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1.0 SUMMARY 

The objective of Phase II of the NASA-sponsored Refan Program was to design, manufacture, 
and ground test an acoustically treated certifiable and producible JT8D-l 00 series engine 
installation fer the 727-200 airplane under contract NAS3-.l7842. 

The Phase II design effort began in July of 1973 and ran through October of 1974. The 
fabrication effort was completed in February of 1975 in time to support the ground test 
effort. 

This document, Volume II, covers the Phase II design and the fabrication of full-scale test 
hardware for the installation of the Pratt & Whitney Aircraft JTBD-l 00 series refan engine 
as a retrofit on the existing Boeing 727-200 airplane. 

The JT8D refan series engine is a derivative of the JT8D series engine used to power the 
727-200 airplane. The refan engine incorporates a single-stage fan of larger diameter than the 
two fan stages of the JT8D series, to achieve higher thrust, lower specific fuel consumption, 
and reduced jet noise. The engine length is increased by 7.3 in. (18.5 cm), the fan tip 
diameter by 8.7 in. (22.1 cm), and the weight by 570 lb (258 kg). 

The retrofit installation of the refan engine in the 727 was designed to minimize impact on 
the existing airframe. The side-engine strut length and tirewalllocations were retaiJi.ed, the 
nacelle centerlines were moved 5.5-in. (l3.9-cm) outboard, and the engine mount systems 
were changed to meet the requirements of nacelle weight and geometry. 

The side inlets were redesigned to accommodate the increased airflow and to incorporate 
acoustic treatment. They are symmetrical, providing commonality between left and right 
nacelles. The removable side-cowl panels were changed from aluminum skin and stringer to 
fiberglass-honeycomb construction and are likewise common between right and left nacelles. 
The exhaust system of aluminum-brazed titanium structural/acoustic honeyco'Tlb is common 
to all three engine locations. A new hydraulically operated target-type thrust reverser (based 
on the design used on the 737 airplane) is mounted on the exhaust dud. The center-engine 
installation retains the same vertical and horizontal (overhead) tirewall positions, but the 
engine centerline moved down 4.5 in. (11.4 cm), and the engine mounts moved aft 10.7 in. 
(27.2 cm), requiring a new support structure. 

The center-inlet duct construction was changed from aluminum skin and stringer to perforated 
aluminum inner skin, bonded to fiberglass structural/acoustic honeycomb. The flowpath was 
contoured to pass through the existing opening in the vertical-tail front spar forging. 
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Airframe-furnished equipment required to integrate the engine and related systems into the 
airplane was changed only where necessary or where reasonable design simplification could 
be achieved. Engine and seal drains were simplified by the removal of the drain tanks of the 
side engines. Some changes in the fire barriers occurred as a result of the new cowl construc­
tion; but fire detection, fire extinguishing, engine lubrication, and the engine fuel system 
were essentially unchanged. A new constant-speed-drive oil cooler utilizing fan air was 
mounted in the fan duct. Because of interference with the larger engine diameter, the center­
engine control system was redesigned to use a push-pull cable rather than a lever system 
from the firewall to the engine control cross-shaft. 

Engine dimensional changes also caused a redesign of the airbleed ducting, but no basic 
changes were made in the thermal ar:ti-ice or air-conditioning systems. 

The objective of the manufacturing effort in support of the NASA Refan Program was to 
fabricate nightworthy certifiable hardware to engineering requirements using normal produc­
tion practices and facilities and to minimize cost where feasible by the use of soft or expend­
able tools. 

The manufacturing effort was concerned with several basic types of construction, including 
casting, machining, metal forming, welding, and related processes to fabricate the detail parts. 
Also included were metal bonding, fiberglass/plastic laminate bonding, brazing, chemical 
milling, and related assembly processes required to assemble the detail parts. 

The major components fabricated for this program were a center-engine inlet duct, an 
exhaust nozzle system, and a nonnightworthy side-engine inlet. 

• The center-engine inlet duct was fabricated as a bonded honeycomb assembly with a 
perforated aluminum acoustic face and fiberglass core and fiberglass outside skins. 

• The exhaust nozzle system made exten~ve use of aluminum-brazed titanium (ABTi) 
honeycomb using chemically milled perforated acoustic skins. The componen ts exposed 
to engine core gas temperatures were made from Inconel 625 honeycomb and sheet 
metal. 

• The nonnightworthy side-engine inlet was manufactured using fiberglass laminates and 
fiberglass polyimide honeycomb combined with aluminum substructure. 

Many benefits including improved production techniques to build light weight acoustic treat­
ment using both bonding and brazing can be derived frol11 the Refan Program. These tech­
niques show promise in reducing both cost and weight of nacelle acoustic components. 
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2.0 INTRODUCTION 

The overall NASA Refan Program was estabiished in mid-1972 with the objective of develop­

ing and evaluating JT3D and JTSD refanned engine retrofit installations on 707, DC-S, 727, 

737, and DC-9 airplanes to reduce aircraft noise with minimum impact on total cost of 

ownership. Participants in the program were the Boeing Commercial Airplane Company, 

McDonnell Douglas Aircraft Division, Pratt & Whitney Aircraft Division, United Air Lines, 

and American Airlines. 

The Boeing Phase I program, contract NAS3-16Sl5, was undertaken in August 1972 with 

the initial objective of identifying changes in th~ existing Boeing airplane fleet to retrofit 

modified higher bypass engines and thus effect a substantial reduction in community noise. 

The Phase I work, reported in reference 1, documents studies relating to the model 707, 727, 

and 737 airplanes. It describes proposed retrofit configurations, projected performance, and 

estimated economic aspects of each. Those preliminary design studies led to the conclusion 

that the JTSD refan engine with its increased bypass ratio could be installed with appropriate 

inlet and exhaust acoustic treatment on the existing 727-200 airplane to provide substantial 

reduction in community noise. 

The Boeing Phase II program, contract NAS3-17S42, was undertaken in july of 1973 with 

the objective of designing, manufacturing, ar •. • testing a certifiable JTSD-l 00 series refanned 

engine installation for the 727-200 airplane. The Phase II detail design provided the definition 

of a new side-engine nacelle together with a new center-engine inlet duct to match the larger 

diameter and higher airflov.' of the refan engine. Modifications required in the airplane body 

structure and systems W0re ah10 defined. . 

This document is Vo;ume 11 of the NASA/Boeing Refan Program Phase II Final Report. It 

provides a technical description of the tlight·worthy design that is part of the evaluation of 

retrofit of the Pratt &. Whitll~y Aircraft (P&WA) JTSD refan engine on the Boeing 717-200 

airplane. It also describes the manufacture of hardware built to support full-scale ground 

tests with the engine. This document is not a specification. It describes a design that is rep­

resentative of typical modification for application of the refan engine. Customer requirements 

and further evaluation could result in changes or identify desirable alternative construction. 

Volume I of this final report series (ref. 2) is a summary of the Phase II activities in the 

contract. Volumes III and IV of this final report series (refs. 3 and 4), respectively, provide 

a report of full-scale ground tests of the engine with inlet and exhaust systems and perform-

ance evaluation of the 727-200/JTSD refan airplane. . 

The Phase II program used the English system of measurements, with conversion to the 

International System of Units (SI) (ref. 5) for this report where applicable. The Sl units will 

be found in parentheses following the English units, in additional columns, or as secondary 

scales where appropriate. . 
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3.0 DISCUSSION 

The adaptation of the Pratt & Whitney Aircraft JTSD refan en~ne to the 727-200 airplane 
was evolved to provide a configuration suitable for retrofit in the existing commercial air­
plane fleet and, accordingly, was constrained by the normal requirements for airplane 
safety, performance, reliability, durability, maintainability, cost, and fleet operational 
suitability. With the increased size and weight of the refan engine, special attention was 
given to the use of advanced structural design and manufacturing techniques to minimize 
the weight of the installation. The following list identifies the scope of the redesign: 

1. Side-engine nacelle including inlet, cowls, exhaust duct system, thrust reverser, engine 
mounts, and engine installation hardware details within the nacelle 

2. Center-engine inlet duct, aircraft structure modifications to accommodate the new 
larger duct, engine mounts, supporting structure, aft body fairings, center-engine 
cowls, and tail skid revision 

3. Engine and thrust reverser control adaptation and instrumentation adjustments. 

Section 3.3 describes several preliminary trade studies that provided background for the design. 

The new exhaust system (common to all three engines in the 727 airplane) and the center­
engine inlet duct are typical of the advanced manufacturing approach used in that they were 
designed with structural/acoustic honeycomb construction. They were fabricated. as described 
in ~ection 3.2, to the flightworthy design in order to confirm both the acoustic and structural 
adequacy of this construction in the full-scale ground tests. Alternate designs of th.e wedge 
duct, nozzle. and fan/primary now divider were seleded instead of the original design in 
onler to minimize fabrication time and assure maximum potential of achieving acceptable . 
brazements. The Contractor also determined that the mUltiple skin and bonded doubler con­
struction used in the center-engine inlet duct might pose a service maintenance problem 
because of possible bonding delamination. /2'or this reason. an alternative design eliminating 
the bonded joints was completed but not manufactured. This alternative design is certifiable. 
Fabrication of the side-engine flightworthy inlet, cowls, and thrust-reverser system was under­
taken butwas terminated prior to completion because of a reduction in program funds. A 
flightworthy side-engine inlet which could be used with and without a ring was designed. The 
inlet was replaced by a ground test unit that was built without anti-icing provisions. This 
lmit was not a production flight-weight design, but duplicated the propUlsion and acoustic 
critical req uirements. 

3.1 DESIGN 

This section describes the configuration developed to provide a flightworthy production 
design for retrofit of existing 727-200 airplanes with the JTSD-J 00 series refan engine. The 
following general ground rules were used to guide the design effort: 

1. Incorporate noise attenuation treatment in the engine inlet and exhaust systems to 
provide substantial reduction in emitted fan and turbomachinery noise 

2. Utilize commercial design practices, minimize changes to airplane strllcture and systems, 
and provide a high degree of commonality of components with existing JTSD engine 
installations to minimize time and cost of the retrofit 
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3. Retain or improve existing standards of safety, reliability, and main tainability 

4. With the airplane center of gravity at the aft limit, any weight increase in the nacelle 

results in an airp~ane weight increase in the ratio of 4.S to I, including ballast to restore 

balance 

5. Optimize the installation to retain airplane performance and operational characteristics. 

The JTSD-IOO series engine is a derivative of the basic JTSD turbofan engine modified to 

incorporate a new larger-diameter single-stage fan with a bypass ratio of about 2.00 and two 

supercharging low-pressure compressor stages. Ex tensive acoustic treatment was included in 

the -100 series engine fan duct to reduce aft-directed fan noise. The modifications give 

lower jet noise, increased takeoff and maximum allowable cruise thrust. and lower specific 

fuel consumption. A compal'ison of the physical characteristics of the JTSD and the JTSD-

100 series engines is shown in figure 1. 

The engine selected for modification to the refan configuration was a JTSD-9, but the 727 

installation design was based on the JTSD-IS and its counterpart JTSD-115 refan engine for 

ground test purposes. Requirements of the engine/airplane interface, such as flange loads, 

pressure limits, flow distortion, and flow areas for the inlet and exhaust system, were 

established through coordination with the engine manufacturer, as were the functional 

requirements and limitations of accessories and subsystems. As an aid in the installation 

design process, a full-scale engineering mockup of a side-engine installation was constructed 

(figs. 2 and 3) providing physical relationships of the components in the nacelle. 

On the existing JTSD installation for the 727 airplane, the side engines are mounted in 

nacelles on struts from the aft body. The nose cowls have 40 toe-in, and the exhaust duct 

centerline is directed up 3°22' relative to the engine centerline. The center engine is suspend­

ed from the structure aft of the vertical-tail rear spar. The inlet, located at the forward base 

of the vertical tail. supplies air to the engine yia a center duct that passes through the fin front­

spar forging. All three engines are eq uipped with pneumatically operated internal clamshell 

thrust reversers. 

The basic external dimensional parameters for the JTSD refan side-engine nacelle are com­

pared with the current production JT8D nacelle in figure 4. A comparison of the side-engine 

nacelle and engine installations is shown in figure 5. The nose cowl toe-in was eliminated, 

thereby allowing a simplified design that provides nose cowl commonality between left- and 

right-side engines. The exhaust duct was canted up 3.5 0 relative to the engine centerline to 

clir~ct the exhaust parallel to the airplane centerline for the side engines and to provide ade­

quate ground clearance for the center engine during airplane rotation on takeoff and landing. 

No change was made in the strut-mounted concept of the existing airplane, and only minor 

alterations to the firewall and strut components were required. The engine mounts on the 

strut retain the same geometry as the existing airplane. but the engine centerline is moved 

5.5 in. (13.9 cm) outboard. 

Side-cowl construction was changed from aluminum skin and stringer to epoxy fiberglass­

honeycomb sandwich. The thrust reverser was changed from a pneumatically operated inter­

nal blocker-door type with external deflection door to a hydraulically operated target type 

based on the design currently in use on the 737 airplane. Acoustic lining was incorporated 
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JT8D JT8D refan 

Nacelle iength, in. (m) 214.50 (5.45) 234:10 (5.95) 

Maximum diameter (Dmax), in. (m) 50.00 (1.27) 62.00 (1.57) 

Maximum area (Amax), ft2 (m2) 15.87 (1.47) 23.00 (2.14i 

Nozzle exit diameter (DN)' in. (m) 29.84 (0.76) 39.08 (0.99) 

Ratio (DHI/Dmax) 0.78 0.84 

Ler.gth to maximum section (X), in. (m) 25.0 (0.64) 58.5 (1.48) 
.-

Exhaust duct boattail angle a, deg 10.5° 
12° ili 

Throat diameter (DTH), in. (m) 37.84 (0.96) 46.70 (1.t~) 

Highlight diameter (DHI), in. (m) 42.31 (1.07) 52.21 (1.33) 

Figure 4.-JTBO/JTBO Refan Nacelle External Dimensional Parameter Comparison 
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on the inlet diffuser walls, nose dome. exhaust duct inner wall, and on both sides of the fan/ 

primary exhaust divider duct. 

The inlet featured the ability to perform with and without un acoustically treated ring. The 

exhaust duct was designed to operate with the hardwall flow divider provided by P&WA and 

with the Contractor-designed acoustically treated flow divider. This provided the ability to 

test both a maximum and a minimum acoustic configuration. 

The 727 /JT8D refan engine installation is shown in figure 6. 

The center engine attaches to a new mount structure that relocates the engine 10.7 in. 

(27.2 cm) aft with the centerline 4.5 in. (11.4 em) below its original position. The exhaust 

duct is common with the side engines and is also canted up relative to the engine centerline, 

preserving airplane rotational capability (see table 8, sec. 3.1.7.1). The inlet and center duct 

were revised with new tlowpath geometry accommodating the increased engine air mass flow 

without changing the opening through the vertical-tail front spar. The construction of the 

center duct was changed from aluminllm skin and frame to perforated-aluminum inner skin 

and phenolic-fiberglass strllctural/acollstic honeycomb with fiberglu3s outer skin. 

The nacelles and support structure were designed for the Slime ultimate load criteria as for 

the 727-200 installation, accounting for the increased weight and thrust of the engine ~\l1d the 

flaps-down aerodynamic loads derived from pressure model test. A comparison of these loads 

with those used in the existing design is shown both in table I and in figure 7. Fatigue criteria 

used in the design of the reran nacelle and supporting structure are also consistent with tl',e 

existing installation. 

The refan instal1ation exceeds the standard of interchangeability provided by the current 

727-200 installations. Several items of engine accessories also retain commonality with the 

existing installation (see sec. 3.1.6.13). As in the current airplane, the thrust reversers are 

common to all three engine positions. In addition. the refan side-engine nacelle design 

provides side-to-side commonality of nose cowls and of upper and lower removable side-cowl 

panels. 

3.l.1 SIDE-ENGINE INLET 

The side-engine inlet designed for the JT8D refan engine is of conventional configuration 

incorporating acoustic panels to reduce forward projected noise. The inlet is symmetric 

about the vertical axis. allowing commonality between side engines as determined by wind 

tunnel tests (ref. 6). The throat diameter was increased to 46.7 in. (1.186 m) to accommodate 

the airflow of the refan engine. A lip contraction ratio of 1.25 results in a lip highlight 

diameter of 52.2 in. (1.326 m). The length/diameter (L/D) ratio of the inlet is 0.8, constrained 

by considerations of weight and the proximity of the inlet to the airplane aft service door. 

3.1.1.1 Nose Cowl 

The nose cowl, shown in cross section in figure 8. is of sheet-metal frame and bulkhead 

construction with bleed air anti-icing provisions in the inlet lip. The acoustic diffuser panel 

is a single piece 29-in. (73.6-cl11) long panel constructed in continuous 3600 polyimide­

impregnated fiberglass honeycomb. Details of the panel construction are shown in figure 9. 
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Table 1.-JTBD/JTBD Refan Nacelle Loads Comparison 

Loads Nacelle 

(one factor) JT8D JT8D refan 

Weight, Ib (kg) 5065 (2297) sidea 

4312 (1956) centerb 
5797 (2629) sidea 

4948 (2244) centerb 

Thrust, Ib (N) 14500 (64496) 16600 (73 837) 

Aerodynamic 
Limit See figure 7 See figure 7 

Fatigue - See figure 7 

aWeight includes strut. 

bWeight does not include center-engine inlet duct, center-engine 
cowls, support beam, and mounts. 
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Figure 7, -Nacelle Design and Fatigue Pressure Loads 
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The honeycomb core has 0.375-in. (9.5-mm) cell size and 0.30-in. (7.6-mm) depth, faced 
with a porous laminated acoustic skin, and backed with a structural nonporous skin. 
Acoustic skin porosity, core depth, and core cell size details, listed in table 2, were chosen 
to maximize acoustic attenuation at FAR Part 36 approach condition. 

