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1. Summary

The National Wind Tunnel Complex (NWTC) Project was a strategic partnership between Industry and Government
to design, build, and activate “world class” wind tunnel facilities for the development of future-generation
commercial and military aircraft. The objective of the project was to provide transonic and low-speed test facilities
capable of high-productivity testing with superior flow quality at Reynolds numbers that more accurately simulate
actual flight conditions. This would allow Industry to design more efficient aircraft, in a shorter development time,
at lower development costs, and thus enhance the competitive position of the US for world-wide commercial and
military aircraft sales. This report summarizes the work of the NWTC Project office.

The NWTC Government/Industry partnership included: Boeing, Department of Defense, GE Aircraft Engines,
Lockheed Martin, McDonnell Douglas, NASA, Northrop Grumman, and United Technologies Pratt & Whitney.
Key to the partnership was the envisioned Government/Industry cost-sharing of the project. In order to execute the
project, NASA established a Wind Tunnel Program Office (WTPO) and entered into a contract with The Boeing
Company, as the representative of the Industry Team, to carry out the planning and preliminary design effort. This
included technical/cost studies, conceptual design, preliminary engineering to define the program, optimization of
the requirements, and estimation of the program cost.

The basis of these design activities was performance goals defined by the National Facilities Study Task Group on
Aeronautical Research and Development Facilities. The group established two critically important measures of
improved wind tunnel performance: higher Reynolds number capability and greater throughput productivity. The
initial NWTC plan was for two high-performance wind tunnels (low speed and transonic) and their related process
and test support facilities. The effort was later redirected to a single multi-purpose tunmel.

Phase 1, planning studies, was initiated in June 1994 and completed in December 1994. Phase 2A, preliminary
design, was initiated in December 1994. A Systems Design Review (SDR) for the two-tunnel configuration was
held in October 1995. The Project was contractually redirected in October 1995 to a single Multi-Purpose Wind
Tunnel (MPWT). The design effort was terminated with the MPWT SDR in March 1996.

The Multi-Purpose Wind Tunnel presented at SDR provided a 13 x 16 ft Test Section, with a 7 atm shell, utilized a
carting system, had a Mach range of 0.015 - 1.5, and provided a Reynolds number of 31 million at Mach 1. The
configuration met the overall National Facility Study goals of being a World Class facility in terms of flow quality,
high productivity, and low operation costs. It met the Reyolds number goal at transonic speeds; however, it did not
meet the goal at low speeds. The configuration cost estimate was $1.29B; recommendations were made of
delayed/reduced capability which would reduce the costs to the $1.2B project budget. Not included in the budget is
necessary site supplied infrastructure with a value estimated at $0.37B.

An important aspect of the project was the development of detailed performance requirements. An active Customer
Requirements & Operations team, interacting with Government and Industry partnership members, translated the
NFS national consensus requirements into detailed engineering requirements. This activity served to draw focus on
the limit of existing technology in meeting the detailed engineering requirements.

NASA directed the NWTC to conduct an orderly phase out and closure following the MPWT SDR because of the
“current fiscal situation”. This report reflects the design maturity as of the SDR. The project was concluded by
archiving all project information following the SDR. This project information archived includes: detailed customer
requirements; site evaluation criteria; the functional baseline; concept evaluation studies; models (productivity, flow
quality, and life cycle cost); the NWTC configuration represented by the definition of systems, subsystems,
components, and their respective interfaces; definition of major procurement packages; definition of system,
subsystem, and component acceptance testing; and NWTC activation and calibration tests. Additionally, a detailed
cost estimate, schedule, and PDT specific supporting documentation, as well as general supporting data, are
included in the archive. The archived data is available on CD ROM disks.

5/28/96 1
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2. Introduction

2.1 Background

Research, development, and test facilities are critical to maintaining U.S. leadership in aerospace technologies.
During the past ten years, several studies and reviews have been conducted to determine the National and Industry
facility needs to ensure future U. S. leadership status. The most noteworthy of these are a Boeing corporate
assessment in the late 1980s (Ref. 2-1), the joint NASA/DoD National Facilities Study (NFS) (Ref. 2-2)team
including a Facilities Study Office (FSO) at Langley Research Center in 1993-94 (Ref. 2-3), a study by the ASEB of
the National Research Council in 1993-94 (Ref. 2-4), and most recently, the NWTC Program/Project Office 1994-
96 in Cleveland, Ohio which brought together a government and industry team chartered to develop detailed
requirements and design concepts, and execute the acquisition process through a joint government-industry
consortium. The results of these collective efforts have clearly been a consistent central theme and
recommendation: “The Nation needs to acquire modern, state-of-the-art, subsonic and transonic wind tunnels
for industry (commercial and military) support”.

Three areas of emphasis have consistently been evident throughout this process: 1) the need for improved
information quality (higher Reynolds number, improved flow quality, and more accurate instrumentation), 2) a
clear requirement for assured availability and high productivity to provide timely generation of wind tunnel
information for airplane development projects, and 3) the need for competitive data production cost.

There has been a firm and consistent technical need throughout this ten year process of studies and reviews, and
recommended technical solutions have changed very little. The technical requirements and basic design approach
have matured and been refined, but essentially, the evolution from the requirement studies continued to confirm the
same requirements. The NFS team was chartered “To formulate a coordinated national plan for world-class
aeronautical and space facilities that meet the current and projected needs for commercial and government
sponsored research and development, and national space operations.” The need today is clearly stated in a June
1994 AIAA paper (Ref. 2-5) summarizing the NFS results; “Subsonic and transonic wind tunnels were judged to be
the most critical and of highest priority. .... It is the consensus of the U.S. indusiry and government that substantial
gains in capability, productivity, and operating cost metrics are needed to provide the U.S. with world-class
facilities for both commercial and military aircraft development. These gains cannot be achieved through
improvements to existing national facilities. ... Facility concepts to meet the need have been defined.”

In order to accomplish the wind tunnel effort outlined by the NFS, NASA established a Wind Tunnel Program
Office (WTPO) and entered into a contract with The Boeing Company, as the representative of the Industry Team,
to carry out the planning and preliminary design effort as the first step in the acquisition process. The contract
effort focused on the required planning studies (Phase 1) and preliminary design (Phase 2A) associated with the
development of the NWTC, as the first step in the acquisition process.

It was the intent that the NWTC Program break new ground in government - industry relations and acquisition
processes. “Re-engineering government” was envisioned to be a practical aspect of the Program. The NWTC
government/industry partnership was based on using best commercial practices, which streamline acquisition
processes and minimize oversight, and incorporated a systems engineering approach from project planning through
project completion. The proposed joint funding of a major capital expenditure by government and industry was a
major departure from traditional approaches. The establishment of a Project Team populated by the collective
talents of all segments of the national aeronautical community carried this innovative theme forward. The NWTC
Program was to acquire a “best in the world, not to be surpassed” development facility to support the U.S.
airplane industry.

2.2 Project Scope

The Project scope included all aspects of the NWTC acquisition:
»  establishing detailed requirements, based on NFS national consensus requirements and input from

Government and Industry partners

5/28/96 2
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preliminary planning

conceptual design and studies

preliminary and final design

procurement, fabrication, and construction

activation, calibration, and customer verification testing

Although not clearly stated in the documentation, the intent was to establish a commercially viable complex without
long term government or industry financial subsidies.

The initial NWTC plan was for two high-performance wind tunnels (low speed and transonic) and their related
process and test support facilities. The NWTC project was redirected from the two-tunnel configuration to a single
Muiti-Purpose Wind Tunnel (MPWT) located at an existing site. The project also assumed significant infrastructure
contribution from the site. This change was made in October 1995, based on funding considerations, and provides a
relatively high percentage of the total NWTC capability with approximately half of the required capital investment.
Significant concern has been expressed in Industry related to the reduced low speed Reynolds number capability
and the reduced capability to support two simultaneous major development programs. However, Industry did
officially support the single tunnel concept as the best solution within the funding projections. If in the future
current funding constraints are removed, Industry still supports the National Facility Study results, which were
substantiated by the National Research Council, and recommends implementation of the full two-tunnel complex.

2.3 Project Status

A one day System Design Review (SDR) for the two tunnel concept was conducted in October 1995 (Ref. 2-6).
Detailed customer requirements were presented. Conceptual designs and related design studies were also presented,
and a NWTC design concept established. The two tunnel (transonic and subsonic) cost was estimated at $2.5B with
an initial operational capability (IOC) in late 2003.

In late 1995, the Project Office effort was redirected to the Multi-Purpose Wind Tunnel (MPWT) concept. The basic
objective was to develop a $1.2B design with a design-to-cost approach which met the most comprehensive set of
NWTC requirements possible. An extensive two and one-half day SDR was conducted on 20-22 March 1996 (Ref.
2-7) for the MPWT concept.

The MPWT is a 13 x 16 foot transonic tunnel, approximately 20% larger than the two-tunnel transonic circuit. The
controllable test section velocity covers the range of the original two tunnels. The MPWT represents over a 50%
reduction in test section area as compared to the original subsonic tunnel design. The total pressure increase from
five to seven atmospheres, which was added to provide higher Reynolds number capability for fighter models at
high subsonic Mach numbers, compensates for a major portion of the low speed Reynolds number reduction due to
size; however, there is an increased risk that wind tunnel models will not be able to use the full pressure capability
of the tunnel for development purposes because of high aerodynamic loads.

