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FOREWORD

This report summarizes the results of the Hypersoric Researrh Facilities
Study Phase II effort performed during the period from 19 September 1969 thrcugh
2 January 1670 under lational Acronauntics and Space Administration Contract
NAS2-5L58 by McDonnell tireraft Company, (MCAIR) St. Louis, Missouri, a division
of McDonnell Dovglas Corporztion.

The study was sponscred by the Office of Advanced Research and Technolegy
with Mr. Richard H. Petersen as Study Monitor and Mr. Hubert Drake as alternate
Study Mcaitor.

Mr. Charles J. Pirrello was Manager of the HYFAC project and Xr. Paul A.
Czysz was Deputy Manager. The study was conducted within MCAIR Advanced Enginecer-
ing, which is directed by Mr. R. H. Belt, Vice President, Aircrafi Incineering.
The HYFAC study team was an element of the Advanced Systems Concepis project man-
aged by Mr. Harold D. Altis.

The basic task of Phase III was to subdivide iInto research tasks the desirable
research objectives for hypersonic flight determinaf in Phase I, ard to refine
anu evaluate through pirametric studies those attractive fac®lities retained fron
Phase I.

This is Volume IiI, Part 1 of the owerall HYFAC Report, wnich is organized as
follows:

NASA CONTRACTOR

REFORT NUMBEP

Volume T Summary CR 114322
Volume II  Phase I Preliminary Studies ]
Part 1 - Research Requirements and iround CR 1143232
Facility Synthesis A'
Part 2 - Flight Vehicle Syntomsis | Jonfidential) CR 114324
Volume III Phase II Parametric Studies
Part 1 - Research Requiremen:s :nd Ground CR 11L325
Facility Synthesis
Part 2 - Flight Vehicle Synthesis (Confidential) CR 11L326

V-lume IV  Phase III - Final Studies

Part 1 - Flight Research Facilitiec {Confidential) CR 11k327
Part 2 - Ground Research Facilit’es CR 11.328
Part 3 - Research Requirements Arglysis and
Facility Potential CR 11L329
Volume V Limited Rights Data (Confidential) CR 114330
Volume VI Operational System Characteristics (Secret) CR 114331
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SUMMARY

Airbreat.ing hypersonic aircraft employing ligquid hyirogen fuel have the poten-
tial of satisfying a number of mission requirements in the 1980-2000 time perioa.
However, major advances in the technological state of the a.t are necessary before
such aircraft can be considered either feasible or practical. The objective of
Contract NAS 2-5458 was to assess the research and development requirements for
hypersonic aircraft and based on these requirements, provide the NASA with char-
acteristizs of & number of desirable hypersonic research facilities. The study is
organized in three phases. Phase I was a preliminary analysis of a broad group of
concepts which were reduced to seven flight research facilities and eleven ground
research facilities for Phase II study. The purpose of Phase II was tc perforw
perametric studies to refine the facility designs and obtain sensitivity information
in the neighborhood of "near optimum" designs, and to select those Tacilities that
appear most attractive in the sense of research potential vs cost for further re-
finement in Phase III. This part of Volume III presents the results of the research
require onts analysis and the synthesis of the ground research facilities. The
signifi ant results obtained are:

1. Research in aercdynamics throughout the flight regime. advanced airbreathing
propulsion systems and reusable therma’ protection systems is valved high.

2. Gasdynamic facilities based on existing equipment performance levels can provide
a significant increase in aerodynamic research capability.

3. Near full scale Reynolds number can te achieved in gas dynamic facilities over a
significant portion of the tlight envelope for the potential operational Lypersoni:
aircraft; including the hypersonic cruise portion. Maintaining near frll scale
Reynolds numbers at the limits of maximum expected dynamic pressures does incur
additional costs.

L. A rationalc to establish wind tunncl size versus Reynoids number capabiliiy was
established bzsed on an analysis of model strength, balance load capability, and
model inlet size reguirements.

5. An experimental research philosophy was postulated for various engine categories
to provide a basis for meaninzful engine research facility concepts. This re-~
search philoscohy determined the size, performance, and costs of the engine re-
search faciliries.

6. Research engine facilities based on existing equipment performance levels can
provide flight duplicated inlet coniditions up to nearly Mach number six for full
scale turbomachinery and ram)et engines. Free Jet research associated with
flight cuplicated conditions for full-scale inlet/engine combinations over a
wide raange of angles of attack and yaw presents a severe challenge to hardware
performarnce levels, fabrication technology, and acceptable cost levels.

7. For advanced ramjet engines, scramjets and convertible scramlet engines, engine
research facilities were based on single engine modules of those characteristic
of the potential operational hypersonic aircraft. Smaller complete engines,
such as the HRE ramjet or slightly larger engines, could be free jet tested
und2r flight duplicated conditions.
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Present nozzle conling limitations for non-impulse, isentropic expansion facil-
itiec restrict the completely duplicated flight conditions which can be pro-
vided to Mach numbers near ten at the highest dynamic pressures for the poten-
tial operational hypersonic aircraft, and near Mach twelve at the lowest dynamic
pressures.

The enthalpy sources for the advanced ramjet facilities can be used with axi-
symmetric parallel flow nozzles to provide a significant inere.ont in thermo-
dynamic and structural research capability.

Structures research faciliti-~s based on existing hardware can provide a sig-
nificant increment in test article size, up to and including the entire poten-
tial operational hypersonic aircraft airframe if necessary. The size and com-
plexity of the candidate structural research facility far exceeds current
facilities.

The extensive collection of hardware and support systems for the structural
research facility can be effectively utilized for smallar scale research in
many different related structural technical areas. Existing facilities can
be adapted to accomplish the research associated with fluid/structural dymamic
interactions associated with large horizontal tankage configurations, normally
required for low density cryogenic fuels.

Materials research facilities are based on existing hardware, providing a
concept ol a centralized laboratory available to translate specimen property
data into viable structural concepts for potential operational hypersonic

B, N
GLICIaive.

MCDONNELL AIRCRALAFYT

iv



Section

n

REPORT MDC AQ013 ® 2 OCTOBER 1970
VOLUME iit ® PART

TABLE OF CONTENTS

Title
INTRODUCTION . & &+ v v o o v o o o o o s o« o o o« o =
PHASE IT ANALYSIS - PARAMETRIC STUDIES . . . . . « « + .

HYPERSONIC RESEARCH REQUIREMENTS AND FACILITY RESEARCH VALU:

FLIGHT RESEARCH VEHICLE SYNTHESIS
(Contained in Part 2)

FLIGHT RESEARCH VEHICLE SCREENING AND SELECTION
{Contained in Part 2)

C.

GROUND RESEARCH FACILITY SYNTHESTS . . . . . « . « « « . .
6.1 General Cost Methodology - « « « « & = « & o « + . .
6.1.1 Ground RULES . v & v « 4 & o & o = o o o « o .
6.1.2 Buildings/Structural Shells . . « . . . . . .
6.1.3 Compressor Plants. . . . e .
6.1.4 Steam Generator and Egectcrs e e e e e e
6.1.5 Prime Mover Costs. . . . . .
6.1.6 Power CosStS- « v v o ¢« v o 0 v o e e e e e .
6.1.7 Vacuum Chambers . C e
6.1.8 Acoustic Shrouds/Generators . e e
6.1.9 sStructural Heaters and Control . . . . . . . .
6.1.10 Air Heaters, Continuous and Storage . . . . .
6.1.11 Data Acquisition «. « .« . 4 v . . 4 444 ...
6.1.12 Instrumentation Costs . . . . . « . . +« . . .
6.1.13 Operating Costs . . . . . . . . .
6.1.1L Scaling . . . . . e e e e e e e e e
6.2 Gas Dynamic Research Fac111t1es e e e e e e e e e
6.2.1 Design Criteria . . .. e e e
6.2.2 Model Size/Reynolds Number Crlterla e e e
6.2.3 Temperature Control Requirements . .
6.2.4 Pneumatic LOSSES « v v v 4 4 4 v e 4 4 e e ..
6.2.5 Air Distribution System . . . . . . . . .
6.2.6 Air Storage Requirements . . . . ..
6.2.7 Gas Dynamic Facility Parametric Varlatlons . .
6.2.8 Treasonic/Supersonic Blowdown Wind Tunnel (GDB)

6.2.9

6.2.10

6.2.8.1 Specifications. . . . .
6.2.8.2 Facility Components and Cost Summary
6.2.8.3 Development Assessment . . . . .
Transonic/Supersonic/Hypersonic Blowdown Wlnd
Tunnel (GD20). . « v v v v v v v v v o e ..
6.2.9.1 Specifications . . . .
6.2.9.2 Faciliiy Components and Cost Summary.
6.2.9.3 Development Assessment . .

Gas Piston Driven Hypersanlc Impulse Wlnd Tunnel

(GDT). e e e e e e e e e e e
6.2.10. l Spe01f1cat10ns e e e e e e

MCDONNELL AIRCRAFT

1r

6-61
6-66
6-67
6-T1

6-Th
6-78
6-T9
6-83

6-8k
6-88



REPORT MDC A0013 @ 2 OCTOBFR 1970
VOLUME il ® PART |

TARLE OF CONTENTS {(Continued)

Section Title
6.2.10.2 Facility Comporents and Cost Summary. .
€.2.10.3 Development Assessment . . . . . . .

6.2.11 FEvaluations and Conclusions.

G¢.3 Engine Research Facilities.
£.3.1 Design Criteria. . . . e e e e e e e
6.3.2 Operational iiode Phllosophy e e e e e e
6.” .3 FEngine Facility Parametric Varlatlons
6.3.L Thermodynamic/Structural Research Circuits .
6.2.5 Prime iHover Power Density . .
£©.3.6 Direct Connect Turbomachinery Test Fac111ty (u6) .

6.3.6.1 Specifications. . . . . .
6.3.6.2 Facility Components and Cost Summary .
6.3.6.3 Development Assessment. . . .

€.7.7 Integrated Turbcmachinery Test Fac*llty (EZO)
(Direct Connect and Free Jet Test Legs)

6.3.7.1 Specifications. . . . . ..
6.3.7.2 Facility Components and Cost Summary.
6.3.7.3 Development Assessment. . . . . . . .
6.3.8 Multlrenompress1on Heater Scramjet Test Fac111tv
(BB) « & & ¢ v i e e e e e e e e e e e e e
6.3.8. l Spec1flcat10ns . R
6.3.8.2 Facility Components and Cost Summary . .
5.3.8.3 Dovelcopment Azcessmont. .
6.3.9 Hybrid Heater Scramjet Test Fac111ty (E9)
6.3.9.1 Specifications. . . . e e e ...
6.3.9.2 Facility Components and Cost Summary . .
6.3.9.3 Development Assessment

3.10 Evaluation and Conclusions . . . . . .

6.L ruc
.4,1 Design Criteria. . . . . .

L.2 Parametric Studies e e e e e e e e
6.4,2.1 Test Article Slze e e e e e e e e

2 Altitude Simulation Requirements

2 Thermal Environment Simulation Systems.

2 Dynamic Vibration Excitation Method .

2. Thermal Acoustie . . . e e e e e e e

.2

2

c

3

3

.3

. Refrigeration Requirements. .
uctural Research Facility (S2).
Specifications. . . . . .
Facility Components and Cost bummary
3 Development Assessment. . . .

n O\O\O\O\O\O\

& .

2
3
L
5
.6 Mechanical Loading Svstemo.
7
6.4.3 u
1
2

J—*‘-&T-Jr"'i J:"F‘J?’J—"J:‘J:‘

AN

alvation and Conclusion. .

ombined Structural Research Fac111ty (820)
.4.5.1 Specifications.

.4.5.2 Facility Components and Cost Summary

[e)WeaY

= =

\O) I =
O\O\Q

MCDONNELL AIRCRAFT
vi




Section

8.

REPORT MDC A0013 ® 2 OCTOBER 1970
VOLUME i1l ® PART |

TABLE OF CONTENTS (vontinued)

Title

6.5 Materials Research Facility. . . « « « v « « ¢ « .

6.5.1
6.5.2

6.5.3

Design Criteria . ., . e s v e e s s e
Materials Research Fac111ty (M20) . . . .
6.5.2.1 Specifications, Fac?'ity Component
Cost Summary . . « « ¢« « « ¢ o « .
6.5.2.2 Development Assessment . . . . .
Evaluation and Conclusion . « « « ¢« « &+ « «

GROUND RESEARCH FACILITIES SCREENING AND SELECTION. . .
T.1l PFacility Research Valu€s . « « v « « o« s = o « o &
T.2 Facility Evaluations . . . « « ¢ ¢« ¢« ¢« ¢ o o o &

T.2.1
T.2.2
T.2.3
T.2.h
T.2.5
T.3 Rec
7.3.1
T.3.2
REFERENCES

Gasdynamics « & ¢« s v 4 6 e 4 s s e e e e
Engine. o ¢ ¢ o« ¢ o o o o o o o s s o o o =
Structural. ¢« « ¢ ¢« ¢ ¢ v e b e 4 e e e o
Materials . « &« o ¢ o ¢ ¢ o o o« o s o s o »
Combined Facilities . . « ¢ ¢« ¢ ¢« & « o« « .

ecommended Phase III Facilities . . . . . . . . . .
Summary of Facilitr Characteristics, Costs and

Research Values . . +« v ¢ v v ¢« o o « o o
Selected Facilities, Rationale. . . . . . .
T.3.2.1 GD20 Baseline. . ¢ « o « o« o « o &
2.2 GDT Baseline . &+ v v ¢ o « o « o &
2.3 E20 Alternate 2. « v v « v & & o+ @
2.4 EB Baseline. . v v v o v o v o o
2.5 E9 Baseline. . + « « ¢« ¢ 4 o o « &
2.6 S2+ Near Optimum . . . « . . . . .
2.7 M20 Baseline . « 4+ o o « o o o o &

List of Pages

Title Page

i through xxii
1-1 throuvgh 1-2
2-1 through 2~6
3-1 through 3~868
6-1 through 6~252
7-1 through T-20
8-1 through 8-2

MCDONNELL AIRCRAFT

vii

as}
W
3

D

O'\('J\O\
Y NN

- B
OV ON

=

=

[oseLRS o

v

O\?’\O\
NN

T-1
7-1

T-b
T-k
-7
7-9
7-10
T7-1L

T-1k
T-1L
T-1b
7-1b
T7-16
7-16
7-16
T-16
7-19

8-1



3-10
3-11
3-12
3-13
3-3%
3-15
3-16
3-17
3-18
3-19
3-20
3-21
3-22
3-23
3-2L
3-25
3-26
3-27
3-28
3-29
3-30
3-31

6-1
6-2
6-3
6~k

6-5

REPORT MDC AQ013 ® 2 OCTOBER 1970
VOLUME 1li ® PARTI

LIST OF ILLUSTRATIONS

Program Milestone Schedule . . . « « ¢« ¢ ¢ ¢ ¢« o ¢+ o+ .

Phas. II Basis - Flight Vehicles . . . . « ¢ ¢« « ¢« « « « o &
Phuse IT Ground Research Facilities . . . v ¢« « « ¢« & « o« &
Phase IT Flight Research Vehicles . . . . . . . .« « ¢ . .« .
Phase II Ground Research Facilities . . . . ¢« ¢« .« « ¢ ¢« ¢« « &
Phase II Study Process « o o « ¢« ¢ ¢ o o o o o s o o o o o »

Phase IT Research Objectives . « + « v &« ¢ o & v v o ¢ o v &
Interrelationship of Researcik Objectives . . . . . . . . . .

Research
Research
Research
Research
Research
Research
Research
Research
Research

Objective
Objective
Objective
Objective
Objective
Objective
Objective
Objective
Objective

Intrinsic
Intrinsic
Intrinsic
Intrinsic
Intrinsic
Intrinsic
Intrinsic
Intrinsic
Intrinsic

Valve .

Valusz
Value
Value
Vaiue
Value
Value
Value

Value .

Phase IT Research Tasks .« ¢ « ¢« & ¢ ¢ ¢ ¢ ¢ o o o o & « o«
Research Task Intrinsic Values . . « « + + + .+ .

Research Task Intrinsic Values . « « « « ¢ o o ¢ & o o « o o &
Research Task Intrins.c Values . . « ¢ ¢« ¢ o« ¢ & & ¢ o « « &
Research Task Intrinsic Values . . . . . « . «

Research Task Intrinsic Values . . « ¢« « ¢« ¢« ¢« ¢« ¢ ¢« o ¢ o .
Research Task Intrinsic Values . .+ ¢« & ¢ ¢ v ¢ o v o & o o &
Research Task Intrinsic Values . . ¢ ¢ o« ¢« v ¢ ¢ o v o o o« o &
Research Task Intrinsic Values . . « ¢« ¢ o o ¢ o ¢« ¢ &« o o o &
Research Task Intrinsic Values . . « ¢ « ¢« ¢ ¢ ¢« ¢ v ¢« o o« « &
Percentage of Research Achievable in Existing Facilities . .
Percentage of Research Achievable in Each Facility . . . . .
Percentage of Research Achievable in Each Facility . . . .
Percentage of Research Achievable in Each Facility . . . .
Percentage of Research Achievable in Each Facility . . . . . .
Value of Research Achievable in Each Facility . . . . . . . .
Value of Researcu Achievable in Each Facility . . . . . . . .
Value of Research Achievable in Each Facility . . . . . . . .
Value of Resea ch Achievable in Eachi Facility . . . . .
Facility Research Values - Baseline Facilities . .

Phase II Ground Research Facilities . . . . . .

Phase II Ground Resegrch Facilities . . . « + ¢« & v &« + « o &
Phase II Refinement Studies, Ground Research Facilitie
Facility Component - Cost Estimate Sources for Ground Research
Facilities « v ¢ ¢ ¢ ¢ ¢ o 4 o o 4 o 4 o 4 4 e e e e e e e
Historical Cost Factor for Equipment and Building Construction
Adjusted for a 1970 Base Year . o + « ¢ ¢ & ¢ o ¢ ¢ o o o

MCODONRNNELL AIRCRAKFT

viii

2-1
2-2
2-2
2-3
2-5

3-3

3-16
3-23
3-24
3-25
3-26
3-27
3-28
3-29
3-30
3-31
3-33
3-64
3-65
3-66
3-67
3-6&
3-69
3-70
3-T1
3-72

7%

A

SvA

3-78
3..81
3-82
3-83
3-84
3-85
6-1
6-2
6-4

6-6



Figure

REPORT MDC AJ013 ® 2 OCTOBER 1870
VOLUME1it ® PART |

LIST OF TLLUSTRATIONS (Continued)

Title

Compressor Horsepower Per Unit Volume Flow . . . . . « .
Compressed Air System Costs . + « + « « & = . . e .
Compressed Air System Compressor Station Unit Acqulsltlon Cost .
L02/Alcchol Altitude Simulation System Acquisition Costs . . .
Electric Motor Prime Mover Acquisition Cest . o o o ¢« ¢ o v o
Gas Turbine Prime Mover Acquisition Ccst + « + ¢ v v & ¢ o o &

Comparative Costs for Prime Movers, Constant Speed Drives . . .
Space Chamber Acquisition Cost as Related to Bpace Chii..er
Diameter . . . . . . . . e e e e a e e
Quartz Heater Acqulqltlon Cost as Related to Test Article Heat
Flux Requirements . . . . « « & o ¢ ¢ ¢ o o o o ¢ + o o o 0 . s
Operating Cost . . « « « & ¢« ¢ o v v v ¢ o « e e e e e
Flight Corridor Based on Potential Hypersonic Alrcraft e
Reynclds Number Capabilities of Existing Facilities Compared to
Requirements . . . . . .« . . P s e s e e e e e e e s e e e
Degree of Flight Simulation for Gasdynamic Facilities . . . ¢ .
Cas Dynamic Facility Synthesis . . . e e e e e e e e
Model Strength and Balance Capacity lel’"tlons e e . . .
Maximum Dynamic Pressure Limits Based on Model Strength and
" Yance Capacity Limitations . . . .« e e e
mum Dynamic Pressure Limits Based on Model Strength and
mnce Capacisy Limitations . . . . . . . . . e e . e
.imum Dynamic Pressure Limits Based on Model Strength and
lance Capacity Limitations . . . . . . e e e e e e o e e
odel Strength and Balance Capacity leltatlona « v oe . .
‘aximum Lift Coefficients for Highly Swept, Tow Aspect Ratlo
Wings as a Function of Mach Number . . . . . . . . . .
Static Temperature Function from Reynolds Numb.. Equation vs
Maclk Number. . . . s v r e e e s e e e
Maximum Value of Qo CL/- as 8 Functlon of Mach Number Considering
Starting Loads « . ¢ ¢ v 4 ¢ 0 e 4 4 4 s e e e e e e e e e e e
Model Sizing Criteria . . + « ¢ ¢ ¢ & ¢ ¢ v ¢ v v 0 e e e e e
Jodel Sizing Criteria, Engine Size . . . . . ¢« ¢« o v ¢ v o .
Gas Dynamic Facility Size Requirements Based on Model/Balance
Strength . . « + ¢« « ¢ ¢ s ¢ v e o 00 e e e . e

Temperature Variations Permissible Based on a De31red Reynolds
Number Variation . . . . . ¢« ¢ « « &« « + + . e e . .
Wind Tunnel Scheagtic Layout for Determining Storage Volume,
Temperature Control, and Compressor Plant Requirements . . . .
Pressure Drop In Stilling Cham'.er as a Function of Supply P:I pe/
Chamber Area Ratio and Inlet Mach Number . . . . . . . . . . .
Pipe Maximum Pressure as a Function of Dlameter, Assuming
Maximum Wall Thickness c¢f 4 Inches (10 cm) . e e e e
Comparison of Easeline Gas Dynamic Facilities Wluh Full Scale
Requirements and Existing Facilities . . . . . « oo
Comparison of Alternate 2 Gas Dynamic Fa0111t1es wlth Full Scale
Requirements and Existing Facilities , , , . . . . . . . . . . .

MCDONNELL AIRCRAFT

ix

Page
6-10
6-11
6-12
€-13
6-15
6-15
6-16
6-1

6-19
6-23
6=29
6-30
6-31
6-31
6-35
6-36
6-36

6-3T7
6-37

6-39
6-39
=40
6- b2
6-43
6~k
6-~46
6~-48
6~li2
6-51
6~59
6-60



6-k5a

6-46
6-L4T7a

6-47b
5-48

6-L49a
6-L9b

6-50

REPORT MDC AC- 3 ® 2 QCTOBER 1970
VOLUME i1l ® FART I

LIST OF ILLUSTRATIONS (Continued)

Title :

303, Trisonic Blowdown Facility . . . . . C e e e e e e e e e e
Schematic Layout of GD3 High Reynolds Number Trisonic Wind Tunnel |
GD3 Facility Component and Cost Summary . . e e e e e

Distribution of Facility Acquisition Costs - GD3 e e h e e e e e et

GD3 Operating Cost Swmary. . . . . C e e e e e e e e e e e e
Trisonic Blowdown Leg of Facility GD20 e e e e e e e e e e e e .
Hypersonic Blewdown Leg of Facility GD2C . . . . e e e e e e .
Scheratic Layout of GDZ0 Blowdown ¥Wind Tunrel Comp’ex .

GD20 Ccmponent and Cost Summary . . . .. e e e e e e e
Distri.uticn of Facility Component Costs - CD2O o e e e e e

GD2C Operating Cost Summary . . . . .« e e e e e .

GD”7, Gas Piston Hypei'sonic Wind rTIunnel fach Number 8 to 13 .
Schematic Laycut of GDT High Reynolds Iiumbter Gas Piston Drlven
Eypersonic Wind Tunnel . . . . o ¢ o o 0 v v o 0 v v v v v v e
GDT lomponent and Cost Sumrary . . . . . . e e s e e e e e e
Distribution of Facility Acquisition Costs - GDT e e e e e e e e s
Comperisc: of Meximum Reynolds Number Capability with Research Value
for Minimum Sized Gasdynamic Facilities . . . e e 6w e e e .
Comparison of Wind Tunnel Size for 1/5 Maxlmum Full Seale Revnolds
Number Simuiatior, with Facility Research Value . . . . . . . . .
Effect of Facility Size on Research Capability and Costs for a
Giver Reynolds Number Capability . . . . . . ¢ ¢ « ¢ o 4 « o ¢ o &
Comparison of Reynolds Number Capability with Research Capability
and Acquisition Costs .« « v ¢ v ¢ ¢ o ¢ v o ¢ 4 4 s e . e . 0
Facility Evaluations (Gas Dynamic) . « . « v ¢ ¢ v« v o v o o « &
Reservoir Conditions and Mass Flow Required for Test Section Dup-
l.cation of Flight Conditions, Free Jet Engine Test, or Winé Tunnel
Reservoir ConditZons and Mass Flow Reguired for Test Secticn Dup-
lication of Flight Conditions, Engine Test Facilities, Direct
Connect, Turbomachinery, Remjet . . . . . . . . . .« ¢« ¢ o o o o . .
Conditions and Mass Flow Required for Test Section Duplication cf
Flight Conditions, Engine Test Facilities, Mcdified Direct Connect,

Scramjet, Convertible Scramlet . . . . . . ¢ . ¢+ .« . . « e e
International System of Units Conversions for Reservoir Conditions
and Mass Flow Test Section Duplication of Flight Conditions . . . .
Fngine Facility Synthesis . . . e e e e . . . . . .
Converulble Scramjet, Scramjet Module Tes. Sectlon for 15 Sq Ft
(1.39 m?) Capture Area Module . . . « v o « « « o « . . .
Convertible Scramjet, Sc- -jet Module Test Sectlon fo*~ lS Sq Ft
(1.39 2) Capture Area Mudule « « o « o o « o « « « o = « &
Alternate Arrangement of Scramjet ¥ : Hciule Test Section to
Provide Limited Lip Shock Simw™ - e e e e e e e e e e e e
Axisymmetric Aero Nozzles < . st Facilities, EB and E9, to
Provide Struciural and The: - . .25ting Capability . . . .

Degree of Revnolds Number Simuiacvion for Operating Hypersonie Air-
craft Compar @ <¢c Existing Gas Dynamic Facility Capability

Scramjet, Convertible Scramjet Engine Module Test Facility Leg,
Configured to Accept Aerodynamic Kozzles for Thermo/Structural Test-

D < 7- S

MCDONNELSL AIRCRAFY
X

(N}
L
ot
0

n-171-

v’—‘;‘!v'

[



REPORT MDC A0013 ® 2 OCTOBER 1979
VOLUME Ill @ PART |

IS8T OF TILUSTRATIONS (Continuea)

Title

Structural Test Leg Utilizing Secramjet Engine Test Facility

Heater and Fumping System Duplicated Velocity and altitude for
fach 12, fron 140,000 to 16C,000 Ft Altitude {12 to L9 km)
Rerresentatire Sizes of Large Shaft Horsevower Sources. .
Representative Ground Installation of Aircraft Turbejet

Provide Shaft Power Source, Single Ingine Installation.

Approximate Performance of Aircraft Turbojet Engires as

in Grourd Power Application . . . . . <« <« . . .

E6 Turborachirery, Direct Cornect Engine Test Facility.
Schematic Layout of F6 Direct Connect Turbomachinery Test
E6 Faciiity Comvonsnt and Cost Summary. - - « « « . . .

Free Jet Facility Test Section Alternate . . .
5 Cperating Cost SUmmary . « -« « « « « « « « .
Direct Connect Tmgine Test Leg ¥Facility E20 . .
Free Jdet Ingine Test leg, Facility E20. . . . .
Schematic of E2C Turbomachinery Test Tacility -
Tlus “ree Jet Test Z€€. v v ¢ v 4 o o a4 e« o o
Tree Jet Facility Test Section Alternate. . . .

Tree Jet Facility Test Section Alternatives {(Pitch
Free Je* Test Secticn Alternatives {Pitched Engine and Test

Section). - 4 4 v h e e e e e e e e e e e e
Retresentstive Tngine/Inlet Arrongements. . . .
Tlight Duplication Regions of Fngine Test Facil
E20 Facility Comronent and Cost Summary . . . .
Distribution of Facility Component Costs - F20.
E20 Facility Suwmmary. ¢ - ¢ ¢ ¢ ¢ 4 o o e . .
Multicompression Heater Scramjet Ingine Test

-

Cooied Ihroat Heating Limit . . . . . . . . .
MRCH Cperating Characteristics ~ Mnglish Units
URCH Ogerating Characteristics -~ S.I. Urits

Alternative "rive Arrangements for Scramiet Test raz2ilit

Saseline, 15 Sg Ft {1.32 m€) Cacviure Area . . .

Schematic Layout of EZE Scramfet Engine Test Baseline Facility
Schematic Laycut of E3 Scranjet Engine Test Alternate Facilitx

=8 Pacility Component and Cost Summary. . . . .

ity E20.

-

ed Loz

-

-

-

Zistribution or Fazility Component Costs - EB . . . . . .

T8 Cperating Cost Summary . . « « « « ¢« « « « .
9

Facility - ¢ v v e s h h e e e e e e e e e e .

Schematic Layout of E9 Scramjet Engine Test Alternste

Maximum Facility JOperating Conditions - EQ. . .

lass Fractions of Input Constituents as a Functicn of
for Carbon Monoxide-Air-Oxygen Combustion Process.

MCDONNELL AIRCRAFY

0, Yyorid Combusticn/Storaze Heater Scramjet Fngine Test
Schematic Layout of E9 Scramjet Engine Test Baseline racil
0 Alternate, Inductively Heated Graphite Scramjet Engine

-

Engine to

Installed

irect Conrect Le

zla},

-

-

ity for a 15
Sg Fr (1.30 m2) Capture Area Module . . . + < < « ¢+ o4 4 o . .
Muitirecompression Heater Concept, with Side Plate Removed. .
Tacility Reserveir Conditions Corresvending to the Racxside Water

Facility

Terrerature

-

el
3
K
o

ON O
’_l qu

Ny lwd
[k @ 2]

VOO O OV N

NP
I
rl

O
[}

I

L)

]
v

(&)

O~ O
[
[
1

)

[k =

]
S

I
).l
P9 N0 O

CNTVONOYONO

[

p= gt e
O~ O\
(S T ]

Oy ON 0N

{
[a XN
TR

o,
!

[ERIN SRR ’I.I bt b fer

IO ON 3 DN
3.

(&
VRS TN

IN (Y

[N
[
NPT

[
I



o
%

igure
6-T9

6-80a
6-20b
6-80c
6-561
6-82
6-83
6-3L
£€-85

6-86
6-87
6-88
6-89
6-90

6-91
6-92
6-33
6-94
6-95
&-36

€-97
£-98
6-99
6-100
é-101
6-102
6-103

6-104
6-105
6-106
6-1G0T
6-~105a
6-108b
6~108¢
6-109
6-110

6~111

itd

REPORT MDC AQ013 ® 2 OCTOBER 1970
VOLUME 1Il ® PART

LIST OF ILLUSTRATIONS (Continued)

Title

Products of Comtustion as a Function of Temperature for Carbon
Monoxide-Air-Oxygen Combustor . . « « « « « ¢ ¢ & & o o ¢ o o« =«
E9 Facility Component and Cost Summary . . . « . « ¢ « « « & &
Distribution cof Facility Component Costs - 9 . . . . . . . . .
F9 Facility Operating Cost Summary . . « « « ¢« o« o ¢ o o o+ + =«
EG Tacility - Effect of Engine Module Area cn Component Cost .
Zvaluaticn of Engine Research Facilities (murbomac“-ne*v) .
Tgcility EZvaluation (Engine, Turbomachinery) . . . . . . . ..
Comparison of Scramjet Engine Module Size with Resear h Value .

Tvelvation of the Research Capability of a Scremjet Engine Research
Tacility as a Function of Free Stream Capture Area and Acquisition

COSES & o =« v o o o s o o 2 s« a o 4 2 o a o o a o = = s o« o o a
Facility Evaluation + o ¢ ¢ o 2 o o o« o o o s o o = o o o« « &
Structures Fecility Synthesis . « .« ¢« ¢ &« = ¢ ¢ o ¢ o ¢« & o o
Test Article Size v v v ¢« ¢ v 4 o o o s o s o o o e s e 4 e -

Test Article Desceription . . - o o o o ¢ o . . . - e e e

Dynaric Structural Evaluation Facility Acquisition Cost as Related

to Test Article Plan Area . . . . . . c e e e e e e e e e e
Wing Box Component Idealization Mach 3—h Vehicle . . . . . . .
Wing-Box Component Cross Section Mach 4.0 Vehicle . . . . . . .
Temperuature at Node 1 for Various Heated Lengths Mach 5 Vehicle
Selected Test Specimens Mach 3-4% Vehicle . . . . . . . . . ..
Selected Test Specimens Mach 12 Vehicle » + « « ¢ o ¢ & o & & &
Mz rimum Thermal Stress at Node 1 for Varicus Heetel Lengths Mach
3-h Vehicle « v v v v v v e e e e e e e e e e e e e e e e e
Pressure vs TimMe . v ¢ ¢ v v o 4 e et s e v 4 e a e e 4w ..
Required Pixmping Rate vs Time to Maximum Alvitude . . . . . . .
Altitude Simulation System Investment Cost . . . . « . . . . .
Sprecimen Temperature vs Heat Flux . . . . . + ¢« - « « « ¢ . &
Heater Requirements for Full Scale Vehicle . . . .« . . . .
Specimen Temperature vs Accustic Intensity . . . « - . .« . . .
Dynamic Structural Evaluation Fecility Loading Method Costs for
Full Scele Vehicles . . v ¢ & v v 6 4 v v e v v o o v 4 4 e
pics” Structure in Nonfusl Area of Mach 4.5 Vehicle . . . . .
S2 Strictural Research Facility Schematic Layout . . . . . . .
Test Article Descriptions - Structural Test Facility . . . . .
Description of Equipment :nd fapability . . . . « « « « « . . &
S2 Facility Ccmponent and Cost Summary . « . « ¢ ¢ o « « & « &
Distrivution of Facility Component Costs - S2 . . . « « . . . .
82 Facility Opersting Cost Summary . . « ¢ o« « ¢ ¢ &+ o o « = =

racility Evalustion . . . . e e e e . . « 4 e . .
Facility Research Value s Fac111ty Size fcr tbe Structn1al
Research Facility . . « « « . « « . . . . s e s . e .

Evaluation of the Research Capablllty of the Structural Research
Facility as a Function of Test Article Size and Acquisiticn Cost,
S20 Structural Research Facility Schematic Layout . . . . . . .

RMCDONNELL AIRCRAFT

xii

-

-

6~lck
£~18¢
A-18a
A 00
F-137
T=lye
c~135
PN
N -7
-_AQ(:
=297
c-130
3-231
O-zuc
C=c0=
6-205
a=208
£-227
0-—0“
0-: a
c=221
=722
a-212



Figure

0-113
6-11ka
6-1140
6-115
6-1i6a

€-116b

7-1
T-2a
T-2b

7-3
7~k
7-5
7-6
7-7

7-8
17-9
7-10

7-11
7-12
7-1

REPORT MDC: AO013 ® 2 OCTOBER 1970
VOLUME Ill ® PART I

LIST CF ILLUSTRATIONS (Continued)
Title

Specifications of the Combined Structural Besearch Faclility - 520
S20 Ficility Component and Cost Summary . . . . . . . . . .

520 Facility Overating Cost Summary . . . . . . . . .
Schematic Layout of Materials Hesearch Facility - 20 . . . .
420 Materials Research Facility Specifications, Component, and

s e 0+ o« e e

Cost SWITGTrY. «. & ¢ « v v 4 o 4 o 4 s o« o a4 e s e s e e e e e
MZ0 Facility Operating Cost Summary . . . . . . . « « « « « « . .
Facilities Research Values — Baseline Tacilities. . . . . . . .
Facility Evaluations (Gas Dynamic). . . - . . . . . .

Comparison of Research Value and Cost ror tre C/1 Farility Combin-
aticn (GD20 and GDT) Between the Baseline and Alternate Facility

Specifications. . . . . . . v L 4 4t e i hd e e e e e e e
Facility Evaluation . . . . . . < + ¢ ¢ ¢ o v ¢ 0« v o o 4 e
Facilisy BEvalvation . ¢« ¢« ¢ ¢« v o v o v v o o o e s e o e e e e
Facility Eveluation . . . . ¢ o & o o v v v o 0 v v o o o e e

Facility Evaluation . . . . . . . .
Research Capability of Individual Ground Research Fanilities, as

a Function of Acquisition Cost. . . . . . . . . . . . ¢ ¢ o . . .
Existing Facilities with Acquisition costs. . . . . . « . . . . .
Comparison of Cost Fraction for Existing and Study Facilities . .
Comparison of the Reswarch Value of Existing Facilities with the
Recommended Phase IIT Study Facilities as a Function of Total Cost
Gas Dynamic Baseline Facility Cost Comparisons . . . . . . . .
Engine Test Baseline Facility Cost Comparisons . . . « . . « . .
Structures and Meaterials Facilily Cost Comparisons . . . . . . .

.« - “ e s s s & a * = s o e =

MCDORINELL AIRCRAFY
xiji

-

TITT
\O\O Co O\

7-10
7-11
7-12

T-13
7-16
T-17
7-18



REPORT MDC A0013 @ 2 OCTOBER 1970
VOLUME ili ® PART |

LIST OF SYMBOLS

Symbcl Pefinition

& acceleration

A area

AR aspect ratio

a angle of attack, ratio of wing span to vehicle length

8 ratio of mean aerodynamic chord to vehicle length,
side slip

b wing span

CD drag coefficient
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d diameter, balance diameter

D drag

8 deflection

A increment between two values

AMCDONAELL AIRORAET
xiv



NKE

q.F.

o0y

o/f

REPORT NMDC An013 @ 2 GCTOBER 1970
VOLUME il ® PART |

LIST OF SY#BOLS (Cont)

Definition
1lift to drag ratio
mass
Mach number, bending moment
mass flow
flight path normal load factor
inlet kinetic energy efficiency
normal force
inlet height-to-width ratio
nitrogen tetroxide
molecular oxygen
oxidizer to fuel weight T"low ratio
pressure

fiel equivalence ratio, ratio of actual fuel flow to
stoichiometric fuel flow

engle between shock attachment point and cowl lip
dynamic pressure

specific gas constant

mean radius of the earth 6,371,100 m

universal gas constant (8.31L32 joules/°K mol)
Reynolds numbar

density

stress

area

dimensionless entropy

SHACDOONNELL AIRCRAFT

XV



Vol

W

REPORT MDC AQ013 ® 2 OCTOBER 1970
VOLUME lil @ PART

LIST OF SYMBOLS

Definition
time
temperature

recovery temperature

* wall temperature

velocity

volume

weight flow

weight

heading angle, yaw angle

geometric altitude

AMCDOANELL AIRCRAFYT
xvi



REPORT MDC A0013 ® 2 OCTOBER 1970
VOLUME (Il ® PART |

LIST OF SYMBOLS (Cont)

SUBSCRIPTS
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c capture, a fixed reference area on vehicle
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D drag
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e engine exit
eff effective
f final
F Tontal
i initial
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ARC Ames Research Center
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L lig.id
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LH2 liquid hydrogen
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mi mile

m meter
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min minimum
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nmi nautical mile

N newtons
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PFRT reliminary Flight Rating Testi
P&WA Pratt & Wnitney Aircraft

°R degrees Rankine (absolute)
R&D research and development
RDT&E research, development, test, and evaluvation
RF . radio freqguency

Ry’ ramiet

RKT rocket

RP rocket propellent
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SJ scramjet

smi statute mile

TF turbofan

TIT turbine inlet temperature
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™C The Marquard Corporation

TRJ turboramjet

TOGW takeoff gross wziznt

UARL United Aircraft Research Laboratory
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1. IZTRDrLyCTISE

This vcluze of the firal report presents the results of Phase II of the Hyper-
sonic Research Facilities {(HYFAC) Study. The orimary objectives of the HYFAC Study
are to assess the research and development requirements for hyperscnic aircraft and,
based on these requirements, to provide the NASA with descriptions of a nucber of
desirable hypersconic research facilities and estimates of their research capebilities,
verformance, costs, and development schedules. The research facilities studied in-
clude both flight research aircraft and ground te.t facilities,

To accomplish these objectives, a three-phase analysis progrz=, illustrated in
Figure 1-1, was conducteé by the McDonnell Aircraft Company. In Phase I, a broad
range of flight and ground research facilities were studied. The most attractive
of these were retained for refinement in Phase II. The major elements of the Phase
II activities were: (1) identification and evaluestion cf research tasks, (2) par-
ametric trade-o®f studies of each facility, (3) evaluation of the research value
and cost~ of each facility and selection of the most ettractive ones for further re-
finerant during Phase IIT.

Fach of the Research Objectives identified in Phase T was divided into Research
Tasks. In so doing, a more specific assesszent was made of the types ané combinations
of facilities (becth existing and new) reguired to accomplish the nece sary research
on the operational systems identified ir Pnase I and described in Volume VI.

The resecarch contribtution of each facility varies with the class of operationzl
srystem. The capability of each facility to accomplish the research is viewed as its
projected ability to provide sufficient confidence in the technology "“ase on which
decision makers can initiate an operational system program. In other words, the
gozl of accomplishing the research is the initiation of a program leading to ac-
quisition, rather than acquisitican of the final system itself.

In order to select the best facilities for further refinement in Phase IIT it
was necessary -to perforam a number of varametric trade-off studies to identify the
facilities within each class which were "near-optimum” irn consideration of the fa-
cility research capability and prograr cost. Thus for each facility retained from
Phase I a corresponding "near-optimum" facility was designed and its cost determined
in Phase II.

With the characteristics of each "near-optimum" facility determined, direct
comparisons could be made among flight facilities and similarl;” among ground facil-
ities. These comparisons and subsequer: evaluation and screening resulted in se-
lection of the most attractive facilities for further refinement in Phase III.

The results of these parametric trade studies, the comparative evaluations and
screening, and the recommended facilities for Phase III refinement are presented in
this report.

MCDONNELL AIRCRAET
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FIGURE 1-1
PROGRAM MILESTONE SCHEDULE
1969 1970
J A § O ND!J F N AN
ATP
Phase |
Research Objectives Analyses
Facility Prelimirary Analyses 3

Comparative Evaluation
Select Attractive Facilities |
NASA Approval L
Draft Final Regort L
Phase Il ﬁ
Research Task Analyses L
]

Facilities Parametrics

Comparative Evaluation
Select Promising Facilities
NASA Approval

Draft Final Report t

Phase lli

Task Valve Quantification : ' O
Ground Facility Design
Flight Concept Design
Final Evaluation

Draft Final Report
Final Report

g
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2. THASE IT ANALYSIS - PARAMFTRIC STUDIES

Juring Phase I a broad group of flight and ground research facilities
was studied. The most avtractive of these facilities were retained for Phase II
parametric study and refinement.

The concepts studied during Phase I and Phase II are illustrated in
Figure 2-1 for the Flight Vehicles and Figure 2-2 for the Ground Facilities.
In Phase I, 35 flight vehicles and 54 ground facilities were studied. The Phase
I screening resuited in 7 flight vehicles and 11 different ground facilities being
retained for study in Phase II.

The flight research vehicles retained for Phase II study are summarized
in Figure 2-3. They include concepts with maximum speeds of M = 6 through M = 12,
using various propulsion system concepts.

The ground research facilities retained for Phase II study are summarized
in Figure 2-4. The major empnasis in Phase II was directed toward wind tunnels
(GD), engine test fucilities (E). structures (S), and materials (M) facilities.

fIGURE 2-1
PHASE 1l BASIS ~ FLIGHT VEHICLES
Feature Phase | ! l Phase I}
Concepls | 1 Concepts
Mach No. 05 20 45 6 12 jl | 6 12
Contre: Mode Manned Unmanned | : Manned Unmanned
Lamchiode | HTO VIO A Staped | £ | HTO  WTONTO Air
Accelerater I g l
Engine T) TR RKT Thor Atls | = | T RKT
Creise Exgie | T) TRI RJ CSJ RKT }E!mcsj §) KT
Prope!lants Storable Cryogenic | i Storable/ Cryogenic Cryogenic
BotyShape | Wing ANBady AllBody | | Wing Blended  AllBody Al Body
Body (Elliptical) (Blended) | | Body WingBsay (Elliptical) (Blended)
2 B
35 Vehicles | l 7 Vehicles 1

RMOCDONNELL AIRCRAFY
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FIGURE 2-2
PHASE 1l GROUND RESEARCH FACILITIES
Phase | J ! Phase I
Gas Dynamic 17 jl ; 3
Engine 11 [ | 4
Structural 9 | o | 3
Materials -
Simuichors 3 13 ; 0
Fluid Systems 5 l g |0
Subsystems 2 | i 0
Avionics 2 | [ o
Radiation 1 S
- }
54 Facilities | | 11 Facilities
FIGURE 2-3
PHASE |l FLIGHT RESEARC:i VEHICLES
Configuration Ne. B 207 B 212 B 232 323 8 257 B 260 B 284
Mach Number 3 6 12 12 12 12 12
Engine RKT/RJ TIMI RKT/S) RKT T3/CS) RKT RKT
Launch Mode Air HTO Air Air HTO HTONTO Air
Body Shape AB wB AB AB ABLEBUB | AB AB
Control Mode Manned Manned Manned Manned Manned Manned Unmanned

AMCDONNELL AIRCRAFT
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FIGURE 2-4
PHASE 1l GROUND RESEARCH FACILITIES
Gas Dynamic Propulsion
Configuration
Ideatification GD3 GD20 GO ES E20 E8 E9
Test Time 20 Sec 20 Sec 1to & Sec Continuous Continuous Coniinuous | Vitiated Air-
(Minimum) (Minimum) Coatinuous;
Air — 30 Sec
Mach Range 05t 5.0 Leg1-05t05.0 g§to 3 0to 5.5 ng 1-0to 55 312 3to 95
) Leg 2-451085 Direct- Direct Connect Modified Modified
Connect :;"' ZJ—Gl b0 5.0 Direct- Direct-
fee Je Connect Connect
Reynolds No. 1/3 of Flight 1/5 Flight Re | 1/5 Flight Re Full Scale Full Scale 130154 13t015%
Re Throughout Scale Scale
Range {One Module) | (One Module)
‘giest Adticle leer:m - E;_!‘lﬂLg.'g:'i Length - Engine Diameter | Engine Diameter| p 1512 | A -15 f2
e ARRGEm Leg 2 i ength = 6.3 ft 2.06 m): =90 in. (229 cm)| = 90 in. (229cm) (139 I‘BZ) 139 I'IIZ)
93t (2.8m) (One Module) | (One Module)
Pq Range 17 to 300 Leg 1170300 |1000to 18,800; 14710226 3to 200 850 tc 7000 84 to 3110
psia (117t 207) |(11.7 to 207) (630t012,9%0) {10.1t0156) (2 to 140) (5% to 4826) | (58 to 2144)
(Nead) Leg 250 to 3200
(34.5t02110) | {
T, Range 100t0250°F  |Leg 1 100to250°F 126010 2500°R | 432103200°R | 432i01650°R [3000t09500°R | 1090t05100°R
(38t0121°C) |(38t01219%C) | (0Oto 1389°K)| (240t01778°K) | (240t0917%K) |(1667105278°K) (606t02833%K)
Leg 2 150t0800%C
(66 to 426°C) |
Ag = Captured Stream Tube
. $2 Structural
Configuration - - M20 Materials Technology
Wentification Full Scale Major Section Component
Test Article 90 (27.4) High 39 (13.9) High 20 (6.1) High Facility contains all necessary equipment to
Size - ft (m) 125 (38.1) Wide 70 (213) ¥ide 20 (5.1) Wide :gycziﬂntdwﬂ mle::hp;%_mn:me ;menal
cal and therma es, develop
325 (39) Long 100 (30.5) Long 20 (6.1) Long manulacturing nethads, and to canduct non -
destructive evaluation.
Environments Mechanical, Thema! Vibration, Acoustic, Altitude, Thermal
Simulated Acoustic
Degree of All Parameters Simulated to Same Magnitude as Flight Trajectory
Simulation
Test Time Time Variant to Correspond with Flight Trajectory or Static Test

Times

MCDONNELL AIRCRAKFT
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2.1 OBJECTIVES

The objective of Phase II was to continue and refine the facility studies
of Phase I. Specific areas of emphasis included: (1) Identification of the
necessary research associated with operational hypersonic aircraft, {2) evaluation
of methods of accomplishing this research, and (3) analysis of the capability and
cost of proposed new ground or flight facilities.

The major Phase I1I task involved parametric refinement studies of the
attractive facilities retained from Phase I. These studies were conducted to
determine the performance, research capability, and costs of each facility, as a
function of selected parameters, such as Mach number, test time, or size.

The specific purpose was to select facilities which were '"near-optimum” in the
sense of providing maximum research capability per dollar cost. These parametric
studies further provided sensitivity information in the neighborhood of the
"near-optimum" designs.

2.2 GROUND RULES

General study ground rules applied tc all phases of this study are listed
below. (Other ground rules which applied to specific segments of the study are
presented in the appropriate sections of the report).

(a) All cost estimates are reported in January, 1970 dollars.

(b) The assumed state of the art is commensurate with initiation of facility
development during the time period from 1970 to 1975. Wherever feasible,
proven technology (or technology expected to be proven by ihe start date)
was utilized. Where such design was not feasible, conservative overdesign
practices, requiring minimum improvements in the state of the art, were
followed.

(¢) Close ccordination is assumed between the NASA and the contractors who are
building facilities or aircraft, thus minimizing the need for extensive
documentation and quelity assurance programs.

(d) Aircraft construction is assumed to conform to experimental shop procedures.

(e) The development costs for flight research vehicles include all necessary
engine and avionics development costs.

(f) It is assumed that engines need not be developed to the reliability normally
required for operational {non-research) use.

(g) The primary flight safety criterion is that no single component malfunction
shall cause a catastrophic situation.

(h) Reliable rocket or airbreathing engine performance consistent with that
required for JP-fueled, single-engine aircraft is required during take-off
and climb to 25,000 ft (7630m).

AMCDONNELL AIRCRAFET
2-4



(1)

(j)

(k)

(1)

2.3

The Phase II study approach is illustrated in Figure 2-5.
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Where applicable, the vehicle landing characteristics are suitable for
unpowered landing by a skilled pilot.
vided to compensate for uncertainties in engine SFC, for meteorological

and operational dispersions in fuel consumption, and for powered emergency

operations.

Alequate fuel reserves are pro-

Edwards Air Force Base is considered as the primary operational field for
flight research vehicles.

It is assumed that maximum use will be made of existing or plamned track-
ing and communications facilities.

The U.S. Standard Atmosphere - 1962 is used throughout the study.

APPROACH

Parametric

refinement studies are followed by comparisons, evaluations and screening, with
the most attractive facilities being retained for Phase III refinement.

The results of the parametric studies are presented in Section 4 for the

flight research vehicles and Section 6 for the ground research facilities.

The

results of the comparisons and evaluations, along with conclusions and recommended
facilities for Phase III refinement, are presented in Section 53 for the flight
research vehicles and Section 7 for the ground research facilities.

Retained
Phase |
Facilities
7 Flight
11 Ground

(Page 2-6 is Blank)

Selection

Screening -

FIGURE 2-5
PHASE 11 STUDY PROCESS
Refinement Comparisons
Element 1 Eilement 2
Conduct Make
Trade Facility
Studies Comparisons
® Design o Research Value |
® Capability ® Cost
® Cost
Select Best
Combination of
‘P;rum;r; for
i ' mm"
cmili_ty '_'—')
1] Grond
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3. HYPERSONIC RESEARCH REQUIREMENTS AND FACILITY RESEARCH VALUES

The fundamental urpose of the research requirements analysis is to establish
the intrinsic value of bhypersonic research. Toward this end, a comprehensive list
of 102 Research Objectives was established in Phase I of this study. A decision
theory technique, utilizing inputs from 66 NASA, USAF, and industry technical spe-
cialists, was used to establish the relative intrinsic value of these objectives.
In Phase II, these Research Objectives were subdivided into 258 distinct Research
Tasks to all.: more detailed analysis of hypersonic research requirements.

An additional Phase II function was the determination of the capability of the
candidate ground facilities and flight vehicles to fulfill the research requirements.
The measure of this capability is the facility research value, defined as the rela-~
tive contribution of the research facility to providing confidence in the technology
base. Research values presented in this section relate to study "baseline" facil-
ities. Tradeoff analysis, described in Section 4, resulted in flight vehicle con-
figuration improvements, identified as "near-optimum" systems. Research values for
these improved configurations were used to select the best facilities for further
refinement during Phase III.

A review of the HYFAC study objectives may be in order at this point. It might
be asked what this study can contribute to providing guidance on the hypersonic re-
search faciiities which should be procured. Before this question can be answered,
however, it must be ascertained what research is required in order to be ready for
the future. In this study, research which applies to nine potential operational
systems has been defined. The basic criterion used in establisiing intrinsic values
of the Research Objectives and Research Tasks was that accomplishment of the defined
tasks would result in high confidence in a decision to proceed with the development
of a particular operational system. This confidence to proceed is believed to be
the overwhelming benefit of a disciplined research program. In this day of program
terminations due to excessive cost overruns, the cost/risk implications of proceed-
ing directly to an operational system without a well-planned research program should
be considered, It is well known that the further technology is extrapolated, the
more technological risk is involved in any development program. Studies have shown
that development cost escalation is an exponential function of technological risk.
Cost overruns often reach 500 percent or more if a program primarily involving in-
novation is attempted. Technoclogical risks and cost overruns of such magnitude
indicate the desirability of bullding facilities for conducting research prior to
the initiation of an acquisition program.