The nose-cowl exterior skin panels are 0.063-in. (1.60·mm) thick aluminum sheet, chemi­
cally milled to 0.04 in. (1.02 mm) between frames, and stabilized with circumferential 
zee-section stiffeners. One bottom access panel is included to allow inspection of the anti­
icing system. The primary load path to the engine attachment flange is through a cylinder 
wall of 0.05-in. O.27-mm) aluminum from a torque box formed by the cylinder, the two 
aft bulkheads, and the exterior ;;~~ins. An aluminum bulkhead aft of the inlet lip supports 
the anti-icing air distribution as shown in figure 10. Holes in the bulkhead control the flow 
of anti-icing air aft into the nose cowl. The inlet 'mti-ice air exhaust is on the bottom of the 
cowl (fig. 8). 

The critical design condition for the side-engine nose-cowl mounting flange results from the 
aerodynamic loads defined in figure 7. A comparison of the refan configuration and the 
baseline 727 shows that the ultimate shear and moment loads at the engine face are increased 
from 5330 Ib (23 708 N) and 174000 in-Ib (19 658 I1l-N), respectively, to 6570 Ib (29 223 N) 
and 214500 in-Ib (24734 m-N). The number of nose-cowl attachment bolts was reduced 
from 24 to 12 to facilitate field maintenance. As a result, the bolt design ultimate loads arc 
increased from 665-lb (2958-N) current production to 2400 Ib (10 675 N). The maximum 
fatigue load per bolt is 600 Ib (2669 N). Figure II shows nose-cowl installation details. 

3.1.1.2 Nose Dome 

The nose dome ic. approximately 25 in. (63.5 cm) long and consists of a thermally anti-iced: 
formed-aluminum nose cap and an acoustically treated shell. The shell is bonded fiberglass­
honeycomb structure of 0.30-in. (7.6-m111) deep, 0.375-in. (9.5-mm) cell core, faced with a 
porous laminated acoustic skin, and backed with a nonporous structural skin, table 2. The 
Pt1 probe is located inside the nose dome (figs. 8 and 12). 

The critical design load for the nose dome attachment to the engine is a combination of 
axial blowoff due to an ti-icing air pressure and momen t caused by an unsymmetrical surge 
at takeoff power. The nose dome is attached with five captured boIts, as shown in figure 
12, to prevent the possibility of ingestion of loose bolts into the engine. The maximum load 
per bolt is 1755 Ib (7806 N); the maximum fatigue load per bolt is 620 Ib (2758 N). During 
anti-icing operation, the nose-dome acoustic panels will have a thermal gradient of 2000 F 
(111 K) with 3000 F (422 K) on the back of the panel anel 1000 F (311 K) on the exterior 
acoustic skin. 

3.1.1.3 Alternate Design 

The alternate inlet configuration shown in figure 13 provides an option for additional noise 
suppression in the forward quadrant by adding an acoustically lined splitter ring to the 
side-engine inlet as previously described in section 3.1.1.1. The ring, positioned aft of the 
diffuser throat, is 31.2-in. (79.2-cm) average diameter by 23.2-il1. (58.9-cm) long. It is of 
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Table 2.-JTBD Refan Acoustic Lining Definition-Side-Engine Inlet 

Lining section Specifications 

Location Function Area,a Material 
Rayl number 

ft2 R/pcb Vp/Ve 

1m2) cm/secc 

1 Inlet diffuser Fan tone 29.9 Polyimide- 2.16 ± 15% 82.3 

1/4 wave (2.78) impregnated 

type fiberglass 

2 Inlet nose dome Fan tone 4.3 Polyimide- 2.16 ± 15% 82.3 

1/4 wave (0.39) impregnated 

type fiberglass 

aNet active lining area (gross treated surface area less surface area rendered 
inactive by structural splices, edge closures, etc.) 

bUnidirectional flow resistance ratio after bonding with core where R = flow 
resistance of sample in N'sec/m3 (MKS Rayls) and pc = reference flow resistance 

in N·sec/m3 (MKS Rayls). 

cVp/Ve where Vp == particle velocity and (J = static temperature ratio T S °R/519(T SK/288) 

Core depth, 
in. (cm) 

0.30 (0.76) 
±5% 

0.30 (0.76) 
±5% 

Cell size, 
in. (cm) 

0.375 (0.95) 

0.375 (0.95) 

~ 

I 

of air approaching sample in flow resistance test. 
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L 12.45 in. (31.62 cm) 
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polyimide-impregnated fiberglass construction with a structural honeycomb spacer core 
sandwiched between acoustic panels on either side (fig. 14 and table 3). To match acoustic 
lining characteristics with the geometry of the inlet tlowpath in the alternate design, the 
core depth in the ring outer panel is 0.18 in. (4.6 mm) and in the inner panel 0.17 in. (4.3 
111m). Correspondingly, the core depths in the diffuf ~ wall panel and the nose dome panels 
were changed to 0.18 in. (4.6 111m) and 0.17 in. (4.3 111m), respectively. 

Additionallongerons arc incorporated in the cowl wall to attach three radial struts on which 
the ring is supported. The ring/strut assembly is removable, as illustrated in figure 15, 
providing access to the fan face. 

The stru t leading edges arc hollow sections of I nconel 6:!5, and the ring leading edge is 
electro-formed nickel arranged as shown in figure 16 to distribute anti-icing air fed through 
a manifold from engine 13th-stage compressor bleed. The unmixed 13 th-stage bleed air is 
fed through each of the struts into the leading edge of the ring. The ring leading edge is 
compartmented so that the bleed air is first passed through the forward passage to the mid 
point between struts. At this point, the air returns through the aft passage toward the point 
of entrance. The aft passage has exhaust ports in its aft bulkhead, that allow the air to escape 
out through slots between the leading edge and the main body of the acoustic ring. 

3.1.1.4 Side-Engine Inlet Ground Test Design 

The side-engine inlet, previously described in sections 3.1.1.1 through 3.1.1.3, was replaced 
for ground test with a unit that duplicated the propulsion and acoustic functions of the 
production design, but did not incorporate anti-icing provisions, and was not a flight weight 
design. Tile propulsion requirements were met by duplicating the production inlet contours, 
and the acoustic function was achieved by using the same acoustic wall construction and 
materials for the face skins and core that were specified on the production configuration. 

Details of the method of fabrication are discussed later in section 3. :!.l. 

3.1.2 COWL PANELS 

The cowl panels on the side engines consist of three sections and are installed between the 
inlet and exhaust systems as shown in figure 17. The inboard fixed section adjacen t to the 
strut is attached to the engine frames and includes access panels for the engine mounts and 
system disconnects. The remaining sections are hinged to the fixed cowl and to each other 
with removable hinge pins, which allow for a variety of door open positions, or which aUow 
complete removal from the engine. The upper and lower removable panels are interchange­
able between side engines. 

Panel thickness is I in. (2.54 cm), and its construction consists of a heat-resistant phenolic­
honeycomb core bonded with inner and outer skins of 0.02-il1. (0.58-mm) 2-ply structural 
glass fabric (fig. 18). This system of construction was adopted to reduce the number of 
detail parts and the labor involved in fabrication of a typical riveted sheet metal cowling. 
This construction is estimated to reduce fabrication cost by 40%, based on experience wi th 
similar fiberglass-honeycomb parts. Sandwiched in the inner skin laminate is a stainless steel 
wire mesh fire barrier. The ability of the fire barrier to meet Civil Air Regulations (CAR} 
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Table 3.-JT8D Refan Alternate Design-Acoustic Lining Definition-Side-Engine Inlet 

Lining section 
Specifications 

Areaa, 
Rayl number 

ft2 R/pc b 

Location Function (m2) Material 

1 Inlet diffuser Fan tone 29.4 Polyimide- 2.03 ± 15% 

1/4 wave (2.73) impregnated 

type fiberglass 

3a Inlet ring Fan tone 13.3 Polyimide- 2.03 ± 15% 

1/4 wave (1.23) impregnated 

type fiberglass 

3b Inlet ring Fan tone 12.7 Polyimide- 2.42 ± 15% 

1/4 wave (1.18) impregnated 

type fiberglass 

2 Inlet nose Fan tone 4.3 Polyimide- 2.42 ± 15% 

1/4 wave (0.39) impregnated 

type fiberglass 
- ._--- -

aNet active lining area (gross treated surface area less surface area rendered inactive 

by structural splices. edge closures, e·tc,). 

VpWB Core depth. Cell size, 

cm/secc in. (cm) in. (cm) 

77.4 0.18 (0.46) 0.375 (0.95) 

±5% 

77.4 0.18 (0.46) 0.375 (0.fi5) 

±5% 

64.8 0.17 (0.43) 0.375 (0.95) 

±5% 

64.8 0.17 (0.43) 0.375 (0.95) 

±5% 

29.21 in. (74.m cm)~ 

I.. ... 
15.75 in. (45.0 cm) 

bUnidirectional flow resistance ratio after bonding with core where R = flew resistance 

of sample in N.sec/m3 (MKS Rayls) dnd pc = reference flow resistance in N'sec/m3 (MKS Rayls). I r-l 

cVp/Ye where Vp = particle velocity and e = static temperature ratio T SOR/519 (T SK/288) 

of air approaching sample in flow resistance test. 
8.5 in. (21.59 cm) 

2 I I 
-1-1 r d 

8.3 in. (21.08 cm) 
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Figure 15.-JTBD Refan Side-Engine Inlet Assemblv With Acoustic Ring 
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igure 17.-JTBD Refan Side-Engine Cowl Panels 
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standards was proven by testing various samples of fiberglass-honeycomb construction. A 
summary of these test results is presented in reference 4. The wire mesh also serves as an 
electrical shroud around the engine. The panel longitudinal edges are stiffened with sheet 
metal intercostals fastened between latch fittings. The fore and aft edges are stiffened with 
sheet metal frames. Alllnp joints between the cowl panels and all mating structure contain 
a wear surface coating. 

The U-bolts that engage the cowl latches have been replaced with eye bolts that allow for 
external adjustment (fig. 19). The refan conversion lengthens the engine and therefore the 
cowl so that one additional latch, for a total of seven, is required along each longitudinal edge. 

The center-engine cowl panels, shown in figure 20, are faired to the existing aft body lines and 
attach to the existing hinge points. There are two forward and two aft panels that latch together 
at the bottom centerline. Cowl material and construction are the same as used in the side cowls. 

The ultimate design conditions for the cowl panel are: (I) Operating· Aerodynamic pressures 
resulting from a high angle of attack at 460 KEAS (237m/sec EAS), 13 500-ft (4115-m) alti­
tude, and 3.75-g load factor with a gross weight of 167 000 Ib (75 750 kg), and (2) Failsafe-­
Engine-bleed duct failure causing ultimate outward gage pressure of 3.36 psi (2.32 N/cm2) 
acting on the inside of the cowl. This pressure is limited by a pressure relief door. The fatigue 
design load is 25% of the ultimate design condition. 

3.1.3 EXHAUST SYSTEM 

The exhaust system of the 727-200/JT8D refan engine consists of a two-piece exhaust duct 
(wedge duct and nozzle), a fan/primary flow divider, an engine center-body exit plug, and the 
wedge dud external aerodynamic fairings (fig. 21). The exhaust duct ads as a mixing cham­
ber for the hot primary and calc! secondary flow discharging through a common nozzle. The 
length of the mixing chamber: the flow areas of fan-. primary-, and final-nozzle streams; and 
the geometry of the thrust-reverser doors an~ integrated within the nacelle external aerodynam­
ic contour (fig. 4) to meet the requirements for engine match and reverser performance. 

Acoustic treatment was used in the exhaust duct wall and in the fan/primary divider walls. as 
defined in table 4, to reduce aft-transmitted fan and turbine noise. Acoustic skin porosity. 
core depth. and core cell size were chosen to maximize acoustic attenuation at FAR Part 36 
approach condition. 

The installation of the refan engine acids weight to the airplane. which mllst be compensated 
by the add it ion of forward ballast to restore airplane balance. Titanium was used extensively 
to reduce weight where operating temperatures permitted. Aluminum-brazed titanium honey­
comb, adapted from the FAA-sponsored Supersonic Transport Program, was used in the nozzle 
wall and the flow divider between fan and primary engine gas streams. Two different approach­
es to the manufacturing of the honeycomb are descnbed. 

The thrust reverser was designed with extensive use of titanium ror frames and temperature 
resistant inner skins in a further effort to reduce weight. The structural supports for the 
thrust reverser are integrated into the titanium nozzle wall (fig. 21). 
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Figure 20.-JTBO Refan Center-Engine Cowl Panels 
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Table 4.-JTBD Refan Acoustic Lining Definition-Exhaust System 

Lining section Specifications 

Rayl number Areaa, 
ft2 

Rlpcb Vp/VO 
Location Function (m2) Material cm/secc 

1 Wedge duct Fan tone, harmonic 20.0 Titanium 1.46+0.48 40 
1/4 wave type (1.86) -0.36 

2 Nozzle Primary tones 31.0 Titanium 1.46+0.48 40 
1/4 wave type (2.89) -0.36 

3 Divider, Fan tone, harmonic 5.9 Titanium 1.46+0.48 
fan flow 1/4 wave type (0.55) -0.36 
side 

4 Divider, Primary tones 7.2 Inconel 1.46+0.77 
primary 1/4 wave type (0.67) -0.50 

'---_~ow side __ 
~-----.----- .. ~ 

aNet active lining area (gross treated surface area less surface area rendered 
inactive by structural splices, edge closures, etc.). 

bUnidirectional flow resistance ratio after brazing to core where R = flow 

resistance of sample in N·sec/m3 (M KS Rayls) and pc = reference 
fiow resistance in N·sec/m3 (MKS Rayls). 

cVp/{ij wherE' Vp = particle velocity and 8 = static temperature ratio 
TSo R/519 (TSK/288) of air approaching sample in flow resistance test. 

dBased on open perforations in active treatment area after brazing. 

eCore depth established by structural constraints. 

f Alternate construction constant core depth = 0.25 in. (0.63 cm) ±5% 

40 

40 

Core 
depth, 

in. (cm) 

eO.50 (1.27) 
!59o 

eO.50 (1.27) 
±5~~ 

fLO (2.54) 
tapered to 
0.25 (0.63) 

eO.50 (1.27) 
±5~~ 

Skin 
perforation Skin 

Cell size, open aread, gage, 
in. (cm) 01 

,0 in. (em) 

0.375 (0.95) 2.8 0.014 
(0.035) 

0.375 (0.95) 2.8 0.014 
(0.035) 

0.375 (0.95) 2.8 0.014 
(0.035) 

0.375 (0.95) 3.3 0.015 
(0.038) 

3 2 

---t-
4 Exhaust system 

.. 

Nominal 
hole 

diametel; 
in. (cm) 

0.042 
(0.107) 

0.042 
(0.107) 

0.042 
(0.107) 

0.040 
(0.102) 

l ., Wo.W+t It d« tt" .... ~~~ .......... ~ _~~ ... "-~ __ ~,:",,,,Wo>_~~'~~_ •• ~. ~~_~~~.~~ ~ __ .... _ .. "-' ............. ~" __ ~.~ •• __ .......... c._~ nz' 
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3.1.3.1 Exhaust Duct (Wedge Duct and Nozzle) 

The 21-in. (53.3-cm) long forward portion of the exhaust duct (referred to as the wedge duct) 
provides a 3.5 0 cant that turns the 44-in. (111. 7-cm) long nozzle section with the thrust 
reverser upward relative to the engine centerline to provide ground clearance for the center­
engine exhaust duct during airplane rotation and to direct the exhaust flow from the side 
engines parallel to the airplane centerline. 

The forward se ;tion of the nozzle has two pairs of longitudinal rails integrated into the outer 
skin of the nozi.le, as shown in figure 22, to provide support for the thrust reverser. The 
flanges between the wedge duct and the nozzle permit positioning of the nozzle and thrust 
reverser in 90 0 increments about the nozzle axis to accommodate the reverser deflector 
door positions on the side and center engines of the airplane. In addition, positioning 
capability of ±100 is included for refinement of the reverser efflux pattern. 

The original design for the wedJ:~e duct and nozzle is shown in figure 23 and consists of a 
continuous 3600 panel of aluminum-brazed titanium honeycomb with perforated inner 
skin and machined closure members. The external skin and end closures form a welded 
assembly. The aft exit cone of the nozzle is a titanium sheet welded to the honeycomb 
structure. 

The ground test exhaust-duct hardware used an alternate design, as illustrated in figure 24. 
This alternate method was used to minimize fabrication time and to provide maximum 
probability of achieving an acceptable brazement in the fabrication of the wedge duct and 
nozzle parts. It utilizes circumferential strips of l/8-in. (3.2-mm) cell core replacing the 
machined fore and aft closeout flanges shown in figure 23. The dense core strips and the 
machined closeouts are structurally equivalent. 

The wedge duct and nozzle structure are designed to withstand an ultimate axialloac! of 
20355 lb (90 539 N) imposed through each of the two thrust reverser attach fittings during 
inadvertent in-flight deployment of the reverser. Design ultimate loads from inadvertent 
in-flight reversal (including gas pressure loads) at the engine attach flange are: 

Moment 
Shear load 
Axial load 

= 158 700 in-lb (17 930 m-N) 
= 2047 Ib (9105 N) 
= 46 345 lb (206 143 N) 

The operating temperature is 2800 F (411 K). Fatigue loads are based on the thrust reverser 
normal operation. 

3.1.3.2 Fan/Primary Flow Divider 

The fan/primary flow divider extends the separate fan and primary flow passages approxima­
tely 17-in. (43.2-cm) downstream of the turbine flange to which it is attached (fig. 21). The 
divider consists of two structural/acoustic honeycomb panels, an Incone1625 inner panel and 
trailing edge with perforated inner wall. and an aluminum-brazed titanium outer panel with 
perforated outer wall (fig. 25). The outer panel is attached to the inner panel near the trail­
ing edge, and both panels are directed up 3.50 to maintain concentricity with the wedge 
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duct and nozzle. Figun: 25 illustrates the original divider assembly design with a tapered 

outer panrl incorporating fore and aft closure flanges on the honeycomb core. The alternate 

design shown in figure 26 includes a constant thil:kness outer panel with dn:umferential 

strips of l/8-in. (3.2-mm) cell core forming the forward and art clOSUJ"l.~s. As in the exhaust 

duct. this alternate design was used to minimize tooling requirellll'nts:. nd maximize the 

probability of achieving an acceptable brazement. 