The single tunnel concept presented at the March 1996 SDR had an estimated cost of $1.29B versus a $1.2B
budget. Recommendations were made for delayed/reduced capability which would reduce the costs to the $1.2B
project budget. This closure on cost would have been addressed if the program had continued. There were several
open issues related to the assumed site-provided equipment (value estimated at $0.37B) and support capabilities.
Some of the assumed capabilities exceed the capacity of any known sites and several integration issues related to
reliability and automation appear to be formidable tasks which could not be adequately addressed until the site was
selected by the government. The overall review conclusion was that the NWTC Project was ready to proceed with
preliminary design, that the technology, risk, management, and economic issues, though challenging, were
acceptable, and that the Project Team was established and ready to meet the challenge.

This report provides an overview of the NWTC Project results and accomplishments. It is anticipated that it will

provide sufficient information to motivate the reader to explore the archived information base left as an NWTC
legacy for future tunnel development projects.
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2.4 Document Organization

The document is organized into ten sections as follows:

Section 1~ Summary, provides a one page overview of this report.

Section 2 - Introduction, defines the purpose and scope of the NWTC Project.

Section 3 - Project Overview, gives a top level description of the project organization, business and
management plan, single tunnel design, and project risks.

Section 4 - Industry Business Arrangements and Financial Alternatives, describes the Government/Industry
business arrangement, contracting plan, top level cost, and schedule of the project.

Section 5 - Customer Requirements and Operations, describes the development of the customer/user
requirements from Industry/DoD/NASA.

Section 6 - Site Evaluation, provides a description of the process used for site evaluation and selection.

Section 7 - Wind Tunnel System Definition, describes the NWTC system level processes, requirements,
decisions including risk and performance evaluation.

Section 8 - System Studies, is a description of the studies and experiments performed prior and during the
project. It includes risk reduction, concept evaluation, and tunnel upgrade studies.

Section 9 - Segment Definition, contains the detailed description and design of the defined segments of the
NWTC.

Section 10 - Concluding Remarks, final conclusion on the work accomplished.

Appendix A - References, provides a list of references contained in this document.

Appendix B - Archive List, a list of all documents being archived with the termination of the NWTC Project.

3. Project Overview

3.1 Program/Project Structure

The NWTC Government/Industry Team was composed of representatives from NASA, the Department of Defense,
and major U. S. aerospace companies (Boeing, General Electric Aircraft Engines, Lockheed Martin, McDonnell
Douglas, Northrop Grumman, and United Technologies Pratt and Whitney). NASA, as the Government agent
responsible for the activity, established a Program Office to oversee the execution of the NWTC Program. NASA
contracted with Boeing, as the representative of Industry Team, to establish a NWTC Project Office for project
execution.

The Program Office was charged with Government oversight, development of incentives for superior Project Office
performance, providing Government advocacy, ensuring access to Government expertise and assets, and investing
in related technology to facilitate NWTC success. The relationship of the Program Office to the Project Office is

shown in Figure 3-1.

The Project Office, as the representative agent of the Industry Team, was chartered with the responsibility of the
design, construction, testing, and activation of the NWTC facilities and related systems. The Project Office was
given the role of system integrator from development of detailed design specification through the activation and
transition to fully productive customer support. A wide variety of major tasks such as site requirement analysis and
evaluation, identification and validation of customer requirements, system engineering and integration, risk
identification and management, subcontracting and construction management, and acceptance testing and
calibration were given to the Project Office.
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NASA

Program Office » Government Oversight

* NWTC Advocacy

Program Manager

NWTC * Government/Industry

Executive Committee Coordination
§ - Project Oversight

NWTC

Project Office + Responsible for Design,

Construction, and Activation
* System Integrator

Project Manager
Figure 3-1: Program/Project Office Relationship

3.2 Project Organization

The NWTC Project Office was a product-focused matrix-organization, organized along functional lines with
functional process owners reporting to the Project Manager, as shown in Figure 3-2. The four major activities were:
Business Management and Planning, Customer Requirements and Operations, Site Evaluation, and Design/Build.

These are described in the following paragraphs.

NWTC Project Office

Project Manger

Deputy Project Manager

Deputy Project: 2
Technical £

Project Management

Advisory Council
Business Project Human Customer Site . . B uali
Management & $ N n R e Requirements Evaluation f§ Design/Build # A?surar?t,:e

Planning & Operations Committee &
* Project Controls + Organizational « Industry Customer « Systems Engineering
« Contracts Communications Representatives & Integration
* Procurement * Product Development

Teams

* Facilities

Figure 3-2: Project Office Organization

Business Management and Planning
The Business Management and Planning (BM&P) organization served as a traditional cost and schedule control

monitor for the Project Manager. BM&P also served as the overall Project contract compliance monitor and
provided materiel functions (e.g., purchasing and subcontracting) for the Project Office organizations. BM&P
roles and responsibilities are described in Section 4.0.

Customer Requirements and Operations
The CR&O organization represented the NWTC Government and Industry aeronautical system development

community. They defined and validated specifications and operational requirements used to optimize the
design with respect to performance, cost and schedule. This group coordinated with their parent organizations
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to ensure the test capabilities and operations meet expectations, and to define, interpret, and perform technical
trades of test needs against predicted NWTC performance. The CR&O is further described in Section 5.0.

Site Evaluation Committee
The SEC worked with the CR&O, the Design/Build teams and Business Management and Planning under the
direction of the Project Manager to identify site requirements and site related factors affecting the cost to
design, construct and operate the facility in the various locations. The SEC would then solicit site proposals,
and assess and rank the candidate list of potential sites. The SEC role in the Project is described in Section 6.0.

Design/Build
The Design/Build organization was responsible for the overall NWTC system technical development and
integration. Design/Build was organized and functioned under a teaming concept. A Systems Engineering and
Integration (SE&I) team was formed with Design/Build management, PDT leaders, and representatives from
supporting organizations. Product Development Teams (PDTs) were chartered by segments consistent with the
acquisitions plan. The number and make-up of the PDTs were selected based on experience and judgment of
the senior members of the Design/Build team. The definitions of the PDT elements and the functional
interfaces between them were established by the functional analysis process. The relationship of the SE&I team
to the PDTs is shown in Figure 3-3.

. . : Technical Design
Technical Requirements : .
“Proiect Specification *Segment Specifications

Sr ) Ip c Systems Engineering & Integration *Segment Interfaces
*System Interfaces .
yster . (SE&T) Allocated Baseline
*Functional Baseline .
°Product Baseline
Carts, Balances, Flow Compressor/ Tunnel Control
Test & Equipment Conditioning Drive Pressure System & Information Auxiliary Plant Infrastructure
Systems PDT PDT PDT PDT Systems PDT PDT PDT
(TEST) (FLOW) (COMP) (PRES) (C&I) (PLNT) (SITE)

Figure 3-3: SE&I Functions

3.3 Acquisition Strategy

The overall acquisition strategy of the NWTC was to subcontract large work packages with suppliers who have
demonstrated past superior performance. The Project Office and its design subcontractors would carry the design
effort to the level necessary for procurement of these work packages. Where possible, these procurements would be
on a competitive, fixed-price basis. The Project Office would be responsible for system integration. The six
individual subcontractors would be responsibie for fabrication, construction, segment activation and segment
performance. The Project Office would be responsible for integrated system activation, integrated system
performance, and tunnel calibration. Figure 3-4 depicts the acquisition plan as it relates to the seven PDTs derived
from the major system elements and to the major subcontracts aligned with these system elements (Ref. 3-1).
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Major Subcontracts
* Test Carts
> « Balances
SN

* Pressure Shell &
Flow Conditioning

Pressure

Flow
Conditioning

E » Compressor/Main Drive

e Control and
Informtion

Control & @&
Information .

= General Contractor

Figure 3-4: Subcontract Plan

3.4 Design Overview

The basis of the design was performance goals defined by the National Facilities Study Task Group on Aeronautical
Research and Development Facilities. The CR&O team, interacting with Government and Industry partnership
members, translated these NFS national consensus requirements into detailed engineering requirements. Through a
detailed functional analysis approach, a two-tunnel configuration was developed, documented in the Project
Specification (Ref. 3-2), and reviewed at SDR in October 1995. Major tunnel performance feature are listed in
Table 3-1. The program was based on a greenfield site, had an estimated cost of $2.5 B, and an IOC of 2003.

Low Speed Tunnel (LSWT Transonic Tunnel (TSWT)
- Mach 0.015-0.6 - Mach 0.05-1.5
- 20 X 24 ft Test Section ‘ - 11 x 15.5 ft Test Section
- Re 20 million @ M=0.3 - Re 28 million @ M=1
- Excellent Flow Quality - Excellent Flow Quality
- High Productivity - High Productivity
- Low Operating Cost - Low Operating Cost

Table 3-1: Major Tunnel Performance

Both tunnels featured 5 ATM total pressure capability to attain the desired Reynolds number envelope, and isolation
valves and a carting system to increase productivity. The transonic tunnel contained a flexible nozzle to attain the
maximum Mach number of 1.5. The facility provided air capacity to support rapid model changes and propulsion
testing, and multiple model preparation areas to support the build-up and check out of multiple customers’ models.

At the direction of the NASA Program Office and the Project Executive Committee, the Project was redirected to a
single Multi-Purpose Wind Tunnel (MPWT) in October 1995 (Ref. 3-3). The criteria and rational for this single
tunnel were:

e Single, multi-purpose tunnel
e  Maintain full transonic capability
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e Incorporate low speed capabilities
- maximize, within the constraints, low speed Reynolds number
- provide open jet acoustic test capability

Provide features which cannot be added later

Compatibility with existing tunnels

Assume a significant site contribution to infrastructure

$1.2 B program budget constraint

The conceptual design that was presented at the SDR in March 1996 provided an optimized design accommodating
the requirements stated for information and flow quality, performance envelope and testing capabilities, throughput
capacity and project cost goals. The baseline configuration included site layout, airline parameters, test, plant,
infrastructure, controls and information, pressure, compressor, and flow conditioning and other performance
features as reflected in Technical Performance Measurements (TPMS). The SDR configuration was predicated on
locating the facility at an existing site, utilizing significant site supplied infrastructure, had a program cost of
$1.29B, and had an IOC of 2003. Key performance and features are listed in Table 2 and Figure 3-5 shows a cut-
away rendition of the tunnel.

