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ABSTRACT

Archived wind tunnel

booster or other alterna

as reusable orbiters

(Phase R) of the Space "

data were acquired by t

centers for an extensiv

array of wing and body p

test data are available for flyback

te recoverable configurations as well

studied during initial development
Shuttle. Considerable wind tunnel

he competing contractors and the NASA

• variety of configurations with an
lanforms.

All contractor and NASA wind tunnel test data acquired in the

Phase B development have been compiled into a database and

are avai labte for applying to current winged ftyback or

recoverable booster aerodynamic studies.

The Space Shuttle Phase B Wind Tunnel Database is structured

by vehicle component and configuration type. Basic

components include the booster, the orbiter and the launch
vehicle.

Booster configuration types include straight and delta wings,

canard, cylindrical, retro-gl ide and twin body.

Orbiter configuration types include straight and delta wings,

lifting body, drop tanks and double delta wings.

Launch configuration ty

components in various stac

pes include booster and orbiter

ked and tandem combinations.

The digital database consists of 220 files of data containing
basic tunnel recorded data. Database structure is documented

in a series of reports which include configuration sketches

for the various planforms tested.



TABLEOF CONTENTS

PAGENUMBER

ABSTRACT

INDEX OF MODEL FIGURES

ACRONYMS FOR TEST FACILITIES AND CONTRACTORS

1.0 INTRODUCTION 8

1.1 Space Shuttle Development Phases 8

1.2 Chrysler's Test Database and Archive System 10

1.3 Extracting Phase B Test Database Information 12

2.0 COMPILATION OF PHASE B DATABASE ARCHIVE CONTENTS

2 1

2 2

2 3

2 4

2 5

2 6

Compilation Outline

Summary Volume
Model and Test Information

Digital Database
Directory File
Guide to Phase B Database Use

13

13

14

15

16

17

19

TABLES

1 °

2 .

CONFIGURATIONS TESTED

1.1 AERODYNAMICS

1.1.1 BOOSTER

1.1.2 ORBITER

1.1.3 LAUNCH

1.2 AIRLOADS

1.2.1 BOOSTER

1.2.2 ORBITER

1.2.3 LAUNCH

t.3 "HEAT TRANSFER

1.3.1 BOOSTER

1.3.2 ORBITER

1.3.3 LAUNCH

SPACE SHUTTLE PHASE B DIGITAL DATABASE
2.1 BOOSTER AERODYNAMICS

2.2 ORBITER AERODYNAMICS

2.3 LAUNCH AERODYNAMICS

2.4 LAUNCH AIRLOADS & HEAT TRANSFER

25

30

37

43
44

45

46

48

50

53

55
59

62

1



TABLE OF CONTENTS(Concluded)

APPENDICES

A) AERODYNAMICS
A-1 BOOSTER
A-2 ORBITER
A-3 LAUNCH

A- 1- I"--_A- 1-43

A-2- 1"_A-2-35

A-3- 1-'PA-3-47

B) AIRLOADS

8-1 BOOSTER

B-2 ORBITER

B-3 LAUNCH

B- 1- 1--_B-1-6

B-2- 1 "_8- 2- 5
B-3- 1"-_B-3- 1 1

C) HEAT TRANSFER

C-1 BOOSTER

C-2 ORBITER

C-3 LAUNCH

C- 1- I"-'C-.1- 10

C-2- 1 "-_C- 2- 2 6
C-3- 1 -'_C- 3- 2 1



INDEXOF MODEL FIGURES - BOOSTER

Booster Type

CANARD

CYLINDRICAL

DELTA WING

STRAIGHT WING

UNIOUE CONFIGURATIONS

Contractor

MDAC

MDAC/MMC

MSFC

TBC

GD/C

LMSC

MDAC

MSFC

TBC

GDIC

MDAC

MMC

MSFC

TBC

GD/C

MSd

TBC

CCSD

GD/C

LARC

Page Number

Aerodynamics

A-I-I

A-1-4

A-I-5

A-t-6

Airloads

B-1-1

A-1-7

A-1-8

A-1-9

A-1-I0

A-1-13

A-I-17

A-1-23

A-1-24

A-I-25

A-1-26

A-1-28

A-1-33

A-1-34

B-1-3

A-1-36

A-1-39

A-1-40

8-1-4

Heat

C-1-1

C-1-2

C-I-8



0r_i ter Tvoe

DELTA BODY

DELTA WING

STRAIGHT WING

UNIQUE CONFIGURATIONS

INDEX OF MODEL FIGURES - ORBITER

_9ntractor _erodynamic_

GAC A-2-I

LARC

LMSC A-2-3

GAC A-2-5

LARC A-2-9

LMSC A-2-14

MDAC A-2-18

MMC A-2-23

MSC A-2-25

MSFC

NR A-2-26

MOAC A-2-29

MSC A-2-30

NR A-2-31

GAC A-2-32

LA_C A-2-33

MMC A-2-34

NR A-2-35

Page Number
Heat

Airload_ Transfer

C-2-1

C-2-2

B-2-I C-2-5

8-2-2

8-2-3 C-2-8

8-2-5 C-2-18



Booster
Type

INDEX OF MODEL

Booster Orbiter

Contractor Type

FIGURES - LAUNCH

Page Number

Orbiter Aero-

Contractor dynamics Airloads

Heat
Trns

CANARD

CANARD

CANARD

CYLINDRICAL

CYLINDRICAL

MOAC
MDAC/MMC

TBC

MOAC

MDAC

GAC

GD/C
MDAC
MSFC

MSFC
MSFC
NR

TBC

MSFC

TBC

DELTA WING

STRAIGHT WING

UNIQUE CONFIG.

DELTA WING

UNIQUE CONFIG.

MDAC A-3- 1

MOAC A-3-2
GAC A-3-4

MDAC A-3-5

MDAC A-3-6

GAC
MSC A-3-8
MSC A-3-I0

LMSC A-3-14
MSC A-3-15
MSFC
NR A-3-18

MSC A-3-19

GAC A-3-20

GAC

B-3-1 C-3-1

C-3 -6

C-3-9

DELTA WING

DELTA WING

DELTA WING

STRAIGHT

STRAIGHT

GD/C
MMC

MSC/MDAC
TBC

GD/C
LARC

MDAC
MSC/MDAC

GD/C
TBC

WING GD/C

MSC/MDAC

WING GD/C
MSC

MSC/MDAC

DELTA WING

STRAIGHT WING

UNIQUE CONFIG.

DELTA WING

STRAIGHT WING

NR A-3-22
MSC A-3-23

MSC/MDAC A-3-24

MSC A-3-25

NR

MSC
MSC A-3-27

MSC/MDAC A-3-28

NR A-3-29
MSC A-3-30

NR A-3-32
MSC/MDAC A-3-33

NR A-3-34
MSC A-3-35

MSCIMDAC A-3-36

B-3-7

B-3-9

C-3-13

C-3-19

C-3-21

5



Booster

Type

STRAIGHT WING

UNIQUE CONFIG.

UNIQUE CONFIG.

UNIQUE CONFIG.

UNIQUE CONFIG.