AMCDONNELL AIRCRA>T
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3.1 PHASE II RESEARCH OBJECTIVES

A principal element, ard the initial task, in the establishment of research re-
quirements involved identification of valid Research Objectives. The comprehensive
list of 1C2 Research Objectives initially established in Phase I was reduced to a
list of 82 objectives, presented in the Hypersonic Research Facilities Phase I Report
(Volume II). This reduced list excluded the objectives that involved either (1)
design options, particularly optional propulsion systems, or (2) research which over-
lapped or was redundant with research included within other objectives.

At the beginning of Phase II, the list of Research Objectives was furtber stream-
lired by combining a few of the low-valued objectives and eliminating objectives
which review revealed to be inappropriate.

The Phase II list of T8 Research Objectives, considered to be the final list for
this study, is presented in Figure 3-1. All of the original 102 objectives are in-
cluded in the list. Those deleted are identified along with the reason for deletion.
Applicability cf each Research Objective to potential operational systems is also
indicated. Principal characteristics of these operational systems are summarized
below.

Code System Type Mach No. Propulsion

Iy Reusable Launch 5to T Turboramjet

Lo Peusable Launch 8 to 10 Turbojet + Convertible

Scramjet

L3 Reusable Launch 12 Rocket

Ly Reusable Launch 10 Rocket + Scramjet

Cy Hypersonic Transport 6 Turboramjet

Co Hypersonic Transport 10 Turbojet + Conveftible
. Scramjet

M Advanced Manned 4.5 Turboramjet

Interceptor
Mo Strategic Strike 12 Rocket + Scramjet
M3 Hypersonic Interceptor 8 to 12 Rocket + Scramjet

Another pertinent element of information concerning Research Gojectives is the
interrelationship of the objectives. The HYFAC study team identified the major in-
puts and outputs for each Research Objective and these relationships are presented
in Figure 3-2. These inputs and outputs include other objectives, and also factors
external to the research requirements analysis, such as inputs from definition of a
particular operational vehicle or from flight testing, and outputs impacting directly
on design decisions or directly relating to the feasibility of particular design
concepts.

AMCDONNELL AIRCRAFT
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FIGURE 3-1

Description

CONFIGURATION DEVELOPMENT

Detevmine low speed (takeoff and landing)
aerodynamic characteristics of hyper-
sonic aircraft.

Determine subsonic and transonic aero-
dynamic characteristies of hy_.ersonie
aircraft.

Determine supersonic and hypersonic
aerodynamic characteristics of hyper-
sonic aircraft.

Provide new or update present testing
techniques for aserodynamic research
facilities so Reynolds number, shock
wave, and boundary layer dependent
phenomena can be correctly simulated
using subscale models.

Define the design criteria and
systems requirements for acceptable
handling qualities for hypersonic
aircraft.

Evaluate design techniques for obtaining
favorable aerodynamic interference
effects through surface or inlet
positioning.

Evaluate design techniques of using the
aireraft body for engine exhaust expan-
sion, thereby provié’ng additional 1lift,
and determine the effect of propulsive
gas flow interactions, such as rocket
exhaust plumes, on the aerodynemic char-’
ecteristics of hypersonic aircraft.

Evaluste design techniques to improve low
speed, takeoff, and landing character-
istics for hypersonic aircraft (i.e., use
of variable geometry, auxiliary 1lift
devices, or propulsive lift augmentation)
and techniques to reduce transonic drag.

Deleted Objective

PHASE 1l RESEARCH OBJECTIVES

Applicable Operational

Systems

L L2 L3 Lh Cl C2 Ml
A1l

All

A1l

Al

Al

Deleted
(overlap)

Now a task of
objective 1
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FIGURE 3-1 (CONTINUED:
PHASE Il RESEARCH OBJECTIVES

Description

Investigate the effect on hypersonic
alrcraft stability and ccrtrol of
variable inlet and nozzle geometry,
bypass airflows, propulsion mode
changes, and aerothermoelastic
effects.

Develop design principles for stage
integration whick provide reduced drag
ckaracteristics and other aerodynamic
improvements throughout the speed

range for two-stage hypersonic launch
vehicles.

Determine separation techniques for two
stage hypersonic vehicles which will
provide positive separation and
controllability.

Improve fundamental knowledge of hyper-
sonic boundary layer behavior in the
presence of adverse pressure gradients
and shock interactionms.

Investigate unsteasdy control surface
hinge moments due to boundary layer and
shock wave interaction.

Develop correlation t --aniques ior che
prediction of buffet onset for low aspect
ratio configurations, involving longi-
tudinel (body) bending motions as well

as wing bending responses.

Evaluate configuration sliaping techniques
and flight path varistion for alleviating
sonic toom intensity, and study near and
far field noise levels.

Develop correlation methods for the
prediction of heat transfer and drag
for turvulent boundary layers with
pressure gradients and three-dimensional
flows for windward flows.

Deleted objective

Applicabie Operational

RMICDORNELE AIRCRAFET
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vy 7Y Y
ALl
Deleted Now a tdsk of
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FIGURE 3-1 (CONTINUED)
PHASE Il RESEARCH OBJECTIVES

Applicable Operationel

Zescriation

Cetermine correlations for the pre-
diction of boundary layer transition.

Investigate the use of strategically
located reaction control Jets con
hypersonic aircraft to reduce <:he
aerodynamic control surface deflec-
tion and surface heating.

Deterrine the effectiver=ss of various
types of control surfaces and their
locations for providing sufficient con-
trol throughout the entire flight
spectrum, and improve meth~ds of pre-
diciing aerodynamic heating for
deflected control surfaces.

Determine the overall vehicle thermc—
dynamic characteristics in hypersonic
flight.

Extend the knowledge of aerothermodynamic
prediction techniques at hypersonie
velocities providing means of relating
either snalytical or wind tunnel results
accurately to real flight conditicns.

Investigate shaping of aerodynamic sur-—
faces to reduce skin temperatures, and
the effects of protuberances and surface
irregularities on hypersonic aircraft
drag and aercdynemic heating.

Determine the effects of transpirative
or ablative processes oa skin friction
and hesi transfer,

Determine the effects of embedded shock,
vorcices, separation, and reattachmeni
on skin friction and hest transfer for
leeside flows.

Determine the asrodynamic heating effects

produced by fiow through gaps resulting

from adjacent aircraft surfaces, ard

rapid changes in operational altitude.
Deleted Oblective

Systems
Ll L2 L3 Lh Cl 02 Ml
All
S Y Y
All
A1l
Deleted
(overlap)

Now a task of
objective 20

£11

y 74

All
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FIGURE 3-1 (CONTINUED)
PHASE I RESEARCH OBJECTIVES

Applicable Operational

Descrivtion

Determinc changes in heat transfer
which reduce radiation cooling effi-
ciency due to vehicle geometric inter-
actions (view factors).

Develop methods for predicting heat
transfer due to radiation and/or gas
impingement from engine exhaust.

STRUCTUEES AND MATERIALS

Develop efficient veusable thermal
protection systems for cryogenic fuels
and oxidizer tankage. System consid-
erations should include insulation,
vapor barrier, purge techniques, instal-.
lation and inspection methods, chemical
compatibility, temperaturs c¢ycling,

and life time.

Develop shell theory for non-circular
shells with a 7iew to practical fuselage
end tank structures to more precisely
predict stress levels associated with
cumbined mechanical~thermal loads and
their impact on useful iife.

Evolve more efficient concepts for fuse-
lage and tank structures for bota cir-
cular and non-circular applications.

Nevelop heat shield technology for
reuseble heat szhield systems. GLystem
considerations should include heat
shield flutter, sonic and mechanical
fatigue, erosion, and chemical reactions
with air stream and attaching structure.

Develop efficient reusable leading edge
concepts and identify promising concepts
for specific materials in relation to the
flight regime.

Neleted Nbjective

§xstems
L Ly I3 I |G G
All
All
y 74 7 7 v
Deleted
(overlap)

Now a task
of Objective 3(

All

Deleted
(overlap)
Now a task of
Objectives 28
& L3

ATl
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FIGURE 3-1 (CONTINUED)
PHASE 1l RESEARCH OBJECTIVES
Applicable Operational

Description

Develop control surface technology,
inclvAing thermal protection require-
ments, methods of attachment, sealing,

methods of actuation, and thermal cyclingq

Develop long life regeneratively cooled
structural concepts for application in
high heat flux areas such as leading
edgas and propulsion systems.

Provide a structure which maintains
aerodynamic smoothness under actual
operational conditions and use.

Pefine the effects of combined mecha:-
ical loading and thermal stress cy-
cling under actual environmental con-
ditions on the life of the structural
components.

Determine the effects of separaticn
forces on the structural dynamic char-
acteristiics of the vehicles. -
Determine the effects of fuel slosh on
the dynamics and inertia loads of low
aspect ratio hypersonic aircraft with
large volume fuel tanksge.

Determine the parameters of correlation
for the analysis of the effects of near
field noise on minimum gauge structures,
composite structures, and non-metallics.

De: .1op non-destructive test and inspec-
tion methods for sandwich structure,
composite materials, diffusion bonded
materials, and coatings.

Develop a capability to accurately
estimate component and structural mass
fractions for all types of hypersonic
aircraft designs.

Verify the integrity of the structursl
and thermal-structural systems ttrough
full-scale component testing.

Deleted Objective

Systems
Ly o I3 Iy |G C
All
All
All
All
Deleted Now a t
(overlap) Dhjecti
f v v v Y v

All

All

A1l
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FIGURE 3-1 (CONTINUED)
PHASE || RESEARCH OBJECTIVES

Description

Develcn reu- : “hermal protection
systims for ine primary structure.

Define the mechanical znd physical
properties of advanced mate=risls that
have potential application in hyper-
sonic aircraft. Prime candidates are:
metal matrix composites, high temp-
erature titaniums, superalloys, and
refractories.

Improve fabrication ter’miques for
advanced materials and complex struc-
tures. These include: welding, dif-
fusion tonding, and brazing of metals;
composite forming; fabrication of
sandwich structure; and fabrication
of non-metallics.

Develep high temperature bearings,
lubtricants, closure seals, tires, wind-
shields, and radomes.

Develop protecti- ~ coatings for metals
and non-metals to provide resistance to
corrosion, erosion, oxidation and wear
and to enhance emittence and radar
absorption, for long term exposures to
the hypersonic environment.

PROPULSION

Develop inlet configurations of either
fixed- or variable-geometry that yield
high total pressure recovery, low weight
and drag, good stability, and mirimum
distortion over the range of desired
flight conditions and engine operating
modes, and enable the engine to achieve
the desired specific impulse and thrust,
through improved techniques for pre-
dicting cowl, spill, additive, bleed

and bypass drag characteristics and
improved inlet off-design performence.

Deleted Objective

Applicable Operational
Systems

Ip Ip L3 Iy

Cp Co | M M My

A1l

All

Deleted
(overlap)

Now a task of
Objectives 28 &
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FIGURE 3-1 (CONTINUED)
PHASE 1l RESEARCH OBJECTIVES
Applicable Operational

Description

Evajuate effects of inlet installation
within the vehicle pressure field on
inlet performance and on inlet drag.
The effect of boundary layer ingestion
on inlet performance must be determined
and techniques to ccntrol and remove
boundary layer must be developed.

Evaluate variable capture area inlet
designs required for operation across
the range of desired flight conditions
of speed and attitude (angle of attack).

Evaluate real gas effects on inlet and
nozzle performance.

Develop engine design concepts amenable
to cooling by various techniques (re-
generation, ablation, radiation, tran-
spiration).

Develop engine camponent technology
(burners, turbines, heat exchangers,
controls) suitable for cryogenic fuels.

Develop ad—anced engine components having
light weight with perhaps shortened
lifetime.

Investigate methods for reducing engine
noise during takeoff and landing.

Study combustion problems of ramjets
when operated for thrust augmentation at
transonic or low supersonic flight speeds.

Develop and integrate engine components
into a complete large-scale turboramjet
system. Demonstrate competibility

and overall performance throughout an
applicable flight envelope.

Deleted Objective

Systems
L1 L2 L3 Lh C1 02 Ml M2 M
Deleted
(overlap)
Now a task of
Objective 48
Deleted
{overlap)
Now a task of
Objective 48
Deleted Now a tapk of
(overlap) Objectivp L8 & 65
y Y v Y ;< Y
Deleted Now a ta of
(overlap) Objectives 5T, 59,
60 & 61
iDeleted N~w a tagk of
(overlap) Objectivds 57, 59,
60 & 61
y v/
Deletged Now & tﬁsk of
(overlap) Objectives 57 & 59
v/ v
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FIGURE 3-1 (CONTINUED)

PHASE || RESEARCH OBJECTIVES
Applicable Operational

Description

Perform sufficient cycle analysis, com-
ponent testing, and mission analysis to
select the best multi-mode cycle and size
engine for applicetion to a specific
hypersonic mission aircraft.

L_velop and integrate engine components
into a complete large-scale ramjet
system. Demonstrate compatibility

and overall performance throughout an
applicable flight envelope.

Develop and integrate engine components
into a complete subscale convertible
scramjet module, Demonstrate compat-
ibility and overall performance through-
out an applicable flight envelope.

Develop and integrate engine components
into a complete subscale scramjet
module. Demonstrete compatibility

and overall performance throughcut an
applicable flight envelope.

Pemonstrate rocket-powered engine oper-
ation in a horizontal takeoff aircraft.

Develop inlet controls for hypersonic
aircraft which are simple, reliable,
accurate. and have rapid response.

Evaluate suitability of auxiliary
turbojets for landing of hypersonic
vehicles.

Determine nozzle configurations to pro-
duce high net thirust while msintaining
efficient integration with the airframe.

Systegs
L2 L3 Lh C1 C
Y

v v
v
y Y

Y v y 7/
VAR,
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FIGURE 3~1 (CONTINUED)

PHASE 1l RESEARCH OBJECTIVES
Applicable Operational

Description

Evaluate variable nozzle geometry
requirements for operation across a wide
speed range, and mechanical concepts to
produce it.

Determine inlet/engine compatibility
criteria (both steady-state and time-
varying) of high~total-pressure-recovery,
wide Mach range inlets.

SUBSYSTEMS

Develop operational systems and pro-
cedures for the thermal conditioning,
storage, and safe handiing of cryogenic
propellants which are compatible with
typical airfield requirements.

Develop analytical correlation techniques
through empirical evaluation to permit
the determination of the fluid dynamic
and thermodynamic characteristics of
cryogenic propellants in large horizontal
tankage in a vibrating, sloshing, pres-
surized environment.

Develop regenerative cryogenic heat ex-
changers, thermodynamic correlations, and
control systems for structural and engine
cooling which are comyatible with rep-
resentative vehicle heat loads and mater-
ial t¢ erature limits.

Improve fuel performance of new or
existing hydrocarvon fuels through in-
crease in (1) thermal stability and/or
utilization of vaporizing and endothermic
fuels, (2) fuel density and energy con-
tent.

Delet=ed Objective

we

v/ v
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o/ Y
4 v/
4
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FIGURE 3-1 (CONTINUED)

PHASE |l RESEARCH OBJECTIVES
Applicable Operational

Systems

Description

Determine fuel system design requirements
imposed by the use of thermally stable
and endothermic fuels in high temperature
aircraft environment, including such
areas as contamination limits, inert
pressurization, and ground support
systems.

Advance the technology of cryogenic fuel
system components in the areas of reduced
weight and increased reliability. Par-
ticular areas requiring advancement
include liquid hydrogen static and
dynamic sealing and rotating machinery
operating in cryogenic environment.

Determine rapid cryogenic servicing
techniques necessary to achieve required
reaction and turraround times for mili-
tary and commercial vehicles.

Develop viable aireraft fuwel tankage
concepts (integral and non-integral
tanks, sub-cooled and saturated fuel),
and develop cryogenically fueied inte-
grated aircraft fuel system operation
and control techniques to account for
propellant utiilization, management,
and pressurization requirements during
both ground and flight environments.

Determine capability of flush recessed
antennas required for hypersonic flight*
to supply patterns compatible with com-
munication, navigation, and electronic
warfare functions.

Determii® flush or recessed antenna

design techniques necessary to allow
operation in the elevated hypersonic
temperature environment.

Investigate stability augmentation
systems capable of control in the
hypersonic region, and recovery from
pilot-induced oscillations.

Deleted Objective

L L, Iy Ly
Yy

y 7/ v Y

A A A

Neleted
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All
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FIGURE 3-1 (CONTINUED)

PHASE il RESEARCH OBJECTIVES
Applicable QOperational

Systems

Description

Determine air data measuremeni tech-
niques epplicable to the hypersonic

environment such as fixed orifice pressurej
measurements and laser densitometers.

Develop actuation techniques and hardware
to provide control surface motion over
the range of environment encountered in
the hypersonic flight regime. This
includes development of high temperature
hydraulic and pneumatic drive systems

and components.

Develop high temperature sciuator sys-
tems for engine inlet and nozzle adjust-
ment.

Develop auxiliary power units for rocket,
scram, and ramjet powered aircraft
including necessary emergency power
equipment in case of primary umit
faijure.

Develop environmental control system
utilizing liquid cryogens as the heat
sink, based on allowable internal wall
temperatures for crew and passenger
comfort and effectiveness.

Develop environmentsl control systems
for Mach 4 *o 6 hydrocarbon fueled
vehicles, based on allowable internal
wall temperatures for crew and pas-
senger comfort and effectiveness.

Develop launch techniques for AAM and
ASM weapons in hypersonic flight.

Investigate methods of heat shielding
missile launchers, doors, and internal
structure in hypersonic environment.

Deleted Objective

L L2 L3 Lh

All

A1l

Deleted
(overlap)

All
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Deleted
(overlan)
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FIGURE 3-1 (CONTINUED)
PHASE Il RESEARCH OBJECTIVES

Deseription

OPERATION

Evaluate various methods of terminal
gpproach, landing, ground operaticns,
and takeoff aircraft, and determine
the design penalty associated with
operational requirements.

Study hazards inherent in the use of
cryogenic fuels, on grourd and in flight,
during both normal and abnormal operation.

Investigate man-machine compatibility as
related to the control and navigation
of a hypersonic vehicle at both high and
low Mach numbers.

Establish optimum landing technigues for
a hypersonic vehicle.

Develop effective communication tech-
niques for safe flight planning.

Investigate various ascent trajectories
to assess the tolerable axial and norual
"g" loads.

Investigate effects of vehicle
dynemics on crew performance cap-
ability and passenger comfort in
hypersonic flight.

Develop abort and crew escape systems
and prozedures for hypersonic air-
craft. :

Determine the «{fects of bank angle, yaw,
angle of attack, flow field benefit,
turbulence, and variations in atmos-
pheric conditions on boost, cruise, and
descent performance for hypersonic air-

Systems

Applicable Operational

Al

releted
(overisp)

All

Deleted

(overlap)
Deleted
(Low Value)

Deleted
(Low Value)

All

All

Deleted
(overlap)

Now & task of
Objectives 1,
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FIGURE 3-1 (CONTINUED)
PHASE 1l RESEARCH OBJECTIVES

Description

Define and demonstrate the capability
to stay within specified operational
margins to not exceed aircraft placards
(i.e., duct pressure, temperature,
stability, dynamic pressure, and load
factor limits).

Devélop leak detection methods for
cryogenic propellant tanks.

Investigate concepts for providing an
atmosphere of motion and security for
passengers in a windowless aircraft.

Investigate short takeoff - :chniques
using forced rotation, including
gimballed rocket and canara tech-
niques.

Develop practical ground hold methods
for cryogenic systems leading to quick
response times and high operatiunal
readiness. ‘

Develor specifications for adequate
Air Traffic Control procedures and
ground based navigation systems.

Develop inspection and repair tech-

niques for hypersonic vehicle struc-
tures.

Deleted Objective

Applicable Operaticnal

Systems

Al

Deleted
(Low Value)

Deleted
(Low Value)

A1l
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(U) FIGURE 3-2

INTERRELATIONSHIP OF RESEARCH OBJECTIVES

Ruelationships Other Than Research Objectives:

VD =

D = Output Influences Design Decision
F =

FT = Requires Data from Flight Test

Input from Definition of Vehicle Geom., Frop., Type, Mission, etc.

Output Directly Impacts Feasibility i Concept or Entire Vehicle

Research Otjectirse

Feeds Output to R.O. # |

Needs Inputs from R.O.# )

2,3,k 1

3,4 2

VvD,4,6,7,2,10,11,12,16,17 | 3
18,19,22

L

1,2,3,18,19,69,93 5

6

T

48 9

10

10 11

L 12

¥T,1,2,3,9 1k

FT,3 15

FT,4,22 16

Low Speed Aero. Char.
T/0 & Lauding

Subsonic/Transonic
Aero. Characteristics

Hypersonjc Aerodynamic
Characteristics

Dev. New Test Technol—!

ogy for Re, B.L.
Research

Design Criteria & Sys-
tem Req. for Accept-
able Handling

Aero. Interference,
Inlets/Surface

Propulsion Liut

Inlet/Nozzle Effects
on Aero.

Design Prin. for Stage
Integration

Separation Techniques

Fypersonic B.L.
Behavior
Tech.

Corr. - Buffet

Onset
Sonic Boom & Noise

Corr. for H/T & Fric.
Drag Turbulznt B.L.

D,F,s,lh,65,65,7&,80,87,96,]
99 ‘

1,5,14,65,78,80,96
n,1,2,5,14,15,20,30,48,65%
Tb .80,89,96

1,2,3,%,12,17,20,24
D,78,80,37,39,96,99

3,20,26,48

3,20,48,99
3,14,48,65

3,11

3,20,78
3,18,19,20,22,27,35,39,48

D,78,96

D,¥,39,87,96

D,3,2C

MCDONNELL AIRCRAFY
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FIGURE 3-2 (CGNTINUED)

INTERRELATIONSHIP OF RESEARCH OBJECTIVES

Yeeds Inputs from R.0.#

Research Objective

Feeds Output to R.O.#

4,22

12

2,4,6,7,11,12,16,17,18,
19, 22,23,24,25,26,27

12

20,22

19,23

5,6

12,26

20,4445

3,20,22,h0,43, k4,45

i
{20,26,39,ho,hh.h5

i7

18

19

20

2

23

2k

25

26

27

28

30

Corr. Prediction of
Hyp. B.L. Transition

U~e of Reaction Cort.
Jets

Contrel Surface
Effcets & Location

Cverail inermel Char.
in Hypersosnic Flight

Shadirg t2 Reduce
Skin Temp., Roughness
Effects on Drag and
Feating

Eff. of Transpirative
or Ablative Processes
on Skin Frict. & H/T

Shock, Vortices,
Separatioz, Reattach
on Lee Slde Fricei. &
H/T

Aero. Heating by
Flow Thru Gaps

Eff. of Geom. Inter.
on H/T

Meth. Pred. H/T due
to Radiation Gas
Impingement

Dev. Reusaule Tank-
ags Thermal Prct.
Svs. (Cryogenic

7 els)

Cieep’ 5 for Tas. &
Tauk Struc.

neusatle L.E. Terh-
nology

l

D,3,20,35,39,48

3,5,20,33,78

3,5,18,20,25,33,78,80,99

D,23,28,30,32,33,34,35,42,
43,44 ,46,69,70,75,77,83,8L,
85,96

3,16,17,20,23,30,35,48

D,20,23,5z

D,20

r,20,33

D,-?Cf ,21 532 93h ,59 ,60361

D,2c,48,E5

D ,F,41,42,69,75,97

D,hl,h25h3375,

D,3k,35,41 42,96

WCDONNELL AINORAFT
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FIGURE 3--2 (CONTINUED)

INTERRELATIONSHIP OF RESEARCH OBJECTIVES

Needs Irputs from R.Q.#

Research Objective

Feeds Output to R.O.#

18,19,20,25,39,40,43,4k,
45,80

4,20,256,32,39,50,44,45,
T0

12,i7,20,22,32,33,40,43,
Lh, L5 .

28,30,32,33,34,40,44 45

69

Eng. Test, 12,15,17

45

28,30,32,33,34
20,28,30,32,33,3%,35,36,
383’43 :hS!eg

vD,20.30,39

20

Ly

20,44 ,45,77

vD,3,6,7.5,12,17,22,27

Control Surféce Tech~
nology

33

3% Regen. Cooled L.E.,

etc.
35 Structure which pro-
vides Smooth Surface
36 Eff. of Combined
Mech. loading, Thermal
Stress, Temp. Var. ca
Structure Life
38 Det. Effects of Slosh
Corr. of Eff. of Near
Field Noise on Struc-
tures

39

40 Non-Dest. Test & Insp.

Methods

41 Structural Mass Fruc-

tion Ectimation

L2

Component Testing

Reusable Tuermal
Prot. £ r Prim. Struc.

43

L Mechanical & Physical
Prop. of fdvanced
Materials

L5 Tabrication Techniques
for Advanced Mat'l &
Structures

46 Develop Hi Temp Bear-
ings, Lubs, Seals,
Tires, Windschields,
Radomes

L8 Develop Inlet Contig.

D.35,41,42,96
D,h1,k42,52,59,60,61,96
D,h2

D,k2,9€

D,k2.96
32,33,34,43

30,22,33,3%,35,36.70,102

D,F
30,35,42,83,84 85,96

28-36,45,46,70
28-36,40,42,46,70

D,F,33,63,77,80,96

5,57,59,60,61,53,67,96

RICOORNELL AIRCRAFT
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FIGURE 3-2 (CONTINUED)

INTERRELATIONSHIP OF RESEARCH OEJLSTIVES

Needs Innuts from R.0.#

Research Otjective

Feeds Output to R.O.#

23,34,70

59,60,61,64
h8,52,55,63,65,67{71,72
VD,57,59,60,61,72,T5

26,34,48,52,63,65,67,70,
13,75

26,3L,48,52,63,65,67,70,
73,75

26,3%,48,52,63,65,67,70,
73,75

FT,55

T

46,48,6
1

1,2,3,9,27

48,57,59,60,61

20,28

20,47 44 ,45,59,60,61

52

55

5T

58

29

€0

61

67

68

69

T0

Tl

Engine Cooling
Concepts

Reduce Engine Noise
T/0 & Land

Dev. Integ. Compcnents
Turboram Zys.

Cycle & Mission Anal.
Mult”® - 'ode Cycle

Dev
Systems

snteg. Ramjet
Dev. & Integ. Sub-
scale CSJ Mod.

Dev. & Integ. Sub-
scale SJ Mod.

Tomonstrate Rocket
Horizontal T/0 Aircraft

Dev. Iniev Controlis
Auxiliary Turbojets

Nozzle Configuration/
Airframe Integration

Determine Inlet/Engine
Compatebility Criteria

Subcooling &
Logistics

Slosa, Tankage
Fluid Thermo-
dynamics

Regen. H/E, Control
Sys.

Hydrocarbon Fuel

Improvements

57,59 ,60,61

T,62,87

D,*,58,67,84

D,F

D!F’SS ,58 367’70

D,F,55,58,67,T0

D,F,55,58,67,70

F,96,99

D,F,57,59,60,61,089,5¢
D,F,55,87
D,57,59,60,61

D,F,57,60,61,63

F,87

5,38,42,75

34,52,59,60,61,75

MCDONNELL SRORREY
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FIGURE 3-2 (CONTINUED)

INTERRELATIONSHIP OF RESEARCH OBJECTIVES

Needs Inputs from R.O.#

Research Objective

reeds Output to R.O.#

11

vD

20,28,30,69,70,73,Th4

VD,20,L46

1,2,3,5,11,14,18,19,79,
82,89

VD

1,2,3,5,19,46,78

VD

VD.20.43.73

VD,20,43,57

VD,20,43
1,5,15,55,64,68,74,78,82,
9%4,99,100

VD,3,5,63

vl

~

VD,FT

1,2 ,3,5 ,lh’ls !20,32!33 .‘31"
36,38,43,46,48,62,63,78,
79,80,87,89

T2 Hydrocarbon Fuel

Systems

Cryo Fuel Sys. Com-
por.ents

T4

Rapid Servicing Cryo
Vehicles

T5 Dev. Cryo Tanks &
Systems

17
T8

Antenna Design Tech.

Stability Augment.
& PIO

79

Air Data Measurement

80 Control Surface
Actuation

APU [RKT, SJ, RJ]
Cyrogenic ECS
Hydrocarbon ECS

85 Weapon Launch
Methods

87 Approach, Land,
Grouné Hand. Meth.

89 Man-Machine Compati-
bility Control & Nav.
93 Vehicle Dyn.-Crew
Perf. Pass. Comfort
94 Abort, Escape Sys. &
Procedures
96 Det. Capability *o
Stay Within Oper.
Margins

57,58

59,60,61,75,83

75,87,100

56,59,60,61,97

D,k
D,80,87,96

D,78,96

D,33,96

D,87
D,F
D

D,F

F,78,96

D ’78 ’96

5,96

F,87

D,F

ASCOONNELL AIRCRAFYT
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FIGURE 3-2 (CONTINUED)
INTERRELATIONSHIP OF RESEARCH OBJECTIVES

Needs Inputs from R.O.# Research Objective Feeds output tc R.O.#
28,75 97 Leak Detection Meth. D
(Crye)
Fr,1,5,7,19,62 99 Short T/0 Tech-Forced | D,87
Rotation Using Rkts.,
Canard
T4 100 Ground Hold Methods D,87
40 102 Inspect & Repair Tech.[ D

AMCDONNELL AIRCRAFT
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3.2 RESEARCH OBJECTIVE INTRINSIC VALUES

the intrinsic values of the Research Objectives, defined as the relative
fundamental value of each otjective as it relates to a potential operational system,
are presented in Figures 3-3 through 3-11. The value of each objective varies from
one operational system to another, because a different combination of objectives
corresponds to each system. Tne decision theory process used to determine the
intrinsic values, utilizing inputs from 66 NASA, USAF, and industry specialists,
was described in the Phase I report (Volume II). Revision of the 1ist of Research
Objectives at the beginning of Phase IT resulted in slight changes in most of the
values. The values were updated by re-processing the basic inputs from the 66
specialists to account for the revised combination of objectives -applicable to each
operational system. The intrinsic values presented in the following nine figures
are consiaered to be the final values for the study.

One must be careful to avoid placing undue significance on the actual values
deteruined for each of these cbjectives. The purpose of this evaluation is to
deterrine a placement of the entire set of cbjectives applying to a particular
potential operational system along a predetermined scale of values. The intrinsic
value of an objective so determined only lLas meaning when considered in relation to
those of the other oh»iectives in the list. The intent of the process was to iden-
tify research areas - . which there are significant differences in importance. Such
areas are indicated 1y large numeric variances in research value.

3.3 IDENTIFICATION OF RESEARCH TASKS

The principal ‘hase II task under the heading of Research Requirements was
definition of the pertinent Research Tasks under each Research Objective. These
tasks are intended to define the specific research effort required t~ fulfill the
objective. Primary ground rules for the delineation of Research Tasks included:

{(a) The sum of the tasks under Research Cbjective essentialiy comprises all
research effort defined by that objective.

(b) Each Research Task is intended to be comparable in technical scope (within
objectives as well as across the board for all objectives), representing a judge-
ment of the level of research required to satisfy the particular Resesrch Objective.
This goal for uniformity in the content of the various tasks was achieved onlyr in
a fairly rough sense.

The Research Tasks were defined by MCAIR techknology specialists in aerodynamics,
thermodynamics, structures and materials, propulsion, subsystems, and operations.
All tasks were coordinated by study supervision to assure consistency of expression
and, hopefullv, clarity of intent. The 258 Research Tasks are presented in Figure
3-12 in tMilon directly esteblishes their relevance to the T8 Research
Objectin

delineated with the nine potential operational systems

1
o
™
1
’
te
4 (v

inm 3€ lie noted that this does not preclude application of
mout - s many other systems, ~uch as space transportation
systa.. «  LaaT v - ry cystems, and various missile systems.

MCDONNELL AIRCRAFT
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FIGURE 3-3

RESEARCH OBJECTIVE INTRINSIC VALUE

OPERATIONAL SYSTEM NO. 1 - (L1)

TECHNOLUGICAL AREA

WETGHTED AVERAGE fUR ALL EVALUATICN CRITERTA™ 7

REL. Wi, NO., EVALUATORS

A, AERODYNAMICS .18e 23
__Ba THERWQDYNANICS 165 19
TCe STRUCTURES £ MATERIAL ™ ,19% T oTETTT Ot
U, PRUPLLSION .209 32
E. SUBSYSTEMS <126 18
F. OPERATIUN .123 22
RANK CODE 08JECTIVE
1 28 REUS THNL PROT STMS - CRYO FUELS/OXIDR TNkG
2 - 43 KEUSABLE THML PROTECT STMS - PRIMARY STRUCTIMF
37 e LONG-UIFE REGEN-COOLED STRUTTURAL CONCEPTS
4 3 SUPERSONIC € HYPERSONIC AERQ CHARACTERISTICS
s 57 TUKRCRAMJET SYSTEMS — DEVELOP & DEMONSIRATE
6 59 RARJET SYSTENS — DEVELUP £ DEMONSTRATE
T 43 INLET CUNFIGURATIONS WITH DESIRABLE CMARS
o 8 67 INLFT/ENGINE COMPATIBILITY CRITERIA
977 &7 TTEST TECHNS FUR RE NO, SHOCK WAVE E RNDY LR PHFN
10 44 MECH/PHYS PROPERTIES OF ADVANCFD MATERIALS
11 S8 REST MULTIMODE CYCLE & ENGINE SIZF
12 &5 FAB TECHNS — ADV MATERIALS/CCHMPLEX STRUCTURES
13 %2 FULL SCALE COMP TEST UF STRCT/THMSTRCT SYSTEMS
. 1« 33 CUNTRCL SURFACE TECHNILJGY
15 36 €SF CF COMA.MEIHM LDNGL, THML STRS CYC, TEMP VAR
N 9 PARAMATERS AFFECTING 3TABILITY £ LUNTRIL
17 12 HYPERSONIC BUUNDARY LAYER HEHAVIOK
18 9 TEST & INSP METHCDS FUR ADVANCED STRUCTURES
19 65 NUZZLE CUNFIGURATLON:
e 20 37 _ AEUSABLE LEADING EDGE CONCEPTS
21 52 ENGINE DESIGN CNCPTS FCOR VARIGUS CONLING TECHNS
22 30 FUSELAGE/TANK STRULTS — MORF EFFICIENT CONCEPTS
23 7 ENG EXST EXP rOXK ADD LIFT/PROP GAS FLD INT EFCTS
24 19 CNTL SURZACF EFFFCT/HEAT EFFFCTS wHEN DEFLECTFU
25 16 HEAT TRANY £ DRAG FUR TURRJLENT BOUKDARY LAYERS
26 2 SUBSONIC & TRANSONIC AFRO CHARACTFRISTICS
- 27 S OPTIMUM & ACCEPTARLE HANDL ING QUALITIES
28 24 EMBEIUED SHOCK, VORTEX, SEPAK €& REATCH EFFECTS
29 1 LUk SPEED (T/70 & LANDING) AERO CHARACTERISTICS
30 2 HEAT cFFECTS — FLOW FIFLD/VEH GFOM INTERACTINNS
31 20 HYPERSONIC AFRUTHERMD PARAMS IN 3-01IM FLUNW
L 32 s SUKFACEZINLET POSITION - FAVUR AERD INTEEFRENCE
33 45 HIGH TEMPEMATURE EQUIPMENT
36 22 SURFACE SHAPING £ PRUTYR EFFFCTS ON NRAG £ HEAT
3% 11 SEPARATION TECHNS FUR POSITIVE SEPAR € CONTROL
36 63 EFFECTIVE INLET CONTROLS
31 17 PREDICT TECHNS FUR RNDY LAYER TRANSITIOW
FLES 1 €STI™ UF COMPONENT/STRUCTURAL MASS FRACT IONS
39 10  STAGE INTEGRATION FOk AERO IMPROVEMENTS
40 70 REGEN CRYQ HEAT EXCHRS/THRMU CURLS/COOL CNT STMS
41 25 HEATING cFFECTS FROR FLOW THRU (AaPS
&¢ T UEL TANK CONCFPTS/FUFL SYS OPER I CNTL TECHNS
43 ] MAN-MACHINE CNMPATIEILITY - CUNTROL/NAVIGATION
44 27 PREUVICT TELHNS FOR HEAT TRANSFFR — ENG EXHAUST
45 13 VRYU SYSTEM COMPINENTS - RCO wWT/INCR AELIARILITY
46 39 NEAR FIELD NOISE EFFECTS
47 80 ACTUATION TeCHNS £ HDWR FUR CNTL SUKFACE MOT IOV
48 15 TECHNS FOR ALLEVIATING SUNIC BOOM INTENS TvY
“9 68 THHL ¢ D, STORAGE £ SAFE HNULG OF CRYD FUFLS
o SO 78 SVABIL, Y AUGMENT SYSTENS/RECNVERY FRO% PJO*S
51 23 TRANSPL. FABLAT EFCTS - SKIN FRICT/HEAT TRANSFER
52 94 ABORT, FUEL DUMP, FSCAPE £ EMFRG FGRFSS TECHNS
53 14 PREDICT TEC4NS FOR BUFFET ONSET QOF LOW AR A/C
56 83 ENVIRGN CMiL SYSTEM - LIQUID CKYO AS HEAT SINK
55  p? TERMINAL APPROACH £ LANDING KEYHCDS
o ____ 5 102___INSPcLYIUN & REPAIR TECHNS FOR HYPER VFI STRCTS
57 38 FUEL SLOSH EFFECTS ON DYNAMICS/INERT[A LUADS
s8 69 FLUID DYN/THERMODYN CHARS OF CRYD FULELS
59 12 FUEL SYSTEM DESIGN REOQUIREMENTS
60 35 STRUCTURE MAINTAINING ABRNDYNAMIC SMUNTHMESS
61 97 LEAK DETECTION METHONS FOR CRYD FUEL TANKS
62 96 CAPARILITY TO STAY WITHIN SPFCIF OPER MARGINS
" 63 7 71 IMPROVFMENT OF HYDROCARBON FLEL PERFORWANCE
66 02 AUXILLARY PUWER UNITS
65 19 Alk DATA MEASURENENT YECHNIQUES
66 93 EFCYS UF VEH DYN/CENTRIF EFCTS ON CREW/PSSNGRS
CY 2 4 ] FLL 1 CR RECLSSED ANTENNA NESTGN TECHNIQUES

MCDOANNELL AIRCRAFT
3-23

“VALIATION CRITERION

A, TECHNOLDGY ADVANCEMENT
8. COST & SCHEDULE

INTRINSIC
___VALUE
73.5
T2.5
7¢.9
70.5
[ ]
6T.4
66.0
6S.4
65.0
64, R
64,4
64 .t
62.5
6l.6
6.5
&C,.Q
59,9
S9,.C
5R8.7
SK.4
SA.3
5T.8
57.5
S6,.9
56,6
56.6
S56.6
56,5
56.C
55.13
54,8
S¢.7
53.%
$2.6
52.6
52.5
51.9
Sl.&
&7.9
46,1
45.9
&5, R
©2.7
41.9
41.9
«1.3
4l1.0
“C.é
LG
39.5
39,5
39.46
19,2
8.7
37,9
37.5
37.4%
36,9
6.6
36.5
6.4
35,1
3.4
2.8
29.9
29,3
2R,5

AFL. wWT,

«607
:393_



FEOCHNOLUGICAL AREA

A.
B.
C.
0.
E.
F.
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FIGURE 3-4

RESEARCH OBJECTIVE INTRINSIC VALUE

OPERATIONAL SYSTEM NO. 2 = (L2}
WEIGHTED AVERAGE FOR ALL EVAL ° Tk CRITERIA

KEL. WT. NU. EVALUATORS

MCDONNELL AIRCRAFT
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EVALUATION CRITERION

AZRODYNAMICS <184 23 A. TECHNNLIGY AIVANCEMENT
THERMODYNR .I1CS o165 19 be COST £ SCHEDULE
STRUCTURES & MATERIAL  .1vy3 22
PRUPULSION «209 32
SUBSYSTENS 126 18
QPERATIUN .123 22
QANK LUNL OBJECTIVE INTRINSIC
___VALUE
1 28 REUS THML PROT STMS — £RY( FUELS/OXIDR TNKG 73.5
2 43 T REUSABLE THML PROTECT §$TMS — PRIMARY STRUCTURE 72.6
3 60 CONVERTIBLE SCRAMJET SYSTEMS - DEVELOP £ DE™NN 72.4
“ 3 SUPERSONIC €& ..YPERSCNIC AEPN CHARACTERISTICS 7C. 9
5 34 LUNG-LIFE REGEN-COULED STRUCTURAL CUNCEPYS 70,9
6 <8 INLET CONFIGURATIUNS WITH DESIRABLE CHARS 6.6
7 & TEST TCCHAS FOR RE NGo SHOCK WAVE £ BNDY LR PHEN 66.1
3 &7 INLET/ENGINE CUMPATIRILITY CRITFRIA 6.6
9 sB HEST MULTIMODE CYCLE & ENGINE SIZE 65,1
IC 44 MECH/PHYS PRUPERTIES OF ADVANCED MATFRIALS 64 R
11 45 FAR TECHNS - ADV MATERIALS/COMPLEX STRUCTURES [T
12 &2 FULL SCALE COMP TEST QOF STRCT/THMSTRLY SYSTENS &2.5
13 Q PAKAMATEKS AFFECTING STABILITY o CONTRIL 62.0
14 33 CONTRGL SURFALE TECHKNOLOGY .. 61,6
15 34 EFF CF CUMb MelH LDNG, THML STRS CYCe TEMP VAR 61.5
16 .2 HYPERSONIC SCUNDARY LAYER REHAVIOR £l.b
17 4 TEST & INSP METHODS FOR ADVAMCED STRUCTJRES 59,C
18 ' B EXST EXP FUR AGD LIFT/PROP GAS FLO INYT EFCTS SH.9
19 S2 ENRTAE DESIGN CNCPTS FOM VARIOUS COULING TECHNS SR, R
26 19 CNTL SURFACE EFFECT/HEAY EFFECTS WwHEN OEFLECTED SA.4
21 32 KEJSABLE LEADING EOGE CUNCEPT® SR, &
22 65 NJZZLE COUNFEGURATIONS SH L
23 5 UPTIMUM &t ACCEPTABLE HAMOL ING QUALIYIFS 5K, 1
74 1 LUN SPEEN {T/U0 & LANDING) AERO CHARACTERISTICS SH.1
25 2 SUASONIL & TRANSNMIC AER0 CHARACTERISTICS SH,0
2¢6 16 HEAT TRANS L DRAG FOR TURBULENT ROUNDARY ' AYERS 57.A
21 W FUSELAGE/TANK STRUCTS — MOKE EFFICIENT CO.LEPTS ~ ST.R
28 24 EMBEDUED SHUCK, VORTEX, SEPAR & REATCH EFFECIS 5645
29 6 SURFACE/ZINLET POSITION — FAVNR  APRU INTEFERENCE 5642
3¢ 26 HEAY EFFECTS = FLOn FLELD/VEH GFTM INTERACYIONS 85,13
3t 29 HYPLALENIC ASLTHENMG DARAMS Iy 3I-NDIM FLUK 54 .8
32 11 SEPARATION YECHNS FUR PGSITIVZ SEPAR & CONTRPOL 83,5
33 46  HILH TEMPERATURE EJ'TIPRENT 53,4
34 17 PREDICT TECHNS FIR 20 LAYER TRANSITION %3.2
35 22 SURFACE SHAPING E PRiY ‘S EFFECTS ON ORAG £ HEAY 52.6
36 63 EFFECTIVE INLET CONTROLS 52.3
37T <l ESTIM OF CUMPUNENT/STRUCTURAL NASS FRACTIONS 51.%
o 38 10 STAGE INTEGRATION FOF AERN [MPROVFMENTS 48,9
39 "0 HEGEN CKYO HEAT EXCHWS/TARMO CORLS/CODL CNT STHS th L’
*C 25 HEATING FFFECTS FROM FLON THRU GAPS 45,9
41 715 FUEL TANK CONCEPTS/FUEL SYS NPER & CNTL TECINS 45,R
&2 HY HAN=MACHINF CUMPATIBILITY - CONTROL/NAVIGAYIGON 2,7
4«3 27 PREDICT TECHNS Fuk HEAT TRANSFER ~ ENG FXHAUST %1.9
46 T3 CRYU SYSTEM COMPUNENTS - RCD WT/INCR RELTABILITY 41,9
45 .9 TECHAS Fulk ALIEVIATING SUNIC HOUM INTRNSITY “let
46 39 NEAR FIELD NOLISE FFFECTS 1.3
47 80 ACTUATIUN TECHNS € HOWR FOR CNTL SUKFACE MOTION %1.C
48 lé& PREDICT TECHNS FUR HUFFET ONSET OF LOW AR A/C 40,9
«9 &8 THMe COND, STORAGE £ SAFE HNDLG 0If CRYD FUELS 0.3
__ 5C_ 7A _ STABILITY AUGMENT SYSTEMS/KECOVERY FRAM PG 39,5
51 23 TRANSPIR/ARLAT FECTS - SKIN FRILCT/HMEAY TRANSFER ~ 7 1y,5
52 9% ABORT, FUtL OUMP, FSCAPE & EMERG EGRESS TECHNS 39,4
53 B3 ENVIRON CNTL SYSTEM = LIQUID CHRYU AS HEAT SINK InT
54 A7 FERMINAL APPRUACH & | *NNING METHODS 37,9
55 102 INSPELYIUN £ REPAIR T:(HNS FOR HYPEFR VEd STKCTS 37.5
. 56 _ 3R FUEL SLUSH £FFECTS ON DYNAPTCS/INERTIA LUADS 7.4
87 7 69 FLULD DYN/THERMUDYN CHARS OF CRYO FUFLS 3¢.9
s8 T2 FUEL SYSTEM I SIGN REQUIREMENTS 16,6
59 3% STRUCTURE MAINTAINING AERDNYNAMIC SHONTHNESS 36.5
eC 97 LEAX UETECYIIIN METHODS FUR CeY0D FUEL TANKS 6.4
61 7Y CAPARILITY TO STAY WITHIN SPECIF OPER MARGINS 36,1
62 1W EFFECTS UF KEACTION CONTROU JRTS 34,4
63 Tl " IMPROVEMENY 1F HYDRUCAHBON FUEL PERFURMANCE 33,4
64 82 AUXTLIARY PUWER UNITS 2.0
65 19 AIR DATA MEASUREMENT TECHNIQUES 24,9
66 93 EFCTS (F VEH DYNJCFNTRIF EFCTS N CREW/PSSNGRS 2943
67 1 FLUSH ('R RFCESSED ANTCYNA LESIGN TECHNIQUES 2¢.5
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FIGURE 3-5
RESEARCH OBJECTIVE INTRINSIC VALUE

UPERATIONAL SYSTEM NO. 3 - (L2j

wWEIGHTEU AVERAGE FUR ALL EVALUATION CRITER(A

TECHNUOLUGICAL AREA REL. WT. NO. EVALUATORS EVALUATINN CRITERION ReL, NT,
A. AERQDYNAMICS Y. 23 A. TECHNOLOGY ADVANCEMENT «607
__B. THERMOOYNAMICS .i85 19 Ho COST & SCHEDULF .30%
C. STRUCTURES & MATERIAL Jl@3 T T T 22 77T T
U. PROPULSION 209 32
E. SUBSYSTEMS .126 18
+. UPERATIUON .123 22
RANK CODE NBJECTIVE INTRINSC
_ VALUE
1 58 BEST NULTIMODE CYCLE € ENGINE SIZE He oS
2 28 ___REUS THRL PROT STHS - CRYO FUELS/OXIDR TNKG 73.%
3 43 REUSAHLE THML PROTECT STMS - PxIMARY STRUCTURE T2.5
4 3 SUPERSOMIC & HYPERSONIC AERD CHARACTCRISTICS 72.9
s 34 LONG-LIFE REGEN-COCLFD STRUCTURAL CONCEPTS 6.9
6 4 TEST TECHNS FOR KF NN, SHOZK WAYE L BNDY LR PHEN 66.1
7 e MECH/PHYS PROPERTIES OF ADVANCED MATERIALS b4, R
8 45 _ FaB TECHNS - ADV MATER[ALS/COMPLEX STRUCTURFS 64, C
S 42 FULL SCALE COMP TEST OF STPCT/THMSTRCT SYSTENS 62.5
10 9 PARAMATERS AFFECTING STABILITY & CUNTQ)L 62,0
11 33 CUNTRUL SURFACE TECHNILOGY al.n
12 36 FFF CF COMB MECH LDNG, THML STRS CYCe TEMP VAR 6l.%
13 12 HYPERSUNIC BOUNDARY LAYER RERAVI(IR 6l.%
o L& &0 TEST & INSP METHODS FOR ANDVANCED STRUCTURES 59.0
15 7 ENG EXST EXP FCR ADD LIFT/PRUP GAS FLN INT EFCTS SH,Q
16 19 CNYL SURFACE EFFELT/HEAT EFR:rCTS wHEN DEFLFCTED SH.6
17 32 HEUSABLE LEADING €DGE CONCEPTS SH.4
18 5 OPTIPUM £ ACCEPYARLE HANMLING QUAL ITIFS 5R.1
19 1 LUR SPLED {1/ & VANPING) AFRO CHARACTERESTICS S,
2¢ ? SJHSUNIL € TRANSONIC AER1) (HARACYFRESTICS LY ]
21 16 HEAT TRANS & DRAG FOUOR TURHULENT HMINDARY LAYERS 7.0
22 50 FUSELAGE/TANK STKUCTS - WKRE EFFICIENT CONCEPTS §T.R
23 24 EMREDNFDN SHUCK, VUKRTEXx, SEPAR & REATCH FFFECTS 56,5
24 IS SURFACC/INLET POSITION - FAVOR AERU INTEFERENCE 56.2
25 26 HEAT EFFECTS ~ FLOW FIELD/VEH GEUM INTFRACT INNS 55.3
26 2¢C HYPFRSONIC AEROTHERMO PARAMS IN 3-DIM FLOW 56,8
21 62 HKT—PWwD ENGINE NPERATION IN BORIZ T/00 ~“C 4.3
es 1l SEPAKATION TECHNS FOR POSITIVE STPAR &  ONTSOL €3.3
29 b HIUH YEMPERATURE EQUIPMENY 53.4
i 17 PREDICT TECHNS FOR BNDY LAYER TRANSITIOM 53,2
31 22 SUKFACE SHAPING & PRCTUB EFFECTS 0% DRAG € HEAT 52.6
32 &1 ESTIM UF LOMPUNENT/STRUCTURAL MaSS FRACTIONS 518
33 6e AUXTLIARY TURRGJETS FOR LANDING WYPERSINIC VEHS 49.% T
3« 10 STAGe INTEGKATIUN FUR AERQ IMPRUVEMENTS 48,9
3% 715 FUFL TANK CUMCEPTS/FUEL SYS OPFR & CNTL TECHNS 46,5
36 25 HEATING EFFECTS FROM FLOW THRU GAPS 45.9
37 R9 MAN=MACHINE CUMPATIBILITY - CUNVRUL/NAVIGATINN 43,12
I 73 CRYO SYSTEM CUMPONENTS — RC) WT/7[1CH RFLTARTLITY 42.0
3 27 PREDICT TECHNS i HEAT TRANSFEF  FNG FXHAUST 41,9
40 15 TELHNS FOR ALLFVIAYTING SUNIC aNnm [NTENSTY 4l.6
41 890 ACTUATION TFCHNS & HDWA FOR CNTL SURFACE MOTIGN 41.5
42 39 NEAR FIELD NUISE EFFECTS 41,2
23 14 PRAENICT TECHNS FDR RUFFET ONSFT UF LOW AW A/C 40,9
4% T8 STARILITY AUGMEXT SYSTEMS/RECOYFRY FRNY PIO'S &G, R
45 68 THML LONO, STURAGE €& SAFE WNDLG UF CRY) FUELS 4n,1
46 94 ABGHT, FUEL NUMP, ESCAPE { EMERG EGPESS TECHNS 40,0
471 23 TRANSPIR/ABLAT EFCTS — SKIN FRICT/HFAT TRAMSFER 39,5
48 83 ENVIRON CNTL SYSTEM ~ LIQUID CRYO AS HEAT SINK 9,
49 A7 TERMINAL APPRUACH t LANDING METHUDS 39,0
SGC 102  INSPELTION £ REPAIR TECHNS FOR HYPER VFH STZCTYS K, 4
st 97 LEAK DETECTIIIN METHODS FOR CRYO FUZL TANKS 37.%
§2 3R FUEL SLUSH EFFECTS UN DYNAMICS/ INERTIA LOADS 37,4
83 69 FLUID UDYN/THERNODYN CHARS OF CRYD FUFLS 37.?
54 3% STRUCTUKE MAINTAINING AERODYNAMIC SMOOTHNESS 364
sy 96 CAPARILITY T STAY WITHIN SPECIF NPER MARGINS 3%.9
56 18 EFFECTS UF REACTION CONTRUL JFTS 34,6
57 82 AURILIARY POWER UNITS 37.6
58 99 SHOKI TAKEODFF TECHNIOUES It.6
se 93 EFCTYS OF VFH NYN/CENTRIF EFCTS ON CREW/PSSNGRS 3C.5
80 19 A[R DATA MEASUREMENT TECHNIQUES .5
6L 77 FLUSH (IR RECESSED ANTENNA DESIGN TECHNIQUES 1.7
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FIGURE 3-6
RESEARCH OBJECTIVE INTRINSIC vALUE

