
UNCLASSIFIED

AD NUMBER
AD376669

CLASSIFICATION CHANGES

TO: unclassified

FROM: confidential

LIMITATION CHANGES

TO:
Approved for public release, distribution
unlimited

FROM:

Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; 10 MAY
1966. Other requests shall be referred to
Federal Aviation Administration,
Washington, DC.

AUTHORITY
FAA ltr, 10 Oct 1972; FAA ltr, 10 Oct 1972

THIS PAGE IS UNCLASSIFIED



M IskR K ING

The 0 e o • r limited status of this roport applies

~Žpagev un~ess otberwise marked.
Sep~ page printouts MUST he marked accordingly*

S' HIS DOCUM.ENT CONTATY4S WNFORMATION AFFECTING THE NATIONAL DEFENSE OF
'r{H UNITED STATElS W"THf"I "HIE WIANING OF THE ESPIONAGE LAWS, TITLE 18,

i.5 .C . , S!3C T l OI'N 7P • ~. " ? . T H EI! t RA N S M ISS IO N O R TH E R EV E LA T IO N O F
; •.CONTFINTS IN ANY ;, ... iN UNAUTHORIZED PERSON IS PROHIBITED BY

h.r drawings, specifications or other
d ~va t a e u sed r t any p o :p • • o th e r th a n in c on n ec t ion w ith a d e f i -
nite:1y related governmIent procurement operation, the U. S. Government'
the'r'cby incurs no responsibility, nor any obligation whatsoever; and
th -fact that the Government may have formulated, furnished, or in any
way supplied the said drawings, specifications, or other data is nut
ý:,o be regarded by implication or otherwise as in any manner Licensing
thý. holder or any other person or corporation, or conveying any rights
o "r permission to manufacture, use or sell any patented invention that

in any way be r•lated thereto.



Best Available Copy

I

Best Available Copy



Best
Available

Copy



NOTICES

When Government drawings, specifications, or other data are used
for any purpose other than in connection with a definitely related
Government procurement operation, the United States Government
thereby incurs no responsibility nor any obligation whatsoever;
and the fact that the Government may have formulated, furnished,
or in any way supplied the said drawings, specifications, or other
data, is not to be regarded by implication or otherwise as in any
manner licensing the holder or any other person or corporation, or
conveying any rights or permission to manufacture, use, or sell any
patented inveation that may in any way be related thereto.

Copies have been placed in the DDC collection. U.S. Government
agencies may obtain copies from DDC. Other qualified DDC users may
request, by submission of a DDC Form 1, through:

Director of Supersonic Transport Development
Federal Aviation Agency
Washington, D.C. 20553

Defense Documentation Center release to the Clearinghouse for Federal,
Scientific, and Technical Information (CFSTI) and foreign announcement
and dissemination are not authorized. The distribution of this report
is limited because it contains technology identifiable with items
excluded from export by the Department of State (U.S. Export Control
Act of 1949 as amended).

Ii



CONFIDEITIAL PWA FP-1855 2

10 MAY 1966

(UNCLASSIFIED TITLE)

MONTHLY PROGRESS REPORT NO. 10

DEVELOPMENT OF
A SUPERSONIC TRANSPORT

AIRCRAFT ENGINE

PHASE Ili-C

I APRIL THROUGH 30 APRIL 1966

CONTRACT NO. FA-SS-66-8

!i
'l• ,iH , ,r IHI• *fl:,lp-.r ,,, i w i, i, 14, ,po,

(Cmptiiv Da nta

Pratt & Whitney lircr ft,
OFWDA htilf- 7,N7i IIFVF, 0VMFM _i~ iA

S. ..... .. t . .. . . . .-



Pratt &Whitney Aircraft
PWA FR-[355

CONTENTS

2; CT 1 N PAGE

SSUMMARY OF PROGRESS ........... ................. I-i

I [ PROBLEM REPORT ............ ................... fI-I

III DESCRIPTION OF TECHNICAL PROGRESS ...... .......... III-A-I

A. Engine Design ............. .................. III-A-I
B. Engine Test ............. ................... III-B-I

C. Compressor .............. ................... III-C-I

D. Primary Combustor ....... ................ ... III-D-l

E. Turbine ........... ..................... .. III-E-1
F. Augmentor ............... .................... III-F-1
C. Exhaust SysteŽ.m ........ ................. ... III-G-l
H1. Controls ....................................... III-H-I

I. Bearings and Seals ............... III-I-I

J. Fuels and Lubricants ...... .............. lI-J-1

K. Inlet Systerm Compatibility .... ........... Il-K-i

L. Noise ............. ...................... ... III-L-1

M. Mockups ....... .......... .............. III-M-.

N. Coerdination ............ .................. III-N-1

0. Maintainability ........... ................. Ill-0-I

P. Value Engineering ....... ................ III-P-

Q. Configuration Management............111Q-l
R. Quality Assurance ....... ............... I. -R-

S. ReliabElity ................ ................... III-S-1

IV AIRLINE COMMENTS .i........... . ................ IV-I

V STATE-OF-ThIE-ART .............. .................. V-1

APPENDIX A - AugLeontor Development Review

APPENDIX B - Fuels Activity Review

[
[..

[
I

i|i



Pratt &Whitney Pirc'aft
PWA FR-1855

SECTIOL I

SU-1MRY OF PROCRESS

The first experimental engine completed 11.68 hours oZ testing, in-

cluding 27 minutes operation with the duict heater lit. Subsequent dis-
assembly revealed no major problems. Objectives for the first build of

the engine were attained. Engine parameters obtained included N2 speeds

from idle to 90% of design speed, and airflows from idle to 88% -f design

flow. The maximum demonstrated corrected thrust was 22,850 pounds with

duct heater lit and 18,060 pounds nonaugmented. The highest turbine inlet

temperature was 1760'F. Rebuild of this engine is in process and is

scheduled to resume testing the latter part of May. The second experimental

engine build is in progress.

The rebuilt high compress;or rig testing was continued with simulated

Build No. 5 fan discharge profiles at the high compressor inlet. No adverse

effect was observed in overall compressor performance or struss level.

The rig, is being rebuilt with reoperated parts to increase the work load
.in the middle stages.

Testing of the 0.6-scale fan rig with the recambered 2nd-stage blades,

the original design |st-stage blades, and the "drooped" splitter has shown

that the 2nd-stage blades were not passing the desired airflow at high cor-

rected speeds. The 2nd-stage blades are being redesigned to increase air-

flow, and parts will be procured for testing in the 0.6-scale fan rig.

A Preliminary Engine Specification for the JTFI7A-21L was issued for

Lockheed's application of an increased airflow study version of the

JTFl7A-20 engine.

f. Pratt & Whitney Aircraft SST program personnel attended or conducted

meetings with representatives of The Boeing Company, Lockheed California

[ Company, the Federal Aviation Agency, aviation jet fuel supplier",

Boo2-Allen Applied Research, Inc., Research Analysis Corporation,

Delta Airlines, and National Airlines on subjects of SST fuel requirements,

current tubing technology, design details, growth studies, noise attenua-

[ Ition studies, SST economics, engine/airframe interface activities, and

general SST disclissions.

I- I
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SECTION II
PROBLEM REPORT

Teardown of the first experimental engine, FX-161, revealed several

cracks in a labyrinth air seal ahead of the 1st-stage turbine disk as

reported in paragraph III-B. A redesigned seal to eliminate this problem

is being incorporated in the rebuild of the first experimental engine.

DeLailed inspection of the engine oil system and bearing compartments

revealed no defective parts nor connection leaks to account for intvermittent

oil loss noted during the first runs. Analysis of the system indicated

possible leakage past the No. 2 face carbon seal as the result of poor

drainage of oil through holes in the No. 2 bearing support. Corrective

action in the form of increased number and size of drain holes and a

3(r/. increase in spring force on the carbon seal has been incorporated

into parts for the second build of FX-161 and the second experimental

engine, FX-162.

I
t
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SECTION III
DESCRIPTION OF TECHNICAL PROGRESS

A. ENGINE DESIGN

1, Fan

A design study was completed for the Lockheed inlet to provide a

means cf attachment for the trailing edge portion of the flow divider.

Vertical asembLy requirements necessitate that this attachmerý be done

1prior to tastaijation of the engine.

An initial design study of the Boeing front mount system was com-

pleted. An alternative front mount system was investigated.

Evaluation of design changes for the prototype engine was continued.

2. Fan Rig

Design layout and detail drawings were completed for a sheet metal

F inlet bellmouth as a replacement for the fiberglass bellmouth that

failed on the 0.6-scale fan rig.

A redesigned 2nd-stage fan rig blade was completed and detail

drawings will be completed in May.

3. High Compressor

Design changes were completed to improve the end wall condition of

the vatiable stators, End gaps were reduced by selective fitting.

The design layout for independent actuation of the 7th-stage stator

on the experimental engines was completed.

lDesign and detail drawings were completed for redes'gned 3rd-, 4th-,

and •th ~-qutno H 1ar.u'.See paragraph 111-C for aerodynamic description.

The telemetry instrumentation design for high rotor at th,. No. 3

bearing compartm-ntli. I.,3 elholfiid for completi.un e'xrly itn May.

A di•'sign ih;inlgf, '0.2 ('1TIp ]leted to provide u1m -e cJeacallt- ýý Ih fwtv'. tie,

e[ weilght aild Il,, I' i,0 . J, 1'1C• lude lrdlimv tl the Linde dampe1r

F 'i ,
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4. Primary Combustor

Incorporation of primary combustor design changes for the prototype

engine is continuing. The status of the primary combustor rig is reported

in paragraph III-D.

5. Duct Heater

Incorporation of duct heater design changes for the prototype engine

is continuing.

i . Turbine

Incorporation of turbine design changes for the prototype engine is

continuing. The status of the turbine rigs is reported in paragraph III-E.

7. Shafts, Bearings, and Seals

Incorporation of the bearing compartments design changes for the

prototype engine is continuing.

Redesigns to prevent oil leakage from the No. I and No. 2 seal

compartment were completed. This included improved drainage from the

upper tower shaft (starter gearbox), from the cavity between the No. 2

bearing and seal and fluat Lihe cavicy b'rween the No. I bearing and the

forward s,;al.

8. Access ary Drives

Design of a power takeoff gearbox and decoupler for the Lockheed

installation is continuing based on curreucly available airframe infor-

mation. Two feasibility studies of a combination power takecff and airframe

hydrailic pump drive gearbox for the Boeing installation were completed

and submitted for airframe comment. These differ in the orientation of [
the pump and power takeoff pads.

Design modifications were made to increase the oil drainage passage

for the experimental engine starter adapter gearbox (to permit use of

oxi';ti g .158 starters) to avoid flooding the gearboix. This gearbox is

tAtl. a c:omponent of the prototype ený:ine, It is a test stand component

thL1t is enigiie-moooted.

11TI-A-2
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F1 S. Fuel System

A schematic drawing of the fuel and hydraulic systems depicting pro-

posed plumbing connections between control components and between components

an" manifolds has been initiated for the prototype Boeing engine and is

approximately 75% complete.

L 10. Control System

a. Experimental Engine

SDesign work for an alternative system for automatic duct nozzle con-

trol was completen in this report period. The completion of detail draw-

L ings is scheduled in May.

Design work on duct nozzle and clamshell actuator plumbing for the

final experimental engine was continued and is scheduled for completion

early in the next period.

[ b. rrototype Engine

The component rearrangement study for the Boeing engine is approxi-

[- mately 80% complete. In conjunction with this study, new envelope draw-

ings were initiated for the unitized fuel control, main fuel pump, and

�-the hydxaulic pumi.

Mockups of quick-disconnect fuel controls for the Lockheed configuration

L were re'.eived from two vendors and are being evaluated.

11. Electrical and Instrumentation System

- A preliminary electrical diagram was completed and sent to Boeing.

12. Reverser-Suppressor

Studies of the prototype reverser-suppressor are continuing. Effort

is being directed to simplify and foolproof the actuati(n, synchronization,

and inrnrl•k-ing of the suppressor blow-in and clamsheit reversr doors.

Minor design modifications are being made to faciliz te the manufacture

of the reverser-suppressor for the initial expeL imental c ,-.n~ s. These

modifications a e primarily to ýimplify tooling and mater-nl procurement,

[ and to eliminate components chat would not be functionat In rhe initial

test peried.

T .
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No single ruitable system has yet been devised which will satisfy

the installation requirements of both airframe,, without major ,,odLfica-

tion. 1L to becoming increasingly apparent that this sectLon of ,he

engine must be designed specifically for a particular installation.

Design was completed of a more uni,'ersai wind tunnel model of the

reverser-supprebsor for performanc* studies. This model will allow

simple interchange of components to allow evaluaLion of various con-

figurations and settings.

I iF.
.
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I
d. Engine FX-J162

Procurement of parts for the second experimental engine (FX-162)

is nearin8 cowpleLiot, and assembly of subassemblies is underway. Comple-

tton of the engjne build is now scheduled for June.

Tha parLu list for FX-162 is essentially identical to engine FX-161.

oxcept for improved aurodynamics in the fan (Build 7), which allows

operation at an increased fan pressure ratio.

2. 1iterLal and rabrication

lia rceuILm uf long-time SLrasa rupture and creep rupture testing of

I current anoloys (TD nickel, TD nichrome) Waspalny, titanium, Astroloy,

1-710, ilat*oliny X, L-605, INM.100, and SM-302 are plotted in fig-

ures i11-1-26 through 117-H-46. The results are used to verify current

doesig material proporty curvsa; whun they are not in agreement, the

I douign curvau are modified. On n&w material, the results are used to

geSonraL droLgn curvos,

1 3, 8iilidaition TaLstng

Sulfidation tenting of current materiale and coatings has continued.

Tlhe toot conditions were 1,0 ppm NaCl content in air and maximum sulfur

,(0, 1 - i'on MA 53. The meta). tem-

ppr•rsurea o the spseucmati were maintained at ]800*F.

PWA 47 Uoating applied on Lhe en.'ire PWA b58 material specimen pro-

vided protectiori from oulfldarton attack for 450 hours. 'To specimens

o(i TI) liLcks I (I'WA j,035) Loated with PWA 62 (applied by I;wu different

sourc-t) showed acceptable oulfidaLion protectiun after testing for

150 hours on one NpULLU11n and 300 hotria on the other specimen. PWA 658

wtth a newly devoloped cofltj', continued Lo show excellent oulfidationI ranis!anco after 1.300 houro of teating. (See figurea III-B-47 and

Jj P.- ) 'astIng £ cont tlouig on Lthe PWA 651 and PWA 1033 Bpecimen.

S4, '.CF Touting of Film Cooling SlutH

A reporl of tha [ll tLvtI ug Ii prefsented In paragraph III-E.I !
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"l I 5. Advanced Material and Manufacturing Processes

Related technology to the manufacture and process control evaluation

Sand development is as follows:

1. The development program on an alloy with the strength of L-605

and oxidation resistance of HastClloy X is contlinuing. Material

has been ordered with modified alloyv chemistry to improve the

oxidation resistance while man•t.aining the elevated temperature

mechanical properties. Additional testing will be conducted

when these specimens are received.

2. Astroloy Sheet Program - Testing has been completed on both

the hot rolled and cold rolled sheet, Preliminary analysis of

data is promising; a complete analysis of testing results is

3 in process.

3. UX-1500 Program - Evaluation of forgeability on subscale

I ingots is in process.

4. Extrusion Forgings of IN-1O0 and Modified SM-200 Alloys for

I Turbine Blade Application - Complete analysis of the original

heat treat specimens showed low prior elongation (less than

!,% crccp r,, .=a. Neat LreaL cycl.es are being s odifgec and
evaluations are cont.'nuing.

£ !I
!I

I
3

III-B-6
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C. COMPRESSCR

1. 0.6-Scale Fan Rig

April Phase II-C Total

Test time: 0.6-scale fan rig 29.56 hours 437.22 hours

SL The performance program for Build No. 8 of the scaled fan rig was

completed during this period. This build was a test stand change from Build

SNo. 7, and incorporated (i) the original design ist-stage blades, (2) the

Build No. 7 2nd-stage blades, and (3) che Build No. 5 "drooped" splitter.

Included in the performance program were design speed and 111.2% of design

speed with the 1st-stage vanes opened 4 degrees from nominal. During a

design speed surge point at the end of the program, a 60-degree segmentI of the covering of the fiberglass bellmouth was ingested by the rig.
Approximately 55% of the 1st-stage blades were damaged between the tip

and the outboard shroud to an extent that they should not be uscd in .he

rig for performance; no other parts were damaged. Sufficient spare blades

I are available so that a complete set of these blades will be available for

testing as required. Design of a sheet metal bellmouth to replece the

fiberglass bellmouth has been completed as reported in par-.graph III-A-2,
and the part will be available for the next rig test.

5 Oata from Build No. 8 testing are shown compared to build No. 5 data

in figures III-C-I and lll-C-2. These results show the same reduction

in total airflow that was shown in Build No. 7, but the "drooped" splitter

caised an increase in bypass ratio and surge line in a manner similar

to the results of Build No. 5. Peak efficiencies were not improved

over Build No. 5 except at cruise speed, and were significantly lower

than Build No. 7 at speeds below design speed. Build No. 8 has eliminated

the question of what caused the total flow loss in Build No. 7. The

2nd-stage blades were the only parts different between Builds No. 5

and 8, and are severely limiting flow in the duct stream. Analysis of

Builds No. 7 and 8 data indicates that the 2nd-stage blades are not
• pa•rforming as designed from approxýimately 4U/° span to the tip. The root|

of this blade is performing as designed, and is providing increased surge F

margin over the original design blace. Opening the ist-stage vanes

a og |I

si

&L -__ 
-
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4 degreem, gave a slight increase in total flow, but on an overall basis

there was little change, This change was made to see if the 1st-stage

vanes might be limiting flow at high speed.

A detailed analysis is being made of Builds No. 7 and 8 data to make

another redesign of the 2nd-stage blade that would eliminate the duct

flow deficiency and improve the high speed efficiency, while maintain-I ing or bettering the improved surge margin. The new 2nd-stage blade

design that results from this analysis is scheduled for completion in

May, and new parts will be scheduled for testing early in July.