INDEX OF MQDEL FIGURES - LAUNCH

Booster

Contractor

TBC

LMSC

LARC
TBC

TBC

MMC

MMC
TBC

Orbiter Orbiter

Type Contractor

UNIQUE CONFIG. GAC

DELTA BODY LMSC

DELTA WING NR

NR

STRAIGHT WING GAC

UNIQUE CONFIG. GAC

MMC
GAC

Page Number

Aero- Heat

dynsmics Air loads Trns

A-3-3T

A-3-38

A-3-39
A-3-40

A-3-41

A-3-42

A-3-44
A-3-46

6-3-11



ACRONYMSFORTESTFACILITIES ANDCONTRACTORS

AEDC

ARC

CAL

CCSD

GAC

GD/C

JPL

LaRC

LMSC

LTV

MAC

MDAC

MMC

MSC

MSFC

NR

NRLAO

NSRDC

TAM

TBC

UW

-- ARNOLDENGINEERINGDEVELOPMENTCENTER

-- AMESRESEARCHCENTER

-- CORNELL AERONAUTICAL LASORATORY

-- CHRYSLER CORP. SPACE DIVISION

-- GRUMMAN AEROSPACE CORPORATION

-- GENERAL DYNAMICS/CONVAIR

-- JET PROPULSION LABORATORY

-- LANGLEY RESEARCH CENTER

-- LOCKHEED MISSILES AND SPACE COMPANY

-- LING TEMCO VOUGHT

-- McOONNELL AIRCRAFT COMPANY

-- McOONNELL DOUGLAS AIRCRAFT CORPORATION

-- MARTIN MARIETTA CORPORATION

-- MANNED SPACECRAFT CENTER

-- MARSHALL SPACE FLIGHT CENTER

-- NORTH AMERICAN ROCKWELL

-- NORTH AMERICAN ROCKWELL CORP., LOS ANGELES DIVISION

-- NAVAL SHIP RESEARCH AND DEVELOPMENT CENTER

-- TEXAS A&M

-- THE BOEING COMPANY

-- UNIVERSITY OF WASHINGTON



1.0 INTRODUCTION

1.1 Soace Shuttle Development Phases

Development of the Space Transportation System (STS)

encompassed the study of a large number of conceptual

designs and an extensive wind tunnel testing program.

Phases of the development program are identified as:

Phase A - Concept Feasibility Studies - 1969-1970

Phase 8 - Preliminary Design Studies - 1970-1972

Phase C/D - Design and Development - 1972-1983

During the Phase A and B periods, completely reusable

systems were studied including the "flyback" booster.

However, due to the large cost of the completely

reusable concept, NASA decided at the end of the Phase

B period to employ an expendable booster design.

Phase C/D design and development was then concentrated

on a two-stage, parallel-burn booster system concept.

In the development stage (Phase 8) of Space Shuttle

design, extensive wind tunnel data were acquired for a

variety of alternate configurations. These data were

accumulated, converted into standard formats, placed in

a data bank and documented. This work was performed by

the Chrysler Corporation Military Public Electronic



Systems, Michoud Engineering Office

NASA/MSFC.

under contract to

Developmental

Shuttle

winged

vehicles

combinations.

configurations considered for early Space

studies were extremely varied. These included

"flyback boosters," "lnline" staged launch

and various "parallel staged" orbiter-booster

Wind tunnel models of the various

vehicles were tested both in the launch

configurations. Aerodynamics, airloads

transfer data were collected and compiled

major contractors and parallel NASA directed

and entry

and heat

from four

studies.

a series

and test

documentation which

and are available for

Results were documented individually through

of NASA technical reports, contractor reports

reports. The digital data and associated descriptive

were archived have been maintained

ongoing applications.

Current

many of

Shuttle studies.

configurations

evaluated can be

design engineer.

advanced launch vehicle studies are focusing on

the approaches considered during original Space

Available wind tunnel data for

similar to those currently being

highly valuable to the preliminary

The archived Phase B data are available to the technical

community. Extracts of descriptive information and

9



configuration sketches, and digital test data have been

compiled and are reported herein to facilitate use of

the large data bank for booster, orbiter and launch

configurations.

1.2 Chrysler's Test Database aq_ Arqhiv_ _y_t_m

Extensive Chrysler involvement in wind tunnel data

application on NASA programs prior to the Space Shuttle

resulted in development of complex computer systems fo-

automating these processes.

automating the management and

addition to automating

These processes included

database functions in

the engineering data

applications and computer graphics. These combined

functions were reflected in the name DATAMAN.

The Chrysler developed Data Management System (DATAMAN)

was used to develop design applicable aerodynamic data,

generate extensive plots and cross plots, document, and

database wind tunnel test data from the Space Shuttle

Phase B test program under contract to the NASA/MSFC.

Chrysler initiated the DATAMAN project in early 1970

and continued through both the Phase B and Phase C/D

test programs. Extensive management procedures were

devised to effectivley identify and track the expected

large volumes of data to be generated by a number of

IO



contractors, and a variety of Phase B configurations.

Hence, a means of conveying descriptive information

relative to the configurations and associated data was

required

A four digit report identifier was assigned as initial

test inputs were made to the DATAMAN system to track

and report activities on individual tests. For the

Phase B test program, these identifiers were OMS-DR-

1001 through DMS-DR-1278.

of test results were

databased.

Thus, approximately 278 sets

processed, documented, and

The assignment of identifiers was sequential and they

are,therefore, chronological throughout the Phase B

configuration management. Many other identifiers are

associated with individual tests such as configuration

type, NASA aeries number, test facility designations

and contractor(s) involved.

Each test was documented in a DATAMAN test data report,

test data were archived in standard DATAMAN formats,

and salient tracking information was compiled. All

these were disseminated to NASA technical and program

management personnel for technical assessment of the

data and managing the overall test program.

11



1.3 Extractino Phase B Test Database Informatign

The effort involved extracting and compiling Phase B

test data contents and descriptive information from the

archived test data bank and documentation file.

Digital database files contained a mix of basic tunnel

recorded data and calculated analysis data used for

graphic displays. These files were reduced to basic

tunnel data and structured by configuration tested and

contractor. A series of catalog reports were assembled

to provide a readily accessible overview of test

results available for future space transportation

system studies.

These catalog reports are in increasing levels of

detail. The first level consists of summary tables

and selected sketches. These enable the user to scan

for possible applications to his ongoing work.

For a promising or likely candidate configuration, the

user can proceed to the second level of detail where

all available configuration sketches and test

conditions are compiled.

The third level of detail is the digital data files

where tunnel recorded data reside

12



2.0 COMPILATIONOF PHASEB DATABASEARCHIVECONTENTS

2.1 Compilation Out line

Results of the Phase

contained in the following

B database compilation are

list.

1) Summary catalog report, DMS-OR-01,

containing an overview of database

contents and availability.

2) A three volume catalog report,

DMS-DB-02, containing configuration

sketches and conditions tested.

The three volumes correspond to

booster, orbiter and launch test

configurations.

3_ A series of magnetic data tapes

containing available digital files.

These are also structured by

configuration and are described in

transmittal documents DMS-TD-01

through 03, corresponding to

booster, orbiter and launch test

configurations, respectively.

13



4) A directory database information file

formatted for the R-base relational

database system.

Documentation of the contents of

contained in two reports= DMS-DB-01

the database

and DMS-DB-02.

is

2.2 _ummary Volume

The first document (DMS-DB-01) is a single volume

summary report containing planform sketches of the

various configurations tested during the shuttle Phase

B program. Tabular information from the directory file

is included and is divided by component (booster,

orbiter and launch) and by test discipline

(aerodynamics, airloads and heat transfer).

Structure of the tables and sketches is by component

and test discipline with sorting by configuration and

contractor. Each booster and each orbiter

configuration tested are assigned a 2-character code

for purposes of grouping and sorting.

These codes are
General

Confiquration

Booster - B1

B2

B3

B4
B5

Canard

Cylindrical

Delta Wing

Straight Wing

Unique

Orbiter -01

02
03

04

Delta Body

Delta Wing

Straight Wing

Unmque

14



Launch configurations tested are identified by s combination

of the above codes. Test information is also sorted by

individual contractors and NASA centers. Acronyms for these

contractors and test facilities are presented in the

frontispiece.

Table 1 provides a _ummary of the Phase B database records.

It is divided into sections by component and test

discipline. These nine sections are then sorted by

configuration code and contractor.

Presented in the appendices are selected model figures

of the array of configurations tested. Presentation

structure is the same as that used in table 1. Where

similar configurations were involved in multiple tests,

only a representative figure is presented.