OPERATIUNAL SYSTEM NO. & - (L&)

wEIGHTED AVERAGE FOR ALL EVALUATION CRITERIA

TECHNULUGICAL AREA HEL., WT. NO. FVALUATORS EVALUATION CRITERLON IFL, W@T.
A. AEKUDYNARICS 186 23 A, TFCHNGLOGY ADVANCEMENT 6G7
B. THFRMOUYNAMICS <165 19 R. CRST & SCHEDULF .393
C. STRUCTLRES & MATL. JAL  .193 22
0. PROPULSIUN .2C9 kT
E. SUBSYSTEMS 126 18
Fo OPERATION 123 22
RANK CODE OBSECTIVE INTRINSIC
___VALUE
1L 48 INLET CONFIGURATIONS WITH DESIRABLE CHARS 73.1
2 28 REUS THML PROT STMS ~ CRYO FUELS/OXIDR TNKG 73.5
3 67 INLET/ENGINE COMPATIBILITY CRITERIA 73.1
e 61 SCRAMJET SYSTEMS - DEVELOP & DEMONSTRATE 73.0
S &3 REUSABLE THML PROTECY STMS ~ PRIMARY STRUCTURE 72.6
6 3 SUPERSONIC E HYPERSOINIC AERU CHARACTERISTICS 70.9
T 3 LONG-LIFE REGEN-COOLEN STRUCTHRAL CONCEPTS 70.9
s S8 REST MULTIMGDE Lv¥lil £ =NGINE S{ZE .0
9 52 ENGINE UESIGH CNCPTS FGS VARIOUS COUL ING TFCHNS 61,7
16 &5 NUZZLE CONFIGURATIONS 66,9
11 4 TEST VYECHNS FUR RE MO, SHGLUK WAVE € BNDY LR PHLN 66,1
12 44 ME(H/PHYS PROPERTIES (F ADVANCED MAVERIALS b4 R
13 45 FAr TECHNS — AOV MATERIALS/CONPLEX STRUCTURES 64,0
14 42 FUL. SCALE COMP TFST DF STRCT/THMSTRCT SYSTENS 62.5
15 L} PARAMATERS AFFECTING STABILITY £ CONTRIL 62.0
s 33 CONTROL SURFACE TECHNOLOGY 61.6
17 63 EFFECTIVE INLET CCNTROLS 6l.6
18 36 EFF OF CUMB MECH LDNG, THML STRS CYC, TEMP VAR 61.5
19 12 HYPEASONIC BOUNDARY LAYEP LEHAVIOP Al.e
20 &0 TEST L INSP METHUDS FOR ADVANCED STRUCYURES 59,6
21 7 TENG EXST EXP FOR ADD LIFT/PROP GAS FLO INT ErCTS 5a,Q
2?2 19 CNIL SURFACE EFFECT/HEAT FFFeCTS WHEN DEFLFCTFD LTI
23 32 REUSABLE LEADING EDGF CUNCEPTS SR,4
24 5 OPTIMUM £ ACCEPTAKRLE HANDLING QUALITEES SR.1
25 1 Lfw SPEED (T/0 £ LANDING) AFRO CHARACTFRISTICS SH, 1
26 2 SURSONIC & TRANSONIC AERD CHARACTERISTICS SR,0
21 "T16 HEAT TRANS t DRAG FUR TURBULENT ROUNDAYY LAYEKS ST.4
28 30 FUSLLAGE/TANK STRUCTS —~ MUKE EFFICIENT CONCFPTS ST,R
29 24 EMBEOUVED SHULK, VORTEX, SFPAR & REATCH E+FECTS 5N, 9
30 ° SUKFACEZINLET POSITION — FAVOR AFRD INTEFERENCE 68,2
31 28 MEAT EFFECTS - FLUK FLELU/VEH GEOM INTERACTIUNS 55,3
32 20 HYPLRSGNIC ASROTHEDLMU PAVAMS [N 3-NIM FIOW 54,8
33 11 "7 SEPARATIUN TECHNS FOR POSITIVE SEPAR & (PHTxAL $3.6
34 &b HIGH TEMPERATURE EQUIPMENT 53,4
3% 17 PREDICT TECHNS FOk BNDY LAYER TRANSITINN 53,2
3 22 SURFACE SHAPING € PROTUR EFFECTS ON DRAG & HEAY S2.h
EY AR | ESTI¥ OF CUMPONEMT/STRUCTURAL MASS FRACY ICNS Sles
o 38 16 STACc INTEGRATION FNR AERD IMPROVEMENTS 4R,9
TTTT39 T 16 T TREGEN ChYO HEAT EXCHRSZTHRMO TORLS/COOL (NY STHS 47 .4 Tt TTTTTTTT T
4 25 HEATING EFFECTS FRGM FLOW THRU GAPS 45,9
41 15 FUZL TANK COMCEPTS/FUFL SYS OPER § CNTL TECHNS 45,3
«2 A9 MAR-MACHINE COMPATIHILITY ~ CONTROL/NAVIGATiON 3.3
43 27 PREDICT TECHNS FUR HEAT TRANSFER - ENG EXHAUST 1.9
“6e K2 RKT-PwW) ENGINE OPFRATION IN MORI2 T/0 A/C w1k
5 15 TECHAS FUR ALLEVIATING SUNIC BOOM INTENSITY 4"
4 39 NEAR FIELD NOISE EFFECTS 41,3
41 T3 CRYD SYSTEW COMPONENTS = RC) WT/INCR RFL IAGILICY 61,2
4l 14 PREDICT TECHNS FOK BUFFET CNSET OF LOW AR a/C 40,9
49 80 ACTUATIUN TECHNS & MUWR FOR CNTL SURFACE MOTION 40.5
R ~ 50 94 ABLRTy FUEL DUMP, ESCAPE & SMFRG EGRESS TECHNS 4.0
TTTTUTTTTTT 1T TTéAT T THML COND, STORAGE £ SAFF HNDUG OF CRY)D FUFLS TTT T 39,6 T T T 7T
52 23 TRANSPIR/aolL AT EFCTS — SKIN FRICT/HEAT TRANSFER 39,4
%3 78 STABILITY AUGHENY SYSTENS/RECOVERY FRNM £1095S 39,13
54 R7 TEPPINAL APPROACH £ LANOING SFTHODY in, 0
5% 102  INSPECTIUN & REPAIR TEUHNS FOR HYPEK VEH STRCTS M,
_ 5« 83 ENVIRCN CNTL SYSTE™ ~ LIQUID CRYD AS HEAT SINK et
TTTTT T 8, 7T QY TTT LEAK DETECTION METHUOOS FOR CRYO FUFL TANKS i7,s
58 38 FUFL SLOSH EFFECTS ©ON DYNAMI{CS/INERTIA LTADS 37.4
59 b4 AUXILIARY TURBUJETS EODR LANDING HYPERSINIC VEHS 36.6
60 69 FLLID NDYN/THIRMODYN {R&AR3 (OF CRYOD FUFELS 36,5
81 35 STRUCTURE MAINiAINING iAERODYNAMIC SHOOTHNESS 6.5
62 96 CAPABILEITY TU STAY WITHIN SPECIF OPER HARGINS 1%eQ
TTTTTTT 7763 T8 T EFFECTS OF REACTION CONTROL JFTS 34,4
6% B2 AKX LLARY POWER ULNITS 31.9
13 99 SHORT TAKEUCF TECHNICQUES .6
66 93 EFCTS UF VEH DYN/CENTRiF EFCTS (IN CRFW/PSSNGRS 0. %
87 19 AlR NDATA MEASUSIMENT TECHND JUES 00
58 17 FLUSH OR RECESSED ANTFNNA DESIGN TECHNIQUES 21.5
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FIGURE 3-7
RESEARCH OBJECTIVE INTRINSIC VALUE

OPERATIGNAL SYSTEM NO. 5 - (Ci)

WEIGHTED AVERAGE FGR ALL EVALUATION CRITERIA =~ ° .

TECHNUOLOGICAL AREA RtL. wT, N, EVALUATORS EVALUATION CRITERION REL. wV,
A. AEKUDYNARICS «184 23 A. TECHNOLOGY ADVANCE~ENT «6C7
Be THERMUD 'NAMITS 165 19 be COST & SCHEDULE «3¢3
TTCJTSTRLLTLRES € MATERTAL & L1937 T T ot -
D. PROPULSION «20¢ 32
Ee SUHSYSTFMS 126 18
Fo UPERATION .123 22
RANX CODE OBJIECTIVE INTRINSTC
VALUE
1 57 TURBORAMJET SYS1EMS ~ DEVELQOP & DEMUNSTRATF Ti.b
P4 28 REUS THML PROT STMS - CRYQ FUELS/OXIDR THKG 74,5
3 43 REUSABLE THML PRUTECT 5TMS — PRIMARY STRUCTURE 12.5
4 34 LONG-LIFF REGEN-CODLED STRJUCTURAL CONCEPTS 0.9
5 3 SUPEKSUNIC & HYPERSUNIC AERQ CHARACYERISTICS 70.6
-3 59 RAMJET SYSTENS - DEVELUP & DEMONSTRATE 1.2
7 48 EMLET CONFIGURATIONS WITH DESIRABLE CHAKS 69,4
] 67 INLET/ZENGINE COMPAT IRILITY CRITFRIA ARG
9 54 BEST MULTIMOBE CYCLE & ENGINE SIZE 63,5
1o 4 TEST TeCHNS FOR KE N0, SHICK WAVE € BNDY LR PHFN 4.9
11 44 MECH/PHYS PROPERTIES ('F ADVANCED MATERIALS 64, ¢
12 65 NUZZLE CUNFIGURATIOUNS o441
12 45 FAn TECHNS - ADY MATERIALS/COMPLEX STRUCTURES 64,0
14 42 FULL SCALE COMP TEST (GF STRCT/THMSTRCT SYSTFMS 62.5
15 52 ENGIANE DESIGN CHCPTS FOR VARIOUS CODLING TECHNS &l.R
1o 33 CUNTRUL SURFACE TECHNOLOGY bleb
17 36 tFE Cr CGMB Mt "l LDUNGy THMU STHS (YO, TEMP VAR 61.5
1R 9 PARAMATERS AFFcCTING STABILITY & CONTHIL «Ca7
19 40 TEST £ INSP MeTHGDS FOGR ADVANCED STRUCT JWES se.r
20 12 HYPERSUNIC AUUNDARY LAYER HEHAVINR 59,0
21 32 REUSASLE LEADING EDGF CONCEPTS Sheé
22 63 EFFECTEYD INLET COMTROLS 57.9
23 30 FUSELAGE/TANK STRULTS - NURE FHFRICIENT CUNCEPYS 57.F
24 7 TNG EXST EXP FOR ADD LIFT/PRUP GAS FLO INY EFCTS Shee
25 19 CNIL SURFACE EFFECT/HEAT EFFECTS WHEN DFFLECTED Sh.1
26 s UPTI™UM & ACCEPTARALL HANDLING QUALITIES ELT
2T 2 SUHSUNIC & TRANSUNIC ApRU CHARACTFRISTICS Chel
28 § Ludn SPEEND (T/70 & LANDING) AEKO CHARACTERISTICS 55,9
29 16 HEAT FRANS & DAL FUR TRBUL ENT RUUNDARY LAYERS LLI
p P4 LABCUDED SHEGCH, vilPTex, SLPAHR g L€3TLH EEEELTS 86,9
31 2¢ iCAT EFFECTS = FLiYw 7FILLU/VEH SeUY (NTERALTIONS L)
32 6 “URFACEZIRLET POSTITION — FAVUR  ARR() INTEFFRENCE “3,.R
33 20 HYPERSONIC AERUTHERNMO PARANS [N 3-DIM FLOW 54,9
34 ) HIGH TUMPERATURE EQUIPMENT S1. 6
LT b. ESTIN UF CU#FVUNENI/ZSTRUCTURAL MASS FACTIONS S51.4
36 22 SUKFALE SHAPING L PROTUS FEFFLYS (N DRAG § HFAT SC.d
37 17 PREDICT TEULHNS FUF BNDY LAYZR THRANSITION S( .5
3 70 REGFA CRYD HEAT EXCHKS/THeAl) CORLS/ZCOUL (NT STHS Ghah
39 75 FUEL TANK CUNCEPTLZFUFL .YS OPER & CNTL TECHNS “4b. %
*C 25 HEATING EFFECTS FROM FLUW THRU GAPS %3.C
41 84 Mo «-MACHINE CO¥PLTIRTITEY — CONTROL/NAVIGATLUON 2.7
4“2 73 CRYUD SYSTLEM CUPUNEATS = RO WT/INCK RELIARILITYY 42.4
43 AU ACTUATION TECH ., & HOWR FOOK CNTL SU#f ACF miTv fuN “los
%4 34 NZAK FLELD NOI>t FRFECTS L1
45 58 THML L CNb,y STNHAGE & SAFE HNDLG OF CRYO FUEES &M H
46 27 PREDILT TECHNS FUR HEAT TRANSFER = ENG EXHANSY &0,2
%7 e STARILITY AUGMENT SYSTEMS/HECOVFRY FRNOR® P IOYS LT I
45 15 TECHNS FUR ALLFVIATING SUNIC BOUM INTENSITY 9.0
&9 9% ABURT, FUEL DUMP, ESCAPF © EMERG EGHESS TECHNS 4,4
50 R3 FNVIRON CNFL SYSTEM - LI gUutD CRYOQ AS HEAY SINK 39,1
51 RT TLRMINAL APPROACH £ LANDING METHODS 37.¢©
52 1% PREDICT TECHNS vOR HBUFFET UNSET UF LOW AR A/C A2
3 102 INSPECTIUON & RUPAIR TECHNS FOR HYPER VEH STRCTS 37.5
54 &9 FLUID DYN/THERMODYN CHARS UF CPYOD FUELS AT, 4
55 i3 FUEL SLUSH FFFLCTS OUN OYNAMICS/ZEINFRTLA L NANS 7.4
Sé 72 FU:L SYSTEM DeSTGN REQUIREMENTS 17,¢
57 15 STRUCTURE MAYNTAINING AEROLYNAMIC SMIOOTHNESS It.b
SR 1 LEAK DETECTION METHODS FOR CRYO FUEL TANYS 14,4
59 J6 CaPaniLITY 70 STAY WITHIN SPECIF OPFR MARGINS 35,1
60 T [ MPRCVEMENT NF HYDRGCARAON FUEL PERFNRMANCE 33.7
61 ¥4 AUXILIARY POWER UAN[TS 33.3
82 T4 KAPID CRYOGENI: SERVIUING TECHNTOUES 326
63 54 ENGINE NOISE RrDUCTYION NURING T/70 & LANDING V.5
64 19 ALN DATA MEASU-* HENT TECHNIQUES 30,3
65 93 eFLTS (b VEH DYI/CENTRIF EFCTS ON CREW/PSANGRS 29413
66 17 FLUSH UR RECESSFO ANTENNA DESIGN TECHUNIGQUES ?25.¢
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TECHNOLUGICAL AREA REL. Wf. N0, FVALUATQRS EVALUATION CRITERION
&, ACRNDYN2HICS 184 23 A, TECHNNLOGY ADVANCEMENT
8. THE«MOIYNAMICS 165 19 6. COST & ACHEDULE
Co ST2LUCTURES €& MATERIAL  .193 22
9. PKOPLLSION .209 32
€. SURSYSTEMS 126 18
Fe UPERATION .123 22
RANK CODE ORJECTIVE INTRINSIC
____VALYE
1 60 CONVERTIBLE SCRAMJET SYSTEMS — NEVELOP & DFMNA T6C
2 28 REUS THML PROT STMS - CRYO FUELS/UXINP TAKC 73.5
3 43 REUSABLE THML 2ROTFLT STMS — PalMARY STRUCTUSRE 2.6
& 3 SUPERSONIC £ HYPERSONIC fERFD CHARALZTERISTICS 7.1
5 3% LONG-LIFE 'EGEN-COOLFD $STRUCTURAL CONCFPTS 7.0
6 48 [.LET CONFIGURATIU-S WIYH PESTRARLF CHARS 73.3
7 67 INLET/ENGINE LOMPATIPILITY CRITFRIA 69,5
s SR REST MULTIMODE CYCLE & ENGINE SIZF 671
9 4 TEST TECHAS FOR kb N0, SHOCK WAVE & ANDY LR PHEN hool
10 4% MECH/PHYS> PRIPERTIES CF ADVANCFD .. ERIALS b6, R
11 65 NJZZLE CUNFIGURATIONS 664
12 45 FABb TECHNS ~ ADV MATERIALS/ULUMPLEX STRUCTURES 64,0
13 s2 ENGINE DESIGN CHCPTS FOR VARIUUS CUOOL ING TECHNS 82,7
14 42 FULL SCALE COMP TEST (F STHCT/THMMSTRCT SYSTEMS 62,5
15 9 PARAMATERS AFFCCTING STABILIYY £ CONTRIL 62.0
16 13 CUONTKUL SURFACE TECHNOLOGY bl.6
17 34 EFF GF (UMd MErH LONGy THML STRS CYL, TEMP VAR 61,3
18 12 HYPERSONIC HOUNDARY LAYER WFHAVIUR &C.R
19 40 TEST € INSP METHONS FUR ADVANCED STRUCTURES 59.C
2¢ 63 EFFECTIVE INLET CONTRC.S 58.5
21 3 REUSARLF LEADING FDGE CONCEPTS L1
22 1 LW SPEED (T/0 € LANDING) AER{ CHARACTERISTICS SH. 3
23 7 ENG EXST LXP FUR ADD LLIFT/FROP GAS FLOD IMT FFCIS CETY
24 1o CNIL SURFACF EFFECT/HEAT EFFECTS WHIN DEFLECTED 57.P
25 5 GPTIMUM & ACCEPTAGLE HANDLING QUALITIES 7.8
26 30 FUSELAGE/TANK STRUCTS - MOKE EFFICIENT CUNCEPTS 57.p
21 2 SUBSGNIC & TRANSONIC AERG CHARACTERISTICS “7.6
20 16 HEAT TRANS & DWAG FOUR TURRULENT ROUNDARY LAYFRS 7.0
29 [ SUKFACE/INLEY POSITION — FAVAR AFRU TNTEFEREMCE 5545
I 24 EMHEDDED SHOCK, VORTEX, SEPAR € REATCH FFFFLTS 56.9
31 25 HEAT GFFECTS - FLON FICLN/YEH GEOM INTFRACTIONS LTS
2 20 HYPLRSUNT L AFRUTHERMO PARAMS IN 3=DI¥ rlLUW 1,4
33 46 HIGH TERPERATUFE EQU!PMENT 63,4
34 17 PAEDICT TECHNS FUP BNRY LAYER TRANSITION LY §
35 &l ESTIM OF COMPUNENT/STRUCTURAL MASS FRACTIUNS 5144
6 22 SU=FACE SHAPING €& PRUTUB GFFECTS W ORAG & MFAT S0,k
31 10 REGEN CRYO HEAT EXCHRS/THRM{O COFLS/COOL CNT STuS 4hos
3R 75 FUEL TANK CONCEPTS/FUEL SYS OPZR & CNTL TECHNS b6
39 "25 7 HEATING EFFFCTS FRUM FLL. THXU GA%S T 43,0
4 A9 MAN-MACHINE COMPATFRILIT - COMTKROL/LAVIGATION 62,7
1 73 LAY SYSTENM CUOMPONENTS - RID «T/INCR REL [ARILITY 6246
42 LT ACTUATION TECHNS £ rDNR FJR CNTL SURFACF MOT (A4, “l.s
43 39 NEAR HIELD NUISE FFeECTS 1.3
46 15 TECHAS FOR SLLEVIATING SONIC BONM {NYENSITY 41.C
&5 68 THML CCND,» STORAGE ¢ SAF:I HNDLG 0 LRYD .1}¢LS 0.8
46 27 PREUICT TECHNS FUP HEAT TRAISFER ~ ENG EXAUST LU, ?
47 18 STABILITY AUGMEMT SYSTEMS/RECOVERY FROM PIS'S 319.9
48 14 PRECICT TECHNS FUK BUFFET (INSET GF LOW Ak 870 39,9
49 9% ARNKY, FUEL QUMP, ESCAPE £ EMER!, EGRESS TECUHNS 19,4
5¢C A3 F (UGN CNTL SYSTEM = LTOU..) CRYO A5 H=AT SINK 9,1
TTTITTTTTIT L1 UTRY TN tain APPRUACH € LANAING HETHODST T ) AT
52 102 (1 27fCTIUN & REPAIR TECHNS Fi'R HYPER VFH STRCTS 37,5
53 69 Fui.  IYN/THERMUDYN CHARS 1IF RYO FUELS 7.4
5¢ 38 fUFL © USH FFFECTS (N NYNAY 2/ INERT1A LDADS 17,4
5 12 FUEL SYSTEM DESIGN RE UIREMENTS 37.0
56 3% STRUCTURE MAINTAINING AERNDYNAMIC SMUOTHNESS 3645
- a7 97 T TLEAK OETECTINN MFTHODS FOR CRYU FUEL TANKS T 3644
58 96 CAPABILITY TG STAY WIVAIN SPECI+ NEER MARGINS 35,1
s¢ 11 IMPKIVEMENT OF HYDRUCARPON FUEL PERFURMAMCE 33,7
AC 82 AUXTLTARY PUWER UNITS 1.3
51 18 EFFECTS OF REACTION CONTROL JETS 17,9
62 74 WAPID CRYUGENIC SERVIZING JECHNTNUFS 3740
TTTTTTTT 83 55  TENGINL NOTSE REDUCTIOM DURINGT TZu £ LANDING 3.1
64 79 ATk UATA  _ASUREMENT TECHNIQUES 0.3
65 93 CFCTYS (4 VEH DYN/LENTULF EFCTS ON CREW/PSSNCRS 29,3
66 17 FLUSH UR RECFSSF) ANTENNA LESTOGN TECHNIWUIS 29,0
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FIGURE 3-8

RESEARCH OBJECTIVE INTRINSIC VALUE

OPERATIONAL SYSTEM NG. 6 ~ {C2)

WEIGHTFN AVFRAGE FUR ALL EVALUATION CRITERTA
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FIGURE 3-9
RESEARCH OBJECTIVE INTRI%SIC VALUE

OPERATIUNAL SYSTEM NU. 7 - (Ml)

T TTWETGHTED AVERAGE FOR ALL EVALUATION CRITERIA

TECHNULOGICAL AREA wel. Wi, NO. EVALUATORS FVALUATION CRITERTION REL. Wl
A, ACRDIYNAMICS .186 z3 A. TECHNOLOGY ADVANCEMENY +607
6. THERMGUYNAMICS «105 19 B, COST € SCHFOIRF <39

C. 3TRUCTURES & PATERIAL ~ ".192 22

D. PRGPULSION .209 32
E. SURSYSTEMS 126 18
Fo LPERATIUN .123 o2
®ANK CODE DBJECTIVE INTRINSIC
___VALUE
1 43 REUSASLE THML PROTECT STMS - PRIMARY STRUCTURE 72.9
2 3 SUPERSUNIC € HYPERSONIC AERO CHARACTERISTVICS 70.6
3 3 LOAG-LIFE REGEN-CCOLED STRUCTURAL CUNCEPIS 9.3
« 57 TUROPAMIET SYSTENS — NEVELIP L DEMONSTRATE oB.A
s 59 YAMJET SYSTEMS - NEVELUP € DEMONST2ATE 67.4
E 48 INLET CUNFIGURATIONS WITH D=SIRAALE CHARS 5.0
1 67 INLET/ENGINE COMPATIRILITY CRITER]A 65.4
& s TEST TECHNS Fur RE NO, SHOCX WAVE £ ANDY 3 PHEN 64,9
3 L& MECH/PHYS PROPERTIES F ADVANCED HATERIALS LY Y
10 53 BEST MULTIMODE CYCLE £ ENGINE SIZE 64,5
11 &5 FAB TECHNS — ADV MATEKIALS/COMPLEX STRUCTURES 63,4
12«2 FULL SCALE COmP TEST OF STRCF/TirSTxCT SYSTENS 62.1
i3 35 CUNTRUL SURF ACe TeOKANOLOGY Hia
_ 18 3o EFF CF COMB MECH LDNG. THHML STRS CYC, TEMP VAR 60.9
15 9 PARAMATERS AFFECTING STARILITY € CONIRJL Y 4 I
16 12 HYPERSONIC BOUNDARY LAYER QEWAVIUR 59,
17 5 NUZZLE CONF IGURATIUNS SR.7
1B <D TEST € INSP RMETHONS FCR ADVANC: 0 STRUCTURES sa,5
19 32 ReUSASLE LEANING EDGE CONCEPTS 5R.3
. 20 52 __ENGIAE DESIGN CNCPTS FOR VAKIOUS CNULING TFCHNS SAL3
2 w0 FUSELAGE/TANK STRUCTS ~ wI2E EFFICUENT CUNCEPTS 8.2
22 14 ENG £XST EXP FUR APD LIFT/PROP GAS FLO INT EFCTS Show
23 19 CNTL SURFACE EFFECT/HEAT EFFECTS WHENY DEFLFCTED se.l
2+ 5 OPTIvyUM £ ACCEPTARLE KANDLING QUALITIFS Sn.0
25 2 SURSCAIC & TWANSUNIC AERQ CHARACTERISTICS Se,.¢
o 20 1 LUn SPEED (i/0 & LANDING) AEWRO CHARACTERISTICS 5%,9
217 15 HEAY TARANS € UKAG FOP TURBULENT BOUNDAR? LAYERS 55.%
28 24 EMBEVUDSD SHHCK, VOKTFX, SEPAR & REATCH FFRECTS se,n
29 26 HEAT EFFECTS ~ FLOW FIELD/VEH GEN® [NTERACT[INS Se.n
30 5 SUXFACE/INLET POSITICN - FAVOR  AFRL INTEFERCNCE €3,.8
n 20 HYPERSCNIC AFRUTHERMUD PARAMS IN 3-DIM FLUW 3.5
2 4k HIGH TEMPERATURE EQUIPMENT $3.0
33 63 EFFELTIVE INLET CCATROLS 2.5
36 41 ESTIM OF CNMPGHENT/STRUCTURAL MASS FRACTIUNS S51.5
k) 22 SUXFACE SHACING & PRUTUR EFFFCTS ON DRAG & HEAT SC.A
6 17 PREDICT TECHNS F(R BNOY LAYEW TRANSITION 5¢.%
37 80 ACTUATION TECHNS £ HDRR FCR CNTL SURFACE *UTION 6.4
B 25 HEATING EFFECTS FRCM FLOW THRU GAPS «3,0
39 89 MAN-“ACHINE COSPATIBILITY - CONTROL/NAVIGATI N 42,7
40 74 STARILITY AUGMENT SYSTEMS/RECIVERY FROW PIATS 42,5
41 8% LAUACH TECHAS FOR AAM & ASM WEAPQNS 41.7
LY 84 ENVIRON CNTL SYSTEM - Me-£ HYDHNLARBON VEHICLE &4C.7T
«3 39 NEAR FISLD NOISE EFFECTS 0.4
& 27 PNELICT TECHNS FOP HEAT TRANSFER — ENG SXHAUST &r,2
4«5 15 TECHAS FOR ALLEVIAT IAG SONIC HOG™ INTENSITY 39.6
TV TA A3GRT, FUEL NUMP, ESCAPE £ EMERC EGKESS TECHNS 36,4
«1 12 FUEL SYSTEM DESIGN RELUIREMENTS IR-S
48 A7 TERMINAL APPROACH & LANDING RETHNDS 37.9
49 1& PREDICT TECHNS FOR RUFFET ONSET NF LOW AR A/C 37.7
5G 102  INSPECTION & REPAIR TECH.S FOR HYPER YEH STRCTS 37.%
s1 97 LeAk DEVSCTION METHODS FOR T°v3 FUEL 1ANXS 36.4
%2 3% STRUCTURE MATATAINING AERQDYNAM{C SMOOIHNESS 36.0
53 Tl IMPHCVEMENT OF HYDRUCARBION FIYSL PERFORMANCE 15,7
- e, CAPABILITY TO STAY WITHIN SPECIF CFER “aRGINS I5.1
55 A2 AUXTLIARY PUNFF UNITS 15,0
S6 79  Al% UATA MEASUREMENT TECHNIAUES 11,2
51 17 FLUSH UR RECESSwD ANTENNA GESIGN TECHNICUZES 0. -
58 93 EFCTS UF VEH DVN/CENTRIF EFCTS ON CREW/T SSNGRS 29,3
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FIGUKE 3-10
RESEARCH OBJECTIVE INTRINSIC VALUE

R - (m2)

"TMETGATED AVERAGE FOR ALL EVALUATION CRITEKIA
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38 22 SURFACE SHAPING & PROTUB EFFECTS ON DRAG & HEAT
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FIGURE 3-11
RESEARCH OBJECTIVE INTRINSIC VALUE

OPERATIUNAL SYSTEM NO. 9 - (M)
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1 A INLET CUNFIGURATIONS HITH PESIRARBLE CHAPS 73.7
2 2A REUS THML PROT STMS - CRYQD FUELS/OXIDR TNKG 73.5
3 o7 INLET/ENGINE COMPATIRILITY CHITEKIA 13.1
& &1 SCRAMJST SYSTEMS — GEVELOP & DEMONSTRATF 73.0
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IS 3 SUPERSONIC £ HYPERSUNIC AER) CHARACTERISTICS 7.1
T s LUAG-LIFE REGEN-CQOLED STRUCTURAL CONCEPTS 0.9
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g 82 eNGINE DNESIGN (NCPTS FOR VARIOUS CODL ING TECHNS e7.7
1¢ os NUZZLE CUNF IGURATIONS 66.9
| 31 “ TeSY TECHAS FOR RE Nfl, SHOCK WAVE & HBNOY LR PHEN 66,1
12 &% MECH/PHYS PnOPERTIES LF ADVANCED MATERIALS 6&.R
13 &5 FAH TECHNS — ADV MATERTALS/COMPLEX STRICTURES 64.C
s %2 FULL SCALE COMP TEST OF STRCT/THMSTRCY SYSTEXS 62.5
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17 63 EFFECTIVE INLET CONTROLS ol.&
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3 22 SUKFALE SHAFING € PROTJOR EFFECTS ON DRAC € HEIT 5C.8
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The principal reeson for defining the Research Tasks is to allow a precise
evaluation of the research capabilities of the candidate ground facilities and
flight vehicles. A detailed description of this evaluation is presented in Section
3.5.

3.4 RESEARCH TASK INTRINSIC VALUES

Phase II effort in the research requirements area involved delineating several
Research Tasks under each Research Objective, previously described iIn Section 3.3,
and eciablisheing the relative research value of these tasks, discussed in this
section. A decision theory approach was utilized in Phase I to establish intrinsic
values for each Research Objective. These intrinsic values are presented in Section
3.2. Intrinsic values were determined for each Research Task during Phase II.
Research Task intrinsic values, similar to the Research Objective intrinsic wvalues,
determine the ranking of the tasks by research contribution. Intrinsic values for
the Research Tasks are determined as described below. The process used insures
that the intrinsic value relationship among objectives is carried over to the tasks
included under the objectives.

3.4.1 RESEARCH TASK EVALUATION METHODOLOGY - Two fundamen :.ements are involved
in establishing Research Task intrinsic values. First, an importance value is
determined for each task, indicating the relative importance of a task in fulfilling
its Research Objective. Secondly, these task importance values are multiplied by
the Research Objective intrinsic values to obtain intrinsic values for the Research
Tasks.

Importance values between 0 and 1 are assigned to the Research Tasks, indica-
ting the relative importance of the tasks to one another in contributing toward
the fulfillment of their objectives. These importance values take into account:
(1) the importance of a given task relative to the other tasks listed under its
Research Objective and (2) the extent to which the tasks under one objective, taken
collectively, contribute to its fulfillment, in relation to the extent the tasks
under other objectives contribute to the fulfillment of those objectives.

The second element in the Research Task evaluation process, the computing of
the task intrinsic values, is accomplished by multiplying the Research Task impor-
tance values far each task by the objective intrinsic values for the Research
Objective under which the task is listed. 1In this way the value of the objective
to which the task contributes is incorporated in the task intrinsic value.
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- FIGURE 3-12
PHASE 1l RESEARCH TASKS

AFERODYNAMICS

Determine low speed (takeoff and landing) aerodynamic characteristics of
hypersonic aircraft.

RT 1.1 - Investigate methods of providing low speed stability and control
for hypersonic configurations.

RT 1.2 - Investigate various methods of improving takeoff and landing char-
acteristics such as variable geometry, auxiliary 1lift devices, and
propulsive lift augmentation.

RT 1.3 - Investigate maximum usable angle of attack, power off and on, as
limited by control power, buffet, wing drop, ground clearance, or
pilot visibility.

RT 1.4 - Investigate trim capability at worst c.g. location on basic aero-
dynamic characteristics and on the corirol power available from tne
trimmed condition.

RT 1.5 - Evaluate relative importance of ground effect for typical hypersonic
configurations, specifically the impact on auxiliary devices.

RT 1.6 - Investigate handling qualities via computerized simulation.

Determine subsonic and transonic aerodynamic characteristics of hypersonic

aircraft.

RT 2.1 - Investigate methods of providing siability and control for hyper-
sonic configurations in the high subsonic/transonic flight mode.

RT 2.2 - Conduct research into transonic drag rise associated with configu-
ration related phenomepa such as installed thrust minus drag,
shock wave/boundary layer interaction, and shaping for high subsonic
efficiency.

RT 2.3 - Investigate subsonic and transonic maximum usable angle of attack as
limited by buffet onset, thrust margin, maximum 1lift, and longi-
tudinal control power.

RT 2.4 - Investigate study subsonic and transonic flying qualities as a final
measure of the adequacy of the design solutions.
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FIGURE 3~12 (CONTINUED)
PHASE 11 RESEARCH TASKS

Determine supersonic and hypersonic aerodynamic characteristics of hypersonic
aircraft.

RT 3.1 - Investigate aerodynamic methods of providing stability and control
for hypersonic configurations in the supersonic and hypersonic
flight regine.

RT 3.2 - Investigate the effect of boundary layer transition, separation, and
interaction with shock waves on attaining desired 1ift and drag and
wave drag reduction for improved L/D.

RT 3.3 ~ Investigate the effect of engine exhaust plumes on 1ift, drag, and
longitudinal stability at supersonic and hypersonic Mach numbers.

Provide new or update present testing techniques for smecodynamic research
facilities so Reynolds number, shock wave, and bound-ry layer dependent
phenomena can be correctly simulated using subscale mopdels.

RT L.1 ~ Investigate techniques to better approximat. the free fiight re-
covery temperature to skin temperature ralios for ground tests.

RT 4.2 - Develop techniques to allow determining more representative free
flight aerodynamic data from conventional wind tunnels. Minimize
extrapolation range and improve soundness of technical hase.

RT 4.3 - Investigate relationship between boundary layer thickness and shock
location on the local flow structure.

Define the design criteria and systems requirements for acceptable handling
qualities for hypersonic aircraft.

RT 5.1 - Define fundamental parameters and levels of acceptance of flying
qualities in longitudinal and lateral directional mode.

RT 5.2 - Investigate control systems response characteristics required to
provide acceptable flying qualities for a hypersonic aircraft.

RT 5.3 - Investigate the interaction between control capability, structural
flexibility, controls system dynamics, and pilot response as related
to pilot induced oscillations.

Evaluate design technique= for obtaining favorable aerodynamic interference
effects through surface or inlet positioning.

RT 6.1 - Investigate the flight trajectory/mission profile to identify those
regions where reductions in installation losses provide meaningful
overall performance increments.

RT 6.2 - Investigate inlet and control surface positioning to obtain most
favorable interference.

RT 6.3 - Determine the magnitude of the force and moment decrement associsted
with geometric changes.
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FIGURE 3-12 (CONTINUED)
PHASE 11 RESEARCH TASKS

RT 6.4 - Evaluate trim changes and associated penaliies which accompany off-
design operation.

RO T - Evaluate design techniques of using the aircraft body for engine exhaust
expansion, thereby providing 1ift. Determine the effect of propulsive gas
flow interactions.

RT 7.1 - Determine simulation requirements (flow field and exhaust flow) for
meaningful data return from ground tests of subscale models.

RT 7.2 - Investigate effects of afterbody contours (with engine operation)
on aerodynamic characteristics over the flight Mach number range.

RO 9 - Investigate the effects of variable inlet and nozzle geometry, bypass air-
flow, propulsion mode changes, and aerothermoelastic effects on hypersonic
aircraft stability and aerodynamic forces.

RT 9.1 - Delineate the relevance and specific requirements associated with
individual propulsion systems concepts over their operating range.

RT 9.2 - Investigate methods of extending current aeroelastic test techniques.

RT G.3 - Investigate implications of a flexible aircraft structure on the
o'h-’ls'&-" +o maintain stabilitv and desired nnrndvnnm1n fereoa Gis—

ty and desiry sy
trloutlon

RO 10 - Develop design principles for stage integration which provide reduced drag
characteristics and other serodynamic improvements throughout the speed
range for two-stage hypersonic launch vehicles.

RT 10.1 - Evaluate launch mode stage integration concepts including con-
figuration, performance, and structurasl design requirements.

RT 10.2 - Investigate the serothermodynamic effects and the impact of the
design concepts on flight vehicle performance.

RO 11 - Determine separation techniques for two-staged nypersonic vehicles which
will proviue positive separation and control of individual stages.

RT 11.1 - Identify attractive separation/vehicle concepts.

RT 11.2 - Define individual vehicle performance, control characteristics,
and the effects of local flow field interactions during sep-
aration with and without exhaust gas simulation until the stages
are free of mutual interference.

RT 11.3 - Investigate active, augmented, and passive control techniques
initiated from the second stage control system during separation.
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FIGURE 3-12 (CONTINUED)
PHASE 1l RESEARCH TASKS

RT 11.L4 - Evaluate the effect of the pressure fields created during separ-
ation on the structural dynamic characteristics of both stages.
This task includes research into compatible measurement and
analysis methods to obtain quantitative data.

Improve fundamental knowledge of hypersonic boundary layer behavior in the
presence of adverse pressure gradients and shock interactions.

RT 12.1 - Investigate the effect of recovery temperature to surface temp-
erature ratio on shock-induced flow separation tolerance at hyper-
sonic Mach numbers.

RT 12.2 - Investigate the effect of shock strength and Reynclds number in
the presence of varying pressure gradients on shock-induced flow
separation tolerance which considers surface inclination, surface
continuity, surface mass transfer, and boundary layer growth
(laminar and turbulent).

RT 12.3 - Investigate unsteady control surface hinge moments due to
boundary layer and shock wave interaction.

Develop correlation techniques for the prediction of buffet onset for low
aspect ratio configurations, involving longitudinal (body) bending motions
as well as wing bending responses.

RT 1Lk.1 - Develop new techniques to reliably scale buffet intensity
determined from wind tunnel models.

RT 14.2 Correlate buffet onset with geometric parameters such as aspect
ratio, leading edge sweepback, and slenderness ratio.

RT 14.3 - Evaluate the effect of a non-steady flow field ccndition on buffet
onset.

RT 14.4 - Correlate wind tunnel obtained buffet onset and intensity with a
flight vehicle representative of an operational hypersonic vehicle.

Evaluate configuration shaping techniques and flight path variation for
alleviating sonic boom intensity, and study near and far field noise levels.

RT 15.1 - Investigate sonic boom signature characteristics and near end far
field noise frequency/intensity spectrum which constitute ana
irritation.

RT 15.2 - Investigate the feasibility of configuration shaping to materially
affect the perceived sonic boom intensity.

RT 15.3 - Evaluate changes in perceived sonic boom intensity and noise
levels as produced by variation in flight path.
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Develop correlation methods for the prediction of heat transfer and frictica
Arag for turbulent boundary layers with oressure gradient - and three-
dimensional flows for windward flows.

RT 16.1 - Perform experimental research on turbulent boundary layers in =
realistic windward flow field. This task provides for correl.~ion
with analytical techniques, definition of laminar sublayer ext< - t,
and verification of applicability of Reyr~lds Analogy.

RT 16.2 - Conduct research at equivalent flight conditions to obtain
verification of correlation technigues.

Determine correlations for the prediction of hypersonic boundary layer
transition.

RT 17.1 - Investigate the mechanics of boundary layer transition as influ-
enced by Reyrolds number, Mach number, flow gradients, and noise.

RT 17.2 - Investigate the mechanisms of boundary layer transition which are
affected by surface inclination, surface roughness, and angle
of attack.

Investigate the use of strategically located reaction control jets on hyper-
sonic aircraft to reduce the aerodynamic control surface deflestion and
surface heating.

RT 18.1 - Investigate and evaluate the effects of defl.ction angle on
local control surface temperatures as a function of reaction jet
thrust/time history and jet location.

RT 18.2 - Investigate reductions in control de.lection (i.e., surface temp-
erature) as a function of reaction jet thrust/time history and
Jet loecation.

RT 18.3 - Evaluate the relative payoff of reaction control weight as com~
pared to reductions in control surface weight (thermal protection).
This task includes considerations of flow field interaction
(pressure, heat transfer) and reduction of jet efficiency as a
function of external flow.

Determine the effectiveness of various types of control surfaces and their
locations for providing sufficient control throughout the entire flight
spectrum, and improve methods of predicting serodynamic heating for deflected
control surfaces.

RT 19.1 - Investigate effectiveness of various control concepts such as
wing tip, trailing edge devices, all movable surfaces, and canards
throughout the flight regime.

RT 19.2 - Investigate local control surface temperature as a function of
deflection angle.
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THERMODYNAMICS

Determine the overall vehicle thermodynamic characteristics in hypersonic

flight.

RT 20.1 - Investigate the heat transfer distribution for configuration
concepts based on aerodyawmmic refinement of vehicle shape/contour,
vehicle flight attitude, control surfaces/reaction jets, and
auitiple vehicle proximity.

RT 20.2 - Study =aad substantiate the analytical modeling of generalized
and localized flow fields to provide corrections and extrapolation
of model results in terms of full-scale values.

Investigate shaping of aerodynamic surfaces to reduce skin temperatures,
and the effects of protuberances and surface irregularities on hypersonic
aircraft drag and aerodynamic heating.

RT 22.1 - Evaluate methods of achieving significant reductions in skin
temperature or increased surface temperature uniformity through
specific local contouring.

RT 22.2 - Investigate the effects of surface irregularities on aerothermo-
dynamic design and performance.

RT 22.3 - Investigate impact of thermal optimization on aerodynamic per-
formance variables.

RT 22.4 - Study alternative material selection and thermal protection sys-
tems. Specify their requirements where temperature reductions
through shaping are marginsl. Determine the influence cf surtface
irregularities/roughness on aerodynamic heating.

Determine the effects of transpirative or ablative processes on skin
friction and heat transfer.

RT 23.1 - Investigate and describe the mechanisms of mass transfer peculiar
to each process (ablation. transpiration) and the effects of
these mechenisms on skin friction and heat transfer.

RT 23.2 - Develop an analytical model whiiLh characterizes the surface phen-

omensa for each process.

RT 23.3 - Experimentally verify analytical model. Refine the model to
reflect the impact of ablation and transpiration on skin friction
aild heat transfer.

RT 23.4

Investigate the application of these techniques to time variant
conditiouns corresponding to the flight profile, evaluating the
impact of aulation and transpiration on overall vehicle per-
formance.
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Datermine the etfects of embedded shock, vortices, separation. and re-

attahment on skin frictiun and heat transfer for leeside flows.

RT 2k.1 - Investigate phenomensa associated with leeward flow in terms of
ceparation boundaries and vortex formation sco that adequate
flow field description may be obtained over the Mach number/
altitude range.

RT 24.2 - Investigate methods which will increase validity of experimental
research on mixed boundary layer flow. This task includes cor-
relation of vortex location and strength, definition of extent
and strength of embedded shock waves, determination of zeparation

" and reattachment criteria, and verification of applicability of
Reynolds Anslogy.

Determine the aercdynamic heating effects produced by flow through gaps

resulting from adjacent aircraft surfaces, ard rapid changes in operational

altituvde.

RT 25.1 - Conduct generalized research into fiow phenomena and character-
istics associated with gaps created by clesely adjacent surfacers.
This task includes evaluation of the effects of flow field char-
acteristics, pressure difrerential, and surface roughness.

ET 25.2 - Correlate generalized research data for realistic control surface
aerodynamic and mechanical configuration with additional experi-
mentation to determine change in local heat transfer rate, control
effectiveness, and hinge moment.

RT 25.3 - Re-evaluate the interaction of a reaction cont .. ‘=2t and a
control surface minimizing adverse effects of cou.'col surface
gaps.

RT 25.4 - Study intr~raction of structural breathing during climb and
descen. with local pressure and heat transter conditions. This
t =k includes considerations of baseline transpiration data,
structural concept, flight profile/gap growth, and fabrication
tolerances and technique.

Determine changes in heat transfer due to reduced radistion cooling effic-

iency resulting from vehicle geometric interactions (view factors).

RT 26,1 - Improve two- and three-dimensionrl analytical description of view
factors for complex structural elements.

RT 26.2 - Evaluate structural concepts to determine influence of internal
structural view factor on equilibrium surface temperature.

RT 26.3 - Evaluate configuration and engine concepts in terms of potential
increased localized surface temperature due to changes in view
factor caused - adjacent or intersecting surfaces.
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RO 27 - Develop methods for predicting heat trensfer due to radiation or gas
impingement from engine exhaust.

RT 27.1 - Evaluate the severity of increases in heat transfer due to exhaust
gas interaction. This task includes adequate definition of
exhaust flow field and gaseous radiation, as well as application
of view factor and hypersonic bourndary layer data.

RT 27.2 - Determine simulation requirements {exhaust flow and heat transfer
to external surface) for meaningful data return from ground
tests of subscale models.

RT 27.3 - Expe. imentally develop methods for predicting heat trensfer in
the engine exhaust ares and establiish scaling lews.
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RO 28 - Develop efficient reusable tankage thermal protection systems for cryogenic

RO 30 -

o

()

fuels and oxidizers.

RT 28.1 - Evaluate potential of candidate materials systems (tank structure,
insulation, and vapor barrier) in their operating thermal environ-
ment. This task includes consideration of chemica®l compatibility,
physical properties, thermal performance, bonding and joining,
and lifetime and duty cycles.

RT 28.2 - Assess feasibility cof combiring stiractive materials iIntc thermal
protection concerts for cryogenic tankage. This task includes
considerations of bonding and joining technique, tank penetrations,
subsystems supports, thermal cycling, and equivalent panel con-
ductivity.

RT 28.3 - Develop, fadbricetion, repair and non-destructive evaluation (NDFE)
inspection techniques and demonstrate them under simulated
therma? /rechanicel conditions.

Evelve more efficient concepts for fuselage and tank structures for both
circular ané ncn-circular applications.

RT 30.1 - Stufy integretion of tankage into promising aerothermodynarmic
shapes.

RT 30.Z - Develop anaiytical models to allow determinetior of efficient
snd prectical tank structural cenceptc. This task inciudes con-
siderations of chell theory, tank surface,'volivme ratio, tank
load carrying and support concept (inte;ral vs non-integral), and
geometric scaling.

n
3

30.3 - Experimentally verify adequacy of analytical models to define
tank structure.

Nevelop efficient reusable leeding edge ccncevpts and identify vromising

concepis for srecific materials ian relation to tae flight regime.

KT 32.1 -~ Perforn basic high temperature materiels research for appii-
cation in >xidizing environments. This task includes consijer-
aticns of strength at temperature, creep resistance/time tc
rupture, oxidation resistance, and tenacity of oxide film.

RT 32.2 - Investigate =pplicability of coatving concepts to extend tesic
materials limits and preserve coating integrity under realistic
operating conditions. This task includes consideraticns of
oxidation protection coatings, insulative coatings for higher
surface temperature operation, and emissivity control.
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RT 32.3 - Perform research integration of a coated materials system into
leading edge concepts considering material compatibility with
insulation and carrythroughs, feasibility of fabrication,
coating sequence in manufacturing process, and joinability for
major structural buildup.

Develop control surface technology, including thermal wmreotecticn reguire-
ments, methods of attachment, s2aling, methods of actuation, and thermal

cycling.

KT 33.1 - Integrate availiable research results and define control surface
physical and envirommental boundaries.

RT 33.2 - Investigate the appliicability of primary structural thermal
orotection systems to control surface design and perform
sdditional research where reguired.

RT 33.2 - Demonctrzte satisfactory performance of the control surface and
astociated hardware in a duplicated flight environmert.

concepts for sprlicaticn
provulsion systems.

Tevelop long life regeneratively ccoled structural
ir high heat flux arezs such as leading edges and

RT 34%.1 - Investigate the applicability of multiple/singie fiuid cooling
concepts in the operational envircnment and specify reguired
thermophysical proverties of candidate heat exchaenger materiais.

RT 34.2 - Determine physical anéd chemical compatibility of candidate heat
exchanger materials with heat exchange fluids in the cperating
temperature/pressure regime.

22/
+]

w
=

w
|

Analytically determine flow passage crientation and shape. This
task includes considerations of heat transfer, <low velccity,
operating pressure level, texperature distribution (parel AT 2nd
max wall temperature), and panel strength/weight.

RT 3L.L - Evaluate materials fabrication technigues for high temperature
ellcys. This task includes consideraticns of panel buildup,
inspection, and integration ince primary structure.

RT 34.5 - Demonstrate panel integrity and perfcrmance at desirsd operating
conditions.

Provide a structure which maintains aerodynamic smcothness under actual
cverational conditions cné use.

RT 35.1 - Establish allowable 1imits for surface irregularities based cn
prior research relative tc vehicle performance and heating.

RT 35.2 - Verify compliance with surface irregularity criteria through
structural tests.
AMCOONNELL AIRCRAFY
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RO 36 - Define the effects of combined mechanical loading snd thermal stress
c¢seling under act al environmental conditions on the life of the structaral
cchponents.

RT 3€.1 - Definz en-..ronmental parameters affecting structural materials
sele~tion .and identify candidate materials concepts.

RT 36.2 - Conduct -xtonsive couvon testing for candidate materials as a
function of time. This task includes consideration of physical
properies, physical/chemical compatibility, and oxidation

_ resistance (thermal).

RT 36.3 - Construc.: large-scale components and “es. under comoined load
conditions to verify coupon data arc tec establish a realistic
measure of operating life.

RO 38 - Determine the effects of fuel slosh on the dynamics and inertia loads of
low asvect ratio hypersonic aircraft with large volume fuel tankage.

RT 38.1 - Study slost modes and inteasities to determins the influence of
the rluid dynamics on structural loading and tank design.

RT 38.2 - Investigate inertial forces and center of gravity perturbations
produced by fuel slosh and translate this into effects on the
stability and control of hypersonic aircraft throughout its
flight regime. Identify those regions where this effect is
significant.

RT 38.3 - Investigate methods to minimize fuel motion effects on the
overall vehicle flight characteristics.

RO 39 - Determine the parameters of correlation for the analysis of the effects of
near field noise on minimum gauge structures, composite structures, ani
non-metellics.

RT 39.1 - Examine potential hyrersonic vehicles to identify those locations
where the structure consirts of minimum gauge, composite, and
non-metallic meierials; and identify the thermal/acoustical
environment ~onditions, s'ich as tzuperature/time history and
power specti-al denrity/time history.

RT 39.2 - Experimentally identify failure mechanisms of a structural
element in an actual environment and develop an analytical model
to describe the failure mode.

RO LO - Develop non-destructive evaluation and inspection methods for sandwich
structure, composite materials, diffusion bonded naterials, and coatings.

RT L40.1 - Investigale non-destructive evaluation (NDE) methods which can
potentially detect and identify structural failures.
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RT 40.2 -~ Evaluate the effectiveness of NDE techniques through the use of
"calibrat=d failure" specimens (calibrating output of KDE systems
vs degree of failure).

RT 40.3 - Experimentally correlate degree of failure to magnitude of
remaining operational life.

RO 41 - Develop a capability to accurately estimate component and structural mass
fractions for all types of hypersonic aircraft designs.

RT 41.i - Develop a matrix of weight accountirg systems for each major
component concepl, reflecting parametric variations within the
concept and specifying its applicability within discrete portions
of the flight envelope.