2. Full-Scale High Compressor Rig

iiApril Phase Il-C Total

Test Time 4.28 hours 45.47 hours

Additioral testing of the high compressor rig with simulated Build No. 5

fan discharge profiles at the high compressor inlet showed no adverse effect

on overall compressor performance or stress level. Teardown of the rig

revealed no discrepandces; all parts were accepted at magnaflux or zyglo

inspection.

Analysis of tne data from Builds No. 2 and 3 revealed a lack of

Swork capability near the roots ot the front stage blades. This is believed

responsible for the lower than desired surge pressure ratios noted in

j the March monthly progress report. To correct this flow deficiency,

the 3rd-, 4th-, and 5th-stage blades are being redesigned by altering

the root-to-tip ratio. This allows the stage to accotrplish more work

near the root of the blade, Hardware is being procured to incorporate

this change into the rig for testing in June.

A second approach for improving the root flow is to recamber currently

available stators. Th$.s can be accomplished in much less lead time, but

possibly with a SlrigiiL r-eduction in compressor eilicienci. The front

stators are recambered open at the flowpath ID to allow i.iore airflow ',u

this ares. This results in uncambering Lhe IGV and overc4-ibering the

3rd- and 4th-stage stators at the ID trailing edge. Thle 5th- and 6th-stage

atatora are opened full span by overcambering thu Lrailing edge to in-

crease the work level of these stages

1.11i-C-2
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E The compressor rig parts have been reoperateo with these desired

stator recambers for Build No. 4. This build is approximately 95%

complete and it is expected that testing will be resumed early next

month. Strain gages are incorporated in all stages of the compressor

to mouitor blade vibratory stresses. AdditionAl interstage instrumenta-

tion is also incorporated for better data acquisition in the daficiont

[ areas.

I:
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I D. PR4IMARIY COMBUSTOR

April. Phase 11.-C1Teat LiMO for L1112 full 0 ),lcitirt 5. 36 hou~rs
amilluar COmhMt'MMI 1-1 (Sea, re1tnud technology ahio)

1. 1Enyino Cornbugtor Tvanting

'Bic fuIll armult].r rarnl Iriducfrl on'm~busi br muran ei ufully camp ieted

iihin 1 (nit JTVII7A-20 ongtric li-li:ng. ThIgniton chaoracLurioticti, Lam-

I)LbIat~~II 1ili111dLJ~i un' t trtillifiLy Wvjav HdaftinfiICLuxy.

'111r, conibust v~lilbl-Lad vxtcdlt~nL igniftion chasrncleiýýrt-. ch and

rist 11! Lttmm pr0pikgn L VIon LhrclUghOUL LIU-!L 17111 AnofUll onJ Alu;fl . tr Lb

I ~ 4loct;Ad luL-xLngo Lrbtna v~nd Lhormocouplus w~rqj recordcd In the
IsiaiilooiT mmist with ii ;t Ififin Iri 1 ,ry vI, 1  t Ii ron) Ignt~uii 16 tiliv.

I JTumpu~rn Lo.I din Li 1.6u~ionr (00,11L w121- tInkil) 0J 11 til rLEiul.Y-f ta n I ;) infir

I tnrlutIMInn Lnt~ifil 1,441d 1.1100n h)iu i Itiki L zI i I -D)- i. CHI 1 101 At4L hol [c 1IJ 0 hnd

1) 1-AI1- 1 iI I(V tiN ihL Y - I LI lli,i Iii I lt "Od . Ii IIu'NII gijpn I'ict I iIlr tlLiL II jINV F irram

toItllIb-- U i li- i nt m W I i irui-1Mf Iht 1IL4~u Hi l I Aht ' Un jif~ it II _U I1 I t~.v i0 k 0u.I

IIII v , lu I n I il-ii ( 1 1111 al cg thill will x n0 I tw fill . r-gfi .ro 'IF 0, ico )1 I f-ist I vat t'lill ! a 2111 w 1)

Ii~~~ ~, II~c I~1 i~ I I I I I.2 ' jcI I I cj to ful i II I~ ~ C. ,)l~ I nII

v isccc Il el l al l l -i IIY11til IIID 4 -w

I~iwo11 ~I ' fIv1. tf 1;I

-i Ip ' l i c 1 ) I It Ili i I t l l l f i. .) )



F E Pratt &Whitney Aircraft
PW4A FR-1l855

The combi-stor configurationi tcsted was a Mod 5-1., and incloded many

changes developcd from earlier runs in tihe JT4 rig. The condition after

11.63 hours was excellent, There was no carbon buildup similar to that

ocrurring on t~he original ra!n induction combustors; only light noot was

present . There was no burning or metal diatresa on any of the scoops

or walls. Photographs of the combustor after testing are shown in fig-

ourel II1-D.,6 throug', 1I1-D-9.

2. Reldatud Tc.r1,aology (Results of combugtor Lesting conductod on other
programs)

April Renlated Total Related
IProgram Time Program Time

Annular a(omouiItor rig 4,09 hours 41.28 hours
Lem•t Luite

Althouqh che bamtc objoativen of the JITP7A-20 combustor rig program

hlive beeii •/lt , 1imitmd toitting it being conducted on ram induction coam-

L bultuor ji IMuLh the annular t1%g and mcgimnl'IL rigm, tunder o related program.

The obrjA;iviof thli, prograiii L-t t- .eftne the design rucquiramento nec-

[ 1aILry for 1I;lll~l11V-,1 V¢fno. truct nn of aa ram induction primary combustor,

t'jilw I in w/ra .(mtlilltIld witLh thlo romn Induct ion combustor in the mordiled

-Z4 (#mi. Hit. Tostu woro itin with the Mod II-IR (NMot ffl rn Of 5-IM,

Ito I P14A YL/179, pae l1-l-I' with suappok t0 ' i uLrengthenod, dome adgem

cut ha. pi l ililry coo lopt ivic ti d, *tind inner Ilnu-r rotatod Go IhAiL

L a rijmilar urcuopl on til Imnper it.nd o titL- liturh Bra opposing) combustor,

lo.li vwi. 'il n i l w tt llt tIh. elI 'unco,' flollo( tor, AL ulmildt poirtiS, L11m

Ir T I u r, atf.d I r,,m 1 .27 t j . 1] when I h a dll t Ilo A ror waly rilCoveod,

TAuK. *J[t i s h 1 s ho n d f a #1 i to ed bI nld will be ti hitII with it rItm in tut tt ltm

' iy l jon~l uratl JutM o .j th, Filmli Irtds r It.in t lim mI'utur wore tented In the
I* i-•)-,mi~i,•,_l,-•, '• iil(l.l~ t Iii ,h ljmitm t~iie miiiimlI , 'lme,' t ,,et e rin r', I ,:,..-;

• I ,, .!-)• aichiart_ lIvba Sr [op uirmrirr~irri (Itor I ;rI 5.-IY, IPWA IR-li125,

,, -I I I , ! lll r I I,, E, i oJ I 1 I MI ,A FR -I, z!2S

SI I i 11.1 I IW v I L i t r
I!~ l f -i 11. ý m i
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! I Mod 5-2D - Same as Mod 5-2C but with cooling air at rear of

secondary further reduced.

Mod 5-2E - Single-row primary (same as Mod 5-].Z) but t•ith a

double-row secondary,

Mod 5-2F - Single-row primary and secondary (like Mod 5-IZj

but witt row of secondary scoops moved to the rear

of the liner,

Mod 5-2G - Same as Mod 5-1Y (Three-scoop primary and two-scoop

[ secondary) but ,,iLh counter -r,sLational swirlers,

Thie effect of the scoop pattorn and reduction of cooling air on the

radial Lemlf-rature profile can be aeon in figure III-D-lO, From these

tests, it is concluded that the single-row primary ha the performaince

potential to permit simplified combustor conatruction. A single-row

secondary may have a high center peaked radial profile, The, t.iocking of
the oocovhlary fw'oopr, and couitaur-rvtatllunal swirlers had ti loCprectablh

1. effect oo combhnmoir perfonl/lnce.

[

g

I • = I II -h- I I I I I I I II II



J Pratt & Whitney lircraft
PWA FR-1855

I1 6

I2

II

F U

[ l~ i},.t~r',, I IJ -Jl- J . Illl -,};I,'[I,, i, '' lz~ l ', \i iij); . ,/ l ),l J"// /t l:

"-"LJ I t ! I t rl ' l ,l l l



I ~Pratt & Whitney Aircr-aft

IW Fi7-18l I

If to f,

j_4.: 1P4

I, Ij

WI IO



Pratt &Wh~tney Alircraft
PWA FR-1855

i[ if Lj

7-- T..t-

.. ........

LLn
.. 4-

* i I

-- il 7-v

NAIrJjC

LAE 
I



Pratt & Whitney Pircraft

NWA FR-1855

S.. ..- ; • ! . : ' ;I ... . . r" • ..... ..... ,. .

ja

wm 'A,4n-

, ' ,- .. .

S. ...7 1 1 ? < .. . . I- .1•. , .. . •

• ', : l - - t . t il

i Ii

p ... . .' ' F :

ii . ,: . 4.-.I .. . . ..

I, 
9

.,+ .... "H
I 1 " ' 4" 4

.,.,. 

4

. ... .
F I

F 

-1

F 
*.i

"U I



-•-". ---- ,

Pratt &Whitney lircraft
PWA FR-1855

TDC

I 100 1007D0N0 13800 1

1 00 1oo 170o17
' 18oo • ._1 80o

19~IE FX-11M 1600AR0

!

Figur II--5. vTrbine ne Temperature =D 155.52

I Trn

IIII A-D - I

I70mx=2.2
0I 10

180
170I010

11800 10 -0

VIEW FROM REAR

F'igtire III-D-5. Turbine Inlet Temperature FD 155.52 -

Distribution

III -D-8



CONFIDNTIALPratt,& Whitney P Ircrefi 
]•/J• FR- 1 8 5

J

i ' ' i

Ii
Ui

I 
,

I I

•.ONFIDFNTiA[,



r_

CONFIDENTIAL Ptt&WhlmoyPIrc

IW I

CONHOLINI AL



rI
I

j CONFIDENTIAL jilt � � �. �

I

I

I

I

I

I
I
i

I

I

I

i
I

CONHOENTIAI

i



I I I'P - 1 '



Prott a whitney Pfrarmit
NWA FRI - 11f3

II

:j:g

Ia

.......I ......

KLA
AI '~

A.aso



Pratt & Whitney 041rcraft
PVIA F11-1655

I . 'fiJtI ml d a lid1 1 g

Thut VI'rilJ of L it , .11 71 )A- 10r A2( hgiflo liiad i 14 l ut ;iino lIi si l fo i t& V. bIm~nrpj

plrgeinroi rrt;lur t L TVA r it- ' iuVI t iti l.ti I Vit'll 1111d I 11V I Orl hdal at ,aro mhoiJl

I ti fI IuP'l JIJ--J I ~ . Ir To I k1 1 1v f I14v lja v ii h# ' wr iplelod tin th J'1'I7A 20

/P-I t Iv a.I. ~I= i ot it1II' III adi (dvofl ' I,L( jI bu IIIOtt- 1il~ht~il 'Y I1))Ii.prv-F~I I$Vputl *

I lWA If k 1119) A zOt~i,~i (if ýh ptima mtid pr,_,1 hI IIIIy uLtul rowimJ tir s hi w

Lit Li~j~ ru 1 1-~I'*, T1 J;1 1 ~Iri-.r~iw fk- ,Id It t lI'iiK ofo opL V.*i I ro niT ft I "l ni TTWA

ar a iniz 1-14 i lr dI~ q-Ie, I M I Aiu v . I ll~ t II k in t&It F!It , i lii f1.AZ fl ga I

TIj i t, rýW*d I r I'tr w Iol~likI VKI 11i 1i 4 [ iislfl.J ! I i 1 ct ) v uI I I li ' ll I~ 4t f. ad ; r. Et3 cI v * fV An -

misa rttmJi-ra itrip tit I -½ IiOfl wAn o Aitne with 17. i~~cu'lJfig 411: 'At rfH

I cmt~u IlI o s tlk Iiif isaikJalu-I Trill /A-)i I 1 1hi. 47'-*i.I II hill( W 00W'! H IbI11ir
] l l, I oWi "'y C-) Ifig 1 r) I T'it i in Ali I mill ivoinviu1, 1t £Ip; ¾x I maLai y I -jo'v

j yflit f it' Vrttt rIrTICS il -fIItitijc At 9I2I1 Y u', f i Oll ' ri I f, i db It Uw I ~I I It I

i leo 1 ; 1 ,it ami p 1i II~ aIIIIN I'l I o tu~ l ,~id IIo "Ii t 1-1,,I I t II (ion Illl oil

I A I'b-nIl i.It -it' 'I Iio k i l I v I I Ti~n T n~

'Ii Iia 0!w,Wpll~ I , in9tlo V I 11 1 it, rg h , liguIaIl lb sly v J I I ltl~fl Y .- i" ~lIQ"lf SlB Ia

i i 1kilt I i I 1ad hi uut 4 i 1itiJid III I ,i it 1- t l i~flv,.tiI4L IJ I n i~r lu rY ,IJ i tr4I lt

4-lk i , iruli 'ILl I ~ eI~ I-4L 4 0 -Il1:11, 1111 -1 lu l -161 IIi a itA v f .I YaLIL fA ttoltilttt

Ii LloEII I YAR [l 9it ! lr~ I I h dI v Ii to I-I v ij l it Ia I lVII b V IV [12111 4 011ti vil ohniy

a Itif il I II d fit I TI L fl vi I Ig If lit i i t i ll., li~ Iii II.,it va i z I l I. IT, 7A 2 iiii dliH-

ii' I -ll 1 1 I1 1 1tt I 11 ,j , IA uvv iII
Lilbiz~~~Il I-i1Iutj F- w 'Hir F~v; i w rl h~lllý vH41iiiii'ii ith ' 11-111A 1!0kiI



ii ~Pra~tt & WhItrney Aircraft
PWA PR-1855

1 ~3. LCF Tuuting of Film (Cooling S1r;Cx

1 ~The progranm for dulrinrining Lthe IXP tcipabi lit [es of var loux alot

cogiftgurations h~o 'onti~nued In t~he thitrnicil shoack ri (Lorchi-Lype oen-

Clamo burner) , 11e th~rrmal cy~c1 WON medlftlid to Jtncrolislo thei rein-I ~puraLure gradiltlt acrona thc eiirfoi I, ih~eL~i rawAtLt in on inre~ased
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incitdado 3300 hourm of tojting ait grostor than 2000 r, fual inlo tem-
PaZ'4Lura IPWA 5i23 tiont f-iai Jbai )Qua lubriciuy that, tho, I1WA 'i133 tivlntion

The JTVI 7A-20 initiiAt uxpieritnwLa1 angina. in thuo tulnoilt JI-C progrln~

isra boring opetatod with t!XiasLfiaM devalopad nomponvill.a fromn othar anginp~

programe with nifilunkru~ InudiftcA~*top to xpusclita Clth development Programn.

I'lip various comlptofanhuf mailurtmd prrovidn flaxtitIfiy 1I" the rnodi; or ron-

I rolling tho ongina CC, Aid ]0i taVtlun~t.11g Ona cnnLroI mytaLmr conlc-pt

baing propogold.

2, Proit ofypt, *JT7I7A -2FnMijna Control Slynt:an

m a. Dfaaais"Prgin

T, Both control vandu'trs have dal Ivarad a uimtlyovd Foul* rotgrol mocktipI~(hiat am orpotatem it conawpt for. rapid ropl~acomanI of thco vontrul (in this
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tiyuitom ware condiacLd ii, an .ftarai. i-n rodkice teLi& tio rotiault'.u a-a in-
'a-an iao onagiln thii r tI I r(ci v; ra- o.41h 141 yol I,, m xf fy)( tiji~ ~1~oly~iri fi imin
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S3. Duct f'ai.l flow IS i,ai[ntltind nt l:he dfire-d Ightoff level

for ignitLion pnurponea 'or ",pproximately 1/4 second.

4. Zono 1% manifold filling In inJtRAted whautever powor Iover

pofittioi rewqusatu Zono I1 iupwraluon mnd Zona I Cuti] flow

I~a. I ii abova IlightoN': flow.