2.3 Model and Test Information

The second document (DMS-DB-02) is a three volume report

containing extracts from the individual test data reports.

All line drawings and collation sheets/run schedules are

included. The three volumes correspond to the three

component classifications; booster, orbiter, and launch,

respectively. A series of tabular information from the

directory file is also included.



2.4 _iqital Databas_

The digital database also follows the structure of

table 1. Database contents represent data as received

from the test facility. However, for some tests an

additional, calculated, coefficient schedule is

included. These additional schedules are mainly a

second axis system or extract data from a multi-balance

test. Individual datasets within a file ere encoded

with the configuration code in the header information.

Test data are stored on five magnetic data tapes.

These tapes are 9-track, 6250 FPI, ASCII format.

contents are:

Taoe# _ompqnent

File

Configuration

#Files #Oatasets _odes

1 Booster - Aerodynamics 53 4,216 B1-B5

2 Orbiter - Aerodynamics 89 4,500 01+02

3 Orbiter - Aerodynamics 20 1,962 03+04

4 Launch - Aerodynamics 34 4,034 81-B3

5 Launch - Aerodynamics 19 637 B4+B5
- Airloads 4 1,182 ALL

- Heat Transfer 1 21 ALL

220 16,552Total

Specific test locations on the digital database are shown in

Table 2.

16



2.5 Directgr Y File

The directory data file was constructed to assist in

the categorization of teet_ and to generate tabular

reports.

Information was extracted from existing administrative

reports and from individual test data reports. The

file was created using the R-base relational database

system by Microrim. A description of the table

information is as follows:

17



T._OI_.,: OMS--OR_

Re:_O O,_._word • NO

ModZfU P_w,_rd: NO

Column def in'_ t-'_ on "s
N_,._ T,Jpw Lcngth (Characters)

1 QF_¢ TEXT 4
2 CR:_, TEXT 8

3 THX:t TE3(T 12

4 NSN TEXT %4

5 _.UOL TEXT I

6 UOL_ T-_XT 1.

7 PUB . DATE TEXT 13

8 LINE ¢. TEXT ¢

9 TESTTYPE TEXT 15

10 COMP TEXT 7

% i SEE TEXT 3

¢2 OCt" TEXT 3

13 E:-CODE TEXT ].5

].4 I_-CONTRA TEXT 10

1.5 0-CL_ [JE TEXT I '_

Ib 0-CONTr_A TEXT ].0

17 FAC TE;(T 5

15 TUN TE_T 6

19 TEST g: TEXT 15.5

•_'O FAC-TST_: TE,V,T 26

2 __ MACH TEXT 15

,'_--SCALE TEXT 12

2-3 0MS-CODE TEXT 6

E_I _-T'fP- E TEXT 23

•._'. O-TY_E TEXT 3:3

2*- CONFIG TEY.T 220

27 PUF_POSE TEXT %50

28 TITLE TEXT 250

2 o P;_O,J.ENG TEXT _.75j

30 0i'_S-ENG TE_T 30

31 COMMENTS TEXT 150

Curr_n_. numb_P o_ raw._- 488

Description

DATAMAN Report Number

Contractor Report Number

NASA TMX Report Number
NASA Test Series Number

Number of Report Volumes

Report Volume Number

Report Publication Date

Print Key for Tabular Report

Test Discipline

Test Component

Booster Configuration Code

Orbiter Configuration Code

Booster Classification

Booster Model Contractor

Orbiter Classification

Orbiter Model Contractor

Test Facility
Test Wind Tunnel

Facility Test Number

Facility, Tunnel, Facility Test Number

Mach Number Range
Model Scale

Two Character Dataset Identifier

Booster Configuration Type

Orbiter Configuration Type

Description of Configurations Tested

Major Test Purpose

Data Report Title

Contractor/NASA Test Engineers

DATAMAN Cognizant Engineers

Directory File Comments/Exceptions

18



2.6 Guide to Phase B Database Use

Users of the

levels of detail

application is

current preliminary

configurations tested

Chrysler Phase B database have varying

available for review. A typical

to investigate similarities between

configuration designs and

during Phase B. As an example,

current applications may be representative of a winged

flyback booster with canards. To research this

configuration the user could follow the steps

illustrated below:

Step OMS-OB-01 r Summary Report; This report would be

reviewed to identify configurations of interest

and corresponding configuration types and

contractors.

Booster Type

CANARD

INDEX OF MODEL FIGURES - BOOSTER

PAGE NUMBER

Contractor Aerodynamics Air]oads Heat Transfer

MDAC A-I-I B-I-I C-l-i

CYLINDRICAL

MDAC/MMC A-I-4

MSFC A-I-B

TBC A-I-6

GD/C A-l-7

LMSC A-l-8

MDAC

19



Step 2 Table 1 m OMS-OB-01 r Summary Report= Using the

configuration type and contractors identified

above, a list of applicable tests is obtained.

Spnrm Skittle FNase II tiiltll Tiawml TeslI
0414111se 5411merf

kmltl_ implicit cs

(:o|| ¢OIIlllq. I |* ©OlIVlACTQII DMI[.olin klA¢H IIAI_ IIAC'It, II'f IllOO|L |CAt.I[ COlIIIHIUIIIII(HIII fl[I[T|l|

I II |AIIIII lilAC II[ll I[.le ILIC I.II III)AO sale| iilultl,[ IOQIlll I

|

i|t ¢a_,o _¢ _ BI[I[ I o-i[_a ,IDC e_ I[ei[8Q _IV aae eooI[ 7|_

I[i ¢,ll,nI[ uaac It$I[ I[_l| manoc e_u11 tmAC 0I[LTA CAIIAaO |_iVCJ

el ¢&mnnI[ u_A¢lmm¢ BOll I[ II[ BUb¢

|n _AnsaI[ amn¢lmM¢ lOll[ De-| I[ Ae¢

|1 CAnMnO UA¢I_ tI[rr o. I[ °I[. Is IsA¢

_ Ariel

o. ¢1 V,OACIIDkC IAA¢| _fTL| |OOlf|R

e.ee_ no¢.m_¢ II[v ¢ONP0Q.°_q I[OO|l_I[ _|O_GLI |OOV.
¢Am_mo|

• new _¢-_ ||iv |ooi[_tI[ 10INIL_ I[QOV CANAnO

lUO¢ t|_ I[OO|V

Step 3 - DMS-DB-021

the model

p=rameters.

Vol .1 r Booster Conf iquration; Locate

sketches and test conditions and

INDEX OF FIGURES

BOOSTER AERODYNAMICS

BOOSTER

CONFIG. BOOSTER

COOE CONTRACTOR

B| MDACBI MOAC

B! MOAC

OMS-OR • PAGE NUMBER

.......................

1035 A-I-1 I
1108 SEE C-1-23

1139 A-1-13

B1 MOAC/MMC 1054

B I MOAC/MMC 1066

B 1 MOAC/MMC 1077

B1 MOAC/MMC 1080

A-I-4S

A-I-64

A-I-78

A-I-g6

20



Step 4a- Oataset/Run Number Collation Summary; Examine

collation sheets to determine test Mach range,

angle of attack/sideslip ranges, configurations

and control surfaces/parametric conditions.

IDIGITAL ] /

I_DATABASE i

IDENTIFIERSI

FACILITY TESTINUMBER

PARAMETRIC1CONDITIONS

NUMBERS

iNUHlil

OELTi WING |OOiIER

00#¢

Ollll|l l-I- ill

0 PNiTiIT

B"POiTTiIT

m • - -6, -i. O, i, I. 8. ll I 16 i
I

ANGLE OF ATTACK
RANGETESTED

IAERODYNAMIC ___COEFFICIENTS

iTEST RUN

INUFIBERS

li.II llllii

21



Step 4b- _onfiquration

sketches

such as

surfaces,

Sketchesl Examine

to obtain model end aerodynamic

model dimensions, wing type,

tail surfaces, body shape,etc.

configuration

details

canard

CANARO 8OOII(R

MOA¢

Dfl|103| A-I- 12

I --( -_;; I

_.'-tlt_,-,_---_ 1_lr-_-_-_,-- _'

ORIGINAL PAGE I$

OF. POOR QUALITY

33



ORIGI'N'AL_ PAGE I_

OF POOR QUALIT_

Step 5 Tabl9 2, OMS-DS-0_, Vol,1; Refer to table to

determine publication eva! lab! I ity: data

report, contractor report or NASA publication.

