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. FOREWARD

An investigation of the structural requirements for the application
of the Cold Thrust Augmentation (CTA) principle to V/STOL fighter aircraft
waS'performed by the Structures Division of the Air Force Flight Dynamics
Laboratory. Th;s investigation was performed in support of the CTA Fighter
‘Design Study performéd By the Prototype Division of the Air Force Flight
Dynamics Laboratory. The resuits of the investigation have been used to
identify and define several structural design guidelines which will help to
assure efficient and successful incorporation of this type of propulsion

system in any future CTA design conceptfstudy programs,

~ This Technical Memorandum has been reviewed and is approved.,

ITH 1. COLLIER
Chief, Advanced Structures Branch
Air Force Flight Dynamics Laboratory
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I. SUMMARY

The purpose of this report is to document progress to date on
’-the strucéurai désign effort conducted by éhe Preliminary Design
Group, Advanced Structures Brénch, Strucﬁﬁres.DiQigion, inbsupport
of a Prototype Division V/STQL Aircraft. The investigation of the
use of the:Cold Thrust Augmentation (CTA) principle on a V/STOL air-
craft was limited to two Prototype Division generate& configurations;
One configuration involved a CTA pod located.at the wing tip while
. the second configuration was a fuselage mounted CTA system.

A different aspec£ of each configuration was investigated. The
inVéstigation of the wing tip_moﬁnted CTA pod consisted of a limited
loads and design analysis on the CTA pod, wing and tail surfaces since
these were considered to be critical areas of this configuration. The
critical area of the fuselage mounted CTA syéiem wgs'considered‘to be
the duct system needed for the hyper-mixing nozzles, Therefore, this
duct system was investigated. | -

As a result of the analysis performed on the wing tip mounted CTA
pod, it was determined that the wing could not support the loads in-
duced by the combination of the pod, gear and tail surfaces and still
maintain the volume needed fof the ducting system. As a solution to
these problems and several other problems outlined in the report, the
pod was relocated inboard.

The fuselage mounted CTA configuration had several peculiar problems.




These problems inéluded high operating temperatures combined with
ihternal pressures and mass flow requirements which had to be satis-
fied within the mold lines of the aircraft. By manipulating the
"shape and design of thé ducts the concépt was found to be feasible
from a volume and materials standpoint but very critical from a
weight . standpoint.

'_ Both of these concepts have not yet been completely investigated;
Due to a redirection of the wdrk‘efforts‘of the V/STOL Group of the

Prototype Division, the work has been tempoiarily halted.




11. INTRODUCTION

The purpose of this report is to desc?ibe and document the
structural preliminary design activity performed in support of the
Prototype Division cold thrust augmented (CTA) fighter design study.
The work‘performed as an In-Hoﬁse exploratory'development pro-
gram under wofk uﬁit 19900301, The work described in this report
was perforﬁed by personnel of the Preliminary Design Group of the
Advanced Structures Branch, Structures Division from August through
December of 1972. All activity was closely coordinated with personnel
of the V/STOL Group of the Prototype Division. i

The scope of the effort was primarily that of preliminary struc-
tural design and analysis to support fhe configuration trade studies
underway in the V/STOL Group. The designs being considered by the
V/STOL Group could be divided into two major configuration categories.

The first category can be considered to be all wing mounted CTA
péd systems. The initial configuration in this category had the pod
"located at the wing tip‘(Fig. 1). A preliminary loads, weight and
structural analysis was performed for this configuration. For several
reasons, the pod was subsequently moved.inboard from the wing tip.
Time limitations permitted only a preliminary weight analysis to be
performed for the revised pod location.

The second category considered by the V/STOL Group incorporated

fuéelage mounted CTA systems (Fig., 2 & 3), Since this configuration was




essentially conventional from a structural standpoint, the only
analysis performed on this coﬁfiguration was that of duct design
and other systems which were unique to the CTA system. . A conventional
aluminum airframe was assummed for the remaining structure. The work
performed on these configuratiomsconsisted of a structural analysis
of the duct syétem and an overall airframe weight estimation,

This report is aﬁticipated to be the first of several reports
covering the structural aspects of the CTA configuration studies,
Work in the area of CTA has been halted temporarily due to a redirec-

tion of the work effort of the V/STOL Group of the Prototype Division.
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~11I. DISCUSSION AND PRELIMINARY RESULTS

A, Wing Mounted CTA Configurations
1., Loads Analysis
Since the loadings on the wing-tip-pod, the_horizoﬁtal tail,
and the vertical tail were some of the main concerns in this pre-

liminary design, a limited loads analysis was performed.

This loads analysis began with an investigation of the aero-

' dynamic..loads on the wing-tip-pod only. A set of aerodynamic force

coefficients had to first be obtained in order to develop the loads
on ;he.pod. At first, it was thought that a comparison with existing
gerodynamic déta on.present aircraft with wing-tip-pods would yield
the ngeded aerodynamic force cqefficients.

Fowevar, for geveral reasons, this comparison‘could not be made.
Pifstf the overall size of the pod could not be duplicated on an exist-
{ng aircraft. Second the desired speed range presented a limitation

sgnce large wing tip pods are not carried on supersonic delta winged

! ‘aircraft.