S5. Trannfur from ono-raone ,,porntlion Lo trwo-one. operation

urcorn whon Zone I moitfuold .',a iull,

C. PRDC Cotfiputi;r 5hudllo of IIND ConLrol Symtm _

Computor studtaN of thi 114LU c€ontrol ayn~tm lndtcatv that the 4hnvcv

dastiribed control ayxom ehni.izn rc-nult In 41n ieupltblu cumnEiguratton

for the corid-itionu inv~autlntad, which ars abown In fig•iran T11-1-6

Lhrough Mi11-h0. Vigir& 1It-1-C. Phorw ,hin, appr,,tiituly 7,5 inico,,ln1ira roqutrid from idle to ntamun hrubl;t iAl #v Iwval cnnditibnn,
Ae-vIlaratiun fram a part-powl•r cndltlion rvproiintL!n nppronch powvr Lo

,1wxiiilm augmantuatiun r•qitirrou aDproxtiuaLuly 3 aucondi at saa lava! con-

dlttinu, ats shown lin figure lU-il-. A trantieant from mxl~ttri nonntRmenntod

I power tu Ir'4;..,iu uti.;onLation Lit nuo ,ova I untiono ra•qlior'.0 tllpprA IIim y

2.J munaundi, an~ aotwn in lfl'irt 1I1-II.-8 At tLcuilu condLtional Q4ach .7,-

65,000 fQtQ) apprininataly 3,!) nconds arv raqulrod for [ih trannaant

LOrulidl a to l•wxixhrlnm tltlit•loan il•o , and .3,2 •coriwnd from rl aiittum "onnienteIgnod

powor to innxnuimi IJ!;uiittouil • nn ohown In tipurnu II1i-9 aind III,,-1 10,

U-'.pOcIvilwy, 'lliul ijdl;iart, at olf th two tritnuiuiL tilhvi In pr.tnmrlly

dtitj trf C 'h tact that hiI •h rotur upo(d Its wi t:hlin 100 ,pm "f duut. hoator

notthi h r.l H osk hptod whoti opc r'avinIg at c' oit, uJl NJ a 'ondititlon , AN a

romulL, ducLC hii'lilainitaLiot), rwc'irn w h4inCliiho flrnt 0,3 ancond Oft tilai tran~nnirl,

d, FiW Analog 15tudivo u1f JitiudlK Control Syntom

Ilia u n i i ci o~l nti!ld flyntewt onri purll i i irilI,, , u i ,,,m. reVlt. tii v Ali wili

malin er ii tt ol 11i14) eynium ol d i' il 1pontl ite, ti t efighltu ,:t''l c uondlloi ni,

A trlin idnil- ir |in n llmtXif'lln fl iigteii It il piowort- illtv) f ilian dit t lionl rvyqillrolx

a lp4•i•w i ri ma I ! , r 1 1 'I,? - d, t i,, i h nI,,w I o i ! t llvti -ut i vwu re.1! 1; i

idl ,iii t i l i0Fr li t iipo ii's I hu iuii Ia!i| a ig j I t, -v vo r i - p,,', I. tslIhw l t cli, !a t I.'I

d.ll~l. L _!| It l !Lhe aup11ii!l d I ! iml FI'flllf.l a I f: Fii Iiiv r-f)rtvl j Ii tfi t 11lhho dti! I ntiivl =
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tho variaLion in t:ime durtng which total flow is held constLamt whl e

Lile Zone 1, nmanifold is filled, The same response is expected from

thu HSD control aystem for these random power lever modtiations.

a e. UniLized Fuel Syateln Pump

Proliminary raquiremcnt, for tho alternative unitized pump have bt i

deliverod to CHCO, PESCO, 'RW, AND liSD. CECO has advised that a pre-

liminary proposal and ]0yout will bo delivered to IPRDC early in May.

f. Reviaw of Cormmarctal Turbine Engi~ne Control and Accessory Problema

A JTFl/A-20 e-gino Controls Enginaer visited tihe HAL Component Over-

haul Facility at Mtamiw, and the UAL Component Overhaul Facility mr.

San l'ranc.go, California, •ind attandad the Turbine 'ngine Control and

Aacessrcry MainLaennca Conf•r•nco to review problems associated with

currant commercial engine controls and accessories. The 3-day Main-

tonnrnce Conforeinca was hold nt 11.1D and wan att•enld by ripresontnt:ivoes

~1 oL 15 duxwNvLu•arlrJInvi, 19 ovoerxan airlinov, 3 ovarhaul corporations,

SNEC1A, United Aircraft Canada Ltd., Unitod AJrcraft Internation, P&WA,

SI and 118D,

3. Advanced Control Syst;um Program@ (ReIlted Technology)

i -- ir.•tei,..v!m c,,nrdtn�t._uor t her ie proto-type ,nyarulic computer con-

trol tor thel J5$ atigina 11as born complgl' d. 1'abrication of plumbing and

bruckets for tha J59 angina tnstallation is approxinutloly 90% completo',
and the oromaining pan;r. ar fichodulod for delivory by mid May. T'elstng

SI aLt ii1d 1, conrit ml•og ,n tichedule, wt:h I June 1966 echedul d for centrol

del ivery.

-I
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1. BEARINGS AND SEALS

W I The assembly and initial testing of the JTFl7A-20 No. 1 and 2 compartment

seal rig was completed during this report period. The primary purpose of
j this functional testing was to determine the compatibility of the compart-

ment parts and to obtain compartment pressures and temperatures at test con-

ditions duplicating the sea level operation on FX-161 engine. Figures 11--I-i

through 11'. 1-7 show the No. 1 and 2 compartment rig parts in various stages

of ansembly. A total of 11.61 hours of rig testing was completed. This

testing was accomplished with complete compartment instrumentation and has

demonstrated acceptable operation of the rig and engine compartment parts.

fDisassembly of the rig for inspection was in process at the end of the

report period.

1he JTFl7A-20 No. 4 compartment seal rig was disassembled and inspected

after completing 30,93 hours of room temperature and heated environment

testing at rotor speeds up to 5800 rpm and simulated discharge pressurizing

air temperatures 'up to 750 0 F. The disassembly inspection showed the rig

engine parts to be in good condition as shown in figures 111-1-8 through

111-1-13. Oil leakage past the carbon seals and compartment front seal

plate was noted and corrective action taken to eliminate possible leakage

during engine testging The oil akac was pvraaLaly caused by inadequate

scavenging of the seal liner coolin6 oil past the bearing support. To

eliminate this condition, the flow passage area into the bearing support

has been increased 300%. Static flow test of the compartment has demon-

strated that the additional flow area is sufficient to properly scavenge

the oil. Oil weepage was noted past the compartment front seal plate.

The cause of this weepage is believed to have been a cocked labyrinth seal

and loose stackup although there was no evidence of race turning. To elimi-

nate future occurrence, a hydraulic tool has been made to seat the bearing and

seal stackup during assembly. Rubbing of the inner labyrinth seat was

also noted on is mating land. This wear, which is on the entire cir-

cumference, also indicates that the labyrinth seal was cocked in the

stackup. All other parts showed little or no wear and no evidence of

carbon deposits. The conclusion drawn from the No. 4 compartment rig

test in that the engine parts and Lite design of the compartment pressurizing

and vent system will function as in~tended for JTEFl7k-20 engine operatiou

a[t both sea level static and Mach 2.7, 65,000 feet cruise conditions.

III-l-I
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I J. FUELS AND LUBRICANTS

1. Fuels

Fuel coker tests have continued on aviation kerosene to confirm that

the fuel is meeting the purchase specification requirements and to monitor

its condition in storage. A series of coker tests have also established

that the thermal stability breakpoint of the currently delivered fuel is

3750F/475°F. Another series of tests are now in process to establish the

effect on thermal stability of releasing dissolved oxygen by exposing

the fuel to a pressure of 1 psia.

Erosion and corrosion tests were continued with fuol that met the

I maximum sulfur allowable in the PI4A 533 specification. This testing is

discussed in paragraph III-B.

The fourth meeting of the SST Fuels Industry Advisory Committee was

attenred by project personnel on 20 and 21 April at FAA Headquarters

j in Washington, D.C. to present a progress review of the JTFl7A-20 fuels

activities. The material reviewed at this meeting is a surary of JTF17A-20

fuels activities to date and is presented in Appendix B of this report.

2. Lubricants

j Laboratory tests were continued on candidate lubricants to determine

Oil samples were taken during the JTF17A-20 No. 4 compartment seal rig

testing, as reported last month. During the 30.93 hours of testing with"

a maximum oil temperature of 385'F, the viscosity change of the Mobil Jet I1
te-;t: lubrica~nt wa, 3,85% and Lhe neutralization LI~bet: Change Was 0.03.

I' TIhre was no evidence of oil coking on any of the compartment parts.

xildatrin-corrosion tendencic.s of [lie fo•tr candidate 1•ibricants werei determined in a scries of tests utliog standard equlipmttent and test pro-

cedtrcs, except that more oil was used te facilitate tnterrnediatn sampling.

T le rosul ts of these Lests, toahitednto ill tuable II-J- , shlow that somie

11lhricei'ts are stpoiur , 'tihers as evidenced by the weight loss of the

.. hta l cilu's inu visc•sji tY at]d nlcutralization nuotier, and sludge

I Jlt..t

4[
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I :Laboratory :ests were continued tc determine the foaming and evapora-

tion loss charncteristics of Mobil Jet 1I and Esso 2380 oil at varying

temperatures and pressures.

Testing was initiated on the JTFlA-20 No, I and No. 2 compartment

i face seal rig with iMlobil Jet II lubricant at conditions simulatiug the

sea level operation on FX-161 a'ngine. A total of 11.61 hours of rig testing

was completed and disassembly of the rig was in process at the end of the

report period.
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K. INLET SYSTEM COMI T£IBILITY

1. Inlet Distortion

The computer program for calculation of single blade row transient

response data has been completed and partially checked out. The effect

of the size of the mesh used in the numerical integration is being

inlestigated in an effort to reduce the ti-m ;.C&euu to coMplete a

calculation.

The feasibility of writing a computer program to estimate the rf-

design matching of a multistage compressor under the influence of inlet

distortion is being considered. The complexity of such a program

SI necessitates the employment of simplified representations of the per-

formance of each stage when compared with those currently used in corn-

~I pressor performance estimation. Similarly, the transient response calcu-

lation must be simplified to hold the program running time within manage-

ible levels. Data from four of the 0.6-scale fan tests are being examined

to determine if tha simplified representations will be sufficiently

accurate to provide reliable estimates. No fundamental faults have been

uncovered to date, and the examination is proceeding toward a better

definition of the way the boundary limitations between stages may be

handled.

2. Engine/Inlet Compatibility

A detailed engine and control dynamic simulation is being prepared

Lfat use by h7e Boeing Company iod by Lockheed California Company in

engine/inlet compatibility studies. The simkiation wiil consr4st of a

d digital computer calculation -lec-k. Performance will be calculated for

Sdiscrete time intervals, and output of selected paramcte;:s as afuncion

of time will be available. The irnmlUniotn •ill have the ,.apabtlity of

accepting time varying input of power lever angle, :light aondition,
.- and inl.et coridittion.

Data P,,r an inlet: dynamiu. Ii a U iat ornn have baa ct recie'ived trom L,o(kheed

Call fornfLa Compan,, The L nuiati(,i Is beDing r•'vit.,weid and wit 1 ,

S glicr,• enli Inc in) .t ;omj'i t ittilfy slui e c) n

•llT-K-, I
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LI NOISE

Modifications to engine test stand A-3 that will improke conditions

for JTFl7A-20 sound recordings were completed this month. Far field

microphone locations were installed on a 300-foot radius aft of the

engine. Preliminary data have been obtained at these locations with

both J57 and J58 engines, and shows good repeatability and agreement

with the SAE prediction method. The effect-- of 'reflecting surfaces

around the stand have been minimized through alterations to the stand

i - and the addition of sound-absorption material.

The analysis of sound recordings is currently performed using an

octave band analysis system that provide9 a plot of the octave band1 "sound pressure levels. Several faste, methods of analysis are under
Sreview. These methods would be fully e:,ttomatic and would provic' inputs

for a computer program that would provide x i-ues of percei-red noise.

S Analytical evaluations are being performed fL, acoustical liners of

the Helmholtz resonator type. Maximum absorption of the energy incidentK: Ion resonant liners compares favorably with the absorption of nonresonant

types. Resonant liners also offer the potential of light weight and
• Ieliminate the possibilicy of fire hazard due to oil and fuel absorption3 into the materials used in the nonresonant type. Measurement of the

sound pressure level within the duct, as well as other pertinent parameters

I I necessary for liner design, are now in proceos. AN

I

::11II -L-l
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M. MOCKUPS

jI Duplication of the Lockheed configuration on the engineering mockup

has been completed.

I The JTFl7A-20 engine listallation mockup for •.e Boeing Company is

still aditing further definition from Boeing. The estimated delivery

j Idate for the mockup is now 26 July 1966.

Mockups demonstrating the control "quick-disconnect" concept were

received from Bendix Products Aerospace Division and Hamilton Standard,

and are discu: ed in faragraph III-H.

ii
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i I N. COORDINATION

j i).. General

Revised JTFl7A-20 Engine Specification 2681B (Boeing) and 2682B

U i(Lockheed), dated 15 March i966, were transmicted to Boeing, Lockheed,

and other authorized recipients during this report period. The revision

included performance deck changes, minor chaýnges to Lockheed specification

weight, and an engine operating envelope change for lockheed.vi iFRDC fuels group personnel visited Boeing, Lockheed, aviation jt

fuel suppliers, and major airlines tc discuss the proposed SST fuel

requirements. P&WA personnel made a presentation before the SST Fuels

Industry Advisory Committee Meeting at FAA Headquarters, Washington, D.C.,

20 and 21 April.
l Boeaing SST Program Engineering and Research personnel visited FRDC

LI 29 March to discuss current tubing technology and P&WA experience with

mechanical plumbing connectors.

Mr, F. Howard of SST Propulsion Branch, visited FRDC 31 March and

I April for JTF17A-20 engine program discussions.

On 12 April, Mr. R. N. Torell, Chief Engineer, FRDC, Mr. G. A. Titcomb,

SSST Program Manager, and other staff personnel briefed FAA Headquarters

personnel on the JTFl]A-20 engine design details, development program,

. ' growth studies, and latest noise attenuation studies.

Boeing SST program personnel headed by Mr. H. W. Withington, Director

of Engineering, and Mr. F. A. Maxam, Chief Engineer, visited FRDC onI i 14 and 15 April and were briefed on J58 engine; the SST program and

.ITFl7A-20 engine were also discussed.

Personnel from Booz-Allkn Applied Research, Inc., and Research Anailysis

j Corporation visited FRDC on 18 April to obLain necessary information

required for their FAA suhcontracts on SST economics.

Delta and National Airlines personnel visited FRDC on 19 and 20 April

for general JTFIlA-20 engine and SST program discussions.

F=="
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i Mr. Harold Luskin, Lockheed Calitornia Company Assistant Program

Manager for Propulsion and Mr. Chcrlos Kammann, SST Program Contracts,

visited FRDC on 20 April to discuss engine/airframe interface activities

for the Phase III proposal; they also received a general JTFl7A-20 engine
I briefiLng.

After SST Fuels Industry Advisory Committee Meeting, Boeing fuels

engineer, Mr. G. Hays, and Mr. E. Petesch, Chief, Mechanical Equipment

Staff, visited FRDC on 22 April, for follow-on fuels discussions andF I general familiarization with JTFI7A-20 engine program.

FRDC continued to exchange comments with Boeing and Lockheed on

analytical methods for calculating JTFI7A-20 noise data. JTFl7A-20

design information on the fan duct system was provided to Boeing for

their study of a simulated duct noise test rig.

General J. Maxwell and Dr. R. Blisphinghoff of tha FAA visited FRDC

on 21 April for SST program discussion'.

2. JTFl7A-20 (B) Engine

I Instsllation coordinatioi activity continued during this re-port

period. The more significant installation items covered were:

1 1. Additional preliminary engine neat rejection estimates based on

the latest Boeing estimated fuel temperature profile for

I a typical mission were transmitted to Boeing.

2. The Boeing preliminary engine ground handling concept was

reviewed and is considered acceptable.

3. FRDC submitted a preliminary engine electrical installation

drawing, which represented our response to a review of the

Boeing wiring diagram depictLng engine-supplied electrical

I items, connection interfaces and wiring requirements.

4. Boeing approved FRDC proposed location of the main and

4 duct heater ignicers to ths lower quadrants of the engine

to improve the removal envelopment. 9

1

.i



Pratt & Whitney P lrcraft
PWA FR-1855

5. Activity on the Boeing mockup engine is currently at a

very low level as a result of a further delay in definition

of the Boeing configuration.

Boeing has indicated primary interest in the JTFI7A-21 study engine,

We are currently studying their requirements,

The Boeing Inlet-Engine Compatibility Test Plan was reviewed by rRDC.

Comments aud necessary changes to arrive at a currently ncceptable

coordinated plan Iave been forwarded to Boeing during this report period.

These changes will require revising the test plan already submitted.

Secondary airflow systems were reviewed and our recommendations were --

transmitted to Boeing. The ducting/control valves system utilizing air

from the engine inlet periphery was recommended at this time. However,

a more detailed analysis is being prepared for transmittal to Boeing.

3. JTFl7A-20 (L) Engine

Lockheed has advised hatr they desire an accelerated program of

inlet/engine compatibility tests using early boilerplate hardware.

Meetings were a ;heduled at Tullahoma for 27 April with both AEDO and

Lockheed personnel for test program discussion. The Lockheed group

visited FRDC prior to these mectings.

Coordination Is continuing with respect to Lcckhood'a requefit for the .

I increased performance (JTFi7A-21L) study engine. Performance, decks in

both IBM 360 and 7090 form were requested by I Mayy in addition to C
} i new engine model specification,.

7i Lockheed is continuing to study relocation of the engine or the wing.

A feasibility study drawing of an elliptical reverser-ouppressor desi.gn1ed

to eliminate or minimize probLems issoc!ared wit:h lowering the engine

yErelative to the wing was forwarded to LCC for use in Lthvir review.

Lockhr-ed hns veOiit I 1 infv-rnd L1)3tli Thry nolw rintend to ofi, a

el ectr ical p1 w0r lever co, lI o ,i sys tem Ihey tire now crudytng tvo tito hr vr

posHfble syutems. 1Upon comploftion of their sLud ,.i, Ito hired w5!l n iubnlt

form-' I pi: cijo Ot1. 1s (r Otlif [u Ji iou•w td CofIUTrI11L . Wtq it', JW 411t 1', ' 1 ' Iolij

n ['cf cii n t. n a1,1K t iii m 11) utL u l(h st' s. iaoljuLtid

ill-_l=
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0. MAINTAINABILITY

1 ~1. Debign Rev~iew

Tradeoff design aiialyses, directed toward furlther improvement of

the mrtintainabiULY Of the. JTFl7A-20, are in prcci in the following

-IF 1. A Situdy Of LommhcrciaI overhatil and rnninte~nanco errors for

periud of oiperation I Jainuary 1962 Lhroiigi 3) January 1966

in beinS made to dotorrnine unineIn kirevn where artinru could

be -limiynaLf?-i by Incorporat ion )f foolpoofing fivautr8 , which
would ricduce mn'intenatco Linoe [or reoperatiorj and tile level ui

requ i ed r ti -,ink,'ce eki 11.