The loads uSl'd in the design of the fan/primary flow divider were due to as-psi (34 474-N/m2) 

pressure ditTcrential or ..t-O-g vibration loads resulting from rO!~lting system blade loss. Design 

ultimate loads at the engine attach flange are: 

Moment = 2..t- 300 in-Ib (2745 m-N) 

Shear = 26..t-0 Ib (II 743 N) 

Axial = I 130 Ib (5026 N) 

Maximum olK'rating temperatures are 6000 F (589 K) on the fan side (outer wall) and 12000 P 

t 922 K) on the primary side. 

3.1.3.3 Exhaust Center Plug 

The 20-in. (50.8-cm) long parabolic plllg (rig. 21) is fabricated from Ineanel 625 sheet metal 

with machined attach flange. The plug is directed liP 3.50 relative to the engine centerline. 

It is loaded by 5-psi (34 474-N/m 2) pressure Ll;fferential or 40-g vibration due to engine 

blade loss as defined by P&\v A. Design ultimate loads at the engine flange ;ll"e: 

Moment = 6000 in-Ib (678 m-N) 

Shear = 600 Ib (2669 N) 

Axial = 770 Ib (3425 N) 

3.1.3.4 External Aerodynamic Fairing 

The external fairing covers the wedge duct as shown in figure 21. The fairing consists of 

four epoxy fiberglass-honeycomb panels supported forward and aft On aluminum sheet­

metal bulkheads and stabilized by two pairs of aluminum sheet-metal intercostals 300 

either side of top and bottom center. The forward bulkhead mates with the rear end of the 

'::iigtne cowl doors, the rear bulkhead mates with the forward edge of the stowed thrust 

re\'erser doors, and the top and bottom fairing panels are removable for access purposes. 

3,1.4 THRUST REVERSER 

The thrust reverser used with the 727-200/JT8D refan installation is a hydraulically actuated 

target-type that is basically a scaled-up version of the reverser currently in use on the 737 

(fig. 27). The same reverser unit is used on all three engine positions and is rotated (clocked) 

relative to the vertical centerline for each installation to obtain the exhaust effiux pattern 

that will minimize the interference effects and produce the shortest stopping distance. 
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The criteria influencing the design of the thrust reverser were as follows: 

• Static performance equivalent to current design (Model test results arc presented in 
ref. 7) 

• No degradation of airplane controllability (Model test results are presented in ref. 8) 

• Reingestion improved over the current 727 (Test results arc presented in ref. 9) 

• Reliability improved over the current 727 

3. t .4.1 Reverser OOOl"S 

In operation. the target-type reverser doors move from" stowed position on the exhaust duct 
to a deployed position immediately aft of the nozzle exit (fig. 27). thereby deflecting the 
exhaust gas and discharging it in a forward direction. The doors are approximately 42 in. 
(1.07 Ill) long and of doublc-wall construction. The inner wall fabricated of 6AI-2Sn-4Zr-2Mo 
titanium sheet, a temperature resistant alloy, is connected by five 6AI-4V titanium frames 
to an aluminum outer wall, contoured to conform with the lines of the nacelle and actuator 
fairing when in the stowed position. Zee-section longerons stiffen either side. and a machined 
doubler reinforces the trailing edge. Exit edge lip and side fences are used to control distri­
bution of the erf1ux in the reverse mode. 

The total loads on the reverser doors result from a combination of gas pressure. aerodynamic. 
and thermal gradient loads. The thrust reverser gas and aerodynamic ultimate load are calcu­
lated to be 44 550 Ib (198 158 N) with an 1800-lb (8006-N) side load. This is combined with 
a temperature gradient of 5500 F (305 K) resulting from 10 ISoF (819 K) on the gas impinge­
ment side and 465°F (514 K) on the back side. The supporting links have been designed with 
t1exibility to minimize the effect of thermal stresses. The door fatigue load (nofmallanding 
cycle) is 20 180 Ib (89 761 N) with an 800-lb (3558-N) side load. The conesponding temper­
atures on the gas side and back side are 7900 P (694 K) and 290°F (416 K), respectively. 

3. t .4.2 Linkage 

A four-bar linkage (fig. 27) is used to position the reverser doors, and an over-center link pre­
loads the linkage in the stowed position to minimize vibration effects at the pivots and to 
hold the door faired against negative aerodynamic loads. 

The driver and idler links are machined from titanium bar. The over-center links are machined 
from 17-4PH bar stock. The linkage support tltting and the actuator slide carriage are titanium 
castings. Single pin joints have either spherical bearings or are bushed to protect fittings. Re­
work allowances arc provided. The bushing/bearing material combination is Stellite 6 in 
contact with 17-4PH corrosion-resistant steel (CRES), which has been nitrided and coated 
with a dry film lubricant. The one exception to this combination is the thrust reverser 
carriage to guide rod surfaces. This combination consists of hard chrome-plated 17-7PH CRES 
in contact with 17-4PH CRES which has been nitrided and coated with a dry film lubricant. 
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The driver link is sized by the 270-KEAS (138.9-m/sec EAS) inadvertent deployment condi­
tion, and the idler link is sized by the refused takeoff (RTO) condition. The linkage loads, 
which occur during a normal landing reverse-thrust cycle, were used for fatigue analysis. 

3.1.4.3 Actuation 

Actuation by means of hy(lraulic or pneumatic power was considered. Hydraulic power was 
selected primarily because of significantly better economics and because of better predicted 
reliability when compared to pneumatic power. 

The actuators, located on either side of the assembly, drive the deflector door linkages. The 
primary power S0urce is from the airplane "A" hydraulic system, as shown in figure 28. 
Backup power capable of deploying all three thrust reversers is provided by a hydraulic 
accumulator. 

A local fluid run-around feature is incorporated near the actuators, as shown in figure 29. 
During deployment, this feature permit') fluid from the head end of the actuators to be 
shunted directly to the rod end, thus effecting a significant reduction of now rate demand 
from the airplane "A" system. 

The actuator housing (piston rod and run-around valve material) is 4330M: f1W plumbing is 
21-6-9 CRES. The reverser is designed to withstand inadvertent in-flight deployment loads 
up to landing gear extension placard speed, 270 KEAS (138.9 m/sec EAS). The critical 
actuation system load occurs at this point with the actuator fused to preven t higher loads 
from occurring. The normal landing reverse thrust cycle is used for fatigue analysis. 

3.1.4.4 Controls 

The existing mechanical interlock/followup feature between the thrust reverser and throttle/ 
reverse thrust lever is retained (see fig. 29). The interlock limits engine power to idle until 
the reverser position agrees with the mode sel~cted. The throttle followup retards engine 
power to idle in the event of inadvertent extension or retraction of the reverser. Additional 
safety features include a fire shutoff valve connected to the fire protection system and a 
manual shutoff valve to preclude operation during ground inspections. The system features 
a double-switch system that operates reverser-unlocked and reverser-deployed lights on the 
instrument panel (fig. 28). 

The thrust reverser is maintained in the forward thrust mode by mechanical over-center 
linkages on each hydraulic actuator and by a lock on one side of each door, as shown in 
figure 30. Hydraulic pressure is isolated from the reverser system by the landing gear air­
ground switch to prevent inadvertent deployment. 

The feedback rod connecting through a reduction arm and flexible cable to the throttle 
interlock is fabricated from CRES tubing with self-aligning rod end bearings .. The reduction 
arm is an aluminum casting. The push-pull cable assembly materials are the same as used on 
the current 727. 
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The door lock latch is a l7-4PH casting actuated by the same hydraulic actuator as used 
in the 737 system. The latch spring is made from 17-4PH wire. The latch critical load occurs 
when the lock actuator fails to rotate the latch during the deploy cycle. 

3.1.5 CENTER-ENGINE INLET DUCT 

The air inlet duct for the center engine was designed to accommodate the larger mass flow 
of the refan engine, 480 Ib/sec (217.7 kg/sec) compared to 334 Ib/sec (151.5 kg/sec) for the 
existing JT8D-15 engine on the 727-200, without increasing duct loss and flow distortion. 
The flow geometry was developed as reported in reference 10 to accomplish this within the 
constraint of the existing opening in the vertical tail front spar forging. Structural/acoustic 
bonded aluminum/fiberglass honeycomb construction was selected to minimize weight and 
cost. The length of the duct permits acoustic lining sections to be tailored to a wide range of 
detail geometry, as defined in table 5, in order to provide attenuation coverage in the noise 
spectrum to protect the passenger cabin from buzz-saw noise on takeoff and to protect the 
community at the FAR Part 36 approach condition. 

3.1.5.1 Center-Duct Inlet 

The ccn ter-engine inlet for the JT8D-J09 has a throat diameter of 47.8 in. (121.4 cm) and a 
contraction ratio of 1.30 resulting in an inlet lip highlight diameter of 54.5 in. (138.4 cm). 
The lower lip highlight is located the same distance above the body and forward of the ver­
tical tail as on the 727-200 airplane. The lip section. approximately II-in. (28-cm) long, in­
corporates a distribution ring for thermal anti-icing using compressor bleed air (figs. 31 and 
32). The lip skin is die-formed aluminum sheet and serves as part of the structure that reacts 
the thrust loads generated by the inlet duct. The critical ultimate thrust load is generated by 
engine surge and is 23.76Ib/peripheral inch (41.61 N/cm). 

The lip anti-ice spray tube is constructed of G061-aluminum alloy and is supported in the 
same manner in use on the current 727-200 airplane. 

3.1.5.2 Center Duct 

The center-engine inlet duct assembly is shown in figure 33. Figures 34 through 37 illustrate 
various duct details. The duct is assembled in two major sections joined at the vertical tail 
front spar to form a single unit from the inlet lip to the aft structural bulkhead. The duct 
support scheme is simplified with attachment to the hOtlsing structure at the inlet lip and 
adjustable tie rod links that position the duct in relation to the vertical tail front spar and 
the aft structural bulkhead. 

The upper duct assembly is fabricated in two subsections, each approximately 70-in. (178-cm) 
long. The forward subsection is circumferentially continuous structural-acoustic bonded 
honeycomb as shown in figure 33. The inner face is perforated-aluminum sheet, bonded to a 
high temperature phenolic-impregnated-fiberglass honeycomb core and backed hy an inter­
mediate imperviolls septum, a structural core, and an impervious fiberglass/epoxy outer skin. 

The upper duct aft subsection is of similar construction except without the intermediate 
septum in the honeycomb structure. This subsection includes the rain impingement 
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Table 5.-JT8D Refan Acoustic Lining Definition-Center-Engine Inlet Duct 

Lining section 

Rayl number 
Treatment Areaa, 

length, ft2 Vp/Vo 
Location Function in. (em) (m2) Material A/peb cm/sec c 

1 Center duct Deep buzz saw 56.7 (146.3) 22.2 Aluminum (e) 

lower aft (2.06) 

2 Center duct Shallow buzz saw 66 (167.6) 54.1 Aluminum 0.46 ± 15% 340 
lower center (f~n tone, takeoff) ( 5.02) 

3 Center duct Fan tone, 42.6 (108.2) 40.7 Aluminum 0.75±15% 117 
lower fwd 1/4 wave type ( 3.78) 

4 Center duct Fan tone. 53 (134.6) 29.1 Aluminum 
upper aft 

3/4 wave type ( 2.70) + interior noise 
5 Center duct Fan tone, 26 (66.0) 5B.3 , Aluminum 

upper fwd 1/4 wave type ( 5.42) 

- .. - . - ._- --- .- .. -

aNet active lining area (gross treated surface area less surface area renderen 
inactive by structural splices, edge closures, etc.). 

bUnidLrectional flow resistance ratio after bonding with core where R = flow 
resistance of sample in N·sec/m3 (MKS Rayls) and pc = reference flow resistance 
in N·sec/m3 (MKS fbyls). 

cVp/Vo where Vp = particle velocity and 0 = static temperature ratio 
TSoR/519 (TSK/288) of air approaching sample in flow resistance test. 

dSased on open perforations in active treatment area after bonding with core. 

eUse skin perforation open area. 

I Face sheet is segmented. Gage of top and bottom sections is 0.032 in. 
(0.813 mm). Gage of side sections is 0.025 in. (0.635 mm). For 
attenuation predictions an average value of 0.028 in. (0.711 mm) was used. 

• 

1.37 ± 15% 36.3 

1.65 ± 15% 30.1 

- --- ----

5 

.j 

Specification 

Skin 
Core perforation Skin 

depth, Cell size, open aread, gage, 
in. (em) in. (cm) % in. (cm) 

1.25(3.17) +10% 0.375 (0.95) 26 to 30 0.040 
- 5% (0.102) 

0.18 (0.46) ± 5% 0.375 (0.95) 14.8 0.032/0.025)f, 
(0.081/0.063) 

0.18 (0.46) ± 5% 0.375 (0.95) 7.1 0.032/0.025 f 
(0.081/0.063) 

2.50 (6.35) ± 5% 0.375 (0.95) 3.5 0.020 
(0.051) 

0.18 (0.46) t 5% 0.375 (0.95) 3.5 0.028 
(0.071) 

- - - - ---- ~-.--.~ 

2 

/' 
Center duct 

. .... -.:.::"-~ .. ~ 

---~ 

Nominal 
hole 

diameter, 
in. (cm) 

0.050 
(0.127) 

0.040 
(0.102) 

0.040 
(0.102) 

0.040 
(0.102) 

0.040 
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Acoustic Acoustic Total panel 
panel core depth, depth, 

in. (em) in. (em) 

1 1.25 (3.18) 1.32 (3.35) 

2 0.18 (0.46) 1.87 (4.75) 

3 0.18 (0.46) 1.57 (3,99) 

4 2.50 (6.35) 2.55 (6.48) 

5 0.18 (0.46) 1.51 (3.83) 
-
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Figure 33,-JTBD Refan Center-Engine Inlet Duct 
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anti-icing area of the duct in which an aluminum skin backed by aluminum corrugations pro­
vides for bleed-air heating as in the existing airplane. (See figs. 34 and 35.) Tentative loca­
tions of the vortex generators on the lower wall of this subsection were selected as a result 
of scale model tests. (Final selection and verification of the vortex generator positions were 
accomplished by full-scale tests.) 

The lower duct assembly (extending from the vertical tail front spar to the aft structural bulk­
head) is also fabricated in two sUbsections and is similar to the upper duct assembly except 
for differences in face-sheet gage. percent open area of the face-sheet perforations, and core 
depth (table 5, and figs. 33 and 36). As in the baseline configuration, an access panel is pro­
vided for inspection of the engine front face. 

3.1.5.3 Alternative Design 

An alternative design for the center-engine inlet duct was completed. This design eliminates 
all of the splice plates and doublers used in the all-bonded test duct. The alternative con­
figuration wOlild use 2:219-Al perforated-sheet rolled and welded on a single longitudinal jOint 
to form a cylinder. The cylinder would then be bulge-formed to the required duct shape to 
form the acoustic lining face. Bonding of the core and fiberglass/epoxy backing skins to the 
face would be performed in the same manner as previollsly described for the refan center­
engine test inlet duct. 

3.1.5.4 Center-Duct Support 

The duct support links are located at the vertical tail front spar and aft at body station 1310 
in. (33.274111). Support link ultimate design loads are 77001b(34 251 N) per link at the 
front spar ancl 13 300 Ib (59 161 N) per link at station 1310 in. (33.174 111). This ultimate 
load case is the critical design condition for the duct and it corresponds to an internal surge 
gage pressure of 15.75 psi (l08 591 N/m2) in the duct. 

No restraint is applied to the duct at the aft end, which is joined to the firewall by a flexible 
seal (fig. 37). Retention details of the flexible seal between the firewall and engine fan case 
(also shown in fig. 37) have been revised from-the baseline airplane to simplify installation 
procedures. Deflection of the duct from elliptical to circular section under internal surge 
pressure is constrained by the vertical tail front spar. The magnitude of the force transmitted 
to the front spar forging is 820 lb/peripheral inch (1436 N/cm) for the ultimate load case. 

The duct will be subjected to a once-per-Ilight fatigue cycle of ~3.0 psi (-20 684 N/m 2) to 
+2.25-psi C-d 5 513-N/m2) internal gage pressure. This is within the capability of the design 
as sized by the ultimate loads. 

3.1.6 ENGIKIE AND NACELLE SUBSYSTEMS 

The engine systems consist of the airframe-furnished equipment required to integrate the 
engine (and its systems) into the airplane. This includes such items as engine mounts, cooling 
and ventilation, vents and drains, fire protection, lubrication and fuel systems, CSD/generator, 
controls and instrumentation, engine starting, engine bleed air, and ice protection, as shown 
installed on the engine in figures 38 and 39. 

All existing systems have been retained to the maximum extent. In general, components are 
retained, but ducting, plumbing, and bracketry are completely new. 
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3.1.6.1 Engine Mounts 

Side-Engine MOllJzts.--The side-cngine mount scheme is shown in figure 40 and remains 
essentially unchanged from the baseline airplane. 

I 
I 

The basic vibration isolator concept and critcria used on the baseline are satisfactory for 
application to refan engine installation: however, minor adjustments are required to match 
the isolators with the refan nacelle weight and inertia. The installation geometry requires 
changes to match the refan engine flanges and to prevent in termixing of isolators and cone 
bolts between baseline and refan. 

No changes are required in the strut-mounted forward attach fittings; however, new aft tee­
fittings are required. 

O!llter-Ellgille ~1()11 /1 ts> Figure 41 shows thE. cen ter-engine moun t system. The new longer 
engine requires both mounts to be moved 10.7 in. (27.2 cm) aft. An all-new front engine 
mount assembly, including forging, vibmtioli. isolators, cone bolts, and drag links, is attached 
to a relocated clevis fitting on the horizontal fire wail, resulting in the engine centerline being 
lowered 4.5 in. (11.4 cm) from the existing position. The aft mount, consisting of a vibration 
isolator and cone bolt, is suspended from a new cantilevered support fitting. 

