . 8 S 1 8  
- 0 .0419  0 . 0 0 6 1  O.g+SS 
-0 .0415  000039 100340 
- 0 0 0 4 1 2  0 . 0 0 3 6  101239 
- 0 0 0 6 1 4  0 . 0 0 3 8  102166  
- + . 0 4 1 6  0 . 0 0 4 1  1 . 3 0 1 6  
-000620 00006S 106040 
- 0 0 0 4 2 0  0 0 0 0 4 )  l o 6 9 1 9  
- 0 * 0 4 Z I  000046 1.5904 
- 0 . 0 4 2 1  000046 I .S076  

OATE CONPUTE0 6-FES-ET 
TINE COHPUT[O 09 |43 :35  
0&TE RECOROED 6-FEB-BT 
T|NE RECOROEO S:62116 
PROJECT NUNS~R V 9-2T 

---THOUST RENOVEO--- 

CLNB CVB CLNR CLLR 
- 0 0 0 1 2 2  0 0 0 0 0 9  0 0 0 0 0 3  - 0 0 0 0 3 6  
-000128 000023 000003 -000059 
-00012T 000090 -000001 °000031 
- 0 o 0 1 4 2  0 . 0 1 0 4  - 0 0 0 0 0 5  - 0 . 0 0 3 6  
- 0 . 0 1 6 6  O . 0 1 0 l  -O.O00T -0 .003T 
-O. 01gZ 000104 -O.O00S - 0 . 0 0 5 8  
- 0 0 0 2 3 1  000092  - 0 0 0 0 0 2  - 0 0 0 0 4 1  
- 0 . 0 2 T 3  000089  - 0 0 0 0 0 1  - 0 0 0 0 • 2  
-0.O$Z0 0-0087 -000002 -0 .0064  
-000381 000082 -O.O00Z -000046 
-0 .0444  000080 00.0004 -0 .0044  
-O.OSIT 0.0090 - 0 . 0 0 0 6  -000041 
-0 .0593  0.0096 -000009 0000039 
- 0 0 0 6 7 1  000090  - 0 . 0 0 0 0  - 0 . 0 0 3 8  
- 0 0 0 1 5 0  0 . 0 1 0 1  - 0 . 0 0 1 0  - 0 . 0 0 3 6  
- 0 0 0 7 5 3  0 0 0 0 9 6  - 0 0 0 0 1 0  - 0 . 0 0 3 6  
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A£OC O l V l 5 1 0 ~  
YON f a A ~ i U  OiS DVMAnICS + I C I L ' I T I  
ARNOLD 6 [R FORC~ STATZCNe T~NN~S$~ 
NIS& OA~S~ 

RUN N PT IT  0 P I R5 & 
109 S .g6  1 0 . 5 3  8 ~ 9 . 1  00662  0 . 0 2 7  10409  0 . 1 5 1 0 0 0 6  6 0 . $ 2 1  

ELEVDN CONF|G 
0 S 

- - -~ON~MIUN R A T I D S - - -  

R~F L§MGTHS(CLH,CLNeCLL) 
S . g ) S  110109 110100 

DATE COHPUIED 6 - F I b - S 7  
T I # [  COHPuVEO 0 5 1 6 J | 3 6  
DATE RECOROEO 6 - F E S - 1 7  
TIHE RECOIOEO 5 | 1 2 : 1 6  
PROJECT NUHBER V 6-2T 