Since the location of the pod, type of wing, speed range, and shape

of the pod did not lend itself very readily to a comparison with existing

aircraft, some relatively detailed caleulations would have to be per-

formed to obtain‘the needed coefficients.

The method selected to calculate these coefficients was taken™

from NACA RM L53B18, This method would calculate wing-tip-pod coefficients




fo? subsonic flow, It was felt that by appiying_several correction
@ethods which are outlined in Reference 2, this subsonic method could
be used for a preliminary loék at the problem. The corrections out-
l1ined in Reference 2, were'Valid.up to approximaﬁely M=9. The coef-
ficients were then extrapolated into the supersonic regime by making
use of a few selected wind tunnel data points which were available on
gimilar pods;

As a result of the calculations outiined above, the lift and
pitching moment coefficients as a function of angie of attack were
obtained. These are presented in Figs. 4 and 5;

wa that the coefficient data was availéble, a limited loads analy-
sis waﬁ performed. Two critical loading conditions were investigated;
These two loading conditions included a vertical take-pff and a symmet-
1E1cai pull-up. The vertical take-off condition would induce the greatest
thrust load into the wing-pod connection; The symmetrical EﬁII:up l
condition would produce maximum airload and inertiai.load on the pod
and wing-pod éonnectiono

In order to investigatélthese two conditions, the wing, horizontal
tail, and vertical tail loads had to be calculated. The wing loads
were an outgrowth of the calculations performed using NACA RM L.53B18,
Usually the vertical tail loads would not play a major role in the loads
produced by a symmetrical pull-up; However;jat this time; the vertical
tail was mounted on the pod at a small angle with. respect to the vertical.
To éccount for the vertical component of airload on the vertical taiI;

the area of the horizontal tail was {ncreased., By combining the increase
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in area of the horizontai tail, the aircraft balancing tail loads,
and published preliminary design horizontal tail loads (Ref. 4) a
total tail:load was developed. All the calculated loads were then

combined to produce the total load on the pod.

2. Structural Design-

The structural investigation began with the determination of the
mass flow requirements and nozzle area ratios. The pod size was opti-
mized and BOXSIZ, a weight estimation program, was run to determine the
centér of gravity location. Once the center of gravity was determined,
the CTA pod thrust and the maneuvering flap thrust were used to balance
the aircraft in the VIOL mode. The maneuvering flap travel limits
;ere then developed for vertical 1ift, forward thrust and afterburner
thrust.

The delta wing airfoil data was obtained from the V/STOL Group
and cross section layouts prepared at several spanwise locétions., The
' exte;nal loads were then applied to the pod so that the outboard portion
of the wing could be investigatéd from a structural standpoint. Basic
wing structure was located and optimum load paths were established
within the constraints of the airfoil section, duct area requirements
and landing gear area requirements.

The shear flows were calculatéd in the skin and webs at the wing
tip. From these calculations, the cap areas and.skin thicknesses were
calculated and compared with those needed to withstand buckiing. The
result of these calculations showed that for the design wing tip air-

foil section, there was inadequate'cross-Sectioﬁal area to provide for

12




the struétﬁral material needed énd'tbe\hbt gas mass flow rate required
td provide a VIOL capability.

iIn an attempt to revise the mass flow requirements and the nozzle
area ratio so\tbgt thg dgcp area‘cqu}d.bg Feducedf it was discovered
that the center‘of pressure of the‘ejgcto: pod moved too far forward of
the wing leading edge. This movement created ungccapéable péd‘inertia
loads. It was decided at this time that ejector pods located at the
wing tips were totally unsat;sfactory from Q structural.standpoint.
‘Buggestions wereAma¢elto relocate the pods midway between the fuselage
‘and wing tips. |

The revised cpnfiguration‘had the_ejecto;‘pod_qenteriine located
at wing station 80 ﬂFig.'6)° There are several advantages to this
second configuration{;,First,\the duqting to thé‘pod was shorter and
?rqnce lighéer. Second, the resultant of the pod thrust is within the
j%#ng planform thus gge&tly_reducing the wing torsional loads. A third
"aévantage yesults from the fact that a superérif;cal airfoil could be
readily incorporated inboard of the pod which provides adequate area for
ducting and structure,  P;ior to moving the pod inboard the entire wing
Had a supersonic airfoil. Presently, only the outboard portion of the
wing must be supersonic, Finally, since the pod vaed inboard, the wing
bending moments prqducgd as a result of the pod loads is greatly reduced.

The second configuration also had some disadyantages.‘ First, the
outer wing loads must be carried around the ejeétor pod by ring frames.
.Secpnd, maintence, modification, or removal of the pod is someﬁhat more

complicated when the pod is inboard of the wing tip.