3.1.6.2 Cooling and Ventilation 

The full-length bypass duct on the JT8D engine shields the externally mounted eC1'<.liliment 
from the hot core of the engine. This feature results in a relatively cool nacelle enviifOnment 
that permits installation of equipment and accessories without cooling or shielding from the 
effects of engine case-radiated heat. No blast cooling is used on any equipment. Ventilation 
is also held to a minimum allowing only normal joint leakage and venting to accommodate 
changes in al titude. This is done for two reasons: 

I. In the event of a nacelle fire, ventilation would support combustion. 

2. The fire-extinguishing system would have to be of much greater capacity in order to 
extinguish a nacelle fire jf the nacelle were ventilated. 

3.1.6.3 Engine and Nacelle Drains 

The engine accessory drain system is arranged to collect fluids from the following three source 
groups: 

1. Fuel pump drive pad, starter drive pad, and oil tank scupper drain. 

2. Hydraulic pump drive pad drain on all three engines and hydraulic pump seal drain on 
engines I and 2 only. 

3. CSD output pad drain. 
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In side-engine installations, drainage is routed directly overboard (fig. 42). The nominal 

drainage is limited to 1 cc/hr/pad. On the center engine because of its location over the aft 

passenger entry stairway, drainage is collected in a three-compartment tank, illustrated in 

figure 43, which is normally evacuated by pressure syphoning in flight. Jiffy drains are pro­

vided to permit manual draining of the tank compartments when the aircraft is on the ground. 

Incorporation of the tank on side engines is optional to accommodate customer preferences. 

On both center and side engines, fluid leakage may be traced to the source group by observa­

tion of the drain exits. The burner case drain is piped directly overboard to ensure isolation 

of the combustion system from the accessory drainage system. There is normally !J2 fuel 

drainage except following an unsuccessful starting attempt. 

3.1.6.4 Fire Protection 

Fire ZO/les alld Barriers. - The designated fire zones include: 

• Compressor and accessory sections '3xternal of the engine outer case 

• Combustor 

• Turbine 

The zones are isolated from the rest of the airplane by a fluid- and vapor-tight firewall and 

fire barriers in the side cowl as shown in figures 44 and 45. The following steps are taken to 

minimize the fire danger: 

1. The number of joints in fluid lines is kept to a minimum to eliminate leak paths. 

2. All electrical equipment installed in the zone is explosion proof. 

3. Fuel lines are routed as remotely as possible from the hot air ducts. 

4. Drains are provided for seal leakage from the accessory drive cavities. Burner case drains 

are routed overboard so that fuel being drained will not reenter the nacelle. 

5. All fluid lines that cany combustible fluids in the fire zone are constructed of fireproof 

materials. 

In addition to positive steps to prevent fire, fire-detection and fire-extinguishing systems are 

provided. 

Fire Detectioll. - The existing fire detection system is retained (figs. 45 and 46), although 

some wiring and brackets are new to be compatible with new system locations. Three systems 

providing warning of fire in the engine compartment are currently in use on the airplane, 

namely; Kidde, Lindberg, and Graviner. The systems include detectors, a control unit, 

warning lights, an alarm ben, detector inoperative lights, and two test switches. In addition, 

a Fenwall continuous-element overheat detector is installed in each side-engine strut to 

detect overheat conditions that could occur if a bleerl air duct should rupture. Overhead 

caution lights and a test switch for these circuits are located on the third crewman's panel. 
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The detectors on the bottom of each engine and on the strut firewalls are supported to pre­
vent both vibration and maintenance handling damage. An unshrouded detector is located 
on the center-engine vertical and horizontal firewalls, as shown in figure 45. 

I 

The same detector element length is retained in the basic Kidde system: however, the routing 
is revised to conform to the installation of the larger refanned engine. 

Fire Ex tillguishing. -The existing engine compartment fire-extinguishing syste!1"\ is retained, 
as shown in figure 47. It is a gaseous smothering system, designed to flood the engine cowling 
space with an inert gas in case of fire. Two fire-extinguisher bottles containing trifluoro­
bromomethane (CF3 Br) per MIL-E-22285 are located on the right aft side of the rear pres­
sure bulkhead. The bottle discharge lines are interconnected and routed through selector 
valves to spray nozzles in each engine area. 

The thrust reverser isolation valve control has been added to the extinguisher arming circuitry 
to block hydraulic flow from the "A" system or stand by system to the reverser of the 
affected engine. 

The quantity of agent required is a function of nacelle volume and amount of ventilation in 
the nacelle. Analysis has confirmed that the current bottle size and quantity will be satisfac­
tory for the refan engine installation. The center-engine nacelle. which is the largest, has a 
cavity surrounding the engine that has a volume of 160 ft3 (4.53 111 3) in the current instal­
lation compared with approximately 147 ft3 (4.16 m3) in the refan configuration. (This is 
a result of installing a larger engine in a body cavity that is not proportionately larger.) 

3.1.6.5 Engine Lubrication 

The engine lubrication system is a completely self-contained engine system with no airframe 
interfaces xcept for instrumentation, which is discussed in section 3.1.6.8. 

3.1.6.6 Engine Fuel System 

Fuel is delivered to the fuel pump inlet at the required pressure, temperature, and flow rate. 
From this point downstream, the system is a self-contained engine system with no airframe 
interfaces except for an overboard exhaust duct from the eftgine-furnished fuel heater and 
instmmentation, which is discussed in section 3.1.6.8. 

No modification is required to the system, except for the plumbing routing required to be 
compatible with the JT8D refan engine. 

3.1.6.7 Constant Speed Drive and Generator 

The constant speed drive (CSD) and generator on the existing installation are compatible 
with the JTSD-I 00 series engine N,., speed envelope. 

On all but the earliest 727 airplanes, the system consists of a hydromechanical drive mounted 
on the gearbox, that converts variable speed input from the engine into constant speed out­
put to drive the 40-kVA ac generator that is mounted on the constant speed drive. 
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A new CSD oil cooler is installed consisting of a fin-type oil cooler mounted in the fan case. 

This installation is adapted from the 737 airplane and has been certified for the 727-200. 

New plumbing is provided as shown in figure 48. The generator (with grease-packed 

bearings) is air-cooled by fan air, and the cooling air is then discharged overboard as shown 

in figure 49. 

The instrumentation required to monitor performance is retained. It consists of: 

• CSD oil temperature and oil temperature rise across CSD 

• CSD low oil pressure warning 

• CSD disconnect 

3.1.6.8 Engine Controls and Instrumentation 

Ellgine COil trois. - Two basic engine controls are required by the airframe manufacturer: 

start control and thrust control. The engine manufacturer installs a cross-shaft that permits 

the airframe-engine control interface to be made on either side of the engine. Cable systems 

from start and power levers in the flight deck to the firewalls are retained. The power levers 

control both engine power and thrust directivity. 

The controls from the aft quadrant of the cable system to the input cranks on the side 

engine are modified to compensate for the change in location of the input cranks on the 

engine with respect to the airplane (fig. 50). 

The center-engine control mechanism of the existing airplane (fig. 51) requires extensive 

modification to compensate for the shift of the engine 10.7 in. (27.18 cm) to the rear and to 

eliminate radial interference with the larger diameter fan case illustrated in figure 52. The 

flexible push-pull cable system shown in figures 53 and 54 is provided, eliminating the 

eXisting push rods and compensator rod mechanLm. 

[l1stl'1l17Zentatioll. -The following parameters are llsed to control and monitor engine 

performance: 

• Low pressure rotor speed (N 1) 

• High pressure rotor speed (N2) 

• Fuel flow rate (W f) 

• Exhaust gas temperature (EGT) 

• Engine pressure ratio (EPR) 
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In addition to these essential instruments, the following instruments are provided to show 
satisfactory operation of engine sYf.tems and warnings of impending problems: 

• Fuel filter Ll pressure (warr:,ng of fuel icing, corrected by crew selection of fuel heat) 

• 011 quantity 

• Oil pressure 

• Low oil pressure 

• High differential pressure across main oil filter (bypass) 

• Oil temperature 

• Engine vibration (optional) 

• Thrust rcverser indicator lights 

The existing sensors are retained, but the existing indicators located on the cockpit in­
strument panels may require rework to adjust limits. 

There are no requirements for new instrumentation other than thrust reverser posi tion in­
dication, This will be a two-light system, indicating both stowed and deployed positions of 
the reverser. 

Instrumentation plumbing, wiring, and brackcts arc revised, us required, to be compatible 
with the larger engine (figs. 55, 56, 57, and 58). 

3.1.6.9 Engine Starting 

A low-pressure air turbine starter and control valve are mounted on the aft side of the ac­
cessory gearbox (fig. 59). This starter is used for all ground starts. Low-pressure air to power 
the starter is provided by an onboard auxiliary power unit (APU), by an external ground 
source, or by cross-bleed from an operating engine (fig. 60). The starter is splined to the N.., 
rotor gearbox and cranks the rotor through a tower shaft. ... 

3. t .6.10 Engine Bleed Air 

The bleed air system remains schematically very similar to the eXisting system, as shown in 
figures 60 and 61. However, the power-plant ducts and installation are completely new to fit 
the larger diameter engine. 

All high temperature air ducting in the nacelle (fig. 62) is made frol11 lnconel 625. This 
material is easily workable in manufacturing and has better tensile and yield strengths than 
Hastalloy X, which is presently used. The existing ball joints are replaced by sealed flexible 
dud joints of the same type used on the 747 airplane (fig. 63). In general, existing components 
(valves. etc.) are retained, and nlost line sizes are unchanged. 
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Side-engine compressor bleed is the air source for cabin pressurization, air-conditioning, and 

wing and inlet anti-icing. Air-conditioning packs are located inside a fairing under the fuselage 

just forward of the wing carry-through structure. Bleed air from the 8th-stage of the com­

pressor is used during takeoff and most climb and cruise conditions. During some low thrust 

conditions of descent, holding, climb, cruise, and taxi, the 8th-stage bleed air is supplemented 

or replaced by 13th-stage bleed air. A bleed air control system automaticnlly selects and con­

trols the bleed air from the engine 8th- and 13th-stage bleed ports. 

The 8th-stage air is bled from two ports, connected by a manifold. From this manifold 

bleed air is ducted to a bleed shutoff valve, a precooler in the strut, and then into the fuse­

lage as shown in figure 61. A manifold also connects two 13th-stage bleed ports. This ail' is 

ducted to a regulating and shutoff valve and then into the 8th-stage bleed duct upstream of 

the precooler. A check valve in the 8th-stage duct, shown in figure 62, prevents reverse flow 

into the engine. 

The high temperature 8th- and 13th~stage bleed air is passed through the precooler in order 

to limit duct temperatures in the fuselage to 4500 F (505 K). Cooling air is bled from a port 

in the fan case through the precooler, then through a modulating thermostatic control valve, 

and overboard through an opening in the body above the strut. 

The center engine provides 8th-stage bleed capability, which is not normally used: and in the 

event of a side-engine failure or bleed system failure, it may be bled with suitable temperature 

monitoring by the flightcrew. 

3.1.6.11 Thermal Anti-Icing (T AI) 

Airplane thermal anti-icing using engine bleed air is provided for the wing leading edge, side­

engli;::: nose cowl, VHF antenna, and the center-engine inlet duct, as indicated in figure 64. 

Wing Allti-Icing.-Hot air for wing TAl is supplied by the side engines using 6th-stage bleed, 

which is aspirated by 13th-stage bleed air inan ejector. 

A manifold connects the two 6th-stage bleed ports (fig. 62). The air then passes through a 

check valve that precludes reverse flow into the engine. The duct is routed into the strut 

where the ejector and ejector shutoff valve are located. Existing ducting from the ejector and 

ejector shutoff valve downstream is retained. The ducting in the nacelle to the ejector is new. 

Engine Nose COlVI Anti-Icing. 

Side Engines: Each side-engine nose cowl is anti-iced by 13th-stage bleed air, controlled by a 

thermostatic flow regulator, and tempered for the inlet lip with ambient air in an ejector 

(fig. 8). The mixed air from the ejector is ducted to a circumferential distribution tube at the 

cowlleacling edge. This system is similar to that presently used. 

Center Engine: The center-engine nose cowl is anti-iced by 13th-stage bleed air, controlled 

by a thermostatic flow regulator, and mixed with 6th-stage bleed air in an ejector (fig. 64). 

This air is then directed to the cowl ipkt lip where it flows through a circumferential dis­

tribution tube similar to the side-engine nose cowl systems. 
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The upper half of the first bend of the center duct is protected by three anti-icing "patches" 
also shown in figure 64. Hot air is supplied to each patch from the duct that supplies the anti­
icing air for the cowl. inlet lip; i.e., it is a mixture of 6th- and 13th-stage bleed. The system 
is similar to that presently used. 

A system of vortex generators installed in the lower half of the first bend of the center duct 
is anti-iced by hot air supplied from the same source used for the inlet lip and anti-ice patches. 
The anti-icing air from the vortex generators is exhausted into the inlet and into the engine. 

Inlet Nose Dome Anti-Icing. -Anti-icing air for the nose dome and Pt2 probe enters the nose 
dome from holes in the engine front case, flows around the Pt2 probe to the nose dome cap, 
and exits from the cap into the engine inlet (fig. 8). 

3.1.6.12 Miscellaneous Bleed 

Small quantities of bleed air are required for the following: 

• Fan bleed for ac generator cooling (fig. 65) 

• 13th-stage pressure for hydraulic reservoir pressurization 

• 13th-stage bleed for fuel heater (fig. 65) 

3.1.6.13 Commonality 

Every effort was made to maximize commonality between the baseline 727 installation and 
the refan installation, as well as mutual commonality between engines 1, :, and 3. The bleed 
manifolds are symmetrical with end connections to permit the use of the same manifold at 
alliocations. 

Table 6 illustrates the "parental" commonality; i.e., the equipment that is retained from the 
baseline engine installation. Table 7 i11ustrates commonality of bleed ducting among engines 
on the 727-200 refan. 

3.1.7 AIRFRAME MODIFICATION DESCRIPTION 

3.1.7. t Airframe Structure 

The major portion of the required structural changes affects the aft body section in the area 
of attachment of the new engines. There are no anticipated major changes to the forward 
body or to the wing structure. 

Minor reinforcement of body structure may be required to support ballast. The ballast is 
used to balance the airplane by compensating for the additional weight of the refan engine 
installation. 
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Table 6. -Commonality, Major Installation Hardware Components, 

727-100/200 Versus 727 Refan 

Engine position No.1 No.2 No.3 

Starter (existing) X X X 

Hydraulic pump (existing) X X 

Constant speed drive {existing) X X X 

Generator (existing) X X X 
, 

Tach generators 

N1 (existing) X X X -

N2 (existing) X X X 

Precooler (existing) X X 

Table 7.-Engine Bleed Duct Commonality, 727 Refan 

Estimated percent 

commonality by engine 
position 

Engine position bleed duct commonality No.1,3 No.2 

Side engine positions 75 

Center engine to side engine 15 15 
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Fuselage.-The body bulkhead at station 1342.4 in. (34.095 m) (fin rear spar attachment) is 

reworked to permit passage of the larger inlet duct for the center engine. This rework in­

volves considerable alteration to the bulkhead and firewall. The diametel of the hole in the 

bulkhead is increased to 54 in. (137.2 cm), and the centerline of the hole is lowered 4.5 in. 

(11.4 cm). New framing b required around the enlarged hole. The i,lboard portion of the 

control bracket is moved outboard to become completely enclosed withlll the reworked fire­

wall cover box. The holes for the passage of the electrical wiring bundles, hydraulic lines, 

fire extinguisher, electrical power, and Pt2 and Pt7 lines are relocated as shown by comparing 

figures 66 and 67. 

A recess is required at the intersection of the body crown with the pressure bulkhead, body 

station 1183 in. (30.048 m), to clear the larger center duct. The bulkhead was lowered 8 in. 

(20.3 cm) at the top centerline, and a contoured skin pailel, approximately 14 in. (35.S cm) 

by 30 in. (7u.2 cm), is added to close off the opening in the upper body skin (fig. 68), 

Reinforcing is added to the pressure bulkhead to restore the original strength. 

The body frame at station 1303 in. (33.096 m) is also reworked to accommodate the en­

larged center duct. The upper ~art of the duct penetrates the existing frame stntcture by 

2 in. (5.08 cm). The web and extruded angle are cut back to provide the necessary clearance. 

A new structural all:i!e is addel{ to the edge of the cutout to achieve the required frame 

strength. 

Vertical Tail alld Aft Body. -The center engine is moved 4.5-in. (ll.4-cm) down. The hori­

zontal firewall is retained, the engine supports are moved 10.7-in. (27.2-cm) aft to accom­

modate the new engine mount locations as shown in figures 68 and 69 and described in the 

following listing: 

• The two forward engine mount fittings are removed, along with the associated'support 

structure in the vertical tail. 

• The forward thrust link attachment fittings on the firewall are replaced at station 

1376.66 in. (34.967 m). 

• A new steel front engine-mount fitting is installed for attachment of the front engine 

mount in its new location at station 1392.20 in, (35.362 m). New internal structure 

is added to distribute the load from the new engine mount fittings into the primary 

structure of the vertical tail. 

• The existing aft engine-mount support fitting is replaced by a cantilevered fitting that 

moves the engine mount 10.7-in. (27.2-cm) aft. 

The aft body structure will be f?:xposed to the same loads as the existing airplane with a 

sUght increase to account for increased nacelle weights and new center-of-gravity location. 

The baseline body loads account for a one-factor composite nacelle weight of 14442 lb 

(6551 kg) acting at body station 1268 in. (32.207 m). The body loads of the refan installation 

account for a composite engine weight of 16 542 Ib (7504 kg) acting at body station 1264 in. 

(32.18 111). 
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Rudder. -No change to the rudder is required. Wind tunnel data (ref. 11) indicate that 

rudder effectiveness is not affected by the nacelle installation. 