Multi-Purpose Wind Tunnel (MPWT
- Mach 0.015-1.5
- 13 x 16 ft Test Section
- 7 Atmosphere Shell with Isolation Valves
- Reynolds Number 31 million @ M=1.0
- Multi-Function Split Carting System with Removable Pitch Strut
- Open Jet Test Cart System
- Plenum Evacuation System
- Flexible Nozzle
- Adjustable Slotted Test Section Walls
- High Accuracy Balances and Model Positioning System
- High Angle of Attack Model Support System
- Propulsion Simulation Testing Capability
Table 3-2: MPWT Key Features and Performance

3.5 Program Risks

The project engaged a formal risk process described in more detail in Section 7.5. Two Program level risks were
identified.

The first was the risk associated with the Program accepting responsibility for Integrated System Performance,
consistent with previous major facility programs. To mitigate this risk, the Project Office took lead responsibility
for system integration. In executing this role, the Project Office worked with the major design contractor in an
integrated organization to allow focus on the top level design issues and evaluate/make design risk decisions. This
included chartering the appropriate teams to execute a system design, strengthening the System Design Group
working in SE&I, and implementing disciplined system engineering methods throughout the project.

The second Program level risk involved the site supplied infrastructure capabilities and contributions. The project
was to mitigate this risk by analyzing the current and probable future capabilities of existing sites and proceeding
with a design, to the extent possible, within the selected site capability. Primary concern was size of the airplant,
required to support the propulsion simulation system, which is larger than that at any known existing site.
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Figure 3-5: Tunnel Cut-Away View
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4. Industry Business Arrangements and Financial Alternatives

4.1 Business Management Plan

During the life of the contract, many forms of business entities were explored that would bind the Industry
Partners in a single business entity with the purpose of designing and building the NWTC, yet would provide each
individual partner the desired protection from failure of the project, cost overruns, or individual partner business
failures. The business structure chosen by the team was a Limited Liability Corporation (LLC). Under this form
of business structure, the Industry Partners would be signatory to an LLC agreement formed to build the NWTC.
Signatory partner corporations would invest in the LLC, but being an LLC, each corporation would have no
financial or legal liability beyond the original investment.

The project team examined the possibility of financing the project in part by incurring project debt for
construction and operation. Under this scenario, NASA, DoD, and the Industry Partners would invest in the
project with the final approximate $500 million to be financed and paid back by funds generated by the usage of
the tunnels. However, current market price of wind tunnel testing would not support repayment of the incurred
debt of the facility.

Congress directed NASA to seek the involvement of DoD as a full government partner along with NASA. The
NWTC explored several tunnel configurations and capabilities and possible financijal scenarios, and compared
them with the possible sources of funds. The final proposed plan to provide funds to build the Multi-Purpose
Wind Tunnel was a $200M commitment from Industry and approximately $1B from Government. It should be
noted that a commitment had not been secured from the Government. It should also be emphasized that the plan
was notional and was proposed prior to the completion of the March 1996 SDR cost estimate. The division of
funds was to have been negotiated between the Industry Partners and the Governmental agencies invoived, and
would need to have closure with the final configuration and cost estimate.

In conjunction with the above financing plan, the management structure chosen as the plan to build the NWTC is
shown in Figure 4-1.

COVERNMENT/ » Provide Key Project Staff
INDUSTRY BOARD * Program Contracting Authority
* Program Execution and Oversight
* Manage Overall Program Risk

« Responsible for Desisn,
PROJECT Construction and Activation
MANAGER of the NWTC

" * System Integration

Figure 4-1: Proposed NWTC Management Structure

A joint Government / Industry Board would be established by a firm contractual relationship, and would mange and
oversee the design, construction and activation of the NWTC. The responsibilities of this Board would be to
provide program execution and program oversight. The Board would appoint a Project Manager, who would serve
under the sole authority of the Board. The Project Manager’s primary responsibility would be to design, build and
activate the NWTC. The key project management and staff would be provided by the Board member companies
and government organizations. The Project Manager would have the key project management and staff as direct
reports.

4.2 Contracts

The contractual relationship between the Industry Partners and the Government would be limited to an agreement
to allow for the Industry Partners to invest in the project and for the Industry Partners to provide key project
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management and staff. No other contractual relationship was envisioned to be necessary between the Industry
Partners and the Government.

The Contract Plan to design and build the NWTC would be in concert with the Business Management Plan. The
Government/Industry Board would approve major contracts, with contracting authority provided by a government
agency, NASA or DoD. The contracts would allow technical administration of the contracts by the NWTC staff.
All contract administration duties would be the responsibility of the project staff, under authority of the Contract
Officer, including determination of completion status of each contract, cost and schedule tracking, and allowable
progress payments. Since the contracting authority comes from a governmental agency, that agency would issue the
project approved progress payments.

4.3 Work Breakdown Structure
The seven segments identified in the acquisition plan, and assigned to the separate PDTs, are:

1. Test Section

Flow Conditioning System
Compressor and Drive System
Pressure System

Control and Information Systems

o v AW o

Plant
7. Infrastructure
The Work Breakdown Structure (WBS) is broken down further within the PDT structure as follows:

DEFINITION OF A TYPICAL WBS NUMBER

PDT DEVELOPMENT  PRODUCT PRODUCT

SEGMENT; LEVELi LEVELi ;SYSTEM :I/ SYSTEM ]/ PRODUCTi COMPONENT

The last four numbers of the WBS are consistent with previous wind tunnel configurations including, The Boeing
Wind Tunnel Complex, The National Facilities Study, The Risk Reduction Studies, and the first NWTC two tunnel

configuration.

4.4 Cost Estimate

The primary source document for descriptions of the work to be estimated is the WBS dictionary (Ref. 4-1). This
document consists of indexes which sort the titles of the items first, according to numerical order of the WBS
number and second, according to the PDT number. Following the indexes are high level definitions of each item.
The definitions were developed in conjunction with the Project Specifications (Ref 4-2) and Segment Specifications
(Ref. 4-3). The Segment Specifications were developed by the PDT members having responsibility for the
particular segment.

Construction cost estimates for each WBS element were based on the specifications and drawings, available at SDR,
prepared by the specific PDT.

During preparation and pricing of the estimate, published reference data bases such as “RS Means, Cost Data” and
“Richardson Process Plan Construction Estimating Standards” were used in order to establish recognized labor
productivity standards. “Best commercial practices” were assumed, which lowers cost by streamlining acquisition
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processes and minimizing oversight. Risk factors were developed using the guidelines published in the NWTC Risk
Management Plan (Ref. 4-4), and applied where appropriate, always at the lowest level of detail.

In all areas of the estimate in which “site conditions™ had an impact on the estimated cost, assumed conditions
established for a generic site were the basis for cost development.

The estimate for the project management costs are based on the staffing and facilities required to design, build and
activate the NWTC using the project business plan and contracting plan.

Craft labor rates are composite crew rates which would be encountered in approximately 75% of the continental
United States. The rates were compiled after research into Trade Labor Agreements in effect in several localities of
the West, Central and Southeastern United States. The rates used are “fully burdened”, including insurance,
medical, vacation pay and tax factors normally applied to each particular craft. The assumption was made that
sufficient labor forces would be available for employment on the NWTC workforce.

Potential major suppliers, such as builders of the pressure shells and drive systems, provided quotations for use in
the estimate. Subcontractor and supplier quotations were included if they were available. Construction contractor
~ and subcontractor markups within the body of the estimate are consistent with the Subcontract Plan (Ref. 4-5).

After total construction costs were compiled, sales taxes at a tax rate of 8% of material only costs were applied. A
contingency of 20% of the total construction cost was also applied. Finally escalation at the rate of 3.5% per annum
through the year 2003 was added to the total of all previous estimated costs. The final resultant of $1.29 billion is
the estimated cost of construction for the program contained inside the project boundaries, from SDR to final
activation. Costs of approximately $50M incurred prior to SDR are not included in the estimate. Many of those
costs were incurred during the two-tunnel design studies and represent a sunk-cost to the MPWT project.

The project estimate is summarized below. The detailed cost estimate can be found in the NWTC archive.

Product Development Team (PDT) Construction Cost
($1000)

100 Test $ 236,906
200 Flow 63,357
300 Compressor. Drive 123,106
400 Pressure 170,832
500 C&l 57,190
600 Plant 53,354
700 Site & Infrastructure 88,998
000 Project Management/General Contractor 123953
Total Construction Cost $ 917,606
Contingency @ 20% 183,521
Taxes @ 8% of total material, 1/2 subcontract costs 39,888
: Subtotal $ 1,141,015
Escalation @ 3.5% / year 155.863
Total MPWT Cost $ 1,296,878

Procedures, ground rules and assumptions to develop the cost of “Site Supplied Infrastructure” and backup
information is the same as described above. The construction costs shown below are the estimated value of the
infrastructure assumed to be supplied by the site. This estimate was done primarily for the site evaluation process so
that a cost could be associated with infrastructure that a site may not have or pian to have. The estimated -
construction cost for the site supplied infrastructure was:
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Site Supplied Infrastructure Construction Cost
(51000)

1000 Site and Infrastructure $ 39,022

2000 Buildings 27,774

3000 Auxiliary Process Systems 102,112

4000 Low Speed Capabilities -(none)

5000 Transonic Wind Tunnel (none)

7000 Model Support and Data Systems 34.362

$ 203,269

8000  Design Cost (estimated @ 10% of construction cost) 20,327

$ 233,596

9000 Program Management (estimated @ 15.6% of construction and 34,881
design cost)

$ 258,477

Contingency @ 20% . 51,695

Taxes @ 8% of total material, 1/2 subcontract costs 12,060

Subtotal $ 322,233

Escalation @ 3.5% / year 43,824

Total Site Supplied Infrastructure Cost $ 366,057

This results in a total project estimated cost of $1.663B if the project were to be built on a greenfield site.