2, A rle~jfgi of ',he fan ro*,-o tS ficing OAvlur.Led flid maWkag Lho

lot-scag(- fan dtsk 4n tn~a,1 ,r&1. pact Fl Lhe DAin hub, thus

c irn-Ina tinji tH'k long ci tho c) ki~d dik hlask

.1 ~l iaunn Liufl 0,( LIM, d igit. holl Will iI¶I-1:0vC the d'ir~bllivy

of Ohe fail oMurtso'ly by rvincvi i tho ponotibl. Ity of wear

of thu bolJ. a~ndi bOiL. hn1lt na W#:l N 8 %IJtttdt.ifg in-

tcs 1 Ia cioi) iioý.L e Iuja id the ti im ly.

1 ~3. A review ir ,4 btdng innao ld Cl-~ i'~n~ Pmwdg a

Teit'&na World P.ii filn~ti Jr LhV .r Pl~p~r t "24,11' DOi Ljj- 004111 and

Gu ide I..lnes fof Povl Vlop , M ninnc' A voliopat Lifn

003o rpcom..iundacl onm vu'ltsjpii~P Uk 1frm't~lbLU~ty 61t~ of

j L hi J '[P1 YA- 2Q vogne %,i l nojt 11 ; 'u £s f ho.W

fy10 ntefltirico vt5.i.-et,~) w 14 !ApvVU1 i . '; a 411Liin phfIWAL'yhy.

h Frl1~i rIh deoI--I~ 'n fr;;Id ~ic a 14r I in,Aj m li, oln I;1IQ Ijll)I I ý it to ,-IC)I 11,ftti~tu 1 (111 I.Q ctt~ i f~l~ i 0J I~ A I C'q Of d I $

cun ev1100' P, WOij pi 'Aa t t i II AflVrd Mz , iJ~uO rY d"I 91' ftu fi ll'a ~
r" I, 4i frrCf, t,: frowi 1. '0 k I al
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6. Additional chip datect:')r prcvit.oris are ein- reviewe~d.

L..ocnLions of addttional provtsLov8 will be at the main oil

pump and No. I and No. 2 conipartmeor pimp. P'reasnt chip

datector proviniono are located at the accenIsory drivo ovor-

board drntri, manin gearbnx, oil. Lank, rind oil. pun learbo),,

7. Sorescope Lnopec'loii pL'oviotons for the 2nd-9tige turbirne

j biides aroe, bettLg incorpo'aLvd, Thia would CoMpIeto tho

j.puc ion pnv ir ovtsonh for nil. turbine sta •u,

9.ni 'flao ~ofo bvcjrtria Inc''wral:08t dirtaivortA0 foattitr"N

throupI?-uL tL11 n.njIW And nccarinorLf L~i being uvalusted.

J TIhi wuuld i7r-vt(id ndld',d Ijljiuranro BAALniL boaring race

opkinttig, @1 ltn,,naLw boaring r•ica raLsiilnrg nuum (witlh tlidr

Ipat ,Hndnvi f ;or rv@Jqorjq), ond a1 ntl: ju'tILi-' ci-

j ~9. An itt 11nf, tvrr i> Ion ruwi~viv Oiij, 01 p ~oomti re rog~u In tfil
Volvo trom thi, ai.fti!li )11 t-yol~lh ii,• hn;.4f pi~ai!j;tvd riov!-w

of Lsh adv•rvntago' • id dindv;•nlupou (t 4h-' l, ruiiur., rou-

,AJ<r'Mrt vaivo o it, oilt of yMLU1f'i,.

j10, 'rile Malinalyut of wntlglit Irndoff vYqrAMul M1i16ti' WL bo44• rir
" ! ' I ha,,~ �- h, ' n c ;t-ij niL j - •J Lu dvLarvir u p r;iqita .

%A~V ttill i-!i mauialli-i litit -li g Iv-.j t71 rpo!lrlot tr•i~ lVe L:(Ativa rt', I (

'u rst li iritg W lght Incr. ta1ii , 7 1 rasL ttiu W f- I I 1.1v 1010lto I ta ý

JS 1hIer l u,

I
I

!I

!
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.1 P.VALUE t ,INC MRING

§ ~~~Value Engineer~in puoii rcost reduction clldngns being ann] yzed

tfor incorporarion J.ru 01V n191nv, di4.1:g linve reanho.d , total of $878,000

per enpino,

RIct c ; i iglnu dIn I gq ch1igaii In vol v1~ng CI v: Pitcoa J v du Oni I no]1! v

I Reden tgiitd h i ohu ptjivoinr rclior .$1 J,8o

Rgde-Iegnod burne,.rfo filrlg $ 2,OO0

shorteri-d dlict hoai if r ( I, (w (I

Cofj I 'npll r rmori niade_ to mipporb't l•emi r der i •Jonn hevto hcei 4Jroplotcd

M.-f In irner EIurn ýi. , ~o-

(2olpromnnor Ahrm ridvmlo.i )I

Coinprodimru,. chord c.li L_ v

-Typlcil Valtuo IRnu•i i-,rliig Ipmliri1pre r'omplitv d durtng 1h0t I pcrJod

4 i'- v Ihown Ion t flirr 111 1-1- ' I wid 111-1I-2,

11,

.-
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9 VALUE ENGINEERINg PROPOSAL # ,.o,
Proposed by - _,Li.h. r i , DM te -1 -2-66

Part No. 211i 111 Name _i~. 0 rlfilr

Primary F unction -_L, Lr u a,-
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""1 M L 0 14
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"1llh i t,-l v} o ill (' Anld I- i I LIF, Ai-i/ ;• ll I avll 6" 6 o1 i

All £44 Iv l r kilIlh at ti, A a ti .i l

I V !lriu ! 'jimn Iiuii IFlow tl Ihlk I
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- I Q. CONFIGURATION MANAGEMENT

Coordination has continued on those items that cannot Lý shown on

the installation drawings or mockups until definition has beaet agreed

upon by P&WA and the airframe contractors. The JTF17A-20 engiN.

installation mockup at Lcckheed Caliornia Company is static pending

completion of the airfrani, mockup to a point where the engine can be

mounted. The JTFI7A-20 engine iuistallatinn mockup for The Boeing

Company is sLill dclayed pending further detinlt Lon from Boei.ng. The

! e.tirinted delivery date Is now 26 July [966. fhe effort on the engi-

neering mockup is discussed in paragraph III-M. TahbL III-Q-1 shows

'he itatu, of the engine r on ftguratLion,

Table III-Q-l. Status of Airframe/Erugine Coorilr i'at ton

Airframe item Statuvl
Contrac Lor

'FIBC K,1 in', M,"int ulwiog Ii:Iu P4 ssibl a' ri Ju' .lI liaipe pending t•onfiguraLloll

decision and mount.lg (in -
(Lpt wit-li the inlet sil)lP rL.
ed separalLc from Lhe tngfiln.

1-&WA suttidylng whiJle tiwaiLiiig
berttor definition and c-on-

"IBC ;rouvl htiond lIing P&WA advited Boeing Lhlit thlt
q sc Ieme submitLLed by '.1in ý:4

.CCC Cur~ mIi inpU L.q LC( i flow playinin_ t_¢ uis
an olect icl] powee lever,
They are MAltidylng XPvV,'al

h41--Ii II W,:iLIh IJ _!Y wI 11 I ob-l
iiit ti, V&WA,

conC (ntril Intptri AwattLtg definti'un from
fLue Ing.

l.(;d i " 1'- ,moteru H .WA hean l ce fved rio conltilt-lt

-U cOncn g fli~ the IuTIwLnLer
_,pt, ri Ienc' and econmnmndatioiuts
Iii t ierr tiubmin ttod, P'&WA Is

lv id ng'a wa OI-I I n i tv t H ,t
Ifg iltIt i,11.
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T•:,ble III-Q-1. Status of Airframe/,1ngine Coordination (Continued)

Airframe Iter, Status
Contractor

TBC Overboard drains P&WA is awaiting comment from

Boeing concerning the attach-
ment configuration.

j LCC & TBC Fuel supply & Awaiting definit.ion,

return

ICC & TBC Labyrinth seal Vent configuration and loca-

vents tions are being established
by P&WA design.

TBC Secondary air P&WA recoimmended conLInuaLion
of the ducted system with air

from the engine inlet periphery.
P&WA is preparing for transmittal a

comparative analysis of sources
for secondary air.

STBC Component P&WA is coutinuing design work
Arrangement to establish an external com-

ponent arrangement to satisfy
Boeing's desire that all major

luel linus and components be
I foot above the bottom of the

I mount rings.

At the request ot the Lockheed California Company, Pratt & Whitncy

SAircraft has provided data on several improved versions of the JTF]7

ungine Jor their analysi. and aircraft studies, As the result of their

Stludies, Lockheed has choseit one of these vernions as the bCst conlflguration

of our engine and has requested that we prepare a pr'eliminiary sapecif.icA1,too

for the study engine selected. This engine has been designated the

J'TV17A-21L, and a copy of the Preliminary Enginr Specific it, ion ,ii. 2698,

dgted April ?9, 1966, for this erigJne wae tLsuvd.

I Ii . .| I I I I I I I I II
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I R. QUALITY ASSURANCE

The inspection aids including Quality Assurance Data Sheets (QADS),

Inspection Method Sheets (IMS), and special gages arc current, requiring

changes only in response to recent experimental changes. Inspection of

parts for the second experimental engine (FX-162) has been completed.

Preliminary Quality Assurance planning for Phase III hag been started.

I Quality Assurance schedule milestones for Phase II-C are shown ii,

figure III-R-1.

I
I
I
I

II

I
IF

ii

II

I
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S, RELIABILITY AND SAFETY

1 . JTFIYA-20 Mathematical Model

EA mathematical reliability apportionment model is used to identify

functional interdependencies between engine components so that the effects

of a functional failure may be traced through the engine. A failure

mode and effect analysis (FMEA) is conducted for each "block" in the

.rrthenuati.al model.. Both the mathematical model and the FMEA are being

extended to subassembly and part levels; however, as we progress down-

ward through the mathematical pyramid from the overall reliability es-

timate the successive partitions of the reliability estimates have less

and less precision. T'herefore, reliability estimates will not be made

below the level of components except in a relative -sense to compare

one design to another.

Separate models trace failure effects resulting in premature engine

removal and inflight shutdown. Predicted failure rates per 1000 hours

for each engine section arc rnoted on the diagrams.

For the engine to operate in all modes, all subsystems on the top

horizontal line must function. For one of these subsystems to operate

in all modes the components connected to it by a vertical line must allLi' operate. The failure of one or more components may limit the sb'b., .. m

v capabilities and require an inflight shutdown, The failure of one, or,

3• more components will require unscheduled maintenance and may require a

premature engine removal.

The mathemwatical model. is shown in figures III-S-I through III- S-I 3.

2. Fire lianard Analysis

(a) C' CTerna

The JTFI/A-20 engine is designed Lu operate at engin, inlet tem-

peraturas up to 520 0 F at sLtea[ly s to tc (600'1 cramstlent), as opposed to
120'F for present commercial subsonic ongitieo. This analysis, which

considers the possibility of ignition by spontaneous combustion, by high

energy sparks, and by engine case burnshrotighs , shows that the like. iirmod

Sof nacelIi- LiriS in the JTFl7A-20 Is less probable han in

IIl- - __-V

k
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3 Although engine inlet temperatures are higher for the JTF17A-20 engine,

the maximum engine case temperatures, as shown in figure III-S-14, are no

higher than for the JT3C-7 engine presently in service in the Boeing 720

airpl anes.

The comparable cruise conditions as shown in figure IlI-S-14 are

35,000 feet at Mach 0.8 for the JT3C-7, and 55,000 feet at Mach 2.7 for

the JTFl7A-20B (lowest altitude for supersonic cruise). At the respective

cruise conditions, the maximum external case temperatures are 1050 0 F for

the JT3C-7 and 850°F for the jTF17A-20. The JTFI7A-20 maximum case tem-

a peratures are lower than those tor the J±f30-7 because of the cooler fan

air enveloping the gas generator.

A review of all P&WA engine experience in commercial service has

'hown no instances of external, engine-caused, nacelle fires.

U (b) Engine Case Burnthrough

A review of engi.-e case burnthrough experience shows fifty-two (52)I instances of engine burnthroughs (of which ;pproximately 1/3 caused

nacelle burnthroughs) during 27 million hours of operation. These are

tabulated in table III-S-1, page III-S-3. Engine burnthroughs were

confined to two causes in the engine,

I The first cause was burner can disengagement from the fuel nozzle

cluster resulting in burnthrough of tbh outer combustion duct. The

SJT3-JT3C-7 burner can design is shown in figure III-S-15. In this design

the burner can is restrained from moving axially by lugs at the froe t

Iend o. the can and is restrained from moving radially at the rear end of

the can by band clamps attaching the can to the transition duct. If the

band clamp fails, the burner can becomes disengaged from the fuel nozzle

cluster, thus causing burnthroughs of the outer case. The SST annular

burner desicgn, as shown in figure III-S-16, allows th, installation of the

fuel nozzles after the burner is installed in the trarqition duct, thus

eliminating the need for a clamp. The front end of th annular combustor

is retained (to the diffuser case) by 12 radial pins ol which six are

redundant, which means that any six of these pins can fail without

j ffecting the axial posi . f toe burner, thus precluding disengagement

from the fuel nozzles.

III-S-2

bw- .
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The second area causing burnthrough involved failtires in the tubing

betweeni fuel nozzle houning6, whIch nre texposed Iu ga palui , uiervdynarnic,

anid vibratory loads. Some load ig aI-o imposed 1Lv the burnier Can that

is supported by the fuel nozzle body. In the cane of Clho JT8D tho

thrce-picco fuel~ nozzle sup~port contiguratt'nn ragultud Iin au~iI Iakagn

at two parting surfaces with coneq~uant; burntltroUghfi. (Roator to ftg-

ure I11-S-17,) Tlits problem was readily correciad by -q ieal change,

1!lble 1-SI Commercial Engine Cdaae furnthr-ougho From
SLart of OperAlI~on Thiruugf, Juno, 1.965

I TfoLni Uporating Ifourn 27 974,U64

TuLna 1 VurnLi~rougnu -5

Roliiabilit~y FacI-ors 0.0018~6 Fl'iluries

Can Dik.engagumonl. toD 7JI' 2

MAflifold or Nozzle 2 7 3 2

ChiiiLor FALlui''0

I'lia JT[?1 7A-2() anuinvi hnn vinch nozzi ejofr tho mawin coid'umtor ondItho Zone I of the duetlia IoaI, timilal ed Ili a onia-PLCL ioutla holdor

and cdoai not mupporr Lhý 1,nnullAr btro. Tho jininaton utny pmrtirng

face noalm that are potencial Ionic point. inaido the angina and removes -
i whitch mt~h t otl:1iorwito, Lut tiopoiii ur itz~

I H~~~ure recuenily, hut not included Ii' the timr paried ahown iri Cabla IlNI

Ldoro tnne boon a burnthrough dud Lo burnor can aommonL soparati~on in thu

oveirlnp samsi welde. SIeam welds havo btIiii, 'i 'Ll~ull cuet tons and

are mrait auxu2CptibI to crackiitig, This pr 'I1vm L4 Also Mijarsvotatd byYa

burner canl croasov.'r tubes ind tangency ho spot u. The* j'1?17A-20 engine

has an tinnu mir hig~h refot-nurat' yebc ity bu tr.Qu that c 1ni I hial til 044 ho t 11 po 1

problemi. Thu huritr von-itruerlon duesi nct, Iiins faum wie1dTh,

Thu dUCL heailer comnuht'1-or LDi nilmultein~ thondidgi Cu ther .11r IIlr v 'in-

buintur, Eiglit radial pins , totir of which ortý re'l'nidnitA preeriudo kil n,.I angagefriunti ft-oin tho Iloizle'A i-.n t-ourofi,r' thc- umano auayhn In tinppi ] L

I 'V htan 111io bee~n dt1 11ii lmm t-11' leti Ift rhe- duct buaret 7tmuo it Ioi' ii, o

fulIimjt1c-Lur miasvi I ld rilih]' Id zUpLUL , tilt! ,liXmiLUre- IM tlmu liz lmwu illy

r: ~ ~ ~ ~ ~ ~ ~ ~ 111 11r(1t- Ij ~i~ ui i~ h t f U 14t !In)f-)t Ill LIL.ultl-c mid no f l~ Ii'itlap'" I'411j

II
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(c) S1pa-e 1Tunf Ion fumircepi

T~i 1~,1ntv n 'U 1t~ -1 1t ti, 1110Iturr mt t aomport-ortir. beir-w the aljorin~i-"im

IIgnitiioni LampaurALtiroi, A Vvliy htigh (mnl-y lj~nf.LI0ni 4pr mui#L bepn vdid

Di ri tin Iy ungtinn-supp If oi-AvI e truI c IyALANi Lani 1L fI U-1 Lh IN d Use rL o

Urvci vxufIom indat~ r I.IA Lou Hill Ln Ipr ll 1, TI~itit041O tatlim mr 1YL m-Mil !rtt

Fr~ilnd Ar'u (I) liviipor ýir'ic d lni& of d*' 'It C ('y lo Ah ~~[YLi
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Since the di.tance betwoen cootlng louvers in the duct hearer inner

liner is approxirmately 12 inches, 2it if CM.CUe . tIed that by the time the

film of cavity air acrubb-n4S ths rimer wi•lU ha•l reachod the spontaneous

ignition temparaiuLU -7nd roinfine at thr r.tmparature for liho requir,,d time,

the f~ilm of air will have rn.entorod tho duct hent.r throulh the cooling

louvers, pootbl>ly qcauing a hoL lpgt or burrarns on the iguide wall of the

duct heator liner, tlie is not cr. ,diron to bi a diseatrous Lyp- f ihira

or A type lfalura that wuvld rwil'l tbe aLginli inoperative or affect the

Tmtioon complation,

STo further substantiar* theuu io n i iu iona, teseta dr planned, durin g

angine developmnt, to aifiulate fuet lnilca in both the r•,ell¢ and engine
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SECTION IV
i AIRLINE COIýTENTS

Trips to the maintenance facilities of Eastern Airlines, Miami, Florida

[I and United Airlines, Sau Francisco, California, were made by Mr. R. E. Gordon

from P&WA's SST Controls Engineering to obtain information concerning:

1. A review of the fuel and ignition system overhaul standards

such as testing procedures, test limits, leakage limits,

physical condition of detail parts acceptable for reassembly

of the component. etc., as established by P&WA and our

Component Vendor manuals and by the airlines.