--------'---';----~---

Center-fillet Fairing. - All of the vertical tail leading-edge structure forward of body station 

1283 in. (32.588 m) is revised to accommodate the larger inlet. The outer surface of the new 

fairing structure consists of 0.50-in. (l.27-cm) thick, contoured, fiberglass-epoxy honeycomb 

paneling. The panels are supported by aluminum circumferential frames, installed at stations 

1110 in. (28.194 m), 1130 in. (28.702 m), 1148 in. (29.15901), 1181 in. (29.997 m), 1183 

in. (30.048 m), 1233 in. (31.318 01) and an existing frame at station 1283 in. (32.588 m). 

Longitudinal aluminum members are installed at the top centerline and the junction to the 

pedestal, so that the honeycomb paneling may be divided into workable-sized sections, as 

shown in figure 68. 

Tail Skid.-Modification of the tail skid was required to prevent contact of the thrust rever­

ser with the runway during airplane rotation. This resulted from the relocation of the 

center engine 4.5-in. (lIA-cm) lower and 1 0.7-in. (27.2-cm) aft plus the increased length and 

diameter. The tail skid is modified to make ground contact with a 9.60 aircraft ground 

rotation attitude by lowering the mechanism pivot points and retaining the current door and 

tail skid tip assembly. 

The design incorporates a ring spring and crushable cartridge combination as shown in figure 

70. The ring spring allows the loads on the spring and cartridge to remain as curren tly de­

signed, but the deflection of the cartridge is reduced as indicated by the load versus deflection 

characteristics given in figure 71 . 

A comparison of operating attitudes relative to tail skid geometry and center-engine clearance 

is presented in table 8. The table shows the ground rotation operating bands as well as center­

engine ground clearance. 

Reducing ground rotation angle from 10.00 on 727-200 airplanes to 9.60 on the 727-200 

refan airplane increases potential tail skid strike frequency, but incorporation of the ring 

spring permits low initial contact forces and linear load increase. The softer blow to the 

system favors a low incidence of tip damage and cartridge replacement as well as reduced 

mechanical and structmal fatigue. 

A irs fairs. -The lowering of the center engine by 4.5 in. (I 1.4 cm) results in the following 

changes to the aft airstairs structure and mechanism, (fig. 72). 

• The powered torque tube at station 1278.2 in. (32.466 m) is "doglegged" to 6.2-in. 

(lS.7-cm) below pivot point. 

• The uplock torque tube at station 1338.55 in. (33.999 m) is displaced approximately 

I-in. (2.5-cm) down at BL O. 

• The uplock bungee is relocated below the torque tube. 

• The airstairs ceiling panels are lowered aft of station 1268 in. (32.207 m) to clear the 

modified airstair torque tube and air-conditioning ducts. 
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Model 

727-200 
cartridge 
and 
spring 

727-200 
refan, 
cartridge 
and 
spring 

~t"·t 

Flap 
setting, Normal 

deg liftoff 

5 9.8 

15 9.1 

25 8.1 

5 9.45 

15 9.1 

25 8.1 

.... 

.. ~ 

Table 8.-727 Refan Body Attitude Summary 

Ground rotation angle, deg 
Center engine 

Clearance Clearance ground clearance, in. (em) 
to to 

tail skid cartridge At At 
Skid Cartridge Skid contact, contact, At tail skid tail skid 

contact contact max comp deg deg takeoff contact max comp .1 

10.0 10.3 11.22 0.2 0.5 20.0 (50.8) 16.5 (41.9) 2 (5.1) 

10.0 10.3 11.22 0.9 1.2 29.0 (73.7) 16.5 (41.9) 2 {5.1) 

10.0 10.3 11.22 1.9 2.2 39.5 (100.3) 16.5 (41.9) 2 (5.1) 

9.6 9.9 10.6 0.15 0.45 12.4 (31.5) 13 (33.0) 0.62 (1.57) 

9.6 9.9 10.6 0.5 0.8 19.2 (48.8) 13 (33.0) 0.62 (1.57) 

9.6 9.9 10.6 1.5 1.8 31.6 (80.3) 13 (33.0) 0.62 (1.57) 
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Aft Galley Door Evacuation Slide Installation. -Studies and tests conducted prior to this 
program showed the suitability of the existing evacuation slide installation including the 
feasibility of safe emergency egress with the engines running as part of certification 
procedure. Despite the close proximity to the inlet face and the higher mass flow of the 
JT8D refan engines, no difficulty is expected in completing a standard emergency evacuation 
procedure, and no change is necessary in the existing slide installation. 

3.1. 7.2 Airframe Systems 

Revisions to airframe systems are confined'to those changes that are necessary to ensure 
compatibility with the new engine installation. 

Air-Collditiolling. - The basic air-conditioning system remains unchanged. In addition to 
the engine ducting, the ducts forward of the center-engine bulkhead are relocated in the area 
of the center duct to clear the larger duct diameter. 

• The 4.5-in. (I1.4-em) diameter cabin air-supply duct at body station 1266.42 in. 
(32.167 m) is rerouted below the center duct at station 1283 in. (32.588 m). 

• The isolation shutoff valve in the air duct is moved outboard and forward approximately 
30 in. (76.2 cm). 

• The anti-ice air supply duct for the center-engine inlet duct is relocated from above the 
inl~t duct to the position previollsly occupied by the CSD cooling air duct, which in 
turn is deleted by incorporating the revised CSD cooler previously described in section 

3.1.6.7. 

Cockpit Instruments. -The following is a list of the engine instruments provided. 

• Engine Instrument Panel (See fig. 73). 

Reverser indicator lights 

Engine pressure ratio (EPR) 

Low pressure rotor speed (N 1 ) 

Exhaust gas temperature (EGT) 

High pressure rotor speed (N2) 

Fuel flow rate (Wf) 

Low oil pressure warning 
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Figure 73. - 727 Refan Cockpit Instruments 
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• Third Crewman's Lower Panel 

Oil quantity 

Oil temperature 

Oil pressure 

Engine vibration indicator (optionaL) 

Fuel heater control 

....... _ ...... ,. ···-'T 

I 

All of the existing cockpit instruments are retained: however, indicator limits may require 

adjustment. An additional indicator light is used providing display of in-transit and reverse 

thrust positions for each reverser (fig. 74). 

The thrust reverser indication system is revised to employ a thrust reverser unlocked light 

and a thrust reverser deploy light. The system indicates thrust reversel'locked when all lights 

are out, in-transit when the unlocked Hght is lighted, and deployed when the deployed light 

is lighted. This system differs from the existing system, which has a single light, indicating 

thrust reverser unlocked. (See figures 73 and 74.) The sensor signals may be utilized to 

provide indicating light sequence options to suit the preference of the operator. 

The engine instrumentation system was previously discussed in more detail in section 

3.1.6.8. 

Autothrottle. -The autothrottle system is an electromechanical servosystem that controls 

the airspeed of the airplane by automatically positioning the throttles to maintain a selected 

airspeed. Changes in the autothrottle system, other than possible revisIOns to limit switch 

actuation points, are not expected. 

Fuel. -No change to fuel systems in distribution or rapacity is planned. 

Hydraulics.-Hydraulic fluid at 3000-psi (20 684-kN/m 2) gage pressure is supplied to the 

hydraulically operated airplane components by three separate and independent power 

systems; hydraulic system A, B, and the standby hydraulic system. System A is powered by 

engine-driven pumps located on engines I and ], while system B and the standby system 

receive their pressure from aft body-mounted ac motor-driven pumps. 

The new target thrust reverser is hydraulically actuated by system A, which is the basic 

airplane hydraulic system. An accumulator is provided to supply backup reverser power in 

the event of pressure loss in the" A" system. System A is protected from fluid loss by a 

hydraulic fuse in the supply line to each reverser. 

Engine COlltrol.l'.~·The system consists of two separate mechanical control systems for e.,ch 

engine: the engine power and the start control. Reverse thrust is obtained through operation 

of a piggy-back handle mounted on the throttle lever. Initial movement of this lever from 

the stowed position initiates thrust reverser door deployment. Further movement of the 

piggy-back handle controls engine power while the reverser is in the deployed position. This 

system is unchanged from the existing airplane except for possible revisions of detent positions. 
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An interlock is incorporated in the- engine control drum-and-shaft mechanism that prevents 
the increase of engine power beyond idle unless the reverser is in the position selected. The 
mechanism also embodies a feature that reduces engine power to idle if a malfunction causes 
the reverser to deploy or stow contrary to the selected position of the reverse thrust lever. 

For the side engines, the drum-and-shaft mechanism is unchanged except for modification 
of the interlock/followup (feedback) cam and substitution of a hydraulic valve for the 
pneumatic thrust reverser control valve. 

The center-engine control drum-and-shaft mechanism incorporates these same changes but 
is also redesigned to provide clearance for the enlarged engine-inlet duct, previously dis­
cussed in section 3.1.6.8. 

Electrical System. -Electrical energy is provided by three three-phase, 115- to 200-volt (V), 
400-cycJe, ac systems. Single-phase transformers are used to reduce a portion of this power 
to 28-Vac. Transformer rectifiers, fed from three-phase systems, are w;ed to furnish 28-V dc. 
A battery is installed to furnish emergency power for critical needs when the basic power is 
deenergized. 

The generating system consists of three engine-driven generators that may be operated 
separately or in parallel to supply power while in flight. An identical generator driven by 
the auxiliary power unit is mounted in the main landing gear wheelwell and is used for power 
supply when on the ground. An external power receptacle that allows connection to con­
ventional ground power carts is installed. 

3.2 MANUFACTURING 

The objective of the manufacturing effort in support of the NASA Refan Program was to 
fabricate flightworthy, certifiable hardware t9 engineering requirements using normal pro­
duction practices and facilities while minimizing cost where feasible by the use of soft or 
expendable tools. 

The major components fabricated for this program were an exhaust-nozzle system and a 
center-engine inlet-duct assembly. To reduce costs a nonflightworthy side-engine inlet assem­
bly was manufactured. Work on the side-engine side cowls and the thrust reverser was not 
completed. 

3.2.1 SIDE-ENGINE INLET 

The side-engine inlet (fig. 75) manufactured in support of the ground test of the refan 
engine, was not fligh tworthy. The u nit was buil t wi thou t an ti-icing prOVisions bu t duplicated 
propulsion and acoustic critical requirements. 

A plaster model (PM) (fig. 76) was built to define internal and external contours of the inlet. 
The PM was made in a complete 3600 configuration by placing aluminum headers (cross­
section cuts through the internal and external contour lines on radial planes) on a SUbstantial 
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base and fairing one to another with plnster. Lines were scribed on the plaster and identified 

to locate ends of the lip and diffuser panel sections. 

All subsequent tools for the side-engine inlet were coordinated back to the PM. Every effort 

was made to use the minimum tools, where possible, consistent with the limited requirements 

of the ground test program. The acoustic panels with polyimide skins were bonded on high­

temperature fiberglass-reinforced epoxy tools, which had been planned for use in the fabrica­

tion of the flightworthy inlet (fig. 77). 

The inlet lip was made of bonded laminated fiberglass cloth to the contours defined by the PM. 

The lip and the diffuser panels were mounted on superstructure, consisting of rings and axial 

struts, and a cylindrical outer shell made from sheet aluminum, as shown in figures 78 and 79. 

The inlet ring shown in figure 80 duplicated the acoustic and propulsion requirements of 

the night weight inlet) but substituted a solid aluminum plate for the honeycomb core between 

the acoustic panels. This aluminum plate also served as the support and attaching structure 

for the ring. The leading edge of the ring was made as a turned-aluminum part, and the sup­

port struts were machined from aluminum plate. 

The inlet center body (fig. 81) was fabricated using a sheet-metal cone and rings to form the 

substructure of the part. The acoustic panel made of polyimide fiberglass was then supported 

from the substructure and trapped by rings on each end. 

3.2.2 SIDE COWLS 

The side cowls for the reran installation were to be fabricated as a fiberglass-honeycomb 

bonded assembly with local edge stiffening rather than the skin and frame construction pres­

ently used on the 727-200 airplane. The major advantage to using honeycomb is that the 

numerous detail parts and tools required for skin and stiffener construction can be largely 

eliminated. 

The side-engine side cowls were not fabricated, but various samples of fiberglass-honeycomb 

construction were built and subjected to fire tests to determine the ability to meet CAR fire 

barrier standards. The construction selected as a result of these tests consisted of a heat­

resistant phenolic-impregnated fiberglass-honeycomb core bonded with inner and outer skins 

of 2-ply structural glass fabric with a stainless steel wire mesh fire barrier sandwiched in the 

inner-skin laminate. 

A plaster model is required to control contour. The PM was made in two halves with alumi­

num headers (cross-section cuts from the external contour lines) mounted in proper relative 

positions on substantial bases and faired, one to another, with plaster as shown in figures 82 

and 83. Lines were scribed on the plaster and identified to locate ends of the cowl panels 

and other pertinent details. All subsequent tools for the side-cowl details and assemblies 

were coordinated to the plaster model. 

Careful consideration was exercised to utilize as much soft tooling as possible for the limited 

production requirement of the refan ground test program. The cowl panels were among the 

items that Were not completed. When work was stopped, the tools were 80% complete. 
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Figure 81.-JT8D Refan Inlet Plug Assembly With Acoustic Treatment 
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The assembly sequence of a typical side-cowl panel, ould be as follows: 

1. A single piece fiberglass-reinforced bond assembly jig (BAJ) would be required for 
each section of cowl. 

2. The outer skin, consisting of 2-plies of preimpregnated fiberglass cloth, would be 
placed on the BAJ and bonded to form a rigid outer skin. 

3. The honeycomb core would be fitted to the skin and bonded using the BAJ for 
support. 

4. The inner skin, which consists of a layer of stainless steel wire mesh sandwiched between 
2-plies of preimpregnated fiberglass cloth, would be fitted to the core and bonded. 

5. The longerons, which stiffen the edges of the cowl, would be installed using the BAJ 
as a locating tool. 

6. Hinges, latches, and all other details would then be fitted into fix turing locations in a 
single locating tool that coordinates critical cowl interfaces. 

7. Final skin trims would be made in the same tool so that when two mating cowls are 
joined, proper fit-up is achieved. 

3.2.3 EXHAUST SYSTEM 

All of the exhaust system components are made from brazed honeycomb sandwich except 
for the center-body plug, which is lnconel 625 sheet metal. The nozzle, wedge duct, and the 
fan-flow side of the flow divider are made in a circumferentially continuous brazement of 
aluminum-brazed titanium (ABTi), which has the acoustic treatment requirements integrated 
into it. The primary flow side of the flow divider is of similar construction made from Inconel 
625. 

The assembly sequellce for the Refan Program ABTi components was as follows: 

I. The end attachment rings were machined to an undersized condition from ring-rolled 
forgings. 

2. The rings outer skin and reverser support rails (nozzle only) were welded into an assem­
bly that forms the brazement outer shell, as shown in figure 84. 

3. The outer skin assembly was placed on a conical CRES sizing mandrel (fig. 85), and hot 
sized in a furnace to remove all weld distortion and to provide an optimum surface for 
brazing. 

4. The inner skin was cut to size and prepared for perforating by coating with a light 
sensitive film. 
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5. The inner skin was exposed through a photo mask, which contains the acoustic hole 
pattern, and was then passed through a developer to transfer the hole pattern to the 
face of the material. 

6. The inner skin was chemically milled to produce the perforations required for 
acoustic purposes. 

7. The inner skin was wrapped into a circle and welded (fig. 86). 

8. The core blanket was cut, trimmed, and spliced into a properly sized cone as shown in 
figure 87. 

9. The outer skin, core, and inner skin were assembled with the specified amount of braze 
foil and installed on the braze mandrel cone as shown in figure 88. 

10. The braze mandrel and brazement layup were enclosed in a weld-sealed retort as shown 
in figure 89. 

11. The mandrel was placed on a rotating braze fixture and plumbed and wired for 
. atmospheric and temperature control in the furnace. 

12. The part was subjected to a controlled braze cycle and removed from the furnace. 

13. The retort was opened, and the brazement was removed from the mandrel as shown 
in figure 90. 

14. The braze assembly was subjected to nondestructive testing by eddy current, developed 
during prior Contractor research in support of the FAA-sponsored Supersonic Transport 
Program, to ensure braze quality; all welds were x-rayed to establish weld quality. 

15. The end flanges were ti1achined flat and drilled to provide matching holes and interface planes. 

16. The component closures and fairings, as applicable, were welded to ex tensions of the 
component skins. 

Experience gained during the manufacturing of these aluminum-brazed titanium components 
led to the conclusion that several areas require improvement for production implementation. 
These areas of improvLment include: 

• Use of a vacuum furnace to speed up the process 

• Development of a production rate method of chem-milling holes in the perforated 
acoustic face 

• 
• 

• 

Development of a better method of braze alloy application 

Development of a more compatible "stop off' material to prevent "mark off" of panel 
skin 

Better methods of nondestructive testing 
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Figure 89.-Weld Sealing JT8D Refan Brazement in Retort 
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A typical JT8D refan exhaust-system brazement is shown in figure 91. 

The Inconel 625 brazed component of the primary flow side of the fan/primary divider 
followed the same general method of assembly, except for the choice of materials, method of 
perforating, the braze alloy, and the furnace temperature cycle. 

The center-body plug was bulge-formed (as a parabolic body of revolution) of light-gage 
sheet metal, which was welded to a mechanical attachment ring and a formed end cap. 

3.2.4 THRUST REVERSER 

The thrust reverser for the refan project is similar to the current target-type thrust reverser 
in use on the 737-100 airplane. The refan reverser is much larger due to the larger diameter 
engine nozzle. The manufacturing task would be somewhat complicated because of the ex­
tensive use of titanium and the larger size of the reverser. The JT8D reran thrust reverser 
mockUp is shown in figure 92. 