PN ALPX P H I |  NAFLSqr HRFRST HEALST NRARST N|FLSA HRFRSA NRALSA NRARSA H i  @C1 PCZ 
1 - 1 3 . 9 S  0000  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 4 6 6  000000  0 - 0 0 0 0  000000  000110  000000  000119  0o0000  006oS051 
2 - 1 1 . 1 0  0000 000000  0 . 0 0 0 0  0 0 0 1 6 6  000000  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 4 1 0  000000 0 . 0 4 1 0  0 - 0 0 0 0  g g A . S 0 6 0  
) - 9 0 9 8  0000 000000 O.OOO0 000666  0 . 0 0 0 0  0 . 0 0 0 0  O*O00O 0 - 0 1 1 0  000000  0 . 0 6 1 9  000000  9 0 4 . 6 0 6 8  
1 - 1 . 9 2  0000 000000  000000 00066T 000000  000000 O.O00O 000620  0o0000 000620  0 0 0 0 0 0  9 9 6 0 6 4 2 0  
S - S 0 9 0  0 . 0 0  0 . 0 0 0 0  000000  00046T 0 . 0 0 0 0  O.OOO0 000000  0 . 0 1 2 0  000000  000420  0 0 0 0 0 0  0 0 4 0 4 6 2 2  
6 - 3 . 9 9  0 . 0 0  0o0000 0 . 0 3 0 0  0 . 0 4 6 1  0 0 0 0 0 0  0 - 0 0 0 0  000000  000420  000000  0 . 0 6 2 0  000000  994o4161  
1 - 1 . g O  0o00 000000  OoJO00 000461  0 . 0 0 0 0  000000 0 . 0 0 0 0  0 . 0 6 2 0  000000  000620  0 . 0 0 0 0  99404065  
8 0 . 0 0  O.O0 0 . 0 0 0 0  0 . 0 0 0 0  OoOASI 000000  0 . 0 0 0 0  000000  000620  000000  0 . 0 6 2 0  0 . 0 0 0 0  9 9 6 . 3 8 0 1  
$ 2000 0 . 0 0  0 . 0 0 0 0  000000 0 . 0 1 6 6  000000  0 . 0 0 0 0  O.OOO0 0 . 0 6 1 9  000000  0 0 0 1 1 9  0 . 0 0 0 0  9 9 4 . 3 1 0 6  

10 1 . 9 9  0000 0 . 0 0 0 0  000000 000463  000000  O.OOO0 000000  000416  000000  000616  000000  9 9 4 0 3 0 3 1  
11 5095 0 . 0 0  000000 000000 0 . 0 4 6 2  000000  0 . 0 0 0 0  0 . 0 0 0 0  000416  0o0000  000416  000000  094020T2 
12 1 . 9 9  OoO0 0 . 0 9 0 0  0 . 0 0 0 0  0 . 0 1 6 2  000000  000000  0 . 0 0 0 0  000116  000000  0 . 0 6 1 6  0 . 0 0 0 0  99102793  
13 1 - 9 9  0 . 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 4 6 4  O.O000 0 . 0 0 0 0  000000  0 . 0 4 1 7  000000  0 . 0 6 1 7  000000  09601795  
10 1 1 . 9 8  0000 009000 000000  000463  000000  0 . 0 0 0 0  000000  000417 000000 0 . 0 4 1 T  0 . 0 0 0 0  99402358  
IS  13098 0 . 0 0  0 . 0 0 0 0  0 . 0 0 0 0  000161  000000  0 . 0 0 0 0  0 . 0 0 0 0  O.041T 000000  O.041T 0 . 0 0 0 0  99402517  
16 1400S - 0 . 0 1  003000  000000  000464  0 . 0 0 0 3  0 . 0 0 0 0  000000 000417  000000  0 . 0 4 1 7  0 . 0 0 0 0  99401192  

Smpl,e 1. C0ntlnued 

f~ 

Q 

P 

4k 

41, 

qp 

4E~. 

alSl 

41., 

0 .  

o 

41.. 

41, 

(- 

(- 

(- 

t ° 



¢ 

t~ 

O 

O 

P 

e 

ff 

P 

did 

C 

CALSP&~ C O ~ = O ~ I 3 q  
4£~C ~ lV :$ f~U 
VO~ Kaqq~u GAS lVH~qICS ~ACELI I f  
4DNgLU AZR FORC~ 5rAr :OH,  T~NNESSE~ 
qnSa Q4352 
~A3E I 

qull 

EL(YON 
0 

H PT TT 4 P T RE A 8EF LENGTHSCCLH,CLNwCLL) 
5095 4 0 . ) ]  049.1 0,662 00021 104.g 0.1851506 60,525 5,935 110700 110109 