2. A review with the airline's engineering department wii:h respect

to the authorization of reoperation limits in detail parts and -
assemblies, and allowable wear on parts prior to replacement.

' 3. Information on their record-keeping system relative to TBO's,

premature removals, etc.

4. 71e problems the airlines have had with fuel and Lgnition

system components which caused in-flight shutdowns, pre-

Kg "mature engine removals, premature component removals, plus

hLVU-ALA QLCLU duuliug LULIlpunetiL uverhalis.

l5. Infermation on spark igniter type used and thei,: operating

lift!..

6. Experience with piston-type hydraulic pumps.

Information gained on these trips will be used as a guide during

Sthe SST component design and development phases toward providing con-

ponents that do not have these same problems.

TV Ir
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• -__;•-• _ - _. . . i• -or=-- -•- L _•._ •_ _ '°--.....--- ....-

Pratt & Whitney lircraft
PWA FR-1855

SECTION V
STATE-OF-THE-ART

A review of a Grumman Aircraft report, "An Aircraft Fatigue Mociitoring

5I System," was completed by the Reliability and Maintainability groups for

possible application in the JTFl7A-20 development program. The system

outlined in the report is applicable to static airframe sections in tern-

perature environments of -65 0 F to +165 0 F. The temperature range over

which the monitoring strip adhesive bonding material is effective is LoO

low for SST engine application. This system is not considered applicable

to the JTFl7A-20 development program in its present stage oi dcvelopment.

When this system reaches the stage of development in which the monitor

strips and adhesives will withstand the SST temperature environments,

it will again be considered.
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Append ix A

I •SECTION I
INTRODUCTION

This appendix presents the results of the duct heater experimental

program to date for the Phase I1-C contract period. This experimental

rig program was conducted to provide the necessary do-sign and performance

information to support the ungine program.
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Appendix A

SECTION II
BACKGROUND

The ram induction principle utilized in the JTFl7A-20 augmentation

system is a new approach to combustor design. In this concept the dynamic

pressure of the air flowing past the combustor liner is used in addition

to the static pressure differential across the liner as a driving force

for the air entering the combustor, This allows the combustor to operate

in high velocity flow fields or at high burner "reference velocities",

thus reducing the requirements for diffusion of compressor or fan dis- --
charge air with the attendant total pressure losses to the cycle. Th

ram induction principle also provides high levels of turbulence with high

heat release rate potential for a given burner pressure loss.

The ram-induction principle was selected for the augmentor for the
JTFl7A-20 engine because it possesses Jhe advantages of wide operating

range, high combustion efficiency, exceptionai ignition characteristics,

simplicity and inherent reliability, and low total pressure loss to the

fan stream.

A significant amount of testing had been conducted on a 7 x li-inch

sector rig to develop the ram-induction combustor prior to its selection

for the SST application. These tests proved that the potential of the

principle could be realized from a system suitable for use in a super-

sonic engine.

The scqucnce of eve,it, in the design and development of the JTFI7A-20

augmentor system is as follows:

1. Testing of full-scale sectors of the duct heater system

2. Preliminary design of the engine flow path and augmentor

3. Evaluation of the flow path and augmentor on a water table

4. Design of the augmentor

5. Lvaluation of týe duct diffuser in a 0,6-scale annular

diffuser rig

6. Fabrication of major engine cases

7. Evaluation of the augnientor in a full-sc-tle annular duct

heater rig

8. Assembly and testing of an experimental JTFIYA-20 engine with

duct heater.-I A-Il-I

= - . _ . . .. . -
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In each case, information from the preceding task was fed logically

t Iinto the performance of the task at Land. The organization of this

report represents the chronological sequence of the Lt,-elopment of the

combustor, and is presented in the following order:

1i Full-scale sector duct heater rig results

2. Water table and diffuser rig tests

II 3. Full-scale annular duct heater rig results.

I-T-

iiI,

2ii

• I
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S1 SECTION III
FULL-SCALE SECTOR DUCT HEATER TESTS

A. RIG DESCRIPTION

The full-scale sector duct heat heater test rig consisted of the

following components, which are shown schematically in figure A-Ill-i:

3 1. Air inlet section

2, Venturi section

3. Transition section

4. Duct heater support section

5. Tailpipe section

6. Variable area nozzle

7. Diffuser section,

The air inlet section straightened the airflow and provided a near-

stagnation region where accurate total pressure and total temperature3 lmeasurements could be made upstream of the venturi section. The air

inlet section was fabricated from a 24-in. length of 12-in. pipe, which

provided an air inlet Mach number of approximately 0.02. Inlet flow was

straightenud by L, bank of 1.5-in. diameter 12-in. long tubes. Station I

total temperature taps were located 6 in. upstream of the venturi inlet;

m l total prcssurc taps wer.: just upsLret,, of the total temperature taps.

Stainless steel (type 347) was used throughout.

A ventUri, which was used for an accurate low pressure loss airflow

Smetering device, was sized to provide proper airflow when choked. The ventuirl

was made from type 347 stainless st,,el and was constructed in two sections

consisting of a 4.0..in. diameter throat with a contoured flow nozzle inle(.t

and a 10-degree included angle diff[user soc tLo•n. l'li[ throat dl ;irn-tor war;

measured at 70'F. A coefficient of linear exparsion of 12 x 10-r' in,/In, F

was used to correct tne throat diameter for higher tempetature airflow.

'1ixh venturI me [-r .as made a7 pnrt uf the rig Lu minimi ze Vte effect of

air leakage on the accuracy of the measurement of combustion efflcluncye

The tran.•.tLion fectfIon cowc-L.ted thu, i2-in. diaimiter utml , o)[ a

h ateL"r huiri er, iilil lzod f privld(, 'l,'vated iliei t t t .1i'np uij rs,' to [toj

rretnng.lar 7 x 11-l11. duct t'flt sect i "l . I'll c [enptli ii t I traillri~j .-,

!out ['lit t'oiiblid 1l1v II [a ' hor net it-ri hr t h . I p•i-tytmil.ly vi i U1) 1,,i

-& •_ I"A-[
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Ito entering the test section. The transition nection was Hiilt. inl two

tparrts: an 18-in. loopV traoii Lion from rolind to rectanogulart, and ain 181in.

j long 7-in. wide by 11-In, high reciangular dUct.

The duct heater support frames~ provIded n~ c',rflthlrt-t'i-e, i-in, wildu

by li-in, hligh, rectaivygi1ar duct, 30) intchu8 long, (Sev fig"Urv A-111-2.)

Thern water-cooled i.i i ;ii e was a qttraiglt duct thlia providvId thti saylo

br in cmegth as the engliniz aug'enueo r Th1, tall p1pe wall 30 finlicol I 'lr'g

and was made primakrily of 1/4-jtn. sraleiii'no sturl piale. A 0.30-ln, -

gap between tht, Inner and on t* r dil .. fi i ri p rre Vid Or1  c oolnIý wa tur-rI

A varlablue-eir#'n norYzle (figurv. /L.1TT .3) provdi,'iud titfficlunt airea

variatio-n to OJ_' ratc Lit choked coodil~icnti Cov duct roefornc'o Mlnch olimberahI ~ ~~fromi 0.1 2 to ().20 and Iforf -air raciloi ttvv) 0.0ý to 0-06i7 nciouure'

The nozzic was w~atir-cooled in the vamn manno.r an tht, tt-1Ipipe c''oi

Two ci rculaor, wo tCI -Cu tri I nd zrli wvrt. ' fi-d to vli y Ill h xl 1 a rtn. '1L

roduiu, wri v Lturin? int1l roil Irifirl 2 2r~ ")- 11. 'liaivuot'' I l111W woldlirul t.1. 1 *~li

diaMPter tube, with thie /u5-dopirrL c(.iieal 00Or't onl uOT1n1CF irilt tolui' ihv'i.

Thie av ea was var ieud b~y rr'gii] at I n iv it ) lrt ier l o n (if th o. hnirm'r d.lI tiuir v

portion (if till- roll. 'ho rodti ý,Irv nctu~ul' Ledh it inalrl hdrAgioiIlk v-ylidoirl,r

and a 1oeklnM drivic (0wa1,l prro'.rdrn Iii krep ChL. rod Hl f trow In, Ani

1.010] p~relInuI11?r f 'li(C with a 1 nt~jI prodlitui- i ll I1151 1 lfttd r1,r I 171 jo S~iAhi

wat; i c -11ifopij d It' l Li v!(Ali i-fid, Il i! ll u ;I z * 61r.i 1 ,III lie 'jillil d FIimoii

uixhvum ruE 4,J i(wiirit P 14 uf I .0-fii ll, iito~ fll ly

Irl Jit~- rui are hrilly vr xtuviol~ut Int-fir 1_1V 11i' 'I).'ll u w~ i-j wl~i, 60-1i~ fI tho

uul yi li~rfiritlirt zon liilrvrtuuth nt-ll

wanr [Frulld prl mrotS I Iy Ir If / 1. no i i lt r 1 1-S'ii 'iit4!1ii. Ii. t.i*

11)' la g iii I I I1 4 I / It 110 in,4j i fu r w i o rit , awli lI 1u l i t: ',., Ild

Iu~~ui. .i v I. ' Iii rii~I 11rr~- 1i 'S I ' mai 1 1 lo fill - I I I .~ , u . i .~

'~,i~i,' ',jilI; I i f I~ f.1 . t p i I liu u- i . .
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7J. TE!9T STANI3 DESCRIP1TION

Scctar ,1.g duct heaiver Lat~Ls were ~cnuctcd in 13-2 tent stand, Fig-

ucA-111I-4 Nhown teh inisLiiiIlAti~on oif lthe rig in .ýhe Lea t stand . Az

shcm'r in figlurv A-111.-5, 4k J75 t:urbojet was umod as mi air fiupp'J y for OWe

r1 and a bmw-tap.,it tt ji~cLor . The airi tamp-riatur- Ii~ rolfltced 10 h-

&rgignru !:rsmgurý raltir but, wnfi normrail1y approximrut-1y45~L Iif iu

hantifr ItoLiiig at otmuulntod no lovoI condiciona, at thome tout Lcfld ictInoou,

010~ J75 aGflgiho 14 i Qf1 i(upptyfing up La 210 [b/sac of Maud ifir al; r.

pranbuiroa~ of 10 Vae,i. 10bon uatng &oc ajoctor for filtitudd tr~iying, tn'lot.

tarnparatutce was frontrollad by miin angina hiund ulr wit~h An1don~ niLi fit

Th* fual pyuontmii illstivir 'ici11iamakictily in figuro A-111-6, PI rw wall
cintroI11ed ntanivian /-m~i oviln~'dip Yvlvi. up"LruilM U) Fotur~rora Iliroo

indpatidant No) toi af-n wo'rt providad; Cip Niow to ookch or~ t~l Lhrov zotiun

warn inditidep~visiltJy iiwitau-0u by fitywrai;orm, P~ilot (aparAturv tins noasurnve~d

O.y )-ill, "11411f had ( l)I Avi~ri I -- 0 1 11,501 11Ji u~i t-t e.L,I I-I 1 1ld I ad fill 4 l ~

tirufiill~ro fo.r VALIL It 11,111- Wtif lir(Id fill al A~- fit !Ill. tip Igtitl

Clm1"I Ieig wilm-t, a Wtupp ti7uld trilrouMII i 1La'v lijpardnznh ilnl rweullf kurbtuld

rtbgU I at ad by 9 Ul Va I VifU, 'fI~ ll (It fl4 4 01fiy t -te, (afli nFL-d. 't I fil tip -Ian) t.1(IM
tilnr tliptdrvhI gaI4ri va]'jiIh1 004h~e ionablivid tt4iiijehn u I4Irlv~

IiI.~Wul ut With if UI j1gnd tut, [tic, il t tNuigt #i-il I hi 'ei- .iti the

ivarýhhiju ImAXICE4

W,1t" rciF waa tut rL -a~u iun, ini thur di. I iiii-tu f ,u %t~uui i,;1.1 ~;F tl,- I Ill, 1 .1i rf'

virtriftkit ncii~ll~- LuUI t lj, by it A.-Ill inwurl wlliv 'je Ot W il Ul &I.A trj;ljuIA Casill-1 A

rlpj~l_. Wit-.iv I ilrall , wu11 1utubh~ " 140~ 14 111011 40Yn L !i III1.

i I Oll j. A Ji LL-

STi: u-t) uTitilate IU111 lhhiI I;omhum thud Watu:L lt liu.rt uI Wuom u,11iitiriu r -iiI

Luujitailuuua t uuill v~lti Uil 'i Ju,I l JIdidi~j ~ uuiI'ul

411kfp~iSI 1inFrai~u PI Vnt I fA It V iLori liv ij~ ii -[iil t n -- a wl i'l rfi -it iaI
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r. TNSTRUM;N "A'T"ON

Stai~aon I was local .d 6 1 nr-hef4 upsc remn of the vorsturi inlet . Totakl

P-'Onstlre flnd emnperat~ilro au Statlon were uivied to calcul atu tlhe flil:f1ow

Lhrough1 00~ renttiri , Total prorintiit woiA uimmed ui ii a Kii-I prohbe, and

~-il tL-riperfltir(r was~ reasurnd wi~ti a fjvc!-rrlg milictide civoi'eI-alumal thiermo-

' 1ri1 p iRniIIrI-L wili'i rrlml on vi lh 1b'i 14 - i -u) tlý 111- I~I-m-iL&11r or .1 1/i-hIn

0-. 10 1) 41) r Ilek I I-.(, P,14 pt 'I'tII'iiip .II 'I Hrf 'ann r 4ii a i ;1 )1 n (I C-11 pi'X r' Li w L'i

Stat~ion 2 wao lyocu~ it on'~ Immdt~ite'l~a y dow auC,(ijtr id Choi' veiitl.irl

Lit rou L , Two mi Lait Ic ILdrim werL? I ountaLl lit thi toaii I orimi rtji imr 1Iuvi thea

throat and th nL'hor tap wnm 3.3 Hol floh dwtiotmaml of ho tihrnitio: Il ais a!

w er r til'. onj in I b lot inv I r it I-r '' t r I' I I 11 Ho

Lit V',a L It ClivLi.T thI~ia wag uljitkcir, th u tnt Icrr~uimaoi, wotilJd li,t d-'ri'ONOTI ii

down Lho longui ret LhiI *,outitiurt d Cifilp't-1 IZ tilt-- poml 1 tin of unfIthol ab Wk n;'

I vu, 1 W'-' I C Li~.' 'el ii I I i~ Jig i i'i i eup It lit ch li- viin I Iw -tm I

Id it L I li,, J w.it A I o L.,t V-1 I li,.t V(4 I f~ evcia trI hilo 'l~ 1)c1 "q r j

wi h11 L Ii il" 4 UIV-" , lIa i I i 'ill W 1 (t. 4i , Ii- a 11 I jr&*e I I I v~I Wi t 11 1011 f(~i I Od
"U.~~~ ~ ~ ~ )IY-6fo- -l

ii('titeH~ o e .0 3o ~ r -T I ~ I~ itj~ TIIT Iti j4( f1- 1, 11(/ 1~ ft.d~t Ti 1170.' 1 tile.1

i'ia tific it'riý I. i s iii re.if 1,11 .ul a 1i'l , Ir vVLI i I L r~ e4 l i , t l lv I us I d ed I vill I '4 I"ll

L t. ,l-jjt y t oai tio rL'OrV * it I lh, 11 (1 ba j~t 1a~1 00cr 1 cii I t -u rlI g r h

FL!. V, )exi.Ilih I iA('4i skaldI 1A a it flJ Ieronfitift W4urC mmitieli d 41, till tn li rt hil n Tilt al

P-iiltr WAS fivladui(i'd kl 1ti t ~l oll UIII& IMr F U H Li tI l Jpfl 11t rot Wi rt J it Va iiiiV41 I v3

noxill~Its rittim u me rvned til 11(1"If. 1114 I~Tii LIII Thtlt Wtvle 32 pre-b UI tte i trl 4,

11)i i CIII c hr rorflv gr-1, flitvn tirmlim tiltn wal Wait d vric Iieeii by ftimn i ' 1jT 1i~W fhll

Iiil,i0 1 1i - t it 15 111r, liv,veits r till 1iZI U- UI odI , t i .i; Oll jotPli O I"_ IE d IIi ju a I it' I e I II t=

lil- III~t 41d neAiNII-r m nt~llly Tlf- id i C, E *)v J ptlli Tici-i iV.fill

tI~t-lithn 4' W4n1.111-~ d(9( fti 11-* rrouti if~ 'riv (I t ffie~er 047L I IEuJ, nIh

Ji1ir fuin re wtati ioawli rile 'nfI to ti 1 ii. -I iJ i i t 'II ;ti k- 11" I 11Tijel J.imc( eIJAd Ho h,

lip a tlflit ifc-tie , 'Ibid ~Lu it pu-tr 1i~l F, Walli tm- kal~i ill I liDp "t' i d l -1 7 It Ii 'i

cA AIl It II.
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D. ANALYSIS Or- DATA

j ~The exhaust temperature of the JIuct heater was determined by solving
th e continuity equation at the plane of the variable area nozzle. By

kn~owing the airflow rate (W), the total pressure (P'), and area (A) of a
choke~d nczzle, the total. temperature (T) can be solved using the following
equation:-

'r- Cunst xP xA)

7,h1 airf loik rnte wlan meatnired by the chokeod venturt, and the pressure

wan rnenitnred by the pre-nourr- rake iii the oxhaust. no~z-J e rods. Tile nren

of tile variable at.ot riczzle was determined fr.~n thle poUti-rtimeter indi-

cation of tha rod poit~ion. An m~nosament of~ tho oxh~ittoL nuvzlo discharge
CoeJrgicleni: wan mado' by comptirinp al rflnw mni-nuremnento with! Llic choked

venturi upal~rvum tinder cold flo"w voridiLionsl,

Ccii-rpct linnR if, thi~n ternpurti-i:rv wtiro iii~idfi by rall .'ila In,i. lho livorii

vrarofi r vIt , Ill(-' ~il l ~ I i I1 p v I IV 4J titI*,l V';- IV Lun I Jig wat I-r, Thu Actual I t U PA-

5. w.' r1.iar wain Ileio I'.ilfip rod with n thoure icae L umpittrn jirt r~fl v otjI'i-]3 14 Eed w; (h iA Ojtolivct l [Ckt Offiiiiit toll ).Jl`. 1061uc 1'') flog~te llnt'I I Ilk, cIinihlifia I 'ii 4

A~ tutu4 oft 1ýI41 IIoti,' leat Lluliu wigfl atkuin'ilited 'JO theo lull *crilit-

I p~'.c r ig t i -el I ~i yIml I Ail'i ITh'i Il .11 Hcirtl I 966 oi r-¼jil luCIMIlt -lilt

II~~tnt dci!AS~IIJ ~ j[ ~ciu In. JL y dt hv[ L vi~~ mido111 (1 0 111tl'U 11 I ~ir 11''

nre t ikni !wli a dI I Ijr AiwiAuL11- Hirioi i V.i AV -111. -I - ),~ ii~'$ tt I

1/- O il~ii2 vul i~d I cia, L~ts MEuj If 11Itj~i' A-H J= I -1 '11 1 vII I - 1 o I

01'(Pi4L-uj I'l liIKIIC t fr[uI-A 'Al(Y Liti- rotkh c~uridlI Imituu , 1-1 1 g A - I II- I j

j i J~i Iite * t

-W lt C-Aziii A 1 AL11 I.
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jWider operation (al though low~er cruise efficiencies) , dtie to the( 1InCT'rca Ied

domte hle ght wihicht resutIted in 1 4e r velouciti e s itslidce the cnmbuitos ,r, this

feat nre was i ncuepurated into the Mod K. Thc rich bilowout fuiel-alIr- ra Lte

increasedl from 0.005 to 0.015 at 9-psia bur-ner irnlct pre!AurIe.