The refan reverser target door is made of formed titanium frames, a titanium interior skin, 
and an aluminum outer skin. The character of titanium heat-treatable alloys requires that 
they be hot-formed at temperatures approaching 15000 F (I 088.7 K). Since this requires 
tooling that is not cost effective for limited production, machining of the frames from ring­
rolled forgings was allow,~d as an option. The reverser was among the items not completed 
due to funding limitations. When work was stopped, the tools were approximately 800/. com­
plete; detail part fabrication was approximately 10(}'r, complete. 

The typical assembly sequence for a reverser door would be as follows: 

1. Upon receipt, the inner skin and door frames would be placed in the assembly jig where 
they would be fitted, drilled, and riveted to form the basic door structure. 

2. The link attachment fittings would also be located in this jig and fastened to the inner 
skin and frames. 

3. The outer skin would be placed over the frames. fitted, and drilled. The outer skin 
would then be removed, and the assembly cleaned of all debris. 

4. The outer skin would be riveted to the frames with blind fasteners. 

5. The door lips and fences would be bolted to the completed door. 

The reverser door is supported by four machined titanium links. Since the links require 
machining on all surfaces, the parts were machined from bar stock. If forgings of sufficient 
accuracy could be procured, considerable cost could be saved in machining. 

The re~lerser links and actuation system are supported by one large-cast fitting (fig. 93). 
The option to machine the part from bar was allowed. However, the casting was successfully 
procured which saved ~pproximately 500 hours of machine time. The reverser links, support 
fitting, and doors are supported from the exhaust system, previously described in section 
3.2.3. 
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Figure 91. - JT8D Refan Brazement 
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3.2.5 CENTER-ENGINE INLET-DUCT ASSEMBLY 

The flightworthy center-engine inlet-duct assembly (fig. 94) has a complex int~rnal shape 

that is a continuous transition from circular section at the forward end to an ellipse at the 

vertical tail front spar to a circle at the engine inlet. The center-engine inlet-duct assembly 

was manufactured in four major sections. Three of the sections are of circumferentially 

continuous bonded construction with perforated-aluminum inner skin backed by structural/ 

acoustic phenolic-impregnated fiberglass-honeycomb and epoxy/fiberglass outer skin. The 

fourth section, the forward elbow containing the rain impingement thermal anti-icing panel, 

was a combination of bonded honeycomb and riveted sheet metal. 

This configuration required a full-scale plaster model (fig. 95) that was made in two halves 

with aluminum headers (cross-section cuts from the internal contour lines) mounted in proper 

rel!ltive positions on substantial bases (fig. 96) and faired, one to another, with plaster as 

shown in figure 95. Lines were scribed On the plaster and identified to locate ends of the duct 

sections, skin and doubler trim lines,md cutouts. 

All subsequent tools for center-duct details and assemblies were coordinated to the plaster 

model. Careful consideration was exercised to utilize as much soft tooling as possible for the 

limited requirement of the ret~l11 ground test program. Of the 124 tools fabricated, 62 were 

stretch-form blocks for inner skin panels, and 25 were Kirksite hammer dies used to form 

details of the inlet lip, the thermal anti-icing panel, and the flange joints. Examples of the 

fabrication tools (such as the center-engine inlet-duct stretch-form dies, inlet-lip hammer die, 

and anti-icing panel hammer die) are shown in figures 97, 98, and 99, respectively. In 

addition, there were shop aids and in termediate partial molds (splashes) of plaster made from 

the PM to fabricate both tools and detail parts. 
'. 

The assembly sequence of a refan center-duct section was as follows: 

I. A single-piece fiberglass-reinforced bond-assembly jig (BAJ) was prepared (fig. 100) using a 

plaster transfer tool (fig. 101) that duplicated the shape of the applicable section from 

2. 

3. 

4. 

5. 

6. 

7. 

the master model (fig. 95). 

The -perforated aluminum stretch-formed inner-skin panels and sheet aluminum splice 

doublers We,re placed on the BAJ and bonded together. The completed skin assembly is 

shown in figllre 102, 

The honeycomb core was fitted and bonded in place. 

The intermediate septum was applied and bonded. 

The outer honeycomb core was fitted and bonded. 

The outer skin and core closeout edge-pieces were applied and bonded to complete 

the assembly as shown in figure 103. 

The SAJ was physically cut apart (destroyed) and removed from the bonded assembly. 
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Figure 102.-JT8D Refan Center-Engine Inlet-Duct Section - Skin Bond Assembly 
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Figure 103. - JT8D Refan Center-Engine Inlet-Duct Section- Bond Assembly 
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The inlei lip of the center duct was constructed of skins hammer-formed in three sections, 

welded together, and fitted to a bulkhead frame with bolt flange attachment to the down­

stream duct section. The lip thermal anti-icing air distribution tube was deleted from the 

assembly, since it was not essential to the ground test hardware function. 

The anti-icing panel assembly, which forms the upper wall of the forward elbow in the inlet 

duct, was riveted sheet-metal construction, similar to the existing production part. It was 

riveted to the longitudinal edge members of the bonded structural/acoustic honeycomb 

lower wall to form the complete elbow with fore and aft attachments as shown in figures 

33 and 36. The inner skin of the panel was stretch-formed, and other details were hammer­

formed. The use of commercially pure titanium eliminated the need for hot-forming the 

titanium parts of the air supply channels. The assembled forward elbow is shown in figure 

104. Tentative locations of the vortex generators on the lower wall of the elbow were selec­

ted as a result of scale model tests. (Final selection and verification of the vortex generator 

positions were accomplished by I'ull-scale tests.) 

The construction of the aft section of the duct was similar to the forward sections, except 

for the presence of the fan inspection access door in the lower wall. The door frame, which 

forms the core closeout member in the opening, was bonded and riveted to the inner skin, 

and the core and outer skin were bonded in place to complete the section. The door, of 

similar construction to the duct, was bonded over a BAJ, which duplicated the contour of 

the local area on the plaster model. 

The Nomex and fiberglass-reinforced siliconp. rubber flexible seals, which attach the center 

duct to the rear-spar bulkhead and the bulkhead to the engine (fig. 37), were formed as in 

present production methods. Seal support and attach rings were hammer-formed, welded, 

and riveted. 

3.3 TRADE STUDIES 

In the early stages of the NASA Refan Program, several design trade studies were completed as 

an aid in establishing the configuration of the engine installation. These studies ranged from 

items affecting detail design to configuration trades relating to airplane operation and 

community noise. Trade studies having a significant bearing on the selected design are: 

• Side-Engine Inlet Anti-Icing System 

• Thrust-Reverser Door Construction 

• Tail Skid Design 

• Inlet Access 

• Center-Engine Inle1;-Duct Construction 

• Center-Engine Bked to Increase Surge Margin 
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• Side-Engine Inlet Acoustic Treatment 

• Exhaust-System Acoustic Treatment 

3.3.1 SIDE-ENGINE INLET ANTI-ICING SYSTEM TRADE STUDY 

The existing 727 side-engine inlet anti-icing system (fig. I (5) consists of a circumferential 

air distribution tube of aluminum construction mounted in the nose-cowl leading edge and 

supplied, through an ejector, with engine bleed air mixed with ambient air. Four concepts 

were ,studied in an effort to identify a distribution tube and support configuration that would 

improve the durability of the installation. 

Problems with the existing system fall in to three main categories: 

1. Rotation of the distribution tube within its mounting clamps allows fretting of the 

feeder tube against the forward bulkhead, resulting in failure of the feeder tube and 

bulkhead. 

2. The O-ring in the thermal expansion slip joint on the feeder tube has been blown out 

by surge pressure, allowing hot air to escape into the inlet cavity. 

3. The distribution tube support brackets fail because of vibration. 

3.3.1.1 Concept 1 - Improved Distribution Tube Installation 

The concept shown in figure 106 supports the air distribution tube rigidly in two places 

spaced 1800 apart. A metal bellows-type thermal expansion joint is incorporated, and the 

support brackets are redesigned to resist the effects of vibration. An alternative support for 

the distribution tube, shown in figure 107, uses one rigid mount adjacent to the feeder tube 

inlet and three floating links. 

3.3.1.2 Concept 2 - D-Duct 

111is concept follows the design used on the installation for the JT9D on the 747 airplane. 

The duct, shown in figure 108, is basically a 0.067-in. (1.7-mm) thick aluminum sheet, 

formed in a semicircular section, and riveted to an insulated 0.1 O-in. (2.S-mm) thick aluminum 

forward bulkhead. 

111e system on the 747 uses engine bleed air reduced to 3500 F (450 K) by a precooler. This 

relatively low temperature allows the use of aluminum as duct material, but requires a large 

volume of air to be circulated through the anti-ice system. 

3.3. t.3 Concept 3 - High Temperature Distribution Tube 

This concept, shown in figllfe 106, follows the design lIsed on the installation for the CF6-50 

engine on the 747 airplane. Bleed air at 7240 F (657 K) is ducted directly into an Incone162S 

distribution tube mounted forward of the nose cowl leading-edge bulkhead. The exhaust air 

is collected in an annular chamber between the first and second bulkheads and is then ducted 

overboard. 
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Figure 105.-Existing 727-200 Inlet Anti-Icing System Configuration 
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3.3.1.4 Concept 4 - Double-Skin Leading Edge 
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I 

This design, shown in figure 109, uses an enlarged D-duct that forms a double skin with the 
nose cowl leading edge with approximately a O.lO-in. (2.5-mm) gap between the two skins. 
A formed leading-edge bulkhead completes the duct. Bleed air at 7240 F (657 K) is used. The 
duct and bulkhead are both hot-formed Ti-6AI-4V. 

3.3.1.5 Comparison of Concepts 

Concept 

1 
2 
3 
4 

~ weight 
per airplane, 

Ib (kg) 

baseline 
+27 (12.2) 
+21 (9.5) 
+30 (13.6) 

Anti-ice 
air temperature, 

of (K) 

450 (505) 
350 (450) 
724 (657) 
724 (657) 

Duct material 

aluminum 
aluminum 
Incone1625 
Ti-6Al-4V 

Concept 2 requires increased airflow and with the added anti-icing requirement of an inlet 
acoustic spiitter ring, bleed air extraction would be close to the limit. The D-duct temperature 
is not compatible with 727 jJT8D requirements of 2500 F (394 K) at hold and 4500 F (505 K) 
at ciimb; i.e., if the maximum temperature at climb were reduced to 3500 F (450 K), the 
temperature at hold would drop below an adequate level. 

Concept 3 is a heavier variant of concept 1 and does not offer any improvement. 

Concept 4 requires costly tooling for hot-formed parts and is even heavier than concept 1. 

The changes proposed in concept 1 should alleviate the service difficulties experienced in the 
past. This concept is the ligh test and least costly and is a system of known performance that 
would not require recertification. 

3.3.2 THRUST-REVERSER DOOR CONSTRUCTION TRADE STUDY 

A target-type thrust reverser scaled from the existing 737 reverser was selected for the 727/ 
JT8D refan engine installation in order to utilize a proven concept and to provide maximum 
latitude for instal1a tion of acoustic trea tmen tin the exhaust duct. The aft-moun ted engine 
configuration on the 727 airplane makes it very desirable to reduce weight of all nacelle 
components. This trade study addresses the weight, space, and performance aspects of 
various target thrust-reverser door construction methods. 

The doors are sized in proportion to the engine nozzle exit diameter, which is 38.48 in. 
(97.74 cm) for the refan engine, compared with 29 in. (73.6 cm) for the JT8D-9. The area 
of the reverser door is increased by 707r, and the engine thrust load, which it must sustain, 
is increased about 20%. Although most of the dimensions are increased 30%, the radial depth 
available for the target door structure is reduced 20% by the requirements for internal nozzle 
con tours and nacelle lines. For these reasons. the most effiden t door design was sought in 
oreler to hold the weight and cost to a minimum. 
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l11e study included review of the service history of current 737 and 727 reversers, revealing 
that the 737 target reverser experienced 700 000 flight-hours with only three flight delays 
charged to the reverser. The service data on the 727 reverser, although of a different type, 
indicate that 737-type target reversers can be expected to improve both the service record 
and the performance on the 727 refan installation. 

Temperature measurements on eXisting 727 and 737 reversers were also reviewed and related 
to the exhaust temperatures from the JT8D/JT8D refan series engines in order to estimate 
the temperatures expected on the refan reverser. 

Single- and double-skin reverser door design concepts (figs. 110 and 111) were compared. 
Both concepts incorporate frames terminating at the connections to the idler and drive links. 
The drive link frame on the single-skin door incorporates the deflector lip. Both doors are 
stiffened by edge members connecting the idler and drive link attachment fittings. Single­
skin designs oflnconel 718 and Ti-6AI-4 V, using three in termediate longitudinal beams and 
a 2-in. square chem-miHed waffle pattern in the inner skin surface, were compared with 
double-skin designs of Inconel 718 and Ti-6AI-4V, using two intermediate frames and 
aluminum 2219 outer skins. These design concepts were analyzed for shear buckling strength, 
bending from gas and air loads, hoop tension stress, thermal stress, acoustic fatigue, inertia 
loads, and mechanical and thermal fatigue. 

Table 9 summarizes the results of the study. There are only small weight savings in the 
single-skin door. While the thermal stress caused by exhaust gas contact is substantially less 
in the single-skin construction, this gain is offset by the stress in the unsupported flanges of 
the stiffening members. Substantial weight savings were indicated with the use of titanium 
over Inconel 718. 

Based on this study, the double-skin door using titanium inner skin and aluminum outer 
skin had the least weight and most proven design and, therefore, was selected to be used for 
the refan design. 

3.3.3 TAIL SKID DESIGN TRADE STUDY 

The tail skid configuration initially proposed for the 727-200 refan airplane utilized an 
extended tip, a hard spacer to replace the production ring-spring assembly, and a 33 OOO-ib 
(146 784-N) crushable cartridge designed to limit the energy absorber stroke to 6.3 in. 
(16.0 em). 

An alternate concept, shown in figure 70, incorporates a ring spring in combination with a 
crushable cartridge. The energy absorber stroke is increased to 8.2 in. (20.8 cm), and the 
airplane rotation angle at tail-skid ground contact is reduced from 9.80 to 9.60 . Cartridge 
contact at 9.90 and crushed condition at 10.60 rotation remain the same for both config­
urations. Addition of the ring spring and increhsed travel in the energy absorber allow the 
loads on the spring and cartridge to remain as currently designed (fig. 112) with a stroke 
slightly less than the current 727-200 configuration .. 
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Table 9.-727 JT8D Refan Double-Skin Versus Single-Skin Target Thrust-Reverser Door 

Estimated 
I 

Door weight, No. of No. of Weld- A~cess- Fabrication 
I configuration Ib (kg) parts fasteners ability ibilitv operations Remarks 

Double-skin 100 (45.3) 36 1360 Very Poor Forging 737 type proven 

Inconel718 per door good Hot forming performance and 
and Blind rivets reliability; high 
aluminum 2219 Countersunk rivets thermal stress 

in frames 

Double-skin 80 (36) 36 1360 Good Poor Forging 737 type proven 

Ti-6AI-4V per door Hot forming performance and 
aluminum 2219 Blind rivets reliability; high 

Countersunk rivets thermal stress 
in frames 

Single-skin Flat: 105 (47.6) 30 900 Very Excellent Forging More efficient 

Inconel718 per door good Hot forming structure; low 

waffle pattern waffle: Chem milling thermal stress; easy 
in skin 100 (45.3) Countersunk rivets inspection and 

I per door repair 

Single-skin Flat: 78 (35) 30 900 Good Excellent Forging More efficient 

Ti-6AI-4V per door Hot forming structure; low 

waffle pattern waffle: Chem milling thermal stress; 

in skin 75 (34) Countersunk rivets easy inspection ·-~-l 

per door and repair 
j 

- ------~ 
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A comparison of opf!rating attitudes rdative to tail-skid geometry and center-engine clearance 

is pres-::nted in table 10. The table shows the ground rotation operating bands as well as 

center-engine clearance with the ground. With the alternate configuration, clearance between 

the ground and skid tip is maintained in the critical takeoff mode, but the 2.S-in. (6.3-cm) 

increase in absorber stroke results in less rotation available with a normal 50 flap takeoff. 

Takeoff with 50 flap represents a minor portion of the operating envelope. This suggests that 

the limited skid strike potential, combined with the scfter initial contact afforded by the 

ring spring, would favor a potential reduction in mechanical and structural fatigue, tip 

damage, and cartridge replacement. This configuration was selected for incorporation into the 

design to produce a skid con tact at 9.60 as previ0m.ly described in section 3.1.7.1 under Tail 

Skid. The aerodynamic performance v.as changed to provide a positive rota tion clearance of 

0.150 , which resulted in a small increase in takeoff field length for the 50 flap condition. 

3.3.4 SIDE-ENGINE ACCESS TRADE STUDY 

The addition of all acoustic ring in the 727/ JT8D reran side-engine inlet greatly reduces the 

access for inspection and maintenance of the fan. Two hinge concepts were studied as 

alternates to the 24-bolt fan-case flange attachment to reduce nose cowl removal time. A 

third configuration, not a part of this trade study, involved removal of the inlet ring and was 

chosen for incorporation in the reran engine design (described in sec. 3.1.1). 

Concept I. shown in figure 113. incorporatt's simple hinges mounted on the engine front 

flange and retains the 24 bolts to attach the nose cowl. 

Concept 2, shown in figure 114, replaces the hinges by tracks and slide blocks, allowing the 

cowl to move forward on the engine centerline for a short distance before rotation. This 

allows the use of a combination of bolts and shear pins to attach the nose cowl. 

The number of parts and the weight for each concept are compared as follows: 

Concept 
No. of parts 
per airplane 

12 
34 

Weight per 
airplane, 
Ib (kg) 

18.0(8.16) 
41.0 (18.6) 

Both approaches reduce the access time for checking the front engine face. 

Concept 1 is lighter and less costly (as gaged by number of parts) and reduces inspection 

time by not requiring total removal and replacement of the nose cowl. Concept 2 is heavier 

and hat: more parts, but, because of a reduced number of fasteners, would require consider­

ably less time for opening the nose cowl. 

Concept I appears to be the better compromise, considering weight, cost, and time saved 

per inspection. However, subsequent study resulted in choosing the concept previously 

discussed in section 3.1.1. 

