YN r..‘.

4TaD UNNT
XD (‘ orthrop Se

oACKE™
T mpcn
rvices

BENOSTRE

AMALYSIS,

STING

NE2-32311

lnclas
26926




SPACE SHUTTLE SOLID ROCKET BOOSTER
STING INTERFERENCE WIND TUNNEL TEST
DATA ANALYSIS
APPENDIX D

AUGUST 1982

by

/

B. Conine
W. Bovle

Irerared for:

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
GEORGE €. MARSHALL SPACE FLIGHT CENTER
SCIENCE AND ENGINEERING DIRECTORATE

Under Contract NAS8-33816

Revieved and Approved by:

I Barnong b’

M. H. Burroughs, ‘Manager

MORTHROP SERVICES, INC
P.0. BOX 1484
HUNTSVILLEs ALABAMA 35807
{205)837-0580




FOREWARD

Appendix D of this report presents the results of additional work per-
formed by Northrop S=rvices, Inc., Engineering Technology Group for the
Marshall Space Flight Center under an extension to Contract NAS8-33816 and
is the final report for this study. The additional work consisted of aralysis
of MSFC l4-inch TWT sting wind tunnel data for angle-of-attack range of
135-155 degrees, and analiysis of MSFC HRWT sting interference wind tunnel
data for angle-of-attack range of 120-140 degrees. Portions of the analysis
were performed by Lockheed Missiles and Space Co., Huntsville Research and
Development Center. The NASA Technical Monitor for this concract was Mr.

D. L. Bacchus. The authors wish to acknowledge the assistance and contributions
provided by Mr. Bacchus toward the successful completion of this studv. The
authors also wish to thank Mr. Paul Ramsey (ED32) who provided access to the
data, his test log, and took time to discuss the data and results with the

authors.
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Appendix D

INTRODUCTION

Additional analyses of wind tunnel test results from SRB sting inter- i
ference test TWT 660 and HRWT 042 were conducted to evaluate the sting %
interference that may be preseunt in the Space Shuttle SRB reentry aerody-
namic math model. Additional wind tunnel data was obtained at higher angles
of attack from test program TWT 660 and test program HRWT 042. The addi-
tional data were analyzed to evaluate the procedures used to fair the data
in the development of the SRB reentry aerodynamic data Tape no. 5. Aero
data Tape no. 5 was developled from TWT 660 sting interference data obtained
over C range A (& = 100 to 120 deg), o range B ( & = 120 to 140 deg) and
HRWT ¢ range A (A = 100 to 120 deg).

The analyses of these data showed that in the angle of attack range
near 130 deg, the nose mount sting had the smallest sting interference and
the corrected data was close to the large model (SAl1F) nosc mount test
regsalts. The side mount test results had been used to develop the aerody-
namic math model in this angle of attack range (SRB data Tape 2, see section
IT for a discussion of the wind tunne! test programs and SRB data tape test
program bases). The development of SRB data Tape no. 5, which was developed
by a series of ''deltas" to Tape no. 2, required the development of large
deltas in the augle of attack range where the test data terminated as shown
in Fig. D-1. Tape no. 5 w&s developed by ignoring the end of the corrected
data curve and fairing the curve into the SAllF nose mount data. This tech-
nique created potential errors in certain Mach number ranges becausze the
trim angle of attack (CM = 0 with dCM/dd: negative) was in the angle of
attack range where the data curves had to be force smoothed. An additiocanl
problem that occured in the development of Tape no. 5 was the development of
data trends at Mach 0.5 High Keynolds number test data exited at Mach 0.4
and 0.6 from test HRWT 042. The data at Mach 0.4 showed a larger trim angle
of attack then the data at Mach 0.6. Data trends 2t Mach

D-1
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0.5 were developed by interpolating the Mach 0.4 and 0.6 data. There was
concern that the data trends at Mach 0.5 may be closer to the Mach 0.4 data
than the Mach 0.6 data.This was of concern since the Mach number at -

iy

chute deployment was close to Mach 0.5 based on the STS-1 results.