US44

|EIII||
Ime-6le IitJmllll

tel! I!lll-IIIII

lee| |eeoe

Sole•

me • • | .No • • •

m

Table I

_ttl* _q_14 II WIml TtMtmoi

_4S¢ 04U0:14 Lllg•4 by CJ_r?slmP

VOLUUl Tkl-m

m_*e|s IImMtN n_|l

! IQ•.I|O ..

! °- I|.•l•

f
! tel.lee

! Io•.|l|

! w .°

VENeCL|

PiCILIf¥ v||f _ullll|l ¢OiLeQn|Rf

...............................

mlpc lerwl 4, I Ioo|I|,

::':,::':•::' ::::::1

Step 6 - Test Documentation; Refer to test

to obtain test procedures, model

data presentation.

documentation

description and

,-4pAl| owkrrrtj.

23



Step 7 - Oioital Database, Table 2 in DMS-DB-01 (Table 6 in

DMS-DB-02); the user, after determining

appl icabi I i ty, can access the test data from the

digital database files for further analysis and

application.

TABLE 2.I

SPACE SHUTTLE PHASE B
DIGITAL DATABASE

BOOSTER AERODYNAMICS

FILE
#

I

Z

3

4

BCC

._BI__

8-CONTRA OR#

MDAC 1035 CC

MDAC/MMC

Z-CHAR. #
CODE O/S's

69

574

1054 CE 208

1066 AD 86

1077 C_ 966

#
RECORDS

967 1

8037

2185

1033

1057



tt_

8

<
o
it)

O

..J

o

tin.

z
<{
Cl:

".r-

=E

t

t_

0
t-
(J

0
o

ORIGINAL PAGE IS

DE POOR QUALIT_

7 ,, o, " T '_ _ '_ T T

o _ o o o o m.. o oa o o o o o o o o o

0

O
o

O
o



o

_= _ o
F- :E

_ o

<

v-_ 0
(

o o o oo o - oo ooo o o o

o o o o o o o o o

o o o o _
o oo oo o o oo o o o o o
o o o o o o o o o o o

0 (J tO (J (J 0 (J (J

o _ _ _ o o _ ........

_ _ T T T T - T ' ' T T - T ' 'I I I I _ W'_ I _ ,4" _r

o o o o o -- _ o o ¢_ o o -- -- o --

(J 0 (J (J (J (J 0 (J

0
0

0
o

(J (J tO 0 (J (J ",J tJ (J

(J (J (J _J (J (J (J (J t.J

(J (J (J (J 0 (J (J (J Z Z Z

o_ g g g g g _ g_o i

26



ORIGINAL PAGE IS

O_ POOR QUALIT_

,m

¢.0
z
0

cl-

og

o

o

_t/3 .J
I

_ =

m IE

I

u

0

0
(J

0
cJ

= _ .... 2 = _ ..... 2 " ==
oo 0O oo o-o o o- 0o 2 oo oo 0O o° 0O oo 2 oo 0°' oo
o o o o o o o o o o o o o o o o o o

- o, ..... T T T T _'
. o ........ o •

o -- o o o o o o o o o o o o --

(J 0 ¢J rJ (J (J 0 (J (J (J 0 (J 0 (J (3 0 0 0

Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z

27



__ _
i

_g_ g

m

_u
..4

03 o

- o°
o o

3E 0 o o o

>-

._ (D • t)

k_

Z <0

o o_ - o

G <

<

(J 00_ (J

0 ._ 3E O0CJ _ _E •

+ :(0
l_l e5 +o u_ i+3 113 _ _ 1o _ _n (0 1o

i,..

o° °o o° o° ° o° o- o- o oo oo Oo o°
o o o o o o o o o o o o o

0 (,3 (J CJ 0 0

_ I_ I:.,'I" (J (,3 (J (J t) _03 CJ CJ _

; < P, :: : o p+ = <:t ...+ _ CO CO < '5 < -..,1

'+" " T T ......

o 00 o <-4 ¢.3 141 _.1 e,.
o -- _ _ o o o o <:3 o o o --

(J (J (J (J CJ (-3 0 <J (J

U. CJ

0

0
o

0
(J

Z Z Z Z

} } } •

(_ {o (o elm m m

Z Z Z Z Z Z Z Z Z

<_ _ - _ _+ _ _ << < < <<

28

ORIGINAL PAGE IS

OF. POOR QUALITY



ORIGINAL PAGE IS

OF POOR QUALITy

<

0J o
h-

o

_ = ,_ _

• _ <

u,1 <
x

o_
O

Oa

..... O O O O • O
0 0 0 0 0 0 0 0 0 Z Z Z Z ' 0 Z 0

=[ (J
,¢ rr

o

<M

,.Q

o

? .... ? _ .
o i ¢_ t i i r4 i _n in I

...... o .

oa i

o
o

o5
o o

o
<{
o
:[

0

o (5 (.9

(3 < <
0 or or

o o

(J I

(.3 (-3 (,3 O O _j O _. or or ¢,_ or

_ _-- t-.- (J O (.3 ..a ..a ...a ..J ...a

_ _ O O O O O
Z Z Z _

< _ < < 0 0 0 0
or _ or or

_ _ _ z z z z

(5 (5 (.5 (.5 (5 (5

O O O O O O
O O O ¢.J (J O

0 0 0 0 (5 0

Z Z Z Z Z Z
:3 _, 3 =) 3 :3

rn _1 _n 0

<
.a



z0

0

u_
¢{
o_

oJ

0

m •

0
t-
O
<

0

o o o o o o

o o o o o o o o o

o o o - o _ - oo _ oo - _o o o o o o o o o o

o o o o o o o o o o o o o

?T ' T - _ T

o o o
cQ

_9 _.9 ',9 (.9 (3 _-_ (_ _ r_ _ (_ (3 Q

Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z
0 0 0 0 0

ORIGINAL PAGE IS

.0_ _OOR QUALITY.



(J

(u

| _v1 o ¢.J

w.

,{
i-- .;= e,-

v_

0

v1

i

ORIGINAL PAGE

D_ POOR QU_IT_
Z

z z o o

0 _ z

m_Zzzz_ _o_ _ .