The concept chosen required only the removal of the inlet ring to permit timely access to the 

fan disc for inspection without the attendant weight penalty for hinges in concepts 1 and 2. 
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Table 10.-727-200/727 Refan Ground Rotation Body Attitude and Tail Skid Summary 

Ground rotation angle, deg 
Center engine 

Clearance Clearance ground clearance, in. (em) 

to to 
tail sk;d cartridge At At 

Normal Skid Cartridge Skid contact, contact, At tail skid tail skid 

liftoff contact contact max comp deg deg takeoff contact max comp 

9.8 10.0 10.3 11.22 0.2 0.5 20.0 (50.8) 16.5 (41.9) 2.0 (5.1) 
I 

9.1 10.0 10.3 11.22 0.9 1.2 29.0 (73.7) 16.5 (41.9) 2.0 (5.1) 
, 

R. 10.0 10.3 11.22 1.9 2.2 39.5 (100.3) 16.5 (41.9) 2.0 (5.1) 

9.65 9.8 9.9 10.6 0.15 0.25 12.4 (31.5) 10.5 (26.7) 0.62 (1.57) 

9.1 9.8 9.0 10.6 0.7 0.80 21.7 (55.0) 10.5 (26.7) 0.62 (1.57) , 

8.1 9.8 9.9 10.6 1.7 1.80 34 (86.6) 10.5 (26.7) 0.62 (1.57) 

9.45 9.6 9.9 10.6 0.15 0.45 12.4 (31.5) 13.0 (33.0) 0.62 (1.57) 

9.1 9.6 9.9 10.6 0.5 0.80 19.2 (48.8) 13.0 (33.0) 0.62 (1.57) 

1.80 ~.6(80.3) 8.1 9.6 9.9 10.6 ·1.5 13.0 (33.0) 0.62 (1.57) 
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The selected concept also had the added feature of permitting aircraft dispatch without the 

ring installed in the event of ring damage. 

3.3.5 CENTER-ENGINE INLET-DUCT CONSTRUCTION TRADE STUDY 

Structural stiffness and weight of three types of construction were evaluated in an effort to 

guide the design of the refan center-engine inlet duct toward minimum cost and weight. 

These included an aluminum-honeycomb duct, an epoxy/fiberglass duct, and a skin and frame 

duct construction similar to that used on the 727 production center-engine inlet duct. 

Radial deflections and stresses were computed for each of the three configurations in the 

elliptical cross-section region of the duct. The ducts were sized in two ways to provide: (1) 

the same strength and (2) the same stiffness as the aluminum-honeycomb duct. Relocating 

duct joints to positions of minimum stress was investigated to determine the effect on 

deflections. 

Table 11 shows the radial deflections of the three duct configurations at the major and 

minor axes of the ellipse at the tail-fin front spar location for two conditions: (1) engine 

surge pressures and (2) for normal operating pressures. Resulting deflections for each duct 

are presented for two longitudinal joint positions: (l) at the major axis and (2) at the point 

of minimum stress, approximately 500 from the minor axis. 

The relative weights of the three duct configurations are shown in table 12 when they are 

designed, first, for the same strength and then designed for the same stiffness. The aluminum­

honeycomb duct was chosen as the baseline configuration. 

Various methods of anti-icing the ducts were considered. An electrical system was studied 

for the epoxy fiberglass-honeycomb duct. To compensate for the low thermal conductivity 

of fiberglass, a conductive coating applied to the inner surface of the inside duct skin or, 

alternatively, an electrical grid embedded in the skin was considered. For the aluminum­

honeycomb and skin/frame ducts, the hot-air anti-icing system, similar to the type used on 

the 727 production center duct, was studied. The effect of orienting the corrugated skins cir­

cumferentially instead of longitudinally was assessed. 

Of the anti-icing systems considered, the hot-air system with corrugated skins oriented to 

distribute the air longitudinally was the most efficient. The electrical system for the epoxy 

duct was unsatisfactory because an additional generator was required to satisfy power 

requirements, and the reliability of the system was questionable. 

The results of the duct study are summarized as follows: 

1. An alumll1um-honeycomb duct would probably be both lighter and stlffer than ducts 

made of either epoxy /fiberglass or of skin/frame construction. 

2. Longitudinal splices should be positioned in areas of minimum stress. This will reduce 

radial deflections by approximately 30% as shown in table 11. 
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Table TT.-Estimated Deflections in Elliptical Cross Section of Center-Engine 
Inlet Duct at Tail-Fin Front Spar Location 

t.2- -

'" V> 'x 'x 
t'O t'O Duct deflection, in. (em) ... ... 
o 0 c .~ 

Aluminum Epoxy fiberglass ._ t'O 

E E honeycomb honeycomb Skin/frame 
II II 

.- N Joint Joint Joint Joint Joint Joint 
<1<1 at NN at pp at NN at PP at NN at PP 

t.1 0.87 (2.21) 0.61 (1.55) 1.60 (4.06) 1.11 (2.82) 1.0 (2.54) 0.69 (1.79) 

M -0.68 (-1.73) -0.38 (-0.96) -1.33 (-3.38) -0.74 (-1.88) -0.81 (-2.06) -0.44 (-1.12) 

t.1 -0.48 (-1.22) -0.36 (-0.91) -0.88 (-2.23) -0.66 (-1.68) -0.56 (-1.42) -0.42 (-1.07) 

t.2 0.34 (0.86) 0.21 (0.53) 0.66 (1.68) 0.41 (1.04) 0.134 (1.62) 0.36 (0.91) 

t.1 0.36 (0.91) 0.25 (0.63) 0.60 (1.52) 0.42 (1.07) 0.42 (1.07) 0.29 (0.74) 

t.2 -0.26 (-0.66) -0.15 (-0.38) -0.51 (-1.29) -0.29 (-0.74) -0.30 (-0.76) -0.1 7 (-0.43) 

t.1 -0.25 (-0.63) -0.19 (-0.48) -0.46 (-1.17) -0.35 (-0.89) -0.29 (-0.741 -0.22 (-0.56) 

t.2 0.17 (0.43) 0.11 (0.28) 0.33 (0.84) 0.21 (0.53) 0.20 (0.51) 0.12 (0.30) 
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Table 12.-Center-Engine Inlet Duct-Relative Weight 
of Alternate Construction Concepts 

Relative weight 

Structural Strength Stiffness 
configuration design design 

Aluminum honeycomb 1.00 1.00 
(baseline configuration) 

Epoxy fiberglass 1.25 1.74 
honeycomb 

Aluminum 1.34 1.34 
skin/frame 

I 
i 
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3. The vertical tail front spar-frame locally constrains the elliptical section of the duct by 
restricting it from deflecting radially. Further study was required to establish a design 
concept that provides the proper relationship between clearance at the front spar, duct 
stiffness, and duct internal flow performance. 

4. The center-duct hot-air anti-icing system of the plt::sent 7'27 airplane, consisting of 
framing, hot-air ducts, and corrugated skin distribution panels, is the most efficient 
system for use on the refan duct. 

Selection of the flightworthy duct construction for the refan installation necessarily involves 
failsafe considerations for the inner skin and fit-up problems inherent in the formed skins of 
an all-metal construction as well as weight. 

The requiremen t for full-length acoustic treatmen t of the duct and problems associated 
with manufacturing dictated the selection of a compromise configuration using a perforated 
aluminum-acoustic face, bonded to a high temperature phenolic core with fiberglass/epoxy 
septums and outer skins, as previously described in section 3.1.5. 

3.3.6 CENTER-ENGINE BLEED TO INCREASE SURGE MARGIN TRADE STUDY 

Two concepts were compared with the existing 727 system that utilizes bleed air from the 
two side engines to independently supply the two air-conditioning packs. The objective was 
to investigate use of center-engine bleed for normal air-conditioning supply in order to 
achieve a primary benefit of increased surge margin on the center engine. In considering 
alternate concepts, it is essential that the amount of air bleed from each engine be known 
to ensure that the engine will operate within allowable limits. This criterion was applied in 
the concepts studied. 

Concept l-center-engine bleed plus one side-engine bleed, shown schematically in figure 115, 
required no bleed flow analysis as it merely substituted the center-engine bleed for one side 
engine in the system. 

Concept 2-three-engine bleed system (fig. 116) employs manifolding with flow-biased regulators 
to provide flow sharing among the three engines. This provides a solution: however, the 
now split between the three engines is no longer well defined as in the existing airplane 
between two engines. 

While concept 1 offers the simpler system with no weight increase, it would require different 
thrust settings for each of the three engines, which would present an unacceptable increase 
in pilot workload. 

Concept 2, which adds manifold ducts, new air control valves, and a precooler on the center­
engine bleed, would result in an estimated 145-lb (6S.8-kg) weight increase, including ballast, 
to main tain airplane balance. 
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It was concluded as a result of this trade study that use of center-engine bleed as a routine 
practice was not desirable because of the weight penalties and the small surge margin increase. 
Results from the engine ground tests have shown that adequate surge margin exists for the 
cen ter-engine installation and, thereby, eliminated the need for consideration of center-engine 
bleed. 

3.3.7 SIDE-ENGINE INLET ACOUSTIC TREATMENT TRADE STUDY 

Studies were performed to evaluate effects on inlet noise and airplane performance of 
alternate inlet acoustic treatment configurations as follows: 

• Concept I-Substitution or perforated aluminum or "Brunscoustic" replacing poly imide 
treatment in the diffuser and nose-dome walls (no splitter ring). 

• Concept 2--Rcplacemcnt of the treated nose dome with a short untreated nose dome 
(with and without splitter ring). 

• Concept 3-Substitution of double-layer lining on the diffuser wall and nose dome (no 
splitter ring) replacing single-layer lining with splitter ring. 

General ground rules pertaining to all the studies were: 

I. The baseline configuration consisted of fiberglass-reinforced polyimide treatment 
(described in sec. 3.1.1) with components specified in tables 13, 14, and IS for each 
concept. 

2. All acoustic lining was optimized for FAR Part 36 approach condition, and noise 
comparisons were made for that condition only. 

3. Engine performance variations due to acoustic configuration were not iterated to the 
point of recalculating the noise-source levels. 

4. Structure was sized for minimum manufacturing gages, except where acoustic or 
structural integrity requirements dictated heavier gages. 

5. Weight comparisons were based on the total airplane, including ballast if required. 

6. An increase of 25(1t: in attenuation level was assumed for double-layer linings compared 
with single-layer linings. 

Specific ground rules for thl:': individual studies were: 

1. For the material substitution, concept 1, equal single-layer lining areas were assumed 
for all three materials. 

'") For concept 2, the lining material was polyimide/fiberglass. The splitter ring location 
was not changed when the nose dome was revised. 
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Table 13.-727 JT8D Refan Inlet Acoustic Material Trade Study 

Noise 
Treatment LlEPNL,a 

Trade study location Material EPNdB 

Concept 1: Diffuser Polyimide 
materials wall and (baseline) 
selection trade centerbody 

study using Diffuser Perforated More of a 
single layer wall and aluminum design risk 
treatment centerbody 

Diffuser Bruns- Less acoustic 

wall and cOllstic design risk 

centerbody 

aFAR 36 approach flight condition. 

bSea level; 84° F (302 K); pounds per engine; 100 KTAS (51.4 m/sec). 

c30 000 ft (9144 m) altitude; Mach at 0.84; std day. 

dTotal airplane weight including ballast if required. 

eSea level; 84° F (302 K); GW =: 172 500 Ib (78246 kg). 

fFor maximum brake release gross Weight. 

Be'll"." t ' .......... ~.~-~-~---~~.~ .. _'.~~ __ A_ ... ~"" .......... ~,~~> 

I 

Engine performance Aero performance 
I ,--J 

Airplane T.O. 
Takeoff Cruise weight llfield 
thrust,b SFC,C LlGW,d length,e ~range,f 
Ib (N) % Ib (kg) ft (m) nmi (km) 

-----, 

Negligible Negligible -12 (-5.4) Negligible Negligible 

Negligible Negligible +76 (+34) Negligible -5 (-9) 
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Table 14.-727 JT8D Refan Inlet Centerbody Acoustic Material Trade Study 

.. 

Noise 
Treatment ~EPNL,a 

Trade study location Material EPNdB 

Concept 2: 
treated long 
versus Diffuser Poly imide 
untreated wall and 
short centerbody 
centerbody Diffuser Polyimide +0.3 
without ring wall 

Concept 2: 
treated long Diffuser Poly imide 

versus wall, ring, 
untreated and centerbody 
short Diffuser Polyimide +0.3 
centerbody w,,11 and 
with treated rin~ 

ring 
--- -- - - .. - - -- -- - - -

aFAR 36 approach flight condition. 

bSea level; 84° F (302 K); pounds per engine; 100 KTAS (51.4 m/sec). 

c30 000 ft (9144 m) altitude; Mach at 0.84; std day. 

dTotal airplane weight including ballast If required. 

eSea level; 84° F (302 K); GIN = 172 500 Ib (78246 kg). 

fFor maximum brake release gross weight . 

- ....... ~ __ ~._c_ ..... __ .. '--~~~ ... , ..... ~.' ... -".~-.L...-.... ~ __ ~._ .. _~ .. c_ ..... __ ..... '''''''''''' __ •••. 

Engine performance Aero performance 
I 

Airplane T.O. 
Takeoff Crui5e weight ~field I 

thrust,b SFC,c .6.GW,d length,e ~ range,f 
lb (N) % lb (kg) ft (m) nmi (km) 

..J 

! 

I 

I 
I 
I 

J 
Negligible Negligible -28 (-13) Negligible Negligible : 

Negligible Negligible -28 (-13) Negligible Negligible 

.- - . - -- --- ------ -------- ---- .. _- --------
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Trade study 

'. Concept 3: 
one ring 
single layer 
versus 

Table 15.-727 JT8D Relan Inlet Acoustic Material Trade Studv­
Double Laver Versus Single Laver 

Engine performance 

Airp1ane 
Noise Takeoff Cruise weight 

Treatment ~EPNL,a thrust,b SFC,c ~GW,d 
location Material EPNdB Ib (N) 0' 

70 Ib (kg) 

Diffuser Single 
wall, ri:1g, layer 
and polyimide 
centerbody 

• 

Aero performance 

T.O. 
~field 
length,e ~ range,f 
ft (m) nmi (km) 

I 

peripheral Diffuser Double +0.5 +150 (+667) -0.7 -201 (-91) 1-110 (-33.5) +25 (+46) 

double layer wall and layer 

I centerbody polyimide 
L- ------ -------------1.------ _. 

aFAR 36 approach flight condition. 

bSea leilel; 840 F (302 K); pounds per engine; 100 KTAS (51.4 m/sec). 

c30 000 ft (9144 m) altitude; Mach at 0.84; std day. 

dTotal airplane weight including ballast if required. 

eSea level; 84° F (302 K); GW = 172 500 Ib (78246 kg). 

fFor maximum brake release gross weight. ·-··-·_·-1 
I 
I 
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3. For concept 3, the area of the double-layer lining is the same as the concept-l area. 
The material is polyimide/f1berglass. 

The results of the inlet studies may be seen in tables 13. 14, and 15. The concept-l compar­
ison of Brunscoustic, perforated aluminum, and polyimide-impregnated fiberglass face skins 
indicates negligible differences in acoustic performance at the engine operating condition for 
which the acoustic skins are designed. The acoustic characteristics of Brunscoustic cause it 
to be less critical to off-design conditions: therefore, somewhat L'1S risk is involved in its lise 
for an untested engine than with perforated aluminum or polyimicie/fiberglass. There is a 
neglig;ible difference among the three materials relative to engine performance and inlet flow 
distortion. From a structural point of view, Brunscollstic face sheet lining has a disadvantage 
because it is slightly heavier and has a poorer thermal fatigue life. This results in an airplane 
range loss of appmximately ::; nmi (9.3 km) relative to the polyimicle/l'iberglass baseline. 

The substitution of a short untreated nose dome for the long trcatcd nose dome has the 
saJlle effect on acoustic attenuation with and without the inlet ring installed: therefore, the 
following discussion may be applied to both. An acoustic performance comparison shuws a 
slight degradation for the untreated nose dome, and approach tlyover EPNL is higher by 
0.3 EPNdB. The airplane is lighter by 28 lb (12.7 kg) with an unlined short nose dome. 
Other performance items are essentially unchanged, reSUlting in a negligible range change. 

In concept 3, the single-iayer linings of the splitter-ring: configuration provide 0.5 EPNdB 
more suppression at the FAR Part 36 approach condition than the double-layer linings with­
out the ring. It should be noted that there is more risk involved with the deSign and prediction 
of double-layer lining than for single-layer lining. The change in inlet pressure recovery, 
l\:?/PtO, associated with removal of the splitter-ring is estimated to be +0.006. Structural 
complexity of the double-layer no-ring inlet is appreciably less than for the single-layer 
one-ring inlet: therefore. confidence in structural integrity would be more easily assured. 
Airplane weight is decreased by 201 lb (91.2 kg), takeoff thrust is increased by 150 Ib 
(667 N) per engine, and SFC is decreased by 0.67(l, resulting in a takeoff fielcllength reduc­
tion of 110 n (33.5 m) and a range increase of 25 I1mi (46.3 km) if the no-ring inlet with 
double-layer lining is adopted. 

The alternative inlet acoustic treatment configuration did not have any significant advantage 
over the selected con figuration described in section 3.1.1. Therefore, the side-engine inlet 
configuration was chosen to reduce manufacturin~Y risk and to leave the design flexible so 
that the inlet ring could be removed if test results prove its benefit to be negligible. 