RT 41.2 - Develop a discriminatory accumulation/recall technique for select-—
ing and incorporating applicable portions of the matrix to arrive
at integrated mass fraction estimates for major vehicle elements.
Provisions should be made for 2 continual update (of each matrix
element) of concept information and actual weight verification as
that information becomes available, maintaining currency with the
state of the art.

RO 42 - Verify the integrity of the structural and thermal-structural systems
through full-scale section testing.

RT 42.1 - Demonstrate fully integrated structure (a major secticn of an
operational system) and the capability to maintain individual
component levels of performance under representative operating
conditions. This task includes considerations of component
assembly, structurzl interactions, structural damping, thermal
proteciin system performance, and demonstration of maintenance/
repair concepts.

RO 43 - Develop reusable thermal protection systems for the primary structure.

RT 43.1 - Correlate thermal protection system concepts with mission
envelopes to provide candidate systems for development. This
task includes considerations of flight profile and candidate
systems whether active or passive.

RT 43.2 - Establish reusatility criteria using non-destructive evaluatiou
(NDE) concepts. This task includes considerations of mean time
between failures, minimum time before maintenance, lifetime/duty
cycles, and extent of maintenance and repair.

RT 43.3 - Develop (NDE) techniques and experimentally demonstrate the
required reusability using full-scale structural components in
a structural test/flow facility, fully simulating the operational
environment.
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RT 43.4 - Correlat. experimental data with original analyses to determine

adequacy of the analytical base and potential improvements through
the use of experimental results.

Define the mechanical and physical properties of advanced materials that
hare potential application in hypersonic aireraft.

RT Lk.1 - Identify materials that, through their usage, can significantly
improve the aircraft. This task includes considerations of
. metal matrix composites, high temperature titaniums, superaliloys,
and refractory metals.

RT Lk.2 - Experimentally establish unavailable physical, chemical, and
thermodynamic properties, as required for attractive candidates.

Improve fabrication techniques for advanced materials and complex structures.

These include: welding, diffusion bonding, and brazing of metals; composite
forming; fabrication of sandwich structure; and fabrication of non-metaliics.

RT 45.1 - Conduct basic research into fabrication techniques to identify
those which have the potential to significantly improve overall
aircraft performance for various structural concepte.

RT k5.2

Specify applicable criteria to evaluate the fabrication technique,
using & structural element under representative load conditions.

RT 45.3 - Perform coupon and element testing to investigate integrity of
the fabricated specimen, also providing a means for refining
inspection techniques.

RT 45.4 - Compile, correlate, and disseminate resultant data.

Develop high temperature bearings, lubricants, closure seals, tires,
windshields, and radomes.

RT 46.1 - Identify operating environment of the individual component under
consideration. This task includes considerations of geometric
location, flight envelope, and environmental cooling.

RT 46.2 - Define existing levels of material performance, as applicable to
each component class, and identify requisite improvement in

capability.

RT 46.3 - Evaluate existing test techniques to establish validity of data
obtained, postulating niew techniques where necessary.

RT 46.4 -~ Perform necessary parametric analysis, component test, snd system

demonstration to preovide the required performa:ce.
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PROPULSION

RO 48 - Develop inlet configurations that will enable the engine to achieve the

RO 57 -

desired performance over the range of desired flight conditior. and engine
operating modes.

RT 48.1 - Investigate geometric variables of the vehicle configuration up-
stream of the inlet, related to the quality of the local flow
field at potential inlet locations over the operational range of
o and B. Inlet placement should be evaluated in order to obtairn
favorable aerodynamic interference.

RT 48.2 - Experimentally study different inlet classes and describe the
quality of flow delivered to the propulsion system for each inlet
class as a function of operational variables such as attitude
(a, B8), Mach number, and Reynolds number.

RT L8.3 - Iuvestigate scaling laws to allow determining minimum inlet size
for meaningful data and to provide extrapolation rules from that
base to full-scale.

RT 48.4 - Investigate inlet and foretody shapes to determine overall aero-
dynamic and engine airflow quality. This task includes consid-
erations of additive drag, spill, bypass, and bleed drag,
configuration L/D, serodynemic stability. steady-state and time
variant-distortion, pressure recovery, and off-design operation.

RT L48.5 - Investigate the inlet problems associated with use of a common

inlet for combinations of engine concepts.

Develop engine design concepts amenable to cooling by various techniques
(regeneration, ablation, radiation, transpiration).

RT 52.1 - Investigate existing engine concepts throughoul their applicable
Mach number range to determine what conceptual alterations would
result from considering active cooling at inception of the concept.

RT 52.2 - Define component technology levels and their design/performance
requirements for the more feasible concepts in each Mach number
range.

RT 52.3 -~ Experimentally evaluate individual component performance, using
this data as a baseline to assess overall cooled-engine concept
feasibility and resulting performance increments.

AMCDORNNELL AIRCRAFY
3-46



REPORT MDC A0013 @ 2 OCTOBER 1970
VOLUME Ili ® PART |

FIGURE 3-12 (CONTINUED)
PHASE || RESEARCH TASKS

RO 55 - Investigate methods for reducing engine noise during takeoff and landing.

RO 57 -

RT 55.1 -

RT 55.2 -

RT 55.3 -

RT 55.h4 -

Determine the relative significance of individual component
contributions to the apparent noise level by using existing turbo-
Jet and rocket engines modified to reflect advanced engine
concepts. This task includes evaluation of such measurements as
power spectral density, spatial intensity distribution, and

engine design parameters (bypass, tip speeds, exhaust velocity,
nozzle expansion, inlet guide vanes).

Evaluate the variation in perceivable noise of operation of the
aircraft near the ground.

Investigate incorporating either design changes or accustic
attenuation material into the engine concept which provide
acceptable noise levels and do not significantly degrade engir~
performance.

Establish guidelines for future testing, engine cesign, and
aircraft operational criteria.

Develop and integrate engine components into a complete large-scale turbo-

ramjet system. Demonstrate compatibility and overall performance through-

out an applicable flight envelope.

RT 57.1 -

RT 57.2 -

RT 57.L -

RT 57.5 -

RT 57.6 -

Perform cycle analysis for each engine concept in all operating
modes to determine the desired levels of perfcrmance for indi-
vidual components.

Formulate potential design concepts for each turboramjet com-
ponent. This task includes considerations of materials selection,
thrust/weight, operating stress levels, case terperatures

and pressures, and concept reliability.

Investigate engine qualification techniques (considering facility
capabiiity) and establish a qualification and acceptance program
for turboramjet engines.

Verify technology of comporent design and operation tigough
experiment at operating conditions.

Integrate proven components into a demonstrator engine system and
demonstrate its pe:formance.

Demonstrate integrated (inlet/engine/nozzle concept) propulsion
systems performance over the range of Mach number, gltitude, and
attitude.
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Perform sufficient ¢ycle analysis and mission analysis to select the best
multi-mode cycle and size engine for application to a specific hypersonic
mission aircraft.

RT 58.1 - Defines representative mission profiles in order to identify the
dominant characteristics which drive installed engine performance
levels. :

RT 58.2 - Integrate cycle analyses and select candidate engine concepts
consistent with mission requirements. This task includes studies
of single mode, combination single moue, composite cycle, and
duasl mode engines.

RT 58.3 - Perform mission performance studies, identifying the most attrac-
tive integrated propulsion system concept satisfying the per-
formance objectives. This task includes considerations of aero-
dynamic performance, installed engine performance, and aircraft
configuration.

Develop and integrate engine components into a complete, large-scale ramjet
system. Demonstrate compatibility and overall performance throughout an
applicable flight envelope.

RT 59.1 - Perform cycle analysis for ramjet engine concepts to establish
necessary levels of performance, operating environment, and
limiting conditions for engine starting.

RT 59.2 - Formulate potential design concepts for each ramjet component.
This task includes considerations of materials selection, thrust/
weight, operating stress levels, case temperatures and pressures,
and concept reliability.

RT 59.3 - Investigate engine qualification technigue (considering facility
capability) and establish a gualiriecetion and acceptance program
for ramjet engines.

RT 59.4 - Verify technology of componen*t d:-3;n eud operation through
experiment at operating condit.ioss.

RT 59.5 - Integrate proven components into a demonstrator engine system and
demonstrate its performance.

RT 59.6

Demonstrate integrated (inlet/engine/nozzle) propulsion systems'
performance over the range of Mach number, altitude, and attitude.

Develop and integrate engine components into a complete significantly sized
convertible scramjet module. Demoastrate competibility and overall per-
formance throughout an applicable flight envelope.

RT 60.1 - Perform cycle analysis for dual mode ramjet (convertible scramjet)
modules to establish necessary levels of performance, operating
environment, and Mach number limits for ergine starting, fou
both the subsonic and supersonic combustion modes.
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Formulate potential design concepts for each convertible scramjet
component. This task includes considerations of materials
selection, thrust/weight, operating stress levels, surface
temperatures and pressures, and concept reliability.

Investigate engine qualification technique (considering facility
rapability) and establish a qualification and acceptance program
for convertible scramjet engines.

Verify technology of component design and operation through

experiment at operating conditions.

RT 60.5 -

RT 60.6 -

Integrate proven components into a demonstration engine module to
serve as an operable base line for demcnstration and determine its
performacce characteristics.

Demonstrate integrated (inlet/engine/nozzle) propulsion systems
performance over the range of Mach numhber, altitude, and attitude.

Develop and integrate engine components into a complete, significantly

sized scramjet module. Demonstrate compatibility and overall performance

throughout an applicable flight envelope.

RT 61.1 -

RT 61.2 -

RT 61.4 -

RT 61.5 -

RT 61.6 -

Integrate

Perform cycle analysis for scramjet module ccncepts to establish
necessary levels cf performance, operating environment,
and Mach number limits for engine starting.

Formulate potential design concepts for each scramjet module
component. This ta:tk includes consideraticns of materials
selection, thrust/weight, operating stress levels, surface temp-
erstures and pressures, and concept reliability.

Investigate engine qualification technique (considering
facility capability) and establish a qualification a~d
acceptance program.

Veriiy technoiogy of component design and operation through
experiment at orerating conditions.

Integrate proven components into a significantly sized engine
module and Jemonstrate its performance.

Demonstrate integrated (iniet/engine/nozzle) propulsion systems
performance over the range of Mach number, altitude, and attitude.

a rocket engine into a horizonial takeoff sircraft configuration

and demonstrate system perfrrmance throughout an applicable flight envelope.

RT 62.1 -

Investigete potential aircraft configurations and rocket engine
systems (including fuel tankage concepts) and select the most
promising combination for demonstration purposes.
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RT 62.2 - Integrate engine and airframe iunto a demonstration vehicle. This
task covers design, development, fabrication, and assembly of a
significantly sized system.

RT 62.3 - Demonstrate operation of the engine and airframe system from
launch throughout an extensive maneuvering flight envelc,.. of
Mach number, altitudes, and attitudes.

Davelop inlet controls for hypersonic sircreft which are simple, rcliable,
accurate, and have rapid response.

RT 63.1 - Using established inlet and control envelope baseline high
temperature actuator systems, establish adequacy of baseline cap-
ability in terms of thermal environment, and precisicn of control
positioning and operating speed at inlet operatiag temperatures.

RT 63.2 - Research techniques of sensor control which contribute to desired
levels of performance.

Evaluate suitability of auxilia_y turbojets for landing of hypersonic
vehicles.

RT 64.1 - Investigate the operational aspects of a turbojet assisted landing
mode for hypersonic ccnfigurations to delineate advantages of
power assisted descent and landing, deployment point in terminal
trajectory, and thrust vector orientation.

RT 6L4.2 - Study design ciicepts to incorporate turbojet assist for landing
mode, if found cperationally desireble.

RT 64.3 - Determine low speed stability and handling qualities witk turbo-
Jet assist and compare with baseline landing mode data for hyper-
sonic configurations.

Determine : ,2zle configurations which produce high net thrust while main-

taining efficient integration with the airframe.

RT 65.1 - Analyze the engine exhaust nozzle requirements for the different
classes of engines studied. Define necessary performance and
possible nozzle configurations for the range of flight conditions
associgted with each engine concept. Consider the implications
of integrating the nozzle concepts into airframe configuration.

RT 65.2 - Establish both scaling laws and simulation requirements for the
different classes of engines to permit valid data for integrated
engine/airframe configurations.

RT 65.3 - Investigate the engine net thrust, afterbody, and boattail drag
over a representative flight regime, identifying tne features
which contribute favorably to exhaust nozzle/airframe integration
for the engine concepts.
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FIGURE 3-12 (CINTINUED)
PHASE {I RESEARCH TASKS

RO 67 - Determine inlet/engine cowpatibility criteria (both steady-state and time-

varying) for high-total-pressure-recovery, wide Mach range inlets.

RT 67.1

RT 67.2

RT 67.3

RT 67.h -

Study the engine simulation technique currently us<l1 for wind
tunnel tests. Develop techniques representative ot the pneumatic/
acoustic impedences and operational characteristics of hypersonic
aircraft engine concepts.

- Investigate techniques for duplicating the flow disturbances ana

their effect on the time variant engine face pressure distri-
butions, permitting evalnation of actual engine operations in the
presence cf these disturbances.

Study and correlate data using the improved techniques so that
descriptive paremeters cen: be derived which will indicate the
tolerance of a given engine concept to steady-state and time
variant flow non-uniformities.

T:anslate research results into integration criteria and engine/
inlet design guidelines (continually updated) which represent a
current statement of the technology and provide a credible base
for development of future aircraft.
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"FIGURE 3-12 (CONTINUED)
PHASE 1] RESEARCH TASKS
SUBSYSTEMS _

Develnp operaticnal systems and procedures for the thermal conditioning,
storzze, safe handling, and logistics of cryogenic vrovellants which are
compatible with typical girfield requirements.

RT 68.1 - Conduct basic research into subcooling (inecluding slush) methods
and analyze attractiveness in terms of capital investment, opera-
tiornal cost, and complexity required to sigrificantly improve
performance. This task includes study of such methods as low pres-
sure boiloff (vacuuz pumping), helium refrigeration, and isentropic
expansion.

T €8.2 - Provide a "pil 't plant” subcoocling system tc permit experimental
research int~ potential developmen: problems, operational reguire-
nents, and verification of the subcooling technique as applied
tc large-scale continuous production.

RT 68.3 - Investigate attractive methods to provide techniques for safe,
efficient storage and transport of normal boiling pcint and sub-
cocled cryogenic propellants. Consideration is given to global
supvort arnd minimum base/facility requirements.

Develop analytical correlation technicues through empirical evaluation to
vpermit the determination of the fluid dynemic and thermodynamic character-
istics of cryogenic propellants in large horizontal tanksge in a vibrating,
sloshing, pressurized environment.

RT 63.1 - Investigate contemporary vertical tank correlation techniques and
research their capebility to eccount for transverse geometric
and acceleration characteristics. Study the parametric wvari-
ations in slosh, tank outflow, and heat flux to determine the
effects vpon overall heat and mass transfer within the tank,
propellant gas guantities, and tank pressure recovery/resporse
rates.

RT 69.2 - Design, develor, and test subscale tankuge to either substantiate
availatle correlations or to permit developing new cocrrelations.
Research must include simulation of dynamic, pressurized, thermal
aircraft environment.

RT 69.3 - Evaluate the effects of slosh suppression techrniques and subcooled
(including slush) vs NBP operation on pressurant collepse poten—
tial, tank pressure recovery, and minimum ullage capability.

Develop regenerative cryogenic heat exchangers, thermodynamic correlations,
and control systems for structural and engine cooling which are compa.ible

with representative heat loads and material temperature limits.

RT 70.1 - Perform experimen*al research to establish fluid correlaticns
for ©ilm coefficient, pressure drop, and pressure oscillations
s ne range of fluid properties near critical temperature or
pressure of the fluid.
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FIGURE 3-12 (CONTINUED)
PHASE 11 RESEARCH TASKS

RT 70.2 - Evperimentally characterize material properties and fabricaticn

techniques for use in high temperature hydrogen heat excharnger
environments.

RT 70.3 ~ Develop and operate high temperature heat exchanger parels, high

heat flux heaters, and high temperature control hardware (hot
ges valves) to determine their suitability when exrosed to a
simulated aircraft environment. This will include evaluaiion

~of ultimate heat flux capabilities, and life/duty cycles, 2nd

determination of control adequacy.

improve the performance of new or existing nydrocarbon fuels ty ingcreasing

the heet sink potential and heat of combustion.

RT TL.1

RT 71.2

RT T1.3

RT T1.h

RT T1.5

Experirmentally determine the capebility of existing JP fuels,
utilizing propuision data to estavlish fuel performance criteris
for generic engine snd cooling concepts.

Perform basic research to evaluate methods for extension of
thermal limits of current fuels. This task includes consiier-
ations cf deoxygenastion/inert pressurization, desulfurizstion
and hydrotreating, use of additives, and vaporized/supercritical
fluid operation.

Develop catalyst systems with reaction rate/system weight and
cooling flexibility characteristics consonant with high temp-
erature/high speed aircraft operation with catalytic endothermic
fuels.

Evaluate various high density, high energy blends and additives
for advanced fuels and determine impact on vehicle and fuel
manufacture and logistics requirements.

Determine the effects of fuel additive capabiiities and funda-
mental combustion properties for high Mach number propulsion
systems through subscale engine and cooling rig tests.

Determine fuel system design reguirements imposed by the use of thermally

stable and endothermic fuvels in high tempersature aircraft environments.

RT 72.1 - Perform research to establish contamination limits for the fuels.

This may include testing to evaluate the compatibility of fuel
svotem (ground and flight) materials to ensure that minimum
degradation of thermally stable and endothermic fuels can be
caused by dissolvel substances which might either precipita®e or
inhibit catalytic reactiuns.
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FIGURE 3-12 (CONTINUED)
PHASE il RESEARCH TASKS

RT 72.2 ~ Investigste 1nert pressurization technigues and investigate the
feasibility cf airborne systems to ensure preservation of fuel
thermal/oxidative stability. This task includes consideration
of G¥2 (inert gas by Girect addition), catalytic combusticr
{inert gas prcduct), and fuel fug (above fuel rickh limit).

T 72.3 - Idéntify unique ground suppor% and lcgistics reonirements to
effectively handle (without potentizl chesical reaction) and
maintain fuel nurity.

Advance the technology of cryogenic fuel system components in the sreas of

reducea weight and increased reliability. Particular emphasis should bte

applied to liquid hydrogen static and dynamic sealing and rotating machinery
operating in a cryogenic environment.

RT 73.1 - Analyze existing cryogenic fuel system component concepts and
evaluate potential for major performance improvements by virtue of
either reduced weight or increased reliability.

RT T73.2 - Formulate potential design concepts for each ccomponent considering
such factors as equivalent operational envelope, materials selec-
tion, and component control/speed.

RT 73.3 - Perform experimental research for the attractive design concepis
to verify component performance levels or to experimentally
investigate component improvement in an equivalent operational
environmert.

Determine rapid cryogeain servicing techniques necessary to achieve
required reaction and turnaround times for military and commercial vehicles.

RT Th.l - Investigate aircraft pumping rate operational criteria to deter-
mine fuel loading rates consistent with aircraft grourd turn-
around reguirements.

RT Th.2 - Assess limiting gecmetric measrring equipment and operational
parameters within which meaningful data may be acquired on
reduced scale tankage systems.

RT Th.3 - Perform a parametric evaluation to fully characterize those
factors having a major impact on vehicle turnaround/loading
rates. This task includes considerations of chilldown rate,
vent sizing, flow velocity, hazards, subcooled fuel.
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*IGURE 3-12 (CONTINUED)
PHASE 1l RESEARCH TASKS

RQ 75 - Tevelor aircraft fuel tankage concepts, system oreration, and control
technigues for crvogenically fueled aircraxt.

R 75.1 -

=9}
]

75.2 =

RT 75.3 -

Determine

Evaluate various tankage/insulation concepts to éetermine the
advantages ¢f each configuration. Potential concerts include
integral/non-integral tankage and internal/external insulsztion
systems; which can be evaiuated on the basis of iInstailed weight,
thermai efficiency, development risk, and overall system cost.

Develop fuselage/tankage sections to permit experizental deter-
nination of potential performance and to identify suitabl
scaling factors, tne relative importance of geometric scale,

and the effects of fuel flow rates, thermal environment, pressure
lcads, mechanical lcads, ard dynamic motion.

Determine control techniques for fuel utilization and management,
and determine vressurization requirements during both static
and dynamic environments.

flush or recessed antenna design technigres necassary to allow

oreration

in the elevated hypersonic temperature environment.

RT 77-1 -

RT 77.2 -

RT 77.3

RT 77.%

RT T7.5

Investigate size, shape, and construction requirements of
antenna systems for communication, navigation, identification,
reccnnaissance, and electronic warfare functiors at the alti-
tudes, velocities, and ranges of typical hypersonic vehicle
mission trajectories.

Study the structure of vehicles which have been designed Tor
hypersonic flight and determine feasible antenra locations for
flush-mounted antenna systems. This task includes evaluation c¢f
structural integrity, thermal protection, and adequate look
angles.

Perform mathematical analyses to the depth required to obtain a
high degree of confidence in predicting temperature, shock and
vibration profiles of ths selected antenna locations for typiczl
flight trajectories associated witn hyversonic vehicles.

Survey materials technology for products that will provide the
electrical characteristics requizred for ar acceptable antenna
system while undar the predicted flight eavironments of tempera-
ture, shock, and vibration.

Design and construct sample antenna hardware for research iests
of such factors as structural integrity, transmiszion patterns,
and frequency stability.
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FIGURE 3-12 (CONTINUED)
PHASE Il RESEARCH TASKS

RO 78 - Investigate stability augmentation systems capable of control in the hyper-
sonic region, ard recovery from pilot-induced oscillations.

RT 78.1 - inalyze the vehicle dynamics cver the flight profile to determine
stability augmentation requirements for potentisl operational
bypersonic vehicles.

RT 78.2 - Research stability sugmentatior system requirements relative to
flying an unsteble aircraft.

RT 76.3 - Investigate and demonstrate methods to ensure qualification of
desired levels of performance, prior to aircrafi development.

RO 79 - Determine air data measurement technigq:2s applicatle to tha hypersonic
environment.

RT 79.1 - Perform a study to determine those parameters, sensors, and
calibration techniques required to define the airplane envircnment
for cortrol and data aralysis.

RT 79.2 - Investigate caiibration techniques applicable tc flight vehicles
that can survive the flight environment and provide the necessarcy
data.

RT 79.3 - Demonstirate proper operation of the sensors and air data system
inflight environments over the Mach number, alititude, and attitude
range consistent with the operational vehicle concept under con-
sideration.

RO 80 - Develop actuation techniques and hardware t> wrovide necessary surface
motion.

RT 80.1 - Tavestigate surtece travel and response requiremen.s and drive
system operational envircnment consonant with operaticral
system flight envelupe.

RT 80.2 - Review existing materials properties, determine limiting oper-
ating temperatures, their impact on vehicle design, and initiate
studies directed toward providing higher temperature fluids and
seals where necessary.

RT 80.3 - Investigate the relative merits of alternative control drive
system selection; i.e., hvdiaulic vs pneumatic vs mechanieal.

RT 30.4

Perform research on basic actuation techniques and drive systems
to demonstrate performance, reliability, and operational limits
in & simulated operational environment.
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FIGURE 3-12 (CONTINUED)
PHASE Il RESEARCH TASKS

Develcp auxiliary power units for rocket, scram, and ramjet powered air-
craft, including necessa.y emergency power eguipment in case of primary
urit failure.

RT 82.1 - Evaluate various methods/energy sources for obtaining auxiliary
power for rocket, scram, and ramjet powered aircraft. Potential
sources of available energy which should be considered include
bleed air, ram air, ae—odynamic neating. and fuel combustion.
Studies will include evaluation of energy conversion techniques
and the use of regenzrative gas supply, fluid pumps, electric
generator/motors, auxiliary turbine engines, and thermoelectric
devices.

RT 82.2 - Study integrstion of the most promising concepts with vehicle
and propuision system to determine operational and locad require-
ments/constraints.

RT 82.3 - Experimentally develop basic APU Comporents, evaluating per-
formance, reliability, and operational cnnstraints when subjected
to the anticipated thermal/dynamic environment.

RT 82.4 - Assemble components into prototype operational systems and perfcrm
developmental testing including simulation of temperature, loads,
and potential component failure modes.

Develop environmental control systems utilizing liquid cryogens as the
heat sink, based on allowable internal wall temperatures for crew and
passenger comfort and effectiveness.

RT 83.1 - Investigate the usefi:lness of liqrid cryogens as a vreliable heat
sink for environmental cooling. This task includes considerations
of flight heat loads, cabin and compartment cooling, and accessory
heat lo=as.

RT 83.2 - Provide s functionsl prototype of an ECS system and demonstrate
obtainable levels of reliability and performance under simulated
operational conditions.

Develop environmental control systems for Mach 4 to 6 hydrocarbon fueled
vehicles, based on allowable internal wall temperatures for crew and

passenger comfort and e®fectiveness.

RT 84.1 - Investigate the suitability of current ECS concepts, as applied
to this class of vehicle, and determine alternatives and combin-
ations for achieving desired performance levels.

RT 84.2 - Provide a functional prototype of an ECS system and demonstrate
obtainable levels of reliability and performance under simulated
operational conditions.
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FIGURE 3-12 (CONTINUED)
PHASE 1l RESEARCH TASKS

RO 85 - Develop launch techniques for AAM and ASM weapons in hypersonic flight.

RT 85.1 - Investigate the potential threat/target spectrum relative to
operational vehicle track to ensble evaluation of end game tectics
for candidete missile systems.

RT 85.2 - Study methods for integration of the candidate weapons system
based on experimental data.

RT 85.3 - Establish design guidelines for combina:ions of operational
systems concepts, threat/target spectrum, missile systems, and
launch techniques applicable to development of the operational
aircraft system.
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FIGURE 3-12 (CONTINUED)
PHASE Il RESEARCH TASKS

OPERATION

Evaluate various methods of terminal approach, landing, ground operations,
and takeoff for hypersonic aircraft.

RT 87.1 - Study and compare operational procedures for the potential oper-—
ational hypersonic aircraft witn those existing for current oper-
ational alrcraft. Identify where and to what extent differences
exist.

RT 87.2 - Investigate the adequacy of existing facilities to accommodate
hypersonic aircraft operational requirements. Define programs
for improving existing capability where appropriate.

RT 87.3 - Investigate minimum modification approaches to existing facilities
and determine impact on potential operational vehicle concepts,
including the feasibility of the vehicle itself.

RT 87.4

Experimentally demonstrate ground system capability to accommodete
hypersonic aircraft.

Investigate man-machine compatibility as related to the decision/time aspects

of course alteration of a hypersonic vehicle at both high and low Mach

numbers.

RT 89.1 - Study various classes of potential operational vehicles and
determine navigational requirements, degree of manual control,
and pilot display concepts.

RT 89.2 - Investigate the capability of existing ground, celestial, and
satellite navigational systems in terms of the navigational
requirements and evaluate potential improvements to provide the
needed capability.

RT 89.3 -~ Investigate the navigational and information display systems
to determine which combinations best satisfy the mission/vehicle
requirements. This task considers fuel reserves/loiter time,
diversion to alternate bases, and vehicle ange/speed@ enveiog :.

Investigate effects of vehicle dynamics on crew performance capability

and passenger comfort in hypersonic flight.

RT 93.1 - Establish the definition of passenger comfort (comfort index)
and tolerances as a fun~tior of vehicle motion, and interior
thermal environment for commercial ope.ations. This task Zncludes
mission analysis, operational concept, environmental control/
physical comforts, motion simulation/degree of constraint, general
public acceptance and use.
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FIGURE 3-12 (CONTINUED)
PHASE 1l RESEARCH TASKS

Establish the definition of crew performance as a function of
fcrce, vehicle motion, and interior thermal environment. This
task includes considerations of mission analysis, operational con-
cepts, environmental control, professional crew, and scientist/
astronaut.

Investigate the feasibility of techniques to supplement human
tolerances and responses to allow maximum attainment of sircraft
performance. Establish design criteria for modifying the trans-
mission of abrupt forces and motions to insure satisfactory ride
quality.

Develop abort and crew escape systems and procedures for hypersonic aircraft.

RT 9k.1 -

RT 94.2 -

RT 9%.3 -

RT 9k. k4 -

Analyze the missions of different classes of hypersonic aircraft.
Include military systems, launch vehicles, and commercial ve-
hicles. TInvestigate and establish the abort and crew escape
criteria for different points on the flight trejectory from
departure through landing. Consider airborane crew escape, ground
crew/passenger escape, crashes/egress over hot structure, and
fuel storage/disposal.

Investigate methods to provide the necessary procedures, vehicle
corceptz, and devices to attain a level ~f safety consistenrnt with
vehicle mission and flight condition.

Evaluste procedures as they impact the hypersonic aircraft concept.
Consider such fa>tors as concevt feasibiiity, aircraft design,
vehicle manufacture, and systems operatiun.

Investigate methods to adequately demonstrate the desired abort/
crew escape prccedures and systems. ierform the experimental
research necessary to qualify the gbort procedures and escape
methods.

Define and demonstrate the capabil.ty to stay within specified operational

margins and not exceed aircraft;placards—(i.e., duct pressure, temperature,

stability, dynamic pressure, and lcad factor limits).

RT 96.1 -

RT 96.2 -

Define the limits on operatisnal parameters throughout the flight
path and maneuvering envelope for different hypersonic aircraft
concepts.,

Investigate suitable crew warning techniques which may also pro-
vide automatic corrective action where necessary. Experimentsally
investigate attractive concepts such as adoptive control, audio
warning, visual presentation/display, and control limiting
devices.
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FIGURE 3-12 (CONTINUED)
PHASE 11 RESEARCH TASKS

RO 97 - Develop leak detection methods for cryogernie propellant tanks.

RT 97.1 - Investigate the principles of fuel leak detection for flight
vehicle cryogenic tankage and fuel systems and current methods
for determination of external leskage. Postulate and evaluate
potential rew concepts where appropriate.

RT 97.2 - Experimentally determine the effectiveness of a network of
sensing systems.

RT 97.3 - Investigate operation of most promising systems under simulated
thermal and mechanical environment, and scale the system to
representative flight weight size.

RO 99 - Investigate techniques for shortening takeoff runs by using forced rotation,
including gimballed rocket and canard technigues.

RT 99.1 - Investigate effect of techniques applicablie to forced rotation on
the overall serodynamic characteristics such as canards, auxiliary
rockets, and gimballed main rockets.

RT 99.2 - Analyze the feasibility of the technique relative to such con-
siderations as control system requirements, thrust required and
control, pilot orientation, airframe integrity, and runway con-
sideration.

RT 99.3 - Investigate crew aircraft operational technigues which may
result in shorter takeoff runs.

RT 99.4 - Demonstrate techniques consistent with providing technology
level required for the potential operational hypersonic aircraft
under consideration.

RO 100 - Develop practical ground hold methods for cryogenic systems leading to
quick response times and high operational readiness.

RT 100.1 - Perform systems analysis and studies to identify ground cool-
down/thermal maintenance systems size, complexity and cost
envelopes.

RT 100.2 - Experimentally identify major factors limiting flow rates for
rapid chill/fill techniques, including identification of benefits
attributable to prechilling (or subcooling) the fuel, and the
influence of any residual fuel in the tanks after flight.

RT 100.3 - Identify impact of each candidate ground system on design and
operation of the flight vehicle: Tradeoff ground hold concept
vs rapid chilldown/fill techniques.
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FIGURE 3-12 (Continued)
PHASE || RESEARCH TASHS

KT 100.h4 - Demonstrate combinations of rapid filling ground hold techniques
to identify most promising system for shortest reaction/turn-
around times.

RO 102 - Develop inspection and repair techniques for hypersonic vehicle structures.

RT 102.1 - Compile testing, inspection, and repair techniques so that a
comprehensive view of the scope and impact of this objective
may be asse..=2d as related to an operational hypersonic vehicle.

RT 102.2 - Investigate methods to incorporate these procedures into a
useful, workable program for an operational system. 1In a
simulated operational situation, develop the candidate tech-
niques and provide the required training to achieve an oper-
ational level of competence.
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3.4 2 PRESENTATION OF RESEARCH TASK INTRINSIC VALUES - Intrirnsic values

for cach of the Research Tasks are presented in Figures 3-13 through 3-21. These
values are limited in each case by the intrinsic value of the corresponding Re-
search Objective.

In order to reduce research requirements mechanization to manageavle
proportions, the Research Task intrinsic values are summed for each Research Ob-
Jjective to form a task intrinsic value sum. These sums are then used in the
reminder of the Fhase II research requirements analysis to obtain the resear h
value of the candidate ground facilities and flight research vehicles.

3.5 RESEARCH VALUE ANALYSIS

The purpose of the research requirements analysis is to provide vesearch
value inputs to the selection of the best combination of ground facilities and
flight research vehicles. An initial step in determining facility research wvalues
is establishment of the research capabilities of existing facilities, considered
collectively, to satisfy each of the Research Objectives pertaining to a particu-
lar operational system. Next, the percentage which can be accomplished of the
research involved in each Research Objective is determinved for each candide e
new ground facility and flight research vehicle (in conjunction with existing
facilities). When these percentages are combined with thz task intrinsic value
sums, a value results for each new facility in relation to the tasks under each
Research Objective. These values are then summed over ali the objectives applic-
able to a particular operational system to determine the f -7li%y research value
for each candidate facility relative to that operational _ =m. These research
value summations can be used to determine the relative research aflectiveress
of each ground facility and flight research vehicle.

3.5.1 EXISTING FACILITIEC CAPABILITY - The capability of existing ground

facilities to satisfy the research requirements associated with each of the nine
operaticnal systems is presented in Figure 3-22, in terms of the percentage of the
des® red research achievable ° - the spectrum of exisiing U.S. facilities. These
vaiuts were determined by ¢ - cialists in cach of the technology avea=z (aercdynamics,
thermodynamics, structures and materials, propulsion, subsystem., and operation).

In line vith efforts to streamline and improve the research value analysis,
+he number of operational systems cons. z2red was reduced from rine to four
for the remainder of the Phase II analysis. Evaluation of research requirements
results to this point in the stuly revealed that four operational systems, Ly, Cy,
M; and Mé were representative of the :pectrum of nine potential systems. System L
is representative of the class which e¢lso includes Cp and covers launch vehicle
s,ctems as well as Mach 8 to 10 turbojet/convertible scramjet systems. System C
is similar to L, arl represents Mach 5 to 7 turboramjet vehicles ior launchk and
commercial applications. The Mach 4.5 interceptor, My, is the only system in “ts
class. The Mach 12 system, M,, is representative of the class which also includes
L3, Ly and M3, covering launch systems aad military aircraft emrloying rocket pius
scranjet propulsion systems. Reference to the facility capability data presented
in Pigure 3-2¢2 substantiates, in general, this selection of reypresentative opera~
tional systems.
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FIGURE 3-13

RESEARCH TASK INTRINSIC VALUES

OPERATIONAL SYSTEMNO. I-(L1)

- TASK
08J. OBIECTIVE TASK INTRINSIC YALUES INTRINSIC
NO. INTRINSTC VILUE
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96 35,1 25,3 31,6 5649
LX4 ELYY S 8.2 255 34,5 —_ T T T T e,
112 37.5% B0 37,5 675
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FIGURE 3-14

RESEARCH TASK INTRINSIC VALUES
OPERATIONAL SYSTEM NO. 2~(L2)

TASK
0fJe OBJECTIVE TASK INTRINSIC VALUES INTRINSIC
“wW0. INTRINSIT VAUE
o VALUE TASK= 1 2 3 & 5 ] SUN
1 5841 5203 366 2641 4148  4le8  26.1 224.8
T2 T 58,0 52,2 47,0 1.3 41.B T T Y A
3 12.9 T0.9 63.8 56.7 191.4
L3 “58.1 53e 295 LY ] T60:.8
5 58,1 58,1 46,5 52,3 156.9
[] S&sc T 45,0 58e2 T 506 45.0 195.,7
7 58.9 42.4 53,0 95.4
97T 2.0 TOTRN, 8 3.8 I/ T - 137.9
1% 48,9 54,0 39,6 83.6
1§ “53.% 3Z.8 53,5 &B.1 &2.8 IsT.Z
12 61.4 55,3 49,7 4%7 156.7
TY& T T AN T T TN T ALY 3%, T ALY T51.3
15 41.6 37.4 30,0 33,7 171.1
Y6 T 57.8 BY.8 5,0 T T T T T
17 5342 47,9 38,3 86.2
13 T3Rew INT LT 1.9 LLTX
19 58.4 526 42,0 9446
TV T 54,8 TT 4%, S48 T T . A & L 7Y
22 52.6 47,3 42,6 42,6 37,9 17044
T2 T 39,5 IS IS 35,5 M. T T T T 132.2 —
26 5645 518 56,5 137.3
—325 %59 3.0 3&7T 29.%4 330 B & r{Y4
26 55.3 468 45,3 398 134,46
T2 T ele9 T T TS T 26, TING2 T - S
24 73.5 66,1 €61 T35 235,.8
3 TTST.8 IT.T A6, 7 3.4 —II%.8
32 5844 4743 42,0 52,6 141.9
33 61.6 %3 3%.4% 453 “I38.0
34 7€ 63.8 S6.7 56aT 63.8 T0.9 312.0
T 38 T 3645 T29.6 32,8 ’ : BZ.%
35 615 44,3 49,2 394 132.8
Tag 37.4 TTILT T30 33 - - Tk,
19 41.3 31,0 29,7 62.8
(%] 557 T%5 4.8 531 I%3.%
41 Sle4 Sleé 46,3 97,7
42 62.5 62,5 : T .5
43 7246 653 S81 T2.6 S8 25401
&4 64,8 52.% 58,3 T T - o8
5 (%] 57.6 46,1 51,8 40,3 195.8
(73 L P 433 38.% 33,6 &6 1 155, %
_48 6646 5303 666 46:6 599 66,6 - 273,.1
52 58.8 37,6 42,3 4T.0 ) T T T .
53 65,1 4609 S2.7 S8 158.2
6 T2.4 T5%9 T 5Te9 652  65.2  T2.4° 7 85,7 T 3837
53 52.3 37,7 47,1 84,
65 58.1 4&T.1 &T.1 52,3 185, %
T 65.6 4742 4Te2 S3e1 530 206.6
Ten 4043 T 29,8 32.2 25.8 . - - T »
69 36.9 258 36,9 332 95.9
™ 4641 3609 4le5 &) T T T T YA
71 33,4 24,0 30.1 21,0 184) 21,0 11442
72 3646 2%, 6 23,1 17.9 6606
73 41.9 o2 264 37T 9443
75 5.8 6.6 45,8 4142 ) T - 1Z23.7
17 28.5 16,0 16.0 1862 20,5 228 93.5
18 39,5 35,5 32,0 28:4% : LT
79 29.9 18,8 24,2 2649 7040
L) 41400 32. 8 369 36,9 4le0 147.8
82 32.8 2602 26,2 2% 5 32,8 114.8
a3 38,7 2T.9 Vi 3% [Y 1% 4
87 37.9 3%3 27,3 243 273 1092
[3) 427 3N, 7 34,6 38.4 193.8
93 2943 23,7 23, 7 26 4 21.1 94.9
9 39,4 3.5 35,5 .5 39.% 1I3L.¥
9% 35.1 253  31.6 5649
9T 3604 2642 29,5 33,8 LTS
172 1745 39,0 37.5 67,5
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FIGURE 3-15
RESEARCH TASK INTRINSIC VALUES
OPERATIONAL SYSTEM NO. 3-(L3)

- TASK
083,  ORJECTIVE TASK IMTRINSIC VALUES INTRINSIC
NO. INTRINSIC “VILUE

. VALUE = TASK= 1 2 3 s s 6 Sum
1 S8, 1 52,3 36,6 26,1 41,8 41,8 26,1 224.8

2 58,0 52,2 4T 41,8 41,8 TTTIN2GT
3 1%.9 77.9 3.5 56,7 191. 4
% €6a 1 TS 59,5 L& R €11
s _58.Y S 1 46,5  S2.3 15649
6 5602 45,0 5647 575 4543 o S 7Y A
4 5%,9 42,4 53,0 95.4
‘a 524" 49,6 46,6 39,7 TTOTTITTIENY
1 48,9 46" 39,6 83.6
11 53.5 %2.8 53,5 &8, 1 2.8 “187.2
12 6lab %3 49,7 49,7 15427

Te 7 &a9 T T Aen | 40,9 32,7 40,9 T T T T 15163 T

18 ales 37.4 3,0 33,7 171.1
16 ST, 8 57,8 52,4 TY)9.8
17 53,2 47.9 3%3 8642
18 bk 3. 2.5 27.9 - 80a 0

e 58,4 52.6 42,C 94,6
27 56,8 49,3 54.8 RS & 1 7%

o 22 5746 4Te3 42,6 &2.¢ 37.9 1704
23 29,5 39,5 35,5 35,5 3i.6 T T 16242
26 5645 50.8 5645 197,3
25 45,9 33,7 36, T 3%.& 33,0 —132.2

_26 55:3  &&eB 49,8  3%m 134, 4
27 41,9 IS 26,8 33,2 T TTTTTY0.

28 73.5 hbel €6l 73,5 235.8
3~ 57.8 37,60 T k8.2 T T4 T T TN T
32 5844 47e3 4245 52.6 141.9
33 1,6 49,3 S &4%3 1380

34 T @ 63,8 56,7 S6.T 6348 ThG9 312.9
35 36,5 27.6 32,8 62.4

X 61,5 44,3 49,2 39,4 132.8
38 ITe 4 33,7 38,3 30,3 94,2
3e 41.3 213, 29,7 52.8
[$) L1 P 2.5 4l.8  ®*7Y T XT3
el Sleé Sle4 4643 - 97.7
2 62.5 62,5 2,5
3 72.6 653 S5f,1 T2,6 58,1 254, 1"
44 LTS ] §2.5 S8.3 113.8
45 hiy O 57,6  &E.1  S1,8 40,3 195.8
o5 S3. 4 e3.3  38.& 33,6 SR;1T T 183.%
SA 86,5 6% R bRk TH,O 27543
62 Skl 37.9 48,7  Sé,1 160.7
66 47,5 15,6 &N, 1 46,5 120.3
on an.3 29,8 32,2 ?5.R R7,0
59 37.2 260" 37,2 33,5 96,7
73 62,0 3N, 2 J6.,% 3.8 L LT%
7% %605 37,2 46,5 4L, R 125.5
17 27.7 155 155 17.7T 199 22.2 99

T Yoy | 66T 3V 0 2449 99.1
79 IS5 1902  24e7 274 Tieé
81 61e5 33,2 37,3 37,3 &1.5 149. 4
a2 32.6 2661 26,1 293  32.6 1141

_R3 39,1 28.2 35,2 83,3
a7 35,8 31,2 28,1 25,0 26.1 112.3
89 43,3 3142 351 39,0 o 1n5,2
Q3 3,5 267 2647 T 2744 2249 - 98.8
% #n,n 36,0 36.0 32,0 40,0 144.0
96 35.9 2% 8 32.3 L1.PY

8T 3TaS_ __ _ 2Te0 34 33,7 . ___.Slal_
99 I h 2745 2445  21.4 30,6 174.n
172 M 3I%6 383 . 6849
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FIGURE 3-16
RESEARCH TASK INTRINSIC VALUES
OPERATIONAL SYSTEM NO. 4-(L4)
T - T T — - - T TRSK
0RJe OBJECTIVE TASK INMTRINSIC VALUES INTRINSIC
. SiC VALUE
VAL UE TASK= 1 2 3 4 S [] SUm
i 3Ce? 52.3 36e 6 26e1 41,8 41.8 2501 224.8
N SRRt . PO T2 E7.0 " R1.B &8 7 T T/ -
3 .= 1.9 63,8 567 191.4
- % 5. 1 5%5 EX 7% 3T. & 80,6
s 58,1 S8 1 <85 52.3 15649
TR TR T T AR BRSNS 5.0 LI TR
7 58,9 42,4 53,9 95.4
I TEZeT T T T T TTTRSRE &keE IS T T 1339
19 48,9 &40 39. 6 83,6
- IT 535 7.9 53,5 5T 3.8 122 0y 4
12 6le4 5%3 49T - 49,7 154,7
1% 8.9 IET AT 32, ¢ LY ™% 1513
15 4le6 3T 4 3N, 0 33,7 101.1
TIE T ST T T TST,BT SZL.O0 - T T T I,
17 53,2 47,9 38.3 ne,2
8 k2733 I 21.9 21.9 TS, T
19 S58.4 52.6 42,0 94,6
23 52,3 T A%Y TS T T T T T T TT8T
22 524 6 4Te3 4246 426 37.9 170.4
TTIY T 3905 T TINS5 T 35,5 .y T T 182.2
24 56.5 5.8 565 137.3
25 35,9 33T BT 5% 33.0 1322
26 5563 44,8 49,8 39,8 1344
TRY T Tal,e T I35 28, W7 - 0.5
28 73.5 66l 661 T3S 275.8
TIN T UTTRTE T I, A&T 3%.% - I15.5
32 58.4 47,3 42.0 52. 6 141.9
33 51,8 THI  3I%.&F %9.7 380
34 TC.9 €3.8 567 S56.7 63.8 T0.9 312.,0
T3S T T T36.5 DL ™Y TN X 7% . 2%
36 61.5 443 49,2 39,4 132.8
e | R Y % S & " AR ' o5 N 1\ S S 98,2
19 41.3 330 29. 7 62,9
K 4 5.0 §2.5 &7.§  S3. 1 FLETIT)
&1 Sl.4 Sl. & 46.3 977
Y 62.5 62,5 T~ T Y 73 S
&3 T2.6 653 Se,1 T2 6 58,1 254.1
&k o8 T T T TTSELS T S5B3Y T C o 110, ¥
45 64,0 57.86 46,1 5. 8 40,3 195.8
L33 53.4 TLT I8t I3, 5 0.1 T83.%
&R 3.7 590 T, 7  Sleb 6863  Sleb 392,2
T8 T T et.1 43,3 48,7 54,2 S L Y
S8 m.n 50 & Sée7 63,0 1701
S U 7.5 TR A TG B5.T 65,7 TI.O 85.7 - .
82 3%} 293 3Te 6 41,8 1J8,.7
— &3 (3] T &  S%.% 9.8
64 3646 2604 2946 32,9 88,9
“Te% 66,9 S4e2 The2 62,2 T T 58,8
67 T3.1 52, 6 5246 5942 65,8 23043
TN 39,6 28.5 31,7 25,% - T L+ 7%
69 3665 25,5 36+ 5 32,8 9.9
™ 45,9 367 41.3 45,9 123.9
T3 4102 29,7 2641 37,1 92.7
15 4%,3 36.2 45,3 T40.F T - 122,73
17 27.5% 15 4 154 17, 6 19.8 2249 90.2
T8 39.3 35.% . - L b T3]
79 .0 18.9 2443 27.0 7002
UEY 5.5 ILT 36L% L& NS TX5. ¥
a2 2149 255 2545 28,7 31,9 11166
83 ELPY | 274 34,3 [3 7Y
.14 39.0 3.2 28.1 25,0 2801 112.3
9 43.3 3.2 351 39,0 1052
L} 0.5 247 24e T 2T & 22.0 98,8
L3 L P 35U 8. 3260 40,0 185, 0
6 35,9 250 A 32,3 5862
—aY 7.5 P4 30. % 33.7 91T
99 N6 27.5 245 21e 4 30,6 104,0
0 L. 2 { P S |+ P S 1. % R TTTT [1.7% 2

AMCDONNELL AIRCRAFT

3-67



REPORT MDC A0013 @ 2 OCTOBER 1970
VOLUME lil ® PART |

FIGURE 3-17

RESEARCH TASK INTRINSIC VALUES

Research Task Intrinsic Vaiues
OPERATIONAL SYSTEM NO. 5-(Cl)

- T TRSK
a8l OBIECTIVE TASK [NTRINSIC VALUES INTRINSIC
T WO, INTEIRSTC VILUE
VALUE  TASK= 1 2 3 . 5 6 sum
1 5549 50+ 3 35.2 25.2 40,2 40,2 252 216,32
TR OBE,TT T T T M.k T AS.4 0.3 803 T T TT8.%
3 T0e 6 T%6 63.5 56.5 190,46
T & . OheV e ® F1-"%3 0 T — 12Tel
s 56,0 5640 44,8 50,6 15,2
[ 53,8~ 3.7 $3.8 T AB.EF W3O T T 98,5
7 5604 "4 6 50, 8 91.4
T T T 80.F 8.6 4%, 7 3I%A T T 77 3T
12 590 531 47.8 4T.8 148,7
1% EXLY 3.9 Il T 30,7 377 e ) 71
15 39,6 3I%5. 6 28.5 32,1 Sae2
18 85,5 55.5  #%.9 - TUSeX
17 59,5 454 36.4 81,8
19 5841 TENS T AN 4 ToTmrr T TR,
* 53,5 4R, 1 53.95 101.%
&z — LK 5.7 &T.1T &L, 1~ 35,6 T 1o%.5
24 54,9 49, 4 5409 194,3
- 35 3.0 LD 3h T ZT.5 T ML T 123.%
26 5646 442 49,1 39,3 132.7
k44 a2 32,2 28,7 289 T T T B
28 T73.5 66 1 6601 T3.5 205,.8
. 57.8 IT.0 8.2 32.% TI5.%

32 58,4 47.3 4249 52.6 141.9
33T T8l 89,3 I%RA ARy T T TIET
34 T0.9 6%WB  S6e7  S6.T 63,8 T0.9 312,09

BT 365 Z25.8 32,8 - T LT3 2
36 61e5 4443 49,2 3% 4 132,8
38 — 3T.4 37T .3 I%KTI h LYY
3e 41.3 33.0 297 62,8
TTENT T s9.h TR 7.8 %3, 1 T T T T 183, %
41 5l.4 5lek  4bed 97,7
&2 62.5 62.% T 4T T T .Y 3]
43 T2.6 65.3 58.1 1246 58.1 2541
[13 (I T2.5 5.3 110, 8
45 64,0 5T. & 46el S1.8 40,3 195.8
TR6 T 8344 T T 43,3 T3MATT 3.6 681 T T T T T8I 4
48 694 55.5 69 4 48, 6 62,5 48,6 264,5
52 “6l.N INET HR5 &4 T T T 133.5
55 3Ce5 22,0 155 24,4 17.1 83,0
L34 73.8 THRT  S8,9  Sle5 88.2 T3.,6 88,27 375 A
58 68,0 49,0 55«1 61le2 165.2
59 Y 2 5602 5642 6342 5602 THe2 < 83,2 355,07
_ 83 57.9 _4le?7 241 93.8
&5 64,1 7 T 81,9 T 51.9 57, - T T 151.5
&7 6849 49. 6 49 6 55. 8 62,0 217.0
68 4.8 29:% 32.6 2641 8,1
69 3Te6 2602 374 33,7 9702
™ Y77 S 3Tel 418 Hbe s -7 125%3
L9 33.7 © 26e3 30,3 21.2 18.2 21.2 1153
A 7 37 2% 9 23,3 181 T o T T 3
ik 4h2.4 M. 5 2607 38,2 95.4
74 32,0 23,0 259 28, 8 T7.8
75 45,4 37.1 &4be & 41,8 125.3
T7 29,0 16,2 1642 18,6 ~ 20,9 2%, T 55e 1
78 39,9 359 3243 28,7 9740
79 30.3 15,1 24.5 2Te3 T0.9
89 4le4 331 37.3 373 41,4 149,0
82 33,3 260 6 26,6 30,0 33,3 TI6e>
LE) 39.1 2% 2 352 63.3
87 37.9 3%.3 273 243 21,3 199.2
89 4247 3%7 34,6 38,4 103.8
93 2963 23.7 23. 7 26+ 4 21.1 4.9
94 39 & 3565 35,5 31.5 394 141.8
96 T 3%.1 2% 7 .6 56e9
97 36,4 2662 295 32+ 8 88,5
192 37.5 3.4 3T.5 [X£Y]
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FIGURE 3-18
RESEARCH TASK INTRINSIC VALUES
OPERATIONAL SYSTEM NO. 6-(C2)
—TASK
DRJ. QOJECTIVE TASK [NTRINSIC VALUES INTRINSIC
TRINSTC “VELUE
VALUE  TASKk= 1] 2 3 4 5 6 SUN
T 58.3 525 3647 2662 2.0 42.9 2642 225.6
2 57.68 1.8 T &8, 7 .S A5 - T84
3 Tle 1l Th1 640 5649 192,0
@ 55,1 %3 D95 ¥l.& R
S STe A 57.8 460 2 52. 0 156
) . L. 2 B - 7 S 19%.2
7 58,1 4% 8 5243 94.1
$ “82.0 4Ye - 133.9
12 6e® S6e7 492 492 15342
. . . 0 1870
15 4la0 36.9 29.5 33,2 99.6
15 57N $%0 35T1.3 TOW. 3
17 521 4649 37.5 Bhe s
18 32.9 T T29.6 TWE  T&H T T Y
9 57.8 52.C 41,6 93.6
F+] 9363 .1 3365 1710
22 50.8 45.7 4le1 4ls1 36e6 164.6
— 2% 54,9 4% 4 549 R LLTE
25 43.0 Il.0 34. 4 27,5 31,0 123,8
D L) 25,7 &% 1 35,3 o — .
27 4042 32,2 25. 7 28,9 86.8
28 13,5 68.1 [199¢ T13.5
3 5T7.8 37,0 4602 32,4 115.6
32 58.4 4«Te3 42,0 5%.6 T I&1,9
33 61.6 493 3% 4 493 138.0
34 a9 €30 587 8557 T 63,8 189 .
3s 3645 296 32,8 624
35 61.5 443 38,2 INe 132,8
38 ITe 4 3%7 303 30.3 Q4.2
39 S ¥5: I T -0 T [.Y£% ]
49 59.0 425 47.8 531 143.4
&1 1.4 5T.4 44,3 - - 1.7
42 62.5 625 62,5
. D » 8 L2172 S
44 64,8 52.5 58,3 110,8
45 BhO T T T TET.E 461 3L 40Y T T T T T95.8
45 53. 4 43.3 38,4 33,6 48,1 16344
48 LS 562 10,3 A%.7 T83.3 &2 2882
52 6247 4% 1 45 1 50,2 135.4
55 31,1 22.4 19,9 L ) TTe4 - Bheb
58 691 498 58,0 62,2 167.9
&b T6.9 6% 8 ) 68, 4 68,4  Ted 63,4 4028
63 58,5 42,1 52,6 . i o 94.8
[1] 6404 52,2 52,2 S8, 0 ) T182.3
67 69+ 5 5.0 5Ce0 5643 625 218.9
68 4h, 8 bs PY 3 326 26,1 5.1
69 37,4 2602 374 33,7 . 97,2
TV 46.4 37.1 41.8 46,4 N 125%.3
71 33,7 263 3063 2162 18,2 21,2 1153
T2 T 3o T TT%9 T 23,37 in.d o 673
73 &2.4 MeS 26T 38,2 95,4
T4 32,0 23,0 25.9 28,8 7.8
5 4604 371 464 41,8 _ 125.3
77 2% 7 16,2 16,2 166 209 2%.2 - Sel
78 39.9 35,9 323 28,7 97.2
9 ‘e s %3 h 10.9
] dled 33,1 373 37,3 4l.4 14048
L} 33,3 2606 2606 3%0 3363 1538
A3 39.1 2062 35,2 £3.3
[1) 3Te9 3.3 2%3 243 cTed 199.2
N9 42.7 3% 7 34,6 304 10Z.8
L2 ) 29.3 2%7 23,7 264 211 U8
9% 39,4 35.5 3% 5 3.8 39:. 4 1rle®
L) 3%.1 233 e b LD
97 3604 2602 295 32,8 - 88,9
in2 37.% 3.0 3.5 87,5
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FIGURE 3-19
RESEARCH TASK INTRINSIC VALUES
OPERATIONAL SYSTEM NO. 7-(M1)