-- =

_ _ _ • • • _ _ _ _ z - z

0 O 0 O 0 0 .... O o 0 o o o. o o o

=" Z Z Z Z Z 0 Z o o o 0 0 o 0 o o o o o o o o

0 (J (J (J 0 (J (J (J (J (J (J 0 (J (J (J

? ? . . . ?
" _ ' : " ...... Z ® '

' ' . cM , 0 0 . . .....
-- o ¢M o o _ -- o -- o o o o o o o o _- _- o --

(J (J (J (J (J (J (J (J (J ¢J (J (J (J (J (J (J (J (J (J (J _ (j _

Z =" Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z

31



uJ
I-
(n

(n
Z

0

n-

(_

0
U

uJ

I

03
n-
O

(.9
Z

i--
4{ --

Z _ 0
0 _ 0 _ 0

_ = o _ ao o - _ , , _ =
0 0 0 -- -- _ _ _ --_

0 _ * , _ 0 < --

_ =
0 _ _0 O_ 0 0 0 m_ _ 0 _ 0 0 0 m-- • mO

_ Z _ _ Z Z Z _ _ _ _ O --

= _ ; = = '= _ ; ; ; _ : -:
- } } mz < E _ • • I -- l

. = :o ( _ _ _ :== ( ' g =

• • • _ _ • • • • _ • _00 • • _ • • • • • _0

• 0 0 . , 0 0
0 Z Z 0 0 Z 0 Z 0

I

Z
0 0 _ 0 0 0 o o o o o

_E _E _E _E • •

0

0
U

0 *
U I

(;_ (5 e 0 ¢5 (,9 I:_ (5 (5 (.9 (.5
Z Z Z Z Z Z Z Z Z Z Z Z

P I-- I.-- 11 I-. I-- t- )- I- l-- P- I--

33

CO (:1 _3 (:1 0 (._ (_ (_ (3
Z Z Z Z Z Z Z Z Z

< < < < < < < < _<



a

0

,i,.

co

0
o

o

°
i oJ --

o

(J

cE

Z
0
(.3

in
o

_ _ o _ oo oo o o oo :o o o o o o o o o o o

o o o o o o o o o o o o o o o o o o o

o o to ¢,,i ¢o ' o o o
......... e_

" T " T T T " T T ' _' _' _0 -
. o o .....

o o o o _4 _ 04 o o o ed o o o o _ o o

o

l

0
(.3

0
(3

_' Z Z Z Z :_ _' Z

eC • _C e{ eC eC eC eC

0 o o o _3 o o o o o o o o _ o o 0

33



<c

-- QC _C "_ er ee _ rr _ iv- ee

t_ _ t_ 0 tU _ _ W 0 UJ UlJ tU W
w-_ _" w- _- w- w- _- I- w- I.- w-

Z

o

<0
cO

E

_- i-. I- tkl 0

Z_ Z _ Z Z Z Z _ Z Z Z Z -- Z Z Z _ _0 -- _

-- _ _ _ 0 -- _Z O

u_

<
o

o--= _ _%
_ -

_ _m e

x 1
m

o° _ : o° : o 0° - - 0°2o o 2 o- 2 0° o o° o° o° o_ o°
o o o o o o o o o o o o o o o o o o o o o

" ' - . - T - - T T T

o o o o o o o o -- --

_ _ (9 (3 _ (._ (._ t3 (:1 (._ (_ (:1 (._ _ (:1 (._ (_ (._ (._ _3
Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z Z

ORIGINAL PAGE IS

_)_ _)OR QUALITY.



ORIGINAL PAGEIS
_)_ POOR QUALIT_

(.gm =E _0 _ z =E+ z =E =E :E z z z z o -- z _ --

<

oo _ _ - _
_ o

° o o ° ° ° °
-_.E_ _ >-

,_. 0 ..I < < _ =E

_- _, <
er

<
m •

o o o o o o o o o o o o o

:E o O =E :E =_ =E =_ 2 o
< oc .'," < < < < < < _ o= _ _-

_- < < I-- _ I-.. I-- I-- I-- Z < _ Z

' • o (M , •

o _ o _- (o o o o o o o o o o o o o o o

o

&
=E
o

o o o o o o o o o o o o o o e_ o o o o

r,-
o

(J
<{
el-

o
(J

0 o (J
_ < (J fJ (J (J (J (J 0 (J (J (J (J (J

0

0
(J

0
(J

3@



_000--
0_0

_Z

Z -

<

_- o ,- ,- __=
<m

_ e,l I-,,, _ ,,,,r _i i,.,- I

Z _" 0 -- _-" 0 _-

_ ®° i ° = = ®o =

_0 _ _ O_ _ _ _0 _ _ _0 • --_ _

z_ _o_ z z Z_ Z _ m= _ _0 z_z_

(J

o

0_ o --
I _ I,. 0

.,r

o
i

I

0
0

,<, 2 .. _, ,<, ,,, _ <,> _ _ <.> _
°o _ o° o° ° _ _ ° 3 ° _ o°

• , . 0 ,
o o o o o o o o o o z o o

o (J o (J (J (J (J o o

• o .... o

o o o _ o o P_- o o o o o

o o o o o o o o --

(J
(J (J _ (.3

Z Z Z Z Z (5 (D _ _

Z Z Z Z Z Z Z Z

0 0 0 0 0

ORIGINAL PAGE IS

OE POOR QUALITY



ID_'r'NA" PAGE ISE'%Ik/J[_ . .._

OF FOOR QUALIT_

I,-

{J !

0
U U U U
Cl O E _. h 0

U U U L} U U

4: 7- Z: T. _" _- Z

e

m _ _3

_ .._

.

_ U

- - Z

_ _J

m

,_. .

:n 1.I ! 1[

0 0 • 0 0

0 '_ rO _ ,0 ,I0

0 _ 0 0 0

0 '-I U U '0

"- Z Z '1" {_ _:

Z

Z Z Z Z Z

J J .J ,J ,J _Z

PJ _J N _I _
O 0 m 0 0 0

0 0

== ==
'_ 0 0 O O

,,3 ,_ ,0 ,e
0 O" 0 {) _ _ {)

i I ! ] J J i

o o 0 o o o o

(J U {_ U

_ U Um U u_ u';

ul ul

Z Z '_
_ Z

_ ,=I _J

m 7j
o o o

(J {J _J (J

Z Z Z Z

"_ '_ <: C

U '._ U
< L, U.

=

h/

u_(3

Ou. O

0
U I Z

U

bml. I
O_ I

Z Z Z Z Z Z

{J (J U U :2, U

5 = 5 r. ,_ =

J J _' .J ._

{2 U '.J {J U

0 Q G r_ _.O _,
"" Z Z Z Z Z

Z --' J .J , ,

37



_0
I_ O o 0.

,,r _. ,,o o- _o

3=3

• "_ Z
" =N == =:

•,_ =.j

m

U U O
u1 ul u_
Z Z E

• t

' i

P" I Z ._ Z

H _ I H I-I I.-I
,_H ! 3 3 -t
= 6. ,

{t.I ',,3 ',0
.0 ,¢ _ 0. 0.

I i I I I

(_ o ,_ o 0

U U U U

E E _" Z E

U {..: Q U U
Z = Z Z Z

:3 :3 3 3 3

J J .J J J

m O _ O =

I
C: ;
_J _: i

r_ Z _ U. h
r- m I J_ L_
r,_ U I _

U U U U
h _. _ h U

0. .,0 o o

i i ¢1

(3 ,-t 0 o o

...i _d 1'.- _ o

Z -" Z Z

i-i

b.

_', .J -1 -1 M

U U U _J {J U

ul Q r_ Q O O
I" L] U _ {3

I- ,,j (j

C3 I.-i _ i.Z

_Z Z Z
O _ ml
U / /

>.. >.
(J U

,j1 bJ
OO _ t'J PJ
_ I _ _I
n', U

._ J J .J ..j .J

U U U U L_ U

r" E _Z r.. C. E

Z Z Z Z Z Z

..J .J .J ._ J J
)- )- >. )- >- )-
U U U U U U

_J N _J N {'d N

.J
_ U _ U U

U Z Z Z Z Z

Z _ ,¢ <: _ . <:

U El G Q CI Q

38

ORIGINAL PAGE IS

Dg L_OOR QUALIT_



ORIGINAL PAGE I$

DE. POOR QUALIT'E

i

• o. *,,a

v1

O
[a

[B
Ld
i'-

m
Z

i-t

¢

h
Z
0
U

L_.J

Q(J

ILl

UZ

Eer

I

E=
=Q

= •

HE

_Z

--.U

_M
ta

,': LI.

:z
o

U_V-

m_

0
er_

p .
m_

e,.,. z
o

tn{j

•0 0
0 "_ _1

o o o o o o _ o o

U U U U

:it: J ¢ E {..t ._ .j .I

O,

m

Z Z Z Z

Z Z -" Z

U
{j h
iZ m

,0

0 0

U

m
_r
-- O U O (J

39



I _I
I ,0

JW I 01 _ 11 i'JI • _1

_J l 0 0 0 0 0 O 0 0 0
_. I 0 0 0 0 0 0 I_ 0 0

_'_I o e o 0 o o o o ,_

• I (2

_.- UZ

_. .