4.5 Schedule

The Integrated Schedule (Ref. 4-6) covers four major areas “Customer Requirements and Operations” support,
“Project Design,”, “Bid and Award”, and “Construction and Activation.” The CR&O covers the release of customer
requirements to support Project Design. The “Project Design” portion covers the system integration efforts
including conceptual, preliminary, and final design, as well as administrative support. Finally, the “Bid and Award”
portion and “Construction and Activation” portion covers contract awards, construction, fabrication, installation and
facility integration testing. To accurately reflect these time periods and the requirements of manpower and cost
loading the activities it was necessary to use Primavera Project Planner as the scheduling program. The Tier 0
Integrated Schedule is shown in Figure 4-2.

Some fundamental underlying assumptions were made to produce the Tier 0 Schedule. They are: the NWTC
would be built at an existing site, the design would commence with the configuration established at SDR, no
additional requirements would be introduced after SDR, the pressure shell would be pneumatically tested, and the
Bid and Award section is consistent with the subcontracting plan.

4.6 Life Cycle Cost Model

The NWTC Life Cycle Cost Model (Ref. 4-7) estimates the labor and material costs to plan, design, and construct
and operate the NWTC. The labor and material costs are time phased using the project schedule. Total acquisition
cost is determined by applying taxes, contingency and escalation to the time phased labor and material costs. The
time phasing of the cost estimate is shown in Figure 4-3. No site supplied infrastructure costs were considered.

4.6.1 Acquisition Module

The Acquisition Module estimates the labor and material costs to plan, design, and construct the NWTC. The labor
and material costs, known as the Conceptual Construction Cost Estimate (Ref. 4-8), are time phased using the
project schedule. Total acquisition cost is determined by applying taxes, contingency, and escalation to the time

phased labor and material costs.
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The figures that were used to reflect the monetary resources required to build the National Wind Tunnel Complex
were obtained from the project estimating group. These numbers were then distributed over the construction
schedule according to how the funds would be spent within each WBS. In most cases, the dollars associated with a
certain WBS were allocated to the actual construction activity. A few activities, such as those with vendor proposed
designs and/or extensive fabrications, had a portion of the dollars assigned to either the design or fabrication
activities according to the extent that each subcontractor would require the funds.

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
HEADINGS 1]2]3fa]102]3la]1R2]3]a i 2]s]afa [als]a]1 Y2l slal1]2)afala]afa]abi]20afa )i J2]a )4
1 NWTC
BOEING BASELINED SITE . INITIAL
lé%Tml‘F:Agﬁ, I'ste EIS OR SIE QPERATING
PROGRAM ONTR! { IDENTIFIED EQUIVALENT  AVAILABLE CAPABILITY
MILESTONES Derse i 3303
| 1031 10-31-97 273
—e —— - ]
gPEW;ERFo%N:E
PEC RELEASE 1). SAMPLE TEST SCENARIOS
CUSTOMER PRELIMINARY i OPER/PERFORMANCE
REQUIREMENTS & REQU'RE'@TS A" SPEC RELEASE 11.0
OPERATIONS 121.94 11475 IV 2596
|
| |
PROJECT ngc ! NWTC g\évgc 2‘,’;“;(:
DESIGN uilss WWRe ity s
___________ T — —_— et o e ot 1t e e it e e St e e ot e ]
WTP | AWARD AWARD
BID CONTRACT | GENERAL  COMP. Q&ﬁo
& AWARD col CONTR. - O
AWARD 6-1-95 : 3-3.97 u.sa: v
_________________ r———— —_ ——— ———
| START stART  SyoTEm INTIAL
CONSTRUCTION BEGIN SHELL COMP. INTEGRATION FACILITY
AND | CONSTRUCTION INSTL. INSTL. TESTING CALIB.
ACTIVATION i 2298 $7 32398 33001 7 24902 87 7 %802
|
Figure 4-2: Tier 0 Schedule
500 .
450_ gFYeX
mFYs?
400 | |FY9%
350
I
5
£ 3001
g —
£
™ ]
5
£ 20!
(=3
2
-
150 L
100 |
50 | ’—l
o . - I : , S —
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
Calendar Year Totl = 1297 J
L

Figure 4-3: Preliminary NWTC Expenditure(Outlays) Profile

5/28/96 14



NWTC Final Report

5. Customer Requirements and Operations

5.1 Charter

The primary objective of the Customer Requirements & Operations (CR&O) Team was to provide the Design/Build
Team with a clear definition of Industry/Government consensus performance and operations requirements for the
NWTC. The CR&O Team was comprised of representatives from NASA and DoD and from the companies
participating in the program; Boeing, GE Aircraft Engines, Lockheed Martin, McDonnell Douglas, Northrop
Grumman, and Pratt & Whitney.

5.2 Actions to Fulfill Charter

The overall performance requirements for the NWTC were those given by the Aeronautics R&D Facilities Task
Group (AFTG) of the National Facilities Study (NFS), a study conducted jointly by NASA, DoD, DoC, DoT, NSF,
and industry. The charter of the NFS was “ To formulate a coordinated national plan for world-class aeronautical
and space facilities that meet the current and projected needs for commercial and government sponsored research
and development, and for national space operations.” In May 1993, the Facilities Study Office (FSO) was formed
to support the AFTG studies by providing timely development, reviews, and assessment of concepts and costs
associated with configurations of the NWTC that the AFTG were considering.

The AFTG examined the status and requirements for aeronautics facilities against the competitive need. Emphasis
was placed on ground-based facilities for subsonic, supersonic, and hypersonic aerodynamics and propulsion.
Subsonic and transonic wind tunnels were judged to be the most critical and of highest priority. The AFTG
concluded in the “National Facilities Study” report Volume 2 dated April 29, 1994 (Ref. 5-1) that:
“In order to alter the course of the competitive position of the U.S. aircraft industry, it is a
consensus of industry and government that improvements to existing national facilities will not
meet the requirements. The need exists for new tunnels with substantial increases in Reynolds
number at subsonic and transonic speeds”.

The consensus performance requirements for the subsonic and transonic tunnels were as follows:

“The low-speed tunnel goal should be the ability to test at full-scale Reynolds rnumber
(approximately 30 million) for some existing airplanes, productivity of 2 to 2 1/2 times existing
wind tunnels which would yield 5 polars per occupancy hour, and operating costs equal to or less
than current wind tunnels or approximately $1000 per polar.”

“ The transonic goals were determined to be a Reynolds number of 30 million, productivity of 8
polars per occupancy hour, operating cost of 32000 per polar, with good flow quality and
accessibility”

The AFTG defined the preferred tunnel configurations to fulfill these requirements as follows:

Tunnel Low-Speed Transonic

Test Section Size 20 x 24 Feet 11x 15.5 Feet

Mach No. Range 0.05To 0.6 0.05To 1.5

Total Pressure 5 Atmospheres 5 Atmospheres
Reynolds No. 20 Million @ M=0.3 28.2 Million @M=1.0

The NFS intent was to develop a world class national wind tunnel complex, second to none, that would enhance
the U.S. competitive position well into the twenty-first century. These requirements were considered to be
inviolable without consensus agreement of the participating companies, NASA, and DoD. The task of CR&O was to
validate and further develop these requirements by tracing them to their source and ascertaining the reasoning that
resulted in their selection. This was done, for the most part, by consulting members of the
Aerodynamics/Aeroacoustics Working Group, a group appointed by the AFTG, and members of the FSO, because
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these groups had been instrumental in the process that led to the initial selection of the requirements. The
requirements were then expanded, quantified, and translated into detailed engineering requirements.

Care was taken to avoid presenting a design solution as a requirement, except when necessary to clarify a preferred
design approach. Each of the expanded requirements was the result of determining the requirement of each of the
participating companies/NASA/DoD, defining the envelope that fulfilled the composite of the requirements,
evaluating the practicality of the requirement, and then summarizing it in terms meaningful engineering terms to
tunnel designers. The performance requirements were released in progressive stages as they became more refined.
The final two-tunnel document was “Customer Performance Requirements, Release 4.3” dated October 31, 1995
(Ref. 5-2). The final single multi-purpose tunnel performance requirements was Release 11.0 dated May 3, 1996
(Ref. 5-3). Release 11.0 requirements are consistent with Release 10.0, which was the basis for SDR. Release 11.0
documents corrections, clarifications and improved data format that evolved during detailed coordination with the
PDTs. Release 11.0 also lists the threshold values discussed in section 5.5 of this report. Volume I of these reports
contains the requirements while Volume II contains all relevant rationale, traceability information and CR&O view
of issues at project closure. The Table of Contents for Volume I of these reports is the same and is as follows:

1.0 Performance Requirements

2.0 Acoustics Test Requirements

3.0 Productivity and Throughput Requirements
4.0 Test Requirements

5.0 Model Load Requirements

6.0 Flow Quality Requirements

7.0 Measurement Requirements

A summary of the requirements is included in Section 5.4 of this report; the entire report has been archived.