_— I e e e —
ORJe  ORJECTIVE TASK INTRINSIC VALUES INTRINSIC
N 11 (d VALUE
VALUE __ TASK= L 2_ 3 __ 4 __ 35 8 . Sum_

1 55,9 50,3 35,2 25,2 402 a0e2 2542 21603
TTE T OREL T T T Wh, 4 TS 4 413 40,3 . B ¥ £-TX Jha
3 T0e 6 T% 6 63,5 56+ 5 190.,6
¥ [ 2754 S & SR &b, T . 5T 7
5 5640 56,0 44,8 SO 151.2
[Y 3.8 3,0 T8 A4 TAYT T - I {11 |
7 56,4 4N, 6 50,8 91.4
TTET T O Te0.T T T MR E AT TN Tt S 52 T

12 59,0 53,1 47,8 4T.A 148.7
RS 3.7 3.9 3T 307 VT L -
15 39,6 35,6 2R, 5  32.1 9642
16 T 55,5 .5 49,9 - Tt T T T T o
17 5CeS 45, 4 36,4 8l.8
19 S6el ~ T TEAT T 4l - TTOTT TG T
2n 53.5 68, 1 53.5 171.6
22 LU 38,7 Al.1T XI.T 36.5 8%,
26 54.9 49,4 56,9 194.3
25 43,0 T E T Se.6 0 TS ¥ Tt T 123.8
26 S56e6 44,2 49,1 39,3 132,7
27 40,2 TT 33,7 28,1 T 289 - . TTT T C88.8
3% 5842 372 K5.6 3246 11644
. . ol D 141e 7T
33 6143 49,9 33,2 49,0 137.3
T3 T 6943 TT 6% %% BS54 6244 69,3 T TTT T TTTTTEINEY
35 360 29 2 324 6ble b
T8 T T &0.9 T T T T a3.F TRET T 39,0 e &3
319 ACoh 323 29%1 6le4
%] 8.5 TLT RLE 54L& LYY 4
41 51.5 515 46,3 97,8
2 62,3 62.3 5243
43 7249 3% 58,3 72.9 56,3 25561
T4 646 $2,3 S5&1 : ) T 1I0.5
4S 63,4 5Te1 45,6 Sleé 39,9 194.0
LY 3.0 2,9 5,7 T5.% ALY ) (.Y LY 4
4 (Y 52,8 66,0 46,2 59.& 4642 27046
827 58,1 37,37 42,0 46,6 ) T T17%9
57 68,8 55,0 55,0 48,2 61,9 68,8 61,9 350.9
L1 6he & 46,4 52,2 58,0 T 1586:5
59 67,4 $3,9 53,9 60,7 53.9 6Ted 62,7 3505
[}) 873 I8 X7 LA 23]
65 s8.7 47.5 AT.S5 52,8 167.9
(34 65,4 47,1 47.1 53,0 58.9 - 2)46,0
_n 38,7 257 32.1 225 19¢3 22.5 1221
12 3,5 266 24,3 18,9 B T0.1
17 3.4 1740 17,0 19,5 219 2443 99.7
TE LY LY L IS LT3 B 1" 4 IS
19 3MNe2 19,7 25,3 281 73.0
8 She b BES T 40,0 40,0 a6 020 TTTTT h T159,8
_82 35,9 28,0 28,0 31,5 35,0 122, 5
84 an,7 33,0 36,6 : T 89,6 T
as 4l.7 33,4 41,7 37,5 112.6
87 37.9 30,3 27,3 24,3 27,3 139,2
89 42.7 3% T 4.6 384 103,8
9 2943 23T 3.7 26,46 2.1 - TITTTTTT TR T
9% 39,4 3% 5 35,5 315 39. 4 141,8
96 35.1 %3 .8é T T Tt e s T 35,9
97 3644 2662 2% 5 32,8 38,5
. . I1.S [2 23]
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FIGURE 3-20
->
RESEARCH TASK INTRINSIC VALUES
OPERATIONAL SYSTEM NO. &-(M2)
- TASK
08, ORJECTIVE TASK INTRINSIC VALUES INTRINSIC
RO.  INTRINSIC VALUE
_ VALUE  TASK= 1 2 3 & 5 [ SUM
1 58.3 5205 36T 2642 42,0 42,0 28,2 2256
T N - 51.8 48,7 3.5 415 T, Tms T .
3 Tlel Tl 1 Ghe O 56.9 192.,0
L 58,1 bE%] 59 5 LI (X] L.
5 57«8 57.8 46,2 52,0 15601
[ 55.5% T8 d 55,5  A%9 T M. F T TI%.2
7 58.1 41.8 52.3 9401
-9 62,0 . 39.86 A8e6 T I%HT - 33,9
12 6N 8 She T 4942 49,2 153.2
14 35,5 35,9 39.9 J1.9 39.9 T8 TS
15 41,0 369 29.5 33,2 9946
18 570 7.7 SIe3 - 1783
17 5241 46,9 37.5 844
I8~ T 32.9 T T T28.6 TTELE T T 2648 - T BZ.9
19 57.8 52.0 &1.6 93,6
Pdi] 535 48,1 53,5 T 1e6
22 5N, 8 45,7 4l.1 41,1 36,6 164,6
T2 T T 849 T 7T TR 4 SRy T T T T Tt IR I T
25 43,0 31.0 3%.4 27.5 31.C 123,8
26 5446 TTT %67 49,1 39,3 oot Tt T 3.7
27 40,2 32,2 257 2849 86,8
28 T3.5 86,1 [I.79 T35 r<}I%.J
30 57,8 37.0 4642 32,4 115.6
3277 8WAT RT.T 42,0 S2.6 T - I8L.Y
33 61e6 49,3 39,4 43,3 138,.0
TTTTTICLY 83,8 56T  S&T BTG T T .
35 3645 29,6 32,8 . 62,4
36 61.5 4%.3 %9.¢ IJL% I3Z.%

33 37.4 33,7  3C.3 30,3 9442
39 T 4143 B § Y 1 7 A TTTTm T - B Y23 B
41 59,0 42,5 47.8 531 143.,4

TRL T 7T S1.67 T T T T BIe 463 T T T o IT.7
&2 6245 6205 6245
33 T2 6 T%5.3 58,1 1486 51 Y4178
44 648 52,5 58,3 110.8
45 64,0 TY.6° 48,1 T 518 T 40,3 T 195. 8
46 53.4 43,3  38.4 33,6 481 16344
T 4N T 13,7 53, 0 T5.T " 31.6  $6.3 516 "~ 7T 3%
52 6747 4303 AB. T 54,2 14642
L1.] Tt THe® Sb.7 &63.0 70,1
61 73.0 58,4 SB8,4 65,7 65,7 T30 65,7 ING.9
62 41.8 29,3 37,6 41,8 T - TTTTTTINS. T
63 6le6 _hbheh 554 99.8
s 3646 2604 29.6 32,9 L. 2
65 66¢9 She2 5402 60,2 168, 6
(34 T3.1 EJ.6 %2.6 53¢ 05,8 230, 3
68 39,9 28s7  3le9 255 3662
69 37.0 2%9 37,0 33,3 T TY6e2 T
LG 46,2 ITel 41,6 4R,2 126.7
73 41,5 29¢9 26.1 37,3 o %
T4 3163 225 2% 4 28.2 T6a1
75 46,0 3608  bbe  4led 12442
77 28,6 160 160 183 20,6 22,9 93,8
78 39,6 35,6 32.1 2545 ) T 9842
79 3046 19,3 2448  1Te5 Tle6
s LY ) 32,6 36,7 387 #0,8 —° 186,99
82 326 2641 2601 293 3246 114.1
83 38.2 275 34,4 5T.9
85 391 31e 3 39%1 1%.2 195, 6
A7 T3n.e 3.7 2% 5 25.3  28,% 114,90
1) 43,7 165 354 3%3 19642
93 30,8 2609 2649 2T, 7 T 23,2 Y. 8
94 4049 16 8 36, 8 32.7 40.9 147,2
96 364 26e 2 3208 *
97 37.9 27e3 307 34,1 92.1
99 312 282 25.0 21.9 31.3 INE. &
109 3244 23¢3 2642 2343 292 102.1
In2 39,1 EIE LS T T0.4
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FIGURE 3-21
RESEARCH TASK INTRINSIC VALUES
OPERATIONAL SYSTEM NO. 3- (M3)
e e ¢ 11 S
DRJ,  OBJECTIVE CASK INTRINSIC VALUES INTRINSIC
NG INTRINSIC VALUE
VALUE  TASK= 1 2 3« s 6 sum
1 58,3 52,5 36,7 2602 4240 &2.0 2642 225.¢
2" 8.6 T 8.8 46,7 T 415 4I5S T T TTTTTTT T IBTLE
3 Tle1 Tlel &4, 0 56,9 192.0
L9 173 ¢ T8 59.5 &6 T80. 6
5 57.8 578 4602 5240 1561
6 T SER T T T UTRR, N T 5,8 T 49,97 &4 6T T T TT T IRRTT
7 58,1 . _4l.8 5263 94e1
TR T 82407 T T TR T 4hes 33,7 T T TTTTTINNGY
12 50,8 She? 4902 4% 2 153,2
14 39,9 35.9 9.9 31.9 39.9 T 18T.8
15 41.0 B 3609 29,5 332 99.6
16 5T.0 57T.0  S1.3 LI P I
17 _ 52.1 4649  37.5 8444
1R 329 296 2646 2646 Tt T T 8.9
19 57.8 52,0 41,6 93,6
29 53,5 (L3} 3.5 INT1.6
22 50.8 » 45,7  Ale!  4lel 3646 1646
TZh T T BR,9 T T TR9% 4 Ta.9 TTTTTTTTTTT DAY
25 . 43,f 31,0 34.4  27.5 31.0 123.8
26 54,6 44,27 49,17 39,3 T 132, 7
27 40,2 32,2 257 289 86,8
28 73.5 6601 6641 T13.5 297 .8
30 STe8 3Tl 4642 3244 o ) 115, ¢
32 58.4 &7.3° 42,0 52,6 -0~ 1819
3 6le6 493 39,4 49,3 138,0
34 70,9 63,8 56,7 "S6.7 63,8 T0.9 312.0
35 3845 29.6 32.8 5244
36 61.5 44,3 49,2 39,4 132.3
38 3Tk (33,7 36,3 30,3 o 942
39 41,3 33,6 29,7 - TT62.8
_&n 59,0 . _42.5 47,8 53.1 = o o 143.4
41 51.4 51e4 4603 Tt T T, T
42 62,5 6245 6245
&3 T246 653 58,1 2.6 58,1 54T
__?_‘ ok, 8 _ 52.5 58,23 110.8
45 64, 57. 6 4601 518 40.3 TTTTTTT T T ON9%. 8
46 53,4 4343 38,4 33,6 48,1 163. 4
[] T3.7 §9.0  T3.T Sle6 6643 Sle6 7 3022
52 67e7 43,3 48, 7 S54e 2 14642
58 6,0 .4 56,7 63,0 6.1~
_ &1 _ 73.0 58,4 SBed® 657 6547 734U 65,7 38649 _
62 41.8 293 376 41,8 T 108,7
63  6l.6 sk, 4 55,4 o _99.8
64 3646 2604 29,6 32,9 - 8849
65 6649 S602 S4e2  60s2 16846
67 7341 2.6 52,6 59,2 65,3 230.3
__68 39,9 28,7 31,9 2%5.5 8642
«9 37,0 299 37,0 33,3 - T 96e2
70 4642 37.0 4le6 46,2 12447
73 41,5 2949 2641 37,3 T T T T 3.y
T4 31.3 22,5 25,4 28,2 76.i
75 46,0 3608 46,0 41,4 12442
77 78,6 1600 16,0 18,3 206 2249 93.8
78 946 35,6 32,1 28,5 o T ¥ S
_719 30,6 1943 2408  27,% Tleb
89 4,8 3246 36,71 36, T  &D.8 T T~ TTTTLR649 T
A2 326 2601 2601 29 3 32.6 114,1
83 38,2 2Te5 34,4 8T.9
8s 39,1 3163 39,1 352 135.4
a7 39,6 3.7 28,5 25.3 28.5 114,07
L1 43,7 __ 31e5_ 354 _ 39%3 13642
93 37,8 289 24,9 27,7 22,2 99,8
9% 4049 3608 3668 3247 40.9 14742
96 36,4 2662 30,06 S9.0
97 37.9 27¢3 3047 T4 9241
99 31.3 28, 2 25.0 21.9 31.3 106.4
100 3244 2343 2642 2343 292 1021
182 39,1 I3 T T T T T8
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FIGURE 3-22

PERCENTAGE OF RESEARCH ACHIEVABLE IN EXISTING FACILITIES

e OPERATIONAL SYSTEM

1 2 3 & 5 s T [ 9
_— A k23 14 cl c2 1 "2 LE
OBJECTIVE

1 53 & 45 45 %3 _ 45 12 45 45
2 43 36 36 36 43 36 56 36 36
3 43 28 28 28 43 28 56 _28 28
4 37 31 31 31 37 31 48 3 31
- 5 b1 4 - ) IO ) | 31 37__ 3l 48 _ 31 ___ .3
6 43 36 36 36 43 36 56 36 36
1 43 31 3l 3l 43 3l 56 31 31
° 37 31 31 31 37 31 48 31 31

__10 36 34 _36 3_______.0 [ 0 0o __0_
11 45 45 Y] 45 0 0 0 0 0
12 ... 31 23 .. .23 _ _ 23y 37 23 48 23 23
16 31 31 31 31 31 3 31 31 31

15 23 23 23 23 23 23 23 23 23
16 33 23 23 23 33 23 43 23 23
17 27 23 23 23 217 23 35 23 23
18 . 0 40 40 40 0 40 0 40 40
19 50 28 28 28 s0 28 635 28 28
20 35 27 27 27 35 27 40 27 27
22 35 27 27 21 35 27 40 27 27
23 50 38 38 38 0 0 0 0 0
24 35 27 21 L2135 27 40 27 27
25 35 27 27 27 35 27 40 27 27
26 _35 2T _ 27 _21. 35 27 40 21 27
27 76 47 7 47 16 47 85 &7 &7
28 46 35 3% 35 46 35 0 35 35
30 80 80 80 8C 80 80 80 80 80
3R 50 38 38 __ 38 _ 1] 38 69 38 38
33 53 34 34 34 53 34 T4 34 34
34 80 16 80 16 a0 16 80 16 16
35 34 26 26 26 34 26 48 26 26
36 40 3] 31 3] 40 31 56 ) 31
38 36 36 36 36 36 36 0 36 36
__39 ST ST 57_.... _S7 ____ 51 57 s7 57 57
40 57 57 57 57 57 57 57 (33 57
&1 ST ST 5T __ 51 57 57 57 57 57
42 42 32 32 32 42 . 32 58 32 32
43 45 16 35 35 85 35 64 35 35
&6 57 44 o4 4 57 '3 80 44 4
45 | _ .57 46 44 6% _ 5T ____ 46 8D 44 4%
46 45 35 35 ET) 45 35 64 35 35
__ &8 . _ . _ ST 18 _ __ Q. _. _ & 57 18 57 8 8
52 53 19 0 21 53 19 a3 21 21
55 0 0 2} 0 80 50 0 0 0
57 40 0 o 0 40 0 70 ) 0
58 __ ___ Je__ .5 . _ 9% . _._.%_  __1___ 3 ___10 50 50
59 23 [ [} [} 23 0 40 0 [}
40 Q 13 Q0 .____0 -0 13, 0 0 0
61 ¢ 0 0 17 0 [} 0 17 . 17
62 0 [} 30 ap 0 0 (1] 30 30
63 57 22 0 ] 57 22 57 [) )
Y L0 _ 0. . _6l__ _ _&l 0 0 0 61 61
65 57 12 [} 10 57 12 57 10 10
&1 ___ _%0 . ___20 ____.0O0 _._ 12 _ 40 .20 _____ &0 13 13
68 90 90 90 90 90 90 ) 90 90
69 17 17 17 17 17 17 0 17 17
70 47 29 0 20 47 29 0 20 20

7 95 95 0 0 95 __ 9% __ 95 o ____._0_
72 40 +0 0 ] 40 40 40 4} 0
73 __89 . ___B9_._ 89 89 89 89 .0 89 89
T4 0 0 0 (] 100 9s ] 100 100
15 27 21 27 21 21 27 0 21 21
77 100 95 89 89 100 95 100 89 89

78 S0 _&7 .S 45 .. S0 6T _ 60 __ __ &% &5
79 100 95 89 100 100 95 100 100 100

v __..80 100 95 .. 89 a9 100 95 ____100 .___ 89 . ___.89_
82 100 106 109 1c0 100 100 100 100 100
23 100 95 ae 29 100 9% 0 89 8y
84 0 0 0 0 0 0 100 [} [}

85 0 ... 0. ___0. .0 _ 0 0 %3 16 . 1
87 14 11 12 12 14 11 17 12 12

89 12 9 10 10 12, ____9 __.__ 14 _ 10 _ 10
93 57 57 57 57 T 57 57 57 c7
9% 20 15 17 17 24 15 31 17 ¥
96 15 12 12 12 15 12 19 12 12

97 30 30 . 30 ____ 30 .3 3 30 .30 3
99 0 0 1% 15 [} 0 0 15 13
100 [} .0 _0 _Q __90 1] ) 10 70
102 70 70 70 10 70 70 70 70 70
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3.5.2 FACILITY RESEARCH CAPABILITY - Research capability of the candidate

ground facilitier and flight vehicles 1s presented in terms of the percentage of
research included in the tasks under the Research Objectives which each candidate
facility (in conjunction with existing facilities) can achieve. Assessments of
the research capability of each new ground facility and each candidate flight
facility were made by technical specialists. considering the following three dis-
tinct criteria:

(a) Physical Environmental Simulation

o To what extent are key parameters (e.g. noise, pressure, temperature,
Mach No., loads, etc.) simulated, either individually or in combina-
tion, in a static or time-variant manner?

¢ What is the capability of the facility to accommodate a wide range of
test conditions contributing to a broad research base, in terms of
multi-point research, wide parametric variation capability, and re-
search time available for satisfying the objective as it relates to
a reasonable research program?

(b) Configuration Arrangement and Size Similitude

o What is the cawnability of the facility to accommodate a model or ex-
perimental specimen, in terms of the limits of scaling faccors, ex-
perimental section, and model size?

o To what extent can unknown interactions be uncovered?
(c¢) Verification and Demonstration Cepability
© To what extent can operational flight hardvare be tested?

¢ To what extent can operational flight profiles and vehicle
utilization be simulated?

¢ To what extent can the actual operational flight environment
characteristics be proven?

The percentage of each Research Objective which can be achieved by each
candidate ground facility and flight research vehicle, augmented by the spectrum
of existing ground test facilities, is presented in Figures 3-23 through 3-26
for the four representative operational systems. Facilities one through nine
are new ground facilities, described in Section 2, while new facilities identified
as 207 through 284 (columns 10 through 16) are candidate flight research vehicles,
whose characteristics are also defined in Section 2. New facilities identified
as C/1 through C/5 are selected combinations of the listed new ground facilities
and are described in Section 7. The research capability of the spectrum of exist-
ing facilitizs is presented in these figures, allowing the incremental capability
of new candidate facilities to be determined by subtracting existing facility
values from new facility wvalues.
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FIGURE 3-23

PERCENTAGE OF RESEARCH ACHIEVABLE IN EACH FACILITY

OPERATIONAL SYSTEM NO. 2-(L2)

08J. EXISTING CAPABILITY OF NEW FACILITIES # EXISTING FACILITIES
_NO., FACILITY 1 2 3 & 5 & T 8 9 15 11 12 i3 J& 15 16 17 18 19 20 21
PERCENTAGE  GD3 GD20GDT €6 E20 &8 E9 S2 M20 207 Zi2 232 233 257 260 284 C/1 C/2 C/3 C/4 C/5
1 45 59 59 45 &5 45 45 45 45 45 73 90 73 73 87 63 63 59 59 89 59 59
_ 2. . 36 . _82.62 36 36 36 36 36 36 36 T 8) 1T T 83 83 ¢} 62 62 62 62 68
3 28 S1 59 43 28 28 28 28 28 .28 &3 63 70 67 13 10 ¢t 68 68 68 68 68
s ;; : 51 37 46 &6 3] 31 31 31 ST 37T 63 3 70 T0 63 59 62 62 62 ‘ _
5 56 39 31 31 31 31 31 31 63 1713 TT 77 83 80 &5 &8 63 &8 &8 .
ry 35 47 55 433633 36 36 36 36 67 T3 4T 60 7T _TO_ 60 TI T2 T2 T2_ .2
7 3 38 57 47 33 33 45 45 31 31 S0 40 63 &7 63 57 ST 69 72 715 715 715
9 3l 42 56 _3T__42_ 42 47 A&7 31 31 50 60 60 S9Q 60 65 67 8T 671
10 36 sl 59 42 36 36 36 36 36 36 63 43 63 63 63 T0 63 67 67 &1 67 67
11 &5 47 51 S& & 53 73 73 T8 T} V3 63 - 63 63 63 63
12 23 45 52 37 21 27 32 32 23 23 50 53 ST ST 60 ST i 61 67 70 70 70
14 31 S¢ 58 _3) 31 31 31 31 21 31 70 70 73_73 80 80 73 S8 58 58 58 S8
15 23 38 48 32 29 35 23 23 23 23 43 60 50 SO 65 S50 50 S8 69 69 69 &=
16 23 29 37 33 27 31 38_37 23 23 53 53 63 63 67 ST _63 4T ST 6T ¥ 67
17 23 37 &7 33 21 32 37 35 23 23 53 53 63 63 67 6T 63 _ 52 S8 65 65 65
)8 40 42 50 SC &2 42 %0 50 40 _&C 3D 50 B0 80 80 80 52 55 63 63 63
19 28 35 4«6 40 28 28 28 28 28 28 9 60 67 63 70 63 63 63 63 &3 63 63
20 27 3140 37 29 37 &2 41 _27_27_ % 66 88 88 _88 88 88 _ S1 55 65 65 65
22 21 31 48 39 60 65 6B 37 27 27 46 64 88 8% 88 88 88 53 71 1T 77 17
. 21____~11________59__35__52__35 50__60__60 38 38 68 68 91 91 91 91 @1 48 52 &5 65 65
23 %3 39 27 27 27 27 21 64 64 18 18 88 I I8 66 66 66 66 66
25 21 32 39 35 27 39 40 38 27 27 49 69 82 82 2 32 82 o S5 59 S5 5%
26 27 29 31 28 21 32 36 35 59 27 69 69 82 82 zc 92 82 36 41 &9 67 =T
21 &7 S0 56 56 48 56 57 56 &7 47 T1L TL 92 &i 92 81 Bl 59 62 6T_o&-_ &7
28 35 35 35 35 33 38 38 38 TO 47 67 63 75 75 85 715 75 38 38 38 70 78
10 20 80 80 8¢ 80 80 85 80 80 80 G080 86 86
32 13 38 38 38 38 47 48 46 67 47 70 65 715 715 85 15 715 .38 47 571 61 13
33 38 37 3131 35 &1 75 75 A5 75 IS 3T %1 52 73 18
34 16 17 17 17 16 16 53 49 32 27 28 26 75 28 35 28 z3 17 17 53 67 711
_3a5 26 36 36 36 26 _37 47 45 50 31 52 49 6C 60 68 60 60 _ &40 4T 52 69 T8 _
36 31 31 31 31 31 4% 50 50 50 39 58 54 65 65 74 65 65 31 40 S50 70 82
38 __136 48 4B 48 38 38 _38 63 38 38 75 TO 75 75 85 IS5 15 58 58 S8 68 68
39 57 61 o3 63 61 81 61 TL 62 62 75 10 75 15 85 75 75 63 710 75 88 90
40 57 57 57 S? 57 ST ST ¥2 67 67 75 IQ IS IS (3 I% TS ST 5T ST 12 93
4l 57 st 57 ST 51 57 51 5T 76 62 75 10 15 15 85 7¥5 715 ST 57 ST 76 81
_42 32 _ 32 32 32 32_90 32 75 70 715 15 85 15 V5 32 32 32_ 90 90
o3 35 35 35 25 38 % 51 S0 58 38 67 63 75 715 85 I5 715 35 38 %3 80 85
_4h &b &b &6 &0 4% A& &4 _&4_ 50 B0 T5 TQ 75 T5 85 IS IS 4é &% &6 SO B
45 %4 46 46 44 46 44 47 44 S0 B0 75 TO 75 75 B85 T5 75 64 &6 44 50 88
£6 25 35 35 35 35 35 35 35 50 &0 &7 &3 7T5 75 85 V5 IS 35S 35 35 50 80
%8 18 38 48 41 18 41 37 18 18 18 37 41 60 +1 83 41 39 56 63 68 68 68
_ 82 39 18 19 19 19 .19..19.19 _19 19 19 19 19 19 19 19 19 19 26 46 56 61 _
58 50 S0 S0 50 55 65 &5 65 SO S0 70 70 70 70 70 710 70 50 55 65 65 65
40 13 17 28 28 13 13 43 4023 13 20 20 53 13 83 i3 13 37 31 S6 5% 59
63 22 32 38 32 22 40 25 25 &5 32 S5) 40 69 2: 88 22 22 &5 &1 6&¢ 68 69
£5 12 25 35 32 12 35 46 42 12 12 45 12 68 12 19 1z 12 A0 A8 ST ST ST
67 20 43 50 45 &7 63 47 45 20 20 50 &3 61 20 710 20 20 53 60 10 70 TG
68 90 90 90 90 90 90 90 S0 100 90 100 100 100 xog 100 100 100 90 90 90 100 100
69 17 17 17 17 17 17 17 17 &7 27 60 60 83 91 e1 83 17 17 17 4T 5%
_710 29 ‘____2.1_23_29_29_*9 63 61 _37_34_48 48 67 ﬂ 72 47 81 29 29 63 &9 1L
71 95 5 95 95 ©5 S5 95 iu0 95 95 95 95 95 95 95 95 95 95 95 100
72 40 «0 ao 40 4 40 40 40 100 40 40 60 40 40 60 40 40 40 40 40 100 100
13 89 89 89 89 89 895 89 B89 100 89 100 100 100 100 100 100 100 89 89 89 100 100
5. 27 27 21 27 21 21 27 21 3 37_ 60 _63_83 80 90 83 80 27 27 27 713 32
17 95 95 95 95 95 100 100 100 95 ,5 97 97 100 3100 100 100 100 95 100 100 100 100
78 &7 85 53 53_%S0 SO S0 S50 47 &7 73 67 17 TT 6 87 60 15 IS 15 TS5 15
79 35 95 95 95 10C 100 100 95 95 95 97 97 3100 100 100 100 100 95 %8 100 100 100
30 95 95 65 95 95 95 95 95 100 95 97 97 100 100 100 100 100 95 95 95 16O 100
82 100 106 100 10C 100 100 100 100 100 100 100 100 100 100 100 100 10¢  1LG 100 100 L0O 160
83 95 95 95 95 35 95 95 95 100 95 _97_ 97 100 100 100 100 100 95 95 95 100 100
87 11 50 11 11 3¢ 40 11 11 31 11 77 77 90 90 93 90 60 52 65 75 15 715
89 _ 9 33 49 33 9 9 9 9. 9 9 60_85 _7T3_73 F 139 69 &9 69 69 &9
93 57 67 72 65 57 57T ST ST ST ST 37 717 C7 87 93 8T St 1T Y W T M
5 5 5 15 37 c_a 80 80 15 15 _i5 ST_67
96 12 «3 53 4C 33 43 40 38 12 12 80 77 83 80 90 80 53 12 12 12 37T 67
97 .30 30__30 30_30 30 30_30 90_36 80 B8O 80 80 80 _8C 80 _ 30 30 30 SC 95
102 70 70 70 ¢ 70 70 T0 10 80 53 75 15 85 8% 90 85 85 10 16 TC 80 93
GD3 GD20GD? E6 E20 EB E9 S$2 W20 207 212 237 233 257 260 284 C/1°C/2 C/3 Cl6'CYS
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FIGURE 3-24

TERCENTHGE OF RESEARCH ACHIEVABLE IN EACH FACILITY
OPERATIONAL SYSTEM NO. 5-(C)

ASCOORINELL ASRCRAFT

3-Tb

08J. EXISTING CAPABILITY OF NEW FACILITIES ¢ EXISTING FACILITIES
_NO, FACILITY 1_2 2 & 95 (-] i 8 9 19 Y 12 13 14 15 16 17 _18 19 20 21
PERCENT.GE GD3 GDZ0GO? €6 €20 €8 €S S2 M2u 207 212 232 233 257 260 286 Cs? C/2 C73 C24 0/5
1 53 Sy 59 53 53 53 53 53 53 S3 73 90 T3 73 87 83 63 59 59 59 59 59
2 43 62 55 43 43 43 43 43 43 33 7T By 7T 7T 83 @83 63 73 73 13 73013
3 &3 53 59 43 43 &3 43 43 43 43 80 60 T3 TO0 VT T3 63 A5 65 65 65 65
L3 37 45 S1 37 46 46 43 43 37 37 ST 5T 6 &3 10 T0_ 63 59 61 61 61 &1
5 37 45 S 37 37 37 3t 3t 31 > 63 T} TIT TIT 1T 1Y SO &8 68 68 68 58
6 43 ST S0 43 43 43 43 «3 &3 43 61 T3 &Y 60 TT 70 ST __ I I OIMT TV
7 43 43 59 43 43 43 43 43 +*3 &3 70 70 TO0 ST 70 ST S7 69 69 69 69 b7
9 37 5S¢ 58 37 37 37 37 37 37 37T 53_60_60 50 63 50 30 70 70 T0 10 70
12 37 8 53 37 &7 37 3T 31T 37T 37 47 &0 60 4T &0 47 47 60 68 68 o8 48
1s 31 63 31. 31 N 331 31 483 3)_10 10 T3 73 80 80 713 63 &3 & 1T T,
15 23 3 &S 32 23 235 23 23 23 23 43 &2 50 SC &0 SO S0 S1 61 61 81 61
16 33 37 &T 3> 39 49 43 43 33_33 63 43 63 63 63 63 _63 47 56 66 66 66
17 27 &2 &9 2T 27 3T 3 33 27 27T S3 53 63 63 &3 63 & 55 &0 68 68 68
19 50 67 62 SC S0 S0 SO S50 S5O0 SO 70 Y0 _13_173 T3 _713 13_ BT 8T 8T 27 @7
¢ 35 S1 54 48 315 75 A1 7. 35 3¢ 8D &0 38 @88 88 g a8 62 69 90 90 90
z2 35 5) S5&_3% 43 I5 _3) i 35 35 A A0 83 88 88 8% g 61 68 82 92 82
i 35 51 S&4 46 35 75 81 TL 35 35 80 A0 33 88 88 68 38 S8 TR 88 88 AR
25 35 5] S& 48 35 B84 85 88 35 35 86 86 _92 92 92 92 92_ 65 88 90 90 _90
26 35 2T ab 462 35 44 K6 46 53 43 B 86 92 92 92 92 92 50 60 T2 81 85
27 76 76 T6 76 To 84 8T A3 T» 16 86 R6 92 81 92 81 81 _ 76 86 89 8% a9
28 46 &6 456 &b ~9 49 4 37 81 58 T2 72 80 80 SO 80 80 49 49 49 81 1%
30 8¢ 80 e0 80 80 8Q &) 8) 85 AC 8C 80 80 "1 80 80 80 80 80 80 86 86
32 5¢ S0 S0 S5C 50 5S9 S8 7¢ S9 T- T4 80 A0 80 SO &0 S0 S9 69 TS 385
33 53 56 S6 56 56 (-~ S 76 66 83 _ 30 80 80 80 &C_80_ 56 66 71 S1_ 97
34 80 8l 91 81 80 8 ..v J0uv 96 91 680 80 80 80 KO 80 a0 T8l 81 100 100 100
35 34 . &4 &6 &6 & 45 55 53 SB A9 6& 64 o4 64 66 64 66 A8 55 &0 TT 8S
3 40 40 -0 &4C 40 49 59 S 59 4«8 70 70 710 70 10 10 70 40 <9 59 79 9
38 36 49 43 48 IR 38 I8 63 38 3. 30 A0 8 ROo__BO_ 80 80 58 58 S8 58 8
39 s7 6l 63 63 61 61 61 TI s2 62 80 80 80 80 80 80 80 63 70 TS 88 90
L 30) 57 ST 57 ST ST ST 57 12 67 67 @80 %0 _80 oC _80 B8O 80 5T ST ST T2 93
41 57 ST ST ST 5% LT ST ST 76 &2 80 a0 80 A0 AD 80 80 ST ST ST Te 81
&2 42 42 42 &2 42 42 52 42 100 42 80 *)_80 80__8C An 80 42 42 42 100 100
43 &5 45 45 45 48 &2 61 60 68 48 80 80 80 80 80 £0 &0 45 48 6 ™ oS
44 ST *7_ 57 57 857 51 5T 6! 63 93 80 80 80 80 _80 80 80 51 ST S, ”
45 57 ST SY 57T ST 57 ST 63 63 93 @80 80 80 80 80 80 80 ST 5T ST #3 100
46 45 5 45 &5 45 45 4> 60 60 TO A0 B0_80 50 80 80 80 45 45 45 60 90
48 S7 M 67 ST ST 69 ST ST ST ST 67 @80 S57 ST ST ST ST 20 S0 90 90 S0
52 53 53 €3 S3 TC 70 63 63 53 53 70 T3 53 S3__S53 53 S53_ 33 72 83 83 83
55 80 80 8D 80 92 92 80 80 8C 80 95 100 25 80 95 80 80 80 92 92 92 92
57 40 40 40 4&C RI BT 40 40 40 40 &T ST 40 40 40 40 40 40 8T 8T 87 8T
58 70 76 70 T TS 8C T0 70 T0 TO 8D 80 80 80 80 80 89 70 &0 80 80 80
59 23 23 30 23 73 7T 23 23 23 3 SO 83 23 23 23 23 23 _ 23 "M I NN I7
63 s7 63 67 ST ST 61T S5t ST ST ST 671 %0 ST ST 70 ST S7 63 T3 13 3T
65 57 63 68 ST 57 63 ST ST ST ST &7 YT _ST ST ST ST ST 72 st 21 A1 st
o7 40 22 50 2 55 50 &0 &0 &0 40 ST 60 40 &0 &0 &0 &0 63 85 8% 85 85
&8 30 90 90 3¢ S0 90 <0 90 107 9C 100 108 100 100 100 100 100 S0 9C¢_ 90 100 100
69 17 17 Y7 17T 17 1T 17 1T 4T 27 80 80 %3 333 91 91 B3 17 17 1T a7 55
70 &7 47 4T 47 47 &7 8) 79 55 52 63 _43_8%0 80 80 80 6C 47 &7 81 87 89
71 a5 95 95 95 95 95 95 95 95 100 93 9SS 95 95 95 95 ©5 95 95 95 95 100
i2 40 40 40 40 40 4C 40 40 100 40 40 60 _40 40 _80 40 40 40 40 40 100 100
73 89 89 89 B9 €9 #9 89 89 100 A9 100 100 100 100 100 100 100 89 A9 89 100 100
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FIGURE 3-25

PERCENTAGE OF RESEARCH ACHIEVABLE IN EACH FACILITY
OPERATIONAL SYSTEM NO. 7-(M1)

ORJ. EXISTING CAPABILITY 0F KEW FACILITIES + EXISTING FACLTTIZS
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F! SURE 3-26
PERCENTAGE OF RESEARCH ACHIEVABLE IN EACH FACILITY
OPERATIONAL SYSTEM NO. 8-9R2)

08J. EXISTING CAPABILITY OF NEW FACILIVIES ¢ EXIST .G FACILITIES
1Y 1 2 3 & 5 6 T 8 9 12 11 12 13 14 15 16 17_18 19 20 21
PERCEMTAGE GD3 GD20GDT £6 E20 EB8 E9 S2 mM20 207 212 232 233 057 260 28+ C/1 C/2 C/3 C/¢ C/5
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3.5.3 FACILIT. PCSEARCH VALUE - Facility research values are used in the selection
of the mos* attractive ground facilities and flight research vehicles for refine-
rment in P.use III. “hese facility research values are Zound by multiplying the
task intrinsic value sum determined for each Research Objective by the facility
capability value determined for that objective and then adding over all the objec-
tires which pertain to the operaticnsl system in guestion. Figures 3-2T7 through

values. 7The resulting facility rasearch values are shown as totals of these pro-
ducts at the botvom of each figure. These figures correspond to the four represen-
tative potential operatiornal systems (12, C1, Ml, and M2). The totals for the task
intrinsic value sums and the existing facility values are also shown at the totiom
of each page for reference.

In each figure, the resecarch values per objective, as well as the facility
research values shown as totsls at the bottom of each column, rerresent the vsalue
of the new facilities in conjunction with existing facilities. A candidete racility
which could satisfy all of the research requirements of each Research Task under a
given objective would have e rasearch value for that objective equal to the task
intrinsic value sum for that objective. The incremental value relative to a given
Resrarch Objective of each new facility, by itself, can be determined by comparing
its value relative to the given objective with the cxisting facilities value for
that objective. In number of cases, it can be scen that candidate ground facilities
are 0t applicable to the Research Tasks associated with a particular objective and
provide no increase over the exising facility value in the achievement of the
objactive. Similarly, the incremental fatility researc.. value of each new facility,
by itsz2l1f, can be determined by comparing the facility research value shown at ihe
bottom of the column for that facility to the total existing facility value shown
at the bottom of the exisving facilities column,

3.5.4 RESEARCH VALUE SUMMARY FCR BASELINE FACILITIES - Facility research values

for the four representative cperationsl systems are summurized in Figure 3-31.

The research value sums p.esented at the top of the page for each candidate research
facility correspond to thne column totals shown in Figures 3-27 through 3-30, and
these values are converted to percent of the total reguired research at the bottom
cf th:2 page. These research velues include, of course, the contribution of exist-
ing facilities.

All facility capabilities and facility research wvalues presented in this
section are measured with respect to "baseline" facilities. Characteristics of
these facilities were established at the beginni.g of Phase II and the basic re-
search requirements analysis considered only these "baseline" systems.

Many tradeoffs accomplished on the flight research vehicles resulted in
improved configurations, identified as "near-ontimum" systems, which were considered
in the fi~-~) selection of vehicles to be carried into Phase III. These tradeoffs
are described in Section 4, and the facility research values for the “near-optimum"
flight research vehicles are presented in Scction 4.6.

(Page 3-80 is Blank) ASCOCNNFLL AIRCERAFEY
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FIGURE 3-27
(U)VALUE OF RESEARCH ACHIEVABLE IN EACH FACILITY
Operational System No. 2-(L.2)

_ TASK
08J, INTRINSEC VALUE OF VALUE OF NEW FACILITIES + EXISTING FACILITIES -7
NGO, VALUE EX]STING 1 2 3 4 s 6 7 8 9 10 11 12 13 1« 13
Sum FACILITIES 603 GD20 GOT €6 €20 ES E9 s2 K20 207 212 232 233 257 260
1 224.8 101.2 132.7 132.7 101.2 101.2 101.2 101.2 101.2 101-2 101.2 164.1 202.6& 15&.1 16é.1 195,6 186.6
2 182.7 65.8 113.3 113.3  65.8 65.8 65.8 65.8 65.8 65.8 65.8 160.7 151.6 140.7 140.7 151.6 151.6
3 191.4 53.6 97.6 112.9 82.3 53.6 53.6 53.6 S3.6 53.6 53.6 120.6 120.6 134.0 128.3 139.7 134.0
4 180.6 9.8 72.3  B1.,9  59.4  T3.9  T3.9 49,8 49,8 49.n  49.8  91.6 91.6 101.2 101.2 112.& 112.4
5 156.9 48.6 72,2 B7.8 61,2 48.6 48,6 48,0 48.6 48.6 48.6 98.8 11¢.5 120.8 120.8 130.2 125.5
6 196,7 70.8 92.4 108.2 84.6 T0.8 70.8 70.8 T70.8 70.8 70.8 131.8 143.6 131.8 118.0 151.5 137.7
7 95.4 29.6 36.3 56,6 46.8 31.5 31.5 42.9 42.9 29.6 29.6 47,7 38,2 60,1 S&. & 60,1 S54.¢
9 133.9 1.5 56.2 15.0 49.6 58.2 56.2 _ 62.9  62.9 41.5 41.5 67.0 80.¢ 80.& 67.0 84,4 SI.C
10 83.6 30.1 34.3  49.3 35.1  30.1 30.1  30.1 30.1 30.1 30.1 S52.7 3.0 S2.7 S2.T 52,7 5B.5
S ¥ 187.3 84.3 88,0 j06.7 104.9  B84.3 84,3 34.3 84,3 84,3 B4.3 118.0 99.2 135.7 136.7 166.31 136"
12 154.7 35.6 69.6 AC.5 57.2 4l.8 57.2 49.5 49.5 35.6 35.6 T7.6 82.0 83.2 88.2 9J2.8 88.¢
14 _ 151.3 46.9 B7.R  B7.8  46.9 46.9 45,9 46,9 46.9 45.9 6.9 105.9 105.9 113.5 110.5 121.1 121.1.
15 101.1 23.3 38.4 48.5 32,3 29.3 35.4 23.3 23,3 23.3  23.3 43,5 0.7 53.5 S50.5 85.7 5C.5
_16 109.8 _ 25.3 3.8 40,6 36.2 29.7 34.0  41.T _40.6 25.3 25,3 SB.2 S58.2 69.2 89,2 V3.6 13.6
7 86.2 19.8 31,9 0.5 28.4 23.3 27.5 31.9 36.2 19.8 19.8 45,7 45.7 S&.3 54,3 S7.7  57.7
13 86.7 3.7 36.4__ _43.3  43.3  36.6 36,4 43,3  43.3  34.7 34,7  43.3  43.3  69.4 6%.& 69,4 _69.&
19 9%.6 26.5 33,1 3.5 37.8B  26.5 26.5 26+5 26¢5 26.5 26.5 56.8 58,8 63.& 59.6 66,. 59.¢
.20 164.1 _ _28.1 _. 03243 4l.b 38.5  30.2  38.5_ 3.7  42.7__28.1 _2B.1_ 66,6 68,6 9l.6 9.6 9.6 9.6
22 17C.4 46.0 2.8 81,8 66.5 102.3 110.8 115.9 63.1 6.0 46,0 109.1 109.1i 153.0 150.6 150.» I5C.C
_ 23 _  162.2 _ 56.0_ 56,9  64.0 59.7 _56.0 _ T1.1 _85.3 85.3 564.0 S54.C 96.7 96,7 1U19.4 129.% 12%.4 1294
24 107.3 29.0 46.2 60.1 4l.9  29.0  29.)  29.0 ~ 29.0 29.0 29.0 68,7 68.7 ~ 83,7 83,7 9.5 83.7
25 132.2 35.7 42.3  51.6 4&6+3  35.7  S1.6 52.9 S50.2 35.7 35.7 91.? 91.2 108.4 108.&% 121.6 108.,4
26 134.4 36.3 39.C 41.7 37.6 36.3 3.0 &R.4& &T.0 79.3 36,3 92.7 92.7 119.2 118.2 119.2 123.6
27 W5 . _42.5 45.3 50,7 _48.9 _ 43.4  50.7__ _S51.6 S0.7  42.5 42.5_ 64,3 64,3 83.3 73.3 83,3 73.3
28 205.8 72.0 72.0  72.0 T2.C 78.2 T8.2 T18.2 78.2 166.1 96.T 137.9 129.7 154.3 15¢.3 174,39 156.3
30 131546 ___ ~_eS5. 92,5 92,5 _92.5 _ 92.5 92.5 92.5 _92.5 99.4 92.5 92.5 92,5 9.5 92.5 98.3 R.5
32 v .9 53.9 53.9 53.9 53,9 53.9 66.7 68.1 65.3 95.1 66.7 99,3 92.2 J0S.4 106.4 120,6 106.4
33 i28.0 6.9 Slel  Sl.l  Slel_ 48,3 66,9 69,0 69,0 78.7 68.9 85.6 80,0 103,5 1063.5 1:7.3 _102.5
3% 312.0 49.9 53,0 53.0 53.0 49.9 49.9 165.3 152.9 99.8 84.2 87,3 Al.1 2%3.0 87,3 285.2 87.3
_35 62.4 16.2 22.5  22.5 22,5 16.2__23.1 _29.3 28,1 31.2  19.3 32,5  30.6 3T.&4 3.4 _ 42.6 3T.4
36 132.8 1.2 41.2 1.2 21,2 4#1.2  S3.1 66.4 66.4 6.4 S1.8 7T7,0 711.7 86.3 86,3 98,3 Bé.3
38 9%,2 ___33.9 _ 45,2  45.2 ~5.2_ 35.8 35,8 35.8 59.4 35,8 35.8 7T0.7_ 68,0 70,7 70.7 #w0.} 0.7
39 62.8 35.8 38.3  39.5 39.5  38.3 38.3 38.3 4b.6 38.9 38.9 &7.1 43,9 aT.1 &7,1 53.8 4T.1
40 143.4 81.7 81.7  Al.7 8}.7 81.7 81.7 B8l1.7 103.2 9€.1 96,1 107.5 100.4 107.5 107.5 i21.9 _107.%
41 97.7 s5.7 55,7 5,7 55,7 55.7 55.7 55.7 55.7 T4.2 6&0.5 73,2 68.¢ 73.2 73,2 83.0 713.2
_ &2 6245 20,0 _ _  20.0 20.0 20.0 20,0 20,0 20,0 20.0 S5h.2 20.0 46,9 43.7__ 46.9 46.9 53.1 46,9
43 254.1 88.9 88.9 88,9 £8,9 96.6 132.1 129.6 127.0 147.€ 96,6 170.2 160.1 190.¢ 190.6 215.G 190.6
_&&_ 1108 _48.8_ 48,8  4B.8 48.5 __ 48,8 48.8 48.8 48.8 55,4 88,6 83,1 7.6 83.1 83,k 9¢.,2 _083.1
%5 195.8 86.2 86.2 86.2 85,2 86,2 86.2 86.2 85.2 97.9 156.7 146,9 137.1 146.9 146.9 186.,5 146.5
46 163.4 57,2 57.2  57.2 57.2 5742 ST.2 5T.2 _57.2 81.7 96.0 109.5 102.9 122.6 122.6 138,9 122,56
<8 273.1 49.2 163.8 131.1 112.0 49.2 112.0 101.0 49.2 49.2 49.2 101.0 112.0 163.8 112,80 226.6 112.C
_52 127.0_ _ _26.1_ 241 28,1 26,1 _ 26,1 26,1 _ 26,1 26.]1 24,1 24,1 24,1  26.1  2%.1 26,1 24,1 24,1
58 158.2 79.1 79.1 19,1 79.1 87.0 1c2.8 102.8 102.8 79.1 79.1 110.7 110.7 113.7 110.T 110.7 1l1Ce7
_60___ _383.7 49.9 _ 65.2_ _107.4 107.4  49.9 49,9 165.0 153.5 88.3 49.9 76,7 76,7 203.% 4%.9 318.5 _49,9
63 84.7 18.6 27.1 32,2 27.1 18.6 33.9 21,2 21.2 38,1 2T.1 42.4 33.9 58,5 18.6 78,6 18.6
65 166, 4 17,6 36,6  51.2 46,9  1T.6 512 64.4  61.5  17.6  17.6 65,9 17.6 996 176 115.7 _17.6
67 206.6 41.3 88,9 103.3 93.0 971 130.2 97«1 93.0 41.3 41,3 103.3 88.7 126.1 &l.3 Le&.6 41.3
_ 68 87.0 _ _78.3 _ __ _T78.3 73.3 _78,3_ 78.3 78.3 78,3 78.) 87,0 78,3 87.0 87,0 87.0 8. 3a7.0_ 87.0
69 95.9 16.3 16,3  16.3  16.3 1643 16,3 16.3 15.3 45,1 25.9 ST.6 57.6 79,6 1T19.6 87.3 87.3
70 12%:5 . . 3641 _ 36,1 36.1 6.1 _ 3oel 36,1 TB.& V5.9 46,1 42,3 59,7 _59.7_ 83,4 S8.,5 89.6 58,5
71 114.2 108.5 108.5 108.5 108.5 108.5 108.5 102.5 108.5 108.5 114.,2 108,5 138.5 108.5 108.5 108.5 108.5
T2 66.6 26.6 26,6 6.6 26.6 26,6 26,6 26.6 26,6 66.6 26,6 26,6 40,0 26,6 288 40,0 26,6
73 94,2 83.9 83,9 83,9 83.5 83.9 83,9 83.9 83,9 94.3 83,9 94,3 94.3 94,3 WI 94,3 9.3
“S 123.17 33.4 33.4 33,4 33.4 33.64 33.4 33,4 _33.% 90,3 45.8 T4.2 _T7.9 102.6 9.9 111.3 102.6
77 93,5 88.8 88,8 838.8 88.8 88.8 93,5 93,5 93,5 88.8 88.8 90,7 90.7 93,5  @3.,5 93,5 93.5
78 96,0 45,1 52.8 60,5 55.7 48.0 48,0 4B.0 48.0 4&5.1 45.1 T0.1 64.3 T3.® TI.® 83.5 83.5
79 7¢.9 66.5 66,5 66.5 6645 T0.0 TCa0 T0.0 66.5 66,5 66.5 67.9 67.9 7.0 "1.86 1.0 70.0
80 147,6 140.2 14C.2 140,22 140,2 140.2 140.2 140.2 140.2 147.6 140.2 143,22 143.2 14706 147.6 147.6 147.5
82 114.8 114.8 114.8 114.8 116.8 114.8 114.8 116.8 114.8 114.8 114.8 114,58 114,08 114.8 114,88 116.8 114.8
33 627 89,6 59.6 59.6 59.6 59.6 59,6 59.6 59.6 _62.7 59.6 60.8 60.8 62,7 62T 62.T 62.7
a7 139.2 12.0 54,6 12.0 12.0 32.7 43.7 12.0 12.0 12.0 12,0 84,0 84.0 98.2 90,2 11,5 98.2 -
89 103.8 9.3 34,2 50,8 34,2 _ 9.3 9.3 _ 93 __ 9.3 _ 9.3 9.3 62,3 83,0 T5.7 T8.7 90.s T5.7
93 94.9 54,1 63.6 68.6 61.7 54,1 S4.1 Sé.1 Sk,1 S4.1 S6.,1  T3,.1  73.1 82.6 32.6 88,3 B2.6
9% 141.8 21,2 21«3 21,3 21,3  21.3  21.3 2:.3 21.3 80.8 38,3 113.5 113,5 113.5 113.5 113.5 113,5
9 56.9 6.8 264.5 30.1 22.7 18,8 24,5 22.7 21.6 6.8 6.8 45.5 43,8 47.2 &8.8  S1.2  45.5
97 88.5 26.5 26,5 26.5 26.5 26.5 _ 26.5 26.5 26,5 19.6 30.1 70,8 70.8 70.8 70,8 70.8 70.8
102 67.5 47,2 672  47.2 47.2 47,2  4T.2  47.2 4T.2 54,0 56.0 50,6 50.6 57T.& 37.& 60.7 57.4
. .
TOTAL  8905.1 3295.0 3969,7 2306.3 3844.0 3539.1 3898.7 $142.5 4335.6 4098.0 3653.3 5599.5 5547.1 6563.5 5922,3 7256.5 5055.9
GD5 GD2y GC7 €6 €20 ES €9 [¥] w20 207 212 237 233 257 260
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\BLE IN EACH FACILITY