13
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At this poiﬁt in %he stu&y, some wa§e dfag calcﬁlations were
performed on the second CTA configuratioﬁ'by'the V/STOL Group. It
was determined that excessive drag would not permit supersonic flight,
From thisAboint in time, several design iterations were rapidly performed
in an attempt to reduce the wave drag to an acceptable level, At the
conclusion of these iterations. the rggulting design did have a super-
sonic capability (Fig. 7). The main changes in the design were to
increase the fineness ratio of the péds and fuselage and to adopt a
" conventional tail and bifurcated intake duct. |
This final configutétion was stili under investigation when the
_fﬁork was temporaril;fhaited due'to a redirection of the V/STOL Group

work effort.

B. Fuselage Mounted CTA Configurationé
As discussed previously, work on the centerline hyper-mixing nozzle
;}CTA configuration was primarily concerned with the duct désign. The
primary emphasis was placed on design, analysis and weight estimation
of the ducting system from the engines to the hyper-mixing nozzles,
This ducting design problem was divided into two basic areas.
The first area consisted of the main ducting unit from the plenum
chambér thru the hyper-mixing nozzles and out of the aircraft. The
second area consisted of the ducting from the engine outlet to and
including the plenum chamber.
The main problems of both areas were the same. These problems

included high operating temperatures combined with internal-pressures

15
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f '!‘ ) ‘ . ..\‘ v'
‘andimass flow requirem'e_nts which had to be satisfied within the

aircraft moid lines..
Numerous design it%rationsvdere performed on the main ducting

unit, The initia} design (Fig.?&) eonsisted of three fectanéular ducts.
This design fitteﬁ the dold liné of the fuselaée and hdd the ﬁecessary
cross-sectional area to achieve the desired mass flow rste. However,
this flat plate design had several disadvantages. Thefoverriding
drawback of this system was excessive weight. Since tﬁe‘walls were

flat plates, they would have to be very thick or extensively stiffened

to withstand the combined pressure and temperature requirements.

The second’design concept‘consisted of circular ducts. As one

would expect, the circular duct system functioned ver§ well as a pres-
sure vessel, ‘Tﬁe required wall thickﬁess of the circdla; ducts was so
thin that the main design consideration switched from’ temperatures and
pres?ure to material handling ahd faBrication limitations. Ihe duct
swalls were designed~usingxminimum gage material. Two;possible;concepts
using circular dhcts were‘investigéted.,‘dne cOnceptfconsisted of separate
circular ducts for each. hyper-mixing nozzle.\ This concept had three
major deficiencies° Fitst too large a'volume was needed for the ducting.
Second, the large amount of surface area produced e#cessive -wall friction,
| The third major deficiency involved the physieal turning of the individual
tubes, This turning}proeess was much too complicated and tequired too
much space. The second concept involved the use of threefcircular ducts.

‘This design did not fit in the allotted volume.

The next concept investigated was a combination of circular, elliptical

17
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‘and flat plate ducts. As can be seen in Fig. 9 and Fig. '10, this

‘design fit in the allottedvvolﬁme.‘ Also, the exterior and interior

flow lines were exceptionally good with this design. Interior turning

of the flow was kept down to 15° and exterior expansion £low was main-

tained at the optimum argle of 129, Stresses were calculated at several

. key locations (Ref, 3), Thesefcalcﬁlatiohs were the basis for the material

thickness and weight estimatiogm’° The ‘weight eStiﬁation also included an
allowance for insdigtion, fasténers, and‘;ailmited amount of back-up
structure (prdvisioné for attachment to the'priméfy airframe).

The plenum systemxwas designed<following'éﬁe same approach as was
outlined above. The final design (Fié. 11), whiéh‘cénsisted of circular

ducts and butterfly valves,.was briefly\analyied°  A weipght estimation

was made for the complete plenum system.

The final version of the entire duct system had a weight of approxi-

- mately 2200 lbs. This weight estimation was based on the density and

volume of the matérial used in the duct system plus the addition of a
hon-optimum factor. A weight penalty in excess of 107 of the aircraft
maximum design gross weight due oniy to the CTA system was considered too
costly a price to‘pay for a system which would only be used in the'VTOL

stages of flight.

19
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Iv. CONCLUSIONS AND RECOMMENDATIONS

‘ It can be'seen‘from informaﬁion presented in this report that
the.structural problems a;soeiated with a CTA pystem can be solved,
although in several cases this may involive extensive change to the
basic design.

‘There are‘however, several recommendatione which, if they are
feasibie and are 1ncorporated 1n'any future deSigns, can reduce thev.
risk of installing a CTA system on an aircraftr These recommendations
are a direct result of the problems uncovered in the invéstigations
: presented in this report° Theselrecommendations include{

ua) The investiéation of using most of the systems needed for
the Cfm phase of flight for all phases of.flig’ht° This would reduce
the amount ot dead{we{ght and redundant structure which must be
carried in the aircraft, |

b) Further research on hot duct design., This research
should include the effects of both the expansion and contraction
of the ducts and possible hot gas leakage from the ducts on the
surrounding structure of the aircraft,

¢) The investigation of cold air systems which would reduce
cost, weight, material restrictions, and design problems,

d) Improving the efficiency of the hyper-mixing nozzles and
the essoeiated ducts so that the thrust to weight ratio of the design
can be increased.

e) TﬁE”investigationAof.other types of power sources for the

CTA gystem.

23
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