Thus, devc-lopment: of the ai~ginentor has been concentrated on increasing

Ltile operating rango and efficiency at r-ranporice flight condit-Ions withou"t

j niltfering any performtinc.e p~i'ni ties at sea lev-1 -nd cruise pressures.

'rile Moc! 11 (figure A-11I- 12) was ;I "udillfciL i.on of die Mod ) (frg-

j ItII-. A- 111-10) , The !it' c~ida Iy I Inc r a' mhIy was replaced !)y I ItW c ucý

flrt iou having cxternal scuLouJ mlid Integral ttiriniauurs. '[hisu's1 fgos

WItasHLit- Flist_ Li, u;¶tik'ttt tover thoe nti re tiperratinr ti. aii tit I I i711ng I W(

NtuI uo itt 9-p'fl ainlet: prc'smire ind 200"F tinli? Letrpern Luretd til i -

Hadtrvr ui) ~ii itt.1'iiln: Iil 0. 1i E II k I . h i(ic'I v a it Icritlsi- (S cuirt A-111-1)i ~ ~~and cavrtummit (11put A-UT 1-I ) co-tief it miH were Io'wuI- thita OIL. atligignutelcri

pri-Ool m iti y ( i

I 'I'~~Tit Mmmi ,I J~ mm A-I -ii ) w~tn cim voltivorS 11: ,1 lll-cu,,S voill'".4 "Ct

I Im [,1( 9tv 1. i ".:[I itIi r (Ilt I i % It, S Iuum 1 1, RC01Fic lur si 111 1-- 'mtru iiu) . ,C' ain' (hto

I I -1i ItII 1,1 Si liti 'v it )I Sli-t ~ig Iho w w' u I II thi-i. It'ibii i t w~inu

f Indj I su L i!.aggereu :'' wer tv ImI Iv I jvu, Inlirroi i s- i nyg 'II I cti vvcy,

III altll k I. e h ll y ;l'!-i Imiri'ulg Sthc Year mcct~i~pm, Lho ý'rIsf 1.r1H ;( r ttlnt-toin wJI It11

I Ili, mtibt'Ir 1 ii v . ig¶. !ien~t d tliu~rvh'u I ii'ir- 110 11),. It- opornti t u I tv I I I fillt

IA Si~~miw'A I I I Tih A iI /. Sifi tuuitinitimm r tiill 'e'd hoim -'iid r-irfiIifir

ii~ 1o 4 (11 -1' A ) .11 tit .14l pd i '. . ' d- I vriwil ' t 'a I-tIl

'I I1 hv, ilI I'u 111 i~' u :I~uJ had ho ;I uI 3ch I f-va I ' t'ill ill-

Ma' 1, 1u 1 t 1 II l'

it W Ii - Ijý1 1iii' Lq iti t~i- ,'-uhuI ' L I d iii u tu I uI -_4j I ý ' I11, 1
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upstream of the Zone II fuel injectors. Performance of t~his shortened

SMod E showed that it had a wide operating range and posse:ied a somewhat

higher efficiency than the other mods at high fuel-air ratios. However,

the efficiency at fuel-air ratios below 0.025 is somewhat lower, Fig-

-I ure A-III-19 shows a Mod K modified to this configuration.

F. CONCLUSIONS
mI

I. 'khe Med K duct heater Lhat was sclocted for the initial

,JTF17A-20 engine d-sign was derived fro i the Mod D and E

heaters and exhibited excellent pCerf(r1.Ince characteristics

at simulated SLTO and cruise conditions.

2. The operating range of the Mod I'. uct heater at very low

presmures and Loiliperatures (upper left hand I iilt of the

engine flight envelope) was less ithan desired,

i3, I)Dut hen ter. hive been developed (Iatpr mnd1 firct I'C n- Cj

I nhe Mod 11) thatit. have greater operatting rnnge capability at

lciw prte n trt. andl tt-inperntt•res.

I 4 . ajign ItIri I wit- 4ht rvdukeLl In call be achi eved by el I ml nnai: g

-rear" p-1ilW1 and 14C001)scu wLhOL ' nerfutuly affecting duct

-- I

I

•= ~A It1 I

@I



AIR INLET- VENTURI_

TT1 TrP

Flow
Direction .

Burner Can
Flow Straightening Supports-
Vanes

l1Riutre A-it-i -l ,thpr tt~c' td ,•'v }iento)r 'r Tp Si 2tim

!I



TRANSITION
HEATER BURNER SECTION Recirc

LP9 TTV Tab

la. .. ... .j/. .I A • l

TIyp~e ACombustion C
(With External Vortex Gene

LL



Pratt & Whitney Alrcraft
PWA FR-1855
Appendix A

-Hydraulically

WATER COOLED WATER COOLED Actuated
TAILPIPE VARIABLE NOZZLE Probe

Recirculation A Max. = 53.0
TbWater Out A Min. = 22.0 Water Out

S~PT8-1

P S8

L zone I -C
Vado Fuel LTurbulator Water In 70j3..-Water In
Nozzle Total PressureR ake -- - '-- " ...

Type A Combustion Can R-

i External Vortex Generator)

Vii) (I *(,I
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SECTION 1V

[IA. GENERAL ALURRTS

A two-dL!mane tna I waL~t tAblP VIM# ulad LD tuday Lha flow c-harm (prigLnitt

OfOLh fall du-ct pjamsige. Ltup~hnnia Wap pla-cd or, obuntriing A butrar tindor-

sLandiL'i oif Ltie fluio Lra Lha d~tushtil rogonn. ori Lho ran dttct, Thoorii vaLrnr LAbiv tU~dive tWaka IhplpfilI in dC~rre1 'iA -, 4unlltativan uider-
atafnding of Clio flow phr-nu-n~una nl ind tO Li ntinlynits of tita ditite

OU~Linudg fmm Lhu 0.6-Nui~aw annillar duct tilf~tuor thg,

T1iej diftumar rig Aioa-lsi-ad Clohu ali~1ti UtL huarar flow~ par). rfim~ tho

UPr 8kiL Loi the ualnhumtor inlat.- 'Alm rig wam eunatrucc- td 14m f ~ a

wE~iil arfluwml W ootijifi n ,l e ) ica lhi uf Llia Atu ual d1ja , I ibov ipsu*aja wit.

soloc-tod Lit- vol I. - Itp ii thou of (be axtistIng twu'=.Luuw foul rig, W-wi,fil

fItar Elio P0501,11MLY'n uof (111111194 10111RIVI Oif thil difriami Allo ran fit d )fiat
disc&o it rnoulta w~ratiite,i frunrwa1 ot tlip il~~Irier ow-tionuii t)Iu dt

Lwo euyliodriciti LngtrummiL41 ion vutL tmmn mii a Iioaw altMtM,~launMiji bll-

mouth, 1'10W l~rutllu1 Moanerbtill; jilhtuo, tWduir ULIý tdd, wato odtuti Ijaiwuttigi¼ ~ ~ lin wi Ins lfuriiniht2$1,41 to" suctl Ionta 01,11oreu A-IV-I LI&Uloi Ami V.1

Thu baltrimuuth ur Lhia forward und (4f Lfii rtg warn uppan ro tho dutiirnpliare I

i~ualwnfuitI woo c-jgarmuote4 LiO a h!Lti cmpmc.(y edhulit-m , Aft #uppliud

toL tho rig LW4& dL Pambtint. L-uni-li tun- by veorytung iliadniori *jooiisd any

oaelsoLd P1IeI "umher- could he uctaibliohod fi lio L riE ig

I'ilia vai tAblo. 0suoermined ohFtring Lumi[LajM of (lt-it rtil Woo ~tiIOL
attid smr Willt nuinlisr, diffuser LnLAL piresuuu Warte, iciI brovtri prns

r car.Ind~idtt-ual dttf uso uhgerot~t-rta h.itee it-it *ap unj'.r onl

I 4~C. IW0tfUH11"TAT1opq

"sll' q1jisi.I fl igIL5aftItuihnialim ciiiUIluti-i Ot guoth artGn Lujldl JlLAll

firaus pi UK# anid nrnisiiad Uuui1i Wi h li~ Inna* Wo I Ili Ilions 1-ilg Alo ~

4fit i ~I4[r At at It i Jirelib i a, wi Lt h c~ l. t nAId 1I be u i LJ I 1-1tit II is hul 1P4v ibf 1 1a 1@
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I diractly In Ih wood, IPktir typva, of prilbau wLrC, t,,inud to), lht ln l

glreMPo•uron jind frou utrom •u•ttoitc pr•nniur,,

I "Pahn )&" Pro•vii (11lurn A-iV-4)

4001 UL) AI b rand atnfir pr@guurn iivn hl ObtntIl;d from Ohin tUype (it

liribu, To wion$lnrn nerur4to aowLc prosnurou h ri thu O lanjo prtbo, It i4

rni. 'quary tO null thp gualie irpillnurPv raa•adhng, i = , roth"Lt thi prohi

"utIL a 11•_~h prunnlilr 01101 aw1h id f 1liaf prolia !_Ad Ow Lh a rna )wue, Au

thinu P4"LnL [lipfnmfihurad 4DRigl -of AlI~tck I( w 1 1 tha atuntruam [4 garti an

thre ulde propmur iivua IIOLVniiiurn Iruns NtIt fiprobliora,

2, Kiul Prroh_

TW Thingrnbn to an Lnh1Uporlfy flixurato proba for waamurLng LoLsIIvxIu'urit, Ai-it It al at.h4 lia ua Inr air accuhutarEUs An Ile Ypot thill raanwou thp
rtatl prrAMuir4= t(i=,I fn ralculattona wal Ob•-Altnd WLLh lht# Lyypm of p~•,ob

I ii, _Ph IL ~ti 4u1d |- I1'g'ha

'1i1 pr•,,b. did not jprievo accuratp aniusihi Cur LrAVorti1n tou flrAlr-f m

i-Iaulaai i-i P fa i ti ivt ty _l air afqulq a 'ljd wall LFt|i n_ a. 'MIlIN IltIJ)J 'j Id•

ItiwlyVo_ , !iru-vo Wip ,i to P•I C(IbI hillaI• w 1dAlnt) elm | alfii M nl c(F'Onl i r - til I ow

whats hole! lii a t ixed uli-Wl lul- •ttuldnntly t4r From IW 0ti rm W4111•,

is. n at Layof 16"d.Lu I~ lnnual-. Plroeluu

Tovi. prohun '.'tIoLad ot mciypth1 bsO liti u LI.uo, op1 d•upail inureh--

Inbitanul dinLduoo uu [ lia thw A11 ofr thu. dtffnner, onaI vwarn u ed tol boundllry

j Iaoyr• dvL#aurjidtul •ji,

'Mus luvih tin opt trayer-o plaunp Iin Li. rLjj 10 ulowui In fftivar A- lV-!,

3 ~ ~~~~Iliunrr'aonilaliu 11111 la 1 1( la in tuiusI fegit't111'iIhue 4t;' tIOIt.,

1-111i'uun ratgl ti tof 1 ', LhtonrmuiLeiltl ltilv-re e,, pollu it Iorin tl

cilruowfuru"L Li' i Ly sit. 45" mod 110',* nod will 1 s.o' Su proollurv

I~lp't giIA
t ,!~!a~' ! i rh u .*r i, 1 EVll ~ig iws iuuligi tlila ifill wilt

lik, l pl.lwiua• iliy !!? IIIlld a Fileady lia i 0 Ito, iJltlill itluiar 41•

i itll i 1 |1 iiL bad lItoil riltnill l1h.ii d,

I
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I



Prast, IS Whitne'y Aircraft

PWA FR-1855

2. Itiu thputo I ti'nsil t nrsvL~i .ionne iI o)thertI wpi-C. fut Kvla

PR j11 a, NOi~ L I'- -uint A I fig I~i~n liii iluuo l jicuaý) Kitt~ru I

Difrlmot r HULn I~ Lll1nW Id rlIme11auIii iwotj~~~ t L ijtin a- lnIom

ME ~ ~ ~ ~ Vtir-i Lu! it praottr4 wervPI inud. St, VaIu jF (In atIvV i L oIlia Ifr

~~f-I1'M UlbpnbiL Lilt bloth 4oimLpSt £sif-~ji ollun datormAiarno Lo

-di ur I law rri I"

Butoiru mtvol fl ow profil a g~tmurutmig mulirmoi dtvlttvulpment clihild lit, I111111 0Itu