The Customer Operations Requirements were defined to enhance the utility of the NWTC to the customer. These
requirements were centered around the question, “ What would a customer expect from the first contact with NWTC
when he is planning a test until he is back in his office with reduced data?” The Customer Operations Requirements
documents were also progressive releases with the final two-tunnel document Release 2.0 dated September 27,
1995 (Ref. 5-4) and the final multi-purpose tunnel document Release 11.0 dated May 3, 1996. These documents
detail functional requirements in the following twelve areas:

Engineering Area

Model Preparation and Support Area
Final Build Up and Checkout Area
Model Shop Support

Balance Calibration Support Services
Instrumentation Calibration Support
Airflow Calibration Facility
Customer Test Support and Analysis Area
Customer Model Change

10. Equipment Storage

11. Data and Information Storage

12. Customer Amenities

S AR R o

In addition to the Performance and Operations Requirements documents, CR&O published Sample Test Scenarios
representative of commercial and military aircraft development test programs, and propulsion simulation wind
tunnel test programs. These scenarios were used to determine the impact of variations in model installation designs,
cart requirements, and model support requirements on tunnel productivity. The final document on this subject was “
NWTC Sample Test Scenarios, Release 11.0 dated March 19, 1996 (Ref. 5-5).

All three series of documents were prepared by CR&O Team members, reviewed by the whole Team, and then
reviewed by the company or government agency the Team member represented. The entries that deviated from the
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AFTG requirements and changes requested by the Design/Build Team after the documents were published were
accepted only with consensus of the companies and agencies represented.

5.3 Individual Company/DoD/NASA Desires/Considerations

The expansion of the NFS requirements to detailed engineering requirements highlighted specific test needs of
different elements of the aerospace industry. A few of the more significant needs are presented here to indicate the
diversity of the test conditions and arrangements required.

High performance military aircraft, such as fighters and attack aircraft, must be tested at extremely high angles of
attack, up to 90 degrees, and at Mach numbers up to 1.5 to provide a link between transonic and supersonic wind
tunnel data. Rotorcraft require an even greater angle range, angles of attack from -20 to +110 degrees with yaw
angles of + 20 degrees.

Airport noise restrictions are becoming more severe; therefore, the aerospace companies have an urgent need for
acoustics and open jet test capability, with mature phased-array technology. Higher engine by-pass ratios increase
the need to carefully evaluate wing-pylon-nacelle interference effects with power simulation. The interference
effects of the sting support strut on large semi-span transport models can be significant. In order to account for this
possibility, the requirement that the strut be removable was included.

Additional information on other specific test needs can be found in Volumes I & II, Release 11.0 of the Customer
Performance Requirements document, and in the Customer Operations Requirements document Release 11.0.

5.4 Results

CR&O expanded and quantified the NFS requirements and published Customer Performance Requirements and
Customer Operations Requirements documents for both the two tunnel and for the single multi-purpose tunnel.
Complete copies are available in the archive file; therefore, only a summary of the tunnel requirements will be
presented here.

The requirements for the two tunnels defined by the NFS AFTG were used as the base-line until mid 1995. At that
time, a study of tunnel size, operating pressure, low-speed capability, and cost was conducted by the Project Office.
A single tunnel with a 13 x 16 foot test section appeared to be the best compromise within the projected budget limit
of $1.2 B and offered model size compatibility with some existing transonic and low-speed tunnels. The 13 x 16
foot tunnel is, however, considered by the rotorcraft manufacturers to be too small to accommodate their models.

As can be seen in Table 5-1, the two tunnel configuration fulfilled the NFS requirements. The transonic capabilities
of the single multi-purpose tunnel exceeded the NFS Reynolds number requirements; however, the low-speed
capabilities are only 66% of the NWTC LSWT desired Reynolds number of 20.4 million at 5 atmospheres.

Figure 5-1 presents the operating envelopes for all three tunnel configurations. This figure again illustrates that at
the same total pressure (5 atm) the 20 x 24 foot low-speed tunnel provides capabilities that far exceed the single
tunnel capability and more closely matches the NFS target Reynolds numbers. The total pressure in either tunnel
could be increased; however, 5 atmospheres is near the current design limit for model loads. The 7 atmosphere total
pressure was included to obtain higher Reynolds number for fighter aircraft and for constant Reynolds number
testing below the model load-limiting Mach number.
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Requirements Release 4.3 Requirements Release 11.0

ITEM Low Speed Transonic Multi-Purpose
Wind Tunnel Wind Tunnel Wind Tunnel

Mach No. Range - Closed 0.015t0 0.6 (1.) 0.05t0 1.5 (1)) 0.015t0 1.50 (1.)

Jet (1.)

Mach No. Range - OpenlJet | (2.) N/A 0.015t0 0.6

(1)

Total Pressure Range (1.) 0.4 atm(min.) to 5 0.2 atm(min.) to 5 0.2 atm(min.) to 7 atm(max)(9.)
atm(max.) atm(max.)

Test Section Shape (3.) Rectangular/[Slotted/Solid, | Rectangular/[Slotted/ Rectangular/[Slotted/Solid, (4.)]
4] Solid, (4.)]

Test Region Size 20x24 feet , 480 sq. ft. 11x15.5 feet., 170.5 sq. ft. | 13x16 feet, 208 sq. ft.

Half Model Test Region Figure 2 (6.) 21 feet, (6.) 26 feet, (6.)

Length (3.)

Full Model Test Region 31 feet 18 feet 21 feet

Length (3.)

Maximum Temperature 130 degrees F (5.) 130 degrees F (5.) 130 degrees F (5.)

Test Gas Air Air Air

Drive Power Design Point M=0.3, T=100deg. F, M=1.0, T=100deg. F, M=1.0,T,=100deg. F,
P,=5atm P,=35atm P,=5atm
Model Drag = [ (7.)] lbs. Model Drag = [ (7.)] lIbs Model Drag =[ (7 .)] lbs.

Reynolds No., (Re /Ft)@ 20.4x 10°, 28.1x 10°, 30.9x 10°, (21.45x 10°/Ft.)

Design Point, (8.) (9.31 x 10°/Ft.) (21.45 x 10° /Ft.)

Note:  (1.) Operating envelope shall provide continuous operation over the full total pressure, Mach number range

up to the maximum drive power limits,

(2.) Max. achievable with closed-jet Design Point horsepower; but no lower than M = 0.35. Design shall not
preclude addition of a test section insert necessary to achieve Mach no. 0.6

(3.) See Release 4.3 and 11.0 Volume II, Appendix B.

(4.) Solid wall capability (sealed slots that do not affect the data significantly) is required for the test sections.

(5.) Temperature controllability between maximum cooling capacity and 130 °F.

(6.) The test section shall be reconfigurable to allow testing without the sting support system installed.

(7.) Use model drag from Section 5.0, Model Loads Requirements, Release 4.3 or 11.0, Volume 1. (as appropriate)

\/ height* width(test section)

(8.) Reynolds number reference length(cbar) = 0.1 . cbar: LSWT=2.19t;

TSWT = 1.31 ft.; Multi-Purpose = 1.44 ft.
(9.) Tunnel will not be required to operate at test section dynamic pressures higher than that at the drive
power design point.

Table 5-1: Performance Requirements

The estimated utilization of the NWTC was based on historic introductions and projections for commercial aircraft,
and projected military aircraft derivatives and new programs. Projections for engine company and NASA use were
based on historical information. Every effort was made to make the estimates as realistic as possible and, if there
was any doubt, to lean toward conservatism (lower estimated test hours). '

There was no significant change in the projected demand from the two tunnel complex to the single multi-purpose
tunnel. These estimates indicated that the demand for either speed range was approximately equal at 1-1/2 shifts per
day for a five-day week. There were some peak periods where the demand required that the single tunnel operate 3
shifts a day, five to six days a week. There was concern that the single tunnel would be scheduled near maximum
throughput and peak period demands would exceed the capacity. Plots of the projected utilization are included
here as Figure 5-2. Note: The “total unadjusted” curve represents the total user demand without the projected
NWTC productivity/throughput improvements. The detailed write-up and back-up data are available in the NWTC

data archive.
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Reynolds number reference length(char) = 0.1 /hcight* width(test section).
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Figure 5-1: Operating Envelopes

5.5 Concerns/Open Issues

If the NWTC project had been completed, the MPWT would have been the “best in the world”. The conceptual
design presented at the SDR had the combination of high productivity, high Reynolds number, and excellent flow
quality envisioned by the National Facilities Study team and would have been an invaluable asset to the US

aerospace industry.

The CR&O team, representing the customers, initially developed the detailed engineering requirements. Some of
these requirements were considered by the Design/Build Team as far beyond the current state-of-the-art and hence
not achievable. Therefore “threshold values”, considered aggressively achievable, were accepted by CR&O and

Design/Build as the project design requirements. Requirements beyond these “threshold values” were recorded as

“design goals.”

The flow qualities (see Table 7-1) illustrate this process. It should be noted that the flow quality levels defined as
the threshold values were better than currently available anywhere and may truly represent the limit of what is
physically attainable. The CR&O and Design/Build agreed that the project would continue to pursue design process
improvements and/or research programs that would improve the possibility of moving from the “threshold values™
to the “design goals”. Whatever the resolution, the process improvements and research programs needed to be
brought to fruition within the NWTC schedule.

There are a number of open issues and concerns that the CR&O Team feels should be noted. Inresponse to a

Project management request to develop a list of candidate capabilities for cost reduction consideration, the CR&O
Team conducted a detailed prioritization process of all NWTC requirements (see CR96--014 “CR&O Prioritization
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of Customer Requirements” in the NWTC Archive). The open jet cart was on this list because of its high cost and
limited use; however, the acrospace companies need this capability to evaluate engine and airframe design
configurations to determine compliance with the latest airport noise restrictions.