Additions to the two wind tunnel test programs (TWT 660 and HRWT 047
were thus developed to obtain data to verify the procedures used to develop
Tape no. 5. This appendix contains the results of the analyses of the addi-
tional test data along with an assessment of the errors associated with Tape

no. 5.

Wind Tunnel Test Programs

Two additional wind tunnel test programs were conducted to develop the
required sting interference data. The wind tunnel tests consisted of a
transonic test, in the MSFC l4-inch Trisonic Wind Tunnel (TWT 660) and a
High Reynolds number test in the MSFC High Reynolds Number Wind Tunnel (HRWT
042). Combinations of single and dummy sting arrangements were used during
both tests to obtain the necessary data for the evaluation of the sting
interference. A brief discussion of each test program addition is presented

below.

THT 660 Test Program

The TWT 660 test program addition was designed to obt-in additional
six-component static stability data on a model of the 146-inch diameter SRB
model mounted on various sting arrangements and combinations to determine
the sting effects in the angle of attack range C (&= 135 to 155 deg) The
techrique of developing the sting interference data is to mount the SRB
model on a nose-mounted sting and obtain data with and without dummy
side-mounted stings. The dummy side mounted st:ings are configured to simu-
late stings used in the MSFC l4—-inch TWT test. The test program thus pro-

vided a data base than can be used to develop <coeff’cients which may be
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used to develop corrections to the side-mounted sting SRB data base. An
) additional portion of the test program consists of mounting the SRE model on
' various side-mounted stings to obtain data with and without a dummy nose
l' sting. This procedure provided a check of the mutual sting interference,
since the corrected data for both nose and side-mounted stings should agree
i? if the total sting interference is removed from the data and no mutual sting

interference exists.

i The test program conducted in the MSFC l4-inch Trisonic wind tunnel
. provided data at Mach numbers of 0.6, 0.8, 1,05, 1.1, 1.2, and 1.46, for
i angles of attack from 135 to 155 deg, and roll angles of 0, 45, and 90

degrees.

The model configurations used for the test program are as follows:

ety

Configured Definition
MOONSC Nose-mounted sting
MSDNSC Nose~mounted sting wit’ ay
- side sting
- MSS00C Side-mounted sting
- MSSNDC Side-mounted sting with dummy
. nose sting

& -
-

The "C" designation identifies ¢ range C. The sting interference
analysis procedure was identical to the procedure used for angle of attack
range A and B. The test data for the various configurations were inter-
polated and subtracted to obtain the sting interference due to the nose
mount sting and the side mount sting. The sting interference was then
removed from the basic side mount and uose mount data to develop corrected

data. Tab listings of al)l data are presented in Tables Dl through D-125,

D-3
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HRWT 042 Test Program

The additional HRWT 042 test program consisted of the completion of the
"B" angle of attack range (X = 120 to 140 deg) of the original HRWT 042
test program. The A and B portion of the test program is discussed in
Scetinn IT. Selected data at Mach 0.5 was alsc obtained during the 042 test

program addition.

TWI 660 Data Analysis

Selected plots of the normal force and pitching moment sting inter-
ference are presented in Figs. D2 through D-11. Figs. D-2 through D-6 show
that the nose mount sting has the smallest normal force sting interference
in the "C" angle of attack range. This confirmed the trends from the ''B"
angle of attack range. The pitching moment sting interference is l-rger
for the nose mount sting at the iower Mach numbers and smaller at the higher
Mach numbers. It is noted that the pitching moment sting interference sign
is dependent on the st.ng location. Thus the side mount pitching moment
sting interference can potentially be reduced if the sting longitudinal

location is properly selected.

Comparisons of selected TWT 660 data corrected fcr sting interference
ith the SRB data tape aerodynemic math model and other test data are pre-
sented in Figs. D12 through D-26. These figures present comparisons at Mach
numbers from 0.9 through 1.46 and thus only include the TWT660 results siuce

Reynolds number influence in this Mach number range are negligible.