No. 2—(L2)

OF NEW FACILITIES + EXISTING FACILITIES -7

5 [ 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
E2a  E8 €9 s2 W20 207 212 232 233 257 260 284 /1 crs2 c/3 /4 C/5
pl.z 101.2 101.2 101.2 101.2 166.1 202.& 16&.1 16&.1 195.6 13606 141.7 132.7 132.7 132.7 132.7 132.7
5.8  65.8 65.8 65.8  65.8 140.7 151.6_140.7_140.7 151.6 151.6 115.1 1i3.3 113.3 113.3 113.3 124.2
3.6 53.6 53,6 53.6 S53.6 120.6 120.6 134.0 128.3 1397 134.0 128.3 130.2 130.2 130.2 130.2 130.2
3.9 49.8  49.8 45,8  49.8 91.6 Yl.6 101.2 101.2 it2.¢ _112.4 101.2 94,8 99,6 Sv,8 99,5 _99.6
8.6 48,6 48 6 48.6 48.6 98.8 18,5 120.8 120.8 130.7 125.5 102.0 1"6.7 106.7 106.7 106.7 106.7
0.8 70.8 70.8 T0.8 T70.8 131.8 143.6 131.8 118.0 151,55 137.7 118.0 139.7 141.6 14l.6 141.6 141.6
B1.5  #2.9  42.9 29.6  29.6 4T.7 38,2 60.1  Se.& 80,1 %4 546 65.8 68,7 Ti.e 71.6 Tl.6
56,2 _ 62.9 62.9 1.5 41.5 67.0 80.4 80.4 67T.0 Bh.4 67.0 67.0 80.4 37.0 89.7_ 89,7 89.7
Bo.1 7 30.t  30.F 30.1  30.1 52.T 36.0 S52.7 S2.T 52,7 S8.5 52.7 56.0 56.0 56.0 56.0 56,0
4.3 84,3 88%.3 84.3 84.3 118,0  99.2 136.7 136.7 16,1 _136.7 136.7 1]18.0 118,0 1]8,C 118.0 118.0
*7.2 49,5 49.5 35.6 35.6 7T7.4 82.0 88.2 88.2 92.8 88.2 88,2 94.4 103.7 108.3 108.3 108,3
5.9 46,9  45.9  46.9  46.9 105.9 105.9 110.5 110.5 121, 1i2il.1 110.5 87.8 37,8 87.8 87.8  87.8
JSed 2303 23,3 23.37 2303 43,5 60.7 50,5 %0.5 5.7 50.5 50.5  58.6 6¥.8  69.8 69.8 63.8
4.0 41,7 _4D.6 25,3 25,3 58.2 SR.2 69,2 #%.2 736 T3.6 69.2 51.6 62,6 T3.& 3.6 _13.6
Teb | 31,9 73042 19.8  19.8  4S5.7  45.7  S&.3 54,3 57.7 S5T.T 56.3 46,8 50,0 56.0 56.0 56.0
16.6 43,3 43.3 3.7 34.7  43.3  43.3  69.4  S9.6  $9.4 69,4 69,4 45.1 4T.7 S58.6 K4.6 54.6
6.5 26e5  26¢5  Phe5 26,5 56.8 56.8 63.4 39,6 66,2 9.6 5%6 59.6 59.6 59.6 59.6 59.6
BS.S  €3.7  42.7 _2..1 28,1 66,6 .6.6 91,6 9.6 9.6 .6 91.6_  53.1 _57.3 67.7 67.7 _6T.7
10.8° 115.9  63.1  46.0 46.0 109.1 109.1° 153.0 150.0 150.9 15C.C 150.0 90.3 121.0 131.2 131.2 131.2
el 85,3 85,3 S4.0 S6.C 96,7 9.7 129.4 129.4 129.4 1294 _129.4 _68.3  73.9 92.4 9.4 92.4
79,0 T 29.0  29.0  29.0 29,0 68.7 68.7 83.7 83,7 94,5 83.7 83.7 70.9 70,9 70.9 7T0.9 70.9
1.6 %2,9  S0.2 35,7  35.7 91.2 91.2 108.4 108.% 121.6 _108.,4 108.% 66,1 72.7 78,0 78.C 78.0
, 3.0 &0 4 47.0 79.3 36,3 92.7 92.7 110.2 116.2 119. 123.6 110.2 48.4 55.1 65.8 90.0 90.0
0.7 Sl.6  SD.T 42.5 42.5 66,3 _ 64,3 83,3 73,3 83.3 73.3 73,3 53.4_  96,] 60,6 60.6 60.5
/8.2 78,2 78,2 14k.1  96.7 137. 129.7 156.3 156.3 17,9 154.3 154,3 78,2 78.2 78.2 144.1 160.5
12,5 92,5 92,5 99.4 92,5 92. 92.5 92.5 92.5 98,3 _92.5._ 72,5 _ 92.5 92.5 92.5 99.4 99.4
6.7 68,1 65.3 95.1 66.7 99.3 92.2 106.4 106.% 120.6 106.4 106.4 53.9 66,7 80.9 95.1 103.6
4,9 69,0 69,0 78.7 64.9 85.6 80,0 103.5 103.5 11v,3 103.,5 103,5 5),) 64,9 71,8 1]00,7 107,6
9.9 165.3 152.9 99.8 84.2 87.3 Al.1 23¢.0 87.3 265.2 B87.3 87.3 S3.. 53.0 165.3 209.0 24).2
3.1 29.3  28.1 _31.2  19.3 32,5 30.6__ 37,4 3T &2.4 37.4 37.4  25.0 29,3 3I2.5  43.1 48,7
3.1 #6.4 665.4 66.4 Sl.8 T7.0 T1.T  8..3 8.3 98,3 86,3 86.3 41.2 53,1 66.4 93.0 108.9
5.8 _35.8 59,4 35.8 35.8 70.7 66,0 T0.T_ T8I 80,1 70T  TO.T 56,7 54,7 54.7 _64.1 64,1
8.3  38.3 4¢.6 38.9 38,9 ¢ 1 &3.9 &T.1 &T.1 53.8 4T.1 7.1 39.5 3.9 47.1 55.2 56.5
1. B8l.7 10°3.2 96,1 96.1 107.5 100.4 107.5 187.5 121.9 _i07.,5 1¢7.5 81.7 8j.7 8]1.7 103.2 133,.3
5.7 55,7  55.7 T4.2 60.5 73.2 68.% 73.2 T3.2 83.0 73.2 73.2 55.7 55.7 55.7 74,2 19.1
0.0 20.0 20,0 56,2 20.0 46.9 43,7  §5.9 469 53,1 _ 46,9 _46.9 20,0 20.0 20,0 56,2 _56.2
2,1 129.6 127.0 147.§ 96.6 170.2 160.1 190.¢ 190.6 216.0 190.6 190.6 88.9 96.6 134.7 203.3 216.0
8.8 48.8 48,8 55,4 88,6 83,1  TT.6 83,1 83,1 94,2 _ 83,1 . Bl.i _ 48.8 48,8 48,8 55,4 99,3
6.2 86,2 85.2 97.9 156.7 146.9 137.1 1856.9 146.% 168,5 146.9 146.9 8¢.2 86.2 B86.2 97.9 172.3
7.2 57,2 51,2 81.7 98,0 109.5 102.9 122.6 122.6 138.9 7 7 T_
2.0 101.0 &9.2 49.Z2 49.2 101.0 112.0 163.8 112.0 226.6 112.C 106.5 152.9 172.9 185.7 185.7 185.7
8.1 26,1 26,1 24,1  24.1 24,1 24,1  _%.1  26.1 26,1  24%.1 241 24,1 33,0 58.& T1.1_ TT.5
2.8 10z.8 17°2.8 79.1 79.1 110.7 110.7 112.7 110.7 110.,7 11C.7 110.7 79,1 87.0 102.8 102.8 102.8
9.9  165.0 153.5 88.3 45,9 76,7 T6.T7 203.4 4%.9 318,5 _ 49,9 __49-9 142,00 142.0  2]14.9 226.4 226.4
3.9 21.2 21.2 38.1 2T.1 &2.4 33,9 58,5 18.6 74,6 18.6 18.6 38.1 39.8 54 2 57.6 58.5
1.2 644 61,5 17,6 17,6 65.9 17.6 99,6 17.6 115.7 _17.6 17,6 58,6 70,3 83,5 83,5 53.5
0.2 97.1 93.0 &1.3 41.3 103.3 88.9 126.1 @#l.0 184,66 <1e3  41.3 109.5 126.0 144.6 144.6 144.6
's.3 78,3 78.3 _87.0 _ 78.3 87.0 87,0 87.0 87,0 8.0 87.0 87.0 _7T8.3 78,3 __78.3 87.0 87.0
6.3 16.3 15.3 45.1 25,9 57.6 57,6 719.6 7T19.6 87,3 37.3 79.6 16.3 16,3 16.3 45.1 S2.8
Bl T8k T5.9 46,1 42,3 S9,T 59,7 83,4 S5 89,6 S58.5 58,5 36,1 _ 36.1 T8.4  B85.9 88.%
8.5 108.5 108.5 108.5 114,2 108,5 108.5 108.5 126.5 108.,5 108.5 1C8.5 108.5 108.5 108.5 108.5 114,2
1606 26,6 26,6 66.6 26,6 26,6 40.0 26,6 20,8 40,0 26,6 26,6 26.6 26.6 26,6 66.6 66.6
3.9  83.9 83,9 94.3 83,9 94,3 94,3 94,3 "I 96,3 943 94,3 83.9  83.9 83,9 94,3 94,3
3.6 33,6 33,4 90,3 _ 45,8 Th.2  TT.9 102,6 9.9 111.3 102.6 98,9 33.4 33,4 33.4 90.3 101.%
3.5 93,5 93,5 88,8 88,8 90.7 90.7  93.5 #3,5 935 93.5 93.5 88.8 93.5 93.5 93.5 93.5
8.0 48,0 48.0 45.1 45.1 T0.L  64.3  T3.9 3.2 83,5 83.5 57.6 7T2.0 7T2.0 T2.0 T2.0 T2.0
0.0 T0.0 66.5 66,5 66,5 67,9 67.9 73,0 T80 13,0 70.0 T0.C 6€6.5 68.6 T70.0 70.0 T0.C
De2 140,2 160.2 147.6 140,2 163.2 143.2 147.6 147.6 147.6 147.6 147.6 140,2 160.2 140.2 167.6 147.6
4.8 114.8 116,82 114,5 L %8 v3%.8 114.8 114,83 L1409 114,88 1148 1148 114.8 114.8 114.8 114.8 114.8
9.6_ 59.6 59.6 62,7 A£0.%  £0.8 62,7 62T 52.7  62.T 62.T 596 59.5_ 59,6 62,7 _ 62.7
3.7 12.0 12.0 L' D S8 Tv,0 98.2° 98,2 191.5 98,2 65.5 56.8 70,9 81.9 B1.9 81,9
9.3 _ 9.3 9.3 ot “.u TS, T T8.T 90,3 75,7 9.3  Tle6 Tle6  Tle6 1.6 _ T1.6_
4.1 54,1 Se.1  Sé, Y VT UTE2.6 B2.6 0 88,3 32,6 54,1 73.1 73.1 73.1  73.1 73,1
1.3 21,3 21.3 3C.* T s 5 _113.% 113,5 113.5 113,5 85,1 21,3 2].3 1.3 BO0.8 95.0
4.5 22.7 21.¢€ . -~ - o TRTLZ €845 Bi.2 é5.5  30.1 6.8 6.8 6.8 32,4 38.1
6.5 26.5 26.% - 0e" . far _T.8_ T0.8  T0.8  T0.8  T0.8 26,5 26,5 26.5_ _79.6 _ 84,0
T.2 47,2 1.2 ¢ 5 Toh BTeh BO0T  ST.é 5Tk 47,2 4T7.2  4T.2  S54.0 62,8
8.7 4142.5 $935.f - _* s. L .3 .Y 6%83.5 592243 T256.5 5055.9 5662,3 4689.9 4941.6 5457.1 6218.8 6593.9
20 E8 €9 <3 L fT T ST I3k 35T 260 284 ¢/ c/2 c/3 C/4 c/s
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\ VOLU
¢OLDOUT FRAME
F
VALUE OF RESEARC"
Operation;
TASK
08J. INTRINSIC VALUE OF VALUE OF NEW FACILITTES + EXISTING FACILITIES
N T 1 2 3 . 5 - N s 9 10 11 12 13 18
SUM FACILITIES GU3 GD20 6O7 €6 €20 €o E9 s2 n20 207 212 232 233 257
1 216.3 1i4.7 127.6 12T7.6 114.7 1147 1167 114.7 11,7 114.7 114.7 157.9 134.7 157.9 157.9 188.2
2 176.4 75.9 109.4 10&el  75.9  T5.9  TS.9 T5.9 75.9 75.9 T5.9 135.8 146.% 135.8 135,68 1éb.4
3 190.6 82.0 101.0 112.5 82.0 82.0 82.0 82.0 82.0 82.0 82.0 152.5 152.5 139.2 133,46 146.8
4 157.7 58.4 71,0  80.4  58.4  T2.5 T2.5 6T.8  67.8 58.4 S58.4 89.9 89.9 99.4 99,6 _110.4
s 151.2 55.9 69.6  81.6 55.9 55.9  55.9  55.9 55,9 55.9 55,9 95.3 110.4 116.8 1164 116.4
6 188.3 81.0 107.3 94,1 81.0 81.0 81,2 81.0 81.0 B81.0 81.0 126.2 137.5 126,83 1I3,0 165.0
7 9.4 39.3 39.3  S53.9 39.3 39.3 39,3 39.3 39.3 39.3 39,3 64.0 64.0 6% 52,1 66.0
9 131.1 48.5 65,6 T6.0 48.5 48.5 48,5 48.5 48,5 48.5 48,5 65.6 7T8.7 78,V 65,6 82.6
12 148.7 55.0 Tled  TB.8 55,1 69,9 55,0 55.0 55,0 55.0 55.0 69.9 89,2 89.2 69,9 89.2
16 139,5 43,2 87,9 63.2  43.2  #3.2 63,2 43.2 43,2 _6T.0 43.2 97.6_ 97.6 131.8 101.8 _1l1.6
15 9% .2 22.1 4l.e  &T.2  30.8  22.1 22.1  22.1 22.1 22.1 22.1  &l.& ST.7T &8.1 481 SI1.T
16 105.4 34.8 _ 39,0 49.6 3448 &l.l  S1,7T  45.3 45,3 34,8 34,8  66.4 65.& 65.% Gh.a _ 66.%
17 8l.8 22.1 34.64  40.1  22.1  22.1  30.3 28.6 27.0 22.1 22.1 43.& 43.4 S1.5 51,5 S1.5
19 90.9 45.4 60.9 56.3 45.6 45.4 €5.6 _45.6 5.4 _45.4 45.64 63,6 63.6 _65.3 66,3 _ 55.3
20 101.6 35.6 S1.8 54.9 48.8 35.6 76,2 82.3 T72.2 35.6 35.6 81.3 81.3 ~ 83.5 89,5 89.5
22 1646 57,6 83,9 88,9 57.6  TO.R _123.4 133.3 116.9  57.6  57.6 131.7 131.7 165.8 14,8 _144.8
24 104.3 36.5 53.2 56.3 S0.1 36.5 78.2 B&.5 Té.,1 36.5 36.5 83.4 83.4 9.8 91,8 91.8
25 _123.8 «3.3 63.2 66.9 59.4 43,3 104,0 106.5 109.0 _ 43.3 43.3 106.5 _106.5 113.9 T3, 9 113.9
26 132.7 “6.4 50.4 S58.%  55.7 46.4 Sc.é 61,0 61.0 T70.3 ST.1 114.1 1141 122.1 22,1 122.1
.2t 85.8 66,0 66.0 66,0 £6.,0 66,0 T4, T _ T5.5 Tt.& 66,0 66.0 T4 T T&.T  T9.9 79,3  T9.9
<8 205.8 9%.7 9.7  94.7 94,7 100.8 1u0.6 100.8 100.2 166.7 119.6 148,2 148.2 16%.6 164.6 164.6
30 115.6 LY ] 92,5 92.5 _92.5 92.5 92.5 2. 92.5  99.4 92,5 92.5 92.5 92.5 g2,& __92.5
32 141.9 71.0 7.0 71,0 T1.0 71.0 83,7 85.1 82,3 112.1 83,7 105.0 105.0 113.5 113,5 113.5
.33 138,19 EN! T7.3  TT.3 77,3 T4,5 . 91.1_ 95.o _95.2 104.9 91.1 110.4 110.4 11).47110,4 119.%
3% 317.0 249.6 252.7 252.7 252.7 249.6 249.6 312.0 312.0 299.5 283.9 249.6 249.6 269.6 249,6 249.6
3s 024 _ _ 2le2__  _ _27.5 27,5 27,5 21,2 28.1__ 34.3 33,1 _36.2 _ 24,3 _ 39,9 _39.9 _3%.9 39,9 _ 39.9 _
36 132.8 53.1 53,7  53.1 53,1 53.1 65.1 T8.4 T8.% TB.4 63.8 93,0 93,0 93.6 93,0 93.0
38 942 33,9 45,2 45,2 45,2 35,8 35,8 35.8  59.4 35.8 35,8 75.4 5.4 75.8 75,4 _ 5.4
39 62.8 35.8 38.3 39.5 39.5 38.3 35.3 3R.3 44,6 38.9 38,9 5C.2 50.2 SDed Sp,2 50.2
40 143.4 81.7_ 81.7 Bl.T 8l.7 Bl.7 8.7 __81.7 103.2 96,1 96,1 11&.7 11&.7 1147 iis, 7 114.7
41 97.7 55.7 55.7 55.7 55.7 S5.7 S55.T 55.T S5.7 Te.,2 60.5 78.1 78.1 78.1 78,1 18,1
42 62.5 . 26,2 _ . 2642 2642 2642 6.2 26,2 _26.2 26.2 _ 62,5 26,2 50.0 50.0 _50.0 sp,0 _ 59.0
43 254.1 114.3 114.3 114.3 114.2 122.0 157.5 155.0 152.5 172.8 122.0 203.3 203.3 203.3 203, 203.3
%4 110,8 63.2 63.2  63.2 _ 63.i 63.2 63,2 63.2 T6.2 69,8 103.1 88.6 _ 28.6 38.6 sa, 5 _ 88.6
45 195.8 11l.6 111.6 111.6 111.6 111.6 111.6 111.6 123,4 122.4 182,1 156.7 156.7 156.7 156,7 156.7
«6 1636 73.5_ _ __ T3.5 T3.5 73.5 T3.5 _ T3.5__ 73.5 _ 98.0 98.0 _114.4 130.7 130.7_130.7 30,7 . 130.7
48 284.5 162.2 199, 190.6 162.2 162.2 196.3 162.2 162.2 162.2 162.2 190.6 227.6 162.2 162,2 162.2
52 133,5 _ __T0.7._ _. __ 76,7 _ 70,7 70.7 93.4 _93.64 84,1 84,1 _ 70,7 70,7 93.4 _97.4  70.¥ 70,7 _ _70.7
55 83.0 66.4 66.6 66,4 66.& T6.3 T6.3 6b.4 6b6.4 66.4 66.4 T8.8 33,0 7T0.5 6.4 T8.8
57 375.4 150.1 150.1 150.1 150.1 3}}.5 326.6 150.1 150.1 150.. 150.i 176.4 214.0 153.1 jse,i _153.1
58 165.2 115.7 115.7 115.7 115.7 123,9 132,2 115.7 115.7 115.7 115.7 132.2 132.2 332.2 132,2 132.2 .
_ 59 365.0 . __ 84,0 . 84,0 109.5 84,0 266.5 28l.1 84,0 86,0 84,0 84,0 182.5 303.0 84.0 34,0 _ 84,0
63 93.8 53.5 59.1 62.8 53.5 53.5 62.8 53.5 53,5 53,5 53,5 62.8 75,0 53.% 53,5 65.7
65 161.5 ____92.1 . _101.8 109.8 92.1 _ 92,1 _109,8 92.1 _ 92.1 _ 92.1 _92.1 108.2 124.& 92.1 92,1 _ 92,1 _
67 217.0 86.8 112.9 108.5 86.8 119.4 130.2 86.8 86,8 6.8 86.8 123,7 130.2 86.8 g5,8 86.8
63 83,1 19,3 79,3 79,3 79,3 79.3  79.3 79,3 79,3 _88.1 76,3 88.1 8B.1 88.1 " gs,1 _ 88,1
69 97,2 16.5 16.5 16,5 16.5 1645 16+5 16.5 16,5 &5.7 26,3 7I17.8 17,8 80.7 80,7 88.5
70 J125.3  __ 5B.9 . ___58.9 58.9 58.9_ S8.,9 _ 58,9 101.5 _99.0 68,9 _65.1 _ 78.3 8.9 199.2 " IBV, 2 _130.2
11 115.3 109.5 109.5 109.5 109.. 109.5 109.5 109.5 109.5 109.5 115.3 109.5 109.5 109.5 109,5 109.5 .
12 Te3 . 2649 26,9 26,9 2649 _ 2649 _26:7_ 26,9 26,9 67.3 26,9 26.9 _&D.&4 26,9 24,9 _ 40.8
73 95.4 84.9 86.9 86,9 84."  B&.9 B4 8.9 B6.9 95.4 84,9 95.64 95.6 95,4 95,4 95,4
T4 77.8 T1.8 778  TT.8 77.8 T7.8 7TT.8 7.8 TT.8 7TT.f 717.8 717.8 7.8 17,8 77,8 17.8
75 125.3 33,8 33,8 33.8 33,8 33.8 33.8 33.8 33.8 9l.% 46,4 '06.0 112.8 1060 00,2 112.8 )
77 95.1 95.1 95.1 95.1 95.1 95.1 95.1 951 95,1 95.1 95.1 95.1 95.1 95.1 g5, 95.1
78 97.0 48,5 5642 64.0 59,1 5l.4 S5leé Sleé Sl.é 48,5 48,5  T0.8  TA. T Th.T 74,7 Bh.S
79 70.9 76.9 70.9 70.9 70.9 70.9 70.9 70.9 70.9 70,9 70.9 70.9 70.9 729 70,9 V0.9
80 149.0 149.0 149.0 149.0 149.0 149.0 149.0 149.0 149.0 144.0 149.0 149.0 149.0 149.0 3149,0 149.0
82 116.5 116.5 116.% 16,5 116.5 116.5  116.5 1165 116,5 115.5 116.5 116.5 116.5 116¢5 116,5 _116.5 )
83 63.3 63.3 63.3 3.3 63,3 63,3 63.3 63.3 63.3 63,3 63,3 63.3 63,3 63.3 63,3 63,3
87 109.2 15,3 Shet  15.3  1%.3 32,7 43,7 15.3  15.3 5.3 15.3 84.0 90.6 98.2  9s,2 101,5
89 103.8 12,5 34.2  50.8 34.2 12.5 12,5 12.5 12.5 12.5 12.5 83,0 86.1 75.7 75,7 86,1
93 9,9 Sé.1 63,6 48.4 61.7 S&.1 S4.l  S56.1 56,1  S4.1  S4.1  T3.1l  T3.1 8S.4 gs.4 T8.8
9 141.8 34.0 34.0 34,0 34,0 34,0 34.0 4.0 36,0 80,8 38,3 113.5 113.5 113.5 113,5 13,5 |
9% 56,9 8,5 24,5 30,1 22,7 18,8 26,5 22,7 21,6 8.5 8,5 _45.5  &%.5  %5.5 39,8 _ 5,5
97 88.5 26.5 2645 2645 2645 2645 2645 2645 2645 79.6 30.1 19,6 9.6 (9.6 19,6 T19.6
102 67.5 47.2 47,2  4T.2  4T.2 4742 472 47«2 47,2 56,0 56,0 54,0 54,0 62.7T7 g0,7 60,7
| 4
TOTAL 8897.7 4425.6 4955.9 50199 45692 4941.7 5372.2 49T1.2 5024,2 5153.8 4773.6 6553.0 6953.4 6507.2 6420,9 5676-1 6.
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REPORT MDC A0013 ® 2 OCTOBER 1970

VOLUME 1l ® PART | FOLDOUT FRAME 2

FIGURE 3-28
VALUE OF RESEARCH ACHIEVABLE IN EACH FACILITY
Operational System No. 5-(C1)

OF NEW FACILITIES + EXISTING FACILITIES

S5 [} 4 8 9 10 ) & 12 13 14 15 16 17 18 19 20 21
-20. (1] €9 s2 "20 207 212 232 233 257 260 284 c/1 crs2 cs3 c/e c/s
14eT7 1147 114.7 114.7 114.7 157.9 196.7 15T7.9 157.9 188.2 179.¢ 136,23 127.6 127.6 127.6 127.6 127.6
'5.9 75.9 T5.9 TS.9 T75.9 135.8 146.4 135.8 135,8 146.4 146.4 111,1 128.6 128.8 128.8 12A.8 128.8
2.0 82,0 82.0 82.0 B2.0 152.5 152.5 139.2 133.4 146.8 139,2 120.1 123.9 123.9 123.9 123.9 123.9
245 6T.8 67.8 5.4 58.4 89.9 89.9 99.4 99,6 110.4 110, 4 99,4 93,0 96,2 96,2 96 .2 9662
5.9 55.9 55.9 55.9 55.9 95.3 110.4 116.&% 116.4 116 4 116.4 T5.6 102.8 102.,8 102.8 102.8 102.8
1.2 81.0 81.0 81.0 81.0 126.2 137.5 126. I13.J° 165.0 131.8 107.3 145.0 145.0__145.0 145.0 145.0
19.3 39.3 39.3 39.3 39.3 64,0 64.0 6% 52.1 64.0 52.1 S2.1 63.0 63.0 63.0 63,0 63.0
*8.5  4B.5 48,5 48,5 48,5 65.6 T8.T T8 65,6 82.6 65.6 65,6 91.8 Sl B 91,8 91.8 i.R
5.0 55.0 55.0 55.0 55.0 69,9 49,2 89.2 699 89.2 69,9 69.9 89.2 101.1 101.1 101.,'! 1i0l.1
v3.2 43,2 43.2 £T7.0 43,2 97, 97.6 121.8 101.8 111.6 111.6 161,.8 87.9 87.9 87.9 15r.4_ 107.%
2sl 22.1 22.1 22.1 22.1 41.4 57.7 ©8.1 48,1 57.7 8,1 48.1 58.7 58.7 58.7 58.7 38,7
f1a7 4503 45.3 34,8 34,8 66.4 6B.& 68,87 66,4 _ 58.%  66.4 66.4 49.6 59,1 69,6 69.5 69.6
2043 28.6 27.0 22.1 22.1 +3.4 43.4 5..3 51.5 §1.5 51.5 51,5 45.0 49,1 55.6 55.6 55.6
LS.k 45,4 45,6 45,4 45.4 63,6 63.56 65,3 663 _ 66.3 66.3 66,3  T9.1  T9.1 __T9.1___T9.1i_ _T9%.1
1642 82.3 T72.2 35.6 35,6 81.3 81.3 89.5 89,5 89.5 89.5 89,5 63.0 T0.1 9.5 91.5 91.5
‘3.4 133.3 116.9 57.6 576 1317 131.7 1448 144,8 184.8 146, 8 144.8 100.4 '11.9 135.0 135.0 135.0
18.2 84.5 Te.l 36.5 36.5 83.4 83.4 91.8 91. 8 91.8 91.8 91.8 &0 € 8l.4 91.8 91.2 Tied
*4.0 106.5 109,0 _ 43.3 43,3 106.5 106.5 113.9 113,9 113.9 1j3.9 113.9 80.5 109.0 111.5 1i1.5 111.5
8.4 61,0 61.0 T70.3 ST.1 114.1 114.,1 122.1 122,1 122.1 122,1 122.1 66.3 79.6 95.5 107.5 112.8
4.7 T5.5  T5.4 66,0 66,0 T&.T TeT _ 79.9 70,3 _ 79.9  70.3 70,3 66.0 Th T _ 77,2 T7.3 _ 77.3
0.8 100.8 100.8 166.7 119.% 148.2 148.2 164,86 64,6 16%.6 164,6 164.6 100.8 100.9 10C¢.8 166.7 183.2
2.5 92.5 92,5 99.4 92.5 92.5 92.5 Q2.5 92.5% 92.5 92,5 9%,.5 92,5 92.5 92,5 99,4 99,4
3,7 85.1 82,3 112.1 83.7 105.0 105.0 113.5 113,5 113.5 113.5 113.5 71.0 83.7 97.9 112.1 123.8&
tl-l, .95,2  95.2 104.9 _91.1 110.4 110.4 _11).4 110,4 _119.4 110.,4 110.4 7?7.3 _9l.i __98 5,6 .8
9.6 312.0 312.0 299.5 283.9 249.6 249.6 2%9.8 249,6 249.6 249.6 249.6 252.7 252.7 312.C 312.0 312.0
?a.x 36.3 _ 33,1 _36.2 24,3 _ 39,9 39,9 _39.9 39,9 _ 39.9 39,9 39,9 30,0 34,3 37.& 48,1 53,1
PS.I T8.4 T78.4 78.4 63.8 93,0 93,0 93.0 93.0 93.0 93,0 $3.0 53.1 65.1 78.4 10%.9 120.9
5,8 3%.8 59.4 35.8 35.8 T15.4 T5. 6 75. 4 15.4% 15.4 15. 4% I%.4 54,7 54,1 54,7 S&.1 64,1
;xa.a 38,3 44,6 38,9 38.9 50,2 S0.2 502 50,2 50.2 50.2 50.2 39.5 43.9 47.1 55,2 56.5
1.7 _8L.7 103.2 96,1 9601 114.7 1147 .16 314,77 1147 114.7 1.4.7 317 817 __ 81.7 103.2 133.3
ES.T 55.7 55.7 Tha2 60.5 78,1 78,1 78.1 T8 1 78,1 78.1 78.1 55.7 55.7 5.7 T4a2 79.1
P6.2 26.2 26,2 _ 62,5 26,2 50,0  50.0 50.0 50,0 __59.0 50.0 50.0_ 26.2 26,2 26.2  62.5 __62.5
;7.5 155.C 152.5 172.8 122.0 203.3 203.3 203.%* 203.,3 203.3 202,3 203.3 1l4.3 122.0 160.1 228,77 24l.4
7342 63.2 T4.2 69.8 103.1 88.6 88.6 88.6 88. 6 88.6 88.6 88,6 63.2 63,2 63,2 69.8 109.7
1.6 111.6 123.4 123.4 182,1 156.7 156.7 1567 156,77 1567 156.7 156.7 1lll.5 111.6 11l.6 123.4 195.8
3.5 73.5 98.0 93,0 114.4 130.7 130.7 1307735, 7 130.7 130.7 130.7 . 73,5 3.5 _ 73.5 _98.0_ 147.1
/603 162.2 162.2 162.2 1622 190.6 227.6 162.2 1622 162+2 162.2 162.2 227.6 256.1 256,1 256,1 256.1
3.4 _ 84,1 84,1 70,7 70.7_ 93.4 97.4__ 1. 70,7 _ 70.7 __70.7 . 70.7 _T70.7 _ 93,6 _110.8_110.8 110.8
6.3 b66.&4 66,4 66.4 66,4 T8.B 83.0 705 6.6 T8 66,4 EH.4 66,6 T6.3 76.3 163 76,3
a6 150.1 150,1 150.1 150.1 17¢.4& 214.0 15%.1 150,1 _153.1 ;50,i_ 17C.l 150,%1 326.6 326.6 326.,6 326.6
2.2 115.7 115.7 115.7 115.7 132.2 132,22 132.2 132.,2 132.2 127,2 132.2 115.7 132.2 132.,2 132,2 132.2
1e1 84,0 84.0 _ 84,0 84,0 182,5 303.0_ 84.0 34,0 _ 840  £3.0 83,0 B84.0 281." 2R1.1 281.1 281.1
2.8 53,5 53,5 53,5 53,5 62.8 75.0 53.% 53,5 85.7 3.5 53,5 59,1 68,5 68,5 68.5 68.5
9.8 _ 92.1 _ 92,1_ _92.1 _92.1_ 108.2 126.4 _92.1 92,1 _ 921 924i_ . “2.1_ 116.3_130.8 130.8 130,8 130.d
0.2 86.8 86.8 86,8 86.8 123,7 130.2 86.8 86.8 86.8 86.% B6.8 136.7 184.5 1B8&.5 184.5 184.5
9.3 79.3 79.3 88.1 79,3 58,51 88,1 88.1 88,1 88,1 851 88.1 9.3 19.3 79,3 88.1 88,1
6.5 1645 16,5 45,7 26,3 T7.8 17T.8 80.7 80.7 88.5 88.5 80.7 16.5 16.5 16.5 45,7 53.5
8.9 _101.5__ 939.0_ _ 68,9 65.1  78.9 _78.9 100.2 [00,2 _120.2 100.2 100.2 _58.9 58,9 _101.5 109.0 1il.%
5 109.5 109.5 109.5 115.3 109.5 109.5 109.5 109.5 109.5 109.5 109.5 109.5 109.5 109.5 109.5 115.3
629 2649 2049 67¢3 26,9 26.9  4D.4 _ 26.9 26,9 _ 40. 260¢9 2649 26,9 _ 26,9 _ 26.9 _67.3 67.3
4.9 84.9 84,9 95,4 84.9 95,4 95.4 95.4 95, & 95,4 95.4 95 .4 84.9 84,9 84,9 95 .4 95.4
7.8 77.8 77.8 77.8 77.8 77.8 77.8 7.8 T7.8 77.8 77.8 77.8 77.8 77.8 7.8 T7.8 T7.8
3.8 33,8 33.8 91.5 46.4 104.0 112,.8 10%,0 100.,2 112.8 104.0 100.2 33.8 33,8 33.8 91.5 102.7
sel 95.1 95.1 95,1 55.1 95,1 95.1 95.1 95,1 95.1 95.1 95.1 95.1 95.1 95.1 _ 95,1 _95.1
l.4 5le ¢ 5l.4 48,5 48,5 70.8 T4.7 Ta. T Téa? Bi.4 B4 4 58,2 5.6 15.6 75.6 156 75.6
0.9 70.9 70.9 70.9 70.9 0.9 70.9 79.9 70. 9 70.9 70.9 70.9 70.9 T0,.9 T0.9 T70.9 70.9
o0 149.0 149.0 149.0 149.0 144.0 149.0 149.0 149,0 1490 149.0 149.,0 149.0 149,0 149.0 1495.0 149,0
6.5 116,5 116.5 116.5 116.5 116.5 116.5 116.5 116,5 116.5 5 116.5 116,5 116,5 116,5 116,5
3.3 63.3 63.3 63,3 63.3 63.3 63.3 63.3 43,3 63, 63.3 63,3 63.3 63,3 63,3 63.3 63.3
3.7 15.3 15.3 15.3 £.3 84.0 0.6 98,2 98,2 101:5 98.2 65.5 56,8 T70.9 _ _Bl.9 _81.9  _8l.9
2.5 12,5 12.5 12.5 12.5 83.0 86.1 5.7 15.7 86.1 37 12.5 71.6 T1.6 71.6 T1.6 Tl.6
6l 54,1 54,1 54,1 54,1 73.1 73.1 85.4 as5,4 T8.8 32.6 S54.1 73.1 73,1 73,1 73,1 _ T3,})_
4.0 34.0 34.0 80,8 38,3 113,55 113.5 113,5 113,5 113.5 113.5 85.1 34,0 34,0 34.0 80,8 95.0
45 2207 21,6 8.5 8,5 _45.5 49,5 45.5 39,8 __45.5 39,8 28,4 8,5 8,5 B,5 32,6 38,]
6.5 26,5 26,5 79.6 30.1 79.6 79.6 719.6 79,6 179.6 T9.6  19.&6 2645 2645 26,5 79.6 84,0
Te2 47.2 47,2 54.0 56,0 54,0 54,0 60,7 60.7 60,7 60,7 60,7 47,2 A4T.2  4T.2 54.0 2.8

2.2 4971.2 5024,2 5153.8 4773.6 6553,0 6953.4 650T+2 6420.9 5676.1 6516.8 6131.1 5422.6 6133.1 6434.9 7108.1 7438,.3

20
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2
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207

212 232 233

257 260 284
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REPORT MDC ADS13 ® 2 OCTOBER 1970
VOLUME lit ® PART |

FOLDOUT FRAME |
FIGURE 3-29

VALUE OF RESEARCH ACHIEVABLE IN EACH FACILITY
Operational System No. 7~M1)

.. TASK - . .
08J. INTRINSIC VALUE OF VALUE OF NEW FACILITIES ¢ EXISTING FACILITIES
NO, VAL JE EXISTING 1 2 3 & 5 [y 1 8 9 10 11 12 13 14
SuM FACILITIES 03 6020 607 E6 €20 €8 €9 s2 20 207 712 232 233 257
1 216.3 155.8 173.1 173.1 155.,8 155.8 155.8 155.8 155.8 155.8 155.8 203.4 216.3 203.4 203.& 216,3
2 176.4 90.8 134.1 128.8 98,82 98,8 98.8 98.8 98,8 98.8 98,8 160.5 1T7T1.1 160.5 160.5 171.1
3 190.6 106.7 127.7 139.2 106.7 106.7 106.7 106.7 106.7 106.7 3i06.7 179.2 179.2 155.8 160.1 173.5
4 157.7 75.7 89.9  99.4 _ 75.7 91,5 91.5 86.7 B6.7 75.7 75,7 10A.8 108.8 118.3 118.3 129.,3 _°
5 151.2 12.6 87.7 99.8 72.6 T12.6 T2.6 12,6 T2.6 T2.6 T12.6 113.6 128.5 136.6 134.6 134.6
_ 6 1883 __ _1CS.4__ _ 133.T 120.5 105.4 105.%4 105.4 _105.4 }C5.4 105.&4 105.&4 152.5 163.8 152.5 139.3 171.4
7 9l.4 51.2 51.2 6647 51.2 5142 S51e2  S1.2 5142  S51.2 51,2 76,7 76,7 76,7 6&.9 T6.7
_9 131.1 _62.9 | B1.3  91.8 62.9 62.9 62.9 _52.9 62.9 62,9 62,9 81,3 9h.& G464 81,3 98,3
12 168.7 1.4 B9.2 96.6 Tl.é B87.7 Tl.% Tl.& Tl.& Tl.4 Tl.e4 87.7 107.0 107.0 87.7 197.0
14 139,5 43,2 87,9 43,2 43.2 43,2 43,2 43,2 43,2 67,0 45,2 97.6 _97.5 101.8 101.8 1ll.6 '
15 9642 22.1 41.4  4T7.2 30.8 22.1  22.1 22.1 22.1 22.1 22,1 4l.& ST.T 4B.1 480 57,7
13 __)05.4_ _ _45.3 _50.6 61.2 45,3 52,7 63,3 56,9 56,9 45.3 45,3 78.0 5.0 _T8.D _T8.,0 78.0
17 81.8 28.6 41,7 4T.6 28.& 28,6 3T.6 36,0 34.6 28,5 28.6 S0.T S50.7 ~ 58.9  58.9 58,9
_ 19 _ 90.9 59,1 T6.3 T1.8 59.1 59.1 59,1 59.1 591 59.1_ S9.1 T9.1 V9.1 8l.5 81.8 B).8
20 101.6 40.7 57.9 61.0 54.9 40,7 82.3 88,4 T8.3 40,7 40.7 8T.4 87.64 55.6 95.6 95.6
22 164, 6 65.8 93,8  98.8  65.8 80,7 133.3 143.2 126.7 _ 653  65.8  151.5 141.5 156.7 154.7 15,7 __:
24 104.3 41.7 59.5 62+6 56.3 41,7 B84.5 90.7 80.3 4&1.7 4i.7 89,7 89,7 98.1 98.1 9a.1
_25__ _123.8_ 9.5 L T0.6 _T4.3  66.9 49,5 111.5 113.9 11€.4 49.5 4£3,5 113.9 113.9 121.4 121.& 12l1.+
26 132.7 53,1 $8.4 66.3 63,7 53,1 66.3 69.0  69.0 78,* 65.0 122.1 122.1 13%.0 130.0 130.0
_ 27 86,8 13,8 _ T3.8 T3.8 73.8 713.8_ 83,4 B&.,2 85,1 73,8 3.8 83,4 8.4 B6.8 T9.0 B6.8
30 116.4 93.1 93.1 93,1 93,1 93.1 93.1 93.1 93.1 2Wo.1 93,1 93,1 931 93,1 93,1 93,1
32 161.7 57,9 97.8  97.8 97,8 97.8 113.3 114,88 111.9 161.7 113,3 134.6 1366 161.7 141.7 141.7 __
33 137.3 1€1.8 108.5 108.5 108.5 105.T 122.,2 126.3 126.3 135.9 122.2 137.3 137.3 137.3 137,3 137,3
34 __ 304,9 243.9 _ 247.C 247.0 247.0_243.9 243, 304.9 304.9 292,17 277.5  243.9 243.9 243.9 243,9 243.9
35 61.5 29-5 3643 536.3 3643  29.5 36.9 43,1 41.9 44,9 33,2 4B.6 &B.6 48,5 48,6 8.6
36 131.,5 73,7 73.7 __13,7_ 13,7 _73.7_ _#s.1 10l.3 101.3 101.3 __86.8 115.8 115,8 115.8 115.8 115.8
39 61.4 35.0 37.5 3B.7 38,7 37.5 37.5 37.5 43,6 38,1 38,1 49.1 49,1 49.1 49.1 49.1
4° 142.2 81,0 81,0 81,0 81,0 81,0 81,0 Bl.,0 102,4 95,2 95.2 113.7 113.7 113.7 113,7 113.7 .1
4l 97.8 55,8 65,8 ©5.8 55.8 55.8 55.8 55,8 55,8 (4.4 60,7 18.3 78.3 16,3 78,3 18,3
&2 62,3 3640 36,1 _ 3641 36,1 36,1 36.1 36,1 36,1 62,3 61,1 6l.1  6l.l 61,1 6l.d  6l.L
43 255.1 163.3 163.3 163.3 163.3 176,1 211.8 209.2 206.7 22T7.1 176,1 255.1 255.1 255.1 255.1 255.1 -
&% ]10,5__ BB.4______ BB8,4 88,4 B8A,4 8B.4 88,4 B8B.& 101.6 _ 97,2 110.5 110.5 110.5 110.5 110.5 110.5 !
45 194.0 155,2 155.2 155,2 155,27 155.2 155.2 155.2 L70.7 170.7 194.0 194,22 194,0 19,0 1%4,0 193.0 !
46 16242 103.8 103.8 13,8 103.8 103,8 103.8 103.8 131.4 131.4 147.6 162.2 162.2 162,2 162.2 162.2 _}
%8 270.6 154.2 189.4 181,3 154.2 156.2 186.7 156,2 156,2 156,2 154.2 181+3 216.5 156,2 158.2 156.2
82 125.5_ . 10%.5 _ _ 104.5 04,5 104.5 125.9_125.9 117.1 117.1 104.5  104.5 _12%.9 125. 104,5 104.5 104.5
57 350.9 245.6 265,656 265.6 245.6 350.9 350.9 245.6 245.6 245.86 245,6 270.2 305.3 265.6 245,86 265.6
%8 156.5 ___109.5___ _ _109,5 1€9.5 109.5 117,4_125,2 109.5 109,5 109,5 109.5 125.2 125.2_ 125.2 125.2 125.2
59 350.5 140.2 140.2 164.7 140.2 315.6 350.5 140,2 143.2 140.2 140.2 23¢.% "350.5 147,2 140.2 '140.2
63 85.0 48.5 53,6  57.0 48,5 48,5 S5T.0 4B.5 &85 48.5 48,5 57,0 068.0 48,5 &8.5 59.5
65 167.9 84,3 93,2 100.6 84.3 B84.3 :00.6 84.3 64,3 84,3 B84.3 99.1 113.9 8&.3 B&,3 B%,3
_ 51 20640 __ _ 8244 _ ___ 107.1 _103.0 82,4 113,3 123.6 B2.4 82.4 _ 82.4 B2.4 1il7.4 123.,6 82.4 02,4 82,6
71 122.1 116.0 116.0 116.0 116.0 116.0 i16.0 116.0 115.0 116,0 122,1 '116.¢ '116.0 116,00 116.0 116,0
72 _ 7041 _28.0 __ 28,0 28,0 28.0 _28.0 28,0 28,0 _ 28,0 0.1 28,0 28.0 42.0 28,0 28.0 2.0
i1 9.7 99.7 99.7 99.7 99.7 99.%  99.7 9947  99.T  9¥9.7 99,7 99.7 T 99.7 99,7 99.T ~99.7
18 103,5 6241 T0.% __78.7  73.5  65.7 65,2 65,2 £3,42  62.1 62,1 85.9 901 0.1 90,1 100.4
79 73.0 73.0 73.0  73.0 73.0 73.0 7130 73,5 73,0 73,0 73,0 73,0 73.0 73,0 7T3.8% 73,0
80 159.8 __  159.8 _ _ __ 1598 159.8 159.8 159.8 159.8__159.8 159,8 159.8 '5a.8 159.8 159.f ;5v.8 159.8 159.8
82 122.5 122.5 122.5 122.5 122.5 122.5 122.5 122.5 122.5 122.5 122.5 122.5 122.5 122 5 '122.5 122.°
84 . 69.6_ . 6936 . ___69.6 69,6 69,6 _ 696 69.6__ 69,6 _69.6 6946 69,6 69.6 69.6 _6%.5 69.6 69.46
Y 112.6 4B.4 59,7 4B.4 4B.4 48.4 63,1 4B,% 48,4 61.9 52.9 101.3 10l1.3 101.3 101.3 10i.?
87 109.2 18.6 7.9 1B.6 18.6 2640 46.9 18,6 18.6 18.6 18,6 87,3 93.9 101.5 10L.5 10%.8
89 103.8 14.5 3603  52.9 3643 145 14,5 16,5 14,5 14,5 14,5 85,1 88,2 T7.€ TI,8  88.2
93 9.9 Skl 63.6 68,4 61,7 Sk.l 54,1 54,1 56,1 54,1 5.1 73,1 73,1 85.4 45,4 78,8
e l141.8 T 44,0 44,0 44,0 44,0 44 0 44D 46,0 46,0 90.8 48,2 123.&4 123.4 123.4 123.4 12%.4
9 5649 10.8 2607 32.4  25.0 21,0 26,7 25.0 23,9 10,8 10.8 47.8 51,7 47,8 42,1 47.8
97 86.5 = 26.5 265 26,5 26,5 26e5 26,5 26,5 26,5 9.6 30.1  79.6 7.6 T9.6 V9.6 7T9.6
102 67,5 4702 4702 4702 4Te2 4Te2  4Te2  &T.2 47,2 54,0 56,0  54.0 54,0 60,7 00,7  60.7
TOTAL 7S47,1 646 .0 T 520142 5256.0 4786.8 5091.1 5547.4& 5163.1 5203.8 5211.9 4936.2 6562.9 6911.4 6494.2 6417.5 6621.0 6
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2 OCTOBER 1970

PART I
LDOUT £y
AME Z2_
3-29
_VABLE IN EACH FACILITY
em No. 7—(M1)
VALUE OF NEW FACILITIES ¢ EXISFING FACILITIES
5 6 4 8 9 10 11 12 13 14 15 16 17 18 19 20 21
E20 1) €9 S2 n20 207 212 232 233 257 260 284 /1 cr2 c/3 C/4 c/5
«8 155.8 155.8 155.8 155.8 155.8 203.& 216,3 203.4 203.& 216.3 216.3 181.7 173.1 1i73.1 173,1 173.1 1731
.8 78.8 98,8 98.8 98.8 98,8 160.5 171.1 160.5 160.5 171.1 171.1 135.8 153.5 153.5 153.5 153.5 153.5
o7 106.7 106.7 106.T7 106.7 106.7 179,2 179.2 155.8 160.1 173.5 165.8 146.8 150.6 150.6 150.56 150.6 150.6
5 91,5 86.T B&,T _ 75.7 75,7 108.8 108.8 118.3 118.3 129,3 __}29.3 118.,3 112,0 115.1 115.,1 115,21 115.}
6  T2.6 T2.6 T2.6 T2.6 T2.6 113.4 128.5 134.6 134.6 134.6 134.6 93,7 121.6 121.0 121.0 121.0 121.0
.4 105.4 105.4 105.4 105.4 105.4 152.5 163.,8 152.5 139.3 171.4 158.2 133.7 171.4 17l.4 171.4 171.4 171.4
2  51.2  Sla2 5142 51.2 51.2  T6.T 76T TH.T 64,9  T6.7 64.9 64.9 T5.8 T5.8 75.8 75.5 75.8
o9 62.9 _ 62.9 62.9 _62.9 62.9 B8l.3 94.4 Gh.4 81,3 98.3 81.3 81.3 107.5 107.5 107.5 _1n7.5 107.5 _
T Tle& Tle& Tlo4 Tl.& Tl.4 87.7 107.0 107.0 87,7 1397.0 87.7 B8T7.7 107.0 118.9 118.9 118.9 118.9
«2_ 43,2 43.2 43,2 67.0 43,2 97.6 97,6 101.%2 0.8 111.6 1l11l.6 10}.8 87.9 B7.9 B87.9 107.4 107.4
el 22,1 2241 22,1 22.1 22.1 4l.4 51,7 4.1 48,7 57,7 48.1 48.1 58.7 58.7 58.7 58,7 58.7
JoT7 6343 56,9 _ 56,9 _45.3 _45.3 78,0 78.0 E.0 78.0 718.0 78.0 78.0 61.2 T0.T __8l.2 Bl,2 _81.2
jo6 37.6 36,0 34,4 28,6 28,6 50.7 S0.7T S58.% 58.9 8.9 58.9 58.9 52.4 56.4 63,0 63.0 63.0
Jel _ 59.1 5%.1 59,1 59.1 59.1 79.1 79.1 81.8 81.8 8l.8 8l.8 21.8 90.9 90.9 90.9 90,9 _ 90.9
7 82,3 88.& T8.3  40.T 40.7 87.4 BT.& 95.6 95.6 95.6 95.6 95.6 69.1 76,2 9T.6 9T.6 97,6
o7 133.3 143.2 123.7 65,8  65.8 141.5 141.5 154.7 1547 156.7 1547 156.7 110.3 121.8 144.8 144.8 144.8
.7 B&.5 90.T 80.3 &1.7 &1.7 89,7 89.7T 3I8.1 98.1 98,1 98.1 93.1 66.8 B87.6 98,1 98.1 98.1
o5 111.5 113.9_ 116,4_  49.5 49,5 113.9 113.9 121.4 121.4 121.4 121.4 12l.4 B87.9 116.4 _118,9_ 118.9 118.9
.1 66,3 69.0 69,0 78,3 65.0 122.1 122.1 132.0 1306.0 130.0 130.0 130.0 74.3 87.6 103.5 115.% 120.7
8 83,4 BAe2 85,1 _ T3.8 T73.8 83,4 B83.4 B6.8 T9.0 B6.8 79.C  79.0 T4.7 83.4 _B6.G _ 86.0 86,0
1 93,1 93,1 32,1 100.1 7793.1  93.1 T93.1 93,0 ba.l 93,1 $3.1 93.1 93.1 93.1 93.1 100.1 100.1
o8 113.3 114.8 111.9 141.7 113.3 134.6 134.6 1417 141.7 141.7 _161.7 141.7 100.6 113.3 127,5 1&41.7 141.7
o7 122.2 126.3 126,3 135.9 122.2 137.3 137.3 137.3 137.3 1537.3 137.3 137.3 108.5 122.2 129.1 137.3 137.3
9 _243,9 304.9 304.9 292,T 277.5__243.9 243.9_ 243.,9 243,92 243.9 243.9 243.9 247.0 _247.0 304.9_ 306.9 304,9
5 36,9 43,1 41.9 44,9 33,2 48,6 48,6 &B.6 &d.6 4B.6 48.6 4B.6 3B.8 43.1 46,2 56.6 6l.6
.7__328%.1 101.3 101.3 101.3 86,8 115.8_115.8 1158 115.8 115.8 115.8 115.8 76,3 B88.} 101.3 127.6 131.5
5 3T7.5  37.5 43,6 38,1 38.1 49.1 49,1  4%.1 &9.1  &9.1 49,1 49,1 38.7 43,0 46.1 54,0 55.3
¢ 8.0 81,0 102,64 95,2 95.2 113,7 113,7 32,7 113,77 113.7 7 1 0o_ 81,0 8 02.4 132
[+8 55.8 55.8 55,8 T4, 4 60,7 78,3 78,2 18,3 T8, 78,3 78.3 7R3 55,8 55.8 55.8 Té.4 79.3
el 3601  36s1  M,1 62,3  6l.1  6lel  ki.l 61,1 6l.l 61,1 Alel 61,1 36,1 36,1 _ 36.1 _ 62.3__62.3 _
17 211.8 209.2 266,7 227.1 176.1 255.1 255.1 255.1 25%.1 255.1 255.1 255.1 168.4 175,1 Z214.3 255.1 255.)
4 _B88.4 88.4 101,.6 91_;,ﬁ110 5 _110,5 110.5 _110,5 116,5 110.,5 110.5 11C.5 88.4 88,4 BB.4& _97.2 113.5 _
«2 155.2 1%5.2 170.7 170.7 194.0 1i94.0 194.0 19%.0 194.0 194.5 194.C 194.0 155.2 155.2 155,2 170.7 194.0
«8 103.8 1038 131.4 131.4 147.6 162.2 162.,2 162.2 162.2 162.2 _162,2 152.,2 107,0 107,0 107.0 131.4 162.2
2 186.7 156.2 158,2 154.2 154.2 181.3 216.5 156,2 158,22 15&,2 15642 154.2 216.5 243.5 243.5 243.5 243.5
«9 12549 117.1 _117.,1 104¢5 104:5  125.9 15,2 106.5 104,5 104.5 104.5 104.5 104.5 125,9 _125.9 125.9_ 125.9 _
9 350.9 265.6 245.6 245.6 245.6 270.2 3IN5,3 45,6 245.6 245,86 245.6 245,6 245.6 35C.9 350.9 350.9 350.9
«4_125.2 _109.5 109.5 109.5 109,5 1.25.,2 125, z_”lgs.z 1252 125.2 125.2 125.2 1095 125,2_ 125.2 125.2 125.2
<& 350.5 140.2 14D.2 140.2 140.2 25,8 350.5 149.2 140.2 140.2 140.7 140.2 140.2 350.5 350.5 350.5 350.5
o5  5T.0 4B.5 48,5 48,5 48,5 S57T.0 68,0 48,5 48,5 59,5 _ £8,5 48.5 53,6 62,1 62,1 62,1  62.1
.3 100.6 84,3 8&,3 84,3 %£a,3 99,1 113.9 S¢.3° B§5.3 843 84.3 84,3 106.5 119.8 119,38 119.8 119,.8
«3 123.6  B2.4  B2.4 82,4 82,4 117.4 123.6 B82.4 82,4 82.4 B2.4 B2.% 129,8 175,1 1751 175.1 175.1 _
0 116.0 116.0 116,0 116.0 122.1 116,0 116,00 116.0 116.0 116.0 116.0 116.0 116.0 116.0 116.0 :16,0 122.1
.0 28,0 ¢B.,0 28,0 79.)1 _28.0 28.0 42.0_ 28.0 28.0 42.0 _ 28.C 28,0. 28.0_ 28.0 _ 28,3 _ 70:1 _ 70,1
7 99,7 99.7 99,7 99.7 99,7 99,7 T @3, 7T Q9.7 99,7 99.7 99,7 99.7 99.7 99,7 99,7 99.7 99,7
22 6542  65.2 65,2 62,1 62,1 85.9 901  90.1 90.1 100.4_100.% 72,5 91.1 91.1 9j.l  91.i _ 91,1
.0 T13.0 73.0 73,0 73.0 73,0 73,0 73,0 T13.0 T13.0 73.0 73,0 73.0 73,0 73.0 3.0 73,0 713,C
+8 159.8 _159.8 _159.8 159.8 _159.8 159,83 159,8 159.8 159,8 159.8 159.8 159,68 159.8 159,8 _ _159,8 159.8 159,38
& 122.5 122.5 122.,5 122.5 1225 122.5 122.5 122.5 122.5 122.5 122.5 122.5 122.5 122,5 122.5 122.5 1:2.5
o6 69.5_ 69.6  69.¢  69.6 696 69.6 69.6 69,6 69,6 69,6 65.6 69.6 69.6 69.0 69,6 _ _69.56_ _69.6 _
o4 63.1  48.4 48.4 61.9 52,9 101.3 101.3 101.3 101.3 101.3 101.3 101.3 59.7 68,7 48,7 &h.4 88,9
0 46,9 18.6 18.6 18.6 18,6 87.3 93.9 101.5 10Q1.5 104.8 1U1.5 68.8 60.0 74.2 85.i 85,1 85.1
5 145 145 14 3 14,5 14,5 85,1 88,2 77,8 TT.8 88,2 77.8 16,5 73,7  73.7 73T 13.7T 73,7
Lol 541 5441 7 .1 Sv%l  Sécl T30l T3.1  85.4_ 85.4 T4.8 B2.6 S4.1 3.1 73,i 73.1 73,1 73,1
Te0 46,0 4440 4e0  90.8 48,2 123.4 123.4 123.4 123.4 123.4 123,46 95.0 44.0 44,0 44,C 90.8 105.0
Le0 2627 2540  23.9 10,8 16 8 4T.8  S1.T  47.8 42,1 47.3 42,1 30.7 10.8 10.8 10,8 34.7 4.4
105 2.5 2645 265 79.6 30e1 79,6  T9.6 T9E  Tei® T8 V9.6  T96 2645 2645 2045 T9e6 84,0
2 4Te2  4Ta2 47,2 54,0 56,0 56,0 54,0 60,7 60,7  60.7 60,7 _60.7 47,2 47,2 47,2 54,0 4£2.8

el 5547.4 5163,1 5203.8 5211.9 493642 6562.9 6911.& 6494.2 6417.5 662:.0 6493.9 5126.6 5661.7 630..9 6545,2 6994.8 7155.9

E20 EB

IRCRAFT

€9 S2 20

207 212 232 233

. 257

260

284

c/1

c/2

/3

C/e  __ OIS



REPOR'Y MDC A0015-
VoI ME 1l

FIGL™

VALUE OF RESEARCH AC.
Operational <.__

FOLDOUT. FRAME |

_.. . _TASK C e e _ o B o
CBJ. INTRINSIC VALUE OF VALUE OF NTW FACILITIES + EXISTING FACILITIES

NO, VALUE EXISTING 1 2 3 4 s [ 7 8 10 11 12 13
sy FACILITIES D3 D20 GOV E6 E20 £8 E9 52 20 207 212 232 233

1 225.6 101.5 133.1 133.1 101.5 101.5 101.5 103i.5 101.5 101.5 101.5 164.7 203.1 16,7 16&,7 .