iu I ltr i lt sto Igila ptuIII 40141-9f i, Contl I ria , Mf 0111h lilM C'Igl(lltid II ttI' ih 11

~~~~~~~~I tIbu pr fi i t ( Iji "t lit i L. wal r4It f i rif I~ 10d Aiid t I) lilt iiwVi p1L70ti~ nnuilt
JIM

t lu th E dir-uilad fdooltig~ifWan wso tutfuLuIL-d Imwopn Life Iffra[ find floutindc

i ns~rimmsuuritogn iauct-Ions I-or t ou.-Iis' (riguro A-IV-ýQ, T~i1 p~tonlup wout
wnl 1 fk.1r~i~le Or (ip t't'ltia iLuralilit pIliliU to allo Ilia- prijili toh butidl I I ,'

A vartoto (it ts-aI w~ ti [lyi i~rii~rtIi planv rwv~d iuJ#Livv Lu Lilt!

Protif1. multatt-iA~tliffIbnt vt~iritfatI fhiantheI jiiif oftir tt W.14 Juir~pfitII
11 a1 vL LvtLI , 'rim iacl int i 'tjilhilt prut. I1 to lit o it #if fly I lit p) I bl it"~ ho' AE1z f. il

rtf~uu A-IV--!.

A an ronid piror 113 A- -1 u Iu I I u I lig I,, Iid H r iuil d lei, hilit: full, iz

fro ea rl gi'y v jo rirfiiPitottl OA.-wli lt-, run rig trut datts T Iitý 1,4th ;l v.,
v i-uifliv dir t fedt hv I t, 'h lI a, Oi~i''.'iffi r ui lI flit- 'Ipi lyun Pr dict li'I hut t ( l

d ffit M o r' furi H ut tf Iit !i-oihOIhi' ful lilt IIIe-il I Lt Ii E3 LB (I u i tutu I I a 4
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2. Diffusar FvAtltion

-i I•SLffutor tuaeLting wi.u p•rtf'ormd by riotihl iihing Mach number prof i It! f(r

a I n given profile gan -Ating plaln, and by tr4vatring in tiia Ancond Instiro-

monLt'ion uacLtion to duLa tinne th4li tho dtaiirod profila llcl ehon aehlivvd,

STh dliffutner win then Iriavernid atL Off•i of fL w fVe ý'd-l poittnori
C th both the Kiel and banjo probox. hia number of potntn Unken dt n-Ach

posaiti., vat i rd with 0h0 lnLoni of tIih _apcific prugralyi. Diltn Iroi till

S1.11 iin•l nlal moi wclre Iniklon pert !cullv y with _lcii Lravni-Mr ,

Tho duna Ilaken durtng Ole teit program were uhad to ngofi the

rulotirwng l~arammtaro

FUL a, D/Lntsrlrumtin of lLfft•r Pruaiur Loan.

aTh aepraantlon of ttAl.l promiuiro Im•i to

•Pt Ch~iango in Lo• l srulmurn from inltn to axit of dlf-funar

II ~ ~ ~ ~ U Pruar4 9h -1"Lne U r -

In Lth prasitura 1o loa ari ly lyl, Ilia Kia lpro)na drali;i from lriveriio

itaituons No, I anid Ntv, 4i w•ra tud,

hllu sivorn, l.til pralfthirti fit 1-1lh0 Ih h 11o 0L m lli d Ilhv Hil. 'i 1 0h

LI diftuAitr wcs iit-ittiod hy LIvorot~tlg tho ital prostiurrc! over aqVwl MAi#-
m-Ii~ l-so o,.,iu t o , i i it au'i t Pil" it-Ii mh .. . . n Ia / L _ An•d c~ : X ; I ,

b. UlLnt_ l'r-oaauras Aorovory

SvIll* uxpronaion for *ltte pratiatrrp racovairy in

Actual exit ulttv pranuurn mnium
41 4~3 actrual ini!: ata:•c treiiiaurv

s4(thaoraLle4l. a ~ta i1i tl.peur
ictLuail lii1ut Otdlth p~ressurv

I !Tlinoiouial iIx t, mtollu prolis re to calnuil otld oJn 11ov Latit uf Li-b

tuon1'tr•pt_ ilXp~nhittli (If fi dll Won gan tVir ii _. v n rtiaii fqthI,,

I Lfh vttic pziiunureu uu ! Iihi thii@ lotonver7 & J•vti!ionlu m o Iyn AI)Utn rled

tiorli [srillu 11io11i. tll'i wail lital l t- lpro muiotr . Thi Vfiluiu (ifl miel-1, p' oL!41tlrU

4 I- s il--i N- .... ... Nt ., 4 wje, u IFIOiiI
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(I) }illotic-tr Wall Sepnriratton

Flow nai.pnrat.un wam a•liflufilCd LL) hav- occtirrotf when LORIo prtl'aur, w4o

OIo ifslitfll or r la vti- leJc prc'na1 re, Ohu I nditin, l ing. zero veli ciy, Al I

diffutier datti at otnc;h Lravernc ptilh were rrevicwod wil.h tIuu criltcrion,

1(2) ID Diffuiver Cuooinp Airfl(w Blood
*Inv pvr otl of d: rfi fl r fI n patnb . Lit tifrolugh ti'' Li nn•aIyt : Ihi d if r

vxLraction irnovor It- iho inner wtall wmm ,nlul • 1trmld ni fnolcwM:

w2VT"
- x A. x CdA2 1PL 2

pur(lntL bloid f lowlo w

E7 - x A x C

. .•_f ill fl]ow o f tn ir dI toh• oJ ) b lood|

IrtgEa 4ffntr weTJT--flo -
Dllttc~ r ui lctl'|| n~ia I-'( it[[fundr and iýiAtd caviLtI. w-rg #intgtllhl

I Lo he 0),9) t On l 0111, ruetspe l/v,,1y.

T

t' a t -I r pren orv I•iflit 1i4it Lhid - MLAl ic pr'eAtire r-covory tor t-hL, ranf dU•tt dil trniPr Ini hlolwn In 'llgir A- IV- l, The onuis on ru arp rLt ir l I y (low

W l 1 f1):t I it) pC- I,, lo J . Iv d w Lit rhte implil a panklod •_,ir Etho otLer wail,

'11 tu fac to parti Ut, 14tHy I't1Cottunging~rJ hocinin flii't! ot L Oftru fail id HieI .PI'IAO /Ao2.1nogit If i lV uui dt (to prioidttu a Ilt. prorl 14. titi tulltt n L'tldlI -

Lololl. Wilhi the dtlchnarg_ 1pr4fll, of buIld No, -1 of th[ fan rig, thv

I LItotal pliEtihhL ig 11"vu W'Itz bhui'w the )7. luvu~l hit- oli l M. it inr~ivaivr
ui''rrr porttlid Li J t-iii iv t-mti! IItimir

i Til fs1tillt - prt•fin•ri- rIu}-C-vcry datia (iiintlimld iJ f w tItal pr.tU lItr'

mutis!N, Ifvvo W ill a Aivvuri4I Y if g-ord pr.i- ti1td I pr(I Iu v, Ilit tiat!I

proisitt re-covv y it ai) acIpItil l 10il 7 414 , llitpf r'pr t'I,• fhn M`S? Alth -, flat
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The average Mach number at the ditfuser exit (colbuLstor inlet) is

shown in figure A-IV-9_ The low diffitscar exit Maeh number and the high

static pressure recovery were the pri.niar, contributors to the lower than

predicted cold pressure loss of the JTF17A-20 augmenior. (See Appendtix A,

Section V.)

The total presaura leos of th-,? diffuser with build No, 5 inlet profile,

is attributud primarily to flow Biparalfton at' thu outer wall. SaparaLiot

of the OD wall was predicted by tl0e water table tensts. (Refer to Para-

graph A-III-E.) Evidence of flow foperation ia ahoun in figure A-IV.,1O.

The region near the outer wall becomes more dCfiCuItL in flow After the

initial :uvr, but t-nds to rocovor near the ontranee to the conmbustor,

This type cl separauion produced a somewhat hijher total pressure loss,

but would not be expected to result in ope-atlonal problems (i.e,,

inptability). rlow neparntiun was not obaerved with the more uniform

ST. CONCLUSIONS

1I. T n'. nil duct heater diffusjer 4uh (,,uhlg1d io_ saLisfactory

for angtov t.nrsting.
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II SECTION V
FULL-SCALE ANNULAR DUCT HEATER TESTS

- iRIG TESTING

L A. RIG DESCRIPTION

The full-scale annular duct heater rig consisted of the following

sections, as shown schematically in figure A-V-i:

1. Adapter section

2. Diftuser section

r= 3. Combustor section

4. Tailpipe Section

5. Fixed-area nozzle

6. Variable-area nozzle.

The adapter section consists of the front bullet and the inlet case

that adapts the diffuser section to the facility plenum chamber. The

front bulleL has a 10-inch diarmeter vent hole to provide for a positive

outward pressure across the inner cylinder during rig operation.

Although of heavier construction, the diffuser section is aero-

dynamically the same as the engine, and consists of an annular diffuser

with eight struts supporting the inner body. Instrumentation and cooling

Swf!!er ror tte rear bullet arc fed through these struts.

J Thia combustor section consists , the combustor support case,

combustor and tailpipe. Cooling air for the ID liner is bled from the

diffuser by an annular stepped slot in the diffuser case inner wall.

This cooling flow accounts for approximately 10% of the total inlet flow.

The combustor is cantileiered from eight support struts.

The duct. hl-ater combustor in the combustor support. case, shown in

figure A-V-2, is of the ram-inducticn design. Scoops and turning vanes

and a slot ai. the front of the burner dom•e dir•cct air into the combustor.

'Ik scoops are staggered to provide for uniform mixing of air and fuel.

Fuel is introduced through two zones of injection. Zone I consists of

40 variable.-area, dual-or ifice nozles incorporating a qwirler around

ea-h nozzle. Th•ese nozzles are in3erted through the outer case and

into the done of the combustor. Zone II consists of 10 matifolds (6 outer

.and 4 lri-qr) 0-iit hav, a , . ,I o 72 inmtiun cicrn1 -t F Igure A-V-3

"A-V-1
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shows a cross section of the Zone II fuel injector. Fuel pressure de-

flects the diaphragm, thus allowing increased flow. Slots in the seat

impart a swirl resulting in a hollow cone spray. Fuel fl-w-pressure

characteristics for the Zone I nozzles and Zone II injectors are shown

in figures A-V-4 and A-V-5. Turbulators behind the fuel injectors direct

some fuel into the "pilot" flame from the combustor and also promote addi-

tional turbulence and mixing with the duct heater combustor discharge air.

The outer cooling liner is composed of 60 pressure-loaded catenary

segments, each having forward, intermediate and rear liner portions.

These segments are mounted individually in axial tracks to provide support,

ellow for thermal expansion, and enhance maintainability. The rear and

intermediate liners are corrugated to allow for differential axial

expansion (i.e., the center of the catenary can expand more tli,.i the

edges). The forward liners are perforated to provide for sound sup- -
pression and to damp combustion instability. Two configurations of

j Ifront liners were tested. The original design (figure k-V-6) contained

punched holes that provided a 9.0% open area for the first 9 inches of

the liner. For improved absorption, the hoies in the second liner

configuration, shown in figure A-V-7, were plunged to increase the

effective thickness of the air mass in the apertures. Air through the

oouter 4iners was metercd by thn uischarge drea of the rear liner segments.

The inner liner was film cooled by three slots through which air was

injected axially along the circumference of the inner liner.

A fixed annular nozzle is used to calculate duct heater discharge

9temperature through use of the continuity equation, This nozzle consists

of a water-cooled inner bullet and a water-cooled outer housing. Three

outer housings were fabricated to provide a range of exhaust nozzle areas.

An 11.0-ft2 nozzle was used during the sea level test and a 6.1-ft2 nozzle

was used for the altitude tests. Eight total temperature and pressure

radi.al traversi.ng probes sere mouuLed on the case (extensive redesign of

the mounting brackets was necessary to minimize leakage around these

probes; the modified design incorporated a seal cavity with an external

pressure supply to balance against burner pressure).

A-V-2
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A variable nozzle (figure A-V-8) was used downstream of the fixed

nozzle to establish inlet Mach number and burner pressure independent

of burner outlet temperature. The variable nozzle is a modified J58

afterburner nozzle installed in a water-cooled housing. The J58 nozzle

was modified by adding extensions to the flaps to provide a minimum area

of 3.5 ft . Cooling air, amounting to approximately 3% of thq total

airflow, was bled downstream of the airflow measurement orifice to cool

Lhe flaps.

Ignition was accomplished by utilizing two spark iguiters and two

4-joule low-tension exi~ters with a 28-volt d-c input voltage. Thfi spark

iigniters were mounted L. t:he combustor supporV case and extended through

01Uh cUmIusvor outer wall. The igniters were located approximately

2-1/2 inches downstream and in line with th, Zone I fuel nozzles,

1B. TEST STAND DESCRIPTION

The duct heater rig was mounted in C-4 test stand (figure A-V-9).

- lThis facility has the capability of operating the duc.t heater within

the engine operating envelope in the areas of principal interest.

3 IFigure A-V-10 shows the operational capabilities of the test stand.

The separate fuel supply systems for Zona I and Zone Il are shown

SCIihMatically in figure A-V-li. The fuel, com•ercial aviation kerosene,

is pumpcd by a constant displacement pump. The fuel bypassed sets theK 'l amount of flew into rhe rig; vernier valves permit fine control of the

bypass fLow. A chree-way valve eithr directs the flow to the rig or

Lhrough a recirculating loop. A typical starting sequence is to estab-

lish 'hu sLartin; flow with the thre m-.-ay valve in the closed position.

L 'h beck pV.esauro 1i6 'tabllshed oy the recirculating system back pres-

Seu'.,, cuntrol valve to the back pvessure or. the Zone I nozzles; thus,

whon the t'Iina-way valive is opened, flow remains constant.

jA.) ,-utomatl.c abort system is elactricolly connected to two ultra-

v~olat .unuing phutoulactrie clls, if. Ignition doos not oL¢ur within

.- 20 l,-ndn ,fte" an aLutmýt, I.e. , if tioth "fli,, eyes" show no output,

I -h rurA-w y valvo clusuo and a 5-tnLiute air purge sequence Is stLarted,

SA-V-3
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C. INSTRUMENTATION

The rig was fully instrumented to measure temperatut-s and pressures

I'I within the duct heater, as well as pressures, acceleration, velocity,

and displacement of various components of the burner. Figure A-V-12

I shows the location ot the temperature and pressure measurements.

The primary purpose of the instrumentation was to measure combustion

efficiency, pressure loss and cooling liner flow, Efficiencies were cal-

culated from the measurements of airflow through a standard 40-inch ori-

fice, fuel flow through turbine flowmeters, and exit temperatures and

pressures from eight traversing probes. Each of these burner exit tempera-

j •ture probes incorporated aspirated, shielded, irridium-irridium- rhodium,

dual-element thermocouples and total pressure sensing elements. These

probes were mounted on a mechanism that radially traverses the exit area

in 10 equal area steps. The traverse control automatically stopped at each

position, stabilized for a preset time period, provided the automatic data

II recording system with a record signal, and then proceeded to the next point.•=1

Data were recorded by a CEC Millisadic Recording System. Each channel
II

was recorded 10 times and averaged; 21 seconds were required for a complete

scan of all channels. This average constituted the measurements utilized

in the analysis of data. After the data were recorded on tape, they were

transmitted to the data recording center, which programed the channels

Into an 1-24 1410 computer. Efficiency, diffuser inlet Mach number, air--
;jI flow, fixed-area nozzle pressure ratio, and burner exit temperatures were

I I then transmitted back to the test stand control room via teltyne. Ma-

_ znometers, gages, flow counts nd temperature readouts were provided in
the control room to monitor rig operation.

t High-frequency-response pressure crystal pickups monitored pressure

oscillations in the combust,,r tailpipe, diffuser, and in the facility

Splenum. Accelerometers are placed in the rear portion of the centerbody.

Acceleziometers were also mounted on the burner case in the vertical plane.

These measurements were rercorded on a CEC magnetic tape recorder. In

addition, the displacement and vibration were monitored on meters in the

control roor 'uring rig operation. Starting transients and Zone II

I ign tmon were monitored on an oscillograph.

A-V-4
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D. ANALYSIS OF DATA

With the instrumentation provided, combustion efficiency can be

LI calculated by several methods. Two methods, one of which was a check

on the other, were used to determine exit temperatures needed for zal-

culating the combustion efficiency:

1. Mass weighted exhaust temperature from exhaust pressure

and temperature measurements. This method provides an

assessment of tha chemical combustion efficiency.

_ . 2. Calculate exhaust gas temperature based on total and static

&_ , pressures and flow at the fixed-area nozzle through the

H use of the continuity equation. The effective area of the

fixed nozzle was determined from 0.6-scale model calibra-

tion tests. This technique provides a "thrust equivalent"

-- combustion efficiency.

i !I The efficiencies calculated were based on total airflow through the diffuser

and take into account a radiation loss of the rig to ambient conditions.I !, Redundant instrumentation wzas used on all performance parameters to de-.

I crease error.

E. OBJECTIVES

F The objectives of the test program using the full-scale annular burner

S1were as follows:

S1•. Demonstrate the combustion efficiency of the duct heater at

cruise and sea level conditions

2. Determine the combustion efficiency lapre race with altitude

3. Demunstrate the durability of the combustor and cooling

liners

[1 4. Determine the total pressure losses of the diffuser and duct
heater

[ - 5. Demonstrate duct heater ignition and determine the pressure

rise at ignitiou of both Zone I and Zone II fuel flow.

A-V-5
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U F. TEST RESULTS

The full-scale annular duct burner was tested for a total of 45.0 hours.
The range of simulated flight conditions at which the Lurner was tested

is listed in the following table:II=
Parameter Maximum Minimum

Burner pressure, psia 11.0 (80,000 ft) 40.0 (Sea Level)

Inlet temperature, OF 650 270i |F/A ratio 0.058 0.001

The condition of the duct heater after test, as shown in figure A-V-13,

was excellenta no evidence of ov:rheating existed and a minimum of carbon

was deposited inside the dome. The turbulators on the outside of the

Sannulus were in good condition; however, '-he outer vane of several of

l • the inner turiulators overheated. This is believed to have been caused

I by impingement of hot gases from the combustor. The inner liner was

1 adequately cooled with no sign of overheating. At all conditions tested,

U •approximately 6.0 to 8.5% of the total airflow entered the inner cooling| liner.

- liThe convoluted OD liners were properly cooled. Approximately 7.5 to

1 11% of the total airflow entered the outer liners Of this, 2.5 to 3.5%

of total airflow discharged from the rear ccoI'ng liners. Some inter-

j media-e and rear liners did, however, crack during the tests. The

failure of these liners was attributed to stress ccncentrations and

vibration resulting from pressure oscillations in the tailpipe. Fig-

ure A-V-14 shows typical liner failures,

3 The design of the OD liner segments has been revi.sed to eliminate

i.eapid changes of material cross section and to provide more generous radii

t the coiners of the segments. The forward OD liner segments have been

redesigned by increasing the length of che apertures to increase the

souni absorption capability of the liner. The design procedure followed

"i described in *ULvik et. al., and was incorporated into an IBM computer

lrv'a0,'. Increasing the depth of the liner apertures increases the

..... i" D.A. H.J. Ford and A.W. ".ac...an, "EvaluatioKi uf Absorption

Liners for Suppression of Combustion Instability in Rocket Engines."'I AIAA Preprint. Propulsion Joint Specialist Conference, Colorado Springs,
Colorado, June 1965.

A-V-6
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acoustical mass of the Helmholtz resonator formed by the space between

the liner segment and the outer wall of the duct. This provides a higher

sound absorption coefficient at low frequencies. A measure of the effec-

tiveness of this ,aodification can be seen by the fact that the pressure

oscillations in figure A-V-15 were reduced to one-half as shown in fig-

ure A-V-16. Further reduction in the amplitude of the pressure oscilla-

tions is expected to be achieved with a liner configuration now being

fabricated having a longer aperture and increased resonator volume. This

p iconfiguration will be evaluated in engine tests.

The combustion efficiency of the duct heater as determined by the