The normal force coefficient comparisons are presented in Figs. D-12
through D~16. Fig. D-12 presents the normal force coefficient comparison
with the Tape 2 values. It is noted that no change was made to the longi-
tudinal data at Mach 0.9 in developing Tape 5 and thus the Tape 5 longi-
tudinal data is identica! to Tape 2 at Mach 0.9. <‘gnificant differences

between the TWT correctzd data and the tape values is noted in

e



Fig. D-12 to only occur near 120 deg angle of attack. The (X range C data

( & = 135 to 155 deg) is noted to be very close to the tape results. The
data tape results near (X = 120 deg were not changed in the development of
Tape 5 because of data trends from HRWT 039 at Mach 0.9. The additional TWT
660 ¢f range C results indicate the Tape 5 results are accurate. The addi-
tional corrected TWT 660 & range C results presented in the other figures
(D-14 through 16) indicate that a smooth curve from the ¢ range A and B
results would also fit the X range C results. Thus little or no error

exigts in the Tape 5 normal force coefficient from Mach 0.9 through 1.46.

Comparisons of the sting interference corrected pitching moment coeffi~-
cient data is presented in Figs. D-17 through D-30. The corrected pitching
moment coefficient data at Mach 0.9 are presented in Figs. D-17 through D-19
for roll angles of 0, 45 and 90 deg, respectively. The corrected & range C
data is noted to have a good trend with the (O range B data such that a
smooth curve can be developed through the total (X range. The corrected data
is close to the Tape 5 resnlts although consistently on the less negative
pitching moment side. Similar corrected data curves are presented in Figs.
D-20 through D-26 for Mach numbers of 1.1, 1.2 and 1.46. These figures show
that the (X range C corrected data generally matches the pitching moment
coefficient humps near the upper portion of the ( range B data. This
creates a potential error in the Tape 5 math model since the humps at the
end of the (X range B corrected data were not incorporated into Tape 5. The
humps were not used in the development of the math model because they are at
the end of the corrected data and large pitching moment corrections would be
required to smooth a curve from the end of the data to higher angles of

attack.

Expanded portions of the data compsrisons at Mach 1.1 and 1.2 are pre-
sented in Figs. D-27 through D-30. These figures show that a smooth curve
through the (X range A and B corrected data was used to develop Tape 5. The
TWT  range C test results show that the humps in the curver at the end of

the ( range B data are correct and thus errors exist in the Tape 5

D-5
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math model. The error results in substantially larger trim angles in cer-

tain cases as shown in the figures.

HRWT 042 Test Results

The development of the sting interference and corrected high Reynolds
number test results was performed using data plots due to the difficulty of
interpolating the data using a computer (especially the pitching moment
coefficient data). The curves used to develop the normal force sting inter-
ference and the corrected data are presented in Figs. D-31 through D-42.

The figures are separated into side mount and nose mount sting configura-
tions for roll angles of 0 and 90 deg. These figures show substantial

normal force sting interference near & = 125 deg.

Summary corrected normal force coefficient data is presented in Figs.
D-43 through D-48. Figures D-43 and D-44 show that at Mach 0.4 the cor-
rected data is substantially different fron. the Tape 5 results. Figure D-45
and 46 show that the results for Mach 0.6 also show substantial differences
between the corrected data and the Tape 5 results. The major error is in
the 125 to 130 deg angle of attack range. The data presented in Figs. u-47
and D-48 show that the corrected TWT 660 data is near the Tape 5 values, but
the corrected high Reynolds number data is generally higher. An average
CN error of approximately 0.5 exists in the angle of attack range from 120
to 135 deg.

The curves used to develop the pitching moment sting interference and
the corrected data are presented in Figs. D-49 through D.60. The figures

are separated into side mount and nose mount sting configurations.

The sting interference data and corrected data for Mack 0.4 are pre-
sented in Figs. D-49 through D-52. The figures show large positive pitching
moments near (I = 125 degrees similar to the normal force data. The data

trends for Mach 0.6 and 0.8 show that the corrected data is
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significantly better behaved with significant negative pitching moment

values.