2 181.4 . 65,3 . 112,5 112.5 65.3 65,3 65,3 _ 65,3  65.3 _ 65.3 _ 65.3 _139,7_ 150.6 157.9 139.7 '

3 i92.0 £3.8 97.9 113.3 82.5 S53.8 53.8 53.8 S3,8 53,8 53,8 120.9 120.9 153.6 128.6

& _160,6 49.8 72.3 81.9 59.4 73.9 73,9 49,8 49.8 49,8 49.8 91l.6 9l.6 117.3 10t.2 1

5 156.1 %8, 4 Tl.o B7.4 60.9 48.4 48.4 4&8.4 48.4 4&B8.4 4B.4 98,3 113.9 129.5 120,2 1

6 _ _194.3 69.9 __ __91.3 106.8 _83.5 _ 69.9 69.9 _69.9 _69.9 _69.9 _ 69.9 130.1 141.8 189.6 122.%
7 94 .1 29.2 35,8 53,6 42,7 31, 31.1  42.4 42.4 29,2 29.2 4T.1 ~ 37.6 68,7 59.3
9 133,.9  __ 4l.5. __ ._.56.2 75,0 4946 _ %6,2 56,2 _62.° 62,9 41,5 41.5 _67.0__ 80.4 89,7 67,0
12 153.2 35.2 68,9 T9.7 56.7 4l.& 56,7 49.0 49.0 35.2 35,2 16,6 81.2 102.7 87.3

14 147,6 45,8 85,6 85,6 45,8 45.8 45,8 45,8 45.8 45,8 45,3 103.3 105.,3 118.1 103.3 1
15 99.6 22.9 3729 47,8 31.9 28.9 34.9 22.9 2249 22,9 22,9 42.E 54.8 T2.7 59.8

)6 __ _108,3 24.9 3leh _ 40e) 35,7 29.2 33,6 4le2 &U.1 24,9 24,9 5T.4  5T.4 T2.6 68,2
17 B4 .4 19.4 31.2 39.7 27.9 22.8 27.0 31.2 29.5 19.4 19.4 46,7 “4,7 56.5 53,2
_.Ae 82.9 33,2 34,8 _41.5 &l,5 _ 34,8 34.8 41.5 41.5 33,2 33,2  49.7 1.5 T3.5 6b6.3
19 93.6 26,2 32.8 43,1 37,5  26-2 26,2 2642 2642 26,2 26,2 56.2 56,2 2.1 5°.0
20 101.6 2. 4% 31,5 40.7 37,6 35,6 71.2 76,2 69.1 27. 4 21. 4 65.1 65,1 89.5 89.5

22 164.6 44,4 51,0 79.0 64.2 98.8 107,0 111.9 60.9 4%.4& “4.& 105.3 105.3 144.8 144.8 1
__ 24 _1C4.3 28,2 44,9 _ _5B.6 40,7 28,2 28,2 28.2 _2B.2 28,2 28,2 56,8 66,8 91,8 8l.4
25 123.8 33.4 39.6 48,3 43,3 33,4 48,3 9.5 4T.1 33.%4 33,4 85.4 B8%.4 113.9 101.5

26 ___132.7 35,8 3B.5 __&l.1 _3T7.1_ 35,8 42.5 4T.8 46,4 78,3 35,8 91.5 91.5 122.1 108.8 .
27 86.8 40.8 43,4 48.6 46,9 41.7 48,6 49.5 48.6 40,8 40,8 61.7 6l1.7 79.9 70.3

28 205.8 12,90 72,0 72, 78. 78.2 145.1  96.7 148.2 137.9 185.2 174.9 1
30 115.6 92.5 92.5 92.5 92.5 92.5 92,5 92.5 55 99.4 92.5 92.5 92.5 104.0 98.3

32 ____141.9 53,9 ___%3.9 __53.9 _ 53,9 53,9 66,7 e8.1 65,3 95,1 66,7 105.0 99.3 127.7 120.6

33 138.0 46,9 51.1  S1.1 51,1 48.3 244.9 69.0 69.0 78,7 66,9 91,1 85.6 128.2 117.3 1

34 31¢.0 49,9 53,0 _ 53,0 53,0 42,9 49,9 165.3 152.% 99.8 84,2 93.6 87.3 28%.8 96.7
35 62.4 16.2 22,5 22,5 22.£ 16.2 23.1 29.3 28,1 31,2 19,3 35,0 3.5 44.9 2.4
36 132.8 §1.2 61,2 41,7 41e2 41,2 53,1 66.4 _ 66.4 o b.& 51,8 82.4 T7.0 103.6 98,3
38 94,2 33,9 45.2 45.2 45.2 35,8 35.8 35.8 59.4 35,8 35.8 15,4 70.7 84.8 80.1
39 ____ 62,8 _____ 35,8 ____ 38,3 39,5 _ 39,5 38,3 _ 38,3 38.3 44,5 38,9 38,9 50,2 4T.1___56.5  53.4

40 143.4 8l.7 81.7 81.7 8l.7 B8l.7 8l1.7 81,7 103.2 96.1 96,1 1llé.7 107.5 129-0 121.9 1

__ &) 97,71 _ . _ 55,7 . .55e7 _ 5547 5547 __55.7 55.7 55.7 _ 55.F T4s2 60,5 78.1 13,2 87,9 3.0
42 62.5 20.0 20.0 20.0 20.0 206.0 20.0 20.0 20.0 56,2 20.0 50.0 46,9 S6.2 .7,

43 256,1 88,9 88,9 88,9 88,9 96.6 132,1 129.6 127.0 147.4% _96.6 183.0 170.2 228.7 215,0
44 110.8 48,8 48,8 48,8 48,8 48,8 49,8 48.8 48.8 S55.4 88,6 88,6 83,1 99.7 94,2
45  195.8 8642 86,2 _ 86.2 _ 86,2  Rb.2 86,2 86.2 86,2 97.9 156,77 1567 144%,9 176.3 166.5 1

46 163.4 57,2 57,2 5742 57.2 5T.2 57.2 5T.2 57.2 81,7 98,0 117.7 109.5 147.1 138,9 .
_4B_ 3022 24,2 . 114.8 145.0 _123.9 26,2 123.9 11le8 24.2 24,2 24,2 30,2 30,2 172,2 5l.4 1
52 146.2 30,7 30.7 30.7 30,7 30.7 30.7 30.7 30.7 30,7 30.7 39.5 39,5 127.2 30.7 1
58 170.1 85,9 85.0  85.0  85.0 93.6 110,54 110.6 110.6 25.0 85,0 3119.1 1191 119.1 119.1 1
61 3b6,.9 6%.8 7.4 112.2 112.2 65.8 £> = 1T4,1 162.5 96,7 65,8 65,8 65,8 297.6 65,8 ¢
&2 10E.7 _32.6 _ 84849 | 32,6 3246 _ 32,6 _ 5143 32,6  32.6 _ 38,0 32,6 108.,7 32.6 _97.8 97.8
63 99.8 8.0 18,0 24,0 18,0 8.0 25.9 11.0 11.0 30,9 18.0 27.9 18.0 66.9 8.0
6% 88,9 5443 _ 60,5 _ 5%43_ _ 5443 54,3 _ 62.3 543 56,3 4.3 54,3  63.1 54,3  63.1 63.1
a5 168.6 16.9 42,1  59.0 53.9 18.9 59.0 T4.2 T0.8 16,9 16,9 55.6 16,9 146.7 16,9 1
A 230,3 29,9 82.9 99,0 87,5 92,1 128,9 92,1 87.5 29,9  29.9 62,2 39%.1 161.2 29.9 1
43 86.2 17.6 TT.6 1746  T1.6 116 17,6 Tireb V1.6 86,2 7.6 86,2 86.2 86.2 86.2
59 9602 1644 . l6ab_ 16e4 ___1beb% _16e4 __ 16,4  16.4 164 _ 45,2 26,0 5T.7  ST.T 79,8 T9.8
70 126.7 24.9 2649 2449 21e9 2849 24,9 6T.4 64.9 34,5 31,2 46,2 46,2 99.8 58,6
.73 4294 .. 83,1 93,1 83,1 _B3,.] _ 83.1 83,1 _ 83.1 83.1 93.4_ B3.,1 93.& __93.% S3.& 9.4
T4 ‘el 76.1 T6el  T6.1  T6.1  T6.1 Téel T6el T6,1 76,1 T6.1 T6.1 76,1 T6a.1 Té,1
75 %42 33,5 33,5 33,5 33.5 23,5 33,5 33,5 33.5 90,7 46,0 74,5 V8.2 115.5 9.4
17 93.8 83,5 83.5 83.5 83.5 835 A9,i 89,1 89,1 83.5 83,5 93.8 93.8 93.8 9.®
78 96.2 . .43.3 _%2.9 6046 55.8 48,1 48,1 _ 48.1 _4B.1 _ 43,3 43,3 TGe2 64.5 83,7 T4,1
19 .6 T1.6 Tle6  T1e6  Tle6  Tle6 Tle6 Tle6 T1a6  T1,6 T1.6 Tl,6 Tl.6 Tlee 10,6
80 146.9 _ _130.7 130,7 130,7_130.7 130.7 130,7 _130.7 130.7 38,1 130,7 136.6 138 1 166.9 146.9 1
82 114.1 114.1 114.1 114.1 114.1 114.1 114.,1 116,1 11&.2 114, 1141 1l4.1 114,17 176,101 1867 .
83 619 55.1 55,1 55,1 55,1 55,1 55,1 55,1 55,1 53.2 55,1 5T.6 %57.6 _61.9 61.9
85 10546 10.6 31,7 35,9 3l.7 'J.6 31,7 36,9 33,8 21.1 15.8 26.4 1.1  63.3 56,0
87 114.0 CA3.7.____ ST,0 13,7 _13.7_ _34.2 45,6 13,7 _13.7 13,7 13,7 83,  B87.C 106.1 102.6
89 106.2 1C.6 35,0 52,0 35,0 10.6 10.6 10,6 10.6 10.6 10,6 56.3 5643  92.4 6.1
—93 99.3 56,9 66,9 _ T1,9 _ 64,9 56,9 . 56,9 56.9__ 56,9 _ 56.9.. 56,9 _T2.8 12,8 83.8 89.3
9% 147.2 25.0 25,0 25,0 25.0 25.0 25.0 25.0 25.0 83,9 39.8 117.8 117.8 117.8 117.8 1
96 59,0 1,1 25:4 31,3 23,6 19,5 25,4 23,6 22.4 Tl 7ol 1.3 3T.1 53,1 %3.1
9 92.1 27.6 27,6 27,6 27.6 2T.6 27,6 27.6 27.6 82,9 31,3 73,7 137 137 13,7
10606 _ _ 16,0 37.2 16,0 _16.9 16,0 39.6 16,0 16,0 16,0 16,0 160 25:5 16,0 1640
190 102.1 Tl.4 Tied  Tl.é  Tled  Tlek  Tl.é  TV.4  Tl.4 88,8 T3.5 102.,1 102.1 102.1 1051
102 70.4 49,3 49,3 45.3  49¢3 _ 49.3 49,3 49,3 4943 S56.3__ 58,4 _ 52.8 52,8  63.3 59,8
TOTAL 9004.5 3263.3 3957.0 4230.7 3781.8 3456.8 3940.4 #122.0 3976.6 3997.0 1567.0 5520.4 5559.2 Tazl.1 6049.% -

_GD3 __GD20_ _GD7_ _ E6 __ E20 __ EM €9 Se __ M20 207 212 232 233
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3 4 5 3 1 8 9 10 11 12 13 14 15 6 17 18 19 20 21
€T E6 £20 E8 €9 S2 n20 207 212 232 233 257 260 284  C/1 c/2 c/3 /e C/5
101.5 101.5 101.5 101-5 101.5 101.5 101.5 164.7 203.1 1.7 16&,7 196.3 187.3 142.1 133.1 133.1 133.1 133,1 133.1
65,7  65.3 65,3 _ 65,3 65.3 _ 65.3 _ 65.3 139,7 150.6 15T.9 13%.7 132.5 1s9.7 1l14.3 112.5 _112.5_ 112.5_ 112.5 _123,.4
82.5 53.8 53.8 53.4 53,8 53,8 53,8 120.9 120.9 153.6 128.6 140.1 134.4 128.6 130.5 130,5 130.5 :2C.5 130.5
59,4 73,9 73,9  49.8 49,8 49,8 49,8 91,6 9.6 117.3 101.2 112.4 4 Gu,B 99,6 92,6 99,6 _ 99.6
50.9  48.4 4B.&  48.4 48,4 4&B.4 4B.% 98,3 113.9 129.5 12,2 120.2 120.2 10l.4 10&.1 106.1 106+1 1i06.% 10°.1
83.5_ 69,9 69,9  69.9 _69.9 69,9  69.9 130.1 1&1.8 149.6 122.& 161.8 141,8 110.7 1371.2._132.9 139.9 _139.9_ 139.9
4442 31.1 31.1 “2ek 42,4 29,2 29.2 47.1 “T.6 68,7 59.3 50,3 59,3 53.6 6.9 67.8 T0.£  T0.6 T0.6
49.6 5642 _ 562 62.9 62,9 41,5 1.5 67.0 _80.4 89,7 67.0 6 & 7.0  €7.0_ _Sy.%__ 87O 85,7  89.7 89,7
56.7  4lek 56,7 %9.0 49,0 35,2 35,2  T6.6 B81.2 102.7 87.3 91.9 87.2 B87.3 92.5 102.7 107.3 107.3 107.3
45,8 45.8 45,8 45,8 45,8 45,8  45.8 103,3 103,3 118,1 103.3 103.3 07,8 103,35 £5.,6 55,6 85,6 B85.6  B5.6
31,9 28.. 54e9 2249  22.9 22.9 22.9 42.8 5&.8 12,7 59.8 59.8 59,8 59.8 ST.R 68,7 £8.T 68,7 ©8.7
3547 29.2_ 3346 41.2 &0.1  26.9 24,9 S5T.4 __5T.6 12,6 6842  6RB.2  6R.7 68,2 STe9 8leT _T2.6 12,6 T2.6
27.9 22.8 27.0 31.2 29,5 19.4 19, lo 44 .7 44,7 56.5 52,2 53,2 u3,2 £3,2 43,5 49,0 54.9 56,9 54.9
41e5 _ 34,8  34.8  41.5  #1.5 _ 33.2 33.2  49.7 _41.5  T3.5 6623 68,3 56,3 56,3 _ 43,1 _ 45.6 52,2  52.2 52.2
37.5 26,2 26.2 2642 2642 26.2 26. 2 56,2 56.2 72.1 59.0 65,5 59,0 £9,.0 5%,0 €3,.0 59,0 59,0 59,0
37,6 35,6  T1e2 1642 69,1 27,6 274 6%,1 5.1 89,5 89.5 7943 89,5 .5 _ 62,0 _6T,1L B8B6,6 86,4 86,4
5%e2  9B.8 107.0 111e3 60.9  4&e4 @44 105.3 105 3 14408 186.8 28,4 144.8 14,8 872 1169 12621 126+7 126.7
40,7 28,2 28.2 2842 2Be2 28,2 2B.,2 66,8 66,8 91,8 Bl.% B8l.% g].6 8l.h_ 6P.8 68,8 68,8 68,8 _58.8
43.3  33.4 48.3  49.5  &T.1  33.4 33,4 85,4 85,4 113.9 100.5 101.5 101.5 101.5 6-.9 681 T3.1  73.1 T3.1
3741 _35.8 _42.5 4T.B__&b.4__ 78.3 35,8 91.5 91,5 122.1 108.4 108, a_m; B _108,8_ _47 3__ Suek 65,0 B88.9 _ 88.9
46.9 T 4l.T 48.6  49.5 48.6 40.8 40.8  61.7 61,7 79,9 T0a:  70.3  70.3  70.3  5Lle2  53.8 58,2 58.2 SB.2
72.0 78,2 1862 18.2 T8.2 144,11 6.7 148,2 137,99 185.2 174.9 1€+.6 174.9 174.9 78,2 78,2 78,2 l44,1 150.5
92.5 92,5 92.5 92.5 92.5 99.4 92.5 92.5 %2.5 104.0 98,32 92.5  98.3 $8+3 92.5 92.5 2.5 99.4 99.4
53,9 53.9 66,7 68.1 65.3 95.1 66,7 105.0 99.3 127,77 120.6 113,.5 12046 53,9 65.7 80.9 95,1 103.¢
51.1 48,3 64.9 69.6C 69.0 Tue 7 66,9 91.] 85,6 126.2 117.3 110.4 17,3 117.3 S§1.1 64,9 71.8 100.7 107.6
53,0 49,9 499 165.3 152.9 99.8 842 93,6 87,3 282.8  96.7 249.6 o5.7  96.7 _ 53,0 . 2
22.5 16.2 23.1 293 28.1 31.2 19.3 35,0 32.5 44,9 42.4 39.9_42.r_22': 25.0 29.3 32.5 43,1 48.7
41,2 41,2 53,1 8€.& _b6.& 66,4 51.8 32,4 77.0 103.6 98,3 93.0 gg-3 P 53 “b.% 9 1089
43.2  35.8 35,8  35.8 59,0 35,8 35,8 15,4 10,7 B8%.8 80e1l T5.4 g0.1  B0.1  56.7  58.7 56.T 641  6bes
39,5 38,3 38,3 33.3 4.6 38.9 _38.9_ 50,2 4T.1 _ S55.%5 5304 _ 50,2 53,4 53,4 39,5 43,9 4 5 3
81,7 8l.7 8l.7 Bie7 103.2 9641 96¢1 1laeT 107.5 129.0 1219 11877 731.6 121.0 81.7 S81.7¥ B8l.7 103.2 133.3
55.7___55.7_ 5547 55.T7 55,7 74,2 60.5 7?8.1 73.2 87,9 83.0 8.1 33,6 83,0 55,7  53.7  55.7  T4e2 _ 79.]
20.0  20.C 20,0 27%-: 20,0 56.2 20.0  50.0 46.9 56.2 53.1 50.0 53.; 5301 20,0 20.0  20.0 56.2 56.2
8Be9 9646 132,1 129.6 127.0 147.4 96,6 183.0 170.2 228.7 216.D 223,32 : : 58.9 _ 76.6  138.7  203.3 _ile.d
4B.B  48.8 48,8 48.8 48.8 55.4 88,6 88,6 83.1 99.7 94,2 88, 64&%._0__1111&__2 o4 .2 ‘BT-‘;‘——‘—‘——LLJ “B.8 55 9‘—'-5_3
85.2  B6.2_ 86.2 86,2 86,2 97.9 156,77 156.7 146,9 176.3 166,5 xssﬁl_mﬁj 10605 . B6.2  B6e2  86uZ.  97.9 172.3
57.2 ° 57.2° 57,2 57.2 57,2 BL.7 98,0 117.7 109.5 147.1 138.9 130.7535°g T13g.e s7.2 £7.2 7.2 81,7 13G.7
123.9 26,2 123.9 1118 26.2 24,2 24,z 30,2 30.2 172,32 Sl.& 142.0 -2 -2
30.7 30,7 7 30.7  30.7 30.7 30.7 30.7  39.5  39.5 127.2 - 30.7 102.4 *72« & —%_L?,——l%g}z —153’%—'-} —‘3%’%—2%3— 2034
85.0  93.6 117.6 110.6 110.6 85,0 85,0 119,1 119.1 119.} 11%1 119.1 £.7 3. 0.6 0.6
112.2  65.8 65,8 1Thsl 167.5 96.7  65.8 65,8  65.8 297.9 65,8 277.85 e 8 558 15¢ ¢ 1509 zza.« 2476 247.6
32,6 _ 32.6 _41.3 _ 32.6 32.5 _ 38.0 32.6 108.7 32,6 97.8 97.8 32.4 3108,7 97.8. 45,9 53,3 53,3 S8.7 58.7
18,0 8.0 25.9 11,0 11.0 30.9 18.0 27.9 18,0 66.9 3.0 59.9 5.0 8.0 26.9  28.9 45.9  49.9  50.9

23 54,3 62.3 _Ske3 5643 54,3 54,3 63,1 54,3 53.1  63.1 58,7 M 68,

53 9 16.9 59,0 The2 7048 1649 16.9 55.6 15,9 146.7 16.9 13s, 9—{2‘% ‘1‘2%‘ 29,:2—“38:3“ 93.*; 92 3"—%::%
87.5 92,1 128,9 92,1 87.5_ 29.9 29.9 62,2 39.1 161.2 29.9 138.2 90 0,9 105.9 M s o5
TT.6  T7.6  11.6  TT.6  T1.6 86,2 TT.6 862 6.2  86.2 862  86.2 5o.2 667 1.6 Ti.6  T1.6  86.2  86.2
168 16.% _ 16,6 1644 16,6  45.2 2600 57,7 57.7 _79.8  79.8 87.5 gr'c  70'8  16.4  1ésk_ 16k 45.2  52.9
2449 2649 24,8 6744 669 34,5 1.2 46ei  46.7 9”8  SB.6 90,8 T io it UL T ",,:,'.,.—’———z—'“.,,,..a 173
83,1 _ 83,1 _ 83,1 83.1 83.1 93.4 83.L 93.4  93.& 3.4 934 93.% o3, o3l g3y g3y g3l 93.4  93.4
76,1 7 76,1 761 T6el  Tbel  T6.1  T6.1 76,1  T6,1  T6s)  Tbal 76,1 -~ et~ o0t - o0t 3 —
33.5 33,5 33,5 33,5  33.5 90,7 46,0 T4.5 V8,2 115.5 M5 9.6 o o' a3'c 3.5 33.5  90.7 101.8
83.5 83.5 A9.1 89.i 89,1 83.5 83,5 93.8 93.8 93,3 WL 93.8 .0 'O o' g9t g1i9 e1.9  9l.s
S5.8 48,1 48,1 44,1 48,1 _43.3_ 43,3 70,2 bke5 01T Tael  82:Y o3ty 5307 1202 72.2 722 le.2 _T2ee
T1.6 T1.6 T1e6 Tle6  Tleb  T1.67 Ti.6  TL.6  TL.6  TheE T L6 TWE ~oitc 2000 oTtl Tt GYleT IiTE ile
1307 130.7 130.7_130.7 130.7 138.1 136.7 13646 136.6 145.9 1669 1%6.9 :c°0 100 1307 13007 13007 138.1 138.1
114¢1 14,1 11441 16,1 1141 1141 114el 114.1 13401 T3ae1 "1 TTAGL — 1700 —li“—l-—-ﬁf‘ 1161 1141 Teol il6oX
55.1 55,1 55,1 55,1 55 1 58.2 5,1 _ 57.6 57,6 61.9 _ 6..3 61.9 9 i : 5.1 cc1  eg. :
31.7 10.6 31.7 36,9 33.8 21,1 - 5 26.4 21,1 €3.3 5.0 ﬁz.z——-“h-"—% Y u—f, 2 enib 612 ee e T
13.7 34,2 85,6 13,7 13.¢ 13,7 _ & . .73.3 87.5 _iDA.1 102.6 102.5 lﬂ2'b b‘s",( }:9'3 * ,5‘ 85.5 o
35,0 10.6 10.6 1046  10.6 10.6 - 56,3 56,3 92,4 88,1 8,1 10200 - Bt - 13‘3~*——’-‘—13 3 7343~—-73 > %*}
64,9 _ 56,9 _56,9__ 56.9_ 56,9 _56.9 _ St.’ T2.8 _ 72,8 8.3 89.8_ 82,8 “" 56' 16:3_ u's 76.1_ * 7 *
25.0  25.0 25,0 25,07 25.0 83.9 39.¢ 117.8 117.8 117.8 117.8 1l7.8 111'5‘ “'3 “e0 T2e0 --~z~5'°——31§'3—-9m?,~

5 25,6 23.6 _22.4 V.1 7.1 _&l.3 37,1 53.1 53,1 53.1 .* . 04 e e
2706 276 2746 27.6  27.6 62,9 313 T3.7 13,7  73.7  T3.T 137340 -41*113 ,,——1427 redis . a6 39,5

16,0 _16.0 _39.6 16,0 16,0 _15.0 16,0 _16.0 _2¢.5 18,0 16,0 77,7 el T2.7 ZFe5 e 21.r  82.9  al.3
71067 7104 VL4 T4 T4 88,8 73.5 102.1 102.1 102.1 K02.1 10z, 1- 3%-T  L6.D 312 2Bl _45.8 45,8 .45.8
4943 _ 4943 49.3_ 69,3 49,3  56.3__ S5Bek  52.3  52.8 _ 6:23 59,8 59.8 . . L . l.4  88.8  90.8

2sD a3 2] 59,8 59.8 4%.%  49,.) 49,3 6,3 65.5
:9‘ o8 3436.8 3940.4 #122.0 3974.6 39#1 0 3563,0 552N .6 5359,7 Ta2l.1l GD4Y.% GB&&.D 6221,.1 5753.2 4652, 1 4931.2 5463,1 6227,5 6616.1
GO? _ €6 E20  ES8 L9 _._ M0 2 212 232 233 357 260. . 284 C/).._ Cl2___CI3 Cl4 C/S._
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FIGURE 3-31

FACILITY RESEARCH VALUES - BASELINE FACILITIES
(Capability of Existing Plus New Facilities)

(Page 3-84 is Blank)

L2 cl

n

TOTAL

8905.1 8897.7 T967.1 9004.5
"EXISTING  3295,0 4425.6 &64&6.0 3253.3

GD3I 3949.7 4955.5 S52ul.2 3957.0 "~
6020 430643  5019.9 5254.0 4230.7
G607 3844.0 4569.2 4786.8 3781.,8
€6 3539.1 494l.7 5091.1 3456,8
TTE 3898, 7T 3537122 534T.4 3945.¢ —
I __4142.5 4971.2 5163.1 4122,0
E9 4035.6 95024.2 5203.8 3974.6
82 4098,0 5153.8 5211.9 3997.)
™20 36533 4T73.6 4936,2 3563,0
207 55995 65530 6562.9 5523.4
212 554T.1 6953.4 5911:4 5359,2
(232 6563.5 6507.2 649%4.2 T427.1
233 5922.3 6420.9 6&1T7.5 6049.4
25T  T256e5 66T6el  6621.0 684%.9
260 6055.9 6516.8 6093,9 6221.1
284 5662.3  6131.1 6126.6 5753.2
c’1 468%,9 5422.6 55661,T7 4652.1
cr2 4941,6 6133.1 6304.9 4931.2
c/3 56457.1 6424.9 6545,2 54563.1
C/4 6218.8 7108.1 6994.8 6227.5
c/5 6593.9  7438.3 T7155.9 6614.1

_PERCENT ACHIEVED OF TOTAL RESEARCH INVOLVED

OPERATIONAL SYSTEM

] ct "l w2
— YOTAL  100.0 100.0  100.0 103.0
_EXISTING 37,0 49¢7 585 35,6
GD3 4ho b €3.7 65.4 43,9
TG00 T T AB.4 5644 661 47,0
GD7 4342 51e4 60,2 42,0
143 19,7 55X %I I
€20 43,8 604 69.8 43,8
TTES TTTR6,8 T 55,9 65,0 45,8
E9 4543 56e5 65,5 46,1
—Te2 T T 4600 5749 65,6 3.4
M20 41,0 53,6 62,1 39.6
257 62.9 T3.6 B2.6 61.3 —
212 62¢3 781  87.0  59.5
232 T3.7 T3.1 81,7 82,5
233 _66s5  T2+2  B08  67.2
13 81,5 75.0 83,3 7640
260 68.0 7362 8l.7 6901
284 63. 6 6849 TTe1 53.9
c/1 52,7 60,9 71.2 S1.7
cs2 55,5 68.9 79.3 54,8
c/3 61.3 72,3 82.4 60,7
Cl4 69.8 79.9 88,0 __ 69,2
¢/5 74.0 83.6 90.0 73.5
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6. GROUND RESEARCH FACILITY SYNTHESIS

The fifty-four growid research facilities postulated, and studied in Phase I
were evaluated at the end of Prase I in terms of cost and resear.. capability.
Elever. ground research facilities were retained for refinement in Phase II, for
parametric evaluation of the basic test leg and facility components (Figure 6-1).
The design and operational features of the significant cost items were studied to
identify a practical size and performance oI the necessary equipment for each of
the elever ground research facilities.

FIGURE 6-1
PHASE 1l GROUND RESEARCH FACILITIES
S I Phasell
Gas Dyramic 7 jl II 3
Engine . 11 | | 4
Strucbwral 9 | o | 3 '
Besials ¢ Ll g
Simolalors R
Fhuid Systems 5 P I 0
| £ |
Subsystems 2 | i 0
Avionics 2 | | o
Radiation 1 I | 0
| —
54 Facilities | | 11 Facilities

In general, the cost of the test leg itself was small compared to the cost of the
other facility components, represented by compressor plants, vacuum pumps, refriger-
ation systems, and prime movers. This fact results in the facility components con-
tributing the most significant increments to the total cost of each facility whiile
the conditions generated by the test leg contribute the most to the facility research
value., Thus, unless the size of the test leg itself was varied, in most cases the
variations in facility components significantly affected cost without materially
affecting the facility research value, This necessitates close scrutiny of general
engineering factors associated with the sizing and performance of the facility com-
ponents. 'The eleven ground vesearch facilities retained for refinement in Phase IT
are described in Figure 6-2.

ACDONNELL AIRCRAFYT
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FIGURE 6-2
PHASE 1l GROUND RESEARCH FACILITIES
Gas Dynamic Proputsion
Conligt_uation T
*dentification 603 G20 G E6 ( £20 E8 { E9
} H i
i ; i i | Vitiated Air-
Test Time 70 sec 20 sec ! 1todsec Continuous Continuous Continuous | Continuous -
(Minimum) (Minimum) Clean Air -
: | | 60sec
Mach Range 05t05.9 Leg1-051050| 8to13 0t05.5 Legl-0to55 | 31012 | 3to95
Leg 2-45t085 ;  Direct: Direct Comnect | Modified |  Mudified
- Comect ! %'l ‘-‘: 050 | pirect: Direct-
FreeJe l Connect Connect
Maxirum Atleast1 5of | 15FlightRe | 1S5FlightRe. Full Scale Full Scale 1316 13016
Reynokds No. | Flight R, i : ! Scale Scale
Throughout Range ! . (One Module) { (One Module)
Einimom Length - LeglLength 1y onppy Engine Diameter | En, ~¢ Diameter| Ay 15sa.f.1 Ay 15 s.it.
}‘ t Article 1241t 33 m) EUZ"LG-:;' l6812.06m  90in (29cm) 90in. (228 em) (139 mdr (135 )
1ze et < Len . (One Module
93 /23 m) 1 ; ) (One Module)
P, Range 17 t0 300 Lee 11710300 10001018800 14 10226 | 310200 850107000 | B4 to3110
psia (117020) |(17020 (690t 12%0 ‘131t0156) @to 140 | (5% to4826) ! (5810 2044)
# D) Leg 250 to 3200 \ !
(34.5t02110) _‘L“ |
T, Range 1001025°F  [Leg I 100t0250°F 1260102506°R | 4x!to3200°R | 432t01650°R |3000to3500°R - 1030t0S100°R
(330121%:  ((38i0121°0) - (700to 138°KY  “30t01778%K) | (240to917%K) |(1667105278%K) (606t02833%K)
Leg 2 150t0800°C :
(66to426%) | : ! ‘

Ag Captured Stream Tube

Phase 1l Ground Resea: ch Facilities

$-2 Structural

Configwation - " M-20 Materials Technology
Hmliﬁalim Full Scale Major Section ] Cexponent

Test Adicle 90 (27 .4) High 39 (11.9) High 20 i6.5, High Facility contains all necessary equipment to

Size - ft (m 125 (38.1) Wide 70 (21.3 Wide 20 (5.1 Wide conduct material research, delem;i * llnalerial

P physical and thermal properties, de r2lop
323 (39) Lonz 100 (30.5) Long 203.1) Long manulactwing methods, and {0 conduct now -
destructive evaluation.

Environments Mechanical, Thermal Vibration, Acoustic, Altitude. Thermal

Simulate? Acaustic

Degree of All Parameters Simulated to Same Magnitude as Fiight Trajectory

Simulation

Tast Tine Time Variant to Correspond with Flight Traiectory or Siatic Test

Times

AMCDONNELL AIRCRAFT
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The dasign refinements and parametric evaluations performed on the eleven
Phase II facilities are presented in Figure 6-3. As indicated in the figure,
some parar .ters could be varied independently to establish trends while others were
constrained by trajectory simulation requirements, material strength, or operational
considerations. The wide spectrum of facilities studied precluded a universal
application of rules to optimize the designs. Each class of facility has its own
peculiar requirements and parameters which are arbitrarily variable. The most
universal application of design guidelines and parametric variations occurred in the
ancillary equipment; where the purpose of the equipment was related to its function
and not necessarily to its application to a specific facility.

The facility related concepts studied are as listed.

o The degree of Reynolds number duplication, in terms of the maximum full
scale requirement (gasdynamic)

o For a given degree cf Reynolds number simulation, the effect of increasing
test section size over a minimum size (gasdynamic)

0 The degree of trajectory simulation necessary in the transonic region for
free jet engine testing (engine)

o Scramjet module size requirements in terms of the full scale engine modules
(engine)

0 The required degree of trajectory simulation necessary, compared to facility
material/cooling Zimitations (eng ne)

o The test article size necessary for structural research programs (struc-
tures)

0 The degree of environmental simulation necessary for various structural
research programs {structures)

o Techniques required to provide the conditions necessary to achieve varicus
degrees of environmental simulation (siructural)

The general engineering parameter variations are presented in Subsection 6.3.
A complete description of the cost guidelines and basis is given in Subsection 6.1.
The details of the design criteria, facility parametric evaluations, and control-
ling considerations are given for each group of facilities (gasdynamics, engine,
structural and materials) in Subsections 6.3, 6.4, 6.5, and 6.6.

MCDOCNNELL AIRCRAFT
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FIGURE 6-3
PHASE Il REFINEMENT STUDIES, GROUND RESEARCH FACILITIES
Parameter GD3 GD20 GD7 E6 E20 E8 £9 $2 et}
Test Time Based on Analysis of Existing Based on Engine Operating Conditions Along Based on Flighit | Nol Applicable
Facilities of Simitar Type to Trajectory. and PFRT Re~-tements Teajectory
Establish Acceptable Minimums
Mach Number 1} Each Individual Facility Based on Based on Applicable Portion of Flight Not Applicable Not Applicable
Mechanical Operational Considerations Trajectory
Revnads 1 § Full Scale Reynolds Number Full Scale Reynolds Same as Module Scale Nat Applicable Not Applicable
Number 1 2 Fuli Scale Reymokis Number Nurber
Test Asticle 1.25 1,25 1.25 Full Scale Turbo- Scramjet Module Size Complete Aircraft | Component
Size i\ Kackinery Engines A, 1545.90 Fie Major Section Coupon
1.39.4.19.835~¢, | Component
Pu Range ‘ll.‘ﬂ.-i 1.04 - 1,04 Based on Trajectory Simulation Requiremeats I Not Applicable | Not Applicable
To Range Based on Rinimum Temperatures Based on Trajectory Simuiaticn Reguirements Based on Trajectory and Skin Material
Necessary to Avol Air
Condensation
Systems and Air Storage Volume, Air Storage | Compressor |  Compressor Method of | Augmentation | Technigue of Equipment to
Equipment Pressure Requirements, | Volume. Require- Requirements | Providing | of Blow Down | Mechanicat Accomplish to
Variations Pump Up Time, Com- Presswe | ments vs Degree of | Power Cycle with Load. Al- Varying De-
pressor Requirements Require- Based on Flight Driving Continuous titude Environ- graes the
Based on Pneumatic ments Pneumatic Duplication, Force, Flaw Cycle. ment, Acoustic Applicable
Losses Losses Rethods of Iy_pe of Synthesis of Technigues., Resaaich.
Variation for | PYime Carbon Com- | Temperature-
Flexible Mover, Com- bustion Load Rate
Nozzle and pressor Re- Technigues Application.
Angle-of- quirements Dynamic Yi-
Attack of bration
Engine Infet Technique
Notes:

(1) Indicates Multiplying Factors to be
Applied to Baseline Definition

Ay Stream Tube Capture Area

MCDONNELL AIRCRAFY
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6.1 GENERAL COST MITHODOLOGY

This section presents the guidelines and technigues used tu prepare acquisition
costs and operatiag costs for the baseline ground research facilities. To establish
the costs for the parametric variations (alternates) in facility size or capability,
scaling laws were developed which related the magnitude of the physical parameters
describing the hardware to the facility size and performance (Subsection 6.1.1k).
A1l the ground research facilities were priced by determining the zost of individual
components cowirising the facility complex. The experience and judgement of vendors
manufacturing and supplying the major components was extensively used to qualify
and validate the generalized cost relationships used in Phase I. Figure 6-U4 in-
dicates the various sources of information used in developing the cost estimates
for the different.facility components. The general approach tzken for cost estima-
tion for each component is discussed in the appropriate subsection.

It must be recognized that each of the ground test facilities described herein,
and their various alternates, represent, without exception, the largest facilities
of their type ever seriously considered, and thus require ancillary systems and
equipment considerably larger and higher in performance than any existing facilities.
It should slso be recognized that the depth of analytical treatment possible for the
large number of facilities and their alternates in the short time allocated to this
phase precludes a very detailed description of the facilities themselves or of
their auxiliary systems. Only gross characteristics are described, and tre cost
estimates must reflect this fact. However, it is felt thet the relative costs of
the various facilities given are in proportion, having been estimated on a consist-
ent basis. Likewise, the distribution of costs among the various components of a
facility are considered relatively accurate, and provide a guide for Phase III, in
which the major cost contributors are thi components which will receive the greatest
amount of critical analysis and more detailed cost estimation.

As definition of the components becomes more specific in Phase III, the com-
ponent menufacturers should provide a credible base from which to refine facility
costs. This refinement will be principally based on providing more economical
arrangements of equipment to achieve the desired capability.

The following sections describe the general ground rules followed and the cost
estimation techniques used in developing the acquisition costs of each facility
(Section 6.1.1 thru 6.1.12), the costs associated with operating the facility
(Section 6.1.13) and the scaling rules which were developed in order to estimate
the impact of size and performance requirements on facility costs (Section 6.1.1L).

6.1.1 GROUND RULES - The assumptions governing the estimation of acquisition
costs are as follows:

a) All estimates were based on 1970 dollars using Means Industrisl Index
(Figure 6-5).

b) Cost of site acquisition was not included in the cost estimates. It is
assumed that these facilities would be constructed on government owned property,
end most probably at existing major test centers. Minimum costs are included in
the building complex costs for site preparation, grading, access roads and sidewalks.
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FIGURE 6-4
FACILITY COMPONENT — COST ESTIMATE SOURCES FOR GROUND RESEARCH FACILITIES
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FIGURE 6-5
HISTORICAL COST FACTOR FOR EQUIPMENT AND
BUILDING CONSTRUCTION ADJUSTED FOR A 1970 BASE YEAR
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¢) Each facility has been independently estimated, with no consideration as
to integration with other proposed facilities or with existing facilities. Con-
sidering the dominating costs of the facility components, rather than the test
leg itself, integration into existing facilities could offer substantial savings
in ancilliary equipment costs. Integration possibilities will be considered for
the facilities carried forward into Phase III.

d) It was not possible to estimate individ—-1ly the cost of each facility
structire and component for all the variations upun the several baseline defini-
tions. The baseline definitions were cost estimated and these costs were scaled
to determine costs of similar, but larger or higher performance equipment. The
scaling laws used are developed in Section 5.1.1kL.

6.1.2 BUILDINGS AND STRUCTURAL SHELLS - Cost estimates for structural elements
of the varicus facilities were developed using procedures outline in Commercial-
Industrial Estimating and Engineering Standards, 1969 edition, prepared by Inter-
national Estimating Services, and published by Richardsor Engineering Services,
Inc., Downey, California.

The costs of the test leg structural components of the gasdynamic and engine
research facilities were estimated by estimating the volume, tonnage, and type of
material required, using as a source tre facility sketches and descriptions which
were developed during this phase. The forming, fabrication, and erection costs were
then estimated using the procedures in Richardsonfs Manual. Special features,
such as flexible plate nozzles, required the provision of additional costs for
machining, actuators., and cortrol systems. Foundations for these components were
priced to include excavation to bedrock a nominal 2o leei (G m) beluw grade.

Buildings which were estimated include laboratory, office, and control areas
for the flow facilities and the materials facility. Areas of these buildings were
estimated based on test area size and costs were developed, using Richardson's
Manuel, on a per area basis. These buildings were assumed to have a six inch (15 cm)
steel reinforced concrete foundation.

Exterior walls for high bay industrial areas are pre-enameled sandwich panels
with 1.5 inch (3.81 cm) insulation. Office areas are enclosed by curtain walls
with continucus windows. Roofs are of a built-up type on a metal roof deck support.
Lighting is provided at 100-foot candles (1070 lumen/m?). Convenience, power, ven-
tilation, comfort conditioning, plumbing, etc., are provided proportional to
building envelope size.

The structural test facility building is assumed to have the same sort of
construction, with the exception that floors subjected to structural load bearing
tests are at least 3 feet (.91 m) thick with 1-7/8 inch (L.76 cm) steel reinfcrcing
rods 6 inches (15 cm) each way on center, and rest either on bedrock or pilings.
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6.1.3 COMPKESSOR PLANTS - The air system costs were estimated from the major
equipment and associated operating factors, which constitute the total system.

The gasdynamic and engine iest facility air systems comprise a compressor plant,
air storage tank and distribution lines. A nominagl stored mass was described in
terms of differen. storage pressures and volumes, and used as a basis for deter-
mining the compressor requirements at different pump-up times. The necessary power
to drive the compressors was then known as a function of stored mass, pump-up time,
and storage pressure. This information was then scaled to provide cost estimates
for the applicable systems. These are presented in Figure 6-6.

The eir storage pressure vessel requirements were developed to the ASME Code
for unfired spherical shell vessels under internal pressure, Paragraph UG-27. The
tonnage of steel required to provide storage tanks and distribution piping systems
was estimated and priced by the component method for fabrication and erection using
the procedures in Richardsons. These costs were then extended to the air system
requirements of each flow facility.

Synchronous electric motors with wound rotor starters are used to drive the
compressors. The power required as a function of cutput pressure and inlet volume
flow was calculated using the following formuls, for isothermal compression with
T5% efficiency.

]

P
Required pover = 5.U00161 Vg T, 1n po (np) 6.1-1
a

P, = Atmospheric pressure
P, = Compressor discharge pressure
Vo = Inilet veiume flow (scfm)

This equation is plotted in Figure 6-6a along with relationships for the more
exact multistage polytropic compression process. It can be seen that the T75%
efficient isothermal process gives more conservative power estimates than the
polytropic multistage process. An interesting conclusion which can be drawn frou
this figure, and which is substantiated in actual compressor plant designs, is
that the power (and thereby over-all plant cost) is linearly proportional to the
inlet volume flow rate, wherea~ the pressure has a major effect only in the low
pressure range.

The dollar per brake horsepower unit costs for the compressors are given in
Figure 6-T7. Cooling water for the compressor was determined at 1.67 gpm/bhp
(1.41 x 10~* m3/kW-sec) and the cooling water pump horsepower was determined at
10 gpm/bhp (8.4 x 10~} m3/sec-kW). These factors were added to the basic compres—
sor plant determined from Figures 6-6a and 6-6b. During Phase III. these factors
will be refined, as for low pressure cooling systems the water cooling pump require-
ments could be substantially reduced. A nearly horizontal cooling system with low
velocity cooling water could be provided for as little power at 1.0 gpm/hp
(8.44 x 10~3 x 10-3 m3/sec-kW) in some .nstances.
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FIGURE 6-6a
COMPRESSOR HORSEPOWER PER UNIT VOLUME FLOW
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FIGURE 6-3b
COMPRESSED AIR SYSTEM COSTS
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FIGURE 6-7

COMPRESSED AIR SYSTEM COMPRESSOR STATION UNIT ACQUISITION COST

DRIVER CONLECTION

LECTRICAL
SYHCHRONOUS
MCTOR, GEARS

DUAL-FUTL
TURSIIZ ZIGIEZ,
GEARS & PIEU-
MATIC COUPLINC

ITIM OF CCST

- s N

LABCR MATERTAL

LABCR MATERTAT

Zguirzent Less Prire Unit

L.s¢ 30.00

9.25 35.0C
18.00 32.75

6.75 7.50

Steelwork .02 £.00 3.0C £.73
Subtotal §/nhp 29.25 £€.25 32,75 92.0C

Prire Lnit

frime-Unit Freight

Total Unit Cost-$/thp

$.75.00/vh

»ATT . . cawm T
pLOIE-Ie- ~C2VE LNz

$1/bhp = $1.35L/kd

MCDORNANELL AIRCRAFY
6-12

13T ices dc not include sicraze iazks, tanX supports or
manifclding and distribution rpiping.




REPORT MDC A0013 @ 2 OCTOBER 1970
VOLUME Il ® PART 1

6.1.4 STEAM GENERATORS AND EJECTORS - Chemical LO2/Alcohol KRocket and conventional
boiler steam generation systems were investigated for application to the steam
ejector requirements of S2. This facility requires very¥ large -<vacuation rates and
very low chamber pressures when simulating climb trajectories. In addition, thne
ejector utilization rate would most probably be low, in terms of annual usage.
These operatiocnal characteristics highly favor the chemicol steam generation systems
over conventional boilers, since chemical steam generation is characterized by low
acquisition zost and high operation costs in comparison to boilers. & chemical
stean ejector system was estimated by F. C. Brown Co, for the S2 baseline facility.
Thic estimate, together with previous estimztes for other similar systems, provided
sufficiest date from which to develop Figure 6-8 for chemical steam generators.