U

,0 ,0

I I I I I I I I

_ o _ _ _ ® o ;.
,-_ 0 0 0 0 0 0 0

U
¢

'r'

u
.-r m 4"t' ,,.,e. re ,'1' U_ rr
Z _ Z Z Z Z _" Z Z

U.

U

W

Z

Z "

Z Z Z Z Z Z

i_ i-I ).,i i-i _ _- F-

,J 1 -1 -I -1 -I _ ee

hi I

.'_Q I
{:U I

0 0 0 0 _ 0 0

OZ
OO
_U

U

{3

U U U U _ U U

U O Q O O

a
rr_

hi
i'-- •

Q_
OLI,.
=Z

Q
U

mw
oo
oo
'_U

@
Z

¢

.J
hi
{:

U (3 {3 r3 L_ {3 {3
Z Z Z Z Z Z Z

U :3 :3 3 3 3 3
Z

I- I- I- I- I- I- I-

_j r_ G: rr _ rr _.

0 Ul U1 U1 _ Ut Ul

_0



i
i

-IW !

0¢ I 0
O_ I 0

I 0

0 h. _ _.

0 0 0 0 0 0 0 0 0

o o o o o o o 0 o o O

._

+,+++,g
=,I Oa

.-: 2_ w¢
_I'-.

d
U

b. O
U

_,1 ,0

UZ !¢¢ "i'
£ __ | _

,.,11 dk I
_ I 0

_r
Z

@
Z

rr_

I-- •

I.-+[.3' p

E_L | _l
=Z

_ ,.,e

m

hl I

_._ I
OU !

U
U U _ U _ U U U U U _-

O,

0 q" _. 0 q' 0 0 11 0 O,

• i {
+4 ',O ,'_ ',0 ._ _I _I ,.,0 ++ + ++_

¢ 0 _ 0 0 0 0 0 0 ¢

0 0 0 0 _ O _ _ -_ O

Q
£

U U U _ U U U U _n

{3 {3 U _ @ (3 U U U
Z Z Z Z Z Z _ _

21 3 :3 3 ] 3 Z Z Z >-
O 0 Q "_ Z

i- I- I-- I- i- _- Z Z Z ,,_ L_

0 O O {3 _ 0 0 0 0 _

OZ
O_
_U

U

0
£

U " U
"- U U U U U U U U _ "
0 _n _. _n u_ _: = _ _ £ _:

hi

_n{3
O_

Q
U

Z Z Z

'_ 3

I- I- l-
•r "r "r

_ ee ,"r

U+ llJ I
OO I q'

mU I

Z 2: Z Z Z Z Z _

3 3 3 3:3 3 :3 Z Z
(3 0

I- #- i- _- _. i- i-- U

_" _- _- i- i-- i- {-- Z z



0

ul
i,i
P

Z
0

¢

U.
Z
0
U

MW
_U 3Z Zl

0 _ _ W U _U _ _

_ M_ U _ _ U_

Z_ m_ _ _ _ _ Z_ _

U= _ _ U U_ ¢_ _ U_ U_
E_ 3EP _ _ _ _ UU • _Z _

I ',0 _ _0 _l
I _ ',0 ',0 _0

_: I ILl 0 @ @ @ @ 0 0 0
.'_ I Z @ O @ O O O O O

_" _n I {3z o o o o o o o o

• I
U I U
4: I ""
h I '_

I .J

U U U U U U U U
{Z h _ LI. b. I_. LI. _.

Ul _ L_ _n U_ Ul 1.11
-I :1[: ][: :l: £ E ][: ]E

UZ¢ ¢
_r_z

,
.._.=! °°

• _'Z

• 0 U

a '"I"- .

m_
e_h
OZ

0
¢1

Z

¢
l-
/

c:

W
_ t _1
"r 0 I _1
13U I

,0
-_1 0" ',0 _ ',0 ',0

o _ I I I I
_" ,0 ,,.1 <1 '.,0 _ ',0 ,0

0 @ 0 0 0 O 0 0

U U U U U

Z Z Z (_ U ]E U

L_ U _ {.,I U

Oz "z '_z _ l z z z
3 3 3 "1"

bJ bJ bJ

W W Id P Z Z Z Z

0 0 0 0 0 0 0 0

I

,.,n i.-. I U
OZ t _Z
O0 f ¢
mu I _J

U
E U U U U U _ U

rrH
bJ
I- •
_n_3
O_
Oh

0
U

mw
or_
O0
mu

H

h
Z
0
U

i,_

U U _ U _ U

h h b. b. b. b. b. h
Z Z Z Z Z Z Z Z
0 0 O 13 0 O 0 0
U U U U U U U U



uJ

G0

l--

g
g

O4

i
¢D
_E

n-

O

0

0

0
(J

0
0

o o _3_
z Z _Oz

z Z-- 0_0
< <m 0 0

_0 Z

Z

_, o _0 0 0

0 0 0 0

_ C3

<

o oa

i i I

o ¢o o o

e_ ea _ --

_)

(J

(.9 (.9
Z

_ IZ: --

_3

ORIGINAL PAGE /3

OF POOR QU_



o
i,l

(n

0

(3

0
(J

0 _ 0 _ --_

Z xZ UQZ z _OZ

_ w

_0 OO Z _O Z

_ _i i _o_ i=i

<

P

z
E

:E

o oo _ o
o o o o o

(J (J o

I_ o o

t i
o _ _ o ¢D

_o o o _ o

i

cJ

0

(J

¢J (J

(.9
Z

Z Z Z _"

i i i i

i
o, _

ORIGINAL PAGE I_



o
w

O

rr

OO
X_

,_._| °d _ V ==• _7

®_ g ._-_ _ -,-
_ ClgQ

m

(,/'1 W

0

a=o
oo

er ,
u4•
i,.ew

00

cn_
O--

Ou.
mz

0
(.3

GOUa
Or.,,
O0
mU

ORIGINAL PAGE

O_ POOR QUALIT_

-- _ - Oo

Z ..... OO- 00- _--

• _O Z• _ZZ Z• ----_O_ ----_O_ --

0 _= w _ _= _

_ _-- Z• •-- _ZZZ _ZZZ Z

0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0

0 0 0 0 0

i I i ! / I | I

<'4 0 0 0 0 0 0 0

0 0 0 0 0

Z

Z Z Z Z Z Z O

(.9 t_

0 0 0 0 0 0 0
• • t_. U. it. _- _- 0

Z z Z

o 0 (J

• • -- -- -- • _ •

O O O O O _n _ m



Q a O_ O_

z
0

u _ + Z

_ _ g_ o -_ -o -o

0

0
(J

I

i-- ¢.0 I

g ,

IE _--

o- -_o o° °o _ oo oo oo oo oo o° o°
o o o o o o o o o o o o o

o o (J o(:3 (:_ (z
uJ w < ¢(

(J (.3 (J (.3 (j (.3 (J (J (J

o

(J

r_

0
(.3

CJ 0

:E :E

0 (J _J (J _J 0 (J (J (J (J (J (J

r_
0 <
(J z

(.3

0 I _'_
tJ I

_ C3 (D (D (.9 (.9 (5

(.I 0 Z Z Z Z Z Z

Z Z Z Z Z
< < < < < _ _ _ _ _ _ _

46



z

_ 0 O_ O_ _0
-- 0 _ 0 O_ O_ Z 0

0 _

0

il 0 0 0 0 _ _ _ --

mm i + mm_

_ _ _ _ ZZ ZZ ZlZ_

0 Z O0 O0 O_Z

<
0

(U

= :E

1"" .,.,i

I _j @ 4'_ f_l

+"+_ _ _ <• I.i..