Other CR&O issues and concerns at SDR were:

Flow quality including test section inflow noise, cross-stream velocity uniformity, temperature distribution, and
flow stability, while significantly better than existing tunnels, were less than the desired design goals.

Internal balances, compatible with model geometry, capable of providing a large load range with high accuracy,
required a significant advance in technology.

Angle of attack to 40 degrees for sting mounted low speed transport models could only be achieved by means
of sting changes.

Tunnel main drive power would limit the Reynolds number for large fighter models at high angles of attack at
high subsonic speeds.

Many of these concerns would have been resolved naturally as the design matured. As each improvement or
research program was completed, the requirements would have been reconsidered and revised as appropriate.
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Figure 5-2: NWTC Single Tunnel User Demand
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6. Site Evaluation

6.1 Background

The NWTC Program Plan (Ref. 6-1) directed that the site evaluation and selection process was to be conducted in a
“fair and open” competition aimed at identifying the location within the U.S. that offered the most favorable
combination of technical, economic and environmental strengths for development and operation of the NWTC.
Candidate sites were to be solicited utilizing a “Request for Proposal (RFP)” process to the States with the
Governors’ offices being the point of contact. The Industry Team was tasked to form a Site Evaluation Committee
(SEC) made up of representatives from each of the Industry partners for development and implementation of a site
evaluation process. At the completion of their evaluation, the SEC was to deliver a final report to the Government
which would identify:

- Those sites that met all minimum (threshold) requirements.

- Those “highly rated sites” that were chosen to receive site visits including the findings as a
result of the visit.

- Those sites that were determined to be the “most competitive sites” acceptable to Industry in
rank order including the technical and economic rationale for that conclusion.

Following the completion of the SEC process, the Government would prepare an Environmental Impact Statement
(EIS) in compliance with the National Environmental Policy Act to provide further support for the final site
selection decision.

6.2 Site Evaluation Committee (SEC) Charter

The charter of the Site Evaluation Committee (SEC) was established in response to Congressional legislation which
directed the development of a competitive “site selection plan...based on best price and technical merit, including
local cost sharing.” Specifically the charter of the SEC was:

To develop and implement a site evaluation process which would identify and rank order the
most competitive sites with the capability of achieving and maintaining state-of-the-art test
facilities that enable the U.S. to maintain pre-eminence in the aerospace industry.

6.3 Process Development

Once formed in March 1994, the SEC selected Lockwood Greene as their siting consultant and primary strategy
advisor. In an effort to identify the optimal process for the NWTC, the SEC reviewed Government and Industry
activities which involved recent site competitions. Given the constrain of a “fair and open” competition, the SEC
was considered a sensitive process and access to information was restricted to SEC members and support staff only.

Solicitation and Evaluation Process
Primary features of the NWTC site solicitation and evaluation process inciude, but are not limited to:

- Participation open to each of the fifty States

- No limit on the number of proposals from any State.

- Communications through the Governors’ or his/her single point designee.

- An invitation to participate and a solicitation notice would be issued to each State.

- A solicitation conference would be conducted to assure adequate communication of the process.

- A Request for Proposal (RFP) would be issued to each State Governors’ Office.

- A pre-proposal conference would be held to answer questions or clarify content of the RFP

- Proposals would be received, cataloged, numbered and secured for access by the evaluating
team only.
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- Proposals would be evaluated for conformance with threshold requirements and overall
completeness (Initial Review).

- Proposals satisfying the initial review would be further assessed (Detailed Review) to judge on
a comparative basis how well the proposals meet more detailed evaluation criteria.

- As aresult of the detailed review, a list of “highly rated sites” would be generated.

- The SEC would arrange and conduct site visits to the “highly rated sites”.

- A final evaluation after the site visits would identify and rank order the “most competitive sites’
acceptable to industry.

- The SEC would develop and issue a final report to the Government.

]

A graphical depiction of this process is included as Figure 6-1.
Site Evaluation Schedule

The SEC process was expected to require approximately 8-1/2 months to complete. The site selection was required
to be completed prior to initiation of the final design. The environmental impact statement for the selected site was
planned to be completed before start of construction.

6.4 Epilogue

Due to program uncertainties and political sensitivities, the site evaluation process was never authorized for
implementation. However, the solicitation documents have been completed, delivered to NASA, and archived by
the Government for possible future use.
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Figure 6-1: Site Evaluation Process
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7. Wind Tunnel System Definition

7.1 Management Plan

The NWTC Management Organization, Team Chartering and Design Process addresses the relationships and
interactions between the Systems Engineering and Integration (SE&I) team and the Product Development Teams
(PDTs). The SE&I team has primary overall design process responsibility. The high degree of authority and
responsibility assigned to the PDTs reflects the team-based operations that are a key aspect of the NWTC Project
Office (Ref 7-1).

7.1.1 SE&I Charter

The top level SE&I roles and responsibilities are shown in Figure 7-1. The Systems Engineering and Integration
team is the “system architect” of the NWTC System. The SE&I team represents the Design/Build Manager and
participates with the PDTs to ensure the detailed design satisfies the system-ievel requirements. SE&I responsibility
includes system-level integration and interface issue resolution, as well as serving as the focal point for
implementation of the key design processes discussed in section 7.1.2. (Ref7-2)

«Establish System Requirements *Conduct System Verification
*Develop/Define System Design Systems Engineering & Integration *Conduct System Analysis
Maintain NWTC Baseli (SE&I) *Conduct Technical Risk Management
(Requirements, Design, Verification) *Manage System Interfaces
*Conduct System Integration *Develop Engineering Standards

Carts, Balances, Flow Compressor Control Site-Sapplied

Test Equi Conditioni & Drive System Press;r;?ysmm & Information ]l”'l‘)";“ lnfra;tl;t;cturc Infrastructure
Systems PDT System PDT PDT (PRES) PDT (PLNT) (NFR) PDT
(TEST) (FLOW) (COMP) (C&D) (SSI

Figure 7-1: SE&I Responsibilities

The NWTC Product Development Teams are the “designers and builders” of the NWTC System. The PDTs are
responsible for meeting the established requirements with a detailed design and providing verified equipment for
final integration into the NWTC System. The roles of the PDTs are shown in Figure 7-2. The PDTs continue the -
design synthesis and system analysis process to produce the allocated segment baseline and produce segment
baselines.

Systems Engineering & Integration
(SE&I)

Carts, Balances, Flow Compressor Control Site-Supplied

Test Equi Conditioni & Drive System Pmsl;rle):ystem & Information Infn;g:.ﬂ“" Infrastructure
Systems PDT System PDT PDT (PRES) PDT (INFR) PDT
(TEST) (FLOW) (COMP) (C&D) (Ssn

« Establish Detailed Seg Regquirements « Conduct Segment Verification
* Develop/Define Segment Design « Conduct Segment Analysis

* Maintain Seg Baselij « Conduct Seg Risk M

« Conduct Segment Integration *» Manage Cost & Schedule

Figure 7-2: PDT Responsibilities
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7.1.2 Configuration Management

The configuration management (CM) function for the NWTC was established to maintain positive control of the
identified project configuration baseline and all changes to baseline documentation. (Ref 7-3) Figure 7-3 illustrates
the progressive nature of this process and how the detail becomes refined as the design evolves. The NWTC
configuration management function is implemented with several baseline control levels that provide for the review
and disposition of evolving requirements and design solutions. The level of control imposed is dependent on the
nature and breadth of the proposed change, and the impact it has on the project and PDT requirements and
documentation. These levels of control use decision management boards consisting of the Configuration Control
Board, for those proposed changes that impact contractual or project (system) level requirements, and the Design
Decision Board (DDB) for those decisions that do not require CCB control, but impact more than one PDT. Design
decisions that impact only a single PDT are made within the affected PDT.
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Figure 7-3: Progressive Configuration Baseline

NWTC functional and physical interfaces are outlined in the Project Specification and detailed in Interface Control
Documents. All System level interfaces that will be controlled are documented in the Baseline Interface Index. The
Project Specification establishes the major boundaries and top-level interfaces that are housed in the Baseline
Interface Index. ICDs document the design constraints of the interfaces. Similarly, management of the interfaces is
outlined in the Technical Management Plan, and the specific interface control procedures are described in the
Configuration Management Plan.

The concept for managing NWTC interfaces was to establish an Interface Control Working Group. (ICWG) The
ICWG was established as the formal communication link accomplishing, planning, coordinating, tracking,
negotiating and controlling interface activities among the NWTC Project Office and the PDTs. The ICWG was to
control the inter-segment interfaces, while the PDTs controlled their own intra-segment interfaces. [Configuration
Management Plan}

7.2 Project Specification

The Project Specification describes the National Wind Tunnel Complex (NWTC) by establishing its
performance, design, qualification, and delivery preparation requirements. This document is intended to establish
the performance and constraint requirements of the NWTC at a functional level and translates customer-defined
requirements into engineering specifications by establishing top-level requirements for the subordinate elements of
the System (e.g., hardware and software subsystems) that are a result of the chosen NWTC System architecture.
The Project Specification is the foundation document used to define the Functional Baseline for initiation of
preliminary design by the PDTs (Ref 7-4). This document was based on Release 10.0 of the Requirements from
Customer Requirements and Operations Team (Ref 7-5).
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The Functional Analysis (FA) approach used on the NWTC program captures functional sequencing, data,
material and resource flows, control flows, and most of the important information necessary to describe System
behavior in a graphical format know as Behavior Diagrams (BDs). An explanation of the FA Behavior Diagrams
process and notations is covered in Appendix D of the Project Specification, Reading NWTC Behavior Diagrams.
The Functional Analysis Report contains all of these functional relationships (Ref 7-6). Designers were provided
with the basic requirements necessary to accomplish the task of Building the NWTC. The Performance criteria were
generated with the CR&O, and were inserted into their appropriate specification section. The Functional Analysis
functions were then defined for each System segment and the associated reference behavior diagrams, which present
the detailed functions, flows and their decomposition.