The difference between the data at Mach 0.4 and 0.6 prompted the evalu-
ation of additional test results at Mach 0.5 Comparisons of certain data at
Mach 0.4 and 0.5 are presented in Fig. D-61. It is noted that data trends
for both the nose mount configuration (HOONSB) have the same data trends at
both Mach numbers. Figure D-62 presents the nose mount pitching moment at
four Mach numbers from 0.4 to 0.6. The curves show the similarity in data
at Mach 0.4 and 0.5 and the data similarity at Macn 0.55 and Mach 0.6. Data
obtained using the nose mount sting with the dummy side mount sting are pre-
sented in Figure D-63. These data were used to develop the sting inter-
ference data presented in Figure D-64. Figure D-64 shows that there is also
a significant difference in the sting interference between the Mach 0.4 and
0.5 data and the 0.55 and 0.6 data. Thus the pitching moment character-
istics at Mach 0.5 should be close to the Mach 0.4 results and the pitching

mowment characteristics at Mach 0.55 should be close to the Mach 0.6 results.

Summary corrected pitching moment curves are presented in Figure D-65
through D-75. The corrected high Reynolds number data and Tape 5 and Tape 2
results are presented for comparison. The corrected TWI660 data are pre-
sented for comparison where available. The results for Mach 0.4 are
presented in Figs. D-65 and D-66. These figures show that the Tape 5
results do not predict the corrected high Reynolds number pitching moment
curves near & = 125 deg. The data in Fig. D~65 shows the worst case where
the pitching moment coefficient error is near +3.0. The Tape 5 results for
Mach 0.5 are also shown for comparison. The previous diacussion pointed out
the similarity between the Mach 0.4 and Mach 0.5 results. Thus the error in
the Tape 5 results would also exist at Mach 0.5.

The summary corrected pitching moment characteristics at Mach 0.6 are

presented in Figs. D-67 through D-70. Figures D-67 and D-68 show that
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errors exist in the Tape 5 pitching mowent results in the angle of attack
range from 120 to 130 deg. The largest error is about +1.0 near 130 deg for
90 deg roll (see Figure D-68).

Expanded summary plots are presented in Figs. D-69 and D-70. These
figures show that the errors in the Tape 5 results also potentially exist
out to 150 deg. Summary corrected pitching moment characteristics at Mach
0.8 are presented in Figs. D-71 thorugh D-74. These figures shouv that the
Tape 5 results were an improvement over the Tape 2 results but errors still
exist in the predicted pitching moment characteristics. The largest error
appears to be approximately +0.7 near @ = 130 deg (see Fig. D-71). The
expanded summary curves presented in Fig. D-73 and D-74 show that the errors
in the Tape 5 results extend out to an angle of attack of 150 deg for zero
roll angle (see Fig. D-73).

An evaluation of the Mach number trends was conducted to evaluate the
trends of all the corrected data with the Tape 5 results. Exsmple Mach num-
ber trends are presented in Figs. D-75 and D-76. These figures show that
significant errors exist at Mach 0.5 and near Mach 1.05. The Mach 0.5 error
exists due to the assumption that the Mach 0.5 data should be betwe=n the
Mach 0.4 and 0.6 data. The present analysis found that the Mach 0.5 data
should be close to the Mach 0.4 data. The figures also show that there is a
large difference between the Mach 0.9 data and the Mach 1.1 data and a
linear interpolation between these data sets will create errors. These
errors are due to the nonlinear shape of the pitching moment curve through

Mach 1.0.
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CONCLUSIONS

The analysis of additional test data from wind tunnel tests TWT 660 and
HRWT 042 has identified several areas where the Tape 5 SRB Reentry Aerody-
namic Math Model is in error. The error in normal force coefficient are as
large as 2.0 at certain Mach numbers and altitudes. The error in pitching

moment coefficient is as large as 3.0 at certain Mach numbers and altitudes.

Aero data Tape 5 should be updated to remove these errors from the math
model.

In additiom, data at Mach numbers of 0.55 and 1.05 should be added to

the SRB data tape to reduce interpolation errors where the aerodynamic

characteristics are a strong function of Mach number.
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