<

=o
ul

in in in in

; : ++ ......
°+ - + o o oo o o o o o o

o o o o o o o o o

o o o (.I o o 0

-i _[ ..J ..i ..i -i e{

o)

o oo _r o o . o o ,.r
....... o

0 CJ 0 0 0 0 0 0 0

0

- i

0 _-.

o, _

o _ o o

o o o o ; _ _
Z _" Z Z

0 (3 0 (3

_k7



r-,
taJ

o

n.

o
(J

(.3
cn

_ o o o - o
._ _" o"_ o o. o o o o

5r Z 0 0 0 0 0

u,.

_. (J , • 0 0 0
"._ _[ 0 0 • ' "

(J (J o
rr (j (j (j u)

o o ? oo oo : oo
o o o o o o o

o o o

o o o o

0 (J (J (J (J (J (J (J (J (J

o ¢) o o ' o _ o o _ o
......... o

o4 ¢'4 _,l 0 0 0 0 O4

o (.3

Z Z Z Z Z
0

x( < < ( _( <

_' Z Z Z _' Z Z Z Z Z Z

I.-, h- _-- I,- w- w- t- t,- _-- l--

48



uJ

u.I

Z
0

0
¢.J

Z

= =°= . _ =_ ==

g °.o . ?_ -

=_ = _ o _ .

0 _ Z_ _ _

= - _ o= o- =_ -

_ _- O Z Z _ _ _1
0 _m _0 _ O= 0=-_ i i = - o =
Z _-- _ _ _Z _ _ <

Z Z _Z ZO ZO _0 _ _0

==
o

_;_. . .-

zP- _ <

=

o o o oo oo o o _
• • , 0

0 0 0 0 0 0 0 0 Z

< -J .J _ .J < -J

o o . o _ q" , •
• , , o , . o o

O4 04 0

=E

re I
0 =

;',

Z

z z
- _ ; _

o, _ ; ;

o o o _ _ 04

_J

Z Z Z Z -- --

_9



c

0)

==

60

0
W

0

OC

U.
Z
0

.d
O_
O0

Z_

cJZ
,<,(
_r(z

u) m

n-
uJ<

h-er

_OZ
r,- 0
O_

OZ
0
o

(%:0
0O

el- ,

co _.
07,
O0

_0
O--
Ou.
mz

0
o

O0
mo

t.- ,", Z

--Z<
3 u

0--

0_
0 _

OX

_ 0 _ Z _

_-- _ _ _ _ _ --

_ _ _ _ _--_
O0 0 m_m<m

}o }o }o
O_ O_ O_

o_o _ o_o _ o_o
z_ _ _

_-0_ _-0_ _-0_

_--_ _--_ _--_

0 0 %EZ %EZ _EZ %EZ

0 O_ _z m oo m _ _ _ _ _ _ _ •

<_ZO _ _ _Z _ O00<OZ O00<_Z O00_OZ O00<OZ
o_--0 oz o o-- o o0_=o< o0_=o< o0_=o< o0_=o<

oo o o o o ooo o o o o o

o o o o o o o o o

0 (,3 ¢0 rO 0 0 0 0
0_

o

i
_o

p,.

o

p.

0 _ 0 0

0 0 _ ' 0 ' 0
' 0 , , 0 ' 0 ,

O4 o4 eW o o o o

O

o

ro _ 0 0
3E _E 3E 3E
3E _E 3E _E

rj 0 0 0 0 o 0 o

z

<

o

r_

_E

_._
z z

Z Z Z _' Z Z

0
< ( ( ( < < -- --
_- I- i- _.- t- i- _(

_n

o o o o

o

<

Q_3 O_ Q_I _ en _r_ rn rn

60

ORIGINAL PAGE IS

OF POOR QUAIZI'_



a:O
OO

n- .

i.- r_-
(/) w-
0 _,
O0

Z

_j

Z Z Z Z Z Z

0 O _J 0 (.,1 (.J 0

u_

O--

Ou.
mz

0
c_

O0

Z Z Z

(j (j _J _J 0

_ _ (:1 (:1 (_
Z Z Z Z Z Z Z

< < _ < < ( <

51



o
tkl
y-
u)
t_J
I--

0

I

b.
Z
0

Xm

¢_1
eli
u.

oz

m ff_ _ __

_ o_

i,,,- .
--r.3

OZ
0
0

_0
OCJ

OZ
O0

I- •
m_
0--
0_.
mz

0
r.j

oo
a3(._

--Z O_ --Z O_ _0

OZ<_-- OZ<_-- 0_
O<ZO_ _ZO_ _

0o o° oo
o o o

o (.,I (j

.=_ _

o o o

oa e0

o o --

(J

z .._

(3
Z

Z

_ o
_D

(.9 r3 (.9
Z Z --

0

62
ORIGINAL PAGE I$

OF. POOR QUA/_[T.._



TABLE 2.1

SPACE SHUTTLE PHASE B
DIGITAL DATABASE

BOOSTER AERODYNAMICS

FILE
#

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

BCC

_BI

B-CONTRA

MDAC/MMC

DR#

1035

1139

1054

2-CHAR.
CODE

CC

N2

#

D/S's

69

574

208

#

RECORDS

967

8037

2185

i

I 'f

i MSFC
I

.._B2_. LMSC

MSFC

TBC

I
l
!

B3/B4 GD/C
-7--

'r

B3

I
I

'F 'r

1066

1077

1080

1116

1120

1164

1212

1242

1208

1226

1240

1245

1253

1128

1214

1228

1275

1276

1029

1030

1039

1087

1093

1102

1109

AD

AL

AR

CZ

N3

U9

61

54

55

59

63

68

DC

94

D4

D8

D9

C9

C7

C8

LS

LG

28

CM

86

96

126

76

180

207

132

112

70

33

45

15

56

33

22

48

104

16

39

134

108

68

88

106

109

1033

1057

1387

799

1981

2899

1849

1569

876

463

631

211

673

430

254

673

1249

209

547

1877

1513

753

1013

1326

1527

SS



TABLE 2.1 (Concluded)

SPACE SHUTTLE PHASE B
DIGITAL DATABASE

BOOSTER AERODYNAMICS

FILE

#

29

30

31

32

33

34

35

36

37

38

39

aO

41

42

43

44

45

46

47

48

49

50

51

52

53

BCC

B3
_R

B4
mB

i

B-CONTRA

_.GD/C

MDAC

MSFC

TBC

GD/C

MSC

TBC

DR#

2-CHAR.

CODE

#

D/S's

i
i

'r

CCSD

GD/C

LARC

1110

1121

1141

1152

1155

1156

1223

1014

1001

1209

1220

1025

1100

1033

1079

1111

1158

1191

1046

1068

!006

1015

1017

1019

1193

CV

AS

BA

35

37

MB

D6

C2

19

53

(_2

C6

LE

G4

U1

BD

CX

D2

AQ

LL

T4

L6

L4

L5

MV

90

34

38

26

84

78

96

17

107

85

18

72

35

25

46

20

70

46

14

12

70

29

80

34

30

#
RECORDS

1261

409

438

365

1009

937

1345

239

1392

1191

253

757

491

351

553

221

806

576

169

169

946

233

921

392

361



TABLE2.2

SPACESHUTTLEPHASEB
DIGITALDATABASE

ORBITERAERODYNAMICS

FILE
#

i

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

oct O-CONTRA

i

_r

GAC

LMSC

!
I

I,
G C_.