The NWTC had established Functional Interfaces, both with the external environment and between its major
elements. The top-level functional and physical interface requirements were established in this specification and
detailed in Interface Control Documents (ICDs). The system level interfaces are contained in the Baseline Interface
Index (Ref 7-7). The Segment Characteristics of the seven segments comprising the NWTC System, as well as the
Site Contributions (SC) are contained in terms of their physical characteristics/interfaces and a concept overview of
each segment. The purpose was to initiate the translation of the functional requirements into a physical design and
architecture, and to provide requirements traceability for the Interface Control Documents. The characteristics
concentrated on the physical, electronic, environmental, and similar interfaces as well as their Work Breakdown
Structure (WBS) elements assigned to the development and/or product specifications defining the component.

7.3 Major Decisions

The development of the performance and functional requirements for the NWTC highlighted numerous concept
level decisions that had to be made. These were required to simultaneously define aggressively achievable
performance levels and physical descriptions of the hardware necessary to achieve those levels. The following
sections outline those decisions.

7.3.1 Flow Quality

During late 1995, a significant amount of analysis was conducted concerning the flow quality requirements for the
single tunnel NWTC. These requirements, set forth in CR&O 10.0, were established by examining the types and
quality of testing they desired in the facility. Turbulence requirements were established through an analysis of
criteria required to accomplish natural laminar flow testing. These criteria generated requirements for noise, as did
considerations of acoustic measurements in the closed or open jet. Some flow uniformity requirements were set by
establishing acceptable data correction levels as seen in Table 7-1 below.

The System Design Team indicated that many of the requirements were unachievable, either physically or under the
project constraints. A benchmarking exercise to define the state-of-the-art clearly indicated that many of the
requirements were significantly more stringent than any comparable facility.

It was agreed in a series of meetings between CR&O and the System Design Team to cast the requirements as a set
of threshold values and goal values as shown in Figure 7-4. The threshold values would be considered as minimum
acceptable flow quality requirements. If the original CR&O requirement was considered achievable by System
Design, the threshold and goal values were the same. If a particular value was considered unachievable, a threshold
value was established, and the CR&O requirement was recorded as a goal. It should be noted that all of the
threshold values handled in this manner were beyond the current state-of-the-art. This approach was adopted by the
Project and the values were included in this format in the Project Specification.

As a condition of this approach, it was agreed to develop improved processes designed to increase the possibility of
pushing the performance past the threshold values, and approach the goal values. These plans would also serve to
abate the inherent risk in the threshold values, as well. These plans are discussed in Section, 8.5, Flow Quality
Processes.
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FLOW QUALITY PARAMETER REQUIREMENTS STATE-OF-THE-ART
DESIGN GOALS THRESHOLD VALUES VALUE LOCATION
[Tost Volume
Area Ratio ~65% ~65% ~25% AEDC 16T/DNW
Length Ratio ~1.62 ~1.6 <1.0 16T/8 Ft TPT/MSWT/ETW
Total Temperature
Reference Value +1°F 1°F (20) 1.6°F (20) DNW
Distribution +1°F 1°F (20) 2°F (20)
Turbulence; Axial Component 0.05 0.05 0.05 up to M~0.4/0.06 up to 8ft TPT / Ames 12 Ft/
w/U (%) M=0.6/~0.2% AEDC 16T
Turbulence; Cross Components 0.05 0.1 0.1/ 0.3/0.2 (twice axial) DNW/DRA/ARA 9x8 Ft.
v’/U, w/U(%) Cross comp’s lower than axial Tohoku (Japan)
Static Pressure Fluctuations, ACpms) 0.3 0.3 @ M=0.3; 0.75/1L1/~1L.1 NLR HST/ETW/MSWT
Closed Jet Test Section 0.6 @ M=0.8 24%/1.75% 16T/Ames 11 Ft
Background Noise; Open Jet Test Section | 85dB @ 100Hz, 72 dB @ 1kHz, 85dB @ 100Hz, 72 dB @ 72 dB @ 1kHz, 62 dB @ 10 DNW (Open Jet)
1/3 Oct. Band SPL, dB 55dB @ 10kHz @ M=0.3 1kHz, 55dB @ 10kHz @ M=0.3 KkHz (scaled to M=0.3) No data available @ 100 Hz
Stream Angle <£0.1°@ M-0.3, Pt=5atm 0.13 [20]@M=03 ARA 9x8 Ft
20.1°/ £ 0.12° upwash; £ 0.06 AEDC 16T
sidewash
Stream Angle Gradient 0.016 to 0.23°/ft for half 0.015 deg/ft, + 6 ft from 0.01°/ft AEDC 16T
and full models (resp.) external balance center
Mach Number Reference Value 0.0004 @ M=0.3; 0.0005 0.001 @ M=0.31t00.8; 0.003 @ M=0.3; 0.002
@ M=0.8; 0.0008 @ M=1.5 0.0025 @ M=1.5 @ M=0.8; 0.005 @ M=1.5
Mach Number - Variance +0.0003 @ M=0.3; +0.002 @ 0.001 @ M=0.3; 0.002 @ 0.001 to 0.003 @ M<1 (20); ETW /16T/NLR
M=0.8; £0.004 @ M=1.5 M=0.8; 0.006 @ M=1.5 (20) 0.005 to 0.008 @ M>1 (20) HST/S3IMA
Mach Number Gradient [per ft] 16T
Half Span Models +5x10°%/1t @M=0.3; £2x10°%f @ +0.0001/ft for half and +0.005/ft for hatf and
Full Span Models M=0.8 fuil span models full span models
+1x107%/ft @ M=0.3; $3x10°/ft @
. M=0.8
Tunnel Stability (10 sec period)
Pt +3 psfover 10sec @ M=0.3,Pt=5atm +3psf @ M=0.3; +5.5psf 3 psf @ M=0.8.,
Pst +5.5 psf over 10sec @ @M=0.8 Pt=2.5 atm (20)
M=0.8,Pt=5atm
Tt +0.5°F over 10 sec. +0.5°F 1°F or greater (20) ETW
Mach No, <0.0005 0.0005 @ low Reto 0.00! @
high Re (M=0.78)
Table 7-1: Flow Quality
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7.3.2 Design Decisions

A number of major design decisions were reviewed and approved by the Design Board. The foliowing table is a
summary of those decisions. Shown in the table are the Design Decision Notice (DDN) number, the DDN title and
PDT that performed the trades, and a description of the decision. DDN # 1-10 were performed during the two
tunnel phase of the program. The outcome of these decisions were maintained unless changed by a subsequent
DDN (e.g. single tunnel airline DDN #13 was a change to DDN #3). Further details of the decisions can be found in
the archive index section on Configuration and Change Management which contains the DDNs, logs, and minutes.

Three design decisions were considered as being owned specifically by SE&I, setting the configuration for the open
jet, the definition of the basic tunnel airlines, and the definition of 7 ATM capability.

Involved in the decision regarding the open jet, DDNs 11 and 18 (Ref 7-8, 7-9) were questions of space, power, and
the associated noise levels. This decision demonstrated an open jet layout could be accommodated that supplied all
of the measurement distances and directivity angles required and estimated that the compressor, sized for other
operations, could supply sufficient pressure ratio for the open jet. The circuit was predicted to have noise levels
higher than those required. Acoustically treated turning vanes for corner 1 were adopted, which brought the noise
levels closer to the requirement with minimal cost impact. This decision also underscored the necessity to examine
the design of acoustic turning vanes in a transonic tunnel environment.

DDN Title/ Description
# | Responsibility
1 [Plenums/Carting |Five configuration options for plenum/carting options were traded: 1) fixed cart and
plenum, 2) rotatable cart/fixed plenum, 3)extractable cart/fixed plenum, 4) extractable cart
Test PDT and plenum, 5) dual test legs. Option 3 included three sub-options for spherical plenum,
cylindrical plenum/clam shell door, and cylindrical plenum/elliptical head door.
Boarded 7/11/95 |Comparisons and evaluations of adaptability, productivity, operating cost, risk and capital
cost for each option were presented. The decision was made to use an extractable carting
system and fixed cylindrical plenum with clam shell based on the data, including
satisfactory adaptability ratings, and capital cost savings.