3.3.8 EXHAUST-SYSTEM ACOUSTIC-TREATMENT TRADE STUDY 

Studies were performed to evaluate the 727-200fJTSD reran f1yover noise ancl night per­
formance of several acoustic treatment design variations in thc engine exhaust system. The 
variations studied were relative to the two basic exhaust sy~tem concepts considered for the 
reran installation, as depicted in figures 117 and 118. These concepts are described as 
follows: 

• Concept I ~~Baseline-Inconel 625 acoustic-honeycomb peripheral treatment in the 
exhaust duct with no extension of the fan/primary divider 
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Inconel 625 acoustic panel (concept 1/baseline) 
or titanium acoustic panel (concept 1 a) 

/ Inconel625 hardwall tail plug 

-<t.--'--~-- - ----------

-<t.--...-

(a) Acoustic Treatment on Exhaust Duct (Concept 1/Baseline 
and Concept 1 a) 

Titanium hardwall (concept 1 b) 

~ Inconel 625 hardwall 

/' to;lplu, 

(bl Unlined Exhaust Duct (Concept 1b) 

Figure 117. -Exhaust System Acoustic Treatment Configurations 
for Concept 1 Trade Studies 
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~ Inconel 625 acoustic panel (concept 2/baseline) 
~ \ or titanium acoustic panel (concept 2a) 

/ Titanium acoustic panel 

~~~I!D 

Inconel 625 acoustic panel 

(a) Treatment on All Surfaces (Concept 2/Baseline and Concept 2a) 

Titanium hardwall 

'8 ,xi!"" 8 L :a:ium hardwall 

~ 'oeoo,'625 ,eou,,;c poo,' 

[I'II"~ 
(b) Primary Duct Treatment Only (Concept 2b) 

Inconel 625 acoustic panel 

/ Titanium hardwall 

::f'C'8C85'i'iixc5~~~6X~ZI~ 8888~ip iN> 

> Inconel 625 acoustic panel 

IIIII"~ 

(e) Hardwall Splitter in Fan Duct (Concept 2c) 

Figure l18.-Exhaust System Acoustic Treatment Configurations 
for Concept 2 Trade Studies 
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Concept 1 a-Substitution of titanium acoustic honeycomb for the Inconel 625 

peripheral treatment 

• Concept 1 b--Titanium harti'.\'.lll exhaust duct 

• 

• 

• 

Concept 2-Baseline-Extended center plug with Incone! 625 acoustic-honeycomb 

panel: extended fan/primary divider with Inconel625 acoustic-honeycomb inner 

pancl and titanium acoustic-honeycomb outer panel: exhaust-duct peripheral treatment 

of Inconel acoustic honeycomb 

Concept 2a-Baseline with substitution of titanium honeycomb peripheral treatment 

in exhaust duct 

Concept 2b-Baseline with titanium hardwall on divider outer panel and on exhaust­

duct periphery 

• Concept 2c--Baseline with titanium hardwall on divider outcr panel 

General ground rules pertaining to all the studies were: 

1. All acoustic lining was optimiz ,d for the FAR Part 36 approach condition, and noise 

comparisons were made for this condition only. 

2. Engine performance variations due to trades were not iterated to the point of recal­

culating the noise-source levels. 

3. Structure was sized for minimum manufacturing gages, except where acoustic or 

structural integrity requirements dictated hcavier gages. 

4. Weight comparisons were for the total airplane, including ballast if required. 

5. For the material substitution trade study, lining areas for Incond 625 and titanium 

are equal. 

The results of the studies are summarized in table 16. The material changes in the peripheral 

treatment (concepts la and 2a) to titanium provide a significant weight saving of 330 Ib 

(149.6 kg) per airplane over the Inconel 625 construction with negligible change in perform­

ance and a 15-nmi (27.8-km) increase in airplane range relative to the respectiv,:, baselines. 

A slight increase in the takeoff thrust, a decrease in cruise SFC, and a further weight reduc­

tion of 15 Ib (6.8 kg) per airplane would result from substitution of titanium hard wall as 

in concepts 1 band 2b. In conccpt I b, the SUbstitution would cause an EPNL increase of 0.4 

EPNdB for the FAR Part 36 approach condition. This could be appreciably larger if turbine 

noise levels were significant. The deletion ,of peripheral and fan-side splitter lining in concept 2b 

would cause a much larger 0.9 EPNdB) increase in approach noise with a takeoff field length 

reduction of lOft (3 m) and a range increase of 25 nmi (46.3 km). Turbine noise attenua-

tion would be less of a problem for this concept, compared to concept 1 b, as a result of the 

treatment on the plug and the splitter inner wall. 
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Table 16,-727 JT8D Refan Exhaust Svstem Acoustic Treatment Trade Studv Summary 

Noise 
Treatment £lEPNL,a 

Trade study Concept location Material EPNdB 

Baseline 1 Per.ipheral !nconel 625 

Material 1a Peripheral Titanium Negligible 
change 

Material 1b None Titanium +0.4 
change and (hardwall) 
treatment 
deletion 

Baseline 2 Peripheral Inconel625 
with and fan side and 
splitter of splitter titanium 

Material 2a Peripheral Titanium Negligible 
change and fon side and I 

of splitter titanium 

Material 2b None Titanium +1.9 
change and {hardwalll 
treatment 
deletion 

Treatment 2c Peripheral Inconel 625 +0.2 
deletion 

aFAR 36 afJProach flight condition. 

bSea level; 84" F (302 K); pounds per engine; 100 KTAS (51.4 m/sec). 

c30 000 ft (9144 m) altitude; Mach at 0.84; std day. 

dTotal airplane weight including ballast if required. 

eSea leve!;84" F (302 K); GW = 172 500 Ib [78246 kg). 

f f-or maximum brake release gross weight. 

Engine performance 

Airplane 
Takeoff Cruise weight 
thrust,b SFC,c '::'GW,d 

Ib (N) % Ib (kg) 

Negligible Negligible -330 (-150) 

+20 (+89) -0.2 -345 (-1561 

, 

Negligible Negligible -330 (-150) 

+40 (+178) -0.4 -345 (-156) 

+20 (+89) -0.2 Negligible 

''''''''''''''''~o.-....._ ..... ~_ ~_--"~_' __ '~. __ ~ ____ = __ • ___ """"",,",,,,,,,,,,_~,,,~~~,._ 
_, ••. _ ... ~:'"" •• __ -,,-""o.&"'. 

Aero performance 

T.O. 
..1field 

length,e ~range,f 
ft (m) nmi (km) 

Negligible +15 (+28) 

Negligible +20 (+37) 

Negligible +15 (+28) 

-10 (-3) +25 (+46) 

Negligible +5 (+9) 

Comments 

Probable noise 

I 

increase from 
turbine 

I 
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Elimination of the splitter fan-side treatment, concept 2c, would afford a slight engine per­
formance advantage relative to the concept-:~ baseline, but would increase approach EPNL 
by 0.2 EPNdB. Other effects are too smaF (0 consider. 

It is concluded that the loss in noise attenuation by elimination of acoustic treatment is too 
great to justify the slight weight and performance advantage. On the other hand, the weight 
advantage in the lise of titanium construction, where temperature permits, warrants con-

sideration. 
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4.0 SUMMARY OF RESULTS AND CONCLUSIONS 

tn Phas~ II of the Refan Program. the Contractor completed the desig,:) necessary to cvulll­

ak thl' retrofit or (he JT81)-1 00 series engines on the 7 27-200 airplan~. During the design 

effort, a series of n:views was conduded to ensure that thl' design w',s producible, certifi­

able, and appropriate for eommen:ial use, T~1C basic design and fabrication approach pro­

vided the basis for application or previollsly unllsed material <lnd process spedfications fol­

lowing dekrmination of appropriateness by structural analysis. The mal1llfactured compo­

nents include the center-engine inkt duct. the exhaust system componL'nts, and a nonnight­

\vorthy sidc-l'nginl' inlet. Fabrication was ~tarted on the ~ide-engine side cowls and thrust 

reverser. but was not completed because of funding limitations. In conclusion, the design 

concept is technically feasible and would meet thl' requirements for Ilightworthy certili­

able retrofit hardware. 

4.t SIDE-ENGINE INLET 

The side-engine inlet design for retrofit was based on the use of state-of-the-art materials 

sllch as riveted aluminum strudure and polyimide-impregnated fiberglass for acoustic treat­

ment. The use of thesl' materials plus unique fl'atlll'l's. such as the r~movable ring in th~ in­

let for engine blade access. makes the concept feasible, producible. certifiable, and main­

tainable. 

A nonflightworthy side-engine inlet was successfully fabricated llsing the same materials and 

tools that would have been required to fabricate the acoustic lining designed for production, 

thus proving the feasibility of the bask concept. In conclusion, the inlet design slItisties the 

design objectires of feasibility and practicality, 

4.2 SIDE-ENGINE SIDE COWLS 

The side-enginl' side cowl design employed the use of ribl'rglass-honeycomb sandwich to re­

duce the cost of fabrication without a penalty in airplane weight or safety. The side-engine 

side cowls were not fabricated. but samples of riberglass-!1oneycomb construction were made 

and subjected to fire tests. which led to the conclusion that this concept would meet the air­

plane safety requirements for fire protection. Analysis also showed that the honeycomb cowls 

would be less expensive to fabricate, Bas.:d on experience with similar fiberglass components, 

the fire testing. and the cost analysis. it l11;"Y be concluded that this design concept meets the 

requirements of feasibility and practicality with the potential of 1I significant cost saving, 

4.3 EXHAUST SYSTEM 

The design of the exhaust system depemkd heavily on the use of titanium to reduce weir,!'t 

while rctainin~ strength. The system integrated the functions of pressure-vessel structure 

acoi.lstic lining. and thrust-reverser support. This was accomplished by the extensive use of 

aluminum-brazed titanium honeycomb sandwich. This process was adapted from technology 

generated during the FAA-sponsored Supersonic Transport Program. Its lise required new 

concepts in design. tooling. manufacturing. perforating. am1 inspection. 
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The tooling concept required that each component be brazed on a rotating thermally ex­
panding mandrel in an inert atmosphere. Perforation or the titanium face skins was 1IC1:0111-

pUshed by chemical milling, using photographic means to control the hok size and spadng. 
Nondestructive testing by eddy current, devdoped during prior Contractor research in sup­
port of the FAA-sponsored Supersonic Transport Program, was aciapted to permit inspec­
tion of circular components like the nOZZH~. 

A titanium exhaust system was successfully manufactured resulting in an integrated struc­
tun.? that performs both an acoustic and structural rok. An airplane wdght saving of 450 lb 
(~04 kg) was realized when compared to the samt' parts made from Incone! 625, a high 
nkkel-base alloy. Technological feasibility and practical application in a nozzle system wcre 
demonstrated for aluminum-brazed titanium strudure. 

4.4 THRUST REVERSER 

The thrust-rewrser design \vas complded and determined to be producible and certillahle 
and showed the potential of effecting a significant weight saving. This was possible as a 
result of the extensiw use of titanium. Special temperature-resistant and high-strength ti­
tanium alloys were uSl'd in the design to make titaniul'! usable in the n~verser environment. 

Fabrication of the reVl'rser \vas started but 110t cOl11pil'tl'd because of funding limitations: 
howLv,:!". several important conclusions can be drawn from the work that was accomplished. 
A highly sllccessful titanium casting was made to support the thrust reverser linkage, thus 
paving the way for future use of titanium castings in other applications. The reverser door 
and linkage. which also made wide use of titanium. resulted in a projected weight saving: of 
540 lb (~45 kg) per airplane when compared to the same parts l1lade from corros10n­
resistant steel. In conclusi0!!. tbe reverser designed for the JT8D rdan engine meets the 
objectives of feasibility and practicality while providing a significant weight saving. 

4.5 CENTER-ENGINE INLET DUCT 

The design of the center-engine inlet duct combined the acoustic treatment with a structural 
shell made from a perforated aluminum inner skin bonded to fiberglass-honeycomb core and 
outer skin. This technique takr.s advantage or the cellular honeycomb structure for acoustic 
purposes and the inhe rllt strength and stiffness of honeycomb sandwich to carry the pres­
sure loads. This design concept is considered to be feasihle and producible while providing 
all of the required tunctions of acoustic attenuation. ~tructural integrity. and optimum 
aerodynamic shape control in a minimum weight configuration. 

The fabrication required the development of tools to make the duct sections without hoop 
discontinuitks. The fabrication techniques were successful and technologically feasible. 
Additional development is required to define production tooling concepts to reduce cost. 
Therefore, it is concludeci that Lile center-engine inlet duct met the objectives of feasibility, 
producibility ,'nd practicality. 
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4.6 INSTALLATION HARDWARE 

During the design and mockup phases, no unforeseen probkms were uncovered. In general, 
most components on current JT8D engine installations can be used directly on the refan 
installation. Because of the engine size, plumbing and wiring are all new, and some modifica-

tion is required to control systems. 

4.7 AIRPLANE MODIFICATIONS 

The airplane modification design effort was completed to the extent required to define 
those areas of modification required for retrofit and the feasibility of accomplishing the 
modifications. The primary modification design areas are the center-engine inlet duct 
support. changes to provide clearance for the duct, center-engine mount relocation, centcr­
engine cowls, and tail skid redesign. Sufficie:1t dt'sign was accomplished to demonstrate 
that there are no physical barriers to installation of the JT8D-l 00 series engines on the 

717-200 airplane. 
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APPENDIX 

SYMBOLS AND ABBREVIATIONS 

ac Alterna ting current 
Al Aluminum 
APU Auxiliary power unit 
BAJ Bond assembly jig 
BL Buttocl< line 
CAR Civil Air Regulations 
cc Cubic centimeters 

<L Centerline 
cm Centimeter 
comp Compression 
CRES Corrosion-resista I1t steel 
CSD Constant speed drive 
daN Dekanewton 
dB Decibel re 0.0002 J1bar 
cle Direct current 
deg, 0 Degrees (units of plane angular increment) 
of Degrees Fahrenheit 
oR Degrees Rankine 
L Delta (increment of change) 
EAS Equivalent air speed 
EGT Exhaust gas temperature 
EGY Exit guide vane 
EPNdB EfTective perceived noise level in decibels 
EPNL Effective perceived noise level 
EPR Engine rressure ratio 
FAA Federal Aviation Administration 
FAR Federal Aviation Regulations 

FN Net thrust 
ft Feet 
ft-Ib Foot-pound 
fwd Forward 
<> Gravity 
'" GW Gross weight 
IGY Inlet guide vane 
in. Inch 
inbd Inboard 
J Joule 
K Kelvin 
KEAS Knots equivalent air speed 
kg Kilogram 
km Kilometer 
kN Kilonewton 
KTAS Knots true air speed 
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kVA 
Ib 
LID 
L.E. 
L.H. 
m 
Mach 
max 
MKS 
111m 

Mo 
N 
NI 
N'1 
neg 
nmi 
No. 
outbd 
~. 

PM 
pos 
press. 
psi 

Pto 
Pt2 
Po 
P&WA 
ref. 
R.H. 
RTO 
sec 
SFC 
Sn 
std 
TAl 
T.E. 
temp 
Ti 
T.O. 
TIR 

TS 
typ 
V 

APPENDIX (Continued) 

Kilovolt-ampere 
Pound 
Length/diameter 
Leading edge 
Left hand 
Meter 
Mach number 
Maximum 
Meter kilogram second measurement system 

Millimeter 
Molybdenum 
Newton 
Low pressure rotor speed 
High pressure rotor speed 
Neg3tive 
Nautical mile 
Number 
Outboard 
Percent 
Plaster model 
Positive 
Pressure 
Pounds per square inch 
Freestream total pressure 
Engine compressor-face total pressure 
Turbine exit pressure 
Pratt & Whitney Aircraft 
Reference 
Right hand 
Refused takeoff 
Second 
Specific fuel consumption 
Tin 
Standard 
Thermal anti-icint! 
Trailing edge 
Temperature 
Titanium 
Takeoff 
Thrust reverser 
Static temperature 
Typical 
Volt 
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'Y Vae 
Vdc 
VHF 
Wr 
WL 
Zr 

Nacelle: 

Strut: 

Accessories: 

Engine: 

Inlet assemblyjsidc­
engine nose cowl: 

Thrust reverser: 

In terchangeabili ty: 

Replaeeability: 

-'.' ,"".",' ""---""--r--

APPENDIX (Continued) 

Alternating current voltage 
Direct current voltage 
Very high frequency 
Fuel flow rate 
Waterline 
Zirconium 

DEFINITIONS 

! 

As L1sed in this document, the engine nacelle includes all components 
or an externally mounted propulsion package, including the engine 
plus all engine-mounted parts and act:essorics: the inlet, cowling, and 
thrust reverser (i.e" all components suspended from the engine 
mounts) 

A structure that separates and supports the nacelle external from 
the airframe, including primary and secondary structure <lnd pro­
visions for installation of airplane and engine systems components 

Components required for engine operation and airplane systems 
com ponen ts, which are mOlln ted on the engine and strut 

The dry engine provided by P&WA 

The portion of the nacelle forward of the fan case, including internal 
and external fairings and all components attached and normally re­
moved with tile inlet assembly/nose cowl 

The structure and mechanisms req uired to reverse engine thrust 

The quality that will allow a part to substitute or be substituted for 
another part meeting all physical, fUnt:tional, and structural require­
ments and to be installed by the application of the attaching means 
only (bolts, nuts. screws, washers, pins, etc.). This specitlcal1y pre­
cludes the use of trimming, cLltting. filing, reaming, drilling, and 
forming during installatioll, No tools other than those normally 
available to service mechanics are required for the installation of the 
item. No operation or alterations except design adjustments are re­
quired on supporting and surrounding strllcture in orde to install 
the item 

The quality that will allow a part to substitute or be substituted for 
another part meeting aU physical, functional. and structural require­
ments, but which may require operations in addition to the attaching 
means. Such operations may include shimming. drilling, reaming. 
cutting, sawing, filing, and forming. These operations are performed 
by the use of handtools normully available to service i.iechanics 
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Commonali ty: 

727-200: 

1'27 rdan: 

JT8D: 

JT8D refan: 
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APPENDIX (Concluded) 

The multiple application of identical parts with the objective of 
system total ownership cost savings 

The current production model 727 airplane 

The 727-'200 airplane equipped with JT8D refan engines 

The current P&WA engine used on the 7'27-200 airplane 

The P&WA JT8D-l 00 serks engine developed from the JT8D engine 
during the NASA Refan Program 
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