PN 6LPI 
1 -13095 
Z -11 .96  

- 9 . 9 5  
4 - 1 . 9 8  
5 - 5 . 9 9  
6 - 3 . 9 5  
T - 1 . 9 9  
8 0000 
¥ 2.00 

10 3095 
11 S.Og 
12 1 . q ¥  
13 g.9d 
14 1 1 0 9 8  
15 13.90 

CONP[g 
5 

L--CONOITZONS--- 

PHEZ P[ TT O P 
0000 40031 849.1 00662 O.OZT 
0 . 0 0  4 0 0 3 3  0 4 5 0 1  0 , 6 6 2  0 0 0 2 1  
0.00 4 0 . | )  045.1 00662 00021 
0 . 0 0  6 0 . 2 3  8 6 0 0 1  0 , 6 6 1  0 0 0 2 1  
0 0 0 0  4 0 . 2 2  84001 0 0 6 6 1  0 0 0 2 1  
0.00 40.23 84001 0.661 00021 
0000 40°25 849.T 00661 00021 
0.00 40.24 860.T 0,661 00021 
0000 4 0 . ) 5  849ol  00662 00021 
0.00 40.64 849.T 0,661 0,021 
0000 40.64 8490T 0o661 0,021 
0.00 40.64 84501 0.667 O.OZT 
0 . 0 0  4 0 . 5 4  8 4 g e t  0 , 6 6 6  0 , 0 2 1  
0 . 0 0  4 0 . 5 5  8 4 9 . 1  0 0 6 6 6  0 0 0 2 1  
0 . 0 0  4 0 . 5 4  8 4 9 , 1  0 0 6 6 6  0 , 0 2 1  

16 14.05 -0o01 L0.54 849.1 0.666 0,021 

---HASS FLOH---  

HOOT HG 1C 
00083 0,052 SZS.6Z6 
0 .052 0.052 $21.625 
O.OSZ 00051 521,628 
0oOSZ 0.052 $2106Z5 
0.082 00052 522.621 
00051 0.052 5210641 
0.051 00052 $12,031 
00081 00052 $22,631 
0 0 0 5 2  0 0 0 5 2  5 2 2 0 6 3 1  
0 , 0 5 1  0 , 0 5 2  5 2 2 0 6 3 0  
O.OSt 0,052 522,620 
0,051 0,052 522.633 
00082 O. OSZ 5 2 2 0 6 3 0  
00051 00052 5220635 
0 , 0 5 1  0 , 0 5 2  5 2 2 0 6 3 0  
0,052 00052 523.6)4  

NQO§L FLOUFXELO PHOTOGRAPHS TAKEN 61 6LPHA • IB .OZ,  22.01D 26001w 20.040 240140 ]0 .100  62 .25 ,  46.11B 

Sample 1. C0nttnued 

DATE CORPUIEO 6-FEs-ET 
T|NE CONPUTED 05|41115 
DATE RECORO~O 6-PE8-87 
TZNE RECORo~O 5 | 4 2 | ! 6  
PROJECT HUNGER V 6-21 

J 

4" 

4 

e 

4O' 

LID 

L'i ! 

4 I 

0 '  

II 

P 

0 

4* 

If 



e,l 

41, 

4P 

Ell 

41~ 

4k 

4B' 

411 

JC~ 

i I I  

I 

ql 

d 

41F 

,ID 

4,  

.dl, 
41' 

CALSPIN CORPOAATIOM 
A+OC O Z V l S l a N  
TOY KARNAN G&S gTNAHXCS FAC|LSTV 
4RNOLC AIR FJRCE $TATZ~Ne TENNESSEe 
NASA 04352 
PAG~ 4 

RUN N Pl  TT 
1 9 5  S . 9 6  4 0 . 3 3  8 6 9 . T  

~LEVON CONFER 
O S 

Q P T BE 4 
O°6SZ O.OZT 104.9 O°lSSl*O6 6O.SZS 

---TNEORETXCAL tHRUST--- 

PN ALP| PH| |  TFLST IPqST I I L S I  IAAST 
I -13 .9S 0.90 O .OOOO O . O O O 0  3.8448 O.OOOO 
Z -11 .98  0 .03 0.0000 O . O O O O  3.8485 O.OOOO 
3 - 9 . 9 8  0 .00  0.9000 O.OO00 3.0485 O.OOOe 
4 - 7 . 9 4  O.O0 O.O00O O ° O O O 0  308845 OoOOO0 
S -5°99  0 .00 O.O00O O - O O O 0  3°8884 O.OOOO 
S -S.gS 0.00 O.O000 O . O O O O  3.8882 O.O00O 
1 - l . g J  O.OO 0 . 0 0 0 0  O . O 0 0 0  3 . 8 8 8 1  O.OOOO 
8 O.OO 0.00 0.0~00 O . O O O 0  3.8880 O.O00O 
9 2.00 O.OO O.O000 R . O O O 0  308818 O°OOOO 