P

LARC

DR#

I005

1103

1147

1157

1169

1053

1081

1142

1159

1161

1163

1184

1189

1194

1195

1196

1203

1211

1216

1123

1168

1199

1229

1232

1233

1235

1268

1270

1153

1201

1254

2-CHAR.
CODE

C3

M2

ME

MG

MI

CL

CQ

CW

CT

CR

CS

49

MN(L)

MQ

MN(T)

MN(U)

MR

MS

MB

LT

M5

MX

@7

@9

_A

Bc

@M

_N

36

41

69

#

D/S's

30

52

98

21

84

22

43

66

48

16

33

39

52

44

26

30

18

9

14

180

60

117

43

22

12

20

27

22

46

81

98

#
RECORDS

251

625

1079

295

1009

232

431

661

491

161

331

547

651

610

313

361

226

127

197

2071

631

1639

603

309

169

281

379

309

645

1135

1324



TABLE2.2 (Continued)

SPACESHUTTLEPHASEB
DIGITALDATABASE

ORBITERAERODYNAMICS

FILE
#

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

OCC

(_2193

O-CONTRA

MDAC
u_

MMC

'r

MSC

,r

DR#

2-CHAR.

CODE

#

D/S's

98

42

1028

1040

1041

1067

1071

1072

1074

1083

1086

1094

1149

1151

1171

1172

1173

1175

1003

1009

1013

1022

1023

1045

1048

1059

1186

1202

1215

1218

1219

A9

CB

CF

CP

AM/AU

AJ

CN

AT

LZ

AX

MF

M4

MJ

ML

MK

LY

17

L2

L3

L8

LA

LF

LA

LH

52

BE

91

96

95

36

82

92

104

59

34

20

56

32

32

84

18

10

30

18

14

9

30

28

48

6

56

54

65

86

28

45

#
RECORDS

1177

442

379

903

967

1041

650

409

231

729

385

449

984

223

141

421

208

141

118

391

337

553

85

645

757

911

1033

393

631



TABLE2.2 (Continued)

SPACESHUTTLEPHASEB
DIGITALDATABASE

ORBITERAERODYNAMICS

FILE #
# OCC O-CONTRA DR# RECORDS

61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89

_2

(_21(_3

'r

MSC 1221

1243

1250

1258

1274

1021

1026

1027

GB

62

BF

OF

74

A3

AE

2-CHAR. #

CODE DIS's

130

60

34

62

4

44

52

21 254

38

58

76

173

56

74

22

6

34

44

2O

34

91

54

27

24

54

4

CJ 108

29 44

MD 30

1031 A4

1037 C5

1043 23

1076 27

1078 AF/AE

I084 LQ

1088 LV

1092 RT

1095 LU

1096 LP

1097 MO

1101 M7

1104 AK

1105 L_

1106 LN

1107 M1

1113 M9

1114 26

1124

1126

1144

1431

745

477

838

57

507

625

2922

419

813

875

2016

665

852

254

79

396

551

271

392

1072

649

379

289

622

53

1297

507

381

67



TABLE2.2 (Concluded)

SPACESHUTTLEPHASEB
DIGITALDATABASE

ORBITERAERODYNAMICS

FILE
#

1
2
3
4
5
6
7
8
9

I0
II
12
13
14
15
16
17
18
19
20

OCt

i

i

O-CONTRA

MDAC

MS___.C

NR
_m

'r

GAC

LARC

DR#

1090

1002

1004

1007

1008

1011

1012

1057

1060

1062

1073

1205

1010

1034

1049

1064

1069

1082

1112

1018

g-CHAR.

CODE

CD

A6

LI

Cl

G1

A7

A5

G3

G6

G7

G2

G9

C4

CG

L9

LD

LI

AF/AE

BB

L7

#

D/S's

231

148

58

149

26

42

36

158

163

62

86

180

108

90

46

18

118

158

21

64

#
RECDRDS

2542

1556

668

1491

313

463

397

1581

1794

651

990

2341

1513

1141

645

208

1340

1853

252

737



TABLE2.3

SPACESHUTTLEPHASEB
DIGITALDATABASE

LAUNCHAERODYNAMICS

FILE
#

1
2

3
4
5
6
7
3
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23

24
25
26
27
28
29
30

BCC B-CONTRA

B1 MDAC

lP

I MDAC/MMC

B1/B31

B1 TBC
mB

MDAC

B2 GD/C

B2/B3 _

_.B_ NDAC

NSFC

,!

NR

TBC

_r
MSFC

B3/B4 GD/C

B3

'! MMC

B3/B4 MSC

MSCIMDAC

B3 TBC

MDAC

OCC

02/03

_02

-V

,f

04

021_3

_)21(_3.

_2/_4

_3

2-CHAR #

O-CONTRA

MDAC

GAC

MDAC

MS.....__C

LMSC

MSC

NR

MSC

GAC

NR

,f

MS.__C

MSC/MDAC

DR#

1065

1108

1118

1117

1190

1148

1099

1166

1204

1210

1230

1256

1272

1241

1249

1251

1265

1267

1185

1227

1181

1052

1127

1130

1237

1213

1115

1038

1183

1047

CODE

AB

T8

AC

LR

MU

34

AY

43

50

58

D7

71

71

60

65

66

BG

51

57

46

CA

AZ

32

OB

56

CU

AA

48

LB

D/S's

132

882

144

154

16

118

24

12

41

76

1051

88

62

44

24

26

21

120

26

36

16

99

55

140

26

42

104

227

74

10

#

RECORDS

1618

9691

1837

1721

225

1417

265

145

560

913

13235

1233

869

397

337

365

295

1681

313

505

193

1219

606

1751

365

589

1249

2569

1037

86

$9



TABLE2.3 (Continued)

SPACESHUTTLEPHASEB
DIGITALDATABASE

LAUNCHAERODYNAMICS

FILE
#

31
32
33
34

BCC

B3

B3/B4
B3
T

B-CONTRA

MDAC

MSC

OCC

9/

9_£

O-CONTRA

NR

T

DR#

2-CHAR #

CODE D/S's

1061

I058

1119

1162

LC 10

CH 80

31 29

39 25

#

RECORDS

91

881

407

351



TABLE2.3 (Concluded)

SPACESHUTTLEPHASEB
DIGITALDATABASE

LAUNCHAERODYNAMICS

FILE
#

1

2
3
4
5
6
7
8
9

I0
II
12
13
14
15
16
17
18
19

BCC

.B4.

r

B5
m m

BmCONTRA

GDIC

I
I

'r

TBC

t,
LMSC

L__.AR_

MMC

TBC

_C

TB___C

f

OCC

_)2/03 NR

i, ,p,

._ MSC-T

GACr

_1 LMSC

0._.2_2NR

_21_4 MMC

02 NR

3- 3-
_}3 GA._..GC

i

: I

i !
ir It

O-CONTRA DR#

2-CHAR # #

CODE D/S's RECORDS

1050

1051

1075

1042

1063

1122

1136

1137

1085

1197

1198

1200

1182

1055

1091

1044

1188

1140

1187

AG 14 169

Z2 76 875

AH 52 696

AN 3 31

A_ 90 1006

AW 26 330

BC 5 54

BC 30 313

AV 20 221

MW 98 1167

MY 50 576

MZ 36 429

47 26 313

25 9 127

30 19 267

24 18 253

45 23 323

33 22 309

44 20 261

61



TABLE 2.4

SPACE SHUTTLE PHASE B

DIGITAL DATABASE
LAUNCH AIRbOADS..AND HEAT TRANSFER

FILE
# BCC

AIRLOADS

20 B1

T
22 B2

23 B4

HEAT TRANSFER

24 B1

B-CONTRA

MDAC

t
MSFC

GD/C

MDAC

OCC

.02_
• i

'I

_2/1_3

O-CONTRA DR#

MDAC 1174

1222

MSFC 1259

NR 1129

MDAC 1263

2-CHAR # #

CODE D/S's RECORDS

T8 891 11881

TC 113 5490

67 48 1315

AX 130 4959

9L 21 247
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Location of center of

uozzel exit plane from

Section A-A

Note: All three mainengine

plmnes are parallel

No_e:

(a) General arrangemen_

Figure 2.-Model description.

All dZmensZons are model scaZe in inches.
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