FIGURE 6-8
LO7/ALCOHOL ALTITUDE SIMULATION SYSTEM
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6.1.5 PRIME MOVIR COSTS - Costs of prime movers used in this phase a»e based on the
use of synchronous electric motors with wound rotor starter motors. Tigure 6-9
shows the costs of these motors as z function of shaft horsepower and, for reference,
shows the corresmonding costs for gas turbine engines. Figure 6-10 shows the costs
of some existiang gos turbine power units as a function of power. Although s:iraisht
electric motors we 'e used for cost estimates in this phase, these curves indicate
that there are alt-rnate methods which should be consider=d in detail for specific
applications in order to minimize acquisition ard operating costs. An illustraticn
of some possihil®tius is shown in Figure 6-11, which compares a.quisition and
operating costc for three methods of providing constant speed powver. The first
method is a ga: turbine directly driving the 1sad. This method has ihie highest
acquisition and lowect operating cost. The third method is a gas turbine driving

& synchronous mut-e, where the motor and its controls are owned by the cperater

and the ges turbine acguisition and mainienapce costs are amortized over =z 15 year
veriod assuming 12 nour utilization per day ané are included in the operating costs.
The second method is a synchronous motor with utility provided power. This has the
sam= acquisition cost as the third methed but lower operating costs, with the opro-
visicn that these costs were based on the rates charged at AEDC (See Secticn 6.1.6).
For ordinary commercial rates, the costs could easily exceed those of method three.

These cost compsrisons are rather simpiified and are for constant speed drives
only. Other methods are available, such as direct water turbine drive, and a myriad
of methods are available for variable speed drives such as are needed for the multi-
compression heater engi-e research facility (E8). In Phase III, a study will te
made of various drive methods, and a general outline of available energy scurces,
including those used for high, short term peaking loads, will be provided.

6.1.6 UPILITY PPOVIDED POWER - Power cos®s were further refined during Phase II.

It has proven very 4difficult to predict the exact cost of electrical energy until
the loads are better determirned and the geographical area for the facilities is
ascertained. By analyzing the AEDC pcwer billing from the TVA, it was determined
that the average cost of power is approximately $.00615 per kW-hour. This is made
up of about 50% in transmission and generation charges and 5C% in demand charges.
The demand charges range between $.15 and $.90 per kW demand pe» month depending on
ihe time of day. AEDC billing appears to be based on about 22% load during peak,
bL% load during intermediate, and 100% load during off-peak periods. Most commer-
cial companies employ a much higher demand charge; i.e., MDC demand billing for
Tract II is $1.99 per kW demand p>r month. The power company demand rate is $1.99
per kW for peak periods and $.99> per kW for off-peak periods. MDC currently
averages $.C088 per ¥W-hr. In the absence of any specific site selections for the
ground facilities, wund witlout knowledge of probable demand charges, a cost of $.008
per kW-hr has been assumed for all utility-provided electric power for the estimation
of facility operating n~osts.

6.1.7 VACUUM CHAMBERS - The vacuum requirements for S2 are provided fer by building
a structure with sufficient framing to allov the attachment of a totally welded cold
rolled, mild steel skin. Full opening, track mounted, electrically operated doors
are provided at one end of the building. Those steel members attaching the side
walls to the floor shall be milled on their connecting surfaces to allow the inser-
tion of an inflatzble seal. Those steel members providing contact between the dcors
and the building structure shall be milled to hold an inflatable seal and the doo-s
shall be provided with a sufficient number of screw clamps to maintain the seal.
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Acquisition Costs, Millions of Dollars - 1970 Dollas

FIGURE 6-9
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GAS TURBINE PRIME MOVER ACQUISITION COST
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FIGURE 6-11
COMPARATIVE COSTSFOR PRIME MOVERS, CONSTANT SPEED DRIVES
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Chamber evacuation to one torr (133N8/m2) in a very short time period is accomplished
by use of steam ejectors operated in conjunction with a LO2-alcohol steem generator.
Ejectors are so staged as to proviie for minimum operation to maintain the vacuum
after initisl pump down. The chamber was priced by determining the tonnage, fabri-
cation, and erection costs by the method described in Section 6.1.h.

The environmental chamber for M-20 was priced using a curve relating ~:quisition
costs of existing environmental chambers to their diameters (Figure 6-12). The spread
of data in the figure is accounted for by the wide range -f test capsbilities repre-
sented by these facilities,and by their variations in chamber shape, orientation,
and amounts of cryogenic storage volume. The mean line indicated in Figure 6-12
was the relationship chosen for estimeting the M-20 environmental chamber.

6.1.8 ACOUSTIC SHROUDS AND GEWERATORS - Costing the acoustic shroud involved
estimating the steel required tc develop a self-supporting shroud along with the
fabrication and erection costs primarily from experience. The acoustic watt
generators were priced at fifty cents for each acoustic watt output. Some insight
into acoustic vibration testing was gained from discussion with MDC Laboratory
personnel and NASA Technical Memorandum NASA TMX-58017, “Concept, Design, and
Performance of the MSC Spacecraft Acoustic Leboratory".

t.1.9 STRUCTURAL HEAT<RS AND THERMAL CONTROL - The heaters are of either the quartz
lamp or graphite resistance type. A cost curve (Figure 6-13) was develored from an
analysis of heaters required to produce a given heat flux per square foot of area
and was used to establish quartz heater cost. Graphite heatevs were priced at
$12,000 for 120 Btu/ft2 sec through 450 Btu/ft2 sec (1370 kW/m2 through 5120 kW/m2).
Thermal control consists of a programming capebility and a temperature recording/
controlling capability using 250 kW ignitron units. Cosis of thermal controllers

are taken at $5000 per channel, based on actual costs of recent MDC purchases.

Total radiant heater system costs are the sum of the heater and control channel
costs.

6.1.10 AIR HEATERS, CONTINUQUS AND STORAGE - The various heaters in the flow
facilities are, unlike the radiant heaters used in the structural facility, not
comprised of numerous individual heaters of current technology level size and
pover, They are, in general, very large and powerful units which will certainly
require intensive design effort to ensure their desired performance and reliability.
At this stage of the study, only gross chare_teristics of the various heaters

are known, such as maximum power, mass flow, eand temperature, so some general rules-
of-the~-thumb were developed in order to estimate the cost of the many heaters re-
quired., These are discussed for the various heater types.

a) Electric Heaters - These heaters, examples of which are required on GDT,
GD15, E6, E20, and the air preheater of E9 were cost estimated on the basis of the
actual costs of several recent MDC resistance heater purchases. A value of $32

2r kilovatt was used, this cost including the entire heater and its control system.

b) Gas-fired Heater - A heaier of this type is used on GD3 in order to avoid
air liquefaction at its higher Mach numbers. This heater cost was estimated based
on & recent purchase of a similar, but smaller, heater from Combustion Engineering
Company. The cost was scaled proportional to the heating rate required.
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FIGURE 6-12
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SPACE CHAMBER ACQUISITION COST AS RELATED TO SPACE CHAMBER DIAMETER
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20. Xerox/Electro-Optical
Systems Div.
21. TRW
22. Philco-Ford/wDL
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c) Pebble Bed Storage Heater (E9) - In this case, the zirconia refractory
heater was essentially identical in size and pressure rating to a proposed heater
at AEDC. The estimated cost of the AEDC heater was used directly.

d) Multirecompression Heater (E8) - This heater is actually a mechanical
device which both heats and compresses the air passing through it. No examples
of any size have been constructed, so scaling in any manner is not possible. 1In
this case, a rough estimate of the material and fabrication costs was obtained,
using. the very conceptual MRCH sketches as a basis. Consultation with personnel
at Philadelphia Gear Company aided in estimating the cost of the rotors in pa:ticu-
lar.

e) Carbon-monoxide Combustor (E9) - Again, no scaiing from existing similar
combustors was possible in this case, so material and fabrication costs were
estimated directly from the Phase II conceptual sketch (Figure 6-73} and using
the general principles discussed in Section 6.1.2.

f) Graphite resistance heater (E9 Alt.) - The cost of this heater was scaled
from data provided by NASA LeRC on their Plumbrook Facility, which incorvorates a
graphite induction heater.

6.1.11 DATA ACQUISITION COSTS - Data acquisition equipment is defined as that -
equipment required to record, store, compute, and playback data collected during
facility operation. For the flow facilities it was based on an estimate of re-
quired channels and costs extrapolated from existing facilities. For the non-flow
facilities it was based on the number of control channels necessary and the number
of environmental parameters being simulated, as determined from the facility com~
ponent breakdowns. Source information from recent MCAIR purchases indicate a
nominal cost of $1000 per dat-~ acquisition channel.

6.1.12 INSTRUMENTATION COSTS - The instrumentation comprises thermocouples,
strain gauges, pressure transducers, flow meters, accelerometers, microphones,

and any other devices which are required to sense physical quantities required for
facility control and test data. MCAIR ard MDAC-ED budgets were again used for
source data, and a cost of $1000 per instrumentation channel was used.

MCDONNELL AIRCRAFT
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6.1.13 OPERATING COSTS - Operating costs for each facility were developed on an
occupancy-hour basis. Occupancy hours are defined as the total time a test occupies
a facility. or portion of a facility. and includes set-up, calibration, testving,

and test removal times.

Different rationales are required to calculate operating costs for (.e flow
ana non-flow facilities. 1In a flow facility, only one test occupies the facility
at a given time, and all applicadble charges incurred by the test are applied directly
to it. For non-flow facilities, several or many tests can be going on simultaneously.
The various test articles can vary widely in size and in the amount and type of
test environments being used. It is impossible, therefore, tc calculate a single
number which is applicable to any and all tests being run in a non-flow facility
without knowing test article type, size, tywe of envirorment(s) to be used, amount
of power required, and the number of persounel, direct and indirect, charging their
time to the test. The approach taken herc is to calculate the average cost of
operating the entire facility, assuming 2000 hours of available occupancy time per
year. 1In order to calculate the cost of a given, identified test, an estimate of
the propertion of the various services required should be made and ratioed to the
total cepability cost.

Operating costs for both facility categories include the cost of power, con-
sumables, maintenance parts and supplies, and facility staffing. Amortization costs
of the facilities are not included, it being assumed that acquisition of the facil-
ities will be provided for by special appropriations, while operating costs are
charged to an annual operations budget. for the test center.

(a) Non-Flov Facility Operating Costs - The various items comprising the
total operating cost of the non-flow facilities are explained below:

o Cost of building operation and maintenance is taken to be 10% of the building
acquisition cost per year. This factor is based on analysis of similar
costs from MCAIR budgets.

o Cost of environmental chamber operations and maintenance is taken to be 3%
of the ci.mter acquisition cost per year, and is based on average MDC budgets
for this type of egquipment.

o Cost of radiant heater maintenance is dependent of the range of heating rates,
since heater replacement rate is proportional to the heating rate.

For rates less “han 110 Btu/1t2 sec (1250 kW/m?), complete replacement
of all heaters every 20 years is assumed.

For rates greater than 110 Btu/ft° sec (1250 kW/m2), complete
replacement of all heaters every year is assumed.

These heater replacement costs are based on experience in the MCAIR radiant
heat facility.

AMCDONNELL AIRCRAFY
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o Cost of control equipment data acquisition, and instrumentation repair
and maintenance is proporticnal to the number of data channels and is based
on the labor charge (at $10 per hour) of one man servicing 150 channels.
This cost is basel ou operating experience in the MCAIR engineering labor-
atories.

0 Cc t of miscellaneous services and utilities maintenance is taken to be
16% of their acquisition cost per year. This figure is representative of
the experience of the MCAIR engineering labs.

o Cost of substation operation and maintenance is taken to be 3% of tae sub-
station acquisition cost per year and is based on average industrial sub-
station replacement rates.

o Electrical power cost is based on $.008 per kWhr (see Section 6.1.6),
utilizing, on the average, 33% of the maximum installed power.

o Cost of steam ejector operation is proporticnal to the pumping rate (and
thus eclimb trajectory simulated) of the vacuwum chamber, and is made up of
the cost of LO,, alcohol, and water for steam generation. TFor this cost
model, it is assumed that the vacuum chamoer is occupied one-third of the

-~ available time (or 667 hours ver year). During this time, the chamber is
under actual vacuum conditions 10% of the time, the remainder oi the time
being spent in test installation, instrumentation, calibration, and test
article removal. Thus, 67 hours per year are cpent under vacuws ccnditions.
A typical one-hour run has been assumed, cons sting of a Y-minvte climb to
altitude and 56 minutes holding at altitude, where the steam consumption is
10% of the maximum rate in order tc overcome the chanber leak rate. This
run model is used, ian conjunction with Figiure 6-1k, which - hows operating
cost as a function of run time and steam rate, to calculate the total
ejector operating cost per year or per Z000 total facility available occu-
pancy-hours. ~

(b) Flow Facility Operating Losts - As discussed above, operating costs of
flow facilities can be calculated directly on an occupancy-hour basis, since only
one test at a time is performed, and all systems and components comprising the
facility are utilized. A run model is necessary, as for the steam ejectors, for all
cost factors which are incurred as a fu.:tion of actual run times and test conditions.
Assumptions made for the flow facility operating costs are exrlained below:

o Repair and mainterance costs were calculated on a basis of 3% of the total
facility acquisition cost per year or per 2000 available occupancy-hours.
This is & judgement factor which was used because of the iifficulty of ob-
taining industry data on the wide range of facility types represented in this
phase, and because of the novelty of several of the facility concepts
where no such date is available.

o Labor or staffing costs were calculated by assuming a staffing level for
each facility and an average rate of $10/hour to allow for some overhead
functions.
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FIGURE 6-14
OPERATING COST
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o Ran tire relateld zost factiors were calculated assuming that facility systems
were crperating 90% <f the total occupancy time and 10% of the time was spent
Al

ir insteslletion, raticn, recdel changses, and test removal. It was

y
]
ot
W

farther assumed t verage rower or consumption rates throughout a typical
run were 70% o the tctal available. Cost fectors for pover and consuralles
assued were:

Utility-provided electric vower - $£.CC08 per kilowatt-hour (Section 6.1.6)

urbine power - $£.0035 per Lorsepower-hour (S.0047 per kW; Section

<

1t (8.122 per kg) with a utilizaction factor

(o)
(o2
't
14
"

Liquié nitrcgen~ =
of 1.5

- > =~ 7 - 3 » - =
Ziguid oxygen- = S$.00€1 ver 1t ($.013% per kg) with a utilization factor
cf .54

Certorn suppl‘z(for C2 reactor, £9) = $.07 ner 1b (8.15L4 per kg).

6.1.14 SCALING - For the parametric studies of Phase IT, twc alternate facility de-
sign concepts (discussed in Section 6.2.7) were selected. In estimating the facilitw
acquisition costs for the gas dyranmic facilities, it was found impossible to do a de-
tailed component breakdown and cost estimate for each of the facilitie , which total
nine, counting all baselines ané alternates. Instead, a fairly detailed cost break-
down was estimated for the three baselire facilities, according to the guideiines
developed in the other subsections of 6.2. These costs were then scaled up for the
alternate facilities according to the guidelines developed in this section.

The differences between the baseline facilities and their alternates lie in
two physical factors; size and stagnation pressure level. There are no differences
in Mach number or stagnation temperature. The two scaling factors, then, are:

R pureenare
Stagration Pressure Ratio = A =X 6.1-2

'fo BDASE 1 NE

} C ALTEE NATE l\ 6 .1-3

Size Ratio =v =

Cussune

where C = Test Section Area
These factors, evaluated for the alternste facilities as defined are:

Facility X A

Baseline .o .o

Alternate 1 0.4 2.5

Alternate 2 .0 2.5

Cost scaling for the defined alternate gasdynamic facilities will be developed
for these specitic values of y and X . )

2
lLinde Div., Union Carbide and Air Reduction Co. Cabot Corporation
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o Pressure Shells with Positive Internal Tressure - Cost estimates Zor
structural components have been calculated as a function of comporent weight, so
the cost scaling ratio (CSR) is equal to the ratio of the alternate and baseline
component *-:ight.

CSR = War
Waate Lime

The weight of a component is proportional to the voiume of material, which is a
function of tnickress, length, and diameter.

For Cylinder

w=kKLDt

where: L is a typical lengch
D is a typical diameter
t is material thickness

So: CSR = LM“ Dacr taur - Az .bhtr
Lat D tae

SASELING

The thickness ratio is found by assuming that équal stress levels are desired
in both alternates and baseline facilities, and, vsing the Hoop Stress Law:

tacr Pasr e £ acr [ Dacr
e [CRr) TN o ) = ¥A
tl& ?ll- DO!- ?o‘., \Dll-
Then: csR = YA?® General Rule 6.1-4
CSR, = b.25
= IS8,
CSR2 6

These values have been used to scale all pressure shells which carry positive
internal pressure.

o Pressure Shells with Negative Internal Pressure

W aer 2 tacr
cs 2 e e el oand SRS
g W.L .t.l-.

In this case all structures are sized for a maximum pressure differential of one
atmosphere, so using the Hoop Stress Law:

'Q_"L = Dm-r
t.l- D‘L.
Cse=A? General Rule 6.1-5
CskR, = CsrR, = 5.6

This value has beer used to scale all pressure structures which carry negative
internal pressure.
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o Storare Spheres

CSR = —mBr

| 3 5
In this case the volume of the sphere is proportional to the facility weight flow,
since run time is held constant.

. Z
Volume = V = lru:r =k P, dx

Vacr _ AY = Dy ALy
Var D2
% Pine o dg=N T D
SAc z\ /3 = ZZLE
e = (Y,\ ) *- No HROAT DIA.

Weight of the sphere is a function of surface area and thickness:

kDSt
73 £
(YA2) ~ =R

8L

E >
"

CSR

As for other vacuum structures,

E_ = Ds ALT =(YAI)II3

tw Ds g
So: csR = $A* General Rule 6.1-6
= .5
CSR, = 2
= 6.2
CSR,, 5

These values wWere used for scaling the cost of the vacuum sphere for GDT.

o Heaters - Cost estimates for heaters have- been calculated as a function
of heater power, so the CSR for heaters is equal to the ratio of the alternate
and baseline power required.

PoweR ALTeLmTE

CSR =
Power BASGLINE

Power required is proportional to facility weight flow

POWEL = Kur = K-P,dy
So: CSR = YA%* General Rule 6.1-T
CSRl = 2.5
= .25
CSR2 b
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These values were used to scale heater costs for GD3 and GD2G. The gas piston
driver of GDT was scaled as a pressure vessel.
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6.2 GAS DYNAMIC RESEARCH FACILITIES

The Gas Dynamic Research Facilities are provided for aeronautical research in
the areas of zerodynamic and thermodynamic configzuration development, inlets and
exhaust nozzles, structures, and operations. As conceived for this study, the
baseline facilities provide approximately 5 times the Reynolds numbter capability of
the best existing intermittent facilities and up to 10 times the capability f major
existing continuous facilities.

The concepts presented are based on specific equioment verformeénce capatil-
ities representative of current technology, but are of an absolute size exceeding
present installations. This should provide facilities which are able to provide a
near term increase in research capability. The performance requirements of the
Gas Uynamic Facilities were based on an analysis of the nine potential overational
systems. The size of the facilities i. mnt completely arbitrary; but is based on
anal ;sis of model materials and balances, so as vu describe a minimum size facility
to achieve a given Reynolds number.

6.2.1 DESIGN CRITERIA - The role of the wind tunnel is primarily that of a Revmolds
rumber /Mach number simulator. For that reason, it was decided to supvlement the
engine vesearch facilities with aercdynamic nczzles for research which required
aerodynamic flow and pressure-temperature-velocity duplication. OCf necessity, the
engine facilities had to provide flight duplicated conditions, and repeating this
capability for the gas dynamic facilities appeared redundant. Therefore, the gas
dynamic facilities are designed to operate at a minimum temperature, jJust sufficient
to avoid air condensation in the test section, and at sufficient pressure to attain
the desired unit Reynolds number in the test section.

In order to determine the Reynolds number/Mach number envelope required by the
potential operational hypersonic aircraft, an analysis of the flight corridor
(Figure 6-15) and the potential operationel aircraft (Volume VI) wes made, and is
presented in Volume II. 1In order to translate this into vehicle Revnolds number,
the sizing criteria developed in Volume II is used to relate the length of the model
to the square root of the test sectional area; that is

/C = 1_L'3‘ 6.2-1

These results are presented in Figure 6-16 and are compared to the capability of
existing facilities using the same model-to-tunnel size criteria.

Examining Figure 6-16, the Reynolds number capability represented by one-fifth
of the maximum full scale Reynolds number is about a three-fold increase in existing
capability, and also represents a reasonable increment in facility size, structural
requirements, and hardware performance. Discussions with Aerophysics Branch
personnel, NASA Langley, concerning the predictioi. of full scale skin friction drag
from subscale tests for low aspect ratio, highly swept configurations indi:ated
that if Reynolds number levels approached one-fifth full scale values, extrapolation
to full scale could be done with a minimum of error. If one-fifth the maximum
Reynolds number could be achieved, corresponding to a maximum dynamic pressure of
2000 psf (95,700 N/m?), then for all other areas of the flight envelope, greater

MCDONNELL AIRCRAFT
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FIGURE 6-15
FLIGHT CORRIDOR BASED ON POTENTIAL OPERATIONAL HYPERSONIC AIRCRAFT
60— 200
50— 10 | ‘ .
Upper Limit Flight Ccmdu—v/ -
0
120 P
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£ % &
.§ é 0 - —
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8
10—
0=

10 12 14

Mach Number

than one-fifth full scale Reynolds number is attainable, minimizing the extrapolation
necessary to full scale values. This is esuec1ally true in the area of hypersonic
cruise at 500 to 700 psf (24,000 to 33,500 N/m?) dynamic pressure, where Reynolds
numbers of 60 to 100% of the full scale values can be achieved, minimizing the risk
of extrapolation errors in a very crucial region. It appears then, that a2 Reynolds
number cepability for the gasdynamic research facilities of one-fifth the maximum
full scale values would provide a reasonable baseline facility definition.

As stated initially, the gas dynemic facilities were to be Reynolds number/Mach
number simulators, not flight condition duplicators. Figure 6-17 illustrates this
point, by comparing the conditions required for flight duplication and those nec-
essary for Reynolds number simulation in & minimum sized wind tunnel.

The conditions for the gasdynamic research facilities listed in Figure 6-17
are based on model strength and balance load carrying capacity. These are independent
of the size of the facility or model, and therefore, represent the maximum dynamic
pressure conditions consistent with the model strength and balance capabilities for
models or the potential operstional hypersonic sircraft. Since the Reynolds number
per unit length is then fixed for each Mach number, the tunnel size must be large
enough to accommodate a model of sufficient size to schieve the desired Reynolds
number, that is, the product of the unit Reynolds number times model length.

The process of identifying the reservoir conditions and wind tunnel size is
characterized in Figure 6-18. The two basic judgements made in the selection of
the gas dynamic facilities were the degree of Peynolds number simulation as a base-
line value and the Mach number range for each facility.
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FIGURE 6-17
DEGREE OF FLIGHT SIMULATION FOR GASDYNAMIC FACILITIES
ISENTROPIC Isr.:rraonc_ ]
WIIT REYNOLDS|PRESSURE VELOCITY STATIC STATIC STAGNATION | STAGHATION
MACK |HUMBER x 10~®|ALTITUDE ft/sec PRESSURE_ | TEMPERATURE, TEMPERATURE | PRESSURE
HO. 1/ft (1/m) |kft (kn) (m/sec) psia (N/cn<) °R (°K) °R (°K) psia (N/cm?)
FLIGKET 1.67 | 6.59{21.6) [20(6.1) 1730(530) 6.75(L.6L4) | uéo(256) 700(389) 35(17.1)
WIND TUNNEL | 1.67 38.8(127.90)|-20(-6.1) 1530(L68) 29.7(20.4) | 360(200) 560(305) 140(&8.5)
FLIGHT 5.0 2.92(9.59) |66(21) L8Lo(1480) .785(.5k0) | 390(216) 2300(1280) 315(218)
WIND TUKRNEL { 5.0 -15.0(k4g.2) [73.2(22.3) 2480(755) .555(.3%2) | 102(56.6) 610(339) 29L(202)
FLIGHT 8.0 1.65(5.42) 186(26.2) 7850(2390) .31(.213) | koo(221) u600(2560) | 4000(2560)
WIND TUNJEL | 8.0 | 13.7(k5.0) |83(25.3) 3660(1120) .3k(.23b) BT(L8.L) | 1200(666) 3210(2210)
FLIGHT 13.0 7.25(23.8) |108(32.8) {13,000(3960) .112(.077)| k15(230) 9700(5380) {100,000(68,900)
WIND TUNNEL | 13.0 | 92.2(310.0) {120(36.6) 5600(1705) .068(.047)] 77(L2.8) | 2500(2390) | 18,800(12,900)
FIGURE 6-18
. GAS DYNAMIC FACILITY SYNTHESIS ,
Wodel/Balance Skeagh | |
| i
Inlet Duct Dimeasion ' R Model . Unit |
> Size > Reynokds \ll
| Buter
Nodel to Tummel Size
| ~ |
Wind Air |
: Tumel Liguitaction | Y i
| Size Limits |
Size Operational Vehicles Technical
1 \ ' Judgment
| | \
Flight Trajectories | Reservoir | Nuzzle Mach
Conditions ' ’ Nember Range
|
Degree Re Simulation |
) |
| Y |
| |
| |
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Exhauster Plenum, Ducting |
l Requirements Losses
i |
|
|
l Compressor :
Ciwia | Requirements h
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6.2.2 MODEL SIZE/REYNOLDS NUMBER CAPABILITY - Determination of the level of Reynolds
number simulation does not necessarily determine the size of the facility. The
Reynolds number based on the model length is:

202

1.78 x 100 qw (1 + S5 L

Rey, = T Ve 6.2-2

test section dynamic pressure (psf)

"

where: Qo

L = model length (ft)
T» = test section static temperature (°R)
Mo = test section Mach number.

The test section Mach number and desired Reynolds number are known from the
aircraft size and flight envelope (reference the development in Volume II). The
dynamic pressure required may appear to be freely variable over a wide range, how-
ever, it is not. As will be developed in this section, the strength of wind tunnel
models and the load carrying capacity of force and moment balances provides an
upper limit to the magnitude of the dynamic pressure a given configuration can sustain,
independent of its size. Given this value, and knowing the nozzle Mach number, the
test section static pressure is then known. For this combination of Mach number
and test section static pressure, there is a minimum temperature which describes
the onset of condensation of the gaseous constituents of air. Therefore, throush
isentropic expansion reiationships, the minimum stagnation temperature and maximum
stagnation pressure are defined.

The only remaining variable is the length of the model. Therefore, since all
the other parameters in this equation are based on non-dimensional characteristics
of the wind tunnel model, its absolute length must be sufficient to achieve the
desired Reynolds number, based on the maximum load carrying capability of the model
structure and the force and moment balance. A gasdyvemic facility based on this
definiticn is therefore the minimum sized facility which achieves a given Reynolds
number without failing either the model or balance.

A complete derivation of the strength limits for wind tunnel models is given
in Volume II and is summarized here.

The maximum dynamic pressure based on the spanwise wing bending strength,
with 80% of the wing cross section area load carrying is:

]2
£
9w Cp, _ 850 1AR .03
o ( Cp 2 Crp o
1+E§) (1+2§)

(EJ = wing root, thickness to chord ratio
AR = wing aspect ratio

Cp/Cg = wing, tip to root, chord ratio

q, = test section dynamic pressure (pst)

6 = wing material working stress level (psi)

Cr, = maximum lift coefficient encountered in conduct of wind tunnel tests.
MCDONNELL AIRCRAFT

6-32



REPORT MDC AC0O13 @ 2 OCTOBER 19870
VOLUME (Il ® PART I

Inspection of equation 6.2-3 reveals that the absolute size of the wind tunnel
model does not affect its load carrying capability; the wing strength is in terms of
a non-dimensional grouping of geometric parameters.

The maximum dynamic pressure based on the chordwise bLending strength of a delta
wing, with a fuselage balance cavity is:

120 (h)2 2
o C 1.
L L - o.shs(%) ] 6.2-1

AR (%0

[0)

(applicable to all-body and blended body configurations where (h/L) is approximately
equal to the (t/c) of the wing at the fuselage centerline)

h = fuselage height at centerline
L = length of wing, or fuselage
b = wing span

AR = wing aspect ratio.

In order to determine the maximum dynamic pressure that a given configuration can
sustain, the working stress levels of the wing material are necessary. For this

study, they are:

Conventional Alloy Steels 25,000 to 35,000 psi (17,000 to 24,000 N/cm?)
Armeo 17-UPH, 15-5PH 55,000 psi (38,000 N/cm?)
Vascomax 300CVM 83,000 psi (57,000 N/cm@)
1975-1980 Steels 125,000 psi (85,000 N/cm?)

These represent levels which have safety factors reflecting requirements con-
sistent with general wind tunnel practice, and fatigue limits for a long life model.

The balances used to measure the model forces and moments are alsc subject to
strength limitations. The data presented in Volume II was obtained from various
wind tunnel reports and the Task Corporation, for multi-component balances.

These balances are 'ypical of those used in intermittent blow down, and con-
tinuous wind tuanels. The nctural frequency of the balance is not a dominating
feature of these classes of wind tunnels, as the run time is far greater than the
period characteristics of the balance natural frequency. This is not true however
for impulse tunnels with run times on the order of one second and shorter. To
achieve a balance/sting combination whose first bending mode pericd is less than
one tenth the run time, some of the maximum load carrying capability must be sac-
rificed to minimize elongation and increase stiffness. TFor GDT then, the losd
carrying capability of the balances will be somewhat less than those for GD2 and
GD20, in order to maintain high enough natural frequencies in the bending modes.
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The maximum dynamic pressure based on balance load carrying capability is:

Qe CL _ h,2 _
——EI—— = 66 (b AR 6.2-5

h = fuselage height in the area of the bvalance cavity

b = wing span

AR = wing aspect ratio

C1 = balance total normal force capabllity per diameter squared.

From data presented in Reference 6, the balance capability .an be summarized as:

Ca
o present balances, mean level * 50G 1b/in® (345 N, cm?)
: )
o present balances, maximum capability 890 to 1000 1b/in~ (613 to 690 N/cn2)
o projected capability, from 1600 to 1780 lb/iu2 {1100-1230 N/cm?)

Task Corporation

Tor the evaluations used in this report, 900 1b/in (620 N/cmé) was used as a
reasonable maximum. McDonnell Aircraft has operated present balances at load
levels over 1000 1b/in2 (690 N/em2), but useful life of the balances was shortened,
compared to previous lower capacity balances.

Equations 6.2-3, 6.2-4, and 6.2-5 are graphicall® =sented in Figure €-1i9.
The materials and balance limitations, and the symwbols tor differeat aircraft con-
figurations plotted on the graphs for reference are given in I"igure 6-1Ya. The
spanwise wing bending strength (Equation 6.2-3) is presented in FPigure 6-19b.

The chordwise bending strength (Equation 6.2-4) is presented in Figure 6-19c.
This equation is vaiid for the all-bLody configurations aand shows only miror veria-
vions in the allowable dynamic pressure level.

The balance capabi. ty limitations (E_ iation 6.2-5) arc -icuented in Figure
6-19d. Although th= range of allowatle dynamic pressure is about ten to one, it
is much smaller than the range for spanwise bending. The largest variatiou occurs
in the zll-body configuration primerily because of the variations in (L/b). The
allowable dynamic pressure for the ..l1-body configurations is similar in wagaitude
to that for subsonic transport conrigurations.

These three criteria are evaluated for the configurations, materials strengtn,
limits and balance capabilities 1li.ted in Figure 6-19a, as presented in Figure 6-19e.
In general the spanwise bending strength limits the dynamic pressure level for high
aspect ratio t: .nsports, although an unfavorsble combinatinn of a very high sirength
steel (300CV¥) model and a low capability balance would prevent utilizing the full
potential of the model. For the lower aspect ratio aircraft however, it is the
balance which clearly limits the allowable dynamic pressure. This balance determined
dynamjc pressure limit is much less than the allownble limit based on model strengtl.

These limits represent the maximum for each criterion. Many design practices,
like two piece wing designs, can substantially reduce th: spanwise bending dynamic
pressure limit,
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FIGURE 6-1%a

MCDEL STREMGTH AND BALANCE CAPACITY LIMITATIONS

Sybol
o
a
A
[
[ ]
[ N
)
Material Working Stress Limits
for Wind Tunne! Models

Matenal ] (o) Stress Level

Present 35,000 psi

Steels 24,000N cn?)

17-4PH 55.000 psi

(38,000 N cm?)
300 CVM 83,000 ps
57,000 N c.20)
Future 125,000 psi
L (975-1980) | (5.000N cnd)
TP8257-110
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1,

oC10

Eilipticat All Body

Eiligtical All Body

All Body

All Body

F-4B

B-52

Balance Load Carrying Capability,
Normal Force/Diame

Time Period Load Capacity (Cy)
Present 500 psi = 10%
Mean (340N 'cmzl
Present 900 psi + 10%
[ L (610N 'cmz\
Projected Future 1690 psi + 5%
Capability 150 N cad)
(1971-1975)
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FIGURE 6-19b
MAXIMUM DYNAMIC PRESSURE LIMITS BASED ON
MODEL STRENGTH AND BALANCE CAPACITY LIMITATIONS
(Wing Bending Strengtn in Spanwise Direction)
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FIGURE 6-1%¢
MAXIMUM DYNAMIC PRESSURE LIMITS BASED ON MODEL
STRENGTH AND BALANCE CAPACITY LIMITATIONS

(Wing Bending Strength, Chordwisa Direction)
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FIGURE 6-1%d
MAXIMUM DYNAMIC PRESSURE LIMITS BASED ON MODEL
STRENGTH AND BALANCE CAPACITY LIMITATIONS

(Balance Capacity)
5 05 0.4 03
(h)
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®
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1
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a
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FIGurE 6-19%
MODEL STRENGTH AND BALANCE CAPACITY LIMITATIONS
{Summary)
QU Cp sl S Cppsl L Cp ot
Spanwise Bending Chardwise Beading Balaoce Limit
. Present Prevat
Aicratt 17-4PH 300 CvM 17-424 300 Cvm — Myl
F-48 11,200 1.7%0 loams | el
1565} 250 S e "
oC10 e | “m 1750
e " e @l a1h
[ ] A 3,600 5.400
am ) 143 24
oo g T 34% $.25%0
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70200 30700 X . &
%1 1460 -
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Sheded values indicate misinum valves of dynamic pressure values.
Vaives for W/ in parentheses.
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Tne model dynamic pressure limits can now be expressed in terms of the required
wind tunnel size to achieve a given Reymolds number level.

(1+ 202)
ReyT =118 x103 (g cp) Ta s
LY T M G,

(7iscosity term bas. . on Suthevland's equation from NASA Report RSO, 1958.)

C = wind tunnel test section ~rcss sectional area (ft2)

Qw = test secticn dynamic pressure (pst)
T« = test section static temperature (°R)
Mo = test section Mach number

C;, = maximum model 1ift coefficient

Re = Reynolds number.

This can be translated into the size of the wind tunnel necessary to achieve a
given Reynolds number level, assuming

.= YC
LhsopEL =3
as developed in Volume iI.
Thus:
-
T I‘R
o = _731 © L f o cp) 6.2-7
(q, S|+ ;oa l 10° |

9, C; from equations 6.2-3, 6.2-k, or 6.2-5.

T
(1 + 202 ) from air condensation consideration. (Figure 6-20b)
T

@

ReL, Ma from flight envelope, vehicle size

CLMAX from vehicle configuration, angle of attack. (Figure 6-20a)

Thus, the wind tunnel size to achieve a given Reynolds number is uniquely described
by the aircraft flight envelope, size, and configuration, and the physical limita-
tions of tne facility hardware and materials.

The dynami~ pressure limits given in equations 6.2-3, 6.2-4, and 6.2-5 are
based on sterdy state running loads at the maximum 1lift coefficient. The starting
J ¥ for blow-down wind tunnels, with the model in the test section at zero angle

AMCDONNELL AIRCRAFT

6-38



REPORT MDC A0013 @ 2 OCTOBER 1970
VOLUME II1 @ PART |

FIGURE 6-20a
MAXIMUM LIFT COEFFICIENTS FOR HIGHLY SWEPT, LOW ASPECT RAT!0
WINGS AS A FUNCTION OF MACH NUMBER
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FIGURE 6-20b
TATIC TEMPERATURE FUNCTION FROM REYNOLDS NUMBER EQUATION vs MACH NUMBER
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of attack, can exceed the maximum running loads by several times. Based on the
McDonnell Aircraft Company Polysonic Wind Tunnel and the Hypersonic Impulse Tunnel
testing experience, the starting loads for GD20 and GDT were estimated, and used in
the evaluation of the maximum dynamic pressures allowable. For the model removed
from the test section during the starting process, then injected into the test
section, the initial lcads seldom exceed the maximum running loads. However,
current blowdown wind tunnels of the type represented by GD20 do not use model
injection schemes, which for the loads involved would require considerable develop-
ment. The maximum value of the product of Qw CL/TE , considering aliowances for
tunnel starting loads, is shown as a function of Mach number for the chosen test
Reynolds number of 1/5 of the fliczht full scale values in Figure 6-21.

In Phase I the facilities were not sufficiently defined to adequately deternine
the exact temperature limits so that a constant temperature was used for the test
section temperature. Although this was not realistic over the entire Mach number
range, it did proviae a ireasonable limit on which to base the test section size.

When other criteria concerning the size of the model and test section were evaluated,
the original estimate of wind tunnel size was still valid.

In addition to the Reynolds number requirement, there are model size limita-
tions based on model detail. Tue following ground rules were established:

¢ desired minimum model scale is 2%

o desired minimum duct diameter for turbomachinery engine duct is 2 inches
(5.08 cm) diameter

0 desired minimum cowl height for scramjet engines is 1 inch (2.54 cm).

FIGURE 6-21
MAXIMUM VALUE OF q_ C 1/C AS A FUNCTION O~
MACH NUMBER CONSIDERING STARTING LOADS

Re Classy c
o L smwr | (rrorsqua. | CLF‘
i 09 5 [(FIGLPE —Dtan?
L 6-192) Q oy 6.2-5) psf -1ft
-3 .21 LT3 1.9 900 10,400
E .6 032 15 30,000
g .9 .30 .76 39,600
g 1.2 k1 .82 67,90
o 1.3 iy .81 67.205
=] 1.7 .52 .71 81,300
a 2.6 .38 2 L ,000
& 2.7 Lo .0l 1.0 LL Lco
& L .29 .50 .63 29,800
= 5 .23 R L3 900 26,800
3 5 .23 b5 L3 500 48,300
5 6 .20 WLz .33 50,500
5 6 .18 L2 .33 46,800
% 7 .1y RS .30 L5,000
2 8 .13 R .25 45,000
S 9 11 Lo .26 L3,800
= 10 .10 .40 .2k L7,00¢
2 10 .0T3 .ko .2k 3,300
& 11 .066 -39 .22 34,300
§ 12 .060 .39 .20 35,300
13 05T .38 .20 500 35,300
—
HE 3 21 3.0 - 1.0 902 41,900
8 & 6 32 .92 1.0 900 36,200
g 4 9 30 .70 1.0 900 35,k00
w E
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The turbomachinery duct size was considereuw a minimum to achieve the proper
number of steady state an” time variant pressure measurements to describe the
compressor or combustor recovery pressure distribution. Preferably, the duct
diameter should be larger in diameter for best time variant measurements but this
was considered an acceptable minimum. For these criteria, and the potential oper-
ational aircraft described in Voiume VI, the rejuired model scale and test section
size is given in Figure 6-22a. For reference, three of the flight research
facilities are presented. The engine designations can be found in Volume V. The
details of arriving at these scale factors are given in the accompanying Figure
6-22b. For the scramjet engines, the ratio i< the geometric free stream capture
area to the cowl area is 5.65.

The minimum test section size required to achieve ciz-fifth of the maximum
Reynolds number required by the potential operational hy. .rsonic aircraft is pre-
sented in Figure 6-23, as a function of Mach number. Three values of the dynamic
pressure/lift coefficient product are :iven, representing a nominal range of all-
body type configurations (taken from Figure 6-19d). The minimum wind tunnel sizes
indicated from the model/balance strength analysis generally are of the same mag-
nitude as those indicated from the engine duct size analysis (Figure 6-22). Al-
though the Phase I analysis was less detailed, the results were consistent with
these results. The test section sizes for the gasdynamic facilities will remain
the same as that celected in Volume II. That is:

@3 L =16 ft (4.9 m) 0<H_ <5
GD15 12 £t (3.6 m) L5 <M < 8.5
GDT7 8.9 't (2.7 m) 8 <M <13

For comparison the minimum test section size required to achieve one-fifth full
scale Reynolds numbers based on length for subsonic transports is shown in Figure
6-23. This represents about twice the magnitude of the Reynolds number stated
in Reference 17 as necessary for wind tunnels, when considering very large trans-
ports. The criteria stated in Reference 17 for subsonic transports is:

Re_ 2 10 x lO6

c

As showr in Figure 6-23, the requirements for subsonic transports are of the same
magnitude as for the potential operational hypersonic aircraft.

The ¢, amic pressure/lift coefficient products used in Figure 6-23 to determine
the minimum sized test section for the potential operational hypersonic aircraft,
and for the subsonic transports (3500 psf - 16.5 N/cm2) generally excecd current
practice in wind tunnel testing, although consistent with the strength analyses.
Some tecunique development will probably be required to attain the maximum values
determined from the strength analysis in actual operations for this reason.
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FIGURE 6-22a
MOCEL SIZING CRITERIA

Duct Dia Cowl Height
i 2In. _—-.
(5.08 cm) @25 cm) 1M
Minimum Model Inlet Minimum Model Inlet Size For
Duct Size For Scramjets
Turbojets/Tuboramjts/Raniels g Winimem Scale Factor 2%
Operational Mach Number Engine
Aircraft Range (See Figure 2-13) 4T % Scale
Volume V ft (m)
L 03106 ® 12 3.6) 33
L2 031035 25x (D 6.1(L8) 2
351012 ® 16 (4.9) 42
L3 0301 Rocket 55 (L.7) 2
L4 30012 125 (3.8) 5.7
cl 03to6 ® 1443 33
c2 03035 15x O 85 (3.5) 21
35010 13742 57
Ul 03045 ® 40(1.2) 33
W Bto12 133 57
W Btol2 ® 10 3.0 19
Flight
Research
Facility
-207A 03to7 RI-207 5.6 (L7) 63
-212A 03107 RI-212 44 L3) 5.0
-2578 351012 ® 110 3.3) 1.0
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FIGURE 6-22b MODEL SIZING CRITERIA, ENGINE SIZE
For Engine Specific Performance, See Volume V

Engine Duct % Scale for ]
As Given Diameter 2 Inch (5.08 cm)
Figure 2-13, in (m) Model Duct Size
Volume V
Turbojet (1) 79 (2) 2.5%
Turbojet (2) 47 (1.2) 4.3%
Turboramjet (3) 71 (1.8) 2.8%
Turboramjet (L) 60 (1.8) 3.3%
Turbofan (5) 96 (2.k4) 2.1%
Free Stream Number Module Size % Scale for
Capture Area of at Cowl 1 Inch (2.54 cm)
£t (m2) Modules £t (m) Model Cowl Height
Acceleration 80 (8.3) 3 1.25 x 3.76 6.75
Convertible (.382 x 1.15)
Scramjet
Acceleration 480 (43.5) 7 1.54 x 3.96 5.4
Convertible (.60 x 1.23)
Scramjet (6)
Acceleration 270 (25.0 5 1.15 x L.1k T.2
Scramjet (8) (.94 x 1.21)
Cruise Scramjet | 140 (13.0) L .829 x 3.72 10.0
(9) and (10) (.506 x 1.13)
Ramjet Engine:
from Fli.nt
Research
Vehicle - 207A 16 (1.5) 1 1.33 x 6.9 6.3
(.41 x 2.1)
-2124 21 (1.9) 1 1.66 x 7.2 5.0
Ramjet Engine 15 (1.4) 1 1.5x5 5.5
(1) (.46 x 1.65)
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FIGURE 6-23
GAS DYNAMIC FACILITY SIZE REQUIREMENTS BASED ON MODEL/BALANCE STRENGTH
30 -
i
'I \‘ For 1/5 Fuli Scale Reynolds Number Duplication
]

2800 psf (13 N/em?)

._—

T - Feet

-

T —_GD7—?—_
] % 3600 psf (17 N/emd)

S 1 1
| The shaded area represents the test section size required to obtain a Reynolds number
from 20 to 30 million based on mean aerodynamic chord for a subsonic transport.

| l | |

0
0 -2 ' 6 8 i0 12 14
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6.2.3 TEMPERATURE CONTROL REQUIREMTTS -~ In the operation of a continuous or
intermittent wind tunnel, the pressure snd temperature must be maintained within
certain limits if the Reymolds nurmber is to be maintained relatively constant in
the test section. For slender hypersoni: configurations the skin friction domin-
ates the total drag, and a 10% Reynolds number va.iation could mean up to a 5%
variation in the drag (for those portions of the models in laminar flow). Any
variations greater than this would mean each drag point would have to be corrected,
to reflect its value at the nominal Reynolds number. It was decided to place a
maximum value of 10% total variation in the Reynolds number during a run. If the
control uncertainties associated with the Mach number control (nozzle contour
position accuracy) and the pressure control are considered relatively constant,
then that portion of the total error attributed to temperature control is about T%.

The expression for Reynolds number is:

Re = ngcoL = L“M"’B.“L = PoMew ‘/'Y_ L
H» U Heo RTw

When pressure and Mach number are held constant, the temperaiure ratio in terms
of an gllowable Reynolds number ratic is:

2 2
Te2  _fug (Rel) 6.2-7
Top \"2 Rep

Substitution of a suitable viscosity law allows solution of equation 6.2-7 for the
temperature ratio which will produce a certain Reynolds number ratio. One such
viscosity .aw is the power law,

.76
H1 = <Tml>
s T°°2
Jsing this relationship, equation 6.2-T becomes
A - 79
T = (Reo 6.2-8
Tml Rel

1 more accurate viscosity relationship is Sutherland's equation,

3/2
1= <Tw2 + _198.6 <E_1_>
H, T * 198.6 T,

loing Sutherland's law for viscosi.y, equation 5.2-7 becomes
1
T T r \* R »
L SO wl] + €2 1 1+ 198.6 6.2-9
Twl 397 397 Rel 195-3' Tml
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Solution of either equa“ion 6.2-8 or 6.2-% for a desired maximum Reynoldc
number change during a facility run cf T% gives the allowable temperature change
during a run. By equation 6.2-8, the per cent t2mperature change is constant
with Mach number und is + 5.2%. Since the initial static temperature is one of
the variables in equation 6.2-9, assumed values of initial stagnation temperature
must be used and the initial static temperature then cslculated. Assumed values
and results are shown below,

To ATo AT

M (°R) (°Kk) To, (°R) (°k)

e 560 - (311) .0503 + 28 (15 5)
1 560 (311) .0526 27 (16.1)
2 560 (311} .0k23 + 2k (13.3)
4 600 (333) L0416 + 25 (13.9)
6 830 (L61) 0457 + 38 (21.1)
8 1300 (122) .ok23 + 55 (30.5)
10 1900 (1055) .0L8k + T3 (ko.5)
12 2500 (1390) .0392 + 98 (54.5)

The permissible stagnation temperature change for a maximum Reynolds number
change of 7% is shown in Figure 6-2L, plotted versus Mach number. Near Mach number
1 the approximate equction agrees well with the more exact eguation, but at higher
Mach number it overestimates the allowable temperature deviat.on. These results
can then be used to determine heater reguirements, storage volumes, and wind
tunnel size necessary for a desired degree of Reynolds number simulation in ~ther
sections of this report. In general, for the limits set for this repo:t, about a
+ k% variation in stagnation temperature would be the maximum permissible tc main-
tain Reynolds number control.

FIGURE 6-24

TEMPERATURE VARIATIONS PERMISSIBLE BASED ON A
DESIRED REYNOLDS NUMBER VARIATION

A%
- - -} Equation 6.2-4
-4 # . \\
1 1" e Lquelion 62-9
ﬂ' o
i 8 '
T.i Reg
AR —-;.‘— = 107
o1 n n ! T

ach Nember
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6 2.L TUEUMATIC LOSSES - In order to estnblish compressor pressure requirements
end the 27 e of supply pipes for the flow facilities, estimates oI csystem pressure
drops were reguired.

o 8%tiliing Chaztber Pressure Drcr - in idealized georetric concept was chosen
to repr:sent the stilling charber cesign for all the fiow facilities, and the
pressure Arop characteristics of this conesrit were calculated as a funeotion of
vipe-tc-stilling chamber aree vratio and irlet Mach number. A s¥etch 0f the assumed
geometry is showr ir Figure 6-25 and the resuits of the calculations are shown
in Figure €-26. Figure 6-2> defires the geomesry and stations used in all the
analyses of the air suprlyr systens discussed in Section 6.2.

Tne mavhod of cilculating the pressure drcps of each corronent was based on
the loss coeificient or X-factor, wherein the pressure drop through a fiow passage
is expressed 25 a function ol the ertering dynamic pressure, such as:

APr) 5 7 Ky 6.2-10

Physical deseripticn: of the stilling chamber components and their loss coeffi-
cients fcllow.

Diffuser: 4 90° included angle cone. K = 1.03

Flow Disperser: A 120° included angle, 40% porous cone. {Porosity ctoser to keep
the Mach v.~wber through the holes < .3), X = 3.0

Two Turbulence Screems: Porosity = .S, K = 1.6 (each)
Heater or Homeycemb: K = 1.0

(K valuzs obtained from Crane Technical Bulletin No. 410 and data provided by
J. A, Gunn, E. M. Kraft, and M. W. Foole of ARG, Tnc.).

Pressure drop calculations for each of the flow faecility stilling chambers
vere perfcrmed using the data from Figure 6-26, for the specific ratic chosen for
each fecility,

o Supply Pipe Trictional Lcsses — The Irictional pressure drop from storege
tan.s nr ccoupressor ¢ the stilling chamber tras calcuiated by assuming adisbztic
flow witn friction (Fannco fiow). An equivalent frictional length of 1000 ft
(305 m) was assumed for all facilities to account, for the actual length and for the
various elbows, tees, etc., which would ve present in the real pipelinme. The pipe
Ciameter was assumed constant and "es sized to give an exit Machk number (Mp) = 0.7
at the maximum */Pn flow cozdition.

teving decided upon the dimensions of the stilling chamber and supply pipe,
pressure drop calculatiors were made for a number of Tlcw conditions which estub-
lished tYe mininum upstreem conditio: s required at the storage ta .k o compressor
outlet. 1In acuual practic- thi.itling valves will be used when ranvenient to
match cthe facility regquirements with the compressor characteristics.

MCOONNELL AIRCRAEY
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6.2.5 AIR DISTRIBUTION SYSTEM - In establishing the supply pipe sizes for the

blowdown facilities GD3 and GD20, the procedure described in 6.2.4 was followed
with the exception that the blowdown plpe size was establishe? assuming choked

conditions at the maximum w/P, flow condition at the pipe exit. In theory, one
pipe could be specified which would carry the facility weight flow. Three con-
straints operate in actuality to prevent using this simple one-pipe system.

o Stress Considerations - The assumption has been made, based on information
from Nooter Corp., St. Louis (a structural steel fabrication firm specializing
in large rolled and seam welded cylinders, tanks, etc.) that the fabrication limit
of cold rolled 1020 type steel is about U4 inches (10.1 em) thick. This limitation,
used irn conjunction with the ASME formula for unfired pressure vessels,

T

t= 9% - 0.6p 6.2-11
wopere: t = material thickness in inches
v = irternsl pressure in psi
G = allowable stress in psi (17,500 psi) (12,100 /cm?)
r = internal radius
E = efficiency.
Jr tuhe simpler hoop stress eqguaticn,
t = L; 6.2-12

results in a basic limitation in structure diameter as a function of internsl
pressure. This limitation is shown graphically in Figure 6-27, and zpplies to all
pipe systems. Certain special structures, such as very high pressure air stor-ge
tanks or stilling chambers, will be built using high strength steels or lamination
techniques, and will not adhere to this limitstion. The square symbols on this
figure show that choosing a single supply pipe for the taseline and both alternate
hypersonic legs of GD20 and for alternate 2 of GD3 would result in higher than
permissible stresses. The round symbols show the result of choosing multiple vpipes.
Ten pipes are used for each case except alternate 2 of the GD20 nypersonic leg,
which uses 32 pipes.

o Valve Design - The isolation valves on the upstream end of the supply line

and the throttling valves on the downstream end must not only withstand the maximum
tank storage pressure, but must seal tightly ageinst it. The working pressure and
diameter of the single pipe arrangements are so far beyond the state-of-the-art
that no vaive manufacturer was willing to discuss their design or manufacture.
GD3, alternate 2, needs 500 psi (345 N/cm?) working pressure and a 31 ft (9.5 m)
aiameter valve. Even the expedient of going to 10 pipes produces very stringent
ve ve reguirenents, and higher numters of pipes may be neede