10 3.99 O.OO 0o0000 O.O000 308811 0.0000 
I !  5099 0000 0.0000 O.O000 3.8814 O.O000 
12 1.99 O.O0 O . O O O 0  O.O00O 3008?6 O.O000 
1 3  9 . 9 8  O.  OO OoOOOO O.OOO0 3 . 8 8 T Z  0 0 0 0 0 0  
1 4  1 1 . 9 8  O . O 0  O.OOOO 0 . 0 0 0 0  3 . 8 d t 5  O . O 0 0 0  
I S  13.98 O.OO O . O O O o  0.0000 3 . 8 8 1 5  OoOOOO 
16 14.05 - 0 . 0 1  O . O O O 0  0.0000 3.88T2 O.O00O 

S w p l e  1. 

REP LENGTHS(CLNeCLUeCLL) 
5.938 31.T09 31. i09  

Concluded 

---ACTUAL l f l eUST- - -  

TPLSA TPRSA TALSA TANSA 
O.OOO0 O.o00R 3.4991 O.OOOO 
O.OOO0 OoOOOO 3.4983 O. OOOO 
O.OOO0 O . O O O O  $.4989 O°OOOO 
O - O 0 0 O  O*O00O 3 . ~ 9 8 T  O . O 0 0 O  
O.OOO0 O . O O O O  3.1981 O.O00O 
O.OOOO OoOOOO 3-4986 O.OOO0 
O.O000 0.0080 3.4985 O.O000 
O.O000 O.O00R ] -4984  O.O000 
O. OOOO O . O O O O  104982 O. O000 
O-OOOO O.O00O 3.~982 O.OOO0 
O.OOoO O*OOOO 3.4978 O°OOO0 
O.OOO0 0 . 0 0 0 0  3.4981 O.OOOO 
O.RO00 O . O O O 0  J.AgTT O.O000 
0°0000 O°O00O 3 . 4 9 7 9  ODD000 
O.OOO0 O.OO00 3.4980 O.OOO0 
O.OOO0 O. O00O 3.4971 O.O000 

OATE COMPUTED 6-FE8+81 
TZNE CDNPUrEO 0S~43|36 
DATE RECDROEO 6-FEO-8T 
T[N~ RECORDED S|42 |16  
PROJECT NUMBER V R-ST 

o* -STZNG-- -  

PTS PSI 
995.0817 996.1296 
998.0038 996-0239 
994.9943 995.9781 
994.9394 995°?966 
99~.9607 gg$oTg92 
994.9136 995.1866 
994.9039 995.7096 
994.8TT5 995.T289 
994.8080 995.6364 
996.8011 995.6235 
994.7046 995.SS11 
994oTT6T 998°6651 
994°6766 998.6684 
994o1352 995.509T 
9 9 4 . 7 4 9 |  9 9 5 . 5 9 2 9  
994.6768 99504818 

"J 

e) 

,) 