-xhaust temperature measurements is shown in figure: A-V-17. The results

"of the sector rig tests are also shown in figure A-V-17 to demonstrate

the excellent agreement with the annular rig results. The duct heater

efficiency was over 95% in the expected cruise conditions (Mach No. = 2.7,

Altitude = 65,000 ft) and at SLTO. A reduction in combustion efficiency

at altitud-s above 65,000 ft was observed in the 7 x ll-inch sector rig.
iL Considerable improvemenL was made to the low pressure operating charac-

teristics of the sector combustor (Section III) by rescheduling the air-p_ flow into the combustor and improving flow recirculation in the tear

portion of the combustor. Changes to the front end of the full-scale

duct heater combustor in a similar manner would rectify this. Temper-

ature and pressure measurements across the rig exit plane furnishedH data at F/A = 0.025, Mach No. = 2.7, and altitude of 65,000 feet;

these data are shown in figure A-V-18. The same parameters at SLTO

I condtLions wiLL ZuLlne i fUel flow o01ly, anu WILII llb £. daILOd .11 aret

r shown in figures A-V-19 and -20, respectively.

It should be noted that the teaperature profile peaks close to theI: inner wall during Zone I only operation because in the original design

the combustor was positioned closer to the inner wall. to provide air to

the OD cooling liners. The outer liner cooling airflow was reduced by

decreasing the height of the convoluted liner segments at a time whenii changing the combustor dimensions was deemed impractical.

A-V.7
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The SLTO combustion efficiency at fuel-air ratios above 0.042 were

not valid because of nonuniform Zone II fuel distribution. Foreign ma-
• • terial in the test stand plumbing supplying the inner Zone II manifold

partially plug; d the inner fuel injectors, Figure A-V-21 shows the change

in radial temperature profile as Zone II fuel flow was increased. The

maximum temperature of the stream (i.e. , the OD region) did not increase

for fuel-air ratios above 0.049. These data indicate that the local

fuel-air ratio at the OD was over stoichiometric and that the local

fuel-air ratio at the ID was less than the desired value.

Total pressure loss of the diffusee section (Station 3 to L) is4 tsho~n in figure A-V-22. The very low evel of total pressure loss

resulted from high levels of diffuser efficiency, as wrts discussed in
t4

Section IV. Good agreement in the total pressure loss, as measured in

the 0.6-scale diffuser rig and the full-scale duct heater rig, was

obtained. -

The cold total pressure loss between the diffuser exit and the corn-

bustor exit is shown in figure A-V-23. The loss is somewhat less than

predicted because of the lower value of diffuser exit Mach number

r associated with the highly efficient diffuser. The overall cold total

pressure loss for the duct heater system is shown in figure A-V-24.

The results show the additive effects of the diffuser and combustor

I- j pressure losses.

S~The total pressure lo~s of the duct heater with combustion is shown

SI in figure A-V-25. The hot losses are a strone function of temperature

rise and generally were slightly lower than the levels predicted by

"Reyleigh line" or momentum change relations where the Mach number is

I assumed to be the "Reference" Mach number of the duct heater. This

result would imply that the principal heat addition is in a region of

[ the combustor where the velocities are lower than the reference values.

The duct heater waj successfully ignited at alt conditions attempted

i using the 4-joule electrical ignition system planned for the engine.

Ignition was accomplished with a slight rise in duct heater pressure,

as can be seen in figures A-V-26 and -27. Successful lights were

obtained with combustor fuel-air ratios 0.0014 to 0.0048. The phasing-

in of Zone 11 fuel in incremental changes produced no pressure discon-
tinuity (figure, A-V-NI8). A'
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Water Cooling -L7
Inner Duct
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APPE~NDIX B3
J'YF i7A- 20 REIS~ ACTI'VITIES
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B. CURRENT F1!FL SPI',CIF'ICATI I11

V The curreant hid! ] pe f[iciald( (i Ir 1ti. ,l'I '14 7A-2l t nif!) r is• I'A 5 3 3

Shir f ic 1 .l t ,he . '.'-7 N i V A "'U" h, t (• In(.. . 4 Ili. .',. -r, f INN1 A

cummccit.l L -vnilin .4 xco e ipt •,1 th•r t.h ,',ru i,:U II roquI rirmotil of

S350"I/ 1 .O°Fp lnHtNu d "f 3tO "I,''I//I.OO I'. rh o,, ,, , I '-I' w I t' r : pvc f f C.-Ltf ol

.1-i02 111 , J d I I t 1li .- I ,i•t 11I I " ,f t4,1 . I -, 1 , I,. 4l' I I -fl ,(: [R,[ "X I). I'.-

i 1itw it.,1! torltli g., 'hlht i pu 'I ll ft.c Pcu l If i!I.W,,vI lfjp I-lI 1 t • l 11 im tn W r I vIli

I_ control 1--h pr("4lc ll4 io Hit i l h ill r .ii I -l f. 4I d, 4l i I-, ri i, t.; F i ' 'Ii

it, r >0nI. i p It> r,,li i I i vil , I 114 l 1 i41 t 1 A 41 '1'• Vii _ n i l(x'L ttl

I-it- ( I p vI rl t' tipr' 1 vI f 14' i'i 
1 
v ' ', lli ol I 'I'll I ii ,'4,'l . i", i - , 4 1,111 t4 Ia'

hlr irit' due ~ lr 441 dl'. ;14 'I•'4 iitii i l _l-'j1 ,I i" 'ii 11i , -l ,ii 44 h 1' II~ ('iii r L 444tt 1410 [i ii

- I,1()_144" 4 / 44[4ll, i "4il. '[ I 44' I Ii ' tl4,l 44 I, J~ ii i 'y Iret lll l i. lh~d "'•i le'41 "( n9 I r'rl4' [i li i hili ' .ý-4 -hip i u b-h ' i t :ll- I• y , (1' l141 fit L] oIMiL41r tL

0i15.0 1% d1II fl ai ti)40( lit .4 Uh it liiorv pr(40L1111>I 14110411 fI fr'e-l tnny

of 1:11fifi firoimutt-I I I huiy Willi ' Id li (t, 44j.il'v . 411 zv il i tit 'IvitrI> (inti' find wr'

rmy ii H I , 44. ,1w 1 .vl4- .41, Thin• w iliiti prowi'vo i iiiiddtit • ali vnri.nihle 7fromi

al lowing tip In nnv I'M•A tvo alIit ti t III Itt nr diill4, fill4 ' ximipii cl or tiiin itn

-• •' ~ ~ ~ ll •' 'Imrh <hln oi. III l li' r, r p.Ait,'y' lt' • ul }• I Ih, I'111'• I,-lt jlm -'Jll. F! f( l I i It. ti U cll- , ( vIJ~vvvjI'l,

w1:- i lti t'liil ,, I 14 114M , I , 4r4,ii, .vm,, I , I i . -ly l A .
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The 19614 Field Survey Jet Fuel Quality showed that ninety percent of

those .amples had a thermal stabl.lity break point of 350 0 F/4500 F or higher

rpec(lflh-d fit PWA 533 fuel speci.ftcation, as shown in figure B-2. This

survCy covered the entire United States and consisted of 49 samples taken

from 13 major oili comprinte. and 4 airports.

C. IILASE I1-A AND 1I-B WORK COMPLETED

r • l In P eano il-B, a program wa-s c.ondocted to investigate thc effect of
I ow preantiro in rol asiqg dissolved oxygen in the fuel. The dramatic

Sefect of maintallnling thC fuel at I psia for a period of hour on the

lit-.l oxygen content can be ni, Id li, figure B-3.

Elevven fuel Pariples weart teated at: pressures of I psia and 1.5 psia.

TI T fhu oxygcnm ctntcmL during thLes( I•.ot iropped to 4 ppm and 9 ppm. A
: I .stunnuiry ofI Ltie effects Ii s h,,, ii h.Figure B-/,.

-A able, ([igiie 3B-5) of the summarized data showed a consistent gain

in thIe fo [ thermal stabil i ty with the oxygen content as low as 4 ppm

at 1 piJa. It the pts0HurL on the fuel is as much as 1/2 psia higher,
the dissolved oxygen content would remain an high as 9 ppm and a con-

, U • ,l~.iit I•," g-'.l in fuel thermal SL.,bIIIty would not be obtained. The effect

was very rendom; no aittempt was made to indicate a requirement for this
- Ippnrerit linproveient.

D. CONIJlTIONS TO WIHICIH THE FUEL WiLL BE EXPOSED

hie misnsion DrOfli.e shown in fir• .R-6 . nt ncl1".'c1 to c -posc -"L
-Ifiel Fystem to extreme Londitions. The climb portion 01 this profile

Jn,-itdis manl,,uni du,:t heat for takeoff with a cutback to a nonaugmer 1

E • I conditlon until thc aircraft in out of the airport area and has -chel

iapproxlrinntu]y Macth I, At this Limo, axtipmum duct heat is xeisimed iur

the remainder of the climb to Mach 2.7 and 65,000 feeL where the power

is theei cut. back to partial. duct heat. The Mach l1im) er of 2.7 is main.

__tatted (wy eruiea and the climb in tuzitiinued to an altitude of 72,000 feet

whjere power is then cut back to idle for the descent. The range of

n- a[,ro~im/tely 000 tles (Ind t HiP high alt itiLd( of 12,000 feet along with

Lill o_ Lr IiIC Iowe t I Cdu , i. fn Irtnn partial Jdci . heat to miniinum-flow IdleSwere. combillecd t) d(IFrois rate maxi-num ,i tHtl tnted temporn•,tire effects.

A+•.
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The JTFl7A-20 fuel system schematic is shown in figure B-7 with cal-

culated bulk fuel tempe-atures noted at the end of cruise condition for

iEK the maximum fuel inlet temperature of 250 0 F established from the engine

k specification. The temperatures on this schematic are the maxiraurn esti-

I mated for steady-state operation. The boost stage in the main fuel pump

raises the fuel temperature to 2630 F. Recirculation from other fuel systems

will raise the temperature into the main stage to 3480 F,and fuel into the

main control will be 355°F at the thermal bypass temperature-sense valve.

With the main engine at cruise power, an additional rise of only 10OF

to 365 0 F will occur at the primary combustor nozzles. On the duct heater

fuel system, the pump discharge will be 265 F with a rise of 35 0 F through

the duct fuel-oil cooler. While the duct heater is in operation, the

fuel-oil cooler in this system will carry the majority of the engine oil

k cooling requirements. The temperature at the duct heater Zone I nozzles

will be 310'F. This is actually lower than the primary combustor nozzles,

which are the same design. The duct heater nozzles will have a temper-

ature environmental advantage that is not present in afterburning engines.

Zone II in this schematic does not show a fuel temperature because cruise

Ii• is on Zone I fuel only. The return line to the airframe does not show a

fuel temperature because no heat will be reuurned to the airframe at the

cruise conditions.

The engine fuel inlet temperature represents the maximum estimated

Sduring the climb, cruise, and descent. (See figure B-8.) A tumperature

_ ' of 250°F at the end of cruise was chosen for its maximum effect on the

remainder of the engine system. During other time periods of the misston,

the curve shows a typical contour to astablish a basis for other tem-

peratures through the engine.

The effect of Ohp typical mission profile and the fuel inlet teia-

3  perature is shown on the fuel temperature at the primary nozzles. (See [
figure B-9.) During the climb a step upward in the fuel temperature

reflects the change from maximum augmented to nonaugmented power and the

pickup of oil cooling by the main fuel-oil cooler. During the cruise

portion of the mission, the altitude will Le increasing and the main

engine fuel flow decreasing. this is reflected in an increased tem- K
perature rise between the fuel inlet and the nozzles during the crtise

t - _ -- ~- - _ Hj -4
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poud up, to a uLXjImjm o)f 365"V at the end of cruise. Experience with a

high supersonic cruise engine operating with hot fuel has shown that at

the end of cruise a poak calculated temperature rise will not actually

occur because of sy.ltem dynamics, and the maximum nozzle fuel temperatures

wiLl decrease during the descent. The calculated maximum peak is shown

as a dashed line reaching 450"F.

The duct heater nc-,z•e fuel temperature is shown relative to the

msission time. (S;c. figure B-10.) The low ---is- in temperature above

the fuel inlet te-mperature dt the beginning of the climb reflects the

high duct fIlows. This line breaks during the nonaugmented portion of

the cli'mh and picks up again at. riaxirmum augmentation. As the duct heater

fuel flows drop with increasi.ng altitude, the temperature rise above fuel

inlet temperature increases to a point where cruise begins on Zone I only.

Zone I will reach a peak of only 310OF at the end of cruise. This low tem-

perature for thit augmentor fuel is possible only because the air around the

duct heater combustor is as much as L470"F cooler than in an afterburning

engine. For the descent, a dump valve drains this system and no fuel will

remain in the manifolds.

The heat return rate to the airframe it shown relative to the mission

time in figure B-lI. The outstanding point is the fLct that no heat

will be returned to the airframe, duiring climb or crise. At the end of

cruise, when the power condition changes from partial duct heat to a

minitmrjm-flow idle for the descent, the heat return rate will rise to a

maxirmnim -f 8500 Btu per minute and rapidly drop off.

The accumnlation of total heat return is shown rharing the descent

portion of the mission in figure 11-12. 'lTe accumulated total will reach

approximately 43,000 Btu per engine.

E. PHASE I1-C TESTING

The coker rig has been sised to monitor the fuel delivery and to

ensure no deterioration below 350'F/450'F while the fuel is in storage.

A series of coker tests was rmn on the current fuel, and the breakpoint

was found to be 375*F/475 0 F. The addition of a hydrocarbon lubricity

additive did not Affect the thermal stability in samples used for Ryder gear-

ing luel-icity test'. An additional series of coker tests is in process to

i B-5
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, , ,i • p , i •, ,,,.! 1 u, oxyg on tOi ii cu rreat fuel

,1't ,vc, 1! c" ; '!,•ý,r 2- wit I It-,1)l e s tes ,ted in Phase Il-B. A series

01 I ' Ii..'. ;t to establisih tihc effect of a theraial stabili ty

L l t&'. [1"1d korE Si t.ioi! t hiv beeni '(n on turbine materials with

hfý clt- it.!. up to 1000 bon.' ot testing. Figure B-13 shows that test-

I.g wii. 1, h contiated on certain a iaterials while other materials have already

beel etL- c"c t cied. 'Ihe photop raph in rhis figure shows the turbine samples,

",Lt t. emxI;Lratnir,, rotating in front of a hot gas nozzle.

Accclt-rited :r(,.Ooti antii corrosion te:ts were run with the current

W.• 23 pet ifcato iue. inctuding st]l lur added to the me .imnum of 0..3%.

(See fignr•, i-t4.) I'hc salt ai.- atmosphere at 10 parts per million has also

b)een lut•d to act, lcrate this, program. These tests will contittue with the

fuel maijtainctd at the maxi[mum sulfur content. This is one area in the
Phase [[-(" program where ftucl qu.Uity has been changed to approach a referee

SI ~eve L.

ltihric:it y i s a lto I iý prcptr-tv wbhich does not have a good test measuring

nit,.thod at. the pit-';en t ime,. 'Ihe results of a series of tests on the Ryder

gear rig demn.•itrat e why thiis test: method )I y not he tihe best one to adopt.

neat: 1114" !smatpt. and th it itddit i onal satiiples witlh 150, 250 and 350 ppm

of a hydroc;irbo, Lubricity additive were te sted at the standard ris temper-

Saturc ("1 1,0.'01" ,id 4t. H I.cvatied tempetattu rca of 300' and 400*F. The results

ofu teu 0)t 61u0 LI :,inrp[ fl and twt ot the hydrocarbon lubricity additive

:a mpl~c shaw d ,nt intcrta-ia in tCe load-carrying capability with an increase

it temperature (ti gur' I-I.5). 'he odd curve at 350 ppm of the lubricity

additive had several points rechecked with the game unexplained results.

The generail trend of increasingt load-carrying capacities with increasing

temperature was not expected and may be due to other variables occurring

during the te.;ti up, such a' a the deposit of fuel degradation products or

oxidative muttter held in suspension.

SF. RELATED ACTIVITIEFS

Fue lubricity has been1 investigated under another program with

accelerated pump wear tests. Thie simplified schematic in figure B-16

shows a high pre:ssure piston pump system for endurance testing on hot

fel . T11. thret' tests rn with the current fuel , PWA 533, show that a

hydrocarbonl hibricit y addit iv- will. pernwi.t rmnning for longer periods of

A-6
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0" a a ky 1- ate tos Lst, also s how that VHt the sayle

fuel and tn l amo co ncentrations of lubricity additive, the pump will

sliow incre:ae; d life at loa:wc fuel temperature. With these trends in the

resuit;, th test Oathod r•:j' actual ly be more applicable to the measure-

.nL Of ot I labricitty, a]thoogh the tests are expensive and doubts have

already b)ee, rai sI as, to the repeatability or standardization of the

pump used 'n this program.

Steady-sttate I uel temperatures of 365 F were shown at the primary

contbustor: nozzlos; in the J12,7A-20 fuel system schematic. T,ýt demonstrate

our confidence in operating with this temperature at the fuel nozzle,

related activities were reviewed. Figure B-17 is a schematic of a rig

test with heated fuel. The tuel used ir these programs was the same as

PWA 533. This fuel wea; raised to a temperature above 480OF where a

mixing valve tempered it: to 480F so that, with a 30OF loss, the tem-

perature going into a six-nozzle cluster was 4500 F. WitU-in the combustor

rig, the fuel temperature continued to rise co a temperature greater than
550 'F.

After a 50-hour hot fuel eidurance test, one fuel nozzle configuration

would not repeat its required flow schedule, as shown in figure B-18.

The secondary portion of thin,; nozzle stuck Qi the open position and the

nozzle acted as though it wern a dual., fixed-orifice nozzle.

Another nozzle configuration op-rated for 50 hours at the same fuel

temperatures and still repeated the required flow schedule close enough

to not affect engine optoration. The nozzle configuration used in the

JIFI7A-20 is based on this technology and the extreme difference in the

temperature2s expected in our engine and those run in this related pro-

* g ýram should provide a degree of permissiveneas in engine operation.

This permissiveness could be interpreted as something occurring during

the aircraft operation such that the engine may be subjected to extreme

increases in fuel temperatures for nonstandard operation. It would mean

that although engine life may be affected and increased maintenance may

be required, the engine will not have to shut down but can continue to

operate for short periods of tio.

SB-7
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Tfe t.ri e•, I tests run cn the full-scale, North American rig Indi-

cated that fitt nozzles would be one of the regions suffering during

eiinguc cperaticn. The tests in cir related program show that although

fuel nzzles could be a problem .t is possible to design a fuel nozzle

in such a r•anner tliat these effe>'-, of high temperature fuel operation

can be reduced. (See figu re B-19-1

The •e•asurid hithi temperature iso. is shown ini figure B-20 for various

treas in a fuel nozzle cluster. C? r design wili keep a very low residence

time for tile fuel, and the temperature rise in the JTF17A-20 nozzle holder

411 be lower than the temperature rise In the first nozzle of a cluster.

IThe only carlen deposits seen (figure B-21) inside tile accepted

nczzle configuration following runs at temperatures much more extreme

than expected in our engine, were in the secondary swirl chamber and

did not have a significant effect on the nozzle flow schedule. Other

surfaces lnside the nozzle were clean.

G. FUTURE PHASE I1-C PR(XfRAM

J58 engine testing at simulated JTFl7A-20 conditions is scoeduled

"to begin this simlmer and it is planned to run simulated mission climb,

cruise, and descent profile for the JTFI7A-20 eagine with heated fuel.
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