2 |Site Layout Four layout configurations were under consideration (H, I(1), I(2), and I(2a)).
Recommendation was made to accept 1(2a), which inciudes separated (rather than
Plant PDT adjacent) compressor drives for the tunnels, and reserves areas for future expansion to
accommodate a third wind tunnel. ‘
Boarded 8/22/95
3 |TSWT/LSWT |Original two tunnel airline decision. Updated by DDN #13 for the single tunnel.
Airlines Discussion for TSWT focused on slotted wall configuration, circuit airlines and
performance; for LSWT on circuit airlines, performance and test section length.
SE&I Conclusion reached was to adopt the Concept Evaluation (CES) Airlines as defined in the

CES Airlines report dated June 1995.
Boarded 7/18/95
6 |Cyclic Fatigue |Decision on requirements and factors impacting the cyclic fatigue design criteria,
including internal and external pressure requirements, service life, cyclic pressure rates,
Pressure PDT  |stress concentration factors and occupancy hours per year. Recommendation to set cyclic
life span to be used for NWTC design criteria at 40,000 cycles for the tunnel ducting, and

Boarded 7/11/95 ]160,000 cycles for the plenum

7 |Pressure Testing |Rationale for pneumatically proof testing the NWTC pressure shell with some additional
measures beyond ASME code requirements.
Pressure PDT

Boarded 1/15/96
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DDN Title/ Description -
# | Responsibility
8 [|Plant Review of air plant functions and requirements and the concept addressed in the risk
Configuration/ [reduction study. Options were addressed that included a configuration using compressors
Capacity only, and using a combination of compressors and storage capability. The combination of
compressors and storage tanks was recommended to obtain the required flow rates.
Plant PDT Recommended compressor capacity of 240 lbm/sec, and storage capacity of 700,000 cubic
ft, nominal 300 psig system. ;
Boarded 7/19/95
9 |Isolation Valves [Addresses the risk reduction study air plant criteria and capabilities, and evaluated the
hardware and structural implications of isolation valves. The evaluation revealed that the
Pressure PDT  |removal of isolation would increase capital cost by approximately $6M. Operating costs
were also significantly higher for a “no-valve” configuration, and flexibility/versatility and
Boarded 7/19/95 |productivity was reduced. Recommendation was to retain the isolation valve.
10 |Slotted Wall Slotted wall configuration design requirements that revised the requirements defined in the
Configuration [DDN 3 CES Airlines report. For TSWT, the revised requirements increase the number of
floor/ceiling slots from 10 to 14, with a constant 1.5” slot width, reduce control segment
Test PDT length from 48 to 30 inches, and added acoustic fillers. For LSWT, the revised
requirements increase the number of floor/ceiling slots from 11 to 12, decreased the
Boarded 8/22/95 [number of sidewall slots from 9 to 8, with a constant 3” slot width, added a control
segment length of 46 to 48 inches, and added acoustic fillers and slot covers.
11 {Open Jet Provide Open Jet capability in Single Tunnel within Closed Jet cart length and plenum
diameter and Closed Jet compressor capability.
Test PDT .
Boarded 12/15/9 .
12 |Air Plant Specific Pressure, Pumping Capacity and Storage Volume requirements were proposed for
Definitions the Tunnel Pressurization, Vacuum and Propulsion Model Air. It was agreed that the PES
would not be used to pump up the system
Plant PDT

Boarded 1/30/96

Reflects airlines appropriate to a 13-foot by 16-foot test section. Other parameters include

13 |Single Tunnel
Airlines the current compressor map baseline, 360K continuous and 414K intermittent Main Drive
horsepower, and 3% Plenum Evacuation System at Mach 1.0. The principal change is an
SE&I increase in plenum shell diameter to 76 feet, as showing preliminary drawing number
NWTCS100, dated 12-5-95. This configuration is based on retaining a “reasonable”-sized
Boarded 12/19/9 {tunnel, and compressor efficiency above 75% in the Mach 0.8 range.

14 [Seven Defines 7 atmosphere capability to be: 1.) Isolation valves for 5 Atm operation only; 2.)
Atmosphere Design “Internals™ for operation to 7 Atm within required performance envelope; 3.) PES
Definition ducts and valves designed for 7 Atm pressure. PES airflow and horsepower remain sized

for 5 Atm and supersonic requirements.; 4.) 25% of the full pressure cycles wili be to 7
SE&I atmospheres.
Boarded 1/15/96

15 |Site Provided a drawing of the proposed Site Layout and provided data regarding what was

Considerations |expected to be provided by an existing site and what was expected to be provided by the
NWTC.
Site PDT

Boarded 1/30/96
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DDN Title/ Description
# | Responsibility
16 |Rear Strut Rationale for various test cart options. The carts were determined to be separable into two

Model Support {sections - a test section cart and a model support section cart. There will be two high AOA

& Test Carts and external balance test section carts and three support section carts: two vertical strut

support section carts and one dummy support section cart. A further recommendation was

Test PDT made to provide wings level yaw with a reduced load set using a turntable mounted in the

model attached to an upswept sting. The configuration does not meet the CR&O 50°

Boarded 1/29/96 |Dynamic range requirements for transports and 100° Dynamic range requirements for

fighters..

17 |Plenum Design |The decision to use a fixed plenum versus a movable plenum was re-examined relative to a

single tunnel facility (see DDN #1). The conclusion was made that the single tunnel

Pressure PDT  |requirements do not alter the basis for selecting the fixed plenum configuration with

extractable carts.

Boarded 1/29/96

18 [Open Jet Noise (Four configuration options for noise abatement were traded. The option chosen added
treatment to corner #1 with the number of turning vanes reduce from 14 to 7 atm and
Test PDT chord increased from 6 ft. to 12 ft.

Boarded 1/29/96
19 |Tunnel Anchor |[Six anchor points were studied and traded. Recommendation was accepted to locate a

Point single anchor point upstream of the Heat Exchanger directly across from the test section.
Each end of the Compressor would be supported and allow for axial movements (guided

Pressure PDT  |support).

Boarded 2/16/96

Three design decisions were considered as being owned specifically by SE&I, setting the configuration for the open
jet, the definition of the basic tunnel] airlines, and the definition of 7 ATM capability.

Involved in the decision regarding the open jet, DDNs 11 and 18 (Ref 7-8, 7-9) were questions of space, power, and
the associated noise levels. This decision demonstrated an open jet layout could be accommodated that supplied all
of the measurement distances and directivity angles required and estimated that the compressor, sized for other
operations, could supply sufficient pressure ratio for the open jet. The circuit was predicted to have noise levels
higher than those required. Acoustically treated turning vanes for corner 1 were adopted, which brought the noise
levels closer to the requirement with minimal cost impact. This decision also underscored the necessity to examine
the design of acoustic turning vanes in a transonic tunnel environment.

Airlines and the associated sizing were adopted in DDN 13 (Ref 7-10). Two main issues were discussed: The
prediction and values for the required tunnel power, and the required tunnel pressure ratio. The SE&I
recommended a baseline configuration including 360K continuous, 414K overload main drive hp, with a 3% PES at
Mach 1.0. This baseline was adopted. The CR&Q requirements for the fighter cases requires significantly higher
power and pressure ratio than any of the transport cases, and according to the SE&I calculations, the baseline
compromises the fighter requirements. This would cause ~ 33% decrease in maximum Reynolds number for some
of those cases. Additionally, the initial compressor design showed the high pressure ratio, Mach 1.5 fighter cases
seemed to have an uncomfortably small stall margin. A major area of uncertainty was identified in these
predictions, regarding the added power required on account of the influence of a large model wake on the
performance of the test section, reentry region and high speed diffuser. Further analysis closed the degree of
uncertainty in this area. It was expected that data from the High Speed Leg Experiment ( Ref 7-11) would have
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helped clarify the situation. A study was later completed to look at alternatives to the selected baseline (Ref 7-12).
This would have been used in discussions subsequent to SDR.

DDN 14 (Ref 7-13) defined the definition of 7 ATM capability. The conceptual cost estimate includes a 7 ATM
capability, but had no further definition of what that capability encompassed. The baseline configuration was
established the performance envelope as having a constant power line between 5 ATM total pressure at M=1.0 and
7 ATM at M< 1.0. The tunnel “internals “ were to be designed for operation within this performance envelope.
The isolation valves were designed for 5 ATM operation only. Additionally, the PES ducts, valves and compressor
cases designed for 7 atm, while the PES airflow and horsepower sized for 5 ATM and supersonic requirements.

7.4 Performance Allocations to Segments

At the closure of the project, specifications consisted of two levels: The Project Specification, which contained the
performance levels for the overall system as developed with the CR&O team, and the draft Segment Specifications,
(Ref 7-14) which correspond to the project development team (PDT’s) packages. The performance requirements
for the wind tunnel segments are contained in the appropriate sections of those Segment Specifications.

Segment performance levels were derived by the System Design Team, and the greater SE&I team. A wind tunnel
system was defined based on early design and analysis using theoretical and empirical tools, supported by existing
data bases and specialized consuitants. A first cut at the appropriate specifications for the tunnel components was
derived from this analysis and allocated to the segment level. The allocations were iterated with the project
development teams and would have been verified and/or upgraded during the preliminary design phase of the
project, based on more detailed analysis and a risk mitigation program.

Prior to SDR, design analysis at the Systems level and at the PDT level was proceeding in parallel. A matrix of
required performance parameters required by the PDTs to proceed into preliminary design was developed and
designated the “TBD Matrix” (Ref 7-15). The list was to have served merely as a tracking tool while the
parameters were determined. Once derived, the data would have been allocated to the appropriate Segment
Specifications or Interface Control Documents. Given that the project was notified prior to SDR to shut down, this
matrix represents the most complete list of component performance allocations at the stop work point.

Subsequent to SDR, the System Design team would have maintained the responsibility for System level
performance. As such, they would have maintained the balance between the requirements at the Segment level.
That team would have carried approval authority for any changes to the requirements to the Segment Specifications.
Systems Engineering would have maintained the traceability of the requirements through the specifications.

7.5 Risk Issues and Safety/Hazard Analyses

Two studies were performed to assess the system level risks and the hazards associated with NWTC. Both studies
were conducted utilizing the hazard inventory technique of MIL-STD-882C (Ref 7-16) and produced subjective
lists of risks and hazards. The risk assessment emphasized the performance, cost, and schedule issues, and were
ranked from Zone 1 to Zone 3 following the MIL-STD techniques. Risks identified at the PDT and SE&I levels
were rolled up into risks impacting the program level. The safety/hazard analysis focused on hazards associated
with personnel, equipment, downtime, and data integrity. The two studies, while emphasizing different aspects of
the overall risk assessment, were complementary. System safety issues identified in the risk assessments
contributed directly to the safety and hazard analyses. -

From the risk identification process, 7 Zone 1 risks and 28 Zone 2 risks were identified in total. There were two (2)
Zone 1 risks and eleven (11) Zone 2 risks which were categorized as SE&I risks. (Risks iden