..j 

4~ 

4~ 



t ' I C = ~ + [ N I : L  

- 1 0 . ~ 0 8 3  

- 1 0 . 0 0 0 0  

-~ .JOO0 

- ~ . 0 0 ~ 0  

- 4 . 6 0 0 0  

- 2 . 0 0 0 0  

0 . 0 0 0 0  

2 . 0 0 0 0  

4 . 0 0 0 0  

6 . 0 0 0 0  

8 . 0 0 0 0  

10o0000 

12 .0000  

14 .0000  

16 .0000  

! 7 . 1 2 0 ~  

31FF~R~NC[$ ~ : T M ~ N  RUN NIJM3~R 3 AND ~AS~ qUN NU~3ER ,1 

OC~q 9CLHR DOVE OCLNR OCLLR 

- 0 . 0 0 2 8  0 . 0 0 0 7  0 .0021  - 0 . 0 0 0 8  0 -0001  

- 0 . 0 0 5 5  0 . 0 0 1 1  0 . 0 0 1 6  - 0 0 0 0 0 7  0 - 0 0 0 0  

- 0 . 0 0 4 7  0 -0011  0 .001~  - 0 . 0 0 0 6  0 . 0 0 0 0  

- 0 . 0 0 4 2  0 . 0 0 0 7  0 . 0 0 1 4  - 0 . 0 0 0 6  0 . 0 0 0 0  

- 0 . 0 0 4 2  - 0 . 0 0 0 4  000012 - 0 - 0 0 0 6  0 - 0 0 0 0  

- 0 - 0 0 2 1  - 0 . 0 0 0 1  0 . 0 0 1 6  - 0 . 0 0 0 7  0 . 0 0 0 0  

- 0 . 0 0 2 9  - 0 . 0 0 0 3  0 . 0 0 1 4  - 0 . 0 0 0 4  ~ 0 . 0 0 0 0  

- 0 . 0 0 4 5  - 0 . 0 0 1 1  000011 - 0 . 0 0 0 4  0 . 0 0 0 1  

- 0 . 0 0 4 5  - 0 . 0 0 1 2  000035 - 0 . 0 0 1 6  0 . 0 0 0 6  

- 0 . 0 0 3 4  - 0 . 0 0 0 0  0 . 0 0 4 0  - 0 , 0 0 1 9  0 . 0 0 0 7  

- 0 . 0 0 4 8  - 0 . 0 0 1 0  0 . 0 0 6 9  - 0 0 0 0 3 5  0 . 0 0 1 9  

- 0 . 0 0 5 4  - 0 . 0 0 1 7  0 . 0 1 0 3  - 0 . 0 0 5 4  0 . 0 0 3 3  

"-O.OO&5 - 0 . 0 0 1 5  0 . 0 1 2 0  - 0 . 0 0 6 2  0 . 0 0 4 1  

- 0 . 0 0 6 5  -O.O02Z 0 . 0 1 0 6  - 0 . 0 0 5 6  0 . 0 0 3 5  

-O.OOb~ - 0 . 0 0 2 8  0 . 0 0 9 8  - 0 . 0 0 5 1  0 . 0 0 3 2  

- 3 . 0 0 3 7  - 0 . 0 0 2 9  0 . 0 0 ~ 5  - 0 . 0 0 4 5  0 . 0 0 2 8  

Sample 2. Tabulated Interference Data 



W 
CO 

HEAD ING 
FIL RUN 

A 142 

CH 

1 , 8  

RUN 
142.8 

M 
5.95g 

CONF ! G 
1 

SHUTTLE 0R352 

PR 
B.OO41E-B4 

1.5 

1.2 

B,9 

8 .6  

0 .3  

- 0 , 8  

®o 

- 8 . 3  
- 1 0 . 0  

® 
0 

( )  "-" 

® 

0 

O 

0 

1"1 

m 

• o¢ m 

[ ]  

[ ]  

[ ]  

[ ]  

[] 

[] 

Q] 

[ ]  

[ ]  

SYPB FIL RUN 

IT1 R 142 
O q ! 

° 

B.B 10.9 20 .8  30 .0  4 0 . 0  5 0 . 0  
ALP; 1,1 

NASA 0A352 

PR 
(X IB  -5 ) 
8.641 

-2 .i~.6 

F IL  RAM FILE 
A FORCE, TRA 
B FORCE 1 .TRA 
C THEORY.TRA 

PAGE 6 
[~2:2t 
. '~-FEB-8? 

O! ISHIJ1 L2 .Gl~' 

Sample 3. P lot ted Force and Moment Data 



i,D 

HERD ING 
FItL RUH 

142 
Q.IE) 

RUN 
".,42.4~ 

!1 
5 ,959  

COH; IG 
1 

SHUTTLe 0A352 

0 . 8 8 4 1 E - ~ !  

CLP1 

B.B6 

O.~PA 

0 .e2 

0.(~9 

o 

-O.B2 

-O .g4  

- e . B 6  

- 0 , g 8  

-0 .10  
- l O . O  

• , e O  O 
0 

) e  o oem [ ] [ ] [ ]  

-- [) 
C9 

I 

% . , i ,  

I 

0 ®  
0 

i I 
O.B l O . g  2,J.O 

I1LPI I '1 

hfiEN C.'135.: 

[] 
m 

[] 

[] 

19 

# 

5 Y ~  FIL RUN 

ITI R 142 
(9 B i 

PR 
<XIQ -5 ) 

8 .841 
-2 .£J26 

ZO.O 4 0 . 0  53.Q 

F IL  RAIl F ILE 
R FORCE .'mR 
R FORCE I .'mR 
¢ "~ ~,::t'W.TRA 

P~';E ? 
OZ:21 
~5-FEB-O;' 

O! 15P, UTL2.617 

Sample 3 .  C o n t i n u e d  



0 

H£n~[HG 
FIL I'Uli 
A i42 

0 .18  

B.eB 

B .8~; 

CY 

0.B2 

8.E~'J 

-(3.B2 

-~.B4 

-0.06 

-43.aS 

- '0 .18  
-I0.0 

RUN H COHFIG 
i42 .8  5 . 9 5 9  I 

SHUTTLE 0R~52 

rl~ 
8.8841E-B4 

r r l  r r l  r t l  ~ 

D 

r n m  .m 

U.O ' 0 . 0  28.8  
RLPHR 

!'RSO 0A352 

30.0  4 9 . 0  3C;.0 

r~  m m m rq  m 

sYrB FIL RUH 

R 142 

rIR 
(X [B"5 )  

8.841 
-2.B'2G 

F I L  RAM FILE " 
R FORCE .TRR 
B FORCE I .TRR 
C - H"ORY • TRR 

Pf:IGE 8 
02:21 
B5--FEB-8? 

81 ISHUTL2.617 

Samp]e 3. Continued 



FEAD !HG 
[, !L P.Uh 

,! 142 
8 . 8 ?  

RUF M CONFIG 
[ 4 2 . 0  5 .~59 I 

SHUTTL,- 011352 

rR 
B.8841E-e4  

CLH 

8 , 8 6  

0 . 0 5  

0 .B4  

~ . 0 3  

8 .B2  

8 .81  

O . e 8  

- 6 . 8 1  

- 8 . e 2  

- 0 . 0 3  . .  
- I O . O  13 .El It:l.B 

p ~ ,  ~ , ~ , _ ,  ,.~ , ~  . '1  [ ]  r ' :  

I 
I 

2[1,0 
RLPI4 i 

ItFISR 0R352 

o 

o i q e  

" " I ~ J  I . : J  

3B.B dB.B 5B.B 

Sample 3. Continued 

;YI'B F IL RUN 

R 142 
(X lB  -5 ) 

8 , 8 4 I  
-2 .g26 

F IL  RN1 FILE 
R FORCE .TRR 
B FORCE ! .TRR 
C TrlEORY.TRR 

PRE;E IB 
02"21 
05-FEB-8? 

011SHUTL2.617' 



4=b 
I%1 

HE~D IHG 
F IL RUN 

f l 142 
(] .g20 

RUII 
142.8 

M 
5 .959  

COHFIG 
I 

SHUTTLE CR352 

B.B841E-04  

0 .016  

B.012 

O.L~8 

8 . i ]B4.  

CLL 

- 0 . 8 8 4  

- 0 , ~ ] 3  

- 0 . 0 1 2  

- B . B l 6  

-;3. ~,~0 
:D .0 

I 

L' .u I1].0 

m. ~ m ~ ] !  

2~ .;3 
AL:: H;'l 

3U,8 -'LI.3 

SYi"IB F IL  RUH 

N !42 

FIL 
R 
B 
r 

- ~  .:: 

. : , ,10-5) 
J .g41 

-2 .026  

RAM FILE 
FORCE .TRR 
!-C' " : ' I  .'r:)~l 
I'. - 3:';.T,L: ". 

~2: : !  

Sample 3. Concluded 



1NERD IHG 
F IL RUN 

R l ? l  
. . 8  

DCHR 

RUN 
l.?' I . .B 

! . 5  

1.2 

8 . 9  

B .6  

e . 3  

- 8 . 8  

- 6 . 3  -, : :-c 

I1 
B,BBBB 

CONF !G 

SHUTTL'~ 0R352 

MR 
e.2e61aE-ei  

I 

] W U  W W L  LU UJ LU UJ LJ LU I..~ W 

L~., J t ,"3 .O ?. ! .~J 30 .B 4El. O -%"3 .O 
f'ILP; I,'1 

SYllB F I L  RUH 

R 5e 

fIR 
( X ! e -2  ) 

2 .e60 
2 .L08  

FIL  RRII FILE 
R rGI'IRRT .'IRA 

P-GE | 
• 33 :58  

Aample 4. Plotted Interference Data 



. b  

.l:i 

HERDIHG 
FIL RUH 

A 171 
B . I O  

0 .08  

8 .06  

0 .04  

8 .02  

DCYR 

-0.C2 

-8 .04  

"0 .88  

-O . ;B  
-IO..'A 

RUN 
I ? l . e  

h 
8 . m  

COHFIG 

SHU'I'~.~-," 0R352 

8.2060E--gl 

: t .u 

) ,Q 
(5 

0 ®  

[ ]  

~) 

:O.O 2'3,0 
rlLO.HN 

Ej rn rrl E] 

o .  

El m rrl rn LTJ rn m B 

SYI~ FIL  RUH 

R !~'! 
Q 50 

L;,; .G 

FIL 
R 

( X I 0 - 2 )  
2 ..----~9 

RN1 FiLE 
rE)I'IR;~ T .TRA 

Samp]e 4. Continued 



HERDIHG 
FIL RUN 

A i ? l  
B . 1 8  

RUN 
1~'1 ,B 

I1 
8,B1~8 

CpHFIG 
I 

SHUTTLE 0R352 

tlR 
B,206BE-e!  

DCL~'~. 

0 .B8  

8 . 9 6  

8 ,84  

8,132 

-0 ,02  

-9 .e4 

-9 ,85  

-B,g8 

- ~ , l e  
-'L1.0 

O ® ® ®  

8 . e  

0 0  
O Q  () ® O 0(~1 ] 

RLPHq 

[1 IZ]rrl P119 

° .  

[ )~ )  B (!) r,1 

Za .~.1 

J 

W I I  

[ l  [] rrl [ ]  

SYI~ F [L RUN I'm 
(X I8  - 2 )  
2 .O6O 
2.11~8 

F[L RR. FILE 
R I'IDr~RT.TRR 

=,],,'1 PAGE ~ b 

'J3 :~8 .e 

Samp]e 4. Cont inued 



4:z, 
01 

HEAD ING 
FIL  RUH 

R I?1 
B.B7 

RUH 
171.8  

M 
B.[~808 

COHFIG 
9 

SHUTTLE 0R352 

MR 
8 . 2 E ~ ' - Q I  

DCLNR 

8 . W  

8.04 

8.93 

8.B2 

B.81 

0.80 

- 0 . 0 1  

-,'I .03 
-10.63 

®0 
0 () 

o°oJ 
® 

C ~ml~m I'1 - - ' "  ~ ' W  ~ '  

# 

* 4e  

1 3 m m  

• 0 I 0 . 0  2,J.C~ SEt.O ,,t).;J 53.  "~ 
tlt.~:-4A 

$YMB F I L  RUH 

R 171 
A 59 

I'R 
(~IB-2 )  

3 . 0 5 0  
2 . 1 ~  

F I L  RAM FILE 
A MOMRAT .TRA 

PP~S 4 
0~:53 

- - -  . 

Sample 4. Continbed 



"-.I 

HERD[HG 
FIL RUN 

R I? I  
0.1~20 

0.816 

0 .812  

O.lal~ 

8 . 8 0 4  

DCLLR 

B . ~ 8  

-0 .004  

- 0 . 8 0 8  

-0 .812  

• -O .OILS 

-O ,820 
- l ia  .O 

RUH 
17i ,C 

O 
O 

O ®  

I'1 
I].OB:~ 

j i  

o 

CONF IG 

® ® 

® 0 ( )  

SHUTTLE 0fl352 
r'R 

0.2£,6gF..-e I 

® ®~B rq p l B  Pl F;., u. i  u.i r.', ! 

o .  

Q, 

JTLU LU ' E r  

B . 8  IO.O 2 0 , 8  
RLPI-S¢I 

HRSR 0A352 

1 8 . 8  4O.O 

GYHB F IL RUN 

A 171 
R 5B 

5 0 . 0  

(XIO - 2 )  
2 .OEB 
2.108 

F IL  RAh FILE 
R ru]rRRT.TRA 

PRGE 5 
03:50 
OK"FEB-8? 

B I I I N C H I T . 6 I ?  

Sample 4 .